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2. SXmmar\

TKe SXUSRVe Rf WKLV SURMecW ZaV WR deVLJQ a cRQWLQXRXV PaQXfacWXULQJ SURceVV WR SURdXce

adaOLPXPab. AdaOLPXPab LV a PRQRcORQaO aQWLbRd\ (PAb) WKeUaSeXWLc WKaW WaUJeWV aQd bORcNV

TXPRU NecURVLV FacWRU AOSKa (TNF-Į), a SURWeLQ ZKLcK OeadV WR LQfOaPPaWLRQ LQ WKe bRd\.

PaWLeQWV ZLWK aXWRLPPXQe dLVeaVeV SURdXce WRR PXcK TNF-Į aQd Pa\ WaNe adaOLPXPab WR WUeaW

WKe LQfOaPPaWLRQ (Lee eW aO., 2019). CXUUeQWO\ LQ WKe U.S., adaOLPXPab LV VROeO\ SURdXced b\

AbbVLe XQdeU WKe bUaQd QaPe Rf HXPLUa�. IW LV cRQVLVWeQWO\ WKe WRS JURVVLQJ dUXJ ZLWK $20.4

bLOOLRQ LQ 2020 VaOeV (MLNXOLc, 2021). HRZeYeU, LWV SaWeQW LV e[SLULQJ LQ 2023, VR RWKeU cRPSaQLeV

caQ beJLQ SURdXcLQJ HXPLUa bLRVLPLOaUV VXcK aV WKe RQe beLQJ deVcULbed LQ WKLV UeSRUW (VaLd\a,

2021).

TKe PaQXfacWXULQJ SURceVV deVcULbed LQ WKLV UeSRUW PaNeV XVe Rf cRQWLQXRXV aQd

VLQJOe-XVe WecKQRORJLeV. CRQWLQXRXV SURceVVLQJ LV adYaQWaJeRXV becaXVe LW LQcUeaVeV SOaQW

caSacLW\ aQd ORZeUV RSeUaWLQJ cRVWV aV VWRUaJe QeedV aUe decUeaVed aQd WLWeUV caQ be LQcUeaVed.

AddLWLRQaOO\, LW UeTXLUeV OeVV OabRU, UedXcLQJ WKe cKaQce fRU KXPaQ eUURU. (YaQJ eW aO., 2019).

LLNeZLVe, LPSOePeQWLQJ VLQJOe-XVe WecKQRORJLeV UedXceV OabRU UeTXLUePeQWV b\ decUeaVLQJ WKe

Qeed fRU cOeaQLQJ aQd VWeULOL]aWLRQ Rf VWaLQOeVV VWeeO eTXLSPeQW. FXUWKeUPRUe, aYRLdLQJ WKe cOeaQ

aQd VWeULOL]e-LQ-SOace SURcedXUeV VaYeV WLPe aQd PRQe\. SLQJOe-XVe WecKQRORJLeV aOVR UedXce WKe

ULVN Rf cURVV cRQWaPLQaWLRQ, ZKLcK LV YLWaO LQ WKe bLRSKaUPaceXWLcaO LQdXVWU\ (AICKE, 2019).

WKLOe WKeUe aUe eQYLURQPeQWaO cRQceUQV ZLWK WKe QRQ-UeXVabOe SOaVWLc UeTXLUed fRU VLQJOe-XVe

SURceVVeV, LW UeTXLUeV OeVV ZaWeU aQd caXVWLc cKePLcaOV WKaW ZRXOd be XVed fRU cOeaQLQJ aQd

VWeULOL]aWLRQ (FOaQaJaQ eW aO., 2011).

TKe SURSRVed SURceVV ZLOO SURdXce 60 NJ Rf adaOLPXPab SeU \eaU LQ VL[ caPSaLJQV, eacK

OaVWLQJ 30 da\V. TKLV ZLOO SURYLde eQRXJK dRVeV fRU aSSUR[LPaWeO\ 58,000 SaWLeQWV, aVVXPLQJ WKaW
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aOO SaWLeQWV aUe WaNLQJ a VWaQdaUd dRVe Rf HXPLUa eYeU\ WZR ZeeNV. TKe deVLJQed SURceVV ZLOO

RQO\ UXQ fRU 7 PRQWKV Rf a \eaU, aOORZLQJ WKe VSace WR be XVed fRU RWKeU SURdXcWV WKURXJKRXW WKe

RWKeU SaUW Rf WKe \eaU. TKe fLQaO SURdXcW ZLOO be VROd fRU 30% OeVV WKaQ AbbVLe¶V HXPLUa ZLWK aQ

eVWLPaWed UeYeQXe Rf $3.3 bLOOLRQ SeU \eaU.
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3. InWrodXcWion

3.1 BackgroXnd and MoWiYaWion

DeVSLWe beLQJ XVed b\ OeVV WKaQ 2% Rf APeULcaQV, bLRORJLcV accRXQW fRU aSSUR[LPaWeO\

40% Rf SKaUPaceXWLcaO e[SeQdLWXUeV LQ WKe UQLWed SWaWeV (SaUSaWZaUL eW aO., 2019, S. 92). OQe

UeaVRQ fRU WKe e[SeQVLYe QaWXUe Rf WKeVe dUXJV LV WKe cXUUeQW SaWeQW V\VWeP. CXUUeQWO\, ZKeQ a

cRPSaQ\ dLVcRYeUV a QeZ dUXJ, WKe\ aUe abOe WR SaWeQW WKeLU dLVcRYeU\ fRU XS WR 20 \eaUV (RaM eW

aO., 2015). TKLV SUeYeQWV aQ\ RWKeU cRPSaQ\ fURP SURdXcLQJ RU VeOOLQJ a dUXJ WKaW VeUYeV WKe

VaPe fXQcWLRQ aV WKe RULJLQaO dLVcRYeU\. TKLV OacN Rf cRPSeWLWLRQ aOORZV fRU WKe RULJLQaO cRPSaQ\

WR VeOO WKeLU dUXJ aW aQ e[SeQVLYe, XQcRQWeVWed SULce, ZKLcK LV MXVWLfLed b\ WKe cRPSaQ\ aV WKe cRVW

Rf deYeORSLQJ a QRYeO PedLcLQe. BecaXVe Rf WKLV V\VWeP, a VeOecW feZ cRPSaQLeV aUe abOe WR

dRPLQaWe WKe SKaUPaceXWLcaO LQdXVWU\. HRZeYeU, RQce WKeVe SaWeQWV e[SLUe, RWKeU cRPSaQLeV caQ

LQWURdXce bLRVLPLOaU dUXJV WKaW VeUYe aV aQ aSSUR[LPaWLRQ WR WKe VWUXcWXUe Rf WKe UefeUeQce

cRPSRXQd ZKLOe dePRQVWUaWLQJ QR cOLQLcaOO\ VLJQLfLcaQW dLffeUeQceV LQ TXaOLW\, VafeW\, aQd

effLcac\ (JacRbV eW aO., 2016). BLRVLPLOaUV KaYe a JUeaW SRWeQWLaO WR ORZeU WKe cRVW Rf WKeVe

e[SeQVLYe WKeUaSeXWLcV b\ LQWURdXcLQJ cRPSeWLWLRQ. FRU e[aPSOe, LQ WKe EXURSeaQ UQLRQ,

bLRVLPLOaUV KaYe beeQ fRXQd WR cRVW 30% OeVV WKaQ WKe bUaQd QaPe dUXJ (BOacNVWRQe & FXKU,

2013). IQ facW, WKLV WLPe SeULRd Rf SaWeQWV e[SLULQJ aQd bLRVLPLOaUV beLQJ deYeORSed LV NQRZQ aV

WKe ³SaWeQW cOLff´ aQd RfWeQ UeVXOWV LQ a dUaVWLc dURS LQ UeYeQXe fRU WKe RULJLQaO cRPSaQ\ (RaM eW

aO., 2015).

DXe WR PAb WKeUaSeXWLcV beLQJ UeOaWLYeO\ QeZ WR WKe LQdXVWU\, PaQ\ aUe VWLOO XQdeU SaWeQW

ZLWK RQO\ 11 WKeUaSeXWLcV KaYLQJ beeQ aSSURYed bLRVLPLOaU b\ WKe U.S. FRRd aQd DUXJ

AdPLQLVWUaWLRQ (FDA) (BioVimilaU, 2021). HRZeYeU, WKeUe aUe RYeU 100 aSSURYed PAb

WKeUaSeXWLcV, PeaQLQJ WKaW PaQ\ bLRVLPLOaUV ZLOO VRRQ be eQWeULQJ WKe PaUNeW. AdaOLPXPab LV Rf
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SaUWLcXOaU LQWeUeVW aV LW LV e[WUePeO\ e[SeQVLYe fRU SaWLeQWV. FRU e[aPSOe, LW LV cRQVLVWeQWO\ WKe WRS

JURVVLQJ dUXJ deVSLWe RQO\ beLQJ WKe 152Qd PRVW SUeVcULbed (The Wop 300 dUXgV, 2021; RRZOaQd,

2020). PURSeU WUeaWPeQW UeTXLUeV SaWLeQWV WR UeceLYe a dRVe eYeU\ WZR ZeeNV aQd cRXOd cRVW XS WR

$72,000 SeU \eaU, PaNLQJ LW XQaffRUdabOe fRU PaQ\ SaWLeQWV (CRJKOaQ eW aO., 2021, S.1576;

MLNXOLc, 2021).

AdaOLPXPab ZaV fLUVW aSSURYed b\ WKe FDA LQ 2002 WR WUeaW UKeXPaWRLd aUWKULWLV aQd KaV

VLQce beeQ aSSURYed WR WUeaW RWKeU dLVeaVeV VXcK aV MXYeQLOe LdLRSaWKLc aUWKULWLV, SVRULaWLc aUWKULWLV,

aQN\ORVLQJ VSRQd\OLWLV, CURKQ¶V dLVeaVe, XOceUaWLYe cROLWLV, SOaTXe SVRULaVLV, KLdUadeQLWLV

VXSSXUaWLYa, aQd XYeLWLV (HXmiUa, 2002). AbbVLe¶V SaWeQW ZLOO e[SLUe LQ 2023, aOORZLQJ fRU

bLRVLPLOaUV WR eQWeU WKe PaUNeW (VaLd\a, 2021). CXUUeQWO\, WKeUe aUe 6 adaOLPXPab bLRVLPLOaUV

aSSURYed ZLWK 3 PRUe XQdeU UeYLeZ (MaUkeW, 2021). TKeUefRUe, WKLV SURMecW aLPV WR deVLJQ a

SURceVV WR SURdXce aQ adaOLPXPab bLRVLPLOaU LQ RUdeU WR cRPSeWe ZLWK AbbVLe aQd WKeVe RWKeU

cRPSaQLeV WR KeOS PaNe WKe PedLcLQe PRUe affRUdabOe aQd acceVVLbOe fRU SaWLeQWV. TKe SURSRVed

SURceVV ZLOO be cRQWLQXRXV aQd LPSOePeQW VLQJOe-XVe WecKQRORJLeV ZKeQeYeU SRVVLbOe LQ RUdeU WR

UedXce KXPaQ OabRU QeedV aQd ORZeU RSeUaWLQJ cRVWV.

3.2 Pharmacolog\

TNF-Į LV a QaWXUaOO\ RccXUULQJ c\WRNLQe WKaW LV aQ eVVeQWLaO cRPSRQeQW Rf LQfOaPPaWRU\

aQd LPPXQe UeVSRQVeV. IQ SaWLeQWV ZLWK VXcK aXWRLPPXQe RU LQfOaPPaWRU\ dLVeaVeV aV

UKeXPaWRLd aUWKULWLV, TNF-Į SOa\V a UROe LQ VLJQaOLQJ WKe LPPXQe V\VWeP WR aWWacN KeaOWK\ ceOOV,

OeadLQJ WR SaLQfXO LQfOaPPaWLRQ LQ WKe MRLQWV Rf WKe bRd\. AdaOLPXPab LV a fXOO\ KXPaQ IJG1

PRQRcORQaO aQWLbRd\ WKaW bLQdV VSecLfLcaOO\ WR aQd LQKLbLWV WKe fXQcWLRQ Rf TNF-Į. TKLV bLQdLQJ

SUeYeQWV WKe LQWeUacWLRQ beWZeeQ TNF-Į aQd WKe S55 aQd S75 ceOO VXUface UeceSWRUV, WKeUeb\
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bORcNLQJ LWV c\WRNLQeWLc effecWV aQd UedXcLQJ WKe LQfOaPPaWRU\ UeVSRQVe (MaJQeQaW eW aO., 2016).

FLJXUe 3.2.1 SURYLdeV a YLVXaO UeSUeVeQWaWLRQ Rf WKe PecKaQLVP Rf acWLRQ fRU adaOLPXPab.

FLJXUe 3.2.1. MecKaQLVP Rf AcWLRQ fRU AdaOLPXPab (AdalimXmab OYeUYieZ, 2022)

TKe cRPSaQLeV WKaW KaYe UeceLYed FDA aSSURYaO fRU adaOLPXPab bLRVLPLOaUV KaYe dRQe

VR b\ dePRQVWUaWLQJ WKe SK\VLcRcKePLcaO aQd SKaUPacRORJLcaO VLPLOaULWLeV beWZeeQ WKeLU SURdXcW

aQd WKe UefeUeQce SURdXcW (H\OaQd eW aO., 2016; MaJQeQaW eW aO., 2016; ScKUeLbeU eW aO., 2020). B\

eVWabOLVKLQJ WKeVe VLPLOaULWLeV, WKe bLRVLPLOaU SURdXcW LV eQVXUed WR KaYe WKe VaPe effecW aV WKe

UefeUeQce SURdXcW. A feZ LPSRUWaQW cKaUacWeULVWLcV LQ WKeVe VWXdLeV aUe WKe PROecXOaU ZeLJKW,

aSSUR[LPaWeO\ 150 NDa, aQd WKe LVReOecWULc SRLQW, LQ WKe UaQJe Rf 8.0-9.3 (ScKUeLbeU eW aO., 2020).

3.3 TreaWmenW and DoVage

TKe deVLJQed SURdXcW ZLOO be a 40 PJ dRVe Rf adaOLPXPab, WKe VWaQdaUd HXPLUa dRVaJe

WKaW aQ adXOW SaWLeQW ZRXOd WaNe eYeU\ RWKeU ZeeN. TKe dUXJ ZLOO be adPLQLVWeUed WR WKe SaWLeQW

WKURXJK VXbcXWaQeRXV LQMecWLRQ b\ a SUefLOOed V\ULQJe RU SeQ (HXmiUa, 2002). TKe acWLYe aQd

LQacWLYe LQJUedLeQWV fRU a VWaQdaUd 40 PJ dRVe Rf adaOLPXPab aUe VKRZQ LQ TabOe 3.1 (HUMIRA

(adalimXmab), 2002). TKe fLQaO SURdXcW ZLOO be LQ a O\RSKLOL]ed (fUee]e-dULed) VWaWe, aQd

SKaUPacLVWV aQd KRVSLWaOV ZLOO be UeVSRQVLbOe fRU UecRQVWLWXWLQJ WKe VWaQdaUd 40 PJ dRVe ZLWK 0.8
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PL Rf ZaWeU fRU LQMecWLRQ (WFI). A UeaVRQabOe WaUJeW SXULW\ fRU PAbV LV 99% (MeQdLUaWWa eW aO,

2014). TKe adaOLPXPab VROXWLRQ LV SUeVeUYaWLYe fUee, VKRXOd be UefULJeUaWed beWZeeQ 2 �C  aQd 8

�C, aQd VKRXOd be VKLeOded fURP OLJKW (HXmiUa, 2002).

TabOe 3.3.1
AdaOLPXPab FRUPXOaWLRQ

IngredienWV MaVV (mg)

AdaOLPXPab 40

SRdLXP CKORULde 4.93

MRQRbaVLc SRdLXP PKRVSKaWe DLK\dUaWe 0.69

DLbaVLc SRdLXP PKRVSKaWe DLK\dUaWe 1.22

SRdLXP CLWUaWe 0.24

CLWULc AcLd MRQRK\dUaWe 1.04

MaQQLWRO 9.6

PRO\VRUbaWe 80 0.8

SRdLXP H\dUR[Lde Added WR adMXVW SH WR 5.2

3.4 PlanW CapaciW\

IQ 2019, 553,816 SeRSOe ZeUe eVWLPaWed WR be XVLQJ HXPLUa LQ WKe UQLWed SWaWeV

(AdalimXmab, 2021). HRZeYeU, ZLWK OeVV cRVWO\ bLRVLPLOaUV, LW LV SUedLcWed WKaW PRUe SeRSOe ZLOO

beJLQ bX\LQJ aQd WaNLQJ adaOLPXPab. HLVWRULcaOO\, WKeUe KaV RQO\ beeQ a 2-4% LQcUeaVe LQ

dePaQd fRU PedLcLQe ZLWK WKe addLWLRQ Rf bLRVLPLOaUV (IQVIA IQVWLWXWe, 2020). WLWK a JURZLQJ

WUXVW LQ bLRVLPLOaUV, RXU WeaP LV SUedLcWLQJ WKe addLWLRQ Rf HXPLUa bLRVLPLOaUV ZLOO LQcUeaVe

dePaQd b\ 4%. TKeUefRUe, a SURMecWed  576,000 SeRSOe ZLOO be WaNLQJ HXPLUa RU a bLRVLPLOaU.

TKeUe LV ZLde YaULaWLRQ LQ KRZ PXcK Rf WKe PaUNeW a bLRVLPLOaU ZLOO WaNe XS. IQ EXURSe,

ZKeUe bLRVLPLOaUV KaYe becRPe ZeOO-eVWabOLVKed, WKe\ PaNe XS abRXW 46% Rf WKe PaUNeW fRU

PRQRcORQaO aQWLbRdLeV (CKeQ eW aO., 2021). AddLWLRQaOO\, LQ WKe UQLWed SWaWeV, RQcRORJ\
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bLRVLPLOaUV ZLWKLQ RQe \eaU Rf UeOeaVe KaYe beeQ abOe WR WaNe XS aOPRVW KaOf Rf WKe PaUNeW.

TKeUefRUe, Ze beOLeYe WKaW LW LV a UeaVRQabOe eVWLPaWe fRU aOO adaOLPXPab bLRVLPLOaUV WR WaNe XS

aURXQd 40% Rf WKe PaUNeW RQce WKe\ aUe OaXQcKed.

CXUUeQWO\, WKeUe aUe QLQe cRPSaQLeV ZKLcK KaYe UeacKed VeWWOePeQWV ZLWK AbbVLe WR

PaNe adaOLPXPab bLRVLPLOaUV LQ WKe UQLWed SWaWeV RQce WKe HXPLUa SaWeQW e[SLUeV (JRacKLQ,

2020). IQ EXURSe, WKe WRS 3 adaOLPXPab SURdXcWV cRQWURO 94% Rf WKe PaUNeW, LQcOXdLQJ AbbVLe

(CKeQ eW aO., 2021). TKeUe ZeUe RQO\ 5 adaOLPXPab bLRVLPLOaUV UeOeaVed LQ EXURSe, PeaQLQJ

aSSUR[LPaWeO\ 40% Rf WKe bLRVLPLOaUV KROd a VLJQLfLcaQW PaUNeW VKaUe (AdalimXmab bioVimilaUV,

2020). We ZLOO XVe a VLPLOaU VXcceVV UaWLR aQd aVVXPe fRXU Rf WKe QLQe APeULcaQ bLRVLPLOaUV WaNe

XS a VLJQLfLcaQW SRUWLRQ Rf WKLV PaUNeW. OXU SURdXcW ZLOO WKeQ aLP WR WaNe XS 10% Rf WKe WRWaO

576,000 SeRSOe WaNLQJ adaOLPXPab. AddLWLRQaOO\, ZLWK WKe aVVXPSWLRQ WKaW PRVW SaWLeQWV aUe

WaNLQJ a dRVaJe Rf 40 PJ eYeU\ RWKeU ZeeN, WKe PaVV WKaW Ze ZaQW WR JeQeUaWe eYeU\ \eaU caQ be

caOcXOaWed WR be 60 NJ. AVVXPLQJ 6 caPSaLJQV OaVWLQJ 30 da\V caQ RccXU SeU \eaU, WKLV SURceVV

ZLOO SURdXce 10 NJ SeU caPSaLJQ. TKeUefRUe, WKLV SURceVV ZLOO RQO\ be UXQ fRU 7 PRQWKV Rf WKe

\eaU. WKLOe WKLV LV a VWaUWLQJ SRLQW fRU RXU SURceVV, LW LV OLNeO\ WKaW aV PRUe bLRVLPLOaUV becRPe

aYaLOabOe, PRUe SaWLeQWV ZLOO beJLQ WaNLQJ adaOLPXPab aQd Ze ZLOO VeOO PRUe dRVeV. B\ RQO\

UXQQLQJ fRU 7 PRQWKV, RXU SOaQW KaV WKe caSacLW\ WR SURdXce PRUe adaOLPXPab LQ WKe fXWXUe b\

addLQJ PRUe caPSaLJQ
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4. DiVcXVVion

4.1 UpVWream ProceVV

FLJXUe 4.1.1 VXPPaUL]eV WKe XSVWUeaP SURceVVLQJ Rf adaOLPXPab. TKe SURSRVed SURceVV

LPSOePeQWV VLQJOe-XVe WecKQRORJLeV aQd LV RSeUaWed aW 33 �C. TKe fLQaO SURdXcW ZLOO be a VROXWLRQ

Rf adaOLPXPab, ceOO debULV, aQd OefWRYeU VXbVWUaWe WKaW ZLOO be SXULfLed LQ WKe dRZQVWUeaP SURceVV

deWaLOed LQ VecWLRQ 4.2. TKLV SURceVV SURdXceV 12.8 NJ Rf adaOLPXPab SeU caPSaLJQ.

FLJXUe 4.1.1. OYeUaOO USVWUeaP PURceVV FORZ DLaJUaP

4.1.1 Cell Line AcqXiViWion and Media SelecWion

CKLQeVe HaPVWeU OYaU\ (CHO) ceOOV aUe WKe LQdXVWU\ VWaQdaUd fRU WKe SURdXcWLRQ Rf

bLRWKeUaSeXWLcV dXe WR WKeLU abLOLW\ WR fROd, PRdLf\, aQd e[cUeWe SURWeLQV. WLWK SaUWLcXOaU JeQeWLc

PRdLfLcaWLRQV, WKe\ caQ be VeOecWLYeO\ WaLORUed WR SURdXce SURWeLQ aQd aQWLbRdLeV WKaW caQ

VXbVeTXeQWO\ be XVed WR WUeaW a ZLde YaULeW\ Rf dLVeaVeV. SL[ cRPSaQLeV KaYe deYeORSed XQLTXe

SaUeQW ceOO OLQeV WKURXJK JeQeWLc PRdLfLcaWLRQV WR SURdXce aQWLbRdLeV WKaW VKRZ SK\VLRORJLcaO aQd

SKaUPacRORJLcaO bLRVLPLOaULW\ WR AbbVLe¶V adaOLPXPab (H\OaQd eW aO., 2016). SLQce WKeVe

bLRVLPLOaUV KaYe UeceLYed WKe UeTXLUed UeJXOaWRU\ aSSURYaO fURP WKe FDA, RXU deVLJQ ZLOO be

fXQcWLRQaO fRU a PaVWeU ceOO baQN fURP aQ\ RQe Rf WKeVe bLRVLPLOaUV. TKe ceOO baQN ZLOO be

dLVWULbXWed aQd VWRUed LQ 4.5 PL YLaOV, eacK aW a cRQceQWUaWLRQ Rf 50î106 ceOOV/PL. TKeVe KLJK

deQVLW\ YLaOV aOORZ fRU a VLJQLfLcaQW UedXcWLRQ LQ VcaOe-XS WLPe aQd OabRU WKaQ WUadLWLRQaO ORZeU
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deQVLW\ YLaOV ZKLOe VWLOO PeeWLQJ GMP UeTXLUePeQWV (C\WLYa, 2020f). TKe ceOOV ZLOO be VWRUed aW

-86 deJUeeV CeOVLXV LQ a VIP ECO MRdeO MDF-DU702VH-PA FUee]eU (PHCBL, 2021). BefRUe

ceOOV caQ be JURZQ LQ WKe LQRcXOXP WUaLQ, WKe\ PXVW be WKaZed. TKLV ZLOO be dRQe ZLWK WKe

TKeUPR FLVKeU PUecLVLRQ GP 02 ZaWeU baWK, ZKLcK KaV 2L Rf ZaWeU aQd KaV a WePSeUaWXUe UaQJe

Rf URRP WePSeUaWXUe WR 100 deJUeeV C (TKeUPR FLVKeU ScLeQWLfLc, 2022).

4.1.2 InocXlXm Train

IQ RUdeU WR SUeSaUe WKe LQLWLaO ceOO baQN fRU RSeUaWLRQ LQ a SeUfXVLRQ bLRUeacWRU, WKe V\VWeP

PXVW be VcaOed WR WKe UeTXLUed ZRUNLQJ YROXPe. TR PRdeO WKLV SURceVV, T\Se I feUPeQWaWLRQ aQd

MRQRd NLQeWLcV ZeUe aVVXPed. IQ T\Se I feUPeQWaWLRQ, LW LV aVVXPed WKaW WKe SURWeLQ SURdXcWLRQ

UaWe LV dLUecWO\ UeOaWed WR aQd deSeQdeQW RQ ceOO JURZWK (PUSLcK, 2021c). TKe MRQRd eTXaWLRQ

(ETXaWLRQ 4.1.1) VKRZV WKe UeOaWLRQVKLS beWZeeQ WKe VSecLfLc JURZWK UaWe, 𝜇, Rf a PLcURRUJaQLVP

aQd WKe cRQceQWUaWLRQ Rf VXbVWUaWe SUeVeQW, S. 𝜇Pa[ LV WKe Pa[LPXP YaOXe Rf WKe VSecLfLc JURZWK

UaWe UeacKed LQ WKe e[SRQeQWLaO SKaVe, aQd KV LV WKe PRQRd VaWXUaWLRQ cRQVWaQW ZKLcK deVcULbeV

WKe cRQceQWUaWLRQ aW ZKLcK WKe VSecLfLc JURZWK UaWe KaV UeacKed KaOf Rf LWV Pa[LPXP YaOXe, RU

RQe KaOf Rf 𝜇Pa[.

µ ࡦ
µ

Օ𝑎ՠ
𝑆

𝐾
՛
𝑆

ETXaWLRQ 4.1.1. TKe MRQRd ETXaWLRQ fRU CeOO SSecLfLc GURZWK RaWe

TKe NLQeWLc YaOXeV XVed ZeUe deWeUPLQed LQ a VWXd\ LQYROYLQJ UecRPbLQaQW CHO ceOOV

SURdXcLQJ LQfOL[LPab (LySe]-Me]a, 2016). IQfOL[LPab, OLNe adaOLPXPab, LV aQ IJG PRQRcORQaO

aQWLbRd\. SLQce LW LV RQO\ 1 NDa OeVV LQ PROecXOaU ZeLJKW WKaQ adaOLPXPab, WKe NLQeWLc

SaUaPeWeUV fRXQd LQ WKLV VWXd\ caQ be XVed fRU WKLV SURceVV aQd aUe VKRZQ LQ TabOe 4.1.1. TKeVe

SaUaPeWeUV ZeUe fRXQd XVLQJ JOXcRVe aV a VXbVWUaWe, aQd WKeUefRUe JOXcRVe ZaV XVed aV WKe

SULPaU\ VXbVWUaWe LQ VXbVeTXeQW caOcXOaWLRQV.
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TabOe 4.1.1
KLQeWLc CRQVWaQWV UVed fRU FeUPeQWaWLRQ CaOcXOaWLRQV

𝜇ma[ KV YX/S YP/S

0.04 K-1 0.664 J/L 1.436 J/J 0.25 J/J

TR beJLQ WKe LQRcXOXP WUaLQ, RQe KLJK deQVLW\ ceOO YLaO ZLOO be WKaZed LQ 1 L Rf cXOWXUe

PedLa WR a WePSeUaWXUe Rf 33�C aQd SOaced LQWR WKe Read\TRPURceVV WAVE 25 RRcNeU ReacWRU

SURdXced b\ C\WLYa (C\WLYa, 2022J). TKLV UeacWRU LV VLQJOe-XVe aQd LV abOe WR RSeUaWe LQ a PedLa

addLWLRQ PRde ZLWK ZRUNLQJ YROXPeV XS WR 25 L. IW ZLOO be eTXLSSed ZLWK a cRPSaWLbOe 20 L

VLQJOe-XVe ceOObaJ. TZR ZLOO be SXUcKaVed WR eQVXUe WKaW WKeUe LV a bacNXS UeacWRU aYaLOabOe Lf

Qeeded. MedLa ZLOO be added WR WKe UeacWRU LQ a fed-baWcK RSeUaWLRQ XQWLO WKe V\VWeP UeacKeV a

WRWaO YROXPe Rf 20 L. Fed-baWcK ZaV fRXQd WR be adYaQWaJeRXV WR baWcK fRU WKLV LQLWLaO VcaOe-XS

VWeS becaXVe Rf LWV WeQdeQc\ WR \LeOd KLJKeU WLWeU aQd UedXce RYeUaOO PaQXfacWXULQJ cRVWV (XX eW

aO., 2020). TKe YROXPe, ceOO, VXbVWUaWe, aQd SURdXcW baOaQceV aUe VKRZQ LQ ETXaWLRQV 4.1.2-5

ZKeUe V LV YROXPe, X LV cRQceQWUaWLRQ Rf CHO ceOOV, S LV cRQceQWUaWLRQ Rf JOXcRVe, P LV WKe

cRQceQWUaWLRQ Rf adaOLPXPab, aQd F LV WKe fORZ UaWe Rf ceOO PedLa LQWR WKe ZaYe UeacWRU.

𝑑𝑉
𝑑՜ ࡦ 𝐹

ETXaWLRQ 4.1.2. CKaQJe LQ VROXPe LQ Fed-BaWcK ReacWRU
𝑑𝑋
𝑑՜ ࡦ ഈµ ࡠ 𝐹

𝑉 ഉ𝑋
ETXaWLRQ 4.1.3. CKaQJe LQ CeOO CRQceQWUaWLRQ LQ Fed-BaWcK ReacWRU

𝑑𝑆
𝑑՜ ࡦ 𝐹

𝑉 ഈ𝑆
0

ࡠ 𝑆ഉ ࡠ µ𝑋
𝑌

𝑋/𝑆

ETXaWLRQ 4.1.4. CKaQJe LQ SXbVWUaWe CRQceQWUaWLRQ LQ Fed-BaWcK ReacWRU
𝑑𝑃
𝑑՜ ࡦ µ𝑋

𝑌
𝑋/𝑃

ࡠ 𝐹
𝑉 𝑃

ETXaWLRQ 4.1.5. CKaQJe LQ PURdXcW CRQceQWUaWLRQ LQ Fed-BaWcK ReacWRU

ETXaWLRQV 4.1.2-5 ZeUe VROYed LQ MATLAB fRU dLffeUeQW LQOeW fORZ UaWeV. TKe LQOeW fORZ

UaWe deWeUPLQeV WKe dXUaWLRQ Rf WKe fed-baWcK RSeUaWLRQ. FLJXUe 4.1.2 VKRZV WKe fLQaO ceOO

cRQceQWUaWLRQ WKaW LV acKLeYed aV a fXQcWLRQ Rf fed-baWcK dXUaWLRQ. AV VKRZQ LQ WKe fLJXUe,
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RSeUaWLQJ fRU JUeaWeU WKaQ 190 KRXUV dReV QRW VLJQLfLcaQWO\ LQcUeaVe WKe ceOO cRQceQWUaWLRQ.

TKeUefRUe, 0.1 L/K ZaV cKRVeQ WR be WKe RSWLPaO feed fORZ UaWe aQd UeVXOWV LQ a fLQaO ceOO,

VXbVWUaWe, aQd SURdXcW cRQceQWUaWLRQV Rf 8.50, 0.10, aQd 1.48 J/L UeVSecWLYeO\. IQ WKe fXWXUe, WKe

ORZ VXbVWUaWe cRQceQWUaWLRQ VKRXOd be VWXdLed WR eQVXUe WKaW WKe CHO ceOOV dR QRW VWaUYe. CeOO

VWaUYaWLRQ LV a cRQceUQ becaXVe WKe ceOOV cRXOd XVe adaOLPXPab aV a QXWULeQW VRXUce RU WKe\ cRXOd

dLe, UedXcLQJ ceOO aQd SURdXcW cRQceQWUaWLRQ.

FLJXUe 4.1.2. CeOO CRQceQWUaWLRQ AcKLeYed aW VaULRXV Fed-BaWcK OSeUaWLRQ TLPeV

TKe VROXWLRQ ZLOO WKeQ XQdeUJR WKUee VXbVeTXeQW baWcK SURceVVeV aW 50, 200, aQd 500 L.

TKeVe baWcK SURceVVeV ZLOO be SeUfRUPed LQ C\WLYa¶V XceOOeUe[ XDR VLQJOe-XVe bLRUeacWRUV ZLWK

WKe 50 L baWcK SURceVV beLQJ SeUfRUPed LQ a 50 L UeacWRU aQd WKe 200 aQd 500 L baWcK SURceVV

beLQJ SeUfRUPed LQ a 500 L UeacWRU. TZR 50 L aQd WKUee 500 L UeacWRUV ZLOO be SXUcKaVed. TKLV

ZLOO aOORZ fRU WKe LQRcXOXP WUaLQ WR beJLQ ZKLOe aQRWKeU caPSaLJQ LV LQ SeUfXVLRQ PRde, aQd LW

ZLOO eQVXUe WKaW WKeUe LV a bacNXS UeacWRU aYaLOabOe Lf Qeeded. BaWcK SURceVVeV ZeUe cKRVeQ aV LW

aOORZV fRU a KLJKeU JURZWK UaWe WKaQ fed-baWcK (PUSLcK, 2021b).
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FRU eacK VWeS, ceOO PedLa ZLOO be added XQWLO WKe deVLUed fLQaO YROXPe LV UeacKed.

AddLWLRQaOO\, VROLd JOXcRVe ZLOO be added WR bULQJ WKe JOXcRVe cRQceQWUaWLRQ WR 6 J/L, WKe LQLWLaO

cRQceQWUaWLRQ Rf WKe PedLa. TKe SURceVV ZLOO WKeQ be aOORZed WR UXQ XQWLO WKe JOXcRVe

cRQceQWUaWLRQ dURSV WR 2 J/L. CRQceQWUaWLRQV beORZ 2 J/L ZeUe VKRZQ b\ LySe]-Me]a WR caXVe a

VLJQLfLcaQW decUeaVe LQ ceOO JURZWK aQd Pa[LPXP ceOO deQVLW\. AfWeU WKe 500 L baWcK SURceVV LV

cRPSOeWed, WKe UeacWRU ZLOO be VeW WR SeUfXVLRQ PRde. ETXaWLRQV 4.1.6-8 VKRZ WKe ceOO, VXbVWUaWe,

aQd SURdXcW baOaQceV fRU WKe baWcK SURceVVeV ZKeUe WKe YaULabOeV aUe WKe VaPe aV LQ WKe fed-baWcK

SURceVV abRYe.

𝑑𝑋
𝑑՜ ࡦ µ𝑋

ETXaWLRQ 4.1.6. CKaQJe LQ CeOO CRQceQWUaWLRQ LQ BaWcK ReacWRU

𝑑𝑆
𝑑՜ ࡠࡦ µ𝑋

𝑌
𝑋/𝑆

ETXaWLRQ 4.1.7. CKaQJe LQ SXbVWUaWe CRQceQWUaWLRQ LQ BaWcK ReacWRU

𝑑𝑃
𝑑՜ ࡦ µ𝑋

𝑌
𝑋/𝑃

ETXaWLRQ 4.1.8. CKaQJe LQ PURdXcW CRQceQWUaWLRQ LQ BaWcK ReacWRU

TKe eTXaWLRQV VKRZQ abRYe ZeUe PRdeOed LQ E[ceO. FURP WKe daWa, afWeU aSSUR[LPaWeO\

286 KRXUV, WKe ceOO, VXbVWUaWe, aQd SURdXcW cRQceQWUaWLRQV LQ WKe bLRUeacWRU aW WKe VWaUW Rf

SeUfXVLRQ RSeUaWLRQ ZLOO be 8.96, 2.00, aQd 1.56 J/L. TabOe 4.1.2 VXPPaUL]eV WKe baWcK SURceVVeV

e[SOaLQed abRYe. FLJXUe 4.1.3 VKRZV WKe ceOO, VXbVWUaWe, aQd SURdXcW cRQceQWUaWLRQV aV a fXQcWLRQ

Rf WLPe fRU WKe eQWLUe LQRcXOXP WUaLQ.
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TabOe 4.1.2

OYeUYLeZ Rf BaWcK PURceVV LQ IQRcXOXP TUaLQ

BaWch
VolXme (L)

VolXme of
Media

Added (L)

MaVV of
GlXcoVe

Added (g)

Time of
BaWch (h)

MaWerial SWarWing
ConcenWraWio

n (g/L)

Final
ConcenWraWio

n (g/L)

50 30 298.1 29 CeOO
PURdXcW

3.40
0.59

9.14
1.59

200 150 1100 36.7 CeOO
PURdXcW

2.29
0.40

8.03
1.40

500 300 2600 30 CeOO
PURdXcW

3.21
0.56

8.96
1.56

FLJXUe 4.1.3. IQRcXOXP TUaLQ CeOO, SXbVWUaWe, aQd PURdXcW CRQceQWUaWLRQ aV a FXQcWLRQ Rf TLPe

4.1.3 PerfXVion BioreacWor

PeUfXVLRQ RSeUaWLRQ ZaV cKRVeQ RYeU baWcK aQd fed-baWcK RSeUaWLRQ aV ceOOV caQ be

PaLQWaLQed LQ WKe e[SRQeQWLaO JURZWK SKaVe fRU ORQJeU aQd WKeUefRUe KLJKeU ceOO deQVLWLeV caQ be

UeacKed (C\WLYa, 2020f). TKe SeUfXVLRQ bLRUeacWRU WKaW ZaV VeOecWed ZaV a 500 L C\WLYa'V

XceOOeUe[ XDR VLQJOe-XVe VWLUUed WaQN bLRUeacWRU. AV SUeYLRXVO\ PeQWLRQed, WKUee Rf WKeVe

bLRUeacWRUV ZLOO be SXUcKaVed VR WKaW WKe baWcK VcaOe XS aQd SeUfXVLRQ caQ RccXU VLPXOWaQeRXVO\
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ZKLOe a WKLUd LV aYaLOabOe aV a bacNXS LQ caVe WKeUe LV LVVXe ZLWK eLWKeU Rf WKe RWKeU bLRUeacWRUV.

TKLV bLRUeacWRU ZaV VeOecWed dXe WR WKe PXOWLSOe feaWXUeV. TKe XDR bLRUeacWRU LV VLQJOe-XVe,

XWLOL]LQJ dLVSRVabOe baJV aQd LPSeOOeUV ZKLcK caQ be XWLOL]ed fRU eacK caPSaLJQ aQd WKeQ

dLVSRVed Rf afWeU. TKLV ZLOO eQVXUe WKaW WKe bLRUeacWRU LV VWeULOe aW WKe beJLQQLQJ Rf eacK caPSaLJQ,

aV ZeOO aV PLQLPL]LQJ WKe WLPe aQd OabRU UeTXLUed fRU cOeaQLQJ aQd VWeULOL]aWLRQ beWZeeQ

caPSaLJQV. TKLV bLRUeacWRU LV cRPPRQO\ XVed LQ LQdXVWU\ aV LW LV UeOLabOe aQd XWLOL]eV a

cRQfLJXUabOe deVLJQ LQ RUdeU WR RSWLPL]e aQd SURceVV. TKe dLPeQVLRQV Rf WKe bLRUeacWRU aUe

VXPPaUL]ed LQ FLJXUe 4.1.4.

FLJXUe 4.1.4. PeUfXVLRQ BLRUeacWRU DLPeQVLRQV

PeUfXVLRQ caPSaLJQV ZLOO be UXQ fRU 30 da\V ZKeUe SURdXcW ZLOO be cRQWLQXRXVO\ cROOecWed

fURP WKe UeacWRU. TKLV OeQJWK ZLOO aOORZ fRU ceOOV WR be cRQWLQXRXVO\ JURZQ ZKLOe WKe SRWeQWLaO fRU

cRQWaPLQaWLRQ LV PLQLPL]ed.

TKe deVLJQ Rf aeURbLc bLRUeacWRUV LQYROYeV PaQ\ facWRUV ZKLcK PXVW be caUefXOO\

cRQVLdeUed aQd cRQWUROOed WKURXJKRXW WKe SeUfXVLRQ caPSaLJQ. AQ\ Rf VXcK UeacWRUV UeTXLUeV WKe

RSWLPL]aWLRQ Rf PL[LQJ aQd aJLWaWLRQ, aeUaWLRQ, aQd JeRPeWU\ WR VaWLVf\ WKe dePaQd fRU R[\JeQ

WUaQVfeU WR WKe ceOOV. A PaWKePaWLcaO PRdeO Rf WKe UeacWRU cRQdLWLRQV LQdLcaWeV WKaW WKe R[\JeQ

XSWaNe UaWe (OUR) VKRXOd be eTXaO WR WKe R[\JeQ WUaQVfeU UaWe (OTR). TKLV UeOaWLRQVKLS LV
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defLQed LQ eTXaWLRQ 4.1.9, ZKeUe WKe fLUVW bUacNeWed WeUP LQ WKLV eTXaWLRQ UeSUeVeQWV WKe R[\JeQ

WUaQVfeU UaWe aQd WKe VecRQd bUacNeWed WeUP UeSUeVeQWV WKe R[\JeQ XSWaNe UaWe.

𝑑𝐶
𝑂2

𝑑՜ ࡦ 𝑘
𝐿
𝑎 𝐶

𝑂2
* ࡠ 𝐶

𝑂2ഈ ഉ⎡⎢⎣
⎤⎥⎦ ࡠ 1

𝑌
𝑋/𝑂2

µ𝑋⎡⎢⎣
⎤⎥⎦

ETXaWLRQ 4.1.9. CKaQJe LQ R[\JeQ cRQceQWUaWLRQ RYeU WLPe

CO2
* LV WKe VaWXUaWLRQ cRQVWaQW, YX/O2 LV WKe R[\JeQ \LeOd cReffLcLeQW, CO2 LV WKe

cRQceQWUaWLRQ Rf R[\JeQ, aQd X LV WKe cRQceQWUaWLRQ Rf ceOOV. TKe WeUP NLa V\PbROL]eV WKe R[\JeQ

WUaQVfeU cReffLcLeQW aQd LV Rf YLWaO LPSRUWaQce WR bLRUeacWRU deVLJQ. SLQce WKe cKaQJe LQ CO2 PXVW

UePaLQ cRQVWaQW WKURXJKRXW RSeUaWLRQ, Ze caQ VLPSOLf\ eTXaWLRQ 4.1.9 LQWR eTXaWLRQ 4.1.10,

ZKeUe QO2 LV WKe VSecLfLc R[\JeQ dePaQd, RU ȝ dLYLded b\ YX/O2. TKe YaOXe Rf QO2 aQd CO2 ZeUe

caOcXOaWed WKURXJK daWa fRXQd LQ OLWeUaWXUe RQ WKe eVWLPaWLRQ Rf R[\JeQ XSWaNe LQ PaPPaOLaQ ceOO

cXOWXUe (GRXdaU, PLUeW, & KRQVWaQWLQRY; 2011).

՜𝑎՚𝑔𝑒՜ 𝑘
𝐿
𝑎 ࡦ

𝑄
𝑂2

𝑋

𝐶
𝑂2
* 𝐶ࡠ

𝑂2

 

ETXaWLRQ 4.1.10.  DefLQLWLRQ Rf WKe WaUJeW NLa

TKLV eTXaWLRQ aOVR UeVXOWV LQ CO2 becRPLQJ WKe cULWLcaO dLVVROYed R[\JeQ OeYeO, RU CcULW.

TKLV VLPSOLfLcaWLRQ aOORZV fRU WKe caOcXOaWLRQ Rf WKe NLa UeTXLUed WR VXSSRUW WKe Pa[LPXP UaWe Rf

R[\JeQ XSWaNe, WKXV deVLJQaWLQJ WKe WaUJeW Ze PXVW acKLeYe ZLWK WKe PL[LQJ, aJLWaWLRQ, aQd

aeUaWLRQ caOcXOaWLRQV. TKe cRQVWaQW SaUaPeWeUV XVed aQd WKe UeVXOWV Rf WKeVe caOcXOaWLRQV aUe

VXPPaUL]ed LQ WabOe 4.1.3.
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TabOe 4.1.3
CaOcXOaWLRQ Rf TaUJeW NLa fRU PeUfXVLRQ BLRUeacWRU DeVLJQ

ParameWer ValXe (XniWV)

X 8.956 J/L

CO2
* 7.2 PJ/L

CcULW 1.432 PJ/L

QO2 0.0865 PPRO O2 / (J X î K)

TaUJeW NLa 4.3 K-1

WLWK WaUJeW NLa defLQed, Ze SURceed WR PL[LQJ, aJLWaWLRQ, aQd aeUaWLRQ caOcXOaWLRQV. TKe

dLPeQVLRQV Rf WKe VeOecWed bLRUeacWRU, aW a 500 L ZRUNLQJ YROXPe, JLYe a WaQN dLaPeWeU, DW, aQd

OLTXLd KeLJKW, HL, Rf 0.750 PeWeUV. TKe dLaPeWeU Rf WKe LPSeOOeU, DL, LV 0.263 PeWeUV, aQd WKe

cURVV-VecWLRQaO aUea Rf WKe WaQN LV caOcXOaWed WR be 0.442 P2. FRU aJLWaWLRQ aQd aeUaWLRQ, Ze

VeOecWed aQ LPSeOOeU VSeed, N, Rf 200 RPM aQd a QJ Rf 0.002 YYP. QJ LV WKe aeUaWLRQ UaWe, a YaOXe

W\SLcaOO\ UeSRUWed LQ YYP aV LW LV a PeaVXUe Rf aLU fORZ ZLWK UeVSecW WR UeacWRU YROXPe. TKeUe aUe

a QXPbeU Rf PRdeOV WKaW deVcULbe NLa LQ WeUPV Rf QJ, V, DW, aQd WKe VXSeUfLcLaO YeORcLW\, YV. IQ RXU

caOcXOaWLRQV, Ze XVe WKe PRdeO JLYeQ b\ eTXaWLRQ 4.1.11 (PUSLcK, 2021d).

𝑘
𝐿
𝑎 ࡦ 0.0333

𝐷
՜
4

𝑃
𝑔

𝑉ഈ ഉ0.541

𝑄
𝑔

0.541

𝐷
՜

ETXaWLRQ 4.1.11. PUedLcWLYe MRdeO fRU NLa

TKe UePaLQLQJ XQNQRZQ LQ WKLV PRdeO LV PJ, RU WKe WRWaO SRZeU LQSXW UeTXLUed fRU WKe

V\VWeP. TKe SRZeU QXPbeU aQd aeUaWLRQ QXPbeU, NP aQd Na, UeVSecWLYeO\, aUe QeceVVaU\ WR

caOcXOaWe PJ. TKe PaQXfacWXUeU Rf RXU bLRUeacWRU V\VWeP SURYLdeV NP aV 1.15, ZKLcK WKeQ UeVXOWV

LQ a YaOXe Rf 52.8 W fRU P, baVed RQ eTXaWLRQ 4.1.12, ZKeUe ⍴ LV WKe fOXLd deQVLW\.
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𝑃
ρ𝑁3𝐷

𝑖
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ETXaWLRQ 4.1.12. PRZeU CRQVXPSWLRQ

TKe aeUaWLRQ QXPbeU LV caOcXOaWed XVLQJ QJ, N, aQd DL, aQd WKeQ LPPedLaWeO\ XVed WKe

UeOeYaQW cRUUeOaWLRQV WR deWeUPLQe a YaOXe Rf 0.99 fRU PJ/P. TKLV LPPedLaWeO\ UeVXOWV LQ WKe

caOcXOaWLRQ Rf PJ WR a YaOXe Rf 49.8 W, ZKLcK LV WKe WRWaO SRZeU LQSXW UeTXLUed fRU WKe SeUfXVLRQ

V\VWeP. IQSXWWLQJ WKLV YaOXe LQWR WKe NLa PRdeO, Ze caOcXOaWe NLa aV 4.7 K-1, ZKLcK LV ZLWKLQ WKe

JeQeUaO UeTXLUePeQW fRU WKe NLa WR be ZLWKLQ 10% Rf WKe WaUJeW YaOXe.

WLWK RXU bLRUeacWRU deVLJQ VSecLfLcaWLRQV cRPSOeWe, Ze PXVW cKecN ceUWaLQ SaUaPeWeUV

aJaLQVW JeQeUaO UXOeV Rf WKXPb fRU bLRUeacWRU deVLJQ. TKe cRPSaULVRQ Rf RXU deVLJQ caOcXOaWLRQV

YeUVXV eacK Rf WKeVe UXOeV LV JLYeQ LQ WabOe 4.1.4. NRWe WKaW ȞV UeSUeVeQWV WKe VXSeUfLcLaO YeORcLW\.

SLQce aOO Rf RXU VSecLfLcaWLRQV VaWLVf\ WKeVe UXOeV, Ze aUe abOe WR PRYe RQ aQd VROYe WKe PaWeULaO

baOaQceV.

TabOe 4.1.4
GeQeUaO RXOeV Rf TKXPb fRU BLRUeacWRU DeVLJQ

RXle ReqXiremenW DeVign ValXe AgreemenW

AYRLd SOXJJLQJ ν
՛

ࡦ
𝑄

𝑔

𝐴
՜

ࡩ 125 Օ/ℎ 0.14 P/K YeV

AYRLd FORRdLQJ
𝑄

𝑔
 0. 6

𝐷
𝑖
5𝑁2

𝐷
՜
1.5ഈ ഉ 1. 6 ࡣ 5ࡠ10  0. 0128

XQLWV = P3/V
YeV

NXPbeU Rf IPSeOOeUV 𝐻
𝐿
𝐷ࡠ

𝑖

𝐷
𝑖

 Ֆ
𝑖


𝐻

𝐿
2𝐷ࡠ

𝑖

𝐷
𝑖

1. 9  1  0. 9 YeV

SXffLcLeQW SKeaU π𝑁𝐷
𝑖

ࡪ 2. 5 Օ/՛ 2.749 P/V YeV

EQeUJ\ IQSXW 𝑃
𝑔

𝑉 ࡩ 15, 000 𝑊/Օ3 99.6 W/P3 YeV

WKeQ WKeVe UeacWRU cRQdLWLRQV aUe WaNeQ LQWR accRXQW, LW becRPeV SRVVLbOe WR VROYe WKe

PaWeULaO baOaQceV VXUURXQdLQJ WKe UeacWRU. TKe UeacWRU fXQcWLRQV aW VWead\ VWaWe aV fUeVK PedLa
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eQWeUV WKe UeacWRU aQd ceOOV aQd VSeQW PedLa OeaYe WR JR WKURXJK TFF. CeOOV dR QRW SaVV WKURXJK

WKe TFF PePbUaQe aQd aUe eLWKeU SXUJed fURP WKe UeacWRU WR PaLQWaLQ aQ eTXLOLbULXP aPRXQW Rf

ceOOV LQ WKe UeacWRU, RU Uec\cOed bacN LQWR WKe UeacWRU. TKe TFF SeUPeaWe cRQVLVWV Rf a VPaOO

aPRXQW Rf ceOO debULV aORQJ ZLWK WKe PAb SURdXcW WR be fXUWKeU SURceVVed LQ WKe fROORZLQJ VWeSV.

WKeQ eYaOXaWLQJ WKe NLQeWLcV Rf WKLV cRQWLQXRXV bLRUeacWRU ZLWK Uec\cOe, LW LV LPSRUWaQW WR

NeeS LQ PLQd WKe dLOXWLRQ UaWe, RU D, ZKLcK LV defLQed aV WKe fORZ LQWR WKe UeacWRU dLYLded b\ WKe

YROXPe Rf WKe UeacWRU.

𝐷 ࡦ  
𝐹

0

𝑉

ETXaWLRQ 4.1.13. DLOXWLRQ UaWe

TKe dLOXWLRQ UaWe KaV a OaUJe effecW RQ WKe aPRXQW Rf ceOOV SURdXced aORQJ ZLWK WKe

cRQVXPSWLRQ Rf VXbVWUaWe. AVVXPLQJ WKaW WKe aPRXQW Rf ceOOV SURdXced (defLQed b\ DX) LV

SURSRUWLRQaO WR WKe aPRXQW Rf SURdXcW SURdXced, WKe JRaO LV WR Pa[LPL]e SURdXcWLYLW\. TKLV caQ

be acKLeYed b\ cUeaWLQJ a PRdeO ZLWK WKe MRQRd eTXaWLRQV fRU a cRQWLQXRXV bLRUeacWRU ZLWK

Uec\cOe (PUSLcK, 2021a).

𝐷 ࡦ
µ

Օ𝑎ՠ
𝑆

ഈ𝐾
𝑆
1ഉഉࡠ𝑎ഈ𝑏ࡠ𝑆ഉഈ1

ETXaWLRQ 4.1.14. DefLQLWLRQ Rf WKe dLOXWLRQ UaWe aV deSeQdeQW RQ VXbVWUaWe cRQVXPSWLRQ aQd NLQeWLc YaULabOeV

𝑆 ࡦ
𝐷𝐾

՛
ഈ1ࡠ𝑎ഈ𝑏1ࡠഉഉ

µ
Օ𝑎ՠ

1ഉഉࡠ𝑎ഈ𝑏ࡠ𝐷ഈ1ࡠ

ETXaWLRQ 4.1.15 KLQeWLc eTXaWLRQ WR deVcULbe WKe VXbVWUaWe LQ WKe bLRUeacWRU baVed RQ D, Uec\cOe UaWLR, aQd
cRQceQWUaWLRQ facWRU

𝑋 ࡦ 𝑌
ՠ/՛

ഈ𝑆
0

ࡠ 𝑆ഉ
ETXaWLRQ 4.1.16. CeOO JURZWK, defLQed b\ VXbVWUaWe cRQVXPSWLRQ aQd WKe \LeOd Rf ceOOV SeU aPRXQW Rf VXbVWUaWe

cRQVXPed

𝑏 ࡦ
𝑋

՚

𝑋
1

 ,  𝑎 ࡦ
𝐹

՚

𝐹
0

ETXaWLRQ 4.1.17. DefLQLWLRQV Rf WKe cRQceQWUaWLRQ facWRU (b) aQd Uec\cOe UaWLR (a)
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UVLQJ eTXaWLRQV 4.1.14 WR 4.1.17 aQd WKe NQRZQ YaULabOeV LQ RXU V\VWeP, Ze XWLOL]ed

MATLAB WR cUeaWe a PRdeO Rf RXU V\VWeP ZKLcK caQ be VeeQ LQ FLJXUe 4.1.5. IQ WKLV fLJXUe, LW caQ

be VeeQ WKaW WKe DX cXUYe UeacKeV a Pa[LPXP aW DRSW = 0.042 K-1 aQd WKaW LW cURVVeV WKe [-a[LV aW

DZaVKRXW = 0.055 K-1. WKeQ deWeUPLQLQJ ZKaW dLOXWLRQ UaWe WR UXQ aW, LW LV LPSRUWaQW WR QRW UXQ

abRYe DRSW LQ RUdeU WR aYRLd ZaVKRXW, ZKLcK RccXUV aW DZaVKRXW. TKeUefRUe, Ze cKRVe WR UXQ RXU

SURceVV aW D = 0.04 K-1 aV WKLV LV ZKeUe WKeUe LV Pa[LPXP SURdXcWLYLW\.

FLJXUe 4.1.5. SXbVWUaWe cRQVXPSWLRQ, ceOO SURdXcWLRQ, aQd SURdXcWLYLW\ fRU RXU cRQWLQXRXV bLRUeacWRU ZLWK Uec\cOe

AW WKLV VeW dLOXWLRQ UaWe, VeW SURdXcW RXWOeW cRQceQWUaWLRQV aQd fORZ UaWeV, aQd VeW JOXcRVe

cRQceQWUaWLRQ fRU WKe feedVWRcN, Ze ZeUe abOe WR caOcXOaWe WKe SXUJe fORZ UaWe aQd LQOeW fORZ UaWe

ZLWK PRQRd NLQeWLcV aQd PaWeULaO baOaQceV aV dLVcXVVed LQ WKe fROORZLQJ VecWLRQ. TKe feed fORZ
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UaWe ZaV deWeUPLQed WR be 0.35 L/PLQ aW 6 J/L Rf VXbVWUaWe cRQceQWUaWLRQ fRU WKe dXUaWLRQ Rf WKe

30 da\ caPSaLJQ.

4.1.4 TangenWial FloZ FilWraWion and Rec\cle

FLJXUe 4.1.6. SWUeaP fORZ UaWeV aURXQd SeUfXVLRQ V\VWeP aQd TFF

TaQJeQWLaO FORZ FLOWUaWLRQ (TFF) LV deVLJQed WR VeSaUaWe WKe PAbV aQd RWKeU VPaOO debULV

fURP WKe OaUJeU ceOOV. A cRQWLQXRXV, OaPLQaU fORZ cRPeV Rff WKe SeUfXVLRQ UeacWRU aQd fORZV

WaQJeQWLaOO\ aJaLQVW WKe TFF fLOWeU, ZKeUe SUeVVXUe LV cRQWUROOed WR deWeUPLQe WKe fORZ UaWeV Rf WKe

VeSaUaWed SURdXcW (LLX eW aO., 2010). TKe cRQceQWUaWLRQ Rf aQWLbRdLeV eQWeULQJ aQd OeaYLQJ TFF

ZLOO UePaLQ WKe VaPe, aVLde fURP WKe ORVV Rf 0.1% Rf aQWLbRdLeV dXe WR WKe UeMecWLRQ cReffLcLeQW.

TKe SURceVV LQYROYeV 35% Rf WKe 550 PL/PLQ fORZ SaVVLQJ WKURXJK TFF LQWR WKe SURdXcW

VWUeaP, OeaYLQJ WKe UePaLQLQJ 65% WR be Uec\cOed RU SXUJed. TKe SXUSRVe Rf a Uec\cOe VWUeaP LV

WR PaLQWaLQ a cRQVWaQW cRQceQWUaWLRQ Rf ceOOV LQ WKe SeUfXVLRQ UeacWRU. TR deWeUPLQe WKe e[acW fORZ

UaWe Rf WKe Uec\cOe VWUeaP, a ceOO baOaQce ZaV SeUfRUPed ZLWK eTXaWLRQV 4.1.18 aQd 4.1.19.

AccXPXOaWLRQ Rf CeOOV = 0 = CeOOV GURZWK - CeOOV LeaYLQJ ReacWRU + CeOOV Rec\cOed

ETXaWLRQ 4.1.18. GeQeUaO CeOO BaOaQce RQ PeUfXVLRQ ReacWRU
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0 ࡦ  µ𝑋𝑉 ࡠ  𝐹
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𝑋   𝐹

𝑅
𝑋

𝑅

ETXaWLRQ 4.1.19. CeOO BaOaQce RQ PeUfXVLRQ ReacWRU

BecaXVe Rf WKe aVVXPSWLRQ WKaW WKe SeUfXVLRQ UeacWRU LV SeUfecWO\ VWLUUed, WKe cRQceQWUaWLRQ

Rf ceOOV LQ WKe UeacWRU LV WKe VaPe aV WKRVe OeaYLQJ WKe UeacWRU. TKe cRQceQWUaWLRQ Rf ceOOV LQ WKe

Uec\cOe VWUeaP LV WKe VaPe aV WKaW Rf WKe SXUJe VWUeaP aQd LV deVcULbed b\ eTXaWLRQ 4.1.20.

𝑋
𝑅

ࡦ 𝑋
𝑃

ࡦ
0.999*𝐹

1
𝑋

𝐹
𝑅

𝐹
𝑃

ETXaWLRQ 4.1.20. CRQceQWUaWLRQ Rf CeOOV LQ WKe Rec\cOe aQd PXUJe SWUeaP

WKLOe WKe fORZ UaWeV Rf WKe SXUJe aQd Uec\cOe VWUeaP aUe XQNQRZQ YaULabOeV LQ WKeVe

eTXaWLRQV, WKeLU VXP LV NQRZQ WR be 65% Rf WKe fORZ eQWeULQJ TFF. TKLV UeVXOWV LQ a cRQceQWUaWLRQ

Rf 13.8 J/L Rf ceOOV beLQJ Uec\cOed. TR fXOfLOO WKe ceOO baOaQce, a Uec\cOe fORZ UaWe Rf 195 PL/PLQ

ZaV Qeeded, UeVXOWLQJ LQ WKe UePaLQLQJ 160 PL/PLQ beLQJ SXUJed.

SaUWRcRQ� SOLce DLVSRVabOe H\dURVaUW� CaVVeWWeV fURP SaUWRULXV ZLOO be XVed aV WKe

WaQJeQWLaO fORZ fLOWeUV fRU WKLV SURceVV. TKe\ aUe VLQJOe XVe aQd KaYe WKe UecRPPeQded SRUe VL]e

Rf 20 P fRU TFF (LLX eW aO., 2010). TKe VSecLfLcaWLRQ VKeeW VWaWeV WKaW WKeVe fLOWeUV KaYe RYeU aµ

99% SeUceQW UeWeQWLRQ Rf ceOOV ZKLcK aUe Uec\cOed WR WKe UeacWRU. TKe 0.1 P2 fLOWeUV ZeUe VeOecWed

WR accRPPRdaWe WKe UecRPPeQded 2100 fORZ YeORcLW\ (SaUWocon�, 2022). TKe𝐿

ℎ՚*Օ2

SeUPeabLOLW\ facWRU ZaV caOcXOaWed WR be 3.89 10-9 XVLQJ eTXaWLRQ 4.1.21, ZKeUe ⊽ LV fORZࡢ

YeORcLW\ (P/V) aQd LV WKe Pa[LPXP WUaQVPePbUaQe SUeVVXUe. ETXaWLRQ 4.1.21 ZaV WKeQ XVed∆𝑃

aJaLQ WR caOcXOaWe WKe acWXaO WUaQVPePbUaQe SUeVVXUe XVLQJ WKe fORZ YeORcLW\ VSecLfLc WR WKLV

SURceVV. TKe acWXaO WUaQVPePbUaQe SUeVVXUe LV 0.082 baU.

𝑒՚Օ𝑒𝑎𝑏𝑖Ք𝑖՜ա 𝑓𝑎𝑐՜՚ ࡦ  ⊽
∆𝑃

ETXaWLRQ 4.1.21. PeUPeabLOLW\ FacWRU fRU TaQJeQWLaO FORZ FLOWUaWLRQ
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4.2 DoZnVWream ProceVV

FLJXUe 4.2.1 VXPPaUL]eV WKe dRZQVWUeaP SURceVVLQJ Rf adaOLPXPab. TKe SURSRVed dRZQVWUeaP SURceVV KaV aQ RYeUaOO

adaOLPXPab UecRYeU\ Rf 78.7%. AOO SURceVV VWeSV fROORZLQJ WKe fLUVW XOWUafLOWUaWLRQ VWaJe ZLOO be SeUfRUPed aW URRP WePSeUaWXUe, 20

℃, b\ cRROLQJ WKe VROXWLRQ LQ a KeaW e[cKaQJeU befRUe PURWeLQ A cKURPaWRJUaSK\.

FLJXUe 4.2.1. OYeUaOO DRZQVWUeaP PURceVV FORZ DLaJUaP
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4.2.1 DepWh FilWraWion

AfWeU TFF, deSWK fLOWUaWLRQ ZLOO be LPSOePeQWed WR UePRYe aQ\ OaUJe LPSXULWLeV VXcK aV

O\Ved ceOO debULV. FRU WKLV VWaJe, a MLOOLVWaN+� PRd DLVSRVabOe DeSWK A1HC FLOWeU ZLOO be XVed

(MeUcN KGaA, 2021a). TKLV fLOWeU V\VWeP ZaV cKRVeQ dXe WR beLQJ VLQJOe-XVe, beLQJ aYaLOabOe LQ

PaQ\ dLffeUeQW VL]eV, aQd KaYLQJ VPaOO KROd XS YROXPeV. AddLWLRQaOO\, WKe A1HC fLOWeU PedLa LV

VSecLfLcaOO\ adYaQWaJeRXV aV LW cRQVLVWV Rf dLffeUeQW fLOWeU PedLa WR eQVXUe WKaW fLOWeUV dRZQVWUeaP

aUe SURWecWed fURP OaUJe debULV. T\SLcaOO\, WKeVe fLOWeUV aUe RSeUaWed aW 100 WR 600 LMH.

TKeUefRUe, VLQce WKe fORZ UaWe LV 191.90 PL/PLQ, WKe 270 cP2 PePbUaQe aUea ZaV cKRVeQ aV WKLV

UeVXOWV LQ RSeUaWLQJ aW 426 LMH. SLQce RQO\ RQe fLOWeU V\VWeP LV beLQJ XVed, a 99% UecRYeU\ ZLOO

be aVVXPed (YLJ]aZ eW aO., 2008). TKeUefRUe, WKe cRQceQWUaWLRQ ZLOO dURS fURP 1.56 J/L WR 1.54

J/L LQ WKLV VWaJe. IW ZLOO aOVR be aVVXPed WKaW WKe fLOWeU LV RSeUaWed aW WKe V\VWeP¶V Pa[LPXP

RSeUaWLQJ SUeVVXUe Rf 2.07 baU. TKeVe fLOWeUV ZLOO be UeSOaced aW WKe eQd Rf eacK caPSaLJQ.

4.2.2 UlWrafilWraWion

IQ RUdeU WR PLQLPL]e WKe bXffeU aQd WFI UeTXLUePeQWV LQ dRZQVWUeaP SURceVVLQJ, WKe

VROXWLRQ e[LWLQJ deSWK fLOWUaWLRQ ZLOO be cRQceQWUaWed befRUe PURWeLQ A cKURPaWRJUaSK\. TR

cRQceQWUaWe WKe VROXWLRQ, XOWUafLOWUaWLRQ ZLOO be XVed. UOWUafLOWUaWLRQ LV a cRPPRQ VeSaUaWLRQ

WecKQLTXe WKaW XVeV SeUPeabOe PePbUaQe fLOWeUV WKaW VeSaUaWeV cRPSRQeQWV accRUdLQJ WR

PROecXOaU VL]e. IQ XOWUafLOWUaWLRQ, a dLOXWe VROXWLRQ ZLOO fORZ RYeU WKe PePbUaQe ZLWK VRPe

SaVVLQJ WKURXJK WKe PePbUaQe aQd beLQJ ORVW LQ WKe SeUPeaWe ZKLOe WKe PROecXOe Rf LQWeUeVW LV

UeWaLQed. AV QR QeZ VROXWLRQ LV beLQJ fed, WKeUe LV a UedXcWLRQ LQ YROXPe, aQd WKXV WKe UeWeQWaWe

becRPeV cRQceQWUaWed.

IQ JeQeUaO, a PePbUaQe VKRXOd be cKRVeQ WKaW KaV a QRPLQaO PROecXOaU ZeLJKW cXWRff

(NMWC) WKaW LV 3 WR 5 WLPeV VPaOOeU WKaQ WKe WaUJeW PROecXOe (C\WLYa, 2021). AV adaOLPXPab LV
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aSSUR[LPaWeO\ 150 NDa, aOO XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ PePbUaQeV cKRVeQ fRU WKLV SURceVV

KaYe a NMWC Rf 30 NDa WR eQVXUe aOPRVW cRPSOeWe VeSaUaWLRQ (PedeUVeQ eW aO., 2021).

TKeUefRUe, LW ZLOO be aVVXPed WKaW WKe cKRVeQ PePbUaQeV ZLOO KaYe a UeMecWLRQ cReffLcLeQW Rf

0.999 fRU adaOLPXPab. CRQVWaQW fOX[ acURVV WKe fLOWeU PePbUaQe, QR caNe fRUPaWLRQ RQ WKe

VXUface Rf WKe PePbUaQe, aQd QR cRQceQWUaWLRQ SROaUL]aWLRQ ZLOO aOVR be aVVXPed dXe WR

RSeUaWLQJ aW ORZ fORZ UaWeV (CaUWa, 2021).

TKLV VWaJe ZaV deVLJQed LQ RUdeU WR eQVXUe WKaW a fLQaO cRQceQWUaWLRQ Rf 50 PJ/PL LV

acKLeYed aW WKe eQd Rf WKe dRZQVWUeaP SURceVV. TKLV LV WKe cRQceQWUaWLRQ Rf WKe VWaQdaUd dRVe Rf

HXPLUa, aQd WKeUefRUe LW ZaV aVVXPed WKaW WKLV ZaV WKe KLJKeVW cRQceQWUaWLRQ WKaW cRXOd be

acKLeYed ZLWKRXW WKe ULVN Rf aJJUeJaWe fRUPaWLRQ. IPSOePeQWLQJ WKLV cRQVWUaLQW, WKe VROXWLRQ PXVW

e[LW WKLV VWaJe aW a fORZ UaWe Rf 27.78 PL/PLQ aQd a cRQceQWUaWLRQ Rf 10.59 PJ/PL. TKeUefRUe,

ZLWK WKe LQcRPLQJ VWUeaP aW a cRQceQWUaWLRQ Rf 1.54 PJ/PL aQd a UeMecWLRQ cReffLcLeQW Rf 0.999,

WKe cRQceQWUaWLRQ Rf adaOLPXPab beLQJ ORVW LQ ZaVWe LV 0.01 PJ/PL aW a fORZ UaWe Rf 164.12

PL/PLQ, UeVXOWLQJ LQ 99.4% UecRYeU\ Rf adaOLPXPab.

FLJXUe 4.2.2. BORcN FORZ DLaJUaP ZLWK BaOaQced SWUeaPV fRU UOWUafLOWUaWLRQ befRUe DRZQVWUeaP
PURceVVLQJ
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TKe bKTA FOX[ 6 WaQJeQWLaO fORZ fLOWUaWLRQ V\VWeP SURdXced b\ C\WLYa ZLOO be XVed.

AOWKRXJK QRW VLQJOe-XVe, WKLV V\VWeP ZaV cKRVeQ fRU LWV abLOLW\ WR RSeUaWe aW fORZ UaWeV beWZeeQ

20 aQd 1000 PL/PLQ (C\WLYa, 2022a). TKe V\VWeP ZLOO be fLWWed ZLWK C\WLYa¶V cRPSaWLbOe SWaUW

AXH XOWUafLOWUaWLRQ KROORZ fLbeU caUWULdJeV. TKeVe caUWULdJeV aUe Pade WR RSeUaWe aW VPaOO VcaOeV

aQd PLQLPL]e cRQceQWUaWLRQ SROaUL]aWLRQ dXe WR VZeeSLQJ acWLRQ cUeaWed b\ a UecLUcXOaWLRQ SXPS

(C\WLYa, 2022J). TKe UFP-30-C-2U caUWULdJe ZaV cKRVeQ aQd cRQVLVWV Rf 12 WXbeV ZLWK dLaPeWeUV

Rf 0.05 cP. TKe PePbUaQeV aUe 30 cP ORQJ, UeVXOWLQJ LQ a WRWaO VXUface aUea Rf 50 cP2. UVLQJ WKe

eTXaWLRQV beORZ ZKeUe QW LV fORZ UaWe SeU WXbe, dW LV WXbe dLaPeWeU, L LV WXbe OeQJWK, NLQePaWLc՞

YLVcRVLW\, aQd ȡ LV deQVLW\, WKe SUeVVXUe dURS ZaV fRXQd WR be aSSUR[LPaWeO\ 0.393 baU. TKe

NLQePaWLc YLVcRVLW\ aQd deQVLW\ ZeUe aSSUR[LPaWed XVLQJ WKe SURSeUWLeV Rf ZaWeU aW 33℃. 0.393

baU LV beORZ WKe caUWULdJe'V Pa[LPXP RSeUaWLQJ SUeVVXUe Rf 3.4 baU, PaNLQJ WKeVe caUWULdJeV

VXLWabOe fRU WKLV dLafLOWUaWLRQ VWaJe. TKLV V\VWeP ZLOO be cOeaQed LQ beWZeeQ eacK caPSaLJQ ZLWK a

VRdLXP K\dUR[Lde VROXWLRQ.
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ETXaWLRQ 4.2.1. Re\QROdV NXPbeU ETXaWLRQ fRU FORZ TKURXJK a TXbe
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ETXaWLRQ 4.2.2. FULcWLRQ FacWRU fRU LaPLQaU FORZ TKURXJK a TXbe
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ETXaWLRQ 4.2.3. PUeVVXUe DURS fRU FORZ TKURXJK a TXbe

4.2.3 ProWein A ChromaWograph\

TKe LQLWLaO caSWXUe VWeS be\RQd VLPSOe fLOWUaWLRQ LQ PaQ\ bLRSKaUPaceXWLcaO dRZQVWUeaP

SURceVVeV LV cKURPaWRJUaSK\, ZKeUe a cOaULfLed ceOO cXOWXUe VXSeUQaWaQW LV SaVVed RYeU a cROXPQ

WKaW VeOecWLYeO\ bLQdV WKe deVLUed SURdXcW. TKe SOaWfRUP cKURPaWRJUaSKLc WecKQLTXe LQ PAb

SURdXcWLRQ SURceVVeV LV SURWeLQ A cKURPaWRJUaSK\, a W\Se Rf affLQLW\ cKURPaWRJUaSK\ WKaW
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ePSOR\V SWaph\lococcal SURWeLQ A OLJaQdV LQ WKe UeVLQ WKaW aUe abOe WR bLQd WR WKe Fc UeJLRQ Rf

IJG aQWLbRdLeV Rf VXbcOaVVeV 1, 2, aQd 4 ZLWK KLJK VeOecWLYLW\ (KaQMe eW aO., 2020). WKeQ

LQWURdXced WR WKe cROXPQ XQdeU VSecLfLc SH aQd fORZ YeORcLW\ cRQdLWLRQV, WKe SURdXcW LQ WKe

VXSeUQaWaQW VWUeaP beJLQV WR bLQd WR WKe cROXPQ XQWLO LW KaV UeacKed WKe d\QaPLc bLQdLQJ

caSacLW\ (DBC). TKe bXffeUV XVed LQ RXU cKURPaWRJUaSK\ deVLJQ aUe OLVWed LQ TabOe 4.2.1.  SaOW

aQd bXffeU VeOecWLRQ aUe Pade ZLWK UeVSecW WR WKe VWXd\ fURP C\WLYa (2020c).

TabOe 4.2.1
SaOWV aQd BXffeUV fRU PURWeLQ A CKURPaWRJUaSK\

PhaVe FloZ ComponenWV

LRad PAb VROXWLRQ fURP DeSWK FLOWUaWLRQ

WaVK 20 PM VRdLXP SKRVSKaWe, 0.5 M NaCO, SH 7.0

EOXWe 50 PM VRdLXP aceWaWe, SH 3.5

COeaQ 1 M NaOH

ReJeQeUaWe 100 PM SKRVSKRULc acLd, SH 2

ETXLOLbUaWe 20 PM VRdLXP SKRVSKaWe, 0.5 M NaCO, SH 7.0

FRU WKLV SURceVV, Ze VeOecWed WKe MabSeOecW SXUe� LX SURWeLQ A UeVLQ b\ C\WLYa dXe WR

WKe UeVLQ¶V KLJK d\QaPLc bLQdLQJ caSacLW\ VSecLfLcaOO\ aW KLJKeU UeVLdeQce WLPeV aQd KLJKeU WLWeUV,

VXcK aV WKRVe XVed LQ WKLV SURceVV (C\WLYa, 2020e). TKe d\QaPLc bLQdLQJ caSacLW\ fRU WKe UeVLQ LV

SORWWed LQ FLJXUe 4.2.3 YeUVXV UeVLdeQce WLPe.
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FLJXUe 4.2.3. DBC10% Rf MabSeOecW SXRe (aQd LX) YeUVXV ReVLdeQce TLPe (C\WLYa, 2020c)

WLWK UefeUeQce WR a VWXd\ fURP C\WLYa (2020c), a UeVLdeQce WLPe Rf 6 PLQXWeV ZaV cKRVeQ

fRU RSWLPaO SURdXcWLRQ, cRUUeVSRQdLQJ WR a d\QaPLc bLQdLQJ caSacLW\ Rf 60 PJ/PL. TKLV SURceVV

ZLOO XVe C\WLYa¶V HLScaOe 50/20 cROXPQV, ZKLcK KaYe aQ LQQeU dLaPeWeU Rf 5.0 cP aQd a

Pa[LPXP bed KeLJKW Rf 20.0 cP (C\WLYa, 2022e). TKe 5.0 cP dLaPeWeU cRUUeVSRQdV WR a

cURVV-VecWLRQaO aUea Rf 19.635 cP2 fRU WKe cROXPQ. UVLQJ WKLV aUea ZLWK WKe YROXPeWULc fORZ UaWe

Rf 27.78 PL/PLQ Rf VXSeUQaWaQW eQWeULQJ WKe cROXPQ, WKe UeTXLUed OLQeaU fORZ YeORcLW\ LV 84.88

cP/KU, ZKLcK LV ZeOO ZLWKLQ WKe XSSeU OLPLW fRU WKLV UeVLQ (C\WLYa, 2020c). WLWK WKe OLQeaU fORZ

YeORcLW\ aQd WKe UeVLdeQce WLPe Rf 6 PLQXWeV VSecLfLed, WKe UeTXLUed bed KeLJKW LV 8.5 cP,

UeVXOWLQJ LQ a WRWaO cROXPQ YROXPe Rf 166.68 cP3. IW VKRXOd be QRWed WKaW WKe bed KeLJKWV Rf WKe

HLScaOe cROXPQV XVed aUe adMXVWabOe WR accRPPRdaWe fRU dLffeUeQW SURceVV UeTXLUePeQWV. TKe

cROXPQ YROXPe WKeQ aOORZV fRU WKe caOcXOaWLRQ Rf WKe ORad YROXPe, JLYeQ b\ ETXaWLRQ 4.2.4,

UeVXOWLQJ LQ a YaOXe Rf 944.25 PL.
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ETXaWLRQ 4.2.4. ReOaWLRQVKLS beWZeeQ d\QaPLc bLQdLQJ caSacLW\, feed cRQceQWUaWLRQ, cROXPQ YROXPe, aQd ORad
YROXPe

FLQaOO\, WKe SUeVVXUe dURS acURVV WKe cROXPQ ZaV deWeUPLQed XVLQJ WKe CaUPaQ-KR]eQ\

eTXaWLRQ (ETXaWLRQ 4.2.5), ZKeUe dS LV WKe aYeUaJe SaUWLcOe dLaPeWeU, 85 �P, L LV WKe cROXPQ
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OeQJWK, aQd İ LV WKe e[WUaSaUWLcOe SRURVLW\, aVVXPed WR be 0.3. TKe UeVXOWLQJ SUeVVXUe dURS fURP

WKLV caOcXOaWLRQ LV 0.765 baU, ZKLcK LV beORZ WKe Pa[LPXP aOORZabOe SUeVVXUe dURS Rf 1.38 baU

(GE HeaOWKcaUe, 2020b).

∆𝑃 ࡦ 150ഈ1ࡠεഉ2

𝑑

2ε3 ࡢ 𝐿՝η

ETXaWLRQ 4.2.5. CaUPaQ-KR]eQ\ ETXaWLRQ fRU CKURPaWRJUaSK\ CROXPQ PUeVVXUe DURS

IQ RUdeU WR eQVXUe cRQWLQXRXV dRZQVWUeaP SURceVVLQJ, WKe SURWeLQ A XQLW RSeUaWLRQ

UeTXLUeV caUefXO VcKedXOLQJ. OXU SURSRVed VcKedXOe fRU WKUee cROXPQV LQ a cRQWLQXRXV c\cOe LV

RXWOLQed LQ TabOe 4.2.2. HeUe, CVV UefeUV WR cROXPQ YROXPeV, a VWaQdaUd XQLW Rf PeaVXUePeQW LQ

cKURPaWRJUaSKLc SURceVVeV. IQ RUdeU WR RSeUaWe cRQWLQXRXVO\, aW OeaVW RQe cROXPQ ZLOO Qeed WR be

ORadLQJ aQd RQe ZLOO Qeed WR be eOXWLQJ aW aOO WLPeV. WLWK WKe SURSRVed VcKedXOe fRU a VLQJOe

cROXPQ, RSeUaWLRQ Rf WKUee cROXPQV VWaJJeUed WR beJLQ ORadLQJ LPPedLaWeO\ afWeU WKe SUecedLQJ

cROXPQ fLQLVKeV ORadLQJ ZRXOd acKLeYe cRQWLQXLW\ LQ bRWK ORadLQJ aQd SURdXcW VWUeaPV. IQ

addLWLRQ, WKeUe ZLOO be a fRXUWK cROXPQ RQ KROd LQ caVe Rf LVVXeV ZLWK WKe WKUee LQ RSeUaWLRQ. TKLV

RSeUaWLRQ ZLOO RccXU ZLWK aQ LQOeW cRQceQWUaWLRQ Rf 10.59 PJ/PL aQd fORZ UaWe Rf 27.78 PL/PLQ,

aQd aQ RXWOeW cRQceQWUaWLRQ Rf 30.18 PJ/PL aQd fORZ UaWe Rf 9.26 PL/PLQ, ZKLcK cRUUeVSRQdV WR

a UecRYeU\ Rf 95% Rf PAb.
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TabOe 4.2.2
ScKedXOLQJ fRU PURWeLQ A CKURPaWRJUaSK\

Col
Xmn

1

30 CV 3 CV 10 CV 3 CV 3 CV 3 CV

27 mL/min
27

mL/min 9.26 mL/min
9.26

mL/min
9.26

mL/min
9.26

mL/min

Load WaVh ElXWe Clean
RegeneUaW

e
EqXilibUa

We

Col
Xmn

2

10 CV 3 CV 3 CV 3 CV 30 CV 3 CV 10 CV

9.26
mL/min

9.26
mL/min

9.26
mL/min

9.26
mL/min 27 mL/min

27
mL/min 9.26 mL/min

ElXWe Clean RegeneUaWe EqXilibUaWe Load WaVh ElXWe

Col
Xmn

3

3 CV 10 CV 3 CV 3 CV 3 CV 30 CV

27
mL/min 9.26 mL/min

9.26
mL/min

9.26
mL/min 9.26 mL/min 27 mL/min

WaVh ElXWe Clean
RegeneUaW

e EqXilibUaWe Load

TKLV VcKedXOe aOORZV 180 PLQXWeV fRU ORadLQJ, 18 PLQXWeV fRU ZaVKLQJ, 180 PLQXWeV fRU

eOXWLRQ, 54 PLQXWeV fRU cOeaQLQJ, 54 PLQXWeV fRU UeJeQeUaWLRQ, aQd 54 PLQXWeV fRU eTXLOLbUaWLRQ

fRU a VLQJOe cROXPQ SeU c\cOe. TKLV cRUUeVSRQdV WR a WRWaO c\cOe WLPe Rf 540 PLQXWeV, WKXV

PaQdaWLQJ 80 c\cOeV RYeU a 30 da\ caPSaLJQ. TKe VeOecWed UeVLQ KaV beeQ dePRQVWUaWed WR

PaLQWaLQ SeUfRUPaQce WKURXJK 100 c\cOeV Rf RSeUaWLRQ, VR WKe cROXPQV Qeed QRW be UeSOaced

dXULQJ WKe caPSaLJQ (GE HeaOWKcaUe, 2011). CROXPQV ZLOO be dLVSRVed Rf fROORZLQJ eacK

caPSaLJQ accRUdLQJ WR WKe PeWKRdV deVcULbed LQ VecWLRQ 4.6.2.

4.2.4 Viral InacWiYaWion

FROORZLQJ SURWeLQ A cKURPaWRJUaSK\, a YLUaO cOeaUaQce VWeS ZLOO be SeUfRUPed. FDA

UeJXOaWLRQV UeTXLUe WKaW WKeUe be OeVV WKaQ 1 YLUXV SeU PLOOLRQ dRVeV aQd WKaW WKeUe aUe WKUee

VeSaUaWe PeWKRdV fRU YLUaO cOeaUaQce (YaQ ReLV aQd Z\dQe\, 2007). OQe VXcK PeWKRd fRU YLUaO

LQacWLYaWLRQ (VI) LV KROdLQJ WKe SURdXcW aW a ORZ SH (3.5-3.7) fRU 30 PLQXWeV WR RQe KRXU (MaUWLQV

eW aO., 2020). BecaXVe WKe VROXWLRQ cRPLQJ Rff Rf PURWeLQ A CKURPaWRJUaSK\ LV aOUead\ aW a SH Rf

3.5, SeUfRUPLQJ VI LPPedLaWeO\ afWeUZaUdV dReV QRW UeTXLUe addLWLRQaO bXffeUV WR be added. VI
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afWeU PURWeLQ A CKURPaWRJUaSK\ LV deVLJQed WR cOeaU eQdRJeQRXV YLUXVeV WKaW Pa\ KaYe beeQ

SUeVeQW LQ WKe feUPeQWeU. TKeUe aUe a feZ RSWLRQV fRU KRZ WR KROd a VROXWLRQ fRU aQ KRXU aW a ORZ

SH, bXW XVLQJ a SOXJ fORZ UeacWRU (PFR) LV RSWLPaO becaXVe LW LV cRQWLQXRXV aQd KaV a QaUURZeU

UeVLdeQce-WLPe dLVWULbXWLRQ (RTD) WKaQ aQ cRQWLQXRXVO\ VWLUUed WaQN UeacWRU (FRJOeU, 2006). A

QaUURZeU RTD OeadV WR OeVV deYLaWLRQ fURP WKe WaUJeWed UeVLdeQce WLPe Rf RQe KRXU.

ETXaWLRQ 4.2.6. RTD fRU OaPLQaU SOXJ fORZ UeacWRU (FRJOeU, 2006).

ETXaWLRQ 4.2.6 VKRZV WKaW WKe RTD fRU aQ\ WLPe OeVV WKaQ KaOf Rf WKaW Rf WKe UeVLdeQce

WLPe LV 0. TKeUefRUe, WKe PLQLPXP aPRXQW Rf WLPe VSeQW LQ WKe UeacWRU LV KaOf Rf WKe UeVLdeQce

WLPe aV VKRZQ LQ ETXaWLRQ 4.2.7. SLQce LW LV UeTXLUed fRU WKe VROXWLRQ WR be KeOd fRU aW OeaVW 30

PLQXWeV, a UeVLdeQce WLPe Rf 60 PLQXWeV ZaV cKRVeQ fRU RXU SURceVV WR JXaUaQWee WKe VROXWLRQ

VSeQdV 30 PLQXWeV LQ WKe PFR.
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ETXaWLRQ 4.2.7. MLQLPXP WLPe VSeQW LQ OaPLQaU PFR (FRJOeU, 2006).

IQ addLWLRQ WR KaYLQJ WR eQVXUe a PLQLPXP LQacWLYaWLRQ WLPe, KROdLQJ PAbV aW a ORZ SH

fRU WRR ORQJ caQ aOVR caXVe XQdeVLUed aJJUeJaWLRQ. HLJK WePSeUaWXUeV aQd KLJK LRQLc VWUeQJWKV

caXVed b\ WKe SUeVeQce Rf VaOWV Pa\ addLWLRQaOO\ LQcUeaVe WKe SURbabLOLW\ Rf aJJUeJaWLRQ. B\

cRQdXcWLQJ VI aW URRP WePSeUaWXUe LQ a VRdLXP aceWaWe bXffeU ZLWKRXW WKe SUeVeQce Rf VaOWV, WKe

Pa[LPXP KROd WLPe fRU WKe VI SOXJ fORZ UeacWRU LV 168 KRXUV (JRVKL eW aO., 2014). TKLV UeVXOWV LQ

a QeJOLJLbOe aPRXQW Rf PAb aJJUeJaWLRQ, aQd fXOO UecRYeU\ caQ be aVVXPed fRU RXU SURceVV.
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WLWK a fORZ UaWe Rf 9.26 PL/PLQ aQd a deVLUed UeVLdeQce WLPe Rf RQe KRXU, WKe PFR ZaV

deVLJQed ZLWK a YROXPe Rf 555.6 PL, a OeQJWK Rf 7.07 P, aQd a dLaPeWeU Rf 1 cP. TKLV PFR ZLOO

be cRLOed WR cRQVeUYe VSace LQ WKe SOaQW.

FLJXUe 4.2.4. VLUaO IQacWLYaWLRQ PFR deVLJQ

PUeVVXUe dURS LQ WKLV SLSe LV LPSRUWaQW LQ deWeUPLQLQJ WKe UeTXLUed SXPS SRZeU fRU

RSeUaWLRQ. TKLV ZaV fRXQd WKURXJK a caOcXOaWLRQ Rf WKe Re\QROdV QXPbeU, ZKLcK ZaV fRXQd WR be

1197, RU ZLWKLQ WKe OaPLQaU UeJLPe. PUeVVXUe dURS cRXOd WKeQ be caOcXOaWed baVed RQ WKe

dLPeQVLRQV Rf WKe SLSe XVLQJ ETXaWLRQ 4.2.8. TKLV ZaV fRXQd WR be 0.00272 baU Rf SUeVVXUe ORVV

acURVV WKe OeQJWK Rf SLSe.

∆ ࡦ 64
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ETXaWLRQ 4.2.8.  PUeVVXUe dURS acURVV a cLUcXOaU SLSe LQ OaPLQaU fORZ

4.2.5 DiafilWraWion for Anion E[change ChromaWograph\

AfWeU VI aQd befRUe eQWeULQJ aQLRQ e[cKaQJe cKURPaWRJUaSK\ (AEX), WKe bXffeU LQ ZKLcK

adaOLPXPab LV VXVSeQded QeedV WR be UeSOaced. AV PeQWLRQed abRYe, Lf WKe aQWLbRd\ LV LQ a

VROXWLRQ Rf ORZ SH fRU WRR ORQJ XQdeVLUabOe aJJUeJaWLRQ RU SURdXcW daPaJe cRXOd RccXU (JRVKL eW

aO., 2014). TKeUefRUe, WKLV SURceVV VWeS ZLOO UeSOace WKe ORZ SH bXffeU ZLWK 25 PM VRdLXP

SKRVSKaWe bXffeU ZLWK a SH Rf 7.5. A cRPPRQ WecKQLTXe fRU bXffeU UeSOacePeQW LV dLafLOWUaWLRQ.

TKLV VeSaUaWLRQ WecKQLTXe LV VLPLOaU WR XOWUafLOWUaWLRQ LQ WKe facW WKaW LW XVeV SeUPeabOe PePbUaQe
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fLOWeUV WKaW VeSaUaWeV cRPSRQeQWV accRUdLQJ WR PROecXOaU VL]e. HRZeYeU, WKeUe LV QR UedXcWLRQ LQ

YROXPe aV a QeZ VROXWLRQ LV beLQJ fed aV WKe RULJLQaO VROXWLRQ LV beLQJ ORVW. FRU cRQWLQXRXV

dLafLOWUaWLRQ, 99.9% bXffeU e[cKaQJe caQ be acKLeYed ZLWK 7 dLaYROXPeV (PaOO LabRUaWRULeV,

2021). TKeUefRUe, VLQce WKe VWUeaP e[LWLQJ YLUaO LQacWLYaWLRQ LV fORZLQJ aW a UaWe Rf 9.26 PL/PLQ,

64.82 PL/PLQ Rf 25 PM VRdLXP SKRVSKaWe bXffeU ZLWK a SH Rf 7.5 ZLOO be fed WR WKe V\VWeP.

AVVXPLQJ a UeMecWLRQ cReffLcLeQW Rf 0.999, aSSUR[LPaWeO\ 0.1% Rf adaOLPXPab ZLOO fORZ WKURXJK

WKe PePbUaQe aQd be ORVW LQ WKe ZaVWe VWUeaP. TKe VWUeaP e[LWLQJ VI ZLOO be aW a cRQceQWUaWLRQ Rf

30.18 PJ/PL, VR WKe VROXWLRQ eQWeULQJ AEX ZLOO be aW a cRQceQWUaWLRQ Rf 29.97 PJ/PL aW a fORZ

UaWe Rf 9.26 PL/PLQ aV VKRZQ LQ FLJXUe 4.2.5.

FLJXUe 4.2.5. BORcN FORZ DLaJUaP ZLWK BaOaQced SWUeaPV fRU DLafLOWUaWLRQ fRU AQLRQ E[cKaQJe
CKURPaWRJUaSK\

A VLPLOaU dLafLOWUaWLRQ VWeS ZLOO be SeUfRUPed befRUe caWLRQ e[cKaQJe cKURPaWRJUaSK\

(CEX) OaWeU RQ LQ WKe SURceVV. FRU bRWK WKeVe VWaJeV, WKe bKTA FOX[ S WaQJeQWLaO fORZ fLOWUaWLRQ

V\VWeP SURdXced b\ C\WLYa ZLOO be XVed. LLNe WKe XOWUafLOWUaWLRQ VWaJe, WKLV V\VWeP LV QRW

VLQJOe-XVe bXW ZaV cKRVeQ fRU LWV abLOLW\ WR RSeUaWe aW ORZ fORZ UaWeV Rf 1 WR 50 PL/PLQ (C\WLYa,

2022a).  TKe V\VWeP ZLOO be fLWWed ZLWK C\WLYa¶V cRPSaWLbOe SWaUW AXH XOWUafLOWUaWLRQ KROORZ

fLbeU caUWULdJeV. TKe fLOWeUV cKRVeQ KaYe a NMWCO Rf 30 NDA aQd cRQVLVW Rf 12 WXbeV WKaW aUe

30 cP LQ OeQJWK ZLWK a 0.05 cP dLaPeWeU fRU a WRWaO PePbUaQe aUea Rf 50 cP2. TKe SUeVVXUe dURS
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ZaV fRXQd WR be aSSUR[LPaWeO\ 0.03 baU aV caOcXOaWed ZLWK ETXaWLRQV 4.2.1, 4.2.2, aQd 4.2.3. TKLV

LV beORZ WKe caUWULdJe'V Pa[LPXP RSeUaWLQJ SUeVVXUe Rf 3.4 baU, PaNLQJ WKeVe caUWULdJeV VXLWabOe

fRU WKLV dLafLOWUaWLRQ VWaJe. TKLV V\VWeP ZLOO be cOeaQed LQ beWZeeQ eacK caPSaLJQ ZLWK a VRdLXP

K\dUR[Lde VROXWLRQ.

4.2.6 Anion E[change ChromaWograph\

IQ AEX, a fRUP Rf LRQ-e[cKaQJe cKURPaWRJUaSK\, WKe SRVLWLYeO\ cKaUJed UeVLQ bLQdV WR

QeJaWLYeO\ cKaUJed LPSXULWLeV, VXcK aV DNA RU UeVLdXaO KRVW ceOO SURWeLQV. IQ addLWLRQ, WKLV UeVLQ

bLQdV WR YLUXV fUaJPeQWV WKaW UePaLQ LQ WKe VROXWLRQ, ZKLcK PaNeV AEX cRXQW WRZaUdV RQe Rf WKe

WKUee UeTXLUed YLUaO cOeaUaQce PeWKRdV (YaQ ReLV aQd Z\dQe\, 2007). TKe cKaUJe Rf WKe PAb ZLOO

be SRVLWLYe VR WKaW LW fORZV SaVW WKe UeVLQ WR be cROOecWed. TKLV cKaUJe LV affecWed b\ WKe SH Rf WKe

VROXWLRQ aV ZeOO aV a TXaOLW\ NQRZQ aV WKe LVReOecWULc SRLQW (SI). AW SH YaOXeV beORZ a SURWeLQ¶V

SI, WKe SURWeLQ ZLOO be SRVLWLYeO\ cKaUJed, aQd aW SH YaOXeV abRYe a SURWeLQ¶V SI, WKe SURWeLQ ZLOO

be QeJaWLYeO\ cKaUJed. We ZLOO RSeUaWe aW a SH Rf aSSUR[LPaWeO\ 7.5 becaXVe RXU PAb KaV a SI LQ

WKe UaQJe Rf 8.0 WR 9.3, eQVXULQJ RXU PAb KaV a SRVLWLYe cKaUJe (ScKUeLbeU eW aO., 2020). IQ

addLWLRQ, WKe SI YaOXeV Rf WKe LPSXULWLeV WKaW aUe beLQJ caSWXUed aW WKLV VWaJe KaYe SI YaOXeV

beWZeeQ 2-5, OeadLQJ WR QeJaWLYe cKaUJeV WKaW aWWUacW WR WKe UeVLQ. TKLV SH ZLOO KaYe beeQ

acKLeYed WKURXJK WKe SUeYLRXV dLafLOWUaWLRQ VWeS ZKLcK eQVXUeV WKaW WKe PAb LV LQ a 25 PM

VRdLXP SKRVSKaWe bXffeU ZLWK a SH Rf 7.5. TKe bXffeUV WKaW ZLOO be XVed LQ WKLV SURceVV aUe OLVWed

LQ TabOe 4.2.3.
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TabOe 4.2.3.
SaOWV aQd BXffeUV fRU AQLRQ E[cKaQJe CKURPaWRJUaSK\

PhaVe FloZ ComponenWV

LRad 25 PM VRdLXP SKRVSKaWe, SH 7.5 ZLWK PAb

WaVK 25 PM VRdLXP SKRVSKaWe, SH 7.5

SWULS 50 PM VRdLXP SKRVSKaWe, 1.0 M NaCO, SH 7.5

COeaQ 1.0 M NaOH

ReJeQeUaWe 25 PM VRdLXP SKRVSKaWe, 2M NaCO SH 7.5

ETXLOLbUaWe 25 PM VRdLXP SKRVSKaWe, SH 7.5

TKLV AEX cROXPQ ZLOO RSeUaWe XVLQJ WKe CaSWR Q ReVLQ b\ C\WLYa becaXVe LW LV deVLJQed

fRU PRdeUQ, OaUJe-VcaOe PaQXfacWXUeUV aQd XWLOL]eV a KLJK d\QaPLc bLQdLQJ caSacLW\. TKLV UeVLQ LV

Pade XS Rf a ULJLd, KLJK-fORZ aJaURVe PaWUL[ PRdLfLed ZLWK de[WUaQ VXUface e[WeQdeUV aQd a

VWURQJ TXaWeUQaU\ aPPRQLXP (Q) aQLRQ e[cKaQJeU. TKe CaSWR Q ReVLQ KaV aQ aYeUaJe SaUWLcOe

VL]e Rf aURXQd 90 PLcURPeWeUV, caQ ZLWKVWaQd RSeUaWLQJ SUeVVXUeV Rf XS WR 3.31 baU, aQd fXQcWLRQV

LQ VROXWLRQV ZLWK SH YaOXeV Rf 2-12 (C\WLYa, 2022c). UVLQJ a UeVLdeQce WLPe Rf 2 PLQXWeV fURP

C\WLYa¶V daWa aQd FLJXUe 4.2.6, WKe DBC ZaV caOcXOaWed WR be aSSUR[LPaWeO\ 135 PJ/PL.

FLJXUe 4.2.6. DBC10% fRU C\WLYa¶V CaSWR Q IEX ReVLQ YV. Q SeSKaURVe FF (C\WLYa, 2020b)
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We VeOecWed WKe HLScaOe 26/20 cROXPQ b\ C\WLYa ZLWK a 2.6 cP dLaPeWeU aV LW LV WKe VaPe

bUaQd aV XVed LQ PURWeLQ A bXW ZLWK a VPaOOeU dLaPeWeU WR accRXQW fRU WKe ORZeU fORZ UaWe. UVLQJ

WKe cURVV-VecWLRQaO aUea Rf WKLV cROXPQ ZLWK WKe YROXPeWULc fORZ UaWe Rf feed eQWeULQJ WKe cROXPQ,

9.26 PL/PLQ, WKe UeTXLUed OLQeaU fORZ YeORcLW\ LV caOcXOaWed WR be 104.6 cP/KU, ZKLcK LV ZeOO

ZLWKLQ WKe XSSeU OLPLW fRU WKLV UeVLQ (C\WLYa, 2022c). WLWK WKe OLQeaU fORZ YeORcLW\ aQd UeVLdeQce

WLPe VSecLfLed, WKe UeTXLUed bed KeLJKW ZaV deWeUPLQed WR be 3.6 cP, ZKLcK LV acKLeYabOe ZLWK

WKe HLScaOe cROXPQV. TKLV bed KeLJKW JLYeV a WRWaO cROXPQ YROXPe Rf 18.59 cP3. FLQaOO\, Ze caQ

deWeUPLQe WKe SUeVVXUe dURS acURVV WKe cROXPQ WR be 0.344 baU XVLQJ WKe CaUPaQ-KR]eQ\

eTXaWLRQ (ETXaWLRQ 4.2.5), ZKLcK LV beORZ WKe Pa[LPXP aOORZabOe SUeVVXUe dURS (C\WLYa,

2022d). TKe ORad YROXPe ZaV caOcXOaWed XVLQJ eTXaWLRQ 4.2.4 WR be 83.93 PL.

TR eQVXUe WKaW WKLV RSeUaWLRQ LV cRQWLQXRXV, WZR cROXPQV ZLOO UXQ VLPXOWaQeRXVO\ ZLWK

LQOeW aQd RXWOeW cRQceQWUaWLRQV Rf 29.97 aQd 29.67 PJ/PL, UeVSecWLYeO\. TKLV cRUUeVSRQdV WR a

UecRYeU\ Rf 99% fRU AEX (GE HeaOWKcaUe, 2020a). OQe cROXPQ ZLOO cRQWLQXRXVO\ ORad aQd

cROOecW ZKLOe WKe RWKeU LV ZaVKLQJ, cOeaQLQJ, aQd UeQeZLQJ fRU aQRWKeU c\cOe. TKeUe ZLOO aOVR be a

WKLUd cROXPQ RQ KROd LQ caVe Rf LVVXeV ZLWK WKe RWKeU WKUee cROXPQV. TKLV VcKedXOe caQ be VeeQ LQ

TabOe 4.2.4 beORZ.

TabOe 4.2.4
ScKedXOLQJ fRU AQLRQ E[cKaQJe CKURPaWRJUaSK\

ColXmn 1
25 CV 5 CV 5 CV 5 CV 5 CV 5 CV

Load/CollecW WaVh SWUip Clean RegeneUaWe EqXilibUaWe

ColXmn 2
5 CV 5 CV 5 CV 5 CV 5 CV 25 CV

WaVh SWUip Clean RegeneUaWe EqXilibUaWe Load/CollecW

TKLV VcKedXOe cRUUeVSRQdV WR 129 PLQXWeV Rf ORadLQJ aQd cROOecWLQJ, 25.8 PLQXWeV Rf

ZaVKLQJ, 25.8 PLQXWeV Rf VWULSSLQJ, 25.8 PLQXWeV Rf cOeaQLQJ, 25.8 PLQXWeV Rf UeJeQeUaWLRQ, aQd

25.8 PLQXWeV Rf eTXLOLbUaWLRQ SeU cROXPQ LQ RQe c\cOe. TKLV cRUUeVSRQdV WR a WRWaO c\cOe WLPe Rf
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258 PLQXWeV, WKXV PaQdaWLQJ aSSUR[LPaWeO\ 170 c\cOeV RYeU a 30 da\ caPSaLJQ. TKe VeOecWed

UeVLQ LV aVVXPed WR be VWabOe fRU PRUe c\cOeV WKaQ aUe UeTXLUed, VR WKe cROXPQV ZLOO QRW Qeed WR

be UeSOaced XQWLO afWeU WKe caPSaLJQ. CROXPQV ZLOO be dLVSRVed Rf fROORZLQJ eacK caPSaLJQ

accRUdLQJ WR WKe PeWKRdV deVcULbed LQ VecWLRQ 4.6.2.

4.2.7 DiafilWraWion for CaWion E[change ChromaWograph\

BefRUe CEX, WKe eOXWLRQ bXffeU OefW RYeU fURP AEX PXVW be UeSOaced ZLWK WKe bXffeU

UeTXLUed fRU CEX. AV PeQWLRQed SUeYLRXVO\, a cRQWLQXRXV dLafLOWUaWLRQ VWeS ZLOO be ePSOR\ed. A

99.9% bXffeU UeSOacePeQW LV SRVVLbOe LQ WKLV SURceVV b\ addLQJ VeYeQ WLPeV WKe YROXPe Rf

VROXWLRQ WKeUefRUe 64.82 PL/PLQ Rf 50 PM VRdLXP aceWaWe aQd VRdLXP cKORULde bXffeU ZLWK a SH

5.0 ZLOO be added WR WKe 9.26 PL/PLQ VWUeaP OeaYLQJ AEX. AV ZLWK WKe dLafLOWUaWLRQ VWaJe befRUe

AEX, a UeMecWLRQ cReffLcLeQW Rf 0.999 LV aVVXPed. TKeUefRUe, aSSUR[LPaWeO\ 0.1% Rf adaOLPXPab

ZLOO fORZ WKURXJK WKe PePbUaQe aQd be ORVW LQ WKe ZaVWe VWUeaP. TKe VWUeaP eQWeULQJ fLOWUaWLRQ

ZLOO KaYe a cRQceQWUaWLRQ Rf 29.67 PJ/PL aQd WKe VWUeaP OeaYLQJ WR CEX ZLOO KaYe a

cRQceQWUaWLRQ Rf 29.46 PJ/PL aV VKRZQ LQ FLJXUe 4.2.7.

FLJXUe 4.2.7. BORcN FORZ DLaJUaP ZLWK BaOaQced SWUeaPV fRU DLafLOWUaWLRQ fRU CaWLRQ E[cKaQJe
CKURPaWRJUaSK\
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TKe PRdXOe VeOecWed WR SeUfRUP WKLV cRQWLQXRXV dLafLOWUaWLRQ LV WKe bKTA FOX[ S ZKLcK

ZRXOd be eTXLSSed ZLWK SWaUW AXH KROORZ fLbeU fLOWeU caUWULdJeV. TKe fLOWeUV cKRVeQ KaYe a

NMWCO Rf 30 NDA aQd cRQVLVW Rf 12 WXbeV WKaW aUe 30 cP LQ OeQJWK ZLWK a 0.05 cP dLaPeWeU fRU

a WRWaO PePbUaQe aUea Rf 50 cP2. WKeQ RSeUaWed, WKLV fLOWeU ZLOO KaYe a SUeVVXUe dURS Rf 0.025

baU aV caOcXOaWed ZLWK ETXaWLRQV 4.2.1, 4.2.2, aQd 4.2.3. TKLV LV ZeOO beORZ WKe Pa[LPXP

RSeUaWLQJ SUeVVXUe dURS Rf 3.4 baU. TKLV V\VWeP ZLOO be cOeaQed LQ beWZeeQ eacK caPSaLJQ ZLWK a

VRdLXP K\dUR[Lde VROXWLRQ.

4.2.8 CaWion E[change ChromaWograph\

CEX LV aQRWKeU fRUP Rf LRQ-e[cKaQJe cKURPaWRJUaSK\ ZKLcK, aV RSSRVed WR AEX, XVeV a

QeJaWLYeO\ cKaUJed UeVLQ WR bLQd WR a SRVLWLYeO\ cKaUJed aQWLbRd\ ZKLOe aOORZLQJ QeJaWLYeO\

cKaUJed cRQWaPLQaQWV, VXcK aV cKaUJe YaULaQWV aQd aJJUeJaWeV, WR SaVV WKURXJK WKe cROXPQ. CEX

LV XVed LQ WKLV SURceVV aV a SROLVKLQJ VWeS WR eQVXUe WKaW WKeUe aUe YeU\ feZ cRQWaPLQaQWV

UePaLQLQJ. TR eQVXUe WKaW WKe aQWLbRd\ LV SRVLWLYeO\ cKaUJed, WKe SH Rf WKe bXffeU VROXWLRQ WKaW LV

beLQJ added LQ WKe SUeYLRXV dLafLOWUaWLRQ VWeS ZLOO be 50 PM VRdLXP aceWaWe ZLWK 50 PM NaCO aW

a SH Rf 5.0. TKe bXffeUV XVed LQ CEX aUe OLVWed beORZ LQ TabOe 4.2.5.

TabOe 4.2.5.
SaOWV aQd BXffeUV fRU CaWLRQ E[cKaQJe CKURPaWRJUaSK\

PhaVe FloZ ComponenWV

LRad 50 PM VRdLXP aceWaWe + 50 PM NaCO, SH 5.0 ZLWK PAb

WaVK 50 PM VRdLXP aceWaWe + 50 PM NaCO, SH 5.0

EOXWe GUadLeQW Rf 50 PM VRdLXP aceWaWe + 240 PM NaCO, SH 5.0

SWULS 50 PM VRdLXP aceWaWe + 500 PM NaCO, SH 5.0

COeaQ 1 M NaOH

ReJeQeUaWe 50 PM VRdLXP aceWaWe + 2 PM NaCO, SH 5.0

ETXLOLbUaWe 50 PM VRdLXP aceWaWe + 50 PM NaCO, SH 5.0
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TKLV CEX cROXPQ ZLOO RSeUaWe XVLQJ WKe CaSWR S LPSAcW UeVLQ fURP C\WLYa becaXVe LW LV

VSecLfLcaOO\ deVLJQed fRU SROLVKLQJ Rf PRQRcORQaO aQWLbRdLeV VXcK aV LQ WKLV VWeS. TKLV UeVLQ

SURYLdeV effLcLeQW SXULfLcaWLRQ Rf aJJUeJaWeV eYeQ aW KLJK ORad cRQceQWUaWLRQV, aQd LV adMXVWabOe WR

PXOWLSOe fORZ UaWeV aQd bed KeLJKWV, aOORZLQJ XV WR cXVWRPL]e RXU cROXPQV WR RXU VSecLfLc QeedV.

TKe CaSWR S LPSAcW UeVLQ KaV aSSUR[LPaWeO\ a 50 PLcURPeWeU aYeUaJe SaUWLcOe dLaPeWeU (C\WLYa,

2020a). UVLQJ a UeVLdeQce WLPe Rf aSSUR[LPaWeO\ 5.4 PLQXWeV fURP C\WLYa aQd FLJXUe 4.2.8, WKe

d\QaPLc bLQdLQJ caSacLW\ ZaV eVWLPaWed WR be abRXW 90 PJ/PL.

FLJXUe 4.2.8. DBC10% Rf CaSWR S LPSAcW YeUVXV ReVLdeQce TLPe (GE HeaOWKcaUe, 2015)

We aJaLQ VeOecWed WKe HLScaOe 26/20 cROXPQ b\ C\WLYa ZLWK a 2.6 cP dLaPeWeU fRU WKLV

SURceVV. UVLQJ WKe cROXPQ¶V cURVV VecWLRQaO aUea ZLWK WKe YROXPeWULc fORZ UaWe Rf VXSeUQaWaQW

eQWeULQJ WKe cROXPQ, 9.26 PL/PLQ, WKe UeTXLUed OLQeaU fORZ YeORcLW\ LV 104.6 cP/KU, ZKLcK LV ZeOO

ZLWKLQ WKe XSSeU OLPLW fRU WKLV UeVLQ (C\WLYa, 2020a). WLWK WKe OLQeaU fORZ YeORcLW\ aQd WKe

UeVLdeQce WLPe VSecLfLed, WKe UeTXLUed bed KeLJKW ZaV deWeUPLQed WR be 9 cP, ZKLcK LV acKLeYabOe

ZLWK WKe HLScaOe cROXPQV. TKLV bed KeLJKW JLYeV a WRWaO cROXPQ YROXPe Rf 47.79 cP3. FLQaOO\, Ze

caQ deWeUPLQe WKe SUeVVXUe dURS acURVV WKe cROXPQ XVLQJ WKe CaUPaQ-KR]eQ\ eTXaWLRQ (ETXaWLRQ

4.2.5) aQd fLQd a SUeVVXUe dURS Rf 2.76 baU, ZKLcK LV beORZ WKe Pa[LPXP aOORZabOe SUeVVXUe dURS

(C\WLYa, 2022d). TKe ORad YROXPe ZaV caOcXOaWed XVLQJ ETXaWLRQ 4.2.4 WR be 146 PL.
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TR eQVXUe WKaW WKLV RSeUaWLRQ LV cRQWLQXRXV, WKUee cROXPQV ZLOO UXQ VLPXOWaQeRXVO\ ZLWK

LQOeW aQd RXWOeW cRQceQWUaWLRQV Rf 29.46 aQd 26.52 PJ/PL, UeVSecWLYeO\. TKLV cRUUeVSRQdV WR a

UecRYeU\ Rf 95% fRU CEX (GE HeaOWKcaUe, 2020a). OQe cROXPQ ZLOO cRQWLQXRXVO\ ORad, aQRWKeU

ZLOO cRQWLQXRXVO\ eOXWe aQd cROOecW, ZKLOe WKe OaVW RWKeU LV ZaVKLQJ, cOeaQLQJ, aQd UeQeZLQJ fRU

aQRWKeU c\cOe. TKeUe ZLOO aOVR be a fRXUWK cROXPQ RQ KROd LQ caVe Rf LVVXeV ZLWK WKe RWKeU WKUee

cROXPQV. TKLV VcKedXOe caQ be VeeQ LQ TabOe 4.2.6 beORZ.

TabOe 4.2.6.
ScKedXOLQJ fRU CaWLRQ E[cKaQJe CKURPaWRJUaSK\

ColXmn
1

25 CV 5 CV 25 CV 5 CV 5 CV 5 CV 5 CV

Load WaVh ElXWe SWUip Clean Regen
eUaWe

EqXilib
UaWe

ColXmn
2

25
CV 5 CV 5 CV 5 CV 5 CV 25 CV 5 CV 25 CV

ElXWe SWUip Clean Regen
eUaWe

EqXilib
UaWe Load WaVh ElXWe

ColXmn
3

5 CV 25 CV 5 CV 5 CV 5 CV 5 CV 25 CV

WaVh ElXWe SWUip Clean Regen
eUaWe

EqXilib
UaWe Load

TKLV VcKedXOe cRUUeVSRQdV WR 129 PLQXWeV Rf ORadLQJ, 25.8 PLQXWeV Rf ZaVKLQJ, 129

PLQXWeV Rf eOXWLRQ, 25.8 PLQXWeV Rf VWULSSLQJ, 25.8 PLQXWeV Rf cOeaQLQJ, 25.8 PLQXWeV Rf

UeJeQeUaWLRQ, aQd 25.8 PLQXWeV Rf eTXLOLbUaWLRQ SeU cROXPQ fRU RQe c\cOe. TKLV cRUUeVSRQdV WR a

WRWaO c\cOe WLPe Rf 258 PLQXWeV, WKXV PaQdaWLQJ aSSUR[LPaWeO\ 170 c\cOeV RYeU a 30 da\

caPSaLJQ. TKe VeOecWed UeVLQ KaV beeQ dePRQVWUaWed WR PaLQWaLQ SeUfRUPaQce WKURXJK 300 c\cOeV

Rf RSeUaWLRQ, VR WKe cROXPQV Qeed QRW be UeSOaced dXULQJ WKe caPSaLJQ (C\WLYa, 2020a). CROXPQV

ZLOO be dLVSRVed Rf fROORZLQJ eacK caPSaLJQ accRUdLQJ WR WKe PeWKRdV deVcULbed LQ VecWLRQ 4.6.2.

4.2.9 Viral FilWraWion

VLUaO fLOWUaWLRQ (VF) LV WKe OaVW Rf WKe WKUee YLUaO cOeaUaQce PeWKRdV UeTXLUed, aQd LW LV

deVLJQed WR cOeaU adYeQWLWLRXV YLUXVeV WKaW Pa\ KaYe beeQ LQWURdXced LQ WKe dRZQVWUeaP SURceVV.
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BecaXVe adYeQWLWLRXV YLUXVeV aUe OeVV fUeTXeQW, RQO\ a 6 ORJ UedXcWLRQ YaOXe (LRV) LV UeTXLUed

(LLX eW aO., 2010). VF LV a fRUP Rf VL]e baVed fLOWUaWLRQ WKaW aOORZV VPaOOeU SURWeLQV aQd bXffeUV WR

SaVV ZKLOe YLUXVeV caQQRW SaVV WKe SRUeV Rf WKe fLOWeUV.

POaQRYa15N fLOWeUV fURP AVaKL KaVeL ZeUe VeOecWed aV WKe\ SURYLde a 6.9 LRV WR PeeW

UeJXOaWRU\ UeTXLUePeQWV aQd aV WKe\ KaYe aQ e[SeULPeQWaOO\ deWeUPLQed PRQRcORQaO aQWLbRd\

UecRYeU\ UaWe JUeaWeU WKaQ 95%. TKeVe fLOWeUV KaYe 15 QP SRUeV aQd a VXUface aUea Rf 100 cP2. IQ

RUdeU WR KaQdOe WKe fORZ UaWe Rf 9.26 PL/PLQ, WZR Rf WKe POaQRYa15N fLOWeUV ZLOO be UXQ LQ

SaUaOOeO (PlanoYa� 15N, Q.d.). TKe fORZ UaWe ZLOO UePaLQ cRQVWaQW, aQd WKe cRQceQWUaWLRQ ZLOO

dURS fURP 26.5 PJ/PL WR 25.19 PJ/PL aVVXPLQJ 95% UecRYeU\ WR be cRQVeUYaWLYe. TKe

SeUPeabLOLW\ facWRU ZaV caOcXOaWed WR be 1.02î10-10 XVLQJ eTXaWLRQ 4.2.9 aQd daWa fURP aՕ2*՛
𝑘𝑔

VaOeV UeSUeVeQWaWLYe (NL[RQ, 2022). TKLV SeUPeabLOLW\ facWRU aQd eTXaWLRQ 4.2.9 ZaV WKeQ XVed WR

fLQd WKe acWXaO WUaQVPePbUaQe SUeVVXUe ZKLcK LV 0.76 baU. TKLV fLOWeU ZLOO be KRXVed LQ WKe

POaQRYa SLQJOe-UVe VLUXV FLOWUaWLRQ CRQWUROOeU (PlanoYa� Single-UVe, (Q.d.)).

𝑒՚Օ𝑒𝑎𝑏𝑖Ք𝑖՜ա 𝑓𝑎𝑐՜՚ ࡦ  𝑉•

𝐴∆𝑃
ETXaWLRQ 4.2.9. PeUPeabLOLW\ FacWRU

4.2.10 Final UlWrafilWraWion and DiafilWraWion

BefRUe fRUPXOaWLRQ aQd fLOO, WKe PAb VROXWLRQ PXVW be cRQceQWUaWed, aQd WKe bXffeU PXVW

be e[cKaQJed. B\ cRQceQWUaWLQJ WKe VROXWLRQ, WKe fLQaO SURdXcW caQ be dLVSeQVed LQWR VPaOOeU

YLaOV aQd OeVV OLTXLd ZLOO KaYe WR be UePRYed dXULQJ O\RSKLOL]aWLRQ. TKLV ZLOO UedXce VWRUaJe

UeTXLUePeQWV aQd VaYe eQeUJ\ dXULQJ O\RSKLOL]aWLRQ. AddLWLRQaOO\, WKe bXffeU e[cKaQJe LV

QeceVVaU\ LQ RUdeU WR JeW adaOLPXPab LQWR WFI fRU fLQaO SURceVVLQJ. TR accRPSOLVK WKLV,

XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ aUe ePSOR\ed.
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AV PeQWLRQed SUeYLRXVO\, WKLV SURMecW aLPV WR LPSOePeQW VLQJOe-XVe WecKQRORJLeV

ZKeUeYeU SRVVLbOe. TKeUefRUe, fLQaO XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ ZLOO dLffeU fURP WKe SUeYLRXV

fLOWUaWLRQ VWaJeV b\ LPSOePeQWLQJ WKe bKTA Read\fOX[ V\VWeP SURdXced b\ C\WLYa. TKLV V\VWeP

LV adYaQWaJeRXV cRPSaUed WR WKe bKTA FOX[ 6 aQd S V\VWePV becaXVe LW LV a VLQJOe-XVe

WaQJeQWLaO fORZ fLOWUaWLRQ V\VWeP WKaW LQcOXdeV VeQVRUV SUeVVXUe, cRQdXcWLYLW\, WePSeUaWXUe, fORZ,

aQd SH (C\WLYa, 2022b). HRZeYeU, WKe feed WR WKe V\VWeP PXVW be beWZeeQ 200 PL/PLQ aQd

18000 PL/PLQ, ZKLcK LV PXcK JUeaWeU WKaQ WKe fORZ UaWe Rf WKe VWUeaP e[LWLQJ YLUaO fLOWUaWLRQ.

TKeUefRUe, WKe cRQWLQXRXV 9.26 PL/PLQ VWUeaP cRPLQJ fURP WKe YLUaO fLOWUaWLRQ ZLOO be caSWXUed

aQd VWRUed RYeU VL[ da\V befRUe beLQJ SURceVVed, PeaQLQJ WKe UePaLQLQJ SURceVVLQJ VWeSV ZLOO be

UXQ fLYe WLPeV RYeU eacK caPSaLJQ. TKLV deVLJQ VWUaWeJ\ LV adYaQWaJeRXV becaXVe LW aOORZV WKe

LPSOePeQWaWLRQ Rf VLQJOe-XVe fLOWUaWLRQ V\VWePV aQd UedXceV WKe aPRXQW Rf WLPeV O\RSKLOL]aWLRQ

ZLOO be SeUfRUPed, WKXV UedXcLQJ WKe cKaQce Rf KXPaQ eUURU. TKe bKTA Read\fOX[ V\VWeP ZLOO

be fLWWed ZLWK a 30 NDA PROecXOaU ZeLJKW cXWRff, Read\WRPURceVV VLQJOe-XVe KROORZ fLbeU fLOWeU

caUWULdJe fURP C\WLYa (C\WLYa, 2022e). TKeVe fLOWeUV cRQVLVW Rf 425 WXbeV WKaW aUe 30 cP LQ OeQJWK

ZLWK a dLaPeWeU Rf 0.05 cP, UeVXOWLQJ LQ a WRWaO PePbUaQe VXUface aUea Rf 2000 cP2.  TKe fLOWeU

ZLOO be UeSOaced aW WKe eQd Rf eacK 30 da\ caPSaLJQ.

AW a fORZ UaWe Rf 9.26 PL/PLQ, 80 L Rf VROXWLRQ ZLOO accXPXOaWe RYeU WKe cRXUVe Rf VL[

da\V. TKLV ZLOO WKeQ be SURceVVed aW 400.2 PL/PLQ RYeU WKe cRXUVe Rf 200 PLQXWeV. AV ZLWK

dLafLOWUaWLRQ, LW LV aVVXPed WKaW WKe UeMecWLRQ cReffLcLeQW LV 0.999 fRU adaOLPXPab. TKeUefRUe, WKe

XOWUafLOWUaWLRQ VWeS ZLOO cRQceQWUaWe WKe aQWLbRd\ VROXWLRQ fURP 25.19 PJ/PL WR 50.35 PJ/PL aV

VKRZQ LQ FLJXUe 4.2.9. BecaXVe WKLV LV QeaU WKe VWaQdaUd 50 PJ/PL dRVe Rf HXPLUa�, WKLV ZaV

aVVXPed WR be a VWabOe cRQceQWUaWLRQ WKaW ZRXOd QRW fRUP aJJUeJaWeV. AV a UeVXOW Rf WKLV

cRQceQWUaWLRQ, WKe VWUeaP VeQW WR dLafLOWUaWLRQ ZLOO be 200 PL/PLQ, ZKLOe 200.2 PL/PLQ Rf ZaVWe
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ZLOO be SURdXced. LaVWO\, WKe SUeVVXUe dURS acURVV WKLV PePbUaQe ZaV fRXQd WR be 0.03 baU XVLQJ

ETXaWLRQV 4.2.1, 4.2.2, aQd 4.2.3, ZKLcK LV beORZ WKe Pa[LPXP RSeUaWLQJ SUeVVXUe dURS Rf 3.4

baU.

FLJXUe 4.2.9. BORcN FORZ DLaJUaP ZLWK BaOaQced SWUeaPV fRU FLQaO UOWUafLOWUaWLRQ

AfWeU WKLV cRQceQWUaWLRQ VWeS, WKe bXffeU VROXWLRQ ZLOO be UeSOaced XVLQJ cRQWLQXRXV

dLafLOWUaWLRQ. IQ RUdeU WR UeSOace 99.9% Rf WKe RULJLQaO bXffeU VROXWLRQ, 1400 PL/PLQ Rf WFI ZLOO

be added WR WKe 200 PL/PLQ VWUeaP cRPLQJ fURP WKe XOWUafLOWUaWLRQ ZKLOe LW LV cRQWLQXRXVO\

fLOWeUed. WLWK a 0.999 UeMecWLRQ cReffLcLeQW, WKe UeVXOWLQJ VWUeaPV aUe 200 PL/PLQ Rf VROXWLRQ

cRQWaLQLQJ 50 PJ/PL Rf adaOLPXPab KeadLQJ WR fRUPXOaWLRQ aQd fLOO aV ZeOO aV a 1400 PL/PLQ

VWUeaP cRQWaLQLQJ 0.05 PJ/PL Rf adaOLPXPab WKaW LV Keaded WR ZaVWe aV VKRZQ LQ FLJXUe 4.2.10.

TKe SUeVVXUe dURS acURVV WKLV PePbUaQe ZaV fRXQd WR be 0.015 baU XVLQJ ETXaWLRQV 4.2.1, 4.2.2,

aQd 4.2.3, ZKLcK LV beORZ WKe Pa[LPXP RSeUaWLQJ SUeVVXUe dURS Rf 3.4 baU.
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FLJXUe 4.2.10. BORcN FORZ DLaJUaP ZLWK BaOaQced SWUeaPV fRU FLQaO DLafLOWUaWLRQ

4.2.11 FormXlaWion and Filling

TKe fLQaO fRUPXOaWLRQ ZLOO be WKe VWaQdaUd HXPLUa� dRVaJe WKaW aQ adXOW SaWLeQW ZRXOd

WaNe eYeU\ RWKeU ZeeN aV VKRZQ LQ TabOe 4.2.7. TKe addLWLRQaO LQJUedLeQWV VKRZQ LQ WKe WabOe ZLOO

be added WR WKe VWUeaP e[LWLQJ dLafLOWUaWLRQ WR adMXVW SH befRUe KXPaQ LQMecWLRQ aQd fRU SURdXcW

VWabLOLW\. 0.8 PL Rf WKe fLQaO VROXWLRQ ZLOO be dLVSeQVed LQWR 2 PL YLaOV aQd SaUWLaOO\ VWRSSeUed

XVLQJ WKe SA25 AVeSWLc FLOOLQJ WRUNceOO SURdXced b\ C\WLYa (C\WLYa, 2022f). WLWK 200 PL/PLQ

Rf VROXWLRQ e[LWLQJ dLafLOWUaWLRQ fRU 200 PLQXWeV, 50000 YLaOV ZLOO be fLOOed afWeU eacK Rf WKe fLYe

fLQaO XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ baWcKeV, UeVXOWLQJ LQ 250000 YLaOV RU dRVeV beLQJ fLOOed SeU

caPSaLJQ.
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TabOe 4.2.7
AdaOLPXPab FRUPXOaWLRQ

IngredienWV MaVV (mg) in a SWandard DoVe MaVV (mg) ReqXired per
Campaign

AdaOLPXPab 40 400

SRdLXP CKORULde 4.93 49.3

MRQRbaVLc SRdLXP PKRVSKaWe DLK\dUaWe 0.69 6.9

DLbaVLc SRdLXP PKRVSKaWe DLK\dUaWe 1.22 12.2

SRdLXP CLWUaWe 0.24 2.4

CLWULc AcLd MRQRK\dUaWe 1.04 10.4

MaQQLWRO 9.6 96

PRO\VRUbaWe 80 0.8 8

SRdLXP H\dUR[Lde Added WR adMXVW SH WR 5.2 -

4.2.12 L\ophili]aWion

TKe fLQaO VWeS befRUe VKLSSLQJ WKe SURdXcW WR SKaUPacLeV aQd KRVSLWaOV ZLOO be

O\RSKLOL]aWLRQ. TKLV VWeS UePRYeV ZaWeU fURP WKe fLQaO VROXWLRQ WKURXJK fUee]e dU\LQJ LQ RUdeU WR

NeeS WKe dUXJ VWabOe ORQJeU aQd WR SUeYeQW deJUadaWLRQ. ATXeRXV aQWLbRdLeV beLQJ VWRUed aW 4 �C

ZLOO VWa\ VWabOe fRU RQe PRQWK ZKLOe O\RSKLOL]ed aQWLbRdLeV aW -20 �C caQ VWa\ VWabOe fRU 3-5 \eaUV

(JRKQVRQ, 2021). OQ WRS Rf WKaW, O\RSKLOL]ed dUXJV caQ be VKLSSed aW URRP WePSeUaWXUe fRU OeVV

WKaQ 5 da\V (Shipping, Q.d.).

TKe cRQceQWUaWLRQ Rf adaOLPXPab befRUe beJLQQLQJ O\RSKLOL]aWLRQ LV 50 PJ/PL, aQd

URXJKO\ 0.8 PL Rf ZaWeU ZLOO be UePRYed SeU dRVe. TKe Q144XSS fURP MLOOURcN TecKQRORJ\

ZLOO be XVed WR O\RSKLOL]e WKe SURdXcW. IW KaV 144 fW2 Rf VSace aQd caQ accRPPRdaWe WKe 50,000

2PL YLaOV WKaW Qeed WR be O\RSKLOL]ed fRU eacK UXQ (QUANTA, Q.d.). WeVW PKaUPaceXWLcaO

SeUYLceV ZLOO be XVed WR VRXUce 250,000 UXbbeU VWRSSeUV aQd 2 PL YLaOV fRU eacK caPSaLJQ

(13mm NoYaPXUe�, 2022; Daik\o, 2022).  LLNe fLQaO XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ,
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O\RSKLOL]aWLRQ ZLOO WaNe SOace RQce eYeU\ VL[ da\V fRU a WRWaO Rf fLYe WLPeV SeU caPSaLJQ. B\ RQO\

UXQQLQJ O\RSKLOL]aWLRQ fLYe WLPeV, ePSOR\eeV ZLOO QRW KaYe WR cRQWLQXRXVO\ ORad aQd XQORad WKe

O\RSKLOL]eU, UedXcLQJ WKe cKaQce fRU eUURU. L\RSKLOL]aWLRQ ZLOO W\SLcaOO\ WaNe 24-48 KRXUV

deSeQdLQJ RQ WKe aPRXQW Rf ZaWeU SUeVeQW aQd WKe cRQWeQWV Rf WKe VROXWLRQ (WLOOLaPV, 2016).

4.3 Ancillar\ EqXipmenW

4.3.1 Tank DeVign

TaQNV ZLOO be XVed WKURXJKRXW WKe SURceVV WR PL[ aQd KROd VROXWLRQV WKaW ZLOO be added,

VXcK aV WKe feUPeQWaWLRQ PedLa aQd cKURPaWRJUaSK\ bXffeUV. TKe KROdLQJ WaQNV ZeUe deVLJQed WR

be fLOOed WR aSSUR[LPaWeO\ 75% caSacLW\ aQd WKeQ dUaLQed WR aSSUR[LPaWeO\ 25% caSacLW\. OQce

WKe KROdLQJ WaQNV UeacK 25% caSacLW\, WKe\ ZLOO be UefLOOed WR 75%. A CSTR ZLOO be XVed WR PaNe

WKe PedLa aQd bXffeU aQd UefLOO WKe KROdLQJ WaQNV. MedLa aQd bXffeU PaNe-XS ZLOO RccXU fLYe WLPeV

a caPSaLJQ RU eYeU\ VL[ da\V. TKLV deVLJQ LV adYaQWaJeRXV becaXVe KXPaQ OabRU ZLOO RQO\ be

UeTXLUed fLYe WLPeV, aQd a baWcK ZLOO be ZeOO defLQed Lf a cRQWaPLQaWLRQ ZeUe WR be dLVcRYeUed. A

KROdLQJ WaQN ZLOO aOVR be Qeeded befRUe fLQaO XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ aV WKeVe fLQaO VWaJeV

ZLOO aOVR RQO\ be UXQ fLYe WLPeV SeU caPSaLJQ. TaQNV ZLOO aOVR be aYaLOabOe fRU ZaVWe VWRUaJe. AOO

WaQNV ZLOO be VWaLQOeVV VWeeO ZLWK VLQJOe-XVe baJV aQd PL[eUV. TabOe 4.3.1 deWaLOV aOO WKe UeTXLUed

WaQNV.

TabOe 4.3.1
TaQN SSecLfLcaWLRQV fRU HROdLQJ, ML[LQJ, aQd WaVWe SWRUaJe

Tank Name VolXme (L) ConWenWV PXrpoVe

TH-101 6000 MedLa HROdLQJ MedLa fRU WKe bLRUeacWRU

TM-101 4000 MedLa ML[LQJ MedLa fRU WKe bLRUeacWRU

TH-201 160 50 PM VRdLXP AceWaWe HROdLQJ bXffeU fRU PURWeLQ A eOXWLRQ
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TM-201 100 50 PM VRdLXP AceWaWe ML[LQJ bXffeU fRU PURWeLQ A eOXWLRQ

TH-202 100
20 PM VRdLXP SKRVSKaWe, 0.5

M VRdLXP cKORULde
HROdLQJ bXffeU fRU PURWeLQ A ZaVKLQJ aQd

eTXLOLbUaWLRQ

TM-202 75
20 PM VRdLXP SKRVSKaWe, 0.5

M VRdLXP cKORULde
ML[LQJ bXffeU fRU PURWeLQ A ZaVKLQJ aQd

eTXLOLbUaWLRQ

TH-203 100 1 M VRdLXP K\dUR[Lde
HROdLQJ bXffeU fRU cOeaQLQJ PURWeLQ A, AEX, aQd

CEX

TM-203 75 1 M VRdLXP K\dUR[Lde ML[LQJ bXffeU fRU cOeaQLQJ PURWeLQ A, AEX, aQd CEX

TH-204 50 100 PM SKRVSKRULc acLd HROdLQJ bXffeU fRU UeJeQeUaWLQJ PURWeLQ A

TM-204 30 100 PM SKRVSKRULc acLd ML[LQJ bXffeU fRU UeJeQeUaWLQJ PURWeLQ A

TH-205 1200 25 PM VRdLXP SKRVSKaWe
HROdLQJ bXffeU fRU dLafLOWUaWLRQ befRUe AEX, AEX

ZaVKLQJ, aQd AEX eTXLOLbUaWLRQ

TM-205 800 25 PM VRdLXP SKRVSKaWe
ML[LQJ bXffeU fRU dLafLOWUaWLRQ befRUe AEX, AEX

ZaVKLQJ, aQd AEX eTXLOLbUaWLRQ

TH-206 30
50 PM VRdLXP SKRVSKaWe, 1 M

VRdLXP cKORULde HROdLQJ bXffeU fRU VWULSSLQJ AEX

TM-206 20
50 PM VRdLXP SKRVSKaWe, 1 M

VRdLXP cKORULde ML[LQJ bXffeU fRU VWULSSLQJ AEX

TH-207 30
25 PM VRdLXP SKRVSKaWe, 2 M

VRdLXP cKORULde HROdLQJ bXffeU fRU UeJeQeUaWLQJ AEX

TM-207 20
25 PM VRdLXP SKRVSKaWe, 2 M

VRdLXP cKORULde ML[LQJ bXffeU fRU UeJeQeUaWLQJ AEX

TH-208 1200
50 PM VRdLXP aceWaWe, 50 PM

VRdLXP cKORULde
HROdLQJ bXffeU fRU dLafLOWUaWLRQ befRUe CEX, ZaVKLQJ

CEX, aQd eTXLOLbUaWLQJ CEX

TM-208 800
50 PM VRdLXP aceWaWe, 50 PM

VRdLXP cKORULde
ML[LQJ bXffeU fRU dLafLOWUaWLRQ befRUe CEX, ZaVKLQJ

CEX, aQd eTXLOLbUaWLQJ CEX

TH-209 160
50 PM VRdLXP aceWaWe, 240 PM

VRdLXP cKORULde HROdLQJ bXffeU fRU eOXWLQJ CEX
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TM-209 100
50 PM VRdLXP aceWaWe, 240 PM

VRdLXP cKORULde ML[LQJ bXffeU fRU eOXWLQJ CEX

TH-210 30
50 PM VRdLXP aceWaWe, 500 PM

VRdLXP cKORULde HROdLQJ bXffeU fRU VWULSSLQJ CEX

TM-210 20
50 PM VRdLXP aceWaWe, 500 PM

VRdLXP cKORULde ML[LQJ bXffeU fRU VWULSSLQJ CEX

TH-211 30
50 PM VRdLXP aceWaWe, 2 M

VRdLXP cKORULde HROdLQJ bXffeU fRU UeJeQeUaWLQJ CEX

TM-211 20
50 PM VRdLXP aceWaWe, 2 M

VRdLXP cKORULde ML[LQJ bXffeU fRU UeJeQeUaWLQJ CEX

TH-212 100
AdaOLPXPab fURP VLUaO

FLOWUaWLRQ
HROdLQJ SURdXcW VWUeaP WR eVWabOLVK a KLJKeU fORZ UaWe

befRUe VeQdLQJ LW WKURXJK fLQaO XOWUa fLOWUaWLRQ

TW-101 5000
WaVWe fURP feUPeQWeU aQd
WaQJeQWLaO fORZ fLOWUaWLRQ WaVWe VWRUaJe

TW-201 6000
WaVWe fURP dRZQVWUeaP

SURceVVeV WaVWe VWRUaJe

TW-202 6000
WaVWe fURP dRZQVWUeaP

SURceVVeV WaVWe VWRUaJe

4.3.2 PXmp DeVign

AOO fORZ UaWeV ZLOO be cRQWUROOed b\ SXPSV LQ WKe fLOWUaWLRQ aQd cKURPaWRJUaSK\ V\VWePV

deVcULbed abRYe RU b\ addLWLRQaO SeULVWaOWLc SXPSV. PeULVWaOWLc SXPSV aUe RfWeQ XVed fRU KLJK

SXULW\ aSSOLcaWLRQV VXcK aV SKaUPaceXWLcaOV aV WKe PaWeULaO QeYeU cRPeV LQWR cRQWacW ZLWK WKe

SXPS. AddLWLRQaOO\, WKeVe SXPSV aUe abOe WR RSeUaWe aW VPaOO fORZ UaWeV VXcK aV WKe RQeV XVed LQ

WKLV SURceVV aQd aUe JeQWOeU RQ VROXWLRQV (DaOe, 2013). IQ WRWaO, a PLQLPXP Rf 27 SXPSV ZLOO be

UeTXLUed ZLWK eYeU\ SXPS KaYLQJ a VSaUe. TKeUefRUe, 54 MaVWeUfOe[ L/S SeULVWaOWLc SXPSV fURP

FLVKeU ScLeQWLfLc ZLOO be SXUcKaVed. TKeVe SXPSV caQ RSeUaWe aW fORZ UaWeV Rf 0.36 WR 3400
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PL/PLQ (FLVKeU ScLeQWLfLc, 2022b) IW LV aVVXPed WKaW WKe WFI V\VWeP ZLOO VXSSO\ WFI WR WKe

PL[LQJ WaQNV ZLWK WKe XVe Rf YaOYeV LQVWead Rf SXPSV.

TKe SRZeU UeTXLUePeQW fRU aOO SXPSV ZaV caOcXOaWed XVLQJ ETXaWLRQ 4.3.1 ZKeUe P LV WKe

SRZeU LQ WaWWV, V LV WKe YROXPeWULc fORZ UaWe LQ P3/V, ǻP LV WKe dLffeUeQWLaO SUeVVXUe LQ Pa, aQd Ș

LV WKe SXPS effLcLeQc\. IW ZaV aVVXPed WKaW aOO SXPSV KaYe aQ effLcLeQc\ Rf 70% ZLWK aQ

eOecWULcaO dULYeU effLcLeQc\ Rf 90%. FRU aOO VWUeaPV ZLWKRXW SUeVVXUe dLffeUeQWLaOV cUeaWed b\ XQLW

RSeUaWLRQV, LW ZaV eVWLPaWed WKaW 1.013 baU Rf dLffeUeQWLaO SUeVVXUe ZLOO be XVed WR PRYe fURP RQe

XQLW RSeUaWLRQ WR WKe Qe[W aV WKe acWXaO SUeVVXUe cRXOd QRW be caOcXOaWed ZLWK XQNQRZQ SLSe

OeQJWKV. AddLWLRQaOO\, LW ZaV aVVXPed WKaW WKeUe LV a ORVV Rf 0.51 baU LQ SLSeV, KeaW e[cKaQJeUV,

aQd aOO RWKeU XQLW RSeUaWLRQV dXe WR fULcWLRQaO ORVVeV. TabOe 4.3.2 deWaLOV aOO WKe SXPSV fRU aOO

SURceVV VWUeaPV, UeTXLULQJ a SeULVWaOWLc SXPS. AV VeeQ LQ WKe WabOe, WKe PLQLPXP WRWaO SRZeU

UeTXLUePeQW ZaV fRXQd WR be 185 W ZLWK 6.94 NWKU beLQJ UeTXLUed SeU caPSaLJQ.

𝑃 ࡦ ഈ𝑉 * ∆𝑃ഉ/η
ETXaWLRQ 4.3.1. PXPS PRZeU ReTXLUePeQW

TabOe 4.3.2
PRZeU ReTXLUePeQWV fRU PXPSV

From To

FloZ
RaWe

(mL/min)
PreVVXre

(bar)

MinimXm
PoZer

ReqXired
(W)

70% ShafW
Efficienc\

(W)

90%
ElecWrical

DriYer
Efficienc\

(W)
DXraWion

(hr)

PoZer Per
Campaign

(Whr)

Media and BXffer Make-Up

TM-101 TH-101 3000.0 1.01 7.62 10.88 12.09 83.00 1007.00

TH-101

20 L ReacWRU,
R-101 16.7 1.01 0.04 0.06 0.07 190.00 12.80

50 L ReacWRU,
R-102 2000.0 1.01 5.08 7.25 8.06 0.25 2.01

500 L ReacWRU,
R-103 2000.0 1.01 5.08 7.25 8.06 1.25 10.10

500 L ReacWRU,
R-103 2000.0 1.01 5.08 7.25 8.06 2.50 20.10
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TH-101
500 L ReacWRU,

R-103 353.0 1.01 0.90 1.28 1.42 720.00 1024.00

TM-201 TH-201 3000.0 1.01 7.62 10.88 12.09 2.22 26.90

TM-202 TH-202 3000.0 1.01 7.62 10.88 12.09 1.39 16.80

TM-203 TH-203 3000.0 1.01 7.62 10.88 12.09 1.53 18.50

TM-204 TH-204 3000.0 1.01 7.62 10.88 12.09 0.69 8.39

TM-205 TH-205 3000.0 1.01 7.62 10.88 12.09 16.7 201.00

TM-206 TH-206 3000.0 1.01 7.62 10.88 12.09 0.42 5.04

TM-207 TH-207 3000.0 1.01 7.62 10.88 12.09 0.42 5.04

TM-208 TH-208 3000.0 1.01 7.62 10.88 12.09 16.70 201.00

TM-209 TH-209 3000.0 1.01 7.62 10.88 12.09 2.22 26.90

TM-210 TH-210 3000.0 1.01 7.62 10.88 12.09 0.42 5.04

TM-211 TH-211 3000.0 1.01 7.62 10.88 12.09 0.03 0.35

UpVWream ProceVV SWreamV

20 L ReacWRU,
R-101

50 L ReacWRU,
R-102 1000.0 1.01 2.54 3.63 4.03 0.333 1.34

50 L ReacWRU,
R-102

500 L ReacWRU,
R-103 1000.0 1.01 2.54 3.63 4.03 0.83 3.40

ALU FLOWeU,
F-102

500 L ReacWRU,
R-103 1000.0 0.01 0.87 1.25 1.39 720.00 998.00

500 L ReacWRU,
R-103 TFF, F-101 548.0 0.41 0.84 1.20 1.34 720.00 962.00

TFF, F-101
WaVWe,

TW-101 161.0 1.01 0.41 0.58 0.65 720.00 466.00

TFF, F-101
Rec\cOe,
R-103 196.0 1.01 0.50 0.71 0.79 720.00 568.00

TFF, F-101 DeSWK, F-201 192.0 2.07 0.83 1.18 1.31 720.00 943.00

DoZnVWream ProceVV SWreamV

UF, F-202 HE-201 191.9 0.500 0.323 0.461 0.513 720 369.2

PURWeLQ A,
C-201 VI, V-201 9.3 0.003 0.008 0.011 0.013 720 9.05

VF, F-205 TH-212 9.3 1.010 0.024 0.034 0.037 720 26.9

ToWal PoZer (W) = 185

ToWal
PoZer

(kWhr)
= 6.94
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4.3.3 HeaW E[changer DeVign

BeWZeeQ WKe XSVWUeaP aQd dRZQVWUeaP RSeUaWLRQV, a KeaW e[cKaQJeU ZLOO be XVed WR

adMXVW WKe WePSeUaWXUe Rf WKe VWUeaP. TKe XSVWUeaP SURceVV RSeUaWeV aW 33�C, a WePSeUaWXUe WKaW

ZaV cKRVeQ dXe WKe aYaLOabLOLW\ Rf SXbOLVKed CHO NLQeWLc daWa. HRZeYeU, RSeUaWLQJ aW KLJKeU

WePSeUaWXUeV LQcUeaVeV aJJUeJaWLRQ aQd deJUadaWLRQ Rf PRQRcORQaO aQWLbRdLeV LQ ORZ SH

cRQdLWLRQV VXcK aV WKe cRQdLWLRQV XVed dXULQJ PURWeLQ A cKURPaWRJUaSK\ (JRVKL eW aO., 2014).

TKeUefRUe, WKe PRQRcORQaO aQWLbRd\ VROXWLRQ cRPLQJ RXW Rf WKe feUPeQWaWLRQ SURceVV PXVW be

cRROed WR URRP WePSeUaWXUe befRUe PURWeLQ A cKURPaWRJUaSK\. IQ RUdeU WR SeUfRUP WKLV RSeUaWLRQ,

a VWeeO cRXQWeU cXUUeQW dRXbOe SLSe KeaW e[cKaQJeU ZLOO be XVed afWeU WKe deSWK fLOWUaWLRQ VWeS ZLWK

WKe ZaUP VWUeaP cRQWaLQLQJ WKe PAbV LQ WKe LQVLde SLSe aQd cRROLQJ PaWeULaO LQ WKe RXWeU SLSe..

TKe cRROLQJ VWUeaP ZaV cKRVeQ WR be a PL[WXUe Rf 50% eWK\OeQe JO\cRO aQd ZaWeU, aV aW

ORZ WePSeUaWXUeV cORVe WR 0�C, ZaWeU Pa\ beJLQ WR fUee]e aQd fRUP cU\VWaOV. HRZeYeU, eWK\OeQe

JO\cRO KaV a ORZeU fUee]LQJ SRLQW, eQVXULQJ WKaW RXU cRROLQJ VWUeaP UePaLQV LQ WKe OLTXLd SKaVe. IQ

addLWLRQ, WKe WePSeUaWXUe Rf WKe cRROLQJ VWUeaP ZaV VeW WR eQWeU WKe KeaW e[cKaQJeU aW 5�C aQd

OeaYe aW 7�C. TKLV aOORZed XV WR caOcXOaWe WKe ǻTOP aV 19.998, aV caQ be VeeQ LQ eTXaWLRQ 4.3.2.

∆𝑇
ՔՕ

ࡦ
ഈ𝑇

𝐻,՝՜
𝑇ࡠ

𝐶,𝑖Ֆ
ഉࡠഈ𝑇

𝐻,𝑖Ֆ
𝑇ࡠ

𝑐,՝՜
ഉ

ՔՖഈ
𝑇

𝐻,՝՜
𝑇ࡠ

𝑐,𝑖Ֆ

𝑇
𝐻,𝑖Ֆ

𝑇ࡠ
𝑐,՝՜

ഉ

ETXaWLRQ 4.3.2. ǻTOP fRU a cRXQWeU cXUUeQW dRXbOe-SLSe KeaW e[cKaQJeU

We aOVR cRXOd fLQd WKe aPRXQW Rf KeaW UeTXLUed WR OeaYe WKe ZaUP VWUeaP XVLQJ WKe

PaWeULaO baOaQceV aQd fORZ UaWe Rf 27.78 PL/PLQ cRPLQJ RXW Rf WKe deSWK fLOWUaWLRQ V\VWeP

(eTXaWLRQ 4.3.3). TKLV JaYe a Q Rf 24.9 J.

𝑄 ࡦ Օ ࡢ 𝐶


ࡢ ∆𝑇
ETXaWLRQ 4.3.3. HeaW WUaQVfeU UeTXLUed WR cKaQJe WKe WePSeUaWXUe Rf a VWUeaP
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IQ addLWLRQ, aV Ze deWeUPLQed WKe KeaW e[cKaQJeU ZaV Pade RXW Rf VWeeO, Ze ZeUe abOe WR

eVWLPaWe WKe RYeUaOO KeaW WUaQVfeU cReffLcLeQW, UR, aV 285 W/P2K. TKLV aOORZed XV WR caOcXOaWe WKe

RYeUaOO KeaW WUaQVfeU aUea Rf RXU KeaW e[cKaQJeU XVLQJ eTXaWLRQ 4.3.4.

𝐴 ࡦ 𝑄
𝑈

0
 ∆𝑇

ETXaWLRQ 4.3.4. HeaW WUaQVfeU aUea UeTXLUed

FURP WKeVe eTXaWLRQV, WKe aUea UeTXLUed ZaV caOcXOaWed WR be 0.0044 P2, RU 44 cP2. FURP

a UeaSSOLcaWLRQ Rf eTXaWLRQ 4.3.3 RQ WKe cRROLQJ VWUeaP, WKe PaVV Rf WKe cRROLQJ VWUeaP ZaV fRXQd

WR be 0.0038 P/V RU 214 PL/PLQ.

4.4 WaWer for InjecWion (WFI) S\VWem DeVign

AOO ZaWeU XVed fRU WKe PaNe-XS Rf bXffeUV, fLOWUaWLRQ, cOeaQLQJ, aQd VWeULOL]aWLRQ ZLOO be

WFI aV UeTXLUed b\ UeJXOaWLRQV. WFI LV VWeULOe, QRQS\URJeQLc, dLVWLOOed ZaWeU ZLWK a SH Rf 5.0 WR

7.0 aQd LV XVed fRU SURdXcWV WKaW UeTXLUe LQWUaYeQRXV adPLQLVWUaWLRQ (SWeUile, Q.d.). AccRUdLQJ WR

USP VWaQdaUdV, WFI PXVW KaYe OeVV WKaQ 0.5 SSP RUJaQLc caUbRQ, OeVV WKaQ 10 CFU/100 PL Rf

bacWeULa, aQd 0.25 IU/PL eQdRWR[LQ. WFI KaV beeQ WUadLWLRQaOO\ SURdXced WKURXJK dLVWLOOaWLRQ,

bXW UeYeUVe RVPRVLV (RO) KaV aOVR beeQ XVed WR SXULf\ ZaWeU PRUe UeceQWO\ aQd LV abOe WR dR VR aW

a cKeaSeU SULce accRUdLQJ WR TabOe 4.4.1 (WaWeU, 2021). RO ZRUNV b\ fORZLQJ SUeWUeaWed ZaWeU

³WaQJeQWLaOO\ acURVV WKe PePbUaQe, SURdXcLQJ WUaQVPePbUaQe SUeVVXUe WKaW effecWLYeO\ UeMecWV a

ZaWeU VWUeaP cRQWaLQLQJ KeaYLeU LRQV aQd aOORZV ZaWeU cRQWaLQLQJ feZeU LRQV WR SaVV WKURXJK´

(WUaPSe, 2019). TKe SXULW\ Rf WKe ZaWeU SURdXced LV deWeUPLQed b\ WKe cRQceQWUaWLRQ Rf WKe

ZaWeU eQWeULQJ WKe RO V\VWeP. ReYeUVe RVPRVLV V\VWePV W\SLcaOO\ UeMecW 85% WR 98% Rf WKe WRWaO

VROLdV aQd KaYe aQ 80% UecRYeU\ UaWe Rf ZaWeU (ReYeUVe OVmoViV, 2014; WUaPSe, 2019). BecaXVe

RO LV RSeUaWed aW aPbLeQW WePSeUaWXUe aQd SUeVVXUe, LW LV LPSRUWaQW WR UXQ WKe SURdXcW ZaWeU

WKURXJK XOWUafLOWUaWLRQ VR WKaW WKeUe LV QR PLcURbLaO cRQWaPLQaWLRQ.
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TabOe 4.4.1
CRVW CRPSaULVRQ Rf WaWeU fRU IQMecWLRQ S\VWePV (WaWeU, 2021)

AV PeQWLRQed SUeYLRXVO\, WKLV SURceVV LPSOePeQWV VLQJOe-XVe WecKQRORJLeV aV PXcK aV

SRVVLbOe WR UedXce WFI UeTXLUePeQWV. TKeUefRUe, WKe RQO\ PRdXOeV WKaW ZLOO UeTXLUe cOeaQLQJ aQd

VWeULOL]aWLRQ LQ beWZeeQ caPSaLJQV LV WKe fLUVW XOWUafLOWUaWLRQ, YLUaO LQacWLYaWLRQ, aQd dLafLOWUaWLRQ

fRU AEX aQd CEX VWaJeV. TR eVWLPaWe WKe YROXPe Rf WFI Qeeded fRU cOeaQLQJ aQd VWeULOL]aWLRQ, LW

ZLOO be aVVXPed WKaW WKe cOeaQLQJ aQd VWeULOL]aWLRQ c\cOe fRU eacK cRPSRQeQW ZLOO OaVW 90 PLQXWeV.

IW ZLOO aOVR be aVVXPed WKaW eacK fLOWUaWLRQ PRdXOe ZLOO be RSeUaWed aW LWV Pa[LPXP fORZ UaWe

ZKLOe WKe YLUaO LQacWLYaWLRQ VWaJe ZLOO be RSeUaWed aW WKe PLQLPXP fORZ UaWe UeTXLUed WR acKLeYe

WXUbXOeQW fORZ. TKeUefRUe, WKe WRWaO YROXPe Rf WFI UeTXLUed SeU caPSaLJQ ZaV fRXQd WR be

aSSUR[LPaWeO\ 25000 L aV VKRZQ LQ TabOe 4.4.2. TKLV LV eTXLYaOeQW WR SURdXcLQJ 578 PL/PLQ.

AOO WFI ZLOO be Pade RQ VLWe.

TabOe 4.4.2
WFI ReTXLUePeQWV SeU CaPSaLJQ

ModXle VolXme of ReqXired WFI (L)

FeUPeQWaWLRQ 15620

PURWeLQ A, C-201 880

AEX DF, F-203 2800

AEX, C-202 400

CEX DF, F-204 2800

CEX, C-203 800

FLQaO DF, F-207 1400

COeaQLQJ 248

ToWal 24948
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TR SURdXce WFI fRU WKLV SURceVV, WKe MedLca� PUR-RE S\VWeP b\ EYRTXa ZLOO be XVed aV

LW caQ SURdXce RYeU 1 L/PLQ Rf SXULfLed ZaWeU, PRUe WKaQ e[ceedLQJ RXU deVLJQ UeTXLUePeQWV. IW

KaV a WaQN caSacLW\ Rf 50 L, aQd LW LV abOe WR SXPS fORZ UaWeV XS WR 4 L/PLQ ZKeQ Qeeded fRU

KLJKeU cOeaQLQJ fORZ UaWeV. IW aOVR PeeWV USP VWaQdaUdV b\ SURdXcLQJ WFI ZLWK OeVV WKaQ 0.03

SSP RUJaQLc caUbRQ (Medica� V\VWemV, 2017)

4.5 Air FilWraWion S\VWem DeVign

TR eQVXUe SURdXcW VWeULOLW\, WKe aLU VXSSOLed WR WKe bLRUeacWRU PXVW be SXULfLed befRUe

eQWeULQJ WKe V\VWeP. FRU WKLV deVLJQ, WKe fORZ UaWe Rf aLU UeTXLUed WR PeeW WKe R[\JeQ dePaQd Rf

WKe ceOOV ZaV fRXQd WR be Rf 0.002 YYP RU 1000 PL/PLQ. TKeUefRUe, WKe OSWLcaS XL50 CaSVXOe

FLOWeUV ZLWK MLOOLSRUe E[SUeVV� SPG H\dURSKRbLc MePbUaQe ZLOO be XVed. TKeVe fLOWeUV aUe

RSWLPaO fRU VLQJOe-XVe aLU fLOWUaWLRQ aQd caQ RSeUaWe aW ORZ fORZ UaWeV. TKe\ KaYe a WRWaO fLOWUaWLRQ

aUea Rf 19.6 cP2 ZLWK aQ RSeUaWLQJ SUeVVXUe Rf 0.014 baU aW a fORZ UaWe Rf 1000 PL/PLQ (MeUcN

KGaA, 2021b).

4.6 DiVpoVal

4.6.1 LiqXid WaVWe

LLTXLd ZaVWe LV JeQeUaWed LQ WKe SXUJe VWUeaP fURP TFF LQ WKe SeUfXVLRQ SURceVV, eacK Rf

WKe WKUee cKURPaWRJUaSK\ VWeSV, bRWK dLafLOWUaWLRQV beWZeeQ cKURPaWRJUaSK\ VWeSV, aQd WKe fLQaO

XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ. WaVWe fURP WKe bLRUeacWRU aQd WKe SXUJe VWUeaP fURP TFF ZLOO be

VeSaUaWed fURP WKe ZaVWe JeQeUaWed LQ dRZQVWUeaP SURceVVeV dXe WR WKe SUeVeQce Rf OLYLQJ CHO

ceOOV. TKe WRWaO aPRXQW Rf ZaVWe JeQeUaWed LQ a 30 da\ caPSaLJQ fURP WKe XSVWUeaP SURceVVeV LV

OLVWed LQ TabOe 5.3.1 aQd dRZQVWUeaP ZaVWe LV OLVWed LQ TabOe 5.3.2. WaVWe WaQNV ZeUe deVLJQed WR

be fLOOed XS WR 75% Rf LWV WRWaO caSacLW\ WR SUeYeQW RYeUfLOOLQJ. OXU VeOecWed ZaVWe dLVSRVaO VeUYLce
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cRPSaQ\, EOdUedJe IQc. LQ WeVW CKeVWeU, PA, ZLOO be cRQWUacWed WR UePRYe ZaVWe aW WKe eQd Rf

eacK caPSaLJQ LQ a OaUJe WaQNeU.

4.6.2 Solid WaVWe

SROLd ZaVWe JeQeUaWed LQ RXU SURceVV LQcOXdeV aOO VLQJOe XVe eTXLSPeQW, VXcK aV deSWK

fLOWeUV, TFF fLOWeUV, bLRUeacWRU baJV aQd LPSeOOeUV, aQd cKURPaWRJUaSK\ cROXPQV. IW aOVR LQcOXdeV

ceOO baQN VWRUaJe YLaOV aQd cKURPaWRJUaSK\ UeVLQV. TKLV SOaQW ZLOO JeQeUaWe aSSUR[LPaWeO\ 175.6

NJ Rf VROLd ZaVWe Rf WKLV fRUP SeU caPSaLJQ, ZKLcK ZLOO be LdeQWLfLed aV bLRKa]aUdRXV PaWeULaO

aQd SOaced LQWR 55 JaOORQ dUXPV. OXU VeOecWed ZaVWe dLVSRVaO cRPSaQ\, EOdUedJe IQc., ZLOO WKeQ

UeWULeYe WKeVe dUXPV aW WKe eQd Rf eacK caPSaLJQ WR be dLVSRVed Rf YLa LQcLQeUaWLRQ LQ aQ effRUW WR

ORZeU eQYLURQPeQWaO LPSacW.
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5. Final DeVign

5.1 UpVWream ProceVV

5.1.1 Cell Line AcqXiViWion and Media SelecWion

TKLV deVLJQ LV fXQcWLRQaO fRU aQ\ PaVWeU ceOO baQN WKaW SURdXceV aQ adaOLPXPab

bLRVLPLOaU. TKe ceOO baQN ZLOO be dLVWULbXWed aQd VWRUed LQ 4.5 PL YLaOV, eacK aW a cRQceQWUaWLRQ Rf

50î106 ceOOV/PL. TKe ceOOV ZLOO be VWRUed aW -87 �C LQ a VIP SeULeV MRdeO MDF-U76VC-PA

fUee]eU, ZKLcK ZLOO be VWRUed ZLWKLQ WKe VaPe facLOLW\ aV WKe SURdXcWLRQ SURceVV.

5.1.2 InocXlXm Train

TKe VcaOe-XS ZLOO beJLQ ZLWK RQe KLJK deQVLW\ ceOO YLaO beLQJ WKaZed LQ a TKeUPR FLVKeU

PUecLVLRQ GP 02 ZaWeU baWK aQd SOaced LQWR 1 L Rf PedLa aW 33 �C. TKLV LV aOORZed WR JURZ LQ WKe

Read\TRPURceVV WAVE 25 RRcNeU ReacWRU. IQLWLaOO\, WKLV ZLOO KaYe a ceOO deQVLW\ Rf 0.56 J/L aQd

a JOXcRVe cRQceQWUaWLRQ Rf 6 J/L. CXOWXUe PedLa ZLOO be added WR WKe WaYe bLRUeacWRU aW 0.1 L/K

fRU 190 KRXUV, XQWLO LW UeacKeV 20 L. TKLV fLQaO SURdXcW ZLOO KaYe a ceOO deQVLW\ Rf 8.5 J/L aQd a

JOXcRVe cRQceQWUaWLRQ Rf 0.1 J/L, aV ZeOO aV a PAb cRQceQWUaWLRQ Rf 1.48 J/L.

Ne[W, WKe cRQWeQWV Rf WKe 20L baJ aQd 30 L Rf cXOWXUe PedLa ZLWK 9.94 J/L Rf JOXcRVe ZLOO

be SOaced LQWR a 50 L XceOOeUe[ VLQJOe XVe bLRUeacWRU fRU aQ addLWLRQaO baWcK VWaJe. AW WKe

beJLQQLQJ Rf WKLV baWcK VWaJe, WKe bLRUeacWRU ZLOO KaYe a ceOO, JOXcRVe, aQd PAb cRQceQWUaWLRQ Rf

3.4, 6.0, aQd 0.59 UeVSecWLYeO\. TKLV baWcK LV aOORZed WR JURZ XQWLO JOXcRVe cRQceQWUaWLRQ UeacKeV

2 J/L aW 33 �C, ZKLcK ZLOO WaNe 29 KRXUV. AW WKe eQd Rf WKLV baWcK VWaJe, WKe cRQceQWUaWLRQ Rf ceOOV

aQd PAb ZLOO be 9.14 aQd 1.59 J/L UeVSecWLYeO\.

TKe Qe[W baWcK VWeS ZLOO be UXQ LQ a 500L XceOOeUe[ VLQJOe XVe bLRUeacWRU. FLUVW, WKe

cRQWeQWV Rf WKe SUeYLRXV bLRUeacWRU ZLOO be SOaced LQWR WKe bLRUeacWRU aV ZeOO aV 150L Rf cXOWXUe

PedLa cRQWaLQLQJ 7.33 J/L Rf JOXcRVe. TKLV 200 L baWcK VWaJe ZLOO KaYe beJLQQLQJ ceOO, JOXcRVe,
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aQd PAb cRQceQWUaWLRQV Rf 2.26, 6, aQd 0.40 J/L UeVSecWLYeO\. TKLV LV aOORZed WR JURZ XQWLO WKe

cRQceQWUaWLRQ Rf JOXcRVe UeacKeV 2 J/L, ZKLcK ZLOO WaNe 36.7 KRXUV. TKe fLQaO cRQceQWUaWLRQ Rf

ceOOV aQd PAb LQ WKLV 200 L baWcK ZLOO be 8.03 aQd 1.4 J/L UeVSecWLYeO\. TKeQ, LQ WKe VaPe

bLRUeacWRU, 300 L Rf cXOWXUe PedLa cRQWaLQLQJ 8.67 J/L ZLOO be added. TKe bLRUeacWRU ZLOO QRZ

KaYe QeZ cRQceQWUaWLRQV Rf 3.2 J/L Rf ceOOV aQd 0.56 J/L Rf PAbV. TKLV baWcK VWaJe LV JURZQ

XQWLO WKe JOXcRVe UeacKeV a cRQceQWUaWLRQ Rf 2 J/L, WKLV VWaJe ZLOO WaNe 30 KRXUV. TKe fLQaO

cRQceQWUaWLRQV Rf ceOOV aQd PAbV ZLOO be 8.96 J/L aQd 1.6 J/L UeVSecWLYeO\.

5.1.3 PerfXVion BioreacWor

TKe SeUfXVLRQ bLRUeacWRU VeOecWed fRU WKLV deVLJQ LV a 500 L XceOOeUe[ XDR VLQJOe-XVe

VWLUUed WaQN bLRUeacWRU fURP C\WLYa. AQ e[WUa bLRUeacWRU Rf WKLV W\Se ZLOO be aYaLOabOe LQ WKe eYeQW

Rf cRPSOLcaWLRQV ZLWK WKe SULPaU\ YeVVeO. TKe SeUfXVLRQ bLRUeacWRU ZLOO be RSeUaWed fRU a

caPSaLJQ OaVWLQJ 30 da\V, afWeU ZKLcK WKe VLQJOe-XVe cRPSRQeQWV±dLVSRVabOe baJV aQd

LPSeOOeUV±ZLOO be dLVcaUded.

TKLV bLRUeacWRU KaV a WaQN dLaPeWeU aQd OLTXLd KeLJKW Rf 0.750 PeWeUV, ZLWK aSSUR[LPaWeO\

0.375 PeWeUV Rf KeadVSace. TKe YeVVeO ZLOO cRQWaLQ a VLQJOe LPSeOOeU ZLWK a dLaPeWeU Rf 0.263

PeWeUV, aQd WKe cURVV-VecWLRQaO aUea Rf WKe WaQN LV 0.442 P2. TKe LPSeOOeU ZLOO PL[ WKe V\VWeP aW

200 RPM aQd 0.002 YYP Rf aLU ZLOO aeUaWe WKe V\VWeP. TKeVe cRQdLWLRQV ZLOO SURdXce a NLa Rf 4.7

K-1 WKaW ZLOO VXSSRUW WKe R[\JeQ XSWaNe fURP ceOO JURZWK. TKe WRWaO SRZeU UeTXLUed WR RSeUaWe WKe

SeUfXVLRQ V\VWeP LV 49.8 W.

5.1.4 TangenWial FloZ FilWraWion and Rec\cle

550 PL/PLQ Rf WKe UeacWRU effOXeQW ZLOO be VeQW WR WaQJeQWLaO fORZ fLOWUaWLRQ, ZKeUe 35% Rf

WKLV fORZ ZLOO SaVV WKURXJK WKe fLOWeU aV fLOWUaWe. SaUWRcRQ� SOLce DLVSRVabOe H\dURVaUW�

CaVVeWWeV fURP SaUWRULXV ZLOO be XVed aV WKe WaQJeQWLaO fORZ fLOWeUV fRU WKLV SURceVV. TKeVe fLOWeUV
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KaYe a VXUface aUea Rf 0.1 P2, a SRUe VL]e Rf 0.2 ȝP, aQd a CHO ceOO UeWeQWLRQ JUeaWeU WKaQ 99%.

TKe cRQceQWUaWLRQ Rf adaOLPXPab ZLOO VWa\ WKe VaPe, aVLde fURP a 0.1% ORVV Rf aQWLbRdLeV LQ WKe

fLOWeU. OXW Rf WKe UePaLQLQJ 356 PL/PLQ WKaW dReV QRW OeaYe aV fLOWUaWe, 195 PL/PLQ LV Uec\cOed WR

WKe SeUfXVLRQ UeacWRU aQd 161 PL/PLQ LV SXUJed. TKe ceOO cRQceQWUaWLRQ Rf bRWK Rf WKeVe VWUeaPV

LV 13.6 J/L, aQd WKe aQWLbRd\ cRQceQWUaWLRQ UePaLQV aW 1.56 J/L. TKe WUaQVPePbUaQe SUeVVXUe

acURVV WaQJeQWLaO fORZ fLOWUaWLRQ LV 0.082 baU.

5.2 DoZnVWream

5.2.1 DepWh FilWraWion

AfWeU TFF, deSWK fLOWUaWLRQ ZLOO be LPSOePeQWed WR UePRYe aQ\ OaUJe LPSXULWLeV VXcK aV

O\Ved ceOO debULV. FRU WKLV VWaJe, a VLQJOe XVe MLOOLVWaN+� PRd DLVSRVabOe DeSWK A1HC FLOWeU

ZLOO be XVed.  A VWUeaP fORZLQJ aW 191.90 PL/PLQ ZLOO JR WKURXJK WKe deSWK fLOWUaWLRQ. TKe fLOWeU

LV aVVXPed WR KaYe a 99% UecRYeU\, caXVLQJ WKe cRQceQWUaWLRQ Rf PAbV WR JR fURP 1.56 J/L WR

1.54 J/L afWeU fLOWUaWLRQ. TKLV fLOWeU ZLOO be RSeUaWed aW WKe Pa[LPXP RSeUaWLQJ SUeVVXUe Rf 2.07

baU. TKe fLOWeU ZLOO be UeSOaced afWeU eYeU\ caPSaLJQ.

5.2.2 UlWrafilWraWion

AfWeU WKe deSWK fLOWUaWLRQ, WKe VWUeaP ZLOO be WaNeQ WKURXJK aQ XOWUafLOWUaWLRQ VWeS WR

cRQceQWUaWe WKe PAb VROXWLRQ. TKe bKTA FOX[ 6 WaQJeQWLaO fORZ fLOWUaWLRQ V\VWeP, fLWWed ZLWK

fLOWeUV WKaW KaYe a QRPLQaO PROecXOaU ZeLJKW cXW Rff 30  NDa, ZLOO be XVed fRU WKLV fLOWUaWLRQ. TKe

VWUeaP JRLQJ LQWR XOWUafLOWUaWLRQ ZLOO be fORZLQJ aW 191.90 PL/PLQ aQd KaYe a PAb cRQceQWUaWLRQ

Rf 1.54 J/L. TZR VWUeaPV ZLOO OeaYe WKLV XOWUafLOWUaWLRQ VWaJe, WKe ZaVWe VWUeaP aQd WKe bOeed

VWUeaP. TKe ZaVWe VWUeaP ZLOO be 164.12 PL/PLQ aQd KaYe a PAb cRQceQWUaWLRQ Rf 0.01 J/L, aQd

be cROOecWed fRU dLVSRVaO. TKe bOeed VWUeaP ZLOO be 27.78 PL/PLQ aQd KaYe a PAb cRQceQWUaWLRQ

Rf 10.59 J/L. TKe bOeed VWUeaP LV VeQW WR WKe PURWeLQ A cKURPaWRJUaSK\ XQLW. TKLV fLOWeU ZLOO KaYe
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a SUeVVXUe dURS Rf 0.393 baU acURVV WKe fLOWeU. DXe WR WKLV fLOWeU QRW beLQJ VLQJOe XVe, LW ZLOO be

cOeaQed ZLWK a VRdLXP K\dUR[Lde VROXWLRQ beWZeeQ eacK caPSaLJQ.

5.2.3 ProWein A ChromaWograph\

PURWeLQ A cKURPaWRJUaSK\ ZLOO be cRQdXcWed XVLQJ aQ bKTA Scc cKURPaWRJUaSK\

V\VWeP fURP C\WLYa; aOVR fURP C\WLYa, MabSeOecW SXUe� LX SURWeLQ A UeVLQ ZLOO be XVed ZLWKLQ

HLScaOe 50/20 cROXPQV. TKe LQQeU dLaPeWeU Rf WKe cROXPQV LV 5.0 ceQWLPeWeUV, WKe bed KeLJKW Rf

WKe UeVLQ LV 8.5 ceQWLPeWeUV, aQd WKe RSeUaWLQJ SUeVVXUe LV VeW WR 0.765 baU. TKe UeVLdeQce WLPe LV

VeW WR 6 PLQXWeV, ZKLcK JLYeV a d\QaPLc bLQdLQJ caSacLW\ Rf 60 PJ/PL. TKe cROXPQ ZLOO be

RSeUaWed LQ bLQd aQd eOXWe PRde. TKe ORad aQd ZaVK VWeS fORZ UaWeV aUe 27.78 PL/PLQ aQd WKe

eOXWLRQ, cOeaQ, UeJeQeUaWLRQ, aQd eTXLOLbUaWLRQ VWeS fORZ UaWeV aUe 9.26 PL/PLQ. TKe ORad SURdXcW

cRQceQWUaWLRQ LV 10.59 PJ/PL, aQd WKe eOXeQW VWUeaP SURdXcW cRQceQWUaWLRQ LV 30.18 PJ/PL. TKe

SURdXcW UecRYeU\ LQ WKe SURWeLQ A VWeS LV 95%. 30 CVV Rf VXSeUQaWaQW fURP deSWK fLOWUaWLRQ aUe

ORaded RQWR WKe cROXPQ LQ WKe ORadLQJ VWeS. 3 CVV Rf 20 PM VRdLXP SKRVSKaWe aQd 0.5 M NaCO

aW SH 7.0 cRPSRVe WKe ZaVK VWeS. 10 CVV Rf 50 PM VRdLXP aceWaWe aW SH 3.5 cRPSRVe WKe

eOXWLRQ VWeS. 3 CVV Rf 1 M NaOH, 100 PM SKRVSKRULc acLd aW SH 2, aQd WKe VaPe bXffeU aV WKe

ZaVK VWeS cRPSRVe WKe cOeaQLQJ, UeJeQeUaWLRQ, aQd eTXLOLbUaWLRQ VWeSV, UeVSecWLYeO\. AW WKe

deVLJQaWed fORZ UaWeV, WKe WRWaO WLPeV fRU eacK VWeS aUe 180 PLQXWeV fRU ORadLQJ, 18 PLQXWeV fRU

ZaVKLQJ, 180 PLQXWeV fRU eOXWLRQ, 54 PLQXWeV fRU cOeaQLQJ, 54 PLQXWeV fRU UeJeQeUaWLRQ, aQd 54

PLQXWeV fRU eTXLOLbUaWLRQ fRU a VLQJOe cROXPQ SeU c\cOe. TKUee cROXPQV ZLOO be RSeUaWed ZLWKLQ

WKe V\VWeP VLPXOWaQeRXVO\ aQd VWaJJeUed WR PaLQWaLQ cRQVWaQW ORadLQJ aQd a cRQVWaQW SURdXcW

VWUeaP.
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5.2.4 Viral InacWiYaWion

FROORZLQJ PURWeLQ A CKURPaWRJUaSK\, WKe SURdXcW VWUeaP ZLOO be KeOd aW a SH Rf 3.5 WR

LQacWLYaWe aQ\ eQdRJeQRXV YLUXVeV. TKe VROXWLRQ cRPLQJ Rff Rf PURWeLQ A CKURPaWRJUaSK\ LV

aOUead\ aW a SH Rf 3.5 VR SeUfRUPLQJ YLUaO LQacWLYaWLRQ LPPedLaWeO\ afWeUZaUdV dReV QRW UeTXLUe

addLWLRQaO bXffeUV. A cXVWRP VSLUaOed VWaLQOeVV VWeeO SOXJ fORZ UeacWRU ZLOO be XVed WR eQVXUe a

QRPLQaO UeVLdeQce WLPe Rf 60 PLQXWeV aQd a PLQLPXP UeVLdeQce WLPe Rf 30 PLQXWeV. TR

accRPPRdaWe WKe 9.26 PL/PLQ fORZ UaWe eQWeULQJ YLUaO LQacWLYaWLRQ, WKe SOXJ fORZ UeacWRU ZaV

deVLJQed ZLWK a YROXPe Rf 555.6 PL, a OeQJWK Rf 7.07 P, aQd a dLaPeWeU Rf 1 cP. TKLV SOXJ fORZ

UeacWRU ZLOO be cRLOed WR cRQVeUYe VSace LQ WKe SOaQW.

5.2.5 DiafilWraWion for Anion E[change ChromaWograph\

TKe 30.18 PJ/PL VROXWLRQ OeaYLQJ VI ZLOO eQWeU dLafLOWUaWLRQ aW a UaWe Rf 9.26 PL/PLQ aQd

dURS WR a cRQceQWUaWLRQ Rf  29.97  PJ/PL. TKe UePaLQLQJ adaOLPXPab ZLOO be ORVW LQ a ZaVWe

VWUeaP aW a cRQceQWUaWLRQ Rf 0.03 PJ/PL. 64.82 PL/PLQ Rf 25 PM VRdLXP SKRVSKaWe bXffeU ZLWK

a SH Rf 7 ZLOO be added, UeVXOWLQJ LQ a WRWaO Rf 2800 L Rf bXffeU Qeeded SeU caPSaLJQ.

TKe bKTA FOX[ S V\VWeP ZLOO be XVed aQd eTXLSSed ZLWK SWaUW AXH KROORZ fLbeU fLOWeU

caUWULdJeV. TKe fLOWeUV cKRVeQ KaYe a NMWCO Rf 30 NDA aQd cRQVLVW Rf 12 WXbeV WKaW aUe 30 cP

LQ OeQJWK ZLWK a 0.05 cP dLaPeWeU fRU a WRWaO PePbUaQe aUea Rf 50 cP2. TKLV fLOWeU ZLOO KaYe a

SUeVVXUe dURS Rf 0.03 baU. TKLV V\VWeP ZLOO be cOeaQed LQ beWZeeQ eacK caPSaLJQ ZLWK a VRdLXP

K\dUR[Lde VROXWLRQ.

5.2.6 Anion E[change ChromaWograph\

TKe AQLRQ e[cKaQJe SURceVV ZLOO XVe WZR HLScaOe 26/20 cROXPQV b\ C\WLYa aQd aQ e[WUa

SacNed cROXPQ ZLOO be KeOd LQ addLWLRQ WR WKe WZR LQ XVe LQ caVe Rf faLOXUe. TKe cROXPQV ZLOO UXQ

aW a SUeVVXUe Rf 0.345 baU, a 2.6 cP dLaPeWeU, aQd a SacNLQJ KeLJKW Rf 3.6 cP. TKeVe ZLOO be

61



RSeUaWed ZLWK WKe CaSWR Q UeVLQ ZLWK a UeVLdeQce WLPe Rf 2 PLQXWeV, aQd ZLOO RSeUaWe aW a OLQeaU

YeORcLW\ Rf 104.6 cP/KU.

TKe ORad, ZaVK, aQd eTXLOLbUaWLRQ VWaJeV ZLOO XWLOL]e 25 PM VRdLXP SKRVSKaWe aW a SH Rf

7.5. TKeVe VWeSV UeTXLUe CVV Rf 25, 5, aQd 5, UeVSecWLYeO\. TKe VWULS SKaVe ZLOO XVe 50 PM

VRdLXP SKRVSKaWe aQd 1.0 M VRdLXP SKRVSKaWe, aOVR aW a SH Rf 7.5. TKe cOeaQ SKaVe ZLOO XWLOL]e

1.0 M NaOH. TKe UeJeQeUaWLRQ VWaJe ZLOO XWLOL]e 35 PM VRdLXP SKRVSKaWe ZLWK 2M NaCO aW a

SH Rf 7.5. TKe VWULS, cOeaQ, aQd UeJeQeUaWLRQ VWaJeV ZLOO aOO UeTXLUe 5 CVV. TKLV cRUUeVSRQdV WR

129 PLQXWeV Rf ORadLQJ aQd cROOecWLQJ, 25.6 PLQXWeV Rf ZaVKLQJ, 25.6 PLQXWeV Rf VWULSSLQJ, 25.6

PLQXWeV Rf cOeaQLQJ, 25.6 PLQXWeV Rf UeJeQeUaWLRQ, aQd 25.6 PLQXWeV Rf eTXLOLbUaWLRQ SeU cROXPQ

LQ RQe c\cOe.

5.2.7 DiafilWraWion for CaWion E[change ChromaWograph\

TKe 29.67 PJ/PL VROXWLRQ OeaYLQJ AEX ZLOO eQWeU dLafLOWUaWLRQ aW a UaWe Rf 9.26 PL/PLQ

aQd dURS WR a cRQceQWUaWLRQ Rf  29.46 PJ/PL. TKe UePaLQLQJ adaOLPXPab ZLOO be ORVW LQ a ZaVWe

VWUeaP aW a cRQceQWUaWLRQ Rf 0.03 PJ/PL. 64.82 PL/PLQ Rf 50 PM VRdLXP aceWaWe aQd VRdLXP

cKORULde bXffeU ZLWK a SH 5.0 ZLOO be added, UeVXOWLQJ LQ a WRWaO Rf 2800 L Rf bXffeU Qeeded SeU

caPSaLJQ.

TKe bKTA FOX[ S V\VWeP ZLOO be XVed aQd eTXLSSed ZLWK SWaUW AXH KROORZ fLbeU fLOWeU

caUWULdJeV. TKe fLOWeUV cKRVeQ KaYe a NMWCO Rf 30 NDA aQd cRQVLVW Rf 12 WXbeV WKaW aUe 30 cP

LQ OeQJWK ZLWK a 0.05 cP dLaPeWeU fRU a WRWaO PePbUaQe aUea Rf 50 cP2. TKLV fLOWeU ZLOO KaYe a

SUeVVXUe dURS Rf 0.025 baU. TKLV V\VWeP ZLOO be cOeaQed LQ beWZeeQ eacK caPSaLJQ ZLWK a VRdLXP

K\dUR[Lde VROXWLRQ.

62



5.2.8 CaWion E[change ChromaWograph\

FRU CEX, WKe HLScaOe 26/20 cROXPQ b\ C\WLYa ZLWK a 2.6 cP dLaPeWeU ZLOO be XVed. TKe

cROXPQ ZLOO be SacNed WR 9 cP ZLWK CaSWR S LPSAcW UeVLQ, UeVXOWLQJ LQ a WRWaO cROXPQ YROXPe Rf

47.79 cP3. TKLV UeVLQ KaV aSSUR[LPaWeO\ a 50 PLcURPeWeU aYeUaJe SaUWLcOe dLaPeWeU aQd a

d\QaPLc bLQdLQJ caSacLW\ Rf 90 PJ/PL, aVVXPLQJ a 5.4 PLQXWe UeVLdeQce WLPe. TKe ORad YROXPe

Rf WKLV cROXPQ LV 146 PL, aQd WKe SUeVVXUe dURS ZLOO be 2.76 baU.

TR eQVXUe WKaW WKLV RSeUaWLRQ LV cRQWLQXRXV, WKUee cROXPQV ZLOO UXQ VLPXOWaQeRXVO\ ZLWK

LQOeW aQd RXWOeW cRQceQWUaWLRQV Rf 29.46 aQd 26.52 PJ/PL. OQe cROXPQ ZLOO cRQWLQXRXVO\ ORad,

aQRWKeU ZLOO cRQWLQXRXVO\ eOXWe aQd cROOecW, ZKLOe WKe OaVW RWKeU LV ZaVKLQJ, cOeaQLQJ, aQd

UeQeZLQJ fRU aQRWKeU c\cOe. TKeUe ZLOO aOVR be a fRXUWK cROXPQ RQ KROd LQ caVe Rf LVVXeV ZLWK WKe

RWKeU WKUee cROXPQV. 9.26 PL/PLQ Rf VROXWLRQ ZLOO be ORaded RQWR WKe cROXPQ aW a OLQeaU YeORcLW\

Rf 104.6 cP/KU fRU 129 PLQXWeV. TKe cROXPQ ZLOO WKeQ be ZaVKed ZLWK a 50 PM VRdLXP aceWaWe

aQd VRdLXP cKORULde VROXWLRQ fRU 25.8 PLQXWeV, eOXWed ZLWK a JUadLeQW Rf 50 PM VRdLXP aceWaWe

aQd 240 PM VRdLXP cKORULde VROXWLRQ fRU 129 PLQXWeV, VWULSSed ZLWK a 50 PM VRdLXP aceWaWe

aQd VRdLXP cKORULde VROXWLRQ fRU 25.8 PLQXWeV, cOeaQed ZLWK a 1M VRdLXP K\dUR[Lde VROXWLRQ fRU

25.8 PLQXWeV, UeJeQeUaWed ZLWK 50 PM VRdLXP aceWaWe aQd 2 PM VRdLXP cKORULde fRU 25.8

PLQXWeV, aQd eTXLOLbUaWed ZLWK  50 PM VRdLXP aceWaWe aQd VRdLXP cKORULde bXffeU fRU 25.8

PLQXWeV.

5.2.9 Viral FilWraWion

9.26 PL/PLQ Rf VROXWLRQ aW a cRQceQWUaWLRQ Rf 26.50 PJ/PL ZLOO XQdeUJR YLUaO fLOWUaWLRQ

aQd dURS WR a cRQceQWUaWLRQ Rf 25.19 PJ/PL. TZR POaQRYa15N fLOWeUV fURP AVaKL KaVeL ZLWK 15

QP SRUeV aQd a VXUface aUea Rf 100 cP2 ZLOO be XVed LQ SaUaOOeO. TKe WUaQVPePbUaQe SUeVVXUe ZLOO

be 0.76 baU. TKLV fLOWeU ZLOO be KRXVed LQ WKe POaQRYa SLQJOe-UVe VLUXV FLOWUaWLRQ CRQWUROOeU.
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5.2.10 Final UlWrafilWraWion and DiafilWraWion

TKe 25.19 PJ/PL VROXWLRQ e[LWLQJ YLUaO fLOWUaWLRQ aW a UaWe Rf 9.26 PL/PLQ ZLOO be

caSWXUed aQd VWRUed RYeU VL[ da\V befRUe fLQaO SURceVVLQJ, UeVXOWLQJ LQ a WRWaO accXPXOaWLRQ Rf 80

L Rf VROXWLRQ. TKLV ZLOO eQWeU XOWUafLOWUaWLRQ aW 400.2 PL/PLQ RYeU WKe cRXUVe Rf 200 PLQXWeV. TKe

XOWUafLOWUaWLRQ VWeS ZLOO cRQceQWUaWe WKe aQWLbRd\ VROXWLRQ fURP 25.19 PJ/PL WR 50.35 PJ/PL.

200 PL/PLQ Rf VROXWLRQ ZLOO be VeQW WR dLafLOWUaWLRQ ZKLOe 200.2 PL/PLQ Rf ZaVWe ZLOO be

SURdXced aW a cRQceQWUaWLRQ Rf 0.05 PJ/PL. TKe cRQceQWUaWLRQ Rf WKe 200 PL/PLQ VWUeaP

eQWeULQJ dLafLOWUaWLRQ ZLOO WKeQ decUeaVe fURP 50.35 PJ/PL WR 50 PJ/PL. 1400 PL/PLQ Rf WFI

ZLOO be fed WR WKe V\VWeP UeVXOWLQJ LQ a ZaVWe VWUeaP cRQceQWUaWLRQ Rf 0.05 PJ/PL Rf

adaOLPXPab. TKLV VWaJe ZLOO UeTXLUe a WRWaO Rf 1400 L Rf  WFI SeU caPSaLJQ.

FRU bRWK Rf WKeVe VWaJeV, WKe bKTA Read\fOX[ V\VWeP ZLOO be XVed aQd fLWWed ZLWK

Read\WRPURceVV VLQJOe-XVe KROORZ fLbeU fLOWeU caUWULdJeV b\ C\WLYa. TKeVe fLOWeUV KaYe a PROecXOaU

ZeLJKW cXWRff Rf 30 NDa aQd cRQVLVW Rf 425 WXbeV WKaW aUe 30 cP LQ OeQJWK ZLWK a dLaPeWeU Rf 0.05

cP, UeVXOWLQJ LQ a WRWaO PePbUaQe VXUface aUea Rf 2000 cP2.  TKe fLOWeU ZLOO be UeSOaced aW WKe eQd

Rf eacK 30 da\ caPSaLJQ. TKe SUeVVXUe dURS acURVV WKe XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ

PePbUaQeV ZLOO be 0.03 aQd 0.015 baU, UeVSecWLYeO\.

5.2.11 FormXlaWion and Filling

TKe fLQaO fRUPXOaWLRQ Rf a VLQJOe dRVe Rf HXPLUa cRQWaLQV 40 PJ Rf adaOLPXPab, 4.93 PJ

Rf VRdLXP cKORULde, 0.69 PJ Rf PRQRbaVLc VRdLXP SKRVSKaWe dLK\dUaWe, 1.22 PJ Rf  dLbaVLc

VRdLXP SKRVSKaWe dLK\dUaWe, 0.24 PJ VRdLXP cLWUaWe, 1.04 PJ cLWULc acLd PRQRK\dUaWe, 9.6 PJ Rf

PaQQLWRO, 0.8 PJ Rf SRO\VRUbaWe 80, aQd VRdLXP K\dUR[Lde WR adMXVW WKe SH WR 5.2 LQ 0.8 PL Rf

WFI. 2 PL YLaOV ZLOO be fLOOed aQd SaUWLaOO\ VWRSSeUed XVLQJ WKe SA25 AVeSWLc FLOOLQJ WRUNceOO

SURdXced b\ C\WLYa ZLWK 0.8 PL Rf WKe fLQaO VROXWLRQ e[LWLQJ dLafLOWUaWLRQ (C\WLYa, 2022f). AW a
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fORZ UaWe Rf 200 PL/PLQ fRU 200 PLQXWeV, 50,000 YLaOV ZLOO be fLOOed afWeU eacK Rf WKe fLYe fLQaO

XOWUafLOWUaWLRQ aQd dLafLOWUaWLRQ baWcKeV, UeVXOWLQJ LQ 250,000 YLaOV RU dRVeV beLQJ fLOOed SeU

caPSaLJQ.

5.2.12 L\ophili]aWion

TKe 50,000 2 PL YLaOV SURdXced eYeU\ VL[ da\V LQ fRUPXOaWLRQ aQd fLOOLQJ ZLOO be

O\RSKLOL]ed LQ WKe Q144XSS fURP MLOOURcN TecKQRORJ\ ZLWK 144 fW2. WeVW PKaUPaceXWLcaO

SeUYLceV ZLOO be XVed WR VRXUce 250,000 UXbbeU VWRSSeUV aQd 2 PL YLaOV fRU eacK caPSaLJQ. TKe

cRQceQWUaWLRQ Rf adaOLPXPab befRUe beJLQQLQJ O\RSKLOL]aWLRQ LV 50 PJ/PL, aQd URXJKO\ 0.8 PL

Rf ZaWeU ZLOO be UePRYed SeU dRVe. TKe SURdXcW ZLOO be O\RSKLOL]ed fRU 48 KRXUV WR UePRYe aOO

ZaWeU.

5.3 DiVpoVal

5.3.1 LiqXid WaVWe

TabOeV 5.3.1 aQd 5.3.2 SURYLde WKe WRWaO aPRXQW Rf OLTXLd ZaVWe SURdXced SeU caPSaLJQ aW

eacK XQLW RSeUaWLRQ. UQLW RSeUaWLRQV WKaW dR QRW SURdXce OLTXLd ZaVWe aUe RPLWWed fURP WKLV WabOe.

AOO ZaVWe LV WUeaWed aV RXWOLQed LQ VecWLRQ 4.6.1. WaVWe ZLOO be SLcNed XS b\ a cKePLcaO WUeaWPeQW

cRPSaQ\ RQce SeU ZeeN, bXW WKe SOaQW ZLOO KaYe WKe caSacLW\ WR VWRUe WZR ZeeNV ZRUWK Rf ZaVWe.

TabOe 5.3.1
TRWaO LLTXLd WaVWe Rf USVWUeaP UQLW OSeUaWLRQV SeU CaPSaLJQ

UniW OperaWion ToWal WaVWe Wo TW-101 (L per Campaign)

FeUPeQWaWLRQ 500

TaQJeQWLaO FORZ FLOWUaWLRQ 6940

ToWal 7440

65



TabOe 5.3.2
TRWaO LLTXLd WaVWe Rf DRZQVWUeaP UQLW OSeUaWLRQV SeU CaPSaLJQ
UniW OperaWion ToWal WaVWe Wo TW-201 (L per Campaign)
UOWUafLOWUaWLRQ 7090

PURWeLQ A CKURPaWRJUaSK\ 1680
DLafLOWUaWLRQ befRUe AEX 2800

AQLRQ E[cKaQJe CKURPaWRJUaSK\ 400
DLafLOWUaWLRQ befRUe CEX 2800

CaWLRQ E[cKaQJe CKURPaWRJUaSK\ 800
FLQaO UOWUafLOWUaWLRQ 200
FLQaO DLafLOWUaWLRQ 1400

ToWal WaVWe 17200

5.3.2 Solid WaVWe

TabOe 5.3.3 SURYLdeV WKe WRWaO aPRXQW Rf VROLd ZaVWe SURdXced SeU caPSaLJQ. BXUQV eW aO.

(2021) SURYLde eVWLPaWLRQV fRU WKe PaVVeV Rf YLaOV, baJV, TFF fLOWeUV, deSWK fLOWeUV, YLUaO fLOWeUV,

aQd SeULVWaOWLc WXbLQJ. WaVWe LV UeSRUWed b\ LQdLYLdXaO W\Se RU PaWeULaO. AOO VROLd ZaVWe LV

dLVSRVed Rf accRUdLQJ WR WKe PeWKRdV deVcULbed LQ VecWLRQ 4.6.2.

TabOe 5.3.3
TRWaO SROLd WaVWe PURdXced SeU CaPSaLJQ

T\pe of WaVWe MaVV/UniW UniWV/Campaign ToWal MaVV/Campaign (g)
CeOO BaQN VLaOV 10.0 J 1 10.0

20 L BaJV 2.5 NJ 1 2500.0
50 L BaJV 6.25 NJ 1 6250.0
200 L BaJV 25.0 NJ 1 25000.0
500 L BaJV 62.5 NJ 1 62500.0
TFF FLOWeUV 0.25 NJ 1 250.0

DeSWK FLOWeUV 0.5 NJ 1 500.0
FLUVW UF FLOWeUV 7.3 J 1 7.3

PUeSacNed PURWeLQ A CROXPQV 0.3 NJ 4 1200.0
PUeSacNed AEX CROXPQV 0.11 NJ 3 330.0
PUeSacNed CEX CROXPQV 0.14 NJ 4 560.0

DF FLOWeUV 7.3 J 2 14.6
VLUaO FLOWeUV 0.29 NJ 1 290.0

FLQaO UF FLOWeUV 0.3 NJ 1 300.0
FLQaO DF FLOWeUV 0.3 NJ 1 300.0

PeULVWaOWLc TXbLQJ 25.2 J/fW 3000 fW 75600.0
ToWal WaVWe (g) 175611.9
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5.4 MaWerial & Energ\ BalanceV

5.4.1 UpVWream MaWerial & Energ\ BalanceV
TabOe 5.4.1

MaVV BaOaQceV fRU USVWUeaP BaWcK PURceVVeV
DeVcripWion MaWerial IniWial MaVV (g) Final MaVV (g)

20 L WaYe ReacWRU AdaOLPXPab 0 29.50
CeOOV 0.563 170.00

GOXcRVe 6.000 1.94
50 L ReacWRU AdaOLPXPab 29.500 79.50

CeOOV 170.000 457.00
GOXcRVe 300.000 100.00

200 L ReacWRU AdaOLPXPab 79.500 280.00
CeOOV 457.000 1610.00

GOXcRVe 1200.000 400.00
500 L ReacWRU AdaOLPXPab 280.000 780.00

CeOOV 1610.000 4480.00
GOXcRVe 3000.000 1000.00

TabOe 5.4.2
MaVV BaOaQce fRU USVWUeaP CRQWLQXRXV PURceVVeV

DeVcripWion From To FloZ RaWe FloZ RaWe UniWV MaWerial ConcenWraWion
(g/L)

PeUfXVLRQ ReacWRU

TH-101 R-103 350 PL/PLQ

AdaOLPXPab 0

CeOOV 0

GOXcRVe 6

F-102 R-103 0.002 YYP ALU Q/a

F-101 R-103 196 PL/PLQ

AdaOLPXPab 1.56

CeOOV 13.6

GOXcRVe 1.93

R-103 F-101 548 PL/PLQ

AdaOLPXPab 1.56

CeOOV 8.96

GOXcRVe 1.93

TaQJeQWLaO FORZ
FLOWUaWLRQ

R-103 F-101 548 PL/PLQ

AdaOLPXPab 1.56

CeOOV 8.96

GOXcRVe 1.93

F-101 TW-101 161 PL/PLQ

AdaOLPXPab 1.56

CeOOV 13.6

GOXcRVe 1.93

F-101 F-201 192 PL/PLQ

AdaOLPXPab 1.56

CeOO DebULV 0.256

GOXcRVe 1.93

67



5.4.2 DoZnVWream MaWerial BalanceV

TabOe 5.4.3
MaVV BaOaQce fRU DRZQVWUeaP CRQWLQXRXV PURceVVeV

DeVcripWion From To FloZ RaWe
(mL/min) MaWerial ConcenWraWion UniWV

DeSWK FLOWUaWLRQ
F-101 F-201 192

AdaOLPXPab 1.56 J/L

CeOO DebULV 0.256 J/L

F-201 F-202 192 AdaOLPXPab 1.54 J/L

UOWUafLOWUaWLRQ

F-201 F-202 192 AdaOLPXPab 1.54 J/L

F-202 TW-201 164 AdaOLPXPab 0.011 J/L

F-202 HE-201 27.8 AdaOLPXPab 10.6 J/L

HeaW E[cKaQJeU
F-202 HE-201 27.8 AdaOLPXPab 10.6 J/L

HE-201 C-201 27.8 AdaOLPXPab 10.6 J/L

PURWeLQ A

HE-201 C-201 27.8 AdaOLPXPab 10.6 J/L

TH-201 C-201 9.26 SRdLXP AceWaWe 50 PM

C-201 V-201 9.26 AdaOLPXPab 30.2 J/L

VLUaO IQacWLYaWLRQ
C-201 V-201 9.26 AdaOLPXPab 30.2 J/L

V-201 F-203 9.26 AdaOLPXPab 30.2 J/L

DLafLOWUaWLRQ fRU AEX

V-201 F-203 9.26 AdaOLPXPab 30.2 J/L

TH-205 F-203 64.82 SRdLXP PKRVSKaWe 25 PM

F-203 TW-201 64.82 AdaOLPXPab 0.030 J/L

F-203 C-202 9.26 AdaOLPXPab 30.0 J/L

AEX
F-203 C-202 9.26 AdaOLPXPab 30.0 J/L

C-202 F-204 9.26 AdaOLPXPab 29.7 J/L

DLafLOWUaWLRQ fRU CEX

C-202 F-204 9.26 AdaOLPXPab 29.7 J/L

TH-208 F-204 64.82
SRdLXP AceWaWe 50 PM

SRdLXP CKORULde 50 PM

F-204 TW-201 64.82 AdaOLPXPab 0.029 J/L

F-204 C-203 9.26 AdaOLPXPab 29.5 J/L

CEX

F-204 C-203 9.26 AdaOLPXPab 29.5 J/L

TH-209 C-203 9.26
SRdLXP AceWaWe 50 PM
SRdLXP CKORULde 240 PM

C-203 F-205 9.26 AdaOLPXPab 26.5 J/L

VLUaO FLOWUaWLRQ
C-203 F-205 9.26 AdaOLPXPab 26.5 J/L
F-205 TH-212 9.26 AdaOLPXPab 25.19 J/L
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TabOe 5.4.4
MaVV BaOaQce fRU DRZQVWUeaP SePL-CRQWLQXRXV PURceVVeV

DeVcripWion From To FloZ RaWe
(mL/min) MaWerial ConcenWraWion UniWV

FLQaO UOWUafLOWUaWLRQ

TH-212 F-206 400 AdaOLPXPab 25.19 J/L

F-206 TW-201 200 AdaOLPXPab 0.050 J/L

F-206 F-207 200 AdaOLPXPab 50.4 J/L

FLQaO DLafLOWUaWLRQ

F-206 F-207 200 AdaOLPXPab 50.4 J/L

WFI F-207 1400 WaWeU Q/a Q/a

F-207 TW-201 1400 AdaOLPXPab 0.05 J/L

F-207 FRUPXOaWLRQ aQd FLOO 200 AdaOLPXPab 50 J/L

FRUPXOaWLRQ aQd FLOO FF-201 FRUPXOaWLRQ aQd FLOO 200 AdaOLPXPab 50 J/L

5.5 EqXipmenW TableV and SpecificaWionV

5.5.1 UpVWream EqXipmenW Table

TabOe 5.5.1
USVWUeaP ETXLSPeQW TabOe

UniW UniW
NXmber Model QXanWiW\ PreVVXre

Drop (bar) Si]e TemperaWXre
(�C)

WCB
SWRUaJe

FR-101
VIP ECO MRdeO

MDF-DU702VH-PA
FUee]eU

1 - 730 L -86

WCB
TKaZLQJ

WB-101
TKeUPR FLVKeU

PUecLVLRQ GP 02 ZaWeU
baWK

2 - 2 L 25-33

FeUPeQWaWLRQ

R-101
WAVE 25 RRcNeU

ReacWRU
2 - 25 L 33

R-102 XceOOeUe[ XDR 50 2 - 50 L 33

R-103 XceOOeUe[ XDR 500 3 - 500 L 33

TFF F-101
H\dURVaUW�

MLcURfLOWUaWLRQ
CaVVeWWeV

1 0.41 0.02 P2 33
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5.5.2 DoZnVWream EqXipmenW Table

TabOe 5.5.2
DRZQVWUeaP ETXLSPeQW TabOe

UniW UniW NXmber Model QXanWiW\ PreVVXre
Drop (bar) Si]e

DeSWK FIOWUaWLRQ F-201
MLOOLVWaN+� PRd

DLVSRVabOe DeSWK A1HC
FLOWeU

1 2.07 A = 270 cP2

UOWUafLOWUaWLRQ F-202
bKTA FOX[ 6 2

0.393
-

SWaUW AXM UFP-30-C-2U
caUWULdJe

1 A = 50 cP2

PURWeLQ A CKURPaWRJUaSK\ C-201
bKTA Scc 2

0.77HLScaOe 50/20 PUeSacNed
CROXPQV

4
D = 5 cP, K = 8.5

cP

VLUaO IQacWLYaWLRQ V-201 CXVWRP POXJ FORZ ReacWRU 1 0.003
D = 1 cP, L =

7.07 P

DLafLOWUaWLRQ F-203

bKTA FOX[ S WaQJeQWLaO
fORZ fLOWUaWLRQ V\VWeP

2
0.03

-

SWaUW AXH UFP-30-C-2U
caUWULdJe

1 A = 50 cP2

AQLRQ E[cKaQJe
CKURPaWRJUaSK\

C-202
bKTA Scc 1

0.34

-
HLScaOe 26/20 PUeSacNed

CROXPQV
3

D = 2.6 cP, K =
3.6 cP

DLafLOWUaWLRQ F-204

bKTA FOX[ S WaQJeQWLaO
fORZ fLOWUaWLRQ V\VWeP

1
0.025

-

SWaUW AXH UFP-30-C-2U
caUWULdJe

1 A = 50 cP2

CaWLRQ E[cKaQJe
CKURPaWRJUaSK\

C-203
bKTA Scc 1

2.76
-

HLScaOe 26/20 PUeSacNed
CROXPQV

4
D = 2.6 cP, K = 9

cP

VLUaO FLOWUaWLRQ F-205
POaQRYa SLQJOe-UVe VLUXV

FLOWUaWLRQ CRQWUROOeU
2

0.76 -
POaQRYa 15N 2 A = 100 cP2

FLQaO UOWUafLOWUaWLRQ F-206

AKTA Read\FOX[
TaQJeQWLaO FORZ FLOWUaWLRQ

S\VWeP
2

0.03
-

RTPUFP-30-C-5S 1 A = 2000 cP2

FLQaO DLafLOWUaWLRQ F-207

AKTA Read\FOX[
TaQJeQWLaO FORZ FLOWUaWLRQ

S\VWeP
1

0.015
-

RTPUFP-30-C-5S 1 A = 2000 cP2

FRUPXOaWLRQ aQd FLOO FF-201
SA25 AVeSWLc FLOOLQJ

WRUNceOO
1 - -

L\RSKLOL]aWLRQ LY-201
Q144XSS fURP MLOOURcN

TecKQRORJ\
1 - -
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5.5.3 Ancillar\ EqXipmenW Table

TabOe 5.5.3
AQcLOOaU\ ETXLSPeQW TabOe

UniW UniW NXmber Model QXanWiW\

AXWRcOaYe - CXVWRP AXWRcOaYe 1

HeaW E[cKaQJeU HE-201 CXVWRP HeaW E[cKaQJeU 1

PeULVWaOWLc PXPSV P1 WR P27
MaVWeUfOe[� L/S� VaULabOe-SSeed CRQVROe

DULYe ZLWK PXPS Head BXQdOeV
54

ML[eUV fRU WaQNV
XQdeU 3000 L

-
1/3 HP EOecWULc DLUecW DULYe EcRQRP\ COaPS

MRXQW
11

ML[eUV fRU WaQNV
abRYe 3000 L

-
RaLdeQ SWaQdaUd 2 HP POaWe MRXQW TRS EQWU\

ML[eU
1

20 L TaQN
TM-206, 207,

210, 211
CXVWRP SWaLQOeVV SWeeO TaQN 4

30 L TaQN
TH-206, 207, 210,

211
TM-204

CXVWRP SWaLQOeVV SWeeO TaQN 5

50 L TaQN TH-204 CXVWRP SWaLQOeVV SWeeO TaQN 1

75 L TaQN TM-202, 203 CXVWRP SWaLQOeVV SWeeO TaQN 2

100 L TaQN
TH-202, 203, 212

TM-201, 209
CXVWRP SWaLQOeVV SWeeO TaQN 5

160 L TaQN TH-201, 209 CXVWRP SWaLQOeVV SWeeO TaQN 2

800 L TaQN TM-205, 208 CXVWRP SWaLQOeVV SWeeO TaQN 2

1200 L TaQN TH-205, 208 CXVWRP SWaLQOeVV SWeeO TaQN 2

4000 L TaQN TM-101 CXVWRP SWaLQOeVV SWeeO TaQN 1

5000 L TaQN TW-101 CXVWRP SWaLQOeVV SWeeO TaQN 1

6000 L TaQN
TH-101

TW-201, 202
CXVWRP SWaLQOeVV SWeeO TaQN 3

WFI S\VWeP - MedLca� PUR-RE 1

5.6 ProdXcWion SchedXle

AV PeQWLRQed SUeYLRXVO\, WKLV SURceVV ZLOO be UXQ aV a VeULeV Rf VL[ 30 da\ SeUfXVLRQ

caPSaLJQV. TKe VcKedXOe fRU a VLQJOe caPSaLJQ LV VKRZQ LQ FLJXUe 5.6.1. AV VeeQ LQ WKe fLJXUe,
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WKeUe ZLOO be a WKUee da\ RffVeW beWZeeQ WKe LQRcXOXP Veed WUaLQ aQd WKe VWaUW Rf SeUfXVLRQ. TKLV LV

WR aOORZ WLPe WR SUeSaUe WKe dRZQVWUeaP eTXLSPeQW fRU SURceVVLQJ aV VRPe cOeaQLQJ aQd

VWeULOL]aWLRQ ZLOO be UeTXLUed aQd aV PePbUaQeV aQd UeVLQV ZLOO KaYe WR be UeSOaced. WLWK WKe 12

da\ Veed WUaLQ aQd 30 da\ SeUfXVLRQ caPSaLJQ, SURceVVLQJ ZLOO RccXU fRU a WRWaO Rf 42 da\V, RU 6

ZeeNV. FLJXUe 5.6.2 VKRZV WKe \eaUO\ SURdXcWLRQ VcKedXOe fRU WKLV SURceVV. TKe SXUSOe VTXaUeV

UeSUeVeQW ZeeNV LQ ZKLcK WKe LQRcXOXP WUaLQ LV RccXUULQJ ZKLOe bOXe VTXaUeV UeSUeVeQW WKe

SeUfXVLRQ caPSaLJQ. FRU aOO caPSaLJQV e[ceSW WKe fLUVW RQe, WKe LQRcXOXP WUaLQ ZLOO beJLQ ZKLOe

WKe SUeYLRXV caPSaLJQ LV LQ RSeUaWLRQ. TKe cRPSOeWLRQ Rf WKe 6 caPSaLJQV ZLOO WaNe 7 PRQWKV

ZLWK WZR ZeeNV aOORZed fRU VKXW-dRZQ. TKeVe e[WUa WZR ZeeNV JLYeV WKe facLOLW\ VRPe fOe[LbLOLW\

WR accRPPRdaWe aQ\ SURceVV e[cXUVLRQV. FRU WKe UePaLQdeU Rf WKe \eaU, WKe facLOLW\ caQ be XVed WR

SURdXce aQRWKeU SURdXcW. HRZeYeU, Lf dePaQd fRU WKLV SURdXcW JURZV, WKeQ WKeUe ZLOO aOVR be WKe

abLOLW\ WR UXQ PRUe caPSaLJQV.

FLJXUe 5.6.1. CaPSaLJQ PURdXcWLRQ ScKedXOe
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FLJXUe 5.6.2. YeaUO\ PURdXcWLRQ ScKedXOe

5.7 PlanW LocaWion

TKLV PaQXfacWXULQJ VLWe ZLOO be ORcaWed LQ WeVW CKeVWeU, PeQQV\OYaQLa, ZKLcK LV

aSSUR[LPaWeO\ 35 PLOeV ZeVW Rf PKLOadeOSKLa. AV a KXb fRU PaQ\ SKaUPaceXWLcaO cRPSaQLeV VXcK

aV JaQVVeQ aQd GSK, WKe VXbXUbaQ UeJLRQV Rf PKLOadeOSKLa RffeU aQ aWWUacWLYe eQYLURQPeQW fRU

SURfeVVLRQaOV LQ WKe LQdXVWU\. MaQ\ \RXQJ SURfeVVLRQaOV fURP cROOeJeV VXcK aV WKe UQLYeUVLW\ Rf

PeQQV\OYaQLa aQd WKe UQLYeUVLW\ Rf DeOaZaUe ZLOO aOVR OLNeO\ be aYaLOabOe WR WaNe WKe MRbV Qeeded

WR RSeUaWe RXU facLOLW\. LaVWO\, dXe WR WKe VPaOOeU VcaOe Rf RXU PaQXfacWXULQJ SURceVV, RXU facLOLW\

cRXOd SRVVLbO\ be LPSOePeQWed LQ aOUead\ e[LVWLQJ RffLce VSace LQ WKe UeJLRQ, RU a VPaOOeU SORW Rf

OaQd cRXOd be RbWaLQed aQd WKe facLOLW\ cRXOd be cRQVWUXcWed fURP VcUaWcK.

5.8 ProceVV EconomicV

5.8.1 PlanW CapiWal CoVWing

CaSLWaO cRVWV aUe RQe WLPe e[SeQVeV WKaW PXVW be LQcXUUed befRUe RSeUaWLRQV caQ beJLQ.

E[aPSOeV Rf caSLWaO cRVWV LQcOXde PaLQ eTXLSPeQW, SLSLQJ, aQd OaQd. TabOe 5.8.1 WRRN

LQfRUPaWLRQ fURP PeWeUV aQd TLPPeUKaXV (1991) RQ a UaQJe Rf bXdJeW aOORcaWLRQV fRU caSLWaO

cRVWV. We WKeQ baVed RXU RZQ YaOXeV fRU RXU caSLWaO cRVW bXdJeW baVed RQ WKe SUeYLRXV \eaUV¶

caSVWRQe SURMecWV aQd RXU NQRZOedJe Rf WKe SKaUPaceXWLcaO LQdXVWU\ (AbW eW aO., 2020; BXUQV eW

aO., 2021). FRU e[aPSOe, PeWeUV aQd TLPPeUKaXV UecRPPeQd VSeQdLQJ aQ\ZKeUe beWZeeQ 3%
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aQd 20% Rf WKe caSLWaO bXdJeW RQ SLSLQJ, bXW Ze cKRVe WR aOORcaWe RQO\ 4% becaXVe WKe fORZ UaWeV

fRU RXU SURceVV aUe VPaOO aQd PXcK Rf RXU SLSLQJ LV dLVSRVabOe.

ETXaWLRQ 5.8.1 ZaV XVed WR eVWLPaWe WKe WRWaO caSLWaO cRVWV baVed RQ a LaQJ FacWRU Rf 4.74

ZKLcK UeSUeVeQWV a fOXLd SURceVVLQJ SOaQW (TXUWRQ eW aO., 2012). TKLV deWeUPLQed WKaW 21% Rf RXU

caSLWaO cRVWV ZRXOd be VSeQW RQ eTXLSPeQW. WLWK $13.5 PLOOLRQ VSeQW RQ SXUcKaVed eTXLSPeQW

(TabOeV 5.8.2 aQd 5.8.3) aQd aQ addLWLRQaO $1 cRVW Rf YaOLdaWLRQ, WKe WRWaO caSLWaO cRVWV VXP XS WR

$65.5 bLOOLRQ.

CaSLWaO CRVW = (LaQJ FacWRU)*(SXP Rf PXUcKaVed CRVWV Rf AOO MaMRU ETXLSPeQW)
ETXaWLRQ 5.8.1. EVWLPaWLQJ CaSLWaO CRVWV BaVed RQ MaMRU ETXLSPeQW CRVWV (TXUWRQ eW aO., 2012).

TabOe 5.8.1
CaSLWaO CRVW BXdJeW AOORcaWLRQ (PeWeUV & TLPPeUKaXV, 1991)

ComponenW Recommended
Range (%)

OXr
PercenWageV CoVW

DirecW CoVWV

PXUcKaVed ETXLSPeQW 15-40 21 $13,547,762

PXUcKaVed ETXLSPeQW IQVWaOOaWLRQ 6-14 10 $6,451,315

IQVWUXPeQWaWLRQ aQd CRQWUROV (LQVWaOOed) 2-8 6 $3,870,789

PLSLQJ (LQVWaOOed) 3-20 4 $2,580,526

EOecWULcaO (LQVWaOOed) 2-10 4 $2,580,526

BXLOdLQJV (LQcOXdLQJ VeUYLceV) 3-18 11 $7,096,447

YaUd IPSURYePeQWV 2-5 1 $645,132

SeUYLce FacLOLWLeV (LQVWaOOed) 8-20 10 $6,451,315

LaQd 1-2 1 $645,132

IndirecW CoVWV

EQJLQeeULQJ aQd SXSeUYLVLRQ 4-21 15 $9,676,973

CRQVWUXcWLRQ E[SeQVe 4-16 5 $3,225,658

CRQWUacWRU'V Fee 2-6 2 $1,290,263

CRQWLQJeQc\ 5-15 10 $6,451,315

ToWal Fi[ed CapiWal InYeVWmenW $64,513,152

ToWal ZiWh ValidaWion $65,513,152
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MaLQ eTXLSPeQW cRVWV ZeUe $11.9 PLOOLRQ (TabOe 5.8.2) aQd aQcLOOaU\ eTXLSPeQW cRVWV

ZeUe $1.7 PLOOLRQ (TabOe 5.8.3). IQ WRWaO, $13.5 PLOOLRQ ZRUWK Rf caSLWaO ZaV VSeQW RQ SXUcKaVed

eTXLSPeQW. PULceV fURP WKe SXUcKaVed eTXLSPeQW ZeUe fRXQd fURP ZKaW ZaV OLVWed RQ WKe

ZebVLWe, TXRWeV fURP VaOeV UeSUeVeQWaWLYeV, eVWLPaWeV fURP SUeYLRXV SURMecWV, RU cXVWRP Pade

eVWLPaWeV.

TabOe 5.8.2.
MaLQ ETXLSPeQW CRVWV

UniW OperaWion Model QXanWiW\
PXrchaVed

PXrchaVed
EqXipmenW CoVW ToWal CoVW

WCB SWRUaJe
VIP ECO MRdeO

MDF-DU702VH-PA FUee]eU
1 $13,662 $13,662

WCB TKaZLQJ
TKeUPR FLVKeU PUecLVLRQ GP 02

ZaWeU baWK
2 $1,000 $2,000

FeUPeQWaWLRQ
WAVE 25 RRcNeU ReacWRU 2 $2,800 $5,600

XceOOeUe[ XDR 50 2 $6,670 $53,400
XceOOeUe[ XDR 500 3 $15,700 $188,700

UOWUafLOWUaWLRQ bKTA FOX[ 6 2 $70,000 $140,000
PURWeLQ A

CKURPaWRJUaSK\
bKTA Scc 1 $250,000 $250,000

VLUaO IQacWLYaWLRQ CXVWRP POXJ FORZ ReacWRU 1 $7,300 $7,300

DLafLOWUaWLRQ
bKTA FOX[ S WaQJeQWLaO fORZ

fLOWUaWLRQ V\VWeP
2 $40,000 $80,000

AQLRQ E[cKaQJe
CKURPaWRJUaSK\

bKTA Scc 2 $250,000 $500,000

DLafLOWUaWLRQ
bKTA FOX[ S WaQJeQWLaO fORZ

fLOWUaWLRQ V\VWeP
1 $40,000 $40,000

CaWLRQ E[cKaQJe
CKURPaWRJUaSK\

bKTA Scc 1 $250,000 $250,000

VLUaO FLOWUaWLRQ
POaQRYa SLQJOe-UVe VLUXV

FLOWUaWLRQ CRQWUROOeU
2 $40,000 $80,000

FLQaO UOWUafLOWUaWLRQ
AKTA Read\FOX[ TaQJeQWLaO

FORZ FLOWUaWLRQ S\VWeP
2 $250,000 $500,000

FLQaO DLafLOWUaWLRQ
AKTA Read\FOX[ TaQJeQWLaO

FORZ FLOWUaWLRQ S\VWeP
1 $250,000 $250,000

FLOOLQJ SA25 AVeSWLc FLOOLQJ WRUNceOO 1 $7,000,000 $7,000,000

L\RSKLOL]eU
Q144XSS fURP MLOOURcN

TecKQRORJ\
1 $2,500,000 $2,500,000

ToWal $11,860,662
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TabOe 5.8.3
AQcLOOaU\ ETXLSPeQW CRVWV

UniW OperaWion Model QXanWiW\ CoVW Per UniW ToWal CoVW

AXWRcOaYe CXVWRP AXWRcOaYe 1 $376,000 $376,000

HeaW E[cKaQJeU CXVWRP HeaW E[cKaQJeU 1 $28,300 $28,300

PeULVWaOWLc PXPSV
MaVWeUfOe[� L/S� VaULabOe-SSeed

CRQVROe DULYe ZLWK PXPS Head BXQdOeV
54 $2,250 $121,500

ML[eUV fRU WaQNV XQdeU
3000 L

1/3 HP EOecWULc DLUecW DULYe EcRQRP\
COaPS MRXQW

11 $800 $8,800

ML[eUV fRU WaQNV abRYe
3000 L

RaLdeQ SWaQdaUd 2 HP POaWe MRXQW TRS
EQWU\ ML[eU

1 $5,000 $5,000

20 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 4 $600 $2,400

30 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 5 $900 $4,500

50 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 1 $1,500 $1,500

75 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 2 $2,250 $4,500

100 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 5 $3,000 $15,000

160 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 2 $4,800 $9,600

800 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 2 $24,000 $48,000

1200 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 2 $36,000 $72,000

4000 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 1 $120,000 $120,000

5000 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 1 $150,000 $150,000

6000 L TaQN CXVWRP SWaLQOeVV SWeeO TaQN 3 $180,000 $540,000

WFI S\VWeP MedLca� PUR-RE 1 $180,000 $180,000

ToWal $1,687,100

5.8.2 FDA ApproYal and ValidaWion CoVWV

BecaXVe RXU facLOLW\ LV deVLJQed WR SURdXce a bLRVLPLOaU WKaW KaV aOUead\ UeceLYed FDA

aSSURYaO, caSLWaO cRVWV fRU cOLQLcaO deYeORSPeQW Qeed QRW be cRQVLdeUed. HRZeYeU, WKeUe aUe VWLOO

UeTXLUePeQWV fURP WKe FDA fRU SURceVV YaOLdaWLRQ WKaW RXU facLOLW\ ZRXOd Qeed WR JR WKURXJK WR

eQVXUe LWV RSeUabLOLW\ ZLWKLQ WKe UeJXOaWLRQV Rf WKe aJeQc\. TKe FDA RXWOLQeV WKe YaOLdaWLRQ

SURceVV LQ WKUee VWaJeV: SURceVV deVLJQ, SURceVV TXaOLfLcaWLRQ, aQd cRQWLQXed SURceVV YeULfLcaWLRQ

(U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2011). TKe fLUVW VWaJe, SURceVV deVLJQ, dLcWaWeV WKaW

NQRZOedJe aQd XQdeUVWaQdLQJ Rf WKe LQWeQded SURceVV VKRXOd be accXPXOaWed aQd dRcXPeQWed,
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fROORZed b\ WKe eVWabOLVKPeQW Rf SURceVV cRQWURO VWUaWeJLeV (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ,

2011). BRWK Rf WKeVe WaVNV aUe SeUfRUPed LQ accRUdaQce ZLWK WKe UeOeYaQW JXLdaQce dRcXPeQWV.

TKe SURceVV TXaOLfLcaWLRQ VWaJe cRQWaLQV fRXU VWeSV. FLUVW, WKe bXLOdLQJV, eTXLSPeQW, aQd

XWLOLW\ V\VWePV PXVW be deVLJQed aQd TXaOLfLed ZLWK SURSeU WeVWLQJ aQd UeSRUWLQJ Rf WKe

cRQcOXVLRQV. TKe VecRQd VWeS Rf SURceVV TXaOLfLcaWLRQ LV SURceVV SeUfRUPaQce TXaOLfLcaWLRQ

(PPQ). TKe FDA defLQeV a VXcceVVfXO PPQ aV RQe WKaW ³ZLOO cRQfLUP WKe SURceVV deVLJQ aQd

dePRQVWUaWe WKaW WKe cRPPeUcLaO PaQXfacWXULQJ SURceVV SeUfRUPV aV e[SecWed´ (2011). TKLV VWeS

cRPbLQeV WKe effRUWV Rf WKe fLUVW VWaJe aQd WKe VecRQd VWeS Rf WKe VecRQd VWaJe WR VKRZ WKaW WKe

SURceVV LV abOe WR SURdXce a VXbVWaQce aV LW LV LQWeQded. TKe WKLUd VWeS LV WKe PPQ SURWRcRO, a

dRcXPeQW WKaW defLQeV WKe VSecLfLc RSeUaWLQJ cRQdLWLRQV, PeWKRdV Rf daWa cROOecWLRQ, SeUfRUPaQce

WeVWLQJ VWUaWeJLeV aQd WKeLU cRUUeVSRQdLQJ acceSWaQce cULWeULa, aQd ULVN aVVeVVPeQW VWUaWeJLeV

aPRQJ RWKeU WecKQLcaO deWaLOV Rf WKe SURceVV (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2011). TKe

fLQaO VWeS Rf WKe SURceVV TXaOLfLcaWLRQ VWaJe LV WKe SUeSaUaWLRQ Rf a UeSRUW fRU WKe PPQ SURWRcRO

WKaW PXVW be deOLYeUed aQd aSSURYed b\ WKe UeOeYaQW deSaUWPeQWV Rf WKe FDA befRUe VaLd SURWRcRO

Pa\ beJLQ RSeUaWLRQ (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2011). OQce WKeVe VWeSV aUe fLQLVKed,

WKe LQLWLaO SURceVV YaOLdaWLRQ LV cRPSOeWe aQd cRPPeUcLaO PaQXfacWXULQJ Pa\ beJLQ.

TKe fLQaO VWaJe Rf SURceVV YaOLdaWLRQ LV cRQWLQXRXV SURceVV YeULfLcaWLRQ. TKe FDA

PaQdaWeV WKaW PaQXfacWXUeUV PXVW PaLQWaLQ daWa cROOecWLRQ aQd UeSRUWLQJ VR aV WR UeQeZ WKe

LQLWLaO PPQ SURWRcRO YeULfLcaWLRQ RQ a \eaUO\ baVLV, ZLWK a cROOecWLYe UeSRUW cRPLQJ LQ QR OaWeU

WKaQ 60 da\V afWeU WKe aQQLYeUVaU\ Rf WKe LQLWLaO aSSURYaO (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ).

FRU RXU facLOLW\, Ze KaYe eVWLPaWed WKaW WKe LQLWLaO SURceVV YaOLdaWLRQ (L.e., VWaJeV RQe aQd WZR)

VKaOO be cRPSOeWed LQ 18 PRQWKV, aQd WKe fLUVW aQQXaO cRQWLQXed SURceVV YeULfLcaWLRQ UeSRUW ZLOO

be fLOed LQ 30 PRQWKV. We KaYe aOVR eVWLPaWed WKaW WKe caSLWaO LQYeVWPeQW fRU WKeVe YaOLdaWLRQV
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ZLOO accXPXOaWe WR aSSUR[LPaWeO\ $1 PLOOLRQ SeU \eaU, ZKLcK KaV beeQ facWRUed LQWR WKe ecRQRPLc

aQaO\VLV (AbW eW aO., 2020).

5.8.3 OperaWing E[penVeV

IQ addLWLRQ WR WKe fL[ed caSLWaO LQYeVWPeQW aQd WKe FDA aSSURYaO aQd YaOLdaWLRQ cRVWV WR

VWaUW WKe SOaQW, WKeUe ZLOO be aQQXaO RSeUaWLQJ cRVWV aVVRcLaWed ZLWK SURdXcWLRQ. TabOe 5.8.4 VKRZV

aOO WKe facWRUV WKaW ZeUe LQcOXded LQ WKe aQQXaO RSeUaWLQJ cRVWV. AV VKRZQ beORZ, WKeVe cRVWV ZeUe

dLYLded LQWR dLUecW cRVWV, fL[ed cRVWV, aQd JeQeUaO cRVWV. IQ RUdeU WR caOcXOaWe eacK Rf WKeVe cRVWV,

WKe fL[ed caSLWaO LQYeVWPeQW (FCI), cRVW Rf UaZ PaWeULaOV (C_RM), cRVW Rf ZaVWe WUeaWPeQW

(C_WT), cRVW Rf XWLOLWLeV (C_UT), aQd cRVW Rf RSeUaWLQJ OabRU  (C_OL) PXVW be NQRZQ. AV VKRZQ

LQ VecWLRQ 5.8.1, WKe FCI fRU WKLV SURceVV LV $65,513,152. TKe C_RM, C_WT, C_UT, aQd C_OL

aUe e[SOaLQed LQ WKe VXbVeTXeQW SaUaJUaSKV. AOO RWKeU cRVWV ZeUe WKeQ deULYed fURP WKeVe YaOXeV

XVLQJ WKe PeWKRdRORJ\ e[SOaLQed LQ TXUWRQ. AV VXcK, WKe cRVW Rf PaQXfacWXULQJ (COM) ZaV

caOcXOaWed WR be $42,975,756 XVLQJ ETXaWLRQ 5.8.2 ZKLOe aOO RWKeU cRVWV ZeUe caOcXOaWed XVLQJ WKe

eTXaWLRQV VKRZQ LQ TabOe 5.8.4 (TXUWRQ eW aO., 2012). UVLQJ  WKeVe YaOXeV, WKe WRWaO aQQXaO

RSeUaWLQJ cRVW ZaV deWeUPLQed WR be $44,290,428.

𝐶𝑂𝑀 ࡦ 0. 280 * 𝐹𝐶𝐼  2. 73 * 𝐶
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ETXaWLRQ 5.8.2. TKe CRVW Rf MaQXfacWXULQJ (TXUWRQ eW aO., 2012)
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TabOe 5.8.4
AQQXaO OSeUaWLQJ CRVW fRU AdaOLPXPab PURdXcWLRQ (TXUWRQ eW aO., 2012)

AnnXal OperaWing CoVW

DirecW CoVW NomenclaWXre CoVW

RaZ PaWeULaOV C_RM $11,428,060

WaVWe WUeaWPeQW C_WT $96,884

UWLOLWLeV C_UT $3,008

OSeUaWLQJ OabRU C_OL $3,828,825

DLUecW aQd VXSeUYLVRU\ aQd cOeULcaO OabRU 0.18*C_OL $689,189

MaLQWeQaQce aQd UeSaLUV 0.06*FCI $3,930,789

OSeUaWLQJ VXSSOLeV 0.009*FCI $589,618

LabRUaWRU\ cKaUJeV 0.15*C_OL $574,324

PaWeQWV aQd RR\aOWLeV 0.03*COM $1,289,273

Fi[ed CoVWV

DeSUecLaWLRQ 0.1*FCI $6,551,315

LRcaO Wa[eV aQd LQVXUaQce 0.032*FCI $2,096,421

POaQW RYeUKead cRVWV 0.708*C_OL + 0.036*FCI $5,069,282

General CoVW

AdPLQLVWUaWLRQ 0.177*C_OL+0.009*FCI $1,267,320

DLVWULbXWLRQ aQd VeOOLQJ cRVWV 0.11*COM $4,727,333

ReVeaUcK aQd deYeORSPeQW 0.05*COM $2,148,788

ToWal operaWing coVW $44,290,428

TKe cRVW Rf UaZ PaWeULaOV LQcOXded cRQVWaQW fORZ aQd VROLd PaWeULaOV WKaW ZeUe SXUcKaVed

eacK caPSaLJQ LQ RUdeU WR PaLQWaLQ RSeUaWLRQ. CRQVWaQW fORZ cRVWV aUe VKRZQ LQ TabOe 5.8.5 aQd

LQcOXde WKe cRVWV Rf PedLa, bXffeUV, aQd fRUPXOaWLRQ LQJUedLeQWV XVed RYeU WKe cRXUVe Rf a \eaU.

WaWeU fRU LQMecWLRQ ZaV QRW LQcOXded aV a cRQVWaQW fORZ cRVW, UaWKeU LW ZaV WUeaWed aV a XWLOLW\.

CRQVWaQW fORZ cRVWV ZeUe RbWaLQed fURP WKe SULceV RQ YeQdRUV¶ ZebVLWeV. TabOe 5.8.6 dLVSOa\V WKe

VROLd PaWeULaOV ZKLcK aUe deVLJQed WR be UeSOaced LQ beWZeeQ caPSaLJQV. IW LV LPSRUWaQW WR QRWe

WKaW fRU WKLV SURceVV, cKURPaWRJUaSK\ cROXPQV aUe dLVSRVabOe aQd WKe\ aUe WUeaWed aV a UaZ

PaWeULaO UaWKeU WKaQ a caSLWaO cRVW. EVWLPaWeV fRU VROLd cRVWV caPe fURP WKe SULceV RQ YeQdRU¶V
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ZebVLWeV RU TXRWeV fURP VaOeV UeSUeVeQWaWLYeV. TKe WRWaO cRVW fRU UaZ PaWeULaOV ZaV fRXQd WR be

$11,428,060 SeU \eaU.

TabOe 5.8.5
CRQVWaQW FORZ CRVWV PeU YeaU Rf PURceVVLQJ

UniW Op MaWerial QXanWiW\ per Year UniWV Price per UniW CoVW per Year

FeUPeQWaWLRQ
MedLa 3273 NJ $1,135 $3,713,186

L-JOXWaPLQe 109.6 NJ $312 $34,186

PURWeLQ A

SRdLXP PKRVSKaWe 4.72 NJ $47 $221

SRdLXP CKORULde 42.1 NJ $3 $126

SRdLXP AceWaWe 2.95 NJ $93 $273

SRdLXP H\dUR[Lde 28.8 NJ $11 $322

PKRVSKRULc AcLd (1 M) 72 L $40 $2,844

DLafLOWUaWLRQ
befRUe AEX

SRdLXP PKRVSKaWe 68.9 NJ $47 $3,222

AEX

SRdLXP PKRVSKaWe 9.84 NJ $47 $460

SRdLXP CKORULde 84.2 NJ $3 $252

SRdLXP H\dUR[Lde 19.2 NJ $11 $215

DLafLOWUaWLRQ
befRUe CEX

SRdLXP AceWaWe 68.9 NJ $93 $6,381

SRdLXP CKORULde 49.09 NJ $3 $147

CEX

SRdLXP AceWaWe 17.72 NJ $93 $1,641

SRdLXP CKORULde 106.6 NJ $3 $320

SRdLXP H\dUR[Lde 19.2 NJ $11 $215

FRUPXOaWLRQ aQd
FLOO

SRdLXP CKORULde 7.40 NJ $3 $22

MRQRbaVLc SRdLXP
PKRVSKaWe DLK\dUaWe

1.04 NJ $201 $208

DLbaVLc SRdLXP
PKRVSKaWe DLK\dUaWe

1.83 NJ $158 $289

SRdLXP CLWUaWe 0.36 NJ $387,000 $139,320

CLWULc AcLd
MRQRK\dUaWe

1.56 NJ $17 $27

MaQQLWRO 14.4 NJ $106 $1,532

PRO\VRUbaWe 80 1.2 NJ $123 $148

COeaQLQJ SRdLXP H\dUR[Lde 59.52 NJ $11 $665

ToWal $3,906,224
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TabOe 5.8.6
SROLd RaZ MaWeULaO CRVWV

UniW OperaWion MaWerial ProdXcW QXanWiW\ per
Campaign

CoVW Per
UniW CoVW per Year

TaQJeQWLaO FORZ
FLOWUaWLRQ

FLOWeU
SaUWRcRQ� SOLce DLVSRVabOe

H\dURVaUW� CaVVeWWe
1 $653 $3,918

ALU FLOWUaWLRQ FLOWeU
GaPPa PKRbLc OSWLcaS� XL
50 E[SUeVV SPG 0.2 HB/HB

1 $34 $206

DeSWK FIOWUaWLRQ FLOWeU
MLOOLVWaN+� PRd DLVSRVabOe

DeSWK A1HC FLOWeU
1 $224 $1,341

UOWUafLOWUaWLRQ FLOWeU
SWaUW AXM UFP-30-C-2U

caUWULdJe
1 $298 $1,788

PURWeLQ A
CROXPQ &

ReVLQ
HLScaOe 50/20 PUeSacNed

CROXPQV
4 $6,900 $165,600

DLafLOWUaWLRQ befRUe AEX FLOWeU
SWaUW AXM UFP-30-C-2U

caUWULdJe
1 $298 $1,788

AQLRQ E[cKaQJe
CKURPaWRJUaSK\

CROXPQ &
ReVLQ

HLScaOe 26/20 PUeSacNed
CROXPQV

3 $2,100 $37,800

DLafLOWUaWLRQ befRUe CEX FLOWeU
SWaUW AXM UFP-30-C-2U

caUWULdJe
1 $298 $1,788

CaWLRQ E[cKaQJe
CKURPaWRJUaSK\

CROXPQ &
ReVLQ

HLScaOe 26/20 PUeSacNed
CROXPQV

4 $2,400 $57,600

VLUaO FLOWUaWLRQ FLOWeU POaQRYa15N 2 $500 $6,000

FLQaO UOWUafLOWUaWLRQ FLOWeU RTPUFP-30-C-5S 1 $2,179 $13,074

FLQaO DLafLOWUaWLRQ FLOWeU RTPUFP-30-C-5S 1 $2,179 $13,074

FRUPXOaWLRQ aQd FLOO VLaOV
DaLN\R CU\VWaO ZeQLWK

Read\-WR-UVe 2PL VLaOV COP
250000 $4 $5,627,063

FRUPXOaWLRQ aQd FLOO SWRSSeUV
13PP NRYaPXUe BURPRbXW\O

4023/50 L\RSKLOL]aWLRQ
SWRSSeUV

250000 $1 $1,590,797

ToWal $7,521,837

AV PeQWLRQed SUeYLRXVO\, WKLV SURceVV ZaV fRXQd WR SURdXce 24,640 L Rf OLTXLd ZaVWe aQd

175.6 NJ Rf VROLd ZaVWe SeU caPSaLJQ. EOdUedJe IQc. ZLOO be cRQWUacWed fRU aOO ZaVWe dLVSRVaO aV

WKLV PaQXfacWXULQJ facLOLW\ ZLOO be ORcaWed LQ WeVW CKeVWeU, PeQQV\OYaQLa. FRU OLTXLd ZaVWe,

EOdUedJe IQc. KaV SURYLded a TXRWe fRU WKe dLVSRVaO aW a UaWe Rf $2.25 SeU JaOORQ, VR fRU a WRWaO Rf

aSSUR[LPaWeO\ 6,500 JaOORQV WKLV ZRXOd accXPXOaWe WR a cRVW Rf $14,647 SeU caPSaLJQ. FRU VROLd
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ZaVWe, dLVSRVaO ZLOO be SURYLded aW a UaWe Rf $205 SeU 55 JaOORQ dUXP, ZLWK a WUaQVSRUWaWLRQ fee Rf

$425 SeU ORad SOXV a 51% fXeO VXUcKaUJe. TKLV VeUYLce ZLOO accXPXOaWe WR aSSUR[LPaWeO\ $1,500

SeU caPSaLJQ, UeVXOWLQJ LQ a WRWaO cRVW Rf $96,884 SeU \eaU fRU ZaVWe dLVSRVaO.

UWLOLWLeV fRU WKLV SURceVV LQcOXde VWeaP, cRPSUeVVed aLU, cKLOOed eWK\OeQe JO\cRO, ZaWeU,

aQd SRZeU aV VKRZQ LQ TabOe 5.8.7. SLWe XWLOLWLeV VXcK aV OLJKWLQJ aQd AC ZeUe QRW LQcOXded LQ

WKLV aQaO\VLV aQd ZeUe cRQVLdeUed RXWVLde WKe VcRSe Rf WKLV SURMecW. CRPSUeVVed aLU LV Qeeded WR

VXSSO\ R[\JeQ WR WKe bLRUeacWRUV dXULQJ feUPeQWaWLRQ, aQd WKLV SULce ZaV eVWLPaWed WR be 1.8� SeU

cXbLc PeWeU (HoZ Wo EaVil\ CalcXlaWe, 2020). SWeaP LV Qeeded VeYeUaO WLPeV eacK caPSaLJQ WR

VWeULOL]e bXffeUV WKaW aUe XVed fRU cKURPaWRJUaSK\ aQd WKe cXOWXUe PedLa XVed LQ feUPeQWaWLRQ.

CRVW aVVRcLaWed ZLWK VWeaP ZaV eVWLPaWed b\ caOcXOaWLQJ WKe eQeUJ\ UeTXLUed WR KeaW 3000 OLWeUV

Rf OLTXLd ZaWeU WR 121 �C, a cRPPRQ VWeULOL]aWLRQ WePSeUaWXUe. TKLV VWeaP XVaJe ZRXOd KaSSeQ

fLYe WLPeV a caPSaLJQ. CKLOOed eWK\OeQe JO\cRO LV XVed WR cRRO WKe VROXWLRQ befRUe eQWeULQJ

PURWeLQ A cKURPaWRJUaSK\. EQeUJ\ XVaJe aVVRcLaWed ZLWK cRROLQJ WKe eWK\OeQe JO\cRO ZaV fRXQd

b\ caOcXOaWLQJ WKe KeaW UePRYed fURP WKe KeaW e[cKaQJeU. TKe SULce Rf eWK\OeQe JO\cRO aQd VWeaP,

baVed RQ eQeUJ\ XVaJe, ZeUe eVWLPaWed XVLQJ caScRVW VSUeadVKeeW. WaWeU LV XVed fRU PedLa aQd

bXffeU PaNeXS aQd fRU cOeaQLQJ. TKe cRVW Rf ZaWeU LQ WeVW CKeVWeU, PeQQV\OYaQLa LV $30.11 fRU

WKe fLUVW 2,000 JaOORQV aQd $7.99 SeU 1,000 JaOORQV afWeU WKaW (BoUoXgh of WeVW CheVWeU, 2021). AV

VKRZQ LQ VecWLRQ 4.4, 24948 L RU aSSUR[LPaWeO\ 6600 JaOORQV Rf ZaWeU aUe UeTXLUed SeU caPSaLJQ

fRU WKLV SURceVV, UeVXOWLQJ LQ a WRWaO Rf 39600 JaOORQV Rf ZaWeU Qeeded SeU \eaU. LaVWO\, SRZeU LV

Qeeded WR WR RSeUaWe WKe PaLQ aQd aQcLOOaU\ eTXLSPeQW. TabOe 5.8.8 VKRZV WKe SRZeU

UeTXLUePeQWV fRU eacK XQLW ZLWK a WRWaO SRZeU cRQVXPSWLRQ Rf 4680 NWK SeU caPSaLJQ. TKe cRVW

Rf SRZeU LQ WeVWcKeVWeU PeQQV\OYaQLa ZaV aVVXPed WR be 8.99 � SeU NWK (ReVidenWial ElecWUiciW\

& GaV, 2022). TKeUefRUe, WKe WRWaO cRVW Rf XWLOLWLeV SeU \eaU ZaV deWeUPLQed WR be $3,008.
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TabOe 5.8.7
AQQXaO UVe aQd CRVW Rf UWLOLWLeV

UWiliW\ UniWV ConVXmed per Year Price per UniW CoVW per Year

SWeaP 35.28 GJ $2.08 SeU GJ $73.38

CRPSUeVVed ALU 259.2 P^3 $0.018 SeU P^3 $4.58

CKLOOed EWK\OeQe
GO\cRO

108 NWK $0.037 SeU NWK $4

WaWeU 39600 JaOORQV $0.01 SeU JaOORQ $401

PRZeU 28080 NWK $0.0899 SeU NWK $2,525

ToWal $3,008

83



TabOe 5.8.8
TRWaO MaQXfacWXULQJ PRZeU CRQVXPSWLRQ

UniW Model QXanWiW\
S\VWem PoZer
ReqXiremenW

(kW)

PoZer per
Campaign (kWhr)

CoVW per
Campaign

Main EqXipmenW

WCB SWRUaJe
VIP ECO MRdeO

MDF-DU702VH-PA
FUee]eU

1 - 264 $23.71

WCB TKaZLQJ
TKeUPR FLVKeU PUecLVLRQ

GP 02 ZaWeU baWK
1 0.414 0.414 $0.04

FeUPeQWaWLRQ

WAVE 25 RRcNeU
ReacWRU

1 1.50 285 $25.62

XceOOeUe[ XDR 50 1 0.012 0.357 $0.03
XceOOeUe[ XDR 500 3 0.053 41.6 $3.74

FLUVW UF bKTA FOX[ 6 1 0.400 288 $25.89
CKURPaWRJUaSK\ bKTA Scc 3 0.800 1728 $155.35

DF BefRUe
CKURPaWRJUaSK\

bKTA FOX[ S WaQJeQWLaO
fORZ fLOWUaWLRQ V\VWeP

2 0.300 432 $38.84

VF
POaQRYa SLQJOe-UVe

VLUXV FLOWUaWLRQ
CRQWUROOeU

1 0.031 22.4 $2.01

FLQaO UF aQd DF
AKTA Read\FOX[
TaQJeQWLaO FORZ
FLOWUaWLRQ S\VWeP

2 1.00 33.3 $3.00

FRUPXOaWLRQ aQd
FLOO

SA25 AVeSWLc FLOOLQJ
WRUNceOO

1 16.1 268 $24.09

L\RSKLOL]eU
Q144XSS fURP MLOOURcN

TecKQRORJ\
1 5.13 1231 $110.65

Ancillar\ EqXipmenW

PeULVWaOWLc PXPSV

MaVWeUfOe[� L/S�
VaULabOe-SSeed CRQVROe
DULYe ZLWK PXPS Head

BXQdOeV

27 - 6.94 $0.62

ML[eUV fRU WaQNV
XQdeU 3000 L

1/3 HP EOecWULc DLUecW
DULYe EcRQRP\ COaPS

MRXQW
11 0.249 27.34 $2.46

ML[eUV fRU WaQNV
abRYe 3000 L

RaLdeQ SWaQdaUd 2 HP
POaWe MRXQW TRS EQWU\

ML[eU
1 1.49 14.9 $1.34

WFI S\VWeP MedLca� PUR-RE 1 0.052 37.5 $3.37
ToWal $420.76
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TKe cRVW Rf RSeUaWLQJ OabRU ZaV caOcXOaWed XVLQJ eTXaWLRQ 5.8.3 (TXUWRQ eW aO., 2012). IQ

WKLV eTXaWLRQ, NOL UeSUeVeQWV WKe QXPbeU Rf RSeUaWRUV Qeeded SeU VKLfW, P UeSUeVeQWV WKe QXPbeU

Rf SURceVV VWeSV LQYROYLQJ RSeUaWRUV KaQdOLQJ SaUWLcXOaWe VROLdV, aQd NQS UeSUeVeQWV WKe UePaLQLQJ

SURceVV VWeSV. FRU WKLV PaQXfacWXULQJ SURceVV, LW ZaV aVVXPed WKeUe ZeUe 3 SURceVV VWeSV WKaW

LQYROYe WKe KaQdOLQJ Rf SaUWLcXOaWe VROLdV: WUaQVfeUULQJ ceOOV beWZeeQ UeacWRUV dXULQJ LQRcXOaWLRQ,

PL[LQJ bXffeUV, aQd aXWRcOaYLQJ bXffeUV. BaVed Rff Rf WKe UePaLQLQJ XQLW RSeUaWLRQV aQd aQcLOOaU\

eTXLSPeQW, Ze deWeUPLQed WKaW WKeUe ZeUe 15 SURceVV VWeSV WKaW dLd QRW LQYROYe WKe KaQdOLQJ Rf

SaUWLcXOaWe PaWWeU. WLWK WKeVe QXPbeUV, ETXaWLRQ 5.8.3 eVWLPaWeV WKaW 17 RSeUaWRUV aUe Qeeded SeU

VKLfW.

𝑁
𝑂𝐿

ࡦ ഈ6. 29  31. 7𝑃2  0. 23𝑁
Ֆ

ഉ0.5

ETXaWLRQ 5.8.3. EVWLPaWLQJ NXPbeU Rf OSeUaWRUV SeU SKLfW (TXUWRQ eW aO., 2012)

IW ZaV aVVXPed WKaW WKe RSeUaWRUV ZRXOd ZRUN fLYe 8-KRXU VKLfWV RYeU WKe cRXUVe Rf a

ZeeN. IW ZaV aOVR aVVXPed WKaW eacK RSeUaWRU ZRXOd JeW a cRPbLQed WKUee ZeeNV Rf YacaWLRQ aQd

VLcN da\V. BecaXVe WKLV SOaQW LV UXQQLQJ 24 KRXUV SeU da\, 7 da\V SeU ZeeN, RXU SOaQW QeedV

URXJKO\ 4.5 WLPeV WKe QXPbeU Rf RSeUaWRUV UeTXLUed fRU eacK VKLfW WR NeeS WKe SOaQW UXQQLQJ \eaU

URXQd (TXUWRQ eW aO., 2012). FRU RXU SURceVV, \eaU URXQd LV acWXaOO\ RQO\ VL[ PRQWKV Rf

SURdXcWLRQ. TKe aYeUaJe SKaUPaceXWLcaO RSeUaWRU VaOaU\ LV $66,300 SeU \eaU, LQcOXdLQJ bRQXVeV

aQd SURfLW VKaULQJ (PhaUmaceXWical OpeUaWoU SalaUieV, 2021). BecaXVe WKe SOaQW LV QRW UXQQLQJ

WKe fXOO \eaU, Ze cKRVe WR cRQWUacW WKe RSeUaWRUV fRU $49725 (75% Rf WKeLU aQQXaO Sa\) fRU 6

PRQWKV Rf OabRU. TKLV UeVXOWed LQ a WRWaO Rf $3.8 PLOOLRQ LQ RSeUaWLQJ OabRU eacK \eaU.

5.8.4 Economic Anal\ViV XVing DiVcoXnWed CaVh FloZ

A caVK fORZ aQaO\VLV Rf WKLV SURMecW LV accRPSOLVKed WKURXJK a cRPSaULVRQ Rf WKe LQLWLaO

caSLWaO cRVWV, RSeUaWLQJ e[SeQVeV, aQd WKe eVWLPaWed UeYeQXe Rf WKe PAb SURdXcW. DXe WR WKe

VPaOO VL]e Rf WKe eTXLSPeQW aQd WKaW WKLV SURdXcW LV a bLRVLPLOaU Rf aQ aOUead\ e[LVWLQJ dUXJ, WKe
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WLPe fRU cRQVWUXcWLRQ ZaV eVWLPaWed WR be 12 PRQWKV. VaOLdaWLRQ ZLOO VWaUW aW WKe VaPe WLPe aV

cRQVWUXcWLRQ, bXW LW ZLOO OaVW fRU a WRWaO Rf 18 PRQWKV. TKe SOaQW ZLOO be UXQ dXULQJ WKe OaVW VL[

PRQWKV Rf YaOLdaWLRQ WR SeUfRUP TXaOLW\ WeVWLQJ RQ WKe SURdXcW. OQce YaOLdaWLRQ LV cRPSOeWe, WKLV

SOaQW ZLOO be LQ RSeUaWLRQ fRU 10 \eaUV befRUe VKXWWLQJ LW dRZQ aQd VaOYaJLQJ WKe eTXLSPeQW. TKLV

bULQJV WKe WRWaO OLfeWLPe Rf WKe SOaQW WR 11.5 \eaUV

IPSRUWaQW YaOXeV fRU WKe ecRQRPLc aQaO\VLV Rf WKLV SOaQW aUe deWaLOed LQ TabOe 5.8.9. IQLWLaO

caSLWaO LQYeVWPeQW fRU WKLV SOaQW, LQcOXdLQJ OaQd, cRQVWUXcWLRQ, aQd eTXLSPeQW cRVWV, aUe deWaLOed

LQ VecWLRQ 5.8.1. TKLV caSLWaO cRVW ZaV fRXQd WR be $65.5 PLOOLRQ. TR eQVXUe WKe VafeW\ aQd

effLcac\ Rf RXU SURdXcW, WKe FDA PXVW YaOLdaWe WKe SURceVV befRUe Ze caQ VeOO LW. TKe cRVW Rf

YaOLdaWLRQ Rf RXU SOaQW ZaV eVWLPaWed WR be $1 PLOOLRQ. CRVWV aVVRcLaWed ZLWK WKe aQQXaO RSeUaWLRQ

Rf WKe SOaQW aUe deWaLOed LQ VecWLRQ 5.8.3, WKeVe cRVWV VXP WR $44 PLOOLRQ SeU \eaU.

WKLOe WKe LQWURdXcWLRQ Rf a JeQeULc Pa\ dUaVWLcaOO\ ORZeU WKe SULce Rf a VWaQdaUd

bUaQd-QaPe dUXJ, WKLV LV QRW QeceVVaULO\ WKe caVe ZLWK bLRORJLcV (BecNeU, 2022). TKeUefRUe LW LV

aVVXPed WKaW WKe SULce Rf HXPLUa ZLOO UePaLQ cRQVWaQW aW $6240 fRU WZR 40 PJ dRVeV Rf HXPLUa

(HXmiUa pUiceV, 2021). IQ WKe EU, LW LV UeaVRQabOe fRU bLRVLPLOaUV WR eQWeU WKe PaUNeW aW 30% Rf

WKe SULce Rf WKe QaPe bUaQd dUXJ  (BOacNVWRQe & FXKU, 2013). WLWK WKLV eVWLPaWe, LW LV e[SecWed

WKaW RXU SURceVV ZLOO VeOO adaOLPXPab aW $4350 fRU WZR 40 PJ dRVeV. ReYeQXe JeQeUaWed fURP WKe

SURdXcW LV eVWLPaWed b\ PXOWLSO\LQJ WKe aPRXQW Rf SURdXcW WR be Pade LQ a \eaU, 60*106 PJ, b\

WKe SULce WKe SURdXcW ZLOO be VROd fRU, 54.6 $/PJ. FURP WKLV, aQQXaO UeYeQXe ZaV fRXQd WR be $3.3

bLOOLRQ SeU \eaU. FedeUaO caSLWaO JaLQV Wa[ LV 20%, ZKLOe WKe cRPPeUcLaO Wa[ UaWe LQ PeQQV\OYaQLa

LV VOLJKWO\ XQdeU 11%. AOO Rf WKeVe WaNeQ WRJeWKeU PaNe WKe aQQXaO SURfLW WR be aSSUR[LPaWeO\

$2.2 bLOOLRQ SeU \eaU.
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TabOe 5.8.9
IPSRUWaQW VaOXeV fRU EcRQRPLc OYeUYLeZ

CaSLWaO CRVW $64,513,152

VaOLdaWLRQ $1,000,000

OSeUaWLRQ CRVWV $44,290,428

AQQXaO ReYeQXe $3,262,500,000

Ta[ RaWe 31%

AQQXaO PURfLW $2,220,886,425

TR fXUWKeU e[aPLQe WKe SURfLWabLOLW\ Rf RXU SURceVV, Ze SeUfRUPed a dLVcRXQWed caVK fORZ

aQaO\VLV. FLUVW, LW ZaV decLded WKaW WKe LQLWLaO caSLWaO LQYeVWPeQW ZRXOd be SaLd RYeU WKe cRXUVe Rf

WKe fLUVW fLYe \eaUV Rf SOaQW RSeUaWLRQ aQd WKLV cRVW Rf LQYeVWPeQW ZaV WUeaWed aV aQ e[SeQVe. NR

UeYeQXe ZaV JeQeUaWed dXULQJ WKe 12 PRQWKV Rf cRQVWUXcWLRQ, QRU WKe addLWLRQaO 6 PRQWKV Rf

SURdXcW WeVWLQJ. DXULQJ SURdXcW WeVWLQJ, Ze aVVXPed aQ RSeUaWLRQaO cRVW Rf $22 PLOOLRQ WR UefOecW

KaOf Rf WKe aQQXaO RSeUaWLQJ e[SeQdLWXUeV. A dLVcRXQW UaWe Rf 20% ZaV aSSOLed fRU RXU aQaO\VLV.

TKLV cRQVeUYaWLYe dLVcRXQW UaWe ZaV cKRVeQ WR accRXQW fRU LQVWabLOLW\ LQ WKe SKaUPaceXWLcaO

PaUNeW aV ZeOO aV deSUecLaWLRQ RYeU WLPe. DLVcRXQWed caVK fORZ ZaV caOcXOaWed b\ ETXaWLRQ

5.8.4. IQ WKLV eTXaWLRQ, TCFW LV Wa[ed caVK fORZ LQ \eaU W, DCFW LV dLVcRXQWed caVK fORZ LQ \eaU W,

aQd i LV WKe dLVcRXQW UaWe, 20%. TKLV dLVcRXQWed, RU SUeVeQW YaOXe, caVK fORZ JLYeV a PRUe

accXUaWe SURMecWLRQ Rf WKe YaOXe Rf SURfLW LQ WKe fXWXUe WR KeOS WKe SURfLWabLOLW\ aQaO\VLV. TKeVe

SUeVeQW YaOXeV ZeUe WKeQ VXPPed RYeU WLPe WR JLYe a cXPXOaWLYe dLVcRXQWed caVK fORZ.

𝑇𝐶𝐹
՜

ࡦ 𝐷𝐶𝐹
՜
ഈ1 ࡠ 𝑖ഉ՜

ETXaWLRQ 5.8.4. ETXaWLRQ fRU dLVcRXQWed caVK fORZ LQ \eaU W
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TabOe 5.8.10
DLVcRXQWed CaVK FORZ AQaO\VLV

YeaU
NeW CaVK FORZ

afWeU-Wa[ PV Rf CaVK FORZ

CXPXOaWLYe
DLVcRXQWed CaVK
FORZ

-1.5 -$64,513,152 -$84,804,741 -$84,804,741

-1 -$23,145,214 -$27,774,257 -$112,578,998

0 $2,211,844,300 $2,211,844,300 $2,099,265,302

1 $2,211,844,300 $1,843,203,583 $3,942,468,886

2 $2,211,844,300 $1,536,002,986 $5,478,471,872

3 $2,211,844,300 $1,280,002,489 $6,758,474,360

4 $2,211,844,300 $1,066,668,740 $7,825,143,101

5 $2,220,886,425 $892,524,444 $8,717,667,545

6 $2,220,886,425 $743,770,370 $9,461,437,915

7 $2,220,886,425 $619,808,642 $10,081,246,557

8 $2,220,886,425 $516,507,202 $10,597,753,759

9 $2,220,886,425 $430,422,668 $11,028,176,427

10 $2,220,886,425 $358,685,557 $11,386,861,984

FLJXUe 5.8.1. DLVcRXQWed CaVK FORZ RYeU POaQW LLfeWLPe
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FLJXUe 5.8.2. CXPXOaWLYe CaVK FORZ RYeU POaQW LLfeWLPe

AfWeU WKLV dLVcRXQWed caVK fORZ aQaO\VLV, WKe QeW SUeVeQW YaOXe Rf WKLV SURMecW ZaV fRXQd

XVLQJ ETXaWLRQV 5.8.5 aQd 5.8.6. HeUe, NPV LV QeW SUeVeQW YaOXe aQd CCF LV cXPXOaWLYe caVK

fORZ. P UeSUeVeQWV WKe SULQcLSOe, RU LQLWLaO caSLWaO LQYeVWPeQW, aQd i UeSUeVeQWV WKe dLVcRXQW UaWe,

20%. TKe fLQaO YaULabOe, R, LV WKe LQWeUQaO UaWe Rf UeWXUQ ZKLcK JLYeV LQfRUPaWLRQ abRXW KRZ KLJK

WKe dLVcRXQW UaWe ZRXOd Qeed WR be fRU WKe SURMecW WR PaNe QR SURfLW. OXU LQWeUQaO UaWe Rf UeWXUQ

ZaV fRXQd WR be 960%. TKURXJK WKe dLVcRXQWed caVK fORZ aQaO\VLV, WKe QeW SUeVeQW YaOXe aQd

LQWeUQaO UaWe Rf UeWXUQ ZeUe fRXQd WR be ZeOO ZLWKLQ WKe bRXQdV WR PaNe WKLV SURMecW SURfLWabOe.

ETXaWLRQ 5.8.5. ETXaWLRQ fRU QeW SUeVeQW YaOXe aW \eaU 10

ETXaWLRQ 5.8.6. ETXaWLRQ fRU LQWeUQaO UaWe Rf UeWXUQ aW \eaU 10

5.8.5 RiVk Anal\ViV

TKe SUedLcWLRQV WR aUULYe aW WKLV ecRQRPLc aQaO\VLV PaNe VeYeUaO aVVXPSWLRQV. IW ZaV

aVVXPed WKaW AbbYLe ZRXOd QRW ORZeU WKe SULce Rf HXPLUa aQd WKaW a 30% UedXcWLRQ LQ SULce
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ZRXOd PaNe WKe bLRVLPLOaU cRPSeWLWLYe. IW ZaV aVVXPed WKaW dePaQd fRU adaOLPXPab ZRXOd

LQcUeaVe ZLWK WKe LQWURdXcWLRQ Rf a bLRVLPLOaU aQd WKaW aOO bLRVLPLOaUV ZRXOd abVRUb 40% Rf WKLV

PaUNeW. OXW Rf WKe QLQe bLRVLPLOaUV ZKR KaYe UeacKed VeWWOePeQWV ZLWK AbbYLe, Ze SUedLcWed WKaW

fRXU ZRXOd be VXcceVVfXO aQd WKaW aOO fRXU bLRVLPLOaUV ZRXOd VSOLW WKe 40% PaUNeW VKaUe eYeQO\.

We eVWLPaWed WKaW WKe dLVcRXQW facWRU ZRXOd be 20% fRU a bLRVLPLOaU Rf aQ eVWabOLVKed dUXJ aQd

WKaW LW ZRXOd WaNe 1.5 \eaUV Rf cRQVWUXcWLRQ aQd YaOLdaWLRQ befRUe SURdXcWLRQ cRXOd beJLQ. AOO Rf

WKLV LOOXVWUaWeV WKaW PaQ\ aVVXPSWLRQV ZeUe Pade aW WKe aUULYaO Rf RXU ecRQRPLc aQaO\VLV, aQd

ZKLOe Ze Pa\ KaYe XQdeUeVWLPaWed WKe VXcceVV Rf RXU SURdXcW LQ VRPe aUeaV, VRPe Rf RXU RWKeU

aVVXPSWLRQV Pa\ QRW ZRUN LQ RXU faYRU.

IQ RUdeU WR be WKRURXJK ZLWK RXU ecRQRPLc aQaO\VLV, Ze e[aPLQed a feZ VceQaULRV ZKeUe

RXU SUedLcWLRQV dLd QRW JR accRUdLQJ WR SOaQ LQ RUdeU WR deWeUPLQe ZKeWKeU RXU SURceVV ZRXOd VWLOO

be SURfLWabOe. TKe fLUVW VceQaULR LV WKe caVe ZKeUe WKe dLVcRXQW facWRU LQcUeaVed WR 40%, dRXbOe

WKaQ ZKaW Ze LQLWLaOO\ SUedLcWed. IQ WKLV caVe, ZKLOe FLJXUe 5.8.3 VKRZV WKeUe LV a VLJQLfLcaQW ORVV

Rf SURfLWV afWeU WeQ \eaUV, WKe cXPXOaWLYe caVK fORZ LV VWLOO KLJKO\ SURfLWabOe aW a OLWWOe OeVV WKaQ

$7.5 bLOOLRQ dROOaUV aQd WKe VaPe LQWeUQaO UaWe Rf UeWXUQ Rf 960%.
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FLJXUe 5.8.3. CXPXOaWLYe CaVK FORZ ZLWK 40% DLVcRXQW RaWe

IQ WKe RWKeU VceQaULR, WKe effecW RQ SURfLWabLOLW\ fURP deOa\LQJ SURdXcWLRQ b\ a \eaU ZaV

e[aPLQed. TKLV deOa\ed VWaUW XS Pa\ KaYe beeQ caXVed b\ a ORQJeU cRQVWUXcWLRQ SeULRd,

XQaQWLcLSaWed SURbOePV ZLWK YaOLdaWLRQ, RU aQ\ RWKeU cRQceUQV WKaW ZRXOd SUeYeQW WKe VaOe Rf

adaOLPXPab. FLJXUe 5.8.4 VKRZV WKeUe ZaV VWLOO a VLJQLfLcaQW KLW WR UeYeQXe LQ WKLV VceQaULR, bXW LW

Kad a QeW SUeVeQW YaOXe JUeaWeU WKaQ $7.5 bLOOLRQ aQd aQ LQWeUQaO UaWe Rf UeWXUQ Rf 330%.

91



FLJXUe 5.8.4. CXPXOaWLYe CaVK FORZ ZLWK DeOa\ed SWaUW US

5.9 QXaliW\ ConWrol

OXU SOaQW ZLOO be eTXLSSed ZLWK WKe QeceVVaU\ eTXLSPeQW aQd facLOLWLeV LQ RUdeU WR

cRQdXcW WeVWLQJ RQ RXU SURdXcW WR eQVXUe LW cRPSOLeV ZLWK FDA VWaQdaUdV aQd UeJXOaWLRQV fRU

cXUUeQW GRRd MaQXfacWXULQJ PUacWLce (cGMP). FLUVW aQd fRUePRVW, WKe PaQXfacWXULQJ facLOLW\ aQd

LWV ePSOR\eeV ZLOO KaYe deYeORSed a VWaQdaUd RSeUaWLQJ SURcedXUe, ZKLcK ZLOO LQcOXde LQ-deSWK

deWaLOV RQ WKe acWLRQV SeUfRUPed aQd PeWKRdV XVed b\ YaULRXV eQJLQeeUV aQd RSeUaWRUV WR eQVXUe

WKe deOLYeU\ Rf a Vafe, SXUe, aQd SRWeQW SURdXcW (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2020). IQ

RUdeU WR eQVXUe WKaW RSeUaWLRQV Rf WKe facLOLW\ aUe LQ accRUdaQce ZLWK WKe VWaQdaUd RSeUaWLQJ

SURcedXUe, a YaULeW\ Rf WeVWLQJ fRU ceUWaLQ cULWLcaO TXaOLW\ aWWULbXWeV (CQAV) ZLOO be LPSOePeQWed

aW eacK VWeS Rf WKe PaQXfacWXULQJ SURceVV.

TKe CQAV LdeQWLfLed LQ RXU SURceVV caQ be caWeJRUL]ed LQWR WKUee PaLQ JURXSV: SK\VLcaO

aQd cKePLcaO SURSeUWLeV, SRWeQc\, aQd SURdXcW/SURceVV UeOaWed LPSXULWLeV. PK\VLcaO aQd cKePLcaO
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SURSeUWLeV Rf VLJQLfLcaQce aUe WKe SXULW\ aQd LdeQWLW\ Rf WKe SURdXcW. OXU facLOLW\ ZLOO ePSOR\

SDS-SRO\acU\OaPLde JeO eOecWURSKRUeVLV, VL]e-e[cOXVLRQ KLJK SeUfRUPaQce OLTXLd

cKURPaWRJUaSK\, PaVV VSecWURPeWU\, LVReOecWULc fRcXVLQJ, aQd SeSWLde PaSSLQJ aV a PeaQV Rf

aVVeVVLQJ WKeVe SURSeUWLeV (FOaWPaQ eW aO., 2007). ReVXOWV ZLOO be cRPSaUed WR a SaUeQW-ORW Rf

SURdXcW WKaW KaV XQdeUJRQe WeVWLQJ fRU aOO UeTXLUePeQWV aQd LV abOe WR be UeOeaVed accRUdLQJ WR

FDA UeJXOaWLRQV. TR aVVeVV WKe SRWeQc\ aQd acWLYLW\ Rf RXU SURdXcW, RXU facLOLW\ ZLOO ePSOR\

LPPXQRaVVa\V aQd ceOOXOaU aVVa\V. TKe LPPXQRaVVa\V PeaVXUe WKe VSecLfLc bLQdLQJ WR aQ aQWLJeQ

aV ZeOO aV WKe bLQdLQJ UaWe, aQd aUe KLJKO\ effecWLYe WRROV. CeOOXOaU aVVa\V ZLOO aOVR be XVed WR

PeaVXUe SRWeQc\ aQd acWLYLW\, aQd aOWKRXJK WKe\ aUe JeQeUaOO\ OeVV accXUaWe WKaQ bLQdLQJ aVVa\V,

cRPbLQLQJ WKeP ZLWK bLQdLQJ aVVa\V LV aQ adeTXaWe PeWKRd Rf aVVXULQJ caSabLOLW\ Rf ORW UeOeaVe

(FOaWPaQ eW aO., 2007). LaVWO\, SURdXcW/SURceVV UeOaWed LPSXULWLeV ZLOO be aVVeVVed WKURXJK WKe

PeWKRdV PeQWLRQed abRYe aV ZeOO aV PCR WeVWLQJ fRU KRVW-ceOO DNA LPSXULWLeV. EacK Rf WKe

aQaO\WLcaO PeWKRdV deVcULbed ZLOO be XVed aW YaU\LQJ SRLQWV Rf WKe SURceVV LQ accRUdaQce WR WKeLU

fXQcWLRQ.

TR eQVXUe WKaW WKe LQWeJULW\ Rf WKe SURdXcW LV PaLQWaLQed aW aOO SRLQWV LQ WKe SURceVV,

TXaOLW\ cRQWURO WeVWLQJ ZLOO RccXU befRUe aQd afWeU eacK XQLW RSeUaWLRQ, RQce SeU KRXU. TKLV

ULJRURXV WeVWLQJ LV abVROXWeO\ eVVeQWLaO fRU Vafe ORW UeOeaVe. AOO daWa cROOecWed fURP WeVWLQJ ZLOO be

cRPSLOed fRU UeSRUWLQJ SXUSRVeV WR WKe FDA ZKeQ UeTXLUed fRU cRQWLQXRXV YaOLdaWLRQ SXUSRVeV.

IQ addLWLRQ WR PRQLWRULQJ VSecLfLc SURdXcW-UeOaWed TXaOLWLeV Rf RXU facLOLW\, aQaO\WLcaO PRQLWRULQJ

ZLOO be ePSOR\ed fRU RWKeU aVSecWV Rf WKe SURceVV, LQcOXdLQJ bXW QRW OLPLWed WR fORZ UaWeV,

WePSeUaWXUeV, aQd SUeVVXUeV. AOO Rf RXU XQLW RSeUaWLRQ V\VWePV KaYe WKe caSabLOLW\ WR PeaVXUe

WKeVe SaUaPeWeUV.
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IQ WKe eYeQW WKaW dLVWXUbaQceV LQ WKe SURceVV RccXU aQd KaYe WKe SRVVLbLOLW\ Rf cUeaWLQJ

QRQcRQfRUPLQJ PaWeULaOV, RXU V\VWeP ZLOO be eTXLSSed ZLWK caSabLOLWLeV WR VeOecWLYeO\ dLYeUW aQd

aQaO\]e PaWeULaO. If WKLV PaWeULaO LV deePed QRQcRQfRUPLQJ, RXU PaWeULaO WUaceabLOLW\, SURceVV

PRQLWRULQJ, PaWeULaO UePRYaO PeWKRdV ZLOO aOORZ WKe QRQcRQfRUPLQJ PaWeULaO WR be VeSaUaWed

aQd dLVSRVed Rf ZLWKRXW dLVUXSWLQJ WKe UePaLQdeU Rf WKe SURdXcW VWUeaP. EYeU\WKLQJ SURdXced

afWeU WKe OaVW cRQfRUPLQJ WeVW ZLOO aOVR be dLUecWed WR ZaVWe. HRZeYeU, LQ RUdeU WR PLQLPL]e

SRWeQWLaO dLVUXSWLRQV LQ PaQXfacWXULQJ, RXU facLOLW\ aQd LWV eQJLQeeUV aQd RSeUaWRUV ZLOO cRQdXcW

ULJRURXV WUaLQLQJ VR WKaW aOO VWaff SRVVeVV WKe QeceVVaU\ NQRZOedJe aQd VNLOOV WR RSeUaWe a cGMP

facLOLW\.
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6. RegXlaWor\, SafeW\, HealWh, and EnYironmenWal ConVideraWionV

TKLV PaQXfacWXULQJ facLOLW\ LV UeTXLUed WR PaLQWaLQ cRPSOLaQce ZLWK a ZLde YaULeW\ Rf

FDA UeJXOaWLRQV. TKe FDA KaV SXbOLVKed a VeULeV Rf JXLdeOLQeV fRU LQdXVWULaO SUacWLce WKaW

RXWOLQe WKe QeceVVaU\ VWeSV fRU PaQXfacWXUeUV WR WaNe LQ RUdeU WR cRPSO\ ZLWK VaLd UeJXOaWLRQV.

TKeVe LQcOXde bXW aUe QRW OLPLWed WR Q8(R2) PhaUmaceXWical DeYelopmenW (U.S. FRRd aQd DUXJ

AdPLQLVWUaWLRQ, 2009a), Q9 QXaliW\ RiVk ManagemenW (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ,

2006), Q10 PhaUmaceXWical QXaliW\ S\VWem (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2009b), aQd

Q11 DeYelopmenW and ManXfacWXUe of DUXg SXbVWanceV--QXeVWionV and AnVZeUV (Chemical

EnWiWieV and BioWechnological/Biological EnWiWieV) (U.S. FRRd aQd DUXJ AdPLQLVWUaWLRQ, 2018).

TKeVe JXLdaQce dRcXPeQWV SURYLde PaQXfacWXUeUV a KRZ-WR OLVW fRU cRPSOLaQce ZLWK cGMP aQd

TXaOLW\ b\ deVLJQ. SR, RXU facLOLW\ ZLOO UefeUeQce WKeVe JXLdeV WR deWeUPLQe VXffLcLeQW RSeUaWLQJ

SURcedXUeV, facLOLW\ SURWRcROV, TXaOLW\ WeVWLQJ, aQd SURceVV YaOLdaWLRQ SUacWLceV WR acKLeYe

aSSURYaO fRU ORW UeOeaVe fRU eYeU\ caPSaLJQ. FROORZLQJ WKeVe JXLdeOLQeV ZLOO eQVXUe VafeW\, SXULW\,

effLcac\, VWabLOLW\, aQd cRQVLVWeQc\ Rf WKe SURdXcW.

WLWK aOO SKaUPaceXWLcaO SURdXcWV, WKeUe LV a VafeW\ ULVN WR SaWLeQWV. TKeUefRUe WR eQVXUe

WKaW WKLV SURdXcW LV Vafe fRU cRQVXPSWLRQ, WKe facLOLW\ ZLOO XQdeUJR YaOLdaWLRQ befRUe beJLQQLQJ

PaQXfacWXULQJ. AddLWLRQaOO\, ULJRURXV TXaOLW\ WeVWLQJ ZLOO be cRQdXcWed aV e[SOaLQed LQ VecWLRQ

5.9 WR PRQLWRU SURdXcW VafeW\, SXULW\, aQd SRWeQc\ WKURXJKRXW PaQXfacWXULQJ. IQ addLWLRQ WR

SaWLeQW VafeW\, ePSOR\eeV ZLOO be ZRUNLQJ aURXQd Ka]aUdRXV PaWeULaOV aQd eTXLSPeQW. TKe PaMRU

PaWeULaO Ka]aUdV LQ WKLV SURceVV aUe fURP cRUURVLYe cKePLcaOV XVed fRU bXffeUV aQd cOeaQLQJ aQd

fURP bLRORJLcaO Ka]aUdV. TKeVe cKePLcaOV LQcOXde VRdLXP K\dUR[Lde, SKRVSKRULc acLd, aQd

VRdLXP SKRVSKaWe aQd caQ caXVe VeYeUe bXUQV RU e\e daPaJe. AV VXcK, aOO RSeUaWRUV ZLOO be

UeTXLUed WR ZeaU SURSeU PPE aV deVLJQaWed b\ OSHA aQd PXVW XQdeUJR SURSeU WUaLQLQJ WR KaQdOe
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VXcK cKePLcaOV aQd WR RSeUaWe SURceVV eTXLSPeQW. TKLV ZLOO eQVXUe WKaW e[SRVXUe WR VXcK

PaWeULaOV b\ SK\VLcaO cRQWacW, LQKaOaWLRQ, aQd LQJeVWLRQ LV PLQLPL]ed. AddLWLRQaOO\, fORRU dUaLQV,

e\eZaVK VWaWLRQV, aQd cKePLcaO VKRZeUV ZLOO be SOaced WKURXJKRXW WKe PaQXfacWXULQJ fORRU aQd

QRQ-VOLS fORRULQJ ZLOO be LPSOePeQWed.

EQYLURQPeQWaO cRQVLdeUaWLRQV fRU WKe RYeUaOO deVLJQ Rf WKLV PaQXfacWXULQJ facLOLW\ faOO

XQdeU WKe VcRSe Rf facLOLW\ VLWLQJ aQd ZaVWe dLVSRVaO. OXU facLOLW\ ZLOO be ORcaWed LQ WeVW CKeVWeU,

PA, LQ WKe VXbXUbaQ PKLOadeOSKLa aUea, ZKeUe PaQ\ SKaUPaceXWLcaO cRPSaQLeV aOUead\ RSeUaWe.

TKe aUea LV aOVR ZeOO-deYeORSed, VR LW LV XQOLNeO\ WKaW WKe facLOLW\ ZRXOd Qeed WR be bXLOW LQ aQ aUea

WKaW ZRXOd dUaVWLcaOO\ LQfOXeQce WKe ORcaO eQYLURQPeQW. SRPe LPSRUWaQW feaWXUeV Rf WKe ORcaO

eQYLURQPeQW LQ WKe VXUURXQdLQJ aUea aUe WKe BUaQd\ZLQe RLYeU, SWURXd PUeVeUYe, aQd MaUVK

CUeeN SWaWe PaUN. TR eQVXUe WKaW WKeVe aUeaV aUe XQaffecWed b\ RXU facLOLW\, WKe QeceVVaU\ VWeSV

ZLOO be WaNeQ WR eQVXUe cRQVWUXcWLRQ caQ be dRQe aV faU fURP WKeVe ORcaWLRQV aV SRVVLbOe. IQ WeUPV

Rf ZaVWe dLVSRVaO, RXU facLOLW\ KaV cRQWUacWed EOdUedJe IQc. WR dLVSRVe Rf aOO OLTXLd aQd VROLd

ZaVWe LQ accRUdaQce ZLWK ORcaO, VWaWe, aQd fedeUaO OaZV aQd UeJXOaWLRQV, aQd WR dLVSRVe Rf WKe

VROLd ZaVWe YLa LQcLQeUaWLRQ WR PLQLPL]e eQYLURQPeQWaO LPSacW.
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7. Social and EWhical ConVideraWionV

IQ aQ\ PaQXfacWXULQJ SURceVV, LW LV LPSRUWaQW WR cRQVLdeU WKe VRcLaO aQd eWKLcaO aVSecWV Rf

WKe SURdXcW WKaW LV beLQJ cUeaWed. TKLV LV eVSecLaOO\ LPSRUWaQW LQ WKe SKaUPaceXWLcaO LQdXVWU\

becaXVe Rf WKe LPSRUWaQce WKaW WKe SURdXcW KaV LQ WKe OLYeV Rf cRQVXPeUV. TKeUefRUe, RXU deVLJQ

JRaO KaV beeQ WR Pa[LPL]e WKe beQefLWV WKaW RXU SURdXcW ZLOO JLYe WR cRQVXPeUV aQd UedXce WKe

cRVWV SaWLeQWV KaYe WR Sa\ WR UeceLYe adaOLPXPab. IQ addLWLRQ, Ze aOVR LQWeQd WR cRQVLdeU WKe

LPSacWV WKaW WKe PaQXfacWXULQJ SURceVV ZLOO KaYe RQ UeVLdeQWV QeaU WKe SOaQW, ePSOR\eeV, aQd WKe

cRPSaQ\ aV a ZKROe.

DeVLJQLQJ RXU SOaQW LQ a Za\ WKaW XWLOL]eV cRQWLQXRXV SURceVVLQJ aLdV XV LQ VaYLQJ WLPe

aQd UedXcLQJ PaQXfacWXULQJ cRVW. HLVWRULcaOO\, SKaUPaceXWLcaO SURceVVeV aUe SeUfRUPed LQ

baWcKeV, ZKeUeb\ VSecLfLc TXaQWLWLeV Rf SURdXcW aUe cUeaWed aW RQce befRUe WKe eQWLUe SURceVV LV

UeSeaWed aJaLQ. TKLV PaQXfacWXULQJ PeWKRd UeVXOWV LQ ORQJ ZaLWV beWZeeQ baWcKeV, SRWeQWLaO

LVVXeV ZLWK aQ eQWLUe baWcK, aQd OeVV SURdXcW dXe WR WKe SeULRdV ZKeUe QRWKLQJ LV SURdXced.

HRZeYeU, LQ a cRQWLQXRXV SURceVV VXcK aV WKe RQe deVcULbed LQ WKLV SaSeU, RXU SURdXcW LV

cRQWLQXRXVO\ beLQJ SURdXced. IQ addLWLRQ, WKe cRQWLQXRXV SeUfXVLRQ UeacWRU SURdXceV PRUe

SURdXcW WKaQNV WR WKe abLOLW\ fRU WKe UeacWRU WR be KeOd aW RSWLPaO SURdXcWLYLW\ cRQdLWLRQV. AQRWKeU

beQefLW WR cRQWLQXRXV PaQXfacWXULQJ LV WKe UedXcWLRQ LQ SRWeQWLaO KXPaQ eUURU, aV WKe SURceVV UXQV

ZLWK OeVV KXPaQ RSeUaWLRQV. OYeUaOO, WKe cRQWLQXRXV SURdXcWLRQ fRU adaOLPXPab UeVXOWV LQ a PRUe

effLcLeQW SURceVV, UedXcLQJ WLPe aQd eQeUJ\ LQ WKe SURdXcWLRQ. TKLV WUaQVOaWeV WR UeaO cRVW VaYLQJV

fRU SaWLeQWV, PaNLQJ adaOLPXPab PRUe acceVVLbOe.

AQRWKeU beQefLcLaO aVSecW Rf WKLV SURceVV deVLJQ LV WKe LQWeJUaWLRQ Rf VLQJOe-XVe PaWeULaOV

ZKeUeYeU SRVVLbOe. AOWKRXJK VRPe RSeUaWLRQV LQ RXU SURceVV caQQRW be eQWLUeO\ VLQJOe XVe, RXU

SURceVV ZaV deVLJQed WR Pa[LPL]e WKe SURceVVeV cRPSaWLbOe ZLWK VLQJOe-XVe eTXLSPeQW. TKLV caQ
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be VeeQ eVSecLaOO\ ZLWK WKe decLVLRQ WR cROOecW aQd UXQ RXU SURdXcW WKURXJK WKe fLQaO VWaJeV VR WKaW

VLQJOe-XVe PaWeULaOV cRXOd be XVed. PURceVVeV ZLWKRXW VLQJOe-XVe eTXLSPeQW PXVW be fUeTXeQWO\

cOeaQed, ZKLcK WaNeV XS WLPe, OabRU, aQd PRQe\. OQ WKe RWKeU KaQd, VLQJOe-XVe PaWeULaOV aUe eaV\

WR UeSOace aQd UeTXLUe OeVV WUaLQLQJ, cOeaQLQJ PaWeULaOV, aQd WLPe. AJaLQ, WKeVe LPSacWV WUaQVOaWe

LQWR UedXced cRVWV fRU WKe fLQaO SURdXcW. AOVR, LW LV LPSRUWaQW WR PeQWLRQ WKaW WKe XVe Rf VLQJOe-XVe

PaWeULaOV LV QRW QeceVVaULO\ ZRUVe fRU WKe eQYLURQPeQW, aV WKe VLQJOe-XVe SOaVWLc XVed LQ WKe

bLRWecKQRORJ\ LQdXVWU\ LV VWULcWO\ UeJXOaWed aQd PXVW be SURSeUO\ dLVSRVed Rf LQ a Za\ WKaW

PLQLPL]eV eQYLURQPeQWaO LPSacW.

IQ cRQVLdeULQJ WKe LPSacWV Rf RXU PaQXfacWXULQJ SURceVV, Ze PXVW cRQVLdeU KRZ WKe SOaQW

ZLOO affecW WKRVe ZKR OLYe QeaUb\. AV ZLWK aQ\ RWKeU PaQXfacWXULQJ SOaQW, Ze ZLOO OLNeO\

cRQWULbXWe WR QRLVe OeYeOV LQ WKe VXUURXQdLQJ cRPPXQLW\. HRZeYeU, aV WeVW CKeVWeU,

PeQQV\OYaQLa LV a UeOaWLYeO\ SRSXOaU ORcaWLRQ fRU RWKeU bLRWecKQRORJ\ cRPSaQLeV, WKe QRLVe OeYeOV

ZLOO OLNeO\ QRW be PXcK LQ addLWLRQ WR WKe aOUead\ e[LVWLQJ QRLVe. IQ addLWLRQ, WKe ZaVWe WKaW Ze

ZLOO SURdXce LV OaUJeO\ LQ VROLd aQd OLTXLd fRUP, aQd ZLOO be deaOW ZLWK accRUdLQJ WR VWULcW FDA

UeJXOaWLRQV, aQd ZLOO QRW affecW WKe ORcaO cRPPXQLWLeV RU eQYLURQPeQW.

FLQaOO\, WKe OaVW JURXS WKaW Ze PXVW cRQVLdeU RXU LPSacWV RQ aUe WKe ePSOR\eeV Rf RXU

SURdXcWLRQ facLOLW\. WKeQ ePSOR\eeV aUe KLUed, WKe\ ZLOO XQdeUJR VWULcW VafeW\ aQd eWKLcaO WUaLQLQJ

SURJUaPV WR eQVXUe WKaW WKe\ aUe QRW KaUPed LQ WKe SURdXcWLRQ facLOLW\ aQd NQRZ KRZ WR SUeYeQW

cRQWaPLQaWLRQ Rf WKe SURdXcW. IQ addLWLRQ, ePSOR\eeV ZLOO be SURYLded ZLWK a cRPSeWLWLYe VaOaU\

aQd cRPSUeKeQVLYe beQefLWV.
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8. ConclXVion and RecommendaWionV

TKLV UeSRUW dePRQVWUaWeV WKe YLabLOLW\ Rf SURdXcLQJ a HXPLUa bLRVLPLOaU XVLQJ a

cRQWLQXRXV aQd VLQJOe-XVe SURceVV deVLJQ. OSeUaWLQJ cRQWLQXRXVO\ ZLOO LQcUeaVe SOaQW caSacLW\

ZKLOe decUeaVLQJ OabRU UeTXLUePeQWV aQd RSeUaWLQJ cRVWV. AddLWLRQaOO\, LPSOePeQWLQJ VLQJOe-XVe

eTXLSPeQW ZLOO UedXce WKe Qeed fRU WUadLWLRQaO cOeaQLQJ aQd VWeULOL]aWLRQ WecKQLTXeV aQd ORZeU WKe

ULVN Rf SURdXcW cRQWaPLQaWLRQ. TKe SURSRVed SURceVV ZLOO be abOe WR PaQXfacWXUe 60 NJ Rf

adaOLPXPab LQ 7 PRQWKV acURVV VL[ caPSaLJQV. TKLV LV eQRXJK SURdXcW WR WaNe RYeU 10% Rf WKe

cXUUeQW PaUNeW fRU adaOLPXPab, aOORZLQJ SaWLeQWV WR UeceLYe Qeeded PedLcLQe aW a ORZeU cRVW. B\

RQO\ deVLJQLQJ fRU 7 PRQWKV Rf RSeUaWLRQ, WKLV facLOLW\ KaV WKe SRWeQWLaO WR LQcUeaVe LWV SURdXcWLRQ

caSacLW\ Lf SURdXcW dePaQd JURZV RYeUWLPe. WLWK VeOOLQJ RXU SURdXcW fRU 30% OeVV WKaQ AbbYLe¶V

HXPLUa, WKe QeW SUeVeQW YaOXe Rf WKLV deVLJQed facLOLW\ ZLOO be $11.4 bLOOLRQ ZLWK aQ LQWeUQaO UaWe

Rf UeWXUQ Rf 960% afWeU 10 \eaUV Rf RSeUaWLRQ, VKRZLQJ WKaW WKLV SURceVV LV KLJKO\ SURfLWabOe.

WLWK aQ\ SKaUPaceXWLcaO SURdXcW, WKeUe aUe cRQceUQV ZLWK SURdXcW VafeW\ aQd TXaOLW\.

HRZeYeU, WKe SURSRVed deVLJQ fROORZV cGMP JXLdeOLQeV aQd LPSOePeQWV ULJRURXV TXaOLW\

cRQWUROV, aQd WKeUefRUe addV QR e[WUa ULVNV WR SaWLeQWV aQd ePSOR\eeV WKaQ cXUUeQW PaQXfacWXULQJ

facLOLWLeV. TR UedXce WKe XQceUWaLQW\ Rf RXU aVVXPSWLRQV, Ze UecRPPeQd SeUfRUPLQJ addLWLRQaO

WeVWLQJ RQ WKe LVReOecWULc SRLQW Rf adaOLPXPab, WKe VeQVLWLYLW\ Rf WKe dLOXWLRQ UaWe LQ WKe

bLRUeacWRU, WKe d\QaPLc bLQdLQJ caSacLW\ Rf UeVLQV SXUcKaVed fRU cKURPaWRJUaSK\, aQd RWKeU

SaUaPeWeUV WKaW Pa\ affecW WKe XSVWUeaP WLWeU. DXe WR WKe added SaWLeQW beQefLWV, SURfLWabLOLW\, aQd

VafeW\ Rf WKLV deVLJQ, RXU WeaP UecRPPeQdV WKe LPSOePeQWaWLRQ Rf WKLV SURceVV b\ RQe Rf WKe

cRPSaQLeV UeceQWO\ aSSURYed WR SURdXce aQ adaOLPXPab bLRVLPLOaU. OXU aQaO\VLV LQdLcaWeV WKaW

WKLV SURMecW LV Uead\ fRU YaOLdaWLRQ aQd cRQVWUXcWLRQ.
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9. AcknoZledgemenW

TKURXJKRXW WKe dXUaWLRQ Rf RXU SURMecW, WKeUe KaYe beeQ PaQ\ LQdLYLdXaOV ZKR KaYe

cRQWULbXWed WKeLU WLPe aQd e[SeUWLVe WR aLd XV LQ WKLV deVLJQ. We ZRXOd OLNe WR VLQceUeO\ WKaQN

PURfeVVRU EULc AQdeUVRQ, PURfeVVRU GeRUJe PUSLcK, PURfeVVRU GLRUJLR CaUWa, aQd PURfeVVRU

MLcKeaO KLQJ fRU WKeLU KeOS. PURfeVVRU AQdeUVRQ ZaV VLJQLfLcaQW LQ eQVXULQJ WKaW RXU SURMecW

VWa\ed RQ WUacN aQd TXLcNO\ SURYLdLQJ VXJJeVWLRQV fRU VROYLQJ aQ\ LVVXeV WKaW caPe XS aORQJ WKe

Za\. PURfeVVRUV PUSLcK, CaUWa, aQd KLQJ SURYLded LQYaOXabOe LQVLJKW LQWR WKe SKaUPaceXWLcaO

LQdXVWU\, eacK LQ WKe aUea Rf WKeLU e[SeUWLVe, aOORZLQJ XV WR eQVXUe RXU SURceVV ZaV deVLJQed LQ a

PaQQeU cRQVLVWeQW ZLWK e[LVWLQJ SKaUPaceXWLcaO VWaQdaUdV. LaVWO\, RXU WeaP ZRXOd OLNe WR WKaQN

WKe UQLYeUVLW\ Rf VLUJLQLa cRPPXQLW\, RXU faPLO\, aQd RXU fULeQdV fRU NeeSLQJ XV VaQe WKURXJK

WKe \eaUV LQ RXU effRUWV WR JeW RXU cKePLcaO eQJLQeeULQJ deJUeeV.
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10. Table of NomenclaWXre

EqXaWion No.
(FirVW Appearance)

S\mbol DefiniWion UniW

4.1.1 𝜇 SSecLfLc GURZWK RaWe K-1

KV MRQRd VaWXUaWLRQ cRQVWaQW J/L

S CRQceQWUaWLRQ Rf VXbVWUaWe* J/L

4.1.2 V VROXPe L

F FORZ UaWe Rf ceOO PedLa
LQWR UeacWRU*

PL/K

4.1.3 X CRQceQWUaWLRQ Rf CHO
ceOOV*

J/L

4.1.4 YX/S APRXQW Rf ceOOV SURdXced
YeUVXV VXbVWUaWe cRQVXPed

J ceOO / J VXbVWUaWe

4.1.5 P CRQceQWUaWLRQ Rf SURdXcW* J/L

YX/P YLeOd Rf ceOOV SURdXced
YeUVXV SURdXcW SURdXced

J ceOO / J SURdXcW

4.1.9 CO2 CRQceQWUaWLRQ Rf R[\JeQ J/L

C*O2 SROXbLOLW\ Rf R[\JeQ J/L

𝑘
𝐿
𝑎 MaVV WUaQVfeU cReffLcLeQW K-1

YX/O2 APRXQW Rf ceOOV SURdXced
YeUVXV R[\JeQ cRQVXPed

J ceOO / J R[\JeQ

4.1.10 QO2 SSecLfLc R[\JeQ dePaQd PPRO O2 / JK

4.1.11 DW TaQN dLaPeWeU P

HL LLTXLd KeLJKW LQ WaQN P

QJ AeUaWLRQ UaWe YYP

YV SXSeUfLcLaO YeORcLW\ P/V

4.1.12 DL IPSeOOeU dLaPeWeU P

N IPSeOOeU VSeed RPM
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PJ TRWaO SRZeU LQSXW UeTXLUed
fRU WKe V\VWeP

W

NP PRZeU QXPbeU dLPeQVLRQOeVV

Na AeUaWLRQ QXPbeU dLPeQVLRQOeVV

4.1.13 D DLOXWLRQ UaWe K-1

4.1.14 a Rec\cOe UaWLR dLPeQVLRQOeVV

b CRQceQWUaWLRQ facWRU dLPeQVLRQOeVV

4.1.17 DZaVKRXW WaVKRXW dLOXWLRQ UaWe K-1

DRSW OSWLPaO dLOXWLRQ UaWe K-1

4.1.21 ⊽ FORZ YeORcLW\ P/V

∆𝑃 PUeVVXUe cKaQJe baU

4.2.1 Re Re\QROd¶V QXPbeU dLPeQVLRQOeVV

QW FORZ UaWe SeU WXbe PL/K

dW TXbe dLaPeWeU P

՞ KLQePaWLc YLVcRVLW\ P2/V

4.2.2 𝑓 FULcWLRQ facWRU dLPeQVLRQOeVV

4.2.3 L TXbe OeQJWK P

ȡ DeQVLW\ NJ/P3

4.2.4 DBC10% D\QaPLc bLQdLQJ caSacLW\
aW 10% bUeaNWKURXJK

PJ/PL

VORad LRad YROXPe PL

VcROXPQ CROXPQ YROXPe PL

CF Feed cRQceQWUaWLRQ PJ/PL

4.2.5 𝜀 E[WUaSaUWLcOe SRURVLW\ dLPeQVLRQOeVV

dS AYeUaJe SaUWLcOe dLaPeWeU �P

L CROXPQ OeQJWK cP
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X SXSeUfLcLaO YeORcLW\ P/V

𝜂 VLVcRVLW\ Pa V

4.2.6 W TLPe LQ UeacWRU V

𝜏 ReVLdeQce WLPe V

4.2.7 W MLQLPXP WLPe LQ UeacWRU V

L TXbe OeQJWK P

UPa[ Ma[LPXP YeORcLW\ P/V

UaYJ AYeUaJe YeORcLW\ P/V

R RadLXV M

V VROXPe Rf WXbe L

Y0 VROXPeWULc fORZ UaWe L/V

Ĳ ReVLdeQce WLPe V

4.2.9 𝑉• VROXPeWULc fORZ L/V

A AUea cP2

4.3.1 P PRZeU UeTXLUePeQW W

Ș PXPS effLcLeQc\ dLPeQVLRQOeVV

4.3.2 ǻTOP LRJaULWKPLc PeaQ
WePSeUaWXUe dLffeUeQce

�C

4.3.3 Q HeaW WUaQVfeU UeTXLUePeQW W

CS HeaW caSacLW\ J/NJK

P MaVV fORZ UaWe NJ/V

4.3.4 A HeaW WUaQVfeU aUea P2

U0 OYeUaOO KeaW WUaQVfeU
UeVLVWaQce

W/P2K

5.8.2 COM CRVW Rf PaQXfacWXULQJ $

FCI FL[ed caSLWaO IQYeVWPeQW $
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CRM CRVW Rf UaZ PaWeULaOV $

CWT CRVW Rf ZaVWe WUeaWPeQW $

CUT CRVW Rf XWLOLWLeV $

COL CRVW Rf RSeUaWLQJ OabRU $

5.8.3 NOL NXPbeU Rf RSeUaWRUV dLPeQVLRQOeVV

P
NXPbeU Rf SURceVV VWeSV

LQYROYLQJ SaUWLcXOaWe VROLdV
dLPeQVLRQOeVV

NQS

NXPbeU Rf SURceVV VWeSV QRW
LQYROYLQJ SaUWLcXOaWe VROLdV

dLPeQVLRQOeVV

5.8.4 TCFW Ta[ed caVK fORZ aW \eaU W $

DCFW

DLVcRXQWed caVK fORZ aW
\eaU W

$

W TLPe \eaU

L DLVcRXQW UaWe dLPeQVLRQOeVV

5.8.5 NPVW NeW SUeVeQW YaOXe aW \eaU W $

CCFW

CXPXOaWLYe caVK fORZ aW
\eaU W

$

5.8.6 P PULQcLSOe caSLWaO LQYeVWPeQW $

R IQWeUQaO UaWe Rf UeWXUQ %

*SXbVcULSWV WR WKeVe YaULabOeV deQRWe WKe VSecLfLc VWUeaPV beLQJ deVcULbed
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