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ABSTRACT : Designing water-reuse network which can reduce the fresh water within the process and increase the water-use efficiency
by scientific and systematic analysis is recently interested in the industries. Water systems often allow efficient water uses via water reuse
and recirculation in the paper, petrochemical, and steel industries which necessitate a lot of freshwater within the process. Defining network
layout connecting water-using process is frequently accomplished by using water pinch technology which optimizes freshwater entering the
process and also reduces the wastewater. In this review, recent researches and case studies of water pinch technology which can find the
bottleneck of the water stream at the water reuse designing stage are introduced. Necessity of water pinch technology is illustrated by
examples of real industries. Recent studies on simultaneous energy and water minimization and water-reuse network among industries in eco-
industrial park(EIP) are also introduced.
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Fig. 1. Prediction of water supply and need.”
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Table 1. Wastewater savings by water-reusing projectszo)

Company Process/Industry Location R\Z;thfo]z?;)
Confidential ~ Chemical & Fibres Germany 25
Cerestar Corn processing UK 25
Gulf 0il Oil refining UK 30
Monsanto Chemicals UK 40
Parenco Paper mill Netherlands 20
Sasol Coal chemicals South Africa 50
Unilever Polymers(batch) UK 60
US Air Force Military Base USA 40
Confidential Oil refining Netherlands 40
Confidential Chemicals USA 40
Confidential Chemicals & Fibres USA 25
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Fig. 4. Example of four water utilizing processes.




Table 2. Process contaminants of four water utilizing processes”

Contaminant load Cin Cout Actual flowrate

[kg/h] [ppm]  [ppm] (/h]
process 1 2 0 50 40
process 2 5 0 100 50
process 3 30 0 300 100
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Table 3. Maximum permissible concentrations and quantity of
total suspended solids for a papermaking process™

Process C" C™ s flowrate ¢
(ppm) {ppm) (kg/h)
Head box(P) 0 200 7,000
Breast roll(P,) 100 500 22,400
Knockoff(P3) 200 650 62,550
Trim squirt(P4) 0 200 2,000

Table 4. Comparison of fresh water consumption with and
without water reuse™

Fresh water(¢/h)

Process

Symbol w/o reuse Optimal

Head box(P)) W' 35,0 36.5
Breast roll(Py) Wy 448 4.8
Knockoff(Ps) ws' 96.2 54.9
Trim squirt(Py) W, 10.0 10.0
Total fresh water Shawl 186.0 146.2
Water reduction - - 21.4%
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Table 5. Process in/out concentration in a polymer process™

flowrate solid TOC temp

Ton/h ppm ppm C

De-mineralized water 51 1 2 25
River 92 50 30 25
Effluent cone. 5000 5000 60
Reactor 1 S 5 50
Reactor 2 5 5 40
Reactor 3 5 5 40
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Table 6. Water and cost savings in a polymer process by
optimal water reuse’®

Water usage Water  Water usage Cost

Fresh wat i i
resh water (before) (after) reduction (before) (after) reduction
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Table 7. Water balance of S-petrochemica13)
fin fout COD in COD out Conductivity Conductivity

Operation 1) (te/hr) (ppm) (ppm)  in(us)  out(us)
CT A 376 35 1.58 9.9 38 558
CT B 49 15 1.58 11.7 38 488
CT C 131 25 1.58 9.14 38 486
CTD 115 16 1.58 8.41 38 304

N process 228 169 0.75 256 0.5 767

E process 1l 4 0.77 418 1.1 771

L process 9 41 075 3.7 0.5 94

LL process 2 34 077 4.7 1.1 276

P process 7 51 077 3.9 1.1 108

H process 7 7.8 077 43 1.1 1201

S 1 process 59 72 0.75 8.45 0.5 26.5
S 2 process 174 150  0.75 6.33 0.5 17.1
A process 2.15 185 0.75 14.6 0.5 3864
1000
W inlet freshwater
inlet regenerationwater
800 -
mg 600 -
E
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[
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Fig. 13. Freshwater vs regeneration water flowrate in S-petro-

chemical.”
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Fig. 14. The initial water design in S-petrochemical industry.”
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Table 8. Optimal water reuse flowrate and cost in a petro-
chemical plant”

Water usage Water Cost

(before) (after)

S-petrochemical  1429(m’hr)  996(m*hr)  303% 28.5%
825(m’hr)  495(m’hr)  61% 36.6%

Plants . .
reduction  reduction

J-petrochemical
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Table 9. Economic evaluation on water reuse options(headbox
shower and municipal water reuse)7)

Water Amnual ot
reduction(gpm)  saving nvestmen

$
city ~Waste ®) ®
Headbox shower 120 120 381,000 59,000
Municipal water reuse 379 111,000

Description
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gagth
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Table 10. Simulation of water reuse option and predicted water
chemistry in the paper machine heabox”

Basecase Headbox Municipal
simulation shower reuse effluent reuse

Component  Units

Sodium(Na)  ppm 545.0 560.0 550.0
Calcium(Ca)  ppm 450.0 470.0 453.0
Magnesium(Mg) ppm 26.0 26.0 27.0
Potassium(K)  ppm 42.0 42.0 44.0
Aluminum(Al)  ppm 4.0 4.0 4.0
Silica(Si0;)  ppm 31.0 32.0 33.0
Barium(Ba)  ppm 0.3 0.3 0.3
Manganese(Mn) ppm 2.0 3.0 2.0
Chloride(Cl)  ppm 115.0 125 119.0
Sulfate(S0:)  ppm 1400.0 1450 1420.0
TSS(%) ppm 0.75 0.75 0.75
Extract ppm 10.0 10.0 10.0
TOC ppm  3580.0 3601.0 3589.0
pH ppm 5.4 5.3 5.4
Temperature °F 135 138 135
CaCO;5(S) ppm 0.0 0.0 0.0
CaS04(S) ppm 0.0 0.0 0.0
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