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RI� WKH� VXEVWDQWLDO� RSSRUWXQLWLHV� IRU� UHGXFLQJ� HQHUJ\�
FRQVXPSWLRQ� DQG� *+*� HPLVVLRQV� LQ� &DQDGD¶V�
UHVLGHQWLDO� VHFWRU�� 7KHUHIRUH�� D� FRPSUHKHQVLYH�
UHVHDUFK� ZRUN� ZDV� FRQGXFWHG� WR� DVVHVV� WKH� WHFKQR�
HFRQRPLF� LPSDFW� RI� D� YDULHW\� RI� VRODU� HQHUJ\�
WHFKQRORJ\� UHWURILWV� RQ� WKH� HQG�XVH� HQHUJ\�
FRQVXPSWLRQ� DQG� *+*� HPLVVLRQV� RI� WKH� &DQDGLDQ�
KRXVLQJ�VWRFN��1LNRRIDUG����������
'XH�WR�WKH�ZLGH�UDQJH�RI�VRODU�WHFKQRORJLHV�DYDLODEOH��
DV� ZHOO� DV� WKH� VXEVWDQWLDO� UHJLRQDO� GLIIHUHQFHV� LQ�
FOLPDWH�� SULPDU\� IXHO� DYDLODELOLW\�� IXHOV� XVHG� LQ�
HOHFWULFDO� JHQHUDWLRQ�� DV� ZHOO� DV� WKH� FRQVWUXFWLRQ��
KHDWLQJ�FRROLQJ� HTXLSPHQW� DQG� DSSOLDQFH�
FKDUDFWHULVWLFV��WKH�VXLWDELOLW\�DQG�IHDVLELOLW\�RI�SROLF\�
WRROV� DQG� VWUDWHJLHV� WKDW� LQYROYH� VRODU� WHFKQRORJLHV�
GLIIHU�GUDPDWLFDOO\� LQ�&DQDGD�IURP�UHJLRQ� WR�UHJLRQ��
7KHUHIRUH�� WKLV� VWXG\� ZDV� FRQGXFWHG� XVLQJ� WKH�
&DQDGLDQ� +\EULG� 5HVLGHQWLDO� (QG�XVH� (QHUJ\� DQG�
(PLVVLRQ�PRGHO��&+5(0���6ZDQ��HW�DO��������6ZDQ��
������ 6ZDQ�� HW� DO�� ������� ,Q� WKLV� SDSHU�� WKH�
WHFKQRHFRQRPLF�DQDO\VLV�IRU�9HQHWLDQ�EOLQGV��9%��LV�
SUHVHQWHG�� &RPSOHWH� GRFXPHQWDWLRQ� RI� WKH� HQWLUH�
VWXG\�LV�JLYHQ�LQ�1LNRRIDUG���������

Overview of CHREM 
&+5(0� LV� VWDWLVWLFDOO\� UHSUHVHQWDWLYH� RI� WKH�
&DQDGLDQ� KRXVLQJ� VWRFN� �&+6��� ,W� LV� EDVHG� RQ� WKH�
&DQDGLDQ� 6LQJOH�'HWDFKHG� DQG� 'RXEOH�5RZ�
'DWDEDVH� �&6''5'�� �6ZDQ�� HW� DO��� ������ 6ZDQ��
������� DQG� XWLOL]HV� WKH� KLJK� UHVROXWLRQ� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ� SURJUDP� (63�U� �(658�� ������ DV�
LWV�VLPXODWLRQ�HQJLQH��&6''5'�ZDV�GHYHORSHG�XVLQJ�
WKH� ODWHVW� GDWD� DYDLODEOH� IURP� WKH� (QHU*XLGH� IRU�
+RXVHV�GDWDEDVH��6WDWLVWLFV�&DQDGD�KRXVLQJ�VXUYH\V��
DQG�RWKHU�DYDLODEOH�KRXVLQJ�GDWDEDVHV�DQG�FRQVLVWV�RI�
FORVH� WR� ������� KRXVHV� UHSUHVHQWDWLYH� RI� WKH� &+6��
&+5(0� FRQVLVWV� RI� VL[� FRPSRQHQWV� WKDW� ZRUN�
WRJHWKHU�WR�SURYLGH�SUHGLFWLRQV�RI�WKH�HQG�XVH�HQHUJ\�
FRQVXPSWLRQ� DQG�*+*�HPLVVLRQ� RI� WKH�&+6��7KHVH�
FRPSRQHQWV� DUH� �6ZDQ�� HW� DO�� ������ 6ZDQ�� ������
6ZDQ��HW�DO��������)DUKDW�DQG�8JXUVDO���������
 7KH� &DQDGLDQ� 6LQJOH�'HWDFKHG� 	� 'RXEOH�5RZ�

+RXVLQJ�'DWDEDVH��&6''5'���
 $� QHXUDO� QHWZRUN� PRGHO� RI� WKH� DSSOLDQFHV� DQG�

OLJKWLQJ� �$/�� DQG� GRPHVWLF� KRW� ZDWHU� �'+:��
HQHUJ\�FRQVXPSWLRQ�RI�&DQDGLDQ�KRXVHKROGV��
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 $�VHW�RI�$/�DQG�'+:�ORDG�SURILOHV�UHSUHVHQWLQJ�
WKH�XVDJH�SURILOHV�LQ�&DQDGLDQ�KRXVHKROGV��

 $� KLJK�UHVROXWLRQ� EXLOGLQJ� HQHUJ\� VLPXODWLRQ�
VRIWZDUH� �(63�U�� WKDW� LV� FDSDEOH� RI� DFFXUDWHO\�
SUHGLFWLQJ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�HDFK�KRXVH�
ILOH�LQ�&6''5'��

 $� PRGHO� WR� HVWLPDWH� *+*� HPLVVLRQV� IURP�
PDUJLQDO� HOHFWULFLW\� JHQHUDWLRQ� LQ� HDFK� SURYLQFH�
RI�&DQDGD�DQG�IRU�HDFK�PRQWK�RI�WKH�\HDU��

 $�PRGHO� WR� HVWLPDWH�*+*�HPLVVLRQV� IURP� IRVVLO�
IXHOV�FRQVXPHG�LQ�KRXVHKROGV��

7KH� PHWKRGRORJ\� WKDW� LV� XVHG� LQ� FDUU\LQJ� RXW� WKLV�
UHVHDUFK�LV�GHSLFWHG�LQ�)LJXUH����

Solar technologies suitable for the Canadian 
residential sector 
,Q�UHVLGHQWLDO�EXLOGLQJV��VRODU�HQHUJ\�LV�FXUUHQWO\�XVHG�
IRU� ZDWHU� DQG� VSDFH� KHDWLQJ�� VSDFH� FRROLQJ� DQG�
JHQHUDWLQJ� HOHFWULFLW\�� 7KHUH� DUH� D� YDULHW\� RI�
WHFKQRORJLHV� DYDLODEOH� IRU� VRODU� WKHUPDO� DQG� SRZHU�
JHQHUDWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU� VXFK� DV� VRODU�
FROOHFWRUV�� SKRWRYROWDLF� FHOOV� DQG� WKHUPDO� PDVV�� DV�
VXPPDUL]HG�LQ�7DEOH����6LQFH�WKH�JRDO�RI�WKH�SURMHFW�
ZDV� VWXG\LQJ� WKH� LPSDFW� RI� DGRSWLQJ� VRODU�
WHFKQRORJLHV� RQ� WKH� HQHUJ\� FRQVXPSWLRQ� DQG� *+*�
HPLVVLRQV� LQ� WKH� &+6�� DV� ZHOO� DV� WKHLU� FRVW�
HIIHFWLYHQHVV�� ILUVW� WKH� VRODU� WHFKQRORJLHV� WKDW� DUH�
SRWHQWLDOO\�IHDVLEOH�ZLWKLQ�WKH�&DQDGLDQ�FRQWH[W�ZHUH�
LGHQWLILHG� WKURXJK�D�FRPSUHKHQVLYH� OLWHUDWXUH� UHYLHZ�
RQ� WKH� SHUIRUPDQFH� DQG� IHDVLELOLW\� RI� VRODU�
WHFKQRORJLHV�� %DVHG� RQ� WKH� ILQGLQJV� RI� WKLV� UHYLHZ��
WKH� IROORZLQJ� VHW� RI� VRODU� WHFKQRORJLHV� ZHUH�
LGHQWLILHG�WR�EH�HYDOXDWHG�LQ�GHWDLO��1LNRRIDUG���������
�� :DWHU�KHDWLQJ�XVLQJ�IODW�SODWH�VRODU�FROOHFWRU�ZLWK�
IRUFHG�FLUFXODWLRQ��

�� 'LUHFW� JDLQ� SDVVLYH� VRODU� VSDFH� KHDWLQJ� ZLWK�
ZLQGRZ�DUHD�DQG�W\SH�UHWURILWV��

�� 'LUHFW� JDLQ� SDVVLYH� VRODU� VSDFH� KHDWLQJ� ZLWK�
LQWHUQDO�� H[WHUQDO� DQG� EHWZHHQ� JOD]LQJ� 9HQHWLDQ�
EOLQGV��

�� 'LUHFW�JDLQ�SDVVLYH�VRODU�VSDFH�KHDWLQJ�ZLWK�SKDVH�
FKDQJH�PDWHULDOV��

�� 3KRWRYROWDLFV�IRU�HOHFWULFLW\�JHQHUDWLRQ��
�� %XLOGLQJ� LQWHJUDWHG� SKRWRYROWDLFV� IRU� HOHFWULFLW\�
JHQHUDWLRQ�DQG�VSDFH�KHDWLQJ��

0(7+2'2/2*<�
7KH�PHWKRGRORJ\� WKDW�ZDV� XVHG� LQ� FDUU\LQJ� RXW� WKLV�
UHVHDUFK� LV� GHSLFWHG� LQ� )LJXUH���� DQG� FRQVLVWV� RI� WKH�
IROORZLQJ�VWHSV��
1) Model development/adaption for solar 
technologies:�(63�U�FRQWDLQV�PRGHOV�IRU�PRVW�RI�WKH�
VRODU� WHFKQRORJLHV� VWXGLHG�� )RU� WKRVH� WHFKQRORJLHV�
WKDW� WKHUH� LV� QR� PRGHO� LQ� (63�U�� PRGHOV� ZHUH�
GHYHORSHG�XVLQJ�WKH�H[LVWLQJ�IHDWXUHV�DQG�FRPSRQHQW�
PRGHOV� LQ�(63�U��$�GHWDLOHG�UHYLHZ�RI� WKH�PRGHOLQJ�
WHFKQLTXH�XVHG� IRU�HDFK�VHOHFWHG� VRODU� WHFKQRORJ\� LV�
SUHVHQWHG�LQ�1LNRRIDUG����������

2) Parametric study:� %HIRUH� DSSO\LQJ� HDFK� VHOHFWHG�
VRODU�WHFKQRORJ\�XSJUDGH�VFHQDULR�WR�WKH�&+5(0��D�
SDUDPHWULF� VWXG\� ZDV� FDUULHG� RXW� WR� GHWHUPLQH� WKH�
VSHFLILF�YDULDEOHV�ZKLFK�KDYH�VLJQLILFDQW�HIIHFW�RQ�WKH�
HQHUJ\� SHUIRUPDQFH� RI� WKH� XSJUDGH��+RZHYHU�� VRPH�
XSJUDGHV� GLG� QRW� UHTXLUH� D� SDUDPHWULF� VWXG\� GXH� WR�
WHFKQRORJ\� FRPSOLFDWLRQ�� H[LVWLQJ� VWDQGDUGV� DQG�
SUHYLRXV�VWXGLHV�RQ�WKHLU�SHUIRUPDQFH��
�

Table 1 Solar technologies for houses 
�

�� 6RODU�ZDWHU�KHDWLQJ��
D� 8VLQJ�IODW�SODWH�FROOHFWRU�

L� 7KHUPRV\SKRQ�
LL� $FWLYH�

E� 8VLQJ�HYDFXDWHG�WXEH�
L� 7KHUPRV\SKRQ��
LL� $FWLYH�

�� 6RODU�VSDFH�KHDWLQJ��
D� 3DVVLYH�

L� 'LUHFW�JDLQ�V\VWHPV�
�� &KDQJLQJ�ZLQGRZV�DUHD�
�� &KDQJLQJ�ZLQGRZV�W\SH�
�� 6KDGLQJ�GHYLFHV�

D� ,QWHUQDO���H[WHUQDO�DQG�EHWZHHQ�WKH�
JOD]LQJ�9HQHWLDQ�EOLQG�VKDGLQJ�

E� )L[HG�H[WHUQDO�VKDGLQJ��RYHUKDQJ��
LL� ,QGLUHFW�JDLQ�
�� 7URPEH�ZDOO�
�� 7KHUPDO�GLVWULEXWHG�PDVV�
�� 3KDVH�&KDQJH�0DWHULDOV��3&0��

LLL� ,VRODWHG�JDLQ�
�� 6XQVSDFH�

E� $FWLYH�
L� $FWLYH�VRODU�VSDFH�KHDWLQJ�
�� /LTXLG�EDVHG�

D� )ODW�SODWH�FROOHFWRU�
E� (YDFXDWHG�WXEH�
F� &RQFHQWUDWLQJ�FROOHFWRU�

�� $LU�EDVHG�
LL� &RQWUROOHG� LQWHUQDO� DQG� H[WHUQDO�

VKDGLQJ�GHYLFHV��

�� 6RODU�6SDFH�&RROLQJ�
D� 7KHUPDOO\�DFWLYDWHG�FRROLQJ�V\VWHPV��7$&6��

L� 6RODU�DEVRUSWLRQ�FRROLQJ�V\VWHP�
LL� 6RODU�GHVLFFDQW�WHFKQRORJ\�

�� 3KRWRYROWDLFV��
D� 39�HOHFWULFLW\�JHQHUDWLRQ�
E� 3KRWRYROWDLF�WKHUPDO��39�7��V\VWHP��

L� %XLOGLQJ� ,QWHJUDWHG� SKRWRYROWDLF�
WKHUPDO��%,39�7��V\VWHP�

�

7R� FRQGXFW� WKH� SDUDPHWULF� VWXG\�� D� RQH�VWRUH\�
GHWDFKHG�KRXVH�FRPPRQO\�IRXQG�LQ�&DQDGD�ZDV�XVHG�
DV� WKH� ³FDVH� VWXG\� KRXVH´��ZKLFK�ZDV� ILUVW�PRGHOHG�
DQG� VLPXODWHG� ZLWKRXW� DQ\� XSJUDGH� WR� SURYLGH� WKH�
³EDVH� FDVH´� HQHUJ\� UHTXLUHPHQW�� 7KHQ�� WKH� XSJUDGH�
ZDV� DGGHG� WR� WKH�PRGHO� DQG� D� VHULHV� RI� VLPXODWLRQV�
ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�HQHUJ\�SHUIRUPDQFH�
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RI� WKH� XSJUDGH� ZLWK� D� YDULHW\� RI� SDUDPHWHUV��
7KHUHIRUH�� WKH� SDUDPHWHUV� WKDW� UHVXOWHG� LQ� D� EHWWHU�
HQHUJ\�SHUIRUPDQFH�RI�WKH�KRXVH�ZHUH�VHOHFWHG�WR�EH�
FRQVLGHUHG�LQ�EDWFK�VLPXODWLRQ�RI�WKH�&+6��
3) Estimation of the annual energy savings and the 
reduction in GHG emissions:�%DVHG�RQ�WKH�UHVXOWV�RI�
WKH� SDUDPHWULF� VWXG\� IRU� HDFK� VRODU� WHFKQRORJ\�� WKH�
FULWLFDO� SDUDPHWHUV� ZHUH� GHWHUPLQHG� DQG� DSSOLHG� WR�
&+5(0�DQG�WKH�UHVXOWLQJ�DQQXDO�KHDWLQJ�DQG�FRROLQJ�
HQHUJ\� FRQVXPSWLRQ� YDOXHV�ZHUH� FRPSDUHG�ZLWK� WKH�
EDVH�FDVH�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�FRQVXPSWLRQ�WR�
GHWHUPLQH�WKH�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�VDYLQJV�GXH�
WR� WKH� UHWURILW��6LPLODUO\�� WKH� DQQXDO�*+*�HPLVVLRQV�
ZLWK� HDFK� VRODU� WHFKQRORJ\� ZHUH� FRPSDUHG� WR� WKH�
EDVH� FDVH� *+*� HPLVVLRQV� WR� GHWHUPLQH� WKH� *+*�
HPLVVLRQ� UHGXFWLRQ� GXH� WR� HDFK� VRODU� WHFKQRORJ\�
UHWURILW��
7R� GHWHUPLQH� WKH� DQQXDO� HQHUJ\� VDYLQJV� DQG� WKH�
UHGXFWLRQ� LQ� *+*� HPLVVLRQV� DVVRFLDWHG� ZLWK� HDFK�
VRODU� WHFKQRORJ\� UHWURILW� VFHQDULR�� ILUVW� WKH� KRXVHV�
WKDW� FRXOG� UHFHLYH� WKH� UHWURILW� ZHUH� LGHQWLILHG� E\�
VFUHHQLQJ� WKH� KRXVHV� LQ� WKH� &6''5'�� 7KHQ� WKRVH�
KRXVH� ILOHV�ZHUH�PRGLILHG� WR� UHIOHFW� WKH� UHWURILW�� DQG�
EDWFK� VLPXODWLRQ� ZDV� FRQGXFWHG�� 7KXV�� WKH� DQQXDO�
HQHUJ\� VDYLQJV� DVVRFLDWHG� ZLWK� WKH� UHWURILW� LV�
GHWHUPLQHG� E\� VXEWUDFWLQJ� WKH� HQHUJ\� FRQVXPSWLRQ�
ZLWK� WKH� UHWURILW� IURP� WKH� EDVH� FDVH� HQHUJ\�
FRQVXPSWLRQ���
2QFH�WKH�DQQXDO�HQHUJ\�VDYLQJV�ZLWK�WKH�UHWURILW�ZDV�
GHWHUPLQHG�� WKH� *+*� HPLVVLRQ� UHGXFWLRQV� ZHUH�
FDOFXODWHG� EDVHG� RQ� WKH� IXHO� W\SH� XVHG� DW� HDFK�
GZHOOLQJ����7KHVH�HPLVVLRQV�LQFOXGH�WKRVH�GXH�WR�RQ�
VLWH� IXHO� FRPEXVWLRQ� DQG� WKH� HPLVVLRQV� GLUHFWO\�
DWWULEXWDEOH� WR� HOHFWULFLW\� SURGXFWLRQ�� LQFOXVLYH� RI�
WUDQVPLVVLRQ��
7KH� *+*� HPLVVLRQV� DUH� FDOFXODWHG� XVLQJ� WKH� *+*�
HPLVVLRQ�LQWHQVLW\�IDFWRU��(,)���ZKLFK�LV�WKH� OHYHO�RI�
&2�H�HPLWWHG�SHU�XQLW�LQSXW�HQHUJ\���7KH�*+*�(,)�LV�
D� IXQFWLRQ� RI� RQO\� WKH� W\SH� RI� IXHO� XVHG� DQG� WKH�
HIILFLHQF\� RI� WKH� HQHUJ\� FRQYHUVLRQ� GHYLFH� XVHG� IRU�
RQ�VLWH� IXHO� FRPEXVWLRQ�� +RZHYHU�� LQ� &DQDGD�� LW�
YDULHV� ZLWK� SURYLQFH� IRU� HOHFWULFLW\� JHQHUDWLRQ�
EHFDXVH� WKH� IXHO� PL[� XVHG� LQ� HDFK� SURYLQFH� LV�
GLIIHUHQW�� )XUWKHUPRUH�� WKH� IXHO� XVHG� IRU� EDVH� ORDG�
DQG� SHDN� �PDUJLQDO�� ORDG� SRZHU� SODQWV� DUH� DOVR�
GLIIHUHQW�� 7KHUHIRUH�� WKH� EDVH� FDVH� *+*� HPLVVLRQV�
GXH� WR� WKH� HOHFWULFLW\� FRQVXPSWLRQ� RI� WKH� &+6� DUH�
FDOFXODWHG� XVLQJ� WKH� DYHUDJH� *+*� (,)� RI� WKH�
UHJLRQDO� HOHFWULFLW\� JHQHUDWLRQ��ZKLOH� WKH� FKDQJHV� LQ�
*+*� HPLVVLRQV� GXH� WR� DQ� HQHUJ\� XSJUDGH� LV�
FDOFXODWHG� XVLQJ� WKH� PDUJLQDO� *+*� (,)� RI� WKH�
UHJLRQDO� HOHFWULFLW\� JHQHUDWLRQ�� 7KH� DYHUDJH� DQG�

�����������������������������������������������������������
��&2�H�LV�WKH��HTXLYDOHQW�&2���HPLVVLRQV�IURP�IRVVLO�
IXHO�FRPEXVWLRQ�FDOFXODWHG�E\�FRQYHUWLQJ�DOO�*+*�
HPLVVLRQV��VXFK�DV�&2�DQG�&+���WR�HTXLYDOHQW�&2��
HPLVVLRQV�WDNLQJ�LQWR�DFFRXQW�WKHLU�JOREDO�ZDUPLQJ�
SRWHQWLDOV��6ZDQ����������

PDUJLQDO� *+*� (,)V� IRU� GLIIHUHQW� SURYLQFHV� RI�
&DQDGD�DUH�JLYHQ�LQ�)DUKDW�DQG�8JXUVDO���������
4. Economic analysis based on tolerable capital cost:�
6LQFH� VRPH� RI� WKH� VRODU� WHFKQRORJLHV� FRQVLGHUHG� IRU�
UHWURILW�DUH�VWLOO�LQ�HDUO\�SKDVHV�RI�FRPPHUFLDOL]DWLRQ��
LW�LV�QRW�SRVVLEOH�WR�HVWLPDWH�UHDOLVWLF�WRWDO�LQYHVWPHQW�
FRVWV�� &RQVHTXHQWO\�� LW� LV� QRW� SRVVLEOH� WR� FRQGXFW� D�
FRQYHQWLRQDO�HFRQRPLF� IHDVLELOLW\� DQDO\VLV��7KXV��DQ�
DOWHUQDWLYH� DSSURDFK� WR� FRQYHQWLRQDO� HFRQRPLF�
IHDVLELOLW\� DQDO\VLV� ZDV� DGRSWHG� ZKLFK� LQYROYHV� WKH�
FDOFXODWLRQ� RI� ³WROHUDEOH� FDSLWDO� FRVW´� �7&&�� RI� WKH�
XSJUDGHV��7&&� LV� WKH�FDSLWDO�FRVW� WKDW�RQH� LV�DEOH� WR�
SD\�EDVHG�RQ�WKH�DQQXDO�VDYLQJV��WKH�QXPEHU�RI�\HDUV�
DOORZHG� IRU� SD\�EDFN�� DQG� WKH� HVWLPDWHG� DQQXDO�
LQWHUHVW� DQG� IXHO� FRVW� HVFDODWLRQ� UDWHV�� 7KXV�� WR�
HVWLPDWH� WKH� WROHUDEOH� FDSLWDO� FRVW� RI� DQ� HQHUJ\�
XSJUDGH�� � D� UHYHUVH� SD\EDFN� DQDO\VLV� LV� FRQGXFWHG�
�1LNRRIDUG��������1LNRRIDUG��HW�DO����������
)RU� HDFK� SURYLQFH�� IXHO� SULFHV� IRU� QDWXUDO� JDV��
UHVLGHQWLDO� KHDWLQJ� RLO�� HOHFWULFLW\� DQG� SURSDQH� ZHUH�
REWDLQHG� WR� FDOFXODWH� WKH� HQHUJ\� FRVW� VDYLQJV� GXH� WR�
UHWURILWV��7KH� LQWHUHVW� UDWHV�XVHG� LQ� WKH�DQDO\VLV�ZHUH�
EDVHG�RQ�WKH�%DQN�RI�&DQDGD�3ULPH�5DWH��ZKLFK�ZDV�
��� LQ� 6HSWHPEHU�� ������ 7KXV�� IRU� WKH� VHQVLWLYLW\�
DQDO\VLV�� LQWHUHVW� UDWHV� RI� ���� ��� DQG� ��� DUH� XVHG��
7KHVH� QXPEHUV�ZHUH� VHOHFWHG�EDVHG� RQ� WKH� UDQJH� RI�
FRQVXPHU� ORDQ� UDWHV�� 7KH� SUHGLFWHG� IXHO� FRVW�
HVFDODWLRQ� UDWHV� IRU� HDFK� IXHO� W\SH� ZHUH� H[WUDFWHG�
IURP�1DWLRQDO�(QHUJ\�%RDUG�RI�&DQDGD��1(%��������
DQG� (QHUJ\� (VFDODWLRQ� 5DWH� &DOFXODWRU� �:%'*��
������IRU�WKH�PHGLXP�UDWHV��7KHUHIRUH���D�VHW�RI�ORZ��
PHGLXP�DQG� KLJK� UDWHV�ZHUH� XVHG� LQ� WKH� DQDO\VLV� DV�
VKRZQ�LQ�7DEOH����
�

Table 2 Real fuel escalation type for each fuel type 
�

� /RZ����� 0HGLXP����� +LJK�����
(OHFWULFLW\� �� �� ���
1DWXUDO�JDV� �� �� ��
/LJKW�IXHO�RLO� �� ��� ���
3URSDQH� �� �� ��
0L[HG�ZRRG� �� �� ��
�

:KLOH�LW�LV�FHUWDLQ�WKDW�VRODU�WHFKQRORJ\�UHWURILWV�WR�D�
KRXVH� LQFUHDVHV� LWV� PDUNHW� YDOXH�� WKH� HVWLPDWLRQ� RI�
WKH� LQFUHDVH� LQ� PDUNHW� YDOXH� GXH� WR� UHWURILWV� LV� QRW�
VWUDLJKW�IRUZDUG�GXH�WR�D�QXPEHU�RI�UHDVRQV�LQFOXGLQJ�
EX\HU� SHUFHSWLRQ� DQG� VRSKLVWLFDWLRQ�� PDUNHW� IRUFHV��
DQG�HQHUJ\�SULFHV��'XH�WR�WKH�FRPSOH[�QDWXUH�RI�WKH�
LPSDFW� RI� XSJUDGHV� RQ� WKH�PDUNHW� YDOXH� RI� D� KRXVH�
WKLV� LVVXH� ZDV� QRW� FRQVLGHUHG�� 1HYHUWKHOHVV�� WKH�
UHDGHU� QHHGV� WR� EH� DZDUH� WKDW� LQ� DGGLWLRQ� WR� WKH�
UHGXFWLRQ� LQ� HQHUJ\� FRQVXPSWLRQ� DQG� *+*�
HPLVVLRQV�� SDUW� RI� WKH� HFRQRPLF� FRQVHTXHQFH� RI�
XSJUDGHV� LV� WKH� LQFUHDVH� LQ� WKH� PDUNHW� YDOXH� RI� D�
KRXVH��

02'(/,1*�2)�9(1(7,$1�%/,1'6�
:KLOH� D� UDQJH� RI� VRODU� WHFKQRORJLHV� ZHUH� HYDOXDWHG�
IRU� WKH�&+6�� LW� LV� QRW� SRVVLEOH� WR� SUHVHQW� WKH� UHVXOWV�
IRU� HYHU\� WHFKQRORJ\� LQ� WKLV� SDSHU� GXH� WR� VSDFH�
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FRQVWUDLQWV�� 7KHUHIRUH�� WKH� UHVXOWV� RI� WKH� FRPSRQHQW�
RI�WKH�ZRUN�RQ�9HQHWLDQ�EOLQGV��9%��DUH�VXPPDUL]HG�
KHUH�DV�DQ�H[DPSOH��'HWDLOHG�UHVXOWV�RI�WKH�HYDOXDWLRQ�
RI� DOO� VRODU� WHFKQRORJLHV� DUH� SUHVHQWHG� LQ�1LNRRIDUG�
������� 
7KH� ³&RPSOH[� )HQHVWUDWLRQ� &RQVWUXFWLRQ� �&)&��
PRGHO´� DGGHG� WR� (63�U� E\� /RPDQRZVNL� ������� LV�
XVHG� WR� PRGHO� WKH� SHUIRUPDQFH� RI� 9%�� 7KH� &)&�
PRGHO�HVWLPDWHV�WKH�HQHUJ\�SHUIRUPDQFH�RI�ZLQGRZV�
ZLWK� VKDGLQJ� GHYLFHV� E\� FDUU\LQJ� RXW� D� WZR�VWHS�
DQDO\VLV�� D� VRODU� DQDO\VLV� IROORZHG� E\� D� WKHUPDO�
DQDO\VLV�� 7KLV� DSSURDFK� KDV� EHHQ� VKRZQ� WR� EH� YDOLG�
VLQFH� WKHUH� LV� QR� VLJQLILFDQW� ZDYHOHQJWK� RYHUODS�
EHWZHHQ�VRODU� �VKRUW�ZDYH��DQG� WKHUPDO� �ORQJ�ZDYH��
UDGLDWLRQ��6RODU�DQDO\VLV�GHWHUPLQHV� WKH� VRODU�HQHUJ\�
IOX[HV� WKDW� LQFOXGH� WUDQVPLVVLRQ�� DEVRUSWLRQ� DQG�
UHIOHFWLRQ� DW� HDFK� JOD]LQJ� OD\HU�� ZKHUHDV� LQ� WKHUPDO�
DQDO\VLV�� WKH� DEVRUEHG� TXDQWLWLHV� DUH� FRQVLGHUHG� DV�
HQHUJ\� VRXUFH� WHUPV� WR� HVWDEOLVK� WKH� HQHUJ\� EDODQFH�
DW�HDFK�OD\HU��$�FRPSOHWH�UHYLHZ�RI�WKH�PHWKRGRORJ\�
XVHG� LQ� PRGHOLQJ� WKH� 9%� LV� JLYHQ� LQ� 1LNRRIDUG�
������� 
7KH�9%�FRQWURO�ZKLFK�KDV�EHHQ�DGGHG�LQWR�(63�U�E\�
/RPDQRZVNL� ������� LV� LQGHSHQGHQW� RI� WKH� EXLOGLQJ�
DQG� KHDWLQJ�FRROLQJ� SODQW� FRQWURO�� &XUUHQWO\�� WKHUH�
DUH� WKUHH� W\SHV� RI� FRQWURO� DYDLODEOH� IRU� 9HQHWLDQ�
EOLQGV������VODW�DQJOH�FRQWURO������VKDGH�UHWUDFW�GHSOR\�
�RQ�RII��FRQWURO��DQG�����VFKHGXOH�FRQWURO�IRU�ERWK�VODW�
DQJOH�DQG�VKDGH�UHWUDFW�GHSOR\��7KH�FRQWURO�VWUDWHJLHV�
HYDOXDWHG� LQ� WKLV� ZRUN� DUH� GHVFULEHG� LQ� GHWDLO� LQ�
1LNRRIDUG� ������� DQG� DUH� VXPPDUL]HG� LQ� WKH�
IROORZLQJ�VHFWLRQ��

9(1(7,$1�%/,1'6���&$6(�678'<�
$V�GHVFULEHG�DERYH��ILUVW�D�FDVH�VWXG\�ZDV�FRQGXFWHG�
WR� VHOHFW� WKH� VXLWDEOH� SDUDPHWHUV� IRU� 9HQHWLDQ� EOLQG�
XSJUDGHV� IRU� WKH� &+6�� 7KH� EDVH� FDVH� KRXVH� ZDV�
DVVXPHG�WR�EH�ORFDWHG�LQ�7RURQWR�DQG�KDYH�QR�EOLQGV��
7KH� FDVH� VWXG\� HYDOXDWHG� WKH� HIIHFWV� RI� IROORZLQJ�
SDUDPHWHUV��
��� (IIHFW� RI� VODW� DQJOH� IURP� ��� �IXOO\� RSHQ�� WR� ����
�IXOO\�FORVHG��LQ�LQFUHPHQWV�RI�������
���(IIHFW�RI� VODW� W\SH��OLJKW��PHGLXP�DQG�GDUN�FRORU��
�����DQG����PP�ZLGWK��DOXPLQLXP�DQG�YLQ\O��DQG�9%�
SODFHPHQW��LQVLGH��RXWVLGH�DQG�EHWZHHQ�JOD]LQJ���
���(IIHFW�RI�VODW�FXUYDWXUH��IODW�DQG�FXUYHG�VODWV��
��� (IIHFW� RI� VODW� RULHQWDWLRQ�� KRUL]RQWDO� DQG� YHUWLFDO�
�ORXYHU�GUDSH��VODWV��
��� (IIHFW� RI� VKDGLQJ� RULHQWDWLRQ�� KRUL]RQWDO� DQG�
YHUWLFDO� VODW� RULHQWDWLRQV� RQ� HDVW�� ZHVW�� QRUWK� DQG�
VRXWK��
���(IIHFW�RI�FRQWURO�VWUDWHJ\��IRXU�FRQWURO�VFKHPHV�WR�
VLPXODWH� DXWRPDWLF� ORZHULQJ�UDLVLQJ� RI� WKH� 9%� DQG�
FORVLQJ�RSHQLQJ�RI� WKH� VODWV� EDVHG�RQ�VRODU� UDGLDWLRQ�
DQG�]RQH�WHPSHUDWXUH�DV�IROORZV��
� ,Q� DOO� VHDVRQV�� WKH� EOLQGV� DUH� FORVHG� GXULQJ� WKH�
QLJKW�WLPH��

� ,Q� WKH� KHDWLQJ� RQO\� VHDVRQ�� WKH� EOLQGV� DUH� RSHQ�
GXULQJ� WKH�GD\� WR� WDNH�DGYDQWDJH�RI� WKH� VRODU�JDLQ�
WKURXJK�ZLQGRZV��

� 'XULQJ�FRROLQJ�VHDVRQ��IRXU�EDVLF�FRQWURO�VFKHPHV�
ZHUH� XVHG�� ���� D� FRQWURO� VFKHPH� WR� VLPXODWH� WKH�
DXWRPDWLF� ORZHULQJ�UDLVLQJ� RI� WKH� EOLQG� EDVHG� RQ�
]RQH� WHPSHUDWXUH� �� EHORZ� ��Û&� UDLVH� DQG� DERYH�
���&�ORZHU�EOLQGV������VLPLODU�WR�����EXW�LQVWHDG�RI�
UDLVLQJ�ORZHULQJ� EOLQGV�� RSHQ�FORVH� WKH� VODWV�� ���� D�
FRQWURO� VFKHPH� WR� VLPXODWH� WKH� DXWRPDWLF�
ORZHULQJ�UDLVLQJ� RI� WKH� EOLQG� EDVHG� RQ� VRODU�
UDGLDWLRQ����EHORZ�����:��P��UDLVH�DQG�DERYH�����
:�P��ORZHU�EOLQGV������VLPLODU�WR�����EXW�LQVWHDG�RI�
UDLVLQJ�ORZHULQJ�EOLQGV��RSHQ�FORVH�WKH�VODWV��

5(68/76�$1'�',6&866,21�
%DVHG� RQ� WKH� UHVXOWV� RI� WKH� SDUDPHWULF� VWXG\��
SUHVHQWHG�LQ�GHWDLO�LQ�1LNRRIDUG���������WKH�IROORZLQJ�
9HQHWLDQ�EOLQG�XSJUDGHV�ZHUH�VHOHFWHG�WR�EH�DGGHG�WR�
DOO�ZLQGRZV�RI�HOLJLEOH�KRXVHV�LQ�WKH�&+6��
5HWURILW� ��� $GGLWLRQ� RI� ò� LQFK� OLJKW� DOXPLQXP�
9HQHWLDQ�EOLQGV��LQGRRU�VLGH�DQG�FRQWURO�W\SH����
5HWURILW� ��� $GGLWLRQ� RI� ò� LQFK� GDUN� DOXPLQXP�
9HQHWLDQ�EOLQGV��RXWGRRU�VLGH�DQG�FRQWURO�W\SH����
$GGLWLRQ� RI� WKH� FRQWURO� VWUDWHJLHV� WR� WKH� VLPXODWLRQV�
RI�WKH�&+5(0�UHTXLUHV�D���PLQXWH�UHVROXWLRQ�RI� WKH�
VLPXODWLRQ� WLPH�VWHS�� 7KHUHIRUH�� WKH� VLPXODWLRQ¶V�
WLPH�VWHS�ZDV�FKDQJHG�IURP����PLQXWHV� LQ� WKH�RWKHU�
VLPXODWLRQV�WR���PLQXWHV�LQ�WKH�VLPXODWLRQV�FRQGXFWHG�
IRU�WKH�FRQWUROOHG�9%�PRGHOLQJ��,Q�RWKHU�ZRUGV��DOO�RI�
WKH� HOLJLEOH� KRXVH� ILOHV� �DURXQG� ����� RXW� RI� ��������
LQ�&+5(0�ZHUH�VLPXODWHG�IRU�DQ�HQWLUH�\HDU�XVLQJ�D�
��PLQXWH�WLPH�VWHS��'XH�WR�WKH�VPDOO� WLPH�VWHS��HDFK�
EDWFK� VLPXODWLRQ� WRRN� DERXW� ��� KRXUV� RQ� RQH� RI� WKH�
$WODQWLF� &RPSXWDWLRQDO� ([FHOOHQFH� 1HWZRUN�
�$&(QHW��FOXVWHUV���)RU� WKHVH�VLPXODWLRQV��DERXW�����
FRUHV� ZHUH� DOORFDWHG� ZLWK� DERXW� �*%� RI� 5$0� SHU�
FRUH���
7KH�UHVXOWV�RI�WKH�EDWFK�VLPXODWLRQV�LQGLFDWH�WKDW� WKH�
DGGLWLRQ�RI�GDUN�FRORUHG�9%�RQ�WKH�RXWGRRU�VLGH�ZLWK�
FRQWURO�W\SH����5HWURILW����UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�
RYHUDOO� HQHUJ\� FRQVXPSWLRQ� RI� WKH� KRXVLQJ� VWRFN� RI�
DOO� SURYLQFHV�� :KLOH� WKLV� 9%� UHWURILW� UHGXFHV� WKH�
HQHUJ\� FRQVXPSWLRQ� IRU� FRROLQJ�� LW� UHVXOWV� LQ� DQ�
LQFUHDVH� LQ� WKH� HQHUJ\� FRQVXPSWLRQ� IRU�KHDWLQJ�� DQG�
WKH�LQFUHDVH�LQ�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ�LV�KLJKHU�
WKDQ� WKH� UHGXFWLRQ� LQ� FRROLQJ� HQHUJ\� FRQVXPSWLRQ��
7KHUHIRUH�� WKH� RYHUDOO� HIIHFW� LV� D� QHW� LQFUHDVH� LQ�
HQHUJ\� FRQVXPSWLRQ�� DQG� FRQVHTXHQWO\� LQ� *+*�
HPLVVLRQV�� )RU� WKLV� UHDVRQ�� QR� GHWDLOHG� UHVXOWV� DUH�
VKRZQ�IRU�5HWURILW���KHUH��,QWHUHVWHG�UHDGHUV�ZLOO�ILQG�
GHWDLOHG�UHVXOWV�LQ�1LNRRIDUG���������
7KH�DGGLWLRQ�RI�OLJKW�FRORU�9%�RQ�WKH�LQGRRU�VLGH�RI�
ZLQGRZV� ZLWK� FRQWURO� W\SH� �� �5HWURILW� ��� VDYHV�

�����������������������������������������������������������
��6RODU�LUUDGLDQFH�LQFLGHQW�RQ�H[WHULRU�VXUIDFH�RI�
ZLQGRZ�
��KWWS���ZZZ�DFH�QHW�FD�ZLNL�$&(QHW�
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HQHUJ\�LQ�DOO�SURYLQFHV�RI�&DQDGD�DV�VKRZQ�LQ�7DEOHV�
�� DQG���ZKHUH� WKH� UHVXOWV� DUH� JLYHQ� IRU� HDFK� HQHUJ\�
VRXUFH�� KRXVH� W\SH� DQG� SURYLQFH��� 7KH� UHVXOWV� VKRZ�
WKDW� WKLV� 9%� UHWURILW� ZRXOG� UHGXFH� WKH� HQHUJ\�
FRQVXPSWLRQ�RI�WKH�&+6�E\�������UHSUHVHQWLQJ������
3-�\HDU�� DQG�*+*� HPLVVLRQV� E\� ����� �UHSUHVHQWLQJ�
����0W�RI�&2��HTXLYDOHQW����
��

Table 3 Annual energy savings due to VB upgrade 
(Retrofit 1) 

�

+RXVH�W\SH�RU�
3URYLQFH�

(QHUJ\�VDYLQJV��7-��
(OHFWULFLW\� 1*� 2LO� :RRG� 7RWDO�

+
RX
VH
�

W\
SH
� 6LQJOH�

'HWDFKHG� ������ ������� ������ ��� �������

'RXEOH�DQG�
5RZ� ���� ������ ���� �� ������

3U
RY
LQ
FH
�

1HZ�
%UXQVZLFN� �� �� �� �� ��

1RYD�6FRWLD� �� �� ��� �� ���
4XHEHF� ������ �� ���� ��� ������
2QWDULR� ������ ������� ���� �� �������
$OEHUWD� ��� ���� �� �� ����
0DQLWRED� ��� ���� �� �� ����
6DVNDWFKHZDQ� ��� ���� �� �� ����
%ULWLVK�
&RORPELD� ���� ���� �� �� ����

&DQDGD� ������ ������� ������ ��� �������

�1DWXUDO�*DV�
�

Table 4 Annual GHG emission reductions due to VB 
Upgrade (Retrofit 1) 

�

+RXVH�W\SH�RU�
3URYLQFH�

*+*�HPLVVLRQ�UHGXFWLRQV��NW�RI�&2�H��
(OHFWULFLW\� 1*� 2LO� 7RWDO�

+
RX
VH
�

W\
SH
�

6LQJOH�
'HWDFKHG� ���� ���� ��� ������

'RXEOH� DQG�
5RZ� ��� ���� �� ����

�
�

� � � � �

3U
RY
LQ
FH
�

1HZ�
%UXQVZLFN� �� �� �� ��

1RYD�6FRWLD� �� �� �� ��
4XHEHF� �� �� ��� ���
2QWDULR� ���� ���� ��� �����
$OEHUWD� �� ��� �� ���
0DQLWRED� �� ��� �� ���
6DVNDWFKHZDQ� �� ��� �� ���
%ULWLVK�
&RORPELD� �� ��� �� ���

&DQDGD� ���� ���� ��� ������

�1DWXUDO�*DV�
�

7KH� GLVWULEXWLRQV� RI� HQHUJ\� VDYLQJV� DQG� *+*�
HPLVVLRQ� UHGXFWLRQV�DPRQJ� WKH�SURYLQFHV�DUH� VKRZQ�
LQ�)LJXUH�����%\����RI�WKH�VDYLQJV��2QWDULR�GRPLQDWHV�
WKH� DQQXDO� HQHUJ\� DQG�*+*� VDYLQJV� DFURVV�&DQDGD��
7KLV� KDSSHQV� GXH� WR� WKH� IDFW� WKDW� 2QWDULR� KDV� WKH�
KLJKHVW�SHUFHQWDJH�RI�HOLJLEOH�KRXVHV�IRU�WKLV�XSJUDGH�
DFURVV�&DQDGD�DV�VKRZQ�LQ�7DEOH���� �

�����������������������������������������������������������
��1HZIRXQGODQG�DQG�3ULQFH�(GZDUG�,VODQG�DUH�QRW�
LQFOXGHG�LQ�WKH�UHVXOWV�EHFDXVH�WKH�QXPEHU�RI�KRXVHV�
ZLWK�FRROLQJ�V\VWHPV�WKDW�DUH�HOLJLEOH�WR�UHFHLYH�WKH�
9%�UHWURILW�LQ�WKHVH�WZR�SURYLQFHV�LV�LQVLJQLILFDQWO\�
VPDOO��

)LJXUH���VKRZV�WKH�QDWLRQDO�HQHUJ\�FRQVXPSWLRQ�DQG�
*+*� HPLVVLRQ� UHGXFWLRQV� VSHFLILF� WR� HQG�XVHV� DQG�
HQHUJ\� VRXUFHV�� � 7KHVH� UHVXOWV� LQGLFDWH� WKDW� DGGLWLRQ�
RI�D�FRQWUROODEOH�OLJKW�FRORU�EOLQG�LQVLGH�WKH�ZLQGRZV�
UHGXFHV�ERWK�VSDFH�KHDWLQJ�DQG�VSDFH�FRROLQJ�HQHUJ\�
FRQVXPSWLRQ���
:KLOH�HQHUJ\�VDYLQJV�DUH�SRVVLEOH�� WKH�PDJQLWXGH�RI�
HQHUJ\� VDYLQJV� LV� PDUJLQDO� IRU� PRVW� SURYLQFHV�� $V�
VKRZQ� LQ� 7DEOH� ��� IRU� DQ� LQWHUHVW� UDWH� RI� ���� D�
SD\EDFN� SHULRG� RI� �� \HDUV� DQG� PHGLXP� IXHO�
HVFDODWLRQ� UDWH�� WKH�7&&�YDULHV� IURP����� WR�����SHU�
P�� RI� ZLQGRZ� DUHD� IRU� DOO� SURYLQFHV� H[FHSW� 1HZ�
%UXQVZLFN�� ZKHUH� WKH� 7&&� LV� D� PRUH� IDYRUDEOH�
�����P��RI�ZLQGRZ�DUHD��$W�ORZHU�LQWHUHVW�UDWHV�DQG�
ORQJHU� SD\EDFN� SHULRGV�� WKH� HFRQRPLF� IHDVLELOLW\�
LPSURYHV��

&21&/86,21�
$� PHWKRGRORJ\� GHYHORSHG� WR� FRQGXFW� D� UHDOLVWLF�
DVVHVVPHQW� RI� WKH� FRVW� HIIHFWLYHQHVV�� HQHUJ\� VDYLQJV�
DQG� *+*� HPLVVLRQ� UHGXFWLRQV� RI� VHOHFWHG� VRODU�
WHFKQRORJLHV� RQ� WKH� &+6� ZDV� SUHVHQWHG�� 7KH�
PHWKRGRORJ\� LV� EDVHG� RQ� WKH�&+5(0� �6ZDQ�� HW� DO��
������ZKLFK�XVHV�(63�U��(658��������DV�LWV�EXLOGLQJ�
HQHUJ\� VLPXODWLRQ� HQJLQH�� $V� DQ� H[DPSOH� WR�
GHPRQVWUDWH� WKH�XVH�RI� WKLV�PHWKRGRORJ\�� WKH�UHVXOWV�
RI� D� GHWDLOHG� HYDOXDWLRQ� RI� UHWURILWWLQJ� KRXVHV� LQ� WKH�
&+6� ZLWK� 9HQHWLDQ� EOLQGV� ZHUH� SUHVHQWHG�� 7KH�
UHVXOWV�LQGLFDWH�WKDW�ZKLOH�LW�ZLOO�EH�SRVVLEOH�WR�UHGXFH�
HQHUJ\� FRQVXPSWLRQ� DQG� JUHHQKRXVH� JDV� HPLVVLRQV�
XVLQJ� OLJKW� FRORU� 9%� ORFDWHG� RQ� WKH� LQGRRU� VLGH� RI�
ZLQGRZV� DQG� HTXLSSHG� ZLWK� DXWRPDWLF� ]RQH�
WHPSUDWXUH� FRQWURO�� WKH� VDYLQJV� DUH� HFRQRPLFDOO\�
DWWUDFWLYH�LQ�PRVW�SDUWV�RI�&DQDGD�RQO\�ZKHQ�SD\EDFN�
SHULRGV� ORQJHU� WKDQ� �� \HDUV� DQG� LQWHUHVW� UDWHV� ORZHU�
WKDQ� ��� FDQ� EH� UHDOL]HG�� )XUWKHU� ZRUN� LV� FXUUHQWO\�
EHLQJ�FRQGXFWHG� WR�HYDOXDWH� WKH� LPSDFW� RI� RWKHU�9%�
VHQDULRV�VXFK�DV�LQVWDOOLQJ�GLIIHUHQW�W\SH�RI�FRQWUROOHG�
9%�RXWVLGH�RI�WKH�ZLQGRZ���

120(1&/$785(�
AB = $OEHUWD�
AL = $SSOLDQFH�DQG�OLJKWLQJ�
AT = $WODQWLF�SURYLQFHV�
BC = %ULWLVK�&RORPELD  
CFC = � &RPSOH[�)HQHVWUDWLRQ�&RQVWUXFWLRQ�
CHREM =  &DQDGLDQ�+\EULG�5HVLGHQWLDO�(QG�XVH�

(QHUJ\�DQG�(PLVVLRQ�PRGHO�
CHS =  &DQDGLDQ�KRXVLQJ�VWRFN�
CSDDRD = &DQDGLDQ� 6LQJOH�'HWDFKHG� DQG�

'RXEOH�5RZ�'DWDEDVH�
DHW = 'RPHVWLF�KRW�ZDWHU�
EIF = (PLVVLRQ�LQWHQVLW\�IDFWRU�
GHG = *UHHQKRXVH�JDV�
MB = 0DQLWRED�
NB =�� 1HZ�%UXQVZLFN�
NS = 1RYD�6FRWLD�
OT = 2QWDULR�
QC = 4XHEHF�
SC = 6SDFH�FRROLQJ�
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SH = 6SDFH�KHDWLQJ�
SK = 6DVNDWFKHZDQ�
TCC =  7ROHUDEOH�FDSLWDO�FRVW�
VB =  9HQHWLDQ�EOLQG�

$&.12:/('*(0(17�
7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJH� WKH� ILQDQFLDO�
VXSSRUW�SURYLGHG� WR� WKLV�SURMHFW� WKURXJK� WKH�16(5&�
IXQGHG� 6RODU� %XLOGLQJV� 5HVHDUFK� 1HWZRUN� DQG�
WKURXJK�9�,��8JXUVDO
V�16(5&�'LVFRYHU\�*UDQW��7KH�
DXWKRUV� DUH� DOVR� WKDQNIXO� WR� /XNDV� 6ZDQ� IRU� KLV�
FRQWULEXWLRQV�WR�WKH�(63�U�PRGHOLQJ�HIIRUWV��

5()(5(1&(6�
(QHUJ\� 6\VWHPV� 5HVHDUFK� 8QLW� �(658��� ������

5HWULHYHG�IURP��KWWS���ZZZ�HVUX�VWUDWK�DF�XN��
(QYLURQPQHW�&DQDGD� ��������$� VXPPDU\� RI� WUHQGV��

�����������5HWULHYHG�IURP��KWWS���ZZZ�HF�JF�FD�
)DUKDW�� $�$�0��� 	� 8JXUVDO�� 9�,�� ������ *UHHQKRXVH�

JDV� HPLVVLRQ� LQWHQVLW\� IDFWRUV� IRU� PDUJLQDO�
HOHFWULFLW\� JHQHUDWLRQ� LQ� &DQDGD�� ,QWHUQDWLRQDO�
-RXUQDO�RI�(QHUJ\�5HVHDUFK����������������

/RPDQRZVNL�� %�� $�� ������ 8QSXEOLVKHG� (63�U�
FKDQJVHW� ����������� 5HWULHYHG� IURP��
KWWS���HVSU�WUDF�FYVGXGH�FRP�HVS�
U�ORJ�EUDQFKHV�EORPDQRZ��

/RPDQRZVNL��%��$��������,PSOHPHQWDWLRQ�RI�ZLQGRZ�
VKDGLQJ� PRGHOV� LQWR� G\QDPLF� ZKROH�EXLOGLQJ�
VLPXODWLRQ�� 0DVWHU� WKHVLV�� :DWHUORR� 8QLYHUVLW\��
:DWHUORR��2QWDULR��&DQDGD�

1DWLRQDO� HQHUJ\� ERDUG� RI� &DQDGD� �1(%�� ������
5HWULHYHG� IURP�� KWWS���ZZZ�QHE�RQH�JF�FD�FOI�
QVL�UQUJ\QIPWQ�SUFQJ�OFWUFW�FUUQWPUNWFQGWQ�
HQJ�KWPO�

1LNRRIDUG�� 6��� 8JXUVDO� 9,�� %HDXVROHLO�0RUULVRQ� ,�
������ (FRQRPLF� DQDO\VLV� RI� HQHUJ\� XSJUDGHV�
EDVHG� RQ� WROHUDEOH� FDSLWDO� FRVW�� (QHUJ\� 3ROLF\�
�VXEPLWWHG�'HFHPEHU�������

1LNRRIDUG��6��������7HFKQR�HFRQRPLF�DVVHVVPHQW�RI�
VRODU� WHFKQRORJLHV� DQG� LQWHJUDWLRQ� VWUDWHJLHV� IRU�
WKH� &DQDGLDQ� KRXVLQJ� VWRFN�� 'RFWRUDO�
GLVVHUWDWLRQ��'DOKRXVLH�8QLYHUVLW\��1RYD�6FRWLD��
&DQDGD��

2((�� ������ (QHUJ\� HIILFLHQF\� WUHQGV� LQ� &DQDGD��
����� WR� ������ 2IILFH� RI� (QHUJ\� (IILFLHQF\��
1DWXUDO�5HVRXUFHV�&DQDGD��2WWDZD��&DQDGD��

6ZDQ�� /��� 8JXUVDO�� 9�� ,��� 	� %HDXVROHLO�0RUULVRQ�� ,��
������ +\EULG� 5HVLGHQWLDO� (QG�8VH� (QHUJ\� DQG�
*+*� (PLVVLRQV� 0RGHO� ±� 'HYHORSPHQW� DQG�
9HULILFDWLRQ� IRU� &DQDGD�� -RXUQDO� RI� %XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ��������������

6ZDQ��/��������5HVLGHQWLDO�6HFWRU�(QHUJ\�DQG�*+*�
(PLVVLRQV� 0RGHO� IRU� WKH� $VVHVVPHQW� RI� 1HZ�
7HFKQRORJLHV�� 'RFWRUDO� GLVVHUWDWLRQ�� 'DOKRXVLH�
8QLYHUVLW\��1RYD�6FRWLD��&DQDGD��

6ZDQ�� /��� 8JXUVDO�� 9�� ,��� 	� %HDXVROHLO�0RUULVRQ�� ,��
������ $� GDWDEDVH� RI� KRXVH� GHVFULSWLRQV�
UHSUHVHQWDWLYH�RI�WKH�&DQDGLDQ�KRXVLQJ�VWRFN�IRU�
FRXSOLQJ� WR� EXLOGLQJ� HQHUJ\� SHUIRUPDQFH�
VLPXODWLRQ�� -RXUQDO� RI� %XLOGLQJ� 3HUIRUPDQFH�
6LPXODWLRQ���������������

6ZDQ�� /��� 8JXUVDO�� 9�� ,��� %HDXVROHLO�0RUULVRQ�� ,��
������ $� QHZ� K\EULG� HQG�XVH� HQHUJ\� DQG�
HPLVVLRQV�PRGHO�RI�WKH�&DQDGLDQ�KRXVLQJ�VWRFN��
�UG� &DQDGLDQ� 6RODU� %XLOGLQJV� &RQIHUHQFH��
)UHGHULFWRQ��1�%���������$XJXVW�������SS������
������

7KH� :RUOG� %DQN� ������ 5HWULHYHG� IURP�
KWWS���ZZZ�ZRUOGEDQN�RUJ��

:KROH� %XLOGLQJ� 'HVLJQ� *XLGH� �:%'*�� ������
(QHUJ\� (VFDODWLRQ� 5DWH� &DOFXODWRU� �((5&���
5HWULHYHG� IURP��
KWWS���ZZZ�ZEGJ�RUJ�WRROV�HHUF�SKS"F ��

�
�
�
�
�
�
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�
Figure 1 Flow diagram of the overall methodology that is used in this study 
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�
Figure 2 Energy consumption and GHG emission reductions specific to individual provinces of Canada due to 

Venetian blinds upgrade 
�

�
Figure 3 National annual energy consumption and GHG emission reductions specific to end-uses and energy 

sources due to Venetian blinds Retrofit 1 upgrade 
�

Table 5 The percentage of houses eligible for Venetian blinds Retrofit 1 upgrade 
�

Province 1%� 16� 4&� 27� $%� 0%� 6.� %&�

Eligible Houses ����� ����� ������ ������ ����� ����� ����� �����
�

Table 6 Tolerable capital cost per square meter of window for 6 year payback period, 6% interest rate and 
medium fuel cost escalation rate due to Venetian blinds Retrofit 1 upgrade  

�

Province 1%� 16� 4&� 27� $%� 0%� 6.� %&�

TCC*(CAN$) / m2 of window ���� ��� ��� ��� ��� ��� ��� ���
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