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Abstract—The steel industry is considered to be one of the 

largest environment polluters. Environmental issues are a 

huge concern for customers, suppliers, and the public, 

particularly for developing countries. As a result, these 

stakeholders are increasingly demanding that businesses 

in general, and manufacturing companies in particular, 

minimize any negative. This paper focuses on developing 

an environmental impacts model in the iron and steel 

industry; Such mode uses to study the most important 

environmental parameters and their importance in order 

to mitigate negative environmental impacts. Based on the 

literature review and the elements that are considered as 

waste (derived from the waste survey in Libyan iron and 

steel industry), the potential environmental impacts of the 

steel industry are identified as criteria and sub-criteria. 

Then, a model is built using the Analytical Hierarchy 

Process (AHP) software based on the identified criteria 

and sub-criteria. The model also illustrates the overall 

goal, which is creating environmental impacts model for 

the steel industry, in addition, criteria and sub-criteria are 

listed to clarify the situation and make the analysis clearer 

and understandable. Pairwise comparisons are used to 

derive accurate ratio scale priorities. 

Keywords—(Iron and steel, Environment, 
sustainability, Model, AHP software.) 

1. INTRODUCTION  

The global demand for steel is rising due to 
development projects and infrastructural works around 
the world. Many of these projects are taking place in 
developing countries such as India, China, Thailand, 
and Libya. As a result, the amount of steel production 
globally has been increased dramatically due to the 
high demand, and it is expected to grow further in the 
future. Most major steel producing countries showed a 
marked increase in crude steel production between 
2008 and 2018. “World crude steel production reached 
1,566 million metric tons in October of 
2018.Comparison with the same period of the year 
2008, which reached 1,220 million metric tons. This is 
an increase of 28%, between 2008 - 2018, and is a 
record for global crude steel production [1]. 

Iron and steel manufacturing is the largest energy-
consuming industry in the world. The energy 
consumption of the iron and steel sector in 1990 

accounted for 12% of all world energy consumption. 
According to the World Energy Council, world energy 
consumption in the steel sector could reach 600 metric 
tons by 2020. Hence, the steel industry is considered to 
be one of the largest environment polluters [2]. 

Environmental issues are a huge concern for 
customers, suppliers, and the public, particularly for 
developing countries. As a result, these stakeholders 
are increasingly demanding that businesses in general, 
and manufacturing companies in particular, minimize 
any negative impact of their products and operations 
on the natural environment [3]. 

2. STEEL INDUSTRY OVERVIEW 

Iron and steel are essential to everyday life, making up 

numerous products we all use. As a result, steel 

manufacturing is expanding in most major steel 

producing countries (World Steel Association 2018). 

World crude steel production for 9 regions (65 

countries) reporting to the world crude steel 
production for the 65 countries reporting to the World 

Steel Association (worldsteel) was 156.6 million tons 

in October 2018, a 5.8% increase compared to October 

2017. Fig. 1 illustrates crude steel production in these 

9 regions.  

 

 
Figure 1. Crude steel production in 9 regions [1] 

 
Processing of iron and steel are associated with a 
number of sustainable development challenges, 
including various economic, environmental and social 
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issues. For example, the steel industry is an important 
source of employment and wealth creation. On the 
other hand, “the steel industry consistently leads to a 
variety of environmental impacts, such as depletion of 
non-renewable resources, disturbance of the landscape 
and detrimental effects on the health and safety of 
workers and the general public” [4]. 

These and the other issues have driven the steel 
industry to engage in the sustainability debate and start 
developing strategies for responding to the challenge 
of sustainable development. In addition, the industry 
in general is now also starting to recognize that 
corporate sustainability can bring business benefits 
such as the following [4]: 

-Lower labour and health costs by providing safe and 
healthy working environments. 

-Cost savings due to cleaner production methods and 
innovation. 

-Easier access to lenders, insurers, loans and insurance 
rates. 

-Best practice influence on regulation. 

-Higher value for goodwill on the balance sheet. 

-Market advantages created by a socially responsible 
approach to business. 

However, in addressing sustainability, the steel 
industry also faces a number of challenges. The main 
challenge for this sector is to clearly demonstrate that 
it contributes to the welfare and wellbeing of the 
current generation, without compromising the 
potential of future generations to pursue a better 
quality of life. Achieving this objective requires 
environmental management strategy, such as a 
comprehensive framework to manage and minimize 
environmental impacts.  

Therefore, the aim of this research work is to develop 
a model related to the environmental impacts of the 
steel industry. The aim of the model is to investigate 
the most important environmental criteria and their 
importance in order to manage the environmental 
impacts of the steel industry. A questionnaire and 
Analytical Hierarchy Process (AHP) techniques are 
applied to achieve the aim of this research work. 

3. THE IMPACT OF STEEL INDUSTRY ON THE 

ENVIRONMENT  

The impact on the environment by steel industry is 
large. The steel industry is the largest energy-
consuming industry in the world. Barnes and Dhanda 
[5] stated that the steel production process in the US 
consumes more electricity than the collective 
electricity consumption of all US households. 
According to the World Energy Council, world energy 
consumption in the steel sector is expected to reach 
600 Mt by 2020 [2]. As a result, the steel industry is 
one of the most important sources of pollutants. 
Different types of pollutants resulting from the 
different steps in steel production (Table 1).  

 

3.1 Emissions to air 
Major air pollutants include emissions of the gases 
CO, CO2, and SO2. The steel industry produces 
significantly high CO2 emissions; it produced 1425Mt 
of the gas in 1990, expected to grow to 1700Mt CO2 
by 2020 [2]. According to Mathiesen and Mcestad [6] 
an integrated steel mill produces on average 2.5 ton of 
CO2 per ton of steel. Globally, the steel industry 
produces 1.7 ton of CO2 per ton of steel and uses 
19.1GJ of energy per ton of steel produced, based on 
figures from the International Iron and Steel Institute 
(IISI) [7]. Roughly, 1.6 ton of CO2 for every ton of 
steel produced. This amounts to roughly 1.6 billion 
tons of carbon dioxide out of total world emissions of 
roughly 25 billion tons, comprising between 5-10% of 
all emissions [5]. 

3.2 Solid waste  
Solid waste includes slag, metal scrap, scales etc. Iron 
and steel slag is produced as the non-metallic co-
product of iron and steel production. There are three 
types of steel industry slag, each named for the process 
from which it is produced: Blast Furnace (BF) iron 
slag, Basic Oxygen Furnace (BOF) steel slag, and 
Electric Arc Furnace (EAF) steel slag.  Approximately 
21 million tons of steel industry slag is produced each 
year in the US [8].  

3.3 Emissions to water 
In the steel manufacturing process, high volumes of 
water are used to cool the steel. The principal sources 
of water pollution in the steel industry lies in coke 
oven gas washing and cooling, blast furnace gas 
washing, and steel rolling and finishing operations[9]. 
This contact or direct cooling water becomes 
contaminated with high levels of suspended solids and 
mill scale along with oil and grease. Because of the 
quantity of water required, it is necessary to cool this 
water and reuse it.  

3.4 Noise pollution   
Noise is a common occupational hazard in a large 
number of workplaces, particularly in heavy industry 
such as iron and steel production. Noise-induced 
hearing loss is one of the most prevalent occupational 
diseases. The basic mechanism of noise generation can 
be due to mechanical noise, fluid noise and/or 
electromagnetic noise. The sound pressure level 
generated depends on the type of the noise source, 
distance from the source to the receiver and the nature 
of the working environment. 

4. THE STRUCTURE OF THE ENVIRONMENTAL 

IMPACTS ASSESSMENT MODEL FOR THE 

STEEL INDUSTRY  

Based on the literature review and the elements that 
are considered as waste (which were derived from the 
waste survey in the Libyan iron and steel industry), the 
potential environmental impacts of the steel industry 
were identified.  

The model consists of the overall goal, which is 
creating an environmental impact model for the steel 
industry, criteria and sub-criteria. The following set of 
26 sub-criteria was accepted and grouped into four 
criteria to be able to illustrate the situation and make 
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the analysis clear and understandable. These criteria 
and sub-criteria are as follows: 

A. Resources consumption: 

 Raw materials consumption. 

 Auxiliary material consumption. 

 Energy consumption. 

 Fuel consumption. 

B. Waste generated: 

 Emissions to air. 

 Emissions to water. 

 Solid waste. 

 Noise. 

 Odour. 

C. Impacts on the working environment: 

 Hearing impairments. 

 Insufficient lighting. 

 Vibrations. 

 Thermal impacts. 

 Psychological impacts. 

 Chemical impacts and other disorders. 

 Sick building syndrome. 

 Infectious diseases. 

 Accidents. 

D. Impacts on the natural environment: 

 Impacts on landscape. 

 Impacts on biodiversity. 

 Contribution to the greenhouse effect. 

 Contribution to acid rain deposition. 

 Damage to lake and coastal water. 

 Stratospheric ozone depletion. 

 Climate change. 

 Global warming. 

These are the criteria and sub-criteria that could affect 
the decision-making process, which were derived from 
the literature review and the waste survey of the 
Libyan iron and steel industry. These sub-criteria will 
be ranked in descending order according to their score, 
to enable senior management to choose the highest 
score. It is expected that the highest would be chosen 
as an initial project, after which the rest could be 
scheduled for future consideration to help in 
evaluating and managing the environmental impacts. 

 

5.  BUILDING THE MODEL USING THE AHP 

Once the environmental impacts for steel industry are 
determined as criteria and sub-criteria and the 

statistical analysis of the responses are calculated, data 
is entered into the AHP software. The AHP software 
can build the model or the tree view of the model. Fig. 
2 shows the hierarchy block diagram of the 
environmental impacts for the steel industry that are 
applied for priority selection.  

 

 

Figure.2.the hierarchy block diagram of environmental 
impacts for steel industry (produced by AHP). 

Once the model is built, the next step in the modelling 
process that the AHP software provides is to make 
judgments/pairwise comparisons to derive priorities 
for the objectives with respect to the goal and for the 
alternatives with respect to each objective. This step is 
one of the major strengths of the AHP and Expert 
Choice. Pairwise comparison is used to derive accurate 
ratio scale priorities, as opposed to using traditional 
approaches of ''assigning weights'' which can be 
difficult to justify. A judgment expresses the strength 
of importance, preference or likelihood of one element 
over another. As mentioned previously, fifty 
questionnaires were distributed by the author to some 
experienced managers and engineers in different plants 
in the Libyan iron and steel industry. Thirty valid 
responses were obtained, giving an overall response 
rate of 60%. Fig. 3 is a pairwise comparison that 
shows experts' judgments and Fig. 4 shows the 
environmental impacts model for the steel industry. 

Once all judgments (pairwise comparisons of 

alternatives to peers relative to the objectives and the 

objectives relative to the goal) have been made and 

priorities have been calculated, a synthesis is 

automatically performed to produce a report that 

includes a detailed ranking of each criterion (criteria 

weight and the criteria significance) that listed in 

Table 1. The synthesis cannot be complete if any of 

the pairwise comparisons have an inconsistency 

greater than ten percent. In general, a consistency ratio 

of 0.10 or less is considered acceptable. If the value is 

higher, the judgments may not be reliable and have to 

be elicited again [10]. In this study, consistency ratio 

is less than 0.1. This indicates that the comparisons of 

criteria were perfectly consistent and the relative 
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weights were suitable for use in the suitability 

analysis. 

 
Figure 3. Pairwise comparison example. 

 

Figure 4. The environmental impacts model for steel 
industry 

In this paper, the AHP used to determine the most 

important environmental impacts of the steel industry. 

The synthesis was conducted using the distributive 

mode. This mode distributes the priorities of each 

covering objective among all alternatives, therefore 

dividing its global priorities proportionately to the 

priorities the alternatives beneath it. This method used 

when all alternatives matter. Fig. 5 shows the priorities 

of main criteria with respect to the goal. The reader 

could note that the impacts of steel industry on the 

working environment have a value of 0.312, the 

highest significant weight. The waste generated and 

impacts on the natural environment both have a value 

of 0.280, the second-highest. The resource 

consumption is the last of all, with a value of 0.127.   
 

TABLE 1. THE WEIGHT OF THE MAIN CRITERIA WITH RESPECT TO 

THE GOAL 

Criteria name Weight % 

Resources consumption 0.1276785 

Waste generated 0.2803571 

Impacts on the working 
environment 

0.3116071 

Impacts on natural environment 0.2803571 

Inconsistency = 0.00776 

 

 

Figure 5. The priorities of the main criteria with respect 
to the goal 

In addition, findings from the use of this method 
highlighted the importance of emissions to air, 
emissions to water, accident, infectious diseases, solid 
waste and damage to lake and coastal waters, with 
weights of 0.101, 0.076, 0.065, 0.055, 0.048 and 0.048 
respectively (Table 2). Other environmental impacts 
mentioned in this study are less important. Fig. 6 
shows the importance rankings of the environmental 
impacts of steel industry obtained through pairwise 
comparisons with respect to the goal. 

 

TABLE 2. THE PRIORITIES OF THE SUB-CRITERIA. 

Rank Sub-criterion Weight 

% 

1 Emissions to air 10.1 

2 Emissions to water 7.6 

3 Accidents 6.5 

4 Infectious diseases 5.5 

5 Solid waste 4.8 

6 Damage to lake and coastal water 4.8 

7 Stratospheric ozone depletion 4.3 

8 Climate change 4.3 

9 Chemical impacts and other disorders 4.3 

10 Global warming 4.0 

11 Raw materials consumption 3.6 
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12 Energy consumption 3.6 

13 Fuels consumption 3.6 

14 Contribution to acid rain deposition 3.4 

15 Thermal impacts 3.3 

16 Psychological impacts 2.9 

17 Noise 2.7 

18 Odour 2.7 

19 Impacts on landscape 2.6 

20 Hearing impairments 2.6 

21 Impacts on biodiversity 2.4 

22 Insufficient lighting 2.2 

23 Contribution to the greenhouse effect 2.2 

24 Vibrations 1.9 

25 Sick building syndrome 1.9 

26 Auxiliary materials consumption 1.8 

 

Model Name: Create Environmental Impacts Model for Steel Industry

Synthesis: Summary

Synthesis with respect to: 
Goal: Create environmental impacts model for steel industry

Emissions to air .101

Emissions to water .076

Accidents .065

Infectious diseases .055

Solid wastes .048

Damage to lake and coastal waters .048

Chemical impacts and other disorders .043

Stratospheric ozone depletion .043

Climate change .043

Global warming .040

Raw materials consumption .036

Energy consumption .036

Fuel consumption .036

Contribution to acid rain deposition .034

Thermal impacts .033

Psychological impacts .029

Noise .027

Odour .027

Hearing impairments .026

Impacts on landscape .026

Impacts on biodiversity .024

Insufficient lighting .022

Contribution to the greenhouse effect .022

Vibrations .019

Sick building syndrome .019

Auxiliary materials consumption .018

Page 1 of 114/05/2012 08:54:27 Õ
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Figure 6. Synthesis with respect to the goal. 

 

6.  SENESTIVITY ANALYSIS 

Usually, a sensitivity analysis aims to examine how 
changes in the weights of the criteria or changes in the 

performance values of the alternatives could affect the 
ranking results of the decision problems. Sensitivity 
analysis is used to investigate the sensitivity of the 
alternatives to changes in the priorities of the 
objectives. There are five types of sensitivity analysis 
available within Expert Choice: performance, 
dynamic, gradient, two-dimensional plot (2-D plot), 
and head-to-head.  

Sensitivity analysis was applied to see how the priority 
list will be affected when the weight allocated to each 
criterion is changed. As shown in Fig. 7 the results 
indicated that emissions to air have the highest 
environmental impact of the steel industry, with 
weight of 10.1%, while auxiliary materials 
consumption is the lowest environmental impact of the 
steel industry, with weight of 1.8%. 

A series of sensitivity analyses were conducted to 
investigate the impact of changing the priority of the 
criteria on the alternatives' ranking. Dynamic 
sensitivity of Expert Choice was ascertained to see 
how realistic the final outcome is. Dynamic sensitivity 
analysis is used to dynamically change the priorities of 
the criteria to determine how these changes affect the 
priorities of the alternative choices. The impact of 
changing the priority of four main criteria on overall 
results was investigated. 

 
Figure 7 Original sensitivity analysis 

 

 

7.  CONCLUSION 

In this paper, a model for environmental impacts of 
the steel industry has been developed to investigate 

the most important environmental parameters and 

their importance in order to help managing the 

environmental impacts of steel industry. 

It can be concluded that the impacts of the steel 
industry on the working environment have a value of 

0.312, the highest significant weight. The waste 



1228 

ICTS24632019-MI3013 

 

generated and impacts on the natural environment 

both have a value of 0.280, the second-highest. The 

resource consumption has the lowest weight with a 

value of 0.127. In addition, findings from the use of 

AHP highlighted the importance of emissions to air, 

emissions to water, accident, infectious diseases, solid 
waste and damage to lake and coastal water 

respectively, with weights of 0.101, 0.076, 0.065, 

0.055, 0.048 and 0.048 respectively. Other 

environmental impacts mentioned in this study are 

less important.  

A series of sensitivity analyses were conducted to 

investigate the impact of changing the priority of the 

criteria on the alternatives' ranking. 
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