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7KLV�ERRN�DLPV�WR�EH�D�GLVSOD\�RI�P\�
ZRUN� DQG� H[SHULHQFHV� LQ� 1HZ� =HD-
ODQG� H[SUHVVHG�� ERWK� LQ� ZRUGV� DQG�
GUDZLQJV���

$� WULS� IRU� WKH� 5HVHDUFK� $EURDG� 3UR-
JUDP� WR� ZRUN� RQ� P\� PDVWHU� WKHVLV�
turned into a journey to the roots 
RI� VKHHS� ZRRO�� VXVWDLQDEOH� EXLOG-
LQJ� PDWHULDOV� DQG� EH\RQG�� 7KH� DS-
SURDFK� RI� P\� UHVHDUFK� ZDV� WR� OHDUQ�
IURP�FRQYHUVDWLRQV�ZLWK�ORFDOV��ERRNV��
DQG�WKURXJK�P\�VNHWFKERRN��0\�VWD\�
ZDV�H[WHQGHG�GXH� WR�&RYLG��� WUDYHO�
restrictions and has led to an even 
GHHSHU� FRQIURQWDWLRQ� ZLWK� WKH� WRS-
LF�� )XUWKHUPRUH�� ,� KDG� WKH� FKDQFH� WR�
PHHW� PDQ\� SHRSOH� LQYROYHG� HLWKHU�
LQ�WKH�EXLOGLQJ�RU�WKH�VKHHS�LQGXVWU\�
KHUH� LQ� 1HZ� =HDODQG� DQG� VKDUH� P\�
WKRXJKWV�DQG�YLVLRQ�ZLWK�WKHP��
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7UHLEKDXVJDV�(PLVVLRQHQ� �FD� �����
EHL�� ZHOFKHU� GHQ� .OLPDZDQGHO� VWDUN�
YRUDQWUHLEHQ�� )ROJOLFK� KDEHQ� ZLU�
$UFKLWHNWHQ,QQHQ� GDPLW� LQ� XQVHUHU�
W¦JOLFKHQ� $UEHLW� JUR¡H� 9HUDQWZRU-
WXQJ��DEHU�DXFK�GDV�3RWHQ]LDO��VFKRQ�
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�ő*UDXH� (QHUJLHŏ�� EHQ¸WLJHQ�� 6RPLW�
N¸QQHQ� GLH� &2��(PLVVLRQHQ� ]XN¾Q-
IWLJHU� *HE¦XGH� VWDUN� UHGX]LHUW� RGHU�
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8P� KLHU� GLH� :RKQTXDOLW¦W� ]X� YHU-
EHVVHUQ� XQG� GLH� *HE¦XGH� HQHUJLH��
XQG� NRVWHQHIƓ]LHQWHU� ]X� PDFKHQ��
EUDXFKW� HV� ZHLWUHLFKHQGH� 5HQRYL-
HUXQJVPD¡QDKPHQ���XQWHU�DQGHUHP�
LQ�)RUP�YRQ�WKHUPLVFKHU�6DQLHUXQJ�

'DPLW�VWHLJHUW�PDQ�GLH�%HKDJOLFKNHLW�
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/HEHQV]\NOXV� GHV� *HE¦XGHV� EHWUD-
FKWHQ�XQG�DXFK�GLH�+HUVWHOOXQJVHQHU-
JLH� �őJUDXH� (QHUJLHŏ�� GHU� %DXPDWHUL-
DOLHQ��VRZLH�GHQ�(QHUJLHDXIZDQG�GHV�
%DXSUR]HVVHV� PLW� HLQEH]LHKHQ�� �EOL-
FKHUZHLVH�ZLUG�DEHU�QXU�GLH�P¸JOLFKH�
+HL]HQHUJLHHLQVSDUXQJ�JHVHKHQ�XQG�
GLH� *HVDPWELODQ]� DXVVHU� $FKW� JHODV-
VHQ��*HUDGH�EHL�'¦PPVWRIIHQ�JLEW�HV�
ZHOFKH��GLH�VR�YLHO�(QHUJLH�LQ�GHU�+HU-
VWHOOXQJ�YHUEUDXFKHQ��ZLH�VLH�GDQDFK�
LQ� LKUHU� GXUFKVFKQLWWOLFKHQ�1XW]XQJV-
GDXHU� JHUDGH�ZLHGHU� HLQVSDUHQ� N¸Q-
QHQ� �� GDV�EHGHXWHW�� GDVV� HV� LQ�PDQ-
FKHQ� )¦OOHQ� I¾U� GLH�8PZHOW� NHLQHUOHL�
9HUEHVVHUXQJ� GDUVWHOOW�� RE� PDQ� GDV�
*HE¦XGH�G¦PPW�RGHU�QLFKW��

,P�5DKPHQ�PHLQHU�$UEHLW�XQWHUVXFKH�
LFK�6FKDIZROOH�DOV�'¦PPPDWHULDO��GLH�
¾EHU� KHUYRUUDJHQGH� '¦PPHLJHQ-

VFKDIWHQ�YHUI¾JW��RKQH�GDEHL�JUR¡HQ�
QHJDWLYHQ� (LQŴXVV� DXI� GLH� 8PZHOW�
DXV]X¾EHQ�� 6FKDIZROOH� LVW� DOV� HLQHV�
GHU�ZHQLJHQ�QDW¾UOLFKHQ�%DXPDWHULDO-
LHQ�DXFK�LQ�1HXVHHODQG�EHUHLWV�LQ�9HU-
ZHQGXQJ�� LP�9HUJOHLFK�]X�J¦QJLJHQ�
'¦PPPDWHULDOLHQ� MHGRFK� VHKU� OLPLWL-
HUW��5RKH�6FKDIZROOH�LVW�LQ�1HXVHHODQG�
DOV� 1HEHQSURGXNW� GHU� 7LHUKDOWXQJ�
I¾U� 6FKDIŴHLVFK� LQ� JUR¡HQ� 0HQJHQ�
YHUI¾JEDU���GLH�JUREH�4XDOLW¦W�LVW�DEHU�
QLFKW� I¾U� GLH� 7H[WLOLQGXVWULH� JHHLJQHW�
XQG�ZLUG�DNWXHOO�IDVW�J¦Q]OLFK�H[SRUWL-
HUW��1XU�HLQ�JHULQJHU�7HLO�GDYRQ�ZLUG�
LQQHUKDOE� GHV� /DQGHV� ]X� '¦PPSUR-
GXNWHQ� RGHU� 7HSSLFKERGHQ� YHUDUEH-
LWHW�� 'LH� 3URGXNWH� VLQG� GHU]HLW� DXFK�
YHUJOHLFKVZHLVH�KRFKSUHLVLJ��

0HLQH� 7KHVLV� XQWHUVXFKW�� PLW� +LOIH�
YRQ� ,QIRUPDWLRQHQ� DXV� ZLVVHQVFKDIW-
OLFKHQ�'RNXPHQWHQ��6WXGLHQUHSRUWHQ�
XQG�8PZHOWGHNODUDWLRQHQ�� GDV� 7UHLE-
KDXVJDVSRWHQ]LDO� �*OREDO� :DUPLQJ�
3RWHQWLDO� NXU]� *:3�� XQG� GLH� /HLV-
WXQJVI¦KLJNHLW� GHV� 0DWHULDOV� LP� 9HU-
JOHLFK�]X�DQGHUHQ�J¦QJLJHQ�%DXSUR-
GXNWHQ��:HLWHUV�ZHUGHQ��DQKDQG�HLQHU�
&DVH�6WXG\��.RQVWUXNWLRQVGHWDLOV�XQG�
5HQRYLHUXQJVPHWKRGHQ� DXIJH]HLJW��
ZHOFKH� EHLVSLHOKDIW� ]XU� %HUHFKQXQJ�
GHU� JHVDPWHQ� &2��(LQVSDUXQJHQ�
YRQ� +¦XVHUQ� PLW� ¦KQOLFKHU� %DXVXE-
VWDQ]�LQ�JDQ]�1HXVHHODQG�KHUDQJH]R-
JHQ�ZHUGHQ�N¸QQHQ��$X¡HUGHP�ZLUG�

GLH� HQHUJHWLVFKH� 5¾FNODXI]HLW� YRQ�
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]HLJW�� GDVV� 6FKDIZROOG¦PPXQJ� DOOH�
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VHQ�%HUHLFKHQ�VRJDU�EHVVHU�DEVFKQHL-
GHW�DOV� YHUJOHLFKEDUH�'¦PPPDWHULDO-
LHQ��*OHLFK]HLWLJ�EHWU¦JW�GDV�*:3�YRQ�
6FKDIZROOH� QXU� FD�� ���� YRQ�0LQHUDO-
ZROOH�� ���� YRQ� 3RO\HVWHUIDVHUQ� XQG�
����YRQ�(36�'¦PPXQJ��1HEHQ�GHQ�
KHUYRUUDJHQGHQ� '¦PPHLJHQVFKDI-
WHQ� YHUI¾JHQ� 6FKDIZROOIDVHUQ� DXFK�
¾EHU� HLQH� HLQ]LJDUWLJH� K\JURVNRSLV-
FKH� (LJHQVFKDIW�� ZHOFKH� SRWHQ]LHOO�
LGHDO� I¾U�GHQ�(LQVDW]� LQ�1HXVHHODQGV�
¦OWHUHQ� XQG� IHXFKWHQ� %DXWHQ� Z¦UH� ��
VSH]LHOOH�8QWHUVXFKXQJHQ�GD]X��VLQG�
DEHU�QRFK�GULQJHQG�Q¸WLJ�

=XVDPPHQIDVVHQG�EU¦XFKWH�GDV�7KH-
PD�&2��QHXWUDOHV�%DXHQ��YHUPHKUWH�
$XIPHUNVDPNHLW� VRZLH� ZHLWHUJH-
KHQGH� )RUVFKXQJVDUEHLW�� VSH]LHOO�
DXFK�]XP�7KHPD�6FKDIZROOH� LQ�1HX-
VHHODQG�� 2EHUVWHV� =LHO� GHV� %DXVH-
NWRUV� PXVV� HV� � VHLQ�� (PLVVLRQHQ� DP�
%DXVHNWRU�]XN¾QIWLJ�LQ�DOOHQ�%HUHLFKHQ�
ZHLWHVWJHKHQG� ]X� YHUPLQGHUQ�� VR�
GDVV�XQVHUH�*HE¦XGH�QLFKW�QXU�0HQ-
VFKHQ�YRU�8PZHOWHLQŴ¾VVHQ�VFK¾W]HQ�
VRQGHUQ�XPJHNHKUW��GLHVH��DXFK�]XP�
.OLPDVFKXW]�EHLWUDJHQ�

}8P�HLQH�JXWH�0DKO]HLW�]XEHUHLWHQ�
]X�N¸QQHQ�EUDXFKW�HV�]X�DOOHUHUVW�JXWH�
=XWDWHQm 



ABSTRACT

» To cook a good meal, 
\RX�ƓUVW�QHHG�JRRG�LQJUHGLHQWVm�

*OREDO�FDUERQ�HPLVVLRQV�DUH�D�KXJH�
GULYHU� RI� FOLPDWH� FKDQJH� DQG� WKH�
EXLOGLQJ� LQGXVWU\� FRQWULEXWHV� ODUJHO\�
WR�WKDW��WKHUHIRUH�DUFKLWHFWV�FDQ�SOD\�D�
NH\� UROH� LQ� UHGXFLQJ� WKHVH�HPLVVLRQV�
IURP�WKH�VWDUW��+RZHYHU��DFFHVV�WR�ORZ�
FDUERQ� EXLOGLQJ� PDWHULDOV� DQG� VROX-
WLRQV�DUH�VWLOO�OLPLWHG�DQG�YDU\�QRWDEO\�
IURP�FRXQWU\� WR� FRXQWU\��$V� D� \RXQJ�
architect, I advocate that the current 
PDLQVWUHDP�SUDFWLFHV�ZKLFK�DUFKLWHFWV�
IROORZ�� DORQJ� ZLWK� WKH� ZKROH� EXLOG-
LQJ� VHFWRU�� QHHG� DQ� DFFHOHUDWLRQ� RI�
FKDQJH� WRZDUGV� D� ]HUR�FDUERQ� EXLOW�
HQYLURQPHQW��

1HZ� =HDODQG� KDV� PDGH� LWV� FOLPDWH�
JRDOV� SULRULW\� ZKLFK� LQFOXGHV� WKH�
EXLOW� HQYLURQPHQW�� 2QH� LVVXH� WKDW�
WKH� FRXQWU\� VSHFLƓFDOO\� GHDOV� ZLWK�
DUH�ODUJH�QXPEHUV�RI�LQHIƓFLHQW��FROG��
GDPS�KRXVHV��,PSURYHPHQWV�UHTXLUH�
WKHUPDO� UHWURƓWWLQJ� WR� PDNH� WKHP�
PRUH�� FRPIRUWDEOH�� HQHUJ\�HIƓFLHQW��
DQG� FRVW�HIIHFWLYH�� 7KHVH� LPSURYH-
PHQWV�DUH� LPSRUWDQW� IRU� UHGXFLQJ� IX-
WXUH� HPLVVLRQV� WKURXJK� HQHUJ\� ORVV��

+RZHYHU��ZKHQ� ORRNLQJ�DW� WKH�ZKROH�
OLIH�F\FOH�RI�WKH�EXLOGLQJ��LW�LV�DOVR�LP-
SRUWDQW� WR� FRQVLGHU� WKH� HPERGLHG�
HPLVVLRQV� ZLWKLQ� WKH� PDWHULDOV� DQG�
EXLOG�SURFHVV��&XUUHQWO\�� WKLV� LV�HLWKHU�
RYHUORRNHG� RU�PDGH� GLIƓFXOW� GXH� WR�
WKH�ODFN�RI�DFFHVV�WR�HQYLURQPHQWDOO\�
VRXQG�PDWHULDOV��VXFK�DV�LQVXODWLRQ�

,� SURSRVH� XVLQJ� VKHHS� ZRRO� DV� DQ�
H[FHOOHQW� LQVXODWLRQ� PDWHULDO� ZLWK� D�
PLQRU� HQYLURQPHQWDO� LPSDFW� WKDW� LV�
UHDGLO\� DYDLODEOH� LQ� ODUJH� DPRXQWV�
ZLWKLQ� 1HZ� =HDODQG�� 7KLV� VWXG\� H[-
DPLQHV�WKH�*OREDO�:DUPLQJ�3RWHQWLDO�
�*:3��DQG�EXLOGLQJ�SHUIRUPDQFH�RI�
VKHHS�ZRRO�LQ�FRPSDULVRQ�ZLWK�RWKHU�
LQVXODWLRQ�PDWHULDOV�XVLQJ�,QIRUPDWLRQ�
JDWKHUHG�IURP�VFLHQWLƓF�SDSHUV��VWXG\�
UHSRUWV�� DQG� HQYLURQPHQWDO� SURGXFW�
GHFODUDWLRQV�� $GGLWLRQDOO\�� SUDFWLFDO�
FRQVWUXFWLRQ�PHWKRGV� DUH� SURSRVHG�
DQG�SUHVHQWHG�DV�D�FDVH�VWXG\�ZKLFK�
FDQ�EH�XVHG�DV�D�PRGHO� IRU�FDOFXODW-
LQJ�WRWDO�FDUERQ�VDYLQJV�LQ�VLPLODU�1HZ�
=HDODQG�KRXVHV��,W�DOVR�KLJKOLJKWV�WKH�
GLIIHUHQW� HQHUJ\� SD\EDFN� WLPHV� RI�
VKHHS�ZRRO�FRPSDUHG� WR�RWKHU� LQVX-
ODWLRQ�PDWHULDOV�VXFK�DV�JODVV�ZRRO�

7KH� UHVXOWV� VXJJHVW� WKDW� VKHHS�ZRRO�
LQVXODWLRQ� PHHWV� DQG� H[FHHGV� EXLOG-
LQJ� UHTXLUHPHQWV� DQG� DW� WKH� VDPH�
WLPH�� LWV� *:3� LV� RQO\� DERXW� ���� RI�
PLQHUDO�ZRRO��)XUWKHUPRUH�� WKH�*:3�
RI� VKHHS� ZRRO� LV� RQO\� ���� RI� SRO\-
HVWHU� ƓEUH� RU� ����RI� H[SDQGHG� SRO-
\VW\UHQH� LQVXODWLRQ�� +RZHYHU�� FXUUHQW�
DYDLODELOLW\�RI�VKHHS�ZRRO�LQVXODWLRQ�LQ�
1HZ�=HDODQG�LV�OLPLWHG�DQG�WKH�PDWH-
ULDO�LV�H[SHQVLYH�GXH�WR�ORZ�GHPDQG��

,Q� DGGLWLRQ� WR� LWV� LQVXODWLRQ� SHUIRU-
PDQFH�� VKHHS� ZRRO� DOVR� SUHVHQWV�
XQLTXH�K\JURVFRSLF�SURSHUWLHV�ZKLFK�
FRXOG� SRWHQWLDOO\� EH� LGHDO� IRU� UHVROY-
LQJ� PDQ\� RI� 1=V� ROGHU� GDPS� FRQ-
structions. 

:KHQ�WDNLQJ�DOO�RI�WKHVH�ƓQGLQJV�LQWR�
DFFRXQW�,�SURSRVH�WKDW�PRUH�UHVHDUFK�
DQG� DZDUHQHVV� LQWR� DOWHUQDWLYH� ORZ�
FDUERQ�PDWHULDOV��VXFK�DV�VKHHS�ZRRO�
LV�QHHGHG�LQ�RUGHU�WR�UHGXFH�EXLOGLQJ�
HPLVVLRQV�DQG�KDYH�D�JUHDWHU�LPSDFW�
RQ�FOLPDWH�FKDQJH��
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CARBON [CO2] ŏ&DUERQŐ� JHQ-
HUDOO\� LV� XVHG� WR� LQGLFDWH� DOO� JUHHQ-
KRXVH�JDVHV��QRW�MXVW�FDUERQ�GLR[LGH�
�&2����6RPHWLPHV�RWKHU�JUHHQKRXVH�
JDVHV� DUH� DOVR� UHODWHG� E\� WKH� WHUP�
&2��HTXLYDOHQW� HPLVVLRQV� OLNH�PHWK-
DQ� �&+���� 1LWURXV� R[LGH� �1�2� DOVR�
NQRZQ� DOV� ODXJKLQJ� JDV�� RU� 6XOIXU�
KH[DŴXRULGH� �6)����� 7KHLU� JOREDO�
ZDUPLQJ� SRWHQWLDO� �*:3�� LV� TXDQWL-
ƓHG�LQ�XQLWV�RI�FDUERQ�GLR[LGH�HTXLY-
DOHQFH��$�NLORJUDP�RI�FDUERQ�GLR[LGH�
WKHUHIRUH� KDV� D� *:3� RI� �� NJ&2�H�
�:*%&�������

CARBON FOOTPRINT 7KLV�WHUP�
PLJKW�EH�WKH�PRVW�IDPLOLDU�RQH�IRU�D�
ORW�RI�SHRSOH��KRZHYHU�QRW�XVHG�LQ�WKH�
EXLOGLQJ�VHFWRU�D�ORW��&DUERQ�IRRWSULQW�
PHDQV�HPERGLHG�FDUERQ��EXW� UDWKHU�
UHODWHG� WR� D� SHUVRQ� WKDQ� D� EXLOGLQJ��
,W� GHVFULEHV� WKH� FDUERQ� HPLVVLRQV�
caused directly and indirectly by a 
SHUVRQ��HYHQW�RU�RUJDQLVDWLRQ�

CARBON HANDPRINT 8QOLNH�
WKH�FDUERQ� IRRWSULQW� LW�GHVFULEHV� WKH�
SRVLWLY�LPSDFW�D�LQVWLWXWLRQ��SURGXFW�RU�
EXLOGLQJ�KDV�RQ�WKH�JOREDO�HPLVVLRQV��
6LPSO\�VDLG��LI�\RXU�FDUERQ�EDODQFH�LV�

SRVLWLYH�� \RX�FDQ�JLYH� LW� DZD\� WR�RWK-
HUV�WR�DFKLHYH�}QHW�]HUR�FDUERQm�RQ�D�
WRWDO�VFKHPH���&RPSDQLHV�FDQ�IRU�H[-
DPSOH� KDQGSULQW� ZLWK� ODUJH� VRODU� 39�
IDFLOLWLHV� E\� SURGXFLQJ� PRUH� UHQHZ-
DEOH� HQHUJ\� WKHQ� WKH\� QHHG� �6WRUD�
(QVR��������

EMBODIED CARBON [EC] 
&DUERQ� HPLVVLRQV� DVVRFLDWHG� ZLWK�
PDWHULDOV�DQG�FRQVWUXFWLRQ�SURFHVVHV�
WKURXJKRXW� WKH�ZKROH� OLIH� F\FOH� RI� D�
EXLOGLQJ�RU� LQIUDVWUXFWXUH��(PERGLHG�
FDUERQ� WKHUHIRUH� LQFOXGHV�� PDWHULDO�
H[WUDFWLRQ� �PRGXOH� $���� WUDQVSRUW� WR�
PDQXIDFWXUHU� �$���� PDQXIDFWXULQJ�
�$���� WUDQVSRUW� WR� VLWH� �$���� FRQVWUXF-
WLRQ��$����XVH�SKDVH��%���HJ�FRQFUHWH�
FDUERQDWLRQ�EXW�H[FOXGLQJ�RSHUDWLRQ-
DO� FDUERQ��� PDLQWHQDQFH� �%���� UHSDLU�
�%����UHSODFHPHQW��%����UHIXUELVKPHQW�
�%����GHFRQVWUXFWLRQ��&����WUDQVSRUW�WR�
HQG� RI� OLIH� IDFLOLWLHV� �&���� SURFHVVLQJ�
�&���� GLVSRVDO� �&���� %HQHƓWV� EH\RQG�
WKH�V\VWHP�ERXQGDU\��'��VKRXOG�DOVR�
EH� UHSRUWHG� VHSDUDWHO\� WR� PRGXOHV�
$�&��:*%&�������

OPERATIONAL CARBON 
[OC] 7KH� HPLVVLRQV� DVVRFLDWHG�
ZLWK�HQHUJ\�XVHG��%���WR�RSHUDWH�WKH�
EXLOGLQJ�RU� LQ� WKH�RSHUDWLRQ�RI� LQIUD-
structure.  

UPFRONT CARBON  &DUERQ�
HPLVVLRQV� UHOHDVHG� EHIRUH� WKH� EXLOG-
LQJ� RU� LQIUDVWUXFWXUH� EHJLQV� WR� EH�
XVHG�� VRPHWLPHV� FDOOHG� XSIURQW� FDU-
ERQ�� ZLOO� EH� UHVSRQVLEOH� IRU� KDOI� RI�
WKH� HQWLUH� FDUERQ� IRRWSULQW� RI� QHZ�
FRQVWUXFWLRQ�EHWZHHQ�QRZ�DQG�������
WKUHDWHQLQJ� WR� FRQVXPH�D� ODUJH�SDUW�
RI� RXU� UHPDLQLQJ� FDUERQ� EXGJHW�
�:*%&�������

END OF LIFE CARBON�7KH�FDUERQ�
HPLVVLRQV� DVVRFLDWHG� ZLWK� GHFRQ-
VWUXFWLRQ�GHPROLWLRQ� �&���� WUDQVSRUW�
IURP�VLWH��&����ZDVWH�SURFHVVLQJ��&���
DQG�GLVSRVDO� �&���SKDVHV�RI� D�EXLOG-
LQJ�RU� LQIUDVWUXFWXUHōV� OLIH�F\FOH�ZKLFK�
RFFXU�DIWHU�LWV�XVH��

NET CARBON ZERO 7KLV� WHUP�
LPSOLHV� WKDW� WKH� WRWDO� VXP� RI� HPLV-
VLRQV�LV�]HUR��:H�ZLOO�QRW�H[WLQJXLVK�DOO�

GLOSSARY & ABBREVIATIONS
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XVH�RI�IRVVLO�IXHOV�E\��������)RUWXQDWHO\��
WKHUH�LV�ZD\V�WR�VHTXHVWHU�FDUERQ�DQG�
JHW� LW�RXW�RI�RXU�DWPRVVSKHUH�� ,I� WKH�
DPRXQW�RI� VWRUHG� FDUERQ�RXWZHLJKV�
WKH� WRWDO� HPLVVLRQV� RU� HYHQ� H[FHHGV�
WKHP�ZH�KDYH� VXFFHVIXOO\� FRPEDWHG�
JOREDO�ZDUPLQJ� 

GLOBAL WARMING 
POTENTIAL [GWP] Greenhouse 
JDVHV� �*+*V��ZDUP�WKH�(DUWK�E\�DE-
VRUELQJ�HQHUJ\�DQG�VORZLQJ� WKH� UDWH�
DW�ZKLFK�WKH�HQHUJ\�HVFDSHV�WR�VSDFH��
WKH\� DFW� OLNH� D� EODQNHW� LQVXODWLQJ� WKH�
(DUWK�� 'LIIHUHQW� *+*V� FDQ� KDYH� GLI-
IHUHQW�HIIHFWV�RQ�WKH�(DUWKōV�ZDUPLQJ� 
7KH�*OREDO�:DUPLQJ�3RWHQWLDO��*:3��
ZDV�GHYHORSHG�WR�DOORZ�FRPSDULVRQV�
RI�WKH�JOREDO�ZDUPLQJ�LPSDFWV�RI�GLI-
IHUHQW�JDVHV��6SHFLƓFDOO\�� LW� LV�D�PHDV-
XUH� RI� KRZ� PXFK� HQHUJ\� WKH� HPLV-
VLRQV�RI���WRQ�RI�D�JDV�ZLOO�DEVRUE�RYHU�
D�JLYHQ�SHULRG�RI�WLPH��UHODWLYH�WR�WKH�
HPLVVLRQV�RI���WRQ�RI�FDUERQ�GLR[LGH�
�&22���7KH�ODUJHU�WKH�*:3��WKH�PRUH�D�
JLYHQ�JDV�ZDUPV�WKH�(DUWK�FRPSDUHG�
WR� &22� RYHU� WKDW� WLPH� SHULRG�� 7KH�
WLPH�SHULRG�XVXDOO\�XVHG�IRU�*:3V�LV�
����\HDUV��(3$��Q�G���

WHOLE BUILDING LIFE-
CYCLE ASSESSMENT [LCA]  
/LIH� F\FOH� DVVHVVPHQWV� FDOFXODWH� WKH�
SRWHQWLDO�HQYLURPHQWDO�LPSDFWV�RI�PD-
WHULDOV��SURGXFWV�DQG�VHUYLFHV�DFURVV�D�
GHƓQHG� OLIH� F\FOH��7KLV�SURFHVV� ORRNV�
DW� PXOWLSOH� LPSDFWV�� LQFOXGLQJ� WKH�
JOREDO� ZDUPLQJ� SRWHQWLDO�� RYHU� WKH�
HQWLUH� OLIH� F\FOHŋIURP� H[WUDFWLRQ� DQG�
PDQXIDFWXULQJ�WKURXJK�WKH�ODQGƓOO�RU�
UHF\FOLQJ� SODQW�� .QRZLQJ� DERXW� /&$�
DQG�KRZ�LW�ZRUNV�FDQ�KHOS�GHVLJQHUV�
DQG�VSHFLƓHUV�WR�VHOHFW�EXLOGLQJ�SURG-
XFWV�DQG�VHUYLFHV�WKDW�KDYH�D�ORZHU�HQ-
YLURQPHQWDO�LPSDFW��
6RIWZDUH� LV� GHVLJQHG� WR� EH� XVHG� E\�
EXLOGLQJ�SURIHVVLRQDOV�DQG� WKHUH� LV�D�
UDQJH�RI�SURGXFWV���IURP�RSHQ�VRXUFH�
WR�HVWDEOLVKHG�RQHV�IRU�H[DPSOH�7DOO\�
�IRU� 5HYLWp��� $WKHQD� ,PSDFW� (VWLPD-
WRU�RU�2QH�&OLFN�ZKLFK�DOVR�VXSSRUWV�
RWKHU�&$'�VRIWZDUH� OLNH�$UFKL&DG�RU�
6NHWFK8S�

ENVIRONMENTAL PRODUCT 
DECLARATIONS [EPD] 7KLV�
LV� DQ� LQGHSHQGHQWO\� YHULƓHG� GRFX-
PHQW� WKDW� JLYHV� LQIRUPDWLRQ� DERXW�
WKH� OLIH�F\FOH� HQYLURQPHQWDO� LPSDFW�
RI�D�SURGXFW��,W�LV�GHƓQHG�E\�WKH�,62��
������DQG�RIƓFLDOO\�UHJLVWHUHG�WR�SUR-
YLGH� D� WUDQVSDUHQW� ZD\� WR� FRPSDUH�
SURGXFWV� IRU�D�SURMHFW��<HW� WKH�DYDLOD-
ELOLW\�RI�DQ�(3'�GRFXPHQW��GRHV�QRW�
QHFHVVDULO\� PHDQ� WKH� SURGXFW� KDV� D�
SRVLWLYH� LPSDFW� RQ� WKH� HQYLURQPHQW��
WKHUH� LV� QR� UHTXLUHPHQWV� RI� WKH� SHU-
IRUPDQFH�RI�D�SURGXFW��

ABBREVIATIONS

(&řřř��(PERGLHG�&DUERQ
(3'řřř(QYLURQPHQWDO�3URGXFW��
� �����'HFODUDWLRQ
*:3řř���*OREDO�:DUPLQJ�3RWHQWLDO
/&$řřř/LIH�&\FOH�$VVHVPHQW
1=řřř��1HZ�=HDODQG
1=*%&ř��1HZ�=HDODQG�*UHHQ���
� �����%XLOGLQJ�&RXQFLO
2&řřř2SHUDWLRQDO�&DUERQ�
:*%&řř:RUOG�*UHHQ�%XLOGLQJ��
� ������&RXQFLO



“We must radically increase the pace 
and scope of decarbonisation efforts, 

collaborating across the whole 
construction value chain to achieve 

the scale of change needed.” 

(World Green Building Council. 2019: p. 9)

)ƢƠƮƫƞ�Ɓ���Ō,W�LV�LQ�RXU�KDQGVō�k�$UWZRUN��/DXUD�)HOOHU������E�



THIS IS NOT JUST
A MASTER THESIS. 

THIS IS AN IMMEDIATE CALL FOR ACTION FOR ARCHITECTS AND EVERYONE 
INVOLVED WITH THE BUILDING SECTOR  TO TACKLE CLIMATE CHANGE.



1 CONTENT

����027,9$7,21� ƁƂ
����$5&+,7(&785(6�,03$&7�21�&/,0$7(�&+$1*(� Ɓƃ
����23325781,7,(6�72�5('8&(�(0%2',('�&$5%21� Ɓƈ
����:+2/(�/,)(�&<&/(�%8,/',1*�$3352$&+� Ƃſ
����67$*(6�2)�$�/,)(�&<&/(� Ƃƀ
����&21&/86,21�	�35263(&7� ƂƄ



// 
1 ARCHITECTURE & 

GLOBAL WARMING = 
A WARNING

// 



FORM FOLLOWS FUTURE
7KLV� LV�DQ�XUJHQW�FDOO� WR�HGXFDWH�DOO�VHFWRUV�RQ�D� ORZ�FDU-
ERQ� EXLOW� HQYLURQPHQW� DQG� FUHDWH� DZDUHQHVV� DPRQJVW�
SROLF\PDNHUV� DQG� LQYHVWRUV��:H�PXVW� VWULYH� WR� FUHDWH� D�
SXEOLF�GLDORJXH�DURXQG�RYHUORRNHG�IXQGDPHQWDOV�LQ�WKH�
EXLOGLQJ� LQGXVWU\�� .QRZOHGJH� LV� NH\� DQG� FDQ� FUHDWH� WKH�
RYHUDOO�PRYHPHQW�ZH�QHHG��

:KR�LV�WR�PDNH�WKH�WUDQVLWLRQ�WR�D�ŌQHZ�HQYLURQPHQWDO�HUDō�
LI�QRW�WKH�QH[W�JHQHUDWLRQ"�$UFKLWHFWV�7RZDUGV�$�1HW�=HUR�
&DUERQ�%XLOW�(QYLURQPHQW�FRXOG�EH�WKH�HTXLYDOHQW�RI�WKH�
)ULGD\V�)RU�)XWXUH�PRYHPHQW�IRU�RXU�VHFWRU��
/HWōV�WDNH�DFWLRQ�QRZ�

»I believe future architects have to act as 
communicators enabling the right connections 

throughout the whole development.«



)ƢƠƮƫƞ�Ƃ���Ō$UFKLWHFWV�)RU�$�%HWWHU�)XWXUHō�k�$UWZRUN��/DXUD�)HOOHU������F��
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&OLPDWH� FKDQJH� LV� WKH� ELJJHVW� FKDO-
OHQJH�RI�RXU�WLPH��(YHU\�FRXQWU\�IDFHV�
GLIIHUHQW� FKDOOHQJHV� WDFNOLQJ� JOREDO�
ZDUPLQJ�� EXW� ZH� VKDUH� D� FRPPRQ�
YLVLRQ�� ,Q� ����� � WKH� 8QLWHG� 1DWLRQV�
)UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH�
&KDQJH���81)&&&��FRQIHUHQFH�WRRN�
SODFH�ZKHUH�WKH�3DULV�$JUHHPHQW�ZDV�
VLJQHG�DQG�UDWLƓHG�E\�����SDUWLHV��,WV�
PDLQ�JRDO� LV� WR�NHHS�WKH�JOREDO� WHP-
SHUDWXUH� ULVH� ZHOO� EHORZ� �r&� DERYH�
SUH�LQGXVWULDO� OHYHOV� ZLWK� WKH� DPEL-
WLRXV�SXUVXH� WR� OLPLW� LW�HYHQ� WR����r&�
LQ� WKLV� FHQWXU\� �81)&&&�� ������� 7R�
DFKLHYH� WKLV�JRDO�DQG�VHFXUH�D�KDELW-
DEOH�HDUWK��ZH�KDYH�WR�FXW�RXU�JUHHQ-
KRXVH�JDV�HPLVVLRQV�UDGLFDOO\���

7KLV�� DORQJVLGH� ZLWK� WKH� IDFW� RI� D�
IDVW�JURZLQJ�ZRUOG�SRSXODWLRQ���ZKLFK�
LV� H[SHFWHG� WR� UHDFK� DOPRVW� ��� ELO-
OLRQ�E\�PLG�FHQWXU\���8QLWHG�1DWLRQV��
������ S� ��� �� DQG� WKH� UDSLG� XUEDQL]D-
WLRQ�WKDW�FRPHV�ZLWK�LW��KDV�WR�EH�JUHDW�
PRWLYDWLRQ�WR�DOO�RI�XV���

1.1 MOTIVATION

» We can not longer 
do business as usual. 
It’s time for a radical 

change! «
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/RRNLQJ�DW�WKH�FDUERQ�IRRWSULQW�RI�WKH�
EXLOGLQJ� VHFWRU�ZH� ƓQG� WKDW� WKH� SHU-
FHQWDJH� RI� JOREDO� FDUERQ� HPLVVLRQV�
LV� �����7KDW� LV� WKH� ODUJHVW� VKDUH� DQG�
PRUH� WKDQ� LQGXVWU\� RU� WUDQVSRUWDWLRQ�
HDFK�� 7KH� HPLVVLRQV� RI� WKH� EXLOGLQJ�
LQGXVWU\�FRPH�IURP�����RSHUDWLRQDO�
FDUERQ��ZKLFK� LV�DOO� WKH�HQHUJ\�QHHG-
HG�WR�KHDW��FRRO�DQG�SRZHU��DQG�����
RI�HPERGLHG�FDUERQ��HPLWWHG�E\�PD-
WHULDOV��WUDQVSRUW�DQG�FRQVWUXFWLRQ��

7KLV� SUHVHQWV� D� KXJH� RSSRUWXQLW\� WR�
UHGXFH� JUHHQKRXVH� JDV� HPLVVLRQV�
ZLWKLQ� WKH�EXLOGLQJ� LQGXVWU\��$OO�DUFKL-
WHFWV�PXVW�DFFHSW� WKH�FKDOOHQJH�DQG�
WDNH� RQ� UHVSRQVLELOLW\� LQ� WKHLU� IXWXUH�
SURMHFWV��7KLV� WDVN� FDQ�EURDGO\�EH�GL-
YLGHG�LQWR�WZR�SDUWV�

$�� &RQVWUXFW� QHZ� EXLOGLQJV� QHW� FDU-
ERQ� ]HUR� DQG� SODQ� WR� KDYH� KRXVHV�
ZLWK�D� ODUJH� OLIHVSDQ�XS�WR�����\HDUV�
RU�ORQJHU��

%�� %ULQJ� DOO� H[LVWLQJ� EXLOGLQJV� XS� WR�
D� VWDWH�RI�WKH�DUW� HIƓFLHQF\� OHYHO� DQG�
PDNH�WKHLU�HQHUJ\�SHUIRUPDQFH�]HUR�
carbon. 

$Q� LQFUHDVLQJ� SRSXODWLRQ� GHPDQGV�
QHZ�EXLOGLQJV��WKXV�PDNHV�SDUW�$�IXQ-
GDPHQWDO�� :LWK� RXU� NQRZOHGJH� DQG�
WHFKQRORJ\� WRGD\�� LW� LV� DFKLHYDEOH� WR�
EXLOG� ORZ�FDUERQ� DQG� ]HUR�FDUERQ�
EXLOGLQJV� DQG� FLWLHV�� 5HGXFLQJ� WKHLU�
HQYLURQPHQWDO� LPSDFW�� ZLWK� IDFWRUV�
VXFK� DV� D� UHVSRQVLEOH� FKRLFH� RI� VLWH��
DFFHVVLELOLW\��VPDUW�RULHQWDWLRQ�DQG�HI-
ƓFLHQW�HQHUJ\�XVH�DV�ZHOO�DV�PDWHULDO�
GHFLVLRQV��LV�IDLUO\�HDV\��)RU�QHZ�EXLOG-
LQJV� WKH� SRVVLELOLWLHV� DUH� FRXQWOHVV��
(YHQ� WKRXJK� LW� LV� QRW� \HW� SUDFWLVHG�
HQRXJK�E\�DUFKLWHFWV���ZH�H[SHULHQFH�
D�SURJUHVVLYH�FKDQJH�DQG�LQFUHDVLQJ�
DZDUHQHVV��

3DUW� %� RQ� WKH� RWKHU� KDQG�� LV� WDNLQJ�
FDUH� RI� H[LVWLQJ� EXLOGLQJV�� EHFDXVH�
����RI�KRXVHV��ZH�OLYH�LQ�QRZ��ZLOO�VWLOO�
EH� RFFXSLHG� LQ� ������ 7KHVH� KRXVHV�
need our attention and have to be 
UHQRYDWHG�WR�PHHW�FXUUHQW�VWDQGDUGV��
ZKLOH� RQO\� UHOHDVLQJ�PLQLPDO� FDUERQ�
HPLVVLRQV��7KLV� WKHVLV� LV�JRLQJ�WR�GLV-
FXVV�PHWKRGV�WR�DFKLHYH�WKHVH�JRDOV�
IRU� H[LVWLQJ� KRXVHV� DQG� VSHFLƓFDOO\�
JLYH� H[DPSOHV� IRU� UHWURƓWWLQJ� EXLOG-
LQJV�LQ�1HZ�=HDODQG�

1.2 ARCHITECTURES IMPACT 
ON CLIMATE CHANGE

)ƢƠƮƫƞ�ƃ���7RWDO�JOREDO�JUHHQKRXVH�JDV�HPLVVLRQV�SHU�VHFWRU�
k�/DXUD�)HOOHU�DGDSWHG�IURP��$UFKLWHFWXUH������������

OTHER

9%

39% TOTAL 
BUILT ENVIRONMENT

28% BUILDING OPERATIONS

11% BUILDING MATERIALS 
AND CONSTRUCTION

30% 
INDUSTRY

22% 
TRANSPORTATION
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“Very few people are aware 
of the fact that buildings are 
currently responsible for 
39% of global energy related 
carbon emissions: 28% from 
operational emissions, from 
energy needed to heat, 
cool and power them, and 
the remaining 11% from 
materials and construction.” 

�:*%&�������

7DONLQJ�DERXW�&22�HPLVVLRQV�PXVW�DO-
ZD\V�PHDQ�DGGUHVVLQJ�ERWK��HPERG-
LHG�DQG�RSHUDWLRQDO�FDUERQ��0LVFRQ-
FHSWLRQV� DERXW� WKH� WHUP� ŏQHW� ]HUR�
FDUERQ� EXLOGLQJŐ�� RIWHQ� FDXVHV� FRQ-
YHUVDWLRQV� DQG�SURMHFWV� WR�JR�GRZQ�
D�SDWKZD\�� WKDW� LV�RQO\�KDOI� WKH�GHDO��
:KHUHDV�� FRPPRQ� VHQVH� WRGD\� E\�
VD\LQJ� ]HUR� FDUERQ� EXLOGLQJ�PHDQV�
MXVW� ŏKLJKO\� HQHUJ\�HIƓFLHQWŐ�� WKHUH�
DUH� WZR� PDMRU� FRPSRQHQWV� WR� EH�
FRQVLGHUHG��'HƓQLWLRQ�DIWHU�WKH�8QLW-
HG�.LQJGRP�*UHHQ�%XLOGLQJ�&RXQFLO�
�8.*%&���������

NET ZERO CARBON:
CONSTRUCTION
}:KHQ� WKH� DPRXQW� RI� FDUERQ� HPLV-
sions associatHG� ZLWK� D� EXLOGLQJōV�
SURGXFW�DQG�FRQVWUXFWLRQ�VWDJHV�XS�
WR� SUDFWLFDO� FRPSOHWLRQ� LV� ]HUR� RU�

QHJDWLYH�� WKURXJK� WKH�XVH�RI�RIIVHWV�
RU� WKH� QHW� H[SRUW� RI� RQ�VLWH� UHQHZD-
EOH�HQHUJ\�m

NET ZERO CARBON: 
OPERATIONAL ENERGY
}:KHQ� WKH� DPRXQW� RI� FDUERQ� HPLV-
VLRQV� DVVRFLDWHG� ZLWK� WKH� EXLOGLQJōV�
RSHUDWLRQDO� HQHUJ\� RQ� DQ� DQQXDO�
EDVLV� LV� ]HUR�RU�QHJDWLYH��$�QHW�]HUR�
FDUERQ�EXLOGLQJ�LV�KLJKO\�HQHUJ\�HIƓ-
FLHQW�DQG�SRZHUHG�IURP�RQ�VLWH�DQG�
RU�RII�VLWH�UHQHZDEOH�HQHUJ\�VRXUFHV��
ZLWK� DQ\� UHPDLQLQJ� FDUERQ� EDODQFH�
RIIVHW�m

&RQVFLRXVQHVV� DERXW� ERWK� RI� WKH�
DERYH� LV� NH\� IRU� VXFFHVVIXO� QHW�]HUR�
FDUERQ�EXLOGLQJ�SUDFWLVHV�� 5HDFKLQJ�
D�KLJK�OHYHO�RI�HQHUJ\�HIƓFLHQF\�ZKLOH�
KDYLQJ�D�KLJK�DPRXQW�RI�HPERGLHG�
FDUERQ� PHDQV� IDLOLQJ� WKH� XOWLPDWH�
JRDO� DQG� YLFH� YHUVD�� (YHQ� WKRXJK�
����PLJKW�VRXQG�VPDOO�FRPSDUHG�WR�
WKH� ���� RI� RSHUDWLRQDO� FDUERQ�� WKH�
HPERGLHG� FDUERQ� PDWWHUV� MXVW� WKH�
VDPH�DQG�ZLOO�UHFHLYH�LQFUHDVHG�UHOH-
YDQFH�LQ�WKH�XSFRPLQJ����\HDUV�

&XUUHQW� HIIRUWV� WR� PDNH� EXLOGLQJV�
PRUH�HIƓFLHQW�WR�RSHUDWH�DQG�WR�SUR-
YLGH�D�JUHHQ�HQHUJ\�JULG�FDQ�EH�VHHQ�
LQ� PDQ\� FRXQWULHV�� LQFOXGLQJ� 1HZ�
=HDODQG��7KRXJK��WKH�PLVVLQJ�OLQN�WR�
WKH�}:KROH�/LIH�&\FOH�$SSURDFKm�KDV�
WR�EH�PDGH�XUJHQWO\��

:25/'�*5((1�%8,/',1*�
&281&,/�9,6,21�

%\�������DOO�QHZ�EXLOGLQJV��LQIUDVWUXFWXUH�DQG�UHQRYDWLRQV�
ZLOO�KDYH�DW�OHDVW�����OHVV�HPERGLHG�FDUERQ�ZLWK�VLJQLI-
LFDQW� XSIURQW� FDUERQ� UHGXFWLRQ�� DQG� DOO� QHZ� EXLOGLQJV�

PXVW�EH�QHW�]HUR�RSHUDWLRQDO�FDUERQ�

%\� ������ QHZ� EXLOGLQJV�� LQIUDVWUXFWXUH� DQG� UHQRYDWLRQV�
ZLOO� KDYH�QHW� ]HUR� HPERGLHG� FDUERQ�� DQG� DOO� EXLOGLQJV��

LQFOXGLQJ�H[LVWLQJ�EXLOGLQJV��PXVW�EH�QHW�]HUR�
RSHUDWLRQDO�FDUERQ���:*%&������

9 / 10 buildings that 
exist now, will still 
be standing and 
occupied in 2050*

�5HQRYDWH�(XURSH��Q�G��
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»Embodied carbon will be responsible for almost half of total 
new construction emissions between now and 2050«

�$UFKLWHFWXUH�����������

7KH�LPSRUWDQFH�RI�HPERGLHG�FDUERQ�
LQ� EXLOGLQJV� LV� D� IDFW�� \HW� ODUJHO\� XQ-
GHUHVWLPDWHG� E\� DUFKLWHFWV�� EXLOGHUV��
PDQXIDFWXUHUV�DQG�JRYHUQPHQWV��
2QFH� D� EXLOGLQJ� LV� ƓQLVKHG�� QR� IXU-
WKHU� UHGXFWLRQ� RI� HPERGLHG� FDUERQ�
LV� SRVVLEOH�� 2SHUDWLRQDO� FDUERQ� LP-
SDFWV��RQ�WKH�RWKHU�KDQG��FDQ�EH�GH-
FUHDVHG� RYHU� WLPH�� H�J�� XVLQJ� PRUH�
UHQHZDEOH� HQHUJ\� RU� D� FKDQJH� RI�
KHDW�VRXUFH��3URMHFWLRQV�VKRZ��)LJXUH�
����WKDW�RQO\�KDOI�WKH�WRWDO�JOREDO�FRQ-
VWUXFWLRQ�HPLVVLRQV�XQWLO������ZLOO�EH�
FRPLQJ� IURP� RSHUDWLQJ� RXU� KRXVHV��
7KH�RWKHU�KDOI�FRPHV�IURP�SURGXFLQJ�
DQG� WUDQVSRUWLQJ� PDWHULDO� DQG� FRQ-
VWUXFWLRQ��81�(QHUJ\�2XWORRN���������

6RPH�PDWHULDOV� KDYH� ODUJH� DPRXQWV�
RI�HPERGLHG�FDUERQ�ZKLOH�RWKHUV�FDQ�
VWRUH� &2�� DQG� WKHUHIRUH� HYHQ� FDU-
ERQ�QHJDWLYH��,I�EHLQJ�ORRNHG�DW�DV�D�
FRXQWU\��FHPHQW��ZRXOG�EH�WKLUG�ODUJ-
HVW�HPLWWHU�LQ�WKH�ZRUOG�EHKLQG�&KLQD�
DQG� WKH�86�� ,W� LV� DFFRXQWDEOH� IRU����
RI� ZRUOGV� DQWKURSRJHQLF� FDUERQ� GL-
R[LGH� HPLVVLRQV� DORQH� �$UFKLWHFWXUH�
������ Q�G���� 7RJHWKHU� ZLWK� WKH� VWHHO�
DQG�DOXPLQLXP�LQGXVWU\��LW�PDNHV�RYHU�
����RI� WRWDO� HPLVVLRQV�� )XUWKHUPRUH��
FHPHQW�SURGXFWLRQ�KDV� LQFUHDVHG�E\�
�����VLQFH�������

)ƢƠƮƫƞ�Ƅ���7RWDO�FDUERQ�HPLVVLRQV�RI�JOREDO�
FRQVWUXFWLRQ�IURP������������k�/DXUD�)HOOHU�DGDSWHG�

IURP��81�(QHUJ\�2XWORRN��������
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operational impacts
embodied impacts

)ƢƠƮƫƞ�ƅ���6KDUH�RI�HPERGLHG�DQG�RSHUDWLRQDO�LPSDFWV�IRU�
GLIIHUHQW�EXLOGLQJ�SUDFWLVHV�k�/DXUD�)HOOHU�DGDSWHG�IURP�

�:RUNLQJ�*URXS�6XVWDLQDEOH�&RQVWUXFWLRQ�������
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:H� KDYH� H[SHULHQFHG� DQ� RQJRLQJ�
WUHQG� LQ� DUFKLWHFWXUH�� WKDW� IDYRXUV�
FRQFUHWH��DV�DQ�DHVWKHWLF�PDWHULDO� IRU�
VXUIDFHV�� DV� ZHOO� DV� WKH� VWUXFWXUDO� DG-
YDQWDJHV�RI�EXLOGLQJ�ZLWK�LW�IRU�VHYHU-
DO�FHQWXULHV��7RGD\��ZH�KDYH�D�FKRLFH�
EHWZHHQ�PXOWLSOH�RSWLRQV�WR�DFKLHYH�
WKH�VDPH�DGYDQWDJHV��:H�FDQ�UHSODFH�
FRQFUHWH� ZLWK� RWKHU� KLJK�WHFK� FRQ-
VWUXFWLRQ� PDWHULDOV� OLNH� &/7�� RU� ORRN�
LQWR�DYDLODEOH� ORZ�FHPHQW�PL[HV�DQG�
XSFRPLQJ� FRPSRVLWH� PDWHULDOV� OLNH�
KHPSFUHWH�� &RQVLGHULQJ� DOWHUQDWLYHV�
ZKHUHYHU�SRVVLEOH�DV�VRRQ�DV�GXULQJ�
WKH� GHVLJQ� SURFHVV�� LV� D� YHU\� LPSRU-
WDQW� VWHS� WRZDUGV� ]HUR� FDUERQ�EXLOG-
LQJV��:KHQHYHU�FRQFUHWH� LV�RQO\�FKR-
VHQ�IRU�DHVWKHWLF�UHDVRQV��LW�VKRXOG�EH�
TXHVWLRQHG�LQ�JHQHUDO�
 
3RVLWLYH� WR� PHQWLRQ� LV� WKDW� ZH� DUH�
PRYLQJ� WRZDUGV� D� WLPH� \RX� FRXOG�
FDOO� D� SRVW�FRQFUHWH� HUD�� ZKHUH� DU-
FKLWHFWV�� GHVLJQHUV� RU� EXLOGLQJ� HQJL-
QHHUV�ZKR�FDUH�DERXW�FOLPDWH�FKDQJH��
SURJUHVVLYHO\� EXLOG�ZLWK� WLPEHU�� � ,W� LV�
SUDLVHZRUWK\��WKDW�D�ORW�RI�HIIRUW�JRHV�
LQWR� QHZ� WLPEHU� FRQVWUXFWLRQV� DQG�
EXLOGLQJ�SURGXFWV�DQG�LQ�UHFHQW�\HDUV�
WLPEHU� WHFKQRORJ\�KDV� OHDSW��7LPEHU�

GRHV� QRW� RQO\� KDYH� D� QHJDWLYH� FDU-
bon balance but can also reduce the 
ZHLJKW� RI� D� EXLOGLQJ� E\� XS� WR� ����
ZKLFK� UHVXOWV� LQ�PLQLPDO� IRXQGDWLRQV�
�:DOVK�1���������

7KURXJK� WKH� QDWXUDO� SURFHVV� RI� SKR-
WRV\QWKHVLV�� �� FXELF� PHWHU� RI� ZRRG�
FDQ�VHTXHVWHU����W�&22. It is crucial to 
KLJKOLJKW��WKDW�D�ORW�RI�FRPPRQ�ZRRG�
SDQHO�SURGXFWV�KDYH�D� ODUJHU�FDUERQ�
IRRWSULQW� WKDQ� VROLG� WLPEHU�� 7KLV� LV�
GXH�WR�WKH�PDQXIDFWXUH�RI� WKH�EXLOG-
LQJ� SURGXFW� DQG� DGGLWLYHV� OLNH� JOXH���
$JDLQ��WKHUH�DUH�PXOWLSOH�RSWLRQV�DQG�

ELJ� GLIIHUHQFHV� EHWZHHQ� SURGXFHUV��
that need to be considered. Sto-
UD� (QVR�� IRU� H[DPSOH�� D� OHDGLQJ� &/7�
PDQXIDFWXUHU� IURP� 6FDQGLQDYLD�� KDV�
FRPPLWWHG�WR�UHQHZDEOH�DQG�QDWXUDO�
WLPEHU�SDQHO�SURGXFWV��8QOLNH�RWKHUV��
WKH\� XVH� HQYLURQPHQWDO� IULHQGO\� DG-
KHVLYHV��WR�FRQQHFW�WKHLU�ZRRG�OD\HUV��
6WRUD�(QVR�KDV�EHHQ�D�SDUWQHU�RI�WKH�
:RUOG� *UHHQ� %XLOGLQJ� &RXQFLOōV� (X-
URSH� 5HJLRQDO� 1HWZRUN� VLQFH� ������

7KH� FRPSDQ\� DLPV� WR� UHSODFH� IRVVLO�
IXHO�EDVHG� PDWHULDOV� E\� LQQRYDWLQJ�
DQG� QHZ� SURGXFWV� EDVHG� RQ� ZRRG�
DQG�RWKHU�UHQHZDEOH�PDWHULDOV��6WRUD�
(QVR��������

:KHUHDV� FRQVWUXFWLRQ� PDWHULDOV� DUH�
UHFHLYLQJ� LQFUHDVHG� DWWHQWLRQ�� LQ� WKH�
HPERGLHG� FDUERQ� FRQYHUVDWLRQ��
WKHUHōV�FXUUHQWO\�RQO\�D�PLQRU�IRFXV�RQ�
WKH�WRSLF�RI�LQVXODWLRQ��1RQHWKHOHVV��LI�
ZH� LPDJLQH� DQ� DYHUDJH� KRXVH� VWUXF-
WXUH�� LQVXODWLRQ� PDWHULDOV� UHSUHVHQW�
D�ELJ�SDUW�RI� WKH� WRWDO�YROXPH��6LQFH�
KRXVHV�DUH�GHVLJQHG�WR�EH�PRUH�DQG�

PRUH� HIƓFLHQW� WKH� DPRXQW� RI�
insulation used is on a constant 
ULVH� WRR�� $QRWKHU� IDFWRU� WR� EH�
FRQVLGHUHG� LV�� WKDW� WKH�PDWHULDO�

IRU� WKH� SULPDU\� VWUXFWXUH� RI� D� KRXVH�
LV�RQO\�QHHGHG� IRU�QHZ�FRQVWUXFWLRQ��
ZKHUHDV� LQVXODWLRQ� LV� DGGHG� RU� UH-
SODFHG�LQ�DOPRVW�DOO�UHIXUELVKPHQWV��

0RVW� RI� WRGD\ōV� LQVXODWLRQ� SURGXFWV�
DUH� PDGH� RXW� RI� FUXGH� RLOV� DQG�RU�
KDYH� D� YHU\� HQHUJ\�LQWHQVLYH� PDQX-
IDFWXULQJ� SURFHVV�� 7KDW� PHDQV�� WKH\�
HPLW� D� ODUJH� DPRXQW� RI� JUHHQKRXVH�
JDV�LQWR�WKH�DWPRVSKHUH�EHIRUH�HYHQ�

EHLQJ�LQVWDOOHG��7KLV�DSSOLHV�IRU�H[DP-
SOH�WR�;36��(36��*ODVV�:RRO�DQG�5RFN�
:RRO��$OVR��DW�WKH�HQG�RI�WKHLU�OLIH��WKH\�
JR�WR�ODQGƓOO�DQG�FRQWLQXH�WR�SROOXWH�
RXU�SODQHW�� �HQG�RI�OLIH�FDUERQ��

7KH�ZKROH�OLIH�F\FOH�RI�D�KRXVH�VKRZV�
WKDW�ZH�KDYH� WR�FRQVLGHU� WKH�HQHUJ\�
SD\EDFN� WLPH�� ZKLFK� GHVFULEHV� KRZ�
PDQ\� \HDUV� LW� WDNHV� WR�RIIVHW� WKH� HP-
ERGLHG�HQHUJ\��,Q�VRPH�VFHQDULRV��WKH�
DPRUWL]DWLRQ�FDQ�EH�XS�WR����\HDUV�RU�
HYHQ� PRUH� WKDQ� D� PDWHULDOV� OLIHWLPH�
�:LQG� *�� HW�� DO�� Q�G���� � 7KLV� PDNHV� LW�
SRLQWOHVV� WR� EH� LQVXODWLQJ� ZLWK� WKDW�
PDWHULDO�SDUWLFXODU�PDWHULDO�DW�WKH�ƓUVW�
SODFH� IURP� D� FDUERQ� HPLVVLRQ� SRLQW�
RI�YLHZ��

DSSUR[� 
�����PLR��W�
&22 HPERGLHG
IURP������ELOOLRQ�P2 

DQQXDO�QHZ�FRQVWUXFWLRQ�
�$UFKLWHFWXUH�����������

INSULATION MATERIAL VS. 
OTHER BUILDING MATERIALS
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(PERGLHG� FDUERQ� HPLVVLRQV� DUH� HV-
SHFLDOO\�UHOHYDQW�ZKHQ�ZH�DUH�ORRNLQJ�
WR�UHGXFH�D�ORW�&22�LQ�D�VKRUW�DPRXQW�
RI�WLPH�H�J��XQWLO�������������7KHUH�LV�
QR�SRLQW�� LQ�EXLOGLQJ�DQG� UHWURƓWWLQJ�
EXLOGLQJV�XS�WR�D�KLJK�HQHUJ\�HIƓFLHQ-
F\�VWDQGDUG��ZKHQ�WKH�DPRXQW�RI�FDU-
ERQ�HPLVVLRQV�UHOHDVHG��IURP�WKH�UHQ-
RYDWLRQ��ZDV�ELJJHU�WKDQ�WKH�SRWHQWLDO�
FDUERQ�VDYLQJV��7KLV�LV�D�KXJH�FDOO�IRU�
D�FKDQJH�WR�ORZ�RU�]HUR�FDUERQ�LQVX-
ODWLRQ� SURGXFWV�� DQG� WKLV� WKHVLV� DLPV�
WR�SURYLGH�LGHDV�WRZDUGV�D�VXFFHVVIXO�
VKLIW�LQ�WKH�LQVXODWLRQ�VHFWRU��

'LIIHULQJ�W\SLFDO�OLIHWLPHV�
RI� EXLOGLQJ� HOHPHQWV��
EHIRUH� UHSODFHPHQW��
VKRXOG� DOVR� EH� ZHLJKHG�� �)LJXUH� ��
+RZ�ORQJ�LV�WKH�PDWHULDO�JRLQJ�WR�EH�
LQ�XVH��FDQ� WKH�SHUIRUPDQFH�DOVR�EH�
GRQH� E\� DQ� HQYLURQPHQWDO� IULHQGO\�
PDWHULDO"�:KHUH�GRHV� LW�PDNH�VHQVH�
WR� XVH� D� FDUERQ�LQWHQVLYH� PDWHUL-
DO� DQG� ZK\"� +RZ� DQG� ZKHQ� GRHV� LW�
QHHG� WR� UHSODFHG�DQG�ZKDW� LV�JRLQJ�
WR�KDSSHQ�DW�WKH�HQG�RI�LWV�OLIH"

7KH� DQVZHUV� WR� WKHVH� TXHVWLRQV� ZLOO�
YDU\� GHSHQGLQJ� RQ� WKH� W\SH� RI� SUR-
MHFW�DQG�DOVR� WKH� UHJLRQ�DQG�FOLPDWH�
LW� LV� EXLOW�LQ�� 1HYHUWKHOHVV�� WKH� YHU\�
ƓUVW�TXHVWLRQ�ZH�VKRXOG�EH�DVNLQJ�IRU�
DQ\�SURMHFW� LV��ZKHWKHU�QHZ�FRQVWUXF-
WLRQ�LV�DFWXDOO\�QHHGHG��,W�LV�D�IDFW�WKDW�
ZKHQ�DYRLGLQJ�WKH�XVH�RI�YLUJLQ�PDWH-
ULDOV��ZH�DYRLG�WKHLU�LPSDFWV�DOWRJHWK-
HU��0HOWRQ�3���������

7R� VXFFHHG� LQ� RXU� YLVLRQ� IRU� HYHU\�
ZKROH� EXLOGLQJ� OLIH� F\FOH� WR� EH� QHW�
FDUERQ� ]HUR� E\� ������ ZH� ZLOO� KDYH�

WR� FKDQJH� RXU� DSSURDFK� DV� HDUO\� DV�
LQ� WKH�GHVLJQ�SURFHVV��7KH� IROORZLQJ�
IRXU�SRLQWV�FDQ�JXLGH�\RX�WKURXJK�D�
SURMHFW��

}3UHYHQWm� HPERGLHG� FDUERQ� HPLV-
VLRQV�E\�ORRNLQJ�DW�WKH�ZKROH�OLIH�F\FOH�
HLWKHU�IRU�D�VLQJOH�SURGXFW�RU�D�ZKROH�
SURMHFW��8VH�FDUERQ�FDOFXODWLQJ�WRROV�
WKURXJKRXW�WKH�ZKROH�GHVLJQ�SURFHVV��
'HOLYHU� UHGXFWLRQ� VWUDWHJLHV� WKURXJK�
H[SORULQJ� DOWHUQDWLYH�PHWKRGV� WR�GH-
OLYHU�WKH�GHVLUHG�IXQFWLRQ�H�J��LQFUHDVH�
XWLOL]DWLRQ� RU� DGDSWDWLRQ� RI� H[LVWLQJ�

DVVHWV� �UHQRYDWLRQ�� UH-
XVH��� 2SWLPLVH� FRQVWUXF-
WLRQ�ZLWK�]HUR�RU� ORZ�FDU-
ERQ� VROXWLRQV� SURYLGLQJ�

PD[LPXP� HIƓFLHQF\� ZKLFK� OHDGV� WR�
D� UHGXFWLRQ� RI� RYHUDOO� QHZ� PDWHULDO�
GHPDQG��7KLQN�WKURXJK�EXLOGLQJ�SUR-
FHVVHV� DQG� HOLPLQDWH� ZDVWH� RQ�VLWH��
SURYLGLQJ� VWUDWHJLHV� DQG� JXLGDQFH��
%H� VXUH� \RX� DOVR� FRQVLGHU� }IXWXUHm�
VFHQDULRV�DQG�SODQ�IRU�WKH�HQG�RI�OLIH��
)LUVW��PD[LPLVH�WKH�SRWHQWLDO�IRU�PDLQ-
WHQDQFH�� UHSDLU� DQG� UHQRYDWLRQ�� DQG�
HQVXUH�ŴH[LELOLW\�IRU�IXWXUH�DGDSWDWLRQ��

6HFRQG��GHVLJQ�HYHU\�GHWDLO� LQ�D�ZD\��
WKDW�EXLOGLQJ�FRPSRQHQWV�FDQ�HDVLO\�
EH� VHSDUDWHG� LQ� FDVH� RI� UHQRYDWLRQ�
RU�GHFRQVWUXFWLRQ��:RUN�ZLWK�D�UDQJH�
RI�SURGXFWV�WKDW�FDQ�EH�UHXVHG�RU�UH-
F\FOHG�� /LNH� HYHU\� RWKHU� LQGXVWU\�� ZH�
KDYH�WR�VWULYH�WRZDUGV�D�FLUFXODU�HFRQ-
RP\�LQVWHDG�RI�D�OLQHDU�RQH��/DVWO\��H[-
DPLQH�WR�RIIVHW�DQ\�UHPDLQLQJ�FDUERQ�
HPLVVLRQV� HLWKHU� WKURXJK� YHULƓHG�RII-
VHW�VFKHPHV��DSSURYHG�E\�ORFDO�*%&�
RU� UHOHYDQW� LQGXVWU\� ERG\�� RU� ZLWKLQ�
WKH�SURMHFW��

)ƢƠƮƫƞ�Ɔ���$WWHQWLRQ�RQ�LQVXODWLRQ�k�/DXUD�)HOOHU�DGDSWHG�
IURP��:RUOG�*UHHQ�%XLOGLQJ�&RXQFLO�������S�����

)ƢƠƮƫƞ�Ƈ���(OHPHQWV�RI�D�EXLOGLQJ�DQG�WKHLU�W\SLFDO�OLIHWLPH��
EHIRUH�UHSODFHPHQW�LV�QHHGHG�k�/DXUD�)HOOHU�DGDSWHG�IURP�

�:RUOG�*UHHQ�%XLOGLQJ�&RXQFLO�������S�����

Foundation

2EMHFWV

Services

Interior

Facade / 
Shell

Structure 
���,QVXODWLRQ�

Insulation
Construction

materials +

6758&785(�(/(0(176
�������\HDUV�OLIHWLPH�

Does it need 
to be new?  
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WHAT MAKES A NET 
ZERO CARBON BUILDING

2QH�ZD\�WR�GUDZ�FDUERQ�GRZQ�IURP�
WKH� DWPRVSKHUH� LV� FDOOHG� ŌFDUERQ�
KDQGSULQWLQJō�� 7KH� WHUP� UHFHLYHV� LQ-
FUHDVLQJ� DWWHQWLRQ� LQ� WKH� HPERGLHG�
FDUERQ� WDON�� 8Q-
OLNH� WKH� FDUERQ�
IRRWSULQW�� LW� GH-
VFULEHV� WKH� SRVL-
WLYH� LPSDFW�DQ�LQVWLWXWLRQ��SURGXFW�RU�
EXLOGLQJ�KDV�RQ�WKH�JOREDO�HPLVVLRQV��
6LPSO\�VDLG�LI�\RXU�FDUERQ�EDODQFH�LV�
SRVLWLYH��\RX�FDQ�JLYH� LW�DZD\� WR�RWK-
HUV��WR�DFKLHYH�}QHW�]HUR�FDUERQm�RQ�
D� WRWDO� VFKHPH�� � &RPSDQLHV�� IRU� H[-
DPSOH�� FRXOG� EH� KDQG� SULQWLQJ� KDY-
LQJ� ODUJH� VRODU� SKRWRYROWDLF� IDFLOLWLHV�
WKDW�SURGXFH�PRUH�UHQHZDEOH�HQHUJ\�
WKDQ�WKH\�QHHG��6WRUD�(QVR���������
/DUJH� FRUSRUDWLRQV�� OLNH� WKH� 8QLWHG�
1DWLRQV�RU�0LFURVRIW��DUH�OHDGLQJ�WKH�
ZD\� WR� UHGXFH�HPERGLHG�FDUERQ�� ,Q�
����� D� VWXG\�� IRU� WKH� RI� WKH� 8QLWHG�
+HDGTXDUWHUV� LQ� 1HZ� <RUN� &LW\�� KDV�
VKRZQ� WKDW�� LI� WKH� EXLOGLQJ� ZDV� GH-
PROLVKHG�DQG�UHFRQVWUXFWHG��LW�ZRXOG�
WDNH� ������ \HDUV� EHIRUH� WKH� RSHUD-
WLRQDO�HIƓFLHQFLHV�JDLQHG�E\�WKH�QHZ�
FRQVWUXFWLRQ� ZRXOG� RIIVHW� WKH� LQLWLDO�
RXWOD\�RI�HPERGLHG�FDUERQ��:*%&��
�������7KHUHIRUH��WKH�GHFLVLRQ�WR�UHQ-
RYDWH�ZDV�FOHDU��

,Q�WKH�5HGPRQG�PRGHUQ-
L]DWLRQ� SURMHFW�� 0LFURVRIW�
LV� EXLOGLQJ� D� VXVWDLQDEOH�
FDPSXV�� 7KH\� DUH� FRP-
PLWWHG� WR� UHGXFLQJ� HP-
bodied carbon by at least 
����� DLPLQJ� IRU� D� � WRWDO�
UHGXFWLRQ� E\� ����� 7R�

DFKLHYH� WKHLU� JRDO�� WKH\� DUH� UHXVLQJ�
DQG� UHF\FOLQJ� DV� PDQ\� PDWHULDOV� DV�
SRVVLEOH�� &RQVWUXFWLRQ�PDWHULDOV� OLNH�
FRQFUHWH�� VWHHO� DQG� ZRRG�� � JHQHUDO�
LQWHULRU�PDWHULDOV��FDUSHWV�DQG�IXUQLVK-
LQJ� EXW� DOVR� VHFXULW\� DQG� ,7� HTXLS-
PHQW�ZHUH�VHFXUHG��0LFURVRIW���������
$FTXLUHG�HPLVVLRQ�VDYLQJV�IURP�UHF\-
FOLQJ�RU�UHXVLQJ�PDWHULDO��IDOO�LQWR�WKH�
JURXS�RI�}EH\RQG� OLIH�F\FOHm��6R�GR�

*+*� HPLVVLRQV� WKDW� DUH� DYRLGHG� DV�
D� UHVXOW� RI� H[SRUWLQJ� UHQHZDEOH� HQ-
HUJ\��RU�XVLQJ�ZDVWH�DV�D�IXHO�VRXUFH�
IRU� RWKHU� SURFHVVHV��:*%&� ������
S� ���� ,Q�RWKHU�ZRUGV�� HYHU\WKLQJ�EH-
\RQG�DOO�ŌOLIH�F\FOH�HPLVVLRQVō��ZKLFK�LV�
GHVFULEHG�DV�\RXU� IRRWSULQW�QHJDWLYH�
FDUERQ�EDODQFH���DGGV�WR�HDUOLHU�PHQ-
WLRQHG� KDQGSULQW� �SRVLWLYH� FDUERQ�
EDODQFH���

1.3 OPPORTUNITIES TO REDUCE 
EMBODIED CARBON([SORUH�DOWHUQDWLYHV

0D[LPLVH�XVH�RI�H[LVW-
LQJ�DVVHVWV

2SWLPLVH�PDWHULDO�XVDJH��
SODQ�ZLWK�ORZ�FDUERQ�PDWHULDOV

8VH�ORZ�FDUERQ�FRQVWUXFWLRQ�
WHFKQRORJLHV���HOLPLQDWH�ZDVWH

)ƢƠƮƫƞ�ƈ���&DUERQ�UHGXFWLRQ�SRWHQWLDO��k�/DXUD�)HOOHU�
DGDSWHG�IURP��:RUOG�*UHHQ�%XLOGLQJ�&RXQFLO�������S����
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1.4 WHOLE LIFE CYCLE 
BUILDING APPROACH

.QRZLQJ� DERXW� WKH� WRWDO� FDUERQ� LP-
SDFW� RI� \RXU� EXLOGLQJ� DW� HYHU\� VWDJH�
DQG� EHLQJ� DZDUH� ZKHUH� HPLVVLRQV�
FRPH� IURP�� DOORZV� \RX� WR� DOWHU� DF-
FRUGLQJO\��7KLV�SURFHVV� LV�KDSSHQLQJ�
VLPXOWDQHRXVO\�ZLWK�SODQQLQJ��GHVLJQ�
and construction, it requires carbon 
FDOFXODWLQJ� WRROV� OLNH� WKH� /LIH� &\FOH�
$VVHVVPHQW� �/&$��� 6RPH� DYDLODEOH�
VRIWZDUH�RIIHUV�D�SOXJ�LQ� WR�FRPPRQ�
&$'� SURJUDPPHV�� &RQQHFWHG� WR�
%,0� LW�FDQ�EH�YHU\�HDV\� WR�H[FKDQJH�
EXLOGLQJ� PDWHULDOV�� RU� UXQ� VFHQDULRV�
IRU�UHXVLQJ�SDUWV�RI�H[LVWLQJ�VWUXFWXUHV��
ZKLOH�FRPSDULQJ�WKH�WRWDO�DPRXQW�RI�
&2��HPLVVLRQV��

2QO\� ZKHQ� WKLQNLQJ� RI� GLIIHUHQW� YHU-
VLRQV� RI� \RXU� SURMHFW�� LPSO\LQJ� FDU-
ERQ� VDYLQJ� VFHQDULRV� DQG� ORRNLQJ�DW�
WKH� ZKROH� SLFWXUH�� FDUERQ�VPDUW� GH-
FLVLRQV� EHFRPH� SRVVLEOH�� ,W� FDQ� QRW�
EH�VWUHVVHG�HQRXJK�WKDW�WKH�JUHDWHVW�
VDYLQJV� FDQ� EH� DFKLHYHG� LQ� WKH� YHU\�
HDUO\� GHVLJQ� VWDJHV� DQG� OD\� WKHUH-
IRUH� LQ� WKH� KDQGV� RI� DUFKLWHFWV�� $V� D�
SURMHFW�SURJUHVVHV��LW�EHFRPHV�PRUH�
FKDOOHQJLQJ�DQG�PRUH�FRVWO\�WR�PDNH�
GHVLJQ�FKDQJHV�WR�UHGXFH�HPERGLHG�
FDUERQ���:*%&������S����

7KH�/&$�UHOLHV�KHDYLO\�RQ�GHWDLOHG�DQG�
KRQHVW�GDWD�FRQFHUQLQJ�UDZ�PDWHULDO�
VXSSO\��IURP�PDQXIDFWXUHUV�RU�IUHLJKW�
IRUZDUGHUV�� &XUUHQWO\�� LW� FDQ� EH� GLIƓ-
FXOW� WR� UHFHLYH� FRPSUHKHQVLYH� LQIRU-
PDWLRQ� DQG�ELJ�GLIIHUHQFHV� LQ� DYDLOD-
EOH�IDFWV��GHSHQGLQJ�RQ�WKH�FRXQWU\���

7KHUH� DUH� ODEHOV� OLNH� WKH� }(QYLURQ-
PHQWDO� SURGXFW� GHFODUDWLRQm�(3'���
WKDW� FRPPXQLFDWHV� WUDQVSDUHQW� DQG�
FRPSDUDEOH� GDWD� DQG� RWKHU� UHOHYDQW�
LQIRUPDWLRQ� DERXW� WKH� OLIH�F\FOH� HQYL-
URQPHQWDO� LPSDFW�RI�D�SURGXFW��(3'�
$XVWUDODVLD����������(3'V�H[LVW�LQ�PRVW�
FRXQWULHV� EXW� DUH� QRW�PDQGDWRU\� IRU�
PDQXIDFWXUHUV� \HW�� ,W� LV� LPSRUWDQW� WR�
QRWH� WKDW� DQ� (3'� GRHV� QRW� MXGJH�
SURGXFWV� �� }7KDW� MXGJHPHQW� RU� FRP-
SDULVRQ� LV� OHIW� WR�WKH�(3'�XVHU� LQ� WKH�
FRQWH[W� RI� WKHLU� GHVLJQ� SURMHFW� RU�
XVDJH�m� �� � WKHUHIRUH� JLYHV� QR� JXDU-
DQWHH� D� SURGXFW� LV� HQYLURQPHQWDOO\�
IULHQGO\�� $UFKLWHFWV� PXVW� EH� SXVKLQJ�
SROLF\PDNHUV�WR�SXW�OHJDO�UHJXODWLRQV�
LQ�SODFH�DQG�JHQHUDOLVH�(3'�GHFODUD-
WLRQV�DOO�RYHU�WKH�ZRUOG���

$�ZKROH�OLIH�F\FOH�DVVHVVPHQW�FROOHFWV�
FDUERQ� HPLVVLRQV�� E\� ORRNLQJ� DW� WKH�
IROORZLQJ�VWDJHV�

PRODUCT STAGE [A1- A3] 
�)LJXUH� ���� 7KH� SURGXFW� VWDJH� FRQ-
VLVWV�RI�DOO�HPLVVLRQV�FRPLQJ�IURP�WKH�
RULJLQ� DQG� KDUYHVW� RI� UDZ� PDWHULDOV�
�$����WKHLU�WUDQVSRUW�WR�PDQXIDFWXUHUV�
�$����DQG�WKH�PDQXIDFWXULQJ�SURFHVV��
�$��� LWVHOI�� 7KLV� LQIRUPDWLRQ� FDQ� EH�
IRXQG� RQ� SURGXFW� GHFODUDWLRQV�� IRU�
H[DPSOH�� WKH� (QYLURQPHQWDO� 3URGXFW�
'HFODUDWLRQ��(3'��
CONSTRUCTION STAGE [A4- A5] 
)RU�WKH�FRQVWUXFWLRQ�SKDVH��WKH�DFWXDO�
FRQVWUXFWLRQ�SURFHVV� DQG� LQVWDOODWLRQ�
SOXV� WKH� QHFHVVDU\�
WUDQVSRUWDWLRQ� LV� FRQ-
VLGHUHG�� ,PSRUWDQW�
IDFWRUV� DUH�� SRVVLEOH�
SUHIDEULFDWLRQ�� KRZ�
IDU� DZD\� DUH� FRQVWUXF-
WLRQ�ƓUPV�RU�SOXPEHUV�
EDVHG��3ODQ�ZHOO�WR�PD[LPLVH�WKH�RXW-
FRPH� RI� HDFK� WLPH� D� ƓUP� RU� ZRUNHU�
travels to the site.
USE STAGE [B1-5] 
1H[W�� LV� WKH� VR�FDOOHG� XVH� VWDJH� DQG�
WDONLQJ�DERXW�HPERGLHG�FDUERQ��WKLV�
GHVFULEHV� DQ\� SUHGLFWDEOH� UHSDLU� RU�
PDLQWHQDQFH��WKDW�KDV�WR�EH�GRQH�DI-
WHU�D�FHUWDLQ�DPRXQW�RI�\HDUV��7KLV�FDQ�
LQFOXGH�ZHDWKHUERDUG�� URRƓQJ��SDLQW��

OLJKWV�� SDUWV� RI� WKH� KHDWLQJ� V\VWHP�
DQG�RWKHU�LWHPV�ZLWK�D�OLIHWLPH�VKRUWHU�
WKDQ� �������� \HDUV�� 7KH� VLPXOWDQH-
RXVO\� PHDVXUHG� RSHUDWLRQDO� FDUERQ�
JRHV�WRZDUGV�D�VHSDUDWH�XQLW��WKH�RS-
HUDWLRQDO�HQHUJ\�DQG�ZDWHU�XVH�>%���@��
END OF LIFE STAGE  [C1-C4] 
7KH�ODVW�VWDJH�UHTXHVWV�SODQQLQJ�DQG�
IRUHVLJKW� DERXW� HYHU\WKLQJ� WKDW� KDS-
SHQV�DW� WKH�HQG�RI� WKH�EXLOGLQJV� OLIH�
DQG�KRZ�PXFK�HQHUJ\�LV�QHHGHG�IRU�
WKDW� DV� ZHOO� DV� UHODWHG� FDUERQ� HPLV-
VLRQV��7KH�SURFHVV�RI�GHFRQVWUXFWLRQ��
WKH� DPRXQW� RI� ZDVWH� WKDW� JRHV� WR�

ODQGƓOO�� WKH� WUXFNV�
DQG� RWKHU�PDFKLQ-
HU\� OLNH� GLJJHUV�
WKDW� ZLOO� EH� XVHG�
IRU�LW��

BEYOND THE LIFE CYCLE [D] 
$OO� WKH� SDUWV� WKDW� FDQ� EH� UHFRYHUHG�
DQG�XVHG� IRU� IXWXUH�SURMHFWV�RU�PDQ-
XIDFWXUH�SOXV�WKH�PDWHULDO�WKDW�FDQ�EH�
VDIHO\� VHSDUDWHG� DQG� UHF\FOHG�� DGGV�
SRVLWLYHO\� WR� WKH�ZKROH�EDODQFH��7KLV�
JRHV�HYHQ�EH\RQG�WKH� OLIH�F\FOH�DQG�
GUDZV� JUHHQKRXVH� JDV� HPLVVLRQV�
IURP�WKH�DWPRVSKHUH��

»Whole life cycle     
building approach 
must be standard 

< 2020 onwards!«
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1.5 STAGES OF A LIFE CYCLE

)ƢƠƮƫƞ�ƀſ���'LDJUDP�DGDSWHG�IURP�
�:*%&��������S�����

USE STAGE EMBODIED CARBON

SUPPLEMENTARY 
INFORMATION BEYOND
THE BUILDING CYCLE

BENEFITS AND LOADS 
BEYOND THE BUILDING 

LIFECYCLE

REUSE

RECOVER

RECYCLE

BEYOND THE LIFECYCLEEND OF LIFE CARBON

END OF LIFE
STAGE
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C3A3 A5
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C4
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USE STAGE

B 1 - 7A 1 - 3 A 4 - 5 C 1 - 4 D
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»From a linear approach 
towards a whole building 

life cycle assessment.«

A1

A2

A4

A5

A3
83)5217
�&$5%21

D

%(<21'
/,)(�&<&/(
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    outdated 
OLQHDU�PRGHOO

PRODUCT STAGE
A1 
Raw material supply
A2 
Transport
A3 
Manufacturing

CONSTRUCTION 
PROCESS STAGE
A4 
Transport
A5 
Construction - 
Installation process

USE STAGE
B1-B5
Maintenance, repair &
replacement supply

END OF LIFE STAGE
C1-C4 
Deconstruction, transport, waste, 
processing & 
disposal

BEYOND THE LIFE CYCLE
D 
Recovery, reuse, 
recycling potential

B

C

USE 
67$*(�
&$5%21

(1'�2)�
LIFE

�&$5%21

�
23(5$7,21$/�
&$5%21

C

)ƢƠƮƫƞ�ƀƀ���0HDVXULQJ�HPERGLHG�FDUERQ��k�/DXUD�)HOOHU�DGDSWHG�
IURP��:RUNLQJ�*URXS�6XVWDLQDEOH�&RQVWUXFWLRQ������
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)ƢƠƮƫƞ�ƀƁ���Ō7KH�%LJ�*DPH�3OD\HUVō�k�$UWZRUN��/DXUD�)HOOHU������G�
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1.6 CONCLUSION & 
PROSPECT

:LWK� RXU� EXLOW� HQYLURQPHQW� PDNLQJ�
XS� WR�����RI� WRWDO�JOREDO� HPLVVLRQV��
WKHUH� LV� QR� GRXEW� WKDW� FKDQJH� LV�
QHHGHG��$UFKLWHFWV�SOD\�D� NH\� UROH� LQ�
WKLV� VKLIW�� DFTXLULQJ� QHZ� VNLOOV� ZLWKLQ�

WKHLU� ƓHOG� RI� H[SHU-
WLVH��7KHUH� LV�QR�XQL-
IRUP� VROXWLRQ� IRU� D�
]HUR� FDUERQ� SURMHFW��

PHWKRGV� WR� DFKLHYH� D� VPDOO� FDUERQ�
IRRWSULQW� DUH� DV� LQGLYLGXDO� DV� WKH� GH-
VLJQV� WKHPVHOYHV�� � +RZHYHU�� ZLWK� WR-
GD\ōV� NQRZOHGJH� WKHUH� DUH� SOHQWLIXO�
RSSRUWXQLWLHV�WR�DFKLHYH�]HUR�FDUERQ�
EXLOGLQJV� �� ERWK� QHZ� FRQVWUXFWLRQ�
DQG�UHIXUELVKPHQWV�

:KDW� LV� FXUUHQWO\�PLVVLQJ�� LV� FRPPX-
QLFDWLRQ�� WKH� ULJKW� HGXFDWLRQ� RQ� WKH�
WRSLF� DFURVV� WKH� VHFWRUV� DQG� VWDQG-
DUGV��:H�QHHG�WR�VHW�DSSURSULDWH�WDU-
JHWV� ZLWKLQ� WKH� EXLOGLQJ� LQGXVWU\� VR�
WKDW�ZH�ZLOO�DOO�UHDFK�RXU�FOLPDWH�JRDO��

7KH� VKLIW� QHHGV� JXLGDQFH� WKURXJK�
DZDUHQHVV��QHZ�SROLFLHV�DQG�IXQGLQJ��
FUHDWLQJ� WKH� QHFHVVDU\� SXVK� WR� JHQ-
HUDWH�PRPHQWXP��(YHU\RQH�LQYROYHG�
KDV� WR� VWRS�FRPSHWLQJ�DJDLQVW�HDFK�
RWKHU� DQG� UHDOLVH� WKDW� ZH� DOO� KDYH� D�

»IT IS CRUCIAL TO BE ON THE 
SAME TEAM TO WIN THE GAME«
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Since my research is based in Aotea-
roa - ‘Land of the White Cloud’ - I was 
particularly interested to learn about 
New Zealand’s building industry and 
future visions. New Zealand’s build-
ings emit 20% of the country’s total 
carbon emissions, which is as much 
pollution as 1 million cars on the road 
every year (NZGBC. 2019). New Zea-
land needs to both reduce operation-
al and embodied carbon emissions. 

Reducing operational carbon has 
JHQHUDOO\�EHHQ� WKH�ƓUVW�SULRULW\� LQ� FOL-
mate policies for the built environ-
ment. It is positive to mention that, 
the country’s energy grid is 84% re-
newable, striving to be 100% by 2035 
(New Zealand Government. 2011). In 
order to make appropriate use of this 
green energy, houses have to reduce 
their consumption and have to be up-
GDWHG�WR�D�KLJKHU�HQHUJ\�HIƓFLHQF\�

The best results in reducing embod-
ied carbon can be achieved when 

replacing concrete and steel with 
timber constructions. However, New 
Zealand’s buildings are mostly made 
of timber frame construction. To fur-
ther reduce embodied carbon, we 
need to look beyond materials for the 
superstructure. 

By international 
comparison New 
Zealand’s building 
code is weak and 
being criticised 
when it comes 
WR� LWōV� HQHUJ\� HIƓ-
ciency requirements (NZGBC.2019: p 
11). Houses are generally cold, damp 
DQG�GLIƓFXOW�WR�KHDW��/LYLQJ�LQ�DQ�ROGHU�
farm house in Taranaki and visiting dif-
ferent homes, throughout all seasons 
of the year, has allowed me to expe-
rience that for myself. This has given 
me reason to focus on New Zealand’s 
thermal house performance, taking 
the zero carbon goal for 2050 into 
account.

2.1 INTRODUCTION

»Together, right now, we all have a 
chance to play key roles in this historical, 
LQGXVWU\�GHƓQLQJ�DFFRPSOLVKPHQW�m

(NZGBC. 2019)  
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7R�JHW�DQ�DFWXDO� LGHD�RI�WKH�WRWDO�FDU-
ERQ� HPLVVLRQV� RI� WKH� EXLOW� HQYLURQ-
PHQW�� D� ZKROH� OLIH� F\FOH� SHUVSHFWLYH�
that includes the international trade is 
QHHGHG�� �)LJXUH������0DQ\�GLDJUDPV�
DUH�PLVOHDGLQJ�EHFDXVH�RQO\� WKH�RS-
HUDWLRQDO� HQHUJ\� XVH� RI� KRXVHV�� LV�
FRQVLGHUHG� DQG�PDWHULDO� SURGXFWLRQ��
WUDQVSRUWDWLRQ� DQG� GHPROLWLRQ� DUH�
VKLIWHG�WR�RWKHU�VHFWRUV��)XUWKHUPRUH��
VLQFH�DJULFXOWXUDO�LV�WKH�ELJJHVW�SDUW�RI�
1HZ�=HDODQGōV�HFRQRP\��EXW�PRVW�RI�
PHDW� DQG� GDLU\� SURGXFW� � DUH� H[SRUW-
HG�� UHODWLQJ� HPLVVLRQV� DUH� WKHUHIRUH�
VKLIWLQJ� RYHUVHDV�� 7KH� GLDJUDP� RQ�
WKH� ULJKW� VKRZV� WKH� LQWHUQDO� FDUERQ�
IRRWSULQW�RI� WKH�FRXQWU\�� WKH�EXLOW�HQ-
YLURQPHQW��������DQG�QXWULWLRQ�������
EHLQJ� VHFRQG� ODUJHVW� VKDUH�� ZKLOH�
WUDQVSRUWDWLRQ� DFFRXQWV� IRU� WKH� ODUJ-
HVW� VKDUH� ������ DQG� WKH� UHPDLQLQJ�
���� DUH� RWKHU� VRXUFHV�� &RQVWUXFWLQJ�
DQG� UHQRYDWLQJ�1HZ�=HDODQGōV�EXLOG-
LQJV�HPLW�DV�PXFK�FOLPDWH�FKDQJLQJ�
SROOXWLRQ�DV���PLOOLRQ�FDUV�RQ�WKH�URDG�
HYHU\�\HDU��1=*%&��������S������

1HZ�=HDODQG�QHHGV� WR�ERWK� UHGXFH�
RSHUDWLRQDO� DQG� HPERGLHG� FDUERQ�
HPLVVLRQV�� 2YHUDOO�� LW� LV� SRVLWLYH� WR�

PHQWLRQ� WKDW� WKH� FRXQWU\ōV� HQHUJ\�
JULG�LV�D�PL[�RI�UHQHZDEOHV��K\GUR�DQG�
ZLQG��DQG�QRQ�UHQHZDEOHV��FRDO�DQG�
JDV�� DQG� KDV� VLJQLƓFDQWO\� LQFUHDVHG�
JUHHQ� HQHUJ\� SURGXFWLRQ�� VHWWLQJ� D�
QHZ�UHFRUG�LQ������ :KHUHDV�����RI�
SULPDU\�HQHUJ\�VXSSO\1�FDPH�IURP�UH-
QHZDEOH�VRXUFHV��RYHU�����RI�HOHFWULF-
LW\�ZDV�JHQHUDWHG�E\�K\GUR�DQG�ZLQG��
,W� LV� D� OHDGLQJ�FRXQWU\� IRU� UHQHZDEOH�
HQHUJ\� JHQHUDWLRQ��ZLWK� WKH� DYHUDJH�
IRU� WKH� 2(&'2� FRXQWULHV� EHLQJ� MXVW�
������0LQLVWU\�RI�%XVLQHVV��,QQRYDWLRQ�
DQG� (PSOR\PHQW�� ������� $LPLQJ� WR�
SURYLGH�����SHU�FHQW�RI�HOHFWULFLW\�JHQ-
HUDWHG�LQ�1HZ�=HDODQG��GHULYHG�IURP�
UHQHZDEOH� HQHUJ\� VRXUFHV�� DQG� VWULY-
LQJ� IRU� ����� LQ� ����� �1HZ�=HDODQG�
*RYHUQPHQW�� ������� :KLOH� FRQWLQX-
LQJ�WKDW� MRXUQH\�� LW� LV� LPSRUWDQW� WR� IR-
FXV�RQ�WKH�HQHUJ\�HIƓFLHQF\�RI�EXLOG-
LQJV�� WR� UHGXFH�HQHUJ\�FRQVXPSWLRQ��
DQG� HPERGLHG� FDUERQ� HPLVVLRQV� LQ�
FRQVWUXFWLRQ� RI� QHZ� EXLOGLQJV� DQG�
WKHUPDO�UHWURƓWV��

0RVW�RI�XV��DUH�IDPLOLDU�ZLWK�WKH�WHUP�
RI� D� FDUERQ� IRRWSULQW�� ZKLFK� FDQ� IRU�
H[DPSOH�� WHOO� XV� KRZ�PXFK� RXU� SHU-
VRQDO�OLIHVW\OH�HIIHFWV�JOREDO�ZDUPLQJ��

2.2 NEW ZEALAND’S 
CARBON FOOTPRINT

)ƢƠƮƫƞ�ƀƂ���1HZ�=HDODQGōV�WRWDO�FDUERQ�HPLVVLRQV�
k�/DXUD�)HOOHU�DGDSWHG�IURP��7KLQNVWHS�/WG�������

�������NW�&22H� ���W�&22e 
1=ōV�WRWDO�IRRWSULQW� SHU�SHUVRQ

FRQVXPSWLRQ�RULHQWHG�YLHZ��LQFO��LQWHUQDWLRQDO�WUDGH�

17RWDO�SULPDU\�HQHUJ\�VXSSO\�LV�WKH�DPRXQW�RI�HQHUJ\�DYDLODEOH�
IRU�XVH�LQ�1HZ�=HDODQG�DFFRXQWLQJ�IRU�LPSRUWV�DQG�H[SRUWV�
2�2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW
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2U�LW�FDQ�VKRZ�ZKHQ�D�VSHFLƓF�FRXQWU\�
UHDFKHV�LWōV�Ō(DUWK�2YHUVKRRW�'D\ō��WKH�
GDWH�DOO�UHVRXUFHV��WKDW�FDQ�EH�UHJHQD-
UHWHG�IURP�HDUWK�LQ�WKH�JLYHQ�\HDU��DUH�

XVHG� XS�� � 6RPH� RI� XV� PLJKW� FKHFN�
KRZ� PXFK� FDUERQ� RXU� ODVW� LQWHUQD-
WLRQDO� ŴLJKW� HPLWWHG� DQG� HYHQ� RIIVHW�
WKDW� DPRXQW� ,Q� IDFW�� ZH� DOO� KDYH� WR�
GR� WKH�VDPH� IRU�RXU�EXLOGLQJV��DUFKL-
WHFWV��KRPHRZQHUV�DQG�HYHU\RQH�HOVH�
LQYROYHG�LQ�WKH�EXLOGLQJ�SURFHVV��:H�
QHHG�WR�FRQVLGHU�WKH�FDUERQ�EXGJHW�
RI�D�SURMHFW�IURP�WKH�YHU\�HDUO\�VWHSV�
RQZDUGV�� :H� KDYH� WR� XUJHQWO\� UDLVH�
DZDUHQHVV� DERXW� LW� DQG� PDNH� LQIRU-
PDWLRQ�PRUH�DFFHVVLEOH�

$VVXPLQJ�ZH� DLP� WR� NHHS� DQWKURSR-
JHQLF�JOREDO� WHPSHUDWXUH� ULVH�ZLWKLQ�
���r&��WKH�FDUERQ�EXGJHW�IRU�D�W\SLFDO�
VWDQG� DORQH� KRXVH� LQ� 1HZ� =HDODQG��
LV� ��W� &22H� �'RZGHOO������� S� �����
)RU� FRPSDULVRQ�� WKH� &22 HPLVVLRQV�
SHU�FDSLWD�IRU�1HZ�=HDODQG��ZDV����W�
&22H�LQ�������WKLQNVWHS�/WG��������S�
���

7KH� IRRWSULQW� RI� DQ� DYHUDJH� VWDQG�
DORQH�KRXVH��ZLWK�D�JURVV�DUHD�DERXW�
���P2��LV�FXUUHQWO\�DERXW����W�&22 eq. 
7KLV� LV� VHYHQ� WLPHV� ELJJHU� WKDQ� WKH�
DYDLODEOH� FDUERQ� EXGJHW�� 7R� OHJDOO\�
VHW�D�EXGJHW��WKDW�LV�UHJXODWHG�E\�SRO-
LFLHV��FDQ�EH�D�VWHSSLQJ�VWRQH�WR�1HZ�
=HDODQGōV�WDUJHWV��

���r&

�r&

�r&

��W�&22eq.

$��
����P2

&855(17�67$7(
���W�&22eq.

»The footprint of an average stand-alone 
house, with a gross area about 200m2,

 is currently about 273t CO2 eq. -
that is 7 x the carbon budget!«

�'RZGHOO�������S����

»Our buildings carbon 
footprint is way too big«

)ƢƠƮƫƞ�ƀƃ���$YHUDJH�IRRWSULQW�RI�D�1HZ�=HDODQG�+RXVH�k�/DXUD�
)HOOHU�DGDSWHG�IURP��'RZGHOO�������S����

*2$/�



��

//
  N

EW
 Z

EA
LA

N
D

 T
O

W
AR

D
S 

A 
N

ET
 Z

ER
O

 C
AR

BO
N

 B
U

ILT
 E

N
VI

RO
N

M
EN

T 
 //

 

2.3 NEW ZEALAND’S ROAD 
MAP TOWARDS 2050 GOAL

UNFCC
PARIS AGREEMENT

UNITED NATIONS FRAMEWORK 

CONVENTION ON CLIMATE CHANGE

OCTOBER 2016 

 (UNFCCC. 2020)

A ZERO CARBON ROAD MAP 
FOR AOTEAROA’S BUILDINGS 

NEW ZEALAND

BUILDING COUNCIL

SEPTEMBER 2019

CLIMATE CHANGE RESPONSE 
(ZERO CARBON) AMENDMENT ACT

NEW ZEALAND MINISTRY 

FOR THE ENVIRONMENT 

NOVEMBER 2019  

%XLOGLQJ�XSRQ�WKH�3DULV�
$JUHHPHQW��WKH�\HDU�RI�

�����KDV�VHHQ�D�ORW�RI�LPSRUWDQW�ZRUN�
RQ� GH�FDUERQLVLQJ� WKH� EXLOW� HQYLURQ-
PHQW�LQ�1HZ�=HDODQG��,W�LV�LPSRUWDQW�
WR� QRWH� WKDW� WKH� 81)&&&� GLG� QRW�
DFWXDOO\� LQFOXGH� VSHFLƓF� QDWLRQDO� RU�
LQWHUQDWLRQDO�WDUJHWV�WR�UHGXFH�JUHHQ-
KRXVH� JDV� HPLVVLRQV�� �0DF*UHJRU��
&���'RZGHOO��'���-DTXHV��5���%LQW��/��	�
%HUJ�� %�� ������ S� ����� �1HZ� =HDODQG�
KDV� VHW� D� QXPEHU� RI�&22� HPLVVLRQV�
WDUJHWV�LQ�WKH�SDVW�\HDUV�DQG�LV�RQH�RI�
WKH�IHZ�FRXQWULHV�WR�KDYH�]HUR�FDUERQ�
HPLVVLRQV� HQVKULQHG� LQ� ODZ� �&OLPDWH-

$FWLRQ7UDFNHU��������6WLOO� WKH�&OLPDWH�
$FWLRQ� 7UDFNHU� UDWHV� 1HZ� =HDODQGōV�
DPELWLRQV� FXUUHQWO\� DV� }LQVXIƓFLHQWm�
DQG�QRW�FRQVLVWHQW�ZLWK�KROGLQJ�ZDUP-
LQJ�EHORZ��r&��,I�DOO�FRXQWULHV�ZHUH�LQ�
WKLV�UDQJH��WHPSHUDWXUHV�ZRXOG�UHDFK�
XS�WR��r&��,W�LV�IXUWKHU�QRWHZRUWK\�WKDW�
LW� KDV� H[FOXGHG� PHWKDQ� HPLVVLRQV�
IURP�DJULFXOWXUH�DQG�ZDVWH��RYHU�����
RI� 1HZ� =HDODQGōV� HPLVVLRQV�� IURP�
WKH� =HUR� &DUERQ� $FW�� �&OLPDWH� $F-
WLRQ� 7UDFNHU������� (YHQ�PRUH� LPSRU-
WDQW� EHFRPHV�RXU�ZRUN� LQ� WKH�EXLOG-
LQJ�VHFWRU��WR�UHGXFH�DV�PXFK�JUHHQ�
KRXVH�JDV�HPLVVLRQV�DV�SRVVLEOH�

7KH� 1HZ� =HDODQG� *UHHQ� %XLOGLQJ�
&RXQFLO� �1=*%&�� KDV� UHOHDVHG� Ō$�
=HUR� &DUERQ� 5RDG� 0DS� IRU� $RWHD-
URDōV� %XLOGLQJ�� DGGUHVVLQJ� DOO� WKH�
JRDOV�WKH�FRXQWU\�KDV�WR�UHDFK�ZLWKLQ�
WKH� EXLOGLQJ� VHFWRU� XQWLO� ������
,W� ZDV� IROORZHG� E\� WKH� &OLPDWH�
&KDQJH�5HVSRQVH�$PHQGPHQW�
$FW� DGRSWHG� E\� WKH� 1HZ� =HDODQG�
JRYHUQPHQW�DQG�WKH�%XLOGLQJ�IRU�&OL-
PDWH� &KDQJH� SURJUDPPH� LQLWLDWHG�
E\� WKH� 0LQLVWU\� RI� %XVLQHVV�� ,QQRYD-
WLRQ�	�(PSOR\PHQW��

7KRVH� GRFXPHQWV� VHW� D� FRQVWUXFWLYH�
IRXQGDWLRQ�IRU�WKH�WKH�VHFWRU��DLPLQJ�
IRU� DOO� QHZ� EXLOGLQJV� EH� QHW� FDUERQ�
]HUR�E\�������1=*%&ōV�URDG�PDS�RXW-
OLQHV�PDMRU�SDWKZD\V�WKH�FRXQWU\�KDV�

WR� JR� GRZQ�� PDNLQJ� D� KHDOWKL-
HU� ]HUR� FDUERQ� IXWXUH� KDSSHQ��
7KHVH� SURSRVDOV� LQFOXGH� DQ� LP-

SURYHG� %XLOGLQJ� &RGH�� VLJQLƓFDQWO\�
LQFUHDVHG� WUDQVSDUHQF\� DURXQG� WKH�
HQHUJ\�HIƓFLHQF\�RI�EXLOGLQJV��DQG�D�
FDOO�IRU�JRYHUQPHQW�PLQLVWULHV�DQG�GH-
SDUWPHQWV�WR�OHDG�D�UHYROXWLRQDU\�VKLIW�
LQ�JUHHQ�EXLOGLQJV���:*%&���������S��
����7KH�1=*%&�SURSRVHV�D�IRFXV�RQ�

2030

TODAY
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JDV�HPLVVLRQV��EXW�PRUH�FHUWLƓFDWLRQV��
HVSHFLDOO\� UHODWLQJ� WR�QHW� FDUERQ�HP-
ERGLHG� HQHUJ\� VHHP� QHFHVVDU\�� ,Q�
1HZ� =HDODQG� JUHHQ� EXLOGLQJ� � FHUWLƓ-
FDWHV� DUH� ZLGHO\� YROXQWDULO\�� WKXV� FXU-
UHQWO\� WKHUH� LV� RQO\� D� ORZ� FRYHUDJH�
WKURXJKRXW�WKH�FRXQWU\��,($���������,W�
LV�LQ�WKLV�FRQWH[W�WKDW�1=*%&�KDV�GH-
YHORSHG�WZR�WRROV�WKDW�DOORZ�EXLOGLQJ�
RZQHUV� WR�PHDVXUH��PDQDJH�DQG�RII-
VHW�WKHLU�HPLVVLRQV��

7KH� ƓUVW� RQH� Ō=HUR� &DUERQ� &RPPLW-
PHQWō� LV� IRU� KRPH� RZQHUV� WKDW� MXVW�
ZDQW� WR�VWDUW� WKHLU� MRXUQH\�� LW�HQDEOHV�

WR�SXEOLVK�DQG�FRPSDUH�D�EXLOGLQJōV�
HQHUJ\� FRQVXPSWLRQ� DQG� FDUERQ�
HPLVVLRQV� WUDQVSDUHQWO\� RQOLQH�� ,Q� D�
QH[W� VWHS� WKH� � ŌFDUER1=HUR�EXLOGLQJ�
FHUWLƓFDWLRQō� DOORZV� WR� PHDVXUH� FXU-
UHQW�FDUERQ�HPLVVLRQV�PRUH� IRUPDOO\��
PDQDJH� \RXU� FDUERQ� IRRWSULQW�� ZLOO�
DOORZ� IRU� RIIVHW� ZKHUH� WKHUH� DUH� XQD-
YRLGDEOH� HPLVVLRQV� �1=*%&�� ������
S� ���� :KHQ� VXFFHVVIXOO\� FRPSOHWHG��
KRXVH�RZQHUV�ZLOO�DOVR�UHFHLYH�D�FHUWLI-
LFDWH�WKDW�ZLOO� UDLVH�WKH�YDOXH�RI�SURS-
HUWLHV�LQ�WKH�XSFRPLQJ�\HDUV��

QHZ�FRQVWUXFWLRQ�IRU�WKH�QH[W����\HDUV��
+RXVHV�KDYH�WR�EH�EXLOW�]HUR�FDUERQ�
IURP�WKH�VWDUW�WR�DYRLG�DQ\�VLJQLƓFDQW�
IXWXUH� � FKDQJHV� DQG� WR� SUHYHQW� WKH�
ORFN�LQ� RI� FDUERQ�HPLWWLQJ� V\VWHPV�
IRU�GHFDGHV�WR�FRPH��7R�DFKLHYH�
WKLV�� 1=*%&� SURSRVHV� WKUHH�
XSGDWHV� WR� WKH� %XLOGLQJ� &RGH�
LQ������������DQG�������LQFOXGLQJ�UH-
VWULFWLQJ�IRVVLO�IXHO�FRPEXVWLRQ�LQ�QHZ�
EXLOGLQJV� E\� ����� DQG� HOLPLQDWLQJ�
WKHLU�XVH�DOO�WRJHWKHU�E\��������:*%&�
������S�����

$W� WKH� VDPH� WLPH� H[LVWLQJ� EXLOGLQJV�
QHHG� WR� EH� FRQWLQXDOO\� XSGDWHG� WR�
net zero carbon standards, the vi-
VLRQ�IRU������LV��DOO�EXLOGLQJV�RSHUDWH�
����� QHW� ]HUR� FDUERQ�� 7KH� JRYHUQ-

PHQWōV�WDUJHW�LV�Ō���E\�������ZKLFK�
PHDQV�QHW�HPLVVLRQV�����EHORZ�
�����JURVV�HPLVVLRQ��0DF*UHJRU��

&���'RZGHOO��'���-DTXHV��5���%LQW��/��	�
%HUJ��%��������S������

*UHHQ� 6WDU�� +RPHVWDU� DQG� 1$%(5-
61=��FRPPHUFLDO�RIƓFH�EXLOGLQJV��DUH�
ODEHOV� WKDW�� DOUHDG\� HQDEOH� PHDVXUH-
PHQW� DQG� UHGXFWLRQ� RI� JUHHQKRXVH�

Are policies meeting
the 2050 carbon goal?

BUILDING FOR 
CLIMATE CHANGE 

NZ MINISTRY OF BUSINESS, 

INNOVATION & EMPLOYMENT

JULY 2020

2050

)ƢƠƮƫƞ�ƀƄ���1HZ�=HDODQGōV�SDWKZD\�WRZDUGV�������k�/DXUD�)HOOHU�
DGDSWHG�IURP��1HZ�=HDODQG�*UHHQ�%XLOGLQJ�&RXQFLO������
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2.4.1 OVERVIEW
1HZ�=HDODQGōV� XUEDQL]DWLRQ� UDWH� KDV�
EHHQ�RQ�D�PRGHUDWH�ULVH�LQ�WKH�ODVW�WHQ�
\HDUV��IURP��������LQ������WR��������
LQ�������6WDWLVWD���������6WLOO�YHU\�OLWWOH�
SHRSOH� OLYH� LQ� MRLQHG� GZHOOLQJV�� WKH�
QXPEHU� RI� WZR� RU� PRUH� ŴDWV�XQLWV�
WRZQKRXVHV�DSDUWPHQWV�KRXVHV�
MRLQHG�WRJHWKHU�ZDV�����������$ERXW�
��RXW�RI����SULYDWH�GZHOOLQJV�DUH�VHS-
DUDWH� KRXVHV� DFFRUGLQJ� WR� WKH� �����
FHQVXV�� 7KLV� PDNHV� ���������� VHSD-
UDWH�KRXVHV�IURP�D�WRWDO�RI�����������
GZHOOLQJV� LQ� WKH� FRXQWU\�� /RRNLQJ� DW�
KRPH�RZQHUVKLS�E\�KRXVHKROGV��GDWD�
VKRZV� WKDW������SHUFHQW� �GRZQ� IURP�
�����SHUFHQW� LQ�������RI�KRXVHKROGV�
RZQHG�WKHLU�KRPH�RU�KHOG�LW�LQ�D�IDPL-
O\�WUXVW�LQ�������6WDWV1=��������

$� UHFHQWO\� SXEOLVKHG� UHVHDUFK� DUWLFOH�
E\�%5$1=��DQ�LQGHSHQGHQW�UHVHDUFK�
RUJDQLVDWLRQ� DLPHG� WR� LPSURYH� WKH�
SHUIRUPDQFH� RI� WKH� 1HZ� =HDODQG�
EXLOGLQJ�V\VWHP���VXUYH\HG�����KRXV-
HV��WR�EH�EURDGO\�UHSUHVHQWDWLYH�RI�WKH�
QDWLRQDO�KRXVLQJ�VWRFN�DQG� LQFOXGHG�
ERWK� RZQHU�RFFXSLHG� DQG� UHQWDO�
KRXVHV�� ,W� ZDV� GRQH� DSSUR[LPDWHO\�
HYHU\� ƓYH� \HDUV� VLQFH� ������ ZLWK� WKH�
ODWHVW� RQH� SXEOLVKHG� LQ� ������ )LQG-
LQJV�VKRZ��WKDW�WKHUH�LV�DQ�HQRUPRXV�
SRWHQWLDO� WR� PDNH� KRXVHV� ZDUPHU��
GULHU�DQG�PRUH�FRVW�HIIHFWLYH�WR�KHDW��
�%5$1=������

2.4.2 HEATING
3RRU� LQVXODWLRQ� PDNHV� D� YHU\� LQVXIƓ-
FLHQW�EXLOGLQJ�ZKHQ�LW�FRPHV�WR�KHDW-
LQJ��$� ORW�RI�KHDW�ZLOO�EH� WUDQVPLWWHG�
WKURXJK� DOO� VXUURXQGLQJ� VXUIDFH� DQG�
JHW�ORVW�� ,Q�DGGLWLRQ�WR�ORZ�LQVXODWLRQ�
OHYHOV�� WKH� KHDWLQJ� V\VWHP� ODUJHO\� HI-
IHFWV� WKH� SHUIRUPDQFH� RI� D� KRXVH���
&HQWUDO�KHDWLQJ�LV�LQ�VWLOO�LQ�LWV�LQIDQF\�LQ�
1HZ�=HDODQG�DQG�KDV�RQO\�VORZO\�EH-
JDQ�WR�PDNH�LWV�ZD\�LQWR�KRPHV��2QO\�
�� �� RI� KRXVHV� KDYH� FHQWUDO� KHDWLQJ�
�)UHQFK�� /�-�� ��&DPLOOHUL��0�-�7��� ,VDDFV��
1�3�� $�5�� DQG� 3ROODUG�� ������ S� �����
ZKLOH�SRUWDEOH�HOHFWULF�KHDWHUV�DUH�WKH�
PRVW�FRPPRQ�W\SH�RI�KHDWLQJ�DSSOL-
DQFH��XVHG�LQ��RYHU�����RI�DOO�KRXVHV���
,Q�RZQHU�RFFXSLHG�KRXVHV�VROLG� IXHO�
KHDWHUV��W\SLFDOO\�ZRRG�EXUQHUV���ZHUH�
WKH�VHFRQG�PRVW�FRPPRQ�� IRXQG� LQ�
DOPRVW� KDOI� WKH� KRXVHV�� IROORZHG� E\�
KHDW�SXPSV��������
 

2.4.3 INDOOR TEMPERATURES
7KH� FRPELQDWLRQ� RI� SRRU� LQVXODWLRQ�
DQG� LQHIƓFLHQW� KHDWLQJ� FDXVHV� HQHU-
J\� ELOOV� WR� JR� WKURXJK� WKH� URRI� DQG�
PDQ\�IDPLOLHV�DUH�IRUFHG�WR�OHDYH�WKHLU�
KHDWHUV�RII��,W�LV�YHU\�FRPPRQ�WKDW��WKH�
OLYLQJ� URRP� LV� WKH�RQO\� URRP�KHDWHG�
RYHU�WKH�ZLQWHU�PRQWKV��-XQH�$XJXVW��
DQG�RQO\�GXULQJ�WKH�KRXUV�VSHQW�WKHUH�
LQ�WKH�HYHQLQJV��7KH�:RUOG�+HDOWK�2U-
JDQLVDWLRQ� UHFRPPHQGV� D�PLQLPXP�
LQGRRU�WHPSHUDWXUH�RI���r&�LQ�RUGHU�
WR�OLYH�D�KHDOWK\�OLIHVW\OH��2Q�DYHUDJH��
URRPV� DUH� EHORZ� ��r&� ���� RI� WKH�
WLPH��ZLWK�WKH�OLYLQJ�URRPV�EHLQJ�WKH�
ZDUPHVW���)LJXUH������7KH�QDWLRQDO�DY-
HUDJH� VKRZV� WKDW� RQO\� ������ KRXVH-
KROGV� DUH� KHDWLQJ� � WKH� OLYLQJ� DUHD�
FRQVWDQWO\�DQG������QRW�KHDWLQJ�DW�DOO��
�)UHQFK�� /�-�� ��&DPLOOHUL��0�-�7��� ,VDDFV��
1�3��$�5��DQG�3ROODUG��������S�����-XVW�
KDOI� WKH� KRXVHKROGV� KHDW� WKHLU� EHG-
URRPV��VDPH�DV�WKH�FKLOGUHQōV�URRPV�
�%5$1=���������

2.4 NEW ZEALAND’S 
HOUSING STOCK

/LYLQJ�URRP 13.5 ���� ��������

%HGURRP 12.6 ���� 13.615.

$PELHQW ��� 12.0 7.6���

5220 0251,1* '$< 1,*+7(9(1,1*

)ƢƠƮƫƞ�ƀƅ����0HDQ�LQGRRU�WHPSHUDWXUHV��r&��k�/DXUD�)HOOHU�DGDSWHG�IURP�
�)UHQFK��/�-����&DPLOOHUL��0�-�7���,VDDFV��1�3��$�5��DQG�3ROODUG��������S���
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2.4.4 LEAKY HOMES

7KH� � Ō/HDN\� +RPHV� &ULVLVō� GHVFULEHV�
DQ�RQJRLQJ�FRQVWUXFWLRQ�FULVLV�LQ�1HZ�
=HDODQG� FRQFHUQLQJ� WLPEHU�IUDPH�
KRXVHV�EXLOW�EHWZHHQ�WKH� ODWH�����V�
DQG� PLG�����V�� /DUJH� QXPEHUV� RI�
KRXVHV� KDYH� VWUXFWXUDO� GDPDJHG�
EHFDXVH� RI� ZHDWKHUWLJKWQHVV� LVVXHV��
ZLWK�DQ�HVWLPDWHG��������KRXVHV�WKDW�
FRXOG�QHHG�UHSDLU��7KH�ƓQDQFLDO�GDP-
DJH� LV� DSSUR[�� ������ ELOOLRQ�� 7R� SUR-
YLGH�FRQVLVWHQW�SURFHGXUHV�IRU�UHVROY-
LQJ� OHDN\� KRPH� GLVSXWHV� DFURVV� WKH�
FRXQWU\�� WKH�JRYHUQPHQW�HVWDEOLVKHG�
WKH� :HDWKHUWLJKW� +RPHV� 5HVROXWLRQ�
6HUYLFHV�$FW��������6WHZDUW��3���������
%XLOGLQJV� LGHQWLƓHG� WR� EH� PRVW� OLNH-
O\� WR� OHDN�� DUH�EXLOW� LQ�0HGLWHUUDQHDQ�
VW\OH� �ZLWKRXW� HDYHV� DQG� ŴDW� URRIV���
7KH\�XVXDOO\�KDYH�SODVWHU�VW\OH�PRQR-
OLWKLF� FODGGLQJ� V\VWHPV��PDGH�RXW�RI�
SODVWHU� RYHU� SRO\VW\UHQH� RU� ƓEUH�FH-
PHQW� VKHHW�� 0RLVWXUH� JHWV� WUDSSHG�
LQ� WKH� FRQVWUXFWLRQ� GXH� WR� D� ODFN� RI�
YHQWLODWLRQ� DQG� GUDLQDJH�� 7KH� ZDOOV�
DUH� OLNHO\� WR� URW�DQG�JURZ�GDQJHURXV�
IXQJXV�� FDXVLQJ� VWUXFWXUDO� SUREOHPV�
IRU�WKH�EXLOGLQJ�DQG�KHDOWK�SUREOHPV�
IRU�WKRVH�ZKR�OLYH�WKHUH��6HWWOHG�Q�G����

6HYHUDO� IDFWRUV� PD\� SOD\� D� UROH�� LQ-
FOXGLQJ� LVVXHV� ZLWK� WKH� LQWURGXFWLRQ�
RI�QHZ�%XLOGLQJ�&RGH��GHVLJQ�LVVXHV�
DQG�SUREOHPV�DURXQG�LQVWDOOLQJ�PDWH-
ULDOV��+RZHYHU��WKH�PDMRU�SUREOHP��ZDV�
WKDW� IURP� WKH�HDUO\�����V�D� UDQJH�RI�
DOWHUQDWLYH� WLPEHU� IUDPLQJ� WUHDWPHQW�
RSWLRQV� ZHUH� DYDLODEOH�� 8S� WR� ������
PRVW� WLPEHU�XVHG� IRU�KRXVH� IUDPLQJ�
LQ�1HZ�=HDODQG�ZDV� UDGLDWD�SLQH� �3L-
QXV�5DGLDWD��WUHDWHG�ZLWK�ERURQ��)URP�
�����WR�$SULO�������KRPHV�ZHUH�RIWHQ�
EXLOW�ZLWK�XQWUHDWHG�NLOQ�GULHG�UDGLDWD�
SLQH� IUDPLQJ� �'HSDUWPHQW� RI� %XLOG-
LQJ�DQG�+RXVLQJ�������

$OWKRXJK� P\� WKHVLV� IRFXVHV� RQ�
KRPHV� EXLOW� EHIRUH� ����� � � EHIRUH�
WKHUPDO� LQVXODWLRQ�ZDV�UHTXLUHG��� LW� LV�
QHFHVVDU\�WR�EH�DZDUH�RI�WKLV�H[LVWLQJ�
SUREOHP�DQG�WR�OHDUQ�IURP�LW��,W�FDQ�EH�
QRWLFHG��WKDW�1HZ�=HDODQGōV�EXLOGLQJ�
LQGXVWU\� LV� YHU\� FDXWLRXV� DERXW�PRLV-
WXUH� LQ�EXLOGLQJV� DQG�GRHV�QRW�ZDQW�
WR�UHSHDW�WKH�VDPH�PLVWDNHV�DJDLQ�
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2.5.1 CLIMATE
1HZ�=HDODQG�LV�ORQJ�DQG�QDUURZ�WKXV�
WKH� IDU� QRUWK� LV� PXFK� ZDUPHU� WKDQ�
WKH� IDU� VRXWK�� :LWK� DQ� DYHUDJH� ��K�
ZLQWHU� WHPSHUDWXUH� RI� ����r&� LQ� .DL-
NRKH�FRPSDUHG�WR����r�LQ�,QYHUFDUJLOO�
�)LJXUH�����WKH�KHDWLQJ�SHULRG�YDULHV�
EHWZHHQ�����DQG�����PRQWKV��'HVSLWH�
KDYLQJ� D� PRUH� PRGHUDWH� FOLPDWH�
KRXVHV� LQ� WKH� 1RUWK� KDYH� JHQHUDOO\�
OHVV� HIƓFLHQW� DQG� OHVV� SRZHUIXO� KHDW-
HUV�� ZKLFK� H[SODLQV� WKH� ORZ� LQGRRU�
WHPSHUDWXUHV� WKURXJKRXW� ZKROH� WKH�
FRXQWU\���)UHQFK��/��HW�DO��������S���������

,QVXODWLRQ�EHFDPH�ƓUVW�PDQGDWRU\� LQ�
������ ZLWK� WKH� 1=6� ����3� 0LQLPDO�
WKHUPDO� LQVXODWLRQ� UHTXLUHPHQWV� IRU�
UHVLGHQWLDO� EXLOGLQJV� �(ONLQN� ������ S�
�����7KHVH� WKHUPDO� LQVXODWLRQ� UHTXLUH-
PHQWV�KDYH�VOLJKWO\�LQFUHDVHG�RYHU�WKH�
\HDUV�� ZKHUHDV�PRVW� FKDQJH� FDQ� EH�
VHHQ�RQ�=RQH�����)LJXUH������

,Q������ODWHVW�VWDQGDUG�IRU�Thermal In-
sulation for Housing and Small Build-
ings (NZS 4218:2009) ZDV�SXEOLVKHG�
XQGHU�WKH�%XLOGLQJ�$FW���&RQVWUXFWLRQ�
5�YDOXHV�DUH�VSHFLƓHG�IRU�WKUHH�GLIIHU-
HQW� FOLPDWH� ]RQHV�RQ� WKH�1RUWK� DQG�
6RXWK�,VODQG�RI�1HZ�=HDODQG��)LJXUH�
�����7KHVH�]RQHV�H[LVW�VLQFH�WKH�EXLOG-
LQJ� FRGH�1=6������ LQ� ������EHIRUH�
WKDW� 5�YDOXHV�ZHUH� WKH� VDPH� DOO� RYHU�
WKH�FRXQWU\��GHVSLWH�KDYLQJ�D�GLIIHUHQW�
FOLPDWH��7KH�EXLOGLQJ� FRGH� FODXVH�H 
(QHUJ\� HIƓFLHQF\� � VWDWHV� WKDW�� %XLOG-

LQJV� PXVW� EH� FRQVWUXFWHG� WKDW� WKHLU�
EXLOGLQJ� SHUIRUPDQFH� LQGH[� �%3,��
GRHV� QRW� H[FHHG� ������ 7ZR� FRPSOL-
DQFH� PHWKRGV� �VFKHGXOH� RU� PRGHO-
OLQJ�PHWKRG��WR�FDOFXODWH�WKH�%3,�DUH�
GHVFULEHG� LQ� 1=6� ���������� VWDQG-
DUG�� $OWHUQDWLYHO\�� %5$1=� SURYLGHV� D�
IUHH� RQOLQH� WRRO� $QQXDO� /RVV� )DFWRU�
�$/)���WR�FDOFXODWH�WKH�%3,�IRU�SURMHFWV��
�%XLOGLQJ�3HUIRUPDQFH�������
+RZHYHU�� RZQHU�RFFXSLHG� KRXVHV�
GR� QRW� KDYH� WR� EH� XSJUDGHG� WR� ODW-
HVW�VWDQGDUGV�WR�WKLV�GDWH��7KLV�PHDQV�
PRVW�KRXVHV�EXLOW�EHIRUH������KDYH�
LQVXIƓFLHQW�LQVXODWLRQ�OHYHOV��DQG�WKHLU�
HQHUJ\� SHUIRUPDQFH� VKRXOG� EH� LP-
SURYHG��(ONLQN�������S������

2.5.2 REGULATIONS FOR RENTAL 
HOUSES
$ORQJ� ZLWK� UHQWDO� KRPHV�� QHZ� UHJ-
XODWLRQV� ZHUH� LVVXHG� LQ� WKH� +HDOWK\�
+RPH� 6WDQGDUGV� LQ� -XO\�� ������ 'XH�
WR�WKH�QHZ�ODZ�LW�LV�FRPSXOVRU\�IRU�DOO�
ODQGORUGV�� WR� UHWURƓW� FHLOLQJ� DQG� XQ-
GHUŴRRU�LQVXODWLRQ��ZKHUH�LW�LV�UHDVRQ-
DEO\�SUDFWLFDO�WR�LQVWDOO��7KLV�DSSOLHV�WR�
DOO� UHQWDO� SURSHUWLHV�� FRYHUHG�E\�7KH�
5HVLGHQWLDO� 7HQDQFLHV� $FW�� WR� PDNH�
WKHP�PRUH�HQHUJ\� HIƓFLHQW� DQG�SUR-
YLGH�D�EHWWHU�TXDOLW\�RI� OLIH��:DOOV�DUH�
QRW� LQFOXGHG� LQ� WKH� GRFXPHQW� DQG�
EHLQJ� QRW� FRPSXOVRU\�� ZLOO� SUREDEO\�
EH�OHIW�RXW�LQ�PRVW�UHWURƓWV��$OO�SULYDWH�
UHQWDOV�PXVW�FRPSO\�ZLWK�WKH�KHDOWK\�
KRPHV�VWDQGDUGV�E\�ODWHVW�������7HQ-
DQF\6HUYLFH�������S�����

2.5 CLIMATE & INSULATION 
REQUIREMENTS
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5RRI 5���� 5���� 5����
Wall 5���� 5���� 5����
Floor 5���� 5���� 5����

5����� 5����� 5�����
5����� 5����� 5�����

:LQGRZV�	�JOD]LQJ�

%8,/',1*�(/(0(17 ZONE 1 ZONE 2 ZONE 3

6N\OLJKWV

)ƢƠƮƫƞ�ƀƆ���&RQVWUXFWLRQ�U�YDOXHV��P����r&�:��k�/DXUD�)HOOHU�
DGDSWHG�IURP��1HZ�=HDODQG�6WDQGDUGV������

1=6�����3�����
1=6����������

5���� 5����

5�YDOXHV��P2�r&�:��

5����
5���� 5����

5����
5����

5���� 5����

67$1'$5'��<($5 &29(5$*( &HLOLQJ� �����:DOO� ���������)ORRU

=RQHV���DQG��
=RQH��

1HZ�=HDODQG

)ƢƠƮƫƞ�ƀƇ���+LVWRULF�VWDQGDUG�5�9DOXHV�k�/DXUD�)HOOHU�
DGDSWHG�IURP��(ONLQN�������S����

$8&./$1'

,19(5&$*,//

:(//,1*721

.$,.2+(

1.
60

0 
NP

27
0.

00
0 

sq
 

)ƢƠƮƫƞ�ƀƈ���1HZ�=HDODQG�&OLPDWH�=RQHV�k�/DXUD�
)HOOHU�DGDSWHG�IURP��7HQDQF\�6HUYLFH�������
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2.6 THERMAL PERFORMANCE
2.6.1 INSULATION LEVELS
7KH�%5$1=�+RXVH�&RQGLWLRQ�6XUYH\�
��������VXJJHVWV�WKDW�RYHU�KDOI�RI�H[-
LVWLQJ� GZHOOLQJV� ������ UHSUHVHQWLQJ�
��������KRXVHV��� FRXOG�EHQHƓW� IURP�
UHWURƓWWHG� LQVXODWLRQ�� 0DQ\� KRXVHV�
ZHUH� IRXQG� WR� KDYH� DW� OHDVW� RQH� GH-
IHFW��VXFK�DV�JDSV�LQ�LQVXODWLRQ�������
RU�LQVXODWLRQ�VHWWOLQJ��������LQVXODWLRQ�
QRW�ƓWWHG�SURSHUO\�������RU�GLVSODFHG�
������� �:LWK� LQVXIƓFLHQW� FRYHUDJH�RI�
VXEŴRRU� ����� UHSUHVHQWLQJ� ��������
GZHOOLQJV�� DQG� SRRU� URRI� LQVXODWLRQ�
����� UHSUHVHQWLQJ� �������� GZHOO-
LQJV��PRVW�KRXVHV�DUH�KDUGO\�SDVVLQJ�
WKH�PLQLPXP�EXLOGLQJ� FRGH� UHTXLUH-
PHQWV��$�PLQLPXP�GHSWK�RI�����PP�
DFURVV�DW� OHDVW�����RI� WKH�DFFHVVLEOH�
URRI�VSDFH��UHFRPPHQGHG�E\�WKH�(Q-
HUJ\� (IƓFLHQF\� DQG�&RQVHUYDWLRQ�$X-
WKRULW\��((&$��ZDV�RQO\�IRXQG�LQ�����
RI�DOO�KRXVHV��)LJXUH������

1HZ� =HDODQG� KRXVHV� DUH� JHQHUDOO\�
FRQVLGHUHG� ORZ� WKHUPDO� PDVV�� EH-
FDXVH� RI� WKH� FRPPRQ� OLJKW� WLPEHU�
FRQVWUXFWLRQ�� �)UHQFK�� /�-�� �� &DPLOOHUL��
0�-�7��� ,VDDFV�� 1�3�� $�5�� DQG� 3ROODUG��
������ S� ���� 6LQJOH� JOD]HG� ZLQGRZV��
FXUUHQWO\� EHLQJ� XVHG� LQ� ���� RI� � DOO�
KRXVHV��WKLV�ƓJXUH�ZDV�����IRU�UHQWDOV���
DGG� WR� D�SRRU� WKHUPDO�SHUIRUPDQFH��
2QO\�LQ�����RI�KRXVHV�GRXEOH�JOD]HG�
ZLQGRZV� ZHUH� XVHG� WKURXJKRXW� WKH�
KRXVHV��ZLWK�WKH�UHVW�KDYLQJ�D�PL[�RI�
VLQJOH�DQG�GRXEOH�JOD]LQJ��

2.6.2 HEAT LOSS
$� W\SLFDO� XQLQVXODWHG� WLPEHU� IUDPH�
KRXVH� ZLWK� SLOH�IRXQGDWLRQ� H[SHUL-
HQFHV� WKH� ODUJHVW� KHDW� ORVV� WKURXJK�
WKH� URRI� ��������� IROORZHG� E\� WKH�
ZDOOV� ���������DQG�JOD]LQJ�����������
)ORRU�KHDW�ORVVHV�DUH�XVXDOO\�WKH�VPDOO-
HVW� ZLWK� ���� ��� ��� &RQVLGHULQJ� WKDW�
/RQGRQ�DQG�&KULVWFKXUFK�KDYH�VLPLODU�
KHDWLQJ� GHJUHH� GD\V�� WKH� LQVXODWLRQ�
OHYHOV�DQG�DLU�WLJKWQHVV�LQ�WKH�8.��)LJ-
XUH�����DUH�DW�OHDVW�GRXEOH��RU�LQ�FDVH�
RI� � ŴRRU� LQVXODWLRQ� ƓYH� WLPHV� KLJKHU��
�1=*%&��������S����
 
2.6.3 HEALTH ISSUES: MOISTURE 
AND MOLD
&ROG�DQG�PRLVW�URRPV��DV�D�UHVXOW�RI�
LQHIƓFLHQW�KHDWLQJ�DQG�ORZ�LQVXODWLRQ�
OHYHOV��DV�ZHOO�DV�SRRU�RULHQWDWLRQ��DUH�
YHU\� OLNHO\� WR� EXLOG� PROG�� ,Q� DOPRVW�
����RI�KRXVHV��YLHZHG�LQ�WKH�%5$1=�
VXUYH\�� PROG� ZDV� YLVLEOH�� �%5$1=��
������� 7KHVH� FRQGLWLRQV� FDXVH� UHV-
SLUDWRU\�SUREOHPV�DQG�RWKHU�LOOQHVVHV�
DQG�ORZHU�WKH�TXDOLW\�DQG�YDOXH�RI�WKH�
SURSHUW\��

2.6.4 GOVERNMENT FUNDING
7KH�JRYHUQPHQW� LV� FXUUHQWO\� UXQQLQJ�
WKH�:DUPHU�.LZL�+RPHV�3URJUDPPH��
D� JUDQW� FRYHULQJ�PRVW� FRVWV�� RI� QHZ�
FHLOLQJ�RU�XQGHUŴRRU�LQVXODWLRQ�DV�ZHOO�
DV�RQH�KHDWHU�SHU�KRXVHKROG��+RPH-

)ƢƠƮƫƞ�Ɓſ���3URSRUWLRQ�RI�KRXVHV�ZKHUH�FHLOLQJ�LQVXODWLRQ�PHHWV�D�
SDUWLFXODU�UHTXLUHPHQW��k�/DXUD�)HOOHU�DGDSWHG�IURP��%5$1=������

)ƢƠƮƫƞ�Ɓƀ���+HDW�ORVV�IURP�DQ�XQLQVXODWHG�KRXVH�k�
/DXUD�)HOOHU�DGDSWHG�IURP��&DPLOOHUL��0�-�7������
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RZQHUV� DUH� JLYHQ� WKH� JUDQW� ZKHQ�
PHHWLQJ�ORZ�LQFRPH�UHTXLUHPHQWV�

2.6.5 CURRENT PRACTICE
7KHUPDO� UHWURƓWWLQJ� LQ� 1HZ� =HDODQG�
XVXDOO\�LQFOXGH�LQVWDOODWLRQ�RI�URRI�DQG�
XQGHUŴRRU� LQVXODWLRQ� EXW� VSDUH� WKH�
ZDOOV��7KLV� LV�FRPPRQO\�H[SODLQHG�E\�
WKH� ZRUN� LQWHQVLW\� DQG� FRVW� WKURXJK�
ERWK� EXLOGHUV� DQG� KRPHRZQHUV�� ,W�
FDQ�EH�DVVXPHG�WKDW�WKH�JRYHUQPHQW�
IXQGLQJ�SOD\V� D� QRWLFHDEOH� UROH�� DQG�
WKHUHIRUH� LQFOXGLQJ� ZDOO� LQVXODWLRQ�
LQ� WKH�:DUPHU� .LZL�+RPHV�3URJUDP��
FRXOG�UHJXODWH�WKLV�SUREOHP��

2.6.6 BENEFITS FROM INSULATION 
$�ZHOO�LQVXODWHG�KRXVH�PDNHV�LW�HDV\�WR�
DFKLHYH�D�FRPIRUWDEOH�LQGRRU�WHPSHU-
DWXUH� WKURXJKRXW� WKH� \HDU�� $OWKRXJK�
LQVXODWLRQ� LV� PRVWO\� WDONHG� DERXW� LQ�
WKH�FRQWH[W�RI�NHHSLQJ�D�KRPH�ZDUP��
LW�ZLOO�FRQYHUVHO\�NHHS�WKH�KRXVH�IURP�
RYHUKHDWLQJ�LQ�VXPPHU��7KLV� LV�DQ�H[-
LVWLQJ�SUREOHP�LQ�VRPH�DUHDV��H[SHFW-
HG�WR� LQFUHDVH� LQ� WKH� IROORZLQJ�\HDUV��
GXH� WR� D� SUHGLFWHG� KLJKHU� QXPEHU�

RI� GD\V� � ZLWK� XQFRPIRUWDEOH� LQGRRU�
WHPSHUDWXUHV��GXH�WR�JOREDO�ZDUPLQJ��
�&DPLOOHUL��������S����
7KH� KLJKHU� HQHUJ\� HIƓFLHQF\� RI� D�
KRXVH�� JDLQHG� WKURXJK� DGHTXDWH� LQ-
VXODWLRQ�OHYHOV��UHVXOWV�LQ�D�OHVV�HQHUJ\�
LQWHQVLYH� KRXVH� WR� UXQ�� &RQVHTXHQW-
O\�� WKH� KRXVH� LV� PRUH� FRVW� HIIHFWLYH�
WR�RSHUDWH�DQG�XVHV� OHVV�RSHUDWLRQDO�
carbon. In addition it can be said, that 
DQ� HQHUJ\� HIƓFLHQW� KRPH�HIIHFWV� WKH�
KRXVHKROG� EXGJHW� SRVLWLYHO\�� DOVR�
IURP�D�KHDOWK�SRLQW�RI� YLHZ��)DPLOLHV�
ZLOO� VXIIHU� OHVV� IURP� LOOQHVVHV� FDXVHG�
E\� FROG� DQG�GDPS�KRXVHV, UHVXOWLQJ�
LQ� OHVV� VLFN� GD\V� IURP� ZRUN� DQG� ORZ-
HU�PHGLFDO� ELOOV�� ZKLFK� DJDLQ�PHDQV�
VDYLQJ�PRQH\� WKDW�FDQ�EH�VSHQG�RQ�
KHDWLQJ��2YHUDOO�WKH�FRVW�DQG�HIIRUW�RI�
LQVXODWLRQ�LV�RXWZHLJKHG�E\�LWV�DGYDQ-
WDJHV�

R-Value

)ƢƠƮƫƞ�ƁƁ���&RPSDULVRQ�RI�,QVXODWLRQ�	�$LU�WLJKWQHVV�UHTXLUHPHQWV��
&KULVWFKXUFK���/RQGRQ��k�/DXUD�)HOOHU�DGDSWHG�IURP��1=*%&��������S����

47% 
RI�DOO�1=�KRXVHV�
KDG�LQVXIƓFLHQW�
FRYHUDJH�RI�URRI

 insulation

ONLY

10% 
RI�KRXVHV�KDG�
GRXEOH�JOD]HG�
ZLQGRZV�
WKURXJRXW

49% 
RI�DOO�1=�

KRXVHV�VKRZHG�
YLVLEOH�PROG

2/3 
RI�1HZ�=HDODQG�

houses are 
RZQHG�YV��
1/3 rented

50% 
RI�DOO�1=�KRXVHV�
KHDW�ZLWK�D�

SRUWDEOH�HOHFWULF�
heater

��%5$1=�������
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)ƢƠƮƫƞ�ƁƂ���Ō/\WWHOWRQō�k$UWZRUN��/DXUD�)HOOHU�����H�
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2.7 CONCLUSION & 
PROSPECT

1HZ�=HDODQG�KDV�VHW�VWHSSLQJ�VWRQHV�
WRZDUGV� =HUR� &DUERQ� %XLOGLQJV� E\�
����� ZLWK� GLIIHUHQW� RIƓFLDO� GRFX-
PHQWV�7KH� FRPLQJ� \HDUV� ZLOO� VKRZ� LI�
WKHVH�JRDOV�ZLOO�EH�UHLQIRUFHG�HQRXJK�

E\�DGDSWHG�UHJXOD-
WLRQV� DQG� JRYHUQ-
PHQW�SURJUDPV��

7KH� ODUJH�SHUFHQWDJH�RI�H[LVWLQJ�RF-
FXSLHG� SULYDWH� GZHOOLQJV� ZLWK� ORZ�
VWDQGDUG�RI� OLYLQJ��GXH� WR� LQVXIƓFLHQ-
F\�� LV� D� FKDOOHQJH� WKDW� 1HZ� =HDODQG�
ZLOO�FRQWLQXH�IDFLQJ�IRU�PDQ\�\HDUV��,Q�
DZDUHQHVV�RI�PDQ\�IDFWRUV�EHLQJ�SDUW�
RI�WKH�SUREOHP��,�KDYH�LGHQWLƓHG�WKHU-
PDO�LQVXODWLRQ�WR�EH�RQH�RI�WKH�PRVW�
FUXFLDO�EXLOGLQJ�WDVNV�DW� WKH�WLPH��7R-
JHWKHU� ZLWK� KLJK� SHUIRUPDQFH� JOD]-
LQJ�DQG�VXVWDLQDEOH�KHDW�VRXUFHV�� LQ-
VXODWLRQ�UHSUHVHQWV�WKH�IRXQGDWLRQ�RI�
D�PRGHUQ�KRPH�

&RQVLGHULQJ� WKH� OLPLWHG� FDUERQ�
EXGJHW� RI� � IXWXUH� EXLOGLQJ� SURMHFWV��
LW�LV�QHFHVVDU\�WR�H[DPLQH�VXVWDLQDEOH�
ZD\V�WR�UHWURƓW�DQG�SDVV�RQ�WKH�NQRZO-
HGJH�� WR� HYHU\RQH� LQYROYHG� LQ� WKH�
EXLOGLQJ� LQGXVWU\�� :H� FDQ� QRW� FDUU\�
RQ�ZDVWLQJ� WLPH��PRQH\�DQG�PDWHUL-
DO� RQ� VROXWLRQV� WKDW� DUH�QRW�PHHWLQJ�
ORQJ�WHUP�&22�HPLVVLRQ�JRDOV��,Q�WKH�
IROORZLQJ�FKDSWHU� ,�ZLOO�SURSRVH�D� OR-
FDO�ORZ�FDUERQ�LQVXODWLRQ�PDWHULDO�DQG�
DQDO\VH� LWōV�SURSHUWLHV�DQG�DGYDQWDJ-
HV� FRPSDUHG� WR� FRPPRQO\� XVHG� LQ-
VXODWLRQ�SURGXFWV��7R�GR�VR�,�ZLOO�ORRN�
DW�WKH�ZKROH�OLIH�F\FOH�RI�WKH�PDWHULDO�
ZKLFK�LV�WKH�RQO\�ZD\�WR�ƓQG�RXW�DERXW�
WKH�WUXH�LPSDFW�RI�DQ\�PDWHULDO��SURG-
XFW�RU�VHUYLFH�ZH�XVH��

»Understanding carbon 
is probably the biggest 
challenge of our time«
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3.1 INTRODUCTION

7KH� EXLOGLQJ� LQGXVWU\� LV� SXVKHG� E\�
LQQRYDWLRQ�� ZLWK� KLJK� SHUIRUPDQFH�
EHLQJ� WKH� XOWLPDWH� JRDO�� +LJK� WHFK�
PDWHULDOV�DQG�VROXWLRQV�PDNH�VRSKLV-
WLFDWHG� LGHDV� SRVVLEOH� DQG� OHW� EXLOG-
LQJ�SURMHFWV�JR�EH\RQG�OLPLWV��0RVW�RI�
WKRVH�WHFKQRORJLHV�KDYH�EHHQ�GULYHQ�
E\�PRQH\�DQG�RLO�LQ�WKH�SDVW�ZLWKRXW�
FRQVLGHULQJ� WKH� LPSDFW� RQ� WKH� HQYL-
URQPHQW��

<HW�� WRGD\� ZH� NQRZ� WKDW� WKH� JOREDO�
ZDUPLQJ�SRWHQWLDO�RI�QDWXUDO�EXLOGLQJ�
PDWHULDOV� � LV� RQO\� D� IUDFWLRQ� RI� FRP-
PRQ�SURGXFWV��7KH\�DFW�DV�D�UHSODFH-
PHQW�LQ�PRVW�DUHDV�ZLWKRXW�D�QHJDWLYH�
LPSDFW� RQ�SHUIRUPDQFH��ZKLOH� FUHDW-
LQJ�D�SRVLWLYH�HIIHFW�RQ�WKH�FOLPDWH�

Ō3HUIRUPDQFHō�GRHV�QRW�VWDUW�ZLWK�WKH�
EXLOGLQJ�RSHUDWLQJ��EXW�ZLWK� WKH�KDU-
YHVW�RI�DOO�WKH�YLUJLQ�PDWHULDOV�QHHGHG�
WR�EXLOG� LW� ��DQG� � ō3HUIRUPDQFHō�GRHV�
QRW�HQG��ZLWK�WKH�EXLOGLQJ�QRW�EHLQJ�
XVHG�DQ\PRUH��EXW�ZLWK� WKH�ƓQDO�XVH�
RI� FRQVWUXFWLRQ�PDWHULDOV� �� UHXVH�� UH-
F\FOLQJ� RU� GLVSRVDO�� 0RUH� DQG�PRUH�
YRLFHV�RI� WKH� LQGXVWU\� OLNH� WKH�*UHHQ�
%XLOGLQJ�&RXQFLOV�RU�7KH�/LYLQJ�)XWXUH�

,QVWLWXWH� VHH�RXU� KRXVHV� DV�SDUW� RI� D�
ZKROH�OLIH�F\FOH�

7KH� � HQYLURQPHQWDO� LPSDFW� RI� PD-
terials and health issues related to 
EXLOGLQJ� SURGXFWV� DUH� DV� LPSRUWDQW�
DV� EXLOGLQJ� SHUIRUPDQFH�� SUDFWLFDOLW\�
DQG�FRVW�HIIHFWLYHQHVV�� ,W� LV�GHVLUDEOH�
WKDW� DOO� WKRVH� IDFWRUV� DUH� LPSOLHG� LQ�
HYHU\� SURGXFWLRQ�
OLQH�DQG�GHVLJQ�

6HHNLQJ� D� ORZ� FDU-
ERQ� LQVXODWLRQ� PD-
WHULDO� WR� LPSURYH�
WKHUPDO� SHUIRU-
PDQFH� LQ�1HZ�=HD-
ODQG�� LWōV� QRW� IDU�
IHWFKHG� WR� WKLQN� RI�
VKHHS�ZRRO�� � ,Q� WKH� IROORZLQJ� SDUW�� ,�
ZLOO� ORRN� DW� WKH� EDVLF� UHTXLUHPHQWV�
VKHHS� ZRRO� PHHWV� IURP� D� EXLOGLQJ�
SRLQW�RI�YLHZ��0RUH� LPSRUWDQWO\� ,�ZLOO�
H[DPLQH� VKHHS� ZRROōV� RSSRUWXQLWLHV�
EH\RQG�FRPPRQ�FULWHULD��7KLV�PHDQV�
YLHZLQJ�HQYLURQPHQWDO��KHDOWK��FXOWXU-
DO�DQG�HFRQRPLF�IDFWRUV�WKDW�VSHDN�IRU�
D�JUHDW� LQVXODWLRQ�SURGXFW� LQ�JHQHUDO�
DQG�HVSHFLDOO\�LQ�1HZ�=HDODQG��

»Thinking sustainable does not stop 
with environmental impacts, truly 
sustainable is only a product that 

creates added value to everything 
involved in the life cycle, so is the 

economy, people and culture.«
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6KHHS�ZRRO� LV�D�QDWXUDO� UHQHZDEOH�Ɠ-
EUH� WKDW� LV� FRPSRVHG�RI�SURWHLQ� MXVW�
OLNH� WKH� KXPDQ� KDLU�� 6KHHS� DUH� GR-
PHVWLF� DQLPDOV� UDLVHG� IRU� WKHLU�PHDW��
PLON�DQG�ZRRO��7KH\�JURZ�WKHLU�ŴHHFH�
IURP�D�VLPSOH�PL[WXUH�RI�JUDVV��ZDWHU��
DLU� DQG� VXQVKLQH��5HJDUGOHVV�RI� WKHLU�
EUHHG�DQG�SXUSRVH��WKHLU�ZRRO�JURZV�
UDSLGO\� DQG� VKHHS� DUH� XVXDOO\� VKRUQ�
RQFH� SHU� \HDU�� SURGXFLQJ� DSSUR[L-
PDWHO\� ���� NJ� �,:72�� ������ RI� ZRRO�
annually.

,W� LV� RQH� RI� WKH� ROGHVW� NQRZQ� ƓEUHV�
LQ�KXPDQ�KLVWRU\�DQG�KDV�EHHQ�XVHG�
VLQFH� ������� %&(�� 3HRSOH� PDGH�
FORWKLQJ�WR�NHHS�ZDUP�EXW�ZRRO�ZDV�
already used in construction to seal 
HDUO\� WLPEHU� FRQVWUXFWLRQV� �.RUMHQLF�$��
HW�DO���������7RGD\��ZRRO�LV�FRQVLGHUHG�
D� KLJK� TXDOLW\� ƓEUH� LQ� WKH� WH[WLOH� LQ-
GXVWU\� DQG� IDYRXUHG� WR� NQLW� MXPSHUV��
KDWV��VFDUIV�DQG�JORYHV��%XW�WKH�DUHD�RI�
XVH�JRHV�IDU�EH\RQG�IDVKLRQ��LW�LV�DOVR�
XVHG�WR�SURGXFH�SURWHFWLYH�JDUPHQWV�
ZRUQ�E\�ƓUHƓJKWHUV�DQG�VROGLHUV��7KH�
QDWXUDO� ƓEUH� DOVR� DSSHDUV� LQ� KRXVHV��
ZKHUH�LW�LV�FRQYHUWHG�LQWR�LQWHULRU�WH[-
WLOHV�VXFK�DV�FDUSHWV��EHGGLQJ��XSKRO-
stery or used inside construction as 
LQVXODWLRQ�� ,W�SURYLGHV�H[FHOOHQW�SURS-
HUWLHV� IRU� WKHUPDO��DFRXVWLF� LQVXODWLRQ���

ƓUH� UHVLVWDQFH� DQG� KDQGOHV�PRLVWXUH�
YHU\�ZHOO��

:RRO� FRPHV� LQ� D� YDULHW\� RI� FRORXUV�
DQG� TXDOLWLHV�� 7KH� TXDOLW\� RI� ZRRO� Ɠ-
EUH� GHSHQGV� RQ� WKH� GLDPHWHU� �PL-
FURQV�w���DQG�OHQJWK��PP���%DVHG�RQ�
WKH�JUDGH��PLFURQ� LW� FDQ�EH�GLYLGHG�
LQ���JURXSV��([WUD�ƓQH��ƓQH��PHGLXP��
EURDG�DQG�FRDUVH���,:72�������S����
7KH� ZHOO� NQRZQ� PHULQR� VKHHS� JLYH�
WKH� ƓQHVW� ZRRO� �!����� w�� XVHG� E\�
IDVKLRQ� GHVLJQHUV� DQG� PDGH� LQWR�
VRIW� JDUPHQWV� DQG� KLJK� TXDOLW\� IDE-
ULF��&RDUVH�ZRRO�RQ�WKH�RWKHU�HQG�RI�
WKH�VSHFWUXP��ZLWK�PLFURQ�������w��LV�
EHVW�XVHG�IRU�UXJV��XSKROVWHU\�DQG�LQ-
VXODWLRQ��7KH�ƓQHU�WKH�ZRRO�WKH�KLJKHU�
WKH� SULFH��1HZ�=HDODQG�ZRRO� H[SRUW�
GDWD�IURP�-XO\���������)HEUXDU\������
VKRZ� WKDW� )LQH� :RRO� �86���������
SHU�WRQQH�)2%��ZDV�DERXW�ƓYH�WLPHV�
PRUH�H[SHQVLYH�WKDQ�PHGLXP�FRDUVH�
ZRRO��86�������SHU�WRQQH�)2%���$Q-
GUHZ� %XUWW�� ������� :RRO� SULFHV� DUH�
YHU\� ORZ�DW� WKH�PRPHQW�DQG�IDUPHUV�
VWUXJJOH�� $W� FXUUHQW� SULFHV�� WKH� IDUP-
HU� VHOOV� WKH� ZRRO� IRU� ��� 86�� SHU� NJ�
�RQ� DYHUDJH�� WKH� ŴHHFHōV� YDOXH� DOVR�
GHSHQGV�RQ�ZKDW�SDUW� RI� WKH� VKHHS�
LW� FRPHV� IURP��� �$XVWUDOLDQ�:RRO� ([-
FKDQJH�PDUNHW�UHSRUWV��

3.2 SHEEP WOOL

MEETS BUILDING
REQUIREMENTS

)ƢƠƮƫƞ�ƁƄ���6WUXFWXUH�RI�D�VKHHS�ZRRO�ƓEUH�k�/DXUD�)HOOHU�
DGDSWHG�IURP��5HVHDUFK*DWH�Q�G�

7(&+1,&$/�3523(57,(6

7KHUPDO�FRQGXFWLYLW\�λ����������������:��P.�
'HQVLW\ ρ����������NJ�Pu
5HVLVWDQFH�WR�ZDWHU�YDSRXU�WUDQVPLVVLRQ�w�������
)LUH�SHUIRUPDQFH��ŴDPH�UHWDUGDQW��%��
�%DXQHW]ZLVVHQ�Q�G�
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THE STRUCTURE OF WOOL
6KHHS�FDQ�FRSH�ZLWK�DQ\�ZHDWKHU�DQG�
WKHLU�ŴHHFH� LV�D�QDWXUDO� LQVXODWRU��7KH�
VXSHULRU�SURSHUWLHV�RI�VKHHS�ZRRO�DUH�
D�UHVXOW�RI� WKH�XQLTXH�VWUXFWXUH�RI� LWV�
ƓEUHV��7KH\�DUH�FRPSRVHG�RI�SURWHLQV��
FDOOHG� .HUDWLQ� WKDW� FUHDWH�PLOOLRQV� RI�
WLQ\� DLU� SRFNHWV� ZKLFK� FUHDWH� WKH� LQ-
VXODWLQJ� HIIHFW� WKDW� DOORZV� VKHHS� WR�
HLWKHU� VWD\�ZDUP� LQ�ZLQWHU�RU� FRRO� LQ�
VXPPHU��)LJXUH�����

THERMAL CONDUCTIVITY
6KHHS� ZRRO� LQVXODWLRQ� KDV� D� JRRG�
WKHUPDO� FRQGXFWLYLW\� RI� EHWZHHQ�
������ Ŋ� ������ :�P.�� ,Q� FRPSDUL-
VRQ�PLQHUDO�ZRRO�SHUIRUPV�EHWZHHQ�
��������������:�P.��,WōV�KHDW�FDSDFLW\�
YDOXH�LV�FRPSDUDEO\�KLJK�DQG�LW�RIIHUV�
D� EHWWHU� WKHUPDO� KHDW� SURWHFWLRQ� LQ�
VXPPHU�WKDQ�FRPPRQ�PLQHUDO�ZRRO�
�)LJXUH�����

FIRE RESISTANCY
6KHHS�ZRRO� LV� D� VXSHULRU� ƓEUH�ZKHQ�
LW�FRPHV�WR�ƓUH�VDIHW\��8QOLNH�PRVW�DO-
WHUQDWLYHV�LW�VHOI�H[WLQJXLVKHV�DIWHU�WKH�
ŴDPH� LV� UHPRYHG�� VLPSO\� EHFDXVH� LW�
UHTXLUHV� PRUH� R[\JHQ� WR� EXUQ� WKDQ�
LV� DYDLODEOH� LQ� DLU�� �.XIQHU�� +�� ������
S� ����� ,W� GRHV� QRW�PDLQWDLQ� D� ŴDPH�
EHORZ� ���r&����r&� DQG� LV� GLIƓFXOW�
WR�LJQLWH�GXH�WR�LWV�KLJK�QLWURJHQ�DQG�

ZDWHU�FRQWHQW��)XUWKHUPRUH��LW�ZLOO�QRW�
PHOW��GULS�RU�H[KDXVW�DQ\�WR[LF�IXPHV�
OLNH� FRPSDUDEOH� V\QWKHWLF� SURGXFWV��
�,:72��������

SOUND ABSORBTION
:RRO�ƓEUH�LV�FRPSRVHG�RI�PLFUR�FDY-
LWLHV� ZKLFK� FRQWULEXWHV� WR� HQKDQFHG�
VRXQG� DEVRUSWLRQ�� :RRO� LQVXODWLRQ�
LV� DQ� H[FHOOHQW� VRXQG� DEVRUEHU�� ZLWK�
D� QRLVH� UHGXFWLRQ� FRHIƓFLHQW�RI� �����
IURP�����+]� WR��� N+]�� �%HUDUGL� HW� DO��
������S�����

MOISTURE MANAGEMENT
&RQIURQWLQJ�PRLVWXUH�DQG�FRQGHQVD-
WLRQ�LQ�EXLOGLQJV�LV�RQH�RI�WKH�ELJJHVW�
FKDOOHQJHV� ZH� IDFH� LQ� WKH� EXLOGLQJ�
LQGXVWU\�� 6KHHS� ZRRO� LV� K\JURVFRSLF�
DQG� FDQ� DGVRUE� D� WKLUG�RI� LWV�ZHLJKW�
LQ� PRLVWXUH� EHIRUH� \RX� FDQ� VHH� VLJ-
QLƓFDQW� FKDQJHV� LQ� WKH� WKHUPDO� FRQ-
GXFWLYLW\�FRHIƓFLHQW��&RPSDUDEO\��V\Q-
WKHWLF�ƓEUHV�FDQ�RQO\�DEVRUE�����DQG�
FRWWRQ�DERXW�����.RUMHQLF�HW�DO��������
S������� � ,Q� IDFW��ZRRO�JHQHUDWHV�KHDW�
ZKHQ� LW� JHWV� ZHW�� 7KH� H[SODQDWLRQ�
OD\V�LQ�WKH�SK\VLFDO�EHKDYLRXU�RI�ZRRO��
DGVRUSWLRQ� LV� DQ�H[RWKHUPLF�SURFHVV�
DQG� HQHUJ\� LV� UHOHDVHG� DV� WKH� ƓEUH�
DGVRUEV�PRLVWXUH�� � �7HPSHUDWXUH�FDQ�
EH�UHGXFHG�ZLWK�WKH�RSSRVLWH�HIIHFW��
HQHUJ\�LV�DGVRUEHG�ZKHQ�ZRRO�UHOHDV-

HV� PRLVWXUH� LQWR� D� GU\� DWPRVSKHUH��
WKHUHIRUH� FRROV� WKH� HQYLURQPHQW���
�:RROPDUN�&RPSDQ\��������S� ���������� 
0RUHRYHU� ZRRO�� DV� D� SURWHLQ�� LV� ELR-
ORJLFDOO\� UHVLVWDQW� DJDLQVW� WKH�JURZWK�
RI�PROG�ZKLFK� LV�FUXFLDO� IRU�DQ\� LQVX-
ODWLRQ�PDWHULDO��.RUMHQLF�HW�DO��������S�
������

DURABILITY
7KH�FRLOHG�VSULQJV�RI�ZRRO�PROHFXODU�
FKDLQV�PDNHV��LW�D�UHVLOLHQW�ƓEUH��7HVWV�
KDYH� VKRZQ�� ZRRO� FDQ� EHQG� �������
WLPHV�ZLWKRXW�EUHDNLQJ�DQG�HYHQ�KDV�
WKH� SRZHU� WR� UHFRYHU� �.RUMHQLF� HW� DO��
������ S� ����� 6KHHS� ZRRO� LQVXODWLRQ�
ODVWV� WKH� OLIH� WLPH�RI�D�EXLOGLQJ�VWUXF-
WXUH�� 7KHUH� LV� QR� GHFUHDVH� RI� LQVXOD-
WLRQ� DELOLW\� GXH� WR� KXPLGLW\� RU� RWKHU�
FLUFXPVWDQFHV�� 3URGXFHUV� OLNH� +DYH-
ORFN�:RRO�RU�7HUUD�/DQD�JLYH�D����\HDU�
ZDUUDQW\��

AREA OF APPLICATION
6KHHS�ZRRO� LQVXODWLRQ� FRPHV� LQ� VRIW�
PDWWV� RU� ORRVH� ƓOO� DQG� LV� D� VXLWDEOH�
IRU� WKHUPDO� DQG� VRXQG� LQVXODWLRQ� LQ�
DOO� DUHDV��H[SHFW� IRU�SHULPHWHU� LQVXOD-

WLRQ�GXH�WR�WKH�KLJK�SUHVVXUH�LPSDFW��
6KHHS� FDQ�EH� WRUQ� DSDUW� RU� FXW� DQG�
LV� HDV\� WR� LQVWDOO��'XH� WR� LWV� ŴH[LELOLW\�
LW� ƓWV� LQ� HYHU\� VKDSH� DQG� LV� HVSHFLDO-
O\� VXLWDEOH� IRU� UHQRYDWLRQV�ZKHUH�QRW�
HYHU\WKLQJ�LV�VTXDUH�DQJOHG�

INDOOR AIR QUALITY & HEALTH
:RRO� ƓEUHV� DUH� D� FRPSOH[� VWUXFWXUH��
HDFK� ƓEUHV� FRQVLVWV� RI� ��� DPLQR� DF-
LGV�FKDLQV�WR�EH�SUHFLVH������RI�WKRVH�
have a reactive side chain and there-
IRUH�FDQ�ƓOWHU�DLU� IURP�KDUPIXO�FKHP-
icals and other odorous substances. 
7KLV�SURFHVV��ZKHUH�WKH�ƓEUH�DQG�WKH�
FKHPLFDOV� XQGHUJR� DQ� LUUHYHUVLEOH�
ERQG�LV�FDOOHG�FKHPLVRUSWLRQ��6KHHS�
ZRRO� SXULƓHV� DLU�� WUDYHOOLQJ� WKURXJK�
ZDOOV�� FHLOLQJ� DQG� ŴRRU� FDYLWLHV�� IURP�
WKH�PRVW�FRPPRQ�JDVHRXV�LQGRRU�DLU�
SROOXWDQWV�ZLWK�NQRZQ�DGYHUVH�KHDOWK�
HIIHFWV��7KHVH�DUH�IROORZLQJ��1LWURJHQ�
'LR[LGH��6XOSKXU�'LR[LGH�DQG�)RUPDO-
GHK\GH�� �+HJ\L�HW�DO���������)RUPDO-
GHK\GH�LV�HVSHFLDOO\�KDUPIXO�DQG�KDV�
EHHQ�FODVVLƓHG�DV�D�KXPDQ�FDUFLQR-
JHQ��FDQFHU�FDXVLQJ�VXEVWDQFH���,W�LV�
IRU�H[DPSOH�IRXQG�LQ�ƓEUHJODVV�DQG�
RWKHU�FRPPRQ�EXLOGLQJ�SURGXFWV�OLNH�
SO\ZRRG�DQG�JOXHV��1DWLRQDO�&DQFHU�
,QVLWXWH���������
7KH� WUHDWPHQW� RI� ZRRO� ZLWK� %RUD[�
DJDLQVW�PRWKV�DQG�RWKHU�LQVHFWV�KDV�WR�

3.2.1 PROPERTIES OF SHEEP WOOL 
REGARDING BUILDING PERFORMANCE

MEETS BUILDING
REQUIREMENTS

}6KHHS�ZRRO�ƓEUH�FDQ�
handle moisture like no 

other insulation material»
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3.4 ENVIRONMENTAL IMPACT 
OF SHEEP WOOL INSULATION

HEALTHY FOR 
WORK + LIFE

EH� ORRNHG�DW�FULWLFDOO\��KRZHYHU� WKHUH�
DUH� VXEVWLWXWHV� RQ� WKH� PDUNHW�� 3UHYL-
RXVO\� XVHG� %RUD[� LV� EHLQJ� EDQQHG�
LQ� VRPH� FRXQWULHV� LQFOXGLQJ� WKH� (8��
LQVWHDG�7KRUODQ� ,:� LV� XVHG��7KH� LQRI-
IHQVLYH�VXEVWDQFH�LV�DSSOLHG�GXULQJ�D�
SURFHVV� WKDW� LV� VLPLODU� WR�G\LQJ�ZRRO�
DQG� XQGHUJRHV� D� SHUPDQHQW� FKHPL-
FDO�ERQGLQJ��3URGXFWV�WKDW�DUH�WUHDWHG�
ZLWK�7KRUODQ�KDYH�UHFHLYHG�HFR�FHUWLI-
LFDWHV� OLNH� QDWXUHSOXV� �.RUMHQLF� HW� DO��
������S� ������$OWHUQDWLYHO\�� D� SODVPD�
LRQLF� WUHDWPHQW� KDV� EHHQ� LQYHQWHG��
FDOOHG�,RQLF�3URWHFWp��%URVFK�������S�
��� WKDW� IXQFWLRQV� ZLWKRXW� DGGLWLRQDO�
FKHPLFDOV��:KHUH� %RUD[� LV� VWLOO� XVHG��
LW� DSSHDUV� LQ� ORZ�FRQFHQWUDWLRQ� VXFK�
DV� ������ �6XVWDLQDEOH� 0LQGV�������
,W�KDV� WR�EH�PHQWLRQHG�WKDW�RWKHU� LQ-
VXODWLRQ�PDWHULDOV�FRQVLVW�RI�%RUD[�DV�
ZHOO��H�J��JODVV�ZRRO�EDWWV�FRQWDLQ�RI�
�����ERUD[��(3'�$XVWUDODVLD�������

7KH� ORZ� FDUERQ� IRRWSULQW� LV� DUJXDEO\�
WKH�ELJJHVW�DUJXPHQW�IRU�QDWXUDO�PD-
WHULDOV� OLNH� VKHHS� ZRRO� LQ� WLPHV� RI� D�
FRPPRQ�HIIRUW� WR� OLPLW� JOREDO�ZDUP-

LQJ�� ,W� LV� LPSRUWDQW� WR�EH� DZDUH�� WKDW�
D������ZRRO�SURGXFW�DQG�RQH�ZKHUH�
SRO\HVWHU� RU� RWKHU� ƓEUHV� DUH� DGGHG��
FDQ�QRW�EH�SXW�LQWR�RQH�SRW��7KH�ODFN�
RI�EURDG�GDWD�RQ�HPERGLHG�FDUERQ�
GDWD�LV�D�ELJ�EDUULHU�FRPSDULQJ�VSHFLI-
LF�SURGXFWV�DQG�WKH�UHVHDUFK�RIWHQ�IDLOV�
WR�GLVWLQJXLVK��)LUVWO\��SRO\HVWHU�ƓEUH�LV�
SURGXFHG�RXW�RI�PLQHUDO�RLO� �QRQ� UH-
QHZDEOH��DQG�WKH�ODUJH�DPRXQW�RI�SUL-
PDU\�HQHUJ\�DQG�HPLVVLRQV��&KHUUHWW�
HW� DO�� ������ S� ���� FRPLQJ� DGG� QHJ-
DWLYHO\� �WKLV� LV� FXUUHQWO\� LPSURYHG� E\�
XVLQJ�UHF\FOHG�3(7�ERWWOHV��6HFRQGO\��
FRPPRQ�NQRZOHGJH�FDQ�PDNH�VHQVH�
RI�WKH�IDFW�WKDW�RQH�PDWHULDO�LV�IXOO\�EL-
RGHJUDGDEOH�DQG�WKH�RWKHU�RQH�LV�QRW��
7KLV�FOHDUO\�PDNHV�D�GLIIHUHQFH� LQ� WKH�
ZKROH� OLIH� F\FOH�DSSURDFK��QR�PDWWHU�
LI�WKH�3(�FDPH�IURP�D�UHF\FOHG�VRXUFH��

,Q�WKH�IROORZLQJ�WH[W��ZRRO�ƓEUH�DOZD\V�
LPSOLHV� PHDQLQJ� ����� UDZ� ZRRO��
:RRO�ƓEUH�LV�QRW�RQO\�ORZ�LQ�FDUERQ��LW�
FDQ�HYHQ� VHTXHVWHU� DWPRVSKHULF� FDU-
ERQ��7KLV�PHDQV�ZRRO� VWRUHV� FDUERQ�
DQG�RQO\�UHOHDVHV�LW�LQ�FDVH�RI�ELRORJ-

)ƢƠƮƫƞ�ƁƆ����&DUERQ�VWRUDJH�LQ�VKHHS�ZRRO�k�/DXUD�
)HOOHU�DGDSWHG�IURP��7KH:RROPDUN&RPSDQ\������

)ƢƠƮƫƞ�Ɓƅ���3URSHUWLHV�RI�LQVXODWLRQ�DYDLODEOH�LQ�1HZ�=HDODQG�k�/DXUD�)HOOHU��
'DWD�VRXUFH�IURP��%DXERRN�,QIR�Q�G�

Polyester
*ODVV�ZRRO

5RFN�ZRRO
EPS
XPS

635$<)2$0

�������������
0,035 - 0,050

0,035 - 0,050
������Ŋ������
�������������

�������������

15-20
25- 220

20-150
15-30
20-50

�����

1-2 1.600����
1-2 1.030����

1-2 1.030����
20 - 100 1.500����
��������

30 - 100

1.500

�����

���

���

6KHHS�ZRRO ������������� ������� 1-2 ��������� B2

B1
$���$���%�

$���$���%�

B1, B2
B,B2

B,B2

7KHUPDO
FRQGXFWLYLW\

҉�>:�PN@

'HQVLW\ 
ҏ

NJ�Pu

0DWHULDO�
FODVV�

DIN 4102-1 

9DSRXU�
UHVLVWDQF\

Ҋ
PRODUCT

+HDW�FDSDFLW\
c 

-���NJ.�

*:3 
kg CO2�HT����
IXQFW��XQLW

»The GWP of sheep wool is 
only about 20% of glass wool, 

so from a sustainable point 
of view there is only one 

winner!«
�&203$5(�),*85(����

COCO
22
  

EMISSIONSEMISSIONS

WATERWATER

PHOTOSYNTHESISPHOTOSYNTHESIS

OXYGENOXYGEN

CO2CO2 CO2CO2
CO2CO2

PASTUREPASTURE
CONSUMPTIONCONSUMPTION

ANIMAL RESPIRATIONANIMAL RESPIRATION
COCO

22
 + CO + CO

44

PLANT PLANT 
RESPIRATIONRESPIRATION

ORGANIC CARBONORGANIC CARBON DEAD ORGANISMS AND WASTE PRODUCTSDEAD ORGANISMS AND WASTE PRODUCTS
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3.4.1 COMPARISON OF SHEEP WOOL 
AND MINERAL WOOL

GRAPH 1: CO2 equivalents in kg of 
wood frame construction with mineral
 wool and sheep wool, respectively

GRAPH 2: Primary energy in MJ/m2 
of wood frame construction with
 mineral wool and sheep wool, 
respectively
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LOW CARBON 
FOOTPRINT

LFDO�GHJUDGDWLRQ��/LNH�WKLV�KRXVHV�FDQ�
ZRUN�DV�D�FDUERQ�VWRUDJH�IRU�D�FHQWXU\�
RU� PRUH�� &DUERQ� PDNHV� XS� ���� RI�
WKH�ZHLJKW�RI�ZRRO��FRPSDUHG�WR�����
IRU�FRWWRQ�DQG�����IRU�FHOOXORVH��,W�LV�
VWRUHG�� WKURXJK� WKH� SURFHVV� RI� SKR-
WRV\QWKHVLV�� LQ� WKH�JUDVVHV� DQG�RWKHU�
SODQWV�WKDW�VKHHS�HDW��)LJXUH�����

»1 kg of clean wool 
equates to 1.8 kg of 

CO2 stored«

ZKLFK�LV�URXJKO\�WKH�VDPH�DV�VWRUHG�LQ�
VROLG�WLPEHU��$UFKLWHFWXUH�������������
:KLOH� VKHHS� ZRRO� VHTXHVWHUV� &22, 
VKHHS�EHLQJ�OLYLQJ�FUHDWXUHV��SURGXFH�
PHWKDQH��0HWKDQH� �&+��� LV� D�JUHHQ�
KRXVH�JDV�ZLWK�D����WLPHV�KLJKHU�*:3��
WKDQ�&22��7R�WDNH�DFFRXQW�RI�WKH�PDLQ�
SXUSRVH� RI� D� VKHHS� PHDW� SURGXF-
WLRQ��WKH�PHWKDQH�HPLVVLRQ�KDV�WR�EH�
VKDUHG�DQG�ZLOO�FUHDWH�ORZHU�LQGLYLGXDO�
IRRWSULQWV��.RUMHQLF�HW�DO��������S�����.
)XUWKHUPRUH��UHVHDUFK�KDV�VKRZQ�WKDW�
HYHQ� ZLWK� WKH� HPLWWHG�0HWKDQH� JDV�
VKHHS�ZRRO�KDV�D�VLJQLƓFDQW�ORZHU�LP-
SDFW�WKDQ�V\QWKHWLF�LQVXODWLRQ��)LJXUH�
������$Q�LQWHUGLVFLSOLQDU\�UHVHDUFK�SUR-
MHFW�EHWZHHQ�WKH�9LHQQD�8QLYHUVLW\�RI�
7HFKQRORJ\�DQG�WKH�%UQR�8QLYHUVLW\�RI�

7HFKQRORJ\�VXJJHVWV� WKDW�&22 equiv-
DOHQWV�RI�PLQHUDO�ZRRO�DUH�����KLJKHU�
WKDQ�RI�VKHHS�ZRRO�>*UDSK����)LJXUH�
���@�� *UDSK� �� �� )LJXUH� ����� LQGLFDWHV�
WKDW� VKHHS� ZRRO� QHHGV� MXVW� RYHU� D�
TXDUWHU�RI� WKH�SULPDU\�HQHUJ\�PLQHU-
DO�ZRRO�QHHGV�WR�EH�SURGXFHG��,�ZDV�
DEOH� WR� SURYH� WKHVH� QXPEHUV� LQ� P\�
FDVH� VWXG\�� FRPSDULQJ� VKHHS� ZRRO�
DQG�JODVV�ZRRO��

*ODVV� ZRRO� LV� D�PLQHUDO� ZRRO� RXW� RI�
JODVV� ƓEUH� WKDW� LV� QRQ� FRPEXVWLEOH�
DQG�SURYLGHV�JRRG�5�YDOXHV��7KH�KLJK�
*:3�FRPHV�IURP�PDQXIDFWXULQJ�SUR-
FHVV� WKDW� UHTXLUHV�YHU\�KLJK�WHPSHUD-
WXUHV��7KH�UDZ�PDWHULDOV���ZLQGRZ�JODVV�
�XS�WR��������UHF\FOHG���%RUD[���������
)HOGVSDU�VDQG���������/LPHVWRQH�DQG�
VRGD�DVK���������DUH�PHOWHG�DW�������
����r&� DQG� WKH� GURSOHWV� RI�PHOW� H[-
LWLQJ�WKH�IXUQDFH�DUH�VSXQ� LQWR�ƓEUHV�
�(XULPD�������� 3KHQROLF� ELQGHU� �����
������ZKLFK�LV�D�SKHQRO�IRUPDOGHK\GH�
UHVLQ� �FDUFLQRJHQ��� LV� DGGHG�DQG� WKH�
JODVV�ZRRO�LV�WKHQ�KDUGHQHG�E\����r&�
�(3'$XVWUDODVLD��������$W� WKH�HQG�RI�
LWV�OLIH�LW�FDQ�WKHRUHWLFDOO\�EH�SXW�EDFN�
LQ�WKH�PDQXIDFWXULQJ�SURFHVV��,Q�PRVW�
FDVHV�WKH�PDWHULDO�JRHV�WR�ZDVWH�LQWR�
ODQGƓOO� EHFDXVH� LW� LV� QRW� GLVPDQWOHG�
correctly.  )ƢƠƮƫƞ�ƁƇ���&RPSDULVRQ�RI�PLQHUDO�ZRRO�DQG�VKHHS�ZRRO�

LPSDFWV�LQ�D�VWDQGDUG�WLPEHU�IUDPH�ZDOO�k�/DXUD�)HOOHU�DGDSWHG�
IURP��.RUMHQLF�HW�DO��������S�����

SA
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SAVING 
POTENTIAL



62

//
  S

H
EE

P’
S 

W
O

O
L 

A 
SU

ST
AI

N
AB

LE
 IN

SU
LA

TI
O

N
 M

AT
ER

IA
L 

 //
 

3.5 WHOLE A LIFE CYCLE APPROACH 
FOR SHEEP WOOL  INSULATION IN NZ

7KH�ELJJHU�WKH�QHWZRUN�RI�VPDOO�PDQ-
XIDFWXUHV� LQ� HYHU\� UHJLRQ� WKH� VKRUWHU�
DUH�LQGLYLGXDO�WUDQVSRUWV�

A5 CONSTRUCTION
7KH�EDWWV�FRPH�LQ�D�YDULHW\�RI�ZLGWKV�
DQG�FDQ�EH�VLPSO\�WRUQ�E\�KDQG�RU�FXW�
LQWR�WKH�ULJKW�OHQJKW�XVLQJ�ELJ�VFLVVRUV�
RU�D�VSHFLDO�VDZ��/RRVH�ƓOO�LV�EORZQ�LQ�
E\� D� PDFKLQH�� WKLV� QHHGV� HOHFWULFLW\�
DQG�WKH�XVH�RI�JUHHQ�HQHUJ\�LV�KLJKO\�
UHFRPPHQGHG� WR� UHGXFH� WKH�RYHUDOO�
IRRW�SULQW��6WXGLHV� VKRZ� WKDW� WKHUH� LV�
QR� NQRZQ� FRQFHUQ� DERXW� SRWHQWLDO�
KHDOWK� ULVNV� IURP�ZRUNLQJ�ZLWK�VKHHS�
ZRRO� �0DQVRXU� (�� �� /R[WRQ�&�� �� (OLDV�
5�0����2UPRQGUR\G�*�$���������8QOLNH�
RWKHU� LQVXODWLRQ� PDWHULDOV� H�J�� JODVV�
ZRRO�WKHUH�LV�QR�QHHG�WR�ZHDU�D�IDFH�
PDVN�WR�SURWHFW�DLUZD\V�

86(�67$*(

B1-B5 MAINTENANCE, REPAIR &
REPLACEMENT SUPPLY
:LWKRXW� EHLQJ� H[SRVHG� WR� H[WUHPH�
ZDWHU� GDPDJH� �PRLVWXUH� FRQWHQW� !�
������VKHHS�ZRRO�ZLOO�ODVW�WKH�OLIHWLPH�
RI�D�EXLOGLQJ�� ,I�QHHGHG�VKHHS�ZRRO�
FDQ�HDVLO\�EH�WRSSHG�XS�RU�UHSODFHG��

DV�LW�LV�SHUPDQHQWO\�FRQQHFWHG�WR�WKH�
EXLOGLQJV�VWUXFWXUH�

(1'�2)�/,)(�67$*(

C1-C4 DECONSTRUCTION, 
TRANSPORT, WASTE, PROCESSING 
& DISPOSAl
1R� KD]DUGRXV� ZDVWH� FRPHV� RXW� RI�
ZRRO� LQVXODWLRQ� DQG� HDV\� WKH� PDWH-
ULDO� FDQ� EH� HDVLO\� JDLQHG� IRU� IXUWKHU�
SURFHVVLQJ�� )XUWKHU� RSSRUWXQLWLHV�
VKRZHG� LQ� )LJXUH� ��� DQG� H[SODLQHG�
RQ�WKH�QH[W�SDJH�

��� 352'8&7�67$*(

A1 RAW MATERIAL SUPPLY
,Q�1HZ�=HDODQG�FRDUVH�ZRRO� LV�PRVW-
O\�JURZQ�DV�D�VLGH�SURGXFW�RI� VKHHS�
PHDW�SURGXFWLRQ�ZLWK�QR�SXUSRVH� LQ�
WKH� WH[WLOH� LQGXVWU\��&XUUHQWO\� WR�RYHU�
����H[SRUWHG�DQG�SURFHVVHG�E\�RWK-
er countries.

A2 TRANSPORT
7KH� VPDOO� VL]H� RI� WKH� 1HZ� =HDODQG�
QDWXUDOO\� UHTXLUHV� VKRUW� WULSV� �)LJXUH�
����� WKLV�VDYHV�ERWK�&2��DQG�PRQH\�
IRU� WKH� EXVLQHVV�� ,QGHSHQGHQW� FRO-
OHFWLRQ�SRLQWV� IRU�ZRRO�DQG�PDQXIDF-
WXULQJ�SURFHVVHV�� IRU� HDFK� WKH�1RUWK�
DQG�WKH�6RXWK�,VODQG��VHHP�ORJLFDO��DW�
SUHVHQW� $XFNODQG� DQG� &KULVWFKXUFK��
WR� NHHS� WUDQVSRUWDWLRQ� HYHQ� VKRUW-
HU��)UHLJKW� LV�FXUUHQWO\�WUDQVSRUWHG�E\�
WUXFNV�DQG�DOVR�XVLQJ�D�ORFDO�WUDLQ�V\V-
WHP�FRQQHFWLQJ�PRVW�RI� WKH�FRXQWU\��
'HYHORSPHQW�LQ�HOHFWULF�WUXFNV�RU�RWK-
HU�ORZ�FDUERQ�VROXWLRQV�DUH�ZHOFRPH�

A3 MANUFACTURING
0DQXIDFWXULQJ� VKHHS� ZRRO� UH-
TXLUHV�QR�HQHUJ\�LQWHQVLYH�SURFHVVLQJ�

RU�KLJK�WHPSHUDWXUHV���)LUVW��WKH�ŴHHFH�
LV� ZDVKHG� DQG� FOHDQHG� IURP� YHJHWD-
EOH�PDWWHU��VWLFNV��JUDVV��GLUW��VDQG��RLO��
DQG� JUHDVH� �/DQROLQ��� 7KLV� KDSSHQV�
DW� DERXW���r&�XVLQJ� VRDS�DQG� VRGD�
DV�D�GHWHUJHQW� �$��.RUMHQLF�-��=DFK�-��
+URXGRY£��������S�������7KH�QDWXUDO�
JUHDVH�/DQROLQ�FDQ�EH�HDVLO\�VSHUDUDW-
HG�GXULQJ� WKLV� SURFHVV� DQG� LV�PDGH�
LQWR� KHDOWK\� SHUVRQDO� FDUH� SURGXFWV�
H�J��OLS�EDOP�RU�FUHDP�RU�VKRH�SROLVK�
DQG�JLYHV� WKH�SURFHVV� DGGLWLRQDO� YDO-
XH� �,:72��������$� WUHDWPHQW�DJDLQVW�
PRWKV� LV� QHHGHG� DQG� WKH�PHDQV� RI�
SURWHFWLRQ� DUH� FRQVWDQWO\� UHYLHZHG�
DQG� WHVWHG� WR� EH� HQYLURQPHQWDO�
IULHQGO\��$OWHUQDWLYH�WR�ELRFLGHV�WKHUH�
LV� GHYHORSPHQW� RQ� D� SODPVD� LRQLF�
WUHDWPHQW�FDOOHG�,RQLF�3URWHFWp��ZKLFK�
LV� SURYHG� WR� SHUPDQHQWO\� SURWHFW�
DJDLQVW�LQVHFWV���%URVFK�������S���

&216758&7,21��
,167$//$7,21�67$*(

A4 TRANSPORT
2QFH� WKH� SURGXFW� LV� SDFNHG��
LW� ZLOO� EH� GLVWULEXWHG� WR� ORFDO� VKRSV�
RU�GLUHFWO\� WR� WKH� VLWH��5HJDUGLQJ� WKH�
WUDQVSRUW�SKDVH�$��DSSOLHV�DOVR�WR�$���

LOW CARBON 
FOOTPRINT

»The mix of a natural and 
D�V\QWKHWLF�ƓEUH�VKRXOG�
generally be revised in 
the industry, ultimately 

the advantage of a 
biodegradable material is 

lost.«



PASTURE PASTURE 
EATEN BY EATEN BY 
SHEEPSHEEP

WOOL CONVERTED WOOL CONVERTED 
TO INSULATIONTO INSULATION

INSULATION CAN INSULATION CAN 
BE REUSED OR BE REUSED OR 

RECYCLEDRECYCLED

PASTURE PASTURE 
EATEN BY EATEN BY 
SHEEPSHEEP

RECYCLED PRODUCTS RECYCLED PRODUCTS 
CAN BE COMPOSTED CAN BE COMPOSTED 

AND RETURNED AND RETURNED 
TO THE SOILTO THE SOIL

WOOL CONVERTED WOOL CONVERTED 
TO INSULATIONTO INSULATION

PASTURES ARE PASTURES ARE 
REGENERATEDREGENERATED

INSULATION CAN INSULATION CAN 
BE REUSED OR BE REUSED OR 

RECYCLEDRECYCLED
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RENEWABLE
REUSABLE, BIODEGREDABLE

100% WOOL

A LOOSE FILL 
PRODUCTS

B MECHANICALLY 
BONDED BATTS 

C THERMALLY 
BONDED BATTS

MIX WITH POLYESTER

%(<21'�7+(�/,)(�&<&/(�' 

[A+B] 
3XUH�ZRRO�FDQ�HLWKHU�EH������UHXVHG�
IRU� LQVXODWLRQ�PDWHULDO� RU� RWKHU� ZRRO�
SURGXFWV��RU�GH�FRPSRVWHG��

%LRGHJUDGDWLRQ��$�%�
'HSHQGLQJ� RQ� WKH� HQYLURQPHQW� WKH�
ƓEUH�ZLOO�EH�EURNHQ�GRZQ�E\�VSHFLƓF�
EDFWHULD�DQG�IXQJL�ZLWKLQ�����PRQWKV�
DQG�JRHV�IXOO\�EDFN�WR�WKH�VRLO��+RGJ-
VRQ�$���&ROOLH�6��������

[C] 
3URGXFWV� WKDW� FRQWDLQ� D� SHUFHQWDJH�
RI�SRO\HVWHU�RU�RWKHU�ƓEUH�IRU�ELQGLQJ�
FDQ�RQO\�EH� UHXVHG� LQ� WKH� VDPH�SUR-
GXFWLRQ� OLQH��2WKHUZLVH� ODQGƓOO� LV� WKH�
RQO\� RSWLRQ� DQG� LW� HQGV� XS� WKHUH� WR-
JHWKHU�ZLWK�QRQ�QDWXUDO�SURGXFWV�OLNH�
JODVV�ZRRO�� (36�RU�;36�DQG�DGGV� WR�
RXU�ZDVWH�DQG�SROOXWLRQ�SUREOHP��

)ƢƠƮƫƞ�Ɓƈ���0HWKRGV�RI�PDQXIDFWXULQJ��k�
�/DXUD�)HOOHU�����J�
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3.6 HISTORY OF SHEEP & IMPORTANCE 
FOR NEW ZEALAND’S ECONOMY

3.6.1 HISTORIC BACKGROUND
7KLQNLQJ� VXVWDLQDEOH� GRHV� QRW� VWRS�
ZLWK�HQYLURQPHQWDO�LPSDFWV��WUXO\�VXV-
WDLQDEOH�LV�RQO\�D�SURGXFW�WKDW�FUHDWHV�
DGGHG�YDOXH�WR�HYHU\WKLQJ�LQYROYHG�LQ�
WKH�OLIH�F\FOH��VR�LV�WKH�HFRQRP\��SHR-
SOH�DQG�FXOWXUH��6KHHS�ZRRO�LV�D�ORFDO-
O\� SURGXFHG� UHQHZDEOH� ƓEUH�� 6KHHS�
IDUPLQJ�KDV�SOD\HG� D� YHU\� LPSRUWDQW�
UROH� LQ� 1HZ� =HDODQGōV� LQGXVWU\� IRU�
RYHU�����\HDUV��-DPHV�&RRN�UHOHDVHG�
WKH�ƓUVW� WZR� VKHHS� LQ������QRQHWKH-
OHVV�VKHHS�IDUPLQJ�ZDVQōW�HVWDEOLVKHG�
EHIRUH� WKH� ����V�� ,QLWLDOO\� WKHUH� ZDV�
PRVWO\�6RXWK�,VODQG�IDUPHUV��KRZHYHU�
DV�PRUH�DQG�PRUH�(XURSHDQV�VHWWOHG�
RQ� WKH� 1RUWK� ,VODQG� WKH� WUDGH� ZDV�
TXLFNO\�VSUHDG�RYHU�WKH�ZKROH�FRXQWU\�
�6WULQJOHPDQ�+���3HGHQ�5���������

7KH� H[SRUW�
RI� ZRRO�
KDV� SOD\HG�
a crucial 
SDUW� RI� WKH�
HFRQRP\�VLQFH�WKH�����V��,W�DFFRXQW-
HG�PRUH�WKDQ�D�WKLUG�RI�WKH�FRXQWU\ōV�
H[SRUWV�IRU�VHYHUDO�GHFDGHV��:LWK�WKH�
ƓUVW� HYHU� VKLSPHQW� RI� IUR]HQ� VKHHS�
PHDW� WR�*UHDW�%ULWDLQ� LQ������D�PLOH-
VWRQH� ZDV� VHW�� $� QRWLFHDEOH� VKLIW� WR-
ZDUG� PHDW� SURGXFWLRQ� DSSHDUHG�� ,W�
ZDV�LQ�WKH�VDPH�\HDU�ZKHQ�WKH�VKHHS�
SRSXODWLRQ�SHDNHG�DW�MXVW�RYHU����PLO-
OLRQ��7KDW�ZRXOG� KDYH�EHHQ� � DURXQG�
��� VKHHS� SHU� LQKDELWDQW�� VR� URXJKO\�

IRXU�WLPHV�PRUH�VKHHS�WKDQ�1HZ�=HD-
ODQG�KDV�QRZ�
%HWZHHQ�WKH�PLG�����V�XQWLO�WKH�ODWH�
����V� LQFRPH� IURP� VKHHS�ZRRO� DQG�
PHDW�GRPLQDWHG�WKH�PDUNHW��:LWK�LQ-
FUHDVLQJ�SURGXFWLRQ�IRU�WKH�RYHUVHDV�
PDUNHW�HYHU\RQH���DJURQRPLVWV��SODQW�
EUHHGHUV�� VRLO� VFLHQWLVWV�� JHQHWLFLVWV�
DQG� DQLPDO� EUHHGHUV� �� ZRUNHG� WR-
JHWKHU�WR��LPSURYH�VKHHS�IDUPLQJ��,Q�
ŏWKH�JUDVVODQG�UHYROXWLRQŐ�QHZ�VFLHQFH�
ZDV� DSSOLHG� WR� DJULFXOWXUH� DQG� WKH�
FRXQWU\VLGH�ZDV�WXUQHG�RYHU�WR�JURZ�
PRUH�DQG�EHWWHU�JUDVV��$QRWKHU� WXUQ-
LQJ� SRLQW� ZDV� WKH� VXFFHVVIXO� VSUHDG-
LQJ�RI�IHUWLOLVHU�IURP�DHURSODQHV�ZKLFK�
KDSSHQHG� DURXQG� ��� \HDUV� DIWHU�
WKH� VHFRQG�ZRUOG�ZDU��7KH� VR� FDOOHG�
ŏ*ROGHQ�<HDUVŐ�KDSSHQHG�LQ�SRVW�ZDU�
WLPHV��ZKHQ�*UHDW�%ULWDLQ�WRRN�DOO�WKH�

PHDW�DQG�ZRRO�1HZ�=HD-
ODQG�FRXOG�SURGXFH��7KH�
ƓUVW� RLO�VKRFN� LQ� WKH� HDU-
O\� ����V� RFFXUUHG� DQG�
FRVWV�RI�SURGXFWLRQ�VWDUW-

HG� UDLVLQJ� VLJQLƓFDQWO\�� )XUWKHUPRUH�
WKH�LQYHQWLRQ�RI�V\QWKHWLF�ƓEUHV�ZRXOG�
FKDQJH�WKH�KLVWRU\�RI�IDVKLRQ�IRUHYHU��
7KH� ZRRO� SULFH� KDV� QHYHU� UHFRYHUHG�
IURP�WKDW���1HZ�=HDODQG�+LVWRU\�������

3.6.3 SHEEP FARMING TODAY
$IWHU� WKH� PLG�����V� DJULFXOWXUH�
PRYHG� WR� GDLU\� IDUPLQJ� DQG� UHWXUQV�
IURP� WKH� GDLU\� LQGXVWU\� RYHUWRRN�
WKRVH�RI�VKHHS�SURGXFWLRQ��1RQHWKH-
OHVV��1HZ�=HDODQG�LV�WKH�VHFRQG�ODUJ-
HVW� �H[SRUWHU�RI�VKHHS�PHDW�JOREDOO\��
)LJXUH� ��� VKRZV� WKH� VKLIW� IURP�ZRRO�
SURGXFWLRQ�WRZDUGV�PHDW�SURGXFWLRQ�
LQ�1HZ�=HDODQG���:RUNPDQ�'�������. It 
DOVR� UHPDLQV� WKH� VHFRQG� ODUJHVW� H[-
SRUWHU�RI�VKHHS�ZRRO�ZRUOG�ZLGH��ZLWK�
����RI�WKH�ZRUOGōV�H[SRUWV�E\�YROXPH��
DIWHU�$XVWUDOLD�ZLWK������

0RVW� RI� 1HZ� =HDODQGōV� ZRRO� LV� SUR-
FHVVHG�RXWVLGH� WKH� FRXQWU\��$ERXW� D�
WKLUG� RI� WKH� WRWDO� YROXPH� LV� KDQGOHG�
LQ�1HZ�=HDODQG�ZKHUH�LW�LV�PDGH�LQWR�
FDUSHWV�� UXJV� RU� RWKHU� ƓQLVKHG� SURG-
XFWV� ORFDOO\�� $� SHUFHQWDJH� DOVR� JRHV�
WKURXJK� YDULRXV� VWDJHV� RI� ZRRO� SUR-
FHVVLQJ��LQFOXGLQJ�FRPELQJ��VSLQQLQJ�
DQG� EHLQJ� PDGH� LQWR� \DUQ�� $OO� WKH�
RWKHU�����RI�ZRRO�LV�H[SRUWHG�UDZ�RU�
VFRXUHG�� ZKHUH� JUHDVH�� GLUW� DQG� RWK-
HU� FRQWDPLQDWLRQ� LV� UHPRYHG� WR� EH�
ZRYHQ� DQG� VSXQ� RYHUVHDV� �1LFRO� $���
6DXQGHUV�&��������

»Bring back the Golden 
Years of Sheep wool in 

New Zealand!«

)ƢƠƮƫƞ�Ƃſ���6KHHS�ZRRO��DQG�PHDW�H[SRUW��LQ�
1HZ�=HDODQG�k�/DXUD�)HOOHU�DGDSWHG�IURP�

�$UFKLYH6WDWV������

����

����

2010

���

���

:22/ 6+((30($7

���

���

���

���

STRENGHTEN 
LOCAL ECONOMY
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)ƢƠƮƫƞ�Ƃƀ���1XPEHU�RI�VKHHS�LQ�1HZ�=HDODQG�k�/DXUD�
)HOOHU�DGDSWHG�IURP��1HZ�=HDODQG�+LVWRU\�������

PLOOLRQ
70 

����Total Sheep in 2018

TOTAL SHEEP

279.598,000

202.415,000

1.632.001,000

232.865,000

1.457.321,000

2.850.607,000

395.142,000

5.060.276,000

1.474.219,000

4.423.195,000

4.937.228,000

3.487.730,000

246.328,000

27.286,000

495.942,000

27.295.749,000

Northland

Auckland

Waikato

Bay of Plenty

Gisborne

Hawke’s Bay
Taranaki

Wanuatu - Wanganui

Wellington

West Coast

Chatham 

South Land

Canterbury

Otago 0 - 750k

750k - 1.5 mio

1.5 mio - 3.0 mio

3.0 mio - 5.0 mio

Nelson
Tasman

Marlborough

727$/�:22/�,1�����
��������W

)ƢƠƮƫƞ�ƂƁ���6KHHS�SHU�UHJLRQ�LQ�������k�/DXUD�)HOOHU�
DGDSWHG�IURP�$QGUHZ�%XUWW�������

~ 4.5 kg 
wool

STRENGHTEN 
LOCAL ECONOMY

PLOOLRQ
47 

���� PLOOLRQ
27 

����
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EXCELLENT
SOUND ABSORBER

HYGROSCOPIC - 
HANDLES MOISTURE WELL 

SIDE PRODUCT OF 

SHEEP MEAT PRODUCTION 
USES COARSE WOOL, NOT 
NEEDED FOR CLOTHING

NO ALLERGENS

REMOVES TOXINS 
FROM INDOOR AIR

EASY TO
INSTALL

SHEEP WOOL FIBRE (KERATIN)
NATURALLY DOESN’T SUPPORT MOLD

BIODEGRADABLE

LONG TRADITION OF SHEEP 
FARMING IN NEW ZEALAND

PRESERVATION OF
 CULTURAL VALUE

SUPPORTS LOCAL ECONOMY

FIRE - RETARDANT

NO TOXIC FUMES OR 
DRIP IN CASE OF FIRE

RENEWABLE
RAW MATERIAL

GOOD THERMAL HEAT 
PROTECTION IN SUMMER

GOOD THERMAL
 PROTECTION IN WINTER

SEQUESTERS CO
2

)ƢƠƮƫƞ�ƂƂ���3URSHUWLHV�RI�VKHHS�ZRRO�DW�D�
JODQFH�k��/DXUD�)HOOHU�����K�
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3.7 COMPETITION 
ON THE MARKET

6KHHS�ZRRO�LQVXODWLRQ�SURGXFWV�VKRZ�
H[FHOOHQW�SURSHUWLHV�DQG�PHHW�DQG��RU�
H[FHHG� EXLOGLQJ� � SURGXFW� VWDQGDUGV��
$IWHU�DOO��WKH�PRVW�FRPPRQ�DUJXPHQW�
DJDLQVW� VKHHS�ZRRO� LQVXODWLRQ� LV� VLP-
SO\� WKH� SULFH�� 6KHHS� ZRRO� SURGXFWV�
DUH� FXUUHQWO\� QRW� DYDLODEOH� LQ� ZKROH-
VDOH�DQG�D�YDOLG�VWDWHPHQW�DERXW�WKH�
FRVW�LV�QRW�SRVVLEOH��$�URXJK�FRPSDU-
LVRQ�VKRZV�WKDW�VKHHS�ZRRO�SURGXFWV�
DUH� ���� WLPHV� PRUH� H[SHQVLYH� WKDQ�
JODVV�ZRRO�RU�URFN�ZRRO��+HDOWKEDVHG-
EXLOGLQJV�������� 2Q� WKH� RWKHU� KDQG�
H�J��SRO\HVWHU� LQVXODWLRQ��ZKLFK� LV��DQ�
DOWHUQDWLYH�WR�PLQHUDO�ZRRO�RIIHUHG�LQ�
1HZ� =HDODQGōV� KDUGZDUH� VWRUHV�� DS-
SHDUV�VOLJKWO\�PRUH�H[SHQVLYH�����RQ�
DYHUDJH���0LWUH�����������

8QGHUVWDQGDEO\�� WKH� DYHUDJH� KRPH-
RZQHU�FDQ�QRW�WDNH�RQ�WKH�H[WUD�FRVW��,�
DVVXPH��FXUUHQWO\�RQO\�SHRSOH�ZLWK�DQ�
LQFUHDVHG�DZDUHQHVV�RI�JOREDO�ZDUP-
LQJ�RU�ZLWK� WKH� ULJKW�EXGJHW�FKRRVH�
VKHHS�ZRRO�IRU�WKHLU�KRPH��7KHUHIRUH��
WKH�VKLIW�WRZDUGV�D�IDLU�SULFH�KDV�WR�EH�
LQLWLDWHG� E\� SROLF\PDNHUV� DFWLQJ� WR-
ZDUGV� WKH� JRDOV� LQ� WKH� =HUR�&DUERQ�
$FW�

HOW TO INITIATE CHANGE

• DZDUHQHVV�
• FRPSHQVDWH�FDUERQ�HPLVVLRQV
• IXQGLQJ�WKURXJK�JUDQWV
• FHUWLƓFDWHV�
• eco labels

$�FDS�IRU�&22�HPLVVLRQV�DQG�XQLIRUP�
FDUERQ� ODEHOV� ZLOO� EH� PRWLYDWLRQ� IRU�
PDQXIDFWXUHUV� WR� LQYHVW� LQ� VXVWDLQD-
EOH�EXLOGLQJ�VROXWLRQV��7KH�PXFK�GLV-
FXVVHG�ŌFDUERQ�WD[ō�ZLOO�EH�DQ�HIIHFWLYH�
WRRO��WR�HYHQ�RXW�WKH�SULFH�GLIIHUHQFH�
EHWZHHQ�JODVV�ZRRO�DQG�VKHHS�ZRRO��
,W�RQO\�VHHPV�ORJLFDO��WKDW�WKH�HPLWWHU�
RI�HPLVVLRQV�KDV�WR�VWDQG�XS�IRU�WKHP��
2QO\�ZKHQ�WKH�ZKROH� OLIH�F\FOH� LV� WDN-
HQ� LQWR� DFFRXQW�� WKH� FXVWRPHU� FDQ�
VHH�WKH�UHDO�SULFH�RI�D�SURGXFW��

7RROV� WKH�JRYHUQPHQW�FDQ�FRQWURO� WR�
VXSSRUW� KRPHRZQHUV�� DUH� JUDQWV� IRU�
EXLOGLQJ� SURMHFWV� WKDW� DUH� ERXQG� WR�
ORZ� FDUERQ� FRQVWUXFWLRQ�� DV� ZHOO� DV�
PDQGDWRU\� FHUWLƓFDWHV� ZLWK� FDUERQ�
UDWLQJV� IRU� UHDO�HVWDWH�� WKDW�FUHDWHV� LQ-
PDUNHW�FUHDVHG�YDOXH�

Natural Wool Products
ZZZ�QDWXUDOZRROSURGXFWV�FR�Q]�

INSULWOOL® 
ZZZ�LQVXOZRRO�FRP�

Terra Lana
ZZZ�WHUUDODQD�FR�Q]

eco insulation systems
ZZZ�HFRLQVXODWLRQ�FR�Q]�HFRŴHHFH

0DQXIDFWXUHV�LQ�1HZ�=HDODQG
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ACCELERATE 
XVH�FRPELQHG�SRZHU�RI�YROXQWDU\��
ƓQDQFLDO�� SROLF\� DQG� UHJXODWRU\�
PDUNHW�IRUFHV

COLLABORATION          
common goals for all
stakeholders

COMMUNICATION 
  raising awareness and 
  working together

EDUCATION
for architects, builders, homeowners

REGULATION
carbon budget per house 
/ per product / carbon 

INNOVATION
100% wool insulation in New 
Zealand

)ƢƠƮƫƞ�Ƃƃ���$FFHOHUDWH�&KDQJH�k�/DXUD�)HOOHU�
DGDSWHG�IURP��:*%&������

5HFHQW�SXEOLF�DFWLRQ�DQG�D�SHWLWLRQ�LQ�
IDYRXU�RI�ZRRO� LQVXODWLRQ�VKLQHV� OLJKW�
RQ� WKH� IXWXUH� RI� VKHHS� ZRRO� LQ� WKH�
EXLOGLQJ�VHFWRU�RI�1HZ�=HDODQG��7KLV�
LPSOLFDWHV� D� PXFK� ZHOFRPHG� ULVLQJ�
DZDUHQHVV� DQG� GHPDQG� RQ� VKHHS�
ZRRO� LQVXODWLRQ�� WKH� FRXQWU\� KDV� WR�
SUHSDUH�IRU�

7KH� LQWHUHVW� RI� DOO� VWDNHKROGHUV�PXVW�
VKDUH�WKH�FRPPRQ�YLVLRQ�RI�UHDFKLQJ�
FOLPDWH� WDUJHWV��7KH�JRYHUQPHQW� LV� OL-
DEOH� WR� WKH�&OLPDWH�&KDQJH�$PHQG-
PHQW� $FW� DQG� ZLOO� KDYH� WR� VXSSRUW�
DOWHUQDWLYH� VROXWLRQV� LQ� WKH� EXLOGLQJ�
VHFWRU� WR� UHGXFH� HQRXJK� HPLVVLRQV��
&HUWLƓFDWHV� DQG� ODEOHV� FDQ� EH� JUHDW�
PRWLYDWLRQ�IRU�ERWK�PDQXIDFWXUHU�DQG�
FRQVXPHU� DQG� VKRXOG�EH� IXUWKHU�GH-
YHORSHG�LQ�WKH�FRXQWU\��$OVR�IXQGLQJ�
FDQ� LQLWLDWH�D�FKDQJH� LQ�FXUUHQW�SUDF-
WLFH�� OLNH� WKH� SHWLWLRQ� RI� $P\� %ODLNLH�
VXJJHVWV�� Ō1HZ� =HDODQG� ZRRO� SURG-
XFWV�XVHG�LQ�SXEOLF�IXQGHG�EXLOGLQJV�
DQG� .LZL%XLOG� KRPH�� �$P\� %ODLNLH��
������

»Sheep wool 
in action«
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»We need an acceleration 
of renovations, 

with the knowledge of 
low carbon solutions.«

:RRO� LQVXODWLRQ�SURGXFWV� KDYH�EHHQ�
XVHG�IRU�FHQWXULHV�DQG�DUH�DYDLODEOH�LQ�
PDQ\�FRXQWULHV�RI�WKH�ZRUOG�DQG�KDYH�
D�ZLGH�ƓHOG�RI�DSSOLFDWLRQ��7KHUH�DUH�
EDWWV� RU� ORRVH� ƓOO� SURGXFWV� DYDLODEOH�
RQ� WKH� PDUNHW�� )RU� ZDOOV�� URRIV� DQG�
FHLOLQJ� ERWK� EDWWV� DQG� ORRVH� ƓOO� DUH�
VXLWDEOH�� )RU� XQGHUŴRRU� LQVWDOODWLRQ�
WKH�EDWWV�YHUVLRQ�LV�WKH�PRVW�SUDFWLFDO��
)XUWKHUPRUH��ZRRO�ŴHHFH�FDQ�DOVR�EH�
XVHG� WR� LQVXODWH�DLU�RU�KHDWLQJ�SLSHV�
DQG� IRU� IRRW� VWHS� VRXQG� LQVXODWLRQ��
2QO\� IRU� SHULPHWHU� LQVXODWLRQ� VKHHS�
ZRRO�� OLNH� RWKHU� ƓEUHV�� FDQ� QRW� SHU-
IRUP�GXH�WR�WKH�KLJK�SUHVVXUH�LPSDFW�

&XUUHQWO\�� WKHUH� DUH� WZR�PDMRU� IDFWR-
ULHV�� � RQH� LQ�$XFNODQG� WR� VXSSO\� WKH�
1RUWK�,VODQG��DQG�RQH�LQ�&KULVWFKXUFK�
WR� VXSSO\� WKH� 6RXWK� ,VODQG�� ([LVWLQJ�
SURGXFWV� DUH� HLWKHU� D� ����� ZRRO�
ORRVH�ƓOO�RU�EDWWV�ERQG�ZLWK�SRO\HVWHU��
7KH� QHHGOH� IHOWLQJ�PHWKRG�� WKDW� FDQ�
SURGXFH�EDWWV�ZLWKRXW�DGGLWLRQDO�V\Q-
WKHWLF�ƓEUH��LV�QRW�\HW�SUDFWLVHG��+DYH-
ORFN�:RRO�86�� ,VROHQD��$87���8UJHQW�
GHYHORSPHQW� LQ�WKH� LQGXVWU\� LV�QHHG-
HG�DQG�1HZ�=HDODQGōV�PDQXIDFWXUHU�
KDYH� WR� OHDUQ� IURP� RWKHU� FRXQWULHV��
Moreover, architects and builder have 
WR�EH�HGXFDWHG�LQ�RUGHU�WR�PDNH�WKH�

ULJKW�FKRLFH�RI�LQVXODWLRQ�PDWHULDO�IRU�
WKHLU�EXLOGLQJ�SURMHFWV�

0\� UHVHDUFK� DERXW� VKHHS� ZRRO� FRQ-
FOXGHG��WKDW�LW�LV�VXSHULRU�WR�FRPPRQ�
LQVXODWLRQ�PDWHULDOV� �� H�J��JODVV�ZRRO��
38�IRDP��PLQHUDO�ZRRO��DQG�(36��� LQ�
PDQ\�ZD\V��,Q�1HZ�=HDODQG��WKH�FRP-
SDULVRQ� ZLWK� JODVV� ZRRO� �3LQN%DWWVp���
ZKLFK� LV� FXUUHQWO\� � WKH�PRVW� XVHG� LQ-
VXODWLRQ�SURGXFW��LV�SDUWLFXODUO\�PHDQ-
LQJIXO��3LQN%DWWVp�GRHV�QRW�FRPSHWH�
ZLWK� VKHHS� ZRRO�� LQ� DQ\� FDWHJRU\� ,�
KDYH� UHYLHZHG�� H[FHSW� WKH� SULFH� RI�
WKH�SURGXFW��7KH�PRQH\�LVVXH�FRPHV�
EDFN� WR� WKH� HQG�FRQVXPHU� DQG� H[-
SODLQV�WKH�ORZHU�SRSXODULW\�RI�H[LVWLQJ�
VKHHS� ZRRO� SURGXFWV�� $� ORZHU� GH-
PDQG� OHDYHV� VKHHS� ZRRO� PDQXIDF-
WXUHUV�ZLWK� VPDOOHU�EXGJHWV� DQG� OHVV�
SRVVLELOLWLHV�WR�VWDQG�XS�DJDLQVW�KHDY\�
LQGXVWULHV�DW�WKH�WLPH�

)LQDOO\�� ORQJ� RYHUGXH� FRPSXOVRU\�
FRPSHQVDWLRQ� IRU� IDFWRULHV� FDUERQ�
HPLVVLRQV�� ZRXOG� DXWRPDWLFDOO\� UHJX-
ODWH� WKH� SULFH� RI� LQVXODWLRQ� SURGXFWV��
DQG�SXW�VKHHS�ZRRO�LQ�D�FRPSHWLWLYH�
SRVLWLRQ�RQ�WKH�PDUNHW�

3.8 CONCLUSION & 
PROSPECT
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����%(1(),76�2)�5(752),77,1*� ƇƄ
������),1$1&,$/�)$&725� ƇƄ

����&21&/86,21�� ƇƆ
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VILLA 
1880 -�WKURXJK�WR�::��

BUNGALOW
��������GRPLQDQW�VW\OH�LQ�::��

ART DECO 
����V
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1970s Housing
����V

1950s Private Housing
����V�������V

1950s State Housing 
����V�������V
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ART DECO

����V

INSULATION LEVELNUMBER: 

WLPH�EXLOW

QDPH�RI�
style

DSSUR[��QXPEHU�
RI�KRXVHV�LQ�WKH�
country

W\SLFDO�OHYHO�RI�
insulation

)ƢƠƮƫƞ�ƂƄ���/HJHQG�IRU�KRXVLQJ�SURƓOHV�k�/DXUD�)HOOHU
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4.1 NEW ZEALAND’S PRIVATE HOUSING STYLES
SIGNIFICANT FOR RENOVATION
1HZ� =HDODQGōV� KLVWRU\� RI� ZHVWHUQ�
KRXVHV� LV� UHODWLYHO\� \RXQJ�FRPSDUHG�
WR�WKH�UHVW�RI�WKH�ZRUOG��$EHO�7DVPDQ�
ZDV�WKH�ƓUVW�(XURSHDQ�WR�GLVFRYHU�WKH�
6RXWK�3DFLƓF�,VODQG�JURXS�LQ�������EXW�
WKH�ƓUVW�VHWWOHUV�ZRXOG�QRW�DUULYH�XQWLO�
DOPRVW�����\HDUV�ODWHU��+LVWRU\��������
7KH� ROGHVW� VXUYLYLQJ� GZHOOLQJ� LV� WKH�
Ō.HPS�KRXVHŌ� LQ�.HUL�.HUL�GDWHG�EDFN�
WR� ������ ,W� ZDV� RQO\� FHUWDLQ� UHJLRQV�
LQ� WKH� IDU� 1RUWK� ZKHUH� WUDGHUV� DQG�
VHWWOHUV� EXLOW� SHUPDQHQWO\�� WKH�PDMRU-
LW\� OLYHG� LQ� WUDGLWLRQDO� 0DRUL� ŌZKDUHō�
RU� LQ� VLPSOH� WHQWV� RU� RWKHU� VKHOWHUV�
�6WDFSRROH���������)URP�WKH�ODWH���WK�
FHQWXU\� GLIIHUHQW� KRXVLQJ� VW\OHV� VWDUW-
HG� WR� GHYHORSH�� ZLWK� SOHQW\� RI� ODQG�
DYDLODEOH� WKH� PDMRULW\� RI� GZHOOLQJV�
ZHUH�GHWDFKHG�RU�VHPL�GHWDFKHG�DQG�
XVXDOO\�VLQJOH�ŴRRUHG��

1HZ� =HDODQGōV� DUFKLWHFWXUH� KDV�
IRUPHG� ƓYH� VLJQLƓFDQW� JURXSV� RI�
KRXVLQJ� VW\OHV� EHWZHHQ� WKH� \HDUV�

����������� ,Q� ����� WKHUPDO� LQVXOD-
WLRQ� ZDV� LQWURGXFHG� WR� WKH� EXLOGLQJ�
FRGH� IRU� WKH� ƓUVW� WLPH�� &RQVHTXHQ-
WLDOO\��PDQ\�RI�WKRVH�HDUO\�KRXVHV�VWLOO�
have very little or no insulation. 7KLV�
EULHI� VWXG\�RQ�KLVWRULF�KRXVLQJ� VWRFN�
DLPV� WR� SURYLGH� DQ� RYHUYLHZ� RI� H[LV-
LWLQJ� 1HZ� =HDODQG� KRXVHV� WKDW� DUH�
LPSRUWDQW� IRU� UHQRYDWLRQ� WRGD\�� )XU-
WKHUPRUH�� NH\� ƓQGLQJV� RI� GLIIHUHQW�
KRXVLQJ� W\SHV�KHOS� WR�GHƓQH�D� FDVH�
VWXG\�SURMHFW��WKDW�LV�UHSUHVHQWDWLYH�IRU�
D�ODUJH�JURXS�RI�GZHOOLQJV�

)RU�HDFK�VW\OH�WKH��IROORZLQJ�NH\�
IHDWXUHV�DUH�LQGLFDWHG�DV�VKRZQ�LQ�
)LJXUH����

• DSSUR[��QXPEHU�RI�KRXVHV�LQ�
1HZ�=HDODQG

• QDPH�RI�VW\OH
• WLPH�EXLOW
• W\SLFDO�OHYHO�RI�LQVXODWLRQ
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4.1.1 VILLA 

1880 -�WKURXJK�WR�:RUOG�:DU��

7KH� YLOOD� GHVLJQ� ZDV� GHYHORSHG�
ZKHQ�XUEDQ�SRSXODWLRQ� LQ�FRORQLDO�
WRZQV� DQG� YLOODJHV� LQFUHDVHG� GUDV-
WLFDOO\� LQ� WKH� ����V��0RVW� RI� WKHVH�
ZHUH� VLQJOH�VWRUH\� KRXVHV� ZLWK� D�
KLS�URRI�VORSLQJ�DERXW���Ŋ��r��
2IWHQ� IRXQG� LV� D� GHFRUDWHG� YHUDQ-
GD�RU�SRUFK�DQG�RQH�RU�PRUH�ED\�
ZLQGRZV�IDFLQJ�WKH�VWUHHW��$�W\SLFDO�
OD\RXW�ZRXOG�KDYH�D�FHQWUDO�FRUULGRU�
ZLWK� WKH� OLYLQJ� DUHD� �NQRZQ� DV� WKH�
ŌSDUORXUō��� WKUHH� EHGURRPV�� D� NLWFK-
HQ�DQG�SDQWU\��,QGRRU�ZDVKLQJ�IDFLO-
LWLHV� DQG� WRLOHWV�ZHUH� RQO\� LQFRUSR-
UDWHG�ODWHU�RQ���7KH�FRQVWUXFWLRQ�ZDV�

DOPRVW� HQWLUHO\� EXLOW� RXW� RI� WLPEHU�
ZLWK� PHWDO� URRIV�� :HDWKHU� ERDUG�
ZDV�WKH�PRVW�FRPPRQ�IDFDGH��QHY-
HUWKHOHVV� WKHUH� DUH� YLOODV� PDGH� RI�
EULFN�PDVRQU\���6DOPRQG��-��������S�
����������

7KH�YLOOD�VW\OH�LV�VWLOO�YHU\�SRSXODU�DQG�
UHQRYDWLQJ�RI�WKHVH�KRXVHV�LV�D�VLJ-
QLƓFDQW�SDUW�RI�WKH�EXLOGLQJ�LQGXVWU\��
2ULJLQDOO\�� WKH\� KDG� QR� LQVXODWLRQ�
DQG�DOWKRXJK�� VRPH�DUH� UHWURƓWWHG�
DOUHDG\��PDQ\�KDYH� \HW� WR�EH� UHQR-
YDWHG��%5$1=�5HQRYDWH��Q�G���

INSULATION LEVELNUMBER: 85.000

)ƢƠƮƫƞ�Ƃƅ���9LOOD������/HPRQVWUHHW��1HZ�3O\PRXWK�k��/DXUD�)HOOHU�����L�
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4.1.2 BUNGALOW

 
��������GRPLQDQW�VW\OH�LQ�:RUOG�:DU��

International trends started to have 
D� ELJ� LQŴXHQFH� RQ� 1HZ� =HDODQG��
'XULQJ�WKLV�WLPH�EXLOGLQJV�DQG�YLOODV�
JUDGXDOO\� WUDQVIRUPHG� WR� D� EXQJD-
ORZ�VW\OH�KRXVH��7\SLFDO�IHDWXUHV�DUH�
D� ORZ�SLWFK� URRI� VORSLQJ� DERXW� ��Ŋ
��r�� KRUL]RQWDO� ZHDWKHUERDUG� DQG�
RQH� ODUJH�� GHHS�� SURMHFWLQJ� YHUDQ-
GDK�RU�SRUFK��VRPHWLPHV�WZR��
7KH� EXQJDORZ� OD\RXW� ZDV� OHVV� IRU-
PDO�WKDQ�YLOODV�� LW�VKDUHV�WKH�FHQWUDO�
FRUULGRU� DV� ZHOO� DV� WKH� OLYLQJ� DUHD�
ORFDWHG�LQ�WKH�IURQW��+RXVHV�RI�WKDW�
WLPH� KDG� VHUYLFHV� OLNH� EDWKURRP��
toilet and laundry inside. 

%XQJDORZV�ZHUH�VLQJOH�VWRUH\�KRXV-
HV� FRQVWUXFWHG� ZLWK� WLPEHU�� VRPH�
H[HPSWLRQV�PDGH�RXW�RI�EULFN��7KH�
URRI� DUH� XVXDOO\� FODG� LQ� VWHHO�� VKLQ-
JOHV� RU� 0DUVHLOOH� WLOHV�� �6DOPRQG��
-��������S����������$W� WKH� WLPH�RI�
WKHLU�FRQVWUXFWLRQ�QR�LQVXODWLRQ�ZDV�
LQVWDOOHG�� KRZHYHU� LQ� VRPH� FDVHV�
XQGHUŴRRU� LQVXODWLRQ� KDV� EHHQ�
DGGHG��0DMRU�UHWURƓWWLQJ�LV�QHHGHG�
WR� PHHW� FXUUHQW� VWDQGDUGV� DQG� LQ-
FUHDVLQJ� HQHUJ\� HIƓFLHQF\� �%5$1=�
5HQRYDWH��Q�G��
  

INSULATION LEVEL STOCK: UNKNOWN

)ƢƠƮƫƞ�ƂƆ���%XQJDORZ�����/LDUGHWVWUHHW��1HZ�3O\PRXWK�k���/DXUD�)HOOHU�����M�
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NUMBER: UNKNOWN
4.1.3 ART DECO

 

����V

,Q� WKH� ����V� WKH�PRGHUQ� VW\OH� DS-
SHDUHG�DQG�PDUNHG�WKH�DUULYDO�RI�DUW�
GHFR�KRXVHV� LQ�1HZ�=HDODQG��7KH�
,QWHUQDWLRQDO� � VW\OH� UHPDLQHG�DQ�DU-
chitect’s style and never reached 
WKH�PDVV�KRXVLQJ�PDUNHW�KHUH��

%DVHG� RQ� (XURSHDQ� LQŴXHQFHV��
EXLOGLQJ�GHVLJQ�ZHUH�YHU\�IXQFWLRQ-
DO�� PRVW� GHFRUDWLQJ� HOHPHQWV� GLV-
DSSHDUHG� DQG� VR� GLG� WKH� SLWFKHG�
URRIV��&RPPRQ�WKHPHV�ZHUH�SDUD-
SHW�ZDOOV�ZLWK�URXQGHG�FRUQHUV��ŴDW�
URRIV� LQYLVLEOH� IURP� WKH� VWUHHW� YLHZ�
DQG� GRRUV� DQG� ZLQGRZV� ZLWKRXW�

H[WHUQDO� IDFLQJ� ERDUGV�� 7KH� YHUDQ-
GDK� IURP�HDOLHU� WLPHV�JDYH�ZD\� WR�
D�VKDOORZ�UHFHVVHG�SRUFK��7R�PHHW�
WKH� FOHDQ� ORRN�� LQWHUQDWLRQDO� PRG-
HUQ�EXLOGLQJV�ZHUH�PDGH�IURP�VWHHO�
DQG�FRQFUHWH�DQG�WKH�ZDOO�FODGGLQJ�
ZDV�W\SLFDOO\�VWXFFR���D�FHPHQW�SODV-
WHU�DSSOLHG�RQWR�D�WLPEHU�FRQVWUXF-
WLRQ�� $GDSWDWLRQV� ZLWK� EHYHO�EDFN�
ZHDWKHUERDUG�� EULFN� DQG� FRQFUHWH�
ZHUH� XVHG� RFFDVVLRQDOO\�� $UW� GHFR�
KRXVHV�ZHUH�EXLOW�ZLWKRXW�LQVXODWLRQ�
DQG�ZLGHO\�VWLOO�ODFN�LW��GXH�WR�WKH�GLI-
ƓFXOW�DFFHVV�WR�FHLOLQJ��ZDOO�DQG�ŴRRU�
VSDFH��%5$1=�5HQRYDWH��Q�G���

)ƢƠƮƫƞ�ƂƇ���$UW�'HFR�+RXVH�k�/DXUD�)HOOHU�DGDSWHG�
IURP��%5$1=�5HQRYDWH��Q�G��

INSULATION LEVEL
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4.1.4 1950s STATE HOUSING

1940V -1960V

7KH�ELJJHVW� LQŴXHQFH�RQ�1HZ�=HD-
ODQG�KRXVHV�� LQ�WKH�����V�XQWLO�WKH�
��V��ZDV�VWDWH�KRXVLQJ��$GGUHVVLQJ�
WKH�VKRUWDJH�RI�ERWK�VNLOOHG�ZRUNHUV�
DQG�EXLOGLQJ�PDWHULDOV� WKH�*RYHUQ-
PHQW�EXLOW�KLJK�TXDOLW\�HFRQRPLFDO�
KRPHV�� ���� VWDQG�DORQH� DQG� WKH�
UHPDLQLQJ� ���� VHPL�GHWDFKHG��
+RXVHV� XVHG� VWDQGDUGLVHG� FRP-
SRQHQWV� DQG� D� UDQJH� RI� VWDQGDUG�
SODQV�� IROORZLQJ� QHZO\� LQWURGXFHG�
EXLOGLQJ�UHJXODWLRQV��

7KHUH�ZDV�DQ�DPELWLRQ�WR�JLYH�WKRVH�
VWDWH� KRXVHV� DQG� LQGLYLGXDO� ORRN��

7KH� JRYHUQPHQWV� EULHI� UHTXLUHG�
GLIIHUHQW�ŴRRU�SODQV�DQG�HOHYDWLRQV�
LQ� HYHU\� JURXS�RI� ���EXLOGLQJV� RQ�
D�VWUHHW��.H\�IHDWXUHV�ZHUH�D�UHFWDQ-
JXODU� ŴRRU� SODQ� FRQVLVWLQJ� RI� ��� ��
EHGURRPV�ZLWK�VLPSOH�KLS�RU�JDEOH�
URRIV�DQG�QR�GHFRUDWLRQ��7KH�GRRUV�
ZHUH�VHW�EDFN�VKDOORZ�DQG�ZLQGRZV�
ZHUH�UDWKHU�VPDOO�DQG�PXOWL�SDQHG�

+RXVHV�EXLOW�GXULQJ�WKDW�WLPH��RULJL-
QDOO\�KDG�QR�LQVXODWLRQ��'HVSLWH�WKDW�
PDQ\�EXLOGLQJV�KDYH�EHHQ�DOWHUHG�
RYHU� WLPH�� YHU\� IHZ� KDYH� UHDFKHG�
WRGD\ōV�VWDQGDUG���(ONLQN��$���������

NUMBER: 30.000

)ƢƠƮƫƞ�Ƃƈ���6WDWH�KRXVLQJ�&RRN�6WUHHW��1HZ�3O\PRXWK�k���/DXUD�)HOOHU�����N�

INSULATION LEVEL
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4.1.5 1950s PRIVATE HOUSING

1940V -1960V
,Q� WKH�HDUO\�����V� YHU\� IHZ�KRXVHV�
ZHUH� EXLOW� SULYDWHO\� DQG� ƓQDQFLQJ�
UXOHV� KHDYLO\� LQŴXHQFHG� WKH� ORRN��
WOHDGLQJ� WR� SULYDWH� KRPHV� FORVHO\�
UHVHPEOLQJ� VWDWH� KRXVHV�� 7ZR� NH\�
GLIIHUHQFHV�PDNH�LW�SRVVLEOH�WR�GLV-
WLQJXLVK�� ,Q� SULYDWH� KRXVHV� LW� ZDV�
SRSXODU�WR�XVH�FRUUXJDWHG�VWHHO�IRU�
URRƓQJ� DQG� VWXFFR� IRU� ZDOOV�� ERWK�
QHYHU�DSSHDUHG�LQ�VWDWH�KRXVLQJ�

/D\RXW�DQG�IRUP�KDG�PRUH�YDULDWLRQ�
WKDQ�HDUOLHU�VW\OHV��\HW�FRPPRQ�IHD-
WXUHV� LQFOXGH�D� IDLUO\�VPDOO��HIƓFLHQW�
OD\RXW� WKDW� ZDV� RULHQWHG� IRU� VXQ�
DQG�D�URRI�ZLWK���r�SLWFK��:LQGRZV�
JRW� ODUJHU�DQG�D� IDPLO\�VSDFH� �ZDV�
RIWHQ� LQFOXGHG�� ,Q� WKH� ����V� WKHUH�

ZDV�D�SHULRG�RI�EULFN�DQG�WLOH�KRXV-
HV� EXW� WLPEHU� KDG� DOUHDG\� JDLQHG�
SRSXODULW\�DJDLQ�E\�WKH�HQG�RI� WKH�
GHFDGH��'XULQJ�WKDW�WLPH�DUFKLWHFWV�
H[SORUHG� ŌWKH� 1HZ� =HDODQGō� VW\OH��
WKDW� UHSUHVHQWHG� ORFDO� YDOXHV� DQG�
HQYLURQPHQW�� 7\SLFDO� ZHUH� KLSSHG�
RU�JDEOHG�URRIV�WRSSHG�ZLWK�ƓQLDOV�
DQG� ORQJ� YHUDQGDV� WKDW� H[WHQGHG�
WKH�IXOO�OHQJWK�RI�WKH�KRXVH�DQG�H[-
SRVHG� EULFN� ƓUHSODFHV�Ő�(ONLQN� � $�� ��
������S�������
 
+RXVHV�EXLOW�GXULQJ�WKDW�WLPH��RULJ-
LQDOO\� KDG� QR� LQVXODWLRQ�� 0DQ\� RI�
WKHVH�EXLOGLQJV� KDYH�EHHQ� DOWHUHG�
RYHU� WLPH�� KRZHYHU� YHU\� IHZ� KDYH�
reached today’s standard. 

NUMBER: 262.000 INSULATION LEVEL

)ƢƠƮƫƞ�ƃſ�������V�KRXVH����0LG�3XQLKR�5RDG��:DUHD�k��/DXUD�)HOOHU�����P�
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4.1.6 1970s HOUSES

1970V

7KH� ����V� ZHUH� D� SHULRG� RI� H[-
SDQGLQJ� VXEXUEDQ� GHYHORSHPHQW��
&RPPRQ� GHVLJQV� ZHUH� FKDUDFWHU-
ised by the architectural styles that 
KDYH�GHYHORSHG�LQ�WKH�ODVW�FHQWXU\��
0DQ\�ZHUH�EXLOW� E\�GHYHORSHUV�� DV�
VR�FDOOHG�ŌVSHFō�KRXVHV��7KRVH�ZHUH�
XVXDOO\�UHFWDQJXODU�RU�/�VKDSHG�DQG�
EXLOW�ZLWK�ORZHU�FRVW�PDWHULDOV��$�ORW�
RI�WKHP�ZHUH�MXVW�EXLOW�IURP�JHQHULF�
SODQV�DQG�DUH�QRW�SDUWLFXODUO\�VXLWD-
EOH� IRU� WKH� VLWH� DQG�� RU� SRRUO\� RUL-
HQWDWHG��2SHQ�SODQ� OLYLQJ� UHDFKHG�
KLJK�SRSXODULW\�DQG�\RX�FDQ�VHH�LQ-
FUHDVHG�SUHVHQFH�RI�JDUDJHV��RIWHQ�
ZLWK�LQWHUQDO�DFFHVV��

0RVW�FRQVWUXFWLRQV�ZHUH�VWLOO�WLPEHU�
IUDPH�� ZLWK� D� KLJKHU� JUDGH� RI� SUH-
IDEULFDWLRQ��QHYHUWKHOHVV�DOWHUQDWLYH�
FRQVWUXFWLRQV� PHWKRGV� H�J�� FRQ-
FUHWH�EORFN�FRQVWUXFWLRQV�ZHUH�SLR-
neered by architects. 

+RXVHV�VWDUWHG�WR�KDYH�VRPH�LQVXOD-
WLRQ�DIWHU�������DIWHU�WKH��ƓUVW�LQVXOD-
WLRQ�UHTXLUHPHQWV�ZHUH�LQWURGXFHG�
�)LJXUH� ����� $� ODUJH� SURSRUWLRQ� RI�
����V� KRXVHV� KDV� QHYHU� EHHQ� XS-
dated to current standards and 
QHHG�UHQRYDWLRQ��(ONLQN��$����������

NUMBER: 279.000

)ƢƠƮƫƞ�ƃƀ�������V�KRXVH��k�/DXUD�)HOOHU�DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��

INSULATION LEVEL
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4.2 TYPICAL  
CONSTRUCTION
&RPPRQ� SURSHUWLHV� LQ� SUH������
KRXVHV�JLYH�DQ�LGHD�RI�D�W\SLFDO�1HZ�
=HDODQG�KRPH��7KHUH�ZHUH� YHU\� OLWWOH�
WZR�VWRUH\�KRXVHV�DQG�PRVW�RI�WKHP�
ZHUH� VWDQG�DORQH�� 6WLOO� WRGD\� LV� HVWL-
PDWHG� WKDW� ���� RI� KRXVLQJ� QDWLRQ-
DOO\� LV� VWDQG�DORQH� DQG� DQRWKHU� ����
LV� PXOWL�XQLW� EXW� WKH� PDMRULW\� LV� ORZ�
ULVH� ��%HQJWVVRQ�-�� HW� DO� ������S������
$SSUR[LPDWHO\� ����RI�KRXVHV� DUH� LQ�
WKH� ���� WR� ����P2� ŴRRU� DUHD� UDQJH��
UHSUHVHQWLQJ� WZR��RU� WKUHH�EHGURRP�
houses. 

7KH�PDMRULW\�RI�GZHOOLQJV�KDYH�D� WLP-
EHU�IUDPH�FRQVWUXFWLRQ��6WXGV�DW�����
RU�����PP�FHQWUH�ZHUH�RULJLQDOO\�MXVW�
EUDFHG� ZLWK� RXWVLGH� FODGGLQJ�� IURP�
WKH� ����V� GZDQJV� ZHUH� DGGHG� WR�
WKH�VWUXFWXUH��7KH�PRVW�SRSXODU�IRXQ-
GDWLRQ� ZDV� VXVSHQGHG� WLPEHU� ŴRRU�
�������

+RXVHV�KDG�W\SLFDOO\�HLWKHU�D�KLS��)LJ-
XUH����RU�JDEOHG�URRI��7KH�PRVW�XVHG�
PDWHULDO� IRU� URRƓQJ� ZDV� VKHHW� VWHHO��
IROORZHG� E\� SUHVVHG�PHWDO� DQG� FRQ-
FUHWH�WLOHV���%HQJWVVRQ�-��HW�DO�������S�
��

)ƢƠƮƫƞ�ƃƁ���7\SLFDO�URRI�FRQVWUXFWLRQ�����V���V�k�
/DXUD�)HOOHU�DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��
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STUDS at 
400 or 600 mm centres

TOP PLATETOP PLATE

CONCRETE  FOUNDATIONCONCRETE  FOUNDATION

SLEEPER BEARERSLEEPER BEARER
100 100 x 75 mmx 75 mmSLEEPER SLEEPER 

BEARERBEARER

BOTTOM BOTTOM 
PLATEPLATE

    TWO JOISTS    TWO JOISTS
    100 x 75 mm    100 x 75 mm

BRACEBRACE
150 x 25 mm150 x 25 mm

BEARERBEARER
100 100 x 75 mmx 75 mm

CONCRETE PILECONCRETE PILE

STUD FRAME
100 x 50 mm at 2400 length

CAST IN PRE-CAST CAST IN PRE-CAST 
CONCRETE VENTSCONCRETE VENTS

DWANGS DWANGS at 800 mm centresat 800 mm centres
(typical in houses after 1950)(typical in houses after 1950)

)ƢƠƮƫƞ�ƃƂ���7\SLFDO�WLPEHU�IUDPH�FRQVWUXFWLRQ�k�
/DXUD�)HOOHU�DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��
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)ƢƠƮƫƞ�ƃƄ���6WXFFR�k�/DXUD�)HOOHU�DGDSWHG�
IURP��%5$1=�5HQRYDWH�Q�G��

INSIDE LINING INSIDE LINING

STUD 
100 x 50 mm

STUDS 
100 x 50 mm

PLASTER 
BOARD

RENDERING
COAT

STRAIGHTENING-
COAT

FINISHING
COAT

GALVANISED 
REEINFORCED 
MESH NETTINGBEVEL-BACK

 WEATHERBOARD

WALL 
UNDERLAY

4.2.1 TYPICAL WALLS

7LPEHU� ZDOO� FODGGLQJV� DUH� SUHGRP-
LQDQW� IRU� SUH������ KRXVLQJ�� 6WXFFR��
EULFN� YHQHHU� DV� ZHOO� DV� DVEHVWRV�FH-
PHQW� ID©DGHV� EHFRPLQJ� PRUH� DQG�
PRUH�SRSXODU��)LJXUH������)LJXUH������
,QVLGH�OLQLQJV�ZHUH�FRPPRQO\�SODVWHU�
ERDUG� RU� VRIWERDUG�� ZLWK� HLWKHU� ZDOO�
SDSHU�RU�D�SDLQW�ƓQLVK�

)ƢƠƮƫƞ�ƃƃ���%HYHO�%DFN�ZHDWKHUERDUG�k�/DXUD�)HOOHU�
DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��
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)ƢƠƮƫƞ�ƃƅ���$VEHVWRV�FHPHQW�ŴDW��VKHHW��k�/DXUD�
)HOOHU�DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��

)ƢƠƮƫƞ�ƃƆ���%ULFN�YHQHHU�k�/DXUD�)HOOHU�
DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��

STUD 
100 x 50 mm

INSIDE LININGSTUD 
100 x 50 mm

BRICK VENEER

CAVITY FOR 
AIRFLOW

ASBESTOS-CEMENT 
FLAT SHEET

(6 - 9,5 mm)

MOLDED ASBESTOS-
CEMENT BATTENS

DWANG placed to 
fit sheet size

GALVANISED 
PRESSED STEEL 
FLASHING
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4.2.2 TYPICAL INSULATION LEVEL 
AND GLAZING

$OO�UHVLGHQWLDO�KRXVHV�EXLOW�LQ�WKH�ODWH�
��WK�FHQWXU\�XS�WR�WKH�ODWH�����V�KDG�
YHU\� OLWWOH� RU� QR� LQVXODWLRQ�� $� %5$1=�
UHSRUW� VXJJHVWV� WKDW� WKH� QXPEHU� RI�
H[LVWLQJ� KRXVHV� IURP� WKDW� SHULRG�
UHDFKHV� DERXW� ��������� )XUWKHU� DQDO-
\VLV�VXJJHVWV�WKDW�DERXW�KDOI�RI�WKHP�
KDG� QRW� EHHQ� UHWURƓWWHG�ZLWK� DQ\� RU�
VXIƓFLHQW� LQVXODWLRQ� �LQFOXGLQJ� UHWUR-
ƓWWHG� EXLOGLQJV��� &XUUHQWO\� WKHUH� DUH�
RYHU� �������� KRPHV� ZLWK� QR� LQVXOD-
WLRQ� RU� LQVXIƓFLHQW� LQVXODWLRQ� OHYHOV��
&RPSDUDEOH�WKH������&HQVXV�FRXQW-
HG����������� WRWDO�GZHOOLQJV� LQ�1HZ�
=HDODQG��6WDWV1=���������

:LQGRZV�ZHUH�RULJLQDOO\�WLPEHU�IUDPH�
ZLWK� VLQJOH� JOD]LQJ�� RYHU� WKH� \HDUV�
PDQ\�RI�WKHP�KDYH�EHHQ�UHSODFHG�E\�
DOXPLQLXP� IUDPHV�� 8QOLNH� (XURSHDQ�
ZLQGRZV��WKH�PDMRULW\�LV�KLQJHG�DW�WKH�
WRS��DZQLQJ��UDWKHU�WKDQ�RQ�WKH�VLGH�

)ƢƠƮƫƞ�ƃƇ���7\SLFDO�ZLQGRZV�k�/DXUD�)HOOHU�
DGDSWHG�IURP��%5$1=�5HQRYDWH�Q�G��
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4.3.1 FINANCIAL FACTOR

7KH� EHQHƓWV� IRU� UHWURƓWWLQJ� WKHUPDO�
insulation can be various and can 
EH� EURDGO\� FDWHJRULVHG� DV� IROORZV� 

• 5HGXFHG�HQHUJ\�FRVWV��KHDWLQJ�LQ�
ZLQWHU���FRROLQJ�LQ�VXPPHU�

• 5HGXFHG�KHDOWK�SUREOHPV
• ,PSURYHG�OLYLQJ�FRPIRUW
• ,PSURYHG�QRLVH�PLWLJDWLRQ
• ,PSURYHG� KRXVH� YDOXH�UHVDOH����

value  
• ,PSURYHG� TXDOLW\� RI� EXLOGLQJ�

VWRFN
• ,PSURYHG�LPSDFW�RQ�HQYLURQPHQW�

WKURXJK�HQHUJ\�VDYLQJV

1RW� RQO\� WKH� FRQFHUQV� DERXW� WKH� OLY-
LQJ� FRQGLWLRQ� DQG� WKH� EXLOGLQJ� VXE-
VWDQFH��EXW�DOVR� WKH�HFRQRPLF� IDFWRU�
VXJJHVW� XUJHQW� DFWLRQ�� 7KH� QHW� SUHV-
HQW�YDOXH� �139��GHFUHDVHV�RYHU� WLPH��
ZKLFK� PHDQV� WKH� ORQJHU� ZH� ZDLW� WR�
VWDUW�UHWURƓWWLQJ��WKH�ORZHU�WKH�OLIHWLPH�
EHQHƓW�IRU�WKH�EXLOGLQJ��UHVXOWLQJ�LQ�D�
ORZHU�139����%HQJWVVRQ�-��HW�DO�������
S���

)RU�D�PD[LPXP�139�LW�LV�UHFRPPHQG-
HG�WR�XSJUDGH�WR�D��UG�LQVXODWLRQ�OHYHO�
�)LJXUH������ZLWK�QR�DZQLQJV�LQVWDOOHG�
DQG�QR�XSJUDGH� IURP�VLQJOH�JOD]LQJ�
WR�GRXEOH�JOD]LQJ��+RZHYHU��ZKHUH�LW�
LV�SRVVLEOH��GRXEOH�JOD]LQJ� UHWURƓW� LV�
UHFRPPHQGHG�� ,W� VWLOO� SURYLGHV� SRV-
LWLYH� 139�� IRU� DERXW� ���UGV� RI� PD[L-
PXP�139�IRU�PRVW�FDVHV��%HQJWVVRQ�
-��HW�DO�������S������7KH�VDPH�UHSRUW�
KDV�FUHDWHG�PRGHOV�ZLWK�GLIIHUHQW�UHW-
URƓWWLQJ� VFHQDULRV�� DQG� DOO� DJUHH� RQ�
DQ�HVWLPDWHG����\HDUV�WR�UHWURƓW�H[LVW-
LQJ�KRXVHV�ZLWK�LQVXIƓFLHQW�LQVXODWLRQ��� 

4.3 BENEFITS OF 
RETROFITTING

$XFNODQG���:HOOLQJWRQ 5���� 5����

5�YDOXHV��P2�r&�:��

5���� 5�����
5���� 5���� 5���� 5�����

&29(5$*( &HLOLQJ� �����:DOO� ���������)ORRU��������:LQGRZV

&KULVWFKXUFK

'RXEOH�JOD]LQJ�ZLWK�DOXPLQLXP�IUDPH�

)ƢƠƮƫƞ�ƃƈ���5HFRPPHQGHG��UG�OHYHO�,QVXODWLRQ�k�/DXUD�
)HOOHU�DGDSWHG�IURP��%HQJWVVRQ�-��HW�DO������
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)ƢƠƮƫƞ�Ƅſ���$�YLOOD�RQ�*UDIWRQ�5RDG��$XFNODQG�k��/DXUD�)HOOHU�����Q�

7\SLFDO� IHDWXUHV�RI�D�YLOOD�FDQ�EH�VHHQ��ED\�ZLQ-
GRZV�� WKH� YHUDQGDK�� ZHDWKHU�ERDUG� FODGGLQJ�
DQG�GHFRUDWLYH�HOHPHQWV�RQ�WKH�SRUFK��
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7KHUPDO� UHWURƓWWLQJ� LV� D� PDMRU� FKDO-
OHQJH�FRQFHUQLQJ�DOPRVW�D�TXDUWHU�RI�
1HZ� =HDODQGōV� KRXVLQJ� VWRFN�� 2YHU�
�������� KRPHV� EXLOW� EHWZHHQ� �����
DQG� ����� QHHG� LQVXODWLRQ� DQG�� RU�
RWKHU�PRGLƓFDWLRQV��

,Q�DGGLWLRQ�WR�WKH�QHHG�RI� LQVXODWLRQ��
ODUJH� QXPEHUV� RI� KRPHV� �FRQVWUXFW-
HG�EHIRUH�WKH�����V��PD\�EH�GXH�IRU�
PDMRU� PDLQWHQDQFH� ZLWKLQ� WKH� QH[W�
WKH�QH[W� IHZ� \HDUV�� ,I� WKLV� LV� WKH� FDVH�
WKH� UHSODFHPHQW� RI� FODGGLQJ� DQG�RU�
ZLQGRZV� JLYH� RSSRUWXQLW\� WR� LQVWDOO�
LQVXODWLRQ�LQ�ZDOOV�DQG�KDUG�WR�DFFHVV�
URRI� VSDFHV�� 8QGHUŴRRU� VSDFHV� SUR-

YLGH� FRPPRQO\� DFFHVV� DQG� HQRXJK�
VSDFH�WR�ƓW�XQGHUŴRRU�LQVXODWLRQ��

1HYHUWKHOHVV�� PDQ\� KRXVHV� KDYH� LQ-
WDFW� RXWVLGH� FODGGLQJ� DQG� WKH� FRVW�
RI� UHSODFLQJ� VLQJOH�JOD]HG� ZLQGRZV�
LV� QRW� IHDVLEOH� IRU� WKH� KRPHRZQHU��
0RUH� VR� LQ� IDYRXU� RI� UHGXFLQJ� HP-
ERGLHG�FDUERQ��SRVVLEOH�UHSDLUV�KDYH�
WR�EH�FKRVHQ�RYHU�UHSODFHPHQW��

,Q� FRQFOXVLRQ�� D� ODUJH� ŌZDYHō� RI� WKHU-
PDO� UHWURƓWWLQJ� KDV� WR� DUULYH� DQG� LW�
VKRXOG� EH� GRQH�SURPSWO\� ERWK� FRQ-
VLGHULQJ� HPERGLHG� DQG� RSHUDWLRQDO�
FDUERQ�HPLVVLRQV��

4.4 CONCLUSION 
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MID PUNIHO ROAD 
SINGLE-FAMILY HOUSE 

1950 

7KH� IROORZLQJ� FDVH� VWXG\� ORRNV� DW� D�
W\SLFDO� ����V� GZHOOLQJ� DQG� VHHNV� WR�
EH�UHSUHVHQWDWLYH�IRU�D�ODUJH�JURXS�RI�
KRXVHV��7KH�DLP�LV�WR�KDYH�LQVXODWLRQ�
LQ�FHLOLQJ��XQGHUŴRRU�DQG�ZDOOV��FUHDW-
LQJ� PLQLPDO� LPSDFW� RQ� WKH� HQYLURQ-
PHQW�DQG�WKH�H[LVWLQJ�VWUXFWXUH��%RWK�
FHLOLQJ�DQG�XQGHUŴRRU�KDYH�EHHQ� LQ-
VXODWHG�LQ�������7KH�ZDOO�ZDV�QRW�SDUW�
RI� WKH� UHWURƓWWLQJ�� EHFDXVH� FODGGLQJ�
LQ� OLQLQJ� DUH� VWLOO� LQ� JRRG� FRQGLWLRQ��
7KH�ODFN�RI�EXLOGLQJ�VROXWLRQV�IRU�VLP-
LODU�EXLOGLQJ�WDVNV�DOO�RYHU�WKH�FRXQWU\�
PDNHV�LW�LPSRVVLEOH�WR�EULQJ�DOO�KRXV-
LQJ�VWRFN�XS�WR�FXUUHQW�VWDQGDUGV��'LI-
IHUHQW�DSSURDFKHV�WR�LQVWDOO�ZDOO��LQVX-

ODWLRQ� DUH� LQYHVWLJDWHG� DQG� ZHLJKHG�
DJDLQVW�HDFK�RWKHU�

7KH�IRFXV�LV�RQ�WRWDO�HQHUJ\�VDYLQJV�LQ�
WKH�ZKROH�OLIH�F\FOH��*LYHQ�WKDW�WKHUPDO�
insulation levels reach required stand-
DUG�� WKH�HPERGLHG�FDUERQ�RI� VKHHS�
ZRRO�LQ�FRPSDULVRQ�WR�FRPPRQ�JODVV�
ZRRO� LV�H[DPLQHG��8OWLPDWHO\�� WKH�HQ-
HUJ\�SD\EDFN�WLPH�RI�UHWURƓWWLQJ�DQG�
WKH� DPRXQW� RI� &22� VDYHG� E\� XVLQJ�
VKHHS�ZRRO�DUH�FDOFXODWHG�

7KH�UHVXOWV�DUH�SURMHFWHG�RQ�D�QDWLRQ�
ZLGH�VFDOH�DQG�VXJJHVW�WKH�SRWHQWLDO�
WRWDO�FDUERQ�VDYLQJV�

)ƢƠƮƫƞ�Ƅƀ����$[RQRPHWULH�
k��/DXUD�)HOOHU�����R�
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year: 1950

ŴRRU�VSDFH�������P2

VWDQG�DORQH��VLQJOH�ŴRRU�

IDPLO\�KRXVH�

WLPEHU�IUDPH�FRQVWUXFWLRQ�

ZLWK�VWXFFR�FODGGLQJ

KLS�URRI

VLQJOH�JOD]HG�DOXPLQLXP�ZLQGRZV

KHDWLQJ��RSHQ�ƓUH�SODFH���QR�FHQWUDO�

KHDWLQJ

$� WKUHH�EHGURRP� KRXVH� EXLOW� LQ� WKH�
����V���ZLWK�W\SLFDO�WLPEHU�IUDPH�FRQ-
VWUXFWLR�DQG�D�KLS�URRI��7KH�QDWLYH�WLP-
EHU�FRPPRQO\�XVHG�EDFN�WKHQ�LV�YHU\�

GXUDEOH�DQG�ZDOOV�DQG�URRI�DUH�VWLOO�LQ�
YHU\�JRRG�FRQGLWLRQ��$OVR�WKH�VWXFFR�
FODGGLQJ��VKRZV�QR�GDPDJH��

7KH� URRI� ZDV� RULJLQDOO\� ƓQLVKHG� ZLWK�
VWHHO�VKHHWV�EXW�ZDV�ODWHU�QR�DGDSWHG�
WR�WKH�SRSXODU�SUHVVHG�VKHHW�VKLQJOHV��
RQ�D�OD\HU�RI�EDWWHQV�QDLOHG�RQWR�WKH�
steel sheet.

:H� FDQ� ƓQG� H[LVWLQJ� URRI� LQVXODWLRQ��
ZKLFK� LV� D� ���PP� OD\HU� RI� SLQNEDWWV��
ƓWWHG� EHWZHHQ� WKH� EHDPV� �ERWWRP�
FKRUGV��� 8QGHUŴRRU� LQVXODWLRQ� ZDV�
LQVWDOOHG� LQ� UHFHQW� \HDUV�� VLWWLQJ� EH-
WZHHQ�WKH�MRLVWV��7R�SURWHFW�LQVXODWLRQ�
DJDLQVW�GDPSQHVV�IURP�WKH�VRLO�D�IRLO�
RU�YDSRXU�EDUULHU�ZDV�OD\HG�RXU�RQ�WKH�
JURXQG��

7KH� ZDOOV� DUH� LQ� H[FHOOHQW� FRQGLWLRQ��
inside and outside but have no insu-
ODWLRQ�� $OO� ZLQGRZV� DUH� VLQJOH�JD]HG�
ZLWK� DOXPLQLXP� IUDPHV�� 7KH� LQVLGH�
OLQLQJ� ZDV� GRQH� ZLWK� SODVWHUERDUG�
DQG�WKH�FHLOLQJV�VKRZ�WKH�W\SLFDO�VRIW-
board decorations. 

/LNH� PRVW� ����V���V� KRXVHV�� WKH� OLY-
LQJ� URRP�KDV�DQ�RSHQ�ƓUHSODFH� WKDW�
SURYLGHV� WKH� RQO\� VRXUFH� RI� KHDWLQJ�
LQ�WKH�KRXVH��7KH�ƓUH�VXUURXQG�LV�WLOHG�
ZLWK�D�WLPEHU�VKHOI�DERYH��ZKLFK�ZDV�
YHU\�FRPPRQ�LQ�WKDW�WLPH��,W�VLWV�LQ�DQ�
RXWVLGH�ZDOO��ZKHUH� WKH�FKLPQH\�ZDV�
FRQVWUXFWHG�IURP�UHLQIRUFHG�FRQFUHWH�
�%5$1=��Q�G����7KHUH�ZDV�D�YHQWLODWLRQ�
V\VWHP� LQVWDOOHG�� WKDW� FDQ� GLVWULEXWH�
KHDW� IURP� OLYLQJ� URRP� WR� WKH� WKUHH�
EHGURRPV��,Q�P\�RZQ�WHVWLQJ�WKLV�V\V-

WHP�IDLOHG�WR�KHDW�DOO� WKH�FRQQHFWLQJ�
URRPV� WR� D� PRGHUDWH� WHPSHUDWXUH�
DQG�LW�LV�PDLQO\�WKH�OLYLQJ�URRP�WKDW�LV�
ZDUP�

3(5621$/�/,9,1*�(;3(5,(1&(�
ZLWKLQ�D�����PRQWK�SHULRG
7KH�LQGRRU�WHPSHUDWXUHV�RI�DOO�URRPV�
H[FHSW� OLYLQJ� URRP� ZLWK� FRQQHFWHG�
NLWFKHQ�� LV� FRQVLVWDQWO\�EHORZ�D�PRG-
HUDWH� DQG� FRPIRUWDEOH� WHPSHUDWXUH�
LQ� PRVW� PRQWKV� RI� WKH� \HDU� H[FHSW�
GXULQJ�VXPPHU���'HF���)HE����'XULQJ�
WKLV�SHULRG�WKH�OLYLQJ�URRP�DQG�NLWFK-
HQ� WHQG� WR�HDVLO\�RYHUKHDW�DQG�PRVW�
ZLQGRZV�KDYH� WR�EH�RSHQ�DOO�GD\� WR�
UHJXODWH� WKH� WHPSHUDWXUH�� 2YHU� WKH�
FROGHU�PRQWKV�ZH�H[SHULHQFHG�PDQ\�
PRUQLQJV� ZLWK� D� WHPSHUDWXUH� EH-
ORZ���r&�LQ�WKH�EHGURRPV��ZKHQ�QR�

5.1 EXISTING BUILDING 
ANALYSIS
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5.1.1 CLIMATE OF 
BUILDING SITE

max
rC
min

month

mm
rain

)ƢƠƮƫƞ�ƄƁ���&OLPDWH�GLDJUDP�1HZ�3O\PRXWK�k�/DXUD�
)HOOHU�DGDSWHG�IURP�&OLPDWH�'DWD��Q�G��

DGGLWLRQDO� HOHFWULF� KHDWHU� ZDV�
XVHG�� &RQGHQVDWLRQ� LQVLGH� WKH�
JOD]LQJ� LV� YHU\� FRPPRQ� LQ� WKH�
PRUQLQJV� DQG� JURZWK� RI� PROG�
RQ�ZDOOV�DQG�HYHQ�RQ�WKH�ZRRG-
HQ� GRRUV� VWDUWHG� GHYHORSLQJ�
RYHU� WKH� ZLQWHU��:KHQ� LQGLFYLG-
XDO�URRPV�ZKHUH�KHDWHG�LW�WDNHV�
D� ORQJ� WLPH� WR� UHDFK�D�FRPIRUW-
DEOH� WHPSHUDWXUH� DQG� WKH� KHDW�
GLVDSSHDU�ZLWKLQ�D�VKRUW�DPRXQW�
RI� WLPH��DV� VRRQ�DV� WKH�KHDWLQJ�
VRXUFH� VWRSV�� 7KLV� LV� REYLVRXOV\�
H[SODLQHG� E\� WKH� PLVVLQJ� ZDOO�
LQVXODWLRQ�DQG� LQVXIƓFLHQW� OD\HUV�
LQ�URRI�DQG�XQGHUŴRRU�DV�ZHOO�DV�
WKH�JHQHUDO�ORZ�WKHUPDO�FDSDFLW\�
RI�WLPEHU�IUDPH�FRQVWUXFWLRQ�

1HZ� =HDODQGV� KDV� JHQHUDOO\� LQ-
GLFDWHG�D�WHPSHUDWH�RFHDQLF�FOL-
PDWH��1HZ�3O\PRXWK�LQ�7DUDQDNL�
LV����P�DERYH�VHD�OHYHO�DQG�WKH�
FOLPDWH�KHUH� LV�PLOG�� WHPSHUDWH�
DQG� JHQHUDOO\� ZDUP�� 7KH� WHP-
SHUDWXUHV� DYHUDJHV� ����r&�ZLWK�
KLJKHVW� PRQWK� EHLQJ� )HEUXDU\�
�KLJK�RI���r&���ZKLFK�LV�DOVR�WKH�
GULHVW�� -XO\� LV� UDWHG� WKH� FROGHVW�
�ORZ�RI���r&��DQG�ZHWWHVW�PRQWK�
RI� WKH� \HDU�� $QQXDO� UDLQIDOO� LV�
�����PP��&OLPDWH�'DWD��Q�G�
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SITE PLAN

56 Mid Puniho Road
4381 Warea, Taranaki, 
New Zealand

New Plymouth

Wellington

Auckland

)ƢƠƮƫƞ�ƄƂ���6LWH�SODQ�k��/DXUD�)HOOHU�����R�
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FLOOR PLAN

A - A

A - A

)ƢƠƮƫƞ�Ƅƃ���)ORRU�SODQ��k��/DXUD�)HOOHU�����S�
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NORTH-WEST

SOUTH-EAST

ELEVATIONS M 1:200

)ƢƠƮƫƞ�ƄƄ���(OHYDWLRQV�k��/DXUD�)HOOHU�����S�
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SOUTH-WEST ELEVATION

NORTH-EAST

ELEVATIONS M 1:200



100

//
  C

AS
E 

ST
U

D
Y 

 //
 

SECTION A-A
EXISTING CONSTRUCTION

SUSPENDED FLOOR SPACE
300-600 mm

HEAT LOSS

5.2 ANALYSIS 
APPROACH

)DFWRUV� WKDW� LPSURYH� WKHUPDO� SHUIRU-
PDQFH�EXW�FDQ�QRW�EH�LQŴXHQFHG�E\�
DQ�H[LVWLQJ�EXLOGLQJ��VXFK�DV�ORFDWLRQ�
DQG�RULHQWDWLRQ�RI�WKH�KRXVH��DUH�GLV-
UHJDUGHG�LQ�WKLV�VWXG\��$IWHU�DQDO\VLQJ�
WKH�NH\�SUREOHPV�RI�WKH�H[LVWLQJ�FRQ-
VWUXFWLRQ�� FHLOLQJ�� XQGHUŴRRU� DQG� LQ�
SDUWLFXODU�WKH�ZDOOV�DUH�VKRZQ�LQ�GHWDLO��
Each structure is evaluated individual-
O\�IURP�ERWK�D�EXLOGLQJ�SHUIRUPDQFH�
DQG�HQYLURQPHQWDO�SRLQW�RI�YLHZ��

)RU� WKH�ZDOO� VWUXFWXUH� GLIIHUHQW�PHWK-
RGV�DQG�RSWLRQV�DUH�ZHLJKHG�DJDLQVW�
HDFK�RWKHU��WR�ƓQG�WKH�PRVW�SUDFWLFDO�
solution. 

)LQDOO\��WKH�SRVLWLYH�FKDQJHV�UHVXOWLQJ�
IURP� WKH� WKHUPDO� UHWURƓWWLQJ� LV� H[-
SODLQHG�WKURXJKW�WKH�IROORZLQJ�

��KHDW�GHPDQG
��&22�HPLVVLRQV
��HQHUJ\�SD\EDFN�WLPH

)ƢƠƮƫƞ�Ƅƅ���&URVV�VHFWLRQ�$�$��k��/DXUD�)HOOHU�����T�
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CEILING
EXISTING INSULATION IN CEILING 
APPROX. 60 MM GLASS WOOL

= insufficient

WALL
NO EXISTING INSULATION IN WALL

= highly insufficient

FLOOR
EXISTING INSULATION IN UNDERFLOOR + 
POLYTHENE SHEET ON GROUND
RETROFIT IN 2007

= sufficient to current standards

5.3 KEY PROBLEMS

WINDOWS
SINGLE-GLAZED WINDOWS  WITH ALUMINIUM FRAMES

= highly insufficient

7KH�RULJLQDO�ZRRGHQ�ZLQGRZV�ZHUH�UHSODFHG�E\�DOXPLQLXP�
SURƓOHV��ZLWK�VLQJOH�JOD]LQJ��7KH�RULJLQDO�IUDPH�LV�VWLOO�LQ�SODFH�
DQG�WKH�DOXPLQLXP�IUDPH�LQVWDOOHG�LQVLGH�RI�LW��7KH�IUDPH�LV�
QRW� LQVXODWHG�DQG�FUHDWHV� WKHUPDO�EULGJHV��(VSHFLDOO\�DIWHU�
WKH�ZDOOV� DUH� LQVXODWHG�� WKH�ZLQGRZV�ZLOO� KDYH� WKH�ELJJHVW�
KHDW�ORVV��)XUWKHUPRUH��FRQGHQVDWLRQ�ZLOO�PRVW�OLNHO\�DSSHDU�
DQG�FDQ�FUHDWH�GDPDJH�LQ�WKH�FRQVWUXFWLRQ��7KH�VRPHWLPHV�
SUDFWLFHG��LQH[SHQVLYH�PHWKRG�WR�RQO\�UHSODFH�WKH�JOD]LQJ�
LV�SUREOHPDWLF�IRU�WKH�IUDPH�DQG�WKH�FRQQHFWLRQ�GHWDLO��,W�LV�
UHFRPPHQGHG�WR�FKDQJH�DOO�ZLQGRZV�LQFOXGLQJ�IUDPHV�WR�
D�FXUUHQW�VWDQGDUG��7R�UHDFK�D�%3,��EHORZ�������DFFRUGLQJ�WR�
FXUUHQW�EXLOGLQJ�VWDQGDUG�GRXEOH�JOD]HG�ZLQGRZV�DUH�LQHY-
itable.
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5.4 GENERAL METHODS TO RETROFIT 
A TIMBER FRAME CONSTRUCTION

 FROM OUTSIDE FROM OUTSIDE  FROM INSIDE FROM INSIDEIN BETWEEN IN BETWEEN 
1) BLOW-IN1) BLOW-IN

IN BETWEEN IN BETWEEN 
2) BATTS2) BATTS

�352ōV
��LQVLGH�OLQLQJ�DQG�PRXOGLQJV�RE-
tained
��GDPDJHG�FODGGLQJ�FDQ�EH�U�
HSODFHG
�FRQWLQXRXV�YDSRXU�UHWDUGHU�
��QHZ�ZDOO�XQGHUOD\

&21ōV
��DSSHDUDQFH��ZLGWK�RI�HDYHV��
FKDQJHV
��QHZ�IDFDGH��FRVW���FKDQJHG�ORRN�

352ōV 
��REWDLQ�ZDOO�WKLFNQHVV
��PLQLPDO�LPSDFW�RQ�LQVLGH�OLQLQJ�
�EORZ�LQ��LQVXODWLRQ�

&21ōV
��VWXGV�DUH�WKHUPDO�EULGJHV�
��QR�FRQWURO�RYHU�FRQGLWLRQ�RI�ZDOO�����������
 underlay 
��FDQ�QRW�LQVWDOO�YDSRXU�UHWDUGDQW
��FDQ�QRW�HQVXUH�FDYLW\�GUDLQDJH�IRU�����
�GLUHFW�Ɠ[HG�SDQHO�FODGGLQJV
��WKHUPDO�EULGJH�LQ�ŴRRU�FRQQHFWLRQ
��RQO\�SUDFWLFDO�IRU�FRQVWUXFWLRQV�ZLWK-
RXW�GZDQJV��EXLOW�EHIRUH������

352ōV 
��REWDLQ�ZDOO�WKLFNQHVV
��FDQ�UHSODFH�ZDOO�XQGHUOD\
��FDQ�LQVWDOO�YDSRXU�UHWDUGDQW

&21ōV
��VWXGV�DUH�WKHUPDO�EULGJHV�
��QHZ�LQVLGH�OLQLQJ
��ƓWWHG�NLWFKHQ�RU�EDWKURRP�IDFLOLWLHV
��WKHUPDO�EULGJH�LQ�ŴRRU�FRQQHFWLRQ

�352ōV
��LQVWDOODWLRQ�ZDOO
��LQVXODWLRQ�FRYHUV�VWXGV
��DSSHDUDQFH�RI�HDYHV�LV�REWDLQHG

&21ōV
��ORVV�RI�OLYLQJ�DUHD�
��FRQGHQVDWLRQ�SUREOHP�LQ�FDYLW\
��QHZ�LQVLGH�OLQLQJ
��UHSODFH�PRXOGLQJV��FRUQHU�RI�ZDOO�WR����
�FHLOLQJ��
��UHSODFH�VNLUWLQJ
��FRQWLQXRXV�YDSRXU�UHWDUGHU�QRW�� ���
�SRVVLEOH
��ƓWWHG�NLWFKHQ�RU�EDWKURRP�IDFLOLWLHV
��WKHUPDO�EULGJH�LQ�ŴRRU�FRQQHFWLRQ
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 FROM OUTSIDE FROM OUTSIDE  FROM INSIDE FROM INSIDE IN BETWEEN  IN BETWEEN 
(BLOW-IN OR BATTS)(BLOW-IN OR BATTS)

$OO� IROORZLQJ� UHWURƓW� VXJJHVWLRQV� IRFXV�PDLQO\� RQ� WKH�
LQVXODWLRQ� PDWHULDO�� ,W� LV� VXJJHVWHG� WR� RQO\� ZRUN� ZLWK��
EXLOGLQJV� PDWHULDOV� WKDW� KDYH� ORZ� HPERGLHG� FDUERQ��
KRZHYHU�WKH�FXUUUHQW�DYDLODELOW\�RI�WKRVH�LV�YHU\�OLPLWHG�
LQ�1HZ�=HDODQG��7KH� LGHDO� VROXWLRQ�ZRXOG� ORRN�GLIIHU-
HQW�LQ�DQRWKHU�FRXQWU\�H�J��$XVWULD�GXH�WR�WKH�SURGXFW�
UDQJH�

)ƢƠƮƫƞ�ƄƆ���0HWKRGV�RI�UHWURƓWWLQJ�LQVXODWLRQ�k��/DXUD�)HOOHU�����U�





//   
5.5 SUPERSTRUCTURE

// 
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12 carpet and underlay
15 native timber floor
100x 50 timber joists
100 polyester batts (installed in 2017)

5 �����P2.�:��5PLQ�����

EXISTING RETROFIT DETAIL
WITH POLYESTER BATTS (INSTALLED 2017)

ventilated underfloor space

1R�QHHG�WR�UHWURƓW��,QVXODWLRQ�LV�LQ�
JRRG�FRQGLWLRQ���VXIƓFLHQW�5�YDOXH

5.5.1 UNDERFLOOR

(;,67,1*�'(7$,/

7KH� VXVSHQGHG� WLPEHUŴRRU� FRQVWUXF-
WLRQ� PDNHV� WKH� XQGHUŴRRU� HDVLO\� DF-
FHVVLEOH� WKURXJK� D� PDQKROH� LQ� WKH�
ODXQGU\� URRP�� 3RO\HVWHU� EDWWV� ZHUH�
UHWURƓWWHW� EHWZHHQ� WKH� MRLVWV� DQG� D�
SRO\HWK\OHQH� VKHHW� NHHSV� PRLVWXUH�
FRPLQJ� IURP� WKH�JURXQG��7KLV� LV� FXU-
UHQW�UHWURƓW�SUDFWLFH�DQG�WKH�5�YDOXH�LV�
FRPSOLDQW�ZLWK�WKH�VWDQGDUG��

7KH� FRPSDULVRQ� RQ� WKH� ULJKW� VKRZV��
WKH�SRWHQWLDO�FDUERQ�VDYLQJV�LI�VKHHS�
ZRRO� ZDV� XVHG� LQVWHDG� RI� SRO\HVWHU��
6KHHS� ZRRO� LQVXODWLRQ� RQO\� FRQWDLQV�
DERXW� ����HPERGLHG� FDUERQ� � FRP-
SDUHG� WR� SRO\HVWHU� LQVXODWLRQ�� +RZ-
HYHU�� WKH�PRVW� FDUERQ� FDQ�EH� VDYHG�
E\� QRW� XVLQJ� DQ\� UDZ�PDWHULDO� DW� DOO��
*LYHQ� WKDW� WKH�SRO\HVWHU� EDWWV� DUH� LQ�
JRRG�FRQGLWLRQ�LW�LV�QRW�UHFRPPHQG-
HG�WR�UHSODFH�WKH�LQVXODWLRQ��

UNDERFLOOR
Polyester

Batt Insulation
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12 carpet and underlay
15 native timber floor
100 x 50 timber joists
100 polyester batts (installed in 2017)

12 carpet and underlay
15 native timber floor
100 x 50 timber joists
100 sheep wool batts

5 �����P2.�: 5 ������P2.�:�

COMPARISON
WITH SHEEP WOOL 

EXISTING RETROFIT DETAIL
WITH POLYESTER BATTS (INSTALLED 2017)

ventilated underfloor spaceventilated underfloor space

 - 81 %
NJ�&2��HTX

total 

TOTAL CO
2
 eq UNDERFLOOR

POLYESTER SHEEP WOOL

679

103

GWP COMPARISON

YDOXHV�IURP�8EDNXV�GH
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5 ����P2.�:�

EXISTING GLASS WOOL INSULATION 60mm

open roof space

7KH� FHLOLQJ� LV� DFFHVVLEOH� WKURXJK� D�
PDQKROH� DQG� D� OD\HU� RI� DSSUR[�� ���
PP�JODVV�ZRRO�EDWWV�ZDV�IRXQG��7KH�
EDWWV�H[SRVHG�WR�WKH�RSHQ�URRI�VSDFH�
DQG�DUH�QRW�LQ�JRRG�FRQGLWLRQ��7KH�UH-
TXLUHG�5�YDOXH�LV�����P2.�:�ZKHUHDV�
WKH�HVWLPDWHG�5�YDOXH�RI�WKH�FRQVWUXF-
WLRQ�LV�DERXW�����P2.�:�DQG�WKHUHIRUH�
LQVXIƓFLHQW� WR� FXUUHQW� VWDQGDUGV�� ,W� LV�
UHFRPPHQGHG�WR�UHSODFH�WKH�EDWWV�LQ�
EHWZHHQ�WKH�MRLVWV�DQG�SXW�D�VHFRQG�
OD\HU�RI�LQVXODWLRQ�RQ�WRS�FRYHULQJ�WKH�
MRLVWV��7KLV�HOLPLQDWHV�WKHUPDO�EULGJHV�
LQ� WKH� FHLOLQJ� FRQVWUXFWLRQ��7KH� FRP-
SDULVRQ� RQ� WKH� ULJKW� VKRZV� WKH� FRQ-
VWUXFWLRQ� GHWDLO� DQG� KRZ� PXFK� FDU-
ERQ� VKHHS�ZRRO� LQVXODWLRQ� FDQ� VDYH�
FRPSDUHG�WR�FRPPRQ�JODVV�ZRRO�

CEILING
Glass wool

batt insulation

60 glass wool battens between joists
100x 50 timber joists at 600 centres
12 softboard lining
paint

FXUUHQW�5�YDOXH�LV�QRW�
EXLOGLQJ�FRGH�FRPSOLDQW
�=RQH����ZDOOV��5PLQ� �����

5.5.2 CEILING

(;,67,1*�'(7$,/
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60 sheep wool battens overlay
100x 50 timber joists at 600 centres
 100 glass wool battens between joists
12 softboard lining

60 glass wool battens overlay
100x 50 timber joists at 600 centres
 60 glass wool battens between joists
12 softboard lining

5 �����P2.�:
�567$1'$5'� �����
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P2.
'U\LQJ�UHVHUYH��������J�P2a 
1R�FRQGHQVDWH

5 �����P2.�:�
�567$1'$5'� �����
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P�.
'U\LQJ�UHVHUYH��������J�P�D

RETROFIT WITH
SHEEP WOOL INSULATION

RETROFIT WITH
GLASS WOOL INSULATION

open roof space open roof space

 + 78 %
NJ�&2��HTX

total 

TOTAL CO
2
 eq CEILING

GLASS 
WOOL SHEEP WOOL

894

190

GWP COMPARISON & 
RETROFIT SUGGESTION 

YDOXHV�IURP�8EDNXV�GH
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18 cement-mortar plaster over wire netting
15 plaster board
wiall underlay ?
100x 50 timber studs
12 inner lining

5 �����P2.�:��5�����
+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ�����
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH������N-�P2.

7HPSHUDWXUH�DW�LQVLGH��WRR�ORZ��

([LVWLQJ�EXLOGLQJ�FRPSRQHQW�
(QYLURQPHQWDO�SHUIRUPDQFH�
LQGLFDWRUV� �QRW�DSSOLFDEOH

EXISTING DETAIL
[a] STUCCO

Comparable structure:
7\SLFDO�GLUHFW�Ɠ[HG�ZHDWKHUERDUG�
FODGGLQJ�HDUO\�����V���PLG�����V�

&RQGHQVDWH�
LQVLGH��

&RQGHQVDWH�
LQVLGH��

5.5.3 EXTERNAL WALLS

5(752),7�68**(67,21�:$//�>�@

,I� WKH�ZDOO�FRQVWUXFWLRQ� LQFOXGLQJ� WKH�
ZDOO� XQGHUOD\� LV� LQ� JRRG� FRQGLWLRQ��
ORRVH�ƓOO�VKHHS�ZRRO�LQVXODWLRQ�LV�WKH�
LGHDO�VROXWLRQ�WR�UHWURƓW��7KH�LQQHU�OLQ-
LQJ�FDQ�PRVWO\�EH�REWDLQHG�DQG� WKH�
YDSRXU� UHWDUGHU� ZLOO� EH� SODFHG� RQ�
WRS�RI�LW��,GHDOO\��DQ�LQVWDOODWLRQ�ZDOO�LV�
FRQVWUXFWHG�ZLWK����[����PP�EDWWHQV�
ZKLFK�FDQ�EH�ƓOOHG�ZLWK�D����PP�OD\HU�
RI�VKHHS�ZRRO�EDWWHQV��7KH�LQQHU� OLQ-
LQJ�ƓQLVKHV�WKH�ZDOO�FRQVWUXFWLRQ�

7KLV�PHWKRG�DVVXPHV�WKDW�PRXOGLQJV�
RU� VNLUWLQJ�ERDUGV� DUH� HDV\� WR� EH� UH-
SODFHG��

WALL
no existing insulation

IN BETWEEN IN BETWEEN 
A) BLOW-IN + SERVICES CAVITYA) BLOW-IN + SERVICES CAVITY

[b] WEATHER BOARD
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direct-fixed weatherboard cladding
wall underlay
100x 50 timber studs
 blown in sheep wool insulation
12 inner lining
vapour retarder
30 x 50 battens (services cavity)
 sheep wool batts insulation 
12 inner lining

18 cement-mortar plaster over wire netting
15 plaster board
wall underlay
100x 50 timber studs
 blown in sheep wool insulation
12 gypsum board
vapour retarder
30 x 50 battens (services cavity)
 sheep wool batts insulation
12 inner lining

5 �����P2.�:�
�567$1'$5' ������5UHFRPPHQGHG� ����

+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ������
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P�.

&RQGHQVDWH�������NJ�P2 
'U\LQJ�UHVHUYH�����J�P2a 
'ULHV����GD\V

5 �����P2.�:�
�567$1'$5' ������5UHFRPPHQGHG� ����

+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ�����
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P2.

'U\LQJ�UHVHUYH�������J�P2a 

[1b /2b] WEATHER BOARD[1a/2a] STUCCO 

&RQGHQVDWH�
LQVLGH�RI�ZHDWKHU-
ERDUG�FODGGLQJ�

1R�FRQGHQVDWH

YDOXHV�IURP�8EDNXV�GH
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1
2

EXISTING 
DETAIL

PREPARATION 
FOR BLOW-IN

Drill one hole per  
wall cavity

close gap to 
roof space

18 cement-mortar plaster
15 plaster board
wiall underlay
100x 50 timber studs 
12 gypsum board

[1a] PROCESS SKETCH
Sheep wool

/RRVH�ƓOO�LQVXODWLRQ���
installation wall

IN BETWEEN IN BETWEEN 
A) BLOW-IN + SERVICES CAVITYA) BLOW-IN + SERVICES CAVITY
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3
4

5

Blow-in
insulation

INSULATION 
BLOW-IN

INSTALL VAPOUR 
RETARDER

ADD SERVICE CAVITY + 
EXTRA INSULATOIN

18 cement-mortar plaster
15 plaster board
wiall underlay
100x 50 timber studs
 blown in sheep wool insulation
12 gypsum board
vapour retarder
30 x 50 battens installation layer

)ƢƠƮƫƞ�ƄƇ���3URFHVV�VNHWFK��%ORZ�LQ�
LQVXODWLRQ�k��/DXUD�)HOOHU�����V�
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1

2 3 4

EXISTING 
DETAIL

REMOVE 
INNER LINING

INSTALL VAPOUR 
RETARDER

INSTALL  100 mm
BATTS

[2a] PROCESS SKETCH
Sheep Wool Batts 

installation from inside

)ƢƠƮƫƞ�Ƅƈ����3URFHVV�VNHWFK��,QVWDOODWLRQ�
IURP�LQVLGH�k��/DXUD�)HOOHU�����W�

IN BETWEEN IN BETWEEN 
A) BATTS + SERVICES CAVITYA) BATTS + SERVICES CAVITY
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5 6 8

7

  RE-INSTALL GYPSUM     
  BOARD

  INSTALLATION WALL 30 mm
  filled with sheep wool battens

  CEILING TOP UP INSULATION     
  BETWEEN JOISTS

OVERLAY WITH 60 mm extra 
SHEEP WOOL BATTENS

18 cement-mortar plaster (original)
15 plaster board (original)
wall underlay (original)
100x 50 timber studs (original)
 blown in sheep wool insulation
12 inner lining
vapour retarder
30 x 50 battens service cavity
 sheep wool matt insulation
12 inner lining

$�FRPPRQ� VNLOOLRQ� URRI� FRQVWUXFWLRQ��
OLNH�WKLV� LV�DFFHVVDEOH�WKURXJK�D�PDQ�
KROH�DQG�GXH� WR� WKH�RSHQ�FRQVWUXF-
WLRQ�� LQVXODWLRQ�FDQ�HDVLO\�EH� WRSSHG�
XS��DGGHG�RU�UHSODFHG�

60 sheep wool battens overlay
100x 50 timber joists (local wood) at 600 centres
 100 glass wool battens between joists
12 softboard lining
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18 cement-mortar plaster over wire netting
15 plaster board
(wiall underlay)
100x 50 timber studs
12 inner lining

bevel-back weatherboard
wiall underlay
100x 50 timber studs
12 inner lining

5 �����P2.�:��5�����
+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ�����
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH������N-�P2.

7HPSHUDWXUH�DW�LQVLGH��WRR�ORZ��

([LVWLQJ�EXLOGLQJ�FRPSRQHQW�
(QYLURQPHQWDO�SHUIRUPDQFH�
LQGLFDWRUV� �QRW�DSSOLFDEOH

EXISTING DETAIL
 [a] STUCCO

&RQGHQVDWH�
LQVLGH��

&RQGHQVDWH�
LQVLGH��

5HWURƓWWLQJ� IURP� WKH� RXWVLGH� LV� WKH�
EHVW�RSWLRQ�LI��

• WKH�FODGGLQJ�QHHGV�WR�EH�� �
UHSODFHG

• ZLQGRZV�KDYH�WR�EH�UHSODFHG
• WKH�LQQHU�OLQLQJ�LV�LQ�JRRG������������

condition 
• H[LVWLQJ� PRXOGLQJV� RU� VNLUWLQJV�

DUH�GLIƓFXOW�WR�UHSODFH
• NLWFKHQ�� EDWKURRP� DQG� RWKHU� ID-

FLOLWLHV�KLQGHU�WKH�DFFHVV�IURP�LQ-
VLFH�ODUJHO\

 [3]
Sheep Wool

Batts insulation

FROM FROM 
OUTSIDEOUTSIDE

Comparable structure:
7\SLFDO�GLUHFW�Ɠ[HG�ZHDWKHUERDUG�
FODGGLQJ�HDUO\�����V���PLG�����V�

[b] WEATHER BOARD

5(752),7�68**(67,21�:$//�>�@
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[3b] WEATHER BOARD[3a] STUCCO 

8 plaster 
25 plaster board
wall underlay
60x 50 timber studs
 60 sheep wool insulation
100x 50 timber studs
 100 sheep wool insulation
vapour retardant
12 inner lining (existing)

15 plaster 
30 plaster board
wall underlay
60x 50 timber studs 
 60 sheep wool insulation
100x 50 timber studs
 100 sheep wool insulation
vapour retardant
12 inner lining (existing)

5 �����P2.�:�
�567$1'$5' ������5UHFRPPHQGHG� ����

+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ�����
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P2.

'U\LQJ�UHVHUYH��������J�P2a 

5 �����P2.�:�
�567$1'$5' ������5UHFRPPHQGHG� ����

+HDW�SURWHFWLRQ
7HPSHUDWXUH�DPSOLWXGH�GDPSLQJ�����
SKDVH�VKLIW������K
7KHUPDO�FDSDFLW\�LQVLGH�������N-�P2.

'U\LQJ�UHVHUYH��������J�P2a 

1R�FRQGHQVDWH 1R�FRQGHQVDWH
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5

EXISTING 
DETAIL

REMOVE 
CLADDING

INSTALL VAPOUR RETARDER 
BETWEEN STUDS AND DWANGS

SECONDARY LAYER 
PREVENTS THERMAL 
BRIDGES

INSTALL INSULATION + 
ADD SECONDARY
STRUCTURE

SECOND LAYER OF INSULATION 
BETWEEN STUDS 75 x 50

[3a] PROCESS SKETCH
Sheep wool batts 

installed from outside

FROM FROM 
OUTSIDEOUTSIDE
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6
PREVENT THERMAL BRIDGES 
ACCORDING TO ACCESSABILTY 
OF ROOF SPACE

ADD WALL UNDERLAY +
OUTSIDE CLADDING
PLASTERBOARD + STUCCO 

8 plaster 
25 plaster board
wall underlay
60x 50 timber studs (treated timber)
 60 sheep wool insulation
100x 50 timber studs
 100 sheep wool insulation
vapour retardant
12 inner lining (existing)

  60 sheep wool battens overlay
  100x 50 timber joists (original) at 600 centres
 100 glass wool battens between joists
  12 softboard lining

)ƢƠƮƫƞ�ƅſ���3URFHVV�VNHWFK��,QVWDOODWLRQ�IURP�
RXWVLGH�k��/DXUD�)HOOHU�����X�
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5exist �����P2.�: �!
�5QHZ �����P2.�:

SECTION A-A
RETROFIT OPTION: FROM OUTSIDE 

REDUCED HEAT LOSS

8 plaster 
25 plaster board
wall underlay
60x 50 timber studs (treated timber)
 60 sheep wool insulation
100x 50 timber studs
 100 sheep wool insulation
vapour retardant
12 inner lining (existing)

  60 sheep wool battens overlay
  100x 50 timber joists (original) at 600 centres
 100 glass wool battens between joists
  12 softboard lining

12 carpet and underlay
15 native timber floor
100 x 50 timber joists
100 sheep wool batts
100 x 50 sleeper bearer

double-glazed window 
with wooden frame
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5.5.4 RETROFIT OPTION:
[3a] Sheep wool batts 
installed from outside

:HLJKLQJ�XS�DOO� DGYDQWDJHV�DQG�GLV-
DGYDQWDJHV�RI�WKH�GLIIHUHQW�UHWURƓWWLQJ�
RSWLRQV�� WKH� LQVWDOODWLRQ� RI� LQVXODWLRQ�
IURP� RXWVLGH� VHHPV� WR� EH� WKH� PRVW�
HIƓFLHQW�� 7KH� UHPRYDO� RI� WKH� RULJLQDO�
IDFDGH� PDNHV� LW� SRVVLEOH� WR� LQVWDOO� D�
FRQWLQXRXV�OD\HU�RI�YDSRXU�UHWDUGHU��DV�
ZHOO�DV�D� UHSODFHPHQW�RI� WKH�ZDOO�XQ-
GHUOD\��7KLV�HOLPLQDWHV�WKH�ULVN�RI�ZDWHU�
HQWHULQJ�WKH�LQVXODWLRQ�OD\HU�DQG�FRQ-
GHQVDWLRQ�ZLWKLQ�WKH�VWUXFWXUH��

7KH� VHFRQGDU\� OD\HU� RI� LQVXODWLRQ�
RYHUOD\V� WKH�����[���� VWXGV�� UHPRYHV�
WKHUPDO� EULGJHV� LQ� WKH� ZDOO� DQG� IXU-
WKHU�LQFUHDVHV�WKH�5�YDOXH��7KHUH�LV�QR�
FKDQJH� WR� WKH� XVDEOH� ŴRRU� DUHD� DQG�
RULJLQDO� PRXOGLQJV� LQVLGH�� )XUWKHU-
PRUH�� LQ�EXLOW� NLWFKHQ� DQG� EDWKURRP�
IDFLOLWLHV�FDQ�VWD\�LQ�SODFH�

7KH� DGGLWLRQDO� ��� PP� GR� QRW� DIIHFW�
WKH� DSSHDUDQFH� RI� WKH� KRXVH� VLJQLƓ-
FDQWO\�QRU�GHFUHDVH�WKH�HDYHV�LQ�D�QHJ-
DWLYH�ZD\��7KH�JDLQHG�ZLGWK�RI�WKH�ZDOO�
DQG� SRVLWLRQLQJ� RI� ZLQGRZV� HQDEOHV�
WKH�XVH�RI�WKH�ZLQGRZ�VLOOV�DV�D�PXOWL-
IXQFWLRQDO�VSDFH�� FROM OUTSIDE FROM OUTSIDE
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7KHUPDO�UHWURƓWWLQJ�RIWHQ�FRPHV�ZLWK�
DQ�DOWHUDWLRQ�RI�FHUWDLQ�SDUWV�DQG�HOH-
PHQWV�RI�D�EXLOGLQJ�� ,GHDOO\�� WKH�QHF-
HVVDU\� FKDQJHV� DUH� GHVLJQHG� VPDUW�
DQG�SUHVHQW�DQ�RYHUDOO� LPSURYHPHQW�
IRU� WKH� KRXVH�� 7KH� GUDZLQJV� RQ� WKH�
IROORZLQJ� SDJHV� VKRZ� KRZ� WKH� LQ-
FUHDVHG�WKLFNQHVV��RI�DOO�RXWVLGH�ZDOOV��
FDQ�HIIHFW�WKH�OLYLQJ�FRPIRUW�SRVLWLYHO\�

5.5.5 SPATIAL EFFECT OF 
BUILDING MEASURES
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EXISTING WINDOW IN MASTER BEDROOM

BUILT-IN BEDSIDE TABLE
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EXISTING WINDOW TYPE

EXTENDED WINDOW SILL CREATES MULTIFUNCTIONAL SHELF
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WINDOW SIILL & EXTENSION OF WORKBENCH IN THE KITCHEN

EXISTING WINDOW IN THE KITCHEN
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EXISTING BAY WINDOW IN THE LOUNGE

MULTIFUNCTIONAL CHIIL-OUT AREA IN THE LOUNGEROOM
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����NJ�&22e 

�����NJ�
&22eq  

,VROHQD�6KHHS�:RRO�
���NJ�P����

3LQN%DWWV�
���NJ�P����

2Q� WKH� EDVLV� RI� WKH� FDVH� VWXG\� DQG��
GHSHQGHQW�RQ�WKH� LQVXODWLRQ�PDWHULDO�
XVHG��WKH�SRWHQWLDO�VDYLQJV�RI�&22 eq.. 
LV�FDOFXODWHG��7KH�UHTXLUHG�DPRXQW�RI�
JODVV�ZRRO�DGGV�ƓYH� WLPHV�PRUH�HP-
ERGLHG� FDUERQ� WR� \RXU� EXLOGLQJ�SUR-
FHVV�WKDQ�VKHHS�ZRRO��

5.6  CO2 eq SAVING POTENTIALL

SHEEP WOOL U= 0,036 | R = 2,7

TOTAL CO2 EQ. 

0 4.000 8.000 12.000 16.000

GLASS WOOL U= 0,038 | R = 2,6

POLYESTER U= 0,04 | R = 2,5

EPS U= 0,036 | R = 2,7

PU FOAM U= 0,05 | R = 2,0

)ƢƠƮƫƞ�ƅƀ���7RWDO�&2��HT��LQVXODWLRQ�PDWHULDO��&RPSDULVRQ���
k�*UDSKLF	GDWD���/DXUD�)HOOHU�����Y���



���

//
  C

AS
E 

ST
U

D
Y 

 //
 

SHEEP WOOL

CELLULOSE- 2.447

- 2.850

- 8.796

- 9.687

HEMP

CORK

WOOD FIBRE

kg CO
2
 eq. TOTAL

INSULATION FOR 100 m2 HOUSE

4.000- 4.000- 12.000 12.000

GLASS WOOL

POLYESTER

EPS

PU FOAM

4.940

15.500

3.682

2.616

556

5.6.1 GLOBAL WARMING 
POTENTIAL OF DIFFERENT 
INSULATION MATERIALS

7KLV� WKHVLV� ORRNHG� PDLQO\� DW� WKH� PD-
WHULDO�VKHHS�ZRRO�FRPSDUHG�WR�JODVV�
ZRRO� DQG� SRO\HVWHU�� VHHNLQJ� WR� SUHV-
HQW� D� PHDQLQJIXO� RXWFRPH� IRU� 1HZ�
=HDODQG�� 7R� ZLGHQ� WKH� VFRSH�� WKH�
JUDSK�RQ�WKH�OHIW�VKRZV�D�ZLGHU�UDQJH�
RI� LQVXODWLRQ�PDWHULDOV�DQG�WKHLU�&22 
equivalents. 

2Q� RQH� HQG� RI� WKH� VSHFWUXP� H�J��
H[SDQGHG� SRO\VW\URO� RU� ULJLG� IRDP�
LQVXODWLRQ� KDYH� D�PXFK� KLJKHU� QXP-
EHU�RI�&22� WKDQ�JODVV�ZRRO��2Q� WKH�
RWKHU� HQG� DOWHQDWLYH� SURGXFWV� OLNH�
FHOOXORVH�KHPS�� FRUN� RU� ZRRGƓEUH�
FDQ� VWRUH� ODUJH� DPRXQWV� RI� FDUERQ��
&XUUHQWO\�QRQH�RI�WKHVH�DOWHQDWLYH��LQ-
VXODWLRQ�SURGXFWV�LV�SURGXFHG�LQ�1HZ�
=HDODQG��ZKHUHDV�WKHUH�LV�D�ODUJH�ORFDO�
VXSSO\�RI�VKHHS�ZRRO�DQG�D�JURZLQJ�
VKHHS�ZRRO�LQVXODWLRQ�LQGXVWU\��

:KLOH� VKHHS�ZRRO� LQVXODWLRQ� LV� LGHDO�
IRU�1HZ�=HDODQG�LW�PLJKW�QRW�EH�WKH�
ƓUVW�FKRLFH� LQ�RWKHU�FRXQWULHV�� ,Q�$XV-
WULD� VKHHS� ZRRO� LQVXODWLRQ� SURGXFWV�
DUH� DYDLODEOH� DQG� KDYH� WR� FRPSHWH�
ZLWK� D� OLVW� RI� RWKHU� DOWHUQDWLYH� SURG-
XFWV��)RU�H[DPSOH�WKH�H[FHOOHQW�DFRXV-
WLF�LQVXODWLRQ�SURSHUWLHV�DQG�WKH�JRRG�
PRLVWXUH�PDQDJPHQW�FDQ�EH�D�JRRG�
UHDVRQ�WR�XVH�VKHHS�ZRRO�LQ�$XVWULD�)ƢƠƮƫƞ�ƅƁ���7RWDO�&2��HT��LQVXODWLRQ�PDWHULDO��&RPSDULVRQ����

k�*UDSKLF	GDWD���/DXUD�)HOOHU�����Y��
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5.6 CO2 EQU. SAVING POTENTIAL

5.6.1 SINGLE HOUSEHOLD SCALE

1

ŭ����
H�FDUV

(PERGLHG�&DUERQ���2SHUDWLRQDO�&DUERQ�

365

7KH� FDVH� VWXG\� H[DPSOH� FDQ� VDYH�
����� &22� HT� HPERGLHG� FDUERQ� E\�
XVLQJ� VKHHS� ZRRO� LQVXODWLRQ� LQVWHDG�
RI�JODVV�ZRRO���'HSHQGLQJ�RQ�WKH�LQ-
GLYLGXDO�KHDWLQJ�VFHQDULR�� IXUWKHU�DQ-
QXDO�VDYLQJV�RI�XS�WR��������&22 eq 
DUH�SRVVLEOH��7KH�WRWDO�DPRXQW�VDYHG�
HTXLYDODWHV�WKH�HPLVVLRQV�RI�WKH�HOFH-
WULF� HQHUJ\� ���� HOHFWULF� FDUV� QHHG� LQ�
D� \HDU� �������� DYJ� NLORPHWUHV�� \HDU�
�0LQLVWU\�2I�7UDQVSRUW��������

)ƢƠƮƫƞ�ƅƂ����&22�VDYLQJ�SRWHQWLDO�k�
*UDSKLF	GDWD���/DXUD�)HOOHU�����Z���
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,W� LV� HVWLPDWHG� WKDW� DOO� �������� KRXVHV�� ZLWK�
SRRU�WKHUPDO�SHUIRUPDQFH��DFURVV�WKH�FRXQWU\�
FRXOG� EH� UHWURƓWWHG�ZLWKLQ� ��� \HDUV� �%HQJWV-
VRQ�-��HW�DO��������%\�XVLQJ�VKHHS�ZRRO�LQVXOD-
WLRQ�LQVWHDG�RI�JODVV�ZRRO��1HZ�=HDODQG�FRXOG�
VDYH�����������W��&22 eq until 2030.

7KH�HPERGLHG�HQHUJ\�VDYHG�DORQH��FRXOG�
EH� XVHG� WR� SRZHU� ���� HOHFWULF� FDU� IRU� D�
ZKROH� \HDU�� �������� DYJ� NLORPHWUHV�� \HDU�
�0LQLVWU\�2I�7UDQVSRUW��������

7KH�HPERGLHG�HQHUJ\���RSHUDWLRQDO�HQHU-
J\�VDYHG�ZLWK�UHWURƓWWLQJ��FRXOG�EH�XVHG�WR�
SRZHU� EHWZHHQ� �������� �����PLR� HOHFWULF�
FDU�IRU�D�ZKROH�\HDU��

5.6.2 NATION WIDE SCALE

390.000 ����������W��&2��HT�
VDYLQJV�XQWLO�����

(PERGLHG�&DUERQ

)ƢƠƮƫƞ�ƅƃ���&22�VDYLQJ�SRWHQWLDO�k�
*UDSKLF	GDWD���/DXUD�)HOOHU�����Z���
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5.7 BUILDING PERFORMANCE INDEX AND ANNUAL LOSS FACTOR

7KH�DQQXDO�KHDW� ORVV� IDFWRU�ZDV�FDOFX-
ODWHG�XVLQJ�$/)��WKH�RIƓFLDO�RQOLQH�WRRO�
IURP�%5$1=��$/)��������EDVHG�RQ�WKH�
GDWD�RQ� WKH� ULJKW�� ,Q�RUGHU� WR�FRPSO\�
ZLWK� WKH� (QHUJ\� (IƓFLHQF\� &ODXVH� +��
RI�WKH�1HZ�=HDODQG�%XLOGLQJ�&RGH�D�
EXLOGLQJ�KDV�WR�KDYH�D�%3,�RI�OHVV�WKDQ�
�����N:K��P����r&���PRQWK��LQ�DQ\�ORFD-
WLRQ�WKURXJKRXW�1HZ�=HDODQG�

7KH�H[LVWLQJ�GHVLJQ
V�%3,�LV�������IDLO

:LWK� LQFUHDVHG� WKHUPDO� LQVXODWLRQ��
�ZDOOV� PHWKRG� >�D@�� DQG� DOO� ZLQGRZV�
UHSODFHG� E\� WLPEHU� IUDPH� � ZLQGRZV�
ZLWK�GRXEOH�JOD]LQJ�

7KH�QHZ�GHVLJQōV�%3,�LV�������SDVV

REQUIRED HEATING ENERGY: 

([LVWLQJ�KRXVH
+HDWLQJ�6FKHGXOH�
������������N:K�\HDU
������������N:K�\HDU

5HWURƓWWHG�KRXVH
+HDWLQJ�6FKHGXOH�
������������N:K�\HDU
������������N:K�\HDU

 

BUILDING DESIGN

7RWDO�)ORRU�$UHD��� � � � � � ����P2 
1XPEHU�RI�2FFXSDQWV���� � � � � �

CLIMATE
/RFDWLRQ��1HZ�3O\PRXWK�$QQXDO�/RVV�)DFWRU��� � � ����
,QWHUQDO�*DLQ�0XOWLSOLHU���� � � � � �����
:LQG�=RQH�)DFWRU��� � � � � � ����
1=6�����������&OLPDWH�=RQH��� � � � � �

FLOORS:
)ORRU�DUHD��VXVSHQGHG�ŴRRU���� � � � � ����P2 

3HULPHWHU�/HQJWK��� � � � � � ���P
3HULPHWHU�+HLJKW�� � � � � � �����P
7RWDO�6XVSHQGHG�)ORRU�5�YDOXH��� � � � �����P�r&�:

AIR LEAKAGE:
%DVLF�$LUWLJKWQHVV��� � � 'UDXJKW\��$OO�SUH������KRXVHV
&KLPQH\V�IRU�RSHQ�ƓUHV��� � � � 2QH�FKLPQH\
1R��RI�ŴXHG�KHDWHUV��� � � � � � 1RQH
:LQGRZ�3DVVLYH�9HQWV��� � � � � � 1RQH
5HWURƓW�DLUWLJKWHQLQJ��� � � 2OG�WLPEHU�ZLQGRZV�UHSODFHG
.LWFKHQ�YHQWV�RYHU�KRE���� :LQGRZ�PRXQWHG�H[WUDFW�XVHG���KRXU�GD\
7KH�ORFDWLRQ�LQGHSHQGHQW�$LU�/HDNDJH�5DWH�LV��� � � �����DF�K
6LWH�([SRVXUH��([SRVHG�
�2SHQ�VSDFHV�ZLWK�IHZ�FORVH�EXLOGLQJV�RU�WUHHV�
�:LQG�=RQH�)DFWRU��� � � � � � ����
/RFDO�$LU�/HDNDJH�5DWH��� � � � � � �����DF�K
+RXVH�9ROXPH���� � � � � � ����P3

HEATING
+HDWLQJ�6FKHGXOH��
����$OO�GD\�KHDWLQJ���DP���SP��
����(YHQLQJ�KHDWLQJ����SP���SP�
+HDWLQJ�/HYHO����r&)ƢƠƮƫƞ�ƅƄ���5HVXOWV�%XLOGLQJ�3HUIRUPDQFH�,QGH[�

k�/DXUD�)HOOHU�DGDSWHG�IURP��$/)������
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HEATING SCENARIO 7 a.m. - 11 p.m.

OPEN FIRE

SHEEP WOOLGLASS WOOL

ELECTRIC HEATER

7KH� DQQXDO� HQHUJ\� VDYLQJV� IRU� WKH�
RFFXSDQWV� RI� WKH� KRXVH� DUH� GHSHQG-
LQJ� RQ� WKH� FRQVWUXFWLRQ� 5�YDOXH� DQG�
QRW� RQ� WKH� W\SH� RI� LQVXODWLRQ� PDWHUL-
DO��+RZHYHU�� IRU�WKLV�WKHVLV�WKH�HQHUJ\�
SD\EDFN� WLPH� �(37�� IURP�D�ZKROH� OLIH�
F\FOH�SHUVSHFWLYH�LV�PRUH�H[SUHVVLYH��

7KH� (37� LV� UHSUHVHQWDWLYH� RI� WKH� DP-
RUWLVDWLRQ� RI� D� WKHUPDO� UHWURƓW�� ,W� HYDO-
XDWHV� KRZ�PDQ\� \HDUV� LW� WDNHV� WR� RII-
VHW� WKH�DPRXQW�RI�HPERGLHG�FDUERQ�
IURP�WKH�LQVXODWLRQ�PDWHULDO��7KLV�LV�WKH�
PRPHQW�ZKHQ�WKH�UHWURƓWWLQJ�SD\V�RII��
VROH�ORRNLQJ�DW�LW�IURP�DQ�FDUERQ�HPLV-
VLRQV�SRLQW�RI�YLHZ�

7KH� OHQJKW� RI� (37� LV� GHSHQGHQG� RQ�
WKH�&22�HT�RI� WKH� LQVXODWLRQ�PDWHULDO�
XVHG��WKH�DQQXDO�KHDWLQJ�GHPDQG�DQG�
the heat source.

)LJXUHV�VKRZ�GLIIHUHQW�KHDWLQJ�VFHQDU-
LRV� DQG� FRPSDUH� GLIIHUHQW� LQVXODWLRQ�
PDWHULDOV�� DOO� EDVHG� RQ� WKH� EXLOGLQJ�
GHWDLOV�RI�WKH�FDVH�VWXG\�

5.7.1 ENERGY PAYBACK TIME 

)ƢƠƮƫƞ�ƅƅ���$PRUWLVDWLRQ�RI�UKHUPDO�UHWURƓW��UHJDUGLQJ�&22 
HPLVVLRQV�k�*UDSKLF	'DWD���/DXUD�)HOOHU�����[���



���

��
��&
$6
(�
67
8
'
<�
���
�

5.7.2 AMORTISATION DIAGRAMS 

a) HEATING SCENARIO 20rc 7 a.m. - 11 

ENERGY PAYBACK TIME ENERGY PAYBACK TIME

b) HEATING SCENARIO 20rc 5 p.m. - 11 

SHEEP WOOL

GLASS WOOL

YE
AR

S

40

30

10

20

0

SHEEP WOOL
YE

AR
S

GLASS WOOL

120

90

30

60

0

+HDW�VRXUFH��2SHQ�:RRG�)LUH +HDW�VRXUFH��2SHQ�:RRG�)LUH

)ƢƠƮƫƞ�ƅƆ���D��E��F��G��$PRUWLVDWLRQ�RI�
WKHUPDO�UHWURƓW��UHJDUGLQJ�&22�HPLVVLRQV�
*UDSKLF	GDWD���/DXUD�)HOOHU�����[����
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c) HEATING SCENARIO 20rc 7 a.m. - 11 

ENERGY PAYBACK TIME ENERGY PAYBACK TIME

d) HEATING SCENARIO 20rc 5 p.m. - 11 

SHEEP WOOL
GLASS WOOL
POLYESTER

YE
AR

S
EPS

PUR FOAM
700

525

175

350

0SHEEP WOOL
GLASS WOOL
POLYESTER

YE
AR

S

EPS

PUR FOAM

300

225

75

150

0

+HDW�VRXUFH��2SHQ�:RRG�)LUH +HDW�VRXUFH��2SHQ�:RRG�)LUH



6 CONTENT

����6XPPDU\�RI�NH\�ƓQGLQJV
����&RQFOXVLRQ
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6.1 SUMMARY OF KEY FINDINGS

LOW GLOBAL 
WARMING POTENTIAL

EXCELLENT INSULATION
PROPERTIES

COMPETITIVE R-VALUES

IDEAL FOR TIMBER 
FRAME CONSTRUCITON

REUSEABLE &
 RECYCLEABLE

SEQUESTERS CO
2

NO TOXIC WASTE

HYGROSCOPIC - 
HANDLES MOISTURE WELL 

)ƢƠƮƫƞ�ƅƇ���6XPPDU\�RI�NH\�ƓQGLQJV��k�*UDSKLF���/DXUD�)HOOHU�����\����
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2
1
&
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A DIFFERENT SPIN ON INSULATION 
FOR NEW ZEALANDS HOUSES

LONG-LASTING 
MATERIAL

RENEWABLE
RAW MATERIAL

SIDE PRODUCT OF SHEEP 
MEAT PRODUCTION

SUPPORTS 
LOCAL ECONOMY

LOCAL NZ
MATERIAL

COST 
INTENSIVE

LOW AVAILABILITY 
ON THE MARKET

EASY TO INSTALL

HEALTHY FOR WORKERS 
AND OCCUPANTS

���

��
��&
2
1
&
/8
6,
2
1
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6.2 CONCLUSION

1HZ�=HDODQGV�EXLOW�HQYLURQPHQW�FRQ-
WULEXWHV�WR�QHDUO\�����WR�WKH�FRXQWULHV�
WRWDO�FDUERQ�HPLVVLRQV��FRQVHTXHQWO\�
WKHUH� LV� JUHDW� SRWHQWLDO� WR� WDFNOH� FOL-
PDWH� FKDQJH� ZLWKLQ� WKH� EXLOGLQJ�
VHFWRU�� 7RGD\ōV� NQRZ�KRZ� SURYLGHV�
PDQ\� ZD\V� RI� UHGXFLQJ� FDUERQ�� LQ�
ERWK�H[LVWLQJ�DQG�QHZ�EXLOGLQJV��DQG�
DUFKLWHFWV� ƓQG� WKHPVHOYHV� LQ� DQ� LP-
SRUWDQW�SRVLWLRQ� WR� DSSO\� WKRVH� VROX-
WLRQV��(YHU\� FRXQWU\�SURYLGHV� VSHFLƓF�
RSSRUWXQLWLHV�GXH� WR� IDFWRUV� VXFK�DV�
YDU\LQJ� FOLPDWHV�� PHWKRGV� RI� FRQ-
VWUXFWLRQ� RU� EXLOGLQJ� UHJXODWLRQV�� ,W�
LV� IXUWKHU� LPSRUWDQW� WR� GLIIHUHQWLDWH�
EHWZHHQ� PHDVXUHV� WKDW� UHGXFH� RS-
HUDWLRQDO�FDUERQ��RF��DQG�HPERGLHG�
FDUERQ��HF��

,Q� 1HZ� =HDODQG� WKHUPDO� UHWURƓWWLQJ�
SUHVHQWV�D�PDMRU�FKDOOHQJH��FRQFHUQ-
LQJ� DERXW� �������� KRXVHV� EXLOW� EH-
WZHHQ������DQG��������WKHVH�PD\�EH�
GXH�IRU�PDMRU�PDLQWHQDQFH�ZLWKLQ�WKH�
QH[W�IHZ�\HDUV��LQ�QHHG�IRU�UHQRYDWLRQ��
7KHVH� LQHIƓFLHQW� KRXVHV� ZLWK� OLWWOH� RU�
QR�LQVXODWLRQ�EULQJ�D�ORZ�VWDQGDUG�RI�
OLYLQJ�RQ�WKH�RQH�KDQG��DQG�DYRLGDEOH�
FDUERQ�HPLVVLRQV�RQ�WKH�RWKHU�

6XIƓFLHQW� LQVXODWLRQ�� WRJHWKHU� ZLWK�
KLJK� VWDQGDUG�JOD]LQJ� DQG� D� VXVWDLQ-
DEOH� KHDW� VRXUFH� UHSUHVHQW� WKH� WHFK-
QLFDO� IRXQGDWLRQ�RI�D�PRGHUQ�KRPH��
:KLOH� XOWLPDWHO\� DLPLQJ� WR� UHGXFH�
2�&���LW�LV�FUXFLDO�WR�UHGXFH�(�&�LQ�WKH�
ƓUVW� SODFH�� 7KLV� FDQ� EH� DFKLHYHG� E\�
ZRUNLQJ� ZLWK� � ORZ� FDUERQ� LQVXODWLRQ�
PDWHULDOV�� � WKRVH� ZKLFK� SURYLGH� WKH�
VDPH� WHFKQLFDO� SURSHUWLHV� DV� FRP-

SDUDEOH� FRPPRQ� SURGXFWV�� 6KHHS�
ZRRO�SURYHV�WR�EH�H[DFWO\�WKDW��EHLQJ�
SURGXFHG� IURP� FRDUVH� VKHHS� ZRRO�
ƓEUH�� WKH� ZRRO� LWVHOI� LV� DYDLODEOH� LQ�
ODUJH� TXDQWLWLHV� DV� D� E\�SURGXFW� RI�
WKH� VKHHS� PHDW� SURGXFWLRQ� LQ� 1HZ�
=HDODQG�

6KHHS�ZRRO� LQVXODWLRQ�KDV�EHHQ� VXF-
FHVVIXOO\�XVHG�IRU�PDQ\�\HDUV�DURXQG�
WKH�ZRUOG�DQG�DOVR�LQ�1HZ�=HDODQG��DO-
WKRXJK�LW�LV�OHVV�FRPPRQ��%\�ORRNLQJ�
DW� D� GHWDLOHG� FDVH� VWXG\� RI� D� KRXVH�
EXLOW� LQ� WKH� ����V�� LW� KDV� VKRZQ� WKDW�
LQVWDOOLQJ�VKHHS�ZRRO�ZRUNV�ZHOO�ZLWK�
WKH� FRPPRQO\� XVHG� WLPEHU� IUDPH�
construction and achieves the re-
TXLUHG�5�YDOXHV��'LIIHUHQW�PHWKRGV�RI�
LQVWDOOLQJ� WKH� SURGXFW� KDYH� EHHQ� H[-
DPLQHG�DQG�KDYH�WR�EH�GHFLGHG�RQ�D�
FDVH�E\�FDVH�EDVLV�GHSHQGLQJ�RQ�WKH�
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DJH�DQG�FRQGLWLRQ�RI� WKH�KRXVH��)RU�
WKH�DERYH�PHQWLRQHG�FDVH�VWXG\�LW�LV�
PRVW�HIƓFLHQW�WR�UHWURƓW�IURP�RXWVLGH�
DQG� UHSODFH� WKH� FODGGLQJ� DV� ZHOO� DV�
WKH�ZLQGRZV�

7KH� WRWDO� DPRXQW� RI� HPERGLHG� FDU-
ERQ� ZLWKLQ� WKH� LQVXODWLRQ�� DQG� WKH�
WRWDO� DQQXDO� HQHUJ\� VDYLQJV� ZDV� FDO-
FXODWHG�GXULQJ� WKH�����V�FDVH�VWXG\��
7KHVH� QXPEHUV� FRXOG� WKHQ� EH� FRP-
SDUHG�ZLWK�RWKHU� LQVXODWLRQ�PDWHULDOV�
VXFK�DV�JODVV�ZRRO��7KH�JOREDO�ZDUP-
LQJ�SRWHQWLDO�RI�VKHHS�ZRRO�LQVXODWLRQ�
LV� RQO\� ���� RI� JODVV� ZRRO� LQVXODWLRQ��
KHQFH� FKDQJLQJ� PDWHULDO� FDQ� VDYH�
DERXW� ����� NJ� &R�� HT� HPERGLHG�
FDUERQ�IRU�DQ�DYHUDJH�����P��KRXVH�
alone. While one house is obviously 
MXVW�D�GURS�RQ�WKH�KRW�VWRQH��SURMHFW-
LQJ�WKDW�RQ�D�QDWLRQZLGH�VFDOH�FRXOG�

PHDQ� VDYLQJV� DV�PXFK� DV� ����PLR� W�
&R��HT�
)XUWKHUPRUH��LQ�VRPH�KHDWLQJ�VFHQDU-
LRV�WKH�HQHUJ\�SD\EDFN�WLPH�RI�JODVV�
ZRRO� LQVXODWLRQ� FDQ� EH� PRUH� WKDQ�
D� OLIHWLPH�RI� D� KRXVH� DQG� LV� QRW� VXV-
WDLQDEOH�LQ�DQ\�ZD\��6KHHS�ZRRO�LQVX-
ODWLRQ� KDV� FRPSDUDEOH� DPRUWLVDWLRQ�
WLPHV�WKDW�DUH�RQO\�D�VPDOO�SHUFHQWDJH�
RI�JODVV�ZRRO�

$OO� LQ� DOO�� VKHHS� ZRRO� LQVXODWLRQ� LV� D�
KLJK� SHUIRUPLQJ� LQVXODWLRQ� PDWHUL-
DO� WKDW�VDYHV�D�VXEVWDQWLDO�DPRXQW�RI�
&2��HT��'HVSLWH�NQRZOHGJH�DURXQG�
VKHHS� ZRRO� DQG� RWKHU� ORZ� FDUERQ�
SURGXFWV� VLJQLƓFDQWO\� ODFNLQJ�� DZDUH-
ness needs to be increased both 
ZLWKLQ�WKH�LQGXVWU\�DV�ZHOO�DV�ZLWK��WKH�
EURDGHU�DXGLHQFH��FXVWRPHU��

�1HZ�=HDODQG�KDV�VHW�VWHSSLQJ�VWRQHV�
WRZDUGV� =HUR� &DUERQ� %XLOGLQJV� E\�
�����ZLWK� OHJDO�GRFXPHQWV�� LW� LV�QRZ�
WLPH� WR� WDNH� DFWLRQ� DQG� DFWLYHO\� FUH-
DWH� D� VKLIW� LQ� WKH�EXLOGLQJ� VHFWRU�7KLV�
FKDQJH� QHHGV� JXLGDQFH� WKURXJK�
HGXFDWLRQ��QHZ�SROLFLHV�DQG�IXQGLQJ��
FUHDWLQJ�WKH�QHFHVVDU\�SXVK�WR�JHQHU-
DWH�PRPHQWXP�DQG�DZDUHQHVV�

:H�FDQ�QR�ORQJHU�GR�EXVLQHVV�DV�
XVXDO��,WōV�WLPH�IRU�D�UDGLFDO�FKDQJH�
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'RZGHOO��'�� �������� Ō'HVLJQ�WR�FXW�FDUERQ��� WKH� WLPH� LV�QRZ�ō� ,VVXH������%5$1=�
EXLOGPDJD]LQH�� � $YDLODEOH� IURP�� KWWSV���ZZZ�EXLOGPDJD]LQH�RUJ�Q]�DVVHWV�
HERRNV�%����%XLOG����KWPO�>$FFHVVHG���-XO�����@

(3$��Q�G���Ō8QGHUVWDQGLQJ�*OREDO�:DUPLQJ�3RWHQWLDOVō�8QLWHG�6WDWHV�(QYLURQPHQ-
WDO�3URWHFWLRQ�$JHQF\� >RQOLQH@�$YDLODEOH� IURP��KWWSV���ZZZ�HSD�JRY�JKJHPL-
VVLRQV�XQGHUVWDQGLQJ�JOREDO�ZDUPLQJ�SRWHQWLDOV��>$FFHVVHG����-XQH�����@
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(3'�$XVWUDODVLD���������Ō:KDW�LV�DQ�(3'"ō�>RQOLQH@�$YDLODEOH�IURP��KWWSV���HSG�DXV-
WUDODVLD�FRP�ZKDW�LV�DQ�HSG��>$FFHVVHG����-XQH�����@

(3'�$XVWUDODVLD���������Ō(3'��3LQNp�%DWWVp�*ODVV�:RRO�,QVXODWLRQ��6HJPHQWV��%ODQ-
NHWV� DQG� %RDUGVō� >RQOLQH@� $YDLODEOH� IURP�� KWWSV���HSG�DXVWUDODVLD�FRP�HSG�
SLQN�EDWWV�JODVV�ZRRO�LQVXODWLRQ�VHJPHQWV�EODQNHWV�DQG�ERDUGV�� >$FFHVVHG�
���0DUFK�����@

(XULPD���������Ō0LQHUDO�ZRRO�SURGXFWLRQ�SURFHVVVō��>RQOLQH@�$YDLODEOH�IURP��KWWSV���
ZZZ�HXULPD�RUJ�DERXW�PLQHUDO�ZRRO�SURGXFWLRQ�SURFHVV� >$FFHVVHG� ��� 2FW�
����@

)UHQFK��/�-����&DPLOOHUL��0�-�7���,VDDFV��1�3��$�5��DQG�3ROODUG����������Ō:LQWHU�7HPSHU-
DWXUHV�LQ�1HZ�=HDODQG�+RXVHVō��&RQIHUHQFH�3DSHU�1R�������%5$1=��/WG��,661��
0111-7505

3OHFKHU�+���6WDWLVWD��������>RQOLQH@�$YDLODEOH�IURP��KWWSV���ZZZ�VWDWLVWD�FRP�VWDWLV-
WLFV��������XUEDQL]DWLRQ�LQ�QHZ�]HDODQG���>$FFHVVHG���$XJ�����@

+HDOKWEDVHGEXLOGLQJV� ������� >RQOLQH@�$YDLODEOH� IURP�� KWWSV���ZZZ�KHDOWKEDVHG-
EXLOGLQJ�FRP�LQVXODWLRQ�ZDOO�LQVXODWLRQ�>$FFHVVHG����-XO�����@

+LVWRU\�������Ō%ULWLVK�FRORQLVWV�UHDFK�1HZ�=HDODQGō�KWWSV���ZZZ�KLVWRU\�FRP�WKLV�
GD\�LQ�KLVWRU\�EULWLVK�FRORQLVWV�UHDFK�QHZ�]HDODQG�>$FFHVVHG���2FWREHU�����@

+RGJVRQ�$���&ROOLH�6���'HFHPEHU��������%LRGHJUDGDELOLW\�RI�:RRO��6RLO�%XULDO�%L-
RGHJUDGDWLRQ��3UHVHQWHG�DW���UG�7H[WLOH�5HVHDUFK�6\PSRVLXP�LQ�&KULVWFKXUFK�
Ŋ�$:,�&OLHQW�5HSRUW

+RO]� LVW� JHQLDO� ������� Ō*HVWHUQ��+HXWH��0RUJHQ��+2/=ō� � >EORJ@�$YDLODEOH� IURP��
KWWSV���ZZZ�KRO]LVWJHQLDO�DW�EORJ�JHVWHUQ�KHXWH�PRUJHQ�KRO]��>$FFHVVHG����
0D\�����@

,($��������Ō%XLOGLQJ�(QYHORSHVō��3DULV�$YDLODEOH�IURP��KWWSV���ZZZ�LHD�RUJ�UHSRUWV�
EXLOGLQJ�HQYHORSHV�>$FFHVVHG���-XO�����@

,QWHUQDWLRQDO�:RRO�7H[WLOH�2UJDQLVDWLRQ��������Ō�:RRO�QRWHV��,VVXH����$�VXPPDU\�
RI�ZRRO�WH[WLOH�LQIRUPDWLRQ��LQFOXGLQJ�QRWHV�DQG�LQWHUHVWLQJ�ZRRO�IDFWV�ō�>3')�
RQOLQH@�$YDLODEOH�IURP��KWWSV���LZWR�RUJ�VKHHS��>$FFHVVHG����$XJ�����@

,QWHUQDWLRQDO�:RRO�7H[WLOH�2UJDQLVDWLRQ���������Ō:RRO�DQG�)LUHō��>RQOLQH@��$YDLODEOH�
IURP��KWWSV���LZWR�RUJ�UHVRXUFHV�IDFW�VKHHWV��>$FFHVVHG����$XJ�����@

,:72��� ,QWHUQDWLRQDO�:RRO�7H[WLOH�2UJDQLVDWLRQ��������� Ō:RRO�VXSSO\�FKDLQō�� >RQ-

OLQH@�$YDLODEOH�IURP��KWWSV���LZWR�RUJ�ZRRO�VXSSO\�FKDLQ��>$FFHVVHG����$XJXVW�
����@

.DLVHU� &��� 1LNODVFK� :��� 6FK¸SJHQV� +��� 6SULW]HQGRUIHU� -��� 7XVFKLQVNL� 0�� ��������
Ō0DUNW¾EHUVLFKWō��� '¦PPVWRIIH� DXV� 1DFKZDFKVHQGHQ� 5RKVWRIIHQ�� *¾O]RZ��
)DFKDJHQWXU� 1DFKZDFKVHQGH� 5RKVWRIIH� >SGI@� $YDLODEOH� IURP�� KWWSV���PH-
GLDWKHN�IQU�GH�EURVFKXUHQ�KWPO��>$FFHVVHG����$XJXVW�����@

.RUMHQLF�$���=DFK�-���+URXGRY£�-���������Ō6FKDIZROOH�DOV�DOWHUQDWLYHU�:¦UPHG¦PPVW-
RII�XQG�LKU�K\JURWKHUPLVFKHV�9HUKDOWHQō��%DXSK\VLN������������+HIW����(UQVW�	�
6RKQ�9HUODJ�I¾U�$UFKLWHNWXU�XQG�WHFKQLVFKH�:LVVHQVFKDIWHQ�*PE+�	�&R��.*��
%HUOLQ�� S�� �������� >3')� RQOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�RYHUVKRRWGD\�
RUJ�QHZVURRP�FRXQWU\�RYHUVKRRW�GD\V���>$FFHVVHG����-XQH�����@

0HOWRQ�� 3�� �������� Ō7KH�8UJHQF\� RI� (PERGLHG�&DUERQ� DQG�:KDW� <RX�&DQ�'R�
DERXW� ,W�ō� >RQOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�EXLOGLQJJUHHQ�FRP�IHDWXUH�
XUJHQF\�HPERGLHG�FDUERQ�DQG�ZKDW�\RX�FDQ�GR�DERXW�LW�>$FFHVVHG����0D\�
����@

0LFURVRIW���������Ō6HH�KRZ�ZHōUH�EXLOGLQJ�D�VXVWDLQDEOH�FDPSXV�Ō�>SGI@�$YDLODEOH�
IURP��KWWSV���QHZV�PLFURVRIW�FRP�PRGHUQ�FDPSXV���>$FFHVVHG����-XO\�����@

0LQLVWU\� RI� %XVLQHVV�� ,QQRYDWLRQ� 	� (PSOR\PHQW�� ������� Ō%XLOGLQJ� IRU� &OLPDWH�
&KDQJHō�� >2QOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�PELH�JRYW�Q]�GPVGRFX-
PHQW������HQHUJ\�LQ�QHZ�]HDODQG������>$FFHVVHG����-XO�����@

0LQLVWU\�RI�%XVVLQHVV�� ,QQRYDWLRQ�DQG�(PSOR\PHQW�� Ō�(QHUJ\�LQ�1HZ�=HDODQG����
������&DOHQGDU�(GLWLRQ�ō��1HZ�=HDODQG�*RYHUQPHQW���$YDLODEOH�IURP��KWWSV���
ZZZ�PELH�JRYW�Q]�GPVGRFXPHQW������HQHUJ\�LQ�QHZ�]HDODQG������ >$F-
FHVVHG���-XO�����@

0LQLVWU\�RI� WKH�(QYLURQPHQW�� � ������� Ō&OLPDWH�&KDQJH�5HVSRQVH��=HUR�&DUERQ��
$PHQGPHQW� $FW� Ō� >2QOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�PIH�JRYW�Q]�FOL-
PDWH�FKDQJH�]HUR�FDUERQ�DPHQGPHQW�DFW�>$FFHVVHG����-XO�����@

0LWUH��� �������� Ō,QVXODWLRQō� >RQOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�PLWUH���FR�Q]�
VKRS�EXLOGLQJ�VXSSOLHV�LQVXODWLRQ�F�56����"T ��$UHOHYHQFH	SDJH ���
>$FFHVVHG����-XO�����@

1DWLRQDO�&DQFHU�,QVWLWXWH���������Ō�)RUPDOGHK\GH�DQG�&DQFHU�5LVNō���>RQOLQH@�$YDLO-
DEOH� IURP��KWWSV���ZZZ�FDQFHU�JRY�DERXW�FDQFHU�FDXVHV�SUHYHQWLRQ�ULVN�VXE-
VWDQFHV�IRUPDOGHK\GH�IRUPDOGHK\GH�IDFW�VKHHW�>$FFHVVHG����$XJXVW�����@

1HZ�=HDODQG�*RYHUQPHQW���������Ō1DWLRQDO�3ROLF\�6WDWHPHQW�IRU�5HQHZDEOH�(OHF-
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WULFLW\�*HQHUDWLRQō��$YDLODEOH�IURP��KWWSV���ZZZ�PIH�JRYW�Q]�SXEOLFDWLRQV�UPD�
QSV�UHQHZDEOH�HOHFWULFLW\�JHQHUDWLRQ������>$FFHVVHG����-XO�����@

1HZ�=HDODQG�*UHHQ�%XLOGLQJ�&RXQFLO�DQG�(QYLUR�0DUN�6ROXWLRQV����������Ō$�=HUR�
&DUERQ�5RDG�0DS�IRU�$RWHDURDōV�%XLOGLQJVō��$XFNODQG��$YDLODEOH�IURP��KWWSV���
ZZZ�Q]JEF�RUJ�Q]�$WWDFKPHQW"$FWLRQ 'RZQORDG	$WWDFKPHQWBLG �����
>$FFHVVHG����1RY�����@

1HZ� =HDODQG� +LVWRU\� �������� Ō1HZ� =HDODQGōV� ƓUVW� VKHHS� UHOHDVHGō�� 0LQLVWU\� IRU�
&XOWXUH� DQG� +HULWDJH�� >RQOLQH@� $YDLODEOH� IURP�� KWWSV���Q]KLVWRU\�JRYW�Q]�ƓUVW�
VKHHS�UHOHDVHG�LQ�QHZ�]HDODQG�>$FFHVVHG����$XJ�����@

1HZ�=HDODQG�6WDQGDUG���������Ō7KHUPDO�,QVXODWLRQ�Ŋ�+RXVLQJ�DQG�6PDOO�%XLOGLQJVō�
>SGI@� $YDLODEOH� IURP�� KWWSV���ZZZ�VWDQGDUGV�JRYW�Q]�VSRQVRUHG�VWDQGDUGV�
EXLOGLQJ�VWDQGDUGV�Q]V������>$FFHVVHG����)HE�����@

1LFRO�$��� 6DXQGHUV�&��� �������� Ō0HDW� DQG�ZRRO� ��:RRO�SURGXFWLRQ�DQG�SURFHVV-
LQJō��>RQOLQH@�$YDLODEOH�IURP��KWWSV���WHDUD�JRYW�Q]�HQ�PHDW�DQG�ZRRO�SDJH���
>����������@

5HQRYDWH�(XURSH���Q�G���Ō5HGXFLQJ�WKH�HQHUJ\�GHPDQG�RI�WKH�EXLOGLQJ�VWRFN�E\�����
E\�����ō�>SGI@�$YDLODEOH�IURP��KWWSV���ZZZ�UHQRYDWH�HXURSH�HX������������
UHGXFLQJ�WKH�HQHUJ\�GHPDQG�RI�WKH�HX�EXLOGLQJ�VWRFN�E\����E\������� >$F-
FHVVHG����2FW�����@

5HVHDUFK*DWH� �Q�G��� Ō(Q]\PDWLF� WUHDWPHQW� RI� ZRRO� ZLWK� PRGLƓHG� SURWHDVHV�
�� 6FLHQWLƓFō� $YDLODEOH� IURP�� KWWSV���ZZZ�UHVHDUFKJDWH�QHW�ƓJXUH�&URVV�VHF-
WLRQ�GLDJUDP�RI�D�PHULQR�ZRRO�ƓEUH�VKRZLQJ�WKH�VWUXFWXUH�DW�SURJUHVVLYHB
ƓJ�B����������>$FFHVVHG����'HF������@�

6HWWOHG��Q�G���Ō/HDUQLQJ�DERXW�OHDN\�EXLOGLQJVō�>RQOLQH@�$YDLODEOH�IURP��KWWSV���ZZZ�
VHWWOHG�JRYW�Q]�EX\LQJ�D�KRPH�UHVHDUFKLQJ�WKH�SURSHUW\�OHDUQLQJ�DERXW�
OHDN\�EXLOGLQJV��>$FFHVVHG����2FW�����@

6WDQGDUGV� &RXQFLO�� ������� Ō7KHUPDO� ,QVXODWLRQ� Ŋ� +RXVLQJ� DQG� 6PDOO� %XLOGLQJVō��
1=6������������6WDQGDUGV�1HZ�=HDODQG��:HOOLQJWRQ��,6%1��������������

6WDWV1=�� ������� $YDLODEOH� IURP�� KWWS���DUFKLYH�VWDWV�JRYW�Q]�&HQVXV������FHQ-
VXV�SURILOH�DQG�VXPPDU\�UHSRUWV�TXLFNVWDWV�DERXW�KRXVLQJ�KRPH�RZQHU-
VKLS�KRXVHKROGV�DVS[�JVF�WDE ���>$FFHVVHG���$XJ�����@

6WDWV1=�� ������� Ō2FFXSLHG�GZHOOLQJV�� XQRFFXSLHG�GZHOOLQJV�� DQG�GZHOOLQJV�XQ-
GHU�FRQVWUXFWLRQ��IRU�SULYDWH�DQG�QRQ�SULYDWH�GZHOOLQJV��������������DQG������
&HQVXVHVŌ� $YDLODEOH� IURP�� KWWS���Q]GRWVWDW�VWDWV�JRYW�Q]�:%26�,QGH[�DVS["-

'DWD6HW&RGH 7$%/(&2'(������>$FFHVVHG����6HS�����@

6WHZDUW�3���������Ō$�OLQJHULQJ�OHJDF\�Ō�Build�����>SGI@�$YDLODEOH�IURP�KWWS���ZZZ�
EXLOGPDJD]LQH�RUJ�Q]�DVVHWV�3')�%XLOG��������)HDWXUH�:DWHU�:RHV�$�/LQ-
JHULQJ�/HJDF\�SGI�>$FFHVVHG����2FW�����@

6WRUD�(QVR���������Ō6WRUD�(QVR�EHFRPHV�3DUWQHU�RI�:RUOG�*UHHQ�%XLOGLQJ�&RXQ-
FLOōV�(XURSH�5HJLRQDO�1HWZRUNō��>RQOLQH@�$YDLODEOH�IURP��KWWSV���ZZZ�VWRUDHQ-
VR�FRP�HQ�QHZVURRP�QHZV��������VWRUD�HQVR�EHFRPHV�SDUWQHU�RI�ZRUOG�
JUHHQ�EXLOGLQJ�FRXQFLOV�HXURSH�UHJLRQDO�QHWZRUN��>$FFHVVHG����0D\�����@

6WRUD�(QVR�������� Ō&DUERQ�)RRWSULQW��KDQGSULQW��QHXWUDOLW\��ZKDW�DQG�KRZ"ō�5H-
QHZDEOH�)XWXUH��>3RGFDVW@��$YDLODEOH�IURP��KWWSV���VRXQGFORXG�FRP�VWRUDHQ-
VR�FDUERQ�IRRWSULQW�KDQGSULQW�DQG�QHXWUDOLW\�ZKDW�DQG�KRZ� >$FFHVVHG� ���
0D\�����@

6WULQJOHPDQ� +�� �3HGHQ� 5�� �������� 
6KHHS� IDUPLQJ
7H� $UD� �� WKH� (QF\FORSHGLD�
RI� 1HZ� =HDODQG�� >RQOLQH@� $YDLODEOH� IURP�� KWWS���ZZZ�7H$UD�JRYW�Q]�HQ�
VKHHS�IDUPLQJ�>$FFHVVHG����$XJ�����@

7HQDQF\�6HUYLFH��������� Ō&XUUHQW� LQVXODWLRQ�UHJXODWLRQV�Ō�$YDLODEOH�IURP��KWWSV���
ZZZ�WHQDQF\�JRYW�Q]�PDLQWHQDQFH�DQG�LQVSHFWLRQV�LQVXODWLRQ�FRPSXOVR-
U\�LQVXODWLRQ��>$FFHVVHG����-XO�����@

7HQDQF\6HUYLFH� �������� Ō$ERXW� WKH� KHDOWK\� KRPHV� VWDQGDUGVō� � >RQOLQH@� $YDLOD-
EOH� IURP�� KWWSV���ZZZ�WHQDQF\�JRYW�Q]�KHDOWK\�KRPHV�DERXW�WKH�KHDOWK\�
KRPHV�VWDQGDUGV��>$FFHVVHG���-XQ�����@

7KH�:RROPDUN�&RPSDQ\��������Ō:RRO�6FLHQFH��7HFKQRORJ\�DQG�'HVLJQ�(GXFD-
WLRQ�3URJUDPŌ��)DFLOLWDWRU�*XLGH�:RRO�)LEUH�6FLHQFH��7KH�:RROPDUN�&RPSDQ\�
3W\�/WG��S�����>SGI@�$YDLODEOH�IURP��KWWSV���ZZZ�ZRROPDUN�FRP��>$FFHVVHG�
���$XJXVW�����@

7KLQNVWHS�/WG����������Ō7KH�FDUERQ�IRRWSULQW�RI�1HZ�=HDODQGōV�EXLOW�HQYLURQPHQW��
KRWVSRW� RU� QRW"ō� >SGI@� $YDLODEOH� IURP�� KWWSV���VSKHUD�FRP�UHSRUWV�WKH�FDU-
ERQ�IRRWSULQW�RI�QHZ�]HDODQGV�EXLOW�HQYLURQPHQW�KRWVSRW�RU�QRW���  � >$F-
FHVVHG���$SULO�����@

6XVWDLQDEOH�0LQGV� ������� Ō7UDVSDUHQF\�5HSRUW� �('3���+DYHORFN�:RRO�%DWW� DQG�
/RRVH�ƓOO� ,QVXODWLRQō� >SGI@�$YDLODEOH� IURP�� KWWSV���ZZZ�WUDQVSDUHQF\FDWDORJ�
FRP�FRPSDQ\�KDYHORFN�ZRRO�LQVXODWLRQ�>$FFHVVHG����-XO�����@

8.�*UHHQ�%XLOGLQJ�&RXQFLO� �������� Ō1HW�=HUR�&DUERQ�%XLOGLQJV��$�)UDPHZRUN�
'HƓQLWLRQō��$GYDQFLQJ�1HW�=HUR��S�����>SGI@�$YDLODEOH�IURP��KWWSV���ZZZ�XNJ-
EF�RUJ�XNJEF�ZRUN�QHW�]HUR�FDUERQ�EXLOGLQJV�D�IUDPHZRUN�GHƓQLWLRQ�� >$F-
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FHVVHG����$SULO�����@

81)&&&� ������� KWWSV���XQIFFF�LQW�SURFHVV�DQG�PHHWLQJV�WKH�SDU-
LV�DJUHHPHQW�WKH�SDULV�DJUHHPHQW��>$FFHVVHG���-XO�����@

8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��������� Ō7KH�
3DULV� $JUHHPHQWō�� >RQOLQH@� $YDLODEOH� IURP�� KWWSV���XQIFFF�LQW�SUR-
FHVV�DQG�PHHWLQJV�WKH�SDULV�DJUHHPHQW�WKH�SDULV�DJUHHPHQW� >$F-
FHVVHG����$SULO�����@

8QLWHG�1DWLRQV��'HSDUWPHQW�RI�(FRQRPLF�DQG�6RFLDO�$IIDLUV��3RSXODWLRQ�
'LYLVLRQ���������:RUOG�3RSXODWLRQ�3URVSHFWV�������+LJKOLJKWV��67�(6$�
6(5�$������S����>SGI@�$YDLODEOH�IURP��KWWSV���SRSXODWLRQ�XQ�RUJ�ZSS�
3XEOLFDWLRQV��>$FFHVVHG����$SULO�����@

:DOVK�1���������Ō7KH�)DFWV�DERXW�$UFKLWHFWXUH�DQG�&OLPDWH�&KDQJHō�1LDOO�
3DWULFN�:DOVK��$UFKGDLO\��>RQOLQH@�$YDLODEOH�IURP��KWWSV���ZZZ�DUFKGDLO\�
FRP��������WKH�IDFWV�DERXW�DUFKLWHFWXUH�DQG�FOLPDWH�FKDQJH� ,661�
����������>$FFHVVHG����$SULO�����@

:LQG�*���+HVFKO�&K�� �Q�G���� Ō*UDXH�(QHUJLH� �� HLQ�ZHVHQWOLFKHU� )DNWRU� ]XU�
(QHUJLHRSWLPLHUXQJ�YRQ�*HE¦XGHQō���6WXGLHQ]HQWUXP�3LQNDIHOG��>SGI@�
$YDLODEOH� IURP�� KWWSV���ZZZ�EDXEHUXIH�]X�LPDJHV�GRNV�*UDXH(QHU-
JLH�������SGI�>$FFHVVHG����0D\�����@

:RUNPDQ�'�� �������� Ō7RS�6KHHS�DQG�/DPE�0HDW�([SRUWVō� >RQOLQH@�$YDLO-
DEOH� IURP�� KWWS���ZZZ�ZRUOGVWRSH[SRUWV�FRP�WRS�VKHHS�DQG�ODPE�
PHDW�H[SRUWV��>$FFHVVHG����$XJXVW�����@

:RUOG�*UHHQ�%XLOGLQJ�&RXQFLO� �������� Ō%ULQJLQJ�(PERGLHG�&DUERQ�8S-
IURQWō� S�� ���� ���� ��� >SGI@� $YDLODEOH� IURP�� KWWSV���ZZZ�ZRUOGJEF�RUJ�
HPERGLHG�FDUERQ�>$FFHVVHG����1RY�����@

:RUNLQJ� *URXS� 6XVWDLQDEOH� &RQVWUXFWLRQ� �������� Ō/LIHF\FOH� $VVHVVPHQWō�
>RQOLQH@� $YDLODEOH� IURP�� KWWSV���ZZZ�WXJUD]�DW�DUEHLWVJUXSSHQ�ZRUN-
LQJ�JURXS�VXVWDLQDELOLW\�DVVHVVPHQW�KRPH���>$FFHVVHG����0DL�����@

<DQQDNLV��1���&KXQJ��2���+DUW��6���+DOYHUVRQ��0���������Ō5HWURƓW�DQG�6XVWDLQ-
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