Gl
L2\
<]

Mineral

E?esources
ngineering

INTERNATIONAL UNIVERSITY
OF B ¥Y dxio TR Ol & 0l caomiy 098 Sz @olio  owdigo 4 5
Vol. 5, No. 4, Winter 2021, pp. 37-52 Journal of Mineral Resources Engineering
(JMRE)

DOI:10.30479/jmre.2020.12360.1363 s

Olel olre 38 35 (6955 (5590 10 Judoxs

N il L

OIS e yde Sayi olRzils colaidl oaSiimg sy woladl 0,5 ¢ Loasls -

(FRR/F/+F b s ATAAN 1) 2l 50)

RN 1

1) &yl g adgi Wilg¥ g0 (55551 9 YT ormiile b a5 50 )15 (59 8 - Conmmd (5500 )15 (59 35 51 o0liwl (y9us (Futan dga gl 5!
Trai b 9 2Lled 559050 2 F oo Jolge ol ()10 po sy Jlo 50 olae 50 (9o @2li> 22 (5950 b allio (p] )0 by pglad
0905 (B yiie (ULL & 4z gi b .09 00 3,9l 2 WWPY-IVAS GlaJlu (Sloj o3l 10 9052 2 Jolge (2l U iwolaidl Joo S
2 woyas CaSdlo gl (DELS o (bl (52 0S5 (o0 G B 1) b o (o dousdy alul) 3929 (grbugi—gmdligy (Sbliles
G955 63907 I8 yoliody laaidly 4y azgi byl Codo 5 (yolae 50 51 (69725 (5390 7 32 (B> 9 O jodwd (il puw dslo puw (y0lmo
3 (oo A3y Ol ) 3aul )5 (g 9L 31 ool «(MELS 039381 o351 b el (310l g cas 1o pllai ool yb o yolae 55 15
& a2 gi (oo Slge (B9, 9 Sgm 33 )5 (59 7 w81 9 HghS SO pwl it (yOlae (g3l poguas Sy g e (yOlre gl i
g 0 A9l aze Ogo (5591 18 g E Al 1 4slo s 3 (6551 I SEILS (oo | Sl Ll

Gouls wlels

2 jodwrd ¢ J ol ccaSIlo (il 4y oy <y0lro (5590 b0

Email: aghelik@modares.ac.ir S5 15 odge 5 J g a.»\.'..«g_};

vy 1P Sbiwo3 (€ 0 3lads camy 0399



(Fox0 Qo (gwkigo 4y

Bl ity

Mz Gl Gl plis w8d Boldd S e s
65 o Sr90 e 2 (LD (Ged g ooy 1S
2,10 i

Sgdisr s 45 el (6,00 Adlge i g Olee
@ S Sley axly yo Iy pasie I Gl G 595
Gz slaby, 4 wdg by o by ail, el
.[Y]o)lo Jsas 1y ey 5 anze o9>dad n aS Wb Caws
loss caslie iz 5 blite B9d5 oS ol de3y anl
5 Jld DLy o)ail ja el Lod )5 gw 5l SIS
G (Al g (il o g a5l yolas
SUaE I 6950 655000 oI Olgien widle 1o 95
s i 9oty IS (59,5 CukeS pr jige Jolge [¥]usls
Sl (Jle plyeds 2188 (o0 136 I 595 Sp90 0 2
35 LB, slad > cuilage Jgol coley g o Melis Codlw
D5 oy Elislas (oas yo sllael (o515 lis
Casiiy 055 sl b a5 st bl ez 51 oSl
JeLs O 950 90 Il 4 Wl oo 1SE a)
lrojem jo cdgs @l yhe ey e (i iS5 SS yoles yo
2 hee Jelos 5l 55 OIS (el g Cadl g (anmeens
St o IS jobas [F] el oo olaedd |1 (59,0 (5900
G942 Summd (olae ;0 0 p2m0 g 50le IS (59,05 45 09,00
a3l 10595 (6 R 9000 3 42508 g oole IS

25 Sox Sr9 s 2 &S Sel (e S03 i
Joay gaxe slocdls s, [0]s)105 o 156 yoles
conlie b) gy SUjlas oo Lyl 5 IS Sk
Goy 4 e boee  Saxes oobs 2l meinl Oldes ¢ disins
L 5583 9 )lol slacdlad jo iy (B g canl plo e )18
Wildpe oW g )15 ade Ldo 4 cul (Sew il o
S5 Jelod iz S (5950 (o504 035> 0O Sz
Al Cawd 3l

S50 5% B S9 4 dilepw Cond) dil s il
wloyw @515 L g il le STols cotie S (5950
St S oy Sy b Siier I 9 il
adg anld aS Sieeye Ko olle w [#log salys
28l salys Al B 69 9ot BL S pale pe

1FAR Ol € 0 lowd cuxiy 0998

doddo —)

plsl @l (Saxe slasaly jo I 6958 65
Olee 51yl st anld Dl syl e slacled
leaig,y 5l wcaSIle 0550 pogdle yolan o Jlril ol
Sy Lol (rzred 5 )1 oy (aass piS U
I Sop a2 b0 (AU (Slail 5950 lp (Sone
B G STl polee Cupae ;5 g0k Sl a8
G pl L s ol 5 solatdl slacysgase (e
b Lol ol oo z5kae Gl ) (55,08 (5590 42 8,5 50 51,8
25ba ) (S92 4 (Shpe )0 S e Cadgime &z
50,1 Cu e a1 las 0,55 1,8 solatnl 050 ag
O S)90 2 9 Sy all ©jgo & ) 093 s aald]
ol aales

(oolae 5o osliiul LB jpale i 5 pale )15 (595 oS 5
S e 3505355 1) 09750 )T oy 3l aalS esliul pg3)
e e & O o Sosese n Sae Jelse Sl
Ol S (oo S5 ol 039331 b3l 9 slgi SliBl e Ll
Ol 50 L8 o Sy Bgy owyn Jlosa Bio
Sxgose gy Sl Ol oniSaa Jelse 5 piS
Sa900 2o slagial 5 LYo bl Jo3 )5 5950
doaig) (nl Gog oanl Sy po Lelisd &8, 5 lalis
Ol Sogoste 91 I3 Colem 950 ) Fge elss (o
(aly Glrojetwd g7 (Al Jalse 4y il o0 J5 (55
Syg0 Sl b I 95 clis pae OIS Sud) o
03l Cnd yolae (2ailejlu 5 e SIS 5 ool
D¢

oz 5l Sz g 428 W Djlee g ey
a3l [V o JIS (655 (6590 0 2 s (sl it
5S oadaiSonil 42 55 g 5 e 60k Jdoay Jas
oy b abgy o iy g el 39 oo o cEdlad (sla JLo
S50 Olie &5 Cansl (om0 s plnil (g i 21
2z 68 alol 08 4 Cons sadplaseiul ofl IS (55,0
el gl alles

3 e gl Jle a4 b SluasT xils 5 olge
o Sy LGB ey oA Ll e i j0e
058 5 09h Ldl 0g3 IS 5 iyl 4 S (59,8 95 s
B So e Bk sl S cuys | adss slalnl
L1y 095 ilgicse 59,00 (5 fudn (6 550k s 035 Jrads

A



P Bl guigo & 5

Ol pl oo 33 )7 (59 38 (559 0 3@ Jukodd

Sl adlas cwl ad iy aie SU ( 8ly djeciss
0)90 b s Saw ey polae o gy » 3lusls]
g ooy pllas as olo Las Y VFNAAA ol S
s pobae o Cela o 15 05l ial53 45 celio ploly
celie 5 fge Cdled 1) )1 (69508 Wi oe 5 Sl ote
sosls Lo g ajes [VY]soly J3lol b ol b
Yoofe cbadlo o obig) ,o Siw J&5 ooles o)kl
O S9m (S590 5 e 00 Lial8l aes g Hlis YN
V sals a5 b0 00 ol pad 0w ol 38l s oV L
(32,0) 0 290 )d joiwd yieS JilBl L (690,00 (gao 0
Dl el o5 o o

B S9x SS9, &S AVsle L3lop pllas pogdle
6555 T ool ras 55 ML damy o fo e
oo GRIRl 5o o 05N e il sl g8 s
ool 53 039t (Lo B (> Cel (o 3,00 )57 (59
Lol iy by 993 OMELD @y (laasy Sloas ay )l 5l S8
ol as” sl YU slojlailay o2l sblse 9 352> ST
Olse b S eslinul olo B tags e slog,b )
Sk &bl 1) 5 (6550 )50 p e il
Jels OIS Gl oadeald 08, 5 cules sloaie,
slacalld 10 5 6958 Srg0 0 GRIB g (3l
Ogr dlg>  Saxe

Jsasd pac g yolee ;o oolaiwl ood b 0> g0 4o
a>lpe Oley ) 5 L1 o Shle b pobee ) 590
ol g adg mels Lol pl o ol sales
ol ab o el Ol (950 (S99 B 595 0515
Sl g SLOE oS ) o2l ons jsbocs Sy S s
Oladd e an (6,550 sleadse jl g a5 il Sass olgs
(g ddgl Slgo adje ;0 PLSl g addy (o5 50 e
Jedoas ail s aelys pals ( Sase OV pile § Olygas
DVFls 8 o olis wline Julge o 15158 golazsl oo5,

5 Sl o JoSo 03l plprear Golae 53«55l
Byt as,e 5 L5255 655 plewsly Gl Bl sl o s
by b g g wlogoe Jlane ;oS Suxe SYIdle o
Oolae 039381 (5] (e a3 b oo BA (%S
St 33U G o Soso e s L o b R3S
FORARCGRVAPES

Bl Sl Ol agh (ol Jlgw (398 dondo 4 azsi L

4

IV] 598 o a8 15 Aoy Do il putslo poo 3 0 5 5
AT o1 polae o Galises ool g1y Lol alys astllas
65 ame Sliles o ale o, Jlzsl ass e ol
Ol o 0gh IS s cile s b (30 o el (See
SYTomile g Ol 5p) |90l 5l s o 5l oo litusl candllag
Tl oy (slaray (WS o Bpan (55 (555 45
(35,0 (5505 )15 5950 4 5l o5 SV oele g Olyg0)
b ea)lys jo sl ool bl Solel ¢ Saxe gl Sl jo
2 ale e Bons sl alopw 2N @ ary
B S9m il 0 297 dre 4 (il gl il Olles
DA A Gl S yale ] 515 0aueS Ll ol jo ol
220 dalol 55l )5 Slal JI ygas (6,15 yare Ol

Oz I S Gy Gosese 2 3 6y9kS g
Sl G5 5 Wy S w9y syl Gloy Job o
“oxe 99 p 6yl Céyin (U5 SlNsh e Sasd iy
Sy lae isu e (8]l cuie IS o0 69
olRl gl Fl ooy prels S cl (S 5558
Prae S35 50 97 Mo g (Sane dlge Jlazitul S e
by ks K0 9)lee b g

O SNy plel g ojecews (B> (golaidl slal o
ates )5 (6955 (S92 2 See Jelse (n St 5 el
N o 25 (ple pseie )]s Sepley azgs L (V-]
So a5 (I 0Tl il St Cungllae (g5l
o b (oo RIPB bl 5 sl Wgear <oy LIS
26wl i)y (8l w2 )08 )3 s ST
Sl a4 Gloy J 59 SRS s 5l s (IS
lllo 9 (s 45 09h 0 Brg85 Mg ail)B 50 i
il 0l 5 el i 5 oS L olpee ol o
s Lils, 5 Slaslis alaz 3,550 o lre B Lol
5 Sl cxse b (Sl Sl p el S
St y e Sl g d9d e JUd I o s, s
JERSKCRVS ST S

Jolod il cllllas )3 5y 500 2 Speitws 15U
g oo Hile 0 il gl gl jocal ouls
asdllae )5 V]l oas ol S (65,5 550 42 2 S i
b 9x sy olae 3 L e e ol (1]
sl 055 o jatns ialil Jol> 1 ARY-Y - - Fela Lo
St e @lee IS 955 x90e ) V]adlhs o L

1FAR Ol € o lowd cuxiy 0998



(S Qo (gukigo 4y

Bl ity

30 Jb ase OYOY 1 as aes oo ylid () Jyoz) oSl
v Shod [0 (2o ,0 A7) yae DVOA olass AV Lo
oo Ve ) els (a5 Y VS s Sl 00gs cogas
05938l i3l cails Codlad sogas idu colee jo (ML
5 as 0 YA UL, oLl VY EYE cogas isu ol
VOV oy (i (65 asbe s 5 (e o3338] 53]
03 (P I8l IS aoye OV VL, o)Ll
ogar su olre o (LS a4 cslo gy S ol Lol
ey S as,0 OY)Y a5 oog Jb, o,LLLVOF-Y
0398 3 Jame 2 el Sl 1528 polan leLs
Sleas ol (8l Jril) bylee ple o
SH9 AR e 3l S (poga S me (S

] 009y

VO] 1798 Jlw 10 carSIlo s 59 598 (y0lro (S Canradg:) Jgior

soya> o &z T
5V OA Va0 aYor ol ol
SVEVE | YATID | WOATY | Ga)orils olaw
“ & . |
VVEYS | AYYSAS | 18010 22955 03
(Jb,0,Lw)
ISk
VIOVY | Veavy | vasas SR
(JL.’.)%L.:J#")
Sleas
\0F-Y | VEYA. | YaAay ol
(Jb,0,Lw)
43l Sudgi Y-

wgoladl Gl glacled 5 alio m aSaol )
Al G psio 5 emd el S5 SIS S 68
Ol Same mlio 0j50 50wl adgi 098 oo oolaul
Jels o syl o 3590 3lee S5 )3 &S wed e
ol B sl sgpas cwl il oy jada> hawgie job 4
Slass a3l ) Connd wgs a8l oaimoLas il ol
U9l 3580 lo ps o515 Jols wiles oo aS conl oML
Sl el o adgi il Gase laasly jo S ok dsugs g
Of i 4z o 5 cosl S5 (5555 Lo (590500 Gomis
Sl ey 5905 g grnoss a3k 5Vl
Jo 51 5528 golas 5o ale addys ) IS8 ol
1 g a1y latsy sanlis Ly ,i wg, ) TAL \YEY

1FAR Ol € 0 lowd cuxiy 0998

slwly 5o g fowl AgSs olas 10 )15 (59,5 (5590 42 N,
s Jels Badzs o8 DY lgu ‘Q—l

Saxs Sxsoxe 2 & az oldels & lee az o -l
fo,ls yolee o I8

2 Gom S 2 $Hl ar cuSIb ey —o
ol yoleas

P25 Ga G 2 S Az dl wloyw 2
5,1 oles

S9 8y900 2 Al Az (L5105 Gek> g 0jecuws o
fo,ls yolee yo I8

o9y 9 Slgo Y

Wdg ol ol a4 bawe gkl sleesls
SEJWE olas )3 3jemwd 5 Bedo (JUsl sl ke o
SSb ) aboye g39 g0 sloosls o [VO] ol LI5S e
Sl le Sbe; o3k o aaizs 0,90 Wload 351 V8l 655 50
ey oged B s laosls Wi, laml sl VFFY-1 YRS
2 Ay Jelos I pliee (B Joo )l b g
A 35903 ) (90 (590 02

olee Slowi —)-Y

AYAFNYEY 0)00 o jeiS Jld polee JS olows
Jd Sase ozl YYV 5 cwl ails cai]id ceges W9,
ol 0,80 LU 50 yase OYAY o> a0, glal o
YY 51 Gt o ol o olee IS sl (S0 )lo 4 el
el ool ply

oy 5 ogee slaaxly SIS 4 olae oSS
ise olee slass fley Jab j0 a5 cewl cog gl @
LYY Jlo jo gase VY 5l g oad 00938 cogas
&Bly ol adle ol AYAZ Jle o s OVOA
Cowlow 33 g (VYPY-IYO) oaie gBs 0,90 slos 9,0
B (S0 5 m gl 485 53 (b 5 mlio 3l e
S0 009 5585 (olae p (segee iSu abale o
L0556 OTPA Jlo 5l g5,8)anmsi lo o asby Jobo
ST (2 Gualifl 5 il sopas sloclw & az g
Odre (iS50 Cdgd paliwe SdB0 ol ¢ o sladl o
Sl 4ol uguze als

ey ol (IS Cimdy anlie (K00 (o



Soxe Qo (qwikigo 4 g

Ol O3k 33 517 (59 35 (519 © & Julox

SIS Bl o ol o g conl iy loyw 9 )
st 98 o (Deail 5o Lol v9di oo (28 ol Jelse ol
o35 o 9l o s Jolse 5o b ol iy sl o
22 ale e 9b i )5 (5905 2 adgi ST Jl> oS (oo
A3 oo Cawddy |y dl s il oo 45T 095 oo o )1 (59,0
S5 $397se gy oelln olaeydtile s (35250 092
lo s W) (o ELD slass 4y Az g3l gl o )15 sele
el 00, ¥ USE 5o (ol oloie,98) (i sl

s Sleben ¥ 5 Gt 1 & el ¥ S5 ol
yazgl b Sblug LAYPY Jlo jo fyoxe Jels jo olslay
odumy 515, 6l U,y o)Ll VPO sgu> 4 YA L
lo s Sllwgs ¢ yolre (el slass jiljdl a4y az g b el
Sl a8 530 50 lo jw 095 Sblwgs 5l &l

el 00,5 Bl a5 e gl o YEAY JSlasa VYA L
30 500,85 Jlio |,y (eogro Ngy daze VYAV Jlu o Jg
Gl o3 Foee e BY.OY ¢ oogazma ;0 YYAF-ITAY 6,40
sl o o3l o ccwip cpla cal atalb oy Ll e
O L e gl o5 YR sgus ) ail s aldes AYAF-\YPY
ol ol bl aldl Jels s gl o3 YV Loy
el s 18 ke o al33 5l il adgs s 2l e 5l e
Y Ioitle (6565 )5 4559l 5 (250300 5 (A1) (55
Ay e el jo el oals Jols (ore isw 0 Lo

el 009 Jlo )0 o, 0 VY sgus il s aldgs

PER SR R

Sy ol Jole 90 0 adgs [V V]SS g5 slassl Lo

NAIVYEY YA o) o3l 40 oyl ! 50 cydlee 4l pus g ) S

3.5

|\
2.5

EA | 4 —~
SN~

Al

DEIAYEY-IYAS Sloj o3l 30 olpl 4o (yolee indin 4l dglo puw 1Y S

1FAR Ol € o lowd cuxiy 0998




(Fox0 Qo (gwkigo 4y

Bl ity

YAADY 3, a5 o ialiél ol Ve sga LAY L o
OB Sleas ol F USS el ooy by S)kkee
Sley 090 o WAVl Jlo lue ) ud> cwd @)
i el 5T GLsS 350 oyl sl 03,5 s VWEY-1 TS
938 ol QLS 4 0adiSls (A S5etus g 9d>
g og loye3p eanli Luyis wg) Gl eaddllas 0)99 5
Jlo 5 b, 8)kkee YOV 4 VYFY Lo jo b, okes YAS
slcwd o LS, Gloas oz e ol oo, YTAF
0353 418,55 » duoy0 FY AVl 0, lawgie JIVYPY Jlo al
O s @jad nlisl aleas Wl so X9y ol el
Ladjoinns 5 Boio Glalil 2 (6503 9l g 090 i o250

Lol (p)59) loid goges o) & S (polae 5o

it Jo 0
RIPUSIHRE 4 E RS 1S 3 PO PORO0-P JCH O A
S oo e ) G950 o9 2 Fe hol sl e

APy = f(Skil, Own, KL, W) M

ol g0 as

iy yorie Olgieds QIS (5955 Lawgle (5590 42 AP,

oolae jo ool 4 el o MEls Cod Skil

ool cogar CoSIle i) olae CoSle 05l :OWn
(doy0 @

(b ys B0&) ] oo d5lo puo KL

(ool (Mels a4 SBbby Gea> g Sjeiws W
NS S RV XY IR

2 pleps s jale QLSS 4 22l 358> 5 S5etus
el Bgyre LSS loas lo» 4 Sass slalel
S 5 gl QLSS (ol og 3 9 5o Gane (LSS
el (Beio g deied WS e )8 )b g Sl
WSy S5 G958 0D g (Supd Sleas ply o a4 cul
Jolse 4 CBlo s a8 S 90 50 0,5 slaidl 4y o 1o 098 0
S5 4 0uaSLal (l5ee b conlite )57 (595 aboar 5l g3
Tl ot sls n @i S Ll (G0
@l o9 & g Jalo o i onl o el 5L
DAl 5 salgs (s o abol sl asls (s i
ool Sygods €SS Sleas Gl aSxil )
oS B yan Cungd (atlh ool e 3l 09800 5155
Cawddy € i & a0 dy LSS Sleas o)l > (CPIY)
Sloas ol 05, 255 09 S5 ey Sl Wl
AYPY-NYAS o Jls 0,90 ;0 ame e 0 LS8
als 0,90 aed 0 .l 00g Jlo ;0 w0 YY)V S0
Sloss 5 YIS g 303,5 Crard sl 1) eosd ogos
ad, Jle j0 asye YAY g jeba (o s bl o
G SNy Sjeiws g Bei 0 Gl duolie ol ails
(pr55 £ 1iaad (cagoe mhaw oy (e § olae SIS
Ay Fp eSS gleoyes o aS oyl cpl IV Y S o
b3 ey 255 AL (S L3S Sless Gl
el 438l Sgegs yolae LSS o, s 5 18 (oSS
& oy Spatas 5 g i 1955 oles ples o
oS o35 Jby Ooseles TIFYR Jobeo OYFY Lo o ol

70

60

| A
o L\ ~ /\\

o g3
w
o

10 \,\l v

T e &S P PUIA LA PR N PUE SR WY

18] 395 &5 9 colae LS, Sloas oyl s iy ¥ IS

1FAR Ol € 0 lowd cuxiy 0998

¢y



S0 @l qwigo 4 4l Ol 08l 53 )7 (59,5 519 0@ Jubod
80
70 //
60
7N /
:35 50 / -
= 40
= 20 %
. /-\
10
0]
U P © P AD AL A> D S N o P D S S o P
R N I I OGO N G I AN AR SR St S I S R

DA]1¥SY olo caond &5 oydlae JS 35 LS, Gloss oyl pus oF JSb

Slags oo el LY T oo g0 50 4 pons LB« Siej
Syle Sygpe g iyl 18 Jliml SULL (oyme o Slog
69 [NV Maidlpass Jgd- oo axly 4ty oge)] lal
SsS 5 ally Wl (ge3] nl plowl sl 05 ploxil o]

Do oo gy ¥
xt :pxt_]+gt )

u‘ )o as

Dgd 0z Wb Jale

| Qg—:-w)f) QSU""S' &

g Qly‘s‘, Y akl, u—")’" )" X alox QO;WSL?

Axr :(p_l)xt—l+gt M)

:Q] B aS
el Sl s olad A

9 o glasd o e axly ady; el

H,, - =17
{ 07 )
HA:p<1

a0 5 ool o )lol b ks Jlazal) jho 4008 o,
B pogie 4oy T Ghpdy 5 ol (iloj (50 2o (sline
Do oo 485 Wil Ll 05 maw (o gloy 5w STl
sl San Lol «sl 1(0) < yoo dz o 51V aislsl Sloj (6 e
2l 5 il ble sl 40 Jolis 10 5 0395 Lo elans 4o
Lol I(1) S5 5 j50 (6 o 355 g0 4285 >

Al

layeiie (Jeld (Gluil (69, 9 Golae yo g5 (92

So Lawgie (6590500 Nab oo e (I3 2e8) Ani>
Ol 50 Jeld )5 (g5, olawi 4y adgs Gl sty 511
s il ey pl pogde el oald aiulze
el o] Camdds ML olaxd 4 Lawgie ale yur (639590
oy onl o oolarwl Eviews 58l o5 5l o Jow 0,900 50
SlBle s ates 3l AARF Jlo s Geany cod 138l
bl 5 Ul 3l ol s a5 Micro TSP?
slodae 53 5 mral bl Smiin slr w0k
L g oo slaoslo b Sloj slas pw IB j0) oeiwoladl
obadl (g5logs s 5 (smpgiaoliy sglSools il S 3

Dvalecs oo acss

Sy g s Y

Sogods Voakly o (o P s A Sl a4 axg b
)Q M bL?u‘ 61); Wiloads w).x.: wu 9 e
S92 Aarlalwady e g0 (adicd sla e
)& UK @ Dels 4 (g3l 5 S5eus 5 (IS (950
GRlS el a8 UK 51 ool i awilonsS Juto o
ol o.)}g L}AM 6L®A>‘5 J.u.t.)
S sdiee 3590 n Sloy G KB 4 ) alal; Joe
5 ool ST cal UL WX, X, LX) Sl (6 e
il g5 sl gl ol ST o s 901 oy
Jsb 55 boyglias ol 81 sl el o 2238 L (o]
aiS b 5 0gs dalgs Bl o gloj gy o1 caisS a5 o)lo

G S5 bl «Dygo cpl 4o a8 o)l Masly ddy ) g

1FAR Ol € o lowd cuxiy 0998



(xe @l guikige 4 5l wBle it
(ADF) a8l osi gb- (54 9>y ey o903 @S Y Jgor
bl 4o Js! Jolis , o poite oo i e
Jl ADF s L] Jlex| ADF s L]

1I(1) e -\.yar oo VY -YYov Log(AP;)
1I(1) e -ZYY < YYY =Y, YOf Skil
1I(1) e -0,404 -9 -+ Y Own
1(1) .o -1Ffra < YAA -Y,A0Q KL
() e YT - B3A T\ ass Log(W)

4238 (owyy 30 o9 e JiSlas g ST sbaygeil Y Jgas
L ko oy (Sblidle

ekl
™
).TM s Slaws
- BV-9Y
o ozl | 7| Sl | < Yolas
C.la..u )\) o).>5 - . Lu‘p_ﬁ

e

e SAMA | AcAY | - vrD * o

- Yoy TYALF | YSAVE | S FYA [ ) Bl

- OY0 Yavay | VASYY [ ovev [ v sl

SFEA [ vefRE [ ANy | evea | Y gl

< FfY Y AT < OAY <Y ¥ Jslos>
o9 )L.\.E.a )‘Sb" o)LJ
Sadie o Ll ) Slows
J=l |0 Sleu S las o Yol
o0 s | ehigylie | 77| Seslilen

oY YYAYE <AYD | VYO * a0

- FOV YVOAE [ VAROY | EYA [ ) sl
V14 YWY [ Vevsy [ ovey [y s

< FYY VEYSE | vove | eyeo | YUslas

- FFY ¥AF COAY [ [ sl

70 6yl smn mhaw o (Sililes ans 80, *
(V] Gobis 5 Sl 5Se Sl polia **

97y g ke ySlas 5 5l ojlel g0 e eluly
Sl comyp )90 Slayiie (rm (Sillpe Aol Sy
=0) Suslilon pos o lel 93 52 b Gillas 125 0055 0
5o =) Saliles dolee S Blas sg2g) 1=1 5l 5o
Aolas Sy 3925 Olejed 9 99800 3, 0 5 lo e raw
Al g (Soliles dolee ¥V o0gzg ply o Sillen
e 5 o8 & ot ey Srililen dobee (ol 09 o

1FAR Ol € 0 lowd cuxiy 0998

WA T &g s, 5 e 51 oye bl L laggesl ales S

ot o (555 9y Ay 903l @S (¥ Jgur
S0 Fsi> g 35eis o)W 5 (AP) S (59,8 Lamgie
e S %S o ite gl 9 () Golee (LS &
5 (OWn) ol EoSlo 0guis «(SKil) (yoles o ol - DMelis
a3 oo slid 1) (KL) &l jos asls s

3 G st pled Fga> 4 axg L
o 50 Oilsar b ooog Lo wos sl adye Jolis
czge ) abaly Joo Geess buld opl je asies I(1)
st 5 (adimesd o) R (S5l yo (il
Gly Nigdoo g, olpe (alxdl Gabloliae
abl (N orez ) Sililen 4k onssy cnl 5l ole)
Wil [(1) Sloj sy 2z b g ST aS Line (pl 4
S il 10) L Ul Ll (s oS5 sl (S
JLs @ota |y Roops @wiililen e e Samaily 5o
Iv-loss

O Ddeaily bl 992 5l Glebl (sl llie cl s
Sealilen ggeil 5l ety Glapiie 5 ataly e
e og0y] ol o soliial [YY] Lugligs yuslag,”
UG IS SRR PR s RS
Aol Uy o, oealy alal, Hlais FLis ygej] Hho

a)Lc] 50 »

wdd g Sl pmyp yge lagiie g (Sllee
el e ol Ll e Sowasds alaly ez g cdYS ¢ Jilis
S5dse (oyp SAlles Aolae paiz 35z (s
sholaws jo il ohg Jlade iSTas oylel b il o lel S
F GV Jlas (S Bl as) Sililee SYolxe
Wil 55,50 10 gyl e mhw 4o eyl Slu lde
O @l dgdee andy (hlie 402 5 9, Sho as )8

RO PV N g PROSENONY

13



P Bl guigo & 5

Ol pl oo 33 )7 (59 38 (559 0 3@ Jukodd

5 L OgalS (KL S laoliws o laald S
co(Fge 0 pziie Slge 5 598 slaae 5 SHe slae
Sl sl cpl el el 00l LS e (6502 Lial3dl
(@l by IED S5 S50 2 wloyw GoosS
A el Gy9050 2 (ngt o3k ST QB5L &Bly ye
0 e 50 S ) gl Al St 590 o [V]adlas
S95 S90e S (S Sl eiloyus Db oS wad oo i
Dl M ATl ps 4 Lo ake iz 1y ol LIS
sl Gl 0)95 5 5 (Suslilen (g, LD V]az 5 5o
30 Cym Sy30ske 45 OD 418 am. VAAS-Y Y
D)8 18 Al e s a0 o o (el oo alio

Juzal sy, [Maslllas slaazil b pol> aslllas guls
Ol 2 s 5l Koyl ol jo )l 4le s
Gl Bran jmals) jeu6l65 5l Al s 5l oolaswl casdlas
S0l 550l wley slray (Sl 5 OYTeile o
okl (ane glyl po (@YIipile Gl a5 595
5788 po wzge (ol 13 (T ale s Al )0 5 e
Pgd s S o sz ;o

Olrl ol 53 ) (S50 5)90 2 2 Syetiws Cute 25U
2 byl Slesea DNV g Vel 5 VoWl mbs b
ol VY] aslllan glaazsl, oM

S5 Az ¥

Sl sbee L S 51 jale eLh g il
S0yl arlops il oalee pogad caSlle pge
el a4y (210 p sjetns 5 Bei> AalBl g (ale e
Olrl oobee 13 )1 950 oo 2 Sse ol sl niie
Sl 5928 (yolas ;3 )5 (59,05 5h90 02 SR sl
s 4Ll p5 slaskeiing Olgiee Jelod 5 4525 @l
play aSglaigSay (polae jo ooy pllas b -l
Jolge oy (aslsl 5 mloly wiesws 5 39a>) bl y
il oo el 00381 (35 42 < (595 05u94) Slg8
Wb iy i) 10LS slags sl ) ealital —o
b s Bres (olae oy 4 (ol glyFul )5 (Gone
ol g 558 ol e ol ilugogas -0
(e Slge (5558 5 39w )3 IS (595 o
(B LS LB o eSS Gilednre -

$0

®)
Log(APL) = 0.018Skil+0.0450wn+0.46KL+0.216Log(W)

(0.0031) (0.0018)  (0.113) (0.072)

I colpo oo glas sl ol slacl b akl) jo
e slallat 5 it s & g b atas e ol
S sira L0 gyl e o 10 Lo pxie ded ) alal, jo L]
S odiporoy e e g dlly e o g Al

Ceodle (5905 S5 19 ylagine pogdle ulp plas
Lol plo Old Ojae jo ooplpls iyl 1) g,k
(ool (Ml IS a4y pole o Dels cas axly SO ol
bge Gl woyd Y LoyE S ey 690
Sgax )l (95 Lawgie 590 il ple pulecil
Gloyjw Gulidl b ouzpee b oo Glidl aoys 400
B S Sagese 3 GIP! Ol (aile e BaB)l
5 Boi> By R0 Bib sl og walst aops b Loy
Sga eh adlol ws s S DL 4 Sl Speiws
g o0 03938 IS (955 Sy90 2 52 ey VY

5o U‘f‘ QQL:A 6)L4] 6[&0&‘0 > 6..».».4 ‘d"“"’” GL..:
Sl s gl cpl . C N FAZNYEY o Lo Sloj o3l
Sldllas plo b desl coodle 55 g culpo goue ol Ll |
yol> adlhas oawed g lid 09>y dslol jo all Oglate
oj,w‘sa O)Lw‘ OS¢ 94 uLQ..Q?u))L.u 9

ool p gogasr CoSlle a5 b polre coSIle Gy
il cplall aidls IS (69,08 (5590 0 32 Sude Sl WilT e
e 5o S e gzl e Caio 390 50 [V g o il b
Dl sogar ol jo codled

By a5 090 ol 5l (Sl il aile o 0,90 50
&z bl )00 )15 (G950 (S 900 » S 3L il
My oyt A1 Gl b sley o5l Lo [F]
6&0)5o O odsie uyl.v‘ Sl WY SOV} )lS (55)...: 90 582
5 (R St Ceizpd Sesl 03lo £ il wle e 0138
b yeelS S5 Gds sanple) (are S s> 6l

1FAR Ol € o lowd cuxiy 0998



(Fox0 Qo (gwkigo 4y

Bl ity

economic sustainability”. Resources Policy, https://doi.
org/10.1016/j.resourpol.2018.06005.

aolilas " ygiS yolee udgi @b 0597 5" OYAL & (Ll [4]
Yy-f4 ) Al a)l.e..f: s 0590 (golazdl LSLQU*‘”?J"

[10] Wyganowska, M. (2018). “Analysis of the motivational
nature of remuneration in the light of production and
efficiency in hard coal mining in Poland”. In 10P
Conference Series: Earth and Environmental Science,
198(1): 012017.

[11] Jara, J. J., Pérez, P., and Villalobos, P. (2010). “Good
deposits are not enough: mining labor productivity
analysis in the copper industry in Chile and Peru 1992—
2009 . Resources Policy, 35(4): 247-256.

[12] De Solminihac, H., Gonzales, L. E., and Cerda, R.
(2018). “Copper mining productivity: Lessons from
Chile”. Journal of Policy Modeling, 40: 182-193.

[13] Sahoo, A. K., Sahu, N. C., and Sahoo, D. (2018).
“Impact of policy reforms on the productivity growth
of Indian coal mining: A decomposition analysis”.
Resources Policy, 59: 460-467.

[14] Tilton, J. (2001). “Labor productivity, costs, and mine
survival during a recession”. Resources Policy, 27(2):
107-117.

1o yo pe Jlo 50 yoleo I dﬁf)l.ni @L:s" o)yl )LJ Sy [Vol
wilizes sla Lo " yguins

olpl olaidl jo wloyw o990 TP (535, SO V5]
amis) 00 golazdl sls Clus o sl "(IFAY-1YAF)

[17] Nicholson, W., and Snyder, C. M. (2018).
“Microeconomic  theory: Basic principles and
extensions”. 10" Edition, Thomson South-Western, pp.
763.

[18] Felipe, J., and McCombie, J. S. (2015). “Can the
Marginal Productivity Theory of Distribution be
Tested?”. Review of Radical Political Economics,
47(2): 274-291.

[19] EViews 11: Innovative Solutions for Econometric
Analysis, Forecasting and Simulation. Available at:
https: www.eviews.com general about _us.html.

[20] Gujarati, D. N., and Porter, D. C. (2016). “Basic
Econometrics”. McGraw-Hill, UK Edition, pp. 960.

[21] Dickey, D. A., and Fuller, W. A. (1979). “Distribution of
the estimators for autoregressive time series with a unit
root”. Journal of the American Statistical Association,
74(366a): 427-431.

1FAR Ol € 0 lowd cuxiy 0998

Loasse als Boa b (ol yole 5 ool slag

SiAl O sleesly (LeSe [ tile Ly 4y azgi -
(Sne dlse 5y51,8 5 gl o by

G yalatedy ¢ Jome dlse (55518 50 (5 T4l
g g gl

Sl ol -0

Ve VIVA o Loy otpoly b 5l 485 allie oyl
€S olyskd s oS Gheshy 5l Calem gara ol 8 SL
055 Eonin o RLilS 3l 5 Faio Jb Coles 310,55 .ol

iyl g GllulS mle 4 (cw s ilupald Jdoay
aled oo (S0 a3

&l -F

[1] Islam, S., and Syed Shazali, S. T. (2011). “Determinants
of manufacturing productivity: pilot study on labor-
intensive  industries”. International Journal of
Productivity and Performance Management, 60(6): 567-
582.

[2] Wellmer, F. W., Dalheimer, M., and Wagner, M.
(2007).  “Economic Evaluations in Exploration”.
Second Edition, Springer Science & Business Media,
Heidelberg.

[3] Garcia, P., Knights, P. F., and Tilton, J. (2001). “Labor
productivity and comparative advantage in mining: The
copper industry in Chile”. Resources Policy, 27: 97-
105.

[4] Tilton, J. E., and Landsberg, H. H. (1999). “Innovation,
productivity growth, and the survival of the US
copper industry”. In Productivity in Natural Resource
Industries: Improvement Through Innovation, David
Simpson R. Ed., Routledge, New York, Chapter 4, 109-
139.

[5] Kotsadam, A., and Tolonen, A. (2015). “African mining,
gender, and local employment”. The World Bank, Policy
Research Working Paper, 7251:pp. 45.

oxe 30 Fogo Julge Julxs g oS ojlil’ AYAY g (sl [#]
Sl pale -5 Sy (yore 9 Camiuo (i 50 Jelge S (559
FY-VY o oF ol pgs Jlo colines)

[71 Sun, S., and Anwar, S. (2015). “R&D status and the
performance of domestic firms in China’s coal mining

industry”. Energy Policy, 79: 99-103.

[8] Suh, D. H. (2018). “Exploring the US mining industrys
demand system for production factors: Implications for

1



P Bl guigo & 5

Ol pl oo 33 )7 (59 38 (559 0 3@ Jukodd

* Consumer price Index (CPI)

3 Micro Time-Series Package (Micro TSP)

o Dyl 4 it Sy (gl Dl Lo )5 ST
el (S0l alg WB)ans (g0 5 995 g0 T RS iiie
7 Stationary

8 Unit Root

® Augmented Dickey-Fuller (ADF)

10 Integrated

' Cointegration

12 Johansen-Juselius cointegration test

13 Trace Statistic

14 Max Eigen Value

LY

[22] Johansen, S., and Juselius, K. (1990). “Maximum
likelihood estimation and inference on cointegration—
with applications to the demand for money”. Oxford
Bulletin of Economics and Statistics, 52(2): 169-210.

[23] MacKinnon, J. G., Haug, A. A., and Michelis, L.
(1999). “Numerical distribution functions of likelihood
ratio tests for cointegration”. Journal of Applied
Econometrics, 14(5): 563-577.

! Energy-saving capital
2 Labor-saving capital

3 Marginal Productivity Theory of Distribution

1FAR Ol € o lowd cuxiy 0998



.ﬁé"&:ﬁ;ﬁ%&.
AN
(e o

Mineral

Resources

ngineering
INTERNATIONAL UNIVERSITY
Imam Khomeini International University S @lo (wigo 4 gl
Vol. 5, No. 4, Winter 2021, pp. 10-14 Journal of Mineral Resources Engineering
(JMRE)
DOI:10.30479/jmre.2020.12360.1363 Research Paper

Analyzing Labor Productivity in Iranian Mines

Agheli L."
1- Associate Professor, Dept. of Economics, Economic Research Institute, Tehran, Iran
aghelik@modares.ac.ir

(Received: 01 Jan. 2020, Accepted: 23 May 2020)

Abstract: Mining is impossible without employing labor. The production and extraction of minerals
require a combination of labor, machinery and energy. In this paper, through a review of the stylized facts
of the Iranian mines under operation, first the factors affecting labor productivity are identified, and then,
by specifying an econometric model, their effects on productivity are estimated over the period 1983-2017.
Given the non-stationary variables, the Johansen-Juselius co-integration test confirms the existence of a
long-term relationship among the variables. Accordingly, the share of skilled labor, private ownership of
mines, capital-labour ratio, and wages and salaries positively influence labor productivity. According to the
findings, designing a payment and reward system related to the added value of employees, using labor-saving
technologies (advanced mining equipment) in the extraction of deep and high-risk mines, privatization of
non-strategic mines, increasing the share of the labour force in the profit and sale of minerals, paying
attention to the substitution and complement inputs( labor, energy and capital) in mineral extraction and
processing are recommended to increase labor productivity in mines.

Keywords: Productivity of Mines, Per capita capital, Ownership, Employment, Wage.
INTRODUCTION

Employing labor in mining and quarrying firms is inevitable. The employment in mining sector stems
from the national macroeconomic trends, the specialized workforce, the demand for labour and ownership
structure.

Identifying labor productivity determinants helps to measure the share of various factors in mines’
production and value-added. This study seeks to examine the trend of labor productivity in Iranian mines.
The labor productivity depends on different variables such as wage level, employee morale, skilled labor,
managing and organizing strategies.

Age, literacy and gender are important variables affecting labor productivity [1]. The skilled and
experienced workforce can perform a certain amount of work in a short period, or may achieve new
cost-reducing methods in the process of production [2]. The role of management, environmental health
regulations, and occupational health and safety are among the factors influencing labor productivity [3].
Women cannot act in most mining projects due to poor working conditions and hazardous environment, so
the minerals is extracted mainly by men [4].
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An increase in capital-labour ratio (K/L) increases the labor productivity [5]. A study of the demand
functions for different inputs in the US mines [6] has concluded that the employment of skilled workers in
mining operation may be difficult to replace with capital.

Technology also affects labor productivity. The production techniques advance over time and the overall
effect of technological advancement on labor productivity is positive [7].

In economic dimensions, wage and salary paid to employees contribute to the labor productivity [8]. The
motivation, effort, and diligence of the workforce increase with the timely payment of salaries and benefits,
especially if it raises the real purchasing power of worker. In coal mining of China, the average wage had
positive effect on labor productivity [9]. In the open-pit mines of Peru during 1992-2004, the increasing
wages resulted in higher labor productivity [10].

If energy efficiency is increased and energy is supplied without lags, then mining machinery will be less
idled, and mining can be continued. As a result, the value added of the mines will increase and influence
labor productivity directly.

This research tries to answer the following questions:

1. How is the trend of labor productivity in Iranian mining sector?

1. What is the effect of the skilled labour on the labour productivity in the mining sector?

2. How does ownership affect labour productivity in the mining sector?

3. What is the effect of per capita capital on labour productivity in the mining sector?

In order to reply the mentioned questions, this study uses a times-series regression and con-integration
analysis. The findings confirm the positive effects of skilled workers, private mines, capital intensity and
wage level on average labor product.

METHODS

This research is of descriptive-analytical nature. First, it presents some stylized facts of Iranian mines
focusing on the number of mines, production, investment, employment and wages. Then, it applies an
econometric analysis to explain labor productivity determinants in Iran. Statistical data of operating mines
are extracted from Statistical Center of Iran [11], and capital stock data are obtained from the Central Bank
of Iran [12]. This research covers the period 1983-2017. A brief description of data is as follows:

The total number of operating mines has reached from 237 mining units in 1983 to 5353 mines in 2017.
The number of mines under private sector operation has increased from 71 mines to 5,158 mines. As shown
in Figure 1, per capita production has experienced an almost increasing trend from about 346 tons per
worker in 1983 to approximately 3700 tons per worker in 2017. During this period, per capita production
growth rate was about 7.2 percent per annum.

tonne per employee

Figure 1. Per capita production of mines in Iran (Source of data[11])

In addition, capital-labor ratio has increased from more than 3 billion rials per worker in 1983 to about
1.65 billion rials per worker in 2017. Furthermore, the wages and salaries paid to the employees have been
increasing. The compensation for employee services has increased by 23.7 percent per annum, on average,
which is higher than average inflation rate (18.7 percent). This trend indicates an increase in purchasing
power of mining workers.
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Based on the literature review [5,8,10,13], Equation 1 introduces the main variables affecting labor
productivity:

AP, = f (Skil, Own, KL, W) (1)

Where, AP, denotes the average productivity of the labor force, as dependent variable. Skil defines the
ratio of the skilled to total workers in mines. Own indicates the ownership type of mines (ratio of private to
total mines). KL is a proxy for per capita capital (capital intensity), and W measures wage and salary paid
to mine employees.

AP, is calculated by dividing production volume into the number of the mines’ employees. In addition,
per capita capital is obtained by dividing the capital stock into the number of employees. Eviews software
is used to estimate the model. This software is of many features and capabilities for statistical forecasting,
specifying and estimating various econometric models, data mining, programming and economic scenario
building [14].

FINDINGS AND DISCUSSION

Since three explanatory variables, i.e., Skil, Own and KL, are included within Equation 1 in ratio forms,
to create consistency in the variables, the logarithms of AP, and W variables are incorporated in Equation
1. This strategy can reduce variance of variables and help to interpret of the results in terms of elasticity.

Since the Equation 1 is estimated as a time series regression, it will be stationary if its mean and variance
(and in the extreme case, all higher-order momentums) are constant over time. If the momentums change
over time, the time series will be non-stationary, or will have a “unit root”. In this case, the results cannot
be generalized to other periods. Most time series are exposed to risk of being non-stationary and should
be tested against unit root [15]. The null hypothesis presumes the existence of unit root in variable under
study. Rejection of the null hypothesis indicates a stationary time series. If the time series is stationary at
its level, it is said that it is integrated of order zero, or I(0), but if it gets stationary in its first difference, it is
said “integrated of degree one”, or I (1).

Table 1 reports the results of the unit root test. All variables are stationary in their first-order difference,
so, they are I (1). In this case, estimation of Equation 1 leads to a greater R’ (determination coefficient)
spuriously, and the regression coefficients become significant erroneously. To get rid of the spurious
regression, the theory of co-integration argues that if two or more time series are I (1), their linear combination
may be stationary, or I (0). In other words, all variables will follow each other in the long-run [15].

Table 1. Results of the Augmented Dickey-Fuller (ADF) Unit Root Test

Level of variable First difference .
Var. Stationary order
ADF-stat. Prob. ADF-Stat. Prob.

Log(APL) -3.357 0.072 -10.396 0.00 I(1)
Skil -2.754 0.222 -6.231 0.00 I(1)
Own -0.143 0.991 -5.919 0.00 I(1)
KL -2.859 0.188 -14.439 0.00 I(1)
Log(W) -1.966 0.598 -5.421 0.00 I(1)

Note: var, stat and prob. denote variable, statistic and probabality, respectively.

In this paper, the Johansen-Juselius co-integration test is used to warrant the existence of unique long-
term relationship between the variables. This test is based on two statistics of trace and maximum eigenvalue.
The null hypothesis of the test indicates the lack of a long-term relationship between the variables. This
test examines the existence of several co-integrating vectors. If the trace statistic or maximum eigenvalue
statistic for each number of co-integrating vectors (zero, at least one, at least 2 and so forth) is greater than
the critical value of the test at 5% level of significance, the null hypothesis will be rejected. Both statistics
confirm the existence of one co-integrating vector between the variables under study. The normalized co-
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integrating vector is as follows:

Log(AP;) =0.018Skil+0.0450wn+0.463KL+0.216Log(W) 2
0.0031) (0.0018)  (0.113)  (0.072)

In Equation 2, the numbers in parentheses denote the standard errors. All coefficients are statistically
significant at 5%, and there is a long-term relationship between the variables. They also have the expected
signs theoretically. Therefore, if other things are being equal, the labor productivity will increase by
approximately 0.02 percent for one-unit increase in the ratio of the skilled to the total workers. If the share
of private ownership of mines (Own) increases by one percent, the average productivity of the labor will
increase by about 0.05 percent, ceteris paribus. Also, for one-unit increase in capital-labor ratio, the labor
productivity will increase by roughly 0.5 percent. On the other hand, if the wage levels increase by one
percent, labor productivity will increase by about 0.22 percent.

CONCLUSIONS

As econometric analysis indicates, private ownership of mines has a positive effect on labor productivity.
This finding is consistent with the results of study [9] on the coal mining industry in China. The workers
are usually more motivated and willing to work in private mines due to the belongingness to the extracted
minerals.

The capital-labour ratio positively affects labor productivity. As a result, capital deepening increases the
labor productivity because of using new technology. This finding is compatible with the labor productivity
growth in the US copper industry, in which the highest growth occurred during the increasing phases of per
capita capital over the period 1980-1999 [3]. Also, in the Chilean copper industries during the period 1986-
2013 [13], labor productivity directly affected by per capita capital.

The increasing wages result in higher labor productivity in Iran’s mines. This finding is consistent with
the results of studies [8-10], but it is contrary to the findings of the study [13].

In order to increase the labor productivity in Iranian mines, it is recommended that:

a. the payment system in the mines be designed in such a way that all payments to the factors of
production (especially labor) are related to their value-added;

b. labor-saving technologies (advanced mineral equipment) be used in mining, especially in deep and
high-risk mines;

c. government should privatize non-strategic mines of the country and increase the share of the labor in
the profits and sales of minerals;

d. the composition of the labor force (office workers, unskilled and skilled workers) be optimized in
order to reduce costs;

e. the substitution / complementary relations of labor, energy and capital inputs should be paid attention
in mineral extraction and processing; and

f. mining firms should invest in mineral processing in order to encourage extraction.
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