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$%675$&7�
7KLV�SDSHU�H[SORUHV�WKH�SRWHQWLDO�RI�FRQWURO�VWUDWHJLHV�
EDVHG� RQ� 0RGHO� 3UHGLFWLYH� &RQWURO� �03&�� WR�
LQFUHDVH� WKH� HQHUJ\� SHUIRUPDQFH� RI� D� VRODU� GLVWULFW�
KHDWLQJ�V\VWHP��7KH�FDVH�VWXG\�LV�WKH�H[LVWLQJ�'UDNH�
/DQGLQJ� 6RODU� &RPPXQLW\� �'/6&�� LQ� 2NRWRNV��
$OEHUWD�� &DQDGD��0RQLWRUHG� RSHUDWLQJ� GDWD� DUH� XVHG�
WR� YDOLGDWH� WKH� 7516<6� PRGHO� RI� WKH� FRPPXQLW\�
DQG�WR�SURYLGH�WKH�ZHDWKHU�DQG�KHDWLQJ�ORDG�LQSXWV�WR�
WKH� V\VWHP� PRGHO�� 7KH� JHQHULF� RSWLPLVDWLRQ� WRRO�
*HQ2SW� LV� HPSOR\HG� WR� ILQG� WKH� FRQWURO� SDUDPHWHUV�
WKDW�PLQLPLVH�WKH�FRQVXPSWLRQ�RI�JDV�DQG�HOHFWULFLW\�
RYHU� D� WKUHH�\HDU� SHULRG�� 5HVXOWV� VKRZ� WKDW� FXUUHQW�
VWUDWHJ\� SHUIRUPV� YHU\� ZHOO� EXW� WKHUH� LV� VFRSH� IRU�
LQFUHDVHG�HQHUJ\�VDYLQJV���

,1752'8&7,21�
'LVWULFW� KHDWLQJ� V\VWHPV� UHSUHVHQW� D� YHU\� VPDOO�
SHUFHQWDJH� RI� WKH� WRWDO� LQVWDOOHG� VRODU� WKHUPDO�
FDSDFLW\� ZRUOGZLGH�� ZKLFK� PRVWO\� FRQVLVWV� RI� VRODU�
GRPHVWLF�KRW�ZDWHU� V\VWHPV� IRU� LQGLYLGXDO�KRXVHV�RU�
EXLOGLQJV� �:HLVV� DQG� 0DXWKQHU�� ������� ,Q� &DQDGD��
WKH� ILUVW� ODUJH� GLVWULFW� SURMHFW� IRU� VSDFH� KHDWLQJ� ZDV�
WKH� 'UDNH� /DQGLQJ� 6RODU� &RPPXQLW\� �'/6&��� ,W�
VWDQGV�RXW�IURP�PRVW�ODUJH�VFDOH�VRODU�V\VWHPV�E\�WKH�
YHU\�KLJK�VRODU�IUDFWLRQ�WDUJHW��ZKLFK�ZDV�GHVLJQHG�WR�
UHDFK� ����� IRU� WKH� �WK� \HDU� RI� RSHUDWLRQ�� 7KLV� VRODU�
IUDFWLRQ� LV� IRU� VSDFH� KHDWLQJ� RQO\�� DV� GRPHVWLF� KRW�
ZDWHU� LV� SURYLGHG� E\� LQGLYLGXDO� VRODU�DVVLVWHG�
V\VWHPV�RQ�HDFK�KRXVH��7KH�V\VWHP�KHDYLO\�UHOLHV�RQ�
VHDVRQDO� WKHUPDO� VWRUDJH� DQG� WKH� VRODU� IUDFWLRQ�
LQFUHDVHV� RYHU� WKH� ILUVW� \HDUV� RI� RSHUDWLRQV� DV� WKH�
ODUJH� VWRUDJH� YROXPH� VORZO\� UHDFKHV� D� VWHDG\�
SHULRGLF�UHJLPH���5HDFKLQJ�D�YHU\�KLJK�VRODU�IUDFWLRQ�
DOVR�UHOLHV�RQ�DQ�HIILFLHQW�VXSHUYLVRU\�FRQWURO�V\VWHP�
GHVLJQHG� WR� PDQDJH�� DPRQJ� RWKHUV�� WKH� LQWHUDFWLRQV�
EHWZHHQ� 6KRUW�7HUP� 7KHUPDO� 6WRUDJH� �6776�� DQG�
WKH� ORQJ�WHUP� VHDVRQDO� VWRUDJH� �%RUHKROH� 7KHUPDO�
(QHUJ\�6WRUDJH��%7(6���

Objectives 
7KH�REMHFWLYHV�RI� WKH�SURMHFW�GHVFULEHG� LQ� WKLV�SDSHU�
DUH�WR�GHYHORS�QHZ�FRQWURO�VWUDWHJLHV�EDVHG�RQ�0RGHO�
3UHGLFWLYH� &RQWURO� �03&�� WR� LQFUHDVH� WKH� HQHUJ\�
SHUIRUPDQFH� RI� VRODU� FRPPXQLWLHV� DQG� UHGXFH� WKHLU�
RSHUDWLQJ�FRVWV��DQG�WR�DVVHVV�WKH�SRWHQWLDO�EHQHILWV�RI�
FRQVLGHULQJ� DGYDQFHG� FRQWURO� VWUDWHJLHV� GXULQJ� WKH�
GHVLJQ� SKDVH� RI� QHZ� FRPPXQLWLHV�� 7KLV� SDSHU�

IRFXVHV� RQ� WKH� VXSHUYLVRU\� FRQWURO� VWUDWHJ\� WKDW�
PDQDJHV� HQHUJ\� WUDQVIHUV� EHWZHHQ� WKH� 6776� DQG�
%7(6�� ZKLFK� LV� RIWHQ� VLPSO\� QDPHG� WKH� %7(6�
FRQWUROOHU��

Literature Review 
7KH� LQWHUHVW� IRU� ODUJH� VRODU� KHDWLQJ� V\VWHPV� ZLWK�
VHDVRQDO� VWRUDJH� HPHUJHG� DW� WKH� HQG� RI� WKH� ��¶V� � LQ�
6ZHGHQ�� 7KH� 1HWKHUODQGV� DQG� 'HQPDQUN�� ,Q� �����
WKHUH� ZHUH� DERXW� ���� RSHUDWLQJ� LQVWDOODWLRQV���
1XPEHUV�DUH�WR�EH�LQFUHDVHG�LQ�WKH�FRPLQJ�\HDUV�ZLWK�
PRUH�V\VWHPV�VHW�LQ�RSHUDWLRQ���'DOHQEDFN��������
7KH� 'UDNH� /DQGLQJ� 6RODU� &RPPXQLW\� �'/6&��
SURMHFW� KDV� EHHQ� H[WHQVLYHO\� GRFXPHQWHG�� IURP� WKH�
GHVLJQ� SKDVH� DQG� HDUO\� UHVXOWV� �0F&OHQDKDQ� HW� DO���
������ :RQJ� HW� DO��� ������ WR� PRGHO� YDOLGDWLRQ�
�0F'RZHOO� DQG� 7KRUQWRQ�� ������ DQG� DQQXDO�
RSHUDWLQJ� UHSRUWV� �6LEELW� HW� DO��� ������� 0DQ\�
GRFXPHQWV� DQG� UHDO�WLPH� V\VWHP� VWDWXV� DUH� DYDLODEOH�
RQ� WKH� '/6&� ZHEVLWH� �KWWS���GOVF�FD��� 'HWDLOHG�
PRQLWRULQJ� GDWD� DQG� LQIRUPDWLRQ� RQ� V\VWHP�
SDUDPHWHUV�DQG�FRQWURO� VWUDWHJLHV� �(QHUPRGDO�� ������
ZHUH�SURYLGHG�E\�1DWXUDO�5HVRXUFHV�&DQDGD���
0RGHO�3UHGLFWLYH� &RQWURO� �03&�� IRU� EXLOGLQJV� DQG�
+9$&� V\VWHPV�ZDV� LQWURGXFHG� VRPH� ��� \HDUV� DJR��
ZLWK� HDUO\� ZRUN� IRFXVLQJ� RQ� FRQWUROOLQJ� FRROLQJ�
V\VWHPV� DQG� EXLOGLQJ� WKHUPDO� PDVV� �H�J�� %UDXQ��
������� 6RODU� DSSOLFDWLRQV� XVLQJ� 03&� UDQJH� IURP�
HDUO\�ZRUNV�IRU�VRODU�FROOHFWRU�ILHOGV��&DPDFKR�HW�DO���
������WR�VLQJOH�VRODU�WKHUPDO�V\VWHPV��)HUKDWEHJRYLF�
HW�DO�������)��$�UHFHQW�ZRUNVKRS�RUJDQLVHG�E\�,%36$�
DIILOLDWHV�GHPRQVWUDWHG�D�FRQWLQXHG�LQWHUHVW� IRU�03&�
DPRQJVW� EXLOGLQJ� GHVLJQHUV�� UHVHDUFKHUV� DQG� WKH�
LQGXVWU\��,%36$�86$�DQG�,%36$�&DQDGD���������
2QH� 03&� DSSURDFK� LV� GHVFULEHG� DV� &ORVHG�/RRS�
2SWLPLVDWLRQ��&/2��E\�+HQ]H�HW�DO����������2SWLPDO�
FRQWURO� YDOXHV� DUH� IRXQG� E\� VLPXODWLQJ� WKH� V\VWHP�
SHUIRUPDQFH� DQG�PLQLPLVLQJ� D� FRVW� IXQFWLRQ� RYHU� D�
GHILQHG�SHULRG� LQ� WKH� IXWXUH� �KRUL]RQ���2QO\� WKH� ILUVW�
FDOFXODWHG� YDOXH�V�� DUH� DSSOLHG�� DQG� D� QHZ�
RSWLPLVDWLRQ� LV� SHUIRUPHG� WDNLQJ� LQWR� DFFRXQW� WKH�
�RIWHQ� HVWLPDWHG�� FXUUHQW� VWDWH� RI� WKH� V\VWHP� DQG�
XSGDWHG�IRUHFDVWV���
$� YDULDWLRQ� RI� &/2� LV� &RQWLQXRXV� 7LPH� %ORFN�
2SWLPLVDWLRQ� �&7%2�� �+HQ]H� HW� DO�� ������� ,W� LV�
GLIIHUHQW� IURP�WKH�&/2�DSSURDFK�EHFDXVH� WKH�ZKROH�
EORFN� RI� RSWLPDO� YDOXH�V�� IRXQG� IRU� WKH� SHULRG� LV�
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DSSOLHG� WR� WKH� V\VWHP�� 7KLV� PHWKRG� LV� XVHG� LQ� WKLV�
SDSHU� DV� WKH� LGHDO� FDVH� IRU� VKRUW�WHUP� FRPSDULVRQV��
%RWK�&/2� DQG� &7%2�PHWKRGV� DUH� FRPSXWDWLRQDOO\�
LQWHQVLYH�� DQG� WKH� ORJLF� EHKLQG� FRQWURO� GHFLVLRQV� LV�
QRW�H[SOLFLW��ZKLFK�FDQ�EH�D�GUDZEDFN� WR�DFFHSWDQFH�
E\�SODQW�RSHUDWRUV��
&RIIH\��������SURSRVHV�WR�SUH�FRPSXWH�ORRNXS�WDEOHV�
IRU�D�JULG�RI�VFHQDULRV��2SWLPDO�SDUDPHWHUV�DUH�IRXQG�
IRU� D� JLYHQ� FRPELQDWLRQ� RI� V\VWHP� YDOXHV� DQG�RU�
VSHFLILF�H[WHUQDO�FRQGLWLRQV��7KH� UHVXOWLQJ� WDEOHV�DUH�
WKHQ�HPSOR\HG�WR�FRQWURO�WKH�V\VWHP�ZLWKRXW�UXQQLQJ�
RSWLPLVDWLRQV��7R�DSSO\�WKH�FRQFHSW�RI�/RRNXS�WDEOHV�
WKH� SUREOHP� LV� VLPSOLILHG� XVLQJ� SUREOHP�
GHFRPSRVLWLRQ�DQG�FRQGLWLRQV�SDUDPHWULVDWLRQ���

6<67(0�'(6&5,37,21�
7KH� 'UDNH� /DQGLQJ� 6RODU� &RPPXQLW\� �'/6&�� LV� D�
GLVWULFW� RI� ��� KRPHV�ZKLFK� XVHV� VHDVRQDO� VWRUDJH� WR�
VWRUH� WKH� H[FHVV� RI� VRODU� WKHUPDO� HQHUJ\� GXULQJ� WKH�
VXPPHU� DQG� WKH� VKRXOGHU� VHDVRQV� VR� LW� LV� DYDLODEOH�
WKURXJK� WKH� FROGHU� PRQWKV�� 2SHUDWLRQ� DQG� PRQWKO\�
UHSRUWLQJ�VWDUWHG�LQ�-XO\�������
)LJXUH� �� GHSLFWV� WKH� GLIIHUHQW� FRPSRQHQWV�� WKH� VRODU�
FROOHFWRUV��IDFLQJ�VRXWK��FRYHU�DQ�DUHD�RI������P��DQG�
GHOLYHU� FROOHFWHG� VRODU� HQHUJ\� WR� WKH� 6KRUW�7HUP�
7KHUPDO� 6WRUDJH� �6776�� �WZR� LGHQWLFDO� WDQNV��
WRWDOLVLQJ� ���� P���� 7KH� 6776� SURYLGHV� WKH� GLVWULFW�
ORRS� ZLWK� KRW� ZDWHU� IRU� VSDFH� KHDWLQJ� QHHGV�� 7KH�
VHDVRQDO�VWRUDJH��%RUHKROH�7KHUPDO�(QHUJ\�6WRUDJH��
%7(6�� LV� FRPSRVHG� RI� ���� ERUHKROHV� ����P� GHHS��
FRQQHFWHG�LQ�VHULHV�RI���DQG�FRQWDLQHG�LQ�D�YROXPH�RI�
�������P��RI� HDUWK� �0F&OHQDKDQ� HW� DO��� ������� �7KH�
GLVWULFW� KHDWLQJ� ORRS� LV� HTXLSSHG�ZLWK� D� EDFN�XS�JDV�
ERLOHU� WKDW� NHHSV� WKH� VXSSO\� WHPSHUDWXUH� DW� WKH�
GHVLUHG�'LVWULFW�/RRS�6HW�3RLQW� �'/63�� LI� WKH�6776�
LV�QRW�ZDUP�HQRXJK����
�

%RUHKROH�7KHUPDO�(QHUJ\�
6WRUDJH��%7(6�

6KRUW�7HUP�7KHUPDO�
6WRUDJH��6776�

%RLOHU

'LVWULFW�/RRS6XSHUYLVRU\�
&RQWURO

3XPS�� 3XPS��

3XPS��

3XPS��

3XPS��
+;��

+;��

 
)LJXUH���'/6&�FRPSRQHQWV�

�

7KH� VXSHUYLVRU\� FRQWURO� V\VWHP� LV� GHVLJQHG� WR�
PD[LPLVH�FROOHFWHG�VRODU�HQHUJ\�DQG�GLVSDWFK�LW�WR�WKH�
%7(6�RU�WR�WKH�GLVWULFW�KHDWLQJ�WKURXJK�WKH�6776��DV�
ZHOO� DV� WR� PDLQWDLQ� WKH� 6776� DW� D� VXLWDEOH�
WHPSHUDWXUH� OHYHO� E\� GLVFKDUJLQJ� WKH�%7(6� LQWR� WKH�
6776� LI� UHTXLUHG�� 7KH� 6776� LV� WKH� FHQWUDO� HOHPHQW�
IRU� DOO� KHDW� WUDQVIHU� RSHUDWLRQV� DQG� LV� DOVR� WKH� NH\�
IRFXV�RI�FRQWURO�VWUDWHJLHV� �:RQJ�HW�DO���������� �7KH�
%7(6� FRQWUROOHU� LV� WKH� VXSHUYLVRU\� FRQWURO� PRGXOH�

WKDW�GHWHUPLQHV�ZKHQ�WKH�%7(6�KDV�WR�EH�FKDUJHG�RU�
GLVFKDUJHG�GHSHQGLQJ�RQ�WKH�6776�KDYLQJ�DQ�H[FHVV�
RU� D�GHILFLW� RI� WKHUPDO� HQHUJ\�� ,WV� UXOHV�RI� RSHUDWLRQ�
DUH� GLIIHUHQW� IRU� HDFK� RI� WZR� PRGHV�� VXPPHU� DQG�
ZLQWHU�� 7KHVH� PRGHV� DUH� QRW� RQO\� GLFWDWHG� E\�
SUHGHILQHG�SHULRGV�EXW�DOVR�E\�UHFRUGHG�GHJUHH�KRXUV�
DERYH�RU�EHORZ�����&�� ,Q�VXPPHU�PRGH� WKH�'LVWULFW�
/RRS�LV�WXUQHG�RII�EHFDXVH� WKHUH� LV�QR�VSDFH�KHDWLQJ�
QHHGV�� LQVWHDG�� WKH�FROOHFWHG� VRODU�HQHUJ\� LV�GLUHFWHG�
WR� FKDUJH� WKH�%7(6� �(QHUPRGDO�� ������� � 2XU� VWXG\�
IRFXVHV� RQ� WKH� ZLQWHU�PRGH� EHKDYLRXU� VLQFH� WKLV�
RSHUDWLRQ� LV� WKH� PRVW� FKDOOHQJLQJ� IRU� WKH� %7(6�
FRQWUROOHU�UHJDUGLQJ�HQHUJ\�SHUIRUPDQFH��

0(7+2'2/2*<�
7KH� ILUVW� REMHFWLYH� LV� WR�REWDLQ� D� YDOLGDWHG�PRGHO� RI�
WKH� KLVWRULFDO� DQG� FXUUHQW� '/6&� RSHUDWLRQ� LQ�
7516<6� �.OHLQ�� ������� 7KLV� PRGHO� ZLOO� EH� WKH�
UHIHUHQFH�FDVH� WR� FRPSDUH�QHZ�FRQWURO� VWUDWHJLHV�� ,Q�
DGGLWLRQ� WR� DFFXUDF\�� WKH� PRGHO� LV� DOVR� UHILQHG� WR�
LPSURYH�FRPSXWDWLRQDO�VSHHG��,Q�D�VHFRQG�VWDJH��WKH�
YDOLGDWHG� PRGHO� LV� HPSOR\HG� WR� WHVW� QHZ� FRQWURO�
VWUDWHJLHV�� )RU� WKH� PRVW� SURPLVLQJ� RQHV�� FRQWURO�
SDUDPHWHUV� DUH� WXQHG� E\� FRXSOLQJ� WKH� RSWLPLVDWLRQ�
SURJUDP�*HQ2SW��:HWWHU��������WR�7516<6��

Model tune-up 
7KH� LQLWLDO� WDVN�ZDV� WKH� XQGHUVWDQGLQJ� RI� WKH� DFWXDO�
'UDNH� /DQGLQJ� SK\VLFDO� V\VWHP� DQG� WKH� H[LVWLQJ�
7516<6� PRGHO� SURYLGHG� E\� WKH� GHVLJQ� WHDP�� 7KH�
GHVLJQ�PRGHO�XVHV�D� W\SLFDO�ZHDWKHU� ILOH� IRU�&DOJDU\�
�$OEHUWD�� &DQDGD�� DQG� D� VLPSOH� UHJUHVVLRQ� RQ� GU\�
EXOE� DPELHQW� WHPSHUDWXUH� WR� FDOFXODWH� WKH� VSDFH�
KHDWLQJ� ORDG�� $� QHZ� %7(6� FRQWUROOHU� PRGHO� ZDV�
GHYHORSHG� WR� PLPLF� WKH� FXUUHQW� FRQWURO� VWUDWHJ\�
GHVFULEHG�E\�(QHUPRGDO���������EHFDXVH�WKH�RULJLQDO�
FRQWUROOHU�KDV�HYROYHG�RYHU�WLPH��2WKHU�FRQWURO�UXOHV�
ZHUH�DOVR�DGMXVWHG��HVSHFLDOO\�WKH�UDQJH�RI�YDOXHV�IRU�
WKH�'LVWULFW�6HW�SRLQW��'/63����
*LYHQ� WKDW� WKH� ��\HDU� PHDVXUHG� GDWD� ZDV� DYDLODEOH��
WKH� &:(&� ILOH� DQG� WKH� KHDWLQJ� ORDG� IRUPXOD� ZHUH�
UHSODFHG�E\�WKH�DFWXDO�PHDVXUHG�ZHDWKHU�DQG�KHDWLQJ�
ORDG�� 7KLV� DOORZHG� ILQGLQJ� D� ILUVW� WXQHG� PRGHO� WKDW�
PDWFKHV� FORVHO\� WKH� UHSRUWHG� LWHP�6RODU� HQHUJ\� VHQW�
WR�'LVWULFW�/RRS�IRU�\HDUV���DQG����7KH�PRGHO�ZDV�QRW�
WXQHG� IRU� WKH� ZKROH� ILYH� \HDUV� GXH� WR� WKH� FKDQJLQJ�
RSHUDWLQJ�FRQGLWLRQV�WKURXJK�WKH�\HDUV���7KH�UHVXOWLQJ�
PRGHO�RXW�RI�WKLV�SURFHVV�LV�FDOOHG�WKH�UHIHUHQFH�ORQJ�
UXQ�PRGHO�EHFDXVH�LW�UXQV�IURP�\HDU���XQWLO�\HDU�����,W�
LV� ZRUWK� PHQWLRQLQJ� WKDW� '/6&� \HDUV� VWDUW� RQ� -XO\�
DQG� HQG� RQ� QH[W� \HDU¶V� -XQH�� H�J�� WKH� ILUVW� \HDU� RI�
RSHUDWLRQ�LV�EHWZHHQ�-XO\������DQG�-XQH�������
7R� DFKLHYH� VKRUWHU� FRPSXWDWLRQ� WLPH� D�UHIHUHQFH�
VKRUW�UXQ�PRGHO�ZDV�FUHDWHG��7KH�VWDUW�WLPH�LV�DW�\HDU�
���� �-DQXDU\� ������ EXW� LW� NHHSV� WKH� VDPH� ORQJ�UXQ�
PRGHO� EHKDYLRXU� IRU� \HDUV� �� DQG� ��� )LJXUH ��
GHVFULEHV�WKH�FRQFHSW��WKH�VKRUW�UXQ�VLPXODWLRQ�VWDUWV�
RQ�-DQXDU\�������VNLSSLQJ�WKH�SHULRG�LQGLFDWHG�E\�WKH�
GDVKHG�OLQH���
�
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6NLSSHG�3HULRG 7UDQVLWLRQ�3HULRG 2EVHUYHG�3HULRG

6LPXODWLRQ�VWDUWV��\HDU�����

�
)LJXUH � %7(6�SUHKHDWLQJ�

�

7R� DFFRPSOLVK� WKLV�� WKH� 7516<6� 7\SH� ����� ZKLFK�
PRGHOV� WKH�%7(6�� ZDV� FRQILJXUHG� WR� XVH� RSWLPLVHG�
SUHKHDWLQJ� SDUDPHWHUV�� 7KH� %7(6� VWDWXV�� DW� WKH�
EHJLQQLQJ� RI� WKH� VKRUW� VLPXODWLRQ�� EHFRPHV� YHU\�
FORVH� WR� WKH� ORQJ� VLPXODWLRQ� FDVH� DW� \HDU� �����7R�EH�
PRUH� DFFXUDWH�� RSWLPDO� SDUDPHWHUV� ZHUH� IRXQG� E\�
PHDQV� RI� DSSO\LQJ� URRW�PHDQ�VTXDUH�HUURU� �506(��
WR� FRPSDUH� PRGHOV¶� WHPSHUDWXUHV� IRU� HDFK� RI� WKH�
%7(6�FRQFHQWULF�]RQHV���
7KH���PRQWKV�WUDQVLWLRQ�SHULRG�VKRZQ�LQ�)LJXUH ��LV�
LQFOXGHG� WR� OHW� WKH� ZKROH� V\VWHP� DQG� QRW� RQO\� WKH�
%7(6� UHDFK� ORQJ�UXQ� PRGHO� FRQGLWLRQV�� 7KHUHIRUH��
UHVXOWV� DUH� RQO\� DQDO\VHG� IRU� \HDU� �� DQG� EH\RQG�
�REVHUYHG�SHULRG���
7KH�UHIHUHQFH�VKRUW�UXQ�PRGHO�KDG�VRPH�DGMXVWPHQWV�
WR�WKH�FRQWURO�SDUDPHWHUV�WR�JHW� WKH�GHVLUHG�DFFXUDF\�
IRU�JDV�FRQVXPSWLRQ��3DUDPHWHUV�RI�WKH�SXPSV�LQ�WKH�
VRODU� DQG� GLVWULFW� ORRS� DQG� WKH� %7(6� SXPS�� ZKLFK�
WRJHWKHU�UHSUHVHQW�����RI�HOHFWULFLW\�XVDJH��ZHUH�DOVR�
DGDSWHG� DFFRUGLQJ� WR� PHDVXUHG� GDWD�� 7KH�
SHUIRUPDQFH�LQGLFDWRUV�XVHG�IRU�YDOLGDWLRQ�DUH�VKRZQ�
LQ�WKH�IROORZLQJ�WDEOH��
�

7DEOH���
3HUIRUPDQFH�LQGLFDWRUV�XVHG�IRU�YDOLGDWLRQ�

�

Energy 
type (GJ) 

Year 4  Year 5 
Report  Model  Report  Model  

6RODU�� ������ ������� ������� �������
�*DV�� ����� ����� ���� ����

(OHFWULFLW\�� ���� ����� ����� ����
 

Testing and optimisation of Control strategies 
7R� HYDOXDWH� WKH� LPSDFW� RI� QHZ� VWUDWHJLHV�� HDFK�
VWUDWHJ\� LV�DSSOLHG�GXULQJ�D�SHULRG� LQFOXGLQJ�\HDUV���
DQG� ��� <HDU� �� �-XO\� ����� WR� -XO\� ������ LV� DOVR�
VLPXODWHG�� EXW�ZLWK� WKH� VWDQGDUG� FRQWURO� VWUDWHJ\�� WR�
DVVHVV� WKH� ORQJ�WHUP� LPSDFW� RI� PRGLILHG� %7(6�
FRQWURO� VWUDWHJLHV�� $V� WKH� DFWXDO� \HDU� VL[¶� GDWD� ZHUH�
QRW�DYDLODEOH��WZR�FDVHV�ZHUH�FRQVLGHUHG�IRU�DQDO\VLV�
SXUSRVHV�� \HDU� �� LV�ZDUP� DV� \HDU� ��� RU� LW� LV� FROG� DV�
\HDU�����
)LJXUH� �� UHSUHVHQWV� KRZ� 7516<6�LV� H[HFXWHG� E\�
*HQ2SW�� $W� HDFK� LWHUDWLRQ� GLIIHUHQW� SDUDPHWHUV� DUH�
WULHG�ZLWK�WKH�REMHFWLYH�RI�ILQGLQJ�WKH�RSWLPDO�YDOXHV�
WKDW�PLQLPLVH�WKH�VLPXODWLRQ¶V�RXWSXW�GHILQHG�DV�&RVW�
)XQFWLRQ��

Cost Function 
,W� LV� GHILQHG� DV� WKH� DGGLWLRQ� RI� JDV� DQG� ZHLJKWHG�
HOHFWULFLW\� FRQVXPSWLRQ�� � 7ZR� ZHLJKW� �:�� IDFWRUV�
ZHUH�DSSOLHG��

 ��� WR� WDNH� LQWR� DFFRXQW� WKH� XVXDO�DYHUDJH�
SHUIRUPDQFH� RI� IRVVLO�IXHO� SODQWV�� 7KLV� LV�
DOVR� FORVH� WR� WKH� DYHUDJH� HOHFWULFLW\� WR� JDV�
FRVW�UDWLR�IRU�����������

 ���WR�DFFRXQW�IRU�D�SRVVLEOH�EXW�H[WUHPH�FRVW�
UDWLR�EHWZHHQ�HOHFWULFLW\�DQG�JDV�LQ�$OEHUWD�

�

2XWSXW

7516<6

*HQ2SW ,QSXW

&RQILJXUDWLRQ

&RQILJXUDWLRQ

,QSXW 2XWSXW

2SWLPLVDWLRQ

6LPXODWLRQ

5XQ�
VLPXODWLRQ

Cost Function� �*DV���
:(OHFWULFLW\

 
)LJXUH � 2SWLPLVDWLRQ�SURFHVV�

�

%7(6�&21752/�675$7(*,(6�
7KH�6WDQGDUG�&RQWURO�6WUDWHJ\��67'��DV�GHVFULEHG�E\�
(QHUPRGDO� ������� LV� WKH� RQH� LPSOHPHQWHG� LQ� WKH�
UHIHUHQFH� VKRUW�UXQ� PRGHO�� ,WV� PDLQ� REMHFWLYH� LV� WR�
UHGXFH�ERLOHU�JDV�FRQVXPSWLRQ�E\�WU\LQJ�WR�PDLQWDLQ�

HQRXJK� WKHUPDO� HQHUJ\
� LQ� WKH�6776� VR� WKH�'LVWULFW�
6HW�3RLQW �'/63��LV�PRUH�HDVLO\�UHDFKHG���
7KH�PDLQ�VRXUFH�RI�HQHUJ\�IRU�WKH�6776�FRPHV�IURP�
WKH� VXQ�� :KHQ� VRODU� HQHUJ\� LV� DEVHQW� RU� LV� QRW�
VXIILFLHQW� WR� NHHS� WKH� UHTXLUHG� 6776� FKDUJH� OHYHOV��
WKH�%7(6� LV� GLVFKDUJHG� LQWR� WKH� 6776�� � 'XH� WR� WKH�
QDWXUH� RI� *HRWKHUPDO� +HDW� ([FKDQJHUV� �*+;�� WKH�
%7(6�IORZ�UDWH�LV�UHODWLYHO\�ORZ�DQG�LWV�KHDW�WUDQVIHU�
UDWH�FDQQRW�WUDFN�UDSLG�FKDQJHV�LQ�WKH�KHDWLQJ�ORDG���
:KHQ�GHVLJQLQJ�QHZ�FRQWURO�VWUDWHJLHV��6776�FKDUJH�
LV� VWLOO� LPSRUWDQW� EXW� LW� LV� FRPSOHPHQWHG� ZLWK� WKH�
SRVVLELOLW\� RI� GULYLQJ� DKHDG� WKH� %7(6� GLVFKDUJH�
ZKHQHYHU� GLIILFXOW� ZHDWKHU� FRQGLWLRQV� DUH� H[SHFWHG�
IRU�WKH�QHDU�IXWXUH��$V�ZHDWKHU�GDWD�H[LVWV�IRU�DOO�WKH�
VLPXODWHG� SHULRG�� QR� DFWXDO� ZHDWKHU� IRUHFDVWV� ZHUH�
XVHG�� L�H�� WKH� WHVWHG� VWUDWHJLHV� DUH� HYDOXDWHG� XQGHU�
SHUIHFW� IRUHFDVWV� FRQGLWLRQV� WDNHQ� IURP� WKH� DFWXDO�
PHDVXUHG� '/6&� GDWD�� 7KH\� FDQ� LQGLFDWH� WKH�
UHOHYDQFH� RI� WKH� VWUDWHJ\� EHIRUH� JRLQJ� IXUWKHU� ZLWK�
DFWXDO�IRUHFDVWV��
,Q�WKH�QH[W�VHFWLRQV��WKH�VWDQGDUG�VWUDWHJ\��67'��DQG�
IRXU� RWKHU� VWUDWHJLHV� ZLOO� EH� H[SODLQHG�� 6WDQGDUG�
LPSURYHG� �67'���� )RUFH� %7(6� GLVFKDUJH� FRXSOHG�
ZLWK� 67'�� )RUFH� %7(6� GLVFKDUJH� ZLWK� 67'�� DQG�
&RQWLQXRXV�7LPH�%ORFN�2SWLPLVDWLRQ��&7%2����

Standard Control Strategy (STD) 
7KH�FRQWURO�SURFHVV� LV�VLPLODU� IRU�ERWK�VXPPHU��DQG�
ZLQWHU�PRGHV��EXW�RQO\�WKH�ODWWHU�LV�GHVFULEHG�EHORZ��
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7KH� PDLQ� UXOHV� IRU� WKLV� VWUDWHJ\� GHILQH� ZKHQ� WKH�
%7(6�GLVFKDUJH�PXVW�VWDUW�DQG�VWRS��$�VLPLODU�VHW�RI�
UXOHV�DSSO\�IRU�WKH�%7(6�FKDUJH��
$V� VHHQ� LQ� )LJXUH ��� WKH� GHFLVLRQ� IRU� VWDUWLQJ� HDFK�
SURFHVV�GHSHQGV�RQ�DQ�HYDOXDWLRQ�RI�WKH�6776�FKDUJH�
�6776� �� &KDUJH�� YV�� WKH� HVWLPDWHG� 6776� UHTXLUHG�
FKDUJH����&KDUJH�UHTXLUHG���
�

:LQWHU�PRGH

%7(6�Charge�)ORZ�LV�IURP�
%7(6¶�FHQWHU�WR�HGJH

%7(6�Discharge��)ORZ�LV�
IURP�%7(6¶�HGJH�WR�FHQWHU

6776B�B&+$5*(�!�
Charge_Factor�[��B&+$5*(�

5(48,5('

6776B�B&+$5*(����
Discharge_Factor�[��B&+$5*(�

5(48,5('�

�
)LJXUH � 67'¶V�)ORZ�'LDJUDP�

�

7ZR� )DFWRUV�� :LQWHU� &KDUJH� )DFWRU� DQG� :LQWHU�
'LVFKDUJH�)DFWRU��GHILQH�WKH�UHODWLRQ�EHWZHHQ�WKHP��
�� ,I�6776���&KDUJH�LV�OHVV�WKDQ�:LQWHU�'LVFKDUJH�

)DFWRU� WLPHV� 6776� �� &KDUJH� 5HTXLUHG� WKH�
%7(6�SXPS�LV�HQDEOHG�IRU�GLVFKDUJH���

�� 2WKHUZLVH�� LI�6776���&KDUJH� LV�:LQWHU�&KDUJH�
)DFWRU� WLPHV� JUHDWHU� WKDQ� 6776� �� &KDUJH�
5HTXLUHG�WKH�%7(6�LV�FKDUJHG�IURP�WKH�6776���

,Q� ERWK� FDVHV�� WKH� SURFHVV� VWRSV� ZKHQHYHU� WKH� UXOH�
FRQGLWLRQ�LV�QRW� ORQJHU� WUXH�RU�ZKHQ�WKH�%7(6�LQSXW�
DQG� RXWSXW� WHPSHUDWXUHV� LPSO\� WKHUH� LV� D� FKDQJH� LQ�
WKH�GLUHFWLRQ�RI� WKH�QHW�KHDW� WUDQVIHU� UDWH��H�J��%7(6�
GLVFKDUJH� LV� DFWXDOO\� UHPRYLQJ� HQHUJ\� IURP� WKH�
6776���
3DUDPHWHUV�GHWDLOV�IROORZ��
�� 7KH�'LVWULFW�/RRS�6HW�3RLQW� �'/63�� LV� EHWZHHQ�

���&� DQG� ���&� GHSHQGLQJ� RQ� WKUHH� DLU�
WHPSHUDWXUH�UDQJHV�OLPLWHG�E\�����&�DQG� �����&�
�)LJXUH�����

�

��
��
��
��
��
��
��

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

'
/6

3�
��
&
�

$LU�WHPSHUDWXUH��� &�
�

)LJXUH � '/63�YV��$LU�7HPSHUDWXUH�
�

�� 6776� �� FKDUJH� LV� FDOFXODWHG� IURP� WKH�
WHPSHUDWXUHV� RI� IRXU� 6776� WDQN� QRGHV� DQG� DLU�
WHPSHUDWXUH���(DFK�WHPSHUDWXUH�LV�RQO\�WDNHQ�LQWR�
DFFRXQW�IRU�WKH�WRWDO���YDOXH�LI�LW�LV�KLJKHU�WKDQ�D�
FHUWDLQ� OLPLW� GHSHQGLQJ� RQ� '/63�� � 7KLV� PDNHV�
WKLV�PHDVXUH�UHODWLYH�WR�WKH�DLU�WHPSHUDWXUH���

�� 6776� �� &KDUJH� UHTXLUHG� LV� GHILQHG� E\� D�
VFKHGXOH� LQ� WHUPV� RI� WKH� WLPH� RI� GD\� DQG� WKH�
WKUHH�UDQJHV�RI�'/63�YDOXHV�SUHVHQWHG�EHIRUH��

�� &KDUJH� DQG� GLVFKDUJH� IDFWRUV� DOZD\V� LPSO\� WKH�
%7(6�EHLQJ�DIIHFWHG�E\�WKH�RSHUDWLRQ���

Standard Control Strategy Improved (STD+) 
7KH�K\SRWKHVLV�IRU�WKLV�PRGLILFDWLRQ�LV�WKDW�WKH�67'
V�
SDUDPHWHUV� :LQWHU� &KDUJH� )DFWRU� DQG� :LQWHU�
'LVFKDUJH� )DFWRU� FRXOG� EH� RSWLPLVHG� WR� REWDLQ�
LQFUHDVHG�HQHUJ\�SHUIRUPDQFH���
2SWLPLVDWLRQ� UHVXOWV� VKRZ� WKDW� WKH� %7(6� VKRXOG� EH�
FKDUJHG� RQO\� LQ� FDVHV� ZKHUH� WKH� 6776� KDV� D� YHU\�
KLJK��� &KDUJH� HYHQ� LI� WKLV� UHGXFHV� WKH� FROOHFWRUV¶�
HIILFLHQF\�� 2Q� WKH� RWKHU� KDQG��'LVFKDUJH� )DFWRU� LV�
DOPRVW�GRXEOHG��LW�EDVLFDOO\�PHDQV�WKDW�WKH�GLVFKDUJH�
SURFHVV� VKRXOG� EH� VWDUWHG� EHIRUH� WKH� UHODWLRQVKLS�
6776� �� &KDUJH� DQG��� &KDUJH� UHTXLUHG� JRHV� WRR�
ORZ�� ,Q� ERWK� VLWXDWLRQV�� WKH� QHW� HIIHFW� LV� WR�PDLQWDLQ�
KLJKHU� 6776� FKDUJH� FRPSDUHG� WR� WKH� 67'� FDVH��
LPSRVLQJ� D� FKDUJH� UHVHUYH� IRU� GLIILFXOW� ZHDWKHU�
FRQGLWLRQV�� $� SRVLWLYH� FROODWHUDO� HIIHFW� LV� WKH�
UHGXFWLRQ�RI�%7(6�SXPS�HOHFWULFLW\�FRQVXPSWLRQ���
7KH� SDUDPHWHU� 6776� $EVROXWH� &KDUJH� /HYHO� �$&/��
ZDV� GHILQHG� WR� EHWWHU� HYDOXDWH� WKH� 6776� OHYHO� RI�
FKDUJH�ZKHQ�FRPSDULQJ�VWUDWHJLHV��,W�LV�EDVHG�RQ�WKH�
VDPH� IRUPXOD� DV� WKH� 6776� �� &KDUJH� �IXQFWLRQ� RI�
6776� WHPSHUDWXUHV� DQG� '/63�� EXW� WKH� FDOFXODWLRQV�
DOZD\V�UHIHU�WR�WKH�VDPH�PLQLPXP�'/63������&���$V�
LW� LV� LQGHSHQGHQW�RI�DLU� WHPSHUDWXUH�YDULDWLRQV��6776�
$EVROXWH� &KDUJH� /HYHO� LV� PRUH� KHOSIXO� WR� FRPSDUH�
GLIIHUHQW� FRQWURO� VWUDWHJLHV�� 7KH� IROORZLQJ� WDEOH�
VKRZV�WKH�YDOXHV�RI�WKLV�SDUDPHWHU�IRU�WKUHH�SRVVLEOH�
VHWV�RI�6776�WHPSHUDWXUHV��
�

7DEOH���
6776�5HODWLYH�DQG�$EVROXWH�&KDUJH�/HYHO�

�

STTS % Charge Level 
(relative) 

STTS Absolute 
Charge Level (ACL) 

�����LI�'/63 ���&��RU�
RWKHU�YDOXH�LI�'/63�����&��

�����������

�����LI�'/63 ��°&��RU�
�����LI�'/63 ��°&��

������������

�����LI�'/63 ��°&��RU�
�����LI�'/63 ��°&��

�����������

�

Forced BTES Discharge (FRC) introduction 
,W� LV� DQ� DGG�RQ� WR� WKH� 67'� VWUDWHJ\�� LW� PHDQV� WKDW�
67'�LV�ZRUNLQJ�DOO�WKH�WLPH�H[FHSW�IRU�VRPH�LQWHUYDOV�
ZKHQ�WKH�)5&�VWUDWHJ\�WDNHV�RYHU�LW���
7KH� PHFKDQLVP� LV� GHULYHG� IURP� PDQXDO� WULDOV� WKDW�
VKRZHG� WKDW� VWDUWLQJ� WKH�%7(6�GLVFKDUJH� VRPH� WLPH�
DKHDG�RI�WKH�PRPHQW�GHWHUPLQHG�E\�67'�SURYLGH�WKH�
6776� ZLWK� KLJKHU� OHYHO� RI� FKDUJH� IRU� GLIILFXOW�
ZHDWKHU�VLWXDWLRQV��)5&�ZLOO�RYHUZULWH�67'¶V�RXWSXW�
ZKHQ�IRUHFDVWHG�ZHDWKHU�IRU�WKH�QHDU�IXWXUH�LQGLFDWHV����

 9HU\� ORZ� DLU� WHPSHUDWXUHV�� OHDGLQJ� WR� DQ�
LQFUHDVH�RI�WKH�GLVWULFW�KHDWLQJ�ORDG��RU���
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 /RZ� VRODU� LUUDGLDWLRQ�� PHDQLQJ� D� UHGXFWLRQ�
RI�WKH�WKHUPDO�HQHUJ\�VHQW�WR�WKH�6776�

7R� GHWHUPLQH� KRZ� ORZ� WKHVH� YDOXHV� FDQ� JR� EHIRUH�
IRUFLQJ�WKH�GLVFKDUJH��UHSUHVHQWDWLYH� WKUHVKROG�OHYHOV�
DUH�HVWDEOLVKHG�IRU�WKHP���
7KH�VWUDWHJ\�)5&�FDQ�EH�VXPPDULVHG�OLNH�WKLV��

,)� �'LVWULFW� /RDG� !� 0D[LPXP� 'LVWULFW� /RDG�
7KUHVKROG���
25� �8VDEOH� 6RODU� (QHUJ\� �� 0LQLPXP� 8VDEOH�
6RODU�(QHUJ\�7KUHVKROG��
7+(1�)RUFH�%7(6�GLVFKDUJH�

8VDEOH�6RODU�(QHUJ\�LV�D�IUDFWLRQ�RI�WKH�WRWDO�LQFLGHQW�
VRODU�HQHUJ\�RQ�WKH�FROOHFWRUV�RYHU�D����KRXU�SHULRG��
WKDW� IUDFWLRQ� UHSUHVHQWV� WKH� UHGXFWLRQ� GXH� WR� WKH�
DYHUDJH�FROOHFWRU�SHUIRUPDQFH�������DQG�KHDW�ORVVHV�
������EHWZHHQ�WKH�FROOHFWRUV�DQG�WKH�6776��'LVWULFW�
/RDG�LV�DOVR�FDOFXODWHG�RYHU�WKH�VDPH�SHULRG��
7KLV� UXOH� LV� HYDOXDWHG� HYHU\� KRXU� ZLWK� D� IRUHFDVW�
KRUL]RQ� RI� ��� KRXUV�� 7KH� FRQWUROOHU� KDV� D� EXLOW�LQ�
YHULILFDWLRQ�WR�DYRLG�WKDW�IRUFLQJ�WKH�%7(6�GLVFKDUJH�
GXULQJ�D�ZKROH�KRXU�ZRXOG�OHDG�WR�UHYHUVLQJ�WKH�IORZ�
RI� KHDW� WUDQVIHU� DQG� PLVWDNHQO\� UHPRYH� WKHUPDO�
HQHUJ\�IURP�WKH�6776����

Forced BTES Discharge (FRC) implementation 
%HIRUH�DSSO\LQJ�0RGHO�3UHGLFWLYH�&RQWURO��03&��WR�
)5&��LW�LV�YHU\�LPSRUWDQW�WR�KLJKOLJKW�KRZ�RSWLPLVLQJ�
FRQWURO�SDUDPHWHUV�IRU�D�VKRUW�SHULRG�FRXOG�DIIHFW�WKH�
VLPXODWHG� V\VWHP� SHUIRUPDQFH� IRU� WKH� QH[W� GD\V� RU�
PRQWKV��(�J��,I�WKH�%7(6�LV�FRPSOHWHO\�GLVFKDUJHG�WR�
DYRLG�XVLQJ�WKH�ERLOHU�IRU�D�IHZ�ZHHNV��LW�ZLOO�VXUHO\�
FDXVH�DQ�LQFUHDVH�LQ�JDV�FRQVXPSWLRQ�IRU�WKH�FRPLQJ�
PRQWKV� EHFDXVH� QR� HQHUJ\� ZRXOG� EH� OHIW� LQ� WKH�
%7(6�� 7KLV� FRQVWUDLQW� LPSOLHV� WKDW� WKH� SDUDPHWHU�
RSWLPLVDWLRQ� KDV� WR� FRYHU� WKH� ZKROH� KHDWLQJ� VHDVRQ�
�DQG� SRVVLEO\� WKH� QH[W� RQH�V��� ZKHQ� HYDOXDWLQJ� WKH�
FRVW�IXQFWLRQ��
7R� LPSOHPHQW� WKH� FRQFHSW� RI� ORRNXS� WDEOHV�� WKH�
SUREOHP� LV� GHFRPSRVHG� WR� FRQVLGHU� RQO\� WKH�
FRQGLWLRQV� IRU�ZLQWHU� %7(6�GLVFKDUJH�� 7KH� H[WHUQDO�
FRQGLWLRQV�DUH�SDUDPHWULVHG�VR�WKH\�DUH�H[SUHVVHG�LQ�
WHUPV� RI� SDUDPHWHUV� WKDW� FRQYH\� PRUH� LQIRUPDWLRQ��
'LVWULFW�/RDG�DQG�8VDEOH�6RODU�(QHUJ\���
$Q� DGGLWLRQDO� SDUDPHWULVDWLRQ� LV� GRQH� WR� GHILQH� WKH�
JULG�RI� VFHQDULRV� LQ� WHUPV�RI� WKH� LQWHUQDO�FRQGLWLRQV��
6776�VWDWXV�DQG�%7(6�VWDWXV��8VLQJ�6776�$EVROXWH�
&KDUJH� /HYHO� �6776� $&/��� WKUHH� 6776� FKDUJH�
UHODWHG�VFHQDULRV�ZHUH�GHILQHG���

 6776B/��ORZ����6776�$&/�����
 6776B0��PHGLXP������ �6776�$&/�����
 6776B+��KLJK���6776�$&/�! ���

5HJDUGLQJ�%7(6� VWDWXV�� WZR� VFHQDULRV�ZHUH�GHULYHG�
LQ�DQ�DSSUR[LPDWH�ZD\��-DQXDU\�-XQH��%7(6B/��DQG�
-XO\�'HFHPEHU� �%7(6B+��� )RU� WKH� VFHQDULR�
%7(6B/��%7(6�WHPSHUDWXUHV�DUH�XVXDOO\�ORZ�DQG�IRU�
%7(6B+� WKH\� DUH� QRUPDOO\� KLJKHU� WKDQ� %7(6B/¶V��
7KLV� SDWWHUQ� LV� UHSUHVHQWHG� LQ� )LJXUH� �� E\� WZR�

GLIIHUHQW� SDUDPHWHUV�� %7(6� DYHUDJH� HDUWK� YROXPH¶V�
WHPSHUDWXUH��VLPXODWLRQ��DQG�%7(6�FRUH�WHPSHUDWXUH�
�UHSRUWV���
�

��
��
��
��
��
��
��
��

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

%7(6�DYHUDJH� WHPSHUDWXUH��VLPXODWLRQ�
%7(6�FRUH�WHPSHUDWXUH��UHSRUWV�  
)LJXUH ��%7(6�WHPSHUDWXUHV�

�

)RU�HDFK�RQH�RI� WKHVH� VL[� ���[����SRVVLEOH� VFHQDULRV�
WKH� WKUHVKROGV� 0LQLPXP� 8VDEOH� 6RODU� (QHUJ\� DQG�
0D[LPXP�'LVWULFW�/RDG�DUH�GHILQHG��

Force BTES Strategy with STD+ (FRC+) 
,W� LV� WKH�VDPH�)5&�VWUDWHJ\�ZLWK� WKH�RQO\�GLIIHUHQFH�
EHLQJ� WKDW� WKH�%7(6�&KDUJH� DQG�'LVFKDUJH� )DFWRUV�
DUH�DOVR� LQFOXGHG� LQ� WKH�RSWLPLVDWLRQ�SURFHVV�DV� LW� LV�
GRQH� IRU� WKH� LPSURYHG� 6WDQGDUG� VWUDWHJ\� �67'����
0RVW� RI� WKH� WHVW� FDVHV� ZHUH� GULYHQ� E\� WKLV� VWUDWHJ\�
EHFDXVH� LW� FRPELQHV� WKH� EHVW� FKDUDFWHULVWLFV� RI� ERWK�
)5&�DQG�67'���

Continuous Time Block Optimisation (CTBO) 
7KLV� FRQWURO� VWUDWHJ\� LV� SUHVHQWHG� DV� WKH� EHVW�FDVH�
ZKHQ� FRPSDULQJ� V\VWHP� G\QDPLF� EHKDYLRXU� IRU� D�
SDUWLFXODU� ��GD\� SHULRG� ± ZKHUH� %7(6� GLVFKDUJH�
WLPLQJ� LV� RQO\� FULWLFDO� WKH� ILUVW� GD\��2SWLPDO� FRQWURO�
VHWWLQJV�ZLWK���KRXU�LQWHUYDOV�DUH�FKRVHQ�IURP�RQH�RI�
WKUHH�RSWLRQV��%7(6�FKDUJH��%7(6�GLVFKDUJH��2II���
)LJXUH ��GHSLFWV�WKH�SHULRG��&7%2�LV�HPSOR\HG�RQO\�
IRU� WKH� ILUVW� ���KRXUV�� WKHQ� 67'� LV� DSSOLHG� IRU� WKH�
UHPDLQLQJ���GD\V�WKDW�DUH�OHVV�UHOHYDQW�IRU�WKH�UHVXOWV���
�

��

��

�

�

�

%
7(

6�
&
RQ
WUR

O�2
XW
SX
W

&7%2 6WDQGDUG

���&KDUJH

�����'LVFKDUJH

��
)LJXUH ��&7%2�H[DPSOH�

�

&7%2� LV� FORVH� WR� WKH� LGHDO� RSWLPDO� FRQWURO� VHWWLQJV�
EXW�LW�ZRXOG�UHTXLUH�WKH�KLJKHVW�FRPSXWDWLRQDO�SRZHU�
LI�LW�ZHUH�LPSOHPHQWHG�IRU�WKH�ZKROH�SHULRG��

5(68/76�$1$/<6,6�
7KH�)5&�� VWUDWHJ\�ZDV� DSSOLHG� WR� IRXU� FDVHV��7KH\�
GLIIHU�RQ�WKH�(OHFWULFLW\�:HLJKW�IDFWRU�XVHG�LQ�WKH�FRVW�
IXQFWLRQ� DQG� WKH�\HDU� VL[¶�ZHDWKHU�FRQGLWLRQV��ZDUP�
RU�FROG��7DEOH�����
�
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7DEOH���
)5&��7HVW�FDVHV��

�

 Electricity 
Weight = 3 

Electricity 
Weight = 8 

Year 6 is Warm �(B:� �(B:��
Year 6 is Cold �(B&� �(B&��

�

7KH� UHVXOWV�DUH�DQDO\VHG� IURP�PXOWLSOH�SHUVSHFWLYHV��
7KH� ILUVW�RQH� ORRNV�DW� RSWLPDO�YDOXHV� IRU�SDUDPHWHUV�
DQG� WKUHVKROGV�� 7KH� VHFRQG� DVSHFW� LV� WKH� G\QDPLF�
EHKDYLRXU�� LW� H[DPLQHV� WKH� V\VWHP¶V� UHVSRQVH�RYHU�D�
VKRUW�SHULRG��)LQDOO\��WKUHH�\HDU�UHVXOWV�DUH�FRPSDUHG�
LQ�WHUPV�RI�RYHUDOO�HQHUJ\�VDYLQJV�DQG�%7(6�DYHUDJH�
WHPSHUDWXUH��

Parameters of STD Strategy 
7DEOH���VKRZV�WKH�%7(6�)DFWRUV�YDOXHV�FRPSDUHG�WR�
WKH�67'¶V��&KDUJH�)DFWRUV�DOZD\V�UHDFK�D�YHU\�KLJK�
YDOXH�ZKLFK�PHDQV�WKDW�%7(6�&KDUJH�LV�DYRLGHG���
�

7DEOH���
%7(6�&KDUJH�DQG�'LVFKDUJH�)DFWRUV�

�

Case Charge  Discharge 
67'��UHIHUHQFH�� ���� �����
67'�� ���� �����
)5&����(�FDVHV�� ���� �����
)5&����(�FDVHV�� ���� �����

�

%HVLGHV�67'��ZKHUH�%7(6�'LVFKDUJH� LV� WKH�GRXEOH�
RI� 67'� YDOXH�� WKH� )5&�� FDVHV� YDOXHV� DUH� DFWXDOO\�
ORZHU�� 7KH� IHDWXUH� RI� IRUFLQJ� WKH� GLVFKDUJH� LV�PRUH�
LPSRUWDQW�WKDQ�WKLV�IDFWRU�IRU�UHGXFLQJ�HQHUJ\�XVDJH��

Optimal thresholds of FRC+ strategy 
)LJXUH� �� UHSUHVHQWV� WKH� 0D[LPXP� 'LVWULFW� /RDG�
WKUHVKROG� IRU� DOO� WKH� VFHQDULRV� EXW� 6776B+�
WKUHVKROGV�� ,W� ZDV� IRXQG� WKDW� WKHUH� LV� QR� UHDVRQ� WR�
IRUFH�WKH�GLVFKDUJH�ZKHQ�WKH�6776�FKDUJH�LV�KLJK���
�

�
��
��
��
��
��
��

/R
DG
�OH
YH
O��
*
-�

h

%7(6B/ %7(6B+

3E_W 3E_C 8E_W 8E_C
 

)LJXUH���0D[LPXP�/RDG�EHIRUH�%7(6�GLVFKDUJH�
�

)RU� HDFK� FDVH�� ORZ� 6776� FKDUJH� DQG� ORZ� %7(6�
FRQGLWLRQV� �>6776B/�� %7(6B/@�� EULQJ� WKH� ORZHVW�
WKUHVKROG� YDOXH�� 7KH� RWKHU� WKUHVKROGV� GR� QRW� IROORZ�
DQ�H[DFW�SDWWHUQ�EXW�WKH�%7(6B+¶V�YDOXHV�DUH�DOZD\V�
KLJKHU� WKDQ� %7(6B/� VFHQDULRV�� $V� WKH� QH[W� \HDU�
ZHDWKHU�FRQGLWLRQV�DUH�QRW�DFWXDOO\�NQRZQ�DQG�DV�WKH�
FRVWV� UHODWLRQVKLS� EHWZHHQ� JDV� DQG� HOHFWULFLW\�
FKDQJHV�HYHU\�\HDU��WKHVH�WKUHVKROGV�YDOXHV�JLYH�RQO\�

DQ�DSSUR[LPDWLRQ�RI�WKH�VXSHULRU�RU�LQIHULRU�OLPLWV�IRU�
WKHP���
7KH�WKUHVKROG�YDOXHV�IRU�0LQLPXP�8VDEOH�(QHUJ\�DUH�
DOZD\V� WKH� ORZHVW� IRU� WKH� ZRUVW� VFHQDULR� >6776B/��
%7(6B/@�� EXW� WKH� YDOXHV� DUH� YHU\� FORVH� WR� WKRVH� RI�
>6776B/��%7(6B+@��7KHVH�WKUHVKROGV�DUH�VPDOO�DQG�
WKH\� VHHP� YHU\� VHQVLEOH� WR� VLPXODWLRQ� DQG�
RSWLPLVDWLRQ� FRQGLWLRQV�� )RU� WKH� VFHQDULRV� 6776B0�
WKH�WKUHVKROG�YDOXHV�DUH�]HUR�RU�YHU\�FORVH� WR�LW��DQG�
DOZD\V� ]HUR� IRU� 6776B+�� ,Q� WKH� ODVW� WZR� VHW� RI�
VFHQDULRV� WKH� 6776�KDV� HQRXJK� FKDUJH� WR� GHDO�ZLWK�
PRVW�RI�WKH�KHDWLQJ�GHPDQG�VLWXDWLRQV���,W�FRXOG�DOVR�
EH� VDLG� WKDW� ORZ� VRODU� LUUDGLDWLRQ� LV� OHVV� LPSRUWDQW�
WKDQ� H[FHVVLYH� KHDWLQJ� ORDG� WR� WULJJHU� WKH� %7(6�
GLVFKDUJH��

Dynamic Behaviour 
7KH� ��GD\� SHULRG� IURP� )HEUXDU\� �WK� �� �WK� �� ����� LV�
VHOHFWHG� WR� DQDO\VH� LQ� GHWDLO� WKH� FRQWURO� VWUDWHJLHV�
PHFKDQLVPV� DQG� VKRUW�WHUP� UHVXOWV��7KHVH� IRXU�GD\V�
DUH� FKDUDFWHULVHG�E\� ORZ� WHPSHUDWXUHV� �KLJK�'LVWULFW�
/RDG��DQG�ORZ�8VDEOH�6RODU�(QHUJ\��)LJXUH �����
�

�

���

���

���

���

���

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

+
HD
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U�
5
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�

'LVWULFW�/RDG 8VDEOH�6RODU�(QHUJ\  
)LJXUH ��([WHUQDO�FRQGLWLRQV�

�

)LJXUH ��� UHSUHVHQWV� ERLOHU� JDV� FRQVXPSWLRQ�
�4B%RLOHU�� DQG� %7(6� WKHUPDO� HQHUJ\� WUDQVIHU� UDWH�
�4B%7(6��� QHJDWLYH� YDOXHV� DUH� IRU� HQHUJ\� EHLQJ�
H[WUDFWHG� �%7(6� GLVFKDUJH��� ,W� FDQ� EH� VHHQ� LQ� WKLV�
ILJXUH� KRZ� )5&� DQWLFLSDWHV� WKH� LQFUHDVH� LQ� WKH�
KHDWLQJ�ORDG�WR�VWDUW�WKH�%7(6�GLVFKDUJH�EHIRUH�67'�
GRHV��7KLV�FDXVHV�D�KLJKHU�6776�$&/�IRU�)5&�EXW�LW�
LV�QRW�VXIILFLHQW�WR�DYRLG�XVLQJ�WKH�ERLOHU��
�
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����
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����
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����� ����� ����� ����� ����� ����� ����� ����� �����

67
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�$
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+
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5
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�N
:
K�

4B%7(6��67'� 4B%7(6��)5&� 4B%RLOHU��67'�
4B%RLOHU��)5&� 6776�$&/��67'�� 6776�$&/��)5&�� �

)LJXUH ���6LPXODWLRQ¶V�RXWSXWV�
�

)RU� WKH� QH[W� WKUHH� ILJXUHV�� RQO\� WKH� FDVH� �(B:� LV�
FRPSDUHG�� 2WKHU� )5&�� FDVHV� H[KLELW� D� VLPLODU�
EHKDYLRXU���
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+HDW� 7UDQVIHU� UDWHV� DUH� SRUWUD\HG� LQ� )LJXUH� ����
&7%2¶V� 4B%RLOHU� OLQH� LV� QRW� GUDZQ� EHFDXVH� LW� LV�
SUDFWLFDOO\�HTXDO�WR�)5&�¶V��&7%2�DQG�)5&��GLIIHU�
LQ� WKH� WLPH� WKH� %7(6� GLVFKDUJH� EHJLQV�� EXW� WKH� QHW�
HIIHFW� RQ� 4B%RLOHU� LQGLFDWHV� WKDW� )5&�� LV� QRW� IDU�
IURP�WKH�LGHDO�FRQWURO�VWUDWHJ\�IRU�WKH�SHULRG��
�
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�
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4B%7(6��67'� 4B%7(6��)5&�� 4B%7(6��&7%2�
4B%RLOHU��67'� 4B%RLOHU��)5&��  

)LJXUH ���+HDW�7UDQVIHU�
�

5HODWHG� WR� WKH� VDPH� SHULRG� DQG� FDVHV�� 6776� $&/�
OHYHOV�DUH�GHSLFWHG�LQ�)LJXUH�����7KH�YDOXHV�IRU�WKH���
6WUDWHJLHV�DUH�WKH�VDPH�DW�WKH�EHJLQQLQJ�RI�WKH�SHULRG��
6776�$&/�VWDUWV�FKDQJLQJ�GHSHQGLQJ�RQ� WKH� WLPLQJ�
RI� %7(6� GLVFKDUJH�� &7%2� LV� WKH� ILUVW� WR� IRUFH� WKH�
GLVFKDUJH��IROORZHG�E\�)5&����67'�LV�WKH�ODVW�EXW�WKH�
KHDW�WUDQVIHU�UDWH�LV�QRW�KLJK�HQRXJK�WR�EHWWHU�FKDUJH�
WKH�6776�IRU�WKH�FRPLQJ�LQWHQVH�KHDWLQJ�SHULRG��
�
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���

���

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

67
76

��$
&
/

67' )5&� &7%2  
)LJXUH ���6776�$&/�IRU�WKH�SHULRG�

�

)URP� )LJXUH ���� WKH� GLIIHUHQFH� EHWZHHQ� &7%2� DQG�
)5&�� LV�YHU\� VPDOO� LQ�ERWK�4B%7(6�DQG�4B%RLOHU��
7KH� LPSURYHPHQW� UHVSHFW� WR�67'� LV�QRW�RQO\�GXH� WR�
WKH�DPRXQW�RI�4B%7(6�EXW�DOVR�WKH�GLVFKDUJH�WLPLQJ��
$JDLQ��)5&��EHKDYHV�DOPRVW�DV�HIILFLHQWO\�DV�&7%2��
�

-8.25 -9.12 -9.14

6.5 5.5 5.4
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67' )5&� &7%2(Q
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0
:
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4�%7(6 4�%RLOHU
�

)LJXUH ���(QHUJ\�7UDQVIHU�IRU�WKH���GD\�SHULRG�
�

Long-term analysis 
7KH� ORQJ�WHUP� HIIHFWV� DUH� DVVHVVHG� LQ� WHUPV� RI�
DYHUDJH� (QHUJ\� 6DYLQJV� SHU� \HDU� RYHU� D� WKUHH�\HDU�
SHULRG��\HDUV���DQG���ZLWK�WKH�WHVWHG�VWUDWHJ\�DQG�WKH�

ILFWLWLRXV� \HDU� �� ZLWK� WKH� 67'� VWUDWHJ\�� 7KH� HQHUJ\�
VDYLQJV�LQ�)LJXUH ���DUH�UHIHUHQFHG�WR�WKH�FDVH�ZKHUH�
67'� LV� DSSOLHG� IRU� WKH� WKUHH� \HDUV�� ,Q� SHUFHQWDJH�
WHUPV�� WKH� EHVW� )5&�� VWUDWHJLHV� DUH� FORVH� WR� ���
HQHUJ\�VDYLQJV��WKLV�LQFOXGHV�HOHFWULFLW\�FRQVXPSWLRQ�
ZLWK� D� QRUPDOLVHG� ZHLJKW� IDFWRU� RI� WKUHH� IRU�
FRPSDULVRQ�SXUSRVHV���
�

����

���

���

����

����

����

����

67'� )5& �(���)5&�� �(��)5&��(Q
HU
J\
�VD
YL
QJ
V�
SH
U�\
HD
U��
*
-�

*DV�VDYLQJV��:DUP�FDVH� *DV�VDYLQJV��&ROG�FDVH�
����(OHFWULFLW\�VDYLQJV��:DUP�FDVH�� �� ����(OHFWULFLW\�VDYLQJV��&ROG�FDVH� �

)LJXUH ���(QHUJ\�6DYLQJV�SHU�\HDU�
�

,W� FDQ�EH� QRWLFHG� WKDW�)5&�VXLWV� EHWWHU� WKH�REMHFWLYH�
RI� UHGXFLQJ� JDV� FRQVXPSWLRQ� EXW� 67'�� LV� VXSHULRU�
IRU�ORZHULQJ�HOHFWULFLW\�XVDJH��&RPELQLQJ�WKH�WZR�RI�
WKHP�LQ�)5&��OHDGV�WR�WKH�EHVW�HQHUJ\�SHUIRUPDQFH��

BTES temperatures 
7KH�IROORZLQJ� ILJXUH�VKRZV� WKH� LPSDFW� LQ� WKH�%7(6�
DYHUDJH�WHPSHUDWXUH�RI�WKH�VWUDWHJLHV�67'�DQG��(��
�

��

��

��
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��
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%
7(
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&
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67'��:DUP�FDVH��� �(B:� 67'��&ROG�FDVH��� �(B& �
)LJXUH ���%7(6�DYHUDJH�WHPSHUDWXUH�

�

7KH� WHPSHUDWXUH� OHYHOV� DUH� VOLJKWO\� ORZHU� IRU� �(�
FDVHV�EHFDXVH�WKH\�UHTXLUH�D�PRUH�LQWHQVLYH�XVDJH�RI�
WKH� HQHUJ\� VWRUHG� LQ� WKH� %7(6�� 6WDUWLQJ� WKH� \HDU� ��
�-XO\�������WKHUH�LV�DQ�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�
WKH�ZDUP� DQG� FROG� FDVHV� EXW� QRW� EHWZHHQ� 67'� DQG�
�(�VWUDWHJLHV�� �,W�FDQ�EH�VDLG� WKDW�\HDU¶V�ZHDWKHU�KDV�
PXFK�PRUH� LQIOXHQFH� LQ� WKH�%7(6� WHPSHUDWXUH� WKDQ�
WKH�WHVWHG�FRQWURO�VWUDWHJLHV�HPSOR\HG�LQ�SDVW�\HDUV���

&21&/86,216�$1'�',6&866,21�
7KH� SURFHVV� RI� ILQGLQJ� GLIIHUHQW� FRQWURO� VWUDWHJLHV�
EDVHG� RQ� 03&� VWDUWHG� ZLWK� WKH� DGRSWLRQ� RI� D�
YDOLGDWHG� 7516<6� PRGHO� ZKLFK� IHDWXUHV� VKRUWHU�
FRPSXWDWLRQ�WLPH�EHFDXVH�RI�%7(6�SUHKHDWLQJ���
2XU� UHVXOWV� KDYH� VKRZQ� WKDW� DFKLHYLQJ� VLJQLILFDQW�
HQHUJ\�VDYLQJV� LV�RQO\�SRVVLEOH�GXULQJ� VKRUW�SHULRGV�
RI� H[WUHPH� ZHDWKHU�� 2WKHU� IDFWRUV� DIIHFWLQJ� WKH�
FRQWURO� VWUDWHJLHV� SHUIRUPDQFH� DUH� WKH� WUDGH�RIIV�
EHWZHHQ�HOHFWULFLW\�YV��JDV�FRQVXPSWLRQ�DQG�FROOHFWHG�
VRODU�HQHUJ\�YV��6776�FKDUJH�OHYHO���
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7KH�SUHGLFWLYH�VWUDWHJ\�)5&��GHOLYHUHG�EHWZHHQ�����
�� �FDVH� �(B&�� DQG� ������ �FDVH� �(B:�� HQHUJ\�
VDYLQJV�ZKHQ�XVLQJ�D�ZHLJKWHG�VXP�RI�HOHFWULFLW\�DQG�
JDV� XVH� WR� UHIOHFW� FRVWV�� ,Q� DOO� WKH� FDVHV�� VWUDWHJ\�
)5&��FRQWULEXWHV�WRZDUGV�WKH�REMHFWLYH�RI�RSHUDWLQJ�
FRVWV�UHGXFWLRQ��
/RQJ�WHUP� LPSURYHPHQWV� RI� WKH� VRODU� IUDFWLRQ� DQG�
HQHUJ\�SHUIRUPDQFH��RU�RSHUDWLQJ�FRVWV��DUH�SRVVLEOH�
EXW� UHODWLYHO\� VPDOO�� ,Q� WKLV� UHVSHFW�� RQH� RI� WKH�
FRQFOXVLRQV� RI� RXU� ZRUN� LV� WKDW� WKH� FXUUHQW� FRQWURO�
VWUDWHJ\�� ZKLFK� KDV� EHHQ� GHYHORSHG� DQG� UHILQHG� E\�
WKH� '/6&� WHDP� RYHU� WKHVH� \HDUV� RI� RSHUDWLRQ��
GHOLYHUV�H[FHOOHQW�UHVXOWV���
5HILQLQJ� WKH� VWUDWHJ\� )5&�� WR� LQFOXGH� PRUH�
VFHQDULRV�IRU�WKH�ORRNXS�WDEOHV�FRXOG�KHOS�WR�JHW�PRUH�
SUHFLVH�WKUHVKROGV�YDOXHV�DQG�HYHQWXDOO\�LQFUHDVH�WKH�
HQHUJ\�SHUIRUPDQFH���

Further work 
2XU�ZRUN�GLG�QRW�FRQVLGHU�WKH�SRVVLELOLW\�RI�YDU\LQJ�
WKH�%7(6�SXPS�VSHHG��DQG�WKH�VRODU�SXPS�FRQWUROOHU�
ZDV� OHIW� DV� LV� �IL[HG� LQOHW�RXWOHW� WHPSHUDWXUH�
GLIIHUHQFH��� )XUWKHU� ZRUN� ZLOO� DVVHVV� WKH� SRWHQWLDO�
EHQHILWV� RI� PRGLI\LQJ� WKHLU� FRQWURO� VWUDWHJLHV� WR�
UHGXFH�RSHUDWLQJ�FRVWV��$�ORQJ�WHUP�REMHFWLYH�RI�RXU�
ZRUN�LV�WR�DVVHVV�ZKHWKHU�PRUH�FRVW�HIIHFWLYH�V\VWHP�
GHVLJQV� FRXOG� EH� DFKLHYHG� WR� GHOLYHU� WKH� VDPH� VRODU�
IUDFWLRQ��LI�RSWLPLVHG�SUHGLFWLYH�FRQWURO�VWUDWHJLHV�DUH�
WDNHQ�LQWR�DFFRXQW�GXULQJ�WKH�GHVLJQ�SKDVH���

$&.12:/('*(0(176�
7KLV� SURMHFW� LV� IXQGHG� E\� 16(5&� 6PDUW� 1HW�=HUR�
(QHUJ\� %XLOGLQJ� 6WUDWHJLF� 5HVHDUFK� 1HWZRUN�
�61(%51���
7KH� LQLWLDO� 7516<6� PRGHO� ZDV� SURYLGHG� E\� -HII�
7KRUQWRQ� RI� 7KHUPDO� (QHUJ\� 6\VWHPV� 6SHFLDOLVWV�
�7(66����
5HFRUGHG� GDWD� DQG� FXUUHQW� FRQWURO� VWUDWHJ\� ZHUH�
SURYLGHG� E\� 1DWXUDO� 5HVRXUFHV� &DQDGD�� �%UXFH�
6LEELWW�DQG�'RXJ�0F&OHQDKDQ���

5()(5(1&(6�
%UDXQ�� -��� ������ 5HGXFLQJ� HQHUJ\� FRVWV� DQG� SHDN�

HOHFWULFDO� GHPDQG� WKURXJK� RSWLPDO� FRQWURO� RI�
EXLOGLQJ� WKHUPDO� VWRUDJH�� $6+5$(�
7UDQVDFWLRQV�������������������

&DPDFKR��(��)���%HUHQJXHO��0���	�%RUGRQV��&��������
$GDSWLYH� JHQHUDOL]HG� SUHGLFWLYH� FRQWURO� RI� D�
GLVWULEXWHG� FROOHFWRU� ILHOG�� &RQWURO� 6\VWHPV�
7HFKQRORJ\�� ,(((� 7UDQVDFWLRQV� RQ�� ������ ����
�����

&RIIH\�� %�� ������ 8VLQJ� %XLOGLQJ� 6LPXODWLRQ� DQG�
2SWLPL]DWLRQ� WR� &DOFXODWH� /RRNXS� 7DEOHV� IRU�
&RQWURO�� 8&� %HUNHOH\�� &HQWHU� IRU� WKH� %XLOW�
(QYLURQPHQW�� 5HWULHYHG� IURP��
KWWS���HVFKRODUVKLS�RUJ�XF�LWHP�����S������

'DOHQEDFN�� -�2�� ������ 6XFFHVV� )DFWRUV� LQ� 6RODU�
'LVWULFW�+HDWLQJ��&,7�(QHUJ\�0DQDJHPHQW�$%��

5HWULHYHG� IURP�� KWWS���ZZZ�VRODU�GLVWULFW�
KHDWLQJ�HX�3RUWDOV���6'+�:3��'����
6XFFHVV)DFWRUV�-DQ�����SGI�

(QHUPRGDO�(QJLQHHULQJ�/WG��������2NRWRNV�VHTXHQFH�
RI�&RQWURO�9���

)HUKDWEHJRYLF�� 7��� =XFNHU�� *��� 3DOHQVN\�� 3�� ������
0RGHO� EDVHG� SUHGLFWLYH� FRQWURO� IRU� D� VRODU�
WKHUPDO�V\VWHP��,(((�$)5,&21���������������

+HQ]H�� *�� 3��� )HOVPDQQ�� &��� 	� .QDEH�� *�� ������
(YDOXDWLRQ� RI� RSWLPDO� FRQWURO� IRU� DFWLYH� DQG�
SDVVLYH� EXLOGLQJ� WKHUPDO� VWRUDJH�� ,QWHUQDWLRQDO�
-RXUQDO�RI�7KHUPDO�6FLHQFHV�������������������

,%36$�86$� DQG� ,%36$�&DQDGD�� ������ 0RGHO�
3UHGLFWLYH� &RQWURO� LQ� %XLOGLQJV� :RUNVKRS��
0RQWUHDO�� 5HWULHYHG� IURP��
KWWS���ZZZ�LESVD�XV�03&LQ%XLOGLQJV:RUNVKRS
3URJUDP�SGI�

.OHLQ�� 6�� $��� %HFNPDQ�� :�� $��� 0LWFKHOO�� -�� :���
'XIILH�� -�� $��� 'XIILH�� 1�� $��� )UHHPDQ�� 7�� /���
0LWFKHOO�� -�� &��� HW� DO�� �������� 7516<6� ��� ±� $�
75D1VLHQW� 6<VWHP� 6LPXODWLRQ� SURJUDP�� 8VHU�
PDQXDO��0DGLVRQ��:,��8QLYHUVLW\�RI�:LVFRQVLQ�
0DGLVRQ��86$��

0F&OHQDKDQ��'���*XVGRUI��-���.RNNR��-���7KRUQWRQ��-���
:RQJ�� %�� ����� 2NRWRNV�� 6HDVRQDO� 6WRUDJH� RI�
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