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���=DU\V�WHFKQLN�NRPSXWHURZ\FK�
Z�DUFKLWHNWXU]H

3URMHNWRZDQLH� ZVSRPDJDQH� NRPSXWHURZR� SR�
]ZDOD� QD� WZRU]HQLH� IRUP�� F] VWR� LQVSLURZDQ\FK�
ZLDWHP� SU]\URG\� L� PDWHPDW\N �� RGELHJDM F\FK�
RG� NODV\F]QLH� VWRVRZDQ\FK� IRUP� SURVWRSDG R FLHQ�
Q\FK��1RZH�JHRPHWULH�Z\PDJDM �QRZ\FK�QDU] G]L��
D�WH�±�Z�W\P�V]F]HJyOQLH�URERW\�±�SR]ZDODM �QD�ID�

EU\NDFM � L� PRQWD � SURMHNWyZ� SRZVWDM F\FK� Z� UR�
GRZLVNX�F\IURZ\P��5R]ZyM�PHWRG�NRPSXWHURZ\FK�
GD � SRF] WHN� ]DSRWU]HERZDQLX� QD� QDU] G]LD� SUHF\�
]\MQH�� VWHURZDQH� F\IURZR�� XPR OLZLDM FH� ]UHDOL]R�
ZDQLH�ZL]ML�ZVSy F]HVQ\FK�DUFKLWHNWyZ��

1DURG]LQ\� G\VF\SOLQ\� RNUH ODQHM� G]L � PLDQHP�
JUD¿�NL�NRPSXWHURZHM�]DSRF] WNRZD �GRNWRUDW�,YDQD�
6RXWKHUODQGD�QD�0,7���=DOHGZLH�F]WHU\�ODWD�Sy QLHM�

7KH�QHZ�SKHQRPHQD�UHVXOWLQJ�IURP�WKH�LQWHJUDWLRQ�RI�DUFKLWHF�
WXUH�DQG�PHFKDWURQLFV�DUH�GLVFXVVHG��,Q�WKH�VRFLHW\�RI�NQRZOHGJH��
GHVLJQ�� PRGHOLQJ�� IDEULFDWLQJ� DQG� DVVHPEOLQJ� RI� DUFKLWHFWXUH�
ZLWK�URERWLFV�FDQ�EH�VHHQ�DV�SDUW�RI�FUHDWLYH�GHVLJQ�SURFHVV��7KH�
XVH� RI� URERWLFV� DQG� DXWRPDWLRQ� DIIHFWV� WKH� SUDFWLFH� DQG�ZRUOG�
RI�DUFKLWHFWXUH��)DEULFDWLRQ�DQG�DVVHPEO\�RI�VWUXFWXUHV�DQG�HOH�
PHQWV�RI�EXLOGLQJ�XVLQJ�URERWV�LV�DQ�LPSRUWDQW�SKHQRPHQRQ��DV�

LOOXVWUDWHG�E\�WKH�FLWHG�H[DPSOHV��.LQHWLF�DUFKLWHFWXUH�EHFRPHV�
D�IRUP�RI�LQWHUIDFH�WKDW�UHVSRQGV�WR�FKDQJLQJ�FRQGLWLRQV�FRQWH[W�
DQG�WR�G\QDPLF�XVHU�UHTXLUHPHQWV�

.H\�ZRUGV� DUFKLWHFWXUH��PHFKDWURQLFV�� URERWLFV��GHVLJQ�� IDEUL�
FDWLRQ�� DVVHPEO\�� DXWRPDWLRQ� RI� FRQVWUXFWLRQ�� NLQHWLF� DUFKLWHF�
WXUH
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,QWHJURZDQLH�SURMHNWRZDQLD�L�PHFKDWURQLNL�SURZDG]L�NX�QRZHM�
GRPHQLH� DUFKLWHNWXU\��5RERW\ND� VWDMH� VL � REHFQD�Z� WZyUF]\FK�
SURFHVDFK� SURMHNWRZDQLD�� PRGHORZDQLD� L� EXGRZDQLD� DUFKLWHN�
WXU\� VSR HF]H VWZD�ZLHG]\�� 3RZVWDMH� QRZD� DUFKLWHNWXUD�� NWyUD�
PR H�UHDJRZD �QD�]PLHQQH�ZDUXQNL� URGRZLVND�RUD]�]PLHQQH�
Z\PDJDQLD� IXQNFMRQDOQH�� 5RERW\ND� XPR OLZLD� ZVSy SUDF
SURMHNWDQWD� L� X \WNRZQLND� Z� W\FK� SURFHVDFK�� :\EUDQH� SU]\�

N DG\� ZLDGF] �� H�IDEU\NDFMD�L�PRQWD �HOHPHQWyZ�DUFKLWHNWXU\�
]�Z\NRU]\VWDQLHP� URERWyZ� MHVW� ]MDZLVNLHP� SRWHQFMDOQLH� LVWRW�
Q\P�Z�SU]HNV]WD FHQLDFK�PLDVWD�L�MHJR�DUFKLWHNWXU\�

6 RZD� NOXF]RZH� DUFKLWHNWXUD�� PHFKDWURQLND�� URERW\ND�� SUR�
MHNWRZDQLH�� IDEU\NDFMD�� PRQWD �� DXWRPDW\]DFMD� EXGRZQLFWZD��
DUFKLWHNWXUD�NLQHW\F]QD
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�� ,�� 6XWKHUODQG� VWZRU]\ � SLHUZV]\� LQWHUDNW\ZQ\� L� SDUDPH�
WU\F]Q\�SURJUDP�JUD¿�F]Q\�Z������URNX��RSXEOLNRZDQ\�Z�MHJR�

GRNWRUDFLH�6NHWFKSDG��$�0DQ�0DFKLQH�*UDSKLFDO�&RPPXQLFD�
WLRQ�6\VWHP��0,7�������
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VWXGHQW� DUFKLWHNWXU\� L� SU]\V] \� G\UHNWRU� 0,7� 0H�
GLD� /DE�� 1LFRODV� 1HJURSRQWH� RSXEOLNRZD � DUW\NX
7RZDUG�D�7KHRU\�RI�$UFKLWHFWXUH�0DFKLQHV��:�NLH�
UXQNX� WHRULL� DUFKLWHNWXU\� PDV]\Q��� NWyU\� SRWHP�
UR]ZLQ �Z� NVL FH���1HJURSRQWH� SLVD � R� LQWHUDNFML�
L� SURMHNWRZDQLX� ZVSRPDJDQ\P� NRPSXWHURZR�� 3R�
VWXORZD � WDP� WU]\�PR OLZH�DVSHNW\��Z�NWyU\FK�PD�
V]\Q\�PRJ �SRPDJD �Z�SURFHVLH�SURMHNWRZDQLD������
SURFHGXU\� PRJ � E\ � ]DXWRPDW\]RZDQH�� ���� LVWQLH�
M FH�PHWRG\�PRJ �SRGOHJD � ]PLDQRP�ZHG XJ� VSH�
F\¿�NDFML� L� NRQVWUXNFML� PDV]\Q�� DOH� ]PLDQRP� SRG�
GDQH� V � W\ONR� FHFK\� NRPSDW\ELOQH� ]� PDV]\QDPL��
���� SURFHV� SURMHNWRZDQLD�� XZD DQ\� ]D� HZROXF\MQ\�
PR H�E\ �XGRVW SQLRQ\�PDV]\QLH�� UyZQLH �XZD D�
QHM�]D�HZROXF\MQ �

:� ����� SRZVWD D� SLHUZV]D� ZHUVMD� SURJUDPX�
&$'��&RPSXWHU�$LGHG�'HVLJQ��PDVRZR�]DDNFHS�
WRZDQHJR�SU]H]�DUFKLWHNWyZ��$XWRFDG�E\ �SU]H]QD�
F]RQ\� GR� GZXZ\PLDURZHJR� ��'��� S DVNLHJR� SUR�
MHNWRZDQLD�VFKHPDWyZ�L�XN DGyZ�HOHNWURQLF]Q\FK��
3RF] WNRZR� X \ZDQ\� E\ � GR� RSUDFRZ\ZDQLD� U\�
VXQNyZ�URERF]\FK�QD�NRPSXWHUDFK�,%0�3&��NWyUH�
Z� W\P� RNUHVLH� ZFKRG]L \� QD� U\QHN��:NUyWFH� SR�
F]RQR�]�NRPSXWHUHP�SLHUZV]H�]DXWRPDW\]RZDQH�

XU] G]HQLD�SHU\IHU\MQH�±�GRW�PHWUL[�SULQWHU�L�YHFWRU�
SORWHU� X \ZDM F\�Z\PLHQQ\FK� SLyUD� OXE� SLVDNyZ��
D� NLOND� ODW� Sy QLHM� UR]SRZV]HFKQL \� VL � IUH]DUNL�
ODVHURZH�� GUXNDUNL� �'� L� URXWHU\� &1&� ��RVLRZH��
8U] G]HQLD�WH�SU]HNV]WD FD \�LQVWUXNFMH�F\IURZH�QD�
IRUPDW� DQDORJRZ\�� G]L NL� F]HPX� V]\ENLH� SURWRW\�

SRZDQLD�L�PRGHORZDQLH�ZVW SQ\FK�SURMHNWyZ�VWD R�
VL �ZD Q �F] FL �GHVLJQX��6]HURNLH� ]DVWRVRZDQLH�
F\IURZ\FK�XU] G]H �SHU\IHU\MQ\FK��D�WDN H�DNFHS�
WDFMD�NRPSXWHUyZ�RVRELVW\FK�L�UR]ZyM�ZVSy SUDF\�
Z�]DNUHVLH�G\VWU\EXFML�Z�VLHFLDFK��UDG\NDOQLH�]PLH�
QL \�SUDNW\N �DUFKLWHNWD��3URFHV�WZRU]HQLD�SURMHNWX�
RWZRU]\ � W � GURJ � SURMHNWRZDQLD� QLH� W\ONR� SURIH�
VMRQDOLVWRP��DOH�WDN H�NOLHQWRP�L�RSLQLL�SXEOLF]QHM��
=QDF]HQLH�F\IURZR�QDJUDQHJR�SURMHNWX�]RVWD R� OD�
NRQLF]QLH�XFKZ\FRQH�SU]H]�%LOOD�0LWFKHOOD�� NWyU\�
SU]HZLG\ZD �%,0��DQJ��%XLOGLQJ�,QIRUPDWLRQ�6\V�
WHP���Ä'HVLJQ� WRGD\�FRXOG�EH�VHHQ�DV�UHSRUW� IURP�
WKH�FXUUHQW�VWDWH�RI�WKH�SURMHFW�GDWDEDVH�´�

:L]MD� 1HJURSRQWHJR�� ]DZDUWD� Z� MHJR� SLHUZV]HM�
NVL FH��� QDNUH OL D� QRZ � SUDNW\N � SURMHNWRZDQLD�
RUD]� URO � URERWD�SURMHNWDQWD��$XWRU� ]ZUyFL � XZDJ
QD� WR�� H� WHFKQLNL� JUD¿�NL� NRPSXWHURZHM� VWD \� VL
SDUDG\JPDWHP� V\VWHPyZ� ZVSRPDJDQ\FK� NRPSX�
WHURZR�� D� PDV]\Q\� Z� DUFKLWHNWXU]H� ÄPXV] � PLH
RF]\�L�XV]\´��:�REHFQHM�NXOWXU]H�WD�P\ O� MHVW� MHV]�
F]H�G]LZQD��VWZLHUG]L �1HJURSRQWH��DOH�GOD�QDV]\FK�
G]LHFL�E G]LH�WR�MX �]Z\N H�]GDU]HQLH�

3UHIDEU\NDFMD� L�PDVRZD�SURGXNFMD�SU]HP\V RZD�
E\ D� Z� FHQWUXP� ]DLQWHUHVRZD � PRGHUQLVWyZ� L� RG�
SRF] WNX� VWDQRZL D�ZD Q � F] � HWRVX� DUFKLWHNWXU\�
PRGHUQLVW\F]QHM�� 3UHIDEU\NRZDQ\ 3DFNDJHG�+RXVH�
6\VWHP�� DXWRUVWZD�.RQUDGD�:DFKVPDQQD� L�:DOWHUD�
*URSLXVD�� NWyU\� SRZVWD �Z� ����� URNX� VWDQRZL� FLH�
NDZ\� SU]\SDGHN� �LO�� �D���*URSLXV�ZLG]LD �PDV]\Q
MDNR�SRWHQFMDOQLH�GHKXPDQL]XM F �VL ��NWyU �PXVLD

�� 1��1HJURSRQWH��7KH�DUFKLWHFWXUH�PDFKLQH��0,7�3UHVV��������V����
�� :��-��0LWFKHOO��7KH�/RJLF�RI�$UFKLWHFWXUH��0,7�3UHVV�������

�� 1��1HJURSRQWH��7RZDUG� D� 7KHRU\� RI�$UFKLWHFWXUH�0DFKLQHV��
Ä-RXUQDO�RI�$UFKLWHFWXUDO�(GXFDWLRQ´��0DUFK�������V�����

D�������������������������������������������������������������������������������������������E

�D��3DFNDJHG�+RXVH�]DSURMHNWRZDQ\�SU]H]�.��:DFKVPDQQD�L�:��*URSLXVD�Z������U���
�E��5HNRQVWUXNFMD�/RFDWLRQ�2ULHQWDWLRQ�0DQLSXODWRU��ZF]HVQHJR�URERWD�ZJ�SURMHNWX�:DVFKVPDQQD��]�VLHGPLRPD�VWRSQLDPL�VZRERG\

�D��3DFNDJHG�+RXVH�GHVLJQHG�E\�.��:DFKVPDQQ�DQG�:��*URSLXV�LQ������
�E��5HFRQVWUXFWLRQ�RI�/RFDWLRQ�2ULHQWDWLRQ�0DQLSXODWRU��:DVFKVPDQQ¶V�HDUO\�URERW��ZLWK�VHYHQ�GHJUHHV�RI�IUHHGRP
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NRQWURORZD � F] RZLHN��:DFKVPDQQ� ]Z\N � PDZLD
Ä7RPRUURZ� LV� HYHU\WKLQJ´� �-XWUR� MHVW� ZV]\VWNLP��
L� SRVWU]HJD � WHFKQRORJL � MDNR� VL � ]GROQ �Z\]ZROL
SH Q\�SRWHQFMD �DUFKLWHNWXU\��:NUyWFH�SRWHP�:DFK�
VPDQQ� RSUDFRZD � /RFDWLRQ� 2ULHQWDWLRQ� 0DQLSX�
ODWRU� ]� VLHGPLRPD� VWRSQLDPL� VZRERG\� �LO�� �E��� UR�
ERW\F]Q\� XN DG� GHG\NRZDQ\� ]DXWRPDW\]RZDQHPX�
PRQWD RZL� HOHPHQWyZ�EXGRZODQ\FK� WHJR� V\VWHPX��
3y � ZLHNX� Sy QLHM� 7KRPDV� %RFN� RFHQL � SRGHM FLH�
:DFKVPDQQD� MDNR� NU\W\F]Q � PLVM � ZSURZDG]HQLD�
FD NRZLFLH� ]DXWRPDW\]RZDQ\FK� V\VWHPyZ� EXGRZ�
ODQ\FK��Ä7R�SRGHM FLH� MHVW�R]QDN �FHQQHJR�VSRMU]H�
QLD�QD�ZVSy ]DOH QR FL�PL G]\�V\VWHPDPL�SURGXNFML��
PRQWD X�L�VN DGDQLD�HOHPHQWyZ�D�V\VWHPDPL�SURMHN�
WRZDQLD� L�EXGRZDQLD��7HQ�URG]DM�KROLVW\F]QHJR�SR�
GHM FLD�GR� WHFKQLF]Q\FK� L� WHFKQRORJLF]Q\FK�SRWU]HE�
L� Z\PDJD � V\VWHPyZ� EXGRZODQ\FK�� SURGXNF\MQ\FK�
L�PRQWD RZ\FK�MHVW�REHFQLH�]QDQ\�MDNR�5RERW�2ULHQ�
WHG�'HVLJQ�´�

3LHUZV]H� QRZRF]HVQH� URERW\� SU]HP\V RZH� SR�
ZVWD H�Z������URNX�WDNLH��MDN�8QLPDWH��LO���D��X \W\�
QD�OLQLL�PRQWD RZHM�*HQHUDO�0RWRUV�E\ \�RGOHJ H�RG�
SUDNW\NL� SURMHNWRZDQLD� DUFKLWHNWRQLF]QHJR� WDPW\FK�
F]DVyZ��2EHFQLH� ±�Z� HU]H� SU]HP\V X� ����� ±� URER�
W\ND�L�DUFKLWHNWXUD�QLH�V �MX �REF\PL�VRELH�G]LHG]L�

QDPL�� 3URWRW\SRZDQLH� QD� PDV]\QDFK� VWHURZDQ\FK�
QXPHU\F]QLH� L� EXGRZDQLH� F\IURZ\FK� NRQFHSFML�
DUFKLWHNWRQLF]Q\FK� SURZDG]L� GR� ]DVWRVRZDQLD� UR�
ERW\NL� Z� PRGHORZDQLX�� Z\WZDU]DQLX� L� PRQWD X��
:� SU]HP\ OH� PRWRU\]DF\MQ\P� L� HOHNWURQLF]Q\P�
]DVWRVRZDQLH� DXWRPDW\]DFML� MHVW� MX � V]HURNR� UR]�
SRZV]HFKQLRQH�� 5RERW\ND� L� DXWRPDW\]DFMD� Z� EX�
GRZQLFWZLH�PDM � WH �ZLHONL� SRWHQFMD �� D� LFK� ]DVWR�
VRZDQLH� QD� V]HURN � VNDO � Z� SUDNW\FH� EXGRZODQHM�
ZS \QLH� ZNUyWFH� QD� SURMHNW\�� HGXNDFM � L� SUDNW\N
]DZRGRZ �� :� QLHGDOHNLHM� SU]\V] R FL� SRMDZL � VL
VDPRG]LHOQH�� SUDFXM FH� Z� VLHFL� V\VWHP\� URERWyZ��
NRQVWUXXM FH� SURGXNW\� ]DSURMHNWRZDQH�QD� SRWU]HE\�
VSHF\¿�F]QHJR�X \WNRZQLND�Z�F]DVLH�U]HF]\ZLVW\P��
NRQWUROXM FH�ZV]HFKREHFQH�L�HODVW\F]QH� URGRZLVND�
EXGRZ\�

���3DUDPHWU\]DFMD��RSW\PDOL]DFMD��
SURWRW\SRZDQLH��IDEU\NDFMD�L�PRQWD

=PLHQQR � SDUDPHWUX� Z\QLNDM FHJR� ]� IXQNFML��
IRUP\�OXE�F]\QQLNyZ� URGRZLVNRZ\FK�SURMHNWX�MHVW�
LVWRWQ �NRQVHNZHQFM �Z\NRU]\VWDQLD�URERWyZ�Z�DU�
FKLWHNWXU]H�� Ä-HVW� WHUD]� PR OLZH� WUDNWRZDQLH� SUR�
JUDPRZDQLD� NRPSXWHUD� L� IRUP\� DUFKLWHNWRQLF]QHM�

�� 7��%RFN��:��9��/DXHU��/RFDWLRQ�2ULHQWDWLRQ�0DQLSXODWRU� E\�
.RQUDG�:DFKVPDQQ��-RKQ�%ROOLQJHU�DQG�;DYLHU�0HQGR]D��$X�
WRPDWLRQ�DQG�5RERWLFV�LQ�&RQVWUXFWLRQ��,6$5&��������V����

�� 0��2OV]HZVNL��0HFKDWURQL]DFMD�SURGXNWX�L�SURGXNFML�±�SU]H�
P\V ������3$5��QU���������
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�D��8QLPDWH�±�SLHUZV]\�URERW�SU]HP\V RZ\�QD�OLQLL�PRQWD RZHM�*0�������U���
�E��=DVWRVRZDQLH�URERWD�SR]ZROL R�¿�UPLH�6NDQVND�1RUZD\�QD�ZLHORNURWQLH�V]\EV]\�PRQWD �VX¿�WyZ�QL �Z�SU]\SDGNX�HNLS\�
EXGRZODQHM��SUDFD�URERWD�E\ D�PR OLZD�G]L NL�ELH FHPX�SU]HV\ DQLX�GDQ\FK�]H� URGRZLVND�%,0��SU]\�Z\NRU]\VWDQLX�

G\QDPLF]QHJR�PRGHOX�LQIRUPDFML�EXGRZODQ\FK
�D��8QLPDWH�±�WKH�¿�UVW�LQGXVWULDO�URERW�RQ�*0�DVVHPEO\�OLQH�������

�E��7KH�XVH�RI�WKH�URERW�DOORZHG�6NDQVND�1RUZD\�WR�VSHHG�XS�WKH�DVVHPEO\�RI�FHLOLQJV�VHYHUDO�WLPHV�IDVWHU�WKDQ�LQ�WKH�FDVH�RI�
D�FRQVWUXFWLRQ�WHDP��WKH�ZRUN�RI�WKH�URERW�ZDV�SRVVLEOH�WKDQNV�WR�WKH�RQJRLQJ�WUDQVPLVVLRQ�RI�GDWD�IURP�WKH�%,0�HQYLURQPHQW��XVLQJ�

D�G\QDPLF�EXLOGLQJ�LQIRUPDWLRQ�PRGHO
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MDN� SURFHV\� ZVSy ]DOH QH�� D� WDN H� LFK� Z]DMHPQR
MDNR�]ZL ]HN�IXQGDPHQWDOQ\�Z�HU]H�F\IURZHM�´�

$E\�DUFKLWHNFL�PRJOL�WZRU]\ �L�Z]QRVL �EXG\QNL�
]D� SRPRF � URERWyZ�� ED]D� GDQ\FK� SURMHNWRZ\FK�
PXVL�E\ �GRVW SQD�Z�IRUPDFLH�F\IURZ\P��*G\�GDQH�
WH� V � X \ZDQH� ÄZ� F]DVLH� U]HF]\ZLVW\P´�� SRGF]DV�
SURMHNWRZDQLD��RSW\PDOL]DFML��SURWRW\SRZDQLD� L�EX�
GRZDQLD��VWRVRZDQLH�URERWD�GDMH�V]DQV �QD�]UHZROX�
FMRQL]RZDQLH�SUDF\�DUFKLWHNWD��

3URMHNWDQW� ]RVWDMH� VZHJR� URG]DMX� F\IURZ\P� U]H�
PLH OQLNLHP��D�MHJR�SURFHV�WZyUF]\��RG]\VNXMH�EH]SR�
UHGQL� NRQWDNW� ]� SODFHP�EXGRZ\��$XWRPDW\]XM FH� VL
QDU] G]LD� GDM � V]DQV � QD� G\QDPLF]QH� GRSDVRZ\ZD�
QLH� SURMHNWX� GR� ]PLHQLDM F\FK� VL � ZDUXQNyZ� QDZHW�
SRGF]DV� VDPHJR� SURFHVX� EXGRZ\��=PLDQD� F\IURZHJR�
]DSLVX� LQIRUPDFML� R� SURMHNFLH� XPR OLZL� G\QDPLF]Q
]PLDQ � UHDOL]RZDQHJR� SURMHNWX�� EH]� NRQLHF]QR FL�
]PLDQ\� QDU] G]LD�� :� %,0� PRGHORZDQLH� LQIRUPD�
FML� R� EXG\QNX� RGJU\ZD� ZD Q � URO � Z� W\P� SURFHVLH��
:�SU]HFLZLH VWZLH�GR�WUDG\F\MQ\FK�SURJUDPyZ�&$'��

MHVW�WR�QLH�W\ONR�SURFHV�JHQHURZDQLD��DOH�UyZQLH �]DU] �
G]DQLH� F\IURZ\PL� REUD]DPL� ¿�]\F]Q\FK� L� IXQNFMRQDO�
Q\FK� DVSHNWyZ� DUFKLWHNWXU\� SU]H]� FD \� F]DV� MHM� \FLD��
%,0�Z�SR F]HQLX�]�URERW\N �ZFKRG]L� MX �GR�EUDQ \�
EXGRZODQHM��5RERW\�]LQWHJURZDQH�]�%,0�V �FRUD]�F] �
FLHM�Z\NRU]\VW\ZDQH�QD�SODFDFK�EXGRZ\��LO���E��
3DUDPHWU\]DFMD�SR]ZDOD�QD�SURGXNRZDQLH�ZLHOX�

]Uy QLFRZDQ\FK� JHRPHWU\F]QLH�ZHUVML� SURMHNWX�� FR�
RF]\ZL FLH�Z\PDJD�MHJR�RSW\PDOL]RZDQLD��7ZRU]H�
QLH�ERJDW\FK�JHRPHWU\F]QLH�VWUXNWXU�L�RELHNWyZ�MHVW�
PR OLZH� G]L NL� MHGQRF]HVQHPX�JHQHURZDQLX� LQIRU�
PDFML� GR� LFK� SURGXNFML� ]�Z\NRU]\VWDQLHP�QDU] G]L�
F\IURZ\FK��0RGHO�SDUDPHWU\F]Q\�PR H�E\ �PRG\¿��
NRZDQ\��RSW\PDOL]RZDQ\�L�SURWRW\SRZDQ\�SU]\�]D�
VWRVRZDQLX�URERW\NL��D�SR�NR FRZHM�SURGXNFML�MHJR�
IUDJPHQWyZ� E G]LH� EXGRZDQ\� L� PRQWRZDQ\� WDN H�
SU]\�X \FLX�URERWD��-HGQ\P�]�SU]\N DGyZ�Z\JHQH�
URZDQLD� WUyMZ\PLDURZHM�VWUXNWXU\� L�SRG]LD X� MHM�QD�
HOHPHQW\� XPR OLZLDM FH� SUHIDEU\NDFM � �SDQHOH� HOH�
ZDF\MQH�� MHVW�'RQJGDHPXQ�'HVLJQ�3OD]D�Z�6HXOX��

���2SW\PDOL]RZDQ\�SRG]LD �QD�SDQHOH�SRZ RNL�]DSURMHNWRZDQHJR�SU]H]�=DKD�+DGLG�$UFKLWHFWV��
'RQJGDHPXQ�'HVLJQ�3OD]D��6HXO�������U��

���2SWLPL]HG�VKHOO�SDQHOV�GLYLVLRQ�GHVLJQHG�E\�=DKD�+DGLG�$UFKLWHFWV��'RQJGDHPXQ�'HVLJQ�3OD]D��6HRXO������

�� 0��.RKOHU�� HW� DO���7KH� 5RERWLF� 7RXFK��+RZ�5RERWV� &KDQJH�
$UFKLWHFWXUH��3DUN��������V����



�

SURMHNWX�=DKD�+DGLG�$UFKLWHFWV��:�SURGXNFML� IRUP�
�F]\OL� NRS\W�� SDQHOL� ]DVWRVRZDQH� ]RVWD \� URERW\��
MHGQDN�PRQWD � E\ �Z\NRQDQ\� G]L NL� WDQLHM� VLOH� UR�
ERF]HM� PHWRGDPL� NRQZHQFMRQDOQ\PL�� FR� ZS \Q R�
QD� Z\G X HQLH� F]DVX� UHDOL]DFML�� $E\� DUFKLWHNWXUD�
RVL JQ D�Z�SH QL�SR]LRP�,QGXVWU\������PRQWD �PX�
VLD E\�]RVWD �FD NRZLFLH�]DXWRPDW\]RZDQ\�]�Z\NR�
U]\VWDQLHP�QDU] G]L�URERW\F]Q\FK��LO������

:�SURMHNFLH�',$1$� �'\QDPLF� ,QWHUDFWLYH�5R�
ERWLF�$VVLVWDQW� IRU�1RYHO�$SSOLFDWLRQV���.XND� UR�
ERW�Z\NRU]\VW\ZDQ\�E\ �GR�PRQWD X�QLHUHJXODUQLH�
XVWDZLRQ\FK� Z� SU]HVWU]HQL� HOHPHQWyZ� GUHZQLD�
Q\FK��=D R RQD�JHRPHWULD�L�PDWHULD �Z\PDJD \�Z\�
NRU]\VWDQLD� WHFKQLNL� PRQWD RZHM� XPR OLZLDM FHM�
Z\NU\ZDQLH� G\QDPLF]QH� L� UHDJRZDQLH� QDU] G]LD�
QD� ZV]HONLH� RGFK\OHQLD� RG� ]D R RQHJR� Z\PLDUX�
�LO�� ���� :� SURMHNFLH� ]DVWRVRZDQR� VLHGPLRRVLRZ\�
URERW� 7KH� .8.$� /%5�LLZD�� NWyU\� Z\Uy QLD� VL
W\P�� H� GOD� ND GHM� ]� RVL�� SRGF]DV� SUDF\�PLHU]RQ\�
MHVW�PRPHQW�REURWRZ\��&]XMQLNL�PRPHQWX� ]RVWD \�
WX�ZSURZDG]RQH�Z�FHOX�XPR OLZLHQLD�EH]SLHF]QHM�
ZVSy SUDF\�URERWD�]�F] RZLHNLHP�L�XVW SRZDQLD�UD�
PLRQ� URERWD�SU]HG�QDSRWNDQ �SU]HV]NRG �SR�RVL �
JQL FLX� ]DGDQHJR� PRPHQWX� RUD]� SURJUDPRZDQLH�
SRSU]H]�U F]QH�SURZDG]HQLH�UDPLHQLD�URERWD�SU]H]�

RSHUDWRUD�� :� SURMHNFLH� ',$1$� F]XMQLNL� WH� ]R�
VWD \�Z\NRU]\VWDQH�GR�Z\NU\ZDQLD�QLHGRN DGQR FL�
SRGF]DV� PRQWD X� L� VDPHJR� VN DGDQLD� HOHPHQWyZ��
DE\� ]UHNRPSHQVRZD � GX H� QLHGRN DGQR FL�Z\VW �
SXM FH� QD� SODFDFK� EXGRZ\�� 3URMHNW� ',$1$� PLD
VWD � VL � ZD NLP� NURNLHP� GR� LPSOHPHQWDFML� SU]H�
P\V X�����Z�SURFHVLH�PRQWD X�HOHPHQWyZ�QD�SODFX�
EXGRZ\��

5RERW\� MDNR� QDU] G]LH� GR� REUyENL� PDWHULD�
yZ� Z\NR F]HQLRZ\FK� X \ZDQ\FK� SU]H]� DUFKL�
WHNWyZ�� ]RVWD \� Z\NRU]\VWDQH� Z� SURMHNFLH� EDGDZ�
F]\P� $5268� 0LOHVWRQH��� $UWLVWLF� 5RERW� 6XUIDFH�
3URFHVVLQJ� IRU� 6WRQH�� SURZDG]RQ\P� SU]H]� 6LJULG�
%UHOO�&RNFDQ�� 7KRPDVD� %RFND� L� $QGUHDVD� 0�O�
OHUD�� �¿�QDQVRZDQ\P� ]H� URGNyZ�8QLL� (XURSHMVNLHM��
&HOHP� EDGD � E\ R�� PL G]\� LQQ\PL�� RGWZRU]HQLH�
VWUXNWXU\� NDPLHQLD� REUDELDQHJR� U F]QLH�� DOH� SU]\�
Z\NRU]\VWDQLX� URERWD�� :VSy F]H QLH� EUDNXMH� ID�
FKRZ\FK� U]HPLH OQLNyZ�� NWyU]\� V � Z� VWDQLH� REUR�
EL �SRZLHU]FKQL �NDPLHQQ �]JRGQLH�]�KLVWRU\F]Q\P�
Z]RUFHP�� :F]H QLHMV]H� SUyE\� ]DXWRPDW\]RZDQLD�
SURFHVX�QLH�]DNR F]\ \�VL �X]\VNDQLHP�VDW\VIDNFMR�
QXM F\FK� L� MHGQRURGQ\FK� UH]XOWDWyZ�� NWyUH� SU]\SR�
PLQD \E\� UH]XOWDW\� U F]QHM� REUyENL�� %DGDQLD� REHM�
PRZD \� V]F]HJy RZ � DQDOL] � UXFKX� G XWD� SRGF]DV�

���3URMHNW�',$1$��'\QDPLF]Q\�,QWHUDNW\ZQ\�5RERW\F]Q\�$V\VWHQW�GOD�1RZ\FK�$SOLNDFML��������U�
���3URMHFW�',$1$��'\QDPLF�,QWHUDFWLYH�5RERWLF�$VVLVWDQW�IRU�1RYHO�$SSOLFDWLRQV�������

�� 6�� 6WXPP�� -�� %UDXPDQQ��0�� YRQ� +LOFKHQ�� 6�� %UHOO�&RNFDQ��
2Q�6LWH� 5RERWLF� &RQVWUXFWLRQ� $VVLVWDQFH� IRU� $VVHPEO\� 8VLQJ�
$�3ULRUL� .QRZOHGJH� DQG� +XPDQ�5RERW� &ROODERUDWLRQ�� >Z�@�
$�� 5RGL �� 7�� %RUDQJLX� �UHG����$GYDQFHV� LQ� 5RERW� 'HVLJQ� DQG�
,QWHOOLJHQW� &RQWURO�� 5$$'� ������ $GYDQFHV� LQ� ,QWHOOLJHQW� 6\V�
WHPV�DQG�&RPSXWLQJ��PDWHULD \�NRQIHUHQF\MQH��W�������6SULQJHU��
&KDP�������

�� -��%U�QLQJKDXV��6��6WXP��-��1HOOHV��$��0HUWHQV��&K��6FKOLFN��
6�� %UHOO�&RNFDQ�� $UEHLWVRUJDQLVDWRULVFKH� XQG� HUJRQRPLVFKH�
$QIRUGHUXQJHQ� DQ� GLH� 0HQVFK�5RERWHU�,QWHUDNWLRQ� DXI� GHU�
%DXVWHOOH� GHU� =XNXQIW�� .RQJUHVV� GHU� *HVHOOVFKDIW� I�U� $UEHLWV�
ZLVVHQVFKDIW�H�9���*I$���$W�$DFKHQ�������



��

U F]QHM�REUyENL�RUD]�LPSOHPHQWDFM �X]\VNDQ\FK�UH�
JX �Z�SUDF\�XU] G]HQLD�Z\NRQDZF]HJR��LO������

-HGQ\P�]�SLHUZV]\FK�SRP\V yZ�QD�Z\NRU]\VWD�
QLH�URERWyZ�GR�DXWRPDW\F]QHJR�PRQWD X�Z�EXGRZ�
QLFWZLH�E\ R�Z]QRV]HQLH� FHJODQ\FK�PXUyZ��Z�NWy�
U\FK�IRUPD�L�UR]PLHV]F]HQLH�SRV]F]HJyOQ\FK�FHJLH
RGELHJD \�RG�NODV\F]Q\FK��S DVNLFK�VWUXNWXU��3URMHNW�
8(�52&&2��5RERW�&RQVWUXFWLRQ�6\VWHP�IRU�&RP�
SXWHU� ,QWHJUDWHG� &RQVWUXFWLRQ� ]RVWD � RSUDFRZDQ\�
SU]H]� NRQVRUFMXP� EDGDZF]H� L� SDUWQHUyZ� SU]HP\�
V RZ\FK� ]� 1LHPLHF�� +LV]SDQLL� L� %HOJLL�� =DSURSR�
QRZDQ\�XN DG�PLD ����P�]DVL JX� L� XG ZLJ�GR�����
NJ�� &]WHU\� ODWD� Sy QLHM� ]PRG\¿�NRZDQR� W � PHWRG
QD�(7+� L�]DVWRVRZDQR�GR�SURMHNWRZDQLD� L�EXGRZ\�
VN DGyZ�ZLQQLF\�Z�*DQWHQEHLQ�SU]H]�*UDPD]LR�	�
.RKOHU�� �������� FHJLH �XVWDZLRQR�]JRGQLH� ]H� ] R R�
Q\P� Z]RUHP� JHQHURZDQ\P� Z� SURJUDPLH� SDUDPH�
WU\F]Q\P�� &HJ \� XVWDZLRQH� Z� SR GDQHM� SR]\FML�
]RVWD \� SU]\JRWRZDQH�Z� IRUPLH� SUHIDEU\NRZDQ\FK�
SDQHOL� L� Z\NRU]\VWDQH� Z� WDNLHM� IRUPLH� GR� EXGRZ\�
FLDQ�ZLQLDUQL��LO�����

2SUyF]� Z\NRU]\VWDQLD� URERWD� GR� XN DGDQLD� FH�
JLH �� VWRVRZDQH� V � UR]ZL ]DQLD� X DWZLDM FH� L� SU]\�
VSLHV]DM FH�Z]QRV]HQLH�V\VWHPyZ�VWDORZ\FK��V XSR�
Z\FK�L�V XSRZR�EHONRZ\FK��-DSR VNL�URERW�PRELOQ\�
:5�V X \�GR�Z\NRQ\ZDQLD�VSDZyZ�NRQVWUXNFML�QD�
WHUHQLH�EXGRZ\��:\NRU]\VW\ZDQ\�MHVW�RQ�GR�V XSyZ�
L�EHOHN�R�JUXER FL�GR�����PP�L�SU]HNURMX�RNU J \P��
NZDGUDWRZ\P�OXE�GZXWHRZ\P��

���3RZLHU]FKQLD�X]\VNDQD�SU]H]�REUyEN �NDPLHQLD�SU]\�X \FLX�URERWD�±�Z\QLN�SURMHNWX�EDGDZF]HJR�$UWLVWLF�5RERW�6XUIDFH�
3URFHVVLQJ�IRU�6WRQH

���6XUIDFH�REWDLQHG�E\�VWRQH�SURFHVVLQJ�XVLQJ�D�URERW�±�UHVXOW�RI�UHVHDUFK�SURMHFW�$UWLVWLF�5RERW�6XUIDFH�3URFHVVLQJ�IRU�6WRQH

���:LQLDUQLD�Z�*DQWHQEHLQ�SURMHNWX�*UDPD]LR�	�.RKOHU�������U�
���:LQH�FHOODU�LQ�*DQWHQEHLQ��SURMHFW�*UDPD]LR�	�.RKOHU������

���(J]RV]NLHOHW�ZVSLHUDM F\�SUDF �URERWQLNyZ�EXGRZODQ\FK
���$Q�H[RVNHOHWRQ�VXSSRUWLQJ�WKH�ZRUN�RI�FRQVWUXFWLRQ�ZRUNHUV



��

$XWRPDW\]DFMD�L�URERW\]DFMD�SURFHVX�Z]QRV]HQLD�
EXG\QNX�� PR H� EXG]L � V]F]HJyOQH� ]DLQWHUHVRZD�
QLH� Z� SU]\SDGNX� EXG\QNyZ� Z\VRNLFK�� 3U]\N DG\�
UHDOL]DFML� ZLH RZFyZ� W � PHWRG � PR QD� RGQDOH
Z�-DSRQLL��-HGQ\P�]�QDMEDUG]LHM�]QDQ\FK�L�FHQQ\FK�
SU]\N DGyZ� MHVW�60$7�RSUDFRZDQ\�SU]H]�6KLPL]X�
�0L\DWDNH���������6\VWHP�VN DGD�VL �]�PRELOQHM�ID�
EU\NL� ]ORNDOL]RZDQHM� QD� SRZVWDM F\P� EXG\QNX��
XPR OLZLDM FHM� PRQWD � SRMHG\QF]HM� NRQG\JQDFML��
3R�Z\NRQDQLX�GDQHJR�SL WUD��IDEU\ND�WD�SRGQRV]RQD�
MHVW� NX� JyU]H� WDN�� DE\�PyF� SU]\VW SL � GR�PRQWD X�
NROHMQHM�NRQG\JQDFML�

&R�URNX�ZLHOX�SUDFRZQLNyZ�EXGRZ\�XOHJD�Z\�
SDGNRP� SRGF]DV� SUDF\�� %H]SLHF]H VWZR� RSHUDWR�
UyZ�QD�EXGRZLH�MHVW�RJURPQLH�ZD QH��5R]ZL ]DQLD�
WDNLH�� MDN� HJ]RV]NLHOHW\� FKURQL FH� SUDFRZQLNyZ�
SU]HG�SU]HFL HQLDPL��LO�����F]\�V\VWHP\�*36��RG�
SRZLDGDM FH� ]D� NRQWURO � ORNDOL]DFML� SUDFRZQLNyZ��
SRPDJDM �Z�XQLNDQLX�QLHEH]SLHF]Q\FK�Z\SDGNyZ��
:�FHOX�PRQLWRURZDQLD� V\WXDFML� QD�EXGRZLH� L� XQL�
NDQLD� QLHEH]SLHF]Q\FK� NRQÀ�LNWyZ�� ]DUyZQR� SUD�

FRZQLF\�� MDN� L� Z\EUDQH� HOHPHQW\� NRQVWUXNF\MQH��
PRJ �E\ �Z\SRVD HQL�Z�NDPHU\� L�QDGDMQLNL�*36��
6\VWHP�*36�Z\NRU]\VW\ZDQ\�MHVW�GR�JURPDG]HQLD�
GDQ\FK�L�XPR OLZLD�]DXWRPDW\]RZDQLH�Z\EUDQ\FK�
SURFHVyZ�SU]\�MHGQRF]HVQ\P�]DSHZQLHQLX�EH]SLH�
F]H VWZD�OXG]L��

���5HDOL]DFMH

'OD� LOXVWUDFML� ]UHDOL]RZDQ\FK� ]DVWRVRZD � UR�
ERWyZ�L�DNWXDWRUyZ�PHFKDWURQLF]Q\FK�GR�SURFHVX�
Z]QRV]HQLD� HOHPHQWyZ� EXGRZODQ\FK� ]DSUH]HQ�
WRZDQH� ]RVWD \� Z\EUDQH� SU]\N DG\� SUDF� EDGDZ�
F]\FK� SURZDG]RQ\FK� QD� ZLRG F\FK� Z\G]LD DFK�
DUFKLWHNWXU\� RUD]� UR]ZL ]DQLD� URERW\F]QH� ZVSLH�
UDM FH� URERW\�EXGRZODQH�ZGUD DQH� L� UHDOL]RZDQH�
Z�-DSRQLL��

2EHFQR � URERWyZ� SU]HP\V RZ\FK� Z� ODERUDWR�
ULDFK�EDGDZF]\FK�XF]HOQL�WHFKQLF]Q\FK�MHVW�G]L �SR�
ZV]HFKQD�� QLH�Z\ F]DM F�SUDFRZQL� DUFKLWHNWRQLF]�
Q\FK��:�(7+�URERW\]DFMD�MHVW�J yZQ\P�HOHPHQWHP�

���6SHNWURPHWULD�NRQVWUXNFML�SU]HVWU]HQQ\FK��*UDPD]LR�	�.RKOHU��(7+�=XULFK�)DEULFDWH�������U�
���6SHFWURPHWU\�RI�VSDWLDO�FRQVWUXFWLRQV��*UDPD]LR�	�.RKOHU��(7+�=XULFK�)DEULFDWH������

���,QVWDODFMD�:DWHU�6SLGHU�3DYLOLRQ��78�6WXWWJDUW��SURMHNW�$FKLP�0HQJHV������������U�
���:DWHU�6SLGHU�3DYLOLRQ�LQVWDOODWLRQ��78�6WXWWJDUW��SURMHFW�$FKLP�0HQJHV�����������
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EDGD � L� SURWRW\SRZHJR� UR]ZRMX� SURFHVX� EXGRZOD�
QHJR����3RZVWD R�WDP�QRZH�SRGHM FLH�GR�NRQVWUXNFML�
QLHUHJXODUQ\FK� VWUXNWXU� SU]HVWU]HQQ\FK�� JG]LH� V]H�
FLRRVLRZ\� URERW� SRWUD¿�� SUHF\]\MQLH� XVWDZLD � HOH�
PHQW\�RUD]�LQWHUSUHWRZD �VZRM �SR]\FM �Z�VWRVXQNX�
GR�RWRF]HQLD� �LO������']LD DQLH� URERWHP�SR]ZDOD�QD�
SUHF\]M �NRQVWUXNFML�QLHRVL JDOQ �GOD�F] RZLHND�

:� SURMHNFLH�:DWHU� 6SLGHU� 3DYLOLRQ� UHDOL]RZDQ\P�
QD�78�6WXWWJDUW�Z�LQVW\WXFLH�$FKLPD�0HQJHVD�SU]HP\�
V RZ\�URERW�]RVWD �]DVWRVRZDQ\�GR�QDQRV]HQLD�Z yNQD�
Z JORZHJR� QD�ZHZQ WU]Q � SRZLHU]FKQL � QDGPXFKD�
QHM� NRQVWUXNFML� PHPEUDQRZHM�� 5RERW� UR]SURZDG]D
PDWHULD �Z�PRPHQFLH�Z\NU\FLD�SRZLHU]FKQL�ED]RZHM��
FR�E\ R�PR OLZH�G]L NL�G\QDPLF]QHPX�SRPLDURZL�QD�
FLVNX�QDU] G]LD�QD�SRZ RN ��LO������

$UW\NX �QLHGDZQR�RSXEOLNRZDQ\�Z�Ä6FLHQFH�5R�
ERWLFV´��]DW\WX RZDQ\��$UFKLWHFWXUDO�5RERW��7RZDUG�
VLWH�VSHFL¿�F� DQG� VHOI�VXI¿�FLHQW� URERWLF� IDEULFDWLRQ�
RQ� DUFKLWHFWXUDO� VFDOHV��� �5RERW� DUFKLWHNWRQLF]Q\��
]DSURMHNWRZDQ\� GOD� NRQNUHWQHJR� PLHMVFD� L� VDPR�
Z\VWDUF]DOQHJR�URERW\F]QHJR�Z\WZDU]DQLD�QD�VNDO
DUFKLWHNWRQLF]Q �� SRZVWD � Z�0,7�0HGLD� /DE��$X�
WRU]\� RSLVDOL� URERWD� QD� SODWIRUPLH� MH]GQHM��0yJ E\�
RQ� Z\NRQD � L� PRQWRZD � VNRPSOLNRZDQH� XN DG\�
NRQVWUXNF\MQH�L�V]\ENR�GRVWRVRZ\ZD �VL �GR�VSHF\�
¿�F]Q\FK�GOD�GDQHJR�PLHMVFD�RJUDQLF]H ��LO�������7HQ�

DXWRPDW\F]Q\� V\VWHP�� V X F\� NRQVWUXNFML� VWUXNWXU�
DUFKLWHNWRQLF]Q\FK�� Z\NRU]\VWXMH� ORNDOQH� LQIRUPD�
FMH� URGRZLVNRZH� GR� ]DU] G]DQLD� SURFHVHP�� =GRO�
QR FL� JURPDG]HQLD� GDQ\FK� PRJ � WH � EH]SR UHGQLR�
ZVSRPDJD � V]F]HJy RZH�REOLF]HQLD� NRQVWUXNF\MQH��
JHQHURZD � SR \WHF]QH� ]ELRU\� GDQ\FK� L� RSLV\ZD
V]F]HJy RZR�NRQVWUXNFM �

3RGF]DV�JG\�QD�ZLHOX�XF]HOQLDFK�UHDOL]RZDQH�V
SURMHNW\�EDGDZF]H��Z� -DSRQLL�PHFKDQLF]QH�PDU]H�
QLD� VWDM � VL � U]HF]\ZLVWR FL �� 0R QD� ]DU\]\NRZD
VWZLHUG]HQLH�� H� -DSRQLD� MHVW� G]L � EXGRZDQD� SU]H]�
URERW\�� =DXWRPDW\]RZDQ\� SURFHV� EXGRZDQLD� QDUR�
G]L � VL � Z� WDP� QD� SRF] WNX� ODW� RVLHPG]LHVL W\FK��
1LHGRERU\� VL \� URERF]HM� L� VWDU]HM FH� VL � VSR HF]H �
VWZR� Z\PXVL \� �]ZL NV]HQLH� Z\GDMQR FL� SUDF\�� FR�
RVL JQL WR� G]L NL� ]DVWRVRZDQLX� MHGQRURGQ\FK� UR�
ERW\F]Q\FK� V\VWHPyZ�� ZVSLHUDM F\FK� SUDF � RSHUD�
WRUyZ�OXG]L�� :� F]DVDFK� SLHUZV]HM� ID]\� DXWRPDW\�
]DFML� SURFHVX� EXGRZODQHJR� WR�Z D QLH� OXG]LH�PLHOL�
GRVWDUF]D � LQIRUPDFMH� VHQVRU\F]QH�� NWyU\FK� SR]\�
VNLZDQLH� SU]\� XG]LDOH� WHFKQRORJLL� E\ R� ]E\W� VNRP�
SOLNRZDQH� L� WUXGQH� GR� SRP\ OQHJR� ]DXWRPDW\]R�
ZDQLD�� 2� ]DVDGDFK�� QD� NWyU\FK� REHFQLH� RSLHUD� VL
MDSR VNL� V\VWHP�PRQWD X� HOHPHQWyZ� EXGRZODQ\FK�
SLV]H�0DUN�7D\ORU����NWyU\�G]LHOL�MDSR VNLH�V\VWHP\�
DXWRPDW\NL�QD�F]WHU\�SRGVWDZRZH�HOHPHQW\��RV RQD�

����0,7�5RERWLF��PRELOQD�MHGQRVWND�EXGRZODQD�QD�SODWIRUPLH�VDPRMH]GQHM�Z\NRU]\VWXM FD�GUXN��'�MDNR�DGG\W\ZQ �WHFKQLN
Z\WZDU]DQLD�NRQVWUXNFML�NRSX \�R� UHGQLF\����PHWUyZ

����0,7�5RERWLF��D�PRELOH�FRQVWUXFWLRQ�XQLW�RQ�D�VHOI�SURSHOOHG�SODWIRUP�WKDW�XVHV��'�SULQWLQJ�DV�DQ�DGG�RQ����P�GLDPHWHU�GRPH�
FRQVWUXFWLRQ�WHFKQRORJ\

��� .��*UDPD]LR��HW�DO���������(7+�±�(LGJHQ|VVLVFKH�7HFKQLVFKH�
+RFKVFKXOH�
��� -�� .HDWLQJ�� HW� DO���$UFKLWHFWXUDO� 5RERW�� 7RZDUG� VLWH�VSHFL¿�F�
DQG� VHOI�VXI¿�FLHQW� URERWLF� IDEULFDWLRQ� RQ� DUFKLWHFWXUDO� VFDOHV��
Ä6FLHQFH�5RERWLFV´��W�����Z\G����������

��� 0��7D\ORU��HW�DO���$XWRPDWHG�FRQVWUXFWLRQ�LQ�-DSDQ��PDWHULD \�
NRQIHUHQF\MQH��,&(�������V����±���
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SODWIRUP\� URERF]HM�� V\VWHP� SRGQR QLNRZ\�� ]DXWR�
PDW\]RZDQ\�V\VWHP�SU]HQRV]HQLD�PDWHULD yZ�L�]LQ�
WHJURZDQH�FHQWUXP�VWHURZDQLD�QD�SODFX�EXGRZ\��

: UyG�SU]\N DGRZ\FK�]LQWHJURZDQ\FK�V\VWHPyZ�
DXWRPDW\NL�EXGRZODQHM�MHVW�6\VWHP�$XWRPDW\NL�%X�
GRZODQHM��$%&6��¿�UP\�2ED\DVKL�&RUSRUDWLRQ�RUD]�
V\VWHP�%LJ�&DQRS\�� 3RZV]HFKQH� L� G XJROHWQLH� VWR�
VRZDQLH� ]DXWRPDW\]RZDQ\FK� V\VWHPyZ� EXGRZOD�
Q\FK� VNXWNXMH� SRSUDZ � EH]SLHF]H VWZD� SURGXNFML�
L� RJURPQ\P� VSR HF]Q\P� ]DDNFHSWRZDQLHP� VDPHM�
DXWRPDW\]DFML��LO������

:HG XJ� RVWDWQLHJR� DUW\NX X� Z�PDMRZ\P�Z\GD�
QLX�Ä7KH�-DSDQ�7LPHV´��SODFH�EXGRZ\�F]HND�QRZD�
IDOD�DXWRPDW\]DFML��2NR R����SURFHQW�ZV]\VWNLFK�MD�
SR VNLFK�SUDFRZQLNyZ�EXGRZODQ\FK�RVL JQ R� OXE�
SU]HNURF]\ R���� ODW��=H�Z]JO GX�QD� URVQ F\�QLHGR�
EyU� SUDFRZQLNyZ� FRUD]� SRZV]HFKQLHMV]H� VWDMH� VL
Z\NRU]\VW\ZDQLH� URERWyZ� L� GURQyZ� GR� SRGQRV]H�
QLD� FL NLFK� HOHPHQWyZ�� .DMLPD�� QDMZL NV]D� ¿�UPD�
EXGRZODQD�Z� -DSRQLL�Z\NRU]\VWXMH� QD� SODFDFK� EX�
GRZ\�PL G]\�LQQ\PL�GURQ\��EH]]D RJRZH�MHGQRVWNL�
ODWDM FH��NWyUH�]ELHUDM �GDQH�ORWQLF]H�L�Z\NRU]\VWXM

WHFKQRORJL � *36�� .RU]\VWDM F� ]� WDEOHWX� LQG\ZLGX�
DOQ\� URERWQLN� NLHUXMH� ]DSURJUDPRZDQ\P� FL NLP�
VSU] WHP� L� REV XJXMH� VHNZHQFM � ]DGD �Z\NRQ\ZD�
Q\FK�SU]H]�SL �PDV]\Q��NWyUH�Z\V\SXM �JOHE �L�IRU�
PXM �SRZLHU]FKQL ��7X�DXWRPDW\]DFMD�SURZDG]L�QLH�
Z WSOLZLH�GR�Z\ V]HJR�SR]LRPX�Z\GDMQR FL���

3UHIDEU\NDFMD� QD� SODFX� EXGRZ\� L� SR]D� QLP� VWR�
VRZDQD� MHVW� QD� GX � VNDO �� :LHONRVNDORZD� SUHID�
EU\NDFMD� �/DUJH� 6FDOH� 3UHIDEULFDWLRQ�� ZHG XJ� SUR�
IHVRUD�7KRPDVD�%RFND����MHVW�V]F]HJyOQLH�VNXWHF]QD�
Z�-DSRQLL��Z� URGRZLVNX�Z\VRNLHJR�SR]LRPX�DXWR�
PDW\]DFML�SU]HP\V X�EXGRZODQHJR��NWyU\�Z\WZDU]D�
��������SUHIDEU\NRZDQ\FK�PLHV]ND �Z�VNDOL�URNX�

���$VSHNW\�DUFKLWHNWXU\�UXFKRPHM

3URMHNWRZDQLH�� EXGRZD� L� PRQWD � ZVSRPDJDQ\�
SU]H]� URERW\N � WR� LVWRWQ\�� DOH� QLH� MHG\Q\� SU]\N DG�
Z\NRU]\VW\ZDQLD�V\VWHPyZ�PHFKDWURQLF]Q\FK�Z�DU�
FKLWHNWXU]H��=DXWRPDW\]RZDQH� L�]URERW\]RZDQH� UR�
GRZLVNR� \FLD�XPR OLZLD�ZVSLHUDQLH�X \WNRZQLNyZ��
Z� W\P� RVyE� VWDUV]\FK� L� QLHSH QRVSUDZQ\FK�� Z� Z\�

D�������������������������������������������������������������������������������������������������������������������������������E

����5RERW\]DFMD�Z�GX HM�L�PD HM�VNDOL�Z�-DSRQLL��D�±�URERW�RSUDFRZDQ\�SU]H]�6KLPL]X�&RUS��SRPDJD�SUDFRZQLNRP�EXGRZODQ\P�
Z�XN DGDQLX�SU WyZ�VWDORZ\FK�±�URERW�SRGQRVL�VWDO��D�SUDFRZQLF\�NRQWUROXM �SR]\FM �SU]HQRV]RQHJR�HOHPHQWX��E�±�]LQWHJURZDQ\�

2ED\DVKL�$XWRQDWHG�%XLGLQJ�6\VWHP�%XGRZ\�GOD�Z\VRNLFK�SURMHNWyZ
����/DUJH�DQG�VPDOO�VFDOH�URERWV�LQ�-DSDQ��D�±�WKH�URERW�GHYHORSHG�E\�6KLPL]X�&RUS�KHOSV�FRQVWUXFWLRQ�ZRUNHUV�LQ�OD\LQJ�VWHHO�EDUV�
±�WKH�URERW�OLIWV�VWHHO�DQG�ZRUNHUV�FRQWURO�WKH�SRVLWLRQ�RI�WKH�LWHP�EHLQJ�WUDQVSRUWHG��E�±�LQWHJUDWHG�2ED\DVKL�$XWRQDWHG�%XLGLQJ�

&RQVWUXFWLRQ�6\VWHP�IRU�KLJK�HQG�SURMHFWV

��� Ä7KH�-DSDQ�7LPHV´��-DSDQ¶V�ODERU�VFDUFH�EXLOGLQJ�VLWHV�DXWR�
PDWLQJ��WXUQLQJ�WR�URERWV��GURQHV���������������

��� 7��%RFN��(YROXWLRQ�RI� ODUJH�VFDOH� LQGXVWULDOL]DWLRQ�DQG� VHU�
YLFH�LQQRYDWLRQ�LQ�-DSDQHVH�SUHIDEULFDWLRQ�LQGXVWU\��Ä&RQVWUXF�
WLRQ�,QQRYDWLRQ´��W������Z\G�����V�����±����



��

NRQ\ZDQLX� FRG]LHQQ\FK� F]\QQR FL�� 3RMDZLD� VL � WH
PR OLZR �SRSUDZ\�L�GRVWRVRZDQLD�SDUDPHWUyZ� UR�
GRZLVNRZ\FK� GR� LQG\ZLGXDOQ\FK� SRWU]HE� L� ZDUXQ�
NyZ�]HZQ WU]Q\FK��

0LPR� H�LGHD�VWRVRZDQLD�UXFKRP\FK�HOHPHQWyZ�
Z� DUFKLWHNWXU]H� QLH� MHVW� QRZ\P� SRP\V HP�� F]HJR�
SU]\N DGHP� V � FKRFLD E\� PRVW\� ]ZRG]RQH�� WR� MHM�
XNRQVW\WXRZDQLH�QDVW SL R�GRSLHUR�QD�SU]H RPLH�ODW�
V]H G]LHVL W\FK�L�VLHGHPG]LHVL W\FK�;;�ZLHNX��3R�
]ZROL �QD�WR�UR]ZyM�QRZ\FK�WHFKQRORJLL��Z�W\P�DN�
WXDWRUyZ�L�V\VWHPyZ�SU]HWZDU]DQLD�GDQ\FK��

2NUH OHQLH�DUFKLWHNWXUD�NLQHW\F]QD�RGQRVL�VL �GR�
EXG\QNyZ�]DSURMHNWRZDQ\FK�]�P\ O �R�PR OLZR FL�
ZSUDZLHQLD� Z� UXFK� HOHPHQWyZ� VWUXNWXU\� RELHNWX��
-HGQ\P� ]� SUHNXUVRUyZ� QRZRF]HVQHM� DUFKLWHNWXU\�
UXFKRPHM� E\ � %XFNPLQVWHU� )XOOHU�� =� NROHL�:�� =XN�
SRJ EL � ]UR]XPLHQLH� SRM FLD� MHM� QDWXU\� NLQHW\F]�
QHM�Z�NVL FH�.LQHWLF�DUFKLWHFWXUH��Z\GDQHM�Z������
URNX�� Z\]QDF]DM F� NLHUXQNL� DUFKLWHNWXU\� UXFKR�
PHM��PL G]\�LQQ\PL�SRSU]H]�F]HUSDQLH�LQVSLUDFML�]H�
ZLDWD�UR OLQ�L�]ZLHU] W��
3RM FLH� DUFKLWHNWXU\� UHVSRQV\ZQHM�� RGSRZLDGD�

M FHM� QD� ]PLHQLDM FH� VL � SRWU]HE\� X \WNRZQLNyZ�
RUD]� ]PLDQ\�ZDUXQNyZ� URGRZLVNRZ\FK� QDURG]L R�
VL � Z� SRGREQ\P� RNUHVLH� L� ]RVWD R� RNUH ORQH� SU]H]�
1LFKRODVD� 1HJURSRQWH� MDNR� QDWXUDOQ\� SURGXNW� Z\�
NRU]\VWDQLD�NRPSXWHUD�Z�DUFKLWHNWXU]H��3U]HZLGXM F�
URO � F]XMQLNyZ�]LQWHJURZDQ\FK�]�EXG\QNLHP�SLVD ��
H�QLH�W\ONR�E G]LH�PR OLZH�PRQLWRURZDQLH�L�UHJX�
ORZDQLH�ZDUXQNyZ� URGRZLVNRZ\FK��DOH� WDN H�X D�
WZLDQLH�]PLDQ�Z�DNW\ZQR FL�X \WNRZQLNyZ�SRSU]H]�
DORNDFM �SU]HVWU]HQL�IXQNFMRQDOQ\FK�

:REHF� RELHNWyZ� DUFKLWHNWRQLF]Q\FK�� NWyUH� V
Z� VWDQLH� ]PLHQLD � VZRMH� SDUDPHWU\�� IXQNFM � L� JH�
RPHWUL � ±� ]GDQLH� Ä$UFKLWHFWXUH� LV� D� IUR]HQ�0XVLF´�
Z\J RV]RQH� SU]H]� :ROIJDQJD� YRQ� *RHWKH��� SU]H�
VWDMH� E\ � DNWXDOQH�� 6WDW\F]QD� SU]H]� ZLHNL� EU\ D�
PR H� E\ �ZSUDZLRQD�Z� UXFK�� D� WHQ�PD� V X \ � SR�
WU]HERP� X \WNRZQLNyZ�� ']L NL� QRZ\P� WHFKQROR�
JLRP� EH]Z DGQD� GRW\FKF]DV� EU\ D� ]RVWDMH�Z]ERJD�
FRQD�R�URERW\��DNWXDWRU\��F]XMQLNL�RUD]�G\QDPLF]QH�
V\VWHP\�REOLF]HQLRZH� L� VLHFL��(OHPHQW\�NLQHW\F]QH�
EXG\QNX�� NWyUH� ]PLHQLDM � MHJR� FKDUDNWHU� OXE� IXQN�
FMRQDOQR �SU]HVWU]HQL�GRVWRVRZXM FHM�VL �GR�Z\PR�
JyZ� VWDZLDQ\FK� SU]H]� X \WNRZQLND� E G � ]PLHQQH�
ZDUXQNL�]HZQ WU]QH��PRJ �]PLHQLD �VZRM �SR]\FM
Z�RGSRZLHG]L�QD�V\JQD �]�F]XMQLNyZ�OXE�Z�Z\QLNX�

LPSOHPHQWDFML� ]DSURJUDPRZDQHM� VHNZHQFML� V\JQD�
yZ�VWHUXM F\FK�
:VSy F]HVQD�DUFKLWHNWXUD�PR H�E\ �SRVWU]HJDQD�

MDNR� V\VWHP� G\QDPLF]Q\�� NWyU\� ]PLHQLD� VL � UHDJX�
M F� QD� RWRF]HQLH�� D� QDZHW� MDNR� RUJDQL]P� ]GROQ\�
]PRG\¿�NRZD � VDP�VLHELH��3RM FLH� DUFKLWHFWURQLNL��

RNUH ODM FH�G\VF\SOLQ F] F �Z�VRELH�DUFKLWHNWXU
L� PHFKDWURQLN � ]RVWD R� VWZRU]RQH� Z� RF]HNLZDQLX�
QD�UR]ZyM�LQWHJUDFML�REX�G]LHG]LQ��5D]HP�]�NRQWUR�
ORZDQ\PL� SU]H]� X \WNRZQLND� ]DXWRPDW\]RZDQ\PL�

����,QWHUDFWLYH�:DOO��+\SHUERG\��78'�������U���FRS\ULJKW�)HVWR�
$*�±�LQWHUDNW\ZQR �MHVW�WX�]DVWRVRZDQD�ZH�IUDJPHQWDFK�
EXG\QNX��NWyUH�ZSURZDG]DQH�V �Z�UXFK��RGSRZLDGDM F�QD�
ZDUXQNL� URGRZLVNRZH�L�SRWU]HE\�X \WNRZQLND��HOHPHQW\�

LQWHUDNW\ZQH�]PLHQLDM �VZRM �JHRPHWUL �]D�VSUDZ
ZEXGRZDQ\FK�F]XMQLNyZ�L�VL RZQLNyZ�SQHXPDW\F]Q\FK�

)(672
����,QWHUDFWLYH�:DOO��+\SHUERG\��78'��������FRS\ULJKW�)HVWR�
$*�±�LQWHUDFWLRQ�KHUH�LV�DSSOLHG�WR�IUDJPHQWV�RI�D�EXLOGLQJ�
WKDW�DUH�SXW�LQWR�PRWLRQ��UHVSRQGLQJ�WR�WKH�HQYLURQPHQWDO�

FRQGLWLRQV�DQG�QHHGV�RI�WKH�XVHU��LQWHUDFWLYH�HOHPHQWV�FKDQJH�
WKHLU�JHRPHWU\�ZLWK�EXLOW�LQ�VHQVRUV�DQG�SQHXPDWLF�DFWXDWRUV�

)(672

��� -�� 3�� (FNHUPDQQ�� 'LH� %DXNXQVW� LVW� HLQH� HUVWDUUWH� 0XVLN�
±�&RQYHUVDWLRQV�ZLWK�*RHWKH�������

��� -��:RMWRZLF]�� HW� DO���$UFKLWHFWURQLFV��7RZDUGV�D�5HVSRQVLYH�
(QYLURQPHQW�� ³,QWHUQDWLRQDO� -RXUQDO� RI�$UFKLWHFWXUDO� &RPSXW�
LQJ´��W�����QU����������V����±���



��

V\VWHPDPL� NLQHW\F]Q\PL� Z\NRU]\VWXM F\PL� DNWX�
DWRU\�� F]XMQLNL� L� URERW\�� ]DV XJXMH� QD� V]F]HJy RZ
DQDOL] � L�E G]LH�SU]HGPLRWHP�QDMEOL V]HM�SXEOLNDFML�
RSLVXM FHM�EDGDQLD�52%2PRYHV�SURZDG]RQH�SU]H]�
DXWRUyZ� DUW\NX X�� 3RQL V]\� SU]\N DG� LOXVWUXMH� SR�
WHQFMD � DUFKLWHNWXU\� NLQHW\F]QHM� Z]ERJDFRQHM� V\V�
WHPDPL�PHFKDWURQLF]Q\PL� �LO�� ����� ,QWHUDNW\ZQR
MHVW�WX�]DVWRVRZDQD�ZH�IUDJPHQWDFK�EXG\QNX��NWyUH�
ZSURZDG]DQH�V �Z�UXFK��RGSRZLDGDM F�QD�ZDUXQNL�
URGRZLVNRZH� L� SRWU]HE\� X \WNRZQLND�� (OHPHQW\�
LQWHUDNW\ZQH�]PLHQLDM � VZRM �JHRPHWUL � ]D� VSUDZ
ZEXGRZDQ\FK� F]XMQLNyZ� L� VL RZQLNyZ� SQHXPD�
W\F]Q\FK�)(672�

3RGVXPRZDQLH�

:DUWR�SDPL WD �� H�KLVWRU\F]QLH�DUFKLWHNWXUD�E\ D�
VLOQLH� ]ZL ]DQD� ]� UR]ZRMHP� WHFKQRORJLL�� D� Z\NR�
U]\VW\ZDQLH� QRZR�SRMDZLDM F\FK� VL � QDU] G]L� E\ R�
QDWXUDOQ �SUDNW\N �SURMHNWRZ ��']L � ]PLDQ\�ZSUR�
ZDG]RQH� SU]H]� UR]ZyM� WHFKQRORJLL� LQIRUPDF\MQ\FK�

L� UHZROXFM � URERW\F]Q � SRZRGXM � V]\EN � WUDQVIRU�
PDFM �GR �SU]HVWDU]D HJR�SU]HP\V X�EXGRZODQHJR��
'OD� DUFKLWHNWyZ� ZH� ZVSy F]HVQ\P� VSR HF]H VWZLH�
ZLHG]\� SRMDZLDM � VL � QRZH� Z\]ZDQLD� SURMHNWRZH��
7H� QRZH� DVSHNW\� RIHUXM � LQWHUHVXM FH� PR OLZR FL��
SRQLHZD � ZGUR HQLH� UR]ZL ]D � PHFKDWURQLF]Q\FK�
Z\PDJD� V\VWHPRZHJR� L� LQWHUG\VF\SOLQDUQHJR� SR�
GHM FLD� GR� UR]ZL ]\ZDQLD� SUREOHPyZ� SURMHNWR�
Z\FK�

:H� ZVSy F]HVQHM� SUDNW\FH� DUFKLWHNWRQLF]QHM�
L� HGXNDFML�Z�G]LHG]LQLH�QDXN� VWRVRZDQ\FK�SRMDZLD�
VL �QRZH�SRGHM FLH�ÄEDGD �SU]H]�SURMHNWRZDQLH´��UH�
VHDUFK� E\� GHVLJQ���1D�:\G]LDOH�$UFKLWHNWXU\� 3ROL�
WHFKQLNL�:DUV]DZVNLHM�ZH�ZVSy SUDF\�]�:\G]LD HP�
0HFKDWURQLNL� EDGDQH� V � DVSHNW\� URERW\NL�� WHFKQLNL�
LQIRUPDF\MQHM� L� LQ \QLHULL� PDWHULD yZ�� 3URMHNWRZD�
QLH� VWDQRZL� WX� LVWRWQ � F] � SURFHVX� EDGDZF]HJR��
:VSy SUDFD� Z� G]LHG]LQLH� SURMHNWRZDQLD� RGE\ZD�
VL � Z� F]DVLH� UHJXODUQ\FK� ]DM � SURMHNWRZ\FK� SUR�
JUDPX�$6.� �$UFKLWHFWXUDO�6RFLHW\�RI�.QRZOHGJH���
3RGF]DV� ]DM � Z� 52%2VWXGLR��� Z\NRU]\VW\ZDQH�

����1RF�0X]HyZ��$6.��:$3:��)(672�������U�
����1LJKW�RI�PXVHXPV��$6.��:$3:��)(672������

��� 52%2� ±� SU]\M W\� VNUyW� GOD� V RZD� URERW\F]Q\�� VSRSXODU\�
]RZDQ\� SU]H]� G\VWRSLMQ\�¿�OP� Ä52%2FRS´� ]� ����� U�� L� SRVWD
]�IUDQFXVNLHM�NUHVNyZNL�52%2KRER�]������U�



��

V �EDGDQLD�L�PHWRG\�RSDUWH�QD�SURMHNWRZDQLX��NWyUH�
MHVW� UHNXUHQF\MQ\P� SURFHVHP� S\WD � L� SURSR]\FML��
:� HSRFH� VSR HF]H VWZD� ZLHG]\� SURFHV� WHQ� E G]LH�
XZ]JO GQLD � XF]HVWQLFWZR� VSR HF]QH�� F]\QL F� SUR�
MHNWRZDQLH� SUDNW\N � UHÀ�HNV\MQ �� .U\W\F]QD� RFHQD��
PHWRG\�SRUyZQDZF]H�L�HZDOXDFMD�RGE\ZDM �VL �SR�
SU]H]� ZVSyOQH�� PXOWLG\VF\SOLQDUQH� UR]ZL ]\ZDQLH�
SUREOHPyZ�� 3RQL HM� SU]HGVWDZLRQR� NLOND� QDV]\FK�
SURMHNWyZ�VWXG\MQ\FK�52%2��LO����������

: UyG� UHDOL]RZDQ\FK�Z�SURMHNFLH� WHPDWyZ�Z\�
VW SXMH� 52%2FRQVWUXFW�� EDGDM F\� PR OLZR � LQWH�
JURZDQLD�DUFKLWHNWXU\�L�PHFKDWURQLNL�Z�SURMHNWRZD�
QLX�� SURWRW\SRZDQLX� L� UHDOL]DFML� EXG\QNyZ��3URMHNW�
VWDUD� VL � ]UHDOL]RZD � LQWHJUDFMH� SRSU]H]� F\IU\]DFM
SURFHVX� NRQVWUXNF\MQHJR� L� Z\NRU]\VW\ZDQLH� ]D�
DZDQVRZDQ\FK�PDWHULD yZ�L�WHFKQRORJLL��Z�W\P�UR�
ERWyZ��:� WHPDFLH� 52%2VHQLRU� SURMHNWRZDQH� MHVW�
WDN H� URGRZLVNR� GOD� RVyE� VWDUV]\FK� L� QLHSH QR�
VSUDZQ\FK�� -HVW� WR� LQWHUDNW\ZQ\� L� PRGXODUQ\� V\V�
WHP�ZVSRPDJDQ\�QRZ\PL�WHFKQRORJLDPL��SR]ZDOD�
M F\PL� QD� NRQWURO URGRZLVND� GRPRZHJR� L� VWDQX�
]GURZLD� PLHV]ND FyZ�� &HOHP� SURMHNWX� MHVW� RSUD�
FRZDQLH� SURWRW\SRZHJR� L� PRGXODUQHJR� V\VWHPX��
SU]H]QDF]RQHJR� UyZQLH � GR� ]DXWRPDW\]RZDQHJR�
ZVSDUFLD� RVyE� VWDUV]\FK�� :]URVW� G XJR FL� \FLD�

L� QLVNL� SU]\URVW� QDWXUDOQ\� Z� NUDMDFK� UR]ZLQL W\FK�
VSUDZLDM �� H� ]DXWRPDW\]RZDQLH� SURFHVyZ� RGSR�
ZLDGDM F\FK�]D�NRPIRUW�L�EH]SLHF]H VWZR�VHQLRUyZ�
PR H� E\ � MHG\Q\P� VSRVREHP� GOD� VNXWHF]QHJR� ]D�
SHZQLHQLD� LP�RSLHNL��Z�REOLF]X�EUDNX�NDGU\�SLHO �
JQLDUVNLHM�

:�QLHGDOHNLHM�SU]\V] R FL�URERW\ND�Z�DUFKLWHNWX�
U]H�PR H� E\ �Z\NRU]\VWDQD� QLH� W\ONR� GR� SURMHNWR�
ZDQLD��Z\WZDU]DQLD��PRQWD X�EXG\QNyZ�� DOH� WDN H�
GR�XF]\QLHQLD�QDV]\FK�GRPyZ� L�PLDVW�SU]HVWU]HQL
UHDJXM F � QD� ]PLHQLDM FH� VL � ZDUXQNL� ]HZQ WU]QH�
L�SRWU]HE\�X \WNRZQLNyZ��:�3ROVFH�V]DQVH�WHM�WUDQV�
IRUPDFML�V �]QDF]QH���]H�Z]JO GX�QD�REHFQ\��Z]JO G�
QLH�QLVNL�SR]LRP�]URERW\]RZDQLD��$OH�ZNUyWFH�LGHH�
WDNLH� MDN� SU]HP\V � ���� E G � PLD \� J ERNL� ZS \Z�
QD�EXGRZDQLH��SURMHNWRZDQLH�L�UHDOL]DFM �SURMHNWyZ�
DUFKLWHNWRQLF]Q\FK� L� XUEDQLVW\F]Q\FK�� Ä0R QD� MX
]DREVHUZRZD �� H� WHFKQRORJLD� ]DXWRPDW\]RZDQHJR�
EXGRZQLFWZD�� MHGQR]DGDQLRZH� URERW\� EXGRZODQH��
V\VWHP\�URERWyZ�VHUZLVRZ\FK�L�LQQH�WHFKQRORJLH�PL�
NURV\VWHPRZH� F] �VL �]�EXGRZDQ\P� URGRZLVNLHP��
VWDM F� VL � QLHRG F]Q\PL� HOHPHQWDPL� EXG\QNyZ��
NRPSRQHQWyZ� EXGRZODQ\FK�� ZEXGRZDQ\FK� PHEOL����
5RERW\ND� VWDMH� VL � ZV]HFKREHFQD� L� ]DF]\QD� ZLH
Z DVQH� \FLH�WZRU] F�QRZH� URGRZLVNR�´��

��� ']LVLDM� WUXGQR� MHVW� Z F]\ � 3ROVN � GR� SD VWZ�Z\VRFH� ]UR�
ERW\]RZDQ\FK�� :HG XJ� Ä1HZVZHHND´� �������������� Z� .RUHL�
3R XGQLRZHM�QD��������SUDFRZQLNyZ�SU]HP\V RZ\FK�SU]\SDGD�
���� URERWyZ�� SRGF]DV� JG\� Z� 3ROVFH� MHG\QLH� ��� URERWyZ� QD�
�������URERWQLNyZ�

��� 7��%URFN��&RQVWUXFWLRQ�5RERWLFV�HQDEOLQJ�,QQRYDWLYH�'LVUXS�
WLRQ�DQG�6RFLDO�6XSSRUWDELOLW\��,6$5&��PDWHULD \�NRQIHUHQF\MQH��
,QWHUQDWLRQDO�6\PSRVLXP�RQ�$XWRPDWLRQ�DQG�5RERWLFV�LQ�&RQ�
VWUXFWLRQ��9LOQLXV������±���������

����$WULXP��52%2VWXGLR��$6.��:$3:�������U�
����$WULXP��52%2VWXGLR��$6.��:$3:������
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)��*UDPD]LR��0��.RKOHU��-��:LOOPDQQ��7KH�5RERWLF�7RXFK�
±�+RZ�5RERWV�&KDQJH�$UFKLWHFWXUH��3DUN�%RRNV�������

-��+DUWOH\��)OH[LEOH�$XWRPDWLRQ�LQ�-DSDQ��6SULQJHU�������
<��+DVHJDZD��1HZ�:DYH�RI�&RQVWUXFWLRQ�$XWRPDWLRQ�

DQG�5RERWLFV�LQ�-DSDQ��:DVHGD������
,QWHUQDWLRQDO�$VVRFLDWLRQ� IRU�$XWRPDWLRQ� DQG�5RERW�

LFV� LQ�&RQVWUXFWLRQ��5RERWV�DQG�$XWRPDWHG�0DFKLQHV� LQ�
&RQVWUXFWLRQ�� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� $XWRPDWLRQ�
DQG�5RERWLFV�LQ�&RQVWUXFWLRQ��������

-�� .HDWLQJ�� HW� DO���7RZDUG� VLWH�VSHFL¿�F� DQG� VHOI�VXI¿��
FLHQW� URERWLF� IDEULFDWLRQ� RQ� DUFKLWHFWXUDO� VFDOHV�� Ä6FL�
HQFH�5RERWLFV´��W�����Z\G����������

$�� 0HQJHV� �UHG����0DWHULDO� 3HUIRUPDQFH� ±� )LEURXV�
7HFWRQLFV�	�$UFKLWHFWXUDO�0RUSKRORJ\��+DUYDUG�8QLYHU�
VLW\�*6'���,6%1����������������������&DPEULGJH������

:�� -�� 0LWFKHOO�� 7KH� /RJLF� RI� $UFKLWHFWXUH�� 'HVLJQ��
&RPSXWDWLRQ�DQG�&RJQLWLRQ��0,7�������

'��3DUN��0��%HFKWKROG��'HVLJQLQJ�%LRORJLFDOO\�,QVSL�
UHG� 6PDUW� %XLOGLQJ� 6\VWHPV�� 3URFHVVHV� DQG�*XLGHOLQHV��
Ä,QWHUQDWLRQDO�-RXUQDO�RI�$UFKLWHFWXUDO�&RPSXWLQJ´��W������
QU����������V�����±�����

,��6PLWK��6��:DPX]LUL��0��7D\ORU��$XWRPDWHG�FRQVWUXF�
WLRQ�LQ�-DSDQ��PDWHULD \�,QVW��&LYLO�(QJ���������±���������

-��:RMWRZLF]�� HW� DO���$UFKLWHFWURQLFV�� 7RZDUGV� D� 5H�
VSRQVLYH� (QYLURQPHQW�� Ä,QWHUQDWLRQDO� -RXUQDO� RI� $UFKL�
WHFWXUDO�&RPSXWLQJ´��W�����QU���������

6��:URQD�� -��:RMWRZLF]��:\NRU]\VWDQLH� 6]WXF]QHM� ,Q�
WHOLJHQFML� L�5RERW\NL�Z�$UFKLWHNWXU]H� L�8UEDQLVW\FH��PD�
QXVFULSW��QLHSXEO���������

:��=XN��.LQHWLF�$UFKLWHFWXUH��5HLQKROG�������

-HU]\�:RMWRZLF]��SURI��]Z��GU�KDE��LQ ��DUFK�
6WHIDQ�:URQD��SURI��]Z��GU�KDE��LQ ��DUFK�

.DWHGUD�3URMHNWRZDQLD�$UFKLWHNWRQLF]QHJR
:\G]LD �$UFKLWHNWXU\�3ROLWHFKQLNL�:DUV]DZVNLHM

%LEOLRJUD¿�D

6��$GULDHQVVHQV��HW�DO���UHG����$GYDQFHV LQ�$UFKLWHFWX�
UDO� *HRPHWU\� ������ YGI� +RFKVFKXOYHUODJ�$*� (7+�=X�
ULFK���,6%1���������������������=XULFK������

6��$QGUHDQL��0��%HFKWKROG���5H�YROYLQJ�%ULFN��*HRP�
HWU\� DQG� 3HUIRUPDQFH� ,QQRYDWLRQ� LQ� &HUDPLF� %XLOGLQJ�
6\VWHPV�7KURXJK�'HVLJQ�5RERWLFV��>Z�@�.��*UDPD]LR��HW��
DO���UHG����)DEULFDWH��JEW�9HUODJ��=XULFK������

0�� %HFKWKROG�� 'HVLJQ� 5RERWLFV�� $� 1HZ� 3DUDGLJP�
LQ� 3URFHVV�%DVHG� 'HVLJQ�� >Z�@� 5�� 2[PDQ�� 7KHRULHV� RI�
WKH�'LJLWDO� LQ�$UFKLWHFWXUH��5RXWOHGJH�7D\ORU�	�)UDQFLV��
$ELQJGRQ������

0�� %HFKWKROG��'HVLJQ� 5RERWLFV�� 1HZ� 6WUDWHJLHV� IRU�
0DWHULDO� 6\VWHP�5HVHDUFK�� >Z�@�%��3HWHUV��7��3HWHUV�� ,Q�
VLGH�6PDUW�*HRPHWU\��-RKQ�:LOH\�	�6RQV��/RQGRQ�������
V�����±����

0��%HFKWKROG��3URGXFW�DQG�3URFHVV�$SSURDFKHV��>Z�@�
3�� 3LURR]IDU�� )�� 3LOOHU� �UHG���� 0DVV� &XVWRPLVDWLRQ� DQG�
3HUVRQDOLVDWLRQ� LQ�$UFKLWHFWXUH�DQG�&RQVWUXFWLRQ� 5RXW�
OHGJH�7D\ORU�	�)UDQFLV��$ELQJGRQ������

0�� %HFKWKROG�� .�� *ULJJV��&RIIHH�� &DNH�� &$'�&$0��
5HLQYHQWLQJ�WKH�8UEDQ�'LQHU��&DPEULGJH�±�+DUYDUG�'H�
VLJQ�6FKRRO��7HFKQRORJ\�5HSRUW�6HULHV��������

7�� %RFN�� ,6$5&�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
6\PSRVLXP� RQ� $XWRPDWLRQ� DQG� 5RERWLFV� LQ� &RQVWUXF�
WLRQ��9LOQLXV������±����9LOQLXV�*HGLPLQDV�7HFKQLFDO�8QL�
YHUVLW\��'HSDUWPHQW�RI�&RQVWUXFWLRQ�(FRQRPLFV�	�3URS�
HUW\��9LOQLXV������

7�� %URFN�� 7�� /LQQHU�� 7KH &DPEULGJH� +DQGERRNV� RQ�
&RQVWUXFWLRQ� 5RERWLFV� VHULHV� IRFXVHV� RQ� WKH� LPSOHPHQ�
WDWLRQ�RI� DXWRPDWLRQ�DQG� URERW� WHFKQRORJ\� WR� UHQHZ� WKH�
FRQVWUXFWLRQ�LQGXVWU\� YROXPH��±��������

*6'�'HVLJQ�5RERWLFV�*URXS��0DWHULDO�3URFHVVHV�DQG�
6\VWHPV� 5HVHDUFK�� KWWS���UHVHDUFK�JVG�KDUYDUG�HGX�GUJ�
FDWHJRU\�URERWLF�V\VWHPV�



��

����%DFNJURXQG

'HVLJQ� DLGHG� E\� FRPSXWHU� LV� HVWDEOLVKHG� DQG� LW�
LV� IXQGDPHQWDO� WR� WKH� FXUUHQW� HPHUJHQFH� RI� URERW�
LFV� LQ� DUFKLWHFWXUH�� 7KH� VHPLQDO� GRFWRUDWH� RI� ,YDQ�
6RXWKHUODQG�� DW�0,7� JDYH� ULVH� WR� WKH� GLVFLSOLQH� RI�
FRPSXWHU� JUDSKLFV�� -XVW� IRXU� \HDUV� ODWHU�� DQ� DUFKL�
WHFWXUDO�VWXGHQW��IXWXUH�GLUHFWRU�RI�0,7�0HGLD�/DE��
1LFRODV� 1HJURSRQWH� SXEOLVKHG� KLV� DUWLFOH� 7RZDUG�
D� 7KHRU\� RI�$UFKLWHFWXUH�0DFKLQHV��ZKLFK� EHFDPH�
WKH� VXEMHFW� RI� KLV� VXEVHTXHQW� ERRN���+H� IRUHFDVWHG�
WKH�QHZ�SUDFWLFH�RI�GHVLJQ��³,Q�DQ�DUFKLWHFW�PDFKLQH�
SDUWQHUVKLS�SHUKDSV�WKH�PRVW�UHOHYDQW�VHQVRU\�LQWHU�
IDFHV�DUH�YLVXDO��&RPSXWHU�JUDSKLFV�WHFKQLTXHV�KDYH�
EHFRPH� WKH�SDUDGLJP� IRU�FRPSXWHU�DLGHG�DUFKLWHF�
WXUH� V\VWHPV�� EXW� EH\RQG� LQSXWWLQJ� DQG� RXWSXWWLQJ�
OLQHV� DUFKLWHFWXUH� PDFKLQHV� PXVW� KDYH� H\HV� >DQG�
HDUV� DQG� ���@�� 6HWWLQJ� DVLGH� WKH� SKDQWDVPDJRULD� RI�
URERW�GHVLJQHUV�� FRQVLGHU� VSHDNLQJ�ZLWK�D�PDFKLQH�
WKDW� VHHV�\RX�� ,Q�RXU�SUHVHQW�FXOWXUH� WKH� WKRXJKW� LV�
IRROLVK�RU�IULJKWHQLQJ��7R�RXU�FKLOGUHQ�LW�ZLOO�EH�DQ�
RUGLQDU\�RFFXUUHQFH�´�

7KH� ¿�UVW� YHUVLRQ� RI� $XWRFDG� �������� LQLWLDOO\�
LQWHQGHG� IRU� WKH� HOHFWURQLF� FLUFXLWV� OD\RXW�� ZDV�
PDVVLYHO\� DGRSWHG� E\� DUFKLWHFWV� RQ� MXVW� UHOHDVHG�
,%0�3&��6RRQ�FRQQHFWHG�WR�LW�ZHUH�¿�UVW�DXWRPDWHG�
SHULSKHUDOV��WKH�YHFWRU�JUDSKLF�SHQ�SORWWHU��IROORZHG�
IHZ�\HDUV�ODWHU�E\�ODVHU�PLOOLQJ�PDFKLQHV���'�SULQ�
WHUV� DQG�&1&���D[LV� URXWHUV��$OO�ZHUH�DEOH� WR�DEOH�
WR� FRQYHUW� GLJLWDO� LQVWUXFWLRQ� WR� DQDORJXH� IRUPDW�
DQG�XVHG�LQ�GHVLJQ��UDSLG�SURWRW\SLQJ�DQG�IRU�PDN�
LQJ� VFKHPDWLF� PRGHOV� LQ� WKH� \HDUV� WR� FRPH�� 7KH�
ZLGHVSUHDG� DGRSWLRQ� RI� GLJLWDO� SHULSKHUDOV�� DORQJ�
VLGH� WKH� DFFHSWDQFH� RI� SHUVRQDO� FRPSXWHUV� DQG� WKH�
GHYHORSPHQW�RI�GLVWULEXWHG�GHVLJQ�FROODERUDWLRQ�RQ�
QHWZRUNV� UDGLFDOO\�FKDQJHG� WKH�DUFKLWHFW¶V�SUDFWLFH��
7KH� SURFHVV� RI� FUHDWLQJ� D� GHVLJQ� SURMHFW� EHFDPH�
DFFHVVLEOH�QRW�RQO\�WR�FRQVXOWDQWV��EXW�DOVR�WR�SXEOLF�
DQG� FOLHQWV�� 7KH� VLJQL¿�FDQFH� RI� GLJLWDOO\� UHFRUGHG�

SURMHFW�ZDV�UHFRJQL]HG�E\�%LOO�0LWFKHOO�ZKR�DQWLFL�
SDWHG�%,0��³'HVLJQ� WRGD\�FRXOG�EH�VHHQ�DV� UHSRUW�
IURP�WKH�FXUUHQW�VWDWH�RI�WKH�SURMHFW�GDWDEDVH´�

,QGXVWULDO�SUHIDEULFDWLRQ�DQG�PDVV�SURGXFHG�KRXV�
LQJ�ZHUH�LPSRUWDQW�SDUW�RI�PRGHUQLVW�HWKRV��3DFNDJHG�
+RXVH� E\� .RQUDG�:DFKVPDQQ� DQG�:DOWHU� *URSLXV�
GHYHORSHG� LQ� ����¶V� VWDQGV� RXW� DV� LQWHUHVWLQJ� FDVH�
�)LJ���D���*URSLXV�VDZ� WKH�PDFKLQH�DV�D�SRWHQWLDOO\�
GHKXPDQL]LQJ�IRUFH�WKDW�PDQ�KDG�WR�FRQWURO��:DFKV�
PDQQ�� ZKR� ZDV� TXRWHG� DV� VD\LQJ�� ³7RPRUURZ� LV�
HYHU\WKLQJ´�� KDG�SHUFHSWLRQ�RI� WHFKQRORJ\� DV� D� OLE�
HUDWLQJ� IRUFH� LQ� DUFKLWHFWXUH�� )HZ� GHFDGHV� ODWHU� KH�
GHYHORSHG� /RFDWLRQ� 2ULHQWDWLRQ� 0DQLSXODWRU� ZLWK�
VHYHQ� GHJUHHV� RI� IUHHGRP� �)LJ�� �E��� $FFRUGLQJ� WR�
%URFN� ³.RQUDG� :DFKVPDQQ� DQG� KLV� WHDP� UHDOL]HG�
WKH�JDS�RI� WKH�DXWRPDWHG�DVVHPEO\� V\VWHPV�DV�PLV�
VLRQ�FULWLFDO�IRU�WKH�LQWURGXFWLRQ�RI�WRWDOO\�LQGXVWULDO�
L]HG�DQG�DXWRPDWHG�EXLOGLQJ�V\VWHPV��7KLV�DSSURDFK�
LV� D� VLJQ� RI� D� KLJKO\� YDOXDEOH� YLHZ� RI� WKH� LQWHUGH�
SHQGHQFLHV� EHWZHHQ� WKH� SURGXFWLRQ� DQG� DVVHPEO\�
V\VWHPV�DQG�WKH�EXLOGLQJ�V\VWHPV�DQG�FRQFHSWV��7KLV�
NLQG� RI� KROLVWLF� DSSURDFK� FRQFHUQLQJ� WKH� WHFKQLFDO�
DQG� WHFKQRORJLFDO� QHHGV� DQG� UHTXLUHPHQWV� RI� WKH�
FRQVWUXFWLRQ�� SURGXFWLRQ� DQG� DVVHPEO\� V\VWHPV�� LV�
FXUUHQWO\�ZHOO�NQRZQ�DV�5RERW�2ULHQWHG�'HVLJQ�´�

7KH� ����¶V� HPHUJHQFH� RI� WKH� ¿�UVW� LQGXVWULDO�
URERWV�OLNH�8QLPDWH��)LJ���D��ZDV�UHPRWH�WR�WKH�SUH�
YDLOLQJ� SUDFWLFH� RI� DUFKLWHFWXUDO� GHVLJQ� DW� WKH� WLPH��
EXW�WRGD\��VLWXDWLRQ�LV�GLIIHUHQW��,Q�WKH�HUD�RI�,QGXVWU\�
����ZKHUH�³SURGXFW�LWVHOI�ZLOO�SOD\�D�VLJQL¿�FDQW�UROH�
LQ�HDFK�RI�LWV�SKDVHV�³/LIH´��IURP�FRQFHSW�GHYHORS�
PHQW�� SURMHFW� GHYHORSPHQW�� YLUWXDO� SURGXFWLRQ� DQG�
UHDO��DXWRPDWHG�DQG�URERWLF��TXDOLW\�FRQWURO��PDUNHW�
RIIHU��ORJLVWLFV��LQFOXGLQJ�VHUYLFH�DQG�UHSDLUV��XQWLHV�
RI�ZDVWH�JHQHUDWHG�IURP�LWV�FRPSOHWHG�RSHUDWLRQ��DOO�
SKDVHV�DUH�PDQDJHG�,QIRUPDOO\�DQG�UHPRWHO\�±�RYHU�
WKH�,QWHUQHW�´�

7RGD\�� URERWLFV� DQG� DUFKLWHFWXUH� DUH� QR� ORQJHU�
VWUDQJHUV�� 3URWRW\SLQJ� RQ� QXPHULFDOO\� FRQWUROOHG�

52%27�$,'('�'(6,*1��$5&+,7(&785(�:,7+�0(&+$7521,&6

-(5=<�:2-72:,&=��67()$1�:521$

�� ,�� 6XWKHUODQG�� FUHDWHG� WKH� ¿�UVW� LQWHUDFWLYH� DQG� SDUDPHWULF�
JUDSKLFV�SURJUDP�LQ�������SXEO��LQ�KLV�3K�'��WKHVLV��6NHWFKSDG��
$�0DQ�0DFKLQH�*UDSKLFDO�&RPPXQLFDWLRQ�6\VWHP��0,7��������
�� 1��1HJURSRQWH��7KH�DUFKLWHFWXUH�PDFKLQH��0,7�3UHVV��������S����
�� 1��1HJURSRQWH�� 7RZDUG� D� 7KHRU\� RI�$UFKLWHFWXUH�0DFKLQHV��
³-RXUQDO�RI�$UFKLWHFWXUDO�(GXFDWLRQ´��0DUFK�������S�����

�� 7�� %RFN�� :�� 9�� /DXHU�� /RFDWLRQ� 2ULHQWDWLRQ� 0DQLSXODWRU�
E\� .RQUDG�:DFKVPDQQ�� -RKQ� %ROOLQJHU� DQG� ;DYLHU�0HQGR]D��
$XWRPDWLRQ�DQG�5RERWLFV�LQ�&RQVWUXFWLRQ��,6$5&��������S����
�� 0��2OV]HZVNL��0HFKDWURQL]DFMD�SURGXNWX�L�SURGXNFML�±�SU]H�
P\V ������3$5��QU���������



��

PDFKLQHV� DQG� EXLOGLQJ� GLJLWDOO\� FRQFHLYHG� DUFKL�
WHFWXUH� OHDGV� WR� URERWLFV� DSSOLFDWLRQV� LQ� PRGHO�
OLQJ�� IDEULFDWLRQ� DQG� DVVHPEO\�� ,Q� WKH� DXWRPRWLYH�
DQG� HOHFWURQLFV� LQGXVWU\�� WKH� XVH� RI� DXWRPDWLRQ� LV�
DOUHDG\�ZLGHVSUHDG��5RERWLFV� LQ�EXLOGLQJ� FRQVWUXF�
WLRQ�KDV�QR�OHVV�SRWHQWLDO�DQG�LWV�JOREDO�LPSDFW�ZLOO�
VRRQ� DIIHFW� WKH� DUFKLWHFW¶V� GHVLJQ�� HGXFDWLRQ� DQG�
WKHLU� SURIHVVLRQDO� SUDFWLFH�� ,Q� WKH� QHDU� IXWXUH� ZH�
H[SHFW�WR�H[SHULHQFH�KLJKO\�DXWRQRPRXV��QHWZRUNHG�
FROODERUDWLQJ� URERW� V\VWHPV� FRQVWUXFWLQJ� LQ� WKH� LQ�
UHDO�WLPH�FXVWRP�GHVLJQHG�SURGXFWV�DQG�FRQWUROOLQJ�
XELTXLWRXV�UHVSRQVLYH�EXLOG�HQYLURQPHQWV�

���)DEULFDWLRQ�	�$VVHPEO\

,QWHJUDWLRQ� RI� SDUDPHWULF� GHVLJQ�� SURJUDPPLQJ��
PDWHULDOLW\� GDWD� DQG� WKH� HQYLURQPHQWDO� IDFWRUV�
EHFRPHV�HVVHQWLDO�WR�WKH�XVH�RI�URERWV�LQ�WKH�EXLOG�
LQJ� SURFHVV�� 7KH� FULWLFDO� JHQHUDWLRQ� RI� IXQFWLRQV�
DV� ZHOO� DV� IRUPV� LV� WKH� FRQVHTXHQFH� RI� WKH� XVH� RI�
URERWV� LQ� DUFKLWHFWXUH�� .RKOHU� GLVFXVVLQJ� WKH� ZRUN�
RI� KLV� ODE� RQ� (7+� LQYROYLQJ� URERWLFV� LQ� GHVLJQ�
ZULWHV��³7RGD\�ZH�DUH�ZLWQHVVLQJ�D�³VHFRQG�GLJLWDO�
DJH´� RI� DUFKLWHFWXUH�� ZKLFK�� WKURXJK� WKH� LQWURGXF�
WLRQ� RI� WKH� URERW�� ¿�QGV� LWV� FRQWHPSRUDU\� H[SUHV�
VLRQ� DQG� SRWHQWLDO� WR� WKULYH�� OW� LV� QRZ� SRVVLEOH� WR�
UHJDUG� FRPSXWHU� SURJUDPPLQJ� DQG� DUFKLWHFWXUDO�
FRQVWUXFWLRQ�DV�FRQGLWLRQDO�XSRQ�HDFK�RWKHU��DQG�WR�
VHH�WKHLU�UHFLSURFLW\�DV� IXQGDPHQWDO� WR�DUFKLWHFWXUH�
LQ�WKH�GLJLWDO�DJH�´�

)RU�DUFKLWHFWV�WR�IDEULFDWH�DQG�WR�DVVHPEOH�EXLOG�
LQJ�XVLQJ�URERWV��WKH�GHVLJQ�GDWDEDVH�PXVW�EH�DYDLO�
DEOH�LQ�GLJLWDO�IRUPDW��:KHQ�WKLV�GDWD�LV�XVHG�³LQ�WKH�
UHDO�WLPH´��GXULQJ�WKH�SDUDOOHO�DQG�UHFXUVLYH�GHVLJQ��
SURWRW\SLQJ�DQG�LPSOHPHQWDWLRQ�SURFHVVHV��WKHQ�WKH�
LPSDFW� RI� URERWV� VWDUWV� WR� UHYROXWLRQL]H� DUFKLWHF�
WXUH��$IWHU�GHOHJDWLQJ�DFW�RI�FRQVWUXFWLRQ� WR�EXLOGHU�
IRU� WKH� ODVW� IHZ� FHQWXULHV� WKH� GHVLJQHU� ZLOO� VRRQ�
UHWXUQ� WR� GLUHFW� FRQWDFW� ZLWK� WKH� UHDO� SURMHFW� PDN�
LQJ�� EHFRPLQJ� D� NLQG� RI� GLJLWDO� DUWLVDQ�� RU� FUDIWV�
PDQ��%,0� ±�%XLOGLQJ� ,QIRUPDWLRQ�0RGHOLQJ� SOD\V�
DQ�LPSRUWDQW�UROH�LQ�WKLV�SURFHVV��8QOLNH�WUDGLWLRQDO�
&$'�SURJUDPV��LW�LV�QRW�MXVW�D�SURFHVV�RI�JHQHUDWLQJ��
EXW� DOVR�PDQDJLQJ�GLJLWDO� UHSUHVHQWDWLRQV�RI�SK\VL�
FDO� DQG� IXQFWLRQDO� DVSHFWV� RI� DUFKLWHFWXUH� WKURXJK�
RXW�LWV�OLIH�WLPH��%,0�LQ�FRQMXQFWLRQ�ZLWK�URERWLFV�LV�
DOUHDG\�HQWHULQJ�WKH�FRQVWUXFWLRQ�LQGXVWU\��5RERWLFV�
LQWHJUDWHG�ZLWK�%,0��%XLOGLQJ�,QIRUPDWLRQ�6\VWHP��

DUH� XVHG� ZLWK� WKH� JURZLQJ� IUHTXHQF\� E\� 6NDQVND�
1RUZD\�RQ�LWV�FRQVWUXFWLRQ�VLWHV��)LJ���E��

3DUDPHWULF� GHVLJQ� LV� LQFUHDVLQJO\� FRPPRQ�
LQ� DUFKLWHFWXUH� DV� LW� PDNHV� YHUVLRQLQJ�� LWHUDWLRQ��
PDVV�FXVWRPL]DWLRQ� DQG� FRQWLQXRXV� GLIIHUHQWLD�
WLRQ� RI� FXVWRPL]HG� HOHPHQWV� SRVVLEOH�� 3DUDPHWULF�
PRGHO� FDQ� EH� UHYLVHG�� RSWLPL]HG� DQG� IDEULFDWHG� LQ�
IUDJPHQWV�� )RU� H[DPSOH� WKH� IDEULFDWLRQ� SDQHOV� IRU�
=DKD�+DGLG�$UFKLWHFWV��'RQJGDHPXQ�'HVLJQ�3OD]D�
LQ�6HRXO�UHTXLUHG�URERWLF�WHFKQRORJ\�IRU�PRXOG�SUR�
GXFWLRQ�� EXW� DVVHPEO\�ZDV� GRQH�ZLWK� FRQYHQWLRQDO�
PHWKRGV�LPSDFWLQJ�WKH�FRVW�RI�WKH�SURMHFW��)RU�DUFKL�
WHFWXUH� WR� UHDFK� FRPSOHWHO\� ,QGXVWU\� ���� OHYHO� WKH�
SURFHVV� RI� DVVHPEO\� DQG� HUHFWLRQ� RI� LW� KDV� WR� EH�
DXWRPDWHG�ZLWK�URERWLFV��)LJ������

,Q� WKH� ',$1$� �'\QDPLF� ,QWHUDFWLYH� 5RERWLF�
$VVLVWDQW�IRU�1RYHO�$SSOLFDWLRQV��SURMHFW��WKH�.XND�
URERW� ZDV� XVHG� WR� LQVWDOO� LUUHJXODUO\� SRVLWLRQHG�
ZRRGHQ� VSDFHV�� 7KH� JHRPHWU\� DQG� PDWHULDO� IRXQG�
ZHUH� UHTXLUHG� WR� XVH� D� PRXQWLQJ� WHFKQLTXH� WKDW�
HQDEOHG�G\QDPLF�GHWHFWLRQ�DQG�WRRO�UHVSRQVH�WR�DQ\�
GHYLDWLRQ�IURP�WKH�DVVXPHG�GLPHQVLRQ��)LJ������7KH�
SURMHFW� XVHV� D� VHYHQ�D[LV� URERW� 7KH� .8.$� /%5�
LLZD��ZKLFK�LV�GLVWLQJXLVKHG�E\�WKH�IDFW�WKDW�IRU�HDFK�
D[LV��ZKLOH�ZRUNLQJ��WKH�WRUTXH�LV�PHDVXUHG��7RUTXH�
VHQVRUV�KDYH�EHHQ� LQWURGXFHG�KHUH� WR�HQDEOH�D�VDIH�
URERW� WR� FRRSHUDWH� ZLWK� KXPDQV� DQG� WR� UHVLJQ� WKH�
URERWLF�DUPV�IURP�HQFRXQWHUHG�REVWDFOHV�ZKHQ�WKH\�
UHDFK� WKH� SUHVHW� WRUTXH� DQG� WR� SURJUDP� E\� PDQX�
DOO\�JXLGLQJ�WKH�URERWLF�DUP�E\�WKH�RSHUDWRU��,Q�WKH�
',$1$� SURMHFW�� WKHVH� VHQVRUV� ZHUH� XVHG� WR� GHWHFW�
LQDFFXUDFLHV�GXULQJ�DVVHPEO\�DQG�DVVHPEO\�LWVHOI�WR�
FRPSHQVDWH� IRU� ODUJH� LQDFFXUDFLHV� RQ� FRQVWUXFWLRQ�
VLWHV�� 7KH�',$1$� SURMHFW� ZDV� WR� EHFRPH� D�PDMRU�
VWHS� WRZDUGV� WKH� LPSOHPHQWDWLRQ�RI� LQGXVWU\����� LQ�
WKH�DVVHPEO\�RI�HOHPHQWV�RQ�WKH�FRQVWUXFWLRQ�VLWH�

5RERWV� DV� D� ¿�QLVKLQJ� WRRO� XVHG� E\� DUFKLWHFWV�
ZHUH�XVHG�LQ�WKH�$5268�0LOHVWRQH��$UWLVWLF�5RERW�
6XUIDFH�3URFHVVLQJ� IRU�6WRQH�SURMHFW�� OHG�E\�6LJULG�
%UHOO�&RNFDQ�� 7KRPDV� %RFN� DQG� $QGUHDV� 0�OOHU��
IXQGHG�E\�WKH�(XURSHDQ�8QLRQ��7KH�SXUSRVH�RI�WKH�
VWXG\�ZDV��DPRQJ�RWKHU�WKLQJV��WKH�UHFRQVWUXFWLRQ�RI�
WKH�KDQG�ZRUNHG�VWRQH�VWUXFWXUH��EXW�XVLQJ�D�URERW��
&XUUHQWO\�� WKHUH� DUH� QR� VNLOOHG� FUDIWVPHQ� ZKR� FDQ�
ZRUN� WKH� VWRQH� VXUIDFH� DFFRUGLQJ� WR� WKH� KLVWRULFDO�
SDWWHUQ�� 3UHYLRXV� DWWHPSWV� WR� DXWRPDWH� WKH� SURFHVV�
GLG� QRW� UHVXOW� LQ� VDWLVIDFWRU\� DQG� KRPRJHQHRXV�
UHVXOWV� WKDW� ZRXOG� UHVHPEOH� WKH� UHVXOWV� RI� PDQXDO�

�� 0��.RKOHU�� HW� DO���7KH� 5RERWLF� 7RXFK��+RZ�5RERWV� &KDQJH�
$UFKLWHFWXUH��3DUN��������S����



��

SURFHVVLQJ��7KH� VWXGLHV� LQFOXGHG� GHWDLOHG� FKLVHOLQJ�
PRWLRQ� DQDO\VLV� GXULQJ�PDQXDO� SURFHVVLQJ� DQG� WKH�
LPSOHPHQWDWLRQ�RI�WKH�REWDLQHG�UXOHV�LQ�WKH�ZRUN�RI�
WKH�DFWXDWRU��)LJ�����

7KH� URERWV� IRU� DXWRPDWLF� EULFN� OD\LQJ�PDVRQU\��
GHYHORSPHQW� RI� URERWLF� SUHIDEULFDWLRQ� RI� ZDOO� HOH�
PHQWV�ZHUH� DPRQJ�¿�UVW� XVHG� LQ� DVVHPEO\��7KH�(8�
SURMHFW� 52&&2�� 5RERW� &RQVWUXFWLRQ� 6\VWHP� IRU�
&RPSXWHU� ,QWHJUDWHG� &RQVWUXFWLRQ� ZDV� GHYHORSHG�
E\�FRQVRUWLXP�RI�UHVHDUFKHV�DQG�LQGXVWULDO�SDUWQHUV�
IURP�*HUPDQ\��6SDLQ�DQG�%HOJLXP��,W�FODLPHG����P�
UHDFK�DQG�SD\ORDG�RI�XS�WR�����NJ��)RXU�\HDUV�ODWHU�
WKH� URERWLF� DVVHPEO\� PHWKRG� ZDV� UHGHYHORSHG� DW�
WKH�(7+�DQG�DSSOLHG� LQ�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�
:LQHU\�DW�*DQWHQEHLQ�E\�*UDPD]LR�	�.RKOHU��7KH�
�������EULFNV�ZHUH�SRVLWLRQHG�DFFRUGLQJ�WR�FRPSOH[�
VFUHHQ� SDWWHUQ� JHQHUDWHG� LQ� SDUDPHWULF� SURJUDP� DW�
WKH�GHVLUHG�SRVLWLRQ� DQG� LQ�SUHIDE�SDQHO� IRUP�XVHG�
LQ�WKH�ZLQHU\�FRQVWUXFWLRQ��)LJ����

$PRQJ� WUHQGV� LQ� FRQVWUXFWLRQ� DXWRPDWLRQ� ZLWK�
URERWLFV� WKH� XVH� RI� *36� IRU� GDWD� FROOHFWLRQ� LV�
EHFRPLQJ�YHU\�VLJQL¿�FDQW��7KH�DSSOLFDWLRQV�LQFOXGH�
DXWRPDWLF� WUXFN� JXLGDQFH� DQG� XVH� RI� SHUVRQDO� GDWD�
DVVLVWDQFH�RU� WDEOHWV�ZLWK�*36�DQG�ZHE�GDWD� WUDQV�
PLVVLRQ�PDNHV�QHZ�DSSOLFDWLRQV�SRVVLEOH��6DIHW\�RI�
RSHUDWRUV� LV� FULWLFDO� VLQFH�PDQ\�FRQVWUXFWLRQ�ZRUN�
HUV� DUH� LQMXUHG� RU� NLOOHG� LQ� FRQVWUXFWLRQ� DFFLGHQWV��
)RU� H[DPSOH� WKH� KHOPHW� LQWHJUDWHG� FDPHUD�� *36��
FDSDEOH�RI�SHUVRQQHO�WUDFNLQJ�DQG�ZDUQLQJ�DQG�FRQ�
À�LFWV� LV� EHFRPLQJ� SRSXODU� RQ� ODUJH� SURMHFWV� VLWHV��
$�ZHDUDEOH�H[RVNHOHWRQ�URERW� LV�SRWHQWLDOO\�DEOH� WR�
RIIHU�WKH�DVVHPEO\�RSHUDWRU�ZLWK�PRUH�VWUHQJWK�DQG�
DOORZ� WR� DVVLVW� KHU� LQ� KDQGOLQJ� KHDY\� WRROV� GXULQJ�
WKH�FRQVWUXFWLRQ��)LJ�����

7KH� DVVHPEO\� RI� VWHHO�EDVHG� EXLOGLQJV� RIWHQ�
LQYROYHV� ZHOGLQJ�� VXFK� DV� FROXPQ�WR�FROXPQ� DQG�
FROXPQ�WR�EHDP� MRLQWV�� 7KH� -DSDQHVH� :5� PRELOH�
URERW�SHUIRUPV�D�YDULHW\�RI�FROXPQ�WR�FROXPQ�ZHOG�
LQJ��7KH� VWHHO� FROXPQV�RI�XS� WR�����PP� WKLFNQHVV�
FDQ� EH� URXQG��� VTXDUH��� RU� +�VKDSHG�� DV� ZHOO� DV�
ER[�VHFWLRQDO�PHPEHUV��)RU�FROXPQ�WR�EHDP�ZHOG�
LQJ��WKHUH�LV�D�FRPELQDWLRQ�RI�ZHOGHU�WUDQVSRUW�W\SH�
ZKLFK�FDQ�UXQ�RQ�GHFNV�DQG�D�W\SH�ZKLFK�FDQ�ZHOG�
ORZHU�À�DQJHV�IURP�EHORZ�

$XWRPDWLRQ� DQG� URERWL]DWLRQ� RI� WKH� FRPSOHWH�
EXLOGLQJ� HUHFWLRQ� LV� WKH� PRVW� H[FLWLQJ� H[SHULHQFH��
$SSO\LQJ� WR� WKH� KLJK�ULVH� EXLOGLQJ� WKHUH�ZHUH� VHY�

HUDO� -DSDQHVH� SURMHFWV�� 7KH� PRVW� VLJQL¿�FDQW� LV� WKH�
60$7� V\VWHP� GHYHORSHG� E\� 6KLPL]X� �0L\DWDNH��
�������,W�ZDV�XVHG�IRU�FRQVWUXFWLRQ�RI�PRUH�WKDQ����
VWRULHV� RI¿�FH� EXLOGLQJ�� ,W� FRQVLVWV� RI� DOO�ZKHDWHDU��
IXOO�URERWLF� IDFWRU\�RQ� WKH� WRS�RI� WKH�EXLOGLQJ��7KH�
OLIW�XS�PHFKDQLVP�DXWRPDWLFDOO\�UDLVHV�WKH�FRQVWUXF�
WLRQ� SODQW� DQG� DW� WKH� VDPH� WLPH� UDLVHV� WKH� RQ�VLWH�
IDFWRU\��FDOOHG�¿�HOG�IDFWRU\�

���&DVH�VWXGLHV�

7KH�VHOHFWHG�UHVHDUFK�SURMHFWV�OLVWHG�EHORZ�FRPH�
IRUP� OHDGLQJ� VFKRROV� RI� DUFKLWHFWXUH� DQG� DUH� IRO�
ORZHG� E\� WKH� VKRUW� UHYLHZ� RI� FRQVWUXFWLRQ� URERW�
LFV� DQG� DXWRPDWLRQ� LQ� -DSDQ�� 7KH� SUHVHQFH� RI� DQ�
LQGXVWULDO� URERWV� LQ� DUFKLWHFWXUDO� UHVHDUFK� ODEV� LV�
LQFUHDVLQJO\� FRPPRQ��$W� (7+� LW� LV� FHQWUDO� LQ� WKH�
UHVHDUFK� DQG� GHYHORSPHQW� RI� SURWRW\SLFDO� EXLOGLQJ�
SURFHVV� �)LJ�� ���� ³,W� RIIHUV�D�QHZ�DSSURDFK� IRU� WKH�
FRQVWUXFWLRQ�RI�QRQ�UHJXODU�VSDWLDO�VWUXFWXUHV��VLQFH�
D� ��D[LV� URERWLF� DUP� FDQ� SUHFLVHO\�PRYH�� SRVLWLRQ��
RULHQW�DQG�KROG�D�EXLOGLQJ�HOHPHQW�LQ�VSDFH��VRPH�
WKLQJ� D� KXPDQ� FDQQRW� DFFRPSOLVK�ZLWKRXW� D� UHIHU�
HQFH� V\VWHP� DQG� VXSSRUW� VWUXFWXUH�´�� 3URI��$FKLP�
0HQJHV�DW�78�6WXWWJDUW��:DWHU�6SLGHU�3DYLOLRQ�XVHG�
DQ�LQGXVWULDO�URERW�WR�OD\�FDUERQ�¿�EHU�DGDSWLYHO\�WR�
WKH�LQVLGH�VXUIDFH�RI�DQ�LQÀ�DWDEOH�VWUXFWXUH�E\�VHQV�
LQJ�SUHVVXUH��)LJ�����

7KH� UHFHQW� SDSHU� SXEOLVKHG� LQ�6FLHQFH�5RERWLFV�
WLWOHG�$UFKLWHFWXUDO�5RERW��7RZDUG�VLWH�VSHFL¿�F�DQG�
VHOI�VXI¿�FLHQW� URERWLF� IDEULFDWLRQ� RQ� DUFKLWHFWXUDO�
VFDOHV� DQG FDPH�RXW�RI�0,7�0HGLD�/DE��,WV�DXWKRUV�
KDYH�GHVFULEHG� D� URERW� WKDW� FRXOG�SHUIRUP�GLI¿�FXOW�
WDVN�DQG�FRQVWUXFWLRQV�DV�DQ�DXWRPDWHG�EXLOGLQJ�V\V�
WHP� WKDW� FRXOG�TXLFNO\�EH� DGDSWHG�DQG�PRGL¿�HG� WR�
VLWH�VSHFL¿�F� FRQVWUDLQWV�� ³$Q� DXWRPDWHG� V\VWHP� IRU�
WKH� FRQVWUXFWLRQ� RI� DUFKLWHFWXUDO� VWUXFWXUHV� XWLOL]HV�
ORFDO�HQYLURQPHQWDO�GDWD�IRU�SURFHVV�FRQWURO«�'DWD�
FROOHFWLRQ�FDSDELOLWLHV�FDQ�DOVR�VXSSRUW�PRUH�GLUHFW��
GHWDLOHG�FRQVWUXFWLRQ�FDOFXODWLRQV��JHQHUDWLQJ�YDOX�
DEOH� GDWDVHWV�� DQG� GHVFULELQJ� WKH� FRQVWUXFWLRQ� RI�
WKH� VWUXFWXUH� LQ� GHWDLO�´ 5RERW� FDQ�RSHUDWH� DXWRQR�
PRXVO\�ZKDW�PDNHV�LW�LGHDO�LQ�DQ�XQIDYRXUDEOH�HQYL�
URQPHQW��)LJ�������

,V�PRGHUQ�-DSDQ�EXLOG�E\� URERWV"�<HV�� WKH�DXWR�
PDWHG�DUFKLWHFWXUH�FRQVWUXFWLRQ�RULJLQDWHG� LQ�-DSDQ�
LQ� HDUO\� ����¶V� UHVXOWLQJ� LQ� LPSURYH� SURGXFWLY�

�� .��*UDPD]LR� HW� DO��� ������(7+�±�6ZLVV� )HGHUDO� ,QVWLWXWH� RI�
7HFKQRORJ\�LQ�=XULFK�

�� -�� .HDWLQJ� HW� DO��� $UFKLWHFWXUDO� 5RERW�� 7RZDUG� VLWH�VSHFL¿�F�
DQG� VHOI�VXI¿�FLHQW� URERWLF� IDEULFDWLRQ� RQ� DUFKLWHFWXUDO� VFDOHV��
Ä6FLHQFH�5RERWLFV´��YRO�����LVVXH���������



��

LW\� VDIHW\� DQG� PDVVLYH� DFFHSWDQFH� RI� DXWRPDWLRQ��
/DERXU� VKRUWDJHV� DQG� DJLQJ� ZRUN� IRUFH� FDOOHG� IRU�
WKH� LQFUHDVHG� SURGXFWLYLW\� WKURXJK� WKH� XVH� RI� VLQ�
JOH�WDVN��KXPDQ�PDFKLQH�FRQVWUXFWLRQ�V\VWHPV��7KH�
RSHUDWRUV� SURYLGHG� LQLWLDOO\� VHQVRU\� DELOLWLHV�ZKLFK�
ZHUH� WRR� WHFKQRORJLFDOO\� GLI¿�FXOW� IRU� VXFFHVVIXO�
DXWRPDWLRQ�� ³7RGD\�� LQWHJUDWHG� FRQVWUXFWLRQ� DXWR�
PDWHG�V\VWHPV�FRQVLVW�RI�IRXU�IXQGDPHQWDO�HOHPHQWV��
D�WHPSRUDU\�FRYHUHG�ZRUNLQJ�SODWIRUP�DQG�MDFNLQJ�
V\VWHP�� DQ� DXWRPDWHG� PDWHULDO� KDQGOLQJ� V\VWHP�
DQG� FHQWUDOL]HG�RQ�VLWH� LQWHJUDWHG� FRQWURO� FHQWUH�´�

$PRQJ� H[DPSOHV� RI� LQWHJUDWHG� FRQVWUXFWLRQ� DXWR�
PDWLRQ� V\VWHPV� DUH� WKH� 2ED\DVKL� &RUSRUDWLRQ¶V�
$XWRPDWHG� %XLOGLQJ� &RQVWUXFWLRQ� 6\VWHP� �$%&6��
DQG�WKH�%LJ�&DQRS\�V\VWHP��)LJ������

$FFRUGLQJ�WR�UHFHQW�DUWLFOH�LQ�0D\�LVVXH�RI�-DSDQ�
7LPH�FRQVWUXFWLRQ�VLWHV�DUH�H[SHULHQFLQJ�D�QHZ�ZDYH�
RI� DXWRPDWLRQ�� 'XH� WR� WKH� LQFUHDVLQJ� VKRUWDJH� RI�
ODERXUHUV� DQG� DJLQJ� ODERU�� DERXW� ��� SHUFHQW� RI� DOO�
-DSDQHVH�FRQVWUXFWLRQ�ZRUNHUV�ZHUH�DUH����WZR�\HDUV�
ROG� WKH� LQWURGXFWLRQ� RI� URERWV� WR� GR� KHDY\� OLIWLQJ� LV�
LQFUHDVLQJ�FRPPRQ�DQG�GURQHV��.DMLPD��-DSDQ¶V�ODUJ�
HVW�FRQVWUXFWLRQ�¿�UP�LV�XVLQJ�GURQHV�WKDW�LQVWDQWO\�FRO�
OHFW� DHULDO� GDWD�� XQPDQQHG�� DXWRPDWHG� GXPS� WUXFNV��
EXOOGR]HUV�DQG�YLEUDWLQJ�UROOHUV�ZLWK�*36�V\VWHPV�DW�
LWV� EXLOGLQJ� VLWHV�� ³8VLQJ� D� WDEOHW� GHYLFH�� D� ZRUNHU�
GLUHFWV�WKH�SUHSURJUDPPHG�KHDY\�HTXLSPHQW�WR�FDUU\�
RXW�YDULRXV� WDVNV��2QO\�RQH�SHUVRQ�XVLQJ�D� WDEOHW� LV�
UHTXLUHG� WR� RSHUDWH� D� VHTXHQFH� RI� WDVNV� FDUULHG� RXW�
E\� ¿�YH� PDFKLQHV� WKDW� GXPS� VRLO�� DQG� FRPSDFW� DQG�
VPRRWK�VXUIDFHV��7KH�DXWRPDWLRQ�XOWLPDWHO\�OHDGV�WR�
D�KLJKHU�OHYHO�RI�SURGXFWLYLW\�´���%XLOGLQJ�VLWHV�ZHUH�
XQGHUJRLQJ� VLJQL¿�FDQW� FKDQJH�� ³3URGXFWLYLW\� KDV�
ERRVWHG�E\�¿�YH� WR���� WLPHV� WKURXJK�DXWRPDWLRQ�DQG�
ZH¶UH�QRW�DW�WKH�VLWH�DOO�QLJKW�OLNH�ZH�XVHG�WR�EH��<RX�
GRQ¶W� HYHQ�KDYH� WR� EH� KLJKO\� VNLOOHG� DQ\PRUH� WR� JHW�
WKH� ZRUN� GRQH�� :RUN� LV� FRPSOHWHG� LQ� KDOI� WKH� WLPH�
LW� XVHG� WR� WDNH�´��� 3UHIDEULFDWLRQ� RQ� DQG� RII� VLWH� LV�
SUDFWLFHG� DW� WKH� ODUJH� VFDOH�� /DUJH�6FDOH� 3UHIDEULFD�
WLRQ�DFFRUGLQJ�WR�7KRPDV�%RFN���LV�SDUWLFXODUO\�VXF�
FHVVIXO�DV� LQ�-DSDQ�YHU\�DXWRPDWHG�KRXVLQJ�LQGXVWU\�
PDQXIDFWXUHV�RXWSXWV���������HQWLUHO\�SUHIDEULFDWHG�
KRXVLQJ�XQLWV�SHU�DQQXP�

���$UFKLWHFWXUH�PRYHV�

:H� DUH� ZLWQHVVLQJ� KH� UDLVH� RI� UHVSRQVLYH�� SHU�
IRUPDWLYH� EXLOG� HQYLURQPHQW� ZLWK� XELTXLWRXV� DQG�
DPELHQW� URERWLFV��'HVLJQ�� FRQVWUXFWLRQ� DQG�DVVHP�
EO\� DVVLVWHG� E\� URERWLFV� LV� DQ� LPSRUWDQW� EXW� QRW�
WKH� RQO\� DVSHFW� RI� DGYDQFLQJ� FKDQJHV� LQ� WKH� QHZ�
GRPDLQ�RI�DUFKLWHFWXUH�ZLWK�PHFKDWURQLFV��5RERWLF�
V\VWHPV� LQ� DGGLWLRQ� WR� EHLQJ� XVHG� DV� D� WHFKQRORJ\�
DQG� DXWRPDWHG� WRRO� LQ� WKHVH� SURFHVVHV�� FUHDWH� DOVR�
WKH�JUHDW� RSSRUWXQLWLHV� IRU� DXWRPDWLQJ� ³LQWHOOLJHQW��
UHVSRQVLYH� DQG� SHUIRUPDWLYH� HQYLURQPHQWV´�� 'LJL�
WDOO\� FRQWUROOHG�� UHVSRQVLYH� DUFKLWHFWXUH�� FKDQJHV�
LQ� PDWHULDOLW\�� G\QDPLF� IRUP� RI� EXLOGLQJ� DQG� WKH�
FLW\� UHVXOWV� LQ� D� UHYROXWLRQ� WKDW� UDGLFDOO\� FKDQJHV�
WKH�GRPDLQ�RI�DUFKLWHFWXUH��:ROIJDQJ�YRQ�*RHWKH��

PRWWR�³$UFKLWHFWXUH�LV�IUR]HQ�PXVLF´�LV�EHLQJ�WRGD\�
WUXO\�FKDOOHQJHG��$UFKLWHFWXUH�EDVHG�RQ�VWDWLFV�IURP�
LWV� RULJLQ� UHPDLQHG� XQPRYHG� RYHU� WKH� ODVW� IHZ�
GHFDGHV�ZKLOH�DFFHSWLQJ�GLJLWDO�PRGHOLQJ�DQG�VLP�
XODWLRQ�WR�GHVLJQ��7RGD\�LW�LV�EHFRPLQJ�HQULFKHG�E\�
NLQHWLFV��V\VWHP�G\QDPLFV��QHWZRUNV�DQG�E\�URERW�
LFV��7KH�NLQHWLF�HOHPHQWV�RI�D�EXLOGLQJ�WKDW�FKDQJH�
LWV� FKDUDFWHU� RU� WKH� IXQFWLRQDOLW\� RI� D� VSDFH� WKDW�
DGDSW� WR� YDULDEOH� SURJUDPPLQJ� UHTXLUHPHQWV� DUH�
LQFUHDVLQJO\�FRPPRQ� LQ�H[SHULPHQWDO�SURMHFWV� VDW�
XUDWHG�WRGD\�ZLWK�VHQVRUV�DQG�DFWXDWRUV�DQG�UHVSRQ�
VLYH�WR�XVHU�LQSXW�

&RQWHPSRUDU\� DUFKLWHFWXUH� FDQ� EH� VHHQ� DV�
D� G\QDPLF� V\VWHP� WKDW� FKDQJHV� LQ� UHVSRQVH� WR� LWV�
HQYLURQPHQW�DQG�HYHQ�DV�D�V\VWHP�WKDW�FDQ�PRGLI\�
LWVHOI�� 6\VWHPLF� DUUDQJHPHQW� RI� VHQVRUV� DQG� DFWXD�
WRUV� ZLWK� FRQWUROOLQJ� DGDSWLRQ� RI� NLQHWLF� HOHPHQWV�
RI� DUFKLWHFWXUH� GHVLJQHG� WR� FKDQJH� IXQFWLRQDO�� IRU�
PDO� DQG� SK\VLFDO� FRQGLWLRQV� RI� WKH� HQYLURQPHQW�
LV� LQFUHDVLQJO\� IUHTXHQW�� 1RWLRQ� RI� $UFKLWHFWURQ�
LFV��� FRLQHG� LQ� DQWLFLSDWLRQ� RI� JURZWK� RI� WKLV� QHZ�
GLVFLSOLQH� UHÀ�HFWV� WKH�JURZLQJ� LQWHUHVW� LQ� WKLV� DUHD��
7RJHWKHU� ZLWK� WKH� XVHU� FRQWUROOHG� DXWRPDWHG� V\V�
WHPV�NLQHWLF� DQG� URERWLFDOO\� FRQWUROOHG� DUFKLWHFWXUH�
GHVHUYHV� WR�EH� FRQVLGHUHG� LQ�GHWDLO� DQG�ZLOO� EH� WKH�
VXEMHFW�RI�WKH�IRUWKFRPLQJ�SXEOLFDWLRQ�WLWOHG�52%2�
PRYHV�E\�DXWKRUV�

� �� 0��7D\ORU��HW�DO���$XWRPDWHG�FRQVWUXFWLRQ�LQ�-DSDQ��3URFHHG�
LQJV�RI�,&(�������SS����±���
��� ³7KH�-DSDQ�7LPHV´��-DSDQ¶V�ODERU�VFDUFH�EXLOGLQJ�VLWHV�DXWR�
PDWLQJ��WXUQLQJ�WR�URERWV��GURQHV���������������
��� ,ELGHP�
��� 7��%RFN��(YROXWLRQ�RI� ODUJH�VFDOH� LQGXVWULDOL]DWLRQ�DQG� VHU�
YLFH�LQQRYDWLRQ�LQ�-DSDQHVH�SUHIDEULFDWLRQ�LQGXVWU\��³&RQVWUXF�
WLRQ�,QQRYDWLRQ´��YRO������LVVXH����SS�����±����

��� -�� 3�� (FNHUPDQQ�� 'LH� %DXNXQVW� LVW� HLQH� HUVWDUUWH� 0XVLN�
±�&RQYHUVDWLRQV�ZLWK�*RHWKH�������
��� -��:RMWRZLF]�� HW� DO���$UFKLWHFWURQLFV��7RZDUGV�D�5HVSRQVLYH�
(QYLURQPHQW�� ³,QWHUQDWLRQDO� -RXUQDO� RI�$UFKLWHFWXUDO� &RPSXW�
LQJ´��YRO�����QR�����������SS����±���



��

&RQFOXVLRQV

,Q� DUFKLWHFWXUH� URERWLFV� VXIIHU� IURP� GHXV� H[�
PDFKLQD��� V\QGURPH�� FRQGLWLRQ�ZKLFK� LPSOLHV� VXG�
GHQ� FKDQJHV� LQ� WKH� VLWXDWLRQ� DQG� LQ� WKH� VFLHQWL¿�F�
VHQVH� LQWURGXFWLRQ� RI� DQ� XQSURYHQ� QHZ� FRQFHSW�
WKDW�K\SRWKHWLFDOO\�VROYHV� WKH�SUREOHP��)RU�VRPH�LW�
OHDGV� WR� WKH� RSSRVLWLRQ� RI� WKLV� FULWLFDO� WUDQVIRUPD�
WLRQ�RI�WKH�HVWDEOLVKHG�SUDFWLFH�RI�DUFKLWHFWXUH� +LV�
WRULFDOO\�� DUFKLWHFWXUH� ZDV� DOZD\V� JURXQGHG� LQ� WKH�
EXLOGLQJ�WHFKQRORJ\�RI�LWV�WLPHV��7RGD\�WKH�FKDQJHV�
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DQG� OHDGLQJ� WR� WKH� FROODSVH� WR� WKH� ORQJ� HVWDEOLVKHG�
FRQYHQWLRQV��<HW�� WKRVH�QHZ�DVSHFWV� WR�GHVLJQ�RIIHU�
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