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 Achieving carbon neutrality requires not only the development of superior battery performance but also the assessment of 
environmental impacts. However, in academic research, technology development and environmental impact assessment are 
practiced separately. To address this issue, a new framework for the concurrent development and assessment was 
constructed to develop Li secondary battery with the enhancement of battery performance and the reduction of 
environmental impact. In this approach, lightweight, flexible, and good conductive carbon nanotube (CNT) three-
dimensional current collectors and partial prelithiation were employed. These enabled CNT-based SiO-NCM 
(LiNi0.8Co0.1Mn0.1O2) full cells to achieve high energy density based on the total electrode mass. In contrast, life cycle 
assessment (LCA) indicated that the greenhouse gas (GHG) emissions reached 221 kg-CO2eq/kW h-pack, representing a 
57% increase compared to those of a conventional Li-ion battery (140 kg-CO2eq/kW h-pack). The hotspots were identified 
as the prelithiation process and the associated electricity consumption of the dry room, resulting from a high electrolyte-to-
SiO mass ratio (E/SiO, 20 μL/mgSiO) and a long prelithiation time (24 h). To mitigate this issue, the prelithiation conditions 
were investigated using half-cell measurements, and the optimum conditions were determined to be an E/SiO ratio of 6.9 
μL/mgSiO and a prelithiation time of 4 h. CNT-based SiO–NCM full cells under the optimized conditions achieved high 
energy densities of 346–377 W h/kgelectrode at the 300th cycle under 0.45 mA/cm2. Furthermore, LCA showed that GHG 
emissions under the optimized conditions showed 168 kg-CO2eq/kW h-pack, representing a 24% reduction compared to 
previous prelithiation conditions. 
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