
©Svenskt Gastekniskt Center – December 2002

Utvärdering av kontinuerlig drift av 
trevägskatalys för NOx-reduktion i stora 

naturgaseldade pannor

Rapport SGC A33

Ola Augustsson
PERSTORP AB



 
  

SGC:s FÖRORD 
 
FUD-projekt inom Svenskt Gastekniskt Center AB avrapporteras normalt 
i rapporter som är fritt tillgängliga för envar intresserad. 
 
SGC svarar för utgivningen av rapporterna medan uppdragstagarna för 
respektive projekt eller rapportförfattarna svarar för rapporternas inne-
håll. Den som utnyttjar eventuella beskrivningar, resultat e dyl i rap-
porterna gör detta helt på eget ansvar. Delar av rapport får återges med 
angivande av källan. 
 
En förteckning över hittills utgivna SGC-rapporter finns på SGC´s 
hemsida www.sgc.se. 
 
Svenskt Gastekniskt Center AB (SGC) är ett samarbetsorgan för företag 
verksamma inom energigasområdet. Dess främsta uppgift är att samordna 
och effektivisera intressenternas insatser inom områdena forskning, 
utveckling och demonstration (FUD). SGC har följande delägare: 
Svenska Gasföreningen, Sydgas AB, Sydkraft AB, Göteborg Energi AB, 
Lunds Energi AB och Öresundskraft AB. 
 
Följande parter har gjort det möjligt att genomföra detta utvecklingspro-
jekt: 
 
 Sydkraft Gas AB 
 Perstorp AB 
 Sydkraft Värme Syd AB 
 Öresundskraft AB 
 AB Fortum Värme samägt med Stockholm stad 
 Lunds Energi AB 
 Statens Energimyndighet 
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�
(Q� VWXGLH� DYVHHQGH� XWYlUGHULQJ� DY� NRQWLQXHUOLJ� GULIW� DY� WUHYlJVNDWDO\V� I|U�12[�UHGXNWLRQ� L�
VWRUD� QDWXUJDVHOGDGH� SDQQRU� KDU� XWI|UWV� L� VDPDUEHWH� PHG� 6YHQVNW� *DVWHNQLVNW� &HQWHU� $%�
�6*&���6\GJDV�$%�RFK�6\GNUDIW�9lUPH�$%�� ,QVWDOODWLRQHQ�XWI|UGHV�Sn� HQ� VlFNHOGDG�SDQQD�
IUnQ�3DUFD�1RUUDKDPPDU�DY�W\S�:LUEH[�6������WLOOYHUNDG������PHG�HQ�XWHIIHNW�Sn�FLUND�����
0:�L�7RIWlQJHQV�IMlUUYlUPHFHQWUDO��0DOP|��3DQQDQ�L�0DOP|�E\JJGHV�RP�I|U�DWW�XQGHU�IOHUD�
WXVHQ�WLPPDU�Sn�HWW�VlNHUW�VlWW�NXQQD�Jn�L�NRQWLQXHUOLJ�´WUHYlJVNDWDO\VGULIW´��
�
(PHOOHUWLG� YLVDGH� GHW� VLJ� YLG� GULIWVlWWQLQJHQ� DWW� GHW� YDU� VYnUW� DWW� N|UD� SDQQDQ� VYDJW�
XQGHUVW|NLRPHWULVNW�� YLONHW� lU� HWW� YLOONRU� I|U� DWW� 12[�UHGXNWLRQHQ� VNDOO� IXQJHUD�� XWDQ� DWW� In�
VRWELOGQLQJ�� 'HQQD� VRWELOGQLQJ� JMRUGH� DWW� NDWDO\VDWRUQ� VQDEEW� ILFN� HWW� ODJHU� PHG� VRW� VRP�
JMRUGH�DWW�NDWDO\VDWRUQV�IXQNWLRQ�QHGVDWWHV�RFK�DWW�WU\FNIDOOHW�|YHU�NDWDO\VDWRUQ�JMRUGH�DWW�PDQ�
UHGDQ�HIWHU�PLQGUH�lQ�HQ�WLPPHV�GULIW�YDU�WYXQJHQ�DWW�nWHUJn�WLOO�QRUPDO�GULIW���
�
(IWHU� GULIWVlWWQLQJ� SURYDGHV� EHW\GOLJW� PRGHUQDUH� EUlQQDUH� P�D�S�� VRWELOGQLQJ�� 'HVVD� I|UV|N�
SHNDGH�Sn�DWW�lYHQ�GHVVD�JHU�HQ�YLVV�VRWELOGQLQJ�YLG�XQGHUVW|NLRPHWULVN�GULIW��9L�EHG|PGH�GHW�
VRP� YDUD� XWDQI|U� SURMHNWHWV� XUVSUXQJOLJD� SODQ� DWW� O|VD� GHWWD� VRWSUREOHP�� 7UROLJHQ� lU�
VRWSUREOHPHW� PHU� DFFHQWXHUDW� L� HQ� VlFNHOGDG� SDQQD� lQ� HQ� WUHVWUnNVSDQQD� VRP� DQYlQGV� YLG�
WLGLJDUH�I|UV|N��
�
�



6XPPDU\�
�
$Q� LQYHVWLJDWLRQ� FRQFHUQLQJ� WKH� FRQWLQXRXV� RSHUDWLRQ� RI� 7KUHH� :D\� &DWDO\VLV� IRU� WKH�
UHGXFWLRQ�RI�12[�LQ�ODUJH�QDWXUDO�JDV�ILUHG�ERLOHUV�KDV�EHHQ�FRQGXFWHG�IRU�6ZHGLVK�*DV�&HQWHU�
�6*&���7KH�WHFKQRORJ\�ZDV�HYDOXDWHG�LQ�D�ERLOHU�PDQXIDFWXUHG�E\�3DUFD�1RUUDKDPPDU������
DQG� WKH� W\SH� LV�:LUEH[�6�������7KH�SRZHU�RXWSXW� LV�����0:�DQG� LW� VLWXDWHG�DW� WKH�GLVWULFW�
KHDWLQJ� FHQWUDO� RI� 7RIWlQJHQ�� 0DOP|�� 7KH� ERLOHU� ZDV� UHEXLOW� IRU� EHLQJ� DEOH� WR� UXQ�
FRQWLQXRXVO\�DQG�VDIHO\�IRU��7KUHH�ZD\�FDWDO\VLV�RSHUDWLRQ��
�
$� SUHUHTXLVLWH� IRU� WKH� WKUHH�ZD\� RSHUDWLRQ� LV� XQGHUVWRLFKLPHWULF� FRPEXVWLRQ��:KHQ� KDYLQJ�
FRPPLVVLRQHG�WKH�ERLOHU�LW�ZDV�GLIILFXOW�WR�UXQ�LW�WKLV�ZD\�ZLWKRXW�JHWWLQJ�VRRW�IRUPDWLRQ��7KH�
VRRW�TXLFNO\�IRUPHG�D�OD\HU�RYHU�WKH�FDWDO\VW�UHGXFLQJ�WKH�DFWLYLW\��$IWHU�DQ�KRXU�RI�RSHUDWLRQ�
WKH�VRRW�OD\HU�JUHZ�FDXVLQJ�LQFUHDVHG�SUHVVXUH�GURS��7KH�SUHVVXUH�GURS�IRUFHG�XV�WR�JR�EDFN�WR�
QRUPDO�RYHU�VWRLFLRPHWULF�RSHUDWLRQ��
�
$�PXFK�PRUH�PRGHUQ� EXUQHU�� LQ� D� GLIIHUHQW� ERLOHU�� ZDV� DOVR� HYDOXDWHG� IRU� VRRW� IRUPDWLRQ��
7KHVH�PHDVXUHPHQWV�DOVR�LQGLFDWHG�VRPH�VRRW�IRUPDWLRQ��7KH�FRQFOXVLRQ�IURP�WKHVH�WHVWV�ZDV�
WKDW�VROYLQJ�WKH�VRRW�SUREOHP�LV�RXWVLGH�WKH�VFRSH�RI�WKH�SURMHFW�DQG�WKHUHIRUH�WKH�SURMHFW�ZDV�
GLVFRQWLQXHG��
�



� ���

,11(+c//�
�

�� ,QWURGXNWLRQ�RFK�EDNJUXQG BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

���� 7LGLJDUH�VWXGLHU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

�� 6\IWHW�PHG�GHQQD�VWXGLH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

���� /DEVWXGLHU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

�� 6\VWHPHWV�XSSE\JJQDG BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

���� $OOPlQWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ &RQWDLQHU�$ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ &RQWDLQHU�% BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

�� 7HNQLVND�GDWD�I|U�:LUEH[�SDQQDQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

���� $OOPlQWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ %UlQQDUHQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ cWJlUGHU�VRP�LQI|UGHV�I|U�DWW�XWI|UD�WHVW�Sn�LQVWDOODWLRQHQ BBBBBBBBB ��
������ <WWUH�YlUPHVlQNDBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ ,QVWDOODWLRQ�DY�7:&�L�WXEHUQD BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ ,QVWDOODWLRQ�DY�R[LGDWLRQVNDWDO\VDWRUBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ bQGULQJ�RFK�LQVWDOODWLRQ�DY�EUlQQDUUHJOHULQJ BBBBBBBBBBBBBBBBBBB ��
������ cWJlUGHU�I|U�7:&BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ 6lNHUKHWVDVSHNWHU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
������ ,QVWDOODWLRQ�DY�PlWXWUXVWQLQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

�� 7HNQLVND�SUREOHP�RFK�UHVXOWDWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

���� 8WYlUGHULQJ�DY�VRWQLQJVEHQlJHQKHW�I|U�HQ�PRGHUQ�EUlQQDUH�YLG�
VW|NLRPHWULVN�GULIWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��

�� 7HNQLVN�RFK�HNRQRPLVN�XWYlUGHULQJ�DY�WHNQLNHQ BBBBBBBBBBBBBBBBBBBBBBB ��

�� $QGUD�WHNQLNHU�I|U�12[�UHGXNWLRQ�L�JDVSDQQRU�BBBBBBBBBBBBBBBBBBBBBBB ���

�� 6OXWVDWVHUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

�� /LWWHUDWXUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�
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�
3HUVWRUS� )RUPR[�$%� lU� HWW� I|UHWDJ� LQRP� 3HUVWRUS� NRQFHUQHQ�PHG� LQULNWQLQJ� Sn� DWW�
VlOMD� RFK� XWYHFNOD� NDWDO\VDWRUHU� I|U� IRUPDOGK\GSURGXNWLRQ� RFK� I|U� UHGXNWLRQ�
LQGXVWULHOOD�JDVXWVOlSS��9LG�HQHUJLSURGXNWLRQ�DY� W�H[��HO�RFK�HOOHU� IMlUUYlUPH�XSSVWnU�
VNDGOLJ�XWVOlSS�WLOO�DWPRVIlUHQ��,�QDWXUJDVHOGDGH�DSSOLNDWLRQHU�XWJ|UV�GHVVD�IUlPVW�DY�
12[��
�
6HGDQ�GU\JW����nU�DQYlQGV�L�EHQVLQGULYQD�ELODU�HQ�WHNQLN�I|U�DWW�VDPWLGLJW�WD�ERUW�VnYlO�
NROYlWHQ� �+&��� NROPRQR[LG� �&2�� RFK� NYlYHR[LG� �12[�� NDOODG� WUHYlJVNDWDO\V� >�@��
7HNQLNHQ�lU�YlO�HWDEOHUDG�RFK�IXQJHUDU�NODQGHUIULWW�L�IOHUD�KXQGUD�PLOMRQHU�ELODU��)LJXU�
���� EHVNULYHU� KXU� GHVVD� WUH� XWVOlSS� RPVlWWV� VRP� IXQNWLRQ� DY�λ�YlUGHW� L� LQORSSHW� WLOO�
NDWDO\VDWRUQ�� 'HQ� UHDNWLRQ� VRP� HIWHUVWUlYDV� |YHU� UHGXNWLRQVNDWDO\VDWRUQ� lU� �HM�
EDODQVHUDG����
�
12[���&2�⇒�1����&2�� ����
�
2FK�|YHU�R[LGDWLRQVNDWDO\VDWRUQ��HM�EDODQVHUDG���
&2���2��⇒�&2�� � ����
+&���2��⇒�+�2���&2�� ����
�
2P� GHW� ILQQV� V\UH� QlUYDUDQGH� YLG� UHDNWLRQHQ� |YHU� UHGXNWLRQVNDWDO\VDWRUQ�� NRPPHU�
LQWH�UHDNWLRQHQ�����DWW�lJD�UXP�XWDQ�Gn�VNHU�LVWlOOHW�UHDNWLRQHUQD�����RFK������'lUI|U�lU�
GHW� Q|GYlQGLJW� DWW� I|UEUlQQLQJHQ� VNHU� VW|NLRPHWULVNW� �λ ��� HOOHU� WLOO� RFK�PHG� QnJRW�
XQGHUVW|NLRPHWULVNW��λ�����)|U�DWW�UHDNWLRQHUQD�����RFK�����VNDOO�lJD�UXP�NUlYV�DWW�GHW�
ILQQV� V\UH� QlUYDUDQGH� RFK� GlUI|U� PnVWH� HQ� YLVV� PlQJG� OXIW� WLOOVlWWDV� HIWHU�
UHGXNWLRQVNDWDO\VDWRUQ��LQQDQ�R[LGDWLRQVNDWDO\VDWRUQ����
�
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�
&DWDWRU� $%� KDU� WLGLJDUH� JHQRPI|UW� HQ� I|UVWXGLH� GlU� WHNQLNHQ� XQGHUV|NWHV� VnYlO� L�
ODEVNDOD� VRP� L� HQ� YLOODSDQQD� HOGDG� PHG� QDWXUJDV� >�@�� 9LGDUH� KDU� 3HUVWRUS� $%� L�
VDPDUEHWH� PHG� &DWDWRU� JHQRPI|UW� HQ� IXOOVNDOHLQVWDOODWLRQ� Sn� HQ� WUHVWUnNVSDQQD� DY�
)DEULNDWHW�5HPHKD��2'�����YLNHQ�YDU�XWUXVWDG�PHG�HQ�SUH�PL[EUlQQDUH�DY�IDEULNDWHW�
'XQSK\��>�@�
�
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�
'HQ� I|UVWD� VWXGLHQ� V\IWDGH� WLOO� DWW� VH� RP� GHW� Sn� ELODU� EHSU|YDGH� NRQFHSWHW� PHG�
WUHYlJVNDWDO\V�NXQGH�|YHUI|UDV�Sn�QDWXUJDVHOGDGH�SDQQRU��6OXWVDWVHQ�YDU�DWW�NDWDO\VHQ�
IXQJHUDGH� YlO�� 'HW� YDU� GlUHPRW� VYnUW� DWW� UHJOHUD� ODPGDYlUGHW� WLOO� ����� |YHU� KHOD�
I|UEUlQQLQJVXWU\PPHW�YLONHW�lU�DY� VW|UVWD�EHW\GHOVH� I|U� DWW�KnOOD� OnJW�YlUGH�Sn�12[�
HPLVVLRQHUQD� VDPWLGLJW� VRP� GHW� LQWH� VNHU� QnJRQ� ELOGQLQJ� DY� &2�� )|U� DWW� NXQQD�
DQYlQGD� WHNQLNHQ� L� VW|UUH� SDQQRU� YDU� VOXWVDWVHQ� DWW� ODPEGD� YlUGHW� L� VMlOYD�
I|UEUlQQLQJVXWU\PPHW� VNXOOH� KnOODV� NULQJ� ������� 'lUPHG� VlNHUVWlOOHU� PDQ� DWW� LQJHW�
V\UH�NRPPHU�XW�XU�SDQQDQ�RFK�GlUPHG�RFNVn�HQ�JRG�RPVlWWQLQJ�DY�12[��1lU�SDQQDQ�
HOGDV�Sn�GHWWD�VlWW�ELOGDV�HPHOOHUWLG�EHW\GDQGH�PlQJGHU�&2��'HWWD�&2�WDV�RP�KDQG�DY�
HWW� DQGUD� NDWDO\WLVN� VWHJ�� HWW� Vn� NDOODW� R[LGDWLRQVVWHJ�� ,� GHWWD� R[LGDWLRQVVWHJ�
LQWURGXFHUDV�\WWHUOLJDUH�OXIW�RFK�GHQ�ELOGDGH�&2�VOXWI|UEUlQQV�WLOO�&2���
�
'HQ�DQGUD�VWXGLHQ�JLFN�XW�Sn�DWW�YHULILHUD�GHWWD�L�IXOO�VNDOD��FD���0:���)|U�DWW�EHJUlQVD�
NRVWQDGHUQD� YLG� GHWWD� I|UV|N� Vn� E\JJGHV� LQWH� SDQQDQV� UHJOHUV\VWHP� RP� XWDQ� GHQ�
N|UGHV� L� ³7:&�GULIW´����� WLPPDU� nW� JnQJHQ�RFK�Gn� L�PDQXHOO� GULIW��9LGDUH�JLFN�GHW�
LQWH� KHOOHU� DWW� IXOOW� XW� YHULILHUD� R[LGDWLRQVNDWDO\VDWRUQV� IXQNWLRQ� HIWHUVRP� PDQ� YLG�
I|UV|NHW�HUIRU�Q\SDVV�|YHU�GHQQD�NDWDO\VDWRU��
�
'HQQD�VWXGLHV�V\IWHQ�YDU�DWW�YLVD�DWW���
�
D�� 'HW� JnU� DWW� N|UD� HQ� SDQQD� L� DXWRPDWLVN� GULIW� XQGHU� HQ� VlVRQJ� PHG� OnJD�

XWVOlSSVYlUGHQ�
E�� .DWDO\VDWRUQ�LQWH�KHOOHU�nOGUDV�Gn�GHQ�DUEHWDU�VW|NLRPHWULVNW�
F�� 0DQ�NDQ�EHPlVWUD�E\SDVV�SUREOHPDWLNHQ�|YHU�NDWDO\VDWRUHUQD��
�
���� /$%678',(5�
�
)|UH�LQVWDOODWLRQ�DY�NDWDO\VDWRUHU�SURYWLOOYHUNDGHV�GHVVD�RFK�WHVWDGHV�L�ODE�Sn�3HUVWRUS�
)RUPR[��
�
�
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�
�
���� $//0b17�
�
&HQWUDOHQ� YLG� 7RIWlQJHQ� 3&� ���� VRP� YDOGHV� I|U� GHQQD� LQVWDOODWLRQ� lU� DQVOXWHQ� WLOO�
IMlUUYlUPH� L� RPUnGHW� ORNDOW� RFK� HM� DQVOXWHW� WLOO� GHW� VWRUD� QlWHW� L�0DOP|�� XWDQ� lU� HQ�
LVROHUDG� |� L� 0DOP|�� &HQWUDOHQ� EHVWnU� DY� WYn� VW\FNHQ� FRQWDLQUDU� PHG� QnJUD� PHWHUV�
�FLUND� �� P�� PHOODQUXP�� &HQWUDOHUQD� EHQlPQV� IRUWVlWWQLQJVYLV� I|U� FRQWDLQHU� $� RFK�
FRQWDLQHU�%��

������ &RQWDLQHU�$�

,�FRQWDLQHU�$�ILQQV�I|OMDQGH�KXYXGXWUXVWQLQJ���
�
(Q�GDQVN�SDQQD�VRP�lU�WLOOYHUNDG�������W\S�52����7LOOYHUNDUH��1\HERHR�1LVVHQ�$�6�
3DQQ�� RFK� 0DVNLQIDEULNHQ�� .|SHQKDPQ�� /HYHUHUDG� DY� %|UMH� :HUGHU� $%� �GHWWD�
ERODJHW� ILQQV� HM� PHU��� 3DQQDQ� lU� GLPHQVLRQHUDG� I|U� HQ� XWHIIHNW� DY� ���� 0:� PHG�
YDWWHQWHPSHUDWXU����R&�RFK�WU\FN���EDU���(QOLJW�VHQDVWH�NRQWUROO�XWI|UG�DY�c)�.RQWUROO�
����EDU�RFK����R&�� �%UlQQDUH�lU�DY�IDEULNDW�:HLVKDXSW� W\S�2�/����������HIIHNW������
����0:�
�
'HQQD� SDQQD� EHK|OOV� LQWDNW� XQGHU� SURYVHULHQ� RFK� DQYlQGHV� VRP� UHVHUY� LIDOO� 7:&�
RPE\JJQDGHQ�VNXOOH�VWlOOD�WLOO�PHG�QnJUD�SUREOHP��

������ &RQWDLQHU�%�

,�GHQQD�FRQWDLQHU�IDQQV�GHW�ElWWUH�XWU\PPH�RFK�PRGHUQDUH�EUlQQDUXWUXVWQLQJ��,�GHQQD�
FHQWUDO� ILQQV� HQ� ´VlFNHOGDG� SDQQD´� IUnQ�3DUFD�1RUUDKDPPDU� DY� W\S�:LUEH[�6� �����
WLOOYHUNDG� ������ XWHIIHNW� FD� ����0:��'HQ� VlFNHOGDGH� SDQQDQV� SULQFLSLHOOD� XWVHHQGH�
YLVDV�L�)LJXU������

�
�

)LJXU�����3ULQFLSVNLVV�I|U�HQ�VlFNHOGDG�SDQQD��

�
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�
���� $//0b17�
�
3DQQDQ� lU� I|UVHGG� PHG� WXUEXODWRUHU� VRP� lU� LQVDWWD� L� LQORSSHW� WLOO� WXEHUQD� L� DQGUD�
VWUnNHW��'HVVD�lU�LQVDWWD�I|U�DWW�|ND�YlUPH|YHUI|ULQJHQ�L�WXEHUQD��
�
'DWD�YLG�QnJRQ�LQWULPQLQJ�������YlUGHQ�WDJQD�IUnQ�GULIWSlUP��
�
%UlQQDUODVW� � N:� ����� �����
8WHIIHNW� � N:� ����� ���� �
1DWXUJDVPlQJG� 1P��K� ���� ���
5|NJDVWHPS� � R&� ���� ����
&2�� � � �� ��� �� �
2�� � � �� ����� ����
)UDPOHGQLQJV�WHPS� R&� ��������������
%HU��YHUNQLQJVJUDG�� �� ��� �����
�
$QWDOHW� WXEHU� L� DQGUD� VWUnNHW� lU� ��� VW� PHG� GLPHQVLRQHUQD� ����[���� PP�� 7RWDO�
JHQRPVWU|PQLQJV�DUHD� �������P���9lUPH|YHUI|ULQJV\WD���GUD�VWUnNHW� �������P��

������ %UlQQDUHQ�

%UlQQDUHQ� lU� DY� W\S� :HLVKDXSW�� 5*06����'�� XWI|UDQGH� =0'� I|U� JDV�ROMD� PHG�
ODVWRPUnGH� ��������� N:�� 7U\FN� I|UEUlQQLQJVOXIW� PLQ� ��� PEDU�� PD[� ���� PEDU��
)|UEUlQQLQJVOXIWWU\FNHW� KnOOV� NRQVWDQW� PHG� HQ� GS�UHJXODWRU�� 8WJnHQGH�
YDWWHQWHPSHUDWXU� KnOOV� NRQVWDQW� JHQRP� DWW� |ND�PLQVND� EUlQVOHSnGUDJHW�� /XIW�� RFK�
EUlQVOHYHQWLOHQ� lU�PHNDQLVNW�KRS�NRSSODGH�YLD� HQ� VWlOOEDU�NXUYVNLYD�� YLONHQ�PHGJHU�
DWW�OXIW|YHUVNRWWHW�lU�WLOOIUHGVVWlOODQGH�|YHU�EUlQQDUHQV�ODVWRPUnGH��
�
)|U� DWW� HUKnOOD� I|UEUlQQLQJ� λ �� MXVWHUDGHV� OXIWVSMlOO� UHVSHNWLYH� EUlQVOHYHQWLOV�
NXUYVHJPHQW�RFK�HWW� ILQUHJOHUVSMlOO�PHG�VWlOOGRQ� LQVWDOOHUDGHV�Sn� I|UEUlQQLQJVOXIWHQ��
0LQGUH� PHNDQLVND� LQVWDOODWLRQVDUEHWHQ� JHQRPI|UGHV� I|U� DWW� HUKnOOD� |QVNDGH�
UHJOHUHJHQVNDSHU�I|U�EUlQQDUHQ��

������ cWJlUGHU�VRP�LQI|UGHV�I|U�DWW�XWI|UD�WHVW�Sn�LQVWDOODWLRQHQ�

• ,QVWDOODWLRQ�DY�\WWUH�YlUPHVlQND��
• ,QVWDOODWLRQ�DY�7:&�L�WXEHUQD�
• ,QVWDOODWLRQ�DY�R[LGDWLRQVNDWDO\VDWRU�L�U|NU|UHW�PHOODQ�SDQQD�RFK�VNRVWHQ�
• ,QVWDOODWLRQ�DY�IOlNW�I|U�H[WUD�OXIW�I|UH�R[LGDWLRQVNDWDO\VDWRU��
• ,QVWDOODWLRQ�DY�OXIWVSULGQLQJVU|U�I|UH�R[LGDWLRQVNDWDO\VDWRUQ��
• ,QVWDOODWLRQ�DY�PlW���VW\U��RFK�UHJOHUXWUXVWQLQJ�
• bQGULQJ�RFK�LQVWDOODWLRQ�RFK�MXVWHULQJ�DY�EUlQQDUUHJOHULQJ�
• ,QVWDOODWLRQ�DY�VlNHUKHWVXWUXVWQLQJ��
�
�
�
�



� ��

������ <WWUH�YlUPHVlQND�

'n�ODVWHQ�YDU�UHODWLYW�OnJ�RFK�DWW�GHW�L�SULQFLS�HM�ILQQV�QnJRQ�DFNXPXOHULQJVI|UPnJD�L�
QlWHW� EHK|YGHV� HQ� H[WUD� YlUPHVlQND� LQVWDOOHUDV� I|U� DWW� NXQQD� XWI|UD� SURY� YLG� K|JUH�
ODVW��(Q�OXIWN\ODUH�LQVWDOOHUDGHV�GlUI|U�SDUDOOHOOW�PHG�IMlUUYlUPHQlWHW��.\OHIIHNWHQ�YDU�
FD�����0:��'HWWD�PHGI|UGH�DWW�PDQ�YLQWHUWLG�RFK�XQGHU�NRUWDUH�WLG�NXQQD�N|UD�HQ�ODVW�
DY� PHOODQ� �������� 0:� XQGHU� GH� NDOODVWH� GDJDUQD�� 9lUPHVlQNDQ� HOOHU� N\ODUH�
SODFHUDGHV�EDNRP�FRQWDLQHUQ�RFK�DQVO|WV�SDUDOOHOOW�PHG�IMlUUYlUPHNUHWVHQ�RFK�I|UVnJV�
PHG�HQ�H[WUD�SXPS�I|U�DWW�HM�VW|UD�IO|GHW�L�IMlUUYlUPHNUHWVHQ��

������ ,QVWDOODWLRQ�DY�7:&�L�WXEHUQD�

7XUEXODWRUHUQD�WRJV�ERUW�RFK�LVWlOOHW�LQVWDOOHUDGHV�NXWVDU�EHVWnHQGH�DY�ILQPDVNLJW�QlW��
7:&��.XWVDUQD�VN|WV�LQ�IUDPLIUnQ�WLOO�OlPSOLJW�VWlOOH�RFK�I|UDQNUDGHV��VH�)LJXU�����RFK�
)LJXU��������
�

� �
)LJXU�����7:&�QlW�I|UH�LQVWDOODWLRQ�� )LJXU�����.XWVDUQD�VNMXWV�LQ�L�SDQQDQV�

WXEHU�RFK�I|UDQNUDV��

������ ,QVWDOODWLRQ�DY�R[LGDWLRQVNDWDO\VDWRU��

9LG�I|UEUlQQLQJ�PHG�OnJW�OXIW|YHUVNRWW��λ≈�����NRPPHU�GHW�DWW�ELOGDV�PHU�&2�lQ�YLG�
QRUPDO�GULIW�� ,QQDQ�U|NJDVHQ�JnU� WLOO� VNRUVWHQHQ�VNDOO�&2�KDOWHQ�PLQVNDV�YLONHW�J|UV�
JHQRP� DWW� WLOOVlWWD� HQ� PLQGUH� OXIWPlQJG� I|UH� R[LGDWLRQVNDWDO\VDWRUQ��
2[LGDWLRQVNDWDO\VDWRUQ� lU� L� SULQFLS� HWW� QlW� VRP� LQVWDOOHUDGHV� L� U|NU|UHW� HIWHU�SDQQDQ��
(WW� Q\WW� U|U� LQVWDOOHUDGHV�PHOODQ� SDQQD� RFK� VNRUVWHQ� (Q�PLQGUH� K|JWU\FNVIOlNW�PHG�
NDQDOHU�RFK�G\VRU�LQVWDOOHUDGHV�I|U�GHQQD�OXIW���

������ bQGULQJ�RFK�LQVWDOODWLRQ�DY�EUlQQDUUHJOHULQJ�

%HILQWOLJ� EUlQQDUUHJOHULQJ� OXIWVSMlOO� RFK� EUlQVOHYHQWLO� PHNDQLVNW� KRSNRSSODGH� PHG�
OlQNDUPDU� RFK� NXUYVHJPHQW� I|U� DWW� HUKnOOD� UlWW� OXIW�EUlQVOHNYRW� |YHU� ODVWRPUnGHW��
/lQNDUPDUQD� lU� � NRSSODG� WLOO� HWW� HOHNWULVNW� VWlOOGRQ� VRP� YLD� � UHJXODWRU� VW\U�
EUlQQDUODVWHQ��
�
�
�
�



� ��

������ cWJlUGHU�I|U�7:&�

)|U� DWW� HUKnOOD� I|UXWVlWWQLQJHQ� λ �� MXVWHUDGHV� NXUYVHJPHQWHQ� Sn� OXIWVSMlOO� RFK�
EUlQVOHYHQWLO��%UlQQDUHQ�PRGLILHUDGHV�PHG�OXIWVSMlOO�PHG�VWlOOPRWRU�I|U�UHJOHULQJ�DY�
2��KDOWHQ� RFK� Sn� JDVEUlQVOHVLGDQ� LQVWDOOHUDGHV� VPn� PDJQHWYHQWLOHU� PHG�
VlNHUKHWVDYVWlQJQLQJVIXQNWLRQ� RFK� ILQUHJOHULQJ� DY� 2��KDOWHQ�� %UlQQDUODVWHQ�
UHJOHUDGHV�Sn�PRWVYDUDQGH�VlWW�VRP�I|UH�PRGLILHULQJHQ��

������ 6lNHUKHWVDVSHNWHU�

• %HILQWOLJ�VW\UQLQJ�RFK�HOGQLQJVUHOl�I|U�EUlQQDUHQ�PRGLILHUDGHV�Vn�DWW�2��OXIWVSMlOOHW�
DOOWLG� lU� IXOOW� |SSHW� XQGHU� YlGULQJV�� RFK� VWDUWI|UORSSHW�� )LQUHJOHUYHQWLOHU� I|U�
JDVEUlQVOH� VNDOO� YDUD� VWlQJGD� RFK� EORFNHUDGH� XQGHU� KHOD� VWDUWI|UORSSHW�� 1lU�
EUlQQDUHQ�lU�L�GULIW�RFK�EULQQHU�PHG�VWDGLJ�OnJD�Sn�PLQODVW�VNHU�IULJLYQLQJ�DY�2��
OXIWVSMlOOHW� RFK� ILQUHJOHULQJVYHQWLOHQ� I|U� JDVEUlQVOH��9LG� VWRSS� RFK� DNWLYHULQJ� DY�
VlNHUKHWVIXQNWLRQHU�VNHU�VQDEEVWlQJQLQJ�DY�JDVWLOOI|UVHOQ��

• &2�YDUQDUH�PHG�WYn�JUlQVYlUGHVQLYnHU��VRP�YLG�QLYn���JHU�ODUP�RFK�QLYn���VWRSSDU�
SDQQGULIWHQ��

������ ,QVWDOODWLRQ�DY�PlWXWUXVWQLQJ��

)|OMDQGH�PlWXWUXVWQLQJ�LQVWDOOHUDGHV�
�
• /DPEGD�VRQGHU�I|U�2��DQDO\V��
• 7HPSHUDWXUPlWQLQJ��WHUPRHOHPHQW��
• 7U\FNPlWQLQJ�
• 12�PlWQLQJDU�
• &2�PlWQLQJ�
• /DVWPlWQLQJ�
�
�



� ��

�� 7(.1,6.$�352%/(0�2&+�5(68/7$7�
�
'HVVYlUUH�XSSVWRG�SUREOHP�XQGHU�GULIWVlWWQLQJHQ�YLONHW�JMRUGH�DWW�V\IWHW�PHG�I|UV|NHQ�
LQWH�NXQGH�XSSI\OODV�RFK�DWW�GH�ILFN�DYEU\WDV�L�I|UWLG��'H�I|UVWD�SUREOHPHQ�XWJMRUGHV�
DY� DWW� GHW� YDU� VYnUW� DWW� Qn� GHQ� VW|NLRPHWULVND� SXQNWHQ�� 'HWWD� nWJlUGDGHV� JHQRP� DWW�
NXUYVNLYRU�L�EUlQQDUHUHJOHULQJHQ�ILFN�PRGLILHUDV�\WWHUOLJDUH��
�
(IWHU� PRGLILHULQJ� YDU� GHW� P|MOLJW� DWW� Qn� VW|NLRPHWULVN� HOGQLQJ�� 9LG� GHQQD� SXQNW�
HUK|OOV� NUDIWLJ� VRWELOGQLQJ� VRP� JMRUGH� DWW� NDWDO\VDWRUQ� VDWWH� LJHQ� RFK� ILFN� WDV� XW� I|U�
UHQJ|ULQJ��)|UIDUDQGHW�XSSUHSDGHV�HIWHU�NDWDO\VDWRUUHQJ|ULQJ��'HW�JLFN�LQWH�YLG�QnJRW�
WLOOIlOOH�DWW�HWDEOHUD�HQ�VRWIUL�VW|NLRPHWULVN�GULIW�YLONHW�lU�HQ�I|UXWVlWWQLQJ�I|U�DWW�12[�
UHGXNWLRQHQ�VNDOO�IXQJHUD��
�
���� 879b5'(5,1*�$9�6271,1*6%(1b*(1+(7�)g5�(1�02'(51�

%5b11$5(�9,'�67g.,20(75,6.�'5,)7�
�
%UlQQDUHQ��PRGLILHUDG�:HLVKDXSW�*����VRP�KDU�DQYlQWV�L�I|UV|NHW�KRV�6<6$9�lU�HM�
DQYlQGEDU�LQRP�3DQQR[�7:&�S�J�D��VRWELOGQLQJ�RFK�K|J�&2�ELOGQLQJ�UHGDQ�YLG�����
�����2��EHURHQGH�Sn�ODVW���
�
/$67�������N:�
� )|UV|N��� )|UV|N��� )|UV|N���
2�� ����� ��������� ���������
&2� a����SSP� ����������SSP� a�����SSP�
12[� ���SSP� ���SSP� ���SSP�
6RW
� �� VNDOD����� ��
5|NJDVWHPSHUDWXU� ����&� ����&� ����&�
�

/$67�������N:�
� )|UV|N��� � �
2�� ����� � �
&2� !�����SSP� � �
12[� ���SSP� � �
6RW
� VNDOD��� � �
5|NJDVWHPSHUDWXU� ���&� � �
�
/$67������N:�
� )|UV|N��� )|UV|N��� �
2�� ����� ����� �
&2� a�����SSP� !�����SSP� �
12[� ���SSP� ������SSP� �
6RW
� �� VNDOD��� �
5|NJDVWHPSHUDWXU� ���&� ���&� �
�
.RPPHQWDUHU��
12[�KDOWHQ�YDU�DOOWLG�VWDELO��
&2�KDOWHQ�YDU�P\FNHW�LQVWDELO�RFK�GULYDQGH��

�������������������������������������������������

�6RWVNDODQ�OLJJHU�PHOODQ������
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�� 7(.1,6.� 2&+� (.2120,6.� 879b5'(5,1*� $9�
7(.1,.(1�

�
�
(WW�VWRUW�RFK�RURDQGH�SUREOHP�PHG�WHNQLNHQ�lU�DWW�PHG�VnYlO�lOGUH�VRP�Q\DUH�EUlQQDUH�
VNHU� HQ� YLVV� VRWELOGQLQJ� VRP� JHU� EHOlJJQLQJHQ� Sn� NDWDO\VDWRUQ�� 9LG� I|UV|NHQ� L�
7RIWlQJHQ� YDU� GHVVD� VSHFLHOOW� VYnUD� RFK� RP|MOLJJMRUGH� NRQWLQXHUOLJ� GULIW� YLG� |QVNDG�
GULIWSXQNW�� 9LG� GULIW� YLG� OnJD� V\UHKDOWHU� �������PHGI|UGH� GHQQD� VWRIWEHOlJJQLQJ� HQ�
OnQJVDP� |NQLQJ� DY� WU\FNIDOOHW� |YHU� NDWDO\VDWRUQ�� 1lU� V\UHKDOWHQ� VlQNWHV� \WWHUOLJDUH�
|NDGH� KDVWLJKHWHQ� PHG� YLONHQ� WU\FNIDOOHW� |NDGH�� RFK� VW|NLRPHWULVN� GULIW� YDU� P|MOLJ�
HQGDVW� XQGHU� HWW� WLRWDO� PLQXWHU�� 9LG� nWHUJnQJ� WLOO� ³QRUPDO³� |YHUVW|NLRPHWULVN� GULIW�
VM|QN� WU\FNIDOOHW� UHODWLYW� VQDEEW� I|U� DWW� HIWHU� QnJRQ� WLPPH� nWHUJn� WLOO� XUVSUXQJOLJW�
WU\FNIDOO��
�
9LG�I|UV|N�L�GHQ�I|UVWD�LQVWDOODWLRQHQ�YDU�GHW�P|MOLJW�DWW�XQGHU�QnJRQ�WLPPH�ELEHKnOOD�
VW|NLRPHWULVN� GULIW� XWDQ� DWW� DODUPHUDQGH� WU\FN|NQLQJ� VNHGGH��'HQ� WU\FNIDOOVPlWQLQJ�
VRP� JMRUGHV� YDU� HPHOOHUWLG� |YHU� KHOD� SDQQDQ� RFK� GHW� lU� LQWH� VlNHUW� DWW� HQ� PLQGUH�
WU\FNIDOOV|NQLQJ�|YHU�NDWDO\VDWRUQ�NXQQDW�REVHUYHUDV��8QGHU�GHVVD�I|UV|N�JMRUGHV�LQWH�
KHOOHU�QnJUD�PlWQLQJDU�Sn�VWRIWKDOWHQ�HIWHU�SDQQDQ��0DQ�NDQ�DOOWVn� IUnQ�GHVVD� I|UV|N�
LQWH�GUD�VOXWVDWVHQ�DWW�WHNQLNHQ�L�GHQQD�SDQQD�VNXOOH�IXQJHUD�YLG�NRQWLQXHUOLJ�GULIW��
�
'HW�lU�HPHOOHUWLG�YnU�XSSIDWWQLQJ�DWW�RYDQVWnHQGH�WHNQLVND�SUREOHP�lU�IXOOW�P|MOLJD�DWW�
O|VD�lYHQ�RP�GHW� LQRP�UDPHQ�I|U�GHWWD�SURMHNW� LQWH� IDQQV�UHVXUVHU� WLOO�DWW�J|UD�GHWWD��
2PE\JJQDGHQ� DY� 7RIWlQJHQ� EOHY� UHODWLYW� NRVWVDP� RFK� GHW� lU� YnU� XSSIDWWQLQJ� DWW�
WHNQLNHQ�� lYHQ� RP� VRWSUREOHPHQ� O|VHV�� LQWH� NRPPHU� DWW� EOL� NRQNXUUHQVNUDIWLJ� YLG�
RPE\JJQDGHU�DY�EHILQWOLJD�SDQQRU��
�
'lUHPRW� KDU� WHNQLNHQ� HQ� NODU� P|MOLJKHW� DWW� NODUD� 12[�KDOWHU� Sn� HQGDVW� QnJUD� SSP�
YLONHW� HIWHUIUnJDV� L� YLVVD� KnUW� EHODVWDGH� UHJLRQHU� VRP� .DOLIRUQLHQ�� 0HG� ULPOLJW�
XWYHFNOLQJVDUEHWH� ERUGH� GHW� YDUD� P|MOLJW� DWW� NODUD� HQ� LQWHJUHULQJ� DY� NDWDO\VDWRUQ� L�
SDQQDQ� XWDQ� DOOW� I|U� VWRUD�PHUNRVWQDGHU��0lQJGHQ� NDWDO\VDWRU� VRP� EHK|YV� I|U� ����
12[�UHGXNWLRQ�RFK�GHVV�NRVWQDG�XSSVNDWWDV�I|U�HQ�����0:WK�DQOlJJQLQJ�WLOO��
�
.DWDO\VDWRU� .DWDO\VDWRU\WD� .RVWQDG�
12[�UHG��7:&�� ���P�� 6(.��������
2[LGDWLRQV� ���P�� 6(.��������
�
�
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�� $1'5$� 7(.1,.(5� )g5� 12;�5('8.7,21� ,�
*$63$1125��

�
'HW�ILQQV�LGDJ�WYn�HWDEOHUDGH�WHNQLNHU�I|U�DWW�Qn�OnJD�12[�YlUGHQ��'HQ�YDQOLJDVWH�RFK�
LGDJ� I|UKlUVNDQGH� WHNQLNHQ� lU� DWW� DQYlQGD� OnJ�12[� EUlQQDUH�PHG�YLOND�PDQ�NDQ�Qn�
������PJ�0-��2P�NUDYHQ�LQWH�lU�K|JUH�lQ�GHWWD�NDQ�LQWH�7:&�NRQFHSWHW�NRQNXUUHUD�
SULVPlVVLJW�YDUH�VLJ�Sn�Q\LQVWDOODWLRQ�HOOHU�YLG�HIWHULQVWDOODWLRQ��(Q�HIWHULQVWDOODWLRQ� L�
7RIWlQJHQ�DY�HQ�PRGHUQ�OnJ�12[�EUlQQDUH�VNXOOH�HQOLJW�RIIHUW�IUnQ�'XQSK\�NRVWD�FD�
6(.����������
�
2P�GlUHPRW�NUDYHQ�VNlUSV�WLOO�XQGHU����PJ�0-�JnU�LQWH�GHWWD�DWW�HUKnOOD�PHG�HQ�OnJ�
12[� EUlQQDUH�� 'HQ� LGDJ� HWDEOHUDGH� WHNQLNHQ� I|U� Qn� GHVVD� YlUGHQ� lU� 65&� �6HOHFWLY�
&DWDO\WLF� 5HGXFWLRQ�� >�@�� 'HQQD� WHNQLN� NUlYHU� GHOV� HQ� NDWDO\VDWRU� RFK� GHOV� HQ�
LQMHNWLRQVV\VWHP�I|U�DPPRQLDN��.RVWQDGHQ� I|U�HIWHULQVWDOODWLRQ�Sn�DQOlJJQLQJ�Sn����
0:WK�XSSVNDWWDV�WLOO�|YHU���06(.��
�
�



� ���

�� 6/876$76(5�
�
'H�LGDJ�HWDEOHUDGH�WHNQLNHUQD�VHU�XW�DWW�L�VnYlO�Q\LQVWDOODWLRQ�VRP�YLG�HIWHULQVWDOODWLRQ�
YDUD� HWW�PHU� NRQNXUUHQVYlUGLJW� DOWHUQDWLY� lQ�PHG� WUHYlJVNDWDO\V� Vn� OlQJH� ODJNUDYHQ�
I|U�12[�XWVOlSS�OLJJHU�NULQJ����PJ�0-��2P�PDQ�L�IUDPWLGHQ�VNXOOH�In�NUDY�Sn�VLJ�DWW�
UHGXFHUD�12[�XWVOlSSHQ�WLOO�QLYnHU�NULQJ���PJ�0-�EOLU�GHWWD�VYnUW�DWW�Qn�PHG�OnJ�12[�
EUlQQDUH��,�Vn�IDOO�nWHUVWnU�DWW�DQWLQJHQ�WLOOJULSD�6&5�HOOHU�WHNQLNHQ�EHVNULYHQ�L�GHQQD�
UDSSRUW��,�Q\LQVWDOODWLRQ�ERUGH�L�Vn�IDOO�WUHYlJVNDWDO\V�NXQQD�NRQNXUUHUD��
�
2P�PDQ� L� IUDPWLGHQ�VNXOOH�Jn�YLGDUH�PHG� WHNQLNHQ�PnVWH�GHWWD�J|UDV� L�HWW�PHU�QlUD�
VDPDUEHWH�PHOODQ�HQ�NDWDO\VDWRUWLOOYHUNDUH�RFK�HQ�EUlQQDUWLOOYHUNDUH�lQ�YDG�VRP�YDU�
IDOOHW�L�GHWWD�SURMHNW��
�
�



� ���

�� /,77(5$785�
�
��� +HFN��)DXURXWR�³&DWDO\WLF�$LU�3ROOXWLRQ�&RQWURO´��
��� )�$��6LOYHUVDQG�³8WYHFNOLQJ�DY�NDWDO\WLVN�UHQLQJ�DY�DYJDVHU�IUnQ�EHILQWOLJ�SDQQD´��

6*&�UDSSRUW������
��� )�$�� 6LOYHUVDQG� ³(YDOXDWLRQ� RI� WKUHH�ZD\�FDWDO\VLV� IRU� 12[�DEDWHPHQW� LQ� ODUJH�

JDV�ILUHG�DSSOLDQFHV´�6*&�UDSSRUW������
�
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