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Classification of Low-Carbon Retrofit Pathways and Engineering Decision-Making

for Urban Road Lighting Systems: A Case Study of Nanjing

GUO Fei
(Innovision Environmental Planning & Design (Shanghai) Co., Ltd., Shanghai 200433, China)

Abstract: Under the “dual-carbon” policy framework, the low-carbon retrofit of urban road lighting systems is evolving
from single-objective energy consumption control toward refined engineering decision-making. Existing studies primarily
focus on operational energy-saving measures, while insufficient attention has been paid to the heterogeneity among roads
in terms of power density, lighting layout configuration, and operational management patterns. As a result, uniform retrofit
strategies may fail to accommodate diverse engineering conditions. Based on the operational parameters and structural
characteristics of six representative urban roads in Nanjing, this study develops a classification approach for low-carbon
retrofit pathways. Roads are categorized into high power-density, high single-lamp load, operational redundancy, and
structurally optimized types. The technical suitability and implementation priority of retrofit strategies are analyzed for each
category. The findings indicate that structural optimization is more suitable for roads with excessive power density, light
source replacement is appropriate for roads with high single-lamp load, and intelligent control strategies demonstrate strong
applicability in operational redundancy scenarios. The proposed differentiated classification framework enhances retrofit
precision and resource allocation efficiency, providing a decision-making basis for the refined low-carbon upgrading of urban

road lighting systems.
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Table 1 Basic characteristics and structural parameters of
sample road lighting systems
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Table 2 Carbon emission performance of sample road lighting

systems
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Table 3 Framework of road classification and technology

pathway adaptation
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