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Abstract

In the context of “dual carbon” goals and new energy revolution, the cultivation of talents in energy
and power engineering faces new opportunities and challenges. Virtual simulation experimental
teaching, as a novel educational approach, can effectively overcome the limitations of traditional
energy and power experiments, such as large equipment scale, high experimental costs, and signif-
icant safety risks. However, further research is needed on how to scientifically construct a virtual
simulation experimental teaching system that aligns with professional characteristics and effec-
tively connects with the talent training objectives in the new era. Based on the characteristics of
energy and power engineering, this paper adopts a combined “top-down” and “bottom-up” research
approach, analyzing professional training programs, industry standards, and enterprise require-
ments to construct a “five-level” competency map framework for the energy and power field. The
study established a complete system including the overall goal level, general competency level (en-
gineering foundation ability, professional core ability, engineering practice ability, innovative re-
search ability, sustainable development ability, and intelligent application ability), professional
ability level, experimental ability unit level and specific experiment project level. The study focuses
on extracting core professional competency elements while emphasizing capability requirements
in emerging fields, such as new energy technology, intelligent control, and environmental protection.
On this foundation, four types of virtual simulation experimental projects were designed, covering
professional experimental content including fluid machinery, heat and mass transfer, and new en-
ergy systems. By introducing knowledge graph theory into the construction of the energy and power
professional competency system, proposing a new “five-level” competency map framework adapted
to professional characteristics, and developing a new virtual simulation experimental teaching model
based on the competency map, this research provides new insights for talent cultivation in energy
and power engineering programs.
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Figure 1. Diagram of the “five-level” capability map architecture
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