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$%675$&7�
7KLV� SDSHU� LQWURGXFHV� D� QHZ� DSSURDFK� WR� SUHGLFWLQJ�
GRPHVWLF� HQHUJ\� XVH� RQ� DQ� XUEDQ� VFDOH� DQG� LV� EDVHG�
RQ�D�PHWKRG�RI� DSSO\LQJ� VHWV� RI� UHVXOWV� IURP�D�6$3�
�8.¶V� 6WDQGDUG� $VVHVVPHQW� 3URFHGXUH�� VHQVLWLYLW\�
WRRO� �:6$� ������ WR� DQ� DUHD�� XVLQJ� DQG� H[WUDFWLQJ�
GDWD�IURP�D�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP��*,6���
,W� LV� GHPRQVWUDWHG� IRU� WKH� &DUGLII� /RFDO� $XWKRULW\�
�/$�� DUHD� �DSSUR[LPDWHO\� �������� GZHOOLQJV�� DQG� LV�
YDOLGDWHG� E\� FRPSDULVRQ� ZLWK� WKH� 'HSDUWPHQW� RI�
(QHUJ\�DQG�&OLPDWH�&KDQJH¶V��'(&&��GDWD�RQ�DFWXDO�
UHVLGHQWLDO� JDV� DQG� HOHFWULFLW\� FRQVXPSWLRQ� SHU� 8.�
FHQVXV�DUHD��'(&&���������7KH�PHWKRG�FRQFOXGHV�E\�
DSSO\LQJ� UHVXOWV� IURP� WKH� YDOLGDWLRQ� WR� PRGLI\�
YDULDEOHV�DQG�DVVXPSWLRQV�LQ�WKH�6$3�VHQVLWLYLW\�WRRO�
LQ�RUGHU�WR�EHWWHU�UHIOHFW�FRQVXPSWLRQ�SDWWHUQV�LQ�8.�
KRXVHKROGV��

,1752'8&7,21�
7KH�GRPHVWLF�VWRFN�LV�GLUHFWO\�UHVSRQVLEOH�IRU�����RI�
WKH�8.¶V�WRWDO�HPLVVLRQV�DQG�LW�LV�SUHGLFWHG�WKDW�����RI�
WKH� H[LVWLQJ� VWRFN� ZLOO� VWLOO� EH� VWDQGLQJ� LQ� �����
�)RUVHLJKW� ������� 5HGXFLQJ� HPLVVLRQV� IURP� H[LVWLQJ�
GZHOOLQJV� LV� WKHUHIRUH� FUXFLDO� WR� WKH� VXFFHVV� RI� WKH�
8.�JRYHUQPHQW¶V������ WDUJHW� WR�FXW�JUHHQKRXVH�JDV�
HPLVVLRQV� E\� ���� �'(&&� ������� 7KHUH� LV� DOVR� D�
JURZLQJ�UHFRJQLWLRQ�WKDW�DFWLRQ�E\�/RFDO�$XWKRULWLHV�
ZLOO� EH� FULWLFDO� WR� WKH� DFKLHYHPHQW� RI� WKLV� WDUJHW�
�'(&&��������1DWLRQDO� ,QGLFDWRU������UHTXLUHV�HDFK�
/RFDO� $XWKRULW\� WR� SXEOLVK� ILJXUHV� RQ� FDUERQ�
HPLVVLRQV� \HDUO\�� LQFOXGLQJ� HPLVVLRQV� IURP�KRXVLQJ�
�'(&&� ������� 7KLV� LV� DQ� HQRUPRXV� FKDOOHQJH� IRU�
/RFDO� $XWKRULWLHV� GXH� WR� WKH� ODFN� RI� FRQVLVWHQW�
SXEOLFDOO\�DYDLODEOH�WRROV�DQG�PHWKRGV�IRU�FDOFXODWLQJ�
WKH� SRWHQWLDO� FDUERQ� VDYLQJV� �8UJH�9RUVDW]� ������
'(&&��������7KLV�QHHG�E\�ORFDO�JRYHUQPHQWV�LV�DOVR�
DFNQRZOHGJHG� E\� �9�� &KHQJ� ������ � ZKR� LGHQWLILHV�
WKDW� FXUUHQW� 8.� PRGHOV� DUH� HYDOXDWHG� DW� QDWLRQDO�
OHYHO� DQG� WKHUHIRUH� FRXOG� EHFRPH� VSHFXODWLYH� RQ�
GLVDJJUHJDWHG� OHYHOV� �H�J�� FLWLHV�� UHJLRQV� DQG� /RFDO�
$XWKRULWLHV���

'RPHVWLF� ERWWRP�XS� PRGHOV� DWWHPSW� WR� HVWLPDWH�
EDVHOLQH� HQHUJ\� FRQVXPSWLRQ� E\� DSSO\LQJ�
TXDQWLWDWLYH� GDWD� WR� UHSUHVHQWDWLYHV� RI� WKH� KRXVLQJ�
VWRFN��7KH\� DUH� H[SHFWHG� WR� EH� FDSDEOH� RI� DVVHVVLQJ�

DQG� LGHQWLI\LQJ� VXLWDEOH� PHDVXUHV� WR� UHGXFH� HQHUJ\�
FRQVXPSWLRQ�RQ�D�ODUJH�VFDOH���)LUWK�������KLJKOLJKWV�
WKH� SRWHQWLDO� RI� FRQVWUXFWLQJ� VLPSOHU� PRGHOV� ZLWK�
RQO\�D�VHW�RI�OLPLWHG�LQSXW�SDUDPHWHUV�DQG�DVVRFLDWHG�
VHQVLWLYLW\� FRHIILFLHQWV��0RUHRYHU� �0��.DYJLF� ������
HPSKDVLVHV�WKDW�WKH�WUDQVSDUHQF\�RI�GDWD�VRXUFHV�DQG�
PRGHO�VWUXFWXUHV�LV�D�FUXFLDO�LVVXH�IRU�WKHLU�IXWXUH�XVH��

7KLV� SDSHU� DWWHPSWV� WR� RXWOLQH� D� WUDQVSDUHQW�PHWKRG�
EDVHG� RQ� D� VLPSOH� WRRO� ZLWK� D� OLPLWHG� VHW� RI� LQSXW�
SDUDPHWHUV�� ,W�DFFHQWXDWHV�YDULDEOHV�DQG�DVVXPSWLRQV�
ZLWK� WKH� JUHDWHVW� VLJQLILFDQFH� LQ� WHUPV� RI� HQHUJ\�
FRQVXPSWLRQ� VXFK� DV� WRWDO� IORRU� DUHD� DQG� LQGRRU�
WHPSHUDWXUH� VHW� SRLQW�� 7KH� DFFXUDWH� LGHQWLILFDWLRQ� RI�
GZHOOLQJV� LV� DOVR� IXQGDPHQWDO� WR� WKH� PHWKRG� DQG�
DOWKRXJK�VSHFLILF� WR� WKLV�FDVH�VWXG\�� VLPLODU�PHWKRGV�
DQG�GDWD�VRXUFHV�FRXOG�EH�XVHG�IRU�DQ\�8.�DUHD��,W�LV�
KRSHG� WKDW� WKH� WRRO¶V� UDSLGLW\� DQG� LWV� VLPSOH� WUDQVIHU�
WR�*,6�UHVXOWV�LQ�D�PHWKRG�WKDW�FDQ�DQDO\VH�WKH�HIIHFW�
RI� DGMXVWPHQWV� WR� IDEULF� RU� V\VWHP� SDUDPHWHUV� RQ� D�
UHJLRQDO� VFDOH�� 7KLV� DORQJ�ZLWK� LWV� WUDQVSDUHQF\� DQG�
IOH[LELOLW\�PHDQV�WKDW��LQ�IXWXUH��LW�FRXOG�EH�DSSOLHG�WR�
DQ\�QXPEHU�RI�FHQVXV�DUHDV�DQG�FRXOG�HDVLO\�EH�XVHG�
DV� D� SUHGLFWLRQ� WRRO� IRU� HQHUJ\� HIILFLHQF\� DQG�
UHQHZDEOH� HQHUJ\� WHFKQRORJLHV� IRU� DQ\� DUHD� LQ� WKH�
8.�IURP�QHLJKERXUKRRG�WR�QDWLRQDO�OHYHO��

0(7+2'�
Overview of Method 
&DUGLII� /RFDO� $XWKRULW\� DUHD� ZDV� XVHG� DV� D� FDVH�
VWXG\�� ZKLFK� LQFOXGHG� DURXQG� �������� GZHOOLQJV� LQ�
WRWDO� FRYHULQJ� ���� &HQVXV� DUHDV�� DOVR� NQRZQ� DV�
/RZHU� 6XSHU� 2XWSXW� $UHDV� �/62$��� 7KH� PHWKRG�
FRPSULVHG� WKUHH� PDLQ� VWHSV�� WKH� ILUVW� DQDO\VHG� GDWD�
VRXUFHV� UHODWLQJ� WR� WKH� LGHQWLILFDWLRQ� DQG�
FODVVLILFDWLRQ� RI� GZHOOLQJV� ZKLOH� LQ� WKH� VHFRQG�� WKH�
6$3� VHQVLWLYLW\� WRRO� ZDV� XVHG� WR� FDOFXODWH� WKH�
EDVHOLQH� HQHUJ\� GHPDQG� IRU� WKH� LGHQWLILHG�
FODVVLILFDWLRQV�� 7KLV� ZDV� EDVHG� RQ� VWDWLVWLFDO� GDWD�
UHODWLQJ� WR� WKH� SUHYDOHQFH� RI� IDEULF� DQG� V\VWHP�
FKDUDFWHULVWLFV��%RWK�VHWV�RI�GDWD�ZHUH�FRPELQHG�DQG�
DJJUHJDWHG�WR�/62$�OHYHO�XVLQJ�D�*,6�EHIRUH� LQLWLDO�
LGHQWLILFDWLRQ�� FODVVLILFDWLRQ� DQG� HQHUJ\� GHPDQG�
UHVXOWV�ZHUH�FRPSDUHG�ZLWK�UHOLDEOH�H[WHUQDO�VRXUFHV��
7KH� ILQDO� VWHS� EXLOGV� RQ� WKH� GLVFUHSDQFLHV� IRXQG�
ZKHQ� FRPSDULQJ� WKH� HQHUJ\� GHPDQG� RI� WKH� PRGHO�
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ZLWK� DFWXDO� HQHUJ\� FRQVXPSWLRQ� GDWD� RQ� DQ�
DJJUHJDWHG� OHYHO� �/62$V��� ,Q� OLQH� ZLWK� FRPPRQ�
OLPLWDWLRQV� DQG� LVVXHV� RI� GRPHVWLF� HQHUJ\� PRGHOV�
LGHQWLILHG� E\� RWKHUV� LQ� WKH� ILHOG�� D� ILUVW� DWWHPSW�ZDV�
PDGH� WR� DGMXVW� DQG� UHILQH� WKH� PRGHO�� 7KH� DGMXVWHG�
PRGHO¶V�UHVXOW�ZDV�DQDO\VHG�DQG�XVHG�WR�HYDOXDWH� LWV�
FDSDELOLW\�DQG�LGHQWLI\�IXUWKHU�ZRUN�QHHGHG�WR�HQVXUH�
LWV� UHOLDELOLW\� ZKHQ� DSSUR[LPDWLQJ� WKH� HIIHFW� RI�
HQHUJ\� HIILFLHQF\�PHDVXUHV� RQ� GLIIHUHQW� VFDOHV�� � $Q�
RYHUYLHZ�RI�WKH�PHWKRG�FDQ�EH�VHHQ�LQ�ILJXUH����
�

 
Figure 1: Overview of method 
 
Identification and Classification of Dwellings 
7KH� DFFXUDF\� RI� GZHOOLQJ� LGHQWLILFDWLRQ� ZDV�
IXQGDPHQWDO� LQ� FUHDWLQJ�D� UHOLDEOH� ERWWRP�XS� HQHUJ\�
GHPDQG� PRGHO�� )XUWKHUPRUH�� WKH� GDWD� XVHG� IRU�
FODVVLI\LQJ� WKH� VWRFN� QHHGHG� WR� EH� DV�SUHFLVH� DV�ZDV�
SUDFWLFDOO\� SRVVLEOH� LQ� RUGHU� WR� PD[LPLVH� WKH�
PHDQLQJIXOQHVV� RI� WKH� DJJUHJDWHG� UHVXOWV�� 7KH� GDWD�
VHWV�XVHG�ZHUH�*,6�EDVHG�PDNLQJ�LW�SRVVLEOH�WR�PHUJH�
WKH� UHOHYDQW� VRXUFHV� WR� IRUP� RQH� GDWD� VHW� ZLWK� DOO�
QHFHVVDU\�LQIRUPDWLRQ�IRU�WKH�HQHUJ\�GHPDQG�PRGHO��
$� VDPSOH� RI� WKH� WKUHH� VRXUFHV� XVHG� FDQ� EH� VHHQ� LQ�
ILJXUH���DQG�ZHUH���

� Building Block �*HRLQIRUPDWLRQ*URXS� �������
(DFK� EORFN� ZDV� FDWHJRULVHG� LQWR� RQH� RI� ILYH�
DJH� EDQGV� DQG� ILIWHHQ� W\SRORJLHV� ZLWK� WKH�
KHLJKW� RI� WKH� EORFN� UHSUHVHQWLQJ� WKH� URXJK�
KHLJKW� RI� WKH� UHODWHG� EXLOGLQJV�� PDNLQJ� LW�
SRVVLEOH�WR�DSSUR[LPDWH�WKH�QXPEHU�RI�VWRUH\V�

� Master Map Topography Layer 
�2UGHQDQFH6XUYH\��������(DFK�SRO\JRQ¶V�DUHD�
JDYH� GHWDLOHG� JURXQG� IORRU� DUHD� IRU� HDFK�

VHSDUDWH�EXLOGLQJ�

� Address Base Premium� �2UGQDQFH6XUYH\�
�������(DFK�SRLQW�UHSUHVHQWHG�D�FXUUHQW�5R\DO�
0DLO� SRVWDO� DGGUHVV� ZLWK� HDFK� FODVVHG� E\� WKH�
XVH� RI� WKH� DGGUHVV� PDNLQJ� LW� SRVVLEOH� WR�
LGHQWLI\�DOO�UHVLGHQWLDO�DGGUHVVHV�
�

�

�
Figure 2: Data sources for the identification and 
classification of dwellings 
 
,QFRPSOHWH�GDWD�
$OWKRXJK� WKH� GDWD� PHUJHG� ZHOO� LQ� JHQHUDO�� VRPH�
SUREOHPV�DURVH�GXH�WR�LQFRQVLVWHQFLHV�LQ�WKH�FRYHUDJH�
DQG� FUHDWLRQ� GDWH� RI� VRXUFHV�� %XLOGLQJ� EORFN� GDWD�
FRYHUV� XUEDQ� DUHDV�� WKHUHIRUH� �� RI� WKH� ���� /62$V�
KDG� QR� FODVVLILFDWLRQ� RU� KHLJKW� GDWD� DYDLODEOH�� $V� D�
FRQVHTXHQFH� WKH\� ZHUH� QRW� LQFOXGHG� LQ� WKH� FDVH�
VWXG\��2WKHU� /62$�KDG� LQFRPSOHWH� EXLOGLQJ� EORFNV�
GDWD��

�� /62$V�RQ� WKH�SHULSKHU\� RI� WKH�/RFDO�$XWKRULW\�
KDG� QR� GDWD� IRU� VRPH� RI� WKH� RXWHU� UHVLGHQWLDO�
EXLOGLQJV��PDUNHG�DV�FURVVHV�LQ�ILJXUH����

�� /62$V� ZLWK� ODUJH� QHZ� UHVLGHQWLDO�
QHLJKERXUKRRGV� GHYHORSHG� VLQFH� ������
KLJKOLJKWHG�LQ�GDUN�JUD\�LQ�ILJXUH���

�� /62$V� ZLWK� D� VLJQLILFDQW� QXPEHU� RI� IODWV� LQ�
FRPPHUFLDO�DUHDV���EODFN�LQ�ILJXUH���

7KUHH�XQLTXH�FODVVLILFDWLRQV�UHODWLQJ�WR�W\SRORJ\�DQG�
DJH�ZHUH�JLYHQ�WR�WKHVH�WKUHH�JURXSV�RI�DGGUHVVHV�VR�
WKDW� WKH\� FRXOG� EH� DVVLJQHG�ZLWK�DSSURSULDWH� HQHUJ\�
XVH�DSSUR[LPDWLRQV��

 
Figure 3: points representing residential addresses 
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$� YHU\� VPDOO� QXPEHU� RI� DGGUHVVHV� KDG� PLVVLQJ�
0DVWHU0DS�7RSRJUDSK\�SRO\JRQV��WKHUHIRUH�D�GHIDXOW�
IORRU�DUHD�RI���P��ZDV�DVVLJQHG� WR�HDFK��$GGUHVVHV�
ZLWK�PLVVLQJ� GDWD� DFFRXQWHG� IRU� MXVW� XQGHU� ���� RI�
WKRVH�LQ�WKH�FDVH�VWXG\�DUHD. 

9DOLGDWLRQ�

Identification of Dwellings 
7KH� PHUJHG� GDWD� VHW� FRQWDLQLQJ� GHWDLOV� RI� DOO�
UHVLGHQWLDO� DGGUHVVHV� ZDV� WKH� IRXQGDWLRQ� IRU� WKH�
PRGHO�� ,W� DSSHDUHG� WR� EH� D� UHOLDEOH� VWDUWLQJ� SRLQW� DV�
WKH� QXPEHU� RI� DGGUHVVHV� LGHQWLILHG� LQ� HDFK� /62$�
DJUHHG� ZHOO� ZLWK� WKH� QXPEHU� RI� KRXVHKROGV� SHU�
/62$� LQ� WKH� ����� &HQVXV� �6WDWLVWLFV� ������� 7KH�
FRPSDULVRQ�FDQ�EH�VHHQ�LQ�ILJXUH����
�

�
Figure 4: Number of dwellings in Cardiff LSOAs in 
2011 census results and in model 
 
Typology Classification 
7R�VLPSOLI\� WKH�SURFHVV����� W\SRORJLHV�ZHUH�UHGXFHG�
WR� ��� UHWDLQLQJ� RQO\� WKH� FRUH� W\SRORJLHV�� GHWDFKHG��
VHPL� GHWDFKHG�� WHUUDFHV� RU� IODWV�� �� RI� WKH� RULJLQDO� ���
W\SRORJLHV� �VHPLV� LQ�PXOWLSOHV� RI� ������� DQG� SODQQHG�
EDODQFHG�PL[HG�HVWDWHV��DQG�RQH�RI�WKH�QHZO\�FUHDWHG�
W\SRORJLHV� �QHZO\� EXLOW�PL[HG� HVWDWHV��ZHUH� LQLWLDOO\�
FRQVLGHUHG� WR� EH� VHPL� GHWDFKHG�� &RPSDULQJ� WKH�
GLVWULEXWLRQ�RI�WKH���FRUH�W\SRORJLHV�ZLWK�FHQVXV������
GDWD� RQ� W\SRORJLHV� IRU� WKH� &DUGLII� /RFDO� $XWKRULW\�
VXJJHVWHG�WKDW�WKLV�DVVXPSWLRQ�ZDV�QRW�MXVW�DQG�FRXOG�
OHDG� WR� LQDFFXUDWH� UHVXOWV��*RRJOH¶V� 6WUHHW� YLHZ� DQG�
GLIIHUHQFHV� LQ� WKH� GLVWULEXWLRQ� ZKHQ� FRPSDUHG� WR�
&HQVXV� ����� GDWD�ZDV� XVHG� WR� UH�FDWHJRULVH� WKHVH� ��
W\SRORJLHV��7KLV� FDQ� EH� VHHQ� LQ� ILJXUH���DQG� DUH� WKH�
FODVVLILFDWLRQV� XVHG� LQ� WKH� ILQDO� JDV� DQG� HOHFWULFLW\�
GHPDQG�UHVXOWV��

Classification of Age 
9HU\�IHZ�GDWD�VRXUFHV�H[LVWHG�WKDW�GHWDLOHG�WKH�DJH�RI�
GZHOOLQJV� LQ� GHSWK��+RZHYHU�� WZR� VHWV� RI� GDWD�ZHUH�
XVHG� WR� YHULI\� WKH� DJH� FODVVLILFDWLRQV� DQG� WR� DLG� LQ�
FODVVLI\LQJ� WKRVH� ZLWK� PLVVLQJ� GDWD�� 7KH� /LYLQJ� LQ�
:DOHV� VXUYH\� ZDV� FRQGXFWHG� LQ� ����� DQG� JLYHV� DQ�

RYHUYLHZ� RI� WKH� FRQVWUXFWLRQ� SHULRG� RI� GZHOOLQJV�
DFURVV� :DOHV�� &DUGLII� &RXQW\� &RXQFLO¶V� SULYDWH�
VHFWRU� VWRFN� FRQGLWLRQ� VXUYH\� FRQGXFWHG� LQ� �����
JLYHV� DQ� LGHD� RI� WKH� GLVWULEXWLRQ� VSHFLILFDOO\� ZLWKLQ�
&DUGLII� /RFDO� $XWKRULW\� DOWKRXJK� LW� GRHV� QRW�
UHSUHVHQW�WKH�IXOO�VWRFN��)RUGKDP5HVHDUFK���������

7KH� SHUFHQWDJH� LQ� HDFK� DJH� JURXS� IURP� WKHVH� WZR�
VXUYH\V� DORQJ�ZLWK� WKH�PDSSHG� GDWD� FDQ� EH� VHHQ� LQ�
ILJXUH� ��� 2YHU� ���� RI� WKH� XQFODVVLILHG� DGGUHVVHV� LQ�
WHUPV�RI�DJH�DUH�WKRVH�ZLWK�PLVVLQJ�GDWD�����RI�WKRVH�
�GDUN� JUD\� LQ� ILJXUH� ��� ZHUH� DVVXPHG� WR� EH� QHZO\�
EXLOW� VLQFH� �����DQG� WKHUHIRUH�ZHUH� HDVLO\� FODVVLILHG�
DV� SRVW� ������ 7KLV� OHIW� D� UHPDLQLQJ� ���ZKLFK� ERWK�
VXUYH\V� VXJJHVWHG� WR� EH� SUH� ����� GZHOOLQJV�� 7KHVH�
PRVWO\�FRQVLVWHG�RI�GZHOOLQJV�RXWVLGH�WKH�XUEDQ�DUHD�
RU�IODWV�LQ�FRPPHUFLDO�DUHDV��
�

�
Figure5:  Re-categorisation of Semis in multiples of 
4,6,8 and mixed estates 
 

 
Figure 6: Age of dwellings comparison 
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Energy Demand of Dwellings 
0RQWKO\�%5('(0�EDVHG�6$3�WRRO�
6$3� LV� WKH� 8.� HQHUJ\� FRPSOLDQFH� PRGHO� WKDW�
TXDQWLILHV� D� GZHOOLQJ¶V� SHUIRUPDQFH� LQ� WHUPV� RI�
HQHUJ\� XVH� SHU� XQLW� IORRU� DUHD� EDVHG� RQ� WKH� %5(¶V�
'RPHVWLF� (QHUJ\� 0RGHO� �%� 5� $QGHUVRQ� ������� ,W�
WDNHV� LQWR� DFFRXQW� WKH� EXLOGLQJ¶V� FRQVWUXFWLRQ��
ORFDWLRQ�� KHDWLQJ� V\VWHPV� DQG� FRQWUROV�� 7KH� 6$3�
VHQVLWLYLW\� WRRO� LV� EDVHG� RQ� D� PRQWKO\� YHUVLRQ� RI�
%5('(0�DQG� HVWLPDWHV� WKH� HQHUJ\� FRQVXPSWLRQ� RI�
VSDFH� KHDWLQJ�� ZDWHU� KHDWLQJ�� OLJKWLQJ�� HOHFWULFDO�
DSSOLDQFHV� DQG� FRRNLQJ�� ,Q� %5('(0� WKH� WRWDO�
PRQWKO\� HQHUJ\� XVH� LV� FDOFXODWHG� DV� RXWOLQHG� E\�
(48$7,21����%�5�$QGHUVRQ��������

𝑄(𝑚) =   𝑄 (𝑚) + 𝑄 (𝑚)+ 𝑄 (𝑚)
+ 𝐸 (𝑚) + 𝐸 (𝑚)�

����

2QH�RI�%5('(0¶V�REMHFWLYHV�LV�WR�FRPSDUH�GLIIHUHQW�
HQHUJ\� HIILFLHQF\� PHDVXUHV� DQG� ³WR� FDUU\� RXW� D�
detailed study of a particular house or household, 
XVLQJ� VSHFLILF� RFFXSDQF\� LQIRUPDWLRQ´� �%� 5�
$QGHUVRQ��������7KH�6$3�VHQVLWLYLW\�WRRO�DVVXPHV�D�
GHILQHG� OHYHO�RI�FRPIRUW�DQG�VHUYLFH�SURYLVLRQ�WR�EH�
GHOLYHUHG� XQGHU� D� VWDQGDUGLVHG� RFFXSDQF\� FRQGLWLRQ�
ZKLFK� LV� EDVHG� RQ� D� VWDQGDUGLVHG� RFFXSDQW� KHDWLQJ�
UHJLPH�� WHPSHUDWXUH� DQG� KHDWLQJ� SDWWHUQ� DV� ZHOO� DV�
WKH� XVH� RI� KRW� ZDWHU�� OLJKWV� DQG� DSSOLDQFHV� DQG� WKH�
FRQWULEXWLRQ�PDGH�E\�PHWDEROLF�JDLQV��%�5�$QGHUVRQ�
��������

6LPSOH�0RGHO�ZLWK�/LPLWHG�3DUDPHWHUV�
$FFRUGLQJ� WR� �)LUWK� ������� WKH� DYHUDJH�KRXVH¶V�&2��
HPLVVLRQV�EDVHG�RQ�WKH������(QJOLVK�KRXVLQJ�VXUYH\�
LV�PRVW� VHQVLWLYH� WR� FKDQJHV� LQ� RFFXSDQF\�� GZHOOLQJ�
VL]H��ERLOHU�HIILFLHQF\��ZDOO�8�YDOXH�DQG�ZLQGRZ�8�
YDOXH�� ,W� LV� DOVR� VWDWHG� WKDW� WKH� NH\� IDFWRUV� DIIHFWLQJ�
VSDFH� KHDWLQJ� DUH� WKH� GZHOOLQJ¶V� DJH� DQG� LWV� EXLOW�
IRUP� L�H��� WKH� QXPEHU� RI� H[SRVHG� ZDOOV�� IORRUV� DQG�
URRIV�DV�ZHOO�DV�WKH�WRWDO�IORRU�DUHD��,W�ZDV�GHFLGHG�WR�
VLPSOLI\� WKH� ��� W\SRORJLHV� WR� ��� UHWDLQLQJ� RQO\� WKH�
FRUH�W\SRORJLHV��GHWDFKHG��VHPL�GHWDFKHG��WHUUDFHV�RU�
IODWV�� WKXV� UHPRYLQJ� DQ\� GHWDLOV� RQ� GLPHQVLRQV� DQG�
UHWDLQLQJ� RQO\� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� H[SRVXUH�
RI�RXWHU�VXUIDFHV���

7KH�WRRO�XVHG�LV�D�ZHE�FDOFXODWRU�GHVLJQHG�WR�SURYLGH�
DSSUR[LPDWH� 6$3� UDWLQJV� E\� FRQFHQWUDWLQJ� RQ� WKH�
PRVW� FUXFLDO� DQG� FRPPRQO\� DOWHUHG� SDUDPHWHUV��
PRVWO\� UHODWLQJ� WR� IDEULF� DQG� V\VWHPV�� /LPLWDWLRQV�
KDYH�EHHQ�PDGH�LQ�WKH�YDULHW\�RI�LQIRUPDWLRQ�WKDW�WKH�
XVHU� FDQ� SURFHVV�� ZLWK� WKH� LQWHQW� RI� SUHVHUYLQJ�
VLPSOLFLW\� RI� XVH� �(�� &UREX� ������� %RWK� LQSXWV� DQG�
RXWSXWV� DUH� YLVLEOH� RQ� D� VLQJOH� VFUHHQ� ZLWK� D�
PD[LPXP�RI����YDOXHV�WR�FKRRVH�IURP�IRU�HDFK�RI�WKH�
��� YDULDEOHV�� 7ZR� RXWSXWV� RI� WKH� WRRO� ZHUH� XVHG� LQ�
WKLV� PRGHO� ZKLFK� ZHUH�� HOHFWULFLW\� XVHG� �N:K�\HDU��
DQG�VSDFH�DQG�ZDWHU�KHDWLQJ�XVDJH��N:K�\HDU���
�

7KH� YDULDEOHV� DUH� VSOLW� LQWR� �� JURXSV�� %XLOGLQJ�
RYHUYLHZ�� IDEULF� DQG� V\VWHPV�� 7KHVH� JLYH� WKH� EDVLF�
EXW� HVVHQWLDO� RSWLRQV� QHHGHG� WR� GLVWLQJXLVK� SK\VLFDO�
SURSHUWLHV�WKDW�LQIOXHQFH�HQHUJ\�GHPDQG��
�

Building 
Overview Fabric Systems 

/RFDWLRQ� 7KHUPDO�PDVV�
3ULPDU\� KHDWLQJ�
IXHO� DQG� V\VWHP�
DJH�

7\SRORJ\� :DOOV�8�YDOXH� 6HFRQGDU\�
KHDWLQJ�IXHO�W\SH�

)ORRU�$UHD� )ORRU�8�YDOXH� ,QILOWUDWLRQ�UDWH�

2ULHQWDWLRQ� 5RRI�8�YDOXH� 9HQWLODWLRQ�

6XUIDFH�UDWLR� :LQGRZV�8�YDOXH� 6RODU�WKHUPDO�

2EVWDFOHV� *OD]LQJ�UDWLR� 39�SDQHOV�

/LJKWLQJ� :LQGRZ� VKDGLQJ��
DQG�RYHUKDQJ� �

� 7KHUPDO�EULGJLQJ� �

Figure 4: Variables in SAP sensitivity tool by group 
 
9DULDEOHV�E\�DJH���W\SH�DQG�GLPHQVLRQV�
,W�ZDV�GHFLGHG�WR�IXUWKHU�JURXS�WKH�YDULDEOHV�LQ�WHUPV�
RI� WKHLU� GHSHQGHQF\� RQ� DJH�� W\SRORJ\� RU�
LQGHSHQGHQF\� IURP� ERWK�� � L�H�� YDULDEOHV� ZKLFK� DUH�
GHSHQGHQW� RQ� RFFXSDQWV�� LPSRVVLEOH� WR� SUHGLFW� RQ� D�
JHQHUDOLVHG�OHYHO��RU�DUH�FRQVWDQW�IRU�DOO�GZHOOLQJV�LQ�
WKLV� FDVH� VWXG\��7KLV� LV�KLJKOLJKWHG� LQ� ILJXUH� ���ZLWK�
WKRVH�GHSHQGHQW�RQ�DJH�LQ�JUD\��RQ�W\SRORJ\�LQ�EODFN�
DQG�WKRVH� LQGHSHQGHQW�LQ�ZKLWH��3K\VLFDO�SDUDPHWHUV�
LGHQWLILHG� DV� KDYLQJ� WKH� JUHDWHVW� DIIHFW� RQ� &2��
HPLVVLRQV� ZHUH� JLYHQ� DV� PXFK� FRQVLGHUDWLRQ� DV�
SRVVLEOH��

Age 
,QLWLDOO\�� DJH� GHSHQGHQW� YDOXHV� ZHUH� GHWHUPLQHG� E\�
FRQVLGHULQJ�GZHOOLQJV�DV�WKH\�ZRXOG�KDYH�EHHQ�EXLOW��
7KH� PRVW� LQIOXHQWLDO� SDUDPHWHUV� ZHUH� WKHQ� DOWHUHG�
XVLQJ�VWDWLVWLFDO�GDWD�RQ�UHIXUELVKPHQW�OHYHOV�WR�FUHDWH�
SURJUHVVLYH� UHIXUELVKPHQW� VWHSV� IRU� HDFK� DJH� JURXS�
ZLWK� HDFK� RQH�ZHLJKWHG� DFFRUGLQJ� WR� LWV� SUHYDOHQFH�
DV� FDQ� EH� VHHQ� LQ� ILJXUH� ��� 9DOXHV� XVHG� IRU� ZDOOV��
URRIV� DQG� ZLQGRZV� ZHUH� EDVHG� RQ� VWDWLVWLFDO� GDWD�
IURP�D� UHSRUW� RQ� SULYDWH�KRXVLQJ� VWRFN� FRQGLWLRQ� E\�
&DUGLII� &RXQFLO� ^)RUGKDP5HVHDUFK�� ����� ��`�� 1R�
GDWD� UHODWLQJ� WR� DJH� RI� GZHOOLQJV�ZHUH� DYDLODEOH� IRU�
KHDWLQJ� V\VWHP� HIILFLHQF\� WKHUHIRUH� YDOXHV� ZHUH�
EDVHG� RQ� GDWD� FROOHFWHG� IURP� (3&V� IRU� D� QHDUE\�
UHJLRQ��
�

Age 1 
(Pre 1919)� ���� ��� ���� ���� ���� ���� ��� ���
:DOO�8�YDOXH� ���� ���� ���� ���� ���� ���� ���� �����
5RRI�8�YDOXH� �� ���� ���� ���� ���� ����� ����� �����
:LQGRZ�8�YDOXH� ���� ���� ���� ���� �� ���� ���� ����
+HDWLQJ��$JH� �
��� �
��� �
��� !
��� !
��� !
��� !
��� !
���

� � � � � � � � �
� � � � � � � � �
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Age 2 
(1919-1945)� ���� ��� ���� ���� ���� ����

� �:DOO�8�YDOXH� ���� ���� ���� ���� ���� �����
� �5RRI�8�YDOXH� �� �� ���� ���� ���� �����
� �:LQGRZ�8�YDOXH� ���� ���� ���� ���� �� ����
� �+HDWLQJ��$JH� �
��� �
��� �
��� !
��� !
��� !
���
� �

� � � � � � � � �Age 3 
(1945-1964)� ��� ���� ���� ��� ���� ���� ����

�:DOO�8�YDOXH� ���� ���� ���� ���� ���� ����� �����
�5RRI�8�YDOXH� �� �� ���� ���� ���� ���� �����
�:LQGRZ�8�YDOXH� ���� ���� ���� �� �� �� ����
�+HDWLQJ��$JH� �
��� �
��� �
��� �
��� !
��� !
��� !
���
�

� � � � � � � � �Age 4 
(1964-1979)� ��� ���� ���� ���� ��� ����

� �:DOO�8�YDOXH� ���� ���� ���� ���� ����� �����
� �5RRI�8�YDOXH� �� �� ���� ���� ���� �����
� �:LQGRZ�8�YDOXH� ���� ���� ���� �� �� ����
� �+HDWLQJ��$JH� �
��� �
��� �
��� !
��� !
��� !
���
� �

� � � � � � � � �Age 5 
(post 1979)� ���� ��� ���� ���� ���� ����

� �:DOO�8�YDOXH� ���� ���� ���� ���� ����� �����
� �5RRI�8�YDOXH� �� �� ���� ���� ���� �����
� �:LQGRZ�8�YDOXH� ���� ���� �� �� �� ����
� �+HDWLQJ��$JH� �
��� �
��� �
��� !
��� !
��� !
���
� �

Figure 5: Weighted average levels of refurbishment 
for age groups 
�
Type  
7KH�WKUHH�YDULDEOHV�LGHQWLILHG��W\SRORJ\��VXUIDFH�UDWLR�
DQG�REVWDFOHV�FRXOG�EH�VLPSOLILHG�DQG�GHULYHG�IRU�WKH�
�� W\SRORJLHV�� $� �WK� YDULDEOH�� WRWDO� IORRU� DUHD� WKDW� LV�
FORVHO\� UHODWHG� WR� W\SRORJ\� DQG� LV� NQRZQ� WR� KDYH�
JUHDW� LPSDFW� RQ� HQHUJ\� FRQVXPSWLRQ� KDV� QRW� EHHQ�
FRQVLGHUHG� DV� EHLQJ� GHSHQGHQW� RQ� W\SH� EXW� WUHDWHG�
LQGHSHQGHQWO\����

Dimensions 
'HWDLOHG� GLPHQVLRQV� ZHUH� VWUDLJKWIRUZDUG� WR� GHULYH�
IURP� *,6� IRU� HDFK� LQGLYLGXDO� GZHOOLQJ� DQG� ZHUH�
LQWURGXFHG� LQWR� WKH�PRGHO�� )ORRU�DUHD�ZDV� LGHQWLILHG�
DV� RQH� RI� WKH�PDMRU� IDFWRUV�DIIHFWLQJ�&2�� HPLVVLRQV�
�)LUWK���������9��&KHQJ�������DOVR�REVHUYHV�WKDW�WKH�
LQFUHDVH� LQ� WRWDO� IORRU� DUHD� ZLWK� ULVLQJ� LQFRPH� �RU�
VRFLR�HFRQRPLF� FODVV�� UHVXOWV� LQ� KLJKHU� HQHUJ\�
FRQVXPSWLRQV�� ,W� LV� DOVR� PHQWLRQHG� E\� �)LUWK� ������
WKDW� WKHUH� LV� OLQHDULW\� EHWZHHQ� LQFUHDVH� LQ� IORRU� DUHD�
DQG�&2��HPLVVLRQV���

&DOFXODWHG� GLPHQVLRQV� IRU� DOO� GZHOOLQJV� ZHUH�
FRPELQHG�ZLWK�WKH�HQHUJ\�XVH�UHVXOWV�E\�YDU\LQJ�WKH�
IORRU�DUHD�LQ�WKH�6$3�VHQVLWLYLW\�WRRO�IRU�HDFK�YHUVLRQ�
RI� HDFK� FODVVLILFDWLRQ�� $� OLQHDU� HTXDWLRQ� �RQH� IRU�
HOHFWULFLW\� XVH� DQG� RQH� IRU� VSDFH� DQG�ZDWHU�KHDWLQJ��
ZDV� GHULYHG� WR� UHSUHVHQW� WKH� HQHUJ\� XVH� RI� WKH� ���
FODVVLILFDWLRQV¶�ZHLJKWHG�DYHUDJHV��GHSHQGHQW� RQ� WKH�
LQGLYLGXDO�GZHOOLQJ¶V�GLPHQVLRQ��
�
�
�

Aggregation and Validation  

$JJUHJDWLRQ�
*,6�ZDV�XVHG�WR�DVVLJQ� WKH�UHOHYDQW�OLQHDU�HTXDWLRQV�
WR� HDFK� LGHQWLILHG� GZHOOLQJ� PDNLQJ� XVH� RI� WKH�
FDOFXODWHG� IORRU� DUHDV��7KLV�PHDQW� WKDW��DOWKRXJK� WKH�
PRGHO� ZDV� FRQILQHG� WR� RQO\� ��� EXLOGLQJ�
FODVVLILFDWLRQV�� LQ� WKHRU\�� WKHUH� FRXOG� KDYH� EHHQ� DV�
PDQ\� GLIIHUHQW� YDOXHV� IRU� HOHFWULFLW\� DQG� KHDWLQJ�
HQHUJ\� GHPDQG� DV� WKHUH� ZHUH� GZHOOLQJV�� 7KH�
HOHFWULFLW\� DQG� KHDWLQJ� XVH� FDOFXODWHG� IRU� HDFK�
GZHOOLQJ�ZHUH� WKHQ� DJJUHJDWHG� SHU� /62$� EDVHG� RQ�
WKHLU�VSDWLDO�ORFDWLRQ��

9DOLGDWLRQ�
'RPHVWLF� JDV� DQG� HOHFWULFLW\� FRQVXPSWLRQ� GDWD�ZHUH�
DYDLODEOH�DW�/62$�OHYHO� IURP�'(&&� �'(&&��������
7KH\�ZHUH�IRUPHG�E\�DJJUHJDWLQJ�WKH�DFWXDO�UHDGLQJV�
RI� DOO�PHWHUV�ZLWKLQ� WKH� DUHDV�� 7KLV� VHW� RI� GDWD�ZDV�
XVHG� WR�YDOLGDWH� WKH�PRGHO��DOWKRXJK�WKHUH�DUH�D� IHZ�
LVVXHV�WR�EH�QRWHG��
 7KH�GDWD�XVHG�LV�IURP�������WKHUHIRUH�WKHUH�FRXOG�

EH�YHU\�QHZ�GHYHORSPHQWV�LQFOXGHG�LQ�WKH�PRGHO�
ZKLFK�ZRXOG�QRW�EH�DFFRXQWHG�IRU�LQ�WKLV�GDWD�

 7KLV�GDWD�RQO\�FRQVLGHUV�JDV�DQG�HOHFWULFLW\�XVDJH��
,W� LV� HVWLPDWHG� WKDW� ����� RI� GZHOOLQJV� LQ� WKH�
&DUGLII� DUHD� XVH� RWKHU� IXHOV� DV� WKHLU�PDLQ� VRXUFH�
RI� KHDWLQJ� DQG� WKHUHIRUH� ZRXOG� DOVR� QRW� EH�
DFFRXQWHG�IRU�LQ�WKLV�GDWD�

 6RPH� /62$V� FRXOG� KDYH�PRUH� RU� OHVV� GRPHVWLF�
JDV�PHWHU� UHDGLQJV� WKDQ� WKHUH� LV� LQ� UHDOLW\� DV� DOO�
SURSHUWLHV�XVLQJ�EHORZ�������N:K�\HDU�RI�JDV�LV�
DXWRPDWLFDOO\�FRXQWHG�DV�D�GZHOOLQJ�DQG�FRXOG�LQ�
UHDOLW\� EH� VPDOO� FRPPHUFLDO� RU� LQGXVWULDO�
SURSHUWLHV�RU�YLFH�YHUVD�

7KH� ����� FHQVXV� UHVXOWV� IRU� WKH� QXPEHU� RI�
KRXVHKROGV� SHU� /62$� ZHUH� XVHG� WR� FRQVLGHU� WKH�
GLIIHUHQFHV� LQ� QXPEHU� RI� HOHFWULFLW\� PHWHUV�� JDV�
PHWHUV� DQG� GZHOOLQJV� LGHQWLILHG� LQ� WKH� PRGHO�� 7KH�
PHWHU� FRPSDULVRQV� FDQ� EH� VHHQ� LQ� ILJXUH� �� DQG�ZDV�
WDNHQ�LQWR�DFFRXQW�ZKHQ�DQDO\VLQJ�WKH�ILQDO�UHVXOWV��
�

�
Figure 6:  Number of households in 2011 Census 
against number of domestic gas and electricity 
meters in 2010 per LSOA 
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5(68/76�
Domestic Electricity Consumption Results 
7KH�HOHFWULFLW\�FRQVXPSWLRQ�RI�GZHOOLQJV�DJJUHJDWHG�
SHU� /62$� DJUHHG� ZLWK� '(&&¶V� HOHFWULFLW\� PHWHU�
UHDGLQJV� RQ� WKH� VDPH� DJJUHJDWHG� OHYHO��7KLV� FDQ� EH�
VHHQ� LQ� ILJXUH� ��� ZKLFK� VXJJHVWV� WKDW� WKH�PHWKRG� RI�
FRPELQLQJ�WKH�WRRO�ZLWK�WKH�*,6�GDWD�ZDV�VXFFHVVIXO���
�

 
)LJXUH� ��� 0RGHO¶V� &DOFXODWHG� 'RPHVWLF Electricity 
Consumption compared to DECC electricity meter 
readings per LSOA 
 
Initial Domestic Gas Consumption results 
7KH� LQLWLDO� UHVXOWV� RI� GZHOOLQJV¶� JDV� FRQVXPSWLRQ�
FRPSDUHG� ZLWK� '(&&¶V� PHWHU� GDWD�� DGMXVWHG� WR�
DFFRXQW� IRU�RII�JDV�GZHOOLQJV��ZDV�UHODWLYHO\�SUHFLVH�
EXW�QRW�DV�DFFXUDWH�DV�H[SHFWHG��7KH�PRGHO�VHHPV�WR�
EH� RYHUHVWLPDWLQJ�HQHUJ\�GHPDQG�IRU�KHDWLQJ�DV�FDQ�
EH�VHHQ�LQ�ILJXUH����
�

�
)LJXUH� ��� ,QLWLDO�0RGHO¶V� &DOFXODWHG� 'RPHVWLF� *DV�
&RQVXPSWLRQ� FRPSDUHG� WR� '(&&¶V� DGMXVWHG� JDV�
meter readings per LSOA 

7KH� PRGHO¶V� SHUIRUPDQFH� LQ� WHUPV� RI� HOHFWULFLW\�
FRQVXPSWLRQ� LPSOLHG� WKDW� WKH� PHWKRG� RI� LQSXWWLQJ�
OLQHDU�HTXDWLRQV�WR�UHSUHVHQW�ZHLJKWHG�DYHUDJH�OHYHOV�
RI� UHIXUELVKPHQW� IRU� FODVVLILHG� GZHOOLQJV� LQ� *,6�� LQ�
FRPELQDWLRQ� ZLWK� GDWD� RQ� GLPHQVLRQV�� ZDV� UHOLDEOH��
,Q� DGGLWLRQ�� LW� ZDV� VKRZQ� WKDW� DOO� VRXUFHV� ZHUH�
FRPSDUDWLYHO\� FORVH� ZKHQ� LW� FDPH� WR� WKH�
LGHQWLILFDWLRQ�RI�GZHOOLQJV��L�H��DGGUHVVHV�DQG�PHWHUV�
FRPSDUHG� WR� WKH� QXPEHU� RI� KRXVHKROGV� SHU� /62$���
7KLV� VXJJHVWHG� WKDW� WKH� RYHUHVWLPDWLRQ� RI� JDV�
FRQVXPSWLRQ�ZDV�D�FRQVHTXHQFH�RI�WKH�YDULDEOHV�DQG�
DVVXPSWLRQV� XVHG� LQ� WKH� HQHUJ\� GHPDQG� FDOFXODWLRQ�
DQG�WKHUHIRUH�ZHUH�UHYLHZHG��

)RXU� JURXSV� RI� YDULDEOHV� DQG� DVVXPSWLRQV� ZHUH�
FRQVLGHUHG� TXHVWLRQDEOH� LQ� WHUPV� RI� WKHLU� DFFXUDF\�
DQG� ZHUH� LGHQWLILHG� DV� NH\� IDFWRUV� DIIHFWLQJ� VSDFH�
KHDWLQJ��

 Mean internal temperature� LV�KLJKO\�GHSHQGHQW�
RQ� RFFXSDQWV�� 6$3� ����� FDOFXODWHV� WKH� PHDQ�
LQWHUQDO� WHPSHUDWXUH� IRU� HDFK� PRQWK� EDVHG� RQ�
WKH� KHDWLQJ� UHTXLUHPHQW� RI� D� W\SLFDO� KRXVHKROG�
ZKLOH� WDNLQJ� LQWR� DFFRXQW� WKH� SK\VLFDO�
SURSHUWLHV� RI� WKH� GZHOOLQJ�� 7KH� PHDQ� LV� D�
FRPELQDWLRQ� RI� WZR� YDOXHV� WKDW� DUH� FDOFXODWHG��
RQH� IRU� WKH� WHPSHUDWXUH� RI� WKH� OLYLQJ� DUHD� DQG�
DQRWKHU� IRU� WKH� UHPDLQGHU� RI� WKH� KHDWHG� VSDFH���
7KH� WRRO� DVVXPHV� WKDW� WKH� OLYLQJ� URRP� LV� ZHOO�
KHDWHG�DW����&�ZLWK�WKH�UHVW�RI�WKH�KHDWHG�VSDFHV�
DW����&���:ULJKW�������VXJJHVWV� WKDW�LQ�UHDOLW\��
WKHVH�YDOXHV�FRXOG�OLH�DW�DURXQG����&�DQG����&�
UHVSHFWLYHO\��

 Heated floor area FRXOG� EH� VOLJKWO\� OHVV� WKDQ�
FDOFXODWHG�LQ�WKH�PRGHO�DV�WKH�PHWKRG�DVVXPHV�
WKDW� DOO� VSDFHV� ZLWKLQ� WKH� SHULPHWHU� RI�
UHVLGHQWLDO� EXLOGLQJV� DUH� KHDWHG� DUHDV�� 7KLV�
DVVXPHV�WKDW�DOO�VSDFHV�ZLWKLQ�WKH�IORRU�DUHD�DUH�
KHDWHG�� ZKHQ� LQ� UHDOLW\�� D� SRUWLRQ� FRXOG� EH�
XQKHDWHG��,W�DOVR�GRHV�QRW�DFFRXQW�IRU�WKH�VSDFH�
WDNHQ�XS�E\�WKH�WKLFNQHVV�RI�ZDOOV� 

 U-value of solid walls FRXOG� DOVR� EH� SDUWO\�
DFFRXQWDEOH� IRU� WKH� RYHUHVWLPDWLRQ�� ,Q� VLWX�
PHDVXUHPHQWV� UHFRUGHG� LQ� �&�6FRWW� ������
VXJJHVWHG� WKDW� 8� YDOXHV� IRU� WUDGLWLRQDO� VROLG�
VWRQH� DQG� EULFN� ZDOOV� DUH� DURXQG� ���:�P�.�
ZKLFK� LV� PXFK� ORZHU� WKDQ� WKH� 6$3��
UHFRPPHQGDWLRQ� RI� ���:�P�.� IRU� SUH� �����
GZHOOLQJV�� 

 Heating system efficiency�IRU�JDV�FHQWUDO�KHDWLQJ�
V\VWHPV� LV� GHILQHG� E\� WZR� YDOXHV� LQ� WKH� 6$3�
VHQVLWLYLW\� WRRO�� 3UH� DQG� SRVW� ������ (VWLPDWLRQ�
RI� WKHLU�ZHLJKWLQJV� LQ� WKH�PRGHO�ZDV� EDVHG� RQ�
GDWD� FROOHFWHG� IURP�(3&V� IRU� D� QHDUE\� UHJLRQ��
���� RI� WKH� VDPSOH� RI� WKLV� UHJLRQ� KDG� *� UDWHG�
ERLOHUV�ZLWK� WKH� UHVW� UDWHG� DERYH�*��7UDQVODWHG�
WR�SUH�DQG�SRVW�������LW�ZDV�DVVXPHG� WKDW�����
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RI� GZHOOLQJV� KDG� SUH� ����� ERLOHUV� �DV� LV�
KLJKOLJKWHG� LQ� ILJXUH� ��� ZLWK� ���� SRVW� �����
ERLOHUV�� L�H�� $� UDWHG�� 7KH� WUDQVODWLRQ� PLJKW�
XQGHUHVWLPDWH�WKH�SHUFHQWDJH�WKDW�LV�$�UDWHG��

Refined Domestic Gas Consumption Results 
6OLJKW� PRGLILFDWLRQV� ZHUH� PDGH� WR� WKH� �� ODWHU�
YDULDEOHV� DERYH�ZKLFK� EURXJKW� WKH� JDV� FRQVXPSWLRQ�
SUHGLFWHG�E\�WKH�PRGHO�FORVHU�WR�WKH�DJJUHJDWHG�PHWHU�
UHDGLQJV��7KH�PRGHO�ZDV� WKHQ� UXQ� XQGHU� �� GLIIHUHQW�
PHDQ�LQWHUQDO�WHPSHUDWXUHV��IURP����&�WR����&�DV�FDQ�
EH� VHHQ� LQ� ILJXUH� ��� &RQVLGHULQJ� WKH� XQFHUWDLQWLHV�
DVVRFLDWHG� ZLWK� WKH� PHDVXUHG� PHWHU� UHDGLQJV�� WKH�
UHILQHG� UHVXOWV� DJUHH� UHDVRQDEO\� ZHOO�� )LJXUH� ��
VXJJHVWV� WKDW� IRU� GZHOOLQJV� LQ� WKH� &DUGLII� /RFDO�
$XWKRULW\�� WKH� DYHUDJH�PHDQ� LQWHUQDO� WHPSHUDWXUH� LV�
EHWZHHQ����&�DQG����&���
�

�
Figure 9: Refined PRGHO¶V� FDOculated domestic gas 
consumption with 5 internal temperatures compared 
to DECC gas meter readings per LSOA  
 
',6&866,21�$1'�&21&/86,21�
,W�KDV�EHHQ�SURYHG�WKDW�WKH�PHWKRG�RI�FRPELQLQJ�DQG�
UHILQLQJ� WKH�6$3�VHQVLWLYLW\� WRRO�XVLQJ�*,6�DQG�GDWD�
YDOLGDWLRQ� KDV� WKH� FDSDELOLW\� WR� PRGHO� WKH� HQHUJ\�
FRQVXPSWLRQ�RI�D�/RFDO�$XWKRULW\�LQ�WKH�8.��'XULQJ�
LWV� GHYHORSPHQW�� LW� ZDV� HYLGHQW� WKDW� DFFXUDWH�
LGHQWLILFDWLRQ�RI�GZHOOLQJV�ZDV�IXQGDPHQWDO�DQG�WKDW�
D�VLPLODU�OHYHO�RI�FDUH�LQ�YDOLGDWLQJ�WKH�W\SRORJLHV�DQG�
DJH�ZRXOG�EH�QHHGHG�LI�DSSOLHG�WR�RWKHU�DUHDV��
�
�,QLWLDO� UHILQHPHQW� RI� WKH� PRGHO� SURYHG� VXFFHVVIXO�
DQG� ZRUN� ZLOO� FRQWLQXH� WR� LPSURYH� WKH� UHOLDELOLW\�
IXUWKHU�� 7KH� XVH� RI� VWDQGDUG� RFFXSDQF\� FRQGLWLRQV�
KDV� EHHQ� LGHQWLILHG� E\� PDQ\� DV� DQ� LQDGHTXDWH�
HVWLPDWLRQ� RI� UHDO� RFFXSDQW� EHKDYLRXU� GXH� WR� D�
QXPEHU�RI�IDFWRUV��2OG�GZHOOLQJV�DUH�RIWHQ�KHDWHG�WR�

D� OHVVHU� GHJUHH� GXH� WR� WKH� FRPSURPLVH� EHWZHHQ�
UXQQLQJ� FRVWV� DQG� WKHUPDO� FRPIRUW� ZKLOH� KHDWLQJ�
HQHUJ\� XVH� LV� XQGHU� SUHGLFWHG� IRU� FRQWHPSRUDU\�
GZHOOLQJV� GXH� WR� JHQHUDOO\� KLJKHU� LQGRRU�
WHPSHUDWXUHV� �&DPEULGJH� $UFKLWHFWXUDO� 5HVHDUFK�
������� 0RUHRYHU�� �9�� &KHQJ� ������ VWDWHV� WKDW�
KRXVHKROGV� LQ�GHSULYHG� DQG� DIIOXHQW� DUHDV�DUH� OLNHO\�
WR� KDYH� GLIIHUHQW� OLIHVW\OHV� DQG� WKHUHIRUH� GLIIHU� LQ�
WKHLU� HQHUJ\� FRQVXPSWLRQ�� �7�� 2UHV]F]\Q� �����¶V�
VWXG\� RI� DFWXDO� PHDVXUHG� LQGRRU� WHPSHUDWXUHV� RI�
����� ORZ� LQFRPH�KRXVHKROGV� LQ�(QJODQG� IRXQG� WKDW�
WKH� PHGLDQ� VWDQGDUGL]HG� GD\WLPH� OLYLQJ� URRP� DQG�
EHGURRP� WHPSHUDWXUH� ZDV� ����� �&� DQG� ����� �&�
UHVSHFWLYHO\� ZLWK� GLIIHUHQWLDWLRQV� GHSHQGLQJ� RQ�
SURSHUW\� DQG� KRXVHKROG� FKDUDFWHULVWLFV�� $OWKRXJK�
LQLWLDO� UHILQHPHQW� RI� RFFXSDQF\� FRQGLWLRQV� SURYHG�
VXFFHVVIXO�� GLVDJJUHJDWLQJ� RFFXSDQF\� UHODWHG� LQSXWV�
IXUWKHU� FRXOG� SURYLGH� PRUH� PHDQLQJIXO� UHVXOWV�� ,�H��
UHDGLO\� DYDLODEOH� 2XWSXW� $UHD� OHYHO� GDWD� RQ�
KRXVHKROGV� LQ� WHUPV� RI� DJH�� LQFRPH� RU� IXHO� SRYHUW\�
DQG�SK\VLFDO�SURSHUWLHV�RI�GZHOOLQJV�FRXOG�EH�XVHG�WR�
IXUWKHU� DGMXVW� LQGRRU� WHPSHUDWXUH� VHW� SRLQWV� LQ� WKH�
PRGHO��5HVHDUFK�RQ�RFFXSDQF\�SDWWHUQV�FRXOG�DOVR�EH�
XVHG� LQ� D� VLPLODU� PDQQHU� DQG� PRUH� GHWDLOHG��
VWDWLVWLFDOO\� EDVHG� GDWD� RQ� KHDWLQJ� V\VWHPV� DQG� IXHO�
W\SH�FRXOG�EH�LQWURGXFHG��7KH�LQFOXVLRQ�RI�RWKHU�IXHO�
W\SHV� FRXOG� SURYH� YLWDO� LI� WKH� PRGHO� ZHUH� WR� EH�
DSSOLHG� WR�PRUH�UXUDO�DUHDV�ZLWK�D�KLJKHU�SURSRUWLRQ�
RI�GZHOOLQJV�RII�JDV���
�
$� VLPLODU�PHWKRG� RI� YDOLGDWLRQ� DQG� UHILQHPHQW� ZLOO�
EH� FDUULHG� RXW� ZKHQ� DSSO\LQJ� WKH� PRGHO� DV� D�
SUHGLFWLRQ� WRRO� IRU� HQHUJ\� HIILFLHQF\� DQG� UHQHZDEOH�
HQHUJ\� WHFKQRORJLHV�� 7KLV� ZLOO� LQYHVWLJDWH� WKH�
FDSDELOLWLHV� RI� 6$3� EDVHG�PRGHOV� LQ� IRUHFDVWLQJ� WKH�
LPSDFW� RI� VXFK� HQHUJ\� VDYLQJ� HIIRUWV�� � �9�� &KHQJ�
������ UHIHUV� WR� SDVW� UHVHDUFK� WKDW� KDV� IRXQG� D�
FRQVLVWHQW�RYHUHVWLPDWLRQ�RI� WKH�SUHGLFWHG�VDYLQJV�LQ�
HQHUJ\� XVH� DQG� &2�� HPLVVLRQV� IURP� UHWURILWWLQJ�
PHDVXUHV�� NQRZQ� DV� WKH� µUHERXQG¶� RU� µWDNH�EDFN¶�
HIIHFW�� �6�� +�� +RQJ� ������ FRPSDUHG� SURSHUW\� DQG�
XWLOLW\� FRQVXPSWLRQ� GDWD� DV� ZHOO� DV� URRP�
WHPSHUDWXUHV� RYHU� D� �±�� ZHHN� SHULRG� RYHU� WZR�
ZLQWHUV�IURP�D�WRWDO�RI������SURSHUWLHV��%HWZHHQ�WKH�
WZR�ZLQWHUV�� ORIW� LQVXODWLRQ��ZDOO�LQVXODWLRQ�DQG�QHZ�
KHDWLQJ� V\VWHPV� ZHUH� LQVWDOOHG� LQ� D� VDPSOH�� 7KH�
GLIIHUHQFHV�LQ�IXHO�FRQVXPSWLRQ�ZHUH�FRPSDUHG�ZLWK�
SUHGLFWHG� LPSURYHPHQWV� �EDVHG� RQ� D� VLPSOH�
%5('(0�PRGHO��� EXW� DFWXDO� UHGXFWLRQ�ZDV� IDU� OHVV�
WKDQ� DQWLFLSDWHG�� 7KH� HYLGHQFH� DQG� UHDVRQV� IRU�
GLVFUHSDQFLHV� LGHQWLILHG� LQ� VXFK� VWXGLHV� ZLOO� EH�
LQWHJUDWHG�LQWR�WKH�QH[W�VWDJH�RI�WKH�PRGHO���

,W� LV�KRSHG� WKDW�ZLWK�WKHVH�DGYDQFHPHQWV�� WKH�PRGHO�
FRXOG� EH� HIIHFWLYHO\� XVHG� DQG� EH� D� YDOXDEOH�
SUHGLFWLRQ� WRRO� IRU� HQHUJ\� HIILFLHQF\� DQG� UHQHZDEOH�
HQHUJ\� WHFKQRORJLHV� IRU� /RFDO� $XWKRULWLHV� DQG� DQ\�
DUHD�LQ�WKH�8.�IURP�QHLJKERXUKRRG�WR�QDWLRQDO�OHYHO��
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120(1&/$785(�
𝑄(𝑚)�  �7RWDO�PRQWKO\�HQHUJ\�XVH��*-��

𝑄 (𝑚)�  �)XHO�XVHG�LQ�SULPDU\�KHDWLQJ�V\VWHP�
IRU�HDFK�PRQWK��*-��

𝑄 (𝑚)�  �)XHO�XVHG�LQ�VHFRQGDU\�KHDWLQJ�V\VWHP�
IRU�HDFK�PRQWK��*-��

𝑄 (𝑚)�  �)XHO�UHTXLUHPHQW�IRU�ZDWHU�KHDWLQJ�IRU�
HDFK�PRQWK��*-��

𝐸 (𝑚)�  �(OHFWULFLW\� FRQVXPSWLRQ� IRU� OLJKWV� DQG�
DSSOLDQFHV�IRU�PRQWK�P��*-��

𝐸 (𝑚)�  �&RRNLQJ�IXHO�FRQVXPSWLRQ�IRU�PRQWK�
P��*-��

$&.12:/('*(0(17�

7KLV� UHVHDUFK� LV� SDUW� RI� WKH� /RZ� &DUERQ� %XLOW�
(QYLURQPHQW� SURMHFW�� VXSSRUWHG� E\� WKH� (XURSHDQ�
5HJLRQDO� 'HYHORSPHQW� )XQG� WKURXJK� WKH� :HOVK�
*RYHUQPHQW��

�
5()(5(1&(6�
%�5�$QGHUVRQ��3��)��&���1�*�&XWODQG��&�0�'LFNVRQ��

6�0�'RUDQ��3�-� ,OHV��/�'�6KRUURFN� ��������
%5('(0� �� 0RGHO� GHVFULSWLRQ�� 1DWLRQDO�
(QHUJ\�6HUYLFHV�/WG��

&�6FRWW��&��5����������7KH�63$%�5HVHDUFK�5HSRUW����
7KH� 8�9DOXH� 5HSRUW�� 63$%� (QHUJ\�
(IILFLHQF\�5HDVHUFK�3URMHFW��

&DPEULGJH� $UFKLWHFWXUDO� 5HVHDUFK�� &�� (��� 5RJHU�
7DOERW�	�$VVRFLDWHV�/WG��$OHPELF�5HVHDUFK�
��������0RGHOOLQJ�JUHHQKRXVH�JDV�HPLVVLRQV�
IURP�6FRWWLVK�KRXVLQJ��)LQDO�UHSRUW��6FRWWLVK�
*RYHUQPHQW�6RFLDO�5HVHDUFK��

'(&&� ������� �&RPPXQLW\� (QHUJ\� 6DYLQJ�
3URJUDPPH��&(63���&RQVXOWDWLRQ���

'(&&� ������� �+HDW� DQG� HQHUJ\� VDYLQJ� VWUDWHJ\��
&RQVXOWDWLRQ���

'(&&�����������'HSDUWHPHQW�RI�(QHUJ\�DQG�&OLPDWH�
&KDQJH��� � � 5HWULHYHG� �� )HE� ������ ������
IURP�
KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQ
V"SXEOLFDWLRQ��

(�� &UREX�� 6�� /��� 0�� 5KRGHV� �������� 6LPSOH�
6LPXODWLRQ�6HQVLWLYLW\�7RRO��,%36$�������

)LUWK�� 6�� .��� /RPDV�� .�-��� :ULJKW�$�-�� ��������
�7DUJHWLQJ� KRXVHKROG� HQHUJ\� HIILFLHQF\�
PHDVXUHV� XVLQJ� VHQVLWLYLW\� DQDO\VLV���
%XLOGLQJ� 5HVHDUFK� DQG� LQIRUPDWLRQ� 38�����
�������

)RUGKDP5HVHDUFK� �������� &DUGLII� &RXQFLO� 3ULYDWH�
6HFWRU�6WRFN�&RQGLWLRQ�6XUYH\��

)RUVHLJKW� �������� 6XVWDLQDEOH� (QHUJ\� 0DQDJHPHQW�
DQG� WKH� %XLOW� (QYLURQPHQW� 3URMHFW� �� )LQDO�
3URMHFW�5HSRUW��

*HRLQIRUPDWLRQ*URXS�� �������� �&LWLHV� 5HYHDOHG�����
5HWULHYHG� �� )HE� ������ ������ IURP�
KWWS���ZZZ�JHRLQIRUPDWLRQJURXS�FRP��

0��.DYJLF��$��0���'��0XPRYLF��$��6XPPHUILHOG��=��
6WHYDQRYLF�� 0�� 'MXURYLF�3HWURYLF� ��������
�$� UHYLHZ� RI� ERWWRP�XS� EXLOGLQJ� VWRFN�
PRGHOV� IRU� HQHUJ\� FRQVXSWLRQ� RQ� WKH�
UHVLGHQWLDO� VHFWRU��� %XLOGLQJ� DQG�
(QYLURQPHQW�45�������������

2UGHQDQFH6XUYH\�� �������� �2UGHQDQFH� 6XUYH\�
0DVWHU0DS��� � �5HWULHYHG� �� IHE� ������������
IURP�
KWWSV���ZZZ�RUGQDQFHVXUYH\�FR�XN�RVZHEVLW
H�SURGXFWV�RV�PDVWHUPDS���

6��+��+RQJ��7��2��� ,��5LGOH\� �������� �7KH�LPSDFW�RI�
HQHUJ\� HIILFHQW� UHIXUELVKPHQW� RQ� WKH� VSDFH�
KHDWLQJ� IXHO� FRQVXPSWLRQ� LQ� (QJOLVK�
GZHOOLQJV���(QHUJ\�DQG�%XLOGLQJV�38��������
����������

6WDWLVWLFV�� 1�� �������� �1HJKERXUKRRG� 6WDWLVWLFV�����
5HWULHYHG� �� IHE� ������ ������ IURP�
KWWS���ZZZ�QHLJKERXUKRRG�VWDWLVWLFV�JRY�XN�
GLVVHPLQDWLRQ�����

7�� 2UHV]F]\Q�� 6�� +�� +��� ,�� 5LGOH\�� 3�� :LONLQVRQ�
�������� �'HWHUPLQDQWV� RI� ZLQWHU� LQGRRU�
WHPSHUDWXUHV� LQ� ORZ� LQFRPH� KRXVHKROGV� LQ�
(QJODQG��� (QHUJ\� DQG� %XLOGLQJV� 38��������
���������

8UJH�9RUVDW]��'���+DUYH\��/��'��'���0LUDVJHGLV��6��	�
/HYLQH�� 0�� '�� �������� �0LWLJDWLQJ� &2��
HPLVVLRQV� IURP� HQHUJ\� XVH� LQ� WKH� ZRUOG
V�
EXLOGLQJV��� %XLOGLQJ� 5HVHDUFK� DQG�
LQIRUPDWLRQ�*URXS�35��������������

9��&KHQJ��.��6�����������0RGHOOLQJ�GRPHVWLF�HQHUJ\�
FRQVXPSWLRQ� DW� GLVWULFW� VFDOH�� $� WRRO� WR�
VXSSUW� QDWLRQDO� DQG� ORFDO� HQHUJ\� SROLFLHV���
(QYLURQPHQWDO� 0RGHOOLQJ� 	� 6RIWZDUH�
26�����������������

:ULJKW��$�����������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�
EXLOW� IRUP� DQG� HQHUJ\� XVH� LQ� GZHOOLQJV"��
(QHUJ\�3ROLF\�36�������������

:6$�� �������� �6$3� VHQVLWYLW\� WRRO��� � � 5HWULHYHG� ��
)HE� ������ ������ IURP�
ZZZ�ORZFDUERQF\PUX�RUJ�LQWHUDFWLYHBWRROV
�KWPO��
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