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Simulation for Power Efficiency Optimization of Air
Compressor Using Machine Learning Ensemble
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{Abstract)

This study delves into methods for enhancing the power efficiency of air
compressor systems, with the primary objective of significantly impacting industrial
energy consumption and environmental preservation. The paper scrutinizes Shinhan
Airro Co., Ltd.'s power efficiency optimization technology and employs machine
learning ensemble models to simulate power efficiency optimization. The results
indicate that Shinhan Airro's optimization system led to a notable 23.5% increase in
power efficiency. Nonetheless, the study's simulations, utilizing machine learning
ensemble techniques, reveal the potential for a further 51.3% increase in power
efficiency. By continually exploring and advancing these methodologies, this research
introduces a practical approach for identifying optimization points through data-driven
simulations using machine learning ensembles.
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Table 1. Mean and standard deviation of measurements before and after power reduction system had

applied
. A8 A7 A2" AE A AY AL A2H HE T
Variable Mean(std.) Mean(std.)
Power 178.53 (87.54) 188.24 (74.19)
Flow 21.75 (12.50) 28.10 (12.38)

Power Efficiency

0.1182 (0.0270)

0.1460 (0.0248)

Average Pressure(1-8) 5.74 (0.85) 6.37 (0.48)
Average Temperature 27.47 (1.93) 19.54 (4.14)
Average Dew Point(1-3) -30.12 (26.12) -40.69 (18.88)
Average thermo hygrometer Temperature(1-3) 27.12 (2.28) 18.60 (4.27)
Average thermo hygrometer Humidity(1-3) 61.12 (8.86) 45.35 (10.69)

std. : standard deviation
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Table 2. Single Model Performance using RMSE

Model RMSE
LightGBM 0.0041
RandomForest 0.0042
ExtraTrees 0.0043
XGBoost 0.0045
KNN 0.0049
CatBoost 0.0052

Table 3. RMSE of ensemble models by the forward

selection
Model Ensemble component RMSE
Ensemble 1 |LightGBM 0.00410
Ensemble 2 |LightGBM, RandomForest 0.00404
LightGBM, RandomForest,
Ensemble 3 KNN 0.00401
LightGBM, RandomForest,
Ensemble 4 KNN, ExtraTrees 0.00402
Ensemble 5 LightGBM, RandomForest, 0.00405

KNN, ExtraTrees, XGBoost

LightGBM, RandomForest,
Ensemble 6 |KNN, ExtraTrees, XGBoost, 0.00410
CatBoost
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Fig. 1 Performance changes depending on the
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Table 4. Optimal values found from the simulation through ensemble models

. Optimal value

Variables
Ensemble 1 Ensemble 2 Ensemble 3 Ensemble 4 Ensemble 5 Ensemble 6

Average pressure 7.02 6.17 6.17 6.17 6.12 6.08
Average temperature 13.88 12.42 11.24 12.52 13.94 14.44
Average dew -23.78 -78.46 -78.24 -78.46 -72.56 -26.36
Average thermo hygrometer temperature 16.28 12.40 12.40 12.40 17.10 18.16
Average thermo hygrometer humidity 42.41 41.00 41.04 41.00 30.68 39.03
Average flow 34.62 43.00 43.59 43.54 39.03 39.6809
Power efficiency 0.2221 0.2223 0.2209 0.2202 0.2218 0.2115
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