International Scientific Journal “Internauka’. Series: “Economic Sciences”
https.//doi.org/10.25313/2520-2294-2025-1

MenexkMenT
UDC 669:004:658

Jiang Hao

a third-level higher education Candidate

'Doctor of Philosophy' (PhD) in the specialty 073 Management
West Ukrainian National University

31 Xao

3000y8au mpemv020 piBHs GUWOL 0CBImMU « O0KmMop ¢hinocoghiiy
3a cneyianvuicmio 073 Meneoscmenm

3axiOHOYKpaiHCbKO20 HAYIOHANbHO20 YHIBEPCUMENY

Scientific advisor:
Ma3syp Bouaoaumup CrenaHoBu4
KaHOUOam eKOHOMIYHUX HAYK, OOYeHm

3axionoykpaincoKuli HAYiOHATLHUL YHIGEpCUmem

ASSESSMENT OF THE DEVELOPMENT OF METALLURGICAL
PRODUCTION IN THE CONDITIONS OF THE DIGITAL ECONOMY
OIIIHKA PO3BUTKY METAJIYPITIMHOI'O BUPOGHUIITBA B
YMOBAX IIU®POBOI EKOHOMIKH

Summary. Introduction. In the current conditions of rapid digital
economy development, digital transformation has become one of the key factors
in increasing the competitiveness of enterprises. It opens up new opportunities
for optimizing business processes, improving management systems, and
implementing innovations. The metallurgy industry, as one of the main sectors
of the economy, also faces the need to adapt to the new challenges of the digital
age, particularly through the enhancement of digital maturity in enterprises.

Assessing the level of digital development of metallurgical companies is

crucial for developing effective strategies for their transformation. It is
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important to understand how digital technologies can contribute to improving
production processes, modernizing management, and applying innovative
approaches to marketing. This not only helps strengthen the companies’
positions in the competitive environment but also promotes the sustainable
development of the industry as a whole.

Purpose. The purpose of the study is to assess the digital maturity level of
Shandong Iron and Steel in order to determine its ability to implement digital
concepts, integrate digital resources, support digital technologies, and apply
digital scenarios in key areas such as production, management, and marketing.
Additionally, the study seeks to develop recommendations for the effective use of
digital technologies to enhance competitiveness, optimize business processes,
and foster innovation.

Materials and methods. The materials of the research include: 1) the
regulatory and legal framework that governs the processes of digital
transformation and the implementation of digital technologies in the
metallurgical industry, particularly with regard to political, economic, social,
and technological aspects; 2) the works of scientists studying digital
transformation in industry, particularly in the metallurgical sector, as well as
the issues of implementing digital technologies to enhance efficiency and
competitiveness of enterprises.

The following scientific methods were used during the research process:
theoretical generalization and grouping (to characterize the main components
of digital transformation in enterprises and digital management functions in the
metallurgy sector, as well as to identify key aspects influencing the effectiveness
of digital technology implementation); formalization, analysis, and synthesis (to
build a model of digital transformation using Shandong Iron and Steel Group as
a case study, as well as to create accounting information regarding the
implementation of digital technologies in production, management, and

marketing processes of the enterprise); PEST analysis (to assess the external
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environment of the enterprise, particularly the political, economic, social, and
technological factors affecting the digital transformation processes in
metallurgical companies); logical generalization of results (to formulate
conclusions and develop recommendations for improving the digital
transformation strategy of metallurgical enterprises based on the theoretical
and practical outcomes of the study).

Results. The article provides a detailed analysis of the driving forces
behind the transformation of enterprise management, particularly the
importance of the interaction between internal and external factors in this
process. One of the key aspects identified is strategic planning, which
determines the direction and provides guidance for the development of
enterprises in the digital age. The author conducts a comprehensive assessment
of the digital development of Shandong Iron and Steel Group, using the PEST
analysis method to study the political, economic, social, and technological
aspects of its external environment. Significant achievements were identified in
key areas such as digital concepts, integration of elements, technical support,
system integration, and the application of scenarios. However, the company
faces several challenges, particularly in the areas of intelligent manufacturing,
balancing regional development, and system integration.

In response to these challenges, the author proposes strategic
recommendations, including strengthening the construction of data platforms,
optimizing production processes, and developing technical talent. Special
attention is given to the digital transformation of the metallurgical industry,
which holds strategic significance for the development of China’s digital
economy.

Discussion. Future scientific research is proposed to focus on improving
digital platforms, integrating new technologies, and optimizing software to
support the digital transformation of metallurgical enterprises. Important areas

also include the development of digital transformation management strategies,
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deeper integration of data and equipment, as well as the evaluation of
competitive advantages that may arise from the implementation of digital
solutions. These studies will help strengthen the competitiveness of enterprises
and ensure their sustainable development in the digital economy.

Key words: digital transformation, competitiveness, business process
optimization, metallurgical industry, strategic planning, production processes,

management, innovation.

Anomauia. Bcmyn. V cyuacnux ymogax cmpimxkoco po3sumky yugpogoi
EeKOHOMIKU yugposa mpanc@opmayis cmae O0OHUM (3 KIOUOBUX (HAKmMopis
NiOBUWEHHSI KOHKYPEHMOCHPOMONCHOCMI niOnpuemcms. Bona si0kpusae HoO8i
MOCIUBOCMI 011 onmuMizayii OisHec-npoyecis, YOOCKOHANEHHS YNPABIIHCOKUX
cucmem i 8nposaddcenHs iHnosayiu. Memanypeitina npomuciogicms, K 00OHA 3
OCHOBHUX 2aJ1y3ell eKOHOMIKU, MAKONC CMUKAEMbCA 3 He0OXIOHicmIo adanmayii
00 HOBUX BUKIUKIB YUPPOBOi enoxu, 30Kpema uepe3 NIOBUUWEHHS YUPDPOBOT
3pinocmi NiONPUEMCma.

Oyinka pieua yugposoco po3eUMKY MemanypeitiHux KOMNAHIU €
8AJICIUBOIO Ol  pPO3POOKU eheKmueHux cmpameii ix mpaunchopmayii.
Baosxcnueo  3pozymimu, sk yugposi  mexHono2ii  Modcyms  CHpusmu
B00CKOHANEHHIO  BUPOOHUYUX  npoyecis, MoOOepHizayii  ynpaeninHs ma
iHHOBayiuHUM nioxooam 0o mapkemunly. lle 0o3eonse He nuwe 3MiyHumu
no3uyii NioNpuUeEMcme y KOHKYPEeHMHOMY cepedosulyi, ane i Cnpusmu cmaiomy
PO36UMKY 2aNY31 6 YLIIOMY.

Mema. Memotw Oocnioxcenns € oyiHumu piseHb Yupposoi 3pirocmi
komnanii Shandong Iron and Steel 3 memor eusznauenns ii 30amuocmi 00
BNPOBAOIICEHHS YUPDPOBUX  KOHYenyit, iHmezpayii yugposux pecypcis,
nIOMPUMKYU  YUDPOBUX MEXHON02I, a MAKONC 3ACMOCY8AHHA UYUPDPOBUX
cyeHapiis y KIoyosux cghepax OisNbHOCMI, MAKUX K 6UPOOHUYMEO, YAPABIIHHSL

ma MapkemuHe, ma po3pooumu  pekomeHoauii o000  egpexmusHo20
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BUKOPUCMAHHS yugpposux MexXHO021l ons nioBUWeHHs
KOHKYPEHMOCHPOMONCHOCMIE, onmumizayii OisHec-npoyecié ma 8npo8ad*CeHHs
IHHOBAYIL.

Mamepianu i memoou. Mamepianamu oocnioxcenHs €. 1) nHopmamueno-
npasose 3abes3neuenus, siKke pecynroe npoyecu yugposoi mpancgopmayii ma
BNPOBAOICEHHSI YUPDPOBUX MEXHONO02IU Y MemanypeiiHil NnpoMUCIO80CHI,
30Kpema wooo HNONIMUYHUX, EeKOHOMIYHUX, COYIANbHUX MA MEeXHOLOSIYHUX
acnekmieg, 2) npayi HAyKo8yis, wo 00CiOAHCYIomsb Yuhposy mpauncghopmayiro 8
NPOMUCTIOB0CMI, 30Kpema Yy cgepi Mmemanypeii, a maKodc NUMAHHSL
BNPOBAOICEHHS YUDPOBUX MeXHONO02TU Ol NiOBUWEHHS e(eKkmusHocmi ma
KOHKYPEHMOCHPOMONCHOCIIE NIONPUEMCE.

B npoyeci 30itlichenns 0ocniodcenHs 010 GUKOPUCMAHO HACMYNHI
HAyKOBl ~ Memoou: meopemuyHe y3aealbHeHHs ma  2pYny8amHs  (0Jis
xapakmepucmuku OCHOBHUX  CK1A008UX  Yugposoi  mpancgopmayii
nionpuemcmea ma QyHKyit yugdpoeoeo YNpasiinHi 6 MemanypeiiHil 2any3i, a
MaKo;c 07151 BU3HAYEHHS KIIOYOBUX ACNEKMIB, W0 NIUBa0msb Ha eeKmueHicmy
BNPOBAOVICEHHS YUPPOBUX MeXHOO02I); opmanizayisn, ananiz ma cunmes (0
no6yoosu mooeni yugposoi mpanchopmayii na npuxiadi Shandong Iron and
Steel Group, a makoxc 0na @opmysanus o001iK08oi iHGopmayii w000
BNPOBAOICEHHS YUPDPOBUX MEXHONo2IU Y BUPOOHUYI, YNPABNIHCLKI ma
mapkemuneo8i npoyecu nionpuemcmea); PEST-ananiz (O oyinKu
308HIUHBO20 Cepedosuwia NIONPUEMCMBA, 30KpemMa NOJIMUYHUX, eKOHOMIYHUX,
COYIANbHUX | MEXHOJI02IYHUX hakmopis, wo 6NIUBAIOMb HA Npoyec YuDposoi
mpancopmayii - memanyp2iunux — NIONPUEMCMS);  J102IYHe  Y3a2aNbHEeHHS.
pe3yarbmamia (015 hopMyN08aHHs BUCHOBKI8 MA PO3POOKU PEKOMEHOAYill w000
YOOCKOHANeHHss — cmpamezii  yugposoi  mpancopmayii  nionpuemcme
Memanyp2iuHoi 2any3i HA OCHO8L mMeopemudyHux i NPaKmudyHux pe3yibmamie

00CIIOHCEHHS).
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Pesynomamu. 'Y cmammi oemanvno npoananizogano pywinHi cunu
mpaHcgopmayii ynpasiinHsa niONPUEMCIMBEAMU, 30KPEMA BANCTIUBICIb 83AEMOOTT
BHYMPIWHIX | 306HIWHIX ¢hakmopie y yvomy npoyeci. OOHUM 3 KIIOYOBUX
acnekmis GUABIEHO cmpameliune NIAHYBAHHA, SKe 6U3HAYAE HANPAMOK I
3abe3neuye KepisHuymeo OJisi pO38UMK)Y NiOnpuemMcms y yugposy enoxy. Aemop
nposie 6cebOiuHy OYIHKY yugposoco pozeumxy komnauii Shandong Iron and
Steel Group, suxopucmogyrouu memoo ananizy PEST ons eusuenns nonimuunux,
EKOHOMIYHUX, COYIAIbHUX Ma MEXHOJ02IYHUX dChneKmié Ii 308HIUHbO2O
cepedosuwya. Buseneno 3HauHi 0OCACHEHHS 6 MAKUX KIOYOBUX HANPAMKAX, 5K
yupposi Konyenyii, inmeepayis eremenmis, MexHiyHa NIOMPUMKA, CUCMEMHA
iHmezpayisi ma 3acmocyeamusa cyeuapiie. llpome Komnawnia cmukaemovcs 3
pAOOM  BUKIUKIB, 30Kpema Y cgepi IHmMeNeKmyaibHo2o 6upoOHUYmad,
Oanancysanti pe2ioHaibHO20 PO36UMKY ma IHme2payii cucmem.

YV 6ionosiob Ha yi npobremu asmop NPONOHYE CMPAMEIYHI
pexkomeHoayii, ceped AKUX NOCUIEHHs NoOYy0osu  niam@opm  OaHux,
onmumizayis BUPOOHUYUX NPOYecié ma pPOo36UMOK MEXHIYHUX MAIaHMIE.
Ocobnusy ysacy 6 cmammi npuoileHo  yugposiii  mpancpopmayii
MemanypeiuHoi npoMUCI080CMI, AKA MAE cCMpameziuHe 3HA4YeHHs 015l PO3BUMKY
yugppoesoi exonomixu Kumaro.

llepcnexmusu. B nodanvuiux HayKosux 00CHIONCEHHAX NPONOHYEMBCS
30cepeoumu y8acy Ha YOOCKOHANEHHI yupposux niamgopm, inmezpayii HO8UX
MEXHON02I ma OnmuMizayii npocpammHoco 3abe3nedeHHs O0as1 NiOMmpUMKU
yugposoi  mpancghopmayii  memanypeiuHux — nionpuemcms.  Bascausumu
HANpAMKAMU € MAKOXC po3podka cmpameiii  YAPAGINIHHA  YUPDPOBOIO
mpancghopmayiero, enubwa inmezpayisis OaHux i 00JIAOHAHHS, A MAKONC OUIHKA
KOHKYDEHMHUX nepesaz, Wo MO}CYMb BUHUKAMU 3A80AKU BNPOBAONCEHHIO
yugpposux  piweno. i 00CNI0JHCEeHHS 00NOMOIICYMb 3MIYHUMU
KOHKYPEHMOCHPOMONCHICIb — NIONPUEMCME ma  3abe3nedumu ix cmanuil

PO36UMOK Y YUPPOBIU eKOHOMIYI.
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Knrwouoei cnosa: yugposa mpancghopmayis, KonKypeHmocnpoMo*CHICMb,
onmumizayis Oi3Hec-npoyecis, MemanypeitiHa NPOMUCIOBICMb, CMpameziuHe

NIAHYB8AHHS, UPOOHUYT NpoYecu, YNpaesiints, IHHO8aYil.

Formulation of the problem. In the macro environment of booming
digital economy, it is of great significance to evaluate and analyze the digital
development level of steel enterprises, and explore the significance of their
digital maturity in accelerating industry transformation. This article will
comprehensively evaluate the digitalization progress of Shandong Iron and Steel
from four core dimensions: digital concept implementation ability, digital
resource integration ability, digital technology support and system integration
ability, and digital scenario application ability. Specifically, we will delve into
the effectiveness of digital transformation in optimizing production processes,
upgrading management systems, and innovating marketing, as well as how
digital technology can effectively enhance the competitiveness of enterprises.

Based on the above research, this article will further propose a series of
targeted development strategy suggestions, aiming to guide steel enterprises on
how to efficiently utilize digital technology, promote their progress towards
intelligence and efficiency, and contribute wisdom and strategies to the
sustainable prosperity of the steel industry. This not only provides empirical
reference and theoretical support for the strategic planning of steel enterprises in
the process of digital transformation, but also sets an example for the digital
transformation practice of the business community.

Analysis of recent research and publications. Chinese researchers are
concerned about how companies can enhance their competitiveness through
digital transformation. Cui, C et al. pointed out that enterprises should develop
scientific digital transformation strategies based on their own characteristics,
optimize business processes, and improve operational efficiency by introducing

advanced information technology. Zaman, Q. U, and others explored how to use
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digital management tools to promote enterprise innovation. For example, by
establishing a digital R&D platform, enterprises can achieve collaborative
innovation across departments and fields, shorten product development cycles,
and improve innovation capabilities.

Some researchers in other countries believe that digital enterprises should
possess the following characteristics: Kovalchuk, Y. A., and others believe that
digital enterprises should have highly integrated information flow, flexible
production systems, intelligent decision support systems, and global market
expansion capabilities. In addition, digital management is divided into three
levels: strategic level, tactical level, and operational level, corresponding to the
enterprise's strategic planning, resource allocation, and daily operations [1, p.
33]. Jalgasovna, A.G. [2, p. 6587-6602] and others proposed that firstly,
enterprises should increase investment in information technology construction
and improve their level of information technology; Secondly, enterprises should
strengthen their data analysis capabilities and achieve data-driven decision-
making; Again, enterprises should promote intelligent production, improve
production efficiency and quality; Finally, enterprises should strengthen
networked collaboration and achieve optimized resource allocation.

The aim of the article is to assess the digital maturity level of Shandong
Iron and Steel in order to determine its ability to implement digital concepts,
integrate digital resources, support digital technologies, and apply digital
scenarios in key areas such as production, management, and marketing, as well
as to develop recommendations for the effective use of digital technologies to
enhance competitiveness, optimize business processes, and foster innovation.

Materials and methods. The materials of the research include: 1) the
regulatory and legal framework that governs the processes of digital
transformation and the implementation of digital technologies in the
metallurgical industry, particularly with regard to political, economic, social,

and technological aspects; 2) the works of scientists studying digital
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transformation in industry, particularly in the metallurgical sector, as well as the
issues of implementing digital technologies to enhance efficiency and
competitiveness of enterprises.

The following scientific methods were used during the research process:
theoretical generalization and grouping (to characterize the main components of
digital transformation in enterprises and digital management functions in the
metallurgy sector, as well as to identify key aspects influencing the effectiveness
of digital technology implementation); formalization, analysis, and synthesis (to
build a model of digital transformation using Shandong Iron and Steel Group as
a case study, as well as to create accounting information regarding the
implementation of digital technologies in production, management, and
marketing processes of the enterprise); PEST analysis (to assess the external
environment of the enterprise, particularly the political, economic, social, and
technological factors affecting the digital transformation processes in
metallurgical companies); logical generalization of results (to formulate
conclusions and develop recommendations for improving the digital
transformation strategy of metallurgical enterprises based on the theoretical and
practical outcomes of the study).

Presentation of the main material. Shandong Iron and Steel Group:
Shandong Iron and Steel Group Co., Ltd. (referred to as Shandong Iron and
Steel Group), with a registered capital of 12 billion yuan and total assets of
1858.36 billion yuan, is the largest special steel production base in China and an
important state-owned backbone enterprise in Shandong Province. It was
established in 2008 by Jinan Iron and Steel Group, Laiwu Iron and Steel Group,
Shandong Jinling Mining Company, Shandong Refractory Materials Group,
Shanxin Software Company, Shandong Zibo Yongfeng Company, Shandong
Zibo Zhanggang Company and other units under Shandong Metallurgical

Industry Corporation. It is a leading enterprise in China's special steel
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production [3]. The group has a total of 17 subsidiary companies and 2 A-share
listed companies.

The selection of cases plays a crucial role in conducting in-depth case
analysis. The selected case company should have representativeness, convenient
access to information and data, and high research value. The reason why
Shandong Iron and Steel Group was selected as the core research object in this
article is mainly based on two core considerations:

Firstly, Shandong Iron and Steel Group has a profound historical
background and early market development, and its status as a state-owned
enterprise gives it a unique position. The development history of this group can
be regarded as a miniature landscape of the overall development of China's steel
industry, and also represents the typical path of many steel enterprises [3]. The
many major strategic adjustments and reform measures taken by Shandong Iron
and Steel Group during critical periods deeply reflect the historical background
and economic environment at that time. Especially since the merger and
restructuring of Jinan Iron and Steel, Laiwu Iron and Steel, and affiliated units
of Shandong Metallurgical Industry Corporation in 2008, Shandong Iron and
Steel has risen to the leading position in the steel industry chain of Shandong
Province and entered the top ranks of domestic special steel production and
manufacturing. Therefore, in-depth analysis of the digital transformation path
adopted by Shandong Iron and Steel under the interweaving of multiple internal
and external factors is not only highly representative, but also provides valuable
reference and inspiration for other enterprises in the same industry.

Secondly, since its successful listing in 2004, Shandong Iron and Steel has
maintained a high degree of integrity and transparency in key data such as
financial status and operating information, providing researchers with sufficient
and easily accessible sources of information [4]. Especially its two major
holding subsidiaries, Laigang Co., Ltd. and Jinan Iron and Steel Co., Ltd. (i.e.
Shandong Iron and Steel Co., Ltd.), as the core forces driving the digital
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transformation of Shandong Iron and Steel, have successfully gone public,
allowing Shandong Iron and Steel Group to easily access various detailed
information about these two companies since their establishment. Based on the
dual advantages mentioned above, this article ultimately selects Shandong Iron
and Steel as a typical representative of the digital transformation field in the
steel industry for in-depth research, aiming to provide useful reference and
guidance for other enterprises in the steel industry through this case.

Shandong Iron and Steel Group, a major player in China’s steel industry,
operates within a dynamic environment shaped by various political, economic,
social, and technological factors. A PEST analysis was conducted to evaluate
the external environment in which Shandong Iron and Steel Group operates and
identify the key factors influencing its development strategy. Through the
analysis of political, economic, social, and technological factors, it is possible to
understand how government initiatives, economic trends, changes in consumer
social demands, and the latest technological innovations impact the company

(tabl. 1).

Table 1
PEST analysis of Shandong Iron and Steel Group
Political Economic
-The 2021 14th Five Year Plan and -93.9% of enterprises have planned

2035 Vision Goal Outline proposed to | digital transformation and continue to invest,
accelerate digital reform, promote the | with 24.5% of enterprises investing more than
integration of digital economy and real | 1% of their revenue. In 2022, enterprises
economy, and establish a digital China. invested 16.54 billion yuan, with an average
-The "14th Five Year Plan" for the | investment of 38.5 yuan per ton of steel, an
development of the digital economy by the | increase of 23.9%. The progress of data
State Council in 2022 clearly states that the | management is smooth, with 63.3% of
digital economy is the main economic form, | enterprises having established data governance
and proposes the goal of the added value of | organizations and dedicated teams, an increase
the core industries of the digital economy | of 12.2% year-on-year.
accounting for 10% of GDP by 2025. -Enterprises with a scale of over 5
-In 2023, the "Work Plan for Stable | million tons achieve seamless management
Growth in the Steel Industry' proposes to | and control, integrated production and sales,
promote high-end, green and low-carbon, | and seamless business and finance. 78.7% of
and digital transformation. The industry | enterprises utilize information technology to
development environment, industrial | optimize order scheduling, with smart
structure optimization, and industrial added | factories and centralized control centers
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value increase by more than 4%.

-In 2024, the State Council issued the
"Action Plan for Energy Conservation and
Carbon Reduction from 2024 to 2025",
which proposed three key tasks for the steel
industry: regulating production capacity,
adjusting product structure, and accelerating
energy-saving and carbon  reduction
transformation.

becoming a new trend, and 40% of enterprises
applying 3D simulation technology.

-Enterprises strengthen the
construction of ecological circles and promote
information sharing. 53.1% of enterprises
collaborate with suppliers on orders, 79.6%
experiment with big data models, and 18.4%
introduce Al 79.6% and 57.1% of enterprises
have  respectively  achieved intelligent
production management and intelligent
operation, enhancing their collaborative and
control capabilities.

Social

Technological

As of December 2023, the number of
Chinese netizens has reached 1.092 billion,
with an increase of 24.8 million and a
penetration rate of 77.5%. The huge number
of mobile Internet users has accelerated the
process of digitalization in China. The
digital economy meets the higher-level
needs of consumers, and intelligent
terminals and multi service mobile
information technology profoundly change
people's lifestyles and concepts, and also
encourage enterprises to provide new
services to stabilize the market.

Digital technology plays a significant
role in technological innovation and industrial
upgrading. China has made breakthroughs in
the field of artificial intelligence, covering
areas such as healthcare, transportation,
manufacturing, and agriculture. In terms of
Internet technology and e-commerce, China
has the largest number of users in the world,
with Alibaba, Tencent and other giants leading
the market. Emerging digital technologies
such as Al, big data, cloud computing, and the
Internet of Things provide technical support
and innovation opportunities for enterprises,
driving transformation and upgrading. But
with rapid technological updates, enterprises
need to maintain sensitivity and learning
ability, track new technological trends,
strengthen  independent  research  and
development, and enhance competitiveness.

Source: compiled by the author based on [3; 4]

The political landscape is influenced by China’s national plans, including

the 14th Five-Year Plan and the 2035 Vision, which emphasize the acceleration

of digital reform and the integration of the digital economy. These strategies

align with the steel industry's transformation goals, focusing on high-end, green,

and low-carbon production, while supporting digital advancements.

Economically, the steel sector is witnessing a significant shift toward

digital transformation. Enterprises are heavily investing in digital technologies,

with many achieving seamless management through the integration of smart

factories, big data, and AI. The rising focus on sustainability and carbon
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reduction, driven by national policies like the "Action Plan for Energy
Conservation and Carbon Reduction," presents both challenges and
opportunities for industry players.

Socially, China’s growing digital landscape, marked by over a billion
internet users, 1s reshaping consumer behavior and expectations. This trend
accelerates the adoption of digital solutions in business operations.
Technologically, innovations in Al, big data, and cloud computing are reshaping
industries and offering significant opportunities for upgrading production
capabilities. However, the rapid pace of technological advancements requires
enterprises to stay ahead in innovation and R&D to maintain competitiveness.

In this analysis, we examine how these factors interact to shape the
strategic direction of Shandong Iron and Steel Group, with particular focus on
its digital and green transformation efforts in response to the evolving political,
economic, social, and technological landscape.

Faced with the rapid development of the digital economy, Shandong Iron
and Steel Group seizes the historical opportunity of digital and intelligent
transformation in the steel industry. The management focuses on strategic
planning and overall planning, elevating digital transformation to an equally
important level as the enterprise's development strategy. A detailed overall plan
blueprint has been formulated, and continuous investment has been made to
implement digital transformation and upgrading projects, build the enterprise's
digital ecosystem, and promote high-quality development. According to the
2023 annual report of the group, the investment in digital upgrading and
transformation for the whole year reached 1.086 billion yuan, accounting for
1.2% of the annual operating income, and the investment per ton of steel was
54.3 yuan. At the same time, the application density of robots has significantly
increased, reaching an average of 65 units/10000 people, an increase of 45%
compared to the previous year. In addition, 90% of the ownership companies

have established enterprise manufacturing execution systems (MES), energy
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management systems, and environmental monitoring systems, achieving
effective linkage of control.

In order to promote digital transformation in the system, Shandong Iron
and Steel Group issued the "Outline of the Construction Plan for 'Smart
Mountain Steel" in 2020, which clarified the framework, path, and long-term
goals of digital transformation, and comprehensively optimized and
reconstructed production methods, organizational forms, application
technologies, and process flows. At the headquarters level, the group focuses on
the construction of "Digital Mountain Steel" and has built an intelligent decision
support platform to support the healthy operation of the "steel industry
ecosystem"; At the ownership company level, the focus is on smart
manufacturing, which has initially achieved the intelligent transformation of
production and operation. Through unremitting efforts in recent years, the group
has fully launched "cloud models" such as cloud office, cloud marketing, and
cloud settlement, promoting effective integration of internal and external
resources. Through vertical connections of data such as transactions, logistics,
and finance, the group has strengthened strategic cooperation with upstream and
downstream enterprises in the steel industry chain, and jointly built the basic
framework of the steel industry ecosystem.

In the field of cloud marketing, the group has achieved real-time
transmission and tracking of customer order information through a marketing
management system, effectively meeting customers' personalized needs for
products. In terms of smart manufacturing, the group focuses on the intelligent
upgrading of equipment, production, and services, and has cultivated a new
model of smart manufacturing that includes process digitization, process
flexibility, precise control, and less manual operation, significantly improving
production efficiency and product quality. For example, in a steel plant,

operators can achieve automatic control of the entire process of converter
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smelting by tapping the electronic display screen, greatly reducing manual
intervention and improving product quality.

Shandong Iron and Steel Group is well aware that the future development
of the steel industry cannot be separated from the support of digital
transformation. Therefore, Shandong Iron and Steel Group focuses on the
strategic goal of "digital steel" and has carefully built a full scenario digital
application intelligent manufacturing system of "point line surface circle". This
system fully utilizes the rich data resources and extensive application scenarios
of the steel industry, and promotes the process of digital brain replacement,
intelligent transformation, and model replacement through the construction of
innovative infrastructure. Shandong Iron and Steel Group has constructed an
integrated industrial control model for the entire steel process in a low-cost,
high-efficiency, and zero risk manner, achieving a leapfrog transformation from
traditional manufacturing to intelligent manufacturing and effectively promoting
the high-quality development of the steel industry.

In terms of the application of basic intelligent equipment, Shandong Iron
and Steel Group continues to expand the application fields of robots and
unmanned equipment. Shandong Iron and Steel Group has extensively adopted
advanced equipment such as continuous casting slag adding robots, temperature
measurement and sampling robots for ironmaking and steelmaking, automatic
inspection robots, spray welding robots, welding robots, unmanned cranes, and
unmanned material yards, effectively replacing high-risk, high labor intensity,
and high repetitive job positions. This measure not only reduces production
safety risks, but also significantly improves the intelligence level of the
production line.

In terms of digitalization practice on the production line, Shandong Iron
and Steel Group has established a fully automatic control system for production
processes such as raw materials, ironmaking, steelmaking, and steel rolling

using digital technology. By building an Al machine vision raw material particle
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size detection system, Shandong Iron and Steel Group has achieved intelligent
and automated ball making, greatly improving the qualification rate of ball
making. At the same time, the "Digital Simulation System for Blast Furnace
Ironmaking Process" independently developed by Shandong Iron and Steel
Group has successfully transformed the "closed iron can" of the blast furnace
into a visual model, providing accurate data support and intelligent decision-
making basis for ironmaking production. Since the system was put into use, the
consumption of blast furnace fuel has significantly decreased, bringing
considerable economic benefits to the enterprise.

In addition, Shandong Iron and Steel Group has successfully implemented
digital projects such as a fully automated "one click steelmaking" system,
intelligent control center, intelligent remote operation and maintenance system,
and order scheduling system. These projects not only improve the flexibility of
production organization and order delivery capabilities, but also achieve real-
time monitoring and intelligent maintenance of key equipment. By continuously
promoting the construction of smart steel plants, Shandong Iron and Steel Group
has achieved excellent results such as 100% CNC rate of key processes, 100%
product quality qualification rate, and industry-leading key economic and
technological indicators.

In terms of digital factory practice, Shandong Iron and Steel Group has
established the first centralized digital control center in the steel industry with
the widest business coverage of "intelligent manufacturing, operation, and
ecology" cluster style integration. The center has achieved comprehensive end-
to-end data asset integration and business process optimization, bringing
significant benefits to enterprises in shortening research and development cycles
and reducing processing costs. At the same time, Shandong Iron and Steel
Group actively promotes the construction of intelligent manufacturing factories
and has created multiple national level demonstration scenarios, which has won

widespread social recognition and praise for the enterprise.
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Finally, in terms of digitalization practices in the industrial chain,
Shandong Iron and Steel Group has extensively linked its member enterprises,
upstream suppliers, downstream users, and social resources to jointly build an
intelligent industrial ecosystem through application practices such as smart
marketing, smart logistics, and smart supply chain. Through the deep integration
of new generation information technologies such as the Internet of Things and
big data with the entire process of steel supply chain business, Shandong Iron
and Steel Group has built a smart supply chain with data sharing, intelligent
decision-making, multi-party collaboration, global visibility, and controllable
resilience. This measure not only achieves closed-loop control of various links
in the supply chain, but also enhances the digital collaboration mechanism
between enterprises and suppliers, customers, and partners, thereby improving
brand competitiveness.

Shandong Iron and Steel Group's digital transformation faces challenges

From a long-term perspective, digital transformation is undoubtedly an
effective path to improve operational efficiency and reduce operating costs for
enterprises [5, p.611]. However, in the short term, this transformation process
requires significant financial support. Taking Shandong Iron and Steel Group as
an example, it has invested up to 12 billion yuan in digital transformation over
the past decade to achieve comprehensive coverage of basic automation and
process automation, and to build an enterprise intelligent manufacturing
platform. In this process, whether it is the purchase of digital devices or the
construction and maintenance of digital platforms, it poses a severe test of the
financial strength of enterprises. Especially for small and medium-sized
enterprises with relatively tight funds and limited financing channels, the road to
digital transformation is even more difficult.

At the individual application level, the level of intelligence in the
production and manufacturing field still needs to be improved. Specifically, the

automation level of production planning and process control instructions is still
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insufficient, and some production control processes still require manual
intervention. In the production and manufacturing process, the maturity of
unmanned and less human substitution technologies needs to be improved. The
application distribution of industrial robots and unmanned intelligent driving
equipment is uneven, and the intelligent transformation of raw material systems
and coking systems still needs to be strengthened. In addition, in terms of
business management, the information system coverage of internal supply chain
management is not yet comprehensive.

In terms of comprehensive integration, with the increasing demand for
refined enterprise operation management, seamless integration between
marketing business and finance has become an urgent need. At the same time,
there is still significant room for improvement in the integration of enterprise
product design and production, as well as the integration of enterprise
management and control. In the field of integrated production and sales, the
proportion of automatic material application planning and automatic scheduling
orders needs to be further improved.

In terms of collaboration and innovation, there is still room for
improvement in the overall level due to differences in the group's product
structure and operational model. The understanding of customer needs in the full
cycle management and control of manufacturing and service is insufficient, and
the construction of industrial Internet platform and the collaborative application
of industrial chain need to be strengthened. The application of big data and
artificial intelligence technology in the steel industry is still in its early stages,
and the matching degree between technology and actual needs needs needs to be
improved. In terms of industrial chain integration, although some enterprises
have achieved information sharing and communication internally, the deep
integration and innovation of business still need to be strengthened.

The difficulty of data integration has become a major obstacle to the

digital transformation of Shandong Iron and Steel. The steel production process
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is complex and diverse, involving multiple processes such as raw material
transportation, storage, feeding to coking, ironmaking, steelmaking, continuous
casting, steel rolling, as well as auxiliary facilities such as energy and power,
environmental protection treatment, inspection and measurement. How to
effectively collect and analyze massive amounts of data in the production
process has become a major challenge. In addition, there are still obstacles to
information exchange and integration between internal information systems of
enterprises, and data barriers and islanding phenomena restrict the full mining
and utilization of data, which in turn affects the deepening of digital
transformation and the overall improvement of operational efficiency.

The shortage of digital talents, as composite talents covering multiple
fields such as data technology, information technology, communication
technology, and operation technology, is widespread in China. According to the
"Research Report on the Development of China's Digital Economy: New Forms,
New Models, and New Trends" released by the Policy and Economic Research
Institute of the China Academy of Information and Communications
Technology, the shortage of digital talents in China will reach 15.6 million in
2023. This huge talent gap not only exacerbates the difficulty of recruitment for
enterprises, but also drives up labor costs. At present, the cultivation of digital
talents in China is still in its infancy, and the relevant curriculum system is not
yet perfect. Therefore, even if enterprises undergo digital transformation, they
may not be able to efficiently utilize digital technology equipment due to a
shortage of talent. At the same time, the high cost of talent further limits more
companies from engaging in the wave of digital transformation.

Looking ahead to the future, competition in the steel industry will
increasingly evolve into competition between enterprise ecosystems [6, p.6440].
Shandong Iron and Steel Group, with its market leadership and appeal, is
committed to building and efficiently operating a digital ecosystem. By using

the data storage and processing capacity provided by digital technology and the
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physical basis of industrial Internet, the Group designs and operates various
application software on the basis of data opening and sharing, and opens it to
enterprises in the ecosystem. This not only provides relevant enterprises with the
necessary business information, product information, and services, but also
promotes collaborative cooperation within the ecosystem and improves the
production and operation efficiency of the entire ecosystem.

However, Shandong Iron and Steel Group also faces many challenges in
the process of digital transformation. Although its transformation advantages are
obvious, there are still problems such as uneven level of intelligent
manufacturing, low degree of system integration, single variety of intelligent
device applications, and insufficient high-end compound talents. In response to
these issues, the group will continue to increase investment, strengthen talent
cultivation and introduction work, and promote digital transformation to expand
to deeper levels and wider fields. The key to achieving sustained growth and
change in the industry lies in actively cultivating and strengthening emerging
driving forces. Shandong Iron and Steel Group, given its enterprise
characteristics of diverse product types, complex process flow, significant
energy consumption, and difficulty in quality control, has gained a deep
understanding of the development of digitalization and intelligence, carefully
drawn up a blueprint for the development of the company's digital capabilities,
and formulated the "Digital Intelligence Mountain Steel" construction plan
outline as a grand blueprint for its intelligent transformation.

In recent years, with the deepening development of technological
revolution and industrial transformation, the digital economy has become a new
engine for promoting high-quality economic development. Shandong Iron and
Steel Group actively responds to the call of the times, taking smart management
and intelligent production as breakthroughs, and comprehensively accelerates
the process of enterprise digital transformation. Relying on the existing

information technology foundation, the group fully utilizes the information
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potential of key production equipment and mechanical instruments to achieve
information interconnection and sharing between process flows, laying a solid
foundation for the deep integration of digital technology. Since the launch of
digital transformation in 2019, Shandong Iron and Steel has made significant
progress in both depth and breadth. By 2023, the digitalization rate of the main
process of steel production and manufacturing has reached 88.7%, of which
more than 70% of the ownership subsidiaries have achieved digital
transformation of core processes and equipment. The digitalization level of the
enterprise has significantly improved, and key architectures such as modern data
resource system, digital transformation of production system, and digital
transformation of enterprise ecosystem have been initially constructed. The steel
production process has been streamlined, marketing layout optimized, and cost
controllable, successfully reshaping the traditional image of the steel industry.

Starting from the strategic perspective of the group, Shandong Iron and
Steel Group has clarified the four basic requirements that intelligent production
should follow: "able to release, able to enter, visible, and manageable", as well
as the basic principles of "unified planning, unified standards, hierarchical
management, and hierarchical investment". At the same time, two core
construction paths of "intelligent production and intelligent management" have
been established to comprehensively accelerate the in-depth implementation of
the group's intelligent manufacturing.

In the field of intelligent production, the group closely focuses on its own
characteristics and 1s committed to building a smart and transparent new
metallurgical factory. By implementing a five tiered construction path of
"intelligent equipment, intelligent units, intelligent production lines, intelligent
factories, and intelligent companies"”, a closed-loop intelligent manufacturing
system has been gradually constructed, achieving comprehensive intelligence

from production to marketing, and then to the supply chain.
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In terms of intelligent management, in view of the bottleneck problems in
the informatization construction of traditional manufacturing enterprises, such as
inconsistent platforms, incomplete coverage, low data utilization, and poor
interaction, the Group has built a cross tiered, cross system, and cross
production line intelligent manufacturing industrial Internet system by breaking
the barriers of systems, businesses, and upstream and downstream. This system
is linked by core elements such as production, supply, sales, personnel, finance,
and materials, promoting the construction of a unified central digital center and
regional platforms for subsidiary companies, and achieving optimized allocation
of manufacturing resources.

In addition, Shandong Iron and Steel Group attaches great importance to
the digital transformation of core processes, and has achieved the intelligent
upgrading of basic equipment by promoting the supplementation and
improvement of sensors in production sites, the widespread application of
industrial robots and intelligent devices. On this basis, advanced technologies
such as big data and artificial intelligence have been utilized to build an
industrial Internet of Things platform, achieving comprehensive interconnection
between people, equipment, and information. This not only optimizes the
control of the production process, but also builds intelligent, less manned, and
unmanned production workshops and intelligent production lines for each
branch, significantly improving the production efficiency and product quality of
the enterprise.

The digital transformation of Shandong Iron and Steel Group has shown
initial results. At the end of 2022, the group was successfully selected as the
unveiling unit of China's National Intelligent Manufacturing Demonstration
Factory; From 2021 to 2023, the Group and its affiliated companies have a total
of 7 intelligent manufacturing demonstration plants, 17 excellent scenes of
intelligent manufacturing and 5 industrial Internet pilot demonstration projects

included in the "Intelligent Manufacturing Pilot Demonstration" and "Industrial
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Internet Pilot Demonstration" lists of the Ministry of Industry and Information
Technology of China. In the field of intelligent manufacturing of steel, the group
has applied for a total of 786 relevant patents and obtained 3 national key
research and development plans; At the same time, it has also won 39
metallurgical science and technology awards, including 17 first prizes and 22
second prizes. These achievements not only demonstrate Shandong Iron and
Steel Group's leading position in digital transformation, but also lay a solid
foundation for its future high-quality development [4].

By building an efficient and closely integrated upstream and downstream
ecosystem, Shandong Iron and Steel Group has achieved comprehensive
information sharing. By utilizing advanced methods such as data analysis and
personalized customization, we accurately connect and meet the diverse needs
of consumers, thereby providing higher quality products and services. At the
same time, Shandong Iron and Steel Group actively interacts with customers,
jointly promoting product innovation and achieving significant improvements in
product performance. According to authoritative data, the proportion of online
collaborative orders between Shandong Iron and Steel and its upstream and
downstream partners has reached 65.3% of the total enterprise orders, an
increase of 11 percentage points compared to the previous year.

Conclusions from the conducted research. This article delves into the
production development dynamics of Shandong Iron and Steel Group in the
context of the digital economy era and provides a comprehensive analysis. The
article believes that digital transformation has become the core path for the
development of metallurgical enterprises. By building a digital platform,
implementing intelligent control management, and promoting the intelligence of
safety production, enterprises can significantly enhance their competitiveness,
optimize management processes, and effectively reduce production costs.

Shandong Iron and Steel Group has achieved significant results in exploration
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and practice in this field, providing valuable experience and reference for the
metallurgical industry.

Digital technology has had a profound impact on the production,
operation, and management models of metallurgical enterprises. In order to
adapt to this trend, enterprises must develop clear strategic plans, build
comprehensive digital platforms, and actively learn from the successful
experiences of other enterprises to accelerate their own digital transformation
process. This article adopts a case study method and constructs a four-
dimensional theoretical framework based on "digital concept implementation,
digital element integration, digital technology support and digital system
integration, and digital scene application" through in-depth analysis of practical
cases of Shandong Iron and Steel Group. This framework provides important
reference for the development evaluation of metallurgical enterprises.

Looking ahead, the digital transformation of metallurgical enterprises will
be a long-term and arduous task. Enterprises need to strengthen their
independent software research and development capabilities, optimize
technology applications, deepen the integration of data and equipment, clarify
strategic goals and implementation paths, in order to consolidate and enhance
their competitive advantages. Only in this way can metallurgical enterprises
stand 1invincible in the digital economy era and achieve sustainable

development.
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