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abstract

7KH�PD¿F�PDJPDWLVP�RI�WKH�ODVW����ND�RQ�7HUFHLUD�,VODQG��$]RUHV�DUFKLSHODJR��RFFXUUHG�DORQJ�
WKUHH�VHJPHQWV�RI�WKH�¿VVXUH�]RQH�WKDW�FURVVHV�WKH�LVODQG��7KH�WZR�VXEDHULDO�VHJPHQWV�GHYHORSHG�ZLWK�
GLIIHUHQW�WUHQGV�RYHU�SUH�H[LVWLQJ��TXLHVFHQW�RU�H[WLQFW��FHQWUDO�YROFDQRHV��7KH�6HUUHWD�VXEPDULQH�ULGJH�
LV�WKH�RIIVKRUH�VHJPHQW�RI�WKH�¿VVXUH�]RQH�WKDW�HUXSWHG�UHFHQWO\�LQ�����±������7KH�FRPELQHG�VWXG\�
of CO2+H22�ÀXLG�LQFOXVLRQV�KRVWHG�LQ�PD¿F�PLQHUDOV�DQG�URFN�JHRFKHPLVWU\�RI�WKH�PDJPDV��UHYHDOV�
GLIIHUHQW�VWRUDJH�DQG�DVFHQW�FRQGLWLRQV�DPRQJ�WKH�¿VVXUH�]RQH�VHJPHQWV��7KH�PD[LPXP�SUHVVXUH�RI�
ÀXLG�WUDSSLQJ�IRU�DOO�WKH�¿VVXUH�V\VWHPV�RFFXUUHG�DW�WKH�0RKR�7UDQVLWLRQ�=RQH��EHWZHHQ�����DQG�����
03D������±���NP�GHHS���$W�WKLV�GHSWK�LQWHUYDO�DOO�PDJPDV�VWDJQDWHG�IRU�VRPH�WLPH��EHIRUH�DVFHQGLQJ�
WRZDUG�WKH�VXUIDFH��H[SHULHQFLQJ�IUDFWLRQDO�FU\VWDOOL]DWLRQ�DQG�GHJDVVLQJ��0DJPDV�RI�WKH�VRXWKHDVWHUQ�
DQG�6HUUHWD�VHJPHQWV�RI� WKH�¿VVXUH�]RQH�DVFHQGHG�UDSLGO\�WKURXJK�WKH�FUXVW�ZLWKRXW�IXUWKHU�VWRSV��
7KRVH�RI�WKH�FHQWUDO�VHJPHQW�H[SHULHQFHG�D�PXOWL�VWHS�DVFHQW��ZLWK�ÀXLG�WUDSSLQJ�DW�����DQG�����03D�
�����±����NP�GHHS��DQG�DVVRFLDWHG�JHRFKHPLFDO�HYROXWLRQ�WRZDUG�WUDFK\EDVDOW�

7KH�PDJPD�DVFHQW�EHORZ�WKH�GLIIHUHQW�VHJPHQWV�RI�WKH�¿VVXUH�]RQH�YDULHV�IURP�DOPRVW�LVRFKRULF�
DW�WKH�VXEPDULQH�VHJPHQW��DVVRFLDWHG�ZLWK�PLQLPXP�UH�HTXLOLEUDWLRQ�RI�WKH�LQFOXVLRQV��WR�SRO\EDULF�
VORZ�DVFHQW�DW�WKH�FHQWUDO�VHJPHQW��DVVRFLDWHG�WR�DOPRVW�FRPSOHWH�UH�HTXLOLEUDWLRQ�RI�WKH�LQFOXVLRQV��
9DULDEOH�GHJUHHV�RI�UH�HTXLOLEUDWLRQ�DQG�PXOWL�VWHS�DVFHQW�PD\�EH�OLQNHG�WR�ERWK�WKH�SUHVHQFH�RI�SUH�
H[LVWLQJ�LQWUDFUXVWDO�FU\VWDOOL]HG�ERGLHV�RI�PRUH�HYROYHG�FRPSRVLWLRQ�DQG�WKH�VWUHVV�¿HOG�DFWLQJ�RQ�WKLV�
DUHD��7KH�ODWWHU�UHVSRQGV�WR�WKH�ORFDO�DQG�VKDOORZ�FRQGLWLRQV�UHODWHG�WR�WKH�SUHVHQFH�RI�ROGHU�FHQWUDO�
YROFDQRHV�DQG�WR�WKH�PDLQ�UHJLRQDO�VSUHDGLQJ�GLUHFWLRQ�RI�WKH�7HUFHLUD�5LIW��ZKLFK�DW�UHJLRQDO�VFDOH��
LV�DSSUR[LPDWHO\�RUWKRJRQDO�WR�WKH�¿VVXUH�]RQH�D[LV�
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introduction

7KH�ORFDWLRQ�DQG�VWUXFWXUH�RI�PDJPD�VWRUDJH�V\VWHPV�� WKH�
DPRXQW� RI�PHOW� DYDLODEOH� IRU�PRELOL]DWLRQ� SULRU� WR� HUXSWLRQ��
DQG�LWV�SDWK�DQG�UDWH�RI�DVFHQW�DUH�DOO�IXQGDPHQWDO�LQIRUPDWLRQ�
WR�DFKLHYH�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKH�EHKDYLRU�RI�YROFDQLF�
V\VWHPV��7KHVH� HOHPHQWV� DUH� NQRZQ� LQ�ZHOO�PRQLWRUHG� DQG�
IUHTXHQWO\�HUXSWLQJ�EDVDOWLF�YROFDQRHV��VXFK�DV�(WQD��6WURPEROL��
.LODXHD��DQG�3LWRQ�GH�OD�)RXUQDLVH��DQG�IDLUO\�XQGHUVWRRG�LQ�WKRVH�
ZLWK�KLJKHU�DVVRFLDWHG�ULVN�EXW�PRUH�LQIUHTXHQW�DFWLYLW\��H�J���
9HVXYLXV��/D�3HOHp��WKH�&DVFDGHV�YROFDQRHV���+RZHYHU��DVLGH�
IURP�WKH�DERYHPHQWLRQHG�FDVHV��VXFK�LQIRUPDWLRQ�LV�FRPSOHWHO\�
XQNQRZQ�IRU�PDQ\�RFHDQLF�LVODQGV��VXFK�DV�WKH�$]RUHV�

7KH�$]RUHV� LVODQGV� DUH� YROFDQLF� V\VWHPV� SUHGRPLQDQWO\�
IRUPHG�E\�EDVDOWLF�ILVVXUH�]RQHV��ZKHUH�PDJPD��FROOHFWHG�DW�WKH�
0RKR�7UDQVLWLRQ�=RQH��LV�PRELOL]HG�LQ�UHVSRQVH�WR�WHFWRQLF�VWUHVV�
�+DDVH�DQG�%HLHU�������=DQRQ�HW�DO��������=DQRQ�DQG�)UH]]RWWL�
�������7\SLFDOO\��HUXSWLYH�ILVVXUHV�RSHQ�LQ�WKH�VDPH�DUHD�GXULQJ�

D�OLPLWHG�SHULRG��D�IHZ�WKRXVDQGV�RI�\HDUV��EHIRUH�PLJUDWLQJ�WR�
DQRWKHU�DUHD�QHDUE\��+LOGHQEUDQG�HW�DO���������(UXSWHG�ODYDV�DUH�
SRRUO\�HYROYHG�EDVDOWV��H�J���%HLHU�HW�DO���������������������ZKLFK�
DVFHQG�IURP�WKH�PDQWOH�GXH�WR�H[WHQVLRQDO�WHFWRQLFV��7KH�LQWHUDF-
WLRQ�RI�H[WHQVLRQDO�ILVVXUHV�ZLWK�WUDQVWHQVLRQDO�IDXOWV�GHWHUPLQHV�
WKH�IRUPDWLRQ�RI�VKRUW�OLYHG�DQG�VKDOORZ�OHYHO�PDJPD�UHVHUYRLUV��
OHDGLQJ�WR�WKH�HVWDEOLVKPHQW�RI�FHQWUDOL]HG�IHHGLQJ�FRQGXLWV�RU�D�
VHULHV�RI�FORVHO\�VSDFHG�IHHGHU�GLNHV��DQG��SURJUHVVLYHO\��WR�WKH�
GHYHORSPHQW�RI�ODUJHU�YROFDQLF�V\VWHPV��0LUDQGD�HW�DO��������

2Q�WKH�$]RUHDQ�LVODQG�RI�7HUFHLUD�HUXSWLRQV�RFFXU�DW�ERWK�FHQ-
WUDO�YROFDQRHV�DQG�YDULRXV�VHJPHQWV�RI�D�ILVVXUH�]RQH�WKDW�FURVVHV�
WKH�LVODQG�DQG�H[WHQGV�RIIVKRUH��0DJPDV�IURP�FHQWUDO�YROFDQRHV�
DUH� JHQHUDOO\� KLJKO\� GLIIHUHQWLDWHG� �PXJHDULWHV�WUDFK\WHV� DQG�
SHUDONDOLQH�UK\ROLWHV���ZKLOH�WKRVH�IURP�WKH�ILVVXUH�]RQH�FRQVLVW�
RI�EDVDOW�WUDFK\EDVDOW�DVVRFLDWLRQV��6HOI�DQG�*XQQ�������0XQJDOO�
DQG�0DUWLQ�������0DGXUHLUD�HW�DO���������7KH�PDILF�PDJPDV�
HUXSWHG�LQ�WKH�ODVW����ND�ZHUH�HPLWWHG�IURP�GLIIHUHQW�VHJPHQWV�
RI�WKH�ILVVXUH�]RQH�DQG�DUH�FKDUDFWHUL]HG�E\�D�YDULDEOH�GHJUHH�
RI�HYROXWLRQ��7KH�VXEDHULDO� ILVVXUH�V\VWHP�LV� ORFDWHG�EHWZHHQ�
FORVHO\�VSDFHG�FHQWUDO�YROFDQRHV�RI�GLIIHUHQW�DJH�

3RVVLEO\�WKH�SUHVHQFH�DW�GHSWK�RI�SDUWLDOO\�FU\VWDOOL]HG�ERG-
LHV� RI� HYROYHG� FRPSRVLWLRQ�� UHODWHG� WR� WKH� FHQWUDO� YROFDQRHV��
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