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INTRODUCTION 

In the coke oven process, coal is carbonized and COG is produced at the same time. The produced COG contains H2S, NH3, BTX, and the other impurities. Then, it is used to recovery processes of H2S, NH3 and BTX and the fuel use. In the recovery processes of each components of COG, the operation conditions have been controlled in order to maximize the recovery efficiency in the case of the production volume change of COG. Also, the control of supply amount of COG should be conducted for the COG consumption process for its fuel use in the case of the production volume change of COG. Therefore, the prediction of COG production volume is very important. In this study, we introduced the autoregressive moving average (ARMA) model to predict it and used the Kalman filter estimation method for more accurate prediction of COG production volume.

PREDICTION OF COG PRODUCTION VOLUME

The impulse response of the charged coal is expected to be described as follows.
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where, g(z -1) = impulse response of COG production to coal charging, ai = parameter of impulse response and z -i = delay operator.

Since the cycling time of coking is 16 hours, then n is 16. Under the assumption that the each individual coke oven is the same, the total volume of COG production from time k-1 to k is given by
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where, y(k) = COG production volume from k-1 to k and x(k) is charged volume of coal from k-1 to k.

With the parameter of impulse response of COG production to coal charging, the COG production volume can be predicted from the past charged volume of coal using equation (2). However, it is impossible to find accurate ai during the continuous operation since the operating condition of coke oven is changed. Then the following process identification methods are introduced.

Least Square Estimation

The production volume of COG can be predicted with the least square method. In order to apply the least square method the basic equations are as follows.
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where, e(i) = error between the model and measured data. N is the number of observed value sets used in the equation (3). Least square estimates are given by 
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The least square method shows 2-5% standard deviation error to the prediction of COG production volume. From this result, the least square algorithm is not appropriate to the prediction of COG production volume and more accurate prediction method is needed.

Kalman Filter

The impulse response of COG production volume is affected by the charged coal amount, the coking temperature, the volatile matter of coal, the moisture of coal and so on. And these affecting factors are changed continuously, the least squares estimation algorithm can give the inaccurate prediction value of the COG production volume. Therefore, we introduced autoregressive moving average (ARMA) model to improve the accuracy of the model. The ARMA model as follows.
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The Kalman filter is also used to update the model parameters which are used to predict the production volume of COG in accordance with the changes of process.
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Since the charged coal is generally scheduled by the operation condition, the production volume of COG can be easily predicted using the Kalman filter as follows.
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Using the updated parameters from the Kalman filter, we can also determine the operation condition, that is, the charged coal amount. For example, the necessary COG production volume at time k+1 is determined from the purification processes and the COG consumption one for fuel use, the coal amount will be charged at time k+1can be easily calculated from (14).
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where, xd (k+1) = the coal amount will be charged at time k+1, yd (k+1) = the necessary COG production volume at time k+1.

Typical ARX results of various orders are shown in Figure 2.

CONCLUSION

The process identification methods are applied to the prediction of COG production volume. From the application results, Kalman fileter and the ARMA model give very accurate prediction values compared with the empirical model which give 5~6% prediction error. Using the predicted COG production volume, we can give the optimal operation condition of the COG purification process and optimal distribution scheduling of the COG consumption process for fuel use. Moreover, we can calculate the schedule the charging coal amount using Kalman filter.
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Figure 1. Comparison of measured and predicted COG production

with respect to autoregressive order
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