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$XWKRU�$FFHSWHG�0DQXVFULSW��7KH�'2,�DQG�D�85/�WR�WKH�SXEOLVKHG�YHUVLRQ�ZLOO�EH�
XSORDGHG�DV�VRRQ�DV�PDGH�DYDLODEOH��$UWLFOH�DFFHSWHG�RQ������������

�
�

+RZ�KRPH�FRRNLQJ�PHWKRGV�DQG�DSSOLDQFHV�DIIHFW�WKH�*+*�
HPLVVLRQV�RI�IRRG��

$QJHOLQD�)UDQNRZVND�
��;LPHQD�6FKPLGW�5LYHUD���6DUDK�%ULGOH���$ODQD�0DULHOOH�5RGULJXHV�
*DOGLQR�.OXF]NRYVNL���-DFTXHOLQH�7HUH]D�GD�6LOYD�����&DUOD�$GULDQR�0DUWLQV���)HUQDQGD�

5DXEHU���5HQDWD�%HUWD]]L�/HY\����-RDQQH�&RRN���&KULVWLDQ�5H\QROGV������

�

$EVWUDFW��

)RRG�LV�ZLGHO\�DFNQRZOHGJHG�DV�D�VLJQLILFDQW�FRQWULEXWRU�WR�FOLPDWH�FKDQJH��<HW��HVWLPDWHV�RI�

IRRG�UHODWHG�JUHHQKRXVH�JDV�HPLVVLRQV� IUHTXHQWO\�FRQVLGHU�VXSSO\�FKDLQ�VWDJHV�RQO\�XS� WR�

IDUP� JDWH� RU� UHJLRQDO� GLVWULEXWLRQ� FHQWUHV�� +HUH�� ZH� HVWLPDWH� JUHHQKRXVH� JDV� HPLVVLRQV�

DVVRFLDWHG�ZLWK�GLIIHUHQW�FRRNLQJ�PHWKRGV�DQG�DSSOLDQFHV�LQ�WKH�8.��'DWD�RQ�FXUUHQW�FRRNLQJ�
SUDFWLFHV�ZHUH�FROOHFWHG� WKURXJK�D�VXUYH\�ZLWK�PRUH�WKDQ����� UHVSRQGHQWV��5HVXOWV� UHYHDO�
WKDW�KRPH�FRRNLQJ�DFFRXQWV�IRU�DV�PXFK�DV�����RI�WRWDO�HPLVVLRQV�DVVRFLDWHG�ZLWK�VSHFLILF�

IRRGV��DQG�WKDW�WKLV�FDQ�EH�VXEVWDQWLDOO\�UHGXFHG�WKURXJK�DOWHUQDWLYH��UHDGLO\�DYDLODEOH�FRRNLQJ�
SUDFWLFHV��

�

0DLQ�

7KH� FRQWULEXWLRQ� RI� KRPH� FRRNLQJ� WR� FOLPDWH� FKDQJH� LV� UDUHO\� DVVHVVHG� VLQFH� GDWD� RQ�
KRXVHKROG� FRRNLQJ� SUDFWLFHV� DUH� VFDUFH�� <HW�� XQGHUVWDQGLQJ� FOLPDWH� FKDQJH� LPSDFWV� RI�

GLIIHUHQW�IRRG�LWHPV�IURP�FUDGOH�WR�JUDYH�LV�YLWDO�IRU�HIIHFWLYHO\�UHGXFLQJ�*+*�HPLVVLRQV���

:KHQ�ZKROH�OLIH�F\FOHV�RI�IRRG�SURGXFWV�DUH�WDNHQ�LQWR�DFFRXQW��IRRG�LV�HVWLPDWHG�WR�HPLW�XS�

WR�����RI�JOREDO�*+*�HPLVVLRQV���0RVW�VWXGLHV��KRZHYHU��HVWLPDWH�WKH�FOLPDWH�FKDQJH�LPSDFW�

RI�IRRG�XS�WR�WKH�UHWDLO�SXUFKDVH�VWDJHV�RI�WKH�IRRG�VXSSO\�FKDLQ��WKXV�H[FOXGLQJ�FRQVXPSWLRQ�
�KHUH�GHILQHG�DV�IRRG�SUHSDUDWLRQ�DQG�FRRNLQJ���<HW��WKH�FRQVXPSWLRQ�RI�PHDW�DQG�YHJHWDEOHV�

FDQ� FRQWULEXWH� XS� WR� ���� DQG� ���� RI� WRWDO� SURGXFW� HPLVVLRQV�� UHVSHFWLYHO\�� ZKHQ� UHFLSH�
UHFRPPHQGDWLRQV�RI�PDMRU�FRRNLQJ�PHWKRGV�DUH�IROORZHG������&RRNLQJ� IRRG� IURP�VFUDWFK�DW�

KRPH�FDQ�UHVXOW�LQ�ORZHU�RYHUDOO�*+*�HPLVVLRQV�FRPSDUHG�WR�FRQVXPLQJ�UHDG\�PDGH�PHDOV����

3UHYLRXV�VWXGLHV�KDYH�LQGLFDWHG�WKDW�*+*�HPLVVLRQV�IURP�KRPH�FRRNLQJ�FDQ�EH�UHGXFHG�E\�

PLQLPL]LQJ�FRRNLQJ�WLPH�DQG�DSSOLDQFH�XVH��6XFK�D�UHGXFWLRQ�FRXOG�UHDFK�����LQ�WKH�FDVH�RI�
SDVWD��DQG�WKH�HTXLYDOHQW�RI��������OHVV�HQHUJ\�XVH�LQ�WKH�FDVH�RI�URDVW�EHHI�DQG�<RUNVKLUH�
SXGGLQJV��+RZHYHU�� OLWWOH� LV� NQRZQ� DERXW� DFWXDO� FRRNLQJ� SUDFWLFHV� IRU� GLIIHUHQW� IRRGV� LQ�
KRXVHKROGV�� 3UHYLRXVO\� UHFRUGHG� FRRNLQJ� SUDFWLFHV� DGRSWHG� E\� XQLYHUVLW\� VWXGHQWV� FRXOG�

LQGLFDWH� KRZ� WR� UHGXFH� *+*� HPLVVLRQV� GXH� WR� XQVXVWDLQDEOH� FRRNLQJ��� EXW� DUH� QRW�

UHSUHVHQWDWLYH�RI�JHQHUDO�FRQVXPSWLRQ�SDWWHUQV�DFURVV�WKH�SRSXODWLRQ��
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+HUH�� ZH� DVVHVV� WKH� LPSDFW� RI� KRPH� FRRNLQJ� EDVHG� RQ� DFWXDO� FRRNLQJ� SUDFWLFHV� DQG�
SUHIHUHQFHV�UDWKHU�WKDQ�VROHO\�RQ�UHFLSH�UHFRPPHQGDWLRQV��:H�ILUVW�UHSRUW�WKH�UHVXOWV�RI�D�8.�

ZLGH� VXUYH\� FRQGXFWHG� WR� FROOHFW� GDWD� RQ� FRRNLQJ� SUDFWLFHV� FRQVLGHULQJ� YDULRXV� IRRGV��
DSSOLDQFHV�DQG�FRRNLQJ�WLPHV��7KHQ��ZH�FRPSDUH�GLIIHUHQW�FRRNLQJ�PHWKRGV�ZLWK�UHVSHFW�WR�

WKHLU�*+*�HPLVVLRQV�DQG�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�FRRNLQJ�WR�IRRG�SURGXFWV¶�RYHUDOO�LPSDFW�
RQ�FOLPDWH�FKDQJH��%DVHG�RQ�WKHVH�UHVXOWV��ZH�LGHQWLI\�WKH�OHDVW�DQG�PRVW�VXVWDLQDEOH�FRRNLQJ�

WHFKQLTXHV� DV�ZHOO� DV� RSSRUWXQLWLHV� WR� UHGXFH� WKHLU�*+*� IRRWSULQW��8QVXVWDLQDEOH� FRRNLQJ�

SUDFWLFHV�VXFK�DV�SURORQJHG�KHDWLQJ�XS�RI� WKH�RYHQ�RU�RYHUFRRNLQJ�RI� IRRG��DV�ZHOO�DV�QRW�
XVLQJ� HQHUJ\�HIILFLHQW� DSSOLDQFHV� PD\� EH� IDFWRUV� ZKLFK� LQFUHDVH� *+*� HPLVVLRQV�

XQQHFHVVDULO\��$GGUHVVLQJ�WKHVH�LVVXHV�FDQ�KHOS�UDLVH�DZDUHQHVV�DERXW�WKH�FRQWULEXWLRQ�RI�
FRRNLQJ� WR� FOLPDWH� FKDQJH� DQG� KRZ� XQVXVWDLQDEOH� FRRNLQJ� SUDFWLFHV� FDQ� H[DFHUEDWH� WKH�

SUREOHP���

�

&RRNLQJ�SUDFWLFHV�LQ�WKH�8.��

2XU�VXUYH\�UHYHDOHG�WKDW�RQ�DYHUDJH�FRRNLQJ�DFFRXQWV�IRU�������RI�WKH�WRWDO�*+*�HPLVVLRQ�

LPSDFWV� IRU� D� JLYHQ� IRRG� �)LJ�� �D��� ,Q� WKH�SDUWLFXODU� FDVH�RI� YHJHWDEOHV� �QDPHO\�SRWDWRHV��

FDUURWV��FDEEDJH��FDXOLIORZHU�DQG�RQLRQV���FRRNLQJ�DFFRXQWV�IRU�XS�WR�����RI�WRWDO�HPLVVLRQV��
,Q�WKH�FDVH�RI�PHDW�DQG�ILVK��LW�UHSUHVHQWV�������RI�WKHLU�WRWDO�HPLVVLRQV�����

&RQVLGHULQJ�IRRGV�WKDW�DUH�UHDG\�WR�HDW��WKH�WRDVWLQJ�RI�EUHDG�FRQWULEXWHV�WR�����RI�WKH�WRWDO�

HPLVVLRQV�UHOHDVHG��)LJ������)RU�VHPL�RU�SUH�FRRNHG�IRRGV��VXFK�DV�WRIX�DQG�TXRUQ��FRRNLQJ�

DFFRXQWV�IRU�XS�WR�����RI�*+*V��&DQQHG�EDNHG�EHDQV��ZKLFK�DUH�UHDG\�WR�HDW�DIWHU�EHLQJ�
KHDWHG�XS�� UHSUHVHQW� ���RI� WKHLU� WRWDO�HPLVVLRQV��2WKHU� W\SHV�RI� FDQQHG�SXOVHV� �EHDQV�RU�

FKLFNSHDV�� FRRNHG� ZLWK� RWKHU� LQJUHGLHQWV� LQ� YDULRXV� GLVKHV� UHSUHVHQW� ���� RI� WRWDO� *+*�
HPLVVLRQV���

&RRNLQJ�PHDW�DFFRXQWV�IRU�WKH�KLJKHVW�RYHUDOO�HPLVVLRQV�DFURVV�WKH�YDULRXV�IRRGV�LQ�WKH�8.��

7KLV�LV�GXH�WR� WKH�ORQJ�FRRNLQJ� WLPHV��!���PLQXWHV��RI�RYHQ� URDVWLQJ��ZKLFK�FRQVXPHV�WKH�
PRVW� HQHUJ\� DPRQJ� WKH� GLIIHUHQW� DSSOLDQFH� W\SHV� �)LJ�� �I�J�� 6XSSOHPHQWDU\� ILJ� �S�T��

6XSSOHPHQWDU\�WDEOH��	����+RZHYHU��ZKLOH�ODPE�DQG�EHHI�FDXVH�WKH�KLJKHVW�WRWDO�*+*H�E\�
IDU��FRRNLQJ�LPSDFWV�DUH�PRVWO\�OHVV�WKDQ�����RI�WRWDO�*+*�HPLVVLRQV��:KHQ�FRPSDUHG�WR�WKH�

SUH�FRRNLQJ�VWDJH�����NJ&2�H�NJFRRNHG���FRRNLQJ�UHODWHG�HPLVVLRQV��XS�WR�����NJ&2�H�NJFRRNHG��

DUH� QHJOLJLEOH�� 7KLV� VXJJHVWV� WKDW� UHGXFLQJ� WKH� FRQVXPSWLRQ� RI� ODPE� DQG� EHHI� LV� PRUH�

LPSRUWDQW� WKDQ� FKDQJLQJ� WKH� FRRNLQJ�PHWKRG�� ,QVWHDG� FRQVXPLQJ�SXOVHV�DV� D� ULFK� SURWHLQ�
VRXUFH� JHQHUDWH� ORZHU� *+*� HPLVVLRQV�� )RU� LQVWDQFH�� IUR]HQ� DQG� FDQQHG� SXOVHV� UHGXFH�

HPLVVLRQV�E\�XS� WR���� WLPHV�DQG�QLQH�IROG�FRPSDUHG� WR� EHHI�ODPE�DQG�SRUN�FKLFNHQ�PHDW��
UHVSHFWLYHO\�SHU�NJ�RI�FRRNHG�IRRG��)LJ������3XOVHV�DOVR�SHUIRUP�EHWWHU�FRQVLGHULQJ�WKH�SURWHLQ�

FRQWHQW� UHGXFLQJ� *+*� HPLVVLRQV� E\� DERXW� ���� IRU� FKLFNHQ�SRUN� DQG� XS� WR� VL[� WLPHV� IRU�
EHHI�ODPE� �6XSSOHPHQWDU\� ILJ�� ���� )XUWKHUPRUH�� EHHI� HPLVVLRQV� DUH� KLJKHVW� EDVHG� RQ� WKH�

FDORULHV�DPRQJ�WKH�GLIIHUHQW�IRRGV��6XSSOHPHQWDU\�ILJ�������
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)LJXUH���_�7RWDO�JUHHQKRXVH�JDV�HPLVVLRQV�RI�YDULRXV�IRRG�LWHPV��(DFK�EDU�LQGLFDWHV�WKH�VKDUH�RI�D�JLYHQ�LWHP¶V�

FOLPDWH�FKDQJH�LPSDFW�DVVRFLDWHG�ZLWK�SUH�FRQVXPSWLRQ��ZKLWH��DQG�FRRNLQJ��EOXH���6XSSOHPHQWDU\�ILJXUH���VKRZV�

WKH�UHVXOWV�QRUPDOLVHG�E\�SURWHLQ�DQG�FDORULH�FRQWHQW��3HUFHQWDJHV�LQ�SDUHQWKHVHV�VKRZ�WKH�SHUFHQWDJH�FRRNLQJ�
LPSDFW���

�

&RRNLQJ�PHWKRGV¶�*+*�HPLVVLRQV�>�

7KH�DPRXQW�RI�*+*�HPLVVLRQV�GLIIHUV�FRQVLGHUDEO\�DPRQJ�WKH�YDULRXV�FRRNLQJ�PHWKRGV��DV�
VKRZQ� LQ� )LJ�� �� IRU� VRPH� VHOHFWHG� IRRGV� DQG� LQ� 6XSSOHPHQWDU\� ILJ�� �� IRU� WKH� UHPDLQGHU��

&RRNLQJ�HPLVVLRQV�FDQ�EH�DW�OHDVW�KDOYHG��LQ�WKH�FDVH�RI�WRDVW��DQG�UHGXFHG�XS�WR����IROG��LQ�
WKH�FDVH�RI�WRIX�4XRUQ��E\�FKDQJLQJ�WKH�FRRNLQJ�PHWKRG�DSSOLHG��

&RQVLGHULQJ� WKH�PRVW�FRPPRQ�FRRNLQJ�DSSOLDQFHV��RYHQV�DUH� WKH� OHDVW�VXVWDLQDEOH�GXH� WR�

FRPSDUDWLYHO\�ORQJ�FRRNLQJ�WLPH�DQG�KLJK�HQHUJ\�GHPDQG��ZKLOH�PLFURZDYHV�KDYH�WKH�ORZHVW�
RYHUDOO�LPSDFW��)RU�YHJHWDEOHV��URDVWLQJ�LQ�WKH�RYHQ�PDNHV�XS�IRU��������RI�WKH�WRWDO�LPSDFW�

�)LJ���E��6XSSOHPHQWDU\�ILJ���D�G���'XH�WR�WKH�GLIIHUHQFHV�LQ�WDVWH��WH[WXUH�DQG�DURPD�UHVXOWLQJ�

IURP� RYHQ� DQG� PLFURZDYH� SUHSDUDWLRQ�� WKH� FRPSDULVRQ� RI� WKHVH� WZR� PHWKRGV� PD\� EH�
FRQVLGHUHG�PLVOHDGLQJ��6WLOO��SUH�FRRNLQJ�VRPH�W\SHV�RI�IRRG�LQ�D�PLFURZDYH�ZRXOG�GHFUHDVH�

WKH�WLPH�UHTXLUHG�LQ�WKH�RYHQ�ZLWKRXW�VXEVWDQWLDOO\�DIIHFWLQJ�VHQVRULDO�SURSHUWLHV�±�XOWLPDWHO\�

UHVXOWLQJ�LQ�ORZHU�*+*�HPLVVLRQV���

7KH�LPSDFWV�RI�FRRNLQJ�LQ�D�PLFURZDYH��VWHDPLQJ�DQG�ERLOLQJ�DUH�FRPSDUDEOH�IRU�UHKHDWLQJ��

GHIURVWLQJ�DQG�SUHSDULQJ�YHJHWDEOHV��IUXLWV��HJJV�DQG�ILVK��8VLQJ�WKH�VWRYHWRS�IRU�WKHVH�IRRGV�

DQG� SUDFWLFHV� OHDGV� WR� WKH� KLJKHVW� LPSDFW� DPRQJ� DSSOLDQFHV� VLQFH� HQHUJ\� GHPDQG� DQG�
FRRNLQJ� WLPH� DUH� KLJKHU� GXH� WR� HQHUJ\� ORVVHV� DQG� WKH� WLPH� LW� WDNHV� WR� UHDFK� FRRNLQJ�

WHPSHUDWXUHV��6XSSOHPHQWDU\�WDEOH�����%\�FRQWUDVW��PLFURZDYLQJ�UHGXFHV�*+*�HPLVVLRQV�E\�
������� FRPSDUHG� WR� ERLOLQJ� DQG� VWHDPLQJ�� (OHFWULF� VWHDPLQJ� KDV� WKH� ORZHVW� LPSDFW� IRU�

YHJHWDEOHV��)LJ���E���6XSSOHPHQWDU\�ILJ���D�G�J����

8VLQJ�DQ�HOHFWULF�JULOO�PD\�EH�D�JRRG�DOWHUQDWLYH� WR� WRDVWLQJ�RU�JULOOLQJ� LQ�WKH�RYHQ�VLQFH�DQ�
HOHFWULF� JULOOFRQVXPHV� KDOI� RI� WKH� HQHUJ\�� )RU� LQVWDQFH�� JULOOLQJ� FKLFNHQ� LQ� DQ� HOHFWULF� JULOO�

UHOHDVHV�����OHVV�*+*�HPLVVLRQV�WKDQ�JULOOLQJ�LQ�DQ�RYHQ��(OHFWULF�JULOOLQJ�FRUUHVSRQGV�WR����

RI�WKH�LPSDFW�FRPLQJ�IURP�WKH�FRQVXPSWLRQ�VWDJH��DV�RSSRVHG�WR�����IRU�RYHQ�JULOOLQJ��)LJ��
�I����

&RRNLQJ�XQGHU�SUHVVXUH�LV�DQ�HIILFLHQW�ZD\�RI�FRRNLQJ�PHDW��SXOVHV��SRWDWRHV�DQG�YHJHWDEOHV�

VLQFH� WKH� FRRNLQJ� WLPH� LV� VXEVWDQWLDOO\� VKRUWHQHG�� 8VLQJ� DQ� HOHFWULF� SUHVVXUH� FRRNHU� DV�

RSSRVHG�WR�RQH�WKDW�RSHUDWHV�RQ�WKH�VWRYHWRS�FRXOG�IXUWKHU�UHGXFH�HPLVVLRQV��VLQFH�����OHVV�
HQHUJ\� LV� UHTXLUHG��6RXV�YLGH� FRRNLQJ��DOVR� NQRZQ�DV� ORZ� WHPSHUDWXUH� ORQJ� WLPH� FRRNLQJ��

LQYROYHV�SODFLQJ�IRRG�LQVLGH�D�YDFXXPHG�SODVWLF�SRXFK�EDJ��DQG��VXEPHUJLQJ��WKLV��LQ�D�KHDWHG��
ZDWHU��EDWK��IRU��VHYHUDO��KRXUV��XQWLO�LW�UHDFKHV�D�GHVLUHG�LQWHUQDO�FRUH�WHPSHUDWXUH��WKLV�PHWKRG�

DOVR�KDV�D�ORZ�*+*�HPLVVLRQ�IRRWSULQW��WKRXJK�RWKHU�HQYLURQPHQWDO�LVVXHV�GXH�WR�WKH�SODVWLF�
XVH�PXVW�EH�FRQVLGHUHG���+RZHYHU��VRXV�YLGH�FRRNLQJ�LV�QRW�UHSUHVHQWHG�LQ�WKH�VXUYH\�DQG�

SUHVVXUH�FRRNLQJ�LV�KDUGO\�XVHG�LQ�WKH�8.��2QO\����RI�WKH�SDUWLFLSDQWV�SUHSDUHG�EHHI�XQGHU�
SUHVVXUH��DQG�WKH\�UHSRUWHG�FRRNLQJ�PHDW�IRU�ORQJHU�WKDQ�UHFRPPHQGHG�E\�UHFLSHV��$OWKRXJK�

VORZ�FRRNLQJ�LV�WKH�PRVW�HQHUJ\�HIILFLHQW�DSSOLDQFH��JHQHUDWLQJ�ORZ�*+*�HPLVVLRQV�GHVSLWH�
WKH�ORQJ�FRRNLQJ� WLPHV��VHH�6XSSOHPHQWDU\�7DEOH����� LW� LV�QRW�XVHG�PXFK� LQ� WKH�8.�HLWKHU��
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6XFK�OLPLWHG�XVH�DQG�XQUHDOLVWLFDOO\�VKRUW�FRRNLQJ�WLPHV�UHSRUWHG�IRU�VORZ�FRRNLQJ�LQ�WKH�VXUYH\�
VXJJHVW�WKDW�WKLV�PHWKRG�LV�SHUKDSV�FRQIXVHG�DQG�LQGLFDWHV�WKH�QHHG�IRU�PRUH�UHVHDUFK�RQ�

OHVV�SRSXODU�FRRNLQJ�PHWKRGV��6HH�6XSSOHPHQWDU\�WH[W�����

,Q� VXPPDU\�� RXU� UHVXOWV� XQGHUVFRUH� WKH� LPSRUWDQFH� RI� DQDO\VLQJ� FRRNLQJ� SUDFWLFHV� IRU�

PLWLJDWLQJ�FOLPDWH�FKDQJH��SDUWLFXODUO\�ZKHQ�FRQVXPSWLRQ� LV� D�VLJQLILFDQW�FRQWULEXWRU� WR� WKH�
RYHUDOO�LPSDFW�RI�IRRG��&RRNLQJ�WLPH�LV�LQVWUXPHQWDO�LQ�GHWHUPLQLQJ�IRRG�EDVHG�*+*�HPLVVLRQV�

DQG�LV�D�SRWHQWLDO�RSSRUWXQLW\�IRU�HPLVVLRQ�UHGXFWLRQ��&RRNLQJ¶V�*+*�IRRWSULQW�FDQ�EH�UHGXFHG�
VXEVWDQWLDOO\�E\�FKDQJLQJ�WKH�FRRNLQJ�PHWKRG�DQG�DSSOLDQFH��'LIIHUHQW�FRRNLQJ�PHWKRGV�FDQ�

FRPSOHPHQW� HDFK� RWKHU� WR� VKRUWHQ� WKH� WRWDO� XVDJH� RI� XQVXVWDLQDEOH� DSSOLDQFHV�� WKHUHE\�
UHGXFLQJ� *+*� HPLVVLRQV�� 8VLQJ� FOHDQHU� HQHUJ\� VRXUFHV� ZLOO� DOVR� ORZHU� FXUUHQW� FRRNLQJ�

HPLVVLRQ� OHYHOV�� WKH� LQFUHDVLQJ� XVH� RI� UHQHZDEOHV� KDV� WKH� SRWHQWLDO� WR� GHFDUERQL]H� WKH�

HOHFWULFLW\� JULG�� DOORZLQJ� WKH� XVH� RI� HOHFWULF� DSSOLDQFHV� RU� ELRJDV� IRU� RYHQV� DQG� KREV�� IRU�
H[DPSOH�>DGG�UHI@��2XU�ILQGLQJ�WKDW�ORZ�HPLVVLRQ�FRRNLQJ�PHWKRGV��L�H��SUHVVXUH�FRRNLQJ�DQG�

VORZ�FRRNLQJ��DUH�QRW�FRPPRQO\�XVHG�LQ�WKH�8.�UHYHDOV�SRWHQWLDO�IRU�LPSURYHPHQWV�LQ�KRPH�
FRRNLQJ�KDELWV��)LQDOO\��ZH�QRWH�WKDW�RXU�DQDO\VLV�KDV�IRFXVHG�RQ�WKH�8.�FRRNLQJ�FXOWXUH��EXW�

VLPLODU� DQDO\VHV�DUH�QHHGHG� WR� XQGHUVWDQG� WKH�FOLPDWH�FKDQJH� LPSDFW�RI� GLIIHUHQW�FRRNLQJ�
FXOWXUHV�DURXQG�WKH�ZRUOG���

�

)LJXUH���_�*UHHQKRXVH�JDV�HPLVVLRQV�RI�YDULRXV�FRRNLQJ�PHWKRGV�ZKHQ�DSSOLHG�WR�GLIIHUHQW�IRRG�LWHPV�LQ�
UHODWLRQ�WR�WKHLU�FRRNLQJ�WLPHV��(DFK�RI�WKH�SDQHOV��D�J��VKRZV��IRU�D�JLYHQ�IRRG�DQG�SHU�UHOHYDQW�FRRNLQJ�

PHWKRG��WKH�FRRNLQJ�WLPH��WKH�VKDUH�RI�WRWDO�*+*�HPLVVLRQV�UHSUHVHQWHG�E\�FRRNLQJ��DV�ZHOO�DV�WKH�DPRXQW�RI�
*+*�HPLVVLRQV�SHU�DPRXQW�RI�IRRG��5HOHYDQW�FRRNLQJ�PHWKRGV�DUH�WKRVH�LGHQWLILHG�WKURXJK�WKH�VXUYH\�DV�DSSOLHG�

WR�HDFK�RI�WKH�IRRG�LWHPV���

�

0HWKRGV������������������������������������������

$�VXUYH\�ZDV�XVHG�WR�FDSWXUH�GDWD�RQ�FRRNLQJ�KDELWV�LQ�KRXVHKROGV�LQFOXGLQJ�WKH�FRRNLQJ�WLPH�
DQG� PHWKRG� �KWWSV���RVI�LR�W�K�[�"YLHZBRQO\ ��D��GI��DE������������DD���DF����� 7KH�

VXUYH\�KDV�EHHQ�FRQGXFWHG�DFURVV� WKH�8.��FRQVLGHULQJ�WKH���� IRRG�LWHPV�PRVW�FRQVXPHG�

QDWLRQDOO\�� 'DWD� ZHUH� FROOHFWHG� IURP� ���� SDUWLFLSDQWV� �Q �����ZKR� ZHUH� DVNHG� WR� VSHFLI\�
FRRNLQJ� PHWKRG�� DSSOLDQFH� DQG� WLPH� IRU� ��� IRRGV� RI� D� JLYHQ� SRUWLRQ� VL]H�� 7KH� GDWD� ZHUH�

FOHDQHG�E\�DSSO\LQJ�VLJPD�FOLSSLQJ�WR�UHPRYH�RXWOLHUV��)XUWKHUPRUH��D�FXW�RII�FULWHULRQ�RI�Q!���
SDUWLFLSDQWV�ZDV�FRQVLGHUHG�IRU�HDFK�FRRNLQJ�PHWKRG�WR�EH�DFFRXQWHG�IRU�LQ�WKH�HYDOXDWLRQ��

Data�cleaning�resulted�in�684≤n≤759�depending�on�the�type�of�food�and�cooking�method.�

(OHYHQ�GLIIHUHQW�FRRNLQJ�PHWKRGV�KDYH�EHHQ�DVVHVVHG�XVLQJ�WHQ�DSSOLDQFHV��:H�DVVXPHG�

WKDW�VWRYHWRSV�DUH�XVHG�IRU�VKDOORZ�IU\LQJ��ZKLOH�ERLOLQJ�FDQ�EH�GRQH�RQ�WKH�VWRYHWRS�RU�LQ�WKH�
PLFURZDYH�� 5RDVWLQJ�� EDNLQJ�� EURLOLQJ�� JULOOLQJ� DQG� WRDVWLQJ� DUH� FRQGXFWHG� LQ� WKH� RYHQ��

$GGLWLRQDOO\��DQ�HOHFWULF�JULOO�DQG�WRDVWHU�PLJKW�EH�FRQVLGHUHG�IRU�JULOOLQJ�DQG�WRDVWLQJ�EUHDG��
UHVSHFWLYHO\��:H� DOVR� DVVXPHG� WKDW� VRXV� YLGH�� HOHFWULF� JULOO�� VORZ� FRRNHU�� PLFURZDYH� DQG�

WRDVWHU� DUH� DOO� HOHFWULF� DSSOLDQFHV�� SUHVVXUH� FRRNLQJ�� VWHDPLQJ� DQG� GHHS� IU\LQJ� FRXOG� EH�

FRQGXFWHG�HLWKHU� LQ�VSHFLDOL]HG�HOHFWULF�DSSOLDQFHV��L�H��SUHVVXUH�FRRNHU��VWHDPHU�DQG�GHHS�
IU\HU��RU�RQ�WKH�VWRYHWRS�±�DVVXPLQJ�HTXDO�VKDUH�XQGHU�HDFK�RI�WKH�WZR�RSWLRQV�GXH�WR�ODFN�RI�

GDWD��)XUWKHU�DVVXPSWLRQV�LQFOXGH�WRDVWLQJ�EUHDG�LQ�D�WRDVWHU�RU�LQ�WKH�RYHQ��ZLWK�WKH�IRUPHU�
UHSUHVHQWLQJ� ���� RI� WKH� FDVHV�DV�PRVW�8.�KRXVHKROGV� RZQ� D� WRDVWHU���2YHQV� LQ� WKH�8.�
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RSHUDWH�SULPDULO\�ZLWK� HOHFWULFLW\� ������DQG�RQH�WKLUG�RI� WKHP� LV� VXSSOLHG�ZLWK� QDWXUDO� JDV��
VWRYHWRSV��RQ�WKH�FRQWUDU\��DUH�PRVWO\�IXHOOHG�E\�QDWXUDO�JDV�������DQG�WKH�UHPDLQGHU�������

RSHUDWHV�ZLWK�HOHFWULFLW\���

:H�EXLOW�D�GDWDEDVH�RI�HQHUJ\�FRQVXPSWLRQ�RI�KRXVHKROG�DSSOLDQFHV�EDVHG�RQ� WKH�HQHUJ\�
GHPDQG�RI�WKH�YDULRXV�DSSOLDQFHV�GHFODUHG�E\�WKH�PDQXIDFWXUHU��*UHHQKRXVH�JDV�HPLVVLRQV�

ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�HQHUJ\�GHPDQG�RI�WKH�FRRNLQJ�PHWKRG��WKH�PHGLDQ�FRRNLQJ�WLPH�

GUDZQ�IURP�WKH�VXUYH\�DQG�WKH�FDUERQ�HPLVVLRQ�IDFWRUV�RI�WKH�8.�QDWLRQDO�HOHFWULFLW\�PL[�DQG�
QDWXUDO�JDV�IRU�WKH�\HDU����������

'DWD�RQ�SUH�FRRNLQJ�*+*�HPLVVLRQV�IRU�WKH�GLIIHUHQW�IRRGV�ZHUH�WDNHQ�IURP�H[LVWLQJ�OLWHUDWXUH�
DQG�DJJUHJDWHG�ZLWK�WKH�FRRNLQJ�LPSDFWV�HVWLPDWHG�IURP�WKH�VXUYH\�����������7KH�VKDUH�RI�WRWDO�
LPSDFW�UHSUHVHQWHG�E\�HDFK�FRRNLQJ�PHWKRG�ZDV�DOVR�EDVHG�RQ�WKH�VXUYH\��

6XSSOHPHQWDU\�WDEOH���DQG���FRQWDLQ�WKH�DVVXPSWLRQV�GHVFULEHG�DERYH�DV�ZHOO�DV�D�OLVW�RI�WKH�
GLIIHUHQW� IRRG� LWHPV�� SRUWLRQ� VL]HV�� PHGLDQ� FRRNLQJ� WLPHV�� SUH�FRQVXPSWLRQ� GDWD� VRXUFHV��

VKDUH�RI�FRRNLQJ�PHWKRGV�DQG�WKH�FRQYHUVLRQ�IDFWRUV�RI�UDZ�WR�FRRNHG�IRRGV�IRU�WKH�IRUPHU�
�DQG�WKH�DYHUDJH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�GLIIHUHQW�FRRNLQJ�DSSOLDQFHV�IRU�WKH�ODWWHU���7KH�

TXHVWLRQQDLUH�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDU\�WDEOH����5HVXOWV�RI�UDZ�IRRG��DQG�QRUPDOLVHG�E\�
SURWHLQ� DQG�FDORULH�FRQWHQW� DUH� GLVSOD\HG� LQ�6XSSOHPHQWDU\� ILJ� �� DQG���� ,QIRUPDWLRQ�DERXW�

W\SLFDO�PHWKRGV�XVHG�E\�UHVSRQGHQWV�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDU\�ILJXUH����

�

'DWD�DYDLODELOLW\�

7KH�GDWD�WKDW�VXSSRUW�WKH�ILQGLQJV�RI�WKLV�VWXG\�DUH�DYDLODEOH�LQ�>UHSRVLWRU\�QDPH@�ZLWK�WKH�

LGHQWLILHU�V��>GDWD�'2,�V�@�

�

&RGH�DYDLODELOLW\�

5HIHUHQFHV�

������� 5RVHQ]ZHLJ��&��HW�DO��&OLPDWH�FKDQJH�UHVSRQVHV�EHQHILW�IURP�D�JOREDO�IRRG�V\VWHP�DSSURDFK��

1DW��)RRG������±�����������
������� )UDQNRZVND��$���-HVZDQL��+��.��	�$]DSDJLF��$��(QYLURQPHQWDO�LPSDFWV�RI�YHJHWDEOHV�

FRQVXPSWLRQ�LQ�WKH�8.��6FL��7RWDO�(QYLURQ���������±����������
������� )UDQNRZVND��$��(QYLURQPHQWDO�LPSDFWV�RQ�WKH�IRRG�HQHUJ\�ZDWHU�QH[XV�LQ�WKH�8.�IRRG�VHFWRU��

�8QLYHUVLW\�RI�0DQFKHVWHU��������
������� 6FKPLGW�5LYHUD��;��&���(VSLQR]D�2ULDV��1��	�$]DSDJLF��$��/LIH�F\FOH�HQYLURQPHQWDO�LPSDFWV�RI�

FRQYHQLHQFH�IRRG��&RPSDULVRQ�RI�UHDG\�DQG�KRPH�PDGH�PHDOV��-��&OHDQ��3URG���������±����
��������

������� &LPLQL��$��	�0RUHVL��0��(QHUJ\�HIILFLHQF\�DQG�FDUERQ�IRRWSULQW�RI�KRPH�SDVWD�FRRNLQJ�
DSSOLDQFHV��-��)RRG�(QJ��������±�����������

������� 5H\QROGV��&��-��(QHUJ\�HPERGLHG�LQ�KRXVHKROG�FRRNHU\��7KH�PLVVLQJ�SDUW�RI�D�VXVWDLQDEOH�
IRRG�V\VWHP"�3DUW����$�OLIH�F\FOH�DVVHVVPHQW�RI�URDVW�EHHI�DQG�<RUNVKLUH�SXGGLQJ��(QHUJ\�
3URFHGLD���������±������������
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������� &OHDU��$��.���+D]DV��0���0RUOH\��-���)ULGD\��$��	�%DWHV��2��'RPHVWLF�IRRG�DQG�VXVWDLQDEOH�
GHVLJQ��$�VWXG\�RI�XQLYHUVLW\�VWXGHQW�FRRNLQJ�DQG�LWV�LPSDFWV��LQ�&RQIHUHQFH�RQ�+XPDQ�
)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV���3URFHHGLQJV�����±�������������
GRL������������������������

����� 6WDWLVWD�*OREDO�&RQVXPHU�6XUYH\��:KLFK�RI�WKH�IROORZLQJ�KRXVHKROG�DSSOLDQFHV�GRHV�\RXU�
KRXVHKROG�RZQ"�*OREDO�&RQVXPHU�6XUYH\��������������$YDLODEOH�DW��
KWWSV���ZZZ�VWDWLVWD�FRP�IRUHFDVWV��������KRXVHKROG�DSSOLDQFHV�RZQHUVKLS�LQ�WKH�XN��

������� '(&&��'RPHVWLF�DSSOLDQFHV��FRRNLQJ�	�FRROLQJ�HTXLSPHQW��(QHUJ\�)ROORZ�8S�6XUYH\�������
5HSRUW����������������
KWWSV���DVVHWV�SXEOLVKLQJ�VHUYLFH�JRY�XN�JRYHUQPHQW�XSORDGV�V\VWHP�XSORDGV�DWWDFKPHQWBGDW
D�ILOH���������B'RPHVWLFBDSSOLDQFHVBBFRRNLQJBDQGBFRROLQJBHTXLSPHQW�SGI������'%(,6��
$QQXDO�FRQYHUVLRQ�IDFWRU�SXEOLFDWLRQV��
�������KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�JUHHQKRXVH�JDV�UHSRUWLQJ�FRQYHUVLRQ�
IDFWRUV������������ 5HFFKLD��/���&DSSHOOL��$���&LQL��(���3HJQD��)��*��	�%RQFLQHOOL��3��
(QYLURQPHQWDO�VXVWDLQDELOLW\�RI�SDVWD�SURGXFWLRQ�FKDLQV��$Q�LQWHJUDWHG�DSSURDFK�IRU�
FRPSDULQJ�ORFDO�DQG�JOREDO�FKDLQV��5HVRXUFHV������������

�������� 3RRUH��-��	�1HPHFHN��7��5HGXFLQJ�IRRG¶V�HQYLURQPHQWDO�LPSDFWV�WKURXJK�SURGXFHUV�DQG�
FRQVXPHUV��6FLHQFH�������� ���������±����������

��������� -HVZDQL��+���%XUNLQVKDZ��5��	�$]DSDJLF��$��(QYLURQPHQWDO�VXVWDLQDELOLW\�LVVXHV�LQ�WKH�IRRG�
HQHUJ\�ZDWHU�QH[XV��%UHDNIDVW�FHUHDOV�DQG�VQDFNV��6XVWDLQ��3URG��&RQVXP������±���������
GRL���������M�VSF�������������

�������� 5RELQVRQ��%���:LQDQV��.���.HQGDOO��$���'ORWW��-��	�'ORWW��)��$�OLIH�F\FOH�DVVHVVPHQW�RI�$JDULFXV�
ELVSRUXV�PXVKURRP�SURGXFWLRQ�LQ�WKH�86$��,QW��-��/LIH�&\FOH�$VVHVV���������±������������

�������� 8VXEKDUDWDQD��3��	�3KXQJUDVVDPL��+��/LIH�F\FOH�DVVHVVPHQW�RI�WKH�VWUDZ�PXVKURRP�
SURGXFWLRQ��$SSO��(FRO��(QYLURQ��5HV���������±����������

���������*XQDG\��0��*��$���%LVZDV��:���6RODK��9��$��	�-DPHV��$��3��(YDOXDWLQJ�WKH�JOREDO�ZDUPLQJ�
SRWHQWLDO�RI�WKH�IUHVK�SURGXFH�VXSSO\�FKDLQ�IRU�VWUDZEHUULHV��URPDLQH�FRV�OHWWXFHV��/DFWXFD�
VDWLYD���DQG�EXWWRQ�PXVKURRPV��$JDULFXV�ELVSRUXV��LQ�:HVWHUQ�$XVWUDOLD�XVLQJ�OLIH�F\FOH�
DVVHVVPHQW��/&$���-��&OHDQ��3URG��������±�����������

��������� %ORQN��+���.RRO��$���/XVNH��%���3RQVLRHQ��7��	�6FKROWHQ��-��0HWKRGRORJ\�IRU�DVVHVVLQJ�FDUERQ�
IRRWSULQWV�RI�KRUWLFXOWXUDO�SURGXFWV�KRUWLFXOWXUDO�SURGXFWV����������

������� )UDQNRZVND��$���-HVZDQL��+��.��	�$]DSDJLF��$��/LIH�F\FOH�HQYLURQPHQWDO�LPSDFWV�RI�IUXLWV�
FRQVXPSWLRQ�LQ�WKH�8.��-��(QYLURQ��0DQDJH��������������������

������� 1R\D��,��HW�DO��&DUERQ�DQG�ZDWHU�IRRWSULQW�RI�SRUN�VXSSO\�FKDLQ�LQ�&DWDORQLD��)URP�IHHG�WR�ILQDO�
SURGXFWV��-��(QYLURQ��0DQDJH����������±�����������

������� 4XRUQ��&DUERQ�IRRWSULQWLQJ�HPLVVLRQV�UHSRUW����������

�

$FNQRZOHGJPHQWV�

7KLV�UHVHDUFK�DFWLYLW\�ZDV�IXQGHG�WKURXJK�PXOWLSOH�UHVHDUFK�JUDQWV�IURP�5HVHDUFK�&RXQFLOV�

8.��WKH�8QLYHUVLW\�RI�0DQFKHVWHU��WKH�8QLYHUVLW\�RI�6KHIILHOG��WKH�67)&�)RRG�1HWZRUN��DQG�
WKH�+()&(�&DWDO\VW�IXQGHG�1��$JUL)RRG�5HVLOLHQFH�3URJUDPPH�ZLWK�PDWFKHG�IXQGLQJ�IURP�

WKH�1��JURXS�RI�8QLYHUVLWLHV��6SHFLILF�QDPHG�SURMHFWV� WKDW�IXQGHG�WKLV�UHVHDUFK�LQFOXGH�WKH�
67)&�*&5)�IXQGHG�SURMHFW�³7UHQGV�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�%UD]LOLDQ�IRRGV�XVLQJ�

**'27´��67�6�����������WKH�67)&�IXQGHG�SURMHFW�³3LORWLQJ�=RRQLYHUVH�IRU�IRRG��KHDOWK�DQG�

VXVWDLQDELOLW\� FLWL]HQ� VFLHQFH´� �67�7����������� DQG� WKH� 67)&� )RRG� 1HWZRUN�� $ZDUGHG�
6FRSLQJ�3URMHFW�³3LORWLQJ�=RRQLYHUVH�WR�KHOS�XV�XQGHUVWDQG�FLWL]HQ�IRRG�SHUFHSWLRQV´��)XQGLQJ�

ZDV� DOVR� VXSSOLHG� IURP� 5HVHDUFK� (QJODQG� YLD� WKH� 8QLYHUVLW\� RI� 6KHIILHOG� 45� 6WUDWHJLF�
3ULRULWLHV�)XQG�SURMHFWV�³&RRNLQJ�DV�SDUW�RI�D�6XVWDLQDEOH�)RRG�6\VWHP�±�FUHDWLQJ�DQ�ZLGHU�
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HYLGHQFH�EDVH�IRU�SROLF\�PDNHUV´��DQG�³)RRG�EDVHG�FLWL]HQ�VFLHQFH�LQ�WKH�8.�DV�D�SROLF\�WRRO´��
7KLV� UHVHDUFK� SURMHFW� DURVH� IURP� WKH� 1�� $JUL)RRG�IXQGHG� SURMHFW� ³*UHHQKRXVH� *DV� DQG�

'LHWDU\� FKRLFHV� 2SHQ�VRXUFH� 7RRONLW� �**'27�� KDFNQLJKWV�¶� ;LPHQD� 6FKPLGW� 5LYHUD� ZDV�
VXSSRUWHG� WKURXJK� %UXQHO� 8QLYHUVLW\� LQWHUQDO� 5HVHDUFK� (QJODQG� *&5)� 45� )XQG�� $ODQD�

.OXF]NRYVNL�DQG�&DUOD�$GULDQR�0DUWLQV�ZHUH�VXSSRUWHG�WKURXJK�7KH�8QLYHUVLW\�RI�0DQFKHVWHU�
*&5)�45�9LVLWLQJ�5HVHDUFKHU�)HOORZVKLS��

�

$XWKRU�LQIRUPDWLRQ��

$IILOLDWLRQV��

��'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\��8QLYHUVLW\�RI�0DQFKHVWHU��2[IRUG�5RDG��0DQFKHVWHU��
0����3/�8QLWHG�.LQJGRP�
��(TXLWDEOH�'HYHORSPHQW�DQG�5HVLOLHQFH�UHVHDUFK�JURXS��&ROOHJH�RI�(QJLQHHULQJ��'HVLJQ�DQG�
3K\VLFDO�6FLHQFH��%UXQHO�8QLYHUVLW\�/RQGRQ��/RQGRQ��8QLWHG�.LQJGRP�
��6FKRRO�RI�0HGLFLQH��8QLYHUVLW\�RI�6mR�3DXOR��$Y��'U��$UQDOGR��������3DFDHPEX��6mR�3DXOR��
%UDVLO��=LS�FRGH�����������
��+&RU�5HVHDUFK� ,QVWLWXWH��5XD�$EtOLR�6RDUHV�� �������DQGDU��6mR�3DXOR��%UDVLO�� =LS� FRGH��
����������
��'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�6KHIILHOG��6KHIILHOG�6���1'���8QLWHG�.LQJGRP��
��&HQWUH�IRU�)RRG�3ROLF\��&LW\�8QLYHUVLW\�RI�/RQGRQ��0\GGHOWRQ�6WUHHW�%XLOGLQJ��&LW\��8QLYHUVLW\�
RI�/RQGRQ��0\GGHOWRQ�6WUHHW��(&�5��8:��/RQGRQ��8QLWHG�.LQJGRP�

&RQWULEXWLRQV�>�

$)�;65�6%�5%/�&5�FRQFHSWXDOLVHG�WKH�VWXG\��$)�SURYLGHG�GDWD�DQDO\VLV��$)�;65�6%�$.�

-76�&$0�)5�5%/�&5�GHYHORSHG�WKH�0HWKRGRORJ\��$)�UDQ�WKH�0RGHOOLQJ��$)�FRQGXFWHG�
)RUPDO�DQDO\VLV�$)�DQG�-&�GHYHORSHG�WKH�YLVXDOL]DWLRQV�DQG�ILJXUHV��$)�SURYLGHG�WKH�:ULWLQJ�

�RULJLQDO�GUDIW��ZLWK�;65��6%��$.��-76��&$0��)5��5/��-&��DQG�&5�SURYLGLQJ�DGGLWLRQDO�
:ULWLQJ��UHYLHZ�DQG�HGLWLQJ��;65�DQG�&5�GHYHORSHG�WKH�VXUYH\��FRQGXFWHG�WKH�GDWD�

FROOHFWLRQ�DQG�GDWD�OLQNLQJ��DV�SDUW�RI�D�ZLGHU�WHDP���;65��6%��-76�5/�DQG�&5�SURYLGHG�
)XQGLQJ�DFTXLVLWLRQ��;65��6%�DQG�&5�SURYLGHG�3URMHFW�DGPLQLVWUDWLRQ��DQG�WHDP�

VXSHUYLVLRQ��

&RUUHVSRQGLQJ�DXWKRU��

$QJHOLQD�)UDQNRZVND�_�H�PDLO��DQJHOLQD�IUDQNRZVNL#PDQFKHVWHU�DF�XN��

(WKLFV�GHFODUDWLRQ�

:ULWWHQ�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�WKH�����SDUWLFLSDQWV�RI�WKH�VWXG\�EHIRUH�
DVVHVVLQJ�WKH�VXUYH\���(WKLFV�DSSURYHG��WK�RI�0DUFK�������8QLYHUVLW\�RI�6KHIILHOG�
*HRJUDSK\�'HSDUWPHQW��$SSOLFDWLRQ����������
�
&RPSHWLQJ�LQWHUHVWV�
7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV��

�

6XSSOHPHQWDU\�LQIRUPDWLRQ�
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Summary of Supplementary data in this deposit 

Supplementary text 1 Supplementary Information - Notes on Slow Cooking 

Supplementary figure 1: Greenhouse gas emissions of various cooking methods for different foods in 
relation to their cooking times by kg of cooked food? 

Supplementary figure 2: Total greenhouse gas emissions of various food items including the share of 
cooking contribution to the total impact by protein (g) (Supplementary�figure�2A) and calorie (kcal) 
(Supplementary�figure�2B) content in cooked food.  

Supplementary figure 3: Results presented as “raw” (uncooked). 

Supplementary figure S4: Percentage of respondents reporting typical cooking method 

Supplementary table 1: Summary of cooking appliances database based on manufacturer information 

Supplementary table 2: Survey and literature data. Share of cooking methods does not consider the two 
categories “I do not eat this food” and “I typically eat this food as purchased without further cooking”.  

Supplementary text 2: Questionnaire from Survey 

References 

Note additional attached supplementary data not in this file includes a spreadsheet that reports the 
cooking impacts per kg cook, called “Nature_food_figures_raw_and_cooked.xlsx” 



Supplementary�Text 1 - Notes on Slow Cooking 

Slow cooking was present in the answers of the survey once sigma-clipping and our cut-off criterium had 
been applied. In many plant or carbohydrate foods 1-2% of respondents selected slow cooking as their 
typical cooking method (beans and chickpeas were an exception with 4%). While animal foods had higher 
rates of slow cooking as the typical cooking method (chicken, 4%; pork 6%, lamb 7%, beef 9%).  However, 
the cooking times stated by a number of respondents are different from times discussed in recipes for this 
cooking technique.  We have included this methodology to remain consistent and transparent with our data 
collection and processing methods. It is worth noting that as the survey asked for the typical cooking 
method and duration for when the survey respondent cooks a specific (average) portion size of the various 
foods. This may have led to this timing error occurring. With respondents trying to scale the cooking time to 
fit the smaller portion size for a slow cooker - a cooking method suited to larger portions and batch cooking. 
In future surveys we now have deployed asking for the typical serving size, and the typical  number of 
servings cooked to mitigate this variation (and further understand the impact of economies of scale and 
batch cooking in reducing carbon footprints).  

A second variation that impacts upon the cooking time, is the lack of specificity in the types of foods in the 
survey leading to a range of cooking times reported. For instance, In our survey we asked for the typical 
cooking method and time for the respondents typical consumption of an average portion of “beef”; this 
means that the type and quality of beef eaten by the respondent (e.g. cut of meat or mince) was never 
reported to the survey. As different cuts of meat have different cooking times (and cooking methods); the 
spectrum of cooking times reported could be due (in part) to the preferences of the respondents. This is 
both a limitation of our pilot survey, and a further avenue for future research. 

Home cooking methods and appliances can affect the GHG emissions of food
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Supplementary�figure 1: Greenhouse gas emissions of various cooking methods for different 
foods in relation to their cooking times by kg of cooked food? 
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Supplementary�figure�1: Greenhouse gas emissions of various cooking methods for different 
foods in relation to their cooking times by kg of cooked food? (continued)
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Supplementary�figure�1:�Greenhouse gas emissions of various cooking methods for different 
foods in relation to their cooking times by kg of cooked food? (continued)



Supplementary�figure�2a�and�b: Total greenhouse gas emissions of various food items including 
the share of cooking contribution to the total impact by protein (g) (Supplementary�figure�2A)�) and 
calorie (kcal) (Supplementary�figure�2B)�) content in cooked food.  

Note: Conversion factors are applied to pasta (2.43), rice (2.63), potatoes, meats (0.62-0.79) and fish 
(0.77-1.19) to account for weight losses or gains of the raw products during cooking based on reference 13. 
For the remaining foods it is assumed that the conversion is negligible. 
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Supplementary�figure�4: Percentage of respondents reporting typical cooking method�(continued)



Supplementary�table�1:�Average energy consumption of cooking appliances based on manufacturer information 



Supplementary�Table 2: Survey and literature data. Share of cooking methods does not consider the two categories 
“I do not eat this food” and “I typically eat this food as purchased without further cooking”.   
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RI�DQ\�GDWD�VHFXUHO\�LQ�ORFNHG�FDELQHWV�LQ�P\�RIILFH��:H�ZLOO�NHHS�GDWD�WKDW�FDQ�LGHQWLI\�\RX
VHSDUDWHO\�IURP�QRQ�SHUVRQDO�LQIRUPDWLRQ��H�J��\RXU�YLHZV�RQ�D�VSHFLILF�IRRG���,Q
DFFRUGDQFH�ZLWK�8QLYHUVLW\�JXLGHOLQHV��ZH�ZLOO�NHHS�WKH�GDWD�VHFXUHO\�IRU�D�PLQLPXP�RI�WHQ
\HDUV���:H�ZLOO�NHHS�GDWD�WKDW�FDQ�LGHQWLI\�\RX�VHSDUDWHO\�IURP�QRQ�SHUVRQDO�LQIRUPDWLRQ
�H�J��\RXU�YLHZV�RQ�D�VSHFLILF�WRSLF��

:KR�KDV�UHYLHZHG�WKH�SURMHFW"�
7KH�8QLYHUVLW\�RI�6KHIILHOG�5HVHDUFK�(WKLFV�&RPPLWWHH��5HIHUHQFH�1XPEHU��������

:KDW�LI�,�KDYH�D�TXHVWLRQ�RU�FRQFHUQ"
,I�\RX�KDYH�DQ\�TXHULHV�RU�LI�\RX�DUH�XQKDSS\�ZLWK�DQ\WKLQJ�WKDW�KDSSHQV�FRQFHUQLQJ�\RXU
SDUWLFLSDWLRQ�LQ�WKH�VWXG\��SOHDVH�FRQWDFW�/HDG�5HVHDUFKHU�IRU�WKH�8QLYHUVLW\�RI�6KHIILHOG�
&KULVWLDQ�5H\QROGV��F�UH\QROGV#VKHIILHOG�DF�XN�

,I�\RX�DUH�KDSS\�ZLWK�WKLV�LQIRUPDWLRQ�SOHDVH�JLYH�\RXU�FRQVHQW�WR�SDUWLFLSDWH�RQ�WKH�QH[W
SDJH�

%\�FOLFNLQJ�WKH�
1H[W
��DUURZ�EXWWRQ��EHORZ�,�FRQVHQW�WR�WKH�IROORZLQJ

,�FRQILUP�WKDW�,�KDYH�UHDG�DQG�XQGHUVWDQG�WKH�LQIRUPDWLRQ�VKHHW�IRU�WKH�DERYH�VWXG\��,�KDYH
KDG�WKH�RSSRUWXQLW\�WR�FRQVLGHU�WKH�LQIRUPDWLRQ��DVN�TXHVWLRQV�DQG�KDYH�KDG�WKHVH
DQVZHUHG�VDWLVIDFWRULO\��������

,�XQGHUVWDQG�WKDW�P\�SDUWLFLSDWLRQ�LV�YROXQWDU\�DQG�WKDW�,�DP�IUHH�WR�ZLWKGUDZ�DW�DQ\�WLPH
GXULQJ�P\�SDUWLFLSDWLRQ�LQ�WKLV�VWXG\�DQG�ZLWKLQ���ZHHNV�DIWHU�,�WRRN�SDUW�LQ�WKH�VWXG\��ZLWKRXW
JLYLQJ�DQ\�UHDVRQ���,I�,�ZLWKGUDZ�ZLWKLQ���ZHHNV�RI�WDNLQJ�SDUW�LQ�WKH�VWXG\�P\�GDWD�ZLOO�EH
UHPRYHG�

,�XQGHUVWDQG�WKDW�DQ\�LQIRUPDWLRQ�JLYHQ�E\�PH�PD\�EH�XVHG�LQ�IXWXUH�UHSRUWV��DFDGHPLF
DUWLFOHV��SXEOLFDWLRQV�RU�SUHVHQWDWLRQV�E\�WKH�UHVHDUFKHU�V���EXW�P\�SHUVRQDO�LQIRUPDWLRQ�ZLOO
QRW�EH�LQFOXGHG�DQG�,�ZLOO�QRW�EH�LGHQWLILDEOH�

,�XQGHUVWDQG�WKDW�P\�QDPH�P\�RUJDQLVDWLRQ¶V�QDPH�ZLOO�QRW�DSSHDU�LQ�DQ\�UHSRUWV��DUWLFOHV
RU�SUHVHQWDWLRQ�ZLWKRXW�P\�FRQVHQW�

,�XQGHUVWDQG�WKDW�GDWD�ZLOO�EH�NHSW�DFFRUGLQJ�WR�8QLYHUVLW\�JXLGHOLQHV�IRU�D�PLQLPXP�RI���
\HDUV�DIWHU�WKH�HQG�RI�WKH�VWXG\�

,�DJUHH�WR�WDNH�SDUW�LQ�WKH�DERYH�VWXG\����

&RXQWU\

,Q�ZKLFK�FRXQWU\�GR�\RX�FXUUHQWO\�UHVLGH"
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,PSHULDO�V\VWHP��,QFKHV��3RXQGV�

'HPRJUDSKLFV

3OHDVH�HQWHU�\RXU�DJH��LQ�\HDUV��

$JH��\HDUV�

3OHDVH�VHOHFW�\RXU�SUHIHUUHG�V\VWHP�RI�PHDVXULQJ�\RXU�KHLJKW�DQG�ZHLJKW

3OHDVH�HQWHU�\RXU�KHLJKW��LQ�FP���DQG�ZHLJKW���LQ�NJ�

+HLJKW��FP�

:HLJKW��NJ�

3OHDVH�HQWHU�\RXU�KHLJKW��LQ�LQFKHV���DQG�ZHLJKW���LQ�SRXQGV�

+HLJKW��,QFKHV�

:HLJKW��SRXQGV�

:KDW�LV�\RXU�JHQGHU"
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2WKHU
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2PQLYRUH��,�DP�QRW�YHU\�LQWHUHVWHG�LQ�HYHQ�WU\LQJ�YHJHWDULDQ�IRRG�H[FHSW�RFFDVLRQDOO\

2PQLYRUH��,�DP�KDSS\�WR�WU\�VRPH�YHJHWDULDQ�GLVKHV�DV�ZHOO

2PQLYRUH��,�DOVR�RIWHQ�HDW�YHJHWDULDQ�GLVKHV�RU�KDYH�YHJHWDULDQ�GLVKHV�DV�ZHOO

3HVFHWDULDQ��,�HDW�ILVK��GDLU\�DQG�HJJV�LQ�DGGLWLRQ�WR�SURGXFWV�GHULYHG�IURP�SODQWV

2YR�ODFWR�YHJHWDULDQ��,�HDW�GDLU\�DQG�HJJV�LQ�DGGLWLRQ�WR�SURGXFWV�GHULYHG�IURP�SODQWV

/DFWR�YHJHWDULDQ��,�HDW�GDLU\�LQ�DGGLWLRQ�WR�SURGXFWV�GHULYHG�IURP�SODQWV

9HJDQ��,�RQO\�HDW�SURGXFWV�GHULYHG�IURP�SOD

2WKHU�GLHWDU\�UHTXLUHPHQWV�RU�FKRLFHV

,�GR�QRW�OLPLW�P\�LQWDNH

,�OLPLW�P\�PHDW�LQWDNH�GXH�WR�HQYLURQPHQWDO�FRQFHUQV

,�OLPLW�GXH�WR�$QLPDO�:HOIDUH�FRQFHUQV

,�OLPLW�P\�PHDW�LQWDNH�EHFDXVH�,�GR�QRW�HQMR\�WKH�WDVWH

,�OLPLW�P\�PHDW�LQWDNH�GXH�WR�FRQFHUQV�IRU�P\�KHDOWK

,�OLPLW�P\�PHDW�LQWDNH�EHFDXVH�LW�LV�H[SHQVLYH

2WKHU��SOHDVH�GHVFULEH�

2QH�SHUVRQ�KRXVHKROG

0RUH�WKDQ�RQH�SHUVRQ�LQ�KRXVHKROG

3OHDVH�HQWHU�\RXU�3RVWFRGH�

+RZ�ZRXOG�\RX�GHVFULEH�\RXU�GLHW

'R�\RX�OLPLW�\RXU�PHDW�LQWDNH�IRU�DQ\�RI�WKH�IROORZLQJ�UHDVRQV"��\RX�PD\�VHOHFW�PRUH�WKDQ
RQH�UHVSRQVH�

:KDW�LV�WKH�VL]H�RI�\RXU�KRXVHKROG"
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)URP�VFUDWFK

:LWK�WKH�XVH�RI�VHPL�ILQLVKHG�SURGXFWV

:LWK�WKH�XVH�RI�SURFHVVHG�IRRGV

(YHU\�GD\�RU�QHDUO\�HYHU\�GD\

6HYHUDO�WLPHV�D�ZHHN

2QFH�RU�WZLFH�D�ZHHN

/HVV�IUHTXHQWO\

(YHU\�GD\�RU�QHDUO\�HYHU\�GD\

6HYHUDO�WLPHV�D�ZHHN

2QFH�RU�WZLFH�D�ZHHN

/HVV�IUHTXHQWO\

D�UHIULJHUDWRU

D�IUHH]HU��H[FOXGLQJ�IUHH]HU�FRPSDUWPHQW�DW�WRS�RI�IULGJH�

D�PLFURZDYH�RYHQ

:KDW�LV�WKH�VL]H�RI�\RXU�KRXVHKROG"

�

1XPEHU�RI�DGXOWV�DJHG
���DQG�RYHU�LQ

KRXVHKROG

1XPEHU�RI�&KLOGUHQ
DJHG�EHWZHHQ���

PRQWKV�WR����\HDUV�ROG

1XPEHU�RI�&KLOGUHQ
DJHG�EHWZHHQ���DQG���

PRQWKV

+RZ�LV�IRRG�XVXDOO\�SUHSDUHG�LQ�\RXU�KRXVHKROG"

+RZ�RIWHQ�GR�\RX�FRRN�RU�SUHSDUH�IRRG�IRU�RWKHUV"

+RZ�RIWHQ�GR�\RX�FRRN�RU�SUHSDUH�IRRG�IRU�\RXUVHOI"

3OHDVH�LQGLFDWH�ZKLFK�RI�WKHVH�HTXLSPHQW�\RX�KDYH�LQ�\RXU�NLWFKHQ
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HOHFWULF�KRE��ULQJ�

D�JDV�KRE��ULQJ�

DQ�HOHFWULF�JULOO��VXFK�DV�*HRUJH�)RUHPDQ�

DQ�RYHQ

D�NHWWOH

D�VRXV�YLGH�PDFKLQH

D�WRDVWHU

D�VORZ�FRRNHU

D�SUHVVXUH�FRRNHU

D�IRRG�SURFHVVRU

1RQH�RI�WKHVH

5DUHO\�2U�1HYHU

6HYHUDO�7LPHV�3HU�0RQWK

6HYHUDO�7LPHV�3HU�:HHN

2QFH�D�'D\�RU�0RVW�'D\V

0RVW�PHDOV

2Q�DYHUDJH��KRZ�RIWHQ�GR�\RX�HDW�LQ�IDVW�IRRG�RU�WDNHDZD\�UHVWDXUDQWV

3UHSDUDWLRQ

$FFRUGLQJ�WR�\RXU�EHVW�JXHVV��SOHDVH�HVWLPDWH�KRZ�ORQJ��LQ�PLQXWHV��LW�WDNHV�\RX�WR�DFWLYHO\
SUHSDUH�WKH�IRRGV�OLVWHG�EHORZ�IRU�\RX�WR�HDW���L�H��FKRS��ZDVKLQJ��PL[LQJ��ZHLJKLQJ����

1RWH��3UHSDUDWLRQ�WLPH�GRHV�QRW�LQFOXGH�FRRNLQJ�WLPH�
,I�WKH�IRRG�WDNHV�ORQJHU�WKDQ����PLQXWHV����KRXU��RI�DFWLYH�SUHSDUDWLRQ��SOHDVH�VHOHFW�������,I
WKH�IRRG�LV�HDWHQ�ZLWK�QR�SUHSDUDWLRQ�SOHDVH�VHOHFW�³�´�
:H�ZLOO�DVN�PDQ\�SHRSOH�WKH�VDPH�TXHVWLRQ�DERXW�WKHVH�IRRGV���VR�GRQ
W�ZRUU\�LI�\RX�DUHQ
W
DEVROXWHO\�VXUH��-XVW�JLYH�XV�\RXU�EHVW�JXHVV�

�

3DVWD

5LFH

%UHDG

%UHDNIDVW�FHUHDO

0LQXWHV�RI�SUHSDUDWLRQ
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3RWDWRHV

&DUURWV

7RPDWRHV

)UR]HQ�3HDV

&DEEDJHV

&DXOLIORZHUV

0XVKURRPV

2QLRQV

$SSOHV

&LWUXV�IUXLW

%DQDQDV

6WUDZEHUULHV

0LON

&KHHVH��IXOO�IDW�

&KHHVH��UHGXFHG�IDW�

(JJV

%DFRQ

%HHI

/DPE

0LQXWHV�RI�SUHSDUDWLRQ
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3RUN

&KLFNHQ

:KLWH�ILVK

2LO\�ILVK��6DOPRQ�

%HDQV�HJ�NLGQH\�EHDQV
RU�FKLFNSHDV��FDQQHG�

%DNHG�EHDQV

6R\D�PHDW�RU�4XRUQ

&RRNLQJ

$FFRUGLQJ�WR�\RXU�EHVW�JXHVV��SOHDVH�SURYLGH�WKH�W\SLFDO�PHWKRG�\RX�XVHG�WR�FRRN�WKH
IRRGV�OLVWHG�EHORZ�ZKHQ�\RX�HDW�WKHP�

� � �

6KDOORZ
IU\�RQ
VWRYH

'HHS
IU\

5RDVW
RU

EDNH
LQ�WKH
RYHQ 6WHDP

%RLO
RQ
WKH
VWRYH 0LFURZDYH

7RD
EURLO�
RU�JULOO
LQ�WKH
RYHQ

6RXV
YLGH

,Q�D
VORZ
FRRNHU

,Q�D
SUHVVXUH
FRRNHU

8VH�DQ
HOHFWULF
JULOO��VXFK

DV
*HRUJH
)RUHPDQ�

,�W\SLFDOO\
HDW�WKLV
IRRG�DV

SXUFKDVHG
ZLWKRXW
IXUWKHU
FRRNLQJ

,�GR
QRW
HDW
WKLV
IRRG

3DVWD � �

5LFH �

%UH

%UHDNIDVW�FHUHDO � �

3RWDWRHV � �

&DUURWV � �

7RPDWRHV � �

)UR]HQ�3HDV � �

&DEEDJHV � �

&DXOLIORZHUV � �

0XVKURRPV � �

2QLRQV � �

$SSOHV � �

&LWUXV�IUXLW � �

%DQDQDV �

6WUDZEHUULHV � �

0LQXWHV�RI�SUHSDUDWLRQ
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RYHQ 6WHDP
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RYHQ
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SUHVVXUH
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JULOO��VXFK
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SXUFKDVHG
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IXUWKHU
FRRNLQJ
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IRRG

0LON � �

&KHHVH��IXOO�IDW� � �

&KHHVH
�UHGXFHG�IDW� � �

(JJV � �

%DFRQ

%HHI � �

/DPE �

3RUN �

&KLFNHQ � �

:KLWH�ILVK � �

2LO\�ILVK
�6DOPRQ� � �

%HDQV�RU
FKLFNSHDV
�FDQQHG�

� �

%DNHG�EHDQV � �

6R\D�PHDW�RU
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$FFRUGLQJ�WR�\RXU�EHVW�JXHVV��3OHDVH�HVWLPDWH�KRZ�ORQJ��LQ�PLQXWHV��LW�WDNHV�\RX�WR
W\SLFDOO\�FRRN�WKH�IRRGV�OLVWHG�EHORZ�XVLQJ�\RXU�W\SLFDO�FRRNLQJ�PHWKRG��,I�HDWHQ�UDZ�SOHDVH
VHOHFW�³�´�

1RWH��&RRNLQJ�WLPH�GRHV�QRW�LQFOXGH�SUHSDUDWLRQ�,I�WKH�IRRG�WDNHV�ORQJHU�WKDQ�����PLQXWHV
���KRXUV��RI�FRRNLQJ��SOHDVH�VHOHFW������,I�WKH�IRRG�LV�W\SLFDOO\�HDWHQ�ZLWK�QR�FRRNLQJ��L�H�
UDZ��SOHDVH�VHOHFW�³�´�
:H�ZLOO�DVN�PDQ\�SHRSOH�WKH�VDPH�TXHVWLRQ�DERXW�WKHVH�IRRGV���VR�GRQ
W�ZRUU\�LI�\RX�DUHQ
W
DEVROXWHO\�VXUH��-XVW�JLYH�XV�\RXU�EHVW�JXHVV�
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3DVWD
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%UHDG

%UHDNIDVW�FHUHDO

3RWDWRHV

0LQXWHV�RI�FRRNLQJ
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FRQWDPLQDWLRQ��IRRG�SRLVRQLQJ��LPSURSHU�KDQGOLQJ��IRRG�IUDXG��PLVODEHOLQJ�HWF�

:H�ZLOO�DVN�PDQ\�SHRSOH�WKH�VDPH�TXHVWLRQ�DERXW�WKHVH�IRRGV���VR�GRQ
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