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Abstract

The study focuses on the economic and environmental assessment of localizing the electric
vehicle battery supply chain in the mountainous regions of Southwest China (Sichuan, Yunnan,
Guizhou), which host significant lithium reserves and surplus hydropower capacity. Against the
backdrop of rising global EV demand and the wvulnerability of extended “mine—refining—
assembly” chains, the paper examines the extent to which shifting refining and manufacturing
closer to the resource base and low-cost clean energy reduces unit cost and carbon footprint. The
empirical base spans 2020-2025 and includes official statistics, industry reports, and corporate
disclosures; the methodology combines comparative cost analysis with life-cycle assessment,
construction of a composite investment attractiveness index (AHP), and project financial
modeling (DCF/NPV, scenario and Monte Carlo analyses). Differentiated -electricity tariffs, haul
distances in mountainous terrain, and shadow carbon charges are computed, and site ranking is
conducted (Ya’an, Qujing, Tongren). Quantified effects of full-cycle localization in Sichuan
include a 15.53% reduction in the final cost of producing NMC 811 cells relative to the traditional
model of placing capacity in coastal provinces, driven by an 83.68% cut in raw-material logistics
and a 56.69% reduction in energy costs; shadow carbon charges fall by 91.06%. The
environmental impact translates into an 86.99% reduction in CO2e emissions and an 89.35%
reduction in transport footprint per 1 GWh of output. The investment attractiveness index
identifies the Ya’an area (83.69 points) as the priority clustering hub due to proximity to deposits
and accessible hydropower. The base-case NPV of a 50 GWh gigafactory project is estimated at
$1.25 billion; the greatest sensitivity is to the price of lithium carbonate (~+31.6% of NPV for a
+15% price change), whereas the electricity tariff has a moderate effect. The discussion shows
that localization simultaneously reduces costs, supply risks, and regulatory costs (CBAM),
creating a sustainable competitive advantage and a foundation for the region’s green industrial

policy.
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Introduction

The rapid growth of the global electric vehicle (EV) market, driven by both consumer demand and
tighter environmental regulations, has brought to the forefront the industry's critical reliance on battery
supply chains. As of the third quarter of 2024, China accounted for over 65% of global lithium-ion
battery production, and the domestic EV market exceeded 9 million units, accounting for more than a
third of all global sales. However, this hegemony is fraught with internal challenges, primarily related
to logistical complexity and environmental sustainability. Traditional supply chains are often
geographically fragmented: raw materials (lithium, cobalt, nickel) are extracted in some regions,
processed in others, and cell production and battery assembly in others, mainly in coastal industrial
clusters. This leads to significant transport costs, a carbon footprint, and vulnerability to geopolitical
and logistical disruptions [Al-Ghussain, 2022].

In this context, the mountainous regions of Southwest China, particularly Sichuan, Yunnan, and
Guizhou provinces, represent a unique strategic springboard for reconfiguring and optimizing the
national battery industry. Sichuan, for example, has more than half of the country's total proven lithium
reserves, making it the resource heart of the industry. [Liao, Hu, Luo, 2022] At the same time, this
region is China's largest hydroelectric power center, producing more than 850 billion kWh of clean
electricity per year. This enormous energy potential creates prerequisites for the organization of a
"green™ production cycle with a minimal carbon footprint, which is becoming an increasingly important
competitive advantage in the global market [Wang, 2022]. Despite these obvious advantages, the
development of the region's potential is hindered by a number of factors, including the difficult
mountainous terrain, which increases the cost of logistics, insufficiently developed infrastructure
compared to the eastern provinces, and the need for significant capital investments.

The aim of this study is to provide a comprehensive economic analysis and simulation of
optimizing the supply chain of electric vehicle batteries through the prism of resource localization and
the introduction of green manufacturing processes in the mountainous regions of Southwest China. We
aim to quantify the economic benefits, investment attractiveness, and environmental benefits of moving
from a traditional, extended supply model to an integrated, localized “mine-to-battery"” system. The
study analyzes how the synergy between rich mineral resources and excess clean hydropower capacity
can not only reduce production costs and carbon footprint, but also increase the overall sustainability
and competitiveness of the Chinese EV industry [Chen Q., Khattak, 2023]. An analysis of the current
situation shows that the average logistics costs for delivering lithium concentrate from Sichuan to
processing plants in Jiangsu or Fujian province can be up to 8-12% of its cost, which is a significant
financial burden [Gupta, Anand, Tyagi, 2023]. Moving processing and production facilities closer to
raw material sources has the potential to reduce these costs by more than half, while creating high-tech
jobs and stimulating economic development in the less developed western regions of the country.

Materials and methods of research

This study is based on a comprehensive approach that combines statistical data analysis,
econometric modeling, and financial analysis. The empirical basis was an array of data for the period
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from 2020 to 2025, covering key economic, production and environmental indicators of the battery
industry in China. The main sources of information were official data from the National Bureau of
Statistics of China, industry reports from the China Automobile Manufacturers Association (CAAM)
and the China Industrial Power Supply Manufacturers Association (CIAPS), as well as financial
statements from leading companies in the sector, such as Contemporary Amperex Technology Co.
Limited (CATL), BYD Company Ltd. and Tiangi Lithium. Data from regional energy exchanges and
logistics operators were used to obtain detailed information on logistics costs and electricity costs [Eid,
Mohammed, EIKishky, 2022]. In total, more than 150 different sources were analyzed, including
scientific publications from the Scopus and Web of Science databases, analytical reports from
BloombergNEF, S&P Global Market Intelligence, and Wood Mackenzie [Tan, Tian, Xu, Li, 2023].

The methodological tools of the study included several key components. First, acomparative Cost-
Benefit Analysis was conducted for two supply chain models: traditional (extended) and localized
(integrated in Southwest China). This analysis took into account not only direct costs (transportation of
raw materials and components, electricity costs, labor costs), but also indirect costs, such as carbon
taxes calculated on the basis of the Life Cycle Assessment (LCA) methodology [Wang, 2025]. This
made it possible to obtain a comprehensive assessment of economic efficiency, taking into account the
environmental factor. We used data on average tariffs for transportation of goods by rail and road in
mountainous areas, as well as differentiated electricity tariffs for industrial consumers in the eastern
and southwestern provinces [Zahoor et al., 2023].

Secondly, to assess the investment attractiveness of various sites in the region under study, a
composite Investment Attractiveness Index was developed. This index is a weighted assessment that
integrates such parameters as proximity to deposits of lithium and other key minerals, the cost and
availability of electricity from renewable sources, the level of development of transport infrastructure,
the availability of qualified labor, and state policy to support investment [Dhairiyasamy, Gabiriel,
Bunpheng, Kit, 2024]. To calibrate the weighting coefficients of the index, the Analytical Hierarchy
Process was used, based on expert assessments obtained during interviews with 25 industry
representatives, including top managers of manufacturing companies, logisticians, and government
officials [Gough, 2023].

Third, scenario modeling and sensitivity analysis of the Net Present Value (NPV) of projects were
conducted to assess the financial risks and sustainability of investment projects for the creation of
localized production facilities. Global prices for lithium and cobalt, the cost of electricity, and the
amount of government subsidies were considered as key variables subject to volatility [Yeo, 2021].
This analysis allowed us to determine the break-even points of projects and identify the most critical
risk factors that require hedging strategies. The mathematical apparatus was based on the methods of
discounting cash flows (DCF) and Monte Carlo simulation to estimate the probability distribution of
financial results [Galati, Adamashvili, 2023]. All data processing and model building was performed
using Stata and R software packages.

Results and discussion

The transition to a localized battery production model in Southwest China represents not just a
logistical optimization, but a fundamental shift in the region's industrial development paradigm. To
quantify this shift, we conducted a multi-pronged analysis covering cost structure, investment
attractiveness, financial sustainability, and environmental impact. The choice of these indicators is
determined by the need for a comprehensive assessment that reflects the interests of all key
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stakeholders: investors who seek to maximize profits and minimize risks; the state, which is interested
in sustainable regional development and increasing national competitiveness; and society, for which
the environmental consequences of industrial activities are important. The first step was a detailed
comparative analysis of operating costs, which allows us to clearly demonstrate the direct economic
benefits of reducing logistics leverage and using cheap hydropower.

Comparing the traditional model, where raw materials from Sichuan are transported for processing
and production to coastal provinces (for example, Jiangsu), with the localized model, where the entire
cycle from mining to battery assembly is concentrated in Sichuan, reveals significant discrepancies in
the cost structure. Logistics costs and energy costs are key differentiating factors that directly affect the
final profitability (Table 1). The analysis of these data allows not only to state the fact of savings, but
also to determine its sources and scale, which is critical information for making investment decisions.

Table 1 - Comparative analysis of the cost structure for the production of 1 kWh
NMC 811 battery cells, US $

Traditional model (raw | Localized model Change
Costitem materials from Sichuan, (full cycle in % ’
production in Jiangsu) Sichuan)
Raw materials  (lithium, nickel, cobalt, 4518 4518 0.00
manganese)
Transportation of raw materials to the plant 5.82 0.95 -83.68
Energy consumption  for processing and 7 95 314 -56.69
production
Labor costs 6.45 5.98 -1.29
Logistics of f|n_|shed p_roducts to _the automobile 115 0.42 -63.48
plant (conventionally in Chongqing)
Depreciation and other overheads 9.50 9.75 2.63
Carbon tax (notional) 2.35 0.21 -91.06
Total cost 77.70 65.63 -15.53

The data in Table 1 clearly illustrate the economic feasibility of localizing the production cycle.
The total cost reduction of 15.53% is a very significant indicator in the highly competitive battery
industry. The most dramatic changes are observed in articles directly related to geographical location.
Reducing the cost of transporting raw materials by 83.68% is a direct consequence of eliminating the
need to transport thousands of tons of lithium concentrate over a distance of more than 2000 km.
Logistics costs are being reduced from US $ 5.82 to US $ 0.95 per kWh, reflecting the shift from
interprovincial to intraregional transport. An even more significant factor is the 56.69% reduction in
energy consumption. This is due to access to cheap hydroelectric power in Sichuan, where the average
industrial tariff is about US $ 0.05 per kWh, while in Jiangsu it can reach US $ 0.11 per kWh, and a
significant part of it is generated by coal-fired power plants [Yeung, Liu, 2023].

Special attention should be paid to the almost complete levelling of the conditional carbon tax,
which falls by 91.06%. Although this indicator is a model, it reflects the real and future risks associated
with the tightening of environmental legislation and the introduction of cross-border carbon regulation
(CBAM) mechanisms in Europe. Hydropower-based production is gaining a long-term competitive
advantage that will only increase as the global transition to a low-carbon economy continues. A slight
increase in depreciation costs in the localized model (+2.63%) is explained by the need to build a new,
more modern infrastructure, which is a justified investment. The slight decrease in labor costs (-7.29%)
reflects the lower level of average wages in the western regions compared to the industrially developed
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coast.

However, economic efficiency is not the only criterion for making investment decisions. It is
necessary to evaluate and compare the attractiveness of specific sites within the region. For this
purpose, an integral index was developed that takes into account the key factors of production
placement .

Analysis of the Investment Attractiveness Index shows clear leadership in Zone A (Yaan City
district, Sichuan Province) with afinal score of 83.69. This high result is due to the optimal combination
of the two most significant factors: maximum proximity to the main lithium mines in Sichuan (score
92.5) and high availability of cheap hydropower (88.4). Despite the fact that Zone B in Yunnan shows
the best indicators in terms of energy availability (95.1), and Zone C in Guizhou-in terms of state
support (91.0), their significant lag in the main factor — access to raw materials — reduces the overall
attractiveness. The weighting factor of 0.35 for the raw material factor reflects its critical importance,
since it is the logistics of raw materials that generates the largest costs in the traditional model. Zone
A, although inferior to its competitors in some minor parameters, such as infrastructure development
(75.3) and labor availability (68.1), provides the best synergy effect, minimizing key operating costs.
This makes it the most promising platform for priority placement of large production clusters.

Even with high investment attractiveness, any capital-intensive project is subject to market risks.
An analysis of the NPV sensitivity of a50 GWh plant construction project in Zone A to changes in key
variables makes it possible to assess its financial sustainability.

The results of sensitivity analysis identify key risk areas for investors. The price of lithium
carbonate has the greatest impact on the project's NPV. A 15% change in the price results in NPV
fluctuations of approximately $ 395 million each way, which is about 31.6% of the base value. This
highlights the high dependence of the project's profitability on the volatility of commodity markets and
dictates the need to use hedging instruments, such as long-term supply contracts or futures transactions.
The second most important factor is capital expenditure (CAPEX), which is typical for large
infrastructure projects. At the same time, the project demonstrates relative resistance to changes in the
electricity tariff. Even with its growth of 15%, NPV is declining only by 11.1%, remaining at a high
positive level (1112.35 million US dollars). This confirms the strategic value of placing production in
a region with guaranteed low and stable energy costs. The dependence on subsidies is also moderate,
which indicates the commercial viability of the project even with reduced government support.

Finally, an integral part of the analysis is the assessment of environmental benefits, which in the
modern economy are increasingly translated into direct financial benefits through carbon markets and
consumer preferences.

Environmental indicators confirm the transformational nature of localization. The reduction in CO2
emissions by almost 87% is the result of a double effect: the abandonment of long-distance
transportation and the use of hydropower instead of coal generation. This allows us to position our
products as "green”, which opens up access to premium markets, especially in Europe. A reduction in
the transport footprint by 89.35% directly correlates with the reduction in logistics costs shown in Table
1. A 15.95% reduction in water consumption is achieved through the introduction of more modern
recycled water supply technologies at new enterprises, as well as due to the peculiarities of
technological processes for processing local raw materials [Li et al., 2024].

A comprehensive analysis of the data presented in four tables allows you to form a complete
picture. The economic benefits shown in table 1 (a 15.53% reduction in production costs) are a powerful
incentive for investors. The Investment Attractiveness Index (Table 2) indicates specific geographical
locations where this potential can be realized with maximum efficiency, with Sichuan's Zone A being
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a clear favorite. The risk analysis (Table 3) shows that, despite the high sensitivity to raw material
prices, the project has a significant margin of safety due to the low cost of energy. Finally,
environmental indicators (Table 4) not only support the economic case through the carbon tax
mechanism, but also create long-term reputational and marketing value. Thus, the localization of the
supply chain in Southwest China is a rare case when economic, strategic and environmental goals are
completely aligned, creating a powerful synergistic effect. This approach makes it possible to move
from simple cost optimization to creating a sustainable, competitive and environmentally responsible
next-generation industrial ecosystem.

Conclusions

The study clearly demonstrates that the strategic localization of battery supply chains in the
mountainous regions of Southwest China is not just an operational optimization, but a comprehensive
solution that can dramatically increase economic efficiency, environmental sustainability and overall
competitiveness of the industry. The integration of production facilities in close proximity to the richest
lithium deposits and sources of cheap hydroelectric power creates a unique synergistic effect that
cannot be replicated in traditional industrial clusters in the east of the country. The obtained quantitative
estimates confirm the many-sided advantages of this approach.

The key conclusion is the established fact that it is possible to reduce the total cost of production
of battery cells by 15.53%. This result is achieved mainly due to a radical reduction in logistics costs
for the transportation of raw materials (by more than 83%) and a twofold reduction in energy costs. In
absolute terms, this means savings of more than $ 12 per kilowatt-hour of battery produced, which
translates into hundreds of millions of dollars in annual savings on a gigafactory scale. This cost-
effectiveness makes localization projects highly profitable and attractive for private investment, which
is confirmed by the high base NPV value of $ 1.25 billion for a hypothetical project.

Equally important is the conclusion about environmental benefits. Switching to hydroelectric
power and minimizing the transport shoulder can reduce the carbon footprint of production per
gigawatt-hour of production by almost 87%. This not only meets the global decarbonization agenda,
but also represents a significant commercial advantage that protects producers from the introduction of
cross-border carbon tariffs and increases the attractiveness of their products in international markets.
The localized model transforms the battery industry from a source of environmental problems to a
driver of green growth, which is fully in line with China's national strategic goals.

The prospects for applying the results obtained are diverse. At the macro level, the findings of the
study can form the basis of state policy to encourage investment in the industrial development of
western regions, helping to equalize regional economic imbalances. For the corporate sector, the
presented model and evaluation methodology can serve as a direct guide to action when planning new
production capacities. The Sensitivity analysis and Investment Attractiveness Index provide investors
with practical tools to assess risks and choose the best investment sites. The implementation of the
proposed localized model can transform Southwest China into a global center for the production of
"green” batteries, setting a new global standard for the entire industry and ensuring the country's long-
term technological and economic leadership in the electric vehicle sector.
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HccnenoBanne onTUMU3ANMM HENOYKH IMOCTABOK AKKYMYJISITOPOB,
JIOKAJIHM3AUM PECYPCOB U 3K0JIOTHYeCKH YUCTHIX IPOU3BOCTBEHHBIX
MPOLECCOB B Pa3BUBAKOLICICH HHIYCTPUH JIEKTPOMOOWIIel B TOPHBIX
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AHHOTaIUA
HccnenoBanne HampaBiI€HO HAa SKOHOMHMYECKYHD M JKOJOTMYECKYK) OLIEHKY JIOKAaIUu3aluu
LENOYKH MOCTAaBOK aKKyMYJIATOPHBIX Oartapeil aisi anekrpomoOuieil B ropubix perumonax lOro-
3anagnoro Kuras (Ceruyans, FOubHaHB, [ 'YiiWKOY), I1Ie COCPEAOTOUYCHBI 3HAUUMBIC 3aITachl JTUTHS
1 U30BITOUHBIE MOIHOCTH ruApo3HepreTuku. Ha done pactymero muposoro crnpoca Ha EV u
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YA3BUMOCTHU NPOTSDKEHHBIX IIENOYEK «PYIHUK — IepepaboTka — cOOpKa» aBTOp paccMaTpUBAacT, B
Kakoil Mepe mepeHoc nepepaboTKu U MPOU3BOJICTBA OJIMKE K ChIPhEBON 0a3e U JEIIeBON «UUCTOMN
SHEPTuU CHUXAET ce0EeCTOMMOCTh U YIIEpPOAHBIA ciea. Dmnupudeckas 6a3a oxBareiBaeT 2020—
2025 romel W BKIOYACT O(UIIMATBHYIO CTAaTUCTUKY, OTPACIEBBIE OTUYETHI M KOPIIOPATHBHYIO
OTYETHOCTB; METOIOJIOTUS COYETACT CPABHUTEIBHBIA aHAIN3 3aTPaT ¢ OLIEHKOW )KU3HEHHOTO LIUKJIa,
KOHCTPYMPOBAHUEM HHTETPAIIBHOIO HMHJEKCa WHBECTHUIMOHHOW mnpusiekaTenbHocTH (AHP) wu
¢unancoBsiM MonenupoBanueMm npoekroB (DCF/NPV, cuenapubsiit 1 MonTte-Kapno anamus).
PaccunTans! quddepeHnpoBaHHbIe Tapu (bl Ha HIEKTPOIHEPIHI0, TPAHCIIOPTHBIE IJIEYH B TOPHOH
MECTHOCTU U YCJIOBHBIE YIJIEPOJHBIE IJIATEKHU, a TAKKE IPOBEACHO PaH)XKUPOBAHUE IJIOLAT0K
(Sanp, Lroiinzul, TyrxaHb). [lonydeHsl komruecTBeHHBIE Y(MPEKTH JTOKAIU3AIMH TTOJIHOTO KT
B ChluyaHU: CHHMKCHHE UTOTOBOW cebecrommoctu mpou3BozactBa saeek NMC 811 nHa 15,53%
OTHOCHUTEJIBHO TPAAUIIMOHHON MOJIENIN ¢ BBIHOCOM MOIIHOCTEH B MPUOpPEKHbIE IPOBUHIIMH 3a CUET
COKpAIIeHUs JIOTUCTHKU ChIphsi Ha 83,68% wu sHeprosarpar Ha 56,69%; yCcIOBHBIC YITIEPOIHBIS
maaTexn ymeHsmaoTes Ha 91,06%. DOxonornueckuii MMIAKT BBIPAXKAETCS B COKPAILCHUU
BBIOpOocoB CO2-3kB. Ha 86,99% u TpancnopTHOTO cneaa Ha 89,35% na 1 I'Br-u npoaykiuu. Muaekce
WHBECTUI[MOHHOM MPUBJICKATELHOCTH BbIAEISAET 30HY Slanb (83,69 Oamia) kak NPUOPUTETHYIO
TOUKY KiIacTepu3anuu Onarogapst ONM30CTH K MECTOPOKICHUSIM M JOCTYTHOM THAPOIHEPTHH.
bazoBerit NPV npoekra ruradadpuku Ha 50 I'Br-u onenuBaercs B 1,25 mupa gout.; HanOobImas
YyBCTBUTEJIBHOCTh CBS3aHA C IIeHOM kapOoHaTa auTHs (=+31,6% ot NPV npu +15% usmenenus
LIEHbI), TOrZa Kak Tapu¢ Ha 3JEKTPOIHEPIUI0 OKa3blBaeT yMmepeHHoe BiMsHue. OOcyxaeHue
MIOKa3bIBAET, 4YTO JIOKAJIM3AaLMs OJHOBPEMEHHO CHUXAET MW3AEPKKH, PHUCKUM IIOCTaBOK U
peryastopubie  usnepxkku (CBAM), dopmupys ycToiunBOoe KOHKYPEHTHOE HPEUMYILIECTBO U
OCHOBY JUISl <«GEJICHON» WHIYCTPUAIBHON IMOJUTUKU PETUOHA.
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