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Abstract

The steel industry consumes the most energy in the world compared to other industries. The declining trend of natural resources and
fossil energy and gas storage has forced students and researchers in this field to design and be exploited to reduce energy consumption in
this industry by forming specialized teams and scientific studies and considering the historical and experimental course. From steel mills in
different parts of the world, offers practical methods in the field of energy consumption. Attempts to use items that have removed the effective
and beneficial effects in this regard and some other indicators of good performance in places are allowed. In this research, a brief look at the
appropriate location discussions for the construction of steel plants, the energy required in the steel industry and the measure of thermal and
electrical energy consumption of the electric arc furnace process and the environmental impacts and their problems and challenges and waste
heat recovery assessment of the furnace in electric arc has been presented.
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Abbreviations: ORC: Organic Rankin Cycle; EPI: Environmental Performance Index; EAF: Electric Arc Furnace; IISI: Iron and Steel Association

Introduction

The course of economic developments in recent centuries
has been associated with the diverse use of energy. But energy
crises in recent decades, accompanied by recessions in many
countries, have given energy a special place in the economic
literature. Limited energy resources in the world and high
investment costs in new and renewable energy, which has made
the energy produced very expensive and uneconomical, as well
as the negative view of human societies in the industrialized
countries that have the highest energy consumption in the world.
Concentrated, sometimes to the point of shutting down nuclear
power plants or preventing new ones from being built, has led
these countries to invest heavily in reducing energy consumption
per unit of production. Since the steel industry, especially steel,
which has very high-power consumption through the electric
arc, in-depth study on how to consume energy, ways to reduce it
and reach the desired point, which is competition in the global
market, from it is of special importance. In the industrial sector,
especially in the energy industry, such as the steel industry, finding

appropriate solutions to update technology, produce and reduce
energy consumption is very important. Therefore, the topic of
my seminar is dedicated to “reviewing recent developments
in optimizing and reducing energy consumption in the electric
arc furnace of the steel industry.” In the following, the electric
arc furnace is introduced and then the statistics of electricity
production and consumption are discussed.

Arcfurnacesworkaccordingto the original design ofthe Herold
furnace by melting the furnace charge created by the electric
arc, between the graphite electrodes and the metal charge. This
furnace can be seen in figure 1. In this arc furnace, an electric arc
is transferred from the electrodes to the metal inside the furnace.
Due to this transfer, an electric current pass through the metal
inside the furnace and because of the metal’s electrical resistance
against this current, heat is generated. This heat uses the passage
of electric current with heat to encourage the completion of the
electric arc and provides the necessary conditions for melting the
metal charge inside the furnace. In fact, in this type of furnace,
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by creating an electric arc between the electrodes and the phase
of the melt or scrap iron and direct reduced iron, the electrical

energy is converted into heat and transferred to the melt through
radiation and heat resistance [1].

Figure 1: Preliminary design of the herold arc furnace [1].

The development of single-phase and two-phase arc furnaces
has led to the construction of three-phase electric arc furnaces. In
the past, electric arc furnaces were used only to produce ordinary
steel, while today these types of furnaces are widely used and even
to produce alloy steels. One of the reasons for the rapid growth of
steel production in electric arc furnaces is that in these furnaces,
electrical energy can be converted into heat with good efficiency
[2]. In this way, a high melting capacity can be achieved in a small

furnace. Increased production of electrical energy and expansion
of electricity networks, installation of water-cooled units in the
body and roof of furnaces, continuous feeding, automatic control
of smelting and refining and new smelting and refining methods,
in the last decade, to make the use of electric arc furnaces on a
large scale possible. Figure 2 shows an example of an electric arc
furnace [3].

Figure 2: An example of an electric arc furnace [3].

According to the standard of the World Steel Association,
the world'’s steel production by 2020 is about 1800 million tons
[4]. The amount of steel produced by electric arc furnaces, like

that seen in figure 3, is expected to exceed 650 million tons by
2020, and the amount of steel produced by electric arc furnaces is
about 30% of world steel production [5]. Electricity consumption
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in electric arc furnaces is so high that it sometimes equals the
electricity consumption of a city [6]. Today, the issue of energy is
one of the serious crises in the steel industry that must be paid
special attention to both electricity and water consumption. In the
field of consumption of gas and fossil fuels, optimal consumption
methods should be applied so that steel companies can save
on their consumption and reduce it. According to the strategic
plan of the Ministry of Industry, Mines, and Trade, Iran has set a
plan to produce 55 million tons of steel for 2025 [7]. Based on
the general calculations based on the data of the comprehensive
steel plan, to achieve this goal, Iran needs about 295 million cubic

meters of water consumption and increase the capacity of the
country’s power plant by 5630MW and 18 million cubic meters
of gas per year. This is even though power plants also use about
8.2 cubic meters of water per cooling cycle per generation of
megawatt-hours [8]. Using energy efficiency methods, electricity
consumption in the arc furnace has risen from “630”kwh / ton in
1965 to “280”kwh / ton in 2015 as shown in figure 4 [9]. Also,
reducing the TTT time from 180 minutes to 40 minutes indicates
an improvement in the use of technology and a reduction in
energy consumption and increased production.
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Figure 3: (a) Prediction of steel production by electric arc furnace
method.
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Figure 4: Technology development in steel arc furnace by time (year) [9].

Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710

How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710

Recent Advances in Petrochemical Science

Figure 5 shows the inputand output energy status ofa common
electric arc furnace in the steel industry [10]. To produce one
ton of steel in an electric arc furnace at a temperature of 1600°C
requires an average of about 694kWh of energy. Most of this input
energy is transferred to steel, but a significant amount of it is lost
through exhaust gases and slag, which is about 196.5kWh/ton
(28.3%). Depending on the energy of the exhaust gases from the
electric arc furnace, the Organic Rankin Cycle (ORC) the cycle can
be used for thermal recovery of the electric arc furnace. The first

use of this system was in an electric arc furnace in Germany [11].
According to the existing records, for the hot gases emitted from
the electric arc furnace from each ton of molten steel product, the
possibility of heat recovery and electricity generation in the range
of 15 to 25kWh is provided [12]. It is also important to predict
the required amount of each raw material in the furnace charge
to investigate ways to reduce energy consumption in electric arc
furnaces [13].

Input = Output

Btput

Total 634.0 KWhit

Figure 5: Balance of input and output energies in the arc furnace process [10].

Exothermic axdation 204 kKWhi (29.6%)

Fuel combustion 24.6 kKWhit (3.5%)
Slixg making 15.1 KWhT (2.1%)
Electrode axidation 11.2 kWhai (1.6%)

Rool heat loss 8.6 KWR (1.2%)
Other Bs5es 27.9 KWh (4.0%)
Coalingspanel loss 37 8 kWhit (5.5%)

Electrical loss 386 KWt (5.6%)

Slag heat loss 52.8 KWhit (7.6%)

Exhaust gas loss 143 7 kWhit (20,749

Literature Review

According to the International Energy Agency, the iron and
steel industry with high fossil energy consumption accounts for
about 6.7% of world CO, production [14]. The standard of energy
consumption in the Iranian steel industry is 594kWh / ton. Also,
about 2.8 cubic meters of water is consumed per ton of steel
produced in electric arc furnaces Kanani et al. [15,16] presented
a numerical-experimental model for calculating heat transfer
in electric arc furnaces. To better understand the ironmaking
process in electric arc furnaces, they developed a radiation model
to study how this energy is distributed inside the furnace [17].
Using experimental information obtained from the Khuzestan
Steel Company about the actual voltage, current, and power of
the furnace, they obtained the radiant energy emitted from the
arc. Then, using appropriate boundary conditions, they used the
surface-to-surface model to solve the discretized equations of
radiation.

By measuring the data related to the mass flow rate and water
temperature at the inlet and outlet of the panels, the share of
energy on the cooling water panels of the wall and the furnace
lid, and after modeling the temperature of these surfaces they
got it. Amir Kavi et al. [18] by researching the steelmaking unit of

Mobarakeh Steel Company to identify energy-saving factors and
reduce Feo slag in electric arc furnaces, including optimal control
of oxygen and lime injection, control of material charge rate,
stopped working with high carbon smelting. Chen etal. [19] used
a dynamic model and the TIMES model (EFOM-Markal Integrated
Model) to analyze the emissions of China’s steel sector.

This model, which is one of the major models of energy
analysis in the industrial sector, has been used to analyze the
demand for steel, energy supply, and greenhouse gas emissions
(CO, emissions) of this sector from 2010 to 2050. This model
shows that China’s steel production will peak from 627 million
tons in 2010 to 772 million tons in 2020 and then to 527 million
tons in 2050. The share of arc steel production (EAF) will also
increase significantly from 9.8% in 2010 to 45.6% in 2050. In this
model, using dry coking technologies and exhaust heat recovery
equipment, carbon emissions and water and energy consumption
have been reduced in the modeling period. The results of this
research show that the evolution of technology structure will have
a great impact on reducing resource consumption and reducing
emissions. Among the cases that increase energy consumption in
electric arc furnaces - stopping the furnace for various reasons,
including repair problems that lead to a sharp drop in melt
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temperature, and repair problems can be leakage from the panel
Pointed arc furnace. For this purpose, Hajidavalloo et al. [20] have
simulated heat transfer in the elbow of an electric arc furnace
using ANSYS FLUENT software. The results of this simulation
show that the highest temperature is in the entrance area of the
bends in the elbow section.

Henning et al. [21] evaluated and simulated the cooling
water system of an electric arc furnace using computational
fluid dynamics. They obtained the temperature and fluid flow
distributions in the various cooling water systems of an electric
arc furnace using the STAR-CCM + computational fluid dynamics
software. In this simulation, by applying a constant heat flux to
each panel, they identified points that had high temperatures.
They attributed the high temperature of these specific points
to the stagnation or reversal of fluid flow in them. Tavares et al.
[22] investigated the failure of steel pipes due to creep and wear.
The studied pipes are related to the panels of the smoke suction
system. The results of this study, which were performed by
scanning electron microscopy and light microscopy, show that the
decrease in local wall thickness of the pipes is due to wear and
tear due to the wear of oxide particles out of the furnace. They
suggested that chrome-molybdenum steel be used because of its
higher resistance to creep, oxidation, and wear because the first-
row pipes of the flue system are exposed to more intense heat and
are in a more critical condition.

Vazdirvanidis et al. [23] investigated overheating failures in
steel pipes of arc furnace cooling systems. Visual inspection, use
of light microscopy, and hardness testing are the main methods of
examination in this article. In this study, it has been shown that
decarburization and weakening of the surface of the pipes of the
furnace cooling system can be considered because of prolonged
exposure to heat and oxidation conditions inside the pipes, as
well as the most probable cause. Fractures, tensile stresses, and
thermal fatigue were detected. The use of a more heat-resistant
alloy and sufficient water to transfer heat to the pipe wall, as well
as lowering the graphite electrodes in the slag for better heat
transfer into the molten bath and reducing the heat reaching the
furnace wall were suggested as a solution.

Khodabandeh et al. [24] investigated heat transfer in electric
arc furnaces and their cooling system. After modeling the electric
arc furnace using ANSYS FLUENT software, they obtained the
temperature distribution in the furnace cooling system. As
mentioned earlier in the ORC cycle, many steps have been taken to
reduce heat loss, including the use of the organic Rankin cycle to
reuse relatively low heat dissipation heat to generate electricity.
Organic Rankine Cycle is a type of Rankine cycle in which the
operating fluid is modified and high molecular weight organic
operating fluid is used. The organic Rankine cycle has received alot
of attention due to its high efficiency and reliability, as well as less
need for maintenance compared to other cycles. Its applications
include applications in power plants with the geothermal heat

source, solar energy, biomass energy, and dissipative heat.

Therefore, Ramirez et al. [25] evaluated the performance
of the ORC unit in the hot-rolled sheet metal plant for use in the
automotive and mechanical industries in Brescia, Italy, which
shows that the efficiency of the ORC plant is 21.7%. Gajik et al.
[26] investigated the consumption of electricity in an electric arc
furnace using an artificial neural network. By studying electric
arc furnaces in Italy, they compared the effect of changes in rust
steel elements to evaluate power consumption, which shows that
the greatest effect on electricity consumption is the percentage of
carbon. Sanjo et al. [27] By examining the changes of parameters
affecting energy consumption in electric arc furnaces, oxygen
injection and carbon content, and metallization of direct reduced
iron, the greatest effect on energy consumption as well as
increasing melting temperature and increasing time POWER ON is
generated and the slag status is also affected. In the study of Kong
et al. [28] the use of by-products along with the process has been
mentioned, which reduces the energy consumption of the system.
In this research, the optimal allocation for surplus gases has been
investigated by the MILP method.

Conditions for selecting a suitable site for the
construction of the steel industry

One of the effective factors in establishing companies is
choosing the location of the factory [29]. The choice of factory
location depends on factors such as skilled workers, facilities
development, and access to materials, investment costs, climate,
and proximity to the market, quality of life, social considerations,
and communication. Decision-making and location of the factory
play an important role in the company’s performance and the
company’s survival in the industry. It also has an important
effect on minimizing costs and maximizing the use of resources.
Proximity to the market reduces shipping costs and delivery
time to the customer. On the other hand, the presence of skilled
labor around the factory site accelerates the production of quality
products, as well as reducing the cost and time of staff training and
product waste due to staff inefficiency. It has an effective role in
determining the location of the factory so that with the reduction
of investment costs, deprived areas also prosper. There are other
factors, such as access to raw materials and climate suppliers, etc.,
which must be considered that determining the most important
factors influencing the choice of factory location speeds up the
decision. Factors influencing decision-making related to the
location of a manufacturing plant can be divided into six main
groups. These factors are in order of importance [30].

Manpower conditions: The most important factor for
manufacturing companies such as textile factories,
appliances, and electronic equipment that are highly dependent
on labor and in other words is labor-oriented is the factor of labor

home

conditions. These conditions can include things like pre-wages
Job Learning Needs Motivate Manpower Productivity Employees
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Power Unions Many executives prefer to deal with weak and less
organized unions to have a direct impact on manpower. On the
other hand, the issue of labor supply, both in terms of number and
level of skills for local companies and international companies is
one of the key issues. The need for skilled manpower for some
industries is usually costly and leads to certain management
problems. The relationship between manpower management and
productivity is one of the factors that many studies have been
done and should be considered. Also, common wage patterns in
the region, the cost of living, the relationship between different
industries, and the strength of trade unions are other factors
influencing the location of the factory [31].

Proximity to the market: Every company tries to offer
its services and goods to its customers at the right time and an
acceptable and reasonable price [32]. When customers and
buyers of goods are focused on terms of location, the factory is
recommended. And its equipment should be located near the
market, including the products of the factory are delicate and
prone to breakdown and decay, products need after-sales service,
shipping cost is very high, product life is short. After determining
the target markets and places where there is a demand for the
company’s goods and services to the desired extent, management
must choose the bestlocation for the factory in a way that can meet
the demands of itself and its customers in the best way. Location
near the market becomes more important when the final products
of the factory are bulky, heavy, and have high transportation costs.
Manufacturers of plastic and steel pipes, for example, should try
to stay close to the market [33].

The level of quality of life: good schools, appropriate
recreational and cultural spaces, and a good lifestyle, in general,
are all factors in raising the quality of life. These factors may not
seem to be considered in the decision to locate the factory, but in
the long run, can have an impact on the productivity of factory
staff [34].

Proximity to resources and suppliers: Today, many
companies and factories do not provide the bulk of the parts
or services they need but supply them from other companies.
The decision to have a part manufactured by the factory itself
or to supply it from outside the organization depends on many
factors. If it is decided to provide a part or service from outside
the organization, the company should be able to maintain its
communication to be more coordinated with suppliers, and this
will become more difficult as the geographical distance increases
[35].

General expenses of taxes and government and local
expenses: Other important factors to consider when locating
manufacturing companies include general costs (telephone,
electricity, water, and sewage), local and regional taxes, common
government and banking costs, and costs. Land acquisition costs
[36].

Weather conditions: The geographical and climatic
conditions of the area, such as humidity and temperature, must
be assessed for location. Climatic conditions have a great impact
on labor productivity and human behavior. Also, some industries
need special weather conditions, for example, the textile industry

should be in areas that are suitable in terms of humidity [37].

Communication infrastructure and public services: All
manufacturing activities require access to the communications
and public services subdivision, which provides this cost quite
reasonably if they generate a source of public capital, such as
roads, railways, ports, power lines, municipal services, and social
capital, such as schools. Universities and hospitals [38].

Access to raw materials: Any organization needs to have
access to quality raw material resources at the right time to prevent
the production line from shutting down. This factor becomes even
more important when the required materials and resources are
perishable and their transportation costs are high, including
when sensitive and delicate raw materials or concentrated source
is used [39].

High-quality production and low power consumption is the
goal of every steel company. One of the most important factors in
creating a competitive advantage in the country’s steel industry is
the proper location of steel units [40]. If the location of industrial
complexes, especially in the field of steel, is based on access to
abundant water and energy to supply the water and energy
needed for production and facilitate transportation, then naturally
we should expect the growth of steel units, cost reduction, and
consequently, it had an increasing competitive advantage in the
long run [41].

Steel production

The first stage of steel production is the processing of its raw
material, iron ore. Iron ore is a combination of iron oxides and
metal impurities such as sulfur, phosphorus, silica, and... First,
iron ore is crushed and metal impurities are separated from it
during certain processes. Then, in the pelletizing process, iron
ore (as a combination of iron oxides) turns into pellets and after
cooking, produces a product called pellets. The pellet produced
in the direct reduction process during the reaction with carbon
produces pure iron. Because the pellet loses its oxygen in this
process, the resulting compound has a porous state like a direct
reduced. For this reason, it is called direct reduced iron. Foamy
iron is stored and stored in special tanks to be gradually used as a
raw material for steel production in later stages [42].

The second stage of steel production is the conversion of
iron to molten steel. The input to this process is direct reduced
iron. The type and grade of steel and its chemical properties are
created at this stage. Here, direct reduced iron and scrap iron are
converted to molten steel in certain proportions in electric arc
furnaces. After slagging from the melt, according to the expected
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quality of the additives, the required proportions are added to
the molten steel in proportions, and by blowing gas, it is evenly
distributed in the melt volume and mixed with it [43].

After this stage, the molten steel is emptied into bulk pots and
sent foradditional operations. Finally,based on laboratory samples
taken from the steel, the melt refining operation is performed and
the molten steel is ready for casting. The temperature of molten
steel for casting is about 1650 degrees Celsius and the minimum
allowable temperature is 1580 degrees. Therefore, after the
finishing operation, the melt should be sent immediately for
casting. Ifitis not possible to cast the melt due to delay or any other
problem, the temperature of the melt inside the pan will be kept
within acceptable limits by ladle furnaces. However, there is a high
cost for this delay in casting. At this stage, the melt produced in
the steelmaking process in continuous casting machines becomes
ingots or slabs. Continuous casting machines are semi-arched.
The molten ladle is placed on the casting tower [44].

The casting tower can hold two ladles, one in the casting
position and the other in the ready position. The melt enters the
middle pan through a special passage that is installed under the
pan. Tundish, as an intermediate buffer, always keeps some of the
melt in storage so that the continuity and uniformity of the melt
flow in the molds of the casting machine is not interrupted when
the molten pan is changed. To speed up the casting operation,
most casting machines have two paths for casting, and the melt
must enter the machine molds through two separate passages.
Tundish has two outlets that direct the melt inside the pan to
the molds of the casting machine. The hardening life used in the
casting process is limited, so the continuous casting operation of
the melt on the casting machine cannot last longer than the life
of a hardening. Therefore, the continuous casting operation will
inevitably be interrupted at the end of the Tundish life and the

casting will resume after the tandem replacement is changed.
A production sequence takes place between the two tendon
switches. This sequence consists of a limited number of melts that
are cast continuously and uninterruptedly.

The maximum number of these melts varies according to the
width of the casting machine and the quality of the melting. The
melts in a casting sequence must be of the same quality and have
the same casting width. After draining into the mold, the melt is
cooled by the flow of water around the mold and takes the shape
of the mold, and gradually moves in a semi-arc path and cools
slowly to form a long strip with a rectangular cross-section of the
machine. Remove the casting. At the end of the casting line, this
strip is cut crosswise to specific lengths and finally, a steel ingot
is produced [45].

The energy required for the steel industry

The steel industry is one of the most energy-intensive
industries in the world, and because the main source of energy
consumption in the world today is oil and petroleum products,
several steel production units are being built and operated in our
country. At present, the per capita energy consumption to produce
one ton of steel in Iran is higher than in Germany and Japan.
This is at a time when these countries are using environmental
energy equipment such as blast furnace acetone acid dust, which
increases per capita energy consumption. Of course, in Iran, this
equipment is less used [46]. Figure 6 shows the input energy for
steel production over a year for different countries of the world.
Different countries have different energy distributions in the way
of steel production, so that for example, 94.1% of China’s steel
production is through fossil fuel energy such as coal and blast
furnace method, while in the United States 62.7% through electric
arc furnaces and consumption 53.98% is natural gas [47].
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The US Energy Information Administration predicts that
energy consumption in the world steel industry will grow by 11%
between 2015 and 2040, due to an increase in the number of
steels producing units in the world and an increase in production
volume. However, due to the advancement of technology and the
use of less energy-intensive equipment than current equipment
and the replacement of natural gas and electricity with oil and
petroleum products as fuel and energy sources for steel industry
equipment, energy consumption in this industry decreased
by 27% It will be accompanied by 9% more than the average
reduction in energy intensity in the industrial sector. The intensity
of energy consumption in the industrial sector of the world will
decrease by 18% between 2015 and 2040.

Decreasing energy intensity means increasing energy
efficiency in this industry or reducing energy consumption
to produce each steel unit, which will be accompanied by a
reduction in pollutant emissions. The US Energy Information
Administration has cited technical advances and the production
of energy-saving equipment as one of the reasons for the increase
in energy efficiency in the steel industry, but also cited another
important reason that has received less attention so far. According
to this study, changing the pattern of steel production is an
important reason for increasing energy efficiency in this industry.
In previous years, steel was produced from raw materials such as

iron ore and coke, etc., but in recent years, most steel is recycled
from steel scrap, a process that requires less energy than raw steel
production. On the other hand, the secondary production of steel
or the production of steel from scrap steel is a process that is done
with the help of electric furnaces, and energy consumption in these
furnaces is less. The industry has shrunk. The steel industry is one
of the most valuable and important industries for today’s world
economy due to its high recyclability because its products are fully
recycled and this is very important for the world economy [48].

To produce each ton of steel, the product is needed to supply
electricity, about 650 to 750 cubic meters of natural gas, without
considering the processing of raw materials and handling, and
considering the power plant coefficient. This is about 7 times
the energy required to produce cement. Considering the price
of steel products at about $500 per ton and the international
energy cost of 20 cents (average electricity and gas consumption),
currently about 30% of the selling price of steel is the cost of
energy consumption. Therefore, the level of development in the
steel industry and the consumption of iron and steel are made as
a criterion for judging the extent of industry in countries as well
as the level of development of countries. As shown in figures 7 & 8,
the steel industry accounts for more than 22% of total industrial
energy consumption, and Asia is the most important player in this
market [49].

“I
™

Figure 7: Share of energy consumption in the industry sector by type of industry in 2016.
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Figure 8: Asia’s high share of crude steel production based in 2019 data.
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Specific energy consumption in the iron and steel
production process (SEC) [50]

Specific energy consumption in the process of iron and steel
production is the ratio of energy consumption to iron and steel
production. The unit of specific energy consumption in the process
of iron and steel production is the total specific electrical energy

in terms of kilowatt-hours per ton (Ton/kwh) and thermal energy
(fossil fuels) in terms of gigajoules per ton (GJ/Ton). Consumption
of special electrical energy and thermal In the process of iron
and steel production: Specific electrical energy consumption
and specific thermal energy consumption in the iron and steel
production process expresses the amount of electrical/thermal
energy consumption per unit of production table 1.

Table 1: Criteria for thermal and electrical energy consumption of arc furnace process [35].

Process of Natural Gas Per Ton of Product)

The Criterion of Thermal Energy Consumption (Cubic Meters

The Criterion of Electrical Energy Consumption (Kilo-
watt-Hours Per Ton of Product)

Electric arc
process

SEC,, = 15

SEC, = [500 + 80 + (%DRI)]

How to calculate the specific thermal
consumption

energy

The specific thermal energy consumption of the production
of different units of the iron and steel plant is determined by
dividing the thermal energy consumption of that unit in a certain
period by the amount of production of the same unit in the same
period [35].

The amount of specific thermal energy consumption is
expressed in terms of gigajoules per ton of product or cubic
meters (natural gas) per ton of product produced [35].

How to calculate specific electrical energy consumption

Specific electrical energy consumption of iron and steel
production in different units is determined by dividing the
electrical energy consumption of the unit in a specific period by
the amount of product produced by the same unit in the same
period [35].

Introduction of new technologies in the steel industry

The complex and ever-changing nature of the environment
has made innovation the most important factor in maintaining and
improving the performance of companies [51]. The steel industry
isone of the industries whose promotion and developmentdirectly
affects the economic growth and GDP of countries as there is a
direct relationship between per capita steel consumption and GDP

Table 2: Improvement of steel production conditions in ten years.

of countries. This industry is considered a strategic commodity
due to job creation, high dependence of downstream industries,
application in infrastructure development, and the possibility
of export and exchange rate for countries, and therefore the
development of this industry is always included in the strategic
goals and actions of countries [52].

Following the industrialization of countries and increasing
demand for energy consumption, the optimal use of ending
energy resources has become extremely important. To achieve
this goal, the use of optimization methods and new technologies
in the transmission and conversion of energy is essential [53].
Energy consumption is one of the main costs of steel production,
which with the advancement of technology and optimization of
production methods, reduces energy consumption, increases
production, and reduces investment costs. The main source
of energy in EAF furnaces is electrical energy, but from the
beginning of the use of these furnaces, it has always been tried
to use chemical energy and replace it with electrical energy,
to minimize the amount of electricity consumption in these
furnaces. Chemical energy through metallurgical reactions such
as oxidation reactions of various elements, secondary combustion
reactions, and preheating iron inlet systems using combustion of
fossil fuels and other methods designed to increase the share of
energy input [54]. Table 2 shows the improvement of different
production conditions over ten years.

The Year 2012 The Year 2002
Energy consumption (Kwh/ton) 392 450
Production (ton/hour) 94 61
Graphite electrode consumption (kg/ton) 1.9 2.9
Consumption of refractory materials (kg/ton) 31 6.9
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Here are Some Ways to Reduce Energy Consumption
Preheating the incoming scrap iron

One of the most important research projects in the field
of reducing the power consumption of electric arc furnaces is
preheating the input charging iron to the furnace. As shown in
figure 5, the amount of energy associated with the exhaust gases
from the arc furnace is about 20%, so using the thermal energy
of the exhaust gas as a massive source of energy to preheat the
iron can save Consumption of electrical energy in EAF furnaces
helps to preheat scrap iron also has many environmental benefits
and reduces dust entering the filtration section (Baghouse) by
30-30%. This technology has not been implemented in Iran so
far, but it has been widely used, especially in Japan and Europe,
where the cost of electricity generation is high. Scrap preheating

is usually done by transferring hot gases to the scrap charging
basket through pipes that connect the hot gases to a special hood
above the scrap basket.

The source of these hot gases can be hot gases leaving the
furnace or produced by natural gas burners. Scrap preheating
by natural gas was first performed in 1960 by burners mounted
on the roof of a scrap basket. In this method, the scrap is heated
between 538°C to 650°C. heating the scrap to more than 650°C
causes the scrap to oxidize. The advantage of this type of preheater
in comparison with the use of hot gases from the furnace is that
in this method, the preheating process is not dependent on the
performance of the furnace, as a result, the process is more
controllable and uniform [55]. Figure 9 shows a schematic of
two scrap preheating methods for charging inside an electric arc
furnace [56].

Sarap Preparation

Electric furnace

Figure 9: Two examples of scrap preheating methods by exhaust gases from an electric arc furnace [56].
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Direct reduced iron preheating

The effect of iron preheating on the efficiency of electric
arc furnaces has been investigated using exergy analysis. The
results of energy and exergy analysis and calculation of energy
and exergy terms of input and output materials of 170-ton arc
furnaces of a steelmaking unit show that about 73% of the energy
entering the furnace is through electrical energy and about 28%
through energy. It has been chemical. Also, the output energy
related to molten steel was about 42% and the share of exhaust
gases was about 18%. The results show that among the materials
leaving the arc furnace, the hot gases leaving the furnace after the
molten steel transfer the most amounts of energy and exergy with
them out of the system. It is noteworthy that the waste exergy
was about 50%. The results show that the amount of energy
recovered increases with increasing preheating temperature
of direct reduced Iron and preheated scrap. Since, according to
the Iranian steel industry, the tonnage of Direct Reduced Iron in
furnaces has been higher than scrap iron, preheating of direct
reduced Iron has resulted in greater electrical energy recovery.
The energy and exergy efficiencies of the furnaces increased by

3.15% and 2.25%, respectively, when the direct reduced Iron was
heated to a temperature of 780Kelvin. Another point that can
be considered by preheating the inlet materials to electric arc
furnaces; Reduction of melting time to melting. The results show a
13.5% reduction in melting time if the input material is preheated
to 500°C [57,58].

Another solution that has been recommended in this regard
is the Hotlink process. Essar Steel in India and Shadeed Oman are
in the lead. In the Hotlink method, charge the Hot Direct Reduced
Iron it is transferred from the reduction furnace directly to the
electric arc furnace using gravity by a sealing device. In this case,
the regenerative furnace is installed next to the wall of the arc
furnace and the Midrex outlet is transported completely hot
directly to the direct reduced Iron storage tank on top of the EAF
furnace [59]. Of course, for cases where hot direct reduced iron is
not consumed directly, a separate system is provided in parallel
to cool the hot direct reduced iron. The HDRI temperature at
the outlet of the direct reduction furnace is between 700-650°C
and a temperature drop of about 50°C occurs along the way to
the EAF furnace. The results show that increasing the hot charge

m How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710

Recent Advances in Petrochemical Science

temperature leads to increased electrical energy savings in the
EAF furnace and reduced electrode consumption.

This is well illustrated in figure 10. Adding molten cast iron to

an electric arc furnace also reduces energy consumption in steel
production. In addition to the heat generated by molten cast iron,
the heat generated by the oxidation of silicon, manganese, and
carbon also reduces electrical energy consumption.

180 T T T T T T T T [l Y r : : !
160
i T
% 1an L 1
g = % HIIRI L1
- in charge = 05)
E’ 120 F a
&= Nm =
= 100k - A0 w Dar
£ » 8
= ognl W%
R B0% B 03r
§ &0 —100% 3
E 02
£ 40 £
- |
] Qi
|:| : - = ,"J ! = | | L '} 1 L !
0 100 200 300 400 SO0 600 700 750 0 100 200 300 400 500 600 700 75
HIOR] temperabure () HDR temperatsire (C)
Figure 10: Saving electrical energy consumption and electrode consumption in electric arc furnaces using HDRI charging [57].

Reducing greenhouse gas emissions, reducing melting-to-
melting times, and reducing production costs are other benefits of
using HDRI charging to produce steel [57,58].

Oxygen-fuel burners

The oxygen injected into the furnace burns with carbon along
with direct reduced iron to form chemical energy. The generated
chemical energy generates heat and thus contributes to the direct
reduced melting process and reduces the amount of electrical
energy consumed. Oxygen burns with carbon to produce CO gas,
which produces foamy slag. Foamy slag, with proper arc coverage,
provides a more stable arc condition, resulting in better energy
transfer from the electrode to the furnace. And will increase
energy efficiency and reduce electrical energy losses. Oxygen-
fuel burners have been noted for their many advantages in
steelmaking. Using a second fuel source to increase the melting
rate in an electric arc furnace by using cheaper fuel leads to cost
savings and improved thermodynamic efficiency [60].

Oxygen-fuel burners are mainly used to replace electricity.
More importantly, using a burner increases the melting speed
and reduces the melting-to-melting time. The use of burners is
effective in creating heat balance. For example, in power high
Ultra furnaces, the presence of oxygen-fuel burners is necessary
to increase the melting rate of scrap in cold parts of the furnace
and as a result, uniform melting of scrap [61]. The use of the
burner requires careful design, both in terms of pressure and
discharge of the exhaust gas and in terms of position and angle of
the burner [62]. The angle of the burner should be such that the

burner does not get clogged. The position of the burners should
be at the lowest possible point for maximum heat transfer [63].

Injection of carbon into the furnace

Carbon plays an important role in turbulence and metal
refining in smelting and refining furnaces [64]. In addition,
carbon can reduce the electricity required for smelting operations
in the furnace by providing part of the energy consumption. By
reducing the electrical energy, the consumption of electrodes and
refractories is reduced. Find that they have some effect on reducing
costs [65]. Excess carbon with the production of CO gas causes
turbulence of the melt and as a result uniformity of temperature
and composition [66]. It saves on electricity consumption and
corrosion of the furnace refractory [67].

The use of oxygen in electric arc furnaces, which has always
been on the rise over the last fifty years, is an effective factor in
increasing the efficiency and process speed of these furnaces.
One of the effective factors in the development of electric arc
furnaces can be considered as increasing oxygen consumption in
them. Increasing oxygen consumption in various ways has been
effective in reducing electricity consumption. The primary use of
oxygen was injected with a lance and from a slag door, but today
oxygen has found more sophisticated applications in various
ways, including oxygen-fuel burners and secondary combustion.
Oxygen injection also reduces melting time by increasing the rate
of oxidation reactions. Figure 11 shows the oxygen utilization
curve in electric arc furnaces [68].
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Secondary combustion

Thermodynamically, the CO,/CO equilibrium ratio in molten
steel is important even at low carbon content, and the amount
of flammable carbon monoxide emitted from the chimney must
be considered. If the exhaust carbon monoxide can be burned,
energy is released almost three times as much as the reaction of
carbon monoxide from carbon and oxygen. Combustion of carbon
monoxide on the free surface of the melt is known as secondary
combustion. The energy from the injection of coke in the furnace
is atbest 25kWh/ton, but if all the carbon monoxide in the furnace
is converted to carbon dioxide, 140kWh/ton of energy will be
released [69]. Thus, energy efficiency increases, and the volume
of exhaust gas also decreases [70].

Preheater with oxygen-fuel burner

The preheating of the ladle furnace has been used to save
energy for many years and has been done regularly. But using an
oxygen-fuel burner instead of an air-fuel burner is more effective
because it increases efficiency and reduces energy and material
losses. The main reason for this increase in efficiency is the higher
temperature of the oxygen-fuel burner flame. Another reason
for the reduction in losses is that most of the heat radiation in
the burner is from the radiation of carbon dioxide and water
molecules, and nitrogen has less heat radiation. In the oxygen-fuel
burner, the partial pressure of carbon dioxide and water is higher
and the heat transfer through the gas radiation is increased. On
the other hand, many times the volume of gas produced in the
conditions of air use causes a sharp decrease in temperature.
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Figure 12: Comparison of thermal efficiency of the oxygen-fuel burner with air-fuel burner [72].

The presence of nitrogen also prevents the arrival and
effective contact of oxygen with the fuel and is effective in reducing
the flame temperature. Other advantages of oxygen-fuel burner
include increased flame temperature, lower fuel consumption,

improved heat transfer, and combustion more efficiently and
faster, lower gas flow volume and consequently less exhaust gas,
and reduced emission of harmful nitrogen compounds. By using an
oxygen-fuel burner instead of an air-fuel burner, the working time
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in the pan is reduced to 20 minutes and the pouring temperature
is reduced to 15°C, and 5-6kWh/ton is saved in energy [71]. One
of the most important features of oxygen fuel burners is very high
thermal efficiency even at high exhaust gas temperatures without
preheating fuel and oxygen. The difference between the thermal
efficiency of air and oxygen in combustion is shown in figure 12. It
is observed that at any temperature the efficiency of oxygen-fuel
combustion is higher than air-fuel. One of the main reasons for
low air-fuel efficiency, even with lower exhaust gas temperature,
is the larger volume of hot gas released due to the presence of
nitrogen [72].

Slag foaming

Proper production of foamy slag in the furnace is one of the
most effective factors in reducing energy consumption, refractory,
and electrode. One of the most important results of using new
blowing equipment for simultaneous injection of oxygen and
carbon powder is to create foamy slag and maintain a foamy
thickness to completely cover the arc. In such a case, heat transfer
from the arc to the melt increases. The production of foamy slag
occurs during the blowing of oxygen and carbon into the melt. In
such conditions, a proper ratio of oxygen and carbon consumption
is necessary. Otherwise increasing oxygen consumption will
reduce efficiency.

Carbon consumption to produce foamy slag with the required
thickness depends on the length of the arc and can be 4-10kg/
ton [73,74] puff capacity and stability depend on the physical
properties of the slag such as viscosity, density, surface tension,
and concentration of undissolved solid particles. All these
properties are determined by the composition of the slag and its
temperature. In alkaline slags, the ability to swell increases with
the increasing concentration of . By injecting lime powder and

dolomite into the slag as well as charging the coke to the slag in
the early stages of melting, it is possible to create foamy slag. The
importance of this case in the control of FeO slag is so great that
today the online control of foamy slag by analyzing the electrical
or acoustic signals of the furnace is used [75-77].

Increasing the ratio of scrap to direct reduced iron

The amount of scrap production in countries to various factors
such as development, population, apparent steel consumption,
steel production, per capita
consumption culture, recycling structure of countries, production
technology and productivity rate of steel products, accumulation
coefficient of steel products in it depends on previous years
and so on. The amount of scrap consumed in the world is about
38% of total steel production. The most important input factor
affecting energy consumption in the iron and steel industry is raw
materials. Since about 73% of the steel in Iran is an electric arc
furnace method, since scrap does not need regenerative energy,
unlike direct reduced iron, so increasing the ratio of scrap to direct

income and welfare index,

reduced iron in EAF furnaces helps to reduce energy consumption.

On the other hand, increasing scrap consumption solves
problems such as reducing natural resources and global warming
due to increased emissions of gaseous pollutants such as CO,. If
100% of scrap is used to produce steel, the need for pelletizing
and reduction units, which are the largest consumers of energy
in the steel industry, will be eliminated [56]. Figure 13 shows the
cycle of return of scrap iron to steel production [4]. The general
trend in the world steel industry is to increase scrap consumption
and reduce raw material consumption. Changes in the proportion
of iron sources for steel production by 2050 are shown in figure
14 [78].
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Figure 13: Return cycle of iron to scrap steel industries.
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Scrap charge

The dimensions of the scrap used in electric arc furnaces have
a significant effect on energy consumption. Reducing the size of
the scrap reduces the energy consumption required for melting.
Also, increasing the capacity of scrap feeding baskets to electric
arc furnaces leads to reducing the number of times the furnace
door is opened and thus increasing the process efficiency. For this
reason, the smaller size of the scrap dimensions can reduce the
number of times the scrap is charged. Therefore, although the
presence of scrap leads to a reduction in energy consumption
in electric arc furnaces but increasing the number of times the
scrap is charged due to the opening of the furnace door leads to
an increase in energy consumption. It is stated that charging two
scrap baskets to the EAF furnace with the maximum charge can
increase the process efficiency and reduce the melting time. Due
to the reasons mentioned, increasing more than two baskets is
not recommended. To reduce the size of scraps and increase the
density of scrap charging baskets, special designs can be made in
the field of using mechanized cutting and pressing machines [79].

Investigation of environmental effects and damage to
the environment by the steel industry

The Environmental Performance Index (EPI) is a tool for
policymaking by countries on environmental issues. This index
is based on two central environmental policies: environmental
health, which measures environmental stresses on human health,
and vitality. The index is estimated using 22 indicators, the most
important of which are: environmental health, water (effects
on human health), air pollution (effects on human health), air
pollution (environmental effects), water resources (environmental
effects) Biodiversity, and habitat, forestry, fisheries, agriculture,
climate change, and energy. A review of the downward trend in
Iran’s ranking based on the EPI index shows that Iran’s position
has raised from 78" in 2000 to 105 in 2016. In this period, the

best position was ranked 53 in 2006 [80]. Steelmaking is a
changing industry that is constantly trying to reduce the harmful
effects of carbon pollutants and by using a group of innovative
technologies to reduce the negative environmental impact of
industrial products.

However, the industry is taking steps to upgrade its
environmental certification as well as deploy a range of
innovative technologies to reduce the environmental impact of
steel production. Given that the steel industry is one of the largest
consumers of energy in the world, it has adverse effects on the
environment, so that estimates show that per ton of steel produced
about 1.9 tons of CO, emissions, which Increases global warming
[81]. Today, a suitable solution in line with the goals of energy
storage and reduction of losses is the recovery of thermal energy
lost in the steel production process, so attention to global research
to develop thermal energy recovery technologies in various ways
in the iron and steel industry has many fans [82]. Recyclable heat
in this industry is generally extractable in the product sector,
molten slag, and exhaust gases. Molten slag, which is a by-product
of steel production furnaces, is discharged from the furnace at a
very high temperature and causes a waste of energy consumption
in the steel industry [83].

Some Methods of Cooling Molten Slag
Water cooling method

No element is more suitable for cooling molten slag than
water, so at presentin the iron and steel industry, alarge amount of
water is used to accelerate the cooling process, which is a method
of cooling slag, problems and it has the following problems [84]:

a) A large amount of water is needed to granulate high-
temperature molten slag, for example, in a blast furnace slag
granulation method, 1000 cubic meters of water is used to cool
1ton of slag.
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b) Alkaline elements in slag in combination with water
cause effluents which in turn cause water and environmental
pollution.

c¢) In this method, the heat of slag is often lost. Molten
slag has a large amount of heat energy that in the process of
granulation of slag with water, a large volume of low-temperature
steam is produced that is either wasted or rarely used for heating
in winter.

d) This method of cooling slag causes air pollution so
that in the reaction of water with slag, sulfur dioxide, hydrogen
sulfide, and other sulfate compounds that cause air pollution are
produced and released [85].

The mechanical crushing method of slag

In this process, the molten slag is converted into solid
particles, then the new slag particles are collected with the
recovered particles and injected into the fluidized bed in several
stages, where the heat is transferred to the air by displacement.
They are larger than 6mm and are sent back to the granulator to
reach a size of 3mm [86,87].

Blowing air

In this method, high-velocity air not only crushes the slag
fluid but also injects the granulated slag into a boiler to receive
and transfer heat through the cooling walls, a commercial-scale
method with a granulation capacity of 20Tons of slag per hour has
been exploited on average and maximum 80tons per hour [87,88].

Eccentricity

In this method, high-temperature liquid slag is discharged
directly at high speed to the rotating disk and exits radially from
the outer part in the form of small particles due to centrifugal
force and surface tension. The disc diameter considered in this
paper is 7m with a thickness of 10mm as shown in figure 15. A
layer of slag remains solid on the disc during the process and is
a factor that keeps the disc temperature constant. The effective
parameters in this method are inlet fluid flow, the angular velocity
of the disk, rotating disk radius, dynamic viscosity of slag fluid,
and slag fluid density, each of which has a significant effect on the
process of granulation and heat recovery. The advantages of slag
granulation design by atomizing disk method are the ability to
control the diameter of granulated particles, high efficiency, and
high ability to recover thermal energy [89].
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Figure 15: Three-dimensional diagram of a rotating disk.
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Using worn tires instead of carbon in arc furnaces

Annually, more than one billion and three hundred million
worn tires, equivalent to 12 million tons, are discarded.
Approximately 84% of the total volume of worn tires consists of
passenger car tires. In the United States, Japan, Russia, and Russia,
50, 116, and 300 million tires are worn out annually, respectively.
Although there are about 110 applications for worn tires, the
congestion and accumulation of worn tires worldwide is an
environmental problem. 10 to 15% of the weight of tires is made
of high carbon steel and on the other hand, chemical analysis

of non-metallic parts of tires indicates that the composition of
rubber is similar to coal and coke [90]. 10 to 15% of the weight of
the tires is made up of high carbon steel, and on the other hand,
the chemical analysis of the non-metallic part of the tires shows
that the rubber composition is like coal and coke. The use of worn
tires in cement kilns and thermal power plants is common. Studies
in some of the world’s steel industries, such as American Server
Company, Ipsco, Gardavo, Timken, and Faircrest, have shown that
in the steelmaking process, tires can replace auxiliary fuels such
as coke, coal, natural gas, etc. And be effective in preheating 33
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metal charges and calcareous limestone. Also, the rubber steel
part can be used as a first-class and clean scrap in charging the
furnace.

The consumption of worn tires in the world’s steel industry
is increasing day by day. Due to the high volume of rubber rings
in the country, this advantage can be used to reduce energy
consumption in electric arc furnaces. In general, it can be said that
the use of worn tires replaces auxiliary fuels, the entry of the metal
part of the tire into the steel, shortening the melting time, and the
penetration of carbon into the steel. Electricity consumption in
EAF furnaces is significantly reduced. If worn tires are used, coke
is removed from the steelmaking process, reducing the need for
slag. The time of adding tires to the furnace and their location
affect the efficiency and reduce energy consumption. For example,
it has been reported that the addition of worn rubber rings after
the furnace charge has melted and on the molten surface does not
have a favorable effect on reducing energy consumption due to
the rubber floating and wasting energy from burning through the
chimney [91-93].

Problems and challenges in the steel industry

One of the problems and challenges of the steel industry is
the supply of raw materials and energy. Due to the sharp trend
of increasing energy demand in general and its demand in the
industry and limited energy reserves, energy supply concerns
are becoming more important. The supply of raw materials has
an undeniable role in the continuation of production in the steel
industry, and if for any reason there is an interruption in the
supply of raw materials, production will face problems in the short
term. Sustainable supply in strategic items including concentrate,
iron ore, electrodes, and scrap play an effective role in production
sustainability.

Water and energy supply

Water is becoming increasingly important from operational
to strategic issues. Access to water is a growing risk for the
electricity industry in planning investments in new power plants.
Particularly in areas experiencing water stress, the dispute over
water rights adds another component to the risk in the proposed
new power plants. Water is also a growing concern for oil and gas
companies. To the extent that the oil industry focuses on advanced
and better oil recovery, Oil and gas companies need to find water
resources to use in production and solve problems related to
the water produced. When inventory and water consumption
are combined with pressure to reduce the use of fossil fuels, the
risks for energy companies increase. Although biofuels are water-
repellent, especially when produced using irrigated crops, the use
of water in other renewable energy sources is less. The energy
industry, which is currently under pressure to reduce greenhouse
gas emissions, is facing the potential challenge of having to switch
to alternative fuels and reducing the need for limited freshwater
resources.

The reality of limited water resources will force the energy
industry to use water much more efficiently in extracting,
converting, and delivering energy. Efforts to improve water
efficiency can also result in significant savings in water (and
energy) consumption. Transforming global water and energy
concerns into effective solutions requires not only increased
awareness of the challenges but also a better understanding of
the energy sector’s complex water-energy relationship. Decision-
makers need to integrate energy issues into water policy and
water issues into energy policy. Lack of a unified approach to
water and energy policy will jeopardize water and energy supply
[94,95] the amount of water consumption in this industry per ton
of product is very high according to table 3 [96].

Table 3: Water consumption in different sectors of the steel industry (global average and Iran) [96].

Zone Process Water Required (Gal/Tone Product) Based on Best Performance (Gal/Tone Product)
Coking 120-900 100-120
Iron production 3200-6000 50-120
BOF method steelmaking 1000-1100 50-110
EAF method steelmaking 2200 110
Degassing (under vacuum) 1250-1400 25
Continuous casting 3600 25<

On the other hand, as can be seen in figure 16, steel production
in Iran has been increasing since 1980 and has increased from less
than 1000tons per year to 15,000tons per year [97]. However,

according to table 4, the energy consumption of this industry in
Iran is higher than the global average in all sectors [98]. Regarding
the water consumption of Iranian steel units, the distance between
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the current consumption and the global average is evidence of
the destruction of water resources and, of course, its recovery
potential. Water networks are more important in this regard
because according to what is shown in figure 17; Iran is one of
the regions facing a water crisis. Therefore, the steel industry in

Table 4: Energy consumption of iron-steel production units.

Iran needs to extract an approach to reach the optimal point of use
of water and energy resources to make the most of these limited
resources. Therefore, more accurate identification of water and
energy flows in this industry, especially in Iran, to find potentials
to reduce resource degradation, is necessary [98].

The Intensity of Energy Consumption (Gj/Ton)
Production Unit
Iran World Best Operating Mode
Coal concentrate 0.58 - -
Agglomeration 2.065 2.027 -
Sintering 2.17 2.57 2
Pelletizing 1.125 0.79 0.6
Coking 1.05 1.027 0.8
EAF Steelmaking 2.25 1.7 1.4
Roll (sheet) 1.281 0.9 -
Roll (Rebar) 2.74 1.8 -
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Figure 16: Crude steel production trend in Iran from 1980 to 2015 units per thousand tons [97].

Estimating the possibility of using renewable energy
for the steel industry

Today, providing part of the required energy from new and
renewable energy sources as a safe solution and in line with
environmental considerations is considered by many industries
around the world. In different industries, a lot of thermal energy
is wasted in different ways, such as heat transfer from hot
surfaces and losses due to produced vapors, etc. Using different
technologies, this heat can be recovered and in addition to
being used in preheaters and hot water, etc,, it can also be used
to generate electrical energy. Due to technological advances,
heat loss power plants are used to improve efficiency and clean

electricity generation in industries that have a high potential for
continuous heat loss with a minimum temperature of 100°C.

The use of heat recycling technologies in industrial processes
has many advantages, some of which include sustainable
employment, industrial development, and productivity, increased
research and development opportunities, as well as reducing
pollution and sustainable development. Therefore, it is necessary
to pay attention to heat recovery, which is one of the most
important energy sources in the iron and steel industry. In the
Chinese iron and steel industry, for example, 8.44G] of heat is
produced per ton of steel produced, of which only 28% is recycled
[99].
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Figure 17: Water resources scarcity forecast by 2025 Iran is close to water scarcity [98].

Organic rankine cycle specifications for waste heat
recovery

Due to the increasing energy consumption and the problem of
electricity shortage, the use of various systems and mechanisms
to increase energy efficiency have been considered. One of these
technologies is the use of waste heat in factories. One of the most
important ways to use heat dissipation is to use heat dissipation
from factory chimneys by organic Rankin cycle. The Rankin
organic cycle can be used to recover low-temperature dissipative
heat. This cycle is like the steam ranking cycle, except those
organic fluids are used as the working fluid. The most well-known
working fluid is water vapor, and other fluids include a mixture
of ammonia and water, ammonia, carbon dioxide, and organic
fluids. The use of water or water vapor as a heat transfer fluid is
limited in cases where an industrial waste heat source is available
at low temperatures. Organic ranking cycles use organic fluids
such as toluene, pentane, or silicon oil as a more suitable option.
The temperature range of the Rankin organic cycle is lower than
the steam Rankin cycle and therefore can be used in heat recovery
[100].

The Rankin organic cycle is the steam Rankin cycle, which
has been replaced by an evaporator instead of a boiler. This cycle
mainly includes turbines, condensers, evaporators, and pumps.
Because the operating fluids used in this cycle generally have alow

boiling point, using a low-temperature heat source can produce
the steam required for turbine consumption in the evaporator. To
do this, the heat source can be wasted heat of industrial processes,
solar, biogas, and so on. The interface used to absorb heat is also
water. The sources of low-temperature energy of Rankin organic
cycle energy can be wasted heat in industries such as flue gas
furnaces in metal smelting, glass making, cement plant, refineries,
and gas turbines [101].

ORC power plant in electric arc furnace (EAF)

The ORC system was first used in 2013 to recover waste heat
from Singapore hot rolling mill furnaces, and the first use of this
system in electric arc furnaces has been in Germany [101]. In
the steel industry, ORC is well suited for the thermal recycling
of electric arc furnaces and rolling mills. Figure 18 shows a
schematic illustration of how the ORC components relate to the
EAF [102]. According to the existing records, for each hot gas
emitted from EAF, from each ton of molten steel product, the
output of heat and power generation in the range of 15 to 25kWh
is provided. Therefore, for a sample EAF, assuming the production
of 1.5 million tons of product per year and assuming heat recovery
up to 25kWh, the required ORC design power is about 5MW,
which, assuming 7200 hours of annual operation, can produce
37,500MWh. It has electricity [102,103].

0018 How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710

Recent Advances in Petrochemical Science

Furnace

Figure 18: Thermal recycling system of arc furnace exhaust gases with ORC technology [11].

Conclusion

In this study, some energy optimization methods in the steel
industry were studied. The effect of factors such as preheating
scrapironand directreduced iron entering the electricarc furnaces
using exhaust gases from the furnace, using carbon burners to
inject carbon and oxygen into the melt inside the furnace and
creating puff slag to reduce energy consumption and Electrodes
and refractories used in the furnace and reducing melting time
and increasing efficiency were mentioned. Also, secondary
combustion, preheating of the molten pot, increasing the ratio
of scrap iron to direct reduced iron, which of course depends
on various factors such as development and welfare index and
consumption culture, etc., as well as modifying the scrap load for
charging inside the furnace can be mentioned. All the mentioned
factors are to reduce energy consumption and increase efficiency.
One of the methods to prevent the environmental damage effects
of the steel industry can be the use of high heat slag produced in
electric arc furnaces and the use of waste gases. The process of
producing molten steel for preheating materials (direct reduced
iron and scrap) and charging inside the furnace - or the use
of waste gases for use in the Rankin organic cycle due to the
possibility of recovering low-temperature heat loss is all methods
The above is both to reduce and optimize energy consumption
and to prevent CO, production and environmental damage.

Using worn tires as a carbon source can also be one of the best
ways toreduce energy consumptioninarc furnaces and helpreduce

environmental impact. Regarding the location, it can be said that
the construction of a factory depends on many factors. In other
words, to locate a project, one must prioritize the important and
desired factors in order of their importance. Of course, prioritizing
needs is not an easy task, but with proper timing and consistent
considerations, the best place to build a project can be considered.
For sustainable development, in the long run, it is necessary to
pay attention to the limitations of the environment and natural
resources. One way to achieve sustainable development is to
evaluate the environmental impact of the project. This is not to
prevent the project from being implemented, but to minimize its
adverse effects and significantly improve the status and ranking
of environmental performance. Due to the infrastructure, access
to energy resources, water, mines and the consumer market, the
southern region of the country is the first-place priority for the
sustainable development of this industry.

A noteworthy point in this region is the supply of water from
the seawater desalination process, which will have negative
environmental effects on the coastal and marine ecosystem of
the Persian Gulf. Therefore, in using this technology for water
supply, a wide technical and economic study should be done to
minimize the harmful environmental effects about the necessary
arrangements and proper selection of the desalination plant
installation site, water extraction site from the sea, and especially
the return water discharge to the sea. Reach and ensure the
stability of the industry. One of the indicators of industrial growth
in any country is the amount of steel production and consumption.
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The steel industry plays a key role in the national economy and
the welfare of communities, so the development of this industry
is an effective factor in the development of other economic,
industrial, scientific, and social sectors of the country. Iran with
3.3 billion tons of iron ore geological reserves and 17.93% of the
world’s natural gas reserves, long borders with international
waters, the existence of skilled and cheap labor, the possibility of
cheap transportation and knowledge and experience gained from
the implementation of numerous projects and factories Steel has
a clear advantage in the approval of the International Iron and
Steel Association (IISI) in the production of this product. One of
the ways to achieve the goals of sustainable development is to
locate and study the environmental impacts that can be made
available to managers and decision-makers as a planning tool
based on which they can prevent the development of pollution
and degradation of nature.

References

1. Hajidavalloo E, Dashti H, Behbahani Nejad M (2013) Exergy and energy
analysis of an AC steel electric arc furnace under actual conditions.
International Journal of Exergy 12(3): 380-404.

2. Ghodrati A, Zahedi R, Ahmadi A (2022) Analysis of cold thermal energy
storage using phase change materials in freezers. Journal of Energy
Storage 51: 104433.

3. Martin O, Tenova (2019) ORI Martin embrace Industry.
4. Association WS (2014) Crude steel production.

5. (2012) World Steel Dynamics World Steel Dynamics Report-Scrap
Outlook: A New Bundle.

6. Boyd G, Stephen HK, Mark N, Marc R (1993) Energy intensity
improvements in steel minimills. Contemporary Economic Policy
11(3): 88-100.

7. (2015) Strategic Plan of Irans Ministry of Industry, Mine and Trade,
Deputy of Designing and Planning.

8. (2008) Water and Energy: Leveraging Voluntary Programs to Save
Both Water and Energy. Environmental Protection Agency.

9. Toulouevski YN, Zinurov IY (2010) Innovation in electric Arc Furnaces.
Springer, p. 1-23.

10. Atkinson M, Kolarik R (2001) AISI Steel Industry Technology Roadmap
Report. American Iron and Steel Institute, Oak Ridge Tennessee, USA.

11. Campana F, Bianchia M, Branchini L, Pascalea AD, Peretto A, etal. (2013)
ORC waste heat recovery in European energy intensive industries:
Energy and GHG savings. Energy Conversion and Management 76:
244-252.

12. Gandt K, Meier T, Echterh T, Pfeifer H (2016) Heat recovery from EAF
off-gas for steam generation: analytical exergy study of a sample EAF
batch. Ironmaking & Steelmaking 43(8): 581-587.

13. Ledesma-Carrioén D (2016) Energy Optimization of Steel in Electric Arc
Furnace. Glob ] Technol Optim 7(2): 1-10.

14.Zhang Q, Yu Li, Jin Xu, Guoyu ] (2018) Carbon element flow analysis
and CO, emission reduction in iron and steel works. Journal of cleaner
production 172: 709-723.

15.(2016) Studies of the comprehensive steel plan of the country.

16.Kanani H (2007) Presenting a numerical-experimental model for

calculating heat transfer in electric arc furnaces.

17. Moosavian SF, Zahedi R, Hajinezhad A (2021) Economic Environmental
and Social Impact of Carbon Tax for Iran: A Computable General
Equilibrium Analysis. Energy Science & Engineering 10(1): 13-29.

18. Amirkavei (2017) Reduction of energy consumption, increase of
efficiency and decrease of FeO slag in arc furnaces of Mobarakeh Steel
Company.

19.Chen W, Xian Y, Ding M (2014) A Bottom-up Analysis of China’s Iron
and Steel Industrial Energy Consumption and CO, Emissions, pp. 1174-
1183.

20. Hajidavalloo E, Rezaei M, Mombeni AG (2020) Simulation of flow and
heat transfer in the duct elbow of an electric arc furnace. Heat and
Mass Transfer 56: 2171-2184.

2

=

.Henning B, Shapiro M, Marx F, Pienaar D, Nel H (2010) Evaluating AC
and DC Furnace water-cooling systems using CFD analysis. Infacon.

22.Tavares S, Manuel JP (2012) Failure of ASTM A-106 Gr. B tubes by creep
and erosive wear. Engineering Failure Analysis (26): 337-343.

23.Vazdirvanidis A, Pantazopoulos G, Louvaris A (2008) Overheat induced
failure of a steel tube in an electric arc furnace (EAF) cooling system.
Engineering Failure Analysis15(7): 931-937.

24.Khodabandeh E, Ghaderi M, Afzalabadi A, Rouboa A, Salarifard A, et al.
(2017) Parametric study of heat transfer in an electric arc furnace and
cooling system. Applied Thermal Engineering 123: 1190-1200.

25.Ramirez M (2017) Performance evaluation of an ORC unit integrated
to a waste heat recovery system in a steel mill. Energy procedia 129:
535-542.

26. Gajic D, Ivana SG, Ivan S, Georgieva O, Stefano DG (2016) Modelling of
electrical energy consumption in an electric arc furnace using artificial
neural networks. Energy 108: 132-139.

27.Conejo A] (2006) Cardenas. Energy Consumption in the EAF with
100% DRI. In: Proceedings of the Iron & Steel Technology Conference,
Cleveland, Ohio, USA.

28.Kong H, Ershi Q Hui L, Gang L, Xing Z (2010) An MILP model for
optimization of byproduct gases in the integrated iron and steel plant.
Applied Energy 87(7): 2156-2163.

29.Zahedi R (2022) Evaluation of Resources and Potential Measurement
of Wind Energy to Determine the Spatial Priorities for the Construction
of Wind-Driven Power Plants in Damghan City. International Journal of
Sustainable Energy and Environmental Research 11(1): 1-22.

30.Yong D (2006) Plant location selection based on fuzzy TOPSIS. The
International Journal of Advanced Manufacturing Technology 28(7):
839-844.

31.Liang GS, Wang MJJ (1991) A fuzzy multi-criteria decision-making
method for facility site selection. The International Journal of
Production Research 29(11): 2313-2330.

32.Zahedi R, Daneshgar S (2022) Exergy analysis and optimization of
Rankine power and ejector refrigeration combined cycle. Energy 240:
122819.

33.Yoon K, Hwang CL (1985) Manufacturing plant location analysis
by multiple attribute decision making: Part I-single-plant strategy.
International Journal of Production Research 23(2): 345-359.

34.Chen CT (2001) A fuzzy approach to select the location of the
distribution center. Fuzzy sets and systems 118(1): 65-73.

35.Chu TC (2002) Selecting plant location via a fuzzy TOPSIS approach.
The International Journal of Advanced Manufacturing Technology
20(11): 859-864.

m How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2013.054119
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2013.054119
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2013.054119
https://www.sciencedirect.com/science/article/abs/pii/S2352152X2200456X
https://www.sciencedirect.com/science/article/abs/pii/S2352152X2200456X
https://www.sciencedirect.com/science/article/abs/pii/S2352152X2200456X
https://ideas.repec.org/a/bla/coecpo/v11y1993i3p88-100.html
https://ideas.repec.org/a/bla/coecpo/v11y1993i3p88-100.html
https://ideas.repec.org/a/bla/coecpo/v11y1993i3p88-100.html
https://www.sciencedirect.com/science/article/abs/pii/S0196890413004123
https://www.sciencedirect.com/science/article/abs/pii/S0196890413004123
https://www.sciencedirect.com/science/article/abs/pii/S0196890413004123
https://www.sciencedirect.com/science/article/abs/pii/S0196890413004123
https://www.tandfonline.com/doi/abs/10.1080/03019233.2016.1155812
https://www.tandfonline.com/doi/abs/10.1080/03019233.2016.1155812
https://www.tandfonline.com/doi/abs/10.1080/03019233.2016.1155812
https://www.sciencedirect.com/science/article/abs/pii/S0959652617325209
https://www.sciencedirect.com/science/article/abs/pii/S0959652617325209
https://www.sciencedirect.com/science/article/abs/pii/S0959652617325209
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.1005
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.1005
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.1005
https://www.sciencedirect.com/science/article/abs/pii/S0306261914005765
https://www.sciencedirect.com/science/article/abs/pii/S0306261914005765
https://www.sciencedirect.com/science/article/abs/pii/S0306261914005765
https://link.springer.com/article/10.1007/s00231-020-02846-5
https://link.springer.com/article/10.1007/s00231-020-02846-5
https://link.springer.com/article/10.1007/s00231-020-02846-5
https://www.researchgate.net/publication/257520137_Failure_of_ASTM_A-106_Gr_B_tubes_by_creep_and_erosive_wear
https://www.researchgate.net/publication/257520137_Failure_of_ASTM_A-106_Gr_B_tubes_by_creep_and_erosive_wear
https://www.sciencedirect.com/science/article/abs/pii/S0306261909005182
https://www.sciencedirect.com/science/article/abs/pii/S0306261909005182
https://www.sciencedirect.com/science/article/abs/pii/S0306261909005182
https://link.springer.com/article/10.1007/s00170-004-2436-5
https://link.springer.com/article/10.1007/s00170-004-2436-5
https://link.springer.com/article/10.1007/s00170-004-2436-5
https://www.tandfonline.com/doi/abs/10.1080/00207549108948085
https://www.tandfonline.com/doi/abs/10.1080/00207549108948085
https://www.tandfonline.com/doi/abs/10.1080/00207549108948085
https://www.sciencedirect.com/science/article/abs/pii/S0360544221030681
https://www.sciencedirect.com/science/article/abs/pii/S0360544221030681
https://www.sciencedirect.com/science/article/abs/pii/S0360544221030681
https://www.tandfonline.com/doi/abs/10.1080/00207548508904712
https://www.tandfonline.com/doi/abs/10.1080/00207548508904712
https://www.tandfonline.com/doi/abs/10.1080/00207548508904712
https://www.sciencedirect.com/science/article/abs/pii/S016501149800459X
https://www.sciencedirect.com/science/article/abs/pii/S016501149800459X
https://link.springer.com/article/10.1007/s001700200227
https://link.springer.com/article/10.1007/s001700200227
https://link.springer.com/article/10.1007/s001700200227

Recent Advances in Petrochemical Science

36.Ertugrul, I. and N. Karakasoglu (2008) Comparison of fuzzy AHP and
fuzzy TOPSIS methods for facility location selection. The International
Journal of Advanced Manufacturing Technology 39(7-8): 783-795.

37.Yavuz M (2008) Selection of plant location in the natural stone industry
using the fuzzy multiple attribute decision making method. Journal of
the Southern African Institute of Mining and Metallurgy 108(10): 641-
649.

38. Nor Syafiqah Ghadzali, Siti Nor Aishah Mohd Salleh, Radin Maya Saphira
Radin Mohd, Rafidah Hamdan (2020) Water and Environmental
Engineering. Micropollutant Research Centre, 4.

39.Rees ] (1972) The industrial corporation and location decision
analysis. Area 4(3): 199-205.

40.Daneshgar S, Zahedi R (2022) Investigating the hydropower plants
production and profitability using system dynamics approach. Journal
of Energy Storage 46: 103919.

41.Delgado C, Ferreira M, Branco MC (2010) The implementation of lean
Six Sigma in financial services organizations. Journal of Manufacturing
Technology Management 21(4): 512-523.

42.Yang DC (2018) Reagents in iron ore processing, in Reagents in mineral
technology. Routledge, London, United Kingdom, pp: 579-644.

43. Cavaliere P (2019) Direct reduced iron: most efficient technologies
for greenhouse emissions abatement, in Clean Ironmaking and
Steelmaking Processes, pp. 419-484.

44.Z7ahedi R, Rad AB (2021) Numerical and experimental simulation of
gas-liquid two-phase flow in 90-degree elbow. Alexandria Engineering
Journal 61(3): 2536-2550.

45. Mengjing Z, Yong W, Shufeng Y, Jingshe L, Zhaoqi S, et al. (2021) Flow
behavior and heat transfer of molten steel in a two-strand tundish
heated by plasma. Journal of Materials Research and Technology 13:
561-572.

46.Jun Z, Ling M, Mohamed EZ, Ammar HE, Wenjia L (2021) Industrial
reheating furnaces: A review of energy efficiency assessments,
waste heat recovery potentials, heating process characteristics and
perspectives for steel industry. Process Safety and Environmental
Protection 147: 1209-1228.

47.Wang RQ, Jiang L, Wang YD, Roskilly AP (2020) Energy saving
technologies and mass-thermal network optimization for decarbonized
iron and steel industry: A review. Journal of Cleaner Production 274:
122997.

48. Sheng Z, Page KG, Sha Y, Leon EC, Jiyong E, et al. (2013) Energy use and
CO, emissions of China’s industrial sector from a global perspective.
Energy Policy 58: 284-294.

49. http://www.ifco.ir

50. Criteria and technical specifications of thermal and electrical energy
consumption in iron and steel production processes. (1% edn.), [ranian
Institute of Standards and Industrial Research, Iran.

51.LeiS, Jingru L, Yutao W, Anthony C (2021) cleaner production progress
in developing and transition countries. Journal of Cleaner Production.
Elsevier 278: 123763.

52.Daneshgar S, Zahedi R (2022) Optimization of power and heat dual
generation cycle of gas microturbines through economic, exergy and
environmental analysis by bee algorithm. Energy Reports 8: 1388-
1396.

53.Carlsson LS, Samuelsson PB, Jonsson PG (2019) Predicting the
electrical energy consumption of electric arc furnaces using statistical
modeling. Metals 9(9): 959.

54.Moonan S (1996) An institutional assessment of the steel minimill
industry and its implications for a dynamic model of technology
transfer. Fletcher School of Law and Diplomacy, Tufts University, USA.

55. Kumar B, Roy GG, Sen PK (2020) Comparative exergy analysis between
rotary hearth furnace-electric arc furnace and blast furnace-basic
oxygen furnace steelmaking routes. Energy and Climate Change 1:
100016.

56.Lee B, Sohn I (2014) Review of innovative energy savings technology
for the electric arc furnace. Jom 66(9): 1581-1594.

57. Atsushi M, Uemura H, Sakaguchi T (2010) MIDREX processes. Kobelco
Technology Review 29: 50-57.

58.Si M, Thompson S, Calder K (2011) Energy efficiency assessment by
process heating assessment and survey tool (PHAST) and feasibility
analysis of waste heatrecovery in the reheat furnace ata steel company.
Renewable and Sustainable Energy Reviews 15(6): 2904-2908.

59.Rahim Z, Mahsa G, Sareh D, Siavash G, Sajad Q (2022) Potential
measurement of Iran’s western regional wind energy using GIS.
Journal of Cleaner Production 330: 129883.

60. Omran M, Fabritius T, Heikkinen EP (2019) Selective zinc removal from
electric arc furnace (EAF) dust by using microwave heating. Journal of
Sustainable Metallurgy 5(3): 331-340.

61.Jiemin T, Ferri MB, Argenta P (2005) EAF technology evolution by
continuous charging. Ironmaking & steelmaking 32(3): 191-194.

62.Beer JD, Worrell E, Blok K (1998) Future technologies for energy-
efficient iron and steel making. Annual Review of Energy and the
Environment 23(1): 123-205.

63.BRHEL]J (2001) An improved method of applying chemical energy into
the EAF. Air Products and Chemicals, Inc, Pennsylvania, United States.

64.Zahedi R, Ahmadi A, Gitifar S (2022) Reduction of the environmental
impacts of the hydropower plant by microalgae cultivation and
biodiesel production. Journal of Environmental Management 304:
114247.

65. Matsuura H, Fruehan RJ (2009) Slag Foaming in an electric arc furnace.
IS]] international 49(10): 1530-1535.

66. Kyungchan S, Jaegak L, Haejin H, Wonseok ], Hyunseok Y, et al. (2021)
Slag foaming estimation in the electric arc furnace using machine
learning based long short-term memory networks. Journal of Materials
Research and Technology 12: 555-568.

67.Agnihotri A. (2021) Foamy slag practice to enhance the energy
efficiency of electric arc furnace: An industrial scale validation.
Materials Today: Proceedings.

68.Dong K, Zhu R, Liu W] (2012) Bottom-blown stirring technology
application in Consteel EAF. In: Advanced Materials Research. Trans
Tech Publ.

69.Von Scheele ] (1999) The electric arc furnace process: towards an
electricity consumption below 200 kWh/t. Scandinavian Journal of
Metallurgy 28(4): 169-177.

70. Trenkler H (1996) Energy-saving DC twin shell arc furnace for melting
low-grade scrap. ABB Review, Switzerland, 9: 18-27.

7

=

.Trenkler H (1996) Energy-saving DC twin shell arc furnace for
melting low-grade scrap. In: Energiesparender Gleichstrom-Doppel-
Lichtbogenofen fuer Schrott minderer Qualitaet. ABB Technik.

72.Ho JC, Chou SK, Chandratilleke TT (1991) Energy audit of a steel mill.
Energy 16(7): 1021-1029.

73. Bekker ]G, Craig IK, Pistorius PC (1999) Modeling and simulation of an
electric arc furnace process. ISI] international 39(1): 23-32.

m How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710
https://link.springer.com/article/10.1007/s00170-007-1249-8
https://link.springer.com/article/10.1007/s00170-007-1249-8
https://link.springer.com/article/10.1007/s00170-007-1249-8
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S2225-62532008000900008
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S2225-62532008000900008
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S2225-62532008000900008
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S2225-62532008000900008
https://www.jstor.org/stable/20000682
https://www.jstor.org/stable/20000682
https://www.sciencedirect.com/science/article/abs/pii/S2352152X21015838
https://www.sciencedirect.com/science/article/abs/pii/S2352152X21015838
https://www.sciencedirect.com/science/article/abs/pii/S2352152X21015838
https://www.emerald.com/insight/content/doi/10.1108/17410381011046616/full/html
https://www.emerald.com/insight/content/doi/10.1108/17410381011046616/full/html
https://www.emerald.com/insight/content/doi/10.1108/17410381011046616/full/html
https://www.sciencedirect.com/science/article/pii/S1110016821004786
https://www.sciencedirect.com/science/article/pii/S1110016821004786
https://www.sciencedirect.com/science/article/pii/S1110016821004786
https://www.sciencedirect.com/science/article/pii/S2238785421004142
https://www.sciencedirect.com/science/article/pii/S2238785421004142
https://www.sciencedirect.com/science/article/pii/S2238785421004142
https://www.sciencedirect.com/science/article/pii/S2238785421004142
https://www.sciencedirect.com/science/article/abs/pii/S0957582021000549
https://www.sciencedirect.com/science/article/abs/pii/S0957582021000549
https://www.sciencedirect.com/science/article/abs/pii/S0957582021000549
https://www.sciencedirect.com/science/article/abs/pii/S0957582021000549
https://www.sciencedirect.com/science/article/abs/pii/S0957582021000549
http://www.ifco.ir
https://www.sciencedirect.com/science/article/pii/S2352484721014839
https://www.sciencedirect.com/science/article/pii/S2352484721014839
https://www.sciencedirect.com/science/article/pii/S2352484721014839
https://www.sciencedirect.com/science/article/pii/S2352484721014839
https://www.mdpi.com/2075-4701/9/9/959
https://www.mdpi.com/2075-4701/9/9/959
https://www.mdpi.com/2075-4701/9/9/959
https://link.springer.com/article/10.1007/s11837-014-1092-y
https://link.springer.com/article/10.1007/s11837-014-1092-y
https://link.springer.com/article/10.1007/s40831-019-00222-0
https://link.springer.com/article/10.1007/s40831-019-00222-0
https://link.springer.com/article/10.1007/s40831-019-00222-0
https://www.tandfonline.com/doi/abs/10.1179/174328105X38080
https://www.tandfonline.com/doi/abs/10.1179/174328105X38080
https://www.sciencedirect.com/science/article/abs/pii/036054429190062Q
https://www.sciencedirect.com/science/article/abs/pii/036054429190062Q
https://www.jstage.jst.go.jp/article/isijinternational1989/39/1/39_1_23/_article/-char/ja/
https://www.jstage.jst.go.jp/article/isijinternational1989/39/1/39_1_23/_article/-char/ja/

Recent Advances in Petrochemical Science

74.Hiroyuki M, Christopher PM, Raimundo AFOEF Richard JF (2008)
Development of a decarburization and slag formation model for the
electric arc furnace. ISI] international 48(9): 1197-1205.

75.Sandberg E (2005) Energy and scrap optimisation of electric arc
furnaces by statistical analysis of process data. Luled tekniska
universitet p. 25.

76.]James RD, Pramod K, Narendra MSC, Paul OK, Catherine S, et al. (2011)
Reduction of FeO in EAF steelmaking slag by metallurgical coke and
waste plastics blends. ISI] international 51(3): 498-507.

77. Teasdale Ls, Hayes Pc (2005) Observations of the reduction of FeO from
slag by graphite, coke and coal char. ISI] international 45(5): 634-641.

78.Harada T, Tanaka H (2011) Future steelmaking model by direct
reduction technologies. ISI] international 51(8): 1301-1307.

79. Davide M, Gianluca D, Carlo M, Andrea G, Silvia B (2021) Modeling of a
Continuous Charging Electric Arc Furnace Metallic Loss Based on the
Charge Mix. steel research international 92(5): 2000580.

80. Samimi AJ, Ahmadpour SM. The Relationship between Environmental
Performance Index (EPI) and Economic Growth in Developed
Countries.

81.Zahedi R, Zahedi A, Ahmadi A (2022) Strategic Study for Renewable
Energy Policy, Optimizations and Sustainability in Iran. Sustainability
14(4): 2418.

82.Zhang X, Zhou S (2009) The prospect of sensible heat recovery of blast
furnace slag. in the 7 China Iron and steel annual meeting proceedings.

83. Das B, Prakash S, Reddy PSR, Misra VN (2007) An overview of utilization
of slag and sludge from steel industries. Resources, conservation and
recycling 50(1): 40-57.

84.Zahedi R, Ahmadi A, Sadeh M (2021) Investigation of the load
management and environmental impact of the hybrid cogeneration of
the wind power plant and fuel cell. Energy Reports 7: 2930-2939.

85.Guo H, Zhou S (2010) Discussion about heat recovery technology of
blast furnace slag. In: Proceedings of the Ironmaking Technology
Conference and Ironmaking Academic Annual Meeting, Beijing, China.

86. Bisio G (1997) Energy recovery from molten slag and exploitation of
the recovered energy. Energy 22(5): 501-509.

87.Barati M, Esfahani S, Utigard T (2011) Energy recovery from high
temperature slags. Energy 36(9): 5440-5449.

88. Hui Z, Hong W, Xun Z, Yong JQ, Kai L, et al. (2013) A review of waste
heat recovery technologies towards molten slag in steel industry.
Applied energy 112: 956-966.

89.Pan, Y, et al. (2014) CFD Modelling of Dry Slag Granulation Using a
Novel Spinning Disc Process. in the 6" Annual High Temperature

Processing Symposium. Swinburne

Melbourne, Australia.

University of Technology

90.]Joulazadeh M (2008) Using Scrap Tires in EAFs as a Substitute for
Carbon.

91. Gorni A, Paulista CCS (2008) Aproveitamento de sucata de pneus e
resinas plasticas em fornos elétricos a arco. IV PlastShow, p. 6-8.

92.Birat JP (2021) Process Engineering from the standpoint of
Environmental Metallurgy. In: Sustainable Materials Science-
Environmental Metallurgy. EDP Sciences, pp: 247-294.

93. Gorez JP, Gros B, Birat JP, Grisvard C, Huber, JC, Le CX (2003) Charging
tires in the EAF as a substitute to carbon. Revue De Metallurgie Cahiers
D Information Techniques 100(1): 17-23.

94. Update EV Thirsty Energy: Water and Energy in the 21% Century, 2008.
Technical report, World Economic Forum and Cambridge Energy
Research Associates.

95. Gadonneix P (2010) Water for energy. World Energy Council.

96. Ahmetovi¢ E, Kravanja Z (2013) Simultaneous synthesis of process
water and heat exchanger networks. Energy 57: 236-250.

97.Frangopoulos CA (2009) Exergy, Energy System Analysis and
Optimization (Volume II) Thermoeconomic Analysis Modeling,
Simulation and Optimization in Energy Systems, EOLSS Publications
2:460.

98. Mehmanpazir F, Damghani KK, Hafezalkotob A (2019) Modeling steel
supply and demand functions using logarithmic multiple regression
analysis (case study: Steel industry in Iran). Resources Policy 63:
101409.

99.He K, Wang L (2017) A review of energy use and energy-efficient
technologies for the iron and steel industry. Renewable and Sustainable
Energy Reviews 70: 1022-1039.

100. Johnson I, Choate WT, Davidson A (2008) Waste heat recovery.
Technology and opportunities in US industry, US.

101. Yagh H, Kog Y, Kalay H (2021) Optimisation and exergy analysis
of an organic Rankine cycle (ORC) used as a bottoming cycle in
a cogeneration system producing steam and power. Sustainable
Energy Technologies and Assessments 44: 100985.

102. Zahedi R, Ahmadi A, Dashti R (2021) Energy, exergy, exergoeconomic
and exergoenvironmental analysis and optimization of quadruple
combined solar, biogas, SRC and ORC cycles with methane system.
Renewable and Sustainable Energy Reviews 150: 111420.

103. Thekdi A, Nimbalkar SU (2015) Industrial waste heat recovery-
potential applications, available technologies and crosscutting R&D
opportunities Oak Ridge National Lab, Oak Ridge, Tennessee, United
States.

m How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710
https://www.jstage.jst.go.jp/article/isijinternational/48/9/48_9_1197/_article/-char/en
https://www.jstage.jst.go.jp/article/isijinternational/48/9/48_9_1197/_article/-char/en
https://www.jstage.jst.go.jp/article/isijinternational/48/9/48_9_1197/_article/-char/en
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A990816&dswid=-305
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A990816&dswid=-305
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A990816&dswid=-305
https://www.jstage.jst.go.jp/article/isijinternational/51/3/51_3_498/_article
https://www.jstage.jst.go.jp/article/isijinternational/51/3/51_3_498/_article
https://www.jstage.jst.go.jp/article/isijinternational/51/3/51_3_498/_article
https://www.jstage.jst.go.jp/article/isijinternational/45/5/45_5_634/_article/-char/en
https://www.jstage.jst.go.jp/article/isijinternational/45/5/45_5_634/_article/-char/en
https://www.jstage.jst.go.jp/article/isijinternational/51/8/51_8_1301/_article
https://www.jstage.jst.go.jp/article/isijinternational/51/8/51_8_1301/_article
https://onlinelibrary.wiley.com/doi/10.1002/srin.202000580
https://onlinelibrary.wiley.com/doi/10.1002/srin.202000580
https://onlinelibrary.wiley.com/doi/10.1002/srin.202000580
https://www.mdpi.com/2071-1050/14/4/2418
https://www.mdpi.com/2071-1050/14/4/2418
https://www.mdpi.com/2071-1050/14/4/2418
https://www.sciencedirect.com/science/article/abs/pii/S0360544296001491
https://www.sciencedirect.com/science/article/abs/pii/S0360544296001491
https://www.sciencedirect.com/science/article/abs/pii/S0360544211004555
https://www.sciencedirect.com/science/article/abs/pii/S0360544211004555
https://www.osti.gov/etdeweb/biblio/20355231
https://www.osti.gov/etdeweb/biblio/20355231
https://www.osti.gov/etdeweb/biblio/20355231
https://www.sciencedirect.com/science/article/abs/pii/S0360544213001941
https://www.sciencedirect.com/science/article/abs/pii/S0360544213001941
https://www.sciencedirect.com/science/article/abs/pii/S0301420719300583
https://www.sciencedirect.com/science/article/abs/pii/S0301420719300583
https://www.sciencedirect.com/science/article/abs/pii/S0301420719300583
https://www.sciencedirect.com/science/article/abs/pii/S0301420719300583
https://www.sciencedirect.com/science/article/abs/pii/S1364032116310620
https://www.sciencedirect.com/science/article/abs/pii/S1364032116310620
https://www.sciencedirect.com/science/article/abs/pii/S1364032116310620
https://www.sciencedirect.com/science/article/abs/pii/S2213138820314132
https://www.sciencedirect.com/science/article/abs/pii/S2213138820314132
https://www.sciencedirect.com/science/article/abs/pii/S2213138820314132
https://www.sciencedirect.com/science/article/abs/pii/S2213138820314132
https://www.sciencedirect.com/science/article/abs/pii/S1364032121007036
https://www.sciencedirect.com/science/article/abs/pii/S1364032121007036
https://www.sciencedirect.com/science/article/abs/pii/S1364032121007036
https://www.sciencedirect.com/science/article/abs/pii/S1364032121007036

Recent Advances in Petrochemical Science

This work is licensed under Creative ‘s . . .
@ @ Commons Attribution 4.0 License Your next submission with Juniper Publishers
DOI: 10.19080 RAPSCI.2022.07.555710 will reach you the below assets

Quality Editorial service

Swift Peer Review

Reprints availability

E-prints Service

Manuscript Podcast for convenient understanding

Global attainment for your research

Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

m How to cite this article: Nezamaddin R, Rahim Z, Abolfazl A. A Review of Recent Developments in Optimizing and Reducing Energy Consumption in Steel Industry
Arc Furnaces. Recent Adv Petrochem Sci. 2020; 7(2): 555710. DOI: 10.19080 RAPSCI.2022.07.555710


http://dx.doi.org/10.19080/RAPSCI.2022.07.555710
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/RAPSCI.2022.07.555710

