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1. Introduction
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Recycled Content for Metals with Refined Classification of Metal 
Scrap: Micro-level Circularity Indicator in Accordance with 

Macro-level System*
5aichi Su[uLiˎˎ and Ichiro %aiHoˎˎˎ
 ˎˎˎˎ

5ransitioninH from a traditional linear economy to a circular economy occurs at the micro-level system
 
encompassinH products and companies
 which should Ce monitored� 'or metals
 recycled content as an 
input-side indicator of recyclinH Ruantifies the ratio of metal scrap consumed durinH production and 
faCrication� )owever
 conventional methodoloHy struHHles to evaluate recycled content uniRuely due to 
the amCiHuous classipcation of new scrap derived from industrial processes� Additionally
 the input and 
output of new scrap Cetween micro-level systems are often inadeRuately counted
 causinH inconsistencies 
on recoHnition of secondary input Cetween macro- and micro-level systems� 5his study introduces a 
refined classification for metal scrap
 precisely distinHuishinH new scrap Cy its oriHinatinH processes� 
'urthermore
 we propose a novel perspective on new scrap
 viewinH it as a miYture of old scrap and 
primary raw materials
 with only the portion of old scrap CeinH considered secondary raw material� 5his 
stance naviHates past the Cinary classipcation � whether new scrap should Ce classiped as secondary �
eliminatinH amCiHuity and allowinH for clear identipcation of secondary raw materials� 5he developed 
methodoloHy ensures all inputs of scrap are accounted for without leaLaHe
 and the recycled content of a 
specipc metal is uniRuely determined
 maintaininH consistency with macro-level systems�
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 metal scrap
 new scrap
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��.POJUPSJOH� SFDZDMFE� DPOUFOU� JT� DSVDJBM�
GPS�NFUBM� QSPEVDFST� BOE� GBCSJDBUPST
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UIFJS� DPOUSJCVUJPO� UP� SFDZDMJOH� FGGPSUT�� 5IF� SFDZDMFE�
DPOUFOU� JT� EFUFSNJOFE� EVSJOH� QSPEVDUJPO� BOE�
GBCS JDBU JPO� QSPDFTTFT� BOE� SFNBJOT� DPOTUBOU�
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�BMJHOJOH�UIJT�NJDSP�MFWFM�NFUSJD�XJUI�NBDSP�
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JOQVUT� BOE� PVUQVUT� BU� EJGGFSFOU� TZTUFN� TDBMFT�� 0OF�
TVDI�DPNQMFYJUZ�BSJTFT�XJUI�ʠOFX�TDSBQʡ
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EVSJOH� JOEVTUSJBM� QSPDFTTFT� BOE� PGUFO� SFDZDMFE� JOUP�
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DPOUFOU��
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UIF�BQQMJDBCJMJUZ�PG�UIF�EFWFMPQFE�NFUIPEPMPHZ�

2. Methodological framework

2.1　Classification of metal scrap
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*O�UIJT�TUVEZ
�UIF�UBSHFU�PG�UIF�SFDZDMFE�DPOUFOU�JT�B�
TQFDJGJD�NFUBM�XIJDI�JT�EFGJOFE�BT�B�NFUBM�GPS�B�UBSHFU�
QSPEVDU�XJUI� B� QBSUJDVMBS� DIFNJDBM� DPNQPTJUJPO��"�
TQFDJGJD�NFUBM�JT�B�NJDSP�MFWFM�TZTUFN��UIVT
�JU�SFGMFDUT�
UIF� DPNQMFYJUZ� CFUXFFO� UIF�NJDSP�MFWFM� BOE�NBDSP�
MFWFM� TZTUFNT�� #Z� TFUUJOH� UIJT� UBSHFU
�NFUBM� TDSBQ� JT�
GVSUIFS� EJGGFSFOUJBUFE� CZ�XIFUIFS� JU� PSJHJOBUFT� GSPN�
JUTFMG��"TICZ�QSPQPTFE� UIF� UBYPOPNZ� PG�NBUFSJBMT� BT�
GPMMPXT��

�ʠThe Kingdom of Materials can be subdivided 

into families, classes, subclasses and members. As an 

example, the Materials Kingdom contains the family ‘Metals’ 

which in turn contains the class ‘Aluminium alloys’, the 

subclass ‘5000 series’ and finally the particular member 

‘Alloy 5083 in the H 2 heat treatment condit ion’ �ʡ�
"DDPSEJOH� UP� UIF� LJOHEPN� PG�NBUFSJBMT
� B� TQFDJGJD�
NFUBM� JO� UIJT� TUVEZ�DPSSFTQPOET� UP�B�NFNCFS��5IFO
�
UIF�NFUBM� QSPEVDUT� GSPN� EJGGFSFOU�NFNCFST� BSF�
DPOTJEFSFE�EJTUJODU��

#BTFE� PO� UIF� DMBTTJGJDBUJPO� PG� QSPDFTTFT� BOE�
EJGGFSFOUJBUJPO� BCPWF
� MJGF�DZDMF� QSPDFTT� GMPXT� PG� B�
TQFDJGJD�NFUBM�BOE�BOPUIFS�UZQF�PG�NFUBM�BSF�ESBXO�BT�
JO�Fig. 1�� )FSF
� UIF� EJGGFSFOUJBUJPO� PG� UXP� UZQFT� PG�

NFUBM� JT� JSSFMFWBOU� UP� BO� FOUJUZ�XIJDI� PQFSBUFT� UIF�
QSPDFTT��*O�PUIFS�XPSET
�UIFTF�UXP�UZQFT�PG�NFUBM�BSF�
SFHBSEFE�EJTUJODU
�FWFO�UIPVHI�UIFZ�BSF�QSPEVDFE�CZ�
UIF�TBNF�GBDJMJUZ�JO�EJGGFSFOU�UJNF��'PMMPXJOH�UIF�GMPXT�
JO�'JH��1
�TDSBQ�JT�DMBTTJGJFE�JOUP�GJWF�UZQFT�CBTFE�PO�JUT�
PS JH JO� BOE� DPOTVNQUJPO �� 	Ћ
� HFOFSBUFE� GSPN�
QSPEVDUJPO� BOE� GBCSJDBUJPO� 	1�'
� PG� B� TQFDJGJD�NFUBM�
BOE� DPOTVNFE� JO� 1�'� PG� UIF� TBNF� NFUBM 
� 	β
�
HFOFSBUFE�GSPN�1�'�PG�EJGGFSFOU�NFUBM�BOE�DPOTVNFE�
JO� 1�'� PG� UIF� TQFDJGJD�NFUBM
� 	Ѝ
� HFOFSBUFE� GSPN�
NBOVGBDUVSJOH� PG� B� QSPEVDU� GPS�XIJDI� UIF� TQFDJGJD�
NFUBM� JT� VTFE
� BOE� DPOTVNFE� JO� 1�'� PG� UIF� TQFDJGJD�
NFUBM
� 	δ
�HFOFSBUFE�GSPN�NBOVGBDUVSJOH�PG�EJGGFSFOU�
QSPEVDU�BOE�DPOTVNFE� JO�1�'�PG� UIF� TQFDJGJD�NFUBM
�
BOE� 	ε
� HFOFSBUFE� GSPN�XBTUF�NBOBHFNFOU� BOE�
DPOTVNFE�JO�1�'�PG�UIF�TQFDJGJD�NFUBM��5ZQJDBMMZ
�	Ћ

�
	β

�	Ѝ

�BOE�	δ
�BSF�SFGFSSFE�UP�BT�OFX�TDSBQ
�BOE�	ε
�
BT�PME�TDSBQ�

*O� BEEJUJPO� UP� EJGGFSFOUJBUJPO� CZ� UIF� UZQF� PG�NFUBM�
BOE� UIF� QSPDFTT 
� UFNQPSB M� E J G GFSFOU JBU JPO� JT�
DPOTJEFSFE�� *O� B� DPOUJOVPVT� QSPDFTT� PG�NFUBMT
� POF�
QSPEVDUJPO� DBOOPU� CF� JEFOUJG JFE�� &YBNQMFT� PG�
DPOUJOVPVT�QSPDFTTFT�BSF�DPOWFSUJOH�GPS�DPQQFS��
�BOE�
SFDPWFSJOH�NPMUFO�MFBE�GSPN�UIF�TIBGU�GVSOBDF�EVSJOH�
UIF�SFDZDMJOH�QSPDFTT�PG�MFBE��
��8JUIPVU�UIF�UFNQPSBM�
EJGGFSFOUJBUJPO
�BMM�QSPEVDUT�GSPN�B�DPOUJOVPVT�QSPDFTT�
BSF� SFHBSEFE� BT� UIF� TBNF
� FWFO� JG� UIF� QSPEVDUJPO�
UJNJOH�HBQ� TQBOT�ZFBST
�XIJDI� JT�VOSFBMJTUJD��)FSF
� B�
TQFDJGJD�NFUBM� JT� UFNQPSBMMZ� EJTUJOHVJTIFE� CZ� TFUUJOH�
UIF� UJNF� QFSJPE� OFDFTTBSZ� GPS� POF� QSPEVDUJPO���
$POWFSTFMZ
� JO�B�CBUDI�QSPDFTT
�POF�QSPEVDUJPO�CBUDI�
JT� JOEFQFOEFOU� PG� PUIFST�� 5IFSFGPSF
� UIF� UJNF� QFSJPE�
DBO�CF�TFU�BT�POMZ�POF�CBUDI�PG�B�TQFDJGJD�NFUBM��5IF�
UJNF�QFSJPE� JT�PQUJPOBMMZ�FYUFOEFE� UP� JODMVEF�TFWFSBM�

Fig. 1ɹ4DIFNBUJD�JNBHF�PG�DMBTTJp�DBUJPO�PG�TDSBQ�JOEJDBUFE�JO�UIF�MJGF�DZDMF�QSPDFTT�q�PXT�PG�B�TQFDJp�D�NFUBM�
�BOE�EJ⒎�FSFOU�NFUBM�
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CBUDIFT�PG�B�TQFDJGJD�NFUBM��
5IF� JEFB� PG� UJNF� QFSJPE� IFMQT� EJTUJOHVJTI� TDSBQ�

HFOFSBUFE� PWFS� EJGGFSFOU� UJNF� TQBOT
� DPOUSJCVUJOH� UP�
BDDVSBUF�DMBTTJGJDBUJPO��#Z�JOUSPEVDJOH�UIF�UJNF�QFSJPE
�

ʠTBNFʡ� JO� UIF� EFGJOJUJPO� PG� 	Ћ
� BOE� 	Ѝ
� NFBOT�
ʠEFSJWFE� GSPN� UIF� TBNF�NFUBM
� HFOFSBUFE� GSPN� UIF�
TBNF�QSPDFTT	FT

� BOE�SFDZDMFE�XJUIJO� UIF�TBNF�UJNF�
QFSJPE�ʡ�'PS�JOTUBODF
�JG�TDSBQ�GSPN�B�TQFDJGJD�NFUBM�JT�
SFDZDMFE�UP�UIF�QSPDFTT�PG�B�TQFDJGJD�NFUBM�CVU� JT�OPU�
SFDZDMFE�XJUIJO� UIF� TBNF� UJNF� QFSJPE
� UIF� TDSBQ� JT�
SFHBSEFE� BT� PSJHJOBUJOH� GSPN� EJGGFSFOU�NFUBM�� /PUF�
UIBU�UIPVHI�	ε
�XPVME�GVSUIFS�CF�EJGGFSFOUJBUFE�BT�UIF�
TBNF� PS� EJ G GFSFOU� CZ� EFG JOJU JPO 
� 	ε
� EPFT� OPU�
QSBDUJDBMMZ�NFFU� UIF� DSJUFSJB� UP� CF�ʠTBNFʡ� TJODF� UIF�
MJGFUJNF� PG� B� UZQJDBM� QSPEVDU� JT� MPOHFS� UIBO� UIF� UJNF�
QFSJPE�� 5IFSFGPSF
� JO� PVS� DMBTTJGJDBUJPO
� TBNF� PS�
EJGGFSFOU�JT�OPU�BQQMJFE�GPS�	ε
�

'VSUIFS� BOBMZTJT� SFWFBMT� UIBU�NFUBM� TDSBQ� GSPN�
QSPEVDUJPO�BOE� GBCSJDBUJPO� 	Ћ
�β
� BOE�NBOVGBDUVSJOH�
	Ѝ
δ
� IPME� EJGGFSFOU� TUBUVTFT�� "DDPSEJOH� UP� UIF�
QSFWJPVT� PS� PSJHJOBM� TZTUFN� PG� JOQVUT
�XIFUIFS� UIFZ�
BSF�EFSJWFE�GSPN�UIF�TBNF�NFUBM� JT�DMBSJGJFE��"NPOH�
UIFTF�JOQVUT
� 	Ћ
�DPSSFTQPOET�UP�IPNF�TDSBQ
� JOUFSOBM�
TDSBQ��

� BOE� JO�IPVTF� TDSBQ��
�� )PNF� TDSBQ� JT� PVUQVU�
GSPN� QSPEVDUJPO� BOE� GBCSJDBUJPO� 	1�'

� CVU� JU� JT�
BMXBZT� SFDZDMFE� JOUFSOBMMZ�XJUIJO� UIF� QSPDFTT�
� PS�
XJUIJO�UIF�TBNF�GBDJMJUZ��
��1SBDUJDBMMZ
�BMNPTU�100%�PG�
IPNF� TDSBQ� JT� SFDZDMFE��
�� 5IFSFGPSF
� IPNF� TDSBQ� JT�
OFJUIFS�SFHBSEFE�BT�BO�JOQVU�OPS�BO�PVUQVU�

*O� UIJT� SFHBSE
� GPS� UIF� TZTUFN� BU� B�NJDSP�MFWFM� PS�
BCPWF
� B� QBSU� PG� 	β
� JT� DPOTVNFE�XJUIJO� UIF� TBNF�
GBDJMJUZ
� SFHBSEFE� BT� IPNF� TDSBQ� 	SFDZDMJOH
�� 0O� UIF�
PUIFS�IBOE
�XIFO�DPOTJEFSFE�BU�B�QSPEVDU�MFWFM
�TVDI�
SFDZDMJOH� JT� OPU� SFHBSEFE� BT� IPNF� TDSBQ� 	SFDZDMJOH

�
BT� JU� EFSJWFT� GSPN� B� EJGGFSFOU�NFUBM
� J�F�
� B� EJGGFSFOU�
NFNCFS�JO�UIF�LJOHEPN�PG�NBUFSJBMT��5IJT�EJTUJODUJPO�
DBO�CF�MJLFOFE�UP�SPPNT�JO�UIF�IPNF
�SFTVMUJOH�JO�UIF�

QSFDJTF� UFSNJOPMPHZ�ʠSPPN� TDSBQʡ� GPS� UIF� TDSBQ�
NFOUJPOFE�BCPWF�BT� 	β
��5IF�TDSBQ� 	Ѝ
� JT�OFX�TDSBQ�
HFOFSBUFE� GSPN�NBOVGBDUVSJOH� BOE� SFDZDMFE�CBDL� UP�
UIF�PSJHJOBM�NFUBM�XJUIJO�UIF�EFUFSNJOFE�UJNF�QFSJPE��
5IJT�NFBOT� 	Ѝ
� JT� OFJUIFS� SFHBSEFE� BT� JOQVU� OPS�
PVUQVU
� XIJDI� IPMET� UIF� TBNF� TUBUVT� BT� 	Ћ
�� 5IF�
DMBTTJGJDBUJPO�PG�TDSBQ�JT�TVNNBSJ[FE�JO�Table 1�

2.2　Determining secondary raw material status in 

metal scrap

5IF� OFYU� TUFQ� JT� IPX� UP� SFHBSE� DMBTTJGJFE�NFUBM�
TDSBQ� BT� TFDPOEBSZ� SBX�NBUFSJBMT�� 0OF� PG� UIF�
DPOWFOUJPOBM�EFGJOJUJPOT�PG�TFDPOEBSZ�SBX�NBUFSJBMT�JT�

ʠS F D Z D M F E� NB U F S J B M T � U I B U � D B O� C F� V T F E� J O�
NBOVGBDUVSJOH� QSPDFTTFT� JOTUFBE� PG� PS� BMPOHTJEF�
WJSHJO� SBX�NBUFSJBMTʡ�0
�� 0UIFS� EFGJOJUJPOT� BSF�

ʠNBUFSJBMT� BOE� QSPEVDUT� UIBU� DBO� CF� VTFE� BT� SBX�
NBUFSJBMT� CZ� TJNQMF� SF�VTF
� PS� WJB� SFDZDMJOH� BOE�
SFDPWFSZʡ�1

�ʠUIF� CBTJD�NBUFSJBMT� SFDPWFSFE� GSPN�
QSFWJPVT� VTF� PS� XBTUF� GSPN�XIJDI� B� QSPEVDU� JT�
NBEF
ʡ� BOE� JO� MJGF� DZDMF� 	-$
� UFSNT
�ʠUIF� CBTJD�
NBUFSJBMT�SFDPWFSFE�GSPN�QSFWJPVT�VTF�PS�XBTUF�UIBU�
BSF� JOUSPEVDFE� JOUP� UIF� CPVOEBSJFT� PG� UIF� TUVEJFE�
TZTUFNʡ��
�� 4FDPOEBSZ� SBX�NBUFSJBMT� BSF� TPNFUJNFT�
EFTDSJCFE� BT� TFDPOEBSZ� TVQQMZ1�
� PS� TFDPOEBSZ�
NBUFSJBMT��
�� *O� TVNNBSZ
� UIFTF� EFGJOJUJPOT� JOUFOE� UP�
EJTUJOHVJTI� QSJNBSZ� SBX�NBUFSJBMT� GSPN� BMM� PUIFS�
JOQVUT�UIBU�DBO�TVCTUJUVUF�GPS�QSJNBSZ�SBX�NBUFSJBMT��
"MUIPVHI� SFDPHOJ[JOH�XIBU� DBO� CF� SFHBSEFE� BT�
TFDPOEBSZ�SBX�NBUFSJBMT�JT�TUJMM�PQFO�GPS�EJTDVTTJPO
�JU�
JT�VOEJTQVUFE�UIBU�NFUBM�TDSBQ�HFOFSBUFE�GSPN�XBTUF�
NBOBHFNFOU
�EFOPUFE�BT�	ε
�JO�UIJT�TUVEZ
�JT�SFHBSEFE�
BT� TFDPOEBSZ� SBX�NBUFSJBMT�� 5IJT� JT� CFDBVTF� 	ε
� JT�
EFSJWFE�GSPN�FOE�PG�MJGF�QSPEVDUT�UIBU�IBWF�DPNQMFUFE�
B�EFGJOFE�GVODUJPO�EVSJOH�UIF�VTF�QIBTF�JO�TPDJFUZ��0O�
UIF� PUIFS� IBOE
� 	Ћ

� 	β

� 	Ѝ

� BOE� 	δ
� EP� OPU� EFSJWF�
GSPN�XBTUF�NBOBHFNFOU� CVU� BSF� HFOFSBUFE� GSPN�

Table 1 Classipcation of scrap used as an input to the production and faCrication of a specipc metal� 
5he characters in the CracLets correspond to those in 'iHure �� ACCreviations are as follows: 
1�' for production and faCrication
 M for manufacturinH
 and 8M for waste manaHement�

(enerated from Conventional classipcation &Ypression in this study
	Ћ
 1�' of a specipc metal in scope )ome scrap )ome scrap

	β
 1�' of a di⒎erent metal
from the same facility )ome scrap

/ew 	different
 1�'
 scrap
from a di⒎erent facility /ew scrap

	Ѝ
 M of the product /ew scrap /ew 	same
 M
 scrap
	δ
 M of a di⒎erent product /ew scrap /ew 	di⒎erent
 M
 scrap
	ε
 8M 0ld scrap 0ld scrap
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JOEVTUSJB M� QSPDFTTFT 
� NFBOJOH� UIFZ� IBWF� OPU�
DPNQMFUFE� UIF� EFGJOFE� GVODUJPO� UISPVHI� UIF� VTF�
QIBTF�� $POTFRVFOUMZ
� UIFTF� JOQVUT� BSF� OPU� BMXBZT�
SFHBSEFE�BT�TFDPOEBSZ�SBX�NBUFSJBMT��5IJT�SBJTFT�UIF�
RVFTUJPO� PG�XIFUIFS� TVDI� JOQVUT� BSF� OPU� TFDPOEBSZ�
SBX�NBUFSJBMT�BOE�XIFUIFS� UIFZ�TIPVME�CF�SFHBSEFE�
BT� FRVJWBMFOU� UP� QSJNBSZ� SBX�NBUFSJBMT��.FUBMT� BSF�
SFDZDMFE�BU�B�SFMBUJWFMZ�IJHI�SBUF�BGUFS�SFBDIJOH�UIFJS�
FOE�PG�MJGF�DPNQBSFE�UP�PUIFS�JOEVTUSJBM�NBUFSJBMT�

�1�
��
5IJT�GBDU�JOEJDBUFT�UIBU�B�DFSUBJO�BNPVOU�PG�SFDPWFSFE�
NFUBM�TDSBQ�IBT�CFFO�VTFE�BT�BO�JOQVU�JO�UIF�QSFWJPVT�
QSPEVDUJPO�BOE�GBCSJDBUJPO�PG�NFUBMT
�XIJDI�HFOFSBUFE�
UIF� OFX� TDSBQ�� 5IFSFGPSF
� UIF� OFX� TDSBQ� DPOUBJOT�
TPNF� TFDPOEBSZ� SBX�NBUFSJBMT� BOE� TIPVME� OPU� CF�
DPOTJEFSFE�FRVJWBMFOU�UP�QSJNBSZ�SBX�NBUFSJBMT��)FSF
�
XF� QSPQPTF� UP� SFHBSE� UIF� JOQVU� PG� 	Ћ

� 	β

� 	Ѝ

� BOE�
	δ
�BT�B�NJY�PG�QSJNBSZ�BOE�EFGJOJUJWF�TFDPOEBSZ�SBX�
NBUFSJBMT� SFGFSSFE� UP� 	ε
�� *O� PUIFS�XPSET
�XF� SFHBSE�
POMZ� 	ε

� PS� PME� TDSBQ
� BT� TFDPOEBSZ� SBX�NBUFSJBMT��
5IF�JEFB�SFGFST�UP�UIF�QSFWJPVT�TZTUFN	T
�GSPN�XIJDI�
UIPTF�JOQVUT�PG�NFUBM�TDSBQ�BSF�HFOFSBUFE
�XIJDI�DBO�
EFUFSNJOF�IPX�NVDI�PME�TDSBQ�XBT�DPOTVNFE�EVSJOH�
UIF� QSPEVDUJPO� BOE� GBCSJDBUJPO� PG� UIF� PSJHJOBM�NFUBM
�
SFTVMUJOH�JO�B�TZTUFN�FYQBOTJPO�	Fig. 2
�

'PS�UIF�TBLF�PG�TJNQMJGJDBUJPO
�XF�TVQQPTF�UIF�DBTF�
XIFSF� UIF� QSFWJPVT� TZTUFN� EPFT� OPU� DPOTVNF� BOZ�
OFX�TDSBQ�JO�'JH�����*G�UIF�QSFWJPVT�TZTUFNT�DPOTVNF�
OFX� TDSBQ
� JU� TIPVME� CF� USBDFE� CBDL� UP� GVSUIFS�

QSFWJPVT�TZTUFNT�� *O�UIFPSZ
� JU� JT�QPTTJCMF�UP�SFGFS�UP�
UIF�QSFWJPVT�TZTUFNT�TVCTFRVFOUMZ�VOUJM�OFX�TDSBQ�JT�
OP�MPOHFS�VTFE��'SPN�B�DPOTFSWBUJWF�QFSTQFDUJWF
�UIF�
JOQVU� XJUI� OP� EFUBJ MT� CFDBVTF� PG� JOTVGG JD JFOU�
USBDFBCJMJUZ�TIPVME�OPU�CF�SFHBSEFE�BT�DPOUBJOJOH�PME�
TDSBQ��*U�TIPVME�CF�USFBUFE�UIF�TBNF�BT�QSJNBSZ�SBX�
NBUFSJBM�

2.3　Formulation of recycled content

5IFSF� BSF� TFWFSBM� EFGJOJUJPOT� PG� SFDZDMFE� DPOUFOU
�
EFQFOEJOH�PO� JUT�QVSQPTF�BOE�VTBHF��'PS�NFUBMT
� UIF�
6OJUFE�/BUJPOT� &OWJSPONFOU� 1SPHSBNNF� 	6/&1
�
EFGJOFT�SFDZDMFE�DPOUFOU�BT�ʠUIF�GSBDUJPO�PG�TFDPOEBSZ�
	TDSBQ
� NFUBM� JO� UIF� UPUBM� NFUBM� JOQVU� PG� NFUBM�
QSPEVDUJPOʡ11
�� 5IJT� EFGJOJUJPO� JT� DPNNPOMZ� VTFE� JO�
NBOZ�.'"�TUVEJFT� UP�FWBMVBUF� UIF�SFDZDMFE�DPOUFOU�
PG�NFUBMT� BU� HMPCBM��

� SFHJPOBM��

� BOE� OBUJPOXJEF�
MFWFMT��
ʙ ��
�� *O� UIJT� TUVEZ
�XF� BEIFSF� UP� UIF�6/&1�T�
EFGJOJUJPO�PG�SFDZDMFE�DPOUFOU��5IF�EJGGFSFODF�CFUXFFO�
PUIFS�EFGJOJUJPOT�PG�SFDZDMFE�DPOUFOU�XJMM�CF�EJTDVTTFE�
MBUFS�

5IF�SFDZDMFE�DPOUFOU�PG�B�TQFDJGJD�NFUBM�SFQSFTFOUT�
UIF� SBUJP� PG� TVCTUBODFT� EFSJWFE� GSPN� FOE�PG�MJGF�
QSPEVDUT� DPOUBJOFE� JO� UIF�NFUBM�� )PXFWFS
� JU� JT�
UFDIOJDBMMZ� JNQPTTJCMF� UP� RVBOUJGZ� UIF� SBUJP� PG�
TFDPOEBSZ�TVCTUBODFT�DPOUBJOFE�JO�UIF�NFUBM�JO�TDPQF�
UISPVHI� UIF� BOBMZUJDBM� EFUFDUJPO� PG� SFDZDMFE�NFUBMT�
EJSFDUMZ��5IFSFGPSF
�UIF�SFDZDMFE�DPOUFOU�PG�B�TQFDJGJD�

Fig. 2ɹ4DIFNBUJD�JNBHF�PG�SFGFSSJOH�UP�UIF�PSJHJO�PG�OFX�TDSBQ�JOQVU�VTFE�JO�UIF�QSFTFOU�QSPEVDUJPO�BOE�GBCSJDBUJPO��
�"CCSFWJBUJPOT�BSF�BT�GPMMPXT��QSP��GPS�QSPEVDUJPO
�GBC��GPS�GBCSJDBUJPO�
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NFUBM� JT� FNQJSJDBMMZ� RVBOUJGJFE� VTJOH� JOGPSNBUJPO� PO�
UIF� JOQVUT� UP� UIF� QSPEVDUJPO� BOE� GBCSJDBUJPO� QSPDFTT�
PG� UIF�NFUBM� BT� B� QSPYZ�� %VSJOH� UIJT� QSPDFTT
� UIF�
DIFNJDBM�DPNQPTJUJPO�PG�B�TQFDJGJD�NFUBM�JT�EFUFSNJOFE�
CBTFE� PO� UIF� SFRV J SFE� TQFD J G J DB U J PO� BOE� J T�
QSPQPSUJPOBM� UP� UIF� SBUJP� PG� UIF� JOQVUT� PG� SBX�
NBUFSJBMT��0ODF�UIF�DPNQPTJUJPO�JT�EFUFSNJOFE
�JU�EPFT�
OPU�DIBOHF�JO�TVCTFRVFOU�QSPDFTTFT��)FODF
�XF�GPDVT�
PO�UIF�QSPDFTT�JO�XIJDI�UIF�DIFNJDBM�DPNQPTJUJPO�PG�B�
TQFDJGJD�NFUBM�JT�EFUFSNJOFE�

5IF�QSPDFTT�UP�EFUFSNJOF�UIF�SFDZDMFE�DPOUFOU�BOE�
UIF� SFMBUFE� JOQVUT� WBSZ� EFQFOEJOH� PO� UIF� DMBTT� PG�
NFUBMT�� 4JNQMJGJFE�QSPDFTTFT� PG� SFQSFTFOUBUJWF�NFUBMT�
BSF� EFQJDUFE� JO�Fig. 3�� 'PS� FYBNQMF
� UIF� SFDZDMFE�
DPOUFOU�PG�BMVNJOVN�BMMPZT�JT�DBMDVMBUFE�CBTFE�PO�UIF�
JOQVU� UP� UIF�NFMUJOH� BOE� DBTUJOH� QSPDFTTFT� EVSJOH�
GBCSJDBUJPO�CFDBVTF�OP� TDSBQ� PS� TDSBQ�EFSJWFE� JOQVUT�
BSF� VTFE� JO� QSPEVDUJPO� QSPDFTTFT� TVDI� BT� SFGJOJOH�
	#BZFS�QSPDFTT
�BOE�TNFMUJOH� 	)BMM�)ÉSPVMU�QSPDFTT
��
��
5IF�BQQSPBDI�GPS�DBMDVMBUJOH�UIF�SFDZDMFE�DPOUFOU�PG�
DPQQFS�BMMPZT�GPMMPXT�UIF�TBNF�SBUJPOBMF�EVF�UP�TJNJMBS�
QSPEVDUJPO�DIBSBDUFSJTUJDT��
��$POWFSTFMZ
� UIF�SFDZDMFE�

DPOUFOU�PG�TUFFM�JT�DBMDVMBUFE�CBTFE�PO�UIF�JOQVU�UP�UIF�
TUFFMNBLJOH� QSPDFTT�0

� PS� SFGJOJOH� BOE� DBTUJOH� BT�
JOUFHSBUFE� QSPDFTTFT� PG� QSPEVDUJPO� BOE� GBCSJDBUJPO�
TIPXO�JO�'JH�����*U�JT�JNQPSUBOU�UP�OPUF�UIBU�UIF�JOQVU�
PG�NFUBM�TDSBQ�JT�OPU�BMXBZT�QVSFMZ�TDSBQ��TPNFUJNFT
�
TVDI�JOQVU�JODMVEFT�QSPDFTTFE�TDSBQ�BOE�NBZ�FWFO�CF�
NJYFE�XJUI�QSJNBSZ
�UZQJDBMMZ�UP�EJMVUF� JNQVSJUJFT��*O�
TVDI� DBTFT
� UIF� QSJNBSZ� BOE� TDSBQ�NFUBM� QSPQPSUJPO�
XJUIJO� UIF� JOQVU� TIBMM� CF� DMFBSMZ� JEFOUJGJFE� BOE�
BDDPVOUFE� GPS� TFQBSBUFMZ�� 5IF� JOQVUT� PG� BMMPZJOH�
FMFNFOUT� DBO� CF� USFBUFE� TJNJMBSMZ�� JG� BOZ
� UIF� TDSBQ�
EFSJWFE� QPSUJPO� PG� BMMPZJOH� FMFNFOUT� JT� DMBSJGJFE� BOE�
BDDPVOUFE� GPS� TFQBSBUFMZ� BT� QSJNBSZ� BOE� TFDPOEBSZ��
'VSUIFSNPSF
� CZ� BQQMZJOH� UIJT� GSBNFXPSL
� UIF�
SFDZDMFE� DPOUFOU� PG� B� DPNQPTJUF� NFUBM� DBO� CF�
FYQSFTTFE�BT�UIF�XFJHIUFE�BWFSBHF�PG�FBDI�DPNQPTFE�
VOJGPSN�NFUBM��5IJT�BQQSPBDI�FOTVSFT�B�OVBODFE�BOE�
BDDVSBUF� SFQSFTFOUBUJPO� PG� SFDZDMFE� DPOUFOU� BDSPTT�
WBS JPVT� UZQFT� PG� NFUB M� BOE� UIFJS� SFTQFDU JWF�
QSPEVDUJPO�QSPDFTTFT��/PUF�UIBU�UIJT�EFGJOJUJPO�JT�WBMJE�
GPS� VOJGPSN�NFUBMT
� OPU� GPS� QMBUFE�NBUFSJBMT
� DMBE�
NBUFSJBMT
�DPBUFE�NBUFSJBMT
�BOE�MBZFSFE�NBUFSJBMT�

Fig. 3ɹ4JNQMJp�FE�QSPEVDUJPO�BOE�GBCSJDBUJPO�QSPDFTTFT�PG�TUFFM
�BMVNJOVN�BMMPZT
�BOE�DPQQFS�BMMPZT�
5IF�DPMPS�PG�QSPDFTTFT�TIPXT�UIF�QIBTF�BOE�TUBUVT�PG�UIF�NFUBM�
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5IF� SFDZDMFE� DPOUFOU� PG� B� TQFDJGJD�NFUBM
� EFGJOFE�
BCPWF�BT� UIF�SBUJP�PG�PME�TDSBQ� JO� UIF� UPUBM� JOQVUT
� JT�
GPSNVMBUFE� BT� &RVBU JPO� 1�� 5IF� EFOPNJOBUPS�
SFQSFTFOUT� UIF� UPUBM�NBTT� PG� JOQVUT� PUIFS� UIBO� UIF�
TBNF�NFUBM��5IF�OVNFSBUPS�TJHOJGJFT�UIF�UPUBM�NBTT�PG�
PME�TDSBQ�JODMVEFE�JO�UIF�JOQVUT�

RC(%)=［(β＋δ)×RC0＋ε］/(P＋β＋δ＋ε)×100 � 	1


8IFSF�
RC�JT�UIF�SFDZDMFE�DPOUFOU�PG�B�TQFDJGJD�NFUBM�
RC0� JT� UIF� PSJHJOBM� SFDZDMFE� DPOUFOU� PG� JOEJWJEVBM�

JOQVU�PG�OFX�TDSBQ��
RC0�JT�B�XFJHIUFE�BWFSBHF�PG�RC0�
P�JT�UIF�NBTT�PG�QSJNBSZ�SBX�NBUFSJBMT�JOQVU�
β� JT� UIF�NBTT�PG�OFX�TDSBQ� JOQVU�HFOFSBUFE� GSPN�

UIF�QSPEVDUJPO�BOE�GBCSJDBUJPO�PG�B�EJGGFSFOU�NFUBM�
δ� JT� UIF�NBTT�PG�OFX�TDSBQ� JOQVU�HFOFSBUFE� GSPN�

UIF�NBOVGBDUVSJOH�PG�B�EJGGFSFOU�QSPEVDU�
ε�JT�UIF�NBTT�PG�PME�TDSBQ�JOQVU�

	Ћ
� BOE� 	Ѝ
� BSF� OPU� DPOTJEFSFE� JO� UIF� GPSNVMB� BT�
UIFZ� POMZ� DJSDVMBUF�XJUIJO� UIF� TBNF� TZTUFN��8IFO�
NVMUJQMF� TPVSDFT� DPOUSJCVUF� UP� 	β�δ
 
� JU� PGUFO�
IBQQFOT�RC0�EJGGFST�CZ�UIF�TPVSDF��5IFSFGPSF
�RC0�JT�
DBMDVMBUFE�GSPN�UIF�NBTT�BOE�RC0�PG�FBDI�TPVSDF
�BOE�
JT�BQQMJFE�UP�&RVBUJPO 1�

3. Demonstration and Discussions

3.1　Is new scrap secondary raw material?

"T�EJTDVTTFE�JO���1
�UIF�CJOBSZ�DMBTTJGJDBUJPO�PG�OFX�
TDSBQ�NBZ� DBVTF� EJTDSFQBODJFT� PG� TFDPOEBSZ� JOQVU�
CFUXFFO� NBDSP�� BOE� NJDSP�MFWFM� TZTUFNT�� 5IF�
USBOTGFS� PG� OFX� TDSBQ� CFUXFFO�NJDSP�MFWFM� TZTUFNT�
BEET�DPNQMFYJUZ�UP�UIJT�EJTDVTTJPO��4VQQPTF�UIF�GMPXT�
JO�Fig. 4
�XIFSF�TZTUFN 1�TQFDJBMJ[FT� JO�QSPDFTTJOH�B�
TQFDJGJD�NFUBM�BOE�QSPEVDU
�XIJMF� TZTUFN ��QSPDFTTFT�
B� EJGGFSFOU�NFUBM� BOE� QSPEVDU� BOE� HFOFSBUFT� OFX�
TDSBQ� BT� DP�QSPEVDUT�� 5IF� QBSBNFUFST� PG� JOQVUT�
EFQJDUFE� JO� 'JH�� �� BMJHO�XJUI� UIPTF� EJTDVTTFE� JO� �����
5IF�NBTT�PG�BMM�UIF�JOQVUT�JT�TVQQPTFE�OPU�UP�CF�[FSP��

8IFO� UIF� DPOWFOUJPOBM� CJOBSZ� DMBTTJGJDBUJPO� JT�
BQQMJFE�UP�UIF�USBOTGFSSFE�OFX�TDSBQ
�	β
�BOE�	δ
�BSF�
SFHBSEFE� BT� QSJNBSZ� PS� PME� TDSBQ
� BTTJHOJOH� UIF�
SFDZDMFE�DPOUFOU�PG�UIFTF�TDSBQ�BU�FJUIFS�0%�PS�100%��
)PXFWFS
� UIF� SFDZDMFE� DPOUFOU� PG� B� QSPEVDU� GSPN�
TZTUFN ��JT�OFWFS�0%�OPS�100%��5IJT�DSFBUFT�B�TFWFSF�
EJTDSFQBODZ� CFUXFFO� UIF� SFDZDMFE� DPOUFOUT� PG� UIF�
QSPEVDU�BOE�DP�QSPEVDUT� GSPN�TZTUFN �
�FWFO�UIPVHI�
UIF� PSJHJOBM� JOQVUT� BOE� QSPDFTTFT� BSF� DPNNPO� GPS�
CPUI �� 5IJT� EJTDSFQBODZ
� XIJDI� JT� QSBDU JDB M MZ�
DIBMMFOHJOH� BOE� VOSFBMJTUJD
� NBLFT� UIF� CJOBSZ�
DMBTTJG JDBUJPO� PG� OFX� TDSBQ� JOBQQMJDBCMF� XIFO�
DPOTJEFSJOH� UIF� USBOTGFS� PG� OFX� TDSBQ� CFUXFFO�
TZTUFNT��

.PSFPWFS
� BOPUIFS� EJTDSFQBODZ� BSJTFT� XIFO�
DPOTJEFSJOH�BO�JOUFHSBUFE�TZTUFN�DPNQSJTJOH�TZTUFNT�

Fig. 4ɹ4DIFNBUJD�JNBHF�PG�JOQVU�q�PXT�CFUXFFO�NJDSP�MFWFM�TZTUFNT�BOE�XJUIJO�UIF�JOUFHSBUFE�TZTUFN��	P
�GPS�QSJNBSZ�
� �SBX�NBUFSJBMT
�	β
�GPS�OFX�TDSBQ�GSPN�UIF�QSPEVDUJPO�BOE�GBCSJDBUJPO�PG�EJ⒎�FSFOU�NFUBM
�	δ
�GPS�OFX�TDSBQ�GSPN�

UIF�NBOVGBDUVSJOH�PG�EJ⒎�FSFOU�NFUBM
�BOE�	ε
�GPS�PME�TDSBQ�
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1�BOE���BT�TVCTZTUFNT��*G�	β
�BOE�	δ
�BSF�SFHBSEFE�BT�
PME� TDSBQ
� UIF� TVN� PG� PME� TDSBQ� JOQVUT� UP� UIF�
TVCTZTUFNT� JT� 	ε1�ε��β�δ
�� :FU
� UIF� JOQVU� PG� PME�
TDSBQ� UP� UIF� JOUFHSBUFE� TZTUFN
�Єε
� JT� FRVJWBMFOU� UP�
	ε1�ε� 
� CFDBVTF� 	β
� BOE� 	δ
� BSF� OFJUIFS� JOQVUT� OPS�
PVUQVUT� GSPN� UIF� QFSTQFDUJWF� PG� UIF� JOUFHSBUFE�
TZTUFN�� *U� JT�WJDF�WFSTB� GPS� UIF�DBTF� 	β
� BOE� 	δ
� BSF�
SFHBSEFE� BT� QSJNBSZ�� 5IF� EFWFMPQFE�NFUIPEPMPHZ
�
IPXFWFS
� USFBUT� OFX� TDSBQ� BT� B�NJYUVSF� PG� QSJNBSZ�
BOE�PME�TDSBQ�BOE�BDDPVOUT�POMZ�GPS�UIF�QPSUJPO�PG�PME�
TDSBQ� DPOUBJOFE�XJUIJO� OFX� TDSBQ�XIFO� FWBMVBUJOH�
SFDZDMFE� DPOUFOU��"T� B� SFTVMU
� UIF� TVN� PG� JOQVUT� UP�
NJDSP�MFWFM� TZTUFNT� JT� DPOTJTUFOU�XJUI� BO� JOUFHSBUFE�
TZTUFN
� BOE� FWFO� B�NBDSP�MFWFM� TZTUFN� FWFOUVBMMZ
�
UIPVHI� UIF� EFWFMPQFE�NFUIPEPMPHZ� PQFSBUFT� BU� UIF�
TNBMMFTU�NJDSP�MFWFM�BT�UIF�TQFDJGJD�NFUBM� MFWFM��5IVT
�
CZ� FTUBCMJTIJOH� B� DPOTJTUFOU� NFUIPEPMPHZ� GPS�
D M B T T J G Z J OH� OFX� TD SBQ 
� XF� QSPW JEF� B� NPSF�
TUSBJHIUGPSXBSE� BOE� USBOTQBSFOU� BQQSPBDI� UP�
FWBMVBUJOH�SFDZDMFE�DPOUFOU�

'VSUIFSNPSF
� UIF�SFDZDMBCJMJUZ�PG�OFX�TDSBQ�WBSJFT�
TJHOJGJDBOUMZ��'PS�FYBNQMF
�OFX�TDSBQ�HFOFSBUFE�GSPN�
CMBOLJOH� QSPDFTTFT� JT� FBTJMZ� SFDZDMBCMF� BOE� DBO�
EJSFDUMZ�TFSWF�BT�JOQVU�GPS�TVCTFRVFOU�QSPEVDUJPO�BOE�
GBCSJDBUJPO� QSPDFTTFT�� )PXFWFS
� OFX� TDSBQ� GSPN�
NJYFE�NFUBM� KPJOUT� OFDFTTJUBUFT� TQFDJBM� USFBUNFOU
�
TVDI� BT� DPNQPOFOU� TFQBSBUJPO
� UP�NJUJHBUF� QPUFOUJBM�
DPOUBNJOBUJPO�� 5IJT� TUVEZ� EFGJOFT� TVDI� OFDFTTBSZ�
JOUFSWFOUJPOT� BT�ʠUIF� QSPDFTT� UP� SFDPWFS� OFX� TDSBQ�
UIBU� DBOOPU� CF� SFDZDMFE� JO� JUT� PSJHJOBM� GPSN�ʡ�5IJT�
BEEJUJPOBM� USFBUNFOU
� UIFSFCZ
� BMJHOT� UIF� SFDZDMJOH�PG�
PUIFSXJTF� OPO�SFDZDMBCMF� OFX� TDSBQ�XJUI� UIF�XBTUF�
NBOBHFNFOU� BQQM JFE� UP� FOE�PG � M J GF� QSPEVDUT ��
$POTFRVFOUMZ
� UIJT� TUVEZ�QPTJUT� UIBU�OFX�TDSBQ�BGUFS�
BO� BEEJUJPOBM� USFBUNFOU� IBT� UIF� TBNF� TUBUVT� BT� PME�
TDSBQ�� )FSF
� &RVBUJPO 1� JT�NPEJGJFE� BT� &RVBUJPO � �
XIFO� UIF� JOQVUT� JODMVEF� UIF� OFX� TDSBQ� BGUFS�
BEEJUJPOBM�USFBUNFOU�

RC(%)=［(β＋δ)×RC0＋ε＋θ］/(P＋β＋δ＋ε＋θ)×100 	�


8IFSF�
θ�JT�UIF�NBTT�PG�OFX�TDSBQ�JOQVU�BGUFS�BO�BEEJUJPOBM�

USFBUNFOU�

"EEJUJPOBM� USFBUNFOUT� JODMVEF� TFQBSBUJPO
� TPSUJOH
�
SFNPWJOH�MBZFST
�SFGJOJOH
�IFBU�USFBUNFOU
�EFHSFBTJOH
�
BOE�QSFTTJOH��"O� BEEJUJPOBM� PS� FYUSB� FGGPSU� UP� VUJMJ[F�
TVDI� TDSBQ� BT� JOWFOUJPOT� BOE� EFWFMPQNFOU� DBO� CF�
SFHBSEFE� BT� UIF� TBNF� BT� UIF� BEEJUJPOBM� USFBUNFOU��
)PXFWFS
� JU� JT�EJGGFSFOU� GSPN�UIF�QIZTJDBM� USFBUNFOU��
5IF�DIBMMFOHF�MJFT�JO�FTUBCMJTIJOH�QSPUPDPMT�UP�FOTVSF�
UIBU� BEEJUJPOBM� USFBUNFOUT� QSFWFOU� UIF� EJTQPTBM� PG�
OFX�TDSBQ�BOE�NFUIPET� UP�EJTUJOHVJTI�CFUXFFO�OFX�
TDSBQ�XJUI�BOE�XJUIPVU�BO�BEEJUJPOBM�USFBUNFOU�

3.2　Evaluation of recycled content by proposed 

methodology

5IF� EFWFMPQFE� GPSNVMB� JT� EFNPOTUSBUFE� UISPVHI�
GJWF�DBTFT
�BT�TIPXO�JO�Table 2��/PUF�UIBU�OVNCFST�JO�
5BCMF� �� BSF� TJNQMJGJFE� BOE� BSF� OPU� CBTFE� PO� UIF�
QSBDUJDBM� DBTF�� 5IJT� JT� JOUFOEFE� UP� IJHIMJHIU� UIF�
E J G GFSFODF� P G� SFDZD MFE� DPOUFOU� CFUXFFO� PVS�
NFUIPEPMPHZ� BOE� DPOWFOUJPOBM� FRVBUJPOT�� $BTF 1�
SFQSFTFOUT�UIF�CBTFMJOF�TDFOBSJP
�XJUI�QSJNBSZ�	P
�BOE�
PME� TDSBQ� 	ε
� JOQVUT�� 'SPN� DBTFT �� UP� �
� BEEJUJPOBM�
JOQVUT�	β�δ
�BOE�	Ѝ
�BSF�JODMVEFE�BMPOHTJEF�QSJNBSZ�
BOE�PME�TDSBQ�UP�FYBNJOF�UIF�JNQBDU�PG�JOQVU�UZQFT�PO�
SFDZDMFE�DPOUFOU��)FSF
�BEEJUJPOBM�USFBUNFOUT�GPS�OFX�
TDSBQ�XFSF�OPU�UBLFO�JOUP�DPOTJEFSBUJPO��8F�BTTVNFE�
UIBU� UIF� DPOTVNQUJPO� PG� PME� TDSBQ� SFNBJOT� DPOTUBOU�
XIJMF�UIF�DPOTVNQUJPO�PG�QSJNBSZ�GMVDUVBUFT�CBTFE�PO�
QSPEVDUJPO� BOE� GBCSJDBUJPO� SFRVJSFNFOUT� GPS� UIF�
NFUBM�� *O� DBTFT �� BOE� �
� 	β�δ
� PSJHJOBUFT� GSPN�
BOPUIFS�NFUBM� DPOUBJOJOH� 10%� PG� SFDZDMFE� DPOUFOU�

Table 2 &Yamples of input to a specipc metal and calculated recycled content� 5he characters in the CracLets 
and eYpressions of inputs correspond to those in 'iHure ��

Case
Inputs Calculation

└ β�δ Ѝ ε ┖┇ ┇┳┲┺-┖┇a ┇┳┲┺-┖┇C

� �� � � �� ��� ��� ���
� �� �� � �� ��� ��� ���
� �� �� � �� ��� ��� ���
� �� � �� �� ��� ��� ���
� �� � �� �� ��� ��� ���
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	RC0
�� 5IF� JOQVU� PG� 	β�δ
� SFQMBDFT� B� QBSU� PG� UIF�
QSJNBSZ� JOQVUT�� *O� DBTFT �� BOE� �
� 	Ѝ
� JT� OFX� TDSBQ�
SFUVSOFE�GSPN�UIF�NBOVGBDUVSJOH�QSPDFTT�PG�UIF�TBNF�
QSPEVDU�TZTUFN��5IF�JOQVU�PG�	Ѝ
�EPFT�OPU�SFQMBDF�UIF�
QSJNBSZ��3BUIFS
�TVDI�SFUVSO�NFBOT�UIF�TBNF�BNPVOU�
PG� UIF� NFUBM� XBT� BEEJUJPOBMMZ� TVQQMJFE� UP� UIF�
NBOVGBDUVSJOH�QSPDFTT��5IFSFGPSF
� GPS� DBTFT���BOE��
�
UIF�JOQVU�NBTT�PG�	P
�BOE�	ε
�SFNBJOT�UIF�TBNF�BT�JO�
DBTF 1� CFDBVTF� UIF� BEEJUJPOBM� TVQQMZ� BOE� UIF� SFUVSO�
BSF�DPNQFOTBUFE�

'PMMPXJOH� UIF� TDFOBSJPT� TVNNBSJ[FE� JO�5BCMF� �
�
SFDZDMFE�DPOUFOU�XBT�DBMDVMBUFE�VTJOH�&RVBUJPO 1��'PS�
DPNQBSJTPO
�XF� BMTP� DBMDVMBUFE� SFDZDMFE� DPOUFOU�
CBTFE� PO� UIF� DPOWFOUJPOBM� EFGJOJUJPOT
� FYQMPSJOH�
XIFUIFS�OFX�TDSBQ�TIPVME�CF�DPOTJEFSFE�B�TFDPOEBSZ�
SBX�NBUFSJBM��&RVBUJPO ��	C┳┲┺�RCB
�USFBUT�OFX�TDSBQ�
BT�B�TFDPOEBSZ�SBX�NBUFSJBM
�XIJMF�&RVBUJPO ��	C┳┲┺�
RCC
�EPFT�OPU��5IF�C┳┲┺�RCC�SFGMFDUT� UIF�QSPQPSUJPO�
PG� PME� TDSBQ�VTFE� BT� JOQVU
� EJTUJOHVJTIFE� BOE�OBNFE�
FOE�P G � M J GF� SFDZD MFE� DPOUFOU��
 �� 5IF� FRVBU JPO�
QBSBNFUFST�BMJHO�XJUI�UIPTF�EJTDVTTFE�JO�����

C┳┲┺�RCB(%)=(β＋Ѝ＋δ＋ε)/(P＋β＋Ѝ＋δ＋ε) 	�


C┳┲┺�RCC(%)=(ε)/(P＋β＋Ѝ＋δ＋ε) 	�


"EPQUJOH�C┳┲┺�RCB
� SFDZDMFE�DPOUFOU� JT�VQ� UP��0%�
CZ� JODPSQPSBUJOH� 	β�δ
� BT� JOQVU�� 5IJT� SFTVMU� TIPXT�
UIBU� UIF� SFDZDMFE� DPOUFOU� DBO� CF� JOG MBUFE� CZ�
DPOTJEFSJOH� OFX� TDSBQ� BT� B� TFDPOEBSZ� SBX�NBUFSJBM��
'VSUIFSNPSF
�SFDZDMFE�DPOUFOU�JT�VQ�UP���%�XJUI�UIF�
BEEJUJPO�PG�	Ѝ

�QSPEVDFE�JO�MBSHFS�RVBOUJUJFT�XJUIPVU�
BOZ� EJGGJDVMUJFT� CZ� EFMJCFSBUFMZ� SFEVDJOH� UIF� ZJFME�
EVSJOH�NBOVGBDUVSJOH�� )PXFWFS
� UIJT� BQQSPBDI� EPFT�
OPU� BGGFDU� UIF� DPOTVNQUJPO� PG� QSJNBSZ� SFTPVSDFT
�
XIJDI� MFBET� UP� B� NJTNBUDI� CFUXFFO� JODSFBTFE�
SFDZDMFE� DPOUFOU� BOE� TUBCMF� OBUVSBM� SFTPVSDF�
DPOTVNQUJPO�� 5IFSFCZ
� C┳┲┺�RCB� MJNJUT� JUT� BCJMJUZ� UP�
SFGMFDU� DJSDVMBSJUZ�BT� UIF� USVF�WBMVF��'PMMPXJOH�C┳┲┺�
RCC�SFTVMUFE�JO�TUBCMF�PS�MPXFS�SFDZDMFE�DPOUFOU�UIBO�
UIF� CBTFMJOF� DBTF 1� BT� UIF� BNPVOU� PG� OFX� TDSBQ�
JODSFBTFT
� CBTFE� PO� UIF� QFSTQFDUJWF� UIBU� TDSBQ� GSPN�
JOEVTUSJBM�QSPDFTTFT�TIPVME�CF�FRVBUFE�XJUI�QSJNBSZ�
NBUFSJBMT
�B�WJFX�DSJUJRVFE�JO���1�

5IF�EFWFMPQFE�NFUIPEPMPHZ�BDDPVOUT�GPS�PME�TDSBQ
�
XIJDI� JT� JODMVEFE� JO� JOQVUT� PG� OFX� TDSBQ� GSPN�
EJGGFSFOU�NFUBMT� GPS� DBMDVMBUJOH� SFDZDMFE� DPOUFOU��
.PSFPWFS
� OFX� TDSBQ� SFUVSOFE� UISPVHI� DMPTFE� MPPQT�
EPFT� OPU� JOGMBUF� SFDZDMFE� DPOUFOU� CVU�NBJOUBJOT� JUT�
WBMVF
�BT�TIPXO�JO�DBTFT ��BOE����5IVT
�UIJT�BQQSPBDI�
FGGFDUJWFMZ�USBDLT�UIF�SFMBUJPOTIJQ�CFUXFFO�UIF�NJDSP�
MFWFM� SFDZDMJOH� DPOEJUJPO� BOE� UIF�NBDSP�MFWFM�OBUVSBM�
SFTPVSDF� DPOTVNQUJPO�� 5IJT� TUVEZ� QSPQPTFT� USBDJOH�
UIF� PSJHJO� PG� UIF� JOQVUT� PG� OFX� TDSBQ� UP� QPUFOUJBMMZ�
NPUJWBUF� UIF� JNQSPWFNFOU� PG� UIF� PSJHJOBM� SFDZDMFE�
DPOUFOU�	RC0
�JG�QSFWJPVT�TZTUFNT�BSF�JEFOUJGJBCMF��5IF�
EFWFMPQFE�NFUIPEPMPHZ� BDDPNNPEBUFT� UIF� OBUVSF� PG�
NFUBM
�XIJDI�JT�SFDZDMFE�NVMUJQMF�UJNFT�XJUIJO�TPDJFUZ�

3.3　Comparison of various definitions of recycled 

content

*O�UIJT�TUVEZ
�XF�FNQMPZFE�UIF�6/&1�T�EFGJOJUJPO�PG�
SFDZDMFE�DPOUFOU
�DPNNPOMZ�VTFE� JO�.'"�TUVEJFT�BT�
BO� JOEJDBUPS� PG� UIF� VUJMJ[BUJPO� PG� UIF� HFOFSBUFE�
TFDPOEBSZ�NBUFSJBMT��

� �1

� ��
�� 5IF�6/&1� EFGJOJUJPO� PG�
SFDZDMFE� DPOUFOU� TIPXT� UIF� SBUJP� PG� TFDPOEBSZ� SBX�
NBUFSJBMT� JO� B�NFUBM� QSPEVDFE� BOE� GBCSJDBUFE� JO� UIF�
EFGJOFE� TZTUFN�� 5ZQJDBMMZ
�.'"� TUVEJFT� TFU� UIJT�
TZTUFN� BU� UIF�NBDSP� MFWFM
� TVDI� BT� OBUJPOXJEF� PS�
CSPBEFS��$POTFRVFOUMZ
�NFUBM�TDSBQ�DJSDVMBUJOH�XJUIJO�
TVDI� B�NBDSP�MFWFM� TZTUFN� JT� OPU� DPOTJEFSFE�XIFO�
FWBMVBUJOH� UIF� SFDZDMFE� DPOUFOU� BU� UIF�NBDSP� MFWFM�
TJODF�UIJT�TDSBQ�JT�OFJUIFS�DMBTTJGJFE�BT�BO�JOQVU�OPS�BO�
PVUQVU�

*O� MJGF� DZDMF� BTTFTTNFOU� 	-$"
� TUVEJFT
� SFDZDMFE�
DPOUFOU� JT� VTFE� BT� BO� JOEJDBUPS� PG� B� QSPEVDU�T�
FOWJSPONFOUBM� QSPGJMF� SFMBUFE� UP� SFDZDMJOH��"OESFBTJ�
#BTTJ� FU� BM�� 	�0�1
� DPOTJEFS� SFDZDMFE� DPOUFOU� BT� BO�
J OEFY� BOE� U B SHF U� P G� S F DZD M J OH 
� J O� XI J DI� B�
NFUIPEPMPHJDBM� GSBNFXPSL� GPDVTJOH� PO� JODSFBTJOH�
NBUFSJBM� DJSDVMBSJUZ� JO� B� QSPEVDU� JT� EFWFMPQFE��
��
"SEFOUF�BOE�.BUIJFVY� 	�01�
�QSPQPTFE�B� GSBNFXPSL�
UP�JEFOUJGZ�QPUFOUJBM�NFBTVSFT�GPS�JNQSPWJOH�SFTPVSDF�
FGGJDJFODZ� SFMBUFE� UP� B� QSPEVDU� JO�XIJDI� SFDZDMFE�
DPOUFOU� JT�SFHBSEFE�BT�POF�PG�UIF�SFTPVSDF�FGGJDJFODZ�
DSJUFSJB��
��'VSUIFSNPSF
�SFDZDMFE�DPOUFOU�JT�VTFE�BT�B�
QBSBNFUFS� GPS� SFDZDMJOH�NPEFMJOH� JO� -$"��/JFSP�
	�01�
� FWBMVBUFE� UIF� FOWJSPONFOUBM� QSPG J MF� PG�
BMVNJOVN� CFWFSBHF� DBOT� BMPOH�XJUI� UIF� $SBEMF� UP�
$SBEMF�DFSUJGJDBUJPO�QSPHSBN
�XIJDI�SFRVJSFT�B�DFSUBJO�
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BNPVOU�PG�SFDZDMFE�DPOUFOU�GPS�DFSUJGJDBUJPO��
��*O�-$"�
TUVEJFT
�UIF�WBMVF�PG�SFDZDMFE�DPOUFOU�JT�UZQJDBMMZ�QSF�
EFUFSNJOFE
� XJUI� M JUU MF� EJTDVTTJPO� BSPVOE� UIF�
EFGJOJUJPO
� FWBMVBUJPO�NFUIPEPMPHZ
� PS� DBMDVMBUFE�
WBMVFT�PG�SFDZDMFE�DPOUFOU�

1SBDUJDBMMZ
� SFDZDMFE� DPOUFOU� JT� VTFE� UP�NBLF� BO�
FOWJSPONFOUBM� DMBJN� BCPVU� B� QSPEVDU�� 7BSJPVT�
NBOVGBDUVSFST� VTF� SFDZDMFE� DPOUFOU� UP� IJHIMJHIU� UIF�
BXBSFOFTT� PG� SFDZDMJOH� JO� UIFJS�QSPEVDUT��

� ��
�� *O� UIJT�
SFHBSE
� SFDZDMFE� DPOUFOU� TIPVME� CF� RVBOUJGJFE�
BDDPSEJOH� UP� VOJWFSTBM� TUBOEBSET� UP� FOTVSF� GBJSOFTT�
BOE� BWPJE� HSFFOXBTIJOH�� *40 1�0�1
� GPS� FYBNQMF
�
EFGJOFT�SFDZDMFE�DPOUFOU�BT�ʠUIF�QSPQPSUJPO
�CZ�NBTT
�
PG� SFDZDMFE�NBUFSJBM� JO� B� QSPEVDU� PS� QBDLBHJOH�ʡ�
0UIFS� QSJWBUF� TUBOEBSET� GPS� FWBMVBUJOH� UIF� SFDZDMFE�
DPOUFOU� PG� B� QSPEVDU� GPM MPX� UIF� EFG JOJU JPO� JO�
*40 1�0�1��

� ��
�� "DDPSEJOH� UP� *40 1�0�1
� UIF� SFDZDMFE�
DPOUFOU� PG� B� QSPEVDU� JT� DBMDVMBUFE� BT� UIF�XFJHIUFE�
BWFSBHF�PG�UIF�SFDZDMFE�NBUFSJBMT�VTFE�JO�UIF�QSPEVDU��
8IJMF�JU�JT�TUSBJHIUGPSXBSE�UP�DBMDVMBUF�UIJT�BWFSBHF�JG�
NBUFSJBMT� BSF� FYQMJDJUMZ� EJGGFSFOUJBUFE� BT� SFDZDMFE�
	100%�SFDZDMFE�DPOUFOU
�PS�OPO�SFDZDMFE�	0%�SFDZDMFE�
DPOUFOU

� DPNQMJDBUJPOT� BSJTF� CFDBVTF� UIF� SFDZDMFE�
DPOUFOU� PG� B�NBUFSJBM� DBO� WBSZ� CFUXFFO� [FSP� BOE�
VOJUZ�� 5IFSFGPSF
� UP� EFUFSNJOF� B� QSPEVDU�T� SFDZDMFE�
DPOUFOU
� FBDI� DPOTUJUVFOU�NBUFSJBM�T� SFDZDMFE� DPOUFOU�
TIPVME�CF�FWBMVBUFE��)PXFWFS
�UIF�EFGJOJUJPO�QSPWJEFE�
CZ� *40 1�0�1� JT�CSPBE�BOE�WBHVF
�XIJDI�DBO� MFBE� UP�
WBSJPVT� JOUFSQSFUBUJPOT� BOE� EJWFSHFOU� FWBMVBUJPOT� PG�
SFDZDMFE�DPOUFOU�

5IF�EFWFMPQFE�NFUIPEPMPHZ�BEESFTTFT�UIFTF�JTTVFT�
FGGFDUJWFMZ�� JU� FOTVSFT� BM M� JOQVUT� PG� TDSBQ� BSF�
BDDPVOUFE� GPS�XJUIPVU� MFBLBHF
� BOE� UIF� SFDZDMFE�
DPOUFOU� PG� B� TQFDJGJD�NFUBM� JT� VOJRVFMZ� EFUFSNJOFE
�
NBJOUBJOJOH�DPOTJTUFODZ�XJUI�NBDSP�MFWFM� TZTUFNT��"�
MJNJUBUJPO
� IPXFWFS
� JT� UIBU� JU� JT� PGUFO� DIBMMFOHJOH� UP�
JOG JOJUF MZ� USBDF� QSFWJPVT� TZTUFNT� EVF� UP� UIF�
JOTVGGJDJFOU� USBDFBCJMJUZ� PG� OFX� TDSBQ��8IFO� B�
QSFWJPVT� TZTUFN� DBOOPU� CF� USBDFE� GVSUIFS
� UIF�
FWBMVBUFE�SFDZDMFE�DPOUFOU�JT�JOWBSJBCMZ�MFTT�UIBO�UIF�
BDUVBM� WBMVF�� 5IFSFGPSF
� BDDPSEJOH� UP� UIF� EFWFMPQFE�
NFUIPEPMPHZ
� SFDZDMFE� DPOUFOU� DBO� CF� DMPTFS� UP� UIF�
BDUVBM� WBMVF� CZ� JNQSPWJOH� UIF� USBDFBCJMJUZ� PG� OFX�
TDSBQ�JOQVUT��5P�BDIJFWF�UIF�SFDZDMFE�DPOUFOU�DMPTFTU�
UP� UIF� USVUI
� JU� JT� JNQFSBUJWF� UIBU�OPU� KVTU� JOEJWJEVBM�
FOUJUJFT� CVU� BMM� TUBLFIPMEFST� BOE� UIF� FOUJSF� JOEVTUSZ�

XPSL� UPXBSET� JNQSPWJOH� UIF� USBDFBCJMJUZ� PG� OFX�
TDSBQ�

4. Conclusions

*O� UIJT� TUVEZ
�XF� JOUSPEVDFE� B� OPWFM� DMBTTJGJDBUJPO�
GPS� NFUBM� TDSBQ� UIBU� SFGJOFT� UIF� DPOWFOUJPOBM�
DMBTTJGJDBUJPO� PG� OFX� TDSBQ�� 5IJT� BQQSPBDI� GVSUIFS�
DMBTTJGJFT� JOEVTUSZ�PSJHJOBUFE� TDSBQ
� F�H�� OFX� TDSBQ
�
EPXO�UP�B�TQFDJGJD�QSPEVDU� MFWFM
�EJTUJOHVJTIJOH� JU�CZ�
UIF�QSPDFTT	FT
� GSPN�XIJDI� JU�PSJHJOBUFT��5IJT�SFGJOFE�
DMBTTJGJDBUJPO� FOBCMFT� UIF� USBDLJOH� BOE� BDDPVOUJOH� PG�
NFUBM�TDSBQ�SFMBUFE�UP�B�TQFDJGJD�NFUBM�BU�B�NJDSP�MFWFM�
TZTUFN
�NBJOUBJOJOH� UIF� DPOTJTUFODZ�XJUI� B�NBDSP�
MFWFM� TZTUFN�� 5IFSFCZ
� JU� PGGFST� NPSF� EFUBJMFE�
NPOJUPSJOH� PG�NBUFSJBM� DJSDVMBSJUZ� BU� UIF� TNBMMFTU�
NJDSP�MFWFM�� $POTFRVFOUMZ
�XF� BEESFTTFE� B� OVBODFE�
QFSTQFDUJWF�PO�TFDPOEBSZ�SBX�NBUFSJBMT
�QPTJUJOH�UIBU�
POMZ� UIF� PME� TDSBQ� DPNQPOFOU�XJUIJO� UIF� OFX� TDSBQ�
TIPVME� CF� DPOTJEFSFE� TFDPOEBSZ�� *U� QSPWJEFT� B�
DPODSFUF�NFBTVSF�PG�IPX�NVDI�QSJNBSZ�SBX�NBUFSJBM�
VTBHF� JT� TVCTUJUVUFE
� UIFSFCZ� RVBOUJGZJOH� DJSDVMBSJUZ�
TUBUVT�� #VJMEJOH� PO� UIJT� GPVOEBUJPO
�XF� EFWFMPQFE� B�
NFUIPEPMPHZ�GPS�VOJRVFMZ�FWBMVBUJOH�SFDZDMFE�DPOUFOU�
GPS� B� TQFDJGJD�NFUBM� BU� UIF�NJDSP�MFWFM
� BMJHOJOH�XJUI�
EFGJOJUJPOT�DPNNPOMZ�VUJMJ[FE�JO�.'"�TUVEJFT�GPDVTFE�
PO�NFUBMT�� 5IJT�NFUIPEPMPHZ� GBDJMJUBUFT� B� QSFDJTF�
BTTFTTNFOU� PG� JOQVU�TJEF�NFUBM� DJSDVMBSJUZ� BU� UIF�
NJDSP� MFWFM
� XIJDI� JT� DPOTJTUFOU�XJUI� JOUFHSBUFE�
TZTUFNT�BOE�MFBET�UP�BEWBODJOH�B�CPUUPN�VQ�BQQSPBDI�
UP�GPTUFSJOH�UIF�USBOTJUJPO�UPXBSE�B�DJSDVMBS�FDPOPNZ�

5IJT� TUVEZ� DPOUSJCVUFT� UP� B�NPSF� TPQIJTUJDBUFE�
VOEFSTUBOEJOH� BOE� JNQMFNFOUBUJPO� PG� DJSDVMBS�
FDPOPNZ� QSJODJQMFT
� QBSUJDVMBSMZ� JO� UIF� DPOUFYU� PG�
NFUBM� SFDZDMJOH�� 1SPWJEJOH� DMFBS� DMBTTJGJDBUJPO� BOE�
FWBMVBUJPO� GSBNFXPSLT� BJNT� UP� BDIJFWF� UIF� SFDZDMFE�
DPOUFOU� DMPTFTU� UP� UIF� USVUI� BOE
� DPOTFRVFOUMZ
� UIF�
FGGJDJFODZ�PG�SFDZDMJOH�QSPDFTTFT�BOE�QPMJDJFT�
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