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Abstract: Faced with the dual pressures of increasingly scarce global resources and worsening en-
vironmental problems, achieving rational allocation of resources and sustainable development of
supply chains has become a key challenge for enterprises. By improving resource utilization effi-
ciency and reducing unnecessary consumption, resource optimization can help reduce operating
costs and also promote environmental protection. The sustainable development of the supply chain
requires balancing corporate social responsibility and environmental impact while pursuing eco-
nomic benefits. This article analyzes the current situation and challenges of resource optimization
and sustainable development of supply chains, pointing out issues such as resource waste, high
carbon emissions, and supply chain vulnerability. By implementing green and low-carbon supply
chains, enhancing supply chain resilience, and strengthening stakeholder cooperation, enterprises
can maximize resource utilization, reduce the burden of environmental pollution, and improve the
stability and risk resistance of their supply chains, thereby contributing to the achievement of sus-
tainable development goals.

Keywords: resource optimization; supply chain management; sustainable development; green sup-
ply chain; elastic management

1. Introduction

With the gradual shortage of global resources, the pressure on the environment is
also increasing, which requires us to allocate resources more efficiently and ensure the
sustainable development of the supply chain. While pursuing maximum profit, enter-
prises must face challenges such as resource waste, environmental pollution, and supply
chain vulnerability. How to promote efficient utilization of resources and ecological pro-
tection while ensuring economic growth has become a key issue in supply chain manage-
ment. This article deeply analyzes the connotation of resource optimization and sustaina-
ble development of the supply chain, and proposes specific implementation strategies to
help enterprises achieve sustainable development goals in complex and changing market
environments.

2. Overview of Resource Optimization and Sustainable Development of Supply
Chain

2.1. Definition of Resource Optimization

Under the condition of limited resources, resource optimization aims to fully tap into
the potential of resources through scientific layout, efficient utilization, and continuous
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improvement. This concept covers the rational arrangement and efficient allocation of dif-
ferent types of resources such as materials, energy, time, and funds. The essence of re-
source optimization lies in implementing refined management, reducing losses, improv-
ing efficiency, and ensuring the continuous supply of resources [1]. The purpose is to seek
the optimal balance between resource input and output, and to help enterprises maintain
their advantageous position in the ever-changing market competition. The application of
resource optimization is not limited to the production field, but also extends to multiple
aspects such as supply chain management, product development, logistics transportation,
etc., to ensure the sustainable utilization of resources and minimize environmental impact.

2.2. Definition of Sustainable Development in Supply Chain

Sustainable development of the supply chain refers to paying attention to the impact
of the entire supply chain on the natural environment and fulfilling social responsibilities
while ensuring economic benefits. This concept advocates minimizing resource consump-
tion and ecological damage in multiple aspects, such as raw material procurement, prod-
uct manufacturing, logistics distribution, and product sales, in order to promote the har-
monious progress of the social economy [2]. This management strategy covers multiple
aspects, such as environmental procurement, low-emission logistics, green product de-
sign, and resource recycling to ensure the long-term development and market competi-
tiveness of the enterprise, while leading the improvement of the entire industry ecology
and social responsibility. The core concept is to achieve a balanced development between
economic interests, ecological protection, and social responsibility [3].

2.3. Relationship between Resource Optimization and Sustainable Development of Supply Chain

There is a close correlation between the efficient allocation of resources and the sus-
tainable development of the supply chain. By optimizing the allocation of resources, the
supply chain can create maximum value under limited resource conditions, thereby sup-
porting a win-win situation between economic growth and ecological protection. The sus-
tainable development of the supply chain promotes the implementation of optimized re-
source allocation at the overall level, emphasizing the comprehensive consideration of the
rationality of resource utilization and the necessity of environmental protection in meet-
ing production needs. These two complement each other, and the optimized allocation of
resources constitutes the material basis for the sustainable development of the supply
chain. The sustainable development of the supply chain utilizes a systematic perspective
to ensure that resource optimization is implemented throughout the entire supply chain
process, thereby promoting balanced growth of enterprises in economic benefits, environ-
mental protection, and social responsibility [4].

3. Analysis of the Current Situation of Resource Optimization and Sustainable Devel-
opment of Supply Chain

3.1. Resource Waste and Inefficient Utilization

At present, many enterprises have significant waste in resource utilization, especially
in production and supply chain operations. This waste of resources is mainly reflected in
the excessive consumption of raw materials, unreasonable use of energy, and excessive
accumulation of inventory. In specific production stages, machine malfunctions, pro-
longed downtime, and inappropriate production scheduling prevent resources from be-
ing maximally utilized. In the logistics process, unreasonable transportation routes and
inaccurate warehouse management also exacerbate resource waste [5]. Some companies
fail to fully consider the efficiency of resource utilization in product design and lifecycle
control, resulting in the generation of a large amount of non-recyclable waste. Despite the
introduction of advanced technology and management methods, the problem of low re-
source utilization efficiency still exists widely. The resource utilization efficiency can be
expressed by the following formula:
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Among them, R,; represents resource utilization efficiency, R,.q is the actual
amount of resources used, and Ry, is the total amount of resources. Currently, the re-
source utilization efficiency R of many enterprises is lower than expected, indicating
deficiencies in resource management and utilization. These inefficient uses result in in-
creased costs for businesses and additional pressure on the environment.

3.2. High Carbon Emissions and Environmental Pollution in the Supply Chain

In supply chain management, the challenges of high carbon emissions and environ-
mental pollution remain significant. Enterprises often rely on traditional high-pollution
and high-energy-consuming technologies and equipment in multiple aspects, such as pro-
duction, logistics, transportation, and item storage. Especially in long-distance transpor-
tation and complex supply chain operations, the carbon emissions in the logistics process
are particularly prominent. Many enterprises have failed to effectively implement green
supply chain management and lack in-depth assessments of environmental impacts, re-
sulting in inadequate emission management. In the manufacturing industry, excessive use
of energy leads to massive emissions of pollutants and low efficiency in resource recycling
and waste disposal. Some companies have insufficient awareness of their environmental
responsibility, making it difficult to meet increasingly strict environmental standards,
leading to further deterioration of environmental pollution problems. The calculation of
carbon emissions can be expressed by the following formula:

Cemission = Xi=1(Ei * F}) ()

Among them, Cepission iS the total carbon emissions, E; is the energy consumption
of the i-th link, F; is the carbon emission factor of that link, and n is the number of links
in the supply chain. Many companies have carbon emissions that far exceed environmen-
tal standards and are difficult to control. In many links of the supply chain, specific data
on energy consumption and emissions have not been accurately tracked, resulting in some
key carbon emission issues not receiving the attention they deserve.

3.3. Vulnerabilities in Supply Chain Management and Difficulties in Resource Security

Currently, the vulnerability of supply chain management is becoming increasingly
prominent, especially in the context of globalization and market demand fluctuations. The
complexity of supply chain composition makes it difficult for enterprises to quickly grasp
accurate information, thereby weakening their ability to respond to emergencies. External
factors such as natural disasters and epidemics can cause supply chain disruptions, logis-
tics stagnation, and raw material shortages. The high dependence on key resources in the
globalized supply chain has made it difficult for some enterprises to obtain resources. The
fluctuations in raw material prices, unstable energy supply, and restrictions on interna-
tional transportation are further exacerbating the issue of resource security. The difficulty
of collaborative operations among enterprises in a multi-link supply chain also hurts the
efficiency of resource allocation.

3.4. Insufficient Collaboration among Stakeholders and Limitations in Supply Chain Integration

The stakeholders in the supply chain include suppliers, manufacturers, distributors,
and consumers, and insufficient collaboration between different entities is a common
problem. Many companies often lack transparent information sharing when establishing
cooperative relationships with suppliers, resulting in inconsistent goals and deviations in
executing plans. Participants in the upstream and downstream of the supply chain have
varying levels of awareness and investment in sustainable development, and some small
and medium-sized enterprises have limited influence in the process of resource integra-
tion, making it difficult to achieve standardized consistency. Consumers' pursuit of envi-
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ronmentally friendly products is not fully reflected in market behavior, which has an im-
pact on the efforts to promote supply chain integration. The different laws and regulations
in different regions also bring additional complexity to the synchronous coordination of
cross-border supply chains.

4. Implementation Path for Resource Optimization and Sustainable Development of
Supply Chain
4.1. Improve Resource Utilization Efficiency

To address the issues of resource waste and inefficiency, enterprises must focus on
upgrading their supply chain management processes in all aspects to achieve maximum
resource utilization. In the manufacturing phase, fine production and automated manu-
facturing technologies are introduced to track resource consumption in real-time, improve
manufacturing processes, and prevent excessive consumption of energy and raw materi-
als. During transportation, intelligent scheduling strategies and route adjustments are
used to reduce empty trips and unnecessary logistics transportation. In terms of ware-
house management, automated facilities and inventory management software are used to
finely manage inventory and prevent resource surplus. For example, an electronic prod-
uct manufacturer found that some high-energy-consuming equipment on the production
line was running inefficiently for a long time when examining resource efficiency.
Through the application of industrial Internet technology, the enterprise realized the real-
time monitoring of equipment status and production data, and improved the production
plan and equipment use mode, thus significantly improving the efficiency of resource use
and effectively reducing the waste of raw materials. The efficiency of resource utilization
can be quantitatively evaluated through the following formula:
Z?=1(fused,t‘wi'Ti) 3)
Yi=1Reotati

Among them, Reff represents the comprehensive resource utilization efficiency,
Ryseq, 1 is the actual effective resource amount used in the i-th link, W; is the resource
utilization weight of that link, T; is the resource conversion efficiency coefficient, R;ptq;;
is the total resource input of the i-th link, and n is the total number of links in the supply
chain. The calculation method of resource utilization efficiency can comprehensively re-
flect the resource utilization status of the supply chain. By comparing the actual effective-
ness of resource input and link conversion, enterprises can identify the key links of re-
source loss.

Rerp =

4.2. Promote Green and Low-Carbon Supply Chain

To address the issues of high carbon emissions and environmental pollution in the
supply chain, enterprises need to build a low-carbon and environmentally friendly supply
chain system, and comprehensively reduce carbon emissions at all stages. In the manu-
facturing process, environmentally friendly production technologies are adopted to re-
place traditional polluting energy sources, such as using solar and wind energy technolo-
gies to reduce dependence on traditional energy sources, while improving production
processes to reduce pollutant emissions. During transportation, low-carbon emission
transportation tools such as electric vehicles, liquefied natural gas trucks, and railway
freight are adopted, and energy consumption is reduced through intelligent route optimi-
zation. In terms of warehouse management, promote the use of energy-saving equipment
and optimize warehouse layout to reduce unnecessary energy losses. For example, a cer-
tain automobile manufacturing company has implemented a green transformation plan
to address carbon emissions in its supply chain. The enterprise is gradually introducing
green energy into the manufacturing workshop and implementing technological innova-
tions in high-energy-consuming machinery and equipment to reduce energy consump-
tion. The carbon emissions can be expressed by the following improved formula:
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Among them, C.pission 15 the total carbon emissions of the supply chain, E; is the
energy consumption of the i-th link, F; is the carbon emission factor of the i-th link, R;
is the green technology improvement coefficient of the i-th link, reflecting the degree of
energy efficiency improvement, «; is the proportion of renewable energy in the i-th link,
reflecting the use of clean energy, and n is the total number of links in the supply chain.
This formula comprehensively considers the improvement of green technology and the
proportion of renewable energy, and quantifies the potential for supply chain emissions
reduction.

4.3. Enhance Supply Chain Resilience and Risk Management Capabilities

Faced with weak links and risk challenges in the supply chain, enterprises should
establish multi-level risk warning and emergency management mechanisms, use digital
technology to dynamically monitor the entire supply chain process, in order to quickly
detect and deal with potential threats, and allocate resources reasonably. The key is to
achieve a diversified configuration of supply chain architecture, reducing the risk of sup-
ply interruption caused by a single point of failure by diversifying procurement sources
and logistics channels. Enterprises need to regularly conduct risk simulations and stress
assessments to identify and strengthen weak links in the supply chain. For example, a
food processing enterprise adopted a supply chain monitoring system during the COVID-
19 epidemic, which can track the supply of raw materials and logistics distribution in real
time. When suppliers in a certain region are unable to supply due to lockdown policies,
the system can quickly dispatch supplier resources from other regions, ensuring the un-
interrupted supply chain of raw materials. In order to gain a more intuitive understanding
of specific measures to enhance supply chain resilience and risk management capabilities,
Table 1 summarizes relevant practices.

Table 1. Implementation Measures and Scenarios for Supply Chain Elasticity and Risk Manage-
ment.

Implementation sce-

measure specific content .
nario

Monitor the entire process dynamics Real-time monitoring of raw
Digital monitoring of the supply chain through the Inter- materials, inventory, and lo-

net of Things and big data technology. gistics status
Diversified supply Increase suppliers and logistics chan- Multi-supplier strategy for
chain layout nels to avoid single dependence key raw materials

Maintain a certain proportion of criti- Dealing with material short-
cal raw material inventory and plan  ages caused by unexpected
flexible production capacity. events
Upstream and  Establish a supply chain collaboration Collaborative planning and
downstream infor- platform to improve transparency and data sharing between suppli-
mation sharing synergy ers and customers
Conduct supply chain fracture sce- Test the supply chain re-

Key resource re-
serves

Risk simulation . . o e
. mnario analysis and recovery capability sponse capability under natu-
and stress testing ) .

assessment ral disasters or emergencies

Through these measures, enterprises can strengthen the risk resistance capability of
their supply chain from multiple dimensions, ensuring stable operation in complex envi-
ronments. These practices provide clear action directions and optimization plans for en-
terprises to address weak links in the supply chain.
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4.4. Strengthen Stakeholder Collaboration and Supply Chain Integration

Stakeholder collaboration and supply chain integration require the establishment of
an information-sharing platform, the development of unified collaboration goals, and the
implementation of improved resource allocation strategies. Through information technol-
ogy collaboration systems, enterprises closely connect upstream and downstream enter-
prises, logistics suppliers, and distribution channels in the supply chain, promoting trans-
parency and real-time information sharing, and ensuring that all links make decisions
based on consistent information sources. It is also necessary to establish standardized pro-
cesses and systems between enterprises to reduce the difficulty of communication be-
tween them. In terms of supply chain integration, enterprises should achieve more effi-
cient integration results through collaborative planning, resource sharing, and joint re-
sponse to market changes. For example, a production-oriented enterprise can establish a
unified collaboration platform with raw material suppliers and logistics service providers
to achieve production scheduling and inventory data. Suppliers can prepare raw material
supplies in advance, and logistics providers can flexibly adjust distribution plans accord-
ing to actual situations, thereby ensuring the efficient operation of various parts of the
supply chain. Figure 1 shows the changes in the level of stakeholder collaboration and
supply chain integration at different stages, reflecting the gradual improvement of both
after implementing relevant measures.

100
90
80
70
60
50
40
30
20
10

Phas Phas Phas  Phas Phas Phas Phas Phas
el e2 | e3 e4 e5 e6 e7 e8

e Collaboration level 30 | 50 60 55 70 | 60 85 90
e |evel| of integration. 20 | 50 55 70 65 75 90 @95

Figure 1. Trends in Stakeholder Collaboration and Supply Chain Integration Level.

This chart illustrates the degree of collaboration among stakeholders and the chang-
ing trends in the process of supply chain integration at different stages. From the data, it
can be seen that with the continuous improvement of supply chain management level and
the deepening of cooperation, the overall degree of collaboration and integration is grad-
ually increasing. Although there have been fluctuations in certain periods, the company
has continuously enhanced the overall efficiency and risk resistance of the supply chain
by optimizing cooperation plans and integrating resources.

5. Conclusion

Through the study of strategic paths for efficient resource utilization and sustainable
development of supply chains, it can be seen that optimizing resource utilization, promot-
ing green and low-carbon supply chains, enhancing supply chain resilience, and strength-
ening collaboration and integration among stakeholders are crucial for the efficient and
sustainable development of supply chains. Enterprises need to leverage information tech-
nology and green technology innovation to continuously improve their resource control
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capabilities and supply chain resilience, in order to adapt to the constantly changing mar-
ket environment. Building a collaborative system and an enterprise integration platform
will further enhance the operational efficiency and risk resistance of the supply chain.
Through continuous improvement and innovation, enterprises can achieve their own sus-
tainable development goals and make positive contributions to society and the environ-

ment.
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