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Recycling and gradient utilization (GU) of new energy vehicle (NEV) power batteries plays a significant role in
promoting the sustainable development of the economy. GU is an effective means to extend the life cycle of NEV
batteries and recognize their value fully. GU refers to the retesting, screening, repairing, pairing, and reuse of
power batteries that have been retired from NEV (their performance is reduced to less than 80% of initial
performance) under relatively mild conditions. Batteries after GU can be disassembled, and they can be recycled
(typically when the remaining capacity is less than 30%) to recover cobalt, lithium, and other precious metals to

achieve the “win-win” of resource recovery and environmental protection.

NEV battery recycling gradient utilization alliance cooperation mode

1. Environmental and Economic Benefits of NEV Power
Battery Recycling and Utilization

NEV power batteries contain a large number of toxic substances that, if not properly handled, will cause serious
harm to the ecological environment and human health LI2El Battery recycling involves primarily physical
disassembly, dry and wet recovery, biological recovery, and other technologies to recover precious metals and
degrade harmful substances in batteries IRI8l However, there is an urgent need for more efficient recycling and

treatment processes to improve the environment and the economic viability of recycling .

Some scholars proposed that although the recycling and reuse of NEV power batteries have significantly promoted
environmental benefits, the economic benefits must be verified €. For example, Gu et al. analyzed the economic
benefits of power battery recycling and reuse by establishing the pricing and decision-making model of a closed-
loop supply chain. They demonstrated that battery recycling can reduce the consumption of new battery raw
materials and reduce environmental impact, but it may not gain economic benefits [l. Hao Han et al. compared the
energy consumption and greenhouse gas (GHG) emissions of the production of electric vehicles with and without
recycling according to the predicted data of China’'s NEV recycling volume in 2025. The results revealed that
recycling some materials, such as steel, aluminum, and battery cathode materials, could effectively reduce

pollution emissions and have economic benefits 19,

Although the assessment of the lifecycle emissions of Lithium-lon Batteries (LIB) manufacturing is complex, it is
generally recognized that at least 30-50% of lifecycle GHG emissions from EVs are related to battery
manufacturing and mineral extraction 2, Raw materials account for up to 50% of the cost of a typical LIB. By

substituting virgin materials with recycled materials, the total pack cost could be reduced by up to 30% 12, |t is an
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effective means to obtain economic benefits to prolong the life cycle of the used power battery of NEV and to make

further reuse of non-violent scenes 13,

Studies have found that battery GU has certain commercial and environmental benefits and also social value.
Moreover, battery cost, government subsidies, and electricity prices are three critical factors that affect the GU
value of China’'s NEV battery (14 The development of essential technologies, such as battery screening and
performance evaluation, and the further enrichment of application scenarios of GU, are the main factors of

environmental and economic benefits [13],

2. Strategy Optimization of NEV Power Battery Recycling and
Utilization

Effectively designing the layout strategy and pricing strategy of NEV power battery recycling sites and the means of
utilization after recycling are essential to achieving efficient battery recycling and utilization 1871 From the
perspective of NEV manufacturers, Lei et al. proposed the optimal design scheme of NEV waste power battery
recycling sites and found that transportation cost, carbon tax, and the number of batteries to be recycled are the
three major factors affecting the layout of recycling sites (8l Tang et al. studied the optimal channel selection and
battery capacity allocation strategy of EV manufacturers for battery recycling and explored the influence of critical
parameters on the equilibrium capacity allocation strategy and the manufacturer’'s profit through numerical
experiments 2. Hong et al. built a manufacturer-led closed-loop supply chain battery recycling game model,
compared the profit and loss of manufacturer recycling, retailer recycling, and third-party enterprise recycling, and
found that the retailer recycling method is the optimal economic benefit strategy [22. Cheng et al. proposed an
optimization scheme of battery GU strategy from the perspective of the value chain and discussed the application
of battery capacities in different GU scenarios, which is an important basis for gradient pricing 2. In addition to the
further development of critical technologies such as sorting and testing, GU of NEV power batteries should
introduce cutting-edge information technology and other means, such as establishing a battery life cycle
information storage chain with a consensus mechanism. Such an approach is effective for improving data security

and economy, reducing transaction costs and testing costs, and increasing the residual value of batteries 22,

3. The Impact of Policies on the Recycling and Utilization of
NEV Power Batteries

The enthusiasm among most enterprises for power battery recycling is related to supervision, subsidies, and other
incentive measures, and the intensity of government rewards and punishments affects the choice of cooperative
partners of manufacturers 28241 Wang et al. considered the impact of battery recycling with and without
mandatory policies, finding that manufacturers and OEMs were unable to develop a unified plan for battery
recycling with the effects of non-mandatory policies 22, Based on game theory, Shao et al. found that exogenous
and endogenous government subsidy policies differ significantly in their influence on the battery recycling

strategies of EV manufacturers—environmental awareness by consumers is essential 28, Gu et al. studied the
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optimal production decision of NEV manufacturers for government-subsidized battery recycling, revealing that for a
small market, manufacturers may prefer a relatively small battery recovery rate. Moreover, battery recycling can
offset the adverse effects of loss aversion on the optimal output and expected utility, with a positive impact on the
output of NEV manufacturers (27, Alexandre et al. studied the opportunities and challenges of EV battery recycling
and proposed that it is necessary for the government to introduce research and development funds and establish
pilot projects and some market-pull measures 28, Jiang et al. studied the influence of government subsidies on the
independent R&D and technology introduction strategy of NEV enterprises, demonstrating the positive effects of
subsidy intensity and the success rate of the R&D and innovation environment on the independent R&D strategies
of NEV enterprises 22,

According to existing studies, the recycling and utilization of NEV power batteries can extend the battery life cycle,
weaken the negative externalities of the environment, and effectively alleviate the pressure on China’s energy and
environmental protection, which has significant social importance. However, there are still some problems with
industrial development, such as core technology breakthroughs and refining and improving the policy system.

Furthermore, retired batteries have not yet reached scale, leading to unclear economic benefits in the industry.

Most scholars focus on the optimization strategy of NEV power battery recycling, such as supply chain pricing and
profit maximization. They also study how to effectively recycle power batteries from the perspective of NEV
manufacturers and battery manufacturers based on the EPR system and how to regulate and subsidize to improve
the recovery rate and recovery efficiency from the perspective of the government. The battery recycling subjects
and the GU subjects have not been included in a research model, and the competition and cooperation relationship
between these two strategies has not been discussed. Moreover, the vital role of the GU subjects in regulating the

recycling channel, battery traceability, and secondary recycling of echelon products have not been fully considered.

In October 2020, China issued the New Energy Vehicle Power Battery Gradient Utilization Management Measures
(draft), which encourages upstream and downstream enterprises to build cooperative ecological systems to build
battery-recycling sites and GUEs to actively adopt business strategies, such as leasing batteries, large-scale
utilization, and others to facilitate subsequent recycling B9, The GUEs should also be included in the battery-
recycling channel and undertake the extended responsibility of the producer of power battery recycling and the

secondary recycling responsibility of the echelon products.

Therefore, under the guidance of relevant management policies in China, this paper focuses on power battery
recycling and GU industry and constructs a game model of competition and cooperation between NEV enterprises
and GUEs. Evolutionary game theory is used to explore the Pareto equilibrium for maximizing the benefits of these
agents, and a stable cooperation mode of “win-win” was sought for the alliance of power battery recycling and GU.
The results are expected to promote the rapid and sustainable development of the NEV power battery recycle and

GU industry and also offer references for China’s NEV industrial management policies.
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