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Model for analyzing effect of material flows on
energy intensity in complex process industries
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Abstract: Based on the method of standard material flow diagram (SMFD), a model for analyzing the effect of material
flows on the energy intensity in complex process industries was established. Based on the statistical data from an alumina
refinery plant in 1999 with Bayer complex process, the effect of each material flows deviating from SMFD (including
input material from surrounding a, recycle unqualified and waste product for retreatment f and output wastes to the
surrounding y) on the product ratio, unit process energy intensity and energy intensity of the final product in complex
process industries can be analyzed clearly using this model.
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Fig.4 SMFD for Bayer alumina refinery process based on 1 t alumina

1
Tablel Effect of material flows on product ratio (PR) based on 1 t Al,O; and unit process energy intensity (UPEI)
SC CD ST TD PC ATC

Item PRY/ UPEIY/ PRY/ UPEI” PR"/ UPEI"”/ PR UPEl"/ PR” UPEP’/ PRY/ UPEI”/

m MIm?®) m MIm?® m MIm?) m MIm>) t (MIth t  (MIt
Loss from ATC 0.029 6 - 0.056 7 - 0.008 9 - 0.009 5 - 0.0161 - - 36
Loss from PC  0.706 9 - 1.3537 - 0.213 4 - 0.2271 - - 38 - -
Spent liquor 1.889 6 - 3.6184 - 0.570 5 - 0.607 0 - - 100 - -
Loss from CD 0.022 4 - - 2 - - - - - - - -
Loss from SC - 1 - - - - - - - - - -
Loss from TD - - - - 0.0320 - - 7 - - - -
Loss from ST - - - - - 5 - - - - - -

Total 2.648 4 1 5.028 7 2 0.824 8

W

0.843 6 7 00161 138 0 36
Standard value 2.8186 44 53974 598 0.8509 40 09054 381 1.5302 151 1.0000 3387
Practical value 54670 45 104261 600 1.6757 45 1.7490 388 1.5463 289 1.0000 3423

1) For liquid product; 2) For solid product.
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Table 2  Effect of unit increment of material flows quantity on energy intensity

Item Loss of ATC Loss of PC Spent liquor Loss of CD Loss of SC Loss of TD Loss of ST
Quantity/MJ 7.3 2.6 3.0 1.0 0.4 0.8 0.4
0.01 m’ for liquid product, 1 kg for solid product.
Y6 = 1005-1019.
0.0105t( 3) 1 2 ¢iy6: dcp = 85.63% [3] GIRALDO L, HYMAN B. An energy process-step model for
3 4 ¢iy6: ¢rD =14.37% 5 6 ¢iy6: manufacturing paper and paperboard[J]. Energy, 1996, 21(7/8):
100% %) e AE 667-681.
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