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Annomayus. AKTyaJIbHOCTh HAHHON TEMbl OOYCIIOBICHA Ba)KHOCTBIO PEILEHUS JOTMCTUYECKUX
npo0JIeM B YCIOBHSIX TII00TLHOTO POCcTa OMOTOIUTMBHOM MPOMBIIIJICHHOCTH, IOBBILIEHHOH MIOTPEOHOCTH B
YCTOWYMBOM YIPABICHUH JIOTHCTHYECKUMH IPOLIECCAMHM U CHI)KEHMHU YIJIEpOAHOro ciepa. Paszpaborka
WHTETPUPOBAHHBIX JIOTUCTUYECKUX PEHICHUH CTaHOBUTCS OCOOCHHO CBOEBPEMEHHOMW, MOCKOJBKY OHA
MO3BOJISIET YYUTHIBATh OBICTPO MEHSIOIIMECS TPeOOBaHUS PhIHKA U 3KoJorndyeckue cranaaptol. IIpoden
B HAyYYHBIX HccjeqoBaHusAX. Ha cerogHsuIHuil 1eHp CyIIECTBYIOIIME IMOAXOABl K ONTHMHU3ALMU
MYJIbTUMOAIBHOM JJOTUCTUKU UMEIOT CYIIECTBEHHBIE HEIOCTATKH, CBSI3aHHBIE ¢ HECHHXPOHU3UPOBAHHBIM
yhpaBieHHeM HHGOPMAIMOHHBIMH W MaTepHAILHBIMH MOTOKamu. Kpome Toro, HaOmomaeTcss HeXBaTKa
SMITMPUYECKUX JTAHHBIX M0 MHTETPalil OMHUKAHATIBHBIX METOAOB, CPEIN KOTOPBIX IPUMEHSIOTCS: LiudpoBoe
IUIAHWPOBAHUE C HMCIOJNB30BAHUEM AITOPUTMOB MCKYCCTBEHHOI'O MHTEIUIEKTA; MOHUTOPUHI YTJICPOJHBIX
BBIOPOCOB; ONTHMHU3AIINS HHTEPMOAAIBHBIX (MYJILTUMOJANBHBIX) MepeBo3ok. Llean uccienoBanus. Lens
MCCIIEOBaHUS 3aKJIF0YAETCs B Pa3pabOTKe MOIENIN ONITUMHU3ALMI OMHUKAHAJIbHON JJOTUCTUYECKOM CETH IS
OMOTOILIMBA, OCHOBAHHOW Ha METOZAX aHallM3a JTAaHHBIX W MCKYCCTBEHHOTO MHTEIUIEKTAa. JTO MO3BOJISIET
co31ath A3PPEKTUBHBIA HHCTPYMEHT VISl YIIPABICHUS POCCUICKO-KUTAHCKUMH JIOTHCTHYECKUMH CETSIMHU B
TpaHCTpaHWYHOM KOHTeKkcTe. HayuHass HoBHM3Ha wuccienoBaHusi. PaspaboranHas oNTHMHU3AIMOHHAS
MO/IeJIb Ha OCHOBE JaHHbBIX O3BOJISIET 3HAYUTENBHO CHIXKATh JIOTUCTUYECKHE 3aTPAThl, COKPAILATh BEIOPOCHI
yTiepo/a 1 MOBBIIIATh YCTOHYUBOCTH LEMH MOCTaBOK. TaKoi MOAX0/T pacIIUpseT TEOPETHUECKHE OCHOBHI B
00JacTH JIOTUCTHYECKOH OMHHMKAHAIBHOCTH M OTKPBIBACT HOBBIE MEPCIEKTHBBI JJIS1 UCIOJIb30BAHUS
COBPEMEHHBIX IU(PPOBBIX TEXHOJIOTHH B ONTUMU3AIMU TPAHCIOPTHBIX cucTeM. HayuHas nuckyccusi u
HaNpaBJeHus AJs AajbHeiiliero MccjeoBaHUs. ABTODHI IpepiaraloT 0O0CYIUTb BO3MOXKHOCTH
aJlanTaliy NMPeIOKEHHON MOJENH ISl pEHIeHUs] CXOXKUX JOTUCTUYECKUX 3a7a4 B JPYTHUX OTPacisix
HapoOAHOTO X03fKcTBa. Takke Ba)KHBIM HalpaBICHHEM IUCKYCCHU SIBISIETCS COBEPIICHCTBOBAHUE
OpraHU3aIIMOHHO-YKOHOMUYECKUX MEXaHU3MOB HHTETPALIUH IU(PPOBLIX TEXHOJIOTHI B CUCTEMY JIOTUCTHKH,
a UMEHHO JopabOTKa METO/I0OB MOHHTOPHMHIA YTJIEPOIHBIX BBIOPOCOB, YTO MO3BOJHUT HOBBICUTH OOIIYIO
3¢ PEKTUBHOCTH ONTUMHU3ALNH JIOTUCTUIECKHUX MIPOLIECCOB.
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Abstract. The relevance of the topic is determined by the importance of addressing logistical issues in
the context of the global growth of the biofuel industry, the increased need for sustainable management of
logistics processes, and the reduction of the carbon footprint. The development of integrated logistics
solutions is particularly timely, as it enables the consideration of rapidly changing market demands and
environmental standards. Research Gap. Currently, existing approaches to optimizing multimodal
logistics have significant shortcomings related to the unsynchronized management of information and
material flows. In addition, there is a lack of empirical data on the integration of omnichannel methods,
among which the following are applied: Digital planning using artificial intelligence algorithms; Carbon
emission monitoring; Optimization of intermodal (multimodal) transportation. Research Objective.
The objective of the research is to develop an optimization model for an omnichannel logistics network
for biofuel, based on data analysis methods and artificial intelligence. This approach enables the creation
of an effective tool for managing Russian-Chinese logistics networks in a cross-border context. Scientific
Novelty. The data-driven optimization model developed significantly reduces logistics costs, cuts carbon
emissions, and enhances the resilience of the supply chain. This approach expands the theoretical
foundations in the field of omnichannel logistics and opens up new prospects for the use of modern digital
technologies in optimizing transportation systems. Scientific Discussion and Future Research
Directions. The authors propose to discuss the possibilities of adapting the suggested model to solve
similar logistical challenges in other sectors of the economy. An important direction of the discussion is
also the improvement of organizational and economic mechanisms for the integration of digital
technologies into the logistics system, particularly the refinement of carbon emissions monitoring methods,
which will enhance the overall efficiency of optimizing logistical processes.
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BBEJIEHME / INTRODUCTION

The term “biofuel products” explicitly narrows the focus to the tangible, marketable items —
such as biodiesel or bioethanol — that are being distributed. So, the article topic “Developing the
Russian-Chinese Omnichannel Logistics Network of Biofuel Products” clearly indicates that the
research centers on the logistics aspects related to the distribution and handling of the finished
biofuel commodities. The focus of the research is on the network for handling the final biofuel
products rather than the broader concept of bioenergy. The phrase “logistics network of biofuel”
might be interpreted in a broader sense. It can imply an analysis of the entire biofuel sector,
including production, distribution, and even technological aspects related to bioenergy.

174 News of the Kabardino-Balkarian Scientific Center of RAS Vol. 27 No.2 2025



PETTIOHAJIBHAA U OTPACJIEBASI 5GKOHOMUKA

As a clean and renewable form of energy, biofuel has gradually become an important
component of global energy strategies in the context of the transition of the global energy mix
towards renewable energy and a low-carbon economy. Overuse of traditional fossil fuels has led
to serious environmental problems such as climate change, air pollution and resource depletion.
In order to meet these challenges, the international community has set targets to reduce carbon
emissions and promote green energy development. Biofuel (e.g., bioethanol) has become one of
the key areas in the global energy transition because of its low carbon emissions, renewability and
wide application prospects. According to the International Energy Agency (IEA) [1], biofuel share
of global renewable energy consumption is rising every year and is expected to account for more
than 20% of global energy consumption to 2030.

As globally important energy producing and consuming countries, China and Russia have
significant complementarities and potential for cooperation in the field of biofuel. Russia has
abundant bioethanol resources (e.g., agricultural waste, raw materials such as grain by-products),
and its wide land area provides favorable conditions for the cultivation and collection of biomass
resources. China is one of the world's largest energy consumers, and with rapid economic
development, the demand for clean energy continues to increase. The Chinese government has
proposed a “dual carbon target” [2] (i.e., carbon peaking by 2030 and carbon neutrality by 2060) [3],
and has made biofuel an important element in realizing this target, and China's technology for
processing into bioethanol and scale are relatively mature. Under the cooperation framework of
the Belt and Road Initiative and the Eurasian Economic Union, Russian-Chinese Biofuel cross-
border trade is becoming more and more frequent, and the logistics demand for renewable energy
products such as bioethanol is growing rapidly.

Traditional cross-border logistics networks usually use single channel (linear transport
structure) for energy transportation, without high degree of synergy among various logistics links,
and information flow, capital flow and logistics operation are relatively independent, resulting in
low overall operational efficiency. By building omnichannel logistics network [4,5], it can break
the isolated island effect of traditional supply chain [5,6], realize the real-time monitoring of cross-
border logistics data, and improve the adaptability of logistics network. Therefore, author's
suggestions to build a Russian-Chinese omnichannel logistics network of biofuel products to cope
with the complexity and dynamics of Russian-Chinese biofuel transport and to provide important
support for Russian-Chinese energy cooperation and the realization of global sustainable
development goals are of great practical significance.

The aim of research is to develop an optimized omnichannel logistics network framework to
improve the efficiency of collaboration in the Russian-Chinese logistics network of biofuel
products. By optimizing the transparency, traceability and responsiveness of the logistics network,
this research seeks to reduce operational costs, enhance the sustainability and resilience of the
supply chain, and ultimately provide theoretical guidance and decision-making support for the
efficient development of Sino-Russian energy trade.

Research subject focuses on exploring how to improve the synergistic efficiency and
sustainability of the Russian-Chinese omnichannel logistics network of biofuel products through
the construction and optimization of omnichannel logistics network.

Research object focuses around the Russian-Chinese omnichannel logistics network of biofuel
products, aiming to explore the deep integration mechanism of omnichannel logistics network
model in the complex cross-border trade environment.

The scientific novelty of the research is reflected in the following aspects.

1. The research breaks through the traditional scope of application of omnichannel logistics
network and introduces it into the Russian-Chinese biofuel products for the first time, proposing
a new type of logistics optimization strategy applicable to energy trade.
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2. The research establishes a real-time data-driven logistics network collaborative
optimization mechanism based on real-time data, integrating logistics data, policy information
and market demand to improve the real-time decision-making ability and adaptability
of cross-border logistics.

3. For the first time, the research incorporates environmental indicators such as carbon
emission and energy consumption in the optimization model of Russian-Chinese omnichannel
logistics network of biofuel products, which provides scientific basis for the development of
low-carbon economy and green energy logistics, and enhances the practical significance and
policy value of the research.

4. Research on the use of modern logistics information technology (e.g., Internet of Things,
big data analysis) to enhance the level of intelligence in the logistics network, improve the
efficiency of logistics resource allocation, and then enhance the overall operational effectiveness
of the supply chain.

MATEPHAJIBI 1 METO/IbI / MATERIALS AND METHODS

Policy and market environment directly affect the feasibility and stability of cross-border
supply chains. Market demand for bioenergy is extremely dependent on international oil
prices [7, 8] and policy drivers (implementation of China's “dual-carbon” policy [9,10]). The
expansion of the China-Europe liner train [11] provides new channel for the transportation of
biofuel products, and the “One Belt, One Road” initiative [ 12] also promotes the cooperation
between China and Russia in the field of energy, which provides policy protection for the
synergistic development of the biofuel logistics network.

Related data show that in 2023, China produced about 3.4 million tons of biofuel ethanol. [13]
China produces about 1.35 billion tons of agricultural waste per year, of which a significant
portion can be used for bioenergy production. The “14th Five-Year Plan” for a modern energy
system explicitly proposes to increase the proportion of non-fossil energy consumption. [14]
By 2030, China's carbon dioxide emissions per unit of GDP will be reduced by more than 65%
compared with 2005, and the proportion of non-fossil energy in primary energy consumption
will reach about 25%. [15]

Omnichannel logistics network refers that an intelligent logistics system with high
integration and multi-level synergy. Information network [16] is the key to realize the
intelligence and synergy of Russian-Chinese omnichannel logistics network of biofuel
products, and enhance the transparency, traceability and decision-making ability of logistics
process through digital technology [17]. Big Data Analytics [18] optimizes the resource
allocation and decision-making capability of the logistics network by analyzing historical and
real-time data [19]. By analyzing demand data for biofuel products in the Chinese market, can
forecast demand for the next three months and adjust production and transportation plans. Big
data analytics also be used to optimize the layout of warehousing facilities [20] and the
scheduling of transportation means to improve the utilization efficiency of logistics resources.
The research suggests adopting blockchain technology to build a smart payment system [21]
to improve the transparency and liquidity of cross-border transactions.

The research adopted a systematic approach to construct [22] and optimize the Russian-Chinese
omnichannel logistics network of biofuel products, and the authors proposed an optimization
framework based on an omnichannel logistics network (Fig. 1. Russian-Chinese omnichannel
logistics network of biofuel products) covering three levels, namely, the physical level, the
information level, and the decision-making level, which are in collaboration with each other.
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Fig. 1. Russian-Chinese omnichannel logistics network of biofuel products

The model sets three major optimization objectives to improve the operational efficiency o
of logistics network of biofuel products as a whole. The aim of the model is to improve the
economic feasibility of the Russian-Chinese logistics network of biofuel product and to provide
a scientific basis for cross-border logistics management and supply chain optimization.

The main objectives of this model include:

(1) Minimizing logistics costs to ensure cost-effective cross-border transportation and
storage of biofuel products.

(2) Minimizing carbon emissions to reduce the environmental impact of the biofuel product
transport and conform to the requirements of green and sustainable development.

(3) Maximize supply chain resilience and enhance the adaptability of the supply chain to
changes in market demand, policy changes and emergencies.

In the model construction, firstly defined the core nodes in the logistics network (Table 1.
Core nodes in the logistics network).

Tabnuya 1. OcHOBHBIE Y371l JIOTUCTUYECKOH CETH

Table 1. Core nodes in the logistics network

Logistics i €8, Supply points (e.g. Russian biofuel production sites)

Network Nodes | i € D, Demand points (e.g. Chinese biofuel processing sites)

k € W, Warehouse centers (e.g., logistics hubs on the Russian-Chinese border)
Logistics Flow | xj, Flow of goods from supply point i to demand point j through storage center k

Variables vir, Supply points i Flow of goods transported directly to storage centers &
Zij, Storage center k Flow of goods transported to demand point j
Mode of T,, Ts, T, denotes the volume of rail, road, and sea transportation, respectively

Transportation C,, G, C, denotes the unit cost of transportation by rail, road, and sea, respectively

E,, Es, E, denotes carbon emissions per unit of rail, road, and sea transportation, respectively
Cost of Storage | Cyis the unit storage cost for & of storage centers

and Distribution | C,, is the cost of the distribution terminal

With the synergy of physical, information and decision-making levels, the model achieves the
intelligence, efficiency and sustainability of the Russian-Chinese logistics network of biofuel
products with the optimization objectives of minimizing the logistics cost, minimizing the carbon
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emission and maximizing the resilience of the supply chain. By constructing this mathematical
model, we are able to systematically optimize the cross-border logistics network, improve the
operational efficiency of the supply chain, provide scientific decision-making support for the
government and enterprises, and thus promote the in-depth development of Russian-Chinese
green energy cooperation.

Minimize logistics costs

minC = IZ ;yikcik * ; ;ijckj * ;Skck T §Dmcm @
Minimize carbon emissions
minE = Z ;yikE,-kJr ; sz JEut %:DmEm 2
Maximize supply chain resilience
maxR = ;PHSH - ;Fp )

The constraints ensure the rational operation of the logistics network and make the optimization
objective feasible in the real environment. The supply-demand balance constraint ensures the
matching of logistics flows between the nodes of the logistics network, i.e., the output of raw materials
at the supply point must be equal to the reception at the storage center, and the logistics flows at the
storage center must also match the final demand point to avoid supply-demand imbalance.

2y, =2.x ,Vi€S “)
a ik j ijk

2z =2x ,VkEW (%)
] ki T ik

At the same time, it is necessary to ensure that in each storage center the total cargo flow Xxijk
cannot exceed the maximum storage capacity of the storage center C, avoiding operational
inefficiencies or cost increases due to overloaded storage.

Constraint transport mode restraints specify the ratios between different modes of transport
(e.g. rail, road and sea) that need to satisfy Tr + Ts + Ta < Tmax, and Tr, Ts, Ta, = 0. For example,
the proportion of road transportation should not exceed a certain ceiling in order to reduce the
carbon footprint, while the use of rail and sea transportation needs to be maintained at a certain
level in order to increase the sustainability of the supply chain.

Carbon emissions E needs to be less than the total GHG emissions of the entire supply chain
Emax, ensuring that the logistics network is optimized for transportation efficiency while meeting
green development goals. To adapt to market changes, market demand constraints are adopted to
ensure that the omnichannel logistics network optimization scheme maintains stable operations
despite fluctuations in market demand.

PE3YJIbTATBI UICCIEAOBAHNUS / RESEARCH RESULTS

Based on the results of simulation data calculations, we evaluated the optimization of the
Russian-Chinese omnichannel logistics network of biofuel products in terms of cost, sustainability
and supply chain resilience.

In the developed omni-channel logistics network optimization model for biofuel, data analysis
methods and artificial intelligence techniques are integrated to achieve comprehensive and
adaptive management of logistics processes. More specifically:
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« Data Analysis: Data analysis methods are used to collect, process, and interpret information
on logistics flows, including raw material intake, finished product distribution, as well as
monitoring carbon emissions for various modes of transport (for example, road and rail transport).
This analysis makes it possible to identify key nodes in the network, evaluate transportation
efficiency, detect bottlenecks in the supply chain, and simulate optimization scenarios based on
statistical patterns and empirical data.

 Artificial Intelligence: Artificial intelligence techniques are employed to develop
intelligent routing and scheduling algorithms. They provide:

o Intelligent Planning: An automated selection of optimal routes and transportation modes
based on current data regarding demand, transport capacity, and environmental performance
indicators.

o Adaptive Optimization: Al algorithms allow the logistics network to be adjusted promptly
in response to changing market conditions and transport environments by taking into account
carbon emission dynamics and the need to reduce logistics costs.

o Forecasting and Decision-Making: On the basis of historical data and scenario modeling,
Al generates forecasts regarding changes in logistics flows and aids decision-making to further
enhance the network.

Thus, the combination of data analysis methods and artificial intelligence algorithms enables
the creation of a multifunctional model that not only optimizes the management of the Russian-
Chinese logistics networks but also supports sustainable development by lowering emissions and
improving resource redistribution efficiency.

Total transportation cost in the optimized omnichannel logistics network is approximately
$7.368 million, accounting for the largest proportion of the overall supply chain operating
costs. Through data analysis (Fig. 2. Distribution of total transportation volume by different
modes of transportation), it is found that rail transportation accounts for the highest proportion,
followed by sea transportation and road transportation. Rail transport dominates cross-border
long-distance transportation due to its low-cost and large-capacity features, but is not flexible
enough, while road transport has irreplaceable advantages in short-distance and terminal
distribution, even in view of its higher costs. Sea transport has a relatively low usage rate, but
it has the lowest unit transportation cost and is suitable for long-distance and high-volume
transportation. Based on these results, it is proposed to further increase the proportion of sea
transport, optimize the combination of multimodal transport and reduce redundant transport
costs through intelligent scheduling.
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Puc. 2. Pacnpedenenue obugeco 06vema nepesosox no 8Uudam mpaHcnopma

Fig. 2. Distribution of total transportation volume by different modes of transportation
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Total carbon emission of the omnichannel logistics network reaches 1.537 million tons of car-
bon dioxide, of which the carbon emission of road transportation is the highest and that of railroad
transportation is the lowest (Fig. 3. Carbon Emission Distribution of Omnichannel Logistics Net-
work). From the simulation data, road transportation has the highest share of carbon emissions,
indicating that it consumes more energy in short-distance transportation and distribution, and at
the same time its carbon emission factor is higher. And rail transportation has the lowest percent-
age, indicating that it has more environmental advantages in long-distance large-scale transporta-
tion. Therefore, in order to reduce the carbon footprint of the omnichannel logistics network, it is
possible to optimize the multimodal transport scheme, further increase the proportion of rail and
sea transport used, and adopt new energy vehicles in the short-distance distribution link.

Rail
Transportation,
34.60%

Road
Transportation,
38.20%

Puc. 3. Pacnpedenenue 6bl6pocog y2nepooa 6 OMHUKAHALHOU J02UCUYECKOU cemu

Fig. 3. Carbon Emission Distribution of Omnichannel Logistics Network

The calculation results of the supply chain resilience index show that (due to more simulation data,
only part of the sample is shown) (Fig. 4. Supply chain resilience index), the stability score of the
supply chain is 0.758 (out of 1.0), the overall resilience is strong, but there is still room for improve-
ment. The demand side of the market is relatively stable, but there are large fluctuations on the supply
side, which are affected by elements such as climate, policies and energy market prices. In addition,
storage capacity is sufficient, but there is more room for optimization of logistics scheduling.
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Fig. 4. Supply chain resilience index
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Among the current modes of transportation, the volume of rail, road and sea transport is
basically balanced, but rail transportation accounts for slightly more. Rail transportation offers
advantages in terms of carbon emissions and cost control, but its fixed scheduling affects the
flexibility of logistics. Sea transportation has a low utilization rate, which may be mainly due
to the absence of suitable port facilities at some logistics network nodes, resulting in inefficient
trans-shipment. Therefore, the research suggests increasing the proportion of sea-rail intermodal
transport and establishing an intelligent transit and storage system at border crossings to optimize
the connection between different modes of transport. At the same time, automated scheduling
systems should be applied in the terminal distribution chain to improve the efficiency of “last-mile”
logistics and reduce distribution time and costs.

3AKJIIOYEHUE / CONCLUSION

In this research, an innovative model for optimizing an omnichannel logistics network has been
developed, based on data analysis. The use of this solution enables the minimization of logistics
costs and a significant reduction in the carbon footprint, contributing to the development of
theoretical principles in the field of omnichannel logistics in supply chains and establishing a solid
foundation for further research and practical application in conditions of sustainable development.

By integrating the physical level, information level and decision-making level, an efficient,
intelligent and cooperative logistics network framework is constructed, which enriches the
theoretical system of cross-border logistics management. The framework is not only applicable to
both Russian and Chinese biofuel products, but also provides theoretical references for other
cross-border energy products.

The results of simulation data analysis show that the total carbon emissions of the Russian-
Chinese omnichannel logistics network of biofuel products are 1.537 million tons, with road
transport accounting for the highest share (38.2%), maritime transport (34.6%), and railroads
(27.2%). Due to the high unit carbon emissions of road transportation, despite its flexibility, the
environmental advantages in long-distance transportation are significantly lower than those of rail
and sea transportation. Therefore, the current logistics model needs to be further optimized to
reduce reliance on road transport and increase the share of green modes of transport to achieve
more sustainable cross-border biofuel products supply chain management.

In the long view, the optimization of the Russian-Chinese omnichannel logistics network of
biofuel products needs to pay attention to economic benefits, and must be based on the
perspective of sustainable development to promote the construction of a low-carbon and
digitalization development. The optimization scheme of research is not only in conformity with
China's “dual-carbon” strategy, but also provides a green and sustainable development
direction for the global cross-border logistics network. In the future, omnichannel logistics
network optimization should be further combined with intelligent scheduling system, Al
predictive analysis, carbon emission monitoring and multimodal transportation optimization,
so as to ensure the stability of the supply chain while realizing the green and low-carbon
transformation and the in-depth development of cross-border energy cooperation.
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