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’S objective is to enhance the quality, safety, and
availability of food in developing countries.  In collaboration with
the U.S. Agency for International Development (USAID),

 provides access to specialized expertise in food
science and technology to improve the level of nutrition in
developing countries. The assistance is provided by experienced
professionals, who serve on a volunteer basis from the U.S. food
industry.

 assistance is provided through assessments, technical
assistance, and workshop training.  To examine technical issues
in more depth,  conducts scientific studies and organizes
expert advisory panels, technical symposia, and technical
publications.  Depending on the nature of the request, 
assistance is provided either through long-term or short-term
initiatives.
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� ���� 6867$,1
$OO ULJKWV UHVHUYHG�

7KLV SXEOLFDWLRQ ZDV PDGH SRVVLEOH WKURXJK VXSSRUW SURYLGHG E\ WKH 2IILFH RI +HDOWK DQG

1XWULWLRQ� %XUHDX IRU *OREDO 3URJUDPV� )LHOG 6XSSRUW DQG 5HVHDUFK� 8�6� $JHQF\ IRU

,QWHUQDWLRQDO 'HYHORSPHQW� XQGHU WKH WHUPV RI &RRSHUDWLYH $JUHHPHQW 1R� '$1�$�������

��������� 7KH RSLQLRQV H[SUHVVHG KHUHLQ DUH WKRVH RI WKH DXWKRU�V� DQG GR QRW QHFHVVDULO\

UHIOHFW WKH YLHZV RI WKH 8�6� $JHQF\ IRU ,QWHUQDWLRQDO 'HYHORSPHQW�
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6867$,1 ZLVKHV WR WKDQN WKH ,QVWLWXWH RI )RRG 7HFKQRORJLVWV �,)7� IRU WKHLU VXSSRUW

DQG FRRSHUDWLRQ LQ KROGLQJ WKH ,)7 )RUXP RQ ,URQ )RUWLILFDWLRQ� +HOG LQ $WODQWD�

*HRUJLD RQ -XQH ��� ����� 6867$,1 VSRQVRUHG WKH IRUXP LQ FRQMXQFWLRQ ZLWK WKH ,)7

$QQXDO 0HHWLQJ� 6867$,1 DOVR ZRXOG OLNH WR WKDQN PRGHUDWRUV 6DPXHO .DKQ RI

86$,'� 3HWHU 5DQXP RI 6867$,1 DQG WKH VSHDNHUV DW WKH IRUXP IRU WKHLU YDOXDEOH

FRQWULEXWLRQV WR WKLV DFWLYLW\�

7KLV UHSRUW ZDV FRPSLOHG DQG HGLWHG E\ 6867$,1 FRQVXOWDQW� -DFN %DJULDQVN\� 7KH

DFWLYLW\ ZDV FRRUGLQDWHG E\ 7HUHVD 0� /R]HDX� 6867$,1 3URJUDP 0DQDJHU DQG (ULFD

6WHZDUW� 6867$,1 3URJUDP $VVRFLDWH� 6867$,1 FRQVXOWDQW� 'DYLG 5XVVR� GHVLJQHG

WKH FRYHU DQG SXEOLVKHG WKH GRFXPHQW�
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3UHIDFH
6DPXHO .DKQ� 86$,'��������������������������������������������������������������������������������������������� �

,URQ )RUWLILFDWLRQ�

3UHYHQWLRQ RI ,URQ 'HILFLHQF\ $QHPLD IRU 'HYHORSLQJ

&RXQWULHV
5D\ <LS� 81,&() �������������������������������������������������������������������������������������������������� �

,URQ $EVRUSWLRQ� %LRDYDLODELOLW\� DQG 3RVVLEOH 5LVNV
6HDQ /\QFK� (DVWHUQ 9LUJLQLD 0HGLFDO 6FKRRO ����������������������������������������������������������� ��

2SWLPL]LQJ ,URQ &RPSRXQGV DQG %LRDYDLODELOLW\
5LFKDUG +XUUHOO� 6ZLVV )HGHUDO ,QVWLWXWH RI 7HFKQRORJ\��������������������������������������������� ��

,URQ 2YHUORDG ,Q 3HUVSHFWLYH
,EUDKLP 3DUYDQWD� 86 &'&������������������������������������������������������������������������������������� ��

5HJXODWRU\ 6WDWXV RI ('7$ LQ WKH 8QLWHG 6WDWHV
-RKQ 9DQGHUYHHQ� 86 )'$ ������������������������������������������������������������������������������������� ��

)RUXP 'LVFXVVLRQ
3HWHU 5DQXP� 0RGHUDWRU ��������������������������������������������������������������������������������������� ��
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3UHIDFH
6DPXHO .DKQ

86$,'

,URQ GHILFLHQF\ DQHPLD �,'$� LV WKH PRVW SUHYDOHQW QXWULWLRQDO GHILFLHQF\ ZRUOGZLGH�

DQG DFFRUGLQJ WR :+2� LPSDFWV QHDUO\ RQH�WKLUG RI WKH HDUWK·V SRSXODWLRQ� ,W LV D

OHDGLQJ FDXVH RI GHDWK DPRQJ D RQH�KDOI PLOOLRQ ZRPHQ ZKR GLH LQ FKLOGELUWK HYHU\

\HDU� $PRQJ FKLOGUHQ� LW LV DVVRFLDWHG ZLWK UHGXFHG LPPXQH UHVSRQVH� LQFUHDVHG

LQIHFWLRQ� DQG UHWDUGHG SK\VLFDO JURZWK DQG PHQWDO GHYHORSPHQW� ,'$ LV SDUWLFXODUO\

GHYDVWDWLQJ LQ WKH GHYHORSLQJ ZRUOG ZKHUH ��� ELOOLRQ SHRSOH DUH DIIHFWHG� ,Q PDQ\

QDWLRQV LQ 6RXWK DQG (DVW $VLD� 6XE�6DKDUDQ $IULFD DQG /DWLQ $PHULFD� XS WR ��� RI

ZRPHQ DQG FKLOGUHQ VXIIHU WKH SK\VLFDO� PHQWDO DQG VRFLR�HFRQRPLF EXUGHQ RI LURQ

GHILFLHQF\� :KLOH WKHUH DUH D YDULHW\ RI FDXVHV� WKH PRVW FRPPRQ FDXVH RI ,'$ LV

GLHWDU\�

,URQ LV NH\ IRU WKH V\QWKHVLV RI KHPRJORELQ� +HPRJORELQ LV HVVHQWLDO LQ WKH GHOLYHU\ RI

R[\JHQ IURP WKH OXQJV WR ERG\ RUJDQV DQG WLVVXHV� :KHQ VXIILFLHQW LURQ LV QRW DYDLO�

DEOH WR WKH ERG\� WKH FRQVHTXHQFHV DUH SURIRXQG� :LWKRXW VXIILFLHQW LURQ IRU RSWL�

PXP WUDQVSRUW RI R[\JHQ WR WKH PXVFOHV DQG EUDLQ� D GHELOLWDWLQJ IDWLJXH DQG OHWKDUJ\

VHWV LQ� VDSSLQJ VWUHQJWK DQG HQHUJ\ DQG ORZHULQJ ZRUN FDSDFLW\ DQG SURGXFWLYLW\�

7KHVH FRQVHTXHQFHV DIIHFW PRUH WKDQ KDOI RI WKH SRSXODWLRQ RI PDQ\ GHYHORSLQJ

FRXQWULHV� GDPSHQLQJ SURVSHFWV IRU HFRQRPLF GHYHORSPHQW� $ UHFHQW UHYLHZ FDOFX�

ODWHG HFRQRPLF ORVVHV GXH WR LURQ GHILFLHQF\� 5HGXFHG FRJQLWLYH GHYHORSPHQW LQ

FKLOGUHQ DQG ORZHU ZRUN SHUIRUPDQFH LQ DGXOWV ZHUH FRQVHUYDWLYHO\ FDOFXODWHG DW ��

SHU FDSLWD RU DOPRVW �� RI *'3� /RVVHV LQ 6RXWK $VLD DORQH ZHUH HVWLPDWHG DW FORVH

WR �� ELOOLRQ DQQXDOO\�

$JDLQVW WKLV EDFNGURS� WKH IRUWLILFDWLRQ RI IRRG VWDSOHV DQG FRQGLPHQWV ZLWK LURQ VDOWV

RIIHUV DQ RSSRUWXQLW\ WR LPSURYH PDQ\ OLYHV WKURXJKRXW WKH ZRUOG� ,URQ IRUWLILFDWLRQ LV

RQH RI WKH OHDVW H[SHQVLYH DQG SRWHQWLDOO\ PRVW HIIHFWLYH VWUDWHJLHV WR VXSSO\ PLFUR�

QXWULHQWV WR DW�ULVN SRSXODWLRQV� 7KH IRRG VFLHQFH LV ZHOO NQRZQ� WKH LQYHVWPHQW

PRGHVW� DQG WKH UHWXUQV LPPHDVXUDEOH� +RZHYHU� DGDSWLQJ WHFKQRORJLHV XVHG LQ WKH

LQGXVWULDO ZRUOG WR WKH IRRG SURFHVVLQJ� GLHWDU\ DQG FRRNLQJ SDWWHUQV RI GHYHORSLQJ

FRXQWULHV SUHVHQWV D QXPEHU RI FKDOOHQJHV�

7KH JRDO RI LURQ IRUWLILFDWLRQ LV WR SURYLGH YXOQHUDEOH SRSXODWLRQV ZLWK LURQ LQ D

ELRDYDLODEOH IRUP WKDW PHHWV WKHLU ERGLHV· QHHGV DQG EHQHILWV WKHLU JURZWK� GHYHORS�

PHQW DQG SURGXFWLYLW\� 7KLV LQYROYHV PRUH WKDQ VLPSO\ DGGLQJ LURQ WR IRRG� ,URQ DE�

VRUSWLRQ� WKH XOWLPDWH PHDVXUH RI WKH ELRORJLFDO YDOXH RI DGGHG LURQ� LV D FRPSOH[ LQ�

WHUSOD\ RI WKH IRUWLILFDQW� IRRG YHKLFOH� DQG RWKHU IRRGV FRQVXPHG LQ D PHDO� ,Q FRXQ�

WULHV LQ $VLD� $IULFD DQG /DWLQ $PHULFD� VWDSOH GLHWV RI FRUQ� EHDQV� ZKHDW DQG ULFH
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FRQWDLQ FRPSRXQGV WKDW LQKLELW LURQ DEVRUSWLRQ� 7HD DQG FRIIHH� EHYHUDJHV WDNHQ

ZLWK PHDOV LQ PXFK RI WKH ZRUOG� FRQWDLQ WDQQLQV WKDW JUHDWO\ UHGXFH DEVRUSWLRQ�

8QIRUWXQDWHO\� WKH PRUH DEVRUEDEOH LURQ VDOWV ZLWK D KLJKHU ELRORJLFDO YDOXH DUH DOVR

PRUH FKHPLFDOO\ UHDFWLYH DQG FDQ DGYHUVHO\ HIIHFW IRRG TXDOLW\�

:KLOH PDQ\ FRXQWULHV DUH FXUUHQWO\ LPSOHPHQWLQJ RU LQLWLDWLQJ IRUWLILFDWLRQ SURJUDPV�

WKHVH LVVXHV KDYH VORZHG WKH SURJUHVV RI IRUWLILFDWLRQ SURJUDPV� <HW QHZ WHFKQLTXHV�

QHZ FRPSRXQGV� DQG QHZ VXFFHVV VWRULHV DUH HPHUJLQJ� 7KLV IRUXP ZLOO SUHVHQW WKH

FXUUHQW VWDWH RI RXU XQGHUVWDQGLQJ RI LURQ IRUWLILFDWLRQ DV D PHDQV WR UHGXFH LURQ GHIL�

FLHQF\ DQHPLD LQ GHYHORSLQJ FRXQWULHV DQG DQ RSSRUWXQLW\ GLVFXVV HQFRXUDJLQJ VFL�

HQWLILF DGYDQFHPHQWV� 7KH SURJUHVV LV KHDUWHQLQJ� WKH SRWHQWLDO HQRUPRXV�
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,URQ )RUWLILFDWLRQ�
3UHYHQWLRQ RI ,URQ 'HILFLHQF\ $QHPLD
)RU 'HYHORSLQJ &RXQWULHV

5D\ <LS

81,&()

3UHYDOHQFH RI ,URQ 'HILFLHQF\
,URQ GHILFLHQF\ LV WKH PRVW SUHYDOHQW QXWULWLRQDO GLVRUGHU LQ WKH GHYHORSLQJ ZRUOG DQG

WKH RQO\ UHPDLQLQJ PLFURQXWULHQW GHILFLHQF\ VWLOO RI SXEOLF KHDOWK LPSRUWDQFH LQ GH�

YHORSHG FRXQWULHV� 8VLQJ DQHPLD DV DQ LQGLFDWRU� DOPRVW KDOI RI DOO LQIDQWV DQG SUHJ�

QDQW ZRPHQ LQ GHYHORSLQJ FRXQWULHV VXIIHU IURP LURQ GHILFLHQF\� $ERXW ������ RI

QRQ�SUHJQDQW ZRPHQ DUH DOVR LURQ GHILFLHQW�

,W LV ZRUWK QRWLQJ WKDW DQHPLD UHSUHVHQWV WKH PRUH VHYHUH HQG RI WKH VSHFWUXP RI LURQ

GHILFLHQF\� ,Q LWV PLOGHU IRUP� LQGLYLGXDOV KDYH GHSOHWHG LURQ VWRUHV \HW DUH QRW FRQ�

VLGHUHG DQHPLF DV WKH\ KDYH DGHTXDWH LURQ IRU QRUPDO SK\VLRORJLFDO IXQFWLRQ� ,Q

JHQHUDO� IRU HYHU\ FDVH RI LURQ GHILFLHQF\ DQHPLD GHWHFWHG LQ D JLYHQ SRSXODWLRQ�

WKHUH LV DQRWKHU RQH RU WZR FDVHV RI WKH PLOGHU IRUP RI LURQ GHILFLHQF\� ,Q RWKHU

ZRUGV� XVLQJ DQHPLD WR HVWLPDWH WKH EXUGHQ RI LURQ GHILFLHQF\ XQGHUHVWLPDWHV WKH

DFWXDO SUREOHP RI LURQ GHILFLHQF\�

'LIIHUHQWLDO ,URQ 5HTXLUHPHQWV 'HWHUPLQH +LJK 5LVN *URXSV
:RPHQ DQG FKLOGUHQ DUH FOHDUO\ PRUH YXOQHUDEOH WR LURQ GHILFLHQF\ DQHPLD� 7KLV LV

EHFDXVH GLIIHUHQW JURXSV KDYH GLIIHUHQW GDLO\ LURQ UHTXLUHPHQWV� 7KHVH UHTXLUHPHQWV

YDU\ DPRQJ GLIIHUHQW SRSXODWLRQ JURXSV DQG VWDJHV RI WKH OLIH F\FOH� )RU H[DPSOH�

PHQ QHHG � PJ RI LURQ SHU GD\ ZKLOH DQ DYHUDJH ZRPDQ ZKR LV VPDOOHU LQ VL]H QHHGV

��� PRUH LURQ� RU ��� PJ D GD\� 7KLV KLJKHU UHTXLUHPHQW IRU ZRPHQ LV PDLQO\ EH�

FDXVH RI PHQVWUXDO EORRG ORVV� 3UHJQDQW ZRPHQ UHTXLUH ��� PJ GD\� 7KLV LV PRUH

WKDQ IRXU WLPHV WKH LURQ UHTXLUHG E\ DQ DGXOW PDQ DQG WKUHH WLPHV WKH UHTXLUHPHQW

IRU QRQ�SUHJQDQW ZRPHQ�

$ UHDVRQDEO\ JRRG GLHW RQO\ SURYLGHV ����� PJ RI DEVRUEDEOH LURQ SHU GD\� DERXW KDOI

RI WKLV UHTXLUHPHQW� %DVHG RQ WKLV JDS RI LQWDNH DQG UHTXLUHPHQW� URXWLQH VXSSOH�

PHQWDWLRQ LV VXJJHVWHG IRU SUHJQDQW ZRPHQ� +RZHYHU� LQ PRVW GHYHORSLQJ FRXQ�

WULHV� EHFDXVH RI SRRU GLHWDU\ TXDOLW\ RU ORZ LQWDNH RI IRRG IURP DQLPDO VRXUFHV �D

EHWWHU VRXUFH RI LURQ�� PDQ\ ZRPHQ FDQ QRW PHHW WKHLU LURQ UHTXLUHPHQW HYHQ ZKHQ

QRW SUHJQDQW� 8QGHU WKHVH FLUFXPVWDQFHV� HIIRUWV WR LPSURYH EDVHOLQH LURQ VWDWXV DUH

QHHGHG� )RUWLILFDWLRQ DSSHDUV WR EH WKH PRVW HIIHFWLYH VWUDWHJ\ WR GR VR�
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Absorbed Versus Dietary Requirements 
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7DEOH �
6HJPHQW $EVRUEHG ,URQ 5HTXLUHPHQW

�LQ PJ SHU GD\�

'LHWDU\ ,URQ 1HHGHG DW �� $EVRUS�

WLRQ WR 6DWLVI\ $EVRUEHG ,URQ 5H�

TXLUHPHQW

$GXOW 0HQ � ����

$GXOW :RPHQ ��� �����

3UHJQDQW :RPHQ ��� �����

,QIDQWV ��� ��

,QIDQWV UHTXLUH RQO\ �� PJ RI DEVRUEHG LURQ D GD\³OHVV WKDQ PHQ GR� +RZHYHU� FKLO�

GUHQ FRQVXPH IDU OHVV WKHQ PHQ� DQG RIWHQ WKH TXDOLW\ RI WKH LURQ LV LQIHULRU� $VVXP�

LQJ DQ LURQ DEVRUSWLRQ UDWH RI ��� ���� NFDO RI LURQ ZLWK DYHUDJH ELRDYDLODELOLW\ PXVW

EH FRQVXPHG E\ \RXQJ FKLOGUHQ WR PHHW WKH UHTXLUHPHQW� +RZHYHU� WKH DYHUDJH LQ�

IDQW GLHW LQ WKH GHYHORSLQJ ZRUOG LV RQO\ ��� FDORULHV DQG FRQWDLQV OHVV LURQ WKDQ WKH

W\SLFDO DGXOW GLHW� *HQHUDOO\� WKH LQIDQW GLHW LQ GHYHORSLQJ FRXQWULHV SURYLGHV RQO\

RQH�KDOI WKH DEVRUEHG LURQ UHTXLUHPHQW� )RU WKLV UHDVRQ� ZLWKRXW D VSHFLDO SURYLVLRQ

WR DVVXUH JUHDWHU LURQ FRQWHQW RI LQIDQW GLHW� PRVW ZLOO GHYHORS VRPH GHJUHH RI LURQ

GHILFLHQF\�

'HWHUPLQDQWV RI ,URQ 'HILFLHQF\
,URQ GHILFLHQF\ LV FDXVHG E\ DQ LQWDNH RI LURQ WKDW GRHV QRW PHHW WKH LURQ UHTXLUHPHQW

DQG�RU E\ EORRG ORVV� ,QDGHTXDWH LQWDNH LV FDXVHG E\ D YDULHW\ RI IDFWRUV� $ GLHW PD\

ODFN VXIILFLHQW LURQ FRQWHQW �TXDQWLW\� RU ELRDYDLODELOLW\ �TXDOLW\�� )URP D QXWULWLRQDO

SRLQW RI YLHZ� QRW DOO LURQ LQ IRRGV DUH FUHDWHG HTXDO� 6RPH DUH PRUH DYDLODEOH RU

EHWWHU DEVRUEHG

WKDQ DUH RWKHUV�

7KH TXDOLW\ FRPSR�

QHQW RI WKH HTXDWLRQ

LV ORVV� &HUWDLQ SHU�

VRQV UHTXLUH PRUH

LURQ WKDQ GR RWKHUV�

:RPHQ UHTXLUH

PRUH LURQ PDLQO\

EHFDXVH RI PHQ�

VWUXDO EORRG ORVV� $

ERG\ WKDW LV JURZLQJ

UDSLGO\ KDV KLJKHU

LURQ UHTXLUHPHQWV�

7KHUHIRUH� LQIDQWV

DQG \RXQJ FKLOGUHQ

RU SUHJQDQW ZRPHQ FDUU\LQJ D JURZLQJ IHWXV UHTXLUH PRUH LURQ� ,Q GHYHORSLQJ FRXQ�

WULHV WKHUH LV DOVR LURQ GHILFLHQF\ GXH WR SDWKRORJLFDO ORVVHV� $ ODUJH SDUW RI WKH

Figure 1a
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SRSXODWLRQ RIWHQ VXIIHUV IURP D KRRNZRUP LQIHFWLRQ� ZKLFK FDXVHV EORRG ORVV LQ WKH

JXW DQG VLJQLILFDQWO\ LQFUHDVHV WKH UHTXLUHPHQW IRU LURQ�

)RXU GLHWDU\ IDFWRUV ODUJHO\ GHWHUPLQH LURQ QXWULWLRQ� 7KH ILUVW LV TXDQWLW\ RU VLPSO\

KRZ PDQ\ PLOOLJUDPV RI LURQ SHU JUDP RI IRRG DUH FRQVXPHG� 6HFRQG� WKH QDWXUH RU

ELRDYDLODELOLW\ RI WKH LURQ FRPSRXQG LQ IRRG LV FULWLFDO� 6RPH IRUPV RI LURQ DUH PXFK

PRUH DYDLODEOH WR WKH ERG\ WKDQ RWKHUV� 7KLUG� WKHUH DUH SURPRWHUV RI LURQ DEVRUSWLRQ

VXFK DV YLWDPLQ & RU SURWHLQ IURP DQLPDO SURGXFWV� )LQDOO\� WKHUH DUH VXEVWDQFHV WKDW

FDQ LQKLELW LURQ DEVRUSWLRQ LQ WKH LQWHVWLQH VXFK DV SK\WDWHV IURP JUDLQ SURGXFWV RU

WDQQLF DFLGV IURP WHD� )URP D GLHWDU\ SHUVSHFWLYH� LURQ VWDWXV LV GHWHUPLQHG E\ DOO

WKHVH IDFWRUV� QRW MXVW WKH LURQ LQWDNH TXDQWLW\�

$QLPDO VRXUFHV DUH WKH EHWWHU LURQ VRXUFHV EHFDXVH VR�FDOOHG KHPH LURQ� ZKLFK

FRPHV IURP DQLPDO WLVVXH� LV PXFK PRUH HDVLO\ DEVRUEHG WKDQ QRQ KHPH�LURQ� ZKLFK

FRPHV IURP YHJHWDEOH RU IRUWLILFDQW VRXUFHV� 2Q DYHUDJH� ������ RI WKLV KHPH LURQ

FDQ EH DEVRUEHG LQ D PHDO� %\ FRQWUDVW� QRQ�KHPH LURQ LV DEVRUEHG DW D UDWH RI RQO\

����� 2QH RI WKH SULQFLSOH UHDVRQV IRU WKH KLJK SUHYDOHQFH RI LURQ GHILFLHQF\ LQ WKH

GHYHORSLQJ ZRUOG LV ORZHU FRQVXPSWLRQ RI IRRG IURP DQLPDO VRXUFHV� 7KLV LV WKH

PDMRU FRQWULEXWRU\ IDFWRU WR LURQ GHILFLHQF\ DQHPLD �,'$� LQ SRRU FRXQWULHV�

3RSXODWLRQV WKDW FDQQRW DIIRUG LURQ ULFK IRRGV EHFDXVH RI HFRQRPLF FRQVWUDLQWV DQG

ZKR WKXV KDYH D ORZ LQWDNH RI IRRG IURP DQLPDO VRXUFHV� DUH XVXDOO\ GHILFLHQW LQ

RWKHU PDMRU QXWULHQWV VXFK DV ]LQF� FDOFLXP DQG YLWDPLQ $� (IIHFWLYH LQWHUYHQWLRQV WR

UHGXFH LURQ GHILFLHQF\ LQ GHYHORSLQJ FRXQWULHV QHHG WR FRQVLGHU LURQ GHILFLHQF\ QRW

DV D VLQJOH QXWULWLRQDO GHILFLHQF\ EXW DV SDUW RI PXOWLSOH QXWULHQW GHILFLHQFLHV� ,Q FRQ�

WUDVW� LQ WKH 8�6�� ZKHUH SRSXODWLRQV ZLWK YHU\ KLJK UHTXLUHPHQWV VWLOO VXIIHU LURQ GHIL�

FLHQF\� WKH RYHUDOO GLHW LV XVXDOO\ DGHTXDWH DQG WKHUH DUH QR RWKHU GHILFLHQFLHV�

7KH &RQVHTXHQFHV RI ,URQ 'HILFLHQF\ $QHPLD
:KHQ DQHPLD LV VHYHUH� VXIILFLHQW R[\JHQ FDQQRW EH FDUULHG WR ERG\ WLVVXHV� 7KLV FDQ

OHDG WR GHDWK� ,Q 6RXWK $VLD DQG $IULFD� VHYHUH DQHPLD FDQ EH IDWDO IRU SUHJQDQW

ZRPHQ DQG FKLOGUHQ ZLWK VHULRXV LQIHFWLRQV RU KLJK IHYHUV� $OWKRXJK LQ PDQ\ SDUWV RI

WKH ZRUOG DQHPLD LV QRW VROHO\ FDXVHG E\ LURQ GHILFLHQF\� LURQ GHILFLHQF\ XVXDOO\ SOD\V

D PDMRU UROH�

6SHFLILF FRQVHTXHQFHV IRU \RXQJ FKLOGUHQ DUH ZHOO HVWDEOLVKHG� 7KHVH LQFOXGH D UH�

GXFWLRQ RI JURZWK� GHYHORSPHQW� DQG OHDUQLQJ FDSDFLW\� ,Q HVVHQFH� LURQ GHILFLHQF\

DIIHFWV WKH EUDLQ WR D GHJUHH VLPLODU WR WKDW RI OHDG SRLVRQLQJ³UHGXFLQJ ,4 RU GHYHO�

RSPHQWDO TXRWLHQW E\ DQ DYHUDJH RI ��� SRLQWV� 'HILFLHQF\ LQ LURQ FDQ DOVR FDXVH WKH

ERG\ WR LQFUHDVH DEVRUSWLRQ RI KHDY\ PHWDOV VXFK DV OHDG� 7KHUHIRUH� LW LV D FRQWULE�

XWLQJ IDFWRU LQ PDQ\ FDVHV RI OHDG SRLVRQLQJ� 7KHUH LV DOVR LQFUHDVLQJ HYLGHQFH WKDW

VXJJHVWV ,'$ UHGXFHV UHVLVWDQFH WR GLVHDVH� ,Q GHYHORSLQJ FRXQWULHV WKLV FDQ FRQWULE�

XWH WR D UDQJH RI VHYHUH FRQVHTXHQFHV UHODWHG WR LQIHFWLRQ�
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$PRQJ SUHJQDQW

ZRPHQ� ZKR KDYH WKH

KLJKHVW UHTXLUHPHQWV

IRU LURQ� FRQVHTXHQFHV

RI LURQ GHILFLHQF\ LQ�

FOXGH LQFUHDVHG SURE�

DELOLW\ RI GHDWK GXULQJ

FKLOGELUWK DV ZHOO DV

SUH�WHUP GHOLYHU\³ED�

ELHV ERUQ WRR HDUO\ DQG

WRR VPDOO� )XUWKHUPRUH�

WKHUH LV D GLUHFW DVVR�

FLDWLRQ EHWZHHQ EDELHV

ERUQ WR LURQ GHILFLHQW

PRWKHUV DQG EDELHV EH�

FRPLQJ LURQ GHILFLHQW

WKHPVHOYHV�

)URP VRPH SHUVSHFWLYHV� WKH SRSXODWLRQ PRVW VLJQLILFDQWO\ LPSDFWHG E\ ,'$ LQ GHYHO�

RSLQJ FRXQWULHV LV DYHUDJH PHQ DQG ZRPHQ� ,URQ GHILFLHQF\ LQ DGXOWV FDXVHV UH�

GXFHG PXVFXODU IXQFWLRQ DQG HQGXUDQFH� $V D UHVXOW� DYHUDJH PHQ DQG ZRPHQ FDQ

QRW ZRUN DV KDUG RU DV ORQJ� 7KLV GLUHFWO\ ORZHUV LQFRPH DQG SURGXFWLYLW\� (FRQRPLF

RXWSXW FDQ GURS DQ HVWLPDWHG ������ DPRQJ LURQ GHILFLHQW DGXOWV� 3DUWLFXODUO\ LQ GH�

YHORSLQJ FRXQWULHV ZKHUH SK\VLFDO ODERU UHSUHVHQWV D ODUJH VHJPHQW RI WKH RYHUDOO

ZRUNIRUFH� WKLV PHDQV D VLJQLILFDQW LPSDFW DW WKH FRPPXQLW\ DQG SRSXODWLRQ OHYHO�

2QH FDQ FRQVHUYDWLYHO\ HVWLPDWH D ���� GURS LQ WRWDO HFRQRPLF RXWSXW� )RU D ODUJH

FRXQWU\ VXFK DV &KLQD RU ,QGRQHVLD� WKDW HTXDWHV WR ELOOLRQV RI GROODUV ORVW DQQXDOO\�

�6HH )LJXUH �E��

6WUDWHJLHV WR &RQWURO ,URQ 'HILFLHQF\ $QHPLD
7KHUH DUH WZR JHQHUDO VWUDWHJLHV WR FRQWURO LURQ GHILFLHQF\ DQHPLD� 2QH LV WR LPSURYH

LURQ LQWDNH E\ GLHWDU\ PHDQV� 7KH RWKHU LV WR ZRUN WKURXJK WKH SULPDU\ KHDOWK FDUH

V\VWHP WR SURYLGH VXSSOHPHQWV� HGXFDWLRQ DQG GHZRUPLQJ�

7KHUH DUH WZR PDMRU GLHWDU\ DSSURDFKHV� 7KH ILUVW IRFXVHV RQ SURSHU HGXFDWLRQ�

WHDFKLQJ SHRSOH KRZ WR VHOHFW IRRG LWHPV DQG WR FRQVXPH PRUH LURQ ULFK IRRGV�

6HFRQG� WKURXJK LURQ IRUWLILFDWLRQ RU VRPH RWKHU SURFHVV³UHGXFLQJ LQKLELWRUV� LQ�

FUHDVLQJ HQKDQFHUV RU IHUPHQWDWLRQ� IRU H[DPSOH³WKH ELRDYDLODELOLW\ RI WKH LURQ LQ

WKH GLHW FDQ EH LPSURYHG� 7KHVH VWUDWHJLHV KDYH GLVWLQFW OLPLWDWLRQV DQG GLIILFXOWLHV�

,Q IDFW� ZH DUH IDU IURP WKH DFKLHYHPHQW RI LQWHUQDWLRQDO JRDOV� VXFK DV WKH :RUOG

6XPPLW IRU &KLOGUHQ·V JRDO RI UHGXFLQJ LURQ GHILFLHQF\ DQHPLD E\ RQH�WKLUG�

1XWULWLRQ HGXFDWLRQ DSSURDFKHV DUH OLPLWHG EHFDXVH LURQ�ULFK IRRG IURP DQLPDO

VRXUFHV LV RIWHQ XQDIIRUGDEOH WR WKRVH DW JUHDWHVW ULVN� 0HDW SURGXFWV DUH XVXDOO\

Figure 1b
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DPRQJ WKH PRVW H[SHQVLYH FODVVHV RI IRRG LQ DQ\ FXOWXUH RU VRFLHW\� 7KHUH LV HYL�

GHQFH WR LQGLFDWH WKDW PRVW SRRU IDPLOLHV ZLOO FRQVXPH PRUH PHDW SURGXFWV LI WKHLU

PDUJLQDO LQFRPH LQFUHDVHV� ,W DSSHDUV WKDW WKH PDMRU UROH IRU QXWULWLRQ HGXFDWLRQ WR

SOD\ LV KHOSLQJ WKH IDPLO\ LGHQWLI\ LQH[SHQVLYH SODQW VRXUFHV WKDW DUH UHODWLYHO\ ULFK LQ

LURQ DQG HQKDQFH LURQ DEVRUSWLRQ� +RZHYHU� HYHQ ZLWK WKH NQRZOHGJH RI LURQ ELR�

DYDLODELOLW\ IURP ODERUDWRU\ VWXGLHV� WKHUH KDYH EHHQ QR VPDOO�VFDOH WULDOV RU SURJUDPV

GHPRQVWUDWLQJ WKDW WKLV DSSURDFK LV LQGHHG HIIHFWLYH� ,Q WKH DEVHQFH RI HYLGHQFH RI

HIILFDF\ RU HIIHFWLYHQHVV� LW ZRXOG EH GLIILFXOW IRU D SURJUDP� RULHQWHG DJHQF\ VXFK DV

81,&() WR UHFRPPHQG WKH XVH RI D QXWULWLRQ HGXFDWLRQ�EDVHG DSSURDFK DV WKH VROH

LQWHUYHQWLRQ WR LPSURYH LURQ QXWULWLRQ�

,URQ VXSSOHPHQWDWLRQ SURJUDPV IRFXV RQ WKH KLJKHVW ULVN JURXS� PDLQO\ SUHJQDQW

ZRPHQ� 7KLV DSSURDFK LV OLPLWHG E\ D QXPEHU RI IDFWRUV� ,W GRHV QRW DGGUHVV RWKHU

VHFWRUV RI WKH SRSXODWLRQ WKDW DUH DOVR LPSDFWHG� VXFK DV \RXQJ FKLOGUHQ� 0RUHRYHU�

LQ PDQ\ GHYHORSLQJ FRXQWULHV� LURQ GHILFLHQF\ LV VR VHYHUH SULRU WR SUHJQDQF\ WKDW

HYHQ SURSHU VXSSOHPHQWDWLRQ GXULQJ SUHJQDQF\ PD\ QRW EH DGHTXDWH³D FDVH RI WRR

OLWWOH� WRR ODWH� ,Q VPDOO�VFDOH UHVHDUFK WULDOV� LURQ VXSSOHPHQWDWLRQ FRQVLVWHQWO\ UH�

GXFHG PDWHUQDO DQHPLD DQG KHQFH GHPRQVWUDWHG HIILFDF\� +RZHYHU� LQ ODUJH�VFDOH

SURJUDP VHWWLQJV� D QXPEHU RI HYDOXDWLRQV IDLOHG WR SURYH D VLJQLILFDQW UHGXFWLRQ LQ

PDWHUQDO DQHPLD³WKH SUHYDOHQFH UHPDLQHG KLJK� ,W DSSHDUV WKDW WKHUH DUH D QXPEHU

RI RSHUDWLRQDO IDFWRUV� VXFK DV VXSSO\� GLVWULEXWLRQ� DQG WKH UROH RI KHDOWK ZRUNHUV�

WKDW PXVW EH SURSHUO\ DGGUHVVHG LI LURQ VXSSOHPHQWDWLRQ V\VWHPV DUH WR ZRUN�

)HDVLELOLW\ RI ,URQ )RUWLILFDWLRQ
)RUWLILFDWLRQ LV D IHDVLEOH DSSURDFK WR SUHYHQW LURQ GHILFLHQF\ RQ D SRSXODWLRQ�ZLGH

VFDOH IRU D QXPEHU RI UHDVRQV� )LUVW� WHFKQLFDO IHDVLELOLW\ KDV EHHQ ZHOO HVWDEOLVKHG�

)RU H[DPSOH LQ

1RUWK $PHULFD� IORXU

KDV EHHQ IRUWLILHG

ZLWK LURQ DQG RWKHU

YLWDPLQV DQG PLQHU�

DOV IRU RYHU �� \HDUV�

6HFRQG� WKH FRVW RI

IRUWLILFDWLRQ LV UHOD�

WLYHO\ ORZ� 7KLUG�

WKHUH LV HYLGHQFH

IURP VHYHUDO SDUWV RI

WKH ZRUOG WKDW LURQ

IRUWLILFDWLRQ LV HIIHF�

WLYH� )RXUWK� RQFH
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WLILFDWLRQ GRHV QRW
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6LJQLILFDQW EDUULHUV DQG OLPLWDWLRQV DFFRPSDQ\ RSSRUWXQLWLHV IRU LURQ IRUWLILFDWLRQ SUR�

JUDPV� $Q LURQ IRUWLILFDWLRQ SURJUDP UHTXLUHV PXOWLSOH SDUWQHUV� PDQ\ RI WKHP EH�

\RQG WKH WUDGLWLRQDO KHDOWK DQG QXWULWLRQDO VHFWRU� )RU H[DPSOH� IRRG SURGXFHUV³WKH

SULYDWH VHFWRU³DUH QRW XVXDOO\ LQYROYHG ZLWK QXWULWLRQDO GHILFLHQFLHV� 'HILQLQJ ZKR

SD\V IRU IRUWLILFDWLRQ GXULQJ VWDUW�XS RIWHQ SUHVHQWV D PDMRU EDUULHU� (YHQ WKRXJK WKH

FRVW RI IRUWLILFDWLRQ LV UHODWLYHO\ ORZ� LW VWLOO H[LVWV DQG VRPHRQH PXVW SD\ IRU LW� �,I DW DOO

SRVVLEOH� WKH VPDOO DGGLWLRQDO FRVW VKRXOG EH ERUQH E\ FRQVXPHUV WR DVVXUH

VXVWDLQDELOLW\ RI WKH IRUWLILFDWLRQ SURJUDP�� ,Q FDVHV ZKHUH D VLQJOH IRRG YHKLFOH FDQ�

QRW UHDFK DOO VHFWRUV RI WKH SRSXODWLRQ� VRPH ZLOO DUJXH WKDW DQ\ IRUWLILFDWLRQ SURJUDP

VKRXOG EH GHIHUUHG XQWLO D XQLYHUVDO YHKLFOH LV LGHQWLILHG� +RZHYHU� LW LV EHWWHU WR

UHDFK D VXEVWDQWLDO SRUWLRQ RI WKH SRSXODWLRQ WKDQ WR QRW UHDFK DQ\ DW DOO� 7KHVH RE�

VWDFOHV RIWHQ NHHS IRUWLILFDWLRQ IURP PRYLQJ IRUZDUG� 1HYHUWKHOHVV� PDQ\ FRXQWULHV

RYHUFRPH WKHVH REVWDFOHV DQG LPSOHPHQW VXFFHVVIXO LURQ IRUWLILFDWLRQ SURJUDPV�

'HYHORSPHQW RI ,URQ )RUWLILFDWLRQ RI :KHDW )ORXU

LQ ,QGRQHVLD
,QGRQHVLD LV DLPLQJ IRU IXOO QDWLRQDO IRUWLILFDWLRQ RI ZKHDW IORXU E\ WKH HQG RI ����� ,Q

UHYLHZLQJ WKH GHYHORSPHQW RI WKLV SURJUDP� ZH FDQ LGHQWLI\ VWUDWHJLHV WR SHUVXDGH

JRYHUQPHQWV DQG WKH SULYDWH VHFWRU WR WDNH DFWLRQ�

7KH LQLWLDO VLWXDWLRQ ZDV QRW YHU\ HQFRXUDJLQJ� ,Q ,QGRQHVLD� DYHUDJH IORXU FRQVXPS�

WLRQ LV RQO\ DERXW �� NJ SHU SHUVRQ SHU \HDU ZKLOH WKH FRQVXPSWLRQ RI ULFH LV PRUH

WKDQ ��� NJ SHU SHUVRQ SHU \HDU� %HFDXVH RI WKH UHODWLYHO\ ORZ FRQVXPSWLRQ� PDQ\

LQVLVWHG WKDW IORXU IRUWLILFDWLRQ FRXOG QRW KDYH D ZLGHVSUHDG LPSDFW DQG DUJXHG WKDW

HIIRUWV VKRXOG EH IRFXVHG RQ ULFH� +RZHYHU� IRU D QXPEHU RI WHFKQLFDO UHDVRQV� LW LV

QRW IHDVLEOH WR IRUWLI\ ULFH� $ PDMRU REVWDFOH WR ULFH IRUWLILFDWLRQ LQ ,QGRQHVLD LV WKH GH�

FHQWUDOL]HG QDWXUH RI WKH LQGXVWU\� 2Q WKH RWKHU KDQG� � ODUJH PLOOV SURFHVV DOO RI ,Q�

GRQHVLD·V ZKHDW IORXU� 2QH PLOO UHILQHV ��� RI WKH ZKHDW IORXU IRU WKH HQWLUH FRXQWU\�

0RUHRYHU� FRQVXPSWLRQ RI QRRGOHV� D ZKHDW SURGXFW� LV EHFRPLQJ LQFUHDVLQJO\ ZLGH�

VSUHDG DQG SHQHWUDWLQJ HYHQ WKH PRVW SRRU DQG UXUDO DUHDV� ,Q OLJKW RI WKLV LQGXVWU\

HQYLURQPHQW DQG WKH PDUNHW VLWXDWLRQ� WKH JRYHUQPHQW ZDV FRQYLQFHG WKDW IORXU IRU�

WLILFDWLRQ ZDV IHDVLEOH DQG FRXOG LPSDFW OHVV DGYDQWDJHG DQG DW�ULVN JURXSV�

$ IRUWLILFDWLRQ SURILOH ZDV GHYHORSHG ZLWK UHFRPPHQGHG OHYHOV RI � PJ����J RI LURQ� �

PJ����J ]LQF� ���SJ����J ULERIODYLQ� ���SJ����J SSP WKLDPLQ DQG ��� SJ����J IROLF

DFLG� 7KH LURQ OHYHO LV KLJKHU WKDQ WKH �� SSP IRU IORXU LQ WKH 8QLWHG 6WDWHV� $W WKLV

OHYHO� RQH SDFNHW RI LQVWDQW QRRGOHV� ZKLFK LV WKH PRVW FRPPRQ XQLW RI FRQVXPSWLRQ

DQG FRQWDLQV DERXW �� JUDPV RI ZKHDW� FDQ VXSSO\ EHWZHHQ RQH�TXDUWHU DQG RQH�

WKLUG RI WKH 5'$ IRU DOO WKHVH QXWULHQWV� 6LQFH IRUWLILFDWLRQ LV D GLHWDU\ DSSURDFK� WKH

JRDO LV QRW WR VXSSO\ ���� RI 5'$ ZLWK RQH SDFN RI QRRGOHV� 3HRSOH FRQVXPH RWKHU

IRRGV FRQWDLQLQJ LURQ DQG VRPHWLPHV PRUH WKDQ RQH SDFNHW RI QRRGOHV D GD\� +RZ�

HYHU� MXVW RQH PHDO RI IRUWLILHG QRRGOHV D GD\ FDQ PDNH D ELJ GLIIHUHQFH LQ PHHWLQJ

LURQ UHTXLUHPHQWV�

Figure 1e
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7KH VPDOO LQFUHPHQWDO FRVW ZDV D PRVW GLIILFXOW EDUULHU WR RYHUFRPH LQ ,QGRQHVLD�

$GGLQJ ��� JUDPV RI UHFRPPHQGHG SUHPL[ WR RQH PHWULF WRQ RI IORXU DGGV 86 �����

WR WKH FRVW RI HDFK WRQ RI IORXU� 7KLV UHSUHVHQWV OHVV WKDQ RQH�KDOI RI RQH SHUFHQW RI

WKH FRVW RI D WRQ RI IORXU� 1HYHUWKHOHVV� RQ D ODUJH VFDOH� WKH FRVW FDQ EH GDXQWLQJ�

)RUWLI\LQJ DOO WKH IORXU LQ ,QGRQHVLD ZLOO FRVW DERXW ���� PLOOLRQ SHU \HDU�

,Q ,QGRQHVLD� D QXPEHU RI FDOFXODWLRQV ZHUH PDGH WKDW SXW D SRVLWLYH SHUVSHFWLYH RQ

WKH FRVW RI IRUWLILFDWLRQ� :KHQ DGYRFDWLQJ DQ LQFUHDVH LQ WKH FRVW RI D VWDSOH IRRG� QR

PDWWHU KRZ VPDOO� RQH KDV WR FRQVLGHU WKH DGGLWLRQDO H[SHQVH RU EXUGHQ RQ WKH FRQ�

VXPHU� )RUWLILFDWLRQ ZDV FDOFXODWHG WR DGG DERXW ���� FHQWV RU �� UXSLDK WR WKH FRVW RI

D NLORJUDP RI IORXU� 6LQFH WKH VPDOOHVW FRLQ LQ ,QGRQHVLD LV �� UXSLDK� �� UXSLDK EH�

FDPH D SRZHUIXO ILJXUH LOOXVWUDWLQJ WKH ORZ FRVW� ,Q UHWURVSHFW� WKH �� UXSLDK ILJXUH

ZDV FUXFLDO LQ FRQYLQFLQJ WKH ,QGRQHVLDQ JRYHUQPHQW WR VXSSRUW WKH SURJUDP�

,QFUHPHQWDO FRVWV FDQ EH IUDPHG LQ D QXPEHU RI ZD\V WR HPSKDVL]H WKH ORZ FRVW WR

FRQVXPHUV� )RU DQ DYHUDJH FRQVXPSWLRQ RI �� NJ SHU \HDU� WKH DQQXDO LQFUHDVH ZDV

SURMHFWHG DW DERXW ��� FHQWV RU ��� UXSLDK SHU \HDU� 7KLV DGGV ��� UXSLDK WR WKH FRVW RI

D VLQJOH SDFNHW RI LQVWDQW QRRGOHV� EULQJLQJ WKH WRWDO FRVW WR ��� UXSLDK� 6XFK FRVW

FDOFXODWLRQV PDGH WKH DGGHG FRVW PHQWDOO\ HDVLHU WR DFFHSW� (YHU\RQH FDQ DJUHH WKDW

LV D UHDVRQDEOH EXUGHQ WR LPSRVH� HVSHFLDOO\ FRQVLGHULQJ WKH QXWULWLRQDO EHQHILW�

&DOFXODWLRQV ZHUH DOVR PDGH WR SURMHFW WKH SRWHQWLDO LPSDFW RQ SURGXFWLYLW\� $VVXP�

LQJ WKH DYHUDJH LQWDNH RI ��NJ IRUWLILHG IORXU SHU SHUVRQ SHU \HDU� WKH UHFRPPHQGHG

�� PJ SHU NJ RI IORXU WUDQVODWHV LQWR DQ DGGLWLRQDO DQQXDO LQWDNH RI ��� PJ SHU \HDU�

7KLV LV HTXLYDOHQW WR SURYLGLQJ �� PJ LURQ WDEOHWV HYHU\ GD\ IRU ��� PRQWKV� 7KLV GRV�

DJH KDV EHHQ VKRZQ WR FRUUHFW LURQ GHILFLHQF\ DPRQJ ZRPHQ DQG FKLOGUHQ� 6R HYHQ

WKRXJK VRPH SHRSOH DUJXH WKDW ,QGRQHVLD PD\ QRW KDYH KLJK IORXU FRQVXPSWLRQ� RQ

DYHUDJH� FXUUHQW FRQVXPSWLRQ FDQ GHOLYHU D VLJQLILFDQW DPRXQW RI LURQ�

,W ZDV SURMHFWHG WKDW KDOYLQJ LURQ GHILFLHQF\ DPRQJ ZRPHQ� IURP ��� WR ���� ZRXOG

UHVXOW LQ DQ DYHUDJH LQFUHDVH LQ ZRUN SURGXFWLYLW\ RI ��� IRU WKRVH ZRPHQ ZKR ZHUH

QR ORQJHU DQHPLF� 7KLV SURGXFWLYLW\ JDLQ DPRQJ WKH ������ RI ZRPHQ ZKRVH GHIL�

FLHQF\ ZDV FRUUHFWHG WKURXJK IRUWLILFDWLRQ WUDQVODWHV LQWR DQ DQQXDO JDLQ RI ������ UX�

SLDK³RU D ���� ULVH LQ ,QGRQHVLD·V SHU FDSLWD *'3 RI � PLOOLRQ UXSLDK� 6LQFH WKH DY�

HUDJH DQQXDO FRVW LQFUHDVH IRU IRUWLILHG IORXU LV ��� UXSLDK� WKH FRVW�EHQHILW UDWLR RI

IORXU IRUWLILFDWLRQ LV ����� IRU ,QGRQHVLD� 7KDW LV DQRWKHU YHU\ DWWUDFWLYH ILJXUH�

$GYRFDF\ IRU IORXU IRUWLILFDWLRQ LQ ,QGRQHVLD LQYROYHG DQVZHULQJ TXHVWLRQV DERXW

VDIHW\� 7KHUH LV DOZD\V FRQFHUQ DERXW H[FHVV LURQ LQ WKH GLHW� )RUWXQDWHO\� LURQ DE�

VRUSWLRQ LV D ZHOO�UHJXODWHG SURFHVV� ,URQ GHILFLHQW LQGLYLGXDOV DEVRUE PRUH LURQ

ZKLOH WKRVH ZLWKRXW GHILFLHQF\ DEVRUE IDU OHVV� 7KHUH LV QR TXHVWLRQ WKDW SHRSOH ZKR

GR QRW QHHG LURQ ZLOO DEVRUE D ELW PRUH LURQ IURP IRUWLILFDWLRQ� +RZHYHU� WKH ERG\

DOVR KDV D UHPDUNDEOH FDSDFLW\ WR VWRUH H[WUD LURQ� PDNLQJ LW XQOLNHO\ WKH DGGLWLRQDO

LURQ ZLOO UHDFK D KDUPIXO OHYHO� 7KH PDLQ H[FHSWLRQ LV WKH SRWHQWLDO KDUP WR WKH IHZ

SHRSOH SHU WKRXVDQG ZKR VXIIHU FOLQLFDO FRQGLWLRQV WKDW ZRXOG FDXVH KLJK LURQ DE�
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VRUSWLRQ DQG XOWLPDWHO\ LURQ RYHUORDG� 7KXV IDU� WKH YDVW H[SHULHQFH ZLWK LURQ IRUWLIL�

FDWLRQ LQ GHYHORSHG FRXQWULHV KDV QRW VKRZQ DQ\ HYLGHQFH VXJJHVWLQJ WKDW WKHVH LQ�

GLYLGXDOV DUH KDUPHG E\ JUHDWHU GLHWDU\ LURQ VXSSO\� 7KHUH LV VXIILFLHQW HYLGHQFH WR

LQGLFDWH WKDW WKH SURWHFWLRQ RI LQGLYLGXDOV ZLWK LURQ RYHUORDG FRQGLWLRQ LV EHVW GRQH

WKURXJK FOLQLFDO VFUHHQLQJ DQG WUHDWPHQW� 5HGXFLQJ RU ZLWKKROGLQJ LURQ VXSSO\ LQ WKH

GLHW RQ D WKHRUHWLFDO EDVLV LV XQOLNHO\ WR SURWHFW WKRVH ZLWK DQ LURQ RYHUORDGLQJ FRQGL�

WLRQ� \HW LW GHSULYHV WKRVH ZKR FDQ EHQHILW IURP WKH FRUUHFWLRQ RI LURQ GHILFLHQF\

DQHPLD�

6XPPDU\
)RUWLILFDWLRQ LV D IHDVLEOH VWUDWHJ\ WR UHGXFH LURQ GHILFLHQF\ LQ PDQ\ FRXQWULHV� 7KHUH

LV DPSOH HYLGHQFH RI LWV SXEOLF KHDOWK LPSDFW DQG FRVW�HIIHFWLYHQHVV� 0RUHRYHU� WKHVH

EHQHILWV FDQ EH PXOWLSOLHG HIILFLHQWO\ EHFDXVH WKH VDPH IRUWLILFDWLRQ SURFHVV FDQ DGG

RWKHU QHHGHG QXWULHQWV WR WKH GLHW� (VWDEOLVKLQJ IORXU IRUWLILFDWLRQ FUHDWHV D PHDQV WR

SUHYHQW DQ DUUD\ RI QXWULWLRQDO GLVRUGHUV WKDW RIWHQ FRH[LVW ZLWK LURQ GHILFLHQF\�

)RUWLILFDWLRQ VKRXOG QRW EH YLHZHG DV WKH RQO\ VWUDWHJ\ WR FRQWURO LURQ GHILFLHQF\

DQHPLD� 5HGXFLQJ LURQ GHILFLHQF\ GXULQJ SUHJQDQF\ LV QRW SRVVLEOH WKURXJK IRUWLILFD�

WLRQ DORQH� ,Q IDFW� QR VLQJOH DSSURDFK� E\ LWVHOI� FDQ HOLPLQDWH LURQ GHILFLHQF\� 7KXV�

WKH FXUUHQW HIIRUW LQYHVWHG LQ VXSSOHPHQWDWLRQ RI KLJK�ULVN JURXSV PXVW EH FRQWLQXDOO\

LPSURYHG �DOWKRXJK HOLPLQDWLQJ ,'$ LQ LQIDQF\ LV SRVVLEOH GHSHQGLQJ RQ WKH QDWXUH RI

WKH GLHW�� +RZHYHU� IRUWLILFDWLRQ FDQ GHILQLWHO\ LPSURYH EDVHOLQH LURQ VWDWXV IRU WKH

SRSXODWLRQ DQG HOLPLQDWH WKH GHILFLHQF\ DPRQJ VFKRRO DJH FKLOGUHQ DQG QRQ�

SUHJQDQW ZRPHQ� $V HFRQRPLF GHYHORSPHQW UDLVHV LQFRPHV DQG HQDEOHV PRUH

SHRSOH WR DIIRUG LURQ ULFK IRRGV� GLHWDU\ GLYHUVLILFDWLRQ ZLOO EHFRPH PRUH IHDVLEOH�

)RUWLILFDWLRQ VKRXOG EH SXUVXHG ZKLOH XVLQJ DOO VWUDWHJLHV LQ D V\QHUJLVWLF IDVKLRQ�
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,URQ $EVRUSWLRQ� %LRDYDLODELOLW\� DQG
3RVVLEOH 5LVNV RI ,URQ )RUWLILFDWLRQ

6HDQ /\QFK

(DVWHUQ 9LUJLQLD 0HGLFDO 6FKRRO

,URQ $EVRUSWLRQ 	 %LRDYDLODELOLW\
7KH DGXOW KXPDQ ERG\ FRQWDLQV WKUHH WR IRXU JUDPV RI LURQ� ,W LV DQ HVVHQWLDO HOHPHQW

LQYROYHG LQ R[\JHQ WUDQVSRUW DQG VWRUDJH� FHOOXODU R[LGDWLYH PHWDEROLVP� FHOO JURZWK

DQG GLYLVLRQ DQG PDQ\ RWKHU ELRFKHPLFDO SURFHVVHV� ,W LV DOVR SRWHQWLDOO\ YHU\ GDPDJ�

LQJ WR FHOOV EHFDXVH LW FDQ SURPRWH IUHH UDGLFDO IRUPDWLRQ� 8QGHU SK\VLRORJLFDO FLU�

FXPVWDQFHV� ERG\ LURQ LV HIILFLHQWO\ KDUYHVWHG DQG UH�XWLOL]HG ZKHQ FHOOV GLH DQG WRWDO

ERG\ LURQ LV KHOG ZLWKLQ QDUURZ OLPLWV� $ VPDOO DPRXQW RI LURQ LV ORVW WKURXJK WKH VNLQ�

IURP WKH JDVWURLQWHVWLQDO WUDFW� DQG WKH XULQDU\ WUDFW DQG DV D UHVXOW RI PHQVWUXDO

EOHHGLQJ� :KHQ FRPSDUHG ZLWK WKH WRWDO ERG\ LURQ� WKH TXDQWLW\ RI LURQ ORVW LV YHU\

VPDOO³DSSUR[LPDWHO\ � PJ�GD\ IRU D PDQ DQG ��� PJ�GD\ IRU D ZRPDQ�

,URQ EDODQFH LV DFKLHYHG E\ DGMXVWLQJ WKH UDWH RI DEVRUSWLRQ WR PHHW WKLV ORVV DV ZHOO DV

SURYLGH IRU WKH UHTXLUHPHQWV IRU JURZWK LQ FKLOGUHQ� $EVRUEHG LURQ LQWDNH UHTXLUH�

PHQWV DUH WKHUHIRUH DSSUR[LPDWHO\ � PJ�GD\ IRU PHQ DQG ��� PJ�GD\ IRU ZRPHQ� 7KH

WRWDO GDLO\ UHTXLUHPHQW IRU FKLOGUHQ ULVHV IURP DERXW ��� PJ WR ��� PJ GXULQJ WKH ILUVW

GHFDGH RI OLIH³D SURSRUWLRQDWHO\ KLJK UHTXLUHPHQW JLYHQ WKHLU VPDOOHU ERG\ VL]H DQG

IRRG LQWDNH�

,Q QRUPDO KXPDQ EHLQJV� WKH PXFRVDO FHOOV RI WKH XSSHU JDVWURLQWHVWLQDO WUDFW DGMXVW

WKH UDWH RI DEVRUSWLRQ WR DOORZ WKH ERG\ WR DFFXPXODWH D OLWWOH PRUH LURQ WKDQ LV QHHGHG

IRU LWV IXQFWLRQDO UHTXLUHPHQWV� 7KLV LURQ HQWHUV WKH ERG\·V LURQ VWRUH� +RZHYHU� WKH

UDWH RI LURQ DEVRUSWLRQ LV UDSLGO\ FXUWDLOHG DV WKH VL]H RI WKH LURQ VWRUH LQFUHDVHV� SUH�

YHQWLQJ WKH DFFXPXODWLRQ RI XQQHFHVVDU\ DQG SRWHQWLDOO\ KDUPIXO TXDQWLWLHV RI LURQ E\

WKH ERG\� 7KH DELOLW\ RI WKH DEVRUSWLYH PHFKDQLVPV WR SUHYHQW WKH DEVRUSWLRQ RI LURQ

ZKHQ LURQ VWRUHV DUH VXIILFLHQW LV H[WUHPHO\ LPSRUWDQW VLQFH WKH KXPDQ ERG\ KDV QR

SK\VLRORJLFDO PHFKDQLVP IRU LQFUHDVLQJ WKH UDWH RI LURQ H[FUHWLRQ� 2Q WKH RWKHU KDQG�

LI WKH UHTXLUHPHQW IRU LURQ LV LQFUHDVHG �JURZWK� SUHJQDQF\� EORRG ORVV�� WKH LURQ VWRUH

LV XWLOL]HG ILUVW³SULRU WR WKH ERG\·V LQFUHDVLQJ DEVRUSWLRQ� $V WKH VL]H RI WKH LURQ VWRUH

GHFUHDVHV� WKH UDWH RI DEVRUSWLRQ ULVHV� ,QGLYLGXDOV HDWLQJ D :HVWHUQ GLHW FDQ LQFUHDVH

LURQ DEVRUSWLRQ IRXU�WR ILYH�IROG RQFH DOO WKH VWRUDJH LURQ KDV EHHQ XVHG�

7KH DELOLW\ RI WKH DEVRUSWLYH PHFKDQLVPV WR ILQHO\ UHJXODWH LURQ DEVRUSWLRQ� XQGHU DOO

EXW WKH PRVW H[WUHPH FLUFXPVWDQFHV� ZRXOG HQVXUH VWULFW LURQ EDODQFH LI WKH GLHWDU\

LURQ VXSSO\ ZDV DOZD\V DGHTXDWH DQG SUHVHQW LQ DQ HDVLO\ DVVLPLODEOH IRUP� +RZHYHU�

WKLV LV QRW DOZD\V WKH FDVH� ,Q UHDOLW\ VHYHUDO RWKHU IDFWRUV SOD\ D FUXFLDO UROH� 7KH\ DUH�
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Figure 2a

D� 7KH TXDQWLW\ RI LURQ LQ WKH GLHW� ,URQ LV ZHOO GLVWULEXWHG DPRQJ GLIIHUHQW IRRGV�
)RRG LURQ LQWDNH LV WKHUHIRUH UHODWHG WR FDORULF LQWDNH� 7KH LURQ FRQWHQW RI

W\SLFDO :HVWHUQ PHDOV LV DERXW � PJ����� FDORULHV� ,URQ LQWDNH LV VHYHUDO

WLPHV KLJKHU WKDQ WKH LURQ UHTXLUHPHQW� ,Q WKH 8QLWHG 6WDWHV� QRUPDO DGXOW

PHQ PDLQWDLQ LURQ EDODQFH E\ DEVRUELQJ DERXW � � RI WKH LURQ WKH\ FRQVXPH

ZKLOH QRUPDO DGXOW ZRPHQ DEVRUE DERXW ��� EHFDXVH RI WKHLU JUHDWHU UH�

TXLUHPHQWV DQG ORZHU FDORULF �DQG WKHUHIRUH LURQ� LQWDNH� <RXQJ FKLOGUHQ

DOVR QHHG WR DEVRUE ������ RI WKH LURQ WKH\ LQJHVW WR PHHW WKH UHTXLUHPHQWV

IRU JURZWK DQG H[SDQVLRQ RI WKH UHG FHOO PDVV� ,Q VRPH FRXQWULHV LURQ LQWDNH

LV ORZHU EHFDXVH PDMRU VWDSOHV VXFK DV ORZ H[WUDFWLRQ ZKHDW IORXU RU SROLVKHG

ULFH� SURYLGHV OHVV LURQ� (YHQ LQ WKHVH VLWXDWLRQV GLHWDU\ LURQ LQWDNH H[FHHGV

GDLO\ UHTXLUHPHQWV�

E� 7KH FKHPLFDO IRUP RI WKH LURQ� ,URQ WKDW LV LQVROXEOH LQ JDVWULF MXLFH LV QRW DE�
VRUEHG� 6ROXEOH IRRG LURQ H[LVWV LQ RQH RI WZR IRUPV� KHPH LURQ WKDW LV GH�

ULYHG IURP KHPRJORELQ DQG P\RJORELQ LQ PHDW �WKH LURQ UHPDLQV DV SDUW RI

WKH SRUSK\ULQ FRPSOH[ ZKLFK LV DEVRUEHG LQWDFW LQWR WKH PXFRVDO FHOOV�� DQG

QRQKHPH LURQ ZKLFK LV WKH VROXEOH HOHPHQWDO LURQ H[WUDFWHG IURP DOO RWKHU

LURQ FRQWDLQLQJ FRPSRXQGV� 7KH KHPH LURQ LQ PHDOV LV DOZD\V YHU\ ZHOO DE�

VRUEHG DQG LV D YHU\ GHSHQGDEOH VRXUFH RI LURQ IRU SUHYHQWLQJ LURQ GHILFLHQF\�

+HPH LURQ FRQVWLWXWHV RQO\ D VPDOO IUDFWLRQ RI WKH LURQ HYHQ LQ :HVWHUQ

PHDOV� 1HYHUWKHOHVV� EHFDXVH RI LWV KLJK ELRDYDLODELOLW\ LW PDNHV D VLJQLILFDQW

FRQWULEXWLRQ WR WKH DPRXQW RI LURQ DEVRUEHG�

F� 7KH FRPSRVLWLRQ RI WKH PHDO� 7KHUH DUH WZR PDMRU UHDVRQV IRU WKH KLJK
SUHYDOHQFH RI QXWULWLRQDO DQHPLD LQ GHYHORSLQJ FRXQWULHV� )LUVW� LURQ UHTXLUH�

PHQWV PD\ EH LQFUHDVHG E\ GLVRUGHUV VXFK DV KRRNZRUP WKDW FDXVH SDWKR�

ORJLFDO EORRG ORVV� 6HFRQG� PRVW� LI QRW DOO RI WKH GLHWDU\ LURQ LV LQ WKH QRQ�

KHPH IRUP� 7KH ERG\ KDV FRQVLGHUDEOH GLIILFXOW\ LQ H[WUDFWLQJ QRQKHPH LURQ

IURP PDQ\ YHJHWDEOH DQG JUDLQ GLHWV EHFDXVH FHUWDLQ FKHPLFDO FRPSRXQGV

LQ IRRG LQKLELW DEVRUSWLRQ� 7KHUHIRUH LQ PDQ\ GHYHORSLQJ FRXQWULHV� HYHQ

WKRXJK WKH LQWDNH RI GLHWDU\ LURQ IURP ZKROH JUDLQV LV TXLWH KLJK� WKH DPRXQW

DEVRUEHG LV DFWXDOO\ TXLWH ORZ�

0HDVXULQJ ,URQ

$EVRUSWLRQ
2XU XQGHUVWDQGLQJ RI

LURQ DEVRUSWLRQ DQG

WKH PRGLI\LQJ UROH RI

PHDO FRPSRVLWLRQ

ZDV IDFLOLWDWHG E\ WKH

GLVFRYHU\ RI VLPSOH

WHFKQLTXHV IRU PHDV�

XULQJ LURQ DEVRUSWLRQ
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LQ KXPDQ EHLQJV� �6HH )LJXUH �D�� 5DGLRLVRWRSHV RI LURQ ZHUH XVHG LQ WKH HDUOLHU

VWXGLHV� ,Q ERWK QRUPDO DQG LURQ GHILFLHQW LQGLYLGXDOV� HLJKW\ SHUFHQW RU PRUH RI DQ\

DEVRUEHG LURQ LV SUHVHQW LQ FLUFXODWLQJ UHG EORRG FHOOV WZR ZHHNV DIWHU LW LV LQJHVWHG�

7KHUHIRUH� DEVRUSWLRQ FDQ EH PHDVXUHG UHDGLO\ LQ UHODWLYHO\ ODUJH QXPEHUV RI LQGLYLGX�

DOV E\ RIIHULQJ UDGLRDF�

WLYHO\ WDJJHG PHDOV DQG

DVVD\LQJ WKH UDGLRLURQ

FRQWHQW RI D EORRG VDPSOH

WZR ZHHNV ODWHU� 6LPLODU

WHFKQLTXHV DUH QRZ EHLQJ

HPSOR\HG XWLOL]LQJ VWDEOH

LVRWRSHV�

7KH HDUO\ VWXGLHV RI GLHWDU\

LURQ DEVRUSWLRQ ZHUH

EDVHG RQ IRRGV WKDW ZHUH

SUHSDUHG IURP SODQWV

JURZQ LQ K\GURSRQLF FXO�

WXUH PHGLD FRQWDLQLQJ UD�

GLRDFWLYH LURQ RU DQLPDOV

WKDW KDG EHHQ LQMHFWHG

ZLWK UDGLRDFWLYH LURQ �LQ�

WULQVLF ODEHOLQJ�� 7KH LQ�

YHVWLJDWRUV FRXOG WKHUHIRUH EH UHDVRQDEO\ FHUWDLQ WKDW PHDVXUHG DEVRUSWLRQ ZDV UHDOO\

UHSUHVHQWDWLYH RI DFWXDO IRRG LURQ DEVRUSWLRQ� 7KHUH ZDV DQ H[WUDRUGLQDU\ UDQJH LQ

WHUPV RI WKH SHUFHQWDJH RI LURQ DEVRUEHG IURP GLIIHUHQW IRRGV� ,URQ LQ YHJHWDEOHV DQG

JUDLQV ZDV UHODWLYHO\ SRRUO\ DEVRUEHG� UDQJLQJ IURP DERXW �� IRU ULFH WR ���� IRU

ZKHDW� ,URQ IURP PHDW ZDV DEVRUEHG PXFK PRUH HIILFLHQWO\� EHWZHHQ �������

,W ZRXOG KDYH EHHQ YHU\ GLIILFXOW WR PHDVXUH DEVRUSWLRQ IURP HYHU\ VLQJOH GLIIHUHQW NLQG

RI IRRG� )RUWXQDWHO\� DQ LPSRUWDQW FKDUDFWHULVWLF RI QRQKHPH IRRG LURQ DEVRUSWLRQ KDV

EHHQ GLVFRYHUHG� ,I WZR IRRGV ZLWK PDUNHGO\ GLIIHUHQW DEVRUSWLRQ YDOXHV IRU LURQ ZHUH

ODEHOHG ZLWK GLIIHUHQW UDGLRLURQ LVRWRSHV DQG PL[HG LQ WKH VDPH PHDO� WKH DEVRUSWLRQ

RI ERWK UDGLRLURQ LVRWRSHV ZDV WKH VDPH DQG OD\ VRPHZKHUH EHWZHHQ WKH WZR H[�

WUHPHV� 7KHUHIRUH� LW EHFDPH HYLGHQW WKDW ZKHQ VHYHUDO IRRGV DUH HDWHQ WRJHWKHU LQ

WKH VDPH PHDO� VROXEOH QRQKHPH LURQ GHVWLQHG IRU DEVRUSWLRQ EHKDYHV DV WKRXJK LW LV

GHULYHG IURP D VLQJOH FRPPRQ SRRO IRUPHG LQ WKH VWRPDFK DQG GXRGHQXP� �6HH )LJ�

XUH �E�� $EVRUSWLRQ IURP WKLV SRRO LV GHWHUPLQHG E\ WKH FRPELQDWLRQ RI IDFWRUV WKDW

DIIHFW LURQ DEVRUSWLRQ SUHVHQW LQ WKH ZKROH PHDO� )RUWLILFDWLRQ LURQ HQWHUV WKLV SRRO DQG

LV VXEMHFW WR WKH VDPH LQIOXHQFHV DV WKH QRQKHPH LURQ QDWXUDOO\ SUHVHQW LQ WKH IRRG�

)DFWRUV $IIHFWLQJ $EVRUSWLRQ
0DQ\ RI WKH PRVW LPSRUWDQW IDFWRUV DIIHFWLQJ LURQ DEVRUSWLRQ �ELRDYDLODELOLW\� LQ PL[HG

PHDOV KDYH EHHQ LGHQWLILHG� �6HH )LJXUH �F�� $EVRUSWLRQ LV LPSURYHG E\ DVFRUELF DFLG�

RWKHU RUJDQLF DFLGV� DQG DQLPDO WLVVXHV� $VFRUELF DFLG KDV D FRQFHQWUDWLRQ GHSHQGHQW

Beans

Wheat

Common
    Pool

Absorbed Iron

COMMON  NONHEME  IRON  POOL
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HIIHFW� WKH PRUH DVFRUELF DFLG SUHVHQW� WKH JUHDWHU WKH HIIHFW� $QLPDO WLVVXH� RQ WKH

RWKHU KDQG� LPSURYHV DEVRUSWLRQ E\ D IDFWRU RI DERXW WZR RQO\ LI SUHVHQW LQ VXIILFLHQW

TXDQWLW\�

0DMRU LQKLELWRUV RI DEVRUSWLRQ DUH IRXQG SULPDULO\ LQ YHJHWDEOH IRRGV DQG EHYHUDJHV

VXFK DV WHD DQG FRIIHH� 7KH\ LQFOXGH SK\WDWHV� SRO\SKHQROV DQG YHJHWDEOH SURWHLQV�

3URWHLQV GHULYHG IURP VRXUFHV RWKHU WKDQ DQLPDO WLVVXHV� H�J� PLON DQG HJJ SURWHLQV DUH

DOVR LQKLELWRU\� ,W LV LPSRUWDQW WR

QRWH WKDW WKH PDMRU LQKLELWRUV LQ

YHJHWDEOH PHDOV� SK\WDWHV DQG

SRO\SKHQROV KDYH D YHU\ VLJQLIL�

FDQW HIIHFW HYHQ LQ IDLUO\ ORZ

FRQFHQWUDWLRQV�

$V D UHVXOW RI WKH SUHVHQFH RI

WKHVH GLHWDU\ FRPSRXQGV� W\SLFDO

GLHWV HDWHQ LQ GHYHORSLQJ FRXQ�

WULHV FRQVLVWLQJ SULPDULO\ RI FHUH�

DOV� URRWV RU WXEHUV� DQG OHJ�

XPHV³ZLWK QHJOLJLEOH TXDQWLWLHV

RI PHDW� ILVK DQG DVFRUELF DFLG

ULFK IRRGV³UHVXOW LQ ORZ ELR�

DYDLODELOLW\ �DSSUR[LPDWHO\ ����

'LYHUVLILHG GLHWV HDWHQ LQ :HVW�

HUQ FRXQWULHV FRQWDLQLQJ JHQHU�

RXV TXDQWLWLHV RI PHDW� SRXOWU\� ILVK DQG IRRGV FRQWDLQLQJ DVFRUELF DFLG DUH PXFK EHW�

WHU VRXUFHV RI LURQ �DSSUR[LPDWHO\ ��� DYHUDJH ELRDYDLODELOLW\��

,URQ )RUWLILFDWLRQ�

6HOHFWLRQ RI ,URQ &RPSRXQG IRU )RRG )RUWLILFDWLRQ
)RUWLILFDWLRQ LV WKH SURFHVV RI DGGLQJ QXWULHQWV WR IRRG WR LPSURYH WKH TXDOLW\ RI WKH GLHW�

2QH MXVWLILFDWLRQ IRU IRUWLI\LQJ PLOOHG FHUHDOV LV WR UHSODFH WKH QXWULHQWV ORVW LQ WKH PLOO�

LQJ SURFHVV� +RZHYHU� LQ FRXQWULHV ZKHUH LURQ GHILFLHQF\ LV KLJKO\ SUHYDOHQW� LURQ IRU�

WLILFDWLRQ LV YLHZHG DV D PHDQV RI GHOLYHULQJ DGGLWLRQDO ELRDYDLODEOH LURQ� ,URQ IRUWLILFD�

WLRQ RI IRRG LV FRQVLGHUHG WR EH WKH PRVW HIILFLHQW DQG FRVW�HIIHFWLYH PHWKRG IRU LP�

SURYLQJ WKH LURQ QXWULWLRQ DW D QDWLRQDO SRSXODWLRQ�ZLGH OHYHO�

7KHUH DUH VHYHUDO WHFKQLFDO FRQVWUDLQWV WKDW OLPLW WKH DGGLWLRQ RI DQ\ SDUWLFXODU LURQ

FRPSRXQG WR PDQ\ IRRGV� 7KH\ ZLOO QRW EH GHDOW ZLWK KHUH� 7KH IROORZLQJ GLVFXVVLRQ

ZLOO GHDO RQO\ ZLWK WKH LPSRUWDQFH RI XVLQJ D ELRDYDLODEOH LURQ FRPSRXQG DQG RI HQ�

VXULQJ WKDW DGHTXDWH ELRDYDLODELOLW\ LV PDLQWDLQHG LQ WKH UHDO PHDO VHWWLQJV� $OWKRXJK LW

LV SRVVLEOH WR IRUWLI\ IRRG ZLWK KHPH LURQ� WHFKQLFDO GLIILFXOWLHV KDYH SUHYHQWHG LWV LP�

SOHPHQWDWLRQ RXWVLGH H[SHULPHQWDO WULDOV� )RUWLILFDWLRQ WKHUHIRUH HQWDLOV WKH XVH RI D

ELRDYDLODEOH LURQ VDOW RU LURQ FKHODWH�

Nonheme
Iron

Absorption

Ascorbic acid
Other organic acids
Animal tissue

Phytates
Polyphenols
Vegetable proteins
Animal proteins not
derived from tissue
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ENHANCERS AND INHIBITORS OF
NONHEME IRON ABSORPTION
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7R EH HIIHFWLYH� DQ LURQ FRPSRXQG PXVW EH VROXEOH LQ KXPDQ JDVWULF MXLFH� )HUURXV

VXOIDWH LV IUHHO\ VROXEOH LQ ZDWHU DQG JDVWULF MXLFH� ,W LV WKH FKHDSHVW DQG PRVW ZLGHO\

XVHG LURQ VDOW IRU IRRG IRUWLILFDWLRQ� ,W LV FXVWRPDU\ WR FKDUDFWHUL]H WKH ELRDYDLODELOLW\ RI

RWKHU LURQ FRPSRXQGV E\ FRPSDULQJ WKHLU ELRDYDLODELOLWLHV ZLWK IHUURXV VXOIDWH� 'HVLJ�

QDWHG UHODWLYH ELRDYDLODELOLW\ �5%9� LV GHULYHG IURP H[SHULPHQWV LQ ZKLFK WKH DEVRUS�

WLRQ RI DQ LURQ FRPSRXQG LV FRPSDUHG ZLWK IHUURXV VXOIDWH �5%9 RI IHUURXV VXOIDWH  

������ 7KH DYHUDJH 5%9V IRU D IHZ LURQ FRPSRXQGV WKDW KDYH EHHQ FRQVLGHUHG DV

LURQ IRUWLILFDQWV DUH JLYHQ LQ 7DEOH �� 5HVXOWV EDVHG RQ KXPDQ VWXGLHV DUH FRQVLGHUHG

WR EH WKH PRUH UHOLDEOH� 7R EH HIIHFWLYH� DQ LURQ FRPSRXQG FKRVHQ IRU IRUWLILFDWLRQ

PXVW KDYH DQ 5%9 FRPSDUDEOH WR IHUURXV VXOIDWH DV PHDVXUHG LQ KXPDQ VWXGLHV�

7DEOH �
5HODWLYH %LRDYDLODELOLW\ RI ,URQ 6RXUFHV &RPPRQO\ 8VHG LQ )RRG )RUWLILFDWLRQ

,URQ 6RXUFH $YHUDJH +XPDQ 5%9���

,URQ 6DOWV )UHHO\ 6ROXEOH LQ :DWHU

)HUURXV VXOIDWH ���

)HUURXV JOXFRQDWH ��

)HUURXV ODFWDWH ���

3RRUO\ ZDWHU VROXEOH

�VROXEOH LQ JDVWULF MXLFH�

)HUURXV IXPDUDWH ���

)HUURXV VXFFLQDWH ���

(OHPHQWDO ,URQ 9DULDEOH�

� 'HSHQGV RQ SDUWLFOH VL]H� VXUIDFH DUHD DQG FRPPRQ QRQKHPH SRRO DFLGLW\ LQ WKH

VWRPDFK

,URQ )RUWLILFDWLRQ� %LRDYDLODELOLW\ RI )RUWLILFDWLRQ ,URQ IURP 0HDOV
7KH VHOHFWLRQ RI DQ LURQ FRPSRXQG WKDW KDV DQ DGHTXDWH 5%9 DV ZHOO DV WKH DSSURSUL�

DWH FKHPLFDO SURSHUWLHV WR DOORZ IRU LWV LQFRUSRUDWLRQ LQ WKH WDUJHW IRRG YHKLFOH LV RQO\

WKH ILUVW VWHS LQ GHVLJQLQJ DQ HIIHFWLYH IRRG IRUWLILFDWLRQ VWUDWHJ\� $V GHVFULEHG DERYH�

IRUWLILFDWLRQ LURQ HQWHUV WKH FRPPRQ QRQKHPH SRRO� (YHQ DQ LURQ VDOW WKDW LV IUHHO\ DE�

VRUEHG ZKHQ WDNHQ ZLWKRXW IRRG PD\ EH LQHIIHFWLYH ZKHQ DGGHG WR FHUWDLQ PHDOV� ,Q�

KLELWRUV LQ WKH PHDOV PD\ SUHYHQW DOO EXW D VPDOO IUDFWLRQ RI LURQ IURP EHLQJ DEVRUEHG�

,W LV WKHUHIRUH HVVHQWLDO WR HYDOXDWH WKH ELRDYDLODELOLW\ RI WKH SRWHQWLDO IRUWLILFDQW LQ WKH

FRQWH[W RI WKH PHDOV LQ ZKLFK LW LV WR EH FRQVXPHG�

7KH ELRDYDLODELOLW\ RI LURQ DGGHG WR PHDOV KDV XVXDOO\ EHHQ HVWLPDWHG RQ WKH EDVLV RI

UDGLR RU VWDEOH LVRWRSH VWXGLHV LQ KXPDQ YROXQWHHUV� $V LQGLFDWHG DERYH� WKH DEVRUS�
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WLRQ RI LURQ LQ WKHVH LQGLYLGXDOV ZLOO YDU\ GHSHQGLQJ RQ WKHLU SK\VLRORJLFDO DEVRUSWLYH

FDSDFLW\� ZKLFK LV LQ WXUQ GHSHQGHQW RQ WKH VL]H RI WKHLU LURQ VWRUHV� $Q LQGLYLGXDO ZLWK

DGHTXDWH LURQ VWRUHV ZLOO DEVRUE UHODWLYHO\ OLWWOH LURQ HYHQ LI KLJKO\ ELRDYDLODEOH LURQ LV

VXSSOLHG EHFDXVH WKH DEVRUSWLYH PHFKDQLVPV DUH UHJXODWHG GRZQZDUG�

:KHQ PHDVXULQJ LURQ DEVRUSWLRQ� WKH HIIHFW RI GLIIHUHQFHV LQ LURQ VWDWXV DPRQJ GLIIHU�

HQW VXEMHFWV PXVW EH DFFRXQWHG IRU VLQFH WKLV LV D PDMRU GHWHUPLQDQW� 7KLV FDQ EH DF�

FRPSOLVKHG E\ PHDVXULQJ WKH DEVRUSWLRQ IURP D VWDQGDUG GRVH RI D KLJKO\ ELRDYDLODEOH

LURQ VDOW �IHUURXV VXOIDWH JLYHQ ZLWK DVFRUELF DFLG� JLYHQ DIWHU DQ RYHUQLJKW IDVW� $ VWDQ�

GDUGL]HG ELRDYDLODELOLW\ PHDVXUHPHQW FDQ WKHQ EH REWDLQHG E\ PDNLQJ D FRUUHFWLRQ

EDVHG RQ WKH UHIHUHQFH GRVH DEVRUSWLRQ� &XVWRPDULO\� DEVRUSWLRQ YDOXHV DUH FDOFX�

ODWHG IRU D UHIHUHQFH GRVH DEVRUSWLRQ RI ��� ZKLFK ZDV IRXQG WR EH WKH DSSUR[LPDWH

YDOXH REWDLQHG LQ PRVW LQGLYLGXDOV ZLWK DEVHQW LURQ VWRUHV� EXW QRW DQHPLD�

$ ODUJH ERG\ RI H[SHULPHQWDO HYLGHQFH REWDLQHG RYHU PDQ\ \HDUV LQGLFDWHV WKDW WKH

PHUH DGGLWLRQ RI LURQ WR FRPPRQ IRRGV LQ GHYHORSLQJ FRXQWULHV LV XQOLNHO\ WR KDYH VLJ�

QLILFDQW LPSDFW RQ LURQ VWDWXV� ,Q DGGLWLRQ WR DGGLQJ GLHWDU\ LURQ� LW ZLOO EH QHFHVVDU\ WR

LPSURYH WKH ELRDYDLODELOLW\ RI WKH LURQ� )URP D WKHRUHWLFDO SRLQW RI YLHZ� WKLV FDQ EH

GRQH LQ D QXPEHU RI ZD\V� %LRDYDLODELOLW\ FDQ EH LPSURYHG E\ UHPRYLQJ LQKLELWRUV

IURP WKH GLHW� 7KLV FRXOG LQYROYH D FRPELQDWLRQ RI GLHWDU\ HGXFDWLRQ WR UHGXFH WKH LQ�

WDNH RI WHD RU FRIIHH ZLWK PHDOV DV ZHOO DV WHFKQRORJLFDO DSSURDFKHV WR ORZHULQJ WKH

OHYHOV RI WKHVH VXEVWDQFHV LQ IRRGV� +RZHYHU� LW ZLOO EH QHFHVVDU\ WR UHGXFH WKH FRQ�

FHQWUDWLRQV RI WKH LPSRUWDQW LQKLELWRUV� SK\WDWHV DQG SRO\SKHQROV� WR YHU\ ORZ OHYHOV�

$GGLWLRQDO DQLPDO WLVVXH LQ WKH GLHW ZRXOG EH D YHU\ HIIHFWLYH DSSURDFK� 7KLV LV QRW D

SUDJPDWLFDOO\ IHDVLEOH VROXWLRQ EHFDXVH RI WKH FRVW DQG� LQ VRPH FDVHV� WKH GLHWDU\

SUDFWLFHV DQG UHOLJLRXV EHOLHIV RI WKH SHRSOH DW ULVN� $OWHUQDWLYHO\� HQKDQFHUV FRXOG EH

DGGHG� $VFRUELF DFLG LV D YHU\ DWWUDFWLYH RSWLRQ� %LRDYDLODELOLW\ LV LPSURYHG RYHU D

ZLGH UDQJH RI YDOXHV GHSHQGLQJ RQ WKH PRODU UDWLR RI DVFRUELF DFLG WR LURQ LQ WKH PHDO�

,W KDV EHHQ YHU\ HIIHFWLYH DV DQ DGGLWLYH LQ LQIDQW IRUPXODV LQ :HVWHUQ FRXQWULHV� +RZ�

HYHU� LW LV UHODWLYHO\ H[SHQVLYH DQG XQVWDEOH LI VXEPLWWHG WR SURORQJHG VWRUDJH LQ XQ�

VHDOHG FRQWDLQHUV RU XVHG LQ IRRGV WKDW QHHG WR EH FRRNHG� )RU D QXPEHU RI UHDVRQV�

WKH RSWLRQV RXWOLQHG DERYH PD\ QRW EH FXUUHQWO\ UHDOLVWLF WR LPSURYH SRSXODWLRQ�ZLGH

LURQ VWDWXV LQ GHYHORSLQJ FRXQWULHV�

7KH VHDUFK IRU DOWHUQDWLYH ZD\V RI LPSURYLQJ ELRDYDLODELOLW\ FRQWLQXHV� 5HFHQWO\ WKHUH

KDV EHHQ FRQVLGHUDEOH LQWHUHVW LQ HWK\OHQHGLDPLQHWHWUDDFHWLF DFLG �('7$�� ('7$ FDQ

EH DGGHG WR PDQ\ IRRGV LQ VPDOO TXDQWLWLHV HLWKHU DV VRGLXP LURQ ('7$ RU VRGLXP

('7$� ,W KDV D PDMRU DGYDQWDJH RYHU DVFRUELF DFLG LQ WKDW LW LV VWDEOH GXULQJ VWRUDJH

DQG FRRNLQJ� ('7$ LQWHUDFWV ZLWK WKH FRPPRQ QRQKHPH LURQ SRRO� UHOHDVLQJ LURQ

IURP LQKLELWRUV VXFK DV SK\WDWHV DQG PDNLQJ LW DYDLODEOH IRU DEVRUSWLRQ� 7KH ('7$ LW�

VHOI LV RQO\ DEVRUEHG WR D YHU\ VPDOO H[WHQW� +RZHYHU XQOLNH DVFRUELF DFLG� WKH LP�

SURYHPHQW LQ DEVRUSWLRQ LV OLPLWHG WR D WZR�WR WKUHH�IROG LQFUHDVH� 0RUHRYHU� WKH UDQJH

RI HIIHFWLYH PRODU UDWLR �DSSUR[LPDWHO\ ���� ('7$� )H� D OLWWOH OHVV� LV QDUURZ DQG LV FULWL�

FDO WR HQVXULQJ HIIHFWLYH HQKDQFHPHQW RI LURQ DEVRUSWLRQ�
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3RVVLEOH 5LVNV $VVRFLDWHG ZLWK 8QLYHUVDO ,URQ )RUWLILFDWLRQ LQ

:HVWHUQ &RXQWULHV
7KH SUHYDOHQFH RI LURQ GHILFLHQF\ KDV IDOOHQ GUDPDWLFDOO\ LQ :HVWHUQ FRXQWULHV RYHU WKH

ODVW IHZ GHFDGHV� 7KHUH LV OLWWOH GRXEW WKDW LURQ IRUWLILFDWLRQ RI IRRGV KDV SOD\HG D VLJ�

QLILFDQW UROH LQ WKLV LPSRUWDQW DFKLHYHPHQW� SDUWLFXODUO\ ZLWK UHVSHFW WR LQIDQWV DQG

\RXQJ FKLOGUHQ� (YHU\ HIIRUW VKRXOG EH PDGH WR DFKLHYH VLPLODU LPSURYHPHQWV LQ WKH

QXWULWLRQ RI LQGLYLGXDOV LQ WKH GHYHORSLQJ FRXQWULHV� +RZHYHU� DQ DZDUHQHVV RI SRVVL�

EOH ULVNV RI D KLJK LURQ LQWDNH E\ LQGLYLGXDOV ZKRVH LURQ UHTXLUHPHQWV DUH ORZ �PHQ

DQG SRVWPHQRSDXVDO ZRPHQ� KDV EHHQ VWLPXODWHG LQ WKH 8QLWHG 6WDWHV LQ UHFHQW \HDUV

E\ WKUHH VHWV RI REVHUYDWLRQV�

D� 7KH GHPRQVWUDWLRQ WKDW PHDQ VHUXP IHUULWLQ FRQFHQWUDWLRQV DSSHDU WR KDYH

LQFUHDVHG VLJQLILFDQWO\ LQ WKH \HDUV EHWZHHQ WKH ODVW WZR 1DWLRQDO +HDOWK DQG

1XWULWLRQ 6XUYH\V �1+$1(6 ,,� ���������� DQG 1+$1(6 ,,,� ���������� LQ DOO

JURXSV RI LQGLYLGXDOV�

E� 7KH REVHUYDWLRQ WKDW� LQ D FDUHIXOO\ FRQGXFWHG HSLGHPLRORJLFDO VWXG\ FDUULHG
RXW LQ )LQODQG� WKHUH ZDV D UHODWLRQVKLS EHWZHHQ KLJK VHUXP IHUULWLQ YDOXHV

DQG WKH ULVN IRU LVFKHPLF KHDUW GLVHDVH�

F� 7KH GLVFRYHU\ RI D SRLQW PXWDWLRQ LQ WKH +)( JHQH �&���<� WKDW LV YHU\ FRP�
PRQ DPRQJ SHRSOH RI &HOWLF GHVFHQW OLYLQJ LQ (XURSH� WKH 8QLWHG 6WDWHV� $XV�

WUDOLD DQG 6RXWK $IULFD ZKR KDYH KHPRFKURPDWRVLV� 2YHU ��� RI LQGLYLGXDOV

ZLWK SKHQRW\SLF KHUHGLWDU\ KHPRFKURPDWRVLV LQ WKHVH SRSXODWLRQ JURXSV DUH

KRPR]\JRXV IRU WKLV PXWDWLRQ� 5HFHQW VWXGLHV KDYH GHPRQVWUDWHG WKDW WKH

KRPR]\JRXV VWDWH IRU WKLV DEQRUPDO DXWRVRPDO UHFHVVLYH JHQH RFFXUV LQ DW

OHDVW � LQ ��� LQGLYLGXDOV ZLWK D � LQ �� KHWHUR]\JRXV FDUULHU VWDWH� &XUUHQWO\� LW

DSSHDUV WR EH YHU\ UDUH LQ RWKHU HWKQLF JURXSV VWXGLHG� +RPR]\JRWHV DUH DW

ULVN IRU GHYHORSLQJ FOLQLFDO KHPRFKURPDWRVLV ZKLFK LV D OLIH WKUHDWHQLQJ FOLQL�

FDO GLVRUGHU FKDUDFWHUL]HG E\ FLUUKRVLV RI WKH OLYHU� SULPDU\ OLYHU FDQFHU� KHDUW

IDLOXUH� GLDEHWHV� GDPDJH WR RWKHU HQGRFULQH RUJDQV �SDUWLFXODUO\ WKH SLWXLWDU\

JODQG�� DUWKULWLV DQG VNLQ SLJPHQWDWLRQ� +HWHUR]\JRWHV DFFXPXODWH LURQ VWRUHV

WKDW DUH VRPHZKDW KLJKHU WKDQ DJH�DQG JHQGHU�PDWFKHG XQDIIHFWHG PHP�

EHUV RI WKH VDPH SRSXODWLRQ� EXW GR QRW VXIIHU DQ\ KDUPIXO FRQVHTXHQFHV�

7KHUH LV FXUUHQWO\ QR FRQYLQFLQJ HYLGHQFH WKDW GHPRQVWUDWHV D FOHDU UHODWLRQVKLS EH�

WZHHQ PRGHVWO\ LQFUHDVHG LURQ VWRUHV DQG FOLQLFDO GLVHDVH� $WWHPSWV E\ RWKHUV WR FRQ�

ILUP WKH SXWDWLYH UHODWLRQVKLS EHWZHHQ WKH VL]H RI LURQ VWRUHV �EDVHG RI VHUXP IHUULWLQ

FRQFHQWUDWLRQV� REVHUYHG LQ )LQODQG KDYH \LHOGHG FRQIOLFWLQJ UHVXOWV�

7KH UHDVRQV IRU WKH REVHUYHG LQFUHDVH LQ VHUXP IHUULWLQ FRQFHQWUDWLRQV LQ WKH +$1(6 ,,,

UHPDLQ XQFHUWDLQ� )DFWRUV RWKHU WKDQ VWRUDJH LURQ VWDWXV PD\ SOD\ D UROH LQ GHWHUPLQ�

LQJ VHUXP IHUULWLQ FRQFHQWUDWLRQV� ,W LV QHYHUWKHOHVV SRVVLEOH WKDW WKLV ILQGLQJ GRHV LQ�

GHHG LQGLFDWH LQFUHDVLQJ VWRUDJH LURQ VWDWXV LQ $PHULFDQ PHQ DQG SRVWPHQRSDXVDO

ZRPHQ� ,I WKH ODWWHU SURYHV WR EH WKH FDVH� LW ZLOO EH YHU\ LPSRUWDQW WR GLVFRYHU WKH UHD�
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VRQV DQG WR UHYHUVH DQ\ WUHQG LQ WKLV GLUHFWLRQ� 7KHUH LV QR NQRZQ EHQHILW RI KDYLQJ LQ�

FUHDVHG LURQ VWRUHV�

2QH UHFHQWO\ UHSRUWHG VWXG\� ´7KH )UDPLQJKDP +HDUW 6WXG\�µ GRHV SURYLGH VRPH

KHOSIXO SUHOLPLQDU\ LQIRUPDWLRQ� )HUULWLQ YDOXHV ZHUH KLJKHU LQ PHQ WKDQ LQ ZRPHQ�

EXW GLG QRW VKRZ DQ LQFUHDVH ZLWK DJH LQ WKHVH HOGHUO\ LQGLYLGXDOV ZKLFK VXJJHVWV WKDW

WKHUH ZDV QR SURJUHVVLYH ULVH LQ LURQ VWRUHV� 7KHUH ZDV D GLUHFW FRUUHODWLRQ EHWZHHQ

VHUXP IHUULWLQ YDOXHV DQG WKH LQWDNH RI KHPH LURQ� GLHWDU\ DVFRUELF DFLG DQG LURQ VXS�

SOHPHQWV� +LJKHU IHUULWLQ YDOXHV ZHUH DOVR SRVLWLYHO\ FRUUHODWHG ZLWK DOFRKRO LQWDNH DQG

QHJDWLYHO\ ZLWK FRIIHH FRQVXPSWLRQ� 7KLV VWXG\ GHPRQVWUDWHV WKH SRWHQWLDO FRPSOH[L�

WLHV LQ GHDOLQJ ZLWK WKH KLJKHU IHUULWLQ YDOXHV UHFRUGHG LQ +$1(6 ,,,�

7KH UHODWLRQVKLS EHWZHHQ GLHWDU\ LURQ LQWDNH �ERWK TXDQWLW\ DQG FKHPLFDO IRUP� DQG

WKH SKHQRW\SLF H[SUHVVLRQ RI JHQRW\SLF KHUHGLWDU\ KHPRFKURPDWRVLV ZLOO EH WKH VXE�

MHFW RI FDUHIXO VWXG\ LQ WKH FRPLQJ \HDUV VLQFH LW LV QRZ SRVVLEOH WR LGHQWLI\ LQGLYLGXDOV

FDUU\LQJ RQH RU ERWK PXWDWHG JHQHV IRU WKH GLVRUGHU� +RZHYHU� DW WKH SUHVHQW WLPH

WKHUH LV QR UHDVRQ WR EHOLHYH WKDW IRRG IRUWLILFDWLRQ ZLWK LURQ VLJQLILFDQWO\ DIIHFWV WKH VL]H

RI LURQ VWRUHV LQ KHWHUR]\JRXV LQGLYLGXDOV� 'LHWDU\ PDQLSXODWLRQ KDV QRW EHHQ VKRZQ WR

SOD\ D XVHIXO UROH LQ WKH PDQDJHPHQW RI WKH FOLQLFDO GLVRUGHU ZKLFK LV FXVWRPDULO\

WUHDWHG E\ WKH UHPRYDO RI LURQ E\ UHSHDWHG SKOHERWRP\� 7KH FXUUHQW HPSKDVLV LQ

GHDOLQJ ZLWK WKLV HPLQHQWO\ WUHDWDEOH FRQGLWLRQ LV RQ HDUO\ GHWHFWLRQ DQG WKH LQVWLWXWLRQ

RI D SURJUDP RI UHJXODU SKOHERWRPLHV WR UHPRYH WKH H[FHVV LURQ DQG SUHYHQW IXUWKHU

LURQ DFFXPXODWLRQ�

6XPPDU\
7KH FRVW�HIIHFWLYHQHVV DQG WKH VFLHQWLILF EDVLV RI LPSOHPHQWLQJ LURQ IRUWLILFDWLRQ LV ZHOO

HVWDEOLVKHG� 1HYHUWKHOHVV� IXUWKHU UHVHDUFK LQ D IHZ DUHDV UHPDLQV DQ XUJHQW QHFHVVLW\�

7KH PRVW LPSRUWDQW RI WKHVH LV WKH VHDUFK IRU RSWLPDO PHWKRGV IRU LPSURYLQJ IRRG LURQ

ELRDYDLODELOLW\� 7KH HIIRUWV RI QXWULWLRQLVWV LQYROYHG LQ HUDGLFDWLQJ QXWULWLRQDO LURQ GHIL�

FLHQF\ DQHPLD VKRXOG IRFXV RQ WKH LPSOHPHQWDWLRQ RI IRUWLILFDWLRQ SURJUDPV WKDW DUH

EDVHG RQ WKH DYDLODEOH VFLHQWLILF LQIRUPDWLRQ UHODWLQJ WR LURQ DEVRUSWLRQ DQG LURQ ELR�

DYDLODELOLW\� &RQFHUQV DERXW WKH SRVVLEOH HIIHFWV RI LURQ IRUWLILFDWLRQ RQ WKH SUHYDOHQFH

DQG VHYHULW\ RI LURQ RYHUORDG LQ YXOQHUDEOH JURXSV LQ :HVWHUQ VRFLHWLHV VKRXOG QRW GH�

OD\ WKH LPSOHPHQWDWLRQ RI IRUWLILFDWLRQ LQ GHYHORSLQJ FRXQWULHV�
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2SWLPL]LQJ ,URQ &RPSRXQGV
$QG %LRDYDLODELOLW\

5LFKDUG +XUUHOO

6ZLVV )HGHUDO ,QVWLWXWH RI 7HFKQRORJ\

6WDJHV LQ WKH 'HYHORSPHQW RI DQ ,URQ )RUWLILHG )RRG
)RU VHYHUDO UHDVRQV� LURQ LV WKH PRVW GLIILFXOW PLQHUDO WR DGG WR IRRGV ZKLOH HQVXULQJ

DGHTXDWH ELRDYDLODELOLW\ E\ WKH ERG\� ,URQ FRPSRXQGV WKDW DUH KLJKO\ ELRDYDLODEOH�

VXFK DV IHUURXV VXOIDWH� FDQ FDXVH FRORU DQG IODYRU FKDQJHV� 7KHVH RUJDQROHSWLF SURE�

OHPV UDLVH LVVXHV RI FRQVXPHU DFFHSWDQFH� 2Q WKH RWKHU KDQG� LURQ FRPSRXQGV WKDW

GR QRW FDXVH RUJDQROHSWLF SUREOHPV� VXFK DV HOHPHQWDO LURQ� DUH QRW DV ELRDYDLODEOH

DQG DUH SRRUO\ DEVRUEHG� )LQDOO\� PDMRU YHKLFOHV IRU LURQ IRUWLILFDWLRQ FRQWDLQ SRWHQW

LQKLELWRUV RI LURQ DEVRUSWLRQ� VXFK DV SK\WLF DFLG LQ FHUHDOV� RU DUH RIWHQ FRQVXPHG

DORQJ ZLWK IRRGV WKDW FRQWDLQ SRZHUIXO LQKLELWRUV VXFK DV SRO\SKHQROV LQ WHD� (YHQ

KLJKO\ DEVRUEDEOH LURQ FRPSRXQGV� VXFK DV IHUURXV VXOSKDWH� PD\ EH SRRUO\ DEVRUEHG

XQOHVV IRRG PDQXIDFWXUHUV SURWHFW WKH LURQ RU UHPRYH WKH LQKLELWRUV IURP WKH IRRG�

$ WKUHH�VWDJH SURFHVV RI GHYHORSPHQW IRU LURQ IRUWLILHG IRRG SURGXFWV PD\ KHOS RYHU�

FRPH WKHVH GLIILFXOWLHV� 7KH ILUVW VWDJH� RSWLPL]LQJ WKH LURQ FRPSRXQG� LQYROYHV VH�

OHFWLQJ DQ LURQ FRPSRXQG� ZKLFK RIIHUV WKH KLJKHVW SRWHQWLDO DEVRUSWLRQ ZKLOH FDXVLQJ

QR RUJDQROHSWLF SUREOHPV� 2SWLPL]LQJ WKH LURQ FRPSRXQG DOVR LQYROYHV RUJDQROHSWLF

WULDOV LQ RUGHU WR LGHQWLI\ SUREOHPV ZLWK FRORU RU WDVWH WKDW PD\ DULVH GXULQJ VWRUDJH RU

SUHSDUDWLRQ� 7KH VHFRQG VWDJH� RSWLPL]LQJ LURQ DEVRUSWLRQ� LQYROYHV DVVHVVLQJ QXWUL�

WLRQDO QHHGV RI WKH FRQVXPHU� GHWHUPLQLQJ WKH WDUJHW OHYHO RI LURQ WR EH SURYLGHG E\ D

IRRG SURGXFW� DQG ILQDOO\ HVWLPDWLQJ RU PHDVXULQJ DFWXDO LURQ DEVRUSWLRQ WR GHWHUPLQH

ZKHWKHU WKRVH FRQVXPHU QHHGV DUH PHW� :LWK WKHVH ILQGLQJV LQ KDQG RQH FDQ HYDOX�

DWH RSWLRQV LQFOXGLQJ WKH DGGLWLRQ RI HQKDQFHUV� UHPRYLQJ LQKLELWRUV RU VLPSO\ PRGLI\�

LQJ WKH OHYHO RI DGGHG LURQ� 7KH WKLUG DQG ILQDO VWDJH LV WR GHPRQVWUDWH LPSURYHG LURQ

VWDWXV E\ PRQLWRULQJ D GHFUHDVH LQ LURQ GHILFLHQF\ DQHPLD DPRQJ FRQVXPHUV�

6HOHFWLQJ WKH ,URQ &RPSRXQG
7KH UHODWLYH ELRDYDLODELOLW\ RI LURQ FRPSRXQGV LV GHWHUPLQHG E\ WKHLU VROXELOLW\ LQ WKH

VWRPDFK·V JDVWULF MXLFH� 7KH KLJKO\ DEVRUEDEOH FRPSRXQGV� VXFK DV IHUURXV VXOSKDWH�

JOXFRQDWH DQG IHUULF DPPRQLXP FLWUDWH� DUH ZDWHU VROXEOH DQG GLVVROYH LQVWDQWDQH�

RXVO\ LQ WKH GLOXWH DFLG RI WKH JDVWULF MXLFH� &RPSRXQGV VXFK DV IHUURXV IXPDUDWH� IHU�

URXV VXFFLQDWH DQG IHUULF VDFFKDUDWH� GLVVROYH SRRUO\ LQ ZDWHU EXW GLVVROYH RYHU WLPH LQ

WKH SUHVHQFH RI GLOXWH +&/� 7KHVH FDQ DOVR EH KLJKO\ DEVRUEDEOH� 2Q WKH RWKHU KDQG�

WKH ERG\ KDV GLIILFXOW\ DEVRUELQJ ZDWHU LQVROXEOH FRPSRXQGV WKDW DUH SRRUO\ GLVVROYHG

LQ GLOXWH DFLG� 7KLV FDWHJRU\ LQFOXGHV GLIIHUHQW IRUPV RI HOHPHQWDO LURQ� VXFK DV HOHF�

WURO\WLF� FDUERQ\O DQG UHGXFHG LURQ� DV ZHOO DV WKH SKRVSKDWH LURQ FRPSRXQGV� IHUULF

S\URSKRVSKDWH DQG RUWKRSKRVSKDWH� �6HH )LJXUH �D��
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7KH UHODWLYH ELRDYDLODELOLW\ RI LURQ FRPSRXQGV LV VWDQGDUGL]HG RQ D FRPSDULVRQ WR IHU�

URXV VXOIDWH� )HUURXV VXOSKDWH LV JLYHQ D UHODWLYH DEVRUSWLRQ �5%9� RI ��� LQ ERWK UDWV

DQG KXPDQV� )UHHO\ ZDWHU VROXEOH FRPSRXQGV DOVR KDYH D UHODWLYH DEVRUSWLRQ RI ����

&RPSDUHG WR IHUURXV VXOIDWH� WKH LURQ FRPSRXQGV VROXEOH LQ GLOXWH DFLG LQGLFDWH D UHOD�

WLYHO\ KLJK 5%9 LQ KXPDQV� ��� IRU IHUURXV IXPDUDWH� �� IRU IHUURXV VXFFLQDWH DQG �� IRU

VDFFKDUDWH� &RPSRXQGV WKDW DUH SRRUO\ VROXEOH LQ GLOXWH DFLG KDYH ORZ DQG YDULDEOH

5%9� YDU\LQJ IURP 5%9 RI ����� IRU IHUULF S\URSKRVSKDWH RU ����� IRU IHUULF RUWKRSKRV�

SKDWH� 5%9 IRU WKH YDULRXV IRUPV RI HOHPHQWDO LURQ YDULHV PRUH H[WUHPHO\ IURP 5%9 RI

� WR ����

7KHUH DUH VHYHUDO H[SODQDWLRQV IRU WKLV ZLGH UDQJH RI ILQGLQJV� 'LIIHUHQW EDWFKHV RI WKH

VDPH FRPSRXQG KDYH VRPHZKDW GLIIHUHQW SK\VLRFKHPLFDO SURSHUWLHV DQG WKXV GLIIHU�

HQW VROXELOLW\ LQ WKH JDVWULF MXLFH� $OWKRXJK VRPH H[SHULPHQWDO HOHPHQWDO LURQ FRP�

SRXQGV KDYH VKRZQ KLJKHU DEVRUSWLRQ� LW LV KLJKO\ XQOLNHO\ WKDW WKH KLJKHU YDOXHV IRU

HOHPHQWDO LURQ ZRXOG RFFXU LQ D FRPPHUFLDO SURGXFW� &RPPHUFLDO FRPSRXQGV WKDW

KDYH EHHQ WHVWHG LQ UDW DVVD\V DOO LQGLFDWH DQ DEVRUSWLRQ DERXW KDOI RI IHUURXV VXOSKDWH�

*HQHUDOO\� UHODWLYH FRVW IDFWRUV IRU WKH YDULRXV LURQ FRPSRXQGV DUH DOVR VWDQGDUGL]HG

XVLQJ IHUURXV VXOSKDWH� :LWK WKH UHODWLYH FRVW RI IHUURXV VXOSKDWH DW RQH� FRVWV UDQJH

IURP ��� IRU IHUURXV VXFFLQDWH WR ��� IRU HOHFWURO\WLF DQG ��� IRU UHGXFHG LURQ�

2UJDQROHSWLF ,VVXHV

5HODWLYH $EVRUSWLRQ &RPPRQ ,URQ &RPSRXQGV
�+XUUHOO �����water soluble

ferrous sulphate

rat

100

man

100

approx.relative cost

1.0

soluble in dilute acid

ferrous fumarate
ferrous succinate
ferrous saccharate

95
119
92

100
92
74

1.3
4.1
5.2

poorly soluble in dilute acid

ferric pyrophosphate
ferric orthophosphate
elemental iron: electrolytic
                         carbonyl
                         reduced

45-58
6-46
44-48
39-66
24-54

21-75
25-32
5-100
5-20

13-148

4.1
2.3
0.5
1.0
0.2

Relative Absorption Common Iron Compounds
(Hurrell, 1997)
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��

7KHUH DUH D QXPEHU RI RUJDQROHSWLF SUREOHPV DVVRFLDWHG ZLWK DGGLQJ KLJKO\ DEVRUE�

DEOH ZDWHU VROXEOH LURQ FRPSRXQGV WR IRRG SURGXFWV� )HUURXV VXOSKDWH FDXVHV VRPH

XQDFFHSWDEOH FRORU FKDQJHV� )RU H[DPSOH� FKRFRODWH GULQNV EHFRPH JUD\� LQIDQW FH�

UHDO ZLWK EDQDQD WXUQV EOXH DQG VDOW FDQ FKDQJH WR EURZQ� )HUURXV VXOSKDWH FDXVHV

PHWDOOLF RII�IODYRUV LQ ERXLOORQ FXEHV� ,W FDWDO\]HV IDW R[LGDWLRQ UHDFWLRQV DQG FRQVH�

TXHQWO\� FHUHDO IORXUV VWRUHG RYHU D SHULRG WLPH EHFRPH UDQFLG� :KHQ DGGHG WR VR\

VDXFH� VROXEOH SHSWLGHV ZLOO SUHFLSLWDWH� )HUURXV VXOSKDWH LQ VXJDU FDXVHV D IORFFXOD�

WLRQ RQ WKH VXUIDFH ZKHQHYHU WKH VXJDU LV DGGHG WR WHD³DV WKH SRO\SKHQROV LQ WKH WHD

FRPELQH ZLWK WKH LURQ� ,Q VKRUW� LW LV YHU\ GLIILFXOW WR DGG IHUURXV VXOIDWH WR IRRGV ZLWK�

RXW FKDQJLQJ WKHLU RUJDQROHSWLF TXDOLW\ DQG WKUHDWHQLQJ FRQVXPHU DFFHSWDQFH� ,W LV

XVXDOO\ XVHG RQO\ LQ LQIDQW IRUPXODV� VKRUW VKHOI OLIH EUHDG DQG VRPH SDVWDV�

$V D UHVXOW RI WKHVH RUJDQROHSWLF GLIILFXOWLHV� WKH SRRUO\ ZDWHU�VROXEOH FRPSRXQGV VXFK

DV IHUURXV IXPDUDWH DUH LQFUHDVLQJO\ XVHG LQ IRUWLILFDWLRQ� $OWKRXJK WKHUH LV D VOLJKW ULVN

RI FRORU FKDQJH� SDUWLFXODUO\ LQ VOLJKWO\ DFLG SURGXFWV VXFK DV IUXLW FHUHDOV� LW FDQ EH

XVHG LQ LQIDQW FHUHDOV� LQ PDL]H IORXU DQG FKRFRODWH GULQN SRZGHUV� 7KH OHDVW DEVRUE�

DEOH LURQ IRUPV� VXFK DV ZDWHU LQVROXEOH FRPSRXQGV OLNH HOHPHQWDO LURQ� SURGXFH QR

FRORU RU IODYRU FKDQJHV� $V D UHVXOW WKHVH FRPSRXQGV DUH YHU\ ZLGHO\ XVHG LQ IRUWLILFD�

WLRQ RI ZKHDW IORXUV� LQIDQW FHUHDOV� FKRFRODWH GULQN SRZGHUV DQG EUHDNIDVW FHUHDOV�

�6HH )LJXUH �E��

water soluble
compounds

FERROUS SULPHATE

chocolate drinks
infant cereals, salt

stored cereal flours

bouillon cube

soy sauce, tea

main use in infant
formulas

poorly water-soluble
compounds

FERROUS FUMARATE

fruit cereals

increasing use in infant
cereals, maize flour,

chocolate drink powders

water insoluble
compounds

ELEMENTAL Fe

widely used in wheat flours,
infant cereals, chocolate
drink powders, breakfast

cereals

colour changes

precipitation

metallic taste

fat oxidation

no  colour or flavour
changes

slight risk of colour
changes

Organoleptic Problems Associated With Iron Fortification
(Hurrell, 1998)



2SWLPL]LQJ ,URQ &RPSRXQGV DQG %LRDYDLODELOLW\

��

7KH LPSDFW RI YDULRXV LURQ FRPSRXQGV RQ UDQFLGLW\ LQ ZKHDW IORXU FDQ EH PHDVXUHG

XVLQJ SHQWDQH DV DQ LQGLFDWRU� )RUPDWLRQ RI SHQWDQH FRUUHODWHV ZLWK UDQFLG RII�IODYRUV

LQ IORXU� )HUURXV VXOSKDWH� IHUURXV JOXFRQDWH� IHUULF S\URSKRVSKDWH DQG HOHPHQWDO LURQ

ZHUH DGGHG WR LQIDQW FHUHDOV PDGH RI SUH�FRRNHG UROOHU�GULHG ZKHDW IORXU DQG VWRUHG

LQ DOXPLQXP FDQV DW ��� & IRU XS WR RQH \HDU� 3HQWDQH LQ WKH KHDGVSDFH RI WKH FDQV

ZDV PHDVXUHG E\ JDV FKURPDWRJUDSK\� 3HQWDQH WHVWV KDYH GHPRQVWUDWHG WKDW FHUHDOV

ZLWK ZDWHU VROXEOH LURQ FRPSRXQGV UHDFKHG ����� SSP SHQWDQH ZLWKLQ ����� GD\V� 2Q

WKH RWKHU KDQG� WKH IRUPDWLRQ RI SHQWDQH LQ FDQV RI FHUHDO ZLWK ZDWHU LQVROXEOH FRP�

SRXQGV VXFK DV HOHPHQWDO LURQ ZDV QHJOLJLEOH DQG VLPLODU WR WKH FRQWHQW ZLWK QR DGGHG

LURQ� �6HH )LJXUH �F��

2SWLPL]LQJ $EVRUSWLRQ E\ (QFDSVXODWLRQ
7KHUH DUH VHYHUDO DOWHUQDWLYHV WR PD[LPL]LQJ DEVRUSWLRQ ZKLOH PLQLPL]LQJ XQDFFHSW�

DEOH RUJDQROHSWLF

FKDQJHV� 7KHVH LQ�

FOXGH HQFDSVXODWLQJ

WKH LURQ� XWLOL]LQJ

QRYHO LURQ FRP�

SRXQGV� DGGLQJ DE�

VRUSWLRQ HQKDQFHUV�

DQG WKH UHPRYDO RI

DEVRUSWLRQ LQKLELWRUV�

(QFDSVXODWLRQ�

ZKLFK SUHYHQWV IDW

R[LGDWLRQ GXULQJ

VWRUDJH RI WKH FHUHDO

IORXUV� LQYROYHV

FRDWLQJ WKH LURQ ZLWK

D SURWHFWLYH OD\HU

WKDW GRHV QRW DIIHFW

LWV DELOLW\ WR GLVVROYH

LQ WKH JDVWULF MXLFH�

,Q UDW DVVD\V� FRDWLQJ

ZLWK K\GURJHQDWHG

RLO VXFK DV VR\ EHDQ

RLO RU ZLWK HWK\O FHOOXORVH RU PDOWRGH[WULQ KDG OLWWOH HIIHFW RQ WKH 5%9� +RZHYHU� WKH

K\GURJHQDWHG RLOV DUH QRW KHDW VWDEOH DQG PHOW DW DERXW ��� & ZKLOH HWK\O FHOOXORVH DQG

PDOWRGH[WULQ DUH ZDWHU VROXEOH� :KHQ WKH FRDWLQJ LV UHPRYHG� XQDFFHSWDEOH FRORU

FKDQJHV IROORZ� :KHQ DGGLQJ KRW ZDWHU RU PLON WR LQIDQW FHUHDO� WKH IDW FDSVXODWLRQ

PHOWV DQG� LI WKHUH DUH EDQDQDV LQ WKH FHUHDO� WKH FHUHDO WXUQV EOXH� ,I D PDQXIDFWXUHU LV

GU\LQJ FKRFRODWH PLON SRZGHU WKDW LQFOXGHV DQ HQFDSVXODWHG LURQ FRPSRXQG� WKH GULHG

SRZGHU WXUQV JUD\� 7KLV ODFN RI KHDW VWDELOLW\ LV D NH\ EDUULHU WR LURQ HQFDSVXODWLRQ�

0
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0RUH UHVHDUFK QHHGV WR EH XQGHUWDNHQ LQ RUGHU WR LGHQWLI\ D FDSVXOH ZKLFK LV VWDEOH WR

KHDW DQG LQVROXEOH LQ ZDWHU DQG FDQ EH UHPRYHG GXULQJ GLJHVWLRQ VR WKDW WKH LURQ LV

ELRDYDLODEOH�

2SWLPL]LQJ $EVRUSWLRQ ZLWK ,URQ ('7$
1HZ RU QRYHO LURQ FRPSRXQGV VXFK DV ,URQ ('7$ VKRXOG EH FRQVLGHUHG� ,URQ ('7$

ZDV DFFHSWHG E\ -(&)$ ���� IRU XVH LQ JRYHUQPHQW VSRQVRUHG IRRG IRUWLILFDWLRQ SUR�

JUDPV� $OWKRXJK LW LV D VROXEOH LURQ FRPSRXQG� DQG FRQVHTXHQWO\ FDQ FDXVH XQ�

ZDQWHG FRORU UHDFWLRQV LQ FHUWDLQ VLWXDWLRQV� ('7$ GRHV QRW SURYRNH IDW R[LGDWLRQ GXU�

LQJ VWRUDJH LQ FHUHDO IORXUV� 1R UDQFLGLW\ ZDV UHSRUWHG LQ D QXPEHU RI VWXGLHV ZLWK

VHYHUDO GLIIHUHQW FHUHDO IORXUV� LQFOXGLQJ ZKHDW IORXU�

7KH VXSHULRU UHODWLYH DEVRUSWLRQ RI ('7$ KDV EHHQ GHPRQVWUDWHG LQ PDQ\ VWXGLHV RYHU

WKH SDVW �� \HDUV� ('7$ FRQVLVWHQWO\ LQGLFDWHV ��� WLPHV EHWWHU DEVRUSWLRQ WKDQ IHUURXV

VXOSKDWH� ZKLFK LV WKH

EHVW RI WKH RUGLQDU\

FRPSRXQGV� ,Q DQ XQ�

SXEOLVKHG VWXG\ LQ FRO�

ODERUDWLRQ ZLWK &RRN

������ .DQVDV 8QLYHU�

VLW\ 0HGLFDO &HQWHU�� LW

ZDV IRXQG WKDW DGGLQJ

LURQ ('7$ WR LQIDQW FH�

UHDOV UHVXOWHG LQ D IRXU�

IROG LQFUHDVH LQ DEVRUS�

WLRQ FRPSDUHG WR IHU�

URXV VXOSKDWH DQG IHU�

URXV IXPDUDWH�

7KLV PDUNHGO\ VXSHULRU

DEVRUSWLRQ� KRZHYHU� LV

OLPLWHG WR KLJK SK\WDWH

PHDOV EHFDXVH ('7$

FKHODWHV WKH LURQ WKXV

SURWHFWLQJ LW IURP SK\WDWHV� :KHQ WKHUH LV QR SK\WDWH SUHVHQW� ('7$ LV VLPLODU RU GLV�

SOD\V HYHQ OHVV DEVRUSWLRQ WKDQ IHUURXV VXOIDWH� ,Q D VXJDU V\UXS IRU H[DPSOH� IHUURXV

VXOIDWH ZRXOG EH EHWWHU DEVRUEHG WKDQ LURQ ('7$� %XW LQ D KLJK SK\WDWH FHUHDO� LURQ

('7$ KDV DQ DGYDQWDJH RI ��� WLPHV� &RQVHTXHQWO\� LURQ ('7$ IRUWLILFDWLRQ RI ZKHDW

DQG FRUQ IORXUV RIIHUV DQ RSSRUWXQLW\ WR GHOLYHU LURQ WR WKH DW�ULVN SRSXODWLRQV LQ GHYHO�

RSLQJ FRXQWULHV� +RZHYHU� FRVW UHPDLQV DQ LVVXH ZLWK ('7$ DV LW LV DSSUR[LPDWHO\ VL[

WLPHV PRUH H[SHQVLYH WKDQ IHUURXV VXOIDWH�

('7$ RIIHUV LQFUHDVHG ]LQF DEVRUSWLRQ DV ZHOO� ,Q D ���� VWXG\ XVLQJ VWDEOH LVRWRSHV� ��

ZRPHQ FRQVXPHG KLJK SK\WDWH ZKHDW IORXU EDNHG LQWR EUHDG UROOV� 7KH UROOV FRQ�

% of intake

33
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Influence of NaFeEDTA on Zinc Absorption
(Davidsson et al., 1994)
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WDLQHG HLWKHU � PJ LURQ DV IHUURXV VXOSKDWH RU DV LURQ ('7$� =LQF DEVRUSWLRQ ZDV ���

ZLWK LURQ ('7$ DQG ��� ZLWK IHUURXV VXOIDWH� ,W LV QRWHZRUWK\ WKDW XULQDU\ H[FUHWLRQ RI

]LQF GLG LQFUHDVH VOLJKWO\ ZLWK LURQ ('7$ EXW ZDV QHYHUWKHOHVV OHVV WKDQ �� RI LQWDNH�

�6HH )LJXUH �G��

2SWLPL]LQJ $EVRUSWLRQ ZLWK )HUURXV %LVJO\FLQDWH
,W KDV EHHQ VXJJHVWHG WKDW DQRWKHU QRYHO FRPSRXQG� IHUURXV ELVJO\FLQDWH� RIIHUV VXSH�

ULRU UHODWLYH DEVRUSWLRQ EHFDXVH WKH JO\FLQH ELQGV LURQ DQG SURWHFWV LW IURP LQKLELWRUV LQ

D VLPLODU ZD\ WR ('7$� +RZHYHU� WKLV VXSHULRU DEVRUSWLRQ KDV QRW EHHQ FRQYLQFLQJO\

GHPRQVWUDWHG LQ SXEOLVKHG OLWHUDWXUH� )R[ HW DO� ������ FRPSDUHG LURQ DEVRUSWLRQ LQ D

YHJHWDEOH SXUHH DQG D ZKROH JUDLQ LQIDQW FHUHDO LQ WZR VWXGLHV� RQH ZLWK IHUURXV VXO�

SKDWH DQG RQH ZLWK IHUURXV ELVJO\FLQDWH� 7KH UHVXOWV DUH OLPLWHG E\ WKH IDFW WKDW WKH

FRPSDULVRQV DUH QRW VWULFWO\ EHWZHHQ WKH LURQ FRPSRXQGV EXW UDWKHU SDLUHG ZLWKLQ

HDFK VWXG\ RI YHJHWDEOH DQG JUDLQ PHDOV� *LYHQ WKLV OLPLWDWLRQ� WKH VWXG\ LQGLFDWHV ��

DEVRUSWLRQ IURP IHUURXV VXOSKDWH LQ WKH YHJHWDEOH PHDO YHUVXV ���� IRU WKH JO\FLQDWH�

,Q WKH KLJKHU SK\WDWH JUDLQ

PHDO� )R[ HW DO� UHSRUW ���� DE�

VRUSWLRQ IURP IHUURXV VXOSKDWH

DQG ���� IURP IHUURXV ELVJO\FL�

QDWH� VOLJKWO\ KLJKHU EXW QRW

VLJQLILFDQW� :KLOH WKH JDLQ LQ

DEVRUSWLRQ LV PLQRU� IHUURXV

ELVJO\FLQDWH LV D VROXEOH LURQ

FRPSRXQG� DQG OLNH RWKHU

VROXEOH LURQ FRPSRXQGV� FDQ

FDXVH FRORU UHDFWLRQV DQG SUR�

YRNH IDW R[LGDWLRQ� �6HH )LJXUH

�H��

2SWLPL]LQJ $EVRUSWLRQ

ZLWK $VFRUELF $FLG
)URP WKH IRRG PDQXIDFWXUHU·V

SRLQW RI YLHZ� DGGLQJ DVFRUELF

DFLG RIIHUV WKH HDVLHVW DS�

SURDFK WR RSWLPL]LQJ DEVRUS�

WLRQ� $ QXPEHU RI VWXGLHV KDYH

VKRZQ WKDW DVFRUELF DFLG LQ�

FUHDVHV DEVRUSWLRQ RI DOO IRUWLILFDWLRQ LURQ FRPSRXQGV LQ KXPDQV� 8VLQJ WZR LURQ FRP�

SRXQGV� 'HUPDQ HW DO� ������ UHSRUWHG VLJQLILFDQW LQFUHDVHV LQ LURQ DEVRUSWLRQ IURP

LQIDQW FHUHDOV� 7KH LQFUHDVH ZDV GHSHQGHQW RQ WKH OHYHO RI DGGHG DVFRUELF DFLG DQG

LURQ� ,Q DQ LQIDQW FHUHDO PHDO FRQWDLQLQJ ��� PJ LURQ IURP IHUURXV VXOIDWH� DEVRUSWLRQ

LQFUHDVHG IURP �� WR ���� DIWHU DGGLQJ �� PJ DVFRUELF DFLG� $EVRUSWLRQ URVH IURP

���� WR ����� ZKHQ �� PJ DVFRUELF DFLG ZDV DGGHG WR LQIDQW FHUHDO PHDO FRQWDLQLQJ �

PJ LURQ DV IHUURXV DPPRQLXP FLWUDWH�
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:RUNLQJ ZLWK � GLIIHUHQW LURQ FRPSRXQGV� DQ ,1$&* VWXG\ E\ )RUEHV HW DO� �������

GHPRQVWUDWHG VLJQLILFDQW LQFUHDVHV LQ DEVRUSWLRQ IURP D PHDO RI IDULQD DQG PLON FRQ�

WDLQLQJ � PJ LURQ� $IWHU WKH DGGLWLRQ RI ��� PJ DVFRUELF DFLG� DEVRUSWLRQ RI IHUULF RU�

WKRSKRVSKDWH URVH IURP ���� WR ����� IHUURXV VXOSKDWH IURP ���� WR ����� DQG HOHF�

WURO\WLF LURQ IURP ��� WR ��� 7KHVH LQFUHDVHV UDQJH IURP DERXW WZR� WR IRXU�IROG� �6HH

)LJXUH �I��

$VFRUELF DFLG LV D YHU\ HIIHFWLYH HQKDQFHU RI LURQ DEVRUSWLRQ� ,W LV WKRXJKW WR UHGXFH

LURQ IURP WKH IHUULF WR WKH IHUURXV VWDWH DQG FKHODWH WKH LURQ LQWR DQ DEVRUEDEOH IRUP�

7KH GLVDGYDQWDJH LV WKDW DVFRUELF DFLG LV XQVWDEOH XQGHU WKH VWUHVVHV RI KHDW DQG KX�

PLGLW\ IRXQG LQ IRRG SURFHVVLQJ DQG LQ VWRUDJH� HVSHFLDOO\ LQ WKH FOLPDWHV RI WKH GHYHO�

RSLQJ ZRUOG� 7KLV ODFN RI VWDELOLW\ PHDQV ODUJH RYHUDJHV PXVW EH DGGHG DQG WKDW SDFN�

DJLQJ QHHGV WR EH UHODWLYHO\ VRSKLVWLFDWHG� &RQVHTXHQWO\� DVFRUELF DFLG EHFRPHV D

IDLUO\ H[SHQVLYH RSWLRQ WR RSWLPL]H DEVRUSWLRQ�

% Iron absorption

Study/Meal Iron compound (mg)
With

ascorbic
acid

(mg)

Derman et al. (1980)/
Infant cereal

ferrous ammonium citrate
ferrous sulphate

5
6.9

50
24

Forbes et al. (1989)/
Farina with milk

ferric orthophosphate
ferrous sulphate
electrolytic iron

3
3
3

100
100
100

Without
ascorbic

acid

0.8
1.0

10.3
3.7

0.8
4.5
3.4

3.3
15.4
8.0

Increased Absorption of Iron from Cereals with Addition
of Ascorbic Acid with various Fortification Compounds

(Hurrell, 1998)
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2SWLPL]LQJ $EVRUSWLRQ E\ 3K\WLF $FLG 5HPRYDO
3K\WLF DFLG� D SRZHUIXO LQKLELWRU RI LURQ DEVRUSWLRQ SUHVHQW LQ FHUHDO DQG OHJXPH SURG�

XFWV FDQ EH UHPRYHG E\ YDULRXV DSSURDFKHV� 0RVW FRPPRQO\ WKH HQ]\PH SK\WDVH LV

XVHG WR ´GHSK\WLQL]H�µ ,Q DQ XQSXEOLVKHG VWXG\ FRQGXFWHG ZLWK &RRN �.DQVDV 8QLYHU�

VLW\ 0HGLFDO &HQWHU�� LURQ DEVRUSWLRQ IURP D KLJK SK\WDWH ZKHDW VR\ FHUHDO ZDV FRP�

SDUHG XQGHU � FRQGLWLRQV³QR RSWLPL]DWLRQ� DGGLWLRQ RI �� PJ DVFRUELF DFLG� SK\WDWH

UHPRYDO ZLWK SK\WDVH� DQG ERWK DVFRUELF DFLG DGGLWLRQ DQG ´GH�SK\WLQL]DWLRQ�µ ,URQ

DEVRUSWLRQ E\ � DGXOW VXEMHFWV

ZDV �� ZLWK QR RSWLPL]DWLRQ�

7KHUH ZDV QR VLJQLILFDQW LQ�

FUHDVH ZLWK WKH DGGLWLRQ RI ��

PJ DVFRUELF DFLG� $EVRUSWLRQ

URVH WR �� ZLWK SK\WDWH UH�

PRYDO DQG �� ZKHQ ERWK RSWL�

PL]DWLRQ WHFKQLTXHV ZHUH XVHG

WRJHWKHU� /HVV SK\WLF DFLG DQG

PRUH YLWDPLQ & FOHDUO\ ZLOO LQ�

FUHDVH LURQ DEVRUSWLRQ�

7KH HIIHFW RI SK\WLF DFLG UH�

PRYDO DQG DVFRUELF DFLG DGGL�

WLRQ LQ D FRPPHUFLDO VR\ IRU�

PXOD SURGXFW ZDV VWXGLHG E\

'DYLGVVRQ HW DO ������� (DFK

OLWHU RI WKH SURGXFW FRQWDLQHG

�� PJ LURQ IURP IHUURXV VXO�

SKDWH� ��� PJ SK\WDWH DQG ���

PJ DVFRUELF DFLG� 7KH VWXG\

GHVLJQ LQFRUSRUDWHG WZR RSWL�

PL]DWLRQ DOWHUQDWLYHV� 2QH

IRUPXODWLRQ GHJUDGHG WKH SK\�

WDWH WR ��� PJ IURP ��� SHU OLWHU

ZKLOH OHDYLQJ WKH RULJLQDO OHYHO RI DVFRUELF DFLG� 7KH RWKHU DOWHUQDWLYH GRXEOHG WKH

OHYHO RI DVFRUELF DFLG WR ��� PJ SHU OLWHU ZKLOH OHDYLQJ WKH SK\WDWH DW WKH RULJLQDO OHYHO�

8VLQJ VWDEOH LVRWRSHV� LURQ DEVRUSWLRQ ZDV FRPSDUHG IRU HDFK LQIDQW IHG WKH VDPH WZR

PHDOV� $EVRUSWLRQ PRUH WKDQ GRXEOHG� IURP ���� WR ����� ZLWK SK\WDWH UHPRYDO DQG

URVH IURP ���� WR ���� ZLWK LQFUHDVHG YLWDPLQ &� (LWKHU RSWLPL]DWLRQ RSWLRQ ZDV IHDVL�

EOH IRU WKH PDQXIDFWXUHU� �6HH )LJXUH �J��
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:KHQ FRQVLGHULQJ SK\WDWH UHPRYDO� LW LV LPSRUWDQW WR QRWH WKDW D VXEVWDQWLDO DPRXQW RI

WKH SK\WDWH� DERXW ���� PXVW EH UHPRYHG EHIRUH DFKLHYLQJ D XVHIXO LQFUHDVH LQ LURQ

DEVRUSWLRQ� ,W LV QRW VXIILFLHQW WR UHPRYH KDOI WKH SK\WDWH� ,Q D VWXG\ LQ ZKLFK DGXOWV

ZHUH IHG D OLTXLG IRUPXOD PHDO RI VR\ SURWHLQ LVRODWH LQ D PHGLXP RI PDOWRGH[WULQ DQG

FRUQ RLO� ZH IRXQG WKDW ZKHQ WKH SK\WLF DFLG FRQWHQW ZDV GHFUHDVHG LQ WKH VR\ SURWHLQ

LVRODWH IURP ���� PJ WR ��� PJ SHU ���J� WKHUH ZDV QR LPSURYHPHQW LQ LURQ DEVRUS�

WLRQ� +RZHYHU� ZKHQ WKH SK\WDWH OHYHO ZDV WDNHQ GRZQ EHORZ ��� PJ SHU ���J� DE�

VRUSWLRQ EHJDQ WR LQFUHDVH DQG URVH WR DERXW WKUHH�IROG WKH RULJLQDO YDOXH ZKHQ WKH

SK\WLF DFLG OHYHO UHDFKHG OHYHO ]HUR� �6HH )LJXUH �K��

2SWLPL]LQJ $EVRUSWLRQ ZLWK 6RGLXP ('7$
6RGLXP ('7$ LV D SHUPLWWHG DGGLWLYH LQ PDQ\ FRXQWULHV� DOEHLW LQ VSHFLILHG IRRGV RQO\�

,W LV PXFK PRUH VWDEOH WR SURFHVVLQJ DQG VWRUDJH WKDQ YLWDPLQ &� :KHQ IRRGV ZLWK

DGGHG VRGLXP ('7$ DUH FRQVXPHG� LURQ ('7$ ZLOO EH FUHDWHG IURP LURQ SUHVHQW LQ WKH

FRPPRQ SRRO� 7KLV LV EHFDXVH DW S+��� LURQ KDV WKH VWURQJHVW ELQGLQJ FRQVWDQW WR

('7$�

7KH LPSDFW RI WKH DGGLWLRQ RI VRGLXP ('7$ DORQH KDV EHHQ VKRZQ LQ DQ XQSXEOLVKHG

UDGLR LURQ DEVRUSWLRQ VWXG\ �+XUUHOO� 5HGG\ 	 &RRN� ������ ,Q WKLV VWXG\� DGXOW VXEMHFWV

ZHUH IHG WZR GLIIHUHQW LQIDQW FHUHDOV� RQH D KLJK SK\WDWH VR\ EDVHG FHUHDO� DQG WKH

RWKHU D ORZHU SK\WDWH ZKHDW FHUHDO� 7KH PHDOV LQFOXGHG �� J LQIDQW FHUHDO ZLWK ��� PO
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ZDWHU� � PJ LURQ DV IHUURXV VXOIDWH ZLWK YDU\LQJ FRQFHQWUDWLRQV RI ('7$ �DW )H�('7$

UDWLRV RI ���� ������� ������ DQG ����� :LWKRXW WKH DGGLWLRQ RI VRGLXP ('7$� WKH DEVRUS�

WLRQ RI IHUURXV VXOSKDWH IURP WKH ZKHDW FHUHDO ZDV RQO\ DERXW ��� :LWK WKH DGGLWLRQ RI

LQFUHDVLQJ FRQFHQWUDWLRQV RI ('7$� DEVRUSWLRQ LPSURYHG JUDGXDOO\ XS WR D PD[LPXP

RI XS WR ��� 7KH VDPH SURFHGXUH ZLWK D KLJKHU SK\WDWH VR\ EDVHG SURGXFW VKRZHG DE�

VRUSWLRQ ULVLQJ IURP DERXW ���� ZLWK QR DGGHG ('7$ WR RYHU �� DV WKH FRQFHQWUDWLRQ RI

WKH VRGLXP ('7$ ZDV LQFUHDVHG� 7KH VWXG\ VKRZV DQ LQFUHDVHG DEVRUSWLRQ RI IHUURXV

VXOIDWH ZLWK VRGLXP ('7$ RI DERXW VL[�IROG� DQG GHPRQVWUDWHG WKDW VRGLXP ('7$ FDQ

EH D XVHIXO DOWHUQDWLYH WR DVFRUELF DFLG IRU HQKDQFLQJ LURQ DEVRUSWLRQ �+XUUHOO� 5�)��

5HGG\ 0� DQG &RRN� -�'�� XQSXEOLVKHG��

5HFRPPHQGDWLRQV
,W LV FOHDU WKDW DEVRUSWLRQ RI HYHQ KLJKO\ DEVRUEDEOH LURQ FRPSRXQGV PD\ EH XQDF�

FHSWDEO\ ORZ IURP KLJK SK\WDWH FRQWDLQLQJ IRRGV� ZKLFK FRQWDLQ QR DVFRUELF DFLG RU

RWKHU HQKDQFHUV� $IWHU RSWLPL]LQJ WKH LURQ FRPSRXQG DQG REWDLQLQJ WKH PD[LPXP

OHYHO DQG ELRDYDLODELOLW\ ZLWK QR RUJDQROHSWLF SUREOHPV� DEVRUSWLRQ FDQ VWLOO EH LP�

SURYHG YLD D QXPEHU RI PHWKRGV�

7KH EHVW ZD\ WR RSWLPL]H DEVRUSWLRQ IURP LURQ FRPSRXQGV GHSHQGV RQ WKH IDFLOLWLHV

DYDLODEOH� ,Q LQGXVWULDOL]HG FRXQWULHV� DGGLQJ DVFRUELF DFLG RU UHPRYLQJ WKH SK\WDWH LV

XVXDOO\ WKH PRVW HIIHFWLYH DSSURDFK� ,Q GHYHORSLQJ FRXQWULHV� DIWHU RSWLPL]LQJ WKH LURQ

FRPSRXQG� WKH XVH RI VRGLXP ('7$ DV DQ HQKDQFHU PD\ SURYLGH D XVHIXO DOWHUQDWLYH�

6RGLXP ('7$ LV PRUH VWDEOH WKDQ DVFRUELF DFLG DQG LV PRUH UHDOLVWLF FRQVLGHULQJ WKH

OHVV VRSKLVWLFDWHG SDFNDJLQJ DQG VWRUDJH IRXQG LQ GHYHORSLQJ FRXQWULHV� 6RGLXP ('7$

LWVHOI PD\ DOVR EH XVHG WR HQKDQFH LURQ DEVRUSWLRQ�

)LQDOO\� LQ PDQ\ GHYHORSLQJ FRXQWULHV� WKHUH DUH WUDGLWLRQDO SURFHVVHV ZKLFK FDQ DFWL�

YDWH WKH QDWLYH SK\WDWHV SUHVHQW LQ FHUHDOV DQG OHJXPHV� 7KH SK\WDWHV WKHQ GHJUDGH

DQG ORZHU OHYHOV RI SK\WLF DFLG� 6RDNLQJ� JHUPLQDWLRQ DQG IHUPHQWDWLRQ ZLOO GHJUDGH

SK\WLF DFLG� )HUPHQWDWLRQ LV WKH PRVW HIIHFWLYH VLQFH WKH DFLG S+ JHQHUDWHG IDYRUV

SK\WDVH DFWLRQ� +RZHYHU LW VKRXOG EH VWUHVVHG WKDW LURQ DEVRUSWLRQ LV RQO\ LPSURYHG

DIWHU SK\WLF DFLG KDV EHHQ PRUH RU OHVV FRPSOHWHO\ GHJUDGHG�

5HIHUHQFHV
)R[� 7�(�� (DJOHV� -�� )DLUZHDWKHU�7DLW� 6�-� ������� %LRDYDLODELOLW\ RI LURQ JO\FLQH DV D

IRUWLILFDQW LQ IRRGV� $PHULFDQ -RXUQDO RI &OLQLFDO 1XWULWLRQ ��� ��������

'HUPDQ� '�3�� %RWKZHOO� 7�+�� 0DF3KDLO� $�3�� 7RUUDQFH� -�'�� %H]ZRGD� :�5�� &KDUOWRQ�

5�:� 	� 0D\HW� )�*�+� ������� ,PSRUWDQFH RI DVFRUELF DFLG LQ WKH DEVRUSWLRQ RI LURQ IURP

LQIDQW IRRGV� 6FDQ� -� +DHPDWRO� ��� ��������

)RUEHV� $�/�� $GDPV� &�(�� $UQDXG� 0�-�� &KLFKHVWHU� &�2�� &RRN� -�'�� +DUULVRQ� %�1��

+XUUHOO� 5�)�� .DKQ� -�*�� 0RUULV� (�5�� 7DQQHU� -�7� 	 :KLWWDNHU� 3� ������� &RPSDULVRQ RI LQ

YLWUR� DQLPDO DQG FOLQLFDO GHWHUPLQDWLRQV RI LURQ ELRDYDLODELOLW\� ,QWHUQDWLRQDO 1XWULWLRQDO
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$QHPLD &RQVXOWDWLYH *URXS 7DVN )RUFH UHSRUW RQ LURQ ELRDYDLODELOLW\� $P� -� &OLQ� 1XWU� ���

�������

'DYLGVVRQ� /�� *DODQ� 3�� .DVWHQPD\HU� 3�� &KHURXYULHU� )�� -XLOOHUDW� 0�$�� +HUFEHUJ� 6� 	

+XUUHOO 5�)� ������� ,URQ DEVRUSWLRQ LQ LQIDQWV� 7KH LQIOXHQFH RI SK\WLF DFLG DQG DVFRUELF

DFLG LQ IRUPXODV EDVHG RQ VR\ LVRODWH� 3HGLDWU� 5HV� ��� ��������

+XUUHOO� 5�)�� -XLOOHUDW� 0�$�� 5HGG\� 0�%�� /\QFK� 6�5�� 'DVVHQNR� 6�$� 	 &RRN� -�'� �������

6R\ SURWHLQ� SK\WDWH DQG LURQ DEVRUSWLRQ LQ PDQ� $P� -� &OLQ� 1XWU� ��� ��������



��

,URQ 2YHUORDG
,Q 3HUVSHFWLYH

,EUDKLP 3DUYDQWD

8�6� &HQWHU IRU 'LVHDVH &RQWURO

'XH WR D PLVXQGHUVWDQGLQJ RI WKH PDLQ FDXVHV RI LURQ RYHUORDG� LPSOHPHQWDWLRQ RI

FRVW HIIHFWLYH SXEOLF KHDOWK SURJUDPV WR UHGXFH WKH VLJQLILFDQW EXUGHQ RI LURQ GHIL�

FLHQF\ KDV EHHQ KLQGHUHG LQ VRPH FRXQWULHV� 7KLV LV HVSHFLDOO\ WUXH ZLWK UHJDUG WR LURQ

IRUWLILFDWLRQ RI VWDSOH IRRGV�

:K\ WKH &RQFHUQ $ERXW ,URQ 2YHUORDG"
,W LV NQRZQ WKDW ´IUHH LURQµ �)H�� DQG )H��� LV D FDWDO\VW LQ UHGR[ UHDFWLRQV� ,Q WKH KX�

PDQ ERG\ VXFK UHDFWLRQV UHVXOW LQ WKH FUHDWLRQ RI IUHH UDGLFDOV �H�J� K\GUR[\O UDGLFDOV�

WKDW FDQ FDXVH FHOO GDPDJH DQG GHDWK� )RUWXQDWHO\� QDWXUDO PHFKDQLVPV SURWHFW WKH

ERG\ DJDLQVW VXFK GDPDJH� 8QGHU QRUPDO FRQGLWLRQV LURQ GRHV QRW FLUFXODWH IUHHO\ LQ

WKH ERG\� EXW LV ERXQG E\ FHUWDLQ PROHFXOHV VXFK DV WUDQVIHUULQ� DOEXPLQ DQG IHUULWLQ�

7KH VHFRQG OLQH RI GHIHQVH DJDLQVW GDPDJLQJ ´IUHH LURQµ LQFOXGHV DQWLR[LGDQW FRP�

SRXQGV VXFK DV YLWDPLQ ( RU JOXWDWKLRQH SHUR[LGDVH� ZKLFK VFDYHQJH WKH VPDOO

DPRXQWV RI IUHH LURQ WKDW PD\ QRW EH FDSWXUHG E\ WKH ELQGLQJ PROHFXOHV�

5LVN )DFWRUV IRU ,URQ 2YHUORDG LQ WKH 8QLWHG 6WDWHV
7KH &HQWHU IRU 'LVHDVH &RQWURO �&'&� FRQVLGHUV WKH WKUHH PDMRU FDXVHV RI LURQ RYHU�

ORDG LQ WKH 8QLWHG 6WDWHV DV WKH UHVXOW RI QRQ�QXWULWLRQDO IDFWRUV�

D� 2QH ZHOO�NQRZQ FDXVH RI LURQ RYHUORDG LV DFXWH FKLOGKRRG LURQ SRLVRQLQJ GXH

WR LQJHVWLRQ RI ODUJH GRVHV RI LURQ VXSSOHPHQWV E\ XQVXSHUYLVHG \RXQJ FKLOGUHQ�

:KHQ D FKLOG FRQVXPHV D ODUJH QXPEHU RI LURQ WDEOHWV DW RQH WLPH� WKH ERG\·V

SURWHFWLYH PHFKDQLVPV DUH RYHUZKHOPHG� +LJK GRVHV� LQ WKH UDQJH RI �������

PJ SHU NLORJUDP RI ERG\ ZHLJKW� FDQ EH IDWDO� ,Q IDFW� WKLV LV WKH PRVW FRPPRQ

IRUP RI GHDWK GXH WR FKLOGKRRG SRLVRQLQJ LQ WKH 8�6� 7KH VROXWLRQ WR LURQ RYHU�

ORDG LQ WKLV FDVH GRHV QRW LQFOXGH QXWULWLRQDO LQWHUYHQWLRQV� EXW UDWKHU DFFLGHQWDO

SRLVRQLQJ SUHYHQWLRQ� 3UHVFULSWLRQ RI LURQ VXSSOHPHQWV VKRXOG LQFOXGH LQIRU�

PDWLRQ DQG HGXFDWLRQ IRU SDUHQWV WR SUHYHQW VXFK DFFLGHQWV IURP RFFXUULQJ�

E� &HUWDLQ KHDOWK FRQGLWLRQV� VXFK DV WKDODVVHPLD PDMRU� ZKLFK UHTXLUH UHSHDWHG
DQG UHJXODU EORRG WUDQVIXVLRQV SUHVHQW DQRWKHU LPSRUWDQW ULVN IDFWRU IRU LURQ

RYHUORDG� (DFK SLQW RI WUDQVIXVHG EORRG FRQWDLQV KLJK DPRXQWV RI LURQ� DOO RI

ZKLFK HQWHU WKH FLUFXODWRU\ V\VWHP GLUHFWO\ DQG WKXV� OHDG WR LURQ RYHUORDG� 0RVW

SK\VLFLDQV ZKR WUHDW VXFK SDWLHQWV UHFRJQL]H WKH ULVN RI LURQ RYHUORDG DQG XQ�

GHUWDNH WKH DSSURSULDWH PDQDJHPHQW³XVXDOO\ WUHDWPHQW ZLWK FKHODWLQJ DJHQWV�

7KXV� LURQ RYHUORDG LQ LQGLYLGXDOV ZLWK KHPRJORELQRSDWKLHV LV QRW GXH WR GLHWDU\

IDFWRUV EXW UDWKHU LV WKH UHVXOW RI QHHGHG PHGLFDO FDUH�
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F� 7KH ILQDO EXW PRVW FRPPRQ FDXVH RI LURQ RYHUORDG LQ WKH 8�6� LV KHPRFKURPD�
WRVLV³D FRQGLWLRQ ZKHUH LURQ LV DEVRUEHG DW DEQRUPDOO\ KLJK UDWHV� 7KLV LV D

JHQHWLF GLVRUGHU WKDW DIIHFWV � LQ ��� SHUVRQV³� LQ �� DUH JHQH FDUULHUV� +DUP�

IXO OHYHOV RI H[FHVV LURQ DFFXPXODWH LQ WKH ERG\ RYHU PDQ\ \HDUV� %HFDXVH RI

WKH ´VLOHQW QDWXUHµ RI WKH GLVRUGHU� FOLQLFDO V\PSWRPV XVXDOO\ GHYHORS EHIRUH WKH

DIIHFWHG LQGLYLGXDO LV LGHQWLILHG XQOHVV VSHFLILFDOO\ WHVWHG IRU WKH FRQGLWLRQ�

:RPHQ RI FKLOGEHDULQJ DJH DUH JHQHUDOO\ SURWHFWHG ORQJHU WKDQ DGXOW PHQ EH�

FDXVH RI QDWXUDO H[FUHWLRQ RI ERG\ LURQ VWRUHV WKURXJK PHQVWUXDO EORRG ORVV�

$IIHFWHG LQIDQWV DQG \RXQJ FKLOGUHQ KDYH LURQ UHTXLUHPHQWV WKDW DUH VLPLODU WR

XQDIIHFWHG FKLOGUHQ LQ RUGHU WR VXSSRUW WKHLU QRUPDO JURZWK DQG PHQWDO GHYHO�

RSPHQW�

5HJDUGOHVV RI WKH YDULRXV JURXSV· UHODWLYH ULVN RI GHYHORSLQJ KHDOWK FRPSOLFD�

WLRQV DV D UHVXOW RI WKH GLVRUGHU� LW VKRXOG EH UHFRJQL]HG WKDW KHPRFKURPDWRVLV

FDQQRW EH SUHYHQWHG DQG PD\ EH RQO\ SDUWLDOO\ PDQDJHG WKURXJK GLHWDU\ UHVWULF�

WLRQV� ,URQ LV QDWXUDOO\ SUHVHQW LQ PDQ\ EDVLF IRRGV DQG� UHJDUGOHVV RI ZKHWKHU

DIIHFWHG LQGLYLGXDOV FRQVXPH IRUWLILHG RU QRQ�IRUWLILHG IRRGV� WKH\ ZLOO DFFXPX�

ODWH KLJK OHYHOV RI LURQ LQ WKHLU ERGLHV RYHU WLPH� &XUUHQWO\� WKH &'& PDNHV QR

GLHWDU\ UHFRPPHQGDWLRQV IRU WKH PDQDJHPHQW RI KHPRFKURPDWRVLV� H[FHSW IRU

DGYLVLQJ DJDLQVW WKH XVH RI LURQ VXSSOHPHQWV�

7KH RQO\ ZD\ WR SURWHFW LQGLYLGXDOV ZLWK KHPRFURPDWRVLV IURP WKH GDPDJH RI

LURQ RYHUORDG LV WKURXJK HDUO\ LGHQWLILFDWLRQ DQG WLPHO\ WKHUDS\ WR UHGXFH WKHLU

LURQ VWRUHV³XVXDOO\ E\ SKOHERWRP\� )RU LQGLYLGXDOV ZKR GR QRW NQRZ WKDW WKH\

KDYH KHPRFKURPDWRVLV RU DUH QRW UHFHLYLQJ WKH DSSURSULDWH WUHDWPHQW� HYHQ D

QRUPDO GLHW ZLOO FRQWDLQ GDQJHURXV DPRXQWV RI LURQ� ,Q VRPH VLWXDWLRQV� PDLQO\

LQ :HVWHUQ FRXQWLHV� WKHUH PD\ EH UHDVRQ IRU FRQFHUQ DERXW WRR PXFK PHDW LQ

WKH GLHW� 0HDW QRW RQO\ SURYLGHV D ODUJH GRVH RI LURQ� EXW WKH LURQ LV DOVR ZHOO DE�

VRUEHG³DW D PXFK KLJKHU UDWH WKDQ IRUWLILFDQW LURQ FRPSRXQGV� +RZHYHU� LQ

GHYHORSLQJ FRXQWU\ VHWWLQJV ZKHUH DFFHVV WR DQLPDO IRRGV LV OLPLWHG GXH WR KLJK

FRVW� WKH UROH RI PHDW DV D GLHWDU\ LURQ VRXUFH LV QHJOLJLEOH�

3XEOLF +HDOWK YV� &OLQLFDO 3HUVSHFWLYHV
:KHQ PDNLQJ JHQHUDO UHFRPPHQGDWLRQV WR LPSURYH WKH KHDOWK DQG QXWULWLRQ VWDWXV RI

SRSXODWLRQV� RQH KDV WR FRQVLGHU WKH RYHUDOO ULVNV DQG EHQHILWV RI SURJUDPV DQG LQWHU�

YHQWLRQV� ,Q GHYHORSLQJ FRXQWULHV� WKH SXEOLF KHDOWK EXUGHQ RI LURQ GHILFLHQF\ LV IDU

JUHDWHU WKDQ WKDW RI LURQ RYHUORDG �LQ PDQ\ FDVHV� PRUH WKDQ ��� RI \RXQJ FKLOGUHQ

DQG ZRPHQ VXIIHU IURP LURQ GHILFLHQF\ DQHPLD�� 7KLV LV QRW WR VD\ WKDW WKH KHDOWK

SUREOHPV DVVRFLDWHG ZLWK H[FHVV LURQ VKRXOG EH LJQRUHG� +RZHYHU� LW LV LPSRUWDQW WR

NHHS LQ PLQG WKDW LURQ RYHUORDG LV SULPDULO\ D FRQGLWLRQ WKDW UHTXLUHV FOLQLFDO PDQDJH�

PHQW� DQG OLPLWLQJ WKH GLHWDU\ LURQ LQWDNH RI WKH ZKROH SRSXODWLRQ ZLOO QRW SUHYHQW WKH

KDUPIXO HIIHFWV RI LURQ RYHUORDG LQ WKH VPDOO SURSRUWLRQ RI SHRSOH DIIHFWHG� 7KXV� FRQ�
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FHUQV DERXW LURQ RYHUORDG VKRXOG QRW REVWUXFW WKH LPSOHPHQWDWLRQ RI PXFK QHHGHG

SXEOLF KHDOWK PHDVXUHV� VXFK DV LURQ IRUWLILFDWLRQ RI VWDSOH IRRGV� WR UHGXFH RU HOLPL�

QDWH LURQ GHILFLHQF\�



��

5HJXODWRU\ 6WDWXV RI
,URQ ('7$ LQ WKH 8QLWHG 6WDWHV

-RKQ 9DQGHUYHHQ

86)'$

+LVWRU\ RI *5$6 LQ WKH 8QLWHG 6WDWHV
6LQFH WKH ODWH ����V� VHYHUDO LURQ VRXUFHV KDYH EHHQ XVHG IRU IRUWLI\LQJ IRRGV LQ WKH

8QLWHG 6WDWHV� ,Q WKH HDUO\ ����V� GXULQJ WKH 6HFRQG :RUOG :DU� VWDQGDUGV RI LGHQWLW\

IRU HQULFKHG IORXU ZHUH HVWDEOLVKHG� $OWKRXJK WKH OHYHOV RI IRUWLILFDWLRQ IRU WKH LQGLYLG�

XDO QXWULHQWV KDYH LQFUHDVHG� WKH EDVLF UHTXLUHPHQWV RI WKHVH VWDQGDUGV DUH VWLOO LQ

SODFH WRGD\� )XQGDPHQWDO WR WKHVH VWDQGDUGV LV WKH FRQFHSW WKDW WKH DGGHG QXWULHQWV

DUH LQ D VDIH IRUP� L�H�� WKDW WKH OHYHOV RI DGGLWLRQ DUH DGHTXDWH WR PHHW WKH QHHGV RI WKH

WDUJHW SRSXODWLRQ EXW QRW DW OHYHOV WKDW ZRXOG FDXVH KDUP�

7KH ���� )RRG $GGLWLYHV $PHQGPHQW WR WKH )RRG� 'UXJ� DQG &RVPHWLF $FW �)'	& $FW�

DOORZHG WKDW LI TXDOLILHG H[SHUWV GHHPHG WKH XVH RI FRPSRXQGV VXFK DV DGGHG QXWUL�

HQWV� VDIH RU *HQHUDOO\ 5HFRJQL]HG DV 6DIH �*5$6� RQ WKH EDVLV RI FRPPRQ XVH LQ IRRG

SULRU WR ����� WKHQ WKH FRPSRXQGV ZRXOG QRW UHTXLUH DSSURYDO DV IRRG DGGLWLYHV� 7KH

XVH RI DQ LQJUHGLHQW FDQ DOVR EH *5$6 EDVHG RQ VFLHQWLILF SURFHGXUHV� EXW WKH *5$6

VWDWXV RI PRVW VXEVWDQFHV ZDV EDVHG RQ FRPPRQ XVH LQ IRRG SULRU WR ����� $GGLWLRQ�

DOO\� DQ\ XVH RI D IRRG LQJUHGLHQW WKDW KDG EHHQ H[SOLFLWO\ DSSURYHG E\ WKH )RRG DQG

'UXJ $GPLQLVWUDWLRQ RU WKH 8� 6� 'HSDUWPHQW RI $JULFXOWXUH XQGHU DSSURSULDWH ODZV�

ZDV FRQVLGHUHG WR EH SULRU VDQFWLRQHG �E\ ZKDW PD\ EH FRQVLGHUHG D JUDQGIDWKHU

FODXVH� DQG H[HPSW IURP WKH QHHG IRU QHZ DSSURYDO�

0DQ\ RI WKHVH FRPSRXQGV ZLWK SULRU VDQFWLRQ RU *5$6 VWDWXV XQGHU WKH ���� $PHQG�

PHQW WR WKH )'	& $FW KDG QHYHU EHHQ VXEMHFWHG WR PRGHUQ VDIHW\ DVVHVVPHQW� $ IHZ

\HDUV ODWHU GXULQJ WKH HDUO\ ����V� D 6SHFLDO &RPPLWWHH RQ *5$6 6XEVWDQFHV �6&2*6�

HYDOXDWHG WKH VDIHW\ RI HDFK RI WKH FRPSRXQGV WKDW ZHUH *5$6 E\ YLUWXH RI KLVWRU\�

%DVHG RQ UHSRUWV IURP WKH 6&2*6 &RPPLWWHH� WKH )'$� WKURXJK WKH SURFHVV RI SXEOLF

UXOHPDNLQJ� DIILUPHG WKH *5$6 VWDWXV RI PDQ\ RI WKH FRPSRXQGV WKDW ZHUH DGGHG WR

IRRG� 0RVW� EXW QRW DOO� RI WKH FRPSRXQGV ZKLFK DUH XVHG DV QXWULHQW VRXUFHV KDYH

XQGHUJRQH WKDW SURFHVV� 7KRVH WKDW ZHUH LQ FRPPRQ XVH SULRU WR ���� ZLWKRXW VDIHW\

SUREOHPV DQG ZKLFK KDYH QRW JRQH WKURXJK WKH DIILUPDWLRQ SURFHVV DUH VWLOO FRQVLG�

HUHG *5$6 LQ WKH 8�6� EXW DUH VLPSO\ QRW DIILUPHG�

1HZ FRPSRXQGV WKDW DUH IRXQG XVHIXO DV IRUWLILFDQWV FDQ EH GHWHUPLQHG WR EH *5$6 E\

D VSRQVRU LI LWV VDIH XVH LV JHQHUDOO\ UHFRJQL]HG E\ H[SHUWV� $OWHUQDWLYHO\� WKH VSRQVRU

FDQ SHWLWLRQ WKH )'$ WR DSSURYH WKH VXEVWDQFH DV D IRRG DGGLWLYH� 8QGHU WKH 8�6� V\V�

WHP� DQ\ FRPSDQ\ FDQ SXUVXH D �VHOI�GHWHUPLQDWLRQ RI *5$6� LI WKH\ DUH DEVROXWHO\

FRQILGHQW WKDW WKHUH LV FRQVHQVXV DPRQJ IRRG VDIHW\ H[SHUWV WKDW WKHUH LV QR VDIHW\

SUREOHP� ,I D VSRQVRU KDV GHWHUPLQHG D VXEVWDQFH WR EH *5$6� WKH $JHQF\ KDV SUR�

SRVHG QRW WR XQGHUWDNH HIIRUWV WR DIILUP LWV *5$6 VWDWXV �EHFDXVH RI UHVRXUFH FRQ�
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VWUDLQWV�� +RZHYHU� LI WKH VSRQVRU ZDV DFFXUDWH LQ LWV DVVHVVPHQW RI *5$6 VWDWXV� WKH

$JHQF\ ZRXOG QRW FKDOOHQJH WKH VSRQVRU
V GHWHUPLQDWLRQ� %\ ILOLQJ D IRRG DGGLWLYH SH�

WLWLRQ� D VSRQVRU FDQ VHFXUH D VDIHW\ DVVHVVPHQW IRU WKH QHZ IRUWLILFDQW E\ WKH )'$�

:K\ ,URQ ('7$ LV QRW OLVWHG DV *5$6 LQ WKH 8QLWHG 6WDWHV
,URQ ('7$ KDV QRW EHHQ DIILUPHG DV *5$6 LQ WKH 8QLWHG 6WDWHV IRU VHYHUDO UHDVRQV�

)LUVW� LW LV QRW *5$6 E\ YLUWXH RI LWV KLVWRU\ RI XVH VLQFH LURQ ('7$ ZDV QRW XVHG FRP�

PRQO\ LQ IRRG SULRU WR ����� 6HFRQG� WKHUH DSSHDUHG WR EH D KLJK WRWDO XVH RI ('7$ LQ

WKH 8�6� IRRG VXSSO\� ('7$ LV DOORZHG IRU XVH LQ SURFHVVLQJ D YDULHW\ RI IRRGV VXFK DV

FDQQHG JRRGV� 7KH DSSHDUDQFH RI KLJK OHYHOV RI FRQVXPSWLRQ IRU ('7$ GLVFRXUDJHG

GHYHORSPHQW RI DGGLWLRQDO XVHV� $FFRUGLQJ WR HDUOLHU DVVHVVPHQWV RI FRQVXPHU H[SR�

VXUH WR ('7$ LQ IRRGV E\ )'$� WKH 8QLWHG 6WDWHV KDG UHDFKHG UHFRPPHQGHG VDIH OHY�

HOV IRU WRWDO ('7$ XVH DV HVWDEOLVKHG E\ :+2�)$2 -RLQW ([SHUW &RPPLWWHH RQ )RRG

$GGLWLYHV DQG &RQWDPLQDQWV �-(&)$�� $ WKLUG IDFWRU LV VLPSO\ WKDW WKH )'$ KDV QHYHU

UHFHLYHG D SHWLWLRQ IURP D VSRQVRU UHTXHVWLQJ WKH DSSURYDO RI LURQ ('7$� RU HYHQ VR�

GLXP ('7$ DQG LURQ� 7KHUH ZDV VRPH GLVFXVVLRQ EXW QRW DQ RIILFLDO *5$6 DIILUPDWLRQ

UHTXHVW ZKHQ WKH $JHQF\ ZDV VWLOO DFFHSWLQJ VXFK UHTXHVWV�

&XUUHQW 'HYHORSPHQWV
2Q $SULO ��� ���� )'$ SURSRVHG D QHZ V\VWHP IRU QRWLI\LQJ )'$ RI VHOI�GHWHUPLQDWLRQV

RI IRRG LQJUHGLHQWV DV *5$6� 7KH $JHQF\ HQFRXUDJHG FRPSDQLHV WR QRWLI\ )'$ RI WKHLU

GHWHUPLQDWLRQV DQG WR HOLPLQDWH WKH ROG SURJUDP XQGHU ZKLFK WKH\ �UHTXHVWHG DI�

ILUPDWLRQ� RI WKHLU GHWHUPLQDWLRQ� 8QGHU WKLV SURSRVHG DSSURDFK� D FRPSDQ\ FDQ SUH�

VHQW LWV RZQ DVVHVVPHQW WKDW D FRPSRXQG LV *5$6 DQG VLPSO\ VWDWH WKDW WKH\ ZHUH QR�

WLI\LQJ WKH )'$� 7KLV JLYHV WKH DJHQF\ DQ RSSRUWXQLW\ WR GLVDJUHH� LI HUURUV DUH IRXQG LQ

WKH FRPSDQ\
V UHVHDUFK� 7R GDWH WKH )'$ KDV UHFHLYHG VHYHUDO QRWLFHV XQGHU WKLV SURF�

HVV IRU RWKHU VXEVWDQFHV�

,Q DGGLWLRQ WR WKLV PXFK�VLPSOLILHG SURFHVV IRU FODLPLQJ *5$6 VWDWXV� WKHUH KDV EHHQ D

PDMRU FKDQJH LQ )'$
V DVVHVVPHQW RI ('7$ XVH LQ WKLV FRXQWU\� 7KH )'$ KDV UHDV�

VHVVHG FRQVXPHU H[SRVXUH WR ('7$ DQG IRXQG WKDW WKHUH LV URRP XQGHU WKH -(&)$

VDIH WKUHVKROGV IRU XVH RI ('7$� $OO WKDW LV QHHGHG LV DQ H[SUHVVHG GHVLUH RQ WKH SDUW RI

LQGXVWU\ WR XVH LW�

7KH )XWXUH RI ('7$ LQ WKH 8�6�
6RPH EHOLHYH WKDW KLJK FRVW� XS WR VL[ WLPHV WKH FRVW RI IHUURXV VXOSKDWH� LV D EDUULHU WR

PRUH ZLGHVSUHDG XVH RI ('7$� +RZHYHU� WKLV ILJXUH LV EDVHG RQ WKH IDFW WKDW LQGXVWU\

LV JHDUHG XS IRU IHUURXV VXOSKDWH DQG RWKHU LURQ IRUPV� QRW ('7$ LQ SDUWLFXODU� 7KHUH

DUH QR HIILFLHQFLHV RI VFDOH WR EULQJ GRZQ WKH FRVW RI ('7$� ,I LQGHHG WKHUH ZDV DQ RS�

SRUWXQLW\ WR VHOO LURQ ('7$ DW WKH TXDQWLWLHV RI IHUURXV VXOSKDWH DQG RWKHU PRUH FRP�

PRQO\ XVHG IRUPV RI LURQ� WKHQ LW ZRXOG VWDQG WR UHDVRQ WKDW WKH SULFH ZRXOG OLNHO\

FRPH GRZQ�
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,Q DQRWKHU UHFHQW GHYHORSPHQW� WKH ,QWHUQDWLRQDO 1XWULWLRQDO $QHPLD &RQVXOWDWLYH

*URXS �,1$&*� KDV VSRQVRUHG GHYHORSPHQW RI D WR[LFRORJLFDO PRQRJUDSK IRU VRGLXP

LURQ ('7$ DQG VXEPLWWHG LW WR -(&)$ IRU DSSURYDO� $IWHU UHYLHZ� -(&)$ KDV UHTXHVWHG

DGGLWLRQDO LQIRUPDWLRQ UHJDUGLQJ WZR LVVXHV� )LUVW� LV WKH DVVXUDQFH WKDW WKH VLWH GLVSR�

VLWLRQ RI LURQ IURP VRGLXP LURQ ('7$ LV QRW GLIIHUHQW WKDQ WKDW RI RWKHU LURQ FRPSRXQGV

XVHG IRU IRUWLILFDWLRQ� 7KLV LV D WUDGLWLRQDO TXHVWLRQ WKDW LV DVNHG GXULQJ D WR[LFRORJLFDO

HYDOXDWLRQ� 6HFRQG� LV D GHWHUPLQDWLRQ RI ZKHWKHU ORQJ�WHUP XVH KDV DQ\ SDUWLFXODU

XQLTXH IHDWXUHV FRPSDUHG WR RWKHU IRUPV RI LURQ DGPLQLVWUDWLRQ� 7KLV ODWWHU TXHVWLRQ

LQYROYHV D EURDG DVVHVVPHQW RI VRGLXP LURQ ('7$ LQ ODERUDWRU\ DQLPDOV WR GHWHUPLQH

KRZ ZHOO WKH DQLPDOV JURZ DQG RWKHU IDFWRUV� ,1$&* LV FXUUHQWO\ JDWKHULQJ GDWD RQ

WKHVH LVVXHV DQG ZLOO XQGHUWDNH DSSURSULDWH DQLPDO VWXGLHV WR DQVZHU WKHVH TXHVWLRQV�

&RQFOXVLRQ
7KHUH KDV EHHQ PXFK GLVFXVVLRQ DERXW WKH VXSHULRU ELRDYDLODELOLW\ RI VRGLXP LURQ

('7$ DQG LURQ DQG ('7$ XQGHU FHUWDLQ FRQGLWLRQV� 7R VRPH GHJUHH� WKHVH FRP�

SRXQGV DUH HIIHFWLYH LQ DFKLHYLQJ WKH VDPH DPRXQW RI LURQ DEVRUEHG ZLWK OHVV WRWDO H[�

SRVXUH WR LURQ �L�H�� OHVV WRWDO LURQ LQ WKH GLHW�� 1HYHUWKHOHVV� WKHUH LV VLJQLILFDQW SUHV�

VXUH IURP VRPH KHPDWRORJLVWV LQ WKLV FRXQWU\ WR FRQVWDQWO\ ORRN DW IRUWLILFDWLRQ LQ WKH

8�6� IRRG VXSSO\� 7KH\ PDLQWDLQ WKDW OHYHOV RI IRUWLILFDWLRQ DUH DOUHDG\ WRR KLJK DQG WKDW

ZH VKRXOG FRQVLGHU ORZHULQJ WKHP� 2Q WKH RWKHU KDQG� WKHUH DUH PDQ\ H[SHUWV ZKR

EHOLHYH WKDW RXU OHYHO RI IRUWLILFDWLRQ LQ WKH 8�6� LV DERXW ULJKW� :H DW WKH )'$ DJUHH� DO�

WKRXJK ZH ZLOO FRQWLQXH WR PRQLWRU GDWD �IURP WKH 1DWLRQDO +HDOWK DQG 1XWULWLRQ ([�

DPLQDWLRQ 6XUYH\V �1+$1(6� DQG RWKHU VXUYH\V³SDUWLFXODUO\ VHUXP IHUULWLQ OHYHOV DQG

RWKHU LQGLFDWRUV RI LURQ VWDWXV��

,I VLPLODU HIIHFWLYHQHVV LQ SUHYHQWLQJ LURQ GHILFLHQF\ ZLWK VPDOOHU DPRXQWV RI PRUH

KLJKO\ ELRORJLFDOO\ DYDLODEOH FRPSRXQGV FDQ EH DFKLHYHG� WKLV VKRXOG EH FRQVLGHUHG�

)RU WKRVH SHRSOH LQ WKH 8�6� ZKR DUH VWLOO QRW DFKLHYLQJ KHDOWK\ LURQ VWDWXV� WKHVH FRP�

SRXQGV PD\ DFWXDOO\ SUHYHQW GHILFLHQF\� )LQDOO\� WKHUH LV DOZD\V LQWHUHVW LQ WKH SRWHQ�

WLDO RI JUHDWHU VWDELOLW\ LQ IRUPXODWHG SURGXFWV� , ZRXOG SUHGLFW WKDW VRPHWLPH LQ WKH

QHDU IXWXUH� LURQ ('7$ ZLOO EH DSSURYHG IRU XVH LQ WKLV FRXQWU\ DQG WKURXJKRXW WKH

:HVWHUQ ZRUOG DQG WKHQ WKH LVVXH ZLOO QRW EH UHJXODWRU\ EXW UDWKHU FRVW DQG IXQFWLRQDO�

LW\� :H DUH DZDUH WKDW PDQXIDFWXUHV ZRXOG OLNH WR LQLWLDWH WKH XVH RI VRGLXP LURQ

('7$ LQ WKH YHU\ QHDU IXWXUH EHFDXVH WKH\ EHOLHYH WKDW LWV XVH ZLOO LPSURYH WKH VWDELOLW\

RI WKHLU SURGXFWV DQG DW WKH VDPH WLPH LPSURYH LURQ DEVRUSWLRQ� 3URYLGHG WKDW WKHUH LV

QR KLGGHQ ULVN� WKHVH DUH YHU\ ZRUWK\ JRDOV�
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',6&866,21
3HWHU 5DQXP

0RGHUDWRU

³,V WKHUH VXIILFLHQW LQIRUPDWLRQ WR UHFRPPHQG D VLPSOH DQG

XQLIRUP SURFHGXUH IRU DGGLWLRQ RI DQ LURQ FRPSRXQG"´

7KHUH DUH ODUJH IORXU IRUWLILFDWLRQ SURJUDPV JDLQLQJ PRPHQWXP LQ VHYHUDO SDUWV

RI WKH ZRUOG ZKHUH KLJK H[WUDFWLRQ DQG KLJK SK\WDWH IORXUV DUH FRPPRQ� ,V

WKHUH VXIILFLHQW LQIRUPDWLRQ RQ WKLV LVVXH WR UHFRPPHQG D VLPSOH DQG XQLIRUP

SURFHGXUH IRU DGGLWLRQ RI LURQ FRPSRXQG" 3HUKDSV WKHUH PD\ EH HQKDQFHUV VXFK DV

('7$ RU DVFRUELF DFLG� WKDW ZLOO EH VWDEOH� ELRDYDLODEOH DQG RUJDQROHSWLFDOO\ DFFHSWDEOH

LQ FRQGLWLRQV IRXQG LQ GHYHORSLQJ FRXQWULHV"

7KHUH LV D ORW RI LQIRUPDWLRQ VKRZLQJ WKDW VRGLXP LURQ ('7$ GRHV

RYHUFRPH WKH LQKLELWRU\ HIIHFWV RI SK\WLF DFLG LQ KLJK H[WUDFWLRQ

IORXUV� 0RUHRYHU� RUJDQROHSWLF VWXGLHV ZLWK LURQ ('7$ LQ ZKHDW

IORXU KDYH UHSRUWHG QR SHQWDQH EXLOGXS DIWHU � PRQWKV DW ���& LQGLFDWLQJ

WKDW LW LV TXLWH VWDEOH� 2Q WKH RWKHU KDQG� LI VRGLXP ('7$ DQG IHUURXV

VXOIDWH DUH SXW LQ WKH VDPH ZKHDW IORXU� WKHUH DUH RUJDQROHSWLF SUREOHPV�

6R LQ ZKHDW IORXU WKH UHFRPPHQGDWLRQ IRU KLJKHU SK\WDWH IORXUV VKRXOG

EH WR DGG IRUWLILFDWLRQ LURQ DV VRGLXP LURQ ('7$ DQG QRW IHUURXV VXOIDWH

SOXV ('7$� +RZHYHU� HYHQ ZLWK VRGLXP LURQ ('7$� WKHUH LV D QHHG WR GR

PRUH WKRURXJK RUJDQROHSWLF VWXGLHV�

$QRWKHU SRVVLEOH DSSURDFK IRU KLJK H[WUDFWLRQ ZKHDW IORXU LV WR DGG HQ�

FDSVXODWHG IHUURXV VXOIDWH WKDW ZRXOG SURWHFW WKH FRPSRXQG DQG KHOS

SUHYHQW R[LGDWLRQ RI WKH IORXU IDW GXULQJ VWRUDJH� ,W SUREDEO\ GRHV QRW

PDWWHU LI WKH HQFDSVXODWLQJ FRDWLQJ FRPHV RII DIWHU WKH IORXU KDV EHHQ

XVHG LQ EDNLQJ EHFDXVH DW WKDW SRLQW WKHUH DUH QR FRORU FKDQJHV WKDW WDNH

SODFH LQ WKH IORXU�

7KH JHQHUDO SULQFLSOH LV WKDW ZKHQ DQ LURQ FRPSRXQG LV DGGHG WR D IRRG

VXFK DV ZKHDW IORXU WKDW FRQWDLQV DEVRUSWLRQ LQKLELWRUV� WKHUH ZLOO EH QR

QXWULWLRQDO EHQHILW XQOHVV VRPHWKLQJ LV DGGHG WR HQKDQFH WKH ELRDYDLO�

DELOLW\ RI WKH LURQ FRPSRXQG DQG�RU SURWHFW LW IURP WKH LQKLELWRUV LQ WKH

IORXU RU IURP LQKLELWRUV LQ WKH HQWLUH PHDO� ,W LV QRW VXIILFLHQW WR MXVW DGG

LURQ³RQH PXVW SURWHFW LW DQG HQKDQFH DEVRUSWLRQ�
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³9HQH]XHOD¶V IRUWLILFDWLRQ SURJUDP KDV SURYHG WR EH TXLWH

VXFFHVVIXO²HYHQ WKRXJK QR DEVRUSWLRQ HQKDQFHUV ZHUH DGGHG�´

:RUN KDV EHHQ GRQH RQ (J\SWLDQ EDODGL EUHDG XVLQJ VRGLXP ('7$ ZLWK DQG

ZLWKRXW IHUURXV VXOIDWH� 7KH ELRDYDLODELOLW\ RI WKH IHUURXV VXOIDWH ZDV LPSURYHG

DERXW WKUHH�IROG� 6LQFH EDODGL EUHDG LV EDNHG DW D KLJK EDNLQJ WHPSHUDWXUH�

WKLV VKRZV WKDW ('7$ LV VWDEOH DW WKLV YHU\ KLJK WHPSHUDWXUH� &HUWDLQO\� YLWDPLQ &

ZRXOG QRW VXUYLYH WKLV HQYLURQPHQW� ,Q RUGHU WR DYRLG WKH RUJDQROHSWLF SUREOHPV

HPHUJLQJ IURP WKH PL[ RI IHUURXV VXOIDWH ZLWK VRGLXP ('7$� PLJKW HOHPHQWDO LURQ EH

XVHG ZLWK WKH VRGLXP ('7$ LQVWHDG"

,Q WHUPV RI DYRLGLQJ WKLV LQWHUDFWLRQ� IHUURXV IXPDUDWH ZRXOG EH

VXSHULRU WR HOHPHQWDO LURQ� ,Q IDFW� IHUURXV IXPDUDWH LV XVHG LQ

9HQH]XHOD·V IRUWLILFDWLRQ SURJUDP ZKLFK KDV SURYHG WR EH TXLWH

VXFFHVVIXO³HYHQ WKRXJK QR DEVRUSWLRQ HQKDQFHUV ZHUH DGGHG XQGHU WKH

9HQH]XHODQ IRUWLILFDWLRQ SURILOH�

9LWDPLQ $ ZDV DGGHG LQ 9HQH]XHOD DQG VWXGLHV GRQH E\ /D\ULVVH DQG OHDG

VRPH SHRSOH WR EHOLHYH WKDW YLWDPLQ $ FDQ DFW DV DQ HQKDQFHU RI LURQ DE�

VRUSWLRQ� +RZHYHU� ZH KDYH GRQH VRPH VWXGLHV DQG KDYH QRW EHHQ DEOH

WR VKRZ WKDW YLWDPLQ $ HQKDQFHV LURQ DEVRUSWLRQ� 1HYHUWKHOHVV� IHUURXV

IXPDUDWH� LV TXLWH D JRRG LURQ FRPSRXQG WR DGG WR VRPH FHUHDO IORXUV�
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³)HUPHQWDWLRQ RI GRXJK ZRXOG EH D JRRG ZD\ WR UHGXFH SK\WLF

DFLG OHYHOV´

,Q VRPH 0LGGOH (DVWHUQ FRXQWULHV� EUHDG GRXJK JRHV WKURXJK D VKRUW SHULRG RI

IHUPHQWDWLRQ SULRU WR EDNLQJ� 6KRXOG ZH SURPRWH WKLV SURFHVV DV D VWUDWHJ\ WR

GHFUHDVH SK\WDWHV DQG LQFUHDVH ELRDYDLODELOLW\" 6RPHWLPHV WKH EUHDG GRXJK

PD\ QRW EH IHUPHQWHG ORQJ HQRXJK� +RZHYHU� LI D ORQJHU SHULRG RI IHUPHQWDWLRQ ZRXOG

LQFUHDVH ELRDYDLODELOLW\� SHRSOH FDQ EH HQFRXUDJHG WR IHUPHQW IRU D ORQJHU SHULRG RI

WLPH�

)HUPHQWDWLRQ RI GRXJK ZRXOG EH D JRRG ZD\ WR UHGXFH SK\WLF

DFLG OHYHOV� (VVHQWLDOO\� IHUPHQWDWLRQ ZRUNV E\ WDNLQJ WKH S+ OHYHO

GRZQ� 6LQFH WKH HQ]\PHV OLNH SK\WDVH DUH PXFK PRUH DFWLYH DW

S+� WKDQ S+�� IHUPHQWDWLRQ HQKDQFHV SK\WDVH DFWLYLW\ DQG VSHHGV WKH

GHJUDGDWLRQ RI WKH SK\WLF DFLG� ,W LV LQWHUHVWLQJ WKDW ZKHDW LWVHOI FRQWDLQV

WKH HQ]\PHV WKDW FDQ DFW WR GHJUDGH SK\WLF DFLG� :H KDYH GRQH VRPH

VWXGLHV MXVW KROGLQJ WKH ZKHDW IORXU� QRW HYHQ IHUPHQWLQJ LW� *LYHQ

HQRXJK WLPH� WKLV DFWXDOO\ GRHV GHJUDGH DOO WKH SK\WLF DFLG LQ ZKHDW

IORXU³VLPSO\ E\ OHWWLQJ LW VWDQG�

5HVHDUFK LV QHHGHG WR GHWHUPLQH ZKHWKHU DGGLQJ SK\WDVH DV DQ DGGL�

WLRQDO HQ]\PH WR ZKHDW IORXU LQ RUGHU WR GHJUDGH SK\WLF DFLG� LV D IHDVLEOH

VWUDWHJ\ WR LQFUHDVH ELRDYDLODELOLW\ RI IRUWLILFDWLRQ LURQ�
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³7KH OHYHO RI PHDW FRQVXPSWLRQ« FDQ SUHGLFW WKH OHYHO RI ,'$�

+RZHYHU� LQIDQWV UHPDLQ DW�ULVN�´

,Q 0H[LFR� 3URFWHU 	 *DPEOH RULJLQDOO\ XVHG IHUURXV S\URSKRVSKDWH LQ LWV

&KRFR�PLON� D SRZGHUHG PLON HQKDQFHU SURGXFW� DQG WKHQ VZLWFKHG WR IHUURXV

IXPDUDWH� 'XULQJ FOLQLFDO HIILFDF\ VWXGLHV LQ 0H[LFDQ VFKRROV� WHDFKHUV ZRXOG

WHOO XV WKDW HYHQ WKRXJK WKH WULDOV ZHUH GRXEOH EOLQG WKH\ FRXOG LGHQWLI\ ZKLFK VWXGHQWV

ZHUH JHWWLQJ WKH IRUWLILHG YHUVXV WKH QRQ�IRUWLILHG SURGXFW VLPSO\ EHFDXVH WKH\ FRXOG VHH

DQ LQFUHDVH LQ DWWHQWLRQ DQG HYHQ H[FHVV HQHUJ\� ,Q /DWLQ $PHULFD� VLQFH WKHUH DUH

PDQ\ GLIIHUHQW VWDSOH IRRGV DQG IRRG KDELWV� LV WKHUH D SDUDOOHO GLIIHUHQFH LQ WKH UDWHV RI

,'$" )RU H[DPSOH� LQ VRPH FRXQWULHV OLNH $UJHQWLQD� FRQVXPSWLRQ RI PHDW LV TXLWH

FRPPRQ ZKLOH LQ RWKHU FRXQWULHV LW LV UHODWLYHO\ UDUH� 'R WKHVH NLQGV RI GLIIHUHQFHV LP�

SDFW SUHYDOHQFH UDWHV"

0HDW FRQVXPSWLRQ KDV D VWURQJ SUHGLFWLYH YDOXH RQ ,'$ UDWHV�

$UJHQWLQD KDV RQH RI WKH KLJKHVW OHYHOV RI UHG PHDW FRQVXPSWLRQ

LQ WKH ZRUOG DQG� IRU WKH DGXOW SRSXODWLRQ� WKH UDWH RI ,'$ LV TXLWH

ORZ� *HQHUDOO\� E\ ORRNLQJ DW WKH OHYHO RI PHDW FRQVXPSWLRQ� RQH FDQ

SUHGLFW WKH OHYHO RI ,'$� +RZHYHU� WKH JHQHUDO OHYHO RI PHDW FRQVXPSWLRQ

QRWZLWKVWDQGLQJ� LQIDQWV UHPDLQ DW ULVN� 7KLV LV EHFDXVH XQWLO WKH VHFRQG

\HDU RI OLIH� ZKHQ LQIDQW GLHWV EHJLQ WR FKDQJH WR LQFOXGH LWHPV LQ WKH

JHQHUDO GLHW� WKH LQIDQW GLHW LV PLON EDVHG� :KHWKHU WKH\ DUH EUHDVWIHG RU

UHFHLYH D OLTXLG RU SRZGHUHG IRUPXOD� LQIDQWV ZLOO FRQWLQXH WR EH DW ULVN

IRU ,'$ XQOHVV VSHFLDO SURYLVLRQV DUH PDGH� )RU H[DPSOH� XQWLO �����

\HDUV DJR WKH ,'$ UDWH IRU LQIDQWV LQ $UJHQWLQD ZDV VLPLODU WR RWKHU FRXQ�

WULHV LQ WKH UHJLRQ³FRXQWULHV ZLWK RQO\ D IUDFWLRQ RI $UJHQWLQD·V PHDW

FRQVXPSWLRQ� 7KDW ZDV D YHU\ YDOXDEOH GDWD IRU SXEOLF KHDOWK VWUDWHJLVWV

EHFDXVH LW GHPRQVWUDWHG WKDW \RX FDQQRW DVVXPH WKDW LQIDQWV DUH QRW DW

ULVN RI ,'$ MXVW EHFDXVH WKHLU GLHW LV KLJK LQ LURQ IRU WKH DGXOWV SRSXODWLRQ�

7R SURWHFW LQIDQWV� VSHFLDO DSSURDFKHV QHHG WR EH GHYHORSHG� 6R DO�

WKRXJK RQH FDQ SUHGLFW WKH JHQHUDO ,'$ VLWXDWLRQ E\ ORRNLQJ DW WKH SRSX�

ODWLRQ�ZLGH DGXOW GLHW� LQIDQWV DUH D PRUH YXOQHUDEOH JURXS DQG LQWHUYHQ�

WLRQV VKRXOG EH EDVHG RQ WKHLU VSHFLDO GLHW�
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³:H KDYH ORQJ KHDUG DERXW DQ XQLGHQWLILHG µPHDW IDFWRU¶ WKDW

HQKDQFHV DEVRUSWLRQ RI LURQ´

7KH SUHVHQFH RI PHDW HQKDQFHV DEVRUSWLRQ RI LURQ� 1RW RQO\ LV KHPH LURQ

DEVRUSWLRQ PXFK JUHDWHU� EXW WKH SUHVHQFH RI KHPH LURQ DOVR LQFUHDVHV

DEVRUSWLRQ IURP OHVV ELRDYDLODEOH LURQ LQ YHJHWDEOH DQG JUDLQ SURGXFWV IRXQG LQ

WKH QRQ KHPH SRRO� :H KDYH ORQJ KHDUG DERXW DQ XQLGHQWLILHG ´PHDW IDFWRUµ WKDW HQ�

KDQFHV DEVRUSWLRQ RI LURQ³LQGHSHQGHQW RI WKH KHPH LURQ LWVHOI� ,V WKHUH VXFK D IDFWRU

DQG FDQ ZH PDNH XVH LI LQ IRUWLILFDWLRQ"

0RVW RI WKH ZRUN RQ WKH ´PHDW IDFWRUµ VXEMHFW KDV EHHQ GRQH LQ

9HQH]XHOD ZKHUH VWXGLHV KDYH VKRZQ VHYHUDO WLPHV WKDW PHDW RU

PXVFOH WLVVXH HQKDQFHV LURQ DEVRUSWLRQ� 7KHVH VDPH VWXGLHV

GHPRQVWUDWHG FRQYLQFLQJO\ WKDW WKH LQFUHDVHG DEVRUSWLRQ LV GXH WR WKH

F\VWLQH FRQWDLQLQJ SHSWLGHV LQ WKDW PHDW� 7R LVRODWH WKLV ´PHDW IDFWRUµ IRU

XVH DV DQ LQGHSHQGHQW DEVRUSWLRQ HQKDQFHU E\ WKH IRRG LQGXVWU\ LQYROYHV

D ORW RI ZRUN³LGHQWLI\LQJ WKRVH SHSWLGHV� LVRODWLQJ WKHP� DQG PDNLQJ

WKHP DQ DFFHSWDEOH IRRG DGGLWLYH� 1R RQH LV SXUVXLQJ WKLV UHVHDUFK DW

WKH SUHVHQW WLPH� EXW LW LV VRPHWKLQJ WKDW PLJKW EH GRQH�
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A

³5LFH KDV SUHVHQWHG FKDOOHQJHV IRU D ORQJ WLPH� $W WKLV SRLQW WKHUH

LV QR IRUWLILHG ULFH ZLWK JRRG LURQ ELRDYDLODELOLW\�´

5LFH KDV EHHQ YLHZHG DV D SRWHQWLDO YHKLFOH IRU LURQ IRUWLILFDWLRQ IRU PDQ\ \HDUV�

/LNH RWKHU VWDSOHV LQFOXGLQJ IORXU� ULFH DOVR FRQWDLQV SK\WDWHV� +RZHYHU� XQOLNH

ZKHDW DQG FRUQ IORXUV� LQ PRVW GHYHORSLQJ FRXQWULHV� ULFH LV ZDVKHG EHIRUH LW LV

FRRNHG� *LYHQ WKHVH REVWDFOHV� LV WKHUH D UHFRPPHQGHG WHFKQRORJ\ IRU WKH IRUWLILFDWLRQ

RI ULFH ZLWK LURQ"

5LFH KDV SUHVHQWHG FKDOOHQJHV IRU D ORQJ WLPH� $W WKLV SRLQW WKHUH

LV QR IRUWLILHG ULFH ZLWK JRRG LURQ ELRDYDLODELOLW\� ,Q WKH 8QLWHG

6WDWHV� ZKHUH VRPH ULFH LV IRUWLILHG� WKH LURQ FRPSRXQG RI FKRLFH

LV IHUURXV RUWKRSKRVSKDWH ZKLFK LV QRW YHU\ ELRDYDLODEOH RU VROXEOH EXW LV

YHU\ DFFHSWDEOH IURP D RUJDQROHSWLF SRLQW RI YLHZ� :H KDYH WULHG WR JHW D

PRUH ELRDYDLODEOH ULFH� :H KDYH WULHG FRDWLQJ� +RZHYHU� WKLV LV D FRP�

SOLFDWHG SUREOHP� 7KH FRDWLQJ PD\ EH WRR WKLQ DQG ZDVK RII� 2Q WKH

RWKHU KDQG� WKH FRDWLQJ PD\ ZRUN WRR ZHOO DQG FRQVHTXHQWO\ GRHV QRW

FRPH RII LQ WKH JXW RU EHFRPH DYDLODEOH IRU DEVRUSWLRQ� 7KH DOWHUQDWLYH

DSSURDFK LV VLPXODWHG ULFH JUDQXOHV� 7KDW LQYROYHV KDYLQJ WKH ULJKW GLHV

WR FXW D NHUQHO WKDW ORRNV OLNH WKH UDZ ULFH DQG VLPXODWLQJ D ULFH WKDW

FRRNV WKH VDPH DV QDWXUDO ULFH� 1RUPDOO\ WKH IRUPXOD IRU PL[LQJ WKH

VLPXODWHG NHUQHOV ZLWK QDWXUDO ULFH LV ��������� GHSHQGLQJ RQ WKH LURQ

OHYHO�

,Q ,QGRQHVLD� WKH 0LFURQXWULHQW ,QLWLDWLYH KDV GRQH D VPDOO�VFDOH WULDO RI

ULFH IRUWLILFDWLRQ XVLQJ WKH VLPXODWHG NHUQHO DSSURDFK� $ WHFKQRORJ\ KDV

EHHQ GRQDWHG E\ WKH %RQ 'HQWH &RPSDQ\� 7KLV WHFKQRORJ\ SURYLGHV D

YHKLFOH IRU PXOWLSOH PLFURQXWULHQWV LQ ULFH³LQFOXGLQJ LURQ DV ZHOO DV YL�

WDPLQ $� %DVLFDOO\� WKH %RQ 'HQWH WHFKQRORJ\ XVHV LQH[SHQVLYH EURNHQ

ULFH NHUQHOV ZKLFK DUH JURXQG LQWR D ILQH SRZGHU PL[WXUH� 0LFURQXWULHQWV

DUH DGGHG DQG ILQDOO\ WKH NHUQHO LV UHFRQVWLWXWHG� $IWHU WKLV ´SUHPL[µ RI

VLPXODWHG ULFH NHUQHOV LV SURGXFHG� LW LV PL[HG ZLWK QDWXUDO ULFH DW D SUH�

GHWHUPLQHG UDWLR� )URP D SXUHO\ WHFKQRORJLFDO SRLQW RI YLHZ WKLV LV D YHU\

IHDVLEOH DSSURDFK WR JHWWLQJ PLFURQXWULHQWV GHOLYHUHG YLD WKH ULFH GLVWUL�

EXWLRQ V\VWHP�
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A
³,I ZH FDQ PDNH SURJUHVV ZLWK WKH GHFHQWUDOL]HG SURGXFHUV RI VDOW

ZH VKRXOG EH DEOH WR GR LW IRU ULFH SURGXFHUV DV ZHOO�´

7KH UHDO FKDOOHQJH LQ ULFH IRUWLILFDWLRQ LV QRW WKH WHFKQRORJ\ EXW

WKH FRPPHUFLDO LQIUDVWUXFWXUH� ,Q PDQ\ $VLDQ FRXQWULHV ZKHUH

ULFH LV D VWDSOH� SURGXFWLRQ DQG GLVWULEXWLRQ LV YHU\ GHFHQWUDOL]HG�

7KLV SUHVHQWV VHYHUDO REVWDFOHV� )LUVW� WKHUH DUH GLIILFXOWLHV LQ JHWWLQJ WKH

VLPXODWHG ULFH NHUQHOV RU ´SUHPL[µ WR WKHVH IDU IOXQJ DQG UHODWLYHO\ VPDOO

VFDOH SURGXFHUV LQ D FRVW HIIHFWLYH PDQQHU� 6HFRQG� WKHUH DUH EDUULHUV WR

PRWLYDWLQJ WKHVH SURGXFHUV WR XVH WKH PLFURQXWULHQW PL[ LQ WKHLU SURF�

HVVLQJ DQG VXEVHTXHQWO\ JHWWLQJ FRQVXPHUV WR EX\ LW� 7KLUG� WKHUH LV WKH

LVVXH RI VDIHW\ DQG TXDOLW\ DVVXUDQFH LQ WKLV GHFHQWUDOL]HG VHWWLQJ� ,Q

VXPPDU\� WKH WHFKQRORJ\ LV DYDLODEOH EXW WKH LVVXH LQ RQH RI FRVW�

HIIHFWLYHO\ VFDOLQJ�XS WR D FRPPHUFLDO RU QDWLRQDO OHYHO�

,Q WKH YHU\ VXFFHVVIXO FDPSDLJQ WR LRGL]H WKH ZRUOG·V VDOW� WKLV LVVXH RI

VPDOO VFDOH GHFHQWUDOL]HG SURFHVVLQJ ZDV EURXJKW XS DV D EDUULHU� +RZ�

HYHU� WKH EDUULHUV ZHUH RYHUFRPH DQG VDOW LRGL]DWLRQ KDV EHFRPH D VXF�

FHVVIXO FDPSDLJQ ZRUOGZLGH� ,I ZH FDQ PDNH SURJUHVV ZLWK WKH GHFHQ�

WUDOL]HG SURGXFHUV RI VDOW� ZH VKRXOG EH DEOH WR GR LW IRU ULFH SURGXFHUV DV

ZHOO� 7KH EDUULHUV DUH UHDO� +RZHYHU� FRQVLGHULQJ WKH ODUJH SRSXODWLRQV

UHO\LQJ RQ ULFH DV D VWDSOH IRRG DQG WKH KXJH SRWHQWLDO WR LPSURYH LURQ

VWDWXV� ZH QHHG WR ILQG ZD\V WR FDSLWDOL]H RQ ULFH IRUWLILFDWLRQ VR WKDW

FRXQWULHV FDQ DFWXDOO\ XVH LW�



'LVFXVVLRQ

��

Q

A

³(YHQ WKRXJK WKH SHU SHUVRQ FRVW RU WKH ULVH LQ UHWDLO FRVW LV TXLWH

ORZ� VRPH PLGGOH�PHQ RU IRRG SURFHVVRUV WDNH DGYDQWDJH RI WKLV

µLPSURYHG SURGXFW¶ WR LQIODWH WKH FRVW´

(YHQ WKRXJK WKH SHU SHUVRQ FRVW RU WKH ULVH LQ UHWDLO FRVW LV TXLWH ORZ� VRPH

PLGGOH�PHQ RU IRRG SURFHVVRUV WDNH DGYDQWDJH RI WKLV ´LPSURYHG SURGXFWµ WR

LQIODWH WKH FRVW IDU EH\RQG WKH DFWXDO LQFUHPHQWDO FRVW RI IRUWLILFDWLRQ�

8OWLPDWHO\� ZKHQ \RX UDLVH WKH SULFH WKH SURGXFW EHFRPHV WRR H[SHQVLYH IRU VRPH RI

WKH ORZ�LQFRPH SRSXODWLRQV ZKR DUH PRVW DW ULVN� +RZ GR \RX ZRUN WR SUHYHQW WKDW

WKLV NLQG RI PDUN�XS"

7KH SUHVVXUHV WR LQIODWH WKH FRVW RI IRUWLILFDWLRQ DUH UHDO� )RU H[DPSOH� LQ

,QGRQHVLD ZKHQ QRRGOH PDQXIDFWXUHUV ZHUH DSSURDFKHG� WKH\ DJUHHG

WKDW D SUHPL[ FRXOG EH DGGHG DW WKH SRLQW RI QRRGOH SURGXFWLRQ DW DQ

DGGHG FRVW RI DERXW � UXSLDK� +RZHYHU� WKH\ LQVLVWHG WKDW WKHLU PLQLPXP SULFH

LQFUHPHQW DW WKH UHWDLO OHYHO KDG WR EH �� UXSLDK� ,Q WKH FRPPRGLW\ PDUNHW IRU

VWDSOH IRRGV� KRZHYHU� WKH VLWXDWLRQ LV YHU\ GLIIHUHQW� 7KH SURILW PDUJLQV DUH

WKLQQHU�

7KH FRVW LVVXH LV DOZD\V WKH PRVW VHQVLWLYH RQH� ,Q ,QGRQHVLD� WKH JRYHUQPHQW

DJUHHG WR JR IRUZDUG ZLWK IRUWLILFDWLRQ IRU VHYHUDO UHDVRQV� 7KH JRYHUQPHQW

VXEVLGL]HV WKH FRVW RI ZKHDW IORXU DERXW ������� GHSHQGLQJ RQ WKH FXUUHQF\

IOXFWXDWLRQ� 7KHUHIRUH� IRU DOO SUDFWLFDO SXUSRVHV WKH LQFUHPHQWDO FRVW RI IRUWLIL�

FDWLRQ ZLOO EH ERUQH E\ WKH JRYHUQPHQW� 6R HYHQ WKRXJK WKH UHWDLO SULFH LQFUH�

PHQW GXH WR IRUWLILFDWLRQ LV TXLWH VPDOO� WKH JRYHUQPHQW KDG WR ORRN DW D WRWDO

FRVW RI ���� PLOOLRQ� +RZHYHU� JLYHQ WKH VPDOO SHU FDSLWD FRVWV DQG WKH ODUJH

SRWHQWLDO EHQHILWV RI LPSURYLQJ LURQ VWDWXV� WKH JRYHUQPHQW DJUHHG WKLV WRWDO FRVW

ZDV UHDVRQDEOH³HYHQ IRU D JRYHUQPHQW XQGHU VHYHUH HFRQRPLF VWUHVV DV LV WKH

FDVH LQ ,QGRQHVLD WRGD\� 0RUHRYHU� VLQFH IORXU VXEVLGLHV ZLOO EH ZLWKGUDZQ LQ

WKH QHDU IXWXUH DV SDUW RI WKH RYHUDOO HFRQRPLF UHIRUP LQ ,QGRQHVLD� WKH JRY�

HUQPHQW XQGHUVWRRG WKDW WKLV DGGHG ���� PLOOLRQ DQQXDO EXUGHQ ZDV QRW D ORQJ�

WHUP GUDLQ RQ WKH SXEOLF WUHDVXU\ DQG ZRXOG HYHQWXDOO\ EH SDVVHG RQ WR WKH

FRQVXPHU�

*RYHUQPHQWV JHW LQYROYHG LQ VXEVLGL]LQJ IORXU LQ RUGHU WR NHHS WKH SULFHV ORZ�

6LQFH WKH JRYHUQPHQW LV EHDULQJ WKH LQLWLDO FRVWV ZLWK WKH SXEOLF LQWHUHVW LQ PLQG�

WKLV LQIODWHG PDUN�XS SUREOHP ZLOO QRW DULVH LQ ,QGRQHVLD� 0RUHRYHU� WKH IORXU

PLOOV LQ ,QGRQHVLD DUH FRPLQJ XQGHU VHYHUH SULFLQJ DQG RWKHU FRPSHWLWLYH SUHV�

VXUHV� 7KHUHIRUH� LQ WKLV HQYLURQPHQW� ZH GR QRW EHOLHYH WKH\ ZLOO EH DEOH WR LQ�

IODWH WKH FRVW RI IRUWLILFDWLRQ EH\RQG WKH DFWXDO FRVW RI SUHPL[� 6R ZH DQWLFLSDWH

WKH LQFUHPHQWDO FRVW RI IORXU ZLOO EH SURSRUWLRQDO WR WKH FRVW RI IRUWLILFDWLRQ³

PDLQO\ WKH FRVW RI SUHPL[�
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,Q FRXQWULHV VXFK DV ,QGRQHVLD ZKHUH DOO WKH ZKHDW LV LPSRUWHG� WKH SULFH RI

IORXU ODUJHO\ GHSHQGV RQ WKH LQWHUQDWLRQDO SULFH RI ZKHDW� 7KLV IOXFWXDWHV ZLGHO\

ZLWK HDFK FURS� 7KLV XVXDO YDULDWLRQ LQ WKH SULFH RI ZKHDW FRPSOHWHO\ ZDVKHV

RXW DQ\ FRVW LQFUHDVH FDXVHG E\ IRUWLILFDWLRQ RI IORXU� 7KH FRQVXPHU ZLOO HYHQ�

WXDOO\ SD\ IRU LW� VKRXOG EH H[SHFWHG WR SD\ IRU LW� DQG FDQ DIIRUG LW� +RZHYHU�

JHWWLQJ RYHU WKDW LQLWLDO FRVW KXUGOH WKDW FDQ EH TXLWH GLIILFXOW� 2Q WKH RWKHU KDQG�

WKH IRUWLILFDQW FRVW� WKH PDMRU FRVW RI IRUWLILFDWLRQ� DOVR IOXFWXDWHV� )RU PRVW GH�

YHORSLQJ FRXQWULHV� WKH IRUWLILFDQW LV XVXDOO\ LPSRUWHG DQG WKH FRVW LV EDVHG RQ

WKH 8�6� GROODU� &RQVHTXHQWO\� WKH FRVW RI WKH IRUWLILFDQW LV YHU\ YXOQHUDEOH WR

VZLQJV LQ WKH YDOXH RI WKH ORFDO FXUUHQF\� (DUOLHU WKLV \HDU LQ ,QGRQHVLD� WKH FRVW

RI IRUWLILFDQW GRXEOHG LQ MXVW D IHZ GD\V EHFDXVH RI WKH IDOO LQ WKH UXSLDK�



'LVFXVVLRQ

��

Q

A

³7KHUH LV QR HYLGHQFH WKDW IRUWLILFDWLRQ LURQ DW IRRG OHYHOV ZLOO

SURGXFH DQ\ VLGH HIIHFWV´

,Q FHUWDLQ VXEMHFWV VXSSOHPHQWDO LURQ FDXVHV FRQVWLSDWLRQ� :KDW IRUP RI LURQ LV

OHDVW FRQGXFLYH WR WKLV SUREOHP DQG ZKDW OHYHO ZRXOG EH WKH PRVW HIIHFWLYH LQ

SUHYHQWLQJ FRQVWLSDWLRQ"

6LGH HIIHFWV ZLWK LURQ VXSSOHPHQWV DUH VLJQLILFDQW� 7KHUH KDYH EHHQ QR

ZHOO FRQWUROOHG VWXGLHV RQ WKLV VXEMHFW� VR ZH FDQ RQO\ VSHFXODWH EDVHG

RQ LQFRPSOHWH GDWD� +RZHYHU� WKHUH LV VRPH HYLGHQFH WKDW WKH RQO\

ZD\ WR UHGXFH XSSHU JDVWURLQWHVWLQDO VLGH HIIHFWV VXFK DV HSLJDVWULF SDLQ DQG

KHDUWEXUQ� LV WR UHGXFH WKH DPRXQW RI VROXEOH LURQ LQ WKH VWRPDFK� 7KHRUHWL�

FDOO\� SUHVFULELQJ DQ LQVROXEOH LURQ VDOW ZRXOG VROYH WKLV VLGH HIIHFW� +RZHYHU�

DQ LQVROXEOH VDOW LV QRW DEVRUEHG DQG SURYLGHV QR QXWULWLRQDO EHQHILW� ,W VHHPV

SRVVLEOH WKDW WKHVH VLGH HIIHFWV FRXOG EH UHGXFHG E\ XVLQJ D IRUP RI LURQ WKDW LV

JUDGXDOO\ GHOLYHUHG WR WKH VWRPDFK� ,Q IDFW� WKHUH KDYH EHHQ DWWHPSWV WR GHVLJQ

D FDSVXOH WKDW GRHV QRW GLVVROYH LPPHGLDWHO\ EXW VLWV LQ WKH VWRPDFK DQG JUDGX�

DOO\ UHOHDVHV WKH LURQ� 7KURXJK WKLV ´WLPHG UHOHDVHµ� WKH FRQFHQWUDWLRQ DW DQ\

RQH WLPH LV IDLUO\ ORZ DQG WKHUHIRUH WKH OLNHOLKRRG RI WKH VLGH HIIHFWV GHFUHDVHG�

7KH RWKHU RSWLRQ LV WR UHGXFH WKH GRVH� ,Q ZHVWHUQ FRXQWULHV� SUHVFULEHG GRVHV

DUH RIWHQ XQQHFHVVDULO\ KLJK� 2IWHQ SHRSOH IRUJHW WR WDNH VXSSOHPHQWV LQ WKH

IDVWLQJ VWDWH RU WDNH LW ZLWK YLWDPLQ & ZKLFK PD\ LQFUHDVH VLGH HIIHFWV� 7KH ERW�

WRP OLQH LV WKDW QR JRRG VROXWLRQ WR WKH FRQVWLSDWLRQ SUREOHP H[LVWV� %XW LW LV LP�

SRUWDQW WR NHHS LQ PLQG WKDW WKH OHYHO RI LURQ IRXQG LQ IRUWLILHG IRRG LV PXFK

ORZHU WKDW WKH OHYHO LQ VXSSOHPHQWV� 7KHUH LV QR HYLGHQFH WKDW IRUWLILFDWLRQ LURQ

DW IRRG OHYHOV ZLOO SURGXFH DQ\ RI WKHVH VLGH HIIHFWV�
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A

³%DVHG RQ WKH EHVW DYDLODEOH HSLGHPLRORJLFDO GDWD� LQ WKH 8QLWHG

6WDWHV WKHUH DUH QR GUDPDWLF YDULDWLRQV LQ ,'$ DPRQJ

VRFLR�HFRQRPLF JURXSV´

,Q WKH 8QLWHG 6WDWHV ,'$ VWLOO WHQGV WR FDXVH SUREOHPV LQ D QXPEHU RI

JHRJUDSKLF DUHDV DQG DPRQJ VSHFLILF SRSXODWLRQV RI SUHJQDQW ZRPHQ�

DGROHVFHQWV DQG \RXQJ FKLOGUHQ� $UH WKHUH FRVW HIIHFWLYH RSSRUWXQLWLHV IRU

PDNLQJ IRUWLILHG SURGXFWV DYDLODEOH WR SHRSOH DW ULVN RI ,'$ LQ WKH 8QLWHG 6WDWHV"

%DVHG RQ WKH EHVW DYDLODEOH HSLGHPLRORJLFDO GDWD� WKHUH DUH QR GUDPDWLF

YDULDWLRQV LQ ,'$ DPRQJ VRFLR�HFRQRPLF JURXSV LQ WKH 8QLWHG 6WDWHV�

)RU H[DPSOH� WKHUH LV QR GLIIHUHQFH LQ ,'$ UDWHV LQ FKLOGUHQ IURP ORZHU

YHUVXV KLJKHU LQFRPH IDPLOLHV 7KH UHDVRQ IRU WKLV LV D VSHFLDO IRRG VXSSOHPHQ�

WDWLRQ SURJUDP IRU ZRPHQ� LQIDQWV DQG FKLOGUHQ �:,&�� 7KLV SURJUDP HVVHQWLDOO\

JXDUDQWHHV WKDW DOO QRQ�EUHDVWIHHGLQJ FKLOGUHQ JHW LURQ IRUWLILHG IRUPXOD� :,&

KDV YLUWXDOO\ HOLPLQDWHG ,'$ DPRQJ ORZ�LQFRPH IDPLOLHV LQ WKH 8�6�

)RU SUHJQDQW ZRPHQ� WKH SULPDU\ ULVN IDFWRU LV QRW GLHWDU\� 7KH PDMRU ULVN IDFWRU

IRU WKH ������ RI ZRPHQ ZKR KDYH LQVXIILFLHQW LURQ VWRUHV DW WKH WLPH RI SUHJ�

QDQF\ LV UHODWLYHO\ JUHDWHU PHQVWUXDO EORRG ORVV GXULQJ WKH WLPHV SULRU WR SUHJ�

QDQF\� 7KDW LV D ULVN IDFWRU QRW GHSHQGHQW RQ LQFRPH RU VRFLRHFRQRPLF VWDWXV�

7KHUHIRUH� WKH EHVW ZD\ WR GHDO ZLWK WKLV SUREOHP LV D WUDGLWLRQDO FOLQLFDO DS�

SURDFK QRW D GLHWDU\ RQH� &'& UHFRPPHQGV VFUHHQLQJ ZRPHQ IRU LURQ VWRUHV

DQG KHPRJORELQ OHYHOV WR LGHQWLI\ WKRVH DW KLJK ULVN� $IWHU VFUHHQLQJ VXSSOH�

PHQWDWLRQ LV UHFRPPHQGHG IRU WKRVH ZKR VKRZ HYLGHQFH RI ,'$³HLWKHU EHIRUH

SUHJQDQF\ RU GXULQJ SUHJQDQF\�

,W ZRXOG EH YHU\ SUREOHPDWLF WR GHYHORS D SRSXODWLRQ�ZLGH SURJUDP RI IRUWLILFD�

WLRQ MXVW WR HOLPLQDWH WKH ULVN LQ D VPDOO SHUFHQWDJH RI ZRPHQ� *LYHQ WKH RYHUDOO

LURQ FRQWHQW DQG ELRDYDLODELOLW\ IURP WKH JHQHUDO GLHW LQ WKH 8QLWHG 6WDWHV� , WKLQN

WKH EHQHILW WR EH GHULYHG IURP D QDWLRQDO VWDSOH IRRG IRUWLILFDWLRQ SURJUDP LV

PDUJLQDO� %XW WKLV FRXQWU\ KDV EHHQ GRLQJ LW IRU �� \HDUV� ,W LV D WUDGLWLRQ� 7KHUH

KDYH EHHQ QR SUREOHPV RYHU WKHVH �� \HDUV DQG LWV XQOLNHO\ DQ\RQH ZLOO UDLVH

REMHFWLRQ WR FRQWLQXLQJ IRUWLILFDWLRQ�

(YHQ WKRXJK WKH 8QLWHG 6WDWHV KDV EHHQ IRUWLI\LQJ PDQ\ IRRGV ZLWK LURQ IRU D

ORQJ WLPH DQG LURQ GHILFLHQF\ UDWHV DUH TXLWH ORZ� ,'$ UHPDLQV D FRQFHUQ DPRQJ

VSHFLDO SRSXODWLRQV³SUHJQDQW ZRPHQ DQG \RXQJ FKLOGUHQ� 7KLV LQGLFDWHV WKDW

IRUWLILFDWLRQ� E\ LWVHOI� ZLOO QRW VROYH WKH SUREOHP� %DVHG RQ 86'$ VWXGLHV RQO\

��� RI WKH IHPDOH SRSXODWLRQ LQ WKH 8�6� FRQVXPH WKH UHFRPPHQGHG DPRXQW RI

LURQ LQ WKHLU GLHW� 6R HYHQ WKRXJK IRUWLILFDWLRQ GRHV KHOS UHGXFH WKH PDJQLWXGH

RI WKH SUREOHP� RWKHU VWUDWHJLHV DUH QHHGHG� ,GHQWLILFDWLRQ RI ULVN JURXSV DQG

UHDFKLQJ WKHP ZLWK VXSSOHPHQWV LV RQH DSSURDFK� $OVR� DV ORQJ DV SHRSOH
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PDNH IRRG FKRLFHV� QXWULWLRQ HGXFDWLRQ ZLOO EH LPSRUWDQW� 7KHVH VWUDWHJLHV

QHHG WR EH FRQVLGHUHG DQG UHILQHG RQ D FRQWLQXDO EDVLV� DORQJ ZLWK IRUWLILFDWLRQ�

8QOLNH RWKHU WKHUDSLHV IRU ,'$� IRUWLILFDWLRQ LV D YHU\ ORQJ�WHUP SURSRVLWLRQ� 7KH

ORZ UDWH RI LURQ GHILFLHQF\ ZH KDYH DFKLHYHG LQ WKH 8QLWHG 6WDWHV KDV EHHQ D

ORQJ WLPH LQ WKH PDNLQJ� )RUWLILFDWLRQ LV QRW VRPHWKLQJ WKDW LV JRLQJ WR FKDQJH

LURQ VWDWXV YHU\ TXLFNO\� ,W LV JRLQJ WR SUHYHQW LURQ GHILFLHQF\ DQG VORZO\ FRUUHFW

LURQ GHILFLHQF\ DQHPLD� )RUWLILFDWLRQ ZLOO DGG ��� WR � PJ LURQ FRQVXPSWLRQ D

GD\� 2IWHQ WKH GHILFLW LV SHUKDSV KDOI D JUDP RU PRUH� )RUWLILFDWLRQ FDQQRW RYHU�

FRPH WKDW JDS RYHUQLJKW� ,W LV D ORQJ�WHUP VROXWLRQ� WDNLQJ SHUKDSV VHYHUDO \HDUV

WR EULQJ WKH SRSXODWLRQ LQWR D UHDVRQDEO\ JRRG LURQ VWDWXV�


