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Abstract

This study examines the implementation of Material Flow Cost Accounting (MFCA) in a chlor-alkali
complex, focusing on the electrolyzer section in chlorine production. By use of the MFCA method,
the research aims to reduce waste and improve productivity. Analyzing material flows and associated
costs reveals hidden inefficiencies related to negative products or waste and their costs, creating
opportunities for optimization. Calculations indicate that 72% of the product's weight is negative,
corresponding to a 71% financial loss. It is predicted that implementing MFCA-based improvements
will result in a 4% reduction in waste and a significant increase in product output. These findings not
only highlight the effectiveness of MFCA in waste reduction but also emphasize its positive economic
impact, enhancing resource efficiency and overall profitability in the electrolyzer sector. The results
of this study have the potential to be applied to other enterprises and contribute to the development
of sustainable industrial practices.
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Energy cost:$ 50,000
System cost:$250,000

!

Product: 70 t
Material cost: $520,000
Energy cost: $35,000
System cost:$175,000
otal cost: $730,000

Raw Material: 100 t
$ 650,000

Process

N

Waste: 30 t
Material cost:$130,000
Energy cost:$15,000
System cost:$75,000
Waste management cost:$50,000
otal cost:$270,000

[10] ols w18 Sy 50 Jlo wxly ;o MFCA b 550 -1 S

Wlowuny o 39 0 =12
sobie 4 (grmb @lio 5l 03,8 (Sl ,lo 0 02 20398 (8 hlsl g e (8 Sl yo (e Ml 485 L
oolaiwl gl b Szl (g)lo 0 o g oyolae 1 Ol o S Jlo 2l mainl 0,8 oy (ioli8l a4 oguil 0l
o )55 Lawss gobazdl 0y 5,S0g, L Logos a5 YIS 05l algs camlings 151 0,00 02l 51 o s s g 5|
Sbml Gy Lazmo sl |y (srmy (e sy T (75,5 o cals Jlisar |y olsl 8 B pae 08,5 o0 & 50
ol oo g sl |y alony ol 5l oi5u ©dx 55 6yt ols ey ol 5 bews Canb Wl 4l sgei o
20,55 0l oguil adgr ol 5l il OIS 28 Cq jo ol laeilos  placeoail o glacags w5 o el

OIS B yan Cewd 4y g S o0 ddgi YIS 0gul Ujgo 4y 0,5 o Cands I ) il a5 goladl s &8l o
Gow 3l il cod (6,50 £9090 4 golaiBl ) > g Wl T o jb Cand 4 1) Lol Wlewy g il 0
Wl s osladl o pl ks Lol e s sladl Jow 4 aaily daore Gy glaacacs a5 gladie
L Jyame c8bsl i > oladl o Lol oyl 0,8 (ay poi Jas olaisl b bl o olgs oo 1) i > oladl
Goll LS o dnwgi glgil 5l iU Oyt g jlare sladsly (ialS g bypiawsST Cwdl g Cons jlae
Lias 56l ax B olge g OV game (b)) 9w 5l s oladl jo [18] sib o eloix! g ladl Ll
Sl i > olaudl jleslitul wim ,o [19] w15 o 1,3 solitul 0590 byl g bo )b s pp 095 Sl a5 >
G Slge 5 555 glaadle ey g oLl o (20 BT Gk il s wleiee Bib 1) (b sladl ol

Y FARAYANDNO




Sisrd o ﬁ] 87 o, [1403 5oL /o] 6« pi

S50 @olamdl ol o 851 Jele G plgie 4 (5590, lizren Lol alad oo Wl Hlasly anwgs )0 1, (glatur 5
ol 08 50 e bl Gl sees adgi (Gl g (Slal wlis 0geeS Jd &5 2 08 o0 18 e
29082 s Sl (o wadboed pRy el adgs Jalse aen (590 500 (I L 32 jg0 e a9 Wik s
45703, Joo (IS @y (o822 slatll 4 dx g (ed (] 0 & Cusl (252 oLl I 513 pla ) aiesls
5l Sy VL g g i CoiS b ity (755 (o g o @lin 1553l 0lse) eSS g ull (99955 L
5o 4 650, g an b o Sl (n e slul LG oy )18 adgi cwlel 5 (Lol Coglgl s olazdl
sl olazdl oS5 o o900 i3l 5 adg 50 anT 3 gluding o] 4zt & Wb Lol 6 pSadr

eled )k B ul Gy o 1y Lo Wil oo a5 WAl e (g slagts) 5l (S Sl Ol (planse
Jelo S a5 S e eold 1) GGl ol cadgs s S5 gl olge anie bz Sbanie 505, 5l eolinul
ials 5 lulid b wlg e o5 i MFCA 51 s ,u50 500 b 06 @) a5 o g lbee Jil 51 5 3ado

ol aes eS| Sluls b ad o gleas 1o g oanidn ogue | 095 Lng_L;.J)é 59040 « syl Olwls e
as slbanl oS o obul flojle soladl o Slae g (gt jlame 8 Sloe (o osiians bL3 | e 150l
clio 5 Slasl (59, alax 51 ¢ BLOI (6551 B pan aio;ls caxiwd "Bl L ¢ M oame solinwl” slagyb > Jels
G Gle oo iy b )l 5l S0 g Olule yials S o g, Jlael b s (Jl ol b aiil oo S0
Lol 0,55, Hloreas ' mals e ol j0 ok, lalS slaslE Ll palS s g Sluls e alS
O,Slas ;0 (6090 a5 W o |y Kl pl alesle a0 0,S0g, ol 1) 05d o0 ALl 059> (pl j0 Jge g
e Jleel s MFCA Jgol cole, b el pl 19l cowas | Glulo b ad o sloas jo 2ols § oo jlase
A 4o ails IS o Slee 0gue sl il il (piage 51 (S Olsicas Oluls Jals (&0 paw sl s,
Slals sy pals adin cagyl 5232 S8 Ll cal 53 05dise ik dlse (lyz b b o slaaiyjo e

The topic is A
—

focused on MFCA

/ Waste Management \

[15] MFCA ;5 cilagls audgi ials cuglgl -2 JSCi

FARAYANDNO 1)




Si9md (swge @ﬁ] 87 o,le 11403 50L /g0 )6 a i

S35 9 03> Aijlee 9 0lgo (4L > (Sbaly 3 4l il -2-2

al> yo sl AVl o2 aislge gy 5L 0,90 SeMBI (6551 maz (gomy Al yo Cansl (oS 3STp0 (a5l al e
[20-21] ol s 5 (6331 olge sloaisso 050 50 oMbl 2l 5 551 oz Jolid pgms
ooliiwl (oS 35 50 yled S 430 0,91 Caws @ g1 2 Aolas g (oS 55 10 AVle oy 55 el (gl 1 doles
119-21 11] 555 .

14 w
Z My wi(in) = Z My, (iny + Z Moy in) (1)
i=1 i=1

Costl® = CostT + Cost?"™ + Cost* 2
Dbl adgi 8, jan My, (in) 5 5 e ol Y game Mpi(in) «$39,9 IS Sloe My w(in) Jd doles o
ano g ol T anld sl M adsl olge aje Costi™T wuyl3 JS aje Costy® 2 alolea o

(g oo dwle O JI 3 EVolas s 5 4 Cost?™S g CostfNCY (CostAT

M
Cost?”AT = z Cost;mM; (3)
m=1
E
Costfway = Cost; E;, (4)
e=1
L
Costisys = Cost; L;; (5)
=1

g Oluls U ojle oo 0B 1) mlio a5 el MFCA 555 (p Spte bemmeans) o oolaidl o la5 55 )
e 3 oolial 5 oarion dgun |y 995 Sloanld o Slee b aiS 0)51 5 58 5 J5e y5b 41 1) 95 glaanje
SisS a1y Jo e g Jbo

ks g ey -3

55 35 30 Crnd g Sl yd oy -3-1

2 Ye S sy 4 (5le Al 5 (giluglidl (S 5 O a5z anld (b sl aay Sed O ST wanld Gl o
S ol asler 15 b Ol Wi o0 ) alBlaz 2o 12 5 000,5 gex 45350 ol jo oy Seio]
Ol W5 Cond [ il polie Sgus Jilie ;0 B ol oo JSi 5l o () i 050 o0 B o 04 la]
Cond 13 39230 duS g 000 b 3] o 51 (6908 a0 200,85 o Joaud HE 5 OH- 4 g o0y 55 2SIl 1 leo
Lg LS Cond L 03 L_’>‘ u)j)m )lf OQ;GA Jua.]j.’ (MLY) )91)5»: O g Jj..a.’z.o 9 oslo duS‘j Kv{L}

VY FARAYANDNO




S92 (w90 @iﬁ@ 87 o,less 11403 5oL [gan] 3« i

Dygo g 0ndS gex 595150 by 5l 9w 9 YUl (5e,0em g Wsdioe 193150 ply0 8y et adgi SulS
Cowl ol a8 )3 las o (QC) S S e S glgie a oty cpl Slles slaos] s als Kgh e 7, Ao
3lolge (Sol b plFho gl co plosl Jlo S5 090 G (gl 00ls 35 0 G Gk I MFCA Glislxs a5

Sl 00 03lo L)Lm.» 3 Jiw L )).’YB)..S” J.>‘5 L Q‘s.a L)L’)} e g GAS ;)A

a1

BRINE Catholyte -
WET HYDROGEN
ELECTROLYZER
WET CHLORINE
DEMI WATER BRINE
—_—> —>
Z

SIS asgamo j0 )59 Sl anly gl (05 3550 9 9190 (b 2 e =3 IS

P 43}‘9.0 -2-3

Sly SeMbl 5 axly S wics Goyb 5l gl 5l plaS 2 sl ooy Gl Dal polie i ol o
Sl (i 5 Cudie DY gams (AL pand ¢ B pao 00l Gl cud 5 4 3 Bl 1 Jslox jo lons amle
ML»GA él.u.o‘ )...C Seos ;.:T Lgd...]y LSM Jya.?u LQ...’ ..\>‘9 u.s‘ 3o el 00l 00)5] ) e 44)‘9.9 s> 9
oo d i ol pl 095 00 §2)5 9> ly oot (G5Lugledl 5l Guy Ioame 5 99,5 o0 5L (LS slavsly 4y a5
Sl ool blod oS 35 0 ol slaa s 21 5o 58 Sleay

2pY eyl oxlg 4 0959 STyes glgil -1 Jguar
(kg) axly yo yladie oo duoyo Slyes ol o,

142280476 80 swuol 1
17386885 11 ol 2
159667362 100 o9 ds 3

FARAYANDNO VY




Si9md (swge @ﬁ] 87 o,le 11403 50L /g0 )6 a i

919 )0 (Golgi (o g Codte O gae Goiped § (52 9,5 Lk ~2 Js
(kg) axly ) lade (o] ko pb
30928817 i o) 32 5g
1260022/1 S 555 bglse
1326695/48 Cte g lF byle
114811627/6 e 220 S5 ol

a>ly S oy 43390 -3 Jgux
JSilaeys  (Kg) o9 Sll/ 295559959
100 159667362 (UL 5 o) woays pyr IS
28 44855734 (L s o) odsi Jsame JS
72 114811627 Ul o o) s Js

Sl o Luled g 6,105 Gyl -3-3

ol g e (plas abl oo ool 0dgi OV gams )0 0ol By adsl dlge e il e anads sl
00l B pan adsl Slge lime bl 2 Jpaze 1 adgl slge apo cl by Ceul ool aculns Jpame jo Sl
5 9>ls 5l ool (g pslaer glaosls ululy ceianw sloanie wilbioe adgl ool o Cuod g Jpame jo 50
Sloat 52 (abpends a0 drnlone ¥y 1S axly (sl Slewlne (ulul p (il Slogmg o sloas o
sl 0us SIS Jguz 5 4 Jgazr 0 )5¥5 Sl sl po ite 5 Cute DY game 59, p JS

Y e psdlasly oy 32 -4 Jgus

(M) e Y game 493 (M) Codo Y gamo agja (M) J5 ay 5o S LTS
4. YYA YAZAAY Y YYYAY. olgo ab 30
YYASA Y- 5. 5A il 3o
YAy SRS foovay s 4358
0 0 0 RV PUNRRLNSVRVIPEIRT
Ve OT.VEA \RARAN VESYOF - JS ase
28 o7 Sede Jgaze wo)d
2 o7 i Jyare w0y
0/39 e 4 Cobe Jyame Cand

*million Rials

Ly 3o oy Gwo)d &3¢ —D Jgus

e Y gazo g 30U Cudo C¥gamo alalh U5 anze i e o,

67/3 26/8 94/1 olge 430

2/1 1 31 50 Ay

1/9 0/9 2/8 (ot 4 52
0 0 0 Qilomny o ppde Al 3o
71 29 100 >

V¢

FARAYANDNO



S3973 (w90 @ﬁ] 87 o,less 11403 5oL [gan] 3 o i

Jgoz 18,5 a5 0 b uizmed g 00,5 oo o9 Cde Jgame duoys 28 890 o pll Slwle 4 4> L

1200000
13 Dooo
100,000
10 pooo o
80,000
x i 50,000
S0000 40,000
400000 20,000
00000
—dca O g

i e | i

[ PR T G

S =

(@) (h
(©) g3 (bl 5 () 2 (ool e Y gamo 3 e Y gramo cond —4 S5

Sgudes Olo sy -3-4
7Y Sl oo 5 Lad G 10 g (sl ol o (g3l -1-4-3
538 JLo 80 130 10 45 IS s 5 S T 5l Sl a0 428 S50 slacid ey 6505150 aslis o
Cesd 355 plendly Gl g 655 B (el a5 pSIl asly gileain b Olgee Sl ol Jas
o ey ol i YU ol b iS5, 95 gl a5 ably o ololid 4y bogs po b gy i .l
S35 (nlply el oog anl 3 n Soe layially i Sp0 g Clid ()l Bles glacend 4 by
slo & S golatdl copsllas 5 amacons ) (S35l (il Brae Glie Bl 5l 2V 650 2la8 S
ol Jle (lsie @y a8 |z el Comal b sl al)8 cnl o Lol )by mhas 380 medais o s wdgs sla b,
i, 5o Los T3l 05,5 o 5us 2SIl (g s Cale 2l g Lo pone (S35, 5 s alliey S ey il
Mg 5 5y el e o] RS 5 (olid b g (ol el pizmen 5 IS wdg il el YL PH
S bl dx g b andlogh oo Ll ;0 3585 ad oS el pslae loj o 0 Gl S (Rl 050 oo
[22] wiles <ol o lgen el lS g cudgil o JLas LS
il als 5 pleily (il sl B rae (a5 jslie a4 JWIT IS wdg j50¥s 2SIl asly (ssluaiar
Wy ose pj slayBal, 5l oy o

2l 5 0allS SuS lapians Gloiosn o 15 Y5 S0l (6l 59,4 5 2oz Slasielesss 5l eslizal (1

FARAYANDNO Vo




Si9md (swge @ﬁ] 87 o,le 11403 50L /g0 )6 a i

(G0 .»‘9 G»Ll.o.c Sladiss 9 Lg)).a‘ gé).»a.e Lg)l.wdﬁ.e‘.a 6‘)‘.’ Aaligd J)....S 6L°r°-'-“"‘-“’ )‘ solaral (2
il g JBlas 4 5ls s jo |y (6550 B ran wily oo bt ol ]
Sgne 5 3o SUl an b 5o yuilys n (slacss sl 5l sazme ealitul (sl (635 8Ll slaptanw wlaxl (3

Ol zalS slayog, 605,10 5 sl 5l gy soliiw] ogas ;0 LSS 4 jeie sl b gel @3l (5

99 50 LQQT )S)M °)'.‘.>5 9 LS‘H'MM u)a.»oda L®A>‘5 Lgl.tboo‘b g.,u..: '2'4'3
S sl (Jyame cuiS Las (M olulid daosl,d S 50 Cae s Sal38l slprin ool 1)) 51 Gan
gloosls ol Jl jo.ail oo S (59, 5 b glaaiy o (25 5 ol & bgypo slaaisse 5 anl,8 o L )
S ools 3l 4563 o ey e b SY cpl 4S 05 oo ol 325 e s SY (g4, o basly Slles
asly ples Jlasl 5 (Lo sloced SY Gy yoi 5 oy sl smio slacds ags goleming Bl 058
Sl petme Djge ar laosls cpl B3lon g (63550 R 4 boslo plad JUSl Coz 63550 s9 e 4
1355 el 09,5 oz @ Ol 1) pites (2 Sl20 2 S

b e il 9115 0336 Sl WS g pos Ll 5 o oty 13 (sl sl aTp s (1

WJyame coiS Lll cel yol ol ASO slas lastwl b slbail 6l S low cd g el Ju8 (2

Dl oo DA S g G»T sloslaiul ol osls Lass  Jaame Oluls ials

iles (BL &l i ogame o lmoans¥T 125 i b aiS o SeS 0,5 cplioso¥T s Jus (4
@S sl (Jaame CuaS L (65, Bras (ialS del piann (pl 5l eolatul 6s,8 o Lol &S s ylen
o s Cad @ a5 b i (ol slyal A 00 5 o o 4 b e sladais e el g asl s o s
58,5 o0 8,915 ¥ 25000 sga o e SY 38le 5
oy 4l Dol -3-4-3
Aol o ddgi el oloals 0,5 S g adsi slaas s (ol (65, B ras el adlllhs ] Jol Gos
Loy oy phaie dali <SG 0529 ol b ol oo yuss Lol bl s g 009 j97ee Lol ]S degoze ol Slades
g Lol Oyg0 90 4 0dgi (633,400 0 sl Jow Canl spods 0505 aalg> (golaidl o50 pl 4 g0l jlaws S8
S S AT g 5 ol o2lad (39,8 ol a5 3T oo 13 ell (l p (B8 Ll Je o 05 o0 bl Ly
Lisy sinsmelin (hs) 09dse il ST ady ly ol Lol S Gillae 5 ad walsss sbml Lol 5o
59 (2bne 4 155 oo alo 51aS 0,5 solatwl egite Pluw > slp T 51 ol oo g 01 oYL (6 s Bllaas]
(Jypazme g adgl dlge (609250 10 Syl p (s 0d G 2l aly 0 Anje (0 eS B ro (Jpaze clio @jeS
ool Sl o g0 an e Al SO Al Ly (65,40l 50 Slol Bas 0,5 o)Ll g adgr aeliy agy JuS

" FARAYANDNO




S92 (w9 @ﬁ] 87 o Lot 11403 1ol [gonT 3 o o5

WS e S 1y aie a8 N0 S 4 2l S aie S5 09 Ol ause b Gl Gl s b
Colr ey 5, ase @l (P8 & Cangy JpuS alies Jo gy siapaelie 5l oslinal b gnlple 0,51 cos &
By 1o plonil (Ses gl polie don 4 U gllae Sl 5l e 4 g, S L Gl oo 1, 5 cnl 09 oe o
b Candg Sl anse @b aS selaxl oo e (8L 4 At S5 P el o sl 4 g, ange &6
Bl 21, 0T Olise 5 ol (sogo s 02,55 S Ly (532520l Sy 035 (00 S o] g S 4y
sl 0igds gz N0 Ll 4 Al Sl plralr aie s sl 4 ange gl jo a5 08 Jlesl (gjludigy
a1 b el (gl iy (S st ol a0 Lol 5 el ool iy T (g 0,20b 1 b, o2l o 45 b 1 51

[23] S o o 5 05 anliyy

polae J S 5 Sy yiile -3-4-4

Sz 55 Y Slpss Jlesl 5 090 slaces B plulid waly o Sles pgloe Sy 5ile 5 (o 2 3l (Shel Sua
25l Soge e Il carge Sales )0 axly o Shes pole STugiile )18 55 1) (635 pe SRS Cud e 4
23,5 o bl

MFCA I soliiwl b Judow G wly jo Ll Jlosl 51 o ogape slagsilywl opl ide 3l o5 olo &l
] 00 43‘)‘6 JQA})QGA)} 4.’)‘3&).’95 J&)QC:JLAM)JJ.J.?U LJ"‘ (5>Ler» C.)Lu ] 005 (5"""0’“‘“"
6 Usaz 5 55500 Slyis izl 5l Gy O Condg 5 9xly (b Gllas Condy o lanslio 15,15 S
(o bl olls S, 3 sga als B Joo Gk aes oo Sl e Sl gl izl 5l oy S 0> alslee
Sl O sus eb 4 Gluls zals pl e g cusls salgs o 4o Jlo Ll 5l olal gow,0 4 ials
FYNFAL ol Glan e jials 4 o Jbo Jlas 5l gows o 4 pals col svnliv b Jeaxe RETICIRR
38,5 oo ole (s (b yo axlg cnl o b ek

5Ly sl oz sy (S 042 45190 =6 Joux

ity (Kg) o39 Sl 29,5/ (55959
100 144695996 Ul )5 o) oys o S
31 AAB55T34 (L o o) ol Jpamms JS
69 99840282 o 5 o) olils s

FARAYANDNO VY




S3973 (w9 @ﬁ] 87 o,Leis 1403 0L /gl b« pi5

O

Bkl ot Jyame

:. m Skl ke Jyane

(<) (A

et 31 et st 3 (1) Sgeds (50,150 (52131 b s (i 5 s Jamo (ol gy 0 -5 JSC
MFCA 59, ‘_,;wa.g (@) b, Kl ,

Sz -4

SIS G0))l g 0ads (plulid giie 5 Codie WY gams IS adgs )0 )Y iSUl 25 (59, » 5S ped b edsdllae ol o
weseia (MFCA) slse ol > sbasie (s, 5l eolaiwl b .ol a8l plas] OV qams g Gluls 4 ads
sedlS @ e b Sl cul gl asal slpiny, MFCA mls wluly ool (690 0 Saue slaie
MFCA 5l colaiwl Lol bl 51 (S5 (65,5 Sluls jmals 00,5 o Cuie OY gasme il ¥l 5 e SY gaze
Syl ale oo SIS 55 b polie Lia> 4 aSh 0S5 0 S ame Sogll palS 4 LS a5 as ol
5 Sloy o )b 053 ol 15 0 olge 5 Jbo wluls 5l BT o, BossSads MFCA & b 5l wlals
3,59y b ot plonl (slaow ) bl 2 aiS oo @l 8 1) (6550 500 I 9 Sl ol paile) Jlao 4y Gl
Go )0 3 u».cblf 4 e cu_la,,;m L;QQJT u».@ls > °5>{'° cdadllas L)"‘ ) 6°L€r---’ 6L®J>o|) 6‘)‘?" MFCA
SY gamme Agi (souo,8 3 il sl 4 aS al aslgs asly ol o o DY game 430 o, 04 o> kil
@ Lpas lacd i ol ouelsl salys oty cpl 5 ks Jle O o swlye Jb,y ogko 42149 1551 § coiie

3 MECA L5 5 Sl 5l glaiges aSly 0,5 walys SaS axly ol daoxe § (golaidl o Slas 0gup0
S SS 5,00 molio g Al IS 4 wilgs e aS Wil o SlSl a4 |, so slaas] B (s jluagy

&b -5

[1] M.S. Moeinizadeh, Improvement of feed conversion ratio (FCR) in the broiler farms of Iran by
study of effecting factors, Pajouhesh & Sazandegi 79, pp.115-127, 2008.

[2] M. Daryani, N. Jodeiri, E. Fatehifar, J. Shahbazi, Optimization of operating conditions in
purification of wet process phosphoric acid in a liquid-liquid extraction column, Chem. Eng.
Commun. 0, pp. 1-14, 2021.

[3] T. Feng, X. Chen, J. Ma, Y. Sun, H. Du, Y. Yao, Z. Chen, S. Wang, Z. Mi, Air pollution control
or economic development? Empirical evidence from enterprises with production restrictions., J.
Environ. Manage. 336, pp. 117611, 2023.

YA FARAYANDNO




S92 (w9 @;ﬂﬁﬁ 87 o Lot 11403 1ol [gonT 3 o o5

[4] L. Qu, Z. Wang, C. Sun, L. Yin, Application of ABB in environmental management accounting :
Incorporating MFCA into the budget process, pp. 1-19, 2022.

[5] K. Nishitani, K. Kokubu, Q. Wu, H. Kitada, E. Guenther, T. Guenther, Material flow cost
accounting (MFCA) for the circular economy: An empirical study of the triadic relationship between
MFCA, environmental performance, and the economic performance of Japanese companies, J.
Environ. Manage. 303, pp. 114219, 2022.

[6] M. Forouzesh, E. Fatehifar, M. Daryani, R. Khoshbouy, Experimental investigation of iron
removal from wet phosphoric acid through chemical precipitation process, Chem. Eng. Res. Des. 189,
pp. 308-318, 2023.

[7] Z. Yuhuan, M.Q. Rasheed, S. Saud, Environmental deterioration in the age of industrialization
and production: do industrial competition and renewable energy reduce the ecological burden?,
Environ. Sci. Pollut. Res. Int. 31, pp. 2258-2278, 2024.

[8] M. Gong, Z. You, L. Wang, J. Cheng, Environmental Regulation, Trade Comparative Advantage,
and the Manufacturing Industry’s Green Transformation and Upgrading., Int. J. Environ. Res. Public
Health 17, 2020.

[9] J. Shahbazi, E. Fatehifar, M. Daryani, N. Jodeiri, A. Karimi, Adsorption of Arsenic and Lead
From Phosphoric Acid Effluent Via 4A Zeolite: Statistical Experimental Design, Water. Air. Soil
Pollut. 234, pp. 1-17, 2023.

[10] K. Kokubu, H. Kitada, Material flow cost accounting and existing management perspectives, J.
Clean. Prod. 108, pp. 1279-1288, 2015.

[11] K. Kokubu, Campos, F. M.K.S., H. Tachikawa, Material Flow Cost Accounting with ISO 14051,
ISO Manag. Syst, pp. 150718, 20009.

[12] E. Fatehifar, Implementation of Material Flow Cost Accounting (ISO 14051) in Tabriz
Petrochemical Company. Technical Report., 2016.

[13] L. Wang, J., Cui, Y., Zhu, J., Li, Discussion about Material Flow Cost Accounting, Proceedings
of International Conference of Logistics Engineering and Management (ICLEM), China, pp.
3953e3959., 2010.

[14] C. Jasch, Environmental and Material Flow Cost Accounting: Eco-efficiency in industry and
science, pp. 211, 2009.

[15] E. Fatehifar, A. Karimi, M. Mehdi, M. Mohammadi, Reducing Waste and Increasing
Productivity in a Petrochemical Olefin Unit in the South of Iran with the Material Flow Costing, J.
Farayandno 18, pp. 24-37, 2023.

[16] E. Guenther, C. Jasch, M. Schmidt, B. Wagner, P. llg, Material flow cost accounting - Looking
back and ahead, J. Clean. Prod. 108, pp. 1249-1254, 2015.

[17] F. Sulong, M. Sulaiman, M.A. Norhayati, Material Flow Cost Accounting (MFCA) enablers and
barriers: the case of a Malaysian small and medium-sized enterprise (SME), J. Clean. Prod. 108, pp.
1365-1374, 2015.

[18] M. Strobel, C. Redmann, Flow Cost Accounting, an Accounting Approach Based on the Actual
Flows of Materials, Environ. Manag. Account. Informational Institutional Dev, pp. 67-82, 2005.
[19] E. Mahmoudi, N. Jodeiri, E. Fatehifar, Implementation of material flow cost accounting for
efficiency improvement in wastewater treatment unit of Tabriz oil refining company, J. Clean. Prod.
165, pp. 530-536, 2017.

[20] S. Dierkes, D. Siepelmeyer, Production and cost theory-based material flow cost accounting, J.
Clean. Prod. 235, pp. 483-492, 2019.

[21] M. Dekamin, M. Barmaki, Implementation of material flow cost accounting (MFCA) in soybean
production, J. Clean. Prod. 210, pp. 459-465, 2019.

[22] V.A.P. Aaiysha F. Khursheed, Carol A. Mansfield, Brooks M. Depro, The Chlorine Industry,
Res. Triangle Inst. Cent. Econ. Process .USA, 2000.

FARAYANDNO V4




Si9md (swge @ﬁ] 87 o,le 11403 50L /g0 )6 a i

[23] K. Rajagopal, S.N. Balakrishnan, J.R. Busemeyer, Neural Network-Based Solutions for
Stochastic Optimal Control Using Path Integrals, IEEE Trans. Neural Networks Learn. Syst. 28, pp.
534-545, 2017.

[24] R. Maroofiazar, M. Daryani, A.R Vakhshouri, Numerical Investigation of Ferrofluid Sloshing
by Applying MHD Magnetic Field :, Eur. J. Comput. Mech. 28, pp. 351-372, 2019.

Y FARAYANDNO




