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Abstract

A close relationship exists between forest product
industries and the water cycle. Water as a natural
resource is assumed to be a necessary and vital element
in pulp and paper manufacturing as well as power
generation in the related power plants. The objective of
the current study is to determine the main factors
affecting water consumption in recycled paper
manufacturing companies using the analytical hierarchy
process (AHP). Several questionnaires and related tables
were forwarded to selected recycled paper
manufacturing companies to evaluate the water
reduction criteria in different sectors including the
manufacturing process, final product, raw material,
human resources, costs and expenditures, environmental
regulations and technical modifications. The results
were analyzed using Expert Choice 2000 software. The
results indicated that the final product criterion was
ranked first followed by manufacturing process, human
resources, costs and expenditures, environmental
regulations and technical modifications, in that order.
Also among alternatives, final product, cooling water
network, and water storage tanks were categorized in the
first three priorities. The specified priorities would assist
managers and production experts to achieve optimal
water consumption with the minimum possible cost.

Keywords:  Analytical hierarchy process, Water
consumption reduction, Pulp and paper industry, Paper
recycling technology.

* Corresponding author. E-mail Address: Kermanian_h@yahoo.com

5 (B 5 O i) S glres 5l 5 Cntr o S5 bl
3 Sl e b pie K Ol ST s sy OT e
A5 Dl 53 9,5 A5 5 she 5 LIS B ezt W5 50 655 0
2 el e e Gl ol Sl Bs Bl e Cmio Gl B
Ll p By 3l ealial b dBIST L Sl )8 )3 T o e O
o P s basliu, wdlae ol (Sl akide Lo
S sl e la oT jo a8 wl @5 0558 B AL L Dl )5
03,50 5 Al o5 5l Calibes (slajtdn 55 ST o e 28 s
DSl ¢ o s 3 051 a3 ¢ Ll (535 cplt ole s 5
Expert Choice 13l b Jol ol 5238 513 oy 1 5050 5
S5 03515 el &8 sy i s 23 515 s 355 2000
bt sl cd 5l sl el 5 2ol IS e 5 Sl s VL L
lros) )3 (B Dol 5 (Jameals ) ol 5 ey 5o Sll (9,5
S5 02,31 (e Slaes & Ola 3 s 8 o 15 G
i3 85 Il sl 53 DT 03 0 jlme 5 oS oS T oS
LS gn ST (s 5 oy QLS8 5 O pke 4 ol s (slay !
4 aie Pl o b OT O pme 5o Jae ol Jalge Sl LG

il S DT 5 e 3 g 8 o o A

e Gt 0T U3 pezn 2S5 50 dldas sy A1 5 2l 1 LS
Lels b5k gyl 4.:\.'95‘9


www.SID.ir

Olgeas T ool odid 03ls ol Sl &y 5o
A5 3 o8l s Sl LSJ-‘Ngs-’“‘bt"‘&
A5 Dl 3 5,0 5 5 ke 5 JEIST CABLS axt
il g Saio opl e
] gl 5l ol Ol s 5L edas Aoy
9355 oo el Laasl s g Laaslingy dibe  oebow
Vern 1t Gae U oS Ges b T (slaele I e
4 OT LS 5 del et W5 ol N pd o 4085 e
S Cl (G5t (s LS 5 (pline Ol
33 Sl ods 4,1 g 3 OT Sk Jonlly s
23 eslinal 3, e adsl sl e o 5ol 51 (S6 ST el
23755 1 et ) sy & el (3Ll o
sl 3l ga g1a3l BBl 5 035 o S et
505 (6 st claay (T (05, &S
Sy (sla 2V 5 Ladly o Ole 51 U JUis!
o590l .(Chwan, 2006) LS s fus 2K il
S P s 33 (ol 5 SLalsd gl
5 s 04 oS (Sl ST Doy oo S
by e golasl SlamSa 5 Slowils I8 5L 5,40 ST
N ot 1 ST e J 2857 (bl b slacad &

RCH PR IRICIUUN 5 RS N L

4o
st o 3150 3l (glas sazee 5 DU 1 glaSCi 1 ABS
AU OTeiS s Say maS Conlods S
Aty e gband slye 5 LI o ogde 3,18 s
ST st 55 o O e a0 5L SIS 5 A8 e
5331 e S 5 5L IS8 a0 (5 5l T
A5 L b e aomals 5 Do gd 90 (o f e 4
sl ol o Lasd VT izl Jels 5 dsls s
3 Blomy g JoB Ol Al o0 (65 5 0 e
S LS & sl 4 35 St 15l ol Sl
.(Pertti Hynninen, 1998) Ju 153l o laoeel s )
Sl K B8 sl (gl 5L 350 B
DLalE 5 &8 g o8 g g L S0 U
ey SN oLS 5 S I LSl oy b
L Lol 5l (S 5 L (SOl gland s T 5
Bl A B8 51AL st sdoms agi dn
Sl S 8 a8 S s ol
Bl s U s claals 58 5 odd ags J2lS s
LU, () S ealerwl Sl IS Olan js olls ags
s o) M slae sl p Lo o S

\J@)bdb)bbﬁjg-\-uﬁj(ulfj

ol iy 5 g Sl

Y

b o Sl

S )

e ol

b T

adal olas il

=l slasos,s

[

N T P

Cams Ay

s

ANCASI, 2009) o T 4 o b S (slaes ys 5 Cnir bl 51— K

AWWAS 5ol Jol soled ida Jlw (Jasse asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\\m


www.SID.ir

;,gﬁiﬁ_\ié}uﬂ},j@\s@uaw\du,;

)‘P‘\TJTJJ—Mr}-’jd}‘raﬁjﬁdyu\_ﬁ]—g}fﬂ

Cxio 53 DT O 5 GlasLeT e S o

'x—‘Sgs—"’)jTJ—l"—*g"J—h")[—:lT‘Y)‘u:ﬁ—lb

GL‘_.; T o ,—ee ¥ i (Bultannews, 2010)

s o O 1y W 5 Calides gla 3w 53 0 S LS

ST 5z gl S (Cmir i 53 b 587 s
W55|6|°>;jumﬁ@jemmzs@,,g
23 3o G Joily 5 S5 o OT O as
Do G 53 (6550 42 5 29 35 (o oty 4o LaOT
(Tajrishi, 2004) Cul Sle las bl 31 5ol
33 5388 gmino GLaolS S 2als p OT S o
Ao )3 ¥ 45 03 50 xS 20 3 sas OVF Uslas VY58 UL
\T;Tcu)'!u)m\‘ju_szjﬂjcuﬂj
.(Ministry of Power, 1996) &l s i u...aL' o

CCREM, 1987) J&S" 5 juast Crins (51 T S Jasly szws =) o>

{ . I;'Z (¥ ._l.""‘:l Sl La a_&‘g_:" i
et dag AELE s il L8 N
b ‘_.f_;ﬁ_, o b l_.f_;ﬁ_, b ‘_.f_;ﬁ_, ol l_.f_'.._f:_, ol g A2

A A - - A - pH
Yael= ge= Yae: To= Yae: fa (HUY S,
Te ya= Yrals gvrs o= Y CNTU Y =y g
Yal= Yal= — — Tol= Tax ,“_'af

LR = LR = - - T = B
y e . e Ny e . T LN L= ;“:7
P T = DR v [ \E o= " _}'_{;4
Teoal= Teoal= Yoal= Teel= Vi-To - NEES
Qe Qe Yaals Qe Yaals Tal= ._,""'.'f"‘
Yl Yl Yl I Yrels Yrels Lot

_ - Ve Vo= Y Wi—Es = L
Yoz Yorle geels Foa= Yoz Yoal= Al L el 2l

- iz - - - - "C) L

_ _ Yl Ve = Yl CO,

g g g 'l L L '_,rf..,'._:_, a7 O 5aa

_ —_ _ _— - Tz I?u'h:l_l JEI_ |.r'|_q-.I '5’

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\\Vm


www.SID.ir

i

P

S i

E
4

2 .G

m A
I ._;‘_g“_—'

B
Wols,
B o5k

[ ‘.sa_lJl..ﬁv CLI'_J

i

N

is‘&. J 23]

e s 2l g _pis

(Ellis, 2001) 0868 s 53 ST 5 e 150 =T S0

Gl delS Sl )8 55 OT 5 me j2alS

Sl 03 45 (6103 28 (Sla s 1 5 anlllon 3 50 0l an
Joshi, 2008; Haynes, 1974; Hirosh, 2004; Gune, )
.(2000; Faleiros, 2009; Boyko, 1999; Feng, 2009
Gl oo s 5 3dnte (Mol 5 461,y s,
b.a,,j.'\_alféu;;lqau)lf,sqgwums
S3lwaz LSS sla i) g1t 08U L Lled s 4|
Jacob, 2002; ) s gladuss 3 5,50, b anT 2
«(Gonzélez, 2004) L= , & «(Bagajewicz, 2001
Jacob, 2002; Hamaguchi, 2009; ) & ST

LS55 5 (Lafourcade, 2006

=

055U 58 53 0SS mlo Lol
Sl )87 55 OT O s (61 mebeiio 5l bl
Sy Al s dr g L aS Sl ol jaseia gL
GBI ¢l xS s 5 (ladls sl 0553
LB wsle ety mliw 3 e 3550 (BLSL
JEICEE PP SLPUPICE [P e gon:
old 4308 31 SekiS OLSS Card s ol T U3 eae
st 4588 Syt gy 33 B3 (S 3 !
3 s 3\as S (Ghorbannezhad, 2008) Cowf ol
33 35 5o Sl 10 ol Sl 87 55 OT
3515 kol s (¥ Jsut) s prbans

(Bryant, 1996) | sas 5 5" ¢151 A 55 (slad-1s 5> T oIkl O e Ol =Y J9i

-._-&- = J=lg s
- 7 o
= G - N P Y
[ — .I___,.- =l S -

Yron s, LS
Voo s hadsls
Ya—4 = - Jsi=ls
o e o 8 b sledals
AN | [
&— ] e A2
A P TP T -~ V-1 Ly
kY - ] | -
- .J__'fl Sl e
L. BN PRy
.5__._,.3 Al
Ya—A '\-_ﬁj . ‘_.:! H

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\'Am


www.SID.ir

48 (o o3l S e lie 5 S50 LS P8
BiF G CPAPIN- T el OF planil 4 28 a3
LIRS 5 2 m dal o 5L 653 (e o
ke o 0T 8) placunss i 6l diails
Gt )s 5 Ghumbw Sl By ol Sl (51 e
Aile o gl 165l 52 OS5 358 o oslaul
O 5 Solers o5 5 mlin 5l 2LL1L
Al sl 4y S @ oaladl 5 slezs] gla o
o sme Ol 5 a1y (AHP') 51 je alader Lo
S ool oylne L LSJ‘?V"'“"*“’ S B om0 S
033 ooV e gole I oles Lo 5L bl
b s )3 (Saaty, 1980) 43,8 glil Vav-
ol Gl Sy b 5l oS oSt 5 e
LaoT Jotize H6T ol 1) ockomy il (ST !
s ool JSKo a1y OT 5 das o 515wy 5y 50
33 o5l alades Ldowd 513 3505 5 e OT o 403 S
seban S ln LS e Joor oK
33,8 o3l Wil 5 on Sy 295 (55 ool 5o
Ll LBl (ST g (oS L n old e (glasLne
el i 55 Sllin (5,8 e B 0l
lmly 531y Lay sST6 51 eSS a0 Laacw e o
as e OLES eandd 53 (5513550 by slaa S
il A o AT 5 e g o
Ly o) e wliis 3l ol sla o 5Le sl6 S
LT Jrol gy es 457 350 0 Gl S
4l 5 .(Saaty, 2001; Satty, 2000; Saaty, 2007)
ST gl (55 0anlp Slallas 53 (510 dhads Jlows
Abeer, 2008; ) Ceul 43 & 1 5 oslizul 3 g0 (g5uAnke

.(Delgado-Galvan, 2010; Simon, 1998

AI 5 65,0, b, «(Lavric, 2005; Shafiei, 2004)

Avsar, 2008; Abbasi, 2004; Venkoba, ) ,5eSL,

2000; Sarma, 2006; Faleiros, 2008; Gupta, 1994;
©3S g sla,Kal, «(Burritt, 2009; Ren, 1998

European Raghuveer, 1998; Chandarana, 2006)
54T 3 Ol b5 sla i, ((Commission, 2001;
Neidhardt, 2004; Valentine, ) OT sdoee (3 as

1985; Wyvill, 1984; Lindholm, 1998; Lovelady,
sled Jsldze sla 53, 5 (2007; Jarvinen, 1985

Thompson, ) ¢ 3lwdéels Slawils )8 CMSL 5 STy
Sl )8 55 OT O s 2alS 4 Lilanl 5 (2001
Sl i Sy n s 3165 n ksl o5
22470l Gl b kbl o gome sl 2l 5 L1
Ot Dy b Al e &S ftin B35 3] e 4o
3050 5 Sl 53 & ol gz 5 JB o slaay 5
33 ol (e, Sl 5 La sy sl ! gl
Clo3 i DT e 2alST st ey iyl b
.(Shi, 2008; Ghazinoory, 2005; Ghazinoory, 2005)
Lo 5 S S G5 gl s s a0
b slrlal g (s oy e gl 45T 508
u.\l_a.lm_b_.':,ju_:éc;l_o)%l»\_gr_(u_wj.w; S Wl
o sl e ol b Bl SR L e SU
e 358 Slarend 331 35 5 ksl s
el o e 5 J S Gl g La0T U550 s
il s ol il L a3
S S el slas 4 5L L e sb g0 2 L5l o
DLl Loy i s Lt Sl eyl L b
.ﬁ)}TJ&QBQf&@)JM&A&M)&
A3 Gl petls ik b A S (S Ll
Sy 5338 o ok LI sh e 8 5
o b laslas a8 550 (0 mie Sl LK

) 3 il s (gla i 315 L5 )3 0l iy

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRALY |


www.SID.ir

%;Twucl_:sc.l_:‘}].k_‘.l\)éf}*aﬁ-):bd:m
50T e (L0l 5 OT 5 jems slis cails 187
el s sl Cj_)u A5 clads a odas
S S sl amlllas Cood s S 0Ly &S Cnlie
& etie Slasil 8 1 b ¥ Jgd> 3 S s
,'\fjg'cwluks;\jamt}:b;_;j,@wb

B gy 9 3lge

Wl SleMb! (6597 o ol 3 4ugh

L5 Jles 4l 87 Y slaws ) Gatse op Cl’”' sl
5 =Y Cmd) (Bl i Sl e 5 LS
A5 Al b s Jpmame g5 bt bl p (S5l
g oIy g ol ol s s Ol
jQ)l_E r..l_ﬁjl_hg)-\-:‘.l_ﬁ ij‘).j) &‘H‘

Vg aS U3 § b glasliin o o

s g1 555 md b
sldis jo ooes b ac odes glacieud SesBaser oreoli i | Jgeame £o5 | canai L byl
Apiai dol ails 5 sl
* oy * T sasas - i i g ladlel et =
=¥ olea . b gze [t d g ladlely g i
by, (b 5o 55
- e s a3l aele yas
o, 3205 oy J‘Blj Js B lr—ﬂ-" ,
ol ot 302 5 oetle )57 oak st s N L o T N o
(L5 R lf)-.lx.«j"‘:' .. ‘gS)‘.‘“-zJJ)lL"“_,-‘)JTAﬂ-" P _.Tal_-; P o e
5 .
Sor s s
S C I R EE P oS aled
8 SN s ) .
: il B o ) R el adl
RO Y v [EE RN e S s N YYAN AR O
¥ S '
YT sle S -2 N
G eadgl olse 0 e i asile nas
5 g o b @oiS el oSSt | (DAF) L | STl JER VFAN Qe G e
e T e 2 glacesy
i 0 e ol Sl &) Y s
Jis G e batan il Il I [N 2ol (NRC U IRVOUOR U
LS (Jles Sdsld
_ S g e =S aly)
g iyl 3o )
Lz St eyt ol by == Saesol | saY s \YYY VO-e e | AAS s
(S ol ‘
s P
S g sanddl 2 T S
? f, e T . ? fﬁ? = =l JER \TAS \- WS LeaS”
A5 Le S Sis 0 s
it e es 5 b5t
Gy i ‘3 % g Gl | mY s VYAY Foon 328 o)
il
mad Jbwteslag 5 s
WSy Say p S 5 oyl
S .
S5 ey eiedsl Blae iyt S 5 i sk Sl ) VYA Fooor | ogelliels
i ) LY S
Gl Koo wlge giluesle]
T
L Ll " 1 5 Snsld .
(S Slalad sl 2lsa Laise 5 a5t b =Tl J Vo | Feees | Shas
=Yk

PEESE SV RS N

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mn\V'm

5

*
LT Ll gk



www.SID.ir

;gmé..;!cb_.ﬂmgbbg;umg;s-);

OT slime pebar o8 ol la oy S5l b oty S 5 Lo sne
S e Al e Sdate Slasle 5 e 6
e Jo 5 0T 5l dead o7 S b G Lo
ki Cst s o o VL Coa 4 0 428 ot
by 0T Ol a8 5yl byl &K g 5 Sl 510
SBES S 4 A8 o 0551 (S S panal o o YL
Laobas 355 oo 42 s 0T 0ijle 5 Cods panine
;)Ttgﬂfgy.u\a:_”u_@u&_m&éb);
S e sl il baslae o510 8 SL e
2,8 Il | sl Coda odsS Ol b 5 Lias
T ersn olas (3L dal g 51 5 58 as
ol o Bl e Dol 1 sy 51 e dlld S5 s
235l L3, 50 Sl 4 D)9 b 4 W ol 5 0 b
4 e JB Slaslme eld 0 B 5 o 5 (BB ela
Slasbme 5 o s BB Laslae 5 g aobae 5
L oo o 4 di Kl 5 o0 Somd g cpl LBl o0 (il
Aol Moy 53 (B 5 (63 ge8 el 55 Jlas 551
st 53 53 B dade 5 ) plite adly 53 Ly Sbr

(o950 Ak Sk o9

Sl p i (e A o 55 6 5L
AL p) odes a0

1y ks 2553 Lo 9 Sl

Sy 4 6 S e a5 Wl il o ol 5
o Lol )3 e a b oS s olie 51 (5 pe dbks
Slagasle Jold el olie 158 oo izl cdidl
Jloss Al 3 8L o el (glaay S 5 (6,8 pans
o Ul oSO S i3l 51 e aldes
SV o sl = sl 1otk 4 s
DL cpss el ol (6,8 mnal iyl 3 ol ot
oSKan 45T AL o owlal 5 odas (Sla st li olias
Sobmy o 3 5 S 5 (o2 p sla el 4 Sl
S o Byl 1y o (ladiy 8 5T a3 50 S5
e 3 (Sl 8 1 BL s Sledbl gliw -
Ay Bl 5 ezt S 5 SeSL g sl
«(Svenningsen, 1998) YJ_La Obe v Cns jlar s
Je S Slails 5187 55 OT & pde 6 Joasdl) s
O as > 0l 1,5 55 e 5 (CTP, 2002) Lyl
dod sy IS ol A8 ile jo i

NERELT

Sl delS Slawls 518 55 i OT a5 - =T IS

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\Y\'m


www.SID.ir

b els ol A 5wl b Oles 7 Jl Les s
b el 5 aS Sl ONT ile g Ul B
T St S oS LTS sy Al
Slwidy 5 @ilw eslel c T 6,53 Ojbes gu T
sy oS o (slaolisl plo 5 g ol 3l ge
ST dle e Li 55 5 (sl b T 5 Glae sl
FEWC) I PUP-S ] IV I B Piy-3 | IV S P
So55 (056 bl 5 cla Sy s cadl 2 el oS
S it ST 5 B8 ile gla i g5) LS pile
5o Sl rsd) B e ey (26T dle
ST 23,8) el ile (S eSis (55 055
il e (03315 O 33ue 5 ST Hloey T3l 5 0l LuilS
g sl ) Jals gt g ooyl 2 e ls
el oobe astLi il e 03,50 5 LS 500,18
3 S ead Oljme) plsm oole LS 5 pl o3l p g Jul

Lo Sl T s 0 o 5 (sla i Kol
i (Ko 5 bl gn (5o dhdr 53 o o 5T
P PPV O W P S TP . S
L ol s bte 4 oSS o

"
ayls
2 51 aS (65,5 53
Lo ol e Lo o 63,580 on oslizl (s
ar a8 O ol il Lag S

s pd gty Jol il ooy Kb
la e Ui o Coda U 51 e dlides & s
Jols SIS S0 Jalge a8 &) po ol 40 (F JS2)
LLS"LWJ‘ S9 cr-\_:Jﬂ osle ch..L;J}J' 03,4l 2 c.\.‘.})}' Aol
G B laslnl gy (el § 13 ey 5o
e A3 S e Sl Gla s L Ol e
L}JM@L&U)WJ_:)MW)‘,:J l.hu.a:-l.w

b b BOT (65, 5l sl & Lh oo

o1 J o Sl 5 e slaasld e

s e il

i o 'l.l...-lJ..l
'-‘-""'-F""-'“ 3y pr il
Lo ksl
‘-”1"""...?’1'!
ol o
ol gl
il ppdis as

bt o s 1 P
adyl s 5l sis | ol gt

e gadlay -Jh_,

Fap!

- : ] i
g el eyl adyl sals eyt st
i 1
I 1 T 1
Sl "....J.I ¥ Sl et i ol
P 1 e
. s ek anly
ol (R ! S X )
o g
s g i ila bty ol e
S e A i
Patmaps e ks
il el L gy = wligkd
] Iy
wsld w gha !
e .-F]_” il 415 o b giis
AR i i i s
RS 1 .
| ,]-F-l';-r-u.,-;:-. o B
_ S g b et
P = PR T R .
} (T T AT s sl i
TR P WU N | | .
e s
bl 1

UTQJAAUJ-AK):JJ'}»‘5LA‘JA>L&#)}LAUA>UL;J|,~M¢‘>)A—VJS&

AWWAS 5ol Jol soled ida Jlw (Jasse asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\YYm


www.SID.ir

o Gl lie asilael )3 F Joda Sleslinl e
el s el 5 5 Ikl &K & g0

e dlader sy 4 (gl anslan as Slael Jod- =¥ J9u>

S3de i Cooa| 4> 55
a Gles el
v ST
0 s Cvat]
¥ ot (S K Cvan]
\ S 5bus o
Y-F-5-A B Joolsh o e

e SO Ol
Slslows plol (510 Ak Bl iyl 3 53 (b o8
L ool olie 5180 8 Cn Il s sl 03Y
ol 55 Sl lis Gla  ile LoD 1 olizal
) Slalie g jle 51O gem oo slel ¢ gozm
el g gaen ) Ot p@i8 pp o (035 dlone
e 45 Gt e Sl S e e O 2 OT
ol s Jlo Slslie s Sle (T oo Sy & 50
o sl 5l (Y adsles 5 ) dslee) 555 o odsl
S o s 0k Jla Sl lie e 5o 51 o

et o b s ol i 055 S0k

S e s
B b b)) | D B b
gt B B W, b,

E)G"
S
—

n %1,, %)2"

D dslas

9l B gl g (B A Gat s 5 el Sl
3 GLapr s U ol o 3o s
5 Jold a5 518 et Ll O3 e
22 el 5 ST O e Sloms A (ol sl e L
B el s Sl 5 L 50 O e O e
ST aias 55 e lags sl la s ls 5 Juls
ssbiie s OT 0L 2 53,5 #3ol 5 llae s L

Sl o) (s> § gl 9 J9loar JuosS
(95
e A b 5 s o5 Sleglie ol
de azms gy ot 0 S e (e s
s S )l b Ceal G308 H5b 4 S e Sl
L1 s 5 n 5 oS s a st
Sl s e & G b ol g 4 5
334 53 Slaglia plail LI ol S sl ey Ll s
GRS G b 5 5 () i) el ol
odias OLE 45 3,8 o Sy s g3ds S5l
ol el 2l 55 (o Sl b S
R3S el a3 0 03 2 (o sk
) 7 Ao 4 (o b L e et Lo 4s pema
el 5 Sl lie 0515y oo o)y ST
Wl okt 4 (e ) (6,8 ool 5 5
Cmonl 51487 liie jlonlinnl Ly 55 4 55 aslie
by ool b e Ceal U (g 5lns
31 olizal o7 63ls DL a2 13,8 oo planil DLl 1S
L 35l e 538 1 08 e af A B VA Lo
) sl (sl dins plonil g sllan g 4y 5 oy e
o pHi Lo el b ot 5 g lie 1Y game IS

ed 35 o oslizal ph (sla e li L baay 5 o

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

\Wm


www.SID.ir

@ 5 422l (63900 o OELS Wiy cpl 9039 uawldl
akimSe o a5 ga 0333 il (sladels sl
L o 5 68 BB O, sl 4y S 558
only Cd b L ldsls gladsty 5 Olmils )8
S0 b B) b e 5 (Lo ys 5000 1 S
i 5 Al 4S5 58 oo gtiaid (Jlo )3 5 V0
Sl )5 5l 2 e ST s wln ¥ gl 5o
03,5 o2 53 DT GV sl O e o2 e o LS o
el 5 01l S5 55 6o g 5 Dlils )8 )
S Jlo 3 cdiles S S3amg b6, OT aujm 1
STL sl ST 3 5505 0,8 s o Kos gl 87V
a5 Wles S5 (gloylal OT (glaas 3o 4 s ¢S g
Olpde Gaasdss 5o OT U5 s 2l 5 5 Jlaz|
40l 51 a8l L K0 (g 1Al o Loy ]
Gl 5 Sl )87 S ) 3 50 a8
3 S a ol Wlos S oMol 1) Ol 40l
ahal (5l 5 g 5o (6)5U8 g Ll 55150 53 2 4 oS
Iy B oLSb 28 riw & Sl DAF slile Ol
03 90 men 4y 0l 3Ll Ol Ol 53 5 ails

S UL e SLST Jaous S § (sla il

ST B o S0 (5lo sl 4 by 0 4
(0 s o5 59 31 ol b

Sl pas Lt e 5 3 Ol ) S stpen b
S T e O S 3 T D e el
I3 e 53 kel s YL L i 5 035l 5 et L
S ol sl 5l b gl e L 5 550
2 Ol 5 e § sl 8 daay sa (Sl
35500 33 A5 ;S a5l 5 sm sLres s 45 o 4
S5 03,003 ¢ 55 e lh i) g el 5 el
213 G 5 0oy LS 4 Lo 6k Sl

Y dslas

Expert choice 3181 £ 3 9 owd SO 39 pLES
o o ol 53 pamna slaay B (sduas s okt o
o SV ole 855 53 1) paie p i O35 (sl
oo ol ol b T s O Slg 055 68
T or Sy 2l 055 e ey 8 a6l
«! = Expert choice ;3 e B SvES A
Expert choice ;-3 oA osla il 559 Olanloes
Slealinal b ojlns iz (6 5 prands Jlows o g
B 5 o ol e ke s 1§ S
S5l el st Gla 5 alS (55 1
b Ol L ese s es g 63l sl Uls syl
Ve b 5 (58 el (e ks 13 505
Cbl g 05 awlme s Ly ol 9 Dl 5 e
3 Dl 4 o (6,5 el Sl o
5345 0T Sogn ton Shlalyls 515 s slo el
S malin (SIS 5 a1 05 1 3500 51 5k
sosb BLijl g aiur 35 Las Slas 5 s )

Al 18 L alags

oW

W g Ol )8 e &S5 68 5 JolS 0l Ol mbs
LAYA sladlo adlols 5o cdvais slalsan C|}_,|

e s 4S8 WUles , S 5LET ) 545 S Jld \FAS

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\'fm


www.SID.ir

Salgion gl 8 .250

audeiaiyl ) .232
phresta .158
ol (g3 5 131
Loaiy 3o .089
e Cons oalgd 0TS
b &l s .064

ol & Sl G5 sl 2550 50 DLl
PO S (5B M astla 5 48 syl 05l Ll
A JS8) 3515 1 Slael o 5V 35 8T el

Sy3a y334h a03ls 0la A K8 53 oS ) boles
5 A4S el ol 0Ll S bzl Laas a sl
lle laay el e Cad OUL e la
ESTESIFTF IER SRS PO
g2 Ls 3 pa 53 OLalid )8 LBV K8 4 e 5 b
Ao e Gl 5 &S Sl ) el 5 158
e 3 pman 53 ol Gt Ll 5 4 o O Sl
la 1y S o VL A g s s OT

sl b el

Lyl 202 NN

3ys 53 35 gnodls 0L F S 534S 4 boles
S Wis g slizel ol Ollia )8 Wy Al b esls
355y bl o it Al B (ol b L 5
geole se s 5L i Sgls g esls jolais
O3l cdlp b e ld 5 50 55,0 VT

s o ol s a1y el o i ST e
a5 Ldas e olisV Ko aS ) bolas
ol osle g 5 jastli 5ol slgn astla s Olalis IS
N3GV A, 53 0T CadS el uj e
A s (§ Ol S ST sl 15 53 530
L Sbel o g Lo ol bl 5105 52 )le ol

3yls

795 [

Wyl pesle guue,y -7 Ch

¢ 52 I

Cl’. osle ua’-l:ﬂ 6»‘.}@“}“—v JSS)

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\Yom


www.SID.ir

s 734 I

o<l 266 [

Sl G35 et s sty I -A S

Llls 745 [

b eaa g alile e = e

252

Ly 3o Lasls gy Ji— 4 Ko

o 508
iy s i st 402 [

035515 § 55 das e OLES VY S8 &8 5 5bles

ST O pae g e ;56 |3 Dloned 5§ Gills 545
g5 Pl (s 0 8 ol o sl 4 a5 b sl
Sl e il Slalen 5 oo 5 G5 03,515
R U e J e OT A5 ot 4 il 5
SLas S poemas (dls dalt OT 5 talS
Syl Sons o 3 DLl )lS7 i b S 6 Ko
ST el 23,8 b4y bg o sikes sk L5 13
il o 6l )8 5 g T O 5 oS oS O T e

ol 55 o la 3550 3 OLals )8 i)Y JSKs
s e lh )3 e edalie 45T ) s bOLes
Cgllas 5, b OT adess 3 Oe slags sl e ls
)%@%Tdhﬁjsfcwbb-mj_}m‘w
.;)bb)'l,*:ﬁldjs‘yg%jgjwﬂg
L 5T el M 5 55 e slaiy
55 T O e il S gla Kaly 1S 5L
sdalia 1Y IS8 53 0l SIS S5k il

"}'&k.fﬁ

eyt oy by b g oyt sl g -65¢ [

ol s el plima g )l e F sl .346

5 el sy -1 ) S

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

n\m


www.SID.ir

£

“ -

Aoyl

et alya gila salal

5. S I Y

RSN B B TEVROMESIRT IRICCES ) IESUF T O [T Py |
tat

JEIFEN

5= ks

e

A s il ae e

pllae oy bl et g e sl gy
il e anly

b= o o d awma 15yas o gl

Ln palleli il 5l oy )l

il

A B ol gyl g d gl oy gl
PRALL S |

a1 alile sl agn

by

Lol é

il dile  clidma

el sty

Sl

ands it A a8

il

AilY dle gpdsech A

EoEi

o Ly 3l

g Ty

oot |

ST Gy 2alS S8 56 el 5 ¥ a5 e (slaay 1Y SO

GLib 4 el lacwar d5be T 5 slao YT
Al oS 550 055 L gl el 2B (6 a3l 5
Sl b 5k« sl ol 5 (SBRY) Olgsb g 0 el
Lot ¥T g1 L s PVOH) JSUI f 5 b «(PVAC)
S (Kortmeyer, 2004; HOLBERY, 2000) 4L .
S5 adioee onlitul Cus gl 5 (il b T Odd 0347
adsl slse (S IT Olsn 1l 530558 oo o 1,07
S o S 056 T e 2l s ) sk
(s b ) sy LOT (25 50T 5 Sl (55,8 (5 2
il o SIS 56 Gl 5 B eae OT Rl
o 03,5 oS 55 A5 b (sla ity 1 BT
g 0Ll 5 OT odas 5 me bl lulis 5 ST
g las Ju sy G5l G b 5l s Slles 08

S 5 B Ol 1 056 T e il e

oo
o Jsmame g5 dw lad 0 O F gl &7 ) 5b0les
i b Y s ol g LS BB
Cgr 35 oo I g Ol )8l 5 WY U
oY OU 5 sk S L e 53 My
= 03931 55 3550 doly Sldas 5 Mg Al b Sty
338 n ol M ot ol ge Sl asbial i a5 s
5 albl LB s gl ol e shad 58l
T e il 331 p b o sl a5 3o T
Al e 0 Ko s Aol a1 ol S
GBS gy 35 30 Dol palad sl sle i oa
kS o pde Al e ok (55T e ST 5 Al
o g J (0CCT) S glo , K57 (g0 5L
gl sl L glie 3 e 53 &S 5 (655 Tmor
il 1531 (6 g OLSLS ca Lol slad 518

AWWAS 5ol Jol soled ida Jlw (Jasse asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\YVnm


www.SID.ir

oS eSS Lad y3 O Hle S8l 55 5 LS usle
ba 25 51 aldad )3 el Sy gl 8l & o 5
50ds AST 0T )5 OT am g b6 slie Siy Hds
ok S35 0T 0kiluy Pl 4 Sy os o ls, K0,
.(Akaike, 2009; Matsushita, 2008) ..
22 Aol b4 ar 5 L aS 55k 0 ST OLL o
2T O e i o o s (i o
et 3 05 7S S-Mol dte 5L Sl 8
g i olas K 5Lk (o)L
Sl 3 4 a5 L il OT Ol e 2BTT 5 plaal
g s s Dl s 5 SNl Sl (S e s LB
ol an ey ol Ol s Ll g g G )
Jels ol b gladoty OT 2 ez Obiley Jili> o

AL dnke Ol pT > (g

S Rl
L S’ Sl )8 a8 Ddeles 5 (65K Sl db sy
Johis 5 Laslidn p eSS 5 SleMbl 05,108 Lzt s
S 5 p i Wl s 3L beay g ol plowl
S S W s ol s Sl el T o

STl ST o ae 2S5 W 5 (550 4 SRl 5

Loy 2
1-Analytical Hierarchy Process
2-United Nations Environmental Program
3-0ld Corrugated Container
4- styrene butadiene rubber
Jols A8 ile 5o Ul 5 Glatwnd 1 e -0
slge gilw 03laT ¢ e (g5l 03bT (g5l jas
S U 5 55 05 0L e (g liad
e 4 0T 55 T (g 5ed Sl 45 45

RATeE

PERPE- RCHPEN Iy g SO B P R PR TR
L s ol Ul 815 03055 7 glae o 5T
35l A 0S| o Ail e Ll LB (g5 9u
IS SOl )8 53 OT U5z (51 0 (63,1l
e I ;K05 (i Sl 5 Sl 0kt jainia 528
50l 53 Sl )8 gl adeie Sl s
e 5 ol LOT 51 g 5 Ol Sladeiia
ssbite & Dl ST (51 S ge Jale 65 Ol 055
b s 58 o O g 2T D pae S
53 e3lital 3550 T by o s 1o Coanl 031 oS
Skl 5 Sl e 355 pide 5 5558 55 oo
O oyl 58 ol 5529 Dy 3 53 b 5 (aoenlns
5 O Glas)sls 5l o, So e ol 2l il
el 0355 pdiac g5 4l 9l 5 25 O i Jlesl
Olalllas Y S an by o glaassl Lol o
STl 5o ST s a5 8 6500
o=l @L:J (Albert, 2006; Wirth, 2005) 1les .S
o2liiul 3) 50 ST L5k Cenl 51 (S ety
50 laccas i Kb 5 03 ST (¢l
s a DLl ol bl gn o o Sl L
5 RS 5I00T 2,8 laadl 03, i b S
N Olgd o (Al o 55 ide p s OT Sl oslinl
S alim 3. ccalS S P LY las 5 JT slse L
0 53 )b Sl o 35 455 D) g0 Slass
Sl o AST T 355 K s ats J x5 5 T
la 2255 onl s s (CTP, 2002; Kroushl, 1984)
56l p T 05k o3 L b oS ol o ASTG
Sy Ll b s aS AL e 4 lenjly S
s lyeas adss OT Saw Sl W g s slas
S o OT St 5 O o) o Sl g 03l sl 55
O 3550 DT ol (535513 o e T Jon

wﬁ}i—bgiﬁ—‘zbdﬂfd&:wdhjjjjj

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

m\YAm


www.SID.ir

Boyko, J., J. Anderson and C. Lockhart (1999).

Reduction of paper machine water
consumption, Pulp and Paper Canada,

100(7): 42-45.

Bryant, P.S., C.P. Woitkovich and E.W.
Malcolm (1996). Pulp and Paper Mill Water
Use in North America. Proceedings of the
TAPPI International Environmental

Conference and Exhibits, Atlanta: Technical

Association of the Pulp and Paper Industry.

Bultannews (2010, June). The storage capacity of
Iranian reservoirs exceeded 25 billion cubic
meter.
http://www.bultannews.com/pages/?cid=262
82

Burritt, R.L., C. Herzig and B.D. Tadeo (2009).

Environmental management accounting for
cleaner production: the case of a Philippine
rice mill. Journal of Cleaner Production, 17

(4): 431-9.

Canadian Council of Resource and Environment
Ministers (March 1987). Canadian Water
Quality Guidelines. Water Quality Branch,
Environment Canada, With updates pp. 5-9
to 5-12.

Chandarana, D.P. and Rameshwar L. Lakhotia
(2005). Applications of Best Available
(Bat) for

Technologies integrated
environmental management. 2005 TAPPI
Engineering,  Pulping, = Environmental
Conference - Conference Proceedings:
Technical Association of the Pulp and Paper

Industry.

&b
Abbasi, G.Y. and_E. Bassim Abbassi (2004).

Environmental assessment for paper and
cardboard industry in Jordan - A cleaner
production concept. Journal of Cleaner

Production, 12(4): 321-326.

Shoaib A.M., S.M. Aly, M.E. Awad, D.C.Y. Foo
and M. El-Halwagi (2008). A hierarchical
approach for the synthesis of batch water

Chemical

network.  Computers  and

Engineering, 3 (32) 530-539.

Akaike, H. (2009). Reduction of steam

consumption rate by heat recovery of turbine
condenser cooling water. Kami Pa

Gikyoshi/Japan Tappi Journal, 63(6): 41-44.

Albert, M., J.F. Beaudet, R. Hurley, T. Tomney,
R. Glasgow and P. Arsenault (20006).
Recycling vacuum seal water using the
actiflo® process for reduction of water
consumption and for improvement of energy
recovery. PAPTAC 92nd Annual Meeting
Preprints. Annual Meeting of the Pulp and
Paper Technical Association of Canada

(PAPTAC).

Avsar E. and G.N. Demirer (2008). Cleaner
production opportunity assessment study in
SEKA Balikesir pulp and paper mill. Journal
of Cleaner Production, 16(4): 422-431.

Savelski M. and M. Bagajewicz (2001). On the
use of linear models for the design of water
utilization systems in process plants with a
single contaminant. Chemical Engineering

Research and Design, 79(5): 600-610.

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRAAY |


www.SID.ir

Faleiros, M. (2008). Ecoefficieny: The relentless

pursuit for cleaner production. O Papel

(Brazil), 69 (7): 34-41.

Feng, W. (2009). New initiatives for
environmental protection and energy saving
in the Chinese paper industry. Appita

Journal, 62(1): 10-12.

Ghazinoory, S. (2005). Cleaner production in
Iran: necessities and priorities. Journal of

Cleaner Production, 13(8): 755-762.

Ghazinoory, S. and D. Huisingh (2006). National
program for cleaner production (CP) in Iran:
a framework and draft. Journal of Cleaner

Production, 14(2): 194-200.

Gonzalez, M., E. Gonzalez, P. Aguirre and G.

Corsano (2004). Optimal integration of
water  recycling systems in  paper

manufacturing  processes.  Informacion

Tecnologica, 15(3): 71-74.

Gune, N.V. (2000). Total water management in

pulp & paper industry with focus on
achieving zero effluent discharge status.
IPPTA: Quarterly Journal of Indian Pulp and
Paper Technical Association, 12(4): 137-
142.

Gupta, P.K. (1994). Environmental management
in the agro-based pulp and paper industry in
India - A holistic approach. Water Science

and Technology, 30(3): 209-215.

Hamaguchi M, and S.W. Park (2009). Process
Integration Methods in Pulp and Paper

Foo, D.C.Y., Z.A. Manan and Y.L. Tan (2006).
Use Cascade Analysis to Optimize Water
Networks. Chemical Engineering Progress

Magazine, 45-52.

CTP: Centre Technique du Papier (2002).
"PAPERBREF, Technical guidelines (Water
Management Concept) for paper makers in
European Regions with difficult boundry
conditions on how to operate mills with
minimum water use", Project funded by the
European Community under the “Energy,
Environment and Sustainable Development”

Program (1998-2002).

Delgado-Galvan  X., R.
Izquierdo and J. Mora-Rodriguez (2010). An

Pérez-Garcia, .

analytic hierarchy process for assessing
externalities in water leakage management.
Mathematical and Computer Modelling,
52(7-8): 1194-1202.

Ellis, M., S. Dillich and N. Margolis (2001).
Industrial Water Use and its Energy
Implications. ACEEE Summer Study on
Energy Efficiency in Industry. American:

Council for an Energy-Efficient Economy.

European Commission (December 2001).
Reference Document on Best Available
Techniques in the Pulp and Paper Industry,
Integrated Pollution Prevention and Control
(IPPC):

Publication of European

Commission.

Faleiros, M. (2009). Despite still plentiful, water

resources demand for good management, O

Papel (Brazil), 70(5): 32-35.

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRAKE |


www.SID.ir

Century pulp and paper. Quarterly Journal of
Indian Pulp and Paper Technical Association

(IPPTA), 20(3): 139-142.

Kortmeyer, J., J.L. Yordan, V. Lasmarias and L.
(2004).

Anderson Identication  and
quantification of process water contaminants
from paper mills using old corrugated
containers, Research Forum on Recycling,
Proceedings, p 125-132, 7th Research Forum

on Recycling.

Kroushl, P.W. (1984). Demand reduction:

conservation through leak detection. Canadian

Water Resources Journal, 9 (3): 48-50.

Lafourcade S., M. Fairbank and P. Stuart
(2006). Roadmap to minimum energy and
water use for integrated newsprint mills.
Annual Meeting of the Pulp and Paper
Technical Association of  Canada

(PAPTAC), v A, p A63-A69, PAPTAC 92nd

Annual Meeting Preprints.

Lavric V., P. Iancu and V. Plesu (2005). Genetic

algorithm optimization of water
consumption and wastewater network
topology. Journal of Cleaner Production,

13(15): 1395-1405.

Lindholm, G. (1998). Reduction of fresh water
consumption in pulp and paper production.
Paperi ja Puu/Paper and Timber, 80(4): 260,
262-263.

Gottsching L. and H. Pakarinen (1998). Recycled
Fiber and Deinking, Pulp and Paper Book
Series: Fapet Oy.

Industry for Water Usage Reduction. 10th

International ~ Symposium on  Process

Systems  Engineering — PSE  2009:

University of Sao Paulo.

Haynes D.C. (1974). Water recycling in the pulp
and paper industry. Tappi Journal, 57(4): 45-
52.

Hirosh A. (2004). Effluent minimization in
european and North American pulp and
paper industries - Major incentives for mills
to reduce water consumption. Kami Pa

Gikyoshi/Japan Tappi Journal, 58 (7): 3-18.

Holbery J.D., D.L. Wood and R.M. Fisher
(2000). Analysis and characterization of
contaminants in OCC recycle furnishes.

TAPPI JOURNAL, 83(7): 1-11.

Jacob, J., H. Kaipe, F. Couderc and J. Paris

(2002). Water network analysis in pulp and
paper processes by pinch and linear
programming techniques. Chemical
Engineering Communications, 189(4): 184-

206.

Jarvinen, R., M. Vahtila and E. Miettola (1985).

Closing of white water system in a mill
producing  wood  containing  paper.
Proceedings - International Mechanical
Pulping Conference: Swedish Assoc of Pulp

& Paper Engineers.

Joshi, H.C., LK. Thareja, P.K. Sharma, S.K.
Aggarwal and D.C. Aggarwal (2008).

Recycling amp; conservation of water in

recycled paper plant: A case study at

WAL Suly (Jl eoled piid e s “J—L‘
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

'\\m


www.SID.ir

Raghuveer, S. (1998). Methods of bench
marking the performance and the application
of cleaner technology in Indian Paper
Industry. IPPTA: Quarterly Journal of Indian
Pulp and Paper Technical Association, 4(2):
157-163.

Ren, X. (1998). Cleaner production in China’s
pulp and paper industry. Journal of Cleaner

Production, 6 (3-4): 349-355.

Saaty T.L. (2001). Decision Making with
Dependence and Feedback: The Analytic
Pittsburgh:  RWS

Network  Process.

publications.

Saaty, T.L. (2007). Time dependent decision-
making; dynamic priorities AHP/ANP:
Generalizing from points to functions and
from real to complex  variables.

Mathematical and Computer modeling, 46(7-

8): 860-891.

Sarma, N. and H. Chakravarty (2006). Towards

cleaner production: Nagaon paper mill.
IPPTA: Quarterly Journal of Indian Pulp and
Paper Technical Association, 18(Special

Issue): 123-128.

Satty, T.L. (1980). The analytic Hierarchy
Process. McGraw-Hill international. New

York: RWS publications, Pittsburgh.

Satty, T.L. (2000). Fundamentals of Decision
Making with Analytic Hierarchy Process.
RWS publications: Pittsburgh.

Lovelady, E.M., M. El-Halwagi and G.A.
Krishnagopalan (2007). An integrated
approach to the optimisation of water usage
and discharge in pulp and paper plants.
International Journal of Environment and

Pollution, 29(1-3): 274-307.

Matsushita, M. and Y. Numata (2008). PVDF

emblem/micro filter water recycling system.
Kami Pa Gikyoshi/Japan Tappi Journal, 62
(6): 60-63.

Ministry of Power (1996). Water Resources
Economic Survey Guideline, Standard 30,

Part A. Water Legislation.

National Council for Air and Stream
Improvement (2009). Water Profile of the
United States Forest Products Industry.
Technical Committee: Us Department of

Energy.

Neidhardt, T. (2004). Water circuits at the

production of recycled fiber based packing
papers. Wochenblatt fuer Papierfabrikation,
132 (8): 422-428.

Ghornannezhad, P. (2008). An integrated
approach to pollution prevention for the
forest industry: A Case Study of Kaveh
Paper Mill. Master of Science Thesis
submitted for the Department of Wood and
Paper, Natural Resources Faculty, University

of Tehran.

Hynninen, P. (1998). Environmental Control,
Pulp and Paper Book Series: Fapet Oy.

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

\"Ym


www.SID.ir

Valentine J.R., G. Edward and J.C. Adams

(1984). Assessment of water recycle and
reuse potential in the pulp and paper
industry. Proceedings. Annual Conference:
AWWA American Water Works

Association.

Venkoba, R.G. (2000). Indo-Dutch Project on

Cleaner Production technologies in large
integrated pulp and paper mills - An over
view. IPPTA: Quarterly Journal of Indian
Pulp and Paper Technical Association, 12
(1): 77-78.

Wirth, B., J. Kosse, J. and T. Welt (2005).

Importance of water loops in production of
corrugated board raw paper. Wochenblatt

fuer Papierfabrikation, 133(16): 974-978.

Wyvill, J.C., J.C. Adams, T.C. Shelnutt and G.E.

Valentine (1984). Potential for increased
water recycle in the pulp and paper industry.
AIChE Symposium Series, NY: American

Institute of Chemical Engineers.

&~
YA

W o

Shafiei S., S. Domenech, R. Koteles and J. Paris

(2004). System closure in pulp and paper
mills: network analysis by genetic algorithm.
Journal of Cleaner Production, 12 (2) 131-
135.

Shi, H., S.Z. Peng, Y. Liu and P. Zhong (2008).

Barriers to the implementation of cleaner
production in Chinese SMEs: government,
industry and  expert stakeholders’
perspectives. Journal of Cleaner Production,

16 (8): 842-852.

Simon U., R. Bruggemann and S. Puden (2004).

Aspects of decision support in water
management-example Berlin and Potsdam
(Germany) [—spatially  differentiated
evaluation. Water Research, 38 (4): 1809-
1816.

Svenningsen, N., M. Radka and R.V. Berkel

(1998). Cleaner Production in Pulp and
Paper Mills: A Training Resource Package.
United Nations Environment Program

(UNEP) Publication, ISBN 92-807-1712-X.

Tajrishi, M. and A. Abrishamchi (2004).

Management of Water Resources Supply in
Iran. First Annual Conference of Prevention
Methods of Water Waste: The Academy of

Sciences of Islamic Republic of Iran

Tehran.

Thompson G., J. Swain, M. Kay and C.F. Forster

(2001). The treatment of pulp and paper mill
effluent: a review. Bioresource Technology,

77: 275-286.

WAL Suly sl eslad i Jlo aiae agle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

\Ym


www.SID.ir

