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Development of Steel Works Operation Strategy 
Model
OGAWA Naotaka

Abstract:
  In the steel works composed of multiple divisions, it is 
necessary to optimize and formulate the operation plan 
not for each division but for the whole steel works. JFE 
Steel has developed a Steel Works Operation Strategy 
Model for easy and accurate overall optimization, and 
implemented it in East Japan Works (Keihin District). 
The optimization target is the blast furnace process and 
the energy sector, which have a large impact on the pro-
duction cost and carbon dioxide emissions. Main blast 
furnace operation conditions which satisfy the prescribed 
conditions are output as a guidance. It makes easy to 
evaluate the whole steel mill operation, and contributes 
to the reduction of cost and carbon dioxide emissions.

1.	‌� Introduction

  In JFE Steel, operation plans are decided consider-
ing various factors such as the content of orders, man-
ufacturing costs and carbon dioxide (CO 2) emissions. 
For example, production plans are determined consid-
ering the maintenance plan and the individual circum-
stances of each division such as iron making, steelmak-
ing, and rolling preconditioned on the contents of 
orders (items, quantity, quality, delivery dates, etc.). 
The detailed operation plans in each division are 
decided so as to optimize production costs and CO 2 
emissions, while also considering raw material sup-
ply-and-demand plans and supply-and-demand plans 
for utilities such as gas, electric power and steam.
  The manufacturing cost of  a steel works consists of  
raw material costs, utility costs, supply costs, outsourc-
ing costs, labor costs, etc. While supply costs, outsourc-
ing costs and labor costs generally do not affect other 
departments, raw material costs and utility costs have 
mutual effects across departments. In addition, CO 2 
emissions strongly depend on the supply-and-demand 
situation and operation of the carbon materials mainly 
used as reducing agents and utilities. Therefore, optimi-
zation of production costs and CO 2 emissions requires 

close cooperation between the ironmaking division and 
steelmaking division, which use large amounts of  raw 
material and utilities, and the energy division, which is 
responsible for utility supply and demand and opera-
tion. Moreover, optimization not by individual divi-
sions, but in the steel works as a whole is necessary.
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  The reducing gas generated in the tuyere zone 
reduces the iron ore in the process of rising through the 
furnace and is discharged from the furnace top. Gener-
ally, the reducing components (carbon monoxide and 
hydrogen) in the reducing gas are not completely con-
sumed in the furnace, and these combustible compo-
nents are discharged in the residual state. Therefore, the 
exhaust gas from the furnace top (called blast furnace 
gas; BFG) is collected for reuse in the steel works as a 
combustible fuel gas. Since BFG has a pressure of sev-
eral 100 kPa even at the top of  the furnace, electric 
power is also generated by a top-pressure recovery tur-
bine (TRT). 2)

  The basic unit of  the utilities used or recovered and 
the basic unit of the reducing agent (called the reducing 
agent ratio; RAR) are closely interrelated. For example, 
as the RAR increases, the amount of  oxygen required 
to react with carbon also increases, and the hot blast 
unit tends to increase. As a result, unit consumption of 
hot stove fuel gas and added steam for humidity con-
trol also increases. At this time, the amount of reducing 
gas generated in the tuyere zone increases, and the 
basic units of  BFG recovery and top-pressure power 
generation also tend to increase.

2.2	‌� Energy Division

  In the energy division of  a steel works, supply and 
demand of  each utility type are managed in order to 
support stable production in each production division. 
In addition to the above-mentioned BFG, coke oven 
gas (COG) is produced by the coke production process, 
and converter gas is produced by the steelmaking (hot 
metal refining) process. These by-product gases are 
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3.2	‌� Actual Data Accumulation and Data 
Processing

  In the actual data accumulation part, the actual 
daily and hourly data of each department are acquired 
by the system, and the hourly data are converted to 
daytime and nighttime data and stored. Here, “day” 
and “night” are defined by the time zones of  the pur-
chased power contract with the electric power company. 
For example, if  the power contract (unit price of  pur-
chased power, etc.) changes after 20:00 on weekdays, 
“daytime” is defined as until 20:00 and “nighttime” is 
defined as times after that. If  the same contract as that 
for weekday nights is applied throughout the whole day 
on a holiday, that day is defined as all-night (24-hour 
night).
  Next, each type of actual data is divided and tallied 
according to the crude steel production quantity, hot 
metal quantity, rolling operation result, and the distinc-
tion of  daytime and nighttime. This is necessary in 
order to automatically display the base state described 
in the previous chapter. It is possible to maintain the 
base state which matches the actual condition by add-
ing new data for each division for which data are 
acquired on a daily basis.
  Data processing is also carried out to correct the 
discrepancy between the theoretical value and the 
actual value calculated by the blast furnace model and 
the hot stove model. For example, the unit of  BFG 
recovery can be predicted and calculated from the ratio 
of the reductants and the chemical composition of the 
reducing gas generated in the tuyere zone, but since 
accurate prediction of  the reaction efficiency of  the 
reducing gas is difficult, a discrepancy of a few percent 
is inevitable. However, in the energy division, this dis-
crepancy of  a few percent may make it impossible to 
accurately select the utility rebalancing logic. To 
address this problem, the discrepancy between the the-
oretical value and the actual value is monitored by data 
processing, and if  necessary, the operator can pass the 
utility data to the energy division in the form of a cor-
rected theoretical value.

3.3	‌� Evaluation of Previous Day’s Operation and 




