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ABSTRACT : This paper proposes new pollution indices as a quantitative measure of environmental impact.
The pollution index for a process is defined by using polluton balance equations. Three pollution indices
were defined on the basis of waste characteristics: mass, BOD, and toxicity. Such pollution indices can be
effective and valuable tools for minimizing the waste production of a process in terms of environmental
impacts, and, when used with cost estimates, for objectively determining the optimal process. In this paper,
the application of these indices was demonstrated in a case study involving the production of detergent, as
reported in the literature. Pollution indices for the existing process and two improved processes were
calcvlated and compared to evaluate environmental impacts of these processes.
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Figure 1. A simplified flowsheet for the production of a detergent.
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Table 1. Overall material balance(kg/h) of the existing process

Total In Total Out Out as Solid Out as Liquid
Component

(kg/h) (kgfh) Waste (kg/h) Waste {(kg/h)
AlCly 14.18 14.18 14.18 0.00
Benzene 180.00 045 (.45 0.00
Dodecyl benzene sulfonic acid 0.00 0.00 0.00 0.00
Dodecene 387.8% 0.97 0.97 0.00
Disulfone 0.00 0.00 0.00 0.00
Dodecyl benzene 0.00 29.80 0.00 29.80
Oleum 536.65 130.52 0.00 0.00
Sodium dodecyl benzene sulfonate 0.00 724.43 0.00 0.00
Sodium disulfonate 0.00 4276 4267 0.00
Sedium hydroxide 123.75 0.01 0.00 0.00
Sodium sulfate 0.00 64.74 64.74 0.00
Sodium polyphosphate 72.12 72.12 0.00 0.00
Sodium silicate 36.05 36.05 0.00 0.00
Sulfuric acid 0.00 178.88 0.00 0.00
Water 965.83 1021.53 0.00 0.00
Total 2316.47 2316.44 123.10 29.80
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Figure 2. The flowsheet of the improved process |
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Table 2. Overail material balance(kg/h) of the improved process 1

Component Teaatal In Total Oue Out as Solid Out as Liquid

(kg/h) (kg/h) Waste (kg/h) Waste (kg/h)
AlCh i4.18 14.18 14.18 0.00
Benzene 0.00 0.00 0.45 0.00
Dodecyl benzene sulfonic acid 0.00 0.00 .00 0.00
Dodecene 387.89 0.00 0.97 0.00
Disulfone 0.00 0.00 0.00 0.00
Dodecyl benzene 0.00 29.87 0.00 0.00
Oleum 536.65 135.56 0.00 0.00
Sodium dodecyl benzene sulfonate 0.00 724.07 0.00 0.00
Sodium disulfonate 0.00 28.32 26.91 0.00
Sodium hydroxide 123.52 001 0.00 0.00
Sodium sulfate 0.00 63.94 57.55 0.00
Sodium polyphosphate 72.12 72.12 .00 0.00
Sodium silicate 36.05 36.05 0.00 0.00
Sulfuric acid 0.00 176.66 0.00 0.00
Water 1,196.20 125179 0.00 0.00
Total 2,546.61 2,546.57 98.64 0.00
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Figure 3. The flowsheet of the improved process II
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Table 3. Overall material balance(kg/h) of the improved process II

Toatal In Total Out Out as Solid Out as Liquid
Component
(kgfh) (kgh) Waste (kg/h) Waste (kg/h)
AlCl; 14.18 0.00 0.00 0.00
Benzene 180.00 0.00 0.00 0.00
Dodecyl benzene sulfonic acid 0.00 0.00 0.00 0.00
Dodecene 387.89 0.00 0.00 0.00
Disulfone ; 0.00 0.00 0.00 0.00
Dodecyl benzene 0.00 29.87 0.00 0.00
Oleum 536.65 135.56 0.00 0.00
Sodium dodecyl benzene sulfonate 0.00 738.07 0.00 0.00
Sodium disulfonate 0.00 28.32 26.91 0.00
Sodium hydroxide 123.52 0.01 0.00 0.00
Sodium sulfate 0.00 64.74 57.55 0.00
Sodium polyphosphate 72.12 72.12 0.00 0.00
Sodium silicate 36.05 36.05 0.00 0.00
Sulfuric acid 0.00 176.66 0.00 0.00
Water 1,196220 1,251.79 0.00 0.00
Total 2,546.61 2,532.39 84.46 0.00
Table 4. Pollution Index Calculation
i Product Total Waste BODu Toxicity Mass Index BOD Index Toxicity
L Geh  Gem kel e (el Index
Existing process | 823.6 152.9 15246 739899 0.18 1.83 88.9
Improved process | : 846.3 98.6 5854  70685.7 0.12 0.69 83.5
Improved processl 346.3 84.5 5854 257517 0.13 0.69 30.43

Table 5. Comparision of the solid waste

Existing process Improved process | Improved processll
AICl Sludge 15.60 14.18 0.00
Sodium Disulfonate 42.76 26.81 26.91
Sodium Sulfate 64.74 57.55 57.55
Total 123.10 98.64 84.46
Mass Index 0.15 0.12 0.10

Table 6. Comparision of the liquid waste

Existng process

Improved process |

Improved process [1

Heavy Fractions

29.80

0.00

0.00

Mass Index

0.0358

0.00

0.00

AA7lE AIA A2%
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Table 7. Environmental impact of the waste

Existing process Improved process [ Improved process [l
COD(mmg O/L) 4378260.3 331.4 3314
BODs{mg OfL) 1567527.7 116 116
TKN(mg/ N/L) 0 0 0
TP(mg P/L) 0 0 0
TSS(mE Sids/L) 2863061.3 2440573.7 573.7
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Figure 4. Comparision of the pollution indices of

exising and improved processes.
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