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Comfy app for personal control, 
Building Robotics p.20
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Center for the Built 
Environment:  tools & 
technologies for performance
<PM�+MV\MZ�NWZ�\PM�*]QT\�-V^QZWVUMV\

Gail Brager
& Edward Arens

Introduction

Adaptive Expertise

<PMZM�Q[�I�OZW_QVO�LQ[K][[QWV�QV�\PM�ÅMTL�WN �J]QTLQVO�
[KQMVKM�WV�\PM�LQٺMZMVKM�JM\_MMV�¹ZW]\QVM�M`XMZ\Q[Mº�
IVL�¹ILIX\Q^M�M`XMZ\Q[Mº�·�\PM�TI\\MZ����QVVW^I\M[�QV�
PW_�XZWJTMU[�IZM�[WT^ML�Ja�QV^MV\QVO�VM_�XZWKML]ZM[�
IVL�[\ZI\MOQM[��IVL����KWV\QV]ITTa�M`XIVL[�Q\[�[KWXM�
QV�ZM[XWV[M�\W�VMML[�\PI\�IZQ[M�QV�[WKQM\a��0I\IVW�IVL�
1VIOISQ��! ���;I_aMZ����������:W]\QVM�M`XMZ\[�UIa�
JM�^MZa�SVW_TMLOMIJTM��J]\�\PMQZ�XMZ[WVIT�OZW_\P�IVL�
KWV\ZQJ]\QWV[�\W�\PM�ÅMTL�IZM�OMVMZITTa�JI[ML�WV�LQ^QVO�
LMMXTa�QV\W�M`Q[\QVO�ZM[W]ZKM[��IVL�[QUXTa�JMKWUQVO�
UWZM�IKK]ZI\M�WZ�MٻKQMV\�I\�LWQVO�_PI\�\PMa�PI^M�
IT_Ia[�LWVM���<PQ[�Q[�I�VMKM[[IZa�XI\P�NWZ�XMWXTM�VM_�
\W�IVa�ÅMTL��J]\�Q[�VW\�[]ٻKQMV\�NWZ�\Z]M�QVVW^I\QWV�
IVL�KZMI\Q^Q\a���)LIX\Q^M�M`XMZ\Q[M�ZMY]QZM[�I�KWV[\IV\�
Y]M[\QWVQVO�WN �VWZUI\Q^M�Z]TM[�IVL�IXXZWIKPM[��I�\PQZ[\�
NWZ�TMIZVQVO��I�_QTTQVOVM[[�\W�\ISM�UIVIOML�ZQ[S[��IVL�
IV�IJQTQ\a�\W�\PQVS�W]\[QLM�\PM�JW`�\W�[WT^M�\PM�KZQ\QKIT�
XZWJTMU[�WN �W]Z�\QUM��:M[MIZKP�QV�\PM�J]QTLQVO�[KQMVKM[�
UIa�WN\MV�[\IZ\�_Q\P�I�N]VLIUMV\IT��_MTT�IKKMX\ML�
\PMWZM\QKIT�NW]VLI\QWV���*]\�\PM�J]QT\�MV^QZWVUMV\�I[�I�
_PWTM�Q[�][]ITTa�\WW�KWUXTM`�NWZ�ZW]\QVM�\PMWZa�ITWVM#�
\PQVS�WN �ITT�\PM�XIZ\QKQXIV\[�IVL�XMZ[XMK\Q^M[�NZWU�_PQKP�
I�XZWRMK\�U][\�JM�^QM_ML�JMNWZM�I�[QOVQÅKIV\�KPIVOM�
KIV�JM�XZWXW[ML���<PM�QLMI�WN �ILIX\IJQTQ\a�ZMY]QZM[�\PI\�
_M�KWV[\IV\Ta�Y]M[\QWV�KWV^MV\QWVIT�_Ia[�WN �LM[QOVQVO��
WXMZI\QVO��IVL�[\]LaQVO�J]QTLQVO[���<W�UISM�I�LQٺMZMVKM�
QV�\PM�_Ia�J]QTLQVO[�XMZNWZU��IZKPQ\MK\]ZIT�ZM[MIZKP�U][\�
NWTTW_�\PQ[�UWLMT�WN �ILIX\Q^M�M`XMZ\Q[M�IVL�QVKT]LM�KTW[M�
KWTTIJWZI\QWV�_Q\P�LQ^MZ[M�[\ISMPWTLMZ[�QV�\PM�J]QTLQVO�
QVL][\Za���<PM�+MV\MZ�NWZ�\PM�*]QT\�-V^QZWVUMV\��+*-��Q[�
JI[ML�WV�\PM[M�XZQVKQXTM[�
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<PM�+MV\MZ�NWZ�\PM�*]QT\�-V^QZWVUMV\

+*-�_I[�KZMI\ML�QV��!!���]VLMZ�\PM�6I\QWVIT�;KQMVKM�.W]VLI\QWV¼[�1VL][\Za�
=VQ^MZ[Q\a�+WWXMZI\Q^M�:M[MIZKP�+MV\MZ�8ZWOZIU��7]Z�UQ[[QWV�Q[�\W�][M�\PM�M`XMZ\Q[M�
IVL�QVVW^I\QWV�\PI\�KWUM[�NZWU�[KQMV\QÅK�QVY]QZa�\W�QUXZW^M�J]QTLQVO�LM[QOV�IVL�
WXMZI\QWV��[XMKQÅKITTa�NWK][QVO�WV�MVMZOa�XMZNWZUIVKM�IVL�QVLWWZ�MV^QZWVUMV\IT�
Y]ITQ\a��?M�JMTQM^M�\PI\�ZM[MIZKP�QV�\PM[M�\_W�IZMI[�U][\�OW�PIVL�QV�PIVL�QV�WZLMZ�
\W�KZMI\M�\ZIV[NWZUI\QWVIT�KPIVOM�QV�\PM�J]QTLQVO�QVL][\Za���7]Z�IXXZWIKP�Q[�PQOPTa�
KWTTIJWZI\Q^M�IVL�QV\MZLQ[KQXTQVIZa��J]QT\�WV�UISQVO�KWVVMK\QWV[�_Q\PQV�W]Z�ZM[MIZKP�
\MIU��_Q\P�KWTTMIO]M[�IKZW[[�KIUX][�IVL�QV�W\PMZ�QV[\Q\]\QWV[��_Q\P�XZWNM[[QWVIT[�
\PZW]OPW]\�\PM�QVL][\Za��IVL�_Q\P�^IZQW][�XWTQKaUISQVO�WZOIVQbI\QWV[���+*-¼[�ZM[MIZKP�
XZWRMK\[�WN\MV�LM^MTWX�\WWT[�IVL�\MKPVWTWOQM[�\PI\�QUXZW^M�\PM�LM[QOV�WN �J]QTLQVO[��
WZ�KZMI\M�M^IT]I\QWV�[a[\MU[�\PI\�¹\ISM�\PM�X]T[Mº�WN �M`Q[\QVO�J]QTLQVO[�Ja�UMI[]ZQVO�
WKK]XIV\[¼�ZM[XWV[M[�\W�\PMQZ�QVLWWZ�MV^QZWVUMV\[��IVL�TQVSQVO�\PMU�\W�QUXZW^ML�
UMI[]ZMUMV\[�WN �QVLWWZ�MV^QZWVUMV\IT�Y]ITQ\a�

+*-¼[�ZM[MIZKP�\MIU�K]ZZMV\Ta�QVKT]LM[����NIK]T\a�IVL�ZM[MIZKP�[\Iٺ�UMUJMZ[��_Q\P�
IV�ILLQ\QWVIT�����QV\MZVI\QWVIT�>Q[Q\QVO�;KPWTIZ[���<PM�IKILMUQK�JIKSOZW]VL[�WN �
W]Z�ZM[MIZKP�\MIU�QVKT]LM�IZKPQ\MK\]ZM��MVOQVMMZQVO��XPa[QWTWOa��IVL�X[aKPWTWOa��IVL�
_M�WN\MV�KWTTIJWZI\M�_Q\P�NIK]T\a�IVL�[\]LMV\[�QV�W\PMZ�LMXIZ\UMV\[�WV�KIUX][���1V�
ILLQ\QWV�\W�\ZILQ\QWVIT�ZM[MIZKP�X]JTQKI\QWV[��+*-�ZM[MIZKPMZ[�IT[W�QVÆ]MVKM�\PM�LM[QOV�
IVL�J]QTLQVO�QVL][\Za�Ja�IK\Q^MTa�XIZ\QKQXI\QVO�QV�XWTQKaUISQVO���7]Z�ZM[MIZKP�IVL�\WWT[�
PI^M�JMMV�][ML�QV�UIVa�[\IVLIZL[�IVL�J]QTLQVO�ZI\QVO�[a[\MU[��[]KP�I[�4--,��4Q^QVO�
*]QTLQVO�+PITTMVOM��?-44�;\IVLIZL��IVL�);0:)-�J]QTLQVO�[\IVLIZL[���

<PM�+MV\MZ¼[�ZM[MIZKP�IVL�W]\ZMIKP�XZWOZIU[�IZM�[]XXWZ\ML�IVL�O]QLML�Ja�I�
KWV[WZ\Q]U�WN �J]QTLQVO�QVL][\Za�TMILMZ[���+*-�K]ZZMV\Ta�PI[�VMIZTa����8IZ\VMZ[��
QVKT]LQVO�IZKPQ\MK\[��MVOQVMMZ[��KWV\ZIK\WZ[��UIV]NIK\]ZMZ[��J]QTLQVO�W_VMZ[��NIKQTQ\a�
UIVIOMZ[��IVL�OW^MZVUMV\�IOMVKQM[���1V�ILLQ\QWV�\W�XZW^QLQVO�ÅVIVKQIT�[]XXWZ\��\PM�
8IZ\VMZ[�XZW^QLM�O]QLIVKM�IVL�NMMLJIKS�WV�+*-�ZM[MIZKP�IK\Q^Q\QM[�·�PMTXQVO�\W�SMMX�
Q\�ZMTM^IV\�\W�\WLIa¼[�J]QTLQVO�QVL][\Za�·�IVL�IZM�][]ITTa�\PM�ÅZ[\�WVM[�\W�][M�+*-¼[�
ZM[MIZKP�XZWL]K\[�QV�\PMQZ�M^MZaLIa�XZIK\QKM��<PMa�IT[W�XZW^QLM�+*-�_Q\P�J]QTLQVO[�IVL�
\MKPVWTWOQM[�\W�\M[\��PMTX�X]JTQKQbM�W]Z�ZM[]T\[��IVL�MUXTWa�UIVa�*MZSMTMa�OZIL]I\M[���
8IZ\VMZ[�JMVMÅ\�NZWU�UMM\QVO�[MUQ�IVV]ITTa�\W�LQ[K][[�ZM[MIZKP�ÅVLQVO[�IVL�VM\_WZS�
_Q\P�TMILQVO�XZIK\Q\QWVMZ[�QV�\PM�J]QTLQVO�QVL][\Za��<PMQZ�IٻTQI\QWV�_Q\P�=+�*MZSMTMa�
JM[\W_[�KZMLQJQTQ\a�_Q\PQV�\PM�QVL][\Za�I[�I�[aUJWT�WN �KWUUQ\UMV\�\W�XZWUW\QVO�IV�
QUXZW^ML�IVL�[][\IQVIJTM�J]QT\�MV^QZWVUMV\��

+*-¼[�ZM[MIZKP�XWZ\NWTQW�JZWILTa�NITT[�QV\W�\PM�NWTTW_QVO�SMa�IZMI["

Indoor Environmental Quality (IEQ)�ZM[MIZKP�QV^M[\QOI\M[�PW_�XMWXTM�IZM�IٺMK\ML�Ja�\PM�
QVLWWZ�MV^QZWVUMV\���5W[\�ZM[MIZKP�NWK][M[�WV�\PMZUIT�IVL�^Q[]IT�KWUNWZ\��IKW][\QK[��
IVL�QVLWWZ�IQZ�Y]ITQ\a��1V�\MZU[�WN �ILIX\Q^M�M`XMZ\Q[M��+*-�PI[�OZMI\Ta�MVPIVKML�
XZM^QW][�UM\PWL[�NWZ�UMI[]ZQVO�\PM[M�I\\ZQJ]\M[�QV�WKK]XQML�J]QTLQVO[��JW\P�QV�\MZU[�WN �
XPa[QKIT�UMI[]ZMUMV\[�IVL�WKK]XIV\�[]Z^Ma�NMMLJIKS���+*-¼[�UMI[]ZMUMV\�KIZ\[�IVL�
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_QZMTM[[�[MV[QVO�[a[\MU[�PI^M�TML�I�UMI[]ZMUMV\�ZM^WT]\QWV�\PI\�Q[�WVOWQVO���
+*-¼[�?MJ�JI[ML�7KK]XIV\�1-9�;]Z^Ma�·�Ja�NIZ�\PM�TIZOM[\�WN �Q\[�\aXM�QV�
\PM�_WZTL�·�Y]IV\QÅM[�PW_�I�J]QTLQVO�Q[�XMZNWZUQVO�NZWU�\PM�XMZ[XMK\Q^M�WN �
Q\[�WKK]XIV\[��*W\P�WN �\PM[M�XZW^QLM�1-9�NMMLJIKS�NWZ�J]QTLQVO�W_VMZ[�IVL�
operators, and assist architects, engineers, and builders in the development 
WN �N]\]ZM�J]QTLQVO[���

+*-�ZM[MIZKP�XZWRMK\[�WV�Building Envelope Systems are developing new 
\WWT[�NWZ�M^IT]I\QVO�WKK]XIV\�KWUNWZ\�IVL�MVMZOa�MٻKQMVKa�WN �NIKILM[��
M[XMKQITTa�WN �_QVLW_�[a[\MU[���<PM[M�PI^M�JMMV�][ML�\W�I[[M[[�[PILQVO�IVL�
LIaTQOP\QVO�[a[\MU[��\PM�MٺMK\[�WN �LQZMK\�[]V�WV�XMWXTM��MTMK\ZWKPZWUQK�
LaVIUQK�_QVLW_�OTI[[��\PM�MٺMK\Q^MVM[[�WN �_QVLW_�WXMZIJQTQ\a�NWZ�KWUNWZ\�
control and natural ventilation, and mixed-mode strategies combining 
WXMZIJTM�_QVLW_[�IVL�TW_�MVMZOa�UMKPIVQKIT�KWWTQVO�

The Human Interaction�ZM[MIZKP�IZMI�Q[�ILIX\Q^M�JW\P�QV�Q\[�LM^MTWXUMV\�WN �
VM_�\MKPVWTWOa��IVL�\PM�_Ia[�QV�_PQKP�\PW[M�^MZa�\MKPVWTWOQM[�KPIVOM�
[WKQM\a¼[�VMML[�\W�UMI[]ZM��]VLMZ[\IVL��IVL�WX\QUQbM�\PM�XMZNWZUIVKM�
WN �J]QTLQVO�[a[\MU[���?M�IZM�LM^MTWXQVO�IXXTQKI\QWV[�NWZ�[MV[QVO�IVL�
KWV\ZWTTQVO�J]QTLQVO[�][QVO�_QZMTM[[�KWUU]VQKI\QWV[�\MKPVWTWOa��UQKZW�
MTMK\ZWUMKPIVQKIT�[a[\MU[��5-5;���IVL�?MJ�MVIJTML�[WN\_IZM�[a[\MU[��
<PM[M�\MKPVWTWOQM[�ZML]KM�\PM�^MZa�TIZOM�KW[\[�WN �Z]VVQVO�_QZM[�\W�
[MV[WZ[�IVL�KWV\ZWT[��MVIJTQVO�I�PQOPMZ�LMV[Q\a�IVL�JM\\MZ�XTIKMUMV\��IVL�
QUXZW^QVO�\PM�KWV\ZWT�WN �\PM�QVLWWZ�MV^QZWVUMV\�

?WZSQVO�KTW[MTa�_Q\P�LM[QOV�\MIU[��W_VMZ[�IVL�UIV]NIK\]ZMZ[��W]Z�
research on HVAC Systems & Controls develops and evaluates new design 
[\ZI\MOQM[�IVL�\MKPVWTWOQM[�_Q\P�XW\MV\QIT�NWZ�MVMZOa�[I^QVO[�IVL�WKK]XIV\�
[I\Q[NIK\QWV��?PQTM�ZW]\QVM�M`XMZ\Q[M�QV�\PQ[�ÅMTL�ÅVL[�_Ia[�\W�UISM�\PM[M�
[a[\MU[�UWZM�MٻKQMV\��+*-�PI[�XIZ\QK]TIZTa�NWK][ML�WV�UWZM�QVVW^I\Q^M�
IXXTQKI\QWV[��_PMZM�\PM�IZKPQ\MK\]ZIT�IVL�UMKPIVQKIT�[a[\MU[�IZM�
QV\MOZI\ML��IVL�LQ^MZ[M�UMUJMZ[�WN �LM[QOV�\MIU[�][M�KWUUWV�QVNWZUI\QWV�
\W�WX\QUQbM�XMZNWZUIVKM��<PM[M�XZWRMK\[�PI^M�JZWIL�[KITM�IVL�LMX\P��
ZIVOQVO�NZWU�LM^MTWXQVO�\PM�VMKM[[IZa�N]VLIUMV\IT[�\PZW]OP�TIJ�IVL�ÅMTL�
\M[\QVO��\W�M^MV\]IT�QVKWZXWZI\QWV�WN �^ITQLI\ML�\MKPVWTWOQM[�QV\W�XZWNM[[QWVIT�
[\IVLIZL[�IVL�J]QTLQVO�KWLM[�IVL�ZMO]TI\QWV[���<PM�XZQUM�M`IUXTM[�WN �
\PM[M�\MKPVWTWOQM[�PI^M�JMMV�]VLMZÆWWZ�IQZ�LQ[\ZQJ]\QWV��ZILQIV\�[a[\MU[��
UQ`ML�UWLM�LM[QOV��_QZMTM[[�[MV[WZ[�IVL�IK\]I\WZ[�NWZ�J]QTLQVO[��IVL�
XMZ[WVIT�KWUNWZ\�[a[\MU[���

In the Sustainability and Whole Building�KI\MOWZa��+*-�PI[�][ML�\PM�N]TT�ZIVOM�
WN �Q\[�KIXIJQTQ\QM[�\W�KWVL]K\�KWUXZMPMV[Q^M�KI[M�[\]LQM[�WN �VW\M_WZ\Pa�
XZWRMK\[��IVL�\W�X]JTQKQbM�M`KMX\QWVIT�XMZNWZUIVKM��<PM�M^IT]I\QWV[�QVKT]LM�
MVMZOa�XMZNWZUIVKM�IVITa[Q[��UMI[]ZMUMV\[�WN �QVLWWZ�KWVLQ\QWV[��[]Z^Ma[�
WN �J]QTLQVO�WKK]XIV\[��IVL�QV\MZ^QM_[�_Q\P�NIKQTQ\QM[�[\I���7ٺKKI[QWVITTa�
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\PM[M�PI^M�IT[W�QV^WT^ML�MKWVWUQK�IVITa[M[��IVL�M^IT]I\QWV�WN �ILLQ\QWVIT�
[][\IQVIJQTQ\a�Q[[]M[�[]KP�I[�_I\MZ�][M��

Tools & technologies for building performance

AW]�KIVVW\�UIVIOM�_PI\�aW]�KIVVW\��WZ�LW�VW\��UMI[]ZM��IVL�QV�\PM�J]QTLQVO�
QVL][\Za�\PQ[�PI[�JMMV�UW[\�M^QLMV\�QV�\PM�KWVNWZUQ\a�\W�M[\IJTQ[PML�XZIK\QKM[�
IVL�VWZU[��IVL�\PM�IJ[MVKM�WN �WVOWQVO�XMZNWZUIVKM�I[[M[[UMV\���<PM�\WWT[�
I^IQTIJTM�NWZ�UMI[]ZMUMV\�IVL�M^IT]I\QWV�WN �MVMZOa�XMZNWZUIVKM�IVL�QVLWWZ�
MV^QZWVUMV\IT�Y]ITQ\a�IZM�NIZ�NZWU�QLMIT���<PMa�IZM�\aXQKITTa�TW_�ZM[WT]\QWV�
�[]KP�I[�_PWTM�J]QTLQVO�MTMK\ZQKIT�UM\MZ�ZMILQVO[���IVL�TIKS�\PM�QVNWZUI\QWV�
VMMLML�NWZ�]VLMZ[\IVLQVO�XZWJTMU[�IVL�UISQVO�QV\MTTQOMV\�WXMZI\QVO�LMKQ[QWV[���
.WTTW_QVO�NZWU�\PQ[��LM\IQTML�QVNWZUI\QWV�WV�J]QTLQVO�XMZNWZUIVKM�ZIZMTa�OM\[�
JIKS�\W�LM[QOV�IVL�LM^MTWXUMV\�\MIU[��ZM[]T\QVO�QV�N]\]ZM�LM[QOV[�\PI\�IZM�VW\�
QVKWZXWZI\QVO�NMMLJIKS�NZWU�J]QT\�M`XMZQMVKM��IVL�LM[QOVMZ[�_PW�IZM�VW\�IJTM�\W�
XMZNWZU�WJRMK\Q^M�ZM[MIZKP�QV�J]QTLQVO[�

Center for the Built Environment website, cbe.bekeley.edu
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?PI\�NWTTW_[�IZM�[MTMK\ML�M`IUXTM[�WN �\WWT[�IVL�\MKPVWTWOQM[�\PI\�+*-�Q[�
LM^MTWXQVO�IVL�\M[\QVO�\W�[WT^M�\PM[M�XZWJTMU[��<PMa�IZM�WN\MV�JI[ML�WV�
ILIX\Q^M�M`XMZ\Q[M�·][QVO�\MKPVWTWOQKIT�QVVW^I\QWV[�NZWU�W\PMZ�ÅMTL[�IVL�
ILIX\QVO�\PMU�\W�\PM�VMML[�WN �\PM�J]QTLQVO�XZWNM[[QWV[��
 
Examples of  tools for evaluating building performance

7KK]XIV\�;I\Q[NIK\QWV�;]Z^Ma

-VMZOa�Q[�[\QTT�U]KP�KPMIXMZ�·�Ja�IV�WZLMZ�WN �UIOVQ\]LM���\PIV�\PM�[ITIZQM[�
WN �XMWXTM�_PW�_WZS�QV�J]QTLQVO[��<PMZMNWZM��W_VMZ[�IZM�]VTQSMTa�\W�QV^M[\�QV�
MVMZOa�MٻKQMVKa�QN �\PMZM�Q[�KWVKMZV�\PI\�\PM�KPIVOM[�UQOP\�VMOI\Q^MTa�QUXIK\�
\PM�WKK]XIV\[��?Q\PQV�\PM�OZMMV�J]QTLQVO�UW^MUMV\��\PMZM�Q[�I�NWK][�WV�PMIT\P�
IVL�_MTTVM[[�\PI\�Q[�[_MMXQVO�\PM�QVL][\Za���:M[XWVLQVO�\W�\PM�OZW_QVO�VMML�
\W�JM\\MZ�]VLMZ[\IVL�\PM�MٺMK\�WN �W]Z�J]QTLQVO[�WV�WKK]XIV\�M`XMZQMVKM�Q[�
IVW\PMZ�UIVQNM[\I\QWV�WN �ILIX\Q^M�M`XMZ\Q[M��;]KP�QUXIK\[�UIa�JM�UMI[]ZML�
_Q\P�[]Z^Ma[��ITWVO�_Q\P�I�LQIOVW[Q[�WN �\PMQZ�XPa[QKIT�KI][M[��<PMa�ITTW_�WVM�
\W�WJRMK\Q^MTa�OI]OM�_PQKP�J]QTLQVO�[MZ^QKM[�IVL�LM[QOV�NMI\]ZM[�IZM�WZ�IZM�VW\�
_WZSQVO��IVL�PMTX�XZQWZQ\QbM�\PM�[\MX[�VMMLML�\W�QUXZW^M�WKK]XIV\�[I\Q[NIK\QWV�
IVL�_WZSXTIKM�XZWL]K\Q^Q\a�

.WZ�\PM�XI[\����aMIZ[��+*-�PI[�JMMV�KWVL]K\QVO�_MJ�JI[ML�QVLWWZ�
MV^QZWVUMV\IT�Y]ITQ\a��1-9��[]Z^Ma[�QV�WٻKM�J]QTLQVO[�\W�I[[M[[�OMVMZIT�
[I\Q[NIK\QWV�IVL�J]QTLQVO�IKKMX\IJQTQ\a���)\�XZM[MV\��\PM�[]Z^Ma�ZM[]T\[�QVKT]LM�

Information Feedback Loops for Building Energy Performance 
(Arens & Brown, 2012)
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ZM[XWV[M[�NZWU�W^MZ���������WKK]XIV\[�QV�KTW[M�\W������J]QTLQVO[���)�KWZM�[]Z^Ma�
NWK][M[�WV�WKK]XIV\�XMZKMX\QWV[�_Q\P�ZM[XMK\�\W�VQVM�MV^QZWVUMV\IT�KI\MOWZQM["�WٻKM�
TIaW]\��WٻKM�N]ZVQ[PQVO[��\PMZUIT�KWUNWZ\��IQZ�Y]ITQ\a��TQOP\QVO��IKW][\QK[��KTMIVQVO�IVL�
UIQV\MVIVKM��IVL�W^MZITT�[I\Q[NIK\QWV�_Q\P�J]QTLQVO�IVL�_WZS[XIKM���<PM�Y]M[\QWV[�
I[SML�QV�\PM�KWZM�[]Z^Ma�PI^M�ZMUIQVML�KWV[Q[\MV\�W^MZ�\QUM�\W�KZMI\M�I�[\IVLIZLQbML�
[MIZKPIJTM�LI\IJI[M�NWZ�JMVKPUIZSQVO�IVL�IVITa[Q[���1V�ILLQ\QWV��+*-�PI[�LM^MTWXML�
I�^IZQM\a�WN �WX\QWVIT�UWL]TM[�ILLZM[[QVO�ILLQ\QWVIT�I[XMK\[�WN �\PM�_WZSXTIKM�
MV^QZWVUMV\�QV�UWZM�LM\IQT��[]KP�I[�LIaTQOP\QVO��WXMZIJTM�_QVLW_[��WZ�QVVW^I\Q^M�
0>)+�[a[\MU[�TQSM�]VLMZÆWWZ�IQZ�LQ[\ZQJ]\QWV�IVL�ZILQIV\�KWVLQ\QWVQVO��<PM�[]Z^Ma�
Q[�][ML�_WZTL_QLM�IVL�PI[�JMMV�\ZIV[TI\ML�QV\W�U]T\QXTM�TIVO]IOM[��QVKT]LQVO�+PQVM[M��
,IVQ[P��,]\KP��.QVVQ[P��/MZUIV��1\ITQIV��IVL�;XIVQ[P�

<PM�+*-�1-9�;]Z^Ma�LI\IJI[M�Q[�\PM�_WZTL¼[�TIZOM[\�WN �Q\[�SQVL��ITTW_QVO�ZM[MIZKPMZ[�
\W�I[[M[[�JZWIL�\ZMVL[�QV�\PM�ZMTI\Q^M�[]KKM[[�WN �J]QTLQVO�LM[QOV[��UWLM[�WN �WXMZI\QWV��
\MKPVWTWOQM[��WZ�\W�JM\\MZ�]VLMZ[\IVL�PW_�WKK]XIV\[�IZM�][QVO�UIVa�WN �\PM�XMZ[WVIT�
KWV\ZWT�UMKPIVQ[U[�LM[QOVMZ[�PI^M�UILM�I^IQTIJTM�\W�\PMU��\I[S�TQOP\[��JTQVL[��WXMZIJTM�
_QVLW_[��TQOP\�[_Q\KPM[��M\K��

<PM�+*-�1-9�;]Z^Ma�Q[�IT[W�LQZMK\Ta�QUXIK\QVO�XZWNM[[QWVIT[���*]QTLQVO�W_VMZ[�IVL�
WXMZI\WZ[�][M�Q\�NWZ�LQIOVW[QVO�IVL�JMVKPUIZSQVO�QVLQ^QL]IT�J]QTLQVO[��IVL�Q\�PMTX[�
\PMU�JM�I_IZM�WN �\PM�WKK]XIV\[¼�XMZKMX\QWV[�WN �\PM�J]QTLQVO���<PMa�][M�\PM�QVNWZUI\QWV�
\W�R][\QNa�NIKQTQ\a�M`XMVLQ\]ZM�\W�UIVIOMUMV\��I[[M[[�\PM�MٺMK\Q^MVM[[�WN �QUXZW^MUMV\[�
Ja�KWUXIZQVO�JMNWZM�IVL�IN\MZ�[]Z^Ma[��IVL�MVPIVKM�KWUU]VQKI\QWV�JM\_MMV�
KWZXWZI\M�ZMIT�M[\I\M��NIKQTQ\a�WXMZI\WZ[��IVL�J]QTLQVO�WKK]XIV\[����)ZKPQ\MK\[�][M�\PM�
[]Z^Ma�\W�]VLMZ[\IVL�\PM�QUXIK\�WN �\PMQZ�LM[QOV�LMKQ[QWV[�WV�WKK]XIV\�M`XMZQMVKM��IVL�
\W�QVNWZU�\PW[M�LMKQ[QWV[�_PMV�LM[QOVQVO�N]\]ZM�J]QTLQVO[���<PM�[]Z^Ma�KIV�JM�][ML�
\W�WJ\IQV�KZMLQ\[�NWZ�4--,�KMZ\QÅKI\QWV��IVL�PI[�IT[W�JMMV�][ML�Ja�[WUM�IZKPQ\MK\[�\W�
LMUWV[\ZI\M�KWUXTQIVKM�_Q\P�\PM�4Q^QVO�*]QTLQVO�+PITTMVOM�KMZ\QÅKI\QWV���

<PM�[]Z^Ma�Q[�IT[W�\PM�OI\MSMMXMZ�QV�\PM�Livable Buildings Awards Program, 
WZOIVQbML�Ja�+*-�\W�[PW_KI[M�J]QTLQVO[�\PI\�M`KMT�QV�LM[QOV��WXMZI\QWV��IVL�WKK]XIV\�
[I\Q[NIK\QWV���<PM�XZWOZIU�Q[�]VQY]M�IUWVO�J]QTLQVO�QVL][\Za�I_IZL[��I[�Q\�Q[�\PM�WVTa�
WVM�\W�QVKT]LM�\PM�XZMNMZMVKM[�WN �J]QTLQVO�WKK]XIV\[�QV�Q\[�[MTMK\QWV�KZQ\MZQI��KPITTMVOQVO�
\PM�^MZa�VI\]ZM�WN �LM[QOV�I_IZL[�XZWOZIU[����*]QTLQVO[�\PI\�M`KMML�IV�M[\IJTQ[PML�
XMZNWZUIVKM�TM^MT�WV�\PM�[]Z^Ma�IZM�MTQOQJTM�\W�XIZ\QKQXI\M�QV�\PM�I_IZL[�KWUXM\Q\QWV���
7_VMZ[�IVL�LM[QOV�\MIU[�WN �Y]ITQNaQVO�XZWRMK\[�IZM�QV^Q\ML�\W�XZW^QLM�XZWRMK\�QUIOM[��
MVMZOa�LI\I��IVL�W\PMZ�ZMTM^IV\�QVNWZUI\QWV�NWZ�ZM^QM_�Ja�I�R]Za�KWUXW[ML�WN �TMILMZ[�
QV�\PMQZ�XZWNM[[QWVIT�ÅMTL[�
 
8Pa[QKIT�XMZNWZUIVKM�M^IT]I\QWV�\WWTSQ\[

?PQTM�ZW]\QVM�M`XMZ\[�UQOP\�ZMTa�WV�M`Q[\QVO�Wٺ�\PM�[PMTN �QV[\Z]UMV\I\QWV�\W�UWVQ\WZ�
J]QTLQVO[��+*-�PI[�QV[\MIL�LM^MTWXML�I�[MZQM[�WN �K][\WU�UILM��QV\MTTQOMV\�J]QTLQVO�
M^IT]I\QWV�\WWTSQ\[��QVKWZXWZI\QVO�JW\P�_QZML�IVL�_QZMTM[[�[MV[QVO�LM^QKM[�\W�UMI[]ZM�
IVL�ZMKWZL�V]UMZW][�QVLWWZ�MV^QZWVUMV\IT�XIZIUM\MZ[���<PM[M�KIV�JM�][ML�\W�
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CBE Livable Buildings Award and example of survey results

Examples of Livable Buildings Award 
Winners: Packard Foundation and Clif 
Bar Headquarters

M^IT]I\M�\PM�1-9�Y]ITQ\QM[�WN �I�J]QTLQVO��\W�
\M[\�\PM�XMZNWZUIVKM�WN �[XMKQÅK�J]QTLQVO�
characteristics and technologies, or to 
KWUUQ[[QWV�J]QTLQVO[�\W�MV[]ZM�\PMa�IZM�
[]KKM[[N]TTa�WXMZI\QVO�I[�LM[QOVML��<PMZM�
IZM�JW\P�LM[S\WX�IVL�UWJQTM�^MZ[QWV[��
collecting environmental attributes such as 
IQZ�\MUXMZI\]ZM��P]UQLQ\a��IQZ�^MTWKQ\a��UMIV�
ZILQIV\�\MUXMZI\]ZM��ZILQIV\�I[aUUM\Za��IVL�
QTT]UQVI\QWV��<PM�LM[S\WX�^MZ[QWV[�ITTW_�WVM�
\W�ZMKWZL�I�LM\IQTML�ZMKWZL�WN �I�_WZS[\I\QWV�
KTQUI\M�W^MZ�M`\MVLML�XMZQWL[�WN �\QUM���
These had to be inexpensive because one 
][]ITTa�ZMY]QZM[�I�TIZOM�V]UJMZ�WN �\PMU��
IVL�\PMa�IZM�TMN\�QV�\PM�TWKI\QWV�NWZ�TWVO�
XMZQWL[�WN �\QUM��<PM�UWJQTM�^MZ[QWV[�IZM�
][]ITTa�QV[\Z]UMV\ML�KIZ\[�\PI\�IV�I\\MVLIV\�
moves within a building to collect data over 
TIZOM�IZMI[��

:MKMV\�_QZMTM[[�VM\_WZSQVO�ITTW_[�ZMIT�
\QUM�ZMUW\M�UWVQ\WZQVO�WN �LI\I�·�I�
UIRWZ�QUXZW^MUMV\�QV�N]VK\QWVITQ\a�IVL�
KW[\����)�UWJQTM�KIZ\�_Q\P�\PQ[�KIXIJQTQ\a�
was developed and used to commission 
\PM�0>)+�[a[\MU�QV�\PM�6M_�AWZS�<QUM[�
PMILY]IZ\MZ[�QV�6M_�AWZS��LM[QOVML�Ja�
:MVbW�8QIVW�IVL�.@.7?4-�)ZKPQ\MK\[���
<PM�KIZ\�IKY]QZML�LI\I�NZWU�IV�IZZIa�WN ����
_QZMTM[[�[MV[WZ[��]XLI\QVO�M^MZa�NM_�[MKWVL[�
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\PZW]OP�I�UM[P�VM\_WZS�IVL�QV\MZVM\�KWVVMK\QWV�\W�W]Z�LI\IJI[M�QV�*MZSMTMa��
<PM�J]QTLQVO¼[�KWUUQ[[QWVQVO�XZWKM[[�_I[�PQOPTa�IKKMTMZI\ML�JMKI][M�WN �\PQ[���
<PM�KIZ\¼[�IJQTQ\a�\W�\ZIV[UQ\�LI\I�QV�ZMIT�\QUM�\W�ZMUW\M�WJ[MZ^I\QWV�TWKI\QWV[�
UISM[�Q\�][MN]T�NWZ�JW\P�M`XMZQUMV\MZ[�IVL�J]QTLQVO�WXMZI\WZ[���
 
Examples of  new technologies we are testing and developing

:ILQIV\�;a[\MU[

:ILQIV\�PMI\QVO�IVL�KWWTQVO�\MKPVWTWOa��_PQTM�KWUUWV�QV�-]ZWXM��Q[�ZMTI\Q^MTa�
]VNIUQTQIZ�\W�\PM�=�;��J]QTLQVO�QVL][\Za�I\�TIZOM���<PM�LM[QOV�WN �ZILQIV\�
[a[\MU[�ZMY]QZM[�KTW[M�QV\MOZI\QWV�WN �\PM�IZKPQ\MK\]ZIT�IVL�UMKPIVQKIT�[a[\MU[��
M[XMKQITTa�[QVKM�J]QTLQVO[�_Q\P�PQOP�XMZNWZUIVKM�MV^MTWXM[�WZ�WXMZIJTM�
_QVLW_[�UIa�WٺMZ�\PM�JM[\�WXXWZ\]VQ\QM[�NWZ�\PQ[�\MKPVWTWOa���?PQTM�LM[QOVMZ[�
IZM�[\IZ\QVO�\W�XIa�UWZM�I\\MV\QWV�\W�\PQ[�ZIXQLTa�M^WT^QVO�J]QTLQVO�\MKPVWTWOa��
XIZ\QK]TIZTa�NWZ�Q\[�XZWUQ[QVO�IXXTQKI\QWV�QV�bMZW�VM\�MVMZOa��B6-��IVL�W\PMZ�
TW_�MVMZOa�J]QTLQVO[��\PMa�IZM�KPITTMVOML�Ja�I�TIKS�WN �KI[M�[\]LQM[�IVL�ZMTQIJTM�
LM[QOV�\WWT[��

?Q\P�[]XXWZ\�NZWU�+*-¼[�1VL][\Za�8IZ\VMZ[��I[�_MTT�I[�I�ZMKMV\����!�UQTTQWV�
OZIV\�NZWU�\PM�+ITQNWZVQI�-VMZOa�+WUUQ[[QWV��+*-�Q[�KWTTIJWZI\QVO�_Q\P�
[M^MZIT�XZWNM[[QWVIT�ÅZU[�\W�M`XIVL�Q\[�ZM[MIZKP�WV�ZILQIV\�[a[\MU[���<PM�OWIT�
Q[�\W�JM\\MZ�QVNWZU�\PM�LM[QOV�KWUU]VQ\a�WV�PW_�\W�LM[QOV�IVL�WXMZI\M�\PM[M�
[a[\MU[�\W�WX\QUQbM�JW\P�MVMZOa�IVL�KWUNWZ\�XMZNWZUIVKM����<PM�ZM[MIZKP�
_QTT�I[[M[[�MVMZOa��KW[\�IVL�KWUNWZ\�][QVO�I�_QLM�^IZQM\a�WN �UM\PWL[��QVKT]LQVO�
[QU]TI\QWV��TIJWZI\WZa�M`XMZQUMV\[��IVL�ÅMTL�[\]LQM[���7]\KWUM[�WN �\PM�ZM[MIZKP�

Interactive web-based map of radiant systems worldwide (Karmann et al., 2004)
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_QTT�QVKT]LM�_MJ�JI[ML�\WWT[�NWZ�JW\P�LM[QOV�
and operation, and updates to relevant building 
[\IVLIZL[���7VM�\WWT�ITZMILa�I^IQTIJTM�\W�
practitioners is an interactive web-based map 
WN �J]QTLQVO[�_Q\P�ZILQIV\�[a[\MU[�\PI\�ZMXZM[MV\�
best practices in diverse climate zones across 
\PM�=�;���<PI\�XZWRMK\�_I[�LWVM�Ja�8P,�
[\]LMV\�+IZWTQVM�3IZUIVV��_PW�RWQVML�W]Z�
XZWOZIU�_Q\P�I�JIKSOZW]VL�QV�IZKPQ\MK\]ZM�
NZWU�.ZIVKM��IVL�XZWNM[[QWVIT�M`XMZQMVKM�_Q\P�
<ZIV[[WTIZ�QV�/MZUIVa�
 
8MZ[WVIT�+WUNWZ\�;a[\MU[

7VM�[M\�WN �\MKPVWTWOQM[�\PI\�Q[�KPITTMVOQVO�
KWV^MV\QWVIT�VWZU[��IVL�OM\\QVO�I�TW\�WN �
I\\MV\QWV�NZWU�QVL][\Za��Q[�W]Z�LM^MTWXUMV\�
WN �XMZ[WVIT�KWUNWZ\�[a[\MU[�8+;����8MWXTM�
IZM�NIUQTQIZ�_Q\P�\PM�VW\QWV�WN �\I[S�IUJQMV\�
TQOP\QVO��_PMZM�MVMZOa�Q[�[I^ML�Ja�LQUUQVO�
\PM�TQOP\[�QV�\PM�OMVMZIT�WٻKM�[XIKM��_PQTM�
MVIJTQVO�M^MZaWVM�\W�XMZ[WVITTa�KWV\ZWT�I�
\I[S�TQOP\�I\�\PMQZ�LM[S���+*-�ZM[MIZKPMZ[�IZM�
XZWUW\QVO�I�[QUQTIZ�XIZILQOU�[PQN\�QV�\PM�_Ia�
_M�WٺMZ�\PMZUIT�KWUNWZ\��\PM�JQOOM[\�[W]ZKM�
WN �LQ[[I\Q[NIK\QWV�QV�WٻKM�J]QTLQVO[���8ZW^QLQVO�
occupants with devices to control their local 
thermal environment allows them to remain 
KWUNWZ\IJTM�W^MZ�I�_QLMZ�ZIVOM�WN �IUJQMV\�
\MUXMZI\]ZM[��:I\PMZ�\PIV�][M�MVWZUW][�
IUW]V\[�WN �MVMZOa�\W�PMI\�WZ�KWWT�J]QTLQVO[�
\W�I�[QVOTM�\MUXMZI\]ZM��_PQKP�KIVVW\�[I\Q[Na�
M^MZaWVM��XMZ[WVIT�KWV\ZWT�ZMTI`M[�\PM�TM^MT�
WN �\MUXMZI\]ZM�VMMLML�QV�\PM�J]QTLQVO��[I^QVO�
^MZa�[QOVQÅKIV\�IUW]V\[�WN �MVMZOa��IVL�
XZW^QLQVO�\PM�UMIV[�NWZ�WKK]XIV\[�\W�JM�UWZM�
KWUNWZ\IJTM��0Wa\�M\�IT���������

+*-�PI[�LM^MTWXML�I�[MZQM[�WN �^MZa�TW_�
MVMZOa�XMZ[WVIT�KWUNWZ\�[a[\MU["�I�LM[S\WX�
NIV��_IZUML�KWWTML�LM[S\WX[�IVL�_ZQ[\XIL[��
]VLMZ�LM[S�ZILQIV\�NWW\�_IZUMZ[�IVL�TMO�
_IZUMZ[��IVL�PMI\ML�IVL�KWWTML�WٻKM�KPIQZ[�·�
ITZMILa�QV�KWUUMZKQIT�XZWL]K\QWV��8I[]\�M\�IT��
��������<PM�KPIQZ�WXMZI\M[�_Q\P�ZMKPIZOMIJTM�

Personal comfort system (PCS) chair 
(top);  touchscreen controls (middle);  
phone app controls (bottom)
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JI\\MZQM[�[W�\PI\�Q\�KIV�JM�]V\M\PMZML�QV�][M�IVL�KPIZOML�W^MZVQOP\���1\�][M[�^MZa�
TQ\\TM�MVMZOa��I�UI`QU]U�WN ����?�QV�KWWTQVO�UWLM�IVL���?�QV�PMI\QVO�UWLM�
·�KWUXIZML�\W�\PM�UWZM�\aXQKIT�����?�PMI\MZ�XMWXTM�X]\�Ja�\PMQZ�LM[S[���PI[�
I�^MZa�NI[\�ZMIK\QWV�\QUM��IVL�UW[\�QUXWZ\IV\Ta��WKK]XIV\[�PI^M�N]TT�KWV\ZWT�WN �
Q\[�[M\\QVO[���)TT�WN �\PM[M�LM^QKM[�PI^M�WKK]XIVKa�[MV[WZ[�[W�\PI\�\PMa�\]ZV�Wٺ�
I]\WUI\QKITTa�_PMV�VW\�QV�][M���<M[\[�PI^M�[PW_V�\PI\�\PM�KPIQZ�SMMX[�XMWXTM�
KWUNWZ\IJTM�QV�ZWWU�\MUXMZI\]ZM[�ZIVOQVO�NZWU����.�\W� ��.��

<PM�8+;�KPIQZ[�IZM�ITZMILa�UISQVO�IV�QUXIK\�WV�\PM�QVL][\Za���*]QTLQVO/ZMMV�
·�I�TMILQVO�WVTQVM�ZM[W]ZKM�NWZ�[][\IQVIJTM�LM[QOV�[\ZI\MOQM[�·�QVKT]LML�\PM�8+;�
KPIQZ�QV�\PMQZ�TQ[\�WN �<WX����8ZWL]K\[�NWZ�������7]Z�XI\MV\�PI[�JMMV�TQKMV[ML�
\W�I�KWUUMZKQIT�KWUXIVa���<PM�ÅZ[\����KPIQZ[�_MZM�[PQXXML�\W�\PM�:WKSa�
5W]V\IQV�1V[\Q\]\M�QV�+WTWZILW�NWZ�\PMQZ�VM_�1VVW^I\QWV�+MV\MZ��_PQKP�Q[�JMQVO�
LM[QOVML�_Q\P�\PM�OWIT�WN �JMQVO�\PM�PQOPM[\�XMZNWZUQVO�J]QTLQVO�QV�\PM�_WZTL�

<PM�1V\MZVM\�WN �<PQVO[

<PM�UIQV[\ZMIU�IVL�\MKPVWTWOa�UMLQI�IZM�K]ZZMV\Ta�ÆWWLML�_Q\P�PWXMN]T�
XZMLQK\QWV[�[]ZZW]VLQVO�\PM�1V\MZVM\�WN �<PQVO[��1W<���I�[aV\PM[Q[�WN �
\MKPVWTWOQM[�\PI\�IZM�IVa\PQVO�J]\�¹ZW]\QVMº��IVL�IZM�JMOQVVQVO�\W�KWVVMK\�
IVL�JZQVO�QV\MTTQOMVKM�\W�UQTTQWV[�WN �LQ^MZ[M�LM^QKM[�IVL�WJRMK\[��M`XIVLQVO�
W]Z�IJQTQ\a�\W�UWVQ\WZ��]VLMZ[\IVL��IVL�KWV\ZWT�\PM�_WZTL�IZW]VL�][���<PM�
QUXZW^ML�[MV[QVO�IVL�KWVVMK\MLVM[[�XZWUQ[ML�Ja�\PM�1W<�KW]TL�JM�][ML�\W�
UIVIOM�J]QTLQVO[��M[XMKQITTa�QV�\IQTWZQVO�QVLWWZ�KWVLQ\QWV[�\W�[]Q\�\PM�WKK]XIV\[�
XZMNMZMVKM[��ZML]KQVO�]VVMKM[[IZa�MVMZOa�][M�L]ZQVO�]VWKK]XQML�XMZQWL[��IVL�
KWV\ZWTTQVO�0>)+��TQOP\QVO��WXMZIJTM�_QVLW_[��[PILM[��IVL�XT]OOML�QV�LM^QKM[���
)TT�WN �\PQ[�Q[�ZMTM^IV\�\W�UIVa�WN �\PM�ZM[MIZKP�IK\Q^Q\QM[�I\�+*-���

)�+*-�XZWRMK\�NZWU�I�8P,�[\]LMV\�VMIZTa�I�LMKILM�IOW��8MٺMZ�����!��_I[�I�
VM\_WZSML�_QZMTM[[�\PMZUW[\I\�\PI\�JMKIUM�\PM�XZMK]Z[WZ�\W�\PM�6M[\���5WZM�
ZMKMV\Ta��\PM�+*-�8+;�KPIQZ�QVKT]LM[�LQOQ\IT�KWV\ZWT[�\PI\�KWUU]VQKI\M�_Q\P�
Q\[�WKK]XIV\¼[�XPWVM�IXX�IVL�IT[W�_Q\P�\PM�J]QTLQVO�0>)+�[a[\MU�QV�ZMIT�
\QUM���<PM�KWUU]VQKI\QWV�Q[�^QI�[5)8��;QUXTM�5MI[]ZMUMV\�IVL�)K\]I\QWV�
8ZWÅTM���IV�IUJQ\QW][�WXMV�[W]ZKM�J]QTLQVO�KWUU]VQKI\QWV�NZIUM_WZS�KZMI\ML�
Ja�NIK]T\a�IVL�[\]LMV\[�QV�\PM�-TMK\ZQKIT�-VOQVMMZQVO�IVL�+WUX]\MZ�;KQMVKM�
,MXIZ\UMV\��--+;���<PM�[5)8�NZIUM_WZS�XZW^QLM[�I�KWUUWV�XTI\NWZU�
NWZ�UM\ILI\I�\W�JM�[\WZML�IVL�ZIXQLTa�IKKM[[ML��ITTW_QVO�QV[\IV\IVMW][�
^Q[]ITQbI\QWV[�IVL�IK\]IT�KWV\ZWT�WN �\PM�J]QTLQVO¼[�0>)+�[a[\MU��][QVO�LI\I�
KWTTMK\ML�Ja�\PM�KPIQZ[��+*-�Q[�KWTTIJWZI\QVO�_Q\P�--+;�QV�\M[\QVO�\PM�8+;�
KPIQZ[�WV�\PM�WKK]XIV\[�WN �;]\IZLRI�,IQ�0ITT�WV�KIUX][��][QVO�\PMQZ�QVX]\�\W�
[I^M�0>)+�MVMZOa�IVL�XZW^QLM�QVLQ^QL]ITQbML�KWUNWZ\��

+*-�Q[�IT[W�XMZNWZUQVO�\_W�KWUXZMPMV[Q^M�ÅMTL�[\]LQM[�][QVO�\PM�QV\MOZI\ML�
[WT]\QWV�WN �8+;�QV�KWUUMZKQIT�J]QTLQVO[�·�WVM�Q[�IV�IL^IVKML�VM\�bMZW�
MVMZOa�J]QTLQVO�NMI\]ZQVO�I�ZILQIV\�ÆWWZ�[TIJ��WKK]XQML�Ja�LM[QOV�MVOQVMMZ[�
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and architects; the other is a more conventional design with a civil service 
WKK]XIVKa��<PM[M�\PZMM�ÅMTL�[\]La�[Q\M[�XZW^QLM�\M[\QVO�OZW]VL[�NWZ�M^IT]I\QVO�
UIVa�VM_�QLMI[�IJW]\�PW_�N]\]ZM�J]QTLQVO[�_QTT�JM�UIVIOML�NWZ�KWUNWZ\�IVL�
MٻKQMVKa�

Summary

)V�QUXWZ\IV\�NMI\]ZM�WN �ILIX\Q^M�M`XMZ\Q[M�Q[�\PM�IJQTQ\a�\W�KWV\QV]ITTa�ZM[XWVL�
\W�[WKQM\IT�VMML[��KPITTMVOM�KWV^MV\QWVIT�VWZU[��IVL�XW\MV\QITTa�\ZIV[NWZU�\PM�
UIZSM\���;M^MZIT�[\IZ\�]X�KWUXIVQM[�PI^M�JMMV�TI]VKPML�JI[ML�WV�W]Z�ZM[MIZKP��
N]Z\PMZ�M`XIVLQVO�W]Z�QUXIK\�WV�\PM�XZWNM[[QWV���-`IUXTM[�WN �\PM[M�QVKT]LM�
)L]ZI�1VK���I�LM^MTWXMZ�IVL�UIV]NIK\]ZMZ�WN �XMZ[WVITQbML�TQOP\QVO�KWV\ZWT[��
JI[ML�WV�UM[P�VM\_WZSML�ZILQW�KWUU]VQKI\QWV�#�*]QTLQVO�:WJW\QK[��_PW[M�
+WUNa�IXX�ITTW_[�_WZSMZ[�\W�^W\M�NWZ�\PMQZ�TWKIT�\MUXMZI\]ZM�[M\\QVO��IVL�OM\�
[PWZ\�\MZU�QV[\IV\�OZI\QÅKI\QWV�NZWU�\PM�[a[\MU�#�IVL�8MZ[WVIT�+WUNWZ\�;a[\MU[�
�\PM�KWUXIVa�UIV]NIK\]ZQVO�W]Z�PMI\ML���KWWTML�WٻKM�KPIQZ[��
 
<PM�\WWT[�IVL�\MKPVWTWOQM[�XZM[MV\ML�PMZM�PI^M�ZMTM^IVKM�\W�I�^IZQM\a�WN �
[\ISMPWTLMZ[�_PW�JMVMÅ\�NZWU�I[[M[[QVO�I�J]QTLQVO¼[�XPa[QKIT�KWVLQ\QWV[��MVMZOa�
KW[\[��IVL�WKK]XIV\�_Q[PM[���1V\MZLQ[KQXTQVIZa�KWTTIJWZI\QWV�Q[�IV�M[[MV\QIT�
ZMY]QZMUMV\�NWZ�ÅVLQVO�XZWUQ[QVO�IVL�QVVW^I\Q^M�[WT]\QWV[�\W�KPITTMVOM[�QV�W]Z�
J]QT\�MV^QZWVUMV\���+WTTIJWZI\QWV�JM\_MMV�IKILMUQK[�IVL�XZIK\Q\QWVMZ[�Q[�IT[W�
crucial to ensure that research is being conducted on problems that concern the 
LM[QOV�IVL�J]QTLQVO�XZWNM[[QWVIT�KWUU]VQ\QM[��<PM[M�IZM�\PM�UW[\�^Q\IT�MTMUMV\[�
WN �¹ILIX\Q^M�M`XMZ\Q[Mº��IVL�IZM�\PM�NW]VLI\QWV[�\PI\�SMMX�J]QTLQVO�[KQMVKM�
ZM[MIZKP�ZMTM^IV\�IVL�][MN]T�\W�LM[QOVMZ[��J]QTLMZ[��IVL�ITT�WN �][�_PW�WKK]Xa�IVL�
QVPIJQ\�J]QTLQVO[�
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