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Energy efficiency prediction for coal-fired power station boilers based
on two-step decomposition and HBA-NBEATS model
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Abstract: Ash deposition on the heating surfaces of coal-fired power station boilers causes a significant decrease in energy efficiency. If
it accumulates continuously, it may cause serious safety accidents. Therefore, accurate prediction of the energy efficiency of the boiler
heating surface is an important way to solve this problem. To achieve the improvement of energy efficiency prediction accuracy, this
paper constructs an energy efficiency prediction model for coal-fired power station boilers based on a neural basis expansion analysis
(NBEATS) model. This model is optimized by the honey badger algorithm (HBA) that incorporates a two-step decomposition strategy.
This method uses the cleanliness factor as an indicator of energy efficiency in the boiler heating surface, and applies wavelet threshold
theory to denoise the original cleanliness factor data. The two-step decomposition strategy of robust empirical mode decomposition
(REMD) combined with variational mode decomposition (VMD) is used to obtain multiple mode functions of the denoised data. For
each decomposed mode function, the HBA algorithm is applied to tune the hyperparameters of the NBEATS model for independent
prediction, and the predicted values of all mode functions are superimposed to generate the boiler energy efficiency prediction results.
Experiments on the boiler dataset of a 300 MW coal-fired power station in Guizhou Province show that the proposed model outperforms

the ablation model in multiple performance metrics, the root mean square error performance is improved by 5.43% ~ 93.31%; the
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coefficient of determination increases to above 0. 98; the minimum mean absolute error achieves 0. 000 2.

Keywords : energy efficiency prediction; cleanliness factor; two-step decomposition; robust empirical mode decomposition; honey badger

algorithm; neural basis expansion analysis model
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Fig. 6 Two-step decomposition results of the cleanliness

factor for economizer’ s ash accumulation section
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Fig.7 Two-step decomposition results of the cleanliness

factor for reheater’ s ash accumulation section
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Fig. 8 Ablation experiment results for the prediction of

cleanliness factor in economizer’s ash accumulation section
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Fig. 9  Ablation experiment results for the prediction of

cleanliness factor in reheater’ s ash accumulation section
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Table 1 Evaluation metrics for model performance in ablation experiment

EVEITES R RMSE R? MAE
NBEATS 0.943 2 0.5713 0.878 0
HBA-NBEATS 0.6327 0. 806 2 0.516 4
VMD-NBEATS 0.509 6 0.874 3 0.473 5
REMD-NBEATS 0.3290 0.947 6 0.296 0

B

VMD-HBA-NBEATS 0.318 1 0.951 0 0.301 0
REMD-HBA-NBEATS 0.199 0 0.980 8 0.1719
REMD-VMD-NBEATS 0.287 2 0.960 1 0.262 5
REMD-VMD-HBA-NBEATS 0.188 2 0.9829 0.167 0
NBEATS 0.378 1 0.838 7 0.341 2
HBA-NBEATS 0.283 4 0.909 4 0.256 4
VMD-NBEATS 0.3316 0.8759 0.272 8
B REMD-NBEATS 0.048 6 0.997 3 0.036 7
VMD-HBA-NBEATS 0.3220 0.883 0 0.302 9
REMD-HBA-NBEATS 0.032 7 0.998 8 0.026 3
REMD-VMD-NBEATS 0.038 5 0.998 3 0.028 8
REMD-VMD-HBA-NBEATS 0.025 3 0.999 3 0.020 3

R* Fil MAE TR SR d5 25 1) B — NBEATS 71 3 5] $12
F+T 80.05% . 72.05% F1 80.98% , bt T Il ¥ fE vk AL 14

REMD-HBA-NBEATS # % 2 #+ T 5.43% ., 0.21% F
2.85%, TEF-HEREUHE /Y WU 25 SR Xt b R AR SO Y
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model performance evaluation indicators

RMSE \R* Fll MAE Ft SR e 22 (1) . — NBEATS 471
ABIRFET 93.31% . 19. 15% F1 94. 05% , b T Pk g vk
Y REMD-HBA-NBEATS #8358 7} T 22. 63% 0. 05%

F122.81%, L, H REMD-VMD Wi/ fit ik, 3+
HBA fAL574 % NBEATS #8118 S5 T L4k, sEW8
P B TR AL 0 TOMORS B A, A SO iR Tk
REMD-HBA-NBEATS X FLHT, 14 68 48 b £ /=5 0 52 A7 B2 i
B ) A AN A 3 0, 33X — OF i 75 76 BR R F, 3l 5 0 RE AL 93
I K Ji5 252 W SR W il i B9 S B o FH PP 27525 i 5 il
3.4 ZfEbCEE
A PE— A 56 ff it REMD-VMD-HBA-NBEATS J7 %
MR RE , AT IR R ), TEAR R WD R 2518 T, B i
i 2% 3 5 REMD-VMD-HBA-LSTM . REMD-VMD-HBA-
TCN BERIHEATX G, WA 11 522 2 Fs , A SOl i
PET % He A% B H RMSE . R® #1 MAE Lt REMD-VMD-
HBA-LSTM #£ & T 92.77% . 15.95% 1 91.64%, It
REMD-VMD-HBA-TCN 43 il $2& F+ T 95.45% . 53.31% #il
95.91%,, i b, AR SO ik i Pk ge B 3 0L F A LSTM
TCN 5 F A Tt — 2 500E T r 2 0 ik A sichk
0.661

=+-=+ REMD-VMD-HBA-TCN
— = — REMD-VMD-HBA-NBEATS

0.64
Mo 0.62F
X
puln
#L0.60+

0.58}

056 . . . . . -
0 100 200 300 400 500 600
i [8)/min
1L X SE g Ft 45
Fig. 11 Comparative experiment prediction results

F2 XJEERIeERE R IR e IR
Table 2 Evaluation metrics for model

performance in comparative experiment

el RMSE R? MAE
REMD-VMD-HBA-LSTM 0.349 9 0.861 8 0.242 7
REMD-VMD-HBA-TCN 0.5555 0.6518 0.496 5
REMD-VMD-HBA-NBEATS 0. 025 3 0.9993  0.0203
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