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Iran.

Subject: In this study, the steam reforming of the methanol process was
analyzed based on three different inputs including temperature, pres-
sure, and H,0/CH,OH ratio with the use of different Artificial Intelli-
gence methods.

Methodology: In the first step, Cu-Zn/ZrO, catalysts were synthesized
via the co-precipitation method, and then experimental tests of steam
reforming of methanol were performed at a temperature range of 180
-500 °C, the pressure of 1-11 bar, and the H,0/CH,OH ratio of 0.75-3.75
on the Cu-Zn/ ZrO, catalystina fixed bed reactor. Afterward, three differ-
ent methods of Mamdani fuzzy type-1, Mamdani fuzzy type-2, and Suge-
no fuzzy were applied in order to develop the models. Using these meth-
ods, the developed models only required the heuristics derived from the
expert’s knowledge and some experimental data, without needing the
calculation of complex kinetic as well as thermodynamic parameters
related to the corresponding process. In addition, the structures of the
developed fuzzy models were optimized to improve the model perfor-
mance according to the analysis of the initial results. The model devel-
opments didn’t require a high number of experimental data, and this
feature is especially interesting when dealing with the process condi-
tions in which data gathering is expensive or the accuracy of data is low.
main results: The overall accuracy as well as the properties of the
developed models were compared. The type-2 Mamdani fuzzy model
proved to be the best model, using which, the methanol conversion, H2
yield, and CO yield were predicted with accuracies of 67%, 91%, and
83%, respectively.

*To whom correspondence should be addressed:

mh.eghbalahmadi@tafreshu.ac.ir
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Figure 1 - The schematic view of Mamdani fuzzy model
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Table 1 - Sample fuzzy rules defined for Mamdani fuzzy model

1 If Temperature is Low and Pressure is Very High and Steam/Methanol is Very

Very Low.

Low, Then Methanol Conversion is Very Low and H2 Yield is Low and CO Yield is

2 If Temperature is Very High and Pressure is Very High and Steam/Methanol is

is Medium.

High, Then Methanol Conversion is High and H2 Yield is Very High and CO Yield

3 If Temperature is High and Pressure is Low and Steam/Methanol is Very Low,

High.

Then Methanol Conversion is Medium and H2 Yield is Very High and CO Yield is

Ve Shhes 36 Jos sla Sy ple ¥ Jsux
Table 2 - Other properties of typel Mamdani fuzzy model

feature

content

And method

Min

Or method

Max

Implication method

Min

Aggregation method

Max

Defuzzification method
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Footprint of uncertainty (FOU)
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Figure 4 - Fuzzified view of model variables using five type2 fuzzy sets.
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Table 3 - The results of typel- Mamdani fuzzy model and comparison with experimental data

experimental data typel- Mamdani fuzzy model | model error
oo 2oy | osjle o33k s 2oy | esjle o33k Jroad aeys | el o33k
Jsite O3 | 1SS eie | ol O3 | oSS eie | Joile O3B | (S S g
5.65 2342 |3.65 8.04 23.32 7.57 0.42 0.00 1.07*
27.82 7241 |15.67 23.46 7830 |7.57 0.16 0.08 0.52
85.6 66.82 |52.16 84.27 64.35 63.02 0.01 0.04 0.21
0.78 2433 |3.54 8.04 2332 | 7.57 9.30 0.04 1.14
24.31 65.74 | 21.27 23.47 64.35 21.64 0.03 0.02 0.01
6.63 6.42 1.72 8.04 9.37 7.57 0.21 0.46 3.40
57.87 84.71 | 44.67 68.84 78.30 42.33 0.19 0.07 0.05
91.53 67.32 |83.71 84.27 7830 |77.09 0.08 0.16 0.08
20.08 26.86 |3.01 23.47 23.32 7.96 0.17 0.13 1.64
71.34 82.42 |45.78 68.84 76.60 | 42.33 0.03 0.07 0.07
52.35 74.55 |59.86 46.15 78.30 63.02 0.12 0.05 0.05
78.69 58.13 |76.56 84.27 68.05 |77.09 0.07 0.17 0.01
73.74 84.87 |58.76 84.27 78.30 63.02 0.14 0.08 0.07
21.61 70.23 | 24.36 23.47 75.81 | 21.64 0.08 0.08 0.11
60.45 79.34 |36.13 53.88 51.12 | 35.80 0.11 0.36 0.01
90.23 70.46 |77.36 83.58 67.58 | 76.46 0.07 0.04 0.01
el Lags s i o5 s b ls ool & Lgy e 5, sls cenie (MRE) e 5o glallas (S0l
0.53 0.12 0.70
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Table 4 - The prediction accuracy of the results of type2- Mamdani and Sugeno Models

prediction accuracy of the results of type2-

prediction accuracy of the results of Sugeno

Mamdani model model

Jgilie a3 woys O39rdkd 033l RS heSsia 033b Jgilie a5 woys OFordked 033l RS heSsia 033b
0.30 0.00 0.90 1.76 0.48 2.96
0.16 0.09 0.56 0.11 0.01 0.81
0.01 0.04 0.21 0.1 0.07 0.08
8.43 0.04 0.96 19.00 0.42 3.09
0.03 0.02 0.02 0.36 0.09 0.32
0.11 0.36 3.04 1.35 1.52 741
0.19 0.07 0.05 0.07 0.16 0.05
0.07 0.17 0.07 0.16 0.14 0.16
0.17 0.13 1.39 0.79 1.20 11.52
0.03 0.06 0.07 0.075 0.13 0.53
0.12 0.06 0.05 0.00 0.26 0.11
0.08 0.17 0.01 0.02 0.01 0.08
0.15 0.07 0.07 0.27 0.16 0.28
0.086 0.07 0.11 0.28 0.34 0.41
0.05 0.29 0.03 0.28 0.27 0.23
0.06 0.03 0.00 0.15 0.12 0.09
MRE

0.63 0.10 0.47 1.55 0.34 1.76
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Figure 5 - The optimized shapes of membership functions for output variables of developed fuzzy models (left figure:
type2- Mamdani fuzzy model, right figure: type1l- Mamdani fuzzy model)
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Figure 6 - The prediction performance of the optimized type1- Mamdani fuzzy model (A: methanol conversion, B: H,
yield, CO yield)
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Figure 7 - The prediction performance of the optimized type2- Mamdani fuzzy model (A: methanol conversion, B: H2
yield, CO yield)
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yield)
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Table 5 - Statistical analysis of the results of developed optimized fuzzy models
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