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$� FRRO� URRI� DLPV� WR� UHGXFH� WRWDO� VHDVRQDO� FRROLQJ�
ORDGV�DQG�SHDN�VXPPHU�ORDGV��,W�LV�RIWHQ�UDWHG�MXVW�LQ�
WHUPV� RI� LWV� VRODU� UHIOHFWDQFH� 5VRO� �RU� DOEHGR��� ZLWK�
VRPH� LPSDFW� RI� LQIUDUHG� HPLWWDQFH� FRQVLGHUHG��
+RZHYHU�WKH�VHQVLWLYLW\�RI�FRROLQJ�ORDGV�WR�5VRO�YDULHV�
DV� WKH� 5�YDOXH� RI� VXE�URRI� LQVXODWLRQ� FKDQJHV��
.QRZLQJ�MRLQW�LPSDFWV�OHG�WR�EHWWHU�LQWHJUDWHG�HQHUJ\�
VDYLQJV� GHVLJQ� ZLWK� 5�YDOXH� FKRVHQ� RQ� WKH� EDVLV� RI�
5VRO� DQG� ORFDO� FOLPDWH�� 7KLV� VWXG\� H[WHQGV� SUHYLRXV�
ZRUN� �*HQWOH� HW� DO��� ������ �6PLWK� HW� DO��� ������
�$JXLODU� HW� DO��� ������ E\� FRQVLGHULQJ� WKH� LPSDFW� RI�
SKDVH� FKDQJH� PDWHULDOV� �3&0�� ZLWKLQ� D� URRILQJ�
PRGXOH�RQ�HQHUJ\�VDYLQJV��7KH�DLP� LV� WR� VKRZ�KRZ�
EXLOGLQJ� VLPXODWLRQ� KHOSV� SLQSRLQW� WKH� RSWLPXP�
FRPELQDWLRQ��

,1752'8&7,21�
,GHDOO\� LQ� VXPPHU� 3&0¶V� LQ� D� URRI� ZLOO� VWRUH�
VXIILFLHQW� WKHUPDO� HQHUJ\�ZKHQ� FKDQJLQJ� IURP� VROLG�
WR� OLTXLG� DW� WKH� WUDQVLWLRQ� RU� PHOWLQJ�IUHH]LQJ�
WHPSHUDWXUH� 7F� WR� NHHS� URRP� WHPSHUDWXUHV�
FRPIRUWDEOH�PRVW�RI�WKH�GD\�DQG�EH�HDVLO\�GLVFKDUJHG�
DW� QLJKW�� 7KLV� DELOLW\� ZLOO� GHSHQG� RQ� 5VRO� ZKLOH�
GLVFKDUJH� UDWHV� RYHUQLJKW� ZLOO� GHSHQG� RQ� DPELHQW�
WHPSHUDWXUHV��HYHQLQJ�VN\�FRQGLWLRQV��URRI�HPLWWDQFH��
DQG�ZLQG�VSHHGV��3DUW�RI� WKH�KHDW�FDQ�EH�GLVFKDUJHG�
LQWR� WKH� LQWHULRU� DQG� QLJKW� YHQWLODWLRQ� FDQ� KHOS� WKLV�
DVSHFW��,Q�WKLV�VWXG\�RQO\�WKH�SDVVLYH�XVH�RI�3&0�ZDV�
FRQVLGHUHG�� WKRXJK� WR� PD[LPLVH� WKHLU� LPSDFW� DFWLYH�
WKHUPDO�FRQWURO�FDQ�EH�XVHG��5RGULJXH]�8ELQDV�HW�DO���
������� &RQYHQWLRQDO� URRIV� KDYH� ORZ� 5VRO� RI� DURXQG�
�����ZKLOH�FRRO�URRIV�KDYH�KLJK�5VRO�DQG�KLJK�LQIUDUHG�
HPLWWDQFH��%RL[R�HW�DO����������(PLWWDQFH� LV� IL[HG� LQ�
WKLV� VWXG\� DW� ����� DV� PRVW� �EXW� QRW� DOO�� URRIV� KDYH�
KLJK�HPLWWDQFH��
7KH� URRILQJ� PRGXOH� RI� LQWHUHVW� LQFOXGHV� D� OD\HU� RI�
LQVXODWLRQ�� DQG� D� OD\HU� RI� 3&0� PDWHULDO� ZKLFK� LV�
OLJKW�� DQG� HDV\� WR� LQVWDOO�� 8QOLNH� LQVXODWLRQ�� ZKLFK�
PXVW�EH�LQVWDOOHG�VR�WKDW�DOO�UHOHYDQW�DUHD�LV�FRYHUHG��
3&0�DUHD�FRYHUDJH�FDQ�EH�LQFRPSOHWH�LI�GHVLUHG��7KH�
FURVV�VHFWLRQ�RI�WKH�URRI�PRGXOH�LV�VKRZQ�LQ�)LJXUH����
�

�
Figure 1 Cross section of the roof structure using 

PCM and insulation. 
�

(1(5*<�6,08/$7,21��7<3,&$/�
6,1*/(�)$0,/<�+286(��
7KH�GDWD�DQG�VLPXODWLRQV�LQ�WKLV�VWXG\�VSDQ�VXIILFLHQW�
FRPELQDWLRQV� RI� WKH� IRXU� SDUDPHWHUV� 5VRO�  � �� �� $VRO�
�VRODU� DEVRUSWDQFH��� 3&0� PDVV�WKLFNQHVV�� 7F�� DQG�
URRI�LQVXODWLRQ�5�YDOXH�WR�HVWDEOLVK�WKH�UHODWLYH�PHULWV�
RI� XVLQJ� 3&0� OD\HUV� DV� D� IXQFWLRQ� RI� HDFK� RI� WKH�
RWKHU� URRILQJ� SDUDPHWHUV�� DQG� WKHLU� YDULRXV�
FRPELQDWLRQV�� UXOHV� RU� JXLGHOLQHV� IRU� EHWWHU� GHVLJQ�
LQWHJUDWLRQ�� DQG� EHWWHU� HQHUJ\� VDYLQJV� UHVXOW��
6LPXODWLRQ� VWXGLHV� XVHG� ³(QHUJ\� 3OXV´� �HQHUJ\�
EXLOGLQJ� DQDO\VLV� DQG� WKHUPDO� ORDG� VLPXODWLRQ�
SURJUDP�� �(QHUJ\� 3OXV�� ������ IRU� KHDWLQJ� DQG�
FRROLQJ� ORDGV� LQ� D� W\SLFDO� VLQJOH� IDPLO\� KRXVH�
RFFXS\LQJ� ���� P��� )URP� WZR� KXQGUHG� DQG� VHYHQW\�
WZR� VLPXODWLRQV� PDWULFHV� RI� HQHUJ\� XVH� IRU� HDFK� RI�
KHDWLQJ�� FRROLQJ� DQG� WRWDO� DQQXDO� ORDG� ZHUH�
FRQVWUXFWHG�� (DFK� SDUDPHWHU� FRPELQDWLRQ� VSDQV� DOO�
JURXSLQJV�RI��$VRO� VHW�DW��������������������� LQVXODWLRQ�
5�YDOXH� DW� ������ ������ ������ ���� �P�.�:��� ZLWK� QR�
3&0� DQG� YDULRXV� 3&0� VHWWLQJV�� 3&0� SDUDPHWHUV�
VSDQ�GLIIHUHQW�3&0�PDVV�DQG�7F�YDOXHV��3URGXFW�GDWD�
XVHG�DUH�IRU�%LR3&0�0����0����0���DQG�0����RI�
WKLFNQHVVHV�DW�������������DQG�����PP�UHVSHFWLYHO\��7F�
YDOXHV� XVHG� DUH� ��� R&�� ��� R&�� ��� R&� DQG� ��� R&�
�0XUXJDQDQWKDP�� ������� ,QILOWUDWLRQ� YLD� DLU� FKDQJHV�
SHU� KRXU� �$&+�� LV� IL[HG� DW� ����� 5RRI� LQVXODWLRQ� 5�
YDOXH� RI� ���� LV� W\SLFDOO\� XVHG� LQ� 6\GQH\�ZKLFK� VWLOO�
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UDUHO\�KDYH�KLJK�5VRO�URRIV�EXW�H[LVWLQJ�VWRFN�PRVWO\�
KDYH� OHVV� FHLOLQJ� RU� URRI� LQVXODWLRQ�� 6WDWLVWLFDO� DQG�
SDUDPHWHU� FURVV�FRXSOLQJ� DQDO\VLV� KDV� EHHQ� XVHG� WR�
ORFDWH� RSWLPXP� GHVLJQV� IRU� HQHUJ\� VDYLQJV�
�&DSSHOOHWWL�HW�DO����������%DPEURRN�HW�DO�����������
6LPXODWLRQ� UHVXOWV� DUH� IRU� D� W\SLFDO� PRGHUDWHO\�
VHDOHG�� VLQJOH� IDPLO\� KRXVH� ORFDWHG� LQ� D� WHPSHUDWH�
FOLPDWH�� 6\GQH\� �$XVWUDOLD��� LQ� D� FROG� FOLPDWH��
/RQGRQ� �8QLWHG� .LQJGRP�� DQG� LQ� D� ZDUP�KXPLG�
FOLPDWH�� 6LQJDSRUH�� 7KH� ZHDWKHU� GDWD� XVHG� LV� WKH�
5HSUHVHQWDWLYH� 0HDQ� <HDU� �50<�� ILOH� IRU� 6\GQH\�
�6\GQH\�50<��������DQG� WKH� ,QWHUQDWLRQDO�:HDWKHU�
IRU�(QHUJ\�&DOFXODWLRQV��,:(&��ILOH�IRU�/RQGRQ�DQG�
6LQJDSRUH� �/RQGRQ� *DWZLFN� ,:(&�� ������
�6LQJDSRUH�,:(&����������
0RGHOOLQJ� D� FRQVWUXFWLRQ�ZLWK� 3&0� LQ�(QHUJ\�3OXV�
UHTXLUHG�WKH�IROORZLQJ�VSHFLILF�DOJRULWKPV�WR�EH�XVHG��

 6XUIDFH� FRQYHFWLRQ� LQVLGH�� DGDSWLYH�
FRQYHFWLRQ�DOJRULWKP��

 6XUIDFH� FRQYHFWLRQ� RXWVLGH�� DGDSWLYH�
FRQYHFWLRQ�DOJRULWKP��

 +HDW�EDODQFH��FRQGXFWLRQ�ILQLWH�GLIIHUHQFH��
 1XPEHU�RI�WLPH�VWHSV�SHU�KRXU�����

�

�
Figure 2 Typical single family house: 186 m2 with 3 
bedrooms, bathroom, open kitchen and living room, 

without roof space. 
�

Table 1 
Parameters 

�

PARAMETERS VALUE 
5RRI�6RODU�
DEVRUSWDQFH�

�������������������

5RRI�HPLVVLYLW\� ����
5RRI�LQVXODWLRQ�
�5�YDOXH��

�����������������������P��.�:��

:DOOV�LQVXODWLRQ�
�5�YDOXH��

������P��.�:��

%LR3&0� 1R�3&0�DQG�0�������PP���0���
����PP���0�����PP���0����
�����PP��

3&0�7UDQVLWLRQ�
WHPSHUDWXUH�

���R&�����R&�����R&�����R&�

,QILOWUDWLRQ�
�$&+��

��

,QWHUQDO�/RDGV� ��SHRSOH��������N:K�GD\������:�
�OLJKWV�VFKHGXOHG��������:��HOHFWULF�
HTXLSPHQW�VFKHGXOHG��������:�
�HOHFWULF�HTXLSPHQW�SHUPDQHQW��

9HQWLODWLRQ� ��$&+��VFKHGXOHG�	�FRQWUROOHG��

:LQGRZ�6KDGHV� 6KDGH�LI�VRODU�UDGLDWLRQ�LV�KLJKHU�
WKDQ�����:�P��	�FRROLQJ�V\VWHP�
ZDV�SUHYLRXVO\�21�DQG�DOVR�DOZD\V�
GXULQJ�WKH�QLJKWV�

:LQGRZV� 8�9DOXH ����:�P��.��6+*& �����
*OD]LQJ�DUHD�� 1RUWK��������P����������:�:��

(DVW�������P����������:�:��
6RXWK�������P����������:�:��
:HVW�������P����������:�:��

&RROLQJ�6HWSRLQWV� ���R&��$OO�\HDU�DURXQG��
+HDWLQJ�6HWSRLQWV� ���R&��$OO�\HDU�DURXQG��
,QWHUQDO�0DVV��
�P��)XUQLWXUH��

����P��

5RRI�DQJOH� �������
�

5(68/76��7<3,&$/�6,1*/(�)$0,/<�
+286(��
Sydney 
6\GQH\� KDV� D� WHPSHUDWH� FOLPDWH�� ZKHUH� KHDWLQJ� DQG�
FRROLQJ�ORDGV�DUH�ERWK�VLJQLILFDQW�DQG�FDQ�RYHUODS�LQ�
WLPH� WR� VDWLVI\� WKH� UHTXLUHG�KHDWLQJ� DQG� FRROLQJ� VHW�
SRLQWV��7KH� IROORZLQJ� WZR�SORWV�FRQWDLQ�D� VXE�VHW�RI�
UHVXOWV� ���� RI� WKH� ���� VLPXODWLRQV�� WR� KLJKOLJKW�
UHODWLYH�DQG�FRPELQHG�LPSDFWV�RI�$VRO��URRI�LQVXODWLRQ�
5�YDOXH�� ZLWKRXW� 3&0� DQG� ZLWK� GLIIHUHQW� 3&0�
TXDQWLWLHV��2QO\�7F ����R&�LV�SORWWHG�IRU�FODULW\�DV�WKH�
7F� FKDQJHV� LQ� WDEOH� �� KDG� OHDVW� LPSDFW� UHODWLYH� WR�
RWKHU�SDUDPHWHU�FKDQJHV���

Sydney heating loads 
+HDWLQJ� ORDGV� �0-�P��\HDU�� DUH� LQ� )LJXUH� ��� 7KH� [�
D[LV� LV� GLYLGHG� LQLWLDOO\� LQWR� IRXU� VHFWLRQV� ZLWK� $VRO�
����� ����� ����������(DFK�RI� WKHVH� LV� WKHQ�GLYLGHG� LQWR�
DQRWKHU� IRXU� VHFWLRQV� IRU� 5�YDOXHV� ������ ������ ������
�����7KH�VHTXHQFH�RI�SRLQWV�IRU�LQ�HIIHFW�QR�LQVXODWLRQ�
�5 � ������ LV� ODEHOOHG� DFFRUGLQJ� WR� LQFUHDVLQJ� 3&0�
WKLFNQHVV�� 7KH� VDPH� VHTXHQFH� SHUVLVWV� IRU� HDFK� 5�
YDOXH�VXE�VHW��7KH�NH\�UHVXOW� LV�WKDW� ODUJH�FKDQJHV�LQ�
$VRO� VWLOO� KDYH� OLWWOH� LPSDFW�� DV� IRXQG� ZLWKRXW� 3&0�
�6PLWK� HW� DO��� ������� VR� FRRO� URRIV�ZLOO� RQO\�ZHDNO\�
HQKDQFH� WKHVH� ZLQWHU� ORDGV�� 7KLV� HQDEOHV� JRRG�
LQWHJUDWLRQ� RI� ORZ� FRROLQJ� DQG� ORZ� KHDWLQJ� ORDGV��
5HGXFLQJ�$VRO�LV�DOVR�WKH�ORZHVW�FRVW�RSWLRQ���
2WKHU�SRLQWV� �L��3&0¶V�KDYH� D�PDMRU� LPSDFW�RQO\� LI�
LQVXODWLRQ�LV�DEVHQW��LL��:LWK�$&+�MXVW�����KLJKHU�5�
YDOXH� LV� ZRUWKZKLOH� EXW� $&+� GRPLQDWHV� LI� LW� JHWV�
KLJKHU� �VHH� HDUOLHU� VWXG\� �6PLWK� HW� DO��� ������� �LLL��
7KLFNHU�3&0¶V�UHGXFH�KHDWLQJ� ORDG�EXW�E\� OHVV� WKDQ�
WKLFNHQLQJ�LQVXODWLRQ��,VVXHV�ZLWK�VSDFH�ZRXOG�EH�WKH�
RQO\�PRWLYDWLRQ�WR�WKLFNHQ�3&0�IRU�ORZ�KHDWLQJ�ORDG��

Sydney cooling loads 
&RROLQJ�ORDGV�DUH�VKRZQ�LQ�)LJXUH���XVLQJ�WKH�VDPH�
SORW� SRLQW� GLYLVLRQV� XVHG� LQ� )LJXUH� ��� .H\� VHWWLQJ�
LPSDFWV�DUH�GLIIHUHQW�LQ�WKLV�FDVH�WKRXJK�DJDLQ�3&0¶V�
KDYH� JUHDWHVW� LPSDFW� ZLWK� QR� LQVXODWLRQ�� EXW� ZLWK�
PRUH� VHQVLWLYLW\� WR� 3&0� WKLFNQHVV�� 6RPH� DGGHG�
LQVXODWLRQ� LV� WKXV� QHHGHG�ZLWK� WKH�SUHIHUUHG�5�YDOXH�
GHSHQGLQJ� RQ� WKH� YDOXH� RI� $VRO�� 7KHQ� �L�� ,I� $VRO� LV�
ORZ� 3&0¶V� DGG� OLWWOH� YDOXH� �LL�� &KDQJHV� LQ�5�YDOXH�
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DERYH�5�YDOXH� ������KDYH� OLWWOH�YDOXH�XQOHVV�$VRO� LV�
KLJK�� �LLL�� /RDGV� GLPLQLVK� OHVV� ZLWK� HDFK� DGGLWLRQDO�
LQFUHDVH�LQ�3&0�WKLFNQHVV��
7KH� RSWLPXP� FRPELQDWLRQ�� IRU� WKLV� KRPH��
FRQVLGHULQJ� ERWK� FRROLQJ� HQHUJ\� DQG� FRVW� VDYLQJV� LV�
HVWLPDWHG�IURP�WKHVH�UHVXOWV�WR�EH�ZLWK�%LR3&0�0���
����PP��DQG�7F ����R&��
)LJXUH� �� VKRZV� WKH� VHQVLWLYLW\� RI� FRROLQJ� ORDGV� WR�
FKDQJHV� LQ� 3&0� WKLFNQHVV� DQG� $VRO� ZLWK� URRI�
LQVXODWLRQ� IL[HG� DW� 5�YDOXH � ����� DQG� 3&0�7F � ���
R&��,W�VKRZV�WKDW�VRPH�3&0�LV�RI�YDOXH�DW�DOO�$VRO�EXW�
KLJKHU�WKLFNQHVVHV�DUH�QRW�HVVHQWLDO��

Sydney annual loads 
,Q�WKLV�VWXG\�7F ����R&�JDYH�WKH�ORZHVW�DQQXDO�HQHUJ\�
FRQVXPSWLRQ�� $� GHWDLOHG� DQQXDO� VXPPDU\� DQG� WKH�
EHVW�RYHUDOO�3&0�WKLFNQHVV�LV�LQ�WDEOH���DQG���IRU�WKH�
FDVH� ZKHUH� 3&0�0��� LV� XVHG� DQG� 5�YDOXH�  � �����
ZLWK� $VRO� WKH� OHDGLQJ� YDULDEOH� DV� LQ� WKH� DERYH� SORWV��
7KLV�LV�QHDU�RSWLPDO��,Q�VXPPDU\�URRI�3&0�KDV�XVH�
LQ� UHGXFLQJ�FRROLQJ� ORDGV�EXW�KDV�PLQLPDO�YDOXH� IRU�
UHGXFLQJ�KHDWLQJ�ORDGV���
5HODWLYH�WR�QR�3&0�WKH�LPSDFWV�RI�3&0�IRU�KHDWLQJ�
UDQJH� IURP� ORDG� JDLQV� RI� ������ WR� UHGXFWLRQV� RI�
������� DQG� IRU� FRROLQJ� IURP� ORDG� UHGXFWLRQV� RI�
������ WR� �������� 6LPXODWLRQ� KDV� HQDEOHG� D� FOHDU�
LGHQWLILFDWLRQ�RI� WKH�EHVW�FRPELQDWLRQ�RI�SDUDPHWHUV��
)RU� URRIV� 3&0� FDQ� EH� FRQVLGHUHG� LQ� WHPSHUDWH�
FOLPDWHV�� EXW� ORZ� URRI� $VRO� LV� WKH� PRVW� LPSRUWDQW�
IDFWRU�DQG�KDV�ORZHVW�FRVW���

 

Table 2 
Energy use with No PCM and with PCM M51, Tc = 

25oC for a typical single family house in Sydney 
�

� NO PCM PCM M51 Tc 25 oC 
$VRO� +HDWLQJ�

0-�P��\U�
&RROLQJ�
0-�P��\U�

+HDWLQJ�
0-�P��\U�

&RROLQJ�
0-�P��\U�

���� ����� ����� ����� �����

���� ��� ����� ����� �����

���� ����� ����� ����� �����

���� ����� ����� ����� �����

 

Table 3 
Savings using PCM M51, Tc = 25 oC for a typical 

single family house in Sydney 
 

� SAVINGS 
$VRO� +HDWLQJ�

0-�P��\U�
� &RROLQJ�

0-�P��\U�
�

���� ���� ����� ����� ����

���� ���� ����� ����� ������

���� ���� ����� ����� ����

���� ���� ����� ��� ������
�

Sydney peak cooling loads 
)LJXUH���VKRZV� WKH�SHDN�FRROLQJ�ORDGV�ZLWK�FKDQJHV�
LQ� 3&0� WKLFNQHVV� DQG� URRI� LQVXODWLRQ� IL[HG� DW� 5�
YDOXH �������$VRO� �����DQG�3&0�7F� ����R&��5HODWLYH�
WR� QR� 3&0� SHDN� FRROLQJ� ORDGV� DUH� UHGXFHG� E\� ����
���������DQG�����XVLQJ�3&0�0�������PP���0���
����PP��� 0��� ��PP�� DQG� 0���� �����PP��
UHVSHFWLYHO\��:LWK�QR�3&0�DQG�ZLWK� URRI� LQVXODWLRQ�
IL[HG�DW�5�YDOXH� �������UHGXFLQJ�$VRO�IURP�����WR������
����DQG�����SHDN�FRROLQJ� ORDGV�DUH� UHGXFHG�E\� �����
����DQG�����UHVSHFWLYHO\���

Singapore 
,Q� 6LQJDSRUH� FRROLQJ� ORDGV� DUH� UHTXLUHG� DOO� \HDU�
URXQG� ZLWK� FRROLQJ� VHW�SRLQWV� DW� ��R&�� ZKLOH� QR�
KHDWLQJ� LV�QHHGHG��)URP� WKH� VDPH�VHW�RI� VLPXODWLRQV�
DV�6\GQH\�URRI�3&0�LV�RQO\�YHU\�XVHIXO�KHUH�LI�$VRO�LV�
KLJK� ZLWK� QR� URRI� LQVXODWLRQ� �5�YDOXH � �������:LWK�
5�YDOXH�  � ����� 3&0� ZDV� IRXQG� WR� KDYH� OLWWOH�
LQIOXHQFH� RQ� FRROLQJ� ORDGV�� 'HVSLWH� EHLQJ� FRROLQJ�
GRPLQDWHG��URRI�3&0�EHFRPHV�XVHIXO�RQO\�ZKHQ�WKH�
GLXUQDO� WHPSHUDWXUH� YDULDWLRQ� FURVVHV� WKH� SKDVH�
FKDQJH� WHPSHUDWXUH� IRU� FKDUJH� DQG� GLVFKDUJH� RQ�
PDQ\� GD\V�� ,Q� 6LQJDSRUH� WKLV� GRHV� QRW� KDSSHQ�
HQRXJK���

London 
/RQGRQ� KDV� D� FROG� FOLPDWH� ZKHUH� KHDWLQJ� ORDGV� DUH�
ODUJH�DQG�FRROLQJ� ORDGV�DUH� VPDOO��EXW� WKH� ODWWHU�ZLOO�
LQFUHDVH� ZLWK� FOLPDWH� FKDQJH� DQG� WKH� XUEDQ� KHDW�
LVODQG� HIIHFW�� 7KH� SDVVLYH� XVH� RI� 3&0� IURP� RXU�
VLPXODWLRQV� RQO\� LPSDFWV� DW� SUHVHQW� ZLWK� HIIHFWLYHO\�
QR� LQVXODWLRQ� �5�YDOXH�  � ������� EXW� QR� KRXVH� LQ�
/RQGRQ� VKRXOG� KDYH� LWV� URRI� RU� FHLOLQJ� XQLQVXODWHG��
)RU�5�YDOXH� ������RU�KLJKHU�3&0�KDV�OLWWOH�LQIOXHQFH�
RQ�KHDWLQJ�ORDGV��
�
7KXV� URRI� 3&0� LV� WKXV� PDLQO\� RI� XVH� LQ� WHPSHUDWH�
FOLPDWHV�RU�FOLPDWHV�ZLWK�KRW�GD\V� IROORZHG�E\�FRRO�
QLJKWV�� QRW� D� FRPPRQ� FRPELQDWLRQ� LQ� /RQGRQ� RU�
6LQJDSRUH��8VH�RI�3&0¶V� LQ� LQWHULRU�ZDOOV��ZKLFK� LV�
RXWVLGH� WKLV� VWXG\� PD\� KRZHYHU� EH� ZRUWKZKLOH� LQ�
/RQGRQ�� DQG� HYHQ� LQ� 6LQJDSRUH� LI� QLJKW� DLU�
FRQGLWLRQLQJ�LV�XVHG�WR�GLVFKDUJH�VXFK�3&0¶V��

6,08/$7,21�5(68/76�)25�$�
6<'1(<�2)),&(�%8,/',1*��
6LPXODWLRQV�VWXGLHV�ZHUH�DOVR�FDUULHG�RXW�IRU�D�WZR�
VWRUH\�RIILFH�EXLOGLQJ�RFFXS\LQJ�����P��SHU�IORRU�
ORFDWHG�LQ�6\GQH\��$XVWUDOLD��IDFLQJ�QRUWK��ZLWK�DQG�
ZLWKRXW�3&0�LQ�WKH�URRI�FRQVWUXFWLRQ��7RWDO�
FRQGLWLRQHG�DUHD�LV������P���%XLOGLQJ�SDUDPHWHUV�DUH�
LQ�WDEOH���ZLWK�RFFXSDQF\�DQG�RSHUDWLRQ�SURILOHV�IRU�
OLJKWV��HOHFWULF�HTXLSPHQW��SHRSOH�DQG�DLU�
FRQGLWLRQLQJ�DV�SHU�WKH�%XLOGLQJ�&RGH�RI�$XVWUDOLD�
�%&$���������
�
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�
Figure 7 Two storey office building occupying 800 

m2 per floor. 
�

Table 4 
Parameters 

�

PARAMETERS VALUE 
Roof Solar 
absorptance 

����

Roof emissivity ����
Roof insulation 
(R-value) 

3.2 (m2 K/W) 

Walls insulation 
(R-value) 

2.8 (m2 K/W) 

Walls solar 
absorptance 

0.6 

BioPCM M51 (3.4mm) 
PCM Transition 
temperature 

���R&�

Infiltration 
(ACH) 

��

Lights 9 (W/m2) 

Electric 
Equipment 

15 (W/m2) 

People ��P��SHUVRQ�
Windows 8�9DOXH ����:�P��.��6*+& �����
Cooling Setpoints ���R&�IURP��DP�WR��SP�GXULQJ�

ZHHNGD\V�
Heating Setpoints ���R&�IURP��DP�WR��SP�GXULQJ�

ZHHNGD\V�
�

5HODWLYH� WR� QR� 3&0�� URRI� 3&0� JDYH� ����� VDYLQJV�
ZLWK� WKH� LQVWDOODWLRQ� LQ� WKH� URRI� RI� %LR3&0� 0���
����PP�� ZLWK� 7F � ��� R&�� 6DYLQJV� DUH�
����0-�P��\HDU��RU������N:K�SHU�\HDU��
5XQQLQJ� PDQ\� PXOWL�SDUDPHWHU� FRPELQDWLRQV� LQ�
VLPXODWLRQV� DV� EHIRUH� DQG� FRQVLGHULQJ� RQO\� GD\WLPH�
RFFXSDQF\� DQG� LQWHUQDO� ORDGV� LQ� RIILFH� EXLOGLQJV��
FRROLQJ� ORDGV�DUH�SUHGRPLQDQW�DQG�KHDWLQJ� ORDGV�DUH�
YHU\� ORZ��7KH� VDYLQJV� UHVXOWLQJ� IURP� URRI�3&0�DUH�
OLVWHG�LQ�WDEOH���IRU�YDULRXV�5�YDOXHV�LQ�WKH�URRI��

 

Table 5 
Energy use and savings with PCM M51, Tc = 25 oC 

for a two storey office building in Sydney 
 

5RRI�
,QVXODWLRQ�

1R�3&0� 3&00���
7F����R&�

6DYLQJV�XVLQJ�3&0�

5�YDOXH� 7RWDO�
0-�P��\U�

7RWDO�
0-�P��\U�

0-�P��\U� 6DYLQJV�
��

����� ���� ���� ����� ������

���� ���� ���� ����� ������

�� ���� ���� ����� ������

���� ���� ���� ����� ������

����� ���� ���� ����� ������

����� ���� ���� ����� �����

���� ���� ���� ����� �����

���� ���� ���� ����� �����
�

',6&866,21�
8VH� RI� URRI� EDVHG� 3&0� KDV� WKH� JUHDWHVW� SRWHQWLDO�
ZKHUH�EXLOGLQJV�DUH�UHTXLUHG�WR�PRYH�IURP�D�KHDWLQJ�
PRGH�WR�FRROLQJ�PRGH�LQ�WKH�FRXUVH�RI�WKH�VDPH�GD\��
DQG� LV� SDUWLFXODUO\� UHOHYDQW� LQ� VRPH� UHJLRQV� LQ�
$XVWUDOLD�ZKHUH�KLJK�GLXUQDO�WHPSHUDWXUHV�VZLQJV�DUH�
PRUH� FRPPRQ�� 7KH� XVH� RI� 3&0� QHHGV� WR� EH�
FRQVLGHUHG�LQ�UHODWLRQ�WR�DOO�RWKHU�SDUDPHWHU�VHWWLQJV��
7KH� DELOLW\� RI� 3&0V� WR� GLVFKDUJH� HIILFLHQWO\� DQG�
VWRUH� FRRO� DW� QLJKW� XVLQJ� FRPSUHVVRU� FRROLQJ� LV� DQ�
DGGLWLRQDO�DWWUDFWLRQ��7KH\�DUH�D�KLJK�HQHUJ\�GHQVLW\�
VWRUH� VR� QHHG� DQ� HIILFLHQW� FXVWRP� GHVLJQHG� KHDW�
WUDQVIHU�PHFKDQLVP��$�SDVVLYH�QLJKW�SXUJH�RIWHQ�GRHV�
QRW�KDYH�WKH�FDSDFLW\�WR�GR�WKLV�IRU�PRGHUDWH�PDVV��
,QLWLDO� HYDOXDWLRQ� RI� WKH� SRWHQWLDO� RI� 3&0� KDV� EHHQ�
SURYLGHG� DQG� LW� LV� QRW� LQ� WKH� VFRSH� RI� WKLV� SDSHU� WR�
SURYLGH� FRVW� DQDO\VLV� EHFDXVH� IURP� WKH� FRVW� VDYLQJV�
SRLQW�RI�YLHZ�LW�ZLOO�EH�UHTXLUHG�WR�ILQG�WKH�RSWLPXP�
DUHD� WR� FRYHU� ZLWK� 3&0�� ,QFUHDVLQJ� HYHQLQJ�QLJKW�
YHQWLODWLRQ�ZKHQ�RXWVLGH�WHPSHUDWXUHV�IDOOV�ZLOO�KHOS�
WR� UHOHDVH� KHDW� IURP� WKH� 3&0� RU� WKH� XVH� RI� DLU�
FRQGLWLRQLQJ�FURVVLQJ� WKH�SKDVH�FKDQJH� WHPSHUDWXUH��
6RODU� SKRWR�YROWDLFV� WR� UXQ� WKH� DLU� FRQGLWLRQLQJ� DQG�
UHOHDVH� KHDW� IURP� 3&0� ZLOO� EH� DQ� DGYDQWDJH�� &RVW�
VDYLQJV�ZLOO� EH�KLJKHU�ZKHQ� FRROLQJ� ORDGV� DUH� ODUJH�
IRU�H[DPSOH�RIILFH�EXLOGLQJV�DQG�UHVWDXUDQWV�DW�OXQFK�
WLPH�� ZKHQ� VRODU� UDGLDWLRQ�� LQWHUQDO� ORDGV� DQG�
WHPSHUDWXUHV�DUH�KLJK���

&21&/86,21�
5RRI�VRODU�UHIOHFWDQFH�UHPDLQV�WKH�SDUDPHWHU�ZLWK�WKH�
ELJJHVW�LPSDFW�RQ�HQHUJ\�VDYLQJV�LQ�WHPSHUDWH�]RQHV��
7KH�DGGLWLRQ�RI�3&0�IXUWKHU�UHGXFHV�FRROLQJ�HQHUJ\�
GHPDQG��7KH�VHQVLWLYLW\�WR�3&0�LV�KRZHYHU�UHGXFHG�
DV�5VRO�ULVHV�DQG�LV�QRW�ZRUWKZKLOH�LQ�D�URRI�ZLWK�YHU\�
KLJK� 5VRO�� +RZHYHU� 3&0� PD\� EH� ZRUWKZKLOH� LQ�
ORFDWLRQV�ZKHUH�5VRO�GHFUHDVHV�D� ORW�GXH� WR�GXVW��GLUW�
RU� DJLQJ�� ,Q� VHYHUDO� FDVHV� XVLQJ� 3&0� RU� LQFUHDVLQJ�
URRI�5�YDOXH� OHG� WR� VLPLODU� HQHUJ\� VDYLQJV�� 3&0� LV�
WKLQ�DQG�OLJKW�DQG�FDQ�EH�XVHIXO�IRU�UHWURILWWLQJ�ZKHUH�
WKHUH� LV� QRW� VSDFH� IRU� WKLFNHU� LQVXODWLRQ�� ,Q� D� ZDUP�
KXPLG� FOLPDWH� �6LQJDSRUH��� DQG� FROGHU� FOLPDWH�
�/RQGRQ��� WKH� LQVWDOODWLRQ� RI� URRI� 3&0� LV� QRW�
DWWUDFWLYH� LQ� KRPHV� EXW� PD\� KDYH� YDOXH� LQ� VRPH�
RIILFHV��)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�HYDOXDWH�3&0¶V�
LQ� RWKHU� FOLPDWHV�� 3&0¶V� DGG� FRPSOH[LW\� WR� WKH�
DQDO\VLV� RI� DQ� DOUHDG\� FRPSOH[� PXOWL�SDUDPHWHU�
V\VWHP��,Q�VXFK�V\VWHPV�VLPXODWLRQ�KDV�SURYHQ�WR�EH�
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LQYDOXDEOH� IRU� V\VWHPDWLF� ORFDWLRQ� RI� HQHUJ\� RSWLPD�
ZLWKLQ�WKLV�PXOWL�SDUDPHWHU�VSDFH��

$&.12:/('*(0(17�
-RVH� /XLV� &DVWUR� $JXLODU� DFNQRZOHGJHV� VXSSRUW� IRU�
KLV� 3K'� VWXGLHV� IURP� 876� 'RFWRUDO� 6FKRODUVKLS�
�876'��IURP�WKH�8QLYHUVLW\�RI�7HFKQRORJ\��6\GQH\�
DQG� &6,52� (QHUJ\� 7UDQVIRUPHG� )ODJVKLS�
VFKRODUVKLS��

5()(5(1&(6�
$JXLODU� -�/�&��� 6PLWK� *�%��� *HQWOH� $�5��� &KHQ� '��

3XEOLFDWLRQ�GDWH��������3DSHU�WLWOH��0DNLQJ�FRRO�
URRIV� FRPSDWLEOH� ZLWK� ORZ� KHDWLQJ� DQG� FRROLQJ�
ORDGV��%RRN�WLWOH��)XHOOLQJ�WKH�)XWXUH��$GYDQFHV�
LQ� 6FLHQFH� DQG� 7HFKQRORJLHV� IRU� (QHUJ\�
*HQHUDWLRQ��7UDQVPLVVLRQ�DQG�6WRUDJH��3DJHV�RI�
WKH�SDSHU�����������,6%1���������������������
��� (GLWRU�� $�� 0HQGH]�9LODV�� 3XEOLVKHU��
%URZQ:DONHU�3UHVV��

%DPEURRN�6�0���6SURXO�$�%���-DFRE�'��������'HVLJQ�
RSWLPLVDWLRQ� IRU� D� ORZ� HQHUJ\� KRPH� LQ� 6\GQH\��
(QHUJ\�DQG�%XLOGLQJV���������������������

%&$�������%XLOGLQJ�&RGH�RI�$XVWUDOLD��&ODVV���WR���
FODVV� �� EXLOGLQJV�� 92/80(1�21(�� &DQEHUUD��
$XVWUDOLDQ� %XLOGLQJ� &RGHV� %RDUG�� �����,6%1�
����������������

%RL[R� 6��� 'LD]�9LFHQWH� 0��� &ROPHQDU� $��� &DVWUR�
0�$�� ������ 3RWHQWLDO� HQHUJ\� VDYLQJV� IURP� FRRO�
URRIV� LQ� 6SDLQ� DQG� $QGDOXVLD�� (OVHYLHU� (QHUJ\��
�����������������

&DSSHOOHWWL� )��� *DVSDUHOOD� $��� 3HUQLJRWWR� *���
5RPDJQRQL�3��������'\QDPLF�DQDO\VLV�RI�HQHUJ\�
SHUIRUPDQFH�RI�GLIIHUHQW�URRI�V\VWHPV�GXULQJ�WKH�
FRROLQJ� VHDVRQ�� 3URFHHGLQJV� RI� %XLOGLQJ�
6LPXODWLRQ� ������ ��WK� &RQIHUHQFH� RI�
,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�
$VVRFLDWLRQ�� 6\GQH\�� ������ 1RYHPEHU��
����������������

(QHUJ\3OXV�� 1RYHPEHU� ������ 9HUVLRQ� ��������
$YDLODEOH� DW�
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOX
V���

*HQWOH� $�5��� $JXLODU� -�/�&��� 6PLWK� *�%�� ������
2SWLPL]HG� FRRO� URRIV�� ,QWHJUDWLQJ� DOEHGR� DQG�
WKHUPDO� HPLWWDQFH� ZLWK� 5�YDOXH�� 6RODU� (QHUJ\�
0DWHULDOV�DQG�6RODU�&HOOV���������������������

/RQGRQ� *DWZLFN� ,:(&� �,QWHUQDWLRQDO� :HDWKHU� IRU�
(QHUJ\� &DOFXODWLRQV��� ������ $YDLODEOH� DW�
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOX
V�FIP�ZHDWKHUBGDWD��FIP�UHJLRQ �BHXURSHBZP
RBUHJLRQB��FRXQWU\ *%5�FQDPH 8QLWHG���.L
QJGRP�� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� ±� (QHUJ\�
(IILFLHQF\�DQG�5HQHZDEOH�(QHUJ\��

0XUXJDQDQWKDP� .�� ������ $SSOLFDWLRQ� RI� SKDVH�
FKDQJH� PDWHULDO� LQ� EXLOGLQJV�� ILHOG� GDWD� YV��

(QHUJ\� 3OXV� VLPXODWLRQ�� $UL]RQD� 6WDWH�
XQLYHUVLW\��

5RGULJXH]�8ELQDV�(���5XL]�9DOHUR�/���9HJD�6���1HLOD�
-��������$SSOLFDWLRQV�RI�3KDVH�&KDQJH�0DWHULDO�
LQ� KLJKO\� HQHUJ\�HIILFLHQW� KRXVHV�� (QHUJ\� DQG�
%XLOGLQJV�������������±����

6LQJDSRUH� ,:(&� �,QWHUQDWLRQDO�:HDWKHU� IRU� (QHUJ\�
&DOFXODWLRQV��� ������ $YDLODEOH� DW�
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOX
V�FIP�ZHDWKHUBGDWD��FIP�UHJLRQ �BVRXWKZHVWBS
DFLILFBZPRBUHJLRQB��FRXQWU\ 6*3�FQDPH 6LQ
JDSRUH�� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� ±� (QHUJ\�
(IILFLHQF\�DQG�5HQHZDEOH�(QHUJ\��

6PLWK� *�%��� $JXLODU� -�/�&��� *HQWOH� $�5��� &KHQ� '��
������ 0XOWL�SDUDPHWHU� VHQVLWLYLW\� DQDO\VLV�� $�
GHVLJQ�PHWKRGRORJ\�DSSOLHG�WR�HQHUJ\�HIILFLHQF\�
LQ� WHPSHUDWH� FOLPDWH� KRXVHV�� (QHUJ\� DQG�
%XLOGLQJV��������������±�����

6\GQH\�50<��5HSUHVHQWDWLYH�0HWHRURORJLFDO�<HDU���
������ $YDLODEOH� DW�
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOX
V�FIP�ZHDWKHUBGDWD��FIP�UHJLRQ �BVRXWKZHVWBS
DFLILFBZPRBUHJLRQB��FRXQWU\ $86�FQDPH $XV
WUDOLD�� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� ±� (QHUJ\�
(IILFLHQF\�DQG�5HQHZDEOH�(QHUJ\��
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�

�
Figure 3 Sensitivity of heating loads for a typical single family house in Sydney to combinations of changes in 

solar absorptance, R-value and PCM mass. 
 

�
Figure 4 Sensitivity of cooling loads for a typical single family house in Sydney to combinations of changes in 

solar absorptance, R-value and PCM mass. 
 
�
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�
Figure 5 Cooling loads with Tc = 25 oC and roof R-value 1.63 for a typical single family house in Sydney. 
�

 
Figure 6 Peak cooling loads with Asol = 0.6, roof R-value = 1.63 and Tc = 25 oC from 1st to 5th of January for a 
typical single family house in Sydney. 
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