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1.0 IQWURGXFWLRQ

The SUeYLRXV UeSRUW eQWLWOed Cellulose-Based Hygienic Flushable Wipes fRcXVed RQ Whe
UeVeaUch aQd OLWeUaWXUe LQYROYed ZLWh Whe SURdXcWLRQ SURceVV Rf PaQXfacWXULQg a dLVSeUVabOe
h\gLeQLc ZeW ZLSe. MXOWLSOe aOWeUQaWLYe aVVeVVPeQWV ZeUe Pade UegaUdLQg Whe PaWeULaOV aQd
LQgUedLeQWV XVed aV ZeOO aV LWV Zeb fRUPLQg aQd Zeb bRQdLQg WechQLTXeV. AfWeU LQ-deSWh
eYaOXaWLRQ aQd UeYLeZ, Whe RSWLPaO deVLgQ ZaV chRVeQ accRUdLQg WR Whe UeVXOWV achLeYed WhURXgh
Whe PXgh ChaUW aQaO\VeV. TheVe VWaWed WhaW Whe fLQaO SURdXcW ZLOO be Pade fURP ZRRd SXOS aQd
hePS fLbUeV aQd be SURceVVed WhURXgh a ZeW-OaLd fRUPaWLRQ aQd h\dUReQWaQgOePeQW bRQdLQg.

ThURXghRXW Whe deYeORSPeQW Rf WhLV SURdXcW, Whe ceQWUaO YLVLRQ ZaV WR cUeaWe a
ceOOXORVe-baVed aQd ecRORgLcaOO\ fULeQdO\ h\gLeQLc ZeW ZLSe WhaW caQ be eaVLO\ dLVSeUVed LQ ZaWeU
afWeU LW haV beeQ dLVcaUded, WhXV deePLQg LW Vafe fRU RXU ZaVWeZaWeU V\VWePV. The fROORZLQg UeSRUW
dLVcXVVeV LQ-deSWh UeVeaUch UegaUdLQg Whe RSWLPaO e[SeULPeQWaO deVLgQ chRVeQ aQd Whe VWeSV
Qeeded WR VLPXOaWe aQ LQdXVWULaO PaQXfacWXULQg V\VWeP. The RbMecWLYeV UeTXLUed WhURXghRXW Whe
deYeORSPeQW Rf WhLV SURdXcW ZeUe WR LPSOePeQW Whe UeVeaUch aQd decLVLRQV Pade LQ Whe SUeYLRXV
UeSRUW WR fLQaOL]e a VSecLfLc deVLgQ aQd fROORZ Whe UeTXLUed cULWeULa. The PaLQ gRaO ZaV WR cUeaWe a
ZLSe, WeVW aQd aVVeVV LWV TXaOLWLeV, aQd cRQVWUXcW QeZ YeUVLRQV baVed RQ QeceVVaU\ LPSURYePeQWV
aQd PRdLfLcaWLRQV. IW ZaV aLPed WR cRQVWUXcW WhUee dLffeUeQW ZLSe YeUVLRQV, A, B aQd C, ZLWh C
beLQg Whe fLQaO aQd beVW SURWRW\Se cUeaWed.

2.0 AQDO\VLV DQG SSHFLILFDWLRQV RI :LSH DHVLJQ PURFHVV

2.1 TDUJHWHG SUREOHP
AV WhRURXghO\ dLVcXVVed LQ Whe SUeYLRXV UeSRUW eQWLWOed Cellulose-Based Hygienic

Flushable Wipes, RQe Rf Whe PRVW cRPPRQO\ XVed SURdXcWV, Whe h\gLeQLc ZeW ZLSe, haV
VLgQLfLcaQWO\ LPSacWed gORbaO eQYLURQPeQWaO SROOXWLRQ. The UeSRUW ³RedXcLQg hRXVehROd
cRQWULbXWLRQV WR PaULQe SOaVWLc SROOXWLRQ´ ZULWWeQ b\ HaQQ eW aO. (2018) VWaWeV WhaW ZLSeV aUe
aPRQg Whe WeQ PRVW cRPPRQ hRXVehROd LWePV WhaW aUe PaMRUO\ SURbOePaWLc ZLWhLQ ZaVWeZaWeU
V\VWePV. The OaUge PaMRULW\ Rf Whe ZeW ZLSeV aYaLOabOe RQ Whe PaUNeW WRda\ aUe QRW deYeORSed
ZLWh Whe caSabLOLW\ WR be fOXVhed aQd dLVLQWegUaWe aSSURSULaWeO\. HRZeYeU, dXe WR Whe VRcLaO habLWV
Rf cRQVXPeUV, WheVe ZLSeV VWLOO fLQd WheLU Za\ LQWR ZaVWeZaWeU V\VWePV.

The accXPXOaWLRQ Rf VXch ZLSeV OeadV WR PaMRU VeZeU bORcNageV, daPage ZLWhLQ Whe
ZaVWeZaWeU PaQagePeQW facLOLWLeV. TheUe LV aOVR aQ accXPXOaWLRQ Rf SROOXWLRQ aORQg Whe cRaVWOLQe
affecWLQg Whe ZeOO-beLQg Rf PaULQe ecRV\VWePV aQd LWV RUgaQLVPV (HaQQ eW aO., 2018; MeQdR]a eW
aO., 2018). FRU e[aPSOe, PaQWRMa MXQR] eW aO. (2018) VWaWeV WhaW WheUe ZaV a 400% LQcUeaVe LQ
ZLSe XVage LQ BULWaLQ aORQe RYeU Whe SaVW WeQ \eaUV, ZhLch cRQWULbXWed WR Whe cRXQWU\'V 94%
LQcUeaVe Rf ZeW ZLSeV fRXQd RQ Whe cRaVWOLQe.
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IQ addLWLRQ WR Whe accXPXOaWLRQ Rf ZaVWe fURP WheVe ZLSeV, a VL]abOe aPRXQW Rf Whe
SROOXWLRQ ZLWhLQ Whe PaULQe ecRV\VWeP LV a cRQVeTXeQce Rf Whe ZeW ZLSeV beLQg Pade fURP
SOaVWLc SRO\PeUV. SLQce PaQ\ ZeW ZLSe SURdXceUV XVe a fRUP Rf QRQZRYeQ V\QWheWLc SOaVWLc,
XVXaOO\ Pade fURP a PL[ed bOeQd Rf SRO\eVWeU fLbUeV, Whe PLcURSOaVWLcV fRXQd LQ VXch ZLSeV caQ
WheUefRUe Oeach WheLU Za\ LQWR Whe PaULQe eQYLURQPeQW (HaQQ eW aO. 2018) aQd cRXOd SRWeQWLaOO\
affecW Whe SH, VaOLQLW\, aQd WePSeUaWXUe Rf Whe RceaQ (MeQdR]a eW aO., 2018). OYeUaOO, V\QWheWLc
SRO\PeUV haYe beeQ NQRZQ WR be aQ ePeUgLQg cRQWaPLQaQW ZLWh ecRORgLcaO cRQVeTXeQceV LQ
PaULQe eQYLURQPeQWV (MeQdR]a eW aO., 2018).

2.2 TDUJHWHG SROXWLRQ
AV a PeaQV Rf addUeVVLQg Whe afRUePeQWLRQed SURbOeP, a VROXWLRQ ZRXOd be WR Ue-eYaOXaWe

aQd PRdLf\ Whe deVLgQ Rf e[LVWLQg ZeW ZLSeV. MaNLQg PRdLfLcaWLRQV WR Whe PaLQ cRQWULbXWRU Rf
Whe SURbOeP ZRXOd be Whe PRVW beQefLcLaO PeWhRd aV WhLV ZRXOd dLUecWO\ affecW aOO Whe aUeaV
QeedLQg LPSURYePeQW, QaPeO\ VeZeUV, ZaVWe PaQagePeQW facLOLWLeV aQd VXbVeTXeQWO\ Whe
eQYLURQPeQW aQd LWV PaULQe ecRV\VWePV.

MRdLf\LQg Whe deVLgQ Rf ZeW ZLSeV LV VLPSO\ a VWaUWLQg VROXWLRQ WR PLQLPL]LQg Whe LVVXeV
caXVed ZLWhLQ Whe LQdXVWU\. PURYLdLQg aQ LPSURYed deVLgQ RSWLRQ fRU ZeW ZLSe PaQXfacWXUeUV LV a
VPaOO VWeS WRZaUdV deYeORSLQg a PRUe VXVWaLQabOe fXWXUe.

The aVVeVVPeQW Rf dLffeUeQW SURdXcW deVLgQV ZaV WhRURXghO\ UeVeaUched aQd cRQdXcWed LQ
Whe SUeYLRXV UeSRUW. MRUe VSecLfLcaOO\, Whe aOWeUQaWLYeV ZeUe eYaOXaWed XVLQg a PXgh ChaUW
aQaO\VLV ZLWh aQ eYaOXaWLRQ cULWeULRQ fRcXVed RQ Whe eQd SURdXcW¶V VRcLaO, ecRQRPLc aQd
eQYLURQPeQWaO VXVWaLQabLOLW\. ThURXghRXW Whe dLVcXVVLRQ Rf WheVe aQaO\VeV, LQdXVWU\ cRdeV aQd
VWaQdaUdV, aV ZeOO aV Whe heaOWh aQd VafeW\ UegXOaWLRQV, ZeUe fROORZed aQd cRQVLdeUed. IQ
VXPPaU\, dLffeUeQW PeWhRdV fRU Zeb fRUPLQg (aLU-OaLd aQd ZeW-OaLd) aQd Zeb bRQdLQg
(h\dUReQWaQgOePeQW aQd QeedOe SXQchLQg) ZeUe cRPSaUed ZhLOe aOVR cRQWUaVWLQg dLffeUeQW
ceOOXORVe-baVed fLbUe VeOecWLRQV (ZRRd SXOS, cRWWRQ aQd hePS) aQd a PXOWLWXde Rf LQgUedLeQWV fRU
Whe ZeWWLQg VROXWLRQ.

The fLQaO VeOecWLRQ dePRQVWUaWed a PeaQV Rf VXVWaLQabOe Zeb fRUPLQg aQd Zeb bRQdLQg
PeWhRdV aV ZeOO aV aOO Whe PaWeULaOV Qeeded, VXch aV VSecLfLc fLbUeV aQd VROXWLRQ LQgUedLeQWV.
UOWLPaWeO\, a ZeW-OaLd Zeb fRUPLQg V\VWeP ZaV VeOecWed aORQgVLde a h\dUReQWaQgOed Zeb
bRQdLQg PeWhRd WR SURdXce a ZRRd SXOS aQd hePS-baVed h\gLeQLc ZeW ZLSe. ThLV VROXWLRQ ZaV
PaLQO\ VeOecWed aV UeVeaUch dePRQVWUaWed LW WR be Whe PRVW OLNeO\ WR dLVSeUVe LQ ZaWeU, aQd
accRUdLQg WR LQdXVWU\ VWaQdaUdV, LW ZRXOd be cRQVLdeUed fOXVhabOe. MRUe VSecLfLcaOO\, Whe
deYeORSPeQW Rf a SOaVWLc-fUee SURdXcW WhaW LV SUeVXPed WR dLVSeUVe VLPLOaUO\ WR WRLOeW SaSeU ZLOO,
LQ WXUQ, LPSURYe Whe RYeUaOO LPSacWV caXVed b\ Whe PaMRULW\ Rf PaUNeWed ZeW ZLSeV WRda\.
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2.3 DLVFXVVLRQ RI RYHUDOO V\VWHP UHTXLUHG IRU ZLSH FRQVWUXFWLRQ
The RYeUaOO deVLgQ VeOecWed UeTXLUeV a deWaLOed VWeS-b\-VWeS PaQXfacWXULQg SURceVV

eQcRPSaVVLQg PaQ\ SaUaPeWeUV WhaW XOWLPaWeO\ affecW Whe RXWcRPe Rf Whe ZLSe SURdXcW. ThLV
deVLgQ ZaV heaYLO\ UeVeaUched aV Lf LW ZaV beLQg SURdXced LQ aQ LQdXVWULaO VeWWLQg WR XQdeUVWaQd
beWWeU Whe QeceVVaU\ feaWXUeV Qeeded LQ Whe fXWXUe SURWRW\Sed SURdXcWLRQ.

2.3.1 :HE FRUPDWLRQ: :HW-ODLG

A. Fibre Type

TheUe aUe WZR fLbUe W\SeV cRPPRQO\ XVed LQ Whe deYeORSPeQW Rf QRQZRYeQ ZLSe
PaQXfacWXULQg: V\QWheWLc aQd ceOOXORVe-baVed. GeQeUaOO\, WhLV caQ LQcOXde fLbUeV VXch aV
SRO\SURS\OeQe, SRO\eVWeU, cRWWRQ, hePS, ZRRd SXOS, TeQceO RU baPbRR. FRU Whe ZeW-OaLd SURceVV,
Whe fLbUe VeOecWLRQ LV a Ne\ aVSecW aV LW caQ affecW Whe VWRcN SUeSaUaWLRQ aQd Zeb fRUPLQg VWeSV.
FRU e[aPSOe, Lf V\QWheWLc fLbUeV aUe chRVeQ fRU Whe deYeORSPeQW Rf Whe QRQZRYeQ, addLWLRQaO
addLWLYeV ZRXOd be UeTXLUed WR eQVXUe LWV RYeUaOO dLVSeUVLbLOLW\ dXULQg Whe VWRcN SUeSaUaWLRQ aV
ZeOO aV WR heOS SURSeUO\ bRQd Whe Zeb LQ LWV fLQLVhLQg VWeSV (HXbbe aQd KRXNRXOaV, 2016).
HRZeYeU, fROORZLQg Whe aVVeVVPeQW fURP Whe SUeYLRXV UeSRUW, Cellulose-Based Hygienic
Flushable Wipes, Whe XVe Rf V\QWheWLc fLbUeV ZLOO QRW be dLVcXVVed. AV a UeVXOW, Whe dLVcXVVLRQ Rf
Whe ZeW-OaLd PaQXfacWXULQg SUacWLceV ZLOO be baVed RQ Whe VROe XVe Rf ceOOXORVLc fLbUeV. The
adYaQWageV Rf XVLQg ceOOXORVe-baVed fLbUeV dXULQg Whe ZeW-OaLd SURceVV aQd Whe aVVeVVPeQW Rf
ceOOXORVe-baVed aOWeUQaWLYeV cRPPRQO\ XVed LQ VXch LQdXVWULaO SUacWLceV ZeUe WhRURXghO\
dLVcXVVed LQ Whe SUeYLRXV UeSRUW. ThLV aVVeVVPeQW ZaV baVed RQ UeVeaUch dePRQVWUaWLQg Whe
LQdXVWULaO XVe Rf VXch fLbUeV LQ a QRQZRYeQ SURdXcW. MRUe SaUWLcXOaUO\, Whe fLbUe aOWeUQaWLYeV
LQcOXded ZRRd SXOS, cRWWRQ aQd hePS.

B. Fibre Length

A Ne\ facWRU WR aQ\ Zeb fRUPLQg SURceVV LV Whe OeQgWh Rf Whe QRQZRYeQ fLbUeV chRVeQ.
MRUe SaUWLcXOaUO\, dLffeUeQW Zeb fRUPLQg SURceVVeV ZLWhLQ aQ LQdXVWULaO VeWWLQg cRQVLdeU dLffeUeQW
fLbUe OeQgWhV deSeQdLQg RQ Whe VSecLfLc UeTXLUePeQWV. IQ geQeUaO, WR eQVXUe a SURSeU fRUPaWLRQ Rf
a ZeW-OaLd QRQZRYeQ SURdXcW, Whe fLbUeV PXVW haYe a OeQgWh Rf aW OeaVW 3PP, bXW a Pa[LPXP Rf
10PP (HXbbe aQd KRXNRXOaV, 2016). HaYLQg WhLV OeQgWh aV a VWaQdaUd SUacWLce fRU Whe
deYeORSPeQW Rf QRQZRYeQ ZeW ZLSeV aOORZV fRU a VeaPOeVV e[ecXWLRQ Rf Whe VWRcN VROXWLRQ aV Whe
fLbUeV ZLOO SURSeUO\ VSUead aQd dLVSeUVe accRUdLQgO\ (HXbbe aQd KRXNRXOaV, 2016). AQ\
LQdXVWULaO SUacWLce PXVW VWa\ ZLWhLQ Whe UaQge Rf 3 WR 10 PP (HXbbe aQd KRXNRXOaV, 2016).
OYeUaOO, ceOOXORVLc fLbUe OeQgWhV caQ be PRdLfLed LQ YaULRXV Za\V deSeQdLQg RQ Whe deVLUed
QRQZRYeQ eQd SURdXcW chaUacWeULVWLcV aV ZeOO aV Whe Zeb bRQdLQg SURceVV.
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C. Fibre to Water Ratio

The VXVSeQVLRQ Rf Whe fLbUeV LQ Whe aTXeRXV VROXWLRQ UeTXLUeV a VSecLfLc UaWLR WR SURPRWe
Whe deYeORSPeQW aQd SUeOLPLQaU\ fRUPaWLRQ Rf Whe ceOOXORVe-baVed fLbUe Zeb. ThLV cRPSRQeQW
ZLWhLQ Whe Zeb fRUPaWLRQ LV aOVR NQRZQ aV Whe fLbUe WR ZaWeU UaWLR. The cRQceQWUaWLRQ Rf fLbUeV
ZLWhLQ Whe VROXWLRQ caQ UaQge beWZeeQ 3 WR 10% (HXbbe aQd KRXNRXOaV, 2016). ThLV dLOXWLRQ Rf
Whe fLbUeV LV QeceVVaU\ fRU WheP WR fRUP aQ aSSURSULaWe Zeb RQce SOaced RQ a ZLUe VheeW. OWheU
OLWeUaWXUe, VXch aV DeQg eW aO. (2018), dePRQVWUaWed a UaWLR Rf 1.5%, ZhLch LV agLWaWed aQd WheQ
dLOXWed agaLQ WR a UaWLR Rf 0.1% aV a PeaQV Rf SUeSaULQg Whe fLbUeV fRU Whe ZLUe VheeW.

D. Solution and Agitation Speeds

The VWRcN VROXWLRQ begLQV ZLWh SOacLQg Whe fLbUeV ZLWhLQ a ZaWeU-fLOOed WaQN. The aPRXQW
Rf fLbUeV SOaced ZLWh Whe ZaWeU VROXWLRQ LV baVed RQ Whe VSecLfLc fLbUe WR ZaWeU UaWLR UeTXLUed Rf
Whe PaQXfacWXULQg SOaQW. FXUWheU, Whe fLbUeV ZLOO be VWLUUed aQd VhaNeQ XVLQg aQ agLWaWRU aWWached
WR Whe VROXWLRQ WaQN (HXbbe aQd KRXNRXOaV, 2016). HXbbe aQd KRXNRXOaV (2016) VWaWe WhaW Whe
SXUSRVe Rf Whe agLWaWLRQ VWeS LQ WhLV SURceVV LV WR bUeaN XS Whe cOXPSV Rf fLbUeV WhaW Pa\ haYe
beeQ SUeVeQW RU haYe fRUPed RQce Whe\ ZeUe PL[ed LQ Whe aTXeRXV VROXWLRQ. The VSecLfLc
agLWaWLRQ UaWe caQ YaU\ ZLWh dLffeUeQW VSeedV; VRPe VWXdLeV haYe XVed VSeedV Rf 1475 USP fRU 20
PLQ (DeQg eW aO., 2018), ZhLOe RWheUV XVed faVWeU VSeedV Rf 2300 USP fRU RQO\ 10 PLQ (FageV eW
aO., 2012). IW haV beeQ QRWed WhaW a faVWeU agLWaWLRQ VSeed ZLOO UeVXOW LQ a PRUe VLgQLfLcaQW bUeaN XS
Rf fLbUe cOXVWeUV (HXbbe aQd KRXNRXOaV, 2016; ShLfOeU, 1985). TheVe dLffeUeQceV LQ agLWaWLRQ
VSeedV caQ be dedXced fURP bRWh VWXdLeV XVLQg dLffeUeQW fLbURXV PaWeULaOV aQd WheLU dLffeUeQW
UeVSecWLYe OeQgWhV. NR cXUUeQW UeVeaUch haV VWaWed aQ\ VSecLfLc LQdXVWU\ VWaQdaUd RU UeTXLUePeQWV
UegaUdLQg Whe PaWeULaO chaUacWeULVWLcV aQd WheLU effecW RQ agLWaWLRQ QeedV. The VSeed aW ZhLch Whe
agLWaWRU LV UXQQLQg aQd Whe WLPe LW LV acWLYe caQ be decLded baVed RQ Whe SaUWLcXOaU QeedV Rf Whe
QRQZRYeQ ZLSe, VXch aV PaWeULaO VeOecWLRQ aQd fLbUe OeQgWh.

OQce Whe SUeOLPLQaU\ agLWaWLRQ VWeS LV cRPSOeWe, Whe VROXWLRQ Rf ZaWeU aQd fLbUeV ZLOO be
UeVXVSeQded LQWR a VecRQdaU\ WaQN fLOOed ZLWh PRUe ZaWeU aV a PeaQV Rf LQcUeaVLQg Whe dLOXWLRQ Rf
Whe fLbUe cRQceQWUaWLRQ. OQce Whe fLbUeV haYe beeQ heaYLO\ dLOXWed, a VecRQdaU\ agLWaWRU LV XVed WR
eQVXUe TXaOLW\ dLVSeUVLRQ Rf fLbUeV ZLWhLQ Whe VROXWLRQ (FageV eW aO., 2012). HRZeYeU, Whe VSeed Rf
agLWaWLRQ aW WhLV VWeS LV UecRPPeQded WR be VORZeU WhaQ SUeYLRXVO\ XVed. OQce Whe fLbUeV aUe
VXVSeQded aSSURSULaWeO\ aQd aUe aOO ZeWWed, Whe\ ZLOO be SXPSed WR a PeVh VcUeeQ ZheUe Whe Zeb
ZLOO fXUWheU be bRQded (FageV eW aO., 2012).

E. Mesh Screen and Vacuum
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IQ aQ LQdXVWULaO VeWWLQg, fROORZLQg Whe SUeSaUaWLRQ Rf Whe VWRcN VROXWLRQ, Whe fLbUeV ZLOO be
SXPSed RQWR a VXUface ZheUe Whe ZaWeU caQ VeeS WhURXgh. ThLV VXUface haV PaQ\ QaPeV ZLWhLQ
Whe LQdXVWU\ aQd LQ Whe OLWeUaWXUe fRXQd. SRPe aOLaVeV LQcOXde ZLUed VcUeeQ, PeVh beOW, PeVh
VcUeeQ RU LQcOLQed ZLUe V\VWeP. FRU Whe SXUSRVe Rf WhLV SaSeU, Whe WeUP 'PeVh VcUeeQ' ZLOO be XVed
WhURXghRXW Whe dLVcXVVLRQ Rf Whe fROORZLQg SURceVVeV.

MeVh VcUeeQV haYe chaUacWeULVWLcV VXch aV PeVh cRXQW, ZLUe dLaPeWeU aQd cURVV-VecWLRQ
VhaSe, ZhLch heOS dLffeUeQWLaWe Whe VcUeeQV XVed LQ aQ LQdXVWU\ VeWWLQg. MRUe VSecLfLcaOO\, PeVh
cRXQW LV Whe PeaVXUe Rf hRZ PaQ\ ZLUeV cURVV each RWheU SeU VTXaUe LQch, ZhLch dePRQVWUaWeV
Whe QXPbeU Rf hROeV WhURXgh a VcUeeQ VXUface. CURVV-VecWLRQ VhaSe LV Whe deVcULSWLRQ Rf hRZ Whe
ZLUeV aUe fRUPed WRgeWheU RQ Whe VcUeeQ. The\ aUe eLWheU a URXQd cURVV-VecWLRQaO VhaSe RU a
UecWaQgXOaU VhaSe (XLaQg eW aO., 2006). The afRUePeQWLRQed cRPSRQeQWV affecW Whe VL]e Rf Whe
hROeV beWZeeQ Whe ZLUeV, XOWLPaWeO\ deWeUPLQLQg Whe aPRXQW Rf LQOeW ZaWeU WhaW geWV SXOOed
WhURXgh b\ a YacXXP aQd Whe aPRXQW WhaW geWV UefOecWed bacN XSRQ LPSacW ZLWh Whe ZLUeV (XLaQg
eW aO., 2006). ThLV SheQRPeQRQ caQ be e[SUeVVed WhURXgh eTXaWLRQ (1) beORZ:

(1)𝑅
Մ

࡙ 0. 16 ೻1 ࡓ ϕ೼ ⋅ 100

ZheUe
Whe UefOecWed SRUWLRQ Rf Whe ZaWeU bURXghW LQWR Whe fLbUe Zeb (%)𝑅

Մ
࡙

SeUceQWage Rf RSeQ aUea Rf Whe fRUPLQg ZLUeVϕ ࡙ ೻%೼

WLWhLQ Whe LQdXVWU\, Whe PeVh VcUeeQV XVed LQ WheVe SUacWLceV haYe beeQ RbVeUYed WR haYe
a YaOXe Rf aSSUR[LPaWeO\ 16% (XLaQg eW aO., 2006). MRUe VSecLfLcaOO\, PXch Rf Whe OLWeUaWXUe𝑅

Մ

aYaLOabOe VWaWeV WhaW a YacXXP LV XVed WR SXOO Whe e[ceVV ZaWeU WhURXgh Whe PeVh VcUeeQ SRVW Zeb
fRUPaWLRQ, QRW PaQ\ VWaWe Whe SUeVVXUe aW ZhLch LW UXQV. HRZeYeU, XLaQg eW aO. (2006) e[SUeVVed
WhaW Whe YacXXP XVed dXULQg WheLU VWXd\ had a SUeVVXUe Rf 4978 Pa.

OYeUaOO, Whe dLVRULeQWed fLbUeV UeVXOWLQg fURP Whe ZeW-OaLd Zeb fRUPaWLRQ aUe abOe WR Oa\
RQ a fLQe PeVh VcUeeQ ZhLch SURYLdeV a fRUPLQg VXUface, XOWLPaWeO\ cUeaWLQg Whe baVeOLQe
VWUXcWXUe fRU Whe Zeb (GXOhaQe eW aO., 2018; XLaQg eW aO., 2006).

2.3.2 :HE BRQGLQJ: H\GURHQWDQJOHPHQW
IQ RUdeU WR VLPXOaWe Whe LQdXVWULaO h\dUReQWaQgOePeQW SURceVV, a WhRURXgh aQaO\VLV ZaV

cRQdXcWed. H\dUReQWaQgOePeQW ZaV chRVeQ aV a bRQdLQg WechQLTXe dXe WR LWV abLOLW\ WR VWUeQgWheQ
Whe bRQded fLbUeV LQ QRQZRYeQV, ZhLOe LQcUeaVLQg WheLU SRWeQWLaO WR dLVSeUVe LQ ZaVWeZaWeU
facLOLWLeV. The cRPSRQeQWV aQaO\]ed beORZ YaU\ beWZeeQ h\dUReQWaQgOePeQW V\VWeP deVLgQV aQd
XOWLPaWeO\ affecW Whe RXWcRPe Rf Whe ZLSe SURdXced. SXch YaULabOeV LQcOXde Whe QXPbeU Rf
PaQLfROdV, MeW SUeVVXUe, MeW YeORcLW\, Whe RULfLce dLaPeWeU, Whe OLQe VSeed aQd Whe MeW UaWe Rf eQeUg\.
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A. Number of Manifolds

WLWhLQ a h\dUReQWaQgOePeQW V\VWeP, WheUe LV a cRPSRQeQW caOOed a PaQLfROd, ZhLch LV a
URZ Rf VLde-b\-VLde ZaWeU MeWV. MaQ\ VWXdLeV haYe aOWeUQaWLYe QaPeV WR UefeU WR PaQLfROdV, VXch
aV MeW headV aQd URZV (DeQg eW aO., 2019). SRPe h\dUReQWaQgOePeQW V\VWePV haYe PXOWLSOe
PaQLfROd XQLWV, aOORZLQg WheP WR LQcUeaVe Whe SUeVVXUe VXP RQ Whe QRQZRYeQ. FRU e[aPSOe, WZR
PaQLfROd XQLWV ZLWh a ZaWeU MeW SUeVVXUe Rf 40 baUV ZLOO UeVXOW LQ a SUeVVXUe VXP Rf 80 baUV (ZhaQg
eW aO., 2019). IW haV beeQ dePRQVWUaWed WhaW Whe effecWV Rf LQcUeaVLQg Whe SUeVVXUe VXP ZLWh Whe
QXPbeU Rf PaQLfROdV VLgQLfLcaQWO\ LPSacWV Whe TXaOLW\ Rf Whe QRQZRYeQV beLQg SURdXced. SWXdLeV
haYe addLWLRQaOO\ PeQWLRQed WhaW PXOWLSOe PaQLfROdV SRVLWLRQed LQ OLQe ZLWh RQe aQRWheU dR QRW
eQVXUe WhaW Whe ZaWeU MeWV fURP each PaQLfROd ZLOO UeVSecWLYeO\ SXQcWXUe Whe e[acW VaPe UegLRQ RQ
Whe QRQZRYeQ (VeQX eW aO., 2017).

AOO Whe UeVeaUch fRXQd dLVcXVVLQg h\dUReQWaQgOePeQW V\VWePV YaU\ dUaVWLcaOO\ UegaUdLQg
Whe QXPbeU Rf PaQLfROdV, PaQLfROd SaVVeV aQd RYeUaOO SUeVVXUe VXP. AV a UeVXOW, LW caQ be
cRQcOXded WhaW QR VeW VWaQdaUd e[LVWV ZLWhLQ a h\dUReQWaQgOePeQW V\VWeP RQ hRZ Whe PaQLfROd
deVLgQ VhRXOd be e[ecXWed. SXch deVLgQ ZLOO deSeQd RQ Whe UeTXLUed TXaOLWLeV Rf Whe QRQZRYeQ LQ
dLVcXVVLRQ aV PaQLfROdV eVVeQWLaOO\ cRQWURO Whe SUeVVXUe Rf Whe V\VWeP, aQd Whe SUeVVXUe
UeVSecWLYeO\ LPSacWV Whe fLQaO RXWcRPe Rf Whe SURdXcW.

B. Jet Pressure

OQe Rf Whe PRVW LPSRUWaQW facWRUV WR Whe h\dUReQWaQgOePeQW WechQLTXe LV eQVXULQg a fLQe
hLgh-SUeVVXUe ZaWeU MeW (DeQg eW aO., 2019), aV LW LV Whe eQWaQgOLQg PechaQLVP fRU Whe ZeW-OaLd
fLbUeV. MXch Rf Whe OLWeUaWXUe aYaLOabOe dLVcXVVeV Whe h\dUReQWaQgOePeQW WechQLTXe XVLQg Whe
SUeVVXUe QRUPaOL]ed LQ PaQXfacWXULQg SUacWLceV. TheVe VSecLfLc SUeVVXUe YaOXeV caQ UaQge fURP
30 WR 50 baU aQd caQ haYe aQ accXPXOaWLYe SUeVVXUe VXP Rf 80 baU deSeQdLQg RQ Whe QXPbeU Rf
PaQLfROdV RU SaVVeV WhURXgh Whe V\VWeP (DeQg eW aO., 2019; DeQg eW aO., 2018; ZhaQg eW aO., 2019).
SRPe VWXdLeV haYe dePRQVWUaWed Whe dLffeUeQceV beWZeeQ Whe WRWaO ZaWeU SUeVVXUeV Rf 80 baU WR
250 baU baVed RQ Whe RXWcRPe Rf VWUXcWXUaO SURSeUWLeV aQd We[WXUe Rf Whe QRQZRYeQV (DeQg eW aO.,
2019). The LQcUeaVe Rf WheVe SUeVVXUe YaOXeV ZaV e[ecXWed b\ LQcUeaVLQg Whe QXPbeU Rf
PaQLfROdV XVed LQ Whe h\dUReQWaQgOePeQW V\VWeP RU Whe QXPbeU Rf SaVVeV WhURXgh a PaQLfROd.

IQcUeaVLQg Whe SUeVVXUe haV beeQ NQRZQ WR LQcUeaVe Whe ZeW VWUeQgWh Rf ZeW-OaLd
h\dUReQWaQgOed QRQZRYeQV. The deVLUed fOXff\ aQd VRfW QRQZRYeQ We[WXUe LV aOVR achLeYed
WhURXgh WheVe hLgh-SUeVVXUe MeWV (DeQg eW aO., 2018). HRZeYeU, LW ZaV aOVR dLVcRYeUed WhaW
LQcUeaVLQg Whe ZaWeU SUeVVXUe abRYe 190 baU fRU VRPe cRPbLQaWLRQV Rf PaWeULaOV VXch aV ZRRd
SXOS aQd h\dURShLOLc SRO\eVWeU UeVXOWed LQ a OeVV dLVSeUVLbOe QRQZRYeQ. ThLV dePRQVWUaWed WhaW
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OeVV ZaWeU cRXOd eQWeU WhURXgh Whe PaWeULaO VLQce Whe bRQdLQg UePaLQed WRR VWURQg aQd cRPSacW,
VLgQLfLcaQWO\ decUeaVLQg LWV effecWLYeQeVV fRU dLVSeUVLbLOLW\ (DeQg eW aO., 2019). CRPSaUaWLYeO\,
RWheU VWXdLeV haYe dePRQVWUaWed WhaW 30 baU SUeVVXUe MeWV ZLWh a WRWaO SUeVVXUe VXP Rf 60 baU
aOORZ fRU h\dUReQWaQgOed QRQZRYeQV Pade fURP SXOS aQd TeQceO fLbUeV WR be dLVSRVed Rf OLNe
WRLOeW SaSeU aV LW haV VLPLOaU dLVLQWegUaWLRQ SURSeUWLeV (DeQg eW aO., 2018).

OYeUaOO, VWXdLeV haYe dLVSOa\ed a YaVW dLVcUeSaQc\ beWZeeQ Whe ZaWeU SUeVVXUe UeTXLUed
fRU dLVSeUVLbLOLW\ aV LW UaQgeV fURP 60 baU WR aV hLgh aV 190 baU. The SUeVVXUe UeTXLUed LQ Whe
h\dUReQWaQgOePeQW SURceVV ZLOO be deSeQdeQW RQ Whe TXaOLWLeV WhaW PaQXfacWXUeUV VWULYe WR aWWaLQ
LQ WheLU QRQZRYeQV. AV dLVSeUVLbLOLW\ LV a Ne\ cRPSRQeQW fRU Whe QRQZRYeQV LQ TXeVWLRQ, UeVeaUch
haV dePRQVWUaWed WhaW a ZaWeU SUeVVXUe UaQge beWZeeQ 60 aQd 190 baU ZRXOd be VXLWabOe fRU aQ\
PaQXfacWXULQg SUacWLce ORRNLQg WR PaNe fOXVhabOe ZLSeV.

C. Jet Velocity

Ne[W, Whe MeW YeORcLW\ UeSUeVeQWV Whe VSeed Rf Whe ZaWeU e[LWLQg Whe MeW QR]]Oe. VeQX eW aO.
(2017) dePRQVWUaWed Whe MeW YeORcLW\ WhURXgh eTXaWLRQ (2).

(2)𝑉
ՅՀՏ

࡙
2𝑃

ՅՀՏ

ρ

ZheUe

YeORcLW\ Rf MeW𝑉
ՅՀՏ

࡙ ೻Ո/Վ2೼

MeW SUeVVXUe𝑃 ࡙ ೻𝑃𝑎೼

deQVLW\ Rf ZaWeU aW URRP WePSeUaWXUeρ ࡙  ೻ՆՂ/Ո3೼

The fROORZLQg e[aPSOe caOcXOaWLRQ VhRZV Whe MeW YeORcLW\ Rf RQe W\Se Rf V\VWeP LQ aQ
LQdXVWULaO h\dUReQWaQgOePeQW VeWWLQg XVLQg RQe PaQLfROd:

𝑉
ՅՀՏ

࡙
2𝑃

ՅՀՏ

ρ

𝑉
ՅՀՏ

࡙  2 ೻6106ࡕ𝑃𝑎೼

998.2 ՆՂ/Ո3

𝑉
ՅՀՏ

࡙ 109. 64 Ո/Վ

A YeORcLW\ Rf LV QRW UeSUeVeQWaWLYe Rf eYeU\ LQdXVWULaO h\dUReQWaQgOePeQW109. 64 Ո/Վ
SURceVV. HRZeYeU, accRUdLQg WR Whe UeVeaUch, a chRVeQ SUeVVXUe Rf 60 baU fRU RQe SaVV WhURXgh a
PaQLfROd caQ UeSUeVeQW a SURceVV ZheUe QRQZRYeQ dLVSeUVLbLOLW\ LV Whe fRcXVed PaLQ SURSeUW\.
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D. Diameter of Jet Orifice

The dLaPeWeU Rf Whe MeW RULfLce LV Whe dLaPeWeU Rf Whe SUeVVXUL]ed ZaWeU VWUeaP, ZhLch
cUeaWeV Whe hROeV ZLWhLQ Whe QRQZRYeQ aQd eQWaQgOeV Whe fLbUeV. The PaMRULW\ Rf VWXdLeV XVLQg aQd
WeVWLQg Whe effecWV Rf h\dUReQWaQgOePeQW haYe VWaWed WhaW WheLU RULfLce dLaPeWeU UaQgeV beWZeeQ
0.12PP WR 0.13PP (BeUNaOS eW aO., 2003; DeQg eW aO., 2018; SaZhQe\ eW aO., 2010; VeQX eW aO.,
2017). ThLV dLaPeWeU ZaV geQeUaOO\ cRQVLVWeQW aPRQgVW aOO Whe OLWeUaWXUe UeYLeZed, cRQcOXdLQg
WhaW QR PaWWeU Whe h\dUReQWaQgOePeQW V\VWeP deVLgQ XVed, LWV dLaPeWeU Rf MeW RULfLce UePaLQed Whe
VaPe.

E. Line Speed

The OLQe VSeed Rf Whe h\dUReQWaQgOePeQW SURceVV LV Whe VSeed aW ZhLch Whe OLQe beOW
PRYeV acURVV Whe PaQLfROdV aQd MeWV. DLffeUeQW PaQXfacWXULQg facLOLWLeV haYe dLffeUeQW VSeedV aW
ZhLch WheLU beOWV PRYe. WLWhLQ Whe OLWeUaWXUe, VRPe VWXdLeV dePRQVWUaWed VSeedV aV VORZ aV
6P/PLQ (Se\aP aQd ShLffOeU, 2005) aQd 10 P/PLQ ZLWh VXbMecWLQg Whe fLbUeV WR a SUeVVXUe Rf 100
baU (VeQX eW aO., 2017). IQ cRPSaULVRQ, RWheUV PaQaged VSeedV Rf 150 P/PLQ ZLWh hLgh SUeVVXUeV
Rf XS WR 250 baU (DeQg eW aO., 2019). ThLV dePRQVWUaWeV WhaW Whe hLgheU Whe ZaWeU MeW¶V SUeVVXUe,
Whe faVWeU Whe beOW caQ UROO ZLWh Whe fLbUeV. The fLbUeV aUe QRW UeTXLUed WR e[SeULeQce eQWaQgOePeQW
fRU aQ e[WeQded SeULRd Rf WLPe ZheQ VXbMecWed WR hLgheU SUeVVXUe ZaWeU MeWV. SLPLOaUO\, Whe
LQYeUVe LV WUXe aV fLbUeV e[SeULeQcLQg a ORZeU ZaWeU SUeVVXUe ZLOO UeTXLUe PRUe WLPe XQdeU Whe MeWV
fRU eQWaQgOePeQW. TheUe e[LVW fOaZV ZLWhLQ Whe afRUePeQWLRQed OLWeUaWXUe aV VORZeU VSeedV ZeUe
QRW UeSUeVeQWaWLYe Rf cRPPeUcLaO XQLWV aQd ZeUe cRQVLdeUed ZeaNQeVVeV ZLWhLQ Whe
h\dUReQWaQgOePeQW V\VWeP deVLgQ (Se\aP aQd ShLffOeU, 2005; VeQX eW aO., 2017).

The LQcRQVLVWeQcLeV fRXQd LQ Whe OLWeUaWXUe haYe dePRQVWUaWed cRQfXVLRQ WRZaUdV Whe
effecW Rf OLQe VSeedV RQ Whe bRQdLQg effecW Rf h\dUReQWaQgOePeQW. TheUe haYe beeQ QR VWXdLeV WhaW
haYe WeVWed Whe effecWV Rf YaULabOe OLQe VSeedV RQ Whe bRQdLQg VWUeQgWh Rf QRQZRYeQV RU LWV
dLVSeUVLbLOLW\ LQ ZaWeU. NRQe Rf Whe UeVeaUch haV VSecLfLcaOO\ gRQe LQ-deSWh ZLWh Whe effecW Rf OLQe
VSeed. HRZeYeU, LW caQ be aVVXPed WhaW Whe hLgheU Whe MeW SUeVVXUe, Whe faVWeU Whe beOW QeedV WR
SaVV WhURXgh. The UeYeUVe LV WUXe aV ZeOO; PRUe UedXced SUeVVXUeV UeTXLUe PRUe WLPe XQdeU Whe
MeWV WR RbWaLQ VaWLVfacWRU\ UeVXOWV.

F. Energy

The UaWe Rf eQeUg\ Rf Whe V\VWeP UeSUeVeQWV Whe aPRXQW Rf eQeUg\ UeTXLUed WR SXQcWXUe Whe
ZLSe SeU XQLW Rf WLPe (VecRQdV). VeQX eW aO. (2017) dePRQVWUaWed Whe UaWe Rf eQeUg\ WhURXgh
eTXaWLRQ (3).

(3)Ė ࡙ π
8 ρԿ2𝐶

𝐷
𝑉3
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ZheUe
eQeUg\ UaWe LQĖ ࡙ ೻𝐽/Վ೼

deQVLW\ Rf ZaWeU aW URRP WePSeUaWXUeρ ࡙ ೻ՆՂ/Ո3೼
dLaPeWeU Rf Whe MeW RULfLceԿ ࡙ ೻Ո೼

RULfLce dLVchaUge cReffLcLeQW𝐶
𝐷

࡙

MeW YeORcLW\𝑉 ࡙ ೻Ո/Վ೼

The fROORZLQg e[aPSOe caOcXOaWLRQ VhRZV Whe UaWe Rf eQeUg\ fRU Whe VaPe V\VWeP deVLgQ
aV e[SOaLQed LQ part C, ZhLch VhRZV aQ LQdXVWULaO h\dUReQWaQgOePeQW VeWWLQg XVLQg RQe PaQLfROd
aW a SUeVVXUe Rf 60 baU ZLWh MeW YeORcLW\ 109.64 P/V. IW VhRXOd be QRWed WhaW fRU WhLV UeSRUW, Whe
cReffLcLeQW Rf dLVchaUge XVed, 0.64, LV aVVXPed WR be Whe VaPe aV WhaW fURP BeUNaOS eW aO. (2003),
aV WheLU VWXd\ dLVSOa\ed VLPLOaU V\VWeP YaULabOeV WR aQ LQdXVWULaO XQLW. AddLWLRQaOO\, Whe dLaPeWeU
Rf Whe MeW RULfLce XVed LV 0.00013P aV LW UeSUeVeQWV LQdXVWU\ VWaQdaUd.

Ė ࡙ π
8 ρԿ2𝐶

𝐷
𝑉3

Ė ࡙ π
8 ೻998. 2ՆՂ/Ո3೼೻0. 00013Ո೼2೻0. 64೼೻109. 64Ո/Վ೼3

Ė ࡙ 5. 587 𝐽/Վ

ThLV UaWe Rf eQeUg\ Rf LV aQ e[aPSOe WhaW dePRQVWUaWeV aQ LQdXVWULaO5. 587 𝐽/Վ
h\dUReQWaQgOePeQW V\VWeP deVLgQ fRU Whe bRQdLQg Rf dLVSeUVLbOe QRQZRYeQV.

Overview of Manufacturing Processes

OYeUaOO Whe bRQdLQg RXWcRPe Rf a QRQZRYeQ SURdXcW LV deSeQdeQW RQ YaULRXV facWRUV
ZLWhLQ a h\dUReQWaQgOePeQW SURceVV. TheVe YaULabOeV LQcOXde Whe QXPbeU Rf PaQLfROdV, Whe MeW
SUeVVXUe, Whe MeW RULfLce dLaPeWeU, aQd Whe OLQe VSeed. AOO WheVe facWRUV affecW Whe MeW YeORcLW\ aQd
Whe UaWe Rf eQeUg\, WZR cRPSRQeQWV WhaW VWURQgO\ affecW Whe Sh\VLcaO SURSeUWLeV Rf Whe ZLSe, VXch
aV VWUeQgWh aQd We[WXUe.

2.3.3 DU\LQJ
WheQ dLVcXVVLQg Whe dU\LQg PechaQLVPV aYaLOabOe LQ h\dUReQWaQgOed QRQZRYeQV

PaQXfacWXULQg SURceVVeV, UeVeaUch VhRZV WhaW Whe PachLQeV XVed aQd WheLU SaUaPeWeUV cRQVLdeUed
geQeUaOO\ UePaLQ cRQVLVWeQW. T\SLcaOO\, fROORZLQg Whe h\dUReQWaQgOePeQW SURceVV, Whe QRQZRYeQ
ZLSeV aUe VXbMecWed WR a Sh\VLcaO UROOeU SUeVV WR UePRYe e[ceVV ZaWeU (LehPRQeQ eW aO., 2020).
FXUWheUPRUe, Whe beOW fURP Whe h\dUReQWaQgOePeQW SURceVV ZLOO WheQ SURceed WR PRYe WhURXgh a
dU\LQg SURceVV, ZhLch caQ eLWheU be dUXP dU\LQg RU hRW WhURXgh-aLU dU\LQg (hRW c\OLQdeUV RU hRW
aLU) (GXOhaQe eW aO., 2018; ZheQg, 2003). BRWh aUe cRQYeQWLRQaO aQd cRPPRQO\ XVed PeWhRdV
ZLWh Whe VROe SXUSRVe Rf dU\LQg Whe fabULc (ZheQg, 2003). ReVeaUch haV PRUe fUeTXeQWO\ dLVcXVVed

11



XVLQg aLU dUXP dU\eUV aQd haV VWaWed WhaW Whe heaWLQg WePSeUaWXUe LV aSSUR[LPaWeO\ 150℃ (DeQg
eW aO., 2019). The LQdXVWULaO SUacWLce Rf dU\LQg LV QRW Whe PRVW LQWeQVeO\ dLVcXVVed cRPSRQeQW Rf
Whe QRQZRYeQ PaQXfacWXULQg SURceVV, aQd WhLV LV SUeVXPed WR be becaXVe Whe dU\LQg SURceVV dReV
QRW haYe PaQ\ SaUaPeWeUV WR cRQVLdeU. AV ZeOO, Whe WLPe XQdeU ZhLch Whe QRQZRYeQV aUe VSeQW
dU\LQg LV QRW a YaULabOe WhaW LV dLVcXVVed LQ aQ\ OLWeUaWXUe. NRQeWheOeVV, LW caQ be cRQcOXded WhaW
WhLV WLPe YaULabOe LV VXbMecW WR chaQge ZLWh Whe XOWLPaWe gRaO LQ PLQd WhaW Whe dU\LQg SURceVV LV WR
VLPSO\ haYe a dU\ QRQZRYeQ WhaW caQ PRYe RQ WR Whe fROORZLQg VWeS LQ Whe V\VWeP. OYeUaOO, WhLV
eQWaLOV haYLQg a fLQaO dU\ ZLSe WhaW LV dULed eQRXgh VR WhaW Whe ZaWeU haV beeQ eYaSRUaWed, bXW QRW
WRR PXch ZheUe Whe fLbUeV aUe bXUQW XQdeU Whe dU\eU.

2.3.4 :HWWLQJ SROXWLRQ
The OLTXLd cRPSRVLWLRQ ZhLch PRLVWeQV Whe QRQZRYeQ ZLSe LV UefeUUed WR aV Whe ZeWWLQg

VROXWLRQ. SeYeUaO SaUaPeWeUV aUe cRQVLdeUed WR eQVXUe adeTXaWe PRLVWXUe cRQWeQW, TXaOLW\ aQd
RYeUaOO Vafe XVage fRU cRQWacW ZLWh Whe VNLQ. SXch SaUaPeWeUV LQcOXde Whe VROXWLRQ LQgUedLeQWV,
WheLU VSecLfLc UaWLRV LQ Whe VROXWLRQ, Whe RYeUaOO ZeW-WR-dU\ UaWLR aQd PeWhRdV Rf ePSOR\LQg VXch
VROXWLRQ RQWR Whe QRQZRYeQ ZLSeV.

A. Solution Ingredients

FRU Whe ZeWWLQg VROXWLRQ WR be VWabOe, effecWLYe, aQd Vafe fRU cRQVXPeUV, LW LV UeTXLUed WR
LQcRUSRUaWe YaULRXV LQgUedLeQWV. ThLV VeW Rf LQgUedLeQWV LQcOXde a VROYeQW, VXUfacWaQW, hXPecWaQW,
ePROOLeQW, SUeVeUYaWLYe, SH adMXVWeU aQd ePXOVLfLeU (DURLd, 2019), aOO Rf ZhLch cRQWULbXWe WheLU
RZQ XQLTXe SXUSRVe.

AOO Rf Whe aOWeUQaWLYe e[aPSOeV Rf VaLd LQgUedLeQWV ZeUe aVVeVVed LQ Whe SUeYLRXV UeSRUW
Cellulose-Based Hygienic Flushable Wipes. ThLV aVVeVVPeQW ZaV baVed RQ UeVeaUch
dePRQVWUaWLQg LQdXVWULaO SUacWLceV aQd Whe cRPPRQ LQgUedLeQWV XVed. IQ RYeUYLeZ, fRU a VROYeQW,
deLRQL]ed ZaWeU LV PRVW cRPPRQO\ XVed LQ LQdXVWULaO SUacWLceV aV LW dLVVROYeV PaQ\ VXbVWaQceV
aQd LV cRQVLdeUed UeadLO\ aYaLOabOe (PUegR]eQ, 1992; USGS, 2020). FXUWheU, SUeVeUYaWLYeV aUe
QeceVVaU\ WR SUeYeQW XQZaQWed chePLcaO chaQgeV aQd SURWecW Whe SURdXcW RYeU WLPe fURP
cRQWaPLQaWLRQ. The\ aOVR heOS PaLQWaLQ Whe cRORXU, cRQVLVWeQc\ aQd VafeW\ Rf Whe SURdXcW
LQgUedLeQWV (AQdeUVRQ, 2019). T\SLcaO SUeVeUYaWLYeV LQcOXde GeRGaUd UOWUa aV ZeOO aV gUaSefUXLW
Veed e[WUacW (CRRS CRcR, 2020a). IQ addLWLRQ, ePXOVLfLeUV aUe Qeeded WR SUeYeQW Whe VeSaUaWLRQ Rf
SROaU aQd QRQ-SROaU LQgUedLeQWV VXch aV RLO aQd ZaWeU. E[aPSOeV Rf ePXOVLfLeUV aUe ROLYeP 1000
aQd gO\ceU\O VWeaUaWe (BiUiQ\ eW aO., 2000; CRRS CRcR, 2014).

The fROORZLQg LQgUedLeQWV aUe SULPaULO\ XVed WR PaLQWaLQ a Vafe cOeaQVLQg VROXWLRQ fRU Whe
VNLQ. SXUfacWaQWV haYe a UaQge Rf RSWLRQV, ZLWh VRPe beLQg YeU\ aONaOLQe LQ SH aQd RWheUV beLQg
PRUe QeXWUaO. T\SLcaO VXUfacWaQWV XVed LQcOXde a QeXWUaO RSWLRQ VXch aV cRcR-beWaLQe (CRRS CRcR,
Q.d.a) aQd PRUe aONaOLQe RSWLRQV VXch aV cRcR gOXcRVLde aQd dec\O gOXcRVLde (CRRS CRcR, 2019;
CRRS CRcR, 2020c). FXUWheU, hXPecWaQWV SURPRWe Whe aWWUacWLRQ Rf ZaWeU fURP Whe VXUURXQdLQg
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eQYLURQPeQW WR Whe RXWeU Oa\eU Rf VNLQ, SRWeQWLaOO\ UeVXOWLQg LQ a h\dUaWLQg effecW. TheVe LQcOXde
YegeWabOe gO\ceULQ, SURS\OeQe gO\cRO aQd aORe YeUa geO (CRRS CRcR, 2015; CRRS CRcR, 2020b;
CRRS CRcR, Q.d.c). EPROOLeQWV cUeaWe a baUULeU RYeU Whe VNLQ, UedXcLQg ZaWeU ORVV WR LQcUeaVe
PRLVWXUe OeYeOV. SXLWabOe ePROOLeQWV LQcOXde ROLYe VTXaOaQe, caSU\OLc WULgO\ceULde aQd aYRcadR RLO
(CRRS CRcR, Q.d.b; MXQgaOL eW aO., 2021; PaUN eW aO., 2013).

LaVWO\, SH adMXVWeUV aUe Rf gUeaW LPSRUWaQce aV Whe\ heOS baOaQce Whe RYeUaOO SH Rf Whe
VROXWLRQ. DeSeQdLQg RQ Whe chRLce Rf ceUWaLQ LQgUedLeQWV VXch aV VXUfacWaQWV, accRPSaQ\LQg
LQgUedLeQWV (acLdLc RU baVLc) ZRXOd be QeceVVaU\ WR add WR adMXVW Whe fRUPXOaWLRQ. T\SLcaOO\ aQ
acLdLc LQgUedLeQW LV UeTXLUed WR be LQcRUSRUaWed LQ ZeWWLQg VROXWLRQV XVed LQ ZeW ZLSeV, aV LW heOSV
WR baOaQce RXW Whe aONaOLQe VXUfacWaQW. ThLV caQ be achLeYed XVLQg cLWULc acLd aV LW LV VROXbOe LQ
ZaWeU aQd adeTXaWeO\ adMXVWV Whe SH WR 3.5 WR 4.5, cRQVLdeULQg LW aSSURSULaWe fRU hXPaQ VNLQ
cRQWacW (PUegR]eQ, 1992).

B. Final Wetting Ratio

The aPRXQW Rf ZeW VROXWLRQ SUeVeQW cRPSaUed WR WhaW Rf Whe dU\ QRQZRYeQ PaWeULaO
(ZeW-OaLd h\dUReQWaQgOed fLbUe) LV NQRZQ aV Whe fLQaO ZeWWLQg UaWLR (KORfWa eW aO., 2015). AQ LdeaO
ZeWWLQg UaWLR, ZeW WR dU\, LV VaLd WR be 0.80 RU OeVV (KORfWa eW aO., 2015). OWheU VRXUceV haYe
PeQWLRQed WhaW aQ aSSURSULaWe ZeWWLQg UaWLR caQ UaQge fURP aSSUR[LPaWeO\ 2 WR 5 WLPeV Whe
ZeLghW Rf Whe QRQZRYeQ VXbVWUaWe, ZLWh 3.5 WLPeV beLQg PRVW SUefeUUed (PUegR]eQ, 1992). ThLV
UaWLR aOORZV fRU Whe adeTXaWe dLVWULbXWLRQ Rf Whe ZeWWLQg VROXWLRQ XSRQ cRQWacW ZLWh Whe VNLQ ZhLOe
eQVXULQg Whe VWabLOLW\ Rf Whe QRQZRYeQ dXULQg LWV VheOf-OLfe.

C. Method of Employing Solution

IQ aQ LQdXVWULaO VeWWLQg, Whe ZLSeV aUe dLVWULbXWed WhURXgh a SacNLQg PachLQe aQd aUe
ZeWWed ZLWh a SaUWLcXOaU UaWLR, cXW, fROded, SacNaged aQd VeQW fRU dLVWULbXWLRQ. The ZeWWLQg
VROXWLRQ LV dLVWULbXWed WhURXgh QR]]OeV aV a PeWhRd Rf LPSUegQaWLQg Whe QRQZRYeQ ZLSe. SXch
QR]]OeV aOORZ Whe ZLSe WR VWa\ cOeaQ aQd VWeULOe b\ UedXcLQg Whe ULVN Rf cRQWaPLQaQWV. OWheU
PeWhRdV Rf dLVWULbXWLRQ LQcOXde VSUa\LQg, SaddLQg RU SULQWLQg Whe ZeWWLQg VROXWLRQ RQWR Whe
QRQZRYeQ ZLSeV (PUegR]eQ, 1992). TheVe WechQLTXeV aUe NQRZQ aV ³RQOLQe ZeWWLQg V\VWePV´ RU
³RQOLQe LPSUegQaWLRQ´ LQ Whe LQdXVWU\ (SES, 2017; TePcRQ, 2020). The aPRXQW Rf ZeWWLQg
VROXWLRQ dLVWULbXWed beWZeeQ each LQdLYLdXaO ZLSe, aOVR NQRZQ aV Whe ZeWWLQg VROXWLRQ UaWLR, LV
cRQWUROOed XVLQg a OXbe SXPS ZLWh a fORZ PeWeU (TePcRQ, 2020). OYeUaOO, WhLV PeWhRd Rf
ePSOR\LQg a ZeWWLQg VROXWLRQ SURYLdeV Whe ZLSe ZLWh a h\gLeQLc aQd eYeQ dLVWULbXWLRQ aV a PeaQV
Rf cRPSOeWLQg Whe eQd SURdXcW deePLQg LW VXLWabOe fRU Whe UeWaLOLQg PaUNeW.

Overview of Manufacturing Processes
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OYeUaOO Whe ZeWWLQg VROXWLRQ UeTXLUed fRU a QRQZRYeQ SURdXcW LV deSeQdeQW RQ Whe
LQgUedLeQW VeOecWLRQ, Whe UaWLR Rf VaLd LQgUedLeQWV, Whe fLQaO ZeWWLQg VROXWLRQ UaWLR aQd LWV PeWhRd
Rf ePSOR\PeQW. TheVe facWRUV aUe geQeUaOO\ cRQVWaQW WhURXghRXW PaQ\ QRQZRYeQ ZLSe
PaQXfacWXULQg SURceVVeV; hRZeYeU, Whe\ caQ YaU\ deSeQdLQg RQ Whe VSecLfLc SURdXceU RU Whe
cOLeQW'V QeedV.

3.0 DHYHORSLQJ PURWRW\SH S\VWHP
The SURWRW\Se V\VWeP ZaV deYeORSed WR PLPLc aV cORVeO\ aV SRVVLbOe Whe LQdXVWULaO

V\VWeP. The ZeW OaLd, h\dUReQWaQgOePeQW aQd dU\LQg SURcedXUeV ZeUe achLeYed ZLWh a haQd
bOeQdeU, OaUge bXcNeW, PeVh VcUeeQ, RUaO LUULgaWRU, a cXVWRP bXLOW dU\LQg bR[, aQd a ZeWWLQg
VROXWLRQ (Vee ASSeQdL[ A). The fROORZLQg VecWLRQ ZLOO dLVcXVV LQ deWaLO hRZ each cRPSRQeQW ZaV
WaLORUed WR UeSOLcaWe Whe LQdXVWULaO V\VWeP aQd achLeYe Whe PRVW aXWheQWLc QRQZRYeQ h\gLeQLc
ZLSe.

3.1 FLEUH MDWHULDOV
The SURWRW\Se ZLSe ZaV Pade fURP hePS fLbUeV aQd ZRRd SXOS. The hePS fLbUeV ZeUe

VXSSOLed fURP BaVW FLbUe TechQRORgLeV, a cRPSaQ\ WhaW VSecLaOL]eV LQ Whe SURdXcWLRQ Rf hePS
fLbUeV fRU ZLSeV aQd RWheU QRQZRYeQ fabULcV PaQXfacWXULQg. AW BaVW FLbUe Tech, Whe hePS LV
gURZQ fURP dLcRW\OedRQ SOaQWV' VeedV (BFT, 2020). The cRPSaQ\ aOVR VWaWeV WhaW Whe SOaQWV aUe
gURZQ UeVSRQVLbO\ aQd aUe cXOWLYaWed fROORZLQg VWaQdaUdV aQd SURcedXUeV (BFT, 2020). OQce Whe
SOaQWV aUe gURZQ, Whe\ aUe haUYeVWed aQd caUefXOO\ decRUWLcaWed WR achLeYe Whe baVW fLbUeV LQWacW,
LPSURYLQg WheLU abVRUbeQc\ (BFT, 2020). The fLbUeV aUe OaWeU cOeaQed b\ SaVVLQg WhURXgh a
ZeWWLQg SURceVV WhaW ZLOO aOVR VeSaUaWe WheP (BFT, 2020). BaVW FLbUe Tech aOVR VWaWeV WhaW Whe\
³QaWXUaOO\ PRdLf\ Whe fLbUeV´ WR LPSURYe WheLU SURSeUWLeV Rf cRheVLRQ, abVRUbeQc\, aQd OeQgWh
(BFT, 2020). AfWeU WhLV SURceVV, Whe fLbUeV aUe WheQ VROd WR cRPSaQLeV aV UaZ PaWeULaOV fRU
PaQXfacWXULQg QRQZRYeQ aQd ZRYeQ SURdXcWV (BFT, 2020).

FXUWheUPRUe, WhUee dLffeUeQW VRXUceV Rf ZRRd SXOS ZeUe XVed LQ Whe cRQVWUXcWLRQ Rf Whe
ZLSeV. FRU Whe fLUVW SURWRW\Se, VWaQdaUd cRPSXWeU SaSeU aQd bURZQ SaSeU WRZeO ZeUe VhUedded
aQd WheQ VRaNed LQ ZaWeU. HRZeYeU, Whe SaSeU ZaV QRW LQ a fLbURXV RU SXOS cRPSRVLWLRQ aV Whe
WeaP dLd QRW \eW haYe acceVV WR a bOeQdeU RU RWheU eTXLSPeQW WR WUaQVfRUP Whe SaSeU LQWR a SXOS.
TheUefRUe, Whe SaSeU ZaV cXW LQWR aV VPaOO SLeceV aV SRVVLbOe. The VecRQd SURWRW\Se ZaV Pade
ZLWh UegXOaU WRLOeW SaSeU aV LWV ZRRd SXOS VRXUce. The WeaP had acceVV WR a haQdheOd bOeQdeU aQd
ZaV abOe WR cUeaWe ZRRd SXOS fURP Whe WRLOeW SaSeU b\ fLUVW VRaNLQg Whe SaSeU WheQ gULQdLQg LW LQWR
a VXVSeQded SXOS XVLQg Whe bOeQdeU. LaVWO\, ZRRd SXOS fLbUeV ZeUe geQeURXVO\ SURYLded b\ DU.
MaULe-JRVpe DXPRQW fRU Whe fLQaO SURWRW\Se. TheVe fLbUeV ZeUe aOVR bOeQded XVLQg Whe haQdheOd
bOeQdeU.
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TR deWeUPLQe Whe ZeLghW Rf a h\gLeQLc ZLSe, a geQeULc bUaQd ZeW ZLSe ZaV dULed
RYeUQLghW WR UePRYe LWV PRLVWXUe aQd ZaV ZeLghed Whe fROORZLQg da\. The ZLSe¶V dU\ ZeLghW ZaV

aSSUR[LPaWeO\ 3 g, ZhLOe LWV aUea ZaV 277.5 . The geQeULc ZLSeV SURSRUWLRQ Rf dU\ PaVV WRԾՈ2

Whe VXUface aUea Rf Whe ZLSe ZLOO be eTXaO WR Whe SURSRUWLRQ Rf Whe SURWRW\Se¶V dU\ PaVV WR LWV
VXUface aUea, aV LOOXVWUaWed LQ eTXaWLRQ 4.

The ZLSe dU\ PaVV WR VXUface aUea LV caOcXOaWed aV fROORZV:

(4)
Ո

ՂՀՉՀՍՄԾ ԿՍՔ

𝐴
ՂՀՉՀՍՄԾ

࡙
Ո

ՋՍՊՏՊՏՔՋՀ ԿՍՔ

𝐴
ՋՍՊՏՊՏՔՋՀ

ZheUe

= dU\ PaVV Rf Whe geQeULc ZLSeՈ
ՂՀՉՀՍՄԾ ԿՍՔ 

೻Ղ೼

= dU\ PaVV Rf Whe SURWRW\Se ZLSeՈ
ՋՍՊՏՊՏՔՋՀ  ԿՍՔ 

೻Ղ೼

= VXUface aUea Rf Whe geQeULc ZLSe𝐴
ՂՀՉՀՍՄԾ 

೻ԾՈ2೼

= VXUface aUea Rf Whe SURWRW\Se ZLSe𝐴
 ՋՍՊՏՊՏՔՋՀ 

೻ԾՈ2೼

The fROORZLQg eTXaWLRQ ZaV XVed WR deWeUPLQe Whe dU\ PaVV UeTXLUed WR SURdXce RQe ZLSe
accRUdLQg WR Whe YaOXeV gLYeQ b\ Whe geQeULc ZLSe bUaQd XVed:

𝐴
ՎԾՍՀՀՉ

 ࡙  𝐿 ࡕ  𝑊 ࡙ 20. 3 ԾՈ ࡕ 27. 9 ԾՈ ࡙ 566. 37 ԾՈ2

𝐴
ՂՀՉՀՍՄԾ

 ࡙  𝐿 ࡕ  𝑊 ࡙ 18. 5ԾՈ ࡕ 15ԾՈ ࡙ 277. 5ԾՈ2

𝐴
ՋՍՊՏՊՏՔՋՀ

 ࡙  𝐿 ࡕ  𝑊 ࡙ 18 ԾՈ ࡕ 13 ԾՈ ࡙ 234 ԾՈ2

𝐴
ՂՀՉՀՍՄԾ ԿՍՔ

𝐴
ՋՍՊՏՊՏՔՋՀ ԿՍՔ

   ࡙  3 Ղ ՊՁ ՁՄ𝑏ՍՀ
Փ Ղ ՊՁ ՁՄ𝑏ՍՀ

Ո
ՋՍՊՏՊՏՔՋՀ ԿՍՔ

 ࡙ 234 ԾՈ2 3ࡕՂ

277.5 ԾՈ2 ࡙ 2. 53 Ղ 

Ո
ՁՊՍ ՀՉՏՄՍՀ ՎԾՍՀՀՉ

 ࡙ 566.37 ԾՈ2 3ࡕՂ

277.5 ԾՈ2 ࡙ 6. 1 Ղ 

The UeVXOWV VhRZQ fURP Whe caOcXOaWLRQV LQdLcaWe WhaW Whe dU\ fLbUe PaVV UeTXLUed WR
SURdXce RQe ZLSe ZRXOd be 2.53 g, aQd Whe dU\ PaVV Rf fLbUe UeTXLUed WR fLOO Whe eQWLUe VcUeeQ
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ZRXOd be 6.1 g. TR eQVXUe a SURSeU dLPeQVLRQed ZLSe ZLWh XQLfRUP edgeV, Whe eQWLUe VcUeeQ ZLOO
be fLOOed ZLWh fLbUeV, aQd fROORZLQg Whe dU\LQg, Whe ZLSe ZLOO be cXW WR Whe deVLUed dLPeQVLRQV.

The hePS WR ZRRd fLbUe UaWLR ZaV deWeUPLQed e[SeULPeQWaOO\ dXULQg Whe fLUVW
PaQXfacWXULQg VeVVLRQ. The SaUaPeWeUV XVed WR deWeUPLQe Whe UaWLR LQcOXded: aSSeaUaQce,
VRfWQeVV, fOe[LbLOLW\, dXUabLOLW\ aQd dLVSeUVLbLOLW\. IW ZaV VSecXOaWed WhaW hePS ZRXOd gLYe VRfWQeVV
aQd VWUXcWXUe WR Whe ZLSe, aQd Whe ZRRd SXOS ZRXOd heOS eaVe dLVSeUVLbLOLW\. The UaWLR Rf hePS
fLbUe WR ZRRd SXOS chRVeQ ZaV 2:1. ThLV UaWLR ZaV chRVeQ baVed RQ e[SeULPeQWaO WULaOV WhaW
\LeOded VaWLVfacWRU\ UeVXOWV Rf Whe facWRUV PeQWLRQed abRYe. UVLQg WhLV UaWLR, Whe PaVV Rf fLbUeV
UeTXLUed WR RccXS\ Whe eQWLUe VcUeeQ ZaV 4 g Rf hePS aQd 2 g Rf ZRRd SXOS. The hePS fLbUeV aQd
ZRRd SXOS ZeUe ZeLghed XVLQg a NLWcheQ VcaOe. FROORZLQg aQ e[SeULPeQWaO WeVW, LW ZaV RbVeUYed
WhaW QRW aOO fLbUeV WhaW aUe VXVSeQded aUe caXghW b\ Whe PeVh VcUeeQ, LW ZaV eVWLPaWed WhaW haOf Rf
Whe fLbUeV ZeUe QRW caXghW. AQ LQVXffLcLeQW aPRXQW Rf fLbUeV ZRXOd Oead WR aQ LQcRUUecW ZLSe
ZeLghW aQd WhLcNQeVV. TR UeVROYe WhLV LVVXe, aQ addLWLRQaO 3 g Rf fLbUeV ZeUe added, hePS fLbUeV
ZeUe ZeLghed WR aSSUR[LPaWeO\ 6 g, ZhLOe Whe ZRRd SXOS fLbUeV ZeUe ZeLghed WR 3 g. TheUefRUe,
a WRWaO Rf 9 g Rf fLbUeV ZeUe ZeLghed SeU ZLSe SURdXced, LQVWead Rf Whe RULgLQaO eVWLPaWLRQ Rf 6 g.
ThLV TXaQWLW\ aOORZed fRU eQRXgh VXVSeQded fLbUeV WR fLOO Whe eQWLUe VcUeeQ ZLWhRXW ORVLQg a OaUge
aPRXQW Rf Whe fLbUeV. AfWeU Whe fLbUeV ZeUe ZeLghed, Whe\ ZeUe cXW aQd bOeQded. The hePS fLbUeV
ZeUe cXW WR OeQgWhV UaQgLQg fURP 3 WR 10 PP aV UecRPPeQded b\ Whe LQdXVWULaO VWaQdaUdV. The
ZRRd SXOS ZaV added WR ZaWeU aQd bOeQded XVLQg a haQdheOd bOeQdeU WR WXUQ LW LQWR a SXOS aQd
eQVXUe LW ZaV VXVSeQded LQ ZaWeU.

3.2 :HE FRUPDWLRQ: :HW-LDLG
FROORZLQg Whe ZeLghLQg Rf Whe dU\ fLbUeV, Whe bOeQded ZRRd SXOS fLbUeV ZeUe added WR Whe

hePS fLbUeV aQd agLWaWed WRgeWheU LQ a bXcNeW Rf ZaWeU XQWLO a VXVSeQVLRQ ZaV RbVeUYed. The
fLbUe-ZaWeU VXVSeQVLRQ UaWLR had a WheRUeWLcaO YaOXe Rf 0.1% fLbUe WR ZaWeU b\ YROXPe (DeQg eW
aO., 2018), hRZeYeU, dXULQg e[SeULPeQWaO WULaOV LW ZaV RbVeUYed WhaW Whe VXVSeQVLRQ UaWLR ZaV
LQYaOLd ZheQ aSSOLed. The VXVSeQVLRQ UaWLR XVed LQ SUacWLce ZaV 0.05% fLbUe WR ZaWeU. The bXcNeW
ZaV fLOOed ZLWh abRXW 12 L Rf aPbLeQW WePSeUaWXUe ZaWeU ZLWh Whe fLbUeV WheQ added LQ. The fLbUeV
ZeUe WheQ agLWaWed fRU abRXW a PLQXWe RU XQWLO a gRRd fLbUe VXVSeQVLRQ ZaV RbVeUYed. ThLV ZaV
dePRQVWUaWed b\ Whe fLbUeV beLQg VeSaUaWed fURP each RWheU aQd eQWLUeO\ VXUURXQded b\ Whe ZaWeU.

FROORZLQg, a SaSeU-PaNLQg VcUeeQ ZaV XVed WR PLPLc aQ LQdXVWULaO PeVh VcUeeQ aV LW
cORVeO\ UeSUeVeQWed VPaOO eQRXgh hROeV LQ a hLgh cRXQW PeVhLQg. ThLV PeVh VcUeeQ ZaV WheQ
dLSSed LQWR Whe bXcNeW ZLWh Whe VXVSeQded fLbUeV aW aQ aQgOe Rf aSSUR[LPaWeO\ 40 WR 50 degUeeV.
The VcUeeQ ZaV WheQ fXOO\ LPPeUVed LQ Whe ZaWeU WR aOORZ Whe VXVSeQded fLbUeV WR Oa\ RQ WRS Rf
Whe VcUeeQ. IW ZaV WheQ OLfWed MXVW XQdeU Whe ZaWeU VXUface aOORZLQg Whe OaLd fLbUeV WR VhaSe RQWR
Whe VcUeeQ aQd aUUaQge WhePVeOYeV VR WhaW Whe\ Pa\ Oa\ XQLfRUPO\. WheQ Whe VhaSe aQd
aUUaQgePeQW Rf Whe fLbUeV RQ Whe VcUeeQ ZeUe deePed aSSURSULaWe, Whe VcUeeQ ZaV OLfWed VWUaLghW
XS RXW Rf Whe ZaWeU aQd SOaced RQ a dU\LQg UacN. A UROOLQg SLQ ZaV WheQ XVed WR SUeVV RXW e[ceVV
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ZaWeU fURP Whe VcUeeQ aQd ZaV WheQ YacXXPed ZLWh a hRVe SOaced dLUecWO\ XQdeU Whe UacN WR
VXcWLRQ RXW aQ\ UePaLQLQg e[ceVV ZaWeU.

The PeVh VcUeeQ XVed aOORZV fRU a ceUWaLQ aPRXQW Rf LQOeW ZaWeU WR geW SXOOed WhURXgh b\
Whe YacXXP aQd a ceUWaLQ aPRXQW WhaW geWV UefOecWed bacN XSRQ LPSacW ZLWh Whe ZLUeV. The PeVh
VcUeeQ had aQ RSeQ aUea Rf fRUPLQg ZLUeV Rf aSSUR[LPaWeO\ 60% aQd Whe YaOXe ZaV caOcXOaWed𝑅

Մ

XVLQg eTXaWLRQ 1:

𝑅
Մ

࡙ 0. 16 ೻1 ࡓ ϕ೼

𝑅
Մ

࡙ 0. 16 ೻1 ࡓ 0. 6೼ ࡖ  100 

𝑅
Մ

࡙  6. 4 %

ZheUe
Whe UefOecWed SRUWLRQ Rf Whe ZaWeU bURXghW LQWR Whe fLbUe Zeb (%)𝑅

Մ
࡙

Whe RSeQ aUea Rf Whe fRUPLQg ZLUeVϕ ࡙ ೻%೼

The UeVXOWV dePRQVWUaWed aQ YaOXe Rf 6.4%. AV Whe LQdXVWULaO YaOXe Rf LV 16%, Whe𝑅
Մ

𝑅
Մ

PeVh VcUeeQ XVed LQ WhLV V\VWeP dLd QRW cRPSOeWeO\ PaWch WhRVe XVed LQ LQdXVWULaO VeWWLQgV. ThLV
cRXOd be dXe WR Whe facW WhaW Whe PeVh VcUeeQ XVed had hROeV WhaW ZeUe WRR OaUge.

3.3 :HE BRQGLQJ: H\GURHQWDQJOHPHQW
AfWeU Whe e[ceVV ZaWeU had beeQ UePRYed, Whe h\dUReQWaQgOePeQW SURceVV begaQ. FRU Whe

h\dUReQWaQgOePeQW SURceVV, a PLQLPXP SUeVVXUe Rf 60 baU (6 MPa) ZaV UeTXLUed accRUdLQg WR
Whe YaOXe LQdLcaWed LQ DeQg eW aO. (2018). AddLWLRQaOO\, a ZaWeU MeW dLaPeWeU Rf 0.13 PP ZaV
UeTXLUed LQ accRUdaQce ZLWh Whe RULfLce dLPeQVLRQV UeSRUWed LQ LQdXVWULaO V\VWePV (BeUNaOS eW aO.,
2003; DeQg eW aO., 2018; SaZhQe\ eW aO., 2010; VeQX eW aO., 2017). TheUefRUe Whe hLgheVW SUeVVXUe
deYLce ZLWh a VPaOO RULfLce WhaW ZaV acceVVLbOe fRU Whe SXUSRVe Rf WhLV SURMecW ZaV aQ RUaO LUULgaWRU
(deQWaO ZaWeU fORVVeU) deYLce. The ZaWeU fORVVeU deYLce cOaLPed WR be abOe WR Ueach SUeVVXUeV Rf XS
WR 0.862 MPa aQd had a ZaWeU MeW RULfLce PeaVXUed aW aURXQd 0.6 PP LQ dLaPeWeU. DXe WR Whe
OaUgeU ZaWeU MeW dLaPeWeU, Whe fLQaO SURdXcW ZaV e[SecWed WR dLVSOa\ OaUgeU hROeV WhaQ deVLUed,
hRZeYeU, Whe WeaP deePed WhLV UeVXOW acceSWabOe. FXUWheUPRUe, Whe WUade-Rff fRU ZaWeU SUeVVXUe
ZaV aOVR deePed WR be acceSWabOe aV LQ aQ LQdXVWULaO VeWWLQg Whe fabULc ZRXOd be VXbMecW WR
hLgh-SUeVVXUe MeWV fRU a YeU\ VPaOO aPRXQW Rf WLPe. HRZeYeU, fRU WhLV SURMecW, Whe WLPe YaULabOe
ZaV adMXVWed. MRUe VSecLfLcaOO\, LQ RUdeU WR cRPSeQVaWe fRU Whe dLffeUeQce LQ SUeVVXUe, Whe fLbUeV
ZeUe VXbMecWed WR Whe RUaO LUULgaWRU¶V ORZeU SUeVVXUe fRU a ORQgeU WLPe SeULRd. The ZaWeU XVed fRU
WhLV VWeS had aQ aYeUage WePSeUaWXUe Rf 36 ℃. DXULQg Whe e[SeULPeQWaO WULaOV, LW ZaV RbVeUYed
WhaW Whe RUaO LUULgaWRU¶V hLgheVW VeWWLQg UeVXOWed LQ hROeV WRR bLg fRU Whe SURMecW¶V UeTXLUePeQWV.
TheUefRUe, Whe SUeVVXUe OeYeO Rf Whe deYLce ZaV VeW aW a SUeVVXUe Rf 88 SVL. The cRQYeUVLRQ Rf 88
SVL WR SaVcaOV ZaV baVed RQ YaOXeV fURP deQgeO eW aO. (2019) aV dePRQVWUaWed beORZ:
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88 ՋՎՄ ࡕ 6.894757 Ն𝑃𝑎
1 ՋՎՄ ࡙ 606. 7386 Ն𝑃𝑎 ࡙ 606. ࡕ 7386 10 3 𝑃𝑎

IQWeUSROaWLQg fURP deQgeO eW aO. (2019), Whe deQVLW\ Rf ZaWeU aW 36℃ LV 993.04 Ng/P3. The
LQcUeaVe LQ ZaWeU WePSeUaWXUe haV Whe caSabLOLW\ Rf decUeaVLQg Whe deQVLW\ Rf ZaWeU ZhLch ZRXOd,
LQ WXUQ, affecW Whe MeW YeORcLW\. ThLV LV e[SUeVVed beORZ XVLQg eTXaWLRQ 2:

𝑉
ՅՀՏ

࡙
2𝑃

ՅՀՏ

ρ

𝑉
ՅՀՏ

࡙  2 ೻606.7386 10ࡕ 3 𝑃𝑎೼

993.04 ՆՂ/Ո3

𝑉
ՅՀՏ

࡙ 34. 957 Ո/Վ

WLWh Whe e[SeULPeQWaO V\VWeP, Whe MeW YeORcLW\ ZaV cRQcOXded WR be 34.957 P/V. WheQ
cRPSaUed WR WhaW Rf Whe MeW YeORcLW\ fRXQd LQ aQ LQdXVWULaO V\VWeP, LW dePRQVWUaWed hRZ a decUeaVe
LQ SUeVVXUe caQ VLgQLfLcaQWO\ affecW Whe VSeed Rf ZaWeU hLWWLQg Whe QRQZRYeQ ZLSe b\ beLQg
VORZeU.

AV ZeOO, Whe SaWh Rf Whe ZaWeU MeW LV dePRQVWUaWed LQ fLgXUe 1. AfWeU WhaW SaWh haV beeQ
fROORZed, aQ\ aUeaV RQ Whe ZLSe WhaW VeePed XQeYeQ ZeUe SaVVed RYeU agaLQ ZLWh Whe ZaWeU MeW.
GRLQg RYeU WheVe VecWLRQV Rf Whe ZLSe caQ be VLPLOaU WR LQcUeaVLQg Whe PaQLfROd SaVVeV aV Whe
added SUeVVXUe heOSV WR cRPSUeVV aQd bRQd WheVe VecWLRQV accRUdLQgO\. TheVe adMXVWPeQWV ZeUe
dRQe XQWLO Whe eYeQQeVV Rf Whe ZLSe ZaV VaWLVfacWRU\ (L.e. XQWLO QR XQeYeQQeVV cRXOd be RbVeUYed
XSRQ e[aPLQaWLRQ). The WLPe LW WRRN WR cRPSOeWe a VLQgOe SaVV Rf Whe h\dUReQWaQgOePeQW SURceVV
ZaV RQ aYeUage 2 VecRQdV fRU LWV ZLdWh aQd 4 VecRQdV fRU LWV OeQgWh. The PeVh VcUeeQ had a
OeQgWh Rf 30 cP aQd a ZLdWh Rf 20 cP. ThLV WLPLQg caQ be UefeUUed WR aV Whe e[SeULPeQWaO YeUVLRQ
Rf OLQe VSeed aQd caQ be e[SUeVVed aV fROORZV:

𝑊ՄԿՏՃ:  20 ԾՈ ࡕ 1 Ո
100 ԾՈ ࡙ 0. 2 Ո ࡗ ೻2 ՎՀԾՊՉԿՎ ࡕ 1 ՈՄՉ

60 ՎՀԾՎ ೼ ࡙ 6 Ո/ՈՄՉ

𝐿ՀՉՂՏՃ:  30 ԾՈ ࡕ 1 Ո
100 ԾՈ ࡙ 0. 3 Ո ࡗ ೻4 ՎՀԾՊՉԿՎ ࡕ 1 ՈՄՉ

60 ՎՀԾՎ ೼ ࡙ 4. 5 Ո/ՈՄՉ

AQ aYeUage OLQe VSeed Rf 5.25 P/PLQ ZaV beVW aWWePSWed WR be XVed RQ Whe SURWRW\Se
ZLSe. WheQ cRPSaUed WR RWheU LQdXVWULaO V\VWePV RU VWXdLeV dLVcXVVLQg OLQe VSeed, Whe OLQe VSeed
XVed VeePed YeU\ VORZ aQd LQadeTXaWe, hRZeYeU, LW ZaV cRQcOXded WhaW LW ZaV VXffLcLeQW eQRXgh
fRU h\dUReQWaQgOePeQW WR RccXU RQ Whe SURWRW\Se ZLSe.
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FLgXUe 1. The WUaMecWRU\ Rf Whe ZaWeU MeW UeSUeVeQWed b\ gUeeQ (ZLdWh) aQd bOXe (OeQgWh) SaWhV
(BXccL, 2021)

AfWeU Whe h\dUReQWaQgOePeQW SURceVV, e[ceVV ZaWeU ZaV UeTXLUed WR be UePRYed agaLQ.
ThLV WLPe, a UROOLQg SLQ ZaV XVed WR ULQg RXW Whe ZaWeU fURP Whe ZLSe LQ RUdeU WR PLPLc Whe
LQdXVWULaO UROOeUV WhaW Whe ZLSe fabULc ZRXOd SaVV WhURXgh LQ a PaQXfacWXULQg SURceVV. AfWeU Whe
ZLSe SaVVed XQdeU Whe UROOeU, Whe ZLSe ZaV YacXXPed RQce agaLQ WR UePRYe aV PXch ZaWeU aV
SRVVLbOe WR acceOeUaWe Whe dU\LQg WLPe. The ZLSe aQd VcUeeQ ZeUe SOaced RQ Whe dU\LQg UacN VR
WhaW Whe VcUeeQ UefUaLQed fURP daPage dXULQg Whe YacXXPLQg SURceVV. The YacXXP ZaV SOaced
XQdeU Whe dU\LQg UacN aQd dUeZ RXW Whe e[ceVV ZaWeU fRU abRXW 20 VecRQdV. The WRWaO eQeUg\ UaWe
fRU WhLV SURceVV ZaV caOcXOaWed XVLQg eTXaWLRQ 3:

Ė ࡙ π
8 ρԿ2𝐶

𝐷
𝑉3

Ė ࡙ π
8 ೻993. 04ՆՂ/Ո3೼೻0. 0006Ո೼2೻0. 64೼೻34. 957Ո/Վ೼3

Ė ࡙ 3. 838 𝐽/Վ

The YaOXe Rf Whe eQeUg\ UaWe Rf 3.838 J/V UeVXOWed LQ a VPaOOeU YaOXe WhaQ WhaW Rf aQ
LQdXVWULaO h\dUReQWaQgOePeQW SURceVV. HRZeYeU, LW VhRXOd be QRWed WhaW LQ Whe LQdXVWULaO VeWWLQgV,
V\VWePV aUe deVLgQed fRU effLcLeQc\; ZhLOe Whe h\dUReQWaQgOePeQW SURceVVeV SeUfRUPed LQ WhLV
SURMecW ZeUe e[SeULPeQWaO aQd aQ aWWePSW WR ePXOaWe Whe LQdXVWULaO SURceVV. ThRXgh WheUe LV a
dLffeUeQce Rf 1.749 MRXOeV SeU VecRQd, aQ LPSURYePeQW WR aSSURach Whe eQeUg\ UaWe Rf Whe
LQdXVWULaO SURceVV ZRXOd be WR LQcUeaVe Whe SUeVVXUe aQd decUeaVe Whe dLaPeWeU Rf Whe MeW RULfLce.

3.4 DU\LQJ
DXULQg a W\SLcaO LQdXVWULaO SURceVV, Whe dU\LQg Rf Whe ZLSe LV dRQe LQ aQ RYeQ. TheUefRUe

LQ RUdeU WR LPLWaWe WhLV SURceVV aV beVW aV SRVVLbOe, a cRQWaLQed dU\LQg V\VWeP ZaV cRQVWUXcWed aV
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LOOXVWUaWed LQ fLgXUe 2. A OLd Pade fURP aVSeQLWe ZRRd ZaV cRQVWUXcWed aQd aOVR added. The bR[
ZaV bXLOW fURP PeOaPLQe cRPSRVLWe ZRRd fRU Whe VLdeZaOOV, aQd VROLd SLQe fRU Whe baVe, ZhLch
ZaV QaLOed WRgeWheU XVLQg a bUad QaLOeU. The LQWeULRU OLS WhaW heOd Whe UacN RQ Whe LQVLde Rf Whe bR[
ZaV VRfWZRRd aQd aOVR QaLOed WR Whe VLdeZaOOV XVLQg a bUad QaLOeU. DXULQg Whe cRQVWUXcWLRQ Rf Whe
bR[, LW ZaV decLded WhaW addLQg a WhLQ VheeW Rf UXbbeU gaVNeW WR Whe edgeV ZRXOd be aQ
LPSURYePeQW RQ Whe SOaQQed deVLgQ aV VhRZQ LQ fLgXUe 2. AddLQg Whe gaVNeW aORQg Whe RXWeU edge
ZRXOd cUeaWe a VeaO WR PLQLPL]e heaW ORVV aURXQd Whe edgeV aQd WR QRW aOORZ aQ\ ORRVe fLbUeV WR
VOLS RXW aQd becRPe aLUbRUQe.

FLgXUe 2. The cRQVWUXcWed cRQWaLQed dU\LQg V\VWeP (BXccL, 2021)

The dLPeQVLRQV Rf Whe dU\LQg V\VWeP ZeUe deVLgQed WR hROd Whe dU\LQg UacN aQd VcUeeQ
deSLcWed LQ fLgXUe 3. HRZeYeU, dXULQg cRQVWUXcWLRQ, a VOLghW deYLaWLRQ fURP Whe SOaQV ZaV
e[SeULeQced aV LW ZaV cRQcOXded WhaW LW ZRXOd be PRUe VXLWabOe Lf Whe dU\eU ZaV cORVeU WR Whe
VcUeeQ. TheUefRUe a hROe, ZLWh aQ aSSUR[LPaWe dLaPeWeU Rf 0.0572 P fRU Whe dU\eU, ZaV dULOOed
XVLQg a hROe VaZ 0.1905 P fURP Whe baVe. TR XVe Whe V\VWeP, Whe dU\LQg UacN ZaV SOaced RQ Whe
OLS Rf Whe LQVLde Rf Whe bR[; WheQ Whe VcUeeQ ZLWh Whe ZeW eQWaQgOed fLbUeV fROORZed. The OLd ZaV
SOaced RQ WRS Rf Whe RXWeU edge aQd a heaY\ RbMecW ZaV SOaced RQ WRS Rf Whe OLd WR VeaO LW. FXUWheU,
a cRQYeQWLRQaO haLU dU\eU ZaV XVed aV a heaW VRXUce. The haLU dU\eU ZaV LQVeUWed LQWR Whe hROe
ZhLOe RQ a hLgh heaW VeWWLQg aQd cUeaWed RSWLPaO hRW aLU cRQdLWLRQV UeTXLUed WR dU\ Whe ZLSe.
WhLOe Whe haLU dU\eU LV acWLYe, aLU QeedV WR eVcaSe Whe bR[. TheUefRUe Whe heaY\ RbMecW ZaV SOaced
VOLghWO\ RffVeW RQ WRS Rf Whe bR[¶V OLd VR WhaW Whe bXLOW XS aLU LQ Whe bR[ ZRXOd fRUce Whe OLd VOLghWO\
XS. AV Whe aLU LV fRUced XS, a VPaOO gaS beWZeeQ Whe OLd aQd gaVNeW ZRXOd aSSeaU WR UeOeaVe VRPe
aLU. The dXUaWLRQ Rf Whe dU\LQg SeULRd ZaV RQ aYeUage 12 PLQXWeV LQ dXUaWLRQ.
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FLgXUe 3. DLPeQVLRQV Rf Whe dU\LQg V\VWeP (BXccL, 2021)

The ZLSe ZaV WheQ caUefXOO\ SeeOed Rff Whe VcUeeQ aQd e[aPLQed. ObVeUYaWLRQV ZeUe
addLWLRQaOO\ QRWed dRZQ aORQg ZLWh aQ\ LVVXeV UegaUdLQg Whe WechQLTXeV, eTXLSPeQW aQd PaWeULaOV
XVed.

3.5 :HWWLQJ SROXWLRQ
IQ RUdeU WR SUeSaUe Whe ZeWWLQg VROXWLRQ, Whe fROORZLQg LQgUedLeQWV aQd WheLU UeVSecWLYe

SURSRUWLRQV ZeUe XVed:

● 64% DLVWLOOed ZaWeU
● 5% VegeWabOe gO\ceULQ
● 12% CaSU\OLc/caSULc WULgO\ceULdeV
● 2% OOLYeP 1000
● 15% CRcR gOXcRVLde
● 2% GeRGaUd UOWUa
● CLWULc acLd WR baOaQce Whe SH WR 5.5

The fRUPXOaWLRQ aQd PeWhRd Rf Whe ZeWWLQg VROXWLRQ ZaV RbWaLQed fURP WeUWLaU\ VRXUceV,
ZhLch LQcOXded VXSSOLeU ZebVLWeV (CRRS CRcR, 2014; 2015; 2020a; 2020c; Q.b.d) aQd
LQfRUPaWLRQaO YLdeRV (Lee, 2019) aV QR SULPaU\ VRXUceV ZeUe aYaLOabOe fRU WhLV WRSLc. The PeWhRd
Rf SUeSaUaWLRQ fLUVW LQYROYed a ZaWeU ShaVe aQd aQ RLO ShaVe. A WhLUd ShaVe fRU Whe VXUfacWaQW,
SUeVeUYaWLYe aQd SH baOaQce ZaV aOVR LQcOXded. The fRUPXOaWLRQ had a WRWaO YROXPe Rf 60 PL,
ZhLch ZaV Whe eVWLPaWed YROXPe UeTXLUed fRU Whe WeVWLQg SURcedXUeV Rf Whe SURMecW. TR VWaUW Whe
fRUPXOaWLRQ, Whe ZaWeU ShaVe ZaV Pade, 38 PL Rf ZaWeU aQd 3 PL Rf gO\ceULQ ZaV SRXUed LQWR a
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150 PL beaNeU aQd PL[ed XQWLO cRPbLQed. AV fRU Whe RLO ShaVe, 7.2 PL Rf caSU\OLc/caSULc
WULgO\ceULdeV aQd 1.2 PL Rf ROLYeP 1000 ZeUe SRXUed LQWR a QeZ 150 PL beaNeU aQd PL[ed XQWLO
cRPbLQed. BRWh beaNeUV ZeUe SOaced LQWR a ZaWeU baWh aW 70 degUeeV ceOVLXV fRU 20 PLQXWeV LQ
RUdeU WR VWeULOL]e bRWh VROXWLRQV. OQce Whe VROXWLRQV ZeUe VWeULOe, Whe ZaWeU ShaVe ZaV WheQ SRXUed
LQWR Whe RLO ShaVe aQd Whe VROXWLRQ ZaV bOeQded XVLQg aQ LPPeUVLRQ bOeQdeU. FLQaOO\, fRU Whe WhLUd
ShaVe Rf Whe fRUPXOaWLRQ, 9PL Rf cRcR gOXcRVLde ZaV added LQWR Whe VROXWLRQ aQd VWLUUed geQWO\.
The SH ZaV PeaVXUed XVLQg a SH PeWeU aQd ZaV adMXVWed WR 5.5 XVLQg cLWULc acLd. FROORZLQg WhLV,
Whe SUeVeUYaWLYe GeRGaUd UOWUa, ZaV added LQ aW 1.2 PL aQd Whe VROXWLRQ ZaV VWLUUed XQWLO Whe
SUeVeUYaWLYe ZaV cRPbLQed. TR cRQcOXde Whe SUeSaUaWLRQ, Whe ZeWWLQg VROXWLRQ ZaV SOaced LQ a
VSUa\ bRWWOe WR eYeQO\ dLVWULbXWe Whe VROXWLRQ RQWR Whe ZLSe ULghW befRUe WeVWLQg SURcedXUeV. Each
VLde Rf Whe ZLSe VaPSOe ZaV VSUa\ed 5 WLPeV SULRU WR WeVWLQg, WhLV aOORZed fRU a dU\ WR ZeW UaWLR Rf
0.8 RU OeVV.

3.6 OYHUDOO CRVW RI PURWRW\SH S\VWHP
The RYeUaOO cRVW Rf Whe SURWRW\Se WRWaOed WR $218.73 (Vee TabOe B1). The UaZ PaWeULaOV

VXSSOLed fRU Whe cRQVWUXcWLRQ Rf Whe ZLSeV ZeUe gUacLRXVO\ SURYLded b\ BaVW FLbUe Tech aQd DU.
MaULe-JRVpe DXPRQW aW QR cRVW. ETXLSPeQW WR cRQVWUXcW Whe ZLSe, VXch aV Whe RUaO LUULgaWRU, Whe
dU\LQg UacN, Whe SaSeU-PaNLQg VcUeeQ aQd WePSeUaWXUe gXQ, ZeUe SXUchaVed fURP APa]RQ, aV LW
ZaV Whe PRVW ecRQRPLcaO RSWLRQ fRU Whe WeaP. FXUWheU, Whe eTXLSPeQW Qeeded fRU Whe WeVWLQg Rf
Whe ZLSe, VXch aV Whe VLPXOaWed WRLOeW SLSeV (P-WUaS aQd dUaLQ-OLQe) aQd SH PeWeU ZeUe SXUchaVed
fURP RpQR-DpS{W aQd APa]RQ UeVSecWLYeO\. The LQgUedLeQWV fRU Whe ZeWWLQg VROXWLRQ ZeUe
SXUchaVed fURP CRRS CRcR aV WhLV VXSSOLeU ZaV ecRQRPLcaOO\ aSSURSULaWe aQd had a ZLde YaULeW\
Rf RSWLRQV. The bXdgeW fRU Whe SURdXcWLRQ aQd WeVWLQg Rf WhLV SURWRW\Se ZaV fXQded b\ Whe
BLRUeVRXUce EQgLQeeULQg SWXdeQW SRcLeW\ (BESS) IQQRYaWLRQ & DeVLgQ FXQd. AV ZeOO, aQ\ RWheU
eTXLSPeQW XVed LQ Whe cRQVWUXcWLRQ aQd WeVWLQg ShaVeV Rf Whe SURMecW ZeUe SUeYLRXVO\ RZQed aQd
VXSSOLed b\ Whe PePbeUV Rf WhLV SURMecW.

4.0 PURWRW\SH EQG PURGXFW
FROORZLQg Whe SURWRW\Sed ZLSe PaQXfacWXULQg SURceVV, Whe eQd SURdXcWV UeceLYed ZLOO be

VXbMecW WR WeVWLQg aV a PeaQV Rf PeeWLQg Whe UeTXLUePeQWV Rf Whe SURdXcW QeedV OLVW (PNL) aV
LOOXVWUaWed LQ TabOe 1. TheVe eYaOXaWLRQV LQcOXde VWaQdaUdL]ed INDA & EDANA WeVWLQg,
ePSLULcaO aQaO\VeV aV ZeOO aV Whe cRQVLdeUaWLRQ Rf LWV RYeUaOO RccXSaWLRQaO heaOWh aQd VafeW\.

TabOe 1: HLeUaUchLcaO PURdXcW NeedV LLVW

1. FOXVKDELOLW\
1.1 EaVLO\ dLVVROYabOe fRU PXQLcLSaO VeZage V\VWePV

2. UVHU FULHQGO\
2.1 Safe LQgUedLeQWV
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2.2 AffRUdabOe
2.3 NRQ-abUaVLYe
2.4 GeQWOe cOeaQVLQg
2.5 ASSURSULaWe VL]e

3. DXUDEOH
3.1 TeaU UeVLVWaQW
3.2 PaWhRgeQ UeVLVWaQW

4. FOH[LEOH
4.1 FROdabOe

5. LRZ EQYLURQPHQWDO IPSDFW
5.1 POaVWLc fUee
5.2 SXVWaLQabOe
5.3 BLRdegUadabOe

4.1 THVWLQJ SWDQGDUGV
4.1.1 INDA & EDANA THVWLQJ
IQ RUdeU WR SURSeUO\ defLQe fOXVhabLOLW\, INDA & EDANA WeVWV fRU WRLOeW bRZO aQd

dUaLQ-OLQe cOeaUaQce, VORVh bR[ dLVLQWegUaWLRQ aQd VeWWOLQg ZeUe Whe RQeV eYaOXaWed fRU Whe ZLSeV
deYeORSed.

A. Toilet Bowl and Drain-line Clearance Test

INDA & EDANA Guidelines
AV a PeaQV Rf eYaOXaWLQg Whe behaYLRXU Rf a QRQZRYeQ ZLSe WhURXgh a WRLOeW aQd

dUaLQ-OLQe V\VWeP, Whe FG501.R1(18) WRLOeW bRZO aQd dUaLQ-OLQe cOeaUaQce WeVW ZaV XVed. ThLV WeVW
UeTXLUeV bRWh a WRLOeW aQd dUaLQ-OLQe, aQd ZaV PeaQW WR VLPXOaWe RQe WRLOeW V\VWeP XVed b\ a
faPLO\ Rf fRXU dXULQg a SeULRd Rf 2 da\V (INDA & EDANA, 2018). FRU QRQZRYeQ ZLSeV, a
VeTXeQce Rf 35 fOXVheV LV UeTXLUed WR SURSeUO\ UeSOLcaWe Whe XVe Rf Whe WRLOeW XQdeU VXch
cRQdLWLRQV. MRUe VSecLfLcaOO\, WhLV VeTXeQce LV UeTXLUed WR be UeSeaWed: fOXVhLQg ZLWh Whe ZLSe
aQd ZaWeU RQO\, fOXVhLQg ZLWh Whe ZLSe, ZaWeU aQd VLPXOaWed fecaO PaWWeU (SFM), aV ZeOO aV
fOXVhLQg ZLWh Whe ZLSe, ZaWeU aQd WRLOeW SaSeU (INDA & EDANA, 2018). The WeVW PXVW cRQWLQXe
WhURXghRXW Whe eQWLUeW\ Rf Whe VLPXOaWLRQ aV Whe SURdXcWV beLQg fOXVhed PXVW VXcceVVfXOO\ e[LW Whe
dUaLQ-OLQe afWeU 35 fOXVheV. FXUWheU, WR deWeUPLQe Whe SaVVLQg UaWe Rf WhLV WeVW, Whe QRQZRYeQ ZLSe
caQQRW cORg Whe V\VWeP (WRLOeW aQd dUaLQ-OLQe) fRU a Pa[LPXP Rf RQe VLPXOaWed fOXVh (INDA &
EDANA, 2018).
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Model Simulation
IQ RUdeU WR VLPXOaWe Whe FG501.R1(18) WeVW, a VPaOO-VcaOe PRcN V\VWeP ZaV cUeaWed. AV LW

ZaV dLffLcXOW WR RbWaLQ a UeaO-OLfe WRLOeW aQd dUaLQ-OLQe V\VWeP, a fORRU P-WUaS aQd aQ aWWached RSeQ
fXQQeO aOXPLQXP bRZO VeUYed aV VXbVWLWXWeV (fLg. 4). MRUe VSecLfLcaOO\, baVed RQ CaQadLaQ WRLOeW
V\VWePV, LW ZaV cRQcOXded WhaW Whe dUaLQ-OLQe SLSe dLaPeWeU W\SLcaOO\ haV a PLQLPXP YaOXe Rf 3
LQcheV RU 7.62 cP (BUeQQeU, 2018). TheUefRUe, Whe P-WUaS VeWXS ZaV VeW WR fROORZ WheVe
dLPeQVLRQV aV a PeaQV Rf eQVXULQg a SURSeU PRcN VLPXOaWLRQ. AV ZeOO, Whe OeQgWh Rf Whe
dUaLQ-OLQe XVed ZaV 57.15 cP ORQg. IQ addLWLRQ, Whe aOXPLQXP-baVed fXQQeO bRZO ZaV cUeaWed WR
LOOXVWUaWe Whe VhaSe Rf a W\SLcaO CaQadLaQ WRLOeW bRZO aQd beVW VLPXOaWe Whe PRYePeQW Rf ZaWeU.

AV Whe deVLgQ dLd QRW accRXQW fRU a UeaO WRLOeW ZLWh a VeW fOXVhLQg V\VWeP, RQce Whe VeWXS
ZaV cRPSOeWe (Vee fLgXUe C.1), Whe aPRXQW Rf ZaWeU UeTXLUed WR VLPXOaWe a VLQgOe fOXVh ZaV
caOcXOaWed. A VLQgOe fOXVh LV eTXLYaOeQW WR 5 OLWUeV Rf ZaWeU (POXPbLQg PaUaPedLcV, 2018).
TheUefRUe, fROORZLQg Whe LQVWUXcWLRQV Rf Whe INDA & EDANA simulation, 35 fOXVheV each ZLWh 5
OLWUeV Rf ZaWeU ZaV SRXUed aORQgVLde Whe ZLSe. AV Whe QXPbeU Rf ZLSeV SURdXced ZaV OLPLWed, Whe
WeaP decLded WR VLPXOaWe RQe VeTXeQce Rf Whe 35 fOXVheV XVLQg RQO\ ZaWeU ZLWh a ZhROe ZLSe. A
caWchPeQW baVLQ ZaV SOaced aW Whe eQd Rf Whe e[LWLQg SLSe Rf Whe P-WUaS WR Vee Whe dLVLQWegUaWLRQ Rf
Whe ZLSe fROORZLQg Whe fOXVh VeTXeQce. The caWchPeQW baVLQ ZaV dUaLQed eYeU\ 5 fOXVheV aV a
PeaQV Rf deWeUPLQLQg ZheWheU WheUe ZeUe aQ\ SaUWLcOeV fURP Whe ZLSe OefW afWeU a VeTXeQce Rf 5
fOXVheV. ThLV heOSed WR deWeUPLQe ZheWheU Whe ZLSe ZaV beLQg fOXVhed RXW accRUdLQgO\ aQd
ZheWheU WheUe ZeUe aQ\ cORgV.

FLgXUe 4. SNeWch Rf WRLOeW bRZO aQd dUaLQ-OLQe cOeaUaQce WeVW (BXccL, 2021)

B. Slosh Box Disintegration Test

24



INDA & EDANA Guidelines
TR aQaO\]e Whe dLVLQWegUaWLRQ behaYLRXU Rf a QRQZRYeQ ZLSe dXULQg Whe SURceVV Rf

agLWaWLRQ ZhLch RccXUV LQ WRLOeW bRZOV aQd ZaVWeZaWeU SLSeV, Whe VWaQdaUd FG502.R1(18) VORVh
bR[ dLVLQWegUaWLRQ WeVW ZaV XVed. MRUe VSecLfLcaOO\, WhLV WeVW LV cRQdXcWed LQ a 2 L baVLQ Rf WaS
ZaWeU, ZheUe Whe QRQZRYeQ ZLSe LV agLWaWed aW a UaWe Rf 26 USP fRU a WRWaO Rf 60 PLQXWeV (INDA
& EDANA, 2018). FROORZLQg, Whe baVLQ ZaV WheQ SRXUed RXW RQWR a 12.5 PP SeUfRUaWed VheeW aV
a PeaQV WR PeaVXUe Whe UaWLR Rf dLVLQWegUaWed ZLSe ZhLch SaVVed WhURXgh Whe hROeV cRPSaUed WR
WhaW UePaLQLQg RQ LWV VXUface (INDA & EDANA, 2018). The UePaLQLQg ZLSe LV WheQ dULed aQd
ZeLghed, WheQ cRPSaUed WR LWV RULgLQaO dU\ ZeLghW. FRU Whe WeVW WR be fXOO\ cRQfLUPed, LW PXVW be
UeSOLcaWed aW OeaVW VL[ WLPeV. FLQaOO\, WR achLeYe a SaVVLQg UaWLQg, Whe UePaLQLQg dU\ ZeLghW PXVW
QRW e[ceed 40% Rf Whe VWaUWLQg ZeLghW fRU aW OeaVW 80% Rf Whe UeSOLcaWeV WeVWed (INDA &
EDANA, 2018).

Model Simulation
TR VXcceVVfXOO\ LPLWaWe WeVW FG502.R1(18), a VWULS Rf Whe ceOOXORVe-baVed ZLSe cUeaWed

ZaV ZeLghed dU\ aQd XVed. ThLV WeVW ZaV QRW SeUfRUPed VL[ WLPeV aV Whe aYaLOabLOLW\ Rf ZLSeV ZaV
OLPLWed. The VWULS ZaV SOaced LQWR a bRZO fLOOed ZLWh 2 L Rf WaS ZaWeU, ZaV cRYeUed ZLWh a OLd aQd
agLWaWed PaQXaOO\ fRU 1 hRXU. The URWaWLRQaO VSeed Rf 26 USP ZaV dLffLcXOW WR PLPLc e[acWO\ aV
WheUe ZaV QR PeaQV Rf PeaVXULQg WhLV SUecLVe YaOXe. HRZeYeU, WhLV ZaV QRW QegOecWed aV Whe
VLPXOaWLRQ aLPed WR achLeYe aQ agLWaWLRQ UaWe Rf aSSUR[LPaWeO\ 2.7 UadLaQV SeU VecRQd (aURXQd 3
fXOO cLUcOe PRYePeQWV SeU VecRQd) aV SeU eTXaWLRQ 5.

(5)𝑅𝑎ԿՄ𝑎ՉՎ ࡙ 26 ՍՋՈ ࡕ ೻ 2π
1 ՍՀՑ ೼ ࡕ 1 ՈՄՉ

60 ՎՀԾ

𝑅𝑎ԿՄ𝑎ՉՎ ࡙  2. 7227 Ս𝑎Կ/Վ

AfWeU Whe hRXU Rf agLWaWLRQ eOaSVed, Whe fOXLdV Rf Whe bRZO ZeUe SaVVed WhURXgh a 10 PP
hROe VWUaLQeU. The PaWeULaO WhaW UePaLQed RQ Whe VXUface Rf Whe VWUaLQeU ZaV WUaQVfeUUed WR aQRWheU
cOeaQ bRZO WR dU\ cRPSOeWeO\ aQd ZaV WheQ UeZeLghed. The SaVVLQg UeVXOW Rf Whe WeVW ZaV
cRQdXcWed XVLQg eTXaWLRQ 6, ZheUe RQO\ a Pa[LPXP Rf 40% Rf Whe ZLSe¶V SRVW-WeVW dU\ ZeLghW
ZRXOd be UePaLQLQg RQ Whe VWUaLQeU¶V VXUface (INDA & EDANA, 2018).

(6)Ւ
Ձ

࡞ 0. 4 ೻Ւ
Մ
೼

ZheUe
ZeLghW Rf RULgLQaO ZLSe (SULRU WR WeVW)Ւ

Մ
࡙

ZeLghW Rf UePaLQLQg ZLSe (SRVW WeVW)Ւ
Ձ

࡙

C. Settling Test

INDA & EDANA Guidelines
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AV a PeaQV Rf deWeUPLQLQg Whe QRQZRYeQ¶V abLOLW\ WR VeWWOe LQ Whe V\VWePV Rf a ZaVWeZaWeU
WUeaWPeQW facLOLW\, Whe FG504.R1(18) VeWWOLQg WeVW ZaV XVed. ThLV WeVW ZaV cRQVWUXcWed b\ XVLQg a
ZaWeU-fLOOed WUaQVSaUeQW c\OLQdeU ZLWh PeaVXUed PaUNLQgV aORQgVLde LWV OeQgWh WR deWeUPLQe Whe
dLVWaQce WUaYeOOed b\ Whe ZLSe (INDA & EDANA, 2018). MRUe VSecLfLcaOO\, a c\OLQdeU ZLWh a 20
cP dLaPeWeU aQd a PLQLPXP heLghW Rf 35 cP ZaV UeTXLUed. The ZLSeV aUe LQLWLaOO\ ULQVed ZLWh
ZaWeU aQd WheQ SOaced LQWR a 1 L beaNeU fLOOed ZLWh WaS ZaWeU, ZhLch ZaV WheQ SRXUed LQWR Whe
WUaQVSaUeQW c\OLQdeU. OYeU Whe cRXUVe Rf 24 hRXUV, Whe ZLSe¶V dLVSOacePeQW behaYLRXU LQ Whe
c\OLQdeU ZaV RbVeUYed aQd caOcXOaWed WR deWeUPLQe Whe aYeUage VeWWOLQg UaWe (INDA & EDANA,
2018). IQ aQ LQdXVWULaO VeWWLQg, WhLV WeVW ZRXOd haYe beeQ cRQdXcWed 10 WLPeV, each ZLWh a
dLffeUeQW ZLSe WR deWeUPLQe accXUaWe UeVXOWV. OYeUaOO, Whe SaVVLQg UaWe fRU WhLV WeVW ZRXOd UeTXLUe
95% Rf Whe ZLSe WR QRW ULVe PRUe WhaQ 30 cP fURP Whe bRWWRP Rf Whe c\OLQdeU ZLWhLQ Whe fXOO 24
hRXU SeULRd QRU e[ceed a VeWWOLQg UaWe Rf 0.1 cP/V (INDA & EDANA, 2018).

Model Simulation
SLPXOaWLQg Whe FG504.R1(18) WeVW ZaV cRPSOeWed XVLQg a 50 cP hLgh cOeaU YaVe ZLWh a

dLaPeWeU Rf 18 cP. A PeWULc PeaVXULQg WaSe ZaV aWWached aORQgVLde Whe OeQgWh Rf Whe c\OLQdeU aV
a PeaQV Rf RbVeUYLQg Whe gUadXaWLRQV Rf Whe ZLSe RYeU WLPe. The c\OLQdeU ZaV fLOOed ZLWh eQRXgh
ZaWeU OeaYLQg URRP fRU aQ addLWLRQaO 1 L WR be fXUWheU added LQ. Ne[W, Whe ZLSe ZaV ULQVed ZLWh
WaS ZaWeU aQd ZaV WheQ SOaced LQ a VeSaUaWe bRZO fLOOed ZLWh 1 L. ThLV ZaV WheQ WUaQVfeUUed
dLUecWO\ WR Whe cOeaU YaVe aQd UecRUded a WRWaO YROXPe Rf 48 cP. The 24-hRXU WLPeU begaQ
LPPedLaWeO\ afWeU RbVeUYLQg LWV LQLWLaO VeWWOLQg behaYLRXU (Vee fLgXUe C.2).

4.1.2 ASTM THVWLQJ: GUDE THVW
AV a PeaQV Rf defLQLQg dXUabLOLW\ accRUdLQg WR Whe PNL (TabOe 1), Whe gUab WeVW ZaV

cRQdXcWed WR deWeUPLQe Whe SURdXcW'V WeaU UeVLVWaQce.

ASTM Guidelines

AQRWheU WeVW cRQdXcWed RQ Whe QRQZRYeQ h\gLeQLc ZLSeV ZaV Whe ASTM D5034:
VWaQdaUd WeVW PeWhRd fRU bUeaNLQg VWUeQgWh aQd eORQgaWLRQ Rf We[WLOe fabULcV, aOVR NQRZQ aV Whe
gUab WeVW. The fROORZLQg LV a PeWhRd XVed WR deWeUPLQe Whe bUeaNLQg VWUeQgWh aQd eORQgaWLRQ Rf a
VaPSOe SLece Rf Whe QRQZRYeQ ceOOXORVe-baVed ZLSe WhURXgh Whe XVe Rf a XQLYeUVaO WeVWLQg
PachLQe (UTM). The VWULSV XVed LQ WhLV SURcedXUe aUe Qeeded WR be cXW WR PLQLPXP dLPeQVLRQV
Rf 10 cP b\ 15 cP. The gage OeQgWh UeTXLUed b\ Whe VWaQdaUd LV aSSUR[LPaWeO\ 7.5 cP beWZeeQ
Whe WZR gULSV (ASTM, 2017). FXUWheUPRUe Whe ORadLQg UaWe WhaW LV aSSOLed WR Whe VaPSOeV VhRXOd
be abRXW 30 cP SeU PLQXWe. The VWaQdaUd aOVR OLVWed RWheU PeaVXUeV LQ SOace WR eQVXUe WhaW a
VXffLcLeQW XQLfRUPLW\ Rf Whe fRUce LV aSSOLed WR Whe VaPSOeV. MeaVXUeV aOVR e[LVW WR eQVXUe WhaW Whe
SUeVVXUe Rf Whe cOaPSV LV eYeQ acURVV Whe VaPSOe ZhLOe aOVR PaLQWaLQLQg QR VOLSSage Rf Whe ZLSe
LQ Whe cOaPSV (ASTM, 2017). AccRUdLQg WR Whe VWaQdaUd, Whe aPRXQW Rf WLPe LW WaNeV fRU a ZLSe WR
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bUeaN VhRXOd be URXghO\ 20 VecRQdV aQd ZheQ LW dReV, LW VhRXOd QRW RccXU ZLWhLQ haOf a
ceQWLPeWUe Rf Whe cOaPSV (ASTM, 2017). The VWaQdaUd aOVR VWaWeV WhaW WhLV gLYeQ WLPe-WR-bUeaN LV
aUbLWUaU\ aQd LV VROeO\ a VXggeVWed WLPe, aV each PaQXfacWXUeU Pa\ haYe VSecLfLc UeTXLUePeQWV
(ASTM, 2017).

Model Simulation

DXULQg Whe VLPXOaWLRQ, a deYLaWLRQ fURP Whe VWaQdaUd ZaV QeceVVaU\ aV Whe UTM XVed fRU
Whe WeVWLQg RQO\ aOORZed fRU VaPSOeV WhaW ZeUe 1 WR 4 cP ZLde b\ 10 cP ORQg. Each VaPSOe ZaV
cXW aQd WheQ PeaVXUed LQdLYLdXaOO\, Whe PeaVXUePeQWV Rf each ZLSe ZeUe aOO VOLghWO\ dLffeUeQW
aQd WheUefRUe Qeeded WR be WaNeQ LQWR accRXQW (Vee ASSeQdL[ D.1). The chaQgeV LQ dLPeQVLRQV
ZeUe LQSXW LQWR Whe UTM aQd WaNeQ LQWR accRXQW LQ Whe caOcXOaWLRQV.

FLYe ZLSe WeVWV ZeUe SeUfRUPed fRU each VaPSOe, ZhLch LQcOXded ZLSeV A, B aQd C ZheQ
dU\ aV ZeOO aV VaPSOeV B aQd C ZheQ ZeW. UQfRUWXQaWeO\, dXe WR WLPe aQd e[SeULPeQWaO
cRQVWUaLQWV a OLPLWed TXaQWLW\ Rf ZLSe A ZaV aYaLOabOe fRU WeVWLQg aQd, WheUefRUe, LW ZaV QRW WeVWed
XQdeU ZeW cRQdLWLRQV. EYeQ WhRXgh Whe VWaQdaUd UeTXLUed fRU Whe We[WLOe WR be ZeWWed SULRU WR
WeVWLQg, Whe WeaP agUeed WhaW Whe ZLSe VhRXOd be WeVWed XQdeU bRWh ZeW aQd dU\ cRQdLWLRQV. AV
UeTXLUed b\ Whe VWaQdaUd, Whe ZLSe ZaV PRXQWed LQWR Whe UTM aQd Whe gULS dLVWaQce ZaV VeW aW
7.5 ceQWLPeWUeV. The ZLSe ZaV WheQ PaUNed Rff aQd Whe OLQe ZaV e[aPLQed afWeU each WeVW WR
cRQfLUP WhaW QRQe Rf Whe ZLSeV e[SeULeQced VOLSSLQg. The UTM aOVR cRQfRUPed WR Whe
UeTXLUePeQWV Rf Whe VWaQdaUd b\ aSSO\LQg a cURVVhead VSeed Rf 30 cP SeU PLQXWe XQWLO Whe ZLSe
bURNe.

ThLV WeVW ZaV XVed WR PeaVXUe each VaPSOe¶V RYeUaOO dXUabLOLW\ aQd WeaU UeVLVWaQce aV Whe
UTM V\VWeP aSSOLed a WeQVLOe ORad aQd cRPSXWed Whe dLVSOacePeQW, VWUeVV, VWUaLQ aW Whe
Pa[LPXP ORad aORQg ZLWh each WeVWV¶ YRXQg¶V PRdXOXV. The UTM ZaV abOe WR PeaVXUe Whe
We[WLOe¶V dLVSOacePeQW XQdeU a WeQVLOe ORad, ZhLch UeSUeVeQWV Whe chaQge LQ OeQgWh Rf Whe fabULc
(CaOOLVWeU aQd ReWhZLVch, 2015). ThLV WeQVLOe VWUeVV UefeUV WR Whe fRUce aSSOLed RQ a ceUWaLQ aUea, LQ
SI XQLWV aQd LV PeaVXUed LQ N/P2 (CaOOLVWeU aQd ReWhZLVch, 2015). OQ Whe RWheU haQd, Whe VWUaLQ
ZaV RbWaLQed b\ Whe UaWLR Rf Whe chaQge LQ OeQgWh RYeU Whe RULgLQaO OeQgWh Rf Whe VSecLPeQ, ZhLch
LQ WhLV caVe ZaV VeW aW 7.5 cP (CaOOLVWeU aQd ReWhZLVch, 2015). FXUWheU, Whe WeQVLOe VWUeQgWh
UeSUeVeQWV Whe Pa[LPXP VWUeVV RQ a VWUaLQ-VWUaLQ cXUYe (CaOOLVWeU aQd ReWhZLVch, 2015). AQRWheU
SaUaPeWeU WhaW ZaV PeaVXUed b\ Whe UTM PachLQe LV Whe YRXQg'V PRdXOXV, ZhLch eVWabOLVheV a
UeOaWLRQVhLS beWZeeQ VWUeVV aQd VWUaLQ aQd UefeUV WR Whe PaWeULaO¶V abLOLW\ WR ZLWhVWaQd chaQge LQ
OeQgWh ZhLOe XQdeU a WeQVLOe ORad. ThLV LV aOVR cRPPRQO\ UefeUUed WR aV Whe PRdXOXV Rf eOaVWLcLW\
(CaOOLVWeU aQd ReWhZLVch, 2015).

4.2 EPSLULFDO AQDO\VHV
FROORZLQg Whe VWaQdaUdL]ed WeVWLQg WhaW eQVXUeV Whe fOXVhabLOLW\ aQd dXUabLOLW\

UeTXLUePeQWV Rf Whe ZLSe, LW LV aOVR QeceVVaU\ WR aSSO\ dLUecW aQd LQdLUecW RbVeUYaWLRQV WR Whe
SURdXcW. IQ Whe caVe Rf WheVe QRQZRYeQ h\gLeQLc ZLSeV, VXch ePSLULcaO aQaO\VeV ZLOO eQVXUe WhaW
Whe ZLSeV PeeW Whe PaLQ WaUgeWV Rf Whe XVeU-fULeQdOLQeVV aQd fOe[LbLOLW\ caWegRULeV.
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IQ deWaLO, Whe ZLSeV SURdXced PXVW XShROd ceUWaLQ VWaQdaUdV Rf We[WXUe aQd feeO WR eQVXUe
LWV RYeUaOO VRfWQeVV aQd QRQ-abUaVLYeQeVV. ThLV ZaV RbVeUYed b\ Whe Sh\VLcaO WRXch WR Whe VNLQ Rf
Whe fLQaO SURdXcW, ZhLch LQcOXdeV Whe ZLSe beLQg VaWXUaWed ZLWh Whe ZeWWLQg VROXWLRQ. AORQgVLde
WhLV ZeWWLQg VROXWLRQ, LW ZaV Pade ZLWh SURSeUO\ fRUPXOaWed LQgUedLeQWV WR be geQWOe RQ Whe VNLQ
aQd SURYLde cOeaQVLQg SURSeUWLeV WR UePRYe PLOd RLO, geUPV aQd dLUW, ZhLOe QRW LQdXcLQg aQ\ fRUP
Rf LUULWaWLRQ RU haUVh VPeOOV. AV ZeOO, Whe fLQaO ZLSe VL]e aQd fOe[LbLOLW\ ZeUe RbVeUYed WhURXgh
fROdLQg Whe ZLSe aQd aWWePSWLQg WR PLPLc LWV XVe b\ cRQVXPeUV. FXUWheUPRUe, Whe chaUacWeULVWLcV
Rf Whe ZLSeV SURdXced ZeUe LPaged LQ Whe VcaQQLQg eOecWURQ PLcURVcRSe (SEM). The LPageV
SURYLded b\ Whe SEM (Vee fLgXUe E) heOSed deWeUPLQe aQd cRQfLUP YLVXaO dLffeUeQceV beWZeeQ Whe
ZLSe VaPSOeV.

4.3 OFFXSDWLRQDO HHDOWK & SDIHW\
The RccXSaWLRQaO heaOWh aQd VafeW\ Rf Whe SURdXcW aQd LWV deYeORSPeQW ZaV QRW LQcOXded

LQ Whe PNL. IW LV QRW a cULWeULRQ WhaW LV VXbMecW WR cRQVLdeUaWLRQ aV aOO facLOLWLeV aUe UeTXLUed WR
abLde b\ WheVe eWhLcV.

Industry Regulation

The RccXSaWLRQaO heaOWh aQd VafeW\ gXLdeOLQeV fRU QRQZRYeQ ZeW ZLSeV ZeUe bULefO\
dLVcXVVed LQ Whe SUeYLRXV UeSRUW Cellulose-Based Hygienic Flushable Wipes. AddLWLRQaOO\, aV a
PeaQV Rf eQVXULQg GRRd MaQXfacWXULQg PUacWLceV (GMP) LQ UeOaWLRQ WR h\gLeQLc ZeW ZLSeV, Whe
GRYeUQPeQW Rf CaQada UefeUV WR Whe gXLdeOLQeV VeW fRUWh b\ Whe FRRd aQd DUXgV AcW (FDA), Whe
IQWeUQaWLRQaO CRRSeUaWLRQ RQ CRVPeWLc RegXOaWLRQ aV ZeOO aV Whe IQWeUQaWLRQaO SWaQdaUdV
OUgaQL]aWLRQ (ISO) GXLdeOLQeV RQ GMP fRU CRVPeWLcV (GRYeUQPeQW Rf CaQada, 2014). GMPV
eQcRPSaVVeV Whe VWaQdaUdV UeTXLUed fRU Whe deYeORSPeQW Rf hLgh-TXaOLW\ SURdXcWV WhURXgh aOO Whe
LQdXVWULaO SURceVVeV QaPeO\, PaQXfacWXULQg, WeVWLQg, VWRUage, haQdOLQg aQd dLVWULbXWLRQ
(GRYeUQPeQW Rf CaQada, 2014). IQ WhLV cRQWe[W, h\gLeQLc ZeW ZLSeV aUe defLQed aV cRVPeWLcV aQd
ZLOO be fROORZLQg VXch VafeW\ aQd TXaOLW\ UeTXLUePeQWV (GRYeUQPeQW Rf CaQada, 2020).

TR eQVXUe Whe deYeORSPeQW Rf a Vafe SURdXcW ZLWhLQ a heaOWh\ LQdXVWULaO eQYLURQPeQW,
eVWabOLVhPeQW LQVWUXcWLRQV aUe XVed aV gXLdeOLQeV. MRUe VSecLfLcaOO\, aUeaV VXch aV bXLOdLQgV,
eTXLSPeQW, PaWeULaOV, UecRUdV, OabRUaWRU\ cRQWUROV aQd VWaff aUe aOO SUeSaUed aQd LQVSecWed (FDA,
2020; GRYeUQPeQW Rf CaQada, 2014). The UeTXLUePeQWV fRU bXLOdLQgV eQWaLO LWV adeTXaWe
cRQVWUXcWLRQ aQd SURSeU YeQWLOaWLRQ. The eTXLSPeQW XVed LV ZeOO PaLQWaLQed, RSeUaWeV
aSSURSULaWeO\ aQd LV URXWLQeO\ cOeaQed aQd VaQLWL]ed ZheQ QeceVVaU\. MaWeULaOV aUe eQVXUed WR be
OabeOOed aSSURSULaWeO\ aQd fUee Rf cRQWaPLQaWLRQ. FXUWheU, UecRUdV aUe QeceVVaU\ WhURXghRXW Whe
PaQXfacWXULQg SURceVV aV Whe\ eQVXUe Whe RUgaQL]aWLRQ Rf aOO eTXLSPeQW aQd PaWeULaOV XVed, aQd
dRcXPeQW Whe TXaOLW\ Rf Whe VXSSOLeV. LabRUaWRU\ cRQWUROV UeTXLUe Whe fLQLVhed SURdXcWV WR be
WeVWed LQ RUdeU WR deWeUPLQe Lf Whe\ PeeW Whe VWaQdaUdV VeW b\ Whe LQdXVWU\. LaVWO\, Whe VWaff
LQYROYed PXVW be TXaOLfLed aQd SURSeUO\ WUaLQed WR be SaUW Rf VXch LQdXVWULaO SURceVVeV. The VWaff
PXVW SaUWaNe LQ SURWRcROV WR eQVXUe WheLU RZQ heaOWh aQd VafeW\ aV ZeOO aV WhaW Rf Whe fLQLVhLQg
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SURdXcW. MRUe VSecLfLcaOO\, Whe LQdLYLdXaOV LQYROYed PXVW VSRUW SURWecWLYe cORWhLQg, gORYeV aQd
haLU WLeV (FDA, 2020; GRYeUQPeQW Rf CaQada, 2014).

Model Simulation

FRU Whe deYeORSPeQW Rf Whe h\gLeQLc ZeW ZLSe LQ TXeVWLRQ, Whe GMPV VeW fRUWh b\ Whe
GRYeUQPeQW Rf CaQada aV ZeOO aV Whe eVWabOLVhPeQW LQVWUXcWLRQV ZeUe fROORZed WR Whe beVW
caSabLOLW\. AV WhLV SURMecW ZaV cUeaWed RQ a VPaOOeU VcaOe, LW RQO\ WRRN LQWR cRQVLdeUaWLRQ Whe
LQdXVWULaO SURceVVeV Rf PaQXfacWXULQg aQd WeVWLQg. NRWLQg WhaW Whe SURMecW¶V SURceVVeV ZeUe dRQe
LQ a gORbaO SaQdePLc, caUefXO dLVWaQcLQg PeaVXUeV aV ZeOO aV VaQLWaWLRQ ZeUe VWURQgO\ eVWabOLVhed.
FRU PaQXfacWXULQg, Whe ceOOXORVe-baVed QRQZRYeQ h\gLeQLc fOXVhabOe ZeW ZLSeV ZeUe deYeORSed
LQ Whe McGLOO MacdRQaOd CaPSXV TechQLcaO SeUYLceV BXLOdLQg. ThLV bXLOdLQg¶V VWUXcWXUe aOORZed
fRU a ZeOO-YeQWLOaWed, OaUge aQd RSeQ VSace fRU SURdXcW deYeORSPeQW. AV ZeOO, aOO VSaceV XVed
ZLWhLQ Whe VhRS ZeUe SURSeUO\ cOeaQed aQd VaQLWL]ed SULRU WR XVe. Ne[W, Whe eTXLSPeQW XVed WR
deYeORS Whe deVLgQ V\VWeP ZaV QeZO\ SXUchaVed RU aOUead\ RZQed bXW ZaV eQVXUed WR be LQ
SURSeU cRQdLWLRQ aQd cOeaQed fRU UedXced SRWeQWLaO cRQWaPLQaWLRQ. AV ZeOO, WhURXghRXW Whe eQWLUe
SURdXcWLRQ aQd WeVWLQg SURcedXUeV, deWaLOed UecRUdV Rf Whe PachLQeV, PaWeULaOV XVed, aV ZeOO aV
eQd SURdXcW UeVXOWV WhURXgh ePSLULcaO aQd VWaQdaUdL]ed WeVWLQg ZeUe UecRUded LQ aQ RUgaQL]ed
MRXUQaO. ThLV aOVR eQVXUed WhaW Whe OabRUaWRU\ cRQWUROV UeTXLUed fRU WhLV VSecLfLc SURdXcW VXch aV
Whe INDA & EDANA gXLdeOLQeV, Whe ASTM VWaQdaUd aQd RYeUaOO ePSLULcaO WeVWLQg PeW Whe
UeTXLUePeQWV VeW fRUWh b\ Whe PNL dLVSOa\ed LQ TabOe 1. FLQaOO\, WhRVe LQYROYed LQ Whe ZLSe
SURdXcWLRQ aQd WeVWLQg SURcedXUeV WRRN Whe QeceVVaU\ heaOWh aQd VafeW\ PeaVXUeV WR SURWecW
WhePVeOYeV aQd PaLQO\ SURdXce a Vafe aQd hLgh-TXaOLW\ eQd SURdXcW. MRUe VSecLfLcaOO\, aOO
PePbeUV Rf Whe WeaP ZRUe SURWecWLYe cORWhLQg, gORYeV aQd haLU WLeV. AV ZeOO, face PaVNV,
dLVWaQcLQg PeaVXUeV aQd SURSeU VaQLWL]LQg SUacWLceV ZeUe cRQVLVWeQWO\ LPSOePeQWed aV SeU heaOWh
cRde UecRPPeQdaWLRQV Rf Whe COVID-19 SURWRcROV.

4.4 OYHUDOO AQDO\VLV RI RHVXOWV

The fROORZLQg VecWLRQ dLVcXVVeV Whe UeVXOWV Rf aOO Whe WeVWLQg cRQdXcWed LQ Whe
afRUePeQWLRQed VecWLRQ. MRUe VSecLfLcaOO\, WheVe UeVXOWV ZeUe aQaO\]ed aQd aVVeVVed LQ RUdeU WR
deWeUPLQe Whe aSSURSULaWe PRdLfLcaWLRQV Qeeded WR LPSURYe RQe ZLSe YeUVLRQ WR Whe Qe[W,
XOWLPaWeO\ cUeaWLQg Whe beVW fLQaO ZLSe. A YLVXaO UeSUeVeQWaWLRQ Rf ZLSe YeUVLRQ A, B aQd C caQ be
VeeQ LQ beORZ LQ fLgXUe 5.
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FLgXUe 5. VLVXaO UeSUeVeQWaWLRQ Rf WLSe A, B aQd C

WLSe VeUVLRQ A

Toilet Bowl and Drain-line Clearance Test (ReVXOW: PaVV)

NR UeaO SURbOePV ZeUe dePRQVWUaWed LQ ZLSe A WhURXgh WhLV WeVW aV WheUe ZaV QR cORggLQg
RbVeUYed. IQ addLWLRQ, Whe ZaWeU e[LWLQg Whe P-WUaS V\VWeP cOeaUO\ VhRZed bURNeQ dRZQ SLeceV Rf
Whe RULgLQaO ZLSe. IW VhRXOd be QRWed WhaW SLeceV Rf Whe ZLSe ZeUe aOUead\ QRWLced WR faOO WhURXgh
Whe eQd Rf Whe P-WUaS SLSe V\VWeP afWeU a VLQgOe fOXVh. The e[LWLQg ZaWeU fURP each fOXVh WheUeafWeU
aOVR cRQWaLQed SLeceV Rf ZhaW ORRNed OLNe dLVLQWegUaWed fLbUeV. IW WRRN a WRWaO Rf 15 fOXVheV fRU Whe
eQWLUe ZLSe WR haYe e[LWed Whe P-WUaS V\VWeP. The UePaLQLQg 20 fOXVheV VeePed WR haYe RQO\
cOeaQ ZaWeU, LQdLcaWLQg WhaW QR ZLSe ZaV OefW ZLWhLQ Whe SLSeV cORggLQg Whe V\VWeP.

Slosh Box Disintegration Test (ReVXOW: FaLO)

WLSe A had aQ LQLWLaO dU\ ZeLghW Rf 1.3 g SUe-WeVWLQg. AV Whe fLQaO dU\ ZeLghW Rf ZLSe A
caPe WR be 0.8 g, LW ZaV cRQcOXded WhURXgh Whe XVe Rf eTXaWLRQ 6 WhaW ZLSe A e[ceeded 40% Rf LWV
VWaUWLQg ZeLghW aV 0.8 g LV QRW OeVV WhaQ RU eTXaO WR 0.52g, WhXV QRW VXcceVVfXOO\ SaVVLQg Whe WeVW.

Ւ
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Մ
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࡞ 0. 52Ղ

Settling Test (ReVXOW: FaLO)

WLSe A ZaV SOaced LQ Whe c\OLQdeU aQd UePaLQed afORaW aW Whe WRS WhURXghRXW Whe eQWLUe
dXUaWLRQ Rf Whe e[aPLQaWLRQ. TheUe ZaV QR LQLWLaO VLQNLQg aQd RYeUaOO, LW VWa\ed abRYe Whe 30 cP
OLPLW, deePLQg Whe WeVW XQVXcceVVfXO.

Grab Test
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ThLV ZLSe YeUVLRQ ZaV RQO\ WeVWed XQdeU dU\ cRQdLWLRQV (QR ZeWWLQg VROXWLRQ) dXe WR
OLPLWed VXSSO\. IW had aQ aYeUage bUeaN fRUce Rf 0.429 N aQd Whe VhRUWeVW eORQgaWLRQ ZLWh aQ
aYeUage dLVSOacePeQW Rf 5.819 PP. The YRXQg¶V PRdXOXV Rf WhLV YeUVLRQ ZaV Whe VecRQd hLgheVW
ZLWh a PeaQ Rf 0.399 MPa. The UeVXOWV Rf WheVe VaPSOeV VWUeVV aQd VWUaLQ gUaShV caQ be VeeQ LQ
fLgXUe D2.1. TheVe UeVXOWV VXggeVW WhaW Whe ZLSe had a gRRd caSacLW\ WR be WeaU UeVLVWaQW accRUdLQg
WR Whe UeTXLUePeQWV Rf Whe PNL hRZeYeU LW dLd QRW haYe PXch VWUeWch WR LW LPSO\LQg WhaW LW LV QRW
YeU\ fOe[LbOe. IW VhRXOd aOVR be ZRUWh QRWLQg WhaW WhLV YeUVLRQ ZaV Whe WhLcNeVW ZhLch Pa\ e[SOaLQ
LWV hLgh bUeaN fRUce.

Empirical Analysis

WLSe A e[hLbLWed SRRU We[WXUe chaUacWeULVWLcV aV bRWh VXUfaceV ZeUe URXgh WR Whe WRXch,
VcUaWch\ aQd OacNed aQ RYeUaOO SOeaVaQW aSSeaUaQce. AV ZeOO, Whe SaSeU SXOS fLbUe XVed ZaV
XQVXcceVVfXO LQ behaYLQg aV a cRPSOLPeQWaU\ fLbUe VRXUce WR hePS. MRUe VSecLfLcaOO\, Whe SXOS
fURP Whe SaSeU dLd QRW bOeQd aSSURSULaWeO\ aQd OefW QRWLceabOe OaUge SLeceV. ThLV ZaV SUeVXPed WR
haYe Oed Whe ZLSe WR be Rf URXgheU We[WXUe, OeVV fOe[LbOe aQd QRQ-XQLfRUP. AddLWLRQaOO\, Whe ZLSe
dLVSOa\ed OaUge hROeV ZhLch ZaV a UeVXOW Rf Whe SaUaPeWeUV chRVeQ dXULQg Whe h\dUReQWaQgOePeQW
SURceVV, WhXV OeadLQg Whe ZLSe WR be YLVXaOO\ dLVSOeaVLQg.

Overview

OYeUaOO, ZLSe A dePRQVWUaWed QR LVVXeV UegaUdLQg LWV fOXVhabLOLW\ aV LW dLVSOa\ed SURSeU
dLVSeUVabOe caSabLOLWLeV ZLWhLQ Whe P-WUaS V\VWeP. HRZeYeU, LW dLd faLO ZLWh Whe VORVh bR[
dLVLQWegUaWLRQ aQd VeWWOLQg WeVWV aV Whe ZLSe dLd QRW fXOO\ dLVLQWegUaWe QRU VeWWOe. The VXcceVV fURP
Whe dUaLQ-OLQe cOeaUaQce WeVW ZaV aVVXPed WR be deULYed fURP Whe fRUce Rf a PLPLcNed WRLOeW fOXVh,
ZhLch LQ WhLV PRdeO VLPXOaWLRQ ZaV OaUge TXaQWLWLeV Rf ZaWeU beLQg SRXUed dRZQ Whe SLSe.
AOWhRXgh WheUe ZeUe faLOed WeVWV, Whe fOXVhabLOLW\ VWaQdaUdV Rf ZLSe A caQ RYeUaOO be deePed
VXffLcLeQW, aV Whe UeaO-OLfe fRUcefXO fORZ Rf ZaVWeZaWeU WR WUeaWPeQW facLOLWLeV cRQWaLQ PaQ\
cRPSRQeQWV WhaW ZRXOd facLOLWaWe Whe bUeaNdRZQ Rf ZLSe. HRZeYeU, accRUdLQg WR Whe UeVXOWV
RbWaLQed fURP Whe gUab WeVW, WhLV YeUVLRQ dLd QRW PeeW Whe UeTXLUePeQWV Rf fOe[LbLOLW\ RU
WeaU-UeVLVWaQce WhaW Whe WeaP ZaV aLPLQg WR achLeYe. LaVWO\, Whe Sh\VLcaO chaUacWeULVWLcV Rf ZLSe A
dLVSOa\ed a Qeed fRU LPSURYePeQW aV LW OacNed aQ RYeUaOO VRfW feeO aQd XQLfRUP aSSeaUaQce.

Modifications Required

IW ZaV eYLdeQW WhaW Whe chRLce Rf bOeQded ZhLWe SaSeU ZaV QRW a VXLWabOe ZRRd SXOS fLbUe
chRLce. IW ZaV decLded WhaW Whe Qe[W ZLSe YeUVLRQ ZLOO XVe WhRURXghO\ bOeQded WRLOeW SaSeU aV Whe
ZRRd SXOS VRXUce WR beVW PLPLc VhRUW LQdLYLdXaO fLbUeV. FXUWheUPRUe, Whe h\dUReQWaQgOePeQW
SURceVV ZLOO be dRQe ZLWh ZaUPeU ZaWeU aQd a ORZeU MeW SUeVVXUe WR heOS VRfWeQ Whe fLbUeV aQd
UedXce Whe eQWaQgOePeQW hROe VL]e. WLWh WheVe PRdLfLcaWLRQV, ZLSe B LV e[SecWed WR SeUfRUP
beWWeU LQ Whe VORVh bR[ dLVLQWegUaWLRQ aQd VeWWOLQg WeVWV, aV WRLOeW SaSeU ZLOO bOeQd beWWeU ZLWh Whe
hePS, SRWeQWLaOO\ aOORZLQg fRU a PRUe XQLfRUP ZLSe.

WLSe VeUVLRQ B
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Toilet Bowl and Drain-line Clearance Test (ReVXOW: PaVV)

The UeVXOWV Rf WhLV WeVW ZeUe aOPRVW LdeQWLcaO WR WhaW Rf ZLSe YeUVLRQ A. HRZeYeU, LW WRRN a
WRWaO Rf 11 fOXVheV fRU Whe ZLSe WR fXOO\ e[LW Whe dUaLQ-OLQe. SLPLOaUO\, Whe ZLSe SRVW dUaLQ-OLQe ZaV
bURNeQ XS LQWR VPaOO SLeceV Rf fLbUe, ZLWh a feZ chXQNV cOXPSed WRgeWheU UePaLQLQg LQ Whe ZaWeU.

Slosh Box Disintegration Test (ReVXOW: PaVV)

WLSe B had aQ LQLWLaO dU\ ZeLghW Rf 1.5 g SUe-WeVWLQg. AV Whe fLQaO dU\ ZeLghW Rf ZLSe B
caPe WR be 0.5 g, LW ZaV cRQcOXded agaLQ WhURXgh Whe XVe Rf eTXaWLRQ 6 WhaW ZLSe B dLd QRW
e[ceed 40% Rf LWV VWaUWLQg ZeLghW, WhXV VXcceVVfXOO\ SaVVLQg Whe WeVW.

Settling Test (ReVXOW: FaLO)

WLSe B LQLWLaOO\ VXQN WR Whe bRWWRP Rf Whe c\OLQdeU, hRZeYeU URVe abRYe Whe 30 cP OLPLW
WhURXghRXW Whe eQWLUe 24-hRXU WLPe SeULRd ZhLch RYeUaOO LQdLcaWeV WhaW WhLV ZLSe dLd QRW SaVV Whe
WeVW.

Grab Test

ThLV YeUVLRQ Rf Whe ZLSe ZaV WeVWed XQdeU dU\ aQd ZeW cRQdLWLRQV. The dU\ ZLSe
SeUfRUPed Whe beVW XQdeU ORadLQg aQd ZaV abOe WR ZLWhVWaQd Whe gUeaWeVW aPRXQW Rf fRUce. The
PeaQ bUeaN fRUce ZaV 0.715 N ZLWh Whe aYeUage VWUeVV aQd VWUaLQ beLQg 0.027 MPa aQd 0.135
PP/PP UeVSecWLYeO\ (Vee fLgXUe D2.2 fRU Whe VWUeVV-VWUaLQ gUaSh). IW aOVR VhRZed WR haYe gRRd
VWUeWchLQg abLOLWLeV aV LW had aQ aYeUage eORQgaWLRQ Rf 10.129 PP. The ZLSe¶V PeaQ YRXQg¶V
PRdXOXV ZaV UecRUded aW 0.433 MPa, ZhLch ZaV hLgheU WhaQ YeUVLRQ A.

WLSe B ZaV aOVR WeVWed ZheQ LW ZaV cRQdLWLRQed ZLWh Whe ZeWWLQg VROXWLRQ. IW had a
gUeaWeU eORQgaWLRQ ZhLch ZaV e[SecWed dXe WR Whe ZeWWLQg VROXWLRQ acWLQg aV a SOaVWLcL]eU ZLWhLQ
Whe ZLSe (DXPRQW, 2021). HRZeYeU LWV aYeUage bUeaN fRUce decUeaVed WR 0.355 N aQd Whe aYeUage
YRXQg¶V PRdXOXV aOVR decUeaVed WR 0.123 MPa (Vee fLgXUe D2.4 fRU Whe VWUeVV-VWUaLQ gUaSh). ThLV
VXggeVWV WhaW Whe ZeWWLQg VROXWLRQ SURYLded Whe ZLSe ZLWh PRUe VWUeWch aQd fOe[LbOe SURSeUWLeV
hRZeYeU, LW aOVR ZeaNeQed LWV RYeUaOO WeaU UeVLVWaQce. FXUWheUPRUe, LW ZaV RbVeUYed WhaW Whe
WeaULQg ZLWhLQ ZLSe B begaQ ZheUe WheUe ZeUe hROeV RU a WhLQQeU aUea Rf Whe ZLSe.

Empirical Analysis

WLSe B e[hLbLWed a beWWeU We[WXUe WhaQ ZLSe A aV LW ZaV OeVV VcUaWch\, bXW VWLOO cRaUVe. The
YLVXaO aSSeaUaQce Rf Whe ZLSe ZaV SOeaVaQW aQd ORRNed eYeQ, aQd QR SLeceV Rf XQbOeQded ZRRd
SXOS ZeUe YLVLbOe. AV ZeOO, Whe ZLSe ZaV fOe[LbOe, bXW VWXUd\. IW ZaV VSecXOaWed WhaW WheVe
chaUacWeULVWLcV ZeUe RbWaLQed b\ WhRURXghO\ bOeQdLQg WRLOeW SaSeU aV a ZRRd SXOS fLbUe, XVLQg
ZaUPeU ZaWeU aQd b\ XVLQg a hLgheU MeW SUeVVXUe dXULQg Whe h\dUReQWaQgOePeQW SURceVV. The
bOeQded WRLOeW SaSeU fLbUeV aOVR aOORZed fRU a PRUe eYeQ We[WXUe aQd fOe[LbLOLW\. LaVWO\, Whe
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h\dUReQWaQgOePeQW hROeV ZeUe VPaOOeU WhaQ WhRVe SUeVeQWed LQ ZLSe A, OeadLQg WR a PRUe
aSSeaOLQg ORRN.

Overview

OYeUaOO, ZLSe B dePRQVWUaWed LPSURYePeQWV RYeU ZLSe A UegaUdLQg LWV fOXVhabLOLW\ aV LW
VXcceeded WhLV URXQd LQ bRWh Whe dUaLQ-OLQe cOeaUaQce WeVW aQd Whe VORVh bR[ WeVW. IW VeePed aV Lf
Whe chaQgeV Pade WR Whe SUeVVXUe LQ Whe h\dUReQWaQgOePeQW V\VWeP aOORZed fRU beWWeU
dLVSeUVLbLOLW\ ZLWh Whe agLWaWLRQ SUeVeQWed LQ Whe VORVh bR[ e[aPLQaWLRQ. AddLWLRQaOO\, VOLghW
LPSURYePeQWV ZeUe Pade UegaUdLQg Whe VeWWOLQg WeVW aV Whe ZLSe dLd VeWWOe WR Whe bRWWRP aW Whe
begLQQLQg Rf Whe eYaOXaWLRQ hRZeYeU, LW dLd eYeQWXaOO\ fORaW abRYe Whe 30 cP OLQe ZLWhLQ Whe 24
hRXUV. AddLWLRQaOO\, WhLV YeUVLRQ Rf Whe ZLSe ZaV PRUe WeaU-UeVLVWaQW aV LW ZaV abOe WR ZLWhVWaQd
Whe gUeaWeVW aPRXQW Rf fRUce RQ aYeUage. AOWhRXgh Whe RYeUaOO We[WXUe Rf ZLSe B LPSURYed
cRPSaUed WR WhaW Rf ZLSe A, fXUWheU PRdLfLcaWLRQV cRXOd be Pade WR UefLQe LWV XVeU-fULeQdOLQeVV aV
a PeaQV Rf PaNLQg LW PRUe PaUNeWabOe.

Modifications Required

The chRLce Rf bOeQded WRLOeW SaSeU UeVXOWed LQ LPSURYePeQWV, hRZeYeU LQ RUdeU WR fXUWheU
Pa[LPL]e Whe SeUfRUPaQce Rf Whe SURdXcW aV ZeOO aV LWV behaYLRXU LQ Whe VWaQdaUdL]ed WeVWV, LW ZaV
decLded WhaW cRQYeQWLRQaO ZRRd SXOS ZRXOd be beVW aV LW beVW UeSUeVeQWV LQdXVWULaO SUacWLceV.
AddLWLRQaOO\, aQRWheU cRPSRQeQW WhaW ZRXOd aLd LQ Whe RYeUaOO We[WXUe Rf Whe SURdXcW LV gO\ceURO
aQd ZRXOd be added dXULQg Whe VXVSeQVLRQ VWeS aQd agLWaWed ZLWh Whe fLbUeV. The QeZ ZRRd SXOS
fLbUeV ZaV NLQdO\ VRXUced b\ DU. DXPRQW, aQ aVVLVWaQW SURfeVVRU LQ Whe DeSaUWPeQW Rf
BLRUeVRXUce EQgLQeeULQg aW Whe UQLYeUVLW\ Rf McGLOO. AOO RWheU SaUaPeWeUV LQYROYed LQ Whe ZLSe
PaQXfacWXULQg V\VWeP VXch aV Whe h\dUReQWaQgOePeQW SUeVVXUe ZLOO UePaLQ XQchaQged. The
addLWLRQ Rf gO\ceURO ZLOO aOVR hRSefXOO\ haYe aQ LPSacW RQ Whe ZLSe¶V abLOLW\ WR VeWWOe aV LW ZLOO
cRQWULbXWe WR LQcUeaVLQg Whe deQVLW\ Rf Whe SURdXcW. WLWh WheVe PRdLfLcaWLRQV, ZLSe C LV e[SecWed
WR SeUfRUP beWWeU aQd haYe aQ LPSURYed RYeUaOO fLQLVh

WLSe VeUVLRQ C

Toilet Bowl and Drain-line Clearance Test (ReVXOW: PaVV)

The UeVXOWV Rf WhLV WeVW ZeUe aOPRVW LdeQWLcaO WR WhaW Rf ZLSe YeUVLRQV A aQd B. HRZeYeU,
LW WRRN a WRWaO Rf 10 fOXVheV fRU Whe ZLSe WR fXOO\ e[LW Whe dUaLQ-OLQe. ThLV ZLSe SRVW dUaLQ-OLQe
VeePed aV Lf LW ZaV cRPSOeWeO\ dLVLQWegUaWed aV Whe Sh\VLcaO VWUXcWXUe Rf Whe ZLSe ZaV cOeaUO\
bURNeQ XS LQWR LWV fLbURXV cRPSRQeQWV.

Slosh Box Disintegration Test (ReVXOW: PaVV)

WLSe C had aQ LQLWLaO dU\ ZeLghW Rf 1.5 g SUe-WeVWLQg. AV Whe fLQaO dU\ ZeLghW Rf ZLSe C
caPe WR be 0.6 g, LW ZaV cRQcOXded WhURXgh Whe XVe Rf eTXaWLRQ 6 WhaW ZLSe C dLd QRW e[ceed 40%
Rf LWV VWaUWLQg ZeLghW, WhXV VXcceVVfXOO\ SaVVLQg Whe WeVW.
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Settling Test (ReVXOW: PaVV)

WLSe C LQVWaQWO\ VXQN WR Whe bRWWRP aQd RYeU Whe cRXUVe Rf Whe 24-hRXU WLPe SeULRd LW
UePaLQed aW Whe bRWWRP ZhLch LQdLcaWeV WhaW WhLV ZLSe VXcceVVfXOO\ SaVVed Whe WeVW.

Grab Test

WLSe YeUVLRQ C ZaV aOVR WeVWed XQdeU dU\ aQd ZeW cRQdLWLRQV. The dU\ cRQdLWLRQ ZLSe
ZaV TXLWe VWURQg aV ZeOO aV LWV PeaQ bUeaN fRUce UeVXOWed LQ a YaOXe Rf 0.665 N (VWUeVV aQd VWUaLQ
aW Pa[ ORad ZaV 0.024 MPa aQd 0.152 PP/PP UeVSecWLYeO\ (Vee fLgXUe D2.3 fRU Whe fXOO gUaSh)).
IW aOVR had aQ aYeUage YRXQg¶V PRdXOXV Rf 0.285 MPa aQd PeaQ eORQgaWLRQ Rf 11.412 PP. NR
OaUge gaS beWZeeQ ZLSe B dU\ aQd ZLSe C dU\ bUeaN fRUceV ZeUe QRWLced QRU WheLU eORQgaWLRQV,
hRZeYeU WheLU YRXQg¶V PRdXOXV dLffeUed.

IW ZaV fRXQd WhaW ZLSe B ZheQ dU\ had Whe hLgheVW aYeUage bUeaN fRUce, VWUeVV aQd
YRXQg¶V PRdXOXV. HRZeYeU, Whe cRQdLWLRQed ZLSe C had Whe OaUgeVW aYeUage eORQgaWLRQ,
VWUeWchLQg 22.116 PP, ZhLch cRUUeVSRQdV WR 30% Rf LWV RULgLQaO OeQgWh. The OaUgeVW eORQgaWLRQ
UecRUded ZaV 42% LWV RULgLQaO OeQgWh. ThLV daWa VhRZV WhaW afWeU beLQg ZeWWed ZLWh Whe cOeaQVLQg
VROXWLRQ Whe ZLSe ZaV abOe WR e[hLbLW VWUeWchLQg aQd fOe[LbOe SURSeUWLeV. HRZeYeU Whe bUeaN fRUce
ZaV Whe ORZeVW Rf Whe ZLSeV ZLWh a PeaQ Rf 0.342 N (VWUeVV aQd VWUeVV aW WhLV ORad ZeUe 0.013
MPa aQd 0.295 PP/PP (Vee fLgXUe D2.5 fRU Whe fXOO gUaSh)). ThLV YeUVLRQ aOVR had Whe ORZeVW
UecRUded YRXQg¶V PRdXOXV ZLWh aQ aYeUage Rf 0.103 MPa.

Empirical Analysis

The fLQaO SURdXcW Rf ZLSe C had Whe beVW RYeUaOO fLQLVh cRPSaUed WR Whe RWheUV SUeYLRXVO\
SURdXced. IW UeVXOWed LQ a PXch VRfWeU aQd XQLfRUP We[WXUe, aV ZeOO aV a PRUe SURSRUWLRQaO VL]e
aQd VhaSe. The h\dUReQWaQgOePeQW hROeV ZeUe OeVV QRWLceabOe, Whe ZRRd SXOS fLbUeV ZeUe
VeaPOeVV aQd Whe ZLSe ZaV QRW URXgh. AOWhRXgh Whe chaQgeV Pade WR ZLSe B dLd dePRQVWUaWe
LPSURYePeQWV, Whe ZLSe VWLOO dLd QRW Ueach Whe ePSLULcaO VWaQdaUdV Rf WhRVe VROd RQ Whe PaUNeW
cXUUeQWO\.

Overview

OYeUaOO, ZLSe C dePRQVWUaWed LPSURYePeQWV cRPSaUed WR bRWh ZLSe A aQd B. IWV
fOXVhabLOLW\ UeVXOWV dePRQVWUaWed VXcceVV ZLWh Whe chaQgeV Pade WhURXghRXW Whe WeVWLQg SURceVV.
WheQ ORRNLQg aW aOO Whe ZLSe VaPSOeV, Whe\ aOO dLd QRW Ueach Whe WLPe WhUeVhROd UeTXLUed b\ Whe
VWaQdaUd aV WheLU WLPe-WR-bUeaN ZaV UecRUded aW 2.458 VecRQdV aQd QRW 20 VecRQdV. HRZeYeU,
deVSLWe QRW PeeWLQg Whe bUeaNLQg WLPe UeTXLUePeQWV, Whe UeVXOWV Rf WhLV WeVW dePRQVWUaWed WhaW Whe
dU\ YeUVLRQ Rf WhLV ZLSe ZaV TXLWe WeaU UeVLVWaQW aV LW cRXOd ZLWhVWaQd PRUe fRUce aQd Whe
cRQdLWLRQed ZLSe ZaV Whe PRVW fOe[LbOe Rf aQ\ Rf Whe RWheU SURWRW\SeV. The ePSLULcaO aQaO\VLV Rf
ZLSe C ZaV beVW RYeUaOO, hRZeYeU ZheQ dePRQVWUaWLQg WhLV SURdXcW RQ aQ LQdXVWULaO VcaOe, LWV
VRfWQeVV, We[WXUe aQd YLVXaO aSSeaUaQce cRXOd VWLOO be PRdLfLed cRPSaUed WR WhRVe RQ Whe PaUNeW
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WRda\. AV WhLV SURdXcW LV PeaQW WR be deYeORSed fRU SeUVRQaO h\gLeQLc XVeV, aOO XVeU-fULeQdOLQeVV
facWRUV aUe YeU\ LPSRUWaQW fRU PaUNeWabLOLW\ aQd cXVWRPeU VaWLVfacWLRQ.

4.5 FXWXUH CRQVLGHUDWLRQV
AV ZLSe C LV Whe fLQaO SURdXcW deYeORSed LQ WhLV deVLgQ, LW LV UecRPPeQded WhaW aQ\

fXUWheU ZLSe YeUVLRQV be Pade XQdeU SURSeU LQdXVWULaO SUacWLceV. AV WhLV deVLgQ ZaV
e[SeULPeQWaOO\ SURdXced aQd WeVWed RQ a VPaOO VcaOe baVLV, LW LV QRW UeSUeVeQWaWLYe Rf LWV fXOO
SRWeQWLaO. TheUefRUe, aQ\ PRdLfLcaWLRQV UeTXLUed fRU fXUWheU deYeORSPeQW VhRXOd be Pade ZLWh
SURSeU SURceVVLQg eTXLSPeQW VXch aV aQ LQdXVWULaO h\dUReQWaQgOePeQW V\VWeP aQd a cRPSOeWe
RYeUYLeZ Rf aOO Whe VWaQdaUdL]ed WeVWLQg. DXe WR Whe WLPe UeVWUaLQWV Rf WhLV SURMecW, Whe cXUUeQW
gORbaO SaQdePLc aV ZeOO aV Whe acceVV WR LQdXVWULaO eTXLSPeQW aQd PaWeULaOV, QRW aOO Rf Whe
UeTXLUed VWaQdaUdL]ed WeVWV ZeUe SeUfRUPed. INDA, EDANA & ASTM haYe a ORQgeU VeW Rf
eYaOXaWLRQV fRU deWeUPLQLQg fOXVhabLOLW\ WhaQ WhRVe XVed LQ WhLV SURMecW aV Whe\ UeTXLUe heaY\
LQdXVWULaO PachLQeU\, PaWeULaOV, OabRXU aQd e[WeQVLYe WLPe. ThRVe VeOecWed WR be XVed LQ WhLV
SURMecW aOORZed fRU a bURad fOXVhabLOLW\ aVVeVVPeQW Rf Whe ZLSe YeUVLRQV SURdXced aQd cRQVLdeUed
WheP Whe PRVW LPSRUWaQW ZLWh UeVSecW WR Whe aVSecW Rf Whe PNL.

IQ UeOaWLRQ WR ePSLULcaO aQaO\VeV, Whe e[SeULPeQWaO UeVXOWV SUeVeQWed WhURXgh Whe
e[aPLQaWLRQV ZeUe caUULed RXW XVLQg Whe WeaP¶V RZQ SeUVRQaO aVVeVVPeQW. IQ fXWXUe
cRQVLdeUaWLRQV, ZheQ Whe WLPe, bXdgeW aQd PaWeULaOV aUe aYaLOabOe, VXSSOePeQWaU\ VWaQdaUdL]ed
WeVWV fRU adeTXaWe dXUabLOLW\, We[WXUe aQd feeO aUe UecRPPeQded WR SURdXce a VXLWabOe PaUNeWabOe
SURdXcW. FXUWheUPRUe, aQ LQ-deSWh aQaO\VLV Rf SEM LPageV cRXOd be SeUfRUPed WR LdeQWLf\ Whe
effecWLYeQeVV Rf Whe bRQdLQg WechQLTXe aQd Whe VWUXcWXUaO ZeaNQeVV Rf Whe QRQZRYeQ We[WLOe.

5.0 PUDFWLFDOLW\ RI FLQDO PURWRW\SH

5.1 EQYLURQPHQWDO CRQVLGHUDWLRQV
ThURXghRXW Whe deYeORSPeQW Rf Whe ZLSe LQ TXeVWLRQ, PaQ\ LPSRUWaQW eQYLURQPeQWaO

aVSecWV ZeUe WaNeQ LQWR cRQVLdeUaWLRQ WR OLPLW Whe SURdXcW¶V RYeUaOO LPSacW. AV SUeYLRXVO\
PeQWLRQed LQ Whe fROORZLQg UeSRUW, Whe ZeW ZLSe LQdXVWU\ haV caXVed VLgQLfLcaQW daPage WR Whe
eQYLURQPeQW WhURXgh WheLU OacN Rf dLVSeUVLbLOLW\ ZLWhLQ WRLOeW V\VWePV, XOWLPaWeO\ cUeaWLQg PaMRU
VeZage V\VWeP bORcNageV (HaQQ eW aO. 2018). TheVe ZLSeV caXVLQg Whe bORcNageV aOVR cRQWULbXWe
WR eQYLURQPeQWaO SROOXWLRQ WhURXgh SOaVWLc accXPXOaWLRQ LQ PaULQe ecRV\VWePV dXe WR WheLU
PaWeULaO cRPSRVLWLRQ (HaQQ eW aO. 2018; MeQdR]a eW aO., 2018). ThURXghRXW Whe eQWLUeW\ Rf Whe
deVLgQ SURceVV Rf WhLV SURMecW, eQVXULQg Whe SURdXcW ZaV Pade ZLWh ceOOXORVe-baVed fLbUeV becaPe
aQ LPSRUWaQW cRQceSW WR PaLQWaLQ. AOWhRXgh Whe VRXUce Rf Whe ZRRd SXOS fLbUeV Pa\ haYe YaULed
WhURXghRXW Whe PRdLfLcaWLRQV Pade beWZeeQ Whe ZLSe YeUVLRQV (A, B & C), LW ZaV eVVeQWLaO fRU
WheP WR UePaLQ ceOOXORVe-baVed aV LW ZaV a Ne\ cRPSRQeQW Rf Whe SURMecW deVLgQ. AccRUdLQg WR Whe
WeVW VeOecWLRQ fRU WhLV e[SeULPeQWaO SURMecW deVLgQ, Whe fLQaO SURdXcW SURWRW\Se VXcceeded LQ beLQg
a ceOOXORVe-baVed h\gLeQLc ZeW ZLSe ZLWh Whe abLOLW\ WR dLVSeUVe accRUdLQgO\ LQ PXQLcLSaO WRLOeW
V\VWePV. The deVLgQ SURdXced, ZhLch LQcOXded a ZeW-OaLd h\dUReQWaQgOed hePS aQd ZRRd SXOS
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fLbUe bOeQded ZeW ZLSe, cRXOd be dePRQVWUaWed aV aQ aSSURSULaWe RSWLRQ fRU eQYLURQPeQWaO
LPSURYePeQW UegaUdLQg Whe ZeW ZLSe LQdXVWU\.

FXUWheU, Whe PachLQeU\ SURceVVeV XVed WhURXghRXW Whe LQdXVWULaO SURdXcWLRQ Rf Whe ZLSe
aUe SUeVeQWed aV eQeUg\ LQWeQVLYe, PaLQO\ Whe h\dUReQWaQgOePeQW V\VWeP. AOWhRXgh WhLV V\VWeP
XVeV aQ e[ceVV Rf ZaWeU, LW LV NQRZQ WR Uec\cOe Whe ZaWeU fRU UeXVe LQ Whe V\VWeP (MR\R, 2012).
AV Whe deYeORSPeQW Rf Whe SURWRW\Se ZLSe ZaV aQ e[SeULPeQWaO SURceVV aQd UeTXLUed a VeOf-Pade
V\VWeP Rf Whe deVLgQ UeTXLUePeQWV, WheUe ZaV QR e[ceVV XVe Rf UeVRXUceV VXch aV PaWeULaOV,
eQeUg\, ZaWeU aQd SURdXced aQ RYeUaOO PLQLPaO aPRXQW Rf ZaVWe.

5.2 SRFLDO CRQVLGHUDWLRQV
WLWhLQ Whe LQdXVWU\ Rf h\gLeQLc ZeW ZLSeV, LW ZaV eYLdeQW WhaW WheUe e[LVWed a Qeed fRU

LPSURYePeQW ZLWhLQ Whe SURdXcW, aV cRQVXPeUV habLWXaOO\ fOXVh dRZQ ZLSeV WhaW aUe QRW deVLgQed
WR be bURNeQ dRZQ aSSURSULaWeO\. TheUeb\, VLgQLfLcaQWO\ daPagLQg VeZeUV aQd ZaVWeZaWeU
PaQagePeQW V\VWePV. The QeZ deVLgQ LQ WhLV SURMecW ZRXOd XOWLPaWeO\ cRQWULbXWe WR a SRVLWLYe
VRcLaO chaQge aV LW LQcUeaVeV Whe VXVWaLQabLOLW\ Rf Whe cXUUeQW habLWV Rf cRQVXPeUV. MRUe
VSecLfLcaOO\, fURP Whe UeVXOWV RbWaLQed fROORZLQg Whe WeVWLQg SUacWLceV chRVeQ fRU WhLV SURMecW, Whe
fLQaO ZLSe C VeePLQgO\ dePRQVWUaWed Whe abLOLW\ WR be fOXVhed aSSURSULaWeO\, ZhLOe
VLPXOWaQeRXVO\ haYLQg XVeU-fULeQdO\ TXaOLWLeV. TheUefRUe, WhLV ZRXOd LQdLcaWe WhaW b\ XVLQg Whe
fLQaO SURWRW\Se ZLSe C SURdXcW, cRQVXPeUV Qeed QRW chaQge WheLU dLVSRVaO habLWV.

IQ addLWLRQ, Whe deYeORSPeQW Rf WhLV ZLSe LQYROYeV SRVLWLYe VRcLaO cRQVLdeUaWLRQV aV Whe
PRdLfLcaWLRQV Pade XSheOd Whe XVeU-fULeQdOLQeVV cULWeULRQ. ThLV cULWeULRQ ZaV LPSRUWaQW WR fROORZ
WhURXghRXW Whe deYeORSPeQW Rf Whe SURWRW\SeV aV a PeaQV Rf gaLQLQg Whe WUXVW Rf cRQVXPeUV aQd
PaLQWaLQLQg VRcLaO acceSWaQce Rf VXch a QeZO\ deVLgQed SURdXcW. The deYeORSPeQW Rf WhLV
SURdXcW XQdeUWRRN WhUee dLffeUeQW SURWRW\SeV ZLWh PXOWLSOe fRUPV Rf WeVWLQg aQd eYaOXaWLRQV WR
eQVXUe Whe beVW TXaOLW\ ZaV \LeOded fRU aSSURSULaWe PaUNeWabLOLW\ aQd cXVWRPeU VaWLVfacWLRQ.

5.3 HHDOWK DQG SDIHW\ CRQVLGHUDWLRQV
The heaOWh aQd VafeW\ SaUaPeWeUV cRQVLdeUed WhURXghRXW Whe deYeORSPeQW Rf WhLV SURdXcW

eQcRPSaVV Whe V\VWePV LPSacWed b\ LWV dLVSRVaO behaYLRXU, aV ZeOO aV WhRVe LQYROYed LQ LWV
SURdXcWLRQ aQd WhRVe XVLQg LW.

TR affLUP WhaW WheVe UeTXLUePeQWV ZeUe PeW, LW ZaV QeceVVaU\ fRU Whe fLQaO SURWRW\Se
SURdXcW WR XQdeUgR VSecLfLc VWaQdaUdL]ed WeVWLQg aV ZeOO aV LQdXVWU\ cRdeV Rf SUacWLce. HRZeYeU,
Whe fLQaO SURWRW\Se SURdXced ZaV cRQVWUXcWed XQdeU aQ e[SeULPeQWaO VeWWLQg, WheUefRUe QRW aOO Rf
Whe aSSURSULaWe WeVWV ZeUe cRPSOeWed. The eYaOXaWLRQV chRVeQ WR be cRPSOeWed LQ WhLV SURMecW
ZeUe a SURdXcW Rf Whe UeVRXUceV aQd WLPe aYaLOabOe. ThLV LQdLcaWeV hRZeYeU WhaW Whe fLQaO SURdXcW
LV VeePLQgO\ fOXVhabOe, bXW caQQRW be VWaWed aV OegaOO\ fOXVhabOe XQWLO aOO WeVWV aUe PeaVXUed aQd
acTXLUed. FRU Whe VafeW\ Rf LWV XVeUV aV ZeOO aV ZaVWeZaWeU facLOLWLeV aQd V\VWePV, LW LV UeTXLUed
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WhaW Whe Qe[W VWeSV fROORZLQg Whe SUeOLPLQaU\ ZLSe deVLgQ ZRXOd Qeed PRUe e[WeQVLYe LQdXVWULaO
VWaQdaUd WeVWLQg aV LW ZRXOd eQVXUe Whe SURSeU OabeOOLQg Rf fOXVhabLOLW\ fRU aSSURSULaWe cRQVXPeU
XVe.

IQ WeUPV Rf eQVXULQg Whe VafeW\ Rf Whe SURdXcW¶V cRQVXPeUV, Whe deVLgQ WRRN LQWR
cRQVLdeUaWLRQ VeYeUaO LPSRUWaQW SaUaPeWeUV VXch aV fLbUe W\SeV aQd ZeWWLQg VROXWLRQ LQgUedLeQWV.
The fLQaO YeUVLRQ Rf Whe SURdXcW XVeV bRWh LQdXVWULaO gUade ZRRd SXOS aQd hePS fLbUeV, ZhLch
LQheUeQWO\ LQcUeaVeV LWV RYeUaOO SURdXcW TXaOLW\. AV ZeOO, Whe eQWLUe deVLgQ Rf Whe SURdXcW
LQcOXdLQg LWV Zeb fRUPLQg aQd Zeb bRQdLQg SURceVVeV ZeUe caUefXOO\ chRVeQ fRU Whe deYeORSPeQW
Rf a SeUVRQaO h\gLeQe SURdXcW. FXUWheU, Whe ZeWWLQg VROXWLRQ XVed fROORZLQg WheVe SURceVVeV ZaV
PeWLcXORXVO\ deYeORSed aV Whe LQgUedLeQWV WhaW ZeUe chRVeQ eQVXUed a Vafe cOeaQVLQg SURdXcW WhaW
cRXOd be XVed LQ h\gLeQLc VeQVLWLYe aUeaV (fXUWheU e[SOaLQed LQ VecWLRQ 6.3). TheVe LQgUedLeQWV
aOVR aOORZ Whe SURdXcW WR SUeVeUYe LWVeOf accRUdLQgO\, ceUWLf\LQg LWV TXaOLW\ LV PaLQWaLQed RYeU a
ORQg SeULRd Rf WLPe.

IQ addLWLRQ, WhURXghRXW Whe eQWLUeW\ Rf Whe SURdXcWLRQ SURceVV, PaQ\ RccXSaWLRQaO heaOWh
aQd VafeW\ SUecaXWLRQV ZeUe VeULRXVO\ LPSOePeQWed aV SeU PeQWLRQed LQ VXbVecWLRQ 4.3. ThLV ZaV
cULWLcaO WR VWLSXOaWe Whe VafeW\ Rf WhRVe LQYROYed LQ Whe SURdXcWLRQ Rf Whe YaULRXV ZLSeV aV ZeOO aV
Whe Sh\VLcaO SURdXcW deYeORSed. FXUWheU, gLYeQ Whe cLUcXPVWaQceV Rf Whe cXUUeQW SaQdePLc, heaY\
heaOWh UegXOaWLRQV ZeUe aOVR VeW LQ SOace LQ aOO facLOLWLeV XVed.

5.4 EFRQRPLF CRQVLGHUDWLRQV
The fROORZLQg UeSRUW dLVcXVVeV a ZLSe deVLgQ XVLQg a SURWRW\Se Rf a PRdeO VLPXOaWLRQ Rf

a W\SLcaO LQdXVWULaO ZLSe PaQXfacWXULQg V\VWeP. ThLV beLQg VaLd, LW LV LPSRUWaQW WR cRQVLdeU WhaW
Whe ecRQRPLcV WhURXghRXW Whe deYeORSPeQW Rf WhLV SURdXcW LV QRW UeSUeVeQWaWLYe Rf WhaW Rf a
UeaO-OLfe LQdXVWULaO SURceVV. HRZeYeU, ZLWh Whe deYeORSPeQW Rf WhLV SURdXcW beLQg XQLTXe ZLWh
RQO\ XVLQg ceOOXORVe-baVed fLbUeV, ZeW-OaLd aQd h\dUReQWaQgOed WechQLTXeV, LW dReV QRW UeO\ RQ
aQ\ QeZ aQd e[SeQVLYe WechQRORg\ ZLWhLQ aQ LQdXVWULaO VeWWLQg. ThLV h\SRWheVL]ed deVLgQ OeadV WR
SUeVXPed UeaVRQabOe ecRQRPLc SURdXcWLRQ chRLceV, fRU a UeaVRQabO\ SULced SURdXcW.

CeOOXORVe-baVed ZLSeV haYe a QLche PaUNeW LQ Whe LQdXVWU\, hRZeYeU LQcRUSRUaWLQg a OabeO
Rf fOXVhabLOLW\ bULQgV fRUWh a ZLde YaULeW\ Rf cRQVXPeUV. AV ZeOO, ZLWh a cRUUeVSRQdLQg SURdXcW
PaUNeWLQg SOaQ, Whe VXcceVVfXO e[SRVXUe Rf a ceOOXORVe-baVed h\gLeQLc fOXVhabOe ZLSe caQ be
achLeYed aQd geQeUaWe ecRQRPLc adYaQWageV. IW LV RQO\ WhURXgh Whe aSSURSULaWe aSSOLcaWLRQ Rf
deVLgQ PeWhRdV ZLWhLQ aQ LQdXVWULaO VeWWLQg WhaW a WUXe cRVW aQaO\VLV caQ be cRQdXcWed aQd
cRPSaUed WR RWheU PaUNeWed ZLSeV.

AV WhLV deVLgQ ZaV cRPSOeWed LQ aQ e[SeULPeQWaO VeWWLQg, Whe deYeORSPeQW Rf WhLV SURdXcW
WRRN LQWR accRXQW Whe LQdLYLdXaO cRVWV Rf PaWeULaO VeOecWLRQ, LQgUedLeQWV aV ZeOO aV Whe UeVRXUceV
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Qeeded fRU Whe VLPXOaWed Zeb fRUPaWLRQ aQd bRQdLQg WechQLTXeV. The RYeUYLeZ Rf Whe cRVW
aQaO\VLV Rf Whe e[SeULPeQWaO SURdXcW LV WhRURXghO\ dLVcXVVed LQ Whe fROORZLQg VecWLRQ.

6.0 CRQVLGHUDWLRQV DQG FXWXUH PHUVSHFWLYHV

6.1 CRVW AQDO\VLV
The hePS fLbUeV WhaW ZeUe XVed LQ WhLV SURMecW ZeUe degXPPed hePS aQd a WRWaO Rf RQe

NLORgUaP Rf hePS ZaV RbWaLQed fURP BaVW FLbUe Tech. UQfRUWXQaWeO\, Whe\ dLd QRW SURYLde Whe
cRVW Rf RQe NLORgUaP Rf hePS. HRZeYeU, Whe caOcXOaWLRQV ZLOO be baVed RQ bXON TXaQWLWLeV WR
VLPXOaWe aQ LQdXVWULaO VXSSO\ aQd aUe dePRQVWUaWed LQ deWaLO LQ ASSeQdL[ F.1. FRU a bXON SXUchaVe
Rf 595 Ng Rf degXPPed hePS, Whe cRVW ZRXOd WRWaO WR aSSUR[LPaWeO\ $11.26/Ng (BXON HePS
WaUehRXVe, 2021). If WhLV ZeUe cRPSaUed ZLWh Whe cRVW Rf Whe SURWRW\Se, LW ZRXOd cRPe RXW WR
$32.85 SeU NLOR (BXON HePS WaUehRXVe, 2021). FXUWheU, Whe ZRRd SXOS ZaV aQRWheU LQgUedLeQW
XVed LQ Whe cUeaWLRQ Rf Whe ZLSeV aQd W\SLcaOO\ cRVWV aURXQd $1.63 SeU NLORgUaP accRUdLQg WR
NaWXUaO ReVRXUceV CaQada (2021). HRZeYeU, Whe VXSSOLeU VLWe AOLbaba (2021) dePRQVWUaWeV WhaW
ZRRd SXOS caQ be SXUchaVed fRU $1396.53 fRU 20000 Ng. AV each ZLSe LV NQRZQ WR ZeLgh
URXghO\ 3 g (ZLWh a 2:1 UaWLR Rf hePS WR ZRRd SXOS), WhLV caQ SURdXce aURXQd 1,000 ZLSeV.
TheUefRUe, WR SURdXce 1000 ZLSeV, LW ZRXOd cRVW a WRWaO Rf $22.59 LQ PaWeULaOV fRU Whe bXON
TXaQWLWLeV VLPXOaWLQg LQdXVWULaO cRVWV. IQ Whe caVe Rf RXU SURWRW\Se Whe cRVW Rf PaWeULaOV ZRXOd be
$67.33.

IQ addLWLRQ WR Whe PaWeULaOV, Whe cRVW Rf Whe ZeWWLQg VROXWLRQ LQgUedLeQWV fRU 60 PL Rf
VROXWLRQ LV deVcULbed LQ ASSeQdL[ F.2. The cRVW Rf Whe cRVPeWLc LQgUedLeQWV ZeUe accRUdLQg WR Whe
Wab fURP Whe VXSSOLeU CRRS CRcR aQd dLVWLOOed ZaWeU fURP WaOPaUW. The WRWaO cRVW WR SURdXce 60
PL Rf ZeWWLQg VROXWLRQ WRWaOed WR $0.74 (Vee ASSeQdL[ F.2). ThLV aPRXQW Rf ZeWWLQg VROXWLRQ
ZRXOd be VXffLcLeQW eQRXgh WR fLOO 2 bRWWOeV Rf VROXWLRQ. IQ RUdeU WR daPSeQ each ZLSe ZLWh Whe
VROXWLRQ, 1 PL ZaV XVed. TheUefRUe, RQe ZLSe LV ZRUWh $0.0123 Rf ZeWWLQg VROXWLRQ. TR
VXPPaUL]e, ZLWhRXW LQcOXdLQg Whe cRVW Rf OabRXU, Whe WRWaO cRVW WR PaQXfacWXUe a VLQgOe ZLSe LV
dePRQVWUaWed LQ ASSeQdL[ F.3.

AV Whe V\VWeP SURdXced ZaV e[SeULPeQWaO aQd LQ a QRQ-LQdXVWULaO VeWWLQg ZLWh
LQeffLcLeQcLeV, Whe cRVW WR SURdXce a VLQgOe ZLSe fRU WhLV SURMecW ZaV aOPRVW WULSOe WhaW Lf LW ZeUe WR
be Pade LQ bXON ZLWhLQ aQ LQdXVWULaO VeWWLQg (QRW LQcOXdLQg Whe added cRVW Rf OabRXU aQd cRVW Rf
PachLQeU\ aQd V\VWePV). FXUWheUPRUe, LQ fXWXUe cRQVLdeUaWLRQV, Whe cRVW Rf OabRXU LV LPSRUWaQW WR
cRQVLdeU. FRU e[aPSOe, Whe SURWRW\Se cUeaWed WRRN WZR SeRSOe LQ QRQ-LQdXVWULaO ZRUN cRQdLWLRQV
fRXU aQd a haOf hRXUV WR be abOe WR SURdXce WhUee ZLSeV. AVVXPLQg Whe cRVW Rf OabRXU fRU each
ZRUNeU LV Whe PLQLPXP Zage Rf $13.50/hRXU LQ QXebec, Whe SULce Rf each LQdLYLdXaO ZLSe ZRXOd
be XQVXVWaLQabOe aQd XQUeaOLVWLc. HRZeYeU, LQ aQ LQdXVWULaO VeWWLQg, ZLSeV ZRXOd be PaQXfacWXUed
PRUe effLcLeQWO\ dePRQVWUaWLQg aQ LQcUeaVed QXPbeU Rf ZLSeV SeU XQLW Rf WLPe.
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6.2 BDUULHUV WR IQGXVWULDO IPSOHPHQWDWLRQ
FRUWXQaWeO\, QRQZRYeQ WechQLTXeV VXch aV ZeW-OaLd aQd h\dUReQWaQgOePeQW haYe aOUead\

beeQ LQ SUacWLce LQ Whe LQdXVWU\ aQd Whe PachLQeU\ V\VWeP haYe aOUead\ beeQ deYeORSed
(ANDRITZ, 2019). The LQdXVWULaO OLQe cRQfLgXUaWLRQ fRU ZLSeV LOOXVWUaWed LQ fLgXUe 6 UeSUeVeQWV a
XQLfLed XQLW Rf aOO V\VWePV UeTXLUed WR PaNe a QRQZRYeQ ZeW ZLSe. The PRdeOOed aQd
e[SeULPeQWaO SURWRW\Se V\VWeP cUeaWed dLd QRW e[hLbLW a VeaPOeVV SURdXcWLRQ OLQe aV each VWeS
ZaV e[ecXWed LQdeSeQdeQWO\ fURP RQe aQRWheU. The PRVW LPSRUWaQW adMXVWPeQW WR cRQVLdeU ZRXOd
be Whe fLbUe LQSXW. The fLbUeV XVed ZeUe QRW V\QWheWLc, WheUefRUe Whe\ had dLffeUeQW SURSeUWLeV aQd
cRXOd SRVe dLffeUeQW chaOOeQgeV WhaQ Whe cXUUeQW PaUNeWed ZLSeV. HRZeYeU, LW haV beeQ QRWed WhaW
Whe cRPbLQaWLRQ Rf ZeW-OaLd aQd h\dUReQWaQgOePeQW aOORZV fRU Whe XVe Rf bLRdegUadabOe
PaWeULaOV, ZLWh QR addLWLYeV, WR PaNe QRQZRYeQ We[WLOeV (ANDRITZ, 2019). IQ WeUPV Rf bXON
PaWeULaO VXSSO\, hePS fLbUe aQd ZRRd SXOS caQ haYe cRQVLVWeQW TXaOLW\ aQd aYaLOabLOLW\ Rf VXSSO\
(GaOePbeUW, 2003.; JRQeV & BULVchNe, 2017.; MaQaLa eW aO., 2019). FXUWheUPRUe, Whe XVe Rf
ceOOXORVLc fLbUeV fRU QRQZRYeQ We[WLOeV caQ LPSURYe Whe fLbUe dLVSeUVLRQ aQd bRQdLQg, Whe We[WLOe¶V
abVRUSWLRQ, VRfWQeVV, aQd cRORXU (HXbbe & KRXNRXOaV, 2016). TheUe aUe QR PaMRU baUULeUV WR
LPSOePeQWLQg RXU deVLgQ LQdXVWULaOO\, Whe VXSSO\ Rf fLbUe aQd Whe PachLQeV UeTXLUed aUe SUeVeQW
aQd aYaLOabOe.

FLgXUe 6. CRPSOeWe XQLfLed LQdXVWULaO XQLW fRU QRQZRYeQ ZeW ZLSeV (ANDRITZ, 2019)

6.3 RLVN MDQDJHPHQW
The ULVNV aVVRcLaWed ZLWh Whe SURdXcWLRQ OLQe Rf Whe ZLSe PaQXfacWXULQg SURceVV aUe

UeOaWLYeO\ ORZ, aV each LQdLYLdXaO VWeS ZaV cRPSOeWed aXWRQRPRXVO\ ZLWh caUefXO deWaLO. IQ
addLWLRQ, Lf WhLV SURMecW ZeUe WR be LPSOePeQWed LQ aQ LQdXVWULaO PaQXfacWXULQg VeWWLQg, Whe
SURceVV e[SUeVVeV aQ eYeQ OeVVeU ULVN aV Whe PachLQeU\ haV beeQ caUefXOO\ deYeORSed aQd
SURgUaPPed WR fXQcWLRQ effLcLeQWO\ aQd VafeO\.

AV Whe cXUUeQW PaUNeWed ZLSeV aUe NQRZQ WR cRQWaLQ V\QWheWLc SOaVWLcV ZLWhLQ WheLU
PaWeULaO cRPSRVLWLRQ, Whe bLRPaWeULaO cUeaWed WhURXghRXW Whe cRXUVe Rf WhLV SURMecW ZaV
VSecLfLcaOO\ deVLgQed WR be Pade cRPSOeWeO\ RXW Rf QaWXUaO ceOOXORVLc fLbUeV ZhLOe VWLOO beLQg
fOXVhabOe (L.e. ZaVWeZaWeU V\VWeP Vafe). MRVW Rf Whe OLWeUaWXUe RQ ZLSeV, WhaW eQd XS LQ ZaVWeZaWeU
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V\VWePV, fRcXV RQ Whe SROOXWLRQ WhaW Whe ZLSeV¶ PLcURSOaVWLcV caXVe WR PaULQe ecRV\VWePV.
TheUefRUe Whe WeaP cRQVWUXcWed a SOaVWLc-fUee ZLSe, XOWLPaWeO\ PLWLgaWLQg Whe cRQceUQ Rf SOaVWLc
SROOXWLRQ UeVXOWLQg fURP WheLU dLVSRVaO. TheUe haV aOVR beeQ cRQceUQV abRXW Whe ceOOXORVLc fLbUeV¶
LQWeUacWLRQ LQ PaULQe eQYLURQPeQWV aQd Lf WheUe LV a ULVN Rf WheVe fLbUeV QegaWLYeO\ LPSacWLQg
aTXaWLc RUgaQLVPV. AccRUdLQg WR SXaULa eW aO. (2020), WheUe haV beeQ QR eYLdeQce WhaW Whe
cRQVXPSWLRQ Rf ceOOXORVLc fLbUeV b\ PaULQe RUgaQLVPV LQ Whe ZLOd haV caXVed LOOQeVVeV. IOOQeVVeV
dXe WR Whe fLbUeV LQcOXdLQg SOaVWLcV fLbUeV haYe RQO\ beeQ fRXQd LQ LQYeUWebUaWeV LQ cRQWUROOed Oab
VWXdLeV (SXaULa eW aO., 2020). HePS aQd ZRRd SXOS fLbUeV aUe bLRdegUadabOe WhRXgh LW LV VWLOO
XQcOeaU WR VcLeQWLVWV Lf WheVe fLbUeV SURSeUO\ degUade LQ PaULQe ecRV\VWePV (HeQU\ eW aO., 2019;
SXaULa eW aO., 2020). HRZeYeU WhLV VWXd\ QRWeV WhaW Whe chePLcaOV aQd SOaVWLcV SUeVeQW LQ Whe ZLSeV
SRVe Whe gUeaWeVW ULVN (SXaULa eW aO., 2020).

TheUefRUe, Whe fRcXV Rf Whe ULVN aVVeVVPeQW aVVRcLaWed ZLWh Whe fLQaO SURdXcW LV PRUe
OLNeO\ WR UeVXOW fURP Whe LQgUedLeQWV LQ Whe ZeWWLQg VROXWLRQ. MRUe VSecLfLcaOO\, WheUe LV SRWeQWLaO
ULVN aVVRcLaWed ZLWh Whe VROXWLRQ aV LW cRXOd dLUecWO\ affecW cRQVXPeUV dXULQg XVe aQd RWheU
RUgaQLVPV SRVW dLVSRVaO. HRZeYeU, Whe ZeWWLQg VROXWLRQ ZaV PeWLcXORXVO\ cUeaWed ZLWh WheVe ULVNV
LQ PLQd. RegaUdLQg Whe ULVN Rf affecWLQg PaULQe OLfe, RRdULgXeV eW aO. (2020) VWaWe WhaW cRcR
gOXcRVLde LV bLRdegUadabOe LQ VeaZaWeU aQd SRVeV a VPaOO ULVN Rf OeWhaOLW\ WR aTXaWLc RUgaQLVPV.
GeRGaUd UOWUa aOVR haV ORZ PaULQe WR[LcLW\, aQd LV QRW NQRZQ WR bLRaccXPXOaWe LQ ecRV\VWePV
(CRRS CRcR, 2020a).

IQ UeOaWLRQ WR Whe ULVNV WhaW cRXOd affecW cRQVXPeUV, accRUdLQg WR Whe VafeW\ daWa VheeW
SURYLded b\ Whe VXSSOLeU, GeRGaUd UOWUa LV QRW NQRZQ WR caXVe LUULWaWLRQ WR Whe VNLQ (CRRS CRcR,
2020a). MRUeRYeU, cLWULc acLd, caSU\OLc/caSULc WULgO\ceULdeV aQd YegeWabOe gO\ceULQ aUe aOVR
cRQVXPed aV fRRd addLWLYeV, aQd WheUefRUe SRVe OLWWOe WR QR ULVN WR hXPaQ aQd aQLPaO heaOWh LQ
WeUPV Rf LUULWaWLRQ RU WR[LcLW\ (BecNeU eW aO., 2019; FLXPe eW aO., 2014; TUaXO eW aO., 2000).
HRZeYeU LW haV beeQ VWaWed b\ FLXPe eW aO. (2014), WhaW cLWULc acLd Pa\ LQcUeaVe VNLQ YXOQeUabLOLW\
WR VXQbXUQ Lf QRW chePLcaOO\ fRUPXOaWed aSSURSULaWeO\. FXUWheUPRUe, Whe LQgUedLeQW ROLYeP 1000,
aOVR NQRZQ aV ceWeaU\O ROLYaWe, LV aQ aON\O eVWeU WhaW chePLcaOO\ UeVXOWV fURP ROLYe RLO, bXW LV
hLVWRULcaOO\ NQRZQ WR haYe a Pa[LPXP cRQceQWUaWLRQ Rf 0.3-3% LQ SURdXcWV (FLXPe eW aO., 2015).
TheUefRUe, Whe WeaP RQO\ XVed 2% Rf cRQceQWUaWed ROLYeP 1000 LQ Whe SURWRW\Sed SURdXcW LQ
RUdeU WR VWa\ ZLWhLQ Whe NQRZQ cRQceQWUaWLRQ OLPLWV Rf WhLV LQgUedLeQW. OYeUaOO, ZheQ fROORZLQg
Whe UecRPPeQded gXLdeOLQeV, ROLYeP 1000 caQ be cRQVLdeUed a Vafe aQd QRQ-LUULWaWLQg cRVPeWLc
LQgUedLeQW (FLXPe eW aO., 2015).

IQ RYeUYLeZ, Whe ULVNV UegaUdLQg Whe VafeW\ Rf ZaVWeZaWeU WUeaWPeQW V\VWePV, cRQVXPeUV
aQd PaULQe OLfe ZeUe WaNeQ LQWR cRQVLdeUaWLRQ WhURXghRXW Whe aVVeVVPeQW Rf aOWeUQaWLYeV,
SURdXcWLRQ aQd WeVWLQg SURceVVeV Qeeded WR cRPSOeWe Whe deYeORSPeQW Rf a SURWRW\Se QRQZRYeQ
ZeW ZLSe.

7.0 CRQFOXVLRQ
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OYeUaOO, WhLV SURMecW aLPed WR LPSURYe Whe ZeW ZLSeV aYaLOabOe RQ Whe PaUNeW WRda\ b\
SURdXcLQg a ceOOXORVe-baVed h\gLeQLc fOXVhabOe ZLSe deVLgQed fRU Whe beQefLW Rf Whe ZaVWeZaWeU
WUeaWPeQW facLOLWLeV, eQYLURQPeQW aQd cRQVXPeU XVe. AV a WeaP, WhLV SURMecW ZaV deePed
VXcceVVfXO RQ aQ e[SeULPeQWaO baVLV ZLWh Whe UeVXOWV Rf Whe fLQaO SURWRW\Se C. EYeQ WhRXgh Whe
WUXe UeVXOWV Rf WhLV e[SeULPeQW aUe QRW NQRZQ dXe WR LWV OacN Rf eTXLSPeQW, WeVWLQg PeWhRdV aQd
UeVRXUceV, LW ZaV a YLcWRULRXV SUeOLPLQaULO\ VWeS WR a PXch OaUgeU SURMecW. OSWLPaOO\, Lf WhLV
SURMecW caQ be SXUVXed RQ a OaUgeU VcaOe, Whe WeaP ZRXOd aLP WR deYeORS a SURWRW\Se XVLQg Whe
aSSURSULaWe LQdXVWULaO eTXLSPeQW aQd WeVWLQg PeWhRdV. TheVe adYaQced WechQRORgLeV ZLOO SeUPLW
WR decUeaVe Whe cRVW Rf SURdXcWLRQ aQd effLcLeQWO\ SURdXce OaUge TXaQWLWLeV Rf XQLfRUP ZLSeV.

EYeQ WhRXgh Whe deYeORSPeQW Rf WhLV SURMecW ZaV cRQdXcWed RQ aQ e[SeULPeQWaO SOaWfRUP,
WhLV ZaV a VWeSSLQg VWRQe WR cUeaWLQg a chaQge ZLWhLQ Whe ZeW ZLSe LQdXVWU\. MRUe VSecLfLcaOO\,
Whe deVLgQ Rf a ceOOXORVe-baVed h\gLeQLc fOXVhabOe ZLSe ZLOO SRVLWLYeO\ affecW Whe LQdXVWU\ b\
eQcRXUagLQg RWheU VcLeQWLfLc UeVeaUch WR RccXU ZLWhLQ WhLV fLeOd b\ UeSUeVeQWLQg a XQLTXe deVLgQ
ZhLch caXVeV PLQLPaO daPage SRVW dLVSRVaO.

AFNQRZOHGJHPHQWV

The aXWhRUV ZLVh WR e[SUeVV WheLU VSecLaO WhaQNV WR DU. MadUaPRRWRR, DU. LefVUXd aQd DU.
OUVaW ZhR gaYe gXLdaQce aQd feedbacN dXULQg Whe cRXUVe Rf Whe SURMecW aORQg ZLWh DU. DXPRQW,
BaVW FLbUe Tech, MU. GaULeS\, Whe TSB VWaff aQd Whe DeSaUWPeQW Rf BLRUeVRXUce EQgLQeeULQg aW
McGLOO UQLYeUVLW\.
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ASSHQGLFHV

ASSHQGL[ A
PURWRW\SH S\VWHP

FLgXUe A1. WRRS SXOS fLbUeV VXVSeQded.

FLgXUe A2. HePS aQd ZRRd SXOS fLbUeV VXVSeQded.

FLgXUe A3. FLbUeV OaLd RQWR PeVh VcUeeQ.
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FLgXUe A4. DeQWaO FORVVeU fRU H\dUReQWaQgOePeQW

FLgXUe A5. DU\LQg BR[
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ASSHQGL[ B

DHVLJQ PURMHFW CRVW

TabOe B1. TRWaO DeVLgQ PURMecW CRVW CaOcXOaWLRQ

ASSHQGL[ C

THVWLQJ S\VWHP IPDJHV

FLgXUe C1. P-WUaS V\VWeP
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FLgXUe C2. SeWWOLQg TeVW

ASSHQGL[ D

THVWLQJ ZLWK UTM

ASSHQGL[ D.1

FLgXUe D1.1 WLSe A
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FLgXUe D1.2 WLSe B

FLgXUe D1.3 WLSe C
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ASSHQGL[ D.2

FLgXUe D2.1 SWUeVV YV SWUeVV GUaSh SSecLPeQ A DU\

FLgXUe D2.2 SWUeVV YV SWUeVV GUaSh SSecLPeQ B DU\
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FLgXUe D2.3 SWUeVV YV SWUeVV GUaSh SSecLPeQ C DU\

FLgXUe D2.4 SWUeVV YV SWUeVV GUaSh SSecLPeQ B WeW
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FLgXUe D2.5 SWUeVV YV SWUeVV GUaSh SSecLPeQ C WeW

ASSHQGL[ E

SEM IPDJHV

FLgXUe E. ScaQQLQg EOecWURQ MLcURVcRSe IPageV fRU WLSe A, B aQd C.
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ASSHQGL[ F : CDOFXODWLRQV

ASSHQGL[ F.1
PURWRW\SH DQG IQGXVWULDO CRVW RI FLEUHV

Industrial cost of hemp
$11.26

ՆՂ ࡕ  2 ՆՂ ࡙ $22. 52/ 1000 ՒՄՋՀՎ

Prototype cost of hemp
$32.85

ՆՂ ࡕ  2 ՆՂ ࡙ $65. 70/ 1000 ՒՄՋՀՎ

Industrial cost of wood pulp
$1396.53
20000ՆՂ ࡕ  1 ՆՂ ࡙ $0. 0698/ 1000 ՒՄՋՀՎ

Prototype cost of wood pulp
$1.63

ՆՂ ࡕ  1 ՆՂ ࡙ $1. 63/ 1000 ՒՄՋՀՎ

Total cost of industrial materials to produce 1000 wipes
$22. ࡒ 52  $0. 0698 ࡙ $22. 59

Total cost of prototype materials to produce 1000 wipes
$ 65. ࡒ 70  $ 1. 63 ࡙ $67. 33

ASSHQGL[ F.2
:HWWLQJ SROXWLRQ CRVW SHU 60 :LSHV

Distilled water:
$0.97

4000 Ո𝐿 Ո𝐿 38 ࡕ ࡙ $ 0. 0092

Vegetable glycerin:
3 PL XVed fRU VROXWLRQ aQd 5 PL XVed fRU ZeW-OaLd SURceVV WR VRfWeQ fLbUeV
$34.29

4000 Ո𝐿 ೻3 Ո𝐿ࡕ ࡒ 5 Ո𝐿೼ ࡙ $ 0. 06858

Caprylic/capric triglycerides:
$329.19

19000 Ո𝐿 .7ࡕ 2 Ո𝐿 ࡙ $ 0. 1247

Olivem 1000:
deQVLW\ LV 1.055 g/PL (NXL\ NaWXUe, 2020)
$49.39
500 Ղ .1 ࡕ  055 Ղ

Ո𝐿 .1 ࡕ  2 Ո𝐿 ࡙ $ 0. 125
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Coco glucoside
$52.49

4000 Ո𝐿 Ո𝐿 9 ࡕ  ࡙ $ 0. 1181

GeoGard Ultra:
deQVLW\ 4 R] = 113.4 g (CRRS CRcR, 2020)
$58.29
250 Ղ Ղ 113.4 ࡕ 

4 ՊՕ ՊՕ 1 ࡕ 
29.57 Ո𝐿 .1 ࡕ  2 Ո𝐿 ࡙ $ 0. 2682

Citric acid
ThLV ZaV Whe RQO\ LQgUedLeQW PeaVXUed LQ gUaPV aV LW caPe LQ SRZdeU fRUP aQd YaULed fRU
each VROXWLRQ (LW ZaV XVed aV a bXffeU). HRZeYeU Whe aYeUage aPRXQW XVed SeU 60 PL
bRWWOe ZaV ZeLghed WR be 3g.

$8.89
1000Ղ Ղ 3 ࡕ  ࡙ $ 0. 02667

Total
$0. ࡒ 0092 $0. ࡒ 06858 $0. ࡒ 1247 $0. ࡒ 125 $0. 1181 ࡒ $0. 2682 ࡙  $0. 74 
cost per 60 wipes.

ASSHQGL[ F.3
TRWDO IQGXVWULDO DQG PURWRW\SH CRVW SHU :LSH

Cost of solution per wipe
$0.74
60 Ո𝐿 ࡕ 1 Ո𝐿 ࡙ $0. 0123

Industrial cost per wipe
$22.59

1000 ՒՄՋՀՎ ࡙ $0. ࡒ 02259 $0. 0123 ࡙ $0. 03/ՒՄՋՀ

In packs of 250 wipes
$0.03 î 250 = $7.50

Prototype cost per wipe
$67.33

1000 ՒՄՋՀՎ ࡙ $0. 06733 ࡒ $0. 0123 ࡙ $0. 08/ՒՄՋՀ

In packs of 250 wipes
$0.08 î 250 = $19.91
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