Ha pbIHOK KW1JThsl OKa3bIBACT BIMSHUE MHOXKECTBO (DaKTOPOB - (DAKTOPHI TOC-
YIAPCTBEHHOTO PETYIIMPOBAHUS PBIHKA HEIBWKHUMOCTH, OOIIEIKOHOMMYC-
CKasl CUTyalusi, MUKPOOKOHOMUYECKAsA CUTYalUsl, COLMAIbHOE MOJI0KEHHUE,
HKOJIOTUYECKOE TMOJOKEHUE Ha MECTHOCTU. OCHOBHBIE COCTABIISIOIINE PbI-
HOYHOM IIEHBI JKWIbS - 9TO 3aTPaThl Ha CTPOUTEIBHO-MOHTAXKHBIE PaOOTHI
(CMP), noakiitoueHUE K MHKEHEPHBIM CETSIM, MOIyYeHHE pa3pelInTeIbHOM
JOKYMEHTAIMHU, apeHAy WIM MOKYIKY 3€MEeJIbHOro ydacTka, MpUObLIb 3a-
CTpPOMIIMKOB. B CBA3U ¢ 3TUM, OCHOBHBIE€ CIIOCOOBI AKTUBU3ALMH SKUIIUIIL-
HOTO cTpoutenbcTBa B PecnyOnuke benapych OynyT ocHOBaHBI Ha paspa-
00TKe YPPEKTUBHBIX MEXaHU3MOB UX PEIICHUS — CHUKEHUU CTOMMOCTH KH-
Jbsi B MPOIIECCE CTPOMUTENHCTBA M AKTMBM3ALMU PhIHKA ycajaeOHOU 3a-
CTPOMKH, NMPUBJICUCHUE UHBECTOPOB B pPEAIM3AIMI0 CTPOUTEIHCTBA OObEK-
TOB HEABMKUMOCTH M WCIOJIb30BAHHE KPEIUTHBIX PECypcoB OAHKOB, OaH-
KOBCKHMX IPOrPaMM MO YMEPEHHBIM MPOILEHTHBIM CTaBKaM.
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APPLICATION AND CHALLENGES OF DIGITAL
TRANSFORMATION IN GREEN SUPPLY CHAIN MANAGEMENT

Abstract: In the context of global climate change, green supply chain
management (GSCM) has become an important strategy for enterprises to
improve environmental performance, optimize resource allocation, and re-
duce operational costs. Digital transformation, as a core driver to improve
the efficiency and transparency of supply chain management, is driving sup-
ply chain innovation and green development globally with the help of tech-
nologies such as big data, Internet of Things (IoT), and Artificial Intelligence
(AI). However, enterprises face multiple challenges such as technology inte-
gration, capital investment and data security in the process of implementing
digital transformation. In this paper, we analyze how digital transformation
can help the implementation of green supply chain management, and discuss
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the main challenges and solution strategies in the current application by com-
bining domestic and international cases from multiple industries. The study
shows that digital transformation can effectively promote the efficient oper-
ation of green supply chain, help enterprises reduce carbon emissions, im-
prove resource utilization efficiency, and play an important role in sustaina-
ble development strategy.

Keywords: Digital transformation; green supply chain management;
big data; internet of things; artificial intelligence; carbon emissions; sustain-
able development; technological innovation

1. Introduction

With the aggravation of global climate change and the increasingly
serious problems of resource shortage and environmental pollution, the con-
cept of green economy has been widely promoted worldwide. In this context,
Green Supply Chain Management (GSCM), as a management model inte-
grating environmental protection requirements and supply chain optimiza-
tion, has gradually become an important strategy for enterprises in various
countries to cope with environmental pressure and enhance competitiveness.
The core of green supply chain lies in the efficient use of resources and min-
imization of environmental pollution through low-carbon, energy-saving and
environmentally friendly technical means in all aspects from production, dis-
tribution to waste recycling.

Meanwhile, digital transformation plays an important role in green
supply chain management as an important way for enterprises to improve
management efficiency and enhance competitiveness. Digital technology,
especially the application of big data, Internet of Things (IoT) and artificial
intelligence (Al), can provide real-time data support and intelligent decision-
making in all aspects of the supply chain, and provide technological guaran-
tee for enterprises to achieve green goals. However, in the process of digital
transformation, enterprises still face many challenges such as technology ad-
aptation, initial capital investment, and data security. Therefore, it is of great
significance to discuss the current situation, challenges and solutions of dig-
ital transformation in green supply chain to promote the sustainable devel-
opment of global green supply chain.

2. Relationship between digital transformation and green supply
chain management

Digital transformation greatly improves the efficiency and transpar-
ency of green supply chain management through the application of emerging
technologies. Big data technology helps enterprises extract valuable infor-
mation from large amounts of complex data to provide decision support for
green supply chain management. For example, Amazon uses big data analy-
sis to predict consumer demand so as to optimize the warehousing and dis-
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tribution process and reduce the waste of resources in the transportation pro-
cess. According to Amazon's 2019 report, its carbon emissions were reduced
by about 13% by optimizing logistics through big data technology [1]. Uni-
lever and other multinational companies also use big data to track and ana-
lyze the whole process of products from production to transportation, accu-
rately calculate the carbon footprint, and optimize supply chain links through
data to effectively reduce resource consumption and environmental impact
[2]. IoT technology deploys sensors in each link of the supply chain to realize
real-time monitoring and data collection of environmental impact and re-
source consumption, which provides timely data support for green supply
chain management and enables companies to make more accurate decisions.
For example, FedEx, the world's leading express delivery company, intro-
duced IoT technology in its transportation network to achieve intelligent dis-
tribution. FedEx's data shows that its transportation efficiency has been im-
proved by 15% and carbon emissions have been reduced by about 12%
through IoT technology [3]. The application of artificial intelligence technol-
ogy in the production process makes the production process more delicate
and efficient. Siemens optimizes its production line through Al and is able to
intelligently adjust the operation of equipment according to production de-
mand, thus reducing energy consumption and waste emissions. According to
Siemens' data in 2018, the introduction of artificial intelligence technology
has reduced energy consumption in the production process by about 10% and
waste emissions by 15% [4]. In summary, the widespread application of dig-
ital technologies such as big data, IoT and Al significantly improves the ef-
ficiency of green supply chain management, reduces resource waste, and
lowers environmental impacts, fully demonstrating the key role of digital
transformation in advancing the Sustainable Development Goals (SDGs).

3. Examples of the application of digital transformation in green
supply chain management

Examples of the application of digital transformation in green supply
chain management are rich and diverse, fully demonstrating the key role
played by emerging technologies in promoting sustainable development.
Alibaba's Cainiao Network has significantly reduced logistics costs and en-
vironmental impacts by applying big data and artificial intelligence technol-
ogies to intelligent scheduling and path optimization of its global logistics
network. According to Cainiao Network, carbon emissions from its transpor-
tation have been reduced by 20% through intelligent scheduling, while the
overall operational efficiency of the supply chain has been improved [5].
Similarly, Jingdong has introduced Al and big data technologies into its lo-
gistics system to optimize delivery routes and reduce idling rates. in 2019,
Jingdong successfully reduced transportation costs by 15% and cut carbon
emissions by about 18% through its intelligent logistics platform [6]. This
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innovative practice not only improves Jingdong's operational efficiency in
logistics, but also provides solid support for the realization of a green supply
chain. In addition, European multinational corporations have similarly fo-
cused on the sustainable development of green supply chains in the process
of promoting digital transformation. According to a report by the European
Commission, Philips in the Netherlands has successfully reduced resource
consumption by 10% and lowered carbon emissions in its supply chain by
17% through real-time monitoring of the product life cycle with IoT technol-
ogy [7]. These cases show that digital technologies are remarkably effective
in optimizing supply chain management, reducing resource wastage and
lowering environmental impacts, and driving enterprises to transition to a
greener and more sustainable development model.

4. Key challenges to digital transformation

Digital transformation shows great potential in green supply chain
management, however, there are still many challenges in its implementation.
Supply chain management systems vary significantly across enterprises,
which makes the adaptation and integration of digital technologies compli-
cated, especially in small and medium-sized enterprises, where new digital
technologies (e.g., big data, artificial intelligence) have a longer adaptation
cycle due to the obsolescence of existing management systems [8]. In addi-
tion, the high initial investment required for digital transformation is an im-
portant hurdle for enterprises to overcome. The introduction of big data plat-
forms, IoT devices, and Al technologies requires a large amount of initial
capital, which can constitute a heavy financial burden for many enterprises,
especially small and medium-sized enterprises [9]. At the same time, with
the widespread use of digital technologies, data security and privacy protec-
tion issues are becoming increasingly prominent. How to ensure data secu-
rity and privacy protection when enterprises process and store massive
amounts of data has become an urgent challenge, and data leakage or misuse
not only seriously affects the reputation of the enterprise, but also may bring
huge economic losses [10].

In addition, despite the many opportunities brought by digital trans-
formation, enterprises still face the dilemma of shortage of technical talents
in the implementation process. Especially in the field of emerging technolo-
gies such as artificial intelligence and big data, the demand for qualified tal-
ents far exceeds the supply, which has become a major bottleneck in enter-
prise transformation [11].

In summary, technology adaptation and integration, high initial invest-
ment, data security and privacy protection, and talent shortage are the main
challenges faced by digital transformation in green supply chain manage-
ment, and enterprises need to attach great importance to the process of digital
transformation and take effective countermeasures.
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5. Policy recommendations and future perspectives

In order to accelerate the implementation of digital transformation in
green supply chain management, policy makers should take the following
measures:

Policy support from governments

Governments should support enterprises to make digital transfor-
mation, especially investment in green areas, through tax incentives and fi-
nancial subsidies. In addition, governments should help enterprises assess
the transformation effect and improvement direction through a standardized
green supply chain assessment system [12].

Technological Innovation and International Cooperation

Technological innovation is a key driver of digital transformation, and
the government should increase its support for green technology research
and development. At the same time, international technology sharing and co-
operation can accelerate the promotion of digital technology on a global
scale [13].

Strengthening Talent Cultivation and Introduction

The government and enterprises should make joint efforts to solve the
shortage of technical talents. By strengthening education and training and
career development programs, a group of composite talents familiar with
digital transformation and green supply chain should be cultivated to support
the transformation process of enterprises [14].

6 Conclusion

Digital transformation provides unprecedented opportunities for green
supply chain management, however, it still faces various challenges in the
application process, such as technology adaptation, capital investment, data
security and talents. Through policy support, technological innovation and
international cooperation, enterprises can achieve green goals in digital
transformation, thus promoting the development of global supply chains in
a more sustainable direction. In the future, with the continuous advancement
of technology and the deepening of global cooperation, digital transfor-
mation will play an even more important role in green supply chain manage-
ment.
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BJIMAHUE CUCTEMBbI YIIPABJIEHUA YEJIOBEYECKUMUA
PECYPCAMM HA ITPOU3BOIUTEJIBHOCTD
N PE3YJIBTATUBHOCTD PABOTbI

Brusiaue yripaBieHus 9eT0BEYCCKUMH PECypCcaMy Ha H3MEHEHHE 00-
et 3GpGeKTUBHOCTH pabOTHl MPEATPUATHS COBEPIIIEHHO O4YeBUAHO. Ecim
MEHSIOTCSl YEJIOBEYECKUE PECYpPChl MPeanpusaTus, To 3h(HEeKTUBHOCTH pa-
OOTBI 00S3aTEIILHO U3MEHUTCS.
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