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Abstract: [Objective] With the increasing penetration of renewable energy, combined cycle power units are
frequently operated for grid peak shaving. Affected by the strong nonlinearity and time-delay characteristics of the
heat exchange process in heat recovery steam generators (HRSG), traditional monitoring methods hardly support
early fault detection of HRSG units. Accordingly, this paper proposes a data-driven hybrid model of LSTM-
Transformer-SHAP to realize dynamic anomaly detection and feedforward optimization for HRSG operational
conditions. [Methods] Based on approximately 120 000 groups of operating data collected from an F-class combined
cycle unit, the modeling and verification procedures are carried out. Firstly, an LSTM model is adopted to accurately
predict turbine power, flue gas heat and steam heat, and obtain time-series deviation features. Secondly, an attention-
based encoder-decoder reconstruction algorithm is applied to identify temporal anomalies, and STL decomposition
is used to distinguish different anomaly types via residual analysis. Furthermore, the random forest algorithm
combined with the SHAP framework is employed for cross-verification and high-contribution parameter tracing.
Finally, targeted optimization strategies for early fault suppression are formulated. [Results] The MAPE values of

W ¥ H Hi: 20251217 3 % H HA: 20260020 MKELBHA: 2026-07-02

2 £ W B: hEEEERGRAR AT S (T1-25-TYK38)

Supported by: China Huaneng Group Co., Ltd. Headquarters Science and Technology Project Support (T1-25-TYK38)
FE—EEEN: £ 990, B, WL, EEHTEABAMEHALAE ST SRk, ywang058@e.ntu.edu.sg.



200 kAL

2026 4=

the LSTM model for flue gas heat and steam heat prediction are 2.0% and 1.2%, respectively, while the MAPE
values for turbine power and steam temperature prediction are 1.5% and 0.3%. The random forest diagnosis model
achieves a MAPE of only 0.21%. After feedforward optimization of HRSG performance anomalies, under steady-
state conditions, the average reheat steam temperature and main steam temperature increase by 2.30 °C and 4.68 C,
and the steam cycle output increases by 2.96 MW. [Conclusion] The proposed model establishes a complete closed-
loop framework covering prediction, diagnosis, tracing and optimization, which realizes earlier warning than
traditional threshold alarm methods. The proposed feedforward optimization strategy can effectively restrain unit
performance degradation and improve the operational safety and economy of combined cycle units under peak

shaving conditions.

Key words: combined cycle power plant; peak load operation; long short-term memory network; SHAP analysis;

random forest; anomaly diagnosis
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