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Fig. 1. End of pipe technology.
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Fig. 2. Concepts of clean technology.,
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Table 1. Advantages of clean technology.

Environmental protection

- Reduced waste

- Less hazadous waste
Economical savings

- Raw material including water

+ Energy

- Waste disposal & handling cost
Increased productivity & profitability
Improvement of product quality
Decrease of cost & damage
Improvement of working condition
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Fig. 3. Process with open wastewater disposal.
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Table 2. Comparison of wastewater for open, re-
duced and closed systems(Boettcher, 1985).

Open Reduced Closed

Wastes

systems systems systems
Amount of water, m*/t 30 9.1 1.0
Amount of wastewater, m*/t 27 7.5 0
Annual quantity of 594,000 172,500 0
wasterwater, m*
BOD, mg/L 1,500 2,500 2,000
BOD, t/ann 891 431 0
COD, mg/L 2,000 3,000 2,600
COD, t/annum 1,188 518 0
Sedimentary substances 0* 0* 0*
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Fig. 5. Conventional process of pulp and paper in-

dustry.
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Fig. 6. New process of pulp and paper industry.

Table 3. Comparison of old and new processes in
paper industry.

* With optimal operating sedimentation cone
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Wastes Old process New process
Total wastewater, m®/t 56 0
Suspended materials, kg/t 31 0
COD, kg/t 19 0
BOD, kg/t 9 0
Oxidizable materials, kg/t 12 0
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Fig. 8. Modified process using ozone bleaching agent.

Table 4. Comparison of wastewater characteristics
in bleaching processes.

Wastes Old process Modified
process

Wastewater flow of 100 50
bleaching effluents, m*/t
Suspended materials, kg/t 10 negligible
BOD, kg/t 25 negligible
COD, kg/t 75 negligible
Color, kg(Pt/Co)/t 90 75

Table 5. Economics of ozone bleaching(in dollars,

as of 1982).
Items Old process Modified
process
Investment( $ ) 3,663,000 11,819,300
Annual Cost( $) 995,300 734,500
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