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�
6HOOXWHKWDDQ�NXLWX�� MD� OLSHlOLQMRMHQ�HUL�RVDSURVHVVLHQ�OLNDDQWXPLVRQJHOPLVWD�MD�QLLGHQ�WRUMXQ�
QDVWD�RQ�YLLPH�YXRVLQDNLQ�NHUW\Q\W�KXRPDWWDYDW�PllUlW�XXWWD�WLHWRD�±�VHNl�MXONDLVWXMHQ�WXWNL�
PXVWHQ�HWWl�PP��WHKWDLGHQ�MD�ODLWHWRLPLWWDMLHQ�NHUllPlQ�NRNHPXVSHUlLVHQ�DLQHLVWRQ�PXRGRV�
VD��$MDQNRKWDLVHQ�NDWVDXNVHQ�VDDPLVHNVL�DLKHHVWD�MlUMHVWHWWLLQ�.HVNXVODERUDWRULRVVD�����������
VHPLQDDUL�³.HPLNDDOLNLHUURQ�OLNDDQWXPLVRQJHOPDW´��7lVVl�NHVNLW\WWLLQ�HULW\LVHVWL�NHLWWRNHPL�
NDDOLHQ� WDOWHHQRWRQ� HUL� YDLKHLVVD� HVLLQW\YLHQ�RQJHOPLHQ�NXYDDPLVHHQ� MD� QLLGHQ� UDWNDLVXPDK�
GROOLVXXNVLHQ�HVLWWHO\\Q��
�
6HPLQDDUL�WRWHXWHWWLLQ�\KWHLVW\|VVl�.&/�Q�MD�6XRPHQ�6RRGDNDWWLOD\KGLVW\NVHQ��6.<��YlOLOOl��
MD� RKMHOPDQ� VXXQQLWWHOXVWD� YDVWDVL� 6.<�Q� RKMHOPDW\|U\KPl�� 6DPDOOD� WDSDKWXPD� RQ� MDWNRD�
XXGHOOH�NHPLNDDOLNLHUWRRQ�NHVNLWW\YLHQ�.&/�VHPLQDDULHQ�VDUMDOOH��HGHOOLVHQ�NlVLWHOOHVVl�VHOOX�
WHKWDDQ�YLHUDVDLQHLWD�MD�NLHUWRMHQ�VXONHPLVWD��1LHPHOl��������
�
6HPLQDDULHVLW\NVLVWl� NRRWWX� WLHGRWH� LOPHVW\\� Q\W� VHNl� .&/�1RWHV� �VDUMDVVD� HWWl� 6.<�Q� UD�
SRUWWLVDUMDVVD� �UDSRUWWL� ��������� .XVWDNLQ� HVLW\NVHVWl� RQ� WLHGRWWHHVVD� RPD� OXNXQVD� �MRNR�
NDOYRNRSLRW�WDL�HULOOLQHQ�NLUMRLWXV��VHPLQDDULQ�HVLW\VMlUMHVW\NVHQ�PXNDLVHVWL��.LLWRNVHW�NXXOX�
YDW�NDLNLOOH� VHPLQDDULHVLW\VWHQ�SLWlMLOOH� MD� DLQHLVWRQ� ODDWLMRLOOH�� QLLQ� LWVH� HVLW\NVLVWl�NXLQ� VLLWl�
DMDQNRKWDLVHVWD�PDWHULDDOLVWDNLQ�MRQND�SHUXVWHHOOD�WlPl�WLHGRWH�RQ�Q\W�YRLWX�NRRWD��
�
.DKGHVVD HQVLPPlLVHVVl�OXYXVVD�+HQUL�.HVVHOL��0HWVR�3DSHU��MD�.DOHYL�1XUPLQHQ��.YDHUQHU�
3XOSLQJ�2\��NlVLWWHOHYlW�HULODLVWHQ�VDRVWXPLHQ�PXRGRVWXPLVWD�PXVWDOLSHlQ�KDLKGXWXNVHVVD�MD�
ODLWHWRLPLWWDMLHQ�WDUMRDPLD�WHNQLVLl�UDWNDLVXMD�VDRVWXPLVHQ�KDOOLWVHPLVHNVL��6DRVWXPLHQ�SDULVVD�
MDWNDD� OLVlNVL� &DVLPLU� 6YHQVVRQ� �6DYFRU� 3URFHVV� 2\��� MRND� WDUNDVWHOHH� �OXNX� ��� VlKN|LVWHQ�
PHQHWHOPLHQ�PDKGROOLVXXNVLD�HULODLVWHQ�VHOOX��MD�SDSHULWHROOLVXXGHVVD�HVLLQW\YLHQ�VDRVWXPDRQ�
JHOPLHQ�KDOOLWVHPLVHNVL��
�
6RRGDNDWWLODQ�OLNDDQWXPLVWD�MD�OLNDDQWXPLVHQ�KDOOLQWDD�NlVLWWHOHH�0LNNR�+XSD��cER�$NDGHPL��
3URVHVVLNHPLDQ� WXWNLPXVU\KPl�� OXYXVVD����7lPlQ� MlONHHQ� HGHWllQ�NRKWL� UHFRYHU\�SURVHVVLQ�
ORSSXYDLKHLWD��NXQ�.HLMR�6DOPHQRMD��.YDHUQHU�3XOSLQJ�2\��NlVLWWHOHH�OXYXVVD���VXODQ�OLXRWXN�
VHHQ� MD� YLKHUOLSHlOLQMRLKLQ� OLLWW\YLl� OLNDDQWXPLVN\V\P\NVLl�� MD� YDVWDDYDVWL� +ROJHU� (QJGDKO�
�$QGULW]�$KOVWURP�2\��WDUNDVWHOHH�OXYXVVD���NDXVWLVRLQQLQ�\KWH\GHVVl�HVLLQW\YLl�OLNDDQWXPLV�
RQJHOPLD��/RSXNVL�5LVWR�-lUYLQHQ��.&/��HVLWWHOHH�SLLQ�Nl\WWl\W\PLVWl�NDXVWLVRLQQLVVD�MD�VHO�
YHQWll��HVLLQW\\N|�VHOOXWHKWDLOOD�SLL\KGLVWHLVLLQ�OLLWW\YLl�OLNDDQWXPLVRQJHOPLD��
�
.LUMRLWWDMLHQ�\KWH\VWLHGRW�RQ�HVLWHWW\�NRRWXVWL�VHXUDDYDOOD�VLYXOOD��
�
1LHPHOl .��WRLP���������6HOOXWHKWDDQ�YLHUDVDLQHHW��0HWDOOLW�NXLWXOLQMDOWD�YDONDLVXVXRGRNVLLQ�	�
VXRGRVWHQ�KDLKGXWXV�YHVLNLHUWRMD�VXOMHWWDHVVD��6HPLQDDUL������������.&/�WLHGRWH�������������
�� V��
�
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.LUMRLWWDMLHQ�\KWH\VWLHGRW�
�
(QJGDKO� +ROJHU� � $QGULW]�$KOVWURP�&RUSRUDWLRQ�
� 32�%R[�����������6DYRQOLQQD�
� SXK��������������YDLKGH�������������������VXRUD��
� H�PDLO�KROJHU�HQJGDKO#DQGULW]�DKOVWURP�FRP�
� ,QWHUQHW�ZZZ�DQGULW]�DKOVWURP�FRP�
�
+XSD� 0LNNR� � � cER�$NDGHPL��3URFHVV�&KHPLVWU\�*URXS�
� &RPEXVWLRQ�DQG�0DWHULDOV�5HVHDUFK�

3LLVSDQNDWX����������7XUNX�
� SXK����������������
� H�PDLO�PLNNR�KXSD#DER�IL�
� ,QWHUQHW�ZZZ�DER�IL�IDN�NWI�FPF��KWWS���FPF�DER�IL��
�
-lUYLQHQ��5LVWR� � 2\�.HVNXVODERUDWRULR�±�&HQWUDOODERUDWRULXP�$E��.&/��
� 3/�����������(VSRR��7HNQLLNDQWLH����
� SXK��������������YDLKGH������������������VXRUD��
� H�PDLO�ULVWR�MDUYLQHQ#NFO�IL�
� ,QWHUQHW�ZZZ�NFO�IL�
�
.HVVHOL��+HQUL�� � 0HWVR�3DSHU�
� 3XXQDXODNDWX����������3RUL�
� SXK���������������
� H�PDLO�KHQUL�NHVVHOL#PHWVR�FRP�
� ,QWHUQHW�ZZZ�PHWVR�FRP�
�
1XUPLQHQ� .DOHYL� � .YDHUQHU�3XOSLQJ�2\�
� 3/������������7DPSHUH��.HOORSRUWLQNDWX��'��
� SXK�������������YDLKGH�����������������VXRUD��
� H�PDLO�NDOHYL�QXUPLQHQ#NYDHUQHU�FRP�
� ,QWHUQHW�ZZZ�NYDHUQHU�FRP�
�
6DOPHQRMD��.HLMR� � .YDHUQHU�3XOSLQJ�2\�
� 3/������������7DPSHUH��.HOORSRUWLQNDWX��'��
� SXK�������������YDLKGH�����������������VXRUD��
� H�PDLO�NHLMR�VDOPHQRMD#NYDHUQHU�FRP�
� ,QWHUQHW�ZZZ�NYDHUQHU�FRP�
�
6YHQVVRQ� &DVLPLU� � 6DYFRU�3URFHVV�2\�
� ,QVLQ||ULQNDWX����������0LNNHOL�
� SXK����������������
� H�PDLO�FDVLPLU�VYHQVVRQ#VDYFRU�FRP�
� ,QWHUQHW�ZZZ�VDYFRU�FRP�
�
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+HQUL .HVVHOL��0HWVR�3DSHU�
�

,QIOXHQFH�RI�GLVSODFHPHQW�EDWFK FRRNLQJ RQ�&DOFLXPVFDOLQJ LQ�HYDSRUDWLRQ"

6RXUFH�RI�&D�VFDOLQJ�LV�ZRRG�

� FDOFLXP�DQG�OLJQLQ�IUDFWLRQ�FRPELQH�D�FRPSOH[
� FRPSOH[�LV�H[WUDFWHG�GXULQJ�LPSUHJQDWLRQ
� KLJK�WHPSHUDWXUH�UHOHDVHV�&D�LRQ�IURP�FRPSOH[
� FDOFLXP�LRQV�FRPELQH�ZLWK�FDUERQDWH�LRQV�WR�IRUP
FDOFLXP FDUERQDWH
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+RZ WR�DYRLG SUREOHP"

� &RQWURO�RI�LPSUHJQDWLRQ
� 3URILOH RI�GU\ VROLG DQG�WHPSHUDWXUH LQ�HYDSRUDWLRQ
� (QRXJK�DONDOL�LQ�EODFN�OLTXRU
� 'HDFWLYDWLRQ

� HYDSRUDWLRQ�SODQW
� FRRNLQJ�SODQW

(IIHFW�RI�LPSUHJQDWLRQ�RQ�&D�FRQWHQW
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'6�DQG WHPSHUDWXUH�SURILOH�LQ�HYDSRUDWLRQ
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(IIHFW�RI�6XSHU%DWFK�.�RQ�FDOFLXP�EDODQFH
&RQYHQWLRQDO

FRRNLQJ
3XOS
����

(YDSV ����

6XSHU%DWFK
3XOS
����

(YDSV ����
6RO�&D�7RW�&D� ����

6XSHU%DWFK�.
3XOS
����

(YDSV ����
6RO�&D�7RW�&D� ����
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6XSHU%DWFK�.

Liquor with

soluble 

calcium}
To evaporation

via HBL acc.

“Deactivation”

in digester
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6XSHU%DWFK�.
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Displacing liquor, m3

HBL 
1

HBL 
2

Mother liquor
Black liquor with Ca

%/�
�&D�

%ODFN�OLTXRU��&D��

Mother 
liquor 

Wash 
Filtrate

/LTXRU�LQVLGH�FKLSV /LTXRU�LQVLGH�FKLSV

:DVK�ILOWUDWH

0RWKHU�
OLTXRU

At the and of 
the cooking 

phase

At the and of the 
displacement 

phase

Displaced liquor, oC

'LVSODFHG�OLTXRU��7HUPLQDO�GLVSODFHPHQW
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'LVSODFHG�OLTXRU�P��GLJHVWHU
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'LVSODFHG�OLTXRU��LPS�DQG�KRW�%/�GLVSODFHPHQWV
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'LVSODFHG�OLTXRU�P��GLJHVWHU
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6XSHU%DWFK�.PLOO�REVHUYDWLRQV

Soluble 

calcium} ������& !�����&

�����GLJHVWHU�9RO�

�����GLJHVWHU�YRO�
$EW������PJ�NJ�'6
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&D�FRQWHQWV�LQ�%/�WR HYDSRUDWLRQ�OLTXRU
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6XSHU%DWFK 6XSHU%DWFK�RSWLPL]HG�
FRQWURO�RI�LPSUHJQDWLRQ

6XSHU%DWFK�. &RQYHQWLRQDO�%DWFK

&D�WRWDO

&D�VROXEOH

&DOFLXP�FRQWHQW�LQ�EODFN�OLTXRU�WR�HYDSRUDWLRQ��PJ�&D�NJ�GU\�VROLG��

(YDSRUDWLRQ FDOFLXP�SURILOH��6XSHU%DWFK�DQG��.
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&D�WRW

&D�OVRO �����

&D DNWLY�
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�
.DOHYL�1XUPLQHQ��.YDHUQHU�3XOSLQJ�2\�
�
����-RKGDQWR�
�
7lVVl� HVLW\NVHVVl� HL� NHVNLW\Wl� QLLQNllQ� OLNDDQWXPLVHQ� NHPLDDQ�� YDDQ� QLLKLQ� WRLPHQSLWHLVLLQ�
KDLKGXWWDPROOD��MRLOOD�PXXWWXQHLVVD�RORVXKWHLVVD�YRLGDDQ�OLNDDQWXPLVRQJHOPLD�KDLKGXWWDPROOD�
KDOOLWD��0XXWWXQHLOOD� RORVXKWHLOOD� WDUNRLWHWDDQ� YLLPHLVHQ� N\PPHQHQ� YXRGHQ� DLNDQD� WDSDKWX�
QHLWD� NHKLW\NVLl� VHOOXQ� NHLWWRPHQHWHOPLVVl� VHNl� VHOOXWHKWDLGHQ� VLYXWXRWWHLGHQ� MRKWDPLVHVVD�
KDLKGXWWDPRQ�NDXWWD�SRLV�PXLVWD�SURVHVVHLVWD��
�
3HULQWHLQHQ� DMDWWHOX� VHOOXWHKWDLOOD� RQ� ROOXW� KDLKGXWWDPRQ�RVDOWD� VH�� HWWl� VHQ� RQ� VHOYL\G\WWlYl�
SROWWRNHOSRLVHQ� OLSHlQ� WHNHPLVHVWl� ULLSSXPDWWD� VLLWl�� PLWl� NXLWXOLQMDOWD� KDLKGXWXNVHHQ� WXOHH��
.XQ Q\N\LVHW� WHKWDDW� SllVllQW|LVHVWL� RYDW� \NVLOLQMDLVLD�� RQ� WHKWDLWWHQ� ROOXW� SDNNR� NLLQQLWWll�
KXRPLRWD�P\|V� KDLKGXWWDPRQ�XONRSXROLVLLQ� SURVHVVHLKLQ��7lVWl� RQ� HVLPHUNNLQl�PP�� WlPlQ�
VHPLQDDULQ�OXHQWR�V\UMl\W\VHUlNHLWRQ�YDLNXWXNVHVWD�KDLKGXWWDPRQ�OLNDDQWXPLVHHQ��
�
6HXUDDYDVVD�NlVLWHOOllQ� HULNVHHQ�.YDHUQHU�WHNQRORJLDD�KDLKGXWWDPLVHQ� OLNDDQWXPLVHQ�KDOOLQ�
QDVVD� MDRWHOWXQD� KDLKGXWWDPRQ� ODLKDOLSHlRVDDQ�� YDKYDOLSHl\NVLN|LKLQ� VHNl� ORSSXYlNHY|LWWL�
PLLQ��/LVlNVL�VHORVWXNVHVVD�NHVNLW\WllQ�OlKLQQl�IDOOLQJ�ILOP�W\\SSLVLLQ�KDLKGXWWLPLLQ��
�
����+DLKGXWWDPRD�OLNDDYDW�DLQHHW�
�
3llDVLDOOLVHW�KDLKGXWWDPRQ�OlPS|SLQWRMD�OLNDDYDW�DLQHHW�RYDW��
• 6XRSD MD�NXLWX�ODLKDOLSHl\NVLN|LWWHQ�VHNl�OLSHlQ�MDNRODLWWHLGHQ�RVDOWD��
• %XUNHLLWWL�� QDWULXPVXOIDDWLQ� MD� �NDUERQDDWLQ� NDNVRLVVXROD� YDKYDOLSHl\NVLN|LWWHQ� MD� YlNH�

Y|LWWLPLHQ�RVDOWD��
• .DOVLXPNDUERQDDWWL�\NVLN|LVVl��MRLVVD�OLSHlQ�OlPS|WLOD�RQ�OXRNNDD�����R& WDL�VHQ�\OL��
• 2NVDODDWWL��HULW\LVHVWL�V\UMl\W\VHUlNHLWRQ�RPDDYLVVD�WHKWDLVVD�PRQLYDLKHKDLKGXWWDPRQ�NHV�

NLYDLKHLOOD�OlPS|WLOD�DOXHHOOD���±����R&��
• 6LOLNDDWWL� VHOOXWHKWDDQ� UDDND�DLQHHQ� ROOHVVD� QRSHDNDVYXLVLD� SXXODMLNNHLWD�� WDL� RONHD� MD�

PXLWD���YXRWLVLD�NDVYHMD��
�
/LVlNVL�KDLKGXWWDPRLGHQ�YHVLOlPP|QYDLKWLPLVVD��NXWHQ�SLQWDODXKGXWWLPLVVD��VDDWWDD�YHVLSXR�
OHOOD�HVLLQW\l�NHUURVWXPLD�� MRWND�DLKHXWXYDW�YHGHQ�VLVlOWlPlVWl�KXPXNVHVWD��ELRORJLVHVWD�NDV�
YXVWD WDL�NDONNLVDRVWXPLVWD��
�
����/DLKDOLSHl\NVLN|LGHQ�OLNDDQWXPLQHQ�
�
0XVWDOLSHlQ� HVLKDLKGXWWLPLVVD�� HVLP��0HWVl�%RWQLDQ� blQHNRVNHQ� WHKWDDOOH� WRLPLWHWXVVD� WHU�
PRNRPSUHVVRULHVLKDLKGXWWLPHVVD��HL�YDUVLQDLVWD�OLNDDQWXPLVWD�ROH�KDYDLWWDYLVVD�LWVH�KDLKGXWWL�
PHQ OlPS|SLQQRLOOD��2NVDODDWWL\KGLVWHHW� VDDWWDYDW� OLDWD�NDDVXQSRLVWRMHQ� MllKG\W\NVHHQ�DVHQ�



��

QHWXQ ODXKGXWWLPHQ�OlPS|SLQWDD��-llKG\WWLPHQ�UDNHQQHUDWNDLVXOOD�YRLGDDQ�NHUURVWXPDW�SRLV�
WDD DLND�DMRLQ�NRUNHDSDLQHSHVXOOD��OlPP|QYDLKGLQ�XORVYHGHWWlYlOOl�SXWNLSDNHWLOOD���
�
1LLQ�HVLKDLKGXWWLPHVVD�NXLQ�QRUPDDOLQ�VDUMDKDLKGXWWDPRQ�ODLKDOLSHl\NVLN|LVVl�V\|WW|OLSHlYDL�
KHHVWD YlOLOLSHlYDLKHHVHHQ�HL�QRUPDDOHLOOD�SXXODMHLOOD�WRLPLYLVVD�VHOOXWHKWDLVVD�OLNDD�MXXULNDDQ�
PXXW NXLQ�VDWXQQDLVHW�NXLWX��MD�VXRSDOlKHW\NVHW��DLKHXWWDHQ�HQVLQ�OLSHlQ�MDNRODLWWHHQ�WXNNHX�
WXPLVWD�MD�YDVWDDYLHQ�LOPDQ�OLSHlNLHUWRD�MllYLHQ�OlPS|SLQWDRVXXNVLHQ�OLNDDQWXPLVWD��/LNDDQ�
WXPLQHQ�YRLGDDQ�YlOWWll��PLNlOL�ODLKDOLSHlQ�NXLWXSLWRLVXXV�RQ�PLWRLWXVHGHOO\W\VWHQ�DVHWWDPLVVD�
UDMRLVVD�HOL�DOOH����PJ�O����PHVK�YLLUDOOD�PLWDWWXQD��VHNl�VXRYDQSRLVWRQ�ROOHVVD�KDOOLWWXD��(GHO�
OLQHQ�WRWHXWXX�NXLWXVXRGDWXNVHOOD�SHVHP|OOl��MlONLPPlLQHQ�YRLGDDQ�KRLWDD�ULLWWlYLOOl�VlLOL|WLOD�
YXXNVLOOD�MD�SLWlPlOOl�OLSHlQ�MllQQ|VDONDOLSLWRLVXXV�WDVROOD�\OL���J�O��
�
,WVH�KDLKGXWLQUDWNDLVXLOOD�YRLGDDQ�HP��V\\VWl�DLKHXWXYDD�OLNDDQWXPLVULVNLl�KDOOLWD�PLWRLWWDPDO�
OD OLSHlQ� MDNRODLWWHHQ� UHLlW� ULLWWlYlQ� VXXULNVL�� MlUMHVWlPlOOl� OLSHlQ� DMRMlUMHVW\V� RSWLPDDOLVHNVL�
VXRYDQ�HURWXVWD�DMDWHOOHQ��VHNl�VllWlPlOOl�V\|WW|OLSHlQ�YlNHY\\V�VRSLYDNVL�QLLQ�NXRKDDPLVHQ�
HVWlPLVHNVL�NXLQ�VXRYDQ�HURWWDPLVHNVL��
�
6XRSD MD�NXLWX�YRLYDW�P\|V�DLKHXWWDD�SLVDUDQHURWWLPLHQ�WXNNHXWXPLVWD��7XNNHXWXPLHQ�SRLVWD�
PLVHNVL�SLVDUDQHURWWLPHW�YRLGDDQ�YDUXVWDD�SHVXVXXWWLPLOOD�� MRLOOD� WXNNHXWXPDW�YRLGDDQ�SHVWl�
SRLV OlPSLPlOOl�YHGHOOl�WDL�ODXKWHHOOD�QRUPDDOLDMRQ�DLNDQD��
�
7\\SLOOLVHVVl�.YDHUQHU�KDLKGXWWDPRVVD�ODLKDOLSHl\NVLN|W�RYDW�NRQYHQWLRQDDOLVLD�IDOOLQJ�ILOP�
W\\SSLVLl�SXWNLKDLKGXWWLPLD��MRLVVD�OLSHl�RQ�SXWNLHQ�VLVlSXROHOOD��7lPl�NRQVWUXNWLR�PDKGROOLV�
WDD P\|V�SXWNLHQ�VLVlSXROLVHQ�SXKGLVWDPLVHQ�NRUNHDSDLQHSHVXODLWWHLOOD��PLNlOL�WXXEHMD�WXNNL�
QHHW NXLWX�VXRSDSDDNXW�HLYlW�PXLOOD�NHLQRLQ�OLXNHQH��
�
6LOLNDDWWLSLWRLVLOOD� OLSHLOOl� WRLPLYLHQ� WHKWDLGHQ� KLWDDVWL� NDVYDYLOOH� VLOLNDDWWLNHUURVWXPLOOH� RQ�
WlOOl� KHWNHOOl� DLQRD� WRLPLYD� WHNQLQHQ� UDWNDLVX� OlPS|SLQWRMHQ� PHNDDQLQHQ� SXKGLVWDPLQHQ��
SRUDXV�
����9DKYDOLSHl\NVLN|LGHQ�OLNDDQWXPLQHQ�
�
8VHLPPLVVD� WHKWDLVVD� YDUVLQDLVHW� OLNDDQWXPLVRQJHOPDW� HVLLQW\YlW� YlOLOLSHlVlLOL|Q� MlONHLVLVVl�
SXROLYDKYD�� MD� YDKYDOLSHl\NVLN|LVVl�� /LNDDYLVWD� DLQHLVWD� WDUNDVWHOXQ� NRKWHHQD� RYDW� VHXUDD�
YDVVD� EXUNHLLWWL��� QDWULXPNDUERQDDWWL�� MD� NDOVLXPVDRVWXPDW� VHNl� \KWHLVHOOl� QLPLNNHHOOl�PXXW�
VDRVWXPDW��
�
������%XUNHLLWWL�HOL�QDWULXPVXOIDDWLQ�MD�QDWULXPNDUERQDDWLQ�NDNVRLVVXROD�
�
(KNl HQLWHQ� WXWNLPXVWXORNVLD� MD� DLKHWWD� NlVLWWHOHYll� NLUMDOOLVXXWWD� KDLKGXWWDPRLGHQ� OLNDDQWX�
PLVRQJHOPLVWD�O|\W\\�MXXUL�WlPlQ�VDRVWXPD�DLQHHQ�RVDOWD��%XUNHLLWLQ�PXRGRVWXPLQHQ�RQ�WXQ�
QHWXVWL�ULLSSXYDLQHQ�PXVWDOLSHlQ�OlPS|WLODVWD��NXLYD�DLQHSLWRLVXXGHVWD��VXOIDDWLQ�MD�NDUERQDD�
WLQ�PllUlVWl� VHNl� YDUVLQNLQ� QlLGHQ� YlOLVHVWl� VXKWHHVWD�� 6LLQl� YDLKHHVVD�� NXQ� EXUNHLLWWL� DONDD�
OLXHQQHHVWD�PXRGRVWD�NLWH\W\l�NLGHPXRWRRQ��RQ�N\VHLQHQ� UHDNWLR� VXKWHHOOLVHQ�QRSHD�� -lUMHV�
WlPlOOl� VRSLYDW�RORVXKWHHW�KDLKGXWWDPRQ�VLVlLVLOOl�N\WNHQQ|LOOl��YRLGDDQ�NLWH\W\PLQHQ�VXXQ�
QDWD� OLSHlQ� VLVlOOl� WDSDKWXYDDQ� NLWH\W\PLVHHQ� QV�� HPlNLGHWHRULDQ�PXNDDQ�� HVWlHQ� EXUNHLLWLQ�
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VDRVWXPLVHQ�OlPS|SLQQRLOOH��7\\SLOOLVHVWL�NR��NLWH\W\PLQHQ�WDSDKWXX�PXVWDOLSHlQ�NRQVHQWUDD�
WLRDOXHHOOD���±�����HOL�Nl\WlQQ|VVl�VDUMDKDLKGXWWDPRQ���YDLKHHQ�HQVLPPlLVHVVl�ORKNRVVD���
�
7XQQHWXLQ� Nl\UlSDUYL� NULLWWLVHQ� NLHW\W\PLVDOXHHQ� DUYLRLQWLLQ� �NXYD� ����� HVLWWll� NLWH\W\PLV�
YlNHY\\GHQ�VXOIDDWWL��MD�NDUERQDDWWLSLWRLVXXGHQ�VHNl�DNWLLYLVHQ�DONDOLSLWRLVXXGHQ�SHUXVWHHOOD��
.l\WlQQ|VVl�XVHLOOD�WHKWDLOOD�OLNDDQWXPLVRQJHOPLHQ�NDUWRLWXNVHVVD�RQ�WRGHWWX�WlPlQ�Nl\UlVW|Q�
ROHYDQ�Nl\WW|NHOSRLQHQ�OLNDDQWXPLVHQ�KDOOLQWDDQ�OLLWW\YLVVl�N\WNHQWlPXXWRNVLVVD��
�

.XYD������.ULLWWLQHQ�NXLYD�DLQHSLWRLVXXV�EXUNHLLWWLVDRVWXPLHQ�HQQDNRLPLVHNVL��
%XUNHLLWWLVDRVWXPLVHQ�KDOOLWWXXQ�RKMDDPLVHHQ�RQ�.YDHUQHULQ�KDLKGXWWDPRLVVD�XVHLVVD�WHKWDLV�
VD �HVLP�� 6WRUD� (QVRQ�.HPLMlUYHQ� MD�2XOXQ� WHKWDDW�� Nl\WHWW\�PHQHWHOPll�� MRVVD� RVD� ��YDL�
KHHVWD OlKWHYlVWl� YDKYDOLSHlVWl� SDODXWHWDDQ� VDUMDOOH� HQQHQ� ��YDLKHWWD�� 7lOO|LQ� YDKYDOLSHlQ�
VLVlOWlPlW� EXUNHLLWWLNLWHHW� WRLPLYDW� XXVLHQ� VDRVWXPLHQ� HPlNLWHLQl� MD� EXUNHLLWLQ� VDRVWXPLVWD�
OlPS|SLQQRLOOH�YRLGDDQ�WHKRNNDDVWL�SLHQHQWll��7RLVDDOWD�EXUNHLLWLQ�ROOHVVD�YHVLOLXNRLQHQ�DLQH�
\KGLVWHOPl��YRLGDDQ�OlPS|SLQQRLOOH�NHUW\YlW�NHUURVWXPDW�SHVWl�SRLV�MRNR�ODLKHPPDOOD�OLSHlOOl�
WDL OlPSLPlOOl� YHGHOOl� WDSDXNVHVWD� ULLSSXHQ��1LLQSl�.YDHUQHU�KDLKGXWWDPRLVVD� NXNLQ� ��YDL�
KHHQ ORKNRLVWD�YRLGDDQ�RWWDD�QRUPDDOLQ�DMRQ�DLNDQD�DXWRPDDWWLVHVWL�RKMDWXQ�SHVXQ�SLLULLQ��
�
.RVND�EXUNHLLWWL� RQ� VXOIDDWLQ� MD�NDUERQDDWLQ� VHRV�� RQ�PHUNLW\VWl�P\|V�QlLWWHQ�YlOLVHOOl� VXK�
WHHOOD�� ,WVH�EXUNHLLWWL�RQ�KHOSSROLXNRLQHQ�VXROD�YHUUDWWXQD�QDWULXPNDUERQDDWWLLQ��1LLQSl�VHRV�
VXKGH�S\ULWllQ�SLWlPllQ�VHOODLVHQD�� MROOD�HVWHWllQ�NDUERQDDWLQ� VDRVWXPLQHQ�HQQHQ�EXUNHLLWLQ�
VDRVWXPLVWD��1DWULXPNDUERQDDWWL�QDWULXPVXOIDDWWL�VXKWHHQ�SLWlLVL�WlVVl�PLHOHVVl�ROOD�SLHQHPSL�
NXLQ ���MROORLQ�OLNDDQWXPLVRQJHOPD�YRLGDDQ�KRLWDD�QRUPDDOLOOD�SHVXRKMHOPDOOD��
�
8VHLVVD� VRYHOOXWXNVLVVD� N\VHLVHQ� VXKWHHQ� VllWlPLVHNVL� RQ� VHNRLWXVVlLOL|Q� VXRODW� QRXGHWWX�
KDLKGXWWDPRRQ�HQQHQ�QV��NULLWWLVWl�EXUNHLLWLQ�NLWH\W\PLVDOXHWWD��HVLPHUNNLQl�NXYDQ�����PXNDL�
QHQ N\WNHQWl�3RWODWFK�&ORTXHWLQ�KDLKGXWWDPRVWD�� MRVVD� WXKNDW�QRXGHWDDQ�HQQHQ���YDLKHWWD�Q��
�� ��OOD�OLSHlOOl���
�
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.XYD������3RWODWFK�&ORTXHW��78%(/�YlNHY|LWWLPHW�VHNl�WXKNDQ�QRXWR�KDLKGXWWDPROOH��
�
������1DWULXPNDUERQDDWWL�
�
.XWHQ HGHOOLVHVVl�NRKGDVVD�PDLQLWWLLQ��QDWULXPNDUERQDDWLQ�VDRVWXPDW�RYDW�KDLKGXWWDPRQ�NDQ�
QDOWD�KXRPDWWDYDVWL�YDLNHDPPDW�SRLVWDD�NXLQ�EXUNHLLWWL��3DKLPPLOODDQ�NDUERQDDWWLVDRVWXPLHQ�
SRLVWDPLVHHQ�DLQRDQD�UDWNDLVXQD�RQ�PHNDDQLQHQ�SXKGLVWXV�NRUNHDSDLQHSHVXODLWWHLOOD��3DUDV�MD�
\NVLQNHUWDLVLQ�SURVHVVLWHNQLQHQ�UDWNDLVX�RQ�HGHOOl�HVLWHWW\�VXOIDDWWL�NDUERQDDWWLVXKWHHQ�VllWHO\�
WXKNDQ� VHNRLWWDPLVHOOD� VRSLYDDQ� NRKWDDQ� KDLKGXWWDPROOD�� /LHYHPPLVVl� WDSDXNVLVVD� VDDWWDD�
ULLWWll�SHONlVWllQ�PlQW\|OM\NHLWWlP|OWl�WXOHYDQ�QHXWUDORLGXQ�VXOIDDWWLOLXRNVHQ�WXRQWL�KDLKGXW�
WDPROOH�YlOLOLSHlVlLOL|Q�MlONHLVHHQ�OLSHlOLQMDDQ�WDVDLVHVWL�PllUlVllGHWW\Ql���

8VHLVVD� DUWLNNHOHLVVD� RQ� HVLWHWW\� NXYDQ� ����
PXNDLQHQ� OLXNRLVXXVNl\UlVW|�� MRQND� SHUXV�
WHHOOD� OLSHlDQDO\\VLQ� SRKMDOWD� YRLGDDQ� DUYL�
RLGD� VDRVWXXNR� OLSHlVWl� \OLN\OOlLQHQ� RVXXV�
NDUERQDDWWLQD��EXUNHLLWWLQD�YDL�VXOIDDWWLQD��
�
.XYD������1DWULXPVXRORMHQ�OLXNRLVXXV��OlP�
S|WLODVVD�����°&��
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0HNDDQLVHQD�ODLWHUDWNDLVXQD�QLLQ�NDUERQDDWWL��NXLQ�EXUNHLLWWLVDRVWXPLOOH�ODLWRNVLVVD�RQ�.YDHU�
QHULQ SXWNLHOHPHQWWLKDLKGXWLQ� �78%(/� RVRLWWDXWXQXW� HULQRPDLVHNVL� MD� HL�OLNDDQWXPLVKHU�
NlNVL�ODLWWHHNVL��(VLPHUNLNVL�HQVLPPlLQHQ�7XEHO�WRLPLWXV�ROL�-RXWVHQRRQ�>�@�MR�YXRQQD������
NULLWWLVLPSllQ�NRKWDDQ�KDLKGXWWDPRD�HOL���YDLKHHQ�ODLKLPPDNVL�ORKNRNVL���
78%(/�KDLKGXWLQ� RQ� SXWRDYDNDOYR�W\\SSLQHQ�
KDLKGXWLQ�� MRVVD� OlPS|SLQWD� NRRVWXX� SXWNLHOH�
PHQWHLVWl�� .l\WW|K|\U\� RQ� SXWNLHQ� VLVlSXROHOOD�
MD KDLKGXWHWWDYD�OLSHl�SXWNLHQ�XONRSXROHOOD��NXYD�
����� 78%(/�KDLKGXWWLPLD�RQ�WlKlQ�������������
PHQQHVVl� P\\W\� MR� \OL� ��� NSO� PDDLOPDQODDMXL�
VHVWL���
�
/DLWH�RQ�HULW\LVHQ�VXRVLWHOWDYD�KDLKGXWXNVHVVD�OL�
NDDQWXPLVKHUNLPPLVVl� NRKGLVVD� HOL� YDKYDOLSHl�
YDLKHLVVD��\NVLN|W���MD����VHNl�YlNHY|LWWLPLVVl��
�.XYD������78%(/�KDLKGXWWLPHQ�SHULDDWHNXYD��

�
������.DOVLXPNDUERQDDWWL�
�
8VHLVVD� V\UMl\W\VHUlNHLWRQ�RPDDYLVVD� WHKWDLVVD�RQ�YLLPH�YXRVLQD�KDLKGXWWDPRQ�SDKLPPDNVL�
OLNDDMDNVL� WXOOXW� NDOVLXP�� OlKLQQl� NDOVLXPNDUERQDDWLQ� PXRGRVVD�� 6DPDD� RQJHOPDD� HVLLQW\\�
WRNL�PXLOODNLQ�NHLWWRPHQHWHOPLOOl�WRLPLYLVVD�WHKWDLVVD��MRLVVD�NDOVLXPSLWRLVXXGHW�RYDW�NRUNHL�
WD��NDUERQDDWWL�VXOIDDWWLVXKGH�HSlHGXOOLQHQ�MD�OLSHlQ�MllQQ|VDONDOLSLWRLVXXV�OlKHQWHOHH�QROODD��
�
.XWHQ )UHGHULFN� MD� *UDFH� MR� �����OXYXOOD� RYDW� WRGHQQHHW� >�±�@�� RQJHOPDW� NDOVLXPLQ� VDRV�
WXPLVHQ�VXKWHHQ�DONDYDW�LOPHWl�OLSHlQ�OlPS|WLODQ�\OLWWlHVVl����±����R&��1\WWHPPLQ�RQ�VDRV�
WXPDWDLSXPXVWD�KDYDLWWX�MRSD�MR�DOOH�VDGDQNLQ�DVWHLVLOOD�OLSHLOOl��
�
(P� KHUURMHQ�DUWLNNHOHLVWD�RQ�P\|V�WXQQHWWXD�OLNDDQWXPLVHQ�ROHQQDLQHQ�YlKHQWlPLQHQ�WDL�MRSD�
NRNRQDDQ HVWlPLQHQ� OLSHlQ� WHUPLVHOOl� GHDNWLYRLQQLOOD� HOL� OLSHlQ� NXXPHQWDPLVHOOD� WLHWW\\Q�
OlPS|WLODDQ�PllUlDMDNVL�HQQHQ�VHQ�MDWNRKDLKGXWXVWD��
�
.YDHUQHULQ� UDWNDLVX� WlKlQ� RQ� HVLWHWW\� NXYDVVD� ����� MRND� HVLWWHOHH� ODLWRVWD� (1&(�Q� +XHOYDQ�
WHKWDDOOD�(VSDQMDVVD�>�@��+DLKGXWWDPRQ���YDLKHHVWD�WXOHYD�OLSHl��NXLYD�DLQHSLWRLVXXV�Q�������
MD OlPS|WLOD�QRLQ�����R&� MRKGHWDDQ�YlOLSDLQHK|\U\OOl�WRLPLYDDQ�78%(/�W\\SSLVHHQ�NDOVLXP�
NLWH\WWLPHHQ�� MRVVD� OLSHl� YLLS\\� ���±���� R& OlPS|WLODVVD� SXROLVHQ� WXQWLD� HQQHQ� VHQ� V\|WWl�
PLVWl���YDLKHHVHHQ��7lOOl�N\WNHQQlOOl�YlNHY|LWLQYDLKHHOOH��\NVLN|W��$«�'��ULLWWll�QRUPDDOL�
DMRQDLNDLQHQ� DXWRPDDWWLQHQ� SHVX� ODLKDOLSHlOOl� MD� NLWH\WWLPHOOH� NHUUDQ� YLLNRVVD� SHVX� VHNXQ�
GllULODXKWHHOOD��
�



��

.XYD������78%(/�NDOVLXPNLWH\WLQ�(1&(�+XHOYDQ�WHKWDDOOD�>�@��
�
(GHOOlROHYD HVLPHUNNL�VRSLL�N\VHLVHOOH�WHKWDDOOH��YLLYHDLND�MD�NlVLWWHO\OlPS|WLOD�PXLOOH�WHKWDLO�
OH�YDOLWDDQ� WHKWDDQ�RORVXKWHLGHQ�PXNDDQ��.LWH\WLQ�YRLGDDQ�P\|V�NRUYDWD�NXXPHQQXVUHDNWR�
ULOOD� MRVVD�OlPPLW\V�NlVLWWHO\OlPS|WLODDQ�KRLGHWDDQ�VXRUDK|\U\OlPPLWWLPHOOl��
�
������0XXW�VDRVWXPDW�
�
0XLWD�YDKYDOLSHl\NVLN|LWl�OLNDDYLVWD�VDRVWXPLVWD�\OHLVLQ�OLHQHH�WHKWDDQ�SURVHVVLKlLUL|LVWl�MRK�
WXYDW�VDWXQQDLVHW�\KWHHQVDWWXPDW��Nl\WlQQ|VVl�\KGLVWHOPl��MRVVD�DLQHRVLQD�RYDW�VXRSD��NXLGXW�
�MRSD KDNH��MD�NDUERQDDWWL��+lLUL|WLODQWHHQ�SRLVWXWWXD�N\VHLVHW�VDRVWXPDW�OLXNHQHYDW�DMDQ�RORRQ�
QRUPDDOLDMRVVD��PXWWD�SDKLPPLOODDQ�WXRWDQWRWDSSLRLGHQ�PLQLPRLPLVHNVL�PHNDDQLQHQ�SXKGLV�
WXV�NRUNHDSDLQHSHVXODLWWHLOOD�RQ�QRSHLQ�UDWNDLVX��
�
6LOLNDDWLW�MD�DOXPLLQLVDRVWXPDW�RYDW�KDUYLQDLVHPSLD��HLYlWNl�QLLQNllQ�ROH�RQJHOPDQD�SRKMRLV�
PDLVLOOD�WHKWDLOOD��/DLWWHLVWRMHQ�SXKGLVWXV�YDDWLL�\OHHQVl�PHNDDQLVHQ�SXKGLVWXNVHQ��
�
7HKWDLGHQ� YHVLNLHUWRMHQ� VXONHXWXPLVHQ� P\|Wl� KDLKGXWWDPROOH� WXRWDYLHQ� MlWHNRQVHQWUDDWWLHQ�
MDWNRKDLKGXWXNVHVVD�VDDWHWDDQ�WXOHYDLVXXGHVVD��YDUVLQNLQ�SURVHVVLKlLUL|LGHQ�\KWH\GHVVl��NRK�
GDWD�OLNDDQWXPLVWDSDKWXPLD��MRLWD�HL�YLHOl�WlVVl�YDLKHHVVD�WXQQHWD��78%(/�ODLWHNRQVWUXNWLRQD�
RQ WlPlQ�KHWNLVHVWl� ODLWHYDOLNRLPDVWD� NXLWHQNLQ� VRSLYLQ� RWWDPDDQ�YDVWDD� XXGHW� KDDVWHHW� WlO�
WlNLQ�RVLQ��
�
����9lNHY|LWWLPLHQ�OLNDDQWXPLQHQ�
�
3XWRDYDNDOYR�W\\SSLVWHQ�YlNHY|LWWLPLHQ�MD�VXSHUYlNHY|LWWLPLHQ��WlVVl�\KWH\GHVVl�NXLYD�DLQH�
SLWRLVXXNVLOOD���±������RVDOWD�Nl\WHWWlHVVl�78%(/�W\\SSLVLl�KDLKGXWWLPLD�HL�.YDHUQHULQ�WRL�
PLWWDPLOOD� ODLWRNVLOOD� ROH� WlKlQ�PHQQHVVl� NRKGDWWX� OLNDDQWXPLVRQJHOPLD�� MRLKLQ� HL� QRUPDDOL�
VllQQ|OOLVLQ�YlOHLQ�WDSDKWXYD�SHVX�ODLKHQQHWXOOD� OLSHlOOl�ROLVL�ULLWWlYl�SHVXPHWRGL��.\VHLVHOOl�
NXLYD�DLQHSLWRLVXXVDOXHHOOD�RQ�NULLWWLQHQ�SLWRLVXXV�EXUNHLLWLQ�VDRVWXPLVSLVWHHQ�RVDOWD�\OLWHWW\��
.DOVLXPLQ�RVDOWD�OlPS|WLOD�DOXHNLQ�DONDD�YDVWDWD�ULLWWlYlQ�NRUNHDWD�GHDNWLYRLWXPLVWD�DMDWHOOHQ��



��

.XQ�PLWRLWXNVHVVD�KXRPLRLGDDQ�ULLWWlYl�OLSHlQ�NLHUWRPllUl�OlPS|SLQWDQHOL|Wl�NRKGHQ��DOKDL�
QHQ OlPS|YXR�MD�OLSHlQ�MDNRODLWWHLVWRQ�RLNHD�PLWRLWXV��YlNHY|LWWLPLHQ�SHVXWDUYH�Mll�SDULLQ�NHU�
WDDQ�NXXNDXGHVVD��
�
����/LSHlQ�RPLQDLVXXNVLVWD�
�
+DLKGXWWLPLHQ�SXKWDDQDS\V\PLVHHQ�YDLNXWWDYLLQ�OLSHlQ�RPLQDLVXXNVLLQ�YRLGDDQ�VHOOXWHKWDDOOD�
YDLNXWWDD�PRQLQ�HUL�WDYRLQ��6HXUDDYDVVD�NXLWHQNLQ�HUlLWl�KXRPLRQDUYRLVLD�NRKWLD��MRWND�HGHV�
DXWWDYDW�KDLKGXWWDPRQ�Nl\WHWWlY\\WWl��
• /LSHlQ�S+�PDKGROOLVLPPDQ�NRUNHD�MD�YDNDD��
• .XLWXSLWRLVXXV�KDOOLWWX��VXRVLWXVDUYR�DOOH����PJ�O�ODLKDOLSHlQ�RVDOWD��
• 6XRYDQSRLVWR�NXQQROOLQHQ��HGHOO\WWlHQ�P\|V�MllQQ|VDONDOLOOH�ULLWWlYlQ�NRUNHDWD�DUYRD��
• /LSHlNLHUURQ�XONRSXROHOWD�WXOHYLHQ�YLUWRMHQ��PP��YDONDLVXODLWRNVHQ�MD�PlQW\|OM\NHLWWlP|Q�

MlWHOLXRNVHW��KDOOLWWX�SXPSSDXV�MD�S+�Q�VllW|��
• .DUERQDDWWL�VXOIDDWWLVXKWHHQ�KDOOLQWD��
• 3HVXMHQ DMRLWXV��
�
����/RSSXVDQDW�
�
/LNDDQWXPLVHQ� KDOOLQWD� KDLKGXWWDPROOD� HL� ROH�PLWHQNllQ� KHOSSR� WHKWlYl�� HL� ODLWHWRLPLWWDMDOOH�
HLNl YDUVLQNDDQ�Nl\WWlMlOOH��5XQVDLVWD�DLKHHVHHQ�OLLWW\YLVWl�WXWNLPXNVLVWD�MD�NRNHPXNVHQ�NDXW�
WD�KDQNLWXLVWD�WLHWlP\NVLVWl�KXROLPDWWD�MRNDLVHOOD�WHKWDDOOD�RQ�RPDW�RPLQDLVXXWHQVD��MRWND�DMDQ�
RORRQ� VDDWWDYDW� DLKHXWWDD� \OOlW\NVLl� NDLNLVWD� HQQDNNR�RGRWXNVLVWD� MD� HQQDNNRVXXQQLWHOPLVWD�
KXROLPDWWD�� /LVlNVL� LQYHVWRLQWLYDLKHHVVD� RQ� WHKWlYl� UDWNDLVXW�PLHWLWWlHVVl� OLNDDQWXPLVULVNLHQ�
PLQLPRLPLVWD�VLMRLWHWWDYDDQ�UDKDDQ�QlKGHQ��
�
2QJHOPDQ� NRNRQDLVKDOOLQWD� HGHOO\WWll� \KWHLVW\|Wl� NRNR� VHOOXSURVHVVLQ� RVD�DOXHLGHQ� YlOLOOl��
PLNlOL�OLNDDQWXPLVULVNHMl�KDOXWDDQ�PLQLPRLGD�MD�KDOOLWD��
�
����9LLWHOXHWWHOR�
�
�� 9HLWROD�-�MD�1XUPLQHQ�.��8XWWD�PXVWDOLSHlQ�KDLKGXWXNVHVVD��3DS��3XX����������������±

������
�� )UHGHULFN�:-�MD�*UDFH�70��6FDOLQJ�LQ�DONDOLQH�VSHQW�SXOSLQJ�OLTXRU�HYDSRUDWRUV��7HRN�

VHVVD�� )RXOLQJ� RI� KHDW� WUDQVIHU� HTXLSPHQW� �6RPHUVFDOHV� ()&� MD� .QXGVHQ� -*�� WRLP����
+HPLVSKHUH�3XEOLVKLQJ�&RUSRUDWLRQ��:DVKLQJWRQ��������V�����±������

�� )UHGHULFN�:-�MD�*UDFH�70��3UHYHQWLQJ�FDOFLXP�FDUERQDWH�VFDOLQJ�LQ�EODFN�OLTXRU�HYDSR�
UDWRUV��6RXWK��3XOS�3DSHU�0IU����������������������MD���������������±�����

�� :HUQTYLVW�$�MD�2ODXVVRQ�/��78%(/� ± D�QHZ�EODFN�OLTXRU�FRQFHQWUDWRU�WHFKQRORJ\���WK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HZ�$YDLODEOH�7HFKQRORJLHV��6WRFNKROP��6ZHGHQ��-XQH��±
�� ���������±�����

�



��

���6b+.g,67(1�0(1(7(/0,(1�0$+'2//,688'(7�
� /,.$$1780,621*(/0,(1�725-811$66$�
�
&DVLPLU�6YHQVVRQ��6DYFRU�3URFHVV�2\�
�
7lPlQ VHPLQDDULSDSHULQ� WDUNRLWXV� RQ� HVLWWll� \KWHHQYHWR� VlKN|LVWHQ�PHQHWHOPLHQ�PDKGROOL�
VXXNVLVWD� OLNDDQWXPLVRQJHOPLHQ� WRUMXQQDVVD�� 7lVVl� HVLWHOPlVVl� HL� SXXWXWD� VXRUDDQ� VHOOXWHK�
WDDQ�NHPLNDDOLNLHUURQ� OLNDDQWXPLVRQJHOPLLQ�YDDQ�\ULWHWllQ� WXRGD�HVLOOH�HULW\\SSLVLl�VRYHOOX�
WXNVLD�OLNDDQWXPLVHQ�WRUMXQQDVVD���
�
����6DRVWXPLQHQ�
�
.LLQWRDLQHHQ� VDRVWXPLQHQ� RQ� HL�WRLYRWWX� LOPL|�� MRQND� DLKHXWWDYDW� NLLQWHlW�� WHUlNVHQ� SLQWDDQ�
NLLQQLWW\YlW� SDUWLNNHOLW�� .XQ� ULLWWlYl� PllUl� SDUWLNNHOHLWD� NLLQQLWW\\� WHUlNVHQ� SLQWDDQ� NHUURV�
NDVYDD�MD�QLLQ�NXWVXWWX�VDRVWXPLQHQ�RQ�V\QW\Q\W��6DRVWXPLQHQ�DLKHXWWDD�SXWNLVWRMHQ�MD�VLKWLHQ�
WXNNHXWXPLVLD�MD�WlPl�VDD�DLNDDQ�SURVHVVLVVD�KlLUL|LWl��
�
6DRVWXPLQHQ�LOPL|Ql�MRKWXX�WRVLDVLDVWD�HWWl�SDUWLNNHOHLOOD�MRWND�QRUPDDOLVWL�OLLNNXYDW�YDSDDVWL�
OLSHlVVl� WDL� MRVVDLQ� PXXVVD� OLXRNVHVVD� RQ� \OHHQVl� VlKN|LQHQ� YDUDXV�� 6lKN|LQHQ� YDUDXV� YRL�
YDLKGHOOD�\NVLWWlLVHQ�SDUWLNNHOLQ�SLQQDOOD�VDPRLQ�NXLQ�WHUlVSLQQDQ�YDUDXV�YRL�ROOD�HULODLQHQ�HUL�
RORVXKWHLVVD�� -RV�SDUWLNNHOLQ� MD� WHUlNVHQ�SLQWDYDUDXNVHW�RYDW�HULPHUNNLVLl� MD� ULLWWlYlQ�VXXULD��
YRLYDW�SDUWLNNHOLW�NLLQQLWW\l�WHUlVSLQWDDQ�VlKN|LVHQ�YHWRYRLPDQ�DQVLRVWD���
�
-RV�VlKN|LQHQ�YDUDXV�SRLVWHWDDQ�SDUWLNNHOHLVWD��VDRVWXPLVWD�YRLGDDQ�HKNlLVWl��<NVL�PDKGROOL�
VXXV�RQ�Nl\WWll�XONRLVWD�VlKN|YLUWDD�PXRGRVWDPDDQ�VlKN|NHQWWll��MRND�YlKHQWll�SDUWLNNHOLHQ�
YDUDXNVLD� DUYRLKLQ�� MRWND� HLYlW� DQQD� SDUWLNNHOHLOOH� PDKGROOLVXXWWD� NLLQQLWW\l� PHWDOOLSLQWDDQ��
7lPl WDUNRLWWDD��HWWl�SLHQHW�SDUWLNNHOLW�PXRGRVWDYDW�YLUWDXNVHVVD�OlKL\PSlU|LYLHQ�SDUWLNNHOHL�
GHQ�NDQVVD�IORNNHMD��MRLOOD�HL�ROH�VlKN|LVWl�SLQWDYDUDXVWD��7lVWl�MRKWXHQ�VXXUHPPDW�IORNLW�YRL�
YDW�YDSDDVWL�MDWNDD�OLSHlYLUWDXNVHVVD�MD�ROOD�WDUWWXPDWWD�PHWDOOLSLQWDDQ��7RLQHQ�PHQHWHOPl�RQ�
PXXWWDD�VXRMDDYDQ�SLQQDQ�RPLQDLVXXNVLD�QLLQ��HWWl�VDRVWXPLQHQ�HL�ROH�PDKGROOLVWD���
�
����-DWNXYDWRLPLVHQ�NHLWWLPHQ�´$QWL�6FDOLQJ´�
�
6XOIDDWWLNHLWWLPLVVl�VDRVWXPLQHQ�RQ�OlKLQQl�NDOVLXPNDUERQDDWWLD��&D�&2�� MD�VHOOXD�� MRND�RQ�NLLQQLWW\Q\W� WHUlVSLQWDDQ�� OlKLQQl�VLKWHLKLQ��.HLWWLPHVVl�YRLGDDQ�VDRVWXPLVWD�HKNlLVWl�SRODUL�
VRLPDOOD� VLKWHMl��7lPl� WDSDKWXX� QLLQ� HWWl� VLKWLHQ� WDDNVH� DVHQQHWDDQ� NDWRGL� MD� QlLQ� DQRGLQHQ�
YLUWD NRKGLVWHWDDQ� VLKWHLKLQ�� ´$QWL�6FDOLQJ´�MlUMHVWHOPl� RQ� NHLWWLPHVVl� HULOOLQHQ� SLLUL�� MRND�
NRKGLVWDD YLUWDD� DLQRDVWDDQ� VDRVWXPLVHOOH� DOWWLLOOH� DOXHHOOH��1lLQ� ´$QWL�6FDOLQJ´�MlUMHVWHOPll�
HL SLGl�VHNRLWWDD�DQRGLVHHQ�VXRMDXNVHHQ��2Q�NXLWHQNLQ�WRGHWWX��HWWl�DQRGLQHQ�VXRMDXV�PRQHVVD�
WDSDXNVHVVD�RQ�HGHVDXWWDQXW�VLKWLHQ�SXKWDDQDSLWRD���
�
(UllVVl� NHLWWLPHVVl� WRGHWWLLQ� VLKWLHQ� WXNNHXWXPLVWD� MRND� DLKHXWWL� SURVHVVLVVD� KlLUL|LWl� HSlWD�
VDLVHQ MD�DLNDQDDQ�KHLNNHQHYlQ�OLSHlNLHUURQ�PXRGRVVD��6LKWLHQ�WXNNHXWXPLVWD�YRLWLLQ�VHXUDWD�
VLKWLHQ�\OL�SDLQHKlYL|LQl��.XYLVWD�����MD�����YRL�WDUNDVWHOOD�SDLQHKlYL|LWl�HQQHQ�$QWL�6FDOLQJ�
MlUMHVWHOPlQ�DVHQWDPLVWD�MD�VHQ�MlONHHQ��0\|V�YLUWDXVPllUlW�RYDW�HVLWHWW\��
�



��

.XYD������6LKWLHQ�\OL�PLWDWWX�SDLQH�HUR��∆S� MD�YLUWDXV�HQQHQ�$QWL�6FDOLQJ�MlUMHVWHOPlQ�DVHQQXVWD��
7XRWDQWR�����$'W�G��
�

.XYD������6LKWLHQ�\OL�PLWDWWX�SDLQH�HUR��∆S� MD�YLUWDXV�$QWL�6FDOLQJ�MlUMHVWHOPlQ�DVHQQXNVHQ�MlONHHQ��
7XRWDQWR�����$'W�G��
�
6DRVWXPDQ�SRLVWDPLQHQ�ROL�HQQHQ�$QWL�6FDOLQJ�MlUMHVWHOPlQ�DVHQWDPLVWD�K\YLQ�YDLNHDD��7lPl�
MRKWXL�VDRVWXPDNHUURNVHQ�NRYXXGHVWD�MD�VLLWl�PLWHQ�WLXNDVWL�VH�ROL�NLLQQL�VLKGHLVVl��.HUURVWX�
PDQ DUYLRLWX�SDNVXXV�ROL��±��PP��-lUMHVWHOPlQ�DVHQQXNVHQ�MlONHHQ�NHUURVWXPD�ROL�SHKPHl�MD�
KHOSRVWL� SRLVWHWWDYLVVD� MD� VHQ� DUYLRLWX� SDNVXXV� �±��PP�� 7HKGDV� LOPRLWWDD� HWWl� MlUMHVWHOPlQ�
P\|Wl� VLKWLHQ�SXKWDDQDS\V\PLVHQ�RKHOOD�P\|V� DMR�RQ� WDVDLVHPSDD� MD� HWWl�SXPSSDXVNXVWDQ�
QXNVHW�RYDW�KXRPDWWDYDVWL�SLHQHQW\QHHW��
�



��

0RQHVVD� NHLWWLPHVVl� MD� LPH\WWLPHVVl� RQ� P\|V� WRGHWWX�� HWWl� VLKWLHQ� OLNDDQWXPLQHQ� RQ� DQR�
GLVHQ VXRMDXVMlUMHVWHOPlQ�P\|Wl�YlKHQW\Q\W�KXRPDWWDYDVWL�MD�HWWl�OLSHlNLHUURW�NHLWLQ\PSlULV�
W|VVl WRLPLYDW�WDVDLVHPPLQ��
�
����0LNUR�RUJDQLVPLHQ�NDVYXQHVWR�SDSHULNRQHHOOD�
�
3DSHULNRQHHQ� YHVLNLHUWRMHQ� VXONHXWXPLVHQ� P\|Wl� RQJHOPDW� PLNUR�RUJDQLVPLHQ� NDQVVD� RYDW�
NDVYDQHHW�KXRPDWWDYDVWL��0LNURELHQ� OLVllQW\PLQHQ�NLHUURLVVD�RQ� DLKHXWWDQXW�NDVYDYDD� OLPD�
RQJHOPDD� SDSHULNRQHHOOD��0LNURELNDVYXQ� DLKHXWWDPLD� RQJHOPLD� RYDW� OlKLQQl� ODDWXRQJHOPDW�
�NDWNRW��´SLQ�KROHV´���OLVlNHPLNDDOLHQ�Nl\WW|�MD�SHVXNXVWDQQXNVHW��-R�Q\W�ROODDQ�UDMRLWWDPDVVD�
ELRVLGLHQ� Nl\WW|l�� 7lPlQ� RQJHOPDQ� UDWNDLVHPLVHNVL� NHKLWHWWLLQ� VlKN|LQHQ� PHQHWHOPl�� MROOD�
HKNlLVWllQ�PLNURELHQ�NDVYXD�WHUlNVHQ�SLQQDOOD��
�
3HONLVWHW\VWL� LGHDQD�RQ� MRKWDD� VlKN|l�PHWDOOLVWD� HOHNWURO\\WWLLQ�YDLKWHOHYDOOD�YLUUDQWLKH\GHOOl�
VLWHQ� HWWl� HOHNWURGLOOD� WDSDKWXYDW� VlKN|NHPLDOOLVHW� UHDNWLRW� PXXWWXYDW� MDWNXYDVWL� �YUW�� NXYD�
����� .XQ� HOHNWURGLUHDNWLRW�PXXWWXYDW� VHNl� ODDGXOWDDQ� HWWl� YRLPDNNXXGHOWDDQ�� QLLGHQ� ORSSX�
WXRWWHLGHQ� DLKHXWWDPD� S+�Q�PXXWRV� SLQQDQ� YlOLWW|PlVVl� OlKHLV\\GHVVl� YRL� WHKGl� RORVXKWHHW�
PLNUREHLOOH�HSlVXRWXLVLNVL��(VLPHUNLNVL�NDWRGLUHDNWLRQ�YRLPLVWXPLQHQ�WLHW\OOl�SRWHQWLDDOLDOX�
HHOOD� YDLNXWWDD� VXRUDDQ� KDSHQ� SHONLVW\VUHDNWLRLGHQ� VHXUDXNVHQD� V\QW\YLHQ� K\GURNVLGL�LRQLHQ�
NRQVHQWUDDWLRRQ�� .XQ� PXXWRV� RQ� MDWNXYDD�� HVWHWllQ� P\|V� WLHWW\LKLQ� RORLKLQ� VRSHXWXYLHQ�
PXWDDWLRLGHQ�NDVYX��
�

.XYD������7HUlVSLQQDOOD�WDSDKWXYLD�HOHNURNHPLDOOLVLD�UHDNWLRLWD�YLUUDQ�QDSDLVXXWWD�YDLKGHWWDHVVD���
�



��

6lKN|NlVLWWHO\Q�YLUUDQWLKH\GHQ�YDLKWHOXVVD�RQ�Nl\WlQQ|VVl�NROPH�SllPXXWWXMDD��MRWND�VllWH�
OHYlW�YLUUDQWLKH\GHQ�MD�SRWHQWLDDOLQ�PXXWRNVLD�NRHNDSSDOHHQ�SLQQDOOD��(UL�PDWHULDDOHLOOH�MD�HUL�
RORVXKWHLOOH� YDDGLWDDQ� HULODLQHQ� SDUDPHWUL\KGLVWHOPl� SDUKDDQ� NDVYXVWRQHVWRWHKRQ� VDDYXWWD�
PLVHNVL���
�
6lKN|QV\|WW|l� YDUWHQ� VlLOL||Q� DVHQQHWDDQ� VXRMDWWDYDVWD� NRKWHHVWD� HULVWHW\W� YLUUDQV\|WW|HOHN�
WURGLW�� V\|WW|l� RKMDWDDQ� SLQQDQ� VlKN|NHPLDOOLVWD� SRWHQWLDDOLD� PLWWDDYLHQ� YHUWDLOXHOHNWURGLHQ�
DYXOOD�MD�V\|WHWWlYl�YLUWD�RQ�WDVDYLUWDD��.XYDW����±����RVRLWWDYDW�PLWHQ�VlKN|OOl�YRLGDDQ�WRUMXD�
PLNURELHQ�NDVYXD��
�

.XYDW�����MD������6lKN|OOl�NlVLWHOW\�VlLOL|��YDV���MD�VlLOL|�QRUPDDOLVVD�WLODVVD��RLN����
�

.XYD������9DORNXYD�WHVWLODLWWHLVWRVWD�PLVVl�YDVHPPDQSXROHLVHW�NRHSDODW�RYDW�VlKN|NlVLWHOW\Ml��PXWWD�RLNHDQSXROHLVHW�HLYlW�ROH��



��

����+DSSLYDONDLVX�
�
+DSSLYDONDLVXQ�MlONHLVHVVl�SHVXUXPPXVVD�VDRVWXPDQ�HVWR�WRLPLL�SHULDDWWHHOOD�MRND�PXLVWXWWDD�
PLNURELHQ� NDVYXQHVWRD�� 0\|V� WlVVl� VRYHOOXWXNVHVVD� K\|G\QQHWllQ� WHUlVSLQQDQ� PXXWWXYLD�
RPLQDLVXXNVLD� OLNDDQWXPLVHQ� HVWRVVD�� 6DRVWXQXW� NHUURV� RQ� OlKLQQl� RNVDODDWWLD�� 6DRVWXPLVHQ�
YlKHQW\PLVHQ�P\|Wl�YRLGDDQ�RGRWWDD�HWWl�SHVXWHKRNNXXV�NDVYDD�MD�QlLQROOHQ�P\|V�SHVXWXORV�
SDUDQHH�� .XYLVWD� ���±����� KDYDLWDDQ� PLWHQ� VlKN|Q� DYXOOD� YRLGDDQ� SLWll� UXPSX� SXKWDDQD��
.XYDW RYDW�RWHWWX���YLLNRQ�Nl\W|Q�MlONHHQ��
�

.XYDW����±������6lKN|OOl�NlVLWHOW\�UXPSX��YDVHPPDQSXROHLVHW�NXYDW��MD�UXPSX�QRUPDDOLVVD�WLODVVD���RLNHDQSXROHLVHW�NXYDW���
�
����6lKN|NHPLDOOLQHQ�IORNNDXV�
�
6lKN|NHPLDOOLVHVVD�VDRVWXPDQHVWRVVD�OLXRV�NlVLWHOOllQ�VlKN|OOl�MRKWDPDOOD�VH�NRNRQDLVXXGHV�
VDDQ�WDL�RVLWWDLQ�VlKN|NHQWlQ�OlSL��6lKN|NHQWWl�PXRGRVWHWDDQ�VlKN|NHQQRVVD�NDKGHQ�HULQDSDL�
VHQ�HOHNWURGLQ�YlOLLQ���
�
,QHUWLQ�NHQQRQ�VlKN|NHQWlVVl�OLXRNVHQ�SDUWLNNHOLHQ�VlKN|LQHQ�YDUDXV�HOL�]HWD�SRWHQWLDDOL�SXU�
NDDQWXX� MD�SDUWLNNHOLHQ� YlOLVHW� VlKN|LVHW� UHSXOVLRYRLPDW�SLHQHQHYlW��6lKN|LVHVWL� QHXWUDDOLP�
PDW SDUWLNNHOLW�S\VW\YlW� VLLV�KHOSRPPLQ�IORNNDDQWXPDDQ�\KWHHQ��<KWHHQOLLWW\PLVHQ�VHXUDXN�
VHQD� V\QW\\� VXXUHPSL�� \KWHQlLQHQ� SDUWLNNHOLNRQJORPHUDDWWL�� MRND� ODVNHXWXX� QRSHDPPLQ� VHO�
NH\WWLPHVVl��7RLVDDOWD�VXXUHPPDQ�SDUWLNNHOLQ�SRLNNLSLQWD�DODQ�MD�PDVVDQ�VXKGH�RQ�SLQQRLOOH�
VDRVWXPLVHQ�NDQQDOWD�HSlHGXOOLVHPSL�NXLQ�SLHQHPPLOOl�SDUWLNNHOHLOOD��VHLNND�MRVWD�RQ�K\|W\l�
HVLP��OlPP|QVLLUWRSLQWRMHQ�VlKN|LVHQ�SXKWDDQDSLGRQ�VRYHOOXWXNVLVVD��
�
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5HDJRLYDQ� NHQQRQ� VlKN|NHQWWl� OLXRWWDD� NHQQRQ� DQRGLHOHNWURGLOWD� SRVLWLLYLVHVWL� YDUDXWXQHLWD�
PHWDOOL�LRQHMD��5HDNWLLYLVHW�PHWDOOL�LRQLW�YRLYDW�PXRGRVWDD�OLXNHQHPDWWRPLD�\KGLVWHLWl�OLXRN�
VHQ LRQLHQ�NDQVVD��HVLP��UDXWDIRVIDDWLW��WDL�HOHNWURGLUHDNWLRLGHQ�WXORNVHQD�PXRGRVWXX�PHWDOOL�
K\GURNVLGLIORNNHMD�� MRLKLQ� OLXRNVHQ�HSlSXKWDXGHW� WDUWWXYDW��7RLPLQWDPDOOLW�RYDW� VDPRMD�NXLQ�
HVLP� DOXPLLQL��WDL�UDXWDSRKMDLVLD�IORNNXODQWWHMD�Nl\WHWWlHVVl��PXWWD�VXRUDDQ�OLXRNVHHQ�VlKN|L�
VHVWL� OLXRWHWWX� PHWDOOL�LRQL� RQ� UHDNWLLYLVHPSL�� 6DPDOOD� YlOW\WllQ� NXRUPLWWDPDVWD� SURVHVVLD�
IORNNXODQWLQ� NDQWDMD�DLQHNRPSRQHQWLOOD�� 5HDJRLYDQ� NHQQRQ� YDLNXWXV� RQ� NDNVLRVDLQHQ�� VLOOl�
HOHNWURGLQ�OLXNHQHPLVHQ�RKHVVD�WDSDKWXX�P\|V�YDVWDDYDD�NRQJOHPHUDDWLRWD�NXLQ�LQHUWLVVl�NHQ�
QRVVD���
�
����6lKN|LVHW�PHQHWHOPlW�VHOOXWHKWDDQ�NHPLNDDOLNLHUURVVD�
�
6HOOXWHKWDDQ�NHPLNDDOLNLHUURVVD�VlKN|LVLl�PHQHWHOPLl�SXKWDDQDSLGRVVD�YRLWDLVLLQ�Nl\WWll�HVL�
PHUNLNVL YLKHUOLSHlQ�VHONH\WWlPLVHVVl��6RRGDNDWWLODSURVHVVLQ�RSWLPRLPLQHQ�YRL�P\|V�UDWNDLV�
WD�WXOLVWLQDOXHHQ�WXNNHXWXPLVWD��.HKLWWHLOOl�ROHYD�WXOLVWLQDOXHHQ�WDKPD�DQWXUL�YRLVL�DQWDD�WLHWRD�
HUL SURVHVVLRORVXKWHLGHQ�YDLNXWXNVHVWD�WXNNHXWXPLVHHQ��
�
.LLQWRDLQHHQ� HURWWDPLQHQ� YLKHUOLSHlVWl� HGHVDXWWDLVL� SXWNLVWRMHQ� DXNLSLWlPLVHVVl�� 7lVVl� WD�
SDXNVHVVD�VlKN|NHPLDOOLQHQ�IORNNDXV�ROLVL�PDKGROOLQHQ�NHLQR�SDUDQWDD�YLKHUOLSHlQ�VHONH\W\V�
Wl��6XXUHQWDPDOOD�NLLQWRDLQHNRQJOHPHUDDWWHMD�QLLWl�RQ�KHOSRPSL�HURWWDD�VXRGDWXNVHVVD��
�
6RRGDNDWWLODQ�WXNNHXWXPLQHQ�MRKWXX�WLHWW\MHQ�DLQHVRVLHQ�NRVWHXGHVWD�MD�QlLQROOHQ�VDYXNDDVX�
MHQ�PXNDQD�NXONHYDOOD�NLLQWRDLQHHOOD�RQ�WDLSXPXV�WDKPDXWXD�WXOLVWLQSXWNLLQ��0RQLWRURLPDOOD�
VRRGDNDWWLODQ� WXOLVWLQDOXHWWD� WDKPD�DQWXULOOD� RQ� PDKGROOLVWD� O|\Wll� DMRPDOOHMD� MRWND� HLYlW�
DLKHXWD�QN��´FDUU\�RYHU´�YDLNXWXVWD��7lPl�SHUXVWXX�MR�YDUKDLVHVVD�YDLKHHVVD�WXOHYDDQ�WLHWRRQ�
WDKPDXWXPLVHVWD��
�
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�
0LNNR�+XSD��cER�$NDGHPL�
�
cER $NDGHPLQ�WLLPL� <KWHLVW\|�
5DLQHU %DFNPDQ� � � � $QGULW]�$KOVWURP��
%HQJW�-RKDQ�6NULIYDUV�� � � .YDHUQHU�3XOSLQJ�
0LNDHO�)RUVVpQ� � � � 0HWVl�%RWQLD�
7DUMD 7DPPLQHQ� � � � 'HNDWL�
� 6XRPHQ�6RRGDNDWWLOD\KGLVW\V�
�
• 0LVVl�OLNDDQWXPLVWD"�
� 3|O\NHUURVWXPDW�NDWWLODQ�HUL�SLQQRLOOD��
• 0LNl�OLNDD"�

.DUNHD�MD�KLHQR�S|O\��
• 0LNVL�OLNDD"�

3|O\Q�VXODPLQHQ�MD�WDUWWXPLQHQ��
• 0LWNl�DLQHRVDW�NULLWWLVLl"�

.DOLXP��NORRUL�	�HQQXVWDPLQHQ��
• 8XWWD��S|O\Q�RQ�OLQH�PLWWDXV�

1XRKRWWDYDQ�S|O\Q�PllUl�
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c$

0RQLWRULQJ�6RRWEORZLQJ�
3HUIRUPDQFH

� 6RRWEORZHU�RSHUDWLRQV�UHFRUGHG�
� 7RWDO�GXVW�FRQFHQWUDWLRQ�PHDVXUHG
� ⇒ 6RRWEORZLQJ�SHUIRUPDQFH�PRQLWRUHG

� c$

'XVW�0RQLWRULQJ�6\VWHP
� 6SHFLDO�SUREH
� &RQWLQXRXV�PHDVXUHPHQW�RI�1D�� .�� &O�
IURP�WKH�IOXH�JDV

� 2Q�OLQH�UHVXOWV��
± 7RWDO�GXVW��J�1P���GU\�JDV�

± .�DQG�&O�LQ�WKH�GXVW��.�ZW����&O�ZW���
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6KDUH�RI�6RRWEORZQ�'XVW�
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6RRWEORZHU�PDS�DQG�
VRRWEORZLQJ�VHTXHQFH
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'XVW�IURP�VRRWEORZLQJ�>WRQV�G@
'XVW�GLUHFWO\�IURP�%/�EXUQHG�>WRQV�G@

/RZ�ORDG
6RIW�ZRRG

�

c$

&RQFOXVLRQV
� 6RRWEORZLQJ�SHUIRUPDQFH�ZDV�VXFFHVVIXOO\�PRQLWRUHG
� 7KH�V\VWHP�ZDV�VHQVLWLYH�WR�UDSLG�FKDQJHV
� 7KH�VKDUH�RI�VRRWEORZQ�GXVW���������RI�WRWDO�(63�FDWFK
� 5HF\FOHG�(63�FDWFK������������RI�%/6�ORDG
� 2Q�OLQH�GXVW�PHDVXUHPHQWV�KHOS�WR�LPSURYH�ERLOHU�SHUIRUPDQFH
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�
.HLMR�6DOPHQRMD��.YDHUQHU�3XOSLQJ�2\�
�
����-RKGDQWR�
�
3LUVVRQLLWWLVDRVWXPDW�RYDW�NLXVDOOLQHQ�RQJHOPD�YLKHUOLSHlQ�SURVHVVRLQQLVVD��2QJHOPDQ�ODDMXXV�
ULLSSXX SllRVLQ�SLUVVRQLLWLQ�OLXNRLVXXGHVWD��PXWWD�P\|V�YLKHUOLSHlODLWWHLVWRQ�VXXQQLWWHOXVWD�MD�
VllW|MlUMHVWHOPlVWl��3LUVVRQLLWWL��MRND�RQ�QDWULXPNDUERQDDWLQ��1D�&2�� MD�NDOVLXPNDUERQDDWLQ��&D&2�� NDNVRLVVXROD��1D�&2� Â &D&2� Â �+�2���RQ�QLXNNDOLXNRLVLQ�\KGLVWH�YLKHUOLSHlVVl�MD�VDRVWXX� VLWHQ� DLQD� HQVLPPlLVHQl�� .DLNNL� PXXW� YLKHUOLSHlQ� NRPSRQHQWLW� RYDW� OLXNRLVHPSLD�
NXLQ SLUVVRQLLWWL���
�
3LUVVRQLLWWLVDRVWXPDW�VDDWWDYDW�DLKHXWWDD�WXNNHXWXPLD�YLKHUOLSHlOLQMDVWRLVVD�MD�UXQVDLWD�NHUURV�
WXPLD�OLXRWXVVlLOL|VVl��.HUURVWXPDW�OLXRWXVVlLOL|Q�VHNRLWWDMLVVD�VDDWWDYDW�DLKHXWWDD�VHNRLWWDMLHQ�
PRRWWRULHQ�\OLNXRUPLWWXPLVWD��KXRQRD�VHNRLWWXYXXWWD�MD�YRLYDW�MRSD�MRKWDD�VRRGDNDWWLODQ�DODV�
DMRRQ� 7lOO|LQ� V\QW\\� KHOSRVWL� VXXULD� NXVWDQQXNVLD� MD� WXRWDQQRQPHQHW\NVLl�� 3LUVVRQLLWLVWl�
DLKHXWXYDW�RQJHOPDW�ROLVL�VLLV�V\\Wl�KRLWDD�MR�HQQHQ�QLLGHQ�V\QW\PLVWl��
�
����3LUVVRQLLWLQ�PXRGRVWXPLQHQ�
�
3LUVVRQLLWWL��1D�&2� Â &D&2� Â �+�2��RQ�QDWULXPNDUERQDDWLQ��1D�&2�� MD�NDOVLXPNDUERQDDWLQ��&D&2�� NDNVRLVVXROD�� MRND�PXRGRVWXX�\OL���� �&�Q� OlPS|WLORLVVD� OLXRNVLVVD�� MRWND� VLVlOWlYlW�NRUNHLWD�SLWRLVXXNVLD�1D�&2� MD�PXLWD�QDWULXPVXRORMD�VHNl�&D&2� WDL�MRQNLQ�PXXQ�NDOVLXP�LRQLOlKWHHQ�>�@��5DWNRWWDHVVD�SLUVVRQLLWWLRQJHOPLD�RQ�WlUNHll�WLHWll�SLUVVRQLLWLQ�OLXNRLVXXVUDMD�
MD PLWHQ� OlPS|WLOD� VHNl�1D�&2��Q� MD�PXLGHQ�1D�VXRORMHQ�SLWRLVXXV�YDLNXWWDD� OLXNRLVXXWHHQ��3LUVVRQLLWWLVDRVWXPDW� V\QW\YlW�NRNRQDLVDONDOLSLWRLVXXNVLOOD� �77$��� MRWND�YDVWDDYDW�1D�&2��Q�OLXNRLVXXVUDMDD�QDWULXPVXRODOLXRNVLVVD�&D&2��Q� OlVQlROOHVVD��3LUVVRQLLWWLVDRVWXPDW� V\QW\YlW��NXQ QDWULXPLD� �1D���� NDOVLXPLD� �&D��� MD� NDUERQDDWWL�LRQHMD� �&2�

�±� VLVlOWlYll� VXODD� OLXRWH�
WDDQ��
�
.XYDVVD�����RQ�HVLWHWW\�NROPHOOD�HUL�OlPS|WLODOOD�SLUVVRQLLWLQ�OLXNRLVXXV�YLKHUOLSHlQ�HUL�NRNR�
QDLVQDWULXPLQ� �1DWRW� MD�1D�&2��Q� SLWRLVXXNVLOOD�� /LXNRLVXXVNl\ULHQ� \OlSXROHOOD� SLUVVRQLLWWL�VDRVWXPLD� V\QW\\��.l\ULHQ� DODSXROHOOD� SLUVVRQLLWWL� RQ� OLXNRLVWD� MD� VDRVWXPLD� HL� WlOO|LQ�PXR�
GRVWX� .XYDVWD�QlKGllQ�P\|V��HWWl� OlPS|WLODQ� ODVNX�DOHQWDD�SLUVVRQLLWLQ� OLXNRLVXXWWD�� MROORLQ�
YLKHUOLSHlQ� OlPS|WLODQ� ODVNX� VDDWWDD� P\|V� DLKHXWWDD� SLUVVRQLLWWLVDRVWXPLD�� 7lPl� RQJHOPD�
HVLLQW\\�SllDVLDVVD�YLKHUOLSHlOLQMDVWRLVVD��
�
3LUVVRQLLWLQ�VDRVWXPLVHQ�NDQQDOWD�WlUNHLPSLl�VXXUHLWD�YLKHUOLSHlVVl�RYDW�NRNRQDLVQDWULXPLQ�MD�
QDWULXPNDUERQDDWLQ� PllUlW�� .XYDVVD� ���� ROHYDQ� ����&�Q� Nl\UlQ� PXNDDQ� SLUVVRQLLWWL� DONDD�
VDRVWXD OLXRWWDMDVVD�NRNRQDLVQDWULXPLQ��1DWRW� DUYRLOOD����±����J�1D�2�O���
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�.XYD������/lPS|WLODQ�YDLNXWXV�SLUVVRQLLWLQ�OLXNRLVXXWHHQ�>�@��
�
3LUVVRQLLWLQ�OLXNRLVXXVUDMDQ�\OLWW\HVVl�V\QW\YlW�VDRVWXPDW�OLXRWWDMDVVD�KHUNLPPLQ�MXXUL�VHNRLW�
WDMLHQ�VLLYLVW||Q�VHNl�OLXRWWDMDQ�VHLQlPLOOH�MD�SRKMDDQ��.RVND�OLXRWWDMDVVD�YDOOLWVHH�VXKWHHOOLVHQ�
NRUNHD�N\OOlVW\VDVWH�YLKHUOLSHlQ�VXKWHHQ��HL�NHUUDQ�V\QW\Q\W�SLUVVRQLLWWLVDRVWXPD�HQll�OLXNHQH�
OLXRWWLPHVVD� QRUPDDOHLVVD� RORVXKWHLVVD�� 7lVWl�PP�� MRKWXX� SLUVVRQLLWWLVDRVWXPLHQ� NHUURVPDL�
VXXV��NXYD�������3LUVVRQLLWWL�YRL�VDRVWXD�P\|V�OLXRWWDMDVVD�ROHYLHQ�PHHVDKLXNNDVWHQ�SllOOH��
�

.XYD������7\\SLOOLQHQ�SLUVVRQLLWLQ�DLKHXWWDPD�NHUURVWXPD�OLXRWXVVlLOL|Q�VHNRLWWDMDVVD��
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����+HLNNRYDONROLSHl�
�
+HLNNRYDONROLSHl� V\QW\\� HQVLPPlLVHQ� PHHVDQSHVXYDLKHHQ� \KWH\GHVVl�� +HLNNRYDONROLSHll�
Nl\WHWllQ� VRRGDNDWWLODVWD� WXOHYDQ� VXODQ� OLXRWWDPLVHHQ�� +HLNNRYDONROLSHl� VLVlOWll� SllDVLDVVD�
QDWULXPLD�MD�HSlSXKWDXWHQD�P\|V�MRQNLQ�YHUUDQ�PHHVDQ�SHVXVWD�WXOOXWWD�NDOVLXPLD��MRNR�OLXHQ�
QHHVVD�PXRGRVVD�WDL�OLXNHQHPDWWRPLQD�PHHVDKLXNNDVLQD�HOL�&D&2��KLXNNDVLQD��+HLNNRYDONR�OLSHl�VLLUUHWllQ�SHVXVWD�YDUDVWRVlLOL||Q��MRVWD�VH�SXPSDWDDQ�HGHOOHHQ�OLXRWWDMDOOH���
�
+HLNNRYDONROLSHl�V\|WHWllQ�YDUDVWRVlLOL|VWl�OLXRWWDMDDQ���±����&�Q�OlPS|WLODVVD��6RRGDNDWWL�
ODQ WXOLSHVlQ� DODRVDVWD� VXOD� WXOHH� OLXRWWDMDDQ� ���±���� �&�Q� OlPS|WLODVVD�� MRQND� VHXUDXNVHQD�
OLXRWWDMDQ�MD�V\QW\YlQ�YLKHUOLSHlQ�OlPS|WLOD�QRXVHH�OlKHOOH�VHQ�NLHKXPLVSLVWHWWl�HOL���±����&��
+HLNNRYDONROLSHlQ� DQQRVWXV� OLXRWWDMDDQ� WDSDKWXX� YLKHUOLSHlQ� WLKH\GHQ� PXNDDQ�� 3LUVVRQLLWLQ�
VDRVWXPLVHQ� NDQQDOWD� YLKHUOLSHlQ� WLKH\GHOOl� RQ� VXXUL� PHUNLW\V�� VLOOl� YLKHUOLSHlQ� WLKH\V� RQ�
VXRUDDQ�YHUUDQQROOLQHQ�1DWRW�SLWRLVXXWHHQ��.RUNHD�1DWRW�SLWRLVXXV�WDUNRLWWDD�\OHHQVl�P\|V�NRU�NHDWD�YLKHUOLSHlQ�WLKH\WWl��MROORLQ�SLUVVRQLLWWLVDRVWXPLHQ�ULVNL�NDVYDD��
�
+HLNNRYDONROLSHlQ� KLXNNDVSLWRLVXXGHOOD� RQ�P\|V� HULWWlLQ� VXXUL� YDLNXWXV� SLUVVRQLLWLQ� VDRVWX�
PLVNl\WWl\W\PLVHHQ�� -RV� WXOHYD� KHLNNRYDONROLSHl� VLVlOWll� K\YLQ� YlKlQ� NDOVLXPKLXNNDVLD�
�KHLNNRYDONROLSHl�RQ�NLUNDVWD���HL�SLUVVRQLLWLQ�VDRVWXPLVHOOH�YLKHUOLSHlVVl�ROH�WDUSHHNVL�\GLQ�
W\PLVNHVNXNVLD��7lOO|LQ�SLUVVRQLLWWL�VDRVWXX�HULODLVLOOH�SLQQRLOOH��NXWHQ�VHNRLWWDMLHQ�VLLYLVW||Q��
OLXRWXVVlLOL|Q� VHLQlPLOOH� MD� SRKMDDQ�� -RV� VDRVWXPLVSLQWD�DODD� RQ� ULLWWlYlVWL� KLXNNDVWHQ�PXR�
GRVVD��HL�VDRVWXPLVWD�SLQQRLOOH�WDSDKGX�WDL�VH�UDMRLWWXX�SHONlVWllQ�OlPP|QVLLUWRSLQQRLOOH��
�
����6DOOLWXQ�NRNRQDLVDONDOLSLWRLVXXGHQ��77$VDW� DUYLRLQWL��
$UYLRLWDHVVD�VLWl�NRNRQDLVDONDOLSLWRLVXXWWD��MROOD�SLUVVRQLLWWL�DONDD�VDRVWXD��77$VDW���VLMRLWHWDDQ�DQDO\\VHLVWl� VDDGXW� DUYRW� SLUVVRQLLWLQ� OLXNRLVXXVNl\UlVW||Q� MD� SLLUUHWllQ� VXRUD� SLVWHLGHQ�
NDXWWD��7lPl�VXRUD�RQ�QV�� WHKGDVVXRUD�� MRND�NXYDD�NRNRQDLVDONDOLQ� MD� �NDUERQDDWLQ�VXKGHWWD�
�NXYD�������6XRUDQ�NXOPDNHUURLQ�HL�PXXWX�NRNRQDLVDONDOLSLWRLVXXGHQ�PXNDQD��HOOHL�NDUERQDD�
WLQ�PllUl�YLKHUOLSHlVVl�PXXWX��6XRUDQ�MD�SLUVVRQLLWLQ�OLXNRLVXXVNl\UlQ�OHLNNDXVSLVWHHVWl�VDD�
GDDQ SLUVVRQLLWLQ�OLXNRLVXXV�N\OOlVW\PLVSLVWHHVVl��7lPl�SLVWH�PllULWWHOHH�VXXULPPDQ�VDOOLWXQ�
DUYRQ� YLKHUOLSHlQ� SLWRLVXXGHOOH� LOPDQ� SLUVVRQLLWWLVDRVWXPLD�� 7lPlQ� SLVWHHQ� SDLNND� ULLSSXX�
YDLQ WHKGDVVXRUDQ�NXOPDNHUWRLPHVWD�MD�YLKHUOLSHlQ�OlPS|WLODVWD���
�
77$VDW�Q� ODVNHPLVHNVL� WHKGDVVXRUDQ� MD� SLUVVRQLLWLQ� OLXNRLVXXVNl\UlQ� OHLNNDXVSLVWHHVWl� YHGH�WllQ VXRUD� 1DWRW�DNVHOLOOH�� 6XRUDQ� MD� [�DNVHOLQ� OHLNNDXVSLVWHHVWl� VDDGDDQ� NRNRQDLVDONDOLQ�PllUl� VDWXUDDWLRSLVWHHVVl�� .XQ� WlVWl� DUYRVWD� YlKHQQHWllQ� YLKHUOLSHlVVl� ROHYDQ� 1D�62��Q�PllUl��VDDGDDQ�ORSSXWXORNVHQD�77$VDW�Q�DUYR��.l\WlQQ|VVl�NRNRQDLVDONDOLQ�PllUl�WXOLVL�SLWll�QRLQ�N\PPHQNXQWD�SURVHQWWLD�77$VDW�Q�DODSXROHOOD�SLUVVRQLLWWLRQJHOPLHQ�YlOWWlPLVHNVL�>�@���
����9LKHUOLSHlQ�WLKH\V�
�
.l\WlQQ|VVl�YLKHUOLSHlQ�WLKH\V�PllUl\W\\�NRNRQDLVDONDOLSLWRLVXXGHQ�MD�GUHJVLQ�PllUlQ�PX�
NDDQ��.RNRQDLVDONDOLSLWRLVXXGHQ�NDVYDHVVD�WLKH\V�P\|V�WDYDOOLVHVWL�QRXVHH��6XODD�OLXRWHWWDHV�
VD V\QW\\� KHOSRVWL� SDLNDOOLVLD� DOXHLWD��PLVVl� YLKHUOLSHlQ� WLKH\V� RQ� NHVNLPllUlLVWl� VXXUHPSL��
7lOO|LQ�RQ�PDKGROOLVWD��HWWl�SDLNDOOLVHVWL�WDSDKWXX�P\|V�SLUVVRQLLWLQ�VDRVWXPLVWD��
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.XYD������3LUVVRQLLWLQ�OLXNRLVXXVUDMDQ�DUYLRLQWL��
�
3LUVVRQLLWLQ� PXRGRVWXPLVHQ� LQGLNDDWWRULQD� YRLGDDQ� SLWll� NRNRQDLVDONDOLSLWRLVXXGHQ� OLVlNVL�
P\|V�YLKHUOLSHlQ� WLKH\WWl��7lPlQ� WDNLD�YLKHUOLSHlQ� WLKH\V�SLWlLVL�PLWDWD�VXRUDDQ� OLXRWWDMDVWD��
MROORLQ�YLKHUOLSHlQ� WLKH\V� VDDWWDD� LOPDLVWD�P\|V�SDLNDOOLVHW� YDLKWHOXW��.XQ�YLKHUOLSHlQ� WLKH\V�
PLWDWDDQ�YLKHUOLSHlOLQMDVWRVWD��VllW\\�OLXRWWDMDQ�WLKH\V�SLHQHOOl�YLLYHHOOl��MRQND�DLNDQD�VDDWWDD�
SLUVVRQLLWWLVDRVWXPLD�PXRGRVWXD���
�
����9LKHUOLSHlQ�&D�SLWRLVXXV�
�
3LUVVRQLLWWLNHUURVWXPLHQ�VLVlOWlPl�NDOVLXP�RQ�SHUlLVLQ�OLXRWWDMDDQ�WXOHYDVWD�VXODVWD��HLNl�KHLN�
NRYDONROLSHlQ�PXNDQD�WXOHYLVWD�PHHVDSDUWLNNHOHLVWD��.RVND�NDOVLXP�RQ�OlKHV�Wl\GHOOLVHVWL�OLX�
NHQHPDWRQ�YLKHUOLSHllQ��VXODQ�PXNDQD�WXOHYD�NDOVLXP�VDDWWDD�WlOO|LQ�SllW\l�SLUVVRQLLWLNVL���
�
6XODQ�PXNDQD�WXOHYD�NDOVLXP�RQ�SHUlLVLQ�VHOOXQ�YDOPLVWXNVHHQ�Nl\WHWWlYlVWl�SXXVWD�MD�PDNH�
XS�NHPLNDDOHLVWD��3XXUDDND�DLQHHQ�YDLKWRD�WXVNLQ�NDQQDWWDD�KDUNLWD��PXWWD�PDNH�XS�NHPLNDD�
OLHQ�NDOVLXPSLWRLVXXWWD�RQ�V\\Wl�WDUNNDLOOD��<OHHQVl�KHLNNRYDONROLSHlQ�&D�SLWRLVXXV�RQ�SLUVVR�
QLLWLQ�PXRGRVWXPLVHQ�NDQQDOWD�OLLDQ�DOKDLQHQ��7RLVDDOWD�KHLNNRYDONROLSHlQ�NLLQWRDLQHSLWRLVXXV�
RQ QLLQ�DOKDLQHQ��HWWHL�SLUVVRQLLWLQ� VDRVWXPLVHOOH�ROH� OLXRWWDMDVVD� ULLWWlYlVWL� \GLQW\PLVNHVNXN�
VLD� 7lOO|LQ�SLUVVRQLLWWL�VDRVWXX�VlLOL|Q�VHLQlPLOOH�MD�VHNRLWWDMLHQ�VLLYLVW||Q��
�
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����-RKWRSllW|NVHW�
�
6XODQ�PXNDQD�WXOHYD�NDOVLXP�ULLWWll�DLKHXWWDPDDQ�SLUVVRQLLWWLVDRVWXPLD�YLKHOLSHlODLWWHLVWRLKLQ��
3LUVVRQLLWWLRQJHOPLD�DONDD�HVLLQW\l��NXQ�1D�&2��Q�SLWRLVXXV�YLKHUOLSHlVVl�\OLWWll�SLUVVRQLLWLQ�OLXNRLVXXVUDMDQ��3LUVVRQLLWWLRQJHOPLHQ�HKNlLVHPLVHNVL� WXOLVL�YLKHUOLSHlQ�77$�DUYR�SLWll�QRLQ�
�� �� VDWXUDDWLRDUYRVWD� �77$VDW��� 6HXUDDYDVVD�PXXWDPD� YLQNNL� RQJHOPLHQ� HVWlPLVHNVL� MD�WDL�QLLGHQ�VHOYLWWlPLVHNVL��

• 0llULWl�WHKGDVVXRUD�MD�Nl\Wl�VLWl��
• 7DUNLVWD�VllQQ|OOLVHVWL�YLKHUOLSHlQ�77$�DUYR��
• 3LGl�77$�DUYR�QRLQ������DOOH�VDWXUDDWLRDUYRQ��
• .HVNLW\�YLKHUOLSHlQ�WLKH\GHQ�RLNHDDQ�PLWWDXNVHHQ��

�
����9LLWWHHW�
�
�� )UHGHULFN�:-��.ULVKQDQ�5�MD�$\HUV�5-��3LUVVRQLWH�GHSRVLWV�LQ�JUHHQ�OLTXRU�SURFHVVLQJ��

7DSSL�-�����������������±�����
�

�� 6DOPHQRMD� .� MD� .RVRQHQ� -�� 6ROYLQJ� GHSRVLW� SUREOHPV� LQ� WKH� VPHOW� GLVVROYLQJ� WDQN��
(QJLQHHULQJ�&RQIHUHQFH��7$33,��&KLFDJR��86$��6HSWHPEHU���±����������%RRN�������±
�����

�



��

���.$76$86�/$,77(,672-(1�/,.$$1780,67$,3808.6,,1��
� .$867,62,17,/$,72.6(//$�
�
+ROJHU�(QJGDKO��$QGULW]�$KOVWURP�&RUSRUDWLRQ�
�
����7DXVWDD�
�
.DXVWLVRLQQLQ� DOXHHOOD� RQ� OXNXLVLD� NRKWHLWD�� MRLVVD� NLLQWRDLQH� NHUURVWXX� ODLWWHLGHQ� SLQQRLOOH��
.HUURVWXPDW�RYDW�\OHHQVl�SllRVLQ�NDOVLXPNDUERQDDWWLD��.DOVLXPLQ�\OHLQHQ�NHUURVWXPLQHQ�MRK�
WXX�NDXVWLVRLQWLSURVHVVLVWD��MRVVD�OlKHV�NDLNLVVD�SURVHVVLYDLKHLVVD�WRLPLWDDQ�NDOVLXPLQ�VXKWHHQ�
N\OOlLVLOOl�OLXRNVLOOD��
�
.DXVWLVRLQQLQ�HGHWHVVl�PXXWDPDW�HSlSXKWDXNVLQD�LOPHQHYlW�DLQHHW��0J��$O��6L��3�\P���DMDX�
WXYDW� N\OOlLVHHQ� WLODDQ� MD� VDRVWXYDW� HULODLVLQD� \KGLVWHLQl�� MRLVVD� XVHLQ� RQ� RVDOOLVHQD� NDOVLXP��
1lLWl�YLHUDVDLQHLWD�RQ�NXLWHQNLQ�\OHHQVl�QLLQ�YlKlQ��HWWHL�QLLGHQ�VDNNDXWXPLVHOOD�ROH�PHUNL�
W\VWl� NDXVWLVRLQQLQ� NHUURVWXPLHQ� PXRGRVWXNVHVVD�� YDLNNDNLQ� QH� KlLULWVHYlW� PXXWHQ� NDXVWL�
VRLQQLQ�NDOVLXPNLHUWRD�NHUW\HVVllQ�VLQQH��
�
9LKHUOLSHlQ NlVLWWHO\VVl�HVLLQW\\�KHOSRVWL�VDNNDXWXYD�NDOVLXPNDUERQDDWLQ�MD�QDWULXPNDUERQDD�
WLQ�NDNVRLVVXROD��SLUVVRQLLWWL����
����.DXVWLVRLQQLQ�NHPLDD��
.DXVWLVRLQWL�WDSDKWXX�SHULDDWWHHVVD�NDKWHQD�UHDNWLRQD�>�@��
�� .DONLQ�VDPPXPLQHQ�YHWHHQ��&D2�N����+�2�Q��→ &D�2+���N���� .DXVWLVRLWXPLQHQ��&D�2+���N����1D�&2��O��→ &D&2��N������1D2+�O��
�N� NLLQWHl��Q��QHVWH��O��OLXHQQXW��
�
����/LXNRLVXXGHVWD��
������/LXNRLVXXNVLD�
�
$LQHHQ NLWH\W\PLQHQ� OLXRNVHVWD� HGHOO\WWll� N\VHLVHQ� DLQHHQ� VXKWHHQ� N\OOlVW\PLVUDMDQ� \OLWW\�
PLVWl��PLNl� WDUNRLWWDD� VLWl�� HWWl�SURVHVVLVVD� Wl\W\\� WDSDKWXD�RORVXKWHLGHQ�PXXWRV� �OlPS|WLOD��
LRQLYlNHY\\GHW��UHDNWLR����
�
.DOVLXPNDUERQDDWWLD�OLXNHQHH�YHWHHQ�OlPS|WLODVWD�ULLSSXHQ�VHXUDDYDVWL�>�@���
/lPS|WLODVVD����°&� �����PJ�O�
/lPS|WLODVVD����°&� �����PJ�O�
�
.DOVLXPK\GURNVLGLQ�OLXNRLVXXV�RQ�KXRPDWWDYDVWL�NRUNHDPSL�>�@��
/lPS|WLODVVD���°&� �����PJ�O��YDVWDWHQ������PJ�&D&2��O��/lPS|WLODVVD����°&��� ����PJ�O��YDVWDWHQ������PJ�&D&2��O��



��

������,RQLWXOR�
�

/LXNRLVXXGHW�RQ�PllULWHOW\�SXKWDDVHHQ�YHWHHQ��PXWWD�MRV�YHGHVVl�RQ�VDPRMD�LRQHMD�SDUHPPLQ�
OLXNRLVWHQ�DLQHLGHQ�\KWH\GHVVl��1D�&2�� 1D2+���YlKHQHH�QLXNNDOLXNRLVHPPDQ�DLQHHQ�OLXNRL�VXXV YRLPDNNDDVWL��NRVND�OLXNRLVXXWWD�VllWHOHYl�LRQLWXOR�NDVYDD��
�
.DOVLXPNDUERQDDWWL�GLVVRVLRLWXX�OLXHWHVVDDQ�NDNVLYDLKHLVHVWL�>�@��
&D&2��→ &D�����&2�

�±� MRVWD��&2�
�±�HGHOOHHQ�RVLWWDLQ��&2�

�±���+�2 → +&2�
± � 2+±�

/LXNRLVXXGHQ�PllUll�N\VHLVHQ�DLQHHQ�LRQLHQ�LRQLWXORQ�PDNVLPLDUYR�HOL�OLXNRLVXXVWXOR��
&D&2� .V� �>&D��@ × >&2�

�±@
,RQLWXORQ� \OLWWlHVVl� WLHW\Q� DUYRQ� �OLXNRLVXXVWXORQ�� NDOVLXPNDUERQDDWWLD� �&D&2�� NLWH\W\\�
WXORQ�\OLWWlYlOWl�RVLQ��NXQQHV�WXOR�VDDYXWHWDDQ��
�
&2�

�±�Q� GLVVRVLRLWXPLQHQ� >�@� SLHQHQWll�&2�
�±�LRQLNRQVHQWUDDWLRWD�PDKGROOLVWDHQ� NDOVLXPLOOH�

VXXUHPPDQ�OLXNRLVXXGHQ�NXLQ�PLWl�VXRUD�OLXNRLVXXVWXOR�HGHOO\WWlLVL��7lVWl�VHXUDD�P\|V��HWWl�
2+±�LRQLHQ�OLVllPLQHQ�SLHQHQWll�&D&2��Q�OLXNRLVXXWWD���
.DOVLXPK\GURNVLGL�LRQLVRLWXX�VHXUDDYDVWL��&D�2+�� → &D�������2+±� 0\|V�NDOVLXPK\GURN�
VLGL NLWH\W\\��NXQ�2+±�LRQHMD�OLVlWllQ��.XLWHQNLQ�� MRV�&2�

�±�LRQHMD�RQ�OlVQl�� WDSDKWXX�NLWH\�
W\PLQHQ� NDOVLXPNDUERQDDWWLQD�� NRVND� VHQ� OLXNRLVXXV� RQ� KXRPDWWDYDVWL� SLHQHPSL� NXLQ� NDO�
VLXPK\GURNVLGLQ��NDXVWLVRLQWLUHDNWLR���
�
9DLNND� NHPLDQ� VllQQ|W� SHUXVWXYDW� SXKWDLGHQ� DLQHLGHQ� Nl\WW||Q� MD� SLHQHWNLQ� OLVlDLQHPllUlW�
VDDWWDYDW� ROHHOOLVHVWL� PXXWWDD� WLODQQHWWD�� Ql\WWll� LOPHLVHOWl�� HWWl� NDXVWLVRLQWLUHDNWLRQ� \KWH\�
GHVVl�WDSDKWXYDW�VXXUHW�&2�

�±� MD�2+±�LRQLSLWRLVXXNVLHQ�PXXWRNVHW�YDLNXWWDYDW�NDOVLXPLQ�OLX�
NRLVXXWHHQ���
�
7DUNDVWHOWDHVVD� UHDNWLRLWD�NDXVWLVRLQQLVVD�RQ�SllNRPSRQHQWHLVWD�QLPHQRPDDQ�NDOVLXP�QLXN�
NDOLXNRLQHQ�PXLKLQ� NRPSRQHQWWHLKLQ� YHUUDWWXQD� >�@� MD�PXLWD� SllNRPSRQHQWWHMD� RQ� OLSHlVVl�
UXQVDDVWL��WDXOXNNR�������
�7DXOXNNR������1DWULXP\KGLVWHLGHQ�OLXNRLVXXNVLD�MD�W\\SLOOLVLl�OLSHlSLWRLVXXNVLD��
<KGLVWH� /lPS|WLOD��°& /LXNRLVXXV��J�O� 3LWRLVXXV�OLSHlVVl��J�O�
1D�&2� � ��� �

���� ���� ��±����
1D2+� �� ��� �

���� ���� ��±����
1D�6 ��� ��� �

��� ���� ��±���
/LXHWHVVDDQ� 1D�&2� MD� 1D2+� PXRGRVWDYDW� NXLWHQNLQ� VDPRMD� LRQHMD�� MRWND� YDLNXWWDYDW�
NDOVLXPLQ�OLXNRLVXXWHHQ��&2�

�±�MD�2+±���
�



��

����.DXVWLVRLQQLQ�RVDSURVHVVLW�MD�OLXNRLVXXV�
�
������6XODQ�OLXRWXV�
�
/DLKDOLSHl�RQ�PXRGRVWHWWX�VXXUHOWD�RVLQ�PHHVDOLHWWHHVWl�ODLKDOLSHll�HURWWDPDOOD��6XKWHHOOLVHQ�
ODLKDOOD�OLSHlOOl�RQ�ROOXW�WLODLVXXV�OLXRWWDD�PHHVDVWD�LWVHHQVl�NDOVLXPLD��MRWHQ�ODLKDOLSHl�OLHQHH�
OlKHV�N\OOlLVWl��
�
/LXRWWDMDVVD� OLXRNVHHQ� OLVlWllQ� UXQVDDVWL� &2�

�±�LRQHMD� �1D�&2���� PLVWl� VHXUDD� NDOVLXPLQ�NLWH\W\PLQHQ��MD�VH�MDWNXX��NXQQHV�VWDELLOL�WLOD�VDDYXWHWDDQ��
�
������.DXVWLVRLQWL�
�
6DPPXWXNVHVVD� V\QW\\� DOXNVL�NDOVLXPK\GURNVLGLD�� MRQND� OLXNRLVXXV�RQ�PRQLQNHUWDLQHQ�YHU�
UDWWXQD� NDOVLXPNDUERQDDWLQ� OLXNRLVXXWHHQ�� .RVND� OlVQl� RQ� NXLWHQNLQ� UXQVDDVWL� NDUERQDDWWL�
LRQHMD��RQ�VHXUDXNVHQD�NDOVLXPLQ�NLWH\W\PLQHQ�YlOLWW|PlVWL�NDOVLXPNDUERQDDWWLQD��NDXVWLVRL�
WXPLVUHDNWLR���
�
.DXVWLVRLQWLUHDNWLR�WDSDKWXX�VXXUHOWD�RVLQ�NDNVLIDDVLUHDNWLRQD�>�@�KLGDVWXHQ�QRSHDVWL�UHDNWLRQ�
HGHWHVVl��/LXRV�S\V\\�NXLWHQNLQ�NRNR�DMDQ�N\OOlLVHQl�NDOVLXPLQ�VXKWHHQ��NRVND�OlVQl�RQ�UXQ�
VDDVWL�NLLQWHll�UHDJRLYDD�NDOVLXPLD��
�
������/DLKDOLSHlQ�NlVLWWHO\�
�
.XQ PHHVDVWD� YDONROLSHlQ� HURWXNVHQ� MlONHHQ� SHVWllQ� DONDOLD�� PHHVDD� VlLO\WHWllQ� SLWNlKN|Q�
DLNDD� ODLPHDVVD� OLSHlVVl�� MROORLQ� NDOVLXPNDUERQDDWLOOD� RQ� MlOOHHQ� WLODLVXXV� OLXHWD� WDNDLVLQ�
YHWHHQ��NXQ�LRQLNRQVHQWUDDWLRW�RYDW�ODVNHQHHW��
�
6HNRLWHOWDHVVD� DONDOLVLD� YHVLl� NHVNHQllQ� VDDWWDYDW� V\QW\YlW� LRQLNRQVHQWUDDWLRLGHQ� YDLKWHOXW�
DLKHXWWDD�\OOlWWlYLl�NDOVLXPLQ�NLWH\W\PLVLl���
����.HUURVWXPDRQJHOPDW�SURVHVVLQ�HUL�YDLKHLVVD�
�
������9LKHUOLSHl��MD�ODLKDOLSHlSXWNLVWRW�
�
9LKHUOLSHlSXWNHHQ� WXOHH� OLXRWWDMDOWD� NHUURVWXPLD� YDLKWHOHYDOOD� QRSHXGHOOD��.HUURVWXPDW� RYDW�
XVHLQ NDOVLXPSLWRLVLD��&D&2����PXWWD�PXXWNLQ�DLQHNVHW�RYDW�PDKGROOLVLD��.HUURVWXPLVDOWWLXWWD�RQ YDUPDVWL�XVHLOODNLQ�VXRORLOOD��YDUVLQNLQ�NXQ�VXODQ�OLXRWXNVHQ�MlOMLOWl�NRQVHQWUDDWLRW�HLYlW�ROH�
YLHOl�WDVDDQWXQHHW�MD�HULW\LVHVWL�OLXNRLVXXNVLLQ�OLLWW\YLl�UHDNWLRLWD�WDSDKWXX�HGHOOHHQ��
�
9LKHUOLSHlQ�ROOHVVD�VXKWHHOOLVHQ�YDKYDD�NLWH\W\\�VLLWl�KHOSRVWL�SLUVVRQLLWWLD�� MRND�RQ�NDOVLXP�
NDUERQDDWLQ� MD� QDWULXPNDUERQDDWLQ� NDNVRLVVXROD� >�@�� 6LOOl� YRLGDDQ� VDDGD� DLNDDQ� SXWNHQ�
WXNNHHQWXPLQHQ��YDUVLQNLQ�MRV�SXWNHQ�HULVW\NVHVVl�RQ�SXXWWHLWD���
�



��

3XWNHQ SLQQDOOH�VDDWWDD�NRQVHQWUDDWLRKXLSSXMHQ�VHXUDXNVHQD�NLWH\W\l�P\|V�VXKWHHOOLVHQ�K\YLQ�
YHWHHQ� OLXNHQHYLD� VXRORMD�� 9DLNNDNLQ� SXWNHQ� WXNNHHQWXPLQHQ� YDLKWHOHH� YRLPDNNDDVWL�
WHKWDDVWD� WRLVHHQ�� RQ� \OHLQHQ� WDSD� KLGDVWDD� WXNNHHQWXPLVWD� SHVHPlOOl� YLKHUOLSHlSXWNHD�
VllQQ|OOLVHVWL� OLXRWWDMDOOH� PHQHYlOOl� ODLKDOLSHlOOl�� 7RLVLQ� VDQRHQ� YLKHUOLSHl�� MD�
ODLKDOLSHlSXWNLHQ� WHKWlYl� YDLKGHWDDQ� DMRLWWDLQ�� 3XWNLHQ� YDLKWRYlOL� YDLKWHOHH� \KGHVWl� SlLYlVWl�
XVHLVLLQ YLLNNRLKLQ�WHKWDDV�WD�ULLSSXHQ��
�
3HVXMHQ� VHXUDXNVHQD� SXWNLVVD� OLXNHQHH� VLQQH� PDKGROOLVHVWL� NLWH\W\QHHW� UXQVDVOLXNRLVHPPDW�
VXRODW�MD�MlOMHOOH�MllYlW�NHUURVWXPDW�RYDW�SllRVLQ�YHWHHQ�QLXNDVWL�MD�KLWDDVWL�OLXNHQHYLD��NXWHQ�
NDOVLXPNDUERQDDWWL�� YDUVLQNLQ� NXQ� ODLKDOLSHl� RQ� XVHLQ� OlKHV� N\OOlLVWl� NDOVLXPLQ� VXKWHHQ��
9HWHHQ� OLXNHQHPDWWRPLHQ� NHUURVWXPLHQ� WDNLD� MRXGXWDDQ� SXWNHW� DMRLWWDLQ� SHVHPllQ� KDSROOD��
0\|V�PHNDDQLVWD�SXKGLVWXVWD�RQ�Nl\WHWW\��3XKGLVWXNVLD�WDUYLWDDQ��±��YXRGHQ�YlOHLQ��
�
7lUNHl�SXWNHQ�VXXQQLWWHOXVVD�RQ�P\|V� WHKGl�K\Yl�HULVW\V��VLOOl�RQ�KDYDLWWX� WDSDXNVLD�� MRLVVD�
WXNNHHQWXPLVWD RQ�KDYDLWWX�YDUVLQNLQ�SXWNHQ�HULVWlPlWW|PlVVl�RVDVVD���
�
9LKHUOLSHlQ� NRQVHQWUDDWLRYDLKWHOXMHQ� MD� YLLYHDMDQ� PHUNLW\V� QlN\\� PXXQ� PXDVVD� VLLQl�� HWWl�
WDVDXVVlLOL|Q�MlONHLVHVVl�SXWNHVVD�NHUURVWXPLVRQJHOPLHQ�NRHWDDQ�ROHYDQ�KXRPDWWDYDVWL�YlKlL�
VHPSLl NXLQ� OLXRWWDMDOWD� WDVDXVVlLOL||Q� WXOHYDVVD� SXWNHVVD�� 0\|V� QH� SXWNHW�� MRLVVD� NXONHH�
SXKGDV�YLKHUOLSHl��S\V\YlW�\OHHQVl�K\YLQ�DXNL��
�
7RLVDDOWD UXQVDDVWL� VDNNDD� VLVlOWlYl� VDNNDSXWNL� VDNNDVXRWLPHOOH� S\V\\� \OHHQVl� K\YLQ� DXNL��
MRWHQ�VDNND�HL�OLHQH�ROHQQDLQHQ�WHNLMl�NHUURVWXPLVHVVD�SXWNHQ�SLQQDOOH��YDDQ�LOPHLVHQ�ROHQQDL�
VHNVL�WHNLMlNVL�YRLWDQHHQ�DUYLRLGD�YLKHUOLSHlQ�YDKYXXV�MD�YDUVLQNLQ�YDKYXXVYDLKWHOXMHQ�KXLSXW�
MD OLXRWWDMDQ� MlOMLOWl�YLHOl�NHVNHQ�ROHYDW� UHDNWLRW� MD� OLXNHQHPLVWDSDKWXPDW� MD� VDPDOOD�NLWH\W\�
PLVWDSDKWXPDW��
�
3\ULWWlHVVl�YlOWWlPllQ�OLQMDQ�WXNNHHQWXPLVWD�WXOLVL�OLXRWWDMDD�DMDD�PDKGROOLVLPPDQ�ODLKDQD�MD�
WDVDLVHOOD�NRQVHQWUDDWLROOD�MD�PXLVWDD�WLKHl�OLQMRMHQ�YDLKWR��
�
������9LKHUOLSHlQ�SXKGLVWXV�
�
6HONH\WLQWl� Nl\WHWWlHVVl� RYDW� ODLWWHHW� QLLQ� VXXULD�� HWWHL� QLLVVl� ROH� KDYDLWWX� KDLWDOOLVWD� NHUURV�
WXPLVWD��
�
6XRGDWHWWDHVVD�YLKHUOLSHll�VDRVWXX�OlKLQQl�NDOVLXPNDUERQDDWWL�KDLWDOOLVLQD�NLWHLQl�VXRGLQNDQ�
NDDVHHQ�� 9HVLOLXNRLVHW� VDRVWXPDW� HLYlW� SllVH� KDLWWDPDDQ� WLKHllQ� WRLVWXYDQ� YHVLSHVXQ� WDNLD�
�QRLQ���K�YlOHLQ���.DOVLXPNHUURVWXPDW�NDQNDLVWD� MRXGXWDDQ�SRLVWDPDDQ�VXRULWWDPDOOD�KDSSR�
SHVX�VllQQ|OOLVHVWL����YLLNNRD�±���NN����
�
������9LKHUVDNDQ�VXRGDWXV�
�
6XRGDWHWWDHVVD� YLKHUVDNND� SUHFRDW�VXRGDWXNVHQD� NDQJDV� WXNNHHQWXX� YlKLWHOOHQ� PHHVDKLXN�
NDVLVWD�� .LWH\W\PLQHQ� OLHQHH� YlKlLVHPSll�� VLOOl� YLKHUOLSHll� ODLPHQQHWDDQ� SHVXVXLKNXMHQ�
NDXWWD�� MROORLQ� ORLWRWDDQ� N\OOlLV\\VUDMDOWD�� +DUYDKNRRQ� NDQNDDVHHQ� WDUWWXQHHW� LUWRNLWHHW� VDD�
GDDQ�SRLVWHWWXD�PXXWDPDQ�NXXNDXGHQ�YlOHLQ�VXRULWHWXOOD�NRUNHDSDLQHSHVXOOD���



��

.DPPLRVXRGDWXNVHVVD� WLLYLLW� NDQNDDW� WXNNHHQWXYDW� KLXNNDVWHQ� WXQNHXWXHVVD� NDQNDDVHHQ��
PXWWD�P\|V�NDOVLXPLQ�NLWH\W\PLVHQl��NXQ�YLKHUOLSHlQ�ODLPHQQXVWD�HL�VXRGDWXNVHQ�\KWH\GHVVl�
WDSDKGX�� +LXNNDVLD� MD� YHWHHQ� OLXNHQHYLD� NHUURVWXPLD� SRLVWHWDDQ� DMRLWWDLVHOOD� NRUNHDSDLQH�
SHVXOOD��PXWWD� WLLYLLVHHQ� NDQNDDVHHQ� NLWH\W\Q\W� NDOVLXP� MRXGXWDDQ� SRLVWDPDDQ�KDSSRSHVXOOD�
�±� YLLNRQ�YlOHLQ���
������9LKHUOLSHlQ�MllKG\W\V�
�
-llKG\WHWWlHVVl�YLKHUOLSHll�WHKGllQ�OLSHlOOH�KDUNLWXVWL�I\VLNDDOLQHQ�RORVXKWHLGHQ�PXXWRV��MRND�
MRKWDD� XVHLPPLWHQ� N\OOlLVWHQ� VXRORMHQ� NLWH\W\PLVHHQ� YDUVLQNLQ� N\OPlOOH� MllKG\W\VSLQQDOOH��
7lPl MllKG\W\VSLQQDQ�OLNDDQWXPLQHQ�RQ�YRLWX�YlOWWll�VXRULWWDPDOOD�OLSHlQ�MllKG\W\V�SDLVXWWD�
PDOOD� OLSHll� W\KM|VVl� MD� VLLUWlPlOOl� OlPS|� V\QW\QHHVWl� K|\U\VWl� OlPP|QYDLKWLPHOOD� YHWHHQ��
7lOO|LQ�OLSHl�HL�ROH�NRVNHWXNVLVVD�N\OPlQ�SLQQDQ�NDQVVD��MRWHQ�VXRORMHQ�NHUURVWXPLQHQ�OlPS|�
SLQQDOOH�HVW\\���
������6DPPXWXV�MD�NDXVWLVRLQWL�
�
6DPPXWXNVHVVD� WDSDKWXX� NDONLQ� �&D2�� NLLQWHl�� MD� YHGHQ� UHDNWLR�� MRQND� VHXUDXNVHQD� V\QW\\�
NDOVLXPK\GURNVLGLD��.DOVLXPK\GURNVLGLVWD�SLHQL�RVD�OLXNHQHH�MD�VXXULQ�RVD�Mll�NLLQWHllQ�PXR�
WRRQ��
�
.DXVWLVRLWDHVVD�SURVHVVL� MDWNXX� UHDNWLRQD�QDWULXPNDUERQDDWLQ�NDQVVD� �1D�&2�� OLXNRLQHQ�� MD�VHXUDXNVHQD� PXRGRVWXX� QDWULXPK\GURNVLGLD� ���× 1D2+�� MD� NDOVLXPNDUERQDDWWLD� �&D&2����5HDNWLRQ� WDSDKWXHVVD� SllRVLQ� NDNVLIDDVLUHDNWLRQD� MD� NLLQWHlQ� DLQHHQ� PXRGRVWXHVVD� XXVLNVL�
NLWHLNVL� WDSDKWXX�KHOSRVWL�NLWHLGHQ�YlOLVLlNLQ� OLLWW\PLl� MD� VLWl�NDXWWD�NHUURVWXPLVWD�NLLQWHLVLLQ�
SLQWRLKLQ��
�
.DXVWLVRLQWLUHDNWLRQ� HGHWHVVl� OLVllQW\\� QHVWHHQ� 2+±�LRQLSLWRLVXXV� UDMXVWL�� PLVWl� VHXUDD� NDO�
VLXPLQ� OLXNRLVXXGHQ� ODVNX� HOL� NDOVLXPLQ� NLWH\W\PLQHQ� OLXRNVHVWD��PLNl� RQ� RPLDDQ� NRURVWD�
PDDQ� NLWHLGHQ� WDUWWXPLVWDLSXPXVWD�� 5HDNWLRVWD� VHXUDD�P\|V�� HWWl� NDONNLPDLWR� RQ� NRNR� DMDQ�
\OLN\OOlLQHQ�NDOVLXPLQ�VXKWHHQ�MD�RQ�VLWHQ�KHUNNl�NLWH\W\PllQ�NDLNNHHQ�NLLQWHllQ��YDUVLQNLQ�
MRV NLLQWHlQ� DLQHHQ� SLQQDVVD� YDOOLWVHH� WLODQQH�� MRND� YDVWDD� DOKDLVHPSDD� OLXNRLVXXWWD�� NXWHQ�
HVLPHUNLNVL�DOKDLVHPSL�OlPS|WLOD��
�
.DOVLXPLQ�NHUURVWXPLQHQ�RQNLQ�WRVLDVLD�NDLNNLDOOD��PLVVl�NDXVWLVRLQWLUHDNWLR�HWHQHH��9RLPD�
NDV NHUURVWXPLQHQ�RQ�YDLNXWWDQXW�YDUVLQNLQ�VDPPXWWLPHQ�VXXQQLWWHOXXQ��
�
6DPPXWWLPHQ�KDUDW�\OHWW\YlW�VDPPXWLQVlLOL|Q�QXUNNLLQ�DVWL�MD�HVWlYlW�NDVDXWXPLVHQ�MD�WDUWWX�
PLVHQ�DONDPLVHQ�VlLOL|Q�QXUNLVWD��
�
9DLNND� VDPPXWWLPHQ� MD� UDVNDLGHQ� NDONNLVLLORMHQ� UDNHQWDPLQHQ� ROLVL� ROHHOOLVHVWL� KHOSRPSDD�
DORLWWDPDOOD� UDNHQQXV�SHUXVWDVROWD�� VDPPXWLQ� VLMRLWHWDDQ�QRLQ��±��PHWULQ� NRUNHXGHOOH��7lOOl�
YlOWHWllQ� SXPSSDXV� VDPPXWWLPHVWD� NDXVWLVRLQWLVlLOL||Q�� NRVND� WlPl� SXPSSX� NLWH\W\LVL�
QRSHDVWL XPSHHQ�SXPSDWHVVDDQ�NHVNHQ�UHDNWLRQ�ROHYDD�NDONNLPDLWRD��
�
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6DPPXWWLPHVWD� NDONNLPDLWR� MRKGHWDDQ� VLLV� VXRUDDQ� YDSDDYLUWDXNVHQD� NDXVWLVRLQWLVlLOL||Q��
0\|V�WlVVl�\KG\VSXWNHVVD�WDSDKWXYD�NDXVWLVRLQWLUHDNWLR�DLKHXWWDD�YllMllPlWWl�QRSHDD�NHUURV�
WXPLVWD�SXWNHQ�SLQQDOOH���
�
.HUURVWXPLVWD� WRUMXWDDQ� UDNHQWDPDOOD�NDQDYDW� DYRLPLNVL� MD�SXKGLVWDPDOOD�QLLWl�PHNDDQLVHVWL�
ULLWWlYlQ� XVHLQ� WDL� UDNHQWDPDOOD� NDQDYDW� MRXVWDYDVWD�PDWHULDDOLVWD� �NXPLSXWNL��� MROORLQ� NLWH\�
W\QHHW�NHUURNVHW�LUWRLOHYDW�LWVHNVHHQ�NXPLQ�MRXVWDHVVD�WDL�NXQ�SXWNHD�SDLQHOODDQ�XONRDSlLQ��
�
.HUURVWXPLVWDLSXPXV�YlKHQHH�UHDNWLRQ�KLGDVWXHVVD� ORSSXD�NRKGHQ��PXWWD�QRUPDDOLVWL�NDLNNL�
NDXVWLVRLQWLVlLOL|LGHQ� YlOLVHW� \OLNDDWRSXWNHW� WHKGllQ� NXPLVWD��.DXVWLVRLQWLVlLOL|VVl� ROHYDW� VL�
VlLVHW SXWNHW�YDUXVWHWDDQ�SXKGLVWXVDXNRLOOD��MRWWD�SXKGLVWXV�Nl\W|Q�DLNDQD�ROLVL�PDKGROOLQHQ���
�
.XQ�NDXVWLVRLQWLUHDNWLR�RQ�VDDWHWWX�OlKHV�ORSSXXQ��RQ�NLWH\W\PLQHQ�YlKHQW\Q\W�QLLQ��HWWl�NDON�
NLPDLWR�RQ�YlKlLVLQ�RQJHOPLQ�SXPSDWWDYLVVD�YDONROLSHlVHONH\WWLPHHQ�WDL��VXRGDWWLPHHQ��
�
������9DONROLSHlQ�HURWXV�
�
.l\WHWWlHVVl� VHONH\W\VWl� YDONROLSHlQ� HURWXNVHHQ� RYDW� ODLWWHHW� UDNHQWHHOWDDQ� QLLQ� YlOMLl�� HWWHL�
\OHHQVl�KDLWWDDYD�NHUURVWXPLVWD�SllVH�WDSDKWXPDDQ��YDLNND�NDXVWLVRLQWLUHDNWLRVWDNLQ�RQ�YLHOl�
MRQNLQ�YHUUDQ�MlOMHOOl��NXQ�OLSHl�VLLUUHWllQ�VHONH\WWLPHHQ��
�
6XRGDWXNVHVVD� OLSHl� HURWHWDDQ�PHHVDVWD� WLKHlQ� NDQNDDQ� DYXOOD�� 3LHQLNLQ� NLWH\W\PLQHQ� WlKlQ�
WLKHllQ�NDQNDDVHHQ�WXNNLL�VHQ�QLLQ��HWWl�VH�HL�OlSlLVH�KDOXWWXD�NDSDVLWHHWWLD��.RVND�NLWH\W\PL�
QHQ�RQ�WRVLDVLD��RQ�VXRWLPHW�YDUXVWHWWDYD�KDSSRSHVXODLWWHLOOD�MD�SHVX�RQ�VXRULWHWWDYD�VllQQ|OOL�
VHVWL���±��YLLNRQ�YlOHLQ���
�
.RVND VXRGDWXVNDQJDV�WXNNHHQWXX�QRSHDVWL��MRV�NDXVWLVRLQWLUHDNWLR�WDSDKWXX�OLSHlQ�OlSlLVWHVVl�
NDQJDVWD�� RQ� ODLWH�� MD� SURVHVVLWHNQLVLQ� NHLQRLQ� KXROHKGLWWDYD� VLLWl�� HWWl� UHDNWLR� RQ� HGHQQ\W�
PDKGROOLVLPPDQ�SLWNlOOH�HQQHQ�VXRGDWXVWD��/DLWHWHNQLVHVWL�WlPl�WDUNRLWWDD�NDXVWLVRLQWLVlLOL|L�
GHQ�PLWRLWWDPLVWD� QLLQ�� HWWl� UHDNWLROOH� RQ� ULLWWlYlVWL� DLNDD� �VHONH\W\V� ���±�� K�� VXRGDWXV� ���±
� K���
�
/LVlNVL�RQ�KXROHKGLWWDYD�VLLWl��HWWl�UHDNWLRRQ�DQQRVWHOODDQ�UHDJRLYLD�DLQHLWD��NDONNLD�MD�YLKHU�
OLSHll��QLLQ�� HWWl�YDUVLQNDDQ�NDONNLD� HL� ROH� \OHQPllULQ�� NXQ� U\KG\WllQ� VXRGDWWDPDDQ� OLSHll��
7lPl HGHOO\WWll�UHDOLVWLVWD�WDYRLWHWWD�UHDNWLRQ�Wl\GHOOLV\\GHQ�VXKWHHQ��UHDNWLRWDVDSDLQRQ�KXR�
PLRLPLQHQ��MD�WDUNNDD�NDONLQ�DQQRVWXVWD��3llRVLQ�VXRWLPHQ�KDSSRSHVXYlOL�UDWNDLVWDDQ�SURVHV�
VLQKDOOLQQDOOD��(ULWWlLQ� YDDUDOOLVLD� NLWH\W\PLVHQ� VXKWHHQ� RYDW� YDLKWHOXW� NDONLQ� DQQRVWXNVHVVD��
NRVND�WlOO|LQ�DMRLWWDLQ�\OLPllUlLVHNVL� MllYl�KLHQRMDNRLQHQ�NDOVLXPK\GURNVLGL� WXQNHXWXX�NDQ�
NDDVHHQ�MD�UHDJRL�QDWULXPNDUERQDDWLQ�NDQVVD��NXQ�NDONLQ�VXKWHHQ�DOLDQQRVWHWWX�OLSHl�OlSlLVHH�
NDQNDDQ��
�
3XKWDDQ� YDONROLSHlQ� VXKWHHQ� HL� NDXVWLVRLQQLQ� DOXHHOOD� \OHHQVl� HVLLQQ\� NHUURVWXPDRQJHOPLD��
NXQ� YDONROLSHl� VLLUUHWllQ� YDUDVWRVlLOL||Q�� 2Q� NXLWHQNLQ� V\\Wl� PXLVWDD�� HWWl� OLSHl� RQ� MRND�
WDSDXNVHVVD�N\OOlLVWl�WDL�OlKHV�N\OOlLVWl�NDOVLXPLQ�VXKWHHQ��MRVNLQ�NDOVLXPLD�RQ�OLSHlVVl�OLXHQ�
QHHQD�YlKlQ��7lWHQ�SLHQLOOlNLQ�RORVXKWHLGHQ�PXXWRNVLOOD�VDDWHWDDQ�OXRGD�RORVXKWHHW�NDOVLXPLQ�
VDRVWXPLVHOOH��
�
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������0HHVDQ�SHVX�MD�NXLYDXV�
�
$ORLWHWWDHVVD�PHHVDQ�SHVXD�WXOLVL�UHDNWLRLGHQ�ROOD�ORSSXXQ�HGHQQHLWl�MD�MlOMHOOl�ROHYDQ�OLSHlQ�
ODLPHQQHWWXD�QLLQ��HWWl�HL�ROOD�OlKHOOlNllQ�N\OOlLVHQ�NDOVLXPLQ�UDMDD��
�
0HHVDVXRGDWWLPHQ�NDQNDDW� WXNNHHQWXYDWNLQ� LOPHLVHVWL�SllRVLQ�PHHVDKLXNNDVLVWD�� MRWND�DMDX�
WXYDW� NDQNDDQ� VLVllQ��1lPl�KLXNNDVHW� YRLGDDQ� VXKWHHOOLVHQ� KHOSRVWL� SRLVWDD� NRUNHDSDLQHSH�
VXOOD��
�
������6DWXQQDLVHPSLD�WXNNHHQWXPLVLD�
�
/DLKDOLSHlSXPSSX��±�/DLKDOLSHll�ODLKDOLSHlVlLOL|VWl�OLXRWWDMDOOH�SXPSSDDYD�SXPSSX�VDDWWDD�
WXNNHHQWXD� QRSHDVWLNLQ� VRSLYLVVD� RORVXKWHLVVD�� 7lOODLQHQ� WLODQQH� V\QW\\�� NXQ� ODLKDOLSHlQ�
1D2+�SLWRLVXXWWD�NRKRWHWDDQ�MXXUL�HQQHQ�SXPSSXD�HVLPHUNLNVL�MRKWDPDOOD�PHHVDVXRGDWWLPHQ�
VXRGRV�SXPSXQ�LPXSXROHOOH�LPXSXWNHHQ��7lOO|LQ�ODLKDOLSHlVlLOL|VVl�ROHYD�YlKHPPlQ�DONDOL�
QHQ� ODLKDOLSHl� RQ� OLXRWWDQXW� NDOVLXPLD� LWVHHQVl�� MD� NXQ� WlKlQ� YHWHHQ� OLVlWllQ� DONDOLSLWRLQHQ�
PHHVDVXRGDWWLPHQ�VXRGRV��RQ�VHXUDXNVHQD�NDOVLXPLQ�NLWH\W\PLQHQ� MD�SXPSXQ� WXNNHHQWXPL�
QHQ�K\YLQNLQ�QRSHDVWL��
�
7LODQQHWWD� YRLGDDQ� YlOWWll� VHNRLWWDPDOOD� ODLKDOLSHlMDNHHW� VlLOL|VVl� QLLQ�� HWWl� QLLOOH� Mll� DLNDD�
UHDJRLGD�VlLOL|Q�YlOMLVVl�WLORLVVD�HQQHQ�MRXWXPLVWDDQ�SXPSSXXQ��
�
/DLKDOLSHlVlLOL||Q� MRKWDYDW� SXWNHW�� ±�/DLKDOLSHlQ� MRXNNRRQ� MRKGHWDDQ� NDXWLVRLQWLRVDVWROWD�
MD�RVLWWDLQ�PXLOWDNLQ�RVDVWRLOWD�SURVHVVLLQ�SDODXWHWWDYLD�DONDOLVLD�YHVLl��-RV�QlLWl�YHVLl� \KGLV�
WHOOllQ�VDPDDQ�SXWNHHQ��V\QW\\�KHOSRVWL�WLODQWHLWD��MRLVVD�NDOVLXPNDUERQDDWWL�MRXWXX�\OLN\OOlL�
VHHQ�WLODDQ�MD�NLWH\W\\�SXWNHQ�SLQQDOOH���
�
.RYDQ� YHGHQ� Nl\WW|� UDDNDYHWHQl�� ±�-RLOODNLQ� DOXHLOOD� VDDWWDD� WHKWDDOOD� Nl\WHWW\� UDDNDYHVL�
ROOD K\YLQNLQ� NRYDD��PLNl� WDUNRLWWDD� Nl\WlQQ|VVl�� HWWl� VLLQl� RQ� UXQVDDVWL� NDOVLXPLD�� WDYDOOL�
VLPPLQ NDOVLXPELNDUERQDDWWLQD��.XQ� WlOODLVLD�YHVLl�Nl\WHWllQ�NDXVWLVRLQQLQ�DOXHHOOD�HVLPHU�
NLNVL� W\KM|SXPSSXMHQ� WLLYLVW\VYHWHQl�� QLLKLQ� MRXWXX� DLQD� KLHPDQ� DONDOLK|\U\Ml�� PLQNl� VHX�
UDXNVHQD� YHGHQ� LRQLNRQVHQWUDDWLR� NRKRDD� UDGLNDDOLVWL� MD� NDOVLXPLQ� OLXNRLVXXV� SLHQHQHH��
7lOO|LQ� NDOVLXP� NLWH\W\\� XVHLQ� NDOVLXPNDUERQDDWWLQD� DLKHXWWDHQ� KlLUL|LWl� SXPSSXMHQ� WRL�
PLQWDDQ�� 6HNRLWHWWDHVVD� WlOODLVWD� UDDNDYHWWl� MD� HVLPHUNLNVL� ODLKDOLSHll� RQ� VHXUDXNVHQD� NDO�
VLXPLQ NLWH\W\PLQHQ�� MRND� WDSDKWXHVVDDQ� SXWNHVVD� WDL�PXXVVD� DKWDDVVD� SDLNDVVD� MRKWDD� WXN�
NHHQWXPLVRQJHOPLLQ��
�
����<KWHHQYHWR�
�
.DXVWLVRLQWLODLWRV�RQ�KXRPDWWDYLOWD�RVLQ�VXXQQLWHOWX�NDOVLXPLQ�NLWH\W\PLVHQ�MD�NHUURVWXPLVHQ�
HKGRLOOD��PLQNl�VHXUDXNVHQD�NHUURVWXPLVHQ�V\QW\PLVHQ�KDLWWDYDLNXWXNVHW�ODLWRNVHQ�RSHURLQWLLQ�
RQ YRLWX�PLQLPRLGD��
�
.HUURVWXPDW� DLKHXWWDYDW� NDXVWLVRLQQLOOD� DLQD� RPDW� KDQNDOXXWHQVD��PXWWD� NXQ� NHUURVWXPLQHQ�
VlLO\\�QRUPDDOHLVVD�HQQDOWD�WXQQHWXLVVD�UDMRLVVD��VLWl�HL�NRHWD�RQJHOPDNVL��
�
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����.LUMDOOLVXXV�
�
�� :HDVW�5&��&5&�+DQGERRN�RI�&KHPLVWU\�DQG�3K\VLFV����WK�HGLWLRQ������±������

�
�� .LYLQHQ�$�MD�0lNLWLH�2��.HPLD��YLLGHV�SDLQRV��2WDYD��.HXUXX��������

�
�� )UHGHULFN�:-��.ULVKQDQ�5�MD�$\HUV�5-��3LUVVRQLWH�GHSRVLWV�LQ�JUHHQ�OLTXRU�SURFHVVLQJ��

7DSSL�-�����������������±�����
�

�� *XOOLFKVHQ� -� MD� )RJHOKROP�&�-� �WRLP���� &KHPLFDO� 3XOSLQJ� �3DSHUPDNLQJ� 6FLHQFH� DQG�
7HFKQRORJ\���)DSHW�2\��-\YlVN\Ol��������
�

�� %ODFNZHOO�%�� ,QFUHDVLQJ�ZKLWH� OLTXRU�FDXVWLFLW\�E\�DGGUHVVLQJ� WKH�GLIIXVLRQ� OLPLWDWLRQ��
3XOS�3DS��&DQ����������������±����

�
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���3,,�.$867,62,11,66$�
�
5LVWR -lUYLQHQ��.&/�
�
7lPlQ OXYXQ�DLQHLVWR�NRRVWXX�OXHQQROOD�HVLWHWWlYLVWl�NDOYRLVWD��VHNl�VDPDD�DLKHWWD�NlVLWWHOH�
YlVWl� NLUMRLWXNVHVWD� �6LOLFRQ� LQ� UHFDXVWLFL]LQJ��� MRND� LOPHVW\\� ���±���������� MlUMHVWHWWlYlQ�
,QWHUQDWLRQDO�&KHPLFDO�5HFRYHU\�&RQIHUHQFH��:KLVWOHU��&DQDGD���NRQIHUHQVVLQ�3URFHHGLQJV�
NLUMDVVD��
�

-RKGDQWR
9HVLNLHUWRMHQ�VXONHPLQHQ�WXR�YDONDLVXYHVLHQ�
NXLYD�DLQHWWD�OLSHlNLHUWRRQ

9DONDLVXYHGHW�SllDVLDOOLQHQ�SLLQ�
SRLVWXPLVWLH�WHKWDDOWD

3LL�WXOHH�OLSHlNLHUWRRQ�SllDVLDVVD�
WDOWHHQRWRVVD�NDONLVWD��HULW\LVHVWL�
NRUYDXVNDONLVWD

/DLWHNHKLW\V�HL�SRLVWD�NRUYDXVNDONLQ�WDUYHWWD

.HPLDVWD
3LLKDSSR�OLXNHQHH�DONDOLLQ
/LSHlNLHUURVVD�$O��0J�MD�&D�VDRVWDYDW�SLLWl
9LKHUOLSHlVVl�$O�WlUNHl
9DONROLSHlVVl�&D�WlUNHl
7XRUHNDONLQ�SLLSLWRLVHW�PLQHUDDOLW�MRNR�
OLXNHQHYDW�WDL�SRLVWXYDW�VDPPXWWLPHQ�
KLHNDVVD

7XORNVHW�NDONNLNRKWDLVLD
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.RNHHOOLVWD
2VWRNDONNLD�Nl\WWlYlOWl�Nl\QQLVW\YlOWl�
WHKWDDOWD�NHUlWWLLQ�Ql\WWHHW��NROPH�MDNVRD�
6WDUW�����MD���

6HXUDQWDMDNVRW������MD���NXXNDXGHQ�NXOXWWXD��
)ROORZ������MD���

.HUlLO\Ql\WWHHW�MD�SURVHVVLWLHGRW�RWHWWLLQ�
RVWR� MD�XXQLNDONLVWD��PHHVDVWD��YLKHU� MD�
YDONROLSHlVWl�MD�VDPPXWWLPHQ�KLHNDVWD�

3URFHVV�GDWD
3HULRG���*/��)UHVK�OLPH�2YHQ�OLPH�)UHVK�OLPH�/LPH��*/

O�V NJ�V NJ�V � NJ�P�

6WDUW� �� ��� ��� ��� ��
6WDUW� �� ��� ��� ��� ��
6WDUW�������� ���� ��� ��� ��
)ROO���������� ���� ��� ��� ��
)ROO���������� ���� ��� ��� ��
)ROO���������� ���� ��� ��� ��
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SUOMEN SOODAKATTILAYHDISTYS RY 
RAPORTTISARJA 
 
1/2000 Suomen Soodakattilayhdistys ry 

Konemestarip@iv@ 2000, 26.-27.1.2000 
Imatran Valtionhotelli/Joutseno Pulp, esitelm@t 
16A0913-65, 00-A221-6A/E12 

 
2/2000 Suomen Soodakattilayhdistys ry 

Jaakko Pöyry Oy, Pekkanen Markku 
Soodakattilassa poltettavat ainevirrat 
19.1.2000 
16A0913-66, 00-A221-16A/E13 

 
3/2000 Suomen Soodakattilayhdistys ry 

Jaakko Pöyry Oy, Jussila Pekka 
Savukaasuanalysaattorikartoitus 
23.3.2000 
16A0913-68, 00-A221-16A/E14 

 
4/2000 Suomen Soodakattilayhdistys ry 

Soodakattila-alan yhteistoiminta. Vuosikertomus 1999 
16A0913-73, 00-A221-16A/E15 
20.3.2000 
 

5/2000 Suomen Soodakattilayhdistys ry 
VTT Energia, Paterson McKeough 
Rikkiyhdisteiden vapautuminen mustalipeän haihdutuksessa 
Kokeet yhdellä mustalipeällä. 
16A0913-78, 00-A221-16A/E16 
23.3.2000 
 

6/2000 Suomen Soodakattilayhdistys ry 
Lehtinen. M, BLRBAC kevätkokous; matkaraportti. 
16A0913-82, 00-A221-16A/E17 
25.4.2000 
 

7/2000 Suomen Soodakattilayhdistys ry 
Vuosikokous 2000, 30.3.Oulu, Pöytäkirja 
16A0913-85, 00-A221-16A/E18 
 

8/2000 Suomen Soodakattilayhdistys ry 
Soodakattilapäivä 2000, 12.10.2000 
Sokos Hotel Vantaa, esitelmät 
16A0913-99, 00-A221-16A/E19 
 

9/2000 Suomen Soodakattilayhdistys ry 
Merkintäsuositus turvallisuuteen liittyvissä 
järjestelmissä 
16A0913-103, 00-A221-16A/E20 



 
SUOMEN SOODAKATTILAYHDISTYS RY 
RAPORTTISARJA 
 
1/2001 Suomen Soodakattilayhdistys ry 

Konemestarip@iv@ 2001, 25.1.2001 
Oy Metsä-Botnia Ab Äänekosken tehtaat/ 
hotelli Alexandra, Jyväskylä; esitelmät 
16A0913-110, 00-A221-16A/E21 
 

2/2001 Suomen Soodakattilayhdistys ry 
Kattilavuotojen valvonta ja ohjeistus 
Karjunen, Timo 
21.2.2001 
16A0913-E0022 
 

3/2001 Suomen Soodakattilayhdistys ry 
Soodakattilan uudet materiaalit –projekti 
1. ja 2. väliraportti 
TKK/ Saarinen Pekka, VTT/ Hänninen Hannu, TKK/ Pohjanne Pekka 
22.2.2001 
16A0913-E0023 
 

4/2001 Suomen Soodakattilayhdistys ry 
Soodakattiloiden päästölaskelmien tehdaskartoitus 
Jaakko Pöyry Oy/Lehtinen Markku 
26.2.2001 
16A0913-E0024 
 

5/2001 Suomen Soodakattilayhdistys ry 
Soodakattila-alan yhteistoiminta 
Vuosikertomus 2000 
8.3.2001 
16A0913-E0025 
 

6/2001 Suomen Soodakattilayhdistys ry 
Kartoitus hajukaasujen keräily- ja polttosuosituksen laatimista  
Jaakko Pöyry Oy/Sebastian Kankkonen 
5.3.2001 
16A0913-E0026 
 

7/2001 Suomen Soodakattilayhdistys ry 
Vuosikokous 2001, 29.3.2001, UPM-Kymmene Oyj, Tervasaari, Valkeakoski, 
Pöytäkirja 
16A0913-E0027 
 

8/2001 Suomen Soodakattilayhdistys ry 
Lehtinen M.; BLRBAC kevätkokous 2.-4.4.2001, Atlanta 
Matkaraportti 
16A0913-E0028 
 

9/2001 Suomen Soodakattilayhdistys ry 
Kemikaalikierron likaantumisongelmat. Seminaari 22.5.2001 KCL. 
Kesseli H, Metso Paper; Nurminen K, Kvaerner Pulping Oy, Svensson C, Savcor Process Oy, Hupa 
M, Åbo Akademi, Salmenoja K, Kvaerner Pulping Oy, Engdahl H, Andritz-Ahlstrom Oy, Järvinen R, 
KCL. Toim. Niemelä K, KCL. 

  16A0913-E0029 


