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Abstract— Production cost in steel industry is a challenging 

issue and energy consumption in steel making is an 

important contributor. The unstable global steel market and 

the competitive economic environment in market shares and 

prices urges Libyan Iron and Steel Company (LISCO) to 

take consistent measures in order compete strongly in 

domestic market and to stand up against the severe 

fluctuations of world market sale prices. To do so, costs of 

production at LISCO need to be minimized by making 

optimum balance of charge materials and energy usages in 

order to compete in the current market. A mathematical 

model has been developed to find out optimum charge mix 

for electric arc furnace steelmaking in order to minimize the 

production cost. Lingo 17 software has been used to solve 

the developed model. The runs of the software with the 

stated input data have resulted in an optimum combination 

of charge materials that gives a minimum cost of input 

materials. Also the results of the case study showed that the 

reduction in unit cost of production is 11.29% and the total 

sum of calculated savings over a period of nine months of 

operation is well over nine millions Libyan Dinars. 
 

 

Index Terms: optimum, steel, energy, Libya, cost, mix. 

I. INTRODUCTION 

teel is one of the world’s most important material. 

The steel industry plays a vital role in the economic 

development of a nation. The prosperity of any nation can 

be judged by the total steel consumption in buildings, 

infrastructures, transportation, giant manufacturing 

industries, power generation plants, railways, 

automobiles, capital goods, etc. In fact, steel consumption 

per capita is considered to be the index of relative 

national prosperity. Steel market is increasingly 

influenced by global market. It has become highly 

competitive in the last few years due to the sudden 

growth of Chinese economy and sharp fluctuation in sale 

prices over a time span.  

LISCO is one of the largest industrial companies in 

North Africa and produces a range of iron and steel 

products. It is owned by the Libyan Government and 

employs roughly 6,800 people across its facilities; liquid 

steel production stands at 1.324 million tons per year and 

its annual revenues stand at approximately one billion 

Libyan Dinars.  

New steel plants in private sector have sliced a share of 

the domestic steel market, and the fluctuating cyclic path 

in world steel market has severely affected the sale prices 

of steel. One of the main aspects of competitiveness is the 

cost of production. Accordingly,  the cost of the 

production needs to be minimized by making optimum 

balance of charge materials usage and energy 

consumption in order to be able to compete in the current 

market. 

In this paper, the cost of liquid steel production will be 

investigated and evaluated with an attempt to produce 

steel at the lowest possible cost. The study will focus on 

the optimization of charge materials into electric arc 

furnace to make liquid steel. The charge materials mainly 

consist of: Direct Reduced Iron (DRI), Hot Briquetted 

Iron (HBI), steel scrap and fluxing material such as burnt 

lime and dolomite. In steel making, the cost of raw 

materials represents up to 80% of total cost of crude steel 

production [1]. Many steel companies and firms are 

trying to obtain an optimal recipe (mix) from different 

types of charge materials in order to reduce production 

cost. Optimizing the balance of materials and masses to 

make liquid steel will actually lead to a minimization of 

the cost of liquid steel production which contributes to a 

big portion of final product cost. Electric steel making is 

a very energy intensive process where electrical energy is 

consumed largely. The biggest contributing factor for 

production cost is the cost of input raw materials mix and 

the second dominating factor is the cost of energy 

required for the process [2]. Hence, in order to be able to 

compete in the current market the cost of the production 

needs to be minimized by making optimum balance of 

charge materials usage and energy consumption.. 

II.  LITERATURE REVIEW 

This literature review studies and investigates the 

different models proposed and solution techniques 

applied to solve the cost minimization of liquid steel 

production problem. 

Erik Sandberg in his study showed how monitoring of 

relevant process parameters could be used to optimize the 

energy utilization and scrap mix in electric arc furnace 

(EAF) steel making. A multivariate prediction model 

developed for end condition based on the mix of types of 

scrap, other raw materials and process parameters. The 

end condition data considered are chemical composition 

of liquid steel, specific electric energy consumption and 

total metallic yield of charged material. Results of the 

study shows that multivariate prediction model for 
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chemical analysis based on normal process measurements 

and charged material weights can be used for improving 

scrap management, regarding yield and energy 

consumption, no reliable prediction models can be 

developed for on-line prediction of individual melts [3]. 

Cardenas et al. examined the effect of characteristics of 

direct reduced iron and the implication of chemical 

property on the consumption of electric energy when 

charging the furnace with full DRI charge. The results of 

the study stated indicate that metallization degree, carbon 

content and gangue percentage are major factors effecting 

consumption of electric energy in EAF when melting [4]. 

Sutherland and Haapala developed a model for EAF 

steel making that can predict energy consumption and 

slag/off gas, as a function of alloy type, material inputs 

and temperatures. The study concluded that reduced 

electric energy consumption generally comes at the 

expense of increased levels of slag and off-gas, and vice 

versa [5]. 

Lis carried out a study on analyzing application of two 

criteria optimization solution where one of the criteria is 

the cost of the charged scrap and the second one is the 

yield of crude steel melted in EAF. A mathematical 

model was developed to find a compromising solution 

between minimization of charge scrap cost and 

maximization of the metal yield from the scrap. Applying 

the model on the data which were collected for the 

purpose of the study, an optimum combination of the 

different scrap qualities (light scrap, medium weight 

scrap, pressed scrap and special scrap) with 5% pressed 

scrap and the rest of charge comprising one third from 

each remaining types of scrap gave best results [6]. 

Kirschen et al examined the energy balances for EAF 

process charged with 100% steel scrap up to 100% DRI. 

For this purpose they set up an energy model to 

determine the process parameters such as weight, 

composition and temperatures of liquid steel at tapping, 

slag weight and composition as function of input 

parameters, weight and composition of scrap, DRI and 

other ferrous materials, slag formers and energy input. A 

model of the EAF's energy efficiency was developed 

based on closed mass and energy balance of the EAF 

melting process. The model was applied to industrial 

EAFs in steel industry charged with scrap or with mix of 

scrap and DRI. A very complex mass and energy 

conversion of the EAF melting process was simplified 

with efficiency factors of heat transfer from the various 

energy sources as electric arcs, oxidation reactions in the 

steel melt, combustion reactions and post combustion of 

CO gas emitted from the steel path. The model provides a 

clear vision on how the quality of DRI as metallization 

degree and carbon content effects the electric energy 

demand in the EAF melting process. The percentage of 

DRI in the charge mix has a huge influence on the energy 

balance in melting the charged materials in EAF. It has 

been noticed that gangue content in DRI increases the 

electric energy demand and this gangue content is 

originated in the iron ores, so the quality of iron ore is the 

starting point in controlling the overall energy demand of 

process of iron and steel making [7]. 

Riesbeck et al developed a mathematical model to 

simulate and optimize the energy system of a scrap based 

plant. The model includes scrap pre-treatment, electric 

arc furnace, ladle furnace and continuous casting machine 

units. A combination of an empirical and theoretical 

energy formula has been used to calculate the energy 

consumption in electric arc furnace. The method used in 

this study is a model for industrial systems where the 

process is described as a network of nodes (sub-

processes) which are connected by energy and material 

flows. The potential of this method is that it enables a 

simultaneous representation of the total industrial system, 

and it makes it possible to optimize the whole system, in 

contrast to the optimization of each sub-process 

individually [8]. 

Wang Weifeng presented a mathematical model along 

with objective function and constraints for optimizing 

cost of scrap where chemical elements, yield of scrap to 

liquid steel and cost of charged scrap are parameters. The 

study included an optimization model for scrap loading 

and bucket charging. It results to a noticeable decrease in 

cost of scrap due to the optimum charge portion of 

different scrap qualities and helping charging procedure 

of scrap more quickly and efficiently [9]. 

Lingebrant et al developed a system optimization 

model for a generalized electric steel making plant with 

the vision to include a planned production sequenced and 

dynamic scrap stock level along with a full material and 

energy balance connected to the processes. Mixed Integer 

Linear Programming (MILP) has been used as the 

method for modeling the production system. Simulation 

and optimization have been focused on changes in the 

chemical composition of certain scrap grades, restrictions 

of the availability of scrap grades and restrictions 

regarding the forecasted production sequence. The 

objectives used for the optimizations are production cost 

and total energy consumption. The model deliveries 

results are in form of optimal raw material mixes for 

different steel grades defined in the model, optimal mix 

and optimal target temperatures for sub-processes [10]. 

Ojeda et al presented a process optimization model for 

EAF in their study "EAF Process optimization Tool 

Using CRM Dynamic Model" that the group CRM and 

Arcelor Mittal Global had upgraded the model. It is a 

dynamic metallurgical model that continuously solves 

mass and thermal balances for scrap, liquid steel, slag, 

gases and furnace losses. In addition, it simulates the 

evolution of scrap melting and it can be applied to any arc 

furnace type (AC or DC) [11]. 

Kirschen and Zetti investigated Kohle electrical energy 

demand model for EAF. Which to be considered the 

benchmark model and following enhancements to make it 

adaptable to suit the various selections of input raw 

materials and corresponding effects on energy 

coefficients. The impact of purging gas was studied in 

this research and its effect on energy demand. The 

research concluded that EAF gas purging increased 

furnace energy efficiency independently from particular 

changes in EAF process conditions [12]. 
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  It is evident from the preceding review, that each 

furnace has a unique process conditions and working 

environment which have an effect on energy efficiency. 

In this case study, DRI charge to furnace represents up to 

85% of total charge material and the effect of DRI quality 

and quantity will be investigated. It was indicated in the 

previous studies that there are variations in process 

parameters between different  arc furnaces, that means 

each arc furnace is a unique in terms of process 

conditions. This study aims to find a method to minimize 

the cost of liquid steel production using optimization 

approaches by developing a mathematical model to find 

an optimum combination of charge material (DRI & 

Scrap) and suitable operation practices to minimize the 

total cost of liquid steel production dedicated to LISCO`s 

arc furnaces. 

III.  STEEL PRODUCTION 

Process metallurgy for production of steel is divided 

into two main routes based on the main source of raw 

material: the ore based route and the scrap based route. 

A.  The ore based route 

There are two common ways to make steel from iron 

ores depending on the method followed and the available 

resources of coal, lime stone, natural gas and the quality 

of iron ores. The first method is the blast furnace oxygen 

converter route, the second method is the direct 

reduction-electric arc furnace route as illustrated in 

Figure (1) [13]. 

 
Figure1. Steel Making Using Iron ore Routes [13] 

B.  The scrap based route 

The most common process for melting steel scrap is 

the EAF. It can be described as chemical reactor that 

utilize electricity to transform steel scrap to molten steel. 

Currently about 30% of world steel is produced by 

electric arc furnace [7]. Scrap is a very diverse material 

that is divided into several sub-groups, most countries 

have national classification system for steel scrap, but 

almost every melt shop has an internal classification 

system that further divides the standard scrap types into 

sub-types based on origin, supplier, chemical content and 

size distribution. The total number of scrap types is about 

20 grades for a normal carbon grade steel, but can be over 

100 grades for stainless steel and special steel grades [3]. 

The charge materials for this method of steel making 

are steel scrap, burnt lime & dolomite and carbon in the 

coke form. The charging way is by using a steel basket 

through furnace roof. The roof is hydraulically raised and 

swiveled to make furnace wide open in order to make 

scrap charging smooth and without delays. The design of 

EAF is divided the body of the furnace into three parts; 

the bottom, the middle shell and the roof. Figure (2) is 

demonstrating a typical design of the EAF. 

 

Figure 2.  EAF Layout [14] 

IV.  COST MODEL FORMULATION 

The model will be a techno-economic type which 

combine the consumption rates with relationship of the 

cost of that relevant material. In steel industry each EAF 

has its unique characteristics even in the same melt shop. 

The furnace efficiency depends on variety of impact 

factors that influence directly or indirectly the efficiency 

of energy transfer. In this paper, the model initiated by 

Kohle et al is extended  to cover other parameters that 

weren't included in the initially developed model, such as, 

post combustion, alternative ferrous materials, hot metal 

and mean value of cooling water [15]. The model has 

been developed based on the following: 

- EAF charged with 100% DRI 

- The metallization degree of DRI is included 

- The carbon content in DRI is considered in the 

developed model. 

- The natural gas burners were not counted in, because 

LISCO furnaces are not equipped with such burners.  

 

The mass balance of the furnace charge can be stated 

as following: 

weight of DRI + weight of steel scrap + weight of lime + 

weight of coke + weight of oxygen = weight of liquid 

steel + weight of slag + weight of dust and gases 

which can be presented as: 

WDRI/HBI+Wscrap+Wlime+Wcoke+WO2= 

Wliquidsteel+Wslag+Wdust/gas                                    (1)                                     
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This study will focus mainly on the metallic charge, 

DRI and steel scrap that have the biggest share in the 

cost. The general model of furnace will include the 

electrical energy inputs that contribute to the cost of 

liquid steel production. The model is to be based on the 

unit cost per ton of liquid steel produced and calculations 

will be based also on the unit costs. 

The objective function will include weights of input 

materials with the corresponding costs at the time frame. 

Z = WDRI ×CDRI + WHBI×CHBI + Wscrap ×Cscrap + 

Wlime×Clime + Wcoke×Ccoke + WO2×CO2 + 

EE×CEE                        (2) 

where the letter C represents the cost, W refers to 

weight of material and EE represents the electrical energy 

demand. The input materials will be indicated as the 

followings: 

X1: DRI weight (kg) 

X2: HBI weight (kg) 

X3: scrap weight (kg) 

X4: lime weight (kg) 

X5: coke weight (kg) 

X6: oxygen volume (m
3
) 

X7: electrical energy (kwh) 

The average costs of the input materials at LISCO are 

shown in Table (1) below: 

Table 1. Cost of Charge Materials [16] 

Material name Cost (L.D/unit) Unit 

DRI 0.380 kg 

HBI 0.518 kg 

Scrap 0.158 kg 

Lime 0.070 kg 

Coke 0.279 kg 

Oxygen 0.098 m3 

Electricity 0.037 kwh 

 

    Hence the objective function will appear as given by 

equation (3). 

Z = C1X1+C2X2+ C3X3+C4X4+C5X5+ C6X6 + C7X7 (3)                                                   

where Ci is the unit cost of input materials, Xj are 

variables of the function.  

The constraints of the problem are the following: 

The total charge of ferrous materials as given by equation 

(4). 

X1 + X2 + X3 ≤ 112000 kg                                           (4)                                                

   The share of DRI to be around 70% of total charge as 

given by equation (5). 

55000 kg ≤X1 ≤ 78000 kg       (5) 

   The HBI share is not to exceed 20 % of DRI charged as 

given by equation (6). 

X2 ≤ 23000 kg                                                                (6)           

   The scrap quantity is not to exceed 30% of total 

metallic charge as given by equation (7). 

X3 ≤ 34000 kg                                                                (7)                                           

The yield DRI, HBI and scrap is given by equation (8). 

0.86X1 + 0.85X2 + 0.93X3 ≥ 95000                 (8)                               

The ratio of HBI to DRI 1:3 as given by equation (9). 

X2/X1 ≤ 0.33                                  (9)                                           

The lime addition restriction is given by equation (10). 

3700kg ≤X4 ≤ 4000kg                        (10)                                 

The coke limits is given by equation (11). 

500kg  ≤X5≤ 700 kg                                                (11)                                                       

The oxygen limit is given by equation (12). 

X6 ≤ 7                                 (12)
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              (13) 

X1, X2, X3, X4, X5, X6, X7 ≥0 

where: 

X1 is the weight of DRI (kg) 

X2 is the weight of HBI (kg) 

X3 is the weight of scrap (kg) 

X4 is the weight of lime (kg) 

X5 is the weight of coke (kg) 

X6 is the volume of oxygen (m
3
) 

X7 is the electric energy (kwh) 

V.  CASE STUDY 

The research has been conducted at  Libyan Iron and 

Steel Company (LISCO) in Misrata Libya. LISCO 

operates an integrated iron and steel plant, based on direct 

reduction-electric arc furnace route, and has the following 

production facilities [16]: 

- Direct reduction plant   1,750,000 tons 

- Steel melt shop no1   1,100,000 tons 

- Steel melt shop no. 2   630,000 tons 

- Bar and rod mill    400,000 tons 

- Light and medium section mill 120,000 tons 

- Hot strip mill   580,000 tons 

- Cold rolling mill   140,000 tons 

- Galvanizing line   80,000  tons 

- Continuous coating line  40,000  tons 

    In addition, LISCO has several auxiliary and 

supporting facilities, which include: 

- Port and pellet stock yard 

- Power and desalination plant 

- Oxygen and compressed air plant 

- Sedada quarry and calcining plant 

- Central workshop 

- Training center 

- Quality control laboratories 

A.  Steel melt Shop no.1 

    The steel melt shop has annual production capacity 

of1,100,000 tons liquid steel and  comprises the 

followings production units: 

-   Three AC-EAFs with 45/54 MVA transformers. 

-  Three continuous casting machines. 

-  One ladle reheating furnace. 

The electric arc furnaces are equipped with water 

cooled roofs, oxygen and carbon injection systems. The 
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charge mix of the furnace is a combination of DRI/HBI 

and steel scrap, in the range of 70% and 30% respectively 

[16]. The DRI and HBI with lime are charged 

continuously through an opening in the furnace roof. Rate 

of charge is controlled and coordinated with the energy 

inputs to the furnace. The heat size of the furnace is 95 

tons of liquid steel for each tapping. The steel melt shop 

no.1 produce many steel grades for different uses, 

including carbon steel and micro-alloyed steel. The steel 

grades range is from AISI 1008 to AISI 1074 of billets 

and blooms which are produced in the shop. The 

selection of different steel grades is dependent on the 

shape and mechanical property of the rolled product, such 

as reinforced bars size 6.0 mm requires low carbon steel 

like grade AISI 1008 [16]. 

B.  Charge mix into EAF 

DRI is the major input materials to the electric arc 

furnaces in steel melt shop no.1. The quality of  DRI is 

measured routinely during working shifts, the samples are 

taken from the discharge conveyor at the DRI plant. 

There are four bunkers to each EAF to store DRI and HBI 

for daily use. The rate of feeding DRI/HBI into the 

furnace is controlled by the operator of the furnace 

throughout the heat. Lime is also fed automatically by 

means of vibrating feeder and belt conveyor to transfer it 

to the furnace, rate of feeding is controlled by furnace 

operator. The steel scrap is cut to size, prepared and 

sorted in the open scrap yard near the melt shop buildings 

and then transferred to covered scrap yards of the steel 

melt shops equipped with overhead travelling cranes to 

unload and store the prepared scrap and to load baskets 

with scrap. To fill the baskets with the desired scrap as 

per the standard operating practice, the first layer is of 

light scrap, on top of that the coke is added, followed by a 

heavy scrap layer, a medium scrap is placed on top of 

heavy scrap and bundles and the charge of basket is 

covered with light scrap. The weight of each scrap charge 

is registered and transferred to the furnace side. Weight 

of scrap charges is ranging from 15 to 30 tons per basket, 

that depends on the operator of the filling crane and on 

the availability of the different types of scrap in the 

covered scrap yard. As per the design of the shop, one 

scrap basket to be charged each heat. The current 

situation is not exactly the same as the design basis, scrap 

charging to the furnace is not every heat, but when it is a 

mandate, like after refractory repair or there is no hot heel 

remained in the furnace, or when there is a huge shortage 

in DRI/HBI supply due to any reason. 

The operation of furnaces is guided by the continuous 

casting machines requirements, that means the casting 

side determines the timing of furnaces tapping. The 

furnaces side have to organize when to use scrap or to 

continue the melt with DRI only. The prevailing 

operating practices that is being followed at the melt shop 

is stated as hereunder. The materials selection is done 

prior to start of the heat, the amount of scrap, DRI , lime 

and coke, also the time to complete the heat is also 

predicted prior.  Since the chemical analysis of DRI/HBI 

is known, the amount and duration of oxygen blowing 

and carbon injection are also preset right at the beginning.            

The furnace operators check the furnace after each 

tapping before starting next heat to make sure that the 

refractories inside the furnace are in good condition and 

heat preparation activities are completed. After the set-up 

of furnace is done, scrap basket is charged, furnace roof 

closed, and the graphite electrodes are lowered to start 

arcing to melt the scrap. When electrodes start making a 

liquid steel pool, DRI charging starts with low rate and 

increased gradually depending on the electric energy 

input. By the end of the heat, the rate of feeding is 

lowered in order to raise the temperature of liquid steel to 

the desired level that usually recommended by the ladle 

treatment facilities that receive the tapped steel. In steel 

melt shop no.1, there is a ladle reheating furnace which 

keeps the temperature of steel in ladle at desired levels 

during the flushing and alloy adjustment activities. The 

continuous casting machines receive  ladles full of liquid 

steel with right temperature and correct chemical analysis 

to cast it through the machines to produce billets of 

required dimensions and free of defects [16]. 

VI.  RESULTS AND DISCUSSION 

 The developed mathematical models and the related 

constraints have been solved using Lingo 17 software 

taking current shop average figures of the quality of DRI. 

The following runs with a  fixed value of carbon content 

at 1.4% and increasing order of metallization degree of 

DRI as per input data stated in Table (2) are 

accomplished. The upper limit of metallization degree 

(M.D) of DRI is set at 97% in order to match with DR 

plants limitations at LISCO. The input data has been 

derived from the melt shop process variables based on 

melt shop production data history and partly calculated .   

Table 2. Input Data for MD Runs 

M.D. % Δ Kwh Yield 

92.0 0.0 86.0 

92.5 -5 86.2 

93.0 -10 86.5 

93.5 -15 86.8 

94.0 -20 87.1 

94.5 -25 87.4 

95.0 -30 87.7 

95.5 -35 88.0 

96.0 -40 88.4 

96.5 -43 88.7 

97.0 -46 88.9 

The final runs accomplished with input data for fixed 

DRI metallization at 94% and gradually increasing 

carbon content as shown in  Table (3).  

Table 3. Input Data for Carbon Contet Runs 

C % Δ Kwh yield 

1.2 0.0 87.10 
1.3 -2 87.11 

1.4 -4 87.12 

1.5 -8 87.13 
1.6 -13 87.14 

1.7 -17 87.16 

1.8 -22 87.18 
1.9 -26 87.21 

2.0 -31 87.23 
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The summary of the results of the solver are divided 

into the following categories: 

- The optimum combination of charge mix based on 

average DRI quality that exists in the melt shop. 

- The effect of MD of DRI on the cost of product unit 

(LD/Ton of liquid steel) and on the quantities of 

charged materials. 

- The effect of carbon content of DRI on the cost of 

product unit and on charge mix. 

- The effect of electric energy consumption rate and 

metallization. 

A.  Optimum charge mix 

    With DRI MD 94% and carbon 1.4%, Table - 4 shows 

the optimum weight of materials charge in order to have 

the lowest cost of unit product.  

Table 4. Optimum  Charge  Mix  Based on Dri  Average Quality 

Item Unit Value 

DRI kg/ton 810.92 

HBI kg/ton 00.00 

Scrap kg/ton 315.90 

Lime kg/ton 38.95 

Coke kg/ton 5.30 

Oxygen m3/ton 4.0 

Electric energy kwh/ton 660 

Cost of unit product L.D./ton 386.029 

 

As can be seen from Table (4), the optimum charge 

mix results show that HBI is not present in the 

combination due to relatively higher price and the other 

two materials. The price of HBI is 0.518 LD/kg where as 

the price of DRI is 0.380 and scrap is 0.158 LD/kg. The 

share of scrap in the mix is at maximum allowed level 

due to its lower price. The oxygen gas volume injected 

into EAF is 4m
3
/ton and it is much  lower compared to 

world standards that goes up to 30m
3
/ton. The low 

injection rate of oxygen is due to the limitation of oxygen 

plant production at LISCO. A new oxygen plant with 

higher production capacity is already built and once it is 

commissioned, the volume of oxygen to be injected into 

EAF will be re-evaluated.  

B. Metallization degree of DRI and charge mix 

relationship 

The Table (5) below summarizes the results received 

for charge mixes with DRI having different metallization 

degrees and corresponding costs of unit product. 

As shown in Table (5), it is clear that metallization 

degree illustrates a strong effect on the DRI charge 

weight. When the metallization increased from 92% to 

97% the weight of DRI required for the heat dropped 

from (78.0 ton) to (75.45 ton) and HBI & scrap values 

remained  at the same level. In words, material charge 

decreased by 2.55 ton per heat and that is a significance  

reduction in material inputs.  

The reduction in DRI weight charged is due to 

increased yield from DRI accompanying increased 

metallization degree and accordingly  lowered  electrical 

energy consumption. As a consequence, with reduction of 

charged weight with DRI having higher metallization, the 

unit cost of product is also decreased from (390.85 

LD/ton) to (378.61 LD/ton) as shown in Figure (3) The 

saving is 12.24 LD/ton and that is a huge saving. 

 
Table 5. MD of  Dri Charge  Mix and Cost  Relation 

M.D. % DRI (kg) HBI (kg) 
Scrap 

(kg) 

LD/ton of 

Liquid Steel 

92.0 78000.00 23.529 30000 390.85 

92.5 77842.23 0.0 30000 389.88 

93.0 77572.25 0.0 30000 388.59 

93.5 77304.15 0.0 30000 387.30 

94.0 77037.89 0.0 30000 386.01 

94.5 76773.46 0.0 30000 384.74 

95.0 76510.83 0.0 30000 383.47 

95.5 76250.00 0.0 30000 382.21 

96.0 75990.94 0.0 30000 380.95 

96.5 75648.25 0.0 30000 379.42 

97.0 75478.07 0.0 30000 378.61 

 

 

Figure 3. Metallization Degree vs. Cost of Liquid Steel/Ton 

Figure (4) illustrates a systematic decrease of weight of 

DRI charged with other materials to produce one ton of 

liquid steel against a gradual increase in metallization of 

DRI. In this case study, the value of weight of DRI 

strongly affected by variation of metallization. HBI is not 

considered in the charge mix due to  its  relatively high 

price and the share of scrap is considered  in the upper 

limit at all conditions.  
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                       Figure 4. Metallization vs. DRI Charge 

C.   The effect of carbon in DRI on charge mix and unit 

cost 

The results of values of charge mix and the product 

unit cost variation with carbon content in DRI in the 

increasing order is summarized in Table  (6).  

 
Table 6. Effect of  Carbon in  DRI on Charge  Mix  and Unit Cost 

Carbon % DRI (kg) 
HBI 

(kg) 

Scrap 

(kg) 

LD/ton of 

liquid steel 

1.2 77037.89 0.0 30000 386.01 

1.3 77029.04 0.0 30000 385.90 

1.4 77020.20 0.0 30000 385.72 

1.5 77011.36 0.0 30000 385.54 

1.6 77002.52 0.0 30000 385.43 

1.7 76984.86 0.0 30000 385.22 

1.8 76967.19 0.0 30000 384.96 

1.9 76940.72 0.0 30000 384.71 

2.0 76923.08 0.0 30000 384.46 

As shown in Table (6), the results of carbon content in 

DRI and its effect on metallic charge and unit cost of 

product, the decrease in DRI weight charged caused by 

increase in C% is not large, and may be ignored. The 

apparent reason for that is the limited effect of carbon 

content on the DRI yield.  The saving on the product unit 

cost is 1.55 LD/ton caused by increase in  carbon content 

up to 2.0% as may be seen in Figure (5). There are other 

benefits of using high C% which could help in lowering 

the cost of production, such as  the foamy slag practice 

that lead to elongation of furnace refractory life, lowering 

graphite electrode consumption rate and contributes to 

shortening of melting time. 

 

Figure 5. Carbon Content in DRI Vs. Cost of ton of Liquid Steel 

D.  Electric energy consumption rate and metallization 

Electricity is becoming a scares resource lately and the 

rate of consumption is a mater in the country, therefore 

reducing the consumption of electricity will help  in 

reducing load from the national grid. Table (6) 

summarizes the results of electric energy consumption 

rate versus the metallization degree of DRI. It shows 

good quality of DRI with higher value of metallization 

reduces electrical energy required to melt the charge. The 

reduction of electric energy consumption rate will affect 

positively the power-on time of the heat and lead to 

shorten the tap to tap time causing an increase in 

productivity of the furnaces. 
 

Table 7. Electricity Energy Consumption and MD Relation 

Metallization 

Degree % 

Electric energy 

consumption (kwh/ton) 

92.0 684.23 

92.5 678.49 
93.0 672.40 

93.5 666.31 

94.0 660.24 
94.5 654.17 

95.0 648.11 

95.5 642.05 
96.0 636.00 

96.5 631.62 

97.0 627.93 

VII.  SUMMARY AND DISCUSSION OF 

THE RESULTS  

Steel market prices fluctuate in a cyclic path over a 

time span, that bring stiff competition in steel market and 

steel business risky too. LISCO, in order to compete and 

survive in international steel market, needs to have a 

competitive advantage over its competitors. The most 

important being  sale prices, that can only be afforded if 

the production costs are lower than the competitors'. The 

objective of the research being finding  and formulating 

ways and means to lower unit production cost of liquid 

steel by utilizing optimization approach to minimize the 

cost of charge materials. The conducting methodology of 

this research is based on the optimization approach of 

applying an optimization software of linear programming 

type on the problem model that has been developed. An 

empirical data has been utilized to make the developed 

model consistent and suitable for the working conditions 

of the melt shop under investigation.  

The runs of the selected software with the stated input 

data have resulted to an optimum combination of charged 

materials that give a minimum cost of input materials. 

The reduction in unit cost of product is calculated at 

11.29% when an optimum combination of input materials 

is considered. The percentage of reduction of cost in steel 

industry when it exceeds 5% considered to be a great 

achievement. The results show that the sum of calculated 

saving over the period of nine month of production is 

well over (nine millions LD). Although the cumulative  

production over that period is not that big number just 

above 190 thousand tons of liquid steel, but the figure of 

saving is clearly a great lump sum amount. The results 
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have shown the values of shares in the optimum 

combination of charged materials. It also indicates the 

relationship of charged materials' characteristics with 

some process parameters, like liquid steel to metallic 

charge yield, rate of electric energy consumption and 

ultimately the effect of that in reducing the unit cost of 

product. The following points are worth highlighting: 

- The optimum charge combination results indicates 

that DRI weight share is near the maximum allowed 

value, where the scrap portion is at maximum limit 

and HBI is at minimum limit. The optimum 

combination was strongly influenced by the price of 

materials. 

- Amongst the input materials which have the 

significance influence on the cost of product and on 

the process parameters is DRI. Results emphasized 

that quality and characteristics of DRI is playing a 

major role in cost reduction for producing liquid 

steel in the melt shop under investigation. 

A.   Future research recommendations 

- The liquid steel after tapping from EAF into the 

ladle, it goes through secondary metallurgy 

process of treatments. This treatment is a part of 

steelmaking and it was not touched in this study. 

The secondary metallurgy is the additional 

treatment of liquid steel in the ladle and consists 

of: purging the liquid steel with inert gas like 

nitrogen or argon, chemical composition 

adjustment and casting temperature adjustment. 

A future  investigation of secondary metallurgy 

and ladle reheating furnace process to be carried 

out for this melt shop to evaluate the process cost 

and to find a ways to minimize the cost of the 

process. 

- Ferro-alloys are forming the main metallic 

additions after tapping the liquid steel into a ladle 

to make the targeted chemical composition of the 

desired steel grade. Ferro-alloys are added into 

the ladle during tapping liquid steel from the 

furnace. The efficiency of recovery of such alloys 

(Mn, Si, Al..etc) are affected by the slag carry 

over and by the activity of the dissolved oxygen 

in the slag and steel. The dissolved oxygen is 

strongly affected by the quality of DRI. 

Therefore, a future study is suggested to 

investigate the relationship between DRI quality 

and ferro-alloy recovery efficiency and how it 

contributes to cost reduction of liquid steel 

production processes. 
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