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Abstract:
  In recent years, interest in carbon neutrality (CN) 
has been growing both in Japan and overseas from the 
perspective of preventing global warming. To contribute 
to reducing CO 2 emissions across JFE Steel, the Sendai 
Works of the Bar and Wire Rod Division has established 
a production system aimed at expanding the supply of 
low-CO 2 steel through the electric arc furnace (EAF) 
process, based on technology to reduce the impact of 
tramp elements.
  This paper introduces our efforts to increase produc-
tion capacity, strengthen the facilities, and utilize digital 
transformation (DX) to accommodate increased produc-
tion, including stabilizing operations at the Sendai 
Works.

1.	‌� Introduction

  Sendai Works of JFE Steel’s Steel Bar & Wire Rod 
Division (hereinafter, Sendai Works) manufactures 
steel bar and wire rod products (straight bars, bar-in-
coil, wire rod coils) for automobiles, industrial machin-
ery, civil engineering and construction and other appli-
cations from electric arc furnace (EAF) material by the 
environmentally-conscious electric arc furnace (Eco 
Arc furnace) using steel scrap as the raw material.
  JFE Steel also produces steel bar and wire rod prod-
ucts from blast furnace (BF) material at West Japan 
Works (Kurashiki). The company produces and ships 
products in line with customer needs at these two bases 
located in eastern and western Japan, respectively.
  Against the backdrop of heightened social need for 
carbon neutrality (CN), the Steel Bar & Wire Rod 
Division is currently promoting the construction of  a 
production system that contributes to reduction of 
CO 2 emissions across the entire company, utilizing the 

advantages of both EAF material and BF material.
  Figure 1 shows the electric arc furnace (EAF) pro-
cess at Sendai Works, and compares the amount of 
CO 2 emissions by that process and the blast fur-
nace-LD converter (BF-LD) process.
  In comparison with the BF-LD process, the amount 
of CO 2 generated in the EAF process is generally low, 
being about 1/4 that of  the BF-LD process. The Eco 
Arc furnace also has a low electrical power consump-
tion rate because scrap is efficiently preheated in the 
shaft by using the waste heat of the furnace, and thus is 
extremely effective from the perspective of CO 2 reduc-
tion. Therefore, the Steel Bar & Wire Rod Division, 
with evaluation and certification by customers, is 
engaged in a change-over from specified BF materials 
produced at West Japan Works (Kurashiki) to 
EAF-materials from Sendai Works, and has established 
a production system with an annual crude steel produc-
tion volume of  approximately 700 000 tons at Sendai, 
which is an increase of 140 000 tons from the previous 
level.
  Since increasing capacity and strengthening facilities 
are indispensable for increasing production, since FY 
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Fig. 1 � Steelmaking process at Sendai Works and compari-
son of CO 2 amount between BF-LD process and EAF 
process 1) 
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2022, JFE Steel has made capital investments in all 
processes from receiving and storage of  the raw mate-
rial scrap to shipment of  finished products and semi-
finished materials. In addition, further reductions in 
equipment trouble are also needed to respond to the 
increased continuous operation time. To address this 
problem, continuous remote monitoring and early 
warning equipment was also introduced, utilizing digi-
tal transformation (DX).
  This article reports a series of  measures that were 
completed recently at Sendai Works to increase capac-
ity and strengthen facilities with the aim of the increas-
ing crude steel production volume.

2.	‌� Main Capital Investments

2.1	‌� Overview

  Figure 2 shows the target areas of capacity increase 
and facility strengthening measures implemented at 
Sendai Works to achieve increased production, includ-
ing stabilizing operations.
  For scrap receiving and storage facilities, in antici-
pation of increased use of the main raw material, steel 
scrap, in order to increase scrap inventories, the indoor 
scrap yards were expanded and the number of overhead 
cranes was increased. In addition, to improve the 
on-site material flows accompanying increased produc-
tion, the layout was modified by expanding the semifin-
ished product storage yard, and additional lighting was 
installed at the shipping quay to enable nighttime/early 
morning product shipping work.
  Blooms are a type of semifinished product which is 
shipped to other works in JFE Steel. Accompanying 
the shift of  bloom production to Sendai, the equipment 
was revamped from the existing length of 5.5 m to sup-
port lengths up to 7.4 m in order to respond to longer 
length requirements.
  As strengthening of  facilities for increased produc-

tion, measures were taken to ensure the soundness of 
dust-collection system blowers and other equipment, 
and DX was implemented by introducing a Condition 
Monitoring System (CMS) and early warning detection 
of equipment anomalies (J-dscom™ ) 2) as early warning 
functions for EAF facilities.

2.2	‌� Expansion of Indoor Scrap Yards and 
Increase of Overhead Cranes

  Accompanying maximization of  EAF steel output, 
monthly consumption of scrap, which is the main raw 
material for the EAF, will also increase by approxi-
mately 30% from the past level. The types of  scraps 
used at Sendai Works consist of  recovered scraps at 
Sendai, accepted scraps from other JFE Steel works 
and purchased scraps from outside sources. Scraps 
recovered on-site and accepted from other JFE Steel 
works are transported to indoor yards by dump trucks 
and unloaded by dumping. On the other hand, exter-
nally-sourced purchased scraps are delivered to Sendai 
by trailer trucks and unloaded by the overhead crane in 
the indoor yard.
  Figure 3 shows the scrap transport flow in the 
indoor yards and the yard expansion area.
  Before the expansion, scraps were unloaded from 
trucks at two indoor yards, the North scrap yard and 
South scrap yard and charged into 3 charging hoppers 
by 4 overhead cranes.
  Figure 4 shows the occupancy rate of  the overhead 
cranes at the indoor scrap yards before and after maxi-
mization of EAF steel output.
  The results of a study of the existing overhead crane 
capacity indicated that unloading work increases 
during daytime when there are a particularly large 
number of  deliveries of  purchased scrap, and calcula-
tions showed that the overhead crane occupancy rate 
would exceed 100%. Therefore, the indoor scrap yards 
were expanded, and the number of  overhead cranes 
was increased at the same time.
  The indoor yard area was increased by approxi-

Fig. 2 � Increasing capacity and strengthening facilities at 
Sendai Works Fig. 3  Scrap transport flow and yard expansion area
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mately 1 000 m 2 by extending the North scrap yard, 
which is located adjacent to the EAF building, 30 
meters to the west side, and one additional overhead 
crane with a rating of  20 tons was installed. To avoid 
depletion of  scrap inventories during extended stops 
when scrap deliveries decrease, the height of the retain-
ing wall at the South scrap yard was increased.
  As a result of  these capacity increase measures, the 
occupancy rate of  the overhead cranes decreased to 
90% or less, and the purchased scrap unloading capac-
ity and inventory capacity also increased.

2.3	‌� CC Long Bloom Transport

  When BF materials are changed over to EAF mate-
rials, it will become necessary to supply blooms cast at 
Sendai Works to other JFE Steel works. However, the 
length of Sendai cast blooms was 5.6 m, which is short 
in comparison with other works. Thus, an increase in 
the length of Sendai cast blooms was also an essential 
item for avoiding a decrease in the billet rolling capacity 
of other works.
  As an additional issue, since the transfer table of the 
continuous caster (CC) at Sendai Works is located 
below ground, the cast blooms are raised to ground 
level by chain transfer and then conveyed to the billet 
rolling mill. Therefore, considering not only the effect 
of  the bloom length on the billet rolling capacity of 
other works, but also the equipment constraints at Sen-
dai Works, the bloom casting equipment was remodeled 
from the former maximum bloom length of 5.6 m to a 
longer maximum length of 7.4 m. In the flow of these 
long blooms for other works, the blooms are first raised 
to ground level by the chain transfer equipment, then 
picked up by the overhead crane and moved to the 
bloom storage area by forklift.
  Figure 5 shows the areas where the chain transfer 
equipment was modified to accommodate longer 
length blooms. The motor and brake of  the overhead 
crane used to pick up the blooms were also modified to 
a heat-resistant type.

2.4	‌� Increased Shipping Capacity

  The layout of  the bloom yard and the locations of 
investments accompanying maximization of EAF steel 
output are shown in Fig. 6.
  To supply blooms to other JFE Steel works, the 
shipping capacity was increased as follows in order to 
transfer and store the manufactured 7.4 m blooms and 
ship the blooms to other works by coasting vessels.
(1) Increased yard capacity
	�   In addition to the existing bloom yard, a 

pre-shipment yard for blooms being transferred to 
ships was constructed.

(2) Increased transfer capacity
	�   Due to the inadequate bloom transfer capacity of 

the existing forklift (rated load: 12 t) used to transfer 
hot blooms, only one 7.4 m bloom (unit weight: 7.2 
tons) could be moved. Therefore, a forklift (rated 
load: 18 t) capable of  transferring two 7.4 blooms 

Fig. 4 � Occupancy rate of overhead cranes in indoor scrap 
yards

Fig. 5 � Sendai bloom’s modifications to accommodate longer 
lengths

Fig. 6  Bloom yard layout and investment locations
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was newly introduced.
(3) Strengthening of marine cargo handling capacity
  Although marine cargo handling was performed 
only during daytime before improvement, lighting 
equipment suitable for nighttime cargo handling was 
installed to enable cargo handling in the early morning 
and late night hours.

2.5	‌� Early Warning Detection (CMS, J-dscom™)

  For early detection of anomalies in the EAF equip-
ment, an edge server was introduced to collect data for 
integrated monitoring, combining control data, quality 
data and CMS data. Figure 7 shows the equipment 
monitoring system achieved by introducing J-dscom.
  The edge server and time-series big data are not 
only used in operational analysis such as the fuel con-
sumption rate and yield, but also enable early warning 
and detection by utilizing the data science technologies, 
such as PCA (Principal Component Analysis) wave-
form monitoring and DBM (Data Base Monitoring) 
correlation monitoring by J-dscom 3).
  CMS sensors were installed to monitor the condi-
tion of important rotating equipment of the EAF. Fig-
ure 8 shows the locations where CMS sensors were 
newly installed on the EAF.
  The vibration values measured by the CMS are not 
only coupled with key control data, i.e., rotation speed, 
scrap weight, and electric current values, using the 
above-mentioned J-dscom, but also achieve early detec-
tion of equipment anomalies by correlation monitoring 
with data correlated with vibration values.

3.	‌� CO 2 Reduction

  The actual amount of  CO 2 emissions at Sendai 
Works will increase as a result of  the increased sales of  

EAF material products produced by Sendai and the 
change-over from BF materials produced by other 
works to Sendai EAF materials with the approval of  
customers. However, increased sales and production of 
EAF products by Sendai Works will contribute to CO 2 
reduction across JFE Steel as a whole.
  In the future, JFE Steel plans to increase EAF steel 
output in a step-by-step manner by supplying Sendai 
material blooms to other works, and finally reduce CO 2 
generation by Sendai Works by approximately 200 000 
tons/year.

4.	‌� Conclusion

  At Sendai Works, the facilities targeted for new 
investment have achieved a smooth startup, and are 
continuing to operate stably. Efforts are also being 
newly made to reduce the effects of  Cu and other 
tramp elements contained in scrap, and to expand the 
use of  low CO 2 steel materials produced by the EAF 
process by a change-over from BF specified materials 
to EAF materials.
  In the future, we intend to expand sales while 
achieving further improvements in product quality in 
cooperation with the Steel Research Laboratory and 
various departments of the Steel Bar & Wire Rod Divi-
sion, in order to make a substantial contribution to 
reduction of CO 2 generation in JFE Steel.
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