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)RUHZRUG

7KLV�LV�WKH�ILQDO�UHSRUW�RI�WKH�(VWRQLDQ�&RXQWU\�&DVH�6WXG\�RQ�(FRQRPLFV�RI
*UHHQKRXVH�*DVHV�/LPLWDWLRQV���3KDVH�,��(VWDEOLVKPHQW�RI�D�0HWKRGRORJLFDO
)UDPHZRUN�IRU�&OLPDWH�&KDQJH�0LWLJDWLRQ�$VVHVVPHQW�LQLWLDWHG�E\�8QLWHG�1DWLRQV
(QYLURQPHQW�3URJUDPPH�DQG�JUDQWHG�E\�*OREDO�(QYLURQPHQW�)DFLOLW\��7KH�SURMHFW�LV
IXOO\�GHVFULEHG�LQ�WKH�SURMHFW�GRFXPHQW�*)�����������

7KH�(VWRQLDQ�&RXQWU\�6WXG\�ZDV�FDUULHG�RXW�E\�WKH�([HFXWLQJ�$JHQF\���6WRFNKROP
(QYLURQPHQW�,QVWLWXWH�7DOOLQQ�&HQWUH��7KH�DJHQF\�UHVSRQVLEOH�IRU�WKH�LPSOHPHQWDWLRQ
RI�WKH�SURMHFW�LQ�(VWRQLD�ZDV�WKH�(VWRQLDQ�0LQLVWU\�RI�WKH�(QYLURQPHQW��7KH�VXSSRUWLQJ
RUJDQLVDWLRQ�ZDV�81(3�&ROODERUDWLQJ�&HQWUH�RQ�(QHUJ\�DQG�(QYLURQPHQW��8&&((��
5LVø�1DWLRQDO�/DERUDWRU\��'HQPDUN��7KH�PDLQ�QDWLRQDO�LQVWLWXWLRQV�WR�SURYLGH�WKH
WHFKQLFDO�DVVLVWDQFH�ZHUH�WKH�'HSDUWPHQW�RI�(OHFWULFDO�3RZHU�(QJLQHHULQJ��7KHUPDO
(QJLQHHULQJ�'HSDUWPHQW��)DFXOW\�RI�(FRQRPLFV�DQG�%XVLQHVV�$GPLQLVWUDWLRQ�DQG
(VWRQLDQ�,QVWLWXWH�RI�(FRQRPLFV�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��(VWRQLDQ�(QHUJ\
5HVHDUFK�,QVWLWXWH��,QVWLWXWH�RI�*HRJUDSK\�RI�WKH�8QLYHUVLW\�RI�7DUWX��7KH�+LLXPDD
&HQWUH�IRU�WKH�%LRVSKHUH�5HVHUYH�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�DQG�6WRFNKROP
(QYLURQPHQW�,QVWLWXWH�7DOOLQQ�&HQWUH��(VWRQLDQ�VWXG\�WHDP�PHPEHUV�YLVLWHG�LQ�WKH
FDSDFLW\�RI�JXHVW�UHVHDUFKHUV�WKH�/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��%URRNKDYHQ
1DWLRQDO�/DERUDWRU\��6(,�%RVWRQ�&HQWUH�DQG�+DUYDUG�,QVWLWXWH�RI�,QWHUQDWLRQDO
'HYHORSPHQW�LQ�WKH�86$�DQG�7KH�1HWKHUODQGV�(QHUJ\�5HVHDUFK�)RXQGDWLRQ�(&1�
&ORVH�FROODERUDWLRQ�ZDV�HVWDEOLVKHG�ZLWK�UHVHDUFKHUV�RI�8&&((��ZKR�JDYH�YDOXDEOH
PHWKRGRORJLFDO�DGYLFH�

7KH�(VWRQLDQ�&RXQWU\�&DVH�6WXG\�FRQFHQWUDWHG�RQ�WKH�HQHUJ\�VHFWRU��(VWRQLD�LV�LQ�WKH
SURFHVV�RI�LQWHQVLYH�WUDQVLWLRQ�IURP�D�FHQWUDOO\�SODQQHG�WR�D�PDUNHW�HFRQRP\��7KH
UHIRUPLQJ�RI�WKH�ZKROH�HFRQRP\��LQFOXGHG�WKH�HQHUJ\�VHFWRU��LV�XQGHUZD\�DW�SUHVHQW�LQ
(VWRQLD��WKHUHIRUH�WKH�FXUUHQW�VLWXDWLRQ�LV�SHUPDQHQWO\�FKDQJLQJ��7KLV�LQ�LWV�WXUQ
FRPSOLFDWHV�WKH�RYHUDOO�FKDUDFWHULVDWLRQ�RI�WKH�VLWXDWLRQ�DQG�PDNHV�LW�GLIILFXOW�WR�KDYH
ZHOO�IRXQGHG�EDVLV�IRU�IXUWKHU�IRUHFDVWV�DQG�SURMHFWLRQV��+RZHYHU��WKH�PDLQ�OLQHV�RI
IXUWKHU�GHYHORSPHQW�KDYH�EHHQ�ZRUNHG�RXW�LQ�WKH�JRYHUQPHQWDO�GRFXPHQW�´/RQJ
7HUP�'HYHORSPHQW�3ODQ�IRU�WKH�(VWRQLDQ�)XHO�DQG�(QHUJ\�6HFWRUµ��ZKLFK�ZDV�DGRSWHG
E\�WKH�3DUOLDPHQW��5LLJLNRJX��LQ�)HEUXDU\������

7KH�(VWRQLDQ�&RXQWU\�&DVH�6WXG\�WHDP�KDV�PDQDJHG�ZLWK�WKH�FRPSOLFDWHG�WDVN�WR
DQDO\VH�WKH�PRVW�SUREDEOH�*+*�PLWLJDWLRQ�RSWLRQV�WR�EH�XVHG�IRU�WKH�SHULRG�XS�WLOO
������0$5.$/�DQG�0$5.$/�0$&52�PRGHOV�ZHUH�XVHG�WR�EXLOG�XS�WKH�HQHUJ\
V\VWHP�GHYHORSPHQW�VFHQDULRV�DQG�WR�DQDO\VH�YDULRXV�*+*�PLWLJDWLRQ�RSWLRQV��7ZR
PDLQ�VFHQDULRV��UHVSHFWLYHO\�ZLWK�ORZ�DQG�KLJK�*'3�JURZWK�UDWHV��ZHUH�DVVXPHG�IRU
WKH�SUHVHQW�DQDO\VLV��$OVR�WKH�LPSDFW�RI�FDUERQ�WD[�RQ�WKH�FKRLFH�RI�SRVVLEOH�HQHUJ\
JHQHUDWLRQ�VFHQDULRV�ZDV�VWXGLHG�ZLWK�WKH�KHOS�RI�WKH�PRGHO��7KH�UHVXOWV�KDYH�EHHQ
GLVFXVVHG�LQ�WKH�FRQWH[W�RI�IXWXUH�VRFLR�HFRQRPLF�DQG�SROLWLFDO�UHVWULFWLRQV�

6SHFLDO�DWWHQWLRQ�ZDV�SDLG�WR�WKH�SUREOHPV�DQG�SURVSHFWV�RI�XVLQJ�(VWRQLDQ�PDLQ
HQHUJ\�UHVRXUFH���RLO�VKDOH���IRU�WKH�SURGXFWLRQ�RI�HOHFWULFLW\��1HZ�FRPEXVWLRQ
WHFKQRORJLHV�GHYHORSHG�LQ�(VWRQLD�DOORZ�UHGXFLQJ�&2���62��DQG�12[�HPLVVLRQV��ZKLFK
PDNHV�WKHP�KLJKO\�LPSRUWDQW�LQ�WKH�SURFHVV�RI�IROORZLQJ�WKH�ELQGLQJ�DJUHHPHQWV�RI
LQWHUQDWLRQDO�WUHDWLHV�RQ�SROOXWLRQ�DEDWHPHQW��7KH�WHFKQRORJLFDO�PLWLJDWLRQ�RSWLRQV�RI
*+*�HPLVVLRQV�KDYH�EHHQ�KDQGOHG�WKRURXJKO\��DV�WKH\�DUH�RI�JUHDW�LQWHUHVW�IRU�(VWRQLD
IROORZLQJ�WKH�UHTXLUHPHQWV�RI�WKH�.\RWR�FRQIHUHQFH��$GGLWLRQDOO\��UHQHZDEOH�HQHUJ\
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VRXUFHV�ZHUH�GLVFXVVHG�PRUH�WKRURXJKO\��SDUWLFXODUO\�ZLQG�HQHUJ\��DV�WKH\�SRVH
VLJQLILFDQW�LQWHUHVW�LQ�WKH�IXWXUH�HQHUJ\�SROLF\�LQ�(VWRQLD��)LQDOO\��D�EULHI�PDFUR�
HFRQRPLF�DQDO\VLV�WR�H[SODLQ�WKH�SRVVLEOH�JURZWK�VFHQDULRV��FRQVLGHULQJ�*+*
PLWLJDWLRQ�FRQWURO�ILJXUHV��KDV�EHHQ�XQGHUWDNHQ�

7KH�(VWRQLDQ�VWXG\�WHDP�RI����SHUVRQV�ZRUNHG�LQ�FORVH�FR�RSHUDWLRQ�ZLWK�WKH�(VWRQLDQ
0LQLVWU\�RI�WKH�(QYLURQPHQW��YDULRXV�(VWRQLDQ�DXWKRULWLHV�DQG�UHVHDUFK�LQVWLWXWLRQV
GXULQJ�DOPRVW�HLJKWHHQ�PRQWKV��$V�D�SURMHFW�FR�RUGLQDWRU�DQG�PDQDJHU�,�ZRXOG�OLNH�WR
H[SUHVV�P\�JUDWLWXGH�WR�P\�JRRG�FROOHDJXHV�ZKR�PDGH�WKLV�VWXG\�KDSSHQ��7ZR�DOO�
(VWRQLDQ�FRQIHUHQFHV�ZHUH�FRQYHQHG�DQG�D�QXPEHU�RI�ZRUNVKRSV�DQG�LQIRUPDWLRQ
GLVWULEXWLRQ�DFWLYLWLHV�KDYH�EHHQ�RUJDQLVHG��7KH�LGHDV��SULQFLSDO�YLHZSRLQWV�DQG
SDUWLFXODU�FDOFXODWLRQV�DUH�WKRVH�RI�DXWKRUV��7KH�UROH�RI�WKH�SURMHFW�PDQDJHU�ZDV�WR
DGMXVW��DV�IDU�DV�SRVVLEOH��WKH�GLIIHUHQW�SRVLWLRQV�RI�DXWKRUV��+RZHYHU��KH�FDQQRW�WDNH
WKH�UHVSRQVLELOLW\�IRU�VWDWHPHQWV��IDFWV�RU�RSLQLRQV�PDGH�E\�WKH�FRQWULEXWRUV�

+HUHE\�,�ZRXOG�OLNH�WR�WKDQN�-D\DQW�6DWKD\H�DQG�6WHYH�0H\HUV�IURP�/DZUHQFH
%HUNHOH\�1DWLRQDO�/DERUDWRU\��86$��IRU�WKHLU�YDOXDEOH�FRPPHQWV�RQ�WKH�LQWHULP�UHSRUW�
,�ZRXOG�DOVR�OLNH�WR�DFNQRZOHGJH�KHOSIXO�FROOHDJXHV�IURP�WKH�81(3�&ROODERUDWLQJ
&HQWUH�RQ�(QHUJ\�DQG�(QYLURQPHQW��5LVø�1DWLRQDO�/DERUDWRU\��-RKQ�&KULVWHQVHQ�DQG
.LUVWHQ�+DOVQæV��ZKR�JDYH�WKHLU�NLQG�DGYLFH�LQ�WKH�FRXUVH�RI�WKH�ZRUN��0\�VSHFLDO
WKDQNV�DUH�GXH�WR�5REHUW�5HGOLQJHU��ZKR�ZDV�WKH�(VWRQLDQ�FDVH�VWXG\�FR�RUGLQDWRU�DQG
ZLWK�ZKRP�WKH�FROODERUDWLRQ�UDQ�VPRRWKO\�GXULQJ�WKH�ZKROH�SURMHFW�SHULRG�

7LLW�.DOODVWH

(VWRQLDQ�&RXQWU\�6WXG\
&R�RUGLQDWRU�DQG�3URMHFW�0DQDJHU

7DOOLQQ��-XQH�����
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/LVW�RI�$XWKRUV

6WRFNKROP�(QYLURQPHQW�,QVWLWXWH�7DOOLQQ�&HQWUH��6(,�7DOOLQQ�

7LLW�.DOODVWH���HGLWRU��&KDSWHU�������([HFXWLYH�6XPPDU\
7RRPDV�3DOOR���&KDSWHU��
0DUNNR�5DXO�(VRS���&KDSWHU��

'HSDUWPHQW�RI�(OHFWULFDO�3RZHU�(QJLQHHULQJ�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\

2OHY�/LLN���HGLWRU��&KDSWHU�������([HFXWLYH�6XPPDU\

0DWL�9DOGPD���&KDSWHU��

0DUW�/DQGVEHUJ���&KDSWHU��

7KHUPDO�(QJLQHHULQJ�'HSDUWPHQW�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\

$UYR�2WV���HGLWRU��&KDSWHU�������([HFXWLYH�6XPPDU\
9HOOR�6HOJ���&KDSWHU��
$UQR�9DOPD���&KDSWHU��

)DFXOW\�RI�(FRQRPLFV�DQG�%XVLQHVV�$GPLQLVWUDWLRQ�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\

$ODUL�3XUMX���&KDSWHU��

(VWRQLDQ�(QHUJ\�5HVHDUFK�,QVWLWXWH

$QWV�0DUWLQV���&KDSWHU��
,QJH�5RRV���&KDSWHU��

,QVWLWXWH�RI�*HRJUDSK\�RI�8QLYHUVLW\�RI�7DUWX

$LQ�.XOO���&KDSWHU��

7KH�+LLXPDD�&HQWUH�IRU�WKH�%LRVSKHUH�5HVHUYH�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR

5XXEHQ�3RVW���&KDSWHU��



��
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([HFXWLYH�6XPPDU\

(VWRQLDQ�HFRQRP\�KDV�IDFHG�PDMRU�FKDQJHV�VLQFH�WKH�EHJLQQLQJ�RI�WKH�����V��)RU�TXLWH
D�VKRUW�WLPH�SHULRG�D�WUDQVIHU�IURP�D�FHQWUDOO\�SODQQHG�HFRQRP\�WR�DQ�RSHQ�PDUNHW�KDV
WDNHQ�SODFH��$IWHU�D�GHHS�UHFHVVLRQ�SHULRG�SURGXFWLRQ�KDV�EHHQ�VWHDGLO\�LQFUHDVLQJ
VLQFH�������'HHS�FKDQJHV�KDYH�EHHQ�IDFLOLWDWHG�E\�WKH�UDGLFDO�PRQHWDU\�UHIRUP�DQG
ZLWK�FRUUHVSRQGLQJ�OLEHUDOLVDWLRQ�RI�WKH�PDUNHW�

7KH�PDLQ�FKDUDFWHULVWLF�RI�(VWRQLDQ�VRFLR�HFRQRPLF�FRQGLWLRQV�LV�WKDW�WKH\�KDYH
XQGHUJRQH�VLJQLILFDQW�FKDQJHV��,Q�WKH�SROLWLFDO�OLIH�WKH�PRVW�LPSRUWDQW�HYHQW�KDV�EHHQ
UHJDLQLQJ�RI�LQGHSHQGHQFH�LQ�$XJXVW�������7KLV�HQDEOHG�WR�DUUDQJH�WKH�FRXQWU\·V�VRFLR�
HFRQRP\�LQ�DFFRUGDQFH�ZLWK�LWV�SHRSOH·V�ZLOO��:KLOH�WKH�REMHFWLYH�ZDV�VHW�WR�HVWDEOLVK�D
GHPRFUDWLF�IUHH�PDUNHW�HFRQRP\��FRQVLGHUDEOH�FKDQJHV�KDG�WR�EH�XQGHUWDNHQ��7KLV�LV
ZHOO�UHIOHFWHG�LQ�FKDQJHV�RI�YDULRXV�VRFLR�HFRQRPLF�LQGLFDWRUV��0RVW�LPSRUWDQW�VWHSV
KDYH�EHHQ�DPRQJ�RWKHUV�PRQHWDU\�UHIRUP��OLEHUDOLVDWLRQ�RI�SULFHV��SULYDWLVDWLRQ�HWF�

7KH�PRQHWDU\�UHIRUP��H[HFXWHG�LQ�-XQH�������DOORZHG�VHSDUDWLRQ�RI�WKH�(VWRQLDQ�ILVFDO
V\VWHP�IURP�WKH�VR�FDOOHG�URXEOH�]RQH��(VWRQLDQ�FXUUHQF\��WKH�(HVWL�NURRQ��((.���ZDV
LQWURGXFHG�WKHQ��7KH�FXUUHQF\�LV�SHJJHG�WR�WKH�*HUPDQ�PDUN�ZLWK�D�IL[HG�H[FKDQJH
UDWH����'(0�HTXDOV���((.���7KH�H[FKDQJH�UDWH�KDV�QRW�FKDQJHG�RYHU�WKH�\HDUV�DQG�KDV
SURYLGHG�WKHUHIRUH�VHFXULW\�IRU�LQYHVWRUV��%HLQJ�OHVV�YXOQHUDEOH�WR�WKH�ILVFDO�FKDQJHV�LQ
WKH�URXEOH�]RQH��WKH�QDWLRQDO�FXUUHQF\�V\VWHP�KDV�DOORZHG�(VWRQLD�WR�GHYHORS�EXVLQHVV
WRZDUGV�:HVWHUQ�FRXQWULHV��:LWKLQ�WKH�(VWRQLDQ�FRQWH[W�WKLV��LQ�WXUQ��DOORZHG�IDVWHU
UHGXFWLRQ�RI�LQIODWLRQ�UDWHV�WKDQ�LQ�WKH�&RPPRQZHDOWK�RI�,QGHSHQGHQW�6WDWHV��&,6��

3ULFH�OLEHUDOLVDWLRQ�LV�HVVHQWLDO�WR�LQWHJUDWH�WKH�PDUNHW�LQWR�WKH�JOREDO�RSHQ�PDUNHW��,Q
RUGHU�WR�DFKLHYH�RSHQQHVV�RI�PDUNHW��(VWRQLD�KDV�UHPRYHG�EDUULHUV�UHVWULFWLQJ�WUDGH�
DEROLVKHG�IL[HG�SULFHV��GHUHJXODWHG�WKH�PDUNHWV��HWF��7KHUH�DUH�FXUUHQWO\�RQO\�D�IHZ
DUHDV�ZKHUH�SULFHV�DUH�UHJXODWHG�E\�WKH�VWDWH��/LEHUDOLVDWLRQ�KDV�FDXVHG�KLJK�LQIODWLRQ
UDWHV��ZKLFK�ZHUH�KLJKHU�DW�WKH�EHJLQQLQJ��EXW�DUH�VWLOO�FRQVLGHUDEO\�KLJK��RYHU�����
HYHQ�WRGD\��:KLOH�WKH�SURFHVV�RI�FRQYHUJHQFH�GHPDQGV�WLPH�LQIODWLRQ�LV�VXSSRVHG�WR
UHPDLQ�DURXQG�����

3ULYDWLVDWLRQ�RI�(VWRQLDQ�HQWHUSULVHV�KDV�EHHQ�DOPRVW�FRPSOHWHG��7KHUH�DUH�RQO\�ODUJH
LQIUDVWUXFWXUH�FRPSDQLHV�WR�EH�SULYDWLVHG��$V�WKRVH�DUH�PRQRSROLVWLF�LQ�WKH�PDUNHW
DQG�RU�RI�VWUDWHJLFDOO\�LPSRUWDQW�WKHLU�SULYDWLVDWLRQ�LV�PRUH�WLPH�FRQVXPLQJ�

7UDQVLWLRQ�IURP�KLJKO\�FHQWUDOO\�SODQQHG�6RYLHW�W\SH�RI�HFRQRP\�WR�D�IUHH�OLEHUDOLVHG
HFRQRP\�KDV�FDXVHG�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�JURVV�GRPHVWLF�SURGXFW��ZKLFK�IHOO
FRQVWDQWO\�XS�WR�WKH�\HDU�������*'3�JURZWK�UDWHV�REWDLQHG�SRVLWLYH�YDOXHV�RQO\�VLQFH
������6LQFH�WKHQ�WKH�*'3�KDV�WXUQHG�LQWR�D�JURZWK�SDWWHUQ�DQG�WKLV�LV�H[SHFWHG�WR�EH�D
FRQWLQXRXV�WUHQG��%\������WKH�*'3�JURZWK�UDWH�UHDFKHG������ZKLFK�LV�DFWXDOO\�RQH�RI
WKH�KLJKHVW�JURZWK�UDWHV�DPRQJVW�WKH�FRXQWULHV�ZLWK�HFRQRPLHV�LQ�WUDQVLWLRQ��7KH
VWUXFWXUDO�FRQWULEXWLRQ�WR�WKH�*'3�KDV�DOVR�EHHQ�FKDQJLQJ�RYHU�WKH�WLPH�

2QH�RI�WKH�PRVW�GLVWLQJXLVKHG�SURFHVVHV�KDV�EHHQ�D�GHFOLQH�RI�WKH�DJULFXOWXUDO�VHFWRU�
7KH�GHFOLQH�RI�WKH�LQGXVWULDO�VHFWRU�LQ�JHQHUDO�KDV�EHHQ�H[SHFWHGO\�ORQJ��7KLV�LV�EHFDXVH
LQYHVWPHQWV�LQWR�SURGXFWLRQ�SURYLGH�D�SRVLWLYH�HIIHFW�ODWHU�WKDQ�WKH�VDPH�LQYHVWPHQWV
PDGH�LQWR�WKH�VHUYLFH�VHFWRU��7KH�ODWWHU�LV�OHVV�GHSHQGHQW�RQ�LQYHVWPHQWV��7KDW�LV�DOVR
RQH�UHDVRQ�ZK\�WKH�LQFUHDVH�LQ�WKH�VHUYLFH�VHFWRU�KDV�EHHQ�WKH�KLJKHVW��$QRWKHU�UHDVRQ
IRU�WKH�LQFUHDVH�KDV�EHHQ�WKH�HDUOLHU�ORZ�SURILOH��ZKLFK�PDGH�D�EHWWHU�EDVLV�IRU�JURZWK�
$PRQJ�LQGXVWULDO�VHFWRUV�(VWRQLD�GHSHQGV�RQ�LWV�WUDGLWLRQDO�VHFWRUV�OLNH�IRRG��WLPEHU
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DQG�IXUQLWXUH��FKHPLFDOV��DQG�SRZHU�HQJLQHHULQJ��7KRVH�LQGXVWULHV�KDYH�XQGHUJRQH
PRGHUQLVDWLRQ��ZKLFK�LV�UHIOHFWHG�LQ�LPSURYLQJ�SURGXFW�TXDOLW\��(VWRQLDQ�H[SRUWV�WR�WKH
:HVWHUQ�PDUNHWV�KDYH�EHHQ�LQFUHDVLQJ�JUDGXDOO\�DQG�WRGD\�PDMRU�H[SRUW�SDUWQHUV�DUH
WKRVH�IURP�:HVWHUQ�(XURSH��HVSHFLDOO\�6FDQGLQDYLDQ�FRXQWULHV�

(VWRQLDQ�WUDGH�EDODQFH�KDV�EHHQ�QHJDWLYH�VLQFH�������7KLV�PHDQV�WKDW�LPSRUWV�KDYH
H[FHHGHG�H[SRUWV��$PRQJ�RWKHU�IDFWRUV�WKLV�LV�FDXVHG�E\�WKH�VPDOOQHVV�RI�WKH�FRXQWU\
ZKHUH�QRW�HYHU\WKLQJ�FDQ�EH�SURGXFHG�ORFDOO\�DQG�WKHUHIRUH�WKH�PDMRULW\�RI�JRRGV�KDYH
WR�EH�LPSRUWHG�

'XULQJ�SDVW�GHFDGHV�WKH�HQHUJ\�VHFWRU�KDV�EHHQ�RQH�RI�WKH�NH\�VHFWRUV�LQ�HFRQRPLF
GHYHORSPHQW�LQ�(VWRQLD��7KH�GHYHORSPHQW�RI�WKH�HQHUJ\�VHFWRU�KDV�EHHQ�LGHQWLILHG�DV�D
VWUDWHJLF�FRPSRQHQW�LQ�WKH�VWDEOH�GHYHORSPHQW�WRZDUGV�D�PDUNHW�HFRQRP\��$V�D�IDFWRU
RI�SURGXFWLRQ��HQHUJ\�FRQWULEXWHV�VLJQLILFDQWO\�WR�WKH�GHYHORSPHQW�RI�DOO�RWKHU�VHFWRUV�
)URP�WKH�SRLQW�RI�YLHZ�RI�(VWRQLD·V�WRWDO�HPLVVLRQ�RI�JUHHQKRXVH�JDVHV��WKH�HQHUJ\
VHFWRU�LV�FRQWULEXWLQJ�WKH�ELJJHVW�VKDUH��7KHUHIRUH�WKLV�VHFWRU�ZDV�VHOHFWHG�IRU�D
WKRURXJK�VWXG\�RI�WKH�*+*�PLWLJDWLRQ�RSWLRQV�LQ�WKH�IUDPH�RI�WKH�SUHVHQW�FRXQWU\�FDVH
VWXG\��'XULQJ�FHQWUDOO\�SODQQHG�HFRQRP\�WKH�LQWHQVLYH�HQHUJ\�SURGXFWLRQ�ZDV�EDVHG
RQ�RLO�VKDOH��7KLV�KDV�EHHQ�WKH�PDLQ�UHDVRQ�ZK\�(VWRQLD�ZDV�DFFRXQWHG�DPRQJVW�WKH
ZRUOG·V�ELJJHVW�SHU�FDSLWD��*+*�HPLWWHUV�WLOO�WKH�����V�

$V�WKH�RLO�VKDOH�EDVHG�SRZHU�JHQHUDWLRQ�LV�WKH�ELJJHVW�VRXUFH�RI�*+*��WKH�ZD\V�WR
UHGXFH�WKH�WRWDO�HPLVVLRQ�RI�*+*�DUH�RI�KLJK�SULRULW\�LQ�LPSOHPHQWLQJ�WKH�REOLJDWLRQV
RI�81�)UDPHZRUN�&RQYHQWLRQ�RI�&OLPDWH�&KDQJH��,Q�WKH�SUHVHQW�ZRUN�TXLWH�DQ
HVVHQWLDO�HPSKDVLV�LV�RQ�WKH�YDULRXV�WHFKQRORJLFDO�DVSHFWV�RI�WKH�ILULQJ�RI�RLO�VKDOH��$V
WKH�RLO�VKDOH�EDVHG�HOHFWULFLW\�SURGXFWLRQ�KDV�D�ORQJ�KLVWRU\�VLQFH�WKH�����V�LQ�(VWRQLD
ILULQJ�WHFKQRORJLHV�KDYH�EHHQ�FRQWLQXRXVO\�GHYHORSHG�DQG�D�JRRG�NQRZ�KRZ�EDVLV�KDV
EHHQ�FUHDWHG�E\�(VWRQLDQ�VFLHQWLVWV�LQ�WKLV�VSHFLILF�ILHOG�RI�RLO�VKDOH�FRPEXVWLRQ��1HZ
DSSURDFKHV�WR�FRPEXVWLRQ�DOORZ�VLJQLILFDQW�UHGXFWLRQ�RI�ERWK�WKH�*+*�DQG�VXOSKXU
GLR[LGH�HPLVVLRQV��7KH�ODWWHU�KDV�EHHQ�RQH�RI�WKH�PRVW�SUREOHPDWLF�SROOXWDQWV�IRU
(VWRQLD��DV�WKH�GDPDJHV�IURP�VXOSKXU�GLR[LGH�HPLVVLRQV�DUH�ZHOO�GHILQHG��%HVLGHV�
VXOSKXU�GLR[LGH�UHDFKHV�WKH�QHLJKERXULQJ�)LQQLVK�WHUULWRU\�FDXVLQJ�KDUP�WR
HQYLURQPHQW�

,Q�-XQH������(VWRQLD�DQG�)LQODQG�VLJQHG�D�ELODWHUDO�DJUHHPHQW�RQ�UHGXFLQJ�WKH
HPLVVLRQV�RI�VXOSKXU�DFFRUGLQJ�WR�ZKLFK�(VWRQLD�PXVW�UHGXFH�LWV�62��HPLVVLRQV�E\����
E\������IURP�WKH������OHYHO��7KH�12[�HPLVVLRQV�DUH�QRW�DOORZHG�WR�H[FHHG�WKH�����
OHYHO�

2LO�VKDOH�LV�WKH�PRVW�LPSRUWDQW�GRPHVWLF�IXHO�IRU�WKH�5HSXEOLF�RI�(VWRQLD��,Q������WKH
WRWDO�SULPDU\�HQHUJ\�VXSSO\�ZDV�����3-��2LO�VKDOH�SURGXFWLRQ�ZDV�LQ�WKH�VDPH�\HDU
������3-�DQG�LWV�VKDUH�LQ�WKH�(VWRQLDQ�HQHUJ\�EDODQFH�ZDV��������(DFK�\HDU�VRPH
DPRXQW�RI�RLO�VKDOH�KDV�EHHQ�DOVR�LPSRUWHG�IURP�5XVVLD��$FWLYH�RLO�VKDOH�GHSRVLW
UHVRXUFHV�DUH�DSSUR[LPDWHO\����²����*W�DQG�SDVVLYH�UHVRXUFHV�DUH�DERXW���*W�
1RZDGD\V�RLO�VKDOH�LV�SURGXFHG�DW�VL[�XQGHUJURXQG�PLQHV�DQG�IRXU�RSHQ�SLW�PLQHV�
7KH�QHW�HOHFWULFLW\�SURGXFWLRQ�LQ�(VWRQLD�ZDV�����7:⋅K�LQ�������0RUH�WKDQ�����RI
SRZHU�LV�SURGXFHG�LQ�IRXU�RLO�VKDOH�SRZHU�SODQWV�ZLWK�WRWDO�HOHFWULFDO�FDSDFLW\�����
0:��$ERXW�����RI�KHDW�SURGXFWLRQ�EDVHV�RQ�RLO�VKDOH�FRPEXVWLRQ��7KH�ELJJHVW
HOHFWULFDO�SRZHU�SODQWV�DUH�WKH�(VWRQLDQ�SRZHU�SODQW�ZLWK�WRWDO�HOHFWULFDO�FDSDFLW\
�����0:�DQG�WKH�%DOWLF�SRZHU�SODQW�ZLWK�WRWDO�HOHFWULFDO�FDSDFLW\������0:��7KH�RLO
VKDOH�FRQVXPSWLRQ�IRU�SRZHU�SURGXFWLRQ�ZDV����0W�LQ�������7KH�VKDUH�RI�WRWDO
HPLVVLRQ�RI�FDUERQ�GLR[LGH�IURP�RLO�VKDOH�SRZHU�SODQWV�FRQVWLWXWHV���²����RI�WRWDO
FDUERQ�GLR[LGH�HPLVVLRQ�LQ�(VWRQLD��2LO�VKDOH�LV�XVHG�DOVR�IRU�VKDOH�RLO��V\QWKHWLF�FUXGH
RLO��SURGXFWLRQ�DQG�DV�D�UDZ�PDWHULDO�IRU�WKH�FKHPLFDO�DQG�FHPHQW�LQGXVWULHV�



��

$V�WKH�&2��PLWLJDWLRQ�KDV�D�NH\�UROH�WR�IROORZ�WKH�FRPPLWPHQWV�RI�WKH�.\RWR�SURWRFRO�
VLJQLILFDQW�FXWWLQJ�RI�&2��HPLVVLRQ�E\�RLO�VKDOH�SRZHU�SODQWV�LV�D�KLJKO\�LPSRUWDQW
LVVXH��7ZR�SDUDPHWHU�JURXSV�KDYH�D�JUHDW�LQIOXHQFH�RQ�WKH�VSHFLILF�HPLVVLRQ�RI�&2���NJ
&2��SHU�N:ÃK�SURGXFWLRQ�RI�HOHFWULFLW\��LQ�D�SRZHU�SODQW��7KH�ILUVW�JURXS�LV�WKH
FRQYHUVLRQ�HIILFLHQF\�RI�IXHO�HQHUJ\�WR�HOHFWULFDO�SRZHU��VSHFLILF�FRQVXPSWLRQ�RI�KHDW
IRU�WKH�SURGXFWLRQ�RI�HOHFWULFLW\��0-�N:⋅K��GHWHUPLQHG�IURP�WKH�SRZHU�SODQW·V�QHW
WKHUPDO�HIILFLHQF\��7KH�VHFRQG�JURXS�RI�SDUDPHWHUV�GHSHQGV�RQ�WKH�SURSHUWLHV�RI�IXHOV
EXUQHG�LQ�WKH�SRZHU�SODQW��EXW�HVSHFLDOO\�RQ�WKH�FDUERQ�FRQWHQW�DQG�FDUERQ�FRQYHUVLRQ
H[WHQW�WR�&2��

2LO�VKDOH�ZLOO�EH�WKH�PRVW�OLNHO\�HQHUJ\�VRXUFH�IRU�(VWRQLD�WR�EH�XVHG�LQ�WKH�IXWXUH�
7KHUHIRUH��WKH�*+*�PLWLJDWLRQ�RSWLRQV�LQ�WKH�XVH�RI�RLO�VKDOH�FRPEXVWLRQ�WHFKQRORJLHV
KDYH�D�NH\�UROH�WR�SOD\�KHUH��3UHVHQWO\�WKH�KLJK�WHPSHUDWXUH�SXOYHULVHG�ILULQJ
WHFKQRORJ\��3)��LV�XVHG�LQ�RLO�VKDOH�ILUHG�SRZHU�SODQWV�LQ�(VWRQLD��7KH�ERLOHUV�XVHG�LQ
SRZHU�SODQWV�KDYH�EHHQ�VSHFLDOO\�GHVLJQHG�IRU�(VWRQLDQ�RLO�VKDOH��7KH�3)�WHFKQLTXH�IRU
EXUQLQJ�RLO�VKDOH�LV�FKDUDFWHULVHG�E\�YHU\�LQWHQVLYH�IRXOLQJ�RI�WKH�KHDW�WUDQVIHU�VXUIDFHV
RI�WKH�ERLOHU�ZLWK�DVK�GHSRVLWV�DQG�KLJK�WHPSHUDWXUH�FRUURVLRQ��%HFDXVH�RI�LQWHQVLYH
KLJK�WHPSHUDWXUH�FRUURVLRQ�RI�WKH�PHWDO�RI�VXSHUKHDWHU�KHDW�WUDQVIHU�VXUIDFHV�WKH
VXSHUKHDWHG�DQG�UHKHDWHG�VWHDP�WHPSHUDWXUHV�DUH�ORZ�DQG�WKH�QHW�DYHUDJH�HIILFLHQF\�RI
RLO�VKDOH�SRZHU�SODQWV�LV�����²�����

(VWRQLDQ�RLO�VKDOH�EHORQJV�WR�WKH�FDUERQDWH�FODVV�RI�IXHOV��7KH�FDUERQ�SUHVHQW�LQ�RLO�VKDOH
LV�GLYLGHG�LQWR�WZR�SDUWV�²�RUJDQLF�DQG�PLQHUDO�FDUERQ��7KH�RUJDQLF�FDUERQ�LV�ERXQG
ZLWK�RUJDQLF�PDWWHU�PROHFXOH�RI�RLO�VKDOH�DQG�JRHV�PRVWO\�LQWR�FRPEXVWLRQ�SURGXFWV�DV
&2��LUUHVSHFWLYH�RI�WKH�IXHO�FRPEXVWLRQ�WHFKQRORJ\��7KH�PLQHUDO�FDUERQ�LV�ERXQG�ZLWK
LQRUJDQLF�PDWWHU�RI�RLO�VKDOH�DQG�RFFXUV�DV�PLQHUDO�&2��LQ�FDUERQDWHV
�PLQHUDOV��
PDLQO\�ZLWK�FDOFLXP�FDUERQDWH��FDOFLWH��DQG�SDUWO\�DV�GRORPLWH��$W�WKH�FRPEXVWLRQ�RI
RLO�VKDOH�WKH�IRUPHG�RI�&2��LV�GLYLGHG�LQWR�WZR�SDUWV���RUJDQLF�&2���ZKLFK�JHQHUDWHV
IURP�RUJDQLF�FDUERQ�LQ�WKH�R[LGLVLQJ�SURFHVV��DQG�PLQHUDO�&2���ZKLFK�LV�IRUPHG�LQ
FDUERQDWHV�PLQHUDOV
�GHFRPSRVLWLRQ�SURFHVVHV��7KH�RUJDQLF�DQG�PLQHUDO�&2�

FRQFHQWUDWLRQ�LQ�WKH�FRPEXVWLRQ�SURGXFWV�RI�RLO�VKDOH�GHSHQGV�RQ�WKH�RUJDQLF�DQG
PLQHUDO�FDUERQ�FRQWHQW�LQ�WKH�IXHO��&2��FRQFHQWUDWLRQ�LQ�FRPEXVWLRQ�SURGXFWV�IRUPHG
IURP�WKH�RUJDQLF�FDUERQ�RI�RLO�VKDOH�LV�YHU\�VOLJKWO\�DIIHFWHG�E\�WKH�IXHO�FRPEXVWLRQ
WHFKQRORJ\�EXW�WKH�IXHO�FRPEXVWLRQ�WHFKQRORJ\�KDV�D�YHU\�UHPDUNDEOH�LQIOXHQFH�RQ�WKH
DPRXQW�RI�WKH�&2��HPLWWHG�IURP�FDUERQDWH�PLQHUDOV�

7KH�&2��SUHVVXUH�LQ�WKH�FRPEXVWLRQ�SURGXFWV�SOD\V�D�JUHDW�UROH�LQ�FDUERQDWHV
EHKDYLRXU�LQ�WKH�FRPEXVWLRQ�SURFHVVHV��,Q�WKH�H[LVWLQJ�RLO�VKDOH�SRZHU�SODQWV�XVLQJ�WKH
3)�FRPEXVWLRQ�WHFKQLTXH�DW�DWPRVSKHULF�SUHVVXUH�WKH�&2��SUHVVXUH�LQ�WKH�FRPEXVWLRQ
SURGXFWV�LV�WKH�UDQJH�������������03D��7KLV�LV�ORZHU�WKDQ�&2��HTXLOLEULXP�SUHVVXUH�IRU
WKHUPDO�GLVVRFLDWLRQ�RI�FDOFLXP�FDUERQDWH��DQG�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�LV
SRVVLEOH��7KH�FDUERQDWH�PLQHUDOV
�GHFRPSRVLWLRQ�UDWH�LQ�FDVH�RI�WKH�3)�WHFKQRORJ\�LV�LQ
WKH�UDQJH������������3URFHHGLQJ�IURP�WKH�DQQXDO�DYHUDJH�SUR[LPDWH�FRPSRVLWLRQ�RI�RLO
VKDOH��/+9�DV�UHFHLYHG�EDVLV���������0-�NJ��WKH�VSHFLILF�HPLVVLRQ�RI�&2���NJ�&2��SHU
NJ�RLO�VKDOH��LV�����������NJ�NJ�RU�����������NJ�N:ÃK�RI�HOHFWULF�SRZHU�SURGXFHG��7KH
WRWDO�HPLVVLRQ�RI�WKH�&2��IURP�RLO�VKDOH�SRZHU�SODQWV�ZDV�DSSUR[LPDWHO\������0W�LQ
������$OVR��WKLV�ZRXOG�UDLVH�WKH�H[SORLWDWLRQ�DQG�PDLQWHQDQFH�FRVWV�RI�WKH�SRZHU�SODQW�

2LO�VKDOH�SRZHU�SODQWV�KDYH�D�FRPSDUDWLYHO\�KLJK�HPLVVLRQ�RI�VXOSKXU�GLR[LGH�LQ�VSLWH
RI�WKH�KLJK�ELQGLQJ�FDSDFLW\�RI�VXOSKXU�GLR[LGH�E\�DVK�LQ�WKH�JDV�SDVVHV�RI�WKH�ERLOHUV�
$SSUR[LPDWHO\��������RI�WKH�WRWDO�VXOSKXU�LQ�RLO�VKDOH�JRHV�LQWR�VWDFN�DV�62���6XOSKXU
GLR[LGH�HPLVVLRQ�FDQ�EH�UDGLFDOO\�UHGXFHG�XVLQJ�WKH�3)�WHFKQRORJ\�ZLWK�JDV�FOHDQLQJ
GHYLFHV��7KLV�VROXWLRQ�LV�QRW�UHDOLVWLF�GXH�WR�KLJK�FRVW�RI�WKH�GHYLFHV��0RUHRYHU��WKH



��

ZRUNLQJ�OLIH�RI�QHZ�FOHDQLQJ�HTXLSPHQW�ZLOO�SUREDEO\�EH�FRQVLGHUDEO\�ORQJHU�WKDQ�WKDW
RI�WKH�H[LVWLQJ�ERLOHUV�

7KH�ORZ�WHPSHUDWXUH�IOXLGLVHG�EHG�FRPEXVWLRQ��)%&��WHFKQRORJ\�RI�VROLG�IXHOV�LV�D
PRGHUQ�WHFKQLTXH��7KLV�WHFKQLTXH�LV�GLYLGHG�LQWR�DWPRVSKHULF�DQG�SUHVVXULVHG
FRPEXVWLRQ�WHFKQRORJ\�

7KH�)%&�WHFKQRORJ\�LV�XVXDOO\�FODVVLILHG�DV�HLWKHU�EXEEOLQJ��%)%&��RU�FLUFXODWLQJ
IOXLGLVHG�EHG��&)%&���,Q�%)%&�WKH�DLU�YHORFLW\�LQ�WKH�FRPEXVWRU�LV�ORZ�DQG�WKH�SDUWLFOHV
EHKDYH�OLNH�D�ERLOLQJ�IOXLG�DQG�VWD\�LQ�EHG��,Q�VXFK�D�V\VWHP�KHDW�H[FKDQJHU�WXEHV
LPPHUVHG�ZLWKLQ�WKH�EHG�SDUWLFOHV�DUH�XVXDOO\�XVHG��,Q�&)%&�WKH�DLU�YHORFLW\�LV�KLJKHU
DQG�PXFK�PDWHULDO�OHDYHV�WKH�EHG�DQG�LV�FROOHFWHG�E\�F\FORQH�VHSDUDWRUV��'XH�WR�YHU\
ORZ�IXHO�FRQFHQWUDWLRQ�LQ�WKH�FRPEXVWRU�DQG�WKH�KLJK�WKHUPDO�FDSDFLW\�RI�WKH�VROLG
SKDVH�WKHUH�LV�QR�QHHG�IRU�WXEHV�RI�KHDW�WUDQVIHU�VXUIDFHV�LQ�WKH�EHG��7KH�ZDWHU�ZDOO
WXEHV�FRRO�WKH�XSSHU�SDUW�RI�WKH�FRPEXVWRU��,Q�PRGHUQ�DWPRVSKHULF�&)%&�ERLOHUV�WKH
IOXLGLVHG�EHG�KHDW�H[FKDQJHU��)%+(��LV�XVHG��7KH�)%+(�LV�D�EXEEOLQJ�EHG�KHDW
H[FKDQJHU�IOXLGLVLQJ�E\�DLU��8VLQJ�WKH�DWPRVSKHULF�&)%&�WHFKQRORJ\�DOO�WKH�VXOSKXU�LQ
RLO�VKDOH�ZLOO�EH�FDSWXUHG�ZLWK�DVK�DQG�WKH�XVH�RI�WKH�JDV�FOHDQLQJ�HTXLSPHQW�LV�QRW
QHFHVVDU\�

7KH�SUHVVXULVHG�IOXLGLVHG�EHG��3)%&��FRPELQHG�F\FOH�WHFKQRORJ\�LV�D�WRS�FRPEXVWLRQ
WHFKQLTXH��7KH�V\VWHP�LV�D�FRPELQDWLRQ�RQ�%UD\WRQ�DQG�5DQNLQH�SRZHU�F\FOHV��6XFK�D
FRPELQHG�HQHUJ\�FRQYHUVLRQ�V\VWHP�KDV�D�JDV�WXUELQH�LQ�WKH�RSHQ�F\FOH�DQG�D�VWHDP
WXUELQH�LQ�WKH�FORVHG�F\FOH��7KH�PDLQ�HOHPHQW�LQ�WKH�3)%&�V\VWHP�LV�WKH�IOXLGLVHG�EHG
ERLOHU�SODFHG�LQWR�WKH�VWHHO�SUHVVXULVHG�YHVVHO��7KH�KHDW�WUDQVIHU�VXUIDFHV�DUH�ORFDWHG�LQ
WKH�IOXLGLVHG�EHG��7KH�ERLOHU�RSHUDWHV�DW�D�SUHVVXUH���������03D��7KH�FRPEXVWLRQ
WHPSHUDWXUH�LV�XVXDOO\�LQ�WKH�UDQJH���������&��7KH�JDV�WXUELQH�FRPSUHVVRU�VXSSOLHV�JDV
WR�WKH�SUHVVXULVHG�YHVVHO�WKDW�FRQWDLQV�D�EXEEOLQJ�IOXLGLVHG�EHG��7KH�EHG�FRQWDLQV�KHDW
H[FKDQJHU�WXEHV��7KH�SUHVVXULVHG�IOXH�JDV�H[LWLQJ�WKH�FRPEXVWRU�LV�FOHDQHG�RI�VROLG
SDUWLFOHV�LQ�D�F\FORQH�V\VWHP�RU�LQ�FHUDPLF�ILOWHUV��7KH�JDVHV�WKHQ�H[SDQG�LQ�D�JDV
WXUELQH�DQG�JHQHUDWH�DGGLWLRQDO�HQHUJ\�DQG�WKHQ�SDVV�WKURXJK�D�KHDW�H[FKDQJHU�WR
SUHKHDW�IHHG�ZDWHU�IRU�WKH�VWHDP�F\FOH�EHIRUH�EHLQJ�GLVFKDUJHG�WR�WKH�DWPRVSKHUH��7KH
JDV�WXUELQH�GULYHV�D�FRPSUHVVRU�DQG�WKH�HOHFWULFDO�SRZHU�JHQHUDWRU�

,Q�WKH�SUHVVXULVHG�)%&�FRPEXVWLRQ�FRQGLWLRQV�DOO�WKH�VXOSKXU�LQ�RLO�VKDOH�LV�FDSWXUHG
ZLWK�DVK��7KLV�LV�RI�JUHDW�YDOXH�IURP�WKH�SRLQW�RI�YLHZ�RI�UHGXFWLRQ�RI�VXOSKXU
HPLVVLRQV��SDUWLFXODUO\�IROORZLQJ�WKH�UHTXLUHPHQWV�RI�DEDWHPHQW�TXRWDV�DFFRUGLQJ�WR�D
ELODWHUDO�DJUHHPHQW�ZLWK�QHLJKERXULQJ�)LQODQG�

2QH�SHUVSHFWLYH�WHFKQLTXH�IRU�RLO�VKDOH�SRZHU�SODQWV�LV�LQWURGXFLQJ�WKH�3)%&
FRPEXVWLRQ�WHFKQRORJ\��7KH�3)%&�WHFKQLTXH�KDV�PDQ\�DGYDQWDJHV�FRPSDUHG�ZLWK�3)
EXUQLQJ�WHFKQRORJLHV�IURP�WKH�DLU�SROOXWLRQ�SRLQW�RI�YLHZ��,Q�WKH�SUHVVXULVHG
FRPEXVWLRQ�FRQGLWLRQV�&2��SUHVVXUH�LQ�WKH�FRPEXVWLRQ�SURGXFWV�LV�LQ�WKH�UDQJH
����������03D��ZKLFK�LV�KLJKHU�WKDQ�&2��HTXLOLEULXP�SUHVVXUH�IRU�WKHUPDO�GLVVRFLDWLRQ
RI�FDOFLXP�FDUERQDWH��DQG�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�LV�QRW�SRVVLEOH��,Q�VSLWH�RI
WKH�LPSRVVLELOLW\�RI�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�WKHLU�GHFRPSRVLWLRQ�WR�VRPH
H[WHQW�RFFXUV�GXH�WR�UHDFWLRQV�EHWZHHQ�R[LGHV�LQ�FDUERQDWHV��VXOSKXU�GLR[LGH�DQG
VDQG\�FOD\�PLQHUDOV��7KH�FDUERQDWH�PLQHUDOV
�GHFRPSRVLWLRQ�UDWH�XVLQJ�RLO�VKDOH�3)%&
WHFKQRORJ\�LV�LQ�WKH�UDQJH������������%XUQLQJ�RLO�VKDOH�LQ�3)%&�ZLWK�QHW�/+9��������
0-�NJ�WKH�&2��FRQFHQWUDWLRQ�LQ�FRPEXVWLRQ�SURGXFWV�GHFUHDVHV�E\�DSSUR[LPDWHO\
�������DQG�WKH�KHDWLQJ�YDOXH�RI�RLO�VKDOH�LQFUHDVHV����������FRPSDUHG�ZLWK
DWPRVSKHULF�FRPEXVWLRQ�FRQGLWLRQV��3URFHHGLQJ�IURP�WKH�DQQXDO�DYHUDJH�SUR[LPDWH
FRPSRVLWLRQ�RI�RLO�VKDOH��/+9�DV�UHFHLYHG�EDVLV���������0-�NJ��WKH�VSHFLILF�HPLVVLRQ�RI
&2��E\�XVLQJ�3)%&�WHFKQLTXHV�LV�LQ�WKH�UDQJH�����������NJ�NJ�RU�����������NJ�N:ÃK�



��

&2��VSHFLILF�HPLVVLRQ�E\�XVLQJ�WKH�3)%&�WHFKQRORJ\�GHFUHDVHV��������FRPSDUHG�WR�WKH
3)�WHFKQLTXH�

7KH�WRWDO�HPLVVLRQ�RI�&2��IDOOV�ZKHQ�WKH�3)%&�WHFKQRORJ\�LV�XVHG�WR�������0W�\U���LQ
����������0W���,Q�FDVH�RI�WKH�3)%&�WHFKQRORJ\�RI�RLO�VKDOH�FRPEXVWLRQ�WKH�VXOSKXU
GLR[LGH�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�LV�DSSUR[LPDWHO\�]HUR��7KLV�LV�KLJKO\�LPSRUWDQW
IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�JHQHUDO�SROOXWLRQ�DEDWHPHQW�SROLF\��7KH�FRQWHQW�RI
QLWURJHQ�R[LGHV�LQ�WKH�IOXH�JDV�GHFUHDVHG��������FRPSDUHG�ZLWK�WKH�3)�WHFKQRORJ\�

7KH�ILJXUHV�SUHVHQWHG�DERYH�VKRZ�WKH�XOWLPDWH�LPSRUWDQFH�RI�RLO�VKDOH�FRPEXVWLRQ
WHFKQRORJ\�FKDQJH�IRU�WKH�UHGXFWLRQ�RI�DOO�HPLVVLRQV�IURP�(VWRQLDQ�RLO�VKDOH�EDVHG
SRZHU�VHFWRU��&RPSDUHG�WR�WKH�SUHVHQW�SXOYHULVHG�FRPEXVWLRQ��WKH�&2��HPLVVLRQV
FRXOG�EH�UHGXFHG�XS�WR������WKH�12;�HPLVVLRQV�XS�WR�����DQG�62��HPLVVLRQV�FRXOG�EH
WRWDOO\�DYRLGHG�

%HVLGHV�RLO�VKDOH�(VWRQLD�KDV�RWKHU�GRPHVWLF�SULPDU\�IXHO�UHVRXUFHV�RI�SHDW�DQG�ZRRG�
DOVR�ZDVWH�SURGXFWV�IURP�IRUHVW�DV�ZHOO�DV�VHFRQGDU\�IXHO�UHVRXUFHV�RI�VKDOH�RLO�
(VWRQLDQ�PDLQ�UHQHZDEOH�HQHUJ\�VRXUFHV�VXLWDEOH�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ
DUH�ZRRG��ZLQG�DQG�ZDWHU��$W�WKH�VDPH�WLPH�(VWRQLD�ODFNV�QDWXUDO�JDV��RLO�DQG�FRDO�
WKRVH�IXHOV�KDYH�WR�EH�SXUFKDVHG�DW�ZRUOG�PDUNHW�SULFH�OHYHO��'XH�WR�WKH�VKLIW�WR
(XURSHDQ�SULFHV�RI�HQHUJ\�FDUULHUV�(VWRQLDQ�SULPDU\�HQHUJ\�VXSSO\�KDV�FKDQJHG
WRZDUGV�WKH�LQFUHDVH�RI�GRPHVWLF�IXHOV��)RU�H[DPSOH��WKH�VKDUH�RI�RLO�VKDOH�KDV�LQFUHDVHG
IURP�����LQ������WR�����LQ�������7KH�VKDUH�RI�ZRRG�DQG�SHDW�KDG�UHDFKHG����OHYHO�WR
\HDU������DV�DJDLQVW�����LQ�������7KH�VKDUH�RI�LPSRUWHG�IXHO�RLOV�GURSSHG�IURP�����LQ
�����WR����LQ�������7KH�VKDUH�RI�GRPHVWLF�IXHOV�LQ�WKH�SULPDU\�HQHUJ\�VXSSO\�LV
SUHVHQWO\�DERXW�����

$SSUR[LPDWHO\�����RI�(VWRQLD·V�WHUULWRU\�LV�FRYHUHG�ZLWK�IRUHVW�DQG�VKUXEEHU\��,W�LV
SRVVLEOH�WR�JHW��²����0P��IXHO�IURP�(VWRQLDQ�IRUHVWV��ZKLFK�LV�HTXLYDOHQW�WR���²���3-
SULPDU\�HQHUJ\��,Q������WKH�XVH�RI�ELRIXHO��PRVWO\�ZRRG��DV�D�UHQHZDEOH�HQHUJ\�ZDV
����0P���ZKLFK�DFFRXQWHG�IRU�DERXW�����RI�WKH�SURGXFWLRQ�RI�SULPDU\�IXHOV�LQ�(VWRQLD�
7KLV�ILJXUH�LV�VKRZLQJ�D�FOHDU�WHQGHQF\�WRZDUGV�JURZWK�

3HDW�IXHOV��LQFOXGLQJ�SHDW�EULTXHWWHV��PDNH�XS�DERXW����RI�WKH�SULPDU\�IXHOV�SURGXFHG
LQ�(VWRQLD��,Q������D�WRWDO�RI������0W�SHDW�IXHOV�ZDV�SURGXFHG��2I�WKH�WHUULWRU\�RI
(VWRQLD�DSSUR[LPDWHO\�����LV�FRYHUHG�ZLWK�ZHWODQGV��7KH�UHVHUYHV�RI�SHDW�DUH
HVWLPDWHG�DW�����*W��3HDW�UHVRXUFHV�FDQ�EH�WUHDWHG�DV�UHQHZDEOH�RQO\�ZLWK�FHUWDLQ
UHVHUYDWLRQV�EHFDXVH�RI�WKHLU�VORZ�UHFRYHULQJ��7KH�UHFRYHULQJ�UDWH�LV�DSSUR[LPDWHO\��
PP�\U��ZKLFK�LV�HTXLYDOHQW�WR�����0W��$V�WKH�FRQVXPSWLRQ�RI�SHDW�GRHV�QRW�VXUSDVV�LWV
LQFUHPHQW��LW�FRXOG�EH�GHILQHG�DV�D�UHQHZDEOH�HQHUJ\�

(VWRQLD�KDV�FRQVLGHUDEOH�ZLQG�HQHUJ\�UHVRXUFHV��HVSHFLDOO\�LQ�FRDVWDO�DUHDV��$V�D
PD[LPXP�����7:⋅K�RI�HOHFWULFLW\�FRXOG�EH�SURGXFHG�DQQXDOO\�ZLWKRXW�FRQIOLFWLQJ�ZLWK
RWKHU�UHTXLUHPHQWV��)RU�WKLV������0:�RI�ZLQG�WXUELQHV�VKRXOG�EH�LQVWDOOHG�LQ�UHJLRQV
ZLWK�JRRG�ZLQG�FRQGLWLRQV��%HFDXVH�RI�KLJK�FDSLWDO�FRVWV�WKH�SULFH�RI�ZLQG�JHQHUDWHG
HOHFWULFLW\�ZLOO�EH�UDWKHU�KLJK�FRPSDUHG�ZLWK�WKH�UHODWLYHO\�ORZ�SULFH�RI�HOHFWULFLW\
JHQHUDWHG�RQ�WKH�EDVLV�RI�RLO�VKDOH��7KLV�LV�SUHVHQWO\�WKH�PDLQ�REVWDFOH�WR�KDUQHVVLQJ
ZLQG�HQHUJ\��,Q�-XQH������5LLJLNRJX�GHFLGHG�WR�DPHQG�WKH�(VWRQLDQ�(QHUJ\�$FW��ZKLFK
LQYROYHV�REOLJDWLRQ�WR�EX\�ZLQG�JHQHUDWHG�HOHFWULFLW\�E\�SXEOLF�JULG�DW�SUHIHUUHG�SULFH
OHYHO��7KLV�ZLOO�KHOS�RYHUFRPH�WKH�REVWDFOH�SRVHG�E\�ORZ�SULFH�

7KH�DPRXQW�RI�K\GUR�HQHUJ\�LV�YHU\�OLPLWHG�GXH�WR�WKH�JHQHUDOO\�IODW�VXUIDFH�RI�WKH
FRXQWU\��$V�PD[LPXP����0:�K\GURSRZHU�FDQ�EH�LQVWDOOHG�DQG�RQO\�D�IHZ�IRUPHU
SRZHU�SODQWV�ZLWK�D�WRWDO�FDSDFLW\�RI��²��0:�FDQ�EH�UHVWRUHG�LQ�WKH�QHDU�IXWXUH�
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5RXJK�HVWLPDWLRQV�VKRZ�WKDW�HYHU\�N:⋅K�RI�HOHFWULFLW\�SURGXFHG�E\�ZLQG�RU
K\GURSRZHU�LQVWHDG�RI�SXOYHULVHG�FRPEXVWLRQ�RI�RLO�VKDOH�LQ�H[LVWLQJ�SRZHU�SODQWV�ZLOO
DYRLG�WKH�HPLVVLRQ�RI������J�&2������J�IO\�DVK����J�12[�DQG���J�62��

7KH�RQO\�FRQVLGHUDEOH�DSSOLFDWLRQ�RI�VRODU�HQHUJ\�LQ�WKH�IXWXUH�FRXOG�EH�IRU�ZDWHU
KHDWLQJ�LQ�VXPPHU�

$W�SUHVHQW�D�UHDVRQDEOH�SDUW�RI�WKH�DYDLODEOH�UHQHZDEOH�HQHUJ\�VRXUFHV�LV�LQ�XVH��:RRG
DQG�SHDW�DUH�SUHGRPLQDQWO\�XVHG�IRU�WKH�SURGXFWLRQ�RI�KHDW��WKRXJK�SHDW�LV�EHJLQQLQJ
WR�EH�EXUQHG�DOVR�IRU�HOHFWULFLW\�JHQHUDWLRQ��,Q������DERXW����3-�ILUHZRRG�DQG�ZRRG
FKLSV�ZHUH�SURGXFHG�DQG�����3-�RI�SHDW�ZDV�XVHG�LQ�WKH�HQHUJ\�VHFWRU��,Q������ZRRG
DQG�SHDW�DFFRXQWHG�DOUHDG\�IRU����RI�WKH�SULPDU\�HQHUJ\�VXSSO\��$W�SUHVHQW�ILYH�VPDOO
K\GUR�SRZHU�SODQWV�ZLWK�D�WRWDO�FDSDFLW\�RI�����N:�DUH�LQ�RSHUDWLRQ��DQG�WKH�ILUVW�ZLQG
WXUELQH�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ�ZLWK�D�FDSDFLW\�RI�����N:�KDV�EHHQ
RSHUDWLQJ�VLQFH�6HSWHPEHU�������$V�WKHUH�LV�QR�GRPHVWLF�LQGXVWU\�SURGXFLQJ�K\GUR�RU
ZLQG�WXUELQHV�PRVW�RI�WKH�HTXLSPHQW�KDV�WR�EH�LPSRUWHG��$IWHU�D�VXFFHVVIXO�VWDUW�DOVR
GRPHVWLF�SURGXFWLRQ�RI�ZLQG�WXUELQHV�FRXOG�EH�FRQVLGHUHG�

7KDQNV�WR�LQFUHDVLQJ�XVH�RI�ZDVWH�ZRRG�LQ�WKH�HQHUJ\�VHFWRU�GRPHVWLF�SURGXFWLRQ�RI
HTXLSPHQW�IRU�ELRPDVV�ERLOHUV�KDV�VWDUWHG�DQG�LV�UDSLGO\�GHYHORSLQJ�

:RRG�DQG�SHDW�DUH�XVXDOO\�EXUQHG�DW�ERLOHU�KRXVHV�ZKHUH�WKH�PRVW�FRPPRQ�IXHO�XVHG
WR�EH�FUXGH�RLO��FRDO�RU�QDWXUDO�JDV��7KHUHIRUH�WKH�UHGXFWLRQ�LQ�WKH�HPLVVLRQ�RI�DLU
SROOXWDQWV�LV�VRPHZKDW�ORZHU�WKDQ�IRU�RLO�VKDOH�SRZHU�SODQWV��:RRG�RU�SHDW�LV
HFRQRPLFDOO\�IHDVLEOH�WR�XVH�RQO\�LI�WKH�IXHO�LV�ORFDWHG�FORVHU�WR�WKH�ERLOHU�KRXVH�WKDQ
��²����NP��,Q�(VWRQLD�JRRG�SURVSHFWV�IRU�ZRRG�DQG�SHDW�FRPEXVWLRQ�DUH�LQ�WKH
VRXWKHUQ�SDUW�RI�WKH�FRXQWU\�ZKHUH�VPDOOHU�WRZQV��H[WHQVLYH�SHDW�ERJV�DQG�ODUJH
IRUHVWV�DUH�VLWXDWHG��6WLOO��ZRRG�DQG�SHDW�GLIIHU�IURP�HDFK�RWKHU�LQ�WKH�FRQWHQW�RI
SROOXWDQWV�HPLWWHG��)RU�SHDW�WKH�&2��F\FOH�LV�ORQJ�DQG�LWV�HPLVVLRQ�LV�WDNLQJ�SODFH�ERWK
GXULQJ�H[FDYDWLRQ��EHJLQQLQJ�ZLWK�GUDLQDJH��DQG�FRPEXVWLRQ��+RZHYHU��62��DQG�12[
HPLVVLRQ�FDQ�EH�NHSW�RQ�D�UHODWLYHO\�ORZ�OHYHO�DQG�WKHLU�HPLVVLRQ�FDQ�EH�VLJQLILFDQWO\
UHGXFHG�FRPSDUHG�WR�IXHO�RLO�RU�FRDO�FRPEXVWLRQ��,Q�FDVH�RI�ZRRG�FRPEXVWLRQ�WKH
HPLWWHG�&2��ZLOO�EH�TXLFNO\�XVHG�GXULQJ�SKRWRV\QWKHVLV��12;�DQG�HVSHFLDOO\�62�

HPLVVLRQ�FDQ�EH�NHSW�ORZ�DV�WKH�VXOSKXU�FRQWHQW�LQ�ZRRG�LV�ORZ��,I�ZRRG�DQG�SHDW�DUH
XVHG�DOVR�IRU�HOHFWULFLW\�JHQHUDWLRQ�WKH�SRWHQWLDO�UHGXFWLRQ�LQ�*+*�HPLVVLRQ�ZLOO�EH
HYHQ�ELJJHU�

:RRG�DQG�SHDW�KDYH�EHHQ�ZLQQLQJ�PRUH�DQG�PRUH�SRSXODULW\��SDUWLFXODUO\�GXULQJ
UHFHQW�\HDUV��,Q�WKH�ORQJHU�SURVSHFWLYH�LW�KDV�EHHQ�IRUHVHHQ�E\�WKH�JRYHUQPHQW�WR
LQFUHDVH�WKH�VKDUH�RI�SHDW��ZRRG�DQG�ZLQG�HQHUJ\�IURP�WKH�SUHVHQW����WR�����WR�WKH
\HDU�������5HQHZDEOH�HQHUJ\�UHVRXUFHV�DUH�FRQVLGHUHG�WR�JLYH�QR�&2��HPLVVLRQV�VLQFH
WKH\�KDYH�QR�LPSDFW�RQ�WKH�JOREDO�FDUERQ�F\FOH�

 7KH�DQDO\VLV�DQG�SODQQLQJ�RI�WKH�HQHUJ\�V\VWHP�GHYHORSPHQW��ZKLFK�DUH�FORVHO\�UHODWHG
WR�WKH�FKDQJHV�LQ�WKH�ZKROH�HFRQRP\�DQG�HQYLURQPHQWDO�OLPLWDWLRQV��UHTXLUH�D�ODUJH�DQG
VXIILFLHQWO\�GHWDLOHG�PDWKHPDWLFDO�PRGHO�FDSDEOH�WR�GHVFULEH�WKH�HQHUJ\�VHFWRU�DV�D
ZKROH�DQG�HQDEOLQJ�WR�´SOD\�WKURXJKµ�YDULRXV�GHYHORSPHQW�VWUDWHJLHV�

 (QHUJ\�V\VWHP�PRGHOOLQJ�DQG�*+*�HPLVVLRQV�DQDO\VLV�XVLQJ�WKH�0$5.$/�DQG
0$5.$/�0$&52�PRGHOV�KDYH�EHHQ�DQ�LPSRUWDQW�SDUW�RI�WKH�SUHVHQW�VWXG\�RI
VHOHFWLQJ�PLWLJDWLRQ�RSWLRQV�IRU�(VWRQLD��7R�PRGHO�WKH�HQHUJ\�V\VWHP�GHYHORSPHQW�DQG
WR�DQDO\VH�WKH�UHVXOWLQJ�&2��HPLVVLRQV�D�GHPDQG�GULYHQ��PXOWL�SHULRG�OLQHDU
SURJUDPPLQJ�PRGHO�RI�WKH�WHFKQLFDO�HQHUJ\�V\VWHP�0$5.$/�DQG�0$5.$/�
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0$&52��WKH�KDUG�OLQNHG�PRGHO�RI�0$5.$/�DQG�0$&52�HFRQRPLF�PRGHO��ZHUH
XVHG�

 7KH�\HDU������ZDV�FKRVHQ�DV�WKH�EDVH�\HDU�IRU�PRGHO�FDOFXODWLRQV�DQG�WKH�SODQQLQJ
KRUL]RQ�ZDV�WDNHQ����\HDUV��ZKLFK�LQ�WXUQ�ZDV�GLYLGHG�LQWR���\HDU�SHULRGV��,W�ZDV
DVVXPHG�WKDW�(VWRQLDQ�SRSXODWLRQ�ZLOO�QRW�JURZ��ORQJ�WHUP�GLVFRXQW�UDWH�LV�������WKHUH
DUH�QR�OLPLWV�RQ�IXHO�LPSRUW�DQG�LQYHVWPHQWV�DQG�HOHFWULFLW\�LPSRUW�ZLOO�EH�UHVWULFWHG�
6RFLDO�DQG�SROLWLFDO�FRQVWUDLQWV�FRXOG�QRW�EH�FRQVLGHUHG�EHFDXVH�WKHLU�DFWXDO�YDOXHV
ZHUH�XQNQRZQ�

 ,W�ZDV�DVVXPHG�LQ�DOO�VFHQDULRV�FRQVLGHUHG�WKDW�(VWRQLD�IXOILOV�WDUJHWV�RI�LQWHUQDWLRQDO
DJUHHPHQWV�RQ�&2���62��DQG�12;�HPLVVLRQV��7KRVH�DJUHHPHQWV�FRQVWLWXWH�WKDW�(VWRQLD
PXVW�UHGXFH�LWV�62��HPLVVLRQV�E\�����E\������DQG�E\�����E\������IURP�WKH������OHYHO�
7KH�12;�HPLVVLRQV�DUH�QRW�DOORZHG�WR�H[FHHG�WKH������OHYHO��$FFRUGLQJ�WR�WKH�.\RWR
DJUHHPHQW�(VWRQLD·V�&2��HPLVVLRQV�LQ������PXVW�EH�DW�OHDVW����ORZHU�WKDQ�LQ������

 7KH�HFRQRPLF�GHYHORSPHQW�RI�(VWRQLD�GHSHQGV�WR�D�ODUJH�H[WHQW�RQ�GLIIHUHQW�GLUHFWLRQV
RI�WKH�LQWHJUDWLRQ�SURFHVV�RI�(VWRQLD�ZLWK�RWKHU�JURXSV�RI�FRXQWULHV�OLNH�WKH�(8��WKH
%DOWLF�VWDWHV��5XVVLD�DQG�WKH�&RPPRQZHDOWK�RI�,QGHSHQGHQW�6WDWHV��&,6���7KH
LQWHJUDWLRQ�RI�(VWRQLD�ZLOO�EH�PDLQO\�LQIOXHQFHG�E\�(VWRQLD·V�IXWXUH�UROH�LQ�LWV�HFRQRPLF
VSDFH�FRQQHFWHG�ZLWK�WKH�:HVW�DQG�WKH�(DVW��7R�FRSH�ZLWK�WKHVH�XQFHUWDLQ
GHYHORSPHQWV��WZR�GLIIHUHQW�HQHUJ\�GHPDQG�SURMHFWLRQV�ZHUH�GHYHORSHG�

 7KH�VFHQDULR�ZLWK�PRGHVW�HFRQRPLF�JURZWK�IRUHFDVW�LQ�FRPELQDWLRQ�ZLWK�IXOILOPHQW�RI
SUHVHQW�HQYLURQPHQWDO�DJUHHPHQWV�ZDV�GHFLGHG�WR�VHUYH�DV�WKH�EDVHOLQH�VFHQDULR�IRU�WKH
FXUUHQW�SURMHFW�

7KH�EDVHOLQH�VFHQDULR�DVVXPHV�(VWRQLD·V�FORVH�LQWHJUDWLRQ�ZLWK�:HVWHUQ�SROLWLFDO�DQG
HFRQRPLF�VWUXFWXUHV��HVSHFLDOO\�ZLWK�WKH�(8��ZKLOH�UHODWLRQV�ZLWK�5XVVLD�DQG�RWKHU�&,6
FRXQWULHV�DUH�UHODWLYHO\�ZHDN��8QGHU�WKLV�VFHQDULR��WKH�*'3�LV�H[SHFWHG�WR�JURZ��LQ
DYHUDJH�������DQQXDOO\�GXULQJ������������7KH�VHUYLFH�VHFWRU�ZLOO�EH�RI�JUHDWHU
LPSRUWDQFH�DQG�WKH�VKDUH�RI�PDQXIDFWXULQJ�ZLOO�GHFUHDVH�IXUWKHU��(VWRQLD�ZLOO�QRW�KDYH
ZLGHU�DFFHVV�WR�5XVVLDQ�PDUNHW�XQGHU�WKH�FRQGLWLRQV�RI�WKH�EDVHOLQH�VFHQDULR�DQG�WKLV
ZLOO�GLPLQLVK�LQFHQWLYHV�RI�ODUJH�LQWHUQDWLRQDO�FRPSDQLHV�WR�LQYHVW�LQWR�(VWRQLD��7KH
6FDQGLQDYLDQ�IRUHLJQ�LQYHVWPHQWV�ZLOO�EH�GRPLQDWLQJ�DQG�LQIOXHQFH�WKH�VWUXFWXUH�RI
(VWRQLDQ�HFRQRP\��7KH�XVHIXO�HQHUJ\�GHPDQG�LV�H[SHFWHG�WR�JURZ�IURP����0-�FDSLWD
LQ������WR�����0-�FDSLWD�LQ�WKH�\HDU������

7KH�RSWLPLVWLF�VFHQDULR�DVVXPHV�WKDW�(VWRQLD·V�PDUNHW�LV�RULHQWHG�WRZDUGV�ERWK�WKH
:HVW�DQG�WKH�(DVW��7KH�IORZV�RI�WUDQVLW�JRRGV�DQG�VHUYLFHV�DQG�UHODWHG�VHUYLFHV�ZLOO
KDYH�D�JUHDWHU�UROH�LQ�WKH�HFRQRP\��7KH�FORVHU�UHODWLRQVKLSV�ZLWK�WKH�&,6�PDUNHWV�ZLOO
DWWUDFW�LQWR�(VWRQLD�PRUH�ODUJH�LQWHUQDWLRQDO�FRUSRUDWLRQV�DQG�IRUHLJQ�LQYHVWPHQWV�RI
WKRVH�FRPSDQLHV�ZLOO�KDYH�DQ�LQFUHDVLQJ�UROH�LQ�WKH�(VWRQLDQ�HFRQRP\��8QGHU�WKLV
VFHQDULR��WKH�DYHUDJH�DQQXDO�*'3�JURZWK�ZLOO�EH�������7KH�XVHIXO�HQHUJ\�GHPDQG
FDSLWD�LV�H[SHFWHG�WR�JURZ�IURP����0-�FDSLWD�LQ������WR�����0-�FDSLWD�LQ�WKH�\HDU������

 'HPDQG�SURMHFWLRQV�ZHUH�GHYHORSHG�IRU�LQGXVWU\�	�DJULFXOWXUH��UHVLGHQWLDO�	
FRPPHUFLDO�DQG�WUDQVSRUW�VHFWRUV�RI�WKH�HFRQRP\��DQG�IRU�QRQ�HQHUJ\�XVH�RI�IXHOV��7KH
PDLQ�LQGXVWULDO�HQHUJ\�FRQVXPHUV�DUH�WKH�FKHPLFDO�LQGXVWU\��RWKHU�QRQ�PHWDOOLF
PLQHUDO�SURGXFWV��IRRG�LQGXVWU\��PLQLQJ�DQG�IXHOV��7KH�IDVWHU�JURZWK�RI�WKRVH
LQGXVWULHV�LQ�WKH�VHFRQG�VFHQDULR�LV�UHODWHG�WR�ZLGHU�XVH�RI�5XVVLDQ�LQSXWV��D�QHZ
PHWKDQRO�SODQW�XVLQJ�LPSRUWHG�JDV�LV�D�SRVVLEOH�QHZ�SURGXFWLRQ�XQLW�LQ�WKLV�VFHQDULR��
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7KH�HVWDEOLVKPHQW�RI�D�QHZ�SDSHU�SODQW�DQG�WKH�UHVSHFWLYH�LQFUHDVH�LQ�HQHUJ\�GHPDQG
KDYH�EHHQ�DVVXPHG�LQ�ERWK�VFHQDULRV�

 *+*�HPLVVLRQV�FDQ�EH�UHGXFHG�E\�FKDQJHV�LQ�ERWK�VXSSO\�DQG�FRQVXPHU�VLGHV�RI�WKH
HQHUJ\�V\VWHP��6XSSO\�VLGH�*+*�PLWLJDWLRQ�RSWLRQV�IRU�(VWRQLD�DUH�

• &KDQJH�RI�IXHOV��HVSHFLDOO\�UHGXFLQJ�WKH�VKDUH�RI�RLO�VKDOH�LQ�HOHFWULFLW\
SURGXFWLRQ

• 1HZ�FOHDQ�DQG�HIILFLHQW�IRVVLO�FRQYHUVLRQ�WHFKQRORJLHV
• /DUJHU�XVH�RI�&+3
• :LGHU�XVH�RI�UHQHZDEOHV
• 3RVVLEOH�LQWURGXFWLRQ�RI�QXFOHDU�SRZHU
• 5HGXFWLRQ�RI�JULG�ORVVHV�RI�KHDW�DQG�HOHFWULFLW\�

7KRVH�RSWLRQV�DUH�PRGHOOHG�LQ�0$5.$/�E\�GHVFULELQJ�WKH�WHFKQLFDO��FRVW��DYDLODELOLW\
DQG�HQYLURQPHQWDO�GDWD�RI�WKH�FRUUHVSRQGLQJ�WHFKQRORJLHV�

7KH�PDLQ�FRQVXPHU�VLGH�PLWLJDWLRQ�RSWLRQ�LV�HQHUJ\�FRQVHUYDWLRQ�

&RQVLGHULQJ�WKDW�0$5.$/�LV�DQ�RSWLPLVLQJ�PRGHO��DOUHDG\�WKH�EDVHOLQH�VFHQDULR�LV�D
PLWLJDWLRQ�VFHQDULR�FRPSDUHG�ZLWK�WKH�EDVH�\HDU�VLWXDWLRQ��,W�JLYHV�WKH�RSWLPDO�IXHO�DQG
WHFKQRORJ\�PL[��DQG�UHVXOWLQJ�HPLVVLRQV�WKDW�FRUUHVSRQG�WR�WKH�EDVHOLQH�DVVXPSWLRQV�
0RUHRYHU��VHYHUDO�PLWLJDWLRQ�RSWLRQV�OLNH�VRPH�ORZ�FRVW�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV
DQG�UHGXFWLRQ�RI�ORVVHV�ZHUH�DOUHDG\�DFFRXQWHG�LQ�GHYHORSLQJ�HQHUJ\�GHPDQG
SURMHFWLRQV��,Q�UHDOLW\��WKH�RSWLPDO�VROXWLRQ�FDQ�EH�KDUGO\�IROORZHG�DQG�LW�FDQ�EH
FRQVLGHUHG�DV�DQ�HQHUJ\�SROLF\�WDUJHW�

7R�LQYHVWLJDWH�PHDVXUHV�RI�*+*�UHGXFWLRQ�QRW�FRQVLGHUHG�LQ�WKH�EDVHOLQH�VFHQDULR�
VSHFLDO�PLWLJDWLRQ�VFHQDULRV�PXVW�EH�GHYHORSHG��,Q�GHVLJQLQJ�DQG�PRGHOOLQJ�WKH�VSHFLDO
PLWLJDWLRQ�VFHQDULRV�WZR�GLIIHUHQW�DSSURDFKHV�ZHUH�XVHG�

�� (FRQRPLF�DSSURDFK��ZKHQ�JHQHUDO�DVVXPSWLRQV�DQG�FRVW�GDWD�DUH�FKDQJHG
�H�J��LQWURGXFWLRQ�RI�HQYLURQPHQWDO�WD[HV��HPLVVLRQ�FRQVWUDLQWV��VXEVLGLHV�IRU
VRPH�WHFKQRORJLHV��FKDQJH�RI�IXHO�SULFH�SURMHFWLRQV��HWF����,Q�WKDW�FDVH�WKH
PRGHO�ILQGV�RSWLPDO��OHDVW�FRVW��VROXWLRQ�XQGHU�QHZ�DVVXPSWLRQV�DQG�ZH�FDQ
ILQG�RXW�IURP�WKH�UHVXOWV�ZKLFK�FKDQJHV�ZLOO�WDNH�SODFH�LQ�WKH�HQHUJ\�V\VWHP
�7KH�,QWHJUDWHG�6\VWHPV�$SSURDFK��

�� )RUFHG�LQWURGXFWLRQ�RI�WHFKQRORJLHV�WKDW�GR�QRW�DSSHDU�LQ�WKH�RSWLPDO�VROXWLRQ
RU�ZKRVH�PDUNHW�SHQHWUDWLRQ�LV�WRR�VPDOO�XQGHU�WKH�DVVXPSWLRQV�PDGH��7KH
3DUWLDO�6ROXWLRQ�$SSURDFK��

)RXU�PLWLJDWLRQ�VFHQDULRV�ZHUH�FRQVLGHUHG�LQ�WKH�0$5.$/�PRGHOOLQJ�XQGHU�WKLV
SURMHFW�

• /RZ�&2��WD[�FDVH���6FHQDULR�ZLWK�ORZ�&2��WD[����86��WRQQH�RI�&2��VWDUWLQJ
IURP�������

• +LJK�&2��WD[�FDVH���6FHQDULR�ZLWK�KLJK�&2��WD[����86��WRQQH�RI�&2�

IURP������DQG����86��WRQQH�RI�&2��DIWHU�������
• $OO�KLJK�WD[HV�FDVH���6FHQDULR�ZLWK�KLJK�&2��WD[�FRPELQHG�ZLWK�KLJK
H[WHUQDOLWLHV�RQ�62��DQG�12;�
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• ([SHQVLYH�RLO�VKDOH�FDVH���6FHQDULR�ZKHUH�WKH�RLO�VKDOH�SULFH�SURMHFWLRQ�ULVHV�GXH
WR�VSHFLDO�WD[HV�DQG�LQFUHDVHG�PLQLQJ�FRVWV�RYHU�FRPSHWLWLYH�ZLWK�RWKHU�IXHOV
OHYHO��,Q�SULQFLSDO��WKLV�LV�DQ�RLO�VKDOH�SKDVH�RXW�VFHQDULR�

$OO�PLWLJDWLRQ�VFHQDULRV�ZHUH�DSSOLHG�WR�ERWK�EDVHOLQH�DQG�KLJK�JURZWK�GHPDQG
VFHQDULRV�
2Q�WKH�EDVLV�RI�0$5.$/�UHVXOWV�WKH�IROORZLQJ�PDLQ�FRQFOXVLRQV�FDQ�EH�GUDZQ�

�� 7RWDO�3ULPDU\�(QHUJ\�5HTXLUHPHQWV��73(5��ZLOO�UHPDLQ�DOPRVW�VWDEOH�XQWLO
�����DQG�WKHQ�JURZ�YHU\�PRGHVWO\�GXH�WR�VXEVWDQWLDO�GHFRXSOLQJ�EHWZHHQ
HFRQRPLF�RXWSXW�DQG�GHPDQGV�IRU�HQHUJ\�VHUYLFHV��UHLQIRUFHG�E\�LQFUHDVLQJO\
HIILFLHQW�HQHUJ\�FRQYHUVLRQ�V\VWHPV��7KH�VKDUH�RI�RLO�VKDOH�ZLOO�GHFUHDVH
VLJQLILFDQWO\��$�KLJKHU�SULFH�DQG�LPSOHPHQWDWLRQ�RI�FOLPDWH�SROLFLHV�SRVH�WKH
PRVW�VHULRXV�WKUHDW�IRU�RLO�VKDOH��,PSRUWV�RI�RLO�SURGXFWV��PDLQO\�IRU�WUDQVSRUW�
DQG�QDWXUDO�JDV��IRU�&+3�SODQWV��'+�ERLOHUV��LQGXVWU\�DQG�UHVLGHQWLDO�DQG
FRPPHUFLDO�XVH��ZLOO�ULVH��7KH�GHPDQG�IRU�JDV�ZLOO�EH�LQFUHDVHG�E\�DGGLWLRQDO
HQYLURQPHQWDO�DFWLRQV�

 2WKHU�GRPHVWLF�UHVRXUFHV���SHDW�DQG�ZRRG�DUH�DWWUDFWLYH�LQ�PRVW�VFHQDULRV�
3HDW�XVH�LV�YXOQHUDEOH�IRU�PRUH�DPELWLRXV�HQYLURQPHQWDO�JRDOV��:RRG�ZLOO�EH
DQ�HQHUJ\�VRXUFH�DOVR�IRU�D�QHZ�SXOS�DQG�SDSHU�PLOO�

�� (OHFWULFLW\�SURGXFWLRQ

• 8QGHU�WKH�EDVH�FDVH�FRQGLWLRQV�RLO�VKDOH�EDVHG�SRZHU�SURGXFWLRQ�ZLOO�FRQWLQXH
WR�EH�WKH�PDMRU�HOHFWULFLW\�VXSSOLHU�WKURXJK�UHFRQVWUXFWHG�XQLWV�RI�H[LVWLQJ
SRZHU�SODQWV�

• 5HFRQVWUXFWLRQ�RI�SDUW�RI�FRQYHQWLRQDO�RLO�VKDOH�SRZHU�SODQWV�WR�&)%
FRPEXVWLRQ�LV�D�UREXVW�RSWLRQ�DSSHDULQJ�LQ�DOO�VFHQDULRV�H[DPLQHG��,I�WKH
2	0�FRVWV�RI�3)%&�XQLWV�FRXOG�EH�ORZHUHG�FD�����FRPSDUHG�ZLWK�WKH
EDVHOLQH�DVVXPSWLRQV��&)%&�DQG�3)%&�UHFRQVWUXFWLRQ�RI�H[LVWLQJ�RLO�VKDOH
SRZHU�VWDWLRQV�ZRXOG�EHFRPH�HTXDOO\�DWWUDFWLYH�DOUHDG\�XQGHU�WKH�EDVH�FDVH
VFHQDULR�DQG�3)%&�WHFKQRORJ\�ZRXOG�EH�SUHIHUUHG�XQGHU�KLJK�HQYLURQPHQWDO
WD[HV��%XLOGLQJ�RI�QHZ�RLO�VKDOH�SRZHU�SODQWV�ZLOO�DSSHDU�IDU�OHVV�DWWUDFWLYH�

• 7KH�DPRXQW�RI�QDWXUDO�JDV�SRZHU��&+3��FRQGHQVLQJ�FRPELQHG�F\FOH�DQG�JDV
WXUELQHV�WR�PHHW�WKH�SHDN�UHTXLUHPHQWV��ZLOO�LQFUHDVH�VLJQLILFDQWO\�

• *DV�ILUHG�&+3�XQLWV�RIIHU�WKH�EHVW�SURVSHFWV�IRU�FRPELQHG�KHDW�DQG�SRZHU
SURGXFWLRQ�LQ�DOO�VFHQDULRV�FRQVLGHUHG��3HDW�ILUHG�&+3�LV�IDYRXUHG�LQ�VFHQDULRV
ZLWKRXW�&2��WD[�

• 2Q�WKH�ORQJ�WHUP��FRDO�DQG�QXFOHDU�SRZHU�SODQWV�RIIHU�WKH�EHVW�SURVSHFWV�WR
UHSODFH�RLO�VKDOH�HOHFWULFLW\�JHQHUDWLRQ��1XFOHDU�SRZHU�ZLOO�EH�IDYRXUHG�RQO\
ZKHQ�WKH�KLJKHVW�HQYLURQPHQWDO�VWDQGDUGV�DUH�FRQVLGHUHG�

• ([FHSW�IRU�WKH�RZQ�SURGXFWLRQ�RI�HOHFWULFLW\�DQG�VWHDP�IURP�EODFN�OLTXRU�LQ�D
QHZ�SDSHU�PLOO��QRQ�IRVVLO�SRZHU�SURGXFWLRQ��K\GUR��ZLQG��ZLOO�UHPDLQ
QHJOLJLEOH�

�� +HDW�SURGXFWLRQ

• ,Q�WKH�EDVH�\HDU�WKH�WRWDO�GLVWULFW�KHDW�SURGXFWLRQ�LV�GRPLQDWHG�E\�ERLOHUV��ERWK
ODUJH�RQHV�IHHGLQJ�H[WHQVLYH�GLVWULEXWLRQ�JULGV�DQG�VPDOOHU�RQHV�IHHGLQJ�ORFDO
V\VWHPV�
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• 7RWDO�KHDW�GHPDQG�ZLOO�GHFUHDVH�FD�����GXULQJ�����������DQG�WKHQ�LW�ZLOO
UHPDLQ�DOPRVW�FRQVWDQW�

• 7KH�VKDUH�RI�ERLOHUV�LQ�WKH�WRWDO�SURGXFWLRQ�LV�H[SHFWHG�WR�GHFOLQH�
• 1DWXUDO�JDV�ILUHG�&+3�XQLWV�DUH�WKH�VWURQJO\�SUHIHUUHG�RSWLRQ�IRU�ODUJHU

GLVWULFW�KHDWLQJ�V\VWHPV�DQG�ZRRG�ERLOHUV�H[SDQG�IRU�VPDOOHU�VFKHPHV�
• 2Q�ORQJHU�WHUP�SHDW�&+3�ORRNV�DWWUDFWLYH�DOVR��EXW�LW�DSSHDUV�WR�EH�YXOQHUDEOH

IRU�FKDUJLQJ�RI�KLJK�62���12;�H[WHUQDOLWLHV�DQG�&2��WD[HV�
• 1DWXUDO�JDV�ZLOO�EH�IDYRXUHG�DOVR�DV�IXHO�IRU�LQGLYLGXDO�ERLOHUV��ZKHUH

DYDLODEOH�

�� (QHUJ\�FRVWV

• (QHUJ\�V\VWHP�FRVWV�FRPSULVH�DOO�WKH�FRVWV�PDGH�LQ�WKH�HQHUJ\�V\VWHP��LPSRUW
DQG�GRPHVWLF�IXHO�FRVWV��SURGXFWLRQ�FRVWV��FDSLWDO��RSHUDWLRQ�DQG�PDLQWHQDQFH
FRVWV���WUDQVSRUW�DQG�GLVWULEXWLRQ�FRVWV��7D[�UHYHQXHV�DUH�WUHDWHG�VHSDUDWHO\�
$OWKRXJK�WKH\�FRQVWLWXWH�D�FRVW�IRU�HQHUJ\�FRQVXPHUV��WKH\�DUH�QRW�´UHDOµ�FRVW
RQ�WKH�PDFUR�HFRQRPLF�OHYHO�

• 'HVSLWH�WKH�IDVW�HQHUJ\�LQWHQVLW\�LPSURYHPHQWV��WRWDO�FRVWV�RI�WKH�HQHUJ\�VHFWRU
ULVH�IDVWHU�WKDQ�73(5��7KLV�LV�RQ�WKH�RQH�KDQG�GXH�WR�ULVLQJ�SULFHV�IRU�GRPHVWLF
DQG�IRUHLJQ�HQHUJ\�VXSSOLHV�DQG�RQ�WKH�RWKHU�KDQG�WR�FDSLWDO�UHTXLUHG�IRU�QHZ
LQYHVWPHQWV��&RQVHTXHQWO\�HQHUJ\�SULFHV�ZLOO�KDYH�WR�ULVH�

• 5HTXLUHG�LQYHVWPHQWV�RQO\�LQ�SRZHU�SODQWV�XQWLO������DUH�VRPH����ELOOLRQ
((.������DERXW���ELOOLRQ��86���LQ�WKH�FDVH�RI�EDVHOLQH�GHPDQG�DQG�������EOOLRQ
((.�����LQ�WKH�FDVH�RI�KLJK�GHPDQG�JURZWK��&XUUHQW�WDULIIV�DSSHDU�LQVXIILFLHQW
WR�EXLOG�XS�ILQDQFLDO�UHVHUYHV�IRU�WKLV�SXUSRVH�

• ([SHQGLWXUHV�RQ�IXHOV�ZLOO�VKLIW�IURP�GRPHVWLF�WR�LPSRUWHG�IORZV��7KLV�WUHQG�LV
VWURQJHU�LI�PRUH�ULJLG�HQYLURQPHQWDO�SROLFLHV�ZLOO�EH�DSSOLHG�

• 7RWDO�HQHUJ\�V\VWHP�FRVW�FRQVWLWXWHG�FD�����RI�WKH�*'3�LQ�������ZKLFK�LV�D
W\SLFDO�OHYHO�IRU�HFRQRPLHV�LQ�WUDQVLWLRQ��8QGHU�WKH�EDVHOLQH�HFRQRPLF
GHYHORSPHQW�WKH�7RWDO�6\VWHP�&RVW�*'3�UDWLR�GHFUHDVHV�RQO\�WR�����DW�WKH
HQG�RI�WKH�SODQQLQJ�SHULRG��,Q�WKH�FDVH�RI�RSWLPLVWLF�HFRQRPLF�GHYHORSPHQW
WKLV�UDWLR�ZLOO�GHFUHDVH�WR�����LQ������

• +LJK�HQHUJ\�V\VWHP�FRVWV�DUH�DIIHFWHG�E\�WKH�FXUUHQW�ORZ�OHYHO�RI�*'3�SHU
FDSLWD��KLJK�HQHUJ\�LQWHQVLW\�RI�*'3�DQG�KLJK�QHHGV�IRU�KHDWLQJ�GXH�WR�FROG
FOLPDWH�FRPELQHG�ZLWK�SRRU�TXDOLW\�RI�EXLOGLQJV�DQG�GLVWULFW�KHDWLQJ�V\VWHPV�

• 7RWDO�V\VWHP�FRVW�GLIIHUHQFHV�EHWZHHQ�VFHQDULRV�ZLWK�DQG�ZLWKRXW�VSHFLDO�&2�

UHGXFWLRQ�PHDVXUHV�DUH�UDWKHU�VPDOO��2OG�ZRUQ�RXW�WHFKQRORJLHV�PXVW�EH
UHSODFHG�LQ�WKH�QHDU�IXWXUH�DQ\ZD\�DQG�FRVWV�RI�QHZ�WHFKQRORJLHV�XVHG�E\
PRGHOV�DUH�TXLWH�VLPLODU�

�� (PLVVLRQV

• 1HZ�WHFKQRORJLHV��HFRQRPLFDOO\�YLDEOH�XQGHU�EDVH�FDVH�FRQGLWLRQV��KHOS�WR
HQVXUH�WKDW�VXOSKXU�DQG�FDUERQ�HPLVVLRQV�ZLOO�IDOO�EHORZ�DJUHHG�WDUJHWV��7KLV
PHDQV�WKDW�EDVHOLQH�GHYHORSPHQW�FRQVLGHUV�RQO\�62��DQG�12;�UHVWULFWLRQV�DQG
WKDW�LQFOXGHV�QR�VSHFLDO�DFWLRQV�WR�UHGXFH�&2��DUH�WDNHQ��LV�DOUHDG\�*+*
PLWLJDWLRQ�VFHQDULR�

• 2QO\�LQ�WKH�FDVH�RI�KLJK�HFRQRPLF�JURZWK��&2��HPLVVLRQ�ZLOO�LQFUHDVH�RYHU
�����OHYHO�LQ�WKH�ORQJ�UXQ��H[FHSW�XQGHU�KLJK�&2��WD[���$W�WKH�VDPH�WLPH�WKH
HPLVVLRQV�ZLOO�VWD\�ZHOO�EHORZ�WKH�.\RWR�$JUHHPHQW�WDUJHW�����0W��
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• 7KH�&2��WD[�OHYHOV�WHVWHG�DIIHFW�VWURQJO\�WKH�UHODWLYH�FRPSHWLWLYHQHVV�RI�SRZHU
DQG�KHDW�JHQHUDWLRQ�DQG�RWKHU�HQHUJ\�RSWLRQV��&2��HPLVVLRQV�FRXOG�IDOO�ZHOO
EHORZ�WKH�EDVH�FDVH�OHYHO�

• 12;�HPLVVLRQV�IURP�WKH�WUDQVSRUW�VHFWRU�ZLOO�EH�DQ�LQFUHDVLQJ�HQYLURQPHQWDO
SUREOHP�

0DUJLQDO�FRVWV�RI�&2��UHGXFWLRQ�ZHUH�DQDO\VHG�ZLWK�0$5.$/�LQ�WZR�ZD\V�

�� &RQYHQWLRQDO�DSSURDFK��7KH�,QWHJUDWHG�6\VWHPV�$SSURDFK���ZKHQ�WKH
PDUJLQDO�FRVW�RI�&2��UHGXFWLRQ�LV�WKH�PRGHO�LQSXW�LQ�WKH�IRUP�RI�&2��WD[�DQG
&2��UHGXFWLRQ�OHYHO�FDQ�EH�IRXQG�IURP�WKH�PRGHO�UHVXOWV�

�� )RUFHG�LQWURGXFWLRQ�RI�WHFKQRORJLHV�WKDW�GR�QRW�DSSHDU�LQ�WKH�RSWLPDO�VROXWLRQ
�7KH�3DUWLDO�6ROXWLRQ�$SSURDFK���,Q�WKLV�FDVH�FRVW�DQDO\VLV�RI�HDFK�&2�
UHGXFWLRQ�RSWLRQ�FDQ�EH�PDGH�E\�FRPSDULQJ�WKH�WRWDO�V\VWHP�FRVW�DQG
HPLVVLRQV�GDWD�RI�WKH�EDVHOLQH�VFHQDULR�ZLWK�UHVXOWV�RI�D�PLWLJDWLRQ�VFHQDULR
FRQWDLQLQJ�WKLV�SDUWLFXODU�RSWLRQ�

8VLQJ�WKH�FRQYHQWLRQDO�DSSURDFK��WKH�UHGXFWLRQ�RI�&2��LV�DFKLHYHG�GXH�WR�FKDQJHV�LQ
WHFKQRORJ\�DQG�IXHO�PL[�RQ�ERWK�WKH�VXSSO\�DQG�GHPDQG�VLGHV�RI�WKH�V\VWHP��7KH
FKDQJHV�WKDW�WDNH�SODFH�LQ�WKH�V\VWHP�ZKHQ�&2��WD[�ULVHV�DUH�WKH�IROORZLQJ��WKH�XVH�RI
QDWXUDO�JDV�ZLOO�LQFUHDVH��ZRRG�XVH�ZLOO�JURZ�XS�WR�WKH�VXVWDLQDEOH�OLPLW��D�QXFOHDU
SRZHU�SODQW�ZLOO�EH�LQWURGXFHG��K\GUR�DQG�ZLQG�HQHUJ\��KLJK�FRVW�HQHUJ\�FRQVHUYDWLRQ
PHDVXUHV��DQG�HYHQ�ELRPDVV�&+3�ZLOO�EHFRPH�DWWUDFWLYH�

:KHQ�WKH�&2��UHGXFWLRQ�SRVVLELOLWLHV�ZHUH�DQDO\VHG�XVLQJ�WKH�DSSURDFK�RI�IRUFHG
LQWURGXFWLRQ�RI�WHFKQRORJLHV��WKH�PHDVXUHV�XVLQJ�QDWXUDO�JDV�DV�ZHOO�DV�UHVWRUDWLRQ�RI
VPDOO�K\GUR�SODQWV�ZHUH�QRW�FRQVLGHUHG�DV�VSHFLILF�RSWLRQV�EHFDXVH�WKH\�ZHUH
H[WHQVLYHO\�LQWURGXFHG�DOUHDG\�XQGHU�WKH�EDVHOLQH�VFHQDULR�

7KH�UHVXOWV�VKRZ�WKDW�PRVW�RI�WKH�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�VKRXOG�EH
LPSOHPHQWHG��7KH�PDLQ�SUREOHP�KHUH�FDQ�EH�WKH�DUUDQJHPHQW�RI�ILQDQFLQJ�RI�WKRVH
SURMHFWV�

/DUJH�DPRXQWV�RI�&2��HPLVVLRQV�FRXOG�EH�FXW�RII�E\�UHVWULFWLQJ�HOHFWULFLW\�H[SRUW�DQG
RSHQLQJ�WKH�LPSRUW�LQVWHDG��7KLV�RSWLRQ�VWLOO�PHDQV�WKDW�&2��FRXOG�EH�HPLWWHG
VRPHZKHUH�HOVH�DQG�LW�ZLOO�DOVR�DIIHFW�WKH�ZKROH�HFRQRP\��VWDWH�EXGJHW��IRUHLJQ�WUDGH
EDODQFH��HQHUJ\�SULFHV�HWF����&KDQJHV�LQ�HOHFWULFLW\�H[SRUW�LPSRUW�VKRXOG�EH�UHJXODWHG
E\�PDUNHW�

(VWRQLDQ�(QHUJ\�6WUDWHJ\��/RQJ�7HUP�'HYHORSPHQW�3ODQ�IRU�WKH�(VWRQLDQ�)XHO�DQG
(QHUJ\��6HFWRU��DQG�0$5.$/�EDVHOLQH�UHVXOWV�DOO�IRUHVHH�WKH�FRQWLQXDWLRQ�RI�RLO�VKDOH
SRZHU�HQJLQHHULQJ�GXULQJ�D�IHZ�GHFDGHV��WKRXJK�QRW�LQ�WKH�SUHVHQW�YROXPH�
&RQVLGHULQJ�WKDW��UHSODFLQJ�RI�&)%&�UHFRQVWUXFWLRQ�RI�H[LVWLQJ�SRZHU�SODQWV�ZLWK�3)%&
UHFRQVWUXFWLRQ�LV�WKH�PRVW�DWWUDFWLYH�RSWLRQ�LQ�WKH�HQHUJ\�FRQYHUVLRQ�VHFWRU�IRU�WKH
UHGXFWLRQ�RI�&2���EXW�DOVR�RWKHU�HPLVVLRQV�LQ�WKH�VKRUW�WHUP�

,Q�WKH�ORQJ�UXQ��*+*�HPLVVLRQV�FRXOG�EH�UDGLFDOO\�UHGXFHG�E\�LQWURGXFLQJ�QXFOHDU
SRZHU��7KLV�RSWLRQ�QHHGV�EHVLGHV�HFRQRPLF�FRQVLGHUDWLRQV�DOVR�D�SROLWLFDO�GHFLVLRQ�

:LQG�HQHUJ\�DQG�VPDOO�VFDOH�ELRPDVV�&+3�DORQJ�ZLWK�VRPH�KLJK�FRVW�FRQVHUYDWLRQ
PHDVXUHV�DSSHDU�WR�EH�WKH�PRVW�H[SHQVLYH�PHDVXUHV�RI�&2��UHGXFWLRQ�FRQVLGHUHG�KHUH�
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0DLQ�FRQFOXVLRQV�IURP�WKH�LQYHVWLJDWLRQ�RI�WKH�LPSDFW�RI�&2��UHGXFWLRQ�PHDVXUHV�RQ
WKH�(VWRQLDQ�HQHUJ\�V\VWHP�DQG�QDWLRQDO�HFRQRP\�ZLWK�0$5.$/�0$&52�PRGHO�DUH
WKH�IROORZLQJ�

• &2��UHGXFWLRQ�PHDVXUHV�ZLOO�ULVH�HQHUJ\�SULFHV�FRPSDUHG�ZLWK�WKH�EDVHOLQH
VFHQDULR�VR�PXFK�WKDW�HQHUJ\�GHPDQG�PXVW�GHFUHDVH

• 7KH�KLJKHU�WKH�&2��WD[�LV�WKH�PRUH�H[SHQVLYH�UHGXFWLRQ�RSWLRQV�ZLOO�EH�XVHG
• +LJK�HQHUJ\�SULFHV��FRVWO\�WHFKQRORJLHV�DQG�UHGXFHG�GHPDQG�FDXVH�WKH

ORZHULQJ�RI�*'3�FRPSDUHG�ZLWK�EDVHOLQH�GHYHORSPHQW
• 7R�IROORZ�WKH�EDVHOLQH�*'3�SURMHFWLRQ�XQGHU�PLWLJDWLRQ�VFHQDULRV�WKH�HQHUJ\

GHPDQG�VKRXOG�EH�ORZHU�WKDQ�SURMHFWHG�LQLWLDOO\��HQHUJ\�LQWHQVLW\�RI�*'3�PXVW
EH�UHGXFHG��RU�YLFH�YHUVD��WR�VDWLVI\�WKH�LQLWLDO�GHPDQG�SURMHFWLRQV�XQGHU
PLWLJDWLRQ�VFHQDULRV��WKH�*'3�PXVW�JURZ�IDVWHU�WKDQ�SURMHFWHG�

• 0RGHO�UHVXOWV�VKRZ�XV�DQ�LGHDO�OHDVW�FRVW�VROXWLRQ�XQGHU�FHUWDLQ�DVVXPSWLRQV
DQG�UHVWULFWLRQV�WKDW�FDQ�VHUYH�DV�D�GLUHFWLRQ�IRU�DFWXDO�FKDQJHV�

7R�FRQFOXGH�ZH�FRXOG�VD\�WKDW�WKH�ORZHUHG�HQHUJ\�GHPDQG�GXH�WR�WKH�HFRQRPLF
GHFOLQH�DQG�VKDUS�ULVH�LQ�WKH�IXHO�DQG�HQHUJ\�SULFHV�DV�ZHOO�DV�D�GHFUHDVH�LQ�HOHFWULFLW\
H[SRUWV�UHVXOWHG�LQ�FD�����UHGXFWLRQ�RI�&2��HPLVVLRQV�GXULQJ������������)RU�WKH�VDPH
UHDVRQV��(VWRQLD�KDV�EHHQ�DEOH�WR�PHHW�WKH�UHTXLUHPHQWV�VHW�LQ�WKH�DJUHHPHQWV�RQ�62�

DQG�12;�HPLVVLRQV�ZLWK�QR�VSHFLDO�PHDVXUHV�RU�FRVWV��7R�PHHW�WKH�PRUH�ULJLG�62�

UHVWULFWLRQV�DQG�JURZLQJ�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�IXWXUH��(VWRQLD�PXVW�LQYHVW�LQ
DEDWHPHQW�DQG�LQ�QHZ�FOHDQ�DQG�HIILFLHQW�RLO�VKDOH�FRPEXVWLRQ�WHFKQRORJ\��0HDVXUHV�WR
UHGXFH�62��DQG�12;�HPLVVLRQV�ZLOO�LQGLUHFWO\�UHGXFH�DOVR�&2���$ORQJ�ZLWK�WKH�FORVLQJ
RI�ROG�RLO�VKDOH�ILUHG�SODQWV�DQG�JURZLQJ�HOHFWULFLW\�FRQVXPSWLRQ��RWKHU�IXHOV�ZLOO�EH
XVHG��7KH�LQFUHDVH�LQ�HQHUJ\�GHPDQG�WKHQ�VKRXOG�QRW�EH�IDVW�GXH�WR�FRQVWDQWO\�ULVLQJ
SULFHV�DQG�HIILFLHQW�HQHUJ\�XVH��7KH�UHGXFWLRQ�RI�HQHUJ\�GHPDQG�WKURXJK�HQHUJ\
FRQVHUYDWLRQ�PXVW�KDYH�WKH�KLJKHVW�SULRULW\�LQ�(VWRQLDQ�HQHUJ\�SROLF\�

2XU�FDOFXODWLRQV�VKRZ�WKDW�WKH�.\RWR�$JUHHPHQW�OHYHO�RI�&2��HPLVVLRQV�ZLOO�QRW�EH
H[FHHGHG��5HVWULFWHG�DYDLODELOLW\�RI�LPSRUWHG�IXHOV�DQG�QXFOHDU�SRZHU�RU�HQDEOLQJ�ODUJH
VFDOH�HOHFWULFLW\�LPSRUW�FDQ�FKDQJH�WKH�UHVXOWV�VLJQLILFDQWO\��7KH�UHVXOWV�SUHVHQWHG�KHUH
FDQ�DOVR�FKDQJH�EHFDXVH�WKH�GDWDEDVH�LV�EHLQJ�LPSURYHG�

7KH�UHDO�GHYHORSPHQW�RI�(VWRQLDQ�HFRQRP\�LQ�UHFHQW�\HDUV�KDV�VKRZQ�TXLWH�PRGHVW
*'3�JURZWK�LQ������DQG�������EXW�VKDUS�LQFUHDVH��FD������LQ�������'XULQJ�WKDW�WLPH
HQHUJ\�FRQVXPSWLRQ�KDV�UHPDLQHG�VWDEOH��)URP�WRGD\·V�SURVSHFWLYH�WKH�%DVH�FDVH�+LJK
(QHUJ\�'HPDQG�VFHQDULR�GHYHORSPHQW�RI�WKH�HQHUJ\�V\VWHP�VHHPV�WR�EH�WKH�PRVW
SUREDEOH�IRU�WKH�QHDU�IXWXUH��$FWXDO�FKDQJHV�DQG�GHFLVLRQV�ZLOO�EH�VWURQJO\��VWLOO
XQSUHGLFWDEO\��DIIHFWHG�E\�IRUWKFRPLQJ�SULYDWLVDWLRQ�RI�WKH�SRZHU�VHFWRU��5HDO�DFWLRQV
ZLOO�EH�DOVR�DIIHFWHG�E\�WKHLU�VRFLDO�FRVWV�DQG�SROLWLFDO�FRQVLGHUDWLRQV�QRW�DFFRXQWHG�LQ
WKH�PRGHOOLQJ��)URP�WKH�YLHZSRLQW�RI�VXSSO\�VHFXULW\�DQG�DOVR�QDWLRQDO�VHFXULW\��KLJK
GHSHQGHQFH�RI�WKH�SRZHU�DQG�KHDWLQJ�VHFWRU�RQ�QDWXUDO�JDV��HFRQRPLFDOO\�RSWLPDO
XQGHU�VWULFW�HQYLURQPHQWDO�UHVWULFWLRQV�DQG�WD[HV��LV�QRW�GHVLUDEOH�XQWLO�(VWRQLD�KDV�RQO\
RQH�JDV�VXSSOLHU���5XVVLD��&KDQJHV�SURSRVHG�LQ�PLWLJDWLRQ�VFHQDULRV�FRXOG�EH
LPSOHPHQWHG�RQO\�ZKHQ�(VWRQLD�KDV�DW�OHDVW�RQH�PRUH�JDV�VXSSOLHU��$Q�LQFUHDVH�LQ�WKH
VKDUH�RI�LPSRUWHG�IXHOV�LQ�WKH�HQHUJ\�EDODQFH��ZKLFK�LV�HVSHFLDOO\�VWURQJ�XQGHU
PLWLJDWLRQ�VFHQDULRV��FRXOG�EH�UHVWULFWHG�E\�WKH�QDWLRQDO�IRUHLJQ�WUDGH�EDODQFH�

)RU�WKH�SUHVHQW��VWXG\��WKH�PDLQ�PDFUR�HFRQRPLF�LQWHUHVW�LV�WKH�LQIOXHQFH�RI�GLIIHUHQW
VROXWLRQV�RQ�WKH�IRUHLJQ�WUDGH�EDODQFH��7KH�VWDUWLQJ�SRLQW�IRU�FDOFXODWLRQV�LV�WKH�\HDU
������7KHQ�WKH�VKDUH�RI��WKH�GRPHVWLFDOO\�SURGXFHG�SULPDU\�HQHUJ\�ZDV������LQFOXGLQJ
RLO�VKDOH��TXLWH�D�ODUJH�DPRXQW�ZDV�LPSRUWHG�DOVR�IURP�5XVVLD���ZRRG�DQG�SHDW��7KH



��

VKDUH�RI�LPSRUWHG�SULPDU\�HQHUJ\�ZDV������)XHOV�FUHDWHG�����ELOOLRQ�((.�RU������RI
(VWRQLDQ�LPSRUWV�LQ�������:H�DVVXPH�WKDW�LPSRUWV�ZLOO�LQFUHDVH�DW�WKH�VDPH�OHYHO�ZLWK
HFRQRPLF�JURZWK�LQ�WKH�UHVSHFWLYH�VFHQDULRV��$V�WKH�SULFH�LQFUHDVHV�RI�LPSRUWV�DQG�IXHO
KDYH�EHHQ�FRQVLGHUHG�WR�EH�HTXDO��ZH�XVHG�IRU�FDOFXODWLRQV�RQO\�UHDO�JURZWK�ILJXUHV�
7KH�UHVXOWV�DFFRUGLQJ�WR�WKH�PDLQ�VFHQDULRV�DQG�VHYHUDO�RWKHU�DVVXPSWLRQV�ZRXOG�KDYH
WKH�IROORZLQJ�LQIOXHQFH�RQ�IRUHLJQ�WUDGH�

%DVH�GHPDQG�VFHQDULR�ZLWKRXW�HPLVVLRQ�WD[HV�ZLOO�LQFUHDVH�WKH�VKDUH�RI�IXHOV�LQ
LPSRUWV�XS�WR�����LQ������DQG������LQ�������,Q�WKH�VDPH�VFHQDULR��GXH�WR�FKDQJHV�RI
SULPDU\�HQHUJ\�VRXUFHV�LQ�ORZ�&2��WD[�FDVH��WKH�VKDUH�RI�IXHOV�LQ�LPSRUWV�ZLOO�EH�����LQ
�����DQG�������LQ�������,Q�KLJK�WKH�WD[�VFHQDULRV��WKH�VKDUH�RI�IXHOV�ZLOO�EH�UHVSHFWLYHO\
����DQG�������LQ�LPSRUWV��7KH�KLJK�GHPDQG�JURZWK�VFHQDULR�ZLWKRXW�HPLVVLRQ�WD[HV
ZLOO�LQFUHDVH�WKH�VKDUH�RI�IXHOV�LQ�LPSRUWV�XS�WR�������LQ������DQG������LQ�������,Q�WKH
VDPH�VFHQDULR��GXH�WR�FKDQJHV�RI�SULPDU\�HQHUJ\�VRXUFHV�LQ�ORZ�&2��WD[�FDVH�WKH�VKDUH
RI�IXHOV�LQ�LPSRUWV�ZLOO�EH�������LQ������DQG������LQ�������,Q�WKH�KLJK�WD[�VFHQDULRV��WKH
VKDUH�RI�IXHOV�ZLOO�EH�UHVSHFWLYHO\�������DQG������LQ�LPSRUWV�

7KH�ZKROHVDOH�YDOXH�RI�HOHFWULFLW\�SURGXFHG�LQ�(VWRQLD�ZDV�DSSUR[LPDWHO\���ELOOLRQ
((.�LQ�������$FFHSWLQJ�SULFH�DQG�RXWSXW�JURZWK�VFHQDULRV�SUHVHQWHG�LQ�WKH�IUDPHZRUN
RI�WKLV�UHVHDUFK��WKH�YDOXH�RI�HOHFWULFLW\�ZRXOG�EH�DURXQG����ELOOLRQ�((.�LQ������ZLWKRXW
HPLVVLRQ�WD[HV��7KH�VRXUFH�RI�FDUERQ�GLR[LGH�LQ�(VWRQLD�LV�GRPLQDQWO\�WKH�HQHUJ\
V\VWHP��PRUH�WKDQ�����LQ��������2Q�WKH�RWKHU�KDQG��RLO�VKDOH�EDVHG�SURGXFWLRQ�RI
HOHFWULFLW\�LV�WKH�PDLQ�VRXUFH�RI�HPLVVLRQ�LQVLGH�WKH�HQHUJ\�V\VWHP��7KH�WRWDO�VXP�RI
WD[HV�SDLG�LQ������ZLOO�FUHDWH����RI�WKH�YDOXH�RI�HOHFWULFLW\�LQ�WKH�ORZ�&2��WD[�VFHQDULR
DQG�����LQ�WKH�KLJK�&2��WD[�VFHQDULR��&RQVLGHULQJ�PLQLPDO�FKDQJHV�LQ�WKH�HOHFWULFLW\
SULFH�DQG�RXWSXW�EHWZHHQ������DQG�������WKH�WRWDO�DPRXQW�RI�WKH�WD[HV�SDLG�FRXOG�UHDFK
�����DOO�KLJK�WD[HV�VFHQDULR��RI�WKH�YDOXH�RI�SURGXFWLRQ�LQ������

7KH�RLO�VKDOH�FRPSOH[�DQG�RLO�VKDOH�EDVHG�SRZHU�HQJLQHHULQJ�HPSOR\�DOWRJHWKHU�FORVH
WR�������SHUVRQV�������RI�WKHP�LQ�RLO�VKDOH�PLQHV�DQG������LQ�SRZHU�SODQWV���7KDW�ILJXUH
PDNHV�XS�DSSUR[LPDWHO\������RI�(VWRQLDQ�WRWDO�HPSOR\PHQW�DQG�LV�WKXV�QRW�YHU\
VLJQLILFDQW��,I�(VWRQLD�FORVHG�GRZQ�WKRVH�ILHOGV��XQHPSOR\PHQW�ZRXOG�LQFUHDVH�IURP
����WR��������2Q�WKH�RWKHU�KDQG��RLO�VKDOH�PLQHV�DQG�SRZHU�VWDWLRQV�DUH�ORFDWHG�LQ�WKH
YHU\�FULWLFDO�QRUWK�HDVWHUQ�SDUW�RI�(VWRQLD�ZKHUH�WKH�SRWHQWLDO�RI�VRFLDO�DQG�SROLWLFDO
WHQVLRQV�LV�KLJK�DQG�XQHPSOR\PHQW�H[FHHGV�WKH�DYHUDJH�ILJXUH�RI�WKH�FRXQWU\��,Q�WKDW
UHJLRQ�WKRVH�HPSOR\HHV�DFFRXQW�IRU�DSSUR[LPDWHO\�����RI�WKH�ODERXU�IRUFH�DQG�E\
HVWLPDWLRQ�DSSUR[LPDWHO\�KDOI�RI�WKHP�ZRXOG�QRW�ILQG�D�QHZ�MRE�LQ�WKH�FDVH�RI�FORVLQJ
GRZQ�WKH�UHVSHFWLYH�LQGXVWULHV��+RZHYHU��XQHPSOR\PHQW�LQ�,GD�9LUX�&RXQW\�ZRXOG
LQFUHDVH�IURP�����WR��������

&RQVLGHULQJ�WKH�UHODWLYHO\�H[WHQVLYH�SHDW�DQG�ZRRG�VWRFNV��ORZ�HQYLURQPHQWDO�KD]DUG
RI�WKHLU�XVDJH�DQG�SRVVLEOH�SRVLWLYH�LQIOXHQFH�RQ�UHJLRQDO�GHYHORSPHQW��WKH�ULVLQJ�VKDUH
RI�WKRVH�IXHOV�LQ�WKH�SULPDU\�HQHUJ\�EDODQFH�FRXOG�EH�GLVFXVVHG��(VSHFLDOO\�LI�WKH�DOO
KLJK�HPLVVLRQ�WD[HV�VFHQDULR�ZHUH�IROORZHG��WKH�UHQHZDEOH�UHVRXUFHV�FRXOG�EH�DOVR
HFRQRPLFDOO\�HIILFLHQW�LQ�FRPSDULVRQ�ZLWK�RLO�VKDOH�LQ�(VWRQLD��2Q�WKH�RWKHU�KDQG��WKH
ORZ�WD[�VFHQDULR�ZLOO�SRVWSRQH�WKH�LQWURGXFWLRQ�RI�DOWHUQDWLYH�HQHUJ\�VRXUFHV�OLNH�ZLQG
DQG��ZRRG�FKLSV��$FFRUGLQJ�WR�WKH�(VWRQLDQ�HQHUJ\�VWUDWHJ\��DQ�RIILFLDO�GRFXPHQW
DGRSWHG�E\�WKH�5LLJLNRJX�LQ�)HEUXDU\�������WKH�DPRXQW�RI�SULPDU\�HQHUJ\�SURGXFHG
IURP�VXFK�LQSXWV�ZLOO�LQFUHDVH�E\�����LQ�������7KH�VKDUH�RI�UHQHZDEOH�UHVRXUFHV�ZLOO
LQFUHDVH�IURP����LQ������WR�����LQ�������7KH�PRUH�XQLIRUP�UHJLRQDO�GHYHORSPHQW��RQH
RI�WKH�SROLWLFDO�LPSHUDWLYHV�RI�(VWRQLDQ�IXWXUH�HFRQRPLF�SROLF\��ZLOO�VXSSRUW�WKH�XVH�RI
UHQHZDEOH�HQHUJ\�UHVRXUFHV�



��



��

6RFLR�(FRQRPLF�%DFNJURXQG
DQG�(QHUJ\�,VVXHV

� %DVLF�&RXQWU\�,QIRUPDWLRQ

(VWRQLD�LV�ORFDWHG�LQ�WKH�1RUWKHUQ�+HPLVSKHUH�RQ�WKH�HDVWHUQ�FRDVW�RI�WKH�%DOWLF�6HD
EHWZHHQ������·1�DQG������·1��VHH�)LJXUH�����7KH�WRWDO�DUHD�RI�(VWRQLD�LV��������NP�

LQFOXGLQJ�WKH�WZR�ODUJHU�LVODQGV��6DDUHPDD�DQG�+LLXPDD��7KH�DUHD�LV�FRPSDUDEOH�ZLWK
WKDW�RI�'HQPDUN�DQG�7KH�1HWKHUODQGV��(VWRQLD�LV�D�ORZ�FRXQWU\��LWV�KLJKHVW�SRLQW
UHDFKHV�D�PHUH�����PHWUHV��,W�KDV�D�PRVDLF�ODQGVFDSH�ZLWK�SODLQV��KLOOV�DQG�QXPHURXV
ODNHV�

)LJXUH���(VWRQLD�LQ�1RUWKHUQ�(XURSH

Gulf of

Gulf of Finland

Riga
Gulf ofBaltic Proper

GERMANY

NORWAY

SWEDEN

FINLAND

RUSSIA

LATVIA

POLAND

Bothnia

DENMARK
LITHUANIA

/DUJHU�ODNHV�DUH�/DNH�3HLSVL��RQ�WKH�ERUGHU�ZLWK�WKH�5XVVLDQ�)HGHUDWLRQ��DQG�9}UWVMlUY
LQ�FHQWUDO�(VWRQLD��+\GURJUDSKLFDOO\�WKH�ZKROH�WHUULWRU\�OLHV�ZLWKLQ�WKH�%DOWLF�6HD
FDWFKPHQW�DUHD��7KH�ULYHUV�DUH�VKRUW��7KH�ORQJHVW�LV�WKH�3lUQX�5LYHU��ZKLFK�LV�����NP
ORQJ�

$JULFXOWXUDO�ODQGV�FRYHU�����RI�WKH�WHUULWRU\��)RUHVWV�DQG�ZRRGHG�DUHDV�PDNH�XS�DERXW
����RI�WKH�WHUULWRU\��0LUHV��ERJV��IHQV��VZDPSV��DFFRXQW�IRU�����RI�WKH�ODQG�DUHD�
7RZQV�DQG�XUEDQ�DUHDV�FRYHU�RQO\������RI�WKH�WHUULWRU\��URDGV�DQG�LQIUDVWUXFWXUH������

(VWRQLD�KDV�D�PRGHUDWH�$WODQWLF�FRQWLQHQWDO�FOLPDWH��,W�UHSUHVHQWV�D�WUDQVLWLRQ�]RQH
IURP�WKH�PDULWLPH�FOLPDWH�W\SH�WR�WKH�FRQWLQHQWDO�RQH��,Q�VSLWH�RI�LWV�FRPSDUDWLYHO\
VPDOO�WHUULWRU\�FOLPDWLF�GLIIHUHQFHV�LQ�(VWRQLD�DUH�VLJQLILFDQW��HVSHFLDOO\�GXULQJ�WKH
FROGHU�VHDVRQ�RI�WKH�\HDU��*HQHUDOO\�WKH�GXUDWLRQ�RI�VQRZ�FRYHU�LV�EHWZHHQ����DQG����

ESTONIA



��

GD\V��:HDWKHU�FRQGLWLRQV�GHSHQG�GLUHFWO\�RQ�WKH�F\FORQLF�DFWLYLW\�LQ�WKH�1RUWKHUQ
$WODQWLF�

:HDWKHU�FKDQJHV�DUH�IUHTXHQW��6XPPHUV�DUH�ZDUP�DQG�ZLQWHUV�DUH�PLOG��6RXWK�
ZHVWHUO\�DQG�VRXWKHUO\�ZLQGV�DUH�W\SLFDO�WKURXJKRXW�WKH�\HDU��$QQXDO�UDLQIDOO�DYHUDJHV
���²����PP��7KH�DQQXDO�DYHUDJH�WHPSHUDWXUH�LV��²��&��7HPSHUDWXUH�UDQJHV�IURP�D
PRQWKO\�DYHUDJH�RI�²����&�LQ�)HEUXDU\�WR������&�LQ�-XO\��7HPSRUDO�YDULDELOLW\�RI
PHWHRURORJLFDO�IHDWXUHV�KDV�EHHQ�YHU\�KLJK�LQ�(VWRQLD��6SDWLDO�YDULDELOLW\�LV
GHPRQVWUDWHG�E\�WKH�PHDQ�WHPSHUDWXUH�LQ�-DQXDU\��ZKLFK�YDULHV�IURP�²����&�RQ�WKH
ZHVWHUQ�FRDVW�RI�WKH�LVODQG�RI�6DDUHPDD�XS�WR�²����&�LQ�WKH�FROGHVW�LQODQG�DUHDV��7KH
ZLQWHU�FRYHU�VWD\V�QRUPDOO\�DERXW�WKUHH�PRQWKV�

(VWRQLD�UHJDLQHG�LQGHSHQGHQFH�RQ����$XJXVW�������7KH�&RQVWLWXWLRQ�HVWDEOLVKHG�WKH
SULQFLSOHV�RI�WKH�UXOH�RI�ODZ��,W�UHFRJQLVHV�WKH�SULQFLSOH�RI�VHSDUDWH�DQG�EDODQFHG
SRZHUV��WKH�LQGHSHQGHQFH�RI�WKH�FRXUWV��DQG�JXDUDQWHHV�IXQGDPHQWDO�KXPDQ�ULJKWV
DQG�OLEHUWLHV�DFFRUGLQJ�WR�XQLYHUVDOO\�UHFRJQLVHG�SULQFLSOHV�DQG�QRUPV�

(VWRQLD�LV�D�GHPRFUDWLF�SDUOLDPHQWDU\�UHSXEOLF�ZKHUHLQ�WKH�VXSUHPH�SRZHU�LV�YHVWHG�LQ
WKH�SHRSOH��7KH�SHRSOH�H[HUFLVH�WKH�VXSUHPH�SRZHU�WKURXJK�FLWL]HQV�ZKR�KDYH�WKH
ULJKW�WR�YRWH�E\�HOHFWLQJ�WKH�5LLJLNRJX��3DUOLDPHQW�RI�WKH�5HSXEOLF�RI�(VWRQLD��DQG�E\
SDUWLFLSDWLQJ�LQ�UHIHUHQGXPV��7KH�5LLJLNRJX�LV�FRPSULVHG�RI�RQH�KXQGUHG�DQG�RQH
PHPEHUV��([HFXWLYH�SRZHU�UHVWV�ZLWK�WKH�*RYHUQPHQW��7KH�KHDG�RI�6WDWH�RI�(VWRQLD�LV
WKH�3UHVLGHQW�RI�WKH�5HSXEOLF�

7KHUH�DUH����WRZQV�����WRZQ�FRPPXQLWLHV�DQG�������YLOODJHV�LQ�(VWRQLD�
$GPLQLVWUDWLYHO\�(VWRQLD�LV�GLYLGHG�LQWR����FRXQWLHV������PXQLFLSDOLWLHV�DQG����WRZQV�
6LQFH������D�VLQJOH�WLHU�VHOI�JRYHUQPHQW�V\VWHP�LV�DFWLYH�LQ�(VWRQLD��7KH�ORFDO
PXQLFLSDOLW\�DQG�WRZQ�JRYHUQPHQWV�DUH�UHVSRQVLEOH�IRU�UHVROYLQJ�DQG�UHJXODWLQJ�ORFDO
LVVXHV�LQGHSHQGHQWO\�DQG�LQ�DFFRUGDQFH�ZLWK�WKH�ODZ��6WDWH�LQWHUHVWV�DUH�UHSUHVHQWHG�LQ
UHJLRQV�E\�UHVSHFWLYH�FRXQW\�JRYHUQPHQWV�

� (FRQRPLF�EDFNJURXQG

,Q�WKH�FXUUHQW�FKDSWHU�RQ�WKH�JHQHUDO�VRFLR�HFRQRPLF�EDFNJURXQG�DQG�WKH�HQHUJ\�VHFWRU
LQIRUPDWLRQ�LV�SURYLGHG�DERXW�GHYHORSPHQWV�EHWZHHQ������DQG�������7KH�FRXQWU\�WHDP
LV�RI�WKH�RSLQLRQ�WKDW�WKLV�LV�D�SHULRG�ZLWKLQ�ZKLFK�LW�LV�SRVVLEOH�WR�VHH�FKDQJHV�LQ�WKH
HFRQRP\��7KLV�LV�D�SHULRG�ZKHQ�WKH�HFRQRP\�ZDV�GLYHUWHG�IURP�D�FHQWUDOO\�SODQQHG
V\VWHP�WR�D�PDUNHW�RULHQWHG�RQH��'XULQJ�WKH�ODVW�IHZ�\HDUV�WKH�GHFOLQH�RI�WKH�HFRQRP\
KDV�EHHQ�FRQYHUWHG�WR�D�ULVH��+RZHYHU��WKHUH�LV�WRR�OLWWOH�LQIRUPDWLRQ�WR�PDNH
SUHGLFWLRQV�DQG�GHVLJQ�WUHQGV�IRU�WKH�ORQJHU�WHUP�GHYHORSPHQW�

7KH�HFRQRPLF�UHIRUP�KDG�VWDUWHG�DOUHDG\�DW�WKH�HQG�RI�WKH�����V��EHIRUH�WKH�DFWXDO
LQGHSHQGHQFH�ZDV�UHJDLQHG��5HIRUPV�KDYH�RFFXUUHG�LQ�WKH�ZKROH�HFRQRP\�DQG
HFRQRP\�KDV�EHHQ�WRWDOO\�UHVWUXFWXUHG��7KLV�FDXVHG�DQ�HFRQRPLF�GHFOLQH��ZKLFK�ODVWHG
XQWLO�������%\�WRGD\�HFRQRP\�KDV�UHYLYHG�DQG�WXUQHG�LQWR�WKH�SDWK�RI�FRQWLQXRXV
JURZWK�

6LPLODUO\�WR�WKH�RWKHU�IRUPHU�VRFLDOLVW�HFRQRPLHV��WKH�(VWRQLDQ�HFRQRP\�ZDV
FKDUDFWHULVHG�E\�D�VWUXFWXUH�RI�UHODWLYH�SULFHV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�LQ�WKH
GHYHORSHG�FRXQWULHV��$�ODUJH�SDUW�RI�LQYHVWPHQWV�ZHUH�DOVR�PDGH�E\�UHGLVWULEXWLRQ�RI
IXQGV�ZLWKLQ�WKH�VWDWH�EXGJHW��7KH�H[FKDQJH�UDWH�RI�WKH�6RYLHW�URXEOH�GLG�QRW
FRUUHVSRQG�WR�WKH�DFWXDO�SULFHV��$�ODUJH�VKDUH�RI�WKH�IRUHLJQ�WUDGH�ZDV�PDGH�RQ�WKH
EDVLV�RI�EDUWHU�WUDQVDFWLRQV�

7KH�IDFW�WKDW�WKH�(VWRQLDQ�HFRQRP\�ZDV�VWLOO�SDUW�RI�WKH�URXEOH�]RQH�DIWHU�LQGHSHQGHQFH
ZDV�UHJDLQHG�ZDV�UHJDUGHG�DV�RQH�RI�WKH�PRVW�VHULRXV�SUREOHPV�ZLWKLQ�WKH�HFRQRP\�
$Q\�SULFH�IOXFWXDWLRQV�LQ�WKH�6RYLHW�8QLRQ��RU�ODWHU�LQ�WKH�&,6��&RPPRQZHDOWK�RI



��

,QGHSHQGHQW�6WDWHV���DIIHFWHG�GLUHFWO\�WKH�(VWRQLDQ�HFRQRP\��5LVHV�LQ�WKH�SULFHV�RQ
IXHOV�DQG�UDZ�PDWHULDOV�ZHUH�UHIOHFWHG�LQ�ULVLQJ�SULFHV�LQ�(VWRQLD��/LEHUDOLVDWLRQ�RI�PRVW
RI�WKH�SULFHV�WKDW�XVHG�WR�EH�UHJXODWHG�UHVXOWHG�LQ�LQFUHDVHG�LQIODWLRQ��7KH�KLJKHVW
LQIODWLRQ�ZDV�LQ�������VHH�DOVR�7DEOH����

(VWRQLD�FRQGXFWHG�D�PRQHWDU\�UHIRUP�LQ�-XQH�������7KH�FXUUHQF\�ERDUG�DUUDQJHPHQW
DQG�FRQYHUWLELOLW\�RI�WKH�(VWRQLDQ�NURRQ��((.��ZHUH�LQWURGXFHG��6LQFH�WKHQ�WKH
(VWRQLDQ�NURRQ�LV�SHJJHG�WR�WKH�*HUPDQ�0DUN��'(0��ZLWK�WKH�H[FKDQJH�UDWH���'(0� 
��((.��7KH�H[FKDQJH�UDWHV�WR�RWKHU�FXUUHQFLHV�DUH�FDOFXODWHG�DFFRUGLQJ�WR�WKH�'(0�

$IWHU�D�ORQJ�SHULRG�RI�GUDVWLFDOO\�GHFUHDVLQJ�*'3��E\�����LQ������DQG�����LQ�������WKH
(VWRQLDQ�HFRQRP\�VWDUWHG�WR�UHYLYH�LQ�$SULO�������'XULQJ�WKH��UG�TXDUWHU�RI������WKH
*'3�LQFUHDVHG�IRU�WKH�ILUVW�WLPH��,Q������WKH�*'3�LQFUHDVHG�E\��������7DEOH����

7DEOH���*'3ªV�JURZWK�UDWH�FRPSDUHG�WR�WKH�SUHYLRXV�\HDU��%DQN�RI�(VWRQLD������������

1991 1992 1993 1994 1995 1996 1997
Growth % –14 –15 –6.7 –1.8 +4.3 +4 +11.4

7KH�0LQLVWU\�RI�)LQDQFH�KDV�SURYLGHG�D�PHGLXP�WHUP�SURJQRVLV�IRU�IXUWKHU
GHYHORSPHQW�RI�(VWRQLDQ�HFRQRP\�XS�WR�WKH�\HDU������ZKLFK�HQYLVDJHV�WKH�JURZWK�RI
WKH�HFRQRP\��$FFRUGLQJ�WR�WKH�0LQLVWU\�WKH�JURZWK�RI�HFRQRP\�LQ������ZLOO�EH������
DQG�LQ�WKH�IROORZLQJ�\HDUV�����0LQLVWU\�RI�)LQDQFH���������7KRVH�ILJXUHV�VXSSRUW�WKH
KLJK�JURZWK�VFHQDULR�XVHG�LQ�0$5.$/�PRGHOOLQJ��&KDSWHU����

7KH�GHYHORSPHQW�RI�*'3�LQ�DEVROXWH�ILJXUHV�DW������SULFHV�LV�JLYHQ�LQ�)LJXUH���

)LJXUH���'HYHORSPHQW�RI�*'3�DW������FRQVWDQW�SULFHV
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$PRQJ�WKH�RWKHU�PRVW�LQIOXHQWLDO�IDFWRUV�VXSSRUWLQJ�FKDQJHV�SULYDWLVDWLRQ�LV�ZRUWK
VSHFLDO�PHQWLRQLQJ��%\�������PRVW�RI�DJULFXOWXUH��SURGXFWLRQ�DQG�KRXVLQJ�KDG�EHHQ
SULYDWLVHG��7KH�ODUJHU�HQWHUSULVHV�VWLOO�WR�EH�SULYDWLVHG�DUH�WKRVH�RI�LQIUDVWUXFWXUH�DQG
QDWXUDO�PRQRSROLHV�OLNH�ZDWHU�DQG�HQHUJ\�VXSSOLHV�

&KDQJHV�KDYH�RFFXUUHG�LQ�WKH�VWUXFWXUH�RI�ILHOGV�RI�DFWLYLW\�DQG�LQ�SURGXFWLRQ�
7UDGLWLRQDO�VHFWRUV�KDYH�ORVW�RU�DUH�ORRVLQJ�WKHLU�SRVLWLRQ��7KH�UROH�RI�WUDGLWLRQDO
LQGXVWULDO�DQG�DJULFXOWXUDO�VHFWRUV�LQ�WKH�QDWLRQDO�HFRQRP\�LV�GLPLQLVKLQJ��ZKLOVW�QHZ
VHFWRUV�²�ILQDQFLDO�VHUYLFHV��WUDQVSRUWDWLRQ��LQIRUPDWLRQ�WHFKQRORJ\�²�DUH�UDSLGO\
JURZLQJ��&KDQJHV�LQ�WHFKQRORJ\��JOREDOLVDWLRQ��LQIRUPDWLRQ�WHFKQRORJ\�VXSSRUW�IXUWKHU
JURZWK�RI�WKH�(VWRQLDQ�HFRQRP\��6HFWRUDO�FRQWULEXWLRQ�WR�WKH�*'3�LQ������LV�GHSLFWHG
LQ�WKH�)LJXUH���



��

)LJXUH���6HFWRUDO�FRQWULEXWLRQ�WR�WKH�*'3�LQ�����

 

0DQXIDFWXULQJ

���

(OHFWULFLW\��JDV��ZDWHU�VXSSO\

��

&RQVWUXFWLRQ

��

:KROHVDOH�DQG�UHWDLO�WUDGH

���+RWHOV�DQG�UHVWDXUDQWV

��

7UDQVSRUW��VWRUDJH�DQG�

FRPPXQLFDWLRQ

���

5HDO�HVWDWH��UHQWLQJ��EXVLQHVV�

DFWLYLWLHV

���

)LQDQFH��LQVXUDQFH

��

3XEOLF�DGPLQLVWUDWLRQ

��

(GXFDWLRQ

��

+HDOWK�DQG�VRFLDO�FDUH

��

2WKHU

��

$JULFXOWXUH��KXQWLQJ�

��

0LQLQJ�DQG�TXDUU\LQJ

��

)RUHVWU\��ILVKLQJ

��

6WUXFWXUDO�FKDQJHV�DUH�FRQWLQXLQJ�LQ�WKH�HFRQRP\��$OPRVW�DOO�VHFWRUV�KDYH�EHHQ
JURZLQJ�VLQFH�������$JULFXOWXUH��ZKLFK�IHOO�VWHDGLO\�VLQFH�WKH�EHJLQQLQJ�RI�������LV�WKH
RQO\�H[FHSWLRQ��$FFRUGLQJ�WR�WKH�ODWHVW�GDWD�WKH�GHFOLQH�RI�DJULFXOWXUH�KDV�VWRSSHG�DOVR
DQG�GXULQJ������WKH�ILUVW�WLPH�D�ULVH�RFFXUUHG��6RPH�GHFUHDVH�FDQ�EH�REVHUYHG�DOVR�LQ
WKH�KRWHOV�DQG�UHVWDXUDQWV�VHFWRU��$�UDSLG�GHYHORSPHQW�LV�WDNLQJ�V�SODFH�LQ�WUDQVSRUW�
WUDGH�DQG�VHUYLFHV�DV�ZHOO�DV�LQ��IRUHVWU\�DQG�ZRRG�SURFHVVLQJ�7DEOH���

7DEOH���*'3�E\�NLQG�RI�DFWLYLWLHV������¥������PLOOLRQ�((.��DW������FRQVWDQW�SULFHV

Field of activity 1994 1995 1996
Agriculture, hunting 1600 1565 1499
Forestry 254 326 359
Fishing 113 137 165
Mining and quarrying 345 337 347
Manufacturing 3628 3813 3819
Electricity, gas, water supply 709 675 706
Construction 1258 1324 1455
Wholesale and retail trade 3475 3750 3960
Hotels and restaurants 275 264 263
Transport, storage and communication 2396 2405 2738
Real estate, renting, business activities 1403 1588 1609
Finance, insurance 589 596 644
Public administration 688 696 697
Education 1138 1174 1173
Health and social care 513 512 506
Other 1019 1073 1173
Total at basic prices 19402 20232 21113
Net taxes 2262 2353 2375
Total at market prices 21664 22585 23488

6RXUFH��%DQN�RI�(VWRQLD�������

� +XPDQ�UHVRXUFHV

7KH�PHDQ�DQQXDO�SRSXODWLRQ�QXPEHU�ZDV�HVWLPDWHG�LQ������DV������������(VWRQLD·V
DYHUDJH�SRSXODWLRQ�GHQVLW\�LV������SHUVRQV�SHU�VTXDUH�NLORPHWUH��WKRXJK�WKHUH�DUH



��

DSSUR[LPDWHO\�WKUHH�VTXDUH�NLORPHWUHV�SHU�FDSLWD��)LYH�WRZQV�KDYH�RYHU�������
LQKDELWDQWV��7KH�SRSXODWLRQ�GHQVLW\�LV�DERYH�DYHUDJH�LQ�WKH�WKUHH�FRXQWLHV�ZKHUH
(VWRQLD·V�ODUJHVW�WRZQV�DUH�ORFDWHG��7DUWX�������SHU�VT��NP���,GD�9LUX�������SHU�VT��NP�
DQG�+DUMX��������SHU�VT��NP���7KH�ORZHVW�SRSXODWLRQ�GHQVLW\�LV�LQ�+LLXPDD�&RXQW\
������SHU�VT��NP���5DSLG�XUEDQLVDWLRQ�VWDUWHG�LQ�(VWRQLD�LQ�WKH�����V��7RGD\�XUEDQ
SRSXODWLRQ�DFFRXQWV�IRU�WZR�WKLUGV�RI�WKH�WRWDO���WKLV�SURSRUWLRQ�KDV�VWD\HG�XQFKDQJHG
IRU�WKH�ODVW�GHFDGHV�

7KH�SRSXODWLRQ�RI�(VWRQLD�KDV�EHHQ�FRQVWDQWO\�GHFUHDVLQJ�LQ�UHFHQW�\HDUV�GXH�WR�WZR
IDFWRUV�ZKLFK�KDYH�SOD\HG�DQ�DSSUR[LPDWHO\�HTXDO�UROH�LQ�WKH�GHFOLQH��)LUVW��WKH�GHFOLQH
EHJDQ�LQ�WKH�HDUO\�����V�ZKHQ�WKH�UHVWRUDWLRQ�RI�(VWRQLD·V�LQGHSHQGHQFH�UHVXOWHG�LQ�D
ZDYH�RI�GHSDUWXUH�RI�QRQ�(VWRQLDQ�ZRUNHUV��6HFRQGO\��DW�WKH�VDPH�WLPH��WKH�WHQGHQF\
WRZDUGV�WKH�DJHLQJ�RI�WKH�SRSXODWLRQ�GHHSHQHG�GXH�WR�WKH�GHFUHDVLQJ�ELUWK�UDWH�DQG�D
QHJDWLYH�QDWXUDO�LQFUHDVH�RI�WKH�SRSXODWLRQ��)LJXUH����

7KH�SHDN�RI�HPLJUDWLRQ�ZDV�LQ������ZKHQ�WKH�QXPEHU�RI�WKRVH�OHDYLQJ�WKH�FRXQWU\
RXWVWULSSHG�WKH�QXPEHU�RI�QHZ�VHWWOHUV�E\���������,Q�WKH�IROORZLQJ�\HDUV�HPLJUDWLRQ
VORZHG�GRZQ��+RZHYHU��WKH�GHFUHDVH�WUHQG�RI�SRSXODWLRQ�GHHSHQHG�

)LJXUH���%LUWKV��GHDWKV�DQG�QDWXUDO�LQFUHDVH��6WDWLVWLFDO�<HDUERRN���������
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/LYH�ELUWKV

'HDWKV

1DWXUDO�LQFUHDVH
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7KH�XQHPSOR\HG�ZHUH�ILUVW�UHJLVWHUHG�LQ�(VWRQLD�RQO\�LQ�-XQH�������)URP�WKDW�WLPH�WR
WKH�SUHVHQW��WKHUH�DUH�VWDWLVWLFV�RQ�WKH�UHFHLSW�RI�XQHPSOR\PHQW�EHQHILWV��,Q�VXPPHU�
XQHPSOR\PHQW�JRHV�GRZQ�DQG�ULVHV�DJDLQ�LQ�WKH�ZLQWHU�PRQWKV��7KLV�FDQ�EH�H[SODLQHG
E\�WKH�LQFUHDVLQJ�QXPEHU�RI�WHPSRUDU\�SRVLWLRQV�LQ�WKH�VXPPHU��LQ�DJULFXOWXUH�
FRQVWUXFWLRQ�DQG�VHUYLFHV��

,Q�(VWRQLD��WKH�XQHPSOR\PHQW�UDWH�LV�H[SUHVVHG�DV�WKH�UDWLR�RI�WKH�SHUVRQV�RIILFLDOO\
UHJLVWHUHG�DV�XQHPSOR\HG�WR�WKH�QXPEHU�RI�SHRSOH�RI�ZRUNLQJ�DJH�

7KHUH�KDV�QRW�EHHQ�DQ\�H[SORVLYH�JURZWK�LQ�XQHPSOR\PHQW�LQ�(VWRQLD��+RZHYHU�
XQHPSOR\PHQW�KDV�EHHQ�JURZLQJ�VWHDGLO\��7KH�UDWH�RI�XQHPSOR\HG�SHRSOH�UHDFKHG
����RI�WKH�DFWLYH�ODERXU�IRUFH�LQ�������7KH�IDVWHVW�JURZWK�RI�XQHPSOR\PHQW�RFFXUUHG�LQ
����²������:KLOH�LQ������WKHUH�ZHUH�RQO\����RI�XQHPSOR\HG�SHUVRQV�WKHQ�E\�WKH�HQG
RI������WKHLU�SURSRUWLRQ�ZDV�DOUHDG\�����8S�WR�WKH�\HDU������WKHUH�ZDV�QR�GLIIHUHQFH�LQ
VH[HV��6LQFH������XQHPSOR\PHQW�DPRQJ�PHQ�VWDUWHG�WR�ULVH�DQG�LQ������WKH
XQHPSOR\PHQW�UDWH�ZDV�DPRQJ�PHQ������ZKLOH�DPRQJ�ZRPHQ�LW�ZDV�����)LJXUH����

)LJXUH���'HYHORSPHQW�RI�XQHPSOR\PHQW�LQ�(VWRQLD�E\�VH[HV��(VWRQLDªV�6HFRQG���������
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�

�
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���� ���� ���� ���� ���� ����

�

0HQ�

:RPHQ

$FFRUGLQJ�WR�WKH�DJHV�WKH�KLJKHVW�HPSOR\PHQW�UDWH�LV�DPRQJ�WKH�\RXQJ����²���\HDU
ROGV��²����SHU�FHQW�LQ�������8QHPSOR\PHQW�DPRQJ�WKH���²���ROGV�YDULHG�IURP�����LQ
�����WR�����LQ�������7KH�LQFUHDVH�LQ�XQHPSOR\PHQW�DPRQJ�WKH���²���DJH�JURXS�KDV
EHHQ�WKH�VORZHVW��UHDFKLQJ������LQ��������3HWWDL�������

/RQJ�WHUP�XQHPSOR\PHQW�LV�H[SHFWHG�WR�UHPDLQ�DW�LWV�UHODWLYHO\�KLJK�OHYHO��DV�WKH
SHULRG�RI�UHFHLYLQJ�XQHPSOR\PHQW�EHQHILWV�ZLOO�HQG�IRU�PDQ\�SHRSOH��7KH�JURZWK�RI
ORQJ�WHUP�XQHPSOR\PHQW�ZLOO�EHFRPH�D�VHULRXV�SUREOHP�LQ�UHJLRQV�ZKHUH
XQHPSOR\PHQW�GXULQJ�WKH�ODVW�FRXSOH�RI�\HDUV�KDV�EHHQ�WUDGLWLRQDOO\�KLJK��SULPDULO\�LQ
WKH�VRXWK�RI�WKH�FRXQWU\�DQG�RWKHU�UHJLRQV�IDUWKHU�DZD\�IURP�FRXQW\�FHQWUHV��5HJLRQDO
GLIIHUHQFHV�LQ�XQHPSOR\PHQW�DUH�H[SHFWHG�WR�JURZ�GXH�WR�WKH�VORZ�GHYHORSPHQW�RI�WKH
UXUDO�DUHDV�DQG�´RYHUKHDWLQJµ�RI�WKH�HFRQRP\�RI�7DOOLQQ�DQG�QHLJKERXULQJ�UHJLRQV�
1HZ�UHJLRQV�ZLWK�UDSLGO\�LQFUHDVLQJ�XQHPSOR\PHQW�UDWHV�PD\�HPHUJH�

,Q�D�ORQJ�WHUP�SHUVSHFWLYH��XQHPSOR\PHQW�LQ�UXUDO�GLVWULFWV�ZLOO�LQFUHDVH��SRVVLEO\
JURZLQJ�KLJKHU�WKDQ�LQ�XUEDQ�DUHDV��7KH�PDLQ�UHDVRQ�IRU�WKLV�HVWLPDWLRQ�LV�WKH�PDUNHG
GLIIHUHQFHV�LQ�WKH�FRVW�RI�OLYLQJ�DQG�WKH�UDWH�RI�HFRQRPLF�JURZWK�LQ�WRZQV�UHODWLYH�WR�WKH
FRXQWU\VLGH��%HLQJ�UHJLVWHUHG�DV�XQHPSOR\HG�LV�YHU\�LPSRUWDQW�WR�SHRSOH�LQ�PDQ\�UXUDO
GLVWULFWV�DV�LW�HQWDLOV�VHYHUDO�LPSRUWDQW�VRFLDO�EHQHILWV�

+LGGHQ�XQHPSOR\PHQW�LV�H[SHFWHG�WR�GHFUHDVH��GXH�WR�LPSURYHG�VHUYLFHV�E\
HPSOR\PHQW�DJHQFLHV�DQG�WKH�H[SHFWHG�ULVH�LQ�XQHPSOR\PHQW�EHQHILWV�WKDW�VKRXOG
PRWLYDWH�PRUH�SHRSOH�WR�WXUQ�WR�WKH�DJHQFLHV��5HSRUW�RQ�(VWRQLDQ«�������



��

� )LVFDO�EDFNJURXQG

,Q������WKH�GRPHVWLF�VDYLQJV�LQFUHDVHG�WR����DJDLQVW������LQ�������ZKLFK�WKHQ�IRUPHG
DV�D�UHVXOW�RI�WKH�GLIIHUHQFH�EHWZHHQ�FXUUHQW�UHYHQXH�DQG�H[SHQGLWXUHV�LQ�GLIIHUHQW
HFRQRPLF�VHFWRUV��DW�FRQVWDQW�SULFHV��,Q������WKH�GRPHVWLF�VDYLQJV�DSSUR[LPDWHO\
HTXDOOHG�WKRVH�RI�������EHFDXVH�WKH�WLJKW�VWDWH�EXGJHW�FRQVLGHUDEO\�UHGXFHG�WKH�VDYLQJV
LQ�WKH�SXEOLF�VHFWRU�

7KH�VKDUH�RI�WKH�VDODULHV�DQG�ZDJHV�IXQG�LQ�WKH�*'3�KDV�EHHQ�DURXQG������,Q������WKH
VKDUH�RI�ZDJHV�DQG�VDODULHV�LQ�WKH�*'3�URVH�WR��������������LQ��������,Q������LW
LQFUHDVHG�WR�������DQG�GURSSHG�DJDLQ�LQ������WR�������

7KH�JUHDW�LPSDFW�RI�IRUHLJQ�WUDGH�RQ�VWDWH�UHYHQXH�SRVHV�QR�HFRQRPLF�SUREOHP��EXW�FDQ
FDXVH�VRPH�WHFKQLFDO�GLIILFXOWLHV�LQ�SUHGLFWLQJ�WKH�GHYHORSPHQW�RI�WKH�ILVFDO�V\VWHP�
+RZHYHU��LI�LQ�UHDOLW\�ZDJHV�LQFUHDVH�PRUH�WKDQ�H[SHFWHG�DQG�IRUHLJQ�WUDGH�GRHV�QRW
LQFUHDVH�PRUH�UDSLGO\�WKDQ�GRPHVWLF�WUDGH��LW�ZLOO�PHDQ�WKDW�WKH�VKDUH�RI�WKH�VWDWH
EXGJHW�ZLOO�GHFUHDVH�LQ�WKH�WRWDO�UHYHQXH�RI�WKH�ILVFDO�V\VWHP��6LQFH�WKH�VKDUH�RI�LQFRPH
WD[�DQG�9$7�LQ�WKH�UHYHQXH�RI�WKH�ILVFDO�V\VWHP�LV�KLJK��QHDUO\�������WKLV�ZLOO�KHOS�WR
SHUSHWXDWH�WKH�H[LVWLQJ�VKDUH�RI�UHYHQXH�LQ�WKH�*'3��SURYLGHG�WD[�UDWHV�UHPDLQ
XQFKDQJHG��+RZHYHU��WKLV�FDQ�KDYH�D�GHVWDELOLVLQJ�HIIHFW�RQ�WKH�UHODWLRQV�RI�WKH�SDUWV�RI
WKH�ILVFDO�V\VWHP�

6LQFH�WKH�UHVWRUDWLRQ�RI�DQ�LQGHSHQGHQW�VWDWH�EXGJHW�(VWRQLD�KDV�SXUVXHG�WKH�SROLF\�RI
EDODQFLQJ�UHYHQXH�DQG�H[SHQGLWXUHV��7KH�IRUHLJQ�ORDQV�WDNHQ�E\�WKH�*RYHUQPHQW�DV
ZHOO�DV�GRPHVWLF�ORDQV�WDNHQ�E\�ORFDO�JRYHUQPHQWV�KDYH�EHHQ�XVHG�IRU�LQYHVWPHQWV�RU
UHQRYDWLRQV�UDWKHU�WKDQ�IRU�FRQVXPSWLRQ��'LVUHJDUGLQJ�VWDWH�ORDQV�DV�ZHOO�DV�ORDQV
JXDUDQWHHG�E\�WKH�VWDWH�DQG�RQ�OHQW�WR�SURGXFWLRQ�RUJDQLVDWLRQV��UHYHQXH�DQG
H[SHQGLWXUHV�LQ�WKH�ILVFDO�V\VWHP�ZHUH�EDODQFHG�LQ�����²������,Q�YLHZ�RI�WKH�LQFUHDVH
LQ�FRQVXPSWLRQ�DQG�WKH�GHFUHDVH�LQ�VDYLQJV�LQ������WKH�*RYHUQPHQW�VHW�WKH�WDUJHW�RI
DFKLHYLQJ�D�EXGJHW�VXUSOXV�LQ�ERWK������DQG�������7KH�VXUSOXV�ZLOO�EH�FKDQQHOOHG�LQWR
WKH�6WDELOLVDWLRQ�5HVHUYH�)XQG��ZKLFK�ZLOO�KHOS�WKH�*RYHUQPHQW�WR�ILQDQFH
XQIRUHVHHDEOH�H[SHQVHV�ZLWKRXW�KDYLQJ�WR�LQFUHDVH�WKH�WD[�RU�GHEW�EXUGHQ�

7KH�(VWRQLDQ�VRFLHW\�VHHPV�WR�KDYH�FRPH�WR�D�WDFLW�DJUHHPHQW�WKDW�WD[HV�PXVW�QRW�EH
WRR�KLJK��7KH�WD[�OHYHO�LV�XVXDOO\�PHDVXUHG�DV�D�UDWLR�RI�WD[�UHYHQXH�WR�WKH�*'3�
$FFRUGLQJ�WR�DQDO\VWV��WKH�ZHDOWKLHU�WKH�VRFLHW\��WKH�KLJKHU�WKH�VR�FDOOHG�QRUPDO�WD[
EXUGHQ��:HDOWK�LV�PHDVXUHG�E\�SHU�FDSLWD�*'3��8QGHU�WKLV�DSSURDFK��(VWRQLD·V���²���
WD[�EXUGHQ�LV�D�ELW�WRR�KLJK�IRU�WKH�FRXQWU\·V�OHYHO�RI�GHYHORSPHQW��EXW�WRR�ORZ�IRU
DIIOXHQW�LQGXVWULDO�FRXQWULHV�VXFK�DV�6ZHGHQ�RU�7KH�1HWKHUODQGV��&RPSDUHG�WR�RWKHU
WUDQVLWLRQ�HFRQRPLHV��(VWRQLD�FDQ�VWLOO�EH�SODFHG�DPRQJ�WKH�FRXQWULHV�ZLWK�D�PRGHVW�WD[
EXUGHQ��WKDW�LV��EHORZ�����RI�WKH�*'3���(VWRQLD�LV�H[FHSWLRQDO�LQ�WKH�VHQVH�WKDW�WKH
UHODWLYH�UHGXFWLRQ�LQ�WKH�ODUJH�DPRXQW�RI�PRQH\�EHLQJ�SXPSHG�WKURXJK�WKH�EXGJHW
V\VWHP�KDV�QRW�EHHQ�IROORZHG�E\�D�VSDWH�RI�WD[�LQFUHDVHV��DW�WKH�HQG�RI�WKH�����V�DQ
HVWLPDWHG���²����RI�WKH�*'3�ZDV�UHGLVWULEXWHG�WKURXJK�WKH�EXGJHW�V\VWHP��

7KH�(VWRQLDQ�WD[�V\VWHP�ZLWK�LWV�QHXWUDO�FKDUDFWHU�DQG�RYHUZKHOPLQJO\�SURSRUWLRQDO
WD[�UDWHV�VKRXOG�DXWRPDWLFDOO\�JXDUDQWHH�D�VWDEOH�WD[�EXUGHQ�LQ�WKH�\HDUV�DKHDG�
SURYLGHG�WKDW�WD[�UDWHV�DQG�WKH�VWUXFWXUH�RI�*'3�DUH�QRW�FKDQJHG��7KH�VWDELOLW\�RI�WKH
WD[�V\VWHP�LV��RI�FRXUVH��DQ�LPSRUWDQW�SUHUHTXLVLWH�IRU�DWWUDFWLQJ�IRUHLJQ�FDSLWDO�

)RUHLJQ�ILQDQFLQJ�LV�GRPLQDWHG�E\�ORQJ�WHUP�GLUHFW�LQYHVWPHQWV�DQG�ORDQV��7KH
LQYHVWRUV�DUH�IRFXVHG�SUHYDLOLQJO\�RQ�ILQDQFLQJ�H[LVWLQJ�FRPSDQLHV��7KH�VKDUH�RI�GLUHFW
LQYHVWPHQWV�KDV�EHHQ�GHFUHDVLQJ�DQG�UHLQYHVWPHQWV�LQFUHDVLQJ��+LJKHVW�LQYHVWPHQWV
KDYH�EHHQ�PDGH�LQWR�LQGXVWU\�DQG�WUDGH�VHFWRUV��%\�WKH�FRXQWU\�RI�RULJLQ�KDOI�RI�WKH
LQYHVWPHQWV�KDYH�FRPH�IURP�QHLJKERXULQJ�6FDQGLQDYLDQ�FRXQWULHV��PRVWO\�)LQODQG
DQG�6ZHGHQ��ZKLFK�KDYH�SURYLGHG�WRJHWKHU�RYHU�KDOI�RI�WKH�LQYHVWPHQWV�



��

)RUHLJQ�ORDQV�WDNHQ�DQG�JXDUDQWHHG�E\�WKH�VWDWH�DPRXQWHG�LQ������WR�86������PLOOLRQ
�EDVHG�RQ�DYHUDJH�DQQXDO�H[FKDQJH�UDWH�LQ������86���� �((.���������(VWRQLD·V�GHEW
EXUGHQ�LV�UHODWLYHO\�VPDOO�DV�FRPSDUHG�WR�RWKHU�WUDQVLWLRQ�HFRQRPLHV��DSSUR[LPDWHO\
�����RI�WKH�*'3�LQ������

7KH�LQIODWLRQ�UDWH�LV�VORZLQJ�GRZQ�JUDGXDOO\��'XULQJ�WKH�ODVW�IRXU�\HDUV�LQIODWLRQ�KDV
DFKLHYHG�D�UHODWLYHO\�VWDEOH�DQG�ORZ�UDWH�FRPSDUHG�WR�WKH�SUHYLRXV�\HDUV��7DEOH��
VKRZV�FKDQJHV�LQ�FRQVXPHU�SULFH�LQGH[�ZKLFK�UHODWHV�FORVHO\�WR�WKH�FKDQJH�LQ�LQIODWLRQ
UDWH�

7DEOH���&KDQJH�LQ�FRQVXPHU�SULFH�LQGH[�FRPSDUHG�WR�WKH�SUHYLRXV�\HDU�LQ��

1990 1991 1992 1993 1994 1995 1996 1997
CPI 60 258.0 1053.0 89.8 41.7 28.9 14.8 11.2

7KH�FKDQJHV�LQ�WKH�FRQVXPHU�SULFH�LQGH[��&3,��KDYH�EHHQ�PRVWO\�FDXVHG�E\�WKH�IDFW
WKDW�QHDUO\�DOO�WKH�SULFHV�DUH�DIIHFWHG�E\�WKH�GHYHORSPHQWV�HLWKHU�RQ�WKH�GRPHVWLF�RU
ZRUOG�PDUNHW��'RPHVWLF�IOXFWXDWLRQV�DUH�FDXVHG�E\�SULFH�FRUUHFWLRQV�LQ�WKH�VHFWRUV
FRQWUROOHG�E\�WKH�6WDWH�RU�ORFDO�DXWKRULWLHV�RU�GXH�WR�WKH�LQWHUYHQWLRQV�E\�WKH�HFRQRPLF
LQVWUXPHQWV�LQ�WKH�IRUP�RI�WD[HV�RU�RWKHU��(VWRQLD�DV�D�VPDOO�PDUNHW�LV�HDVLO\�DIIHFWHG�E\
DQ\�IOXFWXDWLRQV�LQ�WKH�ZRUOG�PDUNHW��$FWLRQV�WDNHQ�E\�WKH�WUDGH�SDUWQHUV�DUH�YLVLEOH�LQ
WKH�SULFHV��$OO�WKRVH�IDFWRUV�DUH�H[SOLFLWO\�GHSLFWHG�LQ�WKH�FDVH�RI�WKH�PRQWKO\�LQFUHDVH�LQ
WKH�&3,�

7KH�G\QDPLFV�RI�WKH�&3,�FRPSDUHG�WR�WKH�SUHYLRXV�PRQWKV�LV�JLYHQ�LQ�)LJXUH����+HUH
WKH�WUHQG�RI�GHFOLQLQJ�LQIODWLRQ�UDWHV�LV�PRVW�H[SOLFLW�

)LJXUH���&KDQJHV�LQ�WKH�FRQVXPHU�SULFH�LQGH[�$XJXVW�����¥0D\������FRPSDUHG�ZLWK�WKH�VDPH
PRQWK�RI�WKH��SUHYLRXV�\HDU�����DFFRUGLQJ�WR�GDWD�RI�WKH�%DQN�RI�(VWRQLD�
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$OWKRXJK�WKH�RSHQ�VHFWRU�KDV�D�VLJQLILFDQW�LPSDFW�RQ�WKH�SULFH�LQFUHDVH�LQ�WKH�VKHOWHUHG
VHFWRU��WKLV�LV�QRW�WKH�RQO\�IDFWRU�UHVSRQVLEOH�IRU�WKH�SULFH�LQFUHDVH��7KH�UDSLG�LQFUHDVH�LQ
SULFHV�LQ�WKH�VKHOWHUHG�VHFWRU�LV�FORVHO\�UHODWHG�WR�DGPLQLVWUDWLYH�GHFLVLRQ�PDNLQJ��WKDW
LV�VWDWH�UHJXODWLRQ�RI�SULFHV�DQG�WKH�JUDGXDO�IUHHLQJ�RI�SULFHV�IURP�WKH�VWDWH�FRQWURO�
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7KH�GHUHJXODWLRQ�RI�SULFHV�EHJDQ�LQ�(VWRQLD�DOUHDG\�LQ�������7KH�*RYHUQPHQW�IL[HV�WKH
SULFH�RI�ODQG��RLO�VKDOH��VWDQGLQJ�IRUHVW��PHGLFLQHV��WKH�UDWHV�RI�SXEOLF�KHDOWK�FDUH
VHUYLFHV��FRPPXQLFDWLRQV�DQG�SRUW�VHUYLFHV��*RYHUQPHQW�PLQLVWULHV�FR�RUGLQDWH�WKH
SULFHV�RI�KHDWLQJ��JDV��ZDWHU�DQG�VHZHUDJH�VHUYLFHV��/RFDO�JRYHUQPHQWV�HVWDEOLVK�WKH
IDUHV�LQ�SXEOLF�WUDQVSRUW�DQG�YDULRXV�FRPPXQDO�VHUYLFHV��7KH�&RPSHWLWLRQ�%RDUG
PRQLWRUV�WKH�SULFHV�RI�PRQRSROLVWLF�FRPSDQLHV�

'HVSLWH�WKH�VKRUW�OLVW�RI�VHUYLFHV�ZLWK�VWDWH�UHJXODWHG�SULFHV�WKHLU�LQIODWLRQDU\�LPSDFW�LV
UHODWLYHO\�VWURQJ��7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�WKLV��)LUVW��WKLV�LV�GXH�WR�WKH�IDFW�WKDW�RLO
VKDOH�DQG�HOHFWULFLW\�ZLWK�WKHLU�UHJXODWHG�SULFHV�DUH�LQSXWV�WKDW�LQIOXHQFH�WKH�FRXQWU\·V
HQWLUH�HFRQRP\��6HFRQGO\��WKH�SULFHV�RI�WKH�DERYH�JRRGV�DQG�VHUYLFHV�KDYH�LQFUHDVHG
DQG�ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�WKH�QHDU�IXWXUH�DW�D�KLJKHU�UDWH�WKDQ�SULFHV�LQ�RWKHU
DUHDV��7KLUGO\��JRRGV�DQG�VHUYLFHV�ZLWK�VWDWH�UHJXODWHG�SULFHV�PDNH�XS�DSSUR[LPDWHO\
RQH�IRXUWK�RI�WKH�FRQVXPHU�EDVNHW�XVHG�IRU�FDOFXODWLQJ�WKH�&3,�

7KH�IXWXUH�DQQXDO�LQFUHDVH�RI�WKH�FRQVXPHU�SULFH�LQGH[�LV�QHYHUWKHOHVV�H[SHFWHG�WR
JUDGXDOO\�IDOO�LQ�WKH�PHGLXP�WHUP�SHUVSHFWLYH��)RU������WKH�SUHGLFWLRQV�DUH�D�����
LQFUHDVH��ZKLFK�ZLOO�IDOO�WR����LQ�������0LQLVWU\�RI�)LQDQFH��������

(VWRQLD�KDV�D�EDODQFHG�EXGJHW��7KH�PDMRU�SDUW�RI�WKH�EXGJHW�UHYHQXH�ZDV�IRUPHG�IURP
WKH�YDOXH�DGGHG�WD[����������SHUVRQDO�LQFRPH�WD[����������FRUSRUDWH�LQFRPH�WD[�������
DQG��LQFRPH�IURP�H[FLVH�WD[HV���������LQ�������7KH�UHYHQXH�IURP�RZQHUVKLS�DQG�RWKHU
�QRQ�WD[��VRXUFHV�LQFUHDVHG�JUDGXDOO\�UHDFKLQJ������LQ������

([SHQGLWXUHV�RI�WKH�SXEOLF�VHFWRU�IOXFWXDWHG�IURP�������RI�WKH�*'3�WR�������DQG�EDFN
WR�������LQ������

6LQFH�������WKH�EDVLF�PHDQV�RI�EDODQFLQJ�UHYHQXH�DQG�H[SHQGLWXUHV�LQ�GUDIWLQJ�WKH
EXGJHW�KDV�EHHQ�SURSRUWLRQDO�FXWV�RI�H[SHQGLWXUHV�LQ�DOO�VSKHUHV��7KH�SHULRG�IURP�����
WR������FDQ�EH�FDOOHG�WKH�SHULRG�RI�UHVWRULQJ�(VWRQLD·V�LQGHSHQGHQW�HFRQRP\��$IWHU
WKDW��H[SHQGLWXUHV�E\�FDWHJRU\�KDYH�EHHQ�UHODWLYHO\�VWDEOH�

7DEOH���%XGJHW�UHYHQXH�DQG�H[SHQGLWXUHV�LQ�-DQXDU\¥'HFHPEHU�����
�FHQWUDO�JRYHUQPHQW�DQG�ORFDO�JRYHUQPHQWV��PLOOLRQ�((.���%DQN�RI�(VWRQLD�������

Central government
budget

Local budgets Total

million EEK million EEK % million EEK
Corporate income tax 891.0 6.4 891.0
Personal income tax 4352.0 31.3 4352.0
VAT 5262.0 37.8 5262.0
Excise taxes 1731.0 12.4 1731.0
Other taxes and revenues 1004.0 664.3 12.0 1668.3
Total current revenue 13240.0 664.3 100.0 13904.3
Unused sums of previous period 180.0 151.8 331.8
Revenue (incl. Unused sums of previous
period)

13420.0 816.1 102.4 14236.1

Transfers to local budgets -3159.4 3159.4
Revenue (incl. Transfers to local
budgets)

10080.6 324.4 13904.3

Division of revenue between budgets, % 72.5 27.5 100.0
Total expenditures 10046.0 364.2 104.0 10046.0
Division of expenditures between
budgets, %

69.5 30.5 100.0

7KH�RSHQQHVV�RI�WKH�(VWRQLDQ�HFRQRP\�KDV�IDFLOLWDWHG�WKH�WUDQVIHU�RI�WKH�:HVWHUQ�SULFH
OHYHO�DQG�VWUXFWXUH�WR�(VWRQLD���2QH�PDQLIHVWDWLRQ�RI�WKLV�LV�WKH�LQFUHDVH�RI�LPSRUW�DQG
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H[SRUW�SULFHV��7KH�ODWWHU�FDQ�ILUVW�DQG�IRUHPRVW�EH�DWWULEXWHG�WR�WKH�LPSURYHG�TXDOLW\�RI
(VWRQLDQ�JRRGV��DOWKRXJK�LW�LV�LPSRVVLEOH�WR�PHDVXUH�WKH�LPSDFW�RI�WKLV�IDFWRU�

7KH�SULFH�LQFUHDVH�LV�DOVR�FDXVHG�E\�WKH�IDFW�WKDW�DW�ILUVW�(VWRQLDQ�H[SRUWHUV�ZHUH�OLWWOH
NQRZQ�DQG�LQH[SHULHQFHG�WR�DVN�IRU�WKH�ULJKW�SULFH�DQG�WKXV�JRRGV�ZHUH�VROG�FKHDSHU
WKDQ�WKRVH�RI�WKH�FRPSHWLWRUV��([SRUW�SULFHV�KDYH�DOVR�LQFUHDVHG�GXH�WR�DUELWUDJH��RU
VHOOLQJ�JRRGV�SULFHG�ORZ�DW�KRPH�WR�EX\HUV�DEURDG�DW�D�KLJKHU�H[SRUW�SULFH��'XH�WR�WKH
LQFUHDVLQJ�UHDO�H[FKDQJH�UDWH�RI�WKH�NURRQ�WKH�SRVVLELOLWLHV�RI�DUELWUDJH�DUH�UHGXFLQJ�

(VWRQLDQ�WUDGH�KDV�EHHQ�LQ�GHILFLW�IRU�DOPRVW�WKH�ZKROH�HFRQRPLF�WUDQVIRUPDWLRQ
SHULRG��,Q������������ELOOLRQ�((.V�ZRUWK�RI�PHUFKDQGLVH�ZDV�H[SRUWHG�IURP�(VWRQLD
ZKLOH������ELOOLRQ�((.V�ZRUWK�RI�PHUFKDQGLVH�ZDV�LPSRUWHG��7KXV��(VWRQLD·V�WUDGH
GHILFLW�ZDV������ELOOLRQ�((.V��,Q������H[SRUWV�LQFUHDVHG�E\��������LPSRUWV�E\�������DQG
WKH�WUDGH�GHILFLW�E\������,Q�������WKH�WUDGH�GHILFLW�DPRXQWHG�WR�����RI�WKH�H[SRUWV��LQ
�����LW�ZDV�����

,Q�WRWDO�H[SRUWV�WKHUH�DUH�ILYH�JURXSV�RI�PHUFKDQGLVH�ZKRVH�VKDUH�KDV�VWD\HG�EHWZHHQ
���DQG������FORWKLQJ��IRRWZHDU�DQG�KHDGJHDU��IRRGVWXIIV��PDFKLQHU\�DQG�HTXLSPHQW�
WLPEHU�DQG�SDSHU�DQG�SURGXFWV�RI�WKH�FKHPLFDO�LQGXVWU\��7KHVH�JURXSV�KDYH�FKDQJHG
WKHLU�SRVLWLRQV�RYHU�WKH�ODVW�\HDUV�

,Q�WRWDO�LPSRUWV��WRR��WKH�ILYH�PDMRU�JURXSV�RI�PHUFKDQGLVH�LQ������ZHUH�WKH�VDPH�DV�LQ
WKH�SUHYLRXV�\HDU��DQG�WKHUH�ZDV�QR�FKDQJH�LQ�WKHLU�RUGHU��,Q�FDVH�RI�WKH�PDMRULW\�RI
JURXSV�RI�PHUFKDQGLVH�LPSRUWV�LQFUHDVHG�RYHU������DQG�WKH�LPSRUW�RI�PHWDOV��IRRG�DQG
FKHPLFDO�SURGXFWV�LQFUHDVHG�HYHQ�RYHU������7KH�RQO\�H[FHSWLRQ�ZDV�PLQHUDO�SURGXFWV�

� (QHUJ\�VHFWRU

��� 3UHVHQW�VLWXDWLRQ�RI�WKH�(VWRQLDQ�HQHUJ\�VHFWRU

7KH�SRVW��:RUOG�:DU�,,�FRPSOH[�RI�RLO�VKDOH�SRZHU�HQJLQHHULQJ�ZDV�EXLOW�WR�VDWLVI\�WKH
HQHUJ\�GHPDQG�RI�WKH�QRUWK�ZHVWHUQ�UHJLRQV�RI�WKH�WKHQ�6RYLHW�8QLRQ��HVSHFLDOO\�WKH
/HQLQJUDG�UHJLRQ��,PPHGLDWHO\�DIWHU�WKH�ZDU��GHFLVLRQ�ZDV�WDNHQ�E\�6RYLHW�RIILFLDOV�WR
UHVWRUH�DQG�HQODUJH�RLO�VKDOH�PLQLQJ�DQG�SURFHVVLQJ��7KH�WDUJHW�RI�WKH�SURGXFWLRQ�ZDV
WR�VXSSO\�/HQLQJUDG��FXUUHQWO\�6W��3HWHUVEXUJ��ZLWK�WKH�JDV�SURGXFHG�IURP�RLO�VKDOH�LQ
UHWRUWLQJ�SURFHVV�LQ�WKH�WRZQ�RI�.RKWOD�-lUYH��7KH�.RKWOD�-lUYH²/HQLQJUDG�JDV�SLSHOLQH
ZDV�EXLOW�DQG�SXW�LQWR�RSHUDWLRQ�LQ�������)LYH�\HDUV�ODWHU��ZLWK�IXUWKHU�JURZWK�RI�RLO
VKDOH�JDV�SURGXFWLRQ��WKH�JDV�SLSHOLQH�WR�7DOOLQQ�ZDV�RSHQHG�LQ�������7KH�HOHFWULFLW\
SURGXFWLRQ�RQ�WKH�EDVLV�RI�RLO�VKDOH�IROORZHG�WKH�JDV�JHQHUDWLRQ��2LO�VKDOH�SRZHU�SODQWV
LQ�1DUYD�VHUYHG�WKRVH�DVSLUDWLRQV��$IWHU�FORVLQJ�GRZQ�JDV�SURGXFWLRQ��WKH�RLO�VKDOH
EDVHG�FKHPLFDO�LQGXVWU\�ZDV�GHYHORSHG��,W�ZDV�DOO�FUHDWHG�DV�D�SDUW�RI�WKH�DOO�8QLRQ
SURGXFWLRQ�FRPSOH[��0RVW�LQYHVWPHQWV�LQWR�WKH�SURGXFWLRQ�VHFWRU�RI�WKDW�SHULRG�ZHUH
VHUYLQJ�WKLV�LQWHUHVW�

'XULQJ�WKH�SHULRG�RI�(VWRQLD·V�UHJDLQHG�LQGHSHQGHQFH��WKH�LQYHVWPHQWV�LQ�RLO�VKDOH
EDVHG�SRZHU�HQJLQHHULQJ�KDYH�EHHQ�LQVXIILFLHQW��%\�IL[LQJ�WKH�SULFH�RQ�RLO�VKDOH�DQG
HOHFWULFLW\��WKH�(VWRQLDQ�*RYHUQPHQW�KDV�SURFHHGHG�IURP�SROLWLFDO�FRQVLGHUDWLRQV�DQG
IURP�WKH�VROYHQF\�RI�FXVWRPHUV��7KH�SURGXFWLRQ�RYHU�FDSDFLW\�H[FHHGLQJ�WKH�SUHVHQW
PDUNHW�GHPDQG�KDV�PLWLJDWHG�WKH�FULWLFDO�VLWXDWLRQ��7KH�DFWXDOO\�XWLOLVHG�SURGXFWLRQ
FDSDFLW\�LV�KRZHYHU�ORZHU�WKDQ�WKH�GDWD�JLYHQ�LQ�WKH�VWDWLVWLFV�IRU������GXH�WR�WKH
H[KDXVWHG�RSHUDWLRQDO�UHVRXUFHV�DQG�UHSODFHPHQWV�GXULQJ�UHSDLUV��7KH�H[SRUW�SRWHQWLDO
RI�WKH�ZLQWHU�SHDN�FDSDFLW\�LV�DOPRVW�H[KDXVWHG�

(OHFWULFLW\�SURGXFWLRQ�LV�IXOO\�PRQRSROLVHG�LQ�(VWRQLD�DW�SUHVHQW��$OPRVW�DOO�HOHFWULFLW\
LV�SURGXFHG�E\�WKH�MRLQW�VWRFN�FRPSDQ\�(HVWL�(QHUJLD�$6��(VWRQLDQ�(QHUJ\���ZKRVH�DOO
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VKDUHV�EHORQJ�WR�WKH�VWDWH��3UDFWLFDOO\�DOO�������RI�HOHFWULFLW\�SURGXFWLRQ�LV�EDVHG�RQ�RLO
VKDOH��7KH�SULYDWLVDWLRQ�RI�WKH�HQWHUSULVH�LV�XQGHUZD\�DW�SUHVHQW�

&RQVLGHUDEOH�FKDQJHV�KDYH�WDNHQ�SODFH�LQ�WKH�HQHUJ\�VHFWRU�GXULQJ�WKH�ODVW�\HDUV��%RWK
WKH�SULPDU\�HQHUJ\�GHPDQG��7DEOH���DQG�)LJXUH����DQG�WKH�ILQDO�FRQVXPSWLRQ�KDYH
GHFUHDVHG�DOPRVW�WZLFH��7DEOH�����)URP������RQZDUGV�WKH�OHYHO�RI�HQHUJ\�FRQVXPSWLRQ
KDV�JUDGXDOO\�VWDELOLVHG��,Q������DERXW�����RI�WKH�SULPDU\�HQHUJ\�GHPDQG�ZDV
FRYHUHG�E\�LQGLJHQRXV�HQHUJ\�VRXUFHV��7KH�FKDQJHV�LQ�WKH�HQHUJ\�VHFWRU�UHIOHFW
UHGXFWLRQ�LQ�WKH�FRXQWU\·V�LQGXVWULDO�RXWSXW��EXW�HQHUJ\�FRQVXPSWLRQ�KDV�DOVR�EHFRPH
PXFK�PRUH�HIILFLHQW�GXULQJ�WKH�ODVW�\HDUV��/RQJ�7HUP�«��������

7DEOH���(VWRQLDQ�SULPDU\�HQHUJ\�VXSSO\�LQ�����¥������6WDWLVWLFDO<HDUERRN��������

Year 1990 1991 1992 1993 1994 1995 1996
Oil shale, % 58 56 66 63 63 63 63
Fuel oils, % 18 17 10 14 10 6 5
Motor fuels, % 12 12 10 13 12 13 11
Gas, % 13 13 11 7 9 11 12
Coal, % 2 2 2 1 1 0 0
Wood and peat, % 3 4 5 5 7 8 9
Electricity, % -6 -4 -4 -3 -2 -1 0
Total supply, PJ 416.6 390.6 277.3 224.2 238.7 221.6 226.3
Share of domestic fuels, % 53 52 63 62 61 61 70

)LJXUH���3ULPDU\�HQHUJ\�EDODQFH�E\�WKH�W\SHV�RI�IXHOV��3-�SHU�\HDU���/RQJ�7HUP���������
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7DEOH���3ULPDU\�HQHUJ\�XVH�LQ��������

Category Share in total supply, %
Electricity generation 43.0
District heat production 21.9
Oil shale processing 12.7
Peat processing   1.3
Direct use of fuels 17.7
Non-energy use   3.8
Fuel losses   0.7
Electricity export -1.2
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$Q�RYHUYLHZ�RI�ILQDO�HQHUJ\�FRQVXPSWLRQ�LV�SUHVHQWHG�LQ�)LJXUH���DQG�7DEOH���

7DEOH���)LQDO�HQHUJ\�FRQVXPSWLRQ�����¥������3-��(QHUJ\�%DODQFH������������

Year 1990 1991 1992 1993 1994 1995 1996
Oil shale 6.0 5.7 4.5 2.1 3.4 3.1 2.9
Fuel oils 16.5 16.4 7.7 8.1 7.1 3.7 3.1
Motor fuels 49.6 46.8 26.6 28.3 29.0 26.3 25.6
Gas 9.5 9.8 5.8 4.2 4.9 4.6 3.9
Coal 5.9 6.1 2.2 0.8 0.3 0.3 0.8
Wood and peat 9.8 9.2 8.3 7.3 9.7 10.2 10.7
Electricity 26.3 25.9 21.3 17.4 18.6 17.8 19.0
Heat 89.9 89.0 60.5 45.9 42.0 40.3 42.2
Total, PJ 213.4 208.9 136.9 114.0 114.9 106.3 108.2

)LJXUH���(VWRQLDQ�ILQDO�HQHUJ\�FRQVXPSWLRQ�E\�HFRQRPLF�VHFWRUV�LQ�����

Manufacturing
24%

Transport
21%

Households
42% Construction

1%

Agriculture
3%

Energetics
2%

Services
5%

Mining
2%

��� ([LVWLQJ�HQHUJ\�VXSSO\�DQG�GHPDQG�V\VWHP

(VWRQLDQ�LQGXVWU\�KDV�EHHQ�TXLWH�HQHUJ\�LQWHQVLYH�IRU�GHFDGHV��(FRQRPLF�UHFHVVLRQ�
RQJRLQJ�SULYDWLVDWLRQ�DQG�UHVWUXFWXULQJ�KDYH�EHHQ�WKH�PDLQ�UHDVRQ�IRU�WKH�VLJQLILFDQW
GLPLQLVKLQJ�RI�HQHUJ\�FRQVXPSWLRQ��,Q�FRQQHFWLRQ�ZLWK�SULYDWLVDWLRQ�DQG�DFFRUGLQJ�WR
FKDQJHV�LQ�WKH�HQHUJ\�VXSSO\�DQG�SULFHV��DQ�HQKDQFHPHQW�LQ�LPSURYLQJ�HQHUJ\�XVH�E\
WKH�FRPSDQLHV�WKHPVHOYHV�LV�H[SHFWHG�WR�ULVH��+RZHYHU��WDNLQJ�LQWR�DFFRXQW�WKDW�PRVW
RI�WKH�HQWHUSULVHV�DUH�LQ�WKH�PLGVW�RI�WKH�UHVWUXFWXULQJ�SURFHVV�DQG�WKDW�FDSLWDO�LV�YHU\
H[SHQVLYH��VWDWH�LV�VXSSRUWLQJ�HQHUJ\�HIILFLHQF\�PHDVXUHV�LQ�LQGXVWU\�WKURXJK�DVVLVWLQJ
LQ�FDUU\LQJ�RXW�HQHUJ\�DXGLWV�DQG�DOVR�LQ�XVLQJ�VRIW�ORDQV��,Q�KRXVHKROGV�HQHUJ\
FRQVXPSWLRQ�KDV�VWLOO�KDV�LQFUHDVHG��EXW�ELJ�IOXFWXDWLRQV�DUH�WDNLQJ�SODFH�KHUH�

(VWRQLDQ�HQHUJ\�VXSSO\�V\VWHP�FRQVLVWV�RI��HOHFWULF�WKHUPDO�SRZHU�SODQWV�DQG�ERLOHU
KRXVHV��7KH�SURGXFWLRQ�RI�HOHFWULF�HQHUJ\�LV�FRQFHQWUDWHG�LQ�1DUYD��1RUWKHDVW�(VWRQLD�
ZKHUH�WKH�PDMRULW\�RI�HOHFWULFLW\�SURGXFWLRQ�FDSDFLWLHV�DUH�LQVWDOOHG��7KH�LQVWDOOHG
FDSDFLW\�LV�DFWXDOO\�KLJKHU�WKDQ�(VWRQLDQ�RZQ�GHPDQG��3ODQWV�ZHUH�GHVLJQHG�DQG�EXLOW
GXULQJ�WKH�6RYLHW�SHULRG�WR�SURYLGH�HOHFWULFLW\�IRU�D�PXFK�ODUJHU�DUHD�LQ�WKH�QRUWK�
ZHVWHUQ�HQHUJ\�V\VWHP�RI�WKH�IRUPHU�8665�²�WKH�/HQLQJUDG�DQG�3VNRY�REODVWV�RI�WKH
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5XVVLDQ�)HGHUDWLRQ�DQG�/DWYLD��VHH�7DEOH�����2LO�VKDOH�SRZHU�SODQWV�DUH�ROG�RU�FORVH�WR
EHLQJ�ZRUQ�RXW���7KH�HVWLPDWHG�OLIHWLPH�IRU�%DOWL��.RKWOD�-lUYH�DQG�$KWPH�SRZHU�SODQWV
LV����\HDUV��IRU�(HVWL�3RZHU�3ODQW����\HDUV�DQG�,UX�3RZHU�3ODQW����\HDUV�

%HVLGH�WKH�%DOWL�3RZHU�3ODQW�FR�JHQHUDWLRQ�SODQWV�KDYH�EHHQ�LQVWDOOHG�LQ�7DOOLQQ��,UX
DQG�hOHPLVWH��DQG�LQ�1RUWK�(DVW�(VWRQLD��.RKWOD�-lUYH��$KWPH���$V�IRU�WKH�HOHFWULFLW\
JHQHUDWLRQ�HIILFLHQFLHV��WKH�QHW�HOHFWULFDO�HIILFLHQF\�RI�SRZHU�SODQWV�UDQJHV�IURP����
�.RKWOD�-lUYH�DQG�$KWPH�SODQWV��WR���²������%DOWL�DQG�(HVWL�SRZHU�SODQWV���ZKLFK
FRXOG�EH�FRQVLGHUHG�UHODWLYHO\�ORZ�

7DEOH���/DUJHU�SRZHU�SODQWV�LQ�(VWRQLD��6WDWLVWLFDO�<HDUERRN��������

Plants Electricity
capacity, MW

Heat capacity,
MW

Eesti PP 1610 84
Balti PP 1390 686
Iru CHP 190 749
Kohtla-Järve CHP 39 534
Ahtme CHP 20 338
Ülemiste CHP 11 278
Total 3260 2669
Share of Estonian total,  % in 1995 100 20.8

&XUUHQWO\�HOHFWULFLW\�SURGXFWLRQ�KDV�GURSSHG�QHDUO\�E\�KDOI��EHFDXVH�H[SRUW�KDV
GLPLQLVKHG�GUDVWLFDOO\��7DEOH�����7KLV�KDV�D�SRVLWLYH�HQYLURQPHQWDO�HIIHFW�HQDEOLQJ
UHGXFWLRQ��RI�JURVV�DLU�SROOXWLRQ�

7DEOH���(OHFWULF�HQHUJ\�EDODQFH�VKHHW�LQ�����¥������*:³K��6WDWLVWLFDO�<HDUERRN��������

Item 1980 1985 1990 1994 1995 1996
Production 18898 17827 17181 9152 8693 9103
Imports 370 1379 1475 315 245 240
Consumption,
of which including industry
and household

5500
2992
514

6605
3345
734

7299
3450
881

5288
2021
1270

5075
1943
1067

5417
2167
1234

Own use by power plants 1735 1701 1733 1146 1086 1116
Losses (in networks and equipment) 960 1117 1147 1527 1773 1710
Exports (to Russia and Latvia) 11073 9783 8477 1506 1004 1100

7KH�SURGXFWLRQ�RI�KHDW�LV�EDVHG�RQ�D�YDULHW\�RI�IXHOV��OLTXLG�IXHOV�KDYH�WKH�ELJJHVW�VKDUH
IROORZHG�E\�JDVHRXV�DQG�VROLG�IXHOV��,PSRUWHG�KHDY\�DQG�OLJKW�IXHO�RLOV�DV�ZHOO�DV
ORFDOO\�SURGXFHG�VKDOH�RLO�DUH�WKH�PDMRU�OLTXLG�IXHOV��,Q�WKH�PDMRULW\�RI�VHWWOHPHQWV
GLVWULFW�KHDWLQJ�LV�XVHG��WKH�QHWZRUN�RI�GLVWULFW�KHDWLQJ�LV�UHODWLYHO\�ZHOO�GHYHORSHG��,Q
UXUDO�DUHDV�ORFDO�ERLOHU�KRXVHV�KDYH�EHHQ�XVHG��LQ�PDQ\�SODFHV�KHDY\�IXHO�RLO�ILUHG
ERLOHUV�KDYH�EHHQ�UHSODFHG�ZLWK�IXHO�ZRRG�EDVHG��ZRRG�FKLSV��ERLOHUV��7KH�VKDUH�RI
ORFDO�ERLOHU�KRXVHV�LV�SHUPDQHQWO\�LQFUHDVLQJ��&R�SURGXFHG�KHDW�LV�FRQVXPHG�SDUWLDOO\
IRU�GLVWULFW�KHDWLQJ�ZKHQ�IHDVLEOH�

6LJQLILFDQW�FKDQJHV�KDYH�EHHQ�WDNLQJ�SODFH�LQ�KHDW�FRQVXPSWLRQ�LQ�YDULRXV�VHFWRUV�
ZKLFK�LV�PRVWO\�GXH�WR�HFRQRPLF�UHVWUXFWXULQJ�RI�QDWLRQDO�HFRQRP\��,Q�LQGXVWU\�DQG
DJULFXOWXUH�WKH�GHFUHDVH�RI�FRQVXPSWLRQ�KDV�EHHQ�WKH�ELJJHVW��VHH�)LJXUH�����
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)LJXUH���&KDQJH�RI�KHDW�SURGXFWLRQ�FDSDFLWLHV�RI�SRZHU�DQG�KHDWLQJ�SODQWV
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7RWDO�WKHUPDO�FDSDFLW\�RI�SRZHU
SODQWV

7RWDO�FDSDFLW\�RI�ERLOHU�KRXVHV

7DEOH����1XPEHU�RI�ERLOHUV��FDSDFLW\�DQG�JHQHUDWHG�KHDW�����¥����
�6WDWLVWLFDO�<HDUERRN��������������

Number of boilers at
the end of year

Total capacity MW Generated heat GW·h

1994 1995 1996 1994 1995 1996 1994 1995 1996
Total number of
boilers

5586 5682 5267 11810 11252 10774 9206 9248 9561

Capacities:
less than 1 MW

4271 4427 4051 2794 2591 2304 1746 1620 1521

1 to 5 MW 853 816 815 2231 2098 2003 1877 1559 1694
5 to 20 MW 392 374 340 3799 3570 3250 2597 2912 3074
20 to 60 MW 59 54 44 1802 1809 1570 1507 1499 1292
over 60 MW 11 11 17 1184 1184 1647 1480 1658 1980
Working with:
Coal 1245 186 977 1133 725 555 383 325 285
Oil shale 133 100 86 198 205 200 135 151 164
Peat 184 172 121 254 301 439 223 319 410
Wood 769 908 885 902 1065 888 713 872 1032
Heavy fuel oil 912 723 676 4204 3178 2449 3620 2485 2561
Shale oil 711 692 513 1628 1593 1351 1234 1255 784
Light fuel oil 322 396 441 243 289 666 96 162 232
Gas 553 652 694 2785 3423 3722 2147 2985 3372
Electric energy 746 843 865 201 247 279 123 131 130
Other (generator
gas and biogas)

11 10 9 262 226 225 532 563 591
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)LJXUH����&KDQJHV�LQ�KHDW�FRQVXPSWLRQ�LQ�GLIIHUHQW�VHFWRUV�EHWZHHQ������DQG�����
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*
:
K

,QGXVWU\

&RQVWUXFWLRQ

$JULFXOWXUH

+RXVHKROGV

2WKHU�EUDQFKHV

1HWZRUN�ORVVHV

7KH�ODUJHVW�KHDW�SURGXFHU�LQ�(VWRQLD��LV�$6�7DOOLQQD�6RRMXV��ZKLFK�KDV��ILYH�ODUJH�ERLOHU
KRXVHV�LQ�WKH�FLW\�RI�7DOOLQQ��.HVNOLQQD��hOHPLVWH��.DGDND��.DUMDPDD��0XVWDPlH
�FDSDFLWLHV�IURP���WR�����0:��SURGXFWLRQ������*:ÃK�LQ�������DQG����VPDOOHU�ERLOHU
KRXVHV�ZLWK�WRWDO�SURGXFWLRQ�RI�����*:ÃK�LQ������LQ�7DOOLQQ�PXQLFLSDOLW\��7KH�WRWDO
OHQJWK�RI�WKH�GLVWULFW�KHDWLQJ�QHWZRUN�LQ�7DOOLQQ�LV�����NP���7KH�,UX�&+3�SURYLGHG
DGGLWLRQDOO\�����*:ÃK�KHDW�WR�WKH�HDVWHUQ�SDUW�RI�7DOOLQQ��/DVQDPlH�GLVWULFW��

$ERXW�����RI�WKH�FRQVXPHUV�XVHG�GLVWULFW�KHDWLQJ�LQ�WKH�EHJLQQLQJ�RI�WKH�����V��2I
WKHVH�����ZHUH�KRXVHKROGV������KRVSLWDOV��VFKRROV�DQG�NLQGHUJDUWHQV�����VKRSV�DQG
RIILFHV�����LQGXVWU\��+RZHYHU��WKRVH�VKDUHV�KDYH�EHHQ�FKDQJLQJ�LQ�UHFHQW�\HDUV�ZLWK
WKH�WHQGHQF\�WR�LQVWDOO�VPDOO�DXWRQRPRXV�DQG�HIILFLHQW�JDV�ILUHG�ERLOHUV�LQ�WKH
EXLOGLQJV��*HQHUDOO\�VXFK�VPDOO�ERLOHUV�JLYH�D�EHWWHU�SRVVLELOLW\�WR�UHJXODWH�KHDW
FRQVXPSWLRQ��KHQFH�WR�UHGXFH�WKH�FRVWV�IRU�KHDWLQJ�

7KH�PDMRULW\�RI�GLVWULFW�ERLOHU�KRXVHV�LQ�(VWRQLD�DUH�GHSUHFLDWHG��2QO\�FD����RI�WKRVH
DUH�OHVV�WKDQ���\HDUV�ROG������DUH���WR����\HDUV�ROG���������WR����\HDUV�ROG��DQG�����DUH
HYHQ�ROGHU�WKDQ����\HDUV��DFFRUGLQJ�WR�XQRIILFLDO�LQIRUPDWLRQ�IURP�$6�7DOOLQQD�6RRMXV��
2I�FRXUVH�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH�DJH�RI�HTXLSPHQW��VRPH�ERLOHU�KRXVHV�KDYH�EHHQ
UHQRYDWHG�DQG�ERLOHUV�KDYH�EHHQ�UHSODFHG��EXW�D�ODUJH�SDUW�RI�ERLOHUV�DUH�WUXO\�ROG�

(IILFLHQFLHV�RI�WKH�ERLOHU�KRXVHV�DUH�YDU\LQJ�DQG�DUH�GHSHQGHQW�RQ�WKH�DJH�DQG�W\SHV�RI
IXHOV�XVHG��%RLOHUV�XVLQJ�VROLG�IXHOV�KDYH�WKH�ORZHVW�HIILFLHQFLHV�����²�����7KH�KLJKHVW
HIILFLHQF\�LV�IRU�JDV�DQG�OLJKW�IXHO�RLO�ILUHG�SODQWV�²�XS�WR�����

��� (QHUJ\�UHVRXUFHV

$�VSHFLILF�IHDWXUH�RI�WKH�(VWRQLDQ�HQHUJ\�VHFWRU�LV�RLO�VKDOH��ZKLFK�DFFRXQWHG�IRU�����RI
WKH�SULPDU\�HQHUJ\�VXSSO\�LQ�������$V�PXFK�DV�����RI�HOHFWULFLW\�LV�JHQHUDWHG�IURP�RLO
VKDOH��(VWRQLDQ�RLO�VKDOH�LV�UDWKHU�XQLTXH��LWV�UHVHUYHV�DUH�WKH�ODUJHVW�FRPPHUFLDOO\
H[SORLWHG�GHSRVLW�LQ�WKH�ZRUOG��2LO�VKDOH�LV�FKDUDFWHULVHG�DV�D�ORZ�JUDGH�IXHO�ZLWK�D�ORZ
KHDWLQJ�YDOXH��2LO�VKDOH�LV�D�VHGLPHQWDU\�IRUPDWLRQ�ZKLFK�FRQVLVWV�RI�RUJDQLF�PDWWHU�RU
NHURJHQ��FDUERQDWH�PDWWHU�DQG�VDQG\�FOD\�PLQHUDOV����²������2LO�VKDOH�FRQWDLQV����²
�����VXOSKXU��PRVWO\�DV�RUJDQLF�DQG�S\ULWLF�

2LO�VKDOH�LV�PLQHG�LQ�XQGHUJURXQG�PLQHV�DQG�RSHQ�SLWV�DQG�WKH�SURGXFWLRQ�FDSDFLWLHV
�VHH�)LJXUH�����KDYH�FKDQJHG�LQ�DFFRUGDQFH�ZLWK�WKH�GHPDQG�RI�SRZHU�SODQWV�DQG�RLO
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VKDOH�SURFHVVLQJ�LQGXVWU\��7KH�SURGXFWLRQ�FRVW�RI�RLO�VKDOH�JURZV�ZLWK�WKH�GHSWK�RI�WKH
PLQHG�RLO�VKDOH�OD\HUV��GHFUHDVH�LQ�LWV�FDORULILF�YDOXH��LQFUHDVH�LQ�WKH�FRVW�RI�LQYHVWPHQWV
LQ�WUDQVSRUW�DQG�PDLQWHQDQFH�RI�WKH�WHFKQLFDO�OHYHO��ULVH�LQ�WKH�FRVW�RI�EODVWLQJ�ZRUN�DQG
ODERXU�SRZHU�DQG�ZLWK�WKH�JURZWK�RI�HQYLURQPHQWDO�DQG�UHVRXUFH�FKDUJHV��/RQJ�7HUP
«��������

1RZDGD\V�PLQLQJ�DQG�TXDUU\LQJ�RFFXS\�FD����RI�(VWRQLDQ�VXUIDFH�DUHD��7KH�DQQXDO
H[WUDFWLRQ�ZDV������0W�LQ������������0W�LQ������DQG������0W�LQ�������)LJXUH������(YHU\
\HDU�VRPH�DPRXQW�RI�RLO�VKDOH�KDV�EHHQ�LPSRUWHG�DOVR�IURP�5XVVLD��$FWLYH�UHVRXUFHV�RI
WKH�(VWRQLD·V�RLO�VKDOH�GHSRVLW�DUH�DSSUR[LPDWHO\���������*W�DQG�SDVVLYH�UHVRXUFHV�DERXW
��*W�

)LJXUH����2LO�VKDOH�SURGXFWLRQ�LQ�����¥����
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2LO�VKDOH�LV�XVHG�DOVR�IRU�VKDOH�RLO��V\QWKHWLF�FUXGH�RLO��SURGXFWLRQ�DQG�DV�D�UDZ
PDWHULDO�IRU�WKH�FKHPLFDO�DQG�FHPHQW�LQGXVWULHV��7KH�RLO�VKDOH�FRQVXPSWLRQ�E\�SXUSRVH
LQ������ZDV�WKH�IROORZLQJ�

• HOHFWULFLW\�JHQHUDWLRQ������
• KHDW�SURGXFWLRQ�����
• VKDOH�RLO�SURGXFWLRQ������
• GLUHFW�ILQDO�XVH�����
• QRQ�HQHUJ\�XVH�����

2LO�VKDOH�LV�IROORZHG�LQ�WKH�SULPDU\�HQHUJ\�VXSSO\�E\�QDWXUDO�JDV�ZLWK������PRWRU
IXHOV�ZLWK����DQG�IXHO�RLOV�ZLWK�����7KH�VKDUH�RI�SHDW�DQG�ZRRG�UHDFKHV����

 &RQVXPSWLRQ�RI�QDWXUDO�JDV�KDV�SDVVHG�WURXJK�D�VLJQLILFDQW�GURS�GXULQJ�WKH�ELJ�VRFLR�
HFRQRPLF�UHIRUPV�ZKLFK�KDYH�WDNHQ�SODFH�VLQFH�������7DEOH������,Q�JHQHUDO�JDV�LV
FRQVLGHUHG�WR�KDYH�D�UHODWLYHO\�ORZ�HQYLURQPHQWDO�LPSDFW��+RZHYHU��QDWXUDO�JDV�LV�D
IRVVLO�IXHO��ZKRVH�FRPEXVWLRQ�HPLWV�&2��WR�WKH�DWPRVSKHUH��7KH�XVH�RI�QDWXUDO�JDV�ZLOO
SUREDEO\�LQFUHDVH�LQ�WKHVH�UHJLRQV�ZKHUH�WKH�XVH�RI�ELRIXHOV�DQG�SHDW�UHVRXUFHV�LV�QRW



��

DGYLVDEOH��$FFRUGLQJ�WR�WKH�GHYHORSPHQW�SODQ��WKH�VKDUH�RI�JDVHRXV�IXHOV�LQ�WKH�HQHUJ\
EDODQFH�KDV�EHHQ�IRUHVHHQ�WR�LQFUHDVH�WZRIROG��IURP�WKH�SUHVHQW�����WR�XS�WR�����E\
WKH�\HDU�������7KH�LQFUHDVHG�HQHUJ\�GHPDQG�ZLOO�PDLQO\�EH�FRYHUHG�ZLWK�QDWXUDO�JDV
�/RQJ�7HUP�«��������

7DEOH����&RQVXPSWLRQ�RI�QDWXUDO�JDV�LQ�(VWRQLD��6WDWLVWLFDO�<HDUERRN��������

Year 1990 1991 1992 1993 1994 1995 1996
Consumption, Gm3 1.516 1.524 0.888 0.442 0.644 0.723 0.799

7R�FRQVWUXFW�QHZ�JDV�SLSHOLQHV�LQWHUQDWLRQDO�FR�RSHUDWLRQ�LV�QHHGHG�LQ�RUGHU�WR
LQFUHDVH�FRQVXPSWLRQ��7KH�VHFXULW\�RI�VXSSO\�RI�QDWXUDO�JDV�LV�RI�XWPRVW�LPSRUWDQFH�DV
ZHOO��8S�WR�WKH�HVWDEOLVKPHQW�RI�WKH�XQLILHG�JDV�QHWZRUN�DQG�IRU�OHYHOOLQJ�JDV
FRQVXPSWLRQ��D�JDV�UHVHUYH�ZLOO�EH�VWRUHG�LQ�WKH�/DWYLDQ�XQGHUJURXQG�JDV�VWRUDJHV�DQG
SRVVLEOH�VLWHV�IRU�(VWRQLDQ�RZQ�JDV�VWRUDJHV�ZLOO�EH�H[SORUHG��7KH�SRVVLEOH�WD[DWLRQ�RI
QDWXUDO�JDV�DV�D�IRVVLO�IXHO�IRU�WKH�IRUPDWLRQ�RI�WKH�VHFXULW\�UHVHUYH�VKRXOG�EH
FRQVLGHUHG�LQ�WKH�IXWXUH��ZKLFK�ZRXOG�DOVR�SURPRWH�WKH�XVH�RI�ORFDO�HQHUJ\�UHVRXUFHV�
ILUVW�RI�DOO�ZRRG�DQG�SHDW�

3HDW�FRXOG�EH�FRQVLGHUHG�D�UHQHZDEOH�HQHUJ\�VRXUFH�ZLWK�VRPH�UHVHUYDWLRQ�LQ�WKH
IUDPH�RI�WKLV�ZRUN��+RZHYHU��VRPH�FODVVLILFDWLRQV�VWLOO�TXDOLI\�SHDW�DV�D�IRVVLO�IXHO��7KH
WRWDO�XVH�RI�SHDW�LV�FRPSDUDEOH�ZLWK�WKH�LQFUHDVH�LQ�SHDW�UHVHUYHV�DW�SUHVHQW�DV�DERXW
����RI�(VWRQLD·V�DUHD�LV�FRYHUHG�ZLWK�ZHWODQGV�

0DLQ�XVHV�RI�IXHO�SHDW�DUH�KHDW�JHQHUDWLRQ������LQ�������DQG�SURGXFWLRQ�RI�SHDW
EULTXHWWHV��������$V�WKH�SHDW�SURFHVVLQJ�IDFWRULHV�KDYH�WKHLU�RZQ�EDFNSUHVVXUH
WXUELQHV��D�VPDOO�DPRXQW�RI�SHDW������JRHV�IRU�HOHFWULFLW\�SURGXFWLRQ��3HDW�EULTXHWWHV
DUH�XVHG�IRU�GLVWULFW�KHDWLQJ������RI������SURGXFWLRQ���GRPHVWLF�ILQDO�XVH�������DQG
H[SRUW��������7RWDO�SHDW�UHVRXUFHV�DUH�HYDOXDWHG�WR�EH������*W�

)RUHVWV�FRYHU�DERXW�����RI�(VWRQLD·V�WHUULWRU\��$FFHSWDEOH�XSSHU�OLPLW�IRU�DQQXDO�FXW�LV
����0P��RI�ZKLFK�WKH�VKDUH�RI�ILUHZRRG�FRXOG�EH����²����0P���7KH�JURZLQJ�VWRFN�JLYHV
��²����RI�ZRRG�DQG�VR�FDOOHG�ORJJLQJ�UHVLGXHV��EUDQFKHV��VWXPSV�DQG�EDUN��IRUP���²
�����$ERXW���²����RI�WLPEHU�EHFRPHV�WKH�UHVLGXH�RI�ZRRG�LQGXVWU\��,Q�DGGLWLRQ�WR
SURGXFWLYH�IRUHVW�ODQG��VKUXEEHULHV�RQ�WKH�IRUPHU�ILHOGV�FRYHU����²����WKRXVDQG�KD�
ZKHUH��²����0P��RI�ILUHZRRG�FRXOG�EH�VXSSOLHG��7RWDO�IRUHVW�KDUYHVWLQJ�LQ������ZDV
�����0P���LQ�������WKH�KDUYHVWLQJ�WRWDOOHG�������0P���SURGXFWLRQ�RI�ILUHZRRG�ZDV
�����0P��DQG�XVH�RI�ZRRG�ZDVWH�DQG�ZRRG�FKLSV�WRWDOOHG�����0P��

5HDO�K\GUR�SRWHQWLDO�LV�OHVV�WKDQ����RI�WKH�SUHVHQW�SRZHU�JHQHUDWLRQ�FDSDFLW\�DQG�WKHUH
DUH�QR�QXFOHDU�UHDFWRUV��7KH�ZLQG�SRWHQWLDO�LV�TXLWH�UHPDUNDEOH��HVSHFLDOO\�RQ�LVODQGV�

2LO��LWV�SURGXFWV�DQG�FRDO�DUH�LPSRUWHG�E\�UDLO�DQG�VHD�

��� 6HFXULW\�RI�VXSSO\

$V�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�LV�EDVHG�RQ�RLO�VKDOH�DV�D�ORFDO�IXHO��WKHQ�VXSSOLHV�RI
HOHFWULFLW\�FDQ�EH�FRQVLGHUHG�DV�VHFXUH��,QIUDVWUXFWXUH�IRU�HQHUJ\�LPSRUWV�LV�TXLWH�ZHOO
GHYHORSHG��(OHFWULFLW\�QHWZRUNV�DUH�FRQQHFWHG�LQWR�D�FRPPRQ�QHWZRUN�RI�WKH�%DOWLF
6WDWHV�DQG�1RUWK�:HVW�5XVVLD�

3UREOHPV�ZLWK�VXSSOLHV�PD\�ULVH�LQ�FRQQHFWLRQ�ZLWK�LPSRUWV�RI�SULPDU\�IXHOV��0RVW
HDVLO\�DIIHFWHG�VHFWRUV�DUH�WKHUHIRUH�WUDQVSRUW�DQG�KHDW�SURGXFWLRQ��$W�SUHVHQW�(VWRQLD
LV�ORRNLQJ�IRU�HQHUJ\�FDUULHUV�IURP�PRUH�VWDEOH�DUHDV�WKDQ�5XVVLD��7KLV�FRQFHUQV�PRVWO\
WKH�VXSSO\�RI�QDWXUDO�JDV�DQG�KHDY\�IXHO�RLO�
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7KH�DYDLODELOLW\�RI�DOWHUQDWLYH�JDV�VXSSOLHV�ZRXOG�FUHDWH�IDYRXUDEOH�FRQGLWLRQV�IRU
XVLQJ�JDV�WXUELQHV�WR�SURGXFH�HOHFWULFLW\�DW�SHDN�KRXUV��UHGXFH�WKH�QHHG�IRU�WKH
FRQVWUXFWLRQ�RU�UHKDELOLWDWLRQ�RI�SROOXWLQJ�FRDO��RLO�VKDOH�RU�KHDY\�RLO�ILUHG�ERLOHUV��7KH
XVH�RI�QDWXUDO�JDV�ZRXOG�EH�PRVW�VXVWDLQDEOH�LQ�WKH�FRQWH[W�RI�HQYLURQPHQWDO�SROOXWLRQ�
7KH�WRWDO�OHQJWK�RI�WKH�KLJK�SUHVVXUH�SLSHOLQHV�LV�����NP��3LSHOLQHV�KDYH�FRQQHFWLRQV
IURP�5XVVLD�DQG�/DWYLD��1DWXUDO�JDV�LV�VXSSOLHG�E\�WKH�5XVVLDQ�ILUP�*D]SURP�DQG
GHOLYHUHG�E\�WKH�SLSHOLQH�FRPLQJ�IURP�VRXWK�RI�(VWRQLD�

6HFXULW\�RI�VXSSOLHV�LV�SURYLGHG�LQ�D�FR�RSHUDWLRQ�DJUHHPHQW�EHWZHHQ�WKH�%DOWLF�6WDWHV
WR�XVH�/DWYLDQ�QDWXUDO�JDV�UHVHUYRLUV�DV�VWUDWHJLF�UHVHUYHV��5LVNV�DUH�GLPLQLVKHG�DOVR�E\
WKH�IDFW�WKDW�RZQHUVKLS�RI�WKH�(VWRQLDQ�JDV�FRPSDQ\�$6�(HVWL�*DDV�LV�GLYLGHG�EHWZHHQ
YDULRXV�LQYHVWRUV��$ORQJ�ZLWK�5XVVLDQ�VWDWH�RZQHG�JDV�FRPSDQ\�*D]SURP�VKDUHV
EHORQJ�DOVR�WR�*HUPDQ�5XKUJDV�DQG�WKH�(VWRQLDQ�VWDWH��,Q�RUGHU�WR�VHHN�LQGHSHQGHQFH
IURP�WKH�VLQJOH�VRXUFH��EXLOGLQJ�JDV�SLSHOLQHV�FRQQHFWLQJ�(VWRQLD�WR�WKH�1RUGLF�JDV
V\VWHP�LV�GLVFXVVHG�

,PSRUWV�RI�RLO�DQG�RLO�SURGXFWV�DUH�PRUH�GLYHUVLILHG�FRPSDUHG�WR�JDV��2LO�SURGXFWV�FDQ
EH�LPSRUWHG�ERWK�E\�UDLO�DQG�E\�VHD��7KH�H[LVWLQJ�RLO�WHUPLQDOV�DW�WKH�%DOWLF�6HD�DUH
FDSDEOH�WR�LPSRUW�DQG�H[SRUW�FUXGH�RLO�DQG�RLO�SURGXFWV��7KH�ODUJHVW�WHUPLQDOV�DUH�LQ
7DOOLQQ�²�7DOOLQQ�DQG�0XXJD��6PDOOHU�RQHV�DUH�ORFDWHG�DORQJ�WKH�FRDVWV�RI�LVODQGV
�5RRPDVVDDUH�LQ�6DDUHPDD�DQG�/HKWPD�LQ�+LLXPDD��DQG�WKH�QRUWKHUQ�FRDVW�RI�WKH
PDLQODQG��3DOGLVNL�DQG�6LOODPlH��DQG�WKHVH�DUH�DEOH�WR�VXSSO\�WKRVH�UHJLRQV��7RWDO
SODQQHG�FDSDFLWLHV�DUH�RYHU����PLOOLRQ�WRQQHV�RI�RLO�DQG�RLO�SURGXFWV�SHU�\HDU�
+RZHYHU��DFKLHYLQJ�WKHVH�FDSDFLWLHV�LV�TXHVWLRQDEOH�EHFDXVH�RI�WRXJK�FRPSHWLWLRQ
EHWZHHQ�RLO�WHUPLQDOV��%XLOGLQJ�DQ�RLO�SLSHOLQH�IURP�WKH�FORVHVW�RLO�UHILQHU\�.LULVKL�LQ
WKH�/HQLQJUDG�REODVW��5XVVLD��WR�WKH�(VWRQLDQ�0XXJD�RLO�WHUPLQDO�KDV�EHHQ�XQGHU
GLVFXVVLRQ��$OVR��EXLOGLQJ�DQ�RLO�UHILQHU\�KDV�EHHQ�GLVFXVVHG��$V�WR�SLSHOLQH
FRQVWUXFWLRQ��WKHUH�LV�D�FRPSHWLWRU�²�3RUYRR�UHILQHU\�LQ�)LQODQG�²�DQG�LW�LV�PRVW�OLNHO\
WKDW�D�SLSHOLQH�ZLOO�EH�EXLOW�WR�)LQODQG�LQVWHDG��(VWRQLD�LV�D�UH�H[SRUW�FRXQWU\�IRU�RLO
SURGXFWV�

&RDO�LV�LPSRUWHG�E\�UDLO�DV�ZHOO�DV�E\�VHD��7KH�PDMRU�LPSRUWHUV�DUH�5XVVLD�DQG�3RODQG�

��� &RVWV�RI�ORFDO�HQHUJ\�UHVRXUFHV�DQG�LPSRUWHG�IXHOV

7KH�FRVWV�IRU�LPSRUWHG�IXHOV�KDYH�XQGHUJRQH�GUDVWLF�FKDQJHV�VLQFH�6RYLHW�WLPH�
3UHYLRXVO\�KLJKO\�VXEVLGLVHG�IXHOV�PDGH�LW�EHQHILFLDO�WR�LPSRUW�IXHOV�RQO\�IURP�WKH
FRQVWLWXHQW�UHSXEOLFV�RI�WKH�6RYLHW�8QLRQ�RU�FRXQWULHV�RI�WKH�VRFLDOLVW�EORF��6XEVLGLHV�IRU
LPSRUWHG�IXHOV�ZHUH�DEROLVKHG�LQ�WKH�EHJLQQLQJ�RI�WKH�����V�DQG�IXHO�SULFHV�LQ�(VWRQLD
DUH�WKH�VDPH�DV�RQ�WKH�ZRUOG�PDUNHW�DQG�WKH\�DUH�GHSHQGHQW�RQ�IOXFWXDWLRQV�RQ�WKRVH
PDUNHWV��7KLV�DSSOLHV�DOVR�WR�LPSRUWV�IURP�5XVVLD�

7DEOH����&RPSDUDWLYH�FRQVXPHU�HQHUJ\�SULFHV�LQFOXGLQJ�WD[HV�LQ�(VWRQLD�LQ�����
�7KH�0LQLVWU\�RI�(FRQRPLF�$IIDLUV�������

Type of fuel Price in EEK/MW·h Price in US$/MW·h
Electricity 390 33.1
Natural gas 185 15.7
Heavy fuel oil 81 ... 144 6.9 … 12.2
Coal 62 ... 111 5.3 … 12.2
Peat briquette 60 ... 99 5.3 … 9.4
Wood waste 38 ... 89 5.1 … 8.4
Peat 37 ... 62 3.2 … 7.5
Firewood 36 ... 79 3.1 … 5.3
Oil shale 34 2.9



��

7KH�DFWXDO�IXHO�SULFHV�RQ�WKH�(VWRQLDQ�PDUNHW�LQFOXGH�DOVR�WKH�H[FLVH�WD[��7DEOH�����
)XHOV�IRU�GLVWULFW�KHDWLQJ�SODQWV�ZHUH�H[HPSW�IURP�YDOXH�DGGHG�WD[��9$7���7KLV�LV
LPSRUWDQW�WR�QRWH�ZKHQ�PDNLQJ�FRPSDULVRQV�

7KH�SULFHV�RQ�HQHUJ\�DQG�IXHOV�KDYH�EHHQ�LQFUHDVLQJ�UDSLGO\�LQ�(VWRQLD��7KH�SULFHV�RQ
OLTXLG�IXHOV��QDWXUDO�JDV�DQG�FRDO�KDYH�JURZQ�E\�OHDSV�WR�WKH�OHYHO�RI�WKH�(XURSHDQ�IUHH
PDUNHW�SULFHV�DQG�RQO\�WKH�VKDUH�RI�WD[HV�LQ�WKH�SULFH�VWUXFWXUH�GLIIHUV�IURP�WKDW�LQ�WKH
VDOHV�SULFHV�RI�WKH�FRXQWULHV�ZLWK�PDUNHW�HFRQRP\��7KH�SULFHV�RQ�LQGLJHQRXV�IXHOV��RLO
VKDOH��SHDW�DQG�ZRRG��KDYH�FRQVWDQWO\�JURZQ��EXW�UHPDLQ�VWLOO�VLJQLILFDQWO\�EHORZ�WKRVH
RI�VROLG�IXHOV��SHU�FDORULILF�YDOXH�XQLW��LQ�RXU�QHLJKERXULQJ�FRXQWULHV��7KH�DYHUDJH�SULFH
RQ�RLO�VKDOH�EDVHG�HOHFWULFLW\�KDV�UHDFKHG�WKH�OHYHO�RI�LQH[SHQVLYH�1RUZHJLDQ
K\GURSRZHU�EDVHG�HOHFWULFLW\��EXW�UHPDLQV�VWLOO�VLJQLILFDQWO\�EHORZ�WKH�SULFH�OHYHO�RI
RWKHU�(XURSHDQ�FRXQWULHV��LQFOXGLQJ�WKH�UHODWLYHO\�ORZ�SULFHV�RI�HOHFWULFLW\�LQ�)LQODQG
DQG�6ZHGHQ��,Q�������WKH�SULFH�RI�HOHFWULFLW\�IRU�KRXVHKROG�FRQVXPHUV�ZDV�����
((.�N:ÃK�LQ�(VWRQLD�ZKLOH�LW�ZDV������LQ�'HQPDUN�������LQ�)LQODQG�������LQ�6ZHGHQ
DQG������((.�N:ÃK�LQ�1RUZD\���7KHUHE\�WKH�VKDUH�RI�WD[HV�LQ�WKH�SULFH�IRU�KRXVHKROG
FXVWRPHUV�PDGH�����LQ�'HQPDUN������LQ�6ZHGHQ������LQ�1RUZD\��DOO�WKH�SULFHV�DUH
EDVHG�RQ�WKH�H[FKDQJH�UDWH�IRU����$XJXVW�������DQG�������LQ�(VWRQLD��/RQJ�7HUP«�
������

,Q�DFFRUGDQFH�ZLWK�WKH�GHFLVLRQ�RI�WKH�5LLJLNRJX�IURP�������HOHFWULFLW\�JHQHUDWHG�RQ�WKH
EDVLV�RI�UHQHZDEOH�UHVRXUFHV�LV�QRW�WD[HG�ZLWK�9$7�

� (QHUJ\�SROLF\

��� (QHUJ\�VHFWRU�SULRULW\�LVVXH

7KH�*RYHUQPHQW�RI�(VWRQLD�KDV�LGHQWLILHG�WKH�GHYHORSPHQW�RI�WKH�HQHUJ\�VHFWRU�DV�D
VWUDWHJLF�FRPSRQHQW�LQ�WKH�VWDEOH�GHYHORSPHQW�WRZDUGV�D�PDUNHW�HFRQRP\��$V�D�IDFWRU
RI�SURGXFWLRQ��HQHUJ\�FRQWULEXWHV�WR�WKH�RYHUDOO�GHYHORSPHQW�RI�(VWRQLD��(VWRQLD�KDV
VXEVWDQWLDO�GRPHVWLF�SULPDU\�IXHO�UHVRXUFHV�RI�RLO�VKDOH��SHDW�DQG�ZRRG��DOVR�ZDVWH
SURGXFWV�IURP�IRUHVW�DV�ZHOO�DV�VHFRQGDU\�IXHO�UHVRXUFHV�RI�VKDOH�RLO��$W�WKH�VDPH�WLPH
(VWRQLD�ODFNV�QDWXUDO�JDV��RLO�DQG�FRDO��WKRVH�IXHOV�KDYH�WR�EH�SXUFKDVHG�DW�ZRUOG
PDUNHW�SULFH�OHYHO�

(QHUJ\�SULFHV�KDYH�EHHQ�LQFUHDVLQJ�FRQWLQXRXVO\�VLQFH������DQG�HQHUJ\�FRVWV�IRUP�D
VLJQLILFDQW�VKDUH�RI�WKH�H[SHQVHV�RI�KRXVHKROGV��LQGXVWU\��SXEOLF�EXLOGLQJV��HWF��7KH\
DUH�D�EXUGHQ�IRU�WKH�VWUXFWXUDO�DGMXVWPHQW�RI�WKH�QDWLRQDO�HFRQRP\�DQG�EDODQFH�RI
WUDGH��&KDQJHV�LQ�HQHUJ\�SULFHV�WRZDUGV�WKH�ZRUOG�PDUNHW�SULFH�OHYHO�RI�QDWXUDO�JDV�
FRDO�DQG�SHWUROHXP�SURGXFWV�DQG�WR�WKH�OHYHO�WKDW�ZLOO�FRYHU�WKH�FRVWV�RI�SURGXFWLRQ�RI
RLO�VKDOH��HOHFWULFLW\��VKDOH�RLO�DQG�GLVWULFW�KHDWLQJ�KDYH�VLJQLILFDQWO\�LQIOXHQFHG
FRQVXPSWLRQ��,W�LV�PRVW�HYLGHQW�LQ�WKH�SURGXFWLRQ�SURFHVV�DQG�LQ�WKH�KRXVHKROGV·
EXGJHW�IRU�KHDWLQJ�DQG�HOHFWULFLW\��,QFUHDVLQJ�SULFHV�RI�HQHUJ\�FDUULHUV�OHDG�WR�IDOOLQJ
UHDO�GLVSRVDEOH�LQFRPH�

7KH�PDLQ�JRDO�RI�(VWRQLD·V�HQHUJ\�SROLF\�LV�WR�HQFRXUDJH�HQHUJ\�HIILFLHQF\�LQ�WKH
SURGXFWLRQ��GLVWULEXWLRQ�DQG�WUDQVPLVVLRQ�SURFHVVHV�DQG�DOVR�DW�WKH�HQG�XVHU��,QFUHDVHG
HQHUJ\�HIILFLHQF\�ZLOO�DOVR�FRQWULEXWH�WR�WKH�LPSURYHPHQW�RI�WKH�HQYLURQPHQWDO
VLWXDWLRQ�LQ�WKH�RLO�VKDOH�UHJLRQ�LQ�WKH�QRUWK�HDVW�RI�(VWRQLD��+LJK�HQHUJ\�SULFHV�DORQH
ZRXOG�QRW�EH�D�VXIILFLHQW�FRQGLWLRQ�IRU�DQ\�SURJUHVV�LQ�WKH�HQHUJ\�VHFWRU��0DUNHW�DORQH
ZLOO�QRW�EH�DEOH�WR�HQVXUH�DQ�LQFUHDVH�LQ�HIILFLHQF\�DQG�VROYH�WKH�UHODWHG�HQYLURQPHQWDO
SUREOHPV��7KHUHIRUH�WKH�UROH�RI�*RYHUQPHQWDO�SROLF\�LQ�WKH�HQHUJ\�VHFWRU�LV�RI�H[WUHPH
LPSRUWDQFH�



��

7KH�SULRULW\�LVVXHV�RI�WKH�HQHUJ\�VHFWRU��RQ�ZKLFK�SROLFLHV�VKRXOG�EH�DLPHG�IRU�IXUWKHU
LPSURYHPHQW��FDQ�EH�OLVWHG�DV�IROORZV�

• ORZ�HIILFLHQF\�RI�HQHUJ\�IDFLOLWLHV�DQG�EXLOGLQJV��ODFN�RI�VXIILFLHQW�FRQWHPSRUDU\
NQRZ�KRZ�

• UHTXLUHPHQWV�IRU�JRYHUQPHQWDO�VXEVLGLHV�IRU�WKH�KRXVHKROG�VHFWRU�DQG�FURVV�
VXEVLGLHV�

• GHSHQGHQFH�RQ�IXHO�LPSRUWV��SULPDULO\�JDV��FRDO��RLO�DQG�SHWUROHXP�SURGXFWV�
• QHJOLJHQFH�RI�HQYLURQPHQWDO�SURWHFWLRQ�PHDVXUHV��SULPDULO\�LQ�WKH�RLO�VKDOH

SURGXFWLRQ�VHFWRU�
• VKRUWDJH�RI�ILQDQFLDO�UHVRXUFHV�IRU�LQYHVWPHQWV�LQ�WKH�HQHUJ\�VHFWRU��/LPLWHG

DFFHVV�WR�IRUHLJQ�ILQDQFLDO�UHVRXUFHV�DQG�DW�WKH�VDPH�WLPH�LQVXIILFLHQW
FDSDELOLWLHV�LQ�LQYHVWPHQW�SUHSDUDWLRQ�DQG�LPSOHPHQWDWLRQ�

• LQDGHTXDWH�OHJLVODWLYH�DQG�LQVWLWXWLRQDO�IUDPHZRUN�

��� (QHUJ\�SROLFLHV�SURVSHFWLYH

7KH�PDLQ�JRDO�RI�WKH�(VWRQLDQ�HQHUJ\�SROLF\�DQG�VWUDWHJ\�LV�WR�LPSURYH�WKH�HIILFLHQF\�RI
SURGXFWLRQ��WUDQVPLVVLRQ��GLVWULEXWLRQ�DQG�FRQVXPSWLRQ�RI�HQHUJ\��7R�DFKLHYH�LW�WKH
PDLQ�JXLGHOLQHV�WR�EH�IROORZHG�LQ�WKH�QHDU�IXWXUH�FDQ�EH�ILJXUHG�RXW�

�� (QVXULQJ�D�VWDEOH�GRPHVWLF�DQG�LPSRUWHG�IXHO�VXSSO\��2LO�VKDOH��SHDW�DQG
ZRRG�DUH�SURGXFHG�LQ�(VWRQLD��WKH�UHVW�RI�WKH�IXHOV�KDYH�WR�EH�LPSRUWHG�
3ROLFLHV�DUH�DLPLQJ�DW�FUHDWLQJ�DOWHUQDWLYHV�LQ�WKH�VXSSO\�RI�QDWXUDO�JDV��OLJKW
DQG�KHDY\�IXHO�RLO�DQG�JDVROLQH�IURP�WKH�FRXQWULHV�DURXQG�WKH�%DOWLF�6HD�RWKHU
WKDQ�5XVVLD��(VWRQLD��DV�ZHOO�DV�WKH�RWKHU�%DOWLF�6WDWHV��LV�LQWHUHVWHG�LQ
SRVVLELOLWLHV�WR�LPSRUW�QDWXUDO�JDV�IURP�WKH�1RUWK�6HD��,QWHUQDWLRQDO�FR�
RSHUDWLRQ�VKRXOG�EH�GHYHORSHG�WR�DFKLHYH�WKLV�

�� ,PSURYHPHQW�RI�WKH�HIILFLHQF\�DQG�UHOLDELOLW\�RI�H[LVWLQJ�VXSSO\�V\VWHPV
WKURXJK�UHKDELOLWDWLRQ�DQG�LQYHVWPHQWV�LQWR�QHZ�WHFKQRORJLHV�LQ�SRZHU�SODQWV�

�� 'HFUHDVH�LQ�FDSLWDO�H[SHQVHV��ZKLFK�DUH�YHU\�KLJK�DW�SUHVHQW��7KH�UHODWLYHO\
KLJK�PDUNHW�LQWHUHVW�UDWH�PD\�WXUQ�LW�XQUHDOLVWLF�WR�LQYHVW�LQWR�HQHUJ\
HIILFLHQF\��*RYHUQPHQW�KDV�DQ�DVVLJQPHQW�WR�GHFUHDVH�WKH�LQWHUHVW�UDWHV�DQG�WR
GHFUHDVH�WKH�FDSLWDO�H[SHQVHV�E\�WKLV�ZD\�

�� )XUWKHU�LQWHQVLYH�GHYHORSPHQW�RI�(VWRQLDQ�RLO�WHUPLQDOV�IRU�WKH�WUDQVLW�RI
OLTXLG�IXHOV��(VWRQLD�FRXOG�VHUYH�DV�WKH�PDLQ�PHGLDWRU�IRU�5XVVLDQ�RLO�H[SRUW�WR
WKH�:HVW�

�� ,PSURYHPHQW�RI�WKH�GLYHUVLW\�RI�HQHUJ\�VXSSOLHV�WKURXJK�XWLOLVDWLRQ�RI
GRPHVWLF�UHVRXUFHV��,QFUHDVH�LQ�WKH�VKDUH�RI�ORFDO�IXHOV�LQ�KHDW�JHQHUDWLRQ�LQ
WKH�PXQLFLSDO�VHFWRU��SDUWLFXODUO\�LQ�VPDOOHU�WRZQV�DQG�YLOODJHV��$OVR
UHQHZDEOH�HQHUJ\��LQ�SDUWLFXODU�ZRRG�LQ�WKH�IRUP�RI�ZRRG�FKLSV�KDV�D�FHUWDLQ
QLFKH��7KLV�DOORZV�UHGXFWLRQ�RI�WKH�GHSHQGHQFH�RQ�LPSRUWHG�IXHOV�DQG�D
GHFUHDVH�LQ�ORFDO�XQHPSOR\PHQW��=HUR�HPLVVLRQV�RI�FDUERQ�DQG�VXOSKXU�KDYH
DQ�RXWVWDQGLQJ�UROH�WR�SOD\��,W�LV�RI�KLJK�LPSRUWDQFH�SDUWLFXODUO\�LQ�UXUDO�DUHDV�
3ROLFLHV�DUH�RULHQWHG�WRZDUGV�VXEVLGLVLQJ�WKH�FRQVXPSWLRQ�RI�ORFDO�IXHOV�E\
JLYLQJ�IDYRXUDEOH�ORDQV�HLWKHU�IRU�IXHO�SURGXFWLRQ�RU�VWLPXODWLQJ�WKH
FRQVXPSWLRQ�LWVHOI��H�J��UHFRQVWUXFWLRQ�RI�ERLOHU�KRXVHV�

�� (QKDQFHPHQW�RI�WKH�HIILFLHQF\�RI�HQHUJ\�SURGXFWLRQ�DQG�FRQVXPSWLRQ
WKURXJK�FRVW�HIIHFWLYH�PHDVXUHV��7KH�HQKDQFLQJ�FRPSULVHV�WKH�LPSOHPHQWDWLRQ
RI�WKH�(QHUJ\�&RQVHUYDWLRQ�3URJUDPPH�DQG�VXSSRUWLQJ�DOO�WKH�DFWLYLWLHV



��

FRQQHFWHG�ZLWK�LW��,W�LV�FRQVLGHUHG�RI�KLJK�LPSRUWDQFH�WR�FUHDWH�DOWHUQDWLYHV�LQ
HQHUJ\�SURGXFWLRQ�DQG�VWLPXODWH�WKH�ZLGHQLQJ�RI�PDUNHW�

�� ,PSURYHPHQW�RI�WKH�HIILFLHQF\�RI�UHVRXUFH�XVH�DQG�GHFUHDVH�RI�SROOXWLRQ�E\
IXUWKHU�GHYHORSPHQW�RI�WKH�WD[DWLRQ�V\VWHP��7HFKQRORJ\�WUDQVIHU�LV�WKH�NH\
LVVXH�WR�LQWURGXFH�FOHDQHU�WHFKQRORJLHV�LQ�KHDW�DQG�HOHFWULFLW\�SURGXFWLRQ�
5HODWLYHO\�ELJ�LQYHVWPHQWV�DUH�QHHGHG�WR�VROYH�WKH�HQYLURQPHQWDO�LVVXHV�DW
FRQWHPSRUDU\�OHYHO�

�� (ODERUDWLRQ�RI�WKH�OHJLVODWLRQ�RQ�HQHUJ\�SURGXFWLRQ�DQG�FRQVXPSWLRQ�
,QWURGXFWLRQ�RI�UHJXODWLRQV�LV�QHFHVVDU\�LQ�RUGHU�WR�SURWHFW�FXVWRPHUV�E\
HQVXULQJ�IDLUQHVV�RI�SULFLQJ�

�� 3URPRWLRQ�RI�FR�RSHUDWLRQ�ZLWK�RWKHU�FRXQWULHV��SDUWLFXODUO\�ZLWK�/DWYLD�DQG
/LWKXDQLD�

��� $WWUDFWLRQ�RI�IRUHLJQ�FDSLWDO�IRU�UHKDELOLWDWLRQ�RI�HQHUJ\�V\VWHPV�DQG�IDFLOLWLHV�

&RQVLGHULQJ�WKH�PRVW�SUREDEOH�HQHUJ\�SROLF\�RSWLRQ��(VWRQLD�ZLOO�UHO\�RQ�ORFDO�IRVVLO
IXHO��RLO�VKDOH��LQ�WKH�IXWXUH��7KHUHIRUH�LW�LV�YLWDO�WR�GHYHORS�QHZ�RLO�VKDOH�FRPEXVWLRQ
WHFKQRORJLHV��EDVHG�RQ�PRGHUQ�WHFKQLTXHV�RI�FRPEXVWLRQ��6WXGLHV�RQ�QHZ�FRPEXVWLRQ
WHFKQRORJLHV�OLNH�IOXLGLVHG�EHG�HWF��KDYH�EHHQ�FRQGXFWHG�E\�YDULRXV�LQVWLWXWLRQV�

7KH�(QHUJ\�6HFWRU�SROLF\�LV�EDVHG�RQ�YDULRXV�HQHUJ\�GHYHORSPHQW�SODQV��WKH�(QHUJ\
'HYHORSPHQW�3ODQ�WR�������(QHUJ\�'HYHORSPHQW�6FHQDULR�WR�������(QHUJ\�0DVWHU�3ODQ
IRU�(VWRQLD��(QHUJ\�3URJUDPPH�´(QHUJ\�����µ��5HIXUELVKPHQW�RI�WKH�1DUYD�3RZHU
3ODQWV�DQG�WKH�2SWLPLVDWLRQ�RI�2LO�6KDOH�0LQLQJ�LQ�(VWRQLD��1DWLRQDO�(QHUJ\�6WUDWHJ\�
/RQJ�7HUP�'HYHORSPHQW�3ODQ�IRU�WKH�(VWRQLDQ�)XHO�DQG�(QHUJ\�6HFWRU�

7KH�PDLQ�VWUDWHJLF�REMHFWLYHV�RI�WKH�HQHUJ\�VHFWRU�EDVHG�RQ�WKH�DERYH�PHQWLRQHG
GRFXPHQWV�KDYH�EHHQ�VHW�DV�IROORZV�

• WR�SURYLGH�D�VXIILFLHQW�DQG�VWDEOH�IXHO�DQG�HQHUJ\�VXSSO\�LQ�FRQIRUPLW\�ZLWK�WKH
UHTXLUHG�TXDOLW\�DQG�ZLWK�RSWLPDO�SULFHV�IRU�FRQVLVWHQW�UHJLRQDO�GHYHORSPHQW
DQG�IRU�UHDFKLQJ�WKH�HFRQRPLF�JURZWK�UHTXLUHG�IRU�WKH�DFFHVVLRQ�WR�WKH
(XURSHDQ�8QLRQ�

• WR�SURYLGH�WKH�SROLWLFDO�DQG�HFRQRPLF�LQGHSHQGHQFH�RI�WKH�VWDWH�E\�WKH�IXHO�DQG
HQHUJ\�VXSSO\�DV�D�VWUDWHJLF�EUDQFK�RI�HFRQRP\��WR�HVWDEOLVK�WKH�VWUDWHJLF
VHFXULW\�UHVHUYHV�LQ�FRQIRUPLW\�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�(XURSHDQ�8QLRQ�

• WR�HVWDEOLVK�OHJDO�EDVLV�IRU�UHJXODWLQJ�(VWRQLDQ�SRZHU�HQJLQHHULQJ�
• WR�SURPRWH�WKH�XVH�RI�ORFDO�IXHOV�WKURXJK�SULFH�UHJXODWLRQ�DQG�WD[�SROLF\�
• WR�LPSOHPHQW�WKH�SURJUDPPH�RI�WKH�RLO�VKDOH�PLQLQJ�DQG�SRZHU�SURGXFWLRQ�RQ

WKH�EDVLV�RI�RLO�VKDOH�
• WR�SURYLGH�KLJKHU�HIILFLHQF\�LQ�RLO�VKDOH�EDVHG�HQHUJ\�SURGXFWLRQ�ZLWK�WKH

FRQFXUUHQW�DQG�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�KDUPIXO�HQYLURQPHQWDO�LPSDFW�YLD
WKH�UHQRYDWLRQ�RI�FRPEXVWLRQ�WHFKQRORJ\�

• WR�SURYLGH�FRQIRUPLW\�ZLWK�WKH�LQWHUQDWLRQDO�HQYLURQPHQWDO�UHJXODWLRQV�
SDUWLFXODUO\�ZLWK�WKRVH�RI�WKH�(XURSHDQ�8QLRQ�

• WR�GHYHORS�WKH�VWDQGDUGV��LPSOHPHQW�LQWHUQDWLRQDO�DJUHHPHQWV��DQG�JXDUDQWHH
WKH�LPSOHPHQWDWLRQ�RI�WKH�GLUHFWLYHV�RI�WKH�(8�

• WR�LQFUHDVH�WKH�SRVVLELOLWLHV�RI�LPSRUWLQJ�OLTXLG�IXHOV�
• WR�HVWDEOLVK�DQ�DFWXDOO\�ZRUNLQJ�HQHUJ\�FRQVHUYDWLRQ�V\VWHP�IRU�WKH�IXHO�DQG

HQHUJ\�SURGXFWLRQ�DQG�XVH�



��

• WR�SUHIHU�WKH�SULQFLSOH�RI�VFDWWHUHG�HOHFWULFLW\�SURGXFWLRQ�DQG�FRPELQHG�KHDW
DQG�SRZHU�SURGXFWLRQ�E\�SODQQLQJ�QHZ�SRZHU�SODQWV�ZLWK�WKH�FRQFXUUHQW
RSWLPDO�XVH�RI�WKH�DYDLODEOH�KHDWLQJ�FDSDFLWLHV�

• WR�LGHQWLI\�DQG�VROYH�WKH�VWUDWHJLF�DQG�WHFKQLFDO�LVVXHV�RI�VXSSO\��GLVWULEXWLRQ
DQG�XVH�RI�JDV�LQ�WKH�%DOWLF�VWDWHV�

• WR�SURPRWH�ZLGHU�XVH�RI�UHQHZDEOHV�ZLWK�DSSO\LQJ�WD[�DOORZDQFHV�ERWK�RQ�WKH
UHVSHFWLYH�LQYHVWPHQWV�DQG�HQHUJ\�SURGXFWLRQ�EDVHG�RQ�WKRVH�LQYHVWPHQWV�

• WR�DSSO\�DGPLQLVWUDWLYH�PHDVXUHV�LQ�WKH�LQWURGXFWLRQ�RI�GLIIHUHQW�RZQHUVKLS
IRUPV��JXDUDQWHH�WKH�ULJKWV�RI�WKH�SURSHUW\�RZQHUV�

• WR�LPSURYH�WKH�VHFXULW\�RI�HQHUJ\�VXSSO\�E\�LQWHUQDWLRQDO�DJUHHPHQWV��IRU�WKH
PDLQWHQDQFH�RI�HQHUJ\�IDFLOLWLHV�RQ�WKH�ERUGHU�ZLWK�WKH�5XVVLDQ�)HGHUDWLRQ��IXHO
DQG�HQHUJ\�VXSSO\�DJUHHPHQWV�ZLWK�QHLJKERXULQJ�FRXQWULHV�IRU�WKH�VWRUDJH�RI
HPHUJHQF\�DQG�VHFXULW\�UHVHUYHV��

3ULYDWLVDWLRQ�LV�RQH�RI�WKH�NH\�DUHDV�ZKLFK�KDV�LWV�VWURQJ�LQIOXHQFH�RQ�WKH�FXUUHQW�DQG
IXWXUH�HQHUJ\�SROLFLHV��+HDW�SURGXFWLRQ�SODQWV�DUH�DOUHDG\�ODUJHO\�PXQLFLSDOLW\�RZQHG�
6WDWH�RZQHG�HOHFWULFLW\�WUDQVPLVVLRQ�QHWZRUNV�DUH�EHLQJ�UHRUJDQLVHG�DOVR��3UHSDUDWLRQ
RI�SRZHU�SODQWV�SULYDWLVDWLRQ�LV�LQ�SURJUHVV��$6�(HVWL�(QHUJLD��(VWRQLDQ�(QHUJ\��DQG�$6
(HVWL�3}OHYNLYL��(VWRQLDQ�2LO�6KDOH��DUH�DPRQJ�WKH�FRPSDQLHV�WR�EH�SULYDWLVHG�LQ�����
�7KH�3ULYDWLVDWLRQ�3URJUDP«��������

7R�PRWLYDWH�WKH�XVH�RI�GRPHVWLF�UHQHZDEOH�IXHOV��ZLQG�DQG�K\GUR�HQHUJ\�UHVRXUFHV�IRU
SRZHU�DQG�KHDW�JHQHUDWLRQ��D�SURSRVDO�RI�ODZV�DQG�UHJXODWLRQV�WKDW�HQYLVDJHV�WKH
PLQLPDO�VHOOLQJ�SULFH�RI�HOHFWULFLW\�JHQHUDWHG�RQ�WKH�EDVLV�RI�WKHVH�IXHOV�WR�WKH�SXEOLF
JULG��ZDV�JLYHQ�WR�5LLJLNRJX��,Q�-XQH������5LLJLNRJX�GHFLGHG�WR�DPHQG�WKH�(VWRQLDQ
(QHUJ\�$FW��ZKLFK�LQYROYHV�REOLJDWLRQ�WR�EX\�ZLQG�JHQHUDWHG�HOHFWULFLW\�E\�SXEOLF�JULG
DW�SUHIHUUHG�SULFH�OHYHO�

� &OLPDWH�&KDQJH�,VVXHV

(VWRQLD�VLJQHG�WKH�81�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��)&&&��GXULQJ
81&('�LQ�5LR�GH�-DQHLUR�LQ�������,Q�0D\�������5LLJLNRJX�DSSURYHG�WKH�UDWLILFDWLRQ�RI
WKH�&RQYHQWLRQ�DQG�WKH�3UHVLGHQW�SURPXOJDWHG�WKH�$FW�RQ�5DWLILFDWLRQ��,Q�-XO\�����
(VWRQLD�GHSRVLWHG�LWV�LQVWUXPHQW�RI�UDWLILFDWLRQ�DQG�WKH�&RQYHQWLRQ�HQWHUHG�LQWR�IRUFH
IRU�(VWRQLD�LQ�2FWREHU�������$�JRYHUQPHQWDO�FRPPLWWHH�RQ�WKH�LPSOHPHQWDWLRQ�RI�WKH
&RQYHQWLRQ�ZDV�FUHDWHG�LQ�-DQXDU\�������7KH�FRPPLWWHH·V�WDVNV�DUH�WR�FRQVLGHU
TXHVWLRQV�VXFK�DV�JUHHQKRXVH�JDV�HPLVVLRQ�UHGXFWLRQV�VWUDWHJLHV�DQG�DFWLYLWLHV
LPSOHPHQWHG�MRLQWO\�

(VWRQLD�SUHVHQWHG�LWV�ILUVW�QDWLRQDO�FRPPXQLFDWLRQ�XQGHU�$UWLFOHV���DQG����RI�WKH
&RQYHQWLRQ�WR�WKH�&23�LQ�0DUFK�������6HYHUDO�PLQLVWULHV�DQG�LQVWLWXWLRQV�FRQWULEXWHG
WR�WKLV�UHSRUW��(VWRQLD�ZDV�DVVLVWHG�LQ�WKH�SUHSDUDWLRQ�RI�LWV�FRPPXQLFDWLRQ�E\�WKH
8QLWHG�6WDWHV�LQ�WKH�IUDPHZRUN�SURJUDPPH�´86�6XSSRUW�IRU�&RXQWU\�6WXGLHV�WR
$GGUHVV�&OLPDWH�&KDQJHµ��7KH�VHFRQG�QDWLRQDO�FRPPXQLFDWLRQ�XQGHU�WKH�)&&&�KDV
EHHQ�SUHVHQWHG�WR�WKH�6HFUHWDULDW�LQ�VSULQJ�������$FFRUGLQJ�WR�LW�WKH�WRWDO�HPLVVLRQ�RI
*+*�GHFUHDVHG�VLJQLILFDQWO\�WR�WKH�\HDU������FRPSDUHG�ZLWK�������7DEOH������$V�IRU
&2��WKH�GHFUHDVH�KDV�EHHQ�DOPRVW�WZRIROG�

7KH�ODUJHVW�*+*�HPLVVLRQV�LQ�WKH�HQHUJ\�VHFWRU�DUH�FDXVHG�E\�HQHUJ\�FRQYHUVLRQ
SURFHVVHV�ZKLOH�EXUQLQJ�IRVVLO�IXHOV��2LO�VKDOH�EXUQLQJ�LV�WKH�PDMRU�VRXUFH�IROORZHG�E\
OLTXLG�IRVVLO�IXHOV��D�PXFK�VPDOOHU�VKDUH�EHORQJV�WR�QDWXUDO�JDV��FRDO��SHDW�DQG�FRNH��VHH
7DEOH�����
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7DEOH����&2��IURP�HQHUJ\�VRXUFHV��*J��(VWRQLDCV�6HFRQG��������

Fuel Types 1990 1991 1992 1993 1994 1995 1996
Fossil fuels total * 37183.8 36342.2 27453.3 21786.0 22667.5 20637.6 21216.2
Liquid fossil fuels 9734.4 8566.6 5023.4 5191.38 4782.3 3721.6 3647.2
Natural gas
liquids

95.6 91.9 40.4 21.6 30.3 21.2 14.2

Gasoline 1688.4 1417.3 681.4 694.6 858.1 649.6 740.8
Kerosene 335.7 262.7 68.8 157.6 147.2 70.4 139.3
Jet kerosene 112.1 109.9 37.3 57.4 47.4 52.5 49.0
Diesel oil 1887.0 1826.2 1198.9 1280.1 1174.7 1100.0 1043.4
Heavy fuel oil 5500.2 4700.0 2921.2 3229.2 1975.0 1247.5 1194.4
Other oil 115.4 158.6 75.4 525.3 549.6 580.5 466.1
Solid fossil fuels 24595.4 24908.6 20753.5 15761.6 16690.2 15549.9 16064.7
Oil shale 23051.4 23011.7 19347.8 14854.9 15867.1 14727.1 15196.7
Coal 880.1 863.4 536.3 282.4 211.6 201.1 229.2
Peat and peat
briquette

653.7 1024.1 861.3 615.9 605.3 615.6 635.6

Coke 10.2 9.4 8.1 8.4 6.3 6.2 3.1
Gaseous fossil 2854.0 2867.0 1676.4 833.1 1193.8 1366.1 1504.4
Natural gas 2854.0 2867.0 1676.4 833.1 1194.9 1366.1 1504.4
Biomass total 1074.0 796.5 843.7 793.4 1289.3 1445.9 1613.5
Solid biomass 1074.0 796.5 843.7 793.4 1289.3 1445.9 1613.5


�ELRPDVV�LV�QRW�LQFOXGHG�LQWR�IRVVLO�IXHOV�WRWDO

'LVWULEXWLRQ�RI�*+*�HPLVVLRQV�EHWZHHQ�GLIIHUHQW�VRXUFHV�DQG�G\QDPLFV�GXULQJ�WKH
����V�LQ�(VWRQLD�LV�GHSLFWHG�LQ�7DEOH����

7DEOH����&KDQJHV�LQ�*+*�HPLVVLRQV�LQ�(VWRQLD��*J��(VWRQLDCV�6HFRQG��������

Source and Sink Categories 1990 1991 1992 1993 1994 1995 1996
Carbon dioxide 36251 35189 25136 19597 21527 17363 18549
Energy and transformation 34528 33957 26030 20179 20882 18938 19682
Transport 2656 2386 1423 1607 1786 1700 1534
Industrial processes 613 614 313 193 215 222 206
Land-use change and forestry -1545 -1767 -2630 -2382 -1355 -3496 -2874
Methane 105.2 102.1 91.3 79.7 79.5 67.7 63.2
Fuel combustion 2.6 2.5 1.9 1.6 1.8 1.7 1.8
Agriculture 60.2 60 54.7 47 46.4 34.3 30.2
Waste management 42.4 38.6 34.7 31.1 31.3 31.7 31.2
Nitrous oxide (N2O) 2.3 2.3 1.7 1.4 1.3 1.2 1.2
Fuel combustion 1.4 1.4 1 0.9 0.8 0.8 0.8
Agriculture 0.9 0.9 0.7 0.5 0.5 0.4 0.4

7KH�ELJ�GHFUHDVH�LQ�*+*�HPLVVLRQV�GXULQJ�D�UHODWLYHO\�VKRUW�WLPH�RFFXUUHG�PRVWO\�GXH
WR�WKH�KXJH�UHVWUXFWXULQJ�RI�WKH�ZKROH�HFRQRPLF�V\VWHP�H[SODLQHG�LQ�GHWDLO�DERYH�

(VWRQLD·V�SODWIRUP�WR�.\RWR�81�)&&&�&RQIHUHQFH�RI�3DUWLHV�ZDV�LQ�FRQIRUPLW\�ZLWK
WKH�(XURSHDQ�8QLRQ·V�RQH������UHGXFWLRQ�RI�&2��WR�WKH�\HDU������DQG�����WR�������,Q
JHQHUDO��WKLV�VKRZV�D�KLJK�FRPPLWPHQW�RI�(VWRQLD�WR�IXUWKHU�UHGXFWLRQV�RI�*+*
HPLVVLRQ�

� &RQFOXGLQJ�UHPDUNV

(VWRQLD�LV�RQH�RI�WKH�FRXQWULHV�LQ�WUDQVLWLRQ�ZKHUH�SROLWLFDO�FKDQJHV�FDXVHG�DFFHOHUDWHG
VRFLR�HFRQRPLF�GHYHORSPHQW�RI�WKH�FRXQWU\�LQ�WKH�EHJLQQLQJ�RI�WKH�����V��7KH�GUDVWLF
GURS�LQ�HQHUJ\�FRQVXPSWLRQ�LQ�VRPH�NH\�VHFWRUV�OLNH�LQGXVWU\�DQG�DJULFXOWXUH�LQ�WKH
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SHULRG�����²�����LV��FKDUDFWHULVWLF�LQGLFDWRU�VKRZLQJ�FRQVLGHUDEOH�UHVWUXFWXULQJ�RI
IRUPHU�LPSRUWDQW�VHFWRUV�LQ�WKH�QDWLRQDO�HFRQRP\��)URP�WKH�SRLQW�RI�YLHZ�RI�LPSDFW�RI
JOREDO�FOLPDWH�FKDQJH�RQ�GLIIHUHQW�VHFWRUV��DJULFXOWXUH�DQG�IRUHVWU\�FRXOG�EH�FRQVLGHUHG
WKH�PRVW�YXOQHUDEOH�WR�FOLPDWH�FKDQJH��/RQJ�WHUP�FOLPDWH�FKDQJH�ZRXOG�DIIHFW��WKRVH
SDUWLFXODU�VHFWRUV�PRVW�RI�DOO��$V�WKH�FKDQJHV�LQ�VRFLR�HFRQRPLF�GHYHORSPHQW�KDYH
EHHQ�FRQVLGHUDEOH�GXULQJ�WKH�WUDQVLWLRQ�SHULRG�IURP�D�FHQWUDOO\�SODQQHG�WR�D�PDUNHW
HFRQRP\��FOLPDWH�FKDQJH�LPSDFWV�VKRXOG�EH�FDUHIXOO\�VWXGLHG�DQG�GLIIHUHQWLDWHG�IURP
WKRVH�FDXVHG�E\�VRFLDO�DQG�HFRQRPLF�FKDQJHV�LQ�WKH�ZKROH�VWDWH��7KH�VDPH�SUREOHP�LV
FKDUDFWHULVWLF�IRU�PRVW�FRXQWULHV�LQ�WUDQVLWLRQ��%LJ�FKDQJHV�DQG�UHVWUXFWXULQJ�RI�WKH
ZKROH�VRFLR�HFRQRPLF�GHYHORSPHQW�DFWXDOO\�WHQG�WR�RYHUVKDGRZ�WKH�JOREDO�FOLPDWH
FKDQJH�LPSDFW�

$V�WKH�RLO�VKDOH�EDVHG�SRZHU�JHQHUDWLRQ�LV�WKH�ELJJHVW�*+*�VRXUFH�LQ�(VWRQLD��WKH�ZD\V
WR�UHGXFH�WKH�WRWDO�HPLVVLRQ�DUH�RI�KLJK�SULRULW\�LQ�LPSOHPHQWLQJ�WKH�REOLJDWLRQV�RI�WKH
81�)UDPHZRUN�&RQYHQWLRQ�RI�&OLPDWH�&KDQJH��$ERXW�����RI�HOHFWULFLW\�JHQHUDWLRQ
DQG�DERXW�����RI�GLVWULFW�KHDW�SURGXFWLRQ�LV�EDVHG�RQ�RLO�VKDOH�FRPEXVWLRQ��,Q�VSLWH�RI
DQ�DOPRVW�GRXEOH�GHFUHDVH�LQ�HQHUJ\�SURGXFWLRQ�VLQFH�WKH�EHJLQQLQJ�RI�WKH�����V��WKH
HQHUJ\�VHFWRU�UHPDLQV�WKH�ELJJHVW�VRXUFH�RI�*+*�HPLVVLRQ�DW�SUHVHQW��WKHUHIRUH�WKH
PDLQ�FRQFHUQV�DUH�FRQQHFWHG�ZLWK�LW��$V�RLO�VKDOH�LV�D�ORZ�JUDGH�IRVVLO�IXHO��HOHFWULFLW\
JHQHUDWLRQ�ZLWK�SUHVHQWO\�XVHG�SXOYHULVHG�FRPEXVWLRQ�WHFKQRORJ\�JLYHV�VLJQLILFDQW
HPLVVLRQV�RI�&2���62��DQG�DONDOLQH�IO\�DVK�LQWR�WKH�DWPRVSKHUH��&2��LV�FULWLFDO�IURP�WKH
DVSHFW�RI�FOLPDWH�FKDQJH��WKH�UHVW�RI�SROOXWDQWV��SDUWLFXODUO\�62��KDYH�EHHQ�FUHDWLQJ�ELJ
HQYLURQPHQWDO�WKUHDWV�WR�WKH�QRUWK�HDVWHUQ�SDUW�RI�WKH�FRXQWU\�DQG�WKH�QHLJKERXULQJ
UHSXEOLF�RI�)LQODQG�GXULQJ�PDQ\�GHFDGHV��$FFRUGLQJ�WR�D�ELODWHUDO�DJUHHPHQW�ZLWK
)LQODQG�RQ�UHGXFWLRQ�RI�VXOSKXU�HPLVVLRQV��(VWRQLD�KDV�WR�GHFUHDVH�WKH��HPLVVLRQV�RI
62��E\�����WR�WKH�\HDU������FRPSDUHG�ZLWK������

3ULQFLSDOO\�QHZ�WHFKQRORJLHV�RI�RLO�VKDOH�EDVHG�KHDW�DQG�SRZHU�JHQHUDWLRQ�KDYH�JDLQHG
SRSXODULW\�DV�DQ�XUJHQW�QHHG�H[LVWV�WR�SKDVH�RXW�LQHIILFLHQW��KLJKO\�SROOXWLQJ�DQG�ZRUQ
RXW�WHFKQRORJLHV�RI�HQHUJ\�SURGXFWLRQ��1HZ�PHWKRGV�RI�RLO�VKDOH�EXUQLQJ�OLNH
3UHVVXULVHG�)OXLGLVHG�%HG�&RPEXVWLRQ�WHFKQRORJLHV�IDFLOLWDWH�VLJQLILFDQW�UHGXFWLRQ�RI
WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LQ�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�DV�ZHOO�DV�WKH
FRQWHQW�RI�&2��LQ�IOXH�JDVHV��8VLQJ�WKH�QHZ�WHFKQRORJLHV�RI�RLO�VKDOH�FRPEXVWLRQ�WKH
HPLVVLRQV�RI�VXOSKXU�FRPSRXQGV�ZLOO�DOPRVW�GLVDSSHDU�

7KH�OLEHUDOLVDWLRQ�RI�HQHUJ\�PDUNHW�ZLOO�FUHDWH�D�QHZ�VLWXDWLRQ�LQ�(VWRQLD��7KH�SUHVHQW
PRQRSRO\�LQ�WKH�SRZHU�JHQHUDWLRQ�KDV�VKLIWHG�WKH�QRUPDO�IXQFWLRQLQJ�RI�WKH�PDUNHW�
WKHUHIRUH�OLIWLQJ�FRQVWUDLQWV�ZLOO�SUREDEO\�EULQJ�DERXW�PDQ\�QHZ�RSSRUWXQLWLHV��$OVR
FDUERQ�WD[DWLRQ�KDV�D�FRQVLGHUDEOH�UROH�WR�SOD\��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�DQDO\VLV�RI
WKH�SUHVHQW�VWXG\��WKH�ROG�WHFKQRORJLHV�RI�XVLQJ�RLO�VKDOH�ZLOO�EH�SKDVHG�RXW��WKH�XVH�RI
QDWXUDO�JDV�ZLOO�LQFUHDVH��ZLQG�HQHUJ\�PD\�JDLQ�PXFK�ELJJHU�UROH��WKH�XVH�RI�ZRRG�DV�D
IXHO�ZLOO�ULVH�DQG�HYHQ�KLJK�FRVW�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�ZLOO�EHFRPH�UHDOLVWLF�
+RZHYHU��WKH�SUDFWLFDO�GHFLVLRQ�PDNLQJ�LQ�GHVLJQLQJ�WKH�IXWXUH�HQHUJ\�SROLF\�ZLOO
GHSHQG�RQ�PDQ\�LVVXHV�OLNH�WKH�IRUWKFRPLQJ�SULYDWLVDWLRQ�RI�WKH�SRZHU�VHFWRU��VHFXULW\
RI�VXSSO\�RI�LPSRUWHG�IXHOV��IXUWKHU�GHYHORSPHQW�RI�WKH�FRQFHSW�RI�WKH�%DOWLF�(QHUJ\
5LQJ��VRFLDO�DQG�SROLWLFDO�DVSHFWV�FRQQHFWHG�WR�SRVVLEOH�FKDQJHV�LQ�WKH�RLO�VKDOH�PLQLQJ
LQGXVWU\��HWF�

5HQHZDEOH�HQHUJ\��EHLQJ�UDSLGO\�GHYHORSHG�LQ�PDQ\�(XURSHDQ�FRXQWULHV�OLNH
'HQPDUN��*HUPDQ\��WKH�8QLWHG�.LQJGRP��HWF��KDV�EURXJKW�DERXW�D�FHUWDLQ�HQOLYHQLQJ
DOVR�LQ�(VWRQLD��(VWRQLD�LV�DFWXDOO\�ULFK�LQ�VXFK�UHQHZDEOH�HQHUJ\�UHVRXUFHV�OLNH�ZRRG�
SHDW�DQG�ZLQG��:LGHU�XVH�RI�UHQHZDEOH�HQHUJ\�VRXUFHV�ZRXOG�DOORZ�VLJQLILFDQW�FXWWLQJ
RI�*+*�HPLVVLRQV��)URP�\HDU�WR�\HDU��WKH�ZRRG�KDV�EHHQ�PRUH�ZLGHO\�XVHG�IRU�GLVWULFW
KHDWLQJ��:RRG�VXSSO\�IRU�WKH�SURGXFWLRQ�RI�ZRRG�FKLSV�IRU�ERLOHU�KRXVHV�LV�UHOLDEOH
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DQG�VWDEOH�DQG�LW�FUHDWHV�QHZ�MREV�LQ�UXUDO�DUHDV��7KH�XVH�RI�ZRRG�LQ�KHDW�DQG�SRZHU
JHQHUDWLRQ�PHDQV�QHW�]HUR�HPLVVLRQV�RI�FDUERQ�WR�WKH�DWPRVSKHUH��$OVR��FRPSDUHG�WR
KHDY\�IXHO�RLOV��VLJQLILFDQW�UHGXFWLRQ�RI�RWKHU�SROOXWDQWV��SDUWLFXODUO\�VXOSKXU��ZLOO�WDNH
SODFH��)URP�WKH�YLHZSRLQW�RI�WKH�LPSDFW�RQ�FOLPDWH��ZRRG�LV�SUHIHUUHG�WR�YDULRXV�IRVVLO
IXHOV�OLNH�FRDO��RLO�VKDOH�DQG�QDWXUDO�JDV��,WV�ELJ�DGYDQWDJH�LV�DOVR�WKH�SRVLWLYH�LQIOXHQFH
RQ�UHGXFLQJ�VRFLDO�DQG�HFRQRPLF�SUREOHPV�

:LQG�HQHUJ\�SRWHQWLDO�LV�UDWKHU�JRRG�LQ�(VWRQLD�GXH�WR�LWV�JHRJUDSKLFDO�ORFDWLRQ��7KLV
SRWHQWLDO�FRXOG�EH�HIILFLHQWO\�XVHG�SDUWLFXODUO\�RQ�WKH�ZHVWHUQ�FRDVWOLQH�DQG�LVODQGV��2Q
WKH�EDVLV�RI�H[SHUW�DVVHVVPHQW�WKH�SUDFWLFDOO\�DFKLHYDEOH�DQQXDO�SURGXFWLRQ�JHQHUDWHG
E\�ZLQG�WXUELQHV�FRXOG�EH�XS�WR�����7:ÃK�HOHFWULFLW\��+RZHYHU��ZLQG�FRXOG�QHYHU�EH
GHILQHG�DV�DQ�HQHUJ\�VRXUFH�DEOH�WR�FRYHU�WRWDO�GHPDQG��7KH�PRVW�SUREDEOH�ZRXOG�EH�D
VWHS�ZLVH�VWDUW�ZLWK�ZLQG�WXUELQHV�RQ�VPDOO�LVODQGV�ZLWK�QR�SXEOLF�JULG�DYDLODEOH�DW
SUHVHQW��'LHVHO�JHQHUDWRUV�FRPELQHG�ZLWK�ZLQG�WXUELQHV�PLJKW�EH�WKH�RSWLRQ�IRU
HOHFWULFLW\�JHQHUDWLRQ�

$FFRUGLQJ�WR�WKH�/RQJ�7HUP�'HYHORSPHQW�3ODQ�IRU�WKH�(VWRQLDQ�)XHO�DQG�(QHUJ\
6HFWRU��ZKLFK�ZDV�DGRSWHG�LQ�WKH�5LLJLNRJX�LQ�)HEUXDU\�������WKH�UROH�RI�UHQHZDEOH
HQHUJ\�VRXUFHV�LQ�WKH�SULPDU\�HQHUJ\�VXSSO\�KDV�WR�LQFUHDVH�IURP�SUHVHQW����WR�����WR
WKH�\HDU�������6WURQJ�VXSSRUW�IURP�WKH�*RYHUQPHQW�KDV�D�VLJQLILFDQW�UROH�WR�SOD\�KHUH�
,Q�D�QXPEHU�RI�FDVHV�WHFKQRORJ\�WUDQVIHU�SURMHFWV�QHHG�ORQJ�WHUP�ORDQ�JXDUDQWHHV�IURP
WKH�VWDWH�

$Q�LPSRUWDQW�JRDO�RI�(VWRQLD·V�HQHUJ\�SROLF\�LV�WR�IXUWKHU�HQFRXUDJH�WKH�HIILFLHQF\�LQ
WKH�SURGXFWLRQ��WUDQVPLVVLRQ�DQG�FRQVXPSWLRQ�RI�HQHUJ\��%RWK�WKH�VXSSO\�DQG�GHPDQG
VLGH�HIILFLHQF\�ULVHV��DUH�RI�KLJK�SULRULW\�DQG�KDYH�D�ELJ�SRWHQWLDO��XS�WR������WR�UHGXFH
WKH�HPLVVLRQ�RI�&2���&XWWLQJ�RI�KXJH�ORVVHV�LQ�WUDQVPLVVLRQ�QHWZRUNV�LV�RI�KLJK
LPSRUWDQFH�DW�SUHVHQW��$OVR�HQHUJ\�FRQVHUYDWLRQ�LVVXHV�VWDUWHG�WR�EH�KLJKO\�SULRULWLVHG
LQ�(VWRQLD��7KH�ZKROH�HFRQRPLF�V\VWHP�VKRXOG�EH�RULHQWHG�WR�PDUNHW�DQG�OLEHUDOLVDWLRQ
RI�SULFHV��ZKLFK�WRJHWKHU�ZLWK�ZHOO�SODQQHG�JRYHUQPHQWDO�HQHUJ\�VDYLQJ�SROLF\�FRXOG
JLYH�HFRQRPLFDOO\�IRXQGHG�*+*�PLWLJDWLRQ�RSWLRQV�
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$Q�DQDO\VLV�RI�WKH�H[LVWLQJ
FRPEXVWLRQ�WHFKQRORJLHV

� 5HYLHZ�RI�WKH�H[LVWLQJ�FRPEXVWLRQ�WHFKQRORJLHV

,W�LV�TXLWH�SRVVLEOH�WKDW�(VWRQLD�ZLOO�FRQWLQXH�WR�XVH�RLO�VKDOH�DV�D�IXHO�LQ�WKH�IXWXUH��7KLV
FRXOG�FRQWULEXWH�WR�WKH�VHFXULW\�RI�VXSSO\�DQG�ZLOO�PDLQWDLQ�LQGHSHQGHQFH�IURP
LPSRUWHG�HQHUJ\�UHVRXUFHV��,QWHQVLYH�XVH�RI�RLO�VKDOH�IRU�HQHUJ\�SURGXFWLRQ�LQ�WKH
IXWXUH�UHTXLUHV�FRQVLGHUDEOH�LPSURYHPHQWV�RI�H[LVWLQJ�SRZHU�SODQWV��7KHUHIRUH�(HVWL
(QHUJLD�KDV�SODQQHG�VHYHUDO�DFWLYLWLHV��$PRQJ�WKH�PDLQ�DLPV�HVWDEOLVKHG�DUH�WKH
IROORZLQJ��WR�LQFUHDVH�WKH�HIILFLHQF\�RI�SRZHU�SODQWV��WR�UHGXFH�WKH�OHYHO�RI�62�

HPLVVLRQV��WR�LPSURYH�DVK�UHPRYDO��7R�DFKLHYH�WKHVH�DLPV�(HVWL�(QHUJLD�ZLWK�FR�
RSHUDWLRQ�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\�KDV�FRQGXFWHG�UHVHDUFK�LQWR�WKH�XVH�RI
FLUFXODWLQJ�IOXLGLVHG�EHG��&)%��DQG�SUHVVXULVHG��3)%��FRPEXVWLRQ�WHFKQRORJLHV�IRU�RLO
VKDOH�LQVWHDG�RI�WKH�SXOYHULVHG�FRPEXVWLRQ��3&��WHFKQRORJ\��7KHVH�FRPEXVWLRQ
WHFKQRORJLHV�HQDEOH�WR�LQFUHDVH�WKH�62��FDSWXUH�HIILFLHQF\�DQG�IDFLOLWDWH�D�VXEVWDQWLDO
UHGXFWLRQ�RI�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LQ�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH��DQG
WKDW�RI�&2��FRQWHQW�LQ�IOXH�JDVHV�RI�RLO�VKDOH�SRZHU�SODQWV��6HYHUDO�RWKHU�FKHDSHU�62�

UHPRYDO�PHWKRGV��ZHW�J\SVXP�SURFHVV��VHPL�GU\�SURFHVV��$KOVWU|P�VFUXEEHU��DUH
EHLQJ�WHVWHG�DQG�VWXGLHG�IRU�IOXH�JDV�FOHDQLQJ�LI�3&�WHFKQRORJ\�LV�XVHG��5HIXUELVKPHQW
RI�WKH�1DUYD�����������

��� 3XOYHULVHG�FRPEXVWLRQ�RI�VROLG�IXHOV

3XOYHULVHG�FRPEXVWLRQ�RI�VROLG�IXHOV�LV�PDLQO\�XVHG�LQ�WKHUPDO�SRZHU�SODQWV�DOO�RYHU
WKH�ZRUOG��6LJQLILFDQW�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV�DUH�GLUHFWHG�WRZDUG�LPSURYLQJ
FKDUDFWHULVWLFV�RI�FRQYHQWLRQDO�SXOYHULVHG�VROLG�IXHOV�ILUHG�SRZHU�SODQWV��7KH�DYHUDJH
HIILFLHQF\�RI�FRQYHQWLRQDO�SXOYHULVHG�FRDO�ILUHG�SRZHU�SODQWV�LV�DERXW�����DQG�WKDW�RI
DGYDQFHG�SXOYHULVHG�FRDO�ILUHG�SRZHU�SODQWV�LV�DERXW������6DWKD\H�DQG�0H\HUV��������
,Q�(VWRQLD�������RI�WKH�WRWDO�HOHFWULFLW\�FRQVXPHG�LV�SURGXFHG�RQ�WKH�EDVLV�RI
SXOYHULVHG�RLO�VKDOH�

7KH�HIILFLHQF\�RI�WKH�(VWRQLDQ�3RZHU�3ODQW�LV�����DQG�WKDW�RI�WKH�%DOWLF�3RZHU�3ODQW�LV
�����7KH�HIILFLHQFLHV�RI�WKH�.RKWOD�-lUYH�DQG�WKH�$KWPH�&+3�3ODQWV�DUH�DERXW������7KH
ORZ�HIILFLHQF\�RI�RLO�VKDOH�ILUHG�SRZHU�SODQWV�FDQ�EH�H[SODLQHG�E\�WKH�SHFXOLDULWLHV�RI
EXUQHG�RLO�VKDOH�

3XOYHULVHG�FRPEXVWLRQ�RI�RLO�VKDOH�ZLWK�D�KLJK�DVK�FRQWHQW�LQ�SRZHU�SODQWV�SRVHV
VSHFLILF�SUREOHPV��VXFK�DV��WKH�EHKDYLRXU�RI�LQRUJDQLF�PDWWHU�LQ�WKH�FRPEXVWLRQ
SURFHVV��IRXOLQJ��KLJK�WHPSHUDWXUH�FRUURVLRQ�DQG�ZHDU�RI�WKH�VWHDP�ERLOHU·V�KHDWLQJ
VXUIDFHV��)LUVW�RI�DOO��RQH�VKRXOG�PHQWLRQ�WKH�WHQGHQF\�RI�IUHH�OLPH�ULFK�RLO�VKDOH�DVK
�WKH�IUHH�&D2�FRQWHQW�LQ�GLIIHUHQW�DVK�IUDFWLRQV�LV���WR������WR�D�VHYHUH�IRXOLQJ�RI
KHDWLQJ�VXUIDFHV�ZLWK�VXOSKDWH�ERXQG�IO\�DVK�GHSRVLWV��%HLQJ�FDXVHG�E\�WKH�SRWDVVLXP
FRPSRQHQWV��PDLQO\�.&O��IRUPHG�LQ�WKH�FRPEXVWLRQ�SURFHVV��WKH�FRUURVLRQ�RI�WKH�VWHDP
ERLOHU·V�KHDWLQJ�VXUIDFHV�LV�DOVR�FRQVLGHUDEOH��7KH�IUHTXHQW�FOHDQLQJ�RI�WKH�ODWWHU�IURP
IO\�DVK�GHSRVLWV�OHDGV�WR�D�YHU\�VHYHUH�FRUURVLYH�ZHDU�RI�ERLOHU�WXEHV��7KH�DERYH�
PHQWLRQHG�FLUFXPVWDQFHV�ZHUH�WKH�UHDVRQ�ZK\�WKH�QRUPDO�ZRUN�RI�WKH�ERLOHUV
GHVLJQHG�WR�EH�ILUHG�ZLWK�FRDO�RU�EURZQ�FRDO�ZDV�LPSRVVLEOH�LQ�FDVH�RI�EXUQLQJ�RLO
VKDOH��7KHUHIRUH��VSHFLDO�SXOYHULVHG�RLO�VKDOH�ILUHG�ERLOHUV�73�����73����DQG�73����
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ZHUH�GHVLJQHG�IRU�RSHUDWLRQ�LQ�ELJ�SRZHU�SODQWV��73����ZDV�GHVLJQHG�IRU�����0:�DQG
WKH�RWKHU�WZR�IRU�����0:�SRZHU�JHQHUDWLQJ�XQLWV��GRXEOH�XQLWV���$OO�WKHVH�VWHDP
ERLOHUV�DUH�FKDUDFWHULVHG�E\�WKH�ODFN�RI�WKLFN�WXEH�SDFNHWV�DQG�D�ZLGH�XVH�RI�VFUHHQ�DQG
VLQJOH�SDVV�SDQHO�KHDWLQJ�VXUIDFHV��DV�ZHOO�DV�WKH�UHODWLYHO\�ORZ�JDV�YHORFLWLHV�WR�UHGXFH
IRXOLQJ��ZKLOH�DOO�WKH�KHDW�WUDQVIHU�VXUIDFHV�KDYH�EHHQ�HTXLSSHG�ZLWK�VSHFLDO�FOHDQLQJ
GHYLFHV��7R�GLPLQLVK�FRUURVLRQ�WKH�WHPSHUDWXUH�RI�WKH�RYHUKHDWHG�VWHDP�KDV�EHHQ
ORZHUHG�WR����²���°&�

'HVSLWH�DOO�WKDW��WKH�RSHUDWLRQ�RI�SXOYHULVHG�RLO�VKDOH�ILUHG�ERLOHUV�WDNHV�SODFH�LQ�KHDY\�
GXW\�FRQGLWLRQV�DQG�JUHDW�H[SHQVHV�DUH�UHTXLUHG�WR�FOHDQ�DQG�UHSDLU�WKH�ERLOHUV��7KH
DGYDQWDJH�RI�RLO�VKDOH�ILUHG�ERLOHUV�LV�WKH�IDFW�WKDW�GXH�WR�D�KLJK�YRODWLOH�FRQWHQW�RI�WKH
RUJDQLF�SDUW�RI�RLO�VKDOH�WKH\�FDQ�RSHUDWH�DOVR�DW�YHU\�ORZ�ORDGV��XS�WR�������$
VFKHPDWLF�GLDJUDP�RI�WKH�73�����ERLOHU�LQ�RSHUDWLRQ�DW�WKH�(VWRQLDQ�3RZHU�3ODQW�LV
VKRZQ�LQ�)LJXUH����

)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�73�����ERLOHU�RI�WKH�(VWRQLDQ�3RZHU�3ODQW

����� )OXH�JDV�GHVXOSKXULVDWLRQ

7KH�VWDWHPHQW�EHWZHHQ�(VWRQLD�DQG�)LQODQG��VLJQHG�LQ�������5HIXUELVKPHQW�RI�WKH
1DUYD������������VHW�WKH�IROORZLQJ�WDUJHWV�

• ����UHGXFWLRQ�LQ�62��HPLVVLRQV�E\�WKH�HQG�RI������IURP�WKH������HPLVVLRQ�OHYHO
DQG

• ����UHGXFWLRQ�LQ�62��HPLVVLRQV�E\�WKH�\HDU�������RQO\�UHFRPPHQGDWLRQ��IURP
WKH������HPLVVLRQ�OHYHO�
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$OO�WKH�UHGXFWLRQV�QHFHVVDU\�IRU�WKH�ZKROH�(HVWL�(QHUJLD�/WG��DUH�GLUHFWHG�WR�WKH
(VWRQLDQ�DQG�%DOWLF�3RZHU�3ODQWV��EHFDXVH�WKH�62��HPLVVLRQV�IURP�WKHVH�SRZHU�SODQWV
IRUP�DSSUR[LPDWHO\���²����RI�62��HPLVVLRQV�RI�WKH�ZKROH�FRXQWU\�

7DEOH����JLYHV�VSHFLILF�62��HPLVVLRQV�FRPSDULQJ�WKHP�WR�W\SLFDO�HPLVVLRQ�IDFWRUV�RI
VRPH�RWKHU�IXHO�DQG�WR�WKH�HPLVVLRQ�OLPLWV�LQ�WKH�(XURSHDQ�8QLRQ��5HIXUELVKPHQW�RI
WKH�1DUYD�����������

7DEOH����6SHFLILF�62��HPLVVLRQV��06*�0-

Narva plants 1980 1988 1992
New plant

EU1) limit value
Coal 2)

(1.0%S)
Heavy fuel oil

(2.5%S)
Baltic PP
Boilers TP-17 1360 1125 1360
Boilers TP-67 1000 900 880 200 700 1200
Estonian PP
Boilers TP-101 734 660 820 200 700 1200

���62��HPLVVLRQ�OLPLW�YDOXH�IRU�VROLG�IXHO�ILUHG�SRZHU�SODQW�ZLWK�D�FDSDFLW\�RI�����0:WK�RU�PRUH
�FDSDFLW\�VFDOH�RI�%33�DQG�(33�

���7\SLFDO�HPLVVLRQ�ZLWKRXW�DQ\�VXOSKXU�FDSWXUH

([DPLQDWLRQ�RI�7DEOH����OHDGV�WR�DQ�REVHUYDWLRQ�WKDW�DYHUDJH�VSHFLILF�62��HPLVVLRQV
IURP�WKH�%DOWLF�DQG�(VWRQLDQ�3RZHU�3ODQWV�DUH�IDLUO\�KLJK��YDU\LQJ�IURP�����WR������PJ
62��0-��7KLV�LV�WKH�VLWXDWLRQ�LQ�VSLWH�RI�UHPDUNDEOH�VXOSKXU�FDSWXUH����²�����E\�RWKHU
IXHO�FRQVWLWXHQWV�RI�RLO�VKDOH�

7DEOH����62���UHTXLUHG�UHGXFWLRQV�IURP������OHYHO��W�62���\HDU

SO2 reduction 2000 2005
Base case 1 includes domestic demand + 1 TW·h
electricity export + 0.2 TW·h grid losses
50% reduction 14000 26000
80% reduction 77000 88000
Case 2 includes only domestic demand
50% reduction 2000 14000
80% reduction 65000 76000
Case 3 includes domestic demand + 3 TW·h electricity
export + 0.5 TW·h grid losses
50% reduction 40000 59000
80% reduction 103000 121000

62��HPLVVLRQ�UHGXFWLRQV�UHTXLUHG�DW�WKH�1DUYD�SRZHU�SODQWV�LQ�RUGHU�WR�DFKLHYH�WKH
HPLVVLRQ�WDUJHW�OHYHOV�ODLG�RXW�LQ�WKH�(VWRQLD²)LQODQG�VWDWHPHQW�IRU�DOO�WKH�VRXUFHV�RI�6(
(HVWL�(QHUJLD�DUH�JLYHQ�LQ�7DEOH�����5HIXUELVKPHQW�RI�WKH�1DUYD�����������

����� &2��HPLVVLRQV

(QHUJ\�UHODWHG�DFWLYLWLHV�DUH�WKH�PRVW�VLJQLILFDQW�FRQWULEXWRU�WR�(VWRQLD·V�JUHHQKRXVH
JDVHV��*+*��HPLVVLRQV��,Q������WKH�VKDUH�RI�&2��HPLVVLRQ�IURP�RLO�VKDOH�EXUQLQJ
IRUPHG�����IURP�DOO�HQHUJ\�UHODWHG�DFWLYLWLHV��7KH�WRWDO�&2��HPLVVLRQV�IURP�RLO�VKDOH
EXUQLQJ�ZHUH����������*J��+DPEXUJ�HW�DO����������)URP�WKH�SRLQW�YLHZ�RI�*+*
HPLVVLRQV�LW�LV�LPSRUWDQW�WKDW�GXULQJ�FRPEXVWLRQ�RI�SXOYHULVHG�RLO�VKDOH�&2��IRUPV�QRW
RQO\�DV�D�EXUQLQJ�SURGXFW�RI�RUJDQLF�FDUERQ��EXW�DOVR�DV�D�GHFRPSRVLWLRQ�SURGXFW�RI
WKH�FDUERQDWH�SDUW�RI�DVK��7KH�IRUPXOD�IRU�FDOFXODWLQJ�WKH�FDUERQ�HPLVVLRQ�IDFWRU�IRU
IXHOV�FRQWDLQLQJ�FDUERQDWHV��WDNLQJ�LQWR�DFFRXQW�WKH�GHFRPSRVLWLRQ�RI�LWV�PLQHUDO
FDUERQDWH�SDUW��LV�DV�IROORZV��+DPEXUJ�HW�DO���������
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&()RLO�VKDOH� ����×�[�&U
W���N�×��&2��U0�×���������]���4U

L���W&���7-�

ZKHUH 4U
L QHW�FDORULILF�YDOXH�RI�IXHO�DV�UHFHLYHG�EDVLV��0-�NJ�

&U
W FDUERQ�FRQWHQW�RI�IXHO�DV�UHFHLYHG�EDVLV����

�&2��U0� PLQHUDO�FDUERQ�GLR[LGH�FRQWHQW�RI�RLO�VKDOH�DV�UHFHLYHG�EDVLV����

N GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV

7KH�IRUPXOD�VXJJHVWV�WKDW�WKH�EHVW�ZD\�WR�GHFUHDVH�&()�RLO�VKDOH�LV�WR�GHFUHDVH�WKH
GHFRPSRVLWLRQ�UDWH�RI�WKH�FDUERQDWHV��7KH�GHFRPSRVLWLRQ�UDWH�RI�RLO�VKDOH�FDUERQDWHV
GHSHQGV�RQ�FRPEXVWLRQ�WHPSHUDWXUH��LQ�FRPEXVWLRQ�WHFKQRORJLHV�DW�WHPSHUDWXUHV�RYHU
����°&��N�≈����.XOO�HW��DO����������,W�FRXOG�EH�UHGXFHG�DW�ORZHU�FRPEXVWLRQ�WHPSHUDWXUH
��������°&��

��� )OXLGLVHG�EHG�WHFKQRORJLHV

7KH�IOXLGLVHG�EHG�WHFKQRORJ\�ZDV�RULJLQDOO\�XVHG�LQ�WKH�FKHPLFDO�LQGXVWU\��PHWDOOXUJ\
DQG�RWKHU�LQGXVWULHV��EXW�QRW�LQ�SRZHU�HQJLQHHULQJ��7ZR�YHU\�HVVHQWLDO�IDFWRUV�JDYH�D
SXVK�WR�DSSO\LQJ�WKH�IOXLGLVHG�EHG�WHFKQRORJ\�LQ�SRZHU�HQJLQHHULQJ��)LUVW��LW�DSSHDUHG
WKDW�LQ�WKH�IOXLGLVHG�EHG��LW�LV�SRVVLEOH�WR�EXUQ�HIILFLHQWO\�ORZ�JUDGH�IXHOV��LQFOXGLQJ
PLQLQJ�LQGXVWU\�HQULFKPHQW�ZDVWHV��FKHPLFDO�LQGXVWU\�DQG�KRXVHKROG�ZDVWHV�RU�RWKHU
FRPEXVWLEOH�ZDVWH��6HFRQGO\��DQ�DGYDQWDJH�RI�WKH�IOXLGLVHG�EHG�WHFKQRORJ\�LV�WKDW�LW
HQDEOHV�WR�GHFUHDVH�WKH�KDUPIXO�HPLVVLRQV�RI�IXHO�EXUQLQJ�ZLWKRXW�D�QHHG�WR�XVH�YHU\
H[SHQVLYH�VSHFLDO�FOHDQLQJ�HTXLSPHQW�RI�IOXH�JDVHV�

$Q�HVVHQWLDO�FRQVWUXFWLRQ�HOHPHQW�RI�WKH�IOXLGLVHG�EHG�IXUQDFH�LV�WKH�JUDWH�XQGHU�LW�
WKURXJK�ZKLFK�DLU�LV�VXSSOLHG�LQ�WKH�IXUQDFH�WR�EXUQ��RU�JDVLI\��WKH�IXHO��7KH�JUDWH
GLIIHUV�IURP�DQ�RUGLQDU\�RQH�XVHG�LQ�WKH�JUDWH�LQFLQHUDWRU�IXUQDFH��LW�LV�VLPSOHU�LQ
FRQVWUXFWLRQ�DQG�WKH�DUHD�RI�LWV�IUHH�FURVV�VHFWLRQ�LV�FRQVLGHUDEO\�VPDOOHU��7KH�IOXLGLVHG
EHG�JUDWH�IRUPV�D�SUHOLPLQDU\�REVWDFOH�WR�WKH�XSZDUG�VWUHDP�RI�DLU�DQG�LV�QHFHVVDU\�IRU
DQ�HTXDO�GLVWULEXWLRQ�RI�DLU�RQ�WKH�ZKROH�VXUIDFH�RI�WKH�JUDWH�

7KH�VR�FDOOHG�IOXLGLVLQJ�RI�VROLG�SDUWLFOHV�VWDUWV�RQ�WKH�JUDWH�LQ�FDVH�WKH�DLU�YHORFLW\�LV
VXIILFLHQWO\�KLJK�IRU�WKH�ILQH�JUDLQ�PDWHULDO�DQG�WKH�WKLFNQHVV�RI�LWV�OD\HU��7KH�LQLWLDO
YHORFLW\�RI�IOXLGLVDWLRQ�LV�FDOOHG�WKH�ILUVW�FULWLFDO�YHORFLW\�RI�WKH�IOXLGLVDWLRQ��:LWK�WKH
IXUWKHU�LQFUHDVH�LQ�DLU�YHORFLW\��WKH�OD\HU�H[SDQGV�DQG�WKH�SDUWLFOH�IORZ�EHFRPHV�PRUH
LQWHQVLYH��:LWK�WKH�IXUWKHU�LQFUHDVH�LQ�DLU�YHORFLW\��D�PRPHQW�ZLOO�EH�UHDFKHG�ZKHQ�WKH
SDUWLFOHV�GR�QRW�VWD\�LQ�WKH�EHG�DQ\�ORQJHU��EXW�DUH�FDUULHG�RXW�RI�WKH�EHG�ZLWK�DLU��RU
JDV��²�LW�LV�WKH�SKHQRPHQRQ�RI�DHURWUDQVSRUWDWLRQ�RI�WKH�SDUWLFOHV��7KH�DLU��JDV��YHORFLW\
FRUUHVSRQGLQJ�WR�WKH�VWDUW�RI�DHURWUDQVSRUWDWLRQ�LV�FDOOHG�WKH�VHFRQG�FULWLFDO�YHORFLW\�RI�WKH
IOXLGLVHG�EHG�

7KH�IOXLGLVHG�EHG�EHWZHHQ�WKH�WZR�FULWLFDO�YHORFLWLHV�LV�DOVR�FDOOHG�D�SVHXGRIOXLG�EHG�
'LIIHUHQW�FULWLFDO�YHORFLWLHV�FRUUHVSRQG�WR�WKH�SDUWLFOHV�RI�GLIIHUHQW�VL]H��VSHFLILF�JUDYLW\
DQG�VKDSH��7KH�IXHOV�SUHSDUHG�IRU�EXUQLQJ�LQ�WKH�IOXLGLVHG�EHG�FRQWDLQ�SDUWLFOHV�ZLWK
WKH�GLDPHWHU�IURP�D�IHZ�PLFURPHWHUV�WR����PP�DQG�PRUH��,Q�RUGHU�WR�EXUQ�PRVW�IXHOV
LQ�WKH�IOXLGLVHG�EHG�IXUQDFHV��D�VR�FDOOHG�FDUULHU�EHG�LV�QHHGHG��)RU�WKLV�SXUSRVH�DQ
LQHUW�ILQH�SDUWLFOH�PDWHULDO�LV�DGGHG��ZKLFK�LV�IOXLGLVHG�WRJHWKHU�ZLWK�WKH�IXHO�SDUWLFOHV�
%\�WKH�PRPHQW�WKH�DLU��JDV��YHORFLW\�LQ�WKH�EHG�UHDFKHV�WKDW�RI�WKH�ILUVW�FULWLFDO�YHORFLW\
WKDW�RI�WKH�ODUJHVW�SDUWLFOHV�KDV�DOUHDG\�H[FHHGHG�WKH�VHFRQG�FULWLFDO�YHORFLW\�RI�WKH�ILQHU
SDUWLFOHV��L�H���WKH�ILQHU�DQG�OLJKWHU�SDUWLFOHV�KDYH�DOUHDG\�OHIW�WKH�EHG��7KH�VLWXDWLRQ
LPSURYHV�ZKHQ�WKH�VSHFLILF�JUDYLW\�RI�WKH�EHG�PDWHULDO��H�J��VDQG��LV�KLJKHU�WKDQ�WKDW�RI
WKH�IXHO�SDUWLFOHV��,Q�WKLV�FDVH�LW�LV�VXIILFLHQW�LI�WKH�FDUULHU�EHG�EHFRPHV�IOXLGLVHG��/DUJHU
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SDUWLFOHV�ZKLFK�GR�QRW�SDUWLFLSDWH�LQ�WKH�IOXLGLVHG�SURFHVV�ZLOO�EXUQ�IORDWLQJ�RQ�WKH
VXUIDFH�RI�WKH�IOXLGLVHG�EHG�

'HSHQGLQJ�RQ�WKH�YHORFLW\�RI�WKH�DLU�VWUHDP�SDVVLQJ�WKURXJK�WKH�IOXLGLVHG�EHG�WKH
IOXLGLVHG�EHG�WHFKQRORJLHV�FDQ�EH�GLYLGHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV��VHH�)LJXUH�����

• FRQYHQWLRQDO��EXEEOLQJ�RU�VORZ��IOXLGLVHG�EHG�
• WXUEXOHQW��IDVW��IOXLGLVHG�EHG�
• FLUFXODWLQJ�IOXLGLVHG�EHG�

)LJXUH�����)OXLGLVHG�EHG�IXUQDFHV��D��FODVVLFDO��EXEEOLQJ�RU�VORZ��IOXLGLVHG�EHG�IXUQDFH�
�E��WXUEXOHQW�IOXLGLVHG�EHG�IXUQDFH��F��FLUFXODWLQJ�IOXLGLVHG�EHG�IXUQDFH

a

)OXLGLVHG�EHG�IXUQDFHV�FDQ�RSHUDWH�DW�HLWKHU�WKH�DWPRVSKHULF�RU�RYHU�SUHVVXUH��$V
IOXLGLVHG�EHG�IXUQDFHV�RSHUDWLQJ�DW�WKH�DWPRVSKHULF�SUHVVXUH�DUH�PRVW�ZLGHVSUHDG�DW
SUHVHQW��ZH�VKDOO�GLVFXVV�RQO\�WKHVH�LQ�WKLV�FKDSWHU�

����� &RQYHQWLRQDO�IOXLGLVHG�EHG�IXUQDFH�RSHUDWLQJ�DW�WKH�DWPRVSKHULF�SUHVVXUH

7KH�FODVVLFDO�IOXLGLVHG�EHG�LV�DOVR�FDOOHG�EXEEOLQJ�RU�VORZ�IOXLGLVHG�EHG��,Q�FDVH�RI�WKLV
IOXLGLVHG�EHG�WHFKQRORJ\��WKH�YHORFLW\�RI�DLU��JDV��LQ�WKH�IOXLGLVHG�EHG�LV�WKH�ORZHVW�VLQFH
WKH�JUDWH�VXUIDFH�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�DLU��JDV��YHORFLW\�SDVVLQJ�WKURXJK�WKH
EHG��WKHQ�WKH�VXUIDFH�RI�WKH�JUDWH�RI�D�KLJK�SRZHU�HQHUJ\�ERLOHU�KDV�WR�EH�KLJK
�7DPSHOOD�3RZHU���������,Q�FDVH�RI�WKH�VORZ�IOXLGLVHG�EHG��IHZ�IXHO�SDUWLFOHV��ZKLFK
KDYH�H[FHHGHG�WKH�VHFRQG�FULWLFDO�YHORFLW\��DUH�FDUULHG�RXW�RI�WKH�EHG�DQG�WKH�UHVW�RI�WKH
IXHO�PDVV�EXUQV�LQ�WKH�IOXLGLVHG�EHG��7R�PDLQWDLQ�WKH�WHPSHUDWXUH�RI�WKH�EHG�LQ�WKH
GHVLUHG�OLPLWV�����²���R&��LQ�PRVW�FDVHV�LW�LV�QHFHVVDU\�WR�SODFH�KHDW�WUDQVIHU�VXUIDFHV
LQWR�WKH�EHG��2QH�RI�WKH�DGYDQWDJHV�RI�WKH�FRQYHQWLRQDO�IOXLGLVHG�EHG�FRPEXVWLRQ
ERLOHU�LV�WKDW�WKH�DPRXQW�RI�DVK�GLVSRVHG�GLUHFWO\�IURP�WKH�IXUQDFH�LV�FRQVLGHUDEO\
ELJJHU�WKDQ��IRU�H[DPSOH��LQ�FDVH�RI��WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�ERLOHU�

����� 7XUEXOHQW�IOXLGLVHG�EHG�IXUQDFH�RSHUDWLQJ�DW�WKH�DWPRVSKHULF�SUHVVXUH

,I�WKH�DLU��JDV��YHORFLW\�LQ�WKH�FODVVLFDO�IOXLGLVHG�EHG�LV�LQFUHDVHG��WKH�UHSODFHPHQW�RI
SDUWLFOHV�LQ�WKH�EHG�ZLOO�LQWHQVLI\�DQG�WKH�DPRXQW�RI�SDUWLFOHV�FDUULHG�RXW�RI�WKH�EHG�ZLOO
LQFUHDVH�FRQVLGHUDEO\�LQ�FRPSDULVRQ�ZLWK�WKH�FRQYHQWLRQDO�IOXLGLVHG�EHG�IXUQDFH
�$OWPDQQ���������:LWK�WKH�LQFUHDVH�RI�WKH�YHORFLW\�RI�WKH�JDVHV�LQ�WKH�VSDFH�DERYH�WKH
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IXUQDFH�EHG��WKH�WLPH�IRU�WKH�IXHO�SDUWLFOHV�WR�VWD\�LQ�WKH�IXUQDFH�GHFUHDVHV�DQG�VRPH�RI
WKH�SDUWLFOHV�DUH�QRW�EXUQHG�RXW�LQ�WKH�VSDFH�RI�WKH�IXUQDFH��7KH�SDUWLFOHV�RI�WKH�IXOO\
XQEXUQHG�VROLG�IXHO��FRNH��DUH�FDXJKW�LQ�WKH�F\FORQH�DIWHU�WKH�IXUQDFH�DQG�UHWXUQHG�WR
WKH�IXUQDFH�ZKHUH�WKH\�EXUQ�RXW�IXOO\��7KH�WXUEXOHQW�IOXLGLVHG�EHG�IXUQDFH�FDQ�EH
FRQVLGHUHG�D�WUDQVLWLRQ�IURP�WKH�FRQYHQWLRQDO�IOXLGLVHG�EHG�FRPEXVWLRQ�ERLOHU�WR�WKH
FLUFXODWLQJ�IOXLGLVHG�EHG�EXUQHU�

����� &LUFXODWLQJ�IOXLGLVHG�EHG�IXUQDFHV�RSHUDWLQJ�DW�WKH�DWPRVSKHULF�SUHVVXUH

,Q�FDVH�RI�FLUFXODWLQJ�IOXLGLVHG�EHG�IXUQDFHV�WKH�DLU��JDV��YHORFLW\�WUDYHUVLQJ�WKURXJK
WKH�JUDWH�H[FHHGV�WZLFH�DQG�PRUH�WKH�DLU�YHORFLW\�LQ�WKH�FRQYHQWLRQDO�IOXLGLVHG�EHG
IXUQDFHV��7KH�UHTXLUHG�JUDWH�VXUIDFH�LV�QHDUO\�DV�PDQ\�WLPHV�OHVV��2LO�6KDOH
3HUVSHFWLYHV������������)RU�FLUFXODWLQJ�IOXLGLVHG�EHGV��WKH�YHORFLW\�RI�WKH�JDVHV�LQ�WKH�EHG
DQG�WKDW�RI�PRVW�IXHO�SDUWLFOHV�LQ�WKH�FURVV�VHFWLRQ�RI�WKH�IXUQDFH�DUH�KLJKHU�WKDQ�WKHLU
VHFRQG�FULWLFDO�YHORFLW\��L�H���WKHVH�SDUWLFOHV�DUH�FDUULHG�RXW�RI�WKH�EHG�DQG�WKH\�ILOO�WKH
ZKROH�YROXPH�RI�WKH�IXUQDFH��,Q�DGGLWLRQ�WKHUH�DUH�SDUWLFOHV�RI�DVK�DQG�FRNH�WKDW�JHW
LQWR�WKH�IXUQDFH�GXH�WR�FLUFXODWLRQ��7KLV�HQDEOHV�DQ�HVVHQWLDOO\�EHWWHU�XVH�RI�WKH�ZKROH
IXUQDFH�YROXPH�ERWK�IRU�EXUQLQJ�IXHO�SDUWLFOHV�DQG�IRU�ELQGLQJ�WKH�VXOSKXU
FRPSRQHQWV�ZLWK�WKH�FDUERQ�FRPSRQHQWV�DGGHG�WR�WKH�IXHO�RU�H[LVWLQJ�ZLWKLQ�WKH
PLQHUDO�SDUW�RI�WKH�IXHO�

$�GLVDGYDQWDJH�RI�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�LV�WKDW�VRPH�IXHO�DVK�SDUWLFOHV�EHFRPH
WRR�ILQH�LQ�WKH�FRXUVH�RI�FLUFXODWLRQ�DQG�WKHUHIRUH�WKH�DVK�SDUWLFOH�VL]H�LQ�WKH�IOXH�JDV
H[LWLQJ�WKH�KRW�F\FORQH�LV�WRR�VPDOO��7KH�GLVLQWHJUDWLRQ�RI�WKH�DVK�SDUWLFOHV�VHSDUDWHG�LQ
WKH�F\FORQH�LV�FRQGXFHG�E\�WKH�IDFW�WKDW�LW�LV�XVHG�DV�D�VR�FDOOHG�VROLG�KHDW�FDUULHU�VLQFH�D
SDUW�RI�WKH�DVK�LV�WUDSSHG�LQ�WKH�F\FORQH��DQG�DIWHU�EHLQJ�FRROHG�LW�LV�UHWXUQHG�WR�WKH
IXUQDFH�WR�PDLQWDLQ�WKH�GHVLUHG�WHPSHUDWXUH�WKHUH��$V�D�UHVXOW�RI�GLVLQWHJUDWLRQ��WKH
PDVV�RI�ILQH�SDUWLFOH�DVK�QRW�VHSDUDWHG�IURP�WKH�IOXH�JDVHV�RU�LQ�WKH�FRQQHFWLYH�IOXH
GXFWV�DQG�LQ�WKH�PXOWLF\FORQH�LQFUHDVHV��7KH�ORDG�RI�WKH�HOHFWULF��RU�EDJ��ILOWHUV�LQ
FDWFKLQJ�WKH�DVK�LQFUHDVHV�FULWLFDOO\�FRPSDUHG�HYHQ�ZLWK�WKH�SXOYHULVHG�IXHO
FRPEXVWLRQ�ERLOHUV�

)OXLGLVHG�EHG�FRPEXVWLRQ�ERLOHUV�DUH�FKDUDFWHULVHG�E\�D�QXPEHU�RI�JHQHUDO�IDYRXUDEOH
LQGLFDWRUV��WKH�PRVW�HVVHQWLDO�RQHV�EHLQJ�WKH�IROORZLQJ�

• ,QWHQVLYH�PL[LQJ�RI�IXHO�SDUWLFOHV�DQG�D�KLJK�KHDW�WUDQVIHU�IDFWRU�LQ�WKH�IOXLGLVHG
EHG�HQDEOH�WR�EXUQ�IXHOV�RI�YDULDEOH�TXDOLW\�

• 'XH�WR�ORZ�FRPEXVWLRQ�WHPSHUDWXUHV�LQ�WKH�IOXLGLVHG�EHG�����²���R&���WKH
DPRXQW�RI�QLWURJHQ�R[LGHV��12[��HPHUJLQJ�GXULQJ�WKH�FRPEXVWLRQ�SURFHVV�LV
ORZ�DQG�FRQGLWLRQV�DUH�H[WUHPHO\�IDYRXUDEOH�IRU�ELQGLQJ�VXOSKXU�R[LGHV��62��
LQ�WKH�IXHOV�ZLWK�WKH�FDUERQ�FRPSRXQGV�DGGHG�WR�WKH�IXHO�RU�H[LVWLQJ�LQ�WKH
PLQHUDO�SDUW�RI�WKH�IXHO��7KLV�LV�ZK\�WKHUH�LV�QR�QHHG�WR�LQVWDOO�DQ\�VXOSKXU
FDWFKLQJ�HTXLSPHQW��(OHFWULF�RU�EDJ�ILOWHUV�DUH�RQO\�QHHGHG�WR�VHSDUDWH�VROLG
SDUWLFOHV�IURP�WKH�IOXH�JDVHV�

• )OXLGLVHG�EHG�FRPEXVWLRQ�ERLOHUV�FDQ�EH�UHJXODWHG�IOH[LEO\�DQG�LQ�EURDG�OLPLWV
DQG�LW�KDV�QR�HVVHQWLDO�HIIHFW�RQ�WKH�HIILFLHQF\�RI�WKH�ERLOHU�

7KH�FRPSDQLHV�PDNLQJ�IOXLGLVHG�EHG�FRPEXVWLRQ�ERLOHUV�KDYH�IRXQG�GLIIHUHQW�GHVLJQ
VROXWLRQV�IRU�UDLVLQJ�WKHLU�HIILFLHQF\��LPSURYLQJ�WKHLU�RSHUDWLRQDO�UHOLDELOLW\�DQG�PDNLQJ
WKHP�PRUH�XQLYHUVDO�

����� 3UHVVXULVHG�IOXLGLVHG�EHG�FRPEXVWLRQ

3UHVVXULVHG�IOXLGLVHG�EHG�FRPEXVWLRQ��3)%&��LV�RSHUDWHG�DW�SUHVVXUH�RI����²����03D�
'XH�WR�WKH�SUHVVXULVHG�FRQGLWLRQV�DQG�PRUH�HIIHFWLYH�VWHDP�SURGXFWLRQ��WKH
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FRPEXVWLRQ�FKDPEHU�RI�3)%&�LV�JHQHUDOO\�RQH�WKLUG�WKH�VL]H�RI�D�FRQYHQWLRQDO�IXUQDFH�
7KH�SUHVVXULVHG�JDVHV�H[LWLQJ�WKH�FRPEXVWRU�DUH�FOHDQHG�RI�SDUWLFXODWHV��DONDOL�DQG
RWKHU�FRQWDPLQDQWV��7KH�JDVHV�DUH�WKHQ�H[SDQGHG�LQ�D�JDV�WXUELQH�WR�JHQHUDWH
HOHFWULFLW\�DQG�SDVVHG�WKURXJK�DQ�HFRQRPLVHU�WR�SUHKHDW�WKH�IHHG�ZDWHU�IRU�WKH�VWHDP
WXUELQH�F\FOH�EHIRUH�EHLQJ�GLVFKDUJHG�WR�WKH�DWPRVSKHUH�

��� &RPELQHG�KHDW�DQG�HOHFWULFLW\�JHQHUDWLRQ

����� &RPELQHG�HQHUJ\�JHQHUDWLRQ�HTXLSPHQW

7KH�HIILFLHQF\�IDFWRUV�RI�VWHDP�SRZHU�HTXLSPHQW��QHW��KDYH�UHDFKHG������)XUWKHU
H[SHFWHG�LPSURYHPHQWV�FDQ�UDLVH�WKH�HIILFLHQF\�IDFWRU��DFFRUGLQJ�WR�HVWLPDWHV��XS�WR
�����$Q�HVVHQWLDO�LQFUHDVH�LQ�WKH�HIILFLHQF\�IDFWRU�FDQ�EH�REWDLQHG�ZLWK�WKH
LPSOHPHQWDWLRQ�RI�HOHFWULFLW\�JHQHUDWLRQ�EDVHG�GLVWULFW�KHDWLQJ��7KH�SUREOHP�KHUH�LV
WKDW�WKH�KHDW�ORDG�RI�GLVWULFW�KHDWLQJ�V\VWHPV�YDULHV�WKH�\HDU�URXQG��GHSHQGLQJ�RQ�WKH
RXWGRRU�WHPSHUDWXUH�

,PSOHPHQWDWLRQ�RI�WKH�HTXLSPHQW�ZLWK�D�FRPELQHG�VWHDP�DQG�JDV�F\FOH�DOORZV�WR
LPSURYH�WKH�HIILFLHQF\�VLJQLILFDQWO\�DQG�WKXV�LQFUHDVH�HOHFWULFLW\�SURGXFWLRQ�ZKLOH�WKH
DPRXQW�RI�KD]DUGRXV�HPLVVLRQV�UHPDLQV�XQFKDQJHG��$�VWHDP�WXUELQH��67��DQG�D�JDV
WXUELQH��*7��DUH�FRPELQHG�LQ�RQH�XQLW��7KH�QXPEHU�RI�RUGHUV�RQ�WKH�QHZ�SRZHU�SODQWV
ZLWK�WKH�FRPELQHG�VWHDP�DQG�JDV�F\FOH�HTXDOV�WKH�RUGHUV�RI�VWHDP�WXUELQH�SRZHU
SODQWV�LQ�WKH�ZRUOG��VHH�)LJXUH�����

,Q�����²������������0:�RI�SRZHU�SODQWV�ZDV�RUGHUHG��LQFOXGLQJ�����LQ�:HVW�(XURSH
DQG������LQ�WKH�)DU�(DVW�

7KH�HIILFLHQF\�RI�JDV�WXUELQHV�FDQ�EH�LPSURYHG�E\�UDLVLQJ�WKH�WHPSHUDWXUH�RI�LQSXW�JDVHV
LQ�WKH�WXUELQH��:LWKRXW�FRROLQJ�WKH�JDV�WXUELQH�EODGHV��WKH�JDV�WHPSHUDWXUH�PD\�UHDFK
���²����&�DQG�ZLWK�EODGH�FRROLQJ�XS�WR������&���7KH�QHZ�:HVWLQJKRXVH�JDV�WXUELQH�LV
GHVLJQHG�WR�JDV�WHPSHUDWXUH�RI������&��,Q�WKLV�FDVH�WKH�HIILFLHQF\�LV������,Q�WKH�QHZ�06
�����+�JDV�WXUELQH�RI�*HQHUDO�(OHFWULF�WKH�WHPSHUDWXUH�RI�LQSXW�JDVHV�LV������&�DQG�WKH
HOHFWULFDO�QHW�HIILFLHQF\�RI�WKH�FRPELQHG�F\FOH�LV�����

����� 0RGLILFDWLRQV�RI�FRPELQHG�F\FOHV

*DV�F\FOH�RQ�WKH�VWHDP�F\FOH

,Q�WKH�PRVW�ZLGHO\�XVHG�PRGHUQ�FRPELQHG�F\FOH�ZKHUH�WKH�HOHFWULFLW\�HIILFLHQF\�RI�WKH
QHZ�HTXLSPHQW�UHDFKHV���²�����WKH�JDV�F\FOH�LV�EXLOW�RQ�WKH�VWHDP�F\FOH��7KH�KHDW�RI
WKH�GLVFKDUJHG�JDVHV�IURP�WKH�JDV�F\FOH�LV�XWLOLVHG�LQ�WKH�VWHDP�F\FOH��6XFK�D�FRPELQHG
F\FOH�LV�H[WUHPHO\�IOH[LEOH�DQG�FDQ�EH�XVHG�EHVLGHV�HOHFWULFLW\�JHQHUDWLRQ�IRU�KHDW
SURGXFWLRQ�ZLWK�WDNLQJ�KHDW�GLUHFWO\�IURP�WKH�VWHDP�ERLOHU�RU�E\�WDSSLQJ��7KH�SRWHQWLDO
OD\RXW�LV�UDWKHU�VLPSOH��D�VLQJOH�SUHVVXUH�VWHDP�F\FOH�RU�D�WULSOH�SUHVVXUH�VWHDP�F\FOH
ZLWK�UHKHDWLQJ��7KH�ILQDO�FKRLFH�GHSHQGV�RQ�WHFKQLFDO�DQG�HFRQRPLF�IDFWRUV��LQFOXGLQJ
PDLQO\�SULFH�DQG�VSHFLILFDWLRQ��$Q\�IXHO�DGPLVVLEOH�IRU�JDV�WXUELQHV�FDQ�EH�XVHG�KHUH�

6WHDP�ERLOHU�HTXLSSHG�$*6

*DVHV�H[LWLQJ�WKH�JDV�WXUELQH�FRQWDLQ�VLJQLILFDQW�DPRXQWV�RI�R[\JHQ��XS�WR�������7KH\
FDQ�EH�XWLOLVHG�DV�FRPEXVWLRQ�DLU�LQ�DQ�RUGLQDU\�VWHDP�ERLOHU�IXHOOHG�ZLWK�DQ\�IXHO���,Q
WKLV�FDVH�WKH�VWHDP�ERLOHU�UHTXLUHV�QR�DLU�SUHKHDWHU��7R�ORZHU�WKH�WHPSHUDWXUH�RI�JDVHV
H[LWLQJ�WKH�VWHDP�ERLOHU��WKH�HFRQRPLVHU�PXVW�EH�H[WHQGHG�DQG�WKH�UHJHQHUDWLYH
SUHKHDWLQJ�RI�IHHG�ZDWHU�UHVWULFWHG��8VXDOO\�WKH�DX[LOLDU\�HFRQRPLVHU�UXQV�LQ�SDUDOOHO
ZLWK�UHJHQHUDWLYH�SUHKHDWHUV��&RPSDUHG�ZLWK�WKH�VWHDP�F\FOH��WKH�HIILFLHQF\�RI�VXFK�D
FRPELQHG�F\FOH�LQFUHDVHV�LQVLJQLILFDQWO\�VLQFH�WKH�LQFUHDVH�LQ�WKH�VWHDP�F\FOH�HIILFLHQF\
IURP�UHJHQHUDWLYH�SUHKHDWLQJ�RI�IHHG�ZDWHU�GHFUHDVHV�
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67,*�VWHDP�LQMHFWHG�JDV�WXUELQH

,Q�WKH�FRPELQHG�JDV²VWHDP�F\FOH�ZLWK�WKH�UHFRYHU\�ERLOHU�����RI�HOHFWULF�SRZHU�LV
SURGXFHG�LQ�WKH�JDV�WXUELQH�DQG�����LQ�WKH�VWHDP�WXUELQH��$W�WKH�VDPH�WLPH�WKH�FRVW�RI
WKH�JDV�WXUELQH�PDNHV�XS�RQO\�����RI�WKDW�RI�WKH�VWHDP�WXUELQH��$OVR�VXFK�D�IORZ�VKHHW
PD\�EH�XVHG�ZKHUH�JDV�DQG�VWHDP�H[SDQG�WRJHWKHU�LQ�WKH�JDV�WXUELQH��:DWHU�LV
HYDSRUDWHG�ZLWK�WKH�UHVLGXDO�KHDW�RI�WKH�JDV�WXUELQH�DQG�WKH�VWHDP�LV�FRQGXFWHG�WR�WKH
FRPEXVWLRQ�FKDPEHU�RI�WKH�JDV�WXUELQH��7KH�FDSDFLW\�RI�WKH�JDV�WXUELQH�LQFUHDVHV�VLQFH
WKH�PDVV�IORZ�WKURXJK�WKH�XQLW�LQFUHDVHV�ZKLOH�WKH�IORZ�RI�IXHO�LQFUHDVHV�DOVR��7KH
HIILFLHQF\�JURZV�EHFDXVH�WKH�KHDW�RI�JDVHV�H[LWLQJ�WKH�JDV�WXUELQH�LV�XWLOLVHG��

����� /DUJH�FRPELQHG�F\FOH�SODQW�ZLWK�&2��VHSDUDWLRQ�DQG�GLVSRVDO

,Q�UHFHQW�\HDUV�&2��VHSDUDWLRQ�DQG�GLVSRVDO�KDYH�EHHQ�LQYHVWLJDWHG�LQ�FRPELQDWLRQ
ZLWK�VHYHUDO�SRZHU�JHQHUDWLRQ�WHFKQRORJLHV��2QH�RI�WKHVH�WHFKQRORJLHV�LV�WKH�QDWXUDO
JDV�ILUHG�FRPELQHG�F\FOH�SODQWV�IRU�GLVWULFW�KHDWLQJ��$�QXPEHU�RI�WKHP�ZLOO�EH�LQVWDOOHG
LQ�WKH�QHDU�IXWXUH��,QYHQWRU\�RI�7HFKQRORJLHV«���������&2��VHSDUDWLRQ�FDQ�EH�DFKLHYHG
E\�FRPPHUFLDOO\�DYDLODEOH�WHFKQRORJLHV��VXFK�DV�PRQRHWKDQRODPLQH��0($��DEVRUSWLRQ�
6XFK�D�SURFHVV�HQDEOHV�����&2��VHSDUDWLRQ��,W�ZLOO�KDYH�D�VLJQLILFDQW�GUDZEDFN�RQ
JHQHUDWLQJ�HIILFLHQF\��ZKLFK�ZLOO�IDOO�E\���WR����

,QYHVWPHQW�FRVWV�IRU�D�FRPELQHG�F\FOH�SODQW�ZLWK�0($�&2��DEVRUSWLRQ��FRPSUHVVLRQ�
WUDQVSRUW�DQG�GLVSRVDO�KDYH�EHHQ�HVWLPDWHG�DW������86��N:H��LQYHVWPHQW�FRVWV�IRU�D
FRQYHQWLRQDO�SODQW�ZRXOG�EH�����86��N:H��+LJKHU�JHQHUDWLQJ�HIILFLHQFLHV�IRU
FRPELQHG�F\FOH�SODQWV�FDXVH�ORZHU�LQYHVWPHQW�FRVWV�IRU�&2��VHSDUDWLRQ�DQG�GLVSRVDO�

&2��IURP�D�SXOYHULVHG�FRDO�SRZHU�SODQW�FDQ�EH�ZDVKHG�RXW�E\�FKHPLFDO�&2��DEVRUSWLRQ
RU�FRDO�FDQ�EH�EXUQHG�LQ�DQ�2��&2��PL[WXUH��UHF\FOLQJ�RI�IOXH�JDV���7KH�ODWWHU�ZD\�KDV�D
ORZHU�HIILFLHQF\�GURS������
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� 3RVVLELOLWLHV�RI�FR�FRPEXVWLRQ�RI�GLIIHUHQW�IXHOV�LQ�QHZ�ERLOHU
XQLWV

��� 2EMHFWLYHV�RI�FR�FRPEXVWLRQ�RI�GLIIHUHQW�IXHOV

,W�LV�UHDVRQDEOH�WR�XVH�FR�FRPEXVWLRQ�LI�DV�D�UHVXOW�

• WKH�LJQLWLRQ�DQG�FRPEXVWLRQ�SURFHVVHV�EHFRPH�PRUH�HIILFLHQW�
• WKH�DPRXQW�RI�KDUPIXO�HPLVVLRQV�LQ�HVFDSLQJ�IOXH�JDVHV�LV�UHGXFHG�
• WKH�RSHUDWLRQ�FRQGLWLRQV�RI�WKH�ERLOHU�XQLWV�LPSURYH�
• LW�LV�SRVVLEOH�WR�H[SDQG�WKH�UDQJH�RI�IXHO�VHOHFWLRQ�IRU�FRPEXVWLRQ�LQ�H[LVWLQJ

ERLOHU�XQLWV�
• LW�LV�HDVLHU�WR�DGRSW�QHZ�FRPEXVWLRQ�WHFKQRORJLHV�
• LW�LV�HDVLHU�WR�DGRSW�LQGLJHQRXV�DQG�FKHDSHU�LPSRUWHG�IXHOV�

,W�LV�SRVVLEOH�WR�VXFFHHG�LQ�FR�FRPEXVWLRQ�LI�WKH�SK\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH
IXHOV�DUH�WDNHQ�LQWR�DFFRXQW�ZKLOH�SUHSDULQJ�WKH�PL[WXUHV��2Q�WKH�RWKHU�KDQG�WKH
VHOHFWLRQ�RI�IXHOV�GHSHQGV�RQ�WKH�H[LVWLQJ�SRVVLELOLWLHV��7KH�LQGLJHQRXV�IXHOV�LQ�(VWRQLD�
ZKLFK�FRXOG�EH�FRQVLGHUHG��DUH�PDLQO\�RLO�VKDOH�DQG�SHDW�DQG�WR�D�VPDOOHU�H[WHQW�ZRRG
�-DDNNR�3|\U\�«���������7KH�RQO\�ZD\�IRU�H[SDQGLQJ�WKH�UDQJH�RI�DSSOLFDEOH�VROLG�IXHOV
LV�ZLWK�LPSRUWV�

��� &R�FRPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH

3HDW�DQG�RLO�VKDOH�DUH�LQGLJHQRXV�IXHOV�LQ�(VWRQLD��7KHLU�FR�FRPEXVWLRQ�KDV�QRW�EHHQ
UHVHDUFKHG�\HW��,Q�RUGHU�WR�HYDOXDWH�WKH�SRVVLELOLWLHV�RI�FR�FRPEXVWLRQ�RI�SHDW�DQG�RLO
VKDOH��OHW�XV�H[DPLQH�WKH�SK\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKHVH�IXHOV�LQ�VRPH�GHWDLO�
7KH�SDUDPHWHUV�RI�ERWK�IXHOV�FKDQJH�ZLWKLQ�FHUWDLQ�OLPLWV��+HUH�WKH�FRPSDULVRQ�LV
EDVHG�RQ�WKH�GDWD�IURP�WKH�OLWHUDWXUH��%RLOHUV�KHDW�VXSSO\���������7DEOH�����

7DEOH����&RPSDULVRQ�RI�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�SHDW�DQG�RLO�VKDOH

Source categories Unit Peat Oil Shale
Net calorific value MJ/kg 8.1 8.6
Ash content % 6.2 41.2
Moisture content % 50.0 12.5
Sulphur content % 0.1 1.4
Volatile % 70.0 90.0
Carbon and hydrogen ratio - 9.5 7.63
Carbon emission factor (CEF) tC/TJ 28.9 29.1/22.0
Sulphur emission factor (SEF) tS/TJ 0.15 1.65
Mineral carbon dioxide content (CO2)M % - 18.4

2QH�FDQ�VHH��7DEOH�����WKDW�SHDW�DQG�RLO�VKDOH�VKDUH�WKH�IROORZLQJ�LQGLFDWRUV�

• ORZ�FDORULILF�YDOXH�
• ODUJH�FRQWHQW�RI�YRODWLOH�PDWWHU�
• WKH�ORZHVW�FDUERQ�DQG�K\GURJHQ�UDWLR��&�+��RI�DOO�VROLG�IXHOV�
• KLJK�DQG�SUDFWLFDOO\�HTXDO�FDUERQ�HPLVVLRQ�IDFWRUV�
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7KH�IROORZLQJ�LQGLFDWRUV�DUH�GLIIHUHQW�

• DVK�FRQWHQW�
• VXOSKXU�FRQWHQW�
• PRLVWXUH�FRQWHQW�
• FRQWHQW�RI�FDUERQDWH�FRPSRXQGV�LQ�WKH�PLQHUDO�SDUW�RI�WKH�IXHO�

7KH�FDUERQDWH�FRPSRXQGV�LQ�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�GLVLQWHJUDWH�DW�WKH
FRPEXVWLRQ�RI�WKH�IXHO�DQG�PLQHUDO�FDUERQDWH�GLR[LGH�&2��0�LV�IRUPHG��7KH�ODWWHU�LV
DGGHG�WR�&2��IRUPHG�DW�WKH�FRPEXVWLRQ�RI�RUJDQLF�FDUERQ�RI�WKH�RLO�VKDOH��WKLV�UHVXOWV
LQ�DQ�LQFUHDVH�LQ�WKH�FDUERQ�HPLVVLRQ�IDFWRU�RI�RLO�VKDOH��LWV�YDOXH�LV������W&�7-�ZLWKRXW
FDUERQDWH��&2��0��EXW�DW�SUDFWLFDOO\�WRWDO�GHFRPSRVLWLRQ�RI�WKH�FDUERQDWH�FRPSRXQGV�RI
WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�LW�LV�������+DPEXUJ�HW�DO���������

����� &R�FRPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG

3HDW�KDV�EHHQ�VXFFHVVIXOO\�EXUQHG�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG��EXW�RLO�VKDOH�KDV�QRW�
&RPEXVWLRQ�RI�SHDW�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG�LV�VXFFHVVIXO�IRU�VHYHUDO�UHDVRQV��7KH
DVK�FRQWHQW�DQG�YROXPH�PDVV�RI�SHDW�DUH�VPDOOHU��EXW�WKH�FRQWHQW�RI�YRODWLOH�PDWWHU�LV
KLJK��$V�D�UHVXOW��RQO\�SDUW�RI�WKH�IXHO�UHDFKHV�WKH�IOXLGLVHG�EHG�DQG�LQ�FDVH�RI�WKH�ULJKW
UDWLR�RI�SULPDU\�DQG�VHFRQGDU\�SUHVVXUH�LW�LV�PDLQO\�JDVLILFDWLRQ�RI�WKH�IXHO�WKDW�WDNHV
SODFH�LQ�WKH�IOXLGLVHG�EHG��,Q�WKLV�FDVH�LW�LV�QRW�QHFHVVDU\�WR�LQVWDOO�FRROLQJ�VXUIDFHV�LQ
WKH�EHG�DQG�DVK�LV�QRW�H[SHFWHG�WR�VLQWHU�DQG�VODJ��7KH�GLVDGYDQWDJH�LV�WKDW�LQ�FDVH�RI
ERLOHUV�RI�ORZHU�KHDW�FDSDFLW\��WKH�SHDW�SDUWLFOHV�WKDW�KDYH�QRW�EXUQHG�XS�HVFDSH�IURP
WKH�IXUQDFH��:KHQ�FRQFHQWUDWLQJ�LQ�WKH�IOXHV�DQG�DVK�FROOHFWRUV�WKH\�FDQ�FDXVH
H[SORVLRQV�

7KH�FLUFXPVWDQFHV�RI�RLO�VKDOH�FRPEXVWLRQ�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG�DUH�HQWLUHO\
GLIIHUHQW�IURP�WKRVH�RI�SHDW�FRPEXVWLRQ��'HSHQGLQJ�RQ�WKH�WHFKQRORJLHV�RI�SUHSDUDWLRQ
IRU�RLO�VKDOH�FRPEXVWLRQ�LQ�WKH�IOXLGLVHG�EHG��WKH�FRXUVH�IXHO�SDUWLFOHV�DFFRXQW�IRU����WR
����RI�WKH�JHQHUDO�PDVV�RI�WKH�IXHO��7KHVH�SDUWLFOHV�DUH�JDVLILHG�DQG�EXUQ�XS�LQ�WKH
IOXLGLVHG�EHG��$V�WKH�HMHFWLRQ�DQG�EXUQLQJ�RI�YRODWLOH�VXEVWDQFHV�LV�YHU\�LQWHQVLYH�DW�WKH
KHDWLQJ�RI�RLO�VKDOH��WKHQ�HYHQ�GHVSLWH�WKH�H[LVWHQFH�RI�FRROLQJ�VXUIDFHV�LQ�WKH�EHG��WKH
ORFDO�WHPSHUDWXUH�LQFUHDVH�LQ�WKH�EHG�FRXOG�UDSLGO\�UHDFK�WKH�OHYHO�WKDW�FDXVHV�VLQWHULQJ
DQG�VODJJLQJ�RI�WKH�RLO�VKDOH�DVK��$V�D�UHVXOW�WKH�QRUPDO�RSHUDWLRQ�RI�WKH�IOXLGLVHG�EHG
LV�GLVFRQWLQXHG��6LQWHULQJ�DQG�VODJJLQJ�RI�WKH�DVK�LQ�WKH�IOXLGLVHG�EHG�DUH�IXUWKHU
SURPRWHG�E\�LQWHQVLYH�EXUQLQJ�RI�WKH�YRODWLOH�VXEVWDQFHV�WKDW�KDG�HVFDSHG�WKH
IOXLGLVHG�EHG�DQG�VPDOO�SDUWLFOHV�WKDW�KDG�QRW�UHDFKHG�WKH�EHG��DERYH�WKH�EHG�

7KHUH�LV�QR�H[SHULHQFH�RI�FR�FRPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH�LQ�WKH�EXEEOLQJ�IOXLGLVHG
EHG��,W�LV�SRVVLEOH�WR�PDNH�VRPH�DVVXPSWLRQV�DERXW�WKH�FKDUDFWHU�RI�WKH�FRPEXVWLRQ
SURFHVV�RI�WKH�PL[WXUH��EDVHG�RQ�WKH�H[SHULHQFH�RI�VHSDUDWH�FRPEXVWLRQ�RI�WKHVH�IXHOV�LQ
WKH�EXEEOLQJ�IOXLGLVHG�EHG��,I�ZH�DGG�SHDW�WR�RLO�VKDOH��WKH�YROXPH�RI�FRPEXVWLEOH�IXHO
LQ�WKH�EHG�ZLOO�IDOO��GHSHQGLQJ�RQ�WKH�DPRXQW�RI�SHDW�LQ�WKH�PL[WXUH��7KLV�LV
DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�WKH�DPRXQW�RI�FRPEXVWLEOH�IXHO�LQ�WKH�IXUQDFH�VSDFH
DERYH�WKH�EHG�DW�WKH�H[SHQVH�RI�SHDW��7KH�WHPSHUDWXUH�LQ�WKH�VSDFH�DERYH�WKH�EHG�PD\
ULVH�DW�WKH�LQWHQVLYH�FR�FRPEXVWLRQ�RI�FRPEXVWLEOH�JDVHV�WKDW�KDYH�HVFDSHG�IURP�WKH
EXUQLQJ�OD\HU��ILQH�RLO�VKDOH�DQG�SHDW��DQG�WKH�SUREDELOLW\�RI�WKH�PHOWLQJ�RI�WKH�DVK
SDUWLFOHV�LV�KLJK�ERWK�LQ�WKH�EHG�DQG�LQ�WKH�VSDFH�DERYH�WKH�EHG��7KH�VLWXDWLRQ�FRXOG
LPSURYH�LI�WKH�DPRXQW�RI�RLO�VKDOH�LQ�WKH�PL[WXUH�LV�VXEVWDQWLDOO\�UHGXFHG�
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)LJXUH����9RODWLOH�PDWWHU�LQ�WKH�FRPEXVWLEOH�SDUW�RI�IXHOV�GHSHQGLQJ
RQ�WKH�RUJDQLF�FDUERQ�DQG�K\GURJHQ�UDWLR

2LO�VKDOH�IURP�(VWRQLD�DQG
/HQLQJUDG�GHSRVLWV

:RRG

2LO�VKDOH�IURP�9ROD�GHSRVLWV

3HDW

%URZQ�FRDO�DQG�FRDO

$QWKUDFLWH

)URP�WKH�SRLQW�RI�YLHZ�RI�ELQGLQJ�WKH�VXOSKXU�WKDW�LV�LQ�WKH�IXHO��LW�LV�QRW�QHFHVVDU\�WR
DGG�RLO�VKDOH�WR�SHDW��DQG�LI��WKHQ�RQO\�D�VPDOO�DPRXQW��DV�WKH�VXOSKXU�HPLVVLRQ�IDFWRU
�6()��LV�PRUH�WKDQ�WHQ�WLPHV�VPDOOHU�WKDQ�IRU�RLO�VKDOH��7KH�PLQHUDO�SDUW�RI�RLO�VKDOH
FRQWDLQV�D�VXIILFLHQW�DPRXQW�RI�FDUERQDWH�FRPSRXQGV�WR�ELQG�WKH�VXOSKXU�LQ�LW��IRU�WKH
PRODU�UDWLR�LV�&�6� ��²��LQ�RLO�VKDOH��,I�&�6� ����²���LW�LV�VXIILFLHQW�IRU�WKH�WRWDO�ELQGLQJ
RI�VXOSKXU�

,W�LV�LPSRUWDQW�WR�FRPSDUH�WKH�FKDUDFWHULVWLFV�RI�RLO�VKDOH��SHDW�DQG�ZRRG��ZKLFK�DUH�WKH
GRPHVWLF�IXHOV�LQ�(VWRQLD��ZLWK�WKRVH�RI�WKH�RWKHU�VROLG�IXHOV�XVHG�IRU�SRZHU�JHQHUDWLRQ�
7KH�UHODWLYH�FRQWHQW�RI�YRODWLOH�PDWWHU�LQ�WKH�FRPEXVWLEOH�VXEVWDQFHV�RI�IXHOV�YLD�WKH
UDWLR�RI�RUJDQLF�FDUERQ�DQG�K\GURJHQ�LV�JLYHQ�LQ�)LJXUH�����2LO�VKDOH��SHDW�DQG�ZRRG
GLIIHU�IURP�RWKHU�HQHUJ\�IXHOV�LQ�WKHLU�KLJK�YRODWLOH�PDWWHU�FRQWHQW��7KH�KLJK�YRODWLOH
PDWWHU�FRQWHQW�RI�WKHVH�IXHOV�SURYLGHV�JRRG�SUHUHTXLVLWHV�IRU�WKHLU�FRPEXVWLRQ�DQG
JDVLILFDWLRQ��'XH�WR�WKH�ORZ�UDWLR�RI�&G�+G�WKH�&()�RI�RLO�VKDOH�ZLWKRXW�FDUERQDWH
�&2��0�LV����W&�7-��EXW�ZLWK�WKH�WRWDO�GHFRPSRVLWLRQ�RI�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�LW�LV
�����W&�7-�

&R�FRPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH�DOORZV�UHGXFWLRQ�RI�WKH�WRWDO�FDUERQ�HPLVVLRQ
IDFWRU��5HGXFWLRQ�RI�WKH�DPRXQW�RI�RLO�VKDOH�LQ�WKH�PL[WXUH�GHFUHDVHV�WKH�DPRXQW�RI
FDUERQDWHV��&2��0��6RPH�UHGXFWLRQ�RI�WKH�FDUERQ�HPLVVLRQ�IDFWRU�FRXOG�EH�DFKLHYHG�DW
WKH�FRPEXVWLRQ�RI�WKH�PL[WXUHV�DW�ORZHU�IOXLGLVHG�EHG�WHPSHUDWXUHV�LI�WKH�FDUERQDWH
PLQHUDO�SDUW�RI�RLO�VKDOH�GRHV�QRW�GLVLQWHJUDWH�HQWLUHO\�

&RPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH�PL[WXUHV�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG��DLPHG�DW
SRZHU�JHQHUDWLRQ��LV�HYLGHQWO\�QRW�UHDVRQDEOH�LQ�ODUJH�(VWRQLDQ�SRZHU�VWDWLRQV�

����� &R�FRPEXVWLRQ�RI�SHDW�DQG�RLO�VKDOH�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG

7KH�FLUFXODWLQJ�IOXLGLVHG�EHG�LV�FKDUDFWHULVHG�E\�D�KLJK�YHORFLW\�RI�JDVHV�LQ�WKH�ZKROH
FURVV�VHFWLRQ�RI�WKH�IXUQDFH��DV�D�UHVXOW�WKH�EXON�RI�WKH�IXHO�SDUWLFOHV�LV�FDUULHG�RXW�RI�WKH
IOXLGLVHG�EHG��XQLIRUPO\�ILOOLQJ�WKH�ZKROH�VSDFH�RI�WKH�IXUQDFH��7KH�DVK�DQG�FRNH
SDUWLFOHV�WKDW�ZHUH�FDXJKW�LQ�WKH�F\FORQH�DIWHU�WKH�IXUQDFH�DUH�DGGHG�DQG�WKH\�DUH
GLUHFWHG�EDFN�WR�WKH�IXUQDFH��7KLV�HQDEOHV�EHWWHU�XVH�RI�WKH�ZKROH�VSDFH�RI�WKH�IXUQDFH
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IRU�WKH�FRPEXVWLRQ�RI�IXHO�SDUWLFOHV��DV�ZHOO�DV�IRU�ELQGLQJ�VXOSKXU�SDUWLFOHV�ZLWK�WKH
FDUERQDWH�FRPSRXQGV�DGGHG�WR�WKH�IXHO�RU�H[LVWLQJ�LQ�WKH�PLQHUDO�SDUW�RI�WKH�IXHO�

7KH�WHFKQRORJ\�RI�WKH�FRPEXVWLRQ�RI�WKH�IXHO�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�LV�PRUH
VXLWDEOH�IRU�WKH�FRPEXVWLRQ�RI�IXHOV�RI�KLJKHU�RUJDQLF�FDUERQ�FRQWHQW�DQG�ORZHU�YRODWLOH
PDWWHU�FRQWHQW��FRDOV���,W�WDNHV�PXFK�PRUH�WLPH�WR�EXUQ�RXW�RUJDQLF�FDUERQ�IURP�WKH
IXHO�SDUWLFOHV�WKDQ�LW�LV�QHFHVVDU\�IRU�WKH�FRPEXVWLRQ�RI�WKH�SDUWLFOHV�RI�WKH�IXHOV�WKDW�DUH
ULFK�LQ�YRODWLOH�VXEVWDQFHV�DQG�KDYH�D�ORZ�RUJDQLF�FDUERQ�FRQWHQW��7KHUHIRUH�WKH
GLUHFWLRQ�RI�WKH�XQEXUQHG�SDUWLFOHV��FRNH��RI�FRDOV�RI�KLJK�RUJDQLF�FDUERQ�FRQWHQW�EDFN
WR�WKH�IXUQDFH�LV�FRPSOHWHO\�MXVWLILHG�

:KLOH�WKH�FRPEXVWLRQ�RI�RLO�VKDOH�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG�KDV�EHHQ�SUDFWLFDOO\
LPSRVVLEOH��LWV�FRPEXVWLRQ�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�OD\HU�KDV�EHHQ�VXFFHVVIXO��7KLV
KDV�EHHQ�FRQILUPHG�E\�WKH�FRPEXVWLRQ�WHVWV��7KH�WHVWV�DOVR�FRQILUP�WKDW�LQ�WKH
FLUFXODWLQJ�IOXLGLVHG�EHG�WKH�VXOSKXU�FRPSRXQGV��H[LVWLQJ�LQ�WKH�RLO�VKDOH��DUH�ERXQG
SUDFWLFDOO\������ZLWK�WKH�FDUERQDWH�FRPSRXQGV�RI�WKH�IXHO�DULVLQJ�IURP�WKH�JDVHV�DW
FRPEXVWLRQ��7KH�FRQWHQW�RI�QLWURJHQ�FRPSRXQGV�LV�DOVR�ORZ�LQ�IOXH�JDVHV�²����WR
����SSP��ZKLFK�LV�JHQHUDOO\�FKDUDFWHULVWLF�RI�RLO�VKDOH�FRPEXVWLRQ��7KH�GLVDGYDQWDJH�LV
WKDW�DVK�SDUWLFOHV�EHFRPH�WRR�ILQH�LQ�WKH�FRXUVH�RI�WKH�FLUFXODWLRQ�DQG�DV�D�UHVXOW�WKH�DVK
FRQWDLQHG�LQ�WKH�JDVHV�FRPLQJ�RXW�RI�WKH�KRW�F\FORQH�LV�YHU\�ILQH��7KH�DVK�LV�UHILQHG�DOVR
EHFDXVH�RI�LWV�XVH�DV�D�VR�FDOOHG�VROLG�KHDW�FDUULHU��3DUW�RI�WKH�DVK�FDXJKW�LQ�WKH�F\FORQH
LV�GLUHFWHG�EDFN�WR�WKH�IXUQDFH�DIWHU�EHLQJ�FRROHG�LQ�WKH�IOXLGLVHG�EHG��7KLV�LV�DLPHG�DW
PDLQWDLQLQJ�WKH�GHVLUHG�WHPSHUDWXUH�LQ�WKH�IXUQDFH��$V�D�UHVXOW�RI�WKH�UHILQLQJ�SURFHVV�
WKH�YROXPH�RI�DVK�LQFUHDVHV�VXEVWDQWLDOO\�DQG�LW�GRHV�QRW�VHSDUDWH�IURP�WKH�IOXH�JDV�LQ
WKH�FRQYHFWLYH�IOXHV�DQG�PXOWLF\FORQHV��7KH�ORDG�RI�PXOWLVWDJH�SUHFLSLWDWRUV��RU�WH[WLOH
ILOWHUV��LQ�WKH�FROOHFWLRQ�RI�IO\�DVK�LQFUHDVHV�FULWLFDOO\��HYHQ�LQ�FRPSDULVRQ�ZLWK�WKH
ERLOHUV�RSHUDWLQJ�DW�SXOYHULVHG�IXHO�FRPEXVWLRQ�

3URFHHGLQJ�IURP�WKH�DERYH�VDLG��WKH�SURVSHFWV�RI�WKH�FR�FRPEXVWLRQ�RI�SHDW�DQG�RLO
VKDOH�VKRXOG�EH�JRRG�DQG�KDYH�OLWWOH�GHSHQGHQFH�RQ�WKHLU�PDVV�UDWLR�LQ�WKH�PL[WXUHV�
7KH�PHDVXUHPHQWV�RI�ODUJH�ERLOHU�XQLWV�DUH�DGHTXDWH�DQG�WKH�SHDW�DQG�RLO�VKDOH
SDUWLFOHV�FDQ�SUDFWLFDOO\�EXUQ�XS�GXULQJ�WKH�RQH�RFFDVLRQ�ZKHQ�WKH\�DUH�LQ�WKH�IXUQDFH�
)URP�WKH�SRVLWLRQ�RI�UHGXFLQJ�WKH�FKHPLFDO�LQFRPSOHWH�FRPEXVWLRQ�ORVV��T���RI�WKH�IXHO�
GLUHFWLRQ�RI�WKH�SHDW�DQG�RLO�VKDOH�DVKHV�FDXJKW�LQ�WKH�KRW�F\FORQH�EDFN�WR�WKH�IXUQDFH�LV
QRW�QHFHVVDU\��&RROHG�DQG�XQFRROHG�DVKHV�FRXOG�EH�GLUHFWHG�EDFN�WR�WKH�IXUQDFH�LI�LW�LV
QRW�SRVVLEOH�WR�UHJXODWH�WKH�IODPH�WHPSHUDWXUH�RI�WKH�IXUQDFH�WR�WKH�H[SHFWHG�OHYHO�RU�LW
KDSSHQV�WR�EH�QHFHVVDU\�IRU�EHWWHU�ELQGLQJ�RI�WKH�JDVHRXV�VXOSKXU�FRPSRXQGV��DULVLQJ
LQ�WKH�FRPEXVWLRQ�RI�WKH�IXHO�PL[WXUH��LQ�WKH�IXUQDFH�VSDFH��2WKHUZLVH�LW�LV�UHDVRQDEOH
WR�GLUHFW�PRVW�RI��WKH�DVK�FDXJKW�LQ�WKH�KRW�F\FORQH�DQG�WKHQ�FRROHG�WR�WKH�DVK�UHPRYDO
V\VWHP��7KLV�ZLOO�LPSURYH�WKH�RSHUDWLQJ�FRQGLWLRQV�RI�WKH�FRQYHFWLYH�KHDW�WUDQVIHU
VXUIDFHV�RI�WKH�VWHDP�JHQHUDWRU��7KH�HIILFLHQF\�RI�DVK�FROOHFWLQJ�HTXLSPHQW�LV�KLJKHU�LQ
FDVH�RI�VPDOOHU�DPRXQWV�RI�IO\�DVK�

����� 7ZR�SKDVH�FRPEXVWLRQ�ZLWK�JDVLILFDWLRQ�RI�SHDW�DQG�RLO�VKDOH�LQ�WKH�IOXLGLVHG�EHG

7KH�ODUJH�FRQWHQW�RI�YRODWLOH�PDWWHU�LQ�SHDW�DQG�RLO�VKDOH��VHH�7DEOH�����QHFHVVLWDWHV�WKH
VR�FDOOHG�WZR�SKDVH�FRPEXVWLRQ�RI�WKHVH�IXHOV��ZLWK�JDVLILFDWLRQ�LQ�WKH�EXEEOLQJ
IOXLGLVHG�EHG��RU�QHDU�LW��DQG�WKH�FRPEXVWLRQ�RI�DULVLQJ�FRPEXVWLEOH�KRW�JDVHV�LQ�WKH
VHSDUDWH�IXUQDFH�VSDFH��)LJXUH������0DUWLQV���������:KLOH�WKH�SULPDU\�SUHVVXUH�PDNHV
XS���²����RI�WKH�DLU�QHFHVVDU\�IRU�FRPEXVWLRQ��LW�LV�SRVVLEOH�WR�UHGXFH�WKH�DUHD�RI�WKH
ILUH�JUDWH�VXEVWDQWLDOO\�LQ�FRPSDULVRQ�ZLWK�WKH�EXEEOLQJ�IOXLGLVHG�EHG��+HDW�H[FKDQJH
VXUIDFHV�DUH�QRW�QHFHVVDU\�IRU�WKH�EHG��IRU�WKH�KHDW�DULVLQJ�LQ�WKH�FRPEXVWLRQ�RI�FRNH
DQG�D�VPDOO�DPRXQW�RI�YRODWLOH�PDWWHU�JR�RQ�WKH�JDVLILFDWLRQ�RI�WKH�IXHO�DQG�WKH
WHPSHUDWXUH�RI�WKH�IOXLGLVHG�EHG�LV�HDV\�WR�DGMXVW�ZLWK�WKH�UHJXODWLRQ�RI�WKH�UDWLR�RI�WKH
IXHO�DQG�SULPDU\�SUHVVXUH��,Q�FDVH�RI�RLO�VKDOH�WKH�IOXLGLVHG�EHG�LV�IRUPHG�RI�DVK�
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EHFDXVH�WKH�DVK�FRQWHQW�RI�RLO�VKDOH�LV�KLJK�²���²�����7KH�ILQH�FRNH�SDUWLFOHV�WKDW�KDYH
HVFDSHG�IURP�WKH�IOXLGLVHG�EHG�ZLOO�EH�VHSDUDWHG�IURP�WKH�FRPEXVWLYH�KRW�JDVHV�LQ�WKH
MDORXVLH�VHSDUDWRU�DQG�DUH�GLUHFWHG�LQWR�WKH�VHSDUDWH�IOXLGLVHG�EHG�IRU�VHFRQGDU\
FRPEXVWLRQ��3DUW�RI�WKH�IO\�FRNH�WKDW�ZDV�GLUHFWHG�EDFN�ZLOO�SDUWLFLSDWH�LQ�UH�
FLUFXODWLRQ��7KH�DGYDQWDJH�RI�WKH�WZR�SKDVH�FRPEXVWLRQ�WHFKQLTXH�IRU�IXHOV�ULFK�LQ
YRODWLOH�VXEVWDQFHV��LQ�FRPSDULVRQ�ZLWK�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�WHFKQLTXH��LV�WKH
IDFW�WKDW�WKLV�HQDEOHV�UHPRYDO�RI�WKH�JUHDWHU�SDUW�RI�WKH�IXHO�DVK��XS�WR������IURP�WKH
SUH�JDVLILHU�RI�WKH�IOXLGLVHG�EHG��$V�WKH�DFFRPSDQ\LQJ�DVK�DPRXQWV�DUH�VPDOOHU��WKH
RSHUDWLQJ�FRQGLWLRQV�RI�WKH�KHDWLQJ�VXUIDFHV�RI�WKH�ERLOHU�VKRXOG�LPSURYH�DQG�WKH�ZRUN
RI�HOHFWULF�ILOWHUV�ZLOO�EH�PRUH�HIILFLHQW�

,Q�WKH�WZR�SKDVH�FRPEXVWLRQ�RI�RLO�VKDOH��SUREOHPV�KDYH�DULVHQ�ZLWK�WKH�FRPEXVWLRQ�RI
KRW�JDVHV��7KH�KLJK�WHPSHUDWXUH�RI�KRW�JDVHV��FD�����&��DQG�KLJK�FRPEXVWLRQ�DFWLYLW\
SURPRWH�LQWHQVLYH�FRPEXVWLRQ�RI�WKHVH�JDVHV�LQ�VPDOO�IXUQDFH�VSDFHV��7KLV�EULQJV�DERXW
KLJK�ORFDO�WHPSHUDWXUHV�QHDU�WKH�EXUQHUV�RI�KRW�JDVHV�RU�HPEUDVXUHV��7KH�DVK�SDUWLFOHV
DFFRPSDQ\LQJ�KRW�JDVHV�DW�KLJK�WHPSHUDWXUH�PHOW��FDXVLQJ�VODJJLQJ�RI�WKH�KHDWLQJ
VXUIDFHV�RI�WKH�IXUQDFH��,Q�RUGHU�WR�UHGXFH�WKH�FRPEXVWLRQ�LQWHQVLW\�RI�WKH�KRW�JDVHV�LW�LV
QHFHVVDU\�WR�IHHG�VHFRQGDU\�DLU�LQWR�WKH�IXUQDFH�LQ�SDUWV�DQG�IURP�GLIIHUHQW�KHLJKWV�RI
WKH�IXUQDFH�

)LJXUH�����)XUQDFH�ZLWK�SUH�JDVLILFDWLRQ�IOXLGLVHG�EHG

7ZR�SKDVH�FRPEXVWLRQ�RI�RLO�VKDOH�KDV�EHHQ�VWXGLHG�RQ�WKH�ODERUDWRU\�WHVWLQJ
HTXLSPHQW�LQ�WKH�(VWRQLDQ�(QHUJ\�5HVHDUFK�,QVWLWXWH�IRU�VHYHUDO�\HDUV��7KH�PD[LPXP
KHDW�HIILFLHQF\�RI�WKLV�HTXLSPHQW�LV�����0:WK�DQG�WKDW�RI�WKH�LQGXVWULDO�VWHDP�JHQHUDWRU
���0:WK��0DUWLQV�DQG�3HVXU��������

:H�KDYH�VWXGLHG�WKH�WZR�SKDVH�FRPEXVWLRQ�RI�SHDW��RLO�VKDOH��ZRRG�DQG�WKHLU�PL[WXUHV
LQ�WKH�LQGXVWULDO�GLVWULFW�KHDWLQJ�ERLOHU�7����������$�SUH�JDVLILHU�RI�WKH�IOXLGLVHG�EHG�ZDV
SODFHG�LQ�WKH�IRUW�RI�WKLV�ERLOHU��0DUWLQV�DQG�3HVXU���������:H�VXFFHHGHG�LQ�WKH
JDVLILFDWLRQ�RI�DOO�WKH�PHQWLRQHG�W\SHV�RI�IXHO�DQG�WKHLU�PL[WXUHV��,I�ZH�H[DPLQH
VHSDUDWHO\�WKH�WZR�SKDVH�FR�FRPEXVWLRQ�RI�WKH�PL[WXUHV�RI�SHDW�DQG�RLO�VKDOH��WKHQ
LUUHVSHFWLYH�RI�WKH�UDWLR�RI�WKH�IXHOV�LQ�WKH�PL[WXUHV��QR�GLIILFXOWLHV�ZHUH�IDFHG�LQ�WKH
JDVLILFDWLRQ�SURFHVV��7KH�KRW�JDVHV�ZHUH�EXUQW�LQ�WKH�IXUQDFH�RI�WKH�GLVWULFW�KHDWLQJ
ERLOHU�7�����������7KH�VHFRQGDU\�SUHVVXUH�ZDV�GLUHFWHG�WR�WKH�IXUQDFH��$IWHU�FRPSOHWLQJ
WKH�WHVW�FRPEXVWLRQ��WKH�UHQRYDWHG�ERLOHU�VWDUWHG�RSHUDWLRQ�LQ������
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:KHQ�SUDFWLFDOO\������RI�WKH�JDVHV�DULVLQJ�IURP�WKH�VXOSKXU�FRPSRXQGV�H[LVWLQJ�LQ�WKH
IXHO�DUH�ERXQG�ZLWK�WKH�FDUERQDWH�PLQHUDO�SDUWV�RI�WKH�IXHO�DW�WKH�RLO�VKDOH�FRPEXVWLRQ
LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG��WKHQ�LQ�WKH�WZR�SKDVH�FRPEXVWLRQ�RI�RLO�VKDOH�WKH
ILJXUH�LV�D�OLWWOH�VPDOOHU����²�����DFFRUGLQJ�WR�WKH�WHVW�UHSRUWV�

,W�LV�SRVVLEOH�WR�UHGXFH�&2��HPLVVLRQ�DW�WKH�WZR�SKDVH�JDVLILFDWLRQ�FRPEXVWLRQ�LQ�WKH
IOXLGLVHG�EHG�RI�SHDW�DQG�RLO�VKDOH�DW�WKH�H[SHQVH�RI�RLO�VKDOH��VLQFH�WKH�GLVLQWHJUDWLRQ
VWDJH�RI�WKH�FDUERQDWH�FRPSRXQGV�RI�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�DW�JDVLILFDWLRQ�LQ�WKH
IOXLGLVHG�EHG�GHFUHDVHV��$V�D�UHVXOW�WKH�HPLVVLRQ�RI�FDUERQDWH��&2��0�LV�UHGXFHG�E\���²
�����7KH�GHFUHDVH�LQ�WKH�WRWDO��&2��0�HPLVVLRQ�GHSHQGV�RQ�WKH�UDWLR�RI�SHDW�DQG�RLO
VKDOH�LQ�WKH�PL[WXUH��,I�SHDW�LV�SUHYDLOLQJ�LQ�WKH�PL[WXUH��WKHQ�WKH�GHFUHDVH�RI�WRWDO
�&2��0�LV�VPDOOHU�DQG�YLFH�YHUVD�

$OWKRXJK�WKH�LQWURGXFWLRQ�RI�WKH�WZR�SKDVH�FRPEXVWLRQ�WHFKQRORJ\�LV�QRW�HVSHFLDOO\
FRPSOLFDWHG�LQ�WKH�RLO�VKDOH�ILUHG�SRZHU�VWDWLRQV��WKH�KDPPHU�PLOOV�RI�WKH�H[LVWLQJ
VWHDP�JHQHUDWRUV�VKRXOG�EH�UHSODFHG�E\�SUH�JDVLILHUV�RI�WKH�IOXLGLVHG�EHG�RI�WKH�IXHO��
EHIRUH�DGRSWLRQ�SUHOLPLQDU\�FKHFNLQJ�LQ�ODUJHU�ERLOHU�XQLWV����²����0:WK��LV�UHTXLUHG�
KRZHYHU��WKLV�LV�XQOLNHO\�WR�RFFXU�DW�WKH�PRPHQW�

��� &R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH

&RDO�LV�QRW�H[WHQVLYHO\�XVHG�LQ�(VWRQLD�VR�IDU������3-�LQ��������,W��KDV�PDLQO\�EHHQ
EXUQHG�LQ�VPDOO�GLVWULFW�KHDWLQJ�ERLOHU�KRXVHV��,I�WKH�SK\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�RI
SHDW�DQG�RLO�VKDOH�FDQ�EH�UHJDUGHG�DV�DOPRVW�VWDEOH��WKH�UHVSHFWLYH�ILJXUHV�IRU�FRDO�YDU\
ZLWKLQ�D�ZLGH�UDQJH��H�J��WKH�FRQWHQW�RI�YRODWLOH�VXEVWDQFHV��VHH�)LJXUH������GHSHQGLQJ
RQ�WKH�ORFDWLRQ�RI�WKH�FRDO�GHSRVLW��6XOSKXU�HPLVVLRQ�IDFWRUV�RI�'RQHWVN�DQG�.HPHURYR
FRDO�GLIIHU�QLQH�WLPHV��VHH�7DEOH������%RLOHUV�KHDW�VXSSO\���������7KLV�PXVW�EH�WDNHQ�LQWR
DFFRXQW�DW�WKH�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�PL[WXUHV��7KH�ODUJH�FDUERQDWH�FRQWHQW�LQ
WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�JLYHV�KRSH�WKDW�HYHQ�FRDO�ZLWK�KLJK�VXOSKXU�FRQWHQW�FDQ�EH
VXFFHVVIXOO\�EXUQHG�ZLWK�RLO�VKDOH��JXDUDQWHHLQJ�WKH�UHTXLUHG�VXOSKXU�ELQGLQJ�OHYHO�

7DEOH����&RPSDULVRQ�RI�GLIIHUHQW�FRDO�W\SHV

Parameter Unit Coal deposit
Donetsk Kemerovo

Net calorific value MJ/kg 17.54 26.13
Ash content % 34.6 11.0
Moisture content % 9.0 8.5
Sulphur content % 3.2 0.5
Volatile content % 42.0 40.0
Carbon and hydrogen ratio (C/H) - 14.19 14.0
Carbon emission factor (CEF) tC/TJ 25.1 25.3
Sulphur emission factor (SEF) tS/TJ 1.8 0.2
Mineral carbon dioxide content (CO2)M % - -

����� &R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG

&R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�LQ�D�UHQRYDWHG�LQGXVWULDO�GLVWULFW�KHDWLQJ�ERLOHU�(�
����23��������0:WK��ZDV�VWXGLHG�LQ�WKH�(VWRQLDQ�(QHUJ\�5HVHDUFK�,QVWLWXWH��7KH�PRVW
VLJQLILFDQW�DLP�RI�WKH�FR�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�ZDV�WR�VWXG\�WKH�UHGXFWLRQ�RI
WKH�FRQWHQW�RI�ZDVWH�JDVHV�62��DQG�12[�LQ�WKH�EXUQLQJ�SURGXFWV�

6WDUWLQJ�WKH�IOXLGLVHG�EHG�ERLOHU�DW�WKH�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�PL[WXUH�WXUQHG
RXW�WR�EH�PXFK�HDVLHU�WKDQ�VWDUWLQJ�LW�ZLWK�RQO\�FRDO��:KHQ�VWDUWLQJ�WKH�ERLOHU�ZLWK�FRDO
WKH�WHPSHUDWXUH�KDG�WR�EH�UDLVHG�WR�DW�OHDVW����°&��ZLWK�FRDO�DQG�RLO�VKDOH�PL[WXUH�WKH



��

ERLOHU�VWDUWHG�ZLWKRXW�DQ\�GLIILFXOWLHV�DOUHDG\�ZKHQ�WKH�WHPSHUDWXUH�RI�WKH�EHG�UHDFKHG
���²���°&�

7DEOH����SUHVHQWV�WKH�WHVWLQJ�GDWD�RI�FRDO�DQG�D�PL[WXUH�RI�FRDO�DQG�RLO�VKDOH��7KH
VXOSKXU�GLR[LGH�DQG�QLWURJHQ�GLR[LGH�FRQWHQWV�RI�WKH�HVFDSLQJ�IOXH�JDVHV�DUH�LQGLFDWHG
ERWK�IRU�FRDO�FRPEXVWLRQ�DQG�FR�FRPEXVWLRQ�

7DEOH����7HVW�GDWD�RQ�WKH�FR�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH

Fuel Content Calorific
value

Gaseous emissions

Ar, % (CO2)
r
M, % Sr Qr

i ,
MJ/kg

SO2
*,

mg/mn3
NOx

*,
mg/mn3

CO2*,
g/kW·h

Coal 24.45 1.31 0.78 24.18 541-724 291-760 505.4
Coal and oil
shale mixture

41.95 10.18 1.29 14.51 301-511 180-255 445.6


�DW�WKH�FDOFXODWHG�H[FHVV�DLU�IDFWRU����
$U� DVK�FRQWHQW�RI�IXHO�DV�UHFHLYHG�EDVLV���
&2��0� PLQHUDO�FDUERQ�GLR[LGH�FRQWHQW�RI�IXHO�DV�UHFHLYHG�EDVLV����
6U� VXOSKXU�FRQWHQW�RI�IXHO�DV�UHFHLYHG�EDVLV���
4U

L� QHW�FDORULILF�YDOXH�RI�IXHO�DV�UHFHLYHG�EDVLV��0-�NJ�

:H�FDQ�VHH��7DEOH�����WKDW�DW�WKH�FR�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�WKH�62��FRQWHQW�LQ
WKH�IOXH�JDVHV�KDV�GHFUHDVHG����²����WLPHV�LQ�FRPSDULVRQ�ZLWK�LWV�FRQWHQWV�LQ�WKH�IOXH
JDVHV�DW�FRDO�FRPEXVWLRQ��7KH�12[�FRQWHQW�IHOO�����WLPHV�DV�DQ�DYHUDJH��7KH�UHGXFWLRQ
RI�&2��LQ�IOXH�JDVHV�ZDV�QRW�YHU\�KLJK��EXW�QRWLFHDEOH��7DEOH������2QH�HVVHQWLDO�UHDVRQ
IRU�&2��UHGXFWLRQ�LQ�IOXH�JDVHV�ZDV�D�ORZ�GHFRPSRVLWLRQ�UDWH��N� ����²�����RI�RLO�VKDOH
FDUERQDWHV�

7KH�WHVWV�FRQILUPHG�WKH�DGYDQWDJHV�RI�FR�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�LQ�WKH
EXEEOLQJ�IOXLGLVHG�EHG��,W�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�WKDW�WKH�RLO�VKDOH�FRQWHQW�LQ�WKH
PL[WXUH�VKRXOG�QRW�H[FHHG�FD������:KLOH�EXUQLQJ�PL[WXUHV�ZLWK�D�KLJKHU�RLO�VKDOH
FRQWHQW��XQIDYRXUDEOH�SKHQRPHQD�DURVH��ZKLFK�RFFXUUHG�RQO\�DW�WKH�FRPEXVWLRQ�RI�RLO
VKDOH�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG��&R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�PL[WXUHV�LQ
ODUJH�ERLOHU�XQLWV��XVLQJ�WKH�EXEEOLQJ�IOXLGLVHG�EHG�WHFKQRORJ\��LV�LQ�SULQFLSOH�IHDVLEOH�
DOWKRXJK�LW�KDV�VRPH�GHVLJQ�GLIILFXOWLHV�

����� &R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG

7KHUH�LV�DQ�H[WHQVLYH�H[SHULHQFH�LQ�WKH�FRPEXVWLRQ�RI�GLIIHUHQW�W\SHV�RI�FRDO�LQ�WKH
FLUFXODWLQJ�IOXLGLVHG�EHG�ERLOHU�XQLWV�DQG�WKHUHIRUH�LW�LV�QRW�UHDVRQDEOH�WR�GLVFXVV�LW
KHUH��7HVWLQJ�RLO�VKDOH�FRPEXVWLRQ�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�KDV�DOVR�SURYHG
VXFFHVVIXO��&RQVHTXHQWO\�WKH�FR�FRPEXVWLRQ�RI�WKH�PL[WXUHV�RI�WKHVH�IXHOV�VKRXOG�EH
VXFFHVVIXO�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG��1HYHUWKHOHVV�WKH�ILQDO�DQVZHU�FRXOG�EH�JLYHQ
RQO\�DIWHU�WHVW�FRPEXVWLRQ��:KHQ�EXUQLQJ�FRDO�DORQH�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�
OLPHVWRQH�VKRXOG�EH�DGGHG�LQ�RUGHU�WR�ELQG�WKH�VXOSKXU�H[LVWLQJ�LQ�WKH�FRDO��7KLV�LV�QRW
QHFHVVDU\�LQ�WKH�FR�FRPEXVWLRQ�RI�WKH�PL[WXUHV�RI�FRDO�DQG�RLO�VKDOH�

&R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�PL[WXUHV�LQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHGV�PD\�EH
UHJDUGHG�DV�RQH�RI�WKH�EHVW�SRVVLEOH�VROXWLRQV��DQG�QRW�RQO\�LQ�(VWRQLD��LI�WKHUH�DUH
HFRQRPLF�DQG�WHFKQLFDO�IDFLOLWLHV�DYDLODEOH�

����� &R�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�ZLWK�JDVLILFDWLRQ�LQ�WKH�EXEEOLQJ�IOXLGLVHG�EHG

$V�ZH�FRXOG�VHH�DERYH��LW�LV�HDV\�WR�JDVLI\�RLO�VKDOH�ZLWK�DLU�LQ�WKH�EXEEOLQJ�IOXLGLVHG
EHG��%HFDXVH�RI�WKH�ORZ�FRQWHQW�RI�YRODWLOH�PDWWHU�LQ�FRDO��JDVLILFDWLRQ�RI�WKLV�IXHO�LV�QRW
IHDVLEOH�LQ�WKH�FODVVLFDO�ERLOLQJ�OD\HU��&RDO�OLNH�RLO�VKDOH�FRNH�PXVW�EH�EXUQHG�LQ�WKH
IOXLGLVHG�EHG��,Q�WKLV�FDVH�WKH�UHTXLUHG�DUHD�RI�WKH�IOXLGLVHG�EHG�IRU�VHFRQGDU\
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FRPEXVWLRQ�PXVW�EH�H[SDQGHG�DQG�SURYLGHG�ZLWK�WKH�KHDW�H[FKDQJH�VXUIDFHV��7KH
FRPELQHG�FRPEXVWLRQ�WHFKQRORJ\�RI�FRDO�DQG�RLO�VKDOH�ZLWK�JDVLILFDWLRQ�LQ�WKH�EXEEOLQJ
IOXLGLVHG�EHG�FDQQRW�EH�VXJJHVWHG�DV�DQ�DOWHUQDWLYH�WRGD\��VLQFH�WKLV�LV�D�VROXWLRQ�WKDW
KDV�QRW�EHHQ�WHVWHG�DW�DOO�

��� 2WKHU�FR�FRPEXVWLRQ�SRVVLELOLWLHV

)URP�RWKHU�FR�FRPEXVWLRQ�SRVVLELOLWLHV�RI�IXHOV�WKH�IROORZLQJ�FRXOG�EH�GLVFXVVHG�
• RLO�VKDOH�DQG�ZRRG�
• SHDW�DQG�ZRRG�

5HVLGXDO�ZRRG�FRXOG�EH�EXUQHG�ZLWK�WKH�DLP�RI�SRZHU�JHQHUDWLRQ��7KHUH�DUH
UHPDUNDEOH�DPRXQWV�RI�UHVLGXDO�ZRRG�LQ�(VWRQLD�DIWHU�IHOOLQJ�RI�WUHHV�DQG�LQ
ZRRGZRUNLQJ��:RRG�FRPEXVWLRQ�FRPELQHG�ZLWK�RWKHU�IXHOV�ZLOO�HQDEOH�WRWDO
UHGXFWLRQ�RI�&2��HPLVVLRQ�

7DEOH����JLYHV�D�EULHI�VXUYH\�RI�SRVVLEOH�LPSOHPHQWDWLRQ�RI�YDULRXV�FR�FRPEXVWLRQ
WHFKQRORJLHV�IRU�EXUQLQJ�GLIIHUHQW�IXHOV�

� &RQFOXVLRQV

7RGD\�������RI�HOHFWULFLW\�LQ�(VWRQLD�LV�SURGXFHG�E\�SXOYHULVHG�RLO�VKDOH�FRPEXVWLRQ�
7KH�HIILFLHQF\�RI�(VWRQLDQ�SRZHU�SODQWV�LV�ORZ����²������+RZHYHU��LW�LV�TXLWH�OLNHO\�WKDW
(VWRQLD�ZLOO�FRQWLQXH�WR�XVH�RLO�VKDOH�IRU�WKH�JHQHUDWLRQ�RI�HOHFWULFLW\�LQ�WKH�IXWXUH�DQG
WKH�FRPELQHG�XVH�RI�SHDW�ZLWK�RLO�VKDOH�LV�QRW�H[FOXGHG��7KLV�FRXOG�FRQWULEXWH�WR�WKH
VHFXULW\�RI�VXSSO\�DQG�DOORZV�PDLQWHQDQFH�RI�LQGHSHQGHQFH�IURP�LPSRUWHG�HQHUJ\
UHVRXUFHV��,QWHQVLYH�XVH�RI�RLO�VKDOH�IRU�HQHUJ\�SURGXFWLRQ�LQ�WKH�IXWXUH�UHTXLUHV
FRQVLGHUDEOH�LPSURYHPHQW�RI�WKH�H[LVWLQJ�SRZHU�SODQWV��$PRQJ�WKH�PDLQ�WDUJHWV�DUH
WKH�IROORZLQJ��WR�LQFUHDVH�WKH�HIILFLHQF\�RI�SRZHU�SODQWV��WR�UHGXFH�WKH�OHYHO�RI�&2��DQG
62��HPLVVLRQV�WR�LQWHUQDWLRQDOO\�DFFHSWDEOH�YDOXHV��DQG�WR�LPSURYH�DVK�UHPRYDO��)URP
WKH�SRLQW�YLHZ�RI�*+*�HPLVVLRQV��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�GXULQJ�WKH�FRPEXVWLRQ�RI
SXOYHULVHG�RLO�VKDOH�&2��LV�QRW�IRUPHG�RQO\�DV�D�EXUQLQJ�SURGXFW�RI�RUJDQLF�FDUERQ��EXW
DOVR�DV�D�GHFRPSRVLWLRQ�SURGXFWV�RI�WKH�FDUERQ�SDUW�RI�DVK��7KHUHIRUH�WKH�WRWDO�TXDQWLW\
RI�FDUERQ�GLR[LGH�LQFUHDVHV�XS�WR�����LQ�IOXH�JDVHV�RI�RLO�VKDOH��7R�VROYH�WKHVH�SUREOHPV
6(�(HVWL�(QHUJLD�LV�SODQQLQJ�WR�VWXG\�WKH�IHDVLELOLW\�RI�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG
�&)%��FRPEXVWLRQ�WHFKQRORJ\�IRU�EXUQLQJ�RLO�VKDOH�WR�UHSODFH�WKH�SXOYHULVHG
FRPEXVWLRQ��3&��WHFKQRORJ\��7KH�&)%�FRPEXVWLRQ�WHFKQRORJ\�HQDEOHV�WR�LQFUHDVH�WKH
HIILFLHQF\�RI�62��FDSWXULQJ�DQG�IDFLOLWDWHV�VXEVWDQWLDO�UHGXFWLRQ�LQ�WKH�GHFRPSRVLWLRQ
UDWH�RI�FDUERQDWHV�LQ�WKH�PLQHUDO�SDUW�RI�RLO�VKDOH�DQG�WKDW�RI�&2��FRQWHQW�LQ�IOXH�JDVHV
RI�RLO�VKDOH�SRZHU�SODQWV�

7KH�SRVVLEOH�FRPEXVWLRQ�WHFKQRORJLHV�IRU�EXUQLQJ�RLO�VKDOH��SHDW��FRDO�DQG�WKHLU
PL[WXUHV�DUH�

�� %XEEOLQJ�IOXLGLVHG�EHG

,Q�FDVH�RI�RLO�VKDOH�D�PRGHUDWH�GHFUHDVH�LQ�&2��HPLVVLRQV�FRXOG�EH�DFKLHYHG
GXH�WR�WKH�PRUH�HIILFLHQW�FRPEXVWLRQ�DQG�ORZHU�GHFRPSRVLWLRQ�UDWH�RI�WKH
FDUERQ�SDUW�RI�RLO�VKDOH�DVK��$W�WKH�FRPEXVWLRQ�RI�RLO�VKDOH�DQG�SHDW�PL[WXUH
&2��HPLVVLRQV�FRXOG�EH�UHGXFHG�RQO\�IRU�ORZHU�IOXLGLVHG�EHG�WHPSHUDWXUHV
ZKHUH�WKH�PLQHUDO�SDUW�RI�FDUERQ�LQ�RLO�VKDOH�GRHV�QRW�GLVLQWHJUDWH�FRPSOHWHO\�
&RPSOHWH�UHGXFWLRQ�RI�62��HPLVVLRQV�LV�JXDUDQWHHG��,W�LV�RQH�ZD\�WR�LQWURGXFH
GRPHVWLF�IXHOV�
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7DEOH����&R�FRPEXVWLRQ�RI�GLIIHUHQW�IXHOV��VXPPDU\�

Fuel Combustion
technology

Advantages Problems Investment
cost
(US$/kWe)

Cost of CO2

reduction
(US$/tCO2)

Peat and oil shale Bubbling fluidised
bed

A moderate decrease in CO2 emissions could be
achieved, because of higher efficiency of combustion
and lower decomposition rate of oil shale ash carbon
part. Complete reduction of SO2 emissions is
guaranteed. It is one way to adopt domestic fuels.

Difficulties in regulating the
temperature in the fluidised bed and
in freeboard. A grating with a larger
area is required.

1650-2200 15-25

Circulating fluidised
bed

Considerable decrease in CO2 emissions could be
achieved, because of higher efficiency of combustion
and lower decomposition rate of oil shale ash carbon
part. Combustion conditions of peat and oil shale are
good and depend little on their weight ratio in the
mixtures. Complete reduction of SO2 emissions is
guaranteed. It is a good way to adopt domestic fuels.

Intensive refining of the ash increases
critically the load of multistage
precipitators (or textile filters) if the oil
shale content is over 50% in the
mixture.

1500-1960 13-22

Two-phase
combustion with
gasification in the
fluidised bed

Considerable decrease in CO2 emissions could be
achieved because of higher efficiency of combustion
and lower decomposition rate of oil shale ash carbon
part. Gasification conditions of peat and oil shale are
very good and depend little on their weight ratio in the
mixtures. Sufficient reduction of SO2 emissions is
guaranteed. It is a good way to adopt domestic fuels.

Slag-forming problems of fly ash in
the furnace. The situation could
completely improve with distribution of
secondary air injections.

1350-1760 11-19

Coal and oil shale Bubbling fluidised
bed

A moderate decrease in CO2 emissions could be
achieved, because of higher efficiency of combustion
and lower decomposition rate of oil shale ash carbon
part. Complete reduction of SO2 emissions is
guaranteed. It is one way to use cheaper imported
fuels with domestic fuels.

Oil shale content in the mixture
should not exceed 30%. A grating
with a larger area is required.

1500-2000 12-21

Circulating fluidised
bed

Considerable decrease in CO2 emissions could be
achieved, because of higher efficiency of combustion
and lower decomposition rate of oil shale ash carbon
part. Complete reduction of SO2 emissions is
guaranteed. It is the best way to use cheaper
imported fuels with domestic fuels.

Intensive refining of the ash increases
the load of multistage precipitators (or
textile filters).

1360-1800 10-18

Two-phase
combustion with
gasification in the
fluidised bed

Considerable decrease in CO2 emissions could be
achieved. Complete reduction of SO2 emissions is
guaranteed.

Oil shale content in the mixture must
be higher than 80%.

1220-1600 8.5-10
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,W�LV�SRVVLEOH�WR�EXUQ�RLO�VKDOH�DQG�LPSRUWHG�FRDO�LQ�ODUJH�ERLOHU�XQLWV�XVLQJ�WKH
EXEEOLQJ�IOXLGLVHG�EHG�WHFKQRORJ\��DOWKRXJK�LW�KDV�VRPH�SUREOHPV��ILUVW��KHDW
H[FKDQJH�VXUIDFHV�VKRXOG�EH�LQVWDOOHG�LQ�WKH�EHG�DQG�VHFRQG��D�JUDWLQJ�ZLWK�D
ODUJH�JUDWH�DUHD�LV�UHTXLUHG��:KHQ�EXUQLQJ�D�PL[WXUH�RI�FRDO�DQG�RLO�VKDOH��WKH
VKDUH�RI�RLO�VKDOH�LQ�WKH�PL[WXUH�VKRXOG�QRW�H[FHHG�����

�� &LUFXODWLQJ�IOXLGLVHG�EHG

&RQVLGHUDEOH�GHFUHDVH�LQ�&2��HPLVVLRQV�FRXOG�EH�DFKLHYHG��GXH�WR�WKH�EHWWHU
FRPEXVWLRQ�HIILFLHQF\�DQG�ORZHU�GHFRPSRVLWLRQ�UDWH�RI�WKH�FDUERQ�SDUW�RI�RLO
VKDOH�DVK��&RPEXVWLRQ�FRQGLWLRQV�RI�SHDW�DQG�RLO�VKDOH�DQG�WKHLU�PL[WXUHV�DUH
JRRG�DQG�KDYH�OLWWOH�GHSHQGHQFH�RQ�WKHLU�ZHLJKW�UDWLR�LQ�WKH�PL[WXUHV�
&RPSOHWH�UHGXFWLRQ�RI�62��HPLVVLRQV�LV�JXDUDQWHHG��,W�LV�D�JRRG�ZD\�IRU
LQWURGXFLQJ�GRPHVWLF�IXHOV�DQG�WKH�EHVW�SRVVLEOH�VROXWLRQ��DQG�QRW�RQO\�LQ
(VWRQLD��IRU�WKH�FR�FRPEXVWLRQ�RI�FRDO�DQG�RLO�VKDOH�DQG�LW�PD\�EH�WDNHQ�LQWR
FRQVLGHUDWLRQ�LI�WKHUH�DUH�HFRQRPLF�DQG�WHFKQLFDO�IDFLOLWLHV�DYDLODEOH�

$�SUREOHP�LV�LQWHQVLYHO\�LQFUHDVLQJ�GLVLQWHJUDWLRQ�RI�RLO�VKDOH��DQG�FRDO��DVKHV
ORDGLQJ�FULWLFDOO\�WKH�PXOWLVWDJH�SUHFLSLWDWRUV��RU�WH[WLOH�ILOWHUV��ZKHQ�WKH�RLO
VKDOH�FRQWHQW�H[FHHGV�����LQ�WKH�PL[WXUH�

�� 7ZR�SKDVH�FRPEXVWLRQ�ZLWK�JDVLILFDWLRQ�LQ�IOXLGLVHG�EHG

$�FRQVLGHUDEOH�GHFUHDVH�LQ�&2��HPLVVLRQV�FRXOG�EH�DFKLHYHG�GXH�WR�EHWWHU
FRPEXVWLRQ�HIILFLHQF\�DQG�ORZHU�GHFRPSRVLWLRQ�UDWH�RI�WKH�FDUERQ�SDUW�RI�RLO
VKDOH�DVK��*DVLILFDWLRQ�FRQGLWLRQV�RI�SHDW�DQG�RLO�VKDOH�DUH�YHU\�JRRG�DQG�KDYH
OLWWOH�GHSHQGHQFH�RQ�WKHLU�ZHLJKW�UDWLR�LQ�WKH�PL[WXUHV��6XIILFLHQW�UHGXFWLRQ�RI
62��HPLVVLRQV�LV�JXDUDQWHHG��,W�LV�D�JRRG�ZD\�WR�LQWURGXFH�GRPHVWLF�IXHOV��RLO
VKDOH�DQG�SHDW���7KH�SUREOHPV�DUH�VODJ�IRUPDWLRQ�IURP�IO\�DVK�DQG�UHJXODWLRQ
RI�WKH�FRPEXVWLRQ�WHPSHUDWXUH�LQ�WKH�IXUQDFH�

,Q�FRQFOXVLRQ�ZH�FDQ�VD\�WKDW�WKH�EHVW�FRPEXVWLRQ�WHFKQRORJ\�IRU�SRZHU
JHQHUDWLRQ�LQ�(VWRQLD�LV�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�PHWKRG��,W�HQDEOHV�WR
GHFUHDVH�WKH�&2��DQG�62��HPLVVLRQV��(VWRQLDQ�GRPHVWLF�IXHOV���RLO�VKDOH��SHDW
DQG�WKHLU�PL[WXUHV�FRXOG�EH�DOVR�XVHG��DQG�LI�QHFHVVDU\�LPSRUWHG�FRDO�FRXOG�EH
DGGHG�
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7KH�,QIOXHQFH�RI�2LO�6KDOH
&RPEXVWLRQ�7HFKQRORJ\�RQ
&DUERQ�'LR[LGH�(PLVVLRQ

� ,QWURGXFWLRQ

2LO�VKDOH�LV�WKH�PRVW�LPSRUWDQW�GRPHVWLF�IXHO�IRU�(VWRQLD��,Q������WKH�WRWDO�SULPDU\
HQHUJ\�VXSSO\�LQ�WKH�5HSXEOLF�RI�(VWRQLD�ZDV���������3-��2LO�VKDOH�SURGXFWLRQ
DPRXQWHG�WR�������3-�LQ�WKH�VDPH�\HDU��,WV�VKDUH�LQ�WKH�(VWRQLDQ�HQHUJ\�EDODQFH�LV
�������(VWRQLD�KDV�YHU\�ELJ�RLO�VKDOH�UHVRXUFHV�²�DFWLYH�UHVRXUFHV�DUH�DSSUR[LPDWHO\
���²����*W�DQG�SDVVLYH�UHVRXUFHV�DERXW���*W��7KH�TXDOLW\�RI�RLO�VKDOH�GHSHQGV�RQ
SURGXFWLRQ�WHFKQRORJ\��ZKLFK�GHWHUPLQHV�DOVR�WKH�UDWLR�RI�RUJDQLF�DQG�PLQHUDO�FDUERQ
LQ�WKH�IXHO��2LO�VKDOH�LV�SURGXFHG�LQ�WKUHH�RSHQ�SLWV�DQG�LQ�VL[�XQGHUJURXQG�PLQHV�
2WKHU�GRPHVWLF�IXHOV��PRVWO\�SHDW�DQG�ZRRG��DFFRXQW�IRU����LQ�WKH�WRWDO�HQHUJ\
EDODQFH�

$SSUR[LPDWHO\�����RI�HOHFWULFDO�SRZHU�LQ�(VWRQLD�LV�SURGXFHG�LQ�IRXU�RLO�VKDOH�ILUHG
SRZHU�SODQWV�ZLWK�WRWDO�HOHFWULFDO�FDSDFLW\������0:H��,Q������WKH�FRQVXPSWLRQ�RI�RLO
VKDOH�IRU�HOHFWULFDO�SURGXFWLRQ�ZDV����0W�DQG�JURVV�HOHFWULFDO�SRZHU�JHQHUDWLRQ�ZDV
������7:•K��7ZR�RI�WKH�IRXU�PRVW�SRZHUIXO�RLO�VKDOH�SRZHU�SODQWV�DUH�WKH�%DOWLF�3RZHU
3ODQW��EXLOW�LQ�����²������FDSDFLW\������0:H��DQG�WKH�(VWRQLDQ�3RZHU�3ODQW��EXLOW�LQ
����²������FDSDFLW\������0:H����7KH�%DOWLF��.RKWOD�-lUYH�����0:H��DQG�$KWPH����
0:H��SODQWV�DUH�FRPELQHG�SRZHU�SODQWV�DQG�DOVR�SURGXFH�WKHUPDO�SRZHU�IRU�GLVWULFW
KHDWLQJ�RI�WKH�WRZQV�RI�1DUYD��.RKWOD�-lUYH�DQG�$KWPH�

2LO�VKDOH�PLQLQJ�DQG�SURGXFWLRQ�RI�HOHFWULFDO�SRZHU�DUH�WKH�PRVW�LPSRUWDQW�EUDQFKHV�LQ
WKH�(VWRQLDQ�HFRQRP\��2LO�VKDOH�DV�D�GRPHVWLF�IXHO�DOVR�FRQWULEXWHV�WR�WKH�HQHUJ\
VXSSO\�VHFXULW\�DQG�LQGHSHQGHQFH�IURP�LPSRUWHG�IXHOV��7KHUH�LV�QR�GRXEW�WKDW�(VWRQLD
ZLOO�FRQWLQXH�WR�XVH�RLO�VKDOH�IRU�HOHFWULFDO�DQG�WKHUPDO�SRZHU�SURGXFWLRQ�LQ�WKH�IXWXUH�

,Q������WKH�VKDUH�RI�FDUERQ�GLR[LGH�HPLVVLRQ�IURP�RLO�VKDOH�ILUHG�SRZHU�SODQWV�ZDV
DSSUR[LPDWHO\�����RI�WKH�WRWDO�DPRXQW�HPLWWHG�IURP�EXUQLQJ�IXHOV��7KHUHIRUH�
UHGXFWLRQ�RI�FDUERQ�GLR[LGH�HPLVVLRQV�IURP�RLO�VKDOH�SRZHU�SODQWV�LV�D�YHU\�LPSRUWDQW
LVVXH��7KLV�LV�FRQQHFWHG�ZLWK�LQWURGXFLQJ�QHZ�WHFKQRORJLHV�RI�RLO�VKDOH�FRPEXVWLRQ�

,Q�SRZHU�SODQWV�RLO�VKDOH�LV�EXUQW�XVLQJ�WKH�SXOYHULVHG�ILULQJ��3)��WHFKQRORJ\��7KH
DYHUDJH�QHW�HIILFLHQF\�RI�SRZHU�SODQWV�LV�UHODWLYHO\�ORZ�³���²����³�GXH�WR�ORZ�VWHDP
SDUDPHWHUV�DQG�GDPSLQJ�RI�HTXLSPHQW��.HHSLQJ�LQ�YLHZ�HQYLURQPHQWDO�SURWHFWLRQ��WKH
PDLQ�SUREOHPV�DUH�FRQQHFWHG�ZLWK�KLJK�HPLVVLRQ�RI�VXOSKXU�GLR[LGH����²���J�N:ÃK�
DQG�ODUJH�DPRXQWV�RI�IO\�DVK����²���J�N:ÃK���7KH�HPLVVLRQ�RI�12[�����²����J�N:ÃK��LV
QRW�VHULRXV�WKDQNV�WR�D�YHU\�ORZ�QLWURJHQ�FRQWHQW�LQ�WKH�RUJDQLF�SDUW�RI�RLO�VKDOH��7KH
HPLVVLRQ�RI�FDUERQ�GLR[LGH������²�����J�N:ÃK��LV�D�YHU\�VSHFLILF�SUREOHP�

7KH�(VWRQLDQ�RLO�VKDOH�EHORQJV�WR�WKH�FDUERQDWH�FODVV��0LQHUDO�FDUERQ�RI�WKH�LQRUJDQLF
SDUW�RI�RLO�VKDOH�LV�DGGHG�WR�WKH�RUJDQLF�FDUERQ��7KH�PDVV�UDWLR�RI�RUJDQLF�FDUERQ�DQG
RUJDQLF�K\GURJHQ�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LV�FORVH�WR�WKDW�IRU�OLTXLG�IXHOV��&2��HPLVVLRQ
IURP�RUJDQLF�FDUERQ�LV�PXFK�ORZHU�FRPSDUHG�WR�FRDOV��'HSHQGLQJ�RQ�WKH�TXDOLW\�RI�RLO
VKDOH�WKH�VKDUH�RI�PLQHUDO�FDUERQ�LV�LQ�WKH�UDQJH���²����RI�WKH�WRWDO�FDUERQ�FRQWHQW�
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7KH�UDWLR�RI�WKH�RUJDQLF�DQG�WKH�PLQHUDO�FDUERQ�GLR[LGH�LQ�RLO�VKDOH�FRPEXVWLRQ
SURGXFWV��IOXH�JDV��GHSHQGV�RQ�WKH�IXHO�FRPEXVWLRQ�WHFKQRORJ\�DQG�EXUQLQJ�UHJLPHV�
&RQVHTXHQWO\�WKH�&2��HPLVVLRQ�LV�QRW�GHWHUPLQHG�RQO\�E\�WKH�SULPDU\�HQHUJ\
FRQYHUVLRQ�HIILFLHQF\��WKH�SULPDU\�HQHUJ\�QHHG�IRU�HOHFWULFDO�SRZHU�SURGXFWLRQ��EXW
DOVR�E\�WKH�DEVROXWH�FRQFHQWUDWLRQ�RI�FDUERQ�GLR[LGH�LQ�FRPEXVWLRQ�SURGXFWV�

7KH�HTXLSPHQW�RI�RLO�VKDOH�SRZHU�SODQWV�UHTXLUHV�UHQRYDWLRQ�LQ�WKH�QHDU�IXWXUH�
6LPXOWDQHRXVO\�QHZ�IXHO�EXUQLQJ�WHFKQRORJLHV�VKRXOG�EH�LQWURGXFHG�WR�LQFUHDVH�WKH�QHW
HIILFLHQF\�DQG�GHFUHDVH�62��DQG�&2��HPLVVLRQ�

7KH�PDLQ�REMHFWLYHV�ZHUH�WR�DQDO\VH�WKH�LQIOXHQFH�RI�WKH�FRPEXVWLRQ�WHFKQRORJ\�RI�WKH
(VWRQLDQ�RLO�VKDOH�RQ�&2��FRQFHQWUDWLRQ�LQ�FRPEXVWLRQ�SURGXFWV�OLNH�JUHHQKRXVH�JDV
DQG�WR�GHYHORS�WKH�FRUUHVSRQGLQJ�PDWKHPDWLFDO�FDOFXODWLRQ�PHWKRGV��$�GHWDLOHG
DQDO\VLV�RI�RLO�VKDOH�EXUQLQJ�WHFKQRORJLHV��ZKLFK�LQIOXHQFH�WKH�FDUERQ�GLR[LGH
IRUPDWLRQ�PHFKDQLVP��ZLOO�EH�SUHVHQWHG��7KRVH�WHFKQRORJLHV�DUH�FRQYHQWLRQDO
SXOYHULVHG�RLO�VKDOH�ILULQJ��3)��WHFKQRORJ\��XWLOLVDWLRQ�RI�RLO�VKDOH�LQ�FLUFXODWLQJ
DWPRVSKHULF�IOXLGLVHG�EHG�FRPEXVWRUV��&$)%&��DQG�RLO�VKDOH�EXUQLQJ�WHFKQRORJ\�LQ
SUHVVXULVHG�IOXLGLVHG�EHG�FRPEXVWRUV��3)%&��

� 7KH�LQIOXHQFH�RI�SDUDPHWHUV�RQ�&2��HPLVVLRQ

7KH�PDVV�RI�FDUERQ�GLR[LGH��NJ��IRUPHG�LQ�WKHUPDO�SRZHU�SODQW�SHU�XQLW�RI�JHQHUDWHG
HOHFWULFDO�SRZHU��N:�K��LV�H[SUHVVHG�E\�WKH�IROORZLQJ�IRUPXOD�

222 COCOCO Vbm ρ= ��NJ�N:ÃK� ���

ZKHUH

E �VSHFLILF�FRQVXPSWLRQ�RI�IXHO�DV�UHFHLYHG�EDVLV�IRU�WKH�SURGXFWLRQ�RI�D�XQLW
RI�HOHFWULFDO�SRZHU��NJ��N:ÃK�

ρ
CO

2

FDUERQ�GLR[LGH�GHQVLW\�LQ�QRUPDO�FRQGLWLRQV����&�DQG��������03D���NJ�P��

V
CO

2

YROXPH�RI�FDUERQ�GLR[LGH�LQ�QRUPDO�FRQGLWLRQV�IRUPHG�DW�WKH�FRPEXVWLRQ

RI�IXHO�DV�UHFHLYHG�EDVLV�SHU�XQLW�RI�IXHO��P��NJ�

&DUERQ�GLR[LGH�HPLVVLRQ�RQ�WKH�JLYHQ�LQWHUYDO�RI�WLPH�LV�H[SUHVVHG�DV�

22

310 COCO mEM −= ��W� ���

ZKHUH

( HOHFWULFDO�SRZHU�SURGXFWLRQ�LQ�WKH�SRZHU�SODQW��N:ÃK��

7ZR�SDUDPHWHU�JURXSV��IRUPXOD������GHWHUPLQH�WKH�VSHFLILF�HPLVVLRQ�RI�&2��LQ�WKH
SRZHU�SODQW��7KH�ILUVW�JURXS�GHVFULEHV�WKH�FRQYHUVLRQ�HIILFLHQF\�RI�IXHO�HQHUJ\�LQWR
HOHFWULFDO�SRZHU�DQG�LV�H[SUHVVHG�DV�E�LQ�IRUPXOD������3DUDPHWHUV�RI�WKLV�JURXS�DUH
GHWHUPLQHG�ILUVW�E\�WKH�HQHUJ\�FRQYHUVLRQ�SURFHVVHV�DQG�H[SUHVVHG�DV�WKH�SRZHU�SODQW
HIILFLHQF\��7KH�VSHFLILF�FRQVXPSWLRQ�RI�IXHO�DQG�KHDW�GHSHQGLQJ�RQ�WKH�SRZHU�SODQW
HIILFLHQF\�LV�H[SUHVVHG�DV�
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ZKHUH

Q
l
r

ORZHU�KHDWLQJ�YDOXH�RI�IXHO�DV�UHFHLYHG��N:ÃK�NJ�RU�0-�NJ�

η SRZHU�SODQW�QHW�HIILFLHQF\�

7KH�SRZHU�SODQW�QHW�HIILFLHQF\�η �LV�GHILQHG�DV�WKH�UDWLR�RI�WKH�SURGXFHG�HOHFWULFDO
SRZHU�WR�WKH�SRWHQWLDO�HQHUJ\�IUHHG�LQ�WKH�IXHO�FRPEXVWLRQ�SURFHVV��7KH�DFWXDO�HQHUJ\
IUHHG�DW�IXHO�FRPEXVWLRQ�PD\�WR�D�FHUWDLQ�H[WHQW�GLIIHU�IURP�WKH�IXHO�SRWHQWLDO�HQHUJ\
GXH�WR�WKH�ORVVHV�DW�EXUQLQJ�

7KH�PDLQ�FRPSRQHQW�LQ�WKH�SRZHU�SODQW�QHW�HIILFLHQF\�LV�WKH�IHDVLELOLW\�RI�HQHUJ\
FRQYHUVLRQ�LQ�WKH�SRZHU�JHQHUDWLQJ�F\FOH��7KLV�LV�H[SUHVVHG�RQ�WKH�EDVLV�RI�WKH�VHFRQG
ODZ�RI�WKHUPRG\QDPLFV�E\�HQHUJ\�FRQYHUVLRQ�HIILFLHQF\�LQ�SRZHU�JHQHUDWLQJ�F\FOH
�WKHUPDO�HIILFLHQF\�RI�F\FOH���7KH�WKHUPDO�HIILFLHQF\�RI�F\FOH�GHSHQGV�RQ�WKH�W\SH�RI
HQHUJ\�FRQYHUVLRQ�F\FOH��IRU�LQVWDQFH��5DQNLQH·V��%UD\WRQ·V�F\FOHV��HWF���DQG�RQ�WKH
SDUDPHWHUV�RI�WKH�ZRUNLQJ�IOXLG��7KH�QHW�HIILFLHQF\�RI�WKH�SRZHU�SODQW�GHSHQGV�DOVR�RQ
WKH�HIILFLHQF\�RI�WKH�ERLOHU�DQG�KHDW�H[FKDQJHUV�DQG�WKH�DX[LOLDU\�QHHGV�

7KH�SURSHUWLHV�RI�WKH�IXHO�XVHG�LQ�WKH�SRZHU�SODQW�IRUP�WKH�VHFRQG�JURXS�RI�SDUDPHWHUV
LQIOXHQFLQJ�WKH�FDUERQ�R[LGH�HPLVVLRQ��$PRQJ�WKHVH�SURSHUWLHV�WKH�FDUERQ�FRQWHQW�DQG
WKH�H[WHQW�WR�ZKLFK�LW�LV�FRQYHUWHG�WR�FDUERQ�GLR[LGH�LQ�WKH�EXUQLQJ�SURFHVV�DUH�WKH
PRVW�LPSRUWDQW��7KHVH�DUH�GHVLJQDWHG�E\�

2COV LQ�IRUPXOD�����

7KH�FDUERQ�LQ�WKH�IXHO�FRQVLVWV�RI�WZR�SDUWV�³RUJDQLF�FDUERQ�DQG�PLQHUDO�FDUERQ³�
7KH�RUJDQLF�FDUERQ�LV�ERXQG�LQ�WKH�RUJDQLF�SDUW��ZLWK�RUJDQLF�PDWWHU�PROHFXOH��RI�IXHO
DQG�LW�JRHV�PRVWO\�LQWR�FRPEXVWLRQ�SURGXFWV�DV�&2��JHQHUDWHG�LQ�WKH�H[RWKHUPLF
UHDFWLRQ�ZLWK�R[\JHQ��3DUW�RI�WKH�RUJDQLF�FDUERQ�GRHV�QRW�EXUQ�FRPSOHWHO\��YHU\�ORZ
TXDQWLWLHV�ZLWK�PRGHUQ�FRPEXVWLRQ�WHFKQRORJLHV��RU�R[LGLVHV�WR�FDUERQ�PRQR[LGH�
&RQVHTXHQWO\�WKH�FDUERQ�GLR[LGH�FRQFHQWUDWLRQ�LQ�IOXH�JDV�LV�WR�VRPH�H[WHQW�ORZHU
DFFRUGLQJ�WR�WKH�IROORZLQJ�VWRLFKLRPHWULF�HTXDWLRQ�

&���2��⇒&2�

7KH�HIILFLHQF\�RI�FDUERQ�FRPEXVWLRQ�GHSHQGV�PDLQO\�RQ�WKH�IROORZLQJ�WKUHH�IDFWRUV�
IXHO�SURSHUWLHV��IXHO�EXUQLQJ�WHFKQRORJ\�DQG�FRPEXVWLRQ�UHJLPH�

7KH�PLQHUDO�FDUERQ�LV�ERXQG�ZLWK�WKH�LQRUJDQLF�PDWWHU�RI�WKH�IXHO�DQG�RFFXUV�DV�D�UXOH
DV�&2��LQ�WKH�PLQHUDOV�RI�FDUERQDWHV��7KH�(VWRQLDQ�RLO�VKDOH�EHORQJV�DOVR�WR�WKLV
FDWHJRU\�RI�IXHOV��'XULQJ�WKH�FRPEXVWLRQ�SURFHVV�RI�IXHOV�RI�WKLV�W\SH�WKH�&2��IRUPHG
FRQVLVWV�RI�WZR�SDUWV��FDUERQ�GLR[LGH�JHQHUDWHG�IURP�RUJDQLF�FDUERQ�LQ�WKH�R[LGLVLQJ
SURFHVV��RUJDQLF�&2���DQG�FDUERQ�GLR[LGH�WKDW�LV�IRUPHG�DW�WKH�GHFRPSRVLWLRQ
SURFHVVHV�RI�PLQHUDOV�RI�FDUERQDWHV��PLQHUDO�&2����,W�LV�FKDUDFWHULVWLF�RI�IXHOV�FRQWDLQLQJ
FDUERQDWHV�WKDW�WKH�DPRXQW�RI�RUJDQLF�FDUERQ�LV�SUHVHQWHG�DV�SXUH�FDUERQ�EXW�WKH
PLQHUDO�FDUERQ�TXDQWLW\�LV�H[SUHVVHG�DV�WKH�DPRXQW�RI�FDUERQ�GLR[LGH�²��&2��N�

7KH�TXDQWLW\�RI�RUJDQLF�DQG�PLQHUDO�&2��LQ�WKH�IOXH�JDV�GHSHQGV�RQ�WKH�UDWLR�RI�RUJDQLF
DQG�PLQHUDO�FDUERQ�LQ�WKH�IXHO��7KH�FDUERQ�GLR[LGH�FRQFHQWUDWLRQ�LQ�FRPEXVWLRQ
SURGXFWV�IRUPHG�IURP�WKH�RUJDQLF�FDUERQ�RI�WKH�IXHO�LV�YHU\�VOLJKWO\�DIIHFWHG�E\�WKH�IXHO
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EXUQLQJ�WHFKQRORJ\��2Q�WKH�FRQWUDU\��WKH�IXHO�EXUQLQJ�WHFKQRORJ\�KDV�D�UHPDUNDEOH
LQIOXHQFH�RQ�WKH�&2��DPRXQW�HPLWWHG�IURP�WKH�PLQHUDO�SDUW�RI�WKH�IXHO�

7KH�HPLVVLRQ�RI�PLQHUDO�FDUERQ�GLR[LGH�GHSHQGV�JUHDWO\�RQ�WKH�EHKDYLRXU�RI
FDUERQDWHV�LQ�WKH�FRPEXVWLRQ�SURFHVV�RI�WKH�IXHO��7KH�DPRXQW�RI�&2��IUHHG�IURP
FDUERQDWHV�GHSHQGV�RQ�WKH�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�DQG�DOVR�RQ�LWV�GLUHFW
UHDFWLRQV�ZLWK�JDVHRXV�FRPSRQHQWV�LQ�IOXH�JDV�RU�ZLWK�RWKHU�PLQHUDOV��IRU�LQVWDQFH�
VDQG\�FOD\�PLQHUDOV���7KH�UHDFWLRQ�W\SH�GHSHQGV�RQ�WKH�SDUWLDO�SUHVVXUH�RI�FDUERQ
GLR[LGH�LQ�IOXH�JDV��7KLV��LQ�WXUQ��LV�GHWHUPLQHG�E\�WKH�HTXLOLEULXP�SUHVVXUH�RI�&2��DW
WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV��7KH�HTXLOLEULXP�SUHVVXUH�RI�&2���LQFUHDVHV�ZLWK
LQFUHDVLQJ�WHPSHUDWXUH��7KH�FDUERQ�GLR[LGH�SUHVVXUH�LQ�IOXH�JDV�GHSHQGV�RQ�WKH
DPRXQW�RI�&2��DULVLQJ�LQ�IXHO�FRPEXVWLRQ��WKH�IXHO�R[\JHQ�UDWLR�DQG�WKH�WRWDO
HQYLURQPHQWDO�SUHVVXUH�

� &KDUDFWHULVDWLRQ�RI�WKH�(VWRQLDQ�RLO�VKDOH

7KH�(VWRQLDQ�RLO�VKDOH��NXNHUVLWH��EHORQJV�WR�WKH�FODVV�RI�FDUERQDWH�IXHOV��,W�RFFXUV�DV�D
VDSURSHOLWH�GHSRVLW�FKDUDFWHULVHG�E\�D�ORZ�FDUERQ�K\GURJHQ�UDWLR�LQ�LWV�RUJDQLF�PDWWHU�

7KH�(VWRQLDQ�RLO�VKDOH�LV�D�VROLG�IXHO�ZLWK�D�YHU\�KLJK�FRQWHQW�RI�PLQHUDO�PDWWHU��������
LQ�GU\�PDVV���PRGHUDWH�PRLVWXUH�FRQWHQW���²�����DQG�ORZ�KHDWLQJ�YDOXH��LWV�ORZHU
KHDWLQJ�YDOXH��/+9��DV�UHFHLYHG�EDVLV�LV��²���0-�NJ��$SSUR[LPDWHO\�KDOI�RI�WKH
PLQHUDO�PDWWHU�RI�RLO�VKDOH�LV�LQ�WKH�FDUERQDWH�IRUP�

7KH�(VWRQLDQ�RLO�VKDOH�GHSRVLWV�OLH�LQ�WKH�HDUWK·V�VXUIDFH�LQ�OD\HUV��,Q�RLO�VKDOH�OD\HUV�WKH
RUJDQLF�PDWWHU�LV�FORVHO\�LQWHUODFHG�ZLWK�VDQG\�FOD\�PLQHUDOV��VDQG\�FOD\�PDWWHU���2LO
VKDOH�OD\HUV�DUH�VHSDUDWHG�PRVWO\�E\�VHDPV�FRQWDLQLQJ�OLPHVWRQH��FDOFLWH���,Q�WKH�XSSHU
OD\HUV�RI�RLO�VKDOH�DOVR�VHSDUDWH�OLPHVWRQH�IRUPDWLRQV�FDQ�EH�IRXQG��2LO�VKDOH�DQG
OLPHVWRQH�OD\HUV�DUH�VKRZQ�LQ�)LJXUH�����2LO�VKDOH�OD\HUV�DUH�PDUNHG�LQ�FDSLWDO�OHWWHUV
VWDUWLQJ�IURP�WKH�ORZHVW�OD\HU�

7KH�PD[LPXP�QXPEHU�RI�RLO�VKDOH�OD\HUV�LV�HLJKW��7RZDUGV�WKH�VRXWK�WKH�QXPEHU�RI�RLO
VKDOH�OD\HUV�GHFUHDVHV��7KH�PD[LPXP�WRWDO�WKLFNQHVV�RI�WKH�RLO�VKDOH�GHSRVLW�LV
DSSUR[LPDWHO\���P��IURP�ZKLFK�WKH�WRWDO�WKLFNQHVV�RI�WKH�RLO�VKDOH�OD\HUV�LV�DERXW����²
����P�

6ROLG�IXHO�PDVV�DV�UHFHLYHG�EDVLV�FRQVLVWV�RI�WKH�IROORZLQJ�WKUHH�FRQVWLWXHQWV��LQ
PDVV�����PRLVWXUH��W r ���RUJDQLF�SDUW�� Rr ��DQG�PLQHUDO�SDUW�� M

r ���2EYLRXVO\�

R M Wr r r+ + =100 % ���

$V�PHQWLRQHG�DERYH��WKH�LQRUJDQLF�PDWWHU�RI�WKH�(VWRQLDQ�RLO�VKDOH�FRQVLVWV�RI�WZR
FRPSRQHQWV��VDQG\�FOD\�PDWWHU���7��DQG�FDUERQDWH�PDWWHU���.��7KXV��RLO�VKDOH�DV
UHFHLYHG�EDVLV�PD\�EH�REVHUYHG�DV�D�PL[WXUH�FRQVLVWLQJ�RI�IRXU�GLIIHUHQW�FRPSRQHQWV
DQG�H[SUHVVHG�DV�WKH�VXP�

R T K Wr r r r+ + + =100 % ���

7DEOH����JLYHV�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�RUJDQLF�DQG�LQRUJDQLF�PDWWHU��VDQG\�FOD\
DQG�FDUERQDWH�SDUWV��DQG�7DEOH����WKH�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�WKH�FDUERQDWH�DQG
VDQG\�FOD\�PDWWHU�RI�RLO�VKDOH�
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)LJXUH����7KH�(VWRQLDQ�RLO�VKDOH�GHSRVLW

0.44

0.18 m

0.36

0.22

0.13
0.36

0.12

0.24

0.91

1.23

0.25 m

0.16

0.25

H

0.25

A

B

C

D

E

F

G

Organic + Sandy-Clay Matter

Carbonate Matter

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�WKH�(VWRQLDQ�RLO�VKDOH�FRPSRQHQWV

Organic matter Sandy-clay matter Carbonate matter
Component Amount, % Component Amount,

%
Component Amount,

%
C
H
S
N
Cl
O

77.45
9.70
1.76
0.33
0.75

10.01

SiO2

CaO
Al2O3

Fe2O3

TiO2

MgO
Na2O
K2O
FeS2

SO3

59.2
0.7

16.3
2.8
0.7
0.4
0.8
6.3

12.3
0.5

CaO
MgO
FeO
CO2

53.5
2.0
0.2

44.3

Total 100.00 Total 100.0 Total 100.0

7KH�FRQWHQW�RI�FDUERQ�LQ�WKH�RUJDQLF�SDUW�RI�RLO�VKDOH�LV�ORZ����������DQG�WKH�R[\JHQ
DQG�FDUERQ�PDVV�UDWLR�LV�������7KH�PRVW�FKDUDFWHULVWLF�IHDWXUHV�RI�WKH�(VWRQLDQ�RLO�VKDOH
DUH�D�KLJK�FRQWHQW�RI�K\GURJHQ���������DQG�R[\JHQ�DQG�D�ORZ�FRQWHQW�RI�QLWURJHQ
�������LQ�WKH�RUJDQLF�SDUW��7KH�&�+�PDVV�UDWLR�LV�DSSUR[LPDWHO\���DQG�LW�LV�FORVH�WR
OLTXLG�IXHOV��'XH�WR�WKH�KLJK�&�+�PDVV�UDWLR�WKH�\LHOG�RI�YRODWLOH�PDWWHU�IURP�WKH
RUJDQLF�SDUW�LV�YHU\�KLJK�EHLQJ�LQ�WKH�UDQJH���²�����6XOSKXU�FRQWHQW�LQ�WKH�RUJDQLF
SDUW��RUJDQLF�VXOSKXU��RI�RLO�VKDOH�LV�DSSUR[LPDWHO\�������&KORULQH�FRPELQHG�ZLWK
RUJDQLF�PDWWHU���������LV�RQH�RI�WKH�SHFXOLDULWLHV�RI�WKH�(VWRQLDQ�RLO�VKDOH�

7KH�++9��KLJKHU�KHDWLQJ�YDOXH��RI�RLO�VKDOH�RUJDQLF�PDWWHU�LV������0-�NJ�DQG�LWV�/+9
LV������0-�NJ�
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7DEOH����0LQHUDORJLFDO�FRPSRVLWLRQ�RI�FDUERQDWH�DQG�VDQG\�FOD\�SDUWV�RI�WKH�(VWRQLDQ�RLO�VKDOH

Groups of
minerals

Minerals Formula Amount,
%

Carbonates Calcite
Dolomite
Siderite

CaCO3

CaMg(CO3)2

FeCO3

90.5
9.2
0.3

Total:100.0

Sandy-clay

Quartz
Rutile

Orthoclase
Albite

Anortite
Hydromuscovite

Amphibole
Marcasite
Limonite
Gypsum

SiO2

TiO2

K2O·Al2O3·6SiO2

Na2O·Al2O3·6SiO2

CaO·Al2O3·2SiO2

[K1-x(H2O)x·Al3Si3O10(OH)2]2
[NaCa2Mg4(Fe, Al)Si8O22(OH)2]2

FeS2

Fe2O3·H2O
CaSO4·2H2O

23.2
0.7

28.1
5.8
1.4

23.0
2.0

12.0
2.8
1.0

Total:100.0

7KH�PDLQ�FRPSRQHQW�RI�WKH�FDUERQDWH�SDUW�LV�FDOFLXP�R[LGH��7KH�DYHUDJH�&D2�0J2
PDVV�UDWLR�LV�����,Q�VRPH�OD\HUV�QHDU�WKH�JURXQG�LW�PD\�EH�ORZHU�

7KH�DYHUDJH�VWDWLVWLFDO�UDWLR�RI�WKH�PDVV�RI�R[LGHV�WR�WKH�DPRXQW�RI�WKH�&2��LQ�WKH
FDUERQDWH�SDUW�RI�RLO�VKDOH�LV�02N�&2�� �������

4XDUW]��DOXPLQLXP�R[LGH��PDUFDVLWH�DQG�SRWDVVLXP�R[LGHV�DUH�WKH�HVVHQWLDO
FRPSRQHQWV�RI�WKH�VDQG\�FOD\�PDWWHU��7KH�TXDQWLW\�RI�.�2�LV�DERXW����WLPHV�DV�ELJ�DV
WKH�DPRXQW�RI�1D�2�

7KH�LQRUJDQLF�PDWWHU�RI�WKH�(VWRQLDQ�RLO�VKDOH�GRHV�QRW�FRQWDLQ�FKORULQH��EXW�FKORULQH�LV
D�FRQVWLWXHQW�RI�WKH�RUJDQLF�PDWWHU�

&DOFLWH�LV�WKH�PDLQ�PLQHUDO�LQ�WKH�FDUERQDWH�FRQVWLWXHQW�RI�RLO�VKDOH��7KH�FRQVWLWXHQWV�RI
WKH�VDQG\�FOD\�SDUW�DUH�TXDUW]��IHOGVSDUV��PDLQO\�DV�RUWKRFODVH��DQG�K\GURPLFDV
�PDLQO\�DV�K\GURPXVFRYLWH��

7KH�WRWDO�VXOSKXU�FRQWHQW�LQ�GU\�PDVV�RI�WKH�(VWRQLDQ�RLO�VKDOH�LV�LQ�WKH�UDQJH����²�����
7KH�&D�6�PRODU�UDWLR�LV�LQ�WKH�UDQJH��²���

3\ULWH�VXOSKXU�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LV�SUHVHQWHG�DV�PDUFDVLWH�FU\VWDOV��7KH�DPRXQW
RI�VXOSKDWH�VXOSKXU�GRHV�QRW�H[FHHG�����IURP�WKH�WRWDO�VXOSKXU�

7KH�RLO�VKDOH�XWLOLVHG�DW�SRZHU�SODQWV�KDV�WKH�IROORZLQJ�SUR[LPDWH�FRPSRVLWLRQ�DV
UHFHLYHG�EDVLV��PRLVWXUH�²���²�����DVK�²���²�����FDUERQDWH�FDUERQ�GLR[LGH�²��������
/+9�²��²����0-�NJ��7KH�DSSUR[LPDWH�UDWLR�EHWZHHQ�RUJDQLF��VDQG\�FOD\�DQG�FDUERQDWH
SDUWV�LQ�GU\�PDVV�RI�RLO�VKDOH�LV��������DQG�����

7KH�PLQHUDO�PDWWHU�LQKHUHQW�H[WUDQHRXV�DVK�PDVV�UDWLR�LQ�WKH�RLO�VKDOH�DQG�DOVR�LWV
FKHPLFDO�DQG�PLQHUDORJLFDO�FRPSRVLWLRQ�GHWHUPLQH�WKH�GHSHQGHQFH�RI�&D2�DQG�6L2��LQ
DVK�RQ�WKH�DVK�TXDQWLW\�LQ�WKH�IXHO��7KLV�LV�LOOXVWUDWHG�E\�)LJXUH�����ZKLFK�VKRZV�WKH
GHSHQGHQFH�RI�&D2�DQG�6L2��PDVV�SHUFHQWDJH�LQ�ODERUDWRU\�DVK�RI�WKH�(VWRQLDQ�RLO
VKDOH�RQ�WKH�DVK�TXDQWLW\�LQ�GU\�PDVV��,I�WKH�DPRXQW�RI�DVK�ULVHV��6L2��SHUFHQWDJH�LQ�DVK
ZLOO�GHFUHDVH��ZKLOH�&D2�TXDQWLW\�ZLOO�LQFUHDVH��7KH�RULJLQ�RI�RLO�VKDOH�FDXVHV�WKLV�NLQG
RI�6L2��DQG�&D2�GHSHQGHQFH�LQ�DVK�RQ�DVK�SHUFHQWDJH�EHFDXVH�FDOFLXP�R[LGH�LQ�IXHO�LV
ERXQG�ZLWK�H[WUDQHRXV�PLQHUDO�PDWWHU��%HFDXVH�FDOFLXP�R[LGH�LQ�IXHO�LV�ERXQG�ZLWK
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H[WUDQHRXV�PLQHUDO�PDWWHU��DV�LQ�RLO�VKDOH��WKH�&D2�FRQWHQW�LQ�WKH�SDUWLFOHV�ZLOO�LQFUHDVH
DQG�WKH�DPRXQW�RI�TXDUW]�ZLOO�GHFUHDVH�ZLWK�LQFUHDVLQJ�SDUWLFOH�VL]HV�

)LJXUH����'HSHQGHQFH�RI�&D2�DQG�6L2���FRQWHQW�LQ�ODERUDWRU\�DVK
RQ�WKH�DVK�FRQWHQW�LQ�WKH�(VWRQLDQ�RLO�VKDOH�GU\�PDVV
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2 � PLQHUDO�FDUERQ�GLR[LGH�FRQWHQW�LQ�IXHO�DV�UHFHLYHG�EDVLV����

7KH�IROORZLQJ�PHWKRG�IRU�WKH�FDOFXODWLRQ�RI�&2��FRQFHQWUDWLRQ�LQ�FRPEXVWLRQ�SURGXFWV
LV�EDVHG�RQ�SUR[LPDWH�DQDO\VLV�RI�RLO�VKDOH��7KH�SUR[LPDWH�DQDO\VLV�LQYROYHV�WKH
IROORZLQJ�WKUHH�FRPSRQHQWV��PRLVWXUH��:���ODERUDWRU\�DVK��$��DQG�PLQHUDO�FDUERQ
GLR[LGH�� ( )CO
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3URFHHGLQJ�IURP�WKH�SUR[LPDWH�DQDO\VLV�RI�RLO�VKDOH�DV�UHFHLYHG�EDVLV�LWV�FRPEXVWLEOH
SDUW�LV�H[SUHVVHG�E\�WKH�IROORZLQJ�IRUPXOD�
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)RUPXOD�����VKRXOG�EH�FRUUHFWHG�LI�WKH�VXP� A COr
k
r+ ( )

2
�LV�HTXLYDOHQW�WR�WKH�PLQHUDO

PDWWHU�FRQWHQW�LQ�WKH�RLO�VKDOH��,Q�UHDOLW\�EHVLGHV�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�DOVR
DVVRFLDWLRQ�DQG�GHFRPSRVLWLRQ�UHDFWLRQV�EHWZHHQ�FRPSRQHQWV�RI�WKH�VDQG\�FOD\�DQG
FDUERQDWH�SDUWV�RFFXU�LQ�WKH�DVK�IRUPDWLRQ�SURFHVVHV�DW�DWPRVSKHULF�SUHVVXUH��$OVR
FKHPLFDO�UHDFWLRQV�EHWZHHQ�WKH�RUJDQLF�DQG�WKH�LQRUJDQLF�SDUW�RI�RLO�VKDOH�DUH�SRVVLEOH�
7KLV�LV�WKH�UHDVRQ�ZK\�WKH�VXP�RI�WKH�TXDQWLW\�RI�ODERUDWRU\�DVK�DQG�WKH�DPRXQW�RI
PLQHUDO�&2��GRHV�QRW�FRUUHVSRQG�WR�WKH�TXDQWLW\�RI�PLQHUDO�PDWWHU�LQ�WKH�RLO�VKDOH
VDPSOH��6R�WKH�GLUHFW�XVH�RI�HTXDWLRQ�����IRU�WKH�FDOFXODWLRQ�RI�WKH�FRPEXVWLEOH�SDUW�RI
WKH�RLO�VKDOH�LQ�QRW�FRUUHFW��7KH�FRPEXVWLEOH�SDUW�RI�WKH�RLO�VKDOH�FDOFXODWHG�XVLQJ
IRUPXOD�����LV�WKH�DSSDUHQW�FRPEXVWLEOH�SDUW�RI�WKH�IXHO�

7KH�PDLQ�FKHPLFDO�UHDFWLRQV�WKDW�WDNH�SODFH�LQ�ODERUDWRU\�DVK�IRUPDWLRQ�SURFHVVHV�DW
DWPRVSKHULF�SUHVVXUH�DQG�FDXVH�WKH�PDVV�FKDQJH�LQ�WKH�LQRUJDQLF�SDUW�RI�WKH�RLO�VKDOH
DUH�WKH�IROORZLQJ�

7KHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV��IRU�LQVWDQFH��GLVVRFLDWLRQ�RI�FDOFLWH��

&D&2��⇒&D2���&2� ���

2[LGHV�RULJLQDWLQJ�IURP�WKH�GLVVRFLDWLRQ�UHDFW�ZLWK�VXOSKXU�GLR[LGH�DQG�R[\JHQ
IRUPLQJ�FDOFLXP�VXOSKDWH�E\�WKH�UHDFWLRQ�

&D2���62����ï�2��⇒&D62� ���

3\ULWH��PDUFDVLWH��VXOSKXU�UHDFWV�ZLWK�R[\JHQ�E\�WKH�UHDFWLRQ�

�)H6������2��⇒ �)H�2�����62� ����

%HVLGHV�S\ULWH�DOVR�RUJDQLF�VXOSKXU�LV�D�VRXUFH�RI�VXOSKXU�GLR[LGH�

,Q�DGGLWLRQ�WR�WKH�DERYH�PHQWLRQHG�UHDFWLRQ�DOVR�YRODWLOLVDWLRQ�RI�VRPH�FRPSRQHQWV
IURP�WKH�PLQHUDO�PDWWHU��VHSDUDWLRQ�RI�FU\VWDOOLQH�ZDWHU�HWF��PD\�WDNH�SODFH�

3URFHHGLQJ�IURP�WKH�FKHPLFDO�UHDFWLRQV�WDNLQJ�SODFH�DW�DVK�IRUPDWLRQ�DQG�WKH�H[WHQW�RI
WKRVH�SURFHVVHV�LW�LV�SRVVLEOH�WR�FRPSLOH�WKH�PDVV�EDODQFH�RI�WKH�LQFLQHUDWLRQ�SURFHVV
DQG�WR�FDOFXODWH�WKH�DVK�PDVV�FRUUHODWLQJ�WR�WKH�SULPDU\�LQRUJDQLF�PDWWHU�PDVV�LQ�WKH
IXHO��ZLWK�D�FHUWDLQ�GHJUHH�RI�DFFXUDF\���7KH�DPRXQW�RI�DVK�FDOFXODWHG�LQ�WKLV�ZD\�LV�WKH
FRUUHFWHG�DVK�RI�IXHO�

8VLQJ�WKH�FRUUHFWHG�DVK�DQG�FRUUHODWHG�FRPEXVWLEOH�PDWWHU�FRQFHSWLRQ�WKH�FRPSRVLWLRQ
RI�RLO�VKDOH�PDWWHU�DV�UHFHLYHG�EDVLV�LV�H[SUHVVHG�DV�
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7KH�GLIIHUHQFH�EHWZHHQ�WKH�ODERUDWRU\�DVK�FRQWHQW�DQG�WKH�TXDQWLW\�RI�FRUUHFWHG�DVK
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� 'HWHUPLQDWLRQ�RI�FDUERQ�GLR[LGH�SUHVVXUH�LQ�RLO�VKDOH
FRPEXVWLRQ�SURGXFWV
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� &DOFLXP�R[LGH�EHKDYLRXU�LQ�RLO�VKDOH�FRPEXVWLRQ

��� *HQHUDO

&DOFLXP�R[LGH�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�PLQHUDO�FRPSRQHQWV�RI�RLO�VKDOH�DQG�LWV
EHKDYLRXU�LQ�WKH�FRPEXVWLRQ�SURFHVV�LV�RI�JUHDW�LPSRUWDQFH�LQ�FDUERQ�GLR[LGH�HPLVVLRQ�
7KH�EHKDYLRXU�RI�WKH�PLQHUDOV�RI�FDUERQDWHV�GHSHQGV�RQ�WHPSHUDWXUH�DQG�FDUERQ
GLR[LGH�SUHVVXUH�LQ�WKH�FRPEXVWLRQ�SURGXFWV�

7KH�FDUERQ�GLR[LGH�HTXLOLEULXP�SUHVVXUH��GHSHQGLQJ�RQ�WHPSHUDWXUH��LV�H[SUHVVHG�E\
WKH�UHDFWLRQ�FDFDR� ⇔&D2���&2��DQG�LV�LOOXVWUDWHG�LQ�)LJXUH����

7KH�7KHUPDO�(QJLQHHULQJ�'HSDUWPHQW�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\�KDV�ODERUDWRU\
HTXLSPHQW�IRU�LQYHVWLJDWLQJ�SURFHVVHV�LQ�WKH�PLQHUDO�PDWWHU�RI�IXHOV�GHSHQGLQJ�RQ
WHPSHUDWXUH��SUHVVXUH��FRPSRVLWLRQ�RI�DPELHQW�HQYLURQPHQW�DQG�JDV�YHORFLW\��7KH
HTXLSPHQW�LV�HQYLVDJHG�IRU�RSHUDWLRQ�SUHVVXUHV�XS�WR�����03D�DQG�WHPSHUDWXUH�XS�WR
����&��7KH�JDVHRXV�HQYLURQPHQW�FRQWDLQV�1���2���&2��DQG�62��

)LJXUH����&D&2��GLVVRFLDWLRQ�HTXLOLEULXP�GLDJUDP
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7KLV�H[SHULPHQWDO�HTXLSPHQW�ZDV�XVHG�IRU�WKH�LQYHVWLJDWLRQ�RI�WKHUPDO�GHFRPSRVLWLRQ
RI�OLPHVWRQH��7KH�JRDO�RI�WKH�H[SHULPHQWV�ZLWK�OLPHVWRQH�ZDV�WR�FRQILUP�WKH�LQIOXHQFH
RI�FDUERQ�GLR[LGH�SUHVVXUH�RQ�WKH�FKDUDFWHULVWLFV�RI�FDOFLXP�FDUERQDWH�GHFRPSRVLWLRQ�
7KH�WHVWHG�OLPHVWRQH�FRQWDLQHG�����PDVV���RI�&D&2���,WV�FKHPLFDO�FRPSRVLWLRQ�ZDV�WKH
IROORZLQJ�&D2��²��������0J2�²�������62��²�������5�2��²�������KHDWLQJ�ORVVHV�DW������&
²��������7KH�UHVHDUFK�ZDV�FDUULHG�RXW�DW�DWPRVSKHULF�DV�ZHOO�DV�DW�SUHVVXULVHG
FRQGLWLRQV�DW�����&�LQ�WKH�IROORZLQJ�JDVHRXV�DWPRVSKHUH��YRO������������1���������&2�

DQG������2��
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWV�LQ�DWPRVSKHULF�DQG�SUHVVXULVHG�FRQGLWLRQV�ZLWK
OLPHVWRQH�GHFRPSRVLWLRQ�UDWH�FKDQJLQJ�LQ�WLPH�DUH�JLYHQ�LQ�)LJXUH�����7KH
GHFRPSRVLWLRQ�UDWH�RI�OLPHVWRQH�ZDV�FDOFXODWHG�RQ�WKH�EDVLV�RI�OLPHVWRQH�PDVV�GHFUHDVH
DW�KHDWLQJ�E\�WKH�IROORZLQJ�IRUPXOD�
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&2�N· PLQHUDO�&2��FRQWHQW�LQ�LQLWLDO�PDWHULDO����

$µ� KHDWHG�UHVLGXH��DVK�FRQWHQW��RI�WKH�KHDWHG�VDPSOH��OLPHVWRQH�����

$· KHDWHG�UHVLGXH��DVK�FRQWHQW�����

7KH�H[SHULPHQWV�ZLWK�OLPHVWRQH�VKRZHG�WKDW�LQ�SUHVVXULVHG�FRQGLWLRQV��&2�

FRQFHQWUDWLRQ�LQ�JDV�PHGLXP�ZDV������YRO�����QR�FKDQJH�RI�PDVV�RFFXUUHG�DQG�WKH
GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�ZDV�������7KH�OLPHVWRQH�GHFRPSRVLWLRQ�UDWH�DERYH��
�DFWXDOO\�������VXJJHVWV�WKDW�OLPHVWRQH�FRQWDLQV�EHVLGHV�&D&2��DOVR�D�VPDOO�DPRXQW�RI
RWKHU�PLQHUDOV�

+RZHYHU��DW�DWPRVSKHULF�SUHVVXUH�DQG�WKH�VDPH�FDUERQDWH�GLR[LGH�YROXPH
FRQFHQWUDWLRQ�LQ�JDVHRXV�HQYLURQPHQW�D�UHPDUNDEOH�GHFUHDVH�RI�OLPHVWRQH�PDVV
GHSHQGLQJ�RQ�WLPH�ZDV�REVHUYHG�

&RQVHTXHQWO\�WKH�SUHVHQWHG�UHVXOWV�FRQILUP�D�ELJ�GLIIHUHQFH�LQ�WKH�EHKDYLRXU�RI
OLPHVWRQH��DQ�LPSRUWDQW�FRPSRQHQW�RI�RLO�VKDOH��LQ�SUHVVXULVHG�DQG�DWPRVSKHULF
FRPEXVWLRQ�

)LJXUH�����'HFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LQ�D�OLPHVWRQH�VDPSOH
DV�D�IXQFWLRQ�RI�WLPH�DW����R&
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��� &DOFLXP�FDUERQDWH�EHKDYLRXU�DW�FRPEXVWLRQ�LQ�DWPRVSKHULF�FRQGLWLRQV

:KHQ�WKH�(VWRQLDQ�RLO�VKDOH�LV�EXUQW�LQ�DWPRVSKHULF�FRQGLWLRQV�WKH�&2��SUHVVXUH�LQ�IOXH
JDV�LV�LQ�WKH�UDQJH�RI������²������03D�DQG�WKH�FRPEXVWLRQ�WHPSHUDWXUH�LQ�$)%&�LV����²
����&��,Q�3)�FRPEXVWRU�WKH�PD[LPXP�WHPSHUDWXUH�XVXDOO\�H[FHHGV������&��7KHVH
SRLQWV�LQ�)LJXUH����DUH�ORFDWHG�EHORZ�WKH�HTXLOLEULXP�FXUYH�DQG�WKHUPDO�GLVVRFLDWLRQ�RI
FDOFLWH�LV�WKHUPRG\QDPLFDOO\�SRVVLEOH�W�

7KH�H[SHULPHQWDO�UHVXOWV�RI�LQYHVWLJDWLRQ�RQ�RLO�VKDOH�FRPEXVWLRQ�LQ�DWPRVSKHULF
SUHVVXUH�VKRZ�WKDW�LQGHSHQGHQWO\�IURP�EXUQLQJ�WHFKQRORJ\��3)��$)%&��HWF���WKH
GLVVRFLDWLRQ�SURFHVV�RI�WKH�FDUERQDWHV�RFFXUV�LQ�YHU\�KLJK�UDWLR�

&DUERQ�GLR[LGH�VHSDUDWHG�IURP�FDUERQDWHV�JRHV�LQWR�WKH�IOXH�JDV��'LVVRFLDWLRQ�RI�FDOFLWH
�DOVR�GRORPLWH��LV�WKH�PDLQ�VRXUFH�RI�FDOFLXP�R[LGH�DW�ILULQJ�RLO�VKDOH�LQ�DWPRVSKHULF
FRPEXVWLRQ�FRQGLWLRQV��&DOFLXP�R[LGH�LV�RQH�RI�WKH�PRVW�DFWLYH�FRPSRQHQWV�RI�WKH�DVK
IRUPHG�IURP�WKH�RLO�VKDOH�FDUERQDWHV�

3DUW�RI�WKH�FDOFLXP�R[LGH�RULJLQDWLQJ��IURP�WKH�FDUERQDWH�VWD\V�LQ�IUHH�IRUP�DQG�WKH
UHPDLQLQJ�SDUW�UHDFWV�WR�VRPH�H[WHQW�ZLWK�VDQG\�FOD\�PLQHUDOV�DQG�WUDQVIRUPV�LQWR
FOLQNHU�PLQHUDOV��%L�FDOFLXP�VLOLFDWH��&D2�6L2���EHOLWH��LV�IRUPHG�LQ�UHDFWLRQ�ZLWK�TXDUW]
R[LGH��7KH�IRUPDWLRQ�RI�WUL�FDOFLXP�EL�VLOLFDWH��&D2��6L2��LV�DOVR�SRVVLEOH
VLPXOWDQHRXVO\�ZLWK�EHOLWH�IRUPDWLRQ��6RPH�SDUW�RI�FDOFLXP�R[LGH�ZLOO�UHDFW�ZLWK
DOXPLQLXP�DQG�LURQ�R[LGHV�

'LVVRFLDWLRQ�RI�FDOFLWH�DQG�GRORPLWH�LV�WKH�PDLQ�VRXUFH�RI�FDOFLXP�R[LGH�LQ�WKH�SURFHVV
RI�ILULQJ�RLO�VKDOH��3DUW�RI�WKH�FDOFLXP�R[LGH�RULJLQDWLQJ�IURP�FDUERQDWHV�WUDQVIRUPV�LQWR
FOLQNHU�PLQHUDOV��H�J���β ��&D2�6L2����&DOFLXP�R[LGH�EDODQFH�LQ�ILULQJ�IXHOV�OLNH�WKH
(VWRQLDQ�RLO�VKDOH�PD\�EH�GLYLGHG�LQWR�WKUHH�SDUWV�DV�IROORZV��2WV��������

�L� &D2�FRPELQHG�ZLWK�FDUERQDWHV��&D2F�

�LL� &D2�FRPELQHG�ZLWK�FOLQNHU�PLQHUDOV��&D2E��DQG

�LLL� &D2�LQ�IUHH�IRUP��&D2I��

0DUNLQJ�.F �&D2F�&D2��.E �&D2E�&D2��.I �&D2I�&D2��ZKHUH�WKH�WRWDO�FDOFLXP�R[LGH
SHUFHQWDJH�LQ�DVK�&D2 &D2F�&D2E�&D2I��2EYLRXVO\��.F�.E�.I O�

7KH�EDODQFH�RI�FDOFLXP�R[LGH�YHUVXV�WLPH�LQ�WKH�IODPH�RI�WKH�(VWRQLDQ�SXOYHULVHG�RLO
VKDOH�LV�VKRZQ�LQ�)LJXUH�����2QH�FDQ�VHH�WKDW�WKH�DPRXQW�RI�FRPELQHG�&D2�LQ
FDUERQDWHV�LV�UHGXFHG�FRQWLQXRXVO\��WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV�WDNHV�SODFH��
EXW�ELQGLQJ�ZLWK�FOLQNHU�PLQHUDOV�FRQWLQXHV�WR�LQFUHDVH��7KH�FRQWHQW�RI�IUHH�FDOFLXP
R[LGH�LQ�DVK�LQFUHDVHV�DW�ILUVW�DQG�WKHQ�GHFUHDVHV�VORZO\��7KH�UDWLR�RI�IUHH�&D2�WR�WKH
WRWDO�&D2�FRQWHQW�LQ�WKH�IO\�DVK�DIWHU�FRPEXVWLRQ�UHPDLQV�LQ�WKH�UDQJH���²����

62��FDSWXULQJ�ZLWK�DVK�LQ�DWPRVSKHULF�FRPEXVWLRQ�WDNHV�SODFH�YLD�&D2�DFFRUGLQJ�WR
UHDFWLRQV�����DQG�����

��� &DOFLXP�FDUERQDWH�EHKDYLRXU�DW�FRPEXVWLRQ�LQ�SUHVVXULVHG�FRQGLWLRQV

$W�RLO�VKDOH�FRPEXVWLRQ�LQ�SUHVVXULVHG�FRQGLWLRQV�WKH�WRWDO�SUHVVXUH�LQ�WKH�FRPEXVWRU�LV
���²����03D��,I�RLO�VKDOH�LV�EXUQW�LQ�3)%&��WKH�FRPEXVWLRQ�WHPSHUDWXUH�RI�WKH�IXHO�ZLOO
EH�LQ�WKH�VDPH�UDQJH�DV�DW�$)%&�����²����&���EXW�WKH�&2��SUHVVXUH�LQ�WKH�FRPEXVWLRQ
SURGXFWV��GHSHQGLQJ�RQ�WKH�WRWDO�SUHVVXUH��ZLOO�EH�LQ�WKH�UDQJH�����²�����03D��,W�PXVW
EH�PHQWLRQHG�WKDW�WKH�SDUWLDO�SUHVVXUH�RI�FDUERQ�GLR[LGH�LQ�WKH�FRPEXVWLRQ�SURGXFWV
GRHV�QRW�GHSHQG�RQO\�RQ�WKH�FRPSRVLWLRQ�RI�WKH�RUJDQLF�SDUW�RI�WKH�IXHO�DQG�LWV
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)LJXUH�����&DOFLXP�R[LGH�FRQYHUVLRQ�DORQJ�WKH�OHQJWK�RI�WKH�SXOYHULVHG�(VWRQLDQ
RLO�VKDOH�IODPH��0D[LPXP�WHPSHUDWXUH�LQ�WKH��IODPH�LV�����¥�����&

PRLVWXUH�FRQWHQW��EXW�DOVR�WR�VRPH�H[WHQW�RQ�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV
�FDUERQDWHV�EHKDYLRXU���$FFRUGLQJ�WR�)LJXUH����DQG�)LJXUH�����WKHUPDO�GLVVRFLDWLRQ�RI
FDOFLWH�LV�QRW�SRVVLEOH�E\�EXUQLQJ�RLO�VKDOH�LQ�3)%&�

([SHULPHQWDO�LQYHVWLJDWLRQV��.�ODRWV�HW�DO���������2WV�HW�DO���������KDYH�VKRZQ�WKDW
GHVSLWH�RI�WKH�LPSRVVLELOLW\�RI�FDOFLWH�GLVVRFLDWLRQ�LQ�JDV�DPELHQFH�LQ�ZKLFK�&2�

SUHVVXUH�LV�KLJKHU�WKDQ�WKH�HTXLOLEULXP�SUHVVXUH�IRU�WKHUPDO�GLVVRFLDWLRQ�RI�&D&2��
VRPH�GHFRPSRVLWLRQ�RI�FDUERQDWHV�RFFXUV�GXH�WR�UHDFWLRQV�EHWZHHQ�&D2�SUHVHQW�LQ
FDUERQDWHV��VXOSKXU�GLR[LGH�DQG�DVK�FRPSRQHQWV��&RQVHTXHQWO\��WKH�PHFKDQLVP�RI
FDUERQDWHV�GHFRPSRVLWLRQ�LQ�SUHVVXULVHG�FRPEXVWLRQ�LV�GLIIHUHQW�IURP�WKDW�DW�WKH
FRPEXVWLRQ�RI�WKH�IXHO�LQ�DWPRVSKHULF�FRQGLWLRQV�

([SHULPHQWV��.�ODRWV�HW�DO���������,LVD��������VKRZ�WKDW�LQ�FDVH�WKH�SDUWLDO�SUHVVXUH�RI
FDUERQ�GLR[LGH�LQ�FRPEXVWLRQ�SURGXFWV�H[FHHGV�WKH�HTXLOLEULXP�SUHVVXUH�RI�&2��
VXOSKXU�GLR[LGH�ZLOO�UHDFW�GLUHFWO\�ZLWK�FDOFLXP�FDUERQDWH�DV�LQGLFDWHG�E\�WKH
IROORZLQJ�JHQHUDO�UHDFWLRQV�

/LPHVWRQH

�&D&2���62��
�
2��⇒ ��&D62���&2��� ����

'RORPLWH

�&D0J�&2�������62����2��⇒ ��&D62�
�0J2����&2� ����
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([SHULPHQWDO�LQYHVWLJDWLRQV��.�ODRWV�HW�DO���������VKRZ�WKDW�LQ�3)%&�FRPEXVWLRQ
VLWXDWLRQV�IXOO�GHVXOSKXULVDWLRQ�RI�(VWRQLDQ�RLO�VKDOH�FRPEXVWLRQ�SURGXFWV�LV�SRVVLEOH�
7KH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�GXH�WR�WKH�VXOSKDWLRQ�RI�&D2�DFFRUGLQJ�WR
UHDFWLRQ������GHSHQGV�RQ�&D��LQ�FDUERQDWHV��6�PRODU�UDWLR��3URFHHGLQJ�IURP�WKH�FRQWHQW
RI�FRPEXVWLEOH�VXOSKXU�LQ�RLO�VKDOH�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�GXH�WR
UHDFWLRQ������LV�LQ�WKH�UDQJH�����²������2WV�HW�DO���������

7KH�DFWXDO�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LV�KLJKHU�WKDQ�WKH�&D&2��GHFRPSRVLWLRQ
UDWH�HVWDEOLVKHG�RQ�WKH�EDVLV�RI�VXOSKDWLRQ�UHDFWLRQ������SURFHHGLQJ�IURP�WKH�VXOSKXU
FRQWHQW�LQ�RLO�VKDOH��&RQVHTXHQWO\��GLUHFW�FKHPLFDO�UHDFWLRQV�EHWZHHQ�WKH�FDUERQDWHV
DQG�WKH�VDQG\�FOD\�PLQHUDOV�RI�RLO�VKDOH�PXVW�WDNH�SODFH��7KH�IROORZLQJ�UHDFWLRQV�DUH
SRVVLEOH�

�&D&2��6L2�→ �&D2�6L2���&2�� ����

&D&2��$O�2�→&D2�$O�2��&2�� ����

&D&2��)H�2�→&D2�)H�2��&2�� ����

&RQVLGHULQJ�WKH�H[SHULPHQWDOO\�HVWDEOLVKHG�GHFRPSRVLWLRQ�UDWHV�RI�FDUERQDWHV��LW�LV
REYLRXV�WKDW�UHDFWLRQV�����²�����SOD\�D�VLJQLILFDQW�UROH�LQ�FDUERQDWH�GHFRPSRVLWLRQ
SURFHVVHV�DW�WKH�EXUQLQJ�RI�RLO�VKDOH�LQ�3)%&�FRQGLWLRQV�

��� 2LO�VKDOH�KHDWLQJ�YDOXH�DW�FRPEXVWLRQ�LQ�SUHVVXULVHG�FRQGLWLRQV

7KH�VWDUWLQJ�SRLQW�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�KLJKHU�RU�ORZHU�KHDWLQJ�YDOXHV�RI�VROLG
IXHOV��++9�RU�/+9��LV�FDORULILF�YDOXH�HVWDEOLVKHG�H[SHULPHQWDOO\�LQ�ODERUDWRU\��,Q�PRVW
FDVHV�LW�LV�WKH�FDORULILF�YDOXH�LQ�WKH�FDORULPHWULF�ERPE��7KH�FDORULILF�YDOXH�RI�WKH�IXHO
HVWDEOLVKHG�LQ�WKH�FDORULPHWULF�ERPE�RU�E\�VRPH�RWKHU�H[SHULPHQWDO�PHWKRG�GRHV�QRW
FRUUHVSRQG�WR�KHDW�UHOHDVH�LQ�D�UHDO�FRPEXVWRU�EHFDXVH�WKH�IXHO�FRPEXVWLRQ�LQ�D
FDORULPHWULF�ERPE�GLIIHUV�IURP�FRPEXVWLRQ�LQ�UHDO�FRQGLWLRQV�

,Q�WKH�EXUQLQJ�SURFHVV�QRW�RQO\�WKH�R[LGLVLQJ�RI�RUJDQLF�FRPSRQHQWV�RI�WKH�IXHO�EXW
DOVR�FRQYHUVLRQ�SURFHVVHV�WDNH�SODFH�LQ�WKH�LQRUJDQLF�PDWWHU��7KH�FRQYHUVLRQ�SURFHVVHV
LQ�WKH�LQRUJDQLF�PDWWHU�RI�IXHO�DQG�LWV�KHDW�HIIHFWV�LQIOXHQFH�WKH�KHDWLQJ�YDOXH
UHPDUNDEO\��7KRVH�WKHUPDO�HIIHFWV�GHSHQG�ILUVW�RI�DOO�RQ�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
FRPSRVLWLRQ�RI�WKH�LQRUJDQLF�SDUW�RI�WKH�IXHO�DQG�VHFRQGO\�RQ�WKH�SDUDPHWHUV�RI�WKH
FRPEXVWLRQ�SURFHVV�VXFK�DV�WHPSHUDWXUH��FRPSRVLWLRQ�RI�DPELHQW�JDV�DQG�SUHVVXUH��,Q
WKH�EXUQLQJ�RI�IXHOV�ZLWK�D�KLJK�FRQWHQW�RI�FDUERQDWHV�WKH�SURFHVVHV�FRQQHFWHG�ZLWK
WKHLU�GHFRPSRVLWLRQ�DIIHFW�JUHDWO\�WKH�KHDWLQJ�YDOXH�

7KH�KHDWLQJ�YDOXH�RI�D�IXHO�LV�WKH�VXP�RI�WKH�KHDW�UHOHDVH�DW�WKH�EXUQLQJ�RI�LWV�RUJDQLF
SDUW�DQG�WKH�WKHUPDO�HIIHFWV�RI�PLQHUDOV�LQ�LQRUJDQLF�PDWWHU�DW�GHILQHG�FRQGLWLRQV
�FRPSURPLVH�FRQGLWLRQV��

7KH�SUREOHP�RI�WKH�KHDWLQJ�YDOXH�RI�IXHO�LV�YHU\�FRPSOLFDWHG��HVSHFLDOO\�IRU�RLO�VKDOH�
GXH�WR�WKH�LQWULFDWH�FRPSRVLWLRQ�RI�LQRUJDQLF�PDWWHU��7KH�SURFHVVHV�WDNLQJ�SODFH�LQ
LQRUJDQLF�PDWWHU�RI�RLO�VKDOH�KDYH�D�UHPDUNDEOH�LQIOXHQFH�RQ�WKH�DEVROXWH�KHDWLQJ�YDOXH
RI�WKH�IXHO�

+RZHYHU��D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�SUREOHP�RI�WKH�KHDWLQJ�YDOXH�RI�RLO�VKDOH�LV�QRW
WKH�DLP�RI�WKH�SUHVHQW�VWXG\��%HORZ�RQO\�WKH�PRVW�LPSRUWDQW�FRQFOXVLRQV�OLQNHG�ZLWK
WKH�GHFRPSRVLWLRQ�RI�FDUERQDWHV�LQ�RLO�VKDOH�FRPEXVWLRQ�DUH�SUHVHQWHG�
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$V�PHQWLRQHG�DERYH��QRW�RQO\�WKH�R[LGLVLQJ�UHDFWLRQV�RI�WKH�RUJDQLF�FRPSRQHQWV�RI�WKH
IXHO��FRPEXVWLRQ�SURFHVV��EXW�DOVR�WKH�KHDW�HIIHFWV�LQ�WKH�LQRUJDQLF�PDWWHU�DIIHFW�WKH
KHDWLQJ�YDOXH��7KH�PRVW�LPSRUWDQW�KHDW�HIIHFWV�WKDW�LQIOXHQFH�WKH�KHDWLQJ�YDOXH�RI�RLO
VKDOH�DUH�WKH�IROORZLQJ�

• 7KH�HQGRWKHUPLF�KHDW�HIIHFWV�IURP�WKH�GHFRPSRVLWLRQ�RI�FDUERQDWHV�
• 7KH�H[RWKHUPLF�KHDW�HIIHFWV�IURP�WKH�IRUPDWLRQ�RI�FDOFLXP�VXOSKDWH�
• 7KH�HQGRWKHUPLF�KHDW�HIIHFWV�IURP�WKH�IRUPDWLRQ�RI�GRXEOH�FDOFLXP�R[LGH

PLQHUDOV�

7DNLQJ�LQWR�DFFRXQW�WKHVH�DGGLWLRQDO�KHDW�HIIHFWV��WKH�KHDWLQJ�YDOXH�RI�RLO�VKDOH�LV
H[SUHVVHG�E\�WKH�IRUPXOD�
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LQ WKH�/+9�DV�UHFHLYHG�EDVLV�E\�WKH�IXOO�GHFRPSRVLWLRQ�RI�FDUERQDWHV��WDNLQJ

LQWR�DFFRXQW�IXOO�FRQYHUVLRQ�RI�WKH�FRPEXVWLEOH�VXOSKXU�WR�VXOSKDWHV�DQG
WKDW�WKH�UHVW�RI�FDOFLXP�R[LGH�RI�FDUERQDWHV�VWD\V�LQ�IUHH�IRUP�
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LQ∆ WKH�KHDW�HIIHFW�RI�LQFRPSOHWH�GHFRPSRVLWLRQ�RI�FDUERQDWHV�
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LQ∆ WKH�KHDW�HIIHFW�IURP�UHDFWLRQV�EHWZHHQ�&D2�DQG�VDQG\�FOD\�PLQHUDOV

�IRUPDWLRQ�RI�GRXEOH�FDOFLXP�R[LGH�PLQHUDOV��

,Q�WKH�FRXUVH�RI�FRPEXVWLRQ�XQGHU�SUHVVXULVHG�FRQGLWLRQV�WKH�FRPEXVWLEOH�VXOSKXU�LV
IXOO\�FRQYHUWHG�WR�FDOFLXP�VXOSKDWH�DQG�LW�LV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�WHUP� [ ]r

LQ �

7KH�KHDW�HIIHFW�RI�LQFRPSOHWH�GHFRPSRVLWLRQ�RI�FDUERQDWHV�GHSHQGV�RQ�WKH�TXDQWLW\�RI
PLQHUDO�&2��LQ�RLO�VKDOH�DQG�RQ�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV��,W�FDQ�EH
H[SUHVVHG�E\�WKH�IRUPXOD�
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2COk
WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�

7KH�KHDW�HIIHFW�IURP�UHDFWLRQV�EHWZHHQ�&D2�DQG�VDQG\�FOD\�PLQHUDOV�LV�H[SUHVVHG�E\
WKH�IRUPXOD�
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7KH�KHDWLQJ�YDOXH�RI�RLO�VKDOH�GHSHQGV�VWURQJO\�RQ�WKH�EHKDYLRXU�RI�FDUERQDWHV�LQ�WKH
FRPEXVWLRQ�SURFHVVHV��7KLV�UHIOHFWV�GLIIHUHQW�YDOXHV�RI�GHFRPSRVLWLRQ�UDWHV�GHSHQGLQJ
RQ�WKH�FRPEXVWLRQ�WHFKQRORJ\�RI�WKH�IXHO��3)��$)%&��3)%&��
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7KH�KHDW�UHOHDVH�LQ�RLO�VKDOH�SUHVVXULVHG�FRPEXVWLRQ�LV�UHPDUNDEO\�KLJKHU�GXH�WR�WKH
ORZHU�GHFRPSRVLWLRQ�UDWHV�RI�FDUERQDWHV�FRPSDUHG�WR�DWPRVSKHULF�EXUQLQJ��L�H��WKH
KHDWLQJ�YDOXH�RI�RLO�VKDOH�LV�LQFUHDVHG�LQ�SUHVVXULVHG�FRPEXVWLRQ�

7UHDWLQJ�RLO�VKDOH�DV�D�V\VWHP�FRQVLVWLQJ�RI�IRXU�SDUWV��:U��$U��7U�DQG� ( )r

kCO2 ��LW�LV
SRVVLEOH�WR�HVWDEOLVK�WKH�DERYH�PHQWLRQHG�RLO�VKDOH�FRPSRQHQWV�RQ�WKH�EDVLV�RI�WKH
VWDWLVWLFDO�GDWD�DV�D�IXQFWLRQ�RI�KHDWLQJ�YDOXH��)ROORZLQJ�WKHVH�DQG�REVHUYLQJ�WKH
TXDQWLW\�RI�FDUERQ�GLR[LGH�DV�D�IXQFWLRQ�RI�RLO�VKDOH�/+9�DV�UHFHLYHG�EDVLV��)LJXUH���
VKRZV�WKH�GHSHQGHQFH�RI�RLO�VKDOH�/+9�LQFUHDVLQJ�IDFWRU�RQ�WKH�GHFRPSRVLWLRQ�UDWH�RI
FDUERQDWHV�DQG�/+9�DV�UHFHLYHG�EDVLV��7KH�/+9�LQFUHDVLQJ�IDFWRU�RI�RLO�VKDOH�LV
H[SUHVVHG�E\�WKH�IRUPXOD�
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7KH�IDFWRU�∆q
L
�LQGLFDWHV�WKH�LQFUHDVLQJ�RI�/+9�DV�D�UHVXOW�RI�LQFRPSOHWH

GHFRPSRVLWLRQ�RI�FDUERQDWHV�FRPSDUHG�WR�/+9�LQ�FDVH�RI�IXOO�GHFRPSRVLWLRQ�RI
FDUERQDWHV�

7KH�VKDGHG�DUHD�LQ�)LJXUH����VKRZV�D�SUREDEOH�DUHD�RI�WKH�GHFRPSRVLWLRQ�UDWH�RI
FDUERQDWHV�LQ�SUHVVXULVHG�FRQGLWLRQV�RI�FRPEXVWLRQ��%XUQLQJ�WKH�(VWRQLDQ�RLO�VKDOH�LQ
SUHVVXULVHG�FRQGLWLRQV�ZLWK�QHW�/+9����²����0-�NJ�WKH�KHDWLQJ�YDOXH�RI�RLO�VKDOH
LQFUHDVHV����²�����FRPSDUHG�WR�FRPEXVWLRQ�DW�DWPRVSKHULF�SUHVVXUH�

$V�PHQWLRQHG�DERYH��WKH�PDLQ�KHDW�HIIHFW�FRQQHFWHG�ZLWK�SURFHVVHV�LQ�WKH�EXUQLQJ�RI
PLQHUDO�PDWWHU�RI�RLO�VKDOH�LV�GHFRPSRVLWLRQ�RI�FDUERQDWHV��:KHQ�EXUQLQJ�RLO�VKDOH�LQ
DWPRVSKHULF�FRQGLWLRQV�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LV�����²������,Q
SUHVVXULVHG�FRQGLWLRQV�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LV�LQ�WKH�UDQJH����²���
�H[SHULPHQWDO�GDWD���$FFRUGLQJ�WR�WKHVH�GDWD�WKH�EXUQLQJ�RI�RLO�VKDOH�LQ�SUHVVXULVHG
FRQGLWLRQV�JLYHV�SRVVLELOLWLHV�WR�´VDYHµ�DERXW���²����RI�KHDW�GXH�WR�LQFRPSOHWH
GHFRPSRVLWLRQ�RI�FDUERQDWHV�

)LJXUH����'HSHQGHQFH�RI�LQFUHDVLQJ�IDFWRU�RI�WKH�/+9�∆ qL

RI�RLO�VKDOH�RQ�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV
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��� 'HFUHDVLQJ�WKH�FDUERQDWH�GLR[LGH�FRQFHQWUDWLRQ�LQ�IOXH�JDV�E\�EXUQLQJ�RLO
VKDOH�LQ�SUHVVXULVHG�FRQGLWLRQV

7KH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LQ�WKH�FRPEXVWLRQ�SURFHVV�RI�RLO�VKDOH�DOVR�DIIHFWV
WKH�&2��FRQFHQWUDWLRQ�LQ�WKH�FRPEXVWLRQ�SURGXFWV��7KH�DPRXQW�RI�&2��LQ�WKH�IOXH�JDV
GHSHQGV�RQ�WKH�FRQWHQW�RI�RUJDQLF�DQG�PLQHUDO�FDUERQ�LQ�WKH�IXHO��,WV�DPRXQW�DW
EXUQLQJ�WKH�(VWRQLDQ�RLO�VKDOH�FDQ�EH�FDOFXODWHG�E\�IRUPXOD������

7KH�GHFUHDVLQJ�IDFWRU�RI�WKH�FDUERQDWH�GLR[LGH�FRQFHQWUDWLRQ�LQ�IOXH�JDV�FDQ�EH
H[SUHVVHG�E\�WKH�IROORZLQJ�IRUPXOD�
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2 FDUERQDWH�GLR[LGH�FRQWHQW�LQ�WKH�IOXH�JDV�DW�FDUERQDWHV�GHFRPSRVLWLRQ

UDWH�
kCO2 ��P��NJ�

7KH�FDOFXODWHG�YDOXHV�RI�WKH�GHFUHDVLQJ�IDFWRU�RI�FDUERQDWH�GLR[LGH�FRQFHQWUDWLRQ�LQ
IOXH�JDV�GHSHQGLQJ�RQ�WKH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�RI
/+9�DV�UHFHLYHG�EDVLV�DUH�LQ�WKH�UDQJH����²����0-�NJ�DUH�JLYHQ�LQ�)LJXUH�����7KHVH
FDOFXODWLRQV�ZHUH�PDGH�RQ�WKH�EDVLV�RI�WKH�FRPSRVLWLRQ�RI�WKH�RUJDQLF�SDUW�RI�WKH
(VWRQLDQ�RLO�VKDOH�SUHVHQWHG�LQ�7DEOH����

)LJXUH����'HFUHDVLQJ�IDFWRU�RI�FDUERQDWH�GLR[LGH�FRQFHQWUDWLRQ�∆ vCO2
LQ�WKH

FRPEXVWLRQ�SURGXFWV�GHSHQGLQJ�RQ�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV

:H�FDQ�VHH�WKDW�ZKHQ�EXUQLQJ�RLO�VKDOH�ZLWK�QHW�/+9� �����0-�NJ�WKH�FRQFHQWUDWLRQ�RI
FDUERQ�GLR[LGH�LQ�IOXH�JDV�PD\�WKHRUHWLFDOO\�GHFUHDVH�E\�����LI�WKH�FDUERQDWHV�GR�QRW
GHFRPSRVH�
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7KH�VKDGHG�DUHD�LQ�)LJXUH����VKRZV�WKH�SUREDEOH�GHFRPSRVLWLRQ�UDWHV�RI�FDUERQDWHV�DW
FRPEXVWLRQ�LQ�SUHVVXULVHG�FRQGLWLRQV��%\�EXUQLQJ�WKH�(VWRQLDQ�RLO�VKDOH�ZLWK�QHW�/+9
���²����0-�NJ�LQ�SUHVVXULVHG�FRQGLWLRQV�WKH�&2��FRQFHQWUDWLRQ�LQ�IOXH�JDV�FDQ�EH
UHGXFHG�DSSUR[LPDWHO\�E\��������FRPSDUHG�WR�DWPRVSKHULF�FRPEXVWLRQ�

� 7HFKQRORJLHV�RI�EXUQLQJ�WKH�(VWRQLDQ�RLO�VKDOH�DQG�WKHLU
LQIOXHQFH�RQ�FDUERQ�GLR[LGH�HPLVVLRQ

��� 3XOYHULVHG�ILULQJ�WHFKQRORJ\

7RGD\�SXOYHULVHG�ILULQJ��3)��WHFKQRORJ\�LV�XVHG�LQ�RLO�VKDOH�ILUHG�SRZHU�SODQWV�LQ
(VWRQLD��7KH�ILUVW�3)�RLO�VKDOH�ERLOHUV�ZHUH�PRGHUQLVHG�FRDO�ERLOHUV�ZLWK���²���NJ�V
VWHDP�RXWSXW�DQG�VWHDP�SDUDPHWHUV����²��03D�DQG����²����&�LQ�.RKWOD�-lUYH�DQG
$KWPH�SRZHU�SODQWV�

7KH�GHVLJQHG�FDSDFLW\�RI�WKH�%DOWLF�3RZHU�3ODQW�ZDV������0:H��QRZ�LWV�UHDO�FDSDFLW\�LV
�����0:H���7KHUH�DUH�HLJKW�FRQGHQVLQJ�WXUELQHV��HDFK�RI�����0:H�FDSDFLW\��DQG�WZR
EDFN�SUHVVXUH�WXUELQHV�ERWK�RI����0:H�FDSDFLW\��UHFHLYLQJ�VWHDP�IURP����ERLOHUV��73���
W\SH�ERLOHUV��ZLWK�QRPLQDO����NJ�V�VWHDP�RXWSXW�DQG�VWHDP�SDUDPHWHUV�����03D�DQG
����&���7KH�73����W\SH�ERLOHUV�ZHUH�SXW�LQWR�RSHUDWLRQ�EHWZHHQ������DQG�������(DFK�RI
WKH�IRXU�����0:H�SRZHU�XQLWV�KDV�WZR�ERLOHUV��73����W\SH�ERLOHUV��RI����NJ�V�VWHDP
RXWSXW�DQG�SDUDPHWHUV�RI�VXSHUKHDWHG�UHKHDWHG�VWHDP����������03D�DQG���������&�
7KH�ERLOHUV�RI�73����W\SH�ZHUH�SXW�LQWR�RSHUDWLRQ�EHWZHHQ������DQG�������,Q�WKH�ROGHU
SDUW�RI�WKH�%DOWLF�3RZHU�3ODQW�ERLOHUV�RI�73����W\SH�ZHUH�LQ�RSHUDWLRQ�MXVW�DERXW����
WKRXVDQG�KRXUV�DQG�73����W\SH�ERLOHUV�����WKRXVDQG�KRXUV�

,Q������WKH�(VWRQLDQ�3RZHU�3ODQW�ZDV�UXQ�DW�D�FDSDFLW\�RI������0:H��6HYHQ�WXUELQHV�RI
����0:H�FDSDFLW\�DQG�RQH�RI�����0:H�DV�ZHOO�DV�ERLOHUV��73�����W\SH�ERLOHUV��RI���
NJ�V�VWHDP�RXWSXW�DW����������03D�SUHVVXUH�DQG���������&�ZHUH�LQVWDOOHG�

7KH�W\SLFDO�OD\RXW�RI�JDV�GXFWV�ZLWK�DQ�DVK�VHSDUDWLRQ�V\VWHP�LQ�DQ�RLO�VKDOH�ERLOHU�LV
SUHVHQWHG�LQ�)LJXUH����

)LJXUH�����)OXH�JDV�GXFWV�RI�D�3)�ERLOHU�ILUHG�ZLWK�(VWRQLDQ�RLO�VKDOH

FURNACE SUPERHEATER

ECONOMIZER

CYCLONE

STACK

PRECIPITATOR
AIR PREHEATER ELECTROSTATIC

7KH�ERLOHUV�XVHG�DW�WKH�%DOWLF�DQG�(VWRQLDQ�SRZHU�SODQWV�KDG�EHHQ�VSHFLDOO\�GHVLJQHG
IRU�EXUQLQJ�(VWRQLDQ�RLO�VKDOH��7KH�GHVLJQ�SULQFLSOHV�IRU�WKRVH�ERLOHUV�ZHUH�ZRUNHG�RXW
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LQ�WKH�7KHUPDO�(QJLQHHULQJ�'HSDUWPHQW�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��7KH�GHVLJQ�RI
D�3)�ERLOHU�ILUHG�ZLWK�RLO�VKDOH�GLIIHUV�LQ�SULQFLSOH�IURP�WKH�GHVLJQ�RI�3)�FRDO�ERLOHUV�

%HIRUH�EXUQLQJ��WKH�OXPS�RLO�VKDOH�LV�FUXVKHG�DQG�DIWHU�WKDW�SXOYHULVHG�LQ�KDPPHU
PLOOV��0LOOV�DUH�HTXLSSHG�ZLWK�GXVW�VHSDUDWRUV�RI�YDULRXV�W\SHV��$OO�RLO�VKDOH�3)�ERLOHUV
XVH�GLUHFW�ILUHG�V\VWHPV�ZKHUH�SXOYHULVHG�IXHO�LV�WUDQVSRUWHG�GLUHFWO\�IURP�WKH�PLOOLQJ
V\VWHP�WR�EXUQHUV�E\�WKH�DLU��'LUHFW�ILUHG�V\VWHPV�RI�RLO�VKDOH�ERLOHUV�DUH�EDODQFHG�GUDIW
IXUQDFHV�

7KH�73����ERLOHUV�RI�����0:H�SRZHU�XQLWV�XVH�WKH�FRUQHU�ILUHG�V\VWHP��7KH�IXHO�DQG�DLU
DUH�DGPLWWHG�IURP�WKH�IXUQDFH�FRUQHU�LQ�YHUWLFDO�OD\HUV��%RWK�SXOYHULVHG�RLO�VKDOH�DQG
DLU�DUH�SURMHFWHG�IURP�WKH�FRUQHU�GLUHFWO\�WKURXJK�WKH�EXUQHUV�RI�WKH�IXUQDFH�DORQJ�D
OLQH�WDQJHQW�WR�D�VPDOO�KRUL]RQWDO�SODQH�FLUFOH�LQ�WKH�FHQWUH�RI�WKH�IXUQDFH�

7KH�KRUL]RQWDO�IURQW�ILUHG�V\VWHP�LV�XVHG�LQ�WKH�3)�RLO�VKDOH�ERLOHUV�RI�WKH�����0:H

SRZHU�XQLWV��,Q�WKH�KRUL]RQWDO�ILUHG�V\VWHP�WKH�SXOYHULVHG�RLO�VKDOH�LV�PL[HG�ZLWK
FRPEXVWLRQ�DLU�LQ�LQGLYLGXDO�EXUQHUV�RI�WXUEXOHQW�W\SH��7KH�EXUQHUV�DUH�ORFDWHG�LQ�URZV
RQ�WKH�IURQW�ZDOO�RQO\�

$V�PHQWLRQHG�DERYH�WKH�(VWRQLDQ�RLO�VKDOH�LV�FKDUDFWHULVHG�DV�D�IXHO�ZLWK�D�KLJK�FRQWHQW
RI�YRODWLOH�PDWWHU��7KH�GHYRODWLOLVDWLRQ�RI�WKH�RUJDQLF�PDWWHU�RI�RLO�VKDOH�DQG�LQWHQVLYH
RXWSXW�RI�YRODWLOHV�ZLOO�EHJLQ�DOUHDG\�DW�ORZ�WHPSHUDWXUHV�����²����&���SURYLGLQJ
KLJKO\�VWDELOH�FRPEXVWLRQ�RI�SXOYHULVHG�IXHO�

$FWLYDWLRQ�HQHUJ\�( �����N-�NPRO�DQG�WKH�SUH�H[SRQHQWLDO�IDFWRU�N� ������V�GHVFULEH
WKH�FRPEXVWLRQ�LQWHQVLW\�RI�RLO�VKDOH�YRODWLOH�PDWWHU�GHSHQGLQJ�RQ�WHPSHUDWXUH��7KH
FRPEXVWLRQ�LQWHQVLW\�RI�WKH�YRODWLOH�PDWWHU�RI�RLO�VKDOH�LV�GHWHUPLQHG�ILUVW�RI�DOO�E\
R[\JHQ�FRQFHQWUDWLRQ��$SSUR[LPDWHO\���²����RI�WKH�SRWHQWLDO�KHDW�RI�RLO�VKDOH�LV
UHDOLVHG�LQ�WKH�FRPEXVWLRQ�]RQH�RI�YRODWLOH�PDWWHU�

7KH�FKDU�RI�WKH�(VWRQLDQ�RLO�VKDOH�LV�D�SRURXV�PDWHULDO�ZLWK�D�FRHIILFLHQW�RI�LQQHU�R[\JHQ
GLIIXVLRQ�'� ������FP��V�DW�WHPSHUDWXUH�7� ����.��2LO�VKDOH�FKDU�FRQWDLQV�D�FHUWDLQ
DPRXQW�RI�K\GURJHQ��7KH�FDUERQ�K\GURJHQ�UDWLR�LV�DSSUR[LPDWHO\�����7KH�FRPEXVWLRQ
NLQHWLF�FRQVWDQWV�RI�FKDU�DUH�WKH�IROORZLQJ��6LN� �����×������FP���JÃV��DQG�( ���
N-�NPRO�

7KH�WRWDO�FRPEXVWLRQ�WLPH�RI�SXOYHULVHG�RLO�VKDOH�LV�LQ�WKH�UDQJH��²����V�LQ�QRUPDO
EXUQLQJ�FRQGLWLRQV��H[FHVV�DLU�UDWLR������PD[LPXP�WHPSHUDWXUH�RI�IODPH�����²����°&��

7KH�DPRXQW�RI�XQEXUQHG�FDUERQ�DQG�PLQHUDO�FDUERQ�GLR[LGH�LQ�RLO�VKDOH�EXUQLQJ
UHVLGXHV�IRU�3)�ERLOHUV�GHSHQGV�PDLQO\�RQ�WKH�IODPH�WHPSHUDWXUH��UHVLGHQFH�WLPH�RI
SDUWLFOHV�LQ�WKH�FRPEXVWLRQ�]RQH��ILQHQHVV�RI�SXOYHULVHG�IXHO�DQG�R[\JHQ�FRQFHQWUDWLRQ
EXW�DOVR�RQ�WKH�DHURG\QDPLF�GHVLJQ�RI�WKH�IXUQDFH��7KDQNV�WR�WKH�YHU\�KLJK�FRQWHQW�RI
YRODWLOH�PDWWHU�LQ�WKH�RUJDQLF�SDUW�DQG�DOVR�KLJK�UHDFWLYLW\�RI�FKDU�WKH�HIILFLHQF\�RI�WKH
FRPEXVWLRQ�RI�SXOYHULVHG�RLO�VKDOH�LV�YHU\�KLJK�

7KH�FRQWHQW�RI�RUJDQLF�FDUERQ�LQ�IO\�DVK�DIWHU�WKH�ERLOHU�LV�LQ�WKH�UDQJH�����²������
GHSHQGLQJ�RQ�WKH�ERLOHU�W\SH��GXVW�FKDUDFWHULVWLFV�DQG�EXUQLQJ�FRQGLWLRQV���7KH�FRQWHQW
RI�RUJDQLF�FDUERQ�LQ�WKH�ERWWRP�DVK�LV����²������7KH�HIILFLHQF\�RI�FDUERQ�FRQYHUVLRQ�WR
FDUERQ�GLR[LGHϕ ��IRUPXOD����LV�YHU\�KLJK�ZLWK�DQ�DYHUDJH�YDOXH�RI�������

7KH�FRQWHQW�RI�PLQHUDO�FDUERQ�GLR[LGH�LQ�IO\�DVK�DIWHU�WKH�ERLOHUV�LV����²�����DQG�LQ�WKH
ERWWRP�DVK��²����7KH�GHFRPSRVLWLRQ�UDWH�RI�WKH�PLQHUDO�SDUW�RI�FDUERQDWHV�LV�LQ�WKH



��

UDQJH�����²������DYHUDJH�YDOXH��������GHSHQGLQJ�RQ�WKH�W\SH�RI�ERLOHU��GXVW
FKDUDFWHULVWLFV�DQG�EXUQLQJ�FRQGLWLRQV�

7KH�SUR[LPDWH�DQQXDO�DYHUDJH�FRPSRVLWLRQ�RI�RLO�VKDOH�DV�UHFHLYHG�EDVLV��XWLOLVHG�LQ�WKH
%DOWLF�3RZHU�3ODQW��ZDV�LQ������DV�IROORZV�

r
lQ  �����0-�NJ rW  ������ rA  ������ r
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DQG�LQ�WKH�(VWRQLDQ�3RZHU�3ODQW

r
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3URFHHGLQJ�IURP�WKH�SUHVHQWHG�FRPSRVLWLRQ�RI�RLO�VKDOH��QHW�HIILFLHQF\�RI�SRZHU�SODQWV�
FDUERQ�FRQYHUVLRQ�HIILFLHQF\�WR�FDUERQ�GLR[LGH�DQG�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWHV
WKH�%DOWLF�3RZHU�3ODQW�LV�FKDUDFWHULVHG�E\�WKH�IROORZLQJ�GDWD�
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)RU�WKH�(VWRQLDQ�3RZHU�3ODQW�WKHVH�YDOXHV�DUH�

E� ������NJ�N:ÃK T� �������0-�N:ÃK
22 COCO Vρ  ������NJ�NJ

2COm  ������NJ�N:ÃK

7KH�FRQYHQWLRQDO�3)�WHFKQLTXH�IRU�EXUQLQJ�RLO�VKDOH�LV�FKDUDFWHULVHG�E\�YHU\�LQWHQVLYH
IRXOLQJ�RI�WKH�KHDW�WUDQVIHU�VXUIDFHV�RI�WKH�ERLOHUV�ZLWK�ERXQG�VXOSKDWH�DVK�GHSRVLWV
DQG�KLJK�WHPSHUDWXUH�FRUURVLRQ��&RUURVLRQ�LV�FDXVHG�ILUVW�RI�DOO�E\�FKORULQH��ZKLFK�LV
ERXQG�LQ�WKH�FRPEXVWLRQ�SURFHVV�ZLWK�SRWDVVLXP��YRODWLOLVHG�IURP�RLO�VKDOH�VDQG\�FOD\
PLQHUDOV�LQ�WKH�KLJK�WHPSHUDWXUH�HQYLURQPHQW�DV�D�UHVXOW�RI�WKHLU�WKHUPDO
GHFRPSRVLWLRQ�DQG�IRUPLQJ�FRUURVLYHO\�YHU\�DFWLYH�.&O�

2LO�VKDOH�SRZHU�SODQWV�KDYH�FRPSDUDWLYHO\�KLJK�HPLVVLRQ�RI�VXOSKXU�GLR[LGH�LQ�VSLWH�RI
WKH�KLJK�ELQGLQJ�FDSDFLW\�RI�VXOSKXU�GLR[LGH�E\�DVK�LQ�WKH�JDV�SDVVHV�RI�WKH�ERLOHUV�
$SSUR[LPDWHO\���²����RI�WKH�WRWDO�VXOSKXU�LQ�RLO�VKDOH�JRHV�LQWR�VWDFN�DV�62��

2OGHU�73����ERLOHUV�RI�WKH�%DOWLF�3RZHU�3ODQW�KDYH�RSHUDWHG�DW�ORZHU�WKDQ�GHVLJQHG
VWHDP�WHPSHUDWXUH��7KH�DYHUDJH�RSHUDWLRQ�HIILFLHQF\�RI�ERLOHUV�LV�LQ�WKH�UDQJH���²����

7ZR�����0:H��WXUELQHV�LQ�WKH�%DOWLF�3RZHU�3ODQW�ZHUH�UHFRQVWUXFWHG�WR�WKH�FRQWUROOHG
H[WUDFWLRQ�WXUELQHV��7KH�DYHUDJH�SUHVVXUH�RI�WKH�H[WUDFWLRQ�VWHDP�LV������03D�

7KH�73����ERLOHUV�RI�WKH�%DOWLF�3RZHU�3ODQW�DQG�WKH�73�����ERLOHUV�RI�WKH�(VWRQLDQ
3RZHU�3ODQW�ZHUH�GHVLJQHG�IRU�VWHDP�WHPSHUDWXUHV����°&��%HFDXVH�RI�YHU\�LQWHQVLYH
FRUURVLRQ�RI�WXEHV�RI�WKH�VXSHUKHDWHU�KHDW�WUDQVIHU�VXUIDFHV�WKH�VWHDP�WHPSHUDWXUH�ZDV
UHGXFHG�WR��������°&�IRU�73����ERLOHUV�DQG�WR��������°&�IRU�73�����ERLOHUV��7KH
DYHUDJH�RSHUDWLRQ�HIILFLHQF\�RI�73����DQG�73�����ERLOHUV�LV���²����

7R�UDLVH�WKH�LQLWLDO�VWHDP�WHPSHUDWXUHV�QHZ�ERLOHU�DOOR\V�IRU�VXSHUKHDWHUV�ZLWK�KLJKHU
FRUURVLRQ�UHVLVWDQFH�DUH�UHTXLUHG��7KH�FKDQJH�RI�WKH�PDWHULDO�RI�VXSHUKHDWHUV�LV�DQ
HFRQRPLF�TXHVWLRQ�²�ZLOO�WKH�FRVW�RI�QHZ�DOOR\V�DQG�UHSODFHPHQW�ZRUN�EH�FRPSHQVDWHG
IRU�E\�WKH�LQFUHDVHG�HFRQRP\�GXH�WR�KLJKHU�VWHDP�WHPSHUDWXUH"
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7KH�QHW�DYHUDJH�HIILFLHQF\�RI�RLO�VKDOH�SRZHU�SODQWV�LV���²�����7KH�FRPSDUDWLYHO\�ORZ
HIILFLHQF\�RI�SODQWV�LV�GXH�WR�ORZ�HIILFLHQF\�RI�WKH�VWHDP�F\FOH�ZKHUH�WKH�VXSHUKHDWHG
VWHDP�WHPSHUDWXUH�KDV�D�JUHDW�UROH��$QRWKHU�UHDVRQ�LV�WKH�ORZ�HIILFLHQF\�RI�ERLOHUV�
5DLVLQJ�WKH�VXSHUKHDWHG�DQG�UHKHDWHG�VWHDP�DYHUDJH�WHPSHUDWXUH�WR��������°&�ZRXOG
LQFUHDVH�WKH�VWHDP�F\FOH�HIILFLHQF\�E\�DERXW�������5HFRQVWUXFWLRQ�RI�WKH�ORZ�SUHVVXUH
VWDJH�RI�WKH�WXUELQH�ZRXOG�LQFUHDVH�WKH�HIILFLHQF\�RI�WKH�ORZ�SUHVVXUH�VWDJH�E\��������
5HFRQVWUXFWLRQ�RI�WKH�ERLOHUV�ZRXOG�UDLVH�WKH�ERLOHU�HIILFLHQF\�XS�WR���²����
$SSOLFDWLRQ�RI�WKH�DERYH�PHQWLRQHG�PHDVXUHV�DQG�D����UHGXFWLRQ�RI�WKH�DX[LOLDU\
SRZHU�ZRXOG�HQDEOH�WR�LQFUHDVH�WKH�HIILFLHQF\�RI�WKH�SRZHU�XQLWV�RI�WKH�H[LVWLQJ�SRZHU
SODQWV�E\�XS�WR�����²������DV�PD[LPXP�

(VWLPDWHG�LQYHVWPHQWV�QHFHVVDU\�IRU�WKH�UHDOLVDWLRQ�RI�WKH�DERYH�GHVFULEHG�DSSOLFDWLRQV
DUH�DERXW�����²�����((.�N:ÃK�

,I�WKH�QHW�HIILFLHQF\�RI�WKH�(VWRQLDQ�3RZHU�3ODQW�LV�UDLVHG�WR�������DQG�SURFHHGLQJ�IURP
WKH�FRPSRVLWLRQ�RI�RLO�VKDOH�UHFHLYHG��WKH�SODQW�ZLOO�EH�FKDUDFWHULVHG�E\�WKH�IROORZLQJ
SDUDPHWHUV�

E� ������NJ�N:ÃK T� �������0-�N:ÃK
2COm  ������NJ�N:ÃK

6XOSKXU�GLR[LGH�HPLVVLRQ�FDQ�EH�UDGLFDOO\�UHGXFHG�XVLQJ�3)�WHFKQRORJ\�ZLWK�JDV�
FOHDQLQJ�HTXLSPHQW��8VLQJ�WKH�JDV�FOHDQLQJ�HTXLSPHQW�RI�FOHDQLQJ�HIILFLHQF\���²����LW
LV�SRVVLEOH�WR�UHGXFH�VXOSKXU�GLR[LGH�FRQFHQWUDWLRQ�LQ�WKH�FRPEXVWLRQ�SURGXFWV�WR�����
����PJ�P���LQ�QRUPDO�FXELF�PHWHU�RI�JDV�DW�R[\JHQ�FRQFHQWUDWLRQ������7KH
LQYHVWPHQWV�QHFHVVDU\�IRU�WKH�JDV�FOHDQLQJ�HTXLSPHQW��GHSHQGLQJ�RQ�W\SH��DUH�ZLWKLQ
WKH�UDQJH�����²�����((.�N:��7KH�XVH�RI�JDV�FOHDQLQJ�HTXLSPHQW�GHFUHDVHV�WR�VRPH
H[WHQW�WKH�SRZHU�SODQW�HIILFLHQF\��EHFDXVH�WKH�QHHG�IRU�DX[LOLDU\�SRZHU�LQFUHDVHV�

��� $WPRVSKHULF�FLUFXODWLQJ�IOXLGLVHG�EHG�FRPEXVWLRQ�WHFKQRORJ\

)OXLGLVHG�EHG�FRPEXVWLRQ��)%&��LV�D�ZLGHVSUHDG�WHFKQLTXH�QRZDGD\V��$�EHG�RI�LQHUW
SDUWLFOHV��VXFK�DV�VDQG��VWRQH�DQG�DVK��FDQ�EH�PDGH�WR�H[KLELW�PDQ\�RI�WKH�SURSHUWLHV�RI
D�IOXLG�²�IOXLGLVHG���E\�SDVVLQJ�D�JDV�PHGLXP�XSZDUGV�WKURXJK�WKH�EHG�DW�D�YHORFLW\
VXIILFLHQWO\�KLJK�IRU�IULFWLRQDO�GUDJ�WR�VXSSRUW�WKH�ZHLJKW�RI�WKH�SDUWLFOHV��EXW�QRW�VR
KLJK�DV�WR�LQLWLDWH�SQHXPDWLF�WUDQVSRUW�RI�WKH�SDUWLFOHV��&LUFXODWLQJ�)OXLGLVHG�%HGV�
������3UHVVXULVHG�)OXLGLVHG�%HG�&RPEXVWLRQ���������7KH�IOXLGLVHG�EHG�UHJLPH�WKXV
H[LVWV�EHWZHHQ�WKH�SDFNHG�EHG�DQG�WKH�SQHXPDWLF�WUDQVSRUW�VWDWHV��,I�VXFK�DQ�DLU�
IOXLGLVHG�EHG�RI�LQHUW�SDUWLFOHV�KHDWHG�WR�D�WHPSHUDWXUH�KLJKHU�WKDQ�LJQLWLRQ
WHPSHUDWXUH�LV�LQWURGXFHG�LQWR�WKH�IXHO��WKH�IXHO�EXUQV�ZLWKRXW�LW�EHLQJ�QHFHVVDU\�WR
KDYH�D�KLJK�WHPSHUDWXUH��,Q�SUDFWLFH�WKH�EHG�WHPSHUDWXUH�LV�EHWZHHQ�����DQG����°&�
7KH�R[LGLVLQJ�DPELHQFH�ZLWK�ORZ�WHPSHUDWXUH�LQ�WKH�FRPEXVWRU�UHGXFHV�WKH�ULVN�RI
VODJJLQJ�DQG�IRXOLQJ�WKH�KHDW�WUDQVIHU�VXUIDFHV��7KH�FRPEXVWLRQ�UHJLPHV�VKRXOG�DYRLG
WKH�VLQWHULQJ�RI�DVK�DQG�EHG�PDWHULDO�

)%&�LV�XVXDOO\�FODVVLILHG�DV�HLWKHU�EXEEOLQJ��%)%&��RU�FLUFXODWLQJ�IOXLGLVHG�EHG��&)%&�
FRPEXVWRUV��,Q�%)%&�WKH�DLU�YHORFLW\�LV�ORZ���²��P�V��DQG�WKH�SDUWLFOHV�EHKDYH�OLNH�D
ERLOLQJ�IOXLG�DQG�VWD\�LQ�WKH�EHG��7R�DFKLHYH�WKH�DERYH�PHQWLRQHG�EHG�WHPSHUDWXUH�
XVXDOO\�XVHG�LQ�%)&%��KHDW�H[FKDQJH�WXEHV�DUH�LPPHUVHG�ZLWKLQ�WKH�EHG�SDUWLFOHV�

,Q�&)%&�WKH�DLU�YHORFLW\�LV�KLJKHU���²���P�V��DQG�PXFK�PDWHULDO�OHDYHV�WKH�EHG�DQG�LV
FROOHFWHG�E\�F\FORQH�VHSDUDWRUV��,Q�DOO�&)%�UHFLUFXODWLRQ�V\VWHPV�D�VWDQGSLSH�LV�UHTXLUHG
WR�DOORZ�WKH�VROLG�PDWHULDOV�WR�IORZ�IURP�WKH�ORZ�SUHVVXUH�UHJLRQ�RI�WKH�EHG�RXWOHW�WR�D
KLJKHU�SUHVVXUH�UHJLRQ�LQ�WKH�ERWWRP��'XH�WR�YHU\�ORZ�IXHO�FRQFHQWUDWLRQ�LQ�WKH
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FRPEXVWRU�DQG�WKH�KLJK�WKHUPDO�FDSDFLW\�RI�VROLGV�WKHUH�LV�QR�QHHG�IRU�WXEHV�RI�KHDW
WUDQVIHU�VXUIDFHV�LQ�WKH�EHG��7XEHV�RI�ZDWHU�ZDOOV�FRRO�WKH�XSSHU�SDUW�RI�WKH�FRPEXVWRU�
,Q�PRGHUQ�&)%&�ERLOHUV�WKH�IOXLGLVHG�EHG�KHDW�H[FKDQJHU��)%+(��LV�XVHG��6ROLG
SDUWLFOHV�VHSDUDWHG�IURP�WKH�F\FORQH�DUH�LQWURGXFHG�WR�WKH�H[WHUQDO�)%+(�WKURXJK�D
SOXJ�YDOYH��7KH�)%+(�LV�D�EXEEOLQJ�EHG�KHDW�H[FKDQJHU�IOXLGLVLQJ�E\�DLU��7KH�KHDW
WUDQVIHU�VXUIDFHV�LQ�)%+(�FRXOG�EH�ZDWHU�HFRQRPLVHU��VWHDP�JHQHUDWLQJ�RU�VWHDP
VXSHUKHDWHU�WXEHV��$VK�IURP�WKH�)%+(�LV�UHWXUQHG�LQWR�WKH�FRPEXVWRU�RU�LQWR�WKH�DVK
FRROHU��$�VFKHPH�RI�WKH�&)%&�ERLOHU�LV�JLYHQ�LQ�)LJXUH����

7KH�IOXLGLVHG�FRPEXVWLRQ�WHFKQLTXH�IRU�WKH�(VWRQLDQ�RLO�VKDOH�LV�QRW�LQ�FRPPHUFLDO�XVH�
:H�KDYH�VRPH�H[SHULHQFH�ZLWK�WKH�(VWRQLDQ�RLO�VKDOH�LQ�WHVW�IDFLOLWLHV��7KH�WHVWV�ZLWK�RLO
VKDOH�ZHUH�FDUULHG�RXW�LQ���0:WK�&)%&�WHVW�IDFLOLWLHV�RI�+DQV�$KOVWURP�/DERUDWRU\�LQ
.DUKXOD��)LQODQG��DQG�//%�/XUJL�LQ�)UDQNIXUW�DP�0DLQ��*HUPDQ\��$UUR�HW�DO�������D�
����E���DQG�DOVR�LQ������0:WK�WHVW�IDFLOLW\�LQ�WKH�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�LQ
9DQFRXYHU��&DQDGD�

2QH�SHFXOLDULW\�RI�WKH�&)%�EXUQLQJ�F\FOH�LV�YHU\�LQWHQVLYH�SXOYHULVLQJ�RI�RLO�VKDOH�DVK�
$V�D�UHVXOW�WKH�SDUW�RI�YHU\�ILQH�IO\�DVK�ULVHV�VLJQLILFDQWO\�FRPSDUHG�WR�3)�RI�RLO�VKDOH�
8S�WR���²����RI�WKH�WRWDO�DVK�ZDV�FROOHFWHG�DV�ILQHV��6XFK�ILQH�JUDLQ�FRPSRVLWLRQ�RI�IO\
DVK�LV�WKH�UHVXOW�RI�LQWHQVLYH�SXOYHULVLQJ�RI�DVK�SDUWLFOHV�LQ�WKH�&)%&��)UHH�&D2�DQG
0J2�IRUPHG�LQ�GHFRPSRVLWLRQ�RI�FDUERQDWHV�DUH�VRIW�DQG�HDVLO\�JURXQG��7KH�PHGLDQ
VL]H�RI�IO\�DVK�ZDV���²���µ P�

)LJXUH�����$WPRVSKHULF�FLUFXODWLQJ�IOXLGLVHG�EHG�ERLOHU
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7HVWV�RI�GLIIHUHQW�&)%&�GHYLFHV�VKRZ�WKDW�VXOSKXU�GLR[LGH�LV�IXOO\�ERXQG�ZLWK�DVK�DQG
WKH�62��ELQGLQJ�IDFWRU�ZLWK�DVK�LV�DSSUR[LPDWHO\����&RQVHTXHQWO\��XVLQJ�WKH
DWPRVSKHULF�&)%��$&)%��WHFKQRORJ\�DOO�WKH�VXOSKXU�LQ�RLO�VKDOH�ZLOO�EH�FDSWXUHG�ZLWK
DVK�DQG�WKH�XVH�RI�JDV�FOHDQLQJ�HTXLSPHQW�LV�QRW�QHFHVVDU\��QHLWKHU�LV�DGGLWLRQDO
VRUEHQW�IRU�VXOSKXU�GLR[LGH�FDSWXULQJ�QHHGHG�GXH�WR�WKH�RULJLQDO�TXDOLWLHV�RI�RLO�VKDOH�

7KH�FRUURVLYH�DFWLYLW\�RI�WKH�(VWRQLDQ�RLO�VKDOH�DVK�LV�PDLQO\�FDXVHG�E\�FKORULGHV��.&O�
&D&O����7KH�FKORULQH�FRQWHQW�LQ�&%)&�DVK�GHSHQGV�VWURQJO\�RQ�WKH�PHGLDQ�JUDLQ�VL]H�RI
SDUWLFOHV��$UUR�HW�DO�������D���7KH�PD[LPXP�FKORULQH�FRQWHQW�RFFXUV�LQ�IO\�DVK�IURP�WKH
ILOWHU�����²�������7KH�FLUFXODWLQJ�DVK�LV�VLJQLILFDQWO\�FRDUVHU�FRPSDUHG�WR�IO\�DVK������²
�������DQG�KDV�DOVR�ORZHU�KLJK�WHPSHUDWXUH�FRUURVLRQ�DFWLYLW\��7KLV�DOORZV�WR�ORFDWH�WKH
KLJK�WHPSHUDWXUH�VHFWLRQV�RI�WKH�VXSHUKHDWHU�DQG�WKH�UHKHDWHU�LQWR�)%+(�DQG�WR�UDLVH
WKH�VWHDP�WHPSHUDWXUH�EHIRUH�WKH�WXUELQH��2EYLRXVO\�WKLV�HQDEOHV�WR�LQFUHDVH�WKH
WHPSHUDWXUH�RI�VXSHUKHDWHG�VWHDP�XS�WR��������°&�DQG�WR�UDLVH�WKH�HIILFLHQF\�RI�WKH
VWHDP�F\FOH��:KHQ�WKH�$&)%�RLO�VKDOH�FRPEXVWLRQ�WHFKQRORJ\�LV�DSSOLHG�WKH�ERLOHU
HIILFLHQF\�LV�ZLWKLQ�WKH�UDQJH���²�����3URFHHGLQJ�IURP�WKH�����0:H�HOHFWULFDO�SRZHU�RI
WKH�SRZHU�JHQHUDWLQJ�XQLW���������°&�WHPSHUDWXUH�RI�VXSHUKHDWHG�UHKHDWHG�VWHDP��WKH
SULPDU\�VWHDP�SUHVVXUH����03D�DQG�WKH�ERLOHU�HIILFLHQF\���������LW�LV�SRVVLEOH�WR
LQFUHDVH�WKH�SRZHU�XQLW�HIILFLHQF\�RI�WKH�RLO�VKDOH�SRZHU�SODQW�XS�WR���������XVLQJ�WKH
$&)%�WHFKQLTXH�

7KH�LQYHVWPHQWV�QHHGHG�IRU�UHSODFLQJ�WKH�3)�RLO�VKDOH�ERLOHUV�ZLWK�WKH�$&)%�WHFKQLTXH�
WDNLQJ�LQWR�DFFRXQW�WKH�����0:H�XQLW�FDSDFLW\��DUH�RI�WKH�RUGHU�RI�PDJQLWXGH�����²����
((.�N:�

7KH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWH�PLQHUDOV�DW�EXUQLQJ�RLO�VKDOH�LQ�$&)%&�LV�LQ�WKH
UDQJH�����²������3URFHHGLQJ�IURP�WKH�IROORZLQJ�FRPSRVLWLRQ�RI�WKH�RLO�VKDOH
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�&RQVHTXHQWO\��WKH�VSHFLILF�HPLVVLRQ�RI�FDUERQ�GLR[LGH�ZLOO�IDOO�E\���²�����ZKHQ�WKH
$&)%&�WHFKQLTXH�RI�EXUQLQJ�RLO�VKDOH�LV�XVHG�LQVWHDG�RI�WKH�3)�FRPEXVWLRQ�WHFKQLTXHV�

��� 3UHVVXULVHG�IOXLGLVHG�EHG�FRPEXVWLRQ�WHFKQRORJ\

8VLQJ�WKH�SUHVVXULVHG�IOXLGLVHG�EHG��3)%��FRPELQHG�F\FOH�WHFKQRORJ\�LW�LV�SRVVLEOH�WR
LQFUHDVH�WKH�QHW�HIILFLHQF\�RI�WKHUPDO�SRZHU�HQJLQH��SRZHU�SODQW��FRPSDUHG�WR�WKH
FRQYHQWLRQDO�SRZHU�SODQW�RSHUDWLQJ�RQ�WKH�DWPRVSKHULF�SUHVVXUH�FRPEXVWLRQ
WHFKQLTXH��7KH�FRPELQHG�JDV�VWHDP�F\FOH�SURYLGHV�WKDW�HIIHFW��7KH�V\VWHP�LQFOXGHV�WZR
KHDW�SRZHU�HQJLQHV��PDFKLQHV��²�JDV�WXUELQH�XQLW��%UD\WRQ·V�F\FOH��DQG�VWHDP�HQJLQH
�5DQNLQH·V�F\FOH���,Q�VXFK�D�FRPELQHG�HQHUJ\�FRQYHUVLRQ�V\VWHP�WKH�JDV�WXUELQH
RSHUDWHV�LQ�DQ�RSHQ�F\FOH��EXW�WKH�VWHDP�VLGH�LQ�D�FORVHG�F\FOH��7KH�XVHIXO�DGLDEDWLF
HQWKDOS\�GURS�IURP�WKH�JDV�WXUELQH�REWDLQHG�IURP�WKH�SUHVVXULVHG�FRPEXVWLRQ�LV�DGGHG
WR�WKH�DGLDEDWLF�HQWKDOS\�GURS�IURP�WKH�VWHDP�F\FOH�DW�WKLV�FRPELQDWLRQ��)URP�WKH
SRZHU�RXWSXW�RI�WKH�SUHVVXULVHG�FRPEXVWLRQ�KHDW�SRZHU�HQJLQH�DERXW��������IDOOV�WR
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WKH�JDV�WXUELQH�F\FOH�DQG�WKH�UHPDLQLQJ��������WR�WKH�VWHDP�WXUELQH�F\FOH��GHSHQGLQJ
RQ�WKH�WKHUPDO�SDUDPHWHUV�RI�WKH�KHDW�SRZHU�HQJLQH�

)URP�WKH�VWDQGSRLQW�RI�WKH�ERLOHU�FRQVWUXFWLRQ�WKH�SUHVVXULVHG�FRPEXVWLRQ�WKHUPDO
SRZHU�HQJLQHV�DUH�GLYLGHG�LQWR�EXEEOLQJ�EHG�DQG�FLUFXODWLQJ�EHG�XQLWV�

)LJXUH����SUHVHQWV�D�VFKHPH�RI�D�VLPSOLILHG�WKHUPDO�SRZHU�HQJLQH�WKDW�XVHV�EXEEOLQJ
EHG�3)%&�WHFKQRORJ\�

7KH�JDV�WXUELQH�FRPSUHVVRU�VXSSOLHV�DLU�WR�D�SUHVVXULVHG�YHVVHO�ZKLFK�FRQWDLQV�D
EXEEOLQJ�IOXLGLVHG�EHG��7XEHV�RI�KHDW�WUDQVIHU�VXUIDFHV�DUH�LPPHUVHG�ZLWKLQ�WKH
IOXLGLVHG�EHG�RI�WKH�IXHO�IRU�JHQHUDWLQJ�DQG�VXSHUKHDWLQJ�WKH�VWHDP�IURP�ZDWHU��)XHO
DQG�VXOSKXU�VRUEHQW�DUH�IHG�LQWR�WKH�IOXLGLVHG�EHG�FRPEXVWRU��,Q�EXUQLQJ�WKH�(VWRQLDQ
RLO�VKDOH��ZKLFK�LWVHOI�FRQWDLQV�D�VXIILFLHQW�DPRXQW�RI�OLPHVWRQH��QR�DGGLWLRQDO�VRUEHQW�LV
QHHGHG��7KLV�VLPSOLILHV�WKH�V\VWHP�DV�D�ZKROH�

7KH�IXHO�LV�IHG�LQWR�WKH�IOXLGLVHG�EHG�HLWKHU�DV�D�GU\�VXVSHQVLRQ�LQ�DLU�RU�DV�D�ZDWHU�
PL[HG�SDVWH�XVLQJ�SXPSV��*HQHUDOO\�GU\�IXHO�IHHGLQJ�LV�XVHG�ZKHQ�WKH�KHDWLQJ�YDOXH
RI�WKH�IXHO�LV�ORZ�DQG�LWV�VXOSKXU�FRQWHQW�LV�KLJK��7KH�IXHO�IHG�LQWR�WKH�EHG�LV�SUHYLRXVO\
PL[HG�ZLWK�D�VXOSKXU�VRUEHQW��HLWKHU�OLPHVWRQH�RU�GRORPLWH��7KH�SDUWLFOH�VL]H�RI�ERWK
WKH�IXHO�DQG�WKH�VXOSKXU�VRUEHQW�LV�XVXDOO\�!��PP�

)LJXUH�����6FKHPH�RI�D�EXEEOLQJ�3)%&�KHDW�SRZHU�HQJLQH

7KH�FRPEXVWLRQ�RI�WKH�IXHO�DQG�DOVR�SDUWLDO�DEVRUSWLRQ�RI�VXOSKXU�WDNHV�SODFH�LQ�WKH
FRPEXVWRU�DW�WHPSHUDWXUH�UDQJLQJ�IURP�����WR����°&�DQG�DW�SUHVVXUH����²����03D�

7KH�H[KDXVW�FRPEXVWLRQ�SURGXFWV�IURP�WKH�FRPEXVWRU�SDVV�WKURXJK�WZR�VWDJHV�RI
F\FORQH�IRU�FOHDQLQJ�WKHP�IURP�IO\�DVK�SDUWLFOHV��7KH�H[KDXVW�SURGXFWV�H[SDQG�LQ�WKH
JDV�WXUELQH��7KH�JDV�WXUELQH�GULYHV�WKH�FRPSUHVVRU�DQG�WKH�HOHFWULFDO�SRZHU�JHQHUDWRU�

7KH�H[KDXVW�FRPEXVWLRQ�SURGXFWV�IURP�WKH�JDV�WXUELQH�SDVV�RYHU�WKH�KHDW�H[FKDQJHUV
�HFRQRPLVHU��ZKHUH�WKH�JDVHV�DUH�FRROHG�WR�WKH�GHVLUHG�WHPSHUDWXUH�KHDWLQJ�XS�WKH
ERLOHU�IHHG�ZDWHU��7KH�IOXH�JDVHV�SDVV�WKURXJK�WKH�DVK�ILOWHU�DQG�HQWHU�WKH�VWDFN�

$VK�LV�UHPRYHG�IURP�WKH�FRPEXVWRU�EHG�DQG�F\FORQHV�WKURXJK�WKH�KHDW�H[FKDQJHUV�



��

2QH�RI�WKH�PDLQ�HOHPHQWV�RI�WKH�3)%&�XQLW�LV�WKH�IOXLGLVHG�EHG�ERLOHU��SODFHG�LQWR�WKH
VWHHO�SUHVVXUH�YHVVHO�

7KH�ORFDWLRQ�RI�WKH�KHDW�WUDQVIHU�VXUIDFHV�RI�WKH�VWHDP�F\FOH�LQ�WKH�IOXLGLVHG�EHG�LV
SHFXOLDU�WR�WKH�EXEEOLQJ�EHG��7KH�VSHFLILF�YROXPH�RI�JDV�LV�VPDOO�GXH�WR�WKH�RYHU
SUHVVXUH�DQG�WKHUHIRUH�WKH�JDV�YHORFLW\�LQ�WKH�IOXLGLVHG�EHG�VWD\V�EHORZ��P�V�
JXDUDQWHHLQJ�WKH�ORZ�ZHDULQJ�RI�WKH�KHDWLQJ�VXUIDFHV��7KH�KHLJKW�RI�WKH�EHG�LV����²��P�
7KH�EHG�KHDW�ORDG�LV�FRQWUROOHG�E\�WKH�EHG�PDVV�DQG�KHLJKW�XVLQJ�WKH�EHG�PDWHULDO
UHVHUYH�LQ�WKH�EXQNHU�

7KH�FRPEXVWLRQ�SURGXFWV�IURP�WKH�ERLOHU�VWULNH�WR�D�WZR�VWDJH�F\FORQH�EORFN��DV�D�UXOH�
RU�DIWHU�F\FORQHV�WR�FHUDPLF�KRW�JDV�ILOWHUV�IRU�FOHDQLQJ�IO\�DVK��7KH�GXVW�FROOHFWLRQ
HIILFLHQF\�RI�WZR�F\FORQHV�SODFHG�LQ�VXFFHVVLRQ�LV���²�����:KHQ�FHUDPLF�KRW�JDV�ILOWHUV
DUH�XVHG��WKH�FRQFHQWUDWLRQ�RI�WKH�VROLGV�LQ�WKH�IOXH�JDV�LV�DSSUR[LPDWHO\����PJ�P��

7R�XVH�WKH�KHDW�IURP�WKH�ERWWRP�DVK�RI�WKH�FRPEXVWRU�DQG�WKH�F\FORQHV�KHDW�H[FKDQJHUV
WKDW�WUDQVIHU�KHDW�IURP�WKH�DVK�WR�WKH�ZDWHU��DUH�DSSOLHG��7KH�IOXH�JDV�IORZV�RXW�IURP
WKH�ERLOHU�WKURXJK�D�FRQFHQWULF�WXEH�FRROHG�E\�WKH�DLU�IURP�D�EORZHU��$LU�VWULNHV�WR�WKH
ERLOHU�YHVVHO��ZKHUH�LW�LV�GLYLGHG�LQWR�WKH�SULPDU\�DQG�VHFRQGDU\�DLU��FRROLQJ�WKH�ERLOHU
YHVVHO�DQG�RWKHU�HOHPHQWV�RI�WKH�ERLOHU�

$�JDV�WXUELQH�LV�GHVLJQHG�VSHFLDOO\�IRU�WKH�RSHUDWLRQ�ZLWK�D�KLJK�FRQFHQWUDWLRQ�RI�DVK
RQ�WKH�FRPEXVWLRQ�JDV��7KH�JDV�IURP�WKH�WXUELQH�RXWOHW�ZLWK�WHPSHUDWXUH����²����&
VWULNHV�WR�WKH�KHDW�H[FKDQJHU�DQG�WUDQVIHUV�LWV�KHDW�WR�WKH�IHHG�ZDWHU��7KH�JDV�IURP�WKH
HFRQRPLVHU�RXWOHW�LV�FOHDQHG�IURP�IO\�DVK�LQ�EDJKRXVH�ILOWHUV�RU�HOHFWURVWDWLF
SUHFLSLWDWRUV�

$QRWKHU�W\SH�RI�3)%�LV�EDVHG�RQ�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�LQVWDOODWLRQ��$�SRVVLEOH
VFKHPH�RI�XVLQJ�WKLV�WHFKQRORJ\�LV�SUHVHQWHG�LQ�)LJXUH����

$�UHPDUNDEO\�KLJK�YHORFLW\�LQ�WKH�FRPEXVWRU���²��P�V��DQG�DEVHQFH�RI�KHDW�WUDQVIHU
VXUIDFH�LQ�WKH�EHG�DUH�SHFXOLDULWLHV�RI�WKH�FLUFXODWLQJ�IOXLGLVHG�EHG�3)%&��+HDW�WUDQVIHU
VXUIDFHV�DUH�SODFHG�RXW�RI�WKH�EHG�LQ�WKH�XSSHU�SDUW�RI�WKH�FRPEXVWRU��7KH�FRPEXVWRU
WRJHWKHU�ZLWK�WKH�F\FORQH�IRUPV�WKH�FLUFXODWLQJ�ORRS��7KLV�FLUFXODWLRQ�LQFUHDVHV�WKH
UHVLGHQW�WLPH�RI�WKH�IXHO�DQG�VXOSKXU�R[LGHV�LQ�WKH�FRPEXVWRU��7KH�WRWDO�DPRXQW�RI�WKH
IXHO�DQG�WKH�UDWLR�RI�SULPDU\�DQG�VHFRQGDU\�DLU�FRQWURO�WKH�ORDG�RI�WKH�XQLW��7KLV
SUHYHQWV�WKH�XVH�RI�EXQNHUV�IRU�EHG�PDWHULDO�FRPSDUHG�WR�WKH�EXEEOLQJ�IOXLGLVHG�EHG�
,Q�WKLV�FDVH�WKH�KHLJKW�RI�WKH�EHG�GRHV�QRW�DIIHFW�WKH�KHDW�WUDQVIHU�FRQGLWLRQV�LQ�WKH
FRPEXVWRU��7KHUHIRUH��D�KLJK�WHPSHUDWXUH�RI�WKH�FRPEXVWLRQ�JDV�LQ�WKH�ERLOHU�RXWOHW�LV
JXDUDQWHHG�DOVR�DW�ORZ�ORDGV�

$V�VKRZQ�RQ�WKH�VFKHPH�SUHVHQWHG�LQ�)LJXUH����WKH�FHUDPLF�KRW�JDV�ILOWHU�LV�ORFDWHG
DIWHU�WKH�F\FORQHV�IRU�ILQDO�FOHDQLQJ�RI�WKH�FRPEXVWLRQ�JDV�IURP�IO\�DVK��:KHQ�D�FHUDPLF
KRW�JDV�ILOWHU�LV�XVHG��WKHUH�LV�QR�QHHG�IRU�JDV�FOHDQLQJ�HTXLSPHQW�DW�WKH�VWDFN�LQOHW�

7KH�WRSSLQJ�FRPEXVWRU�EHIRUH�WKH�JDV�WXUELQH��ZKLFK�JLYHV�D�SRVVLELOLW\�WR�LQFUHDVH�WKH
XQLW�FDSDFLW\�DW�SHDN�ORDG��LV�SHFXOLDU�WR�WKLV�VFKHPH�

%\�UHSODFLQJ�WKH�3)�WHFKQRORJ\�ZLWK�WKH�3)%&�FRPELQHG�F\FOH�WHFKQLTXH�IRU�SRZHU
JHQHUDWLRQ�IURP�RLO�VKDOH�DQG�DSSO\LQJ�VXSHUKHDWHG�VWHDP�WHPSHUDWXUH���������&�DQG
SUHVVXUH����03D��LW�LV�SRVVLEOH�WR�LQFUHDVH�WKH�SRZHU�XQLW�HIILFLHQF\�XS�WR���²�����7R
UHSODFH�WKH�����0:H�3)�RLO�VKDOH�SRZHU�JHQHUDWLQJ�XQLW�E\�3)%&�ERLOHUV��ZLWK�JDV
WXUELQHV��LQYHVWPHQWV�RI�DERXW�����²�����((.�N:�DUH�UHTXLUHG�
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)LJXUH�����6FKHPH�RI�D�KHDW�SRZHU�HQJLQH�RI�FLUFXODWLQJ�IOXLGLVHG�EHG�3)%&

steam drum

hot cyclonepressure vessel

generator

steam turbine

coal
water

limestone or
dolomite

hopper

condenser

water
cooling

feedwater
pump

paste pump

ash, spent
sorbent
ash, spent
sorbent

ash, spent
sorbent

heat recovery

generator

gas turbine

air

ceramic
filter

hopper

combustor

topping
combustor

stack

3URFHHGLQJ�IURP�WKH�IROORZLQJ�FRPSRVLWLRQ�RI�RLO�VKDOH�
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&RQVHTXHQWO\��XVLQJ�WKH�3)%&�WHFKQLTXH�WKH�VSHFLILF�HPLVVLRQ�RI�FDUERQ�GLR[LGH�ZLOO
GHFUHDVH�PRUH�WKDQ�����FRPSDUHG�WR�RLO�VKDOH�3)�FRPEXVWLRQ�WHFKQLTXHV�

� &RQFOXVLRQV

�� 7KH�(VWRQLDQ�RLO�VKDOH�LV�D�IXHO�ZLWK�D�KLJK�FRQWHQW�RI�PLQHUDO�PDWWHU�
$SSUR[LPDWHO\�KDOI�RI�WKH�PLQHUDO�FRQVWLWXHQWV�DUH�FDUERQDWH�PLQHUDOV�

�� 7KH�VSHFLILF�HPLVVLRQ�RI�FDUERQ�GLR[LGH�IURP�DQ�HOHFWULFDO�SRZHU�SODQW�EXUQLQJ
D�VROLG�IXHO�FRQWDLQLQJ�FDUERQDWH�PLQHUDOV��RLO�VKDOH��LV�GHWHUPLQHG�E\�WKUHH
JURXSV�RI�SDUDPHWHUV��L��SDUDPHWHUV�GHVFULELQJ�WKH�FRQYHUVLRQ�HIILFLHQF\�RI
IXHO�HQHUJ\�WR�HOHFWULFDO�SRZHU���LL��RUJDQLF�DQG�PLQHUDO�FDUERQ�FRQWHQW��DQG
�LLL��PLQHUDO�FDUERQ�EHKDYLRXU�LQ�WKH�IXHO�FRPEXVWLRQ�SURFHVV�
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�� ,Q�WKH�FRQGLWLRQV�RI�FRPEXVWLRQ�XQGHU�DWPRVSKHULF�SUHVVXUH�FDUERQ�GLR[LGH
EDFNSUHVVXUH�LQ�WKH�FRPEXVWLRQ�SURGXFWV�LV�LQ�WKH�UDQJH������²������03D��7KLV
LV�ORZHU�WKDQ�&2��HTXLOLEULXP�SUHVVXUH�DQG�WKHUPDO�GLVVRFLDWLRQ�RI�FDUERQDWHV
LV�SRVVLEOH��7KH�GLVVRFLDWLRQ�UDWH�RI�FDUERQDWH�PLQHUDOV�LQ�FDVH�RI�SXOYHULVHG
ILULQJ��3)��WHFKQRORJ\�RI�RLO�VKDOH�LV�LQ�WKH�UDQJH�����²�����

�� ,Q�SUHVVXULVHG�FRPEXVWLRQ�FRQGLWLRQV��WRWDO�SUHVVXUH����²����03D��FDUERQ
GLR[LGH�SUHVVXUH�LQ�WKH�FRPEXVWLRQ�SURGXFWV�LV�LQ�WKH�UDQJH�����²�����03D�
7KLV�LV�KLJKHU�WKDQ�&2��HTXLOLEULXP�SUHVVXUH�DQG�WKHUPDO�GLVVRFLDWLRQ�RI
FDUERQDWHV�LV�QRW�SRVVLEOH��'HFRPSRVLWLRQ�RI�FDUERQDWHV�RFFXUV�WR�VRPH�H[WHQW
GXH�WR�UHDFWLRQV�EHWZHHQ�FDOFLXP�R[LGH��VXOSKXU�GLR[LGH�DQG�VDQG\�FOD\
PLQHUDOV�RFFXUULQJ�LQ�FDUERQDWHV��7KH�SUREDEOH�GHFRPSRVLWLRQ�UDWH�RI
FDUERQDWHV�LQ�SUHVVXULVHG�FRPEXVWLRQ�RI�RLO�VKDOH�OLHV�LQ�WKH�UDQJH����²����

�� 'XH�WR�WKH�ORZ�UDWH�RI�FDUERQDWHV�GHFRPSRVLWLRQ�WKH�KHDWLQJ�YDOXH�RI�RLO�VKDOH
DW�EXUQLQJ�LQ�SUHVVXULVHG�FRQGLWLRQV�LV�KLJKHU�WKDQ�DW�EXUQLQJ�LQ�DWPRVSKHULF
FRQGLWLRQV�

�� 3URFHHGLQJ�IURP�WKH�SUR[LPDWH�DQQXO�DYHUDJH�FRPSRVLWLRQ�RI�RLO�VKDOH�DV
UHFHLYHG�EDVLV�XWLOLVHG�LQ�WKH�(VWRQLDQ�3RZHU�3ODQW�LQ�������Q
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�� 7KH�GHFRPSRVLWLRQ�UDWH�RI�FDUERQDWH�PLQHUDOV�ZKHQ�EXUQLQJ�RLO�VKDOH�LQ�DQ
DWPRVSKHULF�FLUFXODWLQJ�IOXLGLVHG�EHG�FRPEXVWRU��$&)%&��LV�LQ�WKH�UDQJH
����²�����DQG�WKH�VSHFLILF�HPLVVLRQ�RI�&2��LV�mCO

2

 ������NJ�N:ÃK��&DUERQ

GLR[LGH�VSHFLILF�HPLVVLRQ�E\�XVLQJ�WKH�$&)%&�WHFKQLTXH�GHFUHDVHV����²���
FRPSDUHG�WR�WKH�3)�WHFKQLTXH�

�� 3URFHHGLQJ�IURP�WKH�IROORZLQJ�FRPSRVLWLRQ�RI�RLO�VKDOH��Q
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WHFKQLTXH�GHFUHDVHV�RYHU�����FRPSDUHG�WR�RLO�VKDOH�3)�FRPEXVWLRQ
WHFKQLTXHV�
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5HQHZDEOH�(QHUJ\�3RWHQWLDO�
6RXUFHV�DQG�(FRQRPLF

(IILFLHQF\

� *HQHUDO�RYHUYLHZ

'XULQJ�WKH�SHULRG�ZKHQ�(VWRQLD�ZDV�SDUW�RI�WKH�6RYLHW�8QLRQ�(VWRQLDQ�HQHUJ\
FRQVXPSWLRQ�ZDV�EDVHG�RQ�KLJKO\�VXEVLGLVHG�DQG�WKHUHIRUH�YHU\�FKHDS�HQHUJ\�
FRPPRQ�IRU�WKH�ZKROH�6RYLHW�8QLRQ��1RZ�SULFHV�RI�LPSRUWHG�IXHOV��LQFOXGLQJ�IURP
5XVVLD��DUH�RQ�WKH�OHYHO�RI�ZRUOG�PDUNHW�

(VWRQLD�GRHV�QRW�KDYH�DQ\�GRPHVWLF�SURGXFWLRQ�RI�QDWXUDO�JDV��RLO�DQG�FRDO��7KRVH�IXHOV
KDYH�WR�EH�SXUFKDVHG�DW�ZRUOG�PDUNHW�SULFH�OHYHOV��+RZHYHU��RLO�VKDOH�LV�D�VXEVWDQWLDO
GRPHVWLF�SULPDU\�IXHO�UHVRXUFH�DQG�LWV�XVH�ZLOO�FRQWLQXH�LQ�WKH�IXWXUH��7KLV�ZLOO
VLJQLILFDQWO\�FRQWULEXWH�WR�WKH�VHFXULW\�RI�HQHUJ\�VXSSO\�DQG�ZLOO�PDLQWDLQ
LQGHSHQGHQFH�IURP�LPSRUWHG�HQHUJ\�

,Q�UHFHQW�\HDUV�GLIIHUHQW�NLQGV�RI�UHQHZDEOH�HQHUJ\�VRXUFHV�KDYH�EHFRPH�DWWUDFWLYH�LQ
PDQ\�FRXQWULHV��7KH�UHQHZDEOHV�DUH�VXSSRVHG�WR�EH�VRXUFHV�ZLWK�D�JHRSK\VLFDO
EDFNJURXQG��VXFK�DV�K\GUR���VRODU�DQG�ZLQG�HQHUJ\��DQG�RUJDQLF�IXHOV�ZLWK�D�ELRORJLFDO
EDFNJURXQG��VXFK�DV�ILUHZRRG��ZRRG�FKLSV��OLWWHU��ZDVWH�DQG�FRQGLWLRQDOO\�DOVR�SHDW�
ZKLFK�LV�UHVWRUHG�YHU\�VORZO\�

,Q�ZRUOG�SRZHU�HQJLQHHULQJ�UHQHZDEOHV�DUH�DWWUDFWLQJ�LQFUHDVLQJO\�PRUH�DWWHQWLRQ��7KH
SUREOHPV�RI�XVLQJ�QRQ�UHQHZDEOH�HQHUJ\�VRXUFHV�OLNH�QXFOHDU�HQHUJ\�DQG�UHODWLYHO\
OHVV�SROOXWLQJ�QDWXUDO�JDV�FRPSDUHG�WR�FRDO�RU�RLO��FRXOG�DOVR�EH�LQWHUHVWLQJ�LQ�WHUPV�RI
UHGXFLQJ�JUHHQKRXVH�JDVHV��7KH�WUDQVLWLRQ�WR�ZLGHU�H[SORLWDWLRQ�RI�UHQHZDEOHV�FDQ�EH
PDGH�VWHS�E\�VWHS��DIWHU�VROYLQJ�VHYHUDO�VFLHQWLILF�DQG�WHFKQLFDO��WHFKQRORJLFDO��
ILQDQFLDO��HFRQRPLF��VRFLDO�DQG�SROLWLFDO�SUREOHPV��DV�LW�ZLOO�WDNH�SODFH�LQ�FDVH�RI
WUDQVLWLRQ�WR�DQ\�RWKHU�QHZ�HQHUJ\�JHQHUDWLRQ�WHFKQRORJ\��DOVR�LQ�FDVH�RI�FKDQJHRYHU�WR
QXFOHDU�HQHUJ\��1HZ�HQHUJ\�VRXUFHV�FDQQRW�\HW��DQG�VR�IRU�D�ORQJ�WLPH��UHSODFH�DOO�WKH
IRVVLO�IXHOV�XVHG�LQ�SRZHU�JHQHUDWLRQ��,Q�FDVH�RI�ZLQG�DQG�VRODU�HQHUJ\�WKH�UHDVRQ�LV�WKH
YDU\LQJ�SRZHU�RI�VRXUFHV��WKHLU�ORZ�FRQFHQWUDWLRQ�DQG�WKH�QHHG�WR�DFFXPXODWH�ELJ
DPRXQWV�RI�HQHUJ\��7KH�JHQHUDWLRQ�RI�K\GURHQHUJ\�LV�OLPLWHG�E\�WKH�VKRUWDJH�RI�ZDWHU
UHVRXUFHV��1XFOHDU�HQHUJ\�FRXOG�EH�XVHG�LQ�ODUJH�HQHUJ\�V\VWHPV�ZLWK�FHQWUDOLVHG
GLVWULEXWLRQ��KRZHYHU��LW�DOZD\V�LQYROYHV�WKUHDWV�DQG�LI�SRVVLEOH��WKH�XVH�RI�QXFOHDU
HQHUJ\�VKRXOG�EH�DYRLGHG�

)RU�FRPPHUFLDO�SURGXFWLRQ�RI�WKHUPDO�DQG�HOHFWULF�HQHUJ\�ZLQG�HQHUJ\�DQG�ELRPDVV
DQG�DOVR�K\GUR�SRZHU��ZKLFK�KDV�OHVV�UHVRXUFHV��DUH�DSSOLFDEOH�LQ�(VWRQLD��'LUHFW�XVH�RI
VRODU�HQHUJ\�IRU�FRPPHUFLDO�SXUSRVHV�LV�LQ�SULQFLSOH�IHDVLEOH��EXW�LQ�RXU�ODWLWXGH�LW�LV
QRW�HFRQRPLFDOO\�FRPSHWLWLYH�ZLWK�DQ\�RWKHU�UHQHZDEOH�HQHUJ\�UHVRXUFH�

,Q�(VWRQLD��ZKLFK�LV�VXUURXQGHG�E\�ZDWHU�IURP�WKUHH�TXDUWHUV�DQG�WKHUHIRUH�UDWKHU
RSHQ�WR�ZLQGV��WKH�ZLQG�SRZHU�VHHPV�WR�EH�WKH�PRVW�LQWHUHVWLQJ�DQG�SURPLVLQJ��:LQG
HQHUJ\�LV�UHQHZDEOH��FOHDQ�DQG�PD\�SRWHQWLDOO\�SURYLGH�UHGXFHG�HPLVVLRQ�RI
JUHHQKRXVH�JDVHV��,Q�*HUPDQ\��IRU�H[DPSOH��ZKHUH�WKH�LPSOHPHQWDWLRQ�RI�ZLQG�HQHUJ\
KDV�EHHQ�YHU\�TXLFN�DQG�H[WHQVLYH��IURP������WLOO�WR�GD\�WKH�XVH�RI�ZLQG�HQHUJ\�IRU



���

SURGXFLQJ�HOHFWULFLW\�KDV�UHGXFHG�WKH�HPLVVLRQ�RI�&2��DERXW������PLOOLRQ�WRQQHV��62�

�����WKRXVDQG�DQG�12[�PRUH�WKDQ�����WKRXVDQG�WRQQHV��:LQG�.UDIW�-RXUQDO��������

� 2EMHFWLYHV

'LIIHUHQW�UHQHZDEOH�HQHUJ\�VRXUFHV�ZLOO�EH�FRQVLGHUHG�DV�SDUW�RI�JHQHUDO�HQHUJ\
SURGXFWLRQ��3URVSHFWV�IRU�ZLQG��K\GUR��DQG�ELRPDVV�HQHUJ\�ZLOO�EH�DQDO\VHG�DFFRUGLQJ
WR�(VWRQLDQ�FRQGLWLRQV��$WWHQWLRQ�ZLOO�EH�IRFXVHG�RQ�RSSRUWXQLWLHV�WR�DYRLG�WKH
HPLVVLRQ�RI�*+*�DQG�RWKHU�SROOXWDQWV�DV�FRPSDUHG�ZLWK�HQHUJ\�JHQHUDWLRQ�EDVHG�RQ
QRQ�UHQHZDEOH�HQHUJ\�VRXUFHV�DQG�WUDGLWLRQDOO\�RQ�RLO�VKDOH�

7KH�GHWDLOHG�DQDO\VLV�ZLOO�LQFOXGH�D�WHFKQLFDO�GHVFULSWLRQ�RI�ZLQG�HQHUJ\�WHFKQRORJLHV�
FRPEXVWLRQ�WHFKQRORJLHV�IRU�ELRPDVV��FDSLWDO�DQG�RSHUDWLQJ�FRVWV�SHU�0:ÃK��KDUPIXO
HIIHFWV�WR�WKH�HQYLURQPHQW��LQFOXGLQJ�WKH�HPLVVLRQV�RI�GLUHFW�*+*�DQG�RWKHU�SROOXWDQWV�
$�VSHFLDO�FKDSWHU�LV�GHYRWHG�WR�UHVHDUFK�RQ�ZLQG�FRQGLWLRQV�IRU�KDUYHVWLQJ�ZLQG�SRZHU
DQG�HVWLPDWLRQ�RI�ZLQG�HQHUJ\�SRWHQWLDO�LQ�(VWRQLD��7KH�DQDO\VLV�LV�EDVHG�RQ�(VWRQLDQ
:LQG�$WODV��FRPSLOHG�DW�WKH�8QLYHUVLW\�RI�7DUWX�

7KH�SUHVHQW�PDWHULDO�LQFOXGHV�WKH�GHYHORSPHQW�VWUDWHJ\�RI�(VWRQLDQ�HQHUJ\�ZLWK�D
VFHQDULR�RI�H[WHQVLYH�XVH�RI�UHQHZDEOH�HQHUJ\�VRXUFHV��ZLWK�SDUWLFXODU�HPSKDVLV�RQ�WKH
XWLOLVDWLRQ�RI�ZLQG�UHVRXUFHV��5HFRPPHQGDWLRQV�DUH�EDVHG�RQ�HFRQRPLF�FDOFXODWLRQV�

� )LUHZRRG

$FFRUGLQJ�WR�WKH�ODWHVW�HVWLPDWLRQV�DERXW�����RI�(VWRQLD·V�DUHD�LV�FRYHUHG�ZLWK�IRUHVW
DQG�EXVK�ODQG��ZKLFK�PDNHV�XS�DSSUR[LPDWHO\������0KD��7KH�WRWDO�YROXPH�RI�JURZLQJ
ZRRG�VWRFN�LQ�(VWRQLD·V�IRUHVWV�LV�DERXW�����0P���ZKLOH�LQ�UHFHQW�\HDUV�WKH�DQQXDO�FXW
ZDV�DERXW��²����0P���,Q�DGGLWLRQ�WR�SURGXFWLYH�IRUHVW�ODQG��VKUXEEHU\�RQ�WKH�IRUPHU
ILHOGV�FRYHU����²����WKRXVDQG�KD��ZKHUH��²����0P��RI�ILUHZRRG�FRXOG�EH�VXSSOLHG�
$ERXW�RQH�WKLUG�RI�WKH�KDUYHVWHG�ZRRG�LV�XVHG�DV�ILUHZRRG��WKH�UHPDLQLQJ�WZR�WKLUGV�LV
SURFHVVHG�LQ�WKH�ZRRGZRUNLQJ�LQGXVWU\��(VWRQLDQ�(QHUJ\������������7KH�WRWDO�JURZLQJ
VWRFN�JLYHV���²����ZRRG��EUDQFKHV��VWXPSV�DQG�EDUN�RU�WKH�VR�FDOOHG�ORJJLQJ�UHVLGXHV
IRUP���²�����$ERXW���²����RI�WLPEHU�EHFRPHV�WKH�UHVLGXH�RI�WKH�ZRRG�LQGXVWU\��EDUN�
VDZ�GXVW�DQG�VKDYLQJV���.LLSVDDU�HW�DO����������,Q�������WKH�KDUYHVWLQJ�WRWDOOHG������0P�

�6WDWLVWLFDO�\HDUERRN�����������LQFOXGLQJ�����0P��ILUHZRRG��L�H�������������3-��RI�WKH�WRWDO
KDUYHVWLQJ��DQG������0P�������3-��IRU�SURFHVVLQJ�LQWR�ZRRG�FKLSV��L�H���DERXW�����RI�WKH
ZRRG�ZDVWH��:RRG�FKLSV�DUH�XVHG�LQ�ORFDO�ERLOHU�KRXVHV��7KH�FDORULF�YDOXH�RI�ZRRG�LV
�����0-�NJ��DW�����PRLVWXUH���,W�LV�HVWLPDWHG�WKDW���²���3-�RI�ZRRG�IXHO�FRXOG�EH�XVHG
DQQXDOO\�LQ�(VWRQLD��%LRPDVV�7HFKQRORJ\��������

$OWKRXJK�ZRRG�LV�FRQVLGHUHG�WR�EH�D�FOHDQ�HQHUJ\�VRXUFH�ZLWK�UHJDUG�WR�*+*
HPLVVLRQ��LWV�XVH�KDV�D�VHYHUH�LPSDFW�RQ�WKH�QDWXUDO�HQYLURQPHQW��)RU�PRVW�VSHFLHV�WKH
FRQYHQWLRQDO�KDUYHVWLQJ�RI�ILUHZRRG�LV�WKH�PRVW�FULWLFDO�RSHUDWLRQ��:RRG�KDUYHVWLQJ
GDPDJHV�WKH�SODQW�FRYHU�DQG�FKDQJHV�GUDVWLFDOO\�WKH�HFRORJLFDO�FRQGLWLRQV�LQ�WKH�IRUHVW
DUHD�DV�ZHOO�DV�LQ�DGMDFHQW�DUHDV��3ODQW�VSHFLHV�FRPSRVLWLRQ�LV�FKDQJHG�LQ�PRVW�RI�WKH
FDVHV��7KH�DGGLWLRQDO�LPSDFW�FDXVHG�E\�WKH�H[WUDFWLRQ�RI�WRSV�DQG�EUDQFKHV�LV�OHVV
FULWLFDO��:LOGOLIH�LV�VHULRXVO\�GLVWXUEHG�E\�FRQYHQWLRQDO�IRUHVWU\�RSHUDWLRQV��HVSHFLDOO\
E\�FOHDU�FXWWLQJ�DQG�E\�VHOHFWLYH�WKLQQLQJ��LI�DOVR�DOO�ROG�DQG�GHDG�WUHHV�DUH�FXW�DQG
H[WUDFWHG��2SHUDWLRQV�ZLWK�KHDY\�PDFKLQHV�PD\�FDXVH�VHYHUH�GDPDJHV�WR�VRLO�DQG
SODQW�FRYHU��7UDIILF�LQWHQVLW\�ZLOO�LQFUHDVH��ZKLFK�PD\�EH�GLVWXUELQJ�LQ�GHQVHO\�EXLOW�XS
DUHDV��:HDU�DQG�GDPDJHV�WR�WKH�URDG�QHWZRUN�ZLOO�LQFUHDVH��HVSHFLDOO\�WR�IRUHVW�URDGV
ZKHQ�XVHG�LQ�HDUO\�VSULQJ��5RDG�PDLQWHQDQFH�FRVWV�ZLOO�LQFUHDVH�VLJQLILFDQWO\�



���

7KH�QHW�FRQWULEXWLRQ�RI�&2��HPLVVLRQV�IURP�ELRIXHOV�FDQ�EH�FRQVLGHUHG�WR�EH�QHJOLJLEOH
LQ�YLHZ�RI�WKH�&2��XSWDNH�WKURXJK�SKRWRV\QWKHVLV��7KH�HPLVVLRQ�OHYHOV�RI�&2�DQG
K\GURFDUERQV�DUH�PRVWO\�GHSHQGHQW�RQ�WKH�FRPEXVWLRQ�FRQGLWLRQV�DQG�FDQ�EH�NHSW
UHODWLYHO\�ORZ�ZLWK�D�ZHOO�FRQWUROOHG�FRPEXVWLRQ�SURFHVV��7KH�SDUWLFOH�HPLVVLRQV�FDQ�EH
KLJKHU�WKDQ�IRU�RLO�DQG�FRDO�ILULQJ�LQ�VSLWH�RI�WKH�ORZHU�DVK�FRQWHQW�RI�ZRRG��DQG�WKXV
FOHDQLQJ�HTXLSPHQW�VKRXOG�EH�FRQVLGHUHG�

8VLQJ�ZRRG�IRU�FRPEXVWLRQ�LQ�ERLOHUV�ZLOO�UHGXFH�62[�HPLVVLRQ�FRPSDUHG�WR�KHDY\
IXHO�RLO�DQG�FRDO�FRPEXVWLRQ�WR�]HUR�DV�ZRRG�IXHOV�SUDFWLFDOO\�GR�QRW�FRQWDLQ�VXOSKXU�
$OVR�12[�HPLVVLRQV�ZLOO�EH�UHGXFHG�FRPSDUHG�WR�KHDY\�IXHO�RLO�DQG�FRDO�FRPEXVWLRQ�
7KH�QLWURJHQ�FRQWHQW�LQ�ZRRG�LV�IDLUO\�ORZ��+RZHYHU��WKH�12[�HPLVVLRQ�LV�VWURQJO\
GHSHQGHQW�RQ�WKH�FRPEXVWLRQ�FRQGLWLRQV�DQG�WKXV�D�KLJKHU�HPLVVLRQ�OHYHO�PD\�RFFXU
XQGHU�FHUWDLQ�FRPEXVWLRQ�FRQGLWLRQV�

� 3HDW

$SSUR[LPDWHO\�����RI�(VWRQLD·V�WHUULWRU\�LV�FRYHUHG�ZLWK�ZHWODQGV��7KHUH�DUH�DERXW
�����SHDW�GHSRVLWV�LQ�(VWRQLD�DQG�WKH�UHVRXUFHV�PDNH�XS�DERXW�������PLOOLRQ�WRQQHV��DV
RI���-DQXDU\��������7KH�UHVRXUFHV�RI�SHDW�IRU�FRPEXVWLRQ�DUH�HVWLPDWHG�DW������3-��DW
����PRLVWXUH��DQG�WKH�SURGXFWLRQ�FDSDFLW\�LV�������3-��(VWRQLD��6HFWRU�����������%LRPDVV
WHFKQRORJ\���������,Q�������WKH�SULPDU\�HQHUJ\�VXSSO\�IURP�SHDW�ZDV������3-��3HDW�LV
XVHG�DV�SHDW�EULTXHWWH��SUHVVHG�SHDW��DQG�VRG�SHDW��3HDW�EULTXHWWH�LV�PRVWO\�XVHG�LQ
KRXVHKROGV��3UHVVHG�SHDW�DQG�WKH�UHFHQW�VRG�SHDW�DUH�EXUQHG�LQ�ERLOHUV�RI�FHQWUDO
KHDWLQJ�V\VWHPV��7KH�FDORULILF�YDOXH�RI�SHDW�EULTXHWWH�LV�DSSUR[LPDWHO\������0-�NJ��WKDW
RI�SUHVVHG�SHDW������0-�NJ��DW�����PRLVWXUH���DQG�RI�VRG�SHDW�����0-�NJ��DW����
PRLVWXUH��

7KH�XVH�RI�SHDW�LV�DVVRFLDWHG�ZLWK�D�VWURQJ�LPSDFW�RQ�WKH�HQYLURQPHQW��2SHQLQJ�XS
QHZ�SHDW�SURGXFWLRQ�VLWHV�ZLOO�GUDVWLFDOO\�FKDQJH�WKH�ODQGVFDSH�DQG�WKH�DHVWKHWLF�YDOXH
RI�WKH�DUHD��2WKHU�XVHV�RI�WKH�SHDWODQG�ZLOO�EHFRPH�LPSRVVLEOH��3HDW�KDUYHVWLQJ
GHVWUR\V�WKH�SODQW�FRYHU�RI�SHDW�ILHOGV��'UDLQDJH�ZLOO�LQIOXHQFH�ODUJHU�DUHDV��ZKHUH�WKH
FRQGLWLRQV�IRU�SODQW�JURZWK�PD\�LPSURYH��'UDVWLF�HIIHFWV�RFFXU�ZKHQ�DOO�YHJHWDWLRQ�LV
UHPRYHG�EHIRUH�KDUYHVWLQJ�RQ�IRUPHU�YLUJLQ�SHDW�ODQGV��&RPSDUDEO\�VPDOOHU�HIIHFWV
RFFXU�RQ�DOUHDG\�GUDLQHG�SHDWODQGV��7KH�JURXQGZDWHU�WDEOH�FDQ�EH�ORZHUHG�ORFDOO\�LQ
FRQQHFWLRQ�ZLWK�GUDLQLQJ�YLUJLQ�SHDWODQG��+LJK�ZDWHU�IORZ�DQG�LQWHQVLYH�UDLQIDOO�FDXVH
HURVLRQ�RI�KDUYHVWHG�DUHDV��6XEVWDQWLDO�ILUH�KD]DUGV�H[LVW�GXULQJ�VXPPHU��ZKLFK�LV�WKH
RQO\�SURGXFWLRQ�SHULRG��)LUHV�FDQ�EH�FDXVHG�E\�VHOI�LJQLWLRQ�LQ�SHDW�VWRUDJH��E\
PDFKLQHV��HWF��'XH�WR�KLJK�WUDQVSRUW�QHHGV�WKH�WUDIILF�LQWHQVLW\�ZLOO�LQFUHDVH��:HDU�DQG
GDPDJHV�WR�WKH�URDG�QHWZRUN�ZLOO�LQFUHDVH��HVSHFLDOO\�WR�IRUHVW�URDGV�ZKHQ�XVHG�LQ
VSULQJ��5RDG�PDLQWHQDQFH�FRVWV�ZLOO�LQFUHDVH��7UDQVSRUW��SURFHVVLQJ�DQG�KDQGOLQJ�RI
SHDW�IXHOV�FDQ�FDXVH�KLJK�QRLVH�DQG�GXVW�OHYHOV��7KH�ULVN�IRU�ILUH�LQ�VWRULQJ�LV
VXEVWDQWLDO�

7KH�HPLVVLRQ�OHYHO�RI�&2��LV�UHODWLYHO\�KLJK�LQ�SHDW�FRPEXVWLRQ�LQ�UHODWLRQ�WR�LWV�KHDW
FRQWHQW��FDUERQ�HPLVVLRQ�IDFWRU�LV������W&�7-���*UHHQKRXVH�JDV������������7KH�HPLVVLRQ
OHYHOV�RI�&2�DQG�K\GURFDUERQV�DUH�PRVWO\�GHSHQGHQW�RQ�WKH�FRPEXVWLRQ�FRQGLWLRQV
DQG�FDQ�EH�NHSW�UHODWLYHO\�ORZ�ZLWK�D�ZHOO�FRQWUROOHG�FRPEXVWLRQ�SURFHVV��'XH�WR�KLJK
DQG�SDUWO\�XQFRQWUROOHG�HPLVVLRQ�OHYHOV�RI�SDUWLFOHV�WKH�HPLVVLRQ�RI�KHDY\�PHWDOV�FDQ
EH�VLJQLILFDQW�XQGHU�FHUWDLQ�FLUFXPVWDQFHV��+HDY\�PHWDOV�LQ�KLJK�FRQFHQWUDWLRQV�FDQ�EH
WR[LF�IRU�IORUD�DQG�IDXQD��7KH�SDUWLFOH�HPLVVLRQ�FDQ�EH�KLJKHU�WKDQ�WKDW�RI�RLO�DQG�FRDO
FRPEXVWLRQ�DQG�WKXV�FRPEXVWLRQ�JDV�FOHDQLQJ�HTXLSPHQW�LV�VWURQJO\�UHFRPPHQGHG�

7KH�VXOSKXU�FRQWHQW�RI�(VWRQLDQ�SHDW�LV�RQ�DYHUDJH����²������EXW�WKLV�YDOXH�FDQ�YDU\
VLJQLILFDQWO\��+RZHYHU��WKH�62��HPLVVLRQV�ZLOO�EH�VLJQLILFDQWO\�UHGXFHG�FRPSDUHG�WR



���

KHDY\�IXHO�RLO�DQG�FRDO�FRPEXVWLRQ��12[�HPLVVLRQ�ZLOO�QRW�VLJQLILFDQWO\�FKDQJH
FRPSDUHG�WR�IXHO�RLO�RU�FRDO��7KH�QLWURJHQ�FRQWHQW�RI�SHDW�LV�XVXDOO\�IDLUO\�KLJK��ZKLFK
FDQ�UHVXOW�LQ�D�UHODWLYHO\�KLJK�HPLVVLRQ�OHYHO�RI�12[��+RZHYHU��WKH�12[�HPLVVLRQ�LV
VWURQJO\�GHSHQGHQW�RQ�WKH�FRPEXVWLRQ�FRQGLWLRQV�DQG�WKXV�H[WUHPHO\�KLJK�OHYHOV�RI
12[�HPLVVLRQV�FDQ�EH�SUHYHQWHG�

� 3URVSHFWV�IRU�WKH�XVH�RI�ZRRG�DQG�SHDW

:RRG�DQG�SHDW�UHVRXUFHV�DUH�DYDLODEOH�LQ�(VWRQLD�IRU�LQFUHDVLQJ�WKH�SURGXFWLRQ�DQG
FRQVXPSWLRQ�RI�ZRRG�DQG�SHDW�IXHOV��KRZHYHU��LPSRUWHG�IRVVLO�IXHOV�FDQ�EH�VXEVWLWXWHG
RQO\�WR�D�FHUWDLQ�H[WHQW��7KH�WUDGH�EDODQFH�ZLOO�EH�LPSURYHG��HPSOR\PHQW�ZLOO�LQFUHDVH
DQG�RSSRUWXQLWLHV�IRU�HQWUHSUHQHXUVKLS�ZLOO�EH�VWLPXODWHG��(QYLURQPHQWDO�LPSDFWV�ZLOO
PDLQO\�EH�SRVLWLYH��HVSHFLDOO\�ZKHQ�FRQVLGHULQJ�WKH�XVH�RI�ZRRG�IXHOV�DQG�SRWHQWLDO
UHGXFWLRQV�LQ�DWPRVSKHULF�HPLVVLRQV��,QYHVWPHQWV�LQ�IXHO�KDQGOLQJ�DQG�ERLOHUV�ZLOO�EH
KLJKHU�WKDQ�IRU�FRUUHVSRQGLQJ�IRVVLO�IXHO�IDFLOLWLHV��+RZHYHU��DV�PRVW�H[LVWLQJ�SODQWV�DUH
ROG�DQG�ZRUQ�RXW�DQG�KDYH�WR�EH�UHSODFHG�ZLWKLQ�WKH�QHDU�IXWXUH��WKHVH�H[SHQGLWXUHV
DUH�RQO\�VOLJKWO\�DERYH�WKRVH�ZKLFK�ZRXOG�EH�UHTXLUHG�IRU�WKH�UHSODFHPHQW�ZLWK
FRQYHQWLRQDO�WHFKQRORJ\��7KH�XWLOLVDWLRQ�RI�GRPHVWLF�ZRRG�UDZ�PDWHULDO�DQG�SHDW�DV
VRXUFHV�RI�IXHO�IRU�KHDWLQJ�V\VWHPV��HVSHFLDOO\�LQ�VPDOO�DQG�PHGLXP�VL]HG�GLVWULFW
KHDWLQJ�SODQWV�VKRXOG�EH�LQFUHDVHG�

� +\GURHQHUJ\

��� +\GURHQHUJ\�UHVRXUFHV�DQG�XWLOLVDWLRQ

(VWRQLDQ�ULYHUV�KDYH�D�UHODWLYHO\�VPDOO�ZDWHU�GLVFKDUJH�DQG�ORZ�JUDGLHQW��ZKLFK�PDNHV
WKHLU�HQHUJ\�SRWHQWLDO�PRGHUDWH��7KHUHIRUH�WKHUH�DUH�QR�RSSRUWXQLWLHV�IRU�EXLOGLQJ�ODUJH
DQG�PHGLXP�VL]HG�K\GUR�XQLWV�RQ�WKH�ULYHUV��1HYHUWKHOHVV��D�QXPEHU�RI�VLWHV�VXLWDEOH
IRU�VPDOO�K\GURSRZHU�SODQWV�FDQ�EH�IRXQG��0RVW�RI�WKH�VXLWDEOH�VLWHV�IRU�HVWDEOLVKLQJ
K\GURSRZHU�SODQWV�DUH�VLWXDWHG�LQ�1RUWK�(VWRQLD�ZKHUH�ULYHUV�IDOOLQJ�IURP�WKH
OLPHVWRQH�FOLII�KDYH�UDSLGV�RQ�WKHLU�ORZHU�FRXUVHV��DQG�LQ�6RXWK�(VWRQLD�ZKHUH�ULYHUV
VWDUWLQJ�IURP�XSODQGV�KDYH�D�UHODWLYHO\�KLJK�JUDGLHQW�DOWKRXJK�WKHLU�ZDWHU�GLVFKDUJH�LV
VPDOO��$OVR�VRPH�PDMRU�ULYHUV�LQ�&HQWUDO�DQG�:HVW�(VWRQLD�KDYH�VXLWDEOH�VLWHV�IRU
K\GURSRZHU�SODQWV��WKH�3lUQX��.DVDUL��(PDM}JL��3}OWVDPDD��

+\GURHOHFWULF�SRZHU�PDGH�XS�D�FRQVLGHUDEOH�VKDUH�LQ�WKH�(VWRQLDQ�HQHUJ\�EDODQFH
EHIRUH�:RUOG�:DU�,,��LQ������WKH�FDSDFLW\�RI�K\GURHQHUJ\�XQLWV�ZDV�������RI�WKH�WRWDO
FDSDFLW\�RI�SRZHU�SODQWV��7KH�WRWDO�FDSDFLW\�RI�K\GURHOHFWULF�VWDWLRQV�ZDV������N:�ZLWK
WKH�RXWSXW�RI��������0:ÃK��2YHU�����VPDOO�K\GUR�WXUELQHV�DQG�ZDWHU�ZKHHOV�ZHUH�LQ
RSHUDWLRQ��$IWHU�WKH�:RUOG�:DU�,,�LPSRUWDQFH�RI�XVH�RI�K\GURHQHUJ\�ZDV�GHFUHDVLQJ�
EHFDXVH�RI�H[WHQVLYH�GHYHORSPHQW�RI�RLO�VKDOH�SRZHU�LQGXVWU\�

$W�SUHVHQW�ILYH�VPDOO�K\GURSRZHU�VWDWLRQV��3}OWVDPDD��.HLOD�-RD��6DHVDDUH��/HHYDNX�
.RWND��ZLWK�WKH�WRWDO�FDSDFLW\�RI�����N:��DQG�D�QXPEHU�RI�YHU\�VPDOO�SODQWV�ZLWK�WKH
FDSDFLW\�RI�RQO\�VRPH�NLORZDWWV�DUH�LQ�RSHUDWLRQ��7KH�DYHUDJH�UDWH�RI�K\GURSRZHU
FRPPLVVLRQLQJ�LV�DERXW����²����0:�SHU�\HDU�

7KH�WRWDO�WKHRUHWLFDO�UHVRXUFH�RI�K\GURHQHUJ\�LQ�(VWRQLD�LV�HVWLPDWHG�DW�DERXW�����0:�
)URP�WKH�SRLQW�RI�YLHZ�RI�SRZHU�HQJLQHHULQJ�WKH�1DUYD�5LYHU�KDV�WKH�ELJJHVW�GLVFKDUJH
DQG�SRZHU�UHVRXUFH��7KH�DYHUDJH�GLVFKDUJH�RI�WKH�1DUYD�5LYHU�LV�����P��V��ZKLFK
RXWFODVVHV�WKH�IORZV�RI�DOO�RWKHU�ULYHUV��7KH�1DUYD�+\GURHOHFWULF�3RZHU�3ODQW�ZLWK�WKH
FDSDFLW\�RI�����0:�ZDV�EXLOW�RQ�WKH�ULYHU�LQ�������,W�LV�VWLOO�LQ�RSHUDWLRQ�WRGD\�DQG�LV
QRZ�XQGHU�5XVVLDQ�DXWKRULW\�



���

%DVHG�RQ�WKH�HDUOLHU�DVVHVVPHQWV�DQG�ODWHVW�FDOFXODWLRQV��WHFKQLFDOO\�IHDVLEOH�SRWHQWLDO�RI
DOO�(VWRQLDQ�ULYHUV��H[FOXGLQJ�WKH�1DUYD�5LYHU��FDQ�EH�HVWLPDWHG�DV�KLJK�DV����0:�
&RQVLGHULQJ�WKH�UHVRXUFH�ORFDWLRQ��WKH�ULYHUV�LQ�1RUWK�(VWRQLD���VKRXOG�EH�JLYHQ�WKH
SULRULW\��7KDW·V�EHFDXVH�WKH\�DUH�IORZLQJ�RQ�WKH�OLPHVWRQH�SODWHDX�DQG�IRUP�ZDWHUIDOOV
DQG�UDSLGV��3XUWVH��.XQGD��6HOMD��/RREX��9DOJHM}H��-lJDOD��3LULWD�DQG�.HLOD���HDFK�RI
WKHP�FRXOG�JLYH�VRPH�KXQGUHGV�NLORZDWWV��$PRQJ�WKH�ULYHUV�IDOOLQJ�LQWR�WKH�*XOI�RI
5LJD��WKH�.DVDUL�DQG�WKH�3lUQX�KDYH�WKH�KLJKHVW�SRWHQWLDO��,Q�WKH�PLGGOH�FRXUVH�RI�WKH
3lUQX�5LYHU�WKHUH�DUH�D�QXPEHU�RI�VLWHV��EXW�RQO\�D�IHZ�RI�WKHP�KDYH�D�FDSDFLW\�XS�WR
VRPH�PHJDZDWWV��,Q�WKH�ZDWHUVKHG�RI�/DNH�3HLSVL�IDOOV�ZLWK�D�FDSDFLW\�RI�DERXW�����N:
FDQ�EH�IRXQG�RQ�PDQ\�ULYHUV��(PDM}JL��¯KQH��$KMD��9}KDQGX��3LXVD��HWF����7KH
SRWHQWLDO�RI�WKH�3}OWVDPDD�5LYHU�LV�FRQVLGHUDEOH��SDUWLFXODUO\�RQ�WKH�WHUULWRU\�RI
3}OWVDPDD�PXQLFLSDOLW\��6PDOO�VXLWDEOH�VLWHV�FDQ�EH�IRXQG�RQ�PDQ\�VWUHDPV�DOO�RYHU�WKH
FRXQWU\�

7KHUH�LV�VWLOO�XQXVHG�UHVRXUFH�DW�2PXWL�VLWH�RQ�WKH�XSSHU�FRXUVH�RI�WKH�1DUYD�5LYHU
ZLWK�WKH�FDSDFLW\�LQ�WKH�UDQJH�RI����²���0:��ZKLFK�FRQVWLWXWHV�DW�OHDVW�KDOI�RI�WKH�WRWDO
SRWHQWLDO�RI�DOO�WKH�RWKHU�ULYHUV��$�SRZHU�VWDWLRQ�DW�2PXWL�ZRXOG�DOORZ�VHDVRQDO
UHJXODWLRQ�DQG�WKH�/LQQDPlH�SODQW�RQ�WKH�-lJDOD�5LYHU�GDLO\�UHJXODWLRQ��,Q�RWKHU�VLWHV
RSSRUWXQLWLHV�IRU�ODUJH�VWRUDJH�EDVLQV�DUH�QRW�DYDLODEOH�DQG�WKH\�FRXOG�EH�GHYHORSHG
SUDFWLFDOO\�LQWR�UXQ�RI�ULYHU�SODQWV��7KH�QXPEHU�RI�UXQQLQJ�KRXUV�IRU�WKH�LQVWDOOHG
FDSDFLW\�ZRXOG�EH�����²�����RQ�DYHUDJH�

7KHUHIRUH��WKH�WRWDO�(VWRQLDQ�K\GURSRZHU�SRWHQWLDO�FRQVWLWXWHV�RQO\��²���RI�WKH�WRWDO
FDSDFLW\�RI�SRZHU�SODQWV�DQG�LV�GLVVLSDWHG�EHWZHHQ�D�JUHDW�QXPEHU�RI�VPDOO�VLWHV�
1HYHUWKHOHVV��XWLOLVDWLRQ�RI�WKLV�SRWHQWLDO�ZRXOG�HQDEOH�WR�SURGXFH�DERXW����²����7:ÃK
HOHFWULFLW\�

��� 7KH�LPSDFW�RI�K\GURHQHUJ\

$V�NQRZQ��VPDOO�K\GURHOHFWULF�SRZHU�SODQWV�KDYH�PDQ\�DGYDQWDJHV��7KHLU�WHFKQRORJ\
LV�ZHOO�GHYHORSHG�DQG�SURGXFWLRQ�FRVW�LV�LQGHSHQGHQW�IURP�LQIODWLRQ��1HDUO\�IXOO
DXWRPDWLRQ�DOORZV�UHGXFWLRQ�WKH�QXPEHU�RI�SHUVRQQHO�DQG�RSHUDWLRQ�FRVWV�WR
PLQLPXP��9HU\�VPDOO�K\GUR�SODQWV�GR�QRW�FRQVXPH��UHVRXUFHV���WKH�ZDWHU�FDQ�VWLOO�EH
XVHG�DIWHU�IORZLQJ�WKURXJK�WKH�SODQW��/RZ�FDSLWDO�FRVWV�DQG�UHODWLYHO\�VLPSOH
FRQVWUXFWLRQ�RSHUDWLRQV�DOORZ�WR�UHVWRUH�DQG�EXLOG�SODQWV�LQ�D�VKRUW�WLPH��LQ�KDOI�WR�WZR
\HDUV���7KH�VLPSOH�WHFKQRORJ\��VPDOO�QRQVSHFLDOLVHG�FRQVWUXFWLRQ�FRPSDQLHV�FDQ�EH
XVHG��PXQLFLSDO�RU�SULYDWH�IXQGV�HQJDJHG��7KH�OLIH�WLPH�RI�K\GURSRZHU�SODQWV�LV�YHU\
ORQJ��RIWHQ�RYHU����\HDUV�

(QYLURQPHQWDO�LPSDFWV�DUH�VPDOO��XQOLNH�LQ�WKH�FDVH�RI�ODUJH�K\GURHOHFWULF�SRZHU
SODQWV��2Q�WKH�FRQWUDU\��VPDOO�K\GUR�SODQWV�LPSURYH�ZDWHU�H[FKDQJH�DQG�R[\JHQ
FRQWHQW�LQ�WKH�ZDWHU��LPSURYLQJ�WKXV�WKH�VDQLWDU\�VWDWH�RI�WKH�ULYHU��6PDOO�VWRUDJH�ODNHV
RIWHQ�PDNH�WKH�ODQGVFDSH�PRUH�SLFWXUHVTXH�DQG�LPSURYH�UHFUHDWLRQ�SRVVLELOLWLHV�
3URSHU�PLQLPDO�IORZV�DIWHU�WKH�RYHUIORZ�GDP�DQG�ILVK�ODGGHUV�ZDUUDQW�WKH�PLQLPDO
LQIOXHQFH�RQ�WKH�DTXDWLF�OLIH��2YHUIORZ�GDPV�FRXOG�EH�GHVLJQHG�DV�QDWXUDO�UDSLGV��2I
FRXUVH��VPDOO�K\GURSRZHU�SODQWV�VKRXOG�EH�GHVLJQHG�SURSHUO\�WR�PDWFK�WKH
VXUURXQGLQJV�

&RQVLGHULQJ�WKDW�WKH�DYHUDJH�IXHO�FRQVXPSWLRQ�RI�(VWRQLDQ�RLO�VKDOH�SRZHU�SODQWV�LV
�����*-�N:ÃK�DQG�WKH�DYHUDJH�FDORULILF�YDOXH�RI�RLO�VKDOH�����0-�NJ��WKH�XWLOLVDWLRQ�RI
WKH����0:�K\GURSRZHU�SRWHQWLDO�ZRXOG�HQDEOH�WR�VDYH����²����0W�RI�RLO�VKDOH�SHU�\HDU�
)XUWKHU��FRQVLGHULQJ�WKDW�SURGXFLQJ���N:ÃK�RI�HOHFWULFLW\�LQ�RLO�VKDOH�SRZHU�SODQWV
\LHOGV�DERXW����J�DVK����J�62��DQG���J�12[��WKH�XVH�RI����0:�RI�K\GURSRZHU�DOORZV�WR
UHGXFH�SROOXWLRQ�RQ�DYHUDJH�DV�IROORZV�������W�DVK�������W�62��DQG�����W�12[�SHU�\HDU�



���

7KH�PDLQ�GLVDGYDQWDJH�RI�VPDOO�K\GUR�SODQWV�LV�WKH�GHSHQGHQFH�RQ�WKH�VHDVRQ�DQG
ZHDWKHU��DOWKRXJK�PXFK�OHVV�WKDQ�LQ�WKH�FDVH�RI�ZLQG�RU�ELRPDVV�XWLOLVDWLRQ�
1HYHUWKHOHVV��WKH�ZRUOG�SUDFWLFH�VKRZV�WKDW�LPSOHPHQWDWLRQ�RI�D�QHZ�WHFKQRORJ\
�VXEPHUVLEOH�XQLWV��FRUURVLRQ�SURRI�PDWHULDOV��PRGHUQ�FRQWURO�V\VWHPV��LQIODWDEOH�GDPV�
HWF���DQG�FRQWLQXRXV�ULVH�LQ�WKH�SULFHV�RI�IRVVLO�IXHOV�PDNH�VPDOO�K\GURSRZHU�SODQWV�LQ
HYHU\�UHVSHFW�PRUH�FRPSHWLWLYH��7KHLU�HFRQRPLF�LQGLFHV�DUH�EHWWHU�WKDQ�WKRVH�IRU�ZLQG
RU�ELRPDVV�XWLOLVDWLRQ�

7KH�PDLQ�REVWDFOHV�LQ�WKH�GHYHORSPHQW�RI�K\GURSRZHU�SODQWV�DUH�WKH�VDPH�DV�IRU�DQ\
RWKHU�W\SH�RI�VPDOO�UHQHZDEOH�HQHUJ\�SRZHU�SODQWV�

• ORZ�SULFH�RI�HOHFWULFLW\��ZKLFK�GRHV�QRW�UHIOHFW�WKH�WUXH�FRVW�RI�SURGXFLQJ
HOHFWULFLW\�

• LQVXIILFLHQW�OHJLVODWLRQ�UHJXODWLQJ�WKH�UHODWLRQV�ZLWK�WKH�SXEOLF�SRZHU�V\VWHP�
• SRRU�DFFHVV�WR�FDSLWDO�DQG�ILQDQFLQJ�
• LQVXIILFLHQW�VXSSRUWLQJ�WD[DWLRQ�SROLF\�
• VKRUWDJH�RI�H[SHULHQFH�DQG�NQRZ�KRZ�
• XQFOHDU�SURSULHWDU\�UHODWLRQV�
• PRVW�RI�WKH�HTXLSPHQW�VKRXOG�EH�LPSRUWHG�

��� &RVW�HIILFLHQF\�RI�K\GURHQHUJ\

,Q�WKH�VWXG\�FDUULHG�RXW�E\�WKH�(HVWL�0DDSDUDQGXVSURMHNW�LQ�������K\GURSRZHU�VLWHV
ZLWK�WKH�FDSDFLW\�RYHU����N:��ZKLFK�FRXOG�EH�RI�JUHDWHVW�LQWHUHVW�LQ�WKH�QHDU�IXWXUH�
ZHUH�SLFNHG�RXW��7KHVH�VLWHV�FDQ�EH�GLYLGHG�LQWR�WZR�JURXSV�

�� IRUPHU�SRZHU�SODQWV��ILW�WR�EH�UHVWRUHG������VLWHV�ZLWK�D�WRWDO�FDSDFLW\�RI�����
N:�

�� SRVVLEOH�QHZ�SODQWV������ZLWK�D�WRWDO�FDSDFLW\�RI������N:�DQG�WKH�2PXWL�VLWH�
�.DOGDPlH��������

7R�HQVXUH�D�UHDVRQDEOH�SD\�EDFN�WLPH��ZKLFK�FRXOG�VDWLVI\�VPDOO�SURGXFHUV�LQ�WKH
SUHVHQW�VLWXDWLRQ�ZKHUH�WKH�SULFHV�RQ�HOHFWULFLW\�DUH�UDWKHU�ORZ��WKH�VSHFLILF�LQYHVWPHQW
FRVWV�PXVW�EH�ORZ�HQRXJK���LQ�WKH�UDQJH�RI�((.�����²�������SHU�\HDU��&RQVHTXHQWO\��LQ
WKH�QHDUHVW�IXWXUH�WKH�SODQWV�RI�WKH�ILUVW�JURXS�ZLOO�EH�RI�JUHDWHU�LQWHUHVW�VLQFH�WKHUH�D
FRQVLGHUDEOH�SDUW�RI�FLYLO�HQJLQHHULQJ�VWUXFWXUHV�KDYH�EHHQ�SUHVHUYHG��$V�FRQVWUXFWLRQ
FRVWV�PDNH�XS���²����RI�WKH�WRWDO�LQYHVWPHQW��WKHLU�HFRQRPLF�LQGLFHV�ZRXOG�EH�PXFK
EHWWHU��DFFRUGLQJ�WR�URXJK�HVWLPDWHV��WKH�VSHFLILF�LQYHVWPHQW�FRVWV�DUH�DERXW�((.�����²
�������SHU�N:��7KH�FDVFDGH�RI�VL[�SODQWV�RQ�WKH�-lJDOD�5LYHU�ZLWK�D�WRWDO�FDSDFLW\�XS�WR
��0:��LQFOXGLQJ�WKH�/LQQDPlH�3ODQW�ZLWK�D�FDSDFLW\�RI��²����0:�DQG�ZLWK�WKH
SRVVLELOLW\�RI�GDLO\�UHJXODWLRQ��VKRXOG�EH�PDLQ�LQWHUHVW�

&RQVWUXFWLRQ�RI�HQWLUHO\�QHZ�K\GURHOHFWULF�SRZHU�SODQWV�ZLOO�EHFRPH�SURILWDEOH�ZLWK�D
IXUWKHU�JURZWK�RI�IRVVLO�IXHO�SULFHV�DQG�LQFUHDVH�LQ�HOHFWULFLW\�SULFHV��6SHFLILF�LQYHVWPHQW
FRVWV�IRU�QHZ�SODQWV�DUH�URXJKO\�HVWLPDWHG�WR�EH�LQ�WKH�UDQJH�RI�((.������²�������SHU
N:��7KH�ORZHVW�FRVW��DERXW�((.�������SHU�N:��LV�HVWLPDWHG�IRU�WKH�2PXWL�VLWH�

$GGLWLRQDO�FRVWV�IRU�EXLOGLQJ�URDGV�DQG�WUDQVPLVVLRQ�OLQHV�DUH�QRW�UHOHYDQW�GXH�WR�WKH
UDWKHU�ZHOO�GHYHORSHG�LQIUDVWUXFWXUH��$W�WKH�VDPH�WLPH�VPDOO�K\GURHOHFWULF�SRZHU
SODQWV��ORFDWHG�DOO�RYHU�WKH�FRXQWU\��ZRXOG�HQDEOH�WR�UHGXFH�WUDQVPLVVLRQ�ORVVHV�DQG
LPSURYH�WKH�YROWDJH�TXDOLW\�



���

7R�FRQFOXGH��LQ�WKH�QHDU�IXWXUH�LW�LV�IHDVLEOH�WR�UHVWRUH�IRUPHU�VPDOO�K\GURHOHFWULF�SRZHU
SODQWV�ZLWK�D�WRWDO�FDSDFLW\�RI��²��0:��LQ�WKH�ORQJHU�SHUVSHFWLYH�LW�LV�SRVVLEOH�WR
LQFUHDVH�WKH�WRWDO�FDSDFLW\�RI�K\GUR�SODQWV�XS�WR���²���0:�

� :LQG�HQHUJ\

��� ,QWURGXFWLRQ

6XFFHVVIXO�XVH�RI�ZLQG�HQHUJ\�LQ�VHYHUDO�GHYHORSHG�FRXQWULHV��ULVLQJ�HOHFWULF�HQHUJ\
SULFHV�DQG�WKH�QHHG�WR�UHGXFH�DWPRVSKHULF�SROOXWLRQ�RULJLQDWLQJ�IURP�WKH�HQHUJ\�VHFWRU
DUH�WKH�NH\�LVVXHV�ZK\�LQWHUHVW�LQ�ZLQG�HQHUJ\�VKDOO�LQFUHDVH�LQ�(VWRQLD��8WLOLVDWLRQ�RI
ZLQG�HQHUJ\�PD\�EH�HVSHFLDOO\�DWWUDFWLYH�LQ�FRDVWDO�DUHDV�ZKHUH�GLIILFXOWLHV�LQ�HQHUJ\
WUDQVPLVVLRQ�IURP�WKH�PDLQ�HOHFWULFDO�QHWZRUN�RFFXU��2Q�WKH�LVODQGV�WKDW�DUH�QRW
FRQQHFWHG�WR�WKH�PDLQ�HOHFWULFDO�QHWZRUN�WKH�XVH�RI�ZLQG�HQHUJ\�PD\�SURYLGH�D
VXEVWDQWLDO�DPRXQW�RI�HOHFWULFLW\�DQG�UHGXFH�WKH�QHHG�IRU�GLHVHO�IXHO�XVHG�IRU�WKH
JHQHUDWLRQ�RI�HOHFWULFLW\�

8VH�RI�ZLQG�HQHUJ\�KDV�EHHQ�KLQGHUHG�VR�IDU�E\�D�V\VWHPDWLF�XQGHU�FDSDFLW\�RSHUDWLRQ
DQG�UHODWLYHO\�ORZ�XQLW�FRVW�RI�HQHUJ\�����²����86�FHQWV�SHU�N:ÃK��RI�RLO�VKDOH�SRZHU
SODQWV��:LQG�HQHUJ\�FDQQRW�EH�DQ�DOWHUQDWLYH�EXW�D�VXSSOHPHQW�WR�RXU�RLO�VKDOH�EDVHG�RU
DQ\�RWKHU�WUDGLWLRQDO�IRVVLO�VRXUFH�SRZHU�JHQHUDWLRQ��H�J��WR�QDWXUDO�JDV�LQ�WKH�IXWXUH�
:LQG�WXUELQHV�QHHG�D�UHVHUYH�IRU�WKH�FDOP�WLPHV�DQG�WKH\�FRXOG�EH�KDQGOHG�DV
DGGLWLRQDO�HQHUJ\�SURGXFHUV�

��� 3UHUHTXLVLWHV�IRU�ZLQG�HQHUJ\�XWLOLVDWLRQ

7R�JXDUDQWHH�VXFFHVVIXO�GHYHORSPHQW�RI�ZLQG�HQHUJ\�JHQHUDWLRQ�VRPH�VLJQLILFDQW
SUHUHTXLVLWHV�PXVW�H[LVW�DQG�WKH�JHQHUDO�SULQFLSOHV�RI�WKH�HQHUJ\�GHYHORSPHQW�VWUDWHJ\
PXVW�EH�IRUPHG��,Q�JHQHUDO�WKH�SUREOHPV�RI�ODUJH��RU�VPDOO�VFDOH�SRZHU�JHQHUDWLRQ
EDVHG�RQ�ZLQG�HQHUJ\�VKRXOG�EH�YLHZHG�VHSDUDWHO\��7KH�LQVWDOODWLRQV�RYHU�����N:�DUH
FRQVLGHUHG�DPRQJ�WKH�ODUJH�ZLQG�HQHUJ\�LQVWDOODWLRQV��WKH\�DUH�XVHG�IRU�WKH�HOHFWULFDO
HQHUJ\�JHQHUDWLRQ�WR�WKH�PDLQ�HOHFWULFDO�QHWZRUN�RU�WR�DQ�DXWRQRPRXV�V\VWHP��DOVR
FRPELQHG�XVH�ZLWK�WKH�SURGXFWLRQ�RI�KHDW�RU�SDUDOOHO�ZRUN�ZLWK�D�GLHVHO�JHQHUDWRU�LV
DSSOLHG��7KH�GHYLFHV�EHORQJLQJ�WR�WKH�VHW�RI�VPDOO�HQHUJ\�LQVWDOODWLRQV�DUH�PDLQO\
DXWRQRPRXV�DQG�XVHG�IRU�WKH�SURGXFWLRQ�RI�HOHFWULFDO�RU�WKHUPDO�HQHUJ\��&XUUHQWO\�WKH
HPSKDVLV�LV�RQ�WKH�ODUJH�VFDOH�SRZHU�JHQHUDWLRQ��DQG�LW�LV�QRW�GHSHQGHQW�RQ�WKH�W\SH
�DXWRQRPRXV�RU�QHWZRUN�FRQQHFWHG��RI�WKH�LQVWDOODWLRQV��7KH�PDLQ�UHDVRQ�LV�WKDW�D
ELJJHU�ZLQG�WXUELQH�ZLWK�D�KLJKHU�WRZHU��FRPPRQ�WR�VHYHUDO�KRXVHKROGV�LV�PRUH
HIILFLHQW��6XFK�D�FR�RSHUDWLRQ�LV�HVSHFLDOO\�SRSXODU�LQ�'HQPDUN��7KH�PDLQ�SUHUHTXLVLWHV
IRU�WKH�LQWURGXFWLRQ�RI�ZLQG�SRZHU�JHQHUDWLRQ�DUH�

• VXIILFLHQF\�RI�WKH�ZLQG�UHVRXUFH�
• QHDUQHVV�RI�WKH�VXLWDEOH�FRQVXPHUV�RU�KLJK�YROWDJH�WUDQVPLVVLRQ�OLQHV�
• SRVVLELOLW\�WR�DFFXPXODWH�HQHUJ\�RQ�DXWRQRPRXV�LQVWDOODWLRQV�
• HFRQRPLF�H[SHGLHQFH�
• RSSRUWXQLW\�WR�HPSOR\�ORFDO�ODERXU�
• SRVVLELOLW\�WR�SURGXFH�LQVWDOODWLRQ·V�FRPSRQHQWV�RQ�WKH�EDVLV�RI�ORFDO�LQGXVWU\�
• UHODWLRQVKLSV�EHWZHHQ�SURGXFHU�DQG�FRQVXPHU�UHJXODWHG�ZLWK�ODZV�DQG�UXOHV�
• VXSSRUW�RI�WKH�UHVLGHQWV�DQG�ORFDO�DXWKRULWLHV�

$FWXDOO\�WKH�PDUNHW�UHJXODWHV�WKH�VLWXDWLRQ�LI�D�ZLVH�WD[�SROLF\�LV�DSSOLHG��)RU�VWDUWLQJ
ZLQG�HQHUJ\�SURJUDPV�DSSO\LQJ�]HUR�WD[DWLRQ�IRU�LPSRUWV�RI�ZLQG�WXUELQHV�DQG�WKHLU



���

FRPSRQHQWV�LV�HVVHQWLDO��LW�VKRXOG�EH�SRVVLEOH�WR�JHW�ORQJ�WHUP�ORDQV�ZLWK�PRGHUDWH
LQWHUHVW�UDWH�DQG�WKH�SULFH�IRU�WUDQVPLVVLRQ�VKRXOG�EH�OLPLWHG��LW�FRXOG�EH���²����RI�WKH
DYHUDJH�WUDQVPLVVLRQ�SULFH��RI�WKH�HOHFWULFDO�HQHUJ\��$IWHU�WZR�RU�WKUHH�\HDUV�WKH�SULFH
RI�HOHFWULFDO�HQHUJ\�ZLOO�EH�VR�KLJK�WKDW�WKHUH�VKRXOG�EH�HQRXJK�ORFDO�DQG�IRUHLJQ
LQYHVWRUV�DQG�WKH�GHYHORSPHQW�RI�ZLQG�SRZHU�JHQHUDWLRQ�ZLOO�EH�QRUPDO��DOVR�WKH
SURGXFWLRQ�RI�WKH�PDFKLQHV�ZLOO�EH�VWDUWHG�LQ�(VWRQLD��(VSHFLDOO\�ORFDO�DXWKRULWLHV�LQ
6DDUHPDD��+LLXPDD�DQG�3lUQX�FRXQWLHV�DUH�LQWHUHVWHG�LQ�WKH�XVH�RI�ZLQG�HQHUJ\��7KH
GHYHORSPHQW�SURFHVV�FDQ�EH�DFFHOHUDWHG�E\�PHDQV�RI�VXEVLGLHV��SDLG�WR�ZLQG�HQHUJ\
SURGXFHUV�IURP�WKH�QDWXUH�SURWHFWLRQ�IXQG��ZKLFK��UDLVHV�PRQH\�IURP�WKH�SROOXWLRQ�WD[�

7KH�TXDQWLW\�RI�HOHFWULFDO�HQHUJ\�JHQHUDWHG�LQ�(VWRQLD�LV�DSSUR[LPDWHO\����7:ÃK�SHU
\HDU��,I�ZH�VHW�WKH�SXUSRVH�WR�SURGXFH����RI�LW�E\�ZLQG�WXUELQHV�DQG�ZH�H[SHFW�WKDW�WKH
RSHUDWLQJ�WLPH��DQQXDO�DYDLODELOLW\��RI�ZLQG�WXUELQHV�ZLWK�UDWHG�SRZHU�RI�DERXW�0:�LV
�������WKDW�LV������KRXUV�SHU�\HDU��DQG�WKDW�WKH�F\FOH�RI�LQVWDOODWLRQ�LV����\HDUV�WKHQ�ZH
KDYH�WR�LQVWDOO�ZLQG�WXUELQHV�ZLWK�WRWDO�UDWHG�SRZHU�RI����0:�HYHU\�\HDU��,Q�RWKHU
ZRUGV��ZLQG�WXUELQHV�ZLWK�WRWDO�FDSDFLW\�RI�����0:�VKRXOG�EH�PDQXIDFWXUHG��LQLWLDOO\
LQ�YLUWXH�RI�OLFHQFHV��DQG�LQVWDOOHG�HYHU\�WKUHH�PRQWKV�LQ�FR�RSHUDWLRQ�ZLWK�IRUHLJQ
FRPSDQLHV��7KH�DQQXDO�SURMHFW�FRVW�LV�DERXW�86�����²�����PLOOLRQ��7KH�OHQJWK�RI�WKH
F\FOH�LV�GHWHUPLQHG�E\�WKH�H[SORLWDWLRQ�WLPH�ZKHQ�DOO�WKH�HTXLSPHQW�LV�UHQHZHG��7KLV
FRXOG�EH�FRQVLGHUHG�WKH�PD[LPXP�GHYHORSPHQW�SURJUDP�RI�(VWRQLDQ�ZLQG�SRZHU
JHQHUDWLRQ��DOWKRXJK�VRPH�VXUSULVHV�LQ�IUHH�HQHUJ\�PDUNHW�DUH�SRVVLEOH��)RU�H[DPSOH�
ZH�FRXOG�H[SRUW�ZLQG�JHQHUDWHG�HOHFWULFDO�HQHUJ\�IURP�VRXWK�ZHVW�FRDVWDO�UHJLRQV�DW
3lUQX�WR�WKH�/DWYLD��LI�WKH�VLWXDWLRQ�LQ�WKH�PDUNHW�LV�DSSURSULDWH��1R�GRXEW�WKH
UHVRXUFHV�RI�ZLQG�LQ�(VWRQLD·V�LVODQGV�DQG�FRDVWDO�DUHDV�DUH�SURPLVLQJ��,Q�WKH�QH[W
VHFWLRQV�ZH�ZLOO�VKRZ�WKDW�WKHUH�DUH�QR�WHFKQLFDO�RU�FOLPDWRORJLFDO��ZLQG�UHVRXUFH�
UHVWULFWLRQV�WR�H[FHHG�WKH��WDUJHW�VHW�LQ�PD[LPXP�GHYHORSPHQW�SURJUDP��(YHU\WKLQJ
GHSHQGV�RQ�WKH�VLWXDWLRQ�LQ�WKH�HQHUJ\�PDUNHW��LQYHVWPHQWV�WR�VWDUW�WKH�QHZ�EUDQFK�RI
SURGXFWLRQ�DQG�HQHUJ\�SROLF\�

��� (VWRQLDQ�ZLQG�UHVRXUFHV

(VWRQLD�LV�VLWXDWHG�RQ�WKH�HDVWHUQ�FRDVW�RI�WKH�%DOWLF�6HD��7KLV�LV�D�UHJLRQ�ZLWK�LQWHQVLYH
F\FORQLF�DFWLYLW\�DQG�WKHUHIRUH�ZLWK�D�UHODWLYHO\�KLJK�PHDQ�ZLQG�VSHHG��7KH�JHQHUDO
FKDUDFWHU�RI�WKH�(VWRQLDQ�ZLQG�UHJLPH�LV�GHWHUPLQHG�E\�DWPRVSKHULF�FLUFXODWLRQ�DQG�LWV
VHDVRQDO�YDULDWLRQ�RYHU�WKH�$WODQWLF�2FHDQ�DQG�(XUDVLD��+RZHYHU��WKH�%DOWLF�6HD�LWVHOI�LV
D�YHU\�LPSRUWDQW�IDFWRU�DIIHFWLQJ�ZLQG�FOLPDWH��LW�KDV�DQ�HVSHFLDOO\�VWURQJ�LQIOXHQFH�RQ
WKH�ZLQG�UHJLPH�LQ�FRDVWDO�DUHDV�

7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�FKDSWHU�DUH�EDVHG�RQ�VLPLODU�PDWHULDO�DQG�PHWKRGV�XVHG
IRU�WKH�(XURSHDQ�:LQG�$WODV��7URHQ�DQG�3HWHUVHQ��������ZKHUH�WKH�LQIOXHQFH�RI�QHDUE\
VKHOWHULQJ�REVWDFOHV��URXJKQHVV�DQG�RURJUDSK\�RI�WKH�VXUURXQGLQJ�DUHD�DUH�WDNHQ�LQWR
DFFRXQW�ZKHQ�PRGHOOLQJ�ZLQG�UHVRXUFHV��0RUH�DWWHQWLRQ�KDV�EHHQ�SDLG�RQ�PRGHOOLQJ
WKH�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�ZLQG�UHVRXUFHV�RYHU�WKH�ZKROH�DUHD�RI�(VWRQLD�
7KH�3&�SURJUDP�:$63������:LQG�$WODV�$QDO\VLV�DQG�$SSOLFDWLRQ�3URJUDP��ZRUNHG
RXW�DW�5LV¡�1DWLRQDO�/DERUDWRU\��'HQPDUN��ZDV�XVHG�WR�SHUIRUP�WKH�FDOFXODWLRQV�

(VWRQLD�KDV�D�IDYRXUDEO\�KLJK�GHQVLW\�RI�PHWHRURORJLFDO�VWDWLRQV��ZKLFK�SURYLGHV�D
JRRG�SRVVLELOLW\�IRU�DQDO\VLQJ�ZLQG�DQG�ZLQG�HQHUJ\�UHVRXUFHV�LQ�GLIIHUHQW�UHJLRQV�
%DVHG�RQ�WKH�PHDQ�PRQWKO\�ZLQG�VWDWLVWLFV�IURP����PHWHRURORJLFDO�VWDWLRQV�DQG
PHDVXUHPHQW�VLWHV�LQ�WKH�SHULRG�����²�����WKLUWHHQ�ZLQG�FOLPDWH�UHJLRQV�ZHUH
GLVWLQJXLVKHG��,Q�WKHVH�DUHDV�WKH�PHWHRURORJLFDO�VWDWLRQV�ZLWK�KLJK�TXDOLW\
PHDVXUHPHQWV�DQG�FRQWLQXRXV�WLPH�VHULHV�ZHUH�FKRVHQ�WR�PRGHO�ZLQG�UHVRXUFHV��7KH
QRPLQDO�SHULRG�IRU�PRGHO�UXQV�ZDV����\HDUV���������������������������ZKHUH�GDWD�VHWV
FRQVLVWLQJ�RI�REVHUYDWLRQV�DIWHU�HDFK���KRXU�ZHUH�XVHG��)RU�WKUHH�VWDWLRQV
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FOLPDWRORJLFDOO\�ORQJ�SHULRG�IUHTXHQF\�WDEXODWLRQV�ZHUH�XVHG�IRU�YDOLGDWLRQ��%HFDXVH
ZLQG�LV�D�SKHQRPHQRQ�WKDW�YDULHV�IURP�\HDU�WR�\HDU�RQ�D�ODUJH�VFDOH��WKH�WLPH�VHULHV�RI
HDFK�PHWHRURORJLFDO�VWDWLRQ�DUH�RI�WKH�VDPH�OHQJWK�DQG�SHULRG��7KLV�HOLPLQDWHV�UHODWLYH
GHYLDWLRQV�LQ�WHUULWRULDO�GLVWULEXWLRQ�RI�ZLQG�UHVRXUFHV�

'LIIHUHQFHV�LQ�WKH�WHUULWRULDO�SDWWHUQ�RI�ZLQG�VSHHG�DQG�GLUHFWLRQV�LQ�(VWRQLD�DUH�FDXVHG
PDLQO\�E\�LWV�VLWXDWLRQ�RQ�WKH�%DOWLF�6HD��7KH�LPSDFW�RI�WKH�VHD�OHDGV�WR�VLJQLILFDQW
GLIIHUHQFHV�LQ�ZLQG�VSHHG�EHWZHHQ�WKH�FRDVWDO�DQG�LQODQG�SDUWV�RI�(VWRQLD��)LJXUH�����
7KH�DQQXDO�PHDQ�ZLQG�VSHHG�LV�XS�WR��²��P�V�DW����P�KHLJKW�LQ�WKH�:HVW�(VWRQLDQ
$UFKLSHODJR�DQG�LQ�RSHQ�FRDVWDO�DUHDV��$�SHUFHSWLEOH�GHFUHDVH�LQ�WKH�PHDQ�ZLQG�VSHHG
FDQ�EH�REVHUYHG�LQ�WKH�QDUURZ�WUDQVLWLRQ�]RQH�IURP�WKH�VHD�WR�ODQG��7KH�ZLQG�VSHHG
GHFUHDVHV�E\�DSSUR[LPDWHO\�����LQ�WKH�WUDQVLWLRQ�]RQH�ZLWK�DQ�DYHUDJH�ZLGWK�RI����NP�
7KH�PHDQ�ZLQG�VSHHG�LV�UHGXFHG�LQ�WKRVH�DUHDV�E\�XS�WR���P�V��$OVR��WKH�QXPEHU�RI
GD\V�ZLWK�VWRUP�RU�VWURQJ�ZLQG�GHFUHDVHV�UDSLGO\�IURP����GD\V�SHU�\HDU��FKDUDFWHULVWLF
RI�FRDVWDO�DUHDV�DQG�LVODQGV��WR����GD\V�SHU�\HDU�LQ�WKH�WUDQVLWLRQ�]RQH�

)LJXUH����0HDQ�DQQXDO�ZLQG�VSHHG�DW����P�DERYH�JURXQG�OHYHO
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3.0

,Q�WKH�FRDVWDO�DUHDV�DQG�RQ�VPDOO�LVODQGV�WKH�ZLQG�EORZV�PRVW�IUHTXHQWO\�DW�D�VSHHG�RI
�²��P�V��RQ�WKH�ZHVWHUQ�FRDVW�RI�6DDUHPDD�,VODQG�PRVW�IUHTXHQWO\��²��P�V��,Q�WKH
LQODQG�SDUWV�RI�(VWRQLD�ZLQG�VSHHG�LV�PRVW�RIWHQ�XS�WR���P�V��7KH�PHDQ�ZLQG�VSHHG�RQ
WKH�QRUWKHUQ�FRDVW�RI�(VWRQLD�UHPDLQV�EHWZHHQ���DQG���P�V��,W�LV�KLJKHU�LQ�WKH�ZHVWHUQ
SDUW�DQG�GHFUHDVHV�WRZDUG�WKH�HDVW��7KH�GHFUHDVH�LQ�PHDQ�ZLQG�VSHHG�FRLQFLGHV�ZLWK
WKH�LQFUHDVH�LQ�GLVWDQFH�IURP�WKH�RSHQ�VHD�DQG�VXUIDFH�URXJKQHVV�LQ�WKH�QHLJKERXULQJ
WHUULWRULHV��%HFDXVH�RI�WKH�FOLII��WKH�QRUWKHUQ�FRDVW�RI�(VWRQLD�FOHDUO\�KDV�D�GLIIHUHQW
LQIOXHQFH�RQ�ZLQG�WKDQ�DQ\�RWKHU�SDUW�RI�WKH�(VWRQLDQ�FRDVW��,Q�VSLWH�RI�WKH�VWHHS
LQFUHDVH�LQ�WKH�DEVROXWH�DQG�UHODWLYH�KHLJKW�RI�WKH�JURXQG�OHYHO��WKH�ZLQG�VSHHG�GRHV
QRW�LQFUHDVH�LQ�WKH�VDPH�H[WHQW��7KH�DEUXSW�FKDQJH�LQ�URXJKQHVV�EHFDXVH�RI�WKH�FOLII
UHVXOWV�LQ�OHVV�LQIOXHQFH�RQ�ZLQGV�EORZLQJ�DORQJ�WKH�FOLII�DQG�PRUH�HIIHFW�RQ�ZLQGV
EORZLQJ�SHUSHQGLFXODU�WR�WKH�FOLII��7KH�FOLII·V�LQIOXHQFH�LV�HVSHFLDOO\�VWURQJ�RQ�DLU
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PRYLQJ�SHUSHQGLFXODUO\�IURP�WKH�VHD�WR�ODQG��7KH�XQLIRUP�ZLQG�SURILOH�LV�GLVWXUEHG
DQG�WKH�XSOLIWHG�DLU�PDVVHV�GR�QRW�VLJQLILFDQWO\�LQFUHDVH�VSHHG��&RQVHTXHQWO\��WKH�FOLII
DQG�RWKHU�HVFDUSPHQWV�GR�QRW�FDXVH�D�VLJQLILFDQW�LQFUHDVH�LQ�PHDQ�ZLQG�VSHHG�

,Q�LQODQG�SDUWV�RI�(VWRQLD�WKH�DQQXDO�PHDQ�ZLQG�VSHHG�LV�ORZ�DQG�VWURQJO\�LQIOXHQFHG
E\�URXJKQHVV�DQG�RURJUDSK\��$W����P�KHLJKW�LW�YDULHV�RQO\�VOLJKWO\�RYHU�ODUJH�DUHDV�DQG
UHPDLQV�EHWZHHQ�����DQG���P�V��/RZHU�YDOXHV�RI�ZLQG�VSHHG�RFFXU�LQ�UHJLRQV�ZLWK
FRPSOH[�WHUUDLQ�DQG�ODUJH�IRUHVWHG�DUHDV��2QH�VXFK�UHJLRQ�ZLWK�D�ORZ�ZLQG�VSHHG�����²
��P�V��H[WHQGV�IURP�3lUQX�WR�QRUWKHUQ�DQG�QRUWK�HDVWHUQ�(VWRQLD��$QRWKHU�ODUJH�DUHD
ZLWK�ORZ�ZLQG�VSHHG�H[WHQGV�IURP�WKH�6DNDOD�8SODQG�RYHU�WKH�VRXWKHUQ�SDUW�RI�(VWRQLD
WR�VRXWK�HDVWHUQ�(VWRQLD��&OHDUO\�GLIIHUHQW�ZLQG�FRQGLWLRQV�SUHYDLO�RYHU�/DNH�3HLSVL
DQG�9}UWVMlUY��7KH�PHDQ�DQQXDO�ZLQG�VSHHG�DERYH�/DNH�9}UWVMlUY�LV�XS�WR�����P�V�
/DNH�9}UWVMlUY�DQG�/DNH�3HLSVL�DUH�FRQQHFWHG�E\�D�EHOW�RI�UDWKHU�KLJK�ZLQG�VSHHG���
P�V��WKDW�OLHV�RYHU�WKH�HDVW²ZHVW�RULHQWDWHG�YDOOH\�RI�WKH�(PDM}JL�5LYHU�

$W�D�KLJKHU�OHYHO�����P�DERYH�JURXQG�OHYHO��WKH�PHDQ�DQQXDO�ZLQG�VSHHG�LV�GHSHQGHQW
SULPDULO\�RQ�WKH�GLVWDQFH�IURP�WKH�FRDVW��2YHU�WKH�%DOWLF�3URSHU�WKH�PHDQ�ZLQG�VSHHG
H[FHHGV���P�V��RYHU�WKH�*XOI�RI�)LQODQG�DQG�WKH�*XOI�RI�5LJD�LW�UHPDLQV��²��P�V��$W
WKLV�KHLJKW�DERYH�JURXQG�ZH�FDQ�VHH�FOHDUO\�WKH�LQIOXHQFH�RI�WKH�:HVW�(VWRQLDQ
$UFKLSHODJR��'XH�WR�LQFUHDVHG�URXJKQHVV�WKH�ZLQG�LV�ZHDNHQHG�DQG�WKH�VKHOWHU�RI
6DDUHPDD�UHDFKHV�WKH�FRQWLQHQWDO�SDUW�RI�(VWRQLD�DV�D�EHOW�RI�ORZHU�ZLQG�VSHHG��,Q
LQODQG�DUHDV�RI�(VWRQLD�ZLQG�VSHHG�YDULHV�RQO\�VOLJKWO\��UHPDLQLQJ�LQ�PRVW�UHJLRQV
EHWZHHQ���DQG���P�V��2QO\�LQ�VRXWK�HDVWHUQ�(VWRQLD�ZLWK�LWV�FRPSOH[�WHUUDLQ��PHDQ
DQQXDO�ZLQG�VSHHG�UHPDLQV�EHORZ���P�V��/DNH�9}UWVMlUY�GLIIHUV�RQO\�VOLJKWO\�IURP�WKH
VXUURXQGLQJ�DUHDV��EXW�/DNH�3HLSVL�LV�ODUJH�HQRXJK�WR�IRUP�DQ�XQGLVWXUEHG�ZLQG
SURILOH�DQG�WKH�PHDQ�DQQXDO�ZLQG�VSHHG�DW�D�KHLJKW�RI����P�LV�XS�WR���P�V�

7KH�WHPSRUDO�FRXUVH�RI�ZLQG�LQ�ZLQWHU�GHSHQGV�PDLQO\�RQ�WKH�,FHODQGLF�/RZ�DQG�WKH
6LEHULDQ�+LJK��ZKHQ�WKH�KRUL]RQWDO�JUDGLHQW�LV�VWHHS�DQG�F\FORQLF�DFWLYLW\�LV�KLJK��,Q
VXPPHU�GLIIHUHQFHV�LQ�WKH�EDULF�ILHOG�DUH�VPDOOHU�DV�WKH�,FHODQGLF�/RZ�ZHDNHQV�DQG�WKH
$]RUHV�+LJK�VWUHQJWKHQV��$�VPDOOHU�KRUL]RQWDO�SUHVVXUH�JUDGLHQW�DQG�ORZHU�F\FORQLF
DFWLYLW\�OHDG�WR�D�ORZHU�ZLQG�VSHHG��7KHUHIRUH��WKH�PHDQ�PRQWKO\�ZLQG�VSHHG�KDV�D
FOHDU�WHPSRUDO�FRXUVH�ZLWK�D�KLJKHU�YDOXH�LQ�ZLQWHU��,Q�ZLQWHU�WKH�PRQWKO\�PHDQ�ZLQG
VSHHG�RQ�LVODQGV�DQG�RQ�WKH�ZHVWHUQ�FRDVW�UHDFKHV��²����P�V��LQ�WKH�LQODQG�DUHDV�LW
UHPDLQV�EHWZHHQ���DQG���P�V��7KH�LQFUHDVH�LQ�ZLQG�VSHHG�LQ�FRDVWDO�UHJLRQV�LV�JUHDWHU
WKDQ�LQ�LQODQG�DUHDV�ZKHUH�ZLQG�LV�VWURQJO\�LQIOXHQFHG�E\�IRUHVW�DQG�RWKHU�VKHOWHULQJ
IHDWXUHV��$V�VSULQJ�DSSURDFKHV��WKH�IUHTXHQF\�RI�KLJKHU�VSHHG�RI�ZLQG�GHFUHDVHV�DQG
ZHDNHU�ZLQGV���²��P�V�LQ�LQODQG�RU��²��P�V�IRU�FRDVWDO�DUHDV��EHFRPH�W\SLFDO��,Q
VXPPHU�WKH�PRQWKO\�PHDQ�ZLQG�VSHHG�LV�WKH�ORZHVW�DQG�WKHUHIRUH�DOVR�WKH�GLIIHUHQFHV
LQ�DEVROXWH�YDOXHV�DUH�VPDOOHU��2Q�WKH�ZHVWHUQ�FRDVW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR
WKH�PHDQ�ZLQG�VSHHG�GRHV�QRW�H[FHHG���P�V�DQG�LQ�WKH�LQODQG�SDUWV�RI�(VWRQLD�LW�LV�XS
WR��²����P�V��,Q�VXPPHU�WKH�QXPEHU�RI�GD\V�ZLWK�VWURQJ�RU�VWRUP\�ZLQG�LV�ORZ��LQ
FRDVWDO�DUHDV���WR���GD\V�SHU�PRQWK��LQ�WKH�LQODQG�SDUWV�VHYHUDO�VXPPHUV�ZLWKRXW�DQ\
VWRUP\�GD\V�PD\�RFFXU��,Q�DXWXPQ�D�YHU\�UDSLG�LQFUHDVH�LQ�WKH�PHDQ�ZLQG�VSHHG�LV
FKDUDFWHULVWLF�DQG�WKLV�LV�WKH�VHDVRQ�ZLWK�WKH�KLJKHVW�QXPEHU�RI�GD\V�ZLWK�VWURQJ�DQG
VWRUP\�ZLQGV��,Q�FRDVWDO�UHJLRQV�VWURQJ�DQG�VWRUP\�ZLQGV�RIWHQ�EORZ��²��GD\V�SHU
PRQWK��0RQWKO\�ZLQG�VSHHG�DWWDLQV�LWV�PD[LPXP���²��P�V��LQ�WKH�ZHVWHUQ�SDUW�RI
(VWRQLD�HDUOLHU��2FWREHU��1RYHPEHU��WKDQ�LQ�WKH�HDVWHUQ�SDUW��'HFHPEHU���7KH�ZLQG
VSHHG�LV�DOVR�KLJK�LQ�-DQXDU\��EXW�GHFUHDVHV�UDSLGO\�DIWHU�)HEUXDU\�

7KH�GDLO\�FRXUVH�RI�ZLQG�VSHHG�LV�FORVHO\�UHODWHG�ZLWK�FOLPDWH�W\SH��,Q�UHJLRQV�ZLWK
PDULWLPH�FOLPDWH�WKH�GDLO\�FRXUVH�KDV�RQO\�D�VPDOO�UDQJH��,Q�FRQWLQHQWDO�DUHDV�LW�LV�RI
PXFK�JUHDWHU�LPSRUWDQFH��'LIIHUHQFHV�LQ�ZLQG�VSHHG�DUH�PRUH�HVVHQWLDO�LQ�VXPPHU
WKDQ�LQ�ZLQWHU��*HQHUDOO\��WKH�PHDQ�ZLQG�VSHHG�LV�KLJKHU�LQ�WKH�DIWHUQRRQ�DQG�ORZHU
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HDUO\�LQ�WKH�PRUQLQJ��+RZHYHU��LW�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�WKDW�LQ�ZLQWHU�WKH
PHDQ�ZLQG�VSHHG�FDQ�EH�KLJKHU�LQ�WKH�PRUQLQJ�WKDQ�LQ�WKH�DIWHUQRRQ��,W�LV�WKH�FDVH
PRUH�RIWHQ�LQ�FRDVWDO�UHJLRQV��0DULWLPH�FOLPDWH�LV�FKDUDFWHULVHG�E\�RQO\�D�VPDOO
YDULDWLRQ�LQ�WKH�PHDQ�PRQWKO\�ZLQG�VSHHG�DQG�HVSHFLDOO\�LQ�WKH�GDLO\�FRXUVH��7KH
DEVROXWH�GLIIHUHQFHV�LQ�WKH�PHDQ�ZLQG�VSHHG�EHWZHHQ�WKH�REVHUYDWLRQ�WHUPV�ZLWK�WKH
KLJKHVW�DQG�WKH�ORZHVW�YDOXHV�DUH�QRW�LQ�ZLQWHU��ZKHQ�WKH�PHDQ�ZLQG�VSHHG�LV�WKH
KLJKHVW��RU�LQ�VXPPHU��ZKHQ�WKH�UHODWLYH�GLIIHUHQFHV�DUH�WKH�JUHDWHVW��EXW�LQ�ODWH�VSULQJ
RU�HDUO\�VXPPHU��$QRWKHU�SHULRG�ZLWK�KLJK�DEVROXWH�GLIIHUHQFHV�LV�$XJXVW��,Q
FRQWLQHQWDO�DUHDV�WKH�PHDQ�ZLQG�VSHHG�YDULHV�LQ�$SULO�DQG�0D\�IURP�����WR�����P�V
DQG�LQ�$XJXVW�VOLJKWO\�OHVV��IURP�����WR���P�V��,Q�VSLWH�RI�WKH�KLJKHU�ZLQG�VSHHG�LQ
FRDVWDO�UHJLRQV��WKH�GDLO\�YDULDWLRQ�RI�WKH�PHDQ�ZLQG�VSHHG�KDV�WKH�VDPH�RU�HYHQ
VPDOOHU�UDQJH��IURP�����WR���P�V��

$Q�LPSRUWDQW�FKDUDFWHULVWLF�IRU�ZLQG�HQJLQHHULQJ�LV�WKH�QXPEHU�RI�FDOP�GD\V��2Q�WKH
ZHVWHUQ�FRDVW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�WKH�DQQXDO�QXPEHU�RI�GD\V�ZLWK�FDOP
LV���WR�����2Q�WKH�VRXWKHUQ�FRDVW�RI�WKH�*XOI�RI�)LQODQG�WKH�QXPEHU�RI�GD\V�ZLWK�FDOP
LQFUHDVHV�IURP�ZHVW�WR�HDVW��FRUUHVSRQGLQJO\�IURP����WR����GD\V��,Q�WKH�ZHVWHUQ�SDUW�
LQIOXHQFHG�E\�WKH�%DOWLF�3URSHU��WKH�QXPEHU�RI�GD\V�ZLWK�FDOP�GLIIHUV�RQO\�VOLJKWO\�LQ
ZLQWHU����WR���GD\V�SHU�PRQWK��RU�VXPPHU����GD\V�SHU�PRQWK���,Q�WKH�HDVWHUQ�SDUW�D
FOHDU�VHDVRQDO�SDWWHUQ�FDQ�EH�REVHUYHG�ZLWK��²��FDOP�GD\V�SHU�PRQWK�LQ�ZLQWHU�DQG��²
���GD\V�SHU�PRQWK�LQ�VXPPHU��7KH�QXPEHU�RI�FDOP�GD\V�LV�WKH�KLJKHVW�LQ�VRXWK�HDVWHUQ
(VWRQLD��ZKHUH�FDOPV�FDQ�EH�REVHUYHG�XS�WR����GD\V�SHU�\HDU��7KH�QXPEHU�RI�GD\V�ZLWK
FDOP�SHU�PRQWK�LV�XS�WR���GD\V�LQ�ZLQWHU�DQG���²���GD\V�LQ�VXPPHU�

7KH�PHDQ�HQHUJ\�GHQVLW\�LQ�ZLQG�DQG�WKH�DYDLODEOH�ZLQG�HQHUJ\�SURGXFWLRQ�DUH�FORVHO\
UHODWHG�ZLWK�WHPSRUDO�DQG�VSDWLDO�ZLQG�GLVWULEXWLRQ��7KH�PHDQ�HQHUJ\�GHQVLW\��:�P��
LV�D�ZLQG�HQHUJ\�FKDUDFWHULVWLF�WKDW�LV�SURSRUWLRQDO�WR�WKH�WKLUG�SRZHU�RI�ZLQG�VSHHG
DQG�GHVFULEHV�HQHUJ\�DYDLODEOH�LQ�D�IORZ�RI�DLU�WKURXJK�D�XQLW�DUHD��,WV�WHPSRUDO�FRXUVH
LV�TXLWH�VLPLODU�WR�WKH�PHDQ�ZLQG�VSHHG��EXW�GHSHQGV�PRUH�RQ�ZLQG�VSHHG�GLVWULEXWLRQ�
$�JUHDWHU�ZLQG�VSHHG�YDULDWLRQ�FDQ�EH�REVHUYHG�LQ�FRDVWDO�DUHDV��ZKLOH�LQODQG�SDUWV�RI
(VWRQLD�KDYH�D�PRUH�HYHQ�ZLQG�GLVWULEXWLRQ�ZLWK�D�KLJKHU�RFFXUUHQFH�RI�ZLQG�VSHHG�LQ
ORZHU�ZLQG�VSHHG�FODVVHV��7KHUHIRUH�WKH�PHDQ�HQHUJ\�GHQVLW\�LQ�FRDVWDO�UHJLRQV�LV
FRQVLGHUDEO\�KLJKHU�WKDQ�LQ�LQODQG�DUHDV��7KH�PHDQ�HQHUJ\�GHQVLW\�LV�D�FKDUDFWHULVWLF
ZKLFK�KDV�SUDFWLFDO�LPSRUWDQFH�LQ�UHJLRQDO�DVVHVVPHQW�RI�ZLQG�HQHUJ\��8VLQJ�ZLQG
WXUELQH�VZHSW�DUHD�DQG�FRQYHUVLRQ�HIILFLHQF\�WKH�PHDQ�HQHUJ\�GHQVLW\�JLYHV�DQ
DSSUR[LPDWH�YDOXH�RI�WKH�DFWXDO�SRWHQWLDO�ZLQG�JHQHUDWHG�SRZHU��2Q�WKH�ZHVWHUQ�FRDVW
RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�WKH�PHDQ�HQHUJ\�GHQVLW\�LV�XS�WR�����:�P��DW����P
KHLJKW�DERYH�JURXQG�OHYHO�DQG�GHFUHDVHV�UDSLGO\�IURP�ZHVW�WR�HDVW�DQG�IURP�WKH�VHD�WR
LQODQG�DUHDV��,Q�LQODQG�DUHDV�WKH�HQHUJ\�GHQVLW\�LV�UHODWLYHO\�ORZ��EHWZHHQ����DQG���
:�P��DQG�LQFUHDVHV�IURP�VRXWK�HDVWHUQ�(VWRQLD�WRZDUG�QRUWK�ZHVWHUQ�(VWRQLD��$W�D
KLJKHU�OHYHO�WKH�PHDQ�HQHUJ\�GHQVLW\�LQFUHDVHV�DV�WKH�LQIOXHQFH�RI�WRSRJUDSK\�RQ�ZLQG
VSHHG�GHFUHDVHV��2Q�WKH�FRDVW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�LW�UHDFKHV�����:�P��DW
���P�DERYH�JURXQG�OHYHO��,Q�LQODQG�SDUWV�RI�LVODQGV�RU�FRQWLQHQWDO�DUHDV�WKH�DPRXQW�RI
HQHUJ\�LQ�ZLQG�LV�PXFK�VPDOOHU��7KH�LQFUHDVH�LQ�WKH�PHDQ�HQHUJ\�GHQVLW\�ZLWK
LQFUHDVLQJ�DOWLWXGH�LV�JUHDWHU�RYHU�LVODQGV�DQG�FRDVWDO�UHJLRQV��,QQHU�SDUWV�RI�6DDUHPDD
DQG�+LLXPDD�KDYH�PHDQ�DQQXDO�HQHUJ\�GHQVLWLHV�DW����P�KHLJKW�RI����²����:�P���,Q
PRVW�SDUWV�RI�FRQWLQHQWDO�(VWRQLD�WKLV�HQHUJ\�YDOXH�LV�EHWZHHQ����DQG�����:�P���2QO\
/DNH�9}UWVMlUY�DQG�/DNH�3HLSVL�KDYH�KLJKHU�HQHUJ\�GHQVLWLHV�DSSURDFKLQJ�����:�P�

RQ�WKH�FRDVW�RI�/DNH�3HLSVL��7KH�PHDQ�HQHUJ\�GHQVLW\�LV�FORVHO\�UHODWHG�WR�ZLQG
WXUEXOHQFH��WKHUHIRUH�LW�KDV�VRPHZKDW�VPDOOHU�GLIIHUHQFHV�LQ�WHUULWRULDO�DQG�VHDVRQDO
YDULDWLRQ�FRPSDUHG�WR�WKH�PHDQ�ZLQG�VSHHG��7DEOH����JLYHV�DQ�RYHUYLHZ�RI�WKH
YDULDWLRQ�RI�WKH�PHDQ�PRQWKO\�HQHUJ\�GHQVLW\�LQ�GLIIHUHQW�UHJLRQV�E\�FRUUHVSRQGLQJ
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PHWHRURORJLFDO�VWDWLRQV��7KH�YDOXHV�DUH�PRGHOOHG�DW����P�KHLJKW�DERYH�JURXQG�OHYHO
�WKH�PRVW�XVXDO�KXE�KHLJKW�RI�ZLQG�WXUELQHV��IRU�WKHVH�VLWHV�

(QHUJ\�GHQVLW\�DWWDLQV�LWV�PD[LPXP�LQ�ODWH�DXWXPQ��HDUOLHU�LQ�FRDVWDO�UHJLRQV��2FWREHU�
1RYHPEHU���ODWHU�LQ�LQODQG�DUHDV��'HFHPEHU��-DQXDU\���:KHQ�WKH�PD[LPXP�LV�DWWDLQHG�
WKH�YDULDWLRQ�EHWZHHQ�GLIIHUHQW�PRQWKV�LV�VPDOO��,Q�)HEUXDU\�DQG�0DUFK��LQ�HDVWHUQ�SDUW
RI�(VWRQLD�DOVR�$SULO���WKH�PHDQ�PRQWKO\�HQHUJ\�GHQVLW\�LV�RQO\���²����RI�WKDW�LQ
ZLQWHU��7KH�UHGXFWLRQ�LQ�HQHUJ\�LV�PRVW�FRQVLGHUDEOH�LQ�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�
EXW�VRXWKHUQ�(VWRQLD�KDV�DOPRVW�DV�KLJK�DQ�HQHUJ\�YDOXH�DV�LQ�ZLQWHU��7KH�ORZHVW
PRQWKO\�YDOXHV�DUH�FKDUDFWHULVWLF�RI�ODWH�VSULQJ�DQG�VXPPHU��IURP�0D\�WR�-XO\��%DVHG
RQ�WKH�GDWD�RI�WKH�9LOVDQGL�VWDWLRQ��WKH�PHDQ�PRQWKO\�HQHUJ\�GHQVLW\�LQ�0D\�LV�RQO\
����RI�WKDW�LQ�'HFHPEHU��$�VLPLODU�UDWH����²�����FDQ�EH�REVHUYHG�DOVR�LQ�RWKHU�UHJLRQV
ZKHQ�WKH�SHULRGV�ZLWK�WKH�KLJKHVW�DQG�WKH�ORZHVW�HQHUJ\�DUH�FRPSDUHG��$�UDSLG
LQFUHDVH�LQ�PHDQ�PRQWKO\�HQHUJ\�GHQVLW\�WDNHV�SODFH�LQ�$XJXVW�DQG�6HSWHPEHU��:LWKLQ
WKUHH�PRQWKV�LQ�DXWXPQ�RQ�WKH�ZHVWHUQ�FRDVW�RI�6DDUHPDD�DQG�+LLXPDD�WKH�PRQWKO\
PHDQ�HQHUJ\�GHQVLW\�FDQ�ULVH�IURP�����WR������:�P���7KH�PRUH�ZLQG�LV�LQIOXHQFHG�E\
LVODQGV�DQG�WKH�PDLQODQG��WKH�VPDOOHU�LV�WKH�DQQXDO�YDULDWLRQ��,Q�PRVW�FRDVWDO�DUHDV
PRQWKO\�YDOXHV�LQ�VXPPHU�DUH����²����:�P��DQG����²����:�P��LQ�ZLQWHU��7KH
HQHUJ\�GHQVLW\�LQ�LQODQG�(VWRQLD�LV�YHU\�ORZ��HVSHFLDOO\�LQ�VRXWKHUQ�DQG�VRXWK�HDVWHUQ
(VWRQLD��ZKHUH�LW�LV�XS�WR����:�P��LQ�VXPPHU�PRQWKV�DQG�XVXDOO\�EHORZ�����:�P��LQ
ZLQWHU�

7DEOH����0HDQ�PRQWKO\�HQHUJ\�GHQVLW\��:�P���DW����P�DERYH�JURXQG�OHYHO

Meteostation I II III IV V VI VII VIII IX X XI XII I-XII
Vilsandi 1048 648 610 484 316 387 363 557 723 968 1090 1091 690
Kuressaare 535 367 318 240 208 222 186 230 275 417 393 406 314
Pakri 432 310 284 235 167 164 151 231 295 419 447 439 309
Ristna 426 260 221 152 110 134 134 212 321 446 452 442 280
Pärnu 407 237 214 146 138 166 164 229 265 369 331 309 267
Kärdla 324 246 216 216 141 191 144 171 217 264 333 337 232
Virtsu 254 189 177 166 144 172 142 179 202 258 295 280 202
Kunda 287 176 155 180 110 130 93 142 198 278 379 294 199
Tartu 228 175 151 158 112 94 69 87 108 163 173 167 141
Väike-Maarja 186 124 127 121 98 89 67 86 111 153 179 162 124
Kuusiku 152 111 120 131 92 77 52 56 84 121 130 149 106
Valga 79 62 63 62 42 32 22 30 35 55 62 65 50
Viljandi 64 56 55 56 40 36 25 30 37 58 62 61 48

8VLQJ�SRZHU�FXUYHV�RI�ZLQG�WXUELQHV�ZLWK�GLIIHUHQW�UDWHG�SRZHU�RXWSXW��WKH�DYDLODEOH
ZLQG�HQHUJ\�SURGXFWLRQ�ZDV�FDOFXODWHG��5HVXOWV�SUHVHQWHG�LQ�)LJXUH����VKRZ�PHDQ
DQQXDO�ZLQG�SRZHU�SURGXFWLRQ�E\�ZLQG�WXUELQHV�ZLWK�UDWHG�SRZHU�RXWSXW�����N:�DW
VLWHV�RI�PHWHRURORJLFDO�PHDVXUHPHQWV�DQG�LQ�SUHVHQW�FRQGLWLRQV�

7KH�EHVW�VLWHV��SULPDULO\�RQ�WKH�ZHVWHUQ�FRDVW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR��FDQ�EH
FKDUDFWHULVHG�E\�PHDQ�DQQXDO�HQHUJ\�SURGXFWLRQ�JUHDWHU�WKDQ�����0:ÃK�\U��E\�D����
N:�WXUELQH��,Q�FRDVWDO�DUHDV�DQG�RQ�LVODQGV�WKHUH�DUH�PDQ\�VLWHV�ZKHUH�DQQXDO
SURGXFWLRQ�FRXOG�EH�XS�WR�����0:ÃK�\U��6PDOOHU�H[SHFWHG�SRZHU�RXWSXW�LV
FKDUDFWHULVWLF�RI�LQQHU�SDUWV�RI�(VWRQLD�����²����0:ÃK�\U����HVSHFLDOO\�IRU�VRXWKHUQ
(VWRQLD��7KH�ELJJHVW�WHUULWRULDO�GLIIHUHQFHV�LQ�SRZHU�RXWSXW�DUH�UHODWHG�WR�ZLQG�WXUELQHV
ZLWK�KLJKHU�UDWHG�SRZHU�RXWSXW��,Q�WKH�ZHVWHUQ�FRDVW�RI�WKH�DUFKLSHODJR�WKH�DYDLODEOH
ZLQG�HQHUJ\�SURGXFWLRQ�ZLWK�D�����N:�ZLQG�WXUELQH�FDQ�H[FHHG������0:ÃK�\U���EXW
LQ�VRXWKHUQ�(VWRQLD�LW�UHPDLQV�EHORZ�����0:ÃK�\U��7KH�KLJKHVW�SRZHU�SRWHQWLDO�ZDV
IRXQG�LQ�WKH�ZHVWHUQ�SDUW�RI�(VWRQLD�DQG�RQ�LVODQGV��7KHVH�DUH�DOVR�WKH�PRVW�GLVWDQW
DUHDV�IURP�WKH�FXUUHQWO\�XVHG�RLO�VKDOH�ILUHG�SRZHU�SODQWV�
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)LJXUH�����0HDQ�DQQXDO�HQHUJ\�SURGXFWLRQ��0:³K�\HDU�
E\�ZLQG�WXUELQH�ZLWK�UDWHG�SRZHU�����N:
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��� ([SORLWDWLRQ�RI�ZLQG�UHVRXUFHV

%HVLGHV�ZLQG�UHVRXUFHV�DQG�WHFKQLFDO�VROXWLRQV��ZKLFK�VHW�OLPLWV�RQ�WKH�ZLQG�SRZHU
SURGXFWLRQ��WKHUH�DUH�VHYHUDO�RWKHU�IDFWRUV�WKDW�DIIHFW�ZLGH�H[SORLWDWLRQ�RI�WKH
FOLPDWRORJLFDOO\�DYDLODEOH�ZLQG�HQHUJ\��7KH�PDLQ�OLPLWLQJ�IDFWRUV�LQ�DGGLWLRQ�WR
HFRQRPLF�DQG�WHFKQLFDO�RQHV�DUH�UHODWHG�WR�ODQG�XVH��ZLOGOLIH��ODQGVFDSH�DHVWKHWLFV�DQG
VDIHW\�UHTXLUHPHQWV�

0RVW�FRPPRQ�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�ZLQG�HQHUJ\�DUH�UHODWHG�WR�ZLOGOLIH�
HVSHFLDOO\�WR�DYLRIDXQD��:LQG�SRZHU�SODQWV�PD\�KDYH�D�GLUHFW�LQIOXHQFH��LQMXU\�RU
GHDWK�RI�ELUGV�GXH�WR�FROOLVLRQ�ZLWK�EODGHV�RU�WRZHU��DQG�DQ�LQGLUHFW�HIIHFW�WKURXJK�WKH
GLVWXUEDQFH�RI�ELUGV·�EUHHGLQJ��QHVWLQJ�DQG�IHHGLQJ�SODFHV��EXW�DOVR�E\�DIIHFWLQJ�WKHLU
PLJUDWLRQ�EHKDYLRXU��+RZHYHU��VHYHUDO�VWXGLHV�FDUULHG�RXW�LQ�*HUPDQ\�DQG�7KH
1HWKHUODQGV�VKRZ�WKDW�LQ�JHQHUDO�PHFKDQLFDO�HIIHFWV�RQ�ELUG�OLIH�DUH�QRW�YHU\�VWURQJ�
'HDWK�RI�ELUGV�RFFXUV�RQO\�LQ�FDVH�RI�H[WUHPH�ZHDWKHU�FRQGLWLRQV��ORZ�FORXGV��GHQVH
IRJ�RU�KHDY\�UDLQIDOO�ZLWK�VWURQJ�ZLQG��DQG�PDLQO\�DW�ODUJH�ZLQG�IDUPV��7KH�VPDOO
QXPEHU�RI�LQMXUHG�ELUGV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�ELUGV�DYRLG�ZLQG�IDUPV�RQ
WKHLU�PLJUDWLRQ�URXWHV��KRZHYHU��PRVW�ELUG�VSHFLHV�VKRZ�IDVW�KDELWXDWLRQ�WR�ZLQG
WXUELQHV��6WLOO��W�VKRXOG�EH�FRQVLGHUHG�WKDW�D�FKDQJH�LQ�ELUGV·�PLJUDWLRQ�URXWHV�ZRXOG
VWURQJO\�DIIHFW�WKHLU�QRUPDO�OLIH�DQG�WKHUHIRUH�WKH�PDLQ�PLJUDWLRQ�URXWHV��EUHHGLQJ�DQG
QHVWLQJ�DUHDV�VKRXOG�EH�H[FOXGHG�IURP�WKH�OLVW�RI�VXLWDEOH�DUHDV�IRU�ZLQG�SRZHU
SURGXFWLRQ��7KH�LQIOXHQFH�RI�ZLQG�WXUELQHV�RQ�DQLPDOV�DQG�SODQWV�LV�RQO\�PLQRU�
PDLQO\�OLPLWHG�ZLWK�WKH�FRQVWUXFWLRQ�SHULRG�DQG�VHUYLFH�URDGV��1R�FKDQJH�LQ�DQLPDO
KDELWDWLRQ�KDV�EHHQ�REVHUYHG�DW�ZLQG�IDUPV�

7KH�RSHUDWLRQ�RI�D�ZLQG�SRZHU�SODQW�LQHYLWDEO\�EULQJV�DERXW�QRLVH�HPLVVLRQ�DQG
PRYLQJ�VKDGRZV�RI�EODGHV�RQ�VXQQ\�GD\V��1RLVH�HPLVVLRQ�LV�VWURQJO\�GHSHQGHQW�RQ
WKH�VL]H�DQG�FRQVWUXFWLRQ�W\SH�RI�WKH�SRZHU�SODQW��EXW�GLVWXUEDQFH�LV�PRUH�LPSRUWDQW�DW
LQODQG�VLWHV�WKDQ�FORVH�WR�WKH�FRDVW��ZKHUH�WKH�VRXQG�RI�WKH�ZDYHV�DQG�RWKHU
EDFNJURXQG�QRLVH�GXH�WR�KLJKHU�ZLQG�VSHHG�PDNH�WKH�QRLVH�RI�WKH�ZLQG�WXUELQH�OHVV
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QRWLFHDEOH��7R�NHHS�WKH�QRLVH�OHYHO�DFFHSWDEOH��WKH�GLVWDQFH�EHWZHHQ�UHVLGHQWLDO
EXLOGLQJV�DQG�WKH�ZLQG�WXUELQH�VKRXOG�EH�QRW�OHVV�WKDQ�����P�LQ�RSHQ�ODQG��ZKLFK
FRUUHVSRQGV�WR�QRLVH�����G%�$��WKDW�LV�ORZHU�WKDQ�LQ�D�QRUPDO�OLYLQJ�URRP�����G%�$��
EXW�ORXGHU�WKDQ�WKH�EHGURRP�OHYHO�����G%�$����)UHULV���������0RYLQJ�VKDGRZV�RI�WKH
EODGHV�DUH�IHOW�WR�EH�GLVWXUELQJ�LQ�WKH�PRUQLQJ�DQG�HYHQLQJ�ZKHQ�VXQ�UD\V�DUH�DW�D�ORZ
DQJOH��+RZHYHU��LQ�FHUWDLQ�FLUFXPVWDQFHV�ZLQG�WXUELQHV�FDQ�DIIHFW�DOVR�WKH�YLVLELOLW\�RI
QDYLJDWLRQDO�VLJQV��DQG�OLJKWKRXVHV���WKHUHIRUH�VRPH�VHFWRUV�FORVH�WR�WKHVH�VKRXOG�QRW
EH�XVHG�IRU�VLWLQJ�ZLQG�WXUELQHV�

7KH�ODQG�XVH�LQWHQVLW\�E\�ZLQG�WXUELQHV�LV�UHODWLYHO\�VPDOO�EHLQJ�GHWHUPLQHG�PDLQO\�E\
WKH�VL]H�RI�WKH�IRXQGDWLRQ�RI�WKH�SODQW��WKH�DUHD�RI�WKH�VHUYLFH�URDGV�DQG�HOHFWULF�SRZHU
OLQHV��$OO�WKH�UHVW�RI�WKH�DUHD�FDQ�VWLOO�EH�OHIW�LQ�QDWXUDO�FRQGLWLRQ�RU�WR�EH�XVHG�IRU�RWKHU
SXUSRVHV��+RZHYHU��RQH�VKRXOG�FRQVLGHU�ZLWK�VRPH�UHVWULFWLRQV�WKH�VXUURXQGLQJV�RI�D
ZLQG�IDUP�RU�D�SRZHU�SODQW�GXH�WR�VDIHW\�UHDVRQV��1R�DFWLYLWLHV�GHPDQGLQJ�IUHTXHQW
VWD\�RI�SHRSOH�RU�KDYLQJ�OLYLQJ�IDFLOLWLHV�FORVH�WR�ZLQG�WXUELQHV�FDQ�EH�DOORZHG�EHFDXVH
RI�SRVVLEOH�GDPDJH�FDXVHG�E\�EODGHV��$OVR�LFLQJ�RI�EODGHV�LV�FRPPRQ�LQ�ZLQWHU�LQ
(VWRQLDQ�FOLPDWH�DQG�SLHFHV�RI�LFH�FDQ�LQMXUH�SHRSOH�

/DQGVFDSH�DHVWKHWLFV�FDQ�EH�UHJDUGHG�DV�D�VXEMHFWLYH�UHVWULFWLRQ�LQ�ZLQG�HQHUJ\
SODQQLQJ�EHFDXVH�LW�GRHV�QRW�KDYH�DQ\�KDUPIXO�UHVXOWV�RQ�OLYLQJ�EHLQJV��6LQFH�WKH�PRVW
DSSURSULDWH�VLWHV�IRU�ZLQG�SRZHU�SODQWV�DUH�LQ�ZLGH�RSHQ�DUHDV�WKHLU�YLVXDO�LPSDFW�FDQ
EH�D�GLVWXUEDQFH�WR�WKH�ODQGVFDSH��7KXV�ZLQG�WXUELQHV�VKRXOG�EH�ILWWHG�LQWR�WKH
ODQGVFDSH�DV�ZHOO�DV�SRVVLEOH�DQG�DUHDV�ZLWK�XQLTXH�QDWXUDO�ODQGVFDSHV�VKRXOG�QRW�EH
XVHG�IRU�WKLV�SXUSRVH��$OVR�UHFUHDWLRQDO�DUHDV�VKRXOG�EH�OHIW�RXW�RI�XVH�IRU�ZLQG�SRZHU
JHQHUDWLRQ�EHFDXVH�RI�D�FRPELQDWLRQ�RI�TXHVWLRQV�RI�ODQGVFDSH�DHVWKHWLFV��ODQG�XVH�DQG
VDIHW\�

7R�SURPRWH�VXVWDLQDEOH�H[SORLWDWLRQ�RI�ZLQG�UHVRXUFHV�LW�LV�LPSRUWDQW�WR�ILJXUH�RXW�WKH
PRVW�IDYRXUDEOH�VLWHV�DQG�DUHDV�IRU�ZLQG�SRZHU�SODQWV�LQ�WKH�HDUO\�VWDJH�RI�SODQQLQJ�
$FFHSWDEOH�VLWHV�DUH�RQO\�WKRVH�ZKLFK�DUH�HFRQRPLFDOO\�SURILWDEOH��L�H���JRRG�ZLQG
FRQGLWLRQV��DQG�GR�QRW�FRQIOLFW�ZLWK�HQYLURQPHQWDO�DQG�SXEOLF�LQWHUHVWV�
&OLPDWRORJLFDOO\�WKH�PRVW�IDYRXUDEOH�DUHDV�IRU�ZLQG�HQHUJ\�DUH�VKRZQ�LQ�)LJXUH����
8VLQJ�WKH�]RQLQJ�FRQFHSW�GLIIHUHQW�DUHDV�FDQ�EH�GLVWLQJXLVKHG�LQ�UHVSHFW�WR�VXLWDELOLW\
IRU�ZLQG�SRZHU�SURGXFWLRQ��0HDQ�HQHUJ\�GHQVLW\�PDSV�VHUYH�DV�EDVLV�DQG�GXH�WR�WKH
DERYH�PHQWLRQHG�QHJDWLYH�FULWHULD�UHJLRQV�ZLWK��D��QR�SODQQLQJ�UHVWULFWLRQV���E��DUHDV
ZLWK�UHVWULFWLRQV�DQG��F��H[FOXVLRQ�DUHDV�DUH�GHILQHG��,Q�QR�FLUFXPVWDQFHV�DUH�ZLQG
WXUELQHV�DOORZHG�WR�EH�VLWHG�LQ�H[FOXVLRQ�DUHDV��OLNH�VHWWOHPHQWV��QDWXUH�UHVHUYHV��HWF���
5HVWULFWHG�DUHDV�DUH�QRW�UHFRPPHQGHG�EXW�XQGHU�FHUWDLQ�FRQGLWLRQV�VWLOO�DYDLODEOH�IRU
WKH�JHQHUDWLRQ�RI�ZLQG�HQHUJ\��6LWLQJ�RI�ZLQG�WXUELQHV�LQ�VXFK�DUHDV�GHSHQGV�RQ�ORFDO
DXWKRULWLHV�DQG�GHFLVLRQ�PDNHUV�EHFDXVH�LW�FRQIOLFWV�ZLWK�RQH�RU�PRUH�IXQFWLRQV�RI�WKH
DUHD��H�J���UHFUHDWLRQDO�IXQFWLRQ���,Q�JHQHUDO�KDUQHVVLQJ�RI�ZLQG�HQHUJ\�LQ�D�UHVWULFWHG
]RQH�VKRXOG�EH�DYRLGHG�DV�ORQJ�DV�DUHDV�ZLWK�QR�SODQQLQJ�UHVWULFWLRQV�DUH�DYDLODEOH�
$UHDV�ZLWK�QR�SODQQLQJ�UHVWULFWLRQV�FDQ�EH�GLYLGHG�IXUWKHU�LQWR�IDYRXUDEOH��VXLWDEOH
DQG�XQIDYRXUDEOH�DUHDV�DFFRUGLQJ�WR�ZLQG�UHVRXUFHV��LQIUDVWUXFWXUH��GLVWDQFH�WR
FRQVXPHU��HWF�

$�FDVH�VWXG\�FDUULHG�RXW�RQ�6DDUHPDD��WKH�ELJJHVW�LVODQG�RI�WKH�:HVW�(VWRQLDQ
$UFKLSHODJR��VKRZV�WKDW�QR�SODQQLQJ�UHVWULFWLRQV�DUH�VHW�IRU����������NP���RI�LWV�DUHD�
DUHDV�ZLWK�SODQQLQJ�UHVWULFWLRQV��LQFOXGLQJ�IRUHVWV��LQFOXGH�����������NP���DQG
H[FOXVLRQ�DUHDV�IRU�ZLQG�HQHUJ\�JHQHUDWLRQ�PDNH�XS����������NP���RI�WKH�WRWDO�DUHD�RI
6DDUHPDD�������NP����6DDUHPDD��ZKLFK�LV�SDUW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR
%LRVSKHUH�5HVHUYH�DQG�D�ZHOO�NQRZQ�UHFUHDWLRQDO�DUHD��KDV�D�UHODWLYHO\�KLJK�VKDUH�RI
IDFWRUV�UHVWULFWLQJ�WKH�XVH�RI�ZLQG�HQHUJ\��,WV�FRDVWDO�]RQH�ZLWK�WKH�PHDQ�DQQXDO�ZLQG
VSHHG�DW����P�DERYH�JURXQG�OHYHO����²����P�V�FDQ�EH�GHVFULEHG�E\�WKH�IROORZLQJ
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ILJXUHV��DUHDV�ZLWK�QR�SODQQLQJ�UHVWULFWLRQ�FRPSULVH������DUHDV�ZLWK�UHVWULFWLRQV����
DQG�H[FOXVLRQ�DUHDV�����RI�WKH�]RQH��,Q�WRWDO�DERXW���������NP���RI�WKH�DUHD�RI�WKH
LVODQG�FODVVLILHV�DV�FOLPDWRORJLFDOO\�PRVW�IDYRXUDEOH��PHDQ�DQQXDO�ZLQG�VSHHG�DW����P
D�J�O�����²����P�V��DQG�ZLWK�QR�SODQQLQJ�UHVWULFWLRQ��6WHLQU�FNH�HW�DO����������,I�RQH�ZLQG
WXUELQH�ZLWK�UDWHG�SRZHU�RI�����N:�SHU���NP��LV�HUHFWHG��WKHQ�RQO\�WKH�PRVW�IDYRXUDEOH
FRDVWDO�DUHDV�ZLWKRXW�SODQQLQJ�UHVWULFWLRQV�FDQ�SURYLGH�HQRXJK�SODFH�IRU����ZLQG
SRZHU�SODQWV��7KH�ORZ�HVWLPDWLRQ�RI�PHDQ�DQQXDO�HQHUJ\�SURGXFWLRQ�E\�WKLV�W\SH�RI
ZLQG�WXUELQHV�LQ�WKLV�DUHD�LV������0:ÃK�SHU�\HDU��7KXV�WKH����WXUELQHV�FDQ�SURGXFH
�������0:ÃK�ZLQG�HQHUJ\�SHU�\HDU�DQG�RQO\�WKH�PRVW�IDYRXUDEOH�VLWHV�ZRXOG�EH�XVHG�
+RZHYHU��WKLV�DPRXQW�PDNHV�XS�DERXW�����RI�WKH�SUHVHQW�HQHUJ\�FRQVXPSWLRQ�RQ
6DDUHPDD��OHVV�WKDQ�����0:ÃK�\U���DQG�LW�LV�PXFK�KLJKHU�WKDQ�WKH�FDSDFLW\�RI�WKH
HOHFWULF�QHWZRUN�

5RXJK�HVWLPDWLRQV�RQ�WKH�VHFRQG�ELJJHVW�LVODQG�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�
+LLXPDD��VKRZ�WKDW�GXH�WR�YDULRXV�W\SHV�RI�ODQG�XVH�DQG�VHWWOHPHQWV�WKH�SURSRUWLRQ�RI
H[FOXVLRQ�DUHDV�IRU�ZLQG�HQHUJ\�LQ�WKH�FRDVWDO�]RQH�LV�VRPHZKDW�ORZHU����²�����WKDQ
LQ�6DDUHPDD��EXW�WKH�VKDUH�RI�DUHDV�ZLWK�UHVWULFWLRQV�LV�KLJKHU��PDLQO\�GXH�WR�KLJKHU
SHUFHQWDJH�RI�IRUHVW�DUHD�

7KH�ORZHVW�VKDUH�RI�H[FOXVLRQ�DUHDV�LQ�WKH�FRDVWDO�]RQH�ZLWK�YHU\�JRRG�ZLQG�UHVRXUFHV
FDQ�EH�IRXQG�LQ�WKH�QRUWK�ZHVWHUQ�SDUW�RI�(VWRQLD�ZKHUH�WKH�H[FOXVLRQ�DUHDV�DUH
HVWLPDWHG�WR�DFFRXQW�IRU�DERXW������5HVWULFWLRQ�DUHDV�PDNH�XS������DQG�����RI�WKH
FRDVWDO�]RQH�FDQ�EH�WUHDWHG�DV�IDYRXUDEOH�IRU�ZLQG�SRZHU�SURGXFWLRQ��2Q�WKH�ZHVW
FRDVW�DQG�LQ�VRXWK�ZHVW�(VWRQLD�WKH�VKDUH�RI�H[FOXVLRQ�DQG�UHVWULFWLRQ�DUHDV�LQFUHDVHV�
PDLQO\�EHFDXVH�RI�QDWXUH�UHVHUYHV��ELUGV·�PLJUDWLRQ�URXWHV��UHFUHDWLRQDO�DUHDV�DQG
VHWWOHPHQWV�

2Q�WKH�QRUWKHUQ�FRDVW�WKH�PDLQ�UHVWULFWLRQV�DUH�FRQQHFWHG�ZLWK�VHWWOHPHQWV��EXW�DOVR
OHVV�IDYRXUDEOH�ZLQG�FRQGLWLRQV�PDNH�WKLV�UHJLRQ�OHVV�DWWUDFWLYH�WKDQ�ZHVWHUQ�(VWRQLD�
,Q�VSLWH�RI�VHYHUDO�DUHDV�ZLWKRXW�SODQQLQJ�UHVWULFWLRQV�LQODQG�DUHDV�DUH�QRW
UHFRPPHQGHG�IRU�ODUJH�VFDOH�ZLQG�HQHUJ\�SURGXFWLRQ�GXH�WR�ORZ�ZLQG�VSHHG�DQG�WKXV
ORZ�HFRQRPLF�HIILFLHQF\�

,Q�JHQHUDO�RQH�FDQ�VWDWH�WKDW�(VWRQLD�KDV�PRUH�VSDFH�DYDLODEOH�IRU�ZLQG�WXUELQHV�WKDQ�LV
QHHGHG�WR�SURGXFH�����RI�WKH�FXUUHQW�HOHFWULF�HQHUJ\�SURGXFWLRQ�LQ�(VWRQLD��7R�DYRLG
LQHIIHFWLYH�ODQG�XVH�RI�IDYRXUDEOH�DUHDV�DQG�WR�PLQLPLVH�REMHFWLYH�RU�VXEMHFWLYH
QHJDWLYH�LPSDFWV�RI�KDUQHVVLQJ�ZLQG�HQHUJ\�PRGHUQ�PHGLXP�DQG�ODUJH�VFDOH�ZLQG
SRZHU�SODQWV�VKRXOG�EH�SUHIHUUHG�

��� 3HUVSHFWLYHV�IRU�ZLQG�HQHUJ\�LQ�WRWDO�HQHUJ\�SURGXFWLRQ

7KH�PRVW�LPSRUWDQW�SULQFLSOHV�REVHUYHG�LQ�WKLV�UHSRUW�DUH�WKH�IROORZLQJ�

• 7KH�EDVH�ORDG�ZLOO�EH�FRYHUHG�E\�RLO�VKDOH�SRZHU�SODQWV�ORFDWHG�LQ�1DUYD��7KH
ORDG�FKDQJHV�RI�WKRVH�SRZHU�SODQWV�DUH�SODQQHG�D�ORQJ�WLPH�EHIRUH�DQG�WKHLU
HTXLSPHQW�VKRXOG�ZRUN�DW�RSWLPDO�ORDG�ZLWK�UHVSHFW�WR�SROOXWLRQ�DV�ZHOO�DV
RWKHU�SDUDPHWHUV��,I�WKH�VLWXDWLRQ�GHPDQGV��RWKHU�IXHOV��OLNH�RLO�VKDOH�DQG�FRDO
PL[WXUH�RU�JDV�HWF���FRXOG�EH�XVHG�DIWHU�UHVSHFWLYH�UHFRQVWUXFWLRQ�

• 7R�FRYHU�WKH�SHDN�ORDG�RI�WKH�QHWZRUN�VRPH�VPDOO�JDV�WXUELQH�SRZHU�SODQWV�ZLOO
EH�LQVWDOOHG�LQ�DGGLWLRQ�WR�WKH�WKHUPDO�SRZHU�SODQWV�LQ�WRZQV��,UX��.RKWOD�-lUYH�
$KWPH��ZKLFK�FDQ�XVH�QDWXUDO�JDV��OLJKW�RLO�DQG�VKDOH�RLO��7KH�ORDG�OLPLWV�WKH
SRZHU�RI�WKH�JDV�WXUELQHV�ZLWK�D�FRPELQHG�F\FOH��WKLV�LV�D�YHU\�ELJ�SUREOHP
GXULQJ�VXPPHU��,W�LV�SRVVLEOH�WR�DSSO\�VHYHUDO�JDV�WXUELQHV�KDYLQJ�GLIIHUHQW
SRZHU�



���

• 7R�JXDUDQWHH�WKH�UHVHUYH�VPDOO�SRZHUHG�HQHUJ\�GHYLFHV�ZLWK�D�&RPELQHG�+HDW
DQG�3RZHU��&+3��F\FOH��OLNH�VWHDP�WXUELQHV��WXUELQH�JHQHUDWRUV�WKDW�XVH�ORFDO
IXHOV�VXFK�DV�ZRRG�FKLSV��SHDW��VWUDZ��ZDVWH��ELRJDV�RU�GLHVHO�JHQHUDWRUV�WKDW
XVH�UDSH�ELRRLO�RU�ELRJDV��FRXOG�EH�LQVWDOOHG�LQ�ODUJH�IDFWRULHV�DQG�GLVWULFW
KHDWLQJ�ERLOHU�KRXVHV�

• 3LORW�ZLQG�SRZHU�SODQWV�ZLOO�EH�HVWDEOLVKHG��)RU�H[DPSOH��SODQWV�ZLOO�EH�HUHFWHG
RQ�WKH�6}UYH�3HQLQVXOD��6DDUHPDD������0:���LQ�.}UJHVVDDUH��+LLXPDD������0:��
QHDU�3lUQX��/LX��DQG�LQ�3DOMDVVDDUH�QHDU�7DOOLQQ���²��0:��HTXLSPHQW�FRXOG�EH
SDUWO\�SURGXFHG�LQ�(VWRQLD���XVLQJ�ILQDQFHV�DQG�VXSSRUW�IURP�WKH�VWDWH�EXGJHW�
SULYDWH�FDSLWDO��(8·V�SURJUDPV��3+$5(��7+(50,(���VHYHUDO�IRXQGDWLRQV�IURP
DERDUG�DQG�IURP�(VWRQLD��$IWHU�DQDO\VLQJ�WKH�H[SORLWDWLRQ�RI�WKRVH�SLORW
SURJUDPV��D�GHFLVLRQ�ZLOO�EH�PDGH�DERXW�WKH�FRQWLQXDWLRQ�RI�WKH�GHYHORSPHQW
RI�ZLQG�SRZHU�JHQHUDWLRQ��,I�WKHUH�DUH�LQYHVWRUV��ODUJH�ZLQG�IDUPV�PD\�EH
HVWDEOLVKHG�LQ�RWKHU�UHJLRQV��KRZHYHU��DUHDV�ZLWK�PRVW�IDYRXUDEOH�FRQGLWLRQV
VKRXOG�EH�UHFRPPHQGHG�

• 8QOLNH�RWKHU�HQHUJ\�SURGXFWLRQ�PHWKRGV�WKH�ZLQG�SRZHU�JHQHUDWLRQ�FRXOG�EH
DSSOLHG�VWHS�E\�VWHS�DGGLQJ�UHODWLYHO\�VPDOO�XQLWV�����²����N:���7KLV�HQDEOHV�WR
ILQDQFH�VXLWDEO\�WKH�VHWWLQJ�XS�RI�WKH�ZLQG�SRZHU�SODQWV��SXEOLF�DV�ZHOO�DV
SULYDWH�FRUSRUDWLRQV��DOVR�VRFLHWLHV��FRXOG�EH�IRUPHG��/RFDO�LQKDELWDQWV��ZKR�DUH
FRQVXPLQJ�WKH�HQHUJ\�JHQHUDWHG�DQG�FRXOG�EH�HPSOR\HG�DV�EXLOGHUV�DQG
PDLQWHQDQFH�SHUVRQQHO��FRXOG�EH�DOVR�VKDUHKROGHUV�RI�WKH�ZLQG�SRZHU�SODQW�
*RYHUQPHQW�FDQ�DIIHFW�WKH�SULYDWH�FDSLWDO·V�SDUWLFLSDWLRQ�LQ�ZLQG�SRZHU�SODQW
SURMHFWV��IRU�H[DPSOH�E\�H[HPSWLQJ�LQYHVWRUV�IURP�WD[HV�DQG�VXSSRUWLQJ�ZLQG
SRZHU�UHVHDUFKHV�DW�LQVWLWXWHV�

• 2Q�WKH�LVODQGV�WKDW�DUH�QRW�FRQQHFWHG�WR�WKH�HOHFWULF�QHWZRUN�FRPELQHG�ZLQG²
GLHVHO�GHYLFHV�VKRXOG�EH�LQVWDOOHG��SULPDULO\�RQ�5XKQX��3UDQJOL�DQG�1DLVVDDU�
&RQVLGHULQJ�UHODWLYHO\�VPDOO�UDWH�RI�ORDG�DQG�SRZHU�RI�WKH�H[LVWLQJ�JHQHUDWRUV�
WKH�EHVW�DUH���²����N:�JHQHUDWRUV��7KH�FRQWUROOLQJ�UHTXLUHPHQWV�VHW�WR�ZLQG
WXUELQHV�ZRUNLQJ�LQ�VXFK�SRZHU�SODQWV�DUH�VWULFW��7KDW�LV�WKH�PDLQ�FDXVH�ZK\�WKH
ZLQG�WXUELQHV�ZLWK�SLWFK�FRQWUROOLQJ��WXUELQH�ZLWK�UHJXODWHG�EODGH�SLWFK��OLNH�DQ
(QHUFRQ�(����RU�9HVWDV�9���DQG�9��������N:��DUH�SUHIHUUHG��7KH�FRQVWUXFWLRQ�RI
WKH�SURWRW\SH�LV�SRVVLEOH�LQ�FR�RSHUDWLRQ�ZLWK�IRUHLJQ�FRPSDQLHV��OLFHQFHV�
FRPSOLFDWHG�SDUWV��PDLQ�FRPSXWHU�ZLWK�SURJUDPV��DQG�ORFDO�IDFWRULHV��,OPDULQH�
9ROWD��1DYLSODVW�HWF���DQG�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��7KH�SURGXFWLRQ�RI�ODUJH
PHWDO�SDUWV��WRZHU��PHWDO�IUDPH�RU�EHGSODWH��JHDUER[��PDLQ�VKDIW��\DZ�ULQJ�
EUDNHV��FRXOG�EH�DUUDQJHG�KHUH��%ODGHV�VKRXOG�EH�ERXJKW�IURP�'HQPDUN��/0�
9HVWDV��RU�*HUPDQ\��(QHUFRQ���7KH�SURGXFWLRQ�RI�EODGHV�LV�FRQFHLYDEOH�LQ
(VWRQLD�WRR��LI�WKH�OLFHQFH�LV�REWDLQHG��DOVR�WKH�JHQHUDWRU�FRXOG�EH�PDGH�LQ�FR�
RSHUDWLRQ�ZLWK�IRUHLJQ�FRPSDQLHV�

• 7R�VWLPXODWH�WKH�XVH�RI�ORFDO�IXHOV��ZLQG�DQG�K\GURHOHFWULF�SRZHU��WKH
SDUOLDPHQW�DQG�JRYHUQPHQW�VKRXOG�DSSO\�FRPSOHPHQWDU\�SURFHGXUHV�WR�HQVXUH
WKDW�WKH�HQHUJ\�ODZ�ZRXOG�JXDUDQWHH�WKDW�WKH�HQHUJ\�SURGXFHG�RQ�WKH�EDVLV�RI
VXFK�VRXUFHV�KDV�D�JXDUDQWHHG�ORZHVW�SULFH�RQ�WKH�VHOOLQJ�WR�WKH�HOHFWULFDO
QHWZRUN�RU�PD[LPXP�WUDQVPLVVLRQ�IHH��7KLV�FRXOG�EH��²����RI�WKH�DYHUDJH
HOHFWULFLW\�SULFH��ZLWKRXW�9$7��DQG�GHSHQG�RQ�WUDQVPLVVLRQ�GLVWDQFH�
FRUUHVSRQGLQJO\�WKH�PLQLPXP�ZKROHVDOH�SULFH�ZRXOG�EH���²����RI�WKH�DYHUDJH
HOHFWULFLW\�FRVW��)XUWKHUPRUH�LW�LV�LPSRUWDQW�WR�LQLWLDWH�D�VSHFLDO�ODZ�VR�WKDW�WKH
LPSRUWHG�PDFKLQHU\��JHQHUDWRUV��WXUELQHV��ZLQGPLOOV�HWF���DQG�WKDW�SURGXFHG�LQ
(VWRQLD�ZLOO�EH�WD[�IUHH�ZLWKLQ�WKH�QH[W��²���\HDUV��:LWKRXW�VXFK�D�ZDUUDQW\�WKH
GHYHORSPHQW�RI�ZLQG�HQHUJ\�ZLOO�SUREDEO\�QRW�VWDUW�EHFDXVH�RI�ORZ�SURILWDELOLW\
ZLWK�WKH�FXUUHQW�HQHUJ\�SULFHV�ZKLFK�GR�QRW�VWLPXODWH�LQYHVWPHQW�
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• 'XULQJ�WKH�LQWURGXFWLRQ�RI�ZLQG�HQHUJ\�ZLQG�WXUELQHV�RI�WKH�NLQG�WKDW�DUH
FDSDEOH��E\�LPSURYLQJ�WKH�SURSRUWLRQ�EHWZHHQ�DFWLYH�DQG�UHDFWLYH�SRZHU�
FRQWUROOLQJ�WKH�YROWDJH�DQG�IUHTXHQF\��WR�VXSSRUW�WKH�RSHUDWLRQ�RI�WKH�HOHFWULFDO
QHWZRUN��HVSHFLDOO\�LQ�PDUJLQDO�UHJLRQV�OLNH�LVODQGV��VKRXOG�EH�XVHG��7KRVH
UHTXLUHPHQWV�DUH�IXOILOOHG�LQ�WKH�EHVW�ZD\�E\�ZLQG�WXUELQHV�(QHUFRQ�(���������
N:���(���������N:��DQG�9HVWDV�9����������N:��DQG�9���������N:���$OVR�WKH
DSSOLFDWLRQ�RI�HOHFWULFDO�KHDWLQJ�WKURXJK�WKH�HOHFWULFDO�QHWZRUN�VKRXOG�EH
SURPRWHG�

• ,Q�GHYHORSLQJ�WKH�HQHUJ\�SURGXFWLRQ�VWUDWHJ\�LW�VKRXOG�EH�WDNHQ�LQWR
FRQVLGHUDWLRQ�WKDW�WKH�UHVRXUFHV�RI�ZLQG�DQG�K\GURSRZHU�DQG�WKH�H[LVWLQJ
LQIUDVWUXFWXUH�DOORZ�WKHLU�JURZWK�LQ�WKH�WRWDO�HQHUJ\�SURGXFWLRQ�WR�XS�WR���
�LQVWDOOHG�SRZHU�FRXOG�EH�UDLVHG�XS�WR������ZLWKRXW�DQ\�VHULRXV�SUREOHPV�
0RGHUQ�ZLQG�WXUELQHV��WKRVH�PHQWLRQHG�DERYH�DQG�DOVR�RWKHUV��DUH�DGMXVWHG�WR
LPSURYH�WKH�RSHUDWLRQ�RI�XQVWDEOH�QHWZRUNV�DQG�WKHLU�DSSOLFDWLRQ�FRXOG�UDLVH
WKH�SDUW�RI�ZLQG�HOHFWULFLW\�IDU�RYHU�WKH�YDOXH�PHQWLRQHG�DERYH�

7R�LQYHVWLJDWH�REVWDFOHV�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�SULQFLSOHV�GHVFULEHG�DERYH�DQG
FRPSOHPHQWDU\�FLUFXPVWDQFHV�D�WHDP�ILQDQFHG�IURP�WKH�VWDWH�EXGJHW�VKRXOG�EH
IRUPHG��DOVR�WKLV�WHDP�VKRXOG�PDNH�WKH�QHFHVVDU\�HFRQRPLF�FDOFXODWLRQV�DQG�ZLGH�
UDQJLQJ�DQDO\VLV�

��� 'HYHORSPHQW�SODQ�IRU�VWDUWLQJ�ZLQG�HQHUJ\�XWLOLVDWLRQ

$V�D�ILUVW�VWHS��LQYHVWPHQWV�IRU�UHVHDUFK�DQG�VWXG\�RI�IRUHLJQ�H[SHULHQFHV�RQ�ZLQG
HQHUJ\�XWLOLVDWLRQ�DUH�QHHGHG��.QRZ�KRZ�LV�QHFHVVDU\�ERWK�IRU�WKH�SODQQLQJ�RI�ZLQG
HQHUJ\�XWLOLVDWLRQ�DQG�EXLOGLQJ�XS�WKH�FDSDFLW\�IRU�GRPHVWLF�ZLQG�WXUELQH�SURGXFWLRQ�
,Q�WKH�HDUO\�VWDJH�WKLV�PHDQV�FORVH�FR�RSHUDWLRQ�EHWZHHQ�UHVHDUFK�LQVWLWXWLRQV�LQ
(VWRQLD�DQG�RWKHU�FRXQWULHV�WR�FUHDWH�D�IDYRXUDEOH�EDFNJURXQG�IRU�ZLQG�XWLOLVDWLRQ��7KH
EHVW�ZD\�LV�WR�RUJDQLVH�D�JRYHUQPHQWDOO\�ILQDQFHG�UHQHZDEOH�HQHUJ\�NQRZOHGJH�FHQWUH
ZLWK�WKH�PDLQ�WDVN�WR�FR�RUGLQDWH�DFWLYLWLHV�EHWZHHQ�GLIIHUHQW�VWDNHKROGHUV��7KH�PDLQ
SUREOHPV�VKRXOG�EH�VROYHG�DV�D�MRLQW�HIIRUW�RI�GLIIHUHQW�RUJDQLVDWLRQV�EHIRUH�LQWHQVLYH
XVH�RI�ZLQG�HQHUJ\�FDQ�VWDUW��,W�LV�QHFHVVDU\�WR�VSHFLI\�SURPLVLQJ�DUHDV�IRU�KDUQHVVLQJ
ZLQG�HQHUJ\��WR�GHYHORS�WKH�OHJLVODWLYH�EDFNJURXQG��WD[DWLRQ��HWF���DQG�FUHDWH�EDVLV�IRU
WHFKQLFDO�VXSSRUW��7R�DFKLHYH�WKHVH�REMHFWLYHV�DQ�H[WHQVLYH�VXSSRUW�IURP�WKH�VWDWH
EXGJHW�LV�QHHGHG��$OVR�HUHFWLQJ�ILUVW�ZLQG�WXUELQHV�FDQQRW�XVXDOO\�EDVH�RQ�SULYDWH
LQYHVWPHQWV�EXW�VRPH�JRYHUQPHQWDO��WKURXJK�WD[DWLRQ��DQG�LQWHUQDWLRQDO�VXEYHQWLRQ
VKRXOG�DFFRPSDQ\��7KH�ZLQG�WXUELQHV�DQG�ZLQG�IDUPV�HVWDEOLVKHG�ILUVW�VKRXOG�VHUYH
DOVR�DV�SLORW�SURMHFWV�SURYLGLQJ�ZHOO�UHFRUGHG�GDWD�DERXW�WXUELQH�RSHUDWLRQ��$W�SUHVHQW
WKHUH�LV�OLPLWHG�H[SHULHQFH�ZLWK�ZLQG�HQHUJ\�LQ�(VWRQLD��7KHUH�LV�RQO\�RQH�JULG
FRQQHFWHG�ZLQG�WXUELQH��ZKLFK�KDV�EHHQ�ZRUNLQJ�DW�7DKNXQD��+LLXPDD�,VODQG���VLQFH
$XJXVW�������7KH�SLORW�ZLQG�WXUELQHV�DQG�ZLQG�IDUPV�ZRXOG�EH�JRRG�EDVLV�WR
GHPRQVWUDWH�WKH�SHUVSHFWLYHV�RI�ZLQG�SRZHU��WHDFK�DQG�WUDLQ�VSHFLDOLVWV�LQ�ZLQG
HQHUJ\��RUJDQLVH�FRXUVHV�IRU�ORFDO�HQHUJ\�PDQDJHPHQW�DQG�SRSXODULVH�ZLQG�HQHUJ\�
7KH�H[SHULPHQWDO�ZLQG�WXUELQHV�DQG�ZLQG�IDUPV�ZLOO�QRW�EH�RQO\�D�UHVHDUFK�DQG
GHPRQVWUDWLRQ�REMHFW�EXW�EHLQJ�VXIILFLHQWO\�SRZHUIXO�WKH\�ZLOO�EH�XVHG�IRU�FRPPHUFLDO
HQHUJ\�SURGXFWLRQ��,W�LV�HYLGHQW�WKDW�DIWHU�HVWDEOLVKLQJ�ZLQG�IDUPV�DQG�SLORW�ZLQG
WXUELQHV�LQWHUHVW�LQ�ZLQG�HQHUJ\�DPRQJ�ORFDO�LQYHVWRUV�ZLOO�EH�VXIILFLHQWO\�DURXVHG�

,W�LV�QRW�SRVVLEOH�WR�XVH�IRUHLJQ�ILQDQFHV�LQ�WKH�ORQJ�UXQ�EXW�IRU�WKH�UHDOLVDWLRQ�RI�SLORW
SURMHFWV�WKHVH�DUH�QHHGHG��$V�D�UXOH�WKH�IXQGLQJ�RI�VXFK�SURMHFWV�E\�IRUHLJQ
RUJDQLVDWLRQV�GRHV�QRW�H[FHHG���²����RI�WKH�SURMHFW�FRVW��$V�DQ�H[DPSOH��WKH�ILUVW
PLGGOH�FODVV�ZLQG�WXUELQH�LQ�(VWRQLD������N:�'DQLVK�*(19,1'�DW�7DKNXQD��ZDV
ILQDQFHG�����IURP�WKH�'DQLVK�(QYLURQPHQW�3URWHFWLRQ�$JHQF\�DQG�����IURP�WKH
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(VWRQLDQ�(QYLURQPHQW�)RXQGDWLRQ��3UHVHQWO\�UHVHDUFK�RQ�WKH�LPSOHPHQWDWLRQ�VWUDWHJ\
IRU�WKH�XWLOLVDWLRQ�RI�ZLQG�HQHUJ\�LQ�(VWRQLD�LV�FDUULHG�RXW��7KH�ILUVW�SKDVH�RI�WKLV�ZRUN
�3UH�IHDVLELOLW\�6WXG\�DQG�3URMHFW�,GHQWLILFDWLRQ��ZDV�PDGH�E\�'DQLVK�DQG�)LQQLVK
RUJDQLVDWLRQV�LQ�FR�RSHUDWLRQ�ZLWK�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��(FRQRPLF�FDOFXODWLRQV
VKRZ�WKDW�WKH�FRVW�RI�ZLQG�SURGXFHG�HOHFWULFLW\�LV�GHFUHDVLQJ��$W�WKH�VDPH�WLPH�WKH
FRVWV�RI�HOHFWULFLW\�SURGXFHG�LQ�RXU�RLO�VKDOH�ILUHG�SRZHU�SODQWV�DUH�LQFUHDVLQJ��$�ODUJH
SDUW�RI�WKH�SULFH�RI�HOHFWULFLW\�LV�WKH�UHVXOW�RI�WUDQVPLVVLRQ�ORVVHV��ZKLFK�FDQ�EH�UHGXFHG
LI�ZLQG�HQHUJ\�LV�XVHG��+DUYHVWLQJ�ZLQG�HQHUJ\�HQDEOHV�HOHFWULFLW\�SURGXFWLRQ�FORVHU�WR
FRQVXPHUV��HVSHFLDOO\�LQ�:HVW�(VWRQLD��WKH�PRVW�GLVWDQW�DUHD�IURP�WKH�RLO�VKDOH�SRZHU
SODQWV��2XU�FDOFXODWLRQV�VKRZ�WKDW�HOHFWULFLW\�SURGXFHG�E\�ZLQG�WXUELQHV�ZLOO�EH
FRPSHWLWLYH�LQ�WKH�QHDU�IXWXUH��7KHUHIRUH�LW�LV�WKH�ULJKW�WLPH�WR�VWDUW�ZLWK�IXQGLQJ
SURMHFWV�WR�GHPRQVWUDWH�WKH�SURVSHFWV�RI�ZLQG�HQHUJ\�LQ�WKH�IXWXUH��7R�JHW�KLJKHU
HIILFLHQF\�RQO\�VLWLQJ�RI�PRGHUQ�PHGLXP��RU�ODUJH�VFDOH�WXUELQHV�IRU�FRPPHUFLDO�HQHUJ\
SURGXFWLRQ�VKRXOG�EH�UHFRPPHQGHG�

%HIRUH�LQWHQVLYH�VLWLQJ�RI�ZLQG�WXUELQHV�PRVW�IDYRXUDEOH�VLWHV��WDNLQJ�LQWR
FRQVLGHUDWLRQ�ERWK�ZLQG�UHVRXUFHV��VRFLR�HFRQRPLF�DQG�HQYLURQPHQWDO�DVSHFWV��VKRXOG
EH�GHILQHG�WR�DYRLG�FRQIOLFWV�EHWZHHQ�GLIIHUHQW�VWDNHKROGHUV��:HOO�GHILQHG�VLWHV�DUH�D
PXVW�IRU�ZLQG�IDUPV�ZKLFK�DUH�XVXDOO\�PRUH�FRVW�HIIHFWLYH��EXW�DOVR�PD\�DIIHFW�ORFDO
FRQGLWLRQV�PRUH�WKDQ�VWDQG�DORQH�ZLQG�WXUELQHV��6HYHUH�IRUHLJQ�H[SHULHQFHV�VKRZ�WKDW
EXLOGLQJ�FRVWV�DUH�ORZHU�IRU�JUHDWHU�����²�����N:��ZLQG�WXUELQHV��HVSHFLDOO\�ZKHQ
FRQFHQWUDWLQJ�WKHP�LQ�ODUJH�ZLQG�IDUPV��7KHUH�DUH�DOUHDG\�VRPH�JURXSV�RI�IRUHLJQ
LQYHVWRUV�ZKR�DUH�LQWHUHVWHG�LQ�IRXQGLQJ�ZLQG�IDUPV�LQ�(VWRQLDQ�FRDVWDO�DUHDV��6R�IDU
WKH�PDLQ�REVWDFOH�KDV�EHHQ�WKH�UHODWLYHO\�ORZ�SULFH�RI�HOHFWULFLW\�DQG�XQIDYRXUDEOH�VHW
RI�ODZV�IRU�WKH�XVH�RI�DOWHUQDWLYH�HQHUJ\�VRXUFHV�

7KH�EHVW�ZLQG�FRQGLWLRQV�LQ�(VWRQLD�DUH�IRXQG�RQ�WKH�:HVW�(VWRQLDQ�LVODQGV��7KHUHIRUH
WKH�ILUVW�ZLQG�SDUNV�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ�VKRXOG�EH�HVWDEOLVKHG�WKHUH��$Q
LPSRUWDQW�SUHUHTXLVLWH�LV�WKH�DYDLODELOLW\�RI�D�KLJK�YROWDJH�HOHFWULF�JULG�ZKLFK�FDQ�EH
XVHG�IRU�HQHUJ\�WUDQVPLVVLRQ�WR�FRQVXPHUV��)URP�WKLV�DVSHFW�6DDUHPDD�DQG�+LLXPDD
DUH�WKH�PRVW�VXLWDEOH��,Q������WKH�FRQVXPSWLRQ�RI�HOHFWULFLW\�LQ�6DDUHPDD��ZLWK
DUFKLSHODJR��ZDV�DERXW�����*:ÃK�DQG�LQ�+LLXPDD�WKH�DQQXDO�FRQVXPSWLRQ�ZDV���
*:ÃK��,W�LV�H[SHFWHG�WKDW�LQ�WKH�QHDU�IXWXUH�HOHFWULFLW\�FRQVXPSWLRQ�LQ�WKH�:HVW
(VWRQLDQ�$UFKLSHODJR�ZLOO�UHPDLQ�DW�����*:ÃK�SHU�\HDU��3UHVHQWO\�HOHFWULF�HQHUJ\�LV
VXSSOLHG�WR�WKHVH�LVODQGV�WKURXJK�VXEPDULQH�FDEOHV�IURP�WKH�PDLQODQG�WR�6DDUHPDD
DQG�IURP�WKHUH�WR�+LLXPDD�

7R�SURGXFH�����*:ÃK�HOHFWULFLW\�E\�ZLQG�DERXW�����ZLQG�WXUELQHV�ZLWK�UDWHG�SRZHU�RI
����N:�DUH�QHHGHG�LQ�6DDUHPDD��WRWDO�LQYHVWPHQWV�86�������PLOOLRQ��DQG����ZLQG
WXUELQHV�ZLWK�WRWDO�FDSDFLW\�RI����0:�LQ�+LLXPDD��WRWDO�LQYHVWPHQWV�86�������PLOOLRQ��
+RZHYHU��LW�ZRXOG�EH�UHDVRQDEOH�WR�VWDUW�ZLWK�WKH�LQVWDOODWLRQ�RI����ZLQG�WXUELQHV�ZLWK
UDWHG�SRZHU�RI�����N:�HDFK��6WDUWLQJ�ZLWK����WXUELQHV�ZLOO�HQVXUH�XV�SULFH�UHGXFWLRQ�RQ
ZLQG�WXUELQHV�DQG�ORZHU�VXSSOHPHQWDU\�FRVWV��,I�VHYHQ�RI�WKHVH�ZLQG�WXUELQHV�DUH
SODFHG�RQ�6DDUHPDD�ZLWK�WRWDO�SRZHU�����0:��LQYHVWPHQW�86�������PLOOLRQ��WKH\�ZLOO
SURGXFH������0:ÃK�HOHFWULFLW\�SHU�\HDU��ZKLFK�FRUUHVSRQGV�WR������RI�WKH�HOHFWULF
HQHUJ\�FRQVXPSWLRQ�RQ�WKH�LVODQG��7KH�UHVW�WKUHH�WXUELQHV�ZLWK�UDWHG�SRZHU�RI�����N:
FDQ�EH�VLWHG�RQ�+LLXPDD��KDYLQJ�WKHQ�WRWDO�LQVWDOOHG�SRZHU�LQ�WKH�ZLQG�IDUP�����0:
DQG�WKH�QHHG�IRU�LQYHVWPHQWV�RI�86�������PLOOLRQ��7KH�DQQXDO�HQHUJ\�SURGXFWLRQ�LV
HVWLPDWHG�WR�EH������0:ÃK��ZKLFK�FRUUHVSRQGV�WR������RI�HOHFWULF�HQHUJ\�FRQVXPSWLRQ
RQ�WKH�LVODQG��$OO�WRJHWKHU�WKHVH����ZLQG�WXUELQHV�ZLWK�WRWDO�SRZHU�RI���0:��QHFHVVDU\
LQYHVWPHQWV�86�������PLOOLRQ�DUH�HVWLPDWHG�WR�SURGXFH������*:ÃK�HOHFWULFLW\��ZKLFK
PDNHV�XS�DERXW����RI�WKH�HOHFWULFLW\�FRQVXPSWLRQ�LQ�WKH�DUFKLSHODJR�



���

��� (FRQRPLF�DVSHFWV�RI�ZLQG�HQHUJ\

����� ,QYHVWPHQWV�IRU�ZLQG�HQHUJ\

$W�WKH�SUHVHQW�VWDJH�WKH�PRVW�VXLWDEOH�ZLQG�WXUELQHV�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ
DUH�WKRVH�ZLWK�UDWHG�SRZHU�RI����²����N:��OLNH�IRU�H[DPSOH�'DQLVK�9HVWDV���������7KH
SULFH�RI�WKLV�PRGHO�LV�86�����������7RWDO�LQYHVWPHQWV�LQFOXGLQJ�FRVWV�RI�WUDQVSRUWDWLRQ�
EDVHPHQW��WUDQVIRUPHU��FDEOHV��DOO�HTXLSPHQW��WUDLQLQJ�RI�WKH�RSHUDWRUV��ILYH�\HDU�IUHH
PDLQWHQDQFH�DQG�WZR�\HDU�ZDUUDQW\�VHUYLFH��PDNH�XS�86����������SHU���ZLQG�WXUELQHV�
,Q�FDVH�RI�ZLQG�IDUP�FRQVLVWLQJ�RI����WXUELQHV�WKH�SULFH�RI���ZLQG�WXUELQHV�LV�86�
��������DQG�WKH�WRWDO�LQYHVWPHQWV�QHHGHG�86�����������7KH�SRZHU�XQLW�ZLOO�FRVW�86�
����SHU���N:�IRU�VWDQG�DORQH�ZLQG�WXUELQHV�DQG�86������SHU���N:�LI����WXUELQHV�DUH
XVHG�LQ�D�ZLQG�SDUN��([SHULHQFH�VKRZV�WKDW�LQ�FRPSOLFDWHG�FRQGLWLRQV�FRQVWUXFWLRQDO
VXSSOHPHQWDU\�FRVWV�PD\�EH�KLJKHU�DQG�UHDFK�����RI�WKH�SULFH�RI�WKH�ZLQG�WXUELQHV��,Q
WKLV�FDVH�WKH�LQYHVWPHQWV�SHU�RQH�ZLQG�WXUELQHV�ZLOO�EH�86����������DQG�LQ�D�ZLQG�IDUP
86����������SHU�WXUELQH��7KH�SRZHU�XQLW�ZLOO�FRVW�UHVSHFWLYHO\�86�������SHU���N:�IRU�D
VWDQG�DORQH�WXUELQH�DQG�86������SHU���N:�LQ�D�ZLQG�SDUN�

7KH�LQVWDOODWLRQ�FRVWV�DUH�VLPLODU�IRU�DOO�W\SHV�RI�SRZHU�SODQWV�EXW�WKH�SURGXFWLRQ�FRVWV
RI�SRZHU�SODQWV�GLIIHU�DFFRUGLQJ�WR�WKH�W\SH��7KH�SURGXFWLRQ�FRVWV�FRQVLVW�RI�WZR�PDLQ
JURXSV�RI�H[SHQVHV�

• FDSLWDO��LQYHVWPHQW��FRVWV��ZKLFK��DV�D�UXOH��DUH�PDGH�E\�WKH�FRQVWUXFWLRQ�DQG
LQVWDOODWLRQ�RI�WKH�SRZHU�SODQW�

• UXQQLQJ��RSHUDWLQJ��FRVWV��ZKLFK�DUH�QHHGHG�FRQWLQXRXVO\�IRU�JLYLQJ
SURGXFWLRQ�

)RU�SRZHU�SODQWV�WKH�PDLQ�UXQQLQJ�FRVWV�DUH�

• FRVWV�RI�IXHOV�
• RWKHU�RSHUDWLQJ�FRVWV�OLNH�IRU�RUGLQDU\�UHSDLUV�DQG�VHUYLFH��VDODULHV�RI�VWDII��HWF�

)RU�ZLQG�SRZHU�SODQWV�WKHUH�LV�QR�FRVW�IRU�IXHO�DQG�PRGHUQ�ZLQG�WXUELQHV�QHHG�RQO\
OLWWOH�RUGLQDU\�VHUYLFH��7KH\�DUH�KLJKO\�DXWRPDWHG�DQG�KDYH�JRRG�WHFKQLFDO�GXUDELOLW\�

6HYHUDO�PDQXIDFWXUHUV�RI�ZLQG�WXUELQHV�RIIHU�WR�WKHLU�SURGXFWLRQ�SHUPDQHQW�VHUYLFH
ZKLFK�FRQWDLQV�WKH�RUGLQDU\�VHUYLFH�DQG�UHSDLULQJ�RU�FKDQJLQJ�DOO�ZRUQ�RXW��IDLOHG�RU
EURNHQ�SDUWV��7KH�VHUYLFH�ZLOO�ODVW����\HDUV�DQG�WKH�DQQXDO�SD\�IRU�LW�LV������RI�WKH�SULFH
RI�WKH�ZLQG�WXUELQHV��7KLV�PDNHV�IRU�DQQXDO�VHUYLFH�SHU�D�VWDQG�DORQH�����N:�ZLQG
WXUELQHV�86���������SHU�\HDU��LQ�D�ZLQG�SDUN�FRQVLVWLQJ�DV�D�PLQLPXP�RI�WHQ�ZLQG
WXUELQHV�WKH�VHUYLFH�FRVWV�DUH�86���������SHU�WXUELQH�

/RQJ�WHUP�PHDVXUHPHQWV�VKRZ�WKDW�DW�ZLQG�VSHHG�RI���P�V��DW����P�KHLJKW��D�ZLQG
WXUELQHV�ZLWK�UDWHG�SRZHU�RI�����N:�SURGXFHV������0:ÃK�SHU�\HDU��ZKLFK�JLYHV�WKH
FDSDFLW\�IDFWRU��������0RVW�(VWRQLDQ�FRDVWDO�DUHDV�KDYH�PHDQ�DQQXDO�ZLQG�VSHHG
��P�V�RU�KLJKHU��WKHUHIRUH������0:ÃK�LV�XVHG�DV�WKH�EDVLF�YDOXH�IRU�DQQXDO�SURGXFWLRQ
ZLWK�D�����N:�WXUELQH�

7KH�DYHUDJH�SULFH�RI�ZLQG�HOHFWULFLW\�ZLOO�EH������86��N:ÃK�IRU�VWDQG�DORQH�ZLQG
WXUELQHV�DQG������86��N:ÃK�LQ�D�ZLQG�SDUN�ZLWK�DW�OHDVW����ZLQG�WXUELQHV��7KLV�LV�WKH
SULFH�LI�WKH�DPRUWLVDWLRQ�SHULRG�FRXQWHG�DV�QRPLQDO����\HDUV��QR�SURILW�IRU�LQYHVWRUV�DQG
QR�LQWHUHVWV�RQ�FDSLWDO��RU�ORDQV��LQYHVWHG��,Q�FRPSOLFDWHG�FRQGLWLRQV�ZKHUH�WKH
FRQVWUXFWLRQDO�VXSSOHPHQWDU\�FRVWV�DUH�KLJKHU��WKH�SULFH�ZLOO�EH������86��N:ÃK�IRU
VWDQG�DORQH�ZLQG�WXUELQH�DQG������86��N:ÃK�LQ�D�ZLQG�SDUN��7KH�UXQQLQJ��RSHUDWLQJ�
FRVWV�DUH�UHVSHFWLYHO\������DQG������86��N:ÃK�
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7KH�SULFH�RI�HOHFWULFLW\�JHQHUDWHG�IURP�RLO�VKDOH��DV�RIILFLDOO\�GHFODUHG�E\�WKH�3ULFH
&RPPLWWHH�RI�2LO�6KDOH�DQG�(OHFWULFLW\��ZDV������86��N:ÃK�LQ������DQG������86��N:ÃK
LQ�������)URP�WKLV

• IXHO��RLO�VKDOH��WRJHWKHU�ZLWK�WUDQVSRUWDWLRQ�DFFRXQWHG�IRU������86��N:ÃK�
• VHUYLFH�DQG�VDODULHV�RI�HPSOR\HHV�RI�SRZHU�SODQWV������86��N:ÃK��RI�ZKLFK

ZHUH�
VRFLDO�WD[HV� ������86��N:ÃK

VXSSOLHV ������86��N:ÃK

VHUYLFHV ������86��N:ÃK

GHSUHFLDWLRQ ������86��N:ÃK

7KH�LQWHUHVWV�RQ�LQYHVWHG�FDSLWDO�DUH�QRW�WDNHQ�LQWR�FRQVLGHUDWLRQ�

&RPSDULVRQV�VKRZ�WKDW�WKH�SULFH�RI�HOHFWULFLW\�JHQHUDWHG�E\�ZLQG�LV�KLJKHU�WKDQ�LQ�FDVH
RI�RLO�VKDOH��+RZHYHU��ZH�PXVW�EHDU�LQ�PLQG�WKDW�WKHVH�SULFHV�DUH�QRW�IXOO\�FRPSDUDEOH
EHFDXVH�LQLWLDO�GDWD�DQG�PHWKRGV�RI�FDOFXODWLRQ�DUH�GLIIHUHQW��)RU�ZLQG�HQHUJ\�WKH
FDOFXODWHG�SULFH�UHSUHVHQWV�IXOO�SULFH�LQFOXGLQJ�LQYHVWPHQW��FDSLWDO��FRVWV�DQG�UXQQLQJ
�RSHUDWLQJ��FRVWV�IRU�WKH�ZKROH�RSHUDWLRQ�GXUDWLRQ�����\HDUV���L�H��IURP�HVWDEOLVKLQJ�WKH
ZLQG�SRZHU�SODQW�WLOO�LWV�OLTXLGDWLRQ��7KH�SULFH�RI�RLO�VKDOH�HQHUJ\�LQFOXGHV�RQO\
UXQQLQJ��RSHUDWLQJ��FRVWV�IRU�SURGXFWLRQ��VHUYLFH��UHSDLULQJ�DQG�UHQRYDWLRQ�RI�WKH
SRZHU�SODQW�

&RPSDUDEOH�DUH�WKH�UXQQLQJ��RSHUDWLQJ��FRVWV�RI�ZLQG�HQHUJ\�SURGXFWLRQ������²����
86��N:ÃK��DQG�WKH�GHFODUHG�RLO�VKDOH�HOHFWULFLW\�SULFH�������86��N:ÃK���DV�WKH
FRQVWLWXHQWV�RI�FRVWV�LQ�ERWK�DUH�VLPLODU�

7KH�FRPSDULVRQ�RI�WKH�SULFH�RI�ZLQG�DQG�RLO�VKDOH�HOHFWULFLW\�ZDV�PDGH�WDNLQJ�LQWR
FRQVLGHUDWLRQ�WKH�H[SHQGLWXUHV�LQ�SRZHU�SODQWV��7KH�FRVW�IRU�KLJK��DQG�ORZ�YROWDJH
JULG�DQG�WKH�ORVVHV�ZHUH�QRW�FRQVLGHUHG��2LO�VKDOH�SRZHU�SODQWV�DUH�ORFDWHG�LQ�1RUWK�
(DVW�(VWRQLD��GLVWDQFHV�IRU�HQHUJ\�WUDQVPLVVLRQ�DUH�ORQJ�DQG�ORVVHV�KLJK��������IURP
WKH�HQHUJ\�JLYHQ�WR�WKH�JULG�LQ��������:LQG�HOHFWULFLW\��DV�D�UXOH��LV�XVHG�FORVH�WR�WKH
ZLQG�WXUELQH�DQG�WUDQVPLVVLRQ�ORVVHV�DUH�WKHUHIRUH�QHJOLJLEOH�

7KH�GLIIHUHQFH�LQ�WKH�FRVW�RI�GLVPDQWOLQJ�ZLQG�DQG�RWKHU�NLQGV�RI�SRZHU�SODQWV�LV
VXEVWDQWLDO��EXW�XVXDOO\�LJQRUHG��,Q�WKH�86$�IRU�H[DPSOH�WKH�GLVPDQWOLQJ�RI�QXFOHDU
SRZHU�SODQWV�LV�HVWLPDWHG�WR�EH�DV�H[SHQVLYH�DV�WKHLU�HVWDEOLVKPHQW��86�����²�����SHU��
N:���$GGLWLRQDO�XQFHUWDLQWLHV�DUH�UHODWHG�WR�QXFOHDU�ZDVWH��:LQG�WXUELQH�QHHG
UHSODFHPHQW�DIWHU����WR����\HDUV��EXW�VWLOO�WKH�PDLQ�SDUW�RI�WKH�WXUELQH�FDQ�EH�HDVLO\
UHF\FOHG�DQG�WKH�VLWH�WDNHQ�LQWR�XVH�DJDLQ��([SHULHQFHV�LQ�WKH�86$�VKRZ�WKDW�WKH�FRVWV
IRU�WKH�GLVPDQWOLQJ�RI�ZLQG�WXUELQHV��LQFOXGLQJ�UHPRYDO�RI�IRXQGDWLRQ�DQG
UHYHJHWDWLRQ�RI�VRLO��GR�QRW�H[FHHG�86����²���SHU���N:��,Q�FDVH�RI�ZLQG�HQHUJ\�WKHUH�LV
QR�DFFXPXODWLRQ�RI�ZDVWHV�RU�H[KDXVW�JDVHV�RU�ODUJH�DUHDV�IRU�IXHO�PLQLQJ�

����� 6WLPXODWLRQ�RI�ZLQG�HQHUJ\�XWLOLVDWLRQ

:LQG�HQHUJ\�KDV�EHFRPH�DWWUDFWLYH�DQG�UDSLGO\�GHYHORSHG�LQ�FRXQWULHV�ZKHUH
UHQHZDEOH�HQHUJ\�VRXUFHV�DUH�GHFODUHG�WR�KDYH�SULRULW\�DPRQJVW�HQHUJ\�SURJUDPV�DQG
VHYHUDO�SURJUDPV�DUH�JRYHUQPHQWDOO\�VXEVLGLVHG��'HYHORSPHQW�KDV�EHHQ�EDVHG�PDLQO\
RQ�SULYDWH�IXQGV�EXW�JRYHUQPHQWV�KDYH�FUHDWHG�OHJLVODWLYH�EDFNJURXQG�DQG�DVVLVWHG�E\
LQGLUHFW�VXEVLGLHV��,Q�DGGLWLRQ�WR�GLIIHUHQW�VXEVLGLHV�RQ�ZLQG�HQHUJ\�YDULRXV�VSHFLDO
HQYLURQPHQWDO�ORZ�LQWHUHVW�UDWH�ORDQV�KDYH�EHHQ�HVWDEOLVKHG�
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7KH�PRVW�FRPPRQ�ZD\�IRU�VXEVLGLHV�LV�WKURXJK�WKH�GHWHUPLQHG�VHOOLQJ�SULFH�SHU��
N:ÃK�HOHFWULFLW\�SURGXFHG�E\�ZLQG�DQG�SXEOLF�SD\PHQW�IRU�WKH�WUDQVPLVVLRQ�FRVWV��)RU
H[DPSOH�LQ�'HQPDUN�HOHFWULF�XWLOLWLHV�PXVW�EX\�IURP�WKH�SULYDWH�ZLQG�WXUELQH�RZQHU
HOHFWULFLW\�DW������86��N:ÃK��ZKLFK�PDNHV�XS�����RI�WKH�DYHUDJH�FRQVXPHU�SULFH�IRU�D
'DQLVK�ORZ�YROWDJH�FXVWRPHU��,Q�*HUPDQ\�JRYHUQPHQWDOO\�JXDUDQWHHG�SULFH�IRU
HOHFWULFLW\�VROG�WR�WKH�PDLQ�JULG�LV������86��N:ÃK��,Q�WKH�8QLWHG�.LQJGRP�WKH�SULFH�IRU
ZLQG�HOHFWULFLW\�LV�GLIIHUHQWLDWHG�E\�UHJLRQV��,Q�6FRWODQG�ZLWK�EHVW�ZLQG�FRQGLWLRQV�WKH
DYHUDJH�SULFH�LV������86��N:ÃK��WKH�DYHUDJH�IRU�(QJODQG�LV������86��N:ÃK�DQG�WKH
ORZHVW�SULFH�LV����86��N:ÃK�

$OWKRXJK�WKH�SULFH�RI�HOHFWULFLW\�LQ�(VWRQLD�LV�LQFUHDVLQJ�DQG�WKH�XVH�RI�ZLQG�HQHUJ\�LV
EHFRPLQJ�PRUH�FRVW�HIIHFWLYH��VWLOO�LQYHVWRUV�KDYH�WR�LQYHVW�86������²�����PLOOLRQ�SHU
ZLQG�WXUELQH�ZLWK�UDWHG�SRZHU�RI�����N:��&DOFXODWLRQV�VKRZ�WKDW�DW�WKH�FXUUHQW�SULFH
OHYHO�XWLOLVDWLRQ�RI�ZLQG�HQHUJ\�LQ�(VWRQLD�ZLOO�QRW�JLYH�D�TXLFN�UHWXUQ�RQ�DVVHWV�

7KH�IROORZLQJ�FDOFXODWLRQ�ZDV�GRQH�RQ��VHH�7DEOH�����FRQGLWLRQ�WKDW�WKH�SULFH�RI�D����
N:�ZLQG�WXUELQH�LV�86��������PLOOLRQ��WKH�UDWH�RI�VXSSOHPHQWDU\�FRVWV�LV�����DQG�WRWDO
LQYHVWPHQWV�DUH�86��������PLOOLRQ�

7DEOH����&DOFXODWLRQV�RQ�XWLOLVDWLRQ�RI�ZLQG�HQHUJ\�LQ�(VWRQLD

Rate of external financing, % 0 0 100 100
Duration of loan, years - - 5 10
Interest of loan, % 7.5 7.5
Annual income rate applied by owner, % 7 10 2 2
Price, US¢/kW·h 4.91 6.53 5.54 6.14
Owners' income, US$/year 38970 55680 11136 11136
Payback period, years 5 13 15 17

7KH�PRVW�LPSRUWDQW�IDFWRUV�IRU�HFRQRPLF�HIILFLHQF\�DQG�SURILWDELOLW\�RI�D�ZLQG�SRZHU
SODQW�DUH�

• WKH�VRXUFH�RI�LQYHVWPHQW��HTXLW\�FDSLWDO�JXDUDQWHHV�D�UHODWLYHO\�ORZ�SULFH�RI
HQHUJ\�SHU���N:ÃK�DQG�TXLFN�SD\EDFN�RI�LQYHVWPHQWV�

• WKH�LQFRPH�UDWH�DSSOLHG�E\�RZQHUV��KLJK�LQFRPH�JXDUDQWHHV�EHWWHU�DQQXDO
LQFRPH�EXW�FDXVHV�D�ORQJ�SD\EDFN�SHULRG�RI�LQYHVWPHQWV�

• WKH�LQWHUHVW�UDWH��KLJK�LQWHUHVW�UDWH�FDXVHV�YHU\�KLJK�SULFH�RI���N:ÃK�DQG�PDNHV
SD\EDFN�RI�LQYHVWPHQWV�XQIHDVLEOH�

,Q�JHQHUDO�ZH�FDQ�VWDWH�WKDW�SUHVHQWO\�LQ�(VWRQLD�ZLQG�HQHUJ\�LV�PRUH�FRVW�HIIHFWLYH�LI
ZLQG�WXUELQH�DUH�EDVHG�RQ�WKH�RZQHU·V�HTXLW\�FDSLWDO�DQG�WKH�LQFRPH�UDWH�DSSOLHG�E\
WKH�RZQHU�GRHV�QRW�H[FHHG����SHU�\HDU��,W�LV�HYLGHQW�WKDW�DFKLHYLQJ�DEROLWLRQ�RI�9$7�IRU
ZLQG�WXUELQHV�DW�OHDVW�IRU�WKH�VWDUWLQJ�SHULRG�ZLOO�FRQWULEXWH�WR�UDSLG�JURZWK�RI
LQVWDOOHG�ZLQG�SRZHU��$OVR�HQDFWLQJ�D�JXDUDQWHHG�VHOOLQJ�SULFH�WR�WKH�JULG�LV�LPSRUWDQW
IRU�WKH�GHYHORSPHQW�RI�ZLQG�HQHUJ\�

7KH�HDVLHVW�ZD\�IRU�VWUHQJWKHQLQJ�ZLQG�HQHUJ\�SURGXFWLRQ�LV�WR�UHVLJQ�IURP�9$7�ZKHQ
LPSRUWLQJ�ZLQG�WXUELQH��$QRWKHU�LPSRUWDQW�FRQVWUDLQW�IRU�WKH�GHYHORSPHQW�RI�ZLQG
HQHUJ\�LV�LQ�WKH�SUHVHQW�VLWXDWLRQ�WKH�WUDQVPLVVLRQ�FRVW��DSSUR[������86��N:ÃK��ZKLFK
KLJKO\�GHWHUPLQHV�WKH�FRQVXPHU�SULFH�RI�HOHFWULFLW\��8VXDOO\�ZLQG�HQHUJ\�LV�FRQVXPHG
FORVH�WR�WKH�SURGXFWLRQ�SODFH�ZLWK�YHU\�VPDOO�WUDQVPLVVLRQ�ORVVHV�DQG�WKHUHIRUH�ORZHU
WUDQVPLVVLRQ�FRVWV�VKRXOG�EH�FRXQWHG�IRU�ZLQG�HQHUJ\�WKDQ�SUHVHQWO\��+RZHYHU��WKH
UHGXFWLRQ�RI�WUDQVPLVVLRQ�FRVWV�LV�KDUGO\�DFFHSWDEOH�E\�HOHFWULF�QHWZRUN�RZQHUV
EHFDXVH�RI�KLJK�QHHG�IRU�LQYHVWPHQWV�WR�PRGHUQLVH�WKH�QHWZRUN��,W�LV�PRUH�FRVW
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HIIHFWLYH�IRU�WKH�JRYHUQPHQW�WR�UHGXFH�9$7�DQG�LQFRPH�WD[�IURP�WKH�SURGXFWLRQ�
+RZHYHU��WKHLU�HIILFLHQF\�LQ�ZLQG�HQHUJ\�SURPRWLRQ�LV�OHVV�LPSRUWDQW�

$V�\HW�ZH�FDQQRW�VD\�DQ\WKLQJ�DERXW�WKH�SULFH�RI�ZLQG�HQHUJ\�LQ�(VWRQLD��DV�WKH�RQO\
ZLQG�WXUELQH�DW�7DKNXQD��+LLXPDD��D�����N:�'DQLVK�*HQYLQ��KDV�SURGXFHG�HOHFWULFLW\
RQO\�IRU�D�IHZ�PRQWKV�

��� &DVH�6WXG\��+LLXPDD�DV�D�3RWHQWLDO�5HQHZDEOH�(QHUJ\�,VODQG

����� ,VODQG�SURILOH

1DPH�RI�$XWKRULW\���+LLXPDD�&RXQW\�*RYHUQPHQW����FRPPXQHV���3RSXODWLRQ���������
$UHD�������NP���/HQJWK�RI�FRDVWOLQH�����NP��6KRUWHVW�GLVWDQFH��GLUHFW�OLQH��WR�PDLQODQG
���NP��7RZQV�ZLWK�����²�����LQK������%XLOW�XS�DUHDV�ZLWK����²�����LQK������7RWDO
QXPEHU�RI�GZHOOLQJV��������0DLQ�QDWXUDO�UHVRXUFHV���OLPHVWRQH��FOD\��FXUDWLYH��PXG�
PLQHUDO�ZDWHU��SHDW��ZRRG��ILVK��JDPH�DQLPDOV��ULFK�ELRORJLFDO�GLYHUVLW\��0DLQ�HFRQRPLF
VHFWRUV��ILVKLQJ��DJULFXOWXUH��IRRG�SURFHVVLQJ��IRUHVWU\��ZRRG�SURFHVVLQJ��EXLOGLQJ�
KDQGLFUDIW�DQG�WRXULVP�

+LLXPDD�LV�VLWXDWHG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�%DOWLF�6HD�DURXQG����NP�DZD\
IURP�WKH�(VWRQLDQ�PDLQODQG��7KH�LVODQG�LV�IRUPHG�RQ�D�OLPHVWRQH�EHGURFN�SODLQ
DQG�LV�FRYHUHG�ZLWK�JODFLDO��JODFLR�IOXYLDO��JODFLR�ODFXVWULQH�DQG�PDULQH
GHSRVLWV��$PRQJVW�WKH�(VWRQLDQ�FRXQWLHV��+LLXPDD�LV�WKH�PRVW�IRUHVWHG�DUHD�DQG
QHDUO\�����RI�WKH�LVODQG�LV�FRYHUHG�ZLWK�WUHHV��7KHUH�DUH�ODUJH�ZHWODQG�DUHDV
�DURXQG����RI�WKH�WRWDO�DUHD��LQ�WKH�PLGGOH�RI�WKH�LVODQG��7KH�FRDVWDO�VHD�LV
VKDOORZ��WKHUH�DUH�DERXW�����VPDOO�LVOHWV�DURXQG�+LLXPDD�DQG�ODUJH�VKRDOV�DQG
UHHIV�LQ�PRUH�GLVWDQW�DUHDV�

+LLXPDD�LV�SDUW�RI�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR�%LRVSKHUH�5HVHUYH�DQG�LV�FHUWLILHG�E\
81(6&2�DV�0HPEHU�RI�WKH�:RUOG�1HWZRUN�RI��%LRVSKHUH�5HVHUYHV�VLQFH�������$
QDWLRQDO�WDUJHW�SURJUDPPH�WR�GHYHORS�WKH�LVODQG�DV�D�PRGHO�UHJLRQ�RI�VXVWDLQDEOH
GHYHORSPHQW�LV�XQGHU�SUHSDUDWLRQ��GUDIW�ODZ�LQ��������$FFRUGLQJ�WR�WKH�DGRSWHG
+LLXPDD�'HYHORSPHQW�&RQFHSW��������WKH�GHYHORSPHQW�SULRULWLHV�ZHUH�VHW�DV�IROORZV�

• WR�SUHVHUYH�DQG�GHYHORS�WKH�LVODQG�DV�D�VHOI�VXSSRUWLQJ�YLDEOH�GHYHORSPHQW
XQLW�

• WR�HVWDEOLVK�DQ�LQWHJUDWHG�DSSURDFK�WR�WKH�SODQQLQJ�RQ�GLIIHUHQW�OHYHOV�E\�XVLQJ
VLPXOWDQHRXVO\�HFRORJLFDO��VRFLDO�DQG�HFRQRPLF�FULWHULD�

• WR�UHYLVH�WKH�SULQFLSOHV�RI�ODQG�XVH�DQG�UHVRXUFHV�H[SORLWDWLRQ�DQG�VXJJHVW�DQ
RSWLRQDO�JHQHUDO�FURVV�VHFWRUDO�IUDPHZRUN�WR�GHYHORS�VXVWDLQDEOH�QDWXUH�XVH
�VHFWRUV�RI�HQHUJ\��ZDVWH�PDQDJHPHQW��DJULFXOWXUH��IRUHVWU\��WRXULVP�HWF���

����� 2QJRLQJ�SURMHFWV�DQG�QHWZRUNLQJ�LQ�WKH�HQHUJ\�VHFWRU
7KH�REMHFWLYH�RI�WKH�IXQGHG�E\�3+$5(�(&26�289(5785(��3URJUDPPH�5RXQG��
SURMHFW�(QHUJ\�(�6�7�2�1�,�$����(QHUJ\�(IILFLHQW�6WUDWHJLHV�DQG�7HFKQRORJLHV�RI
1RUWKHUQ�,VODQG�$XWKRULWLHV�LV�WR�WUDQVIHU�WKH�:HVWHUQ�SDUWQHUV·�NQRZ�KRZ�DQG�WR�FDUU\
RXW�WKH�JHQHUDO�HQHUJ\�SODQ��WR�FUHDWH�GHPRQVWUDWLRQ�SURMHFWV�RQ�HQHUJ\�VDYLQJ�LQ
EXLOGLQJV�DQG�LQVWDOODWLRQ�RI�D�XQLW�ZLWK�D�YLHZ�WR�WKH�IXUWKHU�HVWDEOLVKPHQW�RI�D�ORFDO
DGYLVRU\�DJHQF\�IRU�HQHUJ\�DQG�HQYLURQPHQWDO�PDQDJHPHQW��$OVR�D�ZLQG�DWODV�RI�WKH
LVODQG�DQG�WKH�VXUURXQGLQJV�DV�ZHOO�DV�DQ�HYDOXDWLRQ�RI�WKH�LVODQG·V�SRWHQWLDO�WR�XVH
ELRPDVV�DV�IXHO�IRU�HQHUJ\�SURGXFWLRQ�ZLOO�EH�SUHSDUHG��+LLXPDD·V�SDUWQHUV�LQ�WKLV
SURMHFW�DUH�6DDUHPDD��(VWRQLD���*RWODQG��6ZHGHQ���%RUQKROP��'HQPDUN���cODQG
�)LQODQG���6KHWODQG�DQG�2UNQH\��ERWK�8.��
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7KH�SURMHFW�KDV�KDG�WKH�IROORZLQJ�UHVXOWV�

• SURYLGHG�NQRZOHGJH�DERXW�GLIIHUHQW�LQIOXHQFHV�RI�SROLWLFDO�DQG�SURIHVVLRQDO
OHYHOV�LQ�HQHUJ\�PDQDJHPHQW��7KHUH�DUH�QR�SRVVLELOLWLHV�WR�FRPSHQVDWH
LQDGHTXDWH�SROLWLFDO�GHFLVLRQV�ZLWK�WKH�ZRUN�RI�VSHFLDOLVWV��7KLV�NQRZOHGJH�LV�RI
SULPH�LPSRUWDQFH�E\�EXLOGLQJ�XS�D�PRUH�HIILFLHQW�V\VWHP�RI�GHFLVLRQ�PDNLQJ�LQ
WKH�IXWXUH�

• WKURXJK�VWXG\�YLVLWV�DQG�VHPLQDUV�RQ�*RWODQG��%RUQKROP�DQG�cODQG��DZDUHQHVV
DQG�XQGHUVWDQGLQJ�DERXW�KRZ�WR�PDQDJH�HQHUJ\�LQ�LVODQG�FRQGLWLRQV�LQ�D
FRQWHPSRUDU\��VXVWDLQDEOH�ZD\�DQG�KRZ�WKLV�FDQ�EH�DFKLHYHG�KDYH�LPSURYHG�

• LQFUHDVHG�NQRZOHGJH�DERXW�WDVNV�DQG�PHWKRGV�WR�ILQG�WHFKQLFDO�VROXWLRQV�IRU
WRGD\·V��KRW�VSRWV��LQ�HQHUJ\�PDQDJHPHQW���IRU�LQVXODWLRQ�RI�EXLOGLQJV�DQG
SLSHOLQHV��DQG�IRU�UHFRQVWUXFWLRQ�RI�LQHIILFLHQW�FHQWUDO�KHDWLQJ�V\VWHPV��7KH
UHVXOWV�RI�SLORW�HQHUJ\�DXGLWV��SURYLGHG�E\�*RWODQG�SDUWQHUV�RQ�+LLXPDD��DUH
YHU\�XVHIXO��LQVWUXFWLYH�DQG�GHYHORSLQJ�

• H[DPSOHV�RI�:HVWHUQ�SDUWQHUV�KDYH�VKRZQ�RQ�ZKDW�OHYHO�WKH�VSHFLDOLVWV

NQRZOHGJH�DQG�PDQDJHPHQW�VNLOOV�VKRXOG�EH�LQ�RUGHU�WR�JHW�JRRG�UHVXOWV��,W
PXVW�EH�DGPLWWHG�WKDW�VSHFLDOLVWV�DUH�LQ�QHHG�RI�FRQWLQXHG�HGXFDWLRQ��

• KLJKOLJKWHG�WKH�QHHG�WR�SD\�PRUH�DWWHQWLRQ�WR�D�UHJXODU�EDVLV�WR�HGXFDWLRQ�DQG
PRWLYDWLRQ�DV�PHDQV�RI�VROYLQJ�SUREOHPV�RI�HQHUJ\�PDQDJHPHQW�DQG�UDLVLQJ
DZDUHQHVV�DPRQJ�WKH�JHQHUDO�SXEOLF�DQG�DOVR�VFKRROFKLOGUHQ�

• HQFRXUDJHG�WR�VWDUW�PRUH�LQWHQVLYH�ZRUN�ZLWK�ORFDO�UHQHZDEOH�HQHUJ\�VRXUFHV
VXFK�DV�ELRPDVV�DQG�ZLQG�HQHUJ\�

+LLXPDD�SDUWLFLSDWHV�LQ�WKH�(XURSHDQ�,VODQGV�(QHUJ\�DQG�(QYLURQPHQW�1HWZRUN
,6/(1(7��IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ��,6/(1(7�:RUN�3URJUDPPH�������WR
EH�FDUULHG�RXW�XQGHU�WKH�6$9(�,,�SURJUDPPH��KDV�EHHQ�HVWDEOLVKHG��7KH�PDLQ�WDVNV�RI
WKLV�3URJUDPPH�DUH�WKH�HVWDEOLVKPHQW�RI�(QHUJ\�0DQDJHPHQW�:RUNLQJ�*URXSV�RQ
LVODQGV�DQG�WKH�GHYHORSPHQW�RI�RQ�VLWH�WUDLQLQJ�DQG�H[FKDQJHV�EHWZHHQ�LVODQGV��,QWHU�
LVODQG�ZRUNLQJ�JURXSV�ZLOO�UHIOHFW�RQ�GLIIHUHQW�VWDJHV�DQG�GLIIHUHQW�DVSHFWV�RI�WKH
GHYHORSPHQW�DQG�SURPRWLRQ�RI�VXVWDLQDEOH�DQG�HIILFLHQW�HQHUJ\�WHFKQRORJLHV�DQG
VWUDWHJLHV��7KH�:RUNLQJ�*URXS�7KHPHV�DUH�DV�IROORZV�

• *URXS�����7RROV�IRU�WKH�SODQQHUV�DQG�WKH�GHFLVLRQ�PDNHUV��7KH�GHYHORSPHQW�RI
HQHUJ\�PDQDJHPHQW�SROLFLHV�DW�ORFDO�DQG�UHJLRQDO�OHYHO�LQ�LVODQGV�

• *URXS�����7RROV�IRU�UDLVLQJ�DZDUHQHVV�LQ�HQHUJ\�PDQDJHPHQW�
• *URXS�����7KH�HFRQRPLFV�RI�HQHUJ\�HIILFLHQF\�LQ�LVODQGV�
• *URXS�����(QYLURQPHQWDO�LPSOLFDWLRQV�RI�HQHUJ\�HIILFLHQF\�
• *URXS�����7KH�LPSOLFDWLRQV�RI�(8�OHJLVODWLRQ�RQ�HQHUJ\�HIILFLHQF\�SROLFLHV�DQG

PHDVXUHV�LQ�LVODQGV�
• *URXS�����7KH�HODERUDWLRQ�RI�D�.H\IDFWV�GDWDEDVH�RQ�HQHUJ\�LQ�LVODQGV�

,Q�FR�RSHUDWLRQ�ZLWK�*RWODQG�(QHUJ\�$JHQF\��OHDGLQJ�LQVWLWXWLRQ��D�SURMHFW�WR�ILQG�RXW
DQG�HYDOXDWH�SRVVLEOH�DUHDV�RQ�+LLXPDD�FRDVWDO�]RQH�IRU�WKH�HVWDEOLVKPHQW�RI�RIIVKRUH
ZLQG�IDUPV�KDV�EHHQ�HVWDEOLVKHG��$OVR�HQYLURQPHQWDO�LPSDFWV�RI�RIIVKRUH�ZLQG�HQHUJ\
XWLOLVDWLRQ�ZLOO�EH�DVVHVVHG�ZLWKLQ�WKLV�SURMHFW�

����� +LLXPDD�DV�D�5HQHZDEOH�(QHUJ\�,VODQG

'LVFXVVLRQV�DERXW�WKH�LGHD�WR�GHYHORS�+LLXPDD�DV�D�5HQHZDEOH�(QHUJ\�,VODQG��5(,�
KDYH�VWDUWHG��7KH�JHQHUDO�REMHFWLYH�RI�WKLV�DFWLRQ�LV�WR�PDNH�D�VZLWFK�GXULQJ�WKH�QH[W
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GHFDGH�RQ�+LLXPDD�,VODQG�WR�XVLQJ�RQO\�UHQHZDEOH�HQHUJ\�VRXUFHV��)URP�WKH�DVSHFW�RI
UHQHZDEOH�HQHUJ\�VRXUFHV�+LLXPDD�KDV�IDYRXUDEOH�FRQGLWLRQV��7KH�UHODWLYHO\�ORQJ�FRDVW
OLQH������NP���PDQ\�QHDUE\�LVOHWV�DQG�UHHIV�PDNH�WKH�LVODQG�VXLWDEOH�IRU�KDUQHVVLQJ
ZLQG�HQHUJ\��/DUJH�IDVW�JURZLQJ�DOGHU�DQG�ZLOORZ�IRUHVWV�DUH�FRQWULEXWLQJ�DV�EDVHV�IRU
ELRPDVV�HQHUJ\��$OVR�SHDW�DQG�UHHG�FDQ�EH�UHJDUGHG�DV�HQHUJ\�VRXUFHV�

7KHUH�DUH�VRPH�LQLWLDWLYHV�WR�LQFOXGH�WKH�GHYHORSPHQW�RI�+LLXPDD�DV�5(,�LQWR�5	'
3URJUDPPHV�DQG�$FWLRQ�3ODQV��ZKLFK�DUH�XQGHU�SUHSDUDWLRQ�RQ�WKH�QDWLRQDO�OHYHO�

• LQWR�(VWRQLDQ�(QYLURQPHQWDO�$FWLRQ�3ODQ�IRU�WKH�QH[W��²��\HDUV��ZKLFK�LV
FXUUHQWO\�XQGHU�SUHSDUDWLRQ�ZLWK�VXSSRUW�IURP�WKH�(XURSHDQ�&RPPLVVLRQ·V
3+$5(�3URJUDPPH�

• LQWR�1DWLRQDO�%LRVSKHUH�5HVHUYH�7DUJHW�3URJUDPPH��ZKLFK�LV�FXUUHQWO\�EHLQJ
SUHSDUHG�IRU����\HDUV���DV�D�NH\�LVVXH�WR�DFKLHYH�IRU�WKH�LVODQG�WKH�VWDWXV�RI�D
PRGHO�UHJLRQ�RI�VXVWDLQDEOH�GHYHORSPHQW�

����� 3LORW�ZLQG�WXUELQH�DW�7DKNXQD
7KH�SURMHFW�WR�HVWDEOLVK�RQ�+LLXPDD�(VWRQLD·V�ILUVW�SLORW�ZLQG�WXUELQH�VWDUWHG�LQ������E\
ILQDQFLQJ�IURP�WKH�'DQLVK�(QYLURQPHQWDO�$JHQF\��PDLQ�VSRQVRU���(VWRQLDQ�0LQLVWU\�RI
WKH�(QYLURQPHQW�DQG�WKH�(VWRQLDQ�(QYLURQPHQWDO�)XQG��7KH�SURMHFW�ZDV�LQLWLDWHG�DQG
KROG�E\�WKH�%LRVSKHUH�5HVHUYH�+LLXPDD�&HQWUH��UHFLSLHQW�LQVWLWXWLRQ���WKH�SDUWQHU�ZDV
'DQLVK�FRPSDQ\�*HQYLQG��$�*HQYLQG�����N:�ZLQG�WXUELQH�ZDV�ODXQFKHG�RQ���
6HSWHPEHU�������VHH�RSHUDWLRQ�UHVXOWV�LQ�7DEOH�����

7DEOH�����*HQHUDO�RSHUDWLRQ�UHVXOWV�RI�7DKNXQD�ZLQG�WXUELQH�IURP����6HS������XS�WR����-DQ�����

Time hours
Total time 2910
Uptime/available time 2333
Generator time 1594
Error time 431
Grid  OK time 2908
Production kW·h
September (12 days) 19910
October 21820
November 19940
December 8290
January 35770
February 42710
Total from 19.09.1997 up to
28.04.1998

148440

7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�QHHG�IRU�IUHTXHQW�LQVSHFWLRQ�DQG�WHFKQLFDO�ZRUN
�DYDLODEOH�WLPH�RQO\�����IURP�WKH�WRWDO��LQ�WKH�ILUVW�PRQWKV�RI�WKH�WXUELQH�RSHUDWLRQ�WKH
SURGXFWLRQ�UHVXOWV�DUH�QRWHZRUWK\��VHH�)LJXUH�����
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)LJXUH����3URGXFWLRQ�RI�HOHFWULFLW\�LQ�7DKNXQD�E\�WKH�GD\�LQ�-DQXDU\�����

� &RQFOXVLRQV

*HQHUDWLRQ�RI�HOHFWULFLW\�FDXVHV�VXEVWDQWLDO�SROOXWLRQ��EHLQJ�UHVSRQVLEOH�IRU�DERXW�RQH�
WKLUG�RI�DOO�FDUERQ�GLR[LGH�HPLVVLRQV�DQG�LW�LV�D�PDMRU�VRXUFH�RI�QLWURJHQ�R[LGH�DQG
VXOSKXU�GLR[LGH��:LQG�LV�QRW�DQ�HQHUJ\�VRXUFH�ZKLFK�FDQ�FRYHU�WKH�PDLQ�HQHUJ\
SURGXFWLRQ��EXW�LW�FRXOG�SOD\�D�FHUWDLQ�UROH�LQ�UHGXFLQJ�&2��DQG�DYRLGLQJ�WKH
XQQHFHVVDU\�XVH�RI�QRQUHQHZDEOH�QDWXUDO�UHVRXUFHV��*HQHUDWLQJ�HOHFWULFLW\�IURP�WKH
ZLQG�SURGXFHV�QR�KD]DUGRXV�E\�SURGXFWV�DQG�ILQDOO\�ZKHQ�WKH�ZLQG�WXUELQH�LV�ZRUQ
RXW�LW�FDQ�EH�IXOO\�UHF\FOHG�DIWHU�VLPSOH�SURFHVVLQJ�

(VWRQLD·V�FOLPDWRORJLFDO�ZLQG�UHVRXUFHV�LQ�DUHDV�ZKLFK�GR�QRW�FRQIOLFW�ZLWK�RWKHU�XVHV
DUH�KLJK�HQRXJK�WR�HQDEOH�XV�SURGXFH�PRUH�HOHFWULFLW\�E\�ZLQG�WKDQ�����RI�WKH�SUHVHQW
FRQVXPSWLRQ��+RZHYHU��WKH�SULFH�RI�ZLQG�JHQHUDWHG�HOHFWULFLW\�LV�VWLOO�KLJK�EHFDXVH�RI
KLJK�LQYHVWPHQW�FRVWV�DQG�WKHUHIRUH�LWV�SURILWDELOLW\�ZLOO�UHPDLQ�ORZ��7KHUH�DUH�QR
VXEVLGLHV�RU�OHJLVODWLYH�EDFNJURXQG�WR�SURPRWH�WKH�XWLOLVDWLRQ�RI�ZLQG�HQHUJ\��)RU�WKHVH
DQG�VRPH�RWKHU�WHFKQLFDO�DQG�ILQDQFLDO�UHDVRQV�RQO\�DERXW����RI�HQHUJ\�GHPDQG�FRXOG
EH�FRYHUHG�E\�ZLQG�JHQHUDWHG�HOHFWULFLW\��7R�IXOILO�WKLV�WDVN�VLWLQJ�RI�ZLQG�WXUELQHV�ZLWK
WRWDO�LQVWDOOHG�FDSDFLW\�RI�DERXW�����0:�LV�QHHGHG�LQ�UHJLRQV�ZLWK�JRRG�ZLQG
FRQGLWLRQV�

,Q�WKH�SUHVHQW�VLWXDWLRQ�WKHUH�DUH�WKUHH�GLIIHUHQW�RSWLRQV�IRU�ZLQG�HQHUJ\�GHYHORSPHQW
ZKLFK�DOO�KDYH�VWULFWO\�GLIIHUHQW�FKDUDFWHU�LQ�WKH�VHQVH�RI�LQYHVWPHQWV�DQG�UHGXFWLRQ�RI
JUHHQKRXVH�JDVHV�RULJLQDWLQJ�IURP�HQHUJ\�SURGXFWLRQ��7KH�PRVW�SUREDEOH�VFHQDULRV�LQ
WKH�QHDU�IXWXUH�DUH�WKH�IROORZLQJ�

�� 6WDQG�DORQH�ZLQG�WXUELQH�V��WR�FRYHU�HQHUJ\�QHHG�RI�FHUWDLQ
FRQVXPHUV�HQWHUSULVH

�� :LQG�WXUELQH�V��LQ�D�ORFDO�HOHFWULF�QHWZRUN��LVODQGV�

�� :LQG�WXUELQHV�ZLQG�IDUPV�LQ�WKH�PDLQ�HOHFWULF�QHWZRUN�

7KH�ILUVW�VFHQDULR�����LV�PRVW�OLNHO\�WKH�FDVH�ZKHQ�QR�OHJLVODWLYH�EDFNJURXQG�RU
JRYHUQPHQWDO�VXEVLGLHV�DUH�DYDLODEOH��6WDQG�DORQH�ZLQG�WXUELQHV�FDQ�SURGXFH�HQHUJ\�DW
VXIILFLHQWO\�ORZ�SULFH�OHYHO�LI�WKH�LQWHUQDO�HOHFWULF�QHWZRUN�RI�DQ�HQWHUSULVH�LV�XVHG�DQG
QR�WUDQVPLVVLRQ�FRVWV�DUH�SUHVHQW��,Q�WKLV�FDVH�WKH�HQWHUSULVH�XVHV�LQ�PD[LPDO�HIILFLHQF\
HQHUJ\�SURGXFHG�E\�ZLQG�DQG�DGGLWLRQDOO\�ZLOO�EX\�HOHFWULFLW\�IURP�WKH�PDLQ�HOHFWULF
QHWZRUN�ZKHQ�WKH�ZLQG�WXUELQH�LV�QRW�JHQHUDWLQJ�VXIILFLHQW�HOHFWULFLW\��FDOP��ORZ�ZLQG
VSHHG���)RU�WKH�RZQHU�WKH�DGYDQWDJH�RI�WKLV�V\VWHP�LV�LWV�KLJK�IOH[LELOLW\�DQG
DXWRQRPRXV�RSHUDWLRQ�IURP�WKH�PDLQ�HQHUJ\�V\VWHP��7KH�HIILFLHQF\�RI�ZLQG�WXUELQHV
FDQ�LQFUHDVH�DOVR�LI�WKH�SURGXFHG�HQHUJ\�LV�XVHG�DQG�DFFXPXODWHG�GXULQJ�WKH
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WHFKQRORJLFDO�SURFHVV��KHDWLQJ��ZDUPLQJ�ZDWHU��UHIULJHUDWLRQ��HWF����6WDQG�DORQH�ZLQG
WXUELQHV�ZLWK�DQ�LQWHUQDO�HOHFWULF�QHWZRUN�PD\�ILQG�ZLGHU�XVH�LQ�ILVKHULHV�DQG�VPDOO
KDUERXUV��HVSHFLDOO\�LQ�:HVW�(VWRQLD��EXW�DOVR�RQ�WKH�QRUWKHUQ�FRDVW�RI�(VWRQLD��7KH
GLUHFW�FRVW�RI�HOHFWULFLW\�JHQHUDWHG�E\�DQ�HQWHUSULVH�RZQHG�ZLQG�WXUELQH�LV�UHODWLYHO\
ORZ�DV�QR�SURFHHGV�DUH�DSSOLHG��QR�WUDQVPLVVLRQ�FRVWV�H[LVW�DQG�]HUR�RU�ORZ�LQWHUHVW
UDWH�LQYHVWPHQWV�DUH�XVHG��+RZHYHU��WKH�HQHUJ\�SULFH�ZLOO�EH�JHWWLQJ�PXFK�KLJKHU�LI
LQGLUHFW�FRVWV�DUH�LQFOXGHG��DOWHUQDWLYH�XVH�RI�LQYHVWPHQWV�IRU�ZLQG�WXUELQH��LQWHUHVWV
HWF����0RUHRYHU��WKH�UHGXFWLRQ�RI�JUHHQKRXVH�JDVHV�HPLVVLRQ�RI�WKLV�W\SH�RI�ZLQG�HQHUJ\
XVH�LV�QHJOLJLEOH��7KH�UHGXFWLRQ�LQ�&2��HPLVVLRQ�LV�VPDOO�GXH�WR�WKH�IROORZLQJ�UHDVRQV�

• HQHUJ\�LV�SURGXFHG�IRU�WKH�HQWHUSULVH�LQWHUQDO�XVH�
• XVH�RI�ZLQG�HQHUJ\�VXSSRUWV�HQHUJ\�FRQVXPLQJ�WHFKQRORJLFDO�SURFHVVHV�EXW

GRHV�QRW�GHFUHDVH�VLJQLILFDQWO\�HQHUJ\�GHPDQG�IURP�WKH�PDLQ�QHWZRUN�
• LQ�FRDVWDO�UHJLRQV�DQG�KDUERXUV�HQHUJ\�JHQHUDWHG�IURP�ZLQG�LV�RIWHQ�UHSODFLQJ

HQHUJ\�IRUPHUO\�JHQHUDWHG�LQ�ORFDO�VPDOO�ERLOHU�KRXVHV�E\�RWKHU��ODFNLQJ�
UHQHZDEOH�HQHUJ\�UHVRXUFHV�

:LQG�WXUELQHV�LQ�WKH�ORFDO�HOHFWULF�QHWZRUN�LQ�LVODQGV�WKDW�DUH�QRW�FRQQHFWHG�WR�WKH�PDLQ
HOHFWULF�QHWZRUN�KDYH�EHHQ�XS�WR�WKH�SUHVHQW�WKH�PRVW�RIWHQ�GLVFXVVHG�VFHQDULR�����
3UHVHQWO\�HOHFWULFLW\�LV�SURGXFHG�RQ�LVRODWHG�LVODQGV�E\�GLHVHO�JHQHUDWRUV��'LHVHO
JHQHUDWRUV�DQG�ZLQG�WXUELQHV�WRJHWKHU�DUH�ZHOO�VXLWHG�IRU�HOHFWULFLW\�FR�SURGXFWLRQ�WR
WKH�VDPH�QHWZRUN��+RZHYHU��WKLV�LV�TXLWH�DQ�H[SHQVLYH�VFHQDULR�DV�LVODQGV�ZLWK�QR
FRQQHFWLRQ�WR�WKH�PDLQ�HOHFWULFDO�QHWZRUN�DUH�VPDOO�DQG�IHZ�SHRSOH�OLYH�WKHUH��7KH�ORFDO
FRPPXQLW\�LV�QRW�DEOH�WR�EX\�D�ZLQG�WXUELQH�RU�SD\�WKH�KLJK�SULFH�IRU�HOHFWULFLW\�LWVHOI�
(OHFWULFLW\�SURGXFWLRQ�LQ�VPDOO�LVODQGV�FDQ�QHYHU�EH�SURILWDEOH�DQG�QRERG\�LV�LQWHUHVWHG
LQ�LQYHVWLQJ�LQ�QHZ�SRZHU�SODQWV�DV�ORQJ�DV�JRYHUQPHQWDO�VXEVLGLHV�GR�QRW�PDNH�LW
DWWUDFWLYH��7KHUHIRUH�ZLQG�WXUELQHV�FDQ�EH�LQVWDOOHG�RQO\�ZLWK�VWDWH�VXSSRUW��7KH�HIIHFWV
RI�WKH�XVH�RI�ZLQG�HQHUJ\�RQ�LVODQGV�DUH�PDLQO\�D�GHFUHDVHG�QHHG�IRU�H[SHQVLYH�GLHVHO
IXHO�DQG�ORQJHU�GXUDELOLW\�RI�WKH�GLHVHO�JHQHUDWRU�DV�WKH�QXPEHU�RI�ZRUNLQJ�KRXUV�ZLOO
GHFUHDVH��7KH�HQYLURQPHQWDO�HIIHFW�RI�HOHFWULFLW\�SURGXFWLRQ�IURP�ZLQG�WR�UHSODFH
GLHVHO�JHQHUDWHG�HQHUJ\�LV�QHJOLJLEOH�GXH�WR�VPDOO�QHHG�IRU�LQVWDOOHG�SRZHU�DQG�H[KDXVW
JDVHV�RI�GLHVHO�HQJLQH�DUH�OHVV�SROOXWLQJ�WKDQ�WKRVH�IURP�RLO�VKDOH�SRZHU�SODQWV�

:H�FDQ�DUJXH�DERXW�WKH�PLWLJDWLRQ�RI�JUHHQKRXVH�JDVHV�E\�XVH�RI�ZLQG�HQHUJ\�RQO\�LI
HOHFWULFLW\�LV�JHQHUDWHG�WR�WKH�PDLQ�HOHFWULF�QHWZRUN������+RZHYHU��GLIIHUHQWO\�IURP�WKH
ILUVW�VFHQDULR�WKLV�LV�PXFK�PRUH�GHSHQGHQW�RQ�WKH�OHJLVODWLYH�EDFNJURXQG��(QHUJ\�/DZ�
WD[DWLRQ��HWF����VXEVLGLHV�DQG�SROLWLFDO�GHFLVLRQV�EXW�PRUH�DWWUDFWLYH�IRU�LQYHVWRUV�WKDQ
VFHQDULR������&RPSDUHG�WR�VFHQDULR�����LQ�WKH�SUHVHQW�FDVH�WKH�HOHFWULFLW\�FRVW�LV�KLJKHU
GXH�WR�WUDQVPLVVLRQ�FRVWV��DSSUR[������86��N:ÃK��DQG�SURFHHGV�DSSOLHG�E\�LQYHVWRUV�
7KH�DGYDQWDJH�RI�WKLV�VFHQDULR�DJDLQVW�WKH�ILUVW�RQH�LV�WKDW�ZLQG�WXUELQHV�FRQQHFWHG�WR
WKH�PDLQ�HOHFWULF�QHWZRUN�FDQ�EH�VLWHG�WR�SODFHV�ZLWK�WKH�EHVW�ZLQG�FRQGLWLRQ�ZKLOH
VWDQG�DORQH�ZLQG�WXUELQHV�FRQQHFWHG�WR�DQ�LQWHUQDO�QHWZRUN�DUH�GHSHQGHQW�RQ�WKH
ORFDWLRQ�RI�WKH�HQWHUSULVH��7KH�PRVW�SURPLVLQJ�DUHD�IRU�D�PDLQ�HOHFWULF�QHWZRUN
FRQQHFWHG�ZLQG�WXUELQHV�LV�WKH�:HVW�(VWRQLDQ�$UFKLSHODJR��HVSHFLDOO\�WKH�LVODQGV�RI
6DDUHPDD�DQG�+LLXPDD��ZKLFK�DUH�WKH�PRVW�GLVWDQW�IURP�WKH�ODUJH�RLO�VKDOH�SRZHU
SODQWV��ZKRVH�HQHUJ\�WUDQVPLVVLRQ�ORVVHV�DUH�ELJJHVW�IRU�WKH�LVODQGV��3URGXFLQJ
HOHFWULFLW\�IURP�ZLQG�FRQWULEXWHV�WR�HQHUJ\�VDYLQJ�DQG�UHGXFWLRQ�RI�SROOXWDQWV�ERWK�E\
DGGLQJ�DGGLWLRQDO�HQHUJ\�DQG�PLQLPLVLQJ�QHWZRUN�ORVVHV�GXH�WR�VFDWWHUHG�HQHUJ\
SURGXFWLRQ�DQG�VKRUW�GLVWDQFHV�RI�WUDQVPLVVLRQ��7KH�QHJDWLYH�LPSDFW�RI�ZLQG�HQHUJ\
IOXFWXDWLRQ�FRXOG�SDUWO\�EH�FRPSHQVDWHG�IRU�E\�VPDOO�ELRPDVV�ILUHG�DQG�RWKHU�VPDOO
SRZHU�SODQWV�LQ�WKH�VDPH�UHJLRQ�



���

,W�ZRXOG�EH�UHDVRQDEOH�WR�VWDUW�LPSOHPHQWLQJ�ZLQG�HQHUJ\�LQ�(VWRQLD�RQ�:HVW�(VWRQLDQ
LVODQGV�ZLWK�WKH�EHVW�ZLQG�FRQGLWLRQV��ZLWK�D�WRWDO�RI����XQLWV�RI�����N:�WXUELQHV��2Q
6DDUHPDD�WKH�ZLQG�SDUN�ZLOO�KDYH���ZLQG�WXUELQHV��WRWDO�SRZHU�����0:��LQYHVWPHQW
86�������PLOOLRQ��\HDUO\�RXWSXW������0:ÃK�� ������RI�WKH�QHHG���2Q�+LLXPDD�WKH�ZLQG
SDUN�ZLOO�KDYH���ZLQG�WXUELQHV��WRWDO�SRZHU�����0:��LQYHVWPHQW�86�������PLOOLRQ�
\HDUO\�RXWSXW������0:ÃK�� ������RI�WKH�QHHG���7KH�WZR�LVODQGV�WRJHWKHU�ZRXOG�KDYH���
:7V��WRWDO�SRZHU���0:��LQYHVWPHQW�86�������PLOOLRQ��\HDUO\�RXWSXW������*:ÃK�� 
DERXW����RI�WKH�LVODQGV·�QHHG��

,I�ZH�VXFFHHG�WR�SURGXFH�HOHFWULFLW\�E\�ZLQG�DQG�WR�DYRLG�WKH�JHQHUDWLRQ�RI�WKH�VDPH
DPRXQW�RI�HQHUJ\�IURP�RLO�VKDOH�WKHQ�ZH�FDQ�FRXQW�ZLWK�DQQXDO�UHGXFWLRQ�RI�62�

HPLVVLRQ�RI�DERXW���²���J�SHU���N:ÃK�DQG�����²�����J�&2��SHU���N:ÃK��7DEOH����VKRZV
WKH�SRWHQWLDO�GHFUHDVH�RI�SROOXWDQWV�HPLVVLRQ�LI�HOHFWULFLW\�LV�SURGXFHG�IURP�ZLQG�DQG
WZR�VFHQDULRV�DUH�FRPSDUHG���WKH�SUHVHQW�KLJKO\�SROOXWLQJ�WHFKQRORJ\�DQG�WKH�PRGHUQ
WHFKQRORJ\�H[SHFWHG�WR�EH�LQ�XVH�DIWHU�SRZHU�SODQW�UHFRQVWUXFWLRQ�

7DEOH����3RWHQWLDO�GHFUHDVH�LQ�WKH�HPLVVLRQ�RI�SROOXWDQWV

Pollutant Present technology New technology
gram per kW·h gram per kW·h

Sulphur dioxide 10...18 > 0
Nitric oxide 1.1...1.5 1.1...1.5
Carbon dioxide 1350...1400 830
Fly ash 12...20 <0.1



���
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(VWRQLDQ�(QHUJ\�6\VWHP�DQG
(PLVVLRQV�0RGHOOLQJ�8VLQJ

0DUNDO�0RGHO

� 0RGHOV�XVHG

��� 6KRUW�GHVFULSWLRQ�RI�0$5.$/�PRGHO

0$5.$/��DQ�DFURQ\P�IRU�´PDUNHW�DOORFDWLRQµ��LV�D�GHPDQG�GULYHQ��PXOWL�SHULRG
OLQHDU�SURJUDPPLQJ�PRGHO�RI�WKH�WHFKQLFDO�HQHUJ\�V\VWHP�WKDW�GHDOV�HYHQ�KDQGHGO\
ZLWK�VXSSO\��DQG�GHPDQG�VLGH�RSWLRQV��,W�LV�D�FRVW�PLQLPLVLQJ�HQHUJ\�HQYLURQPHQW
V\VWHP�SODQQLQJ�PRGHO�XVHG�WR�LQYHVWLJDWH�PLG��DQG�ORQJ�WHUP�UHVSRQVHV�WR�GLIIHUHQW
IXWXUH�WHFKQRORJLFDO�RSWLRQV��HPLVVLRQV�OLPLWDWLRQV�DQG�SROLF\�VFHQDULRV��)LVKERQH�DQG
$ELORFN��������)LVKERQH�HW�DO����������.UDP���������0$5.$/�ZDV�GHYHORSHG�LQ�WKH�ODWH
����V�MRLQWO\�DW�%URRNKDYHQ�1DWLRQDO�/DERUDWRU\��%1/���86$��DQG
.HUQIRUVFKXQJVDQODJH�-�OLFK��.)$���*HUPDQ\��DV�D�SDUW�RI�D�FROODERUDWLYH�HIIRUW�RI���
QDWLRQV�XQGHU�WKH�DXVSLFHV�RI�WKH�,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($���7RGD\�WKH�PRGHO
LV�LQ�DFWLYH�XVH�LQ�QXPHURXV�FRXQWULHV�DOO�RYHU�WKH�ZRUOG��,WV�FRQWLQXHG�GHYHORSPHQW�LV
LQWHUQDWLRQDOO\�FR�RUGLQDWHG�E\�,($�(QHUJ\�7HFKQRORJ\�6\VWHPV�$QDO\VLV�3URJUDPPH
�(76$3���)LJXUH����VKRZV�WKH�PRGHO�LQWHUIDFHV��)LVKERQH�HW�DO���������

)LJXUH����,QWHUIDFHV�RI�WKH�0$5.$/�PRGHO

MARKAL
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7KH�0$5.$/�PRGHO�RSWLPLVHV�D�QHWZRUN�UHSUHVHQWDWLRQ�RI�DQ�HQHUJ\�V\VWHP
GHSLFWLQJ�HQWLUH�V\VWHP�IURP�UHVRXUFH�H[WUDFWLRQ�WKURXJK�HQHUJ\�WUDQVIRUPDWLRQ�DQG
HQG�XVH�GHYLFHV�WR�XVHIXO�HQHUJ\�GHPDQG��7KLV�QHWZRUN�LV�FDOOHG�5HIHUHQFH�(QHUJ\
6\VWHP��5(6���(DFK�OLQN�LQ�WKH�5(6�LV�FKDUDFWHULVHG�E\�RQH�RU�PRUH�WHFKQRORJLHV
DYDLODEOH�WR�WKH�PRGHO��3ULPDU\�HQHUJ\�VRXUFHV�DUH�FRQYHUWHG�E\�VXSSO\�WHFKQRORJLHV
LQWR�HQHUJ\�FDUULHUV��H�J��IXHOV��HOHFWULFLW\��KHDW��WKDW�DUH�XVHG�E\�HQG�XVH�WHFKQRORJLHV�
5(6�LQGLFDWHV�DOO�SRVVLEOH�URXWHV�IURP�HDFK�VRXUFH�RI�SULPDU\�HQHUJ\�WKURXJK�YDULRXV
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FRQYHUVLRQ�SURFHVVHV�WR�DOO�HQHUJ\�VHUYLFH�GHPDQGV��7KH�IORZ�FKDUW�LQFRUSRUDWHV�DOVR
WKH�HPLVVLRQV�UHVXOWLQJ�IURP�DFWLYLWLHV�LQ�ZKLFK�HQHUJ\�LV�FRQYHUWHG�RU�WUDQVIRUPHG�
7KH�PRGHO�FUHDWHV�WKH�EHVW�5(6�IRU�HDFK�WLPH�SHULRG�E\�VHOHFWLQJ�WKH�VHW�RI�RSWLRQV�WKDW
PLQLPLVHV�FRVW��*ROGVWHLQ���������9HU\�VLPSOH�SLFWXUH�RI�HQHUJ\�IORZV�LQ�0$5.$/
�5(6��LV�SUHVHQWHG�LQ�WKH�)LJXUH����

)LJXUH����(QHUJ\�IORZV�LQ�0$5.$/

Primary
energy
sources

Processes Conversion
technologies

Demand
devices

Useful
energy 
demand

Fuel mill
Producers of
electricity 
only

Electric
drives

Fuel 
factory

Coupled
production 
plants

Heat 
plants

Heat
exchanger

Individual
boiler

Refinery

Final demand

Mining

Export

Import

0$5.$/�SRVHV�D�OLQHDU�SURJUDPPLQJ��/3��SUREOHP�RI�WKH�JHQHUDO�VRUW��)LVKERQH�DQG
$ELORFN�������

m in c Xi i
i

∑





���

VXEMHFW�WR

a X bji i
i

j∑ ≤ ≥
�����DQG������ Xi ≥ 0 ���

7KH�FRHIILFLHQWV�ci �IRU�WKH�REMHFWLYH�IXQFWLRQ�DQG�a ji �DQG�bj �IRU�WKH�FRQVWUDLQWV�DUH�WKH

NQRZQ�SDUDPHWHUV��WKH�YHFWRUV� Xi �DUH�WKH�XQNQRZQ�TXDQWLWLHV�WR�EH�IRXQG��H�J��WKH

VROXWLRQ�RI�WKH�SUREOHP��+HUH� [ ]i T= 1,..., GHQRWHV�WKH�LQGH[�RI�D�WLPH�SHULRG�LQ�WKH
WRWDO�SODQQLQJ�WLPH�KRUL]RQ�T �DQG� j GHQRWHV�WKH�LQGH[�RI�D�FRQVWUDLQW�

,Q�(VWRQLDQ�DSSOLFDWLRQV�WKH�REMHFWLYH�IXQFWLRQ�KDV�EHHQ�WKH�WRWDO�GLVFRXQWHG�QHW
SUHVHQW�FRVW�RI�WKH�HQHUJ\�V\VWHP�RYHU�WKH�ZKROH�SODQQLQJ�KRUL]RQ��7KH�REMHFWLYH
IXQFWLRQ�FDQ�DOVR�EH�D�ZHLJKWHG�VXP�RI�WKLV�FRVW�DQG�WKH�HQYLURQPHQWDO�HPLVVLRQV�RU
VHFXULW\�RI�HQHUJ\�VXSSO\��.UDP��������

7KH�YDULDEOHV�LQ�D�0$5.$/�PRGHO�DUH�HLWKHU�H[RJHQRXV��VXSSOLHG�E\�WKH�XVHU��RU
HQGRJHQRXV��GHWHUPLQHG�E\�WKH�PRGHO���([RJHQRXV�TXDQWLWLHV�DUH��IRU�H[DPSOH��XVHIXO
HQHUJ\�GHPDQGV��SULFHV��XQLW�FRVWV��LQYHVWPHQW��RSHUDWLRQ�DQG�PDLQWHQDQFH��HWF���DQG



���

WHFKQLFDO�FRHIILFLHQWV��OLIHWLPH��DYDLODELOLW\��UHVLGXDO�FDSDFLW\��HWF���RI�D�WHFKQRORJ\��7KH
HQGRJHQRXV�YDULDEOHV��ZKRVH�YDOXHV�DUH�GHWHUPLQHG�E\�WKH�OLQHDU�SURJUDPPLQJ
VROXWLRQ��DUH�JURXSHG�DV�IROORZV��.UDP��������

• YDULDEOHV�UHSUHVHQWLQJ�HQHUJ\�FDUULHUV�
• TXDQWLW\�RI�HDFK�HQHUJ\�IRUP�DYDLODEOH�LQ�HDFK�SHULRG�
• YDULDEOHV�UHODWHG�WR�HQHUJ\�VXSSO\�WHFKQRORJLHV�
• QHZ�LQYHVWPHQW�LQ�HDFK�WHFKQRORJ\�LQ�HDFK�WLPH�SHULRG
• LQVWDOOHG�FDSDFLW\�RI�HDFK�WHFKQRORJ\�LQ�HDFK�SHULRG�
• XWLOLVHG�FDSDFLW\�RI�HDFK�WHFKQRORJ\�LQ�HDFK�SHULRG�
• YDULDEOHV�UHODWHG�WR�WKH�GHPDQG�WHFKQRORJLHV�

7KH�KHDUW�RI�0$5.$/�LV�WKH�VHW�RI�HTXDOLWLHV�DQG�LQHTXDOLWLHV�JHQHUDWHG�IURP�WKH
SDUDPHWHUV�VXSSOLHG�E\�D�XVHU��7KHVH�UHODWLRQVKLSV��FDOOHG�FRQVWUDLQWV�RI�WKH�PRGHO��WLH
WRJHWKHU�WKH�YDULDEOHV��7KH�SULQFLSDO�FRQVWUDLQWV�DUH��)LVKERQH�DQG�$ELORFN�������
.UDP��������

• VDWLVIDFWLRQ�RI�GHPDQGV�
• IXHO�EDODQFHV�
• ORZ�WHPSHUDWXUH�KHDW�DQG�HOHFWULFLW\�EDODQFHV�
• SHDN�ORDG�DQG�EDVH�ORDG�UHODWLRQV�
• OLPLW�RQ�RSHUDWLRQV�
• SHULRG�WR�SHULRG�FDSDFLW\�WUDQVIHU�UHODWLRQ�
• FXPXODWLYH�DQG�JURZWK�FRQVWUDLQWV�
• H[RJHQRXV�ERXQGV�VXFK�DV�WKRVH�RQ�PDUNHW�SHQHWUDWLRQ�RI�LQGLYLGXDO�W\SHV�RI

WHFKQRORJ\�
• RWKHU�FRQVWUDLQWV�VXFK�DV�PD[LPXP�SHUPLVVLEOH�HPLVVLRQV�IURP�WKH�HQHUJ\

V\VWHP�

$IWHU�JHQHUDWLQJ�IURP�WKH�DYDLODEOH�SDUDPHWHUV�WKH�FRQVWUDLQW�DQG�REMHFWLYH�FRHIILFLHQWV
QHFHVVDU\�WR�GHVFULEH�DQ�HQHUJ\�V\VWHP��0$5.$/�SURGXFHV�D�PDWUL[�RI�WKH�/3
SUREOHP�

$V�D�VROXWLRQ�RI�WKH�/3�SUREOHP�0$5.$/�SURGXFHV�WKH�IROORZLQJ�RXWSXWV�IRU�HDFK
WLPH�SHULRG��.UDP��������

• FDSDFLW\�H[SDQVLRQ�RU�UHGXFWLRQ�UHTXLUHG�IRU�D�FRPSUHKHQVLYH�VHW�RI�HQHUJ\
VXSSO\�WHFKQRORJLHV�

• OHYHO�RI�DFWLYLW\�RI�WKRVH�WHFKQRORJLHV�VHOHFWHG�
• LGHQWLILFDWLRQ�RI�WKH�HQG�XVH�WHFKQRORJLHV�WKDW�DUH�WKH�PRVW�FRVW�HIIHFWLYH�
• DQ�DFFRXQWLQJ�RI�DOO�HQHUJ\�IRUPV�XVHG�
• D�PDUJLQDO�YDOXH�IRU�HDFK�HQHUJ\�IRUP�
• D�UHGXFHG�FRVW�IRU�HDFK�DFWLYLW\�WKDW�GRHV�QRW�DSSHDU�DW�D�SRVLWLYH�OHYHO�LQ�WKH

RSWLPDO�SURJUDP�

7KH�PRGHO�ZLOO�SULFH�DOO�HQHUJ\�IRUPV�DW�WKHLU�PDUJLQDO�FRVW��,W�WUHDWV�LQWHUIXHO�DQG
LQWHUWHFKQRORJ\�VXEVWLWXWLRQ�LQ�GHWDLO��&RVWV�RI�HPLVVLRQ�UHGXFWLRQV�DUH�LQWHUQDOLVHG�LQ
WKH�PRGHO�
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7KH�0$5.$/�PRGHO�LV�XVHG�LQ�(VWRQLD�RQO\�E\�WKH�'HSDUWPHQW�RI�(OHFWULFDO�3RZHU
(QJLQHHULQJ�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\�

��� $�VKRUW�GHVFULSWLRQ�RI�0$5.$/�0$&52�PRGHO

7R�JHW�D�JRRG�RYHUYLHZ�RI�WKH�WHFKQRORJLFDO�DQG�HFRQRPLF�LPSDFW�RQ�&2��UHGXFWLRQ�
WKLV�VWXG\�XVHV�WZR�PRGHOV��7KH�0$5.$/��D�WHFKQRORJ\�PDUNHW�DOORFDWLRQ�PRGHO�LV
FRQIURQWHG�ZLWK�0$5.$/�0$&52��D�FRPELQDWLRQ�RI�0$5.$/�ZLWK�D�0$&52
HFRQRPLF�PRGHO�

7KH�0$5.$/�0$&52���0DQQH�DQG�:HQH��������PRGHO�ZDV�GHYHORSHG�WR�UHVROYH�WKH
FODVVLFDO�JDS�EHWZHHQ�ERWWRP�XS��H�J��0$5.$/��DQG�WRS�GRZQ��H�J��0$&52��PRGHOV�
7KH�JDS�LV�ILOOHG�E\�VHQGLQJ�WKH�SK\VLFDO�IORZV�RI�HQHUJ\�IURP�0$5.$/�WR�0$&52
DQG�WKH�HQHUJ\�FRVWV�SD\PHQWV�IURP�0$&52�WR�0$5.$/��$�EORFN�VFKHPH�RI
0$5.$/�0$&52�LV�SUHVHQWHG�LQ�)LJXUH����

)LJXUH����0$5.$/�0$&52�PRGHO

LABOR

CAPITAL

CONSUMPTION
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7KH�0$&52�LV�D�UDWKHU�VLPSOH�PRGHO��,W�XVHV�WKH�FRQFHSW�RI�RQH�SURGXFWLRQ�IXQFWLRQ
�RQH�VHFWRU���HFRQRPLF���$V�0$5.$/�WHQGV�WR�XQGHUHVWLPDWH�HQG�XVH�GHPDQG
�WHFKQLFDO���WKH�0$&52�PRGHO�LQVWHDG�RYHUHVWLPDWHV�LW��HFRQRPLFDO��

7KH�0$&52�PRGHO�FDOFXODWHV�WKH�JURVV�GRPHVWLF�SURGXFW�DQG�RSWLPLVHV�WKH
FRQVXPHUV
�WRWDO�XWLOLW\�EDODQFLQJ�WKH�QHHGV�IRU�LQYHVWPHQWV�DQG�H[SHQGLWXUHV�IRU
HQHUJ\�XVH�

7KH�DGYDQWDJH�RI�0$5.$/�0$&52�DERYH�0$5.$/�LV�WKDW�WKH�SULFH�HIIHFWV�RQ
HQHUJ\�GHPDQG�DUH�LQWHJUDWHG��7KXV�WKH�HFRQRPLF�LPSOLFDWLRQV�GXH�WR�HQYLURQPHQWDO
RU�WHFKQRORJ\�FRQVWUDLQWV�FDQ�EH�HVWLPDWHG�

2Q�WKH�WRS�RI�WKH�HTXDWLRQV�RI�0$5.$/��WKH�EDVLF�0$&52�HFRQRPLF�UHODWLRQV
LQWURGXFHG�LQ�WKH�PRGHO�DUH�
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����� /LQNDJH�HTXDWLRQ

7KH�DFWLYLW\�RI�DOO�0$5.$/�WHFKQRORJLHV�VDWLVI\LQJ�WKH�GHPDQG�IRU�XVHIXO�HQHUJ\�LQ
HDFK�RI�WKH�FDWHJRULHV��GP��HTXDOV�WKH�0$&52�GHPDQG�IRU�WKH�VDPH�FDWHJRU\�
FRUUHFWHG�IRU�WKH��DXWRQRPRXV���GHPDQG�GHFRXSOLQJ�IDFWRUV���GGIDF���7KHVH�DUH�VHW�WR
XQLW\�LQ�WKH�VWDUW�SHULRG��IRU�VXEVHTXHQW�\HDUV�WKH\�DUH�FDOFXODWHG�IURP��H[RJHQRXV�
DQQXDO�GHFRXSOLQJ�UDWHV��GGIGP�W��RYHU�WKH�QXPEHUV�RI�\HDUV�SHU�SHULRG��1<563(5��

supply X ddfac D
j

dm t j dm t dm t∑ =, , ,

ZLWK� ( )ddfac ddfac ddfdm t dm t dm t

NYRSPER

, , ,+ = −1 1

+HUH�W ����7�GHQRWHV�WKH�LQGH[�RI�D�WLPH�SHULRG�LQ�WKH�WRWDO�SODQQLQJ�WLPH�KRUL]RQ�T
DQG� j GHQRWHV�WKH�LQGH[�RI�D�0$5.$/�WHFKQRORJ\�

����� 2EMHFWLYH�IXQFWLRQ

7KH�REMHFWLYH�IXQFWLRQ�LV�WKH�GLVFRXQWHG�VXP�RI�WKH�ORJ�RI�FRQVXPSWLRQ��&��RYHU�DOO
WLPH�SHULRGV��ZLWK�DGGLWLRQDO�HPSKDVLV�RQ�WKH�ODVW�SHULRG�

( )( ) ( )( ) ( )[ ]UTILITY udf C udf C udr
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NSYV LQLWLDO�FDSLWDO�YDOXH�VKDUH�

NJGS LQLWLDO�FDSLWDO�WR�*URVV�'RPHVWLF�3URGXFW�UDWLR�
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����� 6RXUFHV�RI�WRWDO�RXWSXW

7RWDO�RXWSXW��<��DULVHV�IURP�WKH�IDFWRU�LQSXWV�FDSLWDO��.���ODERXU��/��DQG�HQHUJ\
�UHSUHVHQWHG�DV�WKH�ZHLJKWHG�VXP�RYHU�DOO�GHPDQG�FDWHJRULHV�LQ�0$5.$/��
6XEVWLWXWLRQ�EHWZHHQ�HQHUJ\�DQG�WKH�FDSLWDO�DQG�ODERXU�DJJUHJDWH�LV�VXEMHFW�WR�WKH
HODVWLFLW\��HVXE���7KH�FDSLWDO�VWRFN�LV�LQLWLDOLVHG�LQ�WKH�VWDUW�SHULRG�WKURXJK�WKH�LQLWLDO
FDSLWDO�WR�*'3�UDWLR��NJGS���/DERXU�LQSXW�JURZV�DW�WKH��H[RJHQRXV��SRWHQWLDO�JURZWK
UDWH��JURZ���VFDOHG�WR�/ ��IRU�WKH�VWDUW�\HDU�

( ) ( ) ( )Y akl K L b Dt t t
dm

dm dm t= +

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



− ∑ρα ρ α ρ
ρ
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,

/
1

1

ZLWK� ρ� ��������HVXE�

����� 8VHV�RI�WRWDO�RXWSXW

7RWDO�RXWSXW��<��LV�VSHQW�RQ�FRQVXPSWLRQ��&���LQYHVWPHQWV�LQ�FDSLWDO�VWRFN��,9��DQG
HQHUJ\�FRVWV��(&��FDOFXODWHG�LQ�0$5.$/���*'3�LV�GHILQHG�DV�SURGXFWLRQ�PLQXV�HQHUJ\
FRVW��RU�FRQVXPSWLRQ�SOXV�LQYHVWPHQWV�
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Y C IV ECt t t t= + +

DQG� GDP C IVt t= +

����� &DSLWDO�DFFXPXODWLRQ

7KH�FDSLWDO�VWRFN��.��LQ�HDFK�SHULRG�HTXDOV�WKH��VXUYLYLQJ��SDUW�RI�WKH�VWRFN�LQ�WKH
SUHYLRXV�SHULRG�SOXV�WKH�DYHUDJH�DGGLWLRQV�IURP�LQYHVWPHQWV��,9���7KH�FDSLWDO��VXUYLYDO
UDWH���VUY��LV�FDOFXODWHG�IURP�WKH�GHSUHFLDWLRQ�UDWH��GHSU��

( )[ ]K srvK NYRSPER srvIV IVt t t t+ += + +1 12/

ZLWK� ( )srv depr
NYRSPER

= −1

%RWK�0$5.$/�DQG�0$&52�DUH�VROYHG�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKHUH�LV�SHUIHFW
IRUHVLJKW�ZLWK�UHVSHFW�WR�FKDQJLQJ�WHFKQRORJLHV�DQG�HFRQRPLF�FRQGLWLRQV�

� *HQHUDO�DVVXPSWLRQV�DQG�GDWD�GHVFULSWLRQ

��� *HQHUDO�DVVXPSWLRQV

.H\�DVVXPSWLRQV�IRU�0$5.$/�UXQV�ZHUH�

• WKH�EDVH�\HDU�IRU�WKH�0$5.$/�FDOFXODWLRQV�LV������
• WKH�SODQQLQJ�KRUL]RQ�LV����\HDUV��ZKLFK�LV�GLYLGHG�LQWR���\HDU�SHULRGV�
• (VWRQLDQ�SRSXODWLRQ�ZLOO�GHFUHDVH�IURP������PLOOLRQ�LQ������WR������PLOOLRQ�LQ

WKH�\HDU������DQG�WR������PLOOLRQ�LQ�������DIWHU�WKDW�WKH�SRSXODWLRQ�ZLOO�UHPDLQ
FRQVWDQW�

• ORQJ�WHUP�DQQXDO�GLVFRXQW�UDWH�LV������
• WKHUH�DUH�QR�OLPLWV�RQ�IXHO�LPSRUW�DQG�LQYHVWPHQWV�
• HOHFWULFLW\�LPSRUW�LV�UHVWULFWHG�
• VRFLDO�DQG�SROLWLFDO�FRQVWUDLQWV�DUH�QRW�FRQVLGHUHG�
• (VWRQLD�ZLOO�QRW�EH�DV�ODUJH�DQ�HOHFWULFLW\�H[SRUWHU�LQ�WKH�IXWXUH�DV�LW�ZDV�GXULQJ

WKH�����V�DQG�����V�
• VR�FDOOHG�´FRPPHUFLDO�ORVVHVµ�LQ�WKH�HOHFWULF�QHWZRUN�ZLOO�EH�HOLPLQDWHG

JUDGXDOO\�GXULQJ����\HDUV��SUHVHQWO\�FD�����RI�WKH�SURGXFWLRQ��
• LW�LV�DVVXPHG�WKDW�(VWRQLD�ZLOO�LPSOHPHQW�WKH�H[LVWLQJ�DJUHHPHQWV�RQ�HPLVVLRQ

OLPLWDWLRQV�
• HQYLURQPHQWDO�FRQVWUDLQWV�DUH�DFFRXQWHG�DV�XSSHU�ERXQGV�RQ�WRWDO�HPLVVLRQV�

��� )XHO�SULFH�SURMHFWLRQV

)XHO�SULFH�SURMHFWLRQV�DUH�RI�NH\�LPSRUWDQFH�LQ�HQHUJ\�V\VWHP�SODQQLQJ��7KH�WD[�IUHH
SULFH�FXUYHV�RI�PDLQ�IXHOV�DUH�GHSLFWHG�LQ�)LJXUH����

:H�XVH�WKH�RLO�VKDOH�SULFH�SURMHFWLRQ�PDGH�E\�3URI��(��5HLQVDOX�DQG�3URI��$��$GDPVRQ
�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\���&RPSDUHG�ZLWK�5HLQVDOX���������WKH�SULFH�SURMHFWLRQ�RI
WKH�H[LVWLQJ�PLQHV�DQG�TXDUULHV�LV�E\�FD�����KLJKHU��7KH�FXPXODWLYH�RXWSXW�RI�WKH
H[LVWLQJ�PLQHV�DQG�TXDUULHV�LV������3-��7KH��SULFH�SURMHFWLRQ�IRU�QHZ�RLO�VKDOH�PLQHV
�QHZ�RLO�VKDOH��LV�PDUNHGO\�KLJKHU�WKDQ�IRU�WKH�H[LVWLQJ�RQHV��,W�ZDV�DVVXPHG�DOVR�WKDW
WKH�SULFH�RI�FRDUVH�RLO�VKDOH�ZLOO�UHDFK�WKH�OHYHO�RI�FUXVKHG�RQH�LQ�WKH�\HDU������
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)LJXUH����7D[�IUHH�SULFH�SURMHFWLRQV�RI�IXHOV
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*DVROLQH

/LJKW�IXHO�RLO�	�'LHVHO�RLO

/LTXLILHG�SHWUROHXP�JDV

1DWXUDO�JDV

1HZ�RLO�VKDOH

+HDY\�IXHO�RLO

&RDO

:RRG

3HDW

2LO�VKDOH

,W�ZDV�DVVXPHG�WKDW�SULFHV�RI�ZRRG�DQG�SHDW�ZLOO�IROORZ�FORVHO\�WKH�RLO�VKDOH�SULFH��7KH
H[WUDFWLRQ�FRVW�RI�SHDW�IURP�QHZ�ILHOGV�ZLOO�EH�FD�WKUHH�WLPHV�DV�KLJK�DV�IURP�WKH
H[LVWLQJ�RQHV�

7KH�SULFHV�RI�LPSRUWHG�IXHOV��RLO�SURGXFWV��QDWXUDO�JDV��KDUG�FRDO��DUH�GHWHUPLQHG�E\
LQWHUQDWLRQDO�PDUNHW�FRQGLWLRQV��RQ�ZKLFK�WKH�YROXPHV�FRQVXPHG�LQ�(VWRQLD�KDYH�QR
LQIOXHQFH��+HUH�ZH�XVH�SULFH�SURMHFWLRQV�PDGH�E\�(&1��7KH�1HWKHUODQGV��XQGHU�(8
3KDUH�SURMHFW�(QHUJ\�6WUDWHJ\�IRU�(VWRQLD��3ULFH�IRUHFDVWV�RI�RLO�SURGXFWV�ZHUH�PDGH
XVLQJ�SURMHFWLRQV�GHYHORSHG�UHFHQWO\�E\�LQWHUQDWLRQDO�RUJDQLVDWLRQV�OLNH�WKH�,($�DQG
(8��:RUOG�(QHUJ\�2XWORRN���������'UDZLQJ�RQ�WKHVH�VWXGLHV��D�JUDGXDO�JURZWK�RI
FUXGH�RLO�SULFHV�IURP�86��EEO����LQ������WR�D�OHYHO�RI�86�������LQ�������DQG�86�������LQ
������LV�DVVXPHG��$V�WKHUH�LV�QR�UHILQHU\�LQ�(VWRQLD��RLO�SURGXFW�SULFHV�DUH�GHULYHG�IURP
WKH�FUXGH�RLO�SULFH�XVLQJ�IL[HG�KLVWRULFDO�UDWLRV��/LNHZLVH��WKH�SULFH�RI�QDWXUDO�JDV�LV
FRQWLQXRXVO\�OLQNHG�WR�WKH�RLO�SULFH��7KH�QDWXUDO�JDV�SULFH�SURMHFWLRQ�PDGH�E\�(&1�LV�LQ
OLQH�ZLWK�SURMHFWLRQV�RI�(HVWL�*DDV�/WG��(VWRQLDQ�JDV�FRPSDQ\��

7KH�FRDO�SULFH�IRUHFDVW�ZDV�DOVR�PDGH�LQ�OLQH�ZLWK�FXUUHQWO\�SUHYDLOLQJ�LQWHUQDWLRQDO
SURMHFWLRQV��7KH�SULFH�IURP������RQZDUGV�LV�DVVXPHG�WR�UHPDLQ�FRQVWDQW����86����*-� 
���86����W��LQ�WKH�(8��/RQJ�7HUP�3URVSHFWV�IRU�)RVVLO�)XHO�3ULFHV��������

��� ([LVWLQJ�WHFKQRORJLHV�DQG�IXHO�VXSSO\�RSWLRQV

����� 3RZHU�3ODQWV

7RGD\�(VWRQLD�KDV�QR�SUREOHPV�ZLWK�FRYHULQJ�LWV�GRPHVWLF�HOHFWULFLW\�GHPDQG�DV�ZHOO
DV�LPSRUW�QHHGV�RI�WKH�QHLJKERXULQJ�FRXQWULHV��(OHFWULFLW\�JHQHUDWLRQ�FDSDFLW\�H[FHHGV
SHDN�ORDG�FD�����WLPHV��7KH�SUREOHPV�RI�SRZHU�HQJLQHHULQJ�DUH�WKH�DJH�RI�WKH�RLO�VKDOH
SRZHU�SODQWV��������\HDUV��DQG�WKHLU�HQYLURQPHQWDO�LPSDFW��7KHVH�SODQWV�ZHUH
GHVLJQHG�WR�VXSSO\�WKH�1RUWK�:HVW�UHJLRQ�RI�WKH�8665�QRW�SDUWLFXODUO\�ZRUU\LQJ�DERXW
HPLVVLRQV��'XULQJ�6RYLHW�UHJLPH�DSSUR[LPDWHO\�����RI�HOHFWULFLW\�ZDV�H[SRUWHG��,Q�WKH
QH[W�������\HDUV�WKH�RLO�VKDOH�SRZHU�SODQWV�PXVW�EH�HLWKHU�SURSHUO\�UHFRQVWUXFWHG�RU
FORVHG�



���

'DWD�RQ�H[LVWLQJ�SRZHU�SODQWV�XVHG�LQ�WKH�0$5.$/�PRGHO�DUH�JLYHQ�LQ�7DEOH�����)RU
VRPH�SODQWV�WKH�DYDLODEOH�UHVLGXDO�FDSDFLW\�ZDV�WDNHQ�VRPHZKDW�ORZHU�WKDQ�WKH�RIILFLDO
LQVWDOOHG�FDSDFLW\�ILJXUH�LV��+RW�ZDWHU�ERLOHUV�LQVWDOOHG�DW�WKH�,UX�DQG�.RKWOD�-lUYH�33
ZHUH�PRGHOOHG�VHSDUDWHO\�DV�ERLOHU�KRXVHV��)RU�PRGHOOLQJ�UHDVRQV�WKH�%DOWL�33�ZDV�VSOLW
LQWR�WKUHH�SDUWV��FRQGHQVLQJ�EORFN�SDUW��FRQGHQVLQJ�QRQ�EORFN�SDUW�DQG�QRQ�EORFN�&+3
SDUW��7KH�EORFNV�DW�WKH�,UX�33��&+3��ZHUH�PRGHOOHG�DOVR�VHSDUDWHO\��7KH�VKDUHV�RI
LQGXVWULDO�EDFNSUHVVXUH��GLHVHO�JHQHUDWRUV�DQG�K\GURSRZHU�DUH�QHJOLJLEO\�VPDOO�
(VWRQLDQ�UHDO�K\GUR�SRWHQWLDO�LV�OHVV�WKDQ����RI�WKH�FXUUHQW�SRZHU�JHQHUDWLRQ�FDSDFLW\�

$V�WKH�HOHFWULFLW\�JHQHUDWHG�IURP�RLO�DQG�JDV�LV�PRUH�H[SHQVLYH�WKDQ�WKH�RLO�VKDOH�EDVHG
HOHFWULFLW\�WRGD\��WKH�SURGXFWLRQ�RI�WKH�,UX�33�LV�GHWHUPLQHG�E\�LWV�WKHUPDO�ORDG�
0DLQO\��WKH�KHDW�GHPDQG�LV�FRYHUHG�E\�KRW�ZDWHU�ERLOHUV���×����0:�RLO�ILUHG�DQG����
0:�JDV�RU�RLO�ILUHG��DQG�WKHUHIRUH�WKH�FDSDFLW\�XWLOLVDWLRQ�IDFWRU�RI�WKH�,UX�&+3�EORFNV
LV�YHU\�ORZ��%RWK�WXUELQHV�RI�WKH�,UX�33�DUH�SDVV�RXW�RQHV�

7DEOH����'DWD�RQ�(VWRQLDQ�PDLQ�SRZHU�SODQWV�����

   Power Plant Eesti Balti Balti Balti K-Järve Ahtme Iru

PP blocks nonbl. CHP CHP CHP CHP

 Fuel(s) Shale Shale Shale Shale Shale Shale gas/oil
 Lifetime, years 15 10 10 10 10 10 25
Installed (residual) el.
capacity, MW

1440 720 460 210 39 20 190

Net efficiency (el.,
cond. mode),  %

29 27 26 20 20 20 40

Fixed O&M cost,
EEK/kW

89 102 110 114 150 150 150

Variable O&M cost,
EEK/kW·h

0.02 0.019 0.02 0.02 0.025 0.025 0.01

Availability,  % 70 70 65 70 70 70 75
Emission factors,
 g NOX/kW·he

1.1 1.2 1.2 1.2 2 2 0.6/1.5

Emission factors,
 g SO2/kW·he

10,5 13 16.8 16.8 18 18 0/2.3

'DWD�RQ�WKH�H[LVWLQJ�SRZHU�SODQWV�ZHUH�XSGDWHG�LQ�SDUDOOHO�XQGHU�81(3�*()�SURMHFW
DQG�(8�3+$5(�3URJUDPPH�SURMHFW�RQ�(VWRQLDQ�HQHUJ\�VWUDWHJ\��'DWD�ZHUH�GHOLYHUHG
PDLQO\�E\�3URI��,��gSLN��(VWRQLDQ�$FDGHP\�RI�6FLHQFHV��DQG�'U��2��/LLN��778���(QHUJ\
0DVWHU�3ODQ���������(VWRQLDQ�(QHUJ\���������2SHUDWLRQ��5HSDLUV�«��������DQG�RWKHU
VRXUFHV�DQG�LQIRUPDO�LQIRUPDWLRQ�IURP�(HVWL�(QHUJLD�ZHUH�XVHG��0U��0��/DQGVEHUJ
�778��SDUWLFLSDWHG�LQ�WKH�SUHSDUDWLRQ�RI�HQYLURQPHQWDO�GDWD�

����� %RLOHUV

+HDW�LV�SURGXFHG�E\�FR�JHQHUDWLRQ�SODQWV��WKRXVDQGV�RI�ERLOHU�KRXVHV�RI�GLVWULFW
KHDWLQJ�DQG�HQWHUSULVHV�DQG�QXPHURXV�VPDOO�ERLOHUV�RI�KRXVHKROGV��$OO�ELJ�WRZQV�DQG
PRVW�VPDOO�WRZQV�DQG�YLOODJHV�KDYH�GLVWULFW�KHDWLQJ�QHWZRUNV�DQG�DERXW�����RI
DSDUWPHQWV�DUH�FRQQHFWHG�ZLWK�WKHP��(QHUJ\�6WUDWHJ\�IRU�(VWRQLD���������7RGD\�KHDW
SURGXFWLRQ�FDSDFLW\�H[FHHGV�LWV�GHPDQG�DERXW�WKUHH�WLPHV�

0RVW�(VWRQLDQ�GLVWULFW�KHDWLQJ�ERLOHUV�DUH�ROG��$FFRUGLQJ�WR�WKH�LQIRUPDO�LQIRUPDWLRQ
IURP�WKH�KHDWLQJ�FRPSDQ\�7DOOLQQD�6RRMXV�/WG��FD����RI�ERLOHUV�DUH�OHVV�WKDQ���\HDUV
ROG��ZKLOH�����DUH�HYHQ�ROGHU�WKDQ����\HDUV�



���

,Q�PRGHOOLQJ�WKH�H[LVWLQJ�KHDW�JHQHUDWLRQ�FDSDFLW\��D�IHZ�ODUJHU�ERLOHU�KRXVHV�ZHUH
GHVFULEHG�VHSDUDWHO\��7KH�UHVW�RI�GLVWULFW�KHDWLQJ�ERLOHUV�ZHUH�DJJUHJDWHG�RQ�IXHO�EDVHV�
$Q�RYHUYLHZ�RI�GLVWULFW�KHDWLQJ�ERLOHUV�LV�SUHVHQWHG�DERYH��VHH�&KDSWHU����

����� )XHO�SURFHVVLQJ

)XHO�SURFHVVLQJ�LQ�(VWRQLD�PHDQV�RLO�VKDOH�OLTXHIDFWLRQ�DQG�SURGXFWLRQ�RI�SHDW
EULTXHWWHV��7KHUH�DUH�WZR�FUXGH�VKDOH�RLO�SURGXFWLRQ�WHFKQRORJLHV��7KH�*DORWHU
SURFHVVLQJ�WHFKQRORJ\�LQVWDOOHG�DW�WKH�(HVWL�3RZHU�3ODQW�XVHV�WKH�VDPH�RLO�VKDOH
�FUXVKHG��DV�WKH�SRZHU�SODQW��KHDWLQJ�YDOXH�DURXQG�����0-�NJ���7KH�.LYLWHU�SURFHVVLQJ
WHFKQRORJ\�XVHV�KLJKHU�TXDOLW\�HQULFKHG��FRDUVH��RLO�VKDOH�ZLWK�KHDWLQJ�YDOXH�DURXQG���
0-�NJ��2LO�VKDOH�OLTXHIDFWLRQ�WHFKQRORJLHV�DUH�GHVFULEHG�LQ�7DEOH�����,Q�WKH�VDPH�WDEOH�
D�SRVVLEOH�QHZ�OLTXHIDFWLRQ�SODQW�LV�GHVFULEHG�DV�ZHOO�

,Q�DGGLWLRQ�WR�VKDOH�RLO�SURGXFWLRQ��VRPH�SDUW�RI�SURGXFHG�RLO�LV�XVHG�DW�WKH�.LYLWHU
3ODQW�WR�SURGXFH�RLO�VKDOH�FRNH�IRU�H[SRUW��3HU�RQH�HQHUJ\�XQLW�RI�VKDOH�RLO�VSHQW�����
XQLWV�RI�FRNH�DQG������XQLWV�RI�JHQHUDWRU�JDV�DUH�SURGXFHG�

,Q���������������WRQQHV�RI�VKDOH�RLO�ZDV�SURGXFHG�DQG�����RI�LW�ZDV�H[SRUWHG��(QHUJ\
%DODQFH�������������

2LO�VKDOH�SURFHVVLQJ�GDWD�ZHUH�SUHSDUHG�RQ�WKH�EDVLV��RI�LQIRUPDWLRQ�IURP�3URI��,��gSLN
�(VWRQLDQ�$FDGHP\�RI�6FLHQFHV��

7KH�HIILFLHQF\�RI�SHDW�EULTXHWWH�SURGXFWLRQ�LV������(QHUJ\�%DODQFH�������������

7DEOH����2LO�VKDOH�OLTXHIDFWLRQ�WHFKQRORJLHV

   Technology Galoter technol. at
Eesti PP

Kiviter technol. New Kiviter technol

1st Year available 2010

Lifetime, years 20 20 35

Annual production capacity,
PJ

15 21 4.5 - 18

Input of energy carriers per
unit of activity, PJ/PJ

oil shale - 1 oil shale - 0.964
electricity - 0.01

gas - 0.026

oil shale - 0.9132
electricity - 0.0183

steam - 0.0685
Output of energy carriers
per unit of activity

crude oil - 0.64
gener.gas - 0.16

crude oil - 0.53
semicoke - 0.22

crude oil - 0.54
semicoke - 0.22
gener.gas - 0.10

Investment cost, EEK/GJ 40

����� (QHUJ\�QHWZRUNV

'DWD�RQ�HQHUJ\�QHWZRUNV�ZHUH�SUHSDUHG�E\�0U��0��5��(VRS��778�DQG�6(,�7DOOLQQ��
(OHFWULF�JULGV�GDWD�DUH�EDVHG�RQ�LQIRUPDWLRQ�IURP�(HVWL�(QHUJLD��5HEDQH�DQG�9LKPDQ�
�������JDV�JULG�GDWD�DUH�EDVHG�RQ�SXEOLF�DQG�LQIRUPDO�LQIRUPDWLRQ�IURP�(HVWL�*DDV�DQG
KHDW�JULG�GDWD�PDLQO\�RQ�6ZHGLVK�GDWDEDVH��6RPH�KHDW�JULG�GDWD�ZHUH�XSGDWHG�E\�0U�
7��.UDP��(&1��7KH�1HWKHUODQGV��DFFRUGLQJ�WR�WKH�'XWFK�GDWDEDVH�RI�(&1�XQGHU�(8
3+$5(�(VWRQLD·V�HQHUJ\�VWUDWHJ\�SURMHFW��7KH�DYDLODEOH�LQIRUPDWLRQ�DERXW�(VWRQLDQ
KHDW�JULGV�LV�LQVXIILFLHQW�RU�LW�LV�QRW�LQ�WKH�IRUP�WKDW�FRXOG�EH�XVHG�LQ�0$5.$/�PRGHO�
+RZHYHU��RQH�FDQ�DVVXPH�WKDW�LQYHVWPHQW�FRVWV�RI�D�QHZ�KHDW�JULG�LQ�(VWRQLD�DUH�FORVH
WR�WKH�(XURSHDQ�OHYHO�



���

(OHFWULF�JULGV�DUH�GLYLGHG�LQWR�WKUHH�SDUWV�DFFRUGLQJ�WR�WKH�YROWDJH�OHYHO�

�� ��������N9�JULG

�� ����N9�JULG

�� 8S�WR����N9�JULG

(DFK�JULG�LV�GHVFULEHG�DV�D�VXEJULG�RI�D�KLJKHU�YROWDJH�JULG��$OO�GHPDQG�GHYLFHV�DUH
FRQQHFWHG�WR�WKH�ORZ�YROWDJH�JULG��H[FHSW�IRU�WKH�QHZ�SXOS�DQG�SDSHU�SRZHU�SODQW
ZKLFK�LV�FRQQHFWHG�WR�WKH�PHGLXP�YROWDJH�JULG��0RGHO�GDWD�DERXW�HOHFWULFLW\�QHWZRUNV
FDQ�EH�IRXQG�LQ�7DEOH����

7DEOH����(OHFWULF�JULGV

Grid Lifetime
 years

Investment cost
EEK/GJ

Residual value
PJ

O&M cost
EEK/GJ

220-330 kV 35 50.4 15.6 4.2
110 kV 35 113.5 23.8 9
Up to 40 kV 35 431.5 32.5 18.3

1DWXUDO�JDV�JULGV�DUH�GLYLGHG�LQWR�IRXU�SDUWV�

�� *DV�WUDQVPLVVLRQ�JULG��KLJK�SUHVVXUH�

�� *DV�GLVWULEXWLRQ�JULG��KRXVHKROGV�

�� *DV�GLVWULEXWLRQ�JULG��FRPPHUFLDO�

�� *DV�GLVWULEXWLRQ�JULG��LQGXVWU\�

$OO�WKUHH�GLVWULEXWLRQ�JULGV�DUH�FRQQHFWHG�GLUHFWO\�WR�WKH�WUDQVPLVVLRQ�JULG��5HVLGXDO
YDOXH�DQG�LQYHVWPHQWV�DUH�FRQVLGHUHG�RQO\�LQ�WKH�WUDQVPLVVLRQ�JULG��$OO�RSHUDWLRQ�DQG
PDLQWHQDQFH�FRVWV�DUH�DVVXPHG�WR�RFFXU�LQ�WKH�GLVWULEXWLRQ�JULGV��0RGHO�GDWD�DERXW�JDV
QHWZRUN�DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH����1DWXUDO�JDV�JULGV

Grid Lifetime
years

Invest. cost
EEK/GJ

Residual value
 PJ

O&M cost
EEK/GJ

Gas transmission 50 40.2 70
Distribution (households) 43.2
Distribution (commercial) 25
Distribution (industry) 3.6

+HDW�JULGV�DUH�GLYLGHG�LQWR�WZR�SDUWV�

�� +LJK�GHQVLW\�KHDW�JULG

�� /RZ�GHQVLW\�KHDW�JULG

7KH�7DOOLQQ�DUHD�JULG��VXSSO\LQJ�����RI�WKH�WRWDO�GLVWULFW�KHDW�GHPDQG��LV�WKH�KLJK�
GHQVLW\�KHDW�JULG��/RZ�GHQVLW\�JULG�LV�WKH�UHVW�RI�WKH�FRXQWU\��VXSSO\LQJ�����RI�WKH
WRWDO�KHDW�GHPDQG��0RGHO�GDWD�DERXW�KHDW�JULGV�DUH�SUHVHQWHG�LQ�7DEOH����



���

7DEOH����+HDW�JULGV

Heat grid Lifetime
years

Invest. Cost
 EEK/GJ

Residual value
 PJ

O&M cost
 EEK/GJ

High density 30 579 16 49.7
Low density 30 1150 25 56.8

����� )XHO�6XSSO\�2SWLRQV

(VWRQLDQ�HQHUJ\�VHFWRU�XVHV�PDLQO\�IRVVLO�IXHOV�RI�ZKLFK�D�VXEVWDQWLDO�SDUW�LV�LPSRUWHG�
(VWRQLDQ�GRPHVWLF�IXHOV�DUH�RLO�VKDOH��SHDW�DQG�ZRRG��$OO�RWKHU�IXHOV�DUH�LPSRUWHG�
PDLQO\�IURP�5XVVLD��7KH�VKDUH�RI�GRPHVWLF�IXHOV�LQ�WKH�HQHUJ\�EDODQFH�LV�DERXW�����
5HDO�K\GUR�SRWHQWLDO�LV�OHVV�WKDQ����RI�WKH�SUHVHQW�SRZHU�JHQHUDWLRQ�FDSDFLW\�DQG�WKHUH
DUH�QR�QXFOHDU�UHDFWRUV��7KH�ZLQG�SRWHQWLDO�LV�TXLWH�UHPDUNDEOH��HVSHFLDOO\�RQ�LVODQGV�
EXW�WKHUH�DUH�QHLWKHU�WHFKQLFDO�QRU�HFRQRPLFDO�FRQGLWLRQV�IRU�LWV�ODUJH�VFDOH�KDUQHVVLQJ
WRGD\�

)XHO�VXSSO\�RSWLRQV�DUH�PRGHOOHG�LQ�0$5.$/�LQ�DFFRUGDQFH�ZLWK�WKH�GDWD�SUHVHQWHG
LQ�&KDSWHU���

��� 1HZ�WHFKQRORJ\�RSWLRQV

0$5.$/�RSWLPLVHV�WKH�WHFKQRORJ\�PL[�IRU�HDFK�WLPH�SHULRG�XVLQJ�GDWD�RQ�WKH�DOUHDG\
H[LVWLQJ�DQG�SRVVLEOH�QHZ�WHFKQRORJLHV��7KH�DWWUDFWLYHQHVV�RI�D�WHFKQRORJ\�LV
GHWHUPLQHG�E\�LQYHVWPHQW�FRVW��OLIHWLPH��RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVW��FRVW�RI
HQHUJ\�FDUULHUV�XVHG��LQFO��GHOLYHU\�FRVWV���HIILFLHQF\��DYDLODELOLW\�IDFWRU��HPLVVLRQ
IDFWRUV�DQG�YDULRXV�FRQVWUDLQWV�

7KH�RSWLRQV�IRU�QHZ�SRZHU�SODQW�LQYHVWPHQWV�FDQ�EH�IRXQG�LQ�7DEOH����

,QIRUPDWLRQ�DERXW�UHFRQVWUXFWLRQ�RSWLRQV�RI�RLO�VKDOH�SODQWV�ZDV�SUHSDUHG�E\�3URI�
,��gSLN��$FDGHP\�RI�6FLHQFHV���3)%&�LQIRUPDWLRQ�ZDV�SURYLGHG�DOVR�E\�0U��/��.HPPHU
�$%%��DQG�3URI��$��2WV��778���VHH�&KDSWHU�����)RU�)%�XQLWV�ERWK�WKH�RLO�VKDOH�DQG�IXHO
PL[�FRPEXVWLRQ�RSWLRQV�ZHUH�PRGHOOHG��VHH�DOVR�&KDSWHU����

'DWD�DERXW�QXFOHDU�DQG�QHZ�VPDOO�K\GUR�SODQWV�RULJLQDWH�IURP�6ZHGLVK�GDWDEDVH�
:LQG�WXUELQH�FKDUDFWHULVWLFV�EDVH�RQ�'XWFK�GDWD��<EHPD�HW�DO����������3HDW�SODQW�GDWD�DUH
EDVHG�RQ�)LQQLVK�DQG�6ZHGLVK�GDWD�DQG�RQ��(QHUJ\�0DVWHU�3ODQ��������6PDOO�ELRPDVV
&+3�GDWDEDVH�RQ�'DQLVK�H[SHULHQFH��,QIRUPDWLRQ�DERXW�RWKHU�SODQWV�FRUUHVSRQGV�WR�GDWD
RI�,($�(76$3�SURJUDPPH��.UDP��������

1HZ�GLVWULFW�KHDWLQJ�ERLOHU�RSWLRQV�DUH�OLVWHG�LQ�7DEOH����

1HZ�ERLOHU�GDWD�DUH�EDVHG�PDLQO\�RQ�6ZHGLVK�0$5.$/�GDWDEDVH�XVHG�DW�&KDOPHUV
8QLYHUVLW\�RI�7HFKQRORJ\��EXW�LW�LV��LQ�DYHUDJH��LQ�WKH�OLQH�ZLWK�UHDO�ERLOHU�LQYHVWPHQWV
GXULQJ�WKH�ODVW�IHZ�\HDUV��$OO�WHFKQLFDO�ERLOHU�GDWD�ZHUH�FRPSLOHG�E\�'U��2��/LLN�DQG
HQYLURQPHQWDO�GDWD�E\�0U��0��/DQGVEHUJ��778��

7KH�XVH�RI�H[LVWLQJ�RLO�VKDOH�SRZHU�SODQWV�PD\�EHFRPH�LPSRVVLEOH�ZLWKRXW�FOHDQVLQJ
HTXLSPHQW�LQ�WKH�IXWXUH�GXH�WR�VXOSKXU�HPLVVLRQ�UHVWULFWLRQV��1HZ�IOXH�JDV
GHVXOSKXULVDWLRQ�WHFKQRORJ\�RSWLRQV�DUH�GHVFULEHG�LQ�7DEOH�����7KH�GDWD�ZHUH�SUHSDUHG
RQ�WKH�EDVLV�RI�LQIRUPDWLRQ�IURP�3URI��,��gSLN�

$OO�RWKHU�GDWD�RQ�DEDWHPHQW�RSWLRQV��12[��HWF���ZHUH�SUHSDUHG�E\�0U��0��/DQGVEHUJ�
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7DEOH����2SWLRQV�IRU�QHZ�SRZHU�SODQW�LQYHVWPHQWV��LQFO��UHFRQVWUXFWLRQ��

Type Fuel Efficiency
(% el+heat)

Investment
(EEK/kWe)

1st Year
Available

Reconstruction with CFB (large) Shale/mix 34 5300 2000

Reconstruction with CFB (CHP) Shale/mix 19+39 7750 2000

Reconstruction with PFBC (large) Shale/mix 44 9200 2005

Reconstruction with PFBC (small) Shale/mix 44 9200 2000

New PFBC (large) Shale/mix 43 17800 2010

New PFBC (small) Shale/mix 43 18500 2010

Coal Coal 45 15000 2010

Peat CHP Peat 27+53 21000 2005

Reconstruction with Gas Combined Cycle Gas 52 5000 2000

Gas Combined Cycle Gas 55 9000 2005

Gas Turbine (peak) Gas 30 4000 2005

Gas CC (CHP) Gas 33+54 10500 2000

Nuclear LWR plant Nuclear N.A. 26000 2020

New papermill CHP 2 Waste 31+44 16800 2010

Small biomass CHP Biomass 26+58 38000 2005

Hydropower (restoration) Water N.A. 10000 1995

Hydropower (new) Water N.A. 24650 2005

Wind Turbine (land) Wind N.A. 16300 2000

Wind Turbine (sea) Wind N.A. 36000 2005

��7R�JHW�WKH�LQYHVWPHQW�HVWLPDWHV�LQ�86�������H[FKDQJH�UDWH���86�� �((.����VKRXOG�EH�XVHG

��0RGHOOHG�DV�D�SDUW�RI�SRVVLEOH�QHZ�SXOS�DQG�SDSHU�LQGXVWU\

7DEOH����1HZ�GLVWULFW�KHDWLQJ�ERLOHU�RSWLRQV

Boiler Lifetime
years

Efficiency
%

Investment
EEK/kW

O&M cost
EEK/kW

1st year
Available

Natural gas 25 89 1800 25 1995
Heavy fuel oil 25 85 1800 25 1995
Coal FB 25 83 4500 200 2000
Peat 25 74 4500 300 1995
Wood 20 69 3500 25 1995
Electricity 25 99 950 19 1995
Light fuel oil 20 85 1000 20 1995
Heat pump 25 (1/0.4) 3000 50 2000
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7DEOH����1HZ�IOXH�JDV�GHVXOSKXULVDWLRQ�RSWLRQV

Technology Lifetime
 years

Efficiency
 %

Investment
EEK/kW

O&M cost
 EEK/kW·h

1st year
Available

Ahlström scrubber, for one
Balti PP block only

10 90 1400 0.0084 1997

Semi-dry FGD for Balti PP
blocks

10 85 2200 0.014 1998

15 85 1900 0.014 1998Semi-dry FGD for each Eesti
PP block separately 15 90 2250 0.011 1998
Semi-dry FGD for two Eesti
PP blocks simultaneously

15 85 1660 0.010 1998

Wet Gypsum FGD for two
Eesti PP blocks simult.

15 90 1800 0.011 1998

��� (PLVVLRQV�FRQVWUDLQWV

,Q�DOO�VFHQDULRV�FRQVLGHUHG��LW�ZDV�DVVXPHG�WKDW�(VWRQLD�IXOILOV�WDUJHWV�RI�LQWHUQDWLRQDO
DJUHHPHQWV�RQ�&2���62��DQG�12[�HPLVVLRQV��7KRVH�DJUHHPHQWV�ELQG�(VWRQLD�WR�UHGXFH
LWV�62��HPLVVLRQV�E\�����E\������DQG�E\�����E\������IURP�WKH������OHYHO��7KH�12[

HPLVVLRQV�DUH�QRW�DOORZHG�WR�H[FHHG�WKH������OHYHO��$FFRUGLQJ�WR�.\RWR�3URWRFRO
(VWRQLD·V�&2��HPLVVLRQV�EHWZHHQ������DQG������PXVW�EH�DW�OHDVW����ORZHU�WKDQ�LQ������

62��HPLVVLRQV�LQ����� ���������WRQQHV

12;�HPLVVLRQV�LQ����� ����������WRQQHV

&2��HPLVVLRQV�IURP�WKH�HQHUJ\�V\VWHP�LQ����� ������PLOOLRQ�WRQQHV

0LQLVWU\�RI�WKH�(QYLURQPHQW

7KLV�PHDQV�WKDW�WKH�IROORZLQJ�HPLVVLRQ�OLPLWV�ZHUH�DSSOLHG�IRU�DOO�PRGHO�FDOFXODWLRQV�

���� ���� ����
62� ����NW ���NW ���NW
12[ ���NW ���NW
&2� �����0W �����0W

� %DVHOLQH�HQHUJ\�GHPDQG�SURMHFWLRQ

��� (FRQRPLF�JURZWK�DQG�HQHUJ\�LQWHQVLW\

7KH�GHYHORSPHQW�RI�HQHUJ\�GHPDQG�LV�GLUHFWO\�UHODWHG�WR�HFRQRPLF�JURZWK��6R��WKH
GHPDQG�SURMHFWLRQV�EDVH�RQ�*'3�DQG�VHFWRUDO�HFRQRPLF�JURZWK�IRUHFDVWV�PDGH�E\
3URI��.��.LOYLWV��,QVWLWXWH�RI�(VWRQLDQ�(FRQRP\��DQG�3URI��$��3XUMX��778���3XUMX��������

7KH�VFHQDULR�ZLWK�PRGHVW�HFRQRPLF�JURZWK�IRUHFDVW�LQ�FRPELQDWLRQ�ZLWK�IXOILOPHQW�RI
SUHVHQW�HQYLURQPHQWDO�DJUHHPHQWV�ZDV�GHFLGHG�WR�VHUYH�DV�WKH�EDVHOLQH�VFHQDULR�IRU
WKH�FXUUHQW�SURMHFW��7KH�EDVHOLQH�VFHQDULR�VHUYHV�DV�WKH��QRQ�SROLF\µ�FDVH�LQ�ZKLFK�WKHUH
DUH�QR�DGGLWLRQDO�PHDVXUHV�LPSOHPHQWHG�WR�UHGXFH�FDUERQ�HPLVVLRQV��(YHQ�WKHQ
(VWRQLD�FDQ�PHHW�WKH�.\RWR�3URWRFRO�UHTXLUHPHQWV��5HDVRQ�IRU�WKLV�LV�WKH�IDFW�WKDW�LQ�WKH
EHJLQQLQJ�RI�����·V��(VWRQLDQ�HQHUJ\�GHPDQG�IHOO�GXH�WR�HFRQRPLF�GHFOLQH�DQG�VKDUS
ULVH�LQ�WKH�IXHO�DQG�HQHUJ\�SULFHV�DV�ZHOO�DV�D�GHFUHDVH�LQ�HOHFWULFLW\�H[SRUWV��,W�UHVXOWHG
LQ�FD�����UHGXFWLRQ�RI�&2��HPLVVLRQV��7KHUH�VKRXOG�EH�DOVR�D�FOHDU�XQGHUVWDQGLQJ�WKDW
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UHGXFWLRQ�GLG�QRW�KDSSHQ�ZLWK�QR�FRVW��(VWRQLD�´SDLGµ�IRU�WKH�UHGXFWLRQ�ZLWK�WKH�ORVV
RI�*'3�DQG�GHFOLQH�LQ�HFRQRP\�LQ�JHQHUDO��VHH�&KDSWHU����

7KH�EDVHOLQH�VFHQDULR�DVVXPHV�(VWRQLD·V�FORVH�LQWHJUDWLRQ�ZLWK�:HVWHUQ�SROLWLFDO�DQG
HFRQRPLF�VWUXFWXUHV��HVSHFLDOO\�ZLWK�WKH�(8��EXW�UHODWLRQV�ZLWK�5XVVLD�DQG�RWKHU�&,6
�&RPPRQZHDOWK�RI�,QGHSHQGHQW�6WDWHV��FRXQWULHV�DUH�UHODWLYHO\�ZHDN��8QGHU�WKLV
VFHQDULR��WKH�*'3�LV�H[SHFWHG�WR�JURZ�RQ�DYHUDJH������DQQXDOO\�GXULQJ������������,Q
GHYHORSLQJ�XVHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV��DQ�DYHUDJH�DQQXDO�HQHUJ\�LQWHQVLW\
LPSURYHPHQW�RI������ZDV�DVVXPHG��,Q�RWKHU�ZRUGV��XVHIXO�HQHUJ\�GHPDQG�SHU�FDSLWD
LV�H[SHFWHG�WR�JURZ�IURP����0-�FDSLWD�LQ������WR�����0-�FDSLWD�LQ�WKH�\HDU�������,W�ZDV
DVVXPHG�WKDW�WKH�SRSXODWLRQ�QXPEHU�RI�(VWRQLD�ZLOO�QRW�JURZ�GXULQJ�WKH�ZKROH
SODQQLQJ�KRUL]RQ��VHH�6HFWLRQ�������%DVHOLQH�SURMHFWLRQV�RI�*'3��XVHIXO�HQHUJ\�GHPDQG
DQG�HQHUJ\�LQWHQVLW\�DUH�GHSLFWHG�LQ�)LJXUH����

)LJXUH����%DVHOLQH�SURMHFWLRQV�RI�*'3��HQHUJ\�GHPDQG�DQG�HQHUJ\�LQWHQVLW\

�

��

���

���

���

���

���

���� ���� ���� ���� ���� ���� ���� ���� ����

<HDU

�

*'3

(QHUJ\�GHPDQG

(QHUJ\�LQWHQVLW\

��� 3ULQFLSOHV�RI�PDNLQJ�0$5.$/�GHPDQG�SURMHFWLRQV

$V�0$5.$/�LV�D�GHPDQG�GULYHQ�´ERWWRP�XSµ�PRGHO��D�FRUUHFW�DQG�GHWDLOHG�GHPDQG
IRUHFDVW�LV�UHTXLUHG��8VXDOO\��IRXU�PDLQ�GHPDQG�FDWHJRULHV��LQGXVWU\��UHVLGHQWLDO�DQG
FRPPHUFLDO��WUDQVSRUW�DQG�QRQ�HQHUJ\�XVH�RI�IXHOV�DUH�GHILQHG��7KHVH�PDLQ�FDWHJRULHV
DUH��LQ�WXUQ��GLYLGHG�LQWR�VHYHUDO�VXE�FDWHJRULHV�GHSHQGLQJ�RQ�HFRQRPLF�VWUXFWXUH�DQG
GDWD�DYDLODELOLW\�RI�WKH�FRXQWU\�FRQFHUQHG��%UHDNGRZQ�RI�(VWRQLD·V�HQHUJ\�FRQVXPHUV
LV�JLYHQ�LQ�7DEOH����

$V�D�UXOH��XVHIXO�HQHUJ\�GHPDQG�IRU�HDFK�VXE�VHFWRU�VKRXOG�EH�SURMHFWHG��'HSHQGLQJ
RQ�WKH�DYDLODELOLW\�RI�HQG�XVH�GDWD��LW�FDQ�EH�TXLWH�GLIILFXOW�VRPHWLPHV��HVSHFLDOO\�IRU�WKH
LQGXVWULDO�VHFWRU��,Q�FDVH�WKHUH�LV�QR�GHVFULSWLRQ�RI�GHPDQG�WHFKQRORJLHV�WKH�ILQDO
HQHUJ\�FRQVXPSWLRQ�PXVW�EH�GHVFULEHG�LQVWHDG�RI�XVHIXO�

,Q�(VWRQLDQ�FDVH��XVHIXO�GHPDQG�SURMHFWLRQV�ZHUH�PDGH�RQO\�IRU�UHVLGHQWLDO�FRQVXPHUV�
)RU�RWKHU�VHFWRUV�LW�ZDV�SRVVLEOH�WR�GHYHORS�RQO\�WKH�ILQDO�HQHUJ\�GHPDQG�IRUHFDVWV��IRU
WKRVH�VHFWRUV�ILQDO�GHPDQG�HTXDOV�XVHIXO��
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7DEOH����6HFWRUDO�EUHDNGRZQ�RI�HQHUJ\�FRQVXPHUV

Industry Non-energy use of fuels Residential and Commercial Transportation
Chemical industry Non-energy use of fuels Spec. el. use in households Railways
Mechanical industry Space heating in HH Road transport
Textiles and leather Hot water in HH Private cars
Food industry Cooking in HH Shipping
Wood processing Lighting in HH Other transport
Paper and printing Spec. el. use in services
New large paper mill Space heating in services
Other non-metallic
products
Fuels and power
engineering
Other industry
Agriculture
Construction

0$5.$/�PRGHO�QHHGV�WR�DOORFDWH�VKDUHV�RI�GHPDQG�WR�WKH�GLIIHUHQW�IXHOV��LQFOXGLQJ
HOHFWULFLW\�DQG�KHDW��7KH�FKRLFH�RI�IXHO�SHU�VXE�VHFWRU�DQG�DSSOLFDWLRQ�LV�GHWHUPLQHG�E\
WKH�SULFH�DQG�ORZHU�ERXQGV��QRQ�DYRLGDEOH�FRQVXPSWLRQ��RI�HDFK�HQHUJ\�W\SH�DQG�DOVR
E\�FKDUDFWHULVWLFV�RI�GHPDQG�WHFKQRORJLHV��:LWK�WLPH�WKH�SDUW�RI�GHPDQG�QRW�DVVLJQHG
WR�FHUWDLQ�HQHUJ\�FDUULHUV��SDUW�RSHQHG�IRU�FRPSHWLWLRQ��LQFUHDVHV��WKXV�DOORZLQJ�IRU
PRUH�VLJQLILFDQW�VKLIWV�LQ�PDUNHW�VKDUHV��$�VLPSOH�H[DPSOH�RI�PDNLQJ�D�VXE�VHFWRU
�FRXOG�EH�FRRNLQJ��GHPDQG�VFHQDULR�LV�SUHVHQWHG�LQ�)LJXUH����

)LJXUH����([DPSOH�RI�PDNLQJ�HQHUJ\�GHPDQG�SURMHFWLRQ�IRU�0$5.$/�PRGHO
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��� %DVHOLQH�VHFWRUDO�HQHUJ\�GHPDQG�SURMHFWLRQV

,Q�WKH�,QGXVWU\�DQG�$JULFXOWXUH�VHFWRU��WKH�7RWDO�)LQDO�&RQVXPSWLRQ��7)&��SURMHFWLRQV
IRU�VXE�VHFWRUV�ZHUH�GHWHUPLQHG�DV�SURGXFWV�RI������FRQVXPSWLRQ�OHYHO�
PDFURHFRQRPLF�YROXPH�JURZWK�SURMHFWLRQV�DQG�HQHUJ\�LQWHQVLW\�LPSURYHPHQW
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DVVXPSWLRQV��+RZHYHU��WKH�QHZ�SXOS�DQG�SDSHU�SODQW�ZLWK�DVVXPHG�SURGXFWLRQ�RI
��������W�\U��ZDV�PRGHOOHG�VHSDUDWHO\�

7)&�SURMHFWLRQV�IRU�,QGXVWU\�DQG�$JULFXOWXUH�VHFWRU�DUH�GHSLFWHG�LQ�)LJXUH�����(QHUJ\
GHPDQG�LQ�$JULFXOWXUDO�VXE�VHFWRU�FRQFHUQV�PDLQO\�GLHVHO�IRU�DJULFXOWXUDO�HTXLSPHQW�
HOHFWULFLW\�DQG�KHDW��%LJJHVW�LQGXVWULDO�FRQVXPHUV�LQ�WKH�EDVH�\HDU�DUH�WKH�&KHPLFDO
LQGXVWU\��2WKHU�QRQ�PHWDOOLF�PLQHUDO�SURGXFWV��)XHOV�DQG�SRZHU�HQJLQHHULQJ��DQG�WKH
)RRG�LQGXVWU\��0RVW�LPSRUWDQW�FKDQJHV�ZLOO�RFFXU�LQ�WKH�&KHPLFDO�LQGXVWU\��2WKHU
QRQ�PHWDOOLF�SURGXFWV��DQG�LQ�3DSHU�LQGXVWU\�

)LJXUH����7RWDO�ILQDO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�,QGXVWU\�DQG�$JULFXOWXUH�VHFWRU

�

�
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1HZ�SDSHU�PLOO

$JULFXOWXUH

&RQVWUXFWLRQ

2WKHU�LQGXVWU\

)XHOV	SRZHU�HQJLQHHULQJ

2WKHU�QRQ�PHWDOOLF�SURGXFWV

3DSHU	SULQWLQJ

:RRG�LQGXVWU\

)RRG�LQGXVWU\

7H[WLOHV	OHDWKHU

0HFKDQLFDO�LQGXVWU\

&KHPLFDO�LQGXVWU\

)RU�WKH�UHVLGHQWLDO�VHFWRU��D�PDWUL[�RI�ILQDO�GHPDQG�SHU�HQHUJ\�FDUULHU�IRU�HYHU\�HQHUJ\
VHUYLFH�ZDV�FRPSRVHG�RQ�WKH�EDVLV�RI��(QHUJ\�%DODQFH��������������7KH�XVHIXO�HQHUJ\
GHPDQGV�ZHUH�GHULYHG�E\�DVVXPLQJ�HIILFLHQFLHV�IRU�HYHU\�FDUULHU�

)RU�VSDFH�KHDWLQJ��KRW�ZDWHU�DQG�FRRNLQJ�XVHIXO�GHPDQG�SURMHFWLRQV�DUH�PDGH�XVLQJ
IRUHFDVWV�RQ�WKH�QXPEHU�RI�KRXVHKROGV�DQG�VHUYLFH�OHYHO�SHU�KRXVHKROG��/LNH�LQ�WKH
,QGXVWU\�VHFWRU��WKH�PLQLPXP�VKDUH�RI�HYHU\�HQHUJ\�FDUULHU�LQ�WKH�XVHIXO�GHPDQG�LV
SURMHFWHG��$W�WKDW��WKH�SDUW�RI�GHPDQG�RSHQ�IRU�FRPSHWLWLRQ�LV�]HUR�IRU�WKH�EDVH�\HDU�
EXW�LW�LQFUHDVHV�LQ�WLPH�

7KH�HOHFWULFLW\�GHPDQG�IRU�OLJKWLQJ�DQG�VSHFLILF�XVH�LV�SURMHFWHG�GLUHFWO\�

0DLQ�DVVXPSWLRQV�IRU�GHPDQG�SURMHFWLRQV�LQ�UHVLGHQWLDO�VHFWRU�ZHUH�

• 8VHIXO�GHPDQG�IRU�VSDFH�KHDWLQJ�ZLOO�UHPDLQ�FRQVWDQW��SRSXODWLRQ�ZLOO�QRW
JURZ��PRUH�DQG�ELJJHU�DSDUWPHQWV�EXW�EHWWHU�LQVXODWLRQ��

• $OWKRXJK�D�WUHQG�WR�QRW�FRQQHFW��RU�HYHQ�GLVFRQQHFW�KRXVHV�IURP�GLVWULFW�KHDW
JULGV�ZDV�REVHUYHG�LQ�UHFHQW�\HDUV��LQVSLUHG�DPRQJ�RWKHUV�E\�WDULILFDWLRQ
V\VWHPV�WKDW�IDYRXU�XVH�RI�HOHFWULFLW\�DQG�ORFDO�ERLOHUV�RYHU�GLVWULFW�KHDWLQJ�LQ
VHYHUDO�SODFHV���LW�LV�DVVXPHG�WKDW�WKH�GHFOLQH�LQ�GLVWULFW�KHDW�XVH�ZLOO�VWRS�DQG
����RI�KRXVHKROGV�DUH�FRQQHFWHG�WR�'+�JULGV�DQG�����EXUQ�WKHLU�RZQ�IXHOV
�ILUHZRRG��SHDW�EULTXHWWHV��QDWXUDO�JDV��/)2���7KHVH�VKDUHV�DUH�QRW�H[SHFWHG�WR
FKDQJH�
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• 7KH�XVHIXO�GHPDQG�IRU�ZDWHU�KHDWLQJ�ZLOO�LQFUHDVH�DQG�UHDFK�WKH�'XWFK�����
OHYHO�LQ������

• 7KH�XVHIXO�GHPDQG�IRU�FRRNLQJ�ZLOO�UHPDLQ�FRQVWDQW�
• 6SHFLILF�HOHFWULFLW\�FRQVXPSWLRQ�ZLOO�JURZ�IURP������*-�KRXVHKROG�LQ������WR

�����*-�KRXVHKROG�LQ������
• 7KH�HOHFWULFLW\�XVH�IRU�OLJKWLQJ�ZLOO�LQFUHDVH�IURP������*-�KRXVHKROG�LQ������WR

�����*-�KRXVHKROG�LQ������

8VHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�WKH�UHVLGHQWLDO�VHFWRU�DUH�GHSLFWHG�LQ�)LJXUH����

)LJXUH����8VHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�WKH��5HVLGHQWLDO�VHFWRU
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/LJKWLQJ

&RRNLQJ

:DWHU�KHDWLQJ

6SDFH�KHDWLQJ

6SHFLILF�HOF��XVH

(QHUJ\�GHPDQG�LQ�WKH�WHUWLDU\�VHFWRU��VHUYLFHV��FRQVLVWV�RI�KHDWLQJ�DQG�RWKHU�HOHFWULFLW\
XVH��(OHFWULFLW\�FDQ�EH�XVHG�IRU�KHDWLQJ�DV�ZHOO��8VHIXO�GHPDQG�SURMHFWLRQV�IRU�KHDWLQJ
DQG�VSHFLILF�HOHFWULFLW\�XVH�DUH�EDVHG�RQ�PDFURHFRQRPLF�JURZWK�ILJXUHV�IRU�WKH�WHUWLDU\
VHFWRU�DQG�HQHUJ\�HODVWLFLWLHV�RI�����DQG������UHVSHFWLYHO\��7KH�PDLQ�SDUW�RI�WKH�JURZWK
FDQ�EH�DVFULEHG�WR�HOHFWULFLW\�

,Q�WKH�7UDQVSRUW�VHFWRU��WKH�ILQDO�HQHUJ\�GHPDQG�ZDV�SUHGLFWHG��7KH�SURMHFWLRQV�EDVH
RQ�LQGLFDWRU�DQDO\VLV�RI�WUDQVSRUW�DFWLYLWLHV��$V�VRXUFHV���6WDWLVWLFDO�<HDUERRN��������
�(QHUJ\�%DODQFH�������������DQG��0lNHOl�DQG�6DOR��������ZHUH�XVHG�

5RDG�WUDQVSRUW�WDNHV�LQWR�FRQVLGHUDWLRQ�WUXFNV��EXVHV�DQG�FRPSDQ\�FDUV��,W�LV�DVVXPHG
WKDW�EXVHV�XVH�RQO\�GLHVHO�RLO��FRPSDQ\�FDUV�RQO\�JDVROLQH������RI�WUXFNV�LQ������XVH
GLHVHO�RLO�DQG�����RI�WUXFNV�JDVROLQH��7KH�WRWDO�QXPEHU�RI�WUXFNV�LV�H[SHFWHG�WR�GHFUHDVH
PRUH�WKDQ�WZLFH�GXULQJ������������EXW�WKH�DQQXDO�PLOHDJH�SHU�WUXFN�RI�GLHVHO�WUXFNV
ZLOO�JURZ�DOPRVW���IROG��7KH�PLOHDJH�RI�JDVROLQH�WUXFNV�ZLOO�UHPDLQ�RQ�WKH������OHYHO��$
TXLFN�VKLIW�WR�GLHVHO�WUXFNV�LV�SURMHFWHG��,Q�����������RI�WKH�WUXFNV�ZLOO�XVH�GLHVHO�RLO�
7KH�DQQXDO�YHKLFOH�NLORPHWUHV�RI�EXVHV�DQG�FRPSDQ\�FDUV�DUH�H[SHFWHG�WR�JURZ������
DQG������UHVSHFWLYHO\��GXULQJ������������7KH�QXPEHU�RI�EXVHV�DQG�FRPSDQ\�FDUV�ZLOO
UHPDLQ�FRQVWDQW��(OHFWULFLW\�FRQVXPSWLRQ�E\�WUDPV�DQG�WUROOH\V�LQ�7DOOLQQ�LV�WDNHQ�LQWR
DFFRXQW�DV�ZHOO�
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)LJXUH����%DVHOLQH�HQHUJ\�GHPDQG�SURMHFWLRQ�IRU�6HUYLFHV

6SHFLILF�HOHFWU��XVH

+HDWLQJ
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<HDU

3-

7KH�QXPEHU�RI�SULYDWH�FDUV�LV�H[SHFWHG�WR�JURZ�IURP���FDU������SHUVRQV�LQ������WR
��FDU������SHUVRQV�LQ�������7KH�DQQXDO�PLOHDJH�ZLOO�JURZ�DW�WKH�VDPH�WLPH�IURP������WR
�������NP��'LVWULEXWLRQ�EHWZHHQ�JDVROLQH�DQG�GLHVHO�FDUV�ZLOO�UHPDLQ�XQFKDQJHG��/3*
DQG�HOHFWULF�FDUV�DUH�QRW�FRQVLGHUHG�

7)&�IRU�UDLOZD\V��VKLSSLQJ�DQG�RWKHU�WUDQVSRUW��PDLQO\�DLUOLQHV��DUH�SURMHFWHG�RQ�WKH
EDVH�RI�YROXPH�JURZWK�DQG�HIILFLHQF\�LPSURYHPHQW�HVWLPDWHV��([FHSW�UDLOZD\V�
SURSRUWLRQDO�GHYHORSPHQW�RYHU�WKH�GLIIHUHQW�IXHOV�LV�DVVXPHG��$�VKLIW�IURP�PDLQO\
GLHVHO�WUDLQV�WRZDUGV�HOHFWULF�RQHV�LV�SURMHFWHG�

)LJXUH����%DVHOLQH�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�WKH�WUDQVSRUW�VHFWRU

�

��

��

��

��

��

��

��

��

���� ���� ���� ���� ���� ���� ���� ���� ����

<HDU

3-

2WKHU�WUDQVSRUW

6KLSSLQJ

5DLOZD\V

3ULYDWH�FDUV

5RDG�WUDQVSRUW

1RQ�HQHUJ\�XVH�RI�IXHOV�ZDV�SUHVXPHG�WR�UHPDLQ�RQ�WKH������OHYHO�������3-��

(QHUJ\�GHPDQG�SURMHFWLRQV�IRU�(VWRQLD�ZHUH�FRPSLOHG�E\�2��/LLN��778���$��/HLVDOX
�(67,92�/WG����+��GH�.UXLMN�DQG�0��0RWDKDUL��(&1��7KH�1HWKHUODQGV���(QHUJ\
6WUDWHJ\�IRU�(VWRQLD��������



���

� +LJK�HQHUJ\�GHPDQG�JURZWK�VFHQDULR

��� (FRQRPLF�JURZWK�DQG�HQHUJ\�LQWHQVLW\

7KLV�VFHQDULR�EDVHV�RQ�RSWLPLVWLF�HFRQRPLF�GHYHORSPHQW�VFHQDULR�SURSRVHG�E\�3URI�
.��.LOYLWV�DQG�3URI��$��3XUMX��3XUMX���������2SWLPLVWLF�VFHQDULR�DVVXPHV�WKDW�(VWRQLD·V
PDUNHW�LV�RULHQWHG�WRZDUGV�ERWK�WKH�:HVW�DQG�WKH�(DVW�DQG�(VWRQLD�ZLOO�EHFRPH�D
WUDQVLW�FRXQWU\��8QGHU�WKLV�VFHQDULR��WKH�DYHUDJH�DQQXDO�*'3�JURZWK�LV�������,Q
GHYHORSLQJ�XVHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV��DQ�DYHUDJH�DQQXDO�HQHUJ\�LQWHQVLW\
LPSURYHPHQW�E\������ZDV�DVVXPHG��,W�PHDQV�WKDW�XVHIXO�HQHUJ\�GHPDQG�SHU�FDSLWD�LV
H[SHFWHG�WR�JURZ�IURP����0-�FDSLWD�LQ������WR�����0-�FDSLWD�LQ�WKH�\HDU�������+LJK
JURZWK�SURMHFWLRQV�RI�*'3��XVHIXO�HQHUJ\�GHPDQG�DQG�HQHUJ\�LQWHQVLW\�DUH�GHSLFWHG�LQ
)LJXUH����

)LJXUH����+LJK�JURZWK�SURMHFWLRQV�RI�*'3��HQHUJ\�GHPDQG�DQG�HQHUJ\�LQWHQVLW\

�
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���

���

���

���

���

���

���

���� ���� ���� ���� ���� ���� ���� ���� ����
<HDU

�

*'3

(QHUJ\�GHPDQG

(QHUJ\�LQWHQVLW\

��� 6HFWRUDO�HQHUJ\�GHPDQG�SURMHFWLRQV

(QHUJ\�GHPDQG�SURMHFWLRQV�IRU�HFRQRPLF�VHFWRUV�XQGHU�WKH�KLJK�JURZWK�VFHQDULR�ZHUH
HODERUDWHG�XVLQJ�WKH�VDPH�PHWKRGRORJ\�DV�IRU�WKH�EDVHOLQH�SURMHFWLRQV��+RZHYHU��WKH
IROORZLQJ�GLIIHUHQFHV�LQ�WKH�DVVXPSWLRQV�VKRXOG�EH�SRLQWHG�RXW�

• $JULFXOWXUDO�GHPDQG�ZLOO�EH�DOPRVW�WKH�VDPH�DV�IRU�WKH�EDVHOLQH�VFHQDULR�
• 7)&�IRU�DOO�LQGXVWULDO�VXE�VHFWRUV�WRJHWKHU�ZLOO�LQFUHDVH�IURP������3-�LQ������WR

�����3-�LQ�������LQ�WKH�EDVHOLQH�VFHQDULR������3-���%LJJHVW�GLIIHUHQFH�IURP�EDVHOLQH
FDQ�EH�QRWLFHG�LQ�WKH�&KHPLFDO�LQGXVWU\�

• 2QO\�LQ�WKH�KLJK�JURZWK�VFHQDULR�D�FRQVLGHUDEOH�H[SDQVLRQ�RI�QDWXUDO�JDV�EDVHG
&KHPLFDO�LQGXVWU\�LV�HQYLVDJHG��,W�FDXVHV�WKH�JURZWK�LQ�1RQ�HQHUJ\�XVH�RI�IXHOV
IURP������3-�WR������3-�GXULQJ�����������

• *URZLQJ�ZHOIDUH�RI�SHRSOH�ZLOO�LQFUHDVH�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�5HVLGHQWLDO
VHFWRU�DQG�6HUYLFHV�DQG�LQFUHDVHV�DOVR�WKH�QXPEHU�RI�SULYDWH�FDUV�



���

• (QHUJ\�GHPDQG�LQ�WKH�WHUWLDU\�VHFWRU�ZLOO�EH�LQFUHDVLQJ������DQQXDOO\�������LQ
WKH�EDVHOLQH�VFHQDULR��

• 6SHFLILF�HOHFWULFLW\�FRQVXPSWLRQ�ZLOO�JURZ�IURP������*-�KRXVHKROG�LQ������WR
�����*-�KRXVHKROG�LQ������

• 7KH�HOHFWULFLW\�XVH�IRU�OLJKWLQJ�ZLOO�LQFUHDVH�IURP������*-��KRXVHKROG�LQ������WR
�����*-�KRXVHKROG�LQ������

• 7KH�QXPEHU�RI�SULYDWH�FDUV�LV�H[SHFWHG�WR�JURZ�IURP���FDU������SHUVRQV�LQ�����
WR���FDU������SHUVRQV�LQ���������FDU������SHUVRQV�LQ�WKH�EDVHOLQH�VFHQDULR��

• 5DSLG�HFRQRPLF�JURZWK�EDVHG�RQ�WUDQVLW�SRVLWLRQ�RI�(VWRQLD�EHWZHHQ�:HVW�DQG
(DVW�ZLOO�FDXVH�DOVR�D�UDSLG�JURZWK�RI�WKH�WUDQVSRUW�VHFWRU�

• 7KH�WRWDO�QXPEHU�RI�WUXFNV�LV�H[SHFWHG�WR�GHFUHDVH�E\�����GXULQJ������������E\
����LQ�WKH�EDVHOLQH�VFHQDULR���$YHUDJH�DQQXDO�LQFUHDVH�LQ�WRWDO�YHKLFOH�
NLORPHWUHV�IRU�WUXFNV�ZLOO�EH������������LQ�EDVHOLQH��

'HPDQG�SURMHFWLRQV�DUH�SUHVHQWHG�LQ�)LJXUH����WR�)LJXUH����

)LJXUH����+LJK�JURZWK�ILQDO�HQHUJ\�GHPDQG�SURMHFWLRQ�IRU�,QGXVWU\�DQG�$JULFXOWXUH
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1HZ�SDSHU�PLOO

$JULFXOWXUH

&RQVWUXFWLRQ

2WKHU�LQGXVWU\

)XHOV	SRZHU�HQJLQHHULQJ

2WKHU�QRQ�PHWDOOLF�SURGXFWV

3DSHU	SULQWLQJ

:RRG�LQGXVWU\

)RRG�LQGXVWU\

7H[WLOHV	OHDWKHU

0HFKDQLFDO�LQGXVWU\

&KHPLFDO�LQGXVWU\

)LJXUH����+LJK�JURZWK�XVHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�+RXVHKROGV
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<HDU

3-

/LJKWLQJ

&RRNLQJ

:DWHU�KHDWLQJ

6SDFH�KHDWLQJ

6SHFLILF�HOF��XVH
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)LJXUH����+LJK�JURZWK�XVHIXO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�6HUYLFHV

6SHFLILF�HOF��XVH

+HDWLQJ
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<HDU

3-

)LJXUH����+LJK�JURZWK�ILQDO�HQHUJ\�GHPDQG�SURMHFWLRQV�IRU�WKH�7UDQVSRUW�VHFWRU
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<HDU

3-

2WKHU�WUDQVSRUW

6KLSSLQJ

5DLOZD\V

3ULYDWH�FDUV

5RDG�WUDQVSRUW

� 0LWLJDWLRQ�VFHQDULRV�DQG�&2��UHGXFWLRQ�RSWLRQV

��� 0RGHOOLQJ�RI�PLWLJDWLRQ�VFHQDULRV

&RQVLGHULQJ�WKDW�0$5.$/�LV�DQ�RSWLPLVLQJ�PRGHO��DOUHDG\�WKH�EDVHOLQH�VFHQDULR�LV�D
PLWLJDWLRQ�VFHQDULR�FRPSDUHG�ZLWK�WKH�EDVH�\HDU�VLWXDWLRQ��,W�JLYHV�WKH�RSWLPDO�IXHO
DQG�WHFKQRORJ\�PL[��DQG�UHVXOWLQJ�HPLVVLRQV�WKDW�FRUUHVSRQG�WR�WKH�EDVHOLQH
DVVXPSWLRQV��0RUHRYHU��IROORZLQJ�PLWLJDWLRQ�RSWLRQV�ZHUH�DOUHDG\�WDNHQ�LQWR�DFFRXQW
LQ�WKH�EDVHOLQH�VFHQDULR�LQ�GHYHORSLQJ�HQHUJ\�GHPDQG�SURMHFWLRQV�



���

• 6RPH�ORZ�FRVW�KHDW�FRQVHUYDWLRQ�PHDVXUHV���VHH�6HFWLRQ�����
• $OO�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�LQ�LQGXVWU\�DQG�DJULFXOWXUH�LQ�WKH�IRUP�RI

GHFUHDVH�RI�HQHUJ\�LQWHQVLW\�RI�SURGXFWLRQ��VHH�7DEOH�����(QHUJ\�6WUDWHJ\�IRU
(VWRQLD��������

• 5HGXFWLRQ�RI�QHWZRUN�ORVVHV�

7DEOH����$QQXDO�HQHUJ\�LQWHQVLW\�GHFUHDVH�XQGHU�+LJK�(FRQRP\�*URZWK���

until 2000 until 2010 until 2020 until 2030
Mining 1.1 1.2 0.7 0.5
Food Industry 0.8 0.5 0.3 0.2
Textile And Clothing Industry 0.8 0.6 0.5 0.4
Leather Industry 1.3 1.4 0.9 0.9
Woodworking Industry 2.0 1.6 1.4 1.2
Paper Industry 2.3 0.7 0.7 0,6
Chemical Industry (Existing) 2.0 3.0 1.2 0.9
Other Non-Metallic Mineral Pr. 0.8 0.7 0.5 0.4
Iron And Steel Industry 1.5 1.7 1.5 1.4
Machinery 1.7 1.7 1.4 1.2
Other Industries 1.5 1.8 1.5 1.4
Energetics 1.1 1.5 1.0 0.9
Construction 0.8 0.6 0.5 0.4
Agriculture 0.8 0.7 0.6 0.6

,Q�UHDOLW\��WKH�RSWLPDO�VROXWLRQ�FDQ�EH�KDUGO\�IROORZHG�DQG�LW�FDQ�EH�FRQVLGHUHG�DV�DQ
HQHUJ\�SROLF\�WDUJHW�

7R�LQYHVWLJDWH�PHDVXUHV�RI�*+*�UHGXFWLRQ�QRW�FRQVLGHUHG�LQ�WKH�EDVHOLQH�VFHQDULR�
VSHFLDO�PLWLJDWLRQ�VFHQDULRV�PXVW�EH�GHYHORSHG��,Q�GHVLJQLQJ�DQG�PRGHOOLQJ�VSHFLDO
PLWLJDWLRQ�VFHQDULRV�WZR�GLIIHUHQW�DSSURDFKHV�FDQ�EH�XVHG�

�� (FRQRPLF�DSSURDFK�WR�PDNLQJ�FKDQJHV�LQ�JHQHUDO�DVVXPSWLRQV�DQG�FRVW�GDWD
�H�J��LQWURGXFWLRQ�RI�HQYLURQPHQWDO�WD[HV��HPLVVLRQ�FRQVWUDLQWV��VXEVLGLHV�IRU
VRPH�WHFKQRORJLHV��FKDQJH�RI�IXHO�SULFH�SURMHFWLRQV��HWF����,Q�WKDW�FDVH�WKH
PRGHO�ILQGV�DQ�RSWLPDO��OHDVW�FRVW��VROXWLRQ�XQGHU�QHZ�DVVXPSWLRQV�DQG�ZH
FDQ�ILQG�RXW�IURP�UHVXOWV�ZKDW�FKDQJHV�ZLOO�WDNH�SODFH�LQ�WKH�HQHUJ\�V\VWHP��,Q
WKH�JXLGHOLQHV�RI�WKH�SURMHFW��7HFKQLFDO�*XLGHOLQHV��������WKLV�DSSURDFK�LV
GHILQHG�DV�7KH�,QWHJUDWHG�6\VWHPV�$SSURDFK�

�� )RUFHG�LQWURGXFWLRQ�RI�WHFKQRORJLHV�WKDW�GR�QRW�DSSHDU�LQ�WKH�RSWLPDO�VROXWLRQ
XQGHU�DVVXPSWLRQV�PDGH�GXH�WR�WKHLU�KLJK�FRVW��,Q�7HFKQLFDO�*XLGHOLQHV�������
WKLV�LV�FRQVLGHUHG�DV�7KH�3DUWLDO�6ROXWLRQ�$SSURDFK�

7KH�HFRQRPLF�DSSURDFK�FDQ�EH�FRQVLGHUHG�DV�D�´QRUPDOµ�ZD\�RI�0$5.$/�PRGHOOLQJ�
7KH�RWKHU�DSSURDFK�FDQ�EH�XVHG�IRU�LQYHVWLJDWLRQ�RI�HFRQRPLF�FRVWV�DQG�HQYLURQPHQWDO
EHQHILWV�RI�FHUWDLQ�WHFKQRORJLFDO�GHFLVLRQV�

8QGHU�WKLV�SURMHFW�WKH�IROORZLQJ�PLWLJDWLRQ�VFHQDULRV�ZHUH�FRQVLGHUHG�LQ�WKH�0$5.$/
PRGHOOLQJ�

• /RZ�&2��WD[�FDVH���6FHQDULR�ZLWK�ORZ�&2��WD[��86����WRQQH�RI�&2��VWDUWLQJ
IURP�������

• +LJK�&2��WD[�FDVH���6FHQDULR�ZLWK�KLJK�&2��WD[��86����WRQQH�RI�&2��IURP�����
DQG�86�����WRQQH�RI�&2��DIWHU�������



���

• $OO�KLJK�WD[HV�FDVH���6FHQDULR�ZLWK�KLJK�&2��WD[�FRPELQHG�ZLWK�KLJK
H[WHUQDOLWLHV�RQ�62��DQG�12;��+HUH��LQ�DGGLWLRQ�WR�SUHYLRXV�VFHQDULR��WKH�KLJK
H[WHUQDOLWLHV�SURSRVHG�IRU�WKH�LQWURGXFWLRQ�LQ�WKH�(8�LQ�WKH�\HDU�������([WHUQ(�
([WHUQDOLWLHV�RI�(QHUJ\���������62��WD[�86�������W�DQG�12;�WD[�86��������W�
ZHUH�LQWURGXFHG�JUDGXDOO\�LQ�IROORZLQJ�PDQQHU��12;�WD[�LQFUHDVHV�IURP
86����W12;�WR��86�������W�GXULQJ�����������DQG�IURP�WKDW�OHYHO�WR�86��������W
GXULQJ������������62��WD[�LQFUHDVHV�IURP�86����W62��LQ������WR�86������W�LQ
�����DQG�WR�86�������W�LQ������

• ([SHQVLYH�RLO�VKDOH�FDVH���6FHQDULR�ZLWK�WKH�RLO�VKDOH�SULFH�SURMHFWLRQ�ULVLQJ�GXH
WR�VSHFLDO�WD[HV�DQG�LQFUHDVHG�PLQLQJ�FRVWV�RYHU�FRPSHWLWLYH�ZLWK�RWKHU�IXHOV
OHYHO��,Q�SULQFLSOH��WKLV�LV�RLO�VKDOH�SKDVH�RXW�VFHQDULR�

$OO�PLWLJDWLRQ�VFHQDULRV�ZHUH�DSSOLHG�WR�ERWK�EDVHOLQH�DQG�KLJK�JURZWK�GHPDQG
VFHQDULR�

)RUFHG�LQWURGXFWLRQ�RI�WHFKQRORJLHV�ZDV�XVHG�WR�UHVHDUFK�FRQVHTXHQFHV�RI�XVLQJ�&2�

UHGXFWLRQ�RSWLRQV�QRW�FRQVLGHUHG�RU�WKH�QRQ�FRVW�HIIHFWLYH�LQ�EDVHOLQH�VFHQDULR��VHH
6HFWLRQ����

��� 0RGHOOLQJ�RI�&2��UHGXFWLRQ�RSWLRQV

*+*�HPLVVLRQV�FDQ�EH�UHGXFHG�E\�FKDQJHV�LQ�ERWK�VXSSO\�DQG�FRQVXPHU�VLGHV�RI�WKH
HQHUJ\�V\VWHP�

6XSSO\�VLGH�PLWLJDWLRQ�RSWLRQV�IRU�(VWRQLD�DUH�

• &KDQJH�RI�IXHOV��HVSHFLDOO\�UHGXFLQJ�WKH�VKDUH�RI�RLO�VKDOH�LQ�HOHFWULFLW\
SURGXFWLRQ�

• 1HZ�FOHDQ�DQG�HIILFLHQW�IRVVLO�FRQYHUVLRQ�WHFKQRORJLHV�
• :LGHU�XVH�RI�UHQHZDEOHV��ZRRG��K\GUR��ZLQG��
• 3RVVLEOH�LQWURGXFWLRQ�RI�QXFOHDU�SRZHU�
• 5HGXFWLRQ�RI�JULG�ORVVHV�RI�KHDW�DQG�HOHFWULFLW\�

7KRVH�RSWLRQV�DUH�PRGHOOHG�LQ�0$5.$/�E\�GHVFULELQJ�WKH�WHFKQLFDO��FRVW��DYDLODELOLW\
DQG�HQYLURQPHQWDO�GDWD�RI�WKH�FRUUHVSRQGLQJ�WHFKQRORJLHV�

7KH�PDLQ�FRQVXPHU�VLGH�PLWLJDWLRQ�RSWLRQ�LV�HQHUJ\�FRQVHUYDWLRQ��0$5.$/�HQDEOHV
WR�GHVFULEH�WHFKQLFDO�FRQVHUYDWLRQ�PHDVXUHV��,Q�SULQFLSOH��WKH\�DUH�WUHDWHG�DV�DGGLWLRQDO
IXHOV�WKDW�VDWLVI\�WKH�GHPDQG�DQG�FRPSHWH�ZLWK�RWKHU�HQHUJ\�FDUULHUV��(QHUJ\�VDYLQJ
PHDVXUHV�OLNH�ORZHU�LQGRRU�WHPSHUDWXUH��VPDOOHU�FDUV��HWF��FDQQRW�EH�PRGHOOHG�GLUHFWO\�
WKH\�PXVW�EH�FRQVLGHUHG�LQ�GHYHORSLQJ�DQG�DQDO\VLV�RI�GHPDQG�VFHQDULRV�

,Q�(VWRQLD��WKH�PDMRU�FRQFHUQ�LV�FRQVHUYDWLRQ�RI�KHDW��$OPRVW�����RI�XVHIXO�HQHUJ\
FRQVXPSWLRQ�LQ�WKH�(VWRQLDQ�UHVLGHQWLDO�VHFWRU�JRHV�IRU�VSDFH�DQG�ZDWHU�KHDWLQJ��VHH
)LJXUH����DQG�)LJXUH�����

,Q��6WUDWHJ\�IRU�(QHUJ\�&RQVHUYDWLRQ«��������LW�LV�FDOFXODWHG�WKDW�LI�DOO�WKH�EXLOGLQJV
ZHUH�IXOO\�UHQRYDWHG�WR�WKH�SUHVHQW�(VWRQLDQ�VWDQGDUGV�DQG�LI�WKH�GRPHVWLF�KRW�ZDWHU
FRQVXPSWLRQ�ZDV�LQ�KDUPRQ\�ZLWK�WKH�SUHVHQW�(VWRQLDQ�VWDQGDUGV��DERXW�����RI�����
FRQVXPSWLRQ�FRXOG�EH�VDYHG��6HYHUDO�GHPRQVWUDWLRQ�SURMHFWV�VWLOO�VKRZ�WKH
FRQVHUYDWLRQ�SRWHQWLDO�ORZHU�WKDQ�WKLV�LGHDO�ILJXUH���LQ�WKH�UDQJH�RI��������
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$�ORQJ�OLVW�RI����WHFKQLFDOO\�IHDVLEOH�PHDVXUHV�WR�DFKLHYH�WKH�HQHUJ\�VDYLQJ�WDUJHWV�LV
SUHVHQWHG�LQ��6WUDWHJ\�IRU�(QHUJ\�&RQVHUYDWLRQ«��������7KHVH�PHDVXUHV�DUH�JURXSHG
DV�IROORZV�

�� 7KH�LQWHUYHQWLRQV�FRQFHUQLQJ�KHDW�DQG�KRW�ZDWHU�PHWHULQJ���D�SUHUHTXLVLWH�IRU
DQ\�VHULRXV�HQHUJ\�VDYLQJ�DWWHPSW��:LWKRXW�PHWHULQJ�WKH�FRQVXPSWLRQ
EHKDYLRXU�RI�SHRSOH�FDQQRW�EH�FKDQJHG�

�� /RZ�FRVW�LQYHVWPHQWV�IRU�LPSURYHG�HQHUJ\�PDQDJHPHQW�

• 6HDOLQJ�RI�FUDFNV��JDSV��HWF��RI�ZLQGRZ�JODVVHV�DQG�IUDPHV�
• 6HDOLQJ�RI�FUDFNV��MRLQWV��HWF��RI�H[WHUQDO�GRRUV�DQG�WKHLU�IUDPHV�
• ,PSURYHPHQW��UHSDLU��RI�WKHUPDO�LQVXODWLRQ�RI�SLSHV�LQ�EDVHPHQWV�
• +\GUDXOLF�EDODQFLQJ�RI�LQWHUQDO�KHDW�GLVWULEXWLRQ�V\VWHPV�
• ,QVWDOODWLRQ�RI�SURJUDPPDEOH�'+�ZDWHU�WHPSHUDWXUH�FRQWUROV�
• ,QVWDOODWLRQ�RI�PHFKDQLFDO�YHQWLODWLRQ�DQG�DLU�LQOHW�JULOOHV�ZLWK�PDQXDO�FRQWURO�
• 5HSDLU�RI�GRPHVWLF�KRW�ZDWHU�V\VWHP��OHDNLQJ�SLSHV��YDOYHV��HWF���
• ,QVWDOODWLRQ�RI�WHPSHUDWXUH��WKHUPRVWDWLF��FRQWURO�YDOYHV�RQ�UDGLDWRUV�

�� 0HGLXP�DQG�KLJK�FRVW�LQYHVWPHQWV�WR�LPSURYH�HQHUJ\�HIILFLHQF\�LQ�WKH�KRXVHV

• $GGLQJ�D�WKLUG�JODVV�WR�WKH�H[LVWLQJ�GRXEOH�JOD]HG�ZLQGRZV�RU�UHSODFHPHQW
ZLWK�QHZ�RQHV�ZLWK�WKUHH�JODVVHV�

• ,PSURYHPHQW�RI�WKHUPDO�LQVXODWLRQ�RI�H[WHUQDO�ZDOOV�
• ,QVWDOODWLRQ�RI�QHZ�LQVXODWHG�VORSHG�URRIV�RU�QHZ�LQVXODWLRQ�RQ�IODW�URRIV�
• ,QVWDOODWLRQ�RI�LQVXODWLRQ�XQGHU�WKH�JURXQG�IORRU�
• ,QVWDOODWLRQ�RI�LQGHSHQGHQW�HOHFWULF��VWRUDJH��RU�JDV�ILUHG�´WKURXJK�IORZµ�W\SH

ZDWHU�KHDWHUV�
• ,PSURYHPHQW�RI��WKH�HIILFLHQF\�RI�H[LVWLQJ�ERLOHUV��DGGLQJ�DXWRPDWLF�FRQWUROV

DQG�PDNLQJ�QHFHVVDU\�DGMXVWPHQWV�IRU�IXHO�VZLWFKLQJ�
• 5HSODFHPHQW�RI�ROG�LQHIILFLHQW�ERLOHU�ZLWK�QHZ�DQG�HIILFLHQW�RQHV�
• ,QVWDOODWLRQ�RI�QHZ�WKHUPDO�VXEVWDWLRQV�LQ�EXLOGLQJV�
• HWF�

,Q�0$5.$/�PRGHOOLQJ��LW�ZDV�DVVXPHG�WKDW�HQHUJ\�PHWHULQJ�DQG�VRPH�ORZ�FRVW
FRQVHUYDWLRQ�LQWHUYHQWLRQV��OLNH�VHDOLQJ�RI�FUDFNV��ZLOO�WDNH�SODFH�XQGHU�DOO�VFHQDULRV
DQG�FRUUHVSRQGLQJ�RXWFRPHV�ZHUH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�GHYHORSLQJ�KHDW�DQG�KRW
ZDWHU�GHPDQG�SURMHFWLRQV��7KH�LQIOXHQFH�RI�PHGLXP�DQG�KLJK�FRVW�PHDVXUHV�LV�VKRZQ
LQ�6HFWLRQ���

(OHFWULFLW\�LV�DOZD\V�PHWHUHG�DQG�WKHUHIRUH�QRW�ZDVWHG�E\�XVHUV��´1RUPDOµ�HOHFWULFLW\
FRQVHUYDWLRQ�PHDVXUHV�OLNH�VKLIW�WR�PRUH�HIILFLHQW�LQGXVWULDO�HTXLSPHQW��GRPHVWLF
DSSOLDQFHV�DQG�OLJKWLQJ�ZHUH�FRQVLGHUHG�LQ�0$5.$/�PRGHOOLQJ�LQ�PDNLQJ�GHPDQG
SURMHFWLRQV��VHH�6HFWLRQ�������7KH�PDLQ�SUREOHP�LQ�HOHFWULFLW\�XVH�LV�PLQLPLVLQJ
´FRPPHUFLDO�ORVVHVµ��WKHIW��XQSDLG�ELOOV��HWF����,W�ZDV�DVVXPHG�LQ�PRGHOOLQJ�WKDW�WKRVH
SUHVHQWO\�KLJK�ORVVHV��FD�����RI�QHW�SURGXFWLRQ��ZLOO�JUDGXDOO\�GLVDSSHDU�GXULQJ������
�����
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� 0$5.$/�UHVXOWV�RI�VFHQDULRV�ZLWK�EDVHOLQH�HQHUJ\�GHPDQG
JURZWK

6RPH�PRVW�HVVHQWLDO�UHVXOWV�RI�0$5.$/�UXQV�XQGHU�EDVHOLQH�HQHUJ\�GHPDQG�JURZWK
DQG�%DVH�&DVH��/RZ�&2��WD[��+LJK�&2��WD[��$OO�+LJK�WD[HV�DQG�([SHQVLYH�RLO�VKDOH
VFHQDULRV�DUH�GHSLFWHG�LQ�)LJXUH����WR�)LJXUH����

2Q�WKH�EDVLV�RI�PRGHO�UHVXOWV�WKH�IROORZLQJ�PDLQ�FRQFOXVLRQV�FDQ�EH�GUDZQ�

�� 7RWDO�3ULPDU\�(QHUJ\�5HTXLUHPHQWV��73(5�

• 73(5�ZLOO�ILUVW�VOLJKWO\�GHFUHDVH�DQG�WKHQ�JURZ�YHU\�PRGHVWO\�GXH�WR
VXEVWDQWLDO�GHFRXSOLQJ�EHWZHHQ�HFRQRPLF�RXWSXW�DQG�GHPDQGV�IRU�HQHUJ\
VHUYLFHV��UHLQIRUFHG�E\�LQFUHDVLQJO\�HIILFLHQW�HQHUJ\�FRQYHUVLRQ�V\VWHPV�

• 7KH�VKDUH�RI�RLO�VKDOH�ZLOO�GHFUHDVH�VLJQLILFDQWO\��$�KLJKHU�SULFH�DQG
LPSOHPHQWDWLRQ�RI�FOLPDWH�SROLFLHV�SRVH�WKH�PRVW�VHULRXV�WKUHDW�IRU�RLO�VKDOH�

• ,PSRUWV�RI�RLO�SURGXFWV��PDLQO\�IRU�WUDQVSRUW��DQG�QDWXUDO�JDV��IRU�&+3�SODQWV�
'+�ERLOHUV��LQGXVWU\�DQG�UHVLGHQWLDO�DQG�FRPPHUFLDO�XVH��ZLOO�ULVH��'HPDQG
IRU�JDV�ZLOO�JURZ�DV�D�UHVXOW�RI�DGGLWLRQDO�HQYLURQPHQWDO�DFWLRQV�

• 2WKHU�GRPHVWLF�UHVRXUFHV���SHDW�DQG�ZRRG�DUH�DWWUDFWLYH�LQ�PRVW�VFHQDULRV�
3HDW�XVH�LV�YXOQHUDEOH�IRU�PRUH�DPELWLRXV�HQYLURQPHQWDO�JRDOV��:RRG�ZLOO�EH
DQ�HQHUJ\�VRXUFH�DOVR�IRU�D�QHZ�SXOS�DQG�SDSHU�PLOO��FDOOHG�3DSHUZRRG�LQ
ILJXUHV��

�� (OHFWULFLW\�SURGXFWLRQ

• 8QGHU�EDVH�FDVH�FRQGLWLRQV�RLO�VKDOH�EDVHG�SRZHU�SURGXFWLRQ�ZLOO�FRQWLQXH�WR
EH�WKH�PDMRU�HOHFWULFLW\�VXSSOLHU�WKURXJK�UHFRQVWUXFWHG�XQLWV�RI�H[LVWLQJ�SRZHU
SODQWV�

• 5HFRQVWUXFWLRQ�RI�SDUW�RI�FRQYHQWLRQDO�RLO�VKDOH�SRZHU�SODQWV�WR�&)%
FRPEXVWLRQ�LV�D�UREXVW�RSWLRQ�DSSHDULQJ�LQ�DOO�VFHQDULRV�H[DPLQHG�
5HFRQVWUXFWLRQ�RI�RWKHU�H[LVWLQJ�XQLWV�WR�3)%&�DQG�HVSHFLDOO\�EXLOGLQJ�QHZ�)%
SODQWV�DSSHDU�OHVV�DWWUDFWLYH�

• $PRXQW�RI�QDWXUDO�JDV�SRZHU��&+3��FRQGHQVLQJ�FRPELQHG�F\FOH�DQG�JDV
WXUELQHV�WR�PHHW�WKH�SHDN�UHTXLUHPHQWV��ZLOO�LQFUHDVH�VLJQLILFDQWO\�

• *DV�ILUHG�&+3�XQLWV�RIIHU�WKH�EHVW�SURVSHFWV�IRU�FRPELQHG�KHDW�DQG�SRZHU
SURGXFWLRQ�LQ�DOO�VFHQDULRV�FRQVLGHUHG��3HDW�ILUHG�&+3�LV�IDYRXUHG�LQ�VFHQDULRV
ZLWKRXW�&2��WD[�

• 2Q�WKH�ORQJ�WHUP��FRDO�DQG�QXFOHDU�SRZHU�SODQWV�RIIHU�WKH�EHVW�SURVSHFWV�WR
UHSODFH�RLO�VKDOH�HOHFWULFLW\�JHQHUDWLRQ��1XFOHDU�SRZHU�LV�IDYRXUHG�RQO\�ZKHQ
WKH�KLJKHVW�HQYLURQPHQWDO�VWDQGDUGV�DUH�FRQVLGHUHG�

• ([FHSW�IRU�WKH�RZQ�SURGXFWLRQ�RI�HOHFWULFLW\�DQG�VWHDP�IURP�EODFN�OLTXRU�LQ�WKH
QHZO\�EXLOW�SDSHU�PLOO��QRQIRVVLO�SRZHU�SURGXFWLRQ��K\GUR��ZLQG��ZLOO�UHPDLQ
QHJOLJLEOH�

�� +HDW�SURGXFWLRQ

• ,Q�WKH�EDVH�\HDU�WKH�WRWDO�GLVWULFW�KHDW�SURGXFWLRQ�LV�GRPLQDWHG�E\�ERLOHUV��ERWK
ODUJH�RQHV�IHHGLQJ�H[WHQVLYH�GLVWULEXWLRQ�JULGV�DQG�VPDOOHU�RQHV�IHHGLQJ�ORFDO
V\VWHPV�

• 7RWDO�KHDW�GHPDQG�ZLOO�GHFUHDVH�FD�����GXULQJ�����������DQG�WKHQ�ZLOO
UHPDLQ�DW�DQ�DOPRVW�FRQVWDQW�OHYHO�
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• 7KH�VKDUH�RI�ERLOHUV�LQ�WRWDO�SURGXFWLRQ�LV�H[SHFWHG�WR�GHFOLQH�
• 1DWXUDO�JDV�ILUHG�&+3�XQLWV�DUH�WKH�VWURQJO\�SUHIHUUHG�RSWLRQ�IRU�ODUJHU

GLVWULFW�KHDWLQJ�V\VWHPV�DQG�WKH�XVH�RI�ZRRG�ERLOHUV�ZLOO�H[SDQG�IRU�VPDOOHU
VFKHPHV�

• 2Q�ORQJHU�WHUP�SHDW�&+3�ORRNV�DWWUDFWLYH�DOVR��EXW�LW�DSSHDUV�WR�EH�YXOQHUDEOH
WR�FKDUJLQJ�RI�KLJK�62���12;�H[WHUQDOLWLHV�DQG�&2��WD[HV�

• 1DWXUDO�JDV�LV�IDYRXUHG�DOVR�LQ�IXHO�FKRLFH�IRU�LQGLYLGXDO�ERLOHUV��ZKHUH
DYDLODEOH�

�� (QHUJ\�FRVWV

• (QHUJ\�V\VWHP�FRVWV�FRPSULVH�DOO�WKH�FRVWV�PDGH�LQ�WKH�HQHUJ\�V\VWHP��LPSRUW
DQG�GRPHVWLF�IXHO�FRVWV��SURGXFWLRQ�FRVWV��FDSLWDO��RSHUDWLRQ�DQG�PDLQWHQDQFH
FRVWV���WUDQVSRUW�DQG�GLVWULEXWLRQ�FRVWV��7D[�UHYHQXHV�DUH�WUHDWHG�VHSDUDWHO\�
$OWKRXJK�WKH\�FRQVWLWXWH�D�FRVW�IRU�HQHUJ\�FRQVXPHUV��WKH\�DUH�QRW�´UHDOµ�FRVW
RQ�WKH�PDFUR�HFRQRPLF�OHYHO�

• 'HVSLWH�WKH�IDVW�HQHUJ\�LQWHQVLW\�LPSURYHPHQWV��WRWDO�FRVWV�RI�WKH�HQHUJ\�VHFWRU
ULVH�IDVWHU�WKDQ�73(5��7KLV�LV�RQ�WKH�RQH�KDQG�GXH�WR�ULVLQJ�SULFHV�IRU�GRPHVWLF
DQG�IRUHLJQ�HQHUJ\�VXSSOLHV�DQG�RQ�WKH�RWKHU�KDQG�WR�FDSLWDO�UHTXLUHG�IRU�QHZ
LQYHVWPHQWV��&RQVHTXHQWO\�HQHUJ\�SULFHV�ZLOO�KDYH�WR�ULVH�

• 5HTXLUHG�LQYHVWPHQWV�RQO\�LQ�SRZHU�SODQWV�XQWLO������DUH�VRPH����ELOOLRQ
((.������DERXW���ELOOLRQ�86����&XUUHQW�WDULIIV�DSSHDU�LQVXIILFLHQW�WR�EXLOG�XS
ILQDQFLDO�UHVHUYHV�IRU�WKLV�SXUSRVH�

• ([SHQGLWXUHV�RQ�IXHOV�ZLOO�VKLIW�IURP�GRPHVWLF�WR�LPSRUWHG�IORZV��7KLV�WUHQG
ZLOO�EH�VWURQJHU�ZKHQ�PRUH�ULJLG�HQYLURQPHQWDO�SROLFLHV�DUH�DSSOLHG�

• 7RWDO�HQHUJ\�V\VWHP�FRVW�FRQVWLWXWHG�FD�����RI�WKH�*'3�LQ�������ZKLFK�LV�D
W\SLFDO�OHYHO�IRU�HFRQRPLHV�LQ�WUDQVLWLRQ��8QGHU�EDVHOLQH�HFRQRP\
GHYHORSPHQW�WKH�7RWDO�6\VWHP�&RVW�*'3�UDWLR�ZLOO�GHFUHDVH�RQO\�WR�����DW
WKH�HQG�RI�WKH�SODQQLQJ�SHULRG�

• +LJK�HQHUJ\�V\VWHP�FRVWV�DUH�DIIHFWHG�E\�WKH�FXUUHQW�ORZ�OHYHO�RI�SHU�FDSLWD
*'3��KLJK�HQHUJ\�LQWHQVLW\�RI�*'3�DQG�KLJK�QHHGV�IRU�KHDWLQJ�GXH�WR�FROG
FOLPDWH�FRPELQHG�ZLWK�SRRU�TXDOLW\�RI�EXLOGLQJV�DQG�GLVWULFW�KHDWLQJ�V\VWHPV�

�� (PLVVLRQV

• 1HZ�WHFKQRORJLHV��HFRQRPLFDOO\�YLDEOH�XQGHU�EDVH�FDVH�FRQGLWLRQV��KHOS�WR
HQVXUH�WKDW�VXOSKXU�DQG�FDUERQ�HPLVVLRQV�IDOO�EHORZ�DJUHHG�WDUJHWV��7KLV
PHDQV�WKDW�WKH�EDVHOLQH�GHYHORSPHQW�WKDW�FRQVLGHUV�RQO\�62��DQG�12;

UHVWULFWLRQV�DQG�ZKHUH�QR�VSHFLDO�DFWLRQV�WR�UHGXFH�&2��DUH�WDNHQ��LV�DOUHDG\�D
*+*�PLWLJDWLRQ�VFHQDULR�

• 7KH�&2��WD[�OHYHOV�WHVWHG�DIIHFW�VWURQJO\�WKH�UHODWLYH�FRPSHWLWLYHQHVV�RI�SRZHU
DQG�KHDW�JHQHUDWLRQ�DQG�RWKHU�HQHUJ\�RSWLRQV��&2��HPLVVLRQV�FRXOG�IDOO�ZHOO
EHORZ�WKH�EDVH�FDVH�OHYHO�

• ,QFUHDVLQJ�HQYLURQPHQWDO�SUREOHP�ZLOO�EH�12;�HPLVVLRQV�IURP�WKH�WUDQVSRUW
VHFWRU�
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)LJXUH����3ULPDU\�IXHO�VXSSO\�XQGHU�$OO�+LJK�7D[HV���%DVHOLQH�'HPDQG�VFHQDULR
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)LJXUH����(OHFWULFLW\�SURGXFWLRQ�XQGHU�$OO�+LJK�7D[HV���%DVHOLQH�'HPDQG�VFHQDULR
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)LJXUH����7RWDO�12;�HPLVVLRQV�IURP�WKH�HQHUJ\�V\VWHP�XQGHU�EDVHOLQH�HQHUJ\�GHPDQG
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� 0$5.$/�UHVXOWV�RI�VFHQDULRV�ZLWK�KLJK�HQHUJ\�GHPDQG
JURZWK

0RVW�LPSRUWDQW�UHVXOWV�RI�0$5.$/�UXQV�XQGHU�KLJK�HQHUJ\�GHPDQG�JURZWK�DQG
%DVH�&DVH��/RZ�&2��WD[��+LJK�&2��WD[��$OO�+LJK�WD[HV�DQG�([SHQVLYH�RLO�VKDOH
VFHQDULRV�DUH�GHSLFWHG�LQ�)LJXUH����WR�)LJXUH����

0RVW�RI�WKH�FRPPHQWV�DQG�FRQFOXVLRQV�PDGH�RQ�WKH�UHVXOWV�RI�DQDO\VLV�RI�WKH�VFHQDULRV
ZLWK�EDVHOLQH�HQHUJ\�GHPDQG�JURZWK��VHH�SUHYLRXV�FKDSWHU��DUH�YDOLG�KHUH�DOVR��,Q�WKH
FDVH�RI�KLJK�HQHUJ\�GHPDQG�JURZWK�RQO\�WKH�IROORZLQJ�GLIIHUHQW�ILQGLQJV�FDQ�EH
SRLQWHG�RXW�

�� 73(5�ZLOO�UHPDLQ�DOPRVW�VWDEOH�XQWLO������DQG�ZLOO�LQFUHDVH�WKHQ�FD����
GXULQJ�WKH�QH[W����\HDUV��6KLIWV�LQ�IXHO�XVH�ZLOO�EH�VLPLODU�WR�VFHQDULRV�ZLWK
EDVHOLQH�GHPDQG�

�� ,Q�HOHFWULFLW\�SURGXFWLRQ��DVVXPSWLRQV�RQ�RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVWV�RI
3)%&�LQVWDOODWLRQV�ZHUH�FKDQJHG�DFFRUGLQJ�WR�WKH�GLVFXVVLRQV�LQ�(QHUJ\
6WUDWHJ\�IRU�(VWRQLD��������DQG�DOVR�WKLV�SURMHFW��+HUH�2	0�FRVWV�RI�3)%&
XQLWV�ZHUH�ORZHUHG�FD�����FRPSDUHG�ZLWK�FDOFXODWLRQV�XQGHU�EDVHOLQH�HQHUJ\
GHPDQG��7KLV�FKDQJH�PDNHV�&)%&�DQG�3)%&�UHFRQVWUXFWLRQ�RI�H[LVWLQJ�RLO
VKDOH�SRZHU�VWDWLRQV�HTXDOO\�DWWUDFWLYH�DOUHDG\�XQGHU�WKH�EDVH�FDVH�VFHQDULR
DQG�3)%&�WHFKQRORJ\�LV�SUHIHUUHG�XQGHU�KLJK�HQYLURQPHQWDO�WD[HV�

�� 'LVWULFW�KHDW�GHPDQG�ZLOO�GHFUHDVH�GXULQJ�����������E\�FD������EXW�ZLOO�ULVH
DIWHU�WKDW�VORZO\�

�� 7RWDO�HQHUJ\�V\VWHP�FRVW�ZLOO�GHFUHDVH�IURP�����RI�*'3�LQ������WR��������LQ
������&RVW�GLIIHUHQFHV�EHWZHHQ�VFHQDULRV�DUH�UDWKHU�VPDOO��2OG�ZRUQ�RXW
WHFKQRORJLHV�PXVW�EH�UHSODFHG�LQ�WKH�QHDU�IXWXUH�DQ\ZD\�DQG�FRVWV�RI�QHZ
WHFKQRORJLHV�XVHG�E\�WKH�PRGHO�LQ�WKH�FRQVLGHUHG�VFHQDULRV�DUH�TXLWH�VLPLODU�
+HUH�LQYHVWPHQWV�RI�((.�������ELOOLRQ�LQWR�SRZHU�SODQWV�ZLOO�EH�UHTXLUHG�XQWLO
�����

�� &2��HPLVVLRQ�ZLOO�LQFUHDVH�RYHU�WKH������OHYHO�LQ�WKH�ORQJ�UXQ��H[FHSW�XQGHU
KLJK�&2��WD[��7KH�HPLVVLRQV�ZLOO�VWLOO�VWD\�ZHOO�EHORZ�WKH�.\RWR�$JUHHPHQW
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WDUJHW�������0W���,QFUHDVLQJ�12;�HPLVVLRQV�PDLQO\�IURP�WUDQVSRUW��EXW�DOVR
IURP�LQFUHDVLQJ�QDWXUDO�JDV�FRQVXPSWLRQ�ZLOO�EH�D�VHULRXV�SUREOHP�XQGHU�IDVW
GHYHORSPHQW�RI�HFRQRP\�
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)LJXUH����7RWDO�&2��HPLVVLRQV�IURP�WKH�HQHUJ\�V\VWHP�XQGHU�KLJK�HQHUJ\�GHPDQG
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� 0$5.$/�0$&52�UHVXOWV

��� 0RGHO�LQSXW�GDWD

,Q�DGGLWLRQ�WR�WKH�GDWD�UHTXLUHG�IRU�WKH�UHSUHVHQWDWLRQ�RI�WKH�(VWRQLDQ�HQHUJ\�V\VWHP�LQ
0$5.$/��PDFURHFRQRPLF�GDWD�DUH�QHHGHG�WR�EXLOG�XS�WKH�0$&52�PRGHO��,QLWLDO�GDWD
IRU�WKH�0$&52�PRGHO�LV�GHVFULEHG�LQ�7DEOH����DQG�LQ�7DEOH����

7DEOH����%DVH�\HDU�SDUDPHWHUV

Gross Domestic product in 1995 (GDPO) 41,503 million EEK
Capital value share (KPVS) 0.25
Initial Capital-GDP ratio (KGDP) 2.5
Initial total Energy Costs (ECO) 15,506 million EEK
Initial Energy Prices (PREF) From MARKAL run
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7KH�LQLWLDO�WRWDO�HQHUJ\�FRVWV�DUH�WDNHQ�IURP�WKH�ODVW�0$5.$/�UXQ��7KH�LQLWLDO�HQHUJ\
SULFHV��35()��DUH�XVHG�DV�UHIHUHQFH�SULFHV�IRU�EHQFKPDUNLQJ�0$&52�PRGHO�IRU�WKH
VWDUW�\HDU��/DVW�0$5.$/�UXQ�HQHUJ\�SULFHV�LQ�WKH�ILUVW�SHULRG�VHUYH�DV�UHIHUHQFH�HQHUJ\
SULFHV�WR�WKH�0$&52�PRGHO�

7DEOH����$VVXPHG�SDUDPHWHUV

Depreciation of Capital (DEPR) 6 %
Elasticity of Substitution (ESUB) 0.25
Bound of demand decrease (DMTOL) 0.5
Potential GDP-growth rates (GROW) see Figure 35

7KH�3DUDPHWHU�'072/�FRQVLGHUV�KRZ�PXFK�HQHUJ\�GHPDQG�LV�DOORZHG�WR�GHFUHDVH�LQ
RQH�SHULRG��)RU�H[DPSOH�LI�LW�LV�DW������ZKLFK�LV�PLQLPXP��WKHQ�WKH�HQHUJ\�GHPDQG�FDQ
GHFUHDVH�WR�KDOI�RI�WKH�YDOXH�LQ�D�FHUWDLQ�SHULRG�

7KH�UHODWLRQ�RI�HQHUJ\�GHPDQG�DQG�HFRQRPLF�JURZWK�FDQ�EH�GHFRXSOHG�WKURXJK
FKDQJHV�LQ�UHODWLYH�HQHUJ\�SULFHV��PRGHOOHG�ZLWK�WKH�HODVWLFLW\�VXEVWLWXWLRQ�SDUDPHWHU
�(68%���,W�GHWHUPLQHV�WKH�HDVH�RU�GLIILFXOW\�RI�VXEVWLWXWLRQ�EHWZHHQ�WKH�FDSLWDO�ODERXU
DJJUHJDWH�DQG�WKH�HQHUJ\�DJJUHJDWH��JLYHQ�D�FKDQJH�LQ�UHODWLYH�SULFHV��7KH�GLIILFXOW\�LQ
HVWLPDWLQJ�WKH�SDUDPHWHU��(68%��LV�GXH�WR�WKH�IDFW�WKDW�QHLWKHU�WKH�HQHUJ\�VHUYLFH�QRU
LWV�SULFH�LV��VWDWLVWLFDO�LQIRUPDWLRQ��,W�FDQ�YDU\�EHWZHHQ���DQG����%XW�LQ�SUDFWLFH�LW�LV�XVHG
EHWZHHQ������DQG������WKLV�LQWHUYDO�LV�UHFRPPHQGHG�E\�(76$3���7KH�KLJKHU�WKH
QXPEHU��WKH�PRUH�HDVLO\�HQHUJ\�GHPDQG�LV�VXEVWLWXWHG�E\�FDSLWDO�DQG�ODERXU�

$SDUW�IURP�WKH�VXEVWLWXWLRQ�EHWZHHQ�FDSLWDO�ODERXU�DQG�HQHUJ\��GHFRXSOLQJ�HIIHFWV�QRW
GLUHFWO\�FDXVHG�E\�FKDQJHV�LQ�HQHUJ\�SULFHV�FDQ�EH�GLVWLQJXLVKHG��,Q�0$5.$/�
0$&52�WKH�QRW�SULFH�LQGXFHG�GHPDQG�GHFRXSOLQJ�IDFWRUV��'')��DUH�VXPPDULVHG�LQ
WKH�SDUDPHWHUV�'')��7KH\�DUH�XVHG�WR�PRGHO�WHFKQRORJLFDO�GHYHORSPHQWV�DQG
VWUXFWXUDO�FKDQJHV�ZLWKLQ�HQG�XVH�VHFWRUV�WKDW�DIIHFW�WKH�OHYHO�RI�HQHUJ\�GHPDQG��7R
JHQHUDWH��'')��GDWD�WKH�ODVW�UXQ�RI�WKH��0$5.$/�PRGHO�LV�QHHGHG��7KH�(VWRQLDQ
0$5.$/�0$&52�YHUVLRQ�HVWLPDWHV�WKH�'')V�XVLQJ�WKH�.\SUHRV�DOJRULWKP��.\SUHRV�
�������7KH�.\SUHRV�PHWKRG�LQFOXGHV�WKH�OLQNDJH�RI�HQHUJ\�GHPDQG�DQG�*'3��'')V�DUH
HLWKHU�SRVLWLYH��PHDQLQJ�WKDW�HQHUJ\�GHPDQG�DW�FRQVWDQW�SULFHV�JURZV�VORZHU�WKDQ�WKH
*'3��RU�QHJDWLYH��PHDQLQJ�WKDW�LW�JURZV�IDVWHU�WKDQ�WKH�*'3��9RV��������

��� 0RGHO�UHVXOWV

7KH�FRVWV�RI�HPLWWLQJ�OHVV�&2��WR�WKH�DWPRVSKHUH�UHSUHVHQW�LGHDOO\�WKH�GLUHFW�FRVWV�RI
WDNLQJ�PHDVXUHV�WR�UHGXFH�HPLVVLRQV��L�H��FDUERQ�WD[��DQG�WKH�EHQHILWV�REWDLQHG�E\
UHGXFLQJ�WKH�HQYLURQPHQWDO�GDPDJH�E\�UHGXFLQJ�&2��HPLVVLRQV��7KH�FDOFXODWLRQV�ZLWK
WKH�0$5.$/�0$&52�PRGHO�GR�QRW�SURYLGH�D�IXOO�SLFWXUH�RI�WKH�UHGXFWLRQ�FRVWV��7KH\
SURYLGH�RQO\�WKH�FRVWV�GLUHFWO\�UHODWHG�WR�WKH�UHGXFWLRQ�DQG�QRW�WKH�FRVWV�UHODWHG�WR�WKH
H[WHUQDO�HIIHFWV�RI�&2��HPLVVLRQV�VLQFH�WKHVH�DUH�H[WUHPHO\�GLIILFXOW�WR�HVWLPDWH�DQG
VXUURXQGHG�E\�XQFHUWDLQWLHV�

7KH�WRWDO�&2��UHGXFWLRQ�FRVWV�DUH�IRXQG�E\�VXEWUDFWLQJ�WKH�FRVWV�RI�WKH�FDVH�FRQVLGHUHG
ZLWK�WKH�FRVWV�RI�DQRWKHU�FDVH��LQ�WKLV�FDVH�WKH�EDVH�FDVH��7KH�&2��UHGXFWLRQ�FRVWV�LQ�WKH
WZR�PRGHOV�DUH�GHGXFWHG�LQ�GLIIHUHQW�ZD\V��,Q�0$5.$/��WKH�&2��WD[�UHYHQXHV�DUH
LQFOXGHG�LQ�WKH�WRWDO�HQHUJ\�V\VWHP�FRVW�ZKHUHDV�LQ�0$5.$/�0$&52�WKH\�DUH�QRW
VLQFH�WKH\�DUH�UHWXUQHG�WR�WKH�HFRQRP\��$FFRUGLQJ�WR�WKHVH�GLIIHUHQFHV��WKH�EHVW
PHDVXUH�IRU�0$5.$/�LV�WKH�FRPSDULVRQ�RI�HQHUJ\�V\VWHP�FRVWV�DQG�IRU�0$5.$/�
0$&52�WKH�FRPSDULVRQ�RI�WKH�JURVV�GRPHVWLF�SURGXFW��9RV��������
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0$5.$/�0$&52�UXQV�ZHUH�PDGH�IRU�EDVHOLQH��PRGHO�FDOLEUDWLRQ���/RZ�&2��WD[�DQG
+LJK�&2��WD[�VFHQDULRV��6RPH�EDVLF�UHVXOWV�DUH�GHSLFWHG�LQ�)LJXUH����WR�)LJXUH�����7KH
PDLQ�FRQFOXVLRQV�IURP�LQYHVWLJDWLQJ�WKH�LPSDFW�RI�&2��UHGXFWLRQ�RQ�(VWRQLDQ�HQHUJ\
V\VWHP�DQG�QDWLRQDO�HFRQRP\�ZLWK�0$5.$/�0$&52�DUH�WKH�IROORZLQJ�

• &2��UHGXFWLRQ�PHDVXUHV�ZLOO�ULVH�HQHUJ\�SULFHV�FRPSDUHG�ZLWK�WKH�EDVHOLQH
VFHQDULR�VR�PXFK�WKDW�HQHUJ\�GHPDQG�PXVW�GHFUHDVH�

• 7KH�KLJKHU�WKH�&2��WD[�LV�WKH�PRUH�H[SHQVLYH�UHGXFWLRQ�RSWLRQV�ZLOO�EH�XVHG�
• +LJK�HQHUJ\�SULFHV��FRVWO\�WHFKQRORJLHV�DQG�UHGXFHG�GHPDQG�FDXVH�WKH

ORZHULQJ�RI�*'3�FRPSDUHG�ZLWK�EDVHOLQH�GHYHORSPHQW�
• 7R�IROORZ�WKH�EDVHOLQH�*'3�SURMHFWLRQ�XQGHU�PLWLJDWLRQ�VFHQDULRV�WKH�HQHUJ\

GHPDQG�VKRXOG�EH�ORZHU�WKDQ�SURMHFWHG�LQLWLDOO\��HQHUJ\�LQWHQVLW\�RI�*'3�PXVW
EH�UHGXFHG��RU�YLFH�YHUVD��WR�VDWLVI\�WKH�LQLWLDO�GHPDQG�SURMHFWLRQV�XQGHU
PLWLJDWLRQ�VFHQDULRV��WKH�*'3�PXVW�JURZ�IDVWHU�WKDQ�SURMHFWHG�

• )XHO�FKRLFH�DQG�WHFKQRORJ\�GHFLVLRQV�IRU�WKH�VDPH�PLWLJDWLRQ�VFHQDULR�DUH
VRPHZKDW�GLIIHUHQW�LQ�0$5.$/�DQG�0$5.$/�0$&52�UHVXOWV��0$5.$/�
0$&52�SUHIHUV�´OLJKWHUµ�LQYHVWPHQWV�

• &RPSDUHG�ZLWK�0$5.$/�UHVXOWV��WKH�FKDQJHV�LQ�WKH�HQHUJ\�V\VWHP�DUH
VPRRWKHU�

• /RQJ�UXQ�&2��HPLVVLRQV�GLIIHU�IURP�FRUUHVSRQGLQJ�0$5.$/�UHVXOWV��+HUH�WKH
HPLVVLRQV�XQGHU�/RZ�DQG�+LJK�&2��WD[�VFHQDULRV�DUH�FORVHU�WR�HDFK�RWKHU��7KH
GLIIHUHQFHV�DUH�FDXVHG�PDLQO\�E\�GLIIHUHQW�IURP�0$5.$/�XVH�RI�RLO�VKDOH�DQG
FRDO�XQGHU�/RZ�&2��WD[�VFHQDULR��FRPSDUH�)LJXUH����DQG�)LJXUH�����

• ,Q�UHDOLW\��(VWRQLD·V�KDQGV�DUH�QRW�VR�IUHH�LQ�UHFRQVWUXFWLQJ�LWV�HQHUJ\�V\VWHP�DV
LW�ZDV�DVVXPHG�IRU�PRGHO�FDOFXODWLRQV��6HYHUDO�GULYLQJ�IRUFHV�RI�HQHUJ\�SROLF\
OLNH�VRFLDO�FRVWV�RI�GHFLVLRQV��IRUWKFRPLQJ�SRZHU�VHFWRU�SULYDWLVDWLRQ��VXSSO\
VHFXULW\�DQG�DOVR�QDWLRQDO�VHFXULW\�FRQVLGHUDWLRQV��HWF��FRXOG�QRW�EH�PRGHOOHG�
)RU�H[DPSOH��D�IDVW�VKLIW�WR�LPSRUWHG�IXHOV��QDWXUDO�JDV��UHFRPPHQGHG�E\�WKH
PRGHO�XQGHU�PLWLJDWLRQ�VFHQDULRV�FDQ�EH�XQDFFHSWDEOH�GXH�WR�FRQVLGHUDWLRQV
PHQWLRQHG�DERYH��0RGHO�UHVXOWV�VKRZ�XV�WKH�LGHDO�OHDVW�FRVW�VROXWLRQ�XQGHU
FHUWDLQ�DVVXPSWLRQV�DQG�UHVWULFWLRQV�WKDW�FDQ�VHUYH�DV�D�JXLGHOLQH�IRU�DFWXDO
FKDQJHV�

� &RVW�RI�&2��UHGXFWLRQ

$V�LW�ZDV�PHQWLRQHG�DOUHDG\�LQ�6HFWLRQ����*+*�UHGXFWLRQ�FDQ�EH�DQDO\VHG�ZLWK
0$5.$/�LQ�WZR�ZD\V�

�� &RQYHQWLRQDO�DSSURDFK��7KH�,QWHJUDWHG�6\VWHPV�$SSURDFK���ZKHQ�FRVW�GDWD�DUH
FKDQJHG��0$5.$/�HQDEOHV�WR�PRGHO�WKH�PDUJLQDO�FRVW�RI�&2��UHGXFWLRQ�DV�LQSXW
GDWD�LQ�WKH�IRUP�RI�&2��WD[��VHH�PRGHO�GHVFULSWLRQ�LQ�6HFWLRQ�������,Q�WKDW�FDVH�WKH
PRGHO�ILQGV�WKH�RSWLPDO�VROXWLRQ�IRU�HDFK�JLYHQ�&2��PDUJLQDO�FRVW�OHYHO�DQG�ZH
FDQ�ILQG�RXW�IURP�WKH�UHVXOWV�WKH�FRUUHVSRQGLQJ�UHGXFWLRQ�RI�HPLVVLRQV�DQG�ZKDW
FKDQJHV�ZLOO�WDNH�SODFH�LQ�WKH�HQHUJ\�V\VWHP�

�� )RUFHG�LQWURGXFWLRQ�RI�WHFKQRORJLHV��7KH�3DUWLDO�6ROXWLRQ�$SSURDFK��WKDW�GR�QRW
DSSHDU�LQ�WKH�RSWLPDO�VROXWLRQ�RU�ZKRVH�PDUNHW�SHQHWUDWLRQ�LV�WRR�VPDOO�XQGHU
DVVXPSWLRQV�PDGH�GXH�WR�WKHLU�KLJK�FRVW��,Q�WKLV�FDVH�FRVW�DQDO\VLV�RI�HDFK�&2�

UHGXFWLRQ�RSWLRQ�FDQ�EH�PDGH�E\�FRPSDULQJ�WKH�WRWDO�V\VWHP�FRVW�DQG�HPLVVLRQV
GDWD�LQ�WKH�EDVHOLQH�DQG�PLWLJDWLRQ�VFHQDULRV�FRQWDLQLQJ�WKLV�SDUWLFXODU�RSWLRQ�
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0W

%DVHOLQH

0$5.$/�/RZ�&2��WD[

0$5.$/�+LJK�&2��WD[

0$&52�/RZ�&2��WD[

0$&52�+LJK�&2��WD[

+HUH�WKH�UHVXOWV�RI�ERWK�DSSURDFKHV�DUH�SUHVHQWHG�ZLWK�ELJJHU�HPSKDVLV�RQ�WKH�VHFRQG
RQH�

7KH�PDUJLQDO�FRVW�FXUYHV�RI�&2��UHGXFWLRQ�IRU�WKH�\HDU������FDOFXODWHG�XVLQJ�WKH
FRQYHQWLRQDO�DSSURDFK�DUH�GHSLFWHG�LQ�)LJXUH�����(YHU\�FRVW�OHYHO�FDXVHV�HFRQRPLFDOO\
RSWLPDO�FKDQJHV�LQ�WKH�HQHUJ\�V\VWHP��5HGXFWLRQ�RI�&2��LV�DFKLHYHG�GXH�WR�FKDQJHV�LQ
WHFKQRORJ\�DQG�IXHO�PL[�RQ�ERWK�WKH�VXSSO\�DQG�GHPDQG�VLGH�RI�WKH�V\VWHP��7KH
FKDQJHV�WKDW�WDNH�SODFH�LQ�WKH�V\VWHP�ZKHQ�&2��WD[�ULVHV�DUH�GHVFULEHG�LQ�6HFWLRQ����WKH
XVH�RI�QDWXUDO�JDV�ZLOO�LQFUHDVH��ZRRG�XVH�ZLOO�JURZ�WR�WKH�VXVWDLQDEOH�OLPLW��QXFOHDU
SRZHU�ZLOO�EH�LQWURGXFHG��DQG�K\GUR�DQG�ZLQG�HQHUJ\��KLJK�FRVW�HQHUJ\�FRQVHUYDWLRQ
PHDVXUHV��DQG�HYHQ�ELRPDVV�&+3�ZLOO�EHFRPH�DWWUDFWLYH�
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0DUJLQDO�FRVWV�RI�VSHFLILF�&2��UHGXFWLRQ�RSWLRQV�WKDW�GR�QRW�DSSHDU�RU�DUH�QRW
DFFRXQWHG�LQ�WKH�EDVHOLQH�RSWLPDO�VROXWLRQ��FDQ�EH�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�WKH
IRUPXOD�IURP�0HWKRGRORJLFDO�*XLGHOLQHV�RI�WKH�SUHVHQW�VWXG\��7HFKQLFDO�*XLGHOLQHV�
������

05&W� ��&5ªW���&5W�����5W���5ªW��

ZKHUH

05&W PDUJLQDO�UHGXFWLRQ�FRVW�LQ�WKH�\HDU�W�

5W WRWDO�&2��HPLVVLRQV�LQ�WKH�\HDU�W�XQGHU�EDVHOLQH�VFHQDULR�

5ªW WRWDO�&2��HPLVVLRQV�LQ�WKH�\HDU�W�XQGHU�VFHQDULR�ZLWK�VSHFLILF
RSWLRQ�

&5W WRWDO�V\VWHP�FRVW�LQ�WKH�\HDU�W�XQGHU�EDVHOLQH�VFHQDULR�

&5ªW WRWDO�V\VWHP�FRVW�LQ�WKH�\HDU�W�XQGHU�VFHQDULR�ZLWK�VSHFLILF
RSWLRQ�

+HUH�5ªW�DQG�&5ªW�FRUUHVSRQG�WR�WKH�OHDVW�FRVW�0$5.$/�VROXWLRQ�ZKHUH�VSHFLILF
UHGXFWLRQ�RSWLRQ�LV�DGGHG�WR�WKH�EDVHOLQH�DVVXPSWLRQV�

&DOFXODWLRQV�ZHUH�PDGH�RQ�D�SURMHFW�E\�SURMHFW�EDVLV�DQG�DQDO\VLV�ZDV�PDGH�IRU�WKH
\HDUV������DQG�������6KRUW�DQG�ORQJ�WHUP�UHGXFWLRQ�RSWLRQV�FDQ�EH�IRXQG�LQ�7DEOH���
DQG�7DEOH�����7KH�FRUUHVSRQGLQJ�PDUJLQDO�&2��UHGXFWLRQ�FRVW�FXUYHV�DUH�GHSLFWHG�LQ
)LJXUH����DQG�)LJXUH����

,W�VKRXOG�EH�PHQWLRQHG�WKDW�FRVWV�RI�UHGXFWLRQ�RSWLRQV�FRQFHUQLQJ�HOHFWULFLW\�H[SRUW�
LPSRUW�DUH�ILFWLYH��EHFDXVH�WKH�H[SRUW�LPSRUW�SULFHV�DUH�FRQILGHQWLDO�DQG�DOVR�WKH�IXWXUH
SULFH�SURMHFWLRQV�DUH�WKH�DXWKRUV·�VSHFXODWLRQV��6DYLQJ�DQG�SHQHWUDWLRQ�IDFWRUV��DQG
FRVWV�RI�FRQVHUYDWLRQ�PHDVXUHV�ZHUH�WDNHQ�IURP��6WUDWHJ\�IRU�(QHUJ\�&RQVHUYDWLRQ«�
�������&2��UHGXFWLRQ�PHDVXUHV�XVLQJ�QDWXUDO�JDV�DV�ZHOO�DV�VPDOO�K\GUR�SODQWV�ZHUH
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QRW�FRQVLGHUHG�KHUH�DV�VSHFLILF�RSWLRQV�EHFDXVH�WKH\�ZHUH�H[WHQVLYHO\�LQWURGXFHG
DOUHDG\�XQGHU�WKH�EDVHOLQH�VFHQDULR�

7DEOH����/LVW�RI�VKRUW�WHUP�&2��UHGXFWLRQ�RSWLRQV�FRPSDULQJ�ZLWK�WKH�EDVHOLQH�VFHQDULR

ELEXP Electricity export is restricted
PFBC PFBC reconstruction of oil shale plants 200 MW
BIOCHP Biomass Combined Heat and Power plant 10 MW
WIND L Wind turbines on coastline 50 MW
ELIMP L Electricity import 3.6 PJ at low price
ELIMP H Electricity import 3.6 PJ at high price
CONS1 Energy conservation I (third glass to windows)
CONS2 Energy conservation II (new insulation in houses)
CONS3 Energy conservation III (temperature control valves on radiators)
CONS4 Energy conservation IV (rectification of pipe insulation in basements)
CONS5 Energy conservation V (rehabilitation of water heating systems)
CONS6 Energy conservation VI (installation of mechanical ventilation-exhaust

and fresh air inlet grilles-with manual control)
CONS7 Energy conservation VII (renovation of roofs)
CONS8 Energy conservation VIII (additional attic insulation)

7DEOH����/LVW�RI�ORQJ�WHUP�&2��UHGXFWLRQ�RSWLRQV�FRPSDULQJ�ZLWK�WKH�EDVHOLQH�VFHQDULR

ELEXP Electricity export is restricted
NUCLEA
R

Nuclear power plant 600 MW

PFBC PFBC reconstruction of oil shale plants 500 MW
BIOCHP Biomass Combined Heat and Power plant 50 MW
WIND L Wind turbines on coastline 50 MW
WIND
L+S

Wind turbines on coastline 150 MW and on sea 150 MW

ELIMP L Electricity import 7.2 PJ at low price
ELIMP H Electricity import 7.2 PJ at high price
CONS1 Energy conservation I (third glass to windows)
CONS2 Energy conservation II (new insulation to houses)
CONS7 Energy conservation VII (renovation of roofs)
CONS8 Energy conservation VIII (additional attic insulation)

7KH�UHVXOWV�VKRZ�WKDW�PRVW�RI�WKH�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�VKRXOG�EH
LPSOHPHQWHG��7KH�PDLQ�SUREOHP�KHUH�FDQ�EH�WKH�ILQDQFLQJ�RI�WKRVH�SURMHFWV�

/DUJH�DPRXQWV�RI�&2��HPLVVLRQV�FRXOG�EH�FXW�RII�E\�UHVWULFWLQJ�HOHFWULFLW\�H[SRUW�DQG
RSHQLQJ�LPSRUW�LQVWHDG��7KLV�RSWLRQ�VWLOO�PHDQV�WKDW�&2��ZLOO�EH�HPLWWHG�VRPHZKHUH
HOVH�DQG�LW�ZLOO�DOVR�DIIHFW�WKH�ZKROH�HFRQRP\��VWDWH�EXGJHW��IRUHLJQ�WUDGH�EDODQFH�
HQHUJ\�SULFHV�HWF����&KDQJHV�LQ�HOHFWULFLW\�H[SRUW�LPSRUW�VKRXOG�EH�UHJXODWHG�E\�PDUNHW�

(VWRQLDQ�(QHUJ\�6WUDWHJ\��(QHUJ\�6WUDWHJ\�IRU�(VWRQLD��������DQG�(QHUJ\�6\VWHP
'HYHORSPHQW�3ODQ�DGRSWHG�LQ�WKH�3DUOLDPHQW�LQ�)HEUXDU\�������/RQJ�7HUP
'HYHORSPHQW�3ODQ�����������ERWK�HQYLVDJH�WKH�FRQWLQXDWLRQ�RI�RLO�VKDOH�SRZHU
HQJLQHHULQJ�GXULQJ�D�IHZ�GHFDGHV��WKRXJK�QRW�LQ�WKH�SUHVHQW�YROXPH��&RQVLGHULQJ�WKDW�
UHSODFLQJ�RI�&)%&�UHFRQVWUXFWLRQ�RI�H[LVWLQJ�SRZHU�SODQWV�ZLWK�3)%&�UHFRQVWUXFWLRQ�LV
WKH�PRVW�DWWUDFWLYH�RSWLRQ�LQ�HQHUJ\�FRQYHUVLRQ�VHFWRU�IRU�UHGXFLQJ�&2���EXW�DOVR�RWKHU
HPLVVLRQV�LQ�WKH�VKRUW�WHUP�



���

)LJXUH����0DUJLQDO�FRVW�RI�&2��UHGXFWLRQ�E\�DGGLWLRQDO�VSHFLILF�PHDVXUHV�LQ�����

(/(;3
3)%&

%,2&+3

(/,03�+(/,03�/

&216�

&216�

&216�
&216�

&216�

&216�

:,1'�/
&216�

&216�

����

����

���

���

���

���

�

��

��

��

��

���

���

���

���

��� ��� ��� ��� ��� ��� ��� ���

5HGXFWLRQ�RI�&2���0W

��
W&

2

�

)LJXUH����0DUJLQDO�FRVW�RI�&2��UHGXFWLRQ�E\�DGGLWLRQDO�VSHFLILF�PHDVXUHV�LQ�����

:,1'�/

18&/($5
(/,03�+ 3)%&

&216�

(/,03�/

&216�

%,2&+3
(/(;3

&216�

&216�

:,1'�/�6

����

����

����

���

���

���

���

�

��

��

��

� � � � � � � � � � �� ��

5HGXFWLRQ�RI�&2���0W

��
W&

2

�

,Q�WKH�ORQJ�UXQ��*+*�HPLVVLRQV�FRXOG�EH�UDGLFDOO\�UHGXFHG�E\�LQWURGXFLQJ�QXFOHDU
SRZHU��7KLV�RSWLRQ�QHHGV�DVLGH�HFRQRPLF�FRQVLGHUDWLRQV�DOVR�D�SROLWLFDO�GHFLVLRQ�

:LQG�HQHUJ\�DQG�VPDOO�VFDOH�ELRPDVV�&+3�DORQJ�ZLWK�VRPH�KLJK�FRVW�FRQVHUYDWLRQ
PHDVXUHV�DSSHDU�WR�EH�WKH�PRVW�H[SHQVLYH�PHDVXUHV�RI�&2��UHGXFWLRQ�FRQVLGHUHG�KHUH�
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)LJXUH����DQG�)LJXUH����GR�QRW�VKRZ�WKH�WRWDO�&2��UHGXFWLRQ�SRWHQWLDO�FRUUHFWO\�
EHFDXVH�PRGHO�UXQV�IRU�DOO�RSWLRQV�ZHUH�PDGH�VHSDUDWHO\�DQG�FRPSDUHG�ZLWK�EDVHOLQH�
$OO�RSWLRQV�FRQFHUQLQJ�SRZHU�SODQWV�DQG�HOHFWULFLW\�LPSRUW�DQG�H[SRUW�DIIHFW�VWURQJO\
HDFK�RWKHU��VRPH�PHDVXUHV�FDQ�HYHQ�H[FOXGH�RWKHUV��H�J��3)%&�UHSODFHV�&)%&��EXW
QXFOHDU�UHSODFHV�DOPRVW�DOO�RLO�VKDOH�DQG�FRDO��HWF����7RWDO�&2��UHGXFWLRQ�SRWHQWLDO
VKRXOG�EH�HYDOXDWHG�RQO\�E\�XVLQJ�WKH�FRQYHQWLRQDO�DSSURDFK�WR�0$5.$/�PRGHOOLQJ
�VHH�)LJXUH�����

0DUJLQDO�FRVWV�RI�&2��UHGXFWLRQ�E\�WKH�VDPH�RSWLRQ�FDQ�EH�GLIIHUHQW�LQ�GLIIHUHQW�\HDUV�
7KH�UHDVRQ�RI�WKDW�LV�PDLQO\�YDULDWLRQ�RI�GLIIHUHQFH�EHWZHHQ�WRWDO�V\VWHP�FRVWV�RI
VFHQDULRV�ZLWK�DQG�ZLWKRXW�PLWLJDWLRQ�RSWLRQ��EXW�DOVR�GLIIHUHQW�XWLOLVDWLRQ�RI�WKH
RSWLRQ�E\�0$5.$/�PRGHO��)RU�H[DPSOH��WKH�PDUJLQDO�FRVW�RI�&2��UHGXFWLRQ�E\
H[SHQVLYH�ELRPDVV�ILUHG�&+3�LV�PXFK�KLJKHU�LQ������WKDQ�LQ������GXH�WR�ORZ�EDVHOLQH
V\VWHP�FRVW�LQ������DQG�ORZ�XWLOLVDWLRQ�RI�WKH�SODQW�FDSDFLW\�WKHQ��LWV�HQHUJ\�LV�WRR
H[SHQVLYH��

�� &RQFOXVLRQV�IURP�PRGHOOLQJ

'XULQJ������������HQHUJ\�GHPDQG�IHOO�GXH�WR�HFRQRPLF�GHFOLQH�DQG�VKDUS�ULVH�LQ�WKH
IXHO�DQG�HQHUJ\�SULFHV�DV�ZHOO�DV�D�GHFUHDVH�LQ�HOHFWULFLW\�H[SRUWV��WKLV�UHVXOWHG��LQ�FD
����UHGXFWLRQ�RI�&2��HPLVVLRQV��)RU�WKH�VDPH�UHDVRQV��(VWRQLD�KDV�EHHQ�DEOH�WR�PHHW
WKH�UHTXLUHPHQWV�VHW�LQ�WKH�DJUHHPHQWV�RQ�62��DQG�12;�HPLVVLRQV�ZLWK�QR�VSHFLDO
PHDVXUHV�RU�FRVWV��7R�PHHW�WKH�PRUH�ULJLG�62��UHVWULFWLRQV�DQG�JURZLQJ�HQHUJ\
FRQVXPSWLRQ�LQ�WKH�IXWXUH��(VWRQLD�PXVW�LQYHVW�LQ�DEDWHPHQW�DQG�LQ�QHZ�FOHDQ�DQG
HIILFLHQW�RLO�VKDOH�FRPEXVWLRQ�WHFKQRORJ\��$ORQJ�ZLWK�WKH�ROG�RLO�VKDOH�SODQWV�FORVLQJ
DQG�HOHFWULFLW\�FRQVXPSWLRQ�JURZLQJ��RWKHU�IXHOV�ZLOO�EH�XVHG��7KH�LQFUHDVH�LQ�HQHUJ\
GHPDQG�WKHQ�VKRXOG�QRW�EH�IDVW�GXH�WR�FRQVWDQWO\�ULVLQJ�SULFHV�DQG�HIILFLHQW�HQHUJ\�XVH�
0HDVXUHV�WR�UHGXFH�62��DQG�12;�HPLVVLRQV�ZLOO�DOVR�UHGXFH�&2���,Q�0$5.$/�UXQV
WKH�.\RWR�$JUHHPHQW�OHYHO�RI�&2��HPLVVLRQV�ZLOO�QRW�EH�H[FHHGHG��5HVWULFWHG
DYDLODELOLW\�RI�LPSRUWHG�IXHOV�DQG�QXFOHDU�SRZHU�RU�HQDEOLQJ�ODUJH�VFDOH�HOHFWULFLW\
LPSRUW�FDQ�FKDQJH�WKH�UHVXOWV�VLJQLILFDQWO\��7KH�UHVXOWV�SUHVHQWHG�KHUH�FDQ�DOVR�FKDQJH
EHFDXVH�WKH�GDWDEDVH�LV�EHLQJ�LPSURYHG�

7KH�UHDO�GHYHORSPHQW�RI�(VWRQLDQ�HFRQRP\�LQ�UHFHQW�\HDUV�KDV�VKRZQ�TXLWH�PRGHVW
*'3�JURZWK�LQ������DQG�������EXW�D�VKDUS�LQFUHDVH��FD������LQ�������$W�WKDW�WLPH
HQHUJ\�FRQVXPSWLRQ�UHPDLQHG�VWDEOH��)URP�WRGD\·V�SURVSHFWLYH�%DVH�FDVH�+LJK�(QHUJ\
'HPDQG�VFHQDULR�GHYHORSPHQW�RI�WKH�HQHUJ\�V\VWHP�VHHPV�WR�EH�PRVW�SUREDEOH�IRU�WKH
QHDU�IXWXUH��$FWXDO�FKDQJHV�DQG�GHFLVLRQV�ZLOO�EH�VWURQJO\��VWLOO�XQSUHGLFWDEO\��DIIHFWHG
E\�IRUWKFRPLQJ�SULYDWLVDWLRQ�RI�WKH�SRZHU�VHFWRU��5HDO�DFWLRQV�ZLOO�EH�DOVR�DIIHFWHG�E\
WKHLU�VRFLDO�FRVWV�DQG�SROLWLFDO�FRQVLGHUDWLRQV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PRGHOOLQJ�
)RU�H[DPSOH��VRFLDO�FRVWV�RI�SKDVLQJ�RXW�RLO�VKDOH�PLQLQJ��SURFHVVLQJ�DQG�SRZHU
JHQHUDWLRQ�ZHUH�XQFHUWDLQ�DQG�FRXOG�QRW�EH�FRQVLGHUHG��)URP�WKH�YLHZSRLQW�RI�VXSSO\
DQG�DOVR�QDWLRQDO�VHFXULW\��KLJK�GHSHQGHQFH�RI�WKH�SRZHU�DQG�KHDWLQJ�VHFWRU�RQ�QDWXUDO
JDV��HFRQRPLFDOO\�RSWLPDO�XQGHU�VWULFW�HQYLURQPHQWDO�UHVWULFWLRQV�DQG�WD[HV��LV�QRW
GHVLUDEOH�XQWLO�(VWRQLD�KDV�RQO\�RQH�JDV�VXSSOLHU���5XVVLD��&KDQJHV�SURSRVHG�LQ
PLWLJDWLRQ�VFHQDULRV�FRXOG�EH�LPSOHPHQWHG�RQO\�ZKHQ�(VWRQLD�KDV�DW�OHDVW�RQH�PRUH
JDV�VXSSOLHU��H�J��DQRWKHU�SLSHOLQH�IURP�:HVWHUQ�(XURSH�RU�FRQVWUXFWLRQ�RI�D�%DOWLF�*DV
5LQJ���,QFUHDVH�RI�WKH�VKDUH�RI�LPSRUWHG�IXHOV�LQ�WKH�HQHUJ\�EDODQFH��ZKLFK�LV�HVSHFLDOO\
KLJK�XQGHU�PLWLJDWLRQ�VFHQDULRV��FRXOG�EH�UHVWULFWHG�E\�QDWLRQDO�IRUHLJQ�WUDGH�EDODQFH�
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0DFURHFRQRPLF�$VVHVVPHQW
RI�WKH�5HVXOWV

� 'HYHORSPHQW�VFHQDULRV

7KH�HFRQRPLF�GHYHORSPHQW�RI�(VWRQLD�ZLOO�GHSHQG�WR�D�ODUJH�H[WHQW�RQ�GLIIHUHQW
GLUHFWLRQV�RI�WKH�LQWHJUDWLRQ�SURFHVV�RI�(VWRQLD�ZLWK�RWKHU�JURXSV�RI�FRXQWULHV�OLNH�WKH
(8��WKH�%DOWLF�VWDWHV��5XVVLD�DQG�WKH�&RPPRQZHDOWK�RI�,QGHSHQGHQW�6WDWHV��&,6���7KH
LQWHJUDWLRQ�RI�(VWRQLD�ZLOO�EH�PDLQO\�LQIOXHQFHG�E\�(VWRQLD·V�IXWXUH�UROH�LQ�LWV�HFRQRPLF
VSDFH�FRQQHFWHG�ZLWK�WKH�:HVW�DQG�WKH�(DVW��7R�FRSH�ZLWK�WKHVH�XQFHUWDLQ
GHYHORSPHQWV��WZR�VFHQDULRV��FDOOHG�WKH�EDVHOLQH�VFHQDULR�DQG�WKH�KLJK�HQHUJ\�GHPDQG
JURZWK�VFHQDULR��KDYH�EHHQ�GHYHORSHG��%RWK�VFHQDULRV�DVVXPH�WKDW�JOREDO�SROLWLFDO�DQG
HFRQRPLF�GHYHORSPHQW�KDV�D�VWURQJ�LQIOXHQFH�RQ�WKH�HFRQRPLF�GHYHORSPHQW�LQ�(VWRQLD
RQ�WRWDO�DQG�RQ�VHFWRUDO�OHYHO��3XUMX��������

7KH�EDVHOLQH�VFHQDULR�DVVXPHV�(VWRQLD·V�FORVH�LQWHJUDWLRQ�ZLWK�:HVWHUQ�SROLWLFDO�DQG
HFRQRPLF�VWUXFWXUHV��HVSHFLDOO\�ZLWK�WKH�(8��ZKLOH�UHODWLRQV�ZLWK�5XVVLD�DQG�RWKHU�&,6
FRXQWULHV�ZLOO�EH�UHODWLYHO\�ZHDN��,Q�WKH�IUDPHZRUN�RI�WKLV�VFHQDULR��WKH�*'3�LV
H[SHFWHG�WR�JURZ�RQ�DYHUDJH������DQQXDOO\��7KH�UHODWLYHO\�PRGHVW�JURZWK�RI�WKH
HFRQRP\�LV�UHODWHG�ILUVW�RI�DOO�WR�WKH�VPDOO�VL]H�RI�(VWRQLDQ��DQG�WKH�RWKHU�%DOWLF�VWDWHV�
PDUNHW��7KH�VHUYLFH�VHFWRU�ZLOO�EH�RI�JUHDWHU�LPSRUWDQFH�DQG�WKH�VKDUH�RI
PDQXIDFWXULQJ�ZLOO�GHFUHDVH�IXUWKHU��(VWRQLD�ZLOO�QRW�KDYH�ZLGHU�DFFHVV�WR�5XVVLDQ
PDUNHW�XQGHU�WKH�FRQGLWLRQV�RI�WKH�EDVHOLQH�VFHQDULR�DQG�WKLV�ZLOO�GLPLQLVK�LQFHQWLYHV
RI�ODUJH�LQWHUQDWLRQDO�FRPSDQLHV�WR�LQYHVW�LQWR�(VWRQLD��6FDQGLQDYLDQ�IRUHLJQ
LQYHVWPHQWV�ZLOO�EH�GRPLQDWLQJ�DQG�LQIOXHQFH�WKH�VWUXFWXUH�RI�(VWRQLDQ�HFRQRP\�

7KH�KLJK�HQHUJ\�GHPDQG�JURZWK�VFHQDULR�DVVXPHV�WKDW�(VWRQLD·V�HFRQRP\�ZLOO�EH
RULHQWHG�WRZDUGV�ERWK�WKH�:HVW�DQG�WKH�(DVW��7KH�IORZV�RI�WUDQVLW�JRRGV�DQG�VHUYLFHV
DQG�UHODWHG�WR�WKLV�VHUYLFHV�ZLOO�KDYH�D�JUHDWHU�UROH�LQ�WKH�HFRQRP\��8QGHU�WKLV�VFHQDULR�
WKH�DYHUDJH�DQQXDO�*'3�JURZWK�LV�H[SHFWHG�WR�EH�������7KH�FORVHU�UHODWLRQVKLSV�ZLWK
WKH�&,6�PDUNHWV�ZLOO�DWWUDFW�LQWR�(VWRQLD�PRUH�ODUJH�LQWHUQDWLRQDO�FRUSRUDWLRQV�DQG
IRUHLJQ�LQYHVWPHQWV�RI�WKRVH�FRPSDQLHV�ZLOO�KDYH�DQ�LQFUHDVLQJ�UROH�LQ�WKH�(VWRQLDQ
HFRQRP\��2Q�WKH�RWKHU�KDQG��LQWHJUDWLRQ�ZLWK�WKH�(8�DQG�WKH�WUDQVIHU�RI�WKH�EXVLQHVV
FXOWXUH��NQRZ�KRZ�DQG�WHFKQRORJ\�WKURXJK�IRUHLJQ�LQYHVWPHQWV�ZLOO�SURYLGH�WKH
(VWRQLDQ�HFRQRP\�ZLWK�D�JRRG�EDVLV�IRU�LQWHUQDWLRQDO�WUDGH�

7KH�VFHQDULRV�DVVXPH�JHQHUDO�WUHQGV�IRU�D�YHU\�ORQJ�SHULRG��+RZHYHU��WKH�DFWXDO
GHYHORSPHQW�GHSHQGV�RQ�WKH�DFWXDO�SROLWLFDO��VRFLDO�DQG�HFRQRPLF�FLUFXPVWDQFHV�
ZKLFK�PD\�FKDQJH��'XULQJ�WKH�ODVW�WKUHH�\HDUV�(VWRQLDQ�GHYHORSPHQW�KDV�EHHQ�FORVHU
WR�WKH�DVVXPSWLRQV�RI�WKH�VHFRQG�VFHQDULR��6XFFHVVIXO�LQWHJUDWLRQ�ZLWK�WKH�(8�
VXEVWDQWLDO�DPRXQW�RI�IRUHLJQ�LQYHVWPHQWV�LQWURGXFLQJ�GHHS�VWUXFWXUDO�FKDQJHV�LQ�WKH
HFRQRP\�DQG�LQFUHDVLQJ�WUDQVLW�WUDGH�KDYH�EHHQ�PDMRU�IDFWRUV�LQ�WKH�HFRQRPLF
GHYHORSPHQW��7KH�JURZWK�RI�WKH�*'3�ZDV������LQ������������LQ������DQG�������LQ
������7KH�JURZWK�ILJXUHV�VHHP�UDWKHU�KLJK�EXW�WKH�����HFRQRPLF�GHFOLQH�GXULQJ�WKH
ILUVW�KDOI�RI�WKH�����V�GXH�WR�WUDQVLWLRQ�IURP�FHQWUDOO\�SODQQHG�WR�PDUNHW�HFRQRP\�SXW
WKH�EDVLV�IRU�WKH�JURZWK�UDWKHU�ORZ��$W�WKH�VDPH�WLPH�VHYHUDO�REVWDFOHV�DUH�VWLOO�LQ�SODFH
KLQGHULQJ�HYHQ�IDVWHU�HFRQRPLF�JURZWK��(VWRQLD�GRHV�QRW�KDYH�D�ERUGHU�WUHDW\�ZLWK
5XVVLD�DQG�WKHUHIRUH�WKH�(VWRQLDQ�H[SRUWV�DUH�QRW�VXSSRUWHG�ZLWK�WKH�PRVW�IDYRXUHG
QDWLRQ���0)1��DUUDQJHPHQWV��(VWRQLDQ�H[SRUWHUV�KDYH�WR�SD\�GRXEOH�WDULIIV�IRU�H[SRUWV
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WR�5XVVLD�DQG�IRU�VHYHUDO�SURGXFWV�IRU�ZKLFK�5XVVLD�KDV�EHHQ�WKH�WUDGLWLRQDO�PDUNHW
�IRRG�SURGXFWV�ILUVW�RI�DOO��WKLV�LV�HFRQRPLFDOO\�UDWKHU�SDLQIXO��(OLPLQDWLRQ�RI�WKRVH
SUREOHPV�WKURXJK�QHJRWLDWLRQV�RU�WKH�:72�PHPEHUVKLS��VXFK�D�WUHDWPHQW�LV
FRQVLGHUHG�WR�EH�GLVFULPLQDWLYH�EHWZHHQ�WKH�WZR�PHPEHUV�RI�WKH�:72��EXW�(VWRQLD
DQG�5XVVLD�DUH�VWLOO�RQO\�ORRNLQJ�IRU�WKH�PHPEHUVKLS�RI�WKH�:72�LQ�������FRXOG
SURPRWH�WKH�HFRQRPLF�JURZWK�LQ�(VWRQLD�IXUWKHU�

� &KDQJHV�LQ�WKH�VWUXFWXUH�RI�HFRQRP\�DQG�WKHLU�LQIOXHQFH�RQ�WKH
GHPDQG�RI�HQHUJ\

'XULQJ�WKH�GHHS�VWUXFWXUDO�FKDQJHV�LQ�WKH�(VWRQLDQ�HFRQRP\�LQ�WKH�ODVW�VHYHQ�WR�HLJKW
\HDUV�WKH�IROORZLQJ�WZR�EDVLF�WUHQGV�KDYH�EHHQ�GRPLQDWLQJ�

�� GHFOLQH�RI�RXWSXW�LQ�WKH�WUDGLWLRQDO�VHFWRUV�OLNH�DJULFXOWXUH�DQG�PDQXIDFWXULQJ�

�� D�UDSLG�JURZWK�RI�XQGHUGHYHORSHG�LQ�SODQQHG�HFRQRPLHV�DFWLYLWLHV�OLNH�WUDGH�
ILQDQFH�DQG�LQVXUDQFH��EXVLQHVV�VHUYLFHV��WUDQVSRUW�DQG�FRPPXQLFDWLRQV�

7KH�IXWXUH�GHYHORSPHQW�ZLOO�PRVW�OLNHO\�EDVH�RQ�IXUWKHU�IDVW�GHYHORSPHQW�RI�GLIIHUHQW
VHUYLFHV��6RPH�UHVWRUDWLRQ�RI�WKH�UROH�RI�PDQXIDFWXULQJ�FRXOG�RFFXU�LQ�WKH�QH[W�\HDUV�
7KH�H[WHQW�DQG�VSHHG�RI�WKRVH�WHQGHQFLHV�ZLOO�EH�GLIIHUHQW�XQGHU�WKH�WZR�VFHQDULRV��7KH
FRQGLWLRQV�RI�WKH�KLJK�HQHUJ\�GHPDQG�JURZWK�VFHQDULR�ZLOO�IDYRXU�WUDQVSRUW�DQG
FRPPXQLFDWLRQV�QHHGHG�IRU�VHUYLQJ�WUDQVLW�WUDGH��$OVR�VHYHUDO�EUDQFKHV�RI
PDQXIDFWXULQJ�FDQ�EH�VXSSRUWHG�E\�WKRVH�FRQGLWLRQV�OLNH�IRRGVWXIIV��WH[WLOHV�
PDFKLQHU\�DQG�FKHPLFDOV��3XUMX��������

7KH�PDLQ�LQGXVWULDO�HQHUJ\�FRQVXPHUV�DUH�WKH�FKHPLFDO�LQGXVWU\��RWKHU�QRQ�PHWDOOLF
PLQHUDO�SURGXFWV��IRRG�LQGXVWU\��PLQLQJ�DQG�IXHOV��7KH�IDVWHU�JURZWK�RI�WKRVH
LQGXVWULHV�LQ�WKH�VHFRQG�VFHQDULR�LV�UHODWHG�WR�ZLGHU�XVH�RI�5XVVLDQ�LQSXWV��D�QHZ
PHWKDQRO�SODQW�XVLQJ�LPSRUWHG�JDV�LV�D�SRVVLEOH�QHZ�SURGXFWLRQ�XQLW�LQ�WKLV�VFHQDULR��
7KH�HVWDEOLVKPHQW�RI�D�QHZ�SDSHU�SODQW�DQG�UHVSHFWLYH�LQFUHDVH�LQ�HQHUJ\�GHPDQG
KDYH�EHHQ�DVVXPHG�LQ�ERWK�VFHQDULRV��+RZHYHU��WKH�FRQVWUXFWLRQ�RI�D�QHZ�SDSHU�SODQW
KDV�EHHQ�XQWLO�QRZ�TXLWH�D�VHQVLWLYH�SROLWLFDO�DQG�HFRQRPLF�LVVXH��7KH�UHTXLUHG�FDSLWDO
IRU�VXFK�D�SODQW�LV�YHU\�ELJ��DSSUR[LPDWHO\��²��ELOOLRQ�NURRQV��DQG�WRR�H[SHQVLYH�IRU
(VWRQLDQ�FRPSDQLHV��,QWHUQDWLRQDO�FRPSDQLHV�LQWHUHVWHG�LQ�VXFK�SURGXFWLRQ�KDYH�EHHQ
DVNLQJ�JXDUDQWHHV�IRUP�WKH�(VWRQLDQ�JRYHUQPHQW�UHJDUGLQJ�DFFHVV�WR�IRUHVWV��SULFH�RI
UDZ�PDWHULDOV�DQG�HQHUJ\��8QWLO�QRZ�WKH�JRYHUQPHQW�KDV�EHHQ�IUDFWLRXV�LQ�SURYLGLQJ
ZLWK�JXDUDQWHHV�VHYHUDO�FRPSDQLHV�SRWHQWLDOO\�LQWHUHVWHG�LQ�VXFK�D�SURMHFW��7KH�UHDVRQ
KDV�EHHQ�SDUWO\�WKDW�WKH�JRYHUQPHQW�KDV�EHHQ�FODLPLQJ�LW�DYRLGV�LQGXVWULDO�SROLF\�W\SH
RI�LQWHUYHQWLRQLVP��$OVR�WKH�SROLWLFDO�ZLOO�KDV�EHHQ�QHXWUDOLW\�LQ�UHVSHFW�WR�GLIIHUHQW
LQGXVWULHV�LQ�VXSSRUWLQJ�WKHLU�SURMHFWV��7KH�SXOS�DQG�SDSHU�LQGXVWU\�LV�RQH�RI�WKH�PDLQ
H[SRUWHUV�RI�)LQODQG��7KH�SURMHFW�KDV�EHHQ�VHQVLWLYH�DOVR�GXH�WR�WKH�FORVHQHVV�RI�(VWRQLD
WR�6FDQGLQDYLDQ�SDSHU�SURGXFLQJ�FRPSDQLHV��$W�WKH�VDPH�WLPH��(VWRQLD�HQMR\V�VHYHUDO
DGYDQWDJHV�IRU�VXFK�SURGXFWLRQ��KLVWRULFDO�H[SHULHQFH��IRUHVW�UHVRXUFHV��UHODWLYHO\�FKHDS
HQHUJ\��FORVH�5XVVLDQ�PDUNHW�DQG�WLPEHU�

$V�WR�RWKHU�VHFWRUV��WUDGH��DFFRXQWLQJ�IRU�����RI�WKH������RXWSXW��DQG�FRQVWUXFWLRQ�����
KDYH�SHUIRUPHG�EHVW�LQ�UHFHQW�\HDUV��&RQVWUXFWLRQ�ZLOO�JURZ�IDVW�LQ�WKH�KLJK�JURZWK
VFHQDULR��DW�D�UDWH�KLJKHU�WKDQ�WKH�JHQHUDO�JURZWK�OHYHO�

,Q�WKH�WUDQVSRUW�VHFWRU��WKH�FRPSOHPHQWDU\�QDWXUH�RI�ZDWHU�WUDQVSRUW�WR�UDLOZD\�DQG
URDG�WUDQVSRUWDWLRQ�KDV�EHHQ�FRQVLGHUHG��7KH�JRRGV�WKDW�DUH�REMHFWV�RI�WUDQVLW�WUDGH�ZLOO
DUULYH�E\�VKLSV�IURP�WKH�:HVW�DQG�ZLOO�EH�WUDQVSRUWHG�E\�UDLOZD\�IXUWKHU�IURP�(VWRQLDQ
KDUERXUV��7KH�JRRGV�WUDYHOOLQJ�IURP�HDVW�WR�ZHVW�ZLOO�DUULYH�PDLQO\�E\�UDLOZD\�DQG�ZLOO
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EH�WUDQVSRUWHG�IXUWKHU�E\�VHD��0RUH�WKDQ�����RI�WUDQVLW�WUDGH�ZLOO�EH�FDUULHG�IURP�ZHVW
WR�HDVW�DQG�YLFH�YHUVH��ZKLOH�WKH�VKDUH�RI�JRRGV�FDUULHG�IURP�QRUWK�WR�VRXWK�DQG�YLFH
YHUVD�ZLOO�EH�OLPLWHG��7KH�ODVW�GLUHFWLRQV��FDOOHG�9LD�%DOWLFD��KDYH�EHHQ�GLVFXVVHG�DV�D
SHUVSHFWLYH�URXWH�EXW�LQ�UHDOLW\�WUDQVLW�WUDGH�KDV�EHHQ�XVLQJ�RWKHU�GLUHFWLRQV��:LGHQLQJ
RI�WUDGH�LQ�WKH�IXWXUH�DQG�EHWWHU�WUDQVSRUW�VHUYLFHV��HVSHFLDOO\�RQ�ERUGHUV�RI�WKH�%DOWLF
VWDWHV�DQG�3RODQG��FRXOG�PDNH�WKDW�GLUHFWLRQ�PRUH�DWWUDFWLYH�DQG�LQFUHDVH�WUDGH�IORZV�
$V�ORQJ�DV�WKH�ZHVW�HDVW�URXWH�LV�GRPLQDWLQJ��WKH�VKDUH�RI�WUDQVSRUWDWLRQ�LQ�WKH�HQHUJ\
GHPDQG�ZLOO�GHSHQG�KHDYLO\�RQ�WKH�FRQGLWLRQV�WKH�GHVFULEHG�LQ�WKH�VFHQDULRV�

'\QDPLFV�RI�HOHFWULFLW\�FRQVXPSWLRQ�UHIOHFWV�WKH�JHQHUDO�WUHQG�RI�HFRQRP\�GXULQJ�WKH
WUDQVLWLRQ�SHULRG��7KH�GHFOLQH�LQ�WKH��FRQVXPSWLRQ�RI�HOHFWULFLW\�KDV�EHHQ�HVSHFLDOO\
VWHHS�LQ�LQGXVWU\�DQG�DJULFXOWXUH��2Q�WKH�RWKHU�KDQG��WKH�FRQVXPSWLRQ�RI�HOHFWULFLW\�KDV
EHHQ�UDWKHU�VWDEOH�LQ�FRQVWUXFWLRQ�DQG�WUDQVSRUWDWLRQ��,Q�WKH�FDVH�RI�FRQVWUXFWLRQ�
DOWKRXJK�FRQVWUXFWLRQ�DFWLYLWLHV�KDYH�GHFUHDVHG��WKH�LQFUHDVLQJ�XVH�RI�GLIIHUHQW�QHZ
HOHFWULFDO�HTXLSPHQW�DQG�PHFKDQLVPV��QHZ�WHFKQRORJLFDO�OHYHO��KDYH�LQFUHDVHG�WKH
FRQVXPSWLRQ�RI�HOHFWULFLW\��7KH�VDPH�ZDV�SDUWO\�WUXH�LQ�WKH�FDVH�RI�KRXVHKROGV��
FRQVXPSWLRQ�RI�HOHFWULFLW\�LQFUHDVHG�GXULQJ�WKH�SHULRG�RI�HFRQRPLF�GHSUHVVLRQ�DQG
GHFOLQH�RI�LQFRPHV�

7KH�IROORZLQJ�LGHDV�VHHP�WR�EH�UHOHYDQW�IRU�WKH�IXWXUH�SHUVSHFWLYHV�RI�WKH�IXHO�LQGXVWU\
DQG�SRZHU�HQJLQHHULQJ��)LUVW��GXULQJ�D�VKRUWHU�SHULRG���XQWLO�(VWRQLD�EHFRPHV�D
PHPEHU�RI�WKH�(8��SUREDEO\�LQ�WKH�SHULRG��������������RLO�VKDOH�LV�FRQVLGHUHG�WR�EH�WKH
PRVW�HIILFLHQW�HQHUJ\�VRXUFH��HVSHFLDOO\�ZLWKRXW�ELJ�LQYHVWPHQWV���7KH�HIILFLHQF\�RI
RWKHU�ORFDO�IXHOV��SHDW�DQG�ZRRG��VHHPV�WR�EH�RYHUHVWLPDWHG�DQG�WKH\�GR�QRW�RIIHU�D
UHDO�DOWHUQDWLYH�IRU�DW�OHDVW�QH[W�WHQ�WR�ILIWHHQ�\HDUV�

� 3ULFHV�RI�RLO�VKDOH��RWKHU�IXHOV�DQG�HOHFWULFLW\

2LO�VKDOH�LV�WKH�PRVW�LPSRUWDQW�SULPDU\�VRXUFH�RI�HQHUJ\��ZKLFK�SURYLGHG�����RI�WKH
WRWDO�IXHO�FRQVXPSWLRQ�LQ�������&RPSDULVRQ�RI�HQHUJ\�SULFHV�LQ�(VWRQLD�JLYHV�DQ
HVWLPDWH�WKDW�WKH�SULFH�RI�RLO�VKDOH�LQ�86���0:ÃK�ZDV�DW�WKH�OHYHO�RI����WR�����RI�WKH
SULFH�RI�FRDO��DW�WKH�OHYHO�RI����WR�����RI�WKH�SULFH�RI�KHDY\�IXHO�RLO�DQG�����RI�WKH�SULFH
RI�QDWXUDO�JDV��7KH�IRUHFDVWV�RI�RLO�VKDOH�SULFHV�ZHUH�PDGH�E\�5HLQVDOX���������DQG
UDLVHG�E\�����E\�/LLN���������7KH�SULFH�RI�RLO�VKDOH�LV�IRUHFDVW�WR�DSSUR[LPDWHO\�GRXEOH
E\�WKH�\HDU������DQG�WUHEOH�E\������DV�FRPSDUHG�ZLWK�������7KH�DFWXDO�RLO�VKDOH�SULFH
LQFUHDVHG�IURP�WKH�DYHUDJH�SULFH�RI������NURRQV�SHU�WRQQH�RQ���-DQXDU\������WR�����
NURRQV�RQ���2FWREHU�������WR����NURRQV�LQ������DQG�WR�����NURRQV�LQ�������,Q�������WKH
SULFH�LV�H[SHFWHG�WR�EH�����NURRQV��/DXU�DQG�7HQQR���������7KH�SULFH�LQFUHDVH�ZDV
DOUHDG\�����IROG�LQ������FRPSDUHG�WR���-DQXDU\�������LQ�FXUUHQW�SULFHV���7KH�H[SHFWHG
WZR�IROG�QRPLQDO�SULFH��QRW�WKH�LQIODWLRQ�IUHH�UHDO�SULFH�FRQVLGHUHG�LQ�0$5.$/�
LQFUHDVH�ZLOO�EH�DFKLHYHG��DFFRUGLQJ�WR�/DXU�DQG�7HQQR���������LQ�������)URP�WKRVH
ILJXUHV�ZH�FDQ�FRQFOXGH�WKDW�WKH�SUREDELOLW\�RI�WKH�([SHQVLYH�2LO�6KDOH�VFHQDULR��VHH
&KDSWHU����LV�YHU\�KLJK�

7KH�SULFH�RI�HOHFWULFLW\�LV�D�YHU\�FULWLFDO�LVVXH�RI�SHUVSHFWLYH�LQYHVWPHQWV��,Q�WKH�JHQHUDO
IUDPHZRUN�RI�SULFH�DGMXVWPHQWV�LW�LV�IRUHFDVW�E\�VHYHUDO�LQVWLWXWLRQV��%DQN�RI�(VWRQLD�
(VWRQLDQ�,QVWLWXWH�RI�)XWXUH�6WXGLHV��WKDW�LQIODWLRQ�PD\�EH�DURXQG�����DIWHU�WKH�\HDU
������ZKLFK�DOVR�PHDQV�WKDW�WKH�PDLQ�SDUW�RI�SULFH�DGMXVWPHQW�ZLOO�EH�FRPSOHWHG�EHIRUH
WKDW�WLPH��2I�FRXUVH��SULFHV�RI�QRQ�WUDGDEOHV�FRXOG�EH�VWLOO�ORZHU�LQ�FRPSDULVRQ�ZLWK
GHYHORSHG�FRXQWULHV��EXW�WKH�IXWXUH�SULFH�DGMXVWPHQWV�FRXOG�EH�UHDOLVHG�XQGHU�D�ORZHU
JURZWK�RI�WKH�FRQVXPHU�SULFH�LQGH[��&3,��DQG�GXULQJ�D�ORQJHU�SHULRG��$OVR�WKH
JRYHUQPHQW·V�HFRQRPLF�SROLF\�LV�DQ�LPSRUWDQW�IDFWRU�LQ�WKHVH�GHYHORSPHQWV��$V
(VWRQLD�KDV�GHFODUHG�DQG�LQWURGXFHG�D�SULYDWLVDWLRQ�SURJUDP�RI�LQIUDVWUXFWXUH�REMHFWV
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�LQFOXGLQJ�SRZHU�HQJLQHHULQJ���RQH�SUHVXPSWLRQ�RI�WKDW�SURJUDP�LV�D�UDWKHU�IDVW
LQFUHDVH�RI�WKH�SULFH�RI�HOHFWULFLW\�WR�WKH�FRPSHWLWLYH�OHYHO�IRU�LQYHVWRUV�

$OVR�QRZ�(VWRQLD��/DWYLD�DQG�/LWKXDQLD��EXW�DOVR�5XVVLD��DUH�OLQNHG�LQWR�D�JHQHUDO
QHWZRUN��(VWRQLD�H[SRUWHG�HOHFWULFLW\�WR�/DWYLD������RI�WKH�HOHFWULFLW\�H[SRUWV�LQ������
DQG�5XVVLD��������7KH�SULFH�RI�HOHFWULFLW\�LQ�/DWYLD�����(VWRQLDQ�FHQWV�SHU�N:ÃK�LQ�0D\
������DQG�LQ�/LWKXDQLD�����(VWRQLDQ�FHQWV�SHU�N:ÃK��KDV�EHHQ�VRPHZKDW�KLJKHU�WKDQ�LQ
(VWRQLD�����FHQWV�IRU�N:ÃK���,Q�5XVVLD�WKH�SULFH�RI�HOHFWULFLW\�LV�ORZHU��EXW�(VWRQLD�KDG
ZLWK�5XVVLD�EDUWHU�WUDQVDFWLRQ�VHOOLQJ�HOHFWULFLW\�DW�D�ORZHU�SULFH�DQG�SXUFKDVLQJ�RLO
VKDOH�IURP�5XVVLD�DOVR�DW�D�ORZHU�SULFH��6XFK�WUDGH�KDV�EHHQ�FULWLFLVHG�EHFDXVH�WKH
RXWSXW�RI�(VWRQLDQ�PLQHV�ZDV�ORZHU�WKDQ�WKHLU�SURGXFWLRQ�FDSDFLWLHV��/DUJHU�WUDGH�RI
HOHFWULFLW\�LV�FRQVLGHUHG�WR�EH�D�UDWKHU�LQIOXHQWLDO�LVVXH�GXH�WR�WKH�SULFH�GLIIHUHQFHV�DQG
QHHG�IRU�VRPH�NLQG�RI�EDUWHU�WUDGH��ZKLFK�LQFUHDVHV�GHSHQGHQFH�RQ�SROLWLFDO�LVVXHV��$V
/LWKXDQLD�KDV�WKH�,JQDOLQD�QXFOHDU�SRZHU�SODQW��ZKLFK�SURGXFHV�UHODWLYHO\�FKHDS
HOHFWULFLW\�ZLWK�ULVN\�WHFKQRORJ\��(VWRQLDQ�H[SRUW�WR�/LWKXDQLD�PD\�EHFRPH�LPSRUWDQW
LI�,JQDOLQD�KDV�WR�GLPLQLVK�LWV�RXWSXW�GXH�WR�VDIHW\�UHTXLUHPHQWV�

7UHQGV�RI�RLO�VKDOH�DQG�HOHFWULFLW\�SULFHV�KDYH�VRPH�VSHFLILF�IHDWXUHV�GXH�WR
FRQYHUJHQFH�RI�SULFHV�LQ�(VWRQLD�ZLWK�RWKHU�PDUNHW�HFRQRPLHV��7KH�UHODWLYH�SULFH�RI
SULPDU\�DQG�VHFRQGDU\�HQHUJ\�ZDV�LQ�WKH�IRUPHU�6RYLHW�8QLRQ�ORZHU�WKDQ�LQ�:HVWHUQ
FRXQWULHV��3ULFH�MXPSV�LQ������DQG������FKDQJHG�WKDW�VLWXDWLRQ�GUDVWLFDOO\���EXW�ODWHU�WKH
LQFUHDVH�LQ�WKRVH�SULFHV�KDV�EHHQ�ORZHU�WKDQ�WKH�FRQVXPHU�SULFH�LQGH[��&3,��PDNLQJ
HQHUJ\�UHODWLYHO\�FKHDSHU�FRPSDUHG�ZLWK�RWKHU�SULFHV�LQ�WKH�EDVNHW�RI�WKH�&3,�
HVSHFLDOO\�EHWZHHQ������DQG�������/DWHU��GXH�WR�ORZHU�LQIODWLRQ��WKH�WUHQGV�RI�HOHFWULFLW\
DQG�RLO�VKDOH�SULFH�LQGH[HV�KDYH�EHHQ�FORVH�WR�WKH�&3,��$V�WKH�SURGXFWLRQ�SULFH�LQGH[
�33,��KDV�EHHQ�ORZHU�WKDQ�WKH�&3,��WKH�WHQGHQF\�RI�WKH�LQFUHDVLQJ�HQHUJ\�FRVWV�DOVR�LQ
UHODWLYH�WHUPV��LQ�DGGLWLRQ�WR�DEVROXWH�FRVWV��KDV�HPHUJHG��$V�(VWRQLDQ�SULFHV�DUH�VWLOO�LQ
DYHUDJH�DW�WKH�����OHYHO�RI�WKH�SULFHV�RI�GHYHORSHG�FRXQWULHV��D�IXUWKHU�SULFH
FRQYHUJHQFH�ZLOO�IROORZ��ZKLFK�ZLOO�KDYH�D�VWURQJ�LQIOXHQFH�RQ�FRPSDUDWLYH
DGYDQWDJHV�GLVDGYDQWDJHV�RI�SULFHV�RI�(VWRQLDQ�IXHOV�DQG�HOHFWULFLW\�YHUVXV�ZRUOG
PDUNHW�SULFHV�RI�GLIIHUHQW�IXHOV�

$V�(VWRQLD�KDV�KDG�IL[HG�IRUHLJQ�H[FKDQJH�UDWH�DW�WKH�VDPH�OHYHO���'(0��� ��((.�����
VLQFH�-XQH������XQWLO�VSULQJ�������WKH�QRPLQDO�SULFH�LQFUHDVH�WXUQHG�WR�EH�LQ
LQWHUQDWLRQDO�WHUPV��DQG�SDUWLFXODUO\�ZLWK�WKH�'(0�WHUPV��DW�WKH�VDPH�OHYHO�ZLWK�UHDO
LQFUHDVHV��6R��IRU�H[DPSOH�WKH�DYHUDJH�ZDJHV�LQFUHDVHG�IURP�����NURRQV�LQ�WKH�IRXUWK
TXDUWHU�RI������WR������NURRQV�LQ�WKH�IRXUWK�TXDUWHU�RI�������ILYH�IROG�LQFUHDVH���7KH
VKDUH�RI�ZDJH�FRVW�KDV�EHHQ�LQ�PLQLQJ�����RI�WKH�WRWDO�FRVWV��(HVWL�W||VWXV���������7KH
LQFUHDVH�LQ�WKH�PLQLQJ�LQGXVWU\�KDV�EHHQ�DW�WKH�VDPH�OHYHO��WKH�FRVWV�RI�RLO�VKDOH�PLQLQJ
LQFUHDVHG�RQO\�GXH�WR�ZDJH�LQFUHDVH�����WLPHV��7KH�IL[HG�H[FKDQJH�UDWH�DUUDQJHPHQW
PHDQV�LQ�D�FRXQWU\�ZKHUH�LQIODWLRQ�LV�VHYHUDO�WLPHV�KLJKHU�WKDQ�LQ�LWV�WUDGH�SDUWQHUV
�(VWRQLD�FRPSDUHG�WR�*HUPDQ\��WKDW�WKH�HIIHFW�RI�QRPLQDO�SULFH�LQFUHDVHV�RQ�WKH�FRVW
DQG�SULFH�OHYHO�LV�YHU\�FORVH�WR�UHDO�SULFH�LQFUHDVHV��2U�LQ�RWKHU�ZRUGV��WKH�GLIIHUHQFH
EHWZHHQ�(VWRQLDQ�LQIODWLRQ�DQG�WKH�LQIODWLRQ�LQ�GHYHORSHG�FRXQWULHV�VKRXOG�EH
FRQVLGHUHG�DV�D�UHDO�SULFH�LQFUHDVH�LQ�WKH�PRGHO�

� 7KH�IL[HG�H[FKDQJH�UDWH�DQG�WKH�EDODQFH�RI�SD\PHQWV�SUREOHP

7KH�IL[HG�H[FKDQJH�UDWH�RI�'(0��� �((.����ZKLFK�ZDV�LQWURGXFHG�LQ�-XQH�������LV�YDOLG
DOVR�LQ�������$W�WKH�VDPH�WLPH�(VWRQLD�KDV�KDG�D�FRQVLGHUDEOH�OHYHO�RI�LQIODWLRQ�DOVR
DIWHU�WKH�PRQHWDU\�UHIRUP��,QIODWLRQ�ZDV���������KHUH�LW�VKRXOG�EH�UHPHPEHUHG�WKDW�IRU
WKH�ZKROH������LQIODWLRQ�ZDV�������VLQFH�-XQH������XQWLO�'HFHPEHU�������������LQ������
������LQ�������������LQ�������������LQ������DQG�������LQ�������$V�WKRVH�ILJXUHV�KDYH
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EHHQ�KLJKHU�WKDQ�WKRVH�RI�(VWRQLDQ�PDLQ�WUDGH�SDUWQHUV��PRUH�WKDQ�����RI�(VWRQLDQ
IRUHLJQ�WUDGH�KDV�EHHQ�ZLWK�WKH�(8���WKH�DSSUHFLDWLRQ�RI�WKH�UHDO�HIIHFWLYH�IRUHLJQ
H[FKDQJH�UDWH�KDV�EHHQ�WKH�UHVXOW�

7KH�%DQN�RI�(VWRQLD�HVWLPDWHG�WKH�G\QDPLFV�RI�UHDO�HIIHFWLYH�H[FKDQJH�UDWH�FDOFXODWHG
RQ�WKH�EDVLV�RI�FKDQJHV�LQ�WKH�H[FKDQJH�UDWHV�RI�WKH�(VWRQLDQ�NURRQ�DQG�WKH�UHVSHFWLYH
FXUUHQFLHV�RI�(VWRQLD·V�PDLQ�WUDGH�SDUWQHUV�DQG�WKH�&3,�RI�(VWRQLD�DQG�WKH�UHVSHFWLYH
FRXQWULHV��2YHUYLHZ�RI�(VWRQLDQ�HFRQRP\���������,Q�'HFHPEHU�������WKH�LQGH[�RI�WKH
DYHUDJH�UHDO�H[FKDQJH�UDWH�ZDV�FORVH�WR�����FRPSDUHG�ZLWK�WKH�SUH�UHIRUP�OHYHO�RI�-XQH
������$W�WKH�VDPH�WLPH��WKH�YDOXH�RI�WKH�LQGH[�ZLWK�:HVWHUQ�SDUWQHUV��LQFOXGLQJ
)LQODQG��6ZHGHQ��*HUPDQ\��'HQPDUN�DQG�7KH�1HWKHUODQGV��ZDV�FORVH�WR�����DQG�ZLWK
WKH�WUDQVLWLRQ�HFRQRP\�SDUWQHUV��LQFOXGLQJ�5XVVLD��/DWYLD�DQG�/LWKXDQLD��LW�ZDV�����
7KLV�PHDQV�WKDW�ZKLOH�LQ�UHODWLRQ�WR�:HVWHUQ�SDUWQHUV�WKH�UHDO�YDOXH�RI�WKH�NURRQ�ZDV
DSSUHFLDWHG��WKH�(VWRQLDQ�JRRGV�DQG�VHUYLFHV�EHFDPH�UHODWLYHO\�FKHDSHU�LQ�(DVWHUQ
PDUNHWV�GXH�WR�WKH�IDFW�WKDW�WKH�KLJKHU�WKDQ�LQ�(VWRQLD�LQIODWLRQ�ZDV�DFFRPSDQLHG�ZLWK
OHVV�GHHS�GHSUHFLDWLRQ�RI�WKH�FXUUHQFLHV�RI�VRPH�FRXQWULHV��/LWKXDQLD��RU��DV�LQ�WKH�FDVH
RI�/DWYLD��WKH�DSSUHFLDWLRQ�RI�WKH�ODW�LQ�UHODWLRQ�WR�WKH�'(0��DQG�WKH�(VWRQLDQ�NURRQ�
ZDV�UHODWLYHO\�ELJJHU�WKDQ�WKH�GLIIHUHQFH�RI�LQIODWLRQ�LQ�(VWRQLD�DQG�/DWYLD��LQ�/DWYLD
LQIODWLRQ�ZDV�ORZHU���:LWK�5XVVLD�WKH�YDOXH�RI�WKH�LQGH[�PHDQV�WKDW�WKH�(VWRQLDQ�JRRGV
EHFDPH�UHODWLYHO\�FKHDSHU�LQ�5XVVLD�GXULQJ�WKUHH�\HDUV�

7KH�UHDO�H[FKDQJH�UDWH�DSSUHFLDWLRQ�KDPSHUV�H[SRUWV��LQFUHDVHV�LPSRUWV��ZRUVHQV�WKH
IRUHLJQ�WUDGH�GHILFLW�DQG�PD\�OHDG�WR�D�EDODQFH�RI�SD\PHQWV�FULVLV��,Q�(VWRQLDQ�FDVH��WKH
����FXUUHQW�DFFRXQW�GHILFLW�WR�WKH�*'3�ZDV�WKH�UHVXOW�LQ�������7KH�IRUHLJQ�WUDGH�GHILFLW
ZDV�DW�WKH�OHYHO�RI�������RI�WKH�*'3��7KH�VXUSOXV�RI�VHUYLFHV�GLPLQLVKHG�WKH�FXUUHQW
DFFRXQW�GHILFLW�DQG�WKH�FDSLWDO�DQG�ILQDQFLDO�DFFRXQW�VXUSOXV��ODUJHU�WKDQ�WKH�FXUUHQW
DFFRXQW�GHILFLW��NHSW�WKH�EDODQFH�RI�SD\PHQWV�SRVLWLYH��$V�D�UHVXOW��WKH�IRUHLJQ�FXUUHQF\
UHVHUYHV�DQG�WKH�PRQH\�VXSSO\��OLQNHG�WR�WKH�FKDQJHV�LQ�FXUUHQF\�UHVHUYHV�XQGHU
FXUUHQF\�ERDUG�DUUDQJHPHQW��LQFUHDVHG��+RZHYHU��WKH�YHU\�GHHS�FXUUHQW�DFFRXQW
GHILFLW��PXFK�ODUJHU�WKDQ�LQ�0H[LFR�LQ������RU�LQ�WKH�&]HFK�5HSXEOLF�GXULQJ�WKH�����
FXUUHQF\�FULVLV��LV�D�ULVN\�SKHQRPHQRQ�IRU�IXWXUH�GHYHORSPHQW��2QH�(VWRQLDQ
DGYDQWDJHV�LQ�VXFK�D�VLWXDWLRQ�LV�WKDW�DSSUR[LPDWHO\�WZR�WKLUGV�RI�GRPHVWLFDOO\
FRQVXPHG�HQHUJ\�LV�EDVHG�RQ�(VWRQLDQ�SULPDU\�HQHUJ\�VRXUFHV��ILUVW�RI�DOO��RLO�VKDOH��

� 7KH�IRUHLJQ�WUDGH�EDODQFH

(VWRQLDQ�IRUHLJQ�KDV�EHHQ�JURZLQJ�YHU\�UDSLGO\��$IWHU�WKH�PRQHWDU\�UHIRUP�LQ������
H[SRUWV�JUHZ�����DQG�LPSRUWV������LQ�����������DQG�����UHVSHFWLYHO\�LQ����������
DQG�����LQ�������������DQG�������LQ������DQG�������DQG�������LQ������LQ�FRPSDULVRQ
ZLWK�WKH�SUHYLRXV�\HDU��)RUHLJQ�7UDGH������������$V�(VWRQLD�KDV�KDG�VLQFH������WKH�VDPH
IL[HG�H[FKDQJH�UDWH��WKLV�LQFUHDVH�LQ�IRUHLJQ�WUDGH�RFFXUUHG�DOVR�LQ�FRQYHUWLEOH�FXUUHQF\
WHUPV��86��RU�'(0���7KH�JURZWK�RI�H[SRUWV�GXULQJ�WKH�WLPH�WKH�FXUUHQF\�DSSUHFLDWHG
VHHPV�WR�EH�DW�ILUVW�JODQFH�SDUDGR[LFDO��+RZHYHU��KHUH�WKH�LQLWLDO�FRQGLWLRQV�RI�WKH
HFRQRP\�DQG�WKH�JHQHUDO�IUDPHZRUN�RI�GHYHORSPHQW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�
(VWRQLD�VWDUWHG�LWV�UHRULHQWDWLRQ�WRZDUG�:HVWHUQ�PDUNHWV�LQ�D�VLWXDWLRQ�ZKHUH�D�YHU\
ODUJH�VKDUH�RI�LWV�SURGXFWLRQ�ZDV�XQDFFHSWDEOH�WR�WKH�PDUNHWV�RI�GHYHORSHG�FRXQWULHV�
(VWRQLDQ�HQWHUSULVHV�KDG�WR�FKDQJH�VXEVWDQWLDOO\�WKH�FKDUDFWHU�RI�WKHLU�SURGXFWV��9HU\
PDQ\�HQWHUSULVHV�FKDQJHG�IURP�EHLQJ�PDQXIDFWXUHUV�RI�ILQDO�DQG�VHPL�ILQDO�SURGXFWV
WR�EHLQJ�VXEFRQWUDFWRUV�RI�:HVWHUQ�ILUPV��6HYHUDO�UDZ�PDWHULDOV��XQSURFHVVHG�ZRRG�
VFUDS�PHWDOV��IRUPHG�D�YHU\�ODUJH�VKDUH�RI�(VWRQLDQ�H[SRUWV�

7KH�VWURQJO\�XQGHUYDOXHG�IRUHLJQ�H[FKDQJH�UDWH��LQ�FRPSDULVRQ�WR�WKH�HVWLPDWHG�333��
ZKLFK�PDGH�(VWRQLDQ�LQSXWV�YHU\�FKHDS��ZDV�DOVR�RI�JUHDW�LPSRUWDQFH�JLYLQJ�WKH



���

LQFUHDVH�LQ�WKH�DYHUDJH�ZDJH��86�����'(0���²���LQ�-XQH�������WR�86�������'(0����
DW�WKH�HQG�RI�������D�UDWKHU�LQIOXHQWLDO�FRVW�VLGH�HIIHFW�LQ�ODERXU�LQWHQVLYH�LQGXVWULHV��,Q
RWKHU�LQGXVWULHV��WKLV�HIIHFW�ZDV�FHUWDLQO\�VKDGRZHG�E\�WKH�SRVLWLYH�HIIHFWV�RI
LQVWLWXWLRQDO�FKDQJHV��WUDGH�DJUHHPHQWV��NQRZ�KRZ�LQIORZ��DQG�FKDQJHV�RI�RXWSXW�GXH
WR�QHZ�LQYHVWPHQWV��WHFKQRORJLHV�DQG�PDWHULDOV�

7KH�VWUXFWXUH�RI�(VWRQLDQ�LPSRUWV�KDV�EHHQ�GHWHUPLQHG�E\�WKH�QHFHVVLW\�WR�SXUFKDVH
IXHO�DQG�RWKHU�UDZ�PDWHULDOV��H�J��FRWWRQ�DV�DQ�LPSRUWDQW�LQSXW�IRU�(VWRQLD·V�UDWKHU
ODUJH�WH[WLOH�LQGXVWU\���0DFKLQHU\��PHFKDQLFDO�DSSOLDQFHV�DQG�HOHFWULFDO�HTXLSPHQW
KDYH�DOVR�EHHQ�LPSRUWDQW�LPSRUWV��5LJKW�DIWHU�WKH�PRQHWDU\�UHIRUP��WKH�SXUFKDVLQJ
SRZHU�RI�(VWRQLDQ�HFRQRPLF�DJHQWV�ZDV�DUWLILFLDOO\�VHW�YHU\�ORZ��'RPHVWLF�LQIODWLRQ
DQG�DOVR�LQFUHDVH�LQ�UHDO�LQFRPHV�VLQFH������DOVR�LQFUHDVHG�GHPDQG�IRU�LPSRUWHG
JRRGV��(YLGHQFH�IRU�WKLV�ZDV�WKH�LQFUHDVLQJ�YDOXH�RI�LPSRUWHG�FRQVXPHU�JRRGV��ZKLFK
ZDV�DOVR�D�UHDVRQ�IRU�WKH�JURZWK�LQ�WKH�IRUHLJQ�WUDGH�GHILFLW�

7KH�JHRJUDSKLFDO�SDWWHUQ�RI�(VWRQLDQ�IRUHLJQ�WUDGH�FKDQJHG�YHU\�VXEVWDQWLDOO\�LQ������
5HRULHQWDWLRQ�WR�WKH�:HVWHUQ�PDUNHW�ZDV�QRW�HDV\�DQG�PRVW�SURGXFHUV�ZHUH�QRW�UHDG\
IRU�LW��)LQODQG�SOD\HG�D�YHU\�LPSRUWDQW�UROH��HQFRXUDJHG�E\�LWV�NQRZOHGJH�RI�WKHVH
PDUNHWV�DQG�LWV�OLQJXLVWLF�VLPLODULW\��)LQODQG·V�PDUNHW�VKDUH�LQ������ZDV������RI
(VWRQLDQ�H[SRUWV�DQG������RI�LWV�LPSRUWV�LQFUHDVLQJ�WR�������DQG�������UHVSHFWLYHO\�LQ
������'XULQJ�WKH�QH[W�IHZ�\HDUV�)LQODQG·V�VKDUH�UHPDLQHG�UDWKHU�FORVH�WR�WKHVH�ILJXUHV�
)LQODQG�DFFRXQWHG�LQ������IRU�������RI�WKH�(VWRQLDQ�H[SRUWV�DQG�������RI�WKH�LPSRUWV�
)LQODQG�DOVR�DFWHG�DV�PHGLDWRU�IRU�(VWRQLDQ�HQWUHSUHQHXUV��6HYHUDO�SURGXFWV�LPSRUWHG
IURP�)LQODQG�DUH�RQO\�SDFNHG�RU�SURFHVVHG�LQ�)LQODQG��YHJHWDEOHV��IRU�H[DPSOH��EXW�DUH
UHJLVWHUHG�DV�)LQQLVK�LPSRUWV��2Q�WKH�RWKHU�KDQG��VRPH�(VWRQLDQ�H[SRUWV�DUH
WUDQVIHUUHG�IURP�)LQODQG�WR�RWKHU�FRXQWULHV��$QRWKHU�UHDVRQ�ZK\�)LQODQG·V�VKDUH�LV
KLJK�LQ�WKH�(VWRQLDQ�IRUHLJQ�WUDGH�LV�WKH�ODUJH�QXPEHU�RI�IRUHLJQ�GLUHFW�LQYHVWPHQWV
IURP�)LQODQG�LQ�(VWRQLD��1HYHUWKHOHVV��LQ�DPRXQW�RI�IRUHLJQ�GLUHFW�LQYHVWPHQW�LQ
(VWRQLD��6ZHGHQ�LV�WKH�OHDGLQJ�FRXQWU\��ZLWK�)LQODQG�RQO\�VHFRQG�

9HU\�RIWHQ�(VWRQLDQ�SURGXFHUV�DQG�WUDGHUV�ZKR�VWDUWHG�VHHNLQJ�IRUHLJQ�FRQWDFWV�LQ
)LQODQG�ODWHU�PRYHG�RQ�WR�6FDQGLQDYLDQ�DQG�RWKHU�:HVW�(XURSHDQ�FRXQWULHV��$PRQJ
(VWRQLDQ�H[SRUWV�WR�)LQODQG��PDFKLQHU\�DQG�PHFKDQLFDO�DSSOLDQFHV����������WH[WLOHV�DQG
WH[WLOH�SURGXFWV���������ZHUH�WKH�OHDGLQJ�LWHPV�LQ�������%RWK�DUH�UHODWHG�WR�VXEFRQWUDFWV
E\�ZKLFK�D�ODUJH�QXPEHU�RI�(VWRQLDQ�SURGXFHUV�PDQXIDFWXUH�VHPL�ILQDO�SURGXFWV�IRU
)LQQLVK�HQWHUSULVHV�DQG�H[SRUW�WKHP�WR�)LQODQG��7KH�VKDUH�RI�EDVH�PHWDOV��PDLQO\�VFUDS
PHWDO���LPSRUWDQW�LQ������DQG�������PDGH�XS�RQO\������LQ�������:RRG�DQG�DUWLFOHV�RI
ZRRG�DFFRXQWHG�IRU�������RI�(VWRQLDQ�H[SRUW�WR�)LQODQG�LQ�������7KH�VWUXFWXUH�RI
(VWRQLDQ�H[SRUWV�WR�6ZHGHQ��(VWRQLD·V�WKLUG�ODUJHVW�IRUHLJQ�WUDGH�SDUWQHU��LV�UDWKHU
VLPLODU��7KH�OHDGLQJ�H[SRUW�LWHPV�DUH�ZRRG�DQG�DUWLFOHV�RI�ZRRG��������LQ�������DQG
WH[WLOHV�DQG�DUWLFOHV�WKHUHRI����������([SRUW�KDV�EHHQ�UHODWLYHO\�PRUH�LPSRUWDQW�WKDQ�LQ
WKH�FDVH�RI�)LQODQG�

5XVVLD·V�VKDUH�RI�(VWRQLDQ�IRUHLJQ�WUDGH�GHFOLQHG�GUDPDWLFDOO\�LQ�������EXW�VLQFH�WKHQ�LW
KDV�EHHQ�UDWKHU�VWDEOH��5XVVLD�IXUQLVKHG�������RI�(VWRQLDQ�LPSRUWV�DQG�UHFHLYHG������
RI�(VWRQLDQ�H[SRUWV�LQ�������)RU�FHUWDLQ�LWHPV��(VWRQLDQ�SURGXFHUV�DQG�WUDGHUV�DUH
LQWHUHVWHG�LQ�KDYLQJ�HFRQRPLF�OLQNDJHV�ZLWK�5XVVLD��$PRQJ������(VWRQLDQ�H[SRUWV�WR
5XVVLD��IRRG�SURGXFWV�IRUPHG�������DQG�WUDQVSRUW�YHKLFOHV��������PDLQO\�DV�UH�
H[SRUW���$PRQJ������(VWRQLDQ�LPSRUWV�WKH�GRPLQDQW�LWHP�ZDV�PLQHUDO�SURGXFWV
�PDLQO\�RLO���PDNLQJ�XS�������(VWRQLDQ�LPSRUWV�IURP�5XVVLD�

7UDGH�ZLWK�WKH�RWKHU�%DOWLF�FRXQWULHV��/DWYLD�DQG�/LWKXDQLD��KDV�EHHQ�UDWKHU�PRGHVW��,Q
������/DWYLD·V�VKDUH�RI�(VWRQLDQ�H[SRUWV�ZDV������DQG�LQ�LPSRUWV�������7R�/DWYLD
(VWRQLD�H[SRUWV�HOHFWULFLW\��ZKLFK�ZDV�WKH�ODUJHVW�VLQJOH�DUWLFOH�LQ������DQG�������,Q�����



���

WKH�VKDUH�RI�HOHFWULFLW\�IHOO��DQG�WKH�OHDGLQJ�LWHPV�EHFDPH�IRRG�SURGXFWV�DQG�FKHPLFDOV�
(VWRQLD·V�VKDUH�RI�IRRG�SURGXFWV�LQFUHDVHG�SDUWLFXODUO\�LQ������DQG������EHFDXVH
(VWRQLD�KDG�SUREOHPV�ZLWK�H[SRUWLQJ�LWV�IRRG�SURGXFWV�WR�5XVVLD��LWV�WUDGLWLRQDO�PDUNHW
DUHD�IRU�IRRGVWXIIV��DQG�WKH�KLJKHU�/DWYLDQ�SULFH�OHYHO�DWWUDFWHG�(VWRQLDQ�IRRG
SURGXFHUV�DQG�WUDGHUV�

/LWKXDQLD·V�VKDUH�ZDV������RI�H[SRUWV�DQG������RI�LPSRUWV��(DUOLHU��(VWRQLD�UHFHLYHG�D
UDWKHU�LPSRUWDQW�SDUW�RI�LWV�JDVROLQH�IURP�WKH�0D]HLNDL�UHILQHU\�LQ�/LWKXDQLD��1RZ�WKH
VKDUH�RI�JDVROLQH�LPSRUWHG�IURP�/LWKXDQLD�KDV�GHFUHDVHG��0LQHUDO�SURGXFWV�PDGH�XS
������RI�(VWRQLDQ�LPSRUWV�IURP�/LWKXDQLD�LQ�������EXW�RQO\�������LQ�������7H[WLOHV�DQG
WH[WLOH�SURGXFWV���������ZHUH�WKH�OHDGLQJ�LWHP�LQ�������(VWRQLD�H[SRUWV�WR�/LWKXDQLD
FKHPLFDOV��������LQ�������DQG�IRRG�SURGXFWV�

*HUPDQ\�KDV�EHHQ�D�WDUJHW�IRU�WH[WLOHV��ZRRG�DQG�PHWDO�H[SRUWV��WKHVH�LWHPV�FRPSULVHG
�����������DQG�������RI�(VWRQLD·V������H[SRUWV�WR�*HUPDQ\���(VWRQLD�LPSRUWHG�IURP
*HUPDQ\�PDLQO\�PDFKLQHU\�DQG�PHFKDQLFDO�DSSOLDQFHV��������RI�LWV�LPSRUWV�IURP
*HUPDQ\���IRRG�SURGXFWV���������DQG�WH[WLOHV�DQG�WH[WLOH�SURGXFWV����������+LVWRULFDOO\�
EHWZHHQ�WKH�WZR�:RUOG�:DUV��*HUPDQ\�ZDV�WKH�PDLQ�WUDGLQJ�SDUWQHU�RI�WKH�5HSXEOLF
RI�(VWRQLD�

%\�JHRJUDSKLFDO�UHJLRQV��XQWLO������()7$�FRXQWULHV�GRPLQDWHG�LQ�(VWRQLDQ�IRUHLJQ
WUDGH�ZLWK�������RI�LWV�H[SRUWV�DQG�������RI�LWV�LPSRUWV�LQ�������,Q�������WKH�(8
FRXQWULHV�UHFHLYHG�������RI�(VWRQLD·V�H[SRUWV�DQG�IXUQLVKHG�������RI�LWV�LPSRUWV��$V
(VWRQLD·V�PDLQ�WUDGLQJ�SDUWQHUV��)LQODQG�DQG�6ZHGHQ��EXW�DOVR�$XVWULD��MRLQHG�WKH�(8
IURP���-DQXDU\�������WKH�VKDUH�RI�PHPEHUV�RI�WKLV�XQLRQ�ZDV�LQ������DV�KLJK�DV������
RI�(VWRQLDQ�H[SRUWV�DQG�������RI�LWV�LPSRUWV��,Q������DQG�������WKH�VKDUH�RI�WKH�(8�ZDV
ORZHU�DQG�WKH�VKDUH�RI�WKH�&,6�KLJKHU��3DUWO\�WKH�UHDVRQ�ZDV�WKH�GLIIHUHQW
FRPSHWLWLYHQHVV�RI�(VWRQLDQ�JRRGV�GXH�WR�WKH�GLIIHUHQW�SDWWHUQ�RI�WKH�UHDO�H[FKDQJH
UDWHV�

� 7KH�UHODWLRQVKLS�EHWZHHQ�WKH�IRUHLJQ�WUDGH�EDODQFH�DQG�HQHUJ\

)RU�RXU�VWXG\��WKH�PDLQ�LQWHUHVW�LV�WKH�LQIOXHQFH�RI�GLIIHUHQW�VROXWLRQV�WR�WKH�IRUHLJQ
WUDGH�EDODQFH��7KH�VWDUWLQJ�SRLQW�IRU�FDOFXODWLRQV�LV�WKH�\HDU�������7KHQ�WKH�VKDUH�RI��WKH
GRPHVWLFDOO\�SURGXFHG�SULPDU\�HQHUJ\�ZDV������LQFOXGLQJ�RLO�VKDOH�ZLWK�����DQG
ZRRG�DQG�SHDW�ZLWK�����7KH�VKDUH�RI�LPSRUWHG�SULPDU\�HQHUJ\�ZDV������(QHUJ\
VHFWRU���������)XHOV�FUHDWHG�����ELOOLRQ�NURRQV�RU������RI�(VWRQLDQ�LPSRUWV�LQ�������:H
DVVXPH�WKDW�LPSRUWV�ZLOO�LQFUHDVH�DW�WKH�VDPH�OHYHO�ZLWK�HFRQRPLF�JURZWK�LQ�WKH
UHVSHFWLYH�VFHQDULRV��$V�WKH�SULFH�LQFUHDVHV�RI�LPSRUWV�DQG�IXHO�KDYH�EHHQ�FRQVLGHUHG�WR
EH�HTXDO��ZH�XVHG�IRU�FDOFXODWLRQV�RQO\�UHDO�JURZWK�ILJXUHV��7KH�UHVXOWV�DFFRUGLQJ�WR�WKH
EDVHOLQH�VFHQDULRV�DQG�VHYHUDO�RWKHU�DVVXPSWLRQV�ZRXOG�KDYH�WKH�IROORZLQJ�LQIOXHQFH
RQ�IRUHLJQ�WUDGH�

��� %DVH�GHPDQG�VFHQDULR

����� %DVH�FDVH�GHPDQG�VFHQDULR

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������ORZHU�LQ�3-�V�WKDQ�LQ������GXH�WR�PRGHVW
HFRQRPLF�JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO
GHFUHDVH�WR�����RI�WKH�VXSSO\��7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�DFFRXQW�IRU�����RI�WKH
WRWDO�LPSRUWV�



���

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�VDPH�OHYHO�DV�LQ�������7KH�VKDUH�RI�GRPHVWLF
IXHOV�ZLOO�EH�DW�WKH�OHYHO�RI������7KH�LPSRUWHG�IXHOV�ZLOO�PDNH�XS������RI�WKH�WRWDO
LPSRUWV�

����� %DVH�FDVH�GHPDQG�VFHQDULR�ZLWK�ORZ�&2����WD[

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������ORZHU�LQ�3-�V�WKDQ�LQ������GXH�WR�PRGHVW
HFRQRPLF�JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO
GHFUHDVH�WR�����RI�WKH�GHPDQG��7KH�LPSRUWHG�IXHOV�ZLOO�PDNH�XS�����RI�WKH�WRWDO
LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�VDPH�OHYHO�DV�LQ�������7KH�VKDUH�RI�GRPHVWLF
IXHOV�ZLOO�EH�DW�WKH�OHYHO�RI������6KDUH�RI�LPSRUWHG�IXHOV�ZLOO�PDNH�XS�������RI�WKH�WRWDO
LPSRUWV�

����� %DVH�FDVH�GHPDQG�VFHQDULR�ZLWK�KLJK�&2����WD[

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������ORZHU�LQ�3-�V�WKDQ�LQ������GXH�WR�PRGHVW
HFRQRPLF�JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�IDOO
WR�����RI�WKH�GHPDQG��7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�EH�����RI�WKH�WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�QRW�FKDQJH�LQ�������7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�EH�DW�WKH
OHYHO�RI������7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�EH�������RI�WKH�WRWDO�LPSRUWV�

����� %DVH�FDVH�GHPDQG�VFHQDULR�ZLWK�DOO�KLJK�WD[HV

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������ORZHU�LQ�3-�V�WKDQ�LQ������GXH�WR�PRGHVW
HFRQRPLF�JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�IDOO
WR�����RI�WKH�GHPDQG��7KH�LPSRUWHG�IXHOV�ZLOO�DFFRXQW�IRU�����RI�WKH�WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�QRW�FKDQJH�LQ�������7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�EH�DW�WKH
OHYHO�RI������7KH�LPSRUWHG�IXHOV�ZLOO�PDNH�XS�������RI�WKH�WRWDO�LPSRUWV�

��� +LJK�HQHUJ\�GHPDQG�JURZWK�VFHQDULR

����� +LJK�HQHUJ\�GHPDQG�JURZWK�VFHQDULR

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�VDPH�OHYHO�DV�LQ������GXH�WR�IDVW�HFRQRPLF
JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�GHFUHDVH�WR
����RI�WKH�GHPDQG��7KH�LPSRUWHG�IXHOV�ZLOO�PDNH�XS��������RI�WKH�WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������KLJKHU�WKDQ�LQ�������7KH�VKDUH�RI�GRPHVWLF
IXHOV�ZLOO�EH�DW�WKH�OHYHO�RI������7KH�LPSRUWHG�IXHOV�ZLOO�DFFRXQW�IRU������RI�WKH�WRWDO
LPSRUWV�

����� +LJK�HQHUJ\�GHPDQG�JURZWK�ZLWK�ORZ�&2����WD[

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�VDPH�OHYHO�DV�LQ������GXH�WR�PRUH�HIIHFWLYH
XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�IDOO�WR�����RI�WKH�GHPDQG��7KH�VKDUH�RI
LPSRUWHG�IXHOV�ZLOO�EH�������RI�WKH�WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������KLJKHU�WKDQ�LQ�������7KH�VKDUH�RI�GRPHVWLF
IXHOV�ZLOO�EH�DW�WKH�OHYHO�RI������7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�DFFRXQW�IRU�������RI
WKH�WRWDO�LPSRUWV�

����� +LJK�HQHUJ\�GHPDQG�ZLWK�KLJK�&2����WD[

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�VDPH�OHYHO�LQ�3-�V�WKDQ�LQ������GXH�WR�PRGHVW
HFRQRPLF�JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO



���

GHFUHDVH�WR�����RI�WKH�GHPDQG��7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�PDNH�XS�������RI�WKH
WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ����������KLJKHU�WKDQ�LQ�������7KH�VKDUH�RI�GRPHVWLF
IXHOV�ZLOO�EH�DW�WKH�OHYHO�RI������7KH�LPSRUWHG�IXHOV�ZLOO�DFFRXQW�IRU������RI�WKH�WRWDO
LPSRUWV�

����� +LJK�HQHUJ\�GHPDQG�ZLWK�DOO�KLJK�WD[HV

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ������DW�WKH�OHYHO�RI������LQ�3-�V�GXH�WR�PRGHVW�HFRQRPLF
JURZWK�DQG�PRUH�HIIHFWLYH�XVH�RI�HQHUJ\��7KH�VKDUH�RI�GRPHVWLF�IXHOV�ZLOO�GHFUHDVH�WR
����RI�WKH�GHPDQG��7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�EH�������RI�WKH�WRWDO�LPSRUWV�

7KH�JHQHUDO�GHPDQG�ZLOO�EH�LQ���������KLJKHU�WKDQ�LQ�������7KH�VKDUH�RI�GRPHVWLF�IXHOV
ZLOO�EH�DW�WKH�OHYHO�RI������7KH�VKDUH�RI�LPSRUWHG�IXHOV�ZLOO�EH������RI�WKH�WRWDO�LPSRUWV�

� 6KDUH�RI�HQHUJ\�SURGXFWLRQ�LQ�WKH�*'3

7KH�HOHFWULFLW\��JDV��ZDWHU�VXSSO\��PLQLQJ�DQG�TXDUU\LQJ�FUHDWHG������RI�WKH�*'3�LQ
������7KH�LPSRUWDQFH�RI�HQHUJ\�SURGXFWLRQ�DQG�VHUYLFHV�UHODWHG�WR�HQHUJ\�FRQVXPSWLRQ
LV�VRPHKRZ�KLJKHU�WKDQ�WKHLU�H[SOLFLW�VKDUH�LQ�WKH�*'3��7KH�UHVWUXFWXULQJ�RI�WKH�HQHUJ\
V\VWHP�ZRXOG�DGG�WKURXJK�FRQVWUXFWLRQ�DQG�GLIIHUHQW�VHUYLFHV�VRPH�DGGLWLRQDO�YDOXH
WR�WKH�*'3�

7KH�VKDUH�RI�HQHUJ\�SURGXFWLRQ�LQ�WKH�*'3�KDV�GHFUHDVHG�SDUWO\�DV�D�UHVXOW�RI�D�JHQHUDO
HFRQRPLF�GHFOLQH�RI�WKH�(VWRQLDQ�HFRQRP\�DQG�SDUWO\�DV�D�UHVXOW�RI�VWUXFWXUDO�FKDQJHV
LQ�WKH�HQHUJ\�GHPDQG��)RU�H[DPSOH��RLO�VKDOH�PLQLQJ�GHFUHDVHG�WZR�WLPHV�LI�ZH
FRPSDUH�WKH�OHYHO�RI�WKH�����V�ZLWK�������7KH�GHFOLQH�LQ�WKH�DPRXQW�HQHUJ\�SURGXFHG
IURP�RLO�VKDOH�ZDV�DW�WKH�VDPH�OHYHO��2Q�WKH�RWKHU�KDQG��LQ�WKH�VWUXFWXUH�RI�HFRQRP\�WKH
VKDUH�RI�WUDGH��ILQDQFLDO�VHUYLFHV�DQG�RWKHU�VHFWRUV�ZLWK�UHODWLYHO\�ORZ�LQWHQVLW\�RI
HQHUJ\�LQFUHDVHG�DQG�WKH�VKDUH�RI�PRUH�HQHUJ\�LQWHQVLYH�VHFWRUV�OLNH�PDQXIDFWXULQJ
DQG�DJULFXOWXUH�IHOO��7KRVH�VWUXFWXUDO�FKDQJHV�GLPLQLVKHG�HQHUJ\�GHPDQG�DQG�WKH
VKDUH�RI�HQHUJ\�SURGXFWLRQ�LQ�WKH�*'3�

9HU\�VXEVWDQWLDO�FKDQJHV�RFFXUUHG�LQ�(VWRQLDQ�UHODWLYH�SULFHV��$V�HQHUJ\�SULFHV�KDYH
EHHQ�UHJXODWHG�E\�WKH�VWDWH�RU�PXQLFLSDOLWLHV��WKH�JHQHUDO�LQFUHDVH�RI�WKRVH�SULFHV�KDV
EHHQ�PRUH�PRGHVW�WKDQ�WKH�LQFUHDVH�LQ�SULFHV�GHWHUPLQHG�E\�PDUNHWV��7KH�SULFH�RI
HQHUJ\�VWDUWHG�WR�EH��UHODWLYHO\�ORZHU�LQ�FRPSDULVRQ�ZLWK�RWKHU�SULFHV��7KDW�PDNHV�WKH
VKDUH�RI�HQHUJ\�SURGXFWLRQ�DOVR�VPDOOHU�LQ�WKH�*'3��&RQVLGHULQJ�WKLV�GLIIHUHQFH�LQ
UHODWLYH�SULFHV�ZH�FRXOG�VD\�WKDW�WKH�VKDUH�RI�HQHUJ\�SURGXFWLRQ�FRXOG�EH
DSSUR[LPDWHO\�RQH�WKLUG�KLJKHU�WKDQ�LW�LV�RQ�WKH�EDVLV�RI�FXUUHQW�SULFHV�

� (QHUJ\�LQWHQVLW\�RI�LQGXVWULHV

(VWRQLDQ�HFRQRP\�ZDV��UDWKHU�HQHUJ\�LQWHQVLYH�LQ�WKH�6RYLHW�SHULRG��2QH�UHDVRQ�IRU
WKDW�ZDV�WKH�UHODWLYHO\�ORZ�SULFHV�RI�GLIIHUHQW�IXHOV�DQG�HOHFWULFLW\�FRPSDUHG�ZLWK�SULFHV
RI�RWKHU�JRRGV�DQG�VHUYLFHV��,Q�������WKH�VKDUH�RI�SXUFKDVHG�IXHOV�DQG�HQHUJ\�FUHDWHG
�����RI�WKH�WRWDO�SURGXFWLRQ�FRVWV�LQ�PDQXIDFWXULQJ��,Q�PLQLQJ��WKH�VKDUH�RI�UHVSHFWLYH
FRVWV�ZDV�������DQG�LQ�SRZHU�HQJLQHHULQJ��ZKHUH�WKRVH�FRVWV�DUH�PDLQ�LQSXWV��WKHLU
VKDUH�ZDV��������,Q�PDQXIDFWXULQJ��WKH�SXOS�DQG�SDSHU�LQGXVWU\�KDV�WKH�KLJKHVW�VKDUH
RI�HQHUJ\�FRVW�LQ�WRWDO�FRVWV�²�������LQ�������2WKHU�PRUH�LQWHQVLYH�XVHUV�RI�HQHUJ\�KDYH
EHHQ�QRQ�PHWDO�PDWHULDO�SURFHVVLQJ�LQGXVWU\�ZLWK��������WKH�FKHPLFDO�LQGXVWU\�ZLWK
������DQG�WKH�WH[WLOH�LQGXVWU\�ZLWK�������RI�WRWDO�FRVWV��7KRVH�LQGXVWULHV��H[FHSW�WKH
WH[WLOH�LQGXVWU\��ZLOO�LQFUHDVH�WKHLU�VKDUH�LQ�(VWRQLDQ�RXWSXW�E\�IRUHFDVWV��7KRXJK��WKH
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HFRQRP\�RI�UHVSHFWLYH�FRVWV��HVSHFLDOO\�LQ�HQHUJ\�LQWHQVLYH�LQGXVWULHV��FRXOG�EH�D�PDLQ
IDFWRU�IRU�GLPLQLVKLQJ�HQHUJ\�GHPDQG�DQG�WKURXJK�WKDW�DOVR�PLWLJDWH�WKH�HPLVVLRQ�RI
WKH�*+*��,QFUHDVH�LQ�HQHUJ\�SULFHV�DQG�WHFKQRORJLFDO�FKDQJHV�LQ�HFRQRP\�DUH
LQWHUUHODWHG�GHWHUPLQDQWV�IRU�VXFK�GHYHORSPHQWV�

� ,QYHVWPHQWV�DQG�VDYLQJV

7KH�DPRXQW�RI�GRPHVWLF�VDYLQJV�LV�DERXW�����RI�WKH�*'3��ZKLFK�ZDV�VXEVWDQWLDOO\
EHORZ�WKH�KLJK�LQYHVWPHQW�UDWHV�RI�DERXW�����LQ�������7KH�GLIIHUHQFH�LV�FRYHUHG�E\�QHW
IRUHLJQ�GLUHFW�LQYHVWPHQW�LQIORZV��7KH�IRUHLJQ�ORDQV�DUH�DW�WKH�OHYHO�RI����RI�WKH�*'3
�(HVWL�3DQN�%XOOHWLQ���������2Q�WKH�RQH�KDQG��WKLV�VKRZV�WKDW�WKH�LQYHVWPHQWV�DQG
HFRQRPLF�JURZWK�KDYH�EHHQ�EDVHG�VXEVWDQWLDOO\�RQ�IRUHLJQ�VDYLQJV��2Q�RWKHU�KDQG��WKH
FRXQWU\·V�OHQGLQJ�SRVLWLRQ�LV�VWLOO�YHU\�JRRG��ZKLFK�PDNHV�LW�SRVVLEOH�WR�ILQDQFH�ODUJH
LQYHVWPHQWV�IRU�IRUHLJQ�FUHGLWV�LQ�WKH�IXWXUH�

5HTXLUHG�LQYHVWPHQWV�IRU�UHFRQVWUXFWLRQ�RQO\�IRU�SRZHU�SODQWV�XQWLO������DUH�E\
HVWLPDWLRQ����ELOOLRQ�NURRQV�LQ�WKH�FDVH�RI�WKH�EDVHOLQH�VFHQDULR�DQG���²���ELOOLRQ
NURRQV�LQ�WKH�FDVH�RI�KLJK�GHPDQG�JURZWK�VFHQDULR��,JQRULQJ�LQ�FDOFXODWLRQV�WKH�SULFH
DVSHFW�DQG�DVVXPLQJ�HTXDO�GLVWULEXWLRQ�RI�LQYHVWPHQWV�GXULQJ�WKH�ZKROH�SHULRG��ZH
FRXOG�HYDOXDWH�WKH�DQQXDO�LQYHVWPHQWV�DW�WKH�OHYHO�RI�����ELOOLRQ�NURRQV�DQG����²���
ELOOLRQ�NURRQV�LQ�UHVSHFWLYH�VFHQDULRV��7KH�WRWDO�FDSLWDO�DFFXPXODWLRQ�ZRXOG�EH���²��
ELOOLRQ�NURRQV�LQ�(VWRQLD�LQ�������2Q�WKH�EDVLV�RI�WKRVH�ILJXUHV�ZH�FRXOG�HYDOXDWH�WKH
QHHGHG�LQYHVWPHQWV�DW�WKH�OHYHO�RI������RI�WKH�WRWDO�FDSLWDO�DFFXPXODWLRQ�LQ�WKH�EDVHOLQH
VFHQDULR�DQG�DW�WKH�OHYHO��²���RI�WKH�WRWDO�FDSLWDO�DFFXPXODWLRQ�LQ�WKH�KLJK�GHPDQG
JURZWK�VFHQDULR�GXULQJ�WKH�ILUVW�\HDUV�RI�WKH�SHULRG�RI�IRUHFDVW��,Q�WKH�VHFRQG�VFHQDULR
WKH�IDVWHU�JURZWK�RI�WKH�*'3�DQG�FDSLWDO�DFFXPXODWLRQ�ZLOO�GLPLQLVK�WKH�VKDUH�RI
LQYHVWPHQWV�QHHGHG�IRU�UHFRQVWUXFWLRQ�RI�WKH�SRZHU�SODQWV�WR�WKH�OHYHO�RI��²���GXULQJ
WKH�VHFRQG�KDOI�RI�WKH�SHULRG�

6HYHUDO�SURSRVDOV�KDYH�EHHQ�PDGH�WR�SULYDWLVH�WKH�SRZHU�SODQWV�WR�IRUHLJQ�LQYHVWRUV�
7KH�LPSRUWDQFH�RI�VXFK�DQ�LQYHVWPHQW�IRU�WKH�EDODQFH�RI�SD\PHQWV�FRXOG�EH�HYDOXDWHG
RQ�WKH�EDVLV�RI�FRPSDULVRQV�ZLWK�WKH�VL]H�RI�IRUHLJQ�GLUHFW�LQYHVWPHQWV��)',���7KH
DPRXQW�RI�WKH�)',�ZDV�����ELOOLRQ�NURRQV�LQ�������,I�WKH�WRWDO�DPRXQW�RI�WKH�QHFHVVDU\
LQYHVWPHQWV�ZLOO�FRPH�IURP�DEURDG��LWV�VKDUH�ZLOO�EH�����RI�WKH�)',�LQ�WKH�ILUVW�VFHQDULR
DQG���²����LQ�WKH�VHFRQG�VFHQDULR��,I�ZH�DVVXPH�WKDW�WKH�RWKHU�)',�ZLOO�EH�DW�WKH�VDPH
OHYHO��WKH�)',�LQWR�SRZHU�SODQWV�ZLOO�LQFUHDVH�WKH�WRWDO�DPRXQW�RI�WKH�)',�E\���²�����,Q
FDVH�WKH�(VWRQLDQ�VWDWH�NHHSV�����RI�WKH�VKDUH�FDSLWDO��WKH�LQIOXHQFH�RI�WKH�)',�UHODWHG
WR�WKH�UHFRQVWUXFWLRQ�RI�WKH�SRZHU�SODQWV�ZLOO�EH�WZR�WLPHV�VPDOOHU�

$Q\ZD\��LW�LV�SRVVLEOH�WR�PDNH�D�FRQFOXVLRQ�WKDW�WKH�UHTXLUHG�LQYHVWPHQWV�IRU�WKH
UHFRQVWUXFWLRQ�RI�WKH�SRZHU�SODQWV�DUH�VXEVWDQWLDO�LI�ZH�FRPSDUH�UHVSHFWLYH�ILJXUHV
ZLWK�RWKHU�LQGLFDWRUV�RI�WKH�(VWRQLDQ�HFRQRP\��7KHUHIRUH�ILQGLQJ�(VWRQLDQ�SULYDWH
LQYHVWRUV�ZKR�FRXOG�JXDUDQWHH�UHVSHFWLYH�QHFHVVDU\�LQYHVWPHQWV�LV�D�UDWKHU�FULWLFDO
LVVXH��7KH�)',�ZLOO�KDYH�TXLWH�D�VWURQJ�HIIHFW�RQ�(VWRQLDQ�EDODQFH�RI�SD\PHQWV��NHHSLQJ
LQ�PLQG�WKH�����ELOOLRQ�NURRQV�RU�����RI�WKH�*'3�FXUUHQW�DFFRXQW�GHILFLW�LQ�������

�� (FRQRPLF�LQIOXHQFH�RI�GLIIHUHQW�WD[DWLRQ�VFKHPHV

$FFRUGLQJ�WR�LQWHUQDWLRQDO�DJUHHPHQWV�(VWRQLD�PXVW�UHGXFH�LWV�62��HPLVVLRQ�E\�����WR
�����DQG�E\�����WR������IURP�WKH������OHYHO��7KH�12;�HPLVVLRQV�DUH�QRW�DOORZHG�WR
H[FHHG�WKH������OHYHO��$FFRUGLQJ�WR�WKH�.\RWR�DJUHHPHQW�(VWRQLD·V�&2��HPLVVLRQ�LQ
�����PXVW�EH�DW�OHDVW����ORZHU�WKDQ�LQ������
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7KH�ILJXUHV�LQ�7DEOHV����WR����GHVFULEH�WKH��LQIOXHQFH�RI�GLIIHUHQW�WD[HV�RQ�WKH�WRWDO
DPRXQW�RI�HPLVVLRQV�DQG�WD[�OHYHOV��VHH�DOVR�&KDSWHU���RQ�0$5.$/�PRGHO���8QGHU
WKLV�SURMHFW�WKH�IROORZLQJ�PLWLJDWLRQ�VFHQDULRV�KDYH�EHHQ�FRQVLGHUHG�

/RZ�&2��WD[�FDVH�ZLWK���86��SHU�WRQQH�VWDUWLQJ�IURP����������((.�DW�FXUUHQW�H[FKDQJH
UDWH�ZLWK�86���

+LJK�&2��WD[�FDVH�ZLWK���86��SHU�WRQQH�VWDUWLQJ�IURP������DQG����86��SHU�WRQQH
VWDUWLQJ�IURP��������OLQHDU�LQWHUSRODWLRQ�EHWZHHQ������DQG��������

$OO�KLJK�WD[HV�ZLWK������86�SHU�WRQQH�LQ������IRU�12[��������((.��DQG�ZLWK������86�
SHU�WRQQH��������((.��IRU�62��LQ������SOXV�KLJK�&2��WD[�FDVH�

,Q�WKH�ILUVW�WZR�FDVHV��WKH������OHYHO�RI�62���������((.�WRQQH��DQG�12;�������
((.�WRQQH��WD[HV�ZLWK�����DQQXDO�JURZWK�ZHUH�XVHG�WR�FDOFXODWH�WKH�UHVSHFWLYH�WD[HV
LQ������������DQG������

7DEOH����7D[HV�LQ�GLIIHUHQW�WD[DWLRQ�VFHQDULRV�LQ�WKH�\HDU�����

Scenario Low CO2 tax High CO2 tax All high Taxes
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
CO2 14405 807 12724 713 12270 687
SO2 47 6 31 4 25 3
NOX 44 14 43 13 42 13

7DEOH����7D[HV�LQ�GLIIHUHQW�WD[DWLRQ�VFHQDULRV�LQ�WKH�\HDU�����

Scenario Low CO2 tax High CO2 tax All high Taxes
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
CO2 12412 695 10956 1840 11335 1904
SO2 14 5 14 5 11 628
NOX 38 29 38 29 37 2,963

7DEOH����7D[HV�LQ�GLIIHUHQW�WD[DWLRQ�VFHQDULRV�LQ�WKH�\HDU�����

Scenario Low CO2 tax High CO2 tax All high Taxes
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
Emission

kt
Tax

MEEK
CO2 12268 687 10425 2919 11361 3181
SO2 14 12 14 12 11 611
NOX 37 72 38 73 36 2898

)LJXUHV�LQ�7DEOHV����WR����HYDOXDWH�FRVWV�UHODWHG�WR�WD[HV�IRU�HPLVVLRQ�RI�GLIIHUHQW
FRPSRQHQWV�SHU�\HDU��$OVR�WKH�0$5.$/�PRGHO�WDNHV�WKRVH�HVWLPDWHV�LQWR�DFFRXQW�DQG
KXJH�FRVWV�UHODWHG�WR�HPLVVLRQ�WD[HV�VWDUWLQJ�IURP������LQ�KLJK�WD[�VFHQDULRV�DUH�D�PDLQ
UHDVRQ�IRU�ORZ�FRPSHWLWLYHQHVV�RI�RLO�VKDOH�EDVHG�SRZHU�HQJLQHHULQJ�

1R�&��&2��RU�HQHUJ\�WD[�KDV�EHHQ�LQWURGXFHG�LQ�(VWRQLD�XS�WLOO�QRZ��$V�WKHUH�LV�D�UDWKHU
KLJK�SUREDELOLW\�WKDW�WKH�(8�ZLOO�LQWURGXFH�UHVSHFWLYH�WD[HV��RQH�SRVVLEOH�VFKHPH�WR
SUHSDUH�EHWWHU�IRU�VXFK�D�FKDQJH�RI�HFRQRPLF�SROLF\�FRXOG�EH�LQWURGXFWLRQ�RI�UHVSHFWLYH
WD[HV�LQ�(VWRQLD�DW�ORZ�OHYHO�HYHQ�HDUOLHU��7KH�PDLQ�SUREOHP�RI�WKH�SUHVHQW�VLWXDWLRQ�LV
WKDW�LW�ZRXOG�FUHDWH�ZURQJ�H[SHFWDWLRQV�RI�LQYHVWRUV�DERXW�WKH�SRWHQWLDO�SURILWDELOLW\�RI
WKH�HQHUJ\�V\VWHP��$V�ZH�PHQWLRQHG�EHIRUH��WKH�FORVH�WR�PRQRSRO\�VWUXFWXUH�RI�WKH
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HQHUJ\�PDUNHW�FRXOG�SDVV�WKH�EXUGHQ�RI�SULFH�LQFUHDVH�GXH�WR�WD[DWLRQ�WR�FRQVXPHUV�
2Q�WKH�RWKHU�KDQG��VHYHUDO�IRUHFDVWV�IRUHVHH�D�UDWKHU�KLJK�LQFUHDVH�LQ�HQHUJ\�SULFHV
DQ\ZD\��7KDW�FRXOG�FUHDWH�VWURQJ�VRFLDO�WHQVLRQV��EHFDXVH�WKHUH�LV�DOVR�VWUXFWXUDO
SUREOHP�RI�SULFHV�IRU�HQHUJ\��HVSHFLDOO\�HOHFWULFLW\�EHWZHHQ�LQGXVWULDO�FRQVXPHUV�DQG
KRXVHKROGV��$V�WKH�SULFH�VFKHPH�RI�HQHUJ\�VXSSRUWHG�WKH�FRQVXPHUV�LQ�SDVW�HYHQ��QRZ
WKH�SULFHV�IRU�KRXVHKROGV�DQG�LQGXVWULHV�DUH�FORVH�WR�HDFK�RWKHU��7DNLQJ�LQWR�DFFRXQW
WKH�GLVWULEXWLRQ�FRVW�DQG�RWKHU�FRVWV�IRU�KRXVHKROGV��WKH�PDUNHW�SULFH�IRU�WKRVH
FRQVXPHUV�VKRXOG�EH�UHPDUNDEO\�KLJKHU�WKDQ�IRU�LQGXVWULHV��7KDW�PHDQV�DQ�HYHQ
KLJKHU�SULFH�LQFUHDVH�IRU�KRXVHKROG�GXH�WR�DGMXVWPHQW�RI�SULFH�VWUXFWXUH�WR�UHDO�FRVWV�

�� 7KH�PDUNHW�VWUXFWXUH�DQG�WD[�EXUGHQ

7KH�ZKROHVDOH�YDOXH�RI�HOHFWULFLW\�SURGXFHG�LQ�(VWRQLD�ZDV�DSSUR[LPDWHO\���ELOOLRQ
NURRQV�LQ�������$FFHSWLQJ�SULFH�DQG�RXWSXW�JURZWK�VFHQDULRV�SUHVHQWHG�LQ�WKH
IUDPHZRUN�RI�WKLV�UHVHDUFK��WKH�YDOXH�RI�HOHFWULFLW\�ZRXOG�EH�DURXQG����ELOOLRQ�NURRQV
LQ������ZLWKRXW�HPLVVLRQ�WD[HV��7KH�SUHGRPLQDQW�VRXUFH�RI��FDUERQ�GLR[LGH�LQ�(VWRQLD
LV�WKH�HQHUJ\�V\VWHP��PRUH�WKDQ�����LQ��������2Q�WKH�RWKHU�KDQG��RLO�VKDOH�EDVHG
SURGXFWLRQ�RI�HOHFWULFLW\�LV�WKH�PDLQ�VRXUFH�RI�HPLVVLRQ�LQVLGH�WKH�HQHUJ\�V\VWHP��7KH
WRWDO�VXP�RI�WD[HV�SDLG�LQ������ZLOO�PDNH�XS����RI�WKH�YDOXH�RI�HOHFWULFLW\�LQ�ORZ�&2�

WD[�VFHQDULR������LQ�KLJK�&2��WD[�VFHQDULR�DQG�����LQ�WKH�DOO�KLJK��WD[HV�VFHQDULR�
&RQVLGHULQJ�PLQLPDO�FKDQJHV�LQ�HOHFWULFLW\�SULFH�DQG�RXWSXW�EHWZHHQ������DQG������
WKH�WRWDO�DPRXQW�RI�SDLG�WD[HV�FRXOG�UHDFK�������DOO�KLJK�WD[HV��RI�WKH�YDOXH�RI
SURGXFWLRQ�LQ������

7KH�0$5.$/�PRGHO�RIIHUV�XQGHU�WKRVH�FLUFXPVWDQFHV�WKH�FKDQJH�RI�SULPDU\�HQHUJ\
VRXUFHV��,Q�RXU�DQDO\VLV�ZH�FRXOG�FRQVLGHU�WKRVH�ILJXUHV�DV�DQ�HVWLPDWH�RI�RSSRUWXQLW\
FRVW�RI�WKH�PHWKRGV�DSSOLHG�IRU�UHVWUXFWXULQJ�HQHUJ\�V\VWHP�DQG�HFRQRPLVLQJ
FRQVXPSWLRQ�RI�HQHUJ\��+RZHYHU��ZH�FRXOG�DQDO\VH�WKRVH�SUREOHPV�DOVR�LQ�WKH
IUDPHZRUN�RI�HQHUJ\�PDUNHW�VWUXFWXUH��7KHUH�LV�XQGHU�FRQVLGHUDWLRQ�D�EXVLQHVV�SODQ�RI
SULYDWLVDWLRQ�RI�WZR�ODUJHVW�SRZHU�SODQWV�WR�D�IRUHLJQ�FRPSDQ\�ZLWK�WKH�JXDUDQWHH�RI
����RI�WKH�PDUNHW�XQWLO������DQG�����XQWLO�������,I�WKDW�SODQ�LV�DFFHSWHG��WKH�DFFHVV�WR
WKH�HQHUJ\�PDUNHW�RI�QHZ�SURGXFHUV�XVLQJ�GLIIHUHQW�IURP�RLO�VKDOH�SULPDU\�HQHUJ\
VRXUFHV�ZRXOG�EH�UDWKHU�FRPSOLFDWHG�DQG�WKH�G\QDPLFV�RI�SULFHV�ZLOO�GHSHQG�RQ�WKH
VWUDWHJ\�RI�WKH�PRQRSRO\��7KH�FRQVXPHUV�KDYH�WR�WDNH�WKH�PDMRU�SDUW�RI�WKH�DGGLWLRQDO
WD[�EXUGHQ�GXH�WR�HPLVVLRQ�WD[HV�

$QRWKHU�TXHVWLRQ�LV�ZKDW�PLWLJDWLRQ�VFHQDULRV�ZLOO�EH�DSSOLHG�LQ�WKH�IUDPHZRUN�RI
GLIIHUHQW�WD[�VFHQDULRV��7KH�JHQHUDO�IRUHFDVW�LV�WKDW�WKRVH�VFHQDULRV�ZLOO�SXW�YHU\�VWURQJ
HPSKDVLV�RQ�HQHUJ\�GHPDQG�DQG�HVSHFLDOO\�RQ�PHDVXUHV�UHODWHG�WR�LPSURYHG�HQHUJ\
XVH�PDQDJHPHQW��$OWKRXJK�LQYHVWPHQWV�LQWR�HQHUJ\�LQWHQVLYH�LQGXVWULHV�KDYH�EHHQ
IRUHFDVW�LQ�ERWK�VFHQDULRV�RI�HFRQRPLF�GHYHORSPHQW��WKH�KLJK�WD[�RQ�HPLVVLRQ�FRXOG
SRVWSRQH�RU�HYHQ�VWRS�WKH�UHVSHFWLYH�SURMHFWV��PHWKDQRO�SODQW�RU�SXOS�DQG�SDSHU�PLOO
LQFOXGHG�LQWR�HQHUJ\�GHPDQG�VLGH��

(VWRQLDQ�LQWHJUDWLRQ�ZLWK�WKH�(8�UHTXLUHV�DWWHQWLRQ�WR�WKH�SULQFLSOHV�LQ�WKH�ILHOGV�RI
HQHUJ\�SROLF\�OLNH�FRPSHWLWLYHQHVV�DW�WKH�HQHUJ\�PDUNHW��HQHUJ\�XVH�LQ�FRQIRUPLW\�ZLWK
WKH�FRXQWU\·V�HFRQRPLF�VLWXDWLRQ�DQG�FRQVXPHU�VROYHQF\��UHOLDEOH�VXSSO\�DQG�VHFXULW\
UHVHUYH��HQYLURQPHQW�SURWHFWLRQ�DQG�VDIHW\�

,Q������WKH�(VWRQLDQ�(QHUJ\�$FW�ZDV�SDVVHG��,W�LQFOXGHV�WKH�SULQFLSOHV�RI�WKH�(8�HQHUJ\
SROLF\�OLNH�IUHH�DFFHVV�WR�HQHUJ\�PDUNHW��WKH�REOLJDWLRQ�RI�WKH�PDUNHW�OHDGHU�WR�PDNH�LWV
SURGXFW�SULFHV�SXEOLFO\�NQRZQ��WKH�REOLJDWLRQ�WR�GLVWLQJXLVK�SURGXFWLRQ��WUDQVIHU�DQG
GLVWULEXWLRQ�FRVWV��SULFH�IRUPDWLRQ��LQFOXGLQJ�HQHUJ\�SURGXFWLRQ��HQYLURQPHQWDO



���

SURWHFWLRQ�DQG�VDIHW\�UHJXODWLRQV�FRVWV���7KH�HQIRUFHPHQW�RI�UHVSHFWLYH�UHJXODWLRQV
FRXOG�EDODQFH�WKH�LQWHUHVW�RI�SURGXFHUV�DQG�FRQVXPHUV�RQ�WKH�HQHUJ\�PDUNHW�

�� (PSOR\PHQW

7KH�RLO�VKDOH�FRPSOH[�DQG�SRZHU�HQJLQHHULQJ�EDVHG�RQ�RLO�VKDOH�KLUH�DOWRJHWKHU�FORVH�WR
������HPSOR\HHV�������RI�WKHP�LQ�RLO�VKDOH�PLQHV�DQG������LQ�SRZHU�SODQWV���7KDW
ILJXUH�PDNHV�XS��DSSUR[LPDWHO\������RI�(VWRQLDQ�WRWDO�HPSOR\PHQW��EHLQJ�WKXV�QRW
YHU\�VLJQLILFDQW��,I�(VWRQLD�FORVHG�GRZQ�WKRVH�ILHOGV��XQHPSOR\PHQW�ZRXOG�LQFUHDVH
IURP�����WR��������2Q�WKH�RWKHU�KDQG��RLO�VKDOH�PLQHV�DQG�SODQWV�VWDWLRQV�DUH�ORFDWHG�LQ
WKH�YHU\�FULWLFDO�QRUWK�HDVWHUQ�SDUW�RI�(VWRQLD�ZKHUH�WKH�SRWHQWLDO�RI�VRFLDO�DQG�SROLWLFDO
WHQVLRQV�LV�KLJK�DQG�XQHPSOR\PHQW�H[FHHGV�WKH�DYHUDJH�ILJXUH�RI�WKH�FRXQWU\��,Q�WKDW
UHJLRQ�WKRVH�HPSOR\HHV�FUHDWH�DSSUR[LPDWHO\�����RI�WKH�ODERXU�IRUFH�DQG�E\
HVWLPDWLRQ�DSSUR[LPDWHO\�KDOI�RI�WKHP�ZRXOG�QRW�ILQG�D�QHZ�MRE�LQ�WKH�FDVH�RI�FORVLQJ
GRZQ�UHVSHFWLYH�LQGXVWULHV��8QHPSOR\PHQW�LQ�,GD�9LUX�&RXQW\�ZRXOG�LQFUHDVH�IURP
����WR���²����

2Q�WKH�RWKHU�KDQG��WKHUH�FRXOG�EH�HYHQ�KLJKHU�LQGLUHFW�HIIHFWV�RQ�HPSOR\PHQW��7KH
KLJKHU�SULFH�RI�HQHUJ\�IURP�RWKHU��WKDQ�RLO�VKDOH�SULPDU\�HQHUJ\�VRXUFHV�ZRXOG�FUHDWH
DQ�DGGLWLRQDO�LQFUHDVH�LQ�HQHUJ\�SULFHV�DQG�WKXV�GLPLQLVK�WKH�FRPSHWLWLYHQHVV�RI
(VWRQLDQ�HFRQRP\��HVSHFLDOO\�PDQXIDFWXULQJ��7KH�UHVXOW�ZLOO�EH�GLPLQLVKLQJ�RXWSXW
DQG�VPDOOHU�HPSOR\PHQW��7KH�QXPEHU�RI�DGGLWLRQDO�XQHPSOR\HG�SHUVRQV�FRXOG�EH�DW
OHDVW�HTXDO�ZLWK�WKRVH�ILUHG�DV�D�UHVXOW�RI�FORVLQJ�GRZQ�RLO�VKDOH�PLQHV�DQG�HOHFWULFLW\
SODQWV�LQ�1RUWKHDVW�(VWRQLD�

7KH�HPSOR\PHQW�LQ�1RUWKHDVW�(VWRQLD�VKRXOG�EH�FRQVLGHUHG�DV�RQH�RI�WKH�SROLWLFDOO\
PRVW�VHQVLWLYH�DUHDV�LQ�(VWRQLD��$V�EXVLQHVV�DFWLYLW\�WKHUH�LV�DW�D�UHODWLYHO\�ORZ�OHYHO�
SRWHQWLDO�UHSODFHPHQW�RI�ORVW�ZRUNLQJ�SODFHV�GXH�WR�GLVFRQWLQXHG�RLO�VKDOH�EDVHG
HQHUJ\�SURGXFWLRQ�E\�QHZ�DFWLYLWLHV�LQ�WKH�VHUYLFH�VHFWRU�RU�RWKHU�DUHDV�LV�ORZ��7KLV
PHDQV�WKDW�WKH�UHVXOW�ZRXOG�EH�DQ�DUHD�ZLWK�D�YHU\�KLJK�OHYHO�RI�SHUPDQHQW
XQHPSOR\PHQW�

�� $OWHUQDWLYH�HQHUJ\�VRXUFHV

������ 5HQHZDEOH�UHVRXUFHV

(VWRQLDQ�PDLQ�UHQHZDEOH�HQHUJ\�VRXUFHV�VXLWDEOH�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ
DUH�SHDW��ZRRG��ZLQG�DQG�ZDWHU��7KH�ELJJHVW�UHVRXUFH�LV�WKDW�RI�ZLQG��7KHUH�DUH�HQRXJK
VLWHV�ZKHUH�ZLQG�HQHUJ\�FRXOG�EH�KDUQHVVHG�WR�SURGXFH�PRUH�WKDQ���7:ÃK�HOHFWULFLW\
ZLWKRXW�FRQIOLFWLQJ�ZLWK�RWKHU�UHTXLUHPHQWV��+RZHYHU��OLPLWV�DUH�VHW�E\�WHFKQLFDO�DQG
ILQDQFLDO�IDFWRUV��DQG�WKHUHIRUH�RQO\�VRPH����RI�WKH�SUHVHQW�(VWRQLDQ�HOHFWULFLW\
SURGXFWLRQ�FRXOG�EH�DFKLHYHG�XVLQJ�ZLQG�WXUELQHV�

:RRG�UHVRXUFHV�DUH�DOVR�SURPLVLQJ�DV�DERXW�����RI�(VWRQLD·V�DUHD�LV�FRYHUHG�ZLWK
IRUHVW�DQG�VKUXEEHU\�DQG�WKH�HVWLPDWHG�DQQXDO�ZRRG�FRQVXPSWLRQ�IRU�IXHO�FRXOG�UHDFK
��²���3-��3HDW�UHVRXUFHV�FDQ�EH�WUHDWHG�DV�UHQHZDEOH�RQO\�ZLWK�FHUWDLQ�UHVHUYDWLRQV
EHFDXVH�RI�WKHLU�YHU\�VORZ�UHFRYHULQJ�VSHHG��KRZHYHU��FRQVLGHULQJ�WKDW�����RI�WKH
FRXQWU\·V�DUHD�LV�FRYHUHG�ZLWK�ZHWODQGV��SDUW�RI�WKH�HVWLPDWHG������3-�SHDW�UHVRXUFHV
IRU�FRPEXVWLRQ�PD\�EH�WDNHQ�LQWR�XVH��7KH�DPRXQW�RI�K\GUR�HQHUJ\�LV�YHU\�OLPLWHG�GXH
WR�WKH�JHQHUDOO\�IODW�VXUIDFH�RI�WKH�FRXQWU\��$V�PD[LPXP����0:�K\GUR�SRZHU�FDQ�EH
LQVWDOOHG�DQG�RQO\�D�IHZ�IRUPHU�SRZHU�SODQWV�ZLWK�D�WRWDO�FDSDFLW\�RI��²��0:�FDQ�EH
UHVWRUHG�LQ�WKH�QHDU�IXWXUH�



���

6R�IDU�RQO\�D�VPDOO�SDUW�RI�WKH�DYDLODEOH�UHQHZDEOH�HQHUJ\�VRXUFHV�DUH�LQ�XVH��:RRG�DQG
SHDW�DUH�SUHGRPLQDQWO\�XVHG�IRU�WKH�SURGXFWLRQ�RI�WKHUPDO�HQHUJ\��WKRXJK�SHDW�LV
EHJLQQLQJ�WR�EH�EXUQHG�DOVR�IRU�HOHFWULFLW\�JHQHUDWLRQ��,Q������ZRRG�DQG�SHDW
DFFRXQWHG�DOUHDG\�IRU����RI�SULPDU\�HQHUJ\�SURGXFWLRQ��$W�SUHVHQW�ILYH�VPDOO�K\GUR
SRZHU�SODQWV�ZLWK�D�WRWDO�FDSDFLW\�RI�����N:�DUH�LQ�RSHUDWLRQ��DQG�WKH�ILUVW�ZLQG
WXUELQH�IRU�FRPPHUFLDO�HQHUJ\�SURGXFWLRQ�ZLWK�D�FDSDFLW\�RI�����N:�KDV�EHHQ
RSHUDWLQJ�VLQFH�6HSWHPEHU������

7KH�PDLQ�REVWDFOHV�WR�WKH�GHYHORSPHQW�RI�DOO�W\SHV�RI�VPDOO�UHQHZDEOH�HQHUJ\�SRZHU
SODQWV�DUH�EDVLFDOO\�UHODWHG�WR�HFRQRPLF�FLUFXPVWDQFHV��(QHUJ\�SURGXFHG�IURP
UHQHZDEOH�VRXUFHV�LV�PRUH�H[SHQVLYH�WKDQ�HQHUJ\�SURGXFHG�IURP�WUDGLWLRQDO�VRXUFHV�
7KH�ODFN�RI�D�VXSSRUWLQJ�WD[DWLRQ�SROLF\��VFDUFLW\�RI�H[SHULHQFH�DQG�NQRZ�KRZ�DUH
DGGLWLRQDO�IDFWRUV�SUHYHQWLQJ�D�ZLGHU�XVH�RI�WKRVH�HQHUJ\�VRXUFHV��7KHUH�LV�QR�GRPHVWLF
LQGXVWU\�SURGXFLQJ�K\GUR�RU�ZLQG�WXUELQHV��PRVW�RI�WKH�HTXLSPHQW�KDV�WR�EH�LPSRUWHG�

7KH�LQFUHDVLQJ�XVH�RI�ZDVWH�ZRRG�LQ�WKH�HQHUJ\�VHFWRU�KDV�SURPRWHG�GRPHVWLF
SURGXFWLRQ�RI�HTXLSPHQW�IRU�ELRPDVV�ERLOHUV��$IWHU�D�VXFFHVVIXO�VWDUW�DOVR�GRPHVWLF
SURGXFWLRQ�RI�ZLQG�WXUELQHV�PD\�EH�FRQVLGHUHG�

&RQVLGHULQJ�WKH�UHODWLYHO\�H[WHQVLYH�SHDW�DQG�ZRRG�VWRFNV��ORZ�HQYLURQPHQWDO�KD]DUG
RI�WKHLU�XVH�DQG�SRVVLEOH�SRVLWLYH�LQIOXHQFH�RQ�UHJLRQDO�GHYHORSPHQW��WKH�ULVLQJ�VKDUH�RI
WKRVH�IXHOV�LQ�SULPDU\�HQHUJ\�EDODQFH�FRXOG�EH�FRQVLGHUHG��(VSHFLDOO\�LI�WKH�DOO�KLJK
HPLVVLRQ�WD[HV�VFHQDULR�ZDV�IROORZHG��WKH�UHQHZDEOH�UHVRXUFHV�FRXOG�EH�DOVR
HFRQRPLFDOO\�HIILFLHQW�LQ�FRPSDULVRQ�ZLWK�RLO�VKDOH�LQ�(VWRQLD�LQ�ORQJ�UXQ��2Q�WKH�RWKHU
KDQG��ORZ�WD[�VFHQDULR�SRVWSRQHV�WKH�WUDQVIHU�WR�DOWHUQDWLYH�HQHUJ\�VRXUFHV�OLNH�ZLQG
DQG�ZRRG�FKLSV�

$FFRUGLQJ�WR�WKH�(VWRQLDQ�(QHUJ\�6WUDWHJ\��DQ�RIILFLDO�GRFXPHQW�DGRSWHG�E\�WKH
5LLJLNRJX��WKH�DPRXQW�RI�SULPDU\�HQHUJ\�SURGXFHG�IURP�UHQHZDEOH�LQSXWV�ZLOO
LQFUHDVH�E\�����LQ�������7KH�VKDUH�RI�UHQHZDEOH�UHVRXUFHV�ZLOO�LQFUHDVH�IURP����LQ
�����WR�����LQ�������0RUH�XQLIRUP�UHJLRQDO�GHYHORSPHQW��ZKLFK�LV�RQH�RI�WKH�SROLWLFDO
LPSHUDWLYHV�RI�(VWRQLDQ�IXWXUH�HFRQRPLF�SROLF\��ZLOO�VXSSRUW�WKH�XVH�RI�UHQHZDEOH
UHVRXUFHV�

:H�FRXOG�HYDOXDWH�WKH�HIILFLHQF\�RI�UHQHZDEOH�UHVRXUFHV�RQ�WKH�EDVLV�RI�WKH�SRWHQWLDO
FRVW�RI�HPLVVLRQ�WD[�SDLG�LQ�������$VVXPLQJ�WKDW�WKH�WRWDO�DPRXQW�RI�WKH�HQHUJ\
SURGXFHG�ZLOO�EH�WKH�VDPH��WKH�HFRQRP\�GXH�WR�DYRLGHG�HPLVVLRQ�WD[�IRU����RI�HQHUJ\
SURGXFWLRQ�GXH�WR�VXEVWLWXWLRQ�RI�WKDW�DPRXQW�ZLWK�HQHUJ\�IURP�UHQHZDEOH�VRXUFHV
ZLOO�SURYLGH�XV�ZLWK����PLOOLRQ�NURRQ�HFRQRP\�RI�OHVV�SDLG�WD[HV�LQ�KLJK�&2��WD[
VFHQDULR�DQG�ZLWK����PLOOLRQ�NURRQV�LQ�ORZ�WD[�&2��VFHQDULR��7KRVH�ILJXUHV�DUH�WKH
RSSRUWXQLW\�FRVW�RI�LQYHVWPHQWV�UHTXLUHG�WR�FUHDWH�QHZ�HTXLSPHQW�WR�SURGXFH�VXFK
DPRXQW�RI�HQHUJ\��ZLQG�JHQHUDWRUV�HWF���

(VWRQLD�KDV�YHU\�OLPLWHG�SRWHQWLDO�IRU�K\GURHOHFWULF�SRZHU�JHQHUDWLRQ��+RZHYHU�
KDUQHVVLQJ�RI�ZLQG�HQHUJ\�FRXOG�EH�FRQVLGHUHG�DV�RQH�VXSSOHPHQWDU\�VRXUFH�RI
HQHUJ\��(VSHFLDOO\�WKH�ZHVWHUQ�FRDVW�RI�(VWRQLD�DQG�LVODQGV�FRXOG�EH�FRQVLGHUHG�DV
SRWHQWLDO�ORFDWLRQV�IRU�ZLQG�SDUNV��7KH�SULFLQJ�SROLF\�VKRXOG�EH�FKDQJHG�WR�VXSSRUW�WKH
LQWURGXFWLRQ�RI�DGGLWLRQDO�FDSDFLWLHV�XVLQJ�ZLQG��$V�RI�������WKH�QHFHVVDU\�FRVWV�IRU
ZLQG�HQHUJ\�ZHUH�DW�OHDVW�WZR�WLPHV�KLJKHU�WKDQ�IRU�WKH�HQHUJ\�SURGXFHG�IURP�RLO
VKDOH��7KH�HPLVVLRQ�WD[HV�ZLOO�LQWURGXFH�LPSRUWDQW�FKDQJHV�LQ�WKH�UHODWLYH�SULFHV�RI
HQHUJ\�SURGXFHG�IURP�GLIIHUHQW�VRXUFHV�



���

������ *DV

,QFUHDVLQJ�WKH�SURSRUWLRQ�RI�QDWXUDO�JDV�KDV�EHHQ�PRWLYDWHG�SULPDULO\�E\�LWV
HQYLURQPHQW�IULHQGOLQHVV��7KH�ODUJHU�JDV�FRQVXPHUV�DUH�SURGXFHUV�RI�GLVWULFW�DQG�ORFDO
KHDWLQJ�FRQVXPLQJ�����RI�WKH�LPSRUWHG�JDV��DQG�FKHPLFDO�LQGXVWU\�DFFRXQWLQJ�IRU
DERXW�����RI�JDV�FRQVXPSWLRQ��$OVR�0$5.$/�PRGHO�SUHIHUV�JDV�LQ�DOPRVW�DOO
VROXWLRQV��7KRVH�UHVXOWV�DUH�LQ�DFFRUGDQFH�ZLWK�SUHVXPSWLRQV�RI�WKH�PRGHO��(YHQ�WKH
GRPLQDWLQJ�UROH�RI�QDWXUDO�JDV�LQ�(VWRQLDQ�EDODQFH�RI�SULPDU\�HQHUJ\�ZRXOG�EH
SROLWLFDOO\�DFFHSWDEOH��LI�(VWRQLD�FRXOG�MRLQ�WKH�LQWHUQDWLRQDO�QHWZRUN��$W�WKH�PRPHQW
(VWRQLD�LV�GHSHQGHQW�RQ�WKH��VXSSO\�RI�JDV�IURP�5XVVLD��7KH�SROLWLFDO�ULVN�FRXOG�EH
HYDOXDWHG�DW�ORZHU�OHYHO�GXH�WR�WKH�IDFW�WKDW�(HVWL�*DDV�LV�DQ�LQWHUQDWLRQDO�FRPSDQ\�ZLWK
RWKHU�RZQHUV�OLNH�5XKUJDV�DQG�1HVWH��2Q�WKH�RWKHU�KDQG��XQGHU�WKH�H[LVWLQJ
FLUFXPVWDQFHV�(VWRQLDQ�JDV�VXSSO\�ZLOO�GHSHQG�RQ�SRWHQWLDO�FKDQJHV�LQ�5XVVLDQ�WD[
SROLF\��7KH�SROLWLFDOO\�DFFHSWDEOH��XVH�RI�JDV�DV�D�PDMRU�HQHUJ\�VRXUFH�FRXOG�RFFXU�RQO\
LI�(VWRQLD�KDV�DFFHVV�WR�WKH�JDV�QHWZRUN�RI�WKH�1RUGLF�FRXQWULHV�

������ 1XFOHDU�SRZHU

7KH�0$5.$/�PRGHO�RIIHUV�QXFOHDU�SRZHU�DV�RQH�RSWLRQ�IRU�PLWLJDWLRQ�RI�HPLVVLRQ�RI
&2���7KDW�ZLOO�EH�DFKLHYHG�WKURXJK�UHGXFLQJ�WKH�SURGXFWLRQ�RI�RLO�VKDOH�EDVHG
HOHFWULFLW\��+RZHYHU��SROLWLFDOO\�QXFOHDU�SRZHU�LV�QRW�DFFHSWDEOH�IRU�WKH�PDMRULW\�RI
SRSXODWLRQ��3DUWO\�WKDW�RSSRVLWLRQ�LV�UHODWHG�WR�VLPLODU�DWWLWXGHV�LQ�6FDQGLQDYLDQ
FRXQWULHV��$QRWKHU�UHDVRQ�IRU�QHJDWLYH�DWWLWXGH�LV�UHODWHG�WR�WKH�&KHUQRE\O�DFFLGHQW�

�� (QHUJ\�FRQYHUVLRQ�PHWKRGV�DQG�PLWLJDWLRQ�RI�*+*

6R�IDU�RQO\�D�VPDOO�SDUW�RI�WKH�DYDLODEOH�UHQHZDEOH�HQHUJ\�VRXUFHV�DUH�LQ�XVH��:RRG
DQG�SHDW�DUH�SUHGRPLQDQWO\�XVHG�IRU�WKH�SURGXFWLRQ�RI�WKHUPDO�HQHUJ\��WKRXJK�SHDW�LV
EHJLQQLQJ�WR�EH�EXUQHG�DOVR�IRU�HOHFWULFLW\�JHQHUDWLRQ��,Q�WKH�ORQJHU�SHUVSHFWLYH�WKH
JRYHUQPHQW�SODQV�WR�LQFUHDVH�WKH�VKDUH�RI��SHDW��ZRRG�DQG�ZLQG�HQHUJ\�IURP�WKH
SUHVHQW����WR�����E\�WKH�\HDU�������5HQHZDEOH�HQHUJ\�UHVRXUFHV�DUH�FRQVLGHUHG�WR
JLYH�QR�&2��HPLVVLRQV�VLQFH�WKH\�KDYH�QR�LPSDFW�RQ�WKH�JOREDO�FDUERQ�F\FOH��6R�WKH
VXEVWLWXWLRQ�RI�VRPH�SDUW�RI�SULPDU\�HQHUJ\�SURGXFHG�IURP�RLO�VKDOH�ZLWK�HQHUJ\�IURP
UHQHZDEOH�UHVRXUFHV�ZLOO�EH�RQH�RI�WKH�PDLQ�PHWKRGV�RI�WKH�*+*�PLWLJDWLRQ�

,I�WKH�VKDUH�RI�ZLQG�DQG�K\GUR�SRZHU�LV�LQFUHDVHG�LQ�WKH�JHQHUDO�HQHUJ\�EXGJHW�WKHQ
HYHU\���N:ÃK�ZLOO�PHDQ�UHGXFHG�GHPDQG�IRU�HOHFWULFLW\�SURGXFHG�E\�WKH�RLO�VKDOH�ILUHG
SRZHU�SODQWV�DQG�ORZHU�*+*�HPLVVLRQ��+RZHYHU��QR�VWUDLJKWIRUZDUG�FDOFXODWLRQV
DERXW�HQHUJ\�GHPDQG�UHGXFWLRQ�FDQ�EH�PDGH�DV�EHVLGHV�HQHUJ\�SURGXFWLRQ�DOVR�VHYHUDO
RWKHU�IDFWRUV��OLNH�WUDQVPLVVLRQ�GLVWDQFH�ORVVHV��WHPSRUDO�SURGXFWLRQ�YDULDELOLW\�
PDQDJHPHQW�IOH[LELOLW\��HWF���VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��)RU�URXJK�HVWLPDWLRQ�ZH
FDQ�VWDWH�WKDW�HDFK���N:ÃK�HOHFWULFLW\�SURGXFHG�E\�ZLQG�RU�K\GUR�SRZHU�LQVWHDG�RI
EXUQLQJ�RLO�VKDOH�ZLOO�KHOS�DYRLG�WKH�HPLVVLRQ�RI������J�&2������J�IO\�DVK����J�12[�DQG��
J�62��DW�RLO�VKDOH�SRZHU�SODQWV�DSSO\LQJ�WKH�SUHVHQW�FRPEXVWLRQ�WHFKQRORJ\�

:RRG�DQG�SHDW�DUH�XVXDOO\�EXUQHG�DW�ERLOHU�KRXVHV�ZKHUH�WKH�PRVW�FRPPRQ�IXHO�XVHG
WR�EH�FUXGH�RLO��FRDO�RU�QDWXUDO�JDV��7KHUHIRUH�WKH�UHGXFWLRQ�LQ�WKH�HPLVVLRQ�RI�DLU
SROOXWDQWV�LV�VRPHZKDW�ORZHU�WKDQ�IRU�RLO�VKDOH�SRZHU�SODQWV��:RRG�RU�SHDW�FDQ�EH
XVHG�RQO\�LI�WKH�IXHO�LV�ORFDWHG�FORVHU�WR�WKH�ERLOHU�KRXVH�WKDQ���²����NP��,Q�(VWRQLD
JRRG�SURVSHFWV�IRU�ZRRG�DQG�SHDW�FRPEXVWLRQ�DUH�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�FRXQWU\
ZKHUH�VPDOOHU�WRZQV��H[WHQVLYH�SHDW�ERJV�DQG�ODUJH�IRUHVWV�DUH�VLWXDWHG�

7KH�SRVVLELOLWLHV�WR�VDYH�HQHUJ\�LQ�SURGXFWLRQ��GLVWULEXWLRQ�DQG�FRQVXPSWLRQ�DUH�RI
LQFUHDVLQJ�LPSRUWDQFH�LQ�(VWRQLDQ�HFRQRP\��,Q������WKH�VWDWH�UHVRXUFHV�WR�VXSSRUW�WKH



���

HQHUJ\�VDYLQJ�SURJUDPPH�LQFOXGHG���PLOOLRQ�((.�RI�LQYHVWPHQWV�DQG�����PLOOLRQ�((.
RI�VHUYLFHV�

%RLOHU�KRXVH�UHFRQVWUXFWLRQ�IRU�WKH�:RUOG�%DQN�ORDQ�ZDV�DQRWKHU�LPSRUWDQW�SURMHFW
GXULQJ�������+RZHYHU��WKH�VKDUH�RI�SULYDWH�LQFHQWLYHV�LQ�VXFK�RI�PHDVXUHV�VKRXOG
LQFUHDVH�LQ�WKH�IXWXUH�

,Q�HQHUJ\�VDYLQJ�DOVR�GLPLQLVKLQJ�GHPDQG�GXH�WR�PHDVXUHV�WR�LPSURYH�HQHUJ\
HIILFLHQF\�LQ�WKH�EXLOGLQJV�ZLOO�DOVR�EH�RI�JUHDW�LPSRUWDQFH��$GGLQJ�D�WKLUG�JODVV�WR
H[LVWLQJ�GRXEOH�JOD]HG�ZLQGRZV�RU�UHSODFHPHQW�ZLWK�QHZ�RQHV�ZLWK�WKUHH�JODVVHV�
LPSURYHPHQW�RI�WKHUPDO�LQVXODWLRQ�RI�H[WHUQDO�ZDOOV��LQVWDOODWLRQ�RI�QHZ�LQVXODWHG
VORSHG�URRIV�RU�LQVXODWLRQ�RQ�IODW�URRIV��UHSODFHPHQW�RI�ROG�LQHIILFLHQW�ERLOHUV�ZLWK�QHZ
DQG�HIILFLHQW�RQHV��LQVWDOODWLRQ�RI�QHZ�WKHUPDO�VXEVWDWLRQV�LQ�EXLOGLQJV�HWF��VKRXOG�EH
PHQWLRQHG��,I�WKH�HIIHFW�RI�WKRVH�PHWKRGV�FRXOG�GLPLQLVK�HQHUJ\�FRQVXPSWLRQ�E\����
WKHLU�HIIHFW�LQ�WKH�FDVH�RI�KLJK�&2���HPLVVLRQ�WD[�VFHQDULR�ZLOO�EH����PLOOLRQ�NURRQV
DQQXDOO\�DQG����PLOOLRQ�NURRQV�LQ�ORZ�&2���WD[�VFHQDULR�LQ������GXH�WR�D�VPDOOHU
DPRXQW�RI�*+*�HPLVVLRQ��7KRVH�ILJXUHV�FRXOG�EH�DOVR�FRPSDUHG�ZLWK�WKH�DPRXQW�RI
LQYHVWPHQWV�QHFHVVDU\�IRU�VXFK�LPSURYHPHQWV�

�� &RQFOXVLRQV

7KH�DFWXDO�GHYHORSPHQW�RI�WKH�(VWRQLDQ�HFRQRP\�LQ�UHFHQW�\HDUV�VKRZHG�TXLWH�PRGHVW
*'3�JURZWK�LQ������DQG�������EXW�D�VKDUS�������LQFUHDVH�LQ�������$W�WKDW�WLPH�HQHUJ\
FRQVXPSWLRQ�KDV�UHPDLQHG�VWDEOH��)URP�WRGD\·V�SHUVSHFWLYH�GHYHORSPHQW�DFFRUGLQJ�WR
WKH�+LJK�(QHUJ\�'HPDQG�VFHQDULR�RI�WKH�HQHUJ\�V\VWHP�VHHPV�WR�EH�WKH�PRVW�SUREDEOH
IRU�WKH�QHDU�IXWXUH��$FWXDO�FKDQJHV�DQG�GHFLVLRQV�ZLOO�EH�DIIHFWHG�E\�IRUWKFRPLQJ
SULYDWLVDWLRQ�RI�WKH�SRZHU�VHFWRU�

2LO�VKDOH�ZLOO�EH�VWLOO�WKH�PRVW�SUREDEOH�HQHUJ\�VRXUFH�IRU�(VWRQLD�WR�EH�XVHG�LQ�WKH
QHDUHVW�IXWXUH��7KHUHIRUH��WKH�*+*�PLWLJDWLRQ�RSWLRQV�LQ�WKH�XVH�RI�RLO�VKDOH
FRPEXVWLRQ�WHFKQRORJLHV�KDYH�D�NH\�UROH�WR�SOD\�KHUH��3UHVHQWO\�KLJK�WHPSHUDWXUH
SXOYHULVHG�ILULQJ�WHFKQRORJ\��3)��LV�XVHG�LQ�RLO�VKDOH�ILUHG�SRZHU�SODQWV�LQ�(VWRQLD��7KH
ERLOHUV�XVHG�LQ�SRZHU�SODQWV�KDYH�EHHQ�VSHFLDOO\�GHVLJQHG�IRU�(VWRQLDQ�RLO�VKDOH��7KH
3)�WHFKQLTXH�IRU�EXUQLQJ�RLO�VKDOH�LV�FKDUDFWHULVHG�E\�YHU\�LQWHQVLYH�IRXOLQJ�RI�WKH�KHDW
WUDQVIHU�VXUIDFHV�RI�WKH�ERLOHU�ZLWK�DVK�GHSRVLWV�DQG�KLJK�WHPSHUDWXUH�FRUURVLRQ��1HZ
DSSURDFKHV�WR�FRPEXVWLRQ�SURYLGH�WKH�PDLQ�SRVVLELOLW\�WR�GLPLQLVK�WKH�HPLVVLRQ�RI
*+*�

)URP�WKH�YLHZSRLQW�RI�VXSSO\�VHFXULW\�DQG�DOVR�QDWLRQDO�VHFXULW\��KLJK�GHSHQGHQFH�RI
WKH�SRZHU�DQG�KHDWLQJ�VHFWRU�RQ�QDWXUDO�JDV��HFRQRPLFDOO\�RSWLPDO�XQGHU�VWULFW
HQYLURQPHQWDO�UHVWULFWLRQV�DQG�WD[HV��LV�QRW�GHVLUDEOH�XQWLO�(VWRQLD�KDV�RQO\�RQH�JDV
VXSSOLHU�²�5XVVLD��$Q�LQFUHDVH�LQ�WKH�VKDUH�RI�LPSRUWHG�IXHOV�LQ�WKH�HQHUJ\�EDODQFH�
ZKLFK�LV�HVSHFLDOO\�VWURQJ�XQGHU�PLWLJDWLRQ�VFHQDULRV��FRXOG�EH�UHVWULFWHG�E\�WKH
QHJDWLYH�LQIOXHQFH�RQ�WKH�EDODQFH�RI�SD\PHQWV�DQG�IRUHLJQ�WUDGH�EDODQFH�EHFDXVH��WKH
DOUHDG\�KLJK�IRUHLJQ�WUDGH�DQG�FXUUHQW�DFFRXQW�GHILFLW�ZRXOG�LQFUHDVH�VXEVWDQWLDOO\�

6R�IDU�RQO\�D�VPDOO�SDUW�RI�WKH�DYDLODEOH�UHQHZDEOH�HQHUJ\�VRXUFHV�DUH�LQ�XVH��,Q�WKH
ORQJHU�SHUVSHFWLYH�WKH�JRYHUQPHQW�HQYLVDJHV�DQ�LQFUHDVH�LQ�WKH�VKDUH�RI��SHDW��ZRRG
DQG�ZLQG�HQHUJ\�IURP�WKH�SUHVHQW����WR�����WR�\HDU�������7KH�VXEVWLWXWLRQ�RI�VRPH
SDUW�RI�SULPDU\�HQHUJ\�SURGXFHG�IURP�RLO�VKDOH�ZLWK�HQHUJ\�IURP�UHQHZDEOH�UHVRXUFHV
ZLOO�EH�RQH�RI�WKH�PDLQ�PHWKRGV�RI�WKH�*+*�PLWLJDWLRQ�

7KH�SRVVLELOLWLHV�WR�VDYH�HQHUJ\�LQ�SURGXFWLRQ��GLVWULEXWLRQ�DQG�FRQVXPSWLRQ�DUH�RI
LQFUHDVLQJ�LPSRUWDQFH�LQ�WKH�(VWRQLDQ�HFRQRP\��,Q�HQHUJ\�VDYLQJ�DOVR�GLPLQLVKLQJ



���

GHPDQG�GXH�WR�PHDVXUHV�WR�LPSURYH�HQHUJ\�HIILFLHQF\�LQ�WKH�EXLOGLQJV�ZLOO�EH�RI�JUHDW
LPSRUWDQFH��$GGLQJ�D�WKLUG�JODVV�WR�WKH�H[LVWLQJ�GRXEOH�JOD]HG�ZLQGRZV�RU
UHSODFHPHQW�ZLWK�QHZ�RQHV�ZLWK�WKUHH�JODVVHV��LPSURYHPHQW�RI�WKHUPDO�LQVXODWLRQ�RI
H[WHUQDO�ZDOOV��LQVWDOODWLRQ�RI�QHZ�LQVXODWHG�VORSHG�URRIV�RU�LQVXODWLRQ�RQ�IODW�URRIV�
UHSODFHPHQW�RI�ROG�LQHIILFLHQW�ERLOHUV�ZLWK�QHZ�DQG�HIILFLHQW�RQHV��LQVWDOODWLRQ�RI�QHZ
WKHUPDO�VXEVWDWLRQV�LQ�EXLOGLQJV�DUH�WKH�PDLQ�PHWKRGV�IRU�GLPLQLVKLQJ�HQHUJ\�XVH��7KH
FRVWV�RI�WKRVH�HQHUJ\�VDYLQJ�PHWKRGV�FRXOG�EH�FRPSDUHG�ZLWK�WKH�DPRXQW�RI
LQYHVWPHQWV�QHFHVVDU\�IRU�VXFK�LPSURYHPHQWV��7KH�HYDOXDWLRQ�RI�HFRQRPLF�HIILFLHQF\
RI�WKH�UHOHYDQW�SURMHFWV�VKRXOG�FRQVLGHU�DOVR�SRVVLEOH�LQGLUHFW�HIIHFWV�UHODWHG�WR�WKH
*+*�PLWLJDWLRQ�DQG�DGGLWLRQDO�SRWHQWLDO�FRVWV�WKDW�ZLOO�RFFXU�LQ�WKH�HFRQRP\�LI�WKRVH
HQHUJ\�VDYLQJ�PHWKRGV�DUH�QRW�DSSOLHG�

7KH�LQWURGXFWLRQ�RI�DGGLWLRQDO�VXSSRUWLYH�ILQDQFLDO�VFKHPHV�IRU�LQFUHDVLQJ�WKH�DPRXQW
DQG�VKDUH�RI�UHQHZDEOH�HQHUJ\�VRXUFHV�LQ�HQHUJ\�SURGXFWLRQ�VKRXOG�EH�RQH�WRRO�IRU�WKH
SURPRWLRQ�RI�UHVSHFWLYH�FKDQJHV�LQ�WKH�HFRQRP\�DQG�FRXOG�EH�VHHQ�DV�DQ�LPSRUWDQW
LVVXH�LQ�WKH�*+*�PLWLJDWLRQ�SURSRVDOV��7KRVH�ILQDQFLDO�VFKHPHV�VKRXOG�FRYHU�WD[
H[HPSWLRQV�IRU�UHVSHFWLYH�SURMHFWV��GLUHFW�VXEVLGLHV�IRU�GHYHORSLQJ�DQG�LQWURGXFLQJ
UHVSHFWLYH�WHFKQRORJLHV�

7KH�UHVWUXFWXULQJ�RI�(VWRQLDQ�HQHUJ\�V\VWHP�DQG�LQFUHDVLQJ�WKH�VKDUH�RI�UHQHZDEOH
HQHUJ\�VRXUFHV�FRXOG�EH�GLVFXVVHG�DOVR�LQ�WKH�IUDPHZRUN�RI�UHJLRQDO�GHYHORSPHQW��7KH
GLVWULEXWLRQ�RI�HFRQRPLF�DFWLYLWLHV�PRUH�XQLIRUPO\�EHWZHHQ�WKH�UHJLRQV�FRXOG�EH
VXSSRUWHG�E\�GHYHORSPHQW�RI�ORFDO�HQHUJ\�SURGXFWLRQ�EDVHG�RQ�UHQHZDEOH�HQHUJ\
VRXUFHV��0RUH�XQLIRUP�UHJLRQDO�GHYHORSPHQW�LV�RQH�RI�WKH�SROLWLFDO�LPSHUDWLYHV�RI
(VWRQLDQ�IXWXUH�HFRQRPLF�SROLF\�DQG�VR�UHJLRQDO�SROLF\�WDUJHWV�DQG�ZLGHU�XVH�RI
UHQHZDEOH�UHVRXUFHV�IRU�HQHUJ\�SURGXFWLRQ�FRXOG�VXSSRUW�HDFK�RWKHU�



���



���

&RQFOXVLRQV

,Q�(VWRQLD�SRZHU�HQJLQHHULQJ�LV�UHVSRQVLEOH�IRU�WKH�EXON�RI�*+*�HPLVVLRQV��7KH�PRVW
LPSRUWDQW�FRPSRQHQW�RI�*+*�LV�&2��IRUPHG�LQ�WKH�FRXUVH�RI�WKH�FRPEXVWLRQ�RI�IXHOV�

7KH�HQHUJ\�VHFWRU�SROLF\�LV�EDVHG�RQ�YDULRXV�DFWV��SODQV�DQG�DJUHHPHQWV��7KH
*RYHUQPHQW�RI�(VWRQLD�KDV�LGHQWLILHG�WKH�GHYHORSPHQW�RI�WKH�HQHUJ\�VHFWRU�DV�D
VWUDWHJLF�FRPSRQHQW�LQ�WKH�VWDEOH�GHYHORSPHQW�RI�HFRQRP\��,Q�-XQH������WKH�5LLJLNRJX
�WKH�3DUOLDPHQW�RI�(VWRQLD��SDVVHG�WKH�(QHUJ\�$FW��,Q�-XQH������FRQGLWLRQV�RSHUDWLQJ�WR
WKH�REOLJDWLRQ�WR�EX\�HOHFWULFLW\��JHQHUDWHG�DV�D�UHVXOW�RI�KDUQHVVLQJ�UHQHZDEOH�HQHUJ\
ZHUH�DGGHG��7KH�GHYHORSPHQW�WUHQGV�RI�SRZHU�HQJLQHHULQJ�ZHUH�DSSURYHG�LQ�WKH�/RQJ
7HUP�'HYHORSPHQW�3ODQ�RI�WKH�)XHO�DQG�(QHUJ\�6HFWRU�DGRSWHG�E\�WKH�5LLJLNRJX�LQ
)HEUXDU\������

7KH�REOLJDWLRQV�RI�WKH�5HSXEOLF�RI�(VWRQLD�LQ�WKH�ILHOG�RI�HQYLURQPHQWDO�SURWHFWLRQ
FRQQHFWHG�ZLWK�WKH�HQHUJ\�VHFWRU�DUH�IL[HG�LQ�WKH�IROORZLQJ�DJUHHPHQWV��7KH�.\RWR
3URWRFRO�RQ�*OREDO�&OLPDWH�&KDQJH��DFFRUGLQJ�WR��ZKLFK�(VWRQLD�ZLOO�KDYH�WR�UHGXFH
WKH�HPLVVLRQ�RI�&2��E\�DW�OHDVW����RYHU�WKH�SHULRG�����²�����DV�FRPSDUHG�ZLWK�WKH
�����OHYHO��7KH�ELODWHUDO�DJUHHPHQW�RQ�/RQJ�5DQJH�7UDQVERXQGDU\�3ROOXWLRQ�ZDV
FRQFOXGHG�EHWZHHQ�(VWRQLD�DQG�)LQODQG�LQ�-XQH�������7KLV�REOLJDWHV�(VWRQLD�WR�UHGXFH
WKH�HPLVVLRQ�RI�VXOSKXU�GLR[LGH�E\�WKH�\HDUV������DQG������UHVSHFWLYHO\�E\�����DQG
����DV�FRPSDUHG�WR�WKH������OHYHO�DQG�WR�NHHS�QLWURJHQ�R[LGHV�RQ�WKH�OHYHOV�QRW
VXUSDVVLQJ�WKRVH�RI�������8S�WR�WKH�SUHVHQW��(VWRQLD�KDV�EHHQ�LQ�OLQH��ZLWK�WKRVH
UHTXLUHPHQWV�

(VWRQLD�KDV�FRQVLGHUDEOH�LQGLJHQRXV�SULPDU\�IXHO�UHVRXUFHV�²�RLO�VKDOH��SHDW�DQG�ZRRG�

,Q������WKH�WRWDO�FRQVXPSWLRQ�RI�SULPDU\�HQHUJ\�ZDV�������3-�

7KH�HQHUJ\�VXSSO\�V\VWHP�LQ�(VWRQLD�FRQVLVWV�PDLQO\�RI�WKHUPDO�SRZHU�SODQWV�DQG
GLVWULFW�KHDWLQJ�ERLOHU�KRXVHV��7KH�PDLQ�VRXUFH�RI�SULPDU\�HQHUJ\�LV�RLO�VKDOH��(VWRQLDQ
UHVRXUFHV�RI�RLO�VKDOH�DUH�VXEVWDQWLDO��7KH�DFWLYH�UHVRXUFH�RI�RLO�VKDOH�LV����²����*W�DQG
WKH�SDVVLYH�UHVRXUFHV�DPRXQW�DW�OHDVW�WR���*W��,Q������WKH�SURGXFWLRQ�RI�RLO�VKDOH�ZDV
�����0W�RU�������3-��,WV�VKDUH�LQ�WKH�HQHUJ\�EDODQFH�RI�(VWRQLD�LV�DERXW������0DMRU
FRQVXPHUV�RI�RLO�VKDOH�DUH�RLO�VKDOH�ILUHG�SRZHU�SODQWV��ZKLFK�EXUQW������0W�RI�RLO�VKDOH
LQ������

$SSUR[LPDWHO\�����RI�HOHFWULF�SRZHU�LQ�(VWRQLD�LV�JHQHUDWHG�E\�RLO�VKDOH�ILUHG�SRZHU
SODQWV��PDLQO\�E\�WZR�KLJK�FDSDFLW\�RQHV��WKH�%DOWLF�DQG�WKH�(VWRQLDQ�WKHUPDO�SRZHU
SODQWV���,Q�DGGLWLRQ�RLO�VKDOH�LV�XVHG�LQ�SURFHVVLQJ�IDFWRULHV�WR�SURGXFH�VKDOH�RLO��WR
PDNH�FHPHQW�FOLQNHU�DQG��WR�VRPH�H[WHQW��GLUHFWO\�WR�KHDW�SURGXFWLRQ�

$V�D�UHVXOW�RI�GUDVWLF�FKDQJHV�LQ�WKH�(VWRQLDQ�HFRQRP\�WKH�WRWDO�HPLVVLRQ�RI�*+*�KDV
GHFUHDVHG�DERXW�����GXULQJ�WKH�ODVW�VHYHQ�\HDUV��7KH�&2��HPLVVLRQ�IURP�IRVVLO�IXHOV
GHFUHDVHG�IURP����0W�LQ������WR����0W�LQ������

2I�WKH�WRWDO�DPRXQW�RI�&2��IRUPHG�LQ�(VWRQLD�LQ������DV�D�UHVXOW�RI�EXUQLQJ�IRVVLO�IXHOV
DERXW�����������0W��FDPH�IURP�XVH�RI�RLO�VKDOH��&RQVHTXHQWO\�WKH�RLO�VKDOH�ILUHG�SRZHU
SODQWV�GHVHUYH�JUHDWHVW�DWWHQWLRQ�IURP�WKH�VWDQGSRLQW�RI�WKH�DEDWHPHQW�RI�&2��DQG�DOVR
VXOSKXU�GLR[LGH�HPLVVLRQV�



���

(VWRQLDQ�RLO�VKDOH�ILUHG�SRZHU�SODQWV�DUH�SK\VLFDOO\�ZRUQ��EXW�WKHLU�WHFKQRORJLFDO
EDFNZDUGQHVV�LV�HYHQ�ZRUVH��7KHLU�HFRQRPLF�DQG�HQYLURQPHQWDO�LQGLFDWRUV�IDLO�WR�PHHW
FRQWHPSRUDU\�UHTXLUHPHQWV��7KHLU�QHW�WKHUPDO�HIILFLHQF\�LV�ORZ�DQG�WKH�FRQFHQWUDWLRQ
RI�VXOSKXU�GLR[LGH�LQ�WKH�IOXH�JDV�LV�KLJK��7KH�SRZHU�SODQWV�ILUHG�ZLWK�RLO�VKDOH�QHHG
LQHYLWDEO\�HLWKHU�UHFRQVWUXFWLRQ�RU�WHFKQRORJLFDO�UHQRYDWLRQ��,I�WKH�FXUUHQWO\�DSSOLHG
SXOYHULVHG�FRPEXVWLRQ�WHFKQRORJ\�UHPDLQV�LQ�XVH�LW�ZLOO�QRW�EH�SRVVLEOH�WR�UHGXFH�WKH
FRQFHQWUDWLRQ�RI�&2��LQ�WKH�IOXH�JDV��7KH�HPLVVLRQ�RI�&2��PD\�IDOO�VRPHZKDW�RQ�WKH
DFFRXQW�RI�LQFUHDVLQJ�WKH�HIILFLHQF\�RI�D�SRZHU�SODQW�WKDQNV�WR�ORZHU�VSHFLILF�HQHUJ\
FRQVXPSWLRQ�IRU�SURGXFLQJ�D�XQLW�RI�HOHFWULFLW\��7R�UHGXFH�WKH�HPLVVLRQ�RI�VXOSKXU
GLR[LGH�WR�WKH�OHYHO�IL[HG�LQ�LQWHUQDWLRQDO�DJUHHPHQWV�FOHDQLQJ�GHYLFHV�KDYH�WR�EH
LQVWDOOHG�WR�WKH�H[LVWLQJ�ERLOHUV��+RZHYHU��VXFK�D�VROXWLRQ�LV�XQDFFHSWDEOH�EHFDXVH�RI
WKH�KLJK�SULFH�RI�WKH�VXOSKXU�FOHDQLQJ�GHYLFHV��$OVR��WKLV�ZRXOG�UDLVH�WKH�RSHUDWLRQ�DQG
PDLQWHQDQFH�FRVWV�RI�WKH�SRZHU�SODQW��0RUHRYHU��WKH�OLIHWLPH�RI�QHZ�FOHDQLQJ
HTXLSPHQW�ZLOO�EH�FRQVLGHUDEO\�ORQJHU�WKDQ�WKDW�RI�WKH�H[LVWLQJ�ERLOHUV�

7KH�PRVW�VXLWDEOH�WHFKQRORJ\�WKDW�FRXOG�EH�DSSOLHG�LQVWHDG�RI�WKH�SUHVHQW�KLJK�
WHPSHUDWXUH�SXOYHULVHG�FRPEXVWLRQ�LV�ORZ�WHPSHUDWXUH�IOXLGLVHG�EHG�FRPEXVWLRQ
�)%&��WHFKQRORJ\��,Q�FDVH�RI�WKH�)%&�WHFKQRORJ\�WKH�VXOSKXU�GLR[LGH�SUHVHQW�LQ�WKH
FRPEXVWLRQ�SURGXFWV�LV�WRWDOO\�FDSWXUHG�E\�RLO�VKDOH�DVK�DQG�QR�VXOSKXU�GLR[LGH
HPLVVLRQ�ZLOO�RFFXU�

$PRQJ�WKH�IOXLGLVHG�EHG�WHFKQRORJLHV�WKH�PRVW�VXLWDEOH�RQH�LV�WKH�SUHVVXULVHG�IOXLGLVHG
EHG�FRPEXVWLRQ��3)%&��WHFKQLTXH�RI�RLO�VKDOH��$V�FRPSDUHG�WR�SXOYHULVHG�FRPEXVWLRQ�
WKH�QHW�WKHUPDO�HIILFLHQF\�RI�WKH�SRZHU�SODQW�ZLOO�LQFUHDVH�IURP�WKH�FXUUHQW�����²�����WR
����²�����LQ�XVLQJ�RI�3)%&�WHFKQRORJ\��,Q�FDVH�RI�WKH�3)%&�WHFKQLTXH�WKH�FRQFHQWUDWLRQ
RI�&2��LQ�WKH�FRPEXVWLRQ�SURGXFWV�ZLOO�IDOO�QRW�RQO\�IURP�WKH�GHFUHDVH�RI�VSHFLILF
FRQVXPSWLRQ�RI�IXHO�IRU�WKH�SURGXFWLRQ�RI�D�XQLW�RI�HOHFWULFLW\�EXW�DOVR�DV�D�UHVXOW�RI�WKH
SHFXOLDULWLHV�RI�RLO�VKDOH�FRPEXVWLRQ�SURFHVVHV��$SSOLFDWLRQ�RI�WKH�3)%&�WHFKQRORJ\
ZRXOG�HQDEOH�WR�UHGXFH�WKH�SRZHU�SODQW�&2��HPLVVLRQV�IURP�WKH�SUHVHQW�OHYHO�RI�����
0W�\U��WR���������0W�\U���LI�WKH�RXWSXW�RI�HOHFWULFLW\�UHPDLQV�XQFKDQJHG���$OVR�WKH
HPLVVLRQ�RI�QLWURJHQ�R[LGHV�ZLOO�IDOO�WR�VRPH�H[WHQW��7KH�XVH�RI�WKH�3)%&�WHFKQRORJ\�IRU
RLO�VKDOH�GRHV�QRW�PHDQ�RQO\�D�ULVH�LQ�WKH�HIILFLHQF\�RI�HQHUJ\�FRQYHUVLRQ�SURFHVV�DQG
UHGXFHG�&2��HPLVVLRQ�EXW�DOVR�D�QRWDEOH�ULVH�LQ�WKH�UHVHUYHV�RI�RLO�VKDOH�DV�D�GRPHVWLF
IXHO�

(VWRQLD�LV�D�QRUWKHUQ�FRXQWU\�ZLWK�DQQXDO�DYHUDJH�DLU�WHPSHUDWXUH�RI����°&��,Q
DGGLWLRQ��LW�LV�TXLWH�ZLQG\�DV�ZHOO��)RU�WKDW�UHDVRQ�WKH�KHDWLQJ�SHULRG�LQ�(VWRQLD�LV�ORQJ�
ODVWLQJ��²��PRQWKV��2QH�SRVVLELOLW\�IRU�UHGXFLQJ�&2��HPLVVLRQ�IURP�WKH�KHDWLQJ�VHFWRU
LV�WR�LQFUHDVH�WKH�FR�JHQHUDWLRQ�RI�HOHFWULFLW\�DQG�KHDW��6WLOO�WKH�ZLGHVSUHDG�HUHFWLRQ�RI
VPDOO�VFDOH�FR�JHQHUDWLRQ�SODQWV�LV�OLPLWHG�E\�YHU\�ORZ�GHQVLW\�RI�SRSXODWLRQ�DQG
EXLOGLQJV�RXWVLGH�WKH�PDMRU�WRZQV�

6RPH�UHGXFWLRQ�RI�&2��HPLVVLRQ�FDQ�EH�DFKLHYHG�DOVR�E\�PRUH�H[WHQVLYH�XVH�RI�SHDW��LI
FRQVLGHUHG�DV�UHQHZDEOH��DQG�ELRIXHOV��$ERXW�����RI�(VWRQLD·V�WHUULWRU\�LV�FRYHUHG�ZLWK
IRUHVW��,W�LV�SRVVLEOH�WR�JHW��²����0P��IXHO�IURP�IRUHVWV��ZKLFK�LV�HTXLYDOHQW�WR���²���3-
RI�SULPDU\�HQHUJ\��,Q������WKH�XVH�RI�ELRIXHOV��PRVWO\�ZRRG��DV�D�UHQHZDEOH�HQHUJ\
ZDV�����0P���ZKLFK�DFFRXQWHG�IRU�DERXW�����RI�WKH�SURGXFWLRQ�RI�SULPDU\�IXHOV�LQ
(VWRQLD��7KLV�ILJXUH�LV�VKRZLQJ�D�FOHDU�WHQGHQF\�WRZDUGV�JURZWK�

3HDW�IXHO��LQFOXGLQJ�SHDW�EULTXHWWHV��PDNHV�XS�DERXW����RI�SULPDU\�IXHOV�SURGXFHG�LQ
(VWRQLD��,Q������D�WRWDO�RI������0W�SHDW�IXHOV�ZDV�SURGXFHG��$SSUR[LPDWHO\�����RI�WKH
WHUULWRU\�RI�(VWRQLD�LV�FRYHUHG�ZLWK�PLUHV��7KH�UHVHUYHV�RI�SHDW�DUH�HVWLPDWHG�DW�����*W�
7KH�LQFUHPHQW�RI�SHDW�RQ�(VWRQLDQ�ERJV�LV�HVWLPDWHG�DW�DERXW���PP�SHU�\HDU��ZKLFK�LV
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HTXLYDOHQW�WR�����0W��$V�IDU�DV�WKH�FRQVXPSWLRQ�RI�SHDW�GRHV�QRW�VXUSDVV�LWV�LQFUHPHQW�
LW�VKRXOG�EH�UHJDUGHG�DV�D�UHQHZDEOH�HQHUJ\�

+DUQHVVLQJ�RI�ZLQG�HQHUJ\�FDQ�DOVR�UHGXFH�WKH�HPLVVLRQ�RI�&2���(VWRQLD�KDV
FRQVLGHUDEOH�ZLQG�HQHUJ\�UHVRXUFHV��HVSHFLDOO\�LQ�FRDVWDO�DUHDV��$V�D�PD[LPXP��DERXW
����7:⋅K�RI�HOHFWULFLW\�FRXOG�EH�SURGXFHG�DQQXDOO\�ZLWKRXW�FRQIOLFWLQJ�ZLWK�RWKHU
UHTXLUHPHQWV��)RU�WKLV�DSSUR[LPDWHO\�����0:�RI�ZLQG�WXUELQHV�VKRXOG�EH�LQVWDOOHG�LQ
UHJLRQV�ZLWK�JRRG�ZLQG�FRQGLWLRQV��7KH�SULFH�RI�ZLQG�JHQHUDWHG�HOHFWULFLW\�ZLOO�EH
UDWKHU�KLJK�FRPSDUHG�ZLWK�UHODWLYHO\�ORZ�SULFH�RI�HOHFWULFLW\�SURGXFHG�IURP�RLO�VKDOH
GXH�WR�KLJK�FDSLWDO�FRVWV�RI�ZLQG�WXUELQHV��7KLV�LV�SUHVHQWO\�WKH�PDLQ�REVWDFOH�WR
KDUQHVVLQJ�ZLQG�HQHUJ\��7KH�GHFLVLRQ�RI�WKH�5LLJLNRJX�RI�-XQH������WR�DPHQG�WKH
(VWRQLDQ�(QHUJ\�$FW�ZLWK�WKH�REOLJDWLRQ�WR�EX\�ZLQG�JHQHUDWHG�HOHFWULFLW\�PD\�KHOS
RYHUFRPH�WKLV�REVWDFOH�

7KH�UHVRXUFH�RI�K\GURSRZHU�LQ�(VWRQLD�LV�YHU\�VPDOO��,WV�PRUH�H[WHQVLYH�XVH�ZRXOG�QRW
KDYH�PXFK�LPSDFW�RQ�WKH�HQHUJ\�EDODQFH�

7R�KDQGOH�WKH�KXJH�DPRXQW�RI�GDWD�RQ�WKH�FRPSOH[�RI�HQHUJ\��HQYLURQPHQW�DQG
HFRQRP\��WKH�0$5.$/�DQG�0$5.$/�0$&52�PRGHOV�ZHUH�XVHG�

 ,W�ZDV�FRQVLGHUHG�LQ�PRGHOOLQJ�WKDW�*+*�HPLVVLRQV�FDQ�EH�UHGXFHG�E\�FKDQJHV�LQ�ERWK
VXSSO\�DQG�FRQVXPHU�VLGHV�RI�WKH�HQHUJ\�V\VWHP��6XSSO\�VLGH�*+*�PLWLJDWLRQ�RSWLRQV
IRU�(VWRQLD�DUH�QHZ�FOHDQ�DQG�HIILFLHQW�IRVVLO�FRQYHUVLRQ�WHFKQRORJLHV��PRUH�H[WHQVLYH
XVH�RI�&+3��FKDQJH�RI�IXHOV��ZLGHU�XVH�RI�UHQHZDEOHV��SRVVLEOH�LQWURGXFWLRQ�RI�QXFOHDU
SRZHU��UHGXFWLRQ�RI�JULG�ORVVHV�RI�KHDW�DQG�HOHFWULFLW\��7KRVH�RSWLRQV�DUH�PRGHOOHG�LQ
0$5.$/�E\�GHVFULELQJ�WKH�WHFKQLFDO��FRVW��DYDLODELOLW\�DQG�HQYLURQPHQWDO�GDWD�RI�WKH
UHOHYDQW�WHFKQRORJLHV��7KH�PDLQ�FRQVXPHU�VLGH�PLWLJDWLRQ�RSWLRQ�LV�HQHUJ\
FRQVHUYDWLRQ�

2Q�WKH�EDVLV�RI�0$5.$/�UHVXOWV�WKH�IROORZLQJ�PDLQ�FRQFOXVLRQV�FDQ�EH�GUDZQ�

7RWDO�3ULPDU\�(QHUJ\�5HTXLUHPHQWV�ZLOO�UHPDLQ�DOPRVW�VWDEOH�XQWLO������DQG�WKHQ
JURZ�YHU\�PRGHVWO\�GXH�WR�VXEVWDQWLDO�GHFRXSOLQJ�EHWZHHQ�HFRQRPLF�RXWSXW�DQG
GHPDQGV�IRU�HQHUJ\�VHUYLFHV��UHLQIRUFHG�E\�LQFUHDVLQJO\�HIILFLHQW�HQHUJ\�FRQYHUVLRQ
V\VWHPV��8QGHU�WKH�EDVH�FDVH�FRQGLWLRQV�RLO�VKDOH�EDVHG�SRZHU�SURGXFWLRQ�ZLOO
FRQWLQXH�WR�EH�WKH�PDMRU�HOHFWULFLW\�VXSSOLHU�WKURXJK�UHFRQVWUXFWHG�XQLWV�RI�H[LVWLQJ
SRZHU�SODQWV��7KH�DPRXQW�RI�QDWXUDO�JDV�SRZHU��&+3��FRQGHQVLQJ�FRPELQHG�F\FOH�DQG
JDV�WXUELQHV�WR�PHHW�WKH�SHDN�UHTXLUHPHQWV��ZLOO�LQFUHDVH�VLJQLILFDQWO\��2Q�WKH�ORQJ
WHUP��FRDO�DQG�QXFOHDU�SRZHU�SODQWV�ZLOO�RIIHU�WKH�EHVW�SURVSHFWV�WR�JLYH�WKH�EDVH�ORDG
HOHFWULFLW\�JHQHUDWLRQ�

8VLQJ�7KH�,QWHJUDWHG�6\VWHPV�$SSURDFK�WR�WKH�PRGHOOLQJ��WKH�UHGXFWLRQ�RI�&2��LV
DFKLHYHG�GXH�WR�FKDQJHV�LQ�WHFKQRORJ\�DQG�IXHO�PL[�RQ�ERWK�WKH�VXSSO\�DQG�GHPDQG
VLGHV�RI�WKH�V\VWHP��:KHQ�&2��WD[�ULVHV�WKH�IROORZLQJ�FKDQJHV�ZLOO�WDNH�SODFH�LQ�WKH
V\VWHP��WKH�XVH�RI�QDWXUDO�JDV�ZLOO�LQFUHDVH��ZRRG�XVH�ZLOO�JURZ�XS�WR�WKH�VXVWDLQDEOH
OLPLW��D�QXFOHDU�SRZHU�SODQW�ZLOO�EH�LQWURGXFHG��K\GUR�DQG�ZLQG�HQHUJ\��KLJK�FRVW
HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV��DQG�HYHQ�ELRPDVV�&+3�ZLOO�EHFRPH�DWWUDFWLYH�

:KHQ�WKH�&2��UHGXFWLRQ�SRVVLELOLWLHV�ZHUH�DQDO\VHG�XVLQJ�7KH�3DUWLDO�6ROXWLRQ
$SSURDFK��WKH�PHDVXUHV�XVLQJ�QDWXUDO�JDV�DV�ZHOO�DV�UHVWRUDWLRQ�RI�VPDOO�K\GUR�SODQWV
ZHUH�QRW�FRQVLGHUHG�DV�VSHFLILF�RSWLRQV�EHFDXVH�WKH\�ZHUH�H[WHQVLYHO\�LQWURGXFHG
DOUHDG\�XQGHU�WKH�EDVHOLQH�VFHQDULR��7KH�UHVXOWV�VKRZ�WKDW�PRVW�RI�WKH�HQHUJ\
FRQVHUYDWLRQ�PHDVXUHV�VKRXOG�EH�LPSOHPHQWHG��7KH�PDLQ�SUREOHP�KHUH�FDQ�EH�WKH
DUUDQJHPHQW�RI�ILQDQFLQJ�RI�WKRVH�SURMHFWV��/DUJH�DPRXQWV�RI�&2��HPLVVLRQV�FRXOG�EH
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FXW�E\�UHVWULFWLQJ�HOHFWULFLW\�H[SRUW�DQG�VWDUWLQJ�WR�LPSRUW�LQVWHDG��7KLV�RSWLRQ�VWLOO
PHDQV�WKDW�&2��FRXOG�EH�HPLWWHG�VRPHZKHUH�HOVH�DQG�LW�ZLOO�DOVR�DIIHFW�WKH�ZKROH
HFRQRP\��VWDWH�EXGJHW��IRUHLJQ�WUDGH�EDODQFH��HQHUJ\�SULFHV�HWF����&KDQJHV�LQ�HOHFWULFLW\
H[SRUW�LPSRUW�VKRXOG�EH�UHJXODWHG�E\�PDUNHW�

(VWRQLDQ�(QHUJ\�6WUDWHJ\��/RQJ�7HUP�'HYHORSPHQW�3ODQ�IRU�WKH�(VWRQLDQ�)XHO�DQG
(QHUJ\��6HFWRU��DQG�0$5.$/�EDVHOLQH�UHVXOWV�DOO�IRUHVHH�WKH�FRQWLQXDWLRQ�RI�RLO�VKDOH
SRZHU�HQJLQHHULQJ�GXULQJ�D�IHZ�GHFDGHV��WKRXJK�QRW�LQ�WKH�SUHVHQW�YROXPH�
&RQVLGHULQJ�WKDW��UHFRQVWUXFWLRQ�RI�H[LVWLQJ�SRZHU�SODQWV�ZLWK�WUDQVIHU�WR�3)%&�LV�WKH
PRVW�DWWUDFWLYH�RSWLRQ�LQ�WKH�HQHUJ\�FRQYHUVLRQ�VHFWRU�IRU�WKH�UHGXFWLRQ�RI�&2���EXW�DOVR
RWKHU�HPLVVLRQV�LQ�WKH�VKRUW�WHUP�

,Q�WKH�ORQJ�UXQ��*+*�HPLVVLRQV�FRXOG�EH�UDGLFDOO\�UHGXFHG�E\�LQWURGXFLQJ�QXFOHDU
SRZHU��7KLV�RSWLRQ�QHHGV�EHVLGHV�HFRQRPLF�FRQVLGHUDWLRQV�DOVR�D�ZHOO�GLVFXVVHG
SROLWLFDO�GHFLVLRQ��1XFOHDU�SRZHU�LV�IDYRXUHG�RQO\�ZKHQ�WKH�KLJKHVW�HQYLURQPHQWDO
WD[HV�DUH�FRQVLGHUHG�

:LQG�HQHUJ\�DQG�VPDOO�VFDOH�ELRPDVV�&+3�DORQJ�ZLWK�VRPH�KLJK�FRVW�FRQVHUYDWLRQ
PHDVXUHV�DSSHDU�WR�EH�WKH�PRVW�H[SHQVLYH�PHDVXUHV�RI�&2��UHGXFWLRQ�FRQVLGHUHG�KHUH�

7KH�PRGHOOLQJ�RI�WKH�(VWRQLDQ�HQHUJ\�V\VWHP�ZLWK�WKH�KHOS�RI�WKH�0$5.$/�PRGHO
VKRZV�D�SRVVLELOLW\�WR�UHSODFH�RLO�VKDOH�E\�QDWXUDO�JDV��+RZHYHU��WKLV�UHVXOW�VKRXOG�EH
FRQVLGHUHG�ZLWK�XWPRVW�FDXWLRQ��1DPHO\��(VWRQLD�EX\V�QDWXUDO�JDV�SUHVHQWO\�RQO\�IURP
5XVVLD�DQG�LI�ODUJH�DPRXQWV�RI�JDV�DUH�QHHGHG�WKLV�ZRXOG�QRW�DOORZ�(VWRQLD�WR
JXDUDQWHH�QDWLRQDO�VHFXULW\�RI�HQHUJ\�VXSSOLHV��,Q�FDVH�RI�D�PRQRSROLVWLF�VXSSO\�RI�JDV
LWV�SULFH�PD\�GUDVWLFDOO\�ULVH�ZKHQ�D�FHUWDLQ�DPRXQW�LV�UHDFKHG��([FHVVLYHO\�ELJ
FRQVXPSWLRQ�RI�QDWXUDO�JDV�ZRXOG�KDYH�D�QHJDWLYH�HIIHFW�RQ�WKH�QDWLRQDO�UDWLR�RI
LPSRUWV�DQG�H[SRUWV��*LYLQJ�XS�WKH�XVH�RI�RLO�VKDOH��ZKLFK�LV�D�GRPHVWLF�IXHO��ZRXOG
PHDQ�WKDW�PLQHV�VKRXOG�EH�VKXW�GRZQ��2Q�WKH�RQH�KDQG�WKLV�ZRXOG�PHDQ�ODUJH�FORVLQJ
H[SHQGLWXUHV��RQ�WKH�RWKHU�VHULRXV�VRFLDO�DQG�SROLWLFDO�SUREOHPV�ZRXOG�DULVH��,W�ZLOO�EH
YHU\�H[SHQVLYH�WR�UHRSHQ�PLQHV�WKDW�KDYH�EHHQ�FORVHG��7KLV�ZRXOG�SUDFWLFDOO\�PHDQ
ORVLQJ�WKH�HQHUJ\�UHVRXUFH�RI�WKRVH�PLQHV�

:H�VKRXOG�QRW�LJQRUH�WKH�SRVVLELOLW\�RI�EXLOGLQJ�D�QXFOHDU�SRZHU�SODQW�LQ�(VWRQLD��7KH
0$5.$/�PRGHO�VKRZV�WKLV�RQ�WKH�EDVLV�RI�HFRQRPLF�DQG�HQYLURQPHQWDO
FRQVLGHUDWLRQ��3UHVHQWO\�WKH�WLPH�LV�QRW�\HW�ULSH�IRU�PDNLQJ�D�GHFLVLRQ��,Q�WKH�QHDU
IXWXUH�D�UHOHYDQW�GLVFXVVLRQ�EDVHG�RQ�VFLHQWLILF��HFRQRPLF��SROLWLFDO�HWF��FRQVLGHUDWLRQV
VKRXOG�EH�RSHQHG��ZKHUHDV�HPRWLRQV�VKRXOG�QRW�LQWHUIHUH�ZLWK�WKHVH�GLVFXVVLRQV��,W�LV
PRVW�OLNHO\�WKDW�WKLV�TXHVWLRQ�ZLOO�VRRQ�EH�RQ�WKH�DJHQGD�LQ�WKH�ZKROH�%DOWLF�UHJLRQ��,I
QR�QXFOHDU�SRZHU�SODQW�LV�EXLOW�LQ�(VWRQLD��LW�ZLOO�EH�HUHFWHG�LQ�VRPH�RWKHU�FRXQWU\�RI
WKH�UHJLRQ��7KH�H[LVWHQFH�RI�D�QXFOHDU�SRZHU�SODQW�LV�XQGRXEWHGO\�DQ�DVVHW�IRU�WKH
GHYHORSPHQW�RI�UHVHDUFK�DQG�WHFKQRORJ\�DV�LW�UHTXLUHV�D�KLJKO\�HGXFDWHG�VWDII��,W�LV�QRW
SRVVLEOH�WR�UHO\�RQ�WKH�,JQDOLQD�QXFOHDU�SRZHU�SODQW�LQ�/LWKXDQLD��ZKLFK�LV�SK\VLFDOO\
DQG�PRUDOO\�RXW�RI�GDWH�DQG�VKRXOG�EH�UHSODFHG�LQ�WKH�QHDU�IXWXUH�

,Q�WKH�GHPDQG�VLGH�WKH�PRVW�LPSRUWDQW�&2��PLWLJDWLRQ�RSWLRQ�LV�HQHUJ\�FRQVHUYDWLRQ�
7KH�PDLQ�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�(VWRQLDQ�UHVLGHQWLDO�VHFWRU�JRHV�IRU�VSDFH�DQG
ZDWHU�KHDWLQJ��(QHUJ\�FRQVHUYDWLRQ�PHDVXUHV�DUH�FRQQHFWHG�ZLWK�UHQRYDWLRQ�RI
EXLOGLQJV��7KHVH�PHDVXUHV�IDOO�LQWR�WKUHH�JURXSV��7KH�ILUVW�JURXS�LQFOXGHV�WKH
LQWHUYHQWLRQV�FRQFHUQLQJ�KHDW�DQG�KRW�ZDWHU�PHWHULQJ��7KH�VHFRQG�DUH�ORZ�FRVW
LQYHVWPHQWV�VXFK�DV�VHDOLQJ�RI�FUDFNV��JDSV�RI�ZLQGRZ�JODVVHV��GRRUV�DQG�IUDPHV�
LQVXODWLRQ�RI�SLSHV��K\GUDXOLF�EDODQFLQJ�RI�WKH�LQWHUQDO�KHDW�GLVWULEXWLRQ�V\VWHP��UHSDLU
RI�KRW�ZDWHU�V\VWHP��LQVWDOODWLRQ�RI�WKHUPRVWDWLF�YDOYHV�RQ�UDGLDWRUV��HWF��7KH�WKLUG
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JURXS�LQFOXGHV�PHGLXP�DQG�KLJK�FRVW�LQYHVWPHQWV�VXFK�DV�DGGLQJ�D�WKLUG�JODVV�WR
ZLQGRZV��LPSURYHPHQW�RI�WKHUPDO�LQVXODWLRQ�RI�H[WHUQDO�ZDOOV��DGGLWLRQDO�LQVXODWLRQ�RI
URRIV��LPSURYHPHQW�RU�UHSODFHPHQW�RI�H[LVWLQJ�ERLOHUV��HWF��7KH�WRWDO�HQHUJ\
FRQVHUYDWLRQ�SRWHQWLDO�LQ�WKH�UHVLGHQWLDO�VHFWRU�LV�LQ�WKH�UDQJH���²����FRPSDUHG�ZLWK
WKH�SUHVHQW�HQHUJ\�FRQVXPSWLRQ�
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5HSRUWLQJ�)RUPV

1 Fuel price assumptions
%DVH�\HDU� �����
Country: Estonia 
Table 1.1 basic assumptions Base year 2010 2025
International (CIF) price of crude oil, US$/bbl 18 22,2 28
International (CIF) price of coal, US$/ton 50 50 50
Local price of fueloil(light), local currency/GJ 37 44,5 57,7
Local price of gasoil/diesel, local currency/GJ 35 44,5 57,7
Local price of natural gas, local currency/GJ 28,5 34 44
Local price of gasoline, local currency/GJ 50,46 62 80,35
Local price of coal, local currency/GJ 20 24,2 24,2
Local price of oil shale, local currency/GJ 8,25 17,7 21,17
Local price of peat, local currency/GJ 8,7 17,5 22

Table 1.2 sensitivity case Base year 2010 2025
International (CIF) price of crude oil, US$/bbl
International (CIF) price of coal, US$/ton
Local price of fueloil, local currency/GJ
Local price of gasoil/diesel, local currency/GJ
Local price of natural gas, local currency/GJ
Local price of gasoline, local currency/GJ
Local price of coal, local currency/GJ
Local price of fuel1, local currency/GJ
Local price of fuel2, local currency/GJ

2 Key national indicators

Country: Estonia 
Table 2.1 GDP Base year 2010 2025
Total                          (fixed local prices) MEEK
Primary          Agriculture 2233,6
                       Forestry 534,1
                       Mining 601,3
Secondary      Industry 6264,6
                       Construction 2115,9
                       Transport 3776,2
Tertiary          Services 5456,5

Table 2.2  National indicators Base year 2010 2025
Population (millions) 1,48 1,44 1,44
Urban population (%) 70 70 70
Land cover (1000 km2) 45,2 45,2 45,2
Forest land (%) in baseline 47,7 47,7 47,7
Agricultural land (%) in baseline 25 25 25
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3 Macroeconomic statistics

Country: Estonia 
Table 3.1 GDP                              MEEK Base year
Consumption  Households 23752,2
                       Government 9812,5
Investment 10576,4
Foreign trade  Exports 31279,6
                       Imports 34653,2
Monetary        Inflation                       % 28,9

Table 3.2 Labour force  (thousands) Base year
Primary          Agriculture 74,1
                       Forestry
                       Mining 10,3
Secondary      Industry 157
                       Construction 47,9
                       Transport 55,4
Tertiary          Services 192,2
Unemployment 8,7

Table 3.3 Exchange rate
Exchange rate  of 1 US$ =
to Estonian Kroon EEK

1990
1991
1992 12,107
1993 13,223
1994 12,983
1995 11,465
1996 12,035

Table 3.4 Inflation rate     %
1996 14,8
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4 Energy sector (a)

Country: Estonia 
Table 4.1 (a) Total energy requirement (PJ) Base year 2010 2025
Reference scenario total 228,84 204,21 227,46
OIL SHALE 138,58 54,68 55,65
Oil products 48,71 53,77 62,48
Natural gas 24,5 69,3 81,89
Coal products 0,57 1,11 1,66
Hydropower 0,04 0,04 1,47
Nuclear 0 0 0
WOOD 13,75 27,26 22,33
PEAT 5,43 3,51 10,16
EXPORT ELEC -2,74 -5,46 -8,18

Table 4.2 (a) Total final energy by sector (PJ) Base year 2010 2025
Reference scenario total 112,67 136,05 163,78
Industry 31,49 35,21 39,08
NON-ENERGY USE OF FUELS 8,45 8,45 8,45
Agriculture 3,84 2,92 3,00
Service 6,67 8,55 9,78
Residential 32,15 34,51 42,47
Transport 30,07 46,41 61,00

Table 4.3 (a) Electricity supply (GWh) Base year 2010 2025
Reference scenario total 7981 9281 11172
Oil 8 375 0
Natural gas 8 4117 5281
Coal 0 0 0
HYDRO&WIND 3 3 156
Nuclear 0 0 0
CONV. OSH 7961 0 0
Oil shale (reconstr.) 0 4089 4472
PEAT CHP 0 181 747
WOOD (NEW PAPER CHP) 0 517 517
Net import 0 0 0
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4 Energy sector (b)

Country: Estonia 
Table 4.1 (a) Total energy requirement (PJ) Base year 2010 2025
Low CO2 tax scenario total 228,85 191,51 225,41
OIL SHALE 138,58 25,00 45,89
Oil products 48,72 53,90 62,48
Natural gas 24,50 90,59 88,72
Coal products 0,57 0,72 1,66
Hydropower 0,04 0,26 1,47
Nuclear 0,00 0,00 0,00
WOOD 13,75 22,99 30,85
PEAT 5,43 3,51 2,52
EXPORT ELEC -2,74 -5,46 -8,18

Table 4.2 (a) Total final energy by sector (PJ) Base year 2010 2025
Low CO2 tax scenario total 112,67 136,05 163,78
Industry 31,49 35,21 39,08
NON-ENERGY USE OF FUELS 8,45 8,45 8,45
Agriculture 3,84 2,92 3,00
Service 6,67 8,55 9,78
Residential 32,15 34,51 42,47
Transport 30,07 46,41 61,00

Table 4.3 (a) Electricity supply (GWh) Base year 2010 2025
Low CO2 tax scenario total 7981 9239 11169
Oil 8 375 0
Natural gas 8 6856 6767
Coal 0 0 0
HYDRO&WIND 3 28 156
Nuclear 0 0 0
CONV. OSH 7961 0 0
Oil shale (reconstr.) 0 1283 3550
PEAT CHP 0 181 181
WOOD (NEW PAPER CHP) 0 517 517
Net import

Table 4.1 (a) Total energy requirement (PJ) Base year 2010 2025
High CO2 tax scenario total 228,85 186,67 209,3
OIL SHALE 138,58 9,18 8,31
Oil products 48,72 53,90 62,48
Natural gas 24,50 96,64 107,18
Coal products 0,57 0,72 1,66
Hydropower 0,04 0,92 1,47
Nuclear 0,00 0,00 3,34
WOOD 13,75 27,26 31,99
PEAT 5,43 3,51 1,05
EXPORT ELEC -2,74 -5,46 -8,18

Table 4.2 (a) Total final energy by sector (PJ) Base year 2010 2025
High CO2 tax scenario total 112,67 136,05 163,78
Industry 31,49 35,21 39,08
NON-ENERGY USE OF FUELS 8,45 8,45 8,45
Agriculture 3,84 2,92 3,00
Service 6,67 8,55 9,78
Residential 32,15 34,51 42,47
Transport 30,07 46,41 61,00

Table 4.3 (a) Electricity supply (GWh) Base year 2010 2025
High CO2 tax scenario total 7981 9239 11169
Oil 8 375 0
Natural gas 8 8064 9578
Coal 0 0 0
HYDRO&WIND 3 97 156
Nuclear 0 0 847
CONV. OSH 7961 0 0
Oil shale (reconstr.) 0 6 0
PEAT CHP 0 181 72
WOOD (NEW PAPER CHP) 0 517 517
Net import
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Table 4.1 (a) Total energy requirement (PJ) Base year 2010 2025
All High taxes scenario total 228,83 187,61 206,96
OIL SHALE 138,58 11,87 9,23
Oil products 48,70 50,17 62,48
Natural gas 24,50 101,57 100,98
Coal products 0,57 0,72 1,66
Hydropower 0,04 0,92 1,47
Nuclear 0,00 0,00 7,44
WOOD 13,75 24,31 30,83
PEAT 5,43 3,51 1,05
EXPORT ELEC -2,74 -5,46 -8,18

Table 4.2 (a) Total final energy by sector (PJ) Base year 2010 2025
All High taxes scenario total 112,67 136,05 163,78
Industry 31,49 35,21 39,08
NON-ENERGY USE OF FUELS 8,45 8,45 8,45
Agriculture 3,84 2,92 3,00
Service 6,67 8,55 9,78
Residential 32,15 34,51 42,47
Transport 30,07 46,41 61,00

Table 4.3 (a) Electricity supply (GWh) Base year 2010 2025
All High taxes scenario total 7981 9233 11169
Oil 8 3 0
Natural gas 8 8325 8444
Coal 0 0 0
HYDRO&WIND 3 97 156
Nuclear 0 0 1886
CONV. OSH 7961 0 0
Oil shale (reconstr.) 0 256 131
PEAT CHP 0 36 36
WOOD (NEW PAPER CHP) 0 517 517
Net import

Table 4.1 (a) Total energy requirement (PJ) Base year 2010 2025
Expensive oil shale scenario total 228,84 188,43 220,04
OIL SHALE 138,58 17,21 21,69
Oil products 48,71 53,90 62,48
Natural gas 24,50 95,13 89,72
Coal products 0,57 1,11 17,05
Hydropower 0,04 0,04 1,47
Nuclear 0,00 0,00 0,00
WOOD 13,75 22,99 21,79
PEAT 5,43 3,51 14,02
EXPORT ELEC -2,74 -5,46 -8,18

Table 4.2 (a) Total final energy by sector (PJ) Base year 2010 2025
Expensive oil shale scenario total 112,67 136,05 163,78
Industry 31,49 35,21 39,08
NON-ENERGY USE OF FUELS 8,45 8,45 8,45
Agriculture 3,84 2,92 3,00
Service 6,67 8,55 9,78
Residential 32,15 34,51 42,47
Transport 30,07 46,41 61,00

Table 4.3 (a) Electricity supply (GWh) Base year 2010 2025
Expensive oil shale scenario total 7981 9239 11169
Oil 8 375 0
Natural gas 8 7589 6747
Coal 0 0 0
HYDRO&WIND 3 3 156
Nuclear 0 0 0
CONV. OSH 7961 0 0
Oil shale (reconstr.) 0 575 2717
PEAT CHP 0 181 1033
WOOD (NEW PAPER CHP) 0 517 517
Net import
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5 GHG emissions (million tonnes)

Country: Estonia 
Table 5.1 (a) Reference scenario emissions Base year 2010 2025
5HIHUHQFH�VFHQDULR�WRWDO�&2� ������ ������ ������
CO2 from fossil fuels
CO2 from decrease of biomass stock
CO2 from cement & lime
Reference scenario total CH4
CH4 from combustion
CH4 from oil and gas sector
CH4 from coal mining
CH4 from enteric fermentation
CH4 from landfills/sewage treatment
CH4 from rice production
CH4 from forest and savannah burning
Reference scenario total N2O 0,048 0,037 0,037
N2O from combustion
N2O from agricultural soils

Table 5.1 (b) Mitigation scenario emissions Base year 2010 2025
Mitigation scenario total CO2
Low CO2 tax �������� �������� 15,02061
High CO2 tax �������� �������� 11,01448
All High taxes �������� �������� 11,64587
Expensive oil shale �������� �������� 15,19199
CO2 from fossil fuels
CO2 from decrease of biomass stock
CO2 from cement & lime
Mitigation scenario total CH4
CH4 from combustion
CH4 from oil and gas sector
CH4 from coal mining
CH4 from enteric fermentation
CH4 from landfills/sewage treatment
CH4 from rice production
CH4 from forest and savannah burning
Mitigation scenario total N2O
Low CO2 tax 0,048 0,038 0,037
High CO2 tax 0,048 0,038 0,038
All High taxes 0,048 0,037 0,037
Expensive oil shale 0,048 0,038 0,039
N2O from combustion
N2O from agricultural soils
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6 Cost curve data

Country: Estonia 
Table 6.1 Short term cost curve, 2010 reduction (1000 tonnes GHG) local currency/ton- US$/ton-
CO2 mitigation option CO2 CH4 N2O CO2 equivalent CO2 equivalent

1 CONS4 48 -1403 -116
2 CONS2 75 -1254 -104
3 CONS8 54 -1055 -87
4 CONS3 45 -970 -80
5 CONS1 60 -475 -39
6 CONS6 34 -149 -12
7 ELIMP L 312 30 2
8 ELIMP H 312 82 7
9 PFBC 641 133 11

10 ELEXP 1238 230 19
11 CONS7 54 274 23
12 CONS5 94 625 52
13 WIND L 22 1521 126
14 BIOCHP 29 1789 148

Total reduction 3018
Total reference scenario emissions 14392

Table 6.2 Long term cost curve, 2025 reduction (1000 tonnes GHG) local currency/ton- US$/ton-
CO2 mitigation option CO2 CH4 N2O CO2 equivalent CO2 equivalent

1 CONS2 119 -1454 -120
2 CONS8 71 -1269 -105
3 CONS1 94 -629 -52
4 ELIMP L 745 16 1
5 ELIMP H 745 70 6
6 PFBC 1317 73 6
7 CONS7 71 172 14
8 NUCLEAR 4461 177 15
9 BIOCHP 552 227 19

10 ELEXP 1491 301 25
11 WIND L 166 425 35
12 WIND L+S 999 518 43

Total reduction 10831
Total reference scenario emissions �����

Please list the options after increasing marginal cost!
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5HIHUHQFHV

$OWPDQQ��:�������)LUVW�6WHS�7RZDUGV�DQ�([SHUW�6\VWHP�&RQFHUQLQJ�WKH�3UHGLFWLRQ�RI�WKH
6ODJJLQJ�DQG�)RXOLQJ�%HKDYLRXU�RI�)XHOV�DQG�)XUQDFHV��5HSRUW��6\PSRVLXP�RQ�/RZ�
*UDGH�)XHOV�ZLWK�6SHFLDO�(PSKDVLV�RQ�(QYLURQPHQWDO�$VSHFWV��+HOVLQNL��-XQH�������������
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%ULHILQJ��������(VWRQLDQ�*DV�$VVRFLDWLRQ��7DOOLQQ������
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(HVWL�W||VWXV��(VWRQLDQ�,QGXVWU\���������1R�����7DOOLQQ��(VWRQLDQ�6WDWLVWLFDO�2IILFH�

(QHUJ\�%DODQFH�������������6WDWLVWLFDO�2IILFH�RI�(VWRQLD��7DOOLQQ�����S�
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(QHUJ\�0DUNHW�5HIRUP��)XHO�&RVW�3ULFLQJ��:RUNLQJ�3DSHU����3ROLFLHV�DQG�0HDVXUHV�IRU�&RPPRQ
$FWLRQ�FRQGXFWHG�E\�WKH�$QQH[�,�([SHUW�*URXS�RQ�WKH�81�)&&&��-DQ�.HSSOHU��,($�DQG
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(QHUJ\�0DVWHU�3ODQ�IRU�(VWRQLD��3UH�)HDVLELOLW\�6WXG\�����������0LQLVWU\�RI�,QG��DQG�(QHUJHWLFV�
9DWWHQIDOO�$%��,PDWUDQ�9RLPD�2<��6WDWH�(QWHUSULVH�(HVWL�(QHUJLD��7DOOLQQ�

(QHUJ\�VHFWRU��������,Q��&RPSUHKHQVLYH�'HVFULSWLRQ�RI�1DWLRQDO�)UDPHZRUN�IRU�&OLPDWH�&KDQJH
0LWLJDWLRQ���7DOOLQQ��6WRFNKROP�(QYLURQPHQW�,QVWLWXWH�²�7DOOLQQ��SS����²���

(QHUJ\�6WUDWHJ\�IRU�(VWRQLD��7RZDUGV�DQ�,QWHJUDWHG�(QHUJ\�3ROLF\�IRU�WKH�5HSXEOLF�RI�(VWRQLD�
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(VWRQLD��6HFWRU�(QYLURQPHQWDO�$VVHVVPHQW�RQ�WKH�8WLOLVDWLRQ�RI�'RPHVWLF�3HDW�DQG�:RRG�&KLSV
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(VWRQLDQ�(QHUJ\�������)DFWV�LQ�%ULHI��������6WDWH�(QWHUSULVH�(HVWL�(QHUJLD��7DOOLQQ�������
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(VWRQLD·V�6HFRQG�1DWLRQDO�&RPPXQLFDWLRQ�8QGHU�WKH�8QLWHG�)UDPHZRUN�&RQYHQWLRQ�RQ
&OLPDWH�&KDQJH��������0LQLVWU\�RI�(QYLURQPHQW�RI�WKH�5HSXEOLF�RI�(VWRQLD��7DOOLQQ�

([WHUQ(��([WHUQDOLWLHV�RI�(QHUJ\��9RO�����6XPPDU\�E\�(768��8.��(85�������(1��(XURSHDQ
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/LLN�2��DQG�/DQGVEHUJ�0��������6RPH�VFHQDULRV�RI�&2��HPLVVLRQV�IURP�WKH�HQHUJ\�V\VWHP��,Q��-��
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