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Fig. 1. Flow diagram for effluent generation in Khatoon Abad Copper Refinery Plant
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Table 2. Calculation results for TSS mass load
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Table 1. Effluent characteristics in different units of
Khatoon Abad Copper Refinery Plant
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Table 3. Calculation results for mass transfer at each level of TSS concentration

m; (kg/day)

tot 3 = tot (.3 =
C}:lm C};llll} _ k d C]i+1 - Ci‘; Atl‘:;fk((]‘:;}dﬁgaY) 3 mi,mt Af:rrk((l::/digaY) 1_03
Processes k = Am; o (kg/day) cLim _ cLim| ¢~ ](ppm) ol [Cicra=Cii] (ppm)
mg/l mg/l mg/l mg/1 kg/day m’/day
82 320 25 20 24 3.79 3.04
82 4 20 25 24 25 3.79 0.76
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Table 4. Calculation results for the required discharge (for mass transfer) of each operation at each TSS level
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Processes k * [Cicr1-ClilGopm) 10 [Cicr1-Clilopm) < 107 M x 103
[Car — Ci,k](ppm)
mg/l mg/l m’/day kg/day
CWP 1 0 8 0.65 92.85
2]l a 3 8 24 1.6 100
82 3 1 24 3.04 132
82 4 24 25 0.76 760
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Fig. 2. Calculation diagram for minimizing water consumption based on TSS pollutant
IS lae Sl sun VI ol 5 O O pze g 5leaieS Slal r‘ﬁbﬂ.}—‘l Jss

660 M3/day
0 ppm
82 316 100 'M;?g 760
M3/day  M3/day M3/day ¥ ay M3/day
CWP e 213 » 82
20ppm 24 ppm 25 ppm
234 M3/day
0 ppm 216 M3/day
Water lost

Fig. 3. Final results of using Pinch method for TSS
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Table 5. Calculation results for TDS mass load

Cig" Cout fi" Amy
Processes mg/l mg/l m’/day kg/day
CWP 300 400 130 13
2la 350 447 395 38.3
21b 350 - 216 -
82 600 731 758 99.3
ulsligul  vo
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Table 6. Calculation results for mass transfer at each level of TDS concentration

cim  clim g Cier1 — G Aﬁgz((;;/z;i)ay) ) Amy; Aﬁtﬁ((;;/z;i)ay) » 3
Processes k in out = Amy,(kg/day) [CiL(i)ll'llt — CiLii.'."] [ Cfﬁ:— oo 103 Lt Corcti o 10
mg/l  mg/l mg/l mg/l m’/day kg/day
CWP 1 300 400 300 350 13 6.5
CWP 2 300 400 350 400 13 6.5
2la 2 350 447 350 400 38.3 20
2la 3 350 447 400 470 38.3 18.3
IS Jslre Slaals sz VT (51 o 2 55 Slbes o 5L s 550 (3 dlone =Y Ui
Table 7. Calculation results for the required discharge of each operation at each TDS level
tot (3 fi%(m*/day)
14 g gy _tmy g /day) i (m* /day)
Processes k 1k = 03 [Ci., - C%](ppm) — m;(kg/day) % 103
[Cis1 — CHi](0PM) % 103 [Ciis — C%](PPM)
mg/l mg/1 m’/day kg/day
CWP 1 290 350 6.5 108
CWP 2 350 400 6.5 130
2la 2 290 400 20 182
2l a 3 400 447 18.3 389
82 5 600 731 99.3 758
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Fig. 4. Calculations diagram for minimizing water consumption based on TDS pollutant
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Fig. 5. Final results of using Pinch method for TDS
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Table 8. Calculation results for turbidity mass load

- che Cont fim Amy;
SV s s as ¥ ol Brae ol talS s Sy Processes mg/1 mg/1 m’/day kg/day
_ _ 2la 1 3 395 0.79
So9aS a6l i a0 658 el s ) L CWP 3 5 130 0.26
82 2 4 758 1.57
|
S35 san VT ke alaia o s JUisl o,z b aubons gl =4 Jyiz
Table 9. Calculation results for mass transfer at each level of turbidity concentration
clim Clim mi'k(kg/da():,2 Ck fifﬁt((l:n;/d)ay) - fifﬁt((l:n;/d)ay) -
in out — . k+1 — “k Am; i (kg/day 3 M ot _Am;(kg/day) 3
Processes k Am, o (kg/day) [Cil'(i)?:t — CIL.'.'.nl [Cory—ChllGopm) x 10 [Cory—Chl(opm)
mg/l mg/l mg/l mg/l m’/day kg/day
2la 1 1 3 1 2 0.79 0.395
2la 2 1 3 1 3 0.79 0.395
82 2 2 4 2 3 1.57 0.785
82 3 2 4 3 4 1.57 0.785
CWP 3 3 5 3 4 0.26 0.13
CWP 4 3 5 4 5 0.26 0.13
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Table 10. Calculation results for the required discharge of each operation at each turbidity level

. £3!(m?/day) = fii (m?/day) £{3(m® /day) =
ik Am;  (kg/day) 3 _ Alni,k(kg/ day) 3 m; i (kg/day) 3
Processes k ’ —— = e —— X 10
[Cics1—Cli] (PPM) [Ci. — €% ](ppm) [Cicr1=Cif] (PPM)
mg/l mg/l m’/day kg/day

CWP 3 1 4 0.13 44
CWP 4 4 5 0.13 130
2l a 1 1 2 0.395 395
2l a 2 2 3 0.395 395

82 2 1 3 0.758 393

82 3 3 4 0.758 758

wastewater Wasstsglater wastewater
——— . — cwe __ __ 3M3/day mssday  _ isoms/day ... _. —5 ppm
A A ’'y
0.13 130 M3/day
Kg/day 130 M3/davl ot — —>
M3/day|
82 86 M3/day
—_— — . — T P — — e —— . e L s — -4 ppm
0.13 44 M3/da
Ke/day | — p— el —— c—
0.785 785 M3/day M3/ day

21a Kg/day [-le— r —— el c—f

] s ep
0.785 393 M3/day M3/day
Kg/day —— e ol -1
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Kg/day | e— j— c— c—
395 M3/day 393
0.395 e o e— e c—-] M3/day
Kg/day] Water lost
216 M3/day 44
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395
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freshwater

Fig. 6. Calculation diagram for minimizing water consumption based on turbidity
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Fig. 7. Final results of using Pinch method for turbidity
S8 bl Gl e s S e i S -V S

YA ullssld g ul daa I#9V JLus ) aglodi P9 aggn



dx.doi.org/10.22093/wwj.2017.53325.2187 O oaS oS slay fdo dewsgs
225 LT 515 b olaiign b 5L 5550 DL PR

o shn ol golgdy b (38 50 (5 pSienal sl g S ek
S ol G glediaS G adlin (pl (53,50 andllas s
L mlal OlL g Sl g 5 b osd asls e a5 05l
sl ol O G ey i 51 (S o0 1) 50
o) 3wl sba iy olal g (5T Slallan 3555
b sl 5o o glass S

22 B man y dmlg s 53 i sl SRy o) 0o
Gre Dlassls S VI Gasls do gl sblo sl e Crio
530S 8 I8 s 350 D308 5 JS Jgle Dlaals (S
ol s s a8 8 s s S 5 lee Slaels san YTl I
b els T G 5, 3 sz PV F Loz 0l 2
I 5 53505 25 th 0 s s Fo /A8 slaa 5 sls 2ol
S s20 OYO Loz 0l g0 o JS Usbe Shtalz 0ay T 5 05
o3 Y0 Jolse s sls Gal ST, s Ol G 5,50
b S 5 55 250 s VT S o g s 5 500 52850
Lol ol G mmn 55 00 xS 2 YO Loy 055 e i
Bl s Lse o an, ¥ Dol sl ialS
S S Lt Ol e las Dlolyr sut, VI ot sanlie
S o3 T O a8 o)

ST G e (g3latinS sl cmalin S 2o nl
528 o S ol 98 gl b wlio s Ol W5 s
PSP LW By WS Y PP IC PR S P
(3 LtienS (o i st a5 b iz 8T S Sloriaa
il sy Bl oy 4 sl il O G e

nle o 1y 558 saio wsly o G e

References

Sl 4 ol s 53 O G e 5 3leaaS (L1 |
(a5 Sl Ol el aio axly 53 Of G ae Dl
Lo alS OF s sl (25 5 a5 Ol S
» Qb cad bolnlioly wial e 5l e o0l
wly ol blue 230, r:\ﬁ Olsee SralS i Oley b adas
o5 0 VT mlio (gl Consab 51 B Jlatol 5 0 )lez 5 o5
gad oWl es g3l 3550 O o 51
EREPp | PUS P PE JUPVIPS BIPRIR SUH LW
23 940 St Ol e gl e ol 035 anax 4 Ol S e
Sty s ol 5 lallas 3858b ol oo 2o clousls
e ol Ldlazs 5 glazgo oliabl (ot g g
Sl eas (o5 D) P > 42) I Hle = sl sl
Gl ool glie el b g5 g3 iinS Cilie gla s lin
Slop b olow iS00 5 G HSG L 52 (35
Sl G as ludiaS suate 3850 ol ol (g5leaiaS
el 51 SIS ol slie a5 L3S IS5 5 slazel s 51
B man (g3laaS b 33500 gl 2l D po s a3
3ol b oo i a3 pleazge 5ol (ol e O
S i F3e Coler pus il 5 bms (wiigo 4
Sl ole 5 mlio D)l55 5 g 5 Lams Bl losle 3
Sl a5 b T G e 63latinaS ) 2] (5106 50 oo
059 O\laaize | 65l @u_ﬂrwﬁ o wly Jles|
- g 4oz 5l g5leanaS (slo By b S5 Lo 5 it
et s 4l Sl ool s ol gl o 5ei 5L
g3 by il b e g Sl g e jzes B le D)

APHA, 2005, Standard methods for the examination of water and wastewater, 21* Ed., American Public Health
Association/American Water Works Association/Water Environment Federation, Washington, DC, USA.

Brouckaert, C. & Buckley, C., 2003, The application of pinch analysis for the rational management of water and

effluent in an industrial complex, Water Research Commission Report, Pretora, USA.

Dunn, R. & Bush, G., 2001, "Using process integration technology for cleaner production", Journal of Cleaner

Production, 9 (1), 1-23.

Feng, X. & Deng, C., 2013, Synthesis of water networks with water loss and gain via an extended pinch analysis

technique minimisation of energy and water use, waste and emissions, Woodhead Publishing, London, UK.

9y JLII ) d]l-o-'l.'l F9 dyga

ullsld g ol Y4



dx.doi.org/10.22093/wwj.2017.53325.2187 L O oaS oS sla fdo dewsgs

Hallale, N., 2002, "A new graphical targeting method for water minimisation", Advances in Environmental
Research, 6 (3), 377-390.

Institute of Standards and Industrial Research of Iran, 1988, Water sampling methods, Standard: 2347. (In
Persian)

Juliana, F., Gomes, S., Eduardo, M., Queiroz, F. & Pessoa, L., 2007, "Design procedure for water/wastewater
minimization: Single contaminant", Journal of Cleaner Production, 15 (5), 474-485.

Khajian, N. & Shayegan, J., 2008, "Optimizing water treatment and wastewater treatment at oil refinery", MSc
Thesis, Sharif University of Technology, Tehran. (In Persian)

Khezri, S., Lotfi, F., Tabibian, S. & Erfani, Z., 2010, "Application of water pinch technology for water and
wastewater minimization in aluminum anodizing industries", International Journal of Environmental Science
& Technology 7 (2), 281-290.

Manan, Z., Wan Alwi, S. & Ujang, Z., 2006, "Water pinch analysis for an urban System: A case study on the
Sultan Ismail Mosque at the Universiti Teknologi Malaysia (UTM)", Desalination, 194 (1), 52-68.

Manan, Z., Wan Alwi, S. & Ujang, Z., 2006, "Water pinch analysis for an urban system: A case study on the
Sultan Ismail Mosque at the Universiti Teknologi Malaysia (UTM)", Journal of Environmental Management
194 (1-3), 52-68.

Mann, J. & Liu, Y., 1999, Industrial water reuse and wastewater minimization, McGraw Hill, NewY ork.

Mehrdadi, N., NabiBidhendi, G. & Mohammadnejad, S., 2009, "An overview on different water pinch, methods
for industrial water and wastewater minimization", Environmental Sciences, 6 (4), 29-42.

Mohammadnejad, S., Ataei, A., NabiBidhendi, G., Mehrdadi, N., Ebadati, F. & Lotfi F., 2012, "Water pinch
analysis for water and wastewater minimization in Tehran oil refinery considering three contaminants”,
Environmental Monitoring Assessment, 184 (5), 2709-2028.

Mughees, W. & Al-Ahmad, M., 2015, "Application of water pinch technology in minimization of water
consumption at a refinery", Computers & Chemical Engineering 73, 34-42.

NabiBidhendi, G., Mehrdadi, N. & Mohammadnejad S., 2010, "Water and wastewater minimization in Tehran
oil refinery using water pinch analysis", International Journal of Environmental Research 4 (4), 583-594.
Priya, G. & Bandyopadhyay, S., 2016, "Multiple objectives pinch analysis resources", Conservation and

Recycling, (In Persian).

Qiao, Z., Minbo, Y., Guilian, L. & Xiao F., 2016, "Relative concentration based pinch analysis for targeting and
design of hydrogen and water networks with single contaminant", Journal of Cleaner Production 112 (5),
4799-4814.

Rafidah, S., Alwi, W. & Manan, Z., 2013, Water pinch analysis for water management and minimisation: An
introduction minimisation of energy and water use, waste and emissions, Woodhead Publishing, Pretara,
USA.

Savelski, M. & Bagejewicz, M., 2000, "On the optimality conditions of water utilization systems in process
plants with single contaminants", Chemical Engineering Science, 5 (21), 5035-5048.

Tan, Y., Manan, Z. & Foo, D., 2002, "Water minimisation by pinch technology — water cascade table for
minimum water and wastewater targeting", paper Presented in 9th Asian Pacific Confederation of Chemical
Engineering (APCChE 2002), New Zealand.

Ujang, Z., Wong, L. & Manan, A., 2002, "Industrial wastewater minimization using water pinch analysis: A case
study on an old textile plant", Water Science Technology, 46 (11-12), 77-84.

Wan Alwi, S., Manan, Z., Samingin, M. & Misran, N., 2007, "A holistic framework for design of cost- effective
minimum water utilization network", Journal of Environmental Management, 88 (2), 219-252.

Winterbone, D. & Turan, A., 2015, Pinch technology, advanced thermodynamics for engineers, Elsevier Pub.,
Amesterdam, Netherlands.

Ao allssld g ul alaa 9V JLu ) aglodis P9 a4gn



