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6PLWK� -��:ROIH� 0�� &URVVODQG�0� ������� 6LOYRDUDEOH� DJURIRUHVWU\�� DQ� DOWHUQDWLYH� DSSURDFK� WR� DSSOH� SURGXFWLRQ"� ��WK�

(XURSHDQ�,QWHUQDWLRQDO�)DUPLQJ�6\VWHPV�$VVRFLDWLRQ�6\PSRVLXP�
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&RUUHVSRQGLQJ DXWKRU��PDUMROHLQH�KDQHJUDDI#KYKO�QO

$EVWUDFW

)RRG�IRUHVW�V\VWHPV�DUH�JHQHUDOO\�WKRXJKW�WR�EH�DEOH�WR�PDNH�EHWWHU�XVH�RI�DYDLODEOH�QXWULHQWV��
PDLQWDLQ�RU�HYHQ�LQFUHDVH�VRLO�RUJDQLF�FDUERQ�EDODQFH�ZKLOH�SUHVHUYLQJ�D�YDOXDEOH�ODQGVFDSH��,Q�
WKH� 1HWKHUODQGV�� WKH� FRQWULEXWLRQ� RI� OLYHVWRFN� DQG�RU� IDUP� DQLPDOV� WR� VXFK� V\VWHPV� LV� SRRUO\�
XQGHUVWRRG��)RU�WZR�IRRG�IRUHVW�IDUPV�ZLWK�SLJV�DQG�SRXOWU\��UHVSHFWLYHO\��WKH�QXWULWLRQDO�YDOXH�RI�
IHHGVWXII�ZDV�DVVHVVHG�XVLQJ�WKH�:HHQGH�DQG�.MHOGDKO�DQDO\VHV��DQG�WKH�QXPEHU�RI�EDFWHULDO�
FRORQLHV�ZDV�DVVHVVHG�XVLQJ�DJDU�SODWHV��&RPSDULVRQ�ZDV�PDGH� WR�JUDVV��1�FRQWHQWV� LQ� WKH�
IHHGVWXIIV�RI�WKH�IRRG�IRUHVW�V\VWHPV�ZHUH�ORZ�LQ�FRPSDULVRQ�WR�LQWHQVLYHO\�PDQDJHG�JUDVVODQG��
ZKLFK�KDG�D�1�FRQWHQW�RI�������EXW�FRPSDUDEOH�WR�WKDW�RI�H[WHQVLYHO\�PDQDJHG�JUDVVODQG��7RWDO�
QXPEHU� RI� FRORQLHV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� WKH� SODWHV�� ,W� ZDV� FRQFOXGHG� WKDW� WKH�
DGGLWLRQ� RI� PDQXUH� PD\� KDYH� LQIOXHQFHG� ERWK� WKH� QLWURJHQ� FRQWHQW� RI� WKH� DERYHJURXQG�
IHHGVWRFN�DV�ZHOO�DV�EHORZJURXQG�FDUERQ�DQG�QLWURJHQ�PLQHUDOLVDWLRQ�SURFHVV�

.H\ZRUGV��IRRG�IRUHVW��OLYHVWRFN��SRXOWU\��QXWULWLRQDO�YDOXH��VHTXHVWUDWLRQ

,QWURGXFWLRQ

)RRG�IRUHVW�V\VWHPV�DUH�JHQHUDOO\�WKRXJKW�WR�EH�DEOH�WR�PDNH�EHWWHU�XVH�RI�DYDLODEOH�QXWULHQWV��
PDLQWDLQ�RU�HYHQ� LQFUHDVH�VRLO� RUJDQLF�FDUERQ�EDODQFH�ZKLOH�SUHVHUYLQJ�D�YDOXDEOH� ODQGVFDSH�
�6KHSDUG� ������� +RZHYHU�� QRW� PXFK� LV� NQRZQ� DERXW� WKH� SHUVSHFWLYHV� IRU� IRRG�IRUHVWV� ZLWK�
OLYHVWRFN�RU�DQLPDOV� LQ�WHPSHUDWH�UHJLRQV�� ,Q�WKH�1HWKHUODQGV�� IRRG�IRUHVW�V\VWHPV�DUH�JDLQLQJ�
DWWHQWLRQ� DV� H[DPSOHV� RI� QDWXUH�LQFOXVLYH� DJULFXOWXUH� DQG�RU� FLUFXODU� HFRQRP\�� $W� SUHVHQW�� D�
QHWZRUN� RI� SLRQHHULQJ� HQWHUSULVHV� H[LVW�� ZLWK� PL[HG� IDUPLQJ� V\VWHPV� EDVHG� RQ� ZRRGODQG��
VKUXEV��DQG�LQ�FHUWDLQ�FDVHV�DOVR�OLYHVWRFN��

:LWKLQ� WKLV� QHWZRUN�� WZR� IDUPV� SLRQHHU� ZLWK� IRRG�IRUHVW� V\VWHPV� DQG� SLJV� DQG� SRXOWU\��
UHVSHFWLYHO\��$W�WKH�ILUVW�IDUP��7DPZRUWK�SLJV�DUH�UDLVHG�LQ�D�ZRRGODQG�ZLWK�RDN�WUHHV�ZLWK�JUDVV�
XQGHUQHDWK��7KLV�SLJ�VSHFLHV�LV�ZHOO�VXLWHG�IRU�IRUHVW�JUD]LQJ�DQG�WKH�PHDW�LV�ZHOO�NQRZQ�IRU�LWV�
VXSHULRU� WDVWH�� $W� WLPHV� DGGLWLRQDO� IHHG� LV� JLYHQ� WR� WKH� SLJV�� H�J�� DSSOH� SXOS�� 7KLV� IDUP� KDV�
UHFHQWO\� DFTXLUHG� D� SORW�ZLWK� QHWWOH� � WKLVWOH� EXVK�� DQG�DLPV� WR� FRQYHUW� WKLV� SORW� LQWR� D� JUD]HG�
IRRG�IRUHVW�� 0DMRU� UHVHDUFK� TXHVWLRQ� DW� WKLV� IDUP� FRQFHUQV� WKH� QXWULWLRQDO� YDOXHV� RI� WKH�
YHJHWDWLRQ��7KH�VHFRQG� IDUP� LQFOXGHV�VHYHUDO� VPDOO�DJURIRUHVWU\�SORWV��H�J��HOGHUEHUU\� � JUDVV�
FRQILQHPHQWV��ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�FKLFNHQV��%RWK�IDUPV�DUH�VLWXDWHG�RQ�VDQG\�VRLOV�
LQ� WKH� QRUWK� DQG� VRXWK� RI� WKH� 1HWKHUODQGV� UHVSHFWLYHO\�� $Q� H[SORUDWLRQ� ZDV� PDGH� RI� WKH�
QXWULWLRQDO� TXDOLW\� RI� IHHGVWXIIV� DW� WKHVH� IRRG�IRUHVW� IDUPV��2XU�PDLQ� REMHFWLYH� ZDV� WR� DVVHVV�
GLIIHUHQFHV�EHWZHHQ�IHHGVWXIIV�IURP�IRRG�IRUHVW�V\VWHPV�ZLWKRXW�DQG�ZLWKRXW�OLYHVWRFN�DQLPDOV��
2XU�K\SRWKHVLV�ZDV�WKDW��DV�WKH�SUHVHQFH�RI�SLJV�DQG�SRXOWU\�ZRXOG�OHDG�WR�DGGLWLRQ�RI�PDQXUH�
LQ�WKH�IRRG�IRUHVW�V\VWHP��WKH�FRUUHVSRQGLQJ�IHHGVWXII�ZRXOG�EH�RI�KLJKHU�QXWULWLRQDO�TXDOLW\�� ,Q�
DGGLWLRQ� WR� WKH�PDLQ�REMHFWLYH�� WKH�SRVVLEOH� LPSDFW�RI�SLJ�DQG�SRXOWU\�PDQXUH�RQ�VRLO�EDFWHULDO�
FRPPXQLWLHV�ZDV�H[SORUHG�
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0DWHULDOV�DQG�PHWKRGV�

6DPSOHV ZHUH�WDNHQ�LQ�SORWV�RI�WKUHH�IRRG�IRUHVW�V\VWHPV��RDN�� JUDVV�� SLJ��HOGHUEHUU\� JUDVV��
SRXOWU\�� DQG� QHWWOH� � WKLVWOH�� LQ� DXWXPQ� ������ )RU� HDFK� V\VWHP�� VDPSOHV� ZHUH� WDNHQ� IURP�
YHJHWDWLRQ� DQG� VRLO�� 0L[HG� VDPSOHV� IURP� YHJHWDWLRQ� �H�J�� OHDYHV�� WZLJV�� DFRUQV�� DQG� JUDVV���
7KHVH� VDPSOHV� ZHUH� DQDO\VHG� IRU� QXWULWLRQDO� YDOXH� �:HHQGH� DQDO\VLV�� DQG� QLWURJHQ� FRQWHQWV�
�.MHOGDKO���)RU�FRPSDULVRQ��D�JUDVV�VDPSOH�IURP�LQWHQVLYHO\�PDQDJHG�JUDVVODQG�IURP�HOVHZKHUH�
ZDV�DOVR�LQFOXGHG��,Q�HDFK�SORW��PL[HG�VRLO�VDPSOHV�ZHUH�WDNHQ�LQ�WZR�OD\HUV����� ���DQG����� ���
FP���)RU�FRPSDULVRQ��D�VRLO�VDPSOH���� � ���FP���ZDV�DOVR� WDNHQ� LQ�H[WHQVLYH�JUDVVODQG�DW� WKH�
VDPH�IDUP�DV�WKH�HOGHUEHUU\�� JUDVV�IRRG�IRUHVW�V\VWHP��,Q�WKH�VRLO�VDPSOHV��EDFWHULDO�QXPEHUV�
DQG� GLYHUVLW\� ZHUH� DVVHVVHG� XVLQJ� YDULRXV� GLOXWLRQV� RI� VRLO� LQ� ZDWHU�� RQ� SODWHV� ZLWK� VWDQGDUG�
QXWULHQW�DJDU��7KLV�SDUW�RI�WKH�DQDO\VLV�ZDV�GRQH�LQ�GXSOR�

5HVXOWV

7KH�FUXGH�SURWHLQ�FRQWHQW�LQ�WKH�YHJHWDWLRQ�UDQJHG�IURP������WR������IRU�WKH�RDN� JUDVV�� SLJ�
DQG�HOGHUEHUU\� JUDVV�� SRXOWU\�V\VWHPV��UHVSHFWLYHO\��7DEOH�����9DOXHV�IRU�WKH�QHWWOHV� � WKLVWOH�
V\VWHP� DQG� WKH� JUDVV� VDPSOH� �H[WHQVLYHO\� PDQDJHG�� ZHUH� LQ� EHWZHHQ� WKHVH� H[WUHPHV�� 7KH�
FUXGH�IDW�FRQWHQW�RI� WKH�QHWWOH� � WKLVWOH�V\VWHP�ZDV�ZLWK�RQO\�������DERXW����WLPHV� ORZHU� WKDQ�
WKDW� LQ� WKH� IHHGVWXIIV� IURP� WKH� RWKHU� WKUHH� V\VWHPV�� +RZHYHU�� WKH� QHWWOH� � WKLVWOH� V\VWHP�
FRQWDLQHG�WKH�KLJKHVW�DPRXQW�RI�FUXGH�ILEHU����������

1�FRQWHQWV�LQ�WKH�IHHGVWXIIV�RI�DOO�IRXU�V\VWHPV�ZHUH�ORZ�LQ�FRPSDULVRQ�WR�WKH�UHIHUHQFH�PDWHULDO�
RI�WKH�LQWHQVLYHO\�PDQDJHG�JUDVVODQG��ZKLFK�KDG�D�1�FRQWHQW�RI������EXW�FRPSDUDEOH�WR�WKDW�RI�
WKH� H[WHQVLYHO\� PDQDJHG� JUDVVODQG�� 6XUSULVLQJO\�� WKH� KLJKHVW� RUJDQLF� PDWWHU� FRQWHQW� LQ� WKH�
YHJHWDWLRQ�ZDV�QRW� IRXQG� LQ� WKH�RDN� JUDVV� SLJ�V\VWHP��EXW� LQ�H[WHQVLYHO\�PDQDJHG�JUDVV�
�������� �QR� GDWD� DYDLODEOH� IRU� WKH� HOGHUEHUU\� JUDVV� SRXOWU\� V\VWHP��� $VVXPLQJ�&�� LQ� DOO�
SODQW�PDWHULDO�LV������WKH�&�1�UDWLR�GHFOLQHG�IROORZLQJ�WKH�RDN� JUDVV� SLJ�V\VWHP��H[WHQVLYHO\�
PDQDJHG�JUDVV��DQG�QHWWOH�� WKLVWOH�V\VWHP����������DQG����UHVSHFWLYHO\���

7DEOH����1XWULWLRQDO�YDOXH�RI�WKH�IHHGVWXIIV�LQ�WKH�IRRG�IRUHVWV

)RRG�)RUHVW�6\VWHP &UXGH�3URWHLQ &UXGH�)DW &UXGH�)LEHU 1LWURJHQ 2UJDQLF�0DWWHU
�

2DN�� *UDVV�� 3LJ ���� ���� ���� ���� ����

(OGHUEHUU\�� *UDVV��
3RXOWU\

���� ���� ���� ���� Q�D�

1HWWOHV�� 7KLVWOHV ���� ���� ���� ���� ���

*UDVVODQG��LQW�� ����

*UDVVODQG��H[W�� ���� ���� ���� ���� ����

Q�D�� �QRW�DYDLODEOH

,QLWLDOO\��DOO�DJDU�SODWHV�ZHUH�RYHUJURZQ�ZLWK�EDFWHULDO�FRORQLHV�XQWLO�GLOXWLRQV�RI����� ZHUH�XVHG��
7RWDO�QXPEHU�RI�FRORQLHV�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH�SODWHV��2QO\�D�IHZ�GLIIHUHQW�VRLO�
EDFWHULDO� FRORQLHV� ZHUH� IRXQG�� ,Q� WKH� WRSVRLOV�� VRLO� EDFWHULDO� GLYHUVLW\� ZDV� KLJKHU� IRU� WKH�
H[WHQVLYHO\�PDQDJHG�JUDVV�DQG�HOGHUEHUU\�� QR�FKLFNHQ�SORWV�WKHQ�LQ�WKH�RWKHU�SORWV��)LJXUH�����
)RU�WKH�VXEVRLO��WKH�QHWWOH�� WKLVWOH�SORW�VKRZHG�KLJKHU�EDFWHULDO�GLYHUVLW\�WKDQ�WKH�RWKHU�SORWV��
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)LJXUH����'LIIHUHQFHV�LQ�VRLO�EDFWHULDO�GLYHUVLW\�LQ�WKH�IRRG�IRUHVW�SORWV�

'LVFXVVLRQ

7KH�RDN� � JUDVV� IRRG� IRUHVW�ZLWK�SLJV�SURYLGHV� WKH�SLJV�ZLWK�DERXW�KDOI� WKH�FUXGH�SURWHLQ�DQG�
RQH�WKLUG�FUXGH�ILEUH�RI�ZKDW�WKH\�ZRXOG�JHW� LQ�H[WHQVLYHO\�PDQDJHG�JUDVVODQG��7KH�GLIIHUHQFH�
EHWZHHQ�WKH�IHHGVWXIIV�LV�IRU�FUXGH�IDW�OHVV�SURPLQHQW��7KH�UHODWLYHO\�ORZ�QXWULWLRQDO�YDOXH�RI�WKH�
RDN�� JUDVV�LQGLFDWHV�D�QHHG�IRU�DGGLWLRQDO�IHHGLQJ��'LHWDU\�ILEUH�LV�FRQVLGHUHG�LPSRUWDQW�IRU�IHHG�
HIILFLHQF\��7HDJDVF�������IRU�ZKLFK�DSSOH�SXOS�PD\�EH�D�JRRG�VRXUFH��$GGLWLRQDO�IHHGVWXIIV�ULFK�
LQ�SURWHLQ�PD\�EH�XVHIXO�IRU�SLJOHWV�DQG�RU�SUHJQDQW�VRZV��,Q�RUGHU�WR�DVVHVV�DGHTXDWH�SLJ�GLHWV��
LQIRUPDWLRQ�QHHGV�WR�EH�FROOHFWHG�RQ�WKH�UHODWLYH�SURSRUWLRQ�RI�WKH�DYDLODEOH�VRXUFHV�RI�RUJDQLF�
PDWWHU��DV�ZHOO�DV�WKH�GDLO\�LQWDNH�E\�SLJV�

&RPSDULQJ� WKH� IRRG�IRUHVW� V\VWHPV� RDN� � JUDVV� DQG� HOGHUEHUU\� � JUDVV� ZLWK� WKH� H[WHQVLYHO\�
PDQDJHG�JUDVVODQG�DW�WKH�VDPH�VLWH��WKH�HOGHUEHUU\�� JUDVV�V\VWHP�VKRZHG�WKH�KLJKHVW�SURWHLQ�
FRQWHQW��7KLV� VXJJHVWV� WKDW� WKH� VRLO� LQ� WKH�HOGHUEHUU\� � JUDVV�V\VWHP�FRQWDLQHG�PRUH�QLWURJHQ�
WKDQ�WKH�RDN�� JUDVV�V\VWHP�DQG�WKH�H[WHQVLYHO\�PDQDJHG�JUDVV�SORW��7KH�SUHVHQFH�RI�SRXOWU\�
PDQXUH� LQ� WKH�HOGHUEHUU\� � JUDVV�V\VWHP�FRXOG�EH�D�SRVVLEOH�H[SODQDWLRQ� IRU� WKLV��&RQVLGHULQJ�
WKH�IHHGVWXIIV�RI�WKH�IRRG�IRUHVW�V\VWHPV�LQFOXGHG��WKH�HOGHUEHUU\�� JUDVV�IHHGVWXII�DSSHDUV�WR�EH�
RI� WKH� EHVW� TXDOLW\� LQ� WHUPV� RI� FUXGH� SURWHLQ�� IDW� DQG� ILEUH�� +RZHYHU�� HOGHUEHUU\� FRQWDLQV�
F\DQRJHQLF�JO\FRVLGHV�LQ�EDUN�� OHDYHV��EHUULHV��URRWV�DQG�VWHPV��IURP�ZKLFK�K\GURJHQ�F\DQLGH�
LV� UHOHDVHG�� 7KLV� VXEVWDQFH� PD\� EH� WR[LF� WR� DQLPDOV� RU� DW� OHDVW� DIIHFW� SDODWDELOLW\� �&RSH��
2YHUYLHZ�RI�F\DQLGH�SRLVRQLQJ���

7KH�VHTXHVWUDWLRQ�PLQHUDOLVDWLRQ� SURFHVVHV�RI�SODQW�PDWHULDO� LQ� VRLO� DUH� LQ�SDUW� GHWHUPLQHG�E\�
WKH�GLIIHUHQFH� LQ�&�1�UDWLR�EHWZHHQ� WKH�SODQW�PDWHULDO�DQG� WKH�VRLO��0DWHULDOV�ZLWK�KLJKHU�&�1�
UDWLR�WKDQ�WKH�VRLO�PD\�OHDG�WR�LPPRELOLVDWLRQ�RI�QLWURJHQ��,I�ZH�DVVXPH�D�&�1�UDWLR�RI����LQ�ERWK�
RXU�VRLOV��GHFRPSRVLWLRQ�RI�RDN�� JUDVV�PDWHULDO�ZRXOG�UHTXLUH�H[WUD�QLWURJHQ��3LJ�PDQXUH�FRXOG�
EH�D�XVHIXO�VRXUFH� LQ� WKLV� UHVSHFW��HYHQWXDOO\�VHTXHVWHULQJ�PRUH�FDUERQ� LQ� WKH�VRLO��+RZHYHU��

HOGHUEHUU\� � JUDVV� ZLWK� LWV� KLJK�1�FRQWHQW� LV� H[SHFWHG� WR� UHOHDVH� QLWURJHQ� LQ� VRLO�� $OVR� LQ� WKH�
QHWWOH� � WKLVWOH� EXVK�QLWURJHQ�PD\�EHFRPH�DYDLODEOH� IURP�PLQHUDOLVDWLRQ� LI� WKLV� EXVK�ZRXOG� EH�
DGGHG� WR� WKH� VRLO�� %RWK� QHWWOH� DQG� HOGHUEHUU\� DUH� NQRZQ� IRU� WKHLU� KLJK� GHFRPSRVLWLRQ� UDWH�
�$WNLQVRQ�DQG�$WNLQVRQ��������&RQYHUVLRQ�RI�WKH�QHWWOH�� WKLVWOH�EXVK�LQWR�D�IRRG�IRUHVW�FRXOG�EH�
DFFRPSDQLHG�E\�DGGLQJ�ORZ�1�RUJDQLF�PDWHULDO�WR�FRQVHUYH�WKH�QLWURJHQ�LQ�WKH�WRSVRLO��,Q�RUGHU�
WR� DVVHVV� WKH� FDUERQ� VHTXHVWUDWLRQ� SRWHQWLDO� RI� WKH� RDN� � JUDVV� DQG� HOGHUEHUU\� � JUDVV� IRRG�
IRUHVW��UHTXLUHV�PRGHOOLQJ�RI�VRLO�RUJDQLF�FDUERQ�XVLQJ�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�TXDOLW\�RI�WKH�
YDULRXV�LQSXWV�DQG�WKHLU�GHFRPSRVLWLRQ�UDWHV��7KH�DELOLW\�RI�DQ�DJUR�HFRORJLFDO�V\VWHP�WR�SURYLGH�
HFRV\VWHP�VHUYLFHV�LV�UHJDUGHG�DV�D�VLJQ�RI�HFRORJLFDO�LQWHQVLILFDWLRQ��7LWWRQHOO��������+RZHYHU��
LQ�WKH�FDVH�RI�FDUERQ�VHTXHVWUDWLRQ�LQ�D�IRRG�IRUHVW�V\VWHP��WKLV�VHUYLFH�PD\�EH�UHVWULFWHG�E\�WKH�
QDWXUDO�HFRORJLFDO�ERXQGDULHV�SUHYDOHQW�LQ�VXFK�VRLOV�


