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ABSTRACT 
OF THE THESIS OF 

 
 

TaUeN ZXKaLU KKaOLO  fRU MaVWeU Rf BXVLQeVV AQaO\WLcV 
     MaMRU:  BXVLQeVV 
 
 
 
 
Ke\ZRUdV: GOaVV Uec\cOLQg, LebaQRQ, FOaW gOaVV, BRWWOe gOaVV, SROaU SaQeO gOaVV, GOaVV 
ZaVWe, OSWLPL]aWLRQ, NPV. 
 
GOaVV ZaVWe dLVSRVaO LV RQe Rf WKe PaLQ cKaOOeQgeV WKaW face KXPaQV QRZada\V becaXVe 
Rf LWV LPSacW RQ WKe eQYLURQPeQW aQd WKe aUeaV Rf WKe OaQdfLOOV. IW LV a QRQ-bLRdegUadabOe 
PaWeULaO. TKLV SURbOeP aQd WKe defLcLW LQ WKe gOaVV WUade baOaQce, aQd WKe dLffLcXOW\ Rf 
LPSRUW RU e[SRUW QRZada\V LQ LebaQRQ WeQdV WR cUeaWe a SURbOeP. TKe Qeed WR VROYe 
WKeVe SURbOePV SXVKeV LebaQRQ WRZaUd gOaVV Uec\cOLQg. TKe LebaQeVe gOaVV LQdXVWU\ 
VKRXOd cXW WKe aPRXQW Rf \eaUO\ gOaVV ZaVWe, VWeS cORVeU WRZaUd VeOf-VXffLcLeQW, decUeaVe 
WUade baOaQce LQ WKe gOaVV LQdXVWU\, aQd UedXce SROOXWLRQ. HRZeYeU, becaXVe WKeUe LV QR 
SUeYLRXV VXcceVVfXO e[SeULeQce LQ LebaQRQ'V gOaVV Uec\cOLQg fLeOd, WKe ZKROe SURceVV 
PXVW be VWXdLed. UQdeU WKe VXSeUYLVLRQ Rf LQWeUQaWLRQaO e[SeUWLVe LQ WKe Uec\cOLQg fLeOd, 
LQ cRRSeUaWLRQ ZLWK EOLWe GOaVV CR., aQd fROORZLQg WKe cRgQLWLYe aQaO\WLcV PaQagePeQW 
fUaPeZRUN, a OLQeaU SURgUaPPLQg PRdeO ZaV cUeaWed fRU RSWLPL]LQg WKe LQSXW Rf WKe UaZ 
PaWeULaOV WKaW PXVW be LQWURdXced LQ WKe Uec\cOLQg SURceVV XQdeU VeYeUaO WecKQLcaO 
cRQVWUaLQWV WR SURdXce QeZ gOaVV SURdXcWV. TKe fLQaO SURdXcW aOWeUQaWLYeV ZeUe fOaW gOaVV, 
bRWWOe gOaVV, aQd VROaU SaQeO gOaVV. TKe SURfLWabLOLW\ Rf WKe SURMecWV ZaV VWXdLed XQdeU WKe 
QeW SUeVeQW YaOXe (NPV) PRdeO. 
 
TKe UeVXOWV VKRZed WKaW LW LV feaVLbOe WR KaYe a gOaVV Uec\cOLQg PaQXfacWXUeU LQ LebaQRQ 
aQd VXLWabOe fRU aOO PaQXfacWXULQg VL]eV, ZKLcK PeaQV WKaW LW LV eaV\ WR eQWeU WKe 
Uec\cOLQg fLeOd ZLWK WKe gOaVV LQdXVWU\'V VXSSRUW.  
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CHAPTER I 

INTRODUCTION 

 
TKe PaQagePeQW dLOePPa Rf VROLd ZaVWe, eVSecLaOO\ gOaVV ZaVWe, LV fLQaOO\ 

UecRgQL]ed aQd WacNOed ZRUOdZLde. IQ cRXQWULeV OLNe WKe USA, Uec\cOLQg VcKePeV ZeUe 

LPSOePeQWed WR cROOecW gOaVV WKaW caQ be Uec\cOed WR bUeaN WKeP LQWR VPaOOeU SLeceV 

caOOed cXOOeW, WKeQ deOLYeUed WR Uec\cOLQg SOaQWV ZKeUe WKe\ geW cUXVKed, VRUWed, cOeaQed, 

aQd PL[ed ZLWK UaZ PaWeULaOV WR SURdXce QeZ bRWWOeV, MaUV Uead\ WR XVe [1]. HRZeYeU, 

WKe SURbOeP LV VWLOO KLQdeUed b\ VRcLaO aQd ecRQRPLc SUedLcaPeQWV aQd SULRULWLeV LQ 

deYeORSLQg cRXQWULeV. IQ AUab UegLRQV, VROLd ZaVWe geQeUaWLRQ KaV becRPe aQ 

LQcUeaVLQgO\ LPSRUWaQW eQYLURQPeQWaO LVVXe RYeU WKe OaVW decade dXe WR WKe LQcUeaVe LQ 

SRSXOaWLRQV aQd cKaQge LQ OLfeVW\OeV OeadLQg WR QeZ WUeQdV Rf XQVXVWaLQabOe cRQVXPSWLRQ 

SaWWeUQV UeVXOWLQg LQ ZaVWe SURdXcWV OLNe gOaVV ZaVWe. SXcK LQcUeaVeV LQ VROLd ZaVWe 

geQeUaWLRQ V\QcKURQRXV ZLWK VKLfWLQg cKaUacWeULVWLcV SRVe QXPeURXV cRQceUQV UegaUdLQg 

cRQYeQWLRQaO ZaVWe PaQagePeQW V\VWePV' VXffLcLeQc\ aQd WKeLU aVVRcLaWed 

eQYLURQPeQWaO, ecRQRPLc aQd VRcLeWaO LPSOLcaWLRQV. FRU e[aPSOe, a SUedLcWLRQ UegaUdLQg 

WKe aPRXQWV Rf PXQLcLSaO VROLd ZaVWeV geQeUaWed LQ WKe AUab RegLRQ ZLWKLQ WKe \eaU 

2020 VKRZV WKaW VROLd ZaVWe caQ e[ceed 200 PLOOLRQ WRQV SeU aQQXP [2]. GOaVV ZaVWe LV 

fRXQd LQ PXQLcLSaO VROLd ZaVWeV aV cRQWaLQeUV (bRWWOeV, MaUV aQd fOaW gOaVV). LebaQRQ 

SURdXceV 2,040,000 WRQV Rf MXQLcLSaO SROLd WaVWe (MSW) SeU \eaU, ZLWK 5.6 PLOOLRQ 

SeRSOe [3]. LebaQRQ faOOV beKLQd dXe WR LPSOePeQWLQg aQ LQVXffLcLeQW VROLd ZaVWe 

PaQagePeQW VWUaWeg\, PaLQO\ baVed RQ baLOLQg, ZUaSSLQg aQd OaQdfLOOLQg, ZLWK 

LQadeTXaWe VRUWLQg aQd OLWWOe cRPSRVWLQg. TKLV defLcLeQW VROLd ZaVWe PaQagePeQW V\VWeP 

cRVWV aURXQd US$ 130 PLOOLRQ SeU \eaU, ZKLcK LV VXbVWaQWLaOO\ KLgK WR WKe SRLQW WKaW 
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PXQLcLSaOLWLeV aUe VWaUYed Rf fXQdV fRU RWKeU PXQLcLSaO VeUYLceV. TKeUefRUe, WKe SXbOLc 

aQd SULYaWe VecWRUV aUe LQWeUeVWed PRUe WKaQ eYeU LQ adRSWLQg aQ LQWegUaWed VROLd ZaVWe 

PaQagePeQW VWUaWeg\, ZKLcK faOOV XQdeU WKe cRQceSW Rf WKe cLUcXOaU ecRQRP\.  

TKe cLUcXOaU ecRQRP\ LV aQ ecRQRPLc V\VWeP aLPed aW eOLPLQaWLQg ZaVWe aQd WKe 

cRQWLQXaO XVe Rf UeVRXUceV [4]. CLUcXOaU V\VWePV ePSOR\ UeXVe, UeSaLU, UePaQXfacWXUe, 

aQd Uec\cOe PaQXfacWXUed SURdXcWV WR cUeaWe a cORVed-ORRS V\VWeP, PLQLPL]e WKe XVe Rf 

QeZ UeVRXUceV aQd UedXce ZaVWe, SROOXWLRQ aQd caUbRQ ePLVVLRQV [5]. TKe cLUcXOaU 

ecRQRP\ aLPV WR NeeS SURdXcWV, eTXLSPeQW aQd LQfUaVWUXcWXUe LQ XVe fRU ORQgeU, WKXV 

LPSURYLQg WKeVe UeVRXUceV' SURdXcWLYLW\. AOO "ZaVWe" VKRXOd becRPe "fRRd" fRU aQRWKeU 

SURceVV: eLWKeU a b\-SURdXcW RU UecRYeUed UeVRXUce fRU aQRWKeU LQdXVWULaO SURceVV. A 

cLUcXOaU ecRQRP\ aSSURacK SURYLdeV a fUaPeZRUN fRU deVLgQeUV aQd eQgLQeeUV WR bXLOd a 

gUeeQeU, PRUe VXVWaLQabOe gOaVV LQdXVWU\ SURMecWV ZKLcK KeOS ecRQRPLc gURZWK ZLWKRXW 

deSeQdLQg VROeO\ RQ fLQLWe UeVRXUce cRQVXPSWLRQ [6], LQ aQ LQWeUYLeZ ZLWK DU. IPad 

HRbaOOaK, WKe PLQLVWeU Rf LQdXVWU\, RQ JXQe 15, 2020. DU. HRbaOOaK PeQWLRQed WKaW VROaU 

eQeUg\ SURdXcWLRQ aQd WKe gOaVV LQdXVWU\ aUe WKe beVW WZR RXW Rf fLYe SRWeQWLaO LQdXVWULeV 

fRU LebaQRQ'V LQYeVWPeQW WR acKLeYe VeOf-VXffLcLeQc\.  

IQ WKe cRQWe[W, "EOLWe GOaVV" LV RQe Rf WKe gOaVV LQdXVWULeV LQ LebaQRQ. IW LPSRUWV 

gOaVV VKeeWV aQd cXW WKeP LQWR dLffeUeQW VL]eV WR PeeW PaUNeW dePaQdV. TKe cXWWLQg 

SURceVV geQeUaWeV a UeaVRQabOe aPRXQW Rf gOaVV ZaVWe \eaUO\ becaXVe Rf WKe dLffeUeQce LQ 

aVVRcLaWed dLffLcXOW\ LQ LPSRUWLQg VWaQdaUd gOaVV VKeeWV aQd WKe aYaLOabLOLW\ Rf KXQdUedV 

Rf WRQV Rf ZaVWe gOaVV, WKe PaQagePeQW ZRXOd OLNe WR e[SORUe a cLUcXOaU ecRQRP\'V 

SRWeQWLaO WR VXVWaLQ WKeLU bXVLQeVV.  
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FXUWKeUPRUe, LebaQRQ'V gOaVV LQdXVWU\ LV QRZ facLQg addLWLRQaO cKaOOeQgeV afWeU 

WKe BeLUXW SRUW e[SORVLRQ RQ AXgXVW 4, 2020. TKe gOaVV ZaV UeWULeYed fURP BeLUXW afWeU 

WKe PaVVLYe bOaVW ZaV VeQW fURP BeLUXW WR TULSROL (NRUWK LebaQRQ) WR be Uec\cOed aQd 

UeXVed; KRZeYeU, WKe bURNeQ gOaVV cRXOd QRW be WUeaWed LQ BeLUXW QRU cROOecWed ZLVeO\.  

EOLWe GOaVV CR. aQd WKe gOaVV LQdXVWU\ LQ LebaQRQ SURdXce a PaVVLYe aPRXQW Rf 

gOaVV ZaVWe ZLWKRXW SURSeU ZaVWe PaQagePeQW VWUaWeg\; WKXV, LPSOePeQWLQg a cLUcXOaU 

ecRQRP\ LQ WKe gOaVV LQdXVWU\ VWaUWLQg ZLWK EOLWe GOaVV CR. ZLOO cRQWULbXWe WR UedXcLQg 

aQd Uec\cOLQg gOaVV ZaVWe LQ LebaQRQ aQd deYeORS a gUeeQeU aQd VXVWaLQabOe gOaVV 

LQdXVWU\.    

TKe WKeVLV'V PaLQ RbMecWLYeV aUe WR XQdeUVWaQd WKe gOaVV bXVLQeVV cRQWe[W fLUVW, 

WKe SRWeQWLaO Rf gOaVV Uec\cOLQg aW "EOLWe GOaVV" aQd LebaQRQ. SecRQd, cRQVLdeU WKe 

YaULRXV RSWLRQV aYaLOabOe WR Uec\cOe WKe e[LVWLQg gOaVV ZaVWe LQWR YaULRXV SURdXcW 

RSWLRQV. TKLUd, UecRPPeQd WKe beVW cRPbLQaWLRQ Rf SURdXcWLRQ RSWLRQV fRU WKe 

PaQagePeQW WR LPSOePeQW. FLQaOO\, WKe WKeVLV ZLOO fROORZ WKe cRgQLWLYe aQaO\WLcV 

PaQagePeQW SURceVV WR addUeVV WKe gOaVV ZaVWe cKaOOeQge aQd cUeaWe a VXVWaLQabOe gOaVV 

LQdXVWU\ bXVLQeVV. 

TKLV dLVVeUWaWLRQ LQWeQdV WR LQYeVWLgaWe WKe SRWeQWLaO Rf gOaVV Uec\cOLQg aW "EOLWe 

GOaVV" aQd LebaQRQ aQd VXggeVW a cLUcXOaU ecRQRP\ aSSURacK WR UedXce aQd UeXVe gOaVV 

ZaVWe dXe WR, 

 TKe PaVVLYe aYaLOabLOLW\ Rf gOaVV ZaVWeV LQ LebaQRQ, eVWLPaWed aW aURXQd 71,400 

WRQV SeU \eaU LQ 2014 [7]. 

 AccRUdLQg WR LebaQRQ cXVWRPV, WKe ORcaO dePaQd e[ceedV aYaLOabOe VXSSOLeV LQ WKe 

gOaVV LQdXVWU\ ($ 90 PLOOLRQ SeU \eaU). 



 

12 
 

 TKe VROLd ZaVWeV aUe QRW bLRdegUadabOe aQd RccXS\ OaUge gUeeQ aUeaV ZLWK SRWeQWLaO 

VROaU Ua\V' UefOecWLRQV. 

 TKe ecRQRPLc cULVLV VORZV dRZQ WKe Sa\PeQW fRU LPSRUWed PaWeULaOV ($ Sa\PeQW & 

RWKeU LPSRUW UeVWULcWLRQV). 

TKe TXeVWLRQV beORZ SURYLde fXUWKeU cOaULW\ RQ WKLV PaWWeU: 

a. WKaW LV WKe LebaQeVe VLWXaWLRQ LQ WKe gOaVV Uec\cOLQg LQdXVWU\?  

TKLV TXeVWLRQ ZLOO Oead WKe UeVeaUcK WRZaUdV VWaWLVWLcV WKaW ZLOO KeOS aVVeVV 

LebaQRQ'V VROLd ZaVWe PaQagePeQW VWUaWeg\ aQd SURYLde adeTXaWe PeaVXUeV fRU 

LPSOePeQWaWLRQ aV VWaWed LQ RbMecWLYeV RQe aQd WZR. 

b. WKaW LV WKe gOaVV ZaVWe caSacLW\ Rf EOLWe GOaVV?  

TKLV TXeVWLRQ ZLOO KeOS XQdeUVWaQd WKe gOaVV bXVLQeVV cRQWe[W aW EOLWe GOaVV CR., aV 

PeQWLRQed LQ RbMecWLYe RQe. 

c. WKaW cRPSRQeQWV aQd KRZ PXcK PXVW be added fURP eacK cRPSRQeQW WR PaWcK 

eacK SURdXcW'V TXaOLfLcaWLRQ? 

TKLV TXeVWLRQ ZLOO KeOS SURYLde a WUaQVSaUeQW LPage Rf WKe beVW SURdXcW 

cRPSRVLWLRQ, aV e[SUeVVed LQ RbMecWLYe WKUee. 

d. WKaW LV WKe RSWLPaO PL[ Rf eacK SURdXcW WKaW caQ be SURdXced LQ RUdeU WR 

Pa[LPL]e WKe SURfLW?  

TKLV TXeVWLRQ ZLOO Oead WR fXUWKeU eOabRUaWLRQ RQ WKe beVW cRPbLQaWLRQ Rf 

SURdXcWLRQ aQd VeOecW WKe WRS-QRWcK PL[ RSWLRQV Rf eacK Uec\cOed SURdXcW, aV 

e[SUeVVed LQ RbMecWLYe WKUee.  
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e. WKaW LV WKe beVW SURdXcW WR SURdXce?  

AQVZeULQg WKLV TXeVWLRQ ZLOO gXLde EOLWe GOaVV CR. aQd WKe gOaVV LQdXVWU\ LQ 

geQeUaO WRZaUdV acKLeYLQg VXVWaLQabOe gOaVV LQdXVWU\ bXVLQeVV aV LQ RbMecWLYe fRXU. 

TKLV UeVeaUcK LV RQ gOaVV ZaVWe PaQagePeQW (UedXce, Uec\cOe, aQd UeXVe). IW 

RffeUV a UeYROXWLRQaU\ aSSURacK WRZaUdV WacNOLQg gOaVV ZaVWe aQd VROLd ZaVWe LQ geQeUaO 

ZLWKRXW daPagLQg WKe ecRQRP\. AccRUdLQg WR WKe MLQLVWU\ Rf PURdXcWLRQ, WKe 

LPSOePeQWaWLRQ Rf a cLUcXOaU ecRQRP\ LQ WKe gOaVV LQdXVWU\ cRQWULbXWeV WR WKe QaWLRQaO 

VWUaWeg\ fRU WKe TRS 5 NeZ MaQXfacWXULQg LQ NeedV fRU LebaQRQ (GOaVV; SROaU EQeUg\; 

CRQWaLQeUV; EOecWULc BLNeV; MLcURbXVeV). AddUeVVLQg EOLWe aQd NaWLRQaO gOaVV ZaVWe 

PaQagePeQW KeOS cORVe WKe VKRUWage LQ gOaVV VXSSO\ aQd SURdXce QeZ gOaVV SURdXcWV WR 

PeeW WKe LebaQeVe aQd UegLRQaO dePaQdV (bRWWOeV, VROaU SaQeOV, fOaW gOaVV fRU 

cRQVWUXcWLRQV). TKLV aSSURacK cUeaWeV WKe SRWeQWLaO WR WUaQVfRUP EOLWe GOaVV LQWR UegLRQaO 

VXSSOLeUV Rf gOaVV SURdXcWV. FXUWKeUPRUe, LW e[SaQdV WKe LPSRUW Rf gOaVV ZaVWe ORcaOO\ 

aQd WKeQ e[SRUWV WKeP aV a QeZ VaPe RU dLffeUeQW SURdXcW. FLQaOO\, LW cUeaWeV QeZ MRbV 

ZLWK YaULRXV VNLOOV (BXVLQeVVeV, DULYeUV; EQgLQeeUV; TecKQLcLaQV).  

TKLV VWXd\ KaV a VeULeV Rf SRWeQWLaO OLPLWaWLRQV: 

 SWUXggOLQg WR fLQd SUeYLRXV VWXdLeV WKaW VKRZ accXUaWe VWaWLVWLcV UegaUdLQg gOaVV ZaVWe 

PaQagePeQW LQ LebaQRQ VLQce SURSeU ZaVWe PaQagePeQW LQ LebaQRQ KaV RQO\ beeQ 

UeceQWO\ dLVcXVVed.  

 LebaQRQ KaV OLWWOe e[SeULeQce LQ gOaVV Uec\cOLQg aQd a feZ acWLYe Uec\cOLQg SOaQWV. 

TKeUefRUe WKe LebaQeVe gOaVV LQdXVWU\ cRXOd QRW SURYLde LebaQeVe gOaVV Uec\cOLQg 

PRdeOV RU cRQWULbXWe WR gOaVV ZaVWe PaQagePeQW.  
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 AV a VWXdeQW LQ cKaUge Rf cROOecWLQg daWa, aQaO\]LQg VWaWLVWLcV, aQd VeaUcKLQg fRU 

VcKROaUV aQd UefeUeQceV, LW ZaV KaUd WR fLQd WKeVe PaQ\ YaOXabOe UeVRXUceV, eVSecLaOO\ 

ZKeQ bXLOdLQg QeZ cRQQecWLRQV LV cKaOOeQgLQg.  

TKe VWXd\'V VcRSe addUeVVeV WKe gOaVV ZaVWe PaQagePeQW LVVXe aW EOLWe GOaVV 

CR. aQd LebaQRQ LQ geQeUaO. B\ eVWLPaWLQg WKe caSacLW\ Rf ZaVWe PaQagePeQW 

SURMecWLQg cLUcXOaU ecRQRP\ LQ WKe gOaVV LQdXVWU\, UedXcLQg aQd Uec\cOLQg PeaVXUeV WR 

WacNOe gOaVV ZaVWe, aQd LQWURdXcLQg a SURSeU VROLd ZaVWe PaQagePeQW VWUaWeg\ WR 

VXVWaLQ WKe EOLWe GOaVV CR. aQd WKe LebaQeVe gOaVV LQdXVWU\ bXVLQeVV. TKeUefRUe, WKe 

dLVVeUWaWLRQ LQcOXdeV VSecLfLc aQd QaUURZ RbMecWLYeV WKaW VXLW WKe EOLWe GOaVV CR. aQd 

WKe LebaQeVe gOaVV LQdX

AOWKRXgK WKe VWXd\ PeQWLRQed WKaW gOaVV ZaVWe LV SaUW Rf VROLd ZaVWe PaQagePeQW, WKe 

PeaVXUeV VWaWed WR UedXce aQd Uec\cOe gOaVV ZaVWe aUe QRW QeceVVaU\ VXLWabOe fRU aOO 

NLQdV Rf VROLd ZaVWeV.   

TKe fROORZLQg WeUPV aQd defLQLWLRQV aSSO\ fRU WKLV dLVVeUWaWLRQ. 

L. 

WUeaWPeQW SOaQW, ZaWeU VXSSO\ WUeaWPeQW SOaQW, RU aLU SROOXWLRQ cRQWURO facLOLW\ aQd 

RWKeU dLVcaUded PaWeULaOV LQcOXdLQg VROLd, OLTXLd, VePL-VROLd, RU cRQWaLQed 

gaVeRXV PaWeULaO, UeVXOWLQg fURP LQdXVWULaO, cRPPeUcLaO, PLQLQg aQd agULcXOWXUaO 

] 

LL. gaUbage cRQVLVWV Rf 

eYeU\da\ LWePV Ze XVe aQd WKeQ WKURZ aZa\, VXcK aV fXUQLWXUe, cORWKLQg, bRWWOeV, 

fRRd VcUaSV, aSSOLaQceV, aQd baWWeULeV. TKLV cRPeV fURP RXU KRPeV, VcKRROV, 

] 
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LLL. plaWe glass made b\ alloZing iW Wo solidif\ on a la\er of molWen 

] 

LY. -- RU LdeaOO\ 

LPSURYLQg -- ] 
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CHAPTER II 

LITERATURE REVIEW 

 
ScKROaUV ZKR cRQWULbXWe WR WKe gOaVV Uec\cOLQg fLeOd KaYe cRQdXcWed PXcK 

UeVeaUcK WR SURSRVe dLffeUeQW VROXWLRQV aQd PRdeOV. TKe UeVeaUcK RQ gOaVV Uec\cOLQg 

SURYLdeV a OLWeUaWXUe e[SOaQaWLRQ Rf WKe gOaVV ZaVWe PaQagePeQW LVVXe. AOWKRXgK WKe 

OLWeUaWXUe cRYeUV YaULRXV VROXWLRQV aQd PRdeOV, WKLV UeYLeZ ZLOO dLVcXVV VL[ PaMRU WKePeV 

WKaW ZLOO VXP XS WKe SURbOeP aQd SURYLde a SaQRUaPLc YLeZ. TKe VL[ PaMRU WKePeV aUe 

WKe cXOWXUe, beQefLWV, SURceVV Rf gOaVV Uec\cOLQg, WKe SUeSaUaWLRQ aQd VWaQdaUdV Rf cXOOeW 

gOaVV, WKe fLQaO SURdXcWV Rf gOaVV Uec\cOLQg (bRWWOeV, fOaW gOaVV, aQd VROaU SaQeOV), aQd 

UeadLQg RQ LebaQRQ'V gOaVV PaUNeW. TKLV OLWeUaWXUe ZLOO SUeVeQW WKeVe WKePeV WKURXgK 

YaULRXV cRQWe[WV aQd fRcXV RQ WKeLU aSSOLcaWLRQ WR WKe gOaVV LQdXVWU\'V cLUcXOaU ecRQRP\. 

 

A. GODVV-5HF\FOLQJ CXOWXUH 

CRXQWULeV OLNe LebaQRQ ZLWK ORZ gOaVV-Uec\cOLQg UaWe SaOeV cRPSaUed ZLWK 

SZLW]eUOaQd'V 90% gOaVV-Uec\cOLQg UaWe. JRVeSK J. CaWWaQeR, WKe e[ecXWLYe dLUecWRU Rf WKe 

GOaVV PacNagLQg IQVWLWXWe (GPI), a WUadLQg aVVRcLaWLRQ RQ beKaOf Rf WKe NRUWK APeULcaQ 

gOaVV cRQWaLQeU LQdXVWU\, VWaWed WKaW Uec\cOed gOaVV LV aQ LQgUedLeQW Rf WKe UecLSe Rf QeZ 

gOaVVPaNLQg [ ]. MaQXfacWXUeV aOVR agUee WKaW WKe XVage Rf cXOOeW beQefLWV WKe gOaVV 

LQdXVWU\, eQYLURQPeQW aQd cRQVXPeUV. HRZeYeU, LebaQRQ faOOV beKLQd deVSLWe WKe 

QRQgRYeUQPeQWaO LQLWLaWLYeV WKaW SURPRWe VRUWLQg aQd Uec\cOLQg, OLNe VRUWLQg aW WKe 

VRXUce LPSOePeQWed b\ DPNA LQ SaLda, SRXWK LebaQRQ. UQOLNe WKe LebaQeVe 

gRYeUQPeQW aQd VRcLeW\, SZLVV SeRSOe WeacK WKeLU cKLOdUeQ abRXW Uec\cOLQg KabLWV aW 

KRPe aQd LQ VcKRROV. TKe SZLVV gRYeUQPeQW aOVR OegLVOaWeV SROLcLeV WR SURPRWe 
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SUacWLceV Rf Uec\cOLQg. AQRWKeU facWRU WKaW eQcRXUageV EXURSeaQV WR PaLQWaLQ KLgK 

Uec\cOLQg UaWeV LV WKe KLgK cRVW Rf WUaVKLQg gOaVV LQ OaQdfLOOV, ZKLcK aUe PRUe e[SeQVLYe 

WKaQ Uec\cOLQg. TKeUefRUe, WKe gOaVV-Uec\cOLQg UaWe dLffeUV eQRUPRXVO\ beWZeeQ WKe 

EXURSeaQ cRXQWLeV aQd LebaQRQ.  

TKe EXURSeaQ gOaVV-Uec\cOLQg PRdeO (fLgXUe 1.a) cRPSaUed WR WKe LebaQeVe gOaVV 

ZaVWe, dXPSed LQ WKe ZaVWe OaQdfLOOV ZLWK PeWaO, SaSeU, aQd RUgaQLc ZaVWe (fLgXUe 1.b). 

 

FLgXUe 1 EXURSeaQ GOaVV-Rec\cOLQg MRdeO 
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B. GODVV-5HF\FOLQJ BHQHILWV 

GOaVV LV RQe Rf WKe PRVW SRSXOaU aQd PRVW acceVVLbOe cRPPRdLWLeV WR Uec\cOe aQd 

UeXVe WR cRQVeUYe QaWXUaO UeVRXUceV aQd gUeeQ aUeaV. TKe beQefLWV Rf Uec\cOLQg gOaVV 

LdeQWLf\ aV fROORZ [13] :  

 DePaQdV OeVV eQeUg\: eQeUg\ cRVWV dURS WR 2-3% fRU eYeU\ cXOOeW XVed ZKLOe 

PaQXfacWXULQg VLQce Uec\cOed gOaVV PeOWV aW a ORZeU WePSeUaWXUe WKaQ UaZ PaWeULaOV.  

 CXWV dRZQ caUbRQ dLR[Lde ePLVVLRQV: UVLQg VL[ WRQV Rf Uec\cOed gOaVV cRQWaLQeUV 

UedXce a WRQ ZRUWK Rf caUbRQ dLR[Lde.  

 IW dReV QRW SURceVV b\-SURdXcWV: gOaVV Uec\cOLQg LV a cORVed cLUcXOaU V\VWeP WKaW dReV 

QRW SURdXce ZaVWe.  

FLgXUe 5 ML[ed WaVWe LaQdfLOO LQ LebaQRQ 
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 SaYe UaZ PaWeULaOV: eacK WRQ Rf Uec\cOed gOaVV cRQVeUYeV RYeU a WRQ Rf QaWXUaO 

UeVRXUceV, LQcOXdLQg VaQd, VRda aVK, OLPeVWRQe, aQd feOdVSaU. 

 E[WeQd fXUQace OLfe: addLQg cXOOeW LQ WKe PaQXfacWXULQg PL[ PaNeV LW OeVV cRUURVLYe 

aQd SURORQgV fXUQace OLfe.   

 ALd WKe eQYLURQPeQW: Uec\cOLQg gOaVV SURYLdeV VLgQLfLcaQW eQYLURQPeQWaO cKaQgeV.  

 
 
C. GODVV 5HF\FOLQJ PURFHVV   

Rec\cOLQg gOaVV LV a SURceVV WKaW UeVWRUeV XVed PaWeULaOV RU SURdXcWV WR WUaQVfRUP 

WKeP LQWR eLWKeU WKe VaPe SURdXcW RU a VecRQdaU\ SURdXcW. TKe Uec\cOLQg SURceVV LV 

cOaVVLfLed LQWR WZR dLffeUeQW caWegRULeV: RSeQ aQd cORVed Uec\cOLQg ORRSV. CORVed-ORRS 

Uec\cOLQg LV WaNLQg XQXVabOe SURdXcWV Uec\cOLQg LW LQWR WKe VaPe ROd SURdXcW. WKLOe RSeQ 

ORRS Uec\cOLQg PeaQV dLffeUeQW RXWSXWV, LQ RWKeU ZRUdV, LQSXWV (SULPaU\ SURdXcWV) 

WUaQVfRUP LQWR a dLffeUeQW NLQd Rf SURdXcW (VecRQdaU\ SURdXcW).  

MaQXfacWXULQg gOaVV fURP Uec\cOed gOaVV LV a WZR-VWeS SURceVV befRUe PROdLQg LW 

LQWR dLffeUeQW fRUPV.  

TKe fLUVW VWeS LV baWcK PL[LQg; Uec\cOLQg PaQXfacWXUeUV cROOecW XVed gOaVV fURP 

KRPeV, RffLceV aQd Uec\cOLQg VLWeV aQd VeQd WKeP WR PaWeULaO Uec\cOLQg facLOLWLeV WR VRUW 

WKeP LQWR dLffeUeQW cRORUV. Ne[W, WKe\ cUXVK WKe VeSaUaWed gOaVV WR fRUP a QeZ PaWeULaO 

caOOed cXOOeW. 

AfWeU baWcK PL[LQg VWaUWV WKe baWcK PeOWLQg, WKe SRLQW aW ZKeQ WKe LQgUedLeQW 

PL[WXUe LV fed WR WKe fXUQace. TKe fLQaO VWeS LV VKaSLQg aQd PROdLQg WKe gOaVV LQWR WKe 

UeTXLUed fRUP (fOaW RU cRQWaLQeU gOaVVeV).   
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1. CXOOeW PUeSaUaWiRQ aQd SWaQdaUdV 

a. PURceVV: 

TR SUeSaUe cXOOeW aW ZaVWe Uec\cOLQg facLOLWLeV, WKe\ bULQg LQ SXUe gOaVV (afWeU 

cROOecWLQg aQd VRUWLQg XVed gOaVV) aQd SXW LW LQ a cXOOeW cUXVKeU, ZKLcK WXUQV gOaVV LQWR 

WLQ\ SLeceV. TKLV acWLYLW\ WaNeV KaOf a da\ befRUe WKe PeOWed baWcK Rf gOaVV LV Uead\. TKe 

cXOOeW LV WKeQ ZeLgKed fRU 2-3 KRXUV accRUdLQg WR WKe UeTXLUed TXaQWLW\ Rf WKe fLQaO gOaVV.  

 

 

TKe ZeLgKed cXOOeW LV WKeQ PL[ed ZLWK RWKeU LQgUedLeQWV (PaMRU aQd PLQRU) fRU 

OeVV WKaQ aQ KRXU aQd SRXUed LQWR WKe fXUQace WR PeOW aQd geW Uead\ WR VKaSe gOaVV [13].  

 
b. SWaQdaUdV 

EacK W\Se Rf cXOOeW KaV LWV cRPSRVLWLRQ. TKe cXOOeW XVed LQ WKLV UeVeaUcK LV 

cRPSRVed aV fROORZV, 

 
 
 
 
 
 
 
 

 

FLgXUe 6 CXOOeW PUeSaUaWLRQ 
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CFE CFM  CBM 

6LO2 72.6 72.07661 70.85427 

ND2O 13.2 7.056452 14.07035 

CDO 9.6 8.921371 5.527638 

MJO 3.1 4.032258 5.527638 

AO2O3 1.5 0.756048 4.020101 

FH2O3 0 0.100806 0 

K2O 0 7.056452 0 

TabOe 1: EVWLPaWed PeUceQWage Rf cKePLcaO UaZ PaWeULaOV fRXQd LQ gOaVV ZaVWe cXOOeW LQ 
eOLWe gOaVV cXOOeW (CFE), PaUNeW fOaW gOaVV cXOOeW (CFM) (Ref: WRAP) RU PaUNeW bRWWOe 
gOaVV cXOOeW (CBM) [Ref: E708-79] 

 
2. FiQaO SURdXcWV 

TUeaWLQg gOaVV ZaVWe SURdXceV XVabOe TXaOLW\ SURdXcWV. TKLV UeVeaUcK VeOecWed 

WKUee dLffeUeQW SURdXcWV WR LQYeVWLgaWe fXUWKeU afWeU aQaO\]LQg WKe PaUNeW dePaQdV aQd 

caSabLOLWLeV.  

 

a. FOaW GOaVV 

L. PURceVV 

PLONLQgWRQ BURWKeUV RULgLQaOO\ deYeORSed WKe fORaW gOaVV SURceVV LQ 1959, WKe 

PRVW cRPPRQ PaQXfacWXULQg fOaW gOaVV VKeeW. TKe gORbaO SURdXcWLRQ Rf fORaW gOaVV 

XVage LQ WKe cRQVWUXcWLRQ LQdXVWU\ LV PRUe WKaQ 80-85% [14]. GOaVV LV WKe PRVW 

SUefeUUed cRQVWUXcWLRQ PaWeULaO LQ PRdeUQ bXLOdLQgV dXe WR LWV XQLTXe aQd 

faVcLQaWLQg SK\VLcaO, RSWLcaO, cKePLcaO aQd WKeUPaO SURSeUWLeV. IW PaNeV bXLOdLQgV 

bULgKW, aLU\, eQeUg\-effLcLeQW, aQd LW eQKaQceV WKe cRPfRUW Rf WKe aSaUWPeQW RZQeU. 
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TKe fORaW gOaVV SURceVV LQcOXdeV LQgUedLeQWV VXcK aV VLOLca, OLPe aQd VRda. 

FLUVW, WKe LQgUedLeQWV aUe bOeQded ZLWK cXOOeW aQd KeaWed LQ a fXUQace aW 1600�C WR 

fRUP PROWeQ GOaVV. SecRQd, WKe PROWeQ GOaVV fORaWV RQ a WLQ baWK XQdeU cRQWUROOed 

KeaW WR fRUP WKLcNQeVV. AW WKe eQd Rf WKe WLQ baWK, WKe GOaVV VORZO\ cRROV dRZQ 

aQd SaVVeV WKURXgK WKe aQQeaOLQg OeKU [13]. TKe PaUNeW XVXaOO\ RffeUV fOaW gOaVV 

VKeeWV Rf WKLcNQeVV 2 22 PP, bXW WKLcNeU GOaVV ZRXOd be aYaLOabOe. 

 
 

 
LL. SWaQdaUdV 

Rec\cOed fOaW gOaVV VWaQdaUdV aUe baVed RQ SOaLQ cOeaU  gOaVV W\Se, ZKLcK 

EOLWe GOaVV CR. XVeV aQd PaQ\ RWKeU gOaVV cRPSaQLeV LQ LebaQRQ.  

TKLV W\Se Rf gOaVV aSSO\ WKe (BS EN 572) VWaQdaUdV, aV fROORZLQg, 
 

MLQ MD[ 

6LO2 68.53715999 74.96251874 

ND2O 9.974927884 16.04076241 

CDO 4.897228169 14.13200129 

MJO 0 6.135986733 

AO2O3 0 3.022860382 

TabOe 2:TKe (BS EN 572) VWaQdaUdV 

FLgXUe 7 FOaW GOaVV PURdXcWLRQ 
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LLL. CKaOOeQgeV 

NeYeUWKeOeVV, fOaW gOaVV Uec\cOLQg dReV QRW aSSO\ WR aOO fOaW gOaVV NLQdV. FRU 

e[aPSOe, WKe WRWaO effRUW WR SURdXce cXOOeW RXW Rf VcUaS caU gOaVV LV YeU\ KLgK. IQ 

RUdeU WR Uec\cOe VcUaS caU gOaVV, WKe PaQXfacWXUeUV gR WKURXgK VeYeUaO e[KaXVWLQg 

VWeSV. TKe VWeSV aUe OLQNed WR KLgK ORgLVWLcV effRUW aQd KaUd ZRUN. Rec\cOLQg cXOOeW 

fURP VcUaS caUV LV PRUe e[SeQVLYe WKaQ PaUNeW aOWeUQaWLYeV aQd PRUe e[SeQVLYe 

WKaQ PaNLQg gOaVV fURP UaZ PaWeULaOV 

 

b. BRWWOe GOaVV 

GOaVV bRWWOeV aUe YLWUeRXV VLOLca cRPSRXQdV SURdXced LQ a VXcWLRQ fed W\Se-

bORZLQg PacKLQe. BRWWOeV YaU\ LQ VKaSe, VL]e, aQd cRORU accRUdLQg WR WKe cOLeQWV' 

dePaQd, ZKLOe aOPRVW aOO bRWWOeV KaYe a fOaW bRWWRP aQd KaYe a VWUaLgKW QecN fRU VeaOLQg. 

TKe\ aUe SURdXced eLWKeU LQ cOeaU, bURZQ RU gUeeQ cRORUV. SWaQdaUd VL]eV fRU gOaVV bRWWOeV 

UaQge beWZeeQ 50 PO WR 1,000 PO ZKLOe W\SLcaO VL]eV aUe 50,100,250,330,500,630,750 

aQd 1,000 PO [15]. 

L. PURceVV  

CRQWaLQeU gOaVV PaNLQg begLQV ZLWK WKe baVLc VRda OLPe fRUPXOaWLRQ WKeQ 

PeOWV LQ a QaWXUaO fLUed gaV fXeO RU aQ eOecWULcaOO\ KeaWed fXUQace WR 1600C. TKe 

PROWeQ gOaVV fRUPV LQWR WKe deVLUed SURdXcW b\ LQdLYLdXaO aXWRPaWed VecWLRQ (IS) 

PacKLQeV. DXULQg WKe SURceVV, WKe gOaVV WePSeUaWXUe LV UedXced b\ 600�C WR eQVXUe 

WKaW WKe cRQWaLQeUV aUe VXffLcLeQWO\ VROLdLfLed ZKeQ WaNeQ aZa\ b\ cRQYe\RU. 

AXWRPaWLc cRQWaLQeU PaQXfacWXUe SeUPLW bRWWOeV aQd MaUV SURdXcWLRQ Rf dLffeUeQW 

VL]eV, VKaSeV aQd cRORUV. TKe bRWWOe SURdXcWLRQ UaWe deSeQdV RQ WKe VKaSe Rf WKe 

bRWWOeV; WKe VLPSOeU LW LV, WKe faVWeU WKe SURdXcW; fRU e[aPSOe, SURdXcLQg OLgKWZeLgKW 
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URXQd beeU bRWWOeV WaNeV 750 /PLQXWe. TKe cRQWaLQeUV WKeQ SaVV WKURXgK a 

cRQWLQXRXV aQQeaOLQg RYeQ, ZKeUe WKe\ Ue-KeaW aW 550�C WKeQ cRRO XQdeU ceUWaLQ 

cRQdLWLRQV WR SUeYeQW fXUWKeU VWUeVVeV OaWeU RQ. 

 

 

LL. SWaQdaUdV 

EacK bRWWOe W\Se KaV LWV RZQ cRPSRVLWLRQ, WKe VWaQdaUd aQd cRPPeUcLaO XVe 

aQd WKaW ZLOO be XVed LQ RXU UeVeaUcK LV Rf fROORZLQg cRPSRVLWLRQ  

 
 

MLQ MD[ 

6LO2 66 88 

ND2O 8 18 

CDO 0 15 

MJO 0  5 

AO2O3 0 7 

FH2O3 0 0.5 

K2O 0 4 

6R3 0 0.2 

CU2O3 0 0.1 

TabOe 3: TKe SWaQdaUdV Rf BRWWOe GOaVV AccRUdLQg WR (CBOT VaPSOLQg SURWRcROV) 

 

FLgXUe 8 BRWWOe PURdXcWLRQ 
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LLL. OKLR GOaVV Rec\cOLQg MRdeO (bRWWOeV) [16] 

IQ 2011, WKe OKLR DeSaUWPeQW Rf NaWXUaO ReVRXUceV (ODNR) cRRSeUaWed 

ZLWK EQYLURQPeQWaO SeUYLceV, IQc. (DSM) WR aQaO\]e WKe VXSSO\ aQd dePaQd fRU 

cRQWaLQeU gOaVV LQ OKLR. TKe aQaO\VLV LQWURdXced fRXU QeZ VWUaWegLeV WR LQcUeaVe WKe 

VXSSO\ Rf cXOOeW aQd PeeW SRWeQWLaO fXWXUe dePaQd WKURXgK a cRQWaLQeU deSRVLW 

SURgUaP. FLUVW, DSM ZRXOd OLNe WR LPSOePeQW Uec\cOLQg SURgUaPV aW UeVWaXUaQWV 

aQd baUV. TKe VecRQd VWeS LV WR LQVWaOO dURS Rff ORcaWLRQV WKURXgKRXW OKLR WR cROOecW 

aQd VeSaUaWe GOaVV b\ cRORU. TKe Qe[W VWeS LV WR UecRYeU addLWLRQaO SOaWe gOaVV fURP 

ZLQdVKLeOd gOaVV UeSOacePeQW. TKe fLQaO VWeS LV WR eQacW cRQWaLQeU deSRVLW 

OegLVOaWLRQ.  

 

c. SROaU SaQeOV 

SROaU SaQeOV SURdXce cOeaQ aQd UeQeZabOe eQeUg\ fRU KRPe aQd bXVLQeVV aQd 

cRQWURO WKe XVe Rf eQeUg\. TKe VROaU SaQeO cRQVLVWV Rf 10 PaLQ SaUWV, LQcOXdLQg fOaW gOaVV. 

TKXV, PaQXfacWXUeV caQ aOVR XVe Uec\cOed gOaVV LQ VROaU SaQeOV SURdXcWLRQ. 

 

 TKe PaQXfacWXULQg Rf VROaU SaQeOV aQd addLQg Uec\cOed fOaW gOaVV VWaUWV ZLWK 

SURdXcLQg VROaU ceOOV aQd cRPbLQLQg WKeP XVLQg WKe VWULQg PacKLQe. SecRQd, WKe gOaVV 

ORadLQg PacKLQe VeQdV WKe gOaVV WR WKe Oa\XS PacKLQe ZLWK EYa VKeeWV, ZKLcK SURWecW 

WKe VROaU ceOOV fURP ZeaWKeU cRQdLWLRQV. TKLUd, WKe gOaVV SaVVeV WKURXgK WKe EO-WeVWeU 

PacKLQe WR deWecW WKe SUeVeQce Rf bURNeQ CeOOV, cUacNed ceOO, VROdeU faLOXUe, VKRUW cLUcXLW, 

ULbbRQ VKLfW, aQd fRUeLgQ PaWWeU deWecWLRQ. FRXUWK, WKe fUee-eUURU gOaVV XQdeUgReV 

OaPLQaWLRQ WR ePSW\ WKe aLU aQd PeOW WKe EYa. FLfWK, WKe SaQeOV aUe cOeaQed ZLWK aOcRKRO 

aQd fUaPed fURP aOO VLdeV b\ aOXPLQXP; WKLV SURceVV LV caOOed fUaPLQg aQd VaQdLQg. 
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FLQaOO\, WKe SaQeOV SaVV WKURXgK FOaVKeU, WKe SaQeO WeVWeU, WR cKecN WKe daWa aQd PRQLWRU 

LWV fXQcWLRQ befRUe UeOeaVLQg WKe SURdXcW [17]. 

L. PURceVV 

If WKe XVed gOaVV LV Uec\cOed aQd PL[ed LQ VROaU gOaVV SaQeOV, WKeQ Ze aUe 

Uec\cOLQg aQd UeXVLQg gOaVV aQd SURPRWLQg aQd deYeORSLQg fXWXUe WecKQRORgLeV aV 

SaUW Rf WKe cXOWXUe. 

 

TKe SURceVV Rf PaQXfacWXULQg Uec\cOed VROaU SaQeOV VWaUWV fURP fOaW gOaVV 

SURdXcWLRQ. TKe gOaVV LV Oa\eUed aQd ORaded WKeQ WeVWed. AfWeU WeVWLQg WKe gOaVV 

cRPeV OaPLQaWLRQ, fUaPLQg aQd VaQdLQg. FLQaOO\, WKe SaQeOV gR WKURXgK SaQeO WeVWeU 

WR UeOeaVe fLQaOL]e WKe SURdXcW 

FLgXUe 9 CRPSRQeQWV Rf SROaU PaQeO 
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LL. SWaQdaUdV 

TKe fOaW gOaVV XVed LQ EOLWe GOaVV CR. (POaQLcOeaU gOaVV) KaV WKe VaPe gOaVV 

VSecLfLcaWLRQV Qeeded fRU VROaU SaQeO SURdXcWLRQ; WKXV, ZKaW aSSOLeV WR fOaW gOaVV 

SURdXcWV LV aOVR aSSOLed fRU VROaU SaQeO gOaVV 

 

D. GODVV MDUNHW LQ LHEDQRQ 
 

IQ LebaQRQ, WZR OeadLQg facWRULeV ZRUNed LQ gOaVV Uec\cOLQg [18]. TKe fLUVW RQe 

ZaV caOOed SROLYeU [19], aQd LW ZaV LQ CKRXLfaW. DXe WR fLQaQcLaO VWUeVV, LW cORVed LQ 2017. 

FLgXUe 10 SROaU PaQeOV PURdXcWLRQ 

TabOe 4: POaQL cOeaU gOaVV cKaUacWeULVWLcV 
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TKe VecRQd RQe ZaV caOOed MaOLbaQ [20]. IW ZaV ORcaWed LQ TaaQa\eO. DXULQg WKe IVUaeOL 

ZaU LQ 2006, LW ZaV deVWUR\ed. B\ WKaW, LebaQRQ ORVW WZR e[aPSOeV Rf WKe Uec\cOLQg 

SOaQWV. 

AccRUdLQg WR WKe LebaQeVe CXVWRPV [21], LQ 2019, LebaQRQ LPSRUWV Rf gOaVV 

ZeUe 153,181 WRQV ZLWK $94.621 PLOOLRQ, ZKLOe e[SRUWV ZeUe 4984 WRQV ZLWK $5.192 

PLOOLRQ. IQ 2018, WKe WRS SaUWQeU cRXQWULeV WR ZKLcK LebaQRQ e[SRUWV VWRQe aQd gOaVV aUe 

WKe UQLWed AUab EPLUaWeV, SRXWK AfULca, SZLW]eUOaQd, SaXdL AUabLa [22]. TKe MLddOe 

EaVW & AfULcaQ fOaW gOaVV PaUNeW LV e[SecWed WR UegLVWeU aQ LQcUeaVe LQ CAGR Rf RYeU 6% 

dXULQg WKe fRUecaVW SeULRd (2020-2025) [23]. TKe UQLWed AUab EPLUaWeV (UAE) 

cRQWaLQeU gOaVV PaUNeW LV e[SecWed WR UeacK a YaOXe Rf $ 252.47 PLOOLRQ b\ 2025, aW a 

CAGR Rf 2.19%, RYeU WKe fRUecaVW SeULRd (2020-2025) [24]. 

IQ addLWLRQ WR decUeaVLQg WKe eQYLURQPeQWaO LPSacWV Rf gOaVV ZaVWe aQd 

decUeaVLQg eQeUg\ XVed LQ WKe SURdXcWLRQ SURceVV, WKe LebaQeVe gRYeUQPeQW VKRXOd 

cRQVLdeU a Za\ WR cRYeU WKe ORVVeV LQ WKe ecRQRP\ WR fXOfLOO LebaQRQ'V PaUNeW QeedV. 

TKeUefRUe, LebaQRQ VKRXOd LPSOePeQW UedXce, Uec\cOe, aQd UeXVe PeaVXUeV WR PaQage 

VROLd ZaVWe PaQagePeQW LQ geQeUaO aQd gOaVV ZaVWe WR SURYLde WKe PaUNeW ZLWK 

affRUdabOe ORcaO Uec\cOed gOaVV. TKe YaULRXV Uec\cOLQg SURdXcWV, LQcOXdLQg SURdXcLQg aQ 

RULgLQaO VWaQdaUd gOaVV VKeeW fURP WKe Uec\cOed SURdXcW. TKeVe SURdXcW RSWLRQV LQcOXde 

fOaW gOaVV SURdXcWLRQ, bRWWOeV fRU dULQNLQg, aQd WKe SURdXcWLRQ gOaVV fRU VROaU eQeUg\. 

IQ cRQcOXVLRQ, WKe VWXdLeV VKRZ WKaW Uec\cOLQg gOaVV KaV SRVLWLYe LPSacWV RQ WKe 

eQYLURQPeQW aQd WKe ecRQRP\. EXURSeaQ cRXQWULeV OLNe SZLW]eUOaQd aQd GeUPaQ\ 

VXcceeded LQ WacNOLQg WKe gOaVV ZaVWe PaQagePeQW LVVXe ZKLOe VRcLaO aQd ecRQRPLc 

SUedLcaPeQWV aQd SULRULWLeV VWLOO KLQdeU deYeORSLQg cRXQWULeV OLNe LebaQRQ. HRZeYeU, 

WKeVe cRXQWULeV caQ VWLOO cKaQge WKeLU VLWXaWLRQ, cRQWULbXWe WR gOaVV ZaVWe PaQagePeQW RQ 
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a ORcaO OeYeO b\ LPSOePeQWLQg Uec\cOLQg SURgUaPV aQd eQacW VXSSRUWLQg SROLcLeV 

OegLVOaWLRQ. IQVWead Rf e[SRUWLQg OaUge aPRXQWV Rf gOaVV, ZKLcK e[ceed WKe ORcaO PaUNeW, 

dePaQd LQ LebaQRQ, WKe gOaVV LQdXVWU\ VKRXOd cRQVLdeU WKe YaULRXV RSWLRQV aYaLOabOe WR 

Uec\cOe WKe e[LWLQg gOaVV ZaVWe LQWR YaULRXV SURdXcW RSWLRQV VXcK aV bRWWOeV, fOaW gOaVV 

aQd VROaU SaQeOV WR UedXce gOaVV ZaVWe aQd cRQVeUYe QaWXUaO UeVRXUceV.  

AOO "ZaVWe" VKRXOd becRPe "fRRd" fRU aQRWKeU SURceVV: eLWKeU a b\-SURdXcW RU 

UecRYeUed UeVRXUce fRU aQRWKeU LQdXVWULaO SURceVV. 
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CHAPTER III 

METHODOLOGY 
 

IQ RUdeU WR WaNe LQWR cRQVLdeUaWLRQ WKe ZKROe SaUW Rf WKe gOaVV ZaVWe SURbOeP aQd 

LebaQRQ aQd WKe Uec\cOLQg feaVLbLOLW\ WR VROYe WKLV cKaOOeQge , WKe cRgQLWLYe aQaO\WLcV 

PaQagePeQW fUaPeZRUN LQWURdXced b\ PURf OVPaQ [25] ZLOO be adRSWed fRU WKe 

LQYeVWLgaWLRQ Rf WKe abRYe gOaVV ZaVWe Uec\cOLQg cKaOOeQge. TKe cRgQLWLYe SURceVV LV WR 

XQdeUVWaQd WKe YaULRXV bXVLQeVV SURceVVeV aQd cKaOOeQgeV.  TKe gOaVV SURdXcWLRQ SURceVV 

aW EOLWe GOaVV ZLOO be VWXdLed aV a caVe VWXd\ WR deWeUPLQe WKe cXUUeQW caSacLW\ aQd WKe 

\eaUO\ ZaVWe. TKe AQaO\WLcV PURceVV aLPV WR aQaO\VLV WKe YaULRXV beVW SUacWLce RSWLRQV.  

TKe YaULRXV Uec\cOLQg SURdXcWV LQcOXdLQg WKe RSWLRQV Rf SURdXcLQg aQ RULgLQaO VWaQdaUd 

gOaVV VKeeW fURP WKe Uec\cOed SURdXcW ZLOO be cRQVLdeUed. TKeVe SURdXcW RSWLRQV LQcOXde 

WKe SURdXcWLRQ Rf bRWWOe fRU dULQNLQg; WKe SURdXcWLRQ Rf gOaVV fRU VROaU eQeUg\ accRUdLQg 

WR WKe LQWeUQaWLRQaO VWaQdaUd fRU eacK SURdXcW aORQg ZLWK WKe aVVRcLaWed cRVWV Rf UaZ 

PaWeULaOV WR add WR PeeW eacK VWaQdaUd.  

FRU WKLV SXUSRVe a SURdXcW PL[ PRdeO ZLOO be deYeORSed WR deWeUPLQe WKe 

RSWLPaO PL[ Rf eacK SURdXcW WR SURdXce LQ RUdeU WR Pa[LPL]e WKe SURfLW VXbMecW WR 

PaUNeW aQd WecKQLcaO cRQVWUaLQWV. 

TKe PaQagePeQW SURceVV dLVcXVVeV PaQageULaO LPSOLcaWLRQ, YeQWXUe caSLWaO 

UeTXLUePeQW, SURcXUePeQW Rf eTXLSPeQW aQd PaWeULaO XVLQg WKe QeW SUeVeQW YaOXe (NPV) 

PRdeO ZKLcK ZLOO WaNe WKeVe YaOXeV LQWR cRQVLdeUaWLRQ. 

EYeU\ SaUagUaSK VKRXOd be KaOf-

WKe OLQe). TKe OLQeV VKRXOd be dRXbOe-VSaced. NR e[WUa VSace beWZeeQ SaUagUaSKV. 
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A. MDFKLQHV AOWHUQDWLYHV 

1. MachiQeV caSaciWieV 

We KaYe WKe fROORZLQg PacKLQeV: 

 TZR fOaW gOaVV SURdXcWLRQ PacKLQeV 

 TKUee bRWWOe gOaVV SURdXcWLRQ PacKLQeV 

  TKUee VROaU SaQeO SURdXcWLRQ PacKLQeV 

TabOe 5: AYaLOabOe PacKLQe'V caSacLWLeV 1 

 

2. CRQVideUaWiRQ fRU VROaU SaQeO gOaVV 

a. CaSacLWLeV LQ WRQV SeU da\  

SROaU PaQeO SURdXcWLRQ OLQe caSacLWLeV aUe PeaVXUed b\ VROaU SaQeO SURdXcWLRQ 

SeU da\ , VR WR WXUQ WKaW LQWR WRQV Rf gOaVV a VLPSOe caOcXOaWLRQ ZeUe dRQe : 

TKe VWaQdaUd SaQeO XVed fRU RXU SURdXcWLRQ LV WKe 60 ceOO, 320 WaWW VROaU SaQeO 

ZKLcK KaV aQ DUHD RI 1.62 P2 Rf gOaVV RQ LW 

SROaU SaQeO XVe WKe 4 PP WKLcNQeVV gOaVV ZKLcK LV aURXQd 10 Kg /P2 

 

   1.62 [ 10 = 16.2 Kg 

 

TKeQ WKe caSacLW\ LQ WRQV /da\ ZLOO be caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa 

 

 
MDFKLQH 1 
CDSDFLW\  

MDFKLQH 2 
CDSDFLW\  

MDFKLQH 3 
CDSDFLW\  

FODW GODVV 40 WRQ/da\ 200 WRQ/da\ 
 

BRWWOH GODVV 20 WRQ /da\ 60 WRQ/da\ 120 WRQ/da\ 
6RODU PDQHO GODVV  312 SaQeOV /da\ 720 SaQeOV /da\ 1032 SaQeOV /da\ 
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SROaU PaQeO MacKLQe CaSacLW\ (gOaVV WRQV/da\ ) =  

 

 FRU e[aPSOe:  

FRU SROaU SaQeO MacKLQe 1 (312 PaQeO SeU da\) 

  SROaU PaQeO MacKLQe CaSacLW\ (gOaVV WRQV/da\ ) =  

312 SaQeO /da\  [ 16.2 Kg /SaQeO = 5,054 Kg /da\ = 5.05 WRQV /da\ 

SR WKe caSacLWLeV WabOe  becRPe 

 

 

 

b. SROaU SaQeO fXOO SURdXcWLRQ OLQe 

FRU WKe VROaU SaQeO SURdXcWLRQ PacKLQeV, WKe\ Qeed a fOaW SURdXcWLRQ PacKLQe WR 

SURdXce fOaW VKeeW WR LQWegUaWe RQ WKe VROaU SaQeO aQd WKe caSacLW\ LV fURP WKe RXWSXW 

fURP WKe fOaW SURdXcWLRQ OLQe. 

 FRU e[aPSOe: 

caSacLW\ fRU VROaU SaQeO PacKLQe 1 LV 5.05 WRQV/da\ , Lf Ze cRPbLQed LW ZLWK fOaW 

PacKLQe 1 (40 WRQ/da\) WKe RXWSXW ZLOO be :  

40 WRQV WKe RXWSXW fURP WKe fOaW SURdXcWLRQ OLQe:   

o 5.05 WRQV /da\ ZLOO gR fRU VROaU SaQeO SURdXcWLRQ 

o 34.95 WRQV/ da\ ZLOO gR aV fOaW RXWSXW (VeOOLQg aV ZLQdRZV RU dRRUV) 

TKeUefRUe, RXU aOWeUQaWLYeV becRPe eOeYeQ  

o TZR FOaW GOaVV MacKLQeV 

 
MDFKLQH 1 
CDSDFLW\  

MDFKLQH 2 
CDSDFLW\  

MDFKLQH 3 
CDSDFLW\  

FODW GODVV 40 WRQV/da\ 200 WRQV/da\ 
 

BRWWOH GODVV 20 WRQV /da\ 60 WRQV/da\ 120 WRQ/da\ 
6RODU PDQHO GODVV  5.05 WRQV /da\ 11.6 WRQV /da\ 16.7 WRQV/da\ 

TabOe 6:AYaLOabOe PacKLQe'V caSacLWLeV 2 
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o TKUee BRWWOe GOaVV MacKLQeV 

o FLUVW FOaW MacKLQe (40 WRQV/da\) ZLWK eacK VROaU PacKLQe (TKUee 

PacKLQeV) 

o SecRQd FOaW MacKLQe (200 WRQV/da\) ZLWK eacK VROaU PacKLQe (TKUee 

PacKLQeV) 

 

B. MDWKHPDWLFDO MRGHO 

1. MRdeO DefiQiWiRQ:  

TKe GOaVV UaZ PaWeULaO -PL[ SURbOeP caQ be fRUPXOaWed aV a LP PRdeO LQ ZKLcK 

WKe fROORZLQg PXVW be WaNe LQWR cRQVLdeUaWLRQ: 

 SeW Rf YaULabOeV WR defLQe WKe TXaQWLWLeV Rf cXOOeW gOaVV aQd SXUe PaWeULaOV WKaW 

PXVW be XVed WR RbWaLQ WKe fLQaO gOaVV SURdXcW accRUdLQg WR WKe VWaQdaUdV 

 SeW Rf cRQVWUaLQWV WR e[SUeVV WKe Pa[ TXaQWLW\ WKaW caQ be SURdXced  

 A VeW Rf cRQVWUaLQWV WR defLQe WKe ORZeU aQd XSSeU OLPLWV RQ WKe aYaLOabOe 

TXaQWLWLeV Rf eacK fLQaO SURdXcW. 

 A OLQeaU cRPbLQaWLRQ Rf YaULabOeV UeSUeVeQWLQg WKe RbMecWLYe fXQcWLRQ WR be 

PLQLPL]ed. 

 

2. DeciViRQ VaUiabOe:  

TKe decLVLRQ YaULabOe LQ RXU PRdeO LV WKe TXaQWLW\ (LQ WRQV) XVed Rf eacK LQSXW UaZ 

PaWeULaO fURP gOaVV ZaVWe cXOOeW RU SXUe UaZ PaWeULaO LQ RUdeU WR SURdXce WKe QeZ 

SURdXcW accRUdLQg WR WKe VWaQdaUd Rf eacK SURdXcW   
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3. ObjecWiYe fXQcWiRQ:  

TKe RbMecWLYe fXQcWLRQ defLQed aV WKe WRWaO VXP Rf WKe cRVW Rf eacK cXOOeW gOaVV 

W\Se aQd SXUe PaWeULaOV accRUdLQg WR WKeLU TXaQWLWLeV. TKLV RbMecWLYe LV WR be PLQLPL]ed  

 

4. CRQVWUaiQWV:  

TKe VeW Rf cRQVWUaLQWV WKaW WaNeQ LQWR cRQVLdeUaWLRQ aUe dLYLded LQWR: OXWSXW 

cRQVWUaLQW, VWaQdaUd UaWLR Rf SXUe PaWeULaO LQ WKe WRWaO PL[ cRQVWUaLQW WR eQVXUe WKaW Ze 

KaYe a fLQaO SURdXcW ZLWKLQ WKe LQWeUQaWLRQaO VWaQdaUdV aQd WKe aYaLOabLOLW\ Rf ORcaO cXOOeW 

gOaVV aW eOLWe gOaVV cRQVWUaLQW  

 

5. FRUPXOaWiRQ:  

a. NRWaWLRQ 

 Q =  be WKe WRWaO QXPbeU Rf LQSXW Uec\cOed PaWeULaOV XVed LQ WKe fLQaO SURdXcWLRQ 

o  aV a 

VRXUFH UaZ PaWeULaOV 

 P =  be WKe QXPbeU Rf UaZ cKePLcaO PaWeULaO  

o ZKeUe   M=1,.., P aQd aQd  aV FRPSRVLWLRQ UaZ 

PaWeULaOV 

 T= be WKe QXPbeU Rf caSacLWLeV Rf aYaLOabOe SURdXcWLRQ OLQeV 

o  

 ] = be WKe QXPbeU Rf caSacLWLeV Rf aYaLOabOe SURdXcWLRQ OLQeV 

o /da\, 60 WRQV/da\, 120 WRQV/da\) 

 CL =  be WKe cRVW (LQ $/WRQV) fRU eacK Uec\cOed aQd UaZ LQSXW PaWeULaOV 
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 PML=  APRXQW (%) Rf FRPSRVLWLRQ VRXUFH 

PaWeULaO L (CFE-CFM  CBM -  PXUeSLO2-  

 UM = XSSeU OLPLW Rf UaZ PaWeULa  

  

  = CaSacLWLeV Rf aYaLOabOe BRWWOe SURdXcWLRQ OLQe  

  = CaSacLWLeV Rf aYaLOabOe FOaW SURdXcWLRQ OLQe  

DecLVLRQ VaULabOe: 

XL = be WKe TXaQWLW\ (LQ WRQV) XVed Rf eacK LQSXW UaZ PaWeULaO 

7R FODULI\ WKH YDULDEOHV PRUH : 

 

WKeUe 

L LV WKe cROXPQV (WKe VRXUce UaZ PaWeULaO )  

M LV WKe cROXPQ ( cRPSRVLWLRQ UaZ PaWeULaO Rf eacK VRXUce )   

PML LV WKe cRPSRVLWLRQ SeUceQWageV LQ WKe WabOe  

CL LV WKe cRVW Rf eacK VRXUce Lf XVed  

 

b. ObMecWLYe FXQcWLRQ 

ObMecWLYe FXQcWLRQ LV WR PLQLPL]e WKe WRWaO Uec\cOed cRVW SOXV WKe WRWaO cRVW Rf 

WKe added UaZ PaWeULaOV. TKe RbMecWLYe LV ZULWWeQ aV: 

TabOe 11:IQSXW daWa fRU LP PRdeO 
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c. CRQVWUaLQW:   
L. OXWSXW CRQVWUaLQW:  

   TKe RXWSXW LV WKe fXOO caSacLW\ (becaXVe aV WKe PacKLQe VeOOeU adYLce, WKe 

RXWSXW PXVW be aV WKe caSacLW\) 

 

FRU FOaW GOaVV :                                   

FRU BRWWOe GOaVV :                               

 

LL. SWaQdaUd UaWLR cRQVWUaLQWV:   
 

TKe UaWLR Rf UaZ PaWeULaO M WR WKe TXaQWLW\ Rf WKe SURdXced (SeUceQWage Rf 

UaZ PaWeULaO M LQ WKe fLQaO SURdXcW) PXVW be beWZeeQ WKe VWaQdaUd bRXQdaULeV Rf 

WKe fLQaO SURdXcWV  

LeW cRQVLdeU WKe cKePLcaO UaZ PaWeULaO, SLO. TKLV SURdXcW PXVW PeeW WKe 

VWaQdaUd LQ WKe fLQaO PL[ LQ WKe fLQaO SURdXcWLRQ Rf BRWWOe aV RXWSXW. TKe UaWLR Rf 

SLO2 PXVW be beWZeeQ 66% aQd 88 % Rf WKe fLQaO RXWSXW. LeW XV cRQVLdeU a PL[ Rf 

RQe WRQ Rf WKe fLQaO SURdXcW Rf BRWWOe.   

GLYeQ WKe daWa:  

APRXQW Rf SLO2 LQ EOLWe FOaW CXOOeW (CFE) = 72.6%  

APRXQW Rf SLO2 LQ MaUNeW FOaW CXOOeW (CFM) = 72% 

APRXQW Rf SLO2 LQ MaUNeW  BRWWOe CXOOeW (CBM) = 70.8% 

APRXQW Rf SLO2 LQ SLO2 SXUe PaWeULaO = 100% 
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SLQce Ze aUe PL[LQg XF aQd XB cXOOeWV, ZLWK RWKeU PaWeULaOV, WKeQ WKe SeUceQWage 

aPRXQW Rf SLO2 LQ WKe PL[ LV e[SUeVVed aV fROORZV: 

 

WKLcK becRPe  

 

 

 

 
 

LLL. AYaLOabLOLW\ Rf cXOOeW gOaVV ZaVWe aW EOLWe GOaVV CRPSaQ\ cRQVWUaLQWV:   

 EOLWe GOaVV cRPSaQ\ KaV aSSUR[LPaWeO\ aURXQd 500 Kg Rf  gOaVV 

ZaVWe/da\ fURP WKeLU daLO\ RSeUaWLRQ ,  VR WKe TXaQWLW\ aYaLOabOe fRU Uec\cOLQg LV 

0.5WRQV/da\  

                                

 
C. NHW PUHVHQW 9DOXH 

TKe QeW SUeVeQW YaOXe (NPV) LV XVed WR caOcXOaWe WKe dLffeUeQce beWZeeQ WKe 

SUeVeQW YaOXe Rf caVK LQfORZV aQd RXWfORZV RYeU a SeULRd Rf WLPe ZKLcK LV 10 \eaUV LQ 

RXU caVe. HeUe Ze XVed WKe QeW SUeVeQW YaOXe WR aQaO\]e WKe SURfLWabLOLW\ Rf eacK 

aOWeUQaWLYe LQYeVWPeQW aQd WR NQRZ ZKLcK aOWeUQaWLYe ZLOO be feaVLbOe LQ RXU caVe 

accRUdLQg WR WKe caSLWaO bXdgeWLQg aQd LQSXW YaULabOeV ZKLcK ZLOO deWeUPLQe WKe QeW caVK 

fORZ WKaW XVed LQ WKe NPV caOcXOaWLRQ 
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1. IQSXW VaUiabOeV 

 DePaQd aW \eaU 1 (LQ WRQV)  fRU eacK SURdXcW  

 AQQXaO DePaQd gURZWK SeUceQWage (%) 

 DeSUecLaWLRQ UaWe Rf WKe fL[ed cRVW aW \eaU 1 (LQLWLaO IQYeVWPeQW) (%)  

 MRQeWaU\ YaOXeV ($/XQLW) aW \eaU 1 LQcOXdLQg: 

o UQLW SULce : SULce Rf eacK SURdXcW LQ $ /WRQ 

o VaULabOe cRVW : LW LV WKe VXP Rf cRVW LQ $/WRQ fRU UaZ PaWeULaO, 

eOecWULcLW\ ,gaV, ZaWeU aQd ZageV  

 PaLQWeQaQce cRVW ($) : cRVW Rf PaLQWeQaQce Rf eacK PacKLQe  SeU WRQ Rf WKe 

fLQaO SURdXcW 

 IQfOaWLRQ UaWe  (%) : WKe UaWe Rf LQcUeaVe LQ SULceV 

 Ta[ UaWe : WKe YaOXe Rf Wa[ RQ WKe cRPSaQLeV  

 DLVcRXQW RaWe (%) 

DecLVLRQ YaULabOe: 

CaSacLW\ WKaW PXVW be SURdXced (LQ WRQV): AV a VWaUW Ze cRQVLdeU 3000 

WRQV LQ fLUVW \eaU ZKLcK LV WKe aYaLOabOe gOaVV ZaVWe LQ eOLWe gOaVV OaQdfLOO. 

 

2. NPV caOcXOaWiRQ  

TKe LQSXW YaULabOe aUe XVed WR deWeUPLQe WKe QeW caVK fORZ WKaW XVed ZLWK 

WKe dLVcRXQW UaWe WR deWeUPLQe NPV 

 

WKeUe: 

RW=QeW caVK fORZ ( caVK LQfORZ-RXWfORZV) dXULQg a VLQgOe SeULRd Rf WLPe  W  
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L=dLVcRXQW UaWe (UeWXUQ WKaW cRXOd be eaUQed LQ aOWeUQaWLYe ) 

W=QXPbeU Rf WLPe SeULRdV 

 

3. BUeak eYeQ caSaciW\ 

cRPSaQ\ caQ RSeUaWe ZLWKRXW gaLQ RU ORVe. TKLV YaOXe LV LPSRUWaQW WR NQRZ becaXVe 

WKe cRPSaQ\ LV QeZ WR WKe Uec\cOLQg LQdXVWU\ ZKeUe WKeUe caQ be XQceUWaLQW\ LQ 

ORgLVWLcV ZLWK WKe PaUNeW VR Ze caQ RSeUaWe aW WKe OeaVW caSacLW\ ZLWKRXW ORVLQg. TKe 

PLQLPXP WKe caSacLW\ WKe beWWeU WKe cKRLce.  

 

 

4. SeQViWiYiW\ AQaO\ViV: 

We UXQ WKLV aQaO\VLV LQ RUdeU WR NQRZ WKe YaULaWLRQ Rf NPV accRUdLQg WR 

WKe YaULaWLRQ Rf cKRVeQ LQSXW aW aOO gLYeQ caSacLWLeV fRU eacK aOWeUQaWLYe. 

IQ WKLV VWXd\ Ze ZLOO PaNe WKe aQaO\VLV fRU WKe NPV accRUdLQg WR WKe : 

 SaPe gLYeQ LQSXWV fRU aOO caSacLWLeV ZKeUe bUeaNeYeQ caSacLW\ LV deWeUPLQed 

 WLWK YaULaWLRQ Rf dePaQd gURZWK  

 WLWK YaULaWLRQ Rf dLVcRXQW UaWe  

 WLWK YaULaWLRQ Rf Wa[ UaWe   
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CHAPTER IV 

RESULTS AND DISCUSSION  
 

 

A. MRGHO 5HVXOWV 

AfWeU aSSO\LQg WKe LP PRdeO fRU geWWLQg WKe PLQLPXP cRVW fRU eacK SURdXcW (fOaW 

RU bRWWOe) XQdeU VeW Rf WecKQLcaO cRQVWUaLQWV WKe UeVXOWV aUe VKRZQ beORZ: 

 

1. FOaW GOaVV 
 

 

 

  FOaW CRPSRVLWLRQ (WRQV) 

IQSXW PaWeULaOV CDSDFLW\: 40WRQV/GD\ CDSDFLW\:  

200 WRQV/GD\ 

[>CFE@ 0.5 0.5 

[>CFM@ 0 0 

[>CBM@ 29.89 150.21 

[>6LO2@ 5.87 30.28 

[>ND2O@ 0 0 

[>CDR@ 3.7 19 

[>MJR@ 0 0 

[>AO2O3@ 0 0 

[>CU2O3@ 0 0 

[>FH2O3@ 0 0 

[>K2O@ 0 0 

[>6O3@ 0 0 

CO67 ($) 18930.7 97264.336 

TabOe 12: FOaW gOaVV cRPSRVLWLRQ UeVXOW 
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2. BRWWOe GOaVV 

 
BRWWOH CRPSRVLWLRQ (WRQV) 

IQSXW PaWeULaO CDSDFLW\:  
20WRQV/GD\ 

CDSDFLW\:  
60 WRQV/GD\ 

CDSDFLW\: 
120 WRQV/GD\ 

[>CFE@ 0.5 0.5 0.5 

[>CFM@ 11.33 34.01 68.02 

[>CBM@ 8.16 25.48 51.47 

[>6LO2@ 0 0 0 

[>ND2O@ 0 0 0 

[>CDR@ 0 0 0 

[>MJR@ 0 0 0 

[>AO2O3@ 0 0 0 

[>CU2O3@ 0 0 0 

[>FH2O3@ 0 0 0 

[>K2O@ 0 0 0 

[>6O3@ 0 0 0 

COST ($) 1170 3570 7170 

TabOe 13:BRWWOe gOaVV cRPSRVLWLRQ UeVXOWV 

 
3. FiQdiQgV 

a- TKe EOLWe GOaVV ZaVWe cXOOeW LV fXOO\ XVed (0.5 WRQV/da\) ZKLcK PeaQV WKaW Lf a 

cRQYeQWLRQ dRQe ZLWK RWKeU fOaW gOaVV LQ LebaQRQ RU UegLRQ WKaW XVe WKe VaPe 

W\Se Rf gOaVV RU aSSUR[LPaWeO\ VaPe cRPSRVLWLRQ WKLV ZLOO decUeaVe VKaUSO\ WKe 

cRVW  

b- W QR aPRXQW ZaV WaNeQ fURP MaUNeW fOaW cXOOeW gOaVV (CFM) fRU fOaW 

 

L- TKe cRPSRVLWLRQ Rf CFM LV dLffeUeQW fURP RXU fOaW SURdXcW VWaQdaUd 
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LL- TKLV VWXd\ WaNeV WKeVe Rf cRPSRVLWLRQ Rf cXOOeW fURP LQWeUQaWLRQaO ZebVLWe 

ZKeUe ZaVWe cXOOeW cRPSRVLWLRQ LV eVWLPaWed fRU WKe aLP Rf VWXd\ WKe 

cRQceSW Rf Uec\cOLQg. BecaXVe WKeUe LV a OacN Rf daWa LQ LebaQRQ QR 

eVWLPaWLRQ fRU cXOOeW ZaV fRXQd. MaUNeW fOaW gOaVV (CFM) ZaV WaNeQ fURP 

WRAP SURWRcRO WKaW eVWLPaWe WKe cRPSRVLWLRQ fRU UK facWRULeV. 

c- TKLV cXOOeW LV QRW aOZa\V XVed becaXVe eacK cXOOeW aPRXQW ZLOO be Rf dLffeUeQW 

cRPSRVLWLRQ VR fRU eacK daLO\ SURceVV WKe cRPSRVLWLRQ Rf cXOOeW PXVW be 

deWeUPLQed WR deWeUPLQe KRZ PXcK TXaQWLWLeV VKRXOd be added. 

 

B. NHW PUHVHQW 9DOXH 

BefRUe gRLQg fXUWKeU LQ WKe UeVXOWV OeW XV defLQe WKe fROORZLQg aOWeUQaWLYeV 

PacKLQeV QaPeV fRU WKe eaVe Rf XVLQg LW LQ WKe UeSRUW: 

 FOaW 1          (40 WRQV /da\) 

 FOaW2           (200 WRQV/da\) 

 BRWWOe1       (20 WRQV /da\) 

 BRWWOe2       (60 WRQV/da\) 

 BRWWOe3       ( 120 WRQV/da\) 

 FOaW1+SROaU1  (40 WRQV/da\ : 34.05 fRU fOaW VeOOLQg aQd 5.05 fRU VROaU SaQeO gOaVV) 

 FOaW1+SROaU2  (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO gOaVV) 

 FOaW1+SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO gOaVV) 

 FOaW2+SROaU1  (200 WRQV/da\ : 194.05 fRU fOaW VeOOLQg aQd 5.05 fRU VROaU SaQeO 

gOaVV) 

 FOaW2+SROaU2  (200 WRQV/da\ : 188.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO 

gOaVV) 
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 FOaW2+SROaU 3 (200 WRQV/da\ : 183.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV) 

 

1. IQSXW YaUiabOeV UeVXOWV 

a. DePaQd aW \eaU 1 (LQ WRQV) : [26] 

Alternatives  Market Demand ;tonsͬǇearͿ 
Flat Glass ϳϰϮ0Ϯ 
Bottle Glass ϴϵϲ00 
Solar Panel Glass ϱϭϯϮϴϭ 

           TabOe 14: MaUNeW dePaQd Rf fLQaO SURdXcWV 

 
b. AQQXaO DePaQd gURZWK SeUceQWage (%):  

 fRU fOaW LWV aURXQd 10% fRU WKe fLUVW 4 \eaUV becaXVe Rf WKe UeQRYaWLRQ afWeU 

BeLUXW e[SORVLRQ aQd WKeQ WKe cRQVWUXcWLRQ LQdXVWU\ UeWXUQV VWabOe [27] 

 fRU bRWWOe LWV aURXQd 3% fRU fLUVW 4 \eaUV becaXVe Rf WKe Qeed Rf bRWWOe gOaVV dXe 

WR WKe cKaQge fURP SOaVWLc WR bRWWOe LQ VeYeUaO LQdXVWULeV [28] aQd WKeQ PaWXUe 

 fRU VROaU LWV aURXQd 30% fRU fLUVW 4 \eaUV aQd WKeQ 50% fRU WKe UePaLQLQg \eaUV 

aVVXPLQg WKe VLWXaWLRQ LQ LebaQRQ ZLOO be VWabOe aQd WKe gRYeUQPeQW SOaQ Rf 

VROaU eOecWULcLW\ SURdXcWLRQ aSSOLed [29] 

 

c. DeSUecLaWLRQ UaWe Rf WKe fL[ed cRVW aW \eaU 1 (LQLWLaO IQYeVWPeQW ) (%): 

 EacK aOWeUQaWLYe KaV LWV RZQ LQLWLaO LQYeVWPeQW 

 DeSUecLaWLRQ ZLOO be 10% RYeU 10 \eaUV 



 

44 
 

 

d. MRQeWaU\ YaOXeV ($/XQLW) aW \eaU 1 LQcOXdLQg : 

L. UQLW SULce : SULce Rf eacK SURdXcW LQ $ /WRQ 

 FOaW GOaVV: 

EacK gOaVV WRQ SURdXce aURXQd 40 P2 Rf gOaVV  

ZKeUe eacK 1 P2 VROd aW 13$ 

ReYeQXe/WRQ = 13$*40P2 = 520$/WRQ 

 BRWWOe GOaVV: 

EacK gOaVV WRQ SURdXce aURXQd 4270 SLeceV Rf gOaVV bRWWOe  

ZKeUe eacK  bRWWOe gOaVV LV VROd aW 0.16 $ 

ReYeQXe/WRQ = 0.16$*4270 SLeceV = 683.2 $/WRQ 

 SROaU PaQeO: 

EacK gOaVV WRQ SURdXce aURXQd 62 SaQeO Rf VWaQdaUd VSecLfLcaWLRQ Rf 320 

W aQd 60 ceOOV   

ZKeUe eacK VROaU SaQeO VROd aW 83 $  

ReYeQXe/WRQ = 83$*62 SaQeOV = 5146 $/WRQ 

 

 TabOe 15:YeaUO\ DeSUecLaWLRQ Rf IQLWLaO IQYeVWPeQWV 
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LL. VaULabOe cRVW: LW LV WKe VXP Rf cRVW LQ $/WRQ fRU UaZ PaWeULaO, eOecWULcLW\ ,gaV, 

ZaWeU aQd ZageV  

 RaZ PaWeULaO cRVW $/WRQ: 

FURP WKe abRYe cKaSWeU Ze deWeUPLQe WKe cRVW Rf UaZ PaWeULaO fRU WKe 

daLO\ caSacLW\ Rf eacK aOWeUQaWLYe, b\ dLYLdLQg WKeVe YaOXeV b\ WKe 

caSacLW\ Rf eacK aOWeUQaWLYe Ze caQ fLQd WKe cRVW$/WRQ  

FRU e[aPSOe: WKe UaZ PaWeULaO cRVW Rf 20 WRQV/da\ LV 1170 $  

CRVW $/WRQ = 1170/20 = 58.5$/WRQ 

FXOO UeVXOWV aUe VKRZQ LQ WKe WabOe beORZ: 

 

FINAL Values CapacitǇ tonsͬdaǇ Raǁ cost of full capacitǇ ;ΨͿ Raǁ cost Ψ 
ͬton 

Flat ϭ ϰ0 ϭϴϵϯ0.ϳ ϰϳϯ.Ϯϲϳϱ 
Flat Ϯ Ϯ00 ϵϳϮϲϰ.ϯϯϲ ϰϴϲ.ϯϮϭϲϴ 
Bottle ϭ Ϯ0 ϭϭϳ0 ϱϴ.ϱ 
Bottle Ϯ ϲ0 ϯϱϳ0 ϱϵ.ϱ 
Bottle ϯ ϭϮ0 7170 ϱϵ.ϳϱ 
Flatϭн Solar ϭ ϰ0 ϭϴϵϯ0.ϳ ϰϳϯ.Ϯϲϳϱ 
Flat ϭн SolarϮ ϰ0 ϭϴϵϯ0.ϳ ϰϳϯ.Ϯϲϳϱ 
Flat ϭн Solarϯ ϰ0 ϭϴϵϯ0.ϳ ϰϳϯ.Ϯϲϳϱ 
FlatϮн Solar ϭ Ϯ00 ϵϳϮϲϰ.ϯϯϲ ϰϴϲ.ϯϮϭϲϴ 
Flat Ϯн SolarϮ Ϯ00 ϵϳϮϲϰ.ϯϯϲ ϰϴϲ.ϯϮϭϲϴ 
Flat Ϯн Solarϯ Ϯ00 ϵϳϮϲϰ.ϯϯϲ ϰϴϲ.ϯϮϭϲϴ 

TabOe 16:RaZ PaWeULaO cRVW fRU eacK aOWeUQaWLYe 

 
 EOecWULcLW\ cRVW ($/WRQ): 

o We KaYe WZR SaUWV fRU eOecWULcLW\ cRQVXPSWLRQV,  

 FXUQace eOecWULcLW\ cRQVXPSWLRQ ZKLcK UXQV aOZa\V fRU 365 

da\/\eaU 

 RePaLQLQg SURdXcWLRQ OLQe ZKLcK UXQV fRU 300 da\V /\eaU 

o TKe eOecWULcLW\ cRVW LV 0.03$/KW  [30] 
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o CaOcXOaWLRQ: 

 TRWaO eOecWULcLW\ cRQVXPSWLRQ KW /\eaU ZaV caOcXOaWed XVLQg 

WKe fROORZLQg fRUPXOa: 

 

 

 EOecWULcLW\ cRVW $/WRQ ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa: 

 

 

 

 FRU e[aPSOe: WaNe BRWWOe (20 WRQV/da\) 

365 [ 980.84+300 [ 3923.36  

     = 2535014.6 K:/\HDU 

EOecWULcLW\ cRVW ($/WRQ) = 0.03 [ 2535014.6 /6000 = 7.675 $/WRQ 

     

 
 GaV cRVW ($/WRQ): 

o OQO\ fOaW aQd bRWWOe gOaVV PacKLQeV KaYe gaV cRQVXPSWLRQ  

TabOe 17: EOecWULcLW\ cRVW fRU eacK aOWeUQaWLYe 
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o TKe GaV cRVW LV 0.2$/OLWeU  [31] 

o CaOcXOaWLRQ: 

 GaV cRVW ($/da\)  ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa: 

 

 GaV cRVW ( $/WRQ) ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa: 

 

 FRU e[aPSOe: WaNe BRWWOe (20 WRQV/da\) 

            GaV cRVW ($/da\)= 13320 [ 0.2 = 2664 $/da\  

            GaV cRVW ($/WRQ) = 2664 /20 = 33.3 $/WRQ 

 

 

 WaWeU CRVWV:  

o OQO\ fOaW aQd bRWWOe gOaVV PacKLQeV KaYe ZaWeU cRQVXPSWLRQ  

o TKe ZaWeU cRVW LV 0.25 $/WRQ  [32] 

o CaOcXOaWLRQ: 

 WaWeU cRVW ($/da\) ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa: 

 TabOe 18:GaV cRVW fRU eacK aOWeUQaWLYe 
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 WaWeU cRVW ( $/WRQ) ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa: 

 

 FRU e[aPSOe: WaNe BRWWOe (20 WRQV/da\) 

WaWeU cRVW($/da\)= 200 [ 0.25 = 50 $/GD\ 

WaWeU cRVW ($/WRQ) = 50/20 = 2.5 $/WRQ 

 

 

 WageV cRVW: 

o WRUNeU Zage SeU PRQWK LV 500$ 

o CaOcXOaWLRQ: 

 TRWaO ZageV cRVW SeU PRQWK = 

 

 WageV cRVW($/ WRQ) =

 

TabOe 19:WaWeU cRVW fRU eacK aOWeUQaWLYe 
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 SROaU CeOO cRVW: 

R EacK VROaU SaQeO Qeed 60 ceOOV 

R CRVW Rf RQe VROaU ceOO LV 0.13 $ 

R CaOcXOaWLRQ: 

SROaU ceOO cRVW SeU WRQ = 

 0.13$/ceOO [ 60 ceOOV/SaQeO  [  Qb Rf VROaU SaQeO SeU WRQ  

 = 0.13($/ceOO) [ 60 (ceOO /SaQeO) [ 62 (SaQeO/WRQ) 

 = 483.6 $ /WRQ 

 
 AOXPLQXP FUaPe CRVW: 

R EacK VROaU SaQeO Qeed 0.5 Ng Rf aOXPLQXP fUaPe 

R CRVW Rf RQe Ng Rf aOXPLQXP fUaPe LV 2.95 $ 

R CaOcXOaWLRQ: 

AOXPLQXP fUaPe cRVW SeU WRQ = 

 2.95$/Ng [ 0.5 Ng/SaQeO  [  Qb Rf VROaU SaQeO SeU WRQ  

 = 2.95($/Ng) [ 0.5 (Ng/SaQeO ) [ 62 (SaQeO/WRQ) 

 = 91.45 $ /WRQ 

 

 

TabOe 20: WageV cRVW fRU eacK aOWeUQaWLYe 
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  TKe fXOO UeVXOWV fRU XQLW YaULabOe cRVW aUe VKRZQ LQ WKe WabOe beORZ: 

    

 
 
 

LLL. MaLQWeQaQce cRVW ($): cRVW Rf PaLQWeQaQce Rf eacK PacKLQe  SeU WRQ Rf 

 WKe fLQaO SURdXcW 

IWV caOcXOaWed \eaUO\ aV 2% Rf WKe PacKLQe cRVW  

 

 

e. IQfOaWLRQ UaWe (%):  

TKe LQfOaWLRQ UaWe LQ LebaQRQ LV cRQVLdeUed aV aYeUage Rf 3%  [33] 

 

 

TabOe 21:TRWaO YaULabOe cRVW fRU eacK aOWeUQaWLYe 

TabOe 22:MaLQWeQaQce cRVW fRU eacK aOWeUQaWLYe 
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f. Ta[ UaWe (%)  

TKe fLUVW WKUee \eaUV afWeU VWaUWLQg WKe bXVLQeVV ZLOO be ZaYed fURP Wa[ , 

afWeU WKaW a Wa[ Rf 17% ZLOO be aSSOLed RQ \eaU 4 aQd afWeU [34] 

g. DLVcRXQW UaWe(%): 

We WRRN a dLVcRXQW UaWe Rf aYeUage 10% SeU \eaU [35] 

 

K. DecLVLRQ YaULabOe: 

CaSacLW\ (WRQV/\eaU):  AV a VWaUW Ze cRQVLdeU 3000 WRQV LQ fLUVW \eaU 

ZKLcK LV WKe aYaLOabOe gOaVV ZaVWe LQ eOLWe gOaVV OaQdfLOO 

 

2. SeQViWiYiW\ AQaO\ViV 

SeQVLWLYLW\ aQaO\VLV fRU WKe eOYeQ aOWeUQaWLYeV ZeUe dRQe ZKeUe WKe 

YaULaWLRQ Rf  QeW SUeVeQW YaOXe ZaV VWXdLed aV a fXQcWLRQ Rf caSacLWLeV, dePaQd, 

dLVcRXQW UaWe, aQd Wa[ UaWe. 

IQ WKLV SaUW WKe fROORZLQg fLYe PacKLQeV ZLOO be dLVcXVVed : 

 BRWWOe 1    (20 WRQV/da\) 

 BRWWOe 2   (60 WRQV/da\) 

 BRWWOe 3  (120 WRQV/da\) 

 FOaW1+ SROaU 2 (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO 

gOaVV) 

 FOaW1+ SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV)

AQd WKaW becaXVe RWKeU VL[ aOWeUQaWLYeV ZeUe aOZa\V Rf QegaWLYe NPV 

UegaUdOeVV aQ\ cRPSaULVRQ RU YaULaWLRQ ZLWK WKe RWKeU LQSXWV  (caSacLWLeV, 
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dePaQd, dLVcRXQW UaWe, aQd Wa[ UaWe) ZKLcK PaLQO\ becaXVe WKeLU XQLW cRVW aORQe 

LV gUeaWeU WKaQ WKeLU XQLW SULce, WKLV dLffeUeQce ZLOO LQcUeaVe aOVR ZLWK WKe addLWLRQ 

Rf PaLQWeQaQce aQd deSUecLaWLRQ cRVW. 

TKe WabOe beORZ VKRZV WKLV gaS: 

 

 

a. NPV ZLWK CaSacLWLeV: 
 

A VeQVLWLYLW\ aQaO\VLV dRQe WR Vee WKe YaULaWLRQ Rf NPV ZLWK UeVSecW WR 

WKe cKaQge LQ caSacLW\ Rf eacK aOWeUQaWLYe  

TKe caSacLWLeV LQcOXded LQ aOO aQaO\VLV aUe VWaUWLQg fURP 150 WRQV/\eaU aV 

cXOOeW. TKeQ Ze XVed 5 % Rf WKe fXOO caSacLW\ aV WKe VecRQd caSacLW\ SRLQW, WKeQ 

Ze LQcUeaVe b\ 5% RQ ea

accRUdLQg WR WKe caSacLW\ Rf eacK aOWeUQaWLYe. 

IQ WKLV SaUW, WKe bUeaNeYeQ caSacLW\ ZKeUe NPV ZLOO be ]eUR ZLOO be 

deWeUPLQed aOVR. 

 

TabOe 23:FXOO daWa (UeYeQXeV aQd cRVWV) fRU eacK aOWeUQaWLYe 
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 BRWWOe 1 (20 WRQV/da\, 6000 WRQV/\eaU) 

 

TKe gUaSK VKRZV WKaW NPV LV LQcUeaVLQg ZLWK WKe LQcUeaVe LQ caSacLW\, bXW WKe 

aOWeUQaWLYe ZLOO QRW be SURfLWabOe e[ceSW aW caSacLWLeV gUeaWeU WKaQ 5,105 WRQV/\eaU , 

ZKLcK PeaQV WKaW WKLV SURdXcWLRQ OLQe caQ be RSeUaWe e[ceSW aW 85 % RU gUeaWeU Rf LWV fXOO 

caSacLW\. 

TKe Pa[LPXP NPV  $2,961,161 ZLOO be UeacKed aW fXOO caSacLW\ Rf 6000 

WRQV/\eaU 

 BRWWOe 2 (60 WRQV/da\, 18000 WRQV/\eaU) 

-$ϯϱ,000,000
-$ϯ0,000,000
-$Ϯϱ,000,000
-$Ϯ0,000,000
-$ϭϱ,000,000
-$ϭ0,000,000

-$ϱ,000,000
$0

$ϱ,000,000
$ϭ0,000,000
$ϭϱ,000,000
$Ϯ0,000,000
$Ϯϱ,000,000
$ϯ0,000,000
$ϯϱ,000,000

0 Ϯ000 ϰ000 ϲ000 ϴ000 ϭ0000 ϭϮ000 ϭϰ000 ϭϲ000 ϭϴ000NP
V

Capacity

-$ϭϳ,ϱ00,000

-$ϭϱ,000,000

-$ϭϮ,ϱ00,000

-$ϭ0,000,000

-$ϳ,ϱ00,000

-$ϱ,000,000

-$Ϯ,ϱ00,000

$0

$Ϯ,ϱ00,000

$ϱ,000,000

0 ϱ00 ϭ000 ϭϱ00 Ϯ000 Ϯϱ00 ϯ000 ϯϱ00 ϰ000 ϰϱ00 ϱ000 ϱϱ00 ϲ000
NP

V

Capacity

 

FLgXUe 11:GUaSK VKRZLQg WKe YaULaWLRQ Rf NPV YV. CaSacLW\ fRU BRWWOe 1 

FLgXUe 12:GUaSK VKRZLQg WKe YaULaWLRQ Rf NPV YV. CaSacLW\ fRU BRWWOe 2 
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TKe gUaSK VKRZV WKaW NPV LV LQcUeaVLQg ZLWK WKe LQcUeaVe LQ caSacLW\, bXW WKe 

aOWeUQaWLYe ZLOO QRW be SURfLWabOe e[ceSW aW caSacLWLeV gUeaWeU WKaQ 9446 WRQV/\eaU , ZKLcK 

PeaQV WKaW WKLV SURdXcWLRQ OLQe caQ be RSeUaWe e[ceSW aW 52% RU gUeaWeU Rf LWV fXOO 

caSacLW\. 

TKe Pa[LPXP NPV $28,609,767 ZLOO be UeacKed aW fXOO caSacLW\ Rf 18000 

WRQV/\eaU  

 BRWWOe 3 (120 WRQV/da\, 36000 WRQV/\eaU 

 

TKe gUaSK VKRZV WKaW NPV LV LQcUeaVLQg ZLWK WKe LQcUeaVe LQ caSacLW\, bXW WKe 

aOWeUQaWLYe ZLOO QRW be SURfLWabOe e[ceSW aW caSacLWLeV gUeaWeU WKaQ 13532 WRQV/\eaU , 

ZKLcK PeaQV WKaW WKLV SURdXcWLRQ OLQe caQ be RSeUaWe e[ceSW aW 37.5% RU gUeaWeU Rf LWV 

fXOO caSacLW\. 

TKe Pa[LPXP NPV  $73,543,120 ZLOO be UeacKed aW fXOO caSacLW\ Rf 36000 

WRQV/\eaU  

-$ϲ0,000,000
-$ϱ0,000,000
-$ϰ0,000,000
-$ϯ0,000,000
-$Ϯ0,000,000
-$ϭ0,000,000

$0
$ϭ0,000,000
$Ϯ0,000,000
$ϯ0,000,000
$ϰ0,000,000
$ϱ0,000,000
$ϲ0,000,000
$ϳ0,000,000
$ϴ0,000,000

0 ϰ000 ϴ000 ϭϮ000 ϭϲ000 Ϯ0000 Ϯϰ000 Ϯϴ000 ϯϮ000 ϯϲ000

NP
V

Capacity

FLgXUe 13:GUaSK VKRZLQg WKe YaULaWLRQ Rf NPV YV. CaSacLW\ fRU BRWWOe 3 
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 FOaW1+ SROaU 2 (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO 

gOaVV,  12000 WRQV/\eaU) 

 

 

TKe gUaSK VKRZV WKaW NPV LV LQcUeaVLQg ZLWK WKe LQcUeaVe LQ caSacLW\, bXW WKe 

aOWeUQaWLYe ZLOO QRW be SURfLWabOe e[ceSW aW caSacLWLeV gUeaWeU WKaQ 6854 WRQV/\eaU , ZKLcK 

PeaQV WKaW WKLV SURdXcWLRQ OLQe caQ be RSeUaWe e[ceSW aW 57% RU gUeaWeU Rf LWV fXOO 

caSacLW\. 

TKe Pa[LPXP NPV  $21,073,045 ZLOO be UeacKed aW fXOO caSacLW\ Rf 12000 

WRQV/\eaU  

 

 

 

 

-$ϯϱ,000,000

-$ϯ0,000,000
-$Ϯϱ,000,000
-$Ϯ0,000,000

-$ϭϱ,000,000
-$ϭ0,000,000

-$ϱ,000,000
$0

$ϱ,000,000
$ϭ0,000,000
$ϭϱ,000,000
$Ϯ0,000,000

$Ϯϱ,000,000

0 ϭ000 Ϯ000 ϯ000 ϰ000 ϱ000 ϲ000 ϳ000 ϴ000 ϵ000 ϭ0000 ϭϭ000 ϭϮ000

NP
V

Capacity

FLgXUe 14:GUaSK VKRZLQg WKe YaULaWLRQ Rf NPV YV. CaSacLW\ fRU (FOaW1 + SROaU2) 
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 FOaW1+ SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV,12000 WRQV/\eaU) 

 

TKe gUaSK VKRZV WKaW NPV LV LQcUeaVLQg ZLWK WKe LQcUeaVe LQ caSacLW\, bXW WKe 

aOWeUQaWLYe ZLOO QRW be SURfLWabOe e[ceSW aW caSacLWLeV gUeaWeU WKaQ 3944 WRQV/\eaU , ZKLcK 

PeaQV WKaW WKLV SURdXcWLRQ OLQe caQ be RSeUaWe e[ceSW aW 33% RU gUeaWeU Rf LWV fXOO caSacLW\. 

TKe Pa[LPXP NPV  $61,814,964 ZLOO be UeacKed aW fXOO caSacLW\ Rf 12000 

WRQV/\eaU  

 

b. DePaQd:  
 

AV PeQWLRQed LQ TabOe 9  WKe \eaUO\ dePaQd LV aOZa\V KLgKeU WKaQ WKe 

Pa[LPXP caSacLW\ Rf WKe aOWeUQaWLYeV, VR WKe gURZWK LQ WKe dePaQd ZLOO QRW affecW 

NPV  

-$ϰ0,000,000

-$ϯ0,000,000

-$Ϯ0,000,000

-$ϭ0,000,000

$0

$ϭ0,000,000

$Ϯ0,000,000

$ϯ0,000,000

$ϰ0,000,000

$ϱ0,000,000

$ϲ0,000,000

$ϳ0,000,000

0 ϭ000 Ϯ000 ϯ000 ϰ000 ϱ000 ϲ000 ϳ000 ϴ000 ϵ000 ϭ0000 ϭϭ000 ϭϮ000

NP
V

Capacity

FLgXUe 15:GUaSK VKRZLQg WKe YaULaWLRQ Rf NPV YV. CaSacLW\ fRU (FOaW 1+SROaU 3) 
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TKe gUaSK beORZ VKRZV WKaW NPV LV WKe VaPe acURVV aOO dePaQdV gURZWK, LW acWV 

aV RQe OLQe, aQd WKe bUeaNeYeQ caSacLW\ aQd WKe caSacLW\ cRUUeVSRQdLQg WR WKe Pa[LPXP 

NPV aUe VWLOO WKe VaPe 

TKeVe UeVXOWV aUe VKRZQ LQ WKe WabOeV beORZ 

 BRWWOe1 (20 WRQV/da\, 6000 WRQV/\eaU) 

 

 BRWWOe2 (60WRQV/da\,18000 WRQV/\eaU) 

 

 BRWWOe3 (120 WRQV/da\ , 36000 WRQV/\eaU) 

 

 FOaW1+ SROaU 2 (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO gOaVV,  

12000 WRQV/\eaU) 

 

TabOe 24:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dePaQd gURZWK fRU BRWWOe 1 (20 WRQ/da\) 

TabOe 25:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dePaQd gURZWK fRU BRWWOe 2 (60 WRQ/da\) 

TabOe 26:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dePaQd gURZWK fRU BRWWOe 3 (120 
WRQ/da\) 

TabOe 27:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dePaQd gURZWK fRU FOaW1+SROaU2 (40 
WRQV/da\: 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO gOaVV) 
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 FOaW1+ SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV,12000 WRQV/\eaU) 

 

c. DLVcRXQW RaWe:  
 

We XVed 10% aV RXU dLVcRXQW UaWe, WKe aQaO\VLV VKRZed WKaW ZLWK eacK 1% 

LQcUeaVe Rf dLVcRXQW UaWe, NPV ZLOO decUeaVe b\ 4 WR 5% aSSUR[LPaWeO\ ZKLcK 

PeaQV WKaW Lf Ze geW a ORZeU dLVcRXQW UaWe Ze caQ acKLeYe PRUe SURfLWV 

 BRWWOe1 (20 WRQV/da\, 6000 WRQV/\eaU) 

 

 BRWWOe2 (60WRQV/da\,18000 WRQV/\eaU) 

 

 BRWWOe3 (120 WRQV/da\ , 36000 WRQV/\eaU) 

 

 

TabOe 28:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dePaQd gURZWK fRU FOaW1+SROaU3 (40 
WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO gOaVV) 

TabOe 29:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dLVcRXQW UaWe fRU BRWWOe 1 (20 WRQ/da\) 

TabOe 30:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dLVcRXQW UaWe fRU BRWWOe 2 (60 WRQ/da\) 

TabOe 31:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dLVcRXQW UaWe fRU BRWWOe 3 (120 WRQV/da\) 
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 FOaW1+ SROaU 2 (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO 

gOaVV,  12000 WRQV/\eaU) 

 

 FOaW1+ SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV,12000 WRQV/\eaU) 

 

d. Ta[ UaWe:  
 

TKe Wa[eV LQ LebaQRQ LV  17%, WKe aQaO\VLV VKRZed WKaW ZLWK WKe LQcUeaVe Rf 

Wa[eV, NPV  decUeaVeV 2.5% WR 3.5% LQ BRWWOe 1 (20 WRQ/da\) ZKLOe 1% WR 2% 

decUeaVe LQ WKe UeVW  ZKLcK PeaQV WKaW WKe Wa[ UaWe affecW WKe VPaOOeU SURMecWV PRUe 

aQd  Lf WKe gRYeUQPeQW decUeaVe WKe Wa[ RU ZaYed LW fRU PRUe WKaQ 3 \eaUV WKe 

cRPSaQ\ ZLOO acKLeYe KLgKeU SURfLWV  

 BRWWOe1 (20 WRQV/da\, 6000 WRQV/\eaU) 

 

TabOe 32:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dLVcRXQW UaWe fRU FOaW1+SROaU2 (40 WRQV/da\: 
28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO gOaVV) 

TabOe 33:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf dLVcRXQW UaWe fRU FOaW1+SROaU3 (40 
WRQV/da\: 23.3fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO gOaVV) 

TabOe 34:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf Wa[ UaWe fRU BRWWOe 1 (20 WRQ/da\) 
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 BRWWOe2 (60WRQV/da\,18000 WRQV/\eaU) 

 

 BRWWOe3 (120 WRQV/da\ , 36000 WRQV/\eaU) 

 

 FOaW1+ SROaU 2 (40 WRQV/da\ : 28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO 

gOaVV,  12000 WRQV/\eaU) 

 
 FOaW1+ SROaU 3 (40 WRQV/da\ : 23.3 fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO 

gOaVV,12000 WRQV/\eaU) 

 

 

e. FLQdLQgV:  
 

 Ma[LPXP NPV acKLeYed aW fXOO caSacLWLeV 

 TKe SURMecW LV QRW affecWed ZLWK WKe dePaQd gURZWK, aQ\ caSacLW\ caQ be gRRd  

TabOe 35:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf Wa[ UaWe fRU BRWWOe 2 (60 WRQ/da\) 

TabOe 36:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf Wa[ UaWe fRU BRWWOe 3 (120 WRQ/da\) 

TabOe 37:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf Wa[ UaWe fRU FOaW1+ SROaU 2 (40 WRQV/da\ : 
28.4 fRU fOaW VeOOLQg aQd 11.6 fRU VROaU SaQeO gOaVV,  12000 WRQV/\eaU) 

TabOe 38:VaULaWLRQ Rf NPV aV a fXQcWLRQ Rf Wa[ UaWe fRU FOaW1+SROaU3 (40 WRQV/da\: 
23.3fRU fOaW VeOOLQg aQd 16.7 fRU VROaU SaQeO gOaVV) 
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 TKe ORZeU WKe dLVcRXQW UaWe WKe beVW, VR WKe SURMecW caQ acKLeYe KLgKeU NPV RU 

Qeed ORZeU caSacLWLeV WR acKLeYe SRVLWLYe NPV 

 TKe ORZeU WKe Wa[ UaWe WKe beVW, VR WKe SURMecW caQ acKLeYe KLgKeU NPV RU Qeed 

ORZeU caSacLWLeV WR acKLeYe SRVLWLYe NPV 

 AOO gLYeQ SURMecWV aUe SURfLWabOe SURMecWV, WKe KLgKeU NPV WKe beWWeU bXW LQ RXU 

caVe Ze KaYe VeYeUaO cRQVWUaLQWV WKaW Ze PXVW WaNe LQWR accRXQW: 

o TKe abLOLW\ WR KaYe WKe LQLWLaO IQYeVWPeQW cRVWV WKaW Qeeded aW \eaU 1  

o AYaLOabLOLW\ Rf OaQd aUea Qeeded fRU WKe SURMecW 

o AbLOLW\ WR SURYLde aW OeaVW WKe bUeaNeYeQ caSacLW\ Rf WKe SURMecW VR WKe 

cRPSaQ\ caQ RSeUaWe aW OeaVW ZLWKRXW ORVVeV eVSecLaOO\ LQ WKe fLUVW 2 \eaUV 

ZKeUe ORgLVWLcV SURceVV caQ WaNe WLPe WR gRLQg WR PaUNeW fRU XVLQg WKe fXOO 

caSacLW\ 

TKe daWa Rf WKe gLYeQ cRQVWUaLQWV aUe LQ WKe WabOe beORZ: 

  

 

 TKe SURdXcWLRQ OLQe Rf BRWWOe2 (60 WRQV/da\) aQd BRWWOe3 (120WRQV/da\) KaYe a 

YeU\ KLgK NPV bXW WKeLU cRUUeVSRQdLQg BUeaNeYeQ caSacLW\, aUea aQd LQLWLaO 

LQYeVWPeQW aUe YeU\ KLgK aOVR, VR WKe\ aUe UecRPPeQded fRU a bLg 

PaQXfacWXUeU  

 TKe WZR VROaU SURdXcWLRQ aOWeUQaWLYeV aUe UecRPPeQded fRU LQWeUPedLaWe 

PaQXfacWXUeU ZKeUe WKe\ KaYe ORZeU bUeaNeYeQ caSacLW\, aUea aQd LQLWLaO 

LQYeVWPeQW  

TabOe 39:CRQVWUaLQWV WKaW affecW WKe cKRRVLQg Rf WKe beVW fLW SURMecW 
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 TKe BRWWOe 1 (20 WRQV/da\) SURdXcWLRQ OLQe aUe UecRPPeQded fRU a VPaOO 

VWaUWXS cRPSaQ\ ZKeUe LW KaV a ORZ NPV bXW LW dReV QRW Qeed a OaUge aUea RU 

LQLWLaO LQYeVWPeQW 

FRU WKe caVe Rf EOLWe gOaVV facWRU\, LW LV aQ PLddOe VL]e cRPSaQ\ ZKeUe LWV 

cKRLceV UaQge beWZeeQ VPaOO aQd LQWeUPedLaWe SURMecWV.  

 TKe adYaQWage Rf WKe fLfWK SURMecW  ( FOaW1+SROaU3) LV WKaW LW KaV a ORZ 

bUeaNeYeQ caSacLW\ aQd a YeU\ KLgK NPV , VR Lf EOLWe gOaVV cRPSaQ\ caQ 

affRUd aURXQd 4000 P2 OaQd aQd aURXQd 5,000,000 $ aV LQLWLaO LQYeVWPeQW WKeQ 

WKLV SURMecW ZLOO be WKe beVW. 

  FRU WKe fRXUWK SURMecW (FOaW1+ SROaU2) , LW dReV QRW KaYe a YeU\ bLg dLffeUeQce 

fURP fLfWK RQe UegaUdLQg WKe aUea aQd WKe LQLWLaO LQYeVWPeQW , LQ addLWLRQ WR 

WKaW LW KaV a dRXbOe bUeaNeYeQ caSacLW\ ZKLcK PeaQV WKaW LWV QRW a gRRd 

cKRLce. 

 BRWWOe 1 SURdXcWLRQ OLQe LV WKe beVW cKRLce Lf eOLWe gOaVV caQQRW affRUd WKe cRVWV 

aQd WKe QeedV Rf WKe fLfWK SURMecW  ( FOaW1+SROaU3), aQd decLded WR VWaUW ZLWK a 

ORZ ULVN SURMecW 
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CHAPTER V 

CONCLUSION 
 

AV a cRQcOXVLRQ, fRU WKe aLP Rf VWXd\LQg WKe feaVLbLOLW\ Rf VWaUW a gOaVV Uec\cOLQg 

PaQXfacWXULQg, aQ LP PRdeO ZaV aSSOLed LQ WKLV SaSeU WR deWeUPLQe WKe TXaQWLW\ XVage 

Rf dLffeUeQW ZaVWe cXOOeW aQd SXUe PaWeULaO LQ WKe SURdXcWLRQ Rf dLffeUeQW fLQaO SURdXcW 

(fOaW, bRWWOe gOaVV). BaVed RQ WKe UeVXOWV Rf WKe PRdeO Ze caQ cRQcOXde WKaW: 

 TKe QeZ SURdXcWV cRPSRVLWLRQ LV VXLWabOe ZLWK dLffeUeQW W\SeV Rf cXOOeW WKaW caQ be 

PL[ed UeVXOWLQg LQ decUeaVLQg WKe XVage Rf SXUe PaWeULaO aQd WKeUefRUe decUeaVe WKe 

cRVW. 

 EOLWe gOaVV ZaVWe cXOOeW LV VXLWabOe fRU aOO QeZ fLQaO SURdXcWV cRPSRVLWLRQ ZKLcK 

PeaQV WKaW b\ OXQcKLQg WKe SURMecW WKe gOaVV ZaVWe Rf EOLWe gOaVV aQd WKe facWRULeV WKaW 

XVed WKe VaPe W\Se Rf gOaVV ZLOO be XVed aQd UePRYed fURP WKe OaQdfLOOV. 

 CRPSRVLWLRQ deWecWLRQ Rf eacK QeZ TXaQWLW\ Rf PaUNeW cXOOeW PXVW be dRQe befRUe 

LQWURdXcLQg WKe cXOOeW LQ WKe SURdXcWLRQ SURceVV.  

TKeQ aQ NPV PRdeO ZaV bXLOW WaNLQg LQWR cRQVLdeUaWLRQ e[WeUQaO LQfOXeQceV OLNe 

dePaQd gURZWK, LQfOaWLRQ UaWe, Wa[ UaWe aQd LQWeUQaO LQfOXeQceV OLNe WKe LQLWLaO 

LQYeVWPeQW, caSacLW\, XQLW SULce aQd cRVW LQ RUdeU WR deWeUPLQe WKe SURfLWabOe SURMecWV. 

BaVed RQ WKe UeVXOWV Rf WKe NPV PRdeO fLYe SURMecWV ZeUe cKRVeQ aQd UaQ XQdeUgR WKe 

VeQVLWLYLW\ aQaO\VLV ZKLcK UeVXOWV LQ: 

 DLVcRXQW UaWe aQd Ta[eV KaYe aQ LQYeUVeO\ SURSRUWLRQ UeOaWLRQ ZLWK WKe NPV, VR Lf 

gRYeUQPeQW VXSSRUW  aQd eQcRXUage WKeVe W\SeV fRU SURMecWV fRU WKe aLP Rf Uec\cOLQg, 

WKLV ZLOO UeVXOWV LQ PRUe SURfLWabOe SURMecWV 
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 EacK Rf WKe fLYe SURMecWV LV Rf KLgK NPV aQd SURfLWabOe bXW eacK cRPSaQ\ caQ cKRRVe 

RQe Rf WKe aOWeUQaWLYeV accRUdLQg WR LWV abLOLWLeV aQd VWUeQgWK LQ WKe PaUNeW.  

FRU a VPaOO aQd ORZ ULVN decLVLRQ, BRWWOe1 (20 WRQV/da\) ZLOO be WKe beVW cKRLce 

fRU eOLWe gOaVV cRPSaQ\ ZKLOe fRU PRUe SURfLWabOe SURMecW (FOaW1+ SROaU 3) SURMecW ZLOO be 

WKe beVW. 
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