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Abstract

Driven by both the intelligentization of power grids and the construction of new power systems,
substations have evolved from traditional power transmission hubs into core nodes integrating
data collection, information processing, and intelligent decision-making. Their functional restruc-
turing imposes rigid requirements on the technical adaptability of civil engineering buildings.
Based on the concept of modular construction and the development trend of intelligent construc-
tion technology, this paper systematically explores the multi-dimensional adaptive design system
for civil engineering buildings in intelligent substations. The research shows that civil engineering
buildings need to construct a physical support foundation for data collection and transmission by
accurately reserving installation points and wiring channels for intelligent sensors such as temper-
ature, humidity, and SFe gas leakage monitoring, and coupling with the environmental require-
ments of dustproof, moisture-proof, and anti-electromagnetic interference for edge computing and
communication equipment. For intelligent operation and maintenance scenarios, it is necessary to
optimize the station layout to plan unobstructed operation paths for inspection robots and reserve
autonomous charging interfaces to realize automatic monitoring of equipment status. In terms of
security and secondary system adaptation, the monitoring bases in key areas must meet the dual
standards of unobstructed vision and seismic stability. Meanwhile, in line with the trend of trans-
forming centralized control rooms to decentralized and virtualized ones, flexible layout designs are
adopted to reserve expansion space for new equipment. Combined with the optimization of foun-
dation treatment technology and the application of modular building materials, the above adaptive
designs realize the in-depth collaboration between civil engineering structures and intelligent sys-
tems, effectively improving the operation safety and maintenance efficiency of substations. The re-
search provides a technical reference for the standardized design of civil engineering projects in
intelligent substations, and conforms to the development needs of the new power system for the
intelligent upgrading of key infrastructure.
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Figure 1. Long-term planning framework of new power system [24]
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Figure 2. Research framework for collaborative optimization and operation of power systems with a high proportion of re-
newable energy
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Figure 3. Diagram of technological changes in the industrial sector
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Figure 4. Development goals of green buildings
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Figure 5. Diagram of building an integrated design system with “Civil Engineering as the Foundation and Intelligence as the
Soul”
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Figure 6. Schematic diagram of product life cycle assessment
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