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Abstract Globally, there is a collaborative effort to achieve global carbon neutrality in response to
climate change. In the case of South Korea, greenhouse gas emissions are rapidly increasing,
presenting an urgent situation that requires resolution. In this context, this study developed a
thermal energy collection device named a 'steam trap' and created an Al model capable of
predicting future electricity usage by collecting energy usage data through steam traps. The average
accuracy of electricity usage prediction with this Al model was 96.7%, demonstrating high
precision. Consequently, the Al model enables the prediction and management of days with high
electricity consumption and identifies which facilities contribute to elevated power usage. Future
research aims to optimize energy consumption efficiency through efficient equipment operation
using anomaly detection in steam traps and standardizing energy management systems, with the
ultimate goal of reducing greenhouse gas emissions.

Key Words : Convergence, Energy, Manufacturing, Process, Efficiency

* This paper was carried out in 2023 with the support of the Korea Institute of Environmental Industry and Technology's
DX-based carbon supply chain environmental manpower training project (Ministry of Environment) and the Korea Energy
Technology Evaluation Institute's energy manpower training project (task name: training specialized manpower for carbon
resource based on energy efficiency) for each mid-sized business sector.

"Corresponding Author : Jin Soo Lee (jinsoo6172@gmail.com)

Received November 14, 2023 Revised December 6, 2023

Accepted December 22, 2023 Published December 30, 2023



44 027 |28%=2X HM2H HAS

1. M2

1.1 &+ B

T A AR 7| 5He fi 32 et 2= &
2FHEE A8 T2 o 42715 F%(1619), UN
715 A4210(199) o1F 1217459 715 5& FFs
g 714 5 2050 gaFH(1]0] 22 4 VM5
Stal Qlok. W 3= 1919 AR wiEe A
19904 < 6.8t0] AAITE 20209ll= 12.7t0.2 2F 1.8
o 71t Ad=oln, UN2 gh=o] 20309714 247}
& HiEFE 20179 O] 50% A= AS dastal
AT}, =9 oA £ oateteta wiETF A =7t
SHEF] 86.8%°l 3= 59 6,992% ELO= o]
of sj2o] sttt =2 2023 =W ©4FY ol
A G st 20309714 A=EREE w4 4
& 22 9o] A% FolH 203019714 20184 B
% oMl 40% A5 HHE of1L Qiet o] 22 5
EE 24517 flsiA 2A7A o v ARl A2
o] Agtishdetast gilo] WpAol.

1
g
tlo

_H =

mic n“-
25| 05| o8| 74| 12
52 | 13| 16| 20| o1

100 | 100 | 100

T 7
= 100 | 100

160 | 100 | 100 | 100 | 100

Fig. 1. Share of energy consumption by industry in
major industrial sectors
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Fig. 2. The Current Status and Increasing Trends of
Aging Industries Nationwide
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Fig. 3. Process Overview
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Fig. 4 Thermal Energy Device Design
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Fig. 5 Raw data collection
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Fig. 6 Data Processing Code Snippets
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# Design network
model = Sequential()
# Check LSTM

model.add(LSTM(50, input_shape=(train_X.shape[1],
train_X.shape[2])))

model.add(Dense(1))

model.compile(loss="mae’,
metrics=['mse']) # mse =

optimizer="'adam',
mean squared error

# Fit network

history = model.fit(train_X, train_y, epochs=50,
batch_size=72, validation_data= (test X, test_y), verbose=2,
shuffle= False, callbacks= [ andbCallback()] )

Fig. 7. LSTM Code Snippet
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Fig. 8. Validation Loss Learning Curve
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Table 1. Model Test Table

Category Data
Used amount(kwh),

Power factor(%),

Input Electric current(A),

Active power amount(kWh), Reactive power
amount(kVarh)

Model Learned Model(*pickle file)
Scaler Stored scaler file(*pickle file)
Production Used amount(kwh)(Prediction)
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Table 2. Model Accuracy Result

Factory_ID RMSE_SCALER Accuracy_Scaler
1100 0.033478727 96.65212732
1120 0.022078325 97.7921675
2100 0.019211031 98.07889669
2120 0.04389305 95.61069504
2140 0.0421755708 95.78242922
2160 0.038964729 96.10352709
Total Accuracy= 96.66997381
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