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FRXSOHG� EHKDYLRXU� RI� 3KRWR9ROWDLFV� �39��� D� VWRUDJH�
EDWWHU\�� DQG� VROLG�VWDWH� /LJKW�(PLWWLQJ�'LRGH� �/('��
OLJKWLQJ�� IRU�D�VLQJOH�RIILFH� URRP� LQ�D�JHQHULF�PXOWL�
OHYHO� EXLOGLQJ� LQ� WKH� 8QLWHG� .LQJGRP�� 7KH� 39�
PRGXOHV� DUH� LQWHJUDWHG� LQWR� DQ� XQREVWUXFWHG� VRXWK�
IDFLQJ� IDoDGH�SRVVHVVLQJ�D�ZLQGRZ��DQG�KRXUO\�GDWD�
DQDO\VLV� IRU� WKH� ZKROH� \HDU� RI� WKH� 39�JHQHUDWHG�
HOHFWULFLW\��GD\OLJKWLQJ��DQG�DUWLILFLDO�OLJKWLQJ�OHYHOV�LV�
SHUIRUPHG��7KH�OLJKWLQJ�ORDG�LV�VSOLW�LQWR�EDFNJURXQG�
DQG� WDVN� UHTXLUHPHQWV�� DQG� IRU� WKH� EDFNJURXQG�
UHTXLUHPHQWV�D�IDLUO\�PRGHVW�39�DUHD�LV�UHTXLUHG��7KH�
GHSHQGHQFH� RI� WKH� SD\EDFN� SHULRG� RQ� WKH� V\VWHP�
SDUDPHWHUV� ZDV� LQYHVWLJDWHG�� DQG� LW� ZDV� IRXQG� WKDW�
WKH�HIILFLHQF\�RI�WKH�SKRWRYROWDLFV��DQG�WKHLU�FRVW�SHU�
XQLW� DUHD� ZHUH� PRVW� VLJQLILFDQW�� 7KH� OXPLQRXV�
HIILFDF\�DQG�FRVW�RI�WKH�/('V��DQG�WKH�EDWWHU\�FRVW��DW�
EHVW�KDG�D�PRGHUDWH�HIIHFW��7KH�XVH�RI�GD\OLJKWLQJ�WR�
UHGXFH� WKH� OLJKWLQJ� ORDGV� KDG� RQO\� D�PLQLPDO� HIIHFW�
RQ�WKH�SD\EDFN�SHULRG��7KHVH�FRQVLGHUDWLRQV�PXVW�EH�
PDGH� ZKHQ� GHVLJQLQJ� 39�/('�EDWWHU\� V\VWHPV� IRU�
EXLOGLQJV. 
�
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(QHUJ\�HIILFLHQF\�KDV�EHHQ� WDNHQ�RQ�DQ� LQFUHDVLQJO\�
LPSRUWDQW� UROH�� JLYHQ� WKH� WKUHDW� RI� GZLQGOLQJ�
UHVRXUFHV� DQG� FOLPDWH� FKDQJH�� %XLOGLQJV� DUH� RQH� RI�
WKH�ODUJHVW�XVHUV�RI�HQHUJ\�LQ�WKH�:HVWHUQ�ZRUOG��DQG�
WKHUH�LV�SOHQW\�RI�VFRSH�IRU�UHGXFLQJ�LWV�XVH��/LJKWLQJ�
FRQWULEXWHV� DURXQG� ���� RI� WKH� HQHUJ\� XVH�� DQG� WKH�
SRWHQWLDO�H[LVWV� WR�KDOI�WKLV� ILJXUH��$�WHFKQRORJ\�WKDW�
KDV� PDWXUHG� GXULQJ� WKH� ODVW� IHZ� \HDUV� LV�
VHPLFRQGXFWRU�/LJKW�(PLWWLQJ�'LRGHV� �/('���ZKLFK�
XVH�GLUHFW�FXUUHQW��'&��HOHFWULFLW\�IRU�WKHLU�RSHUDWLRQ��
$QRWKHU�WHFKQRORJ\�WKDW�KDV�DOVR�JDLQHG�SRSXODULW\�LQ�
WKH� %XLOW� (QYLURQPHQW� LQ� UHFHQW� \HDUV� LV�
VHPLFRQGXFWRU� 3KRWR9ROWDLFV� �39��� ZKLFK� JHQHUDWH�
'&� HOHFWULFLW\� GLUHFWO\� IURP� VXQOLJKW�� 7KH� WZR�
WHFKQRORJLHV� FDQ� EH� XVHG� LQ� FRPELQDWLRQ� WR�
SRWHQWLDOO\� SURGXFH� DQ� HIILFLHQW� DQG� VXVWDLQDEOH�
LQWHULRU�OLJKWLQJ�V\VWHP���
7UDGLWLRQDO� OLJKWLQJ� V\VWHPV� XVHG� LQFDQGHVFHQW� �L�H��
ILODPHQW�� OLJKW� EXOEV�� $OWKRXJK� FKHDS� WR� SXUFKDVH��
DQG� SRVVHVVLQJ� D� JRRG� OLJKW� TXDOLW\� ZKLFK� PLPLFV�
QDWXUDO�GD\OLJKW��OHVV�WKDQ����RI�WKH�HOHFWULFDO�SRZHU�
LV� FRQYHUWHG� LQWR� OLJKW� ZLWK� WKH� UHPDLQGHU� EHLQJ�
HPLWWHG�DV�KHDW� LQWR� WKH�URRP��7KLV�PHDQV�HQHUJ\� LV�

ZDVWHG�ERWK�LQ�SRZHULQJ�WKH�EXOE��DQG�LQ�WKH�EXLOGLQJ�
FRROLQJ�V\VWHPV� WR�H[WUDFW� WKH�HPLWWHG�KHDW� IURP� WKH�
URRP��$� IHZ�GHFDGHV�DJR�� IOXRUHVFHQW� OLJKWLQJ�FDPH�
RQ�WKH�PDUNHW��,W� LV�PRUH�HIILFLHQW�WKDQ�LQFDQGHVFHQW�
OLJKWLQJ��DURXQG�������EXW�SURGXFHV�D�UDWKHU�DUWLILFLDO�
OLJKW� RXWSXW� SURILOH� ZKLFK� FDQ� FDXVH� SV\FKRORJLFDO�
GLVFRPIRUW� WR� RFFXSDQWV�� DQG� DOVR� SURGXFHV� WR[LF�
VXEVWDQFHV��H�J��PHUFXU\��PDNLQJ� WKHLU� VDIH�GLVSRVDO�
TXLWH�SUREOHPDWLF��
/('V� ZHUH� ILUVW� LQYHQWHG� LQ� WKH� ����V� DQG� ZHUH�
PDLQO\� XVHG� LQ� OLJKWLQJ� DSSOLFDWLRQV� IRU� HOHFWURQLF�
HTXLSPHQW��GXH� WR� WKHP�HPLWWLQJ�D�SDUWLFXODU� FRORXU��
DQG�GXH�WR�HPLWWLQJ�OLJKW�LQ�D�TXLWH�QDUURZ�EHDP��OHVV�
WKDQ����GHJUHHV���&RPSDUHG�WR�ROG�OLJKW�VRXUFHV��WKH\�
KDYH� D� PXFK� ORQJHU� OLIHWLPH�� W\SLFDOO\� ��� \HDUV� DV�
RSSRVHG�WR���\HDUV��&)/��DQG���\HDUV��LQFDQGHVFHQW���
7KH� ODVW� GHFDGH� KDV� VHHQ� XQSUHFHGHQWHG�
LPSURYHPHQWV��/('V�FDQ�JHQHUDWH�ZDUP�ZKLWH� OLJKW�
ZLWK� D� VSHFWUXP� WKDW� LV� DOPRVW� DV� JRRG� DV� GD\OLJKW��
DQG� HYHQ� D� VLQJOH� OXPLQDLUH� FDQ� KDYH� LWV� VSHFWUDO�
RXWSXW� SURJUDPPHG� WR� EH� WLPH�YDU\LQJ� VXFK� WKDW� LW�
FDQ�PLPLF� WKH�EHKDYLRXU�RI� GD\OLJKW�RYHU�D� IXOO�GD\�
�-RX��:X�HW�DO���������6RSKLVWLFDWHG�RSWLFV�DOORZ�OLJKW�
HPLVVLRQ�DW�ERWK�ZLGH�DQG�QDUURZ�EHDP�DQJOHV�� DQG�
OXPLQDLUH�HIILFLHQFLHV�DUH�QRZ�DW�OHDVW�DV�KLJK�DV�WKH�
FRUUHVSRQGLQJ�&)/��7KH�RQO\�PDMRU�GLIIHUHQFH�LV�WKH�
LQLWLDO�FDSLWDO�FRVW��
7KH�ELJ�EUHDNWKURXJK�FDPH�ZKHQ��+XPSKUH\V�������
=KX�� 0F$OHHVH� HW� DO�� ������ VKRZQ� WKDW� LW� ZDV�
SRVVLEOH� WR� WDNH� DGYDQWDJH� RI� WKH� SURFHVVHV� LQ� WKH�
PDQXIDFWXULQJ� RI� FRPSXWHU� FKLSV� WR� UHGXFH� WKH� FRVW�
RI� SURGXFLQJ� /('V� E\� XS� WR� WHQIROG�� WKH� W\SLFDO�
SXUFKDVH� SULFH� RI� DQ� /('� OXPLQDLUH� LV� QRZ� DURXQG�
WKUHH� WLPHV� DV�PXFK�DV� WKH�&)/�FRXQWHUSDUW� EXW� WKH�
SK\VLFDO� SHUIRUPDQFH� LV� DW� OHDVW� DV� JRRG� DV�� LI� QRW�
EHWWHU��$FFRUGLQJ�WR��6KDLOHVK�DQG�5DLNDU�������� WKH�
RSHUDWLQJ�FRVWV�RYHU����\HDUV�IRU�DQ�RIILFH�URRP�FDQ�
EH�UHGXFHG�E\�����LI�WKH�FRQVWDQW�XVH�RI�IOXRUHVFHQW�
ODPSV� LV� UHSODFHG� E\� /('� OLJKWLQJ� FRPELQHG� ZLWK�
VHQVRUV� IRU� GD\OLJKW� DQG� RFFXSDQF\� OHYHOV�� 7KH� RQH�
RXWVWDQGLQJ� LVVXH� WKDW� UHPDLQV� LV� WKHUPDO�
PDQDJHPHQW��$OWKRXJK�OHVV�KHDW�LV�SURGXFHG�WKDQ�LQ�
RWKHU� OLJKW� VRXUFHV�� LI� LW� LV� QRW� H[WUDFWHG� DZD\� IURP�
WKH� GHYLFH� WKHQ� WKH� OLJKW� RXWSXW�ZLOO� GHJUDGH� �%LEHU�
�������RU�HYHQ�ZRUVH�GDPDJH�ZLOO�RFFXU��%RWK���3DUU\�
������DQG���'RQJ�DQG�1DUHQGUDQ�������GLVFXVV�KRZ�
WR� DGGUHVV� WKH� LVVXH� XVLQJ� &RPSXWDWLRQDO� )OXLG�
'\QDPLFV����
39� WHFKQRORJ\� KDV� WUDGLWLRQDOO\� EHHQ� WKH� GRPDLQ� RI�
UHPRWH��RII�JULG�V\VWHPV��GXH� WR� LWV�HIILFLHQF\� ORVVHV�
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ZKHQ�LPSOHPHQWHG� LQ� WKH� IRUP�RI� FHQWUDOL]HG�� ODUJH�
VFDOH� SRZHU� JHQHUDWLQJ� SODQWV�� ,PSURYHPHQWV� LQ�
SHUIRUPDQFH� DQG� FRVW� KDYH� PDGH� 39� SDQHOV�
LQFUHDVLQJO\� SRSXODU� LQ� EHLQJ� LQWHJUDWHG� LQWR� WKH�
EXLOGLQJ� DUFKLWHFWXUH�� $V� RI� ������ WKH� DYHUDJH�
HIILFLHQF\�RI�39�PRGXOHV�LV�DURXQG�����ZLWK�D�FRVW�
RI������SHU�VTXDUH�PHWUH��DQG� WKLV� LV�VHW� WR� LPSURYH�
HYHQ�IXUWKHU��6RODU�HOHFWULFLW\�LV�'&��\HW�PDQ\�RI�WKH�
DSSOLDQFHV� LQ� D� EXLOGLQJ� DUH� $OWHUQDWLQJ� &XUUHQW�
�$&���DQG�DQ�LQYHUWHU�LV�QHHGHG�WR�PDNH�WKH�UHTXLUHG�
FRQYHUVLRQ�� WKLV� ZLOO� UHVXOW� LQ� VLJQLILFDQW� HIILFLHQF\�
ORVVHV�� 1HYHUWKHOHVV�� � /LX� KDV� SHUIRUPHG� D� V\VWHP�
RSWLPL]DWLRQ� IRU� XVLQJ� 39� DQG� EDWWHU\� WR� SRZHU�
UHVLGHQWLDO�EXLOGLQJV�LQ�4XHHQVODQG��/LX��5DVXO�HW�DO��
������ /LX�� 5DVXO� HW� DO�� ������� DQG� ILQGV� WKDW� �N:�
URRI�PRXQWHG�SDQHOV�ZLWK�DQ�DQJOH�RI�������GHJUHHV�
FDQ� SURYLGH� QHDUO\� WZR�WKLUGV� RI� WKH� $&� HOHFWULFLW\�
UHTXLUHPHQWV��
*LYHQ� WKDW� /('� OLJKWLQJ� LV� DOVR� '&�� WKLV� PDNHV� LW�
LGHDO�WR�XVH�39�SDQHOV�WR�SRZHU�/('�OXPLQDLUHV� IRU�
LQWHULRU�URRP�OLJKWLQJ��WKHUH�DUH�HIILFLHQF\�VDYLQJV�RQ�
QRW� LQYROYLQJ� WKH� XVH� RI� DQ� LQYHUWHU�� +RZHYHU��
VXQOLJKW� LV� QRW� FRQVWDQW�� DQG� WKH� OLJKWLQJ� HQHUJ\� LV�
VRPHWLPHV� QHHGHG� ZKHQ� WKH� VXQ� GRHV� QRW� VKLQH��
&OHDUO\��VRPH�VRUW�RI�VWRUDJH� LV�UHTXLUHG�LQ� WKH�IRUP�
RI� D� VXLWDEOH� EDWWHU\�� 'XULQJ� WKH� ZLQWHU� PRQWKV�
VXQOLJKW� LV� PLQLPDO� DQG� HOHFWULFLW\� PXVW� EH� GUDZQ�
IURP� WKH� JULG�� DQG� FRUUHVSRQGLQJO\� GXULQJ� WKH�
VXPPHU� PRQWKV� PRUH� HOHFWULFLW\� ZLOO� EH� SURGXFHG�
WKDQ�LV�QHHGHG�IRU�WKH�EXLOGLQJ��WKH�H[FHVV�LV�VROG�WR�
WKH�JULG� DW� DQ� H[WHUQDOO\�GHWHUPLQHG� UDWH��$FFRUGLQJ�
WR� WHVWV� E\� �6DVWU\�� .DPDOD� 'HYL� HW� DO�� ������� WKH�
FRPELQHG� 39� DQG� EDWWHU\� HQHUJ\� VL]LQJ� FDQ� EH�
UHGXFHG� E\� XS� WR� ���� LI� 39� PRGXOHV� DUH� XVHG� WR�
SRZHU�/('�ODPSV�UDWKHU� WKDQ�&)/�ODPSV��1RWH� WKDW�
DOWKRXJK�DQ� LQYHUWHU� LV� QRW�QHHGHG�ZKHQ�39� LV� XVHG�
WR� GLUHFWO\� SRZHU� /('V�� LW� LV� QHHGHG� ZKHQ� XVH� LV�
PDGH�RI�WKH�JULG��+DYLQJ�VDLG�WKDW����%RHNH��:HQGW�HW�
DO�� ������ VKRZ� WKDW� XVLQJ� 39� WR� SRZHU� /('� OLJKWV�
VWLOO�UHVXOWV�LQ�HOHFWULFLW\�VDYLQJV�RI�����FRPSDUHG�WR�
XVLQJ� $&� PDLQV� DORQH�� 0RUHRYHU�� E\� KDYLQJ� DQ�
DSSURSULDWH� local� '&� HOHFWULFLW\� JULG� IRU� UXUDO�
EXVLQHVVHV��WKH�39�DQG�%DWWHU\�FRVWV��DQG�WKH�RYHUDOO�
HFRQRPLF� FRVWV� RI� 39�SRZHUHG� V\VWHPV�� FDQ� EH�
VLJQLILFDQWO\� UHGXFHG� �3DQJXORRUL�� 0LVKUD� HW� DO��
������� �3DWHO�� HW� DO�� ������ GLVFXVVHV� D� V\VWHPDWLF�
SURFHGXUH� IRU� HVWLPDWLQJ� WKH� RYHUDOO� HIILFLHQFLHV�
ZKHQ�YDULRXV�W\SHV�RI�FRPSRQHQWV�DUH�LQYROYHG��DQG�
�3RGH� ������ GLVFXVVHV� VWUDWHJLHV� IRU� HQFRXUDJLQJ�
XSWDNH�RI�39�/('�V\VWHPV����
7KH� EHQHILWV� RI� ZDOO�PRXQWHG� 39� DUH� QRW� RQO\�
HOHFWULFDO�� 7KH� VWUXFWXUH� FDQ� DFW� DV� D� 7URPEH�:DOO��
ZKHUH� WKH� KHDW� JHQHUDWHG� IURP� WKH� LQFLGHQW� VXQOLJKW�
FDQ� EH� XVHG� WR� ZDUP� WKH� URRP� XVLQJ� QDWXUDO�
YHQWLODWLRQ� �<XQ�� 0F(YR\� HW� DO�� ������� W\SLFDO�
KHDWLQJ� HIILFLHQFLHV� DUH� URXQG������ ,Q� DGGLWLRQ�� LI� D�
'&� IDQ� LV� XVHG�� FRROLQJ� RI� WKH� 39� DUUD\� FDQ� EH�
DVVLVWHG� GXULQJ� WKH� VXPPHU� PRQWKV� �-LH�� +XD� HW� DO��
�������2QH�FRQVHTXHQFH�RI�FKDQJLQJ�WR�/('�OLJKWLQJ�
LV� WKH� UHGXFHG� KHDW� HPLWWHG� LQWR� WKH� URRP�� DQG� WKLV�

KDV� WKH� SRWHQWLDO� IRU� FUHDWLQJ� D� µUHERXQG� HIIHFW¶�
ZKHUH� WKH� RFFXSDQWV� LQFUHDVH� WKH� KHDWLQJ� LQ� D� FROG�
FOLPDWH��$Q�RQJRLQJ�LQYHVWLJDWLRQ�E\�WKH�DXWKRUV�LV�WR�
GHWHUPLQH� ZKHWKHU� WKH� KHDW� JHQHUDWHG� E\� WKH� 39�
7URPEH�ZDOO�FDQ�UHSODFH�WKH�KHDW�ORVW�E\�FKDQJLQJ�WR�
/('�OLJKWLQJ��
$V�WKH�OLJKWLQJ�ORDG�ZLOO�YDU\�GXULQJ�WKH�\HDU�GXH�WR�
GD\OLJKW�� LW� LV� DVVXPHG� WKDW� D� VXLWDEOH� 0D[LPXP�
3RZHU� 3RLQW� 7UDFNLQJ� �0337�� DOJRULWKP� LV� LQ�
RSHUDWLRQ� �VHH� �(VUDP� DQG� &KDSPDQ� ������� DQG�
UHIHUHQFHV�FRQWDLQHG� WKHUHLQ���$Q�LQQRYDWLYH�PHWKRG�
RI� LQFUHDVLQJ� EDWWHU\� FKDUJLQJ� FDSDFLW\� E\� QHDUO\�
����KDV�EHHQ�VXJJHVWHG�E\��+XDQJ��:X�HW�DO���������
ZKLFK�VWDWHV� WKDW� LQVWHDG�RI�XVLQJ�0337�IRU� WKH�39�
LQ� UHODWLRQ� WR� WKH� ORDG�� RSHUDWH� DW� near� PD[LPXP�
SRZHU� SRLQW� ZKLOH� XVLQJ� SXOVH� ZLGWK� PRGXODWLRQ� WR�
FRQWURO� GLVFKDUJLQJ�RI� WKH�EDWWHU\��7KLV� DOVR� KDV� WKH�
DGYDQWDJH� RI� UHGXFLQJ� WKH� 0337� FRQYHUVLRQ� ORVV�
ZKHQ�DQ�XQGHUVL]HG�ORDG�LV�XVHG��
,W�KDV�EHHQ�VXJJHVWHG�WKDW�XVLQJ�VRODU�DQJOH�WUDFNLQJ�
IRU� 39� V\VWHPV� FDQ� LQFUHDVH� SRZHU� RXWSXW� E\� XS� WR�
���� �.HOO\� DQG�*LEVRQ� �������$OWKRXJK� WKLV� LV� QRW�
FRQVLGHUHG� LQ� WKH� SUHVHQW� ZRUN�� LW� LV� QHYHUWKHOHVV�
EHLQJ� FRQVLGHUHG� E\� WKH� DXWKRUV� LQ� D� VHSDUDWH�
LQYHVWLJDWLRQ�IRU�UHVLGHQWLDO�EXLOGLQJV��
7KH� DQDO\VLV� RI� QRQ�XQLIRUP� LOOXPLQDQFH� OHYHOV� RQ�
WKH� ZRUNLQJ� SODQH� QRUPDOO\� UHTXLUHV� GHWDLOHG�
PRGHOOLQJ� �H�J�� XVLQJ� 'LDOX[��� DQG� LW� PXVW� EH�
HPSKDVL]HG� WKDW� WKH� DLP� RI� WKLV� ZRUN� LV� QRW� WR�
FRPSHWH�ZLWK� VXFK� VRSKLVWLFDWHG�PHWKRGV��5DWKHU�� LW�
LV� WR� JLYH� D� ILUVW� LQGLFDWLRQ� RI� WKH� GHSDUWXUHV� IURP�
XQLIRUP� LOOXPLQDQFH�� VXFK� WKDW� NH\� GHFLVLRQV� RQ�
VHYHUDO�µZKDW�LI¶�VFHQDULRV�FDQ�EH�PDGH�GXULQJ�HDUO\�
VWDJH� GHVLJQ�� 2QFH� WKH� RSWLPXP� EXLOGLQJ�
FRQILJXUDWLRQ�KDV�EHHQ�FKRVHQ��WKHQ�GHWDLOHG�DQDO\VLV�
FDQ� SURFHHG� DV� XVXDO�� LQGHHG�� WKH� UHVXOWLQJ� YDOXH� RI�
WKH� OLJKWLQJ� HQHUJ\� IURP� WKLV� FDQ� EH� LQSXW� LQWR� WKH�
VSUHDGVKHHW� XVHG� LQ� WKLV� DQDO\VLV� WR�PRUH� DFFXUDWHO\�
GHWHUPLQH� WKH� 39� DUHD� DQG� EDWWHU\� FDSDFLW\�� ,W� LV�
KRSHG� WKDW� WKLV� VKDOO� EHFRPH� D� XVHIXO� WRRO� IRU�
DUFKLWHFWV�� HQJLQHHUV�� DQG� EXLOGLQJ� PDQDJHUV� DOLNH��
$OWKRXJK�WKLV�ZRUN�IRFXVHV�RQ�WKH�8QLWHG�.LQJGRP��
WKH� IXQGDPHQWDO� PHWKRGRORJ\� FDQ� EH� DSSOLHG�
DQ\ZKHUH�LQ�WKH�ZRUOG���
�

0(7+2'2/2*<��
7KH� V\VWHP� XQGHU� FRQVLGHUDWLRQ� FRQVLVWV� RI�
3KRWR9ROWDLF� �39�� SDQHOV�� D� EDWWHU\�� DQG� WKH� '&�
ORDGV�� LQ� WKLV� FDVH� WKH� /('� OLJKWLQJ� DQG� FRPSXWHUV�
�Figure 1���7KH�39�DQG� OLJKWLQJ�HQHUJ\�SHUIRUPDQFH�
RI�D�VLQJOH�RIILFH�URRP�LQ�D�PXOWL�OHYHO�EXLOGLQJ�WKDW�
KDG� 39� SDQHOV� DWWDFKHG� WR� WKH� VRXWK�IDFLQJ� IDoDGH�
�Figure 2�� ZDV� HYDOXDWHG� IRU� D� ZLGH� YDULHW\� RI�
SK\VLFDO�SDUDPHWHUV�����
�
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�
Figure 1. Cross section of the office room in the 
multi-level building, with PV mounted on the south-
facing wall. 
�

�
Figure 2. The office building as viewed from the 
front, i.e. towards the south-facing wall.�
�
%RWK� FRPPHUFLDO� VRIWZDUH� DQG� ([FHO� VSUHDGVKHHW�
EDVHG� DQDO\VHV� ZHUH� XVHG�� $QQXDO� KRXUO\� VRODU�
UDGLDWLRQ� GDWD� IRU� %ULVWRO� ZDV� REWDLQHG� IURP�
(&27(&7��DQG�FRQYHUWHG� LQWR�:DWW�KRXUV��:K�� IRU�
WKH� 39� SDQHOV�� +RXUO\� GD\OLJKW� VLPXODWLRQV� IRU� D�
FORXG\�VN\�ZHUH�DOVR�FDUULHG�RXW�IRU�HDFK�PRQWK��DQG�
WKLV�LOOXPLQDQFH�ZDV�VXEWUDFWHG�IURP�WKH�EDFNJURXQG�
OLJKWLQJ� LOOXPLQDQFH� UHTXLUHPHQW� WR� FUHDWH� DQ�
HIIHFWLYH�KRXUO\�EDFNJURXQG�OLJKWLQJ�ORDG��,Q�RUGHU�WR�
HQVXUH� 0337�� WKH� UHTXLUHG� 39� DUHD� ZRXOG� EH�
GHWHUPLQHG�E\�WKH�DQQXDO�ORDG�UHTXLUHPHQW���
�
7KH�EDWWHU\�FDSDFLW\�ZDV�VL]HG�LQ�UHODWLRQ�WR�WKH�GDLO\�
H[FHVV�RI� WKH� ORDG�UHTXLUHPHQWV�YHUVXV� WKH�39�LQSXW�
DYHUDJHG�RYHU�WKH�\HDU��DQG�WKLV�ZDV�WHUPHG�WKH�GDLO\ 
deficit�� ,Q�VL]LQJ� WKH�EDWWHU\��D�PDUJLQ�RI�����VSDUH�
FDSDFLW\� ZDV� DOORZHG� WR� DFFRXQW� IRU� YDULRXV� ORVVHV��
,WV� VWDWH�RI�FKDUJH�ZDV�GHWHUPLQHG�E\� WKH�GLIIHUHQFH�
EHWZHHQ� HQHUJ\� LQSXW� IURP� WKH� 39�� DQG� HQHUJ\�
H[WUDFWHG� E\� WKH� ORDGV�� LQFOXGLQJ� D� EDWWHU\� VHOI�
GLVFKDUJH� RI� DSSUR[LPDWHO\� ��� SHU� PRQWK�� $V� WKH�
KRXUO\�VHOI�GLVFKDUJH�LV�UHODWLYHO\�VPDOO��RI�WKH�RUGHU�
RI�D�IUDFWLRQ�RI�D�:K��WKLV�EHKDYLRXU�FDQ�EH�DVVXPHG�
DV�OLQHDU��

7KH�state of charge�RQ� WKH�EDWWHU\� LV�GHWHUPLQHG�E\�
WKH� GLIIHUHQFH� EHWZHHQ� WKH� 39� HQHUJ\� LQSXW� DQG� LWV�
XVH�E\�WKH�ORDGV��,I�WKLV�GLIIHUHQFH�LV�JUHDWHU�WKDQ�WKH�
PD[LPXP�FDSDFLW\�RI�WKH�EDWWHU\��WKHQ�DQ\�excess�LV�
IHG� WR� WKH� JULG�� &RQYHUVHO\�� LI� WKH� 39� LQSXW� LV�
LQVXIILFLHQW� WR� SRZHU� WKH� ORDGV�� WKHQ� WKH� �KRXUO\��
GHILFLW� ZLOO� EH� WDNHQ� IURP� WKH� JULG�� 6HSDUDWH� KRXUO\�
SURILOHV� IRU� ERWK� WKH� EDFNJURXQG� DQG� WDVN� OLJKWLQJ�
ZHUH�VSHFLILHG��DQG�DQQXDO�KRXUO\�YDOXHV�IRU�WKH�VWDWH�
RI�FKDUJH��GHILFLW�� DQG�H[FHVV�ZHUH�FDOFXODWHG��)URP�
WKHVH�TXDQWLWLHV�� WKH�PRQWKO\�YDOXHV�RYHU�WKH�\HDU�RI�
KLJKHVW� DQG� ORZHVW� H[FHVV�GHILFLW� DUH� REWDLQHG�� DQG�
ZKHWKHU�RU�QRW�WKHUH�LV�DQ�DQQXDO�QHW�XVH�RI�WKH�JULG��
7KH�SULFH�IRU�XVLQJ�WKH�JULG�LV���S�SHU�N:K��
([FHVV� HQHUJ\� IHG� WR� WKH� JULG� ZLOO� UHVXOW� LQ� D� SULFH�
EHLQJ�SDLG�E\�WKH�JRYHUQPHQW�WR�WKH�EXLOGLQJ�RZQHU��
FDOOHG� D� feed-in tariff �),7��� 7KH� ),7� JUDGXDOO\�
GHFUHDVHV� HYHU\� \HDU�� DQG� DV� RI� HDUO\� ����� LW� LV� ���
SHQFH� SHU� N:K� IRU� JHQHUDWLRQ� �LUUHVSHFWLYH� RI�
ZKHWKHU�RU� QRW� LW� LV� XVHG� ORFDOO\�� SOXV� DQ� additional�
H[SRUW� WDULII� RI� ���S� SHU� N:K� �8.� *RYW�� '(&&��
������� 7KLV� SD\PHQW�� LQ� DGGLWLRQ� WR� WKH� VDYLQJV� RQ�
WKH�HOHFWULFLW\�ELOO�SULRU�WR�LQVWDOODWLRQ��FDQ�EH�XVHG�WR�
RIIVHW� WKH� LQLWLDO� FRVW�� 7KH� WLPH� LW� WDNHV� IRU� WKLV� WR�
KDSSHQ� LV� FDOOHG� WKH� payback SHULRG�� DQG� LW� FDQ�
GHSHQG� RQ� D� QXPEHU� RI� IDFWRUV�� ZKLFK� WKLV� UHVHDUFK�
DWWHPSWV� WR� TXDQWLI\�� 7KH� IROORZLQJ� IDFWRUV� ZHUH�
FKRVHQ��39�DUHD��),7��39�FRVW��/('�HIILFLHQF\�FRVW��
%DWWHU\� VL]H�FRVW�� DQG� HIILFLHQF\�FRVW� RI� WKH� OLJKWLQJ�
V\VWHP� XVHG� SULRU� WR� LQVWDOOLQJ� /('V�� :KHQ�
GHVFULELQJ� WKH� HIILFLHQF\� RI� D� OXPLQDLUH�� RQH� PXVW�
RQO\� FRQVLGHU� WKH� ZDYHOHQJWKV� �DQG� FRUUHVSRQGLQJ�
OLJKW�HQHUJLHV��WKDW�DUH�VHQVLWLYH�WR�KXPDQ�YLVLRQ��DQG�
QRW� DQ\WKLQJ� RXWVLGH� WKLV� UDQJH��2QH� WKHUHIRUH� WDONV�
RI� OLJKWLQJ� SRZHU� LQ� lumens�� ZKLFK�� DSSUR[LPDWHO\�
VSHDNLQJ�FRXOG�EH�UHJDUGHG�DV�µRSWLFDO�ZDWWV¶��DQG�WKH�
QXPEHU� RI� OXPHQV� UHDFKLQJ� D� VTXDUH� PHWUH� RI� WKH�
ZRUNLQJ� SODQH� LV� WHUPHG� lux�� 7KH� UDWLR� RI� OLJKWLQJ�
SRZHU� WR� HOHFWULFDO� SRZHU� LV� WHUPHG� luminous 
efficacy��RU�MXVW�µHIILFDF\¶�    
7KH� Lumen Method UHJDUGV� WKH� OLJKW� IURP� D�
OXPLQDLUH� DV� FRUUHVSRQGLQJ� WR� D� PDWKHPDWLFDOO\�
HTXLYDOHQW�VRXUFH�WKDW�LV�XQLIRUPO\�GLVWULEXWHG�RYHU�D�
FHUWDLQ� DUHD� RI� WKH� FHLOLQJ�� DQG� HPLWWLQJ� YHUWLFDOO\�
GRZQZDUGV�RYHU�WKDW�VDPH�DUHD�RI�WKH�ZRUNLQJ�SODQH��
,I�WKH�OXPLQDLUH�KDV�SRZHU�3�DQG�OXPLQRXV�HIILFDF\�Ș��
WKHQ� WKH� WRWDO� QXPEHU� RI� OXPLQDLUHV� 1� WKDW� DUH�
UHTXLUHG� WR� SURGXFH� D� JLYHQ� OX[� OHYHO� (� DW� WKH�
ZRUNLQJ�SODQH�RI�DUHD�$�LV�

PMU
EAN


 ��

0�LV�WKH�PDLQWHQDQFH�IDFWRU��DQG�8�LV�WKH�XWLOL]DWLRQ�
IDFWRU�� 0� DFFRXQWV� IRU� WKH� GHJUDGDWLRQ� RI� WKH�
OXPLQDLUH�RYHU�WLPH��H�J��GXH�WR�GLUW���DQG�8�GHVFULEHV�
WKH� IUDFWLRQ�RI� OLJKW� IURP� WKH� OXPLQDLUH� WKDW�DFWXDOO\�
UHDFKHV�WKH�ZRUNLQJ�SODQH��)RU�D�JLYHQ�FDSLWDO�FRVW�RI�
WKH�39�EDWWHU\�/('�V\VWHP��&���DQQXDO�),7��*���DQG�
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DQQXDO� FRVWV� RI� WKH� ROG� OLJKWLQJ� V\VWHP� �/��� WKH�
SD\EDFN�SHULRG��7��LQ�\HDUV�LV�JLYHQ�E\�

 LG
CT


 �

�
Figure 3. The modern requirement for illuminance in 
offices – 500 lux at the desk, 300 lux in the 
immediate neighbourhood, and 100 lux in the 
background.�
�
7UDGLWLRQDOO\�� WKH� LOOXPLQDQFH� UHTXLUHPHQW� IRU� DQ�
RIILFH�ZDV�D�XQLIRUP�OHYHO�RI�����OX[�RQ�WKH�ZRUNLQJ�
SODQH��WKLV�RULJLQDWHG�IURP�KDYLQJ�WR�XVH�D�W\SHZULWHU�
IRU�GHWDLOHG� WDVNV��1RZ�WKDW�FRPSXWHUV�DUH�XVHG�� WKH�
UHTXLUHPHQWV� KDYH� FKDQJHG� �5D\QKDP��������ZKHUH�
LQFUHDVHG� LOOXPLQDQFH� LV� UHTXLUHG�RQ� WKH�GHVN��DQG�D�
ORZHU� LOOXPLQDQFH� DZD\� IURP� WKH� GHVN� �Figure 3���
7KH� background� OLJKWLQJ� OHYHO� RI� ���� OX[� LV� WKH�
PLQLPXP�UHTXLUHG� WR�VDIHO\�PRYH�DURXQG� WKH� VSDFH��
DQG�WKH�OLJKWLQJ�OHYHO�RI�����OX[�DW�WKH�GHVN�LV�ZKDW�LV�
UHTXLUHG�WR�GR�D�GHWDLOHG�task��DQG�PLQLPL]H�WKH�ULVN�
RI�JODUH���7KH�DUHD�LPPHGLDWHO\�VXUURXQGLQJ�WKH�GHVN��
WKH�neighbourhood��KDV�D� OLJKWLQJ� OHYHO�RI����� OX[��
*LYHQ�WKDW�WKH�RFFXSDQWV�RI�WKH�RIILFH�ZLOO�QRW�DOZD\V�
EH�DW�WKHLU�GHVNV��WKH�OLJKWLQJ�ORDG�ZDV�VSOLW�LQWR�WZR�
SDUWV��7KH�EDFNJURXQG�ORDG��DQG�WKH�WDVN�ORDG��
7KH� ORDGV�ZLOO� GHSHQG� RQ� WKH� W\SH� RI� OXPLQDLUH� ZH�
XVH��EXW�D� W\SLFDO� OXPLQRXV�HIILFDF\� IRU�ZDUP�ZKLWH�
/('V� �DV� RI� ������ LV� ��� OP�:�� DQG� WKLV� FDQ� RQO\�
LPSURYH�HYHQ�IXUWKHU��)RU�D�URRP�ZLWK��P�[��P�IORRU�
DUHD� DQG� �P� KHLJKW� �LPSO\LQJ� .�IDFWRU� DQG�
8WLOL]DWLRQ� IDFWRU� RI� ����� DQG� ���� UHVSHFWLYHO\��� RQH�
FDQ� XVH� WKH� OXPHQ�PHWKRG� WR� VKRZ� WKDW� LI� WKH� GHVN�
OHYHO� UHTXLUHPHQW�RI����� OX[� LV� WR�EH� VDWLVILHG�XVLQJ�
�:� FHLOLQJ�PRXQWHG� OXPLQDLUHV�� VL[WHHQ� RI� WKHVH�
OXPLQDLUHV� DUH� UHTXLUHG� UHVXOWLQJ� LQ� D� WRWDO� SRZHU�
UHTXLUHPHQW�RI�����:���
)RU� WKH� WDVN� OLJKWLQJ�� LW� ZDV� DVVXPHG� WKDW� D� VLQJOH�
OXPLQDLUH�ZDV���:�ZLWK�DQ�HIILFDF\�RI����OP�:��DQG�
WKH�OXPHQ�PHWKRG�ZDV�VHSDUDWHO\�DSSOLHG�WR�ERWK�WKH�
QHLJKERXUKRRG�DQG�WDVN�DUHDV��
7KH� ROG� OLJKWLQJ� V\VWHP� WKDW� LV� EHLQJ� UHSODFHG� LV� D�
&)/�EDVHG�V\VWHP�RI�HIILFDF\���� OP�:�SURGXFLQJ�D�
XQLIRUP� GLVWULEXWLRQ� RI� ���� OX[� RYHU� WKH� entire�
ZRUNLQJ�SODQH�RI�WKH�RIILFH��

7KH� H[WHULRU� ZDOO� DUHD� ZDV� ��� P��� DQG� WKH� WRWDO�
ZLQGRZ�DUHD�ZDV���P��� OHDYLQJ� D�PD[LPXP�DUHD�RI�
���P�� IRU�PRXQWLQJ�39�SDQHOV�� LW�ZDV�DVVXPHG� WKDW�
WKHUH� ZHUH� QR� H[WHULRU� REVWUXFWLRQV� WR� FUHDWH�
VKDGRZLQJ��7KH�39�HIILFLHQF\�LV�DVVXPHG�WR�EH�����
ZLWK�D�FRVW�RI������SHU�P���DQG�WKH�EDWWHU\�FRVW�LV���S�
SHU�N:K��WKLV�LV�H[SHFWHG�WR�GURS�EHORZ����S�N:K�LQ�
D�IHZ�\HDUV��PDNLQJ�OLWKLXP�LRQ�EDWWHULHV�FRPSHWLWLYH�
�%UDXQ��%�GHQEHQGHU�HW�DO���������
�

5(68/76�$1'�',6&866,21�
7R� EHJLQ� ZLWK�� RQO\� WKH� EDFNJURXQG� OLJKWLQJ� LV�
RSHUDWLQJ�� $W� D� ODWHU� VWDJH�� ZH� VKDOO� EULQJ� LQ� WDVN�
OLJKWLQJ���
$VVXPLQJ� DQ� RYHUFDVW� VN\�� WKH� GD\OLJKW� OHYHOV� DW� D�
KHLJKW�RI���PHWUH�YDULHG�EHWZHHQ����OX[��ZLQWHU���DQG�
��� OX[� �VXPPHU�� �)LJXUH� ���� 'XULQJ� WKH� VXPPHU�
PRQWKV�� GD\OLJKW� FDQ� SURYLGH� PRUH� WKDQ� KDOI� WKH�
UHTXLUHG�LOOXPLQDQFH��
1DWXUDOO\� ZH� ZRXOG� H[SHFW� WKH� XVH� RI� GD\OLJKW� WR�
UHGXFH� WKH� HOHFWULF� OLJKWLQJ� ORDG�� 0DWKHPDWLFDOO\�
VSHDNLQJ�� WKLV� LV� HTXLYDOHQW� WR� UHGXFLQJ� WKH� HOHFWULF�
OLJKWLQJ�UHTXLUHPHQW��DQG�WKH�LOOXPLQDQFH�ZDV�YDULHG�
EHWZHHQ�����OX[�DQG����OX[��7KLV�UHVXOWHG�LQ�D�VOLJKW�
GHFUHDVH� LQ� WKH� SD\EDFN� SHULRG� RI� MXVW� OHVV� WKDQ� ��
\HDUV��)LJXUH�������
�

�

Figure 4. Monthly peak daylight levels on the 
working plane for an overcast sky 
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Figure 5. The effect of background illuminance 
requirement on payback 
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�
�

Figure 6. Comparison of PV output with grid use over 
the year �

)LJXUH� �� VKRZV� WKDW� WKH� IRU� EDFNJURXQG� OLJKWLQJ��
H[FHVV�39�FDSDFLW\� LV�JHQHUDWHG�IRU�VL[�PRQWKV��DQG�
PRVW� RI� WKH�JULG�XVH� LV� GXULQJ� WKH�RWKHU� VL[�PRQWKV��
7KH� 39� DUHD� FRUUHVSRQGLQJ� WR� WKLV� UHTXLUHPHQW� WKDW�
WKH� DQQXDO� QHW� VXP� LV� ]HUR�ZDV� IRXQG� WR� EH�����P���
ZKLFK�LV�D� IDLUO\�PRGHVW�VL]H��7KLV�DOVR�UHVXOWHG�LQ�D�
EDWWHU\�VL]H�RI�����$K��ZKLFK�LV�ZHOO�ZLWKLQ�WKH�UDQJH�
RI� W\SLFDO� GHYLFHV� RQ� WKH� PDUNHW�� LQFOXGLQJ� WKH�
HPHUJLQJ�/LWKLXP�,RQ�WHFKQRORJLHV��
7KH� H[WHULRU� ZDOO� KDV� DQ� DUHD� RI� ��� P��� DQG� WKH�
ZLQGRZV�RFFXS\�DQ�DUHD�RI���P���ERWK�RI�ZKLFK�DUH�
IL[HG�� 7KH� DPRXQW� RI� WKH� ZDOO� FRYHUHG� E\� 39� ZDV�
JUDGXDOO\�LQFUHDVHG��XQWLO�WKH�DYDLODEOH�ZDOO�VSDFH�RI�
��� P�� ZDV� FRPSOHWHO\� ILOOHG�� 7KH� SD\EDFN� SHULRG�
DSSHDUV� WR� LQFUHDVH� TXLWH� UDSLGO\� DW� VPDOO� 39� DUHDV��
DQG� LQFUHDVHV� OHVV� UDSLGO\�DW� ODUJHU�39�DUHDV��)LJXUH�
����7KLV� LV�GXH� WR� WKH� LQFUHDVHG�FRVW�RI�39�DW� ODUJHU�
DUHDV�LQ�FRPSDULVRQ�WR�WKH�PRQH\�JDLQHG�IURP�VHOOLQJ�
HOHFWULFLW\� WR� WKH� JULG�� ,W� LV� EHWWHU� WR� FKRRVH� VPDOOHU�
39�DUHDV�WKDQ�ODUJHU�RQHV��
�
�
�
�
�
�
�
�
�

Figure 7. Dependence of payback on PV area 

)RU�D�EDWWHU\�FRVW�GHQVLW\�RI���S�SHU�:K��WKH�FDSDFLW\�
RI� WKH� EDWWHU\� ZDV� YDULHG� IURP� ���� WR� ����� :K�
�)LJXUH�����,W�ZDV�H[SHFWHG�WKDW�DV�WKH�FDSDFLW\�RI�WKH�
EDWWHU\�LQFUHDVHV��WKHQ�VR�GRHV�WKH�SURSRUWLRQDWH�FRVW�
�DQG� SD\EDFN� SHULRG��� ,QGHHG�� WKLV� LV� ZKDW� LV�
REVHUYHG�� 6R� WKHUH� LV� OLWWOH� SRLQW� LQ� RYHUVL]LQJ� D�

EDWWHU\�EH\RQG� WKDW� UHTXLUHG� WR�SURYLGH�IRU� WKH�GDLO\�
GHILFLW�IRU�PRVW�PRQWKV�RI�WKH�\HDU��
�
�
�
�
�
�
�
�
�
�

Figure 8. Dependence of payback on battery size 

2QH�RI�WKH�PDMRU�IDFWRUV�DIIHFWLQJ�WKH�SD\EDFN�LV�WKH�
VDYLQJV�RQ�WKH�FRVW�RI�HOHFWULFLW\�EHIRUH�WKH�39�/('�
V\VWHP�LV�LQVWDOOHG��)RU�WKLV�UHDVRQ��ZH�ZRXOG�H[SHFW�
WR� UHFRXS� WKH� LQYHVWPHQW� D� ORW� TXLFNHU� LI� ZH� ZHUH�
UHSODFLQJ� DQ� LQFDQGHVFHQW� OLJKWLQJ� V\VWHP�FRPSDUHG�
WR� RQH� WKDW� LV� EDVHG� RQ� &)/V�� �)LJXUH� ��� FRQILUPV�
WKLV��KRZHYHU�WKH�UHVXOWV�DUH�WRWDOO\�GRPLQDWHG�E\�WKH�
OXPLQRXV� HIILFDF\� �DQG� WKHUHIRUH� WKH� HOHFWULFLW\�
FRVWV���DV�RSSRVHG�WR�WKH�FDSLWDO�FRVWV��
�
7KH� HIIHFWLYHQHVV� RI� VRODU� SRZHU� LV� ZHOO�NQRZQ� IRU�
EHLQJ� KLJKO\� GHSHQGHQW� RQ� ),7V�� ,Q� UHFHQW� \HDUV��
JRYHUQPHQWV�KDYH�KDYH�EHHQ� UDSLGO\� UHGXFLQJ� WKHP��
FODLPLQJ�WKDW�WKLV�LV�FRXQWHUHG�E\�WKH�LQFUHDVH�LQ�39�
HIILFLHQF\��$Q�DQDO\VLV�RI�WKLV�ZDV�PDGH�IRU�D�YDULHW\�
RI�),7V�DQG�39�HIILFLHQFLHV���
�
)LJXUH 10���DQG� LW�DSSHDUV� WKDW� WKH�UHGXFWLRQ� LQ�),7V�
DUH� IDU� PRUH� VLJQLILFDQW� WKDQ� LPSURYHPHQW� LQ� 39�
HIILFLHQF\�� 7KLV� LV� FRQWUDU\� WR� FODLPV� PDGH� E\�
DGYRFDWHV�RI� WKH�),7�UHGXFWLRQ��DQG�),7V�VKRXOG�QRW�
EH� UHGXFHG� DQ\� IXUWKHU� WKDQ� WKH� FXUUHQW� UDWH� RI� ��S�
SHU�N:K��
�
�
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�
�
�
�
�
�

Figure 9. Dependence of efficacy on properties of 
old lighting system 
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Figure 10. Dependence of payback on FIT and PV 
efficiency. 

)LJXUH� ��� DQG� )LJXUH� ��� VKRZ� WKDW� DV� 39� PRGXOHV�
FRVW� PRUH� WKDQ� /('� DQG� EDWWHULHV� UHVSHFWLYHO\��
YDULDWLRQV�LQ�WKH�FRVWV�RI�WKH�ODWWHU�FRPSRQHQWV�KDUGO\�
DIIHFW� WKH� SD\EDFN�� 6XFK� YDULDWLRQV� FKDQJH� WKH�
SD\EDFN�DW�PRVW�E\�DURXQG�RQH�RU�WZR�\HDUV��
�
�
�
�
�
�
�
�
�
�

Figure 11. Dependence of payback on PV and LED 
costs. 
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�
�
�
�
Figure 12. Dependence of payback on Battery and 
PV costs 
�
6R�IDU��ZH�KDYH�EHHQ�YDU\LQJ�SDUDPHWHUV�ZKLOH�RQO\�
WKH� EDFNJURXQG� OLJKWLQJ� LV� RSHUDWLQJ��1RZ�ZH� VKDOO�
FRQVLGHU� WKH� DELOLW\� RI� 39� WR� SURYLGH� IRU� 7DVN�
/LJKWLQJ� �LQ� DGGLWLRQ� WR� EDFNJURXQG� OLJKWLQJ��� 7KH�
QXPEHU�RI� GHVN�EDVHG�RFFXSDQWV� VKDOO� LQFUHDVH� XQWLO�
WKH�PD[LPXP�VSDFH�DYDLODEOH�RQ�WKH�H[WHULRU�ZDOO�IRU�
39� SDQHOV� KDV� EHHQ� ILOOHG�� 7KLV� KDSSHQV� ZKHQ� ��

RFFXSDQWV� UHTXLUH� WDVN� OLJKWLQJ�� DQG� WKH� UHODWLRQVKLS�
LV� IRXQG� WR� EH� OLQHDU� �)LJXUH� ����� $V� LV� WKH�
FRUUHVSRQGLQJ� EDWWHU\� FDSDFLW\� UHTXLUHPHQW�� �)LJXUH�
����� DQG� WKHUH� LV� TXLWH� D� ZLGH� UDQJH�� ZLWK� WKH� ORZ�
RFFXSDQF\� QXPEHUV� EHLQJ� ZLWKLQ� UHDFK� RI� EDWWHULHV�
FXUUHQWO\� DYDLODEOH� RQ� WKH� PDUNHW�� DQG� WKH� KLJKHU�
RFFXSDQF\� QXPEHUV� UHTXLULQJ� XWLOLW\� VFDOH� EDWWHULHV��
+RZHYHU��WKH�SD\EDFN�WLPH�YDULDWLRQ�LV�VOLJKWO\�QRQ�
OLQHDU��)LJXUH������WKH�UDWH�RI�LQFUHDVH�VORZV�DW�KLJKHU�
RFFXSDQF\� QXPEHUV�� SUREDEO\� GXH� WR� WKH� ILQDQFLDO�
JDLQV�RI�IHHGLQJ�LQWR�WKH�JULG���
�
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Figure 13. Dependence of PV area requirement on 
occupancy number�

�

Figure 14. The dependence of battery capacity 
requirements on occupancy number 

�

Figure 15. Dependence of payback on occupancy 
number �
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6800$5<�
7KH� HFRQRPLF� YLDELOLW\� RI� 39�/('� V\VWHPV� IRU�
RIILFH� LQWHULRU� OLJKWLQJ� KDYH� EHHQ� LQYHVWLJDWHG� RYHU�
VHYHUDO�SDUDPHWHU�W\SHV��DQG�LW�ZDV�IRXQG�WKDW�FOHDUO\�
WKH�39�FRVW�DQG�HIILFLHQF\��RFFXSDQF\�QXPEHU��)HHG�
,Q� WDULIIV�� DQG� FRVW� RI� WKH� ROG� OLJKWLQJ� V\VWHP� EHLQJ�
UHSODFHG�ZHUH�WKH�PRVW�GRPLQDQW��7KH�GHFRPSRVLWLRQ�
RI�WKH�OLJKWLQJ�ORDG�LQWR�EDFNJURXQG�UHTXLUHPHQW�DQG�
WDVN� UHTXLUHPHQW� PHDQV� WKDW� D� UHODWLYHO\� VPDOO� 39�
DUHD� LV� QHHGHG� IRU� WKH� IRUPHU�� ZKLFK� RSHUDWHV�
FRQWLQXRXVO\�� $Q\� XQXVHG� 39� HQHUJ\� FDQ� WKHQ� EH�
XVHG� IRU� SDUW� RI� WKH� ODWWHU�� ZKLFK� LV� RI� D� PRUH�
WUDQVLHQW� �DQG� WKHUHIRUH� OHVV� SUHGLFWDEOH�� QDWXUH��
0RUHRYHU�� LW�DSSHDUV�WKDW�HYHQ�D�VOLJKW�RYHUVL]LQJ�RI�
WKH� V\VWHP� UHVXOWV� LQ� D� VXEVWDQWLDO� LQFUHDVH� LQ� FRVW�
�DQG� SD\EDFN� WLPH���7KLV� LV� DOO� GXH� WR� WKH� KLJK� FRVW�
DQG� UHODWLYHO\� ORZ� HIILFLHQFLHV� RI� 39�� DQG� LW� LV�
DQWLFLSDWHG� LQ� IXWXUH� \HDUV� WKLV� ZLOO� FRQVLGHUDEO\�
LPSURYH�ZLWK�QHZ�EUHDNWKURXJK�WHFKQRORJLHV���
�

$&.12:/('*(0(176�
7KH� DXWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH� WKH�
GLVFXVVLRQV� ZLWK� QXPHURXV� RWKHU� FROOHDJXHV� DW� WKH�
:HOVK�6FKRRO�RI�$UFKLWHFWXUH��DQG�IRU�WKH�DYDLODELOLW\�
RI� D� UHVHDUFK� JUDQW� IURP� WKH� /RZ� &DUERQ� %XLOW�
(QYLURQPHQW� 3URMHFW�� VXSSRUWHG� E\� WKH� (XURSHDQ�
5HJLRQDO� 'HYHORSPHQW� )XQG� WKURXJK� WKH� :HOVK�
*RYHUQPHQW��
�

5()(5(1&(6�
%LEHU��&����������/('�OLJKW�HPLVVLRQ�DV�D�IXQFWLRQ�RI�

WKHUPDO�FRQGLWLRQV��
%RHNH��8���0��:HQGW��HW�DO�� ��������&RPELQHG�VRODU�

DQG�$&�PDLQV�SRZHUHG�/('�OLJKWLQJ�V\VWHP��
%UDXQ�� 0��� .�� %�GHQEHQGHU�� HW� DO�� ��������

�3KRWRYROWDLF� VHOI�FRQVXPSWLRQ� LQ� *HUPDQ\�
XVLQJ� /LWKLXP�LRQ� VWRUDJH� WR� LQFUHDVH� VHOI�
FRQVXPHG�SKRWRYROWDLF�HQHUJ\���,6(7��.DVVHO��

'RQJ�� 7�� DQG� 1�� 1DUHQGUDQ� �������� 8QGHUVWDQGLQJ�
KHDW� WUDQVIHU� PHFKDQLVPV� LQ� UHFHVVHG� /('�
OXPLQDLUHV��

(VUDP��7�� DQG�3��/��&KDSPDQ� �������� �&RPSDULVRQ�
RI� SKRWRYROWDLF� DUUD\� PD[LPXP� SRZHU� SRLQW�
WUDFNLQJ� WHFKQLTXHV��� (QHUJ\� FRQYHUVLRQ�� ,(((�
WUDQVDFWLRQV�RQ�22��������������

+XDQJ��%��-���0��6��:X��HW�DO�����������'HYHORSPHQW�
RI�KLJK�SHUIRUPDQFH�VRODU�/('�OLJKWLQJ�V\VWHP���
(QHUJ\� &RQYHUVLRQ� DQG� 0DQDJHPHQW� 51�����
�����������

+XPSKUH\V��&��-�����������6ROLG�VWDWH�OLJKWLQJ���056�
%XOO�33���������������

-LH�� -���<��+XD�� HW� DO�� �������� �6WXG\� RI� 39�7URPEH�
ZDOO� DVVLVWHG� ZLWK� '&� IDQ��� %XLOGLQJ� DQG�
HQYLURQPHQW�42�����������������

-RX�� -��+���0��+��:X�� HW� DO�� �������� �6XQOLJKW�VW\OH�
FRORU�WHPSHUDWXUH� WXQDEOH� RUJDQLF� OLJKW�HPLWWLQJ�
GLRGH��� $SSOLHG� 3K\VLFV� /HWWHUV� 95����� �������
���������������

.HOO\�� 1�� $�� DQG� 7�� /�� *LEVRQ� �������� �,PSURYHG�
SKRWRYROWDLF�HQHUJ\�RXWSXW�IRU�FORXG\�FRQGLWLRQV�
ZLWK� D� VRODU� WUDFNLQJ� V\VWHP��� 6RODU� (QHUJ\�
83�����������������

/LX��*���0��*��5DVXO�� HW� DO�� �������� 6LPXODWLRQ� DQG�
RSWLPL]DWLRQ� RI� UHVLGHQWLDO� JULG�FRQQHFWHG� 39�
V\VWHP� LQ�4XHHQVODQG��$XVWUDOLD��347-353: ����
�����

/LX�� *��� 0�� *�� 5DVXO�� HW� DO�� �������� �7HFKQR�
HFRQRPLF� VLPXODWLRQ� DQG� RSWLPL]DWLRQ� RI�
UHVLGHQWLDO� JULG�FRQQHFWHG� 39� V\VWHP� IRU� WKH�
4XHHQVODQG� FOLPDWH��� 5HQHZDEOH� (QHUJ\� 45��
���������

3DQJXORRUL�� 5��� 3�� 0LVKUD�� HW� DO�� �������� (FRQRPLF�
YLDELOLW\� LPSURYHPHQW� RI� VRODU� SRZHUHG� ,QGLDQ�
UXUDO�EDQNV�WKURXJK�'&�JULGV��

3DUU\�� -�� �������� �7KHUPDO� 6LPXODWLRQ� 6LPSOLILHV�
/('�/XPLQDLUH�'HYHORSPHQW���0HQWRU�*UDSKLFV�
��:KLWH�3DSHU��

3DWHO��$��5���$��$��3DWHO��HW�DO�����������0RGHOLQJ�DQG�
VLPXODWLRQ� RI� SKRWRYROWDLF� EDVHG� /('� OLJKWLQJ�
V\VWHP��� :RUOG� $FDGHP\� RI� 6FLHQFH��
(QJLQHHULQJ�DQG�7HFKQRORJ\�73�����������

3RGH�� 5�� �������� �6ROXWLRQ� WR� HQKDQFH� WKH�
DFFHSWDELOLW\� RI� VRODU�SRZHUHG� /('� OLJKWLQJ�
WHFKQRORJ\���5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�
5HYLHZV�14����������������

5D\QKDP�� 3�� �������� �&RGH� IRU� OLJKWLQJ� ������
6RFLHW\�RI�/LJKW�DQG�/LJKWLQJ�&,%6(���

6DVWU\�� 2�� 6��� 9�� .DPDOD� 'HYL�� HW� DO�� ��������
�'HYHORSPHQW� RI�ZKLWH� /('�EDVHG�39� OLJKWLQJ�
V\VWHPV���6RODU�(QHUJ\�0DWHULDOV�DQG�6RODU�&HOOV�
94����������������

6KDLOHVK��.��5��DQG�7��6��5DLNDU����������$SSOLFDWLRQ�
RI�5(/8;�6RIWZDUH�LQ�6LPXODWLRQ�DQG�$QDO\VLV�
RI� (QHUJ\� (IILFLHQW� /LJKWLQJ� 6FKHPH���
,QWHUQDWLRQDO� -RXUQDO� RI� &RPSXWHU� $SSOLFDWLRQV�
9������������

8.�*RYW��'(&&��������
ZZZ�JRY�XN�JRYHUQPHQW�FRQVXOWDWLRQV�IHHG�LQ�
WDULIIV�ILUVW�SKDVH�RI�D�FRPSUHKHQVLYH�UHYLHZ�

<XQ��*��<���0��0F(YR\��HW� DO�� ���������'HVLJQ�DQG�
RYHUDOO� HQHUJ\� SHUIRUPDQFH� RI� D� YHQWLODWHG�
SKRWRYROWDLF� IDoDGH��� 6RODU� HQHUJ\� 81����� ����
�����

=KX��'���&��0F$OHHVH��HW�DO�����������+LJK�HIILFLHQF\�
,Q*D1�*D1� TXDQWXP� ZHOO� VWUXFWXUHV� RQ� ODUJH�
DUHD� VLOLFRQ� VXEVWUDWHV��� 3K\VLFD� 6WDWXV� 6ROLGL�
�$�� $SSOLFDWLRQV� DQG�0DWHULDOV� 6FLHQFH�209�����
�������
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