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Abstract: Lithium-sulfur (Li-S) batteries, with an ultrahigh theoretical energy density of 2600
Wh/kg, abundant sulfur reserves, and low material cost, have emerged as a prominent
research focus for next-generation high-energy-density energy storage systems. High energy
density and long cycle life represent two core metrics enabling the large-scale practical
deployment of Li-S batteries. In this review, we systematically summarize construction
strategies for high-energy-density Li-S batteries derived from the theoretical energy density
formula. At the full battery system level, we outline methodologies for key parameter
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regulation and clarify the optimization priority of battery component modification strategies.

Targeting

inherent bottlenecks such as the polysulfide shuttle effect,

poor electrical

conductivity of sulfur and interfacial instability of lithium anodes, we establish a multi-level
collaborative design framework of "Cell-level parameter constraints—materials and electrolyte
engineering—analysis of cycling failure mechanisms", and elaborate on modification schemes

and the latest pouch cell verification results respectively. Meanwhile, we systematically
summarize the current cycling performance of ultra-high-energy-density systems reaching
500~700 Wh/kg in recent years, as well as effective approaches to enhance battery cycling

stability. Furthermore, we conduct an in-depth analysis of the inherent trade-off between high-
energy-density and long cycle life, present an outlook on the industrialization trajectory of Li -
S batteries, and provide theoretical insights to guide future development of high-performance,

practically viable Li-S batteries.

Keywords: lithium-sulfur battery; high-energy-density; cycle life; parameter regulation
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Fig. 1

Development Trends of Lithium-Sulfur Batteries: (a) Representative Studies of High-Energy-Density

Lithium-Sulfur Batteries over the Past Six Years; (b) Annual publication trends of lithium-sulfur batteries and
high-energy-density lithium-sulfur batteries in the past decade based on Web of Science database. Pie chart
predicts the proportion of Lithium-Sulfur battery publications in 2026.
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Fig. 2 Composition of pouch cells and parametric rules for energy density regulation: (a) Schematic diagram
of pouch cell; (b) Relationship between E/S ratio and N/P ratio under different energy densities; (c) Energy
density and E/S ratio at various N/P ratios; (d) Energy density and N/P ratio at various E/S ratios.
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Table 2 Summarized Research Progress of Lithium-Sulfur Batteries under Practical Conditions in the Past Five
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