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PREFACE
:KLOH�KRPH�EXLOGHUV�DUH�FRQWLQXRXVO\�FKDOOHQJHG�WR�FRQVLGHU�YDULRXV�FULWHULD�VXFK�DV�DRUGDELOLW\��HQHUJ\�HɝFLHQF\��VXVWDLQDELOLW\��
serviceability, aesthetic, utility, and resistance to natural hazards among others, there are varying degrees of adherence to such 
REMHFWLYHV��7KH�PRUH�HRUWV�DUH�PDGH�IRU�WHFKQRORJ\�WUDQVIHU�DQG�SURYLGLQJ�WKH�UHVLGHQWLDO�FRQVWUXFWLRQ�LQGXVWU\�ZLWK�WKH�ODWHVW�
advancements in construction materials, tools, methods, and code requirements, the more receptive will be the mainstream 
builders to incorporation of technological advancements.  As always, the Pennsylvania Housing Research Center (PHRC) at The 
3HQQV\OYDQLD�6WDWH�8QLYHUVLW\�FRQVLGHUV�NQRZOHGJH�VKDULQJ�DQG�GLVVHPLQDWLRQ�RI�WKH�UHVXOWV�RI�UHFHQW�DGYDQFHPHQWV�LQ�WKH�ȴHOG�
as one of its primary responsibilities and is pleased to continue organizing the Residential Building Design and Construction 
Conference series to serve the housing and residential construction industry for this purpose. 

It is with great pleasure that we share the proceedings of the 2020 
Residential Building Design and Construction Conference that was 
held on March 4–6, 2020 at The Penn Stater Hotel and Conference 
Center in State College, Pennsylvania. As in the past four RBDC 
Conferences, this 5th conference provided an opportunity for 
researchers, design professionals, manufacturers, builders, and 
FRGH�RɝFLDOV�WR�H[FKDQJH�WKH�ODWHVW�DGYDQFHPHQWV�LQ�UHVHDUFK�DQG�
SUDFWLFH�DQG�WR�GLVFXVV�DQG�VKDUH�WKHLU�RZQ�ȴQGLQJV��LQQRYDWLRQV��
and projects related to residential buildings. 

The 2020 RBDC Conference hosted 132 attendees and included 
56 papers and 102 presentations on various issues related to 
residential buildings, which encompass single- and multi-family 
dwellings, mid-rise and high-rise structures, factory-built housing, 
dormitories, and hotels/motels. Papers and presentations related 
to the following areas and topics were invited in the conference call: 

• Aging-in-Place and Senior Living Housing
• Alternative Renewable Energy Generating Systems
• Building Information Modeling (BIM) Application in

Residential Construction
• Building Integrated Photovoltaic Systems
• %XLOGLQJ� 3HUIRUPDQFH� $VVHVVPHQW�0HWULFV�9HULȴFDWLRQ

Methods and Occupant Behavior
• Building Science and Building Enclosures
• (QHUJ\�(ɝFLHQW�%XLOGLQJ�&RPSRQHQWV
• Fire Damage and Protection
• High Performance Residential Buildings
• Indoor Air Quality
• Innovations in Green Roofs and Façade/Envelope Systems
• Innovations in Residential Architecture and Design
• Innovations in Modular and Manufactured Housing
• Innovative and Emerging Housing Construction Methods/

Systems
• Innovative Wall, Floor, Roof, Window, and Siding Systems
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• Learning from the Performance of Residential Buildings
under Natural Disasters

• /RZ�ΖQFRPH�DQG�$RUGDEOH�+RXVLQJ
• Panelized Building Components
• Passive House Design Approach
• 5HVLOLHQW�1HZ�'HVLJQ� DQG� 5HWURȴW� RI� ([LVWLQJ� %XLOGLQJV

under Natural Disasters
• 5HWURȴW�RI�([LVWLQJ�%XLOGLQJV�IRU�(QHUJ\�(ɝFLHQF\
• Rural Housing Materials and Construction
• Serviceability and Life Safety Damage Aspects
• Smart Home Technologies, Design, and Construction
• Sustainable Housing Construction Materials and Methods
• Temporary Housing for Disaster Situations
• Whole Building Design Approach
• Zero-Net Energy Homes

As the following Conference Schedule and Table of Contents of these proceedings show, many of the above areas were among 
the papers and presentations at the conference. In particular, there was considerable interest in Passive House Design and 
5HWURȴW��'LVDVWHU�5HVLOLHQW�'HVLJQ��%XLOGLQJ�(QYHORSH�DQG�%XLOGLQJ�6FLHQFH��DQG�&RQVWUXFWLRQ�XVLQJ�&URVV�/DPLQDWHG�7LPEHU��7KH�
conference also hosted six Special Session panel discussions, three evening networking events, and a tour of the Building Enclosure 
Testing Laboratory (BETL) and the ADDCON Laboratory for 3D Printing of concrete, both located in Civil Infrastructure Testing and 
Evaluation Laboratory (CITEL) at Penn State University.

Two keynote speakers were invited for the conference: David O. Prevatt, Ph.D., PE, FASCE, Associate Professor of Civil & Coastal 
Engineering, Associate Director NSF - NHERI Experimental Facility at University of Florida and Lois B. Arena, PE, Director of Passive 
House Services at Steven Winter Associates, Inc. Professor Prevatt discussed his presentation titled “Wind Hazard Resilient 
Residential Communities—When Engineering Isn’t Enough.” Lois B. Arena shared her presentation titled “Passive House: A Proven 
3DWK�7RZDUG�5HVLOLHQW��$RUGDEOH�	�(QHUJ\�(ɝFLHQW�+RXVLQJ�ȋ�7KH�FRQIHUHQFH�DOVR�KRVWHG�D�FORVLQJ�SOHQDU\�VHVVLRQ�E\�-D\�$UHKDUW��
Senior Research Fellow at Project Drawdown and Tom Richard, 
Director of Institutes Energy & the Environment at Penn State, 
entitled “Buildings as a Drawdown Solution: Getting to Zero and 
Beyond.”

:H� ZLVK� WR� WKDQN� WKH� PHPEHUV� RI� WKH� ΖQWHUQDWLRQDO� 6FLHQWLȴF�
Committee of the conference for their contributions in 
SURPRWLQJ� WKH� FRQIHUHQFH�� 7KH� VXSSRUW� RI� WKH� 3+5&� VWD� IRU�
logistics is gratefully acknowledged. In particular, special thanks 
goes to Rachel Fawcett for her contribution as the Conference 
Coordinator.

Proceedings Editors:
Ali M. Memari and Sarah Klinetob Lowe
March 2020
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CONFERENCE SCHEDULEdh�^��z͕�D�Z�,�ϯ

ϲ͗ϯϬƉŵͲϴ͗ϯϬƉŵ �KE&�Z�E���t��<�</�<K&&�Z���Wd/KE�ͮ ^�E�d��^h/d�^

t��E�^��z͕�D�Z�,�ϰ

ϴ͗ϯϬĂŵ�Ͳ�ϭϬ͗ϭϱĂŵ�ͮ�ZKKD�ϮϬϳ
<�zEKd���ĂǀŝĚ�K͘�WƌĞǀĂƚƚ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�&ůŽƌŝĚĂ
ΗtŝŶĚ�,ĂǌĂƌĚ�ZĞƐŝůŝĞŶƚ�ZĞƐŝĚĞŶƚŝĂů��ŽŵŵƵŶŝƚŝĞƐͶtŚĞŶ��ŶŐŝŶĞĞƌŝŶŐ�/ƐŶ͛ƚ��ŶŽƵŐŚΗ
KƉĞŶŝŶŐ�ZĞŵĂƌŬƐ͗��ƌ͘�^Ğǌ��ƚĂŵƚƵƌŬƚƵƌ�ͮ��ĞƉĂƌƚŵĞŶƚ�,ĞĂĚ͕��ƌĐŚŝƚĞĐƚƵƌĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŶŶ�^ƚĂƚĞ

ϭϬ͗ϰϱĂŵ�Ͳ�ϭϮ͗ϭϱƉŵ�� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ��

�ŝƐĂƐƚĞƌͲZĞƐŝůŝĞŶƚ��ĞƐŝŐŶ�ͮ�Zŵ͘�ϮϬϯ ��ƵŝůĚŝŶŐ��ŶǀĞůŽƉĞ�ͮ�Zŵ͘�ϮϬϰ �ĚĂƉƚĂƚŝŽŶ�Θ�ZĞƚƌŽĨŝƚƐ�ͮ�Zŵ͘�ϮϬϱ dŚĞ��ŝŐ�WŝĐƚƵƌĞ�ͮ�Zŵ͘�Ϯϭϭ �ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞͬ�ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�Ϯϭϴ

ϭϬ͗ϰϱͲϭϭ͗ϭϱ

WĞƌĐĞƉƚŝŽŶƐ�ĨŽƌ�ZĞƐŝĚĞŶƚŝĂů�ZĞƐŝůŝĞŶĐĞ
^ĂŶĚĞĞƉ�>ĂŶŐĂƌ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ�Ăƚ�^ĂŶ�
�ŶƚŽŶŝŽ

/ŶŶŽǀĂƚŝǀĞ��ŽŶƐƚƌƵĐƚŝŽŶ�WƌŽĚƵĐƚƐ͗�&ƌŽŵ�
YƵĂůŝĨŝĐĂƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ��ƐƐĞƐƐŵĞŶƚ�ƚŽ�
YƵĂůŝƚǇ��ŽŶƚƌŽů
DĂƌǌŝĞŚ�ZŝĂŚŝŶĞǌŚĂĚ͕�:Ͳ&�DĂƐƐŽŶ͕�WĞƚĞƌ�
�ŽůůŝŶƐ͕��ƌƵŶŽ��ŝ�>ĞŶĂƌĚŽ͕�:ŽĐĞůǇŶ�:ŽŚĂŶƐĞŶ͕�Θ�
DŝĐŚĂĞů�>ĂĐĂƐƐĞ�ͮ�EĂƚŝŽŶĂů�ZĞƐĞĂƌĐŚ��ŽƵŶĐŝů�
ŽĨ��ĂŶĂĚĂ�Θ��^>�^ŝůŝĐŽŶĞƐ͕�/ŶĐ͘

^ƵƐƚĂŝŶĂďŝůŝƚǇ��ŚĂƌƌĞƚƚĞƐ�ĂŶĚ�WĞŶŶ�^ƚĂƚĞ͛Ɛ�
ZĞƐŝĚĞŶĐĞ�,ĂůůƐ�ZĞŶŽǀĂƚŝŽŶƐ͗�/ŵƉƌŽǀŝŶŐ�
�ƵŝůĚŝŶŐ�WĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ƚŚĞ�^ƚƵĚĞŶƚ�
�ǆƉĞƌŝĞŶĐĞ
:ŽŚŶ��ĞĐŚƚĞů�Θ�zƵŵŶĂ�<ƵƌĚŝ�ͮ�WĞŶŶ�^ƚĂƚĞ

�ŝƐĐƵƐƐŝŶŐ�/ŶŶŽǀĂƚŝŽŶ�ŝŶ�ZĞƐŝĚĞŶƚŝĂů�
�ŽŶƐƚƌƵĐƚŝŽŶ�Ăƚ�ƚŚĞ�EĂƚŝŽŶĂů�^ĐĂůĞ
&ƌĞĚĞƌŝĐŬ�WĂŝŐĞ͕��ŶĚƌĞǁ�DĐ�ŽǇ͕�Θ��ĂƌůŽƐ�
DĂƌƚşŶ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ�Θ�hƌďĂŶ�/ŶƐƚŝƚƵƚĞ

/ŶƚƌŽĚƵĐƚŝŽŶƐ�н�KǀĞƌǀŝĞǁ
^Ăŵ�dĂǇůŽƌ�ͮ��ŶĞƌŐǇ�Θ�ZĞƐŽƵƌĐĞ��ĨĨŝĐŝĞŶĐǇ

ϭϭ͗ϭϱͲϭϭ͗ϰϱ

^ŝŶŐůĞͲ&ĂŵŝůǇ�,ŽƵƐŝŶŐ��ŽŶƐƚƌƵĐƚŝŽŶ�sƐ͘�
,ĂǌĂƌĚ�DŝƚŝŐĂƚŝŽŶ��ŽƐƚ��ĂƚĂ�/Ŷ�dŚĞ�^ƚĂƚĞ�KĨ�
<ĞŶƚƵĐŬǇ�hƐŝŶŐ�DŽĚĞůͲ�ĂƐĞĚ��ŽƐƚ��ĂůĐƵůĂƚŝŽŶ
DĂƌůŝĞ�ZĞŶĞĂƵ�Θ�&ĂƚĞŵĞŚ�KƌŽŽũŝ�ͮ�tĞƐƚĞƌŶ�
<ĞŶƚƵĐŬǇ�hŶŝǀĞƌƐŝƚǇ

�^,Z���ϵϬ͘ϭ͗��ŽĚŝĨŝĞĚ��ŽŶĚĞŶƐĂƚŝŽŶ�ĨŽƌ��ŽůĚ�
�ůŝŵĂƚĞƐ
�ĂǀŝĚ�&ŝŶůĞǇ�Θ�DĂŶĨƌĞĚ�<ĞŚƌĞƌ�ͮ�tŝƐƐ͕�:ĂŶŶĞǇ͕�
�ůƐƚŶĞƌ��ƐƐŽĐŝĂƚĞƐ͕�/ŶĐ͘

WĂƐƐŝǀĞ�,ŽƵƐĞ�ZĞƚƌŽĨŝƚ͗��ƌĞĂƚŚŝŶŐ�EĞǁ�
�ŶĞƌŐǇ�ŝŶƚŽ�KůĚ��ŽƌŵƐ
�ĞŶĞĚŝĐƚ�,͘��ƵďďƐ�Θ�tŝůůŝĂŵ�dƌŽƵƚ�ͮ�DƵƌƌĂǇ�
�ƐƐŽĐŝĂƚĞƐ��ƌĐŚŝƚĞĐƚƐ

�ƵŝůĚŝŶŐ�/ŶĚƵƐƚƌǇ͗�dƌĞŶĚƐ�ŝŶ�^ƵƐƚĂŝŶĂďŝůŝƚǇ�
ĂŶĚ��ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞ��ƉƉůŝĐĂƚŝŽŶƐ�
�ŽƌŽƚŚǇ�'ĞƌƌŝŶŐ͕�ZŽď�tŽǌŶŝĂŬ͕�dŚŽŵĂƐ�
�ƌŽŽŬƐ͕��ǀĂŶ�<ůŝŶŐĞƌ͕��ŽůĞ�DŽƌŝĂƌƚǇ͕�:ĞĨĨƌĞǇ�
^ĞŵĞŶƚĞůůŝ͕�Θ�DŝĐŚĂĞů�͞dĂŶŶĞƌ͟�ZĞŝĨ�ͮ�
WĞŶŶƐǇůǀĂŶŝĂ��ŽůůĞŐĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ

�ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞ��ĚƵĐĂƚŝŽŶ͗��ǀŽůǀŝŶŐ�
�ƉƉƌŽĂĐŚĞƐ�ĂŶĚ�ZĞƐŽƵƌĐĞƐ
^Ăŵ�dĂǇůŽƌ�ͮ��ŶĞƌŐǇ�Θ�ZĞƐŽƵƌĐĞ��ĨĨŝĐŝĞŶĐǇ

ϭϭ͗ϰϱͲϭϮ͗ϭϱ

�ǀĂůƵĂƚŝŽŶ�ŽĨ�sĂƌŝŽƵƐ�ZĞƚƌŽĨŝƚ�^ƚƌĂƚĞŐŝĞƐ�ĨŽƌ�
�ǆŝƐƚŝŶŐ�ZĞƐŝĚĞŶƚŝĂů��ƵŝůĚŝŶŐƐ�ŝŶ�,ƵƌƌŝĐĂŶĞ�
WƌŽŶĞ��ŽĂƐƚĂů�ZĞŐŝŽŶƐ �
DĞŚƌƐŚĂĚ��ŵŝŶŝ�Θ��ůŝ�DĞŵĂƌŝ�ͮ�WĞŶŶ�^ƚĂƚĞ

tĂůů�hƉŐƌĂĚĞƐ�ĨŽƌ��ĞĞƉ�ZĞƐŝĚĞŶƚŝĂů��ŶĞƌŐǇ�
ZĞŶŽǀĂƚŝŽŶ͗�/ŶƚĞƌŝŵ�ZĞƐƵůƚƐ�ĨƌŽŵ�Ă�DƵůƚŝͲ
zĞĂƌ�^ƚƵĚǇ
�ŚƌŝƐƐŝ��ŶƚŽŶŽƉŽƵůŽƵƐ͕��ŚĞƌǇŶ�DĞƚǌŐĞƌ͕�:ŝĂŶ�
�ŚĂŶŐ͕�DŝĐŚĂĞů��ĂĞĐŚůĞƌ͕��͘K͘��ĞƐũĂƌůĂŝƐ͕�WĂƚ�
,ƵĞůŵĂŶ͕�Θ�'͘�DŽƐŝŵĂŶ�ͮ�WĂĐŝĨŝĐ�EŽƌƚŚǁĞƐƚ�
EĂƚŝŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕�KĂŬ�ZŝĚŐĞ�EĂƚŝŽŶĂů�
>ĂďŽƌĂƚŽƌǇ͕�Θ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ

dƌĞŶĚƐ�ĂŶĚ�ƉƌĂĐƚŝĐĞƐ�ŽĨ�ƌĞƚƌŽĨŝƚƚŝŶŐ�ĞǆŝƐƚŝŶŐ�
ƌĞƐŝĚĞŶƚŝĂů�ďƵŝůĚŝŶŐƐ�ƚŽ�WĂƐƐŝǀĞ�,ŽƵƐĞ�ĐƌŝƚĞƌŝĂ�
ĂŶĚ�ƐŝŵŝůĂƌ�ƐƚĂŶĚĂƌĚƐ͘
^ŽƉŚŝĂ�tĞůĐŚ͕��ƐƚŚĞƌ�KďŽŶǇŽ͕�Θ��ůŝ�DĞŵĂƌŝ�ͮ�
WĞŶŶ�^ƚĂƚĞ

��WĂƚŚ�ƚŽ��ĞƌŽ��ŶĞƌŐǇ�ZĞĂĚǇ�,ŽŵĞ�
�ŽŶƐƚƌƵĐƚŝŽŶ
dŚĞƌĞƐĂ�'ŝůďƌŝĚĞ͕�DŝĐŚĂĞů��ĂĞĐŚůĞƌ͕�Θ�<ŝĞƌĞ�
�ĞŐƌĂŶĚĐŚĂŵƉ�ͮ�WĂĐŝĨŝĐ�EŽƌƚŚǁĞƐƚ�EĂƚŝŽŶĂů�
>ĂďŽƌĂƚŽƌǇ�Θ�,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ�,ŽŵĞƐ

ϱϬ�^ŚĂĚĞƐ�ŽĨ��ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞ��ĚƵĐĂƚŝŽŶ
'ĞŽƌŐ�ZĞŝĐŚĂƌĚ͕��ĂĐŚ�'ŽƵůĚ͕�Θ��ŽŵŝŶŝĐŬ�
�Ğ>ĞŽŶĞ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ

ϭϮ͗ϭϱƉŵͲϭ͗ϭϱƉŵ >hE�,�ͮ�WZ�^/��Ed^�,�>>�ϭ�Θ�Ϯ

ϭ͗ϭϱƉŵ�Ͳ�Ϯ͗ϰϱƉŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ��

�ŝƐĂƐƚĞƌͲZĞƐŝůŝĞŶƚ��ĞƐŝŐŶ�ͮ�Zŵ͘�ϮϬϯ �ƵŝůĚŝŶŐ��ŶǀĞůŽƉĞ�ͮ�Zŵ͘�ϮϬϰ �ĚĂƉƚĂƚŝŽŶ�Θ�ZĞƚƌŽĨŝƚƐ�ͮ�Zŵ͘�ϮϬϱ D�W�ͮ�Zŵ͘�Ϯϭϭ �ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞͬ�ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�Ϯϭϴ

ϭ͗ϭϱͲϭ͗ϰϱ

�ƐƐĞƐƐŝŶŐ�ƚŚĞ�WĞƌĨŽƌŵĂŶĐĞ�ŽĨ��ůĞǀĂƚĞĚ�tŽŽĚ�
�ƵŝůĚŝŶŐƐ�ŝŶ�ƚŚĞ�tĂŬĞ�ŽĨ�,ƵƌƌŝĐĂŶĞ�DŝĐŚĂĞů�
:ĂĞ�<ŝŵ͕��ůĂŝŶĂ�^ƵƚůĞǇ͕�Θ�dŚĂŶŐ��ĂŽ�ͮ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ĂŶƐĂƐ�Θ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĂďĂŵĂ

,ŝŐŚͲWĞƌĨŽƌŵĂŶĐĞ�tŝŶĚŽǁƐ�ʹ�DŽƌĞ�ƚŚĂŶ�ũƵƐƚ�
Ă�WƌĞƚƚǇ�,ŽůĞ�ŝŶ�ƚŚĞ�tĂůů
<ĂƚŚĞƌŝŶĞ��Žƌƚ�Θ�dŚĞƌĞƐĂ�'ŝůďƌŝĚĞ�ͮ�WĂĐŝĨŝĐ�
EŽƌƚŚǁĞƐƚ�EĂƚŝŽŶĂů�>ĂďŽƌĂƚŽƌǇ

DĂƌŬĞƚ�dƌĂŶƐĨŽƌŵĂƚŝŽŶ͗�,Žǁ�&Ăƌ͕�,Žǁ�&ĂƐƚ
ZŽď��ĞƌŶŚĂƌĚƚ�ͮ�WĂƐƐŝǀĞ�,ŽƵƐĞ��ĂŶĂĚĂ

��EĞǁ�^ƚĂŶĚĂƌĚ�ƚŽ��ǀĂůƵĂƚĞ�ƚŚĞ�/ŶƐƚĂůůĂƚŝŽŶ�
YƵĂůŝƚǇ�ŽĨ�ZĞƐŝĚĞŶƚŝĂů�,s���^ǇƐƚĞŵƐ
�ĞĂŶ�'ĂŵďůĞ�ͮ��W���E�Z'z�^d�Z��ĞƌƚŝĨŝĞĚ�
,ŽŵĞƐ

dĞĂĐŚŝŶŐ�WĂƐƐŝǀĞ�,ŽƵƐĞ�ŝŶ��ĐĂĚĞŵŝĂ
tĂůƚĞƌ�'ƌŽŶĚǌŝŬ͕��ůŝƐŽŶ�<ǁŽŬ͕�DĂƌǇ�ZŽŐĞƌŽ͕�Θ�
<ĂƚƌŝŶ�<ůŝŶŐĞŶďĞƌŐ�ͮ��Ăůů�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕�
W,/h^͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�KƌĞŐŽŶ͕�Θ�DŝĂŵŝ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�KŚŝŽ

ϭ͗ϰϱͲϮ͗ϭϱ

tŝŶĚ�/ŶĚƵĐĞĚ��ĨĨĞĐƚƐ�ŽŶ�ZŽŽĨͲƚŽͲtĂůů�
�ŽŶŶĞĐƚŝŽŶƐ�ŽĨ�ZĞƐŝĚĞŶƚŝĂů��ƵŝůĚŝŶŐƐ
�ŵĂů��ůĂǁĂĚǇ͕��ƌŝŶĚĂŵ��ŚŽǁĚŚƵƌǇ͕�Θ��ŚƐƐĂŶ�
^ĂǇǇĂĨŝ�ͮ�&ůŽƌŝĚĂ�/ŶƚĞƌŶĂƚŝŽŶĂů�hŶŝǀĞƌƐŝƚǇ

>ŽǁͲ^ůŽƉĞ�ZŽŽĨŝŶŐ�^ǇƐƚĞŵƐ�ĨŽƌ�DƵůƚŝͲ^ƚŽƌǇ�
ZĞƐŝĚĞŶƚŝĂů�ĂŶĚ��ŽŵŵĞƌĐŝĂů��ƵŝůĚŝŶŐƐ�
ZŽǁůĂŶĚ�^ŵŝƚŚ�ͮ�tŝƐƐ͕�:ĂŶŶĞǇ͕��ůƐƚŶĞƌ�
�ƐƐŽĐŝĂƚĞƐ͕�/ŶĐ͘

ZĞƉƵƌƉŽƐŝŶŐ��ǀĞƌǇĚĂǇ��ƵŝůĚŝŶŐƐ͗�
�ǆƚƌĂŽƌĚŝŶĂƌǇ�ZĞŶŽǀĂƚŝŽŶƐ�ŽĨ�KƌĚŝŶĂƌǇ�
^ƚƌƵĐƚƵƌĞƐ
�ƌŝĐ�&ŝƐŚĞƌ�Θ��ĞĂ�^ƉŽůŝĚŽƌŽ�ͮ�&ŝƐŚĞƌ�
�Z�,ŝƚĞĐƚƵƌĞ

DŽŶŝƚŽƌŝŶŐ�,s���^ǇƐƚĞŵ�WĞƌĨŽƌŵĂŶĐĞ�ĨŽƌ�
�ĨĨŽƌĚĂďůĞ�,ŽƵƐŝŶŐ�hŶŝƚƐ
&ĂƚĞŵĂŚ��ďƌĂŚŝŵ͕�&ƌĞĚĞƌŝĐŬ�WĂŝŐĞ͕�&ĂƌƌŽŬŚ�
:ĂǌŝǌĂĚĞŚ͕�Θ�YƵŝŶƚŽŶ�EŽƚƚŝŶŐŚĂŵ�ͮ�sŝƌŐŝŶŝĂ�
dĞĐŚ

E�,���ĂƌĞĞƌ�WĂƚŚǁĂǇƐ͗��ĂƌůǇ��ĂƌĞĞƌ�,ŽŵĞ�
�ƵŝůĚĞƌƐ�&ŝŶĚŝŶŐƐ�Θ�DĂƉƉŝŶŐ��ĂƌĞĞƌ�
WĂƚŚǁĂǇƐ�ŝŶ�,ŽŵĞďƵŝůĚŝŶŐ
�ƌŝĐ�,Žůƚ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞŶǀĞƌ

Ϯ͗ϭϱͲϮ͗ϰϱ

tŝŶĚ�ŚĂǌĂƌĚ�ƌĞƐŝůŝĞŶƚ�ĐŽŶƐƚƌƵĐƚŝŽŶ�ŵŝƚŝŐĂƚŝŽŶ�
ĚĞĐŝƐŝŽŶͲŵĂŬŝŶŐ�ĨƌĂŵĞǁŽƌŬ
&ĂƚĞŵĞŚ�KƌŽŽũŝ�ͮ�tĞƐƚĞƌŶ�<ĞŶƚƵĐŬǇ�hŶŝǀĞƌƐŝƚǇ

dŚŝŶ�ƐŚĞůů�ĐŽŶĐƌĞƚĞ�ĞŶĐůŽƐƵƌĞƐ�ŝŶ�ƌĞƐŝĚĞŶƚŝĂů�
ďƵŝůĚŝŶŐƐ
WĂďůŽ�DŽǇĂŶŽ�&ĞƌŶĂŶĚĞǌ�ͮ�tĂƐŚŝŶŐƚŽŶ�
hŶŝǀĞƌƐŝƚǇ�ŝŶ�^ƚ͘�>ŽƵŝƐ

KW�E��h/>�/E'͗�WůĂŶŶŝŶŐ�DƵůƚŝͲƵŶŝƚ�
ZĞƐŝĚĞŶƚŝĂů��ƵŝůĚŝŶŐƐ�ĨŽƌ��ŚĂŶŐĞ
^ƚĞƉŚĞŶ�<ĞŶĚĂůů�ͮ��ŽƵŶĐŝů�ŽŶ�KƉĞŶ��ƵŝůĚŝŶŐ

/ŶĚŽŽƌ��ŝƌ�YƵĂůŝƚǇ�ĂŶĚ��ŶĞƌŐǇ�hƐĞ�ŝŶ�WĂƐƐŝǀĞ�
,ŽƵƐĞƐ
yŝŶǇŝ�>ŝůǇ�>ŝ�Θ��ŽŶŐŚǇƵŶ�Zŝŵ�ͮ�WĞŶŶ�^ƚĂƚĞ

KŶĞ��ŽŽŬ�ǁŝƚŚ�DĂŶǇ�dŽƉŝĐƐ͗��Ƶƚ��ƌĞ�dŚĞǇ�
�ŶŽƵŐŚ͍
tĂůƚĞƌ�'ƌŽŶĚǌŝŬ�ͮ��Ăůů�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ

ϯ͗ϬϬƉŵ�Ͳ�ϰ͗ϯϬƉŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ��

�ŝƐĂƐƚĞƌͲZĞƐŝůŝĞŶƚ��ĞƐŝŐŶ�ͮ�Zŵ͘�ϮϬϯ ^ĞŶŝŽƌ�,ŽƵƐŝŶŐ�ͮ�Zŵ͘�ϮϬϰ �ĚĂƉƚĂƚŝŽŶ�Θ�ZĞƚƌŽĨŝƚƐ�ͮ�Zŵ͘�ϮϬϱ >Ăď�dŽƵƌ �ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞͬ�ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�Ϯϭϴ

ϯ͗ϬϬͲϯ͗ϯϬ

hE�^ƵƐƚĂŝŶĂďůĞ��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ƚŚĞ��ŽŽů�
ZŽŽĨƐ��ŚĂůůĞŶŐĞ
<ĂƌŝƵŬŝ�DďƵŐƵĂ�ͮ�^ƚĞĂŵ�WůĂŶƚ�>ƚĚ�

dĂŝůŽƌŝŶŐ��ŶǀŝƌŽŶŵĞŶƚƐ�ĨŽƌ��ĐƚŝǀĞ�>ŝĨĞ�
�ŶŐĂŐĞŵĞŶƚ�;d��>�Ϳ�^ƚƵĚǇ͗�WƌĞůŝŵŝŶĂƌǇ�
&ŝŶĚŝŶŐƐ�ŽŶ�KůĚĞƌ��ĚƵůƚƐ͛�WĞƌĐĞƉƚŝŽŶƐ�ŽĨ�ƚŚĞ�
&ƵŶĐƚŝŽŶĂůŝƚǇ�ŽĨ�ƚŚĞŝƌ�,ŽƵƐŝŶŐ��ŶǀŝƌŽŶŵĞŶƚ
�ŶŐĞůĂ�>͘�^ĂƌĚŝŶĂ͕�^ŚǇƵĂŶ��ŚŝŶŐ�dĂŶ͕�Θ��ůǇƐƐĂ�
�͘�'ĂŵĂůĚŽ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƌƚŚ��ĂƌŽůŝŶĂ�
tŝůŵŝŶŐƚŽŶ�Θ�WĞŶŶ�^ƚĂƚĞ WƌĞƐĞŶƚĂƚŝŽŶ�ĂŶĚ�YΘ��&ŽƌƵŵ ͗�

^ĐĂůĂďůĞ�ZĞƚƌŽĨŝƚ�^ƚƌĂƚĞŐŝĞƐ�ĨŽƌ�EĞƚ��ĞƌŽ�
�ŶĞƌŐǇ�WĞƌĨŽƌŵĂŶĐĞ�ŝŶ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�Θ�
�ĞǇŽŶĚ

DŽĚĞƌĂƚŽƌ ͗�^ĂƌĂŚ�<ůŝŶĞƚŽď�>ŽǁĞ�ͮ�WĞŶŶ�^ƚĂƚĞ
WĂŶĞůŝƐƚƐ ͗
>ŽŝƐ��͘��ƌĞŶĂ�ͮ�^ƚĞǀĞŶ�tŝŶƚĞƌ��ƐƐŽĐŝĂƚĞƐ
^ĂƵů��ƌŽǁŶ�ͮ�ZĞƚƌŽĨŝƚEz
�ĂƌŝŽ�'ŝĂŶĚŽŵĞŶŝĐŽ�ͮ�'ƌĞĞŶ��ƵŝůĚŝŶŐ��ůůŝĂŶĐĞ

dŽƵƌ�ŽĨ��ƵŝůĚŝŶŐ��ŶǀĞůŽƉĞ�dĞƐƚŝŶŐ�>ĂďŽƌĂƚŽƌǇ�
;�Ğd>Ϳ�н��ĚĚ�ŽŶ�>Ăď�dŽƵƌƐ

ŽĨĨƐŝƚĞ�н�ƉƌĞƌĞŐŝƐƚƌĂƚŝŽŶ�ƌĞƋƵŝƌĞĚ

DĞĞƚ�Ăƚ�ƚŚĞ�,ŽƚĞů�>ŽďďǇ�Ăƚ�ϯ͗ϬϬƉŵ
ZĞƚƵƌŶ�ƚŽ�WĞŶŶ�^ƚĂƚĞƌ�ďǇ�ϱ͗ϬϬƉŵ

DŽũĂǀĞ��ůŽŽŵ͗��ĞƐŝŐŶŝŶŐ�Ă�EĞƚͲ�ĞƌŽ�
sĞƚĞƌĂŶ͛Ɛ�dƌĂŶƐŝƚŝŽŶĂů�,ŽŵĞ
�ƌŝĐ�tĞďĞƌ�Θ��ĂŬ�<ŽƉĞĐ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
EĞǀĂĚĂ�>ĂƐ�sĞŐĂƐ

ϯ͗ϯϬͲϰ͗ϬϬ

DŽĚĞůůŝŶŐ�ƚƌŽƉŝĐĂů�ĐǇĐůŽŶĞ�ǀƵůŶĞƌĂďŝůŝƚǇ�ĂŶĚ�
ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶĞǁ�ŝŶƐƵƌĂŶĐĞ�ĐŽǀĞƌĂŐĞ�
ƉƌŽŐƌĂŵƐ�ĨŽƌ�ŚŽƵƐŝŶŐ�ŝŶ�&ŝũŝ
�ĂŶŝĞů�:͘�^ŵŝƚŚ�Θ�'ĞŽĨĨ��ŽƵŐŚƚŽŶ�ͮ�:ĂŵĞƐ�
�ŽŽŬ�hŶŝǀĞƌƐŝƚǇ͕��ǇĐůŽŶĞ�dĞƐƚŝŶŐ�^ƚĂƚŝŽŶ

�ĚƵĐĂƚŝŶŐ�ĨŽƌ��ŶĞƌŐǇ��ĨĨŝĐŝĞŶĐǇ͗��ĚƵĐĂƚŝŶŐ�
^ĞŶŝŽƌ�ZĞƐŝĚĞŶƚƐ�dŽǁĂƌĚƐ�EĞƚ��ĞƌŽ��ŶĞƌŐǇ�
'ŽĂůƐ
&ƌĞĚĞƌŝĐŬ�WĂŝŐĞ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ

�ǆƉĞƌŝĞŶĐĞƐ�ǁŝƚŚ�ƚŚĞ�ZĂĐĞ�ƚŽ��ĞƌŽͬ^ŽůĂƌ�
�ĞĐĂƚŚůŽŶ��ĞƐŝŐŶ��ŚĂůůĞŶŐĞ
dŽŵ��ŽůůŝŶƐ�Θ�tĂůƚĞƌ�'ƌŽŶĚǌŝŬ�ͮ��Ăůů�^ƚĂƚĞ�
hŶŝǀĞƌƐŝƚǇ

ϰ͗ϬϬͲϰ͗ϯϬ

<ĞŶƚƵĐŬǇ�&ůŽŽĚ�ZĞƐŝƐƚĂŶƚ�,ŽƵƐĞ͗�/ŶƚĞŐƌĂƚŝŶŐ�
ZĞƐŝůŝĞŶĐĞ�ŝŶƚŽ��ƌĐŚŝƚĞĐƚƵƌĂů��ĞƐŝŐŶ
<ǇůĞ��ŚŽĂƚĞ�Θ�&ĂƚĞŵĞŚ�KƌŽŽũŝ�ͮ�tĞƐƚĞƌŶ�
<ĞŶƚƵĐŬǇ�hŶŝǀĞƌƐŝƚǇ

,ŽƵƐŝŶŐ�ĨŽƌ��ĚƵůƚƐ�&ĂĐŝŶŐ�^ŚŝĨƚŝŶŐ�
�ĞŵŽŐƌĂƉŚŝĐƐ�ŝŶ�:ĂƉĂŶ
zŽŬŽ��ƌƵŵĞ�ͮ��ŽŶƐƵůƚĂŶƚ�;�ŐŝŶŐ�Θ�^ŽĐŝĞƚǇͿ

,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ�ĨŽƌ�,ĂďŝƚĂƚ�ĨŽƌ�,ƵŵĂŶŝƚǇ͗�
WĞŶŶ�^ƚĂƚĞΖƐ�ϮϬϭϴͲϮϬϭϵ�^ŽůĂƌ��ĞĐĂƚŚůŽŶ�
�ĞƐŝŐŶ��ŽŵƉĞƚŝƚŝŽŶ��ŶƚƌǇ
WƵũĂ��ŚĂŐĂƚ�Θ�:ŽŶĂƚŚĂŶ�tŽŶŐ�ͮ�WĞŶŶ�^ƚĂƚĞ

ϲ͗ϬϬƉŵ�Ͳ�ϴ͗ϯϬƉŵ ,�WWz�,KhZ�KE�d,���y,/�/d�&>KKZ�ͮ�WZ�^/��Ed^�,�>>�ϭ�Θ�Ϯ

vi



d,hZ^��z͕�D�Z�,�ϱ

ϴ͗ϯϬĂŵ�Ͳ�ϭϬ͗ϭϱĂŵ�ͮ�WƌĞƐŝĚĞŶƚƐ�,Ăůů
<�zEKd�͗�>ŽŝƐ��͘��ƌĞŶĂ�ͮ�^ƚĞǀĞŶ�tŝŶƚĞƌ��ƐƐŽĐŝĂƚĞƐ
ΗWĂƐƐŝǀĞ�,ŽƵƐĞ͗���WƌŽǀĞŶ�WĂƚŚ�dŽǁĂƌĚ�ZĞƐŝůŝĞŶƚ͕��ĨĨŽƌĚĂďůĞ�Θ��ŶĞƌŐǇ��ĨĨŝĐŝĞŶƚ�,ŽƵƐŝŶŐΗ
KƉĞŶŝŶŐ�ZĞŵĂƌŬƐ͗��ƌ͘��ŚƌŝƐƚŽƉŚĞƌ�ZĂŚŶ�ͮ��ƐƐŽĐŝĂƚĞ��ĞĂŶ�ĨŽƌ�/ŶŶŽǀĂƚŝŽŶ͕�WĞŶŶ�^ƚĂƚĞ��ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ

ϭϬ͗ϰϱĂŵ�Ͳ�ϭϮ͗ϭϱƉŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ��

�ŽŶĐƌĞƚĞ�ͮ�Zŵ͘�ϮϬϯ �ƵŝůĚŝŶŐ��ŶǀĞůŽƉĞ�ͮ�Zŵ͘�ϮϬϰ WĂƐƐŝǀĞ�,ŽƵƐĞ�ͮ�Zŵ͘�ϮϬϱ DŝĐƌŽŐƌŝĚƐ�ͮ�Zŵ͘�Ϯϭϴ

ϭϬ͗ϰϱͲϭϭ͗ϭϱ

,ĞŵƉĐƌĞƚĞ�ĂƐ�Ă�ZĞƐŝĚĞŶƚŝĂů��ŽŶƐƚƌƵĐƚŝŽŶ�
DĂƚĞƌŝĂů͗�^ƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�ĂŶĚ��ŚĂůůĞŶŐĞƐ
,ŽũĂĞ�zŝ͕��ŽƌĞǇ�'ƌŝĨĨŝŶ͕��ůŝ�DĞŵĂƌŝ͕��ĂǀŝĚ�
>ĂŶŶŝŶŐ͕�Θ�:ĂŵĞƐ��ŽŽůĞǇ�ͮ�WĞŶŶ�^ƚĂƚĞ�Θ�
&ŽƌĞƐƚ��ŽŶĐĞƉƚƐ�>>�

>ŽŶŐͲdĞƌŵ��ǆƉŽƐƵƌĞ��ĂƚĂ��ŶĂůǇƐŝƐ�ŽĨ�
ZĞƐŝĚĞŶƚŝĂů�,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ�tĂůů�
�ƐƐĞŵďůŝĞƐ��ǆƉŽƐĞĚ�ƚŽ�ZĞĂů��ůŝŵĂƚĞ�
DŝĐŚĂů��ĂƌƚŬŽ͕�dƌĂǀŝƐ�s͘�DŽŽƌĞ͕�Θ�DŝĐŚĂĞů��͘�
>ĂĐĂƐƐĞ�ͮ�EĂƚŝŽŶĂů�ZĞƐĞĂƌĐŚ��ŽƵŶĐŝů�ŽĨ��ĂŶĂĚĂ

WĂŶĞůŝǌĞĚ�DƵůƚŝĨĂŵŝůǇ�WĂƐƐŝǀĞ�,ŽƵƐĞ͗�>ĞƐƐ�
�ŽƐƚ�Θ�DŽƌĞ�WƌŽĨŝƚ�dŚĂŶ��ŽĚĞ
WĂƵů�'ƌĂŚŽǀĂĐ�ͮ��ƵŝůĚ�^D�Zd͕�>>�

dŚĞ�DǇĐŽƌƌŚŽͲŐƌŝĚ͗����ůŽĐŬĐŚĂŝŶͲďĂƐĞĚ�
DǇĐŽƌƌŚŝǌĂů�DŽĚĞů�ĨŽƌ�^ŵĂƌƚ�^ŽůĂƌ�DŝĐƌŽŐƌŝĚƐ�
�ĂĐŚĂƌǇ�'ŽƵůĚ͕�^ƵƐĂŶ��ĂǇ͕�'ĞŽƌŐ�ZĞŝĐŚĂƌĚ͕�
/ŬĞĐŚƵŬǁƵ��ŝŵŽďŝ͕�Θ��ƌũƵŶ��ŚŽƵĚŚƌǇ�ͮ�
sŝƌŐŝŶŝĂ�dĞĐŚ�Θ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƌŝƚŝƐŚ�
�ŽůƵŵďŝĂ

ϭϭ͗ϭϱͲϭϭ͗ϰϱ

�ĐĐŽƵŶƚŝŶŐ�ĨŽƌ�ƚŚĞ�ĐĂƌďŽŶ�ƐĞƋƵĞƐƚƌĂƚŝŽŶ�
ƉŽƚĞŶƚŝĂů�ŽĨ�ĐŽŶĐƌĞƚĞ�ƐǇƐƚĞŵƐ͗�KW��ĂŶĚ�
,ĞŵƉĐƌĞƚĞ
:ĂǇ��ƌĞŚĂƌƚ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŽůŽƌĂĚŽ��ŽƵůĚĞƌ

DƵůƚŝĨĂŵŝůǇ�ĐĂƐĞ�ƐƚƵĚǇ�ŝŶ�DŝĚůĂŶĚ͕�D/�
ĐŽŵƉĂƌĞƐ�ĚŝĨĨĞƌĞŶƚ�ĐŽŶƐƚƌƵĐƚŝŽŶ�ƐƚƌĂƚĞŐŝĞƐ�
ĨŽƌ�ĐŽƐƚ͕�ĚƵƌĂďŝůŝƚǇ͕�ĞŶĞƌŐǇ�ƚƌĂŶƐĨĞƌ�ĂŶĚ�
ĐŽŵĨŽƌƚ͘
�ƌŝĂŶ�>ŝĞďƵƌŶ�ͮ��ƵWŽŶƚ�WĞƌĨŽƌŵĂŶĐĞ��ƵŝůĚŝŶŐ�
^ǇƐƚĞŵƐ

&ZKEd�&>�d^͗���EĞƚ�WŽƐŝƚŝǀĞ͕��ĂƌďŽŶͲ
EĞƵƚƌĂů͕�DƵůƚŝͲ&ĂŵŝůǇ��ǆƉĞƌŝŵĞŶƚ͙͘͘͘ĂŶĚ�
&ĂƐŚŝŽŶ�^ƚĂƚĞŵĞŶƚ
dŝŵŽƚŚǇ�DĐ�ŽŶĂůĚ�ͮ�KŶŝŽŶ�&ůĂƚƐ

DŝŶŝŶŐ�ƚŚĞ�/ŵƉĂĐƚ�ŽĨ�hƌďĂŶ�&Žƌŵ�ŽŶ��ŶĞƌŐǇ�
WĞƌĨŽƌŵĂŶĐĞ�ŝŶ��ŽŵŵƵŶŝƚǇ�DŝĐƌŽŐƌŝĚƐ
DŝŶĂ�ZĂŚŝŵŝĂŶ�ͮ�WĞŶŶ�^ƚĂƚĞ

ϭϭ͗ϰϱͲϭϮ͗ϭϱ

DŝƚŝŐĂƚŝŶŐ�ƉǇƌƌŚŽƚŝƚĞͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ŝŶ�
ƌĞƐŝĚĞŶƚŝĂů�ĐŽŶĐƌĞƚĞ�ĐŽŶƐƚƌƵĐƚŝŽŶ�
:ŽŶĂƚŚŽŶ�WŝĂƐĞŶƚĞ�Θ��ůĞŬƐĂŶĚƌĂ�ZĂĚůŝŶƐŬĂ�ͮ�
WĞŶŶ�^ƚĂƚĞ

&ŝĞůĚ��ǀĂůƵĂƚŝŽŶ�ŽĨ�ĂŶ��ĨĨŽƌĚĂďůĞ�^ŽůŝĚ�WĂŶĞů�
^ƚƌƵĐƚƵƌĂů��ƵŝůĚŝŶŐ�^ǇƐƚĞŵ
WĂƚ�,ƵĞůŵĂŶ͕�dŽŵ�^ĐŚŝƌďĞƌ͕�'ĂƌƌĞƚƚ�DŽƐŝŵĂŶ͕�
�ĂŶ�,ĞŶĚĞĞŶ͕�Θ�ZŽůĨ�:ĂĐŽďƐŽŶ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
DŝŶŶĞƐŽƚĂ

�ƌŝĚŐŝŶŐ�ƚŚĞ��ŽŵŵƵŶŝĐĂƚŝŽŶ�'ĂƉ��ĞƚǁĞĞŶ�
�ĞƐŝŐŶ�ĂŶĚ��ŽŶƐƚƌƵĐƚŝŽŶ
dŚŝĞů��ƵƚŶĞƌ�ͮ�WĂŶĚŽ��ůůŝĂŶĐĞ

d��

ϭϮ͗ϭϱƉŵͲϭ͗ϭϱƉŵ >hE�,�ͮ�WZ�^/��Ed^�,�>>�ϭ�Θ�Ϯ

ϭ͗ϭϱƉŵ�Ͳ�Ϯ͗ϰϱƉŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ��

KĐĐƵƉĂŶƚ��ĞŚĂǀŝŽƌͮ�Zŵ͘�ϮϬϯ tŽŽĚ�Θ��>d�ͮ�Zŵ͘�ϮϬϰ WĂƐƐŝǀĞ�,ŽƵƐĞ�ͮ�Zŵ͘�ϮϬϱ �ŽŵŵƵŶŝƚǇ��ĞƐŝŐŶ�ͮ�Zŵ͘�Ϯϭϭ �ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞͬ�ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�Ϯϭϴ

ϭ͗ϭϱͲϭ͗ϰϱ

WĞƌƐŽŶĂůŝǌŝŶŐ�ŽĐĐƵƉĂŶƚ�ĐŽŵĨŽƌƚ�ƵƐŝŶŐ�ďŝŽͲ
ƐĞŶƐŝŶŐ�ƚĞĐŚŶŝƋƵĞƐ
�ƌŝĐĂ��ŽĐŚƌĂŶ�Θ�:ĂŵĞƐ�<ĂƚƵŶŐǇŝ�ͮ��ĂƌŶĞŐŝĞ�
DĞůůŽŶ�hŶŝǀĞƌƐŝƚǇ��ĞŶƚĞƌ�ĨŽƌ��ƵŝůĚŝŶŐ�
WĞƌĨŽƌŵĂŶĐĞ�Θ��ŝĂŐŶŽƐƚŝĐƐ

DŝĚͲZŝƐĞ�tŽŽĚ�&ƌĂŵĞ��ŽŶƐƚƌƵĐƚŝŽŶ͗���'ŽŽĚ�
/ĚĞĂ�Žƌ��ƌĞ�tĞ��ƐŬŝŶŐ�ĨŽƌ�dƌŽƵďůĞ͍
�ĞƌĞŬ�,ŽĚŐŝŶ�ͮ��ŽŶƐƚƌƵĐƚŝŽŶ�^ĐŝĞŶĐĞ�Θ�
�ŶŐŝŶĞĞƌŝŶŐ͕�/ŶĐ͘

���ŽƵƉůĞΖƐ�WĂƐƐŝǀĞ�,ŽƵƐĞ�Ͳ��ŶǀŝƌŽŶŵĞŶƚĂů�
^ƵƐƚĂŝŶĂďŝůŝƚǇ�tŝƚŚŽƵƚ��ŝƚǇ�>ŝǀŝŶŐ
'ĂƌǇ�'ĂƌĚŶĞƌ�ͮ�WĂƐƐŝǀĞ�,ŽƵƐĞ�tĞƐƚĞƌŶ�W�

WĂƌƚŝĐŝƉĂƚŽƌǇ��ĞƐŝŐŶ�ŝŶ�,ŽƵƐŝŶŐ
:ŽĞ��ŽůŝƐƚƌĂ�Θ�EŝůŽƵ�sĂŬŝůďĂŚƌĂŵŝ�ͮ�hŶŝǀĞƌƐŝƚǇ�
ŽĨ�<ĂŶƐĂƐ

/ŶƚƌŽĚƵĐƚŝŽŶƐ�Θ�ZĞĨůĞĐƚŝŽŶƐ�
^Ăŵ�dĂǇůŽƌ�ͮ��ŶĞƌŐǇ�Θ�ZĞƐŽƵƌĐĞ��ĨĨŝĐŝĞŶĐǇ
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ
/��������ŶŶĞǆ�ϳϰ͗�/ŶƚĞƌŶĂƚŝŽŶĂů�/ŶĨŽƌŵĂƚŝŽŶͲ
^ŚĂƌŝŶŐ�WůĂƚĨŽƌŵ�ĨŽƌ��ƵŝůĚŝŶŐ��ŽŵƉĞƚŝƚŝŽŶƐ�
ĂŶĚ�>ŝǀŝŶŐ�>ĂďƐ
,ŽůůǇ��Ăƌƌ�ͮ�h^��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƌŐǇ

ϭ͗ϰϱͲϮ͗ϭϱ

DĞƐƐĂŐĞ��ĞƐŝŐŶ�ĨŽƌ�ZĞƐŝĚĞŶƚŝĂů��ŶĞƌŐǇ�
&ĞĞĚďĂĐŬ
tĞŶĚĞůů�'ƌŝŶƚŽŶ�Θ�&ƌĞĚĞƌŝĐŬ�WĂŝŐĞ�ͮ�sŝƌŐŝŶŝĂ�
dĞĐŚ

hƐŝŶŐ�dƌƵƐƐ�ZĂĨƚŝŶŐ�ƚŽ��ƌĞĂƚĞ�^ĂĨĞƌ͕�DŽƌĞ�
�ĨĨŝĐŝĞŶƚ��ŽŶƐƚƌƵĐƚŝŽŶ�^ŝƚĞƐ
�ĂŶŝĞů�,ŝŶĚŵĂŶ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ

DĂƐƚĞƌ�WůĂŶŶŝŶŐ�Ă�WŚĂƐĞĚ�WĂƐƐŝǀĞ�,ŽƵƐĞ�
ZĞƚƌŽĨŝƚ
>ĂƵƌĂ��ůĂƵ�ͮ��ůƵWĂƚŚ��ĞƐŝŐŶ

'ƌĞĞŶ�^ŽĐŝĂů�^ĞƌǀŝĐĞƐ��ƵŝůĚŝŶŐƐ�ŝŶ�:ĂƉĂŶ͗�
�ŶŐĂŐŝŶŐ��ůŝĞŶƚƐ�ĂŶĚ�/ŶƐƉŝƌŝŶŐ�ƚŚĞ�
�ŽŵŵƵŶŝƚǇ
ZŝĐŚĂƌĚ��ƌƵŵĞ�ͮ��ŵĞƌŝĐĂŶ�WƵďůŝĐ�,ĞĂůƚŚ�
�ƐƐŽĐŝĂƚŝŽŶ

^ŽůĂƌ��ĞĐĂƚŚůŽŶ�ǁŝŶŶŝŶŐ�ĚĞƐŝŐŶ�ĞŶƚƌŝĞƐ�Ͳ�ŚŽǁ�
ƚŽ�ŐĞƚ�ƉƌŽũĞĐƚƐ�ďƵŝůƚ
WĂƵů��ƌŽǀĞůůĂ͕�DŝĐŚĂĞů�^ĐŚŵŝĚƚ͕�Θ�EŽĂŚ�
dŽǁŶƐĞŶĚ�ͮ�^hEz��^&

Ϯ͗ϭϱͲϮ͗ϰϱ

�ŶĞƌŐǇ��ĨĨŝĐŝĞŶĐǇ�ZĞďĂƚĞ�WƌŽŐƌĂŵƐ͗��Ŷ�
ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ŝŶǀĞƐƚŵĞŶƚ�ďĞŚĂǀŝŽƌƐ�ďǇ�
ŚŽŵĞŽǁŶĞƌƐ�
�ĞůƐŽ�^ĂŶƚŽƐ�Θ�<ƌŝƐƚĞŶ��ĞƚŝŶ�ͮ�/ŽǁĂ�^ƚĂƚĞ�
hŶŝǀĞƌƐŝƚǇ�Θ�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ

ZĞƐƵƌƌĞĐƚŝŶŐ�&ŝƌĞͲ�ĂŵĂŐĞĚ͕�'ůƵĞĚ�>ĂŵŝŶĂƚĞĚ�
�ĞĂŵƐ�ĨƌŽŵ��ĞǇŽŶĚ�ƚŚĞ�'ƌĂǀĞ͗���WŝůŽƚ�ĨŽƌ�
�ƚƚĂŝŶŝŶŐ�^ĞƌǀŝĐĞĂďŝůŝƚǇ�ZĞƋƵŝƌĞŵĞŶƚƐ
�ŽůĞ�DŽůůĞƌ�Θ��ƌŝĂŶ�<ƵŬĂǇ�ͮ��ƵƐŚŝŶŐ�dĞƌƌĞůů�Θ�
DŽŶƚĂŶĂ�dĞĐŚŶŽůŽŐŝĐĂů�hŶŝǀĞƌƐŝƚǇ

KŶ�ƚŚĞ�tĂǇ�ƚŽ��ĞƌŽ͗��ǆƉůŽƌŝŶŐ���WĂƚŚ�ƚŽ��ŽƐƚ�
�ĨĨŝĐŝĞŶƚ͕��ŶĞƌŐǇ��ĨĨŝĐŝĞŶƚ��ĨĨŽƌĚĂďůĞ�,ŽƵƐŝŶŐ
DŝŬĞ�^ƚĞĨĨĞŶ�ͮ�tĂůƐŚ��ŽŶƐƚƌƵĐƚŝŽŶ

WĞŶŶ�^ƚĂƚĞ�/ŶŝƚŝĂƚŝǀĞ�ĨŽƌ�ZĞƐŝůŝĞŶƚ�
�ŽŵŵƵŶŝƚŝĞƐ�;W^/Z�Ϳ͗�ƉŝůŽƚ�ƐƚƵĚǇ�ĨŽƌ�
ĐŽŵŵƵŶŝƚǇ�ĨůŽŽĚ�ƌĞƐŝůŝĞŶĐĞ
>ŝƐĂ��͘�/ƵůŽ�ͮ�WĞŶŶ�^ƚĂƚĞ�

�ŶǀĞůŽƉĞ�ĂŶĚ�^ǇƐƚĞŵƐ�^ǇŶĞƌŐǇ�ĨŽƌ�,ŝŐŚ�
WĞƌĨŽƌŵĂŶĐĞ͕��ĨĨŽƌĚĂďůĞ�,ŽƵƐŝŶŐ
DŝĐŚĂĞů�'ŝďƐŽŶ�Θ�WĂƵů�<Ăƌƌ�ͮ�<ĂŶƐĂƐ�^ƚĂƚĞ�
hŶŝǀĞƌƐŝƚǇ

ϯ͗ϬϬƉŵ�Ͳ�ϰ͗ϯϬƉŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ�&

,ĞĂůƚŚǇ�,ŽŵĞƐ�ͮ�Zŵ͘�ϮϬϯ tŽŽĚ�Θ��>d�ͮ�Zŵ͘�ϮϬϰ WĂƐƐŝǀĞ�,ŽƵƐĞ�ͮ�Zŵ͘�ϮϬϱ ϯ��WƌŝŶƚŝŶŐ�Θ�DŽĚƵůĂƌ�ͮ�Zŵ͘�Ϯϭϭ �ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞͬ�ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�Ϯϭϴ

ϯ͗ϬϬͲϯ͗ϯϬ

ZĞƐŝĚĞŶƚŝĂů�/ŶĚŽŽƌ��ŝƌ�YƵĂůŝƚǇ�hƉĚĂƚĞ�ʹ�
�ŽŶƚĂŵŝŶĂŶƚ��ǆƉŽƐƵƌĞƐ͕�^ƚĂŶĚĂƌĚƐ͕�Θ�
�ŽŶƚƌŽů�dĞĐŚŶŽůŽŐŝĞƐ
tŝůůŝĂŵ��ĂŚŶĨůĞƚŚ�ͮ�WĞŶŶ�^ƚĂƚĞ

dŚĞ��ƵƌǁĞůů��ĞŶƚĞƌ͗�����>d��ŽŶƐƚƌƵĐƚŝŽŶ��ĂƐĞ�
^ƚƵĚǇ�ŽŶ�ƚŚĞ��ĂŵƉƵƐ�ŽĨ�dŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
�ĞŶǀĞƌ
�ƌŝĐ�,Žůƚ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞŶǀĞƌ

W,&��WĂƐƐŝǀĞ�,ŽƵƐĞ��ĚĚŝƚŝŽŶ�ͮ�
dŚĞ��ĞƐŝŐŶ�ʹ�WƌŽĚƵĐƚ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ǆŝƐƚŝŶŐ�
DŽĚĞůŝŶŐ
�ĞŶĞĚŝĐƚ�,͘��ƵďďƐ͕�:ƌ͘�Θ�tĂĚĞ�ZŽŵďĞƌŐĞƌ�ͮ�
DƵƌƌĂǇ��ƐƐŽĐŝĂƚĞƐ��ƌĐŚŝƚĞĐƚƐ�Θ�WĞŶŶƐǇůǀĂŶŝĂ�
,ŽƵƐŝŶŐ�&ŝŶĂŶĐĞ��ŐĞŶĐǇ

dŚĞ�WŽƚĞŶƚŝĂů�ŽĨ��ĚĚŝƚŝǀĞ�DĂŶƵĨĂĐƚƵƌĞĚ�
,ŽƵƐŝŶŐ
:ŽĞ��ŽůŝƐƚƌĂ�Θ�WĂŽůĂ�^ĂŶŐƵŝŶĞƚƚŝ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
<ĂŶƐĂƐ

�ƵŝůĚŝŶŐ�^ĐŝĞŶĐĞ��ĚƵĐĂƚŝŽŶ�WĂŶĞů��ŝƐĐƵƐƐŝŽŶ
DŽĚĞƌĂƚŽƌ͗�^Ăŵ�dĂǇůŽƌ�ͮ��ŶĞƌŐǇ�Θ�ZĞƐŽƵƌĐĞ�

�ĨĨŝĐŝĞŶĐǇ
WĂŶĞůŝƐƚƐ͗�,ŽůůǇ��Ăƌƌ�ͮ�h^��ĞƉĂƌƚŵĞŶƚ�ŽĨ�

�ŶĞƌŐǇ
�ŚƌŝƐƐŝ��ŶƚŽŶŽƉŽƵůŽƵƐ�ͮ�WĂĐŝĨŝĐ�EŽƌƚŚǁĞƐƚ�

EĂƚŝŽŶĂů�>ĂďŽƌĂƚŽƌǇ
WĂƚ�,ƵĞůŵĂŶ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ

'ĞŽƌŐ�ZĞŝĐŚĂƌĚ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ

ϯ͗ϯϬͲϰ͗ϬϬ

ZĞƐŝĚĞŶƚŝĂů�/ŶĚŽŽƌ��ŝƌ�YƵĂůŝƚǇ��ƐƐĞƐƐŵĞŶƚ͗�
�Ŷ��ǀĂůƵĂƚŝŽŶ�ŽĨ�ƚŚĞ��Ƶŝůƚ��ŶǀŝƌŽŶŵĞŶƚ�ĂŶĚ�
YƵĂůŝƚǇ�ŽĨ�>ŝĨĞ�ŝŶ��ŽŵŵƵŶŝƚŝĞƐ
:ĞƐƐŝĐĂ�sĂĚĞŶ�Θ�DĞůŝƐƐĂ��ŝůĞĐ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
WŝƚƚƐďƵƌŐŚ

DĂƐƐ��ƵƐƚŽŵŝǌĞĚ��ƌŽƐƐͲ>ĂŵŝŶĂƚĞĚ�dŝŵďĞƌ�
�ůĞŵĞŶƚƐ�ĨŽƌ�ZĞƐŝĚĞŶƚŝĂů��ŽŶƐƚƌƵĐƚŝŽŶ�
�ĂŶŝĞů�,ŝŶĚŵĂŶ�Θ��ůŝ�DĞŵĂƌŝ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ�
Θ�WĞŶŶ�^ƚĂƚĞ

W,&��WĂƐƐŝǀĞ�,ŽƵƐĞ��ĚĚŝƚŝŽŶ�ͮ�
dŚĞ��ŽĐƵŵĞŶƚĂƚŝŽŶ�ʹ�͞dŚĞ��Ğǀŝů�ŝƐ�ŝŶ�ƚŚĞ�
�ĞƚĂŝůƐ͟
�ĞŶĞĚŝĐƚ�,͘��ƵďďƐ͕�:ƌ͘�Θ�tĂĚĞ�ZŽŵďĞƌŐĞƌ�ͮ�
DƵƌƌĂǇ��ƐƐŽĐŝĂƚĞƐ��ƌĐŚŝƚĞĐƚƐ�Θ�WĞŶŶƐǇůǀĂŶŝĂ�
,ŽƵƐŝŶŐ�&ŝŶĂŶĐĞ��ŐĞŶĐǇ

DĂƌŬĞƚ��ƌŝǀĞŶ��ŽůůĂďŽƌĂƚŝŽŶ�Θ�/ŶŶŽǀĂƚŝŽŶ�ŝŶ�
DŽĚƵůĂƌ��ŽŶƐƚƌƵĐƚŝŽŶ
&ƌĂŶŬ�zĂŶŐ�ͮ���>�sĞŶƚƵƌĞƐ

ϰ͗ϬϬͲϰ͗ϯϬ

�ĂƌƌŝĞƌƐ�ŝŶ�/ŵƉůĞŵĞŶƚŝŶŐ�DĂƚĞƌŝĂů�
dƌĂŶƐƉĂƌĞŶĐǇ�ŝŶ�>���Π�ǀϰ͘Ϭ�ƉƌŽũĞĐƚƐ
^ƵƐĂŶ�dŚŽŵĂƐ�Θ�WĂƵů��ƌŽǀĞůůĂ�ͮ�^hEz��^&

^ŚĂŬĞ�dĂďůĞ�dĞƐƚŝŶŐ�ŽĨ�Ă�ϭϬͲƐƚŽƌǇ�DĂƐƐ�
dŝŵďĞƌ��ƵŝůĚŝŶŐ�ǁŝƚŚ�EŽŶƐƚƌƵĐƚƵƌĂů�
�ŽŵƉŽŶĞŶƚƐ
<Ğƌŝ�ZǇĂŶ͕�^ŚŝůŝŶŐ�WĞŝ͕�Θ�dĂƌĂ�,ƵƚĐŚŝŶƐŽŶ�ͮ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ�ZĞŶŽ͕��ŽůŽƌĂĚŽ�^ĐŚŽŽů�ŽĨ�
DŝŶĞƐ͕�Θ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ

W,&��WĂƐƐŝǀĞ�,ŽƵƐĞ��ĚĚŝƚŝŽŶ�ͮ��
dŚĞ��ƵŝůĚ�ʹ��ŽŶƚƌĂĐƚŽƌ�^ĞůĞĐƚŝŽŶ͕�^ĞƋƵĞŶĐŝŶŐ�
ĂŶĚ��ŽůůĂďŽƌĂƚŝŽŶ
�ĞŶĞĚŝĐƚ�,͘��ƵďďƐ͕�:ƌ͘�Θ�tĂĚĞ�ZŽŵďĞƌŐĞƌ�ͮ�
DƵƌƌĂǇ��ƐƐŽĐŝĂƚĞƐ��ƌĐŚŝƚĞĐƚƐ�Θ�WĞŶŶƐǇůǀĂŶŝĂ�
,ŽƵƐŝŶŐ�&ŝŶĂŶĐĞ��ŐĞŶĐǇ

d��

ϲ͗ϯϬƉŵ�Ͳ�͍ Z�>�y�Θ�hEt/E���KtEdKtE�ͮ�^WKE^KZ����z�d,��'>K��>��h/>�/E'�E�dtKZ<

vii



&Z/��z͕�D�Z�,�ϲ
ϴ͗ϯϬĂŵ�Ͳ�ϭϬ͗ϬϬĂŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ�'

�ĨĨŽƌĚĂďůĞ�,ŽƵƐŝŶŐ�ͮ�Zŵ͘�ϮϬϯ �ƵŝůĚŝŶŐ��ŶǀĞůŽƉĞ�ͮ�Zŵ͘�ϮϬϰ WĂƐƐŝǀĞ�,ŽƵƐĞ�н��ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�ϮϬϱ �ŶĞƌŐǇ�hƐĂŐĞ�ͮ�Zŵ͘�Ϯϭϴ

ϴ͗ϯϬͲϵ͗ϬϬ

�ǀĂůƵĂƚŝŶŐ�/ŶĐůƵƐŝŽŶĂƌǇ��ŽŶŝŶŐ�ŝŶ��ĞŶƚƌĞ�
�ŽƵŶƚǇ͕�W��ĂƐ�Ă�dŽŽů�ƚŽ�/ŶĐƌĞĂƐĞ�ƚŚĞ�^ƵƉƉůǇ�ŽĨ�
�ĨĨŽƌĚĂďůĞ�,ŽƵƐŝŶŐ�^ƚŽĐŬ�ĂŶĚ�ƚŽ�DŝƚŝŐĂƚĞ�
,ŽƵƐŝŶŐ�^ĞŐƌĞŐĂƚŝŽŶ
ZĂĐŚĞů�&ĂǁĐĞƚƚ�ͮ�WĞŶŶ�^ƚĂƚĞ

^ƚƵĐĐŽ�ʹ�ƚŚĞ�KŶĐĞ�ĂŶĚ�&ƵƚƵƌĞ��ůĂĚĚŝŶŐ͗�
�ĞƐŝŐŶ�KƉƚŝŽŶƐ�ƚŽ�DĞĞƚ�/ŶĚƵƐƚƌǇ��ŽĚĞƐ�ĂŶĚ�
^ƚĂŶĚĂƌĚƐ
dŚĞƌĞƐĂ�tĞƐƚŽŶ�ͮ��ƵWŽŶƚ�WĞƌĨŽƌŵĂŶĐĞ�
�ƵŝůĚŝŶŐ�^ǇƐƚĞŵƐ WĂŶĞů��ŝƐĐƵƐƐŝŽŶ�Θ�DŽĚĞƌĂƚĞĚ�&ŽƌƵŵ ͗

WĂƐƐŝǀĞ�,ŽƵƐĞ�Θ�ƚŚĞ�EĞǆƵƐ�ďĞƚǁĞĞŶ�
�ĐĂĚĞŵŝĂ͕�WƌĂĐƚŝĐĞ͕��ŽŶƐƚƌƵĐƚŝŽŶ͕�ĂŶĚ�
ZĞƐĞĂƌĐŚ

DŽĚĞƌĂƚŽƌ ͗�tĂůƚĞƌ�'ƌŽŶĚǌŝŬ�ͮW,/h^�Θ��Ăůů�
^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ
WĂŶĞůŝƐƚƐ ͗�
>ĂƵƌĂ��ůĂƵ�ͮ��ůƵWĂƚŚ
dŝŵ�DĐ�ŽŶĂůĚ�ͮ�KŶŝŽŶ�&ůĂƚƐ
DĂƌǇ�ZŽŐĞƌŽ�ͮ�DŝĂŵŝ�hŶŝǀĞƌƐŝƚǇ
DŝŬĞ�^ƚĞĨĨĞŶ�ͮ�tĂůƐŚ��ŽŶƐƚƌƵĐƚŝŽŶ

�ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ�dǇƉŝĐĂů�KĐĐƵƉĂŶĐǇ�
^ĐŚĞĚƵůĞƐ�ĨŽƌ�ZĞƐŝĚĞŶƚŝĂů��ƵŝůĚŝŶŐƐ�ŝŶ�ƚŚĞ�
hŶŝƚĞĚ�^ƚĂƚĞƐ
�ĞďƌƵĚƌĂ�DŝƚƌĂ͕�EŝĐŚŽůĂƐ�^ƚĞŝŶŵĞƚǌ͕�zŝǇŝ��ŚƵ͕�
Θ�<ƌŝƐƚĞŶ��ĞƚŝŶ�ͮ�/ŽǁĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ�Θ�
DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ

ϵ͗ϬϬͲϵ͗ϯϬ

dŚĞ��ŚĂůůĞŶŐĞƐ�ŽĨ��ƌĞĂƚŝŶŐ�ZĞƐŝůŝĞŶƚ�,ŽƵƐŝŶŐ�
Ăƚ��ĨĨŽƌĚĂďůĞ��ŽƐƚ�ʹ���͞>ĞƐƐŽŶƐ�>ĞĂƌŶĞĚ͟�
ZĞƉŽƌƚ�ŽŶ�dŚĞ�&ŝĞůĚ�ŽĨ��ƌĞĂŵƐ�
�ĐŽ�ŽŵŵƵŶŝƚǇ
:ƂƌŐ�ZƺŐĞŵĞƌ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�hƚĂŚ

WĞƌĨŽƌŵĂŶĐĞ�ŽĨ�W�DƐ�ŝŶ��ŝĨĨĞƌĞŶƚ��ƵŝůĚŝŶŐ�
�ŶǀĞůŽƉĞ��ŽŶĨŝŐƵƌĂƚŝŽŶƐ͕��ůŝŵĂƚĞ��ŽŶĞƐ�ĂŶĚ�
�ƵŝůĚŝŶŐ�KƉĞƌĂƚŝŶŐ�^ĐĞŶĂƌŝŽƐ�
,ǇĞũŽŽ�<ŽŚ�Θ�&ŝƚƐƵŵ�dĂƌŝŬƵ�ͮ��ƌŝƚŝƐŚ��ŽůƵŵďŝĂ�
/ŶƐƚŝƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ

�Ŷ��ǀĂůƵĂƚŝŽŶ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶĞƌŐǇ�hƐĂŐĞ�
�ŽŵƉĂƌŝŶŐ�,ŽŵĞƐ�tŝƚŚ�ĂŶĚ�tŝƚŚŽƵƚ��ƵŝůĚŝŶŐ�
�ŽĚĞ��ŶĨŽƌĐĞŵĞŶƚ
�ĞŶ��ŝŐĞůŽǁ�Θ�DĞůŝŶĂ��ĞĚŝůůŽ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
KŬůĂŚŽŵĂ�Θ�,ŽůĚĞƌ��ŽŶƐƚƌƵĐƚŝŽŶ

ϵ͗ϯϬͲϭϬ͗ϬϬ

/ŶƚĞŐƌĂƚŝŶŐ�&ůĞǆŝďůĞ�,ƵŵĂŶͲ�ĐƚŝǀŝƚǇ�ŝŶ�
DŽĚƵůĂƌ�^ƉĂĐĞ��ĞƐŝŐŶ�ĨŽƌ��ĨĨŽƌĚĂďůĞ�DĂƐƐ�
,ŽƵƐŝŶŐ�ŝŶ��ƐŝĂ
�ƚƵů��ŝůƚŽƌŝĂ�Θ�hƚƚĂŵ�ZŽǇ�ͮ�/ŶĚŝĂŶ�/ŶƐƚŝƚƵƚĞ�ŽĨ�
dĞĐŚŶŽůŽŐǇ�ZŽŽƌŬĞĞ

dŚĞ�/ŶƚĞƌĨĂĐĞ�
�ĚĂŵ�hŐůŝƵǌǌĂ�ͮ�/ŶƚĞƌƚĞŬ

dŚĞ�,ŽŵĞ�ĂƐ�Ă��ŽŶĐƌĞƚĞ��ǆĂŵƉůĞ�ĨŽƌ��ŶĞƌŐǇ�
�ĚƵĐĂƚŝŽŶ
&ƌĞĚĞƌŝĐŬ�WĂŝŐĞ�ͮ�sŝƌŐŝŶŝĂ�dĞĐŚ

ϭϬ͗ϭϱĂŵ�Ͳ�ϭϭ͗ϰϱĂŵ� �ŽŶĨĞƌĞŶĐĞ�^ĞƐƐŝŽŶƐ�,

�ŝƐĂƐƚĞƌͲZĞƐŝůŝĞŶƚ��ĞƐŝŐŶ�ͮ�Zŵ͘�ϮϬϯ ϯ��WƌŝŶƚŝŶŐ�ŽŶ�DĂƌƐ�ͮ�Zŵ͘�ϮϬϰ >ŽĐĂů��ŽŵŵƵŶŝƚŝĞƐ�н��ĚƵĐĂƚŝŽŶ�ͮ�Zŵ͘�ϮϬϱ ,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ�,ŽƵƐŝŶŐ�ͮ�Zŵ͘�Ϯϭϴ

ϭϬ͗ϭϱͲϭϬ͗ϰϱ

tŝŶĚ�WƌĞƐƐƵƌĞ��ŝƐƚƌŝďƵƚŝŽŶ�ŽŶ�^ŝŶŐůĞͲ^ƚŽƌǇ�
ĂŶĚ�dǁŽͲ^ƚŽƌǇ��ůĞǀĂƚĞĚ�^ƚƌƵĐƚƵƌĞƐ
EŽƵƌŚĂŶ��ďĚĞůĨĂƚĂŚ͕��ŵĂů��ůĂǁĂĚǇ͕�WĞƚĞƌ�
/ƌǁŝŶ͕�Θ��ƌŝŶĚĂŵ��ŚŽǁĚŚƵƌǇ�ͮ�&ůŽƌŝĚĂ�
/ŶƚĞƌŶĂƚŝŽŶĂů�hŶŝǀĞƌƐŝƚǇ�

�Ŷ�KǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ��ǆĞĐƵƚŝŽŶ�ŽĨ�ϯ�ͲWƌŝŶƚĞĚ�
^ƵďƐĐĂůĞ�,ĂďŝƚĂƚ�ŽŶ�DĂƌƐ͗����ĂƐĞ�^ƚƵĚǇ�ƚŽ�
�ǆĞŵƉůŝĨǇ�ƚŚĞ��ƵƚŽŵĂƚĞĚ��ŽŶƐƚƌƵĐƚŝŽŶ�
WƌŽĐĞƐƐ
^ŚĂĚŝ�EĂǌĂƌŝĂŶ͕�:ŽƐĞ��ƵĂƌƚĞ͕�^ǀĞŶ��ŝůĠŶ͕��ůŝ�
DĞŵĂƌŝ͕�EĂǀĞĞŶ�<ƵŵĂƌ�DƵƚŚƵŵĂŶŝĐŬĂŵ͕�
EĂƚŚĂŶ��͘�tĂƚƐŽŶ͕��ůĞŬƐĂŶĚƌĂ�ZĂĚůŝŶƐŬĂ͕�
EĞŐĂƌ��ƐŚƌĂĨŝ͕�Θ�DĂƌǇĂŵ�,ŽũĂƚŝ�ͮ�WĞŶŶ�^ƚĂƚĞ�
Θ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ

WĂŶĞů��ŝƐĐƵƐƐŝŽŶ�Θ�DŽĚĞƌĂƚĞĚ�&ŽƌƵŵ ͗�
�ŽŵŵƵŶŝƚǇͲhŶŝǀĞƌƐŝƚǇ�WĂƌƚŶĞƌƐŚŝƉƐ�ĨŽƌ�,ŝŐŚ�
WĞƌĨŽƌŵĂŶĐĞ�,ŽŵĞƐ

DŽĚĞƌĂƚŽƌ ͗��ƌ͘�DĞŐŚĂŶ�,ŽƐŬŝŶƐ�ͮ�WĞŶŶ�^ƚĂƚĞ
WĂŶĞůŝƐƚƐ ͗
/ůŽŶĂ��ĂůůƌĞŝĐŚ�ͮ�WĞŶŶ�^ƚĂƚĞ
:ĂƐŵŝŶĞ�&ŝĞůĚƐ�ͮ�^ƚĂƚĞ��ŽůůĞŐĞ��ŽƌŽƵŐŚ
>ŝƐĂ��͘�/ƵůŽ�ͮ�WĞŶŶ�^ƚĂƚĞ
^ĂƌĂŚ�<ůŝŶĞƚŽď�>ŽǁĞ�ͮ�WĞŶŶ�^ƚĂƚĞ
�ŽůůĞĞŶ�ZŝƚƚĞƌ�ͮ�^ƚĂƚĞ��ŽůůĞŐĞ��ŽŵŵƵŶŝƚǇ�>ĂŶĚ�
dƌƵƐƚ�
DĂƵƌĞĞŶ�^ĂĨŬŽ�ͮ�^ƚĂƚĞ��ŽůůĞŐĞ��ŽƌŽƵŐŚ
�ůĂŶ�^Ăŵ�ͮ�^ƚĂƚĞ��ŽůůĞŐĞ��ŽƌŽƵŐŚ

DĂŶĂŐŝŶŐ��ƵŝůĚŝŶŐ�WƌĞƐƐƵƌĞ��ŝĨĨĞƌĞŶƚŝĂůƐ�ŝŶ�
,ŝŐŚͲWĞƌĨŽƌŵĂŶĐĞ͕�>ŽǁͲ>ŽĂĚ�,ŽŵĞƐ
WĂƚ�,ƵĞůŵĂŶ�Θ�DĂƌŝůŽƵ��ŚĞƉůĞ�ͮ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
DŝŶŶĞƐŽƚĂ

ϭϬ͗ϰϱͲϭϭ͗ϭϱ

�ŽŶĐĞƉƚƵĂů�'ĞŽŵĞƚƌŝĐ��ĞƐŝŐŶ�ĨŽƌ�h͘^͘��ŽĂƐƚĂů�
,ŽŵĞƐ�ƚŽ�ZĞƐŝƐƚ�,ƵƌƌŝĐĂŶĞ�^ƵƌŐĞ�&ŽƌĐĞƐ
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'HHS�5HQRYDWLRQ�RI�WKH�(XURSHDQ�EXLOGLQJ�VWRFN�
DGRSWLQJ�3OXJ�DQG�3OD\�VROXWLRQV�

(� 3LDLD���%��7XULOOD]]L���5��'L�*LXOLR���*��%L]]DUL���/��)HUUDUL���6��%UXQRUR�

3URIHVVRU��'HSDUWPHQW� RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�)HUUDUD��9LD�GHOOD�*KLDUD�����
)HUUDUD��,WDO\��������������������������HPDQXHOH�SLDLD#XQLIH�LW�
�3URIHVVRU��'HSDUWPHQW�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�%RORJQD��9LD�GHO�5LVRUJLPHQWR�
���%RORJQD��,WDO\��������������������������EHDWULFH�WXULOOD]]L#XQLER�LW�
�3URIHVVRU��'HSDUWPHQW�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�)HUUDUD��9LD�GHOOD�*KLDUD�����
)HUUDUD��,WDO\��������������������������UREHUWR�GLJLXOLR#XQLIH�LW�
�3UHVLGHQW��%HFTXHUHO�(OHFWULF��9LD�(PLOLD�6DQ�3LHWUR����5HJJLR�(PLOLD��,WDO\���������
�����������������J�EL]]DUUL#EHFTXHUHO�LW
�(QJLQHHU��%HFTXHUHO�(OHFWULF�6�S�D���9LD�(PLOLD�6DQ�3LHWUR����5HJJLR�(PLOLD��,WDO\��
������������������������O�IHUUDUL#EHFTXHUHO�LW�
�3URIHVVRU��'HSDUWPHQW�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�)HUUDUD��9LD�GHOOD�*KLDUD�����
)HUUDUD��,WDO\��������������������������VLOYLD�EUXQRUR#XQLIH�LW�

$%675$&7�
7KH�(XURSHDQ��(8��(QHUJ\�5RDGPDS������LPSRVH�WR�UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQ�
WR��������EHORZ������OHYHOV�E\�������0RUHRYHU�WKH�±�(8�&OLPDWH�	�(QHUJ\�SDFNDJH�
LQWURGXFHG� �� PDLQ� WDUJHWV� WR� DFKLHYH� IRU� \HDU� ������ ���� FXW� LQ� JUHHQKRXVH� JDV�
HPLVVLRQV��IURP������OHYHOV�������RI�(8�HQHUJ\�IURP�UHQHZDEOHV������LPSURYHPHQW�
LQ�HQHUJ\�HIILFLHQF\��,Q�WKLV�VFHQDULR��WKH�EXLOGLQJ�VHFWRU�KDV�EHHQ�LGHQWLILHG�DV�RQH�RI�
WKH�NH\�VHFWRUV�LQ�FRQVLGHUDWLRQ�WR�WKH�IDFW�WKDW�EXLOGLQJV�FRXQW�IRU�����RI�WKH�(8¶V�
HQHUJ\�FRQVXPSWLRQ������RI�LWV�&2��HPLVVLRQV�DQG�����RI�LWV�HOHFWULFLW\�FRQVXPSWLRQ��
,Q�SDUWLFXODU������RI�WKH�H[LVWLQJ�EXLOGLQJ�VWRFN�LQ�(XURSH�ZDV�EXLOW�EHIRUH������DQG�
H[LVW�DQ�XUJHQW�QHHG�IRU�D�VLJQLILFDQW�LPSURYHPHQW�RI�HQHUJ\�HIILFLHQF\�WKURXJK�³GHHS�
UHQRYDWLRQ´��6R��WKH�PDLQ�WRGD\�SULRULWLHV�RI�WKH�(XURSHDQ�&RPPLVVLRQ�DUH�WR�VZLIWO\�
LPSURYH�HQHUJ\�HIILFLHQF\�DQG�GHFDUERQL]DWLRQ�RI�WKH�EXLOGLQJ�VHFWRU��'HHS�UHQRYDWLRQ�
LV� WKH� WHUP�FRLQHG�E\� WKH�(QHUJ\�(IILFLHQF\�'LUHFWLYH�RI� WKH�(XURSHDQ�&RPPXQLW\�
���������(8�� IRU� GHILQLQJ� HFRQRPLFDOO\� DGYDQWDJHRXV� EXLOGLQJ� UHQRYDWLRQ�
LQWHUYHQWLRQV�WKDW�PDNH�LW�SRVVLEOH�WR�UHGXFH�WKH�HQHUJ\�FRQVXPSWLRQ�RI�D�EXLOGLQJ�E\�
DW�OHDVW�����FRPSDUHG�WR�WKH�FRQGLWLRQ�SULRU�WR�WKH�UHIXUELVKPHQW��
7KH� SDSHU� LQWURGXFHV� WKH� LQQRYDWLYH� PHWKRGRORJ\� DQG� WHFKQLTXHV� IRU� WKH� ³GHHS�
UHQRYDWLRQ´� RI� WKH� (XURSHDQ� EXLOGLQJ� VWRFN� SURPRWHG� E\� WKH� 3�(1'85(� UHVHDUFK�
SURMHFW� IXQGHG� E\� WKH� (XURSHDQ� 8QLRQ¶V� +RUL]RQ� ����� UHVHDUFK� DQG� LQQRYDWLRQ�
SURJUDP�JUDQW�QXPEHU����������7KH�SURMHFW�JRDO�LV�WR�DSSO\�DQG�PRQLWRU��RQ�VSHFLILF�
GHPR�FDVHV��FRVW�HIIHFWLYHQHVV�DQG�HQHUJ\�HIILFLHQF\�UHQRYDWLQJ�VWUDWHJLHV�SURSRVLQJ�
3OXJ�DQG�3OD\�VROXWLRQV��7KH�SUHIDE�3Q3�WHFKQRORJLHV�SURSRVHG�UHJDUGV�EXLOGLQJ�DQG�
+HDWLQJ� 9HQWLODWLRQ� $LU� &RQGLWLRQ� FRPSRQHQWV� DQG� DUH� VXSSRUWHG� E\� %XLOGLQJ�
,QIRUPDWLRQ�0RGHOOLQJ��%,0��WR�RYHUFRPH�WKH�PDLQ�EDUULHUV�RI�GHHS�UHQRYDWLRQ�LQVLGH�
WKH�EXLOGLQJ�SURFHVV��7KH�SDSHU�SUHVHQWV��WKH�3�(1'85(�FRQFHSWV��WKH�3Q3�VROXWLRQV�
XVHG�IRU�WKH�GHHS�UHQRYDWLRQ��WKH�PDLQ�WRROV�DGRSWHG�LQVLGH�WKH��0�SURFHVV�LQ�RUGHU�WR�
DVVHVV�WKH�EXLOGLQJ�FRQGLWLRQ�EHIRUH��GXULQJ�DQG�DIWHU�WKH�UHQRYDWLRQ��WKH�GHPRQVWUDWLRQ�
FDVHV�DQG�ILQDOO\�WKH�PHWKRGRORJ\�WR�DVVHVV�WKH�HQHUJ\�VDYLQJ�WDUJHW��
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,1752'8&7,21�
7KH���WK�RI�1RYHPEHU������ WKH�(XURSHDQ�&RPPLVVLRQ��(&��SUHVHQWHG� LWV�VWUDWHJLF�
ORQJ�WHUP�YLVLRQ�IRU�D�SURVSHURXV��PRGHUQ��FRPSHWLWLYH�DQG�FOLPDWH�QHXWUDO�HFRQRP\�
E\�������7KH�(QHUJ\�5RDGPDS��������7KH�FRPPLWPHQW�LV�WR�UHGXFH�JUHHQKRXVH�JDV�
HPLVVLRQ�WR��������EHORZ������OHYHOV�E\�������2QH�RI�WKH�SULRULWLHV�WR�PHHW�ORQJ�WHUP�
FOLPDWH�DQG�HQHUJ\�WDUJHWV�LV�WR�VZLIWO\�LPSURYH�HQHUJ\�HIILFLHQF\�DQG�GHFDUERQL]DWLRQ�
RI�WKH�H[LVWLQJ�EXLOGLQJV�VWRFN���
7KLV�FKDOOHQJH�IROORZV�WKH�SUHYLRXV������±�(XURSHDQ��(8��&OLPDWH�	�(QHUJ\�SDFNDJH�
ZKLFK� LV�D� VHW�RI�ELQGLQJ� OHJLVODWLRQ� WR�HQVXUH� WKH�(8�PHHWV� LWV� FOLPDWH�DQG�HQHUJ\�
WDUJHWV� IRU� \HDU� ������ 7KH� SDFNDJH� KDV� EHHQ� VHWV� WKUHH� NH\� WDUJHWV�� L�� ���� FXW� LQ�
JUHHQKRXVH�JDV�HPLVVLRQV��IURP������OHYHOV���LL������RI�(8�HQHUJ\�IURP�UHQHZDEOHV��
LLL������LPSURYHPHQW� LQ�HQHUJ\�HIILFLHQF\�� ,Q� WKLV� VFHQDULR�� WKH�EXLOGLQJ�VHFWRU�KDV�
EHHQ�LGHQWLILHG�DV�RQH�RI�WKH�NH\�VHFWRUV�WR�DFKLHYH�WKH�³���������WDUJHWV´�RI�WKH�(8�
DQG�WR�PHHW�³7KH�(QHUJ\�5RDGPDS�����´�LQ�FRQVLGHUDWLRQ�WR�WKH�IDFW�WKDW�EXLOGLQJV�
FRXQW�IRU�����RI�WKH�(8¶V�HQHUJ\�FRQVXPSWLRQ������RI�LWV�&2��HPLVVLRQV�DQG�����RI�
LWV�HOHFWULFLW\�FRQVXPSWLRQ��0RUHRYHU������RI� WKH�H[LVWLQJ�EXLOGLQJ�VWRFN�LQ�(XURSH�
ZDV�EXLOW�EHIRUH������DQG�H[LVW�DQ�XUJHQW�QHHG�IRU�D�VLJQLILFDQW�LPSURYHPHQW�RI�HQHUJ\�
HIILFLHQF\�WKURXJK�³GHHS�UHQRYDWLRQ´��
,Q�RUGHU�WR�PHHW�WKHVH�JRDOV��WKH�(8�KDV�DGRSWHG�LQ�WKH�ODVW�\HDUV�VSHFLILF�HQHUJ\�VDYLQJ�
SROLFLHV�DQG�GLUHFWLYHV�� ,Q� WKH������ WKH�(8� LVVXHG� WKH�'LUHFWLYH���������(&�RQ� WKH�
HQHUJ\�SHUIRUPDQFH�RI�EXLOGLQJV��,Q�FRPSDULVRQ�WR�WKH�SUHYLRXV�SROLFLHV��WKLV�'LUHFWLYH�
LQWURGXFHG� DGGLWLRQDO� LPSRUWDQW� WRSLFV� VXFK� DV�� WKH� QHHG� WR� DGRSW� D� FDOFXODWLRQ�
PHWKRGRORJ\�RQ�WKH�EXLOGLQJ�HQHUJ\�SHUIRUPDQFH��WKH�GHILQLWLRQ�RI�PLQLPXP�HQHUJ\�
UHTXLUHPHQWV�� WKH� DGRSWLRQ� RI� VSHFLILF� HQHUJ\� SHUIRUPDQFH� PHDVXUHV� IRU� QHZ� DQG�
H[LVWLQJ� EXLOGLQJV�� 5HFHQWO\�� WZR� RWKHU� LPSRUWDQW� 'LUHFWLYHV� KDYH� FRPSOHWHG� WKH�
UHIHUHQFH� IUDPHZRUN� DW� (XURSHDQ� OHYHO�� 7KH� 'LUHFWLYH� ��������(8� RQ� WKH� HQHUJ\�
SHUIRUPDQFH�RI�EXLOGLQJV��(3%'��DQG�WKH�'LUHFWLYH���������(8�RQ�HQHUJ\�HIILFLHQF\��
ZKLFK�FXUUHQWO\� FRQVWLWXWH� WKH�PDLQ�(XURSHDQ� UHJXODWLRQV�RQ� WKH� VXEMHFW� �(8�������
�������$PRQJ�WKH�PRVW�QRYHO�HOHPHQWV�SUHVHQWHG�E\�WKH�QHZ�'LUHFWLYHV�WKHUH�DUH�WZR�
LPSRUWDQW�QRWLRQV��7KH�ILUVW�FRQFHUQV�WKH�FRQFHSW�RI�³QHDUO\�=HUR�(QHUJ\�%XLOGLQJV´�
�Q=(%V���ZKLFK�HPSKDVL]HV�WKH�QHHG�WR�UHGXFH�HQHUJ\�GHPDQG�WR�PLQLPXP�VWDQGDUGV�
DQG� XVH� UHQHZDEOH� HQHUJ\� WR� PHHW� WKH� UHPDLQLQJ� GHPDQG�� 7KH� VHFRQG� LV� WKH�
LQWURGXFWLRQ�RI�WKH��'HHS�UHQRYDWLRQ��FRQFHSW�ZKLFK�PHDQV�WKH�LPSRUWDQW�UHVWUXFWXULQJ�
RI�WKH�H[LVWLQJ�EXLOGLQJ�VWRFN�DV�DQ�HQHUJ\�VDYLQJ�VWUDWHJ\��+RZHYHU��WKH�GLUHFWLYH�GRHV�
QRW�VXJJHVW�DQ\�VSHFLILF�GHILQLWLRQ�DQG�WUDQVIHUV�WKH�WDVN�RI�GHILQLQJ�D�VSHFLILFDWLRQ�WR�
WKH�0HPEHU� 6WDWHV�� ,Q� WKLV� FRQWULEXWLRQ� DQ� LPSRUWDQW� UHVWUXFWXULQJ� LV� LQWHQGHG� DV� D�
UHGHYHORSPHQW� FDSDEOH� RI� OHDGLQJ� WR� DQ� HIIHFWLYH� DQG� KLJK� UHGXFWLRQ� RI� HQHUJ\�
FRQVXPSWLRQ��LQ�UHODWLRQ�WR�WKH�SUH�LQWHUYHQWLRQ�VWDWXV��IRU�D�PLQLPXP�OHYHO�RI������
7KH�GHHS�UHQRYDWLRQ�DOVR�LPSOLHV�D�FRQWH[WXDO�LPSURYHPHQW�RI�WKH�EXLOGLQJ�FRPIRUW��
KHDOWKLQHVV��VDIHW\�DQG�XVDELOLW\��
'HVSLWH�LQ�WKH�ODVW�\HDUV�VHYHUDO�EXLOGLQJ�WHFKQRORJLHV�KDV�FKDUDFWHUL]HG�DQG�LPSURYHG�
WKH�VHFWRU�RI�WKH�EXLOGLQJ�UHWURILW��WKH�EXLOGLQJ�GHHS�UHQRYDWLRQ�SURFHVV�LV�FKDUDFWHUL]HG�
E\�FRPSOHPHQWDU\�EDUULHUV��HFRQRPLF��KLJK�FRVWV��PLQLPXP�SXEOLF�FRQWULEXWLRQV�DQG�
UHWXUQ� RQ� LQYHVWPHQW� RQO\� LQ� WKH� ORQJ� WHUP��� SURFHGXUDO� �IUDJPHQWDWLRQ� RI� WKH�
SURGXFWLRQ� FKDLQ��� UHJXODWLRQV� �GLIIHUHQFHV� EHWZHHQ� QDWLRQDO� DQG� (XURSHDQ�
UHTXLUHPHQWV�DQG�JXLGHOLQHV��DQG�WHFKQLFDO��KLJK�FRPSOH[LW\�DQG�H[WUHPH�W\SRORJLFDO�
YDULHW\���$UWROD���������
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+����� 3�(1'85(� SURMHFW� �3OXJ�DQG�3OD\� SURGXFW� DQG� SURFHVV� LQQRYDWLRQ� IRU�
(QHUJ\�HIILFLHQW�EXLOGLQJ�GHHS�UHQRYDWLRQ���SUHVHQWHG�LQ�WKLV�SDSHU��GHPRQVWUDWH�WKDW�LV�
SRVVLEOH�WR�RYHUFRPH�WKHVH�EDUULHUV�DGRSWLQJ�3OXJ�DQG�3OD\��3Q3��VROXWLRQV�IRU�GHHS�
UHQRYDWLRQ�� 3Q3� VROXWLRQV� DUH� LQGXVWULDOL]HG� SUHIDE� DUFKLWHFWXUDO� DQG� 0(3�+9$&�
FRPSRQHQWV�ZKLFK�VLPSOLILHV�RQ�VLWH�DVVHPEO\��UHGXFLQJ�FRQVWUXFWLRQ�WLPH�DQG�FRVWV��
7KH�3�(1'85(�UHVHDUFK�SURMHFW�VWDUWHG�LQ�6HSWHPEHU������DQG�ZLOO�ILQLVK�LQ�$XJXVW�
������7KH�SURMHFW��ILQDQFHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�ZLWK���PLOOLRQV�RI�(XUR��(8�
3URJUDPPH� +�����((������33B*UDQW� $JUHHPHQW� Q��������� LQYROYH� D�
PXOWLGLVFLSOLQDU\� FRQVRUWLXP� FRPSRVHG� E\��� SDUWQHUV� FRRUGLQDWHG� E\� WKH� 'XWFK�
FRPSDQ\�'HPR�&RQVXOWDQWV�%�9��
�
3�(1'85(�&21&(37�
$�ODUJH�QXPEHU�RI�LQQRYDWLYH�WHFKQRORJLHV�DQG�WRROV�IRU�GHHS�UHQRYDWLRQ�KDYH�EHFRPH�
DYDLODEOH� LQ� WKH� ODVW� GHFDGH�� ,Q� WKLV� ILHOG��3�(QGXUH� LV�ZRUNLQJ� WR� UHVROYH� WKH�PDLQ�
EDUULHU�IRU�ZLGH�VFDOH�LPSOHPHQWDWLRQ�RI�LQQRYDWLYH�VROXWLRQV�FRQFHUQLQJ�WKH�DEVHQFH�
RI� VROLG� HPSLULFDO� HYLGHQFH� WKDW� VXFK� LQQRYDWLYH� VROXWLRQV� GHOLYHU� WKH� H[SHFWHG�
SHUIRUPDQFH��ERWK�HQHUJHWLFDOO\�DQG�ILQDQFLDOO\��7KH�SURMHFW�SURYLGHV�HYLGHQFH�EDVHG�
LQQRYDWLYH� VROXWLRQV� IRU� GHHS� UHQRYDWLRQ� WKDW� DUH� DSSOLFDEOH� DQG� UHSOLFDEOH� IRU� WKH�
ZLGHVW�UDQJH�RI�EXLOGLQJ�W\SRORJLHV���
3�(QGXUH�WDNHV�RQ�D�SURJUHVVLYH�SULQFLSOH���
-� WR�EXLOG�IXUWKHU�RQ�FUHGLEOH�VWDWH�RI�WKH�DUW�VROXWLRQV�RI��'�VFDQQLQJ�DQG�SULQWLQJ�

WHFKQRORJLHV�LQ�FRPELQDWLRQ�ZLWK�SUHIDE�UHQRYDWLRQ�V\VWHPV��
-� WR� GHYHORS�PRGXODU� SURFHVVHV� IRU� GHHS� UHQRYDWLRQ� WKURXJK� %,0�EDVHG� GHVLJQ��

HQJLQHHULQJ��SURGXFWLRQ�DQG�LQVWDOODWLRQ�IRU�VSHHGLQJ�XS�WKH�LPSOHPHQWDWLRQ�RI�WKH�
VWDWH�RI�WKH�DUW�VROXWLRQV��

-� WR� RSWLPL]H� DQG� LQWHJUDWH� WKH� VWDWH�RI�WKH�DUW� VROXWLRQV� JURXQGHG� LQ� SUDFWLFDO�
HYLGHQFH�RI�WKHLU�SHUIRUPDQFH�WKURXJK�UHDO�GHHS�UHQRYDWLRQ�FDVHV��

-� WR�SHUIRUP�UHDO�GHHS�UHQRYDWLRQ�SURMHFWV�DW�D�KLJKHU�FRPSOH[LW\�OHYHO�DQG�ZLWK�D�
ODUJHU� SHUIRUPDQFH� LPSDFW� WKDQ� W\SLFDO� UHVLGHQWLDO� EXLOGLQJV� WKURXJK�
WUDQVIRUPDWLRQ�RI�REVROHWH�SXEOLF�DQG�KLVWRULF�EXLOGLQJV���

7KLV�FKDOOHQJH�LV�SXUVXHG�E\�DFKLHYLQJ�ILYH�PDLQ�DLPV��
��� WR�RSWLPL]H�� LQWHJUDWH� DQG�YDOLGDWH� VWDWH�RI�WKH�DUW� SURWRW\SHV� DQG�FRPPHUFLDOO\�

DYDLODEOH�SDFNDJHV�RI�3Q3�SUHIDE�VROXWLRQV�IRU�GHHS�UHQRYDWLRQ���
��� WR�GHPRQVWUDWH�DQG�SURPRWH�LQQRYDWLYH�RQ�VLWH�SURFHVVHV�IRU�IDVW�GHHS�UHQRYDWLRQ�

SURMHFWV�ZLWK�ORZ�GLVWXUEDQFH�IRU�WKH�UHVLGHQWV��DQG�VLJQLILFDQWO\�LPSURYHG�,QGRRU�
(QYLURQPHQW�4XDOLW\��,(4��DIWHU�FRPSOHWLRQ��

��� WR�PHDVXUH��PRQLWRU�DQG�YDOLGDWH�3�(QGXUH�SURGXFW�DQG�SURFHVV�LQQRYDWLRQV�EDVHG�
RQ� OLYH� GHPRQVWUDWLRQ� SURMHFWV� RI� GHHS� UHQRYDWLRQ�� YLUWXDO� VLPXODWLRQ� DQG�
SURWRW\SLQJ��

��� WR�SURYLGH�VROLG�HPSLULFDO�HYLGHQFH�RI�WKH�SHUIRUPDQFH�DQG�TXDOLW\�RI�3�(QGXUH�
VROXWLRQV�ZKLOH�HQVXULQJ�WKHLU�VFDODELOLW\�DQG�UHSOLFDELOLW\�DW�GLVWULFW��FLW\��UHJLRQ��
FRXQWU\�DQG�(8�OHYHO��

��� WR�HQVXUH� WKH�PDUNHW�XSWDNH�DQG�XSVFDOLQJ�RI�3�(QGXUH� LQQRYDWLRQV�GXULQJ�DQG�
LPPHGLDWHO\� DIWHU� WKH� SURMHFW� E\� GLUHFWO\� LQYROYLQJ� µODXQFK� FXVWRPHUV¶�� YDOXH�
FKDLQ�DQG�GLVWULEXWLRQ�QHWZRUN�SDUWQHUV��DQG�RWKHU�VWDNHKROGHUV�DW�ORFDO��UHJLRQDO��
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DQG�(8�OHYHO���
7KH�LQQRYDWLYH�VROXWLRQV�IRU�GHHS�UHQRYDWLRQ�DUH�EDVHG�RQ�3Q3�SUHIDEULFDWHG�V\VWHPV��
FRPELQHG� ZLWK� LQQRYDWLYH� WHFKQRORJLHV� IRU� WKH� FRQWURO� DQG� LPSOHPHQWDWLRQ� RI� WKH�
LQWHUYHQWLRQ�� VXFK� DV� �'� SULQWLQJ�� DGYDQFHG� GLDJQRVWLF� WHFKQLTXHV� DQG� %XLOGLQJ�
,QIRUPDWLRQ� 0RGHOLQJ� �%,0��� 7KH� LQWHJUDWLRQ� RI� WKHVH� VROXWLRQV� WDNHV� SODFH� E\�
DGRSWLQJ�D�PHWKRGRORJ\��FDOOHG��0�SURFHVV��FRQVLVWLQJ�RI���PDLQ�VWHSV���
��� ³0DSSLQJ´�� 7KLV� VWHS� LV� GHGLFDWHG� WR� SHUIRUP� D� FRQGLWLRQ� DVVHVVPHQW� RI� WKH�

H[LVWLQJ�EXLOGLQJ��WR�PHDVXUH�WKH�HQHUJ\�FRQVXPSWLRQ�DV�ZHOO�DV�WKH�,(4�EHIRUH�
WKH�UHQRYDWLRQ��7KLV�VWHS�LQFOXGHV�WKH�XVH�RI��'�ODVHU�DQG�WKHUPDO�VFDQQLQJ�DQG�
RWKHU�WRROV��H�J��FRPIRUW�H\H��WR�IDFLOLWDWH�DQG�LPSURYH�WKH�DQDO\VLV��7KH�SXUSRVH�
RI� WKH�PDSSLQJ� LV� WR�GHYHORS�D�GHWDLOHG� WHFKQLFDO�SODQ�DQG�HFRQRPLF� IHDVLELOLW\�
UHSRUW�IRU�GHHS�UHQRYDWLRQ��DV�D�VWDUWLQJ�SRLQW�IRU�WKH�UHQRYDWLRQ�GHVLJQ��

��� ³0RGHOOLQJ´��7KLV�VWHS�LV�GHGLFDWHG�WR�FUHDWH��LI�QRW�H[LVW��WKH�$V�%XLOW�%,0�LQSXW�
IRU�%,0�EDVHG�UHQRYDWLRQ�GHVLJQLQJ�DQG�%XLOGLQJ�(QHUJ\�0RGHOOLQJ��%(0��IRU�
VLPXODWLQJ�WKH�SHUIRUPDQFH�RI�YLDEOH�UHQRYDWLRQ�PHDVXUHV��

��� ³0DNLQJ´��7KLV�VWHS�WDNHV�SODFH�ERWK�RII�VLWH�DQG�RQ�VLWH��%,0�LV�XVHG�IRU�SURGXFW�
HQJLQHHULQJ�DQG�LQ�VXSSRUW�RI�RII�VLWH�SUHIDEULFDWLRQ��,Q�FHUWDLQ�FDVHV��%,0�LV�XVHG�
IRU� RQ�VLWH� �'� SULQWLQJ� ZLWK� FROODERUDWLYH� URERWLFV�� 7KLV� VWHS� ZLOO� UHVXOW� LQ�
LPSURYHG�� WHVWHG� DQG� LPSOHPHQWHG� LQQRYDWLYH� 3Q3� WR� EH� LQVWDOOHG� HQVXULQJ� WKH�
3�(1'85(�JRDO�RI�����LQ�HQHUJ\�LPSURYHPHQW������LPSURYHPHQW�LQ�ILUVW�FRVW��
DQG�DQ�RYHUDOO�WLPH�UHGXFWLRQ�QHHGHG�IRU�FRPSOHWLQJ�D�GHHS�UHQRYDWLRQ���

��� ³0RQLWRULQJ´��,W� LV� WKH�ILQDO�VWHS�GHGLFDWH� WR�PHDVXUH�WKH�EXLOGLQJ�SHUIRUPDQFH��
7KLV�VWHS�LV�FRQWLQXLQJ�WKURXJKRXW�WKH�HQWLUH�OLIH�F\FOH�RI�WKH�EXLOGLQJ�PHDVXULQJ�
WKH�VWDWXV�RI�WKH�HQHUJ\�DQG�,(4�SHUIRUPDQFH�ZLWK�VHQVRUV�DQG�FRQWURO�LQVWUXPHQWV�
ZKRVH�GDWD��FRQQHFWHG�WR�WKH�%,0�PRGHO��DUH�FRPSDUHG�DQG�YHULILHG�ZLWK�WKRVH�
VLPXODWHG�LQ�WKH�GHVLJQ�SKDVH��

�
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�
�
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)LJXUH����6FKHPH�DQG�IORZ�RI�WKH��0�SURFHVV�DGRSWHG�E\�WKH�3�(1'85(�
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7KH� �0� SURFHVV� LV� GHVLJQHG� WR� DOORZ� IRU� VWDJHG� UHQRYDWLRQV�� 7KURXJK� WKH� LWHUDWLYH�
QDWXUH�RI�WKH��0�SURFHVV�±�WKH�ODVW�VWDJH�PRQLWRULQJ�GLUHFWO\�SURYLGHV�WKH�LQSXW�IRU�WKH�
ILUVW�VWDJH�PDSSLQJ�±�UHQRYDWLRQ�DFWLYLWLHV�FDQ�EH�VSUHDG�RXW�RYHU�D�ORQJHU�SHULRG�����
���\HDUV��DQG�D�FRQWLQXRXV�HQHUJHWLF�SHUIRUPDQFH�FDQ�EH�JXDUDQWHHG��
�
3�(1'85(�3/8*�	�3/$<�62/87,216�$1'�722/6��
0DLQ�VFRSH�RI�WKH�LQWURGXFHG�³'HHS�UHQRYDWLRQ´�LV�WR�GUDVWLFDOO\�UHGXFH�WKH�EXLOGLQJ�
HQHUJ\�FRQVXPSWLRQ��$V�SUHVHQWHG��3�(1'85(�IROORZV�WKLV�VFRSH�GHPRQVWUDWLQJ�WKDW�
LV� SRVVLEOH� WR� LPSURYH� WKH� EXLOGLQJ� SHUIRUPDQFH� DGRSWLQJ� 3Q3� VROXWLRQV� DQG� XVLQJ�
VSHFLILF�WRROV�LQVLGH�WKH�LQWURGXFHG��0�3URFHVV��7KH�UHVHDUFK�FRQVRUWLXP�KDV�DQDO\]HG�
DGYDQFHG� WHFKQRORJLHV� DOORZLQJ� HQHUJ\� HIILFLHQW� GHHS� UHWURILWV� �3Q3� SUHIDE�
FRPSRQHQWV���WRROV�IRU�WKH�EXLOGLQJ�DVVHVVPHQW�DQG�RU�UHDO�WLPH�PRQLWRULQJ��
��3Q3�SUHIDE�FRPSRQHQWV�KDYH�EHHQ�VHOHFWHG�LQ�RUGHU�WR�VHW�XS�VSHFLILF�LQWHUYHQWLRQ�RQ�
WKH�³EXLOGLQJ�HQYHORSH´��
��� ³)&� PXOWLIXQFWLRQDO� SDQHO´�� )&� PXOWLIXQFWLRQDO� SDQHO� ZDV� GHYHORSHG� E\�

)HUPDFHOO��,W�LV�D�YHUVDWLOH�SUHIDEULFDWHG�IDFDGH�SDQHO�FRPSRVHG�IURP�D�ZRRGHQ�RU�
VWHHO�VXEVWUXFWXUH�WKDW�ZLOO�DOORZ�LQWHJUDWLQJ�RI�ZDWHU�GXFWV�DQG�SLSHV��DLU�VXSSO\�
RU�DQG� HYHQ� YHQWLODWLRQ� FKDQQHOV�� KHDWLQJ� DQG� FRROLQJ� IXQFWLRQV�� :LWKLQ� WKH�
3�(QGXUH�SURMHFW�)HUPDFHOO�GHYHORSHG�D�FRQVWUXFWLRQ�NLW�³YHUVDWLOH�3Q3�IDFDGH�IRU�
UHQRYDWLRQ´�WKDW�ZLOO�EH�D�VROXWLRQ�IRU�GHHS�UHQRYDWLRQ�RI�H[LVWLQJ�EXLOGLQJV��

��� ³($6((�PXOWLIXQFWLRQDO�SDQHO´��7KH�($6((�SUHIDE�SDQHOV�DUH�FRPSRVHG�RI�WZR�
OD\HUV�RI�WH[WLOH�UHLQIRUFHG�FRQFUHWH�����FP�HDFK��DQG�LQVXODWLRQ�FRUH�EHWZHHQ�WKHP�
PDGH� RI� H[SDQGHG� SRO\VW\UHQH� �����FP��� 7KH� WRWDO� WKLFNQHVV� RI� WKH� SDQHOV� LV�
����FP��7KH�WKLFNQHVV�RI�WKH�LQVXODWLRQ�PD\�EH�LQFUHDVHG�LI�QHHGHG��7KH�ZLGWK�RI�
WKH�SDQHO�LV�LQ�WKH�UDQJH�RI����P������P�DQG�WKH�KHLJKW����P�±����P��7KH�ZHLJKW�
RI�WKH�SDQHO�LV�DURXQG����NJ�P���7KH�DQFKRUDJH�V\VWHP�DOORZV�DFKLHYLQJ�IOH[LELOLW\�
DQG� FDSDELOLW\� WR� DGDSW� WR� GLIIHUHQW� DUFKLWHFWRQLF� FRQILJXUDWLRQV� DQG� EXLOGLQJ�
W\SRORJLHV�� :KHQ� DSSOLHG�� WKHVH� SDQHOV� LQFUHDVH� WKH� WKHUPDO� SURSHUWLHV� RI� WKH�
HQYHORSH� DIWHU� UHWURILWWLQJ� �8������ :�P�.� IRU� UHWURILWWHG� ZDOO��� UHGXFHG�
LQVWDOODWLRQ�WLPH�E\�����LQ�FRPSDULVRQ�ZLWK�WUDGLWLRQDO�UHWURILWWLQJ��KLJK�DHVWKHWLF�
SURSHUWLHV� WKDW� DOORZV� DSSOLFDWLRQ� RI� WKH� VROXWLRQ� WR� EXLOGLQJV� XQGHU� FXOWXUDO�
KHULWDJH�SURWHFWLRQ���

�

�
)LJXUH� ��� ([DPSOH� RI� 3Q3� EXLOGLQJ� FRPSRQHQW�� PXOWLIXQFWLRQDO� IDoDGH� SDQHO�
FRQVWUXFWHG�E\�)HUPDFHOO�
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��� �³6PDUW� ZLQGRZV´�� :LQGRZV� GHVLJQHG� E\� %HUJDPR� 7HFQRORJLH�� WKDW� FDQ� EH�
URWDWHG�E\������WR�UHGXFH�WKH�WKHUPDO�UDGLDWLRQ�IURP�WKH�RXWVLGH�GXULQJ�VXPPHU�
VHDVRQ�DQG�UHGXFH�WKH�WKHUPDO�GLVSHUVLRQ�IURP�WKH�LQWHULRU�LQ�WKH�ZLQWHU��WKDQNV�WR�
WKH� GRXEOH� SRVLWLRQLQJ� RI� WKH� ORZ�(� JODVV�� 7KH� VPDUW�ZLQGRZ� SURYLGHV� QDWXUDO�
YHQWLODWLRQ�� URWDWLQJ� DQG� ORFNLQJ� PHFKDQLVPV� ZKLFK� HQKDQFH� DQWL�EXUJODU\�
IHDWXUHV��DV�ZHOO�DV�LQWHJUDWLRQ�ZLWK�GRPRWLFV�VROXWLRQV��,W�VDWLVILHV�WKH�QHHGV�IRU�
KLJK�HQHUJ\�HIILFLHQF\��EHWWHU�LQGRRU�FOLPDWH��DQG�WRS�FODVV�VHFXULW\�IHDWXUHV��7KH�
UHYHUVLEOH� ZLQGRZ� WHFKQRORJ\� LV� HQDEOHG� E\� LQQRYDWLYH� K\GUDXOLF� JDVNHWV� DQG�
EXUJODU�SURRI�HOHFWUR�PDJQHWLF�ORFNLQJ�PHFKDQLVPV�IXOO\�LQWHJUDWHG�LQ�WKH�IUDPH��

��� ³5RRIWRS� UHWURILWWLQJ´�� $GGLQJ� QHZ� GZHOOLQJV� RQ� H[LVWLQJ� URRIV� LQFUHDVHV� WKH�
VXVWDLQDELOLW\�DQG�OLIHWLPH�RI�WKH�EXLOGLQJV��DW�WKH�VDPH�WLPH�UHGXFHV�WKH�HQHUJ\�
FRQVXPSWLRQ��7KLV� KDV� VXFFHVVIXOO\� EHHQ�GHPRQVWUDWHG� LQ� VHYHUDO� SLORW� SURMHFWV�
ZLWKLQ� WKH� (8�,((� �,QWHOOLJHQW� (QHUJ\� (XURSH� 3URJUDPPH�� SURMHFW� 6X5(�),7�
�6XVWDLQDEOH�5RRI�([WHQVLRQ�5HWURILW� IRU�+LJK�5LVH�6RFLDO�+RXVLQJ� LQ�(XURSH���
7KH�SLORW�DGGLWLRQDO�QHZ�URRI�WRS�GZHOOLQJV�SDUWLDOO\�FRYHU�WKH�H[SHQVHV�IRU�WKH�
UHIXUELVKPHQW�RI�WKH�H[LVWLQJ�DSDUWPHQWV��,W�KDV�EHHQ�SURYHQ�DV�D�ZHOO�SHUIRUPLQJ�
GHHS�UHQRYDWLRQ�VROXWLRQ�WKDW�UHVXOWV�LQ�HQHUJ\�QHXWUDO�GZHOOLQJV��)OH[LEOH�URRI�WRS�
H[WHQVLRQ�UHWURILW�KDV�EHHQ�SURYHQ�DV�D�YLDEOH�VROXWLRQ��ERWK�WHFKQRORJLFDOO\�DQG�
ILQDQFLDOO\�DQG�FRPELQLQJ�VRFLDO��HFRORJLF�DQG�HFRQRPLF�DGYDQWDJHV��

��� ³)ROGLQJ�EDOFRQ\´��%ORRPIUDPH��GHVLJQHG�E\�+RIPDQ�'XMDUGLQ�$UFKLWHFWV��LV�DQ�
LQQRYDWLYH� ZLQGRZ� WKDW� WUDQVIHUV� LQWR� D� EDOFRQ\� DW� WKH� WRXFK� RI� D� EXWWRQ�� 7KH�
DGYDQWDJHV� RI� WKH� FRQFHSW� DUH� HVSHFLDOO\� FOHDU� LQ� WUDQVIRUPDWLRQ� SURMHFWV� ZHUH�
KRXVLQJ� LV� UHDOL]HG� DQG� D� UHJXODU� EDOFRQ\� LV� QRW� SRVVLEOH� RU� QRW� DOORZHG�ZKLOH�
UHVLGHQWV� LQ� FRQJHVWHG� XUEDQ� DUHDV� GHPDQG� SULYDWH� RXWVLGH� VSDFH� WR� HQMR\� WKH�
ZHDWKHU��7KH�FRVW�RI�WKH�EORRPIUDPH�IROGLQJ�EDOFRQ\�DV�GHPRQVWUDWHG�ZLOO�WUHQG�
WR�WKH�FRVW�RI�D�ODUJH�ZLQGRZ�IUDPH�RI�WKH�VDPH�TXDOLW\�DQG�SHUIRUPDQFH�DQG�D�
WUDGLWLRQDO�EDOFRQ\�RI� WKH� VDPH�VL]H��7KH�HQHUJ\�SHUIRUPDQFH�RI� D�EORRPIUDPH�
IROGLQJ�EDOFRQ\��KLJK�LQVXODWLRQ�UDWH�DQG�KLJK�VRODU�IDFWRU��IRU�GHHS�UHQRYDWLRQ�ZLOO�
KHOS� WR� UHDOL]H� ]HUR� HQHUJ\� WDUJHW� IRU� WKH� EXLOGLQJ�� ZKLFK� SXWV� WKH� 5HWXUQ� RQ�
,QYHVWPHQW��5R,��UHDOL]HG�DW�]HUR���

��3Q3�SUHIDE�FRPSRQHQWV�KDYH�EHHQ�VHOHFWHG�LQ�RUGHU�WR�VHW�XS�VSHFLILF�LQWHUYHQWLRQ�RQ�
WKH�³0(3�+9$&´��
��� ³&RPSDFW� HQHUJ\� VWRUH´�� 7KHUPDO� WHFKQRORJLHV� GR� QRW� KDYH� VXFK� JHQHUDO�

LQWHUFRQQHFWLYLW\�DQG�WKHUHIRUH�UHO\�RQ�VL]LQJ�W\SLFDOO\�PHHWLQJ�����RI�VXPPHU�
GHPDQGV� LQ�PRGHUDWH�FOLPDWHV��7KLV�H[LVWLQJ�DSSURDFK�SURYLGHV� OLWWOH�EHQHILW� LQ�
ZLQWHU�� 7KHUHIRUH�� DQ� REYLRXV� DSSURDFK� LV� WKDW� RI� WKHUPDO� HQHUJ\� VWRUDJH� WKDW�
RYHUFRPHV� LVVXHV� RI� KHDW� ORVV�� VXEVWDQWLDOO\� LQFUHDVLQJ� WKH� RYHUDOO� XVH� RI�
5HQHZDEOH� (QHUJ\� 6RXUFHV� �5(6�� LQ� EXLOGLQJV� WKURXJKRXW� WKH� VHDVRQV�� 7KH�
LQQRYDWLYH�3�(1'85(�SURGXFW�GHULYHG�IURP�WKH�0(5,76�SURMHFW�LV�D�FRPSDFW�
VHDVRQDO� VWRUDJH� V\VWHP� EDVHG� RQ� QRYHO� KLJK�GHQVLW\�PDWHULDOV� WKDW� FDQ� VXSSO\�
UHTXLUHG�KHDWLQJ��FRROLQJ�DQG�'RPHVWLF�+HDW�:DWHU��'+:��ZLWK�XS�WR������5(6���

��� ³3UHIDE� +9$&� V\VWHPV´�� 3�(1'85(� ZLOO� LPSOHPHQW� D� FRPSOHWH� 3Q3�
0(3�+9$&��0HFKDQLFDO��(OHFWULFDO��DQG�3OXPELQJ��+HDWLQJ��9HQWLODWLRQ�DQG�$LU�
&RQGLWLRQLQJ��HQJLQH�IRU�GHHS�UHQRYDWLRQ��7KLV�VROXWLRQ�LQFOXGHV�DLU�KHDW�SXPS��
VWRUDJH�FDSDFLW\�IRU�'+:��PHFKDQLFDO�YHQWLODWLRQ�V\VWHP��H[SDQVLRQ�EDUUHO��DQG�
FRQWURO� V\VWHPV�� ,W� KDV� DQ� H[WUD� RSWLRQ� RI� VSOLW�HQJLQH� �WZR� FRUHV��� L�H�� RQH� IRU�
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HQHUJ\�FRQYHUVLRQ�DQG�VWRUDJH�WKH�RWKHU�IRU�YHQWLODWLRQ�DQG�KHDWLQJ�FRROLQJ��7KH�
PRXQWLQJ� WLPH� RQ�VLWH� LV� VLJQLILFDQWO\� UHGXFHG� E\� WKH� DSSOLFDWLRQ� RI� VPDUW�
FRQQHFWRUV��7KLV�LQQRYDWLYH�VROXWLRQ�KDV�VLJQLILFDQW�DGYDQWDJHV�����WKH�WRWDO�FRVW�
RI�UHWURILWWLQJ�LV�UHGXFHG�E\�����GXH�WR�HIILFLHQW�PDQXIDFWXULQJ�DQG�HIILFLHQW�XVH�
RI� ODERXU�� ��� TXLFN� DVVHPEO\� WLPH� RI� MXVW� ���� GD\� WR� SODFH� HQJLQH�� FRQQHFW�
SLSHV�GXFWV�� DQG� WKHQ� RSHUDWH� ZLWK� SUHGLFWDEOH� SHUIRUPDQFH�� ��� ZHLJKW� RI� WKH�
PRGXOHV�UHGXFHG�E\�����FRPSDUHG�WR�WUDGLWLRQDO�FRPSRQHQWV��GXH�WR�UHGHVLJQ�DQG�
FRPELQDWLRQ�RI�IXQFWLRQV���

��� ³6PDUW� FRQQHFWRUV´�� 3�(1'85(�ZLOO� DSSO\� VPDUW� FRQQHFWRUV� IRU�PHFKDQLFDO��
K\GUDXOLF��HOHFWULFDO��DLU�DQG�,&7�MRLQWV�LQ�RUGHU�WR�UHGXFH�WKH�GDQJHU�RI�FUDFNLQJ���

��� ³7KH�5HQR=(%�8QLWV´��,W�FRQVLVWV�RI�SUHIDEULFDWHG�XQLWV�DLPHG�DW�VLPSOLI\LQJ�WKH�
UHQRYDWLRQ� SURFHVV� LQ� WHUPV� RI� SHUIRUPDQFH�� WLPH�� DQG� FRVWV�� 7KH� XQLW� LV� D�
SUHIDEULFDWHG�FRPSRQHQW�FRPSRVHG�E\�D�VWHHO�IUDPH�ZKLFK�FRQWDLQV�VHYHUDO�W\SHV�
RI�OD\HUV��(LJKW�W\SRORJLHV�RI�XQLWV�KDYH�EHHQ�GHYHORSHG�WR�IXOILOO�GLIIHUHQW�EXLOGLQJ�
UHTXLUHPHQWV��7KH�XQLWV�DUH�FUHDWHG�DQG�LQVWDOOHG�IROORZLQJ�D�PRGXODU�DSSURDFK�WR�
LPSURYH� WKH� SURGXFWLRQ� OLQH�� WKH� GHVLJQ�� DQG� WKH� LQVWDOODWLRQ� SURFHVV��7KH� GHHS�
NQRZ�KRZ�DQG�H[SHULHQFH�LQ�WKH�ILHOGV�RI�EXLOGLQJ�IDFDGHV�DQG�DOXPLQXP�DOORZ�
WKH�FRPSDQ\�WR�PDQDJH�HDFK�VWHS�RI�WKH�GHVLJQ�SURFHVV��GHVLJQ��SURGXFWLRQ��DQG�
LQVWDOODWLRQ��� 7KH� SURGXFW� PRGXODULW\� VLPSOLILHV� ERWK� WKH� GHVLJQ� RI� WKH� ZKROH�
IDoDGH�DQG�WKH�LQVWDOODWLRQ�RI�WKH�XQLWV��,Q�IDFW��WKH�GLIIHUHQW�W\SHV�RI�XQLWV�FDQ�EH�
DUUDQJHG�DFFRUGLQJ�WR�WKH�H[LVWLQJ�IDoDGH�OD\RXW��7KH�XQLWV�KDYH�EHHQ�GHYHORSHG�
WR�LPSURYH�WKH�WKHUPDO�SHUIRUPDQFH�RI�WKH�EXLOGLQJ���
��7RROV�KDYH�EHHQ�VHOHFWHG�LQ�RUGHU�WR�FKDUDFWHUL]H�WKH�LQQRYDWLYH�3�(1'85(��0�
SURFHVV��

��� ³&RPIRUW�(\H´��,W�LV�D�ORZ�FRVW�VHQVLQJ�GHYLFH�ZKLFK�DOORZV�UHDO�WLPH�PRQLWRULQJ�
RI�LQGRRU�WKHUPDO�FRPIRUW��,W�LV�EDVHG�RQ�D�PLFURFRQWUROOHU�DQG�D�VHW�RI�VHQVRUV�DQG�
HPEHGGHG�DOJRULWKPV� WR�GHULYH�3UHGLFWHG�0HDQ�9RWH� LQGH[��309��IRU�PXOWLSOH�
VXEMHFWV� LQ�GLIIHUHQW�SRVLWLRQV�RI� WKH� URRP��7KH�DGYDQWDJHV�RI�&RPIRUW�(\H�DUH�
QRQ�LQYDVLYH�PXOWLSRLQW�PHDVXUHPHQW��LQWHURSHUDELOLW\�DQG�HDVH�RI�LQWHJUDWLRQ�DQG�
LQVWDOODWLRQ��7KH�WHFKQLFLDQ�LQVWDOOV�WKH�VFDQQLQJ�V\VWHP�RQ�WKH�FHLOLQJ�RI�WKH�URRP�
DQG�FRQQHFWV�LW�WR�WKH�FRQWURO�XQLW��7KH�V\VWHP�VFDQV�FRQWLQXRXVO\�DOO�WKH�VXUIDFHV�
WR�PHDVXUH� WKHLU�DYHUDJH� WHPSHUDWXUHV�DQG�VHQGV� WKH� UHVXOWV�EDFN� WR� WKH�FRQWURO�
XQLW���

��� ³(QHUJ\�JULG�DQG�5(6�SURGXFWLRQ´��3�(1'85(�WDUJHWV�PD[LPXP�IOH[LELOLW\�LQ�
SRZHU�JHQHUDWLRQ��KHDW�DQG�HOHFWULFLW\���GLVWULEXWLRQ�DQG�XVDJH��3�(1'85(�ZLOO�
SURSRVH�LQQRYDWLYH�VROXWLRQV�IRU�5(6�DQG�HQHUJ\�JULG�WKURXJK�WKH�IROORZLQJ�WKUHH�
VWHS�DSSURDFK��WR�SXUVXH�WKH�EHVW�XWLOL]DWLRQ�RI�VXLWDEOH�SRUWLRQV�RI�WKH�EXLOGLQJ�
HQYHORSH� WR� ORGJH� WKH� 5(6� SURGXFWLRQ�� WR� SURPRWH� WKH� EHVW� XWLOLVDWLRQ� RI� 3Q3�
FRPSDFW�HQHUJ\�VWRUDJH�V\VWHPV�DW�EXLOGLQJ�OHYHO��WR�SURPRWH�WKH�GHYHORSPHQW�DQG�
GHSOR\PHQW�RI�FRPELQHG�KHDW�DQG�SRZHU��&+3��SODQWV��DVVRFLDWHG�WR�FHQWUDOL]HG�
VWRUDJH�V\VWHPV��

��� ³7KHUPDO� DQG� DFRXVWLF� VFDQQLQJ� WHFKQRORJLHV´�� ,Q� 3�(1'85(�� WKH� TXDOLW\�
FRQWUROV�IRU�SUHIDE�SDQHOV�ZLOO�EH�DGRSWHG�WR�SURYLGH�GDWD�IRU�WKH�,&7�3ODWIRUP��
7KH�PDLQ�SXUSRVH�LV�WR�HOLPLQDWH�RU�UHGXFH�WKH�TXDOLW\�JDS�EHWZHHQ�WKH�GHVLJQ�DQG�
FRQVWUXFWLRQ� SKDVH� WKURXJK� VHOI�LQVSHFWLRQ� DQG� VHOI�LQVWUXFWLRQ� WHFKQLTXHV�
FRQQHFWHG�ZLWK�DQ�HQKDQFHG�$XJPHQWHG�5HDOLW\��$5��DQG�D�GHWDLOHG�%,0��7KH�
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IROORZLQJ�IXQFWLRQDOLWLHV�XVLQJ�DGYDQFHG�ORZ�FRVW�VHQVRUV�JHR�UHIHUHQFLQJ�RI�WKH�
�'� GDWD� ZLOO� EH� GHSOR\HG� DW� OLYH� GHPRQVWUDWLRQ� SURMHFWV� LQ� 3�(1'85(� IRU��
WKHUPDO� EULGJHV� GHWHFWLRQ�� WKHUPDO� WUDQVPLWWDQFH� GHJUHH�� VWUXFWXUDO� LQWHJULW\�
GLDJQRVLV��DFRXVWLF�OHDNDJHV�GHWHFWLRQ���'�JHRPHWULF�VFDQQLQJ�DQG�UHFRQVWUXFWLRQ��
FRQWLQXRXV�XSGDWH�RI�WKH�%,0�FDQ�EH�SHUIRUPHG�LQ�RUGHU�WR�KDYH�D�FRPSOHWH�DQG�
GHWDLOHG� WLPH� KLVWRU\� RI� WKH� SHUIRUPDQFH� HYROXWLRQ� RI� WKH� EXLOGLQJ� DQG� RI� HDFK�
EXLOGLQJ�FRPSRQHQWV��

��� ³�'�VFDQQLQJ��JHRPDWLFV��±�ODVHU�DQG�SKRWRJUDPPHWU\´��$SSOLFDWLRQV�RI��'�ODVHU�
VFDQQLQJ�WHFKQRORJLHV�UDQJH�IURP�WKH�EXLOGLQJ�VFDOH�WR�HQYLURQPHQW�DVVHVVPHQW��
XS� WR� LQIUDVWUXFWXUHV�� IRU� UHIXUELVKPHQW�UHQRYDWLRQ� SURMHFWV�� WR� PDQDJH� WKH�
FRQVWUXFWLRQ� VLWH� RU� WR� FRQGLWLRQ� DVVHVVPHQW�� 'LIIHUHQW� GHYLFHV� FDQ� EH� XVHG�
GHSHQGLQJ� RQ� QHHGV� DQG� DSSOLFDWLRQ� �H[WHULRU�HQYHORSH�� LQWHULRU� PRUSKRORJLHV��
DFFXUDWH�LQVSHFWLRQ�DLPHG�DW�HQHUJ\�UHIXUELVKPHQW��HWF�����

��� ³�'�SULQWLQJ�DQG�URERWLFV´��3�(1'85(�IXUWKHU�GHYHORSV�DQG�LPSOHPHQWV�URERWLF�
WHFKQRORJLHV� IRU�RQ�VLWH��'�SULQWLQJ� IRU� IDoDGH� UHWURILWWLQJ��7KLV� VROXWLRQ�ZRUNV�
ZLWK�YDULRXV�VRUWV�RI�PDWHULDOV��\HW�D�PL[�RI�WKHUPRVLOLW�DQG�OLPHVWRQH�LV�FXUUHQWO\�
SUHIHUUHG�WR�FUHDWH�HIIHFWLYH�OD\HUV�RI�LQVXODWLRQ���'�SULQWLQJ�LV�SULPDULO\�XVHG�WR�
FUHDWH� SODVWHULQJ�ZLWK� VSHFLDO� OLPHVWRQH�PDWHULDO� RQ� FRQFUHWH�ZDOOV�� YHQWLODWLRQ�
GXFWV��RU�ZDWHU�SLSHV��,W�JLYHV�D��'�GHVLJQ�H[WHULRU�ILQLVKLQJ�LQ�FRPELQDWLRQ�ZLWK�
SDLQWLQJ���'�SULQWLQJ�LV�DOVR�XVHG�WR�FUHDWH�D�IDoDGH�OD\HU�ZLWK�DQ\�NLQG�RI�PDWHULDOV�
VXLWHG� IRU� WKH�QHZ�RU� UHWURILWWHG�EXLOGLQJ�VWUXFWXUH�� ,Q�FRPELQDWLRQ�ZLWK� URERWLF�
WHFKQRORJLHV��PRXQWLQJ�RI�ZLQGRZV�RU�RWKHU�3Q3�SUHIDE�FRPSRQHQWV�FDQ�DOVR�EH�
GRQH�YHU\�HIIHFWLYHO\�DQG�HIILFLHQWO\�RQ�VLWH��7KH�URERWV�DUH�FRQWUROOHG�E\�DQ�RQ�
VLWH�VFDQQLQJ�DQG�FRRUGLQDWLRQ�V\VWHP���'�%,0�PRGHO�LV�XVHG�WR�SUH�SURJUDPPH�
WKH� URERWV� DQG� RQ�VLWH� SURFHVVHV�� %\� XVLQJ� URERWV�� WKH� QXPEHU� RI� FRQVWUXFWLRQ�
ZRUNHUV�RQ�VLWH�FDQ�EH�NHSW�XS�WR���RU���SHUVRQV���

�
'(021675$7,21�&$6(6�
3�(QGXUH� PDLQO\� DLPV� WR� SURYLGH� VFDODEOH�� DGDSWDEOH� DQG� UHDG\�WR�LPSOHPHQW�
LQQRYDWLYH� 3Q3� SUHIDE� VROXWLRQV� IRU� GHHS� UHQRYDWLRQ� RI� EXLOGLQJ� HQYHORSHV� DQG�
WHFKQLFDO� V\VWHPV�� 7KH� LQQRYDWLYH� VROXWLRQV� DUH� FRPSOHPHQWHG� ZLWK� D� SURRI�RI�
SHUIRUPDQFH��ZKLFK�LV�EDVHG�RQ�SLORW�LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�LQ�VHYHUDO�OLYH�
GHPRQVWUDWLRQ� SURMHFWV� UHSUHVHQWLQJ� GHHS� UHQRYDWLRQ� FKDUDFWHULVWLFV� LQ� DOO�PDLQ� (8�
JHR�FOXVWHUV��
7KH� IROORZLQJ� SDUDJUDSKV� LQWURGXFH� DQ� RYHUYLHZ� RI� WKH� PDLQ� 3�(1'85(�
GHPRQVWUDWLRQ�FDVHV��DQG�WKH�3Q3�VROXWLRQV�DGRSWHG�IRU�WKH�'HHS�5HQRYDWLRQ��
��� ³0HQGHQ��*HUPDQ\��GHPRQVWUDWLRQ�FDVH´��,W�LV�DQ�RIILFH�EXLOGLQJ�HUHFWHG�EHWZHHQ�

�����DQG�������,W�LV�SDUW�RI�DQ�LQGXVWULDO�DUHD�FRQWDLQLQJ�PRVWO\�VWRUHKRXVHV�DQG�
PDQXIDFWXULQJ�FRPSDQLHV��7KH�EXLOGLQJ�LV�DWWDFKHG�WR�WKH�QHLJKERXU�EXLOGLQJV�WKDW�
DUH�DOLJQHG�RQ�WKH�VWUHHW�VLGH��7KH�RIILFH�LV�D���IORRU�EXLOGLQJ�ZLWK�EDVHPHQW�DQG�
KDV� D� IRRWSULQW� RI� ����Pð� DQG� D� JURVV� YROXPH�RI� ����Pñ��7KH�GHHS� UHQRYDWLRQ�
VROXWLRQV�SURSRVHG��DGGLQJ�SUHIDEULFDWHG�IDFDGH�HOHPHQWV��DGGLWLRQDO�WKHUPDO�URRI�
LQVXODWLRQ��WKHUPDO�LQVXODWLRQ�RI�WKH�EDVHPHQW�FHLOLQJ��LQVWDOODWLRQ�RI�QHZ�ZLQGRZV�
ZLWK�WULSOH�JOD]LQJ�DQG�LQVWDOODWLRQ�RI�D�QHZ�JDV�ERLOHU��

��� ³.RUVO¡NNHQ��'HQPDUN��GHPRQVWUDWLRQ�FDVH´��7KH�EXLOGLQJ�QR������DW�.RUVO¡NNHQ�
LV�D�W\SLFDO�'DQLVK���IORRU�UHVLGHQWLDO�EXLOGLQJ�IURP�WKH�����¶V��7KH�EXLOGLQJ�LV�
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SDUW�RI�RQH�RI�WKH�ELJJHVW�UHVLGHQWLDO�KRXVLQJV�LQ�2GHQVH�FLW\��7KH�RYHUDOO�REMHFWLYH�
LQ�WKLV�EXLOGLQJ�LV�D�WRWDO�UHQRYDWLRQ�LQWHULRU�DQG�H[WHULRU��)XUWKHUPRUH��WKH\�ZRXOG�
OLNH� WR� KDYH� VRPH� �'� GHVLJQ� DQG� SURPRWLRQ� RI� WKH� ZKROH� UHVLGHQWLDO� SDUN�
.RUVO¡NNHQ�� 7KH� WDUJHW� LV� WR� PDNH� D� �'� GHVLJQ� IDFDGH� IDVWHU� DQG� ZLWK� OHVV�
PDQSRZHU�RQVLWH���

��� ³$QFRQD��,WDO\��GHPRQVWUDWLRQ�FDVH´��7KLV�FDVH�VWXG\�LV�D�PXOWL�DSDUWPHQW�EORFN��
ORFDWHG�LQ�$QFRQD�DQG�EXLOW�LQ�������7KH�EXLOGLQJ�LV�FRPSRVHG�RI�����GZHOOLQJV��
��IORRUV�DQG�WRWDO�JURVV�DUHD�RI������P���7KH�REMHFWLYH�LV�WR�GHPRQVWUDWH�WKH�HQHUJ\�
VDYLQJV�IURP�DGYDQFHG�UHWURILW�VROXWLRQV��H�J��LQVXODWLRQ�PDWHULDOV��UHQHZDEOHV�DQG�
0(3��FRPIRUW�PRQLWRULQJ�DQG�LPSURYHPHQW���

��� ³)ORUHQFH� �,WDO\�� GHPRQVWUDWLRQ� FDVH´�� 7KLV� KLVWRULFDO� UHVLGHQWLDO� EXLOGLQJ� LQ�
)ORUHQFH�LV�SDUW�RI�WKH�H[SDQVLRQ�DQG�UHKDELOLWDWLRQ�DUHD�LPSOHPHQWHG�LQ�WKH�SHULRG�
IURP������WR�������&RQVLGHULQJ�WKH�ORFDWLRQ�DQG�DUFKLWHFWXUH�W\SRORJ\�WKH�EXLOGLQJ�
ZDV�ERUQ�ZLWK�D�PXOWLIXQFWLRQDO�XVHG��FRPPHUFLDO���FUDIW�RQ�WKH�JURXQG�IORRU��DQG�
UHVLGHQWLDO� XVH� RQ� WKH� XSSHU� IORRUV�� 7KH� REMHFWLYH� LV� WR� GHPRQVWUDWH� WKH� HQHUJ\�
VDYLQJV� IURP� DGYDQFHG� UHWURILW� VROXWLRQV� DV�� DGGLQJ� LQVXODWLRQ�PDWHULDOV� RQ� WKH�
URRI��QHZ�0(3�+9$&�V\VWHPV��UHSODFHPHQW�RI�KLJK�SHUIRUPDQFH�ZLQGRZV���

��� ³*HQRYD��,WDO\��GHPRQVWUDWLRQ�FDVH´��7KH�QXUVHU\�VFKRRO�FDOOHG�1(02�LV�ORFDWHG�
RQ�WKH�VHFRQG�IORRU�RI�D�WZR�OHYHO�EXLOGLQJ��EXLOW�LQ�����V�ZLWK�FRQFUHWH�VWUXFWXUH�
DQG�QRQ�VWUXFWXUDO�EULFN�ZDOOV��7KH�EXLOGLQJ�LV�OLVWHG�XQGHU�WKH�,WDOLDQ�/HJLVODWLYH�
'HFUHH����������ZKLFK�SRVHV�FXOWXUDO�KHULWDJH�FRQVWUDLQWV�RQ�LWV�FRQVHUYDWLRQ��7KH�
JRDO�RI�WKLV�SURMHFW�LV�WKH�UHGXFWLRQ�RI�KHDWLQJ�FRQVXPSWLRQ�WKURXJK�UHSODFHPHQW�
RI�KLJK�SHUIRUPDQFH�ZLQGRZV���

��� ³5HJJLR�(PLOLD��,WDO\��GHPRQVWUDWLRQ�FDVH´��7KH�KLVWRULFDO�KRWHO�ZDV�EXLOW�LQ�WKH�
0LGGOH� $JH� DQG� UHIXUELVKHG� LQ� WKH� HDUO\� ����� E\� RQH� RI� WKH� PRVW� LPSRUWDQW�
DUFKLWHFWV�RI�WKH�SHULRG��*XLGR�7LUHOOL��XQGHU�WKH�LQIOXHQFH�RI�DUW�GHFR�DQG�OLEHUW\��
8QIRUWXQDWHO\�� WKH� EXLOGLQJ� KDV� EHHQ� DEDQGRQHG� IRU� PDQ\� \HDUV�� ,W� KDG� EHHQ�
H[WHQGHG��DQG�LW�ZDV�GHILQLWLYHO\�FORVHG�LQ������LQ�FRQVLGHUDWLRQ�RI�VWUXFWXUDO�DQG�
IXQFWLRQDO�UHTXLUHPHQWV�SUREOHPV��7RGD\�����P��QHW�IORRU�DUHD�RI�WKH�SDYLOLRQ�LV�
VXEMHFW� WR� D� GHHS� UHQRYDWLRQ� WR� JHW� DQ� HQHUJ\� HIILFLHQW� EXLOGLQJ�� SUHVHUYLQJ� LWV�
KLVWRULFDO� HOHPHQWV�� %XLOGLQJ�PRUSKRORJ\�� WKH� KLVWRULFDO� SDUW� RI� WKH� EXLOGLQJ� LV�
PDGH�IURP�EULFN�ZDOOV��QRW�LQVXODWHG�IORRUV�DQG�ZRRGHQ�SLWFKHG�URRI��7KH�VRXWK�
IDFDGH�LV�PRVWO\�FRYHUHG�E\�ODUJH�ZLQGRZV�ZLWK�VFDUFH�WKHUPDO�SHUIRUPDQFHV��7KH�
UHVWRUDWLRQ�SURMHFW�ZLOO�LPSURYH�WKH�HQHUJ\�SHUIRUPDQFHV�DQG�ZLOO�H[SORUH�SUHIDE�
SURGXFWV��$SSOLFDWLRQ�RI�3�(QGXUH�SUHIDE�VROXWLRQV�RQ��EXLOGLQJ�HQYHORSH��VPDUW�
HIILFLHQW�ZLQGRZV��DQG�WHFKQLFDO�V\VWHPV��

��� ³%UHGD��1HWKHUODQGV��GHPRQVWUDWLRQ�FDVH´��5HQRYDWLRQ�RI�URZ�KRPHV�IRU�D�VRFLDO�
KRXVLQJ� FRPSDQ\� WR� WKH� OHYHO� RI�120��$UHD�.UXLVNDPS� LV� LQ� WKH� FLW\� RI�'HQ�
%RVFK��1HWKHUODQGV��7KH�KRPHV�WR�EH�UHQRYDWHG�ZHUH�EXLOW�LQ�������'HPRQVWUDWLRQ�
RI�DSSOLFDELOLW\�RI�120�FRQFHSW��VWHPPLQJ�IURP�WKH�'XWFK�*RYHUQPHQW�SURJUDP¶�
(QHUJLHVSURQJµ�FDUULHG�ZLWKLQ�WKH�UHJLRQDO�SURJUDP�6%�120���

��� ³(QVFKHGH� �1HWKHUODQGV�� GHPRQVWUDWLRQ� FDVH´�� 7KLV� GHPRQVWUDWRU� LV� WKH� GHHS�
UHWURILW�� UHGHVLJQ� DQG� WUDQVIRUPDWLRQ� RI� DQ� DEDQGRQHG� XQLYHUVLW\� EXLOGLQJ��
RULJLQDOO\�EXLOW�LQ�������LQWR�D�VWXGHQW�KRVWHO�DQG�KRWHO�EXLOGLQJ��7KH�JRDOV�DUH�WR�
LPSURYH�WKH�HQHUJ\�HIILFLHQF\�RI�WKH�EXLOGLQJ�IURP�HQHUJ\�ODEHO�*�WR�%��WDUJHW�$��
DQG� H[WHQG� WKH� OLIHVSDQ� RI� WKH� EXLOGLQJ�� 7KH� ILHOG� GHPRQVWUDWLRQ� DFWLYLWLHV�ZLOO�
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IRFXV�RQ�WKH�WHVWLQJ�DQG�LQVSHFWLRQ�RI�QHZ�IDFDGH�SDQHOV�DQG�SDUWV�RI�WKH�QHZ�0(3�
V\VWHP���

��� ³7LOEXUJ��1HWKHUODQGV��GHPRQVWUDWLRQ�FDVHV´��/LGZLQD�PRQDVWHU\�LV�D�KLVWRULFDO�
EXLOGLQJ��������XVHG�DV�D�WHPSRUDU\�JXHVW�DFFRPPRGDWLRQ��7KH������P��EXLOGLQJ�
DFFRPPRGDWHV�DSSUR[LPDWHO\�����SRWHQWLDO��URRPV��0RVW�SDUWV�RI�WKH�EXLOGLQJ�DUH�
ZHOO�PDLQWDLQHG�EXW�QHYHU�EHHQ� UHSODFHG��7KH�REMHFWLYH� LV� WR� IXOO\� UHQRYDWH� WKH�
PRQDVWHU\�WR�D�QHZ�OHYHO�RI�FRPIRUW��LPSURYLQJ�HQHUJ\�SHUIRUPDQFH�VXEVWDQWLDOO\��
LQFUHDVLQJ�IOH[LELOLW\�RI�UHQWDO�VLWXDWLRQ�DQG�PRGHUQL]LQJ�WKH�PRQDVWHU\��7KH�SODQ�
LV�WR�DGG�WR�HYHU\�URRP�D�QHZ�EDWKURRP��QHZ�YHQWLODWLRQ�DQG�LQVWDOODWLRQ�FRQFHSW��
LQVXODWH�ZLQGRZV�DQG�IDoDGH�DQG�UHGXFH�VRXQG�FRPIRUW�RI�WKH�URRPV���

�

�
)LJXUH� ��� (QVFKHGH� �1/�� GHPRQVWUDWLRQ� FDVHV�� 7UDQVIRUPDWLRQ� RI� XQLYHUVLW\�
EXLOGLQJ�WR�VWXGHQW�KRVWHO�LQ�(QVFKHGH��WKH�1HWKHUODQGV�
�
���� �³*G\QLD��3RODQG��GHPRQVWUDWLRQ�FDVH´��'HPRQVWUDWLRQ�EXLOGLQJ� LV�D� WZR�VWRU\�

NLQGHUJDUWHQ�EXLOGLQJ��DWWHQGHG�E\�DERXW�����FKLOGUHQ��,W�ZDV�FRQVWUXFWHG�LQ�\HDU�
�����DQG�LW�KDV�WKH�IXQFWLRQ�RI�NLQGHUJDUWHQ�IURP�WKH�EHJLQQLQJ��%XLOGLQJ�YROXPH�
LV������P��DQG�EXLOW�XS�DUHD�LV�����P���7KH�PDLQ�JRDO�RI�WKH�GHPRQVWUDWLRQ�LV�WR�
PLQLPL]H� WKH� HQHUJ\� FRQVXPSWLRQ� HVSHFLDOO\� IRU� KHDWLQJ� QHHGV� WKURXJK� WKH�
UHWURILWWLQJ�RI�WKH�HQYHORSH��DGG�LQVXODWLRQ�OD\HU���LPSOHPHQWLQJ�QHZ�ZLQGRZV�DQG�
LPSURYH�DHVWKHWLF�DSSHDUDQFH�RI�HQYHORSH��7KH�EXLOGLQJ� LV�FRQQHFWHG� WR�GLVWULFW�
FLW\�QHWZRUN���

����³:DUVDZ��3RODQG��GHPRQVWUDWLRQ�FDVH´��7KH�EXLOGLQJ�ZDV�EXLOW�LQ�������,W�LV�LQ�
WKH� VRXWKHUQ� SDUW� RI� WKH� FLW\�� LQ�8UV\QyZ�'LVWULFW�� DQG� LV� RQH� RI� ���PXQLFLSDO�
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QXUVHULHV�LQ�:DUVDZ��,W�LV�D�SODFH�IRU�WHPSRUDU\�FDUH�WR�����FKLOGUHQ�DJHG������7KH�
PDLQ� JRDO� RI� WKH� GHPRQVWUDWLRQ� LV� VXSSRUW�:DUVDZ¶V� FOLPDWH� WDUJHWV� ±� HQHUJ\�
HIILFLHQF\��&2��UHGXFWLRQ�WKDQNV�WR�WKH�RSSRUWXQLW\�WR�WHVW�LQQRYDWLYH�VROXWLRQV��

$W� WKH� HQG� WKLUG� \HDU� RI� WKH� SURMHFW� VHYHUDO� GHPRQVWUDWLRQ� FDVHV� DUH� ILQDOL]LQJ� WKH�
FRQVWUXFWLRQ�VLWH�DFWLYLWLHV�PRYLQJ�IURP�WKH�³0DNLQJ´�VWHS�WR�WKH�³0RQLWRULQJ´�VWHS���
,Q�FRQVLGHUDWLRQ�RI�WKH�FRPSOHWHG�WDVNV��LQ�WKH�IROORZLQJ�SDUDJUDSK�LV�LQWURGXFHG�WKH�
DGRSWHG� PHWKRGRORJ\� WR� DVVHVV� WKH� HQHUJ\� VDYLQJ� WDUJHW� ZLWK� WKH� 3Q3� VROXWLRQV�
SURSRVHG�� 3HU� HDFK� GHPRQVWUDWLRQ� FDVH� LV� SUHVHQWHG� WKH� DFWXDO� PHDVXUHG� HQHUJ\�
SHUIRUPDQFH��
�
0(7+2'2/2*<�72�$66(66�7+(�(1(5*<�6$9,1*�7$5*(7��
7KH� WDUJHWHG� UHGXFWLRQ� RI� QHW� SULPDU\� HQHUJ\� XVH� LV� FDOFXODWHG� LQ� DFFRUGDQFH�ZLWK�
(XURSHDQ� 'LUHFWLYH� ��������(8� RQ� WKH� HQHUJ\� SHUIRUPDQFH� RI� EXLOGLQJV�� ZKLFK�
HQFRXUDJH�WKH�DGRSWLRQ�RI�D�PHWKRGRORJ\�IRU�FDOFXODWLQJ�WKH�HQHUJ\�SHUIRUPDQFH�RI�
EXLOGLQJV��
,Q�WKLV�ILHOG��WKH�WRWDO�SULPDU\�HQHUJ\�GHPDQG�LV�WKHQ�WKH�VXP�RI�WKH�SULPDU\�HQHUJ\�
DVVRFLDWHG�ZLWK�PDQ\�SRVVLEOH� HQG�XVHV��KHDWLQJ�� HOHFWULFLW\��KRW�ZDWHU�� FRROLQJ�DQG�
YHQWLODWLRQ��7KH�QXPHULFDO�LQGLFDWRU�RI�SULPDU\�HQHUJ\�XVH�LV�N:K�P��SHU�\HDU��LG�HVW�
WKH�RYHUDOO�SULPDU\�HQHUJ\�GHPDQG��LQ�N:K�\HDU��DVVRFLDWHG�WR�WKH�IXOILOPHQW�RI�WKH�
YDULRXV�HQG�XVHV�RI�LQWHUHVW��GLYLGHG�E\�WKH�QHW�IORRU�DUHD�RI�WKH�UHODWLYH�GHPR�FDVH��P����
7KH�YDOXH��DVVXPHG�DV�WKH�UHIHUHQFH�LQ�WKH�FDOFXODWLRQ�RI�WKH�VDYLQJ��LV��LQGHHG��WKH�RQH�
DVVRFLDWHG�WR�WKH�VSHFLILF�SULPDU\�HQHUJ\�GHPDQG�LQ�WKH�SUH�UHQRYDWLRQ�VFHQDULR��)RU�
HDFK�RI� WKH�SUHVHQWHG�GHPRQVWUDWLRQ�FDVHV�� WKH� UHIHUHQFH�SULPDU\�HQHUJ\�GHPDQG� LV�
KHQFH� GHWHUPLQHG� LV� EDVHG� RQ� WKH� FKDUDFWHULVWLF� RI� WKH� H[LVWLQJ� EXLOGLQJ� EHIRUH� WKH�
UHWURILW���
:KHQ�GLUHFW� UHFRUGLQJV�ZHUH�QRW�DYDLODEOH��YDFDQW�EXLOGLQJV���DQ� LQGLUHFW�SURFHGXUH�
KDV�EHHQ�DGRSWHG�WR�FRPSXWH�WKH�SUH��UHQRYDWLRQ�SULPDU\�HQHUJ\���
-� (OHFWULFLW\�QHHGV��WKH�UHODWHG�SULPDU\�HQHUJ\�LV�FDOFXODWHG�XVLQJ�VWDQGDUG�QDWLRQDO�

FRHIILFLHQWV��L�H��WKH�DYHUDJH�HIILFLHQF\�DVVRFLDWHG�WR�WKH�WUDQVIRUPDWLRQ�RI�SULPDU\�
HQHUJ\�LQWR�HOHFWULFLW\��FRQVLGHULQJ�WKH�DYDLODEOH�SODQWV�WKDW�RSHUDWH�LQ�WKH�FRXQWU\��
WKHUPR�HOHFWULF�SODQWV�IHG�E\�RLO��FDUERQ��HWF���39�SODQWV��ZLQG�IDUPV��HWF�����

-� 7KHUPDO�QHHGV�IRU�KHDWLQJ��FDOFXODWHG�IURP�HQHUJ\�ELOOV�DQG�RU�WKURXJK�VLWH�VSHFLILF�
FDOFXODWLRQ��QRUPDOO\�FRQVLGHULQJ�D�TXDVL�VWHDG\�VWDWH�KHDW�H[FKDQJH�EHWZHHQ�WKH�
EXLOGLQJ� HQYHORSH� GXULQJ� WKH� FROG� VHDVRQ��� DOVR� FRQVLGHULQJ� WKH� HQHUJ\� YHFWRUV�
LQYROYHG�LQ�WKH�WUDQVIRUPDWLRQ�SURFHVVHV��H�J���KRW�ZDWHU��DLU��HWF�����

-� +RW�ZDWHU�GHPDQG�LV�FRPSXWHG�FRQVLGHULQJ�WKH�DYHUDJH�XVDJH�RI�KRW�ZDWHU�IRU�WKH�
VSHFLILF�IDFLOLW\�DQG�WKH�HIILFLHQF\�RI�WKH�WHFKQRORJ\�DGDSWHG�WR�LWV�SURGXFWLRQ��

-� 7KHUPDO� QHHGV� IRU� FRROLQJ�� LW� LV� XVXDOO\� H[WUDSRODWHG� IURP� WKH� HOHFWULFLW\�
FRQVXPSWLRQ��LVRODWLQJ�WKH�QHHGV�WKDW�FDQ�EH�UHIHUUHG�WR�WKH�FRROLQJ�FRQVXPSWLRQV���

,W�LV�FOHDU�WKDW�WKH�UHOLDELOLW\�DQG�SUHFLVLRQ�RI�WKH�FDOFXODWLRQ�DUH�VWULFWO\�UHODWHG�WR�WKH�
DYDLODEOH�LQIRUPDWLRQ�DQG�WKH�NQRZOHGJH�RI�WKH�EXLOGLQJ��RI�LWV�DFWLYLW\�DQG��LQ�JHQHUDO��
RI�LWV�HQHUJ\�EHKDYLRXU���
-� �VW�OHYHO��D�JHQHUDO�NQRZOHGJH�RI�WKH�HQHUJ\�QHHGV�LV�DYDLODEOH�IURP�WKH�HQHUJ\�ELOOV�

�LW�KDV�EHHQ�UHFRPPHQGHG�WR�FRQVLGHU�DW�OHDVW�WZR�\HDUV�RI�GDWD��LQ�RUGHU�WR�DYRLG�
VHDVRQDO�YDULDWLRQ�DQG�RU�GHPDQG�DQRPDOLHV���RQFH�WKH�HOHFWULFLW\�FRQVXPSWLRQV�DUH�
NQRZQ��LW� LV�SRVVLEOH�WR�FDOFXODWH�WKH�SULPDU\�HQHUJ\��DVVRFLDWHG�WR�WKH�HOHFWULFLW\�
GHPDQG��DSSO\LQJ�WKH�1DWLRQDO�3ULPDU\�(QHUJ\�)DFWRUV��+LVWRULF�HQHUJ\�XVH�IURP�
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ELOOV� LV�� WKHUHIRUH�� WKH� ILUVW� UHIHUHQFH� XVHG� LQ� WKH� DQDO\VLV� RI� WKH� HQHUJ\� XVH�
EUHDNGRZQ��:KHQ�WKHVH�GRFXPHQWV�ZHUH�QRW�DYDLODEOH��WKH�UHTXLUHPHQWV�KDYH�EHHQ�
UHFRQVWUXFWHG�XVLQJ� VLPLODU� GDWD� WDNHQ� IURP� VFLHQWLILF� OLWHUDWXUH� DQG�RU� UHSRUWV� RI�
FRPSDUDEOH�EXLOGLQJV�LQ�WKH�VDPH�FRXQWU\�JHR�FOXVWHU��7KHUPDO�HQHUJ\�GHPDQG�DQG�
KRW�ZDWHU� QHHGV� FDQ� EH� FDOFXODWHG� VLPLODUO\� XVLQJ� HQHUJ\� ELOOV� WKURXJK� D� VLPLODU�
SURFHGXUH��KRZHYHU�FRQVLGHULQJ�WKH�HIILFLHQF\�RI�WKH�WKHUPDO�SODQW�LQVWDOOHG�LQ�WKH�
EXLOGLQJ��LQVWHDG�RI�QDWLRQDO�IDFWRUV��$JDLQ��VRPH�H[FHSWLRQ�FRXOG�EH�FRQVLGHUHG�DV�
LW�KDSSHQV�LQ�FDVH�WKH�GZHOOLQJ�LV�IHG�E\�D�GLVWULFW�KHDWLQJ�QHWZRUN���

-� �QG� OHYHO�� D� GHHSHU� NQRZOHGJH� RI� WKH� EXLOGLQJ� LV� SURYLGHG� E\� DQ� HQHUJ\� DXGLW�� D�
V\VWHPDWLF�SURFHGXUH�ZLWK�WKH�SXUSRVH�RI�REWDLQLQJ�DGHTXDWH�NQRZOHGJH�RI�H[LVWLQJ�
HQHUJ\� FRQVXPSWLRQ� SURILOH� RI� D� EXLOGLQJ� RU� JURXS� RI� EXLOGLQJV� �'LUHFWLYH�
��������(8��7KH�HQHUJ\�DXGLW�LV�WKH�RXWFRPH�RI�D�GHHS�DQDO\VLV�RI�WKH�EXLOGLQJ��LWV�
DFWLYLW\� DQG� KLVWRULFDO� HQHUJ\� FRQVXPSWLRQV�� LW� LV� SURYLGHG� E\� D� VSHFLDOLVW�
FRQVLGHULQJ�WKH�ORFDO�QRUPV�DQG�LW�FDQ�LQFOXGH�D�VLWH�LQVSHFWLRQ��LI�QHHGHG����

-� �UG�OHYHO��WKH�FUHDWLRQ�RI�D�GHWDLOHG�HQHUJ\�PRGHO�RI�WKH�EXLOGLQJ�SHUPLWV�D�FRPSOHWH�
DZDUHQHVV�RI�WKH�EXLOGLQJ�DQG�LWV�HQHUJ\�EHKDYLRXU�WKRXJK�WKH�UXQQLQJ�RI�HQHUJ\�
VLPXODWLRQ�DQG�DQDO\VHV���

,Q� JHQHUDO�� SULPDU\� HQHUJ\� FRQVXPSWLRQ� LV� VWULFWO\� UHODWHG� WR� WKH� DFWLYLWLHV� DQG� WKH�
RFFXSDQF\� RI� WKH� EXLOGLQJ�� 7KHUHIRUH�� WKH� DFNQRZOHGJHPHQW� RI� VRPH� XVDJH�
LQIRUPDWLRQ��VXFK�DV�WKH�XVDJH�WLPH�SDWWHUQ��RU�WKH�WHPSHUDWXUH�VHW�SRLQW�RI�WKH�SODQW�LV�
SLYRWDO�DQG�PLJKW�KHOS�LQ�ILQGLQJ�UHOLDEOH�UHVXOW��ERWK�LQ�WKH�SUH�DQG�SRVW�UHQRYDWLRQ�
VFHQDULRV���
6LQFH� WKH� FRPSOH[LW\� RI� WKH� ODVW� YDULDEOHV� LQ� WKH� HQHUJ\� EDODQFH� HTXDWLRQV�� WKH�
DYDLODELOLW\�RI�DQ�HQHUJ\�PRGHO�RI�WKH�EXLOGLQJ�KLJKO\�IDFLOLWDWHV�WKH�YDOLGDWLRQ�RI�WKH�
YDULRXV� VHOHFWHG� RSSRUWXQLWLHV� WR� JHW� WKH� HQHUJ\� VDYLQJV�� DOVR� KHOSLQJ� LQ� WKH�
VWDQGDUGL]DWLRQ�RI�WKH�UHVXOWV�IRU�IXWXUH�FRPSDULVRQ��
,Q�3�(1'85(�WKH�FDOFXODWLRQ�RI�3ULPDU\�(QHUJ\�&RQVXPSWLRQ�KDV�EHHQ�SHUIRUPHG�
WKURXJK�WZR�GLIIHUHQW�PHWKRGRORJLHV��
���³0DQXDO� FDOFXODWLRQ´�� PDQ\� GLIIHUHQW� WRROV� DUH� DYDLODEOH� RQ� WKH� PDUNHW� IRU� WKH�

HQHUJ\� XVH� DVVHVVPHQW�� HDFK� RI� WKHP� UHTXLUHG� DW� OHDVW� D� GHWDLOHG� NQRZOHGJH� RI�
KLVWRULF�HQHUJ\�ELOOV�DQG�VSHFLILFDWLRQV�RI�WKH�LQVWDOOHG�V\VWHPV��HOHFWULFLW\��QDWXUDO�
JDV��KRW�ZDWHU�SODQWV��DQG�RU�RWKHUV��ILQDOO\��LW�LV�QHFHVVDU\�WR�KDYH�D�GHHS�NQRZOHGJH�
RI�FXUUHQW�OLJKWLQJ�DQG�+9$&�SODQWV��

���³'LJLWDO�PRGHO�RI�WKH�EXLOGLQJ´��WKLV�PHWKRGRORJ\�LV�EDVHG�RQ�%,0�WR�%(0�FRQFHSW�
ZKHUH�LV�QHFHVVDU\�WKH�DYDLODELOLW\�RI�D�PRGHO�RI�WKH�EXLOGLQJ��FUHDWHG�LQ�D�GLJLWDO�
HQYLURQPHQW��ZKHUH�RQH�FDQ�VLPXODWH�WKH�HQHUJ\�EHKDYLRXU�RI�WKH�VXEMHFW�DSSO\LQJ�
PHWHRURORJLFDO�GDWD��DQG�VLPXODWLQJ�WKH�RSHUDWLRQ�RI�WKH�LQVWDOOHG�RQ�WKH�0(3��LQ�
DFFRUGDQFH� WR� WKHLU� JLYHQ� HIILFLHQFLHV�� 7RROV� DQG� VRIWZDUH� \LHOG� HQHUJ\� GHPDQG�
WKURXJK�WKHLU�FDOFXODWLRQ�HQJLQHV��XVLQJ�KHDW�WUDQVIHU�DOJRULWKPV��JLYLQJ�YHU\�SUHFLVH�
UHVXOWV��'LIIHUHQW�IUHHZDUH�DQG�QRW�IUHHZDUH�VRIWZDUH�DUH�DYDLODEOH�RQ�WKH�PDUNHW�
DQG�WKH�UHTXLUHG�LQSXW�PD\�EH�VXEVWDQWLDOO\�GLIIHUHQW��
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7KHVH� SURFHGXUHV� KDYH� EHHQ� DGRSWHG� WR� GHILQH� SHU� HDFK� GHPRQVWUDWLRQ� FDVHV� WKH�
³HQHUJ\�FRQVXPSWLRQ´�EHIRUH�WKH�UHQRYDWLRQ��$W�WKH�VDPH�WLPH��WKLV�UHVXOW�GHILQHV�WKH�
PLQLPXP�OHYHO�RI�HQHUJ\�SHUIRUPDQFH�WR�DFKLHYHG�DIWHU�WKH�GHHS�UHQRYDWLRQ������OHVV�
WKDQ�WKH�SUH�LQWHUYHQWLRQ�VWDWXV���

)LJXUH� ���(QHUJ\� DVVHVVPHQW� RI� WKH�PDLQ� GHPRQVWUDWLRQ� FDVHV� EHIRUH� WKH� GHHS�
UHQRYDWLRQ�
�
&21&/86,21��
7KH�GHPRQVWUDWLRQ�FDVHV�EHLQJ�LPSOHPHQWHG�DLP�WR�VKRZ�WKDW�WKURXJK�WKH�FRPSRQHQWV�
RIIHUHG� E\� 3�(1'85(� VXFK� DV� WKH� DGRSWLRQ� RI� WKH� LQWHJUDWLRQ� RI� LQQRYDWLYH�
WHFKQRORJLHV�IRU�WKH�FRQWURO�RI�WKH�LQWHUYHQWLRQ�WKURXJK�WKH��0�SURFHVV��LW�LV�SRVVLEOH�
WR� DFKLHYH� D� ���� HQHUJ\� VDYLQJ� FRPSDUHG� WR� LQ� WKH� SUH�LQWHUYHQWLRQ� VWDWH�� D� ����
UHGXFWLRQ�LQ�FRVWV�DQG�����RI�WKH�WLPH�UHTXLUHG�WR�FDUU\�RXW�WKH�LQWHUYHQWLRQ�FRPSDUHG�
WR�WKH�VWDQGDUGV��JXDUDQWHHLQJ�FRPIRUW�IRU�WKH�RFFXSDQWV��ERWK�LQ�WHUPV�RI�TXDOLW\�RI�
WKH�LQWHUQDO�HQYLURQPHQW�DQG�UHGXFHG�GLVWXUEDQFH�GXH�WR�WKH�UHVWUXFWXULQJ�RSHUDWLRQV���
7KH�SURMHFW�LV�FORVLQJ�WKH�WKLUG�\HDU�RI�UHVHDUFK�DQG�E\�VWLOO�IROORZLQJ�WKH��0�VFDQQLQJ�
PHWKRG�RI� WKH�SKDVHV�� LW� LV�SRVVLEOH� WR� WUDFH�ERWK� WKH�DOUHDG\�REWDLQHG�DQG�SRWHQWLDO�
UHVXOWV��DQG�WKH�GLIILFXOWLHV�HPHUJLQJ��6HEDVWLDQ��������DV�LQWURGXFHG�LQ�WKH�IROORZLQJ�
SDUDJUDSKV��
7KH�PRVW� LQWHUHVWLQJ� UHVXOWV� RI� WKH� ILUVW� VWHS��0DSSLQJ�� RI� WKH� DGRSWHG� �0� SURFHVV�
UHJDUG� WKH� UHJLVWHUHG� SURFHGXUH� WKDW� DVVLVWV� WKH� �'� VFDQ� DQG� WKH� VXEVHTXHQW� %,0�
PRGHOOLQJ�� DQG� WKH� %,0� 3DUDPHWULF�0RGHOOHU� DSSOLFDWLRQ� ZKLFK�� E\� LPSRUWLQJ� WKH�
PRGHO�DQG�EUHDNLQJ� LW�GRZQ��DFWV�DV�D�JXLGH�ZLWK�UHJDUG� WR� WKH� W\SH�DQG�QXPEHU�RI�
LQWHUYHQWLRQV�WR�EH�SHUIRUPHG��7KH�OLPLW�LV�WKH�ODFN�RI�D�WRWDOO\�DXWRPDWHG�PHWKRG�RI�
WUDQVIRUPLQJ�WKH��'�SRLQW�FORXG�VXUYH\�LQWR�D�%,0�PRGHO��7KH�0RGHOOLQJ�SKDVH�KDV�
SURGXFHG�FDOFXODWLRQ�SURFHGXUHV�RI�WKH�HQHUJHWLF�EHKDYLRXU�UHVXOWLQJ�LQ�D�%(0�WKDW�DUH�
DOVR� LPSRUWDEOH� LQ� WKH� %,0� 3DUDPHWULF� 0RGHOOHU� DSSOLFDWLRQ�� HYHQ� WKRXJK� VRPH�
LQWHURSHUDELOLW\�GHIHFWV�VWLOO�HPHUJH��7KH�ILUVW�UHVXOWV�RI�WKH�0DNLQJ�SKDVH�LQFOXGH�WKH�
VROXWLRQV�WKHPVHOYHV�GXULQJ�WKH�DVVHPEO\�LQ�WKH�GHPRQVWUDWLRQ�FDVHV��7KH�3�(QGXUH�
FRQVRUWLXP� KDV� DQDO\VHV� DQG� VHOHFWHG� DGYDQFHG� 3Q3� WHFKQRORJLHV� DOORZLQJ� HQHUJ\�
HIILFLHQW� DGYDQFHG� GHHS� UHWURILWV� RQ� GHPRQVWUDWLRQ� FDVHV�� 7KH� PDLQ� IRFXV� ZDV� WKH�
VHOHFWLRQ�� FRQVROLGDWLRQ�� RSWLPLVDWLRQ� DQG� LQWHJUDWLRQ� RI� LQQRYDWLYH� 3Q3� SUHIDE�
FRPSRQHQWV�WKDW�DUH�QHFHVVDU\�WR�DFKLHYH�WKH�WDUJHWHG�TXDOLW\�DQG�SHUIRUPDQFH�LQ�WHUPV�
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RI� HQHUJ\�� FRVW� DQG� WLPH�VDYLQJ� DV�ZHOO� DV� LPSURYHG� ,(4� DQG� UHGXFHG� GLVWXUEDQFH�
GXULQJ�RQ�VLWH�SURFHVVHV��$OO�VROXWLRQV�ZHUH�SUHVHQWHG�WR�WKH�EXLOGLQJ�RZQHUV�RU�WKHLU�
UHSUHVHQWDWLYHV��7KH�SURSRVHG� VROXWLRQV�ZHUH�FRQIURQWHG�ZLWK� WKH�QHHGV�RI� WKH�HQG�
XVHUV� ZKHUH� ZDV� HPHUJHG� WKH� UHTXHVW� RI� KDUG� HYLGHQFH� DERXW� FRVW� DQG� HQHUJ\�
HIIHFWLYHQHVV� RI� WKH� SURSRVHG� VROXWLRQV�� 7KH� 0RQLWRULQJ� SKDVH� ZLOO� EHJLQ� ZLWK�
FRPSOHWHG� LQWHUYHQWLRQV�� DOVR� DVVLVWHG� E\� WKH� GHYLFHV� �H�J�� &RPIRUW� (\H�� DOUHDG\�
LQVWDOOHG�DQG� WKH�GDWD�RI�ZKLFK�RQ� WKH�TXDOLW\�RI� WKH� LQWHUQDO� HQYLURQPHQW��GHWHFWHG�
EHIRUH�DQG�DIWHU�WKH�LQWHUYHQWLRQ��ZLOO�FHUWLI\�WKH�RXWFRPH�RI�WKH�RSHUDWLRQ���
7KH�3�(1'85(�SURMHFW�LV�ZRUNLQJ�RQ�EXLOGLQJ�UHQRYDWLRQ�LQWHUYHQWLRQV�PDQDJHG�LQ�
D� SXEOLF�SULYDWH� SDUWQHUVKLS� V\VWHP�� WKH� UHVHDUFK� LV� H[SHULPHQWLQJ� ZLWK� LQQRYDWLYH�
PHWKRGRORJLHV��SURFHGXUHV�DQG�WHFKQRORJLHV�ZLWKLQ�D�FRQWH[W�LQ�ZKLFK�LQQRYDWLRQ�RIWHQ�
KDV� WR� EUHDN� GRZQ� LQQXPHUDEOH� EDUULHUV�� $OVR� FRQVLGHULQJ� REVWDFOHV� FRQFHUQLQJ�
GLIIHUHQW�H[LVWLQJ�VLWXDWLRQV�LQ�WKH�(8�FRXQWULHV��
7KH�WHVWHG��0�PRGXODU�SURFHVV�DGRSWLQJ�VHULHV�RI�SUDFWLFDO�,&7�WRROV�LV�GHPRQVWUDWLQJ�
LWV� IXQFWLRQDOLW\� IDFLOLWDWLQJ� DQG� RSWLPL]LQJ� WKH� GHHS� UHQRYDWLRQ� SURFHVV� RQ� HDFK�
GHPRQVWUDWLRQ�FDVHV�DQG�VROYLQJ�WKH�LQWURGXFHG�EDUULHUV��7KH�H[SHULPHQWDWLRQ�RI�WKH�
WRROV�DQG�WHFKQRORJLHV�GHYHORSHG�LQ�WKH�3�(1'85(�SURMHFW�LV�VWLOO�RQJRLQJ��'HVSLWH�
WKLV�LV�SRVVLEOH�VXPPDUL]H�WKDW�WKH�YDULRXV�,&7�WRROV�LQWHJUDWH�LQ�WKH��0�SURFHVV�KDV�
FRQWULEXWH�WR���
-� HVWDEOLVKHG�D�VROLG�EDVHOLQH�EHIRUH�UHQRYDWLRQ��
-� IDFLOLWDWHG�WKH�UHQRYDWLRQ�GHVLJQ�SURFHVV�E\�FRQILJXULQJ�WKH�VXLWDEOH�3Q3���SUHIDE�

VROXWLRQV�IRU�GHHS�UHQRYDWLRQ��
-� SURYLGHG�%,0�EDVHG�LQSXW�IRU�HQHUJ\�FDOFXODWLRQ���HQHUJ\�VLPXODWLRQ�RI�WKH�SRVVLEOH�

GHHS�UHQRYDWLRQ�GHVLJQV��
-� VXSSRUWHG�WKH�GHFLVLRQ�PDNLQJ�DW�GHHS�UHQRYDWLRQ��L�H��WR�GHFLGH�RQ�WKH�PRVW�RSWLPDO�

UHQRYDWLRQ�GHVLJQ��DV�ZHOO�DV�DIWHU�UHQRYDWLRQ��
0RUHRYHU��WKH�UHVXOWV�DFKLHYHG�VR�IDU�KDYH�KLJKOLJKWHG�LWV�SRWHQWLDO��QRW�RQO\�LQ�WHUPV�
RI�RSWLPL]DWLRQ�DQG�UHILQHPHQW�RI�WKH�IXQFWLRQV�HPHUJHG�LQ�WKH�UHVHDUFK�SURMHFW��EXW�
DOVR�RI�WKHLU�VLJQLILFDQW�GHYHORSPHQW��SUHILJXULQJ�LWV�KLJK�DSWLWXGH�IRU�UHSOLFDELOLW\�LQ�
WKH�YDULRXV�FRXQWULHV�RI�WKH�(XURSHDQ�8QLRQ��
�
$.12:/('*0(17��
7KH�3�(1'85(�UHVHDUFK�SURMHFW��KWWSV���ZZZ�S�HQGXUH�SURMHFW�HX�HQ��LV�FR�ILQDQFHG�
E\� WKH�(XURSHDQ�8QLRQ�ZLWKLQ� WKH�+����� IUDPHZRUN�SURJUDPPH�ZLWK� FRQWUDFW� QR��
��������
$XWKRUVKLS�RI� WKLV� DUWLFOH�� ³&RQFHSWXDOL]DWLRQ��(�3���%�7���0HWKRGRORJ\��(�3���%�7���
,QYHVWLJDWLRQ��(�3���5�'�*���%�7���*�%���/�)���6�%���5HVRXUFHV��(�3���5�'�*���%�7���*�%���
/�)���6�%���:ULWLQJ�2ULJLQDO�'UDIW�3UHSDUDWLRQ��(�3���%�7���:ULWLQJ�5HYLHZ�	�(GLWLQJ��
(�3��
�
5()(5(1&(6��
$UQHVDQR��0���5HYHO��*�0���=DPSHWWL��/���6HEDVWLDQ��5���*UDOND��$���%RUQHPDQQ��5���

:LOOHPV��(���9LVVHU��/���+DUWPDQQ��7����������³3OXJ��DQG�SOD\�SURGXFW��SURFHVV�
DQG�VHQVLQJ�LQQRYDWLRQ�IRU�HQHUJ\�HIILFLHQW�EXLOGLQJ�GHHS�UHQRYDWLRQ´��:RUOG�
6XVWDLQDEOH�(QHUJ\�'D\V��:6('������3URFHHGLQJV��:HOV��$XVWULD��
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$UWROD�� ,��� 5DGHPDHNHUV��.���:LOOLDPV��5���<HDUZRRG�� -�� ��������%RRVWLQJ�%XLOGLQJ�
5HQRYDWLRQ�� :KDW� 3RWHQWLDO� DQG� 9DOXH� IRU� (XURSH"� (XURSHDQ� 3DUOLDPHQW��
%UXVVHOV��%HOJLXP��

%3,(� �������� 3UHIDEULFDWHG� 6\VWHPV� IRU� 'HHS� (QHUJ\� 5HWURILWV� RI� 5HVLGHQWLDO�
%XLOGLQJV��$YDLODEOH�RQOLQH��KWWS���ESLH�HX�ZS�FRQWHQW�XSORDGV���������'HHS�
GLYH���3UHIDE�V\VWHPV�SGI��DFFHVVHG�RQ����-XO\���������

'¶2FD��6���)HUUDQWH��$���)HUUHU��&���3HUQHWWL��5���*UDOND��$���6HEDVWLDQ��5��DQG�2S�µW�
9HOG��3����������³7HFKQLFDO��)LQDQFLDO�DQG�6RFLDO�%DUULHUV�DQG�&KDOOHQJHV�LQ�
'HHS�%XLOGLQJ�5HQRYDWLRQ��,QWHJUDWLRQ�RI�/HVVRQV�/HDUQHG�IURP�WKH�+������
&OXVWHU�3URMHFWV´��0'3,��%XLOGLQJV��9RO�����,VVXH����������

(FRQRPLGRX��0�� ��������(XURSH¶V�%XLOGLQJV� XQGHU� WKH�0LFURVFRSH��$�&RXQWU\�E\�
&RXQWU\� 5HYLHZ� RI� WKH� (QHUJ\� 3HUIRUPDQFH� RI� %XLOGLQJV�� %3,(�� %UXVVHOV��
%HOJLXP��

2S�µW�9HOG��3����������³025(�&211(&7��'HYHORSPHQW�DQG�DGYDQFHG�SUHIDEULFDWLRQ�
RI� LQQRYDWLYH�� PXOWLIXQFWLRQDO� EXLOGLQJ� HQYHORSH� HOHPHQWV� IRU� PRGXODU�
UHWURILWWLQJ� DQG� VPDUW� FRQQHFWLRQV´�� �WK� ,QWHUQDWLRQDO� %XLOGLQJ� 3K\VLFV�
&RQIHUHQFH��,%3&�������(OVHYLHU��(QHUJ\�3URFHGLD�����SS�������������

3�(QGXUH� 'HOLYHUDEOH� 5HSRUW� '���� �������� 6HWV� RI� 3Q3� 3UHIDE� &RPSRQHQWV� IRU�
%XLOGLQJ�(QYHORSHV��

3�(QGXUH�'HOLYHUDEOH�5HSRUW�'�������������0�SURFHVV�URDGPDS�DQG�LPSOHPHQWDWLRQ�
JXLGHOLQHV��

3�(QGXUH�'HOLYHUDEOH�5HSRUW�'������������%,0�3DUDPHWULF�0RGHOHU���
3�(QGXUH� 'HOLYHUDEOH� 5HSRUW� '���� �������� 0RELOH� ,QVSHFWLRQ� 7RRO� IRU� %XLOGLQJ�
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