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ABSTRACT: The power system operation mode changes
substantially due to increasing renewable energy penetration
and power electronic devices integration in power system. New
operation modes are emerging in power system operation,
planning, protection, and stability analysis, which can hardly be
handled by traditional model and experience-driven method. To
this end, this paper proposed using data-driven method to
analyze power system operation mode and its variation based
on high dimensional simulated Chronological power system
operation data. This method first preprocesses the data,
identifies representative operation mode patterns and its
number using clustering algorithm, and then extracts key
features using t-SNE for operation modes visualization. In
addition, several indices were proposed to evaluate power
system operation modes space dispersion, seasonal consistency,
and time variation. A case study on Gansu provincial power
system in China showed the impacts of high renewable energy
penetration on power system and validated the proposed
data-driven method. The results show that the space dispersion
and pattern number of operation modes are significantly
increasing as renewable energy penetration increases. In
addition, the operation mode are less correlated with season
under high renewable energy penetration.

KEY WORDS: data-driven; high renewable energy
penetration; power system operation mode; power system
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Fig. 1 Data-driven framework for

power system operation mode analysis
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The power system operation mode changes
substantially due to increasing renewable energy
penetration and power electronic devices integration in
power system. New operation modes are emerging in
power system operation, planning, protection, and
stability analysis, which can hardly be handled by
traditional model and experience-driven method. This
paper proposes a data-driven method to analyze power
system operation mode and its variation as well as
identify typical operation patterns and its number based
on high dimensional simulated chronological power
system operation data.

The framework of the proposed method is shown in
Fig. 1. Based on boundary conditions, the power system
operation under high renewable energy penetration is

simulated to obtain sufficient power system operation data.

Then, the high-dimensional and correlated power system
operation data are analyzed by the proposed data-driven
pipeline. In the pipeline, we first preprocess the data by
using a dimension reduction algorithm like PCA to
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Conclusion

Fig. 1 Data-driven framework and pipeline

compress the redundant features and accelerate the
following algorithm. Then, we identify representative
operation mode patterns and its number by using the
clustering algorithm and saturation point of compactness
index, respectively. Next, a visualization algorithm like
t-SNE is used to decouple the power system operation
data correlation and extract key features for operation
modes visualization to obtain an intuitive understanding of
power system operation mode patterns and its variation.
Based on the qualitative analysis, several mathematical
indices such as space dispersion, seasonal consistency, and
time variation are proposed to quantitatively evaluate the
characteristic of power system operation modes to guide
power system power operation and planning under high
renewable energy penetration.

A real-world case study on Gansu provincial power
system in China shows the impacts of high renewable
energy penetration on power system and validates the
proposed data-driven method, as shown in Fig. 2. The
results show that the space dispersion and pattern
number of operation modes are significantly increasing
as renewable energy penetration increases. The operation
modes are also less correlated with season and more
likely to change its pattern in adjacent days under high
renewable energy penetration. Therefore, more operation
patterns should be evaluated in power system planning
and more flexible resources are required in power system
operation to ensure power system security.
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Fig. 2 Operation modes visualization of Gansu Provincial power system under three renewable energy penetration scenarios
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