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Vision for DX promotion

The main pillars of JFE Steel’s digital transformation (DX) are technological innovation and the use of data assets through
proactive incorporation of elements like the internet of things (loT), artificial intelligence (Al), and data science (DS). We have
accumulated a large reserve of expertise and data over many years, even compared with those of steel mills in various countries
overseas. This wealth of data assets is a source of value creation. The use of this latest DS and Al across the company will
innovatively increase productivity and quality, achieve stable operations, and enhance competitiveness.

JFE Steel’s Vision

Be a global steel supplier that always creates new value and grows with customers

Three pillars of DX promotion 1 l
Companywide policy

Gain competitive advantage through the proactive utilization of data (= data-driven)

With a long history of manufacturing, JFE is a storehouse of data. Our accumulated expertise in high-grade steel
manufacturing, responses to aging equipment, and data related to predictive management are the sources of our
competitiveness. Advanced use of data is JFE Steel’s strategic theme.

f

| Maximize value |

Raise our level of data use

Promote business reforms and the
Synergistic latest advancements in IT

Realize a flexible, change-tolerant IT structure effects Actively utilize data science and Al
' }
J |
Reinforce our IT risk management

Enhance security and standardized L E,t:,
controls o

Enhance the security environment for IT '.r Ll]
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Execute IT structural reforms
Upgrade systems at steelworks

DX promotion structure and transformation
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- Note: The Steel Research Laboratory is responsible for R&D in each area.
Target SVStem axis DX promotion: Cyber-Physical System R&D Department (Established in April 2019)

IT Innovation Leading Department

Our mission is to work as one with the administrative and operational divisions to proactively use cloud computing as we create a
secure IT platform optimized for the entire company, use the latest technologies to promote business process innovation, transform
businesses, and create new value. For important topics in our DX strategy, basic policies are confirmed at the IT Steering Committee,
and decisions are made by the management team.

[
Promoting reforms in business operations with IT, transforming businesses, and creating new value

What is important for the IT division Cycle of reforms in business operations using IT

Internal External

Designate key themes in
business management and
business operations

Identify and analyze newest IT
technologies

Business Innovation

operations EMICEGITT]
Department

n Business management/operations issues and solutions

Solutions planning

(emphasis on business
operations side)

In-house data and external technologies Integration planning

(emphasis on system side)

Business reform

Powerful solutions built on latest technologies

Enhancing an information system platform for DX promotion

We are engaged in structural reforms of our IT platform to facilitate the use of our wealth of data assets, the core of our DX strategy. By
consolidating groups of legacy systems and creating open platforms, we are designing a structure that responds swiftly and flexibly to
changes in our operating environment.

Previous In progress

Groups of stand-alone legacy systems Integration/Transition to open platform

= Dissipation of the data makes it difficult to utilize it,

= Antiquated systems impede swift responses to market changes. w Upgrade IT platform © Utilize data and promote DX
thus hindering DX.
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| System to support recovery from control failures (J-mAlster®)

We are integrating our platforms, including the companywide integrated maintenance system that went into operation in 2015 and the
installation in all manufacturing lines in fiscal 2018 of the J-mAlster®* system to support recovery from control failures. J-mAlster®
draws on IBM Watson to make advanced use of the huge amount of failure data from the past 20 years stored in the maintenance
system. With J-mAlster® installed, we have confirmed that recovery times are significantly reduced, and we are rolling out the system
for full-scale use including linking it to other internal systems.

*J-mAlster®: JFE Maintenance Al of Smart TPM for Electric Repairs

P - . Expanded across the entire
Present Digitalized maintenance company in 2018

Separate PDCA cycles/expertise for each plant

Plant A Plant B Plant C Plant D e Plant A Plant B Plant C Plant D
. . . . Standardization Integrated maintenance system
Individual Individual Individual Individual
system system system system
- Standards/Plans

*Results
« Past failures
Data integration = Integrated - Equipment manuals
database (Linked file servers)
(cloud)

Regular
maintenance|

Failure
response

‘& & & & “ & & & Al utilization

‘ Dependence on experience and intuition of maintenance personnel ‘ ‘ Al diagnosis — Swift failure recovery ‘

@ Standardization of maintenance operations and systems
@ Reliance on specific individuals for maintenance integration = Reliance on specific individuals
. operations " eliminated/Increased operational efficiency/More visible
PirSeSlelggs @ Lack of sharing of maintenance expertise — Ttr)if:%l]}ilt%n PDCA cycle' -
® Increasingly long recovery times after failures due to @ Data integration = Visualization of accumulated knowledge
generational turnover ® Uste of Al (Watson) = Young employees put on par with
veterans

Building a system that maintains information security while using the latest ICT

By constructing a hybrid cloud environment that links our dedicated J-OS Cloud private cloud with the public IBM Cloud, J-mAlster®
has the flexibility to use the latest technologies like IBM Watson while also maintaining the conditions required for information security.
In addition, reports, manuals, and other information stored on each regional file server have been consolidated on the companywide
box cloud-based shared file server and are centrally managed. Security on this file server is enhanced with encryption functions, while
at the same time the sharing of information across regions supports smooth maintenance operations.

Public cloud Public cloud

7 I1BM Watson on ;" IBM Cloud m

System to support recovery from control failures (J-mAlster®) Data and expertise going back 20 years

Approx. 15,000/month on “Failurelogs  -Manuals
(in the control and maintenance areas) B .
. private cloud (J-0S Cloud) +Daily reports - Etc.
N 1

! 4 .-
l'-

Since the installation of J-mAlster®, recovery times have been reduced at many workplaces!
The J-mAlster® system allows efficient searching for examples of problems that have occurred at all manufacturing lines of all
steelworks and for information needed for recovery. When | have trouble determining the cause of a problem at my workplace,
| use J-mAlster®. | input key words describing the situation into a mobile terminal by voice or keyboard, and artificial
intelligence searches huge amounts of data and selects reports on similar problems that other people have experienced,
simple procedure manuals, and other information, showing me the next step in determining the cause. In the future, | hope to
use J-mAlster® to pass on the knowledge of my predecessors to the employees who will come after me.

Since J-mAlster® was installed, recovery times have been reduced at many workplaces. Going forward, by continuing to
accumulate data and learn, | expect the system itself to become able to analyze failures and propose responses.

Masaki Matsushita, Leader, Plant Maintenance & Control Section, Planning Department, Chita Works

Business Process Innovation Team

Reform mission-critical systems at steelworks using the latest ICT
Create new value through reforms in business operations

We are reforming mission-critical systems at steelworks under the following policy: (1) Rebuilt a system platform using the latest ICT,;
(2) Redefine operational processes to pass on manufacturing expertise and introduce standardized operations; and (3) Create an
integrated database with a standardized data structure.

Through this system upgrade, we aim to create an operating platform that shares and uses all companies’ data with all employees,
and to transform work styles to create new value.

| New work styles realized through system upgrades

Hierarchical dashboard

Optimized companywide production through
prompt decision making and action

Data science

Speeds up development of technology through
innovative staffing

Companywide,
integrated database

* Real-time information
e Sharing

SCM* that connects customers and S loT
company in real time * Visualization

Facilitates better responses to e Pinpoints production and logistics status in real
customer needs, from marketing to 1) time using smart devices

production e Lo

- : e
*SCM = Supply Chain Management OJ\\‘
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N
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Organizational knowledge by visualizing operation and data flow
We are working on the project of reforming

mission-critical systems at steelworks. As part of ]

the project’s task, we produced “manufacturing Operational flows sys:;g:_:t‘i'::: in soupigni':?iroyngf
operation- and data-related flow diagrams” (shown

in the illustration), which visualize all the systems’

work flow. The diagrams make it possible to

broadly share a common understanding of the | f— ! - 11 T I— - —

-
relation between operation and data, which had

been known to a few specific people. With this task, '
we contribute to business process reengineering. .
Haruka Nakamura, Takahiro Omori, Business Process Innovation Team

Contribute to developing a new system platform for the future
After joining JFE, we were responsible for manufacturing and operating technology at steelworks.
Now we are working on a project to reform mission-critical systems, which are aimed at
designing manufacturing recipes. The new systems steadily have been going live in stages. We
will proceed to implement a new system platform that will create new value in the future.

Yoshiki W; Yu i Narihiko Ai, Busil Process ion Team “

[
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Data Science Project Department

To maintain a competitive advantage using our wealth of operational data assets, we are aiming to strengthen our infrastructure for collecting
process data from all steelworks and use data-science technologies to “integratedly and comprehensively automate” every process.

Establishing the JFE Digital Transformation Center, a base for DX promotion

We have established the JFE Digital Transformation Center (JDXC™) at the head office as a base for companywide DX promotion
using data science and the latest information and communication technology. JDXC™ represents the Japanese steel industry’s first
environment that can comprehensively use operational data accumulated at all steelworks and manufacturing sites, further raising our
global competitiveness.

JDXC™ functions and objectives

Promote higher productivity and cost reductions through the comprehensive use of data by linking data from upstream processes to downstream processes,
sharing data across regions, and other measures.

Raise the overall level of operational technology by pursuing cohesion and standardization of the cyber-physical system (CPS)* for manufacturing processes.

Raise the individual skill level and expand the number of data scientists by sharing knowledge, experience, and the resolution of issues among data scientists
companywide.

* Cyber-physical system: A system that creates value by collecting information from physical space (actual equipment and products) with huge sensors (big data), consolidating this information in
cyberspace and applying various analytical methods to make feedback to physical space in real time.

I
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@ analysis @ !b ¢ @
Creating best IFE b ,L% A
1FE models o
possible )
JDXC ’_!JM%E Data scientists Model
¢ Capim Trarwiomnon ot Feedback
Data integration Update

Collecting data from every region
ifl= ile il=

Diagram of JDXC™ operations
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JDXC™ entrance and interior

Introducing data science technologies at all blast furnaces—raising productivity with “blast furnace CPS”

JFE Steel is promoting technological innovation by proactively introducing the internet of things, artificial intelligence, and data science.
CPS is being introduced at all our operating blast furnaces in Japan. This has made it possible to address the difficult issue of detecting
anomalies in the airflow inside a furnace, which can cause major problems, and make important predictions about the temperature
inside an operating furnace, contributing to both higher blast furnace productivity and stable operations.

« Stable and highly efficient operations

« Uniform level of operations in all regions Input: sensor information, operational parameters, experience

« System standardization
Predictive model -k -=

* Detect anomalies in airflow in the furnace from pressure sensors . A3
(several dozen minutes in advance) Objective function =

= Avoid gas channeling trouble®

« Predict the furnace temperature up to 10 hours in advance®
= Take appropriate action to maintain the target temperature

O 5
(1) Gas channeling: Occurs w'hen hot air being. injected through the tuyere .ﬂUW.S in B \ m
separate channels when viewed from the circumference of the furnace interior. | 1
1
]

high stability x low percentage of
reducing agent x high pig iron output

1
This causes the furnace temperature to fall and the layers of raw fuel inside the K
furnace become uneven, leading to poor airflow.
(2) Importance of predicting furnace temperature: If the furnace temperature falls,
items being smelted can harden and become difficult to extract, in some cases

halting production for an extended time. Maintaining a high temperature means Temperature sensor
that fuel (reduced material) is wasted.

Going forward, we will introduce CPS in manufacturing processes other ‘ Flow rate sensor
than those used in blast furnaces. Our objectives are as follows: "
« Feed results of anomaly prediction back into actual processes as ‘Liquid level sensor Predict 10 minutes to

10 hours in advance and
take action

operational action

= Achieve stable operations Hot metal temperature
sensor )
~

* Visualize process bottlenecks
= Raise productivity - .=

 Innovate processes through virtual testing. Pass on technologies .
and reform work styles by Al for knowledge and expertise Physical blast furnace <(uu——)> Cyber blast furnace

Introduction of training simulator using MR technology—passing on technical skills to young employees

JFE Steel has installed a training simulator that uses the latest mixed reality (MR) technology* at its West Japan Works. This is the
Japanese steel industry’s first system that uses the latest virtual technology to conduct training identical to actual operations at steelworks.

Some on-site operations at JFE Steel, including the handling of materials melted at high temperatures, involve high degrees of
operational or safety risk. These technical skills need to be developed, however, and we have had no choice but to use on-the-job training
to pass on those skills, which created issues in terms of doing so safely and reliably. To resolve these issues, we are using MR technology
in the belief that a virtual environment is effective for training. With MR technology, we can create a training environment that integrates a
virtual plant realistically recreated on a computer with human actions in the real world, making it possible to recreate both stable
operational status and abnormal situations.

* Mixed reality (MR) and related technologies
« Virtual reality (VR): Technology that uses a computer to create a virtual space + Augmented reality (AR): Technology that expands the actual world by adding information to actual space
+ Mixed reality (MR): Technology that creates a new space combining real space and virtual space that coexist in real time

Actual training allows staff to move equipment, operate switches, and experience the real status of equipment operations in
a 3D virtual space. Training on this system before on-the-job training reduces operational and safety risks, allowing
decisions and responses to be made quickly in abnormal situations. Going forward, we will roll out this training simulator to
all steelworks and other works to pass on technical skills to young employees.
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Scene of actual training Trainee’s field of vision
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Opening the JFE Digital Transformation Center as a base for DX promotion
As the person in charge of investment, research and development, and infrastructure
development, | established the JFE Digital Transformation Center (JDXC™) and am
currently working on utilizing it. JOXC™ is a base for data collaboration and utilization,
as well as a base for training data scientists. Going forward, we will continue to build
and expand an environment where we make proactive and broad-based use of
accumulated data and expertise for stronger and faster DX, with the aims of
contributing to operational efficiency and cost reduction.

Go Yokokura, Data Science Project Department

Introducing data science technology at all blast furnaces—increasing productivity with CPS for blast furnaces
Since joining JFE Steel, | have been involved in developing models to introduce
cyber-physical systems (CPS) for ironmaking and steelmaking processes. Given the
difficulty of grasping the overall process in a high-temperature environment, | am using
data science technology to visualize these processes. | frequently visit plants as part of my
model development and actual equipment installation, and | always try to raise my level by
learning new things from the experience and expertise of the operators. | plan to continue
these activities, with the aim of creating an automated control system.

Ryosuke Masuda, Cyber-Physical System R&D Department, Steel Research Laboratory
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