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Abstract 

 

Worldwide, tourism has firmly developed to become one of the most dynamic 

industries. Undoubtedly, tourism brings many benefits to society regarding the economy, 

employment, and social welfare. However, the dark side of tourism development is the 

negative impacts on the environment, in which solid waste management (SWM) is one 

of the significant impacts. In Vietnam, Hoi An City (HAC), a small town in the centre, is 

known as a typical tourist city by the world cultural heritage values. During the last 

decade, the rapid development of the tourism industry in HAC has led to the significant 

increase of municipal solid waste amount and caused several urgent problems to the 

municipal SWM system. The overload of waste in the downtown, the disruption of the 

waste collection system, and the non-performance of treatment plants may be caused by 

the inefficiency of SWM practice at source. Therefore, the development of SWM practice 

is urgent and necessary in HAC. However, improving SWM practice in a minimalist 

direction that is usually applied in developing countries, or it should be planned according 

to the model that developed countries are implementing? In fact, there may be many gaps 

from planning projects to actual implementation. The feasibility of a planning project in 

SWM practice depends on many factors, in which the compatibility of the project with 

the actual conditions is essential. Therefore, the SWM practice scenarios in this study are 

planned based on four main factors, namely social acceptance, compatibility with the 

regional availability, economic optimisation, and emission mitigation. Also, the aim of 

this study is oriented planning in SWM practice for the tourism industry in HAC aims to 

reduce the current waste problems and contribute to improving municipal SWM system 

toward sustainability. 

The studying process consists of fours main steps such as planning, sampling, analysis 

and modelling. First of all, the waste sources from the tourism industry were encrypted 

by groups and randomly selected for sampling. The sampling rate ranges from 10 to 25% 

of the sample population. Whereby, solid waste from 120 hotels, 55 restaurants, 110 shops, 

27 handicraft production facility (HPF), five markets, waste from bins and street in the 

TA was collected in seven consecutive days in December 2016. The amount of waste was 
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measured by weighting by handi-scales. Also, the composition of waste was identified 

with 18 categories. The characterisation of samples was analysed at the laboratory of 

Okayama University after drying. Whereas, the feature of the tourism sectors and the 

information of SWM practice were collected by questionnaire survey. Data from the 

survey was statistically processed to assess the status and analyse the problems of the 

SWM system in the tourism industry. 

The SWM practice models of the tourism industry in HAC were built, simulated and 

optimised aims to resolve the problems, reduce the challenges and bring the sustainable 

values to SWM system for the tourism industry. Analysis hierarchy process (AHP) was 

to assess the priority of multiple alternatives under different valuation criteria. Material 

flow analysis (MFA) was used to describe the flow of waste from generation to the 

disposal, also provide a systems-oriented view and support the priority-oriented decisions 

regarding waste management in the tourism industry in HAC. The models of SWM 

practice for accommodation, a TA and the whole of the tourism industry were built based 

on (i) the feature of commercial tourism sectors, (ii) the current status of the waste 

management system of each objective, (iii) the current, intentional and optimal practice 

rate of SWM practices, and (iv) ability of enhancing the waste collection system. These 

models of SWM practice were analysed and optimised based on seven main factors, 

namely (1) the consensus of stakeholders, (2) waste generation reduction, (3) waste 

recycling practice development, (4) the favourability of waste to treatment, (5) 

compatibility with the regional availability, (6) optimisation of economic, and (7) 

emission mitigation. Lastly, strategy-oriented planning of SWP practice for the tourism 

industry was analysed to choose the appropriate direction for SWM practice – the 

minimalism or enhancement towards sustainability. The core value that the sustainable 

SWM practice in the tourism industry is approaching is the balance in the integrated 

enhancement of economic affordability– environmental effectiveness – social acceptance.  

This study indicates some findings: 

Firstly, the status of the SWM system in the tourism industry is presented. Notably, the 

daily solid waste generation rate (SWGR) of each commercial sector is identified by 2.28 

kg.guest-1 for the hotels, 1.27 kg.bill-1 for restaurants, 0.86 kg.shop-1, 0.28 kg.product-1 

for HPF, 1.15kg.stall-1 for markets, 0.066 kg.tourist-1, and 1.68 kg per 100m of street. The 
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differences in SWGR by the scale of hotels, the location of the restaurant and types of the 

market are statically significant. In term of tourist waste composition, organic waste 

accounts a significant proportion by around 60%, also the rate of recyclable materials 

ranges from 15 to 20%. The high rate of organic waste may cause high moisture (50% - 

60%) and low calories value (HHV: 12 MJ/kg) of tourist waste. Furthermore, this study 

reveals that the rate of SWM practices that consists of separation at source, recycling 

practice and composting practice in the tourism industry is low. Many objective 

conditions (such as the lack of information, knowledge, guidance and support from the 

government) and subjective factors (such as the unnecessary for small waste generation, 

the disapproval because of odour, the disinterest due to the meaninglessness) are justified 

for the inefficiency of SWM practices. Consequently, the overload of waste in a TA, the 

disruption of waste collection in the downtown, the financial loss in the SWM system, 

and the non-performance of waste treatment plants are the urgent problems of SWM 

system in a tourism destination. Also, reducing these problems in the balance between 

social acceptance, environmental mitigation and optimal economic is the significant 

challenges of the tourism SWM system. 

Additionally, the optimal models of the SWM practice are the findings of this study 

that may reduce the above problems and contribute to establishing oriented planning in 

sustainable SWM system for the tourism industry. Notably, the accommodation business 

(AB) that is one of the essential business activities of the tourism industry daily generates 

about 16.5 tons of solid waste (accounted for 35% of the total tourism waste). An optimal 

model of SWM practice for the AB shows that improving SWM practice at source by the 

intention rate toward the optimal rate may significantly enhance the recovery performance, 

reduce from 30 – 70% of waste generation, and bring a positive financial benefit for the 

hoteliers. Likewise, an appropriate model of integrated SWM system for the TA in the 

centre of the city is simulated. This model plans to enhance SWM practice at source, 

upgrade the quality of collection service corresponding to the actual demand of 

stakeholders, and the regional conditions in the TA. The highlight of this model is the 

solution to the SWM system’s problem in the TA based on the integration between social 

consensus and governmental direction, the balance between the demand of stakeholders 

and the possible response of the SWM system.  
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Finally, the model of developing SWM practice for the tourism industry in a 

sustainable orientation (SOM) is simulated and proved to be more appropriate than the 

minimalist orientation model (MOM). The compatibility and suitability are analysed in 

the efficiency that these models bring.  

(i) SOM model is more effective in minimising waste generation at source and 

enhancing recovery performance for recycling. Notably, the SOM model is 

estimated to reduce 12.3% and 26.3% of SWG in the first and the next five years 

of the project, respectively. Also, the recovery performance of recyclables 

gradually increases from 1.1 tons to 7.0 tons and 13.5 tons.  

(ii) SOM model significantly contributes to improving waste characterisation in 

accordance with current treatment processes, meanwhile, the mixed waste in the 

MOM model causes obstacles. 

(iii) SOM model is estimated and forecasted to emit less greenhouse gas (from 336 to 

307 kg CO2-eq per ton of treated waste) than that of MOM model (from 547 to 536 

kg CO2-eq per ton of treated waste). 

(iv) The net economic benefit of MOM and SOM projects are positive. Whereby, 

return on investment is estimated in the first year of the project, and the positive 

net interest is estimated at approximately 3.3 and 2.8 times higher than that of the 

current SWM system, respectively. 

According to the positive performance in waste management, social consensus, 

emission mitigation and economic optimisation, the SOM model of integrated SWM 

practice for the tourism industry is the optimal development model in accordance with 

the current situation of the SWM system in HAC towards sustainability.  

 

Keywords: Solid waste management, solid waste planning, tourism waste management 

practice, waste management in Vietnam, optimisation of waste management practice, 

sustainable solid waste management, waste management system of the tourism industry. 
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GHYHORSPHQW�RI�WKH�WRXULVW�QXPEHU�WR�UHVSRQG�WR�WKH�ORGJLQJ�GHPDQG�RI�WKH WRXULVW�� ,Q�

IDFW�� WKH�RWKHU�FRPPHUFLDO�VHFWRUV�DV� WKH�UHVWDXUDQWV��VKRSV��DQG�WUDYHOOLQJ�VHUYLFH�DOVR�

ZLGHO\�GHYHORS� 7KH GHYHORSPHQW�RI�WKH�7,�LQ�+$&�PD\�FDXVH�WR�WKH�LQFUHDVH�RI�ZDVWH�

JHQHUDWLRQ�DQG�LWV�FRQVHTXHQFHV�

�������6:0 V\VWHP�LQ�+RL�$Q�&LW\

%HLQJ�D�VPDOO�DQG�DQFLHQW�WRZQ��������NP����WKH�SRSXODWLRQ�RI�+$&�LV�DURXQG��������

SHRSOH� DQG� LW� GRHV� QRW� VHHP WR VLJQLILFDQWO\ FKDQJH� LQ� WKH� ODVW� GHFDGH� �)LJXUH� ������

+RZHYHU��WKHUH�LV�D�VXEVWDQWLDO�FKDQJH�LQ�DQQXDO�6:*�IURP�WKH�ODVW�WHQ�\HDUV� 1RWDEO\��

WKH�DPRXQW�RI�DQQXDO�6:*�LQFUHDVH�����WLPHV�IURP����� WR������ FRUUHVSRQGLQJ�WR�WKH�

UDSLG�GHYHORSPHQW�RI�WKH�7,��7KLV�PD\�EH�HYLGHQFH�RI�WKH�QHJDWLYH�LPSDFW�RI�WKH�7,�LQ�

+$&�RQ�WKH�XUEDQ�DQG�HQYLURQPHQW�

)LJXUH������7KH�LQFUHDVH�RI�WKH�WRXULVW�DQG�VROLG�ZDVWH�JHQHUDWLRQ

7DNLQJ�D�ORRN�DW�D�GHWDLOHG�DQDO\VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�PRQWKO\�6:*�DQG�

WRXULVP�DFWLYLWLHV�LQ�������)LJXUH���� UHYHDOV�WKDW�WKH�QXPEHU�RI�WRXULVWV�FRPHV�WR�+$&�

LQ�WKH�GU\�VHDVRQ��IURP�0DUFK�WR�$XJXVW��LV�PRUH�WKDQ�WKDW�LQ�WKH�UDLQ\�VHDVRQ��%HVLGHV��
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ZDVWH��WRQ�7RXULVW��SHRSOH�

:DVWH�JHQHUDWLRQ�DQG�WRXULVW�DUULYDO�LQ�WKH�ODVW�GHFDGH

$PRXQW�RI�6ROLG�ZDVWH 3RSXODWLRQ $UULYDOV
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PXQLFLSDO�VROLG�ZDVWH�JHQHUDWHG�LQ�WKH�GU\�VHDVRQ�UDQJHV�IURP�������WR�������WRQV��ZKLFK�

DUH�KLJKHU�WKDQ�WKDW�RI�RWKHU�PRQWKV��

,Q� IDFW��+$&�GDLO\� JHQHUDWHG� DURXQG���� WRQV� RI�ZDVWH� IURP�PDQ\� VRXUFHV� VXFK� DV�

KRXVHKROGV��WRXULVP�DFWLYLWLHV��KRVSLWDOV��VFKRROV��RIILFHV DQG�SXEOLF�DUHDV� 7KH�PXQLFLSDO�

6:0�V\VWHP�LQ�+$&�LV�RQH�RI�WKH�W\SLFDO�V\VWHPV�LQ�9LHWQDP��1RWDEO\��DERXW�����RI�

PXQLFLSDO�ZDVWH�LV�FROOHFWHG�GDLO\�IRU�WUHDWPHQW��&DUWV�DQG�WUXFNV�DUH�WKH�PDLQ�PHDQV�RI�

WKH� XUEDQ� FROOHFWLRQ� V\VWHP�� :DVWH� LV� UHTXLUHG� IRU� VRUWLQJ� DW� VRXUFH� VLQFH� ����� DQG�

FROOHFWHG� VHSDUDWHG� WUXFNV�� 2UJDQLF� ZDVWH� LV� FROOHFWHG� IRXU� WLPHV� SHU� ZHHN� ZKLOH� LQ�

RUJDQLF�ZDVWH�LV�FROOHFWHG�WKUHH�WLPHV�SHU�ZHHN ZLWK�LQWHUFKDQJHDEOH�VFKHGXOHV��:DVWH�LV�

WUDQVIHUUHG�WR�WKH�JDWKHULQJ�SRLQW�LQ WKH�WUHDWPHQW�DUHD��+HUH��ZDVWH�LV�VHSDUDWHG�DJDLQ�E\�

ODERXUV�DQG�PDFKLQHV�IRU�FRPSRVWLQJ�DQG�LQFLQHUDWLRQ��+RZHYHU��WKH�HIILFLHQF\�RI�ERWK�

WUHDWPHQW�SODQWV�LV�QRW�JRRV�GXH�WR�VRPH�WHFKQLFDO�SUREOHPV��7KXV��ZDVWH�LV�GXPSHG�DW�

WKH�RSHQ�VLWH��5HFHQWO\�� WKH�RSHQ�GXPSLQJ�VLWH� LV�TXLWH� IXOO�� VR�ZDVWH� LV�PRYHG� WR�1XL�

7KDQK�FLW\�LQ�4XDQJ�1DP�SURYLQFH����NP�IDU��IRU�ODQGILOOLQJ��

)LJXUH������7KH�QXPEHU�RI�WRXULVW�DQG�ZDVWH�JHQHUDWLRQ�LQ�����

,Q� WHUP� RI� UHF\FOLQJ� DFWLYLWLHV�� LQIRUPDO� VHFWRUV� DUH� WKH� PDLQ� IDFWRU� ZKR� DUH� FRQGXFWLQJ� WKH�

UHF\FOLQJ�DFWLYLWLHV�LQ�+$&��)LJXUH���� VKRZV�WKH�SDWK�RI�UHF\FOLQJ�DFWLYLW\�LQ�+$&�IURP�

JHQHUDWLRQ� WR� PDQXIDFWXUHV�� ,Q� WKH� VWUXFWXUH� RI� WKH� UHF\FOLQJ� V\VWHP� LQ� +$&�� ZDVWH�

��������

��������

��������
��������

��������

�������� ��������

��������

��������

��������

��������

��������

��

����

������

������

������

������

������

������

��

��������

��������

��������

��������

��������

��������

� � � � � � � � � � �� �� ��

7RQH7RXULVW

0RQWK

7KH�QXPEHU�RI�WRXULVW�DQG�ZDVWH�JHQHUDWLRQ�LQ�����

0RQWKO\�ZDVWH�DPRXQW 7RWDO�DUULDOV *XHVW�VWD\LQJ 9LVLWLQJ�WRXULVP�DUHD
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VHJUHJDWLRQ� LV� WKH�ILUVW� VWHS� ZKLFK�SOD\V�DQ�HVVHQWLDO� UROH� LQ� UHF\FOLQJ�VWUDWHJ\��:DVWH�

VHSDUDWLRQ�DW�VRXUFH�ZDV�LPSOHPHQWHG LQ�+$&�VLQFH�������:KHUHE\��ZDVWH�LV�VRUWHG�LQWR�

WKH�RUJDQLF�DQG�LQRUJDQLF�ZDVWH�DQG�FROOHFWHG�VHSDUDWHO\�E\�WKH SXEOLF�ZRUN�FRPSDQ\��

$OWKRXJK� QR� UHJXODWLRQ� RI� UHF\FOLQJ� ZDVWH� FODVVLILFDWLRQ�� UHF\FODEOH� ZDVWH� DV� PDLQO\�

SDSHUV�� PHWDOV� DQG� SODVWLFV� DUH� DOVR� VRUWHG E\� KRXVHKROGHUV� DQG� FRPPHUFLDO� VHFWRUV�

�)LJXUH�������7KHVH�UHF\FODEOH�PDWHULDOV�DUH�VROG�WR�LWLQHUDQW�EX\HUV�WR�JHW�LQFRPH��$�SDUW�

RI� UHF\FOLQJ� ZDVWH� LV� SLFNHG RXW� RI� WUXFNV� E\� FROOHFWLRQ� FUHZV�� $IWHU� WUDQVIHUULQJ� WR�

GLVSRVDO�DUHDV��PDLQO\�3(7�DQG�PHWDOV�DUH�SLFNHG�XS�DJDLQ�E\�VFDYHQJHUV��7KH�FROOHFWHG�

UHF\FOLQJ� PDWHULDOV� DUH� VROG� WR� MXQN� VKRSV� DQG� PRYHG� WR� PDQXIDFWXUHV�� 7KH� UHVW� RI�

UHF\FODEOH�ZDVWH�JRHV�WR�WKH�ODQGILOO VLWHV�

)LJXUH������:DVWH�UHF\FOLQJ�SDWKV�LQ�+RL�$Q�&LW\

7KH� UHF\FOLQJ�V\VWHP� LQ�+$&�FRQVLVWV RI LQIRUPDO� VHFWRUV�DQG� IRUPDO� ILUPV��7KH� LQIRUPDO�

VHFWRUV��ZKR�DUH�LWLQHUDQW�EX\HUV��VWUHHW�SLFNLQJ��FROOHFWLRQ�FUHZV��VFDYHQJHUV�DQG�MXQN�VKRSV�DW�

WUHDWPHQW�VLWHV�FROOHFW�GLUHFWO\�UHF\FOLQJ�PDWHULDO�DURXQG WKH�FLW\��7KH�IRUPDO�VHFWRU�LV�WKH�SXEOLF�

ZRUN�FRPSDQ\�ZKLFK�RSHUDWLQJ�ZDVWH�FROOHFWLRQ�DQG� WUHDWPHQW� LQ�+$&��8QWLO�QRZ��DOO�RI� WKH�

UHF\FODEOH PDWHULDOV� ZHUH� ERXJKW WR� UHF\FOLQJ� PDQXIDFWXUHV� LQ� 'LHQ� %DQ� LQGXVWU\� ]RQH� DQG�

'DQDQJ�FLWLHV�

&RPPXQLWLHV

�5HVLGHQWV��FRPPHUFLDO�VHFWRUV��RIILFHV��VFKRROV��KRVSLWDOV��VWUHHW��ELQV�

6RUWHG 8QVRUWHG

,WLQHUDQW�
EX\HUV

&ROOHFWLRQ�
FUHZV

0L[LQJ�
ZDVWH

*DWKHULQJ�
SRLQW

,QIRUPDO�
UHF\FOLQJ�ILUPV

VFDYHQJHUV
0DQXIDFWXUHV :DVWH�WUHDWPHQW�

SODQWV

��)ORZ�RI�VRUWHG�UHF\FODEOHV ��)ORZ�RI�XQVRUWHG�UHF\FODEOHV



��

)LJXUH������,WLQHUDQW�ZDVWH�EX\HUV�LQ�+$&

$Q�LWLQHUDQW�ZDVWH�EX\HU�LV�D�UHF\FOLQJ�FROOHFWRU�ZKR�EX\V�VRUWHG�GU\�UHF\FODEOH�ZDVWH�IURP�

KRXVHKROGHUV�DQG�FRPPHUFLDO�VHFWRUV DQG�WUDQVIHUV�WR�WKH�MXQN�VKRSV�IRU�VHOOLQJ��,Q�+$&��WKHUH�

DUH�DERXW�����LWLQHUDQW�EX\HUV��7KH\�EX\�UHF\FOLQJ�PDWHULDOV�GRRU�WR�GRRU�E\�ELF\FOHV��WULF\FOLFV�

RU ELNHV��)LJXUH ������$W�WKH�SXEOLF SRLQWV��WKH�UHF\FODEOH�PDWHULDOV�IURP�WKH�PL[HG ZDVWH�LQ�WKH�

JDUEDJH�ELQV�RU�RQ�WKH�VWUHHW�DUH�FROOHFWHG�E\�VWUHHW�ZDVWH�SLFNHUV��%RWK�LWLQHUDQW�EX\HUV�DQG�VWUHHW�

ZDVWH�SLFNHUV�DUH�SRRU�DQG�PDUJLQDOL]HG�VRFLDO�JURXSV��7UDGLQJ�UHF\FODEOH�PDWHULDOV�EULQJ�WKHP�

WKH�PDLQ�LQFRPH�

�D� �E� �F� �G�

)LJXUH������5HF\FOLQJ�E\�FROOHFWLRQ�FUHZV �D�	E���DQG�E\�WKH�SLFNHUV�DW�WKH�WUHDWPHQW�

SODQWV��F	G�

)RU�QRQ�UHF\FOLQJ�SUDFWLFH�DW�WKH�VRXUFH��WKH�UHF\FODEOH�PDWHULDOV�LQ�WKH�PL[HG�ZDVWH�

DUH�UHFRYHUHG E\�PXQLFLSDO�ZDVWH�FROOHFWLRQ�FUHZV�ZKHQ�FROOHFWLQJ�E\�WUXFNV�RU�VZHHSLQJ

RQ�WKH�VWUHHW��)LJXUH������D�	�E����6RPHWLPHV��UHF\FOLQJ�ZDVWH�LV�DOVR�JLYHQ WR�FROOHFWLRQ�

FUHZV� E\� KRXVHKROGHUV� DQG� FRPPHUFLDO� VHFWRUV� IRU� IUHH�� 7KH� UHVW� RI� WKH� UHF\FODEOH�

PDWHULDOV� LQ� WKH� PL[HG� ZDVWH� LV� WUDQVIHUUHG WR� WKH� WUHDWPHQW DUHD�� +HUH�� DURXQG� ���

VFDYHQJHUV� �)LJXUH� ���� �F� 	� G��� SLFN� UHF\FODEOH� ZDVWH� DJDLQ� EHIRUH� WUHDWPHQW� E\�

FRPSRVWLQJ��LQFLQHUDWRU�RU�GXPSLQJ�DW�WKH�RSHQ ODQGILOO�VLWH�
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)LJXUH������-XQN�VKRSV

5HF\FODEOH�PDWHULDOV�DUH�VROG WR�WKH�MXQN�VKRSV�ZKLFK�DUH�LQIRUPDO�FRPPHUFLDO�VHFWRUV��

+$&�KDV����LQIRUPDO MXQN�VKRSV��LQ�ZKLFK�WKH�UHF\FOLQJ�PDWHULDOV�LQ�����RI�VKRSV�DUH�

GLVDVVHPEOHG�� VHSDUDWHG� DQG� ZDVKHG� EHIRUH� FRPSUHVVLQJ� DQG� SDFNLQJ� IRU� VHOOLQJ� WR�

PDQXIDFWXUHV��)LJXUH ������:KHUHDV� WKH�UHVW�RI�MXQN�VKRSV�WU\�WR�PLQLPL]H�WKH�YROXPH�RI�

UHF\FODEOHV�E\�KDQG�DQG�SDFN�LQ�WKH�IRUP�RI�VDFNV��)LJXUH������

,Q�+$&��7KH�3XEOLF�:RUN�-RLQW 6WRFN�&RPSDQ\��ZKLFK�LV�WKH�IRUPDO�ILUP�UHVSRQVH�IRU�

FROOHFWLQJ�DQG�WUHDWLQJ�PXQLFLSDO�ZDVWH��&RPSRVWLQJ�DQG�LQFLQHUDWLRQ�DUH�WKH�WZR�PDLQ�

WUHDWPHQW�PHWKRGV��+RZHYHU��FRPSRVW�SURGXFW�KDV�ORZ�TXDOLW\�ZLWK�PDQ\�LPSXULWLHV�RI�

SODVWLF��PHWDOV��DQG�JODVV��VR�IDUPHUV�GR�QRW�XVH�WKDW��:KHUHDV��WKH�QHZ�RSHQ�LQFLQHUDWRU�

LV�ZRUNLQJ�ZLWK�D�FDSDFLW\�RI����WRQV�SHU�GD\������RI�GHVLJQ�FDSDFLW\��VR WKDW�LW�FDQQRW�

KDQGOH�WKH�GDLO\�ZDVWH�RI�WKH�FLW\��7KH�UHVW�RI� WKH�ZDVWH�LV�GXPSHG�DW�WKH�RSHQ�ODQGILOO�

VLWHV��+$&�KDV�QRW�DQ\�UHF\FOLQJ�IDFWRU\�IRU�UHFRYHULQJ�UHF\FODEOH�PDWHULDOV�

)LJXUH�������7KH�UHFRYHU\�UDWH�RI�UHF\FOHG�ZDVWH�LQ�+$&

5HF\FOLQJ�VKRSV
���

6FDYHQJHUV�DW�
WUHDWPHQW�VLWHV

��

*ODVV�DW�
WUHDWPHQW�VLWHV

��

1RQ�UHFRYHUDEOH
���
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7KH�UHFRYHU\�UDWH�RI�UHF\FOHG�ZDVWH�LV VKRZQ�LQ�)LJXUH�������,Q�JHQHUDO��DERXW������

WRQV�RI�GU\�UHF\FODEOH�ZDVWH��DFFRXQWHG�IRU������ZHUH�JHQHUDWHG�SHU�GD\��LQ�ZKLFK�����

RI�UHF\FODEOH�ZDVWH�ZDV�UHFRYHUHG�E\�MXQN�VKRSV�������DQG�VFDYHQJHUV�������*ODVV�ZDV�

FROOHFWHG�RQH�WRQ�GD\�ZKLFK�DFFRXQWHG�IRU����RI�WRWDO�UHF\FODEOH�ZDVWH� ����RI�UHF\FOLQJ�

ZDVWH�ZDV�PL[HG�LQWR�WKH�JDUEDJH DQG�KDYH�QRW�UHFRYHUHG�

�����2EMHFWLYHV�RI�WKH�VWXG\

7KH�RYHUDOO�DLP�RI�WKLV�GLVVHUWDWLRQ�LV�WR�VWUDWHJ\�RULHQWHG�SODQQLQJ RI�RSWLPDO�6:0�

SUDFWLFH IRU� WKH� 7,� LQ� +$&� WRZDUG� WKH� VXVWDLQDEOH� 6:0� V\VWHP�� 7KH� YDOXH� RI� WKH�

RSWLPLVDWLRQ� LQ� WKLV�PRGHO� LV� WKH� DSSURSULDWLRQ� DQG� FRPSDWLELOLW\�ZLWK� WKH� UHJLRQ�� WKH�

FRQVHQVXV� RI� VWDNHKROGHUV�� JRYHUQPHQW� DQG� VRFLHW\�� WKH� HIILFLHQF\� LQ� RSHUDWLRQ�� 7KH�

H[SHFWHG� YDOXHV RI� WKH� RSWLPDO� 6:0� SUDFWLFH� PRGHO� DUH WKH� PLQLPLVDWLRQ� RI� ZDVWH�

JHQHUDWLRQ��HQKDQFHPHQW�RI�UHF\FOLQJ�DFWLYLWLHV��WKH�IDYRXUDELOLW\�RI�ZDVWH�WR�WUHDWPHQW��

DQG�WKH�FRQWULEXWLRQ�WR�UHGXFLQJ�WKH�FXUUHQW�SUREOHPV�RI�PXQLFLSDO�6:0�V\VWHP��7KH

JRDO�RI� ORQJ�WHUP�H[SHFWDWLRQ�RI� VXVWDLQDEOH 6:0�SUDFWLFH�PRGHO� LV� WKH� V\QFKURQRXV�

DFKLHYHPHQW� RI� WKH� HQYLURQPHQW HIIHFWLYHQHVV ± HFRQRPLF DIIRUGDELOLW\ ± VRFLHW\

DFFHSWDQFH�

,Q�WKLV�VWXG\��WKH�VSHFLILF�WDUJHWV�DUH�OLVWHG�EHORZ�

��� ,GHQWLI\LQJ�WKH�FXUUHQW�VWDWXV�RI�WKH�6:0�V\VWHP�RI�WKH�7,��:KHUHE\��WKH�ZDVWH�

JHQHUDWLRQ��FRPSRVLWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�WKH�7,�LQ�+$&�ZLOO�EH�LGHQWLILHG��

7KH�6:0�SUDFWLFH�DQG�LWV�EDUULHUV��REVWDFOHV�ZLOO�EH�DQDO\VHG��$OVR��WKH�FXUUHQW�

SUREOHPV�RI�WRXULVP�DQG�PXQLFLSDO�6:0�V\VWHP�DQG�WKH�FKDOOHQJHV�IDFHG�E\�WKH�

JRYHUQPHQW�ZLOO�EH�FODULILHG�

��� 'HYHORSLQJ�WKH�RSWLPDO�PRGHO�RI�6:0�SUDFWLFH�IRU�WKH�DFFRPPRGDWLRQ�LQGXVWU\�

EDVLQJ�RQ�HQKDQFLQJ�ZDVWH�VHSDUDWLRQ�DQG�HQKDQFLQJ�UHF\FOLQJ�SUDFWLFH�DW�VRXUFH�

��� ,PSURYLQJ� WKH� 6:0� V\VWHP� LQ� WKH� WRXULVP� DUHD� EDVLQJ� RQ� HQKDQFLQJ� 6:0�

SUDFWLFH� DW� VRXUFH�� XSJUDGLQJ� WKH� TXDOLW\� RI� WKH� ZDVWH� FROOHFWLRQ� V\VWHP DQG

VDWLVI\LQJ�WKH�VXSSO\�GHPDQG�UHODWLRQVKLS�LQ�ZDVWH�FROOHFWLRQ�

��� %XLOGLQJ� WKH� VFHQDULRV� RI� 6:0� SUDFWLFH� IRU� WKH� 7L� LQ� WKH� PLQLPDOLVP� DQG�

VXVWDLQDELOLW\�RULHQWDWLRQ��$QDO\VLQJ�DQG�DVVHVVLQJ�WKH�IHDVLELOLW\�DQG�DSSURSULDWLRQ�
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RI�WKHVH�VFHQDULRV�WR�HVWDEOLVK�WKH�VWUDWHJ\�RULHQWHG SODQQLQJ�WKH�6:0�SUDFWLFH�IRU�

WKH�7L�LQ�+$&�WRZDUGV�VXVWDLQDELOLW\�

7KH�VXJJHVWLRQV ZLOO�EH�SURYLGHG�WR�WKH�JRYHUQPHQW�IRU�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�

DLPV�WR�GHYHORS�WKH�DSSURSULDWH�6:0�V\VWHP�IRU�WKH�7,�DQG�WKH�FLW\�DV�ZHOO�

�����6FRSH�RI�WKH�VWXG\

7KLV�VWXG\�IRFXVHV�RQ�WKH�6:0�V\VWHP�RI�WKH�7,�LQ�+$&��WKDW LV D�WRXULVP�FLW\�LQ�WKH�

FHQWUH�RI�9LHWQDP��

� 7KH�FRPPHUFLDO�VHFWRUV�LQ�WKH�7,�LQFOXGH�WKH�DFFRPPRGDWLRQ��WKH�UHVWDXUDQWV��

VKRSV��PDUNHWV��KDQGLFUDIW�SURGXFWLRQ�IDFLOLW\��+3)���DQG�WRXULVP�DUHDV�

� 7KH�REMHFWLYHV�WKDW�ZLOO�EH�LQYROYHG�LQ�WKLV�VWXG\�DUH� WKH�VWDNHKROGHU��RZHUV�

DQG�VWDIIV�RI�FRPPHUFLDO�VHFWRUV���WKH�JRYHUQPHQW �GHFLVLRQ�PDNHUV��PDQDJHUV�

RI� HQYLURQPHQW� GLYLVLRQ�� KHDG� RI�ZDVWH�PDQDJHPHQW� FRPSDQ\��� WKH� H[SHUWV

�DFDGHPLF�SHUVRQV�ZRUN�DW�ZDVWH�PDQDJHPHQW���VXSSRUWHU��1*2V�PHPEHUV� ��

WKH�UHVLGHQWV��DQG�WKH�WRXULVWV��

�����2XWOLQH�RI�WKH�VWXG\

7R�REWDLQ�WKH�SURSRVHG�REMHFWLYHV�RI�WKH�VWXG\��WKH�GLVVHUWDWLRQ�FRQWHQWV� LQFOXGLQJ���

FKDSWHUV�DV�IROORZHG�

&KDSWHU����,QWURGXFWLRQ� 7KLV�FKDSWHU�SUHVHQWV�WKH�OLWHUDWXUH�UHYLHZ�RI�6:0�DOO�RYHU�

WKH�ZRUOG��WKH�IHDWXUH�LQ�6:0�LQ�WKH�7,�LQ�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV��WKH�

FKDOOHQJHV�DQG�WKH�JDSV�LQ�LPSURYLQJ�6:0�V\VWHP�LQ�WKH�7,�WRZDUGV�VXVWDLQDELOLW\��

7KH�VWXG\�VLWH��REMHFWLYHV�DQG�VFRSH�RI�WKH�VWXG\�DOVR�DUH�SUHVHQWV�LQ�WKLV�FKDSWHU�

&KDSWHU����0HWKRGRORJ\� ,Q�WKLV�FKDSWHU�� WKH�PHWKRGRORJLHV�XVHG�LQ� WKLV�VWXG\�DUH�

SUHVHQWHG�� 1RWDEO\�� ZDVWH� VDPSOLQJ� DQG� DQDO\VLV�� VWDWLVWLFDO� FDOFXODWLRQ�� PRGHOOLQJ�

PHWKRGV��HFRQRPLF�HYDOXDWLRQ�DQG�HQYLURQPHQWDO�DVVHVVPHQW�DUH�WKH�PDLQ�FRQWHQW�RI�

WKLV�FKDSWHU�

&KDSWHU����7KH�FXUUHQW�VWDWXV��SUREOHPV�DQG�FKDOOHQJHV�RI�6:0 V\VWHP�LQ�WKH�

WRXULVP�LQGXVWU\�LQ�+RL�$Q�&LW\��7KH�FXUUHQW�VWDWXV�RI�WKH�6:0�V\VWHP RI�WKH�7, LV

D�SDUW�RI�WKH�UHVXOWV��,Q�ZKLFK��ZDVWH�JHQHUDWLRQ��SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVDWLRQ�

DUH� LGHQWLILHG��7KH�6:0�SUDFWLFH� DW� VRXUFH� LV� DQDO\VHG�FOHDUO\� LQ�HDFK�FRPPHUFLDO�

VHFWRU��/DVWO\� WKH SUREOHPV�RI�WKH�6:0�V\VWHP�LQ�WKH�7,�DQG�WKH FKDOOHQJHV�IDFHG�E\�
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WKH�JRYHUQPHQW DUH�FODULILHG�

&KDSWHU ���7KH�RSWLPDO�VROXWLRQV�WR�6:0 SUDFWLFH�IRU�WKH�WRXULVP�LQGXVWU\�DQG�

RULHQWHG� SODQQLQJ� WRZDUGV� VXVWDLQDELOLW\�� 7KLV� LV� WKH� PDLQ� UHVXOWV� RI� WKH� VWXG\��

:KHUHE\��WKH�VROXWLRQV�WR�WKH�FXUUHQW�SUREOHPV�WKDW�DUH�SUHVHQWHG�LQ�FKDSWHU�� DUH�EXLOW�

DQG�DQDO\VHG�UHVSHFWLYHO\��7KHQ��WKH�VWUDWHJ\�RULHQWHG SODQQLQJ�LQ�6:0�SUDFWLFH�IRU�

WKH� 7,� LQ� +$&� LV� GHVLJQHG� DQG� RSWLPLVHG� LQ� WKH� RULHQWDWLRQ� RI� PLQLPLVDWLRQ� RU�

VXVWDLQDELOLW\�

&KDSWHU� ��� &RQFOXVLRQ� DQG� UHFRPPHQGDWLRQV� 7KLV� FKDSWHU� ZLOO� VXPPDULVH� WKH�

UHVXOWV�RI�WKH�VWXG\��DOVR�JLYH�UHFRPPHQGDWLRQV�DQG�VXJJHVWLRQ�

�����5HIHUHQFHV

%DOO��6���7DOHE��0�$���������%HQFKPDUNLQJ�ZDVWH�GLVSRVDO�LQ�WKH�(J\SWLDQ�KRWHO�LQGXVWU\��
7RXULVP�DQG�+RVSLWDOLW\�5HVHDUFK������±����KWWSV���GRL�RUJ���������WKU��������

%RKGDQRZLF]�� 3��� ������ (XURSHDQ� +RWHOLHUV¶� (QYLURQPHQWDO� $WWLWXGHV�� *UHHQLQJ� WKH�
%XVLQHVV�� &RUQHOO� +RWHO� DQG� 5HVWDXUDQW� $GPLQLVWUDWLRQ� 4XDUWHUO\� ���� ���±�����
KWWSV���GRL�RUJ�������������������������

%\HU�� 3�+���+RDQJ��&�3���1JX\HQ��7�7�7���&KRSUD�� 6���0DFODUHQ��9���+DLJKW��0��� ������
+RXVHKROG��KRWHO�DQG�PDUNHW�ZDVWH�DXGLWV�IRU�FRPSRVWLQJ�LQ�9LHWQDP�DQG�/DRV��:DVWH�
0DQDJHPHQW�	�5HVHDUFK��������±�����KWWSV���GRL�RUJ����������������;��������

&KHQ��0�&���5XLMV��$���:HVVHOHU��-���������6ROLG�ZDVWH�PDQDJHPHQW�RQ�VPDOO�LVODQGV��WKH�
FDVH� RI� *UHHQ� ,VODQG�� 7DLZDQ�� 5HVRXUFHV�� &RQVHUYDWLRQ� DQG� 5HF\FOLQJ� ���� ��±����
KWWSV���GRL�RUJ���������M�UHVFRQUHF������������

&XPPLQJV�� /�(��� ������ +RVSLWDOLW\� VROLG� ZDVWH� PLQLPL]DWLRQ�� $� JOREDO� IUDPH��
,QWHUQDWLRQDO�-RXUQDO�RI�+RVSLWDOLW\�0DQDJHPHQW��������±����

(]HDK��&���)D]DNHUOH\��-���%\UQH��7���������7RXULVP�:DVWH�0DQDJHPHQW�LQ�WKH�(XURSHDQ�
8QLRQ�� /HVVRQV� /HDUQHG� IURP� )RXU� 3RSXODU� (8� 7RXULVW� 'HVWLQDWLRQV�� $PHULFDQ�
-RXUQDO�RI�&OLPDWH�&KDQJH��������±�����KWWSV���GRL�RUJ���������DMFF�����������

(]LR��5���6WHIDQR��$���,ULQD��$�,���7LEHULX��$���������0XQLFLSDO�VROLG�:DVWH�0DQDJHPHQW��
LQ�,WDOLDQ�DQG�5RPDQLDQ�7RXULVW�DUHDV��8�3�%��6FL��%XOO��'��������±����

*UDFL�� 6��� 'RGGV�� 5��� ������:K\� *R� *UHHQ"� 7KH� %XVLQHVV� &DVH� IRU� (QYLURQPHQWDO�
&RPPLWPHQW� LQ� WKH�&DQDGLDQ�+RWHO� ,QGXVWU\�� ,QWHUQDWLRQDO� -RXUQDO� RI�7RXULVP� DQG�
+RVSLWDOLW\�5HVHDUFK��������±�����KWWSV���GRL�RUJ������������������������������

.LUN�� '��� ������ (QYLURQPHQWDO� PDQDJHPHQW� LQ� KRWHOV�� ,QWHUQDWLRQDO� MRXUQDO� RI�
FRQWHPSRUDU\� KRVSLWDOLW\� PDQDJHPHQW� ��� �±���
KWWSV���GRL�RUJ��������������������������

0D/LN��6���.XPDU��6���������0DQDJHPHQW�RI�KRWHO�ZDVWH��$�FDVH�VWXG\�RI�VPDOO�KRWHOV�RI�
+DU\DQD�6WDWH��-RXUQDO RI�(FRQRPLF�DQG�0DQDJHPHQW������±���

0DWHX�6EHUW��-���5LFFL�&DEHOOR��,���9LOODORQJD�2OLYHV��(���&DEH]D�,ULJR\HQ��(���������7KH�
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LPSDFW�RI�WRXULVP�RQ�PXQLFLSDO�VROLG�ZDVWH�JHQHUDWLRQ��7KH�FDVH�RI�0HQRUFD�,VODQG�
�6SDLQ��� :DVWH� 0DQDJHPHQW� ���� ����±������
KWWSV���GRL�RUJ���������M�ZDVPDQ������������

0XUDYD�� ,���.RUREHLQ\NRYD��<��� ������7KH�$QDO\VLV�2I�7KH�:DVWH�3UREOHP� ,Q�7RXULVW�
'HVWLQDWLRQV�2Q�7KH�([DPSOH�2I�&DUSDWKLDQ�5HJLRQ�,Q�8NUDLQH��-RXUQDO�RI�(FRORJLFDO�
(QJLQHHULQJ�������±����KWWSV���GRL�RUJ������������������������

2PLGLDQL��$���6��0RKVHQ��+����������:DVWH�0DQDJHPHQW� LQ�+RWHO� ,QGXVWU\� LQ� ,QGLD��$�
5HYLHZ��,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWLILF�DQG�5HVHDUFK�3XEOLFDWLRQV�������±����

2WRPD��6���+RDQJ��+���+RQJ��+���0L\D]DNL�� ,���'LD]��5���������$�VXUYH\�RQ�PXQLFLSDO�
VROLG�ZDVWH�DQG�UHVLGHQWV¶�DZDUHQHVV� LQ�'D�1DQJ�FLW\��9LHWQDP��-RXUQDO�RI�0DWHULDO�
&\FOHV� DQG� :DVWH� 0DQDJHPHQW� ���� ���±����� KWWSV���GRL�RUJ���������V����������
������

6KDPVKLU\��(���1DGL��%���%LQ�0RNKWDU��0���.RPRR��,���6DDGLDK�+DVKLP��+���<DKD\D��1���
����D�� ,QWHJUDWHG� 0RGHOV� IRU� 6ROLG� :DVWH� 0DQDJHPHQW� LQ� 7RXULVP�������������������������������
5HJLRQV�� /DQJNDZL� ,VODQG�� 0DOD\VLD�� -� (QYLURQ� 3XEOLF� +HDOWK� ������
KWWSV���GRL�RUJ��������������������

6KDPVKLU\��(���1DGL��%���%LQ�0RNKWDU��0���.RPRR��,���6DDGLDK�+DVKLP��+���<DKD\D��1���
����E��,QWHJUDWHG�0RGHOV�IRU�6ROLG�:DVWH�0DQDJHPHQW�LQ�7RXULVP�5HJLRQV��/DQJNDZL�
,VODQG�� 0DOD\VLD�� -RXUQDO� RI� (QYLURQPHQWDO� DQG� 3XEOLF� +HDOWK� ������ �±���
KWWSV���GRL�RUJ��������������������

6KDUPD��5���������(YDOXDWLQJ�WRWDO�FDUU\LQJ FDSDFLW\�RI�WRXULVP�XVLQJ�LPSDFW�LQGLFDWRUV��
*OREDO� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH� DQG� 0DQDJHPHQW� ��� ���±�����
KWWSV���GRL�RUJ���������JMHVP������������

7UXQJ��'�1���.XPDU��6���������5HVRXUFH�XVH�DQG�ZDVWH�PDQDJHPHQW� LQ�9LHWQDP�KRWHO�
LQGXVWU\�� -RXUQDO� RI &OHDQHU� 3URGXFWLRQ� ���� ���±�����
KWWSV���GRL�RUJ���������M�MFOHSUR������������
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&KDSWHU��

0HWKRGRORJ\

�����:DVWH�VDPSOLQJ�DQG�DQDO\VLQJ�PHWKRGV
�������:DVWH�VDPSOLQJ

7KH�VDPSOLQJ�VXUYH\�LV�DQ�HVVHQWLDO�WDVN�LQ�SODQQLQJ�VWXGLHV��7KH�VDPSOHV�LQ�WKH�VXUYH\�

PXVW�EH�UHSUHVHQWDWLYH�RI�WKH�VDPSOH�SRSXODWLRQ�LQ�WKH�VWXG\��7KH�VDPSOLQJ�PHWKRGV�ZHUH�

XVHG� LQ� WKLV� VWXG\� DUH�17�(19,5����� DQG�17�(19,5������7KH� VDPSOLQJ� SURFHVV� LV�

GHVFULEHG�LQ�)LJXUH�����

)LJXUH������7KH�SURFHVV�RI�VDPSOLQJ�VXUYH\

)LJXUH���� VKRZV�WKDW�WKH�ILUVW�VWHS�RI�WKH�VDPSOLQJ�VXUYH\�LV�SODQQLQJ��:KHUHE\�DOO�

FRPPHUFLDO� VHFWRUV� ZHUH� HQFU\SWHG� DQG� VHSDUDWHG� LQWR JURXSV�� 1RWDEO\�� WKH�

DFFRPPRGDWLRQ� LQFOXGHV� ILYH� VXE�JURXSV� �VKRZQ� LQ�7DEOH� ����� EDVHG� RQ� WKH� VL]H� DQG�

FKDUDFWHULVWLFV�RI�WKH�KRWHOV��:KHUHDV������UHVWDXUDQWV� LQ�+$&�ZHUH�GLYLGHG LQWR�WKUHH�

VXE�JURXSV�DFFRUGLQJ�WR�WKH�ORFDWLRQ�RI�WKH�UHVWDXUDQWV��VXFK�DV�WKH�FHQWUH DUHD��VXE�FHQWUH

DUHD��DQG�FRDVWDO�DUHD��/LNHZLVH������+3)�ZHUH�VRUWHG�EDVHG�RQ�WKHLU�IHDWXUHV� VXFK�DV�

$FFRPPRGDWLRQV +3)5HVWDXUDQWV 6KRSV 0DUNHWV

� +6+��!���URRPV
� 06+��������URRPV
� /6+������URRPV
� 9,/��9LOOD
� +20��+RPHVWD\

� &HQWHU
� 6XE�&HQWHU
� &RDVWDO

� *DUPHQW
� /HDWKHU

� +RL�$Q
� 2WKHUV

&RPPHUFLDO�
VHFWRUV

(QFU\SWLRQ

5DQGRP�
VHOHFWLRQ

����
DFFRPPRGDWLRQV

��
UHVWDXUDQWV

���
VKRSV

���
IDFLOLWLHV

��
PDUNHWV

6DPSOLQJ�
VXUYH\

� 6:*��ZHLJKHG�DPRXQW�RI�ZDVWH�LQ���FRQVHFXWLYH�GD\V�LQ�'HFHPEHU�����
� &RPSRVLWLRQ��VRUWHG�LQWR����FDWHJRULHV �$670�,QWHUQDWLRQDO�'��������
� 3UDFWLFH��4XHVWLRQQDLUH�VXUYH\

&KDUDFWHULVDWLRQ�
DQDO\VLV

� 3K\VLFDO�FKDUDFWHULVDWLRQ��:DVWH�GHQVLW\��$670�(�������PRLVWXUH�FRQWHQW��$670�(������++9
� &KHPLFDO�FKDUDFWHULVDWLRQ��FKHPLFDO�FRPSRVLWLRQ��&��+��1��2��6�

7$

� %LQV
� 6WUHHW

,Q�WKH�7$

3
ODQQLQJ

6XUYH\

&DOFXODWLQJ�	�
0RGHOOLQJ

%XLOGLQJ�� FDOFXODWLQJ� DQG� RSWLPLVLQJ� 6:0� SUDFWLFH� PRGHOV� E\� VHYHUDO�PHWKRGV� VXFK�$+3��0)$�
/&$��&%$

$QDO\]LQJ�
GDWD

6WDWLVWLFDO� PHWKRGV� �$129$�� 7XUNH\�+6'�� .UXVNDO�:DOOLV�� :LOFR[RQ� 5DQN�6XP��
DQG�6KDSLUR�:LON�7HVW�

$
QDO\VLV

0
RGHOOLQJ
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JDUPHQW� DQG� OHDWKHU�� %HVLGHV�� +RL�$Q�PDUNHW�� ZKLFK� LV� LQ� WKH� FHQWUH RI�+$&�� LV� WKH�

VKRSSLQJ�SODFH�RI�WRXULVW��+HQFH��VHSDUDWHO\�VDPSOLQJ�ZDVWH�IURP�+RL�$Q�PDUNHW�DQG�WKH�

RWKHUV�DLPHG WR�LGHQWLI\�WKH�UROH�RI�WRXULVP�DFWLYLW\�LQ�WKH�PDUNHW�ZDVWH�

7DEOH������7KH�QXPEHU�RI�KRWHOV�LQ�+$&�IRU�VDPSOLQJ

7KH�VDPSOLQJ�SURFHVV�ZDV FRQGXFWHG E\�VWXGHQWV�RI�'DQDQJ�8QLYHUVLW\�LQ�'HFHPEHU�

������7UDLQLQJ�RI� VDPSOLQJ�� FKHFNLQJ�RI�PHDVXULQJ PHWKRGV�� DQG� VHWWLQJ�XS� VDPSOLQJ�

SODQ�ZHUH�WKH�PDLQ�WDVNV�LQ�WKH�ILUVW�ZHHN��7KHQ��VROLG�ZDVWH�IURP�RUJDQLF�DQG�LQRUJDQLF�

WUDVK RI�FRPPHUFLDO� VHFWRUV�ZDV�FROOHFWHG�VHSDUDWHO\� LQ� VHYHQ�FRQVHFXWLYH�GD\V�RI� WKH�

VHFRQG�ZHHN�DQG�WUDQVIHUUHG WR�WKH�JDWKHULQJ DUHD��+HUH��WKH�ZHLJKW�RI�WKH�VDPSOHV�ZDV�

GHWHUPLQHG E\� KDQG\� HOHFWURQLF VFDOHV� VXFK� DV� %2162����� �WKH� FDSDFLW\�� ��NJ�� WKH�

JUDGXDWLRQ������NJ��DQG�'5(7(&�.6������WKH�FDSDFLW\� ��NJ��WKH�JUDGXDWLRQ��������NJ��

�������:DVWH�&RPSRVLWLRQ�DQDO\VLV

$ERXW�����NJ�RI�D�ZDVWH�VDPSOH�SLOH�ZDV�PL[HG�DQG�UHGXFHG�LQ�YROXPH�WR DURXQG�����

NJ�E\�FRQLQJ�DQG�TXDUWHULQJ�PHWKRG��)LJXUH�������7KH�ZDVWH�FODVVLILFDWLRQ�ZDV�FDUULHG�

RXW�WR�LGHQWLI\�WKH�FRPSRVLWLRQ�RI�WKH�VDPSOH�E\�WKH�PHWKRG�RI�$670�'��������������

)LJXUH������&RUQLQJ�DQG�TXDUWHULQJ�PHWKRG�LQ�FRQFHSW�DQG�UHDOLW\

1� 7\SHV�RI�KRWHOV 'HVFULSWLRQ 7RWDO�QXPEHU 1XPEHU�IRU�

VDPSOLQJ

� +6+��+LJK�VFDOH�KRWHO� !����URRPV �� �

� 06+��0LGOH�VFDOH�KRWHO� ���± ���URRPV �� ��

� /6+��/RZ�VFDOH�KRWHO� �����URRPV �� ��

� 9,/��9LOOD� 9LOODV �� ��

� +20��+RPHVWD\� +RPHVWD\ ��� ��

� 7RWDO ��� ���
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:DVWH� ZDV� VRUWHG LQWR� ��� FDWHJRULHV� �7DEOH� ������ %\� VHSDUDWHO\� DQDO\VLQJ ZDVWH�

FRPSRVLWLRQ� IURP� ELRGHJUDGDEOH� DQG� LQRUJDQLF� ZDVWH�� VHJUHJDWLRQ HIILFLHQF\� RI� HDFK�

ZDVWH�FDWHJRU\�ZDV�LGHQWLILHG E\�GLYLQJ�WKH�DPRXQW�RI�WKLV�ZDVWH�LQ�WKH�FRUUHFW�WUDVK�ZLWK�

WKH�WRWDO�DPRXQW�RI�WKLV�ZDVWH�JHQHUDWHG��:KHUHE\�WKH�QHJDWLYH�YDOXHV�RI�HIILFLHQF\�PD\�

EH�H[SODLQHG�E\�WKH�PLVFODVVLILFDWLRQ�RI�ZDVWH�

7DEOH������&DWHJRULHV�RI�ZDVWH�FRPSRVLWLRQ

1� &DWHJRULHV 'HVFULSWLRQ

� 3DSHU 3ULQW�SDSHU��QHZVSDSHU��PDJD]LQH

� &DUGERDUG 3DSHUERDUG��FRQWDLQHUERDUG��FDUGVWRFN

� *DUGHQ�ZDVWH /HDI��JUDVV��IORZHU

� .LWFKHQ� DQG� IRRG�

ZDVWH

/HIWRYHU�IRRG��YHJHWDEOH�

� 7LVVXHV 7LVVXH�DQG�WRLOHW�SDSHU

� 3(7 3(7�ERWWOHV

� 1\ORQ $OO�NLQG�RI�Q\ORQ�EDJV

� 0HWDO $OO�NLQGV�RI�PHWDO��LURQ��DOXPLQLXP��FRSSHU��OHDG������

� 3ODVWLF $OO�NLQG�RI�SODVWLFV�GR�QRW�FRQWDLQ�WR[LF�VXEVWDQFHV

�� *ODVV $OO�NLQGV�GR�QRW�FRQWDLQ�WR[LF�VXEVWDQFHV

�� /HDWKHU

�� 5XEEHU

�� 7H[WLOH 7DEOHFORWKV��FORWKHV

�� :RRG :RRGHQ�IXUQLWXUH��EUDQFKHV

�� 1DSS\ 6DQLWDU\�QDSNLQV��GLDSHUV��

�� &HUDPLF &HUDPLF��PLQHUDOV��OLJKW�EXOEV

�� &KHPLFDOV 6RDS��FRVPHWLF�UHVLGXHV

�� +D]DUGRXV�ZDVWH 3DLQW��YDUQLVKHV��RLOV��SHVWLFLGH��LQVHFWLFLGH��IHUWLOL]HU�

�������4XHVWLRQQDLUH�VXUYH\

,Q�WKH�WKLUG�ZHHN�� WKH�IDFH�WR�IDFH�LQWHUYLHZ�ZDV�FRQGXFWHG��:KHUHE\��PDQDJHUV�RI�

FRPPHUFLDO�VHFWRUV�ZHUH�DVNHG� WR�FROOHFW� LQIRUPDWLRQ�RQ WKH�SURSHUWLHV�� FXUUHQW�6:0�

SUDFWLFHV�LQ�WKHLU�EXVLQHVV��DQG�WKH�EDUULHUV�RI 6:0�SUDFWLFHV��1RWDEO\��WKH�LQIRUPDWLRQ�

DERXW�WKH�IHDWXUHV�RI�IDFLOLWLHV��W\SH�DQG�OHYHO�RI�VHUYLFHV RI�WKH�FRPPHUFLDO�VHFWRUV�ZHUH�
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FROOHFWHG��$OVR�� WKH� LPSOHPHQWDWLRQ�RI�ZDVWH�VHSDUDWLRQ�D�VRXUFH�� UHGXFWLRQ�� UHF\FOLQJ��

DQG�FRPSRVWLQJ� LQ� WKHLU�KRWHOV�ZDV FKHFNHG�DQG�DVNHG�E\�TXHVWLRQQDLUH�VXUYH\��:DVWH�

UHGXFWLRQ�SUDFWLFH�LV�WKH�GHSOR\PHQW�RI�DFWLYLWLHV�DLP�WR�UHXVH�PDWHULDOV�DQG�UHGXFH�WKH�

DPRXQW�RI�ZDVWH��:KHUHDV��ZDVWH�UHF\FOLQJ�DQG�FRPSRVWLQJ�SUDFWLFHV�ZHUH�LGHQWLILHG DV�

WKH�RSHUDWLRQ�RI�UHF\FOHG�DFWLYLWLHV�LQ�WKHLU�IDFLOLW\��LQ�ZKLFK�GU\�UHF\FOHG�PDWHULDOV�ZHUH�

VHSDUDWHG IRU UHF\FOLQJ�RU�WKH�RUJDQLF�ZDVWH�ZDV�VRUWHG IRU�FRPSRVWLQJ�DW�WKHLU�KRWHOV�RU�

QRW��)XUWKHUPRUH��WKH�TXHVWLRQQDLUH�VXUYH\�ZDV�DOVR�XVHG�IRU�FROOHFWLQJ�LQIRUPDWLRQ�RQ�

WKH� SROLF\� IURP� WKH� JRYHUQPHQW�� RSLQLRQV� DQG� VXJJHVWLRQV� IURP� WKH� H[SHUWV�� DQG�

UHFRPPHQGDWLRQV�IURP�QRQ�JRYHUQPHQWDO�RUJDQLVDWLRQV��1*2V��

�������:DVWH�FKDUDFWHULVWLF�DQDO\VLV

$FFRUGLQJ�WR�$670�(�����PHWKRG��WKH�GHQVLW\�RI�VROLG�ZDVWH�ZDV�LGHQWLILHG E\�GLYLQJ�

WKH�ZHLJKW�WR�WKH�YROXPH�RI�WKH�VDPSOH��3ODVWLF�EXFNHWV�ZLWK�WKH�YROXPH�GHWHUPLQDWLRQ�

ZHUH�XVHG�IRU�PHDVXULQJ�WKH�YROXPH�RI�WKH�VDPSOHV��6HFRQGO\��WKH�PRLVWXUH�FRQWHQW�RI�

ZDVWH�ZDV�LGHQWLILHG E\�$670�(�����:KHUHE\�� WKH�ZHW�ZDVWH�ZDV�GULHG�LQ� WKH�GU\LQJ�

PDFKLQH�DW�����&�LQ����KRXUV�RU�XQWLO�WKH�FRQVWDQW�ZHLJKW��7KH�PRLVWXUH�RI�ZDVWH�ZDV�

FDOFXODWHG E\�(T� ������

�������� ሺΨሻ ൌ
௠భି௠మ

௠భ
ൈ ͳͲͲΨ �����

:KHUH P� LV�WKH�ZHLJKW�RI�WKH�ZHW�ZDVWH��P� LV�WKH�FRQVWDQW�ZHLJKW�RI�WKH�GU\�ZDVWH�

DIWHU�GU\LQJ�

7KH�KLJK KHDWLQJ�YDOXH��++9��RI�ZDVWH�ZDV�FDOFXODWHG E\�6WHXHU¶V �(T���������IURP�

WKH� HOHPHQWDO FRPSRVLWLRQ� �&�� +�� 2�� 1�� 6�� &O�� �&KULVWHQVHQ�� ������� 7KHVH� HOHPHQWDO�

FRPSRQHQWV�ZHUH�DQDO\VHG E\�����&+16�2�6HULHV�,,�6\VWHP�PDFKLQH�

��� ሺ�
Ȁ��ሻ ൌ ͺͳሺ�Ǧ͵Ȁͺȗ�ሻ ൅ ͷ͹ȗ͵Ȁͺȗ� ൅ ͵Ͷͷሺ�Ǧ�ȀͳͲሻ ൅ ʹͷ�Ǧ͸ሺͻ� ൅�ሻ �����

:KHUH�&��+��6��2��DQG�0 ZHUH�WKH�SHUFHQWDJH�RI�FDUERQ��K\GURJHQ��VXOIXU��R[\JHQ��

DQG�PRLVWXUH�FRQWHQW LQ�WKH�WKH�ZHW�ZDVWH��

�����6WDWLVWLFDO�DQDO\VLV

$OO�GDWD�ZHUH�V\QWKHVLVHG LQWR�H[FHO�ILOHV WR�FRQGXFW�VWDWLVWLFDO�DQDO\VLV�E\�5�VRIWZDUH��

)LUVWO\��LQ�RUGHU�WR�YHULI\�WKH�FRPSDWLELOLW\�RI�WKH�GDWD�IRU�VWDWLVWLFDO�WHVWV��WKH�FRPELQDWLRQ�

EHWZHHQ�D�QRUPDO�EHOO�VKDSHG�DV�D�JUDSKLFDO�PHWKRG�DQG�6KDSLUR�:LON�DV�D�VHQVLWLYH�WHVW�

XVHG IRU�WHVWLQJ�WKH�VLJQLILFDQW�GLIIHUHQFHV�IURP�QRUPDO��6KDSLUR�:LON�WHVW�LV�NQRZQ�DV�
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WKH�PRVW�SRZHUIXO�WHVW�IRU�DOO�NLQGV�RI�GLVWULEXWLRQ��1RUQDGLDK�0RKG�5D]DOL���������$OVR��

WKH�GLIIHUHQFHV�LQ�PHDQV�RI�6:*�UDWH�EHWZHHQ���LQGHSHQGHQW�JURXSV�RI�WKH�KRWHOV�RYHUDOO�

ZHUH� FRPSDUHG� DQG� DQDO\VHG E\�$129$� WR� GHWHUPLQH�ZKHWKHU� WKHUH� DUH� VWDWLVWLFDOO\�

VLJQLILFDQW�GLIIHUHQFHV��%HVLGHV��7XNH\�+6'��7XNH\�+RQHVWO\�6LJQLILFDQW�'LIIHUHQFH��WHVW�

ZDV�H[HFXWHG�WR�FODULI\�ZKLFK�JURXSV�KDYH�VLJQLILFDQW�GLIIHUHQFHV�E\�FRPSDULQJ�DOO�SDLUV�

RI�WKH�PHDQV�RI�6:*�UDWH� )LQDOO\��IRXU�LQIOXHQFLQJ�IDFWRUV�RI�6:*�UDWH�RI�WKH�KRWHOV�

ZHUH�DQDO\VHG LQGLYLGXDOO\�E\�WKUHH�FRUUHVSRQGLQJ�WHVWV�

7DEOH������,QIOXHQFLQJ IDFWRUV�RI�6:*�UDWH�RI�WKH�KRWHO�LQGXVWU\�DQG�VWDWLVWLFDO�PHWKRGV

1� 2EMHFWLYH�IDFWRUV 'HVFULEH 0HWKRGRORJLHV

� &DSDFLW\�RI�KRWHOV 1XPEHU�RI�URRPV 6LPSOH�OLQHDU�UHJUHVVLRQ

� 3ULFH�RI�URRP 5RRP�SULFH����

� *DUGHQ ���1R

���<HV

:LOFR[RQ�5DQN�6XP�7HVW

� 5HVWDXUDQW ���1R�UHVWDXUDQW

���2QO\�EUHDNIDVW

���%UHDNIDVW�DQG�GLQLQJ

.UXVNDO�:DOOLV

,Q� WKLV� VWXG\�� WKH� REMHFWLYH� LQIOXHQFLQJ� IDFWRUV� RI� 6:*� UDWH� ZHUH� LQWHUQDO�

FKDUDFWHULVWLFV� RI� WKH� KRWHOV�� 7KH� ILUVW� IDFWRU� LV� WKH� QXPEHU� RI� URRPV� LQ� HDFK�

DFFRPPRGDWLRQ� LQ�+$&��ZKLFK� GRHV� QRW� FKDQJH� DFFRUGLQJ� WR� GHPDQG� �$\LD�.RL� DQG�

6DFNOH�6DFNH\�������� ZDV�DUUDQJHG�IURP���WR�����URRPV�FRUUHVSRQGV�WR�WKH�VFDOH�RI�WKH�

KRWHOV��%HVLGHV��WKH�SULFH�RI�WKH�URRP��ZKLFK�VKRZV�WKH�TXDOLW\�RI�VHUYLFH�DQG�IDFLOLWLHV�RI�

WKH� KRWHOV �+XQJ� HW� DO��� ������ ZDV� DOVR� FRQVLGHUHG� WKH� HIIHFW� WR� 6:*� RI� WKH� KRWHOV��

$GGLWLRQDOO\�� JDUGHQ� DQG� UHVWDXUDQW DUH WKH� OHDGLQJ� VWDQGDUGV� IRU� UDQNLQJ� KRWHOV� LQ�

9LHWQDP�DQG�DOVR�WKH�SULPDU\ VRXUFHV�RI�ZDVWH��.DULP�=HLQ�HW�DO���������2PLGLDQL�DQG�6��

0RKVHQ��������3LUDQL�DQG�$UDIDW���������'HSHQGLQJ�RQ�WKH�VFDOH�RI�WKH�KRWHOV��WKH�IRRG�

VHUYLFH�LV�GLIIHUHQW��,Q�+$&������RI�WKH�KRWHOV�KDG�UHVWDXUDQWV�ZLWK�IXOO�VHUYLFH��LQFOXGHV�

EUHDNIDVW�DQG�GLQLQJ���ZKLOH�IRRG�VHUYLFH�IRU�RQO\�EUHDNIDVW�DFFRXQWHG�IRU������2Q�WKH�

RWKHU�KDQG��JDUGHQ�DQG�JUHHQ�DUHD�DUH�FRQVLGHUHG�DV�DQ�HVVHQWLDO IDFWRU�RI�DFFRPPRGDWLRQ�

EXVLQHVV��DOVR�D�ZDVWH�VRXUFH��:RQJ�DQG�.LP���������,Q�+$&������RI�WKH�KRWHOV�KDYH�D�

JDUGHQ��PDLQO\�DUH�+6+��9,/� DQG�06+�
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,Q�RUGHU�WR�LGHQWLI\�WKH�LQIOXHQFH�RI�WKHVH�REMHFWLYH�IDFWRUV�WR�6:*�UDWH�RI�WKH�KRWHOV��

WKH�VWDWLVWLFDO�PHWKRGV�ZHUH�XVHG�GHSHQGLQJ�RQ�WKH�FKDUDFWHULVWLFV�RI�IDFWRUV��1RWDEO\��WKH�

FRUUHODWLRQ�EHWZHHQ�WKH�6:*�UDWH�DV�WKH�FRQWLQXRXV�QXPHULF�YDULDEOH�DQG�WKH�FDSDFLW\�RI�

KRWHOV�RU�WKH�SULFH�RI�WKH�URRP DV�WKH�GHSHQGHQW�QXPHULF�YDULDEOHV�ZHUH�WHVWHG�E\�VLPSOH�

OLQHDU� UHJUHVVLRQ��:KHUHDV��.UXVNDO�:DOOLV�ZDV� XVHG� WR� WHVW� WKH� GLIIHUHQFH� EHWZHHQ� ��

UHVWDXUDQW�VHUYLFH�OHYHOV�DQG�6:*�UDWH��/LNHZLVH��:LOFR[RQ�5DQN�6XP�WHVW�ZDV�XVHG�WR�

LGHQWLI\�ZKHWKHU�6:*�UDWH�RI WKH�KRWHOV�ZLWK�JDUGHQ�DQG�ZLWKRXW�JDUGHQ�ZDV�GLIIHUHQW�RU�

QRW�

�����0HWKRGV�RI�EXLOGLQJ��DVVHVVPHQW�DQG�RSWLPLVLQJ�6:0�SUDFWLFH�PRGHOV

�������:DVWH�DXGLW

:DVWH�IURP�WKH�7$�LQ�WKH�GRZQWRZQ�RI�+$&�ZDV�VXPPDULVHG�IURP�UHVXOWV�RI�ZDVWH�

DXGLW��1RWDEO\��ZDVWH JHQHUDWLRQ�DQG�FRPSRVLWLRQ�RI�FRPPHUFLDO�VHFWRUV�ZHUH�LGHQWLILHG�

E\� VDPSOLQJ� VXUYH\� IURP� ���� KRXVHKROGV�� ���� KRWHOV�� ���� VKRSV�� ��� UHVWDXUDQWV�� ���

KDQGLFUDIW�SURGXFW�IDFLOLWLHV��DQG�ILYH�PDUNHWV��*LDQJ�HW�DO�������D��6RQJ�7RDQ�HW�DO���������

����E���7KH�DYHUDJH�YDOXH�RI�ZDVWH�JHQHUDWLRQ� IRU�HDFK VRXUFH�ZDV�FDOFXODWHG�E\�(T��

������DQG�WKH�DPRXQW�RI�ZDVWH�E\�FDWHJRULHV�ZDV�HYDOXDWHG�E\�(T��������

: :L L L6 * 6 *5 Q u �����

: :ML ML L6 * 3 6 * u �����

:KHUH��QL LV�WKH�QXPEHU�RI�VRXUFH�L��3ML LV�WKH�SURSRUWLRQ�RI�ZDVWH�FDWHJRU\�M LQ�VRXUFH�L�

�������$QDO\WLF�KLHUDUFK\�SURFHVV�PHWKRG

7KH� DQDO\WLF� KLHUDUFK\� SURFHVV� �$+3�� LV� D�PDWKHPDWLFDO�PHWKRG�ZKLFK� LV� XVHG� WR�

DVVHVV�WKH�SULRULW\�RI�PXOWLSOH�DOWHUQDWLYHV�XQGHU�GLIIHUHQW�YDOXDWLRQ�FULWHULD��.LP�HW�DO���

�������,Q�WKLV�VWXG\��WKH�$+3�PHWKRG�ZDV�XVHG IRU�DQDO\VLQJ�DQG�GHDOLQJ�ZLWK�WKH�FRPSOH[�

GHFLVLRQ� PDNLQJ� RI� UHF\FOLQJ� SUDFWLFH� HQKDQFHPHQW� �53(��� 53(� LV� LGHQWLILHG DV� WKH�

H[SHFWHG� LPSURYHPHQW� LQ� UHF\FOLQJ� SUDFWLFHV�� ZKLFK� FRQVLVWV� RI� WKH� UDWH� DQG� WKH�

HIIHFWLYHQHVV� RI�ZDVWH� UHF\FOLQJ�� )LIWHHQ� H[SHUWV� RQ�ZDVWH�PDQDJHPHQW� LQ�+$&�ZHUH�

FKRVHQ IRU�WKH�VXUYH\�DQG DUH�GHVFULEHG�LQ�7DEOH�����
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7DEOH������(QYLURQPHQWDO�PDQDJHPHQW�H[SHUWV�LQWHUYLHZHG LQ�WKH�$+3�PHWKRG

([SHUWV
7KH� UROH� RI� WKHP� LQ� WKH� GHFLVLRQ�PDNLQJ

SURFHVV

1XPEHU�RI�

H[SHUWV

7KH�DXWKRULWLHV
7KH� SHUVRQV� ZKR� FDQ� SURPXOJDWH� ZDVWH�

UHJXODWLRQ
�

6WDIIV�RI�(QYLURQPHQWDO�

'LYLVLRQ�

7KH�SHUVRQV�ZKR�GLUHFWO\�PDQDJH�VROLG�ZDVWH�

LQ�+$&
�

6WDIIV�RI�3XEOLF�:RUN�

&RPSDQ\

7KH� SHUVRQV� ZKR RSHUDWH ZDVWH� FROOHFWLRQ�

V\VWHP�DQG�WUHDWPHQW�LQ�+$&
�

7KH�H[SHUWV�

/HFWXUHUV� RI� 8QLYHUVLW\� RU� GRFWRU� RI�

HQYLURQPHQW� ZKR� DUH� ZRUNLQJ� RU� VWXG\LQJ�

VROLG�ZDVWH�IRU�+$&

�

1*2V�
6RFLDO� PHPEHUV� ZKR� DUH� ZRUNLQJ� RQ�

HQYLURQPHQWDO�DQG�VRFLDO�DFWLYLWLHV�LQ�+$&
�

7R� LGHQWLI\� WKH� LPSRUWDQW IDFWRUV� IRU� WKH� GHYHORSPHQW RI� ZDVWH� UHF\FOLQJ� WRZDUGV�

HVWDEOLVKLQJ�D�VWUDWHJ\�IRU�VXVWDLQDEOH�UHF\FOLQJ�SUDFWLFHV�IRU�WKH�KRWHO LQGXVWU\�LQ�+$&��

WKH�KLHUDUFK\�PRGHO�ZDV�EXLOW ZLWK� WKUHH� OHYHOV�RI� LPSRUWDQFH�RI� UHOHYDQW� IDFWRUV��6L[�

FULWHULD��LQFOXGLQJ�:03��VRFLDO�FRQVHQVXV�LPSURYHPHQW��6&,���GHYHORSPHQW�RI�D�IDFLOLW\�

IRU� UHF\FOLQJ� �')5��� HQYLURQPHQWDO� LPSDFWV� PLWLJDWLRQ� �(,0��� HFRQRPLF� EHQHILW�

RSWLPLVDWLRQ��(%2���DQG�SROLF\�SURPXOJDWLRQ��33���ZHUH�FRQVLGHUHG�GLUHFWO\�UHODWHG�WR�

WKH� JRDO� RI� 53(�� $OVR�� WKUHH� VXE�FULWHULD� RI� HDFK� FULWHULRQ ZHUH� FRQVLGHUHG DV� WKH�

VHFRQGDU\�UHOHYDQW�IDFWRUV��7DEOH�������7KH�JRDO�RI�53(�LV�WKH�PD[LPLVDWLRQ RI�UHF\FOLQJ�

SUDFWLFH� UDWH�� HQKDQFHPHQW� RI� UHF\FOLQJ� SUDFWLFH� HIIHFWLYHQHVV�� DQG� RSWLPLVDWLRQ� RI�

HFRQRPLF�EHQHILWV�IURP�UHF\FOLQJ�E\�LPSURYLQJ�LQIOXHQFLQJ�IDFWRUV��

7DEOH������([SODQDWLRQ�RI�DEEUHYLDWLRQV�LQ�WKH�KLHUDUFK\�VWUXFWXUH�PRGHO

&ULWHULD 6XE�&ULWHULD

:03��:DVWH�0DQDJHPHQW�3UDFWLFH 63��6HSDUDWLRQ�3UDFWLFH

53��5HF\FOLQJ�3UDFWLFH

&3��&RPSRVWLQJ�3UDFWLFH
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6&,��6RFLDO�FRQVHQVXV�LPSURYHPHQW &+��&RQVHQVXV�RI�+RWHOV

6R1��6XSSRUW�RI�1*2V

&*��&R�RUGLQDWLRQ�RI�WKH�JRYHUQPHQW

')5��'HYHORSPHQW�RI�IDFLOLW\ IRU�

UHF\FOLQJ�

5)+��5HF\FOLQJ�)DFLOLW\�RI�+RWHO

5)&��5HF\FOLQJ�)DFLOLW\�RI�&LW\

56&��5HF\FOLQJ�6\VWHP�RI�&LW\

(,0�� (QYLURQPHQWDO� LPSDFWV�

PLWLJDWLRQ

*+*��*UHHQKRXVH�*DV�(PLVVLRQ

2GRXU

3+��3XEOLF�+HDOWK

(%2��(FRQRPLF EHQHILWV�RSWLPLVDWLRQ (+6��(FRQRPLF %HQHILW�IRU�+RWHO�6HFWRUV

(6��(FRQRPLF %HQHILW�IRU�6RFLHW\

(56�� (FRQRPLF %HQHILW� IRU� 5HF\FOLQJ�

6HFWRUV

33��3ROLF\�3URPXOJDWLRQ ,(��,QWHQVLILFDWLRQ�RI�(QFRXUDJHPHQW

35��3URPXOJDWLRQ�RI�5HJXODWLRQ

$3��$SSOLFDWLRQ�RI�6DQFWLRQ

)LYH� VFHQDULRV� �6�� ZHUH� EXLOW�� DQDO\VHG�� DQG� FRPSDUHG� DV DOWHUQDWLYHV� RI� WKH� 53(�

VWUDWHJ\��7KH�KLHUDUFK\�VWUXFWXUH�RI�53(�LV�LOOXVWUDWHG LQ�7DEOH���� DQG�)LJXUH�����

)LJXUH������+LHUDUFK\�VWUXFWXUH�PRGHO�IRU�HQKDQFLQJ�UHF\FOLQJ�SUDFWLFHV�LQ�KRWHO

LQGXVWU\

5HF\FOLQJ�3UDFWLFH�(QKDQFHPHQW �53(�

:03 6&, ')5 (,0 (%2 33
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7KH�$+3�PHWKRG�ZDV�FRQGXFWHG LQ WKUHH VWHSV�

6WHS����7KH�DXWKRUV�HVWDEOLVKHG�D�SDLUZLVH�FRPSDULVRQ�PDWUL[��$��RI�HDFK�KLHUDUFK\��

1H[W��WKH�UHODWLYH�ZHLJKWV�ZHUH�REWDLQHG�EHWZHHQ�HDFK�LQGLFDWRU�XVLQJ�HLJHQYHFWRUV��DV�

VKRZQ�LQ�WKH�IRUPXOD�EHORZ�

ܣ ൌ ሺܽ௜௝ሻ ൌ ൥

ܽଵଵ ڮ ܽ௡ଵ
ڭ ڰ ڭ

ܽଵ௡ ڮ ܽ௡௡
൩ �L��M� �������«��Q� �����

:KHUH�DLM LV�WKH�FRHIILFLHQW�RI�WKH�HOHPHQW�LQ�OLQH�L LQ�FRPSDULVRQ�ZLWK�WKH�HOHPHQW�LQ�

FROXPQ�M LQ�WKH SDLUZLVH�FRPSDULVRQ�PDWUL[��DQG�Q LV�WKH�QXPEHU�RI�HOHPHQWV�FRPSDUHG�

6WHS����&RPSXWLQJ�WKH�PD[LPXP�HLJHQYDOXH��ȜPD[��

௠௔௫ߣ ൌ
ଵ

௡
σ

ሺ஺௪ሻ೔

௪೔

௡
௜ୀଵ �����

:KHUH�Z LV�WKH�HLJHQYHFWRU�

6WHS����&RQVLVWHQF\�WHVW��7KH�FRQVLVWHQF\�LQGH[��&,��DQG�WKH�FRQVLVWHQF\�UDWLR��&5��

ZDV FDOFXODWHG��7KH�DFFHSWHG�XSSHU�OLPLW�IRU�WKH�&5�LV������,I�WKH�&5�H[FHHGHG�WKLV�YDOXH��

WKH�HYDOXDWLRQ�SURFHGXUH�KDG� WR�EH�UHSHDWHG� WR� LPSURYH�FRQVLVWHQF\� �6KDPVKLU\�HW�DO���

������

ܫܥ ൌ
ఒ೘ೌೣି௡

௡ିଵ
�����

ܴܥ ൌ
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7KH�SDLUZLVH�FRPSDULVRQ�VFDOH�RI�FULWHULD�DQG�VXE�FULWHULD��7DEOH������UDQJHV�IURP ��WR�

��GHSHQGLQJ�RQ�WKH�LPSRUWDQW�OHYHO�EHWZHHQ�WZR�FRPSDUHG�FULWHULD�WKURXJK�WKH�HYDOXDWLRQ�

RI�H[SHUWV�

7DEOH������3DLUZLVH�FRPSDULVRQ�VFDOH

,QWHQVLW\�RI�

LPSRUWDQFH
([SODQDWLRQ

� 7ZR�FULWHULD�FRQWULEXWH�HTXDOO\�WR�WKH�REMHFWLYH

� ([SHULHQFH�DQG�MXGJPHQW VOLJKWO\�IDYRXU�RQH�RYHU�DQRWKHU

� ([SHULHQFH�DQG�MXGJPHQW VWURQJO\�IDYRXU�RQH�RYHU�DQRWKHU

� 7KH�FULWHULRQ�LV�VWURQJO\�IDYRXUHG� DQG LWV�GRPLQDQFH�LV�GHPRQVWUDWHG
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LQ�SUDFWLFH

�
7KH�LPSRUWDQFH�RI�RQH�RYHU�DQRWKHU�DIILUPHG�RQ�WKH�KLJKHVW�SRVVLEOH�

RUGHU

���������� 8VHG�WR�UHSUHVHQW�D�FRPSURPLVH�EHWZHHQ�WKH�SULRULWLHV�OLVWHG�DERYH

�������%XLOGLQJ�VFHQDULRV�RI�ZDVWH�PDQDJHPHQW�SUDFWLFHV�IRU�UHF\FOLQJ�VWUDWHJLHV

*DUGHQV� DQG� UHVWDXUDQWV�ZHUH� WKH� WZR� SULPDU\ VRXUFHV� RI� VROLG�ZDVWH� LQ� WKH� KRWHO�

LQGXVWU\�LQ�+$&��6RQJ�7RDQ�HW�DO�������E���$OVR��WKH�DWWLWXGH�DQG�LQWHQWLRQ�RI�UHF\FOLQJ�

ZHUH GHWHUPLQHG�DV�WKH�PRVW�FULWLFDO�IDFWRUV�RI�UHF\FOLQJ�DFWLYLWLHV�LQ�+$&��1JX\HQ�HW�DO���

�������7KXV�� ILYH�VFHQDULRV�ZHUH�EXLOW�EDVHG�RQ�ZDVWH�FKDUDFWHULVDWLRQ�� IHDWXUHV�RI� WKH

KRWHOV��FXUUHQW�:03��LQWHQWLRQV�RI�KRWHOLHUV�UHJDUGLQJ�:03��DV�ZHOO�DV�WKH�VXJJHVWLRQ�RI�

H[SHUWV�IURP�WKH�$+3�DQDO\VLV�UHVXOWV�

7KH� ZDVWH� FKDUDFWHULVDWLRQ�� WKH� VWDWXV� RI�:03�� IHDWXUHV� RI� WKH� KRWHOV�� DQG� ZDVWH�

PDQDJHPHQW� LQWHQWLRQV� RI� WKH� KRWHOLHUV� WKDW� ZHUH� XVHG IRU� EXLOGLQJ� WKH� VFHQDULRV� DUH�

VKRZQ LQ�7DEOH�����

7DEOH�����:DVWH�FKDUDFWHULVDWLRQ�DQG�SUHVHQW�6:0�SUDFWLFHV�RI�WKH�KRWHOV�LQ�+$&

,WHPV +6+ 06+ /6+ 9,/ +20 5HIHUHQFH

� 6:*��NJ�GD\� �������� �������� ������ ����� ������

�6RQJ�

7RDQ�HW�

DO���

����E�

� 1XPEHU�RI�WKH�KRWHOV �� �� �� �� ���
6XUYH\

� *DUGHQ���� �� ���� � �� ��

�
5HVWDXUDQW�

���

'LQLQJ ��� �� �

%UHDNIDVW �� �� �� ��

1R�

UHVWDXUDQW
�� � ��

�

:DVWH�

FRPSRVLWLRQ�

���

3DSHU ���� ����� ����� ���� ����� �6RQJ�

7RDQ�HW�

DO���

����E�

3ODVWLF ���� ����� ����� ����� �����

0HWDO ���� ���� ���� ���� ���

*ODVV ���� ���� ���� ���� ����
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2UJDQLF ����� ����� ����� ����� �����

�
3UHVHQW�ZDVWH�

VHSDUDWLRQ�UDWH����
��� �� �� �� ��

�

3UHVHQW�

ZDVWH�

VHSDUDWLRQ�

HIILFLHQF\�±

:6(� ���

3DSHU ���� ���� ���� ���� ����

6XUYH\

3ODVWLF ���� ���� ���� ���� ����

0HWDO ���� ���� ���� ���� ����

*ODVV ���� ���� ��� ���� ����

2UJDQLF ���� ���� ���� ���� ����

�
3UHVHQW�UHF\FOLQJ�

SUDFWLFH�UDWH����
�� �� � �� ��

�6RQJ�

7RDQ�HW�

DO���

����E�
�

3UHVHQW�FRPSRVWLQJ�

SUDFWLFH�UDWH����
� � � � ���

7R�DQDO\VH�UHF\FOLQJ�SUDFWLFH��WKH�:6(�E\�FDWHJRULHV�ZDV�IRFXVHG�RQ�SDSHU��SODVWLF��

PHWDO��JODVV�DQG�RUJDQLF�ZDVWH��7DEOH���LQGLFDWHG�WKDW�RUJDQLF�ZDVWH�ZDV�VRUWHG�LQ�JUHHQ�

WUDVK�RI�+20�DQG�+6+�ZLWK�WKH�KLJKHU�HIILFLHQF\��������DQG��������WKDQ�VXFK�RI�9,/��

06+�DQG�/6+��7KLV�PLJKW�EH�MXVWLILHG�E\�VRPH�REMHFWLYH�IDFWRUV�VXFK�DV�QR�VSDFH�IRU�

VWRULQJ�ZDVWH� LQ�D�KRWHO�� WKH�RGRXU�RI�ZDVWH��2Q� WKH�FRQWUDU\�� WKH�HIILFLHQF\�RI�VRUWLQJ�

UHF\FODEOH�PDWHULDOV�VXFK�DV�SDSHU��PHWDO��JODVV�DQG�SODVWLF�LQ�9,/��06+�DQG�/6+�ZDV�

KLJKHU�WKDQ�VXFK�RI�+6+�DQG�+20��(FRQRPLF�EHQHILW�IURP�VHOOLQJ�UHF\FODEOH�PDWHULDOV�

ZDV�H[SODLQHG�DV�D�SRVLWLYH�PRWLYDWLRQ�IRU�VRUWLQJ�DQG� UHF\FOLQJ�SUDFWLFH�E\�KRWHOLHUV��

2WKHUZLVH��WKH�PLVFODVVLILFDWLRQ�ZKLFK�ZDV�LGHQWLILHG�E\�WKH�:6(�OHVV�WKDQ�����PDLQO\�

GHWHFWHG�LQ�+20��SDSHU��SODVWLF�DQG�PHWDO��DQG�+6+��SODVWLF�DQG�PHWDO��

7KH� VFHQDULRV� RI� UHF\FOLQJ� SUDFWLFHV� RI� WKH� KRWHO� LQGXVWU\� ZHUH� EXLOW EDVHG� RQ� WKH�

DVVXPSWLRQV�RI�:03��ZKLFK�ZLOO�EH�FKDQJHG�LQ�WKH�SRVLWLYH�WUHQG�DQG�IHDVLEO\�DQDO\VHG�

ZLWK�SUDFWLFDO�FRQGLWLRQV�RI�WKH�KRWHOV�LQ�+$&�

� 6FHQDULR����6�$%���1R�:03�LQ�WKH�KRWHOV��7KLV�VFHQDULR�DVVXPHV�WKDW�WKH�KRWHO�ZDVWH�

LV�QRW�FODVVLILHG�RU�UHF\FOHG��6ROLG�ZDVWH�LV�PL[HG��FROOHFWHG E\�WUXFNV�DQG�WUDQVIHUUHG�

WR� WKH� GLVSRVDOV� 7KLV� VFHQDULR� SOD\V� D� FRPSDUDWLYH UROH� LQ WKH� HIIHFWLYHQHVV RI�

LPSOHPHQWLQJ�DQG�QRW�LPSOHPHQWLQJ�:03�
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� 6FHQDULR����6�$%���3UHVHQW�:03�E\�DFWXDO�UDWHV� �%XVLQHVV�DV�XVXDO� � %$8���7KLV�

VFHQDULR�SURYLGHV�WKH�SUHVHQW�LVVXHV�RI�KRWHO�ZDVWH�ZKLFK�DUH�FDXVHG�GXH�WR�WKH�IDFW�

RI�:03�LQ�WKH�KRWHOV��

� 6FHQDULR����6�$%���:03�E\�LQWHQWLRQ��7KLV�VFHQDULR�DVVXPHV�WKDW�:03�UDWHV�DUH�WKH�

LQWHQWLRQ�UDWH�RI�KRWHOV�LQ�VHSDUDWLRQ��UHF\FOLQJ�DQG�FRPSRVWLQJ�SUDFWLFHV��ZKLFK�ZHUH�

LGHQWLILHG�E\�TXHVWLRQQDLUH�VXUYH\��7KLV�VFHQDULR�ZLOO�UHYHDO�WKDW�WKH�UROH�RI�KRWHOV�LQ�

ZLOOLQJ�WR�SUDFWLFH�ZDVWH�PDQDJHPHQW��+RZHYHU�� WKH�HIILFLHQF\�RI�VHSDUDWLRQ�GRHV�

QRW�FKDQJH��

� 6FHQDULR����6�$%���:03�E\�WKH�LQWHQWLRQ�DQG�UHF\FOLQJ�UHJXODWLRQ�SURPXOJDWLRQ��7KH�

GLIIHUHQFHV�EHWZHHQ�6��DQG�6��DUH�WKH�UHF\FOLQJ�UDWH�DQG�FRPSRVWLQJ�UDWH�GXH�WR�WKH�

SURPXOJDWLRQ�RI�UHF\FOLQJ�UHJXODWLRQ��:KHUHE\��UHF\FOLQJ�SUDFWLFH�LV�REOLJDWRU\�IRU�

WKH�KRWHOV�ZLWK�FDWHULQJ�VHUYLFHV��:KLOH�FRPSRVWLQJ�SUDFWLFH�LV�UHTXHVWHG�IRU�KRWHOV�

KDYH�D�JDUGHQ�� ,Q�DGGLWLRQ� WR� WKH�FRQVHQVXV�RI� WKH�KRWHOV� LQ�:03�� WKH�UROH�RI� WKH�

JRYHUQPHQW�LQ�WKH�SURPXOJDWLRQ�RI�ZDVWH�UHJXODWLRQ�ZLOO�EH�DQDO\VHG�LQ�WKLV�VFHQDULR��

,Q�WKLV�FDVH��WKH�HIILFLHQF\�VHSDUDWLRQ�LV�XVXDOO\�

� 6FHQDULR����6�$%���:03�E\�WKH�RSWLPLVDWLRQ�DQG�LQWHJUDWLRQ��7KH�RSWLPDO�VFHQDULR�

LV� EXLOW� EDVHG� RQ� WKH� FRPELQDWLRQ� RI� WKH� LQWHJUDWHG� IDFWRUV� WRZDUGV� D� VXVWDLQDEOH�

PRGHO�VXFK�DV�WKH�ZLOOLQJQHVV�RI�KRWHOV��WKH�UROH�RI�JRYHUQPHQW�DQG�WKH�FRQVHQVXV�RI�

VRFLHW\��,Q�WKLV�VFHQDULR���:03�UDWHV�DUH�RSWLPDO�UDWH�E\�������$OVR��:6(�LQFUHDVHV�

EDVHG� RQ� WKH� VXSSRUW� RI� VWDNHKROGHUV� VXFK� DV�� 1*2V�� DQG� VRFLDO� RUJDQLVDWLRQV��

:KHUHE\��WKH�H[SHFWHG�:6(�ZLOO�QRW�FKDQJH�LI� LWV�SUHVHQW�YDOXH�KLJKHU�WKDQ������

LQFUHDVH�����DQG�����IRU�WKH�UDQJH�RI�SUHVHQW�:6(�IURP�����± ����DQG�����±

�����UHVSHFWLYHO\��)RU�PLVFODVVLILFDWLRQ�FDVH��:6(���������WKH�H[SHFWHG�:6(�LV�

DVVXPHG�E\ LWV�FRPSOHPHQW�IURP�SUHVHQW�YDOXH�

7KH�DVVXPSWLRQ�RI�WKH�VFHQDULRV�LV�VXPPDULVHG LQ�7DEOH�����

7DEOH������$VVXPSWLRQV�RI�VFHQDULRV

6FHQDULRV 3DUDPHWHUV +6+ 06+ /6+ 9,/ +20

6�$% 1R�ZDVWH�PDQDJHPHQW�SUDFWLFH�LQ�WKH�KRWHOV

6�$% 3UHVHQW�ZDVWH�VHSDUDWLRQ�UDWH���� ��� �� �� �� ��

:6(�� ��� 3DSHU ���� ���� ���� ���� ����
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��� :6(
  �:6(���LI�:6(� !������ �����[�:6(���LI�������:6(� !������ �����[�:6(���LI�������:6(� !������ �

����� :6(���LI�������:6(�

3ODVWLF ���� ���� ���� ���� ����

0HWDO ���� ���� ���� ���� ����

*ODVV ���� ���� ��� ���� ����

2UJDQLF ���� ���� ���� ���� ����

3UHVHQW�UHF\FOLQJ�SUDFWLFH�UDWH���� �� �� � �� ��

3UHVHQW�FRPSRVWLQJ�SUDFWLFH�UDWH���� � � � � ���

6�$% :DVWH�VHSDUDWLRQ�UDWH���� ��� ��� ��� ��� ���

:6(����� 6DPH�6�

,QWHQWLRQ� RI� UHF\FOLQJ� SUDFWLFH� UDWH�

���

��� �� �� �� ��

,QWHQWLRQ� RI� &RPSRVWLQJ� SUDFWLFH�

UDWH����

�� �� � �� ��

6�$% :DVWH�VHSDUDWLRQ�UDWH���� ��� ��� ��� ��� ���

:6(����� 6DPH�6�

5HF\FOLQJ� SUDFWLFH� UDWH� ZLWK�

UHJXODWLRQ����

��� ��� �� �� ��

&RPSRVWLQJ� SUDFWLFH� UDWH� ZLWK�

UHJXODWLRQ����

�� ���� � �� ��

6�$% :DVWH�VHSDUDWLRQ�UDWH���� ��� ��� ��� ��� ���

2SWLPDO�ZDVWH�VHSDUDWLRQ�

HIILFLHQF\�± :6(
��������
3DSHU ���� ���� ���� ���� ����

3ODVWLF ���� ���� ���� ���� ����

0HWDO ���� ���� ���� ���� ����

*ODVV ���� ���� ����� ���� ����

2UJDQLF ���� ���� ���� ���� ����

2SWLPDO�UHF\FOLQJ�SUDFWLFH�UDWH���� ��� ��� ��� ��� ���

2SWLPDO� FRPSRVWLQJ� SUDFWLFH� UDWH�

���

��� ��� ��� ��� ���
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�������(YDOXDWLQJ�WKH�DPRXQW RI�UHF\FODEOH�PDWHULDOV

7KLV�VWXG\�IRFXVHG�RQ�HYDOXDWLQJ�WKH�UHF\FOLQJ�SRWHQWLDO�DQG�WKH�EHQHILWV�WR�WKH�KRWHOV�

IURP�UHF\FOLQJ VR�WKDW�WKH�ERXQGDULHV�RI�ZDVWH�IORZ�H[WHQG�IURP�ZDVWH�JHQHUDWLRQ�WR�ZDVWH�

FROOHFWLRQ� �)LJXUH� ������ 7KH� DPRXQW� RI� UHF\FODEOH� ZDVWH� IRU� UHF\FOLQJ� VLJQLILFDQWO\�

GHSHQGHG� RQ�ZDVWH� VHSDUDWLRQ� UDWH��:6(�� DQG� UHF\FOLQJ� UDWH� RI� WKH� KRWHOV��7KXV�� WKH�

DPRXQW�RI UHF\FODEOH�PDWHULDOV�FDQ�EH�LGHQWLILHG E\�(T��������

)LJXUH������%RXQGDULHV�RI�UHF\FODEOH�ZDVWH�LQ�WKH�KRWHOV

௝݉ ൌ σ݉௜௝ ൌ σ
ሺ௔೔ൈ௡ൈ௕೔ೕൈ௖೔ൈௗ೔ೕሻ

ଵ଴଴଴
�����

:KHUH�

� L��7\SHV�RI�KRWHOV

� M��7KH�FRPSRQHQWV�RI�WKH�ZDVWH

� PM��7KH�DPRXQW�RI�FRPSRQHQW�M ZKLFK�LV�DYDLODEOH�IRU�UHF\FOLQJ��WRQV�SHU�GD\�

� PLM��7KH�DPRXQW�RI�FRPSRQHQW�M RI�KRWHO L DYDLODEOH�IRU�UHF\FOLQJ��WRQV�SHU�GD\�

� DL��6:*5�RI�KRWHO�L �NJ�SHU�KRWHO�SHU�GD\�

� Q��7KH�QXPEHU�RI�WKH�KRWHO�L

� ELM��3HUFHQWDJH�RI�ZDVWH�FRPSRQHQW�M�RI�KRWHO�L ���

� FL��:DVWH�VHSDUDWLRQ�SUDFWLFH�RI�KRWHO�L����

� GLM��:DVWH�VHSDUDWLRQ�SHUIRUPDQFH�RI�FRPSRQHQW�M�RI�KRWHO�L ���

�������)LQDQFLDO�EHQHILWV�RI UHF\FOLQJ�

7KH�KRWHOLHUV�UHFHLYH�LQFRPH�IURP�VHOOLQJ�WKH�UHF\FODEOH�PDWHULDOV�WR�LWLQHUDQW�EX\HUV�

ZLWK�VHOOLQJ�SULFHV�RI�86������WRQ�IRU�PHWDOV��86�����WRQ�IRU�SODVWLFV��DQG�WKH�86 ����WRQ�

IRU�WKH�SDSHU��+RL�$Q�3XEOLF�:RUN�&RPSDQ\���������$OVR��WKH�WLSSLQJ�IHH��ZKLFK�LV�VKRZQ

+RWHO�
LQGXVWU

+RWHO�L
QL��DL��

6RUWHG�
:DVWH

5HF\FODEOH�
:DVWH

FL� GӏM 6ROG�WR�
LWLQHUDQW�EX\HUV

HL

*ODVV
0L[HG�
:DVWH

&ROOHFWHG�E\�
7UXFNV

&RPSRVWLQJ
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LQ�7DEOH����LV�UHJXODWHG�E\�WKH�JRYHUQPHQW�ZLWK�WKH�UXOH�RI�³SD\�DV�\RX�WKURZ´��3$<7���

7DEOH������7KH�WLSSLQJ�IHH�IRU�DFFRPPRGDWLRQ�VHFWRUV�LQ�+$&��4XDQJ�1DP�������

6:*�KRWHO 7LSSLQJ�IHH����

+RWHO

������P��PRQWK ������PRQWK

!�����P��PRQWK �����P�

)DPLO\�EXVLQHVV

������P��PRQWK �����PRQWK

����± ����P��PRQWK �����PRQWK

����± ����P��PRQWK �����PRQWK

7KHUHIRUH��LI�UHF\FOLQJ�SUDFWLFHV�UHGXFH�6:*�RI�KRWHOV��WKH�HFRQRPLF�EHQHILWV�WR�WKH�

KRWHOV�IURP�UHF\FOLQJ�FDQ�EH�FDOFXODWHG�XVLQJ�(T���������

ܧ ሺΨሻ ൌ
ாೄାா೅

்
������

:KHUH��

� (��(FRQRPLF EHQHILW�IURP�UHF\FOLQJ����

� (6��(FRQRPLF EHQHILW�IURP�VHOOLQJ�UHF\FODEOH�PDWHULDOV����

� (7��(FRQRPLF EHQHILW�IURP�UHGXFLQJ�ZDVWH�JHQHUDWLRQ����

� 7��7LSSLQJ�IHH�ZLWKRXW�UHF\FOLQJ�SUDFWLFHV����

�������:DVWH�IORZ�DQDO\VLV

7KH�IORZ�RI�VROLG�ZDVWH�ZDV�GHVFULEHG�E\�0DWHULDO�)ORZ�$QDO\VLV��0)$��PHWKRG�ZLWK�

67$1�VRIWZDUH��0)$� LV�D�GHVFULSWLYH�PHWKRG�ZLWK�D�GHILQHG�VSDFH�DQG� WLPH� �&HQFLF��

������� ,Q� WKLV� VWXG\��0)$�LV�XVHG� WR�SURYLGH�D� V\VWHPV�RULHQWHG�YLHZ�DQG�VXSSRUW� WKH�

SULRULW\�RULHQWHG�GHFLVLRQV�UHJDUGLQJ�ZDVWH�PDQDJHPHQW�LQ�WKH�7$�LQ�+$&��,Q�RUGHU�WR�

VLPXODWH�E\�67$1��WKH�JUDSKLFDO�PRGHO�ZDV�GHILQHG�ZLWK�VSDFLQJ�ERXQGDU\�E\�WKH�7$�LQ�

GRZQWRZQ�DQG�WLPLQJ�ERXQGDU\�E\�GD\��7KH�DPRXQW�RI�ZDVWH�LQ�SURFHVVHV�RI�ZDVWH�IORZ�

ZDV� GHVFULEHG� LQ� )LJXUH� ��� DQG� FDOFXODWHG� E\� PDVV�EDODQFH� SULQFLSOH�� 7KH� WUDQVIHU�

FRHIILFLHQWV��7&��RI�D�SURFHVV�ZDV�LGHQWLILHG�E\�(T���������	���������$OVR��WKH�VLPXODWLRQ�

UHVXOWV�ZHUH�SUHVHQWHG�LQ�WKH�IRUP�RI�D�6DQNH\�GLDJUDP�
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)LJXUH������7KH�WUDQVIHU�GLDJUDP�RI�ZDVWH�LQ�D�SURFHVV

2L
L

L

7&
,
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��������������� DQG� �L7&  ¦ ������

:KHUH��2L LV�WKH�ZDVWH�DPRXQW�RI�RXWSXW��L���,L LV�WKH�ZDVWH�DPRXQW�RI�LQSXW��L��

�������%XLOGLQJ�VFHQDULRV�RI�D�6:0 V\VWHP

7KH�VHYHQ�VFHQDULRV�RI�WKH�6:0�V\VWHP�LQ�7$�ZHUH�GHVLJQHG�EDVHG�RQ�WKH�FXUUHQW�

VWDWXV� RI� WKH� ZDVWH� PDQDJHPHQW� V\VWHP�� LPSURYHPHQW� RI� 6:0� SUDFWLFHV�� DQG�

HQKDQFHPHQW�RI�WKH�ZDVWH�FROOHFWLRQ�V\VWHP��7DEOH��������:KHUHE\��WKH�FXUUHQW�VWDWXV�RI�

WKH�6:0�V\VWHP�ZDV�GHVFULEHG�LQ�6� 7$��$FFRUGLQJ�WR�WKH�DJUHHPHQW�LQ�VXSSO\�GHPDQG�

VHUYLFH�EHWZHHQ�EXVLQHVV�VHFWRUV�DQG�WKH�JRYHUQPHQW��DQG�WKH�FRQIRUPDQFH�WR� WRXULVP�

DFWLYLWLHV��WKH�6:0�V\VWHP�LQ�6� 7$��6� 7$��DQG�6� 7$ ZDV�GHYHORSHG�ZLWK�WKH�DVVXPSWLRQ�

RI�QRQ�VHSDUDWLRQ�SUDFWLFH�UHJXODWLRQ��:KHUHDV��6� 7$��6� 7$��DQG�6� 7$ ZHUH�EXLOW�EDVHG�

RQ�LPSURYHPHQW�RI�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�SUDFWLFH�WKDW�ZDVWH�LV�UHTXLUHG�WR�VRUW�LQWR�

WKUHH�W\SHV�VXFK�DV�ELR�ZDVWH��NLWFKHQ�ZDVWH��JDUGHQ�ZDVWH��DQG�WLVVXH�SDSHU���UHF\FODEOH�

PDWHULDOV��SODVWLF��PHWDO��FDUGERDUG��SDSHU��DQG�JODVV���DQG�WKH�UHVLGXHV��7KHUHIRUH��DW�D�

FROOHFWLRQ�SRLQW�RQ�WKH�VWUHHW��WKUHH�ELQV�ZLWK�WKH�FRUUHVSRQGLQJ�V\PEROV�ZLOO�EH�VHW�XS�IRU�

VRUWLQJ� E\� WRXULVWV�� %HVLGHV�� WKH� ZDVWH� FROOHFWLRQ� V\VWHP� ZDV� XSJUDGHG� EDVHG� RQ�

FDOFXODWLQJ�WKH�QXPEHU�RI�VWUHHW�ELQV��FDUWV��ODERXUV��DQG�URXWH�RI�WUXFNV�FRUUHVSRQGLQJ�WR�

ZDVWH�PDQDJHPHQW�SUDFWLFHV�LQ�GLIIHUHQW�VFHQDULRV�

7DEOH�������6FHQDULRV�RI�WKH�6:0 V\VWHP�LQ�WKH�WRXULVP�DUHD�LQ�+$&

6FHQDULRV
6HSDUDWLRQ�

UDWH
6HSDUDWLRQ�
HIILFLHQF\

5HF\FOLQJ�UDWH
:DVWH�FROOHFWLRQ�

V\VWHP

6�7$ %$8
6�7$

1RQ�VHSDUDWLRQ
&XUUHQW

,PSURYHPHQW6�7$ ,QWHQWLRQ
6�7$ 2SWLPLVDWLRQ
6�7$ &XUUHQW
6�7$ ,QWHQWLRQ
6�7$ 2SWLPLVDWLRQ

3URFHVV
,QSXW 2XWSXW

� �

L L
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7KH�FXUUHQW�DQG�LQWHQWLRQ�RI�ZDVWH�VHSDUDWLRQ�DQG�UHF\FOLQJ�SUDFWLFHV�ZHUH�LGHQWLILHG�

E\� TXHVWLRQQDLUH� VXUYH\�� &XUUHQW� ZDVWH� VHJUHJDWLRQ� HIILFLHQF\� WKDW� ZDV� PHDVXUHG� E\�

VRUWLQJ�ZDVWH�IURP�WKH�WUDVK�RI�RUJDQLF�ZDVWH��JUHHQ�WUDVK��DQG�LQRUJDQLF�ZDVWH��RUDQJH

WUDVK��ZDV�FDOFXODWHG�E\�(T���������

: ��� [\

[

P
6 (

P
 
¦

������

ZKHUH�P[\ LV�WKH�DPRXQW�RI�ZDVWH�FDWHJRU\��[� WKDW�ZDV�GHWHFWHG�LQ�WKH�FRUUHFW�WUDVK��\���

P[ LV�WKH�WRWDO�DPRXQW�RI�ZDVWH�FDWHJRU\��[� IURP�WZR�WUDVK��,Q�6���XQGHU�WKH�VXSSRUW�RI�

1RQ�*RYHUQPHQW� 2UJDQLVDWLRQV� �1*2V�� DQG� UHJXODWLRQ� RI� ORFDO� JRYHUQPHQW�� WKH�

LPSURYHPHQW�FRHIILFLHQW�RI�6:(�ZDV�HVWLPDWHG�WR�EH�����DQG�����IRU�WKH�UDQJH�RI�����±

����DQG������ �����UHVSHFWLYHO\��7KHUH�LV�QR�FKDQJH�IRU�6:(�!�����3KDP�3KX�HW�DO���

�������

,Q�RUGHU�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�DQ�6:0�V\VWHP�LQ�WKH�7$�RI�+$&��VRPH�FULWHULD�

ZHUH� XVHG� VXFK� DV� WKH� LQFUHDVH� RI� UHF\FOLQJ� SUDFWLFH�� WKH� FRQVHQVXV� RI� VRFLHW\�� WKH�

IDYRXUDELOLW\�RI�ZDVWH�IRU�H[LVWLQJ�WUHDWPHQWV�DQG�WKH�HFRQRPLF�RSWLPLVDWLRQ��7KH�RSWLPDO�

HFRQRPLF�LQ�6:0�V\VWHP�IRU�7$�ZDV�DQDO\VHG�E\�&RVW�%HQHILW�$QDO\VLV��&%$��PHWKRG�

E\�(T�����������������	��������

&%$ % & � ������

ZKHUH U I% % % � �������

DQG� L V I W& & & & & � � � ������

ZKHUH� %U DQG� %I DUH� WKH� EHQHILWV� IURP� VHOOLQJ� UHF\FODEOH� PDWHULDOV� DQG� WLSSLQJ� IHH��

UHVSHFWLYHO\��1RWDEO\��WKH�PDUNHW�YDOXH�RI�UHF\FODEOH�PDWHULDO�LV�������������������DQG�

�����SHU�WRQ�IRU�SDSHUV��SODVWLFV��3(7�ERWWOHV��DQG�PHWDOV��UHVSHFWLYHO\��6RQJ�7RDQ�HW�DO���

����D���$OVR�� WKH� WLSSLQJ�IHH�IRU� WKH�UHVLGHQWV� LQ�GRZQWRZQ�DQG�EXVLQHVV�VHFWRUV�ZHUH�

GHILQHG� E\� ��������4'�8%1'� UHJXODWLRQ� RI� 4XDQJ� 1DP� JRYHUQPHQW� �4XDQJ� 1DP�

3URYLQFH���������/LNHZLVH��WKH�FRVW�IRU�LQYHVWPHQW��VDODU\��IXHO�DQG�WUHDWPHQW�ZDV�GHQRWHG�

E\�&L��&V��&I��DQG�&W LQ�(T��������� :KHUHE\�WKH�LQYHVWPHQW�FRVW�LQFOXGHV�EX\LQJ�VWUHHW�

ELQV�DQG�FDUWV��7KH�IXHO�FRVW�IRU�ZDVWH�WUDQVSRUWDWLRQ�IURP�ZDVWH�WUDQVIHUULQJ�SRLQWV�WR�WKH�

GLVSRVDOV� LV� UHSRUWHG� DW� ������URXWH� �DERXW� ��NP���ZKLOH� WKH� WUHDWPHQW� FRVW� LV� DURXQG�



��

����WRQ�RI�ZDVWH��7KH�&%$ LQ�WKH�SURMHFW�RI�LPSURYLQJ�WKH�6:0�V\VWHP�LQ�7$�RI�+$&�

LV�DVVXPHG�LQ�WKH�SHULRG�RI���\HDUV�RSHUDWLRQ�

�����&RQFOXVLRQV

7KLV�VWXG\�ZDV�FRQGXFWHG�E\�WKH�SURFHVV�ZLWK�IRXU�VWHSV�VXFK�DV�SODQQLQJ�WKH�VXUYH\��

VDPSOLQJ�VXUYH\��DQDO\VLV�DQG�PRGHOOLQJ��,Q�HDFK�VWHS��WKH�VSHFLILF�PHWKRGV�ZHUH�XVHG�DV�

OLVWHG�EHORZ�

��� :DVWH�VDPSOLQJ�VXUYH\�ZDV�FRQGXFWHG�E\�17�(19,5�����DQG�17�(19,5������,Q�

ZKLFK�WKH�VDPSOH�VL]H�DFFRXQWV�IRU�DURXQG�����RI�WKH�SRSXODWLRQ�RI�WKH�VDPSOH��

7KH� FRPSRVLWLRQ� RI� ZDVWH� LV� LGHQWLILHG� E\� WKH� PHWKRG� RI� $670� '���������

:KHUHE\�ZDVWH�ZDV� VRUWHG� LQWR� ��� FDWHJRULHV�� 7KH� SK\VLFDO� FKDUDFWHULVDWLRQ� RI�

ZDVWH�ZDV�PHDVXUHG�E\�$670�(������$670�(����

��� ,Q�RUGHU�WR�YHULI\�WKH�GDWD�REWDLQHG�IURP�WKH�VXUYH\�DQG�FODULI\�WKH�6:0*�UDWH�RI�

ZDVWH�VRXUFHV��VRPH�VWDWLVWLFDO PHWKRGV�ZHUH�XVHG�VXFK�DV�$129$��7XNH\�+6'�

DQG�.UXVNDO�:DOOLV�

��� 7KH�PRGHOV�RI�6:0�SUDFWLFH�ZHUH�EXLOW�EDVHG�RQ�WKH�VWDWXV�RI�WKH�6:0�V\VWHP��

WKH� 6:0� SUDFWLFH� UDWH�� WKH� FRQVHQVXV� RI� VWDNHKROGHUV�� WKH� FRQVXOWDWLRQ� RI� WKH�

H[SHUWV��

��� 7KH�PRGHOV� RI� 6:0�SUDFWLFH�ZHUH� DQDO\VHG�� DVVHVVHG� DQG� RSWLPLVHG� E\� VRPH�

PHWKRGV�VXFK�DV�DQDO\WLF�KLHUDUFK\�SURFHVV��$+3���PDWHULDO�IORZ�DQDO\VLV��0)$���

FRVW�EHQHILW�DQDO\VLV��&%$��DQG�OLIH�F\FOH�DVVHVVPHQW��/&$��

�����5HIHUHQFHV

$670�,QWHUQDWLRQDO�'���������������6WDQGDUG�7HVW�0HWKRG� IRU�'HWHUPLQDWLRQ�RI� WKH�
&RPSRVLWLRQ�RI�8QSURFHVVHG�0XQLFLSDO�6ROLG�:DVWH�

$\LD�.RL�� $��� 6DFNOH�6DFNH\�� $��� ������ &DSDFLW\� 0DQDJHPHQW� ,VVXHV� LQ� WKH� +RWHO
,QGXVWU\�RI�&DSH�&RDVW�0HWURSROLV��-RXUQDO�RI�7RXULVW��+RVSLWDOLW\�DQG�6SRUWV������±��

&HQFLF��2���������1RQOLQHDU�GDWD�UHFRQFLOLDWLRQ�LQ�PDWHULDO�IORZ�DQDO\VLV�ZLWK�VRIWZDUH�
67$1�� 6XVWDLQDEOH� (QYLURQPHQW� 5HVHDUFK� ���� ���±�����
KWWSV���GRL�RUJ���������M�VHUM������������

&KULVWHQVHQ��7�+���������6ROLG�ZDVWH�WHFKQRORJ\�	�PDQDJHPHQW��:LOH\��&KLFKHVWHU��:HVW�
6XVVH[��8�.�ௗ��+RERNHQ��1�-�

*LDQJ�� +�0��� 7DNHVKL�� )��� 6RQJ� 7RDQ�� 3�3��� ������ 0XQLFLSDO� :DVWH� *HQHUDWLRQ� DQG�
&RPSRVLWLRQ�,Q�$�7RXULVW�&LW\�� +RL�$Q��9LHWQDP��-RXUQDO�RI�-6&(�������±����

+RL�$Q�3XEOLF�:RUN�&RPSDQ\��������'DWD�FROOHFWLRQ�



��

+XQJ��:��7���6KDQJ��-��.���:DQJ��)��&���������3ULFLQJ�GHWHUPLQDQWV�LQ�WKH�KRWHO�LQGXVWU\��
4XDQWLOH� UHJUHVVLRQ� DQDO\VLV�� ,QWHUQDWLRQDO� -RXUQDO� RI� +RVSLWDOLW\� 0DQDJHPHQW� ����
���±�����KWWSV���GRL�RUJ���������M�LMKP������������

.DULP�=HLQ��0DMGRXODLQH�6HPODOL�:D]QHU��*UpJRLUH�0H\ODQ��������%HVW�(QYLURQPHQWDO�
3UDFWLFHV�IRU�WKH�+RWHO�,QGXVWU\��6XVWDLQDEOH�%XVLQHVV�$VVRFLDWHV�

.LP��0���-DQJ��<��&���/HH��6���������$SSOLFDWLRQ�RI�'HOSKL�$+3�PHWKRGV�WR�VHOHFW� WKH�
SULRULWLHV�RI�:(((�IRU�UHF\FOLQJ�LQ�D�ZDVWH�PDQDJHPHQW�GHFLVLRQ�PDNLQJ�WRRO��-RXUQDO�
RI� (QYLURQPHQWDO� 0DQDJHPHQW� ����� ���±�����
KWWSV���GRL�RUJ���������M�MHQYPDQ������������

1JX\HQ��7���1JX\HQ��+���/RER��$���'DR� 7���������(QFRXUDJLQJ�9LHWQDPHVH�+RXVHKROG�
5HF\FOLQJ� %HKDYLRU�� ,QVLJKWV� DQG� ,PSOLFDWLRQV�� 6XVWDLQDELOLW\� ��� ���±�����
KWWSV���GRL�RUJ���������VX�������

1RUQDGLDK� 0RKG� 5D]DOL�� <�%�:��� ������ 3RZHU� FRPSDULVRQV� RI� 6KDSLUR�:LON��
.ROPRJRURY�6PLUQRY�� /LOOLHIRUV� DQG�$QGHUVRQ�'DUOLQJ� WHVWV�� -RXUQDO� RI� 6WDWLVWLFDO�
0RGHOLQJ�DQG�$QDO\WLFV������±���

2PLGLDQL��$���6��0RKVHQ��+����������:DVWH�0DQDJHPHQW� LQ�+RWHO� ,QGXVWU\� LQ� ,QGLD��$�
5HYLHZ��,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWLILF�DQG�5HVHDUFK�3XEOLFDWLRQV�������±����

3KDP� 3KX�� 6�7��� )XMLZDUD�� 7��� +RDQJ�� 0�*��� 3KDP�� 9�'��� 7UDQ�� 0�7��� ������ :DVWH�
VHSDUDWLRQ� DW� VRXUFH� DQG� UHF\FOLQJ� SRWHQWLDO� RI� WKH� KRWHO� LQGXVWU\� LQ� +RL�$Q� FLW\��
9LHWQDP�� -RXUQDO� RI� 0DWHULDO� &\FOHV� DQG� :DVWH� 0DQDJHPHQW� ���� ��±����
KWWSV���GRL�RUJ���������V����������������

3LUDQL��6�,���$UDIDW��+�$���������6ROLG�ZDVWH�PDQDJHPHQW�LQ� WKH�KRVSLWDOLW\�LQGXVWU\��$�
UHYLHZ�� -RXUQDO� RI� (QYLURQPHQWDO� 0DQDJHPHQW� ����� ���±�����
KWWSV���GRL�RUJ���������M�MHQYPDQ������������

4XDQJ�1DP�3URYLQFH��������5HJXODWLRQ�RI�ZDVWH�FROOHFWLRQ IHH�LQ�4XDQJ�1DP�SURYLQFH�

6KDPVKLU\�� (��� 0RNKWDU�� 0�%���$EGXODL��$�0��� .RPRR�� ,��� ������ 8VLQJ� WKH�$QDO\WLF�
+LHUDUFK\�3URFHVV�WR�(QKDQFH�6XVWDLQDEOH�6ROLG�:DVWH�0DQDJHPHQW��&DVH�6WXG\�RI�
/DQJNDZL� ,VODQG�� 0DOD\VLD�� 6XVWDLQDEOH� 6ROLG�:DVWH� 0DQDJHPHQW�� (QYLURQPHQWDO�
4XDOLW\�0DQDJHPHQW�������±����KWWSV���GRL�RUJ���������WTHP������

6RQJ�7RDQ��3�3���)XMLZDUD��7���'LQK��3�9���+RD��.�7�������D��:DVWH�5HF\FOLQJ�6\VWHP�IRU�
D�7RXULVP�&LW\�LQ�9LHWQDP��6LWXDWLRQ�DQG�6XVWDLQDEOH�6WUDWHJ\�$SSURDFK�± &DVH�6WXG\�
LQ�+RL�$Q�&LW\��9LHWQDP��,23�&RQIHUHQFH�6HULHV��(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH�
��������±�����KWWSV���GRL�RUJ�������������������������������

6RQJ�7RDQ��3�3���0LQK�*LDQJ��+���7DNHVKL��)�������E��$QDO\]LQJ�VROLG�ZDVWH�PDQDJHPHQW�
SUDFWLFHV� IRU� WKH� KRWHO� LQGXVWU\�� *OREDO� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH� DQG�
0DQDJHPHQW������±����KWWSV���GRL�RUJ����������JMHVP���������������

6RQJ�7RDQ��3�3���7DNHVKL��)���*LDQJ��+�0���'LQK��3�9���������$Q�DQDO\VLV�RI�WKH�FRPPHUFLDO�
ZDVWH� FKDUDFWHULVDWLRQ� LQ� D� WRXULVP�FLW\� LQ�9LHWQDP�� ,QW�� -��(QYLURQPHQW� DQG�:DVWH�
0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������,-(:0������������

:RQJ��.�.�)���.LP��6���������([SORULQJ�WKH�'LIIHUHQFHV�LQ�+RWHO�*XHVWV¶�:LOOLQJQHVV�WR�
3D\� IRU�+RWHO�5RRPV�:LWK�'LIIHUHQW�9LHZV�� ,QWHUQDWLRQDO� -RXUQDO� RI�+RVSLWDOLW\�	�
7RXULVP�$GPLQLVWUDWLRQ�������±����KWWSV���GRL�RUJ�����������������������������



��

&KDSWHU��

7KH�FXUUHQW�VWDWXV��SUREOHPV�DQG�FKDOOHQJHV�RI�VROLG�ZDVWH�
PDQDJHPHQW V\VWHP�LQ�WKH�WRXULVP�LQGXVWU\�LQ�+RL�$Q�&LW\

5HFHQWO\��WKH�UDSLG�GHYHORSPHQW�RI�WKH WRXULVP LQGXVWU\�LQ�+$&�KDV�OHG�WR�D�VLJQLILFDQW

LQFUHDVH� LQ WKH� DPRXQW� RI� 06:� �6RQJ� 7RDQ HW� DO�� ����E��� ZKHUHDV� WKH� WRXULVP�

FRPPHUFLDO�DFWLYLWLHV��7&$��DFFRXQWHG�IRU�����RI�WKH�WRWDO�06:��*LDQJ�HW�DO������D��

)URP�D�FLW\�SRLQW�RI�YLHZ��6:0�LQ�WKH�WRXULVW�EXVLQHVV�LV�D�VLJQLILFDQW�SDUW�RI�PXQLFLSDO

6:0��DQG�VXVWDLQDEOH�6:0�IRU�WKH�KRVSLWDOLW\�LQGXVWU\�VKRXOG�EH�WKH�SULPDU\�WDVN��$OVR��

LGHQWLILFDWLRQ�RI�WKH�VWDWXV�DQG�SUREOHPV�RI�6:0�LQ�WKH�WRXULVP�LQGXVWU\�DQG�DQDO\VLV�RI�

WKH�FKDOOHQJHV�LQ�VXVWDLQDEOH�WRXULVP�6:0�IDFHG�E\�WKH�JRYHUQPHQW�RI�+$&�DUH�XUJHQW�

DQG�QHFHVVDU\��+HQFH��WKLV�FKDSWHU�DLPV�WR�

�L� ,GHQWLI\�WKH�6:*�UDWH�RI�FRPPHUFLDO�VHFWRUV�LQ�WKH�WRXULVP�LQGXVWU\�

�LL� 0HDVXUH�WKH�ZDVWH�FRPSRVLWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�WRXULVW�ZDVWH�

�LLL� $QDO\VH WKH�FXUUHQW�SUREOHPV�RI�WRXULVP�6:0�V\VWHP�DQG�LWV�FKDOOHQJHV

7KH�FODULILFDWLRQ�RI�WKH�VWDWXV�RI�WRXULVP�6:0�V\VWHP��WKH�XQGHUVWDQGLQJ�RI�EDUULHUV��

REVWDFOHV�LQ�LPSOHPHQWLQJ�ZDVWH�PDQDJHPHQW�SUDFWLFHV�PD\�EH�QHFHVVDU\�IRU�ILQGLQJ�WKH�

DSSURSULDWH�VROXWLRQV WR�WKH�6:0�V\VWHP�RI�WKH�WRXULVP�LQGXVWU\�LQ�+$&�

�����7KH�VROLG ZDVWH�JHQHUDWLRQ�UDWH

7KH�6:*�UDWH�ZDV� LGHQWLILHG E\�GLYLQJ� WKH� VROLG ZDVWH�DPRXQW�SURGXFHG� IURP� WKH�

KRWHOV�ZLWK�WKH�QXPEHU�RI�WRXULVWV�VWD\HG�WKHUH�LQ�D�GD\��*UDSKLFDO�PHWKRGV��QXPHULFDO�

PHWKRGV�DQG�IRUPDO�QRUPDOLW\�WHVW�XVHG�WR�FKHFN�WKH�QRUPDOLW\�DVVXPSWLRQ�RI�WKH�GDWD�

)LJXUH���� VKRZHG�WKH�6:*�UDWH�GHQVLW\�RI�ILYH�JURXSV�RI�KRWHOV�OLNHG�WKH�QRUPDO EHOO�

VKDSHG�FXUYH�ZLWK�YDULRXV�IHDWXUHV��7KH�6:*�UDWH�GLVWULEXWLRQ�FXUYH�RI�9LOOD�JURXS�FORVHG�

WR�PHVRNXUWLF�GLVWULEXWLRQ�DQG�EH� OHIW�VNHZHG��NXUWRVLV�FRHIILFLHQW�������DQG�VNHZQHVV�

FRHIILFLHQW����������:KLOH�WKH�6:*�UDWH�GLVWULEXWLRQ�VKDSHV�RI�+6+��06+�ZDV�SODW\NXUWLF�

DQG�/6+��+20�ZHUH�OHSWRNXUWLF��7DEOH�������+RZHYHU��6KDSLUR�:LON�WHVW�UHDIILUPHG�WKDW�

6:*�UDWH�GLVWULEXWLRQ�RI���JURXSV�RI�WKH�KRWHO�FORVHG�WR�WKH�QRUPDO�GLVWULEXWLRQ�ZLWK�:�

YDOXHV�DSSUR[LPDWHO\���DQG�3�YDOXH�KLJKHU�WKDQ�������7DEOH�������7KHUHIRUH�� WKH�6:*�

UDWH�GHQVLW\�RI�WKH�KRWHOV�FDPH�IURP�D�QRUPDOO\�GLVWULEXWHG�SRSXODWLRQ�



��

)LJXUH������'HQVLW\ RI�6:*�UDWH

6HYHUDO�VWXGLHV�UHSRUWHG�WKDW�WKH�GDLO\�6:*�IURP�D�KRWHO�JXHVW�YDULHG�ZLWK�WKH�ZLGH�

UDQJH� IURP� ����� WR� ��� NJ� �(GPXQGR� 0XILR]�� ������ -RQDWKDQ� )�.�� (DUOH� DQG� -R� 0��

7RZQVHQG������� DQG�GLIIHUHG�DW�WKH�YDULRXV�GXUDWLRQV�DQG�UHJLRQV��'DQLHO�+RRUQZHJ�DQG�

3HULQD]� %KDGD�7DWD�� ������� 1RWDEO\� ZKLOH� WKH� UDQJH� RI� VROLG� ZDVWH� DPRXQW� GDLO\�

SURGXFHG�E\�(XURSHDQ�KRWHOV�ZDV�����WR�����NJ�SHU�JXHVW��%RKGDQRZLF]�������� WKDW�E\�

$VLDQ�KRWHOV�ZDV������ WR�����NJ�JXHVW���GD\�� �7DQJ��������&KDQ�DQG�/DP���������)RU�

+$&��RXU�SUHYLRXV�VXUYH\�UHYHDOHG�WKDW�6:*�UDWH�RI�WKH�KRWHO�LQ�WKH�GU\�VHDVRQ�UDQJHG�

IURP������ WR� ����� NJ�URRP���GD\�� �*LDQJ� HW� DO��� ����D���ZKLOH� WKDW LQ� WKH�ZHW� VHDVRQ�

UDQJHG�IURP������WR������NJ�JXHVW���GD\����DQG�PRVWO\ GLVWULEXWHG�EHWZHHQ�����DQG������

NJ�JXHVW���GD\����,Q�EULHI��WKH�KRWHO�LQGXVWU\�LQ�+$&�JHQHUDWHG�DYHUDJHO\������NJ�JXHVW�

��GD\�� LQ�WKH�UDLQ\�VHDVRQ�ZKLFK�ZDV�KLJKHU�WKDQ�ZDVWH�SURGXFHG�LQ�WKH�GU\�VHDVRQ������

NJ�URRP���GD\����DQG�VOLJKWO\�ORZHU�WKDQ�WKH�PHGLDQ YDOXH�RI�6:*�IURP�WKH�KRWHOV�LQ�WKH�

ZRUOG�

$GGLWLRQDOO\�� WKH�6:*�UDWH�IURP�GLIIHUHQW� W\SHV�RI�DFFRPPRGDWLRQ� LV�QRW� WKH�VDPH�

�(GPXQGR�0XILR]��������3LUDQL�DQG�$UDIDW���������7UXQJ�DQG�.XPDU������� PHQWLRQHG

WKDW�WKH�RYHUDOO�EHQFKPDUN�RI�6:*�UDWH�RI�KLJK�VL]H�KRWHOV�LQ�9LHWQDP�ZDV�DERXW������WR�

�����NJ�JXHVW���GD\����ZKLOH�WKH�6:*�UDWH�IURP�PLG�VFDOH�KRWHOV�UDQJHG�IURP�����WR������

NJ�JXHVW���GD\����)RU�+$&��RXU�SUHOLPLQDU\�VXUYH\�LQGLFDWHG WKDW�LQ�GU\�VHDVRQ�IRXU�VWDUV�

KRWHO�JHQHUDWHG�DYHUDJHO\���NJ�URRP���GD\����DQG�WKH�VPDOOHU�KRWHOV�SURGXFHG�DERXW������

NJ�URRP���GD\�� �+��0��*LDQJ�HW�DO��������D���7KHUHIRUH��WKH�6:*�UDWH�IURP�DOO�NLQGV�RI�

KRWHO�LQ�WKH�UDLQ\�VHDVRQ�ZDV�QHZO\�LGHQWLILHG��,Q�SDUWLFXODU��)LJXUH���� LQGLFDWHG�WKDW�WKH�

LQWHUTXDUWLOH�DQG�GLVSHUVLRQ�UDQJHV�RI�6:*�GLVWULEXWLRQ�LQ�+6+�DQG�06+�JURXSV�ZHUH�

ZLGHU WKDQ�RWKHU�RQHV��ZKLOH�PHGLDQ�DQG�PHDQ�RI�6:*�LQ�HDFK�JURXS�RI�GDWD�ZHUH�VOLJKWO\

7DEOH������6NHZQHVV�DQG�.XUWRVLV�FRHIILFLHQW
+6+ 06+ /6+ 9,/ +20

6NHZQHVV ���� ����� ���� ����� ����
.XUWRVLV ���� ���� ���� ���� �����

7DEOH������5HVXOWV�RI�6KDSLUR�:LON�WHVW
+6+ 06+ /6+ 9,/ +20

3�YDOXH� ���� ���� ���� ���� ����
: ���� ���� ���� ���� ����



��

VLPLODU��7KLV ZDV�H[SODLQHG WKDW�WKH�UDQJH�RI�FDSDFLW\�RI�+6+���� WR�����URRPV��DQG�06+�

���� WR� ��� URRPV�� ZHUH� ELJJHU WKDQ� WKH� RWKHUV�� +HQFH�� WKH� PRUH� DEXQGDQW� WKH�

DFFRPPRGDWLRQ��WKH�ODUJHU�WKH�LQWHUTXDUWLOH�UDQJHV��

)LJXUH������%R[SORW�RI�6:*�UDWH

7DEOH������5HVXOWV�RI�$129$�DQDO\VLV

0RUHRYHU��WKH�ER[�SORW�LQ�)LJXUH���� DOVR LOOXVWUDWHG�WKDW�WKH�PHDQ�RI�6:*�UDWH�SHU�

GD\�RI�+6+�������NJ�JXHVW����ZDV�KLJKHU�WKDQ�VXFK�RI�06+�DQG�9,/�ZLWK������DQG������

NJ�WRXULVW����UHVSHFWLYHO\��$OVR��+20�DQG�/6+�JHQHUDWHG�GDLO\�ZLWK�WKH�6:*�UDWH�E\������

DQG� ����� NJ�JXHVW���� UHVSHFWLYHO\��0RUHRYHU�� WKH� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ�

6:*�UDWH�EHWZHHQ�WKHVH�JURXSV�RI�KRWHOV�LQ�+$&�ZHUH�FRQILUPHG E\�WKH�UHVXOWV�RI�WKH�

$129$�7HVW�LQ�7DEOH������1RWDEO\��3�YDOXH�ZDV�OHVV�WKDQ������ DQG�WKH�VLJQDO�ZDV�PXFK�

KLJKHU�WKDQ�QRLVHV�ZLWK������ RI�)�YDOXH��7KH�YDULDWLRQ�RI�IDFLOLWLHV��WKH�OHYHO�RI�WKH�KRWHOV��

TXDOLW\�DQG�TXDQWLW\�RI�VHUYLFHV�PD\�OHDG�WR�WKH�GLIIHUHQFHV�LQ�6:*�UDWHV�RI�KRWHO�JURXSV�

)XUWKHUPRUH�� WKH� JUDSKLFDO GLVSOD\� LQ� )LJXUH� ��� VKRZHG� WKDW� ���� IDPLO\�ZLVH�

FRQILGHQFH�LQWHUYDO�LQ�WKH�VHFRQG�URZ��ZKLFK�ZDV�FRPSDULQJ�/6+�DQG�+20�ZHQW�IURP��

������RI�ORZ�UDQJH�WR�������RI�XS�UDQJH�DQG�FRQWDLQHG����GRWWHG�FLUFOH���+HQFH��WKH�PHDQV�

RI�6:*�UDWHV�RI�KRWHO�JURXSV�ZHUH�DOO�GHWHFWDEOH GLIIHUHQFHV�IURP�HDFK�RWKHU�H[FHSW�IRU�

'I ��� 66 ��� 06 ��� ) ��� 3 ���

%HWZHHQ�JURXSV�RI�KRWHOV � ������ ����� ���� �������

:LWKLQ�JURXSV�RI�KRWHOV ��� ����� ���

��� 'HJUHH�RI�IUHHGRP����� 6XP�RI�6TXDUH����� 0HDQ�VTXDUH����� )�YDOXH����� 3�YDOXH



��

D�SDLU RI�/6+�DQG�+20��7KH�VLPLODULW\�LQ�6:*�UDWH�RI�/6+�DQG�+20�FRXOG�EH�FDXVHG

E\�WKH�UHVHPEODQFH�LQ�ORGJLQJ�FRPPHUFH�DV�WKH�LQGLYLGXDO�KRXVHKROG�EXVLQHVVHV�

)LJXUH������7KH�GLIIHUHQFH LQ�6:*�UDWH�RI�WKH�KRWHO�SDLUV

)RU�RWKHU�FRPPHUFLDO�VHFWRUV��WKH�6:*�UDWH�ZDV�FDOFXODWHG E\�GLYLQJ�WKH�GDLO\�ZDVWH�

DPRXQW�RI�D�VHFWRU�WR�WKH�QXPEHU�RI�SURGXFWV��7KH�XQLW�RI�SURGXFWV�ZDV�LGHQWLILHG E\�D�

ELOO�IRU�WKH�UHVWDXUDQWV��D�VKRS��D�VWDOO�IRU�WKH�PDUNHWV��D�SURGXFW�IRU�+3)��

&HQWUH 6XE�&HQWUH &RDVWDO

)LJXUH������7KH�QRUPDO SORW�RI�VROLG�ZDVWH�JHQHUDWLRQ�UDWH�GLVWULEXWLRQ�LQ�WKH�

UHVWDXUDQWV

)LJXUH���� VKRZHG� WKDW� WKH�TXDQWLOHV�RI�HPSLULFDO�6:*�UDWH�RI� UHVWDXUDQWV� LQ� WKUHH�

DUHDV��VFDWWHU�SORW��IROORZ�DQG�FORVH�WR�WKHRUHWLFDOO\�LGHDO�QRUPDO�GLVWULEXWLRQ��UHG�OLQHV���



��

1RWDEO\��WKH�6:*�UDWH�TXDQWLOH�RI�WKH�UHVWDXUDQW�LQ�WKH�FRDVWDO�]RQH�FORVHG�WR�WKH�QRUPDO�

GLVWULEXWLRQ� DQG� ZDV� OLJKW� OHIW�VNHZHG� �QHJDWLYH� VNHZQHVV� FRHIILFLHQW��� :KLOH� WKH�

GLVWULEXWLRQ�RI�6:*�UDWH�SRSXODWLRQ�RI�UHVWDXUDQWV�LQ�WKH�FHQWUH�DQG�VXE�FHQWUH�ZHUH�OLJKW�

WDLOHG�DQG�ULJKW�VNHZHG��UHVSHFWLYHO\� +RZHYHU��WKH�UHVXOWV�RI�6KDSLUR�:LON�WHVW�VKRZHG�

WKDW�3�YDOXH�ZDV�KLJKHU� WKDQ�������ZKLFK�PHDQW� WKDW�DOWKRXJK� WKH�GLVWULEXWLRQ�RI� WKHLU�

VDPSOH�TXDQWLOHV�ZDV�GLVWLQFWLYH��6:*�UDWH�GLVWULEXWLRQ�IURP�UHVWDXUDQW� LQGXVWU\�FDPH�

IURP�WKH�QRUPDOO\ GLVWULEXWHG�SRSXODWLRQ�

�D�� �E�

)LJXUH������6ROLG�ZDVWH�JHQHUDWLRQ�UDWH�RI�WKH�UHVWDXUDQWV

)LJXUH������D� LQGLFDWHG�WKDW�WKH�6:*�UDWH�RI�WKH�UHVWDXUDQW�LQGXVWU\�LQ�+$&�UDQJHG�

IURP������WR������NJ�SHU�ELOO��DQG�WKH�DYHUDJH�6:*�UDWH�ZDV������NJ�SHU�ELOO��&RPSDULQJ�

WR�RWKHU�FRXQWULHV��6:*�UDWH�RI� WKH� UHVWDXUDQWV� LQ�+$&�ZDV�KLJKHU� WKDQ� WKDW� LQ�+RQJ�

.RQJ� ������� NJ�PHDO�� �&KDQ� DQG� /DP�� ����� DQG� ORZHU� WKDQ� VXFK� LQ� 3KQRP� 3HQK��

&DPERGLD�������± �����NJ�WDEOH�� �0RQJWRHXQ�HW�DO���������7KHVH�GLIIHUHQFHV�FRXOG�EH�

H[SODLQHG E\�WKH�IHDWXUHV�RI�UHVWDXUDQWV�DQG�IRRGV��WKH�FXOLQDU\�FXOWXUH�RI�WKH�JXHVWV��DQG�

WKH�6:0�HIIHFWLYHQHVV�RI�WKH�UHVWDXUDQWV��)XUWKHUPRUH��)LJXUH������E� LQGLFDWHV�WKDW�WKH�

6:*�UDWH�RI�UHVWDXUDQWV�LQ�GLIIHUHQW�DUHDV�ZDV�GLYHUVH��1RWDEO\��WKH�PHDQ�RI�6:*�UDWH�

RI�UHVWDXUDQWV�LQ�WKH�FHQWUH ZDV�KLJKHU�������NJ�ELOO����WKDQ�WKDW�LQ�VXE�FHQWUH ������NJ�ELOO�

���DQG�WKH�FRDVWDO DUHD�������NJ�ELOO�����$OVR��WKH�DPRXQW�RI�ZDVWH�ZDV�JHQHUDWHG�IURP�D�

UHVWDXUDQW�LQ�WKH�FHQWUH DUHD�������NJ�GD\����PRUH�WKDQ�WKDW�LQ�WKH�VXE�FHQWUH�������NJ�GD\�

�� DQG� FRDVWDO� DUHDV� ������ NJ�GD\�����7KH� GLIIHUHQFHV� LQ�6:*� UDWH� RI� WKH� UHVWDXUDQW� LQ�

VHYHUDO�DUHDV�ZHUH�SURYHG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�GXH�WR�$129$ DQDO\VLV�UHVXOWV��



��

3DUWLFXODUO\��3�YDOXH�ZDV�OHVV�WKDQ������������������DQG�WKH�VLJQDO�ZDV�PXFK�KLJKHU�WKDQ�

WKH�QRLVHV�E\����RI�)�YDOXH��$SDUW�IURP�WKH�UHDVRQV�PHQWLRQHG�DERYH��WKH�DFWLYLWLHV�LQ�

WRXULVP�DUHDV�FRXOG�LQIOXHQFH�EXVLQHVV�DFWLYLWLHV��DQG�LQGLUHFWO\�LQIOXHQFH�WKH�6:*�RI�WKH�

UHVWDXUDQWV��0RUHRYHU��WKH�GLIIHUHQFHV�LQ�6:*�FRXOG�EH�FDXVHG E\�WKH�ZHDWKHU��1RWDEO\��

D�VXUYH\�LQ�$XJXVW��VXPPHU�VHDVRQ��LQGLFDWHG�WKDW�6:*�UDWH�RI�D�UHVWDXUDQW�UDQJHG�IURP�

�����WR������NJ�GD\�� DQG�JRW DYHUDJH�6:*�UDWH�DW�������NJ�GD\�� �*LDQJ�HW�DO������D���

:KHUHDV��WKLV�VWXG\�VKRZHG�WKDW�WKH�UDQJH�RI�UHVWDXUDQW�6:*�UDWH�ZDV�ZLGHU�IURP������

WR��������NJ�GD\�� DQG�UHDFKHG�DW�WKH�DYHUDJH�6:*�UDWH�E\�������NJ�GD\����%HVLGHV��WKH�

OLPLWHG�VDPSOH�VL]H����UHVWDXUDQWV�LQ�WKH�FHQWUH DQG�FRDVWDO�DUHDV��LQ�WKH�VXPPHU�VXUYH\�

FRXOG�FDXVH�WKH�VKRUW�UDQJH�RI�6:*�UDWH�

�D� �E�

)LJXUH������6ROLG�ZDVWH�JHQHUDWLRQ�UDWH�RI�VKRSV�DQG�KDQGLFUDIW�SURGXFWLRQ�IDFLOLWLHV

)RU�VKRSV��)LJXUH���� �D� VKRZHG�WKDW�WKH�GDLO\�6:*�UDWH�RI�VKRSV LQ�+$&�UDQJHG

IURP������WR������NJ�VKRS�� DQG�JRW�DQ�DYHUDJH�6:*�UDWH�RI������NJ�VKRS��&RPSDULQJ�WR�

6:*�UDWH�RI�FORWKLQJ�VKRSV�LQ�3KQRP�3HQK��&DPERGLD��WKH�6:*�UDWH�RI�VKRSV�LQ�+$&�

ZDV�ORZHU�E\������WLPHV��0RQJWRHXQ�HW�DO���������*HQHUDOO\��VKRSV DUH�D�IRUP�RI�D�IDPLO\�

EXVLQHVV� DQG� DVVRFLDWHV ZLWK� KRXVHKROG� DFWLYLW\��+RZHYHU�� WR� DVVHVV�ZDVWH� JHQHUDWLRQ�

IURP�FRPPHUFLDO�DFWLYLWLHV��VKRSV�ZHUH�FROOHFWHG�IRU�VDPSOLQJ�LQ�WKLV VWXG\�FRPSOHWHO\�

VHSDUDWHG�IURP�WKH�IDPLO\�DFWLYLWLHV��7KLV FRXOG�EH�WKH�UHDVRQ�IRU WKH�GLIIHUHQFHV�LQ�6:*�

UDWH�RI�VKRSV�LQ�+$&�DQG�RWKHU�SODFHV��,Q�+3)��JDUPHQW�DQG�OHDWKHU�SURGXFWLRQ��ZKLFK�

DUH�WKH�WUDGLWLRQDO�KDQGLFUDIWV�RI�+$&�SURGXFH�DQG�SURYLGH�SURGXFWV�WR�WKH�VKRSV��7KH�

VL]H�RI�WKHVH�IDFLOLWLHV�UDQJHV�IURP���WR����ZRUNHUV�ZLWK�FDSDFLW\�IURP����WR�����SURGXFWV�



��

SHU�GD\��7KH�DYHUDJH�6:*�UDWH�RI�WKHVH�IDFLOLWLHV�ZDV�LGHQWLILHG�E\������NJ�SURGXFW�� IRU�

JDUPHQW�SURGXFWLRQ�DQG������NJ�SURGXFW�� IRU�OHDWKHU SURGXFWLRQ��)LJXUH������E���

)LJXUH������6ROLG�ZDVWH�JHQHUDWLRQ�UDWH�RI�WKH�PDUNHWV

,Q� WHUP�RI� WKH�PDUNHW�ZDVWH��)LJXUH���� VKRZHG� WKDW�D�VWDOO� LQ� WKH�PDUNHWV� LQ�+$&�

FRXOG�JHQHUDWH�IURP������WR������NJ�RI�ZDVWH�SHU�GD\��$OVR��WKH�DYHUDJH�6:*�UDWH�ZDV�

�����NJ�VWDOO���GD\����7KH�WUDGLWLRQDO�PDUNHWV�LQ�9LHWQDP�DUH WKH�LQWHJUDWHG�FRPELQDWLRQ�RI�

WKH�YDULRXV W\SHV�RI�EXVLQHVV�LWHPV�VXFK�DV�IRRG��EXWFKHU��YHJHWDEOHV��JDUPHQWV��PHFKDQLF�

PDWHULDOV�� IUHVK� IORZHUV�� DFFHVVLEOH� IDVKLRQ�� GLQLQJ� DQG� EHYHUDJH� VWDOOV��0DWVXL� HW� DO��

������ SUHVHQWHG�WKDW�6:*�UDWH�RI�YDULRXV�VWDOOV�ZDV�GLIIHUHQW��:KHUHE\ WKH�IUHVK�IRRG�

DQG�YHJHWDEOH�VWDOOV�JHQHUDWHG�PRUH�ZDVWH�WKDQ�WKH�VKRSV�VHOOLQJ�PDWHULDOV�DQG�VHUYLFHV�

EXVLQHVV��+HQFH��WKH�GLIIHUHQFH�LQ 6:*�UDWH�RI�+RL�$Q�PDUNHW�DQG�WKH�RWKHUV�FRXOG�EH�

MXVWLILHG E\�WKHVH�UHDVRQV��1RWDEO\��WKH�DYHUDJH�DPRXQW�RI�ZDVWH�JHQHUDWHG�IURP�D�VWDOO�LQ

+RL�$Q�PDUNHW�������NJ�GD\����ZDV�ORZHU�WKDQ�WKDW�LQ�WKH�RWKHUV�������NJ�GD\�����)LJXUH�

������+RL�$Q�PDUNHW�LV�WKH�ELJJHVW�PDUNHW�ORFDWHG�LQ�WKH�FHQWUH RI�+$&��&RPSDULQJ�WR�

RWKHU�PDUNHWV��WKH�QXPEHU�RI�JDUPHQWV��VSHFLDOLW\�SURGXFWV��DQG�VRXYHQLU�VWDOOV�DFFRXQWV�

IRU�DERXW�����RI�WRWDO�VWDOOV��SULPDULO\�VHUYH�WKH�VKRSSLQJ�DFWLYLWLHV�RI�WRXULVWV��+HQFH��

WKH� 6:*� UDWH� RI� WKH� PDUNHWV� FRXOG� EH� LQIOXHQFHG E\� WKH� W\SHV� RI� EXVLQHVV� DQG� QRW�

GHSHQGHQW�RQ�WRXULVP�DFWLYLWLHV�



��

�����6ROLG�ZDVWH�FRPSRVLWLRQ

)LJXUH���� GHVFULEHG�LQ�GHWDLO�WKH�ZDVWH�FRPSRVLWLRQ�RI�+$&¶V�KRWHO�LQGXVWU\��1RWDEO\��

ELRGHJUDGDEOH�ZDVWH� DFFRXQWHG� IRU� WKH� KLJKHVW� SHUFHQWDJH� RI ������� LQFOXGHV� NLWFKHQ�

ZDVWH� ���������JDUGHQ�ZDVWH� ��������DQG� WLVVXH�SDSHU� ��������$OVR�� UHF\FODEOH ZDVWH�

DFFRXQWHG� IRU� DERXW� RQH�IRXUWK� RI� WRWDO�ZDVWH�ZKLFK� FRQVLVWV� �����RI�PHWDO�� �����RI�

FDUGERDUG��������RI�SODVWLF�LQFOXGLQJ�SODVWLF�EDJV�������RI�3(7�ERWWOHV�����RI�JODVV�DQG�

�����RI�WKH�SDSHU��7KH�RWKHU�FRPSRQHQWV�EHORQJ�WR�FRPEXVWLEOH�DQG�LQFRPEXVWLEOH�ZDVWH�

KDYH�WKH SURSRUWLRQV�OHVV�WKDQ������IRU�HDFK�HOHPHQW��

)LJXUH������6:&�RI�DFFRPPRGDWLRQ�EXVLQHVV

7DNLQJ�DQ�RYHUYLHZ�RI�WKH�KRWHO¶V�6:&��7DEOH���� SUHVHQWHG�WKDW�GLIIHUHQFHV�LQ�6:&�

RI�WKH�KRWHOV�ZHUH�QRW�RQO\�LQIOXHQFHG�E\�JHRJUDSKLFDO ORFDWLRQ��HFRQRPLF�OHYHO��FXOWXUDO�

QRUPV�DQG�FOLPDWH EXW�DOVR�PD\�EH�H[SODLQHG E\�WKH�VSHFLILFDWLRQ�RI�WRXULVP EXVLQHVV��,Q�

FRPSDULVRQ�ZLWK�RWKHU�FRXQWULHV�LQ�WKH�ZRUOG��WKH�ELRGHJUDGDEOH�ZDVWH�RI�WKH�KRWHOV�LQ�

+$&�ZDV�KLJKHU�WKDQ�WKDW�LQ�GHYHORSHG�FRXQWULHV�DQG�ORZHU�WKDQ�WKDW�LQ�FLWLHV�RI�$VLD�

$OVR��WKH�KRWHO�EXVLQHVV�LQ�GHYHORSHG�FRXQWULHV�KDV�D�KLJKHU�UDWH�RI�UHF\FOLQJ�ZDVWH�IRU�

WZR� WLPHV�� :KHUHDV FRPSDULQJ� WR� 6:&� LQ� WKH� ORGJLQJ� EXVLQHVV� LQ� 9LHWQDP�� WKH�

GLIIHUHQFHV�LQ�FRPSRQHQWV�RI�ZDVWH�ZHUH�UHODWLYH��7KHVH�GLIIHUHQFHV�FRXOG�EH FDXVHG E\�

UHJLRQDO�WRXULVP�FKDUDFWHULVWLFV�DV�D�W\SH RI�JXHVW�RU�WKH�FXOLQDU\�



��

7DEOH������&RPSDULVRQ�RI�6:&�LQ�+$&�DQG RWKHU�FLWLHV

0DLQ�

FDWHJRULHV

9LHWQDP $VLD
'HYHORSHG�

FRXQWULHV ���

+/& ��� '1& ��� +$& ��� +$& 33& ��� 1'& ���

2JDQLF�

ZDVWH����
���� ���� ���� ���� ������ �� ���� ���± ��

5HF\FOLQJ�

ZDVWH����
��� ���� ���� ���� ������� ����� ��� �����± ����

+/&��+D�/RQJ�&LW\��'1&��'D�1DQJ�&LW\��33&��3KQRP�3HQK�&LW\��1'&��1HZ�'HOKL�&LW\��������%\HU�HW�DO���

�������������2WRPD�HW�DO����������������*LDQJ�HW�DO�������D���������0RQJWRHXQ�HW�DO����������������2PLGLDQL�DQG�

6��0RKVHQ���������������3LUDQL�DQG�$UDIDW��������

0RUHRYHU��WKLV�VWXG\�DOVR�UHYHDOHG�WKDW�LQ�WKH�ZHW�VHDVRQ��WKH�SURSRUWLRQV�RI�JDUGHQ�

ZDVWH�DQG�UHF\FOLQJ�ZDVWH�RI�WKH�KRWHOV�LQ�+$&�ZHUH�KLJKHU�DQG�NLWFKHQ�ZDVWH�ZDV�ORZHU�

WKDQ� WKDW� LQ� WKH� GU\� VHDVRQ �*LDQJ� HW� DO��� ����D��� +$&¶V� KRWHO� LQGXVWU\� DFKLHYHG� RQ�

DYHUDJH�����RI�RFFXSDQF\ FDSDFLW\�LQ�WZR�WRXULVP�VHDVRQV��LQ�ZKLFK�LQWHUQDWLRQDO�JXHVW�

DFFRXQWHG�IRU ����LQ�WKH�ZHW�VHDVRQ�DQG�����LQ�WKH�GU\�VHDVRQ��7KH�GLIIHUHQFHV�LQ�WKH�

OLYLQJ�FXOWXUH��IRRGV� DQG�HQMR\PHQW�RI�VHUYLFHV�RI�WKH�JXHVW�PD\�EH�H[SODLQHG WKDW�WKH�

PRUH�WKH�QXPEHU�RI�WKH�IRUHLJQ�JXHVW��WKH�KLJKHU�WKH�UDWH�RI�UHF\FOLQJ�ZDVWH�DQG�WKH�OHVV�

WKH�SURSRUWLRQ�RI�IRRG�ZDVWH��&RQVHTXHQWO\��LQ�DGGLWLRQ�WR�FOLPDWH��WKH�YDULHW\�RI�DUULYDOV�

DQG�WRXULVP�DFWLYLWLHV�E\�VHDVRQDOLW\�FRXOG�EH�WKH�UHDVRQV�IRU WKHVH�GLIIHUHQFHV�LQ�6:&�

)XUWKHUPRUH��7DEOH���� LQGLFDWHG�WKDW�6:& RI�ILYH�JURXSV�RI�KRWHOV�ZHUH QRW�WKH�VDPH��

7KH PDMRULW\�RI�+6+��06+� DQG�9,/�DUH� ORFDWHG� LQ� UXUDO� DQG� VXEXUEDQ DUHDV��KDYH�D�

VXEVWDQWLDO JUHHQ� DUHD�� %HVLGHV�� WKH� KLJKHU� WKH� VFDOH� RI� KRWHOV�� WKH�PRUH� WKH� VHUYLFHV��

&RQVHTXHQWO\��WKH�GLIIHUHQFHV�LQ�RUJDQLF�ZDVWH�DQG�UHF\FODEOH�ZDVWH�FRXOG�EH�FDXVHG E\�

WKH�IHDWXUHV�RI�WKH�KRWHOV�DV�IDFLOLWLHV�DQG�VHUYLFHV��:KHUHE\��WKH�ELJJHU KRWHOV��WKH�KLJKHU�

SURSRUWLRQ� RI� ELRGHJUDGDEOH� ZDVWH� DQG� WKH� OHVV� UHF\FOLQJ� ZDVWH� SHUFHQWDJHV�� 7KHVH�

FKDUDFWHULVDWLRQV RI� WKH� ZDVWH FRPSRVLWLRQ� RI� WKH� KRWHO� LQGXVWU\� LQ� +$&� PD\� EH�

FRQVLGHUHG IRU�PLQLPLVLQJ 6:*�E\�VXLWDEOH�FRPSRVWLQJ�DQG�UHF\FOLQJ�SUDFWLFH�

7DEOH������:DVWH�FRPSRVLWLRQ�RI���JURXSV�RI�KRWHOV�LQ�+$&

1� &DWHJRULHV���� +6+ 06+ /6+ 9,/ +20

� 3DSHU ���� ��� ���� ���� ���



��

� &DUGERDUG ���� ���� ���� ��� ����

� .LWFKHQ���)RRG ����� ����� ����� ����� �����

� *DUGHQ ���� ����� ���� ����� ����

� 7LVVXH�SDSHU ���� ���� ���� ���� ����

� 3ODVWLF ���� ����� ����� ����� �����

� &RPEXVWLEOH ����� ���� ����� ����� �����

� PHWDO ���� ���� ���� ���� ���

� *ODVV ���� ���� ���� ���� ����

�� &HUDPLF ���� ���� ���� ���� ����

�� +D]DUGRXV ���� ���� ���� ���� ����

)RU� RWKHU� FRPPHUFLDO� WRXULVP� EXVLQHVVHV��)LJXUH� ��� LQGLFDWHG� WKDW� ELRGHJUDGDEOH�

ZDVWH�DFFRXQWHG�IRU�������RI�WRWDO�ZDVWH��LQ�ZKLFK�WKH�SHUFHQWDJH�RI�IRRG�ZDVWH��JDUGHQ�

RU� YHJHWDEOH�ZDVWH�� DQG� WLVVXH�ZHUH� ������� ������� DQG�������� UHVSHFWLYHO\��%HVLGHV��

UHF\FOLQJ�ZDVWH�LV�DOVR�D�VLJQLILFDQW�FRPSRQHQW�E\�������RI�WRWDO�ZDVWH��PDLQO\�FRQVLVWV�

SODVWLFV� �������� SDSHUV� �������� � PHWDOV� �������� DQG� JODVV� �������� 7KH� UHVW� RI� WKH�

FRPPHUFLDO� ZDVWH� LQFOXGHG� FRPEXVWLEOH� ZDVWH�� LQFRPEXVWLEOH� ZDVWH�� DQG� KD]DUGRXV�

ZDVWH�ZLWK�D�SHUFHQWDJH�RI��������������DQG�������UHVSHFWLYHO\��7KLV�UHVXOWV�UHYHDOHG�

WKDW� WKH� KLJK� UDWH� RI� ELRGHJUDGDEOH� DQG� UHF\FODEOH� ZDVWH� FRXOG� EH� WKH� IHDWXUHV� RI�

FRPPHUFLDO�ZDVWH� LQ� D� WRXULVP� FLW\�� 7KH� FRPPHUFLDO�ZDVWH� FRPSRVLWLRQ� DOVR� HQWLUHO\�

VXLWDEOH�IRU�FXUUHQW�WUHDWPHQW�SODQWV�LQ�+$&��)XUWKHUPRUH��WKH�GHYHORSPHQW�RI�UHF\FOLQJ�

DQG� KRPH�FRPSRVWLQJ� IRU� FRPPHUFLDO� VHFWRUV� VKRXOG� EH� FRQVLGHUHG� WR� VWXG\� DV� WKH�

RSWLPDO�VROXWLRQV�IRU�PLQLPLVLQJ�ZDVWH�JHQHUDWLRQ�DW�VRXUFH��UHGXFLQJ�ZDVWH�WR�WKH�ODQGILOO�

DQG�LPSURYLQJ�WKH�TXDOLW\�RI�ZDVWH�WR�WKH�LQFLQHUDWRU�

7KH�FRPSRVLWLRQ�RI�HDFK�FRPPHUFLDO�EXVLQHVV�ZDV�UHSRUWHG�LQ�GHWDLO�LQ�7DEOH������7KH�

FKDUDFWHULVWLF�RI� WKH�ZDVWH� LQ� WKH� IRRG� LQGXVWU\�ZDV� UHYHDOHG�ZLWK� WKH�KLJK� UDWH�RI� WKH�

ELRGHJUDGDEOH�ZDVWH� E\� WKUHH�IRXUWKV� RI� WRWDO�ZDVWH��:KHUHE\�� NLWFKHQ�ZDVWH�ZDV� WKH�

SULPDU\� FRPSRQHQW� ZLWK� WKH� KLJKHVW� SHUFHQWDJH� ��������� IROORZHG� E\� WLVVXH� SDSHU�

��������DQG�JDUGHQ�ZDVWH����������%HVLGHV�� UHF\FODEOHV��ZKLFK�DFFRXQWHG�IRU�����RI�

WRWDO�ZDVWH�FRQVLVWHG�FDUGERDUG���������JODVV���������SDSHU���������Q\ORQ���������SODVWLF�

�������DQG�PHWDO����������0RQJWRHXQ�HW�DO�������� LQGLFDWHG WKDW�RUJDQLF�ZDVWH�RI�WKH�

UHVWDXUDQW�EXVLQHVV�LQ�3KQRP�3HQK�FLW\��&DPERGLD�UDQJHG�IURP��������WR���������DOVR�
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UHF\FOLQJ�ZDVWH�UDQJHG�IURP�����WR���������,Q�JHQHUDO��6:&�RI�WKH�UHVWDXUDQW�LQGXVWU\�

LQ�WKH�WRXULVW�FLW\�LQ�GHYHORSLQJ�FRXQWULHV�DV�9LHWQDP�DQG�&DPERGLD�ZDV�TXLWH�VLPLODU�

)LJXUH������7KH�FRPSRVLWLRQ�RI�FRPPHUFLDO�ZDVWH��XQLW����

,Q� +RL� $Q�� WKH� FRPSRVLWLRQ� RI� WKH� UHVWDXUDQW� ZDVWH� LQ� YDULRXV� DUHDV� ZDV� VOLJKWO\�

GLIIHUHQW��7DEOH�����VKRZHG�WKDW�WKH�ELRGHJUDGDEOH�ZDVWH�SURSRUWLRQ�RI�UHVWDXUDQWV�LQ�WKH�

FHQWUH ��������ZDV� KLJKHU� WKDQ� WKDW� LQ� VXE�FHQWUH �������� DQG� FRDVWDO� DUHD� ���������

0HDQZKLOH�� WKH� SHUFHQWDJH� RI� UHF\FOLQJ�PDWHULDOV� RI� WKHVH� JURXSV� RI� UHVWDXUDQWV� ZDV�

LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWH�RI�ELRGHJUDGDEOHV��7KHVH�GLIIHUHQFHV�LQ�WKH�DUHD��JDUGHQ��

IRRG�� W\SHV� RI� JXHVW�� DQG� WKH� QXPEHU� RI� WKH� ELOOV� VROG� SHU� GD\� FRXOG� EH� MXVWLILHG� WKH�

GLVVLPLODULW\�RI�WKH�ZDVWH FRPSRVLWLRQ�RI�WKH�UHVWDXUDQWV�LQ�+$&�

)RU� WKH�PDUNHW� ZDVWH�� ELRGHJUDGDEOH�ZDVWH�� FDUGERDUG�� DQG SODVWLF� EDJ�ZHUH� WKUHH�

SULPDU\�FRPSRQHQWV�E\���������� DQG�����RI�WRWDO�ZDVWH��UHVSHFWLYHO\��$�SUHYLRXV�VWXG\�

RQ�WKH�VROLG�ZDVWH�RI�PDUNHWV�LQ�+XH�FLW\��9LHWQDP��UHYHDOHG�WKDW�ELRGHJUDGDEOH�ZDVWH��

SODVWLF�� DQG� SDSHU� ZDVWH� ZHUH� WKH� SULQFLSDO� FRPSRQHQWV� �0DWVXL� HW� DO��� �������

)XUWKHUPRUH�� WKLV� VWXG\�SUHVHQWHG� WKH�GLIIHUHQFHV� LQ�ZDVWH� FRPSRVLWLRQ� LQ� WKH� WRXULVP�

PDUNHW�DQG�WKH�WUDGLWLRQDO�PDUNHW��:KHUHE\�WRXULVP�DFWLYLWLHV�FRXOG�EH�D�UHDVRQ�IRU�WKH�

PXOWL�FRPSRQHQW� RI� PDUNHW� ZDVWH� �7DEOH� ������ &RPSDULQJ� WR� ZDVWH� FRPSRVLWLRQ� RI�

WUDGLWLRQDO�PDUNHWV�� +RL�$Q�PDUNHW� KDG� KLJKHU� SHUFHQWDJHV� RI� FDUGERDUG�� OHDWKHU� DQG�

3DSHUV�����

&DUERDG�����
3ODVWLF�EDJ�����

3ODVWLFV�����

3(7�����

0HWDOV�����

*ODVV�����

)RRG�ZDVWH������

*DUGHQW�YHJHWDE
OHV������

7LVVXH������

/HDWKHU�����

5XEEHU�����

7H[WLOH������ :RRG�����

1DSS\����� &HUDPLF�����
+D]DGRXV�����
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WH[WLOH��DQG�WKH�ORZHU�SURSRUWLRQ�RI�ELRGHJUDGDEOH�ZDVWH��7KH�DEXQGDQFH�RI�W\SHV�RI�WKH�

VWDOOV�� HVSHFLDOO\� JDUPHQW�� VRXYHQLUV� DQG� VSHFLDOLW\� IRRG�EXVLQHVVHV� FRXOG� FUHDWH�PRUH�

FDUGERDUG��OHDWKHU�RU�WH[WLOH�ZKLFK�DFFRXQWHG�IRU�WKH�VLJQLILFDQW�SURSRUWLRQV�LQ�WKH�ZDVWH�

RI�WRXULVP�PDUNHW�

7DEOH������7KH�ZDVWH�FRPSRVLWLRQ�RI�FRPPHUFLDO�EXVLQHVVHV�LQ�+RL�$Q�&LW\

7KH�ZDVWH FRPSRVLWLRQ�RI�FRPPHUFLDO�VHFWRUV����

&DWHJRULHV

5HVWDXUDQWV 0DUNHWV 6KRSV
+DQGLFUDIW�

3URGXFWLRQ�)DFLOLWLHV

&(1
68%�

&(1
&RDVWDO

+RL�$Q�

PDUNHW
2WKHUV *DUPHQW /HDWKHU

3DSHUV ��� ��� ��� ��� ��� ��� ��� ���

&DUGERDUG ��� ��� ��� ���� ���� ��� ��� �

3ODVWLF�EDJ ��� ��� ��� ���� ���� ���� ���� ���

3ODVWLFV ��� ��� ��� ��� ��� ��� ��� ���

3(7 ��� ��� ��� ��� ��� ��� ��� �

0HWDOV ��� ��� ��� ��� � ��� ��� ���

*ODVV ��� ��� ��� ��� � ��� ��� �

)RRG�ZDVWH ���� ���� ���� ���� ���� ���� ���� ���

*DUGHQ�YHJHWDEOHV � ���� ��� ���� ���� ��� ��� �

7LVVXH ���� ��� ���� ��� � ��� ��� �

/HDWKHU ��� � � ��� � ��� � ����

5XEEHU ��� ��� ��� ��� ��� ��� ��� ���

7H[WLOH� ��� ��� ��� ��� ��� ��� ���� ����

:RRG ��� ��� ��� ��� ��� ��� ��� ���

1DSS\ ��� ��� ��� ��� � ��� ��� �

&HUDPLF ��� ��� ��� ��� ��� ��� ��� �

+D]DUGRXV ��� ��� ��� ��� ��� ��� ��� ���

7RWDO ������ ����� ����� ����� ����� ����� ����� �����

,QWHUQ RI�WKH�ZDVWH�FRPSRVLWLRQ�RI�VKRSV��IRRG�ZDVWH��SODVWLFDO�PDWHULDOV��DQG�WH[WLOH�

DFFRXQWHG�IRU�������RI�WRWDO�ZDVWH� 7KHVH�FRPSRQHQWV�ZHUH�PDLQO\�JHQHUDWHG IURP�WKH�
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GLQLQJ DFWLYLWLHV� E\� XVLQJ� WKH� DYDLODEOH IRRG� RI� WKH� VDOHVPDQ��ZKLFK�ZDV� WKH� SULPDU\

VRXUFH�RI�VKRS�ZDVWH��%HVLGHV��D�VLJQLILFDQW�SHUFHQWDJH�RI�WH[WLOH�ZDV�WKH�IHDWXUH�RI�WKH�

WDLORU� VKRS� ZDVWH�� 7KHVH� FRPSRQHQWV� ZHUH� DOVR� IRXQG LQ� D� VWXG\� LQ� 3KQRP� 3HQK��

&DPERGLD�ZLWK�WKH�SHUFHQWDJHV E\�������IRU�IRRG�ZDVWH�DQG��������IRU�WKH�SODVWLF�EDJ�

�0RQJWRHXQ�HW�DO����������,Q�DGGLWLRQ��WKHUH�ZDV�D�VOLJKW�VLPLODULW\�WR�WKH�VKRS�ZDVWH�������

��RI�WRWDO�ZDVWH�IURP�JDUPHQW�SURGXFWLRQ�IDFLOLWLHV�ZDV�IRRG�ZDVWH��SODVWLF�PDWHULDOV��DQG�

WH[WLOH�� LQ� ZKLFK� WH[WLOH� DFFRXQWHG� IRU� ������ RI� WRWDO� ZDVWH�� )RRG� ZDVWH� DQG� SODVWLF�

PDWHULDOV�JHQHUDWHG�IURP�WKH�VLGH�PHDOV�RI�ZRUNHUV��,Q�FRQWUDVW�WR�WKH�ZDVWH FRPSRVLWLRQ�

RI�JDUPHQW�SURGXFWLRQ��OHDWKHU�ZDV�WKH�PDLQ�FRPSRQHQW�RI�OHDWKHU�SURGXFWLRQ�IDFLOLWLHV�

ZLWK�WKH�KLJKHVW�SURSRUWLRQ�RI �������IROORZLQJ�E\�WH[WLOH�RI��������,Q�VXPPDU\��WKH�KLJK�

SHUFHQWDJH� RI� WH[WLOH� DQG� OHDWKHU� ZHUH� WKH� ZDVWH� IHDWXUHV� RI� JDUPHQW� DQG� OHDWKHU�

SURGXFWLRQV�� ZKLOH� ELRGHJUDGDEOH� ZDVWH� DQG� SODVWLF� PDWHULDOV� ZHUH� WKH� PDLQ� ZDVWH�

FRPSRQHQWV�IURP�VKRSV�DQG�JDUPHQW�SURGXFWLRQ�

�����6ROLG�ZDVWH�FKDUDFWHULVDWLRQ

7KH�ZDVWH�FRPSRVLWLRQ�FRXOG�FDXVH�WKH�GLIIHUHQFHV�LQ�ZDVWH�FKDUDFWHULVDWLRQV��QDPHO\�

WKH�GHQVLW\��WKH�PRLVWXUH�FRQWHQW��DQG�++9 RI�ZDVWH��7DEOH���� UHYHDOHG�WKDW�WKH�GHQVLW\�

�'��DQG�PRLVWXUH�RI�ZDVWH�RI�WKH�UHVWDXUDQWV�DQG�PDUNHWV�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�

WKDW�RI�VKRSV�DQG�+3)��6SHFLILFDOO\��WKH�GHQVLW\�DQG�PRLVWXUH�RI�WKH�UHVWDXUDQW�ZDVWH�LQ�

WKH�FHQWUH DQG�VXE�FHQWUH DUHDV�ZHUH�KLJKHU�WKDQ�VXFK�LQ�WKH�FRDVWDO DUHD��$OVR��ZDVWH�RI�

WKH� WUDGLWLRQDO�PDUNHWV�KDG�D�KLJKHU�GHQVLW\�DQG�PRLVWXUH� WKDQ� WKDW RI�+RL�$Q�PDUNHW��

/RRNLQJ�EDFN�WR�WKH�ZDVWH�FRPSRVLWLRQ�RI�FRPPHUFLDO�VHFWRUV��WKHVH�GLIIHUHQFHV�LQ�WKH�

GHQVLW\�DQG�PRLVWXUH�RI�ZDVWH�FRXOG�EH�H[SODLQHG E\� WKH� UDWH�RI�ELRGHJUDGDEOH�ZDVWH��

$OVR��WKLV�ZDV�WKH�H[SODQDWLRQ�RI�WKH�ORZ�GHQVLW\�DQG�PRLVWXUH�RI�ZDVWH�IURP�VKRSV�DQG�

KDQGLFUDIW�SURGXFWLRQ�IDFLOLWLHV��2WKHUZLVH��WKH�++9�RI�ZDVWH�IURP�OHDWKHU�DQG�JDUPHQW�

SURGXFWLRQV��VKRSV��PDUNHWV��DQG UHVWDXUDQWV�GHFUHDVHG�LQ�RUGHU��7KH�GLVVLPLODULW\�RI�++9�

ZDV� H[SODLQHG WKDW� WKH� ORZHU� SHUFHQWDJH� RI� ELRGHJUDGDEOH� ZDVWH�� WKH� ORZHU� RI� WKH�

PRLVWXUH��DQG�WKH�KLJKHU�SURSRUWLRQ�RI�FRPEXVWLEOH�ZDVWH��WKH�KLJKHU�RI�++9�YDOXH��7KH�

KLJK� UDWH� RI� ELRGHJUDGDEOH� ZDVWH� DQG� WKH� KLJK� PRLVWXUH� FRQWHQW� RI� ZDVWH� ZHUH� WKH�

IDYRXUDEOH FRQGLWLRQV�IRU�FRPSRVLQJ��$OVR��WKH�KLJK�KHDWLQJ�YDOXH DQG�WKH�ORZ�PRLVWXUH�

FRQWHQW�RI�ZDVWH�ZDV�WKH�LGHDO�FRQGLWLRQV�IRU�LQFLQHUDWLRQ��+RZHYHU��VHSDUDWLRQ�ZDVWH�WR�

RSWLPLVH� WKH� HIILFLHQF\� RI� ZDVWH� WUHDWPHQW� VROXWLRQV� ZDV� WKH� VLJQLILFDQW� FKDOOHQJH� RI�
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6:0��DOVR�WKH�FULWLFDO IDFWRU�RI�6:0�GHYHORSPHQW�WRZDUGV�VXVWDLQDELOLW\�LQ�GHYHORSLQJ�

FRXQWULHV��

7DEOH������:DVWH�FKDUDFWHULVDWLRQV RI�FRPPHUFLDO�VHFWRUV

&KDUDFWHULVDWLRQ

5HVWDXUDQWV 0DUNHWV 6KRSV +3)

&HQWHU
6XE�

FHQWHU
&RDVWDO

+$�

0DUNHW
2WKHUV *DUPHQW /HDWKHU

'��NJ�P�� ��� ��� ��� ��� ��� ��� �� ���

0RLVWXUH���� ���� ���� ���� ���� ���� ���� ���� ����

++9��N-�NJ� ������� ������� ������� ������� ������� ������� ������� �������

,Q�EULHI��6:*�RI�WKH�FRPPHUFLDO�LQGXVWU\�LQ�+$&�ZDV�HVWLPDWHG�DURXQG��������WRQV�

SHU�GD\��DFFRXQWHG�IRU�������RI�WRWDO�PXQLFLSDO�ZDVWH��:KHUHE\��VROLG�ZDVWH�JHQHUDWHG�

IURP�UHVWDXUDQWV�ZLWK�WKH�KLJKHVW�UDWH�E\��������IROORZLQJ�E\�������IURP�+3)��������

IURP�PDUNHWV��DQG������IURP�VKRSV��$OVR��ZDVWH�FRPSRVLWLRQ�DQG�FKDUDFWHULVDWLRQV RI�

FRPPHUFLDO�EXVLQHVVHV�ZHUH�DQDO\VHG DQG�FRPSDUHG�WR�FODULI\�WKH�IHDWXUHV�RI�ZDVWH�LQ�

HDFK� W\SH�RI�EXVLQHVV��7KLV� VWXG\�VKRZHG� WKDW�FRPPHUFLDO�ZDVWH�KDV� WKH� SRWHQWLDO IRU�

UHF\FOLQJ� GXH� WR� WKH� KLJK� SHUFHQWDJH� RI� ELRGHJUDGDEOH� ZDVWH� �������� DQG� UHF\FODEOH�

PDWHULDOV����������)XUWKHUPRUH��ZDVWH�FKDUDFWHULVDWLRQ SURYLGHG�IDYRXUDEOH LQIRUPDWLRQ�

DERXW�WKH�PRLVWXUH�DQG�++9�RI�ZDVWH�DLP�WR�LPSURYH�WKH�HIILFLHQF\�RI�WKHUPDO�WUHDWPHQW�

LQ�+$&��$OVR��WKH�FRQFHQWUDWLRQ�RI�FDUERQ��&��DQG�QLWURJHQ��1��LQ�D�ELRGHJUDGDEOH ZDVWH�

RI�WKH�UHVWDXUDQW�ZDV DURXQG�����DQG�������UHVSHFWLYHO\��DQG�FDUERQ�WR�QLWURJHQ�UDWLR�

UDQJHG�IURP������WR�������7KHVH�FKHPLFDO�GDWD�ZHUH�SURYHG WKDW�ELRGHJUDGDEOH�ZDVWH�RI�

UHVWDXUDQWV�ZDV�IDYRXUDEOH IRU�GHYHORSLQJ�KRPH�FRPSRVWLQJ�V\VWHPV�

$IWHU� DOO�� LQHIILFLHQW� PDQDJHPHQW� RI� 6:0� FRXOG� VLJQLILFDQWO\� LPSDFW� RQ� ERWK�

HQYLURQPHQW� DQG� HFRQRPLF� �$ELOD� DQG�.DQWROD�� ������� )RU�+$&�� WR� EHFRPH� DQ� HFR�

WRXULVP FLW\��HQYLURQPHQWDO�LVVXHV��HVSHFLDOO\�6:0��VKRXOG�EH�LPSURYHG�DQG�PDLQWDLQHG�

WRZDUG�VXVWDLQDELOLW\��$OWKRXJK�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�ZDV�LPSOHPHQWHG�LQ�WKH�FLW\�

IURP�������WKH�HIIHFWLYHQHVV�RI�VHSDUDWLRQ�ZDV�VWLOO�ORZ��,Q�WKH�FRQWH[W�RI�LQFUHDVLQJ�WKH�

PXQLFLSDO�ZDVWH�GXH�WR�WRXULVW�DFWLYLWLHV��WKH�FXUUHQW�ZDVWH�VHSDUDWLRQ�SURJUDP�ZKLFK�KDG�

ODFN�RI�FRQVLGHUDWLRQ�IRU�LQFHQWLYH�UHJXODWLRQ�IRU�ZDVWH�VHSDUDWLRQ�LQ�WRXULVW�VRXUFHV�FRXOG�
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EH�D�FDXVH�RI�ORZ�VHSDUDWLRQ�HIILFLHQF\��1RWDEO\��6RQJ�7RDQ�HW�DO��������D� UHYHDOHG�WKDW�

WKH�FRPPHUFLDO�VHFWRUV�ODFN�NQRZOHGJH�DQG�VNLOOV�RI�ZDVWH�VHSDUDWLRQ��1R�SXQLVKPHQW�LV�

DSSOLHG�IRU�WKH�KRWHOV�ZLWKRXW�VHSDUDWLQJ�ZDVWH��$OVR��WKH�KRWHOV�VDLG�WKDW�WKH\�GR�QRW�OLNH�

LPSOHPHQW�VHSDUDWLRQ�ZDVWH�EHFDXVH�RI�QR�PRWLYDWLRQ��VXSSRUW�DQG�HQFRXUDJHPHQW�IURP�

WKH�JRYHUQPHQW�

)XUWKHUPRUH�� WKH� UHF\FOLQJ� SURJUDP� DQG� V\VWHP� RI�+$&� LV� VWLOO� VLPSOH��5HF\FOLQJ�

DFWLYLWLHV�KDYH�QRW�HQFRXUDJHG��DQG�WKH�UHJXODWLRQ�KDV�QRW�SURPXOJDWLRQ��6RQJ�7RDQ�HW�

DO�������F���7KXV��WKH�HIIHFWLYHQHVV�RI�6:0�DW�WRXULVW�VRXUFHV�VKRXOG�EH�FRQVLGHUHG�DV�D�

ZHGJH�WR�VWXG\�WR�PLQLPLVH�ZDVWH�WR�WKH�ODQGILOO��UHGXFLQJ�HQYLURQPHQWDO�LPSDFWV��DQG�

RSWLPLVLQJ WKH� RSHUDWLQJ FRVW� RI� WKH� ZDVWH PDQDJHPHQW� V\VWHP�� $FFRUGLQJ� WR� WKH�

JHQHUDWLRQ� UDWH� DQG� FRPSRVLWLRQ� RI� VROLG� ZDVWH� IURP� FRPPHUFLDO� VHFWRUV�� VRPH�

VXJJHVWLRQV�ZHUH�JLYHQ�WR�LPSURYH�ZDVWH�PDQDJHPHQW�LQ�+$&��)LUVWO\��WKH�HIIHFWLYHQHVV�

LQ� ZDVWH� VHJUHJDWLRQ� DW� WRXULVW� VRXUFHV� VKRXOG� EH� HQKDQFHG� E\� FRPELQLQJ� EHWZHHQ�

HQFRXUDJHPHQW��VXSSRUW�DQG�UHJXODWLRQ��1RWDEO\��WKH�LQGLFDWRUV�LQ�VRXUFH�VHSDUDWLRQ�VXFK�

DV� WKH� DPRXQW� RI�ZDVWH� FRPSRQHQW�� UHF\FOLQJ� SHUFHQWDJHV�� FRQWDLQHU� W\SHV�� FROOHFWLRQ�

IUHTXHQFLHV�� ZDVWH� FROOHFWLRQ� UDWH� DQG� WLSSLQJ� IHH� VKRXOG� EH� VWXGLHG� LQ� D� KROLVWLF�

FRPELQDWLRQ� �6XRPL� HW� DO��� ������� )XUWKHUPRUH�� DSSOLFDWLRQ RI� WKH� KRPH�FRPSRVWLQJ

PRGHO�IRU�UHVWDXUDQWV�ZLWK�JDUGHQ��HVSHFLDOO\ UHVWDXUDQW�LQ�VXE�FHQWUH DQG�FRDVWDO�DUHDV�

VKRXOG�EH�SODQQHG�DQG�LPSOHPHQWHG�WR�PLQLPLVH ZDVWH�JHQHUDWLRQ��UHGXFH�WKH�RGRXU��DQG�

GHFUHDVH� WKH� SDWKRJHQLFLW\��%HVLGHV�� LPSURYLQJ� WKH� HIILFLHQF\ RI� WKH� UHF\FOLQJ� V\VWHP�

VKRXOG�EH�VWXGLHG�DQG�H[SDQGHG�WR�FUHDWH�PRUH�EHQHILWV�IURP�UHF\FOLQJ�V\VWHP�WR�VRFLHW\�

DQG�HQYLURQPHQW��)LQDOO\��ZDVWH�UHJXODWLRQ�VKRXOG�EH�FRQVLGHUHG�DQG�SURPXOJDWHG�E\�WKH�

JRYHUQPHQW��7KH� FRRSHUDWLRQ�EHWZHHQ� WKH�JRYHUQPHQW�� FRPPXQLWLHV�� EXVLQHVV� VHFWRUV�

DQG�VWDNHKROGHUV�VKRXOG�EH�HVWDEOLVKHG DQG�PRUH�FRKHVLYH�WR�VXSSRUW�UHVLGHQWV��KRWHOLHUV��

UHVWDXUDQWV�WR�LPSOHPHQW�VROLG�ZDVWH�SUDFWLFHV�

�����6ROLG�ZDVWH�PDQDJHPHQW�SUDFWLFH

6:0�SUDFWLFHV�DUH�WKH�IXQGDPHQWDOV�RI�6:0�KLHUDUFK\� �&XPPLQJV���������)LJXUH�

��� LOOXVWUDWHG�WKH�VLWXDWLRQ�RI�6:0�SUDFWLFHV�RI�WKH�KRWHOV�LQ�+$&�ZLWK�IRXU�DFWLYLWLHV�

VXFK�DV�VHJUHJDWLRQ��UHGXFWLRQ��UHF\FOLQJ�DQG�FRPSRVWLQJ��,Q�SDUWLFXODU��ZDVWH�VHSDUDWLRQ�

DW�VRXUFH��ZKLFK�FRQGXFWHG�IURP������KDG�WKH�KLJKHVW�SUDFWLFH�UDWH�ZLWK������+RZHYHU��

WKH�SURSRUWLRQV�RI�ZDVWH�VRUWLQJ�SUDFWLFH�LQ�WKH�KRWHOV ZHUH�GLIIHUHQW�ZLWK������IRU�+6+��
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����IRU�06+������IRU�9,/������IRU�/6+�DQG�����IRU�+20��)LJXUH�������7KHVH�GDWD�

LQGLFDWHG WKDW�WKH�KLJKHU�WKH�VFDOH�RI�WKH�KRWHOV��WKH�KLJKHU�WKH�SURSRUWLRQ�RI�ZDVWH�VRUWLQJ�

SUDFWLFH��$GGLWLRQDOO\�� WKLV� VWXG\�DOVR� UHYHDOHG� WKDW� WKH�ZDVWH� VRUWLQJ�HIILFLHQFLHV�ZHUH�

SURSRUWLRQDO�WR�WKH�SHUFHQWDJHV�RI�ZDVWH�VRUWLQJ�SUDFWLFH�E\�������IRU�+6+��������IRU�

06+��������IRU�9,/�������IRU�+20�DQG������IRU�/6+��

$FFRUGLQJ� WR� WKH�ZDVWH�VRUWLQJ�JXLGHOLQH�RI�+$&��NLWFKHQ�ZDVWH��JDUGHQ�ZDVWH�DQG�

SDSHU�DUH�WKH�FRPSRQHQWV�RI�RUJDQLF�ZDVWH��ZKLFK�DFFRXQWHG�IRU�������RI�WRWDO�ZDVWH��

7KH�UHVW�RI�WKH�ZDVWH�LV�WKH�LQRUJDQLF ZDVWH��,Q�JHQHUDO��PRVW�RI�WKH�ZDVWH�FDWHJRULHV�ZHUH�

VRUWHG�LQWR�WKH�FRUUHFW�WUDVK�ZLWK�WKH�HIILFLHQF\�UDQJHG�IURP�������WR������6SHFLILFDOO\��

WKH�VHSDUDWLRQ�HIILFLHQF\�RI�WKH�FKHPLFDO�UHVLGXH�ZDV�WKH�KLJKHVW��������IROORZHG�E\�JODVV�

���������WH[WLOH����������PHWDO����������3(7�ERWWOH�DQG�JDUGHQ�ZDVWH����������ZKLFK�

ZHUH D�PDLQO\�UHF\FODEOH�ZDVWH��7KLV�ZDV�WKH�DGYDQWDJHV�RI�LPSURYLQJ�UHF\FOLQJ�SUDFWLFH�

LQ�WKH�KRWHOV��,Q�FRQWUDVW��������RI�WLVVXH�SDSHU�DQG�������RI�SDSHU�ZHUH�GHWHFWHG�LQ�WKH�

LQRUJDQLF WUDVK�� ZKLOH� ZRRG�� FHUDPLF� ZDVWH� DQG� UXEEHU� KDG� VRUWLQJ� HIILFLHQFLHV� RI �

���������������RI�� ��������UHVSHFWLYHO\��7KHVH�PLVFODVVLILFDWLRQV ZHUH�WKH�REVWDFOHV�WR

UHF\FOLQJ�SUDFWLFH�DQG�WUHDWPHQW��7KXV��WUDLQLQJ�VHSDUDWLRQ�VNLOOV�IRU�WKH�KRWHOLHUV�LV�RQH�

RI�WKH�VROXWLRQV VKRXOG�EH�FRQVLGHUHG�

)LJXUH������7KH�VWDWXV�RI�:03V
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7KH�UHVWULFWLRQ�RI�ZDVWH�VRUWLQJ�SUDFWLFH�DQG�HIILFLHQF\�LQ�WKH�KRWHO�LQGXVWU\�LQ�+$&�

FRXOG�EH�FDXVHG�E\�VRPH�VSHFLILF�EDUULHUV��1RWDEO\������RI�WKH�KRWHOLHUV�PLVXQGHUVWRRG�

WKH�ZD\�RI�VRUWLQJ�ZDVWH�E\�FRPSRVLWLRQ�OHG�WR�WKH�PLVFODVVLILFDWLRQ�RI�ZDVWH��%HVLGHV��

PRVW�RI�/6+�DQG�+20�VDLG�WKDW�VHJUHJDWLRQ�IRU�D�VPDOO DPRXQW�RI�ZDVWH�LV�XQQHFHVVDU\�

DQG�GR�QRW�DIIHFW�WR�VRUWLQJ�HIILFLHQF\ RI�WKH�FLW\��,Q IDFW��WKH�GDLO\�ZDVWH�RI�WKHVH�VHFWRUV�

ZDV�ZUDSSHG�LQ�D�VPDOO�SODVWLF EDJ�DQG�GLUHFWO\�GXPSHG�WR�WKH�WUXFNV��&RQVHTXHQWO\��WKH�

SURSRUWLRQV� RI� ZDVWH� VRUWLQJ� SUDFWLFH� RI� /6+� ������� DQG� +20� ������� ZHUH� ORZ��

0RUHRYHU�� WKH� LQDSSURSULDWH� FROOHFWLRQ� V\VWHP� DQG� WKH� RGRXUV IURP� WKH�ZDVWH� VWRULQJ�

�HVSHFLDOO\�KRWHOV�ZLWK�QR�JDUGHQ RU�QHJOLJLEOH�JDUGHQ��ZHUH�WKH�VLJQLILFDQW�EDUULHUV�WR

VRUWLQJ�ZDVWH��

)LJXUH�������%DUULHUV�WR UHF\FOLQJ�DQG�FRPSRVWLQJ�SUDFWLFHV

$OVR�� ZDVWH� UHF\FOLQJ� DQG� UHGXFWLRQ� DUH� WKH� PRPHQWRXV� VROXWLRQV� RI� WKH� ZDVWH�

PDQDJHPHQW�KLHUDUFK\�DQG�EULQJ�PDQ\�EHQHILWV�WR�EXVLQHVV�VHFWRUV�DQG�VRFLHW\��0LODQH]�

HW�DO����������+RZHYHU� WKH�SURSRUWLRQV�RI�WKH�KRWHOV�LQ�+$&�LPSOHPHQWHG�ZDVWH�UHF\FOLQJ�

DQG�UHGXFWLRQ�ZHUH�VWLOO�ORZ ZLWK ����DQG������UHVSHFWLYHO\��7KLV�VWXG\�LQGLFDWHG�WKDW�

����RI�06+�DQG�����RI�+6+�GHSOR\HG�UHF\FOLQJ��IROORZHG�E\�9,/�������DQG�+20�

�������7KH�ORZHVW�SHUFHQWDJH�RI�UHF\FOLQJ�SUDFWLFH�EHORQJHG�WR�/6+�������)XUWKHUPRUH�

ZDVWH� UHGXFWLRQ� SUDFWLFH� RI�+$&¶V� KRWHOV�ZDV� UHVSRQGHG E\� ����RI�06+� DQG�+6+��

DURXQG� ���� WR� ����RI� WKH� KRWHOV� LQ� /6+��9,/� DQG�+20��$OWKRXJK� WKH�PDMRULW\� RI�
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'LVOLNH

/DFN�RI
LQIRUPDWLRQ�DQG

VNLOOV

2FFXS\LQJ�DUHD

7DNLQJ�D�ORW�RI
WLPH

/DERU�LQWHQVLYH6WRULQJ�ZDVWH

8QVDQLWDU\

1R�VSDFH��JDUGHQ�

6PDOO�VSDFH��
HIIHFW�WR�JXHVW

%DUULHUV�RI�UHF\FOLQJ�DQG�FRPSRVWLQJ

5HF\FOLQJ &RPSRVWLQJ
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KRWHOLHUV�XQGHUVWRRG�WKH�VRFLDO�DQG�HQYLURQPHQWDO�UROHV������RI�KRWHOLHUV��DQG�HFRQRPLF�

EHQHILWV������RI�KRWHOLHUV��RI�UHF\FOLQJ��WKH�UDWH�RI�UHF\FOLQJ�SUDFWLFH�ZDV�VWLOO�ORZ� 7KLV

FRXOG� EH� H[SODLQHG E\� ���� RI� WKH� KRWHOLHUV� GLG� QRW� FDUH� DERXW� LQFRPH� IURP� VHOOLQJ�

UHF\FOLQJ�PDWHULDOV��HVSHFLDOO\�IDPLO\�EXVLQHVVHV�DV�/6+��+20� DQG�9,/��0RUHRYHU��WKH�

XQIDYRUDELOLW\ IURP�UHF\FOLQJ�ZKLFK�VKRZQ�LQ�)LJXUH����� DJDLQVW UHF\FOLQJ�SUDFWLFH�DW�

WKH�KRWHOV��1RWDEO\������RI�KRWHOLHUV�VDLG�WKDW�WKH\�GLVOLNHG�VWRULQJ ZDVWH�LQ�WKHLU�KRWHOV��

ZKLOH� ����RI� WKH� KRWHOV� WKRXJKW� WKDW� WKH\� ODFNHG LQIRUPDWLRQ� DQG� VNLOOV� RI� UHF\FOLQJ��

0RUHRYHU�� D� SDUW� RI� KRWHO¶V� PDQDJHUV� H[SODLQHG� WKDW� UHF\FOLQJ� SUDFWLFH� RFFXSLHG� WKH�

VLJQLILFDQW� DUHD� ������� WRRN�PRUH� WLPH�DQG� ODERXUV ����DQG������DQG�ZDV�XQVDQLWDU\�

�������7KHVH�REVWDFOHV�PD\�EH�GXH�WR� WKH�XQVSHFLILF� UHF\FOLQJ SODQV�� WKH�XQFRQYLQFHG�

UHF\FOLQJ PRWLYDWLRQV� RI� WKH� KRWHOLHUV�� DQG� XQFOHDU� UHF\FOLQJ� LQVWUXFWLRQV� IURP� WKH�

JRYHUQPHQW�

7KH�FRPSRVWLQJ��WKH RUJDQLF�ZDVWH UHF\FOLQJ VROXWLRQV��LV�D�SURFHVV�RI�VRUWLQJ��VWRULQJ�

DQG�ELRORJLFDO� WUHDWPHQW�RI� WKH�RUJDQLF�ZDVWH�IRU�D� ORQJ� WLPH�� ,Q�+$&��FRPSRVWLQJ� LQ�

SODFH�GLG�QRW�JHW�WKH�FRQVHQVXV�IURP�KRWHOLHUV�������RI�WKH�KRWHOLHUV��DQG�ZDV�MXVWLILHG�E\�

XQIDYRUDELOLW\ RI�LPSOHPHQWDWLRQ�RI�FRPSRVWLQJ��1RWDEO\�� WKH�PDMRULW\�RI�WKH�KRWHOLHUV�

VDLG� WKDW� WKH\� FRXOG QRW� LPSOHPHQW� FRPSRVWLQJ� EHFDXVH� RI� WKH� ODFN� RI� VNLOOV� DQG�

LQIRUPDWLRQ��������$OVR��VLJQLILFDQW�RFFXSDQF\�RI�WKH�DUHD���������ORVV�RI�WLPH��������

ODERXU�LQWHQVLYHQHVV� ������� LQGLVSRVLWLRQ� RI� ZDVWH� VWRULQJ� ������ DQG� XQVDQLWDULQHVV�

������DUH�VKRZQ�LQ�)LJXUH�����ZHUH�WKH�PDLQ�UHDVRQV�ZK\�WKH\�UHIXVHG�WR�GR�FRPSRVWLQJ�

DW�WKHLU�KRWHOV��

,Q�JHQHUDO��6:*�IURP�WKH�KRWHO�LQGXVWU\��ZKLFK�DFFRXQWHG�IRU�DERXW�����RI�WRWDO�ZDVWH�

LV�D�VLJQLILFDQW�ZDVWH�VRXUFH�LQ�+$&��0RUHRYHU��ZLWK�WKH�UDSLG�GHYHORSPHQW�RI�DUULYDOV�

DQG�WRXULVP�EXVLQHVV��6:0�RI�DFFRPPRGDWLRQ�EXVLQHVV�LV�SOD\LQJ�DQ�HVVHQWLDO UROH�LQ�

VXVWDLQDEOH�PXQLFLSDO�6:0��7KXV��PLQLPLVLQJ�6:*�IURP�WKH�KRWHOV VKRXOG�EH�VWXGLHG�

WR�FRQWULEXWH� WR� UHGXFLQJ ZDVWH�JHQHUDWLRQ� IRU� WKH�FLW\��$FFRUGLQJ� WR� WKH���������4Ĉ�

8%1'�UHJXODWLRQ�RI�ZDVWH�FROOHFWLRQ�IHH�IRU�DFFRPPRGDWLRQ�EXVLQHVVHV�RI�4XDQJ�1DP�

SURYLQFH��9,/�DQG�+20�SD\�WKH�ORZHU�IHH�DV�D�KRXVHKROG�KDV�D�EXVLQHVV WKDQ�WKDW�IRU�

/6+��06+� DQG�+6+��4XDQJ�1DP�3URYLQFH���������:KHUHDV��WKH�6:*�UDWH�RI�9,/�ZDV�

KLJKHU� WKDQ� VXFK� RI� +20� DQG� /6+�� 7KHUHIRUH�� WKLV� VWXG\� SURYLGHV� LQIRUPDWLRQ� IRU�

GHFLVLRQ�PDNHUV�WR�FRQVLGHU�DGMXVWLQJ�WKH�DSSURSULDWH�WLSSLQJ�IHH�IRU�WKH�KRWHOV��$OVR��ZLWK�
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WKH�KLJK�SURSRUWLRQ�RI�ELRGHJUDGDEOH�ZDVWH��������HVSHFLDOO\�LQ�+6+��06+� DQG�9,/��

FRPSRVWLQJ� LQ� WKH� KRWHOV� LV� D� SRWHQWLDO� VROXWLRQ� VKRXOG� EH� VWXGLHG� DQG� HQFRXUDJHG� WR�

UHGXFH�ZDVWH�JHQHUDWLRQ��%HVLGHV��UHJXODWLRQ DQG�RWKHU�LQWHJUDWHG�VROXWLRQV�IRU�HQKDQFLQJ�

ZDVWH�VRUWLQJ�UDWH�DQG�HIILFLHQF\ LQ�VPDOO�KRWHOV��+20�DQG�9,/�VKRXOG�EH�FRQVLGHUHG�WR�

SURPXOJDWH�E\� WKH�JRYHUQPHQW��6LPXOWDQHRXVO\�� WKH�FRVW�EHQHILW�DQDO\VLV� IRU� UHF\FOLQJ�

SUDFWLFH�VKRXOG�EH�VWXGLHG�WR�SURPRWH�WKH�UHF\FOLQJ�PRWLYDWLRQ�RI�WKH�KRWHOV��)XUWKHUPRUH��

VXSSRUW�DQG�LQFHQWLYH�SROLFLHV��DV�ZHOO�DV�UHFRJQLWLRQ�DV�D�³*UHHQ�+RWHO�&HUWLILFDWLRQ´�E\�

WKH�JRYHUQPHQW�PD\�EULQJ�SRVLWLYH�LPSDFWV�WR�WKH�GHYHORSPHQW�RI�VXVWDLQDEOH�6:03V�

IRU�WKH�KRWHO LQGXVWU\�LQ�+$&��

)LJXUH�������:DVWH�VHSDUDWLRQ�DQG�UHF\FOLQJ�SUDFWLFH�UDWHV�

,Q�+$&��ZDVWH�VHSDUDWLRQ�SUDFWLFH�KDV�EHHQ�SURPRWHG�VLQFH������DQG�REWDLQHG�VRPH�

SRVLWLYH�UHVXOWV�ZLWK�DERXW ����RI�UHF\FODEOH�PDWHULDOV�UHFRYHUHG�IURP�06:��6RQJ�7RDQ�

HW�DO������D���+RZHYHU��WKH�6:0�SUDFWLFH�DW�VRXUFH�LQ�WKH�7$ LV�VWUXJJOLQJ�WR�ILQG�VXLWDEOH�

VROXWLRQV��)LJXUH����� UHYHDOV�WKDW�6:0�SUDFWLFH�LQ�WKH�7$ LV LPSOHPHQWHG�PDLQO\�E\�

WKUHH�VHFWRUV��VXFK�DV�UHVWDXUDQWV��KRWHOV��DQG�KRXVHKROGV��,Q�WKLV�DUHD��ZDVWH�VHSDUDWLRQ�

DQG� UHF\FOLQJ� VHHP� WR� JR� KDQG� LQ� KDQG�� 1RWDEO\�� WKH� UDWHV� RI� ZDVWH� VHSDUDWLRQ� DQG�

UHF\FOLQJ� DUH� ���� DQG� ���� IRU� WKH� UHVWDXUDQW� EXVLQHVV�� ���� DQG� ���� IRU� WKH� KRWHO�

LQGXVWU\�� DQG� ���� DQG� ���� IRU� KRXVHKROGV�� UHVSHFWLYHO\�� 2WKHU� EXVLQHVV� VHFWRUV�

Ϭ
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ϲϬ

ϴϬ

ϭϬϬ
5HVWDXUDQW

+RWHO

+RXVHKROG

+3)

6KRS

6WUHHW�%LQ

6WUHHW

0DUNHW

:DVWH�VHSDUDWLRQ�DQG�UHF\FOLQJ�SUDFWLFH�DW�VRXUFH

6HSDUDWLRQ�SUDFWLFH�UDWH���� 5HF\FOH�SUDFWLFH�UDWH����



��

XQZLOOLQJO\�LPSOHPHQW�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�DQG�MXVWLI\�WKDW�E\�QR�QHHG�RI�VHSDUDWLRQ�

RI�VPDOO�ZDVWH�DPRXQWV��QR�VSDFH�IRU�VWRULQJ�ZDVWH��DQG�ODFN�RI�IDFLOLWLHV�

)LJXUH�������(IILFLHQW�ZDVWH�VHSDUDWLRQ�DW�VRXUFHV�

)RU� UHVWDXUDQWV�� KRWHOV�� DQG� KRXVHKROGV�� VROLG�ZDVWH� VHSDUDWLRQ� HIILFLHQF\�E\�ZDVWH�

FDWHJRULHV� LV� SUHVHQWHG LQ�)LJXUH� ������ ZKHUH� WKH�PDMRULW\� RI� ZDVWH� LWHPV� DUH� VRUWHG�

FRUUHFWO\�ZLWK�WKH�HIILFLHQF\ UDQJLQJ�IURP�����WR������ZKLOH�SDSHU��JDUGHQ�ZDVWH��WLVVXH��

DQG�FHUDPLF�ZDVWH�DUH�W\SLFDOO\�PLVFODVVLILHG���������0LVFODVVLILFDWLRQ�LV�FDXVHG E\�D�

ODFN RI�NQRZOHGJH��LQIRUPDWLRQ��DQG�JHQHUDO�ZDVWH�VHSDUDWLRQ�WUDLQLQJ��/RZ�HIILFLHQF\�RI�

ZDVWH� VHSDUDWLRQ� EHORQJV� WR� SODVWLF� ���������� JODVV� ���������� DQG� FRPEXVWLEOH�ZDVWH�

���������IRU�UHVWDXUDQWV��NLWFKHQ�ZDVWH�����������SODVWLF�����������DQG�KD]DUGRXV�ZDVWH�

���������IRU�KRWHOV��DQG�FDUGERDUG�����������DQG�NLWFKHQ�ZDVWH����������IRU�KRXVHKROGV��

�����7KH�FXUUHQW�SUREOHPV�DQG�FKDOOHQJHV�RI�WRXULVP�ZDVWH�PDQDJHPHQW�SUDFWLFH

�������6ROLG�ZDVWH�JHQHUDWLRQ�DQG�LWV�FKDOOHQJHV

7KH�6:*�UDWH�IURP�HLJKW�VRXUFHV�LQ�7$ LV�SUHVHQWHG�DERYH��ZKHUH�D�JHQHUDO�KRXVHKROG�

JHQHUDWHG�DSSUR[LPDWHO\�������NJ�GD\�� WKDW�LV�HTXLYDOHQW WR�������NJ�FDSLWD���GD\����7KHUH�

LV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�6:*�UDWH�EHWZHHQ�GLVWLQFW�DUHDV�LQ�+$&��1RWDEO\��WKH�

DYHUDJH�6:*�UDWH�LQ�7$ LV�������NJ�FDSLWD���GD\��� ZKLFK�LV�KLJKHU�WKDQ�WKDW RI�WKH�UXUDO
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DUHD��������NJ�FDSLWD���GD\����DQG�ORZHU�WKDQ�WKDW RI�WKH�VXEXUEDQ DUHD��������NJ�FDSLWD�

��GD\�����$OVR��WKH�6:*�UDWH�RI�KRXVHKROGV�ZLWK�EXVLQHVVHV�LV�SURYHG�WR�EH�PRUH�WKDQ�WKDW�

RI�KRXVHKROGV�ZLWKRXW�EXVLQHVVHV��*LDQJ�HW�DO������E���%HVLGHV��WKH�PHDQ�6:*�UDWH�RI�

WKH�IRRG EXVLQHVV�LV�DURXQG������NJ�UHVWDXUDQW�� GXH�WR�WKH�VXEVWDQWLDO�LQGLIIHUHQFH�LQ�WKH�

VL]H RI� UHVWDXUDQWV� LQ� WKH� 7$�� :KHUHDV� IRU� WKH� KRVSLWDOLW\� VHFWRU�� WKH� 6:*� UDWH� LV�

SURSRUWLRQDO�WR�WKH�VL]H�RI�D�KRWHO��1RWDEO\��WKH�ODUJHU�D�KRWHO��WKH�KLJKHU�WKH�6:*�UDWH�LV��

)RU�WKH�7$��IRRG�LQGXVWU\��DFFRPPRGDWLRQV�EXVLQHVV��DQG�KRXVHKROGV�FRQWULEXWH������

����DQG�����RI�ZDVWH��UHVSHFWLYHO\��

)LJXUH�������:DVWH�GHQVLW\�LQ�YDULRXV�DUHDV�LQ�+RL�$Q�&LW\�

$GGLWLRQDOO\�� WUDGLQJ� DFWLYLWLHV� LQ� WKH� VRXYHQLU� VKRSV��+RL�$Q�PDUNHW�� DQG� FORWKLQJ�

VWRUHV�JHQHUDWHG�DERXW������� WRQV�GD\�� RI�ZDVWH� WKDW� LV�HTXLYDOHQW WR�����RI� WKH� WRWDO

ZDVWH�DPRXQW�RI�WKH�7$��1RWDEO\��WKH�GDLO\�6:*�UDWH�RI�VRXYHQLU�VKRSV�LV�DURXQG������

NJ�VKRS�� DQG� LV� JHQHUDWHG� E\� WKH� DFWLYLWLHV� RI� VWDIIV� PHPEHUV� ZLWKRXW� OLYLQJ� WKHUH��

7\SLFDOO\��RQH�WR�WZR�VHOOHUV�RFFXS\�WKH�VKRS��KHQFH��WKH�DPRXQW�RI�ZDVWH�IURP�VRXYHQLU�

VKRSV� LV� QRW� KLJK��%HVLGHV�� FORWKLQJ� VWRUHV� SURGXFHG� GDLO\� DURXQG� ������ NJ�VWRUH���� ,Q�

JHQHUDO�� WKHVH� FORWKLQJ� VWRUHV� DUH� DVVRFLDWHG� ZLWK� IDPLO\� DQG� JDUPHQW� PDQXIDFWXULQJ�

DFWLYLWLHV�DQG�UHVSRQG�WR WKH�VKRSSLQJ�GHPDQGV�RI�WKH�FXVWRPHUV�LQ�D�VKRUW�WLPH��$W�WKH�

ULYHUEDQN��ZKHUH�WKH�WUDGLQJ�SRUW�ZDV�IRUPHUO\�ORFDWHG��D�EXV\�PDUNHW��+RL�$Q�PDUNHW��

LV�QRZ�VLWXDWHG��$ERXW������VWDOOV�DUH�VXEGLYLGHG� LQWR�IRXU�DUHDV��VXFK�DV�FLYLO VWRUHV��
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GLQLQJ� DUHD�� IRRG� VWRUHV�� DQG� JDUPHQW� VWRUHV�� +RL� $Q�PDUNHW� DOVR� VHUYHV� DV� D� WRXULVW�

VKRSSLQJ� FHQWUH�� 7KH� DYHUDJH� 6:*� UDWH� RI� D� VWDOO� LV� ������ NJ�GD\���� /DVWO\�� ZDVWH�

JHQHUDWHG� IURP� SXEOLF� DUHDV� �L�H��� VWUHHWV�� VWUHHW� ELQV�� DFFRXQWV� IRU� ��� RI� WKH� WRWDO

PXQLFLSDO�ZDVWH�RI�7$��1RWDEO\��YLVLWRUV�SURGXFH�DURXQG�������NJ RI�ZDVWH�SHU�GD\�DV�

FDOFXODWHG�IURP�VWUHHW�ELQV��ZKHUHDV��VWUHHW ZDVWH�GHQVLW\�LV�DERXW�������NJ�SHU����P��

7DEOH������&RPSDULVRQ�RI�ZDVWH�JHQHUDWLRQ�GHQVLW\�EHWZHHQ�WRXULVP�GHVWLQDWLRQV�

:LWK�D�KLJK�SRSXODWLRQ�GHQVLW\�RI�������SHRSOH�NP�� DQG�FRQFHQWUDWLRQ�DQG�DEXQGDQFH�

RI� WRXULVP�WUDGLQJ�DFWLYLWLHV� LQ� WKH�GRZQWRZQ�DUHD�� D� ODUJH DPRXQW�RI�ZDVWH�JHQHUDWHG�

GDLO\� IURP� WKH�7$ LV� LQHYLWDEOH�� ,W�SXWV KLJK SUHVVXUH�RQ� WKH�9LHWQDPHVH�JRYHUQPHQW���

)LJXUH����� LQGLFDWHV�WKDW�WKH�GHQVLW\�RI�ZDVWH�JHQHUDWLRQ�LQ�WKH�7$ LV�WKH�KLJKHVW��������

WRQV�NP�����,W�LV ������DQG����WLPHV�KLJKHU�WKDQ WKDW�RI�WKH�VXEXUEDQ DUHD��UXUDO�HFR�WRXULVP�

DUHD��DQG�UXUDO�QRQ�WRXULVP�DUHD�RI�+$&��UHVSHFWLYHO\��,Q�FRPSDULVRQ�WKH�GHQVLW\�RI�ZDVWH�

JHQHUDWLRQ�LQ�WKH�7$V�LQ�8NUDLQH��6SDLQ��0H[LFR��DQG�7DLZDQ�UDQJH�IURP�������WR�������

WRQV�NP���GD\�DQG�LV ORZHU�WKDQ�WKDW�LQ�+$&��9LHWQDP��7DEOH�������7KH�GLIIHUHQFH�LQ�WKH�

6:*�UDWH�RI�7$V�PD\�EH� MXVWLILHG E\�PDQ\� UHDVRQV� LQFOXGLQJ�GLVSDULW\�RI� VRFLDO�DQG�

WRXULVP�IHDWXUHV��LQGLJHQRXV�FXOWXUDO�FKDUDFWHULVWLFV��WRXULVP�VWUXFWXUH��WKH�HIIHFWLYHQHVV�

RI�WKH�6:0�V\VWHP��DQG�DZDUHQHVV�RI�ORFDO�FRPPXQLWLHV��)RU�+$&��D�ODUJH�DPRXQW�RI�

7RXULVW�'HVWLQDWLRQ

7KH�GHQVLW\�RI�ZDVWH�

JHQHUDWLRQ

�W�NP���GD\���

5HIHUHFHV

&KHUQLYWVL��8NUDLQH �����

�0XUDYD�DQG�.RUREHLQ\NRYD��

�����

=DNDUSDWWLD��8NUDLQH �����

/YLY��8NUDLQH �����

,YDQR�)UDQNLYVN��8NUDLQH �����

0DOORUFD��6SDLQ ����� �(]HDK�HW�DO��������

0H[LFDQ� &DULEEHDQ��

0H[LFR
����� �9RQ�%HUWUDE�HW�DO��������

0HGLWHUUDQHDQ��6SDLQ ����� �0DWHX�6EHUW�HW�DO��������

*UHHQ�,VODQG��7DLZDQ ����� �&KHQ�HW�DO��������

+RL�$Q��9LHWQDP �����

7$ LQ�+RL�$Q��9LHWQDP �����
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ZDVWH�JHQHUDWHG�GDLO\�LQ�D�VPDOO�DUHD�RI�WKH�7$ LQ�GRZQWRZQ�SURYHV�WR�EH�D�VLJQLILFDQW�

FKDOOHQJH�WR�WKH�6:0 V\VWHP�

�������6ROLG�ZDVWH�FKDUDFWHULVDWLRQ�DQG�LWV�FKDOOHQJHV

:DVWH�FKDUDFWHULVDWLRQ�IURP�HLJKW VRXUFHV�LV�LOOXVWUDWHG LQ�)LJXUH�������ZKHUH��NLWFKHQ�

ZDVWH�LV�WKH�SULPDU\�ZDVWH�FRPSRQHQW�DQG�LWV�SURSRUWLRQ�UDQJHV�IURP������WR��������IRU�

PRVW�RI�WKH�VRXUFHV��H[FHSW�IRU�WKH�VWUHHW�ZDVWH���������DQG�WRXULVW�ZDVWH�����������7KLV

PD\� EH� WKH� FDXVH RI� D� VLJQLILFDQW� SURSRUWLRQ� RI� NLWFKHQ� ZDVWH� ��������� LQ� WKH� WRWDO�

PXQLFLSDO�ZDVWH�RI�WKH�7$��,Q�FRPSDULVRQ�WR�VXEXUEDQ DQG�UXUDO�DUHDV��WKH�UDWH�RI�NLWFKHQ�

ZDVWH�LQ�WKH�7$ LV�KLJKHU�E\�����WLPHV��$OVR��RQH�RI�WKH�ZDVWH�FRPSRVLWLRQ�IHDWXUHV�LQ�WKH�

7$ LV�WKH�KLJK�SHUFHQWDJH�RI�WLVVXH�ZDVWH����������WKDW�LV�SURGXFHG E\�WKH�GLQLQJ�DQG�

KRVSLWDOLW\�LQGXVWULHV�

)LJXUH� ������ &RPSDULVRQ� RI� WKH� ZDVWH FRPSRVLWLRQ� E\� VRXUFHV� LQ� WKH� WRXULVP�

GHVWLQDWLRQ�

$GGLWLRQDOO\�� WKH�SURSRUWLRQ�RI�UHF\FODEOH�ZDVWH�DFFRXQWV� IRU��������RI�7$ ZDVWH��

1RWDEO\��WRXULVW�DQG�PDUNHW�ZDVWH�KDV�D�KLJK�SHUFHQWDJH�RI�UHF\FODEOH�PDWHULDOV�LQ�LW�ZLWK�

�������DQG���������UHVSHFWLYHO\��IROORZHG�E\�WKH�KRWHO�ZDVWH��KRXVHKROG�ZDVWH��ZDVWH�

IURP�FORWKLQJ�VWRUHV�DQG�VKRSV�ZLWK�WKH�SURSRUWLRQ�RI�UHF\FODEOH�ZDVWH�DURXQG������$�

KLJK�SURSRUWLRQ�RI�UHF\FODEOH�ZDVWH�LQ�WKH�7$ VKRZV�WKDW�FROOHFWLQJ�PDUNHW�YDOXH�PDWHULDO�

IRU�UHF\FOLQJ�KDV�QRW�\HW�DWWUDFWHG�WKH�DWWHQWLRQ�RI�HQWHUSULVHV�DQG�WKH�JRYHUQPHQW��,W�FDQ�

EH�DOVR�QRWHG�WKDW�WKH�7$ ZDVWH�KDV�D�KLJK�UHF\FOLQJ�SRWHQWLDO�

�� ��� ��� ��� ��� ����

5HVWDXUDQW

+RWHO

+RXVHKROG

*DUPHQW

6KRS

6WUHHW�%LQ

6WUHHW

0DUNHW

7KH�&RPSRVLWLRQ�RI�:DVWH�6RXUFHV�LQ�7RXULVP�'HVWLQDWLRQ�

3DSHUV 3ODVWLF�EDJ KD]DUGRXV�ZDVWH .LWFKHQ�ZDVWH
3ODVWLFV &RPEXVWLEOH�ZDVWH *ODVV 0HWDO
*DUGHQ�ZDVWH ,QFRPEXVWLEOH�ZDVWH
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7KH�PRLVWXUH�FRQWHQW�RI�VROLG�ZDVWH�LQ�VRXUFHV�UDQJHV�IURP�������WR��������H[FHSW�

IRU�WKH�UHVWDXUDQW�ZDVWH�ZLWK�������DQG�VWUHHW�ELQ�ZDVWH�ZLWK��������/LNHZLVH��WKH�GHQVLW\�

RI�ZDVWH�LQ�WKH�7$ UDQJHV�IURP�������WR�������WRQ�P����ZKHUHDV�WKH�UHVWDXUDQW��KRXVHKROG��

DQG�KRWHO�ZDVWH�KDYH�KLJKHU�GHQVLWLHV�RI��������������DQG������� WRQ�P���� UHVSHFWLYHO\��

)XUWKHUPRUH��WKH�GLIIHUHQFH�LQ�SK\VLFDO�ZDVWH�FRPSRQHQWV�PD\�EH�FDXVHG�E\�GLVVLPLODULW\�

LQ�FKHPLFDO�FRPSRQHQWV��L�H���&��+��1��WKDW�DUH�WKH�FULWLFDO�IDFWRUV�IRU�++9��&RPSDULVRQ�

RI�ZDVWH�FKDUDFWHULVWLFV�IURP�WKH�7$ LQ�&UHWH�WR�WKH�7$ LQ�+$&�VKRZV�WKDW�WKH�06:�

FRPSRVLWLRQ� LQ� +$&� KDV� D� KLJKHU� SURSRUWLRQ� RI� RUJDQLF� ZDVWH� ������� DQG� �������

UHVSHFWLYHO\��DQG�D�ORZHU�UDWH�RI�UHF\FODEOHV������DQG������UHVSHFWLYHO\���&RQVHTXHQWO\��

WKH�PRLVWXUH�FRQWHQW� LV�KLJKHU�WKDQ�WKDW� LQ�RWKHU�7$V��������DQG��������UHVSHFWLYHO\��

�*LGDUDNRV�HW�DO���������:KHUHDV��LQ�D�WRXULVW�UHJLRQ�RI�0DOD\VLD��/DQJNDZL��WKH�UDWH�RI�

WKH�ZDVWH�FRPSRVLWLRQ�LV�VLPLODU�WR�WKDW�LQ�WKH�7$ RI�+$&��6KDPVKLU\�HW�DO��������

&RPSRVLWLRQ�DQG�FKDUDFWHULVWLFV�RI�06:�LQ�WKH�7$ LQGLFDWH�WKH FKDOOHQJHV�WKDW� WKH�

JRYHUQPHQW� LV� IDFLQJ� DQG� D� QHFHVVLW\� WR� HVWDEOLVK� D�ZDVWH�PDQDJHPHQW� V\VWHP� LQ� WKH�

IXWXUH�� (OHYDWHG� UDWHV� RI� ELRGHJUDGDEOH�ZDVWH� ���������ZLWK� KLJK�PRLVWXUH� ������� ±

������� FDXVH� XQSOHDVDQW� RGRXUV� DQG� OHDFKDWH� GXULQJ� VWRUDJH�� FROOHFWLRQ�� DQG�

WUDQVSRUWDWLRQ�RI�ZDVWH�LQ�WKH�7$��ZKLFK�KDV�D�QHJDWLYH�HIIHFW�RQ�WRXULVP�DQG�ODQGVFDSH��

$OVR��WKHVH�FRPSRQHQWV�PD\�EH�WKH�FDXVH�RI�KLJK�PRLVWXUH�FRQWHQW�LQ�06:�RI�WKH�7$

���������DQG�ORZ�++9���������N-�NJ�����%RWK�RI�WKHVH�SDUDPHWHUV�DUH�XQIDYRXUDEOH�WR�

LQFLQHUDWLRQ��+RZHYHU��SK\VLFDO�DQG�FKHPLFDO�ZDVWH�FKDUDFWHULVDWLRQ�LQ�WKH�7$ LQGLFDWHV�

WKH�DGYDQWDJHV�RI�VROLG�ZDVWH�LQ�WKH�V\VWHP��)LUVWO\��D�VLJQLILFDQW�SURSRUWLRQ�RI�UHF\FODEOH�

ZDVWH� ��������� UHYHDOV� WKH� SRWHQWLDO� IRU� ZDVWH� UHGXFWLRQ� E\� HQKDQFLQJ� UHF\FOLQJ�

SUDFWLFHV��6HFRQGO\��KLJK�PRLVWXUH�FRQWHQW�DQG�D�VXLWDEOH�FRQFHQWUDWLRQ�RI�&�DQG�1�LQ�

ELRGHJUDGDEOH�ZDVWH� FUHDWH� VXLWDEOH� FRQGLWLRQV� IRU� FRPSRVWLQJ� RU� DQDHURELF� GLJHVWLRQ�

�'LQK� HW� DO�� ������ 3KDP� 9DQ� HW� DO�� ������� 6LQFH� ORZ� PRLVWXUH� DQG� KLJK� ++9� DUH�

IDYRXUDEOH� IRU� LQFLQHUDWLRQ�� WKH\�PD\� EH� DFKLHYHG� E\� VHSDUDWLRQ� SUDFWLFHV�� FROOHFWLRQ��

WUDQVSRUWDWLRQ��DQG�GLVSRVDOV�V\VWHPV�WKDW�DUH�V\QFKURQLVHG�DQG�LPSOHPHQWHG�HIILFLHQWO\�

�������6:0 SUDFWLFH�DW�WKH�VRXUFH�DQG�LWV�FKDOOHQJHV

$OWKRXJK� WKH� 6:0� SUDFWLFHV� DUH� NQRZQ� WR� EH� FULWLFDO� RQ� URXWH� WR� VXVWDLQDELOLW\��

RSWLPLVDWLRQ�LQ�WKH�6:0�SUDFWLFH�KDV�QHYHU�EHHQ�HDV\��7KHUHIRUH��WKH�VWDWXV�RI�WKH�6:0�

SUDFWLFH�LQ�WKH�7$ PD\�SUHVHQW�VLJQLILFDQW�FKDOOHQJHV��7KH�ILUVW�FKDOOHQJH�LV�WR�HQKDQFH�
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ZDVWH� VHSDUDWLRQ� UDWH� DQG� HIILFLHQF\�� :DVWH� VHSDUDWLRQ� SUDFWLFHV� KDYH� QRW� \HW� EHHQ�

HIILFLHQW� IRU� WKH� UHVLGHQW� DQG� EXVLQHVV� VHFWRUV LQ� WKH� 7$ GXH� WR� WKH� LQFRQYHQLHQFH� RI�

NHHSLQJ�RUJDQLF�ZDVWH�LQ�D�VPDOO�EXVLQHVV�DUHD��7R�SUHYHQW�RGRXUV�DQG�FRQWDPLQDWLRQ�LQ�

D�VPDOO�FDWHULQJ�EXVLQHVV�DUHD��D�VXEVWDQWLDO�GDLO\ DPRXQW�RI�ZDVWH�LV�OLNHO\�WR�EH�WKURZQ�

DZD\��7KLV�FKDOOHQJH LV�GLIILFXOW�WR�FRPEDW�ZLWK�FROOHFWLRQ�VHUYLFHV��6HFRQGO\��UHF\FOLQJ�

SUDFWLFHV�PD\� IDFH�VRPH�REVWDFOHV��$OWKRXJK� WKH�SURSRUWLRQ�RI� UHF\FODEOH�PDWHULDOV� LV�

KLJK����������DQG�WKH�EHQHILWV�RI UHF\FOLQJ�DUH�XQGHQLDEOH��WKH�UHF\FOLQJ�UDWH�LQ�WKH�7$

LV�RQO\�DURXQG������%DUULHUV�WR�WKH�UHF\FOLQJ�SUDFWLFH�DUH�SUHVHQWHG�E\�WKH�ODFN�RI�VSDFH�

IRU� VWRULQJ� UHF\FOLQJ�PDWHULDOV�� ODFN� RI� FDUH� IRU� D� QHJOLJLEOH� LQFRPH� IURP� VHOOLQJ� WKH�

UHF\FOLQJ� PDWHULDOV�� DQG� ODFN� RI� LWLQHUDQW� EX\HUV� WKDW� PLJKW� HQWHU� WKH� 7$�� $OVR�� WKH�

UHVWDXUDQW�RZQHUV�H[SODLQ� WKDW� WKH�WUDGLQJ�DFWLYLWLHV�RI�UHF\FODEOH�PDWHULDOV�DIIHFW� WKHLU�

EXVLQHVV�VR�WKDW�WKH�UHF\FODEOH�PDWHULDOV�DUH�XVXDOO\�GXPSHG�LQWR�WKH�JDUEDJH�RU�DUH�JLYHQ�

WR�FROOHFWLRQ�FUHZV�IRU�IUHH��/DVWO\��ZKLOH�WKH�KRXVHKROG�FRPSRVWLQJ�SUDFWLFH�LV�FRQVLGHUHG

DQ�XQVXLWDEOH� VROXWLRQ� IRU� D� FURZGHG DQG�FRQILQHG�XUEDQ�DUHD��ZDVWH�PLQLPLVDWLRQ�E\�

UHGXFLQJ�DQG�UHXVLQJ�SUDFWLFHV�DOVR�SUHVHQW�VLJQLILFDQW�FKDOOHQJHV�IRU�WKH�6:0��$V�IRU�

WKH�EXVLQHVV VHFWRU�ZKHUH�LWV�SURILWDELOLW\�LV�WKH�SULPDU\�FRQFHUQ��WKLQJV�WKDW�QHJDWLYHO\

DIIHFW� EXVLQHVV� RSHUDWLRQV� DUH� UHMHFWHG�� 7KHUHIRUH�� LPSURYHPHQW� RI� DZDUHQHVV� DQG�

LPSOHPHQWDWLRQ�RI�WKH��5�SURJUDP�SUHVHQWV�D�VXEVWDQWLDO�FKDOOHQJH��

7KH 6:0�SUDFWLFH�LQ�WKH�7$ RI�WKH�GHYHORSLQJ�FRXQWULHV�DOVR�IDFHV PDQ\�GLIILFXOWLHV�

DQG�FKDOOHQJHV��1RWDEO\��ZDVWH�VHSDUDWLRQ DW�VRXUFH�LQ�&DUSDWKLDQ�GHVWLQDWLRQ�LQ�8NUDLQH�

ZDV� QHYHU� LPSOHPHQWHG� DV� LW� GLG� QRW� JHW� DSSURYHG� E\� WKH� FRPPHUFLDO� VHFWRU��

&RQVHTXHQWO\��ZDVWH�UHF\FOLQJ�SUDFWLFH�DQG�GLVSRVDOV�HQFRXQWHUHG�PDQ\�GLVDGYDQWDJHV�

�0XUDYD�DQG�.RUREHLQ\NRYD��������7KH�6:0�SUDFWLFH�LQ�WKH�7$V�RI�GHYHORSHG�FRXQWULHV�

LV�PRUH�HIILFLHQW�GXH�WR�D�VWDEOH�DQG�HIILFLHQW�6:0�V\VWHP��)RU�H[DPSOH��RQ�WKH�6SDQLVK�

LVODQG�RI�0DOORUFD��D�GRRU�WR�GRRU�ZDVWH�VRXUFH�VHJUHJDWLRQ�V\VWHP�ZDV�LPSOHPHQWHG�DQG�

DOORZHG�IRU�UHF\FOLQJ!�����RI�ZDVWH��)XUWKHUPRUH��RQ�7HQHULIH��RQH�RI�(XURSH¶V�PRVW�

SRSXODU� WRXULVW�GHVWLQDWLRQV��VROLG�ZDVWH�ZDV�VRUWHG�DW�VRXUFH�VWULFWO\� IRU� UHF\FOLQJ�DQG�

FRPSRVWLQJ��7KH�ZDVWH�UHVLGXHV�DUH�ODQGILOOHG�XQVDQLWDU\�FRQGLWLRQV��(]HDK�HW�DO��������

$OWKRXJK� WKH� UHDOLW\� VKRZV� VRPH� GLIILFXOWLHV� LQ� WKH� LPSOHPHQWDWLRQ� RI� WKH� ZDVWH�

PDQDJHPHQW� SUDFWLFH� LQ� WKH� 7$ RI� +$&� WKHUH� DUH� VRPH� KLJKOLJKWV� IURP� WKH� 6:0�

SUDFWLFH� LQWHQWLRQV�� 7KH� UHVXOWV� RI� WKH� TXHVWLRQQDLUH VXUYH\� LQGLFDWHG� WKDW�PRVW� RI� WKH�
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EXVLQHVV VHFWRUV�DUH�ZLOOLQJ�WR�FRRSHUDWH�ZLWK�WKH�JRYHUQPHQW�WR�SURWHFW�WKH�HQYLURQPHQW�

LQ�WKH�7$ E\�ILQGLQJ�VXLWDEOH�VROXWLRQV�IRU�WKH�6:0��$GGLWLRQDOO\��ZDVWH VRUWLQJ�SUDFWLFH�

PD\�EH�LPSURYHG�LI�ZDVWH�LV�FROOHFWHG�GDLO\�E\�VHSDUDWH�WUXFNV�RU�FDUWV��%XVLQHVVHV�DUH

ZLOOLQJ�WR�VRUW�UHF\FODEOH�ZDVWH�IRU�UHF\FOLQJ�LI�LW�LV�FROOHFWHG�HYHU\�GD\�E\�D�VSHFLDOLVHG

FROOHFWLRQ�URXWH��0RUHRYHU��VWUHHW�ELQV� IRU�VHSDUDWH�ZDVWH�FROOHFWLRQ�FDQ�EH� LQWURGXFHG�

VLQFH�����RI�WRXULVWV�DUH�ZLOOLQJ�WR�SD\�DQ�HQYLURQPHQWDO IHH�LQFOXGHG�LQ�WKH�SODQH�WLFNHW�

SULFH�WR�SURWHFW�WKH�7$ HQYLURQPHQW��7KXV��VXLWDEOH�VROXWLRQV�WR�PDQDJH�VROLG�ZDVWH�LQ�

WKH�7$ FDQ�EH� IRXQG�EDVHG�RQ� ORFDO� IHDWXUHV�� WKH�GHPDQG�RI�EXVLQHVV�VHFWRUV��DQG� WKH�

HIIHFWLYHQHVV�RI�WKH�6:0�V\VWHP�

������ 7KH�VROLG ZDVWH�FROOHFWLRQ�V\VWHP�DQG�LWV�FKDOOHQJHV

7KH�GDLO\� VROLG�ZDVWH� FROOHFWLRQ� V\VWHP� LQ� WKH�7$ LV� LOOXVWUDWHG�E\� WKH� WLPHG�ZDVWH�

FROOHFWLRQ�IORZ��)LJXUH�������DQG�WKH�ZDVWH�IORZ��)LJXUH��������LQ�ZKLFK�VROLG�ZDVWH�IURP�

HLJKW�VRXUFHV�LV�PDLQO\�FROOHFWHG�E\�FDUWV�DQG�WUXFNV��$FFRUGLQJ�WR�WKH�ZDVWH�FROOHFWLRQ�

UHJXODWLRQV��PL[HG�ZDVWH�IURP�VWUHHW�ELQV�DQG�WKH�VWUHHWV�WKHPVHOYHV�LV�FROOHFWHG�WZR�WLPHV�

SHU�GD\�E\�EOXH�DQG�JUHHQ�\HOORZ�FDUWV��UHVSHFWLYHO\��0DUNHW�ZDVWH�LV�FROOHFWHG�GDLO\�E\�

D�PL[HG�WUXFN�E\�WKH�HQG�RI�WKH�DIWHUQRRQ��7KH�UHPDLQLQJ�ZDVWH�LV�FROOHFWHG�VHSDUDWHO\�

EDVHG�RQ�WKH�VHJUHJDWLRQ�SUDFWLFH�DW�VRXUFH��%LRGHJUDGDEOH�DQG�QRQELRGHJUDGDEOH�ZDVWH�

DUH� FROOHFWHG� DOWHUQDWLYHO\� IRXU� DQG� WKUHH� WLPHV� SHU� ZHHN� E\� WUXFNV� IURP� �����$0��

UHVSHFWLYHO\��

)LJXUH� ���� UHYHDOV� WKDW� VHSDUDWHG� WUXFNV� PRYHG� DSSUR[LPDWHO\� ������ WRQV�GD\� RI�

ELRGHJUDGDEOH� ZDVWH� DQG� ������ WRQ�GD\�� RI� QRQ�ELRGHJUDGDEOH� ZDVWH� WR� WKH� VDPH�

JDWKHULQJ�SRLQW��,W�PD\�EH�H[SODLQHG�E\�WKH�ORZ�UDWH�RI�ZDVWH�VRUWLQJ�DW�VRXUFH��/LNHZLVH��

PL[HG� ZDVWH� IURP� FDUWV� DQG�PDUNHWV� LV� DOVR� WUDQVIHUUHG� WR� WKH� JDWKHULQJ� SRLQW� DW� WKH�

GLVSRVDO�DUHD��7KLV�VLJQLILHV�ZDVWH�VHJUHJDWLRQ�DW�VRXUFH�DQG�D�URWDWLQJ�FROOHFWLRQ�V\VWHP�

KDYH�QR�YDOXH�

0HDQZKLOH�� WKH� UHF\FODEOH�ZDVWH� LV� VDYHG�E\� WKH�FROOHFWLRQ�FUHZV�RQ� WKH�FROOHFWLRQ�

URXWH�ZLWK�WKH�UDWH�RI���� ���IRU�FDUWV�DQG���� ���IRU�WUXFNV��7KLV�UHF\FODEOH�ZDVWH�LV�WKHQ�

PRYHG� WR� WKH� MXQN� VKRSV� IRU� VHOOLQJ�� 7KH� ILQDQFLDO� EHQHILW� IURP� VHOOLQJ� UHF\FODEOH�

PDWHULDOV�EHORQJV�WR�WKH�FROOHFWLRQ�FUHZV�DQG�VLJQLILHG�D�³VSRLO´�RQ�WKDW�ZRUNLQJ�GD\��
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)LJXUH�������7KH�IORZ�RI�PXQLFLSDO�VROLG�ZDVWH�E\�WLPH�LQ�D�WRXULVP�GHVWLQDWLRQ�
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)LJXUH�������7KH�IORZ�RI�PXQLFLSDO�VROLG�ZDVWH�LQ�D�WRXULVP�GHVWLQDWLRQ�
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2WKHU�XQSOHDVDQW�FRQVHTXHQFHV�RI�VROLG�ZDVWH�FROOHFWLRQ�V\VWHP�LQ�WKH�7$ DUH�UHYHDOHG�E\�

VKRSV�DQG�UHVWDXUDQWV��)LJXUH��������6ROLG�ZDVWH�IURP�VKRSV�LV�VQHDNLO\�WKURZQ�LQWR�WKH�VWUHHW�

ELQV�DW�QLJKW�DQG�LQWR�WKH�FDUWV�ZLWK�WKH�DSSUR[LPDWH�UDWHV�LQVWHDG�RI�SXWWLQJ�ZDVWH�LQWR�WKH�

FROOHFWLQJ� WUXFNV��&RQVHTXHQWO\�� WKH�GDLO\�ZDVWH�DPRXQW� LQ�VWUHHW�ELQV�GRXEOHV�DQG�FDXVHV�

RYHUORDGLQJ��7KH� MXVWLILFDWLRQ� LV�JLYHQ�E\� WKH� LQDSSURSULDWH� FROOHFWLQJ� WLPH� �E\������$0��

ZKLOH�VKRSV�RSHUDWH�IURP�������WR�������

$GGLWLRQDOO\��DERXW�KDOI�RI�DOO�WKH�UHVWDXUDQW�ZDVWH�LV�FROOHFWHG�E\�WUXFNV�LQ�WKH�PRUQLQJ�

DQG�WKH�RWKHU�KDOI� LV� WKURZQ�LOOHJDOO\�LQWR�FDUWV��ZKLFK�IXQFWLRQ�IRU�FROOHFWLQJ�VWUHHW�ZDVWH�

IURP�VZHHSLQJ�DQG� IURP�VWUHHW�ELQV� LQ� WKH�DIWHUQRRQ��7KLV� LOOHJDO�ZDVWH� FROOHFWLRQ�RFFXUV�

XQGHU�D�WDFLW�GHDO EHWZHHQ�FROOHFWRUV�DQG�UHVWDXUDQW�RZQHUV�DQG�OHDGV�WR�DQDUFK\�LQ�WKH�VROLG�

ZDVWH�FROOHFWLRQ�V\VWHP�LQ�WKH�7$��1DPHO\��WKH�FDUWV�VSHQG�WLPH�FROOHFWLQJ�ZDVWH�IURP�WKH�

UHVWDXUDQWV�LQVWHDG�RI�SLFNLQJ�ZDVWH�IURP�WKH�VWUHHW�ELQV��,WV�SURGXFHV�EULPPLQJ�RI�ZDVWH�LQ�

WKH�FDUW�EHIRUH�WKH�HQG�RI�WKH�URXWH��+HQFH��VWUHHW�ELQV�IXOO�RI�ZDVWH�DUH�LJQRUHG��QRW�FROOHFWHG��

DQG� DUH� VWRFNHG�ZLWK�ZDVWH�ZLWK� DERXW� ������� NJ�GD\�� �)LJXUH� �������7KLV� SKHQRPHQRQ�

RFFXUV�HYHU\�GD\�DQG�QHJDWLYHO\�DIIHFW�WKH�K\JLHQH�DQG�ODQGVFDSH�RI WKH�7$��,W�LV�QHJDWLYHO\�

YLHZHG�DERXW�����RI�YLVLWRUV��7KLV�FKDOOHQJH�WR�WKH�ZDVWH�FROOHFWLRQ�V\VWHP�DQG�WR�WKH�6:0�

V\VWHP�LQ�WKH�7$ LV�VWLOO�WR�EH�RYHUFRPH����������������������

7KLV�LOOHJDO�FRRSHUDWLRQ�LQ�WKH�ZDVWH�FROOHFWLRQ�GRHV�QRW�RQO\�LQGXFH�WKH�DQDUFK\�LQ�WKH�

ZDVWH� FROOHFWLRQ� V\VWHP� EXW� DOVR� FDXVHV� ORVV� RI� D� VXEVWDQWLDO� DPRXQW� RI� PRQH\� IRU� WKH�

UHVWDXUDQWV�DQG�WKH�JRYHUQPHQW��$FFRUGLQJ�WR�WKH�FROOHFWLRQ�IHH�UHJXODWLRQ�E\�WKH�JRYHUQPHQW��

WKH� WLSSLQJ� IHH� IRU� D� UHVWDXUDQW� RQ� DYHUDJH� LV� �������PRQWK�� EDVHG� RQ� WKH� DFWXDO� ZDVWH�

JHQHUDWLRQ� IURP� D� UHVWDXUDQW� �4XDQJ�1DP�3URYLQFH� ������� +RZHYHU�� WKH� UHVWDXUDQW� SD\V�

DERXW� ������� PRQWK�� OHVV� EDVHG� RQ� WKH� ZDVWH� DPRXQW� HVWLPDWHG� ZKHQ� ZDVWH�FROOHFWLQJ�

KDSSHQV�E\�WUXFNV��7KLV�PHDQV�WKDW�WKH�ILQDQFLDO�ORVV�RI�WKH�6:0�V\VWHP�LV�DERXW���������

\HDU����)RU�D�UHVWDXUDQW��WKH�WRWDO�PRQWKO\�WLSSLQJ�IHH�LV�DURXQG���������ZKLFK�LQFOXGHV�WKH�

FROOHFWLRQ�IHH�E\�D�WUXFN��IRU�WKH�JRYHUQPHQW��DQG�E\�FDUWV���������IRU�D�FROOHFWLRQ�ZRUNHU���

7KXV��WKH�FDOFXODWHG�ILQDQFLDO�ORVV�LV��������\HDU�� IRU�D�UHVWDXUDQW��(YHQ�WKRXJK�WKH�KLJKHU�

WKH� DPRXQW� RI� VHUYLFHV� LQ� 6:&�� WKH� KLJKHU� WKH� WLSSLQJ� IHH� LV�� WKH� LOOHJDO� GHDO� LQ� ZDVWH�
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FROOHFWLRQ�FDXVHV�D�VHYHUH�JDS�DQG�SUHVHQWV�D�VXEVWDQWLDO�FKDOOHQJH�WR�WKH�6:0�V\VWHP�LQ�WKH�

7$�

)LQDOO\��WKH�IDFLOLWLHV�DQG�RSHUDWLRQ�RI�WKH�ZDVWH�FROOHFWLRQ V\VWHP�DOVR�IRUP�VLJQLILFDQW�

OLPLWDWLRQV�WR�WKH�6:0 V\VWHP�LQ�WKH�7$��$OWKRXJK�VROLG�ZDVWH�IURP�WRXULVWV�LV�VXSSRVHG�WR�

EH� VRUWHG� LQWR� WZR VHSDUDWHG�ELQV�� VXFK� DV RUJDQLF� DQG� LQRUJDQLF� ELQV�� LW� LV� FROOHFWHG� DQG�

WKURZQ�LQWR�WKH�VDPH FDUW�WDQN�E\�JDUEDJH�FROOHFWRUV��7KLV�ZD\��ZDVWH�LV�PL[HG�E\�FROOHFWLRQ�

FUHZV�DIWHU�EHLQJ�VHSDUDWHG�E\�WRXULVWV��7KLV�FROOHFWLQJ�DFWLYLW\�YLVXDOO\�QHJDWHV�WKH�HIIRUWV�RI�

UHVLGHQWV�DQG�WRXULVWV�LQ�ZDVWH�FODVVLILFDWLRQ�DQG�OHDGV�WR�WKH�GLVWUXVW�RI�WKH�VXVWDLQDEOH�ZDVWH�

PDQDJHPHQW� VWUDWHJ\� WKDW� LV� LPSOHPHQWHG� E\� WKH� FLW\�� /LNHZLVH�� WKLV� DGYHUVH HIIHFW� LV�

VSUHDGLQJ�ZLGHO\�ZLWKLQ� WKH� WRXULVW DUHD��7KH�PDMRULW\�RI�UHVLGHQWV�DQG� WUDGHUV�UHYHDO� WKDW�

WKHLU�VHSDUDWLRQ�DW�VRXUFH�LV�QRW�PHDQLQJIXO�ZKHQ�ZDVWH�LV�JDWKHUHG�DQG�PL[HG�DW�WKH�HQG�RI�

WKH�ZDVWH IORZ��7KLV DOVR�H[SODLQV WKH�ORZ�UDWH�RI�ZDVWH�VHJUHJDWLRQ�SUDFWLFHV�

������ 7KH ZDVWH�GLVSRVDOV�DQG�LWV�OLPLWDWLRQV

$IWHU�FROOHFWLQJ�E\�FDUWV��VROLG�ZDVWH�LV�JDWKHUHG�WR�WKH�WUDQVIHUULQJ�SRLQWV�DW�WKH�HGJH�RI�

WKH�7$��7KHQ��ZDVWH�LV�ORDGHG�DOWHUQDWHO\�LQWR�WKH�FRPSDFWLRQ�WUXFNV�ZLWK�FDSDFLW\�E\��P�

DQG� WUDQVIHUUHG� WR� WKH� GLVSRVDO� ZLWK� WKH� GLVWDQFH� DURXQG� ��NP� IRU� DURXQG� URXWH�� %HIRUH�

HQWHULQJ�WKH�WUHDWPHQW�DUHD��WKH�DPRXQW�RI�WRXULVP�ZDVWH�LV�HYDOXDWHG�E\�DQ�HOHFWURQLF�EULGJH�

VFDOH��7KH�GDLO\�UHFRUGHG�GDWD�IURP�WKH�EULGJH�VFDOH�VKRZV�WKDW�WKH�FRPSDFWLRQ�UDWLR�RI�ZDVWH�

LQ�WKH�WUXFNV�IURP�WKH�7$ LV�DURXQG�����ORZHU�WKDQ�VXFK�RI�GHVLJQLQJ��

:DVWH�GLVSRVDO�LV WKH�ILQDO�VWHS�LQ�WKH�6:0�V\VWHP��$OZDHOL��������,I�ODQGILOOLQJ�LV�WKH�

W\SLFDO� GLVSRVDO� SUDFWLFH� LQ� PRVW� RI� WKH� GHYHORSLQJ� FRXQWULHV�� ZDVWH� WUHDWPHQW� SURFHVV�

LPSOHPHQWHG�LQ�+$&�LV�D�FRPSOHWH�SURFHVVLQJ�PRGHO�ZLWK�D�FRPSRVWLQJ�IDFLOLW\��LQFLQHUDWRU��

DQG�D�GXPSLQJ�VLWH��+RZHYHU��RQO\�����RI WKH�ZDVWH DPRXQW�LV�WUHDWHG�GXH�WR�WKH�LQHIILFLHQW�

RSHUDWLRQ� RI� WKH� FRPSRVWLQJ� IDFLOLW\� ���� WRQV�GD\���� DQG� LQFLQHUDWRU� �RSHUDWLQJ� DW� ����RI�

GHVLJQHG�FDSDFLW\���1RQ�VHSDUDWLRQ�RI�ZDVWH�DW�VRXUFH�PD\�EH�RQH�RI�WKH�EDUULHUV�WR�HIILFLHQW�

ZDVWH�WUHDWPHQW��1RWDEO\��SODVWLF�ZDVWH�LV�PL[HG�ZLWK�FRPSRVW�VR�WKDW�LW�FDQQRW�EH�XVHG�DV�D�

IHUWLOLVHU�� /LNHZLVH�� KLJK� RUJDQLF� FRQWHQW� LQ�ZDVWH� LV� D� UHDVRQ� IRU� KLJK�PRLVWXUH� DQG� ORZ�

FDORULH�YDOXH�RI�ZDVWH�WKDW�LV�QRW�IDYRXUDEOH�IRU�EXUQLQJ��$V�D�UHVXOW��DURXQG����WRQV�RI�ZDVWH�

�DERXW�����RI�06:��LV�GXPSHG�LQ�WKH�RSHQ�VLWH�ZLWKRXW�DQ\�VDQLWDU\�V\VWHP��,QHYLWDEO\��WKH�
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DFFXPXODWLRQ�RI�ZDVWH�RYHUWLPH�DW�WKH�GXPSLQJ�VLWH�ZLOO�FDXVH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�

HQYLURQPHQW�DQG�FKDOOHQJH�WKH�JRYHUQPHQW��+HQFH��LQ�DGGLWLRQ�WR�XSJUDGLQJ�HTXLSPHQW�DQG�

DSSO\LQJ�VXLWDEOH�WHFKQRORJ\��HQKDQFHPHQW�RI�WKH�6:0 SUDFWLFH�DW�VRXUFH�LV�QHFHVVDU\�LQ

RUGHU�WR�LPSURYH�WKH�WUHDWPHQW�SODQW�

,Q�WKH�ODVW�GHFDGH��WKH�UDSLG�JURZWK�RI�WKH�WRXULVP�LQGXVWU\�LQ�9LHWQDP�KDV�OHG�WR�D�TXLFN�

LQFUHDVH�LQ�PXQLFLSDO�VROLG�ZDVWH�LQ�+$&���:DVWH�JHQHUDWLRQ�LQ�+$&�FRQWULEXWHV�WZR�WKLUGV�

RI�WKH�DPRXQW�RI�06:�DQG�LV�HVWLPDWHG�WR�EH�FRQWLQXRXVO\�FODLPHG�LQ�WKH�FRQWH[W�RI�WKH�QR�

KDOWLQJ�VLJQ�RI�WKH�WRXULVP�LQGXVWU\�GHYHORSPHQW��,QHYLWDEO\��ZDVWH�PDQDJHPHQW�SUDFWLFHV��

FROOHFWLRQ�V\VWHP��DQG�UHF\FOLQJ�DFWLYLWLHV�VKRXOG�EH�VXIILFLHQWO\�LPSURYHG��:DVWH�GLVSRVDO�

VKRXOG�EH�HQKDQFHG�WR�OHDG�WR�VXVWDLQDELOLW\�LQ�ZDVWH�PDQDJHPHQW��6DQLWDWLRQ�LQ�WKH�7$ KDV�

WR� HQVXUH� FOHDQOLQHVV DQG�SUHYHQW� SROOXWLRQ IURP� WRXULVWV��+HQFH�� D� VXLWDEOH�PRGHO� RI� WKH�

6:0 V\VWHP�VKRXOG�EH�LPSOHPHQWHG�RQ�WKH�ZD\�WR�VXVWDLQDELOLW\�DQG�LQ�RUGHU�WR�DGDSW�WR�WKH�

UDSLG�GHYHORSPHQW�RI�WKH�WRXULVP�LQGXVWU\�LQ�+$&�

:RUOGZLGH��WKHUH�DUH�VRPH�FRPPRQ�SRLQWV�RI�ZDVWH�PDQDJHPHQW�FKDOOHQJHV�LQ�WKH�7$��

QDPHO\��KLJK�ZDVWH�JHQHUDWLRQ�IURP�DQ�DEXQGDQFH�RI�FRPPHUFLDO�DFWLYLWLHV��OLPLWDWLRQV�RQ�

ZDVWH�FROOHFWLRQ�SODFH�DQG�WLPH��DQG�VWULFW�K\JLHQH�UHTXLUHPHQWV�LQ�WKH�7$���+RZHYHU��WKH�

GLIIHUHQFH�LQ�WKH�WRXULVP�IHDWXUH��ORFDO�FXOWXUH��HYHQ�VRFLDO�DZDUHQHVV�PLJKW�OHDG�WR�D�YDULHW\�

LQ�WKH�6:0�V\VWHP��7KHUHIRUH��WKLV�VWXG\�DOVR�VXJJHVWV�WKDW�WZR�SULPDU\�IDFWRUV�WKDW�VKRXOG�

EH�FRQVLGHUHG�WR�GHYHORS�DQ�6:0�V\VWHP�IRU�WKH�7$ DUH�VRFLDO�FRQVHQVXV�DQG�VXLWDELOLW\�RI�

WKH�6:0�V\VWHP�WR�UHJLRQDO�IHDWXUH��:KHUHE\��FXUUHQW�VWDWXV�DQG�FKDOOHQJHV�RI�WKH�ZDVWH�

PDQDJHPHQW�V\VWHP�VKRXOG�EH�XQGHUVWRRG��D�IHDWXUH�RI�WKH�7$ DQG�DELOLW\�RI�GLVSRVDO�VKRXOG�

EH�HYDOXDWHG��REVWDFOHV� LQ�ZDVWH�SUDFWLFH� LPSOHPHQWDWLRQ�DQG�ZDVWH�FROOHFWLRQ�GHPDQG�RI�

VWDNHKROGHUV�VKRXOG�EH�H[DPLQHG��DQG�WKH�UHVSRQVH�RI�VWDNHKROGHUV�VKRXOG�EH�QRWHG��$OVR��

HYDOXDWLRQ� RI� D� VXVWDLQDEOH� 6:0� V\VWHP� RI� WKH� 7$ VKRXOG� EH� DGGUHVVHG� WR� EH� VRFLDO�

DFFHSWDQFH� �LQFOXGLQJ� VWDNHKROGHUV� DQG� WRXULVWV��� HIILFLHQF\� LQ� RSHUDWLRQ� �LQFOXGLQJ�

HQYLURQPHQWDO�DQG�HFRQRPLF���DQG�IDYRXUDELOLW\� WR� WUHDWPHQW��LQ�DFFRUGDQFH�ZLWK�H[LVWLQJ�

UHJLRQDO�WHFKQRORJ\��
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�����&RQFOXVLRQV�DQG�UHFRPPHQGDWLRQV

7KLV� VWXG\� LQGLFDWHG� WKDW� VROLG� ZDVWH� JHQHUDWHG� IURP� WKH� WRXULVP� LQGXVWU\� LQ� +$&�

DFFRXQWHG�IRU�����RI�WKH�PXQLFLSDO�ZDVWH��:KHUHE\�WKH�JHQHUDWLRQ�UDWH�RI�HDFK�ZDVWH�VRXUFH�

LQ�WRXULVP�ZDVWH�LV�����IURP�WRXULVP�DUHD������IURP�DFFRPPRGDWLRQ�EXVLQHVV������IURP�

UHVWDXUDQWV������IURP�PDUNHWV��DQG�����IURP�RWKHU�FRPPHUFLDO�DFWLYLWLHV��)XUWKHUPRUH��WKH�

6:*�UDWH��ZDVWH�FRPSRVLWLRQ��DQG�FKDUDFWHULVDWLRQ�RI�WKH�WRXULVP�LQGXVWU\�DOVR�SURYLGHG�LQ�

GHWDLO�

��� 7KH�DYHUDJH�6:*�UDWH�RI�WKH�KRWHO
V LQGXVWU\�LQ�+$&�ZDV������NJ�JXHVW���GD\����%HVLGHV��

WKH� GLIIHUHQFH� LQ� 6:*� UDWH� EHWZHHQ� W\SHV� RI� KRWHOV� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW��

:KHUHE\��WKH�KLJKHU WKH�VFDOH�RI�WKH�KRWHOV��WKH�KLJKHU�WKH�6:*�UDWH��7KLV�VWXG\�DOVR�

SURYHG�WKDW�LQWHUQDO�REMHFWLYH�IDFWRUV�DV�WKH�FDSDFLW\ RI�WKH�KRWHOV��FRVW�RI WKH�URRP��

JDUGHQ��DQG�UHVWDXUDQW�ZHUH�KLJKO\�FRUUHODWHG ZLWK�6:*�UDWH��

��� ������RI�KRWHO�ZDVWH�ZDV�RUJDQLF�DQG�UHF\FODEOH�ZDVWH��$OVR��6:&�RI�WKH�KRWHOV�LQ�WKH�

ZHW�VHDVRQ�FRPSDUHG�ZLWK�WKH�GU\�VHDVRQV�ZDV�VOLJKWO\�GLIIHUHQW��0DLQO\��LQ�WKH�ZHW�

VHDVRQ�WKH�SHUFHQWDJHV�RI�NLWFKHQ�ZDVWH����������JODVV������DQG�SODVWLF���������ZHUH�

ORZHU�� DQG� WKH� UDWH� RI� JDUGHQ� ZDVWH� ��������� FRPEXVWLEOH� ZDVWH� �������� DQG�

LQFRPEXVWLEOH�ZDVWH��������ZHUH�KLJKHU�WKDQ�WKDW�RI�WKH�GU\�VHDVRQ� )XUWKHUPRUH��WKLV�

VWXG\�DOVR�UHYHDOHG�WKDW�WKH�ZDVWH�FRPSRVLWLRQ RI�YDULRXV�KRWHOV�ZDV�D�OLWWOH�GLIIHUHQW��

:KHUHE\�� WKH�KLJKHU VFDOH�KRWHOV�� WKH�KLJKHU�SHUFHQWDJH�RI�ELRGHJUDGDEOH ZDVWH�� WKH�

OHVV�SURSRUWLRQ�RI�UHF\FODEOH�ZDVWH�

��� 7KH� DYHUDJH� 6:*� UDWH� RI� FRPPHUFLDO� VHFWRUV� ZDV� LGHQWLILHG E\� ����� NJ�ELOO� IRU�

UHVWDXUDQWV�������NJ��VKRS�GD\�IRU�VKRSV�EXVLQHVV�������NJ�VWDOO�GD\�IRU�PDUNHWV�������

NJ�SURGXFW�IRU�JDUPHQW�SURGXFWLRQ��DQG������NJ�SURGXFW�IRU�OHDWKHU�SURGXFWLRQ��,Q�HDFK�

FRPPHUFLDO�EXVLQHVV��WKH�GLIIHUHQFHV�LQ�6:*�UDWH�ZDV�SURYHG�DQG�H[SODLQHG��:KHUHE\���

WKH�UHVWDXUDQWV�LQ�WKH�FHQWUH GDLO\�JHQHUDWHG�PRUH�ZDVWH�WKDQ�WKDW�LQ�WKH�VXE�FHQWUH DQG�

FRDVWDO�DUHDV�

��� 7KH�FRPSRVLWLRQ�RI�FRPPHUFLDO�ZDVWH�LQ�+RL�$Q�WRXULVP�FLW\�ZHUH�DQDO\VHG�E\������

IRU� ELRGHJUDGDEOH�� ������ IRU� UHF\FOLQJ�� ������ IRU� FRPEXVWLEOH�� ����� IRU�
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LQFRPEXVWLEOH��DQG������IRU�KD]DUGRXV�ZDVWH��7KH�ZDVWH�FRPSRVLWLRQ�IHDWXUHV�RI�HDFK�

W\SH� RI� EXVLQHVV� ZHUH� LGHQWLILHG DQG� FRPSDUHG�� 1RWDEO\�� WKH� ELRGHJUDGDEOH� DQG�

UHF\FOLQJ�ZDVWH�ZHUH�WKH�SULPDU\�FRPSRQHQWV�RI� WKH�UHVWDXUDQW�LQGXVWU\��������DQG�

������PDUNHWV������DQG�������DQG�VKRS�EXVLQHVV������DQG���������:KHUHDV��ZDVWH�

IURP�PDQXIDFWXULQJ�ZDV� WKH�IHDWXUHV�RI�ZDVWH�FRPSRVLWLRQ� LQ�KDQGLFUDIW�SURGXFWLRQ�

IDFLOLWLHV�

��� 7KH�FKDUDFWHULVDWLRQ RI�FRPPHUFLDO�ZDVWH�ZDV�PHDVXUHG��FRPSDUHG�DQG�DQDO\VHG LQ�

GHWDLO��:KHUHE\��WKH�GHQVLW\�DQG�PRLVWXUH�RI�ZDVWH�RI�WKH�UHVWDXUDQWV�ZHUH KLJKHU�WKDQ�

WKDW�RI�PDUNHWV��VKRSV��DQG +3)��ZKLOH�WKH�KHDWLQJ�YDOXH�RI�ZDVWH�ZDV�YDULDEOH�LQ�WKH�

RSSRVLWH�GLUHFWLRQ��)XUWKHUPRUH��WKLV�VWXG\�DOVR�LQGLFDWHG�WKDW�KRPH�FRPSRVWLQJ�PRGHO�

ZDV�IHDVLEOH�WR�DSSOLFDWH�IRU�UHVWDXUDQW�ZDVWH�GXH�WR� WKH� IDYRXUDEOH FRQFHQWUDWLRQ�RI�

FDUERQ�DQG�QLWURJHQ�RI�ELRGHJUDGDEOH�ZDVWH�

��� 6:0�RI�WKH�KRWHOV�LQ�+$&�LQLWLDOO\�UHDSHG�TXLWH�SRVLWLYH�DFKLHYHPHQWV�ZLWK�WKH�UDWH�

RI�KRWHOV�WKDW�GHSOR\HG�6:0�SUDFWLFHV�ZHUH�����IRU�VRUWLQJ������IRU�UHF\FOLQJ������

IRU�UHGXFWLRQ�DQG������IRU�FRPSRVWLQJ��:KHUHE\��WKH�KLJKHU�WKH�VFDOH�RI�KRWHOV��WKH�

PRUH�DWWHQWLRQ�LQ�6:0�SUDFWLFHV��0RUHRYHU��WKH�SHUIRUPDQFH�RI�VRUWLQJ�SUDFWLFH�RI�WKH�

KRWHO�ZDV�SUHWW\�KLJK�IRU�FKHPLFDO�UHVLGXH�������IROORZHG�E\�JODVV����������WH[WLOH�

��������� PHWDO� ��������� 3(7� ERWWOH� DQG� JDUGHQ� ZDVWH� �������� H[FHSW� IRU� VRPH�

PLVFODVVLILFDWLRQV�IRU�SDSHU�DQG�FRPEXVWLEOH�ZDVWH��7KH�VLWXDWLRQ�RI�6:0�SUDFWLFHV�RI�

WKH�KRWHOV�ZDV�H[SODLQHG�E\�PDQ\�VXEMHFWLYH�DQG�REMHFWLYH�FDXVHV�E\�KRWHOLHUV�VXFK�DV�

XQIDYRULWH� ZDVWH� VWRULQJ�� ODFN� RI� 6:0� LQIRUPDWLRQ� DQG� VNLOOV�� RFFXS\LQJ� WKH�

VLJQLILFDQW�DUHD��WDNLQJ�PRUH�WLPH�DQG�ODERXUV��DQG�EHLQJ�XQVDQLWDU\�

��� :DVWH�PDQDJHPHQW�SUDFWLFHV�LQ�WKH�7$ RI�+$&�DUH�QRW�ZHOO�UHVSRQGHG�WR� H[FHSW�IRU�

WKH�KRXVHKROGV��UHVWDXUDQWV��DQG�KRWHOV��/RZ�UDWHV�DQG�LQHIILFLHQF\�LQ�ZDVWH�VHSDUDWLRQ�

SUDFWLFHV�DUH�MXVWLILHG�E\�D�VPDOO�GRZQWRZQ��RGRXU��DQG�ODFN�RI�QHFHVVLW\�GXH�WR�D�VPDOO�

ZDVWH� DPRXQW�� /RZ� UHF\FOLQJ� HIILFLHQF\� H[SODLQHG� E\� LQFRQYHQLHQFH LQ� VWRULQJ�

UHF\FODEOH�PDWHULDOV� DQG� ODFN� D� UHF\FOLQJ� FROOHFWLRQ� VHUYLFH�� ,Q� RUGHU� WR� GHYHORS� DQ�

HIILFLHQW�6:0 V\VWHP�LQ�WKH�7$��ZDVWH�VHJUHJDWLRQ�SUDFWLFHV�VKRXOG�EH�LPSURYHG��DQG�
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ZDVWH�UHF\FOLQJ�VKRXOG�EH�HQKDQFHG��7KHVH�SUDFWLFHV�SUHVHQW�VLJQLILFDQW�FKDOOHQJHV�IRU�

WKH�JRYHUQPHQW�

��� 7KH�RYHUORDG�RI�ZDVWH�LQ�VWUHHW�ELQV�DQG�GLVWHPSHU�ZDVWH FROOHFWLRQ�LQ�WKH�7$ RI�+$&�

DUH�WKH�XUJHQW�SUREOHPV�RI�WKH�6:0�V\VWHP�DQG�PD\�EH�FDXVHG�E\�WKH�LOOHJDO�WKURZ�RI�

ZDVWH� LQWR VWUHHW ELQV�E\�VKRSV�RZQHUV�DQG� LOOHJDO�FROOHFWLRQ RI� UHVWDXUDQW�ZDVWH�E\�

FDUWV��7KH�WDFLW�GHDO�LQ�WKLV�LOOHJDO�FROOHFWLRQ�EULQJV�VPDOO�LQFRPH�IRU�FROOHFWLRQ�FUHZV

EXW� FDXVHV� D� VLJQLILFDQW� ILQDQFLDO� ORVV� WR� WKH� 6:0 V\VWHP� ��������� \HDU���� DQG�

UHVWDXUDQWV� �������� UHVWDXUDQW���\HDU����� 7KLV JDS� LQ� WKH� 6:0 V\VWHP� LQ� +$&� DOVR�

VLJQLILHV�D�VLJQLILFDQW�FKDOOHQJH�IRU WKH�JRYHUQPHQW�WR�UHDFK�D�VXVWDLQDELOLW\�JRDO�LQ�WKH�

6:0�

��� 0L[LQJ�RI ZDVWH�DIWHU�VHSDUDWLRQ�FDXVHV�WKH�GHQLDO�RI�ZDVWH�VHJUHJDWLRQ�HIIRUW�DW�VRXUFH�

DQG�OHDGV�WR�WKH�GLVWUXVW�RI�UHVLGHQWV�DQG�WRXULVWV�WR�D�ZDVWH�PDQDJHPHQW�SURJUDP�LQ�WKH�

7$ RI�+$&�� ,QDSSURSULDWH�FROOHFWLRQ� WLPH�DQG PDQQHU��DQG�GLVVDWLVIDFWLRQ� LQ�ZDVWH�

FROOHFWLRQ�GHPDQGV�IURP�D�EXVLQHVV�VHFWRU�FDXVH�QRQ�FRRSHUDWLRQ�RI�VWDNHKROGHUV�DQG�

GLVUXSWLRQ�LQ�WKH�ZDVWH�FROOHFWLRQ�V\VWHP��7KXV��D�EDODQFH�LQ�ZDVWH�FROOHFWLRQ�GHPDQGV�

IURP�D�EXVLQHVV�VHFWRU�DQG�WLPHO\�UHVSRQVH�RI�WKH�FROOHFWLRQ V\VWHP�VKRXOG�EH�IRXQG��,W�

LV�DOVR�D�VXEVWDQWLDO�FKDOOHQJH�WKDW�WKH�ZDVWH FROOHFWLRQ�V\VWHP�FXUUHQWO\�IDFHV�

���� 7KH�LQHIILFLHQF\�RI�ZDVWH�WUHDWPHQW�SODQWV�DQG�WKH�RYHUORDG�RI�RSHQ�GXPSLQJ�VLWHV�LQ�

+$&�GXH�WR�WKH�XQVXLWDEOH�WHFKQRORJ\�RI�WUHDWPHQW�IDFLOLWLHV�DQG�WKH�XQIDYRUDELOLW\�RI�

ZDVWH�FKDUDFWHULVDWLRQ�DUH�WKH�VXEVWDQWLDO�SUREOHPV�IRU�WKH�6:0�V\VWHP��,PSURYHPHQW�

LQ�WKHVH�UHVWULFWLRQV�PD\�FDXVH�D�VLJQLILFDQW�FKDOOHQJH�IRU�WKH�JRYHUQPHQW�

7KH�JURZWK�RI�WKH�WRXULVP�LQGXVWU\�LV�HVVHQWLDO�IRU�WKH�VRFLR�HFRQRPLF�GHYHORSPHQW�RI�WKH�

FRXQWU\��+RZHYHU�� WKH� LQFUHDVH� LQ� WKH�ZDVWH�DPRXQW� IURP� WRXULVP�DFWLYLWLHV� LV� LQHYLWDEOH��

7KXV��WKH�VWXG\�RQ�ILQGLQJ�WKH�DSSURSULDWH�VROXWLRQV�WR�UHGXFH�WKH�SUREOHPV�DQG�HQKDQFH�WKH�

SHUIRUPDQFH�RI�6:0�SUDFWLFH�DW�VRXUFH�LV�DQ�XUJHQW�WDVN�
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�����5HIHUHQFH

$ELOD�� %��� .DQWROD�� -��� ������ 3URSRVHG� VROXWLRQV� LQ� PXQLFLSDO� VROLG�ZDVWH� PDQDJHPHQW��
,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQW�DQG�:DVWH�0DQDJHPHQW��������±����

$OZDHOL��0���������$Q�RYHUYLHZ�RI�PXQLFLSDO�VROLG�ZDVWH�PDQDJHPHQW�LQ�3RODQG��7KH�FXUUHQW�
VLWXDWLRQ��SUREOHPV�DQG�FKDOOHQJHV��(QYLURQPHQW�3URWHFWLRQ�(QJLQHHULQJ����

$670� ,QWHUQDWLRQDO� '��������� ������ 6WDQGDUG� 7HVW� 0HWKRG� IRU� 'HWHUPLQDWLRQ� RI� WKH�
&RPSRVLWLRQ�RI�8QSURFHVVHG�0XQLFLSDO�6ROLG�:DVWH�

$\LD�.RL��$���6DFNOH�6DFNH\��$���������&DSDFLW\�0DQDJHPHQW�,VVXHV�LQ�WKH�+RWHO�,QGXVWU\�RI�
&DSH�&RDVW�0HWURSROLV��-RXUQDO�RI�7RXULVW� +RVSLWDOLW\�DQG�6SRUWV������±��

%DOO��6���7DOHE��0�$���������%HQFKPDUNLQJ�ZDVWH�GLVSRVDO� LQ� WKH�(J\SWLDQ�KRWHO� LQGXVWU\��
7RXULVP�DQG�+RVSLWDOLW\�5HVHDUFK������±����KWWSV���GRL�RUJ���������WKU��������

%RKGDQRZLF]��3���������(XURSHDQ�+RWHOLHUV¶�(QYLURQPHQWDO�$WWLWXGHV��*UHHQLQJ�WKH�%XVLQHVV��
&RUQHOO� +RWHO� DQG� 5HVWDXUDQW� $GPLQLVWUDWLRQ� 4XDUWHUO\� ���� ���±�����
KWWSV���GRL�RUJ�������������������������

%\HU�� 3�+��� +RDQJ�� &�3��� 1JX\HQ�� 7�7�7��� &KRSUD�� 6��� 0DFODUHQ�� 9��� +DLJKW�� 0��� ������
+RXVHKROG��KRWHO�DQG�PDUNHW ZDVWH�DXGLWV� IRU�FRPSRVWLQJ� LQ�9LHWQDP�DQG�/DRV��:DVWH�
0DQDJHPHQW�	�5HVHDUFK��������±�����KWWSV���GRL�RUJ����������������;��������

&KDQ��:�:���/DP��-���������(QYLURQPHQWDO�DFFRXQWLQJ�RI�PXQLFLSDO�VROLG�ZDVWH�RULJLQDWLQJ�
IURP�URRPV�DQG�UHVWDXUDQWV� LQ� WKH�+RQJ�.RQJ�KRWHO� LQGXVWU\��-RXUQDO�RI�+RVSLWDOLW\�	�
7RXULVP�5HVHDUFK��������±����

&KHQ��0�&���5XLMV��$���:HVVHOHU��-���������6ROLG�ZDVWH�PDQDJHPHQW�RQ�VPDOO�LVODQGV��WKH�FDVH�
RI� *UHHQ� ,VODQG�� 7DLZDQ�� 5HVRXUFHV�� &RQVHUYDWLRQ� DQG� 5HF\FOLQJ� ���� ��±����
KWWSV���GRL�RUJ���������M�UHVFRQUHF������������

&KULVWHQVHQ��7�+���������6ROLG�ZDVWH� WHFKQRORJ\�	�PDQDJHPHQW��:LOH\��&KLFKHVWHU��:HVW�
6XVVH[��8�.�ௗ��+RERNHQ��1�-�

&XPPLQJV��/�(���������+RVSLWDOLW\�VROLG�ZDVWH�PLQLPL]DWLRQ��$�JOREDO�IUDPH��,QWHUQDWLRQDO�
-RXUQDO�RI�+RVSLWDOLW\�0DQDJHPHQW��������±����

'DQLHO�+RRUQZHJ��3HULQD]�%KDGD�7DWD�� ������:KDW� D�:DVWH� � $�*OREDO�5HYLHZ�RI�6ROLG�
:DVWH�0DQDJHPHQW��:RUOG�%DQN�

'LQK��3����*LDQJ��+�0���6RQJ�7RDQ��3����7DNHVKL��)���������.LQHWLFV�RI�FDUERQ�GLR[LGH��PHWKDQH�
DQG� K\GURO\VLV� LQ� FR�GLJHVWLRQ� RI� IRRG� DQG� YHJHWDEOH� ZDVWH�� *OREDO� -�� (QYLURQ�� 6FL��
0DQDJH�������±�����KWWSV���GRL�RUJ����������JMHVP�����������

(GPXQGR�0XILR]��5�1���������:DVWH�PDQDJHPHQW�LQ�WRXULVWLF�UHJLRQV��:DVWH�0DQDJ�5HV�����
���±�����KWWSV���GRL�RUJ����������������;��������

(]HDK�� &��� )D]DNHUOH\�� -��� %\UQH��7��� ������7RXULVP�:DVWH�0DQDJHPHQW� LQ� WKH� (XURSHDQ�
8QLRQ��/HVVRQV�/HDUQHG�IURP�)RXU�3RSXODU�(8�7RXULVW�'HVWLQDWLRQV��$PHULFDQ�-RXUQDO�RI�
&OLPDWH�&KDQJH��������±�����KWWSV���GRL�RUJ���������DMFF�����������



��

*LDQJ�� +�0��� 7DNHVKL�� )��� 6RQJ� 7RDQ�� 3�3��� ����D�� 0XQLFLSDO� :DVWH� *HQHUDWLRQ� DQG�
&RPSRVLWLRQ�,Q�$�7RXULVW�&LW\�� +RL�$Q��9LHWQDP��-RXUQDO�RI�-6&(�������±����

*LDQJ�� +�0��� 7DNHVKL�� )��� 6RQJ� 7RDQ�� 3�3��� .LP� 7KDL�� 1�7��� ����E�� 3UHGLFWLQJ� ZDVWH�
JHQHUDWLRQ�XVLQJ�%D\HVLDQ�PRGHO�DYHUDJLQJ��*OREDO�-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�
0DQDJHPHQW�������±�����KWWSV���GRL�RUJ����������JMHVP��������������

*LGDUDNRV�� (��� +DYDV�� *��� 1W]DPLOLV�� 3��� ������ 0XQLFLSDO� VROLG� ZDVWH� FRPSRVLWLRQ�
GHWHUPLQDWLRQ�VXSSRUWLQJ�WKH�LQWHJUDWHG VROLG�ZDVWH�PDQDJHPHQW�V\VWHP�LQ�WKH�LVODQG�RI�
&UHWH��:DVWH�0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������M�ZDVPDQ������������

*UDFL�� 6��� 'RGGV�� 5��� ������ :K\� *R� *UHHQ"� 7KH� %XVLQHVV� &DVH� IRU� (QYLURQPHQWDO�
&RPPLWPHQW� LQ� WKH� &DQDGLDQ� +RWHO� ,QGXVWU\�� ,QWHUQDWLRQDO� -RXUQDO� RI� 7RXULVP� DQG�
+RVSLWDOLW\�5HVHDUFK��������±�����KWWSV���GRL�RUJ������������������������������

+XQJ��:��7���6KDQJ�� -��.���:DQJ��)��&���������3ULFLQJ�GHWHUPLQDQWV� LQ� WKH�KRWHO� LQGXVWU\��
4XDQWLOH�UHJUHVVLRQ�DQDO\VLV��,QWHUQDWLRQDO�-RXUQDO�RI�+RVSLWDOLW\�0DQDJHPHQW��������±
�����KWWSV���GRL�RUJ���������M�LMKP������������

-RQDWKDQ�� )�.���� 7RZQVHQG�� -�0��� ������ )ORULGD¶V� 3LORW� +RWHO�0RWHO� 5HF\FOLQJ� 3URMHFW��
8QLYHUVLW\�RI�)ORULGD�

.DULP� =HLQ�� 0DMGRXODLQH� 6HPODOL�:D]QHU�� *UpJRLUH� 0H\ODQ�� ������ %HVW� (QYLURQPHQWDO�
3UDFWLFHV�IRU�WKH�+RWHO�,QGXVWU\��6XVWDLQDEOH�%XVLQHVV�$VVRFLDWHV�

.LUN��'���������(QYLURQPHQWDO�PDQDJHPHQW�LQ�KRWHOV��,QWHUQDWLRQDO�MRXUQDO�RI�FRQWHPSRUDU\�
KRVSLWDOLW\�PDQDJHPHQW�����±���KWWSV���GRL�RUJ��������������������������

/RVDQZH��,���������(QYLURQPHQWDOO\�)ULHQGO\�/X[XU\�+RWHO��FDVH��*UDQG�3DODFH�+RWHO��5LJD��
/DWYLD�

0D/LN��6���.XPDU��6���������0DQDJHPHQW�RI�KRWHO�ZDVWH��$�FDVH�VWXG\�RI�VPDOO�KRWHOV�RI�
+DU\DQD�6WDWH��-RXUQDO�RI�(FRQRPLF�DQG�0DQDJHPHQW������±���

0DWHX�6EHUW�� -��� 5LFFL�&DEHOOR�� ,���9LOODORQJD�2OLYHV�� (��� &DEH]D�,ULJR\HQ�� (��� ������ 7KH�
LPSDFW� RI� WRXULVP� RQ� PXQLFLSDO� VROLG� ZDVWH� JHQHUDWLRQ�� 7KH� FDVH� RI� 0HQRUFD� ,VODQG�
�6SDLQ��� :DVWH� 0DQDJHPHQW� ���� ����±������
KWWSV���GRL�RUJ���������M�ZDVPDQ������������

0DWVXL��<���7UDQJ��'�7�7���7KDQK��1�3���������(VWLPDWLRQ�RI�:DVWH�*HQHUDWLRQ�DQG�5HF\FOLQJ�
3RWHQWLDO� IURP� 7UDGLWLRQDO� 0DUNHW�� $� &DVH� 6WXG\� LQ� +XH� &LW\�� 9LHWQDP�� -RXUQDO� RI�
(QYLURQPHQWDO�3URWHFWLRQ��������±�����KWWSV���GRL�RUJ���������MHS�����������

0LODQH]��%�� +DUJUDYH��-���/XHGHPDQQ��*���������8UEDQ�HQYLURQPHQWDO�VHUYLFHV��YDOXLQJ�WKH�
HQYLURQPHQWDO� EHQHILWV� RI� VROLG� ZDVWH� UHF\FOLQJ� LQ� %UD]LO�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(QYLURQPHQW�DQG�:DVWH�0DQDJHPHQW�������±���

0RQJWRHXQ�� <��� 7DNHVKL�� )��� 6RXU�� 6��� ������ &XUUHQW� VWDWXV� RI� FRPPHUFLDO� VROLG� ZDVWH�
JHQHUDWLRQ�� FRPSRVLWLRQ� DQG�PDQDJHPHQW� LQ� 3KQRP� 3HQK� FLW\�� &DPERGLD�� -RXUQDO� RI�
(QYLURQPHQWDO�DQG�:DVWH�0DQDJHPHQW������±���
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0XUDYD�� ,��� .RUREHLQ\NRYD�� <��� ������ 7KH�$QDO\VLV� 2I� 7KH� :DVWH� 3UREOHP� ,Q� 7RXULVW�
'HVWLQDWLRQV�2Q�7KH�([DPSOH�2I�&DUSDWKLDQ�5HJLRQ�,Q�8NUDLQH��-RXUQDO�RI�(FRORJLFDO�
(QJLQHHULQJ�������±����KWWSV���GRL�RUJ������������������������

1RUQDGLDK�0RKG�5D]DOL��<�%�:���������3RZHU�FRPSDULVRQV�RI�6KDSLUR�:LON��.ROPRJRURY�
6PLUQRY�� /LOOLHIRUV� DQG� $QGHUVRQ�'DUOLQJ� WHVWV�� -RXUQDO� RI� 6WDWLVWLFDO� 0RGHOLQJ� DQG�
$QDO\WLFV������±���

2PLGLDQL��$���6��0RKVHQ��+����������:DVWH�0DQDJHPHQW�LQ�+RWHO�,QGXVWU\�LQ�,QGLD��$�5HYLHZ��
,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWLILF�DQG�5HVHDUFK�3XEOLFDWLRQV�������±����

2WRPD��6���+RDQJ��+���+RQJ��+���0L\D]DNL��,���'LD]��5���������$�VXUYH\�RQ�PXQLFLSDO�VROLG�
ZDVWH�DQG�UHVLGHQWV¶�DZDUHQHVV�LQ�'D�1DQJ�FLW\��9LHWQDP��-RXUQDO�RI�0DWHULDO�&\FOHV�DQG�
:DVWH�0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������V����������������

3KDP�9DQ��'���+RDQJ��0�*���3KDP�3KX��6�7���)XMLZDUD��7���������$�QHZ�NLQHWLF�PRGHO�IRU�
ELRJDV�SURGXFWLRQ� IURP�FR�GLJHVWLRQ�E\�EDWFK�PRGH��*OREDO� -RXUQDO� RI�(QYLURQPHQWDO�
6FLHQFH�DQG�0DQDJHPHQW�������±�����KWWSV���GRL�RUJ����������JMHVP������������

3LUDQL��6�,���$UDIDW��+�$���������6ROLG�ZDVWH�PDQDJHPHQW�LQ�WKH�KRVSLWDOLW\�LQGXVWU\��$�UHYLHZ��
-RXUQDO� RI� (QYLURQPHQWDO� 0DQDJHPHQW� ����� ���±�����
KWWSV���GRL�RUJ���������M�MHQYPDQ������������

4XDQJ�1DP�3URYLQFH��������5HJXODWLRQ�RI�ZDVWH�FROOHFWLRQ�IHH�LQ�4XDQJ�1DP�SURYLQFH�

6KDPVKLU\��(���1DGL��%���%LQ�0RNKWDU��0���.RPRR��,���6DDGLDK�+DVKLP��+���<DKD\D��1���������
,QWHJUDWHG�0RGHOV�IRU�6ROLG�:DVWH�0DQDJHPHQW�LQ�7RXULVP�������������������������������5HJLRQV��
/DQJNDZL� ,VODQG�� 0DOD\VLD�� -� (QYLURQ� 3XEOLF� +HDOWK� ������
KWWSV���GRL�RUJ��������������������

6KDUPD�� 5��� ������ (YDOXDWLQJ� WRWDO� FDUU\LQJ� FDSDFLW\� RI� WRXULVP� XVLQJ� LPSDFW� LQGLFDWRUV��
*OREDO� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH� DQG� 0DQDJHPHQW� ��� ���±�����
KWWSV���GRL�RUJ���������JMHVP������������

6RQJ�7RDQ��3�3���)XMLZDUD��7���'LQK��3�9���+RD��.�7�������D��:DVWH�5HF\FOLQJ�6\VWHP�IRU�D�
7RXULVP�&LW\�LQ�9LHWQDP��6LWXDWLRQ�DQG�6XVWDLQDEOH�6WUDWHJ\�$SSURDFK�± &DVH�6WXG\�LQ�
+RL�$Q�&LW\��9LHWQDP�� ,23�&RQIHUHQFH�6HULHV�� (DUWK� DQG�(QYLURQPHQWDO� 6FLHQFH� �����
���±�����KWWSV���GRL�RUJ�������������������������������

6RQJ�7RDQ��3�3���0LQK�*LDQJ��+���7DNHVKL��)�������E��$QDO\]LQJ�VROLG�ZDVWH�PDQDJHPHQW�
SUDFWLFHV� IRU� WKH� KRWHO� LQGXVWU\�� *OREDO� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH� DQG�
0DQDJHPHQW������±����KWWSV���GRL�RUJ����������JMHVP���������������

6RQJ�7RDQ��3�3���7DNHVKL� )���'LQK��3�9���+RD��.�7�������F��:DVWH�5HF\FOLQJ�6\VWHP�IRU�D�
7RXULVP�&LW\�LQ�9LHWQDP��6LWXDWLRQ�DQG�6XVWDLQDEOH�6WUDWHJ\�$SSURDFK�� &DVH�6WXG\�LQ�
+RL�$Q�&LW\��9LHWQDP�� ,23�&RQI�� 6HULHV�� (DUWK� DQG� (QYLURQPHQWDO� 6FLHQFH� ����� �±���
KWWSV���GRL�RUJ��������������������������

6XRPL��5���6HUNNROD��$���.RUKRQHQ��3���������0RQLWRULQJ�LQGLFDWRUV�IRU�VRXUFH�VHJUHJDWLRQ�LQ�
PXQLFLSDO� VROLG� ZDVWH� PDQDJHPHQW�� ,QWHUQDWLRQDO� -RXUQDO� RI� (QYLURQPHQW� DQG�:DVWH�



��

0DQDJHPHQW��������±����

7DQJ��-���������$�FDVH�VWXG\�RI�D�KRWHO�VROLG�ZDVWH�PDQDJHPHQW�SURJUDP�LQ�%DOL��,QGRQHVLD�
�0DVWHU���8QLYHUVLW\�RI�:DWHUORR��&DQDGD�

7UXQJ�� '�1��� .XPDU�� 6��� ������ 5HVRXUFH� XVH� DQG� ZDVWH� PDQDJHPHQW� LQ� 9LHWQDP� KRWHO�
LQGXVWU\�� -RXUQDO� RI� &OHDQHU� 3URGXFWLRQ� ���� ���±�����
KWWSV���GRL�RUJ���������M�MFOHSUR������������

9RQ� %HUWUDE�� $��� +HUQiQGH]�� -�'��� 0DFKW�� $��� 5RGUtJXH]�� 0��� ������ 3XEOLF�3ULYDWH�
3DUWQHUVKLSV�DV�D�0HDQV�WR�&RQVROLGDWH�,QWHJUDWHG�6ROLG�:DVWH�0DQDJHPHQW�,QLWLDWLYHV�LQ�
7RXULVP�'HVWLQDWLRQV��7KH�&DVH� RI� WKH�0H[LFDQ�&DULEEHDQ�� ,QWHUQDWLRQDO� 6ROLG�:DVWH�
$VVRFLDWRQ�

:RQJ��.�.�)���.LP��6���������([SORULQJ�WKH�'LIIHUHQFHV�LQ�+RWHO�*XHVWV¶�:LOOLQJQHVV�WR�3D\�
IRU�+RWHO�5RRPV�:LWK�'LIIHUHQW�9LHZV��,QWHUQDWLRQDO�-RXUQDO�RI�+RVSLWDOLW\�	�7RXULVP�
$GPLQLVWUDWLRQ�������±����KWWSV���GRL�RUJ�����������������������������
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&KDSWHU��

7KH�RSWLPDO�VROXWLRQV�WR�VROLG�ZDVWH�PDQDJHPHQW SUDFWLFH�IRU�WKH�WRXULVP�
LQGXVWU\�DQG�RULHQWHG�SODQQLQJ�WRZDUGV�VXVWDLQDELOLW\

7KH�FXUUHQW�VWDWXV��SUREOHPV�DQG�FKDOOHQJHV�RI�WKH�6:0�V\VWHP�LQ�WKH�WRXULVP�LQGXVWU\�

LQ�+$&�DUH�SUHVHQWHG� LQ�&KDSWHU����:KHUHE\�� WKH� UDSLG� LQFUHDVH�RI�PXQLFLSDO�ZDVWH�� WKH�

RYHUORDG�RI�ZDVWH�LQ�WKH�WRXULVP�DUHD��7$���WKH�GLVUXSWLRQ�RI�WKH�ZDVWH�FROOHFWLRQ�V\VWHP�DQG�

WKH�LQHIILFLHQW�LQ�WKH�ZDVWH�WUHDWPHQW�SURFHVV�DUH�WKH�VSHFLILF�SUREOHPV�RI�WKH�WRXULVP�6:0�

V\VWHP��7KHVH�SUREOHPV�DUH�FDXVHG�E\�WKH�QRQ�SHUIRUPDQFH�RI�6:0�SUDFWLFH�DW�VRXUFH�WR�

WKH�HQG�RI�WKH�ZDVWH�IORZ��7KXV��LPSURYHPHQW�RI�6:0�SUDFWLFH�LV�FRQVLGHUHG�DV�D�UDGLFDO�

VROXWLRQ�WR�VROYH�WKHVH�SUREOHPV��,Q�ZKLFK��HQKDQFHPHQW�RI�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�WKDW�

LV� D�SULRULW\�� ,W�PD\�SURYLGH�KRPRJHQRXV�PDWHULDO� IRU� FRPSRVWLQJ�DQG�REWDLQV� WKH�KLJKHU�

FDORULILF�YDOXH�RI�ZDVWH�IRU�LQFLQHUDWLRQ��7KLV�ZRXOG�DOVR�KHOS�PLQLPLVH�WKH�DPRXQW�RI�ZDVWH�

WUDQVSRUWHG�WR�WKH�GXPSLQJ�VLWH��)RU�PXQLFLSDO�6:0��ZKLFK�HQFRPSDVVHV�WKH�IXQFWLRQV�RI�

FROOHFWLRQ��WUDQVIHU��WUHDWPHQW��UHF\FOLQJ��UHVRXUFH�UHFRYHU\�DQG�GLVSRVDO�RI�PXQLFLSDO�VROLG�

ZDVWH�� WKHVH� SUREOHPV VKRXOG� EH� DGGUHVVHG� V\QFKURQRXVO\�� LQ� ZKLFK� WKH� SULPDU\ ZDVWH�

VRXUFHV�RI�WRXULVP�ZDVWH�DQG�KRWHO�ZDVWH�VKRXOG�EH�FRQVLGHUHG XUJHQWO\��

)RU� WKH� DFFRPPRGDWLRQ� EXVLQHVV� �$%���&KDSWHU� � LQGLFDWHG� WKDW� KRWHO� ZDVWH� SUHVHQWV�

IDYRXUDEOH�FRQGLWLRQV�IRU�LPSURYLQJ�UHF\FOLQJ�SUDFWLFHV�DQG�GHYHORSLQJ�VXVWDLQDEOH�6:0��

0DLQO\��������RI�KRWHO�ZDVWH�ZDV D�UHF\FODEOH DQG�FRPSRVWDEOH�ZDVWH��$OVR��WKH�VWDWXV�RI�

:03� LQ� KRWHOV� ZDV SRVLWLYH�� ZLWK� ���� FRQGXFWLQJ� VRXUFH�VHSDUDWLRQ�� ���� FRQGXFWLQJ�

UHF\FOLQJ��DQG������FRQGXFWLQJ�KRPH�FRPSRVWLQJ��6RQJ�7RDQ�HW�DO�������E��7RDQ�HW�DO����������

+RZHYHU� WKHUH�DUH�PDQ\�EDUULHUV��ZKLFK�PDLQO\� LQFOXGH� LQWHUQDO�VXEMHFWLYH�DQG�REMHFWLYH�

YLHZV�RI�WKH�KRWHOV�DJDLQVW�:03��1RWDEO\��D�VLJQLILFDQW�SHUFHQWDJH�RI�KRWHOLHUV�VDLG�WKDW�WKH\�

GLVOLNH�VWRULQJ�ZDVWH�������DQG�KDG�D�ODFN�RI�LQIRUPDWLRQ�DQG�VNLOOV��������2WKHU�KRWHOLHUV�

WKRXJKW� WKDW� ZDVWH� UHF\FOLQJ� RFFXSLHG� D� VLJQLILFDQW� DUHD� ������� ZDV� WLPH� DQG� ODERXU�

FRQVXPLQJ��������DQG�ZDV�XQVDQLWDU\��������6RQJ�7RDQ�HW�DO�������E���+HQFH��VROXWLRQV�IRU

HQKDQFLQJ�DZDUHQHVV�DQG�PRWLYDWLRQ�DERXW�:03�IRU�WKH�KRWHOLHUV�VKRXOG�EH�FRQVLGHUHG��7KLV�

FKDSWHU�ZLOO�DQDO\VH�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�DQG�WKH�SRWHQWLDO�IRU�UHF\FOLQJ�LQ�WKH�KRWHO�
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LQGXVWU\��$OVR��WKH�PLFUR�EHQHILWV�WR�WKH�KRWHOV�ZLOO�EH�HYDOXDWHG WR�LPSURYH�WKH�FXUUHQW�ZDVWH�

VHSDUDWLRQ�SUDFWLFHV�DQG�UHF\FOLQJ�PRWLYDWLRQ�RI�WKH�KRWHOLHUV�

,Q�DGGLWLRQ��WKH�7$�LQ�WKH�FHQWUH�RI�WKH�FLW\��)LJXUH������LV�DQ�DQFLHQW�WRZQ�IRU�VLJKWVHHLQJ�

DQG�VKRSSLQJ�RI�WRXULVWV�FRQWDLQV�D�GHQVHO\�SRSXODWHG�DUHD�DQG EXVWOLQJ�FRPPHUFLDO�DFWLYLWLHV��

7KH�7$�ZHOFRPHV�DURXQG�������WRXULVWV�SHU�GD\�DQG�GDLO\�JHQHUDWHV�DERXW�������WRQV�RI�ZDVWH�

WKDW�LV�WKH�PRVW�VHYHUH�SUREOHP�RI�ZDVWH�PDQDJHPHQW�RI�+$&��$OVR��WKH�6:0�V\VWHP�LQ�WKH�

7$�LV�GHDOLQJ�ZLWK�PDQ\�GLIILFXOWLHV��EDUULHUV�DQG�REVWDFOHV��1RWDEO\��D�ODUJH�DPRXQW�RI�ZDVWH�

JHQHUDWHG�GDLO\�LQ�D�VPDOO�DUHD�LQ�GRZQWRZQ�ZLWK�WKH�UHVWULFWLRQV�RQ�ZDVWH�FROOHFWLRQ�IDFLOLWLHV�

DQG� OLPLWDWLRQV� RQ�ZDVWH� FROOHFWLRQ� WLPH�SUHVHQWV� VXEVWDQWLDO� FKDOOHQJHV� WR�PDQDJH�ZDVWH�

IURP�WKH�7$��)XUWKHUPRUH��6:0�SUDFWLFHV�LQ�WKH�7$�DUH�QRW�ZHOO�UHVSRQGHG�E\�UHVLGHQWV�DQG�

FRPPHUFLDO�VHFWRUV��/RZ�UDWH�DQG�LQHIILFLHQF\�LQ�ZDVWH�VHJUHJDWLRQ�DW�VRXUFH�FDXVH�FHUWDLQ�

EDUULHUV� WR�UHF\FOLQJ�DQG�WUHDWPHQW��7KH�RYHUORDG�RI�ZDVWH�LQ�VWUHHW�ELQV�DQG�GLVUXSWLRQ�WR�

ZDVWH�FROOHFWLRQ�DFWLYLWLHV�DUH�WKH�XUJHQW�SUREOHPV�RI�WKH�6:0�V\VWHP�LQ�WKH�7$�WKDW�PD\�EH�

FDXVHG�E\�WKH�LOOHJDO�WKURZ�RI�ZDVWH�LQWR�VWUHHW�ELQV�E\�VKRSV�RZQHUV�DQG�LOOHJDO�FROOHFWLRQ�RI�

UHVWDXUDQW�ZDVWH�E\�FDUWV��7KH�WDFLW�GHDO�LQ�WKLV�LOOHJDO�FROOHFWLRQ�FDXVHV�D�VLJQLILFDQW�ILQDQFLDO�

ORVV�WR�WKH�6:0�V\VWHP��HVWLPDWHG�E\���������\HDU��

)LJXUH����� 7KH�ORFDWLRQ�RI�WKH�WRXULVW�DUHD�LQ�+RL�$Q�&LW\
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*HQHUDOO\�� ZDVWH� PDQDJHPHQW� SUDFWLFHV� DW� VRXUFH� KDYH� QRW� FRQVLGHUHG� LQVWHDG� RI�

LQFUHDVLQJ�WKH�UDWH�RI�ZDVWH�FROOHFWHG�WR�ODQGILOO��(VSHFLDOO\��UHOHDVLQJ�ZDVWH�RXW�RI�WKH�7$�LV�

DOZD\V�WKH�SULRULW\��,Q�+$&��ZDVWH�VHSDUDWLRQ�DW�VRXUFH�KDV�LPSOHPHQWHG�VLQFH�������EXW�LWV�

HIILFLHQF\�LV�VWLOO�ORZ��:DVWH�LV�UHTXLUHG�WR�VRUW�LQWR�WZR�W\SHV�VXFK�DV�ELRZDVWH��NLWFKHQ�ZDVWH��

JDUGHQ�ZDVWH��DQG�WLVVXH�SDSHU��DQG�QRQ�ELR ZDVWH��DQG�FROOHFWHG�VHSDUDWHO\�E\�D�GLIIHUHQW�

VFKHGXOH��7KH�ELRZDVWH�LV�FROOHFWHG�IRXU�WLPHV�SHU�ZHHN�RQ�0RQGD\��:HGQHVGD\��)ULGD\��DQG�

6XQGD\��ZKLOH�WKH�UHPDLQLQJ�GD\V�RI�WKH�ZHHN�DUH�IRU�FROOHFWLQJ�QRQ�ELR�ZDVWH��6WRULQJ�ZDVWH�

DW� VRXUFH�GXH� WR� WKH�FROOHFWLRQ�VFKHGXOH�KDV�EURXJKW�PDQ\� LQFRQYHQLHQFHV� WR�FRPPHUFLDO�

DFWLYLWLHV�LQ�WKH�VPDOO�DUHD�LQ�GRZQWRZQ��7KHUHIRUH��WKH�LOOHJDO�FROOHFWLRQ�DQG�GLVUXSWLRQ�LQ�

RSHUDWLQJ�ZDVWH�PDQDJHPHQW�V\VWHP�PD\�EH�WKH�LQHYLWDEOH�UHVXOWV�RI�DQ�6:0�PRGHO�ZLWKRXW�

WKH�IDFWRU�³VRFLDO�DFFHSWDQFH´�

8QGHQLDEO\��WKH�OHYHO�RI�VDQLWDWLRQ�LQ�WKH�7$�PD\�VLJQLILFDQWO\�LPSDFW�WRXULVP DQG�WKH�

GHYHORSPHQW�RI�WKH�WRXULVP�LQGXVWU\�LQ�WKH�ORQJ�WHUP��7KH�HIILFLHQF\�RI�WKH�6:0�V\VWHP�LQ�

WKH�7$�DOVR�VXEVWDQWLDOO\�DIIHFW�WKH�LQWHJUDWHG�PXQLFLSDO�6:0�V\VWHP�RI�+$&��+HQFH��WKH�

HQKDQFHPHQW�RI�WKH�6:0�V\VWHP�LQ�WKH�7$�LV�QHFHVVDU\�DQG�XUJHQW�WDVNV��7KLV�FKDSWHU�DLPV�

WR�HVWDEOLVK�DQ�RSWLPDO�PRGHO�RI�WKH�6:0�V\VWHP�LQ�WKH�7$�WR�UHGXFH�LWV�REVWDFOHV��EDUULHUV��

DQG�SUREOHPV��7KH�UHVXOWV�RI�WKLV�VWXG\�PD\�FRQWULEXWH�WR�HQKDQFH�WKH�HIILFLHQF\�RI�PXQLFLSDO�

6:0� V\VWHP� RI�+$&�� DOVR� VXSSRUW� ORFDO� JRYHUQPHQW� LQ� WKH� GHFLVLRQ�PDNLQJ� SURFHVV� RI�

6:0�VWUDWHJLHV�WRZDUG�VXVWDLQDELOLW\�

����� 0LQLPLVLQJ� ZDVWH� JHQHUDWLRQ� IURP� DFFRPPRGDWLRQ� EXVLQHVV� E\� HQKDQFLQJ�
VHSDUDWLRQ�SUDFWLFH�DQG�RSWLPLVLQJ�UHF\FOLQJ�DFWLYLWLHV

�������,GHQWLILFDWLRQ�RI�IDFWRUV�WKDW�GULYH�UHF\FOLQJ�SUDFWLFHV

7KH�FRPSDULVRQ�PDWUL[��7DEOH������VKRZV�WKH�UHODWLYH�SULRULWLHV�IRU�53(��7KH�UHVXOWV�RI�WKH�

$+3�LQGLFDWHG�WKDW�:03��33��DQG�(%2�ZHUH�WKH�WKUHH�VWURQJHVW�HVVHQWLDO IDFWRUV�WR�53(��

ZLWK�ZHLJKWHG�SHUFHQWDJHV�RI�����������������DQG���������UHVSHFWLYHO\�� LQ�ZKLFK�:03�

ZDV�WKH�KLJKHVW�SULRULW\�FRQFHUQLQJ 53(��$OVR��(,0�FRQWULEXWHG�WR��������RI�WKH�GHFLVLRQ�

PDNLQJ SURFHVV�IRU�53(�IRU�WKH�KRWHO�LQGXVWU\��7KH�&5�RI�WKLV�WHVW ZDV�������OHVV�WKDQ������

VR�WKH�MXGJPHQWV�PDWUL[�ZDV�FRQVLGHUHG�UHDVRQDEO\�FRQVLVWHQW��
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7DEOH������3DLUHG�FRPSDULVRQ�PDWUL[�RI�SULRULWLHV�IRU�UHF\FOLQJ�SUDFWLFH�HIILFLHQF\
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7KH�LPSRUWDQFH�RI�VXE�FULWHULD�LQ�UHODWLRQ�WR WKH�FULWHULD�ZDV�LGHQWLILHG E\�WKH�ZHLJKWV�RI�

WKH� VHFRQGDU\� FULWHULD� LQ�)LJXUH� �����5HJDUGLQJ�:03�� VHJUHJDWLRQ� SUDFWLFH�ZDV� WKH�PRVW�

LPSRUWDQW IDFWRU� ZLWK� WKH� KLJKHVW� ZHLJKWHG� SHUFHQWDJH� RI� ������� IROORZHG� E\� UHF\FOLQJ�

SUDFWLFH�DQG�FRPSRVWLQJ�SUDFWLFH�ZLWK�ZHLJKWHG�SHUFHQWDJHV�RI�����DQG��������UHVSHFWLYHO\��

7KLV VKRZV�WKH�QHFHVVLW\�DQG�LPSRUWDQFH�RI�VRUWLQJ�ZDVWH�DQG�WKH�KLJK�SULRULW\�RI�VHSDUDWLRQ�

IRU� LPSURYLQJ� UHF\FOLQJ� SUDFWLFHV�� %HVLGHV�� ZDVWH� PDQDJHPHQW� H[SHUWV� VXJJHVWHG� WKDW�

SURPXOJDWLRQ�RI�WKH�UHJXODWLRQ�������DQG�LQWHQVLILFDWLRQ�RI�HQFRXUDJHPHQW���������VKRXOG�

EH�SULRULWLVHG�IRU�SURPXOJDWLQJ�ZDVWH�UHJXODWLRQ�WRZDUGV�53(��:KLOH�ZDVWH�UHJXODWLRQ�FDQ�

EH� JUDGXDOO\� SURPXOJDWHG E\� WKH� JRYHUQPHQW�� :03� VKRXOG� DOVR� EH� HQFRXUDJHG� E\�

UHFRJQLVLQJ� WKH� HIIRUWV� RI� KRWHOLHUV� WKURXJK� ³*UHHQ� +RWHOV� $ZDUG´� FHUWLILFDWHV� RU� E\�

DGPLVVLRQ� WR� WKH� ³*UHHQ�+RWHO�$VVRFLDWLRQ´��/LNHZLVH�� WKH� HFRQRPLF� EHQHILW� WR� WKH� KRWHO�

VHFWRUV��(+6��ZDV�WKH�VXE�FULWHULD�ZLWK�WKH�KLJKHVW�SULRULW\��ZLWK�D�����ZHLJKWHG�SHUFHQWDJH�

LQ�(%2�FULWHULD��(+6�LV�H[SHFWHG�WR�EH�D�VLJQLILFDQW�PRWLYDWLRQ�IRU�WKH�KRWHOLHUV�WR�HQKDQFH�

UHF\FOLQJ�SUDFWLFHV��7KXV��:03��WKH�SURPXOJDWLRQ�RI�WKH�UHJXODWLRQ��DQG (%2�DUH�LPSRUWDQW

FULWHULD�WKDW�SOD\�D�VLJQLILFDQW UROH�LQ�WKH GHYHORSPHQW�RI�53(��

$OWKRXJK�6&,�DQG�')5�KDG�ORZ�ZHLJKWHG�SHUFHQWDJHV� WKH\�PD\�VLJQLILFDQWO\�FRQWULEXWH�

WR�LPSURYLQJ WKH�UHF\FOLQJ�V\VWHP�RI�+$&��,Q�WHUP�RI�D�PDFUR�YLHZ��*+*�HPLVVLRQV�VKRXOG�

EH�HVWLPDWHG��DQG�UHF\FOLQJ IDFLOLWLHV�VKRXOG�EH�FRQVLGHUHG IRU�LQYHVWPHQW��$OVR��WKH�VXSSRUW�

RI�VWDNHKROGHUV��VXFK�DV�EXVLQHVV�VHFWRUV��WKH�JRYHUQPHQW��DQG�1*2V��VKRXOG�EH�SURPRWHG��



��

)RU�WKH�VHFRQGDU\�UHODWLRQVKLS�RI�53(��WKH�&5�RI�WKHVH�$+3�WHVWV�ZDV�OHVV�WKDQ�����

)LJXUH������7KH�ZHLJKWLQJ�RI�VXE�FULWHULD�E\�$+3�PRGHO

$FFRUGLQJ�WR� WKH�VWDWXV�RI�WKH�UHF\FOLQJ�PDUNHW�DQG�:03�LQ�+$&��H[SHUWV�SURYLGHG�D�

SULRULW\� UDQN� RI�PDWHULDOV� IRU� UHF\FOLQJ� XVLQJ� WKH�$+3�PHWKRG��ZKLFK�ZDV� FRQGXFWHG� E\�

SDLUZLVH� FRPSDULVRQ� RI� UHF\FODEOH� ZDVWH��)LJXUH� ��� VKRZV� WKH� SULRULW\� RI� PDWHULDOV� IRU

UHF\FOLQJ��,W�DSSHDUHG�WKDW�WKH�UDQN�RI�SULRULW\�ZDV�SURSRUWLRQDO�WR�WKH�FRPPHUFLDO�YDOXH�RI�

WKH�UHF\FOHG�PDWHULDOV��$OWKRXJK�RUJDQLF�ZDVWH�FDQQRW EH�VROG��UHF\FOLQJ�E\�FRPSRVWLQJ�ZDV�

UHFRPPHQGHG�WR�PLQLPLVH�ZDVWH�DQG�WR�UHXVH�FRPSRVW�DV�D�IHUWLOLVHU���

)LJXUH������7KH�ZHLJKW�DQG�UDQN�RI�UHF\FODEOH�ZDVWH�IRU�UHF\FOLQJ
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%\�WKH�SULRULW\�RI�PDWHULDOV�IRU�UHF\FOLQJ��ZDVWH�VKRXOG�EH�VRUWHG�LQWR���SULPDU\�NLQGV�RI�

ZDVWH��LQFOXGLQJ�RUJDQLF�ZDVWH��NLWFKHQ�ZDVWH��JDUGHQ�ZDVWH��DQG�WLVVXH�SDSHU���UHF\FODEOH�

ZDVWH��PHWDO��3(7��SODVWLF��FDUGERDUG��SDSHU��DQG�JODVV���DQG�LQRUJDQLF�ZDVWH��SODVWLF�EDJV�

DQG� RWKHU� ZDVWH�� %\� WKLV� VHSDUDWLRQ� PHWKRG�� RUJDQLF� ZDVWH� ZRXOG� EH� WUHDWHG� GDLO\� E\�

FRPSRVWLQJ�DW�WKH�KRWHOV��UHF\FODEOH�ZDVWH��H[FHSW�IRU�JODVV��ZRXOG�EH�VROG WR�LWLQHUDQW�EX\HUV��

DQG�WKH�LQRUJDQLF ZDVWH�ZRXOG�EH�FROOHFWHG E\�WUXFNV��1HYHUWKHOHVV��WKH�UHF\FOLQJ�SRWHQWLDO�

VLJQLILFDQWO\� GHSHQGV� RQ� WKH� UDWH� DQG� HIILFLHQF\� RI� ZDVWH� VHJUHJDWLRQ� SUDFWLFH�� UHF\FOLQJ�

SUDFWLFHV��DQG�VXLWDEOH�FRQGLWLRQV�LQ�KRWHOV�IRU�UHF\FOLQJ�

�������(YDOXDWLRQ�RI�ZDVWH�UHGXFWLRQ�E\�UHF\FOLQJ

)LJXUH������7KH�SHUFHQWDJH�RI�ZDVWH�FROOHFWHG�E\�WUXFNV�LQ�WKH�VFHQDULRV

:DVWH�PLQLPLVDWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW JRDOV�RI�UHF\FOLQJ��)LJXUH���� LOOXVWUDWHG�

WKH� SURSRUWLRQV� RI� WKH� KRWHO� ZDVWH� WKDW� ZDV� FROOHFWHG� GDLO\� E\� WUXFNV� LQ� ILYH� UHF\FOLQJ�

VFHQDULRV��,Q�JHQHUDO��WKH�ZDVWH�UHGXFWLRQ�UDWH�RI�WKH�KRWHOV�LQFUHDVHG�SURSRUWLRQDOO\�ZLWK�WKH�

UDWH�RI�UHF\FOLQJ�SUDFWLFH�IURP�6�$% WR�6�$%��,Q 6�$% DQG�6�$%��WKH�DPRXQW�RI�ZDVWH�LQ�/6+�

DQG�+20�VOLJKWO\�GHFUHDVHG�FRPSDUHG�WR�WKDW�LQ�6���DOVR�FRPSDUHG�WR�WKH�RWKHU�KRWHOV�LQ�WKH�

VDPH�VFHQDULR��7KLV ZDV�H[SODLQHG E\�WKH�ORZ VROLG�ZDVWH�SUDFWLFH�LQWHQWLRQV�RI�/6+�DQG�

+20�DQG�WKH�ODFN�RI�VSDFH�IRU�UHF\FOLQJ� :KHUHDV��WKH�DPRXQW�RI�ZDVWH�LQ�+6+��06+��DQG�

9,/�ZDV�HVWLPDWHG�WR�VLJQLILFDQWO\�UHGXFH�E\��������������DQG�������LQ�6����������������
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+6+ 06+ /6+ 9,/ +20 +RWHO�,QGXVWU\
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DQG� ������ LQ� 6��� UHVSHFWLYHO\�� )XUWKHUPRUH�� WKH� SHDN� RI� WKH�ZDVWH� UHGXFWLRQ� UDWH�ZDV� DW�

�������IRU�WKH�KRWHO�LQGXVWU\�LQ�WKH�RSWLPDO�VFHQDULR�6���:KHUHE\��DERXW���WRQV�RI�RUJDQLF�

ZDVWH�ZDV�KDQGOHG�E\�FRPSRVWLQJ�DW�WKH�KRWHOV�ZLWK�JDUGHQ�DQG�DURXQG�����WRQV�RI�UHF\FODEOH�

PDWHULDOV�DUH�VROG�WR�LWLQHUDQW�EX\HUV��7KH�VXEVWDQWLDO�DPRXQW�RI�ZDVWH�IURP�WKH�KRWHOV�ZDV�

UHGXFHG�E\�WKH UHF\FOLQJ�PD\�FRQWULEXWH�WR�PLQLPLVH�ZDVWH�FROOHFWHG�E\�WUXFN�DQG�UHGXFH�WKH�

FRVW�IURP�WKH�FROOHFWLRQ�V\VWHP��7KH�SURJUHVVLRQ�RI�ZDVWH�UHGXFWLRQ�IURP�6�$% WR�6�$% ZDV�

WKH�H[SHFWHG�WUHQG�RI�ZDVWH�PDQDJHPHQW�IRU�WKH�KRWHO�LQGXVWU\�WRZDUGV�VXVWDLQDEOH�UHF\FOLQJ�

SUDFWLFHV�DQG�ZDVWH�PDQDJHPHQW�

�������7KH�FKDUDFWHULVWLFV�RI�ZDVWH�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�UHF\FOLQJ

7KH�VHSDUDWLRQ�RI�UHF\FODEOH�PDWHULDOV�IRU�UHF\FOLQJ�DQG�RUJDQLF�ZDVWH�IRU�FRPSRVWLQJ�DW�

WKH�KRWHOV�OHG�WR�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�WKH�PL[HG�ZDVWH��1RWDEO\��

)LJXUH���� VKRZHG� WKDW� WKH�PRLVWXUH� FRQWHQW�RI� WKH�KRWHO�ZDVWH�GHFUHDVHG� IURP������� WR�

������IURP�6��WR�6���ZKLOH�++9 LQFUHDVHG�IURP��������N-�NJ�WR��������N-�NJ��UHVSHFWLYHO\��

,Q�IDFW��WKH�FXUUHQW�PL[HG�ZDVWH�IURP�WKH�KRWHOV�LQ�6��ZDV�GHWULPHQWDO�WR�WKH�GLVSRVDO��7KH�

VHJUHJDWLRQ�RI�RUJDQLF�ZDVWH�DV�WKH�ZHW�PDWHULDOV�PLJKW�FDXVH�WKH�UHGXFWLRQ�RI�PRLVWXUH�DQG�

WKH�LQFUHDVH�RI�++9�RI�ZDVWH��7KH�FKDQJHV�RI�ZDVWH�FKDUDFWHULVWLFV�LQ�GLIIHUHQW�VFHQDULRV�

LQGLFDWHG�WKDW�WKH�KLJKHU�UDWH�RI�UHF\FOLQJ�SUDFWLFH��WKH�ORZHU�PRLVWXUH�FRQWHQW�DQG�WKH�KLJKHU�

++9�RI�WKH�PL[HG�ZDVWH��

)XUWKHUPRUH�� WKH�ZDVWH�FODVVLILFDWLRQ�PLJKW�VLJQLILFDQWO\�UHGXFH� WKH�SURSRUWLRQ�RI�QRQ�

ELRGHJUDGDEOH�LPSXULWLHV�LQ�WKH�RUJDQLF�ZDVWH ZKLFK�KDV�REVWUXFWHG�WKH�ELRGHJUDGDWLRQ�GXULQJ�

WKH�FRPSRVWLQJ�SURFHVV��6RQJ�7RDQ�HW�DO����������7KH�DQDO\VLV�UHVXOWV�DOVR�VKRZHG�WKDW�WKH�

PRLVWXUH�FRQWHQW�DQG�FDUERQ�WR�QLWURJHQ�UDWLR��&�1��RI�RUJDQLF�ZDVWH�LQ� WKH�KRWHOV�UDQJHG�

IURP�����WR�����DQG������WR�������UHVSHFWLYHO\��7KHVH�FKDUDFWHULVDWLRQV�RI�WKH�RUJDQLF�ZDVWH�

VDWLVILHG�WKH�RSWLPDO�FRQGLWLRQV�IRU�FRPSRVWLQJ��ZKLFK�DUH�PRLVWXUH�FRQWHQW�RI�DURXQG����

���� DQG� &�1� RI� ������ �$WDOLD� HW� DO��� ������� /LNHZLVH��'LQK� HW� DO�� ������ SURYHG� WKDW�

DQDHURELF� GLJHVWLRQ� RI� IRRG� DQG� YHJHWDEOH� ZDVWH� ZDV� DOVR� D� IHDVLEOH� VROXWLRQ� VKRXOG� EH�

FRQVLGHUHG�ZKHQ�WKH�FODVVLILFDWLRQ�RI�ZDVWH�WRZDUGV�WKH�SXULW\��'LQK�HW�DO�������D������E��

3KDP�9DQ�HW�DO����������
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)LJXUH ���� 7KH�PRLVWXUH�DQG�ORZ�KHDWLQJ�YDOXH�RI�PL[HG�ZDVWH�LQ�WKH�VFHQDULRV

,Q�IDFW��WKH�KRWHO�ZDVWH�ZDV�FROOHFWHG�DQG�WUHDWHG�WRJHWKHU�ZLWK�WKH�PXQLFLSDO�ZDVWH��ZKLFK�

KDG�KLJK�PRLVWXUH�DQG�ORZ�++9��*LDQJ�HW�DO����������$OVR��WKH�KLJK�PRLVWXUH�DQG�ORZ�++9�

ZHUH�WKH�XQIDYRXUDEOH�IDFWRUV�IRU�FRPEXVWLRQ��)XUWKHUPRUH��WKH�WUDGLWLRQDO�LQFLQHUDWRU�WKDW�

KDV� EHHQ� XVLQJ� LQ� +$&� ZDV� D� VLPSOH� WHFKQRORJ\� DQG� ORZ� TXDOLW\�� &RQVHTXHQWO\�� WKH�

LQHIILFLHQF\�RI�WKLV�LQFLQHUDWRU�ZDV�H[SUHVVHG�LQ�WKH�PD[LPXP�RSHUDWLQJ�FDSDFLW\�DW�����RI�

WKH� GHVLJQHG� FDSDFLW\� DQG� WKH� LQDELOLW\� WR� FRQWURO� H[KDXVW� JDV� HPLVVLRQV�� /LNHZLVH�� WKH�

FRPSRVWLQJ�IDFLOLW\�KDV�EHHQ�VWUXJJOLQJ�WR�ILQG�VXLWDEOH�VROXWLRQV�IRU�SXULI\LQJ�WKH�RUJDQLF�

ZDVWH� DLP� WR� LPSURYH� WKH� TXDOLW\� RI� FRPSRVW� SURGXFW��8QGHQLDEO\��ZDVWH� VHSDUDWLRQ� DQG�

UHF\FOLQJ� SUDFWLFH� KDG� LPSRUWDQW� UROHV� LQ� 6:0�� ,W� QRW� RQO\� VLJQLILFDQWO\� UHGXFHG� ZDVWH�

DPRXQW�JHQHUDWHG�DW�VRXUFH��EXW�DOVR�LPSURYHG�WKH�ZDVWH�FKDUDFWHULVWLFV� WKDW�FRQWULEXWH�WR�

RSWLPLVLQJ�ZDVWH�WUHDWPHQW�SURFHVVHV��$OVR��HQKDQFHPHQW�RI�ZDVWH�VHJUHJDWLRQ�DQG�UHF\FOLQJ�

SUDFWLFHV� LQ� WKH� KRWHO� LQGXVWU\�PLJKW� VLJQLILFDQWO\� FRQWULEXWH� WR� UHGXFH� WKH� UHVWULFWLRQ� RI�

WUHDWPHQW��GHYHORS�D�PXQLFLSDO�6:0 V\VWHP�IRU�+$&�

6� 6� 6� 6� 6�

++9��N-�NJ� ����� ����� ����� ����� �����

0RLVWXUH���� ���� ���� ���� ���� ����
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�������7KH�HFRQRPLF�EHQHILWV�WR�WKH�KRWHO�LQGXVWU\�E\�UHF\FOLQJ

,Q�WKLV�VWXG\��WKH�HFRQRPLF�EHQHILWV�WR�WKH�KRWHOLHUV�IURP�UHF\FOLQJ�ZHUH�FRQVLGHUHG�IRU�

DQDO\VLV��)LJXUH���� VKRZHG�WKDW�WKH�HFRQRPLF�EHQHILWV�WR�WKH�KRWHO�LQGXVWU\�IURP�UHF\FOLQJ�

LQFUHDVHG� SURSRUWLRQDOO\� WR� WKH UDWH� RI� UHF\FOLQJ� SUDFWLFH� LQ� GLIIHUHQW� VFHQDULRV�� )LUVW�� WKH�

WLSSLQJ�IHH��ZKLFK�ZDV�SDLG E\�WKH�KRWHOV�WKURXJK�D�3$<7�UHJXODWLRQ��GHFUHDVHG LQYHUVHO\�

SURSRUWLRQDOO\�WR�WKH�LQFUHDVH�LQ�UHF\FOLQJ�UDWH�EHFDXVH�RI�WKH�UHGXFWLRQ�LQ�ZDVWH�JHQHUDWLRQ��

6HOOLQJ� UHF\FODEOH� PDWHULDOV� EURXJKW� D� VLJQLILFDQW� LQFRPH� WR� WKH� KRWHO� LQGXVWU\� RI�

����������PRQWK������������PRQWK������������PRQWK��DQG������������PRQWK�IRU�6� $%��6�

$%��6�$%��DQG�6�$%��UHVSHFWLYHO\��

)LJXUH������7KH�HFRQRPLF�EHQHILWV�RI�WKH�KRWHO�LQGXVWU\�LQ�GLIIHUHQW�VFHQDULRV

7KH� FRQVRQDQFH� EHWZHHQ� UHGXFWLRQ� LQ� WLSSLQJ� IHH� DQG� DQ� LQFUHDVH LQ� LQFRPH� IURP�

LPSURYLQJ� UHF\FOLQJ� SUDFWLFHV� EULQJV� VLJQLILFDQW� HFRQRPLF� EHQHILWV� WR� WKH� KRWHO� LQGXVWU\��

3DUWLFXODUO\��WKH�FRPPHUFLDO�SURILWV�REWDLQHG�IURP�6�$%��6�$%��6�$%��DQG�6�$% ZHUH��������

��������������DQG���������UHVSHFWLYHO\��,Q 6���WKH�LQFRPH�IURP�VHOOLQJ�UHF\FODEOH�PDWHULDOV�

ZDV�KLJKHU�WKDQ�WKH�WLSSLQJ�IHH��7KLV�PHDQV�WKDW�WKH�KRWHO�LQGXVWU\�FRXOG�HDUQ�����������IURP�

WKH�RSWLPDO�UHF\FOLQJ�VROXWLRQ��6�$%���)XUWKHUPRUH��WKH�KRWHOV�FRXOG�VDYH�PRQH\�IURP�XVLQJ�

FRPSRVW�LQVWHDG�RI�EX\LQJ�IHUWLOLVHU�
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7KH�HFRQRPLF�EHQHILWV�RI�DFFRPPRGDWLRQ�LQGXVWU\
E\�VFHQDULRV

(FRQRPLF�EHQHILW����
7LSSLQJ�IHH��86���PRQWK�
,QFRPH�IURP�VHOOLQJ�UHF\FOLQJ�PDWHULDOV��86���PRQWK�



��

,Q�GHYHORSLQJ�FRXQWULHV��WKH�FRPSRVLWLRQ�RI�VROLG�ZDVWH�ZDV�QRW�VLJQLILFDQWO\ GLIIHUHQW��,Q�

JHQHUDO��WKH�RUJDQLF�ZDVWH�DQG�UHF\FODEOH�ZDVWH�DFFRXQW�IRU�����WR�����RI�WRWDO�ZDVWH��3LUDQL�

DQG�$UDIDW���������ZKLFK�ZDV�WKH�QHFHVVDU\�FRQGLWLRQ�IRU�UHF\FOLQJ��+RZHYHU��WKH�GLIIHUHQFH�

LQ�:03�ZDV�RQH�RI�WKH�PDLQ�UHDVRQV IRU WKH�VXFFHVV�RI�WKH 6:0�V\VWHP��,Q�WKLV�VWXG\��WKH�

UROH�RI�ZDVWH VHSDUDWLRQ�LQ�UHF\FOLQJ�SUDFWLFHV�DQG�WKH�LPSRUWDQFH�RI�UHF\FOLQJ�SUDFWLFHV�LQ�

ZDVWH�PDQDJHPHQW�ZHUH�FRQILUPHG��

)RU�D�WRXULVP�FLW\��WKH�RSWLPDO�UHF\FOLQJ�SUDFWLFH�RI�WKH�KRWHO�LQGXVWU\�ZRXOG�DFW�DV�D�VPDOO�

SLORW�PRGHO�RI�VXVWDLQDEOH�6:0��ZKLFK�PD\�VLJQLILFDQWO\�FRQWULEXWH�WR�VXVWDLQDEOH�LQWHJUDWHG�

PXQLFLSDO�6:0�IRU�WKH�FLW\��(VSHFLDOO\ LQ�WKH�SKDVH�RI�UDSLG�JURZWK� VXVWDLQDEOH�6:0�RI�

WKH� WRXULVP� LQGXVWU\� DQG� KRVSLWDOLW\� EXVLQHVVHV� DUH� HVVHQWLDO��7KLV� VWXG\� SRLQWHG� RXW� WKDW�

UHF\FOLQJ� SUDFWLFHV� PD\� VLJQLILFDQWO\� UHGXFH� ZDVWH� JHQHUDWLRQ�� RSWLPLVH� WKH� ZDVWH�

FKDUDFWHULVDWLRQV�IRU�FRPSRVWLQJ�DQG�LQFLQHUDWLRQ��FUHDWH�HFRQRPLF�EHQHILWV�IRU�WKH�KRWHOV��

LPSURYH�HQYLURQPHQWDO�SUREOHPV�VXFK�DV�RGRXU�DQG�OHDFKDWH��DQG�SURGXFH�SRVLWLYH�RXWFRPHV�

IRU�WKH�EXVLQHVVHV��+RZHYHU��WKLV�VWXG\�LQGLFDWHG�WKDW�WR�HQKDQFH�UHF\FOLQJ�SUDFWLFHV�LQ�WKH�

KRWHO� LQGXVWU\�� WKH�V\QFKURQRXV�FRPELQDWLRQ�RI�VROXWLRQV� LQYROYLQJ�WHFKQLTXHV��HGXFDWLRQ��

WUDLQLQJ��DQG�UHJXODWLRQ�LV�HVVHQWLDO��7KHVH�VROXWLRQV�DLP�WR�LPSURYH�WKH�UHF\FOLQJ�PRWLYDWLRQ�

RI� WKH� KRWHOLHUV�� GHYHORS� KRWHOLHUV¶� DZDUHQHVV� DQG� VNLOOV� UHJDUGLQJ�:03�� DQG� HVWDEOLVK� D�

PRQLWRULQJ� DQG�PDQDJHPHQW� V\VWHP� IRU� UHF\FOLQJ� DFWLYLWLHV� EDVHG� RQ� WKH� FRQVHQVXV� DQG�

FRRSHUDWLRQ�RI�WKH�JRYHUQPHQW��EXVLQHVVHV��DQG�VWDNHKROGHUV��

)RU�+$&��DOWKRXJK�WKHUH DUH�VWLOO�PDQ\�LQWHUQDO�EDUULHUV�DQG�REMHFWLYH�REVWDFOHV�LPSHGLQJ�

UHF\FOLQJ��WKLV�VWXG\�UHYHDOHG�WKDW�6:0�LQ�WKH�KRWHO�LQGXVWU\�KDV�KLJK�UHF\FOLQJ�SRWHQWLDO��

7KH�GHYHORSPHQW�IURP�VFHQDULR�6� $% WR�6�$% ZDV�DOVR�WKH�H[SHFWHG SDWK�RI�53(��ZKLFK�LV�

WKH�JRDO RI�WKH�KRWHO�LQGXVWU\��7KH�VWDWXV�RI�6:0�DQG�UHF\FOLQJ�SUDFWLFHV�LQ�WKH�KRWHO�LQGXVWU\�

ZHUH�DQDO\VHG��7KH UROHV�RI�WKH�FULWLFDO IDFWRUV�UHODWHG�WR�53(�ZHUH�LGHQWLILHG��6RPH�VFHQDULRV�

RI�RSWLPDO�UHF\FOLQJ�SUDFWLFHV�ZHUH�HVWLPDWHG��DQG EHQHILWV�IURP�UHF\FOLQJ�ZHUH�LGHQWLILHG��

7KLV� LQIRUPDWLRQ� LV� XVHIXO WR� GHFLVLRQ�PDNHUV� LQ� GHFLVLRQ�PDNLQJ SURFHVVHV� RQ� ZDVWH�

PDQDJHPHQW�DQG�UHF\FOLQJ�SURJUDPV��$OVR��WKH�UHF\FOLQJ�SUDFWLFH�PRGHO�VKRXOG�EH�VWXGLHG�

DQG� H[SDQGHG� WR� FRPPHUFLDO� VHFWRUV�� WKH� UHVWDXUDQW LQGXVWU\�� DQG� WRXULVP� GHVWLQDWLRQV� LQ�

+$&� WRZDUGV� V\QFKURQRXVO\� GHYHORSLQJ� D� UHF\FOLQJ� V\VWHP� IRU� WKH� WRXULVP LQGXVWU\��



��

6LPXOWDQHRXVO\��D�PDFUR�YLHZ�RI�UHF\FOLQJ�SRWHQWLDO�VKRXOG�EH�VWXGLHG IRU�+$&�WR�LGHQWLI\�

WKH�RSWLPDO�VROXWLRQV�IRU�UHF\FOLQJ�V\VWHP�GHYHORSPHQW�WRZDUGV�D�VXVWDLQDEOH�6:0 V\VWHP�

�����2SWLPLVLQJ�6:0 V\VWHP�IRU�D�WRXULVP�DUHD

�������:DVWH�IORZ�DQDO\VLV

7KH�IORZ�RI�ZDVWH�DLPV�WR�GHVFULEH WKH�KDSSHQLQJV�RI�WKH�6:0 V\VWHP�LQ�WKH�7$��,Q�WKH�

FRQWH[W�RI� WKH� LQHIILFLHQF\�RI�ZDVWH�VHSDUDWLRQ�SUDFWLFH�DW�VRXUFH�� WKH� ORZ�SHUIRUPDQFH�RI�

ZDVWH�FROOHFWLRQ�V\VWHP��DQG�GLVDSSURYDO�RI�FRPPHUFLDO�VHFWRUV�LQ�6:0�RSHUDWLRQ�SURFHVV�

WKH�XQQHFHVVDU\�LQ�ZDVWH�FODVVLILFDWLRQ�LV�FRQVLGHUHG�DV�DQ�DOWHUQDWLYH�WR�ZDVWH�PDQDJHPHQW�

V\VWHP�LPSURYHPHQW��6�7$��6�7$ DQG�6�7$��WRZDUGV�VXLWDELOLW\��:KHUHE\��)LJXUH���� SUHVHQWV

WKH�PL[HG�ZDVWH�IORZ�RI�PXQLFLSDO�6:0�V\VWHP�LQ�WKH�7$�ZLWK�QRQ�VHSDUDWLRQ�SUDFWLFH�DW�

VRXUFH�DQG�HQKDQFHPHQW RI�UHF\FOLQJ�DFWLYLWLHV��1RWDEO\��WKH�PL[HG�ZDVWH�IURP�HLJKW�VRXUFHV�

LQ�WKH�7$�LV�FROOHFWHG�GDLO\�E\�WUXFNV�DQG�FDUWV��7KH�WUXFNV�FROOHFW�ZDVWH�IURP�KRXVHKROGV��

KRWHOV��KDQGLFUDIW�SURGXFWLRQ�IDFLOLWLHV�DQG�UHVWDXUDQWV�LQ�WKH�PRUQLQJ��:KLOH��LQ�WKH�WLPH�IRU�

WRXULVP��YHKLFOHV�DUH�QRW�DOORZHG���ZDVWH�IURP�VWUHHW�DQG�ELQV�LV�FROOHFWHG�E\�FDUWV��)RU�WKH�

UHVWDXUDQWV��WKH�PL[HG�ZDVWH�LV�FROOHFWHG�RQH�PRUH�WLPH�E\�FDUWV�LQ�WKH�DIWHUQRRQ�EDVHG�RQ�

WKHLU�FROOHFWLRQ�GHPDQG��7KH�KLJKHU�WKH�VHUYLFH�XVDJH��WKH�KLJKHU�WKH�WLSSLQJ�IHH��

:KHQ� ZDVWH� FROOHFWLRQ� GHPDQG� RI� KRXVHKROGV� DQG� EXVLQHVV� VHFWRUV� LV� UHVSRQGHG�� WKH�

UHTXLUHPHQW� RI� UHF\FOLQJ� SUDFWLFH� DW� VRXUFH� IURP� WKH� JRYHUQPHQW� ZLOO� EH� SURPXOJDWHG�

FRPSXOVRULO\��:KHUHE\��UHF\FODEOH�PDWHULDOV�VXFK�DV�SDSHUV��FDUGERDUG��SODVWLFV��3(7�ERWWOHV��

PHWDOV�DQG�JODVV�DUH�VRUWHG�DW�VRXUFHV�DQG�FROOHFWHG�GDLO\�E\�UHF\FOLQJ�FDUWV��)XUWKHUPRUH��WKH�

UHF\FODEOHV�DUH�UHFRYHUHG�DJDLQ�IURP�WKH�PL[HG�ZDVWH�E\�FROOHFWLRQ�FUHZV�GXULQJ�FROOHFWLQJ�

URXWH�DQG�VFDYHQJHUV�DW�WKH�JDWKHULQJ�SRLQW��7KH�GLIIHUHQFHV�EHWZHHQ�VFHQDULRV�RI�WKH�6:0�

V\VWHP�DUH�WKH�UDWH�RI�UHF\FOLQJ�SUDFWLFH��1RWDEO\��WKH�UHF\FOLQJ�SUDFWLFH�UDWH�ZDV�GHVLJQHG�LQ�

6�7$ E\�WKH�SUHVHQW�UHF\FOLQJ�UDWH�DQG�HVWLPDWHG�WR�EH�LPSURYHG�WR�6� 7$ DQG�6� 7$ E\�WKH�

LQWHQWLRQDO�DQG�RSWLPDO� UDWHV�RI� UHF\FOLQJ�SUDFWLFH�� UHVSHFWLYHO\��7KLV� OHDG� WR�D� VLJQLILFDQW�

GLIIHUHQFH�LQ�WKH�YROXPH�RI�UHF\FODEOHV�FROOHFWHG�GDLO\��7KH�KLJKHU�WKH�UHF\FOLQJ�SUDFWLFH�UDWH��

WKH�KLJKHU�WKH�DPRXQW�RI�UHF\FODEOH�ZDVWH��



��

7KH�JDSV� LQ� WKH�6:0�V\VWHP�LQ� WKH�7$�PD\�EH�VROYHG�E\� LPSURYLQJ�ZDVWH�FROOHFWLRQ�

V\VWHP�LQ�6� 7$��6�7$ DQG�6� 7$��1RWDEO\��HQKDQFLQJ�WKH�TXDQWLW\ DQG�UHGHVLJQLQJ�WKH�GHQVLW\

RI� VWUHHW ELQV�QHW�PD\� UHGXFH� WKH�RYHUORDG�RI� WRXULVP�ZDVWH�DW�ELQV��6HFRQGO\�� WKH� LOOHJDO�

FROOHFWLRQ�DFWLYLWLHV�DUH�UHSODFHG E\�DQ�RIILFLDO�FROOHFWLRQ�VHUYLFH�WKDW�PD\�EULQJ�VRPH�SRVLWLYH�

HIIHFWV� WR� WKH� 6:0 V\VWHP� LQ� WKH� 7$� VXFK� DV� WKH� IDLUQHVV� LQ� FROOHFWLRQ� DFWLYLWLHV�� WKH�

WUDQVSDUHQF\�LQ�ILQDQFH�IORZ��DQG�VDWLVIDFWLRQ�LQ�ZDVWH�FROOHFWLRQ GHPDQG��)XUWKHUPRUH��WKH�

PLQLPDOLVP� LQ�ZDVWH�PDQDJHPHQW� SUDFWLFH� LQ� WKH�7$�PD\� FUHDWH� VRPH� DGYDQWDJHV� LQ� WKH�

GHSOR\PHQW�RI�6:0�SUDFWLFHV�VXFK�DV�WKH�VLPSOLFLW\��PRUH�HIILFLHQF\�LQ�FROOHFWLRQ��DQG�KLJK�

FRQVHQVXV�IURP�FRPPXQLWLHV�DQG�FRPPHUFLDO�VHFWRUV��,Q�JHQHUDO��WKH�PRGHOV�RI�WKH�6:0�

V\VWHP� LQ� WKH�7$� LQ�6���6���DQG�6��VHHPV�HQWLUHO\ DSSURSULDWH�ZLWK�GHYHORSLQJ�FRXQWULHV�

ZKHUH�ZDVWH�WUHDWPHQW�WHFKQRORJ\�LV�VWLOO�UXGLPHQWDU\��+RZHYHU��LQ�WHUP�RI�VXVWDLQDEOH�6:0�

V\VWHP� IRU� HFR�VRFLHW\�� WKH� HQYLURQPHQWDO� LPSDFW� VKRXOG� EH� FRQVLGHUHG� LQ� DGGLWLRQ� WR�

HFRQRPLF DQG�VRFLDO�DVSHFWV��,Q�ZKLFK��WKH�SURFHVV�RI�DQ�6:0�V\VWHP�IURP�JHQHUDWLRQ�WR�

GLVSRVDOV�VLJQLILFDQWO\�LPSDFWV�WKH�HQYLURQPHQW��

,QGLVSXWDEO\��WKH�6:0�SUDFWLFHV�VXEVWDQWLDOO\�DIIHFW�WKH�HIILFLHQF\�RI�DQ�6:0�V\VWHP��

7KXV��WR�HVWDEOLVK�DQ�LQWHJUDWHG�6:0�V\VWHP�WRZDUGV�VXVWDLQDELOLW\��LPSURYHPHQW�RI�6:0�

SUDFWLFHV�VKRXOG�EH�FRQVLGHUHG��)RU�WKH�7$�RI�+$&��WKUHH�VFHQDULRV��6� 7$��6� 7$��DQG�6� 7$��

RI� WKH�6:0�V\VWHP�ZHUH�GHVLJQ�EDVHG�RQ�GHYHORSLQJ�D�FROOHFWLRQ�V\VWHP�DQG�HQKDQFLQJ�

VHSDUDWLRQ� SUDFWLFH� DW� VRXUFH� JUDGXDOO\�� ,Q� SDUWLFXODU�� D� FRPSOLFDWHG� PRGHO� RI� WKH� 6:0�

V\VWHP�ZDV�LOOXVWUDWHG�LQ�)LJXUH���� ZLWK�WKH�ERXQGDU\�RI�WKH�7$��,Q�RUGHU�WR�FRPSDUH�WR�6�

7$��6� 7$��DQG�6� 7$��WKHUH�DUH�VRPH�GLIIHUHQW�SRLQWV�LQ�ZDVWH�IORZ�LQ�6���6���DQG�6���1RWDEO\��

ZDVWH�LV�FROOHFWHG�VHSDUDWHO\�FRUUHVSRQGLQJ�WR�FODVVLILFDWLRQ�DW�VRXUFH��DV�VXFK�ELRGHJUDGDEOH�

ZDVWH� LV� FROOHFWHG� E\� WUXFNV� LQ� WKH� PRUQLQJ� ZKLOH� FDUWV� FROOHFW� FRPEXVWLEOH� ZDVWH� DQG�

UHF\FODEOH�PDWHULDO�VHSDUDWHO\��7KH�UHJXODWLRQ�RI�ZDVWH�VHSDUDWLRQ�LV�SURPXOJDWHG�VWULFWO\�WR�

VXSSRUW�WKH�GHSOR\PHQW�SURFHVV�RI�ZDVWH�VHJUHJDWLRQ�SUDFWLFH�DW�VRXUFH��+HUHE\��ZDVWH�PD\�

EH�UHMHFWHG�IRU�FROOHFWLRQ�LI�EHLQJ�GHWHFWHG�LQ�PL[LQJ��$V�VXFK��VDQFWLRQ�PD\�EH�DSSOLHG�LI�

YLRODWLRQV�DUH�UHSHDWHG�



��

)LJXUH����� 7KH�ZDVWH�IORZ�RI�WKH�6:0 V\VWHP�LQ�VFHQDULR��



��

)LJXUH����� 7KH�ZDVWH�IORZ�RI�WKH�6:0 V\VWHP�LQ�VFHQDULR��



��

7KH�VSHFLILF�IHDWXUH�RI�WKH�7$�FRQWDLQV�WKH�UHVSHFWLYH�6:0�V\VWHP��,Q�6DQWLDJR�'HO�

7HLGH�ZDVWH�LV�VRUWHG�LQWR�UHF\FODEOHV��JODVV��ERWWOHV��SDSHU�DQG�FDUG�UHF\FOLQJ��DQG�WKH�

UHVLGXHV��DQG�VWRUHG�LQ�����OLWUH�FRQWDLQHUV�WKDW�ORFDWHG�DORQJ�WKH�VWUHHW��,Q�WKH� WRXULVP�

FHQWUH��ZDVWH�LV�WUDQVIHUUHG�E\�DQ�XQGHUJURXQG�FROOHFWLRQ�V\VWHP�WR�WKH�WUDQVIHU�VWDWLRQV�

WR�DYRLG�RGRXU�DQG�YHUPLQ��7KH�FROOHFWLRQ�WLPH�LQ�WKH�7$�LV�IURP�������30�WR������$0�

WR� DYRLG� WUDIILF� DQG� GLVUXSWLQJ� WRXULVW� �(]HDK� HW� DO��� ������� /LNHZLVH�� LQ�.HIDORQLD� LQ�

*UHHFH�� ZDVWH� LV� VHSDUDWHG� LQWR� GU\�UHF\FODEOHV� DQG� QRQ�UHF\FODEOH� ZDVWH� E\�

GLVWLQJXLVKLQJ�FRORXU�FRQWDLQHUV�VXFK�DV�EOXH�DQG�JUHHQ��UHVSHFWLYHO\��WKDW�DUH�SODFHG�DW�

FRPPXQDO�FROOHFWLRQ�SRLQWV�DORQJ�WKH�VWUHHW��7KH�GDLO\�FROOHFWLRQ�VHUYLFH�EHJLQV�DW�����

$0��(]HDK�HW�DO����������:KHUHDV�� LQ�D� WRXULVP�UHJLRQ� LQ�0DOD\VLD��/DQJNDZL� LVODQG��

VROLG�ZDVWH�WKDW�LV�QRW�VRUWHG�DW�VRXUFH�DQG�WUDQVIHUUHG�IRU�ODQGILOOLQJ�XQGHU�QR�VDQLWDU\�

FRQGLWLRQ�� 5HF\FOLQJ� SUDFWLFH� KDV� QRW� EHHQ� FRQVLGHUHG� �6KDPVKLU\� HW� DO��� ������� 7KH�

GLIIHUHQFHV�LQ�WKH�OHYHO�RI�WKH�6:0�V\VWHP�LQ�YDULRXV�FRXQWULHV�DUH�XQGHQLDEOH��RQH�WKLQJ�

WKDW� HDFK� V\VWHP� LV� DLPLQJ� IRU� LV� WKH� RSWLPDO� VROXWLRQV� FRUUHVSRQGLQJ� WR� LWV� H[LVWLQJ�

FRQGLWLRQV��)RU�WKH�6:0�V\VWHP�LQ�WKH 7$�RI�+$&��VL[�PRGHOV�ZHUH�HVWLPDWHG�EDVHG�RQ�

WKH�FRPELQDWLRQ�RI�WKH�SUDFWLFDO�LVVXHV�RI�WKH�6:0�V\VWHP��DFFHSWDELOLW\�RI�VRFLHW\��DQG�

DSSURYDO�RI� WKH� ORFDO� JRYHUQPHQW� DLPV� WR� IHDVLELOLW\� LQ� LPSOHPHQWDWLRQ��+RZHYHU�� WKH�

RSWLPDO�PRGHO�RI�WKH�6:0�V\VWHP�VKRXOG�EH�DFFHVVHG�E\�DQDO\VLQJ�WKH�SHUIRUPDQFH�WKDW�

WKH�PRGHO�EULQJV�

�������2SWLPLVLQJ�LQWHJUDWHG�6:0 SUDFWLFH�PRGHOV

��������$QDO\VLQJ�WKH�ZDVWH�FROOHFWLRQ�SHUIRUPDQFH

7KH�GLIIHUHQFHV�LQ�WKH�DPRXQW�RI�ZDVWH�FROOHFWHG�IURP�WKH�7$�E\�YDULRXV�VFHQDULRV DUH�

SUHVHQWHG LQ�)LJXUH������$OWKRXJK�ZDVWH�VHSDUDWLRQ�SUDFWLFH�LV�UHTXLUHG LQ�+$&�FXUUHQWO\��

WKH�ORZ�UDWH�RI�ZDVWH�PDQDJHPHQW�SUDFWLFH�DQG�LQHIILFLHQF\�RI�WKH�6:0 V\VWHP�KDYH�OHG�

WR�WKH�PL[WXUH�RI�ZDVWH�LQ�6� 7$��ZKLFK�LV�DOVR�VLPLODU�LQ�6� 7$��6� 7$ DQG�6� 7$ E\�WKH�

DVVXPSWLRQ�RI�QRQ�VHSDUDWLRQ��:KHUHDV��LQ�6�7$��6� 7$��DQG�6� 7$ VROLG�ZDVWH�LV�FROOHFWHG�

VHSDUDWHO\�GXH�WR�WKH�DVVXPSWLRQ�RI�ZDVWH�PDQDJHPHQW�SUDFWLFH�HQKDQFHPHQW��1RWDEO\��

WKH� DPRXQW� RI� ELR�ZDVWH� LV� VRUWHG� DW� ����� ������ DQG� ����� WRQ�GD\� FRUUHVSRQGV� WR� WKH�

GHFUHDVH�RI�QRQ�ELR�ZDVWH�IURP�����WRQ�GD\�WR�����DQG�����WRQ�GD\��7KH�UDWH�DQG SXULW\ RI�

VRUWHG�ZDVWH�DUH SURSRUWLRQDO�WR�ZDVWH�PDQDJHPHQW�SUDFWLFHV�UDWH�DQG�WKH�HIILFLHQF\�RI�

WKH�FROOHFWLRQ V\VWHP��:KHUHE\��WKH�JURZWK�RI�RUJDQLF ZDVWH�DPRXQW�DQG�GHFUHDVH�RI�QRQ�



��

ELR�ZDVWH YROXPH�IURP�6� 7$ WR�6� 7$ DSSURDFKLQJ LWV�RULJLQDO SURSRUWLRQV�LQ�PXQLFLSDO

ZDVWH�RI�WKH�7$��

)LJXUH������$PRXQW�RI�ZDVWH�FROOHFWHG�IURP�WRXULVP�DUHD�E\�YDULRXV�VFHQDULRV

,PSURYLQJ� WKH� UHFRYHU\ UDWH� RI� UHF\FODEOH� PDWHULDOV� LV� D� SULPDU\� VWUDWHJ\� IRU�

HVWDEOLVKLQJ�D�VXVWDLQDEOH�6:0�V\VWHP� )LJXUH���� VKRZV�WKDW�WKH�DPRXQW�RI�UHF\FODEOH�

PDWHULDO� LQFUHDVH� IURP� ���� NJ�GD\� WR� ����� ������ DQG� ����� NJ�GD\� HTXLYDOHQW� WR� WKH�

UHFRYHU\� UDWH� E\ ������� ������� ���� DQG� ������ LQ� 6� 7$�� 6� 7$�� 6� 7$�� DQG� 6� 7$��

UHVSHFWLYHO\�� 7KH� KLJKHU� WKH� UHF\FOLQJ� SUDFWLFH� UDWH�� WKH� KLJKHU� WKH� UHFRYHU\� UDWH� RI�

UHF\FODEOH�PDWHULDOV��/LNHZLVH��WKH�UHFRYHU\�SHUIRUPDQFH�RI�UHF\FODEOH�PDWHULDO�UHDFKHV�

�������������DQG�������LQ�6� 7$��6� 7$ DQG�6� 7$��UHVSHFWLYHO\�WKDW�LV�VOLJKWO\�KLJKHU�

WKDQ� WKDW� RI� 6��� 6��� DQG� 6��� 7KHVH� GLIIHUHQFHV� DUH� H[SODLQHG� WKDW� WKH� V\QFKURQRXV�

LPSOHPHQWDWLRQ� RI�6:0�SUDFWLFHV� DW� VRXUFH�PD\�EULQJ�KLJKHU� HIILFLHQF\� LQ� UHF\FOLQJ�

DFWLYLWLHV��

)XUWKHUPRUH�� WKH�SHUIRUPDQFH�RI�UHF\FODEOH�UHFRYHU\�QRW�RQO\�GHSHQG�RQ�WKH�6:0�

SUDFWLFH� EXW� DOVR� EH� GLIIHUHQW� GXH� WR� WKH� W\SH� RI� UHF\FODEOHV�� 3DUWLFXODUO\�� )LJXUH� ���

SUHVHQWV�ILYH�W\SHV�RI�UHF\FODEOH�ZDVWH�DUH�IDYRXUHG�IRU�UHF\FOLQJ�E\�WKH�XVHUV�GXH�WR�LWV�

PDUNHWDEOH�YDOXH�H[FHSW� WR�JODVV��$OWKRXJK�JODVV� LV�QRQ�PDUNHWDEOH�YDOXH� LQ�9LHWQDP��

VHJUHJDWLRQ�RI�JODVV�LV�VXJJHVWHG�IRU�UHF\FOLQJ�GXH�WR�LWV�QHJDWLYH�LPSDFWV�RQ�WUHDWPHQW�

SURFHVVHV��7KH�UHFRYHU\�SHUIRUPDQFH�E\�FDWHJRU\�LV�HVWLPDWHG�LQ�WKH�UDQJH�RI���� WR�����
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��

IRU� 6�� DQG� 6��� ���� WR� ���� IRU� 6�� DQG� 6��� DQG� ���� WR� ���� IRU� 6� 7$ DQG� 6� 7$��

UHVSHFWLYHO\��,Q�ZKLFK��WKH�ORZHVW�DQG�KLJKHVW�UHFRYHU\�SHUIRUPDQFHV�EHORQJHG�WR�SDSHUV�

DQG�PHWDOV�

)LJXUH������$PRXQW�RI�UHF\FODEOH�PDWHULDO�UHFRYHUHG�LQ�GLIIHUHQW�VFHQDULRV

:RUOGZLGH�� UHF\FOLQJ�LV�NQRZQ�DV�DQ�LPSRUWDQW� IDFWRU�RI�VXVWDLQDEOH�6:0�V\VWHP��

$OH[LV�HW�DO�������� UHSRUWHG�WKDW�ZDVWH�VHJUHJDWLRQ�DQG�FROOHFWLRQ��PXQLFLSDO�6:0�SODQ��

DQG� ORFDO� UHF\FOHG�PDWHULDO� PDUNHW� DUH� WKH� HVVHQWLDO� HOHPHQWV� LQIOXHQFLQJ� UHF\FOLQJ�

V\VWHP�LQ�GHYHORSLQJ�FRXQWULHV� �7URVFKLQHW]�DQG�0LKHOFLF���������/LNHZLVH�� WKLV�VWXG\�

LQGLFDWHV� WKDW� HQKDQFHPHQW� LQ� WKH�ZDVWH� FROOHFWLRQ� V\VWHP� DQG� GHYHORSPHQW� RI�ZDVWH�

PDQDJHPHQW�SUDFWLFH�PLJKW�VLJQLILFDQWO\�HQKDQFH�WKH�ZDVWH�FROOHFWLRQ�SHUIRUPDQFH�DQG�

WKH�UHFRYHU\�UDWH�RI�UHF\FODEOHV��)XUWKHUPRUH��WKH�LQFUHDVH�LQ�DPRXQW�DQG�SXULW\�RI�ZDVWH�

E\�VHSDUDWLRQ�PLJKW�EULQJ�IDYRXUDEOH�FRQGLWLRQV�IRU�WUHDWPHQW�SURFHVVHV�

��������$QDO\VLQJ�WKH�ZDVWH�FKDUDFWHULVWLFV

7KH�FKDUDFWHULVWLFV�RI� VROLG�ZDVWH� LQ� VFHQDULRV� DUH�GLIIHUHQW�GXH� WR� WKH�PL[WXUH� DQG�

VHSDUDWLRQ� RI� ZDVWH�� )LJXUH� ��� GHVFULEHV� WKH� PRLVWXUH� FRQWHQW� DQG� ++9� RI� ZDVWH�

FROOHFWHG� IURP� WKH� 7$� LQ� YDULRXV� VFHQDULRV�� 7KHUH� LV� D� VOLJKW� GHFUHDVH� LQ� ++9� DQG�

LQVLJQLILFDQW�JURZWK�LQ�WKH�PRLVWXUH�RI�ZDVWH�LQ�WKH�7$ IURP�6� 7$ WR�6� 7$��7KH�UHPRYDO�

RI� UHF\FODEOHV� PD\� QRW� EULQJ� VXEVWDQWLDO� FKDQJHV� LQ� FKDUDFWHULVWLFV� RI� PL[HG� ZDVWH��

ZKHUHE\�� WKH� IOXFWXDWLRQ� UDQJHV� IURP����� WR� ���� IRU�PRLVWXUH� DQG� IURP����� WR� �����

0-�NJ�IRU�++9��+RZHYHU��WKH�VLJQLILFDQW�FKDQJHV�LQ�FKDUDFWHULVWLFV�RI�ZDVWH�DUH�VKRZQ�

FOHDUO\�DW�6���6��DQG�6��E\�VHJUHJDWLRQ�DW�VRXUFH��:KHUHE\��WKH�PRLVWXUH�RI�QRQ�ELR�ZDVWH�
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GURSV�DW������������DQG�������FRUUHVSRQGLQJ�WR�++9�UHDFKHV�DW����������� DQG�����

0-�NJ�LQ�6���6��DQG�6���UHVSHFWLYHO\��$OVR��WKH�FKDUDFWHULVWLFV�RI�WKH�ELR�ZDVWH�FKDQJHV�

LQ�D�UHYHUVH�WUHQG��DV�VXFK�WKH�SXUHU�WKH�ELR�ZDVWH�FRPSRVLWLRQ��WKH�KLJKHU�WKH�PRLVWXUH�

FRQWHQW��DQG�WKH�ORZHU�WKH�++9�LV�

)LJXUH������&KDUDFWHULVWLFV�RI�VROLG�ZDVWH�E\�VFHQDULRV

,Q�JHQHUDO�� WKH�SRVLWLYH�FKDQJHV� LQ�ZDVWH�FKDUDFWHULVWLFV�PD\�EH�SURSRUWLRQDO� WR� WKH�

OHYHO�RI�WKH�ZDVWH�PDQDJHPHQW�V\VWHP��LQ�ZKLFK�WKH�UDWH�RI�ZDVWH�PDQDJHPHQW�SUDFWLFH�

DQG�HIILFLHQF\�RI�ZDVWH�FROOHFWLRQ�V\VWHP�DUH�WKH�SULPDU\�IDFWRUV��7KH�FKDUDFWHULVWLFV�RI�

PL[HG�ZDVWH�LQ�6� 7$��6� 7$��6� 7$ DQG�6� 7$ VKRZ�WKH�VLJQLILFDQW�FKDOOHQJHV�WKDW�EULQJ�WR�

WKH�WUHDWPHQW�SURFHVV��:KHUHE\��WKH�SULQFLSDO�SUREOHP�RI�FRPSRVWLQJ�LV�D�PL[WXUH�RI�QRQ�

ELRGHJUDGDEOH� ZDVWH�� DQG� REVWDFOHV� RI� EXUQLQJ� DUH� WKH� ORZ� ++9� DQG� KLJK� PRLVWXUH��

+RZHYHU��WKHVH�FKDOOHQJHV�VHHP�WR�EH�VROYHG�LQ�6� 7$��6� 7$ DQG�6� 7$ E\�HQKDQFLQJ�WKH�

6:0�V\VWHP��7KHUHE\��WKH�ZHW�RUJDQLF�ZDVWH�LV�IDYRXUDEOH�IRU�FRPSRVWLQJ��RU�DQDHURELF�

GLJHVWLRQ�DQG�GU\�QRQ�ELR�ZDVWH�ZLWK�WKH�KLJK�++9��DURXQG����0-�NJ��LV�VXLWDEOH�IRU�

LQFLQHUDWLRQ� �'LQK�HW�DO�������������E������D��3KDP�9DQ�HW�DO����������7KHUHIRUH�� WKH�

SHUIRUPDQFH� RI� WKH� 6:0� V\VWHP� RI� WKH� 7$� VXEVWDQWLDOO\� DIIHFWV� WKH� HIILFLHQF\� RI�

WUHDWPHQW�IDFLOLWLHV��DOVR�PLJKW�FRQWULEXWH�WR�UHGXFLQJ�REVWDFOHV�RI�WKH�PXQLFLSDO�ZDVWH�

PDQDJHPHQW�V\VWHP��

��������$QDO\VLQJ�WKH�FRVW�EHQHILWV

7KH�HFRQRP\�LV�RQH�RI�WKH�HVVHQWLDO�IDFWRUV�RI�VXVWDLQDEOH�GHYHORSPHQW��,Q�WKLV�VWXG\��

WKH�RSWLPLVDWLRQ�RI�HFRQRPLF�EHQHILW�LV�DOVR�WKH�SULPDU\�FULWHULD�WR�DVVHVV�SURMHFWV�RI�WKH�

6:0�V\VWHP�LQ�WKH�7$��)LJXUH����� VKRZV�WKH�QHW�EHQHILWV�RI�WKH�6:0�V\VWHP�LQ�WKH�7$�
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E\�VFHQDULRV�LQ�WKH�ILUVW�ILYH�\HDUV�RI�WKH�SURMHFW��7KH�GDUN�OLJKW�RI�WKH�QHW�EHQHILWV�JUDSK�

LV�WKH�QHJDWLYH�QHW�EHQHILWV�WUHQG�RI�WKH�6:0�V\VWHP�LQ�6� 7$��7KLV�PHDQV�WKDW�WR�RSHUDWH�

WKH�FXUUHQW�6:0�V\VWHP��WKH�FRVWV�DUH�KLJKHU�WKDQ�UHYHQXHV��WKDW�LV�H[SODLQHG�E\�WKH�ORVV�

RI� LQFRPH� IURP� LOOHJDO� FROOHFWLRQ� DFWLYLWLHV� EHWZHHQ� FROOHFWLRQ� FUHZV� DQG� FRPPHUFLDO�

VHFWRUV��)XUWKHUPRUH��WKH�LQHIILFLHQF\�RI�WKH�FXUUHQW�6:0�V\VWHP�LQ�WKH�7$�RI�+$&�LV�

SURYHG�E\�WKH�EHQHILW�FRVW�UDWLR��%&5��LQ�6� 7$ LV������OHVV�WKDQ������&RUUHVSRQGLQJO\��

UHDOLW\�VKRZV�WKDW�WKH�JRYHUQPHQW�LV�VXEVLGLVLQJ�WKH�IXOO�FRVW�RI�PXQLFLSDO�ZDVWH�GLVSRVDO�

)LJXUH�������1HW�EHQHILWV�RI�WKH�6:0 V\VWHP�LQ�WKH�WRXULVP�DUHD�E\�VFHQDULRV

0RUHRYHU� )LJXUH����� DOVR�LQGLFDWHV�WKDW� WKH�6:0�V\VWHP�LQ�6� 7$ WR�6� 7$ PLJKW�

FUHDWH�SRVLWLYH�QHW�EHQHILW�YDOXHV�ZLWK�WKH�%&5V�UDQJH�IURP������WR�������ZKLFK�DUH�KLJKHU�

WKDQ������:KLOH�WKH�6:0�V\VWHP�LQ�6� 7$ KDV�WKH�ORZHVW�%&5���������WKH�GLIIHUHQFH�LQ�

%&5�EHWZHHQ�RWKHU�VFHQDULRV�LV�QRW�VLJQLILFDQW��)LJXUH����� UHYHDOV�WKDW�WKH�QHW�EHQHILW�

RI�WKH�6:0�V\VWHP�LQ�6��DQG�6��UHDFKHV�DERXW�����������DQG����������DIWHU�ILYH�\HDUV�

RI�GHSOR\PHQW��7KLV�PLJKW�LQGLFDWH�WKDW�WKH�KLJKHU�WKH�UDWH�6:0�SUDFWLFH��WKH�KLJKHU�WKH�

QHW� EHQHILW� RI� WKH� 6:0� V\VWHP�� 7KH� LPSURYHPHQW� RI� %&5� LQ� VFHQDULRV� PLJKW� EH�

H[SODLQHG�E\�RSWLPLVLQJ�UHYHQXHV�FRUUHVSRQGLQJ�WR�WKH�TXDOLW\�RI�WKH�FROOHFWLRQ�V\VWHP��

1RWDEO\��WKH�LQFRPH�IURP�VHOOLQJ�UHF\FOLQJ�PDWHULDOV�LQFUHDVH�WR��������IRU�6� 7$ DQG�

�������IRU�6�7$ DFFRUGLQJ�WR�WKH�UHF\FOLQJ�SUDFWLFH�UDWH��%HVLGHV��WKH�DFFHSWDEOH�WLSSLQJ�

IHH�ZKLFK�LV�UHDFKHG�DJUHHPHQW�IURP�WKH�VHUYLFH�XVHUV�LQFUHDVHG�PRUH�����IRU�6� 7$��6�

7$ DQG�6�7$ DQG�����IRU�6�7$��6�7$ DQG�6�7$��7KH�WRXULVW�ZKR�LV�HQWHULQJ�WKH�7$�ZLOOLQJ�

WR� SD\ ��� RI� WKH� WLFNHW� SULFH� WR� FRQWULEXWH� WR� SURWHFWLQJ� WKH� HQYLURQPHQW�� 7KH�
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HQYLURQPHQWDO�FRVW�VKRXOG�EH�DGGHG�WR�WKH�WLFNHW�SULFH��)RU�D�WRXULVW�����RI�D�WLFNHW�SULFH�

�DERXW���������PD\�EH�D�VPDOO�PRQH\��KRZHYHU��IRU�D�VLJQLILFDQW�QXPEHU�RI�DUULYDO�SHU�

GD\��DURXQG�������WRXULVWV���WKH�HQYLURQPHQWDO�FRVW�IURP�WRXULVWV�LV�VXEVWDQWLDO�UHYHQXH�

�DFFRXQWHG�IRU�����WR�����RI�WRWDO�LQFRPH��IRU�WKH�6:0�V\VWHP��7KH�RSWLPDO�WLSSLQJ�

IHH�ZDV�DFFHSWHG�E\�XVHUV�GXH�WR�WKH�VDWLVIDFWLRQ�ZLWK�WKH�H[SHFWHG�VHUYLFH�TXDOLW\��

,Q�GHYHORSLQJ�FRXQWULHV�� WKH�LQFRQVLVWHQF\�EHWZHHQ�VWDNHKROGHUV�DQG�JRYHUQPHQW� LQ�

WKH�ZDVWH�FROOHFWLRQ� LV�TXLWH�FRPPRQ�DQG�KDV�SURYHG�E\�PDQ\�VWXGLHV��/LOOLDQD�HW�DO��

������ SUHVHQWHG�WKDW�DOWKRXJK�WKH�VHUYLFH�XVHUV�DUH�ZLOOLQJ�WR�SD\�DQG�SDUWLFLSDWH�LQ�WKH�

6:0�SUDFWLFHV�IRU�JHWWLQJ�WKH�LPSURYHPHQW�LQ�FROOHFWLRQ�VHUYLFH��WKH�SURYLGHUV�RI�ZDVWH�

FROOHFWLRQ�WHQG�WR�IRUJHW�WKH�QHHG�RI�VWDNHKROGHUV��/LOOLDQD�HW�DO����������7KLV�LV�D�FRPPRQ�

JDS�RI�D�PXQLFLSDO�6:0�V\VWHP��7KH�ORVV�RI� UHYHQXH�LV�DOVR�D�VXEVWDQWLDO�SUREOHP�LQ�

ILQDQFLDO�EDODQFH�DQG�PD\�FDXVH�DQ�HFRQRPLF�EXUGHQ�IRU�WKH�PXQLFLSDOLWLHV�

����� 2ULHQWHG� SODQQLQJ� 6:0 SUDFWLFH� IRU� WKH� WRXULVP� LQGXVWU\� WRZDUGV�
VXVWDLQDELOLW\

�������$QDO\VLQJ�WKH�ZDVWH�IORZ�RI�6:0 SUDFWLFH�PRGHOV

7KH�PLQLPDOLVP�RI�6:0�SUDFWLFH�DW�VRXUFHV�LQ�6��DQG�6��LV�VKRZQ�E\�WKH�VLPSO\�IORZ�

RI�7&,¶V�ZDVWH�LQ�)LJXUH�������1RWDEO\��WKH�PL[HG�ZDVWH�IORZV�GLUHFWO\�IURP�ZDVWH�VRXUFHV�

WR�WKH�WUHDWPHQW�DUHD�E\�WUXFNV��:KHUHDV��UHF\FODEOHV�DUH�VRUWHG�DW�VRXUFH�E\�WKH�LQWHQWLRQ�

UDWH��6���DQG�RSWLPDO�UDWH��6����WKHQ�FROOHFWHG�E\�LWLQHUDQW�EX\HUV�RU�UHF\FOLQJ�FDUWV��$�

SDUW�RI�UHF\FODEOH�UHVLGXH� LQ� WKH�PL[HG�ZDVWH� LV�SLFNHG�RXW�E\�FROOHFWLRQ�FUHZV�EHIRUH�

ORDGLQJ�WR�WKH�WUXFNV��7KH�UHF\FODEOHV�DUH�UHFRYHUHG�E\�IRUPDO�DQG�LQIRUPDO�VHFWRUV�DQG�

VROG�WR�WKH�MXQN�VKRSV��8QGHQLDEO\��EHLQJ�D�SDUW�RI�WKH�PXQLFLSDO�6:0�V\VWHP��6:0�

SUDFWLFHV�LQ 7&,�KDV�WR�EH�LPSOHPHQWHG�V\QFKURQRXVO\�ZLWK�WKDW�RI�WKH�PXQLFLSDO��

$OWKRXJK�+$&�KDV�GHSOR\HG�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�VLQFH�������WKH�ZDVWH�VRUWLQJ�

HIILFLHQF\�LV�VWLOO�ORZ��ZKLFK�ZDV�MXVWLILHG�E\�PDQ\�EDUULHUV��3KDP�3KX�HW�DO���������6RQJ�

7RDQ�HW�DO���������� ,Q� WKH�FRQWH[W�RI�IDFLQJ�VLJQLILFDQW�SUREOHPV�DQG�FKDOOHQJHV� LQ� WKH�

6:0�V\VWHP��VSHFLILFDOO\�LQ�WRXULVW DUHDV��KHQFH��WKH�PLQLPDOLVP�RQ�6:0�SUDFWLFH�LQ�6��

DQG�6��PD\�EH�FRQVLGHUHG�DV�WLPHO\�DQG�FRQVLVWHQW�VROXWLRQV�IRU�WKH�FXUUHQW�VLWXDWLRQV�

,Q�RWKHU�DVSHFWV�� WKH�6:0�V\VWHP�RI� WKH�&7,�KDV�DGYDQWDJHV�DQG�RSSRUWXQLWLHV� IRU�

LPSURYLQJ�WKH�SHUIRUPDQFH�RI�6:0�SUDFWLFH�WRZDUGV�VXVWDLQDELOLW\��DQ�LQHYLWDEOH�WUHQG�

RI�GHYHORSPHQW��7KH�HQKDQFHPHQW�RI�WKH�6:0�V\VWHP�IRU�&7,�WKDW�LV�VLPXODWHG�LQ�6��



��

DQG�6��PD\�FUHDWH�D�PRUH�FRPSOLFDWHG�ZDVWH�VWUHDP��)LJXUH����� VKRZV�WKDW�VROLG�ZDVWH�

RXW� RI� WKH� VRXUFHV� ZLWK� WKUHH� VHSDUDWHG� GLUHFWLRQV� GXH� WR� VHJUHJDWLRQ� DW� VRXUFHV�

HQKDQFHPHQW��7KH� UHFRYHU\� IORZ�RI� UHF\FODEOHV� LV� D� SULRULW\� LQ� DOO� VFHQDULRV� RI�&7,¶V�

6:0�V\VWHP LQ�+$&�DQG�KDQGOHG�E\�IRUPDO�DQG�LQIRUPDO�VHFWRUV��%HVLGHV��RQH�RI�WKH�

OLJKW� SRLQWV� LQ�6��DQG�6�� LV� WKH� VWRFN�RI�ZDVWH� LQ� WKH� IORZ�E\�KRPH�FRPSRVWLQJ��7KH�

LPSURYHPHQW�RI�FRPSRVWLQJ�SUDFWLFH�DW�VRXUFH�ZLWK�WKH�LQWHQWLRQ�UDWH��6���DQG�RSWLPDO�

UDWH��6���PD\�UHGXFH�����WRQV�DQG�����WRQV�RI�ZDVWH��UHVSHFWLYHO\��1RWDEO\��)LJXUH�����

LQGLFDWHV�WKDW�D�VLJQLILFDQW�GDLO\�DPRXQW�RI�ZDVWH�LV�UHF\FOHG�DW�VRXUFHV�E\�FRPSRVWLQJ�LQ�

WKH�KRWHOV�DQG�UHVWDXUDQWV�ZLWK�D�JDUGHQ�VXFK�DV�+6+��06+��+20��9,/��5(6�6XE��DQG�

5(6�&RD��)RU�FRPPHUFLDO�VHFWRUV�LQ�WKH�XUEDQ�DUHD�WKDW�KDYH�IDYRXUDEOH�FRQGLWLRQV�IRU�

KRPH�FRPSRVWLQJ��ELR�ZDVWH�DQG�QRQ�ELR�ZDVWH�DUH�UHTXLUHG�WR�VRUW�IRU�FROOHFWLQJ�GDLO\�

E\�VHSDUDWHG�WUXFNV��%\�HQKDQFLQJ�6:0�SUDFWLFH��VROLG�ZDVWH�JDWKHUV�WR�WKH�WUHDWPHQW�

DUHD�VHSDUDWHO\�E\�ELR�ZDVWH�IRU�FRPSRVWLQJ�DQG�QRQ�ELR�ZDVWH�IRU�LQFLQHUDWLRQ�

,Q�JHQHUDO��WKH�PRUH�PLQLPDO�WKH�LPSOHPHQWDWLRQ�RI�6:0�SUDFWLFHV�DW�VRXUFH�LV��WKH�

KLJKHU� WKH� FRQVHQVXV� IURP� FRPPXQLWLHV� LV�� 7KLV� PD\� UHOHDVH� EDUULHUV� RI� WKH�

LPSOHPHQWDWLRQ�RI�6:0�SUDFWLFH�DW�VRXUFH�DQG�UHGXFH�FKDOOHQJHV�RI�WKH�6:0�V\VWHP�LQ�

WKH�WRXULVP�GHVWLQDWLRQ��$OVR��WKH�PLQLPDOLVP�LQ�6:0�SUDFWLFH�DW�VRXUFH�PD\�EULQJ�WKH�

QHDWQHVV�WR�PXQLFLSDO�ZDVWH�IORZ�DQG�VLPSOLFLW\�WR�WKH�FROOHFWLQJ�V\VWHP�WKDW�PD\�LQFUHDVH�

WKH�FROOHFWLQJ�UDWH�RI�WRXULVP�ZDVWH��1HYHUWKHOHVV��PLQLPDOLVP�LQ�6:0�V\VWHP�DLPV�WR�

PD[LPLVH�FROOHFWLRQ�UDWH�DQG�PLQLPLVH�WKH�VWDJQDWLRQ�RI�VROLG�ZDVWH�LQ�XUEDQ�DUHDV�DUH�WKH�

SULPDU\�SXUSRVH� RI� WKH� 6:0�V\VWHP� LQ� GHYHORSLQJ� FRXQWULHV� LQ� WKH� FRQWH[W� RI�ZDVWH�

JHQHUDWLRQ��KHDOWK�DQG�HQYLURQPHQWDO�SUREOHPV�DUH�PRXQWLQJ�WKH�XUJHQF\��)RU�ORQJ�WHUP�

VWUDWHJ\��WKH�JUDGXDO�LPSURYHPHQW�RI�WKH�6:0�V\VWHP�LQ�WKH�&7,�LV�WKH�QHFHVVDU\�WDVN�

WRZDUGV� VXVWDLQDELOLW\�� :KHUHE\�� WKH� HQKDQFHPHQW� RI� ZDVWH� VHSDUDWLRQ� DW� VRXUFH��

PLQLPLVDWLRQ�RI�ZDVWH�JHQHUDWLRQ�DQG�GHYHORSPHQW�RI�UHF\FOLQJ�SUDFWLFH�DUH�VDLG�WR�EH�

WKH� IXQGDPHQWDO� VROXWLRQV�RI� VXVWDLQDEOH�6:0�V\VWHP��+HQFH�� LQ�RUGHU� WR� FKRRVH� WKH�

RSWLPDO�VROXWLRQV�IRU�RULHQWHG�SODQQLQJ�6:0�SUDFWLFH�LQ�WKH�&7,��WKH�HIIHFWLYHQHVV�DQG�

VXLWDELOLW\ RI�6:0�SUDFWLFH�PRGHOV�VKRXOG�EH�DQDO\VHG�DQG�HYDOXDWHG�



��

)LJXUH�������7KH�ZDVWH�IORZ�RI�6:0�SUDFWLFH�PRGHO�LQ�PLQLPDOLVP�RULHQWDWLRQ



��

)LJXUH�������7KH�ZDVWH�IORZ�RI�6:0�SUDFWLFH�PRGHO�LQ�VXVWDLQDEOH�RULHQWDWLRQ



��

�������$VVHVVLQJ�LQWHJUDWHG�6:0 SUDFWLFH�PRGHOV

7KH� LQWHJUDWHG� 6:0� LV� D� FRPSOH[� V\VWHP� WKDW� UHTXLUHV� VXIILFLHQW� RUJDQLVDWLRQDO�

FDSDFLW\��DSSURSULDWH�WHFKQLFDO�VROXWLRQV��DQG�FR�RSHUDWLRQ�RI�VWDNHKROGHUV��0DUVKDOO�DQG�

)DUDKEDNKVK���������,Q�ZKLFK��6:0�SUDFWLFH�DW�VRXUFH�LV�WKH�ILUVW�VWHS�RI�WKH�RSHUDWLQJ�

SURFHVV�DQG�DOVR�D�NH\� IDFWRU�RI�DQ� LQWHJUDWHG�6:0�V\VWHP��7KH�GLIIHUHQFHV� LQ�ZDVWH�

PDQDJHPHQW�SUDFWLFH�DW�VRXUFH�PD\�LQIOXHQFH�WKH�SHUIRUPDQFH�RI�WKH�6:0�V\VWHP�RI�WKH�

&7,�LQ�+$&�

��������0LQLPLVDWLRQ�RI�ZDVWH�WR�WUHDWPHQW�DQG�HQKDQFHPHQW�RI�UHF\FOLQJ�DFWLYLWLHV

)LJXUH����� SUHVHQWV�WKH�UHGXFWLRQ�HIILFLHQF\�RI�ZDVWH�JHQHUDWLRQ��GHQRWHG�E\�FROXPQ��

DQG�WKH�UHFRYHU\�DPRXQW�RI�UHF\FODEOHV��GHQRWHG�E\�OLQH��LQ�GLIIHUHQW�PRGHOV�RI�6:0�

SUDFWLFH��1RWDEO\��WKH�DPRXQW�RI�ZDVWH�JHQHUDWHG�GDLO\�IURP�WKH�&7,�UHGXFHV�IURP�������

WR�������WRQV�GXH�WR�WKH�HQKDQFHPHQW�RI�6:0�SUDFWLFHV��$OVR��PLQLPLVDWLRQ�HIILFLHQF\�

RI�ZDVWH�JHQHUDWLRQ�DW�VRXUFH� LQ�6���6���6��DQG�6�� LV�������������������DQG��������

UHVSHFWLYHO\��%HVLGHV��7DEOH���� VKRZV�WKDW�WKH�UHFRYHU\�SHUIRUPDQFH�RI�UHF\FODEOHV�LQ�

6���6���6��DQG�6�� LV�KLJKHU���������������DQG������ WLPHV� WKDQ� WKDW� LQ�6��� UHVSHFWLYHO\��

7KHUHIRUH��WKH�SHUIRUPDQFH�RI�ZDVWH�PLQLPLVDWLRQ�DW�VRXUFH�PD\�EH�SURSRUWLRQDO�WR�WKH�

HIILFLHQF\�RI�ZDVWH�UHF\FOLQJ�SUDFWLFH��7KH�PRUH�UHF\FOLQJ��WKH�ORZHU�WKH�ZDVWH�JHQHUDWHG��

)LJXUH��������7KH�DPRXQW�RI�ZDVWH�WR�WKH�WUHDWPHQW�LQ�VFHQDULRV�RI�6:0�SUDFWLFH

)XUWKHUPRUH�� WKHVH� UHVXOWV� DOVR� UHYHDO� WKDW� WKH� SHUIRUPDQFH� RI� UHF\FOLQJ� DQG�

PLQLPLVLQJ�ZDVWH�JHQHUDWHG�DW� VRXUFH� LQ�6��DQG�6�� LV� KLJKHU� WKDQ� WKDW� RI�6��DQG�6���
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1RQ�ELR�ZDVWH +RPH�FRPSRVWLQJ
5HF\FODEOHV�IRU�UHF\FOLQJ
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:KHUHE\��LQ�6� DQG�6���ZDVWH�UHGXFWLRQ�SHUIRUPDQFH�LV�KLJKHU�DERXW�����WLPHV��DQG�WKH�

DPRXQW�RI�UHF\FODEOHV�DUH�UHFRYHUHG�LV�KLJKHU�����DQG�����WLPHV�WKDQ�WKDW�LQ�6��DQG�6���

UHVSHFWLYHO\��3DUWLFXODUO\��7DEOH���� SUHVHQWV�WKDW�WKH�DPRXQW�RI�PDUNHWDEOH�UHF\FODEOHV�

VXFK�DV SDSHUV��FDUGERDUG��SODVWLFV��3(7�ERWWOHV��DQG�PHWDOV�DUH�UHFRYHUHG�LQ�WKH�GLUHFWLRQ�

RI�JUDGXDO�LQFUHDVLQJ�IURP�6��WR�6���

7DEOH������$PRXQW�RI�UHF\FODEOHV�UHFRYHUHG�LQ�VFHQDULRV�RI�6:0�SUDFWLFH

$PRXQW�RI�UHF\FODEOHV�UHFRYHUHG�LQ�VFHQDULRV��NJ�

%LR�ZDVWH 3DSHUV &DUGERDUGV 3ODVWLFV 3(7 0HWDOV *ODVV 7RWDO

6� � ������ ������ ���� ����� ������ � ��������

6� � ������ ������ ������ ����� ������ ������ ��������

6� � ������ ������ ������ ������ ������ ������ ��������

6� �������� ������ ������ ������ ����� ������ ������ ��������

6� �������� �������� �������� ������ ������ ������ ������ ���������

$OWKRXJK� VHSDUDWLQJ� WKHVH� GU\� UHF\FODEOHV� WR� VHOO� IRU� SURILW� KDV� WDNHQ� SODFH� TXLWH�

SRSXODU� LQ� +$&�� LW� VHHPV� WR� EH� XQUHVSRQGHG� E\� FRPPHUFLDO� VHFWRUV� EHFDXVH� RI� WKH�

FRQVLGHUDWLRQ� RI� LQFRQYHQLHQFH� DQG� EHQHILWV� �6RQJ� 7RDQ� HW� DO��� ������ ������� 7KH�

UHPDUNDEOH� LQFUHDVH� RI� UHF\FOLQJ� SHUIRUPDQFH� LQ�6�� DQG�6��PD\�EH� H[SODLQHG�E\� WKH�

LPSURYHPHQW� RI� ZDVWH� VHSDUDWLRQ� DW� VRXUFH� DQG� WKH� SURPXOJDWLRQ� RI� 6:0� SUDFWLFH�

UHJXODWLRQ��7KH�UROH�RI�6:0�SUDFWLFH�HQKDQFHPHQW�LQ�6:0�V\VWHP�LV�VWUHQJWKHQHG�DJDLQ�

E\�UHF\FOLQJ�ELR�ZDVWH�DW�VRXUFH��7DEOH���� VKRZV�WKDW�D�VXEVWDQWLDO�DPRXQW�RI�ELR�ZDVWH�

LQ�6�������WRQV��DQG�6�������WRQV��PD\�EH�KDQGOHG�E\�KRPH�FRPSRVWLQJ�ZKLFK�FDQQRW�EH�

SHUIRUPHG�LQ�6���6��DQG�6��ZLWK�WKH�PL[HG�ZDVWH��7KHVH�UHVXOWV�LQGLFDWH�WKDW�HQKDQFHPHQW�

RI� ZDVWH� VHSDUDWLRQ� DQG� PDQDJHPHQW� SUDFWLFHV� DW� VRXUFH� PD\� VLJQLILFDQWO\� EULQJ�

IDYRXUDEOH�FRQGLWLRQV�IRU�UHF\FOLQJ�DQG�ZDVWH�UHGXFWLRQ��

��������$QDO\VLV�RI�ZDVWH�FRPSRVLWLRQ�DQG�FKDUDFWHULVDWLRQ�IRU�WUHDWPHQW

)LJXUH����� LQGLFDWHV�WKDW�&7,¶V�ZDVWH�FROOHFWHG�WR WKH�WUHDWPHQW�DUHD�LV�PL[HG�LQ�6���

6��DQG�6��DQG�VHSDUDWHG�LQWR�ELR�ZDVWH�DQG�QRQ�ELR�ZDVWH�LQ�6��DQG�6��GXH�WR�WKH�OHYHO�

RI�6:0�SUDFWLFH�DW�VRXUFH��7KH�PL[WXUH�RU�VHSDUDWLRQ�RI�ZDVWH�PD\�FDXVH�WKH�GLIIHUHQFHV�

LQ� ZDVWH� FRPSRVLWLRQ� DQG� FKDUDFWHULVDWLRQ� WKDW� DUH� LQIOXHQFLQJ� IDFWRUV� RI� WUHDWPHQW�

SURFHVVHV��,QGHHG��WKH�FRPSRVLWLRQ�RI�WKH�PL[HG�ZDVWH�LQ�6���6��DQG�6��VHHPV�WR�EH�QR�



��

VLJQLILFDQW�GLIIHUHQFHV��5HF\FOLQJ�SUDFWLFH�E\�WKH�LQWHQWLRQDO�DQG�RSWLPDO�UDWHV�PD\�FDXVH�

D� VOLJKW� GHFUHDVH� LQ� SURSRUWLRQV� RI� GU\� UHF\FODEOHV� LQ� 6�� DQG� 6��� &RQVHTXHQWO\�� WKH�

FKDUDFWHULVDWLRQ�RI�WKH�PL[HG�ZDVWH�LQ�6���6��DQG�6��FKDQJHV�LQ�VPDOO�UDQJHV�RI����� WR�

���� N-�NJ� IRU� ++9� DQG� ����� WR� ������ IRU� PRLVWXUH� �)LJXUH� ������� $� VXEVWDQWLDO�

SURSRUWLRQ�RI�QRQ�ELR�ZDVWH��DURXQG������LQ PL[HG�ZDVWH�LV�D�VLJQLILFDQW�REVWDFOH�IRU�WKH�

FRPSRVWLQJ�SURFHVV��$OVR��WKH�PL[HG�ZDVWH�ZLWK�DURXQG�����RI�ELR�ZDVWH��ORZ�++9�DQG�

KLJK�PRLVWXUH�DUH�WKH�FDXVHV�RI�LQHIILFLHQF\�LQ�FRPEXVWLRQ��FXUUHQWO\�

)LJXUH�������7KH�FKDUDFWHULVWLF�RI�VROLG�ZDVWH�WR�WKH�WUHDWPHQW�RI�VFHQDULRV�RI�6:0�

SUDFWLFH

$GGLWLRQDOO\� )LJXUH� ���� SUHVHQWV� WKH� SRVLWLYH� FKDQJHV� LQ� ZDVWH� FRPSRVLWLRQ� DQG�

FKDUDFWHULVDWLRQ�RI�ZDVWH�LQ�6��DQG�6��IRU�FXUUHQW�GLVSRVDOV��1RWDEO\��WKH�UHGXFWLRQ�RI�WKH�

QRQ�ELRGHJUDGDEOH�ZDVWH�WR�������DQG������ PD\�FDXVH�DQ�LQFUHDVH�LQ�PRLVWXUH�RI�ELR�

ZDVWH�E\�������DQG�����LQ�6��DQG�6���UHVSHFWLYHO\��$OVR��WKH�LPSURYHPHQW�RI�++9�DQG�

WKH�GHFOLQDWLRQ�RI�PRLVWXUH�RI�QRQ�ELR�ZDVWH�PD\�EH�FDXVHG�E\�D�VLJQLILFDQW�UHPRYDO�RI�

ELR�ZDVWH��&RQVHTXHQWO\��WKH�HQKDQFHPHQW�RI 6:0�SUDFWLFH�LQ�6��DQG�6��PD\�FRQWULEXWH�

WR�SXULI\LQJ�ZDVWH��FUHDWLQJ�IDYRXUDEOH�FRQGLWLRQV�IRU�WKH�FXUUHQW�WUHDWPHQW�SURFHVVHV�LQ�

+$&�
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1RQ�ELR�ZDVWH %LR�ZDVWH +RPH�
FRPSRVWLQJ

0RLVWXUH����++9��N-�NJ� :DVWH�FKDUDFWHULVDWLRQ�RI�ZDVWH�IRU�WUHDWPHQW
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��������2SWLPLVDWLRQ�RI�HFRQRPLF�EHQHILWV

7KH�SHUIRUPDQFH�RI�WKH�VFHQDULRV�LQ�6:0�SUDFWLFH�IRU�WKH�WRXULVP�LQGXVWU\�LQ�+$&�

ZDV�DQDO\VHG�FOHDUO\��,W�FDQ�EH�VHHQ�WKDW�PLQLPDOLVP�LQ�SODQQLQJ�6:0�SUDFWLFH�LV�TXLWH�

SRSXODU� DQG� VXLWDEOH� IRU� XUEDQ� DUHDV� LQ� GHYHORSLQJ� FRXQWULHV��:KHUHDV�� GHYHORSLQJ� D�

VXVWDLQDEOH�6:03�LV�D�FRPSOH[�SURFHVV�RI�XSJUDGLQJ�6:03�E\� OHYHO� LQ�FRQMXQFWLRQ�

ZLWK�DQ�DSSURSULDWH�LPSURYHPHQW�RI�IDFLOLWLHV�DQG�JUDGXDO�SURPXOJDWLRQ�RI�UHJXODWLRQV�

DQG�VDQFWLRQV��7KHUHIRUH��DVVHVVLQJ�WKH�HFRQRPLF�HIILFLHQF\�RI�WKH�SURMHFW�LV�RQH�RI�WKH�

FULWHULD�WR�FRQVLGHU�WKH�IHDVLELOLW\�RI�WKH�SURMHFW�ZLWK�WKH�VWXG\�DUHD��

�D� �E�

)LJXUH�������&RVW�DQG�EHQHILW�IRU�WKH�JRYHUQPHQW��D��DQG�WKH�7,�IURP�LPSOHPHQWLQJ�
6:03�VFHQDULRV�LQ�WKH�7,

)LJXUH� ����� �D��	� �E� LOOXVWUDWHV� WKH� FRVW� DQG� LQFRPH� LQ� LPSOHPHQWLQJ� 6:03� E\�

VFHQDULRV�RI�WKH�JRYHUQPHQW�DQG�WKH�WRXULVP�LQGXVWU\��1RWDEO\��WKHVH�ILJXUHV�VKRZ�WKDW�

WKH�SURFHHGV�RI�FROOHFWLRQ�IHH�WKDW�FRPPHUFLDO�VHFWRUV�SD\�WR�WKH�JRYHUQPHQW�LQ�6��DUH�

ORZHU�WKDQ�WKDW�RI�WR�6���6���6��DQG�KLJKHU�WKDQ�WKDW�RI�6���7KH�GLIIHUHQFH�LQ�UHYHQXHV�

IURP�FROOHFWLRQ�IHH�PD\�EH�H[SODLQHG�E\�WKH�WLSSLQJ�IUHH�UHJXODWLRQ�RI�³SD\�DV�\RX�WKURZ´�

WKDW�PHDQV�WKH�PRUH�\RX�ZDVWH��WKH�KLJKHU�WKH�SD\PHQW��0RUHRYHU��WKH�FKDQJHV�LQ�WLSSLQJ�

IHH�UHJXODWLRQ�DFFRUGLQJ�WR�WKH�6:03�OHYHO�± ³SD\�DV�\RX�GR´��ZKLFK�LV�DVVXPSWHG�LQ�

VFHQDULRV� DLPV� WR� HQFRXUDJH� WKH� LPSOHPHQWDWLRQ� RI� 6:03� DW� VRXUFH� E\� FRPPHUFLDO�

VHFWRUV��:KHUHE\��WKH�WLSSLQJ�IHH�LV�DVVXPSWHG�WR�LQFUHDVH�����PRUH�IRU�WKH�PLQLPDOLVP�

LQ� 6:03� DW� VRXUFH�� DQG� GLVFRXQW� ���� IRU� WKH� LPSOHPHQWDWLRQ� RI� 6:03� DW� VRXUFH�

FRPSDULQJ� WR� WKH� FXUUHQW� WLSSLQJ� IHH�� 7KH� VXJJHVWLRQ� RI� ³SD\� DV� \RX� GR´� UHJXODWLRQ�

������� ������� �� ����� ����� �����
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0LOOLRQ�86'

&RVW�DQG�,QFRPH�LQ�RSHUDWLRQ�RI�7RXULVP�
ZDVWH�PDQDJHPHQW�E\�WKH�JRYHUQPHQW

LQFRPH�IURP�6HOOLQJ�UHF\FODEOHV ,QFRPH�IURP�WLSSLQJ�IHH
&RVW�IRU�WUHDWPHQW &RVW�IRU�WUDQVSRUWDWLRQ
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0LOOLRQ�86'

&RVW�DQG�,QFRPH�LQ�LPSOHPHQW�ZDVWH�
PDQDJHPHQW�SUDFWLFH�RI�7RXULVP�

LQGXVWU\

,QFRPH�IURP�6HOOLQJ�UHF\FODEOHV &RVW�IRU�7LSSLQJ�IHH
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UHFHLYHV�WKH�XQDQLPRXV�IURP�WKH�PDMRULW\�RI�VWDNHKROGHUV��,Q�DGGLWLRQ��WKH�FKDQJHV�LQ�WKH�

WLSSLQJ� IHH� FRUUHVSRQGLQJ� WR� WKH�TXDOLW\�RI� FROOHFWLRQ� VHUYLFH� LQ� WKH� WRXULVP�DUHD�PD\�

FRQWULEXWH�WR�WKH�GLIIHUHQFH�LQ�WKH�UHYHQXHV�RI�WKH�6:0�V\VWHP��1RWDEO\��WKH�FRPPHUFLDO�

VHFWRUV�DUH�ZLOOLQJ�WR�SD\�D�KLJKHU�WLSSLQJ�IHH�FRUUHVSRQGLQJ�WR�WKH�LPSURYHPHQW�RI�ZDVWH�

FROOHFWLRQ�VHUYLFH�TXDOLW\�DLPV�WR�UHVSRQG�WR�WKH�ZDVWH�FROOHFWLRQ�GHPDQG�RI�VWDNHKROGHUV��

)XUWKHUPRUH��)LJXUH�������D��	��E��VKRZ�WKDW�WKH�VWDNHKROGHUV�DQG�WKH�JRYHUQPHQW�DUH�

ERWK�JHW�EHQHILW� IURP�UHF\FOLQJ��:KHUHE\�� WKH� LQFRPH�IURP�VHOOLQJ�GU\� UHF\FODEOHV�E\�

VWDNHKROGHUV�DQG�WKH�JRYHUQPHQW�LQFUHDVH�IURP�6��WR�6��LV SURSRUWLRQDO�WR�WKH�DPRXQW�RI�

UHF\FODEOHV�UHFRYHUHG��,W�FDQ�EH�VHHQ�WKDW�WKH�LPSURYHPHQW�RI�6:03�DW�VRXUFH�PD\�KHOS�

WKH�WRXULVP�LQGXVWU\�LQ�+$&�KDV�D�KLJKHU�QHW�EHQHILW�IURP�6:0�DFWLYLWLHV��,Q�WHUP�RI�WKH�

FLW\� YLHZ�� )LJXUH� ���� UHYHDOV� WKDW� SODQQLQJ� LQ� WKH� VXVWDLQDEOH� VWUDWHJ\� RI� 6:03�

VLJQLILFDQWO\�FRQWULEXWHV�WR�UHGXFLQJ�WKH�FRVW�RI�WUDQVSRUWDWLRQ�DQG�WUHDWPHQW�GXH�WR�WKH�

ZDVWH�JHQHUDWLRQ�PLQLPLVDWLRQ��

)LJXUH�������7KH�QHW�EHQHILW�RI�PXQLFLSDO�6:0�V\VWHP�IURP�WKH�LPSOHPHQWDWLRQ�RI�
6:03�VFHQDULRV

)XUWKHUPRUH��WKH�IHDVLELOLW\�RI�DQ�6:03�GHYHORSPHQW�SURMHFW�LV�DOVR�FRQVLGHUHG�E\�

WKH�QHW�EHQHILW�ZKLFK� WKH�SURMHFW�EULQJV�IURP�WKH� LPSOHPHQWDWLRQ�SURFHVV��)LJXUH�����

VKRZV�WKDW�WKH�QHW�EHQHILW�RI�WKH�FXUUHQW�6:0�V\VWHP�IRU�WKH�WRXULVP�LQGXVWU\�LQ�+$&�LV�

WKH�ORZHVW�ZLWK�������PLOOLRQ�GROODUV�SHU�\HDU��:KHUHDV��WKH�GHYHORSPHQW�RI�6:03�LQ�

WKH�WRXULVP�LQGXVWU\�PD\�VXEVWDQWLDOO\�FRQWULEXWH�WR�LQFUHDVLQJ�WKH�HFRQRPLF�EHQHILW�IRU�
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PXQLFLSDO�6:0�V\VWHP��1RWDEO\��WKH�QHW�EHQHILW�LQ�6���6��DQG�6��LV�DSSUR[LPDWHG E\�����

PLOOLRQ� 86'� SHU� \HDU�� IROORZHG� E\� 6��ZLWK� �����PLOOLRQ� 86'� SHU� \HDU��7KH� FRVW� RI�

LQYHVWPHQW�LQ�WKH�ILUVW�\HDU�RI�WKH�SURMHFW�LQ�VRPH�VFHQDULRV�LV�TXLFNO\�UHSDLG�ZLWKLQ�RQH�

\HDU��7KH�JURZWK�RI�QHW�EHQHILW�\HDU�E\�\HDU�LQ�LPSOHPHQWLQJ�WKH�SURMHFW�RI�6:03 LV�D�

JUHDW�DGYDQWDJH�WR�HTXLS�WKH�IDFLOLWLHV�IRU�PXQLFLSDO�6:0�V\VWHP��

��������0LWLJDWLRQ�RI�HPLVVLRQV

7KH�OHYHO�RI�6:0�SUDFWLFH�PD\�OHDG�WR�WKH�UHGXFWLRQ�RI�ZDVWH�WR�WUHDWPHQW��WKH�FKDQJHV�

LQ�ZDVWH� FRPSRVLWLRQ� DQG� FKDUDFWHULVDWLRQ��7KHUHIRUH�� WKH� HPLVVLRQ� IURP� WUHDWPHQW� LV�

H[SHFWHG� WR� EH� PLWLJDWHG��)LJXUH� ����� �D� SUHVHQWV� WKDW� ODQGILOOLQJ� HPLWV� WKH� KLJKHVW�

DPRXQW�*+*�E\�����NJ�&2��HT SHU�WRQQH�RI�ZDVWH��7KLV�LV�D�ORZ�FRVW�DQG�VWUDLJKWIRUZDUG�

GLVSRVDO� WKDW� LV� TXLWH� FRPPRQ� LQ� GHYHORSLQJ� FRXQWULHV�� :KHUHDV� LQFLQHUDWLRQ� DQG�

FRPSRVWLQJ�HPLW�RQ�DYHUDJH�����DQG�����NJ�&2��HT�WRQQH�RI�ZDVWH��7KH� ORZ�EXUQLQJ�

WHFKQRORJ\�DQG�LQHIILFLHQF\�RI�H[KDXVW�JDVHV�WUHDWPHQW�PD\�EH�WKH�UHDVRQV�IRU�WKH�KLJK�

HPLVVLRQ�IURP�LQFLQHUDWLRQ� LQ�+$&��&RPSRVWLQJ�PD\�EH�DQ�HQYLURQPHQWDOO\� IULHQGO\�

VROXWLRQ��&RPSRVWLQJ�LV�DOVR�DQ�DSSURSULDWH�WUHDWPHQW�PHWKRG�ZLWK�VROLG�ZDVWH�KDV�D�KLJK�

FRQWHQW�RI�RUJDQLF�FRPSRQHQW�WKDW�LV�WKH�IHDWXUH�RI�VROLG�ZDVWH�LQ�GHYHORSLQJ�FRXQWULHV��

�D� �E�

)LJXUH�������(PLVVLRQ�IURP�ZDVWH�WUHDWPHQW�PHWKRGV��D��DQG�VFHQDULRV��E�

1HYHUWKHOHVV��WKH�SDUDGR[�LV�WKDW�ZDVWH�VHSDUDWLRQ�DW�VRXUFH�LV�QRW�FRQVLGHUHG�LQ�WKHVH�

FRXQWULHV�� DQG� WKLV� LV� WKH� ELJJHVW� REVWDFOH� LQ� RSHUDWLQJ� FRPSRVWLQJ�� 7KH� UROH� RI�

FRPSRVWLQJ�LQ�HPLVVLRQ�PLWLJDWLRQ�IURP�ZDVWH�WUHDWPHQW�LV�GHPRQVWUDWHG�LQ�)LJXUH������



���

�E� ZLWK�WKH�DYHUDJH�FDUERQ�IRRWSULQW�YDOXH�RI�WKH�WRXULVP�ZDVWH�LQ�6��DQG�6��LV�����DQG�

����NJ�&2��HT SHU�WRQQH�RI�VROLG�ZDVWH�WUHDWHG��UHVSHFWLYHO\��:KHUHDV��WKH�*+*�DPRXQW�

HPLWV� IURP� 6�� DQG� 6�� LV� KLJKHU� E\� ���� DQG� ���� NJ� &2��HT�WRQQH� RI� ZDVWH� WUHDWHG��

UHVSHFWLYHO\��7KH�GLIIHUHQFHV� LQ� WKH�YDOXH�RI� FDUERQ�IRRWSULQW�RI� WKH� WRXULVP�ZDVWH� LQ�

VFHQDULRV� LQGLFDWH� WKDW� WKH� LPSURYHPHQW� RI� 6:03�PD\� FRQWULEXWH� WR� UHGXFLQJ�*+*�

HPLVVLRQ�IURP�WUHDWPHQW�WKDQ�WKDW�RI�WKH�PLQLPDOLVP�

,Q�FRQFOXVLRQ��WKLV�VWXG\�SUHVHQWV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKH�PLQLPDOLVW�

DQG�LPSURYHG�PRGHOV�RI�6:03�LQ�WKH�WRXULVP�LQGXVWU\�LQ�+$&��7KH�PLQLPDOLVP�PRGHO�

LQ�6:03�VHHPV�WR�EH�TXLWH�SRSXODU�LQ�GHYHORSLQJ�FRXQWULHV�GXH�WR�LWV�FRPSDWLELOLW\�ZLWK�

WKH�SRRU�6:0�V\VWHP��WKH�ORZ�OHYHO�RI�6:03��DQG�WKH�UHVWULFWLRQ�RQ�IDFLOLWLHV�DQG�ODFN�

RI�VXSSRUW��%HVLGHV��WKLV�VWXG\�LQGLFDWHV�WKDW�WKH�WRXULVP�6:0�V\VWHP�LQ�+$&�KDV�D�KLJK�

SRWHQWLDO� IRU� XSJUDGLQJ� 6:03� WRZDUGV� VXVWDLQDELOLW\�� 1RWDEO\�� WKH� PXQLFLSDO� 6:0�

V\VWHP�LQ�+$&�LV�PRUH�FRPSOHWH�WKDQ�WKDW�RI�RWKHU�DUHDV�E\�WKH�DEXQGDQW�ZDVWH�WUHDWPHQW�

SODQW�VXFK�DV�FRPSRVWLQJ�IDFLOLW\�DQG�LQFLQHUDWLRQ�SODQW��$OVR��ZDVWH�LV�UHTXLUHG�WR�VRUW�DW�

VRXUFH� DQG� VHSDUDWHO\� FROOHFWHG�� 7KHVH� DUH� WKH� IDYRXUDEOH� FRQGLWLRQ� IRU� GHYHORSLQJ�

PXQLFLSDO�6:0�V\VWHP��7KHUHIRUH��WKH�GHYHORSPHQW�RI�6:03�IRU�WKH�WRXULVP�LQGXVWU\�

LQ�+$&�FDQ�EH�SODQQHG�E\�WKH�SURMHFW�FRQVLVWV�RI���SKDVHV�ZLWK�WZR�GLIIHUHQW�VWUDWHJLF�

GLUHFWLRQV�LQ����\HDUV��1RWDEO\��WKH�PLQLPDOLVW�6:03�SURMHFW��23��� IURP�6��WR�6��DQG�

6���DQG�WKH�VXVWDLQDEOH�6:03��23��� IURP�6��WR�6��DQG�6���LQ�WHQ�\HDUV�RI�WKH�SURMHFW�

������ 2ULHQWHG�SODQQLQJ�6:03�IRU�WKH�&7,�LQ�+$&�WRZDUGV�VXVWDLQDELOLW\

)LJXUH�������7KH�QHW�EHQHILW�RI�LPSOHPHQWLQJ�6:03�SURMHFWV

�
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7KH�IHDVLELOLW\�RI�SURMHFWV�RI�GHYHORSLQJ�6:03�IRU�WKH�7,�FDQ�EH�DVVHVVHG�E\�WKH�QHW�

EHQHILW�IURP�LPSOLFDWLQJ�WKH�SURMHFWV�LQ�WKH�SHULRG�RI�WHQ�\HDUV��)LJXUH����� VKRZV�WKDW�

WKH�QHW�EHQHILW�RI�SURMHFWV�23��DQG�23��LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�FXUUHQW�SURMHFW�6���

1RWDEO\��LQ�WKH�ILUVW�IRXU�\HDUV�RI�WKH�SURMHFWV��WKHUH�LV�QR�GLIIHUHQFH�LQ�WKH�QHW�EHQHILW�RI�

WZR� SURMHFWV�� 7KLV� LV� H[SODLQHG� E\� WKH� WLPH� RI� UHWXUQLQJ� WKH� LQYHVWPHQW� PRQH\� DQG�

VWDUWLQJ�XS� SKDVH�� 7KXV� WKH� FKDQJLQJ� WKH� KDELWV�� LPSURYLQJ� VNLOOV� DQG� EHKDYLRXUV� RI�

VWDNHKROGHUV�LQ�LPSOHPHQWLQJ�6:03�QHHGV�WR�EH�DGRSWHG�JUDGXDOO\��7KH�ILUVW�SKDVH�RI�

WKH�SURMHFW�LV�WR�DLP�WR�LPSURYH�WKH�6:03�IURP�WKH�FXUUHQW�UDWH�WR�WKH�LQWHQWLRQ�UDWH�ZLWK�

WKH�VXSSRUW�IURP�WKH�JRYHUQPHQW�DQG�1*2V��7KLV�LV�D�GLIILFXOW�SHULRG�IRU�WKH�SURMHFW��

:KHUHDV�� WKH� QH[W� ��\HDUV� RI� WKH� SURMHFW� LV� WKH� VHFRQG� SKDVH� WKDW� LV� WKH� WLPH� WR�

VLPXOWDQHRXVO\�FRQGXFW�6:03�ZLWK�D�KLJKHU�OHYHO�IURP�LQWHQWLRQ�UDWH�WR�WKH�RSWLPDO�UDWH��

,Q�WKLV�SKDVH��WKH�QHW�EHQHILW�OLQH�RI�WZR�SURMHFWV�VWDUWV�VKRZLQJ�WKH�GLIIHUHQFH��:KHUHE\�

WKH� QHW� EHQHILW� RI�23�� LV� ORZHU� WKDQ� WKDW� RI�23�� GXULQJ� WKH� WLPH� RI� WKH� SKDVH�� 7KLV�

GLIIHUHQFH�PD\� EH� H[SODLQHG� E\� WKH� UHGXFWLRQ� RI� LQFRPH� IURP� WLSSLQJ� IHH� GXH� WR� WKH�

UHJXODWLRQ�³SD\�DV�\RX�WKURZ´�DQG�³SD\�DV�\RX�GR´��,Q�WHUP�RI�WKH�HFRQRPLF�DVSHFW��WKH�

QHW�EHQHILW�IURP�23��SURMHFW��DERXW���PLOOLRQ�86'��DQG�23��SURMHFW������PLOOLRQ�86'��

DFKLHYH�SRVLWLYH�YDOXHV�DQG�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�FXUUHQW�SURMHFW������PLOOLRQ�

86'��� 7KLV� LQIRUPDWLRQ� UHYHDOV� WKDW� ERWK� SURMHFWV� 23�� DQG� 23�� DUH� IHDVLEOH� LQ�

LPSOHPHQWDWLRQ��

)LJXUH�������*+*�HPLVVLRQ�IURP�SURMHFWV�RI�6:03�LQ�WKH�7,�RI�+$&

������

������

������

������

������

������

������
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(PLVVLRQ�RI�&2��HT IURP�RULHQWHG�SODQQLQJ�RI�6:03�LQ�WKH�WRXULVP�
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7KH�23��KDV�WKH�DGYDQWDJH�LQ�WKH�HFRQRPLF�DVSHFW��KRZHYHU��LQ�WHUP�RI�HQYLURQPHQWDO�

DVSHFW�� WKH� 23�� HPLWV� PXFK� *+*� WKDQ� RWKHU� SURMHFWV�� )LJXUH� ���� LOOXVWUDWHV� WKH�

HVWLPDWLRQ� RI� *+*� HPLVVLRQ� IURP� WKH� WUHDWPHQW� RI� WRXULVP�ZDVWH� LQ� ���� \HDUV�� 7KH�

GHYHORSPHQW� RI�6:03� LQ� GLIIHUHQW� RULHQWDWLRQ�PD\� DIIHFW� WKH� HPLVVLRQ��1RWDEO\�� WKH�

PLQLPDOLVP�LQ�6:03�DW�VRXUFH�HPLWV�PXFK�*+*�HPLVVLRQ�WKDQ�WKDW�RI�WKH�VXVWDLQDELOLW\��

7KLV�GLIIHUHQFH�LQ�HPLVVLRQ�PD\�EH�H[SODLQHG�E\�WKH�UHGXFWLRQ�RI�ZDVWH�WR�WKH�ODQGILOO��

ZKLFK� LV� WKH� PRVW� SROOXWHG� GLVSRVDO� LQ� DORQJ� WLPH�� DQG� WKH� GHYHORSPHQW� RI� KRPH�

FRPSRVWLQJ�WKDW�LV�DQ�HFR�IULHQGO\�VROXWLRQ��7KXV��LQ�WHUP�RI�HQYLURQPHQW��23��SURYHV�

WKDW�XSJUDGLQJ�6:03�SOD\V�DQ�LPSRUWDQW�UROH�LQ�HPLVVLRQ�PLWLJDWLRQ�

���� &RQFOXVLRQ

7KLV�FKDSWHU�ILQGV�WKH�DSSURSULDWH�VROXWLRQV�WR�UHVROYH�WKH�FXUUHQW�SUREOHPV�WKDW�WKH�

6:0�V\VWHP�LQ�WKH�7,�LV�IDFLQJ��

)RU�WKH�DFFRPPRGDWLRQ��WKLV�VWXG\�IRFXVHG�RQ�DVVHVVLQJ�WKH�HIILFLHQF\�RI�VHSDUDWLRQ�DW�

VRXUFH�RI�WKH�KRWHOV¶�ZDVWH�DQG�HYDOXDWLQJ�WKH�UHF\FOLQJ�SRWHQWLDO�RI�WKH�KRWHO�LQGXVWU\�LQ�

+$&��6HSDUDWLRQ�DQG�UHF\FOLQJ�SUDFWLFH�VFHQDULRV�ZHUH�GHVLJQHG�EDVHG�RQ�WKH�VWDWXV�DQG�

LQWHQWLRQ�RI�:03��DQG�WKH�LPSRUWDQFH�RI�IDFWRUV�UHODWHG�WR�53(��7KLV�VWXG\�UHYHDOHG�WKDW�

WKH� 6:0� V\VWHP� RI� WKH� KRWHO� LQGXVWU\� LQ� +$&� KDV� D� KLJK SRWHQWLDO� IRU� GHYHORSLQJ�

UHF\FOLQJ�SUDFWLFHV�DQG�ZLOO�JHW�VLJQLILFDQW�EHQHILWV�IURP�UHF\FOLQJ�

��� 7KH� UHF\FODEOH�PDWHULDOV� DFFRXQWHG� IRU D� VLJQLILFDQW�SURSRUWLRQ� ��������RI� WKH�

KRWHO�ZDVWH��LQ�ZKLFK�FRPSRVWDEOH�ZDVWH�FRQVWLWXWHG��������)XUWKHUPRUH���������

RI�WKH�KRWHO�ZDVWH�ZDV�SURGXFHG IURP�WKH�+6+�DQG�06+��ZKLFK�KDYH�IDYRXUDEOH�

FRQGLWLRQV�IRU�KRPH�FRPSRVWLQJ�

��� $OWKRXJK WKH�HIILFLHQF\�RI�ZDVWH�VHJUHJDWLRQ�DW� VRXUFH�ZDV�UHVWULFWHG�� WKH�KLJK�

LQWHQWLRQV�RI�:03�RI�WKH�KRWHOLHUV�ZHUH�D�SRVLWLYH�VLJQ�IRU�HQKDQFLQJ�UHF\FOLQJ�

SUDFWLFHV�� %HVLGHV��:03�� 33� DQG� (%2�ZHUH� LGHQWLILHG� DV� WKH� PRVW� LPSRUWDQW�

IDFWRUV�VKRXOG�EH�GHYHORSHG�WRZDUG�VXVWDLQDEOH�UHF\FOLQJ�SUDFWLFH�

��� :DVWH�JHQHUDWLRQ�IURP�WKH�KRWHO�LQGXVWU\�ZDV�HVWLPDWHG�WR�VLJQLILFDQWO\�UHGXFH�LQ�

WKH�UDQJH�RI�����WR�����RI�WRWDO�KRWHO�ZDVWH�GHSHQGLQJ�RQ�WKH�SHUIRUPDQFH�RI�

UHF\FOLQJ� SUDFWLFHV�� 7KH� KLJKHU� WKH� UDWH� RI� UHF\FOLQJ� SUDFWLFH�� WKH� KLJKHU� WKH�

SURSRUWLRQ�RI�ZDVWH�UHGXFWLRQ�



���

��� 6HSDUDWLRQ�DQG�UHF\FOLQJ�SUDFWLFH�PLJKW�SRVLWLYHO\�FKDQJH�WKH�FKDUDFWHULVWLFV�RI�

ZDVWH�LQ�IDYRXU�RI�ZDVWH�WUHDWPHQWV��:KHUHE\��WKH�GHFUHDVH�LQ�WKH�PRLVWXUH�FRQWHQW�

DQG�WKH�LQFUHDVH�LQ�WKH�++9 RI�WKH�PL[HG�ZDVWH�PLJKW�FRQWULEXWH�WR�LPSURYLQJ�

WKH�HIILFLHQF\�RI�LQFLQHUDWLRQ��$OVR��WKH�FKDUDFWHULVWLFV�RI�WKH�PL[WXUH RI�NLWFKHQ�

ZDVWH��JDUGHQ�ZDVWH��DQG�WLVVXH�SDSHU�ZHUH�VXLWDEOH�IRU�FRPSRVWLQJ�DW�WKH�KRWHO��

DV�LW�KDG�D�PRLVWXUH�FRQWHQW�RI����± ����DQG�D�&�1�RI�����±�����

��� 5HF\FOLQJ�SUDFWLFH�ZDV�HVWLPDWHG�WR�SURYLGH�VXEVWDQWLDO�HFRQRPLF�EHQHILWV�WR�WKH�

KRWHOV��7KH�KLJKHU�WKH�HIILFLHQF\�RI UHF\FOLQJ�SUDFWLFH��WKH�KLJKHU�WKH�HFRQRPLF�

EHQHILW� (YHQ�DV�WKH�UHF\FOLQJ�SUDFWLFH�DSSURDFKHV�WKH�RSWLPXP�YDOXH��WKH�SURILWV�

IURP�WKH�VXVWDLQDELOLW\�RI�WKH�6:0�V\VWHP�ZRXOG�EH�SRVLWLYH�

7KLV� VWXG\� DOVR� LQGLFDWHG� WKDW� WR� HQKDQFH� UHF\FOLQJ� SUDFWLFHV�� :03 VKRXOG� EH�

LPSURYHG��ZDVWH�UHJXODWLRQ�DQG�HQFRXUDJHPHQW�VKRXOG�EH�SURPXOJDWHG�DQG�LQWHQVLILHG��

DQG�EHQHILWV�WR�WKH�KRWHOV�IURP�UHF\FOLQJ�VKRXOG�EH�IXUWKHU�VWXGLHG�WR�LPSURYH�WKH�6:0�

PRWLYDWLRQ�RI�WKH�KRWHOLHUV��%HVLGHV�WKH�UROH�RI�JRYHUQPHQW��VWDNHKROGHUV¶�UROHV�VKRXOG�EH�

VWUHQJWKHQHG�WR�VXSSRUW�WKH�KRWHOLHUV�LQ�WKH�LPSOHPHQWDWLRQ RI�6:0�

)RU�WKH�WRXULVP�DUHD��WKH�UHVXOWV�UHYHDO�WKDW�WKH�QRQ�VHSDUDWLRQ�DW�VRXUFH�VFHQDULRV��6���

6��� DQG� 6��� JHW� D� PRUH� SRVLWLYH� UHVSRQVH� IURP� VWDNHKROGHUV� �HVSHFLDOO\� FRPPHUFLDO�

VHFWRUV�� E\� WKH� KLJK� FRQVHQVXV� DQG� ZLOOLQJ� WR� SD\� WKH� KLJKHU� WLSSLQJ� IHH� GXH� WR� WKH�

PLQLPDOLVP�LQ�ZDVWH�PDQDJHPHQW�SUDFWLFH�DW�VRXUFH��+RZHYHU��WKH�PRGHOV�RI�WKH�6:0�

V\VWHP�ZLWK�ZDVWH�VHJUHJDWLRQ�DW�VRXUFH�UHTXLUHPHQW��6���6���DQG�6���DUH�PRUH�HIIHFWLYH��

:KHUHE\��WKH�6:0�V\VWHP�LQ�6��LV�WKH�RSWLPDO�DQG�IHDVLEOH�PRGHO�IRU�WKH�7$�LQ�+$&��

,Q�RUGHU�WR�DSSURDFK�WKLV�RSWLPDO�PRGHO��WKH�JUDGXDO�XSJUDGH�SURFHVV�RI�WKH�6:0�V\VWHP�

LV�VXJJHVWHG�WR�GHSOR\�VWHS�E\�VWHS�IURP�6��WR�6���DQG�6��XQGHU�WKH�PRQLWRULQJ�RI�WKH�

JRYHUQPHQW� DQG� WKH� VXSSRUW� IURP� VRFLDO� RUJDQLVDWLRQV�� 7KHUHE\�� VRPH� VROXWLRQV� DUH�

VXJJHVWHG�WR�LPSOHPHQW�DV�IROORZV�

��� 6ROLG� ZDVWH� VHSDUDWLRQ� DW� VRXUFH� VKRXOG� EH� FRQWLQXRXVO\� HQFRXUDJHG� DQG�

VXSSRUWHG�WR�LPSURYH�ZLWK�WKUHH�W\SHV�VXFK�DV�ELR�ZDVWH��NLWFKHQ�ZDVWH��JDUGHQ�

ZDVWH�� DQG� WLVVXH� SDSHU��� UHF\FODEOH� ZDVWH� �PHWDOV�� SODVWLFV�� 3(7� ERWWOHV��

FDUGERDUG��SDSHUV��DQG�JODVV���DQG�WKH�UHVLGXHV�



���

��� ,QYHVWPHQW�RI�ZDVWH�FROOHFWLRQ�LQIUDVWUXFWXUH�VKRXOG�EH�FRQVLGHUHG�DV�WKH�SULRULW\�

VROXWLRQ��:KHUHE\��WKH�QXPEHU�RI�VWUHHW�WUDVK�DQG�FDUW�LV�DGGHG�PRUH����DQG�HLJKW��

UHVSHFWLYHO\��7KUHH� WUDVK�ZLWK� WKH� LQWHUQDWLRQDO� V\PERO� FRUUHVSRQGLQJ� WR� WKUHH�

W\SHV�RI�ZDVWH�VKRXOG�EH�VHW�XS�DW�D�FROOHFWLRQ�SRLQW��

��� :DVWH�FROOHFWLRQ�VHUYLFH�VKRXOG�EH�HQKDQFHG��1RWDEO\��ELR�ZDVWH�DQG�UHVLGXHV�DUH�

FROOHFWHG�GDLO\�E\�WUXFNV�LQ�WKH�PRUQLQJ�DQG�FDUWV�LQ�WKH�DIWHUQRRQ��UHVSHFWLYHO\��

ZKLOH�UHF\FODEOHV�DUH�UHFRYHUHG�RQH�SHU�GD\�E\�FDUWV��)XUWKHUPRUH��WKH�FROOHFWLRQ�

VFKHGXOH�RI�WUXFNV�VKRXOG�EH�FRQVLGHUHG�WR�EH�LQ�WKH�QLJKW�WLPH�WR�DYRLG�WUDIILF�DQG�

GLVUXSWLQJ�WRXULVW��

��� 7KH�WLSSLQJ�IHH�VKRXOG�EH�LGHQWLILHG�EDVHG�RQ�WKH�DFWXDO�ZDVWH�JHQHUDWLRQ�IURP�

FRPPHUFLDO�VHFWRUV��7KHQ�� LW�VKRXOG�EH�FRQVLGHUHG�IRU� LQFUHDVLQJ�E\�����PRUH�

GXH�WR�WKH�LPSURYHPHQW�RI�FROOHFWLRQ�VHUYLFH�DQG�DJUHHPHQW�RI�EXVLQHVV�VHFWRUV��

7KH� HQYLURQPHQWDO� IHH� IRU� WRXULVW� HQWHULQJ� WKH� 7$� VKRXOG� EH� FRQVLGHUHG� IRU�

FKDUJLQJ����RI�WKH�WLFNHW�

����:DVWH�PDQDJHPHQW� UHJXODWLRQ�VKRXOG�EH�FRQVLGHUHG�IRU�SURPXOJDWLRQ��1RWDEO\��

UHIXVLQJ�FROOHFWLRQ�DQG�ILQDQFLDO�SXQLVKPHQW�IRU�XQ�FODVVLILFDWLRQ�DW�VRXUFH��$OVR��

UHJXODWLRQ�RQ�WKH�UHFRYHU\�RI�UHF\FODEOH�PDWHULDOV�VKRXOG�EH�ZLGHO\�SURPXOJDWHG�

LQ�WKH�7$��7KH�LOOHJDO�FROOHFWLRQ�DFWLYLWLHV�VKRXOG�EH�VHYHUHO\�SXQLVKHG�ERWK�RI�WKH�

VXSSOLHUV�DQG�XVHUV�VHUYLFH�

���� 7KH�SROLF\�RI� VXSSRUW�DQG� UHZDUG� IURP� WKH�JRYHUQPHQW� VKRXOG�EH�HQKDQFHG� WR�

HQFRXUDJH� WKH� HIIRUWV� RI� EXVLQHVV� VHFWRUV� LQ� WKH� LPSOHPHQWDWLRQ� RI� ZDVWH�

PDQDJHPHQW�SROLF\�

)RU�WKH�WRXULVP�LQGXVWU\��WKLV�VWXG\�LQGLFDWHV�WKDW�WKH�GHYHORSPHQW�RI��6:0�SUDFWLFH�

IRU�WKH�WRXULVP�LQGXVWU\�LQ�+$&�LQ�VXVWDLQDEOH�GLUHFWLRQ�KDV�PDQ\�DGYDQWDJHV�DQG�PD\�

FRQWULEXWH�WR�UHVROYLQJ�WKH�FXUUHQW�SUREOHPV�RI�PXQLFLSDO�6:0�V\VWHP�

����5HGXFLQJ�������ZDVWH�JHQHUDWLRQ�DW�VRXUFH�DQG�HQKDQFLQJ�UHF\FOLQJ�HIILFLHQF\�

������ WRQV� E\� FRPSRVWLQJ�� DQG� ����� WRQV� RI� GU\� UHF\FODEOH� LV� UHFRYHUHG� IRU�

UHF\FOLQJ�

����3RVLWLYHO\� LPSURYLQJ� ZDVWH� FRPSRVLWLRQ� DQG� FKDUDFWHULVDWLRQ� IRU� LQFLQHUDWLRQ�

�++9�LQFUHDVH�WR����� 0-�NJ��DQG�FRPSRVWLQJ��PRLVWXUH�LQFUHDVH�WR������



���

����6LJQLILFDQWO\� LQFUHDVLQJ� WKH� QHW� EHQHILW� YDOXH� RI� WRXULVP� 6:0� V\VWHP� DQG�

FRQWULEXWH�WR�LPSURYLQJ�WKH�QHW�EHQHILW�RI�PXQLFLSDO�6:0�V\VWHP�

����6XEVWDQWLDOO\�PLWLJDWLQJ�HPLVVLRQ�IURP�ZDVWH�WUHDWPHQW��IURP�����W������NJ�&2��

HT SHU�NJ�RI�ZDVWH�WUHDWHG�

2YHUDOO�� WKH�7,� LQ�+$&�KDV�SRWHQWLDO� WR�XSJUDGH�6:03�IURP� WKH�FXUUHQW� VWDWXV� WR�

RSWLPDO�SUDFWLFH�UDWH�XQGHU�WKH�RULHQWHG�SODQQLQJ�SURMHFWV�LQ�WHQ�\HDUV��7KH�FRUH�YDOXH�RI�

WKH�VXVWDLQDEOH�PRGHO�RI�6:03�LQ�WKH�7,�LV�UHIOHFWHG�LQ�WKH�FRPSDWLELOLW\�ZLWK�WKH�UHJLRQ��

WKH� HIIHFWLYHQHVV� LQ� 6:0� WHFKQLTXHV�� FRQWULEXWLQJ� SRVLWLYHO\� WR� VROYLQJ� WKH� FXUUHQW�

SUREOHPV�RI�PXQLFLSDO�6:0�V\VWHP��)XUWKHUPRUH��WKH�FRUH�YDOXH�RI�VXVWDLQDEOH�6:0�

V\VWHP�LQ�WKH�7,�LV�DOVR�EDODQFHG�LQ�WKH�LQWHJUDWHG�HQKDQFHPHQW�RI�HFRQRP\��HQYLURQPHQW�

DQG�VRFLHW\��

���� 5HIHUHQFHV

$WDOLD��.�5���%XKD��'�0���%KDYVDU��.�$���6KDK��1�.���������$�5HYLHZ�RQ�&RPSRVWLQJ�RI�
0XQLFLSDO�6ROLG�:DVWH��,265�-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH��7R[LFRORJ\�DQG�)RRG�
7HFKQRORJ\������±����KWWSV���GRL�RUJ����������������������

&HQFLF��2���������1RQOLQHDU�GDWD�UHFRQFLOLDWLRQ�LQ�PDWHULDO�IORZ�DQDO\VLV�ZLWK�VRIWZDUH�
67$1��6XVWDLQDEOH�(QYLURQPHQW�5HVHDUFK��������±�����

'LQK��3����*LDQJ��+�0���6RQJ�7RDQ��3����7DNHVKL��)�������D��.LQHWLFV�RI�FDUERQ�GLR[LGH��
PHWKDQH�DQG�K\GURO\VLV�LQ�FR�GLJHVWLRQ�RI�IRRG�DQG�YHJHWDEOH�ZDVWH��*OREDO�-��(QYLURQ��
6FL��0DQDJH�������±�����KWWSV���GRL�RUJ����������JMHVP�����������

'LQK��3����7DNHVKL��)���%DFK��/����6RQJ�7RDQ��3����*LDQJ��+�0���������$�UHYLHZ�RI�DQDHURELF�
GLJHVWLRQ�V\VWHPV�IRU�ELRGHJUDGDEOH�ZDVWH��&RQILJXUDWLRQV��RSHUDWLQJ�SDUDPHWHUV��DQG�
FXUUHQW�WUHQGV��(QYLURQPHQWDO�(QJLQHHULQJ�5HVHDUFK������±����

'LQK��3����7DNHVKL��)���6RQJ�7RDQ��3����*LDQJ��+�0�������E��.LQHWLF�RI�%LRJDV�3URGXFWLRQ�
LQ�&R�'LJHVWLRQ�RI�9HJHWDEOH�:DVWH��+RUVH�'XQJ��DQG�6OXGJH�E\�%DWFK�5HDFWRUV��,23�
&RQIHUHQFH�6HULHV��(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH���������±�����

(]HDK��&���)D]DNHUOH\��-���%\UQH��7���������7RXULVP�:DVWH�0DQDJHPHQW�LQ�WKH�(XURSHDQ�
8QLRQ�� /HVVRQV� /HDUQHG� IURP� )RXU� 3RSXODU� (8� 7RXULVW� 'HVWLQDWLRQV�� $PHULFDQ�
-RXUQDO�RI�&OLPDWH�&KDQJH��������±�����KWWSV���GRL�RUJ���������DMFF�����������

*LDQJ��+�0���6RQJ�7RDQ��3����7DNHVKL��)���������$Q� LQYHVWLJDWLRQ�RI�KRXVHKRXVH�ZDVWH�
JHQHUDWLRQ�DQG�FRPSRVLWLRQ�LQ�+RL�$Q��9LHWQDP��3UHVHQWHG�DW�WKH��5,1&V�,QWHUQDWLRQDO�
&RQIHUHQFH��+D�1RL�&LW\�9LHWQDP��SS�����±����

*LDQJ�� +�0��� 7DNHVKL�� )��� 6RQJ� 7RDQ�� 3�3��� ������ 0XQLFLSDO� :DVWH� *HQHUDWLRQ� DQG�
&RPSRVLWLRQ�,Q�$�7RXULVW�&LW\�� +RL�$Q��9LHWQDP��-RXUQDO�RI�-6&(�������±����

+RL�$Q�3XEOLF�:RUN &RPSDQ\��������'DWD�FROOHFWLRQ�

.LP��0���-DQJ��<��&���/HH��6���������$SSOLFDWLRQ�RI�'HOSKL�$+3�PHWKRGV�WR�VHOHFW� WKH�
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SULRULWLHV�RI�:(((�IRU�UHF\FOLQJ�LQ�D�ZDVWH�PDQDJHPHQW�GHFLVLRQ�PDNLQJ�WRRO��-RXUQDO�
RI� (QYLURQPHQWDO� 0DQDJHPHQW� ����� ���±�����
KWWSV���GRL�RUJ���������M�MHQYPDQ������������

/LOOLDQD��$�*���*HU��0���:LOOLDP��+���������6ROLG�ZDVWH�PDQDJHPHQW�FKDOOHQJHV�IRU�FLWLHV�
LQ� GHYHORSLQJ� FRXQWULHV�� :DVWH� 0DQDJHPHQW� ���� ���±�����
KWWSV���GRL�RUJ���������M�ZDVPDQ������������

0DUVKDOO��5�(��� )DUDKEDNKVK��.��� ������ 6\VWHPV� DSSURDFKHV� WR� LQWHJUDWHG� VROLG�ZDVWH�
PDQDJHPHQW� LQ� GHYHORSLQJ� FRXQWULHV�� :DVWH� 0DQDJHPHQW� ���� ���±������
KWWSV���GRL�RUJ���������M�ZDVPDQ������������

1JX\HQ��7���1JX\HQ��+���/RER��$���'DR��7���������(QFRXUDJLQJ�9LHWQDPHVH�+RXVHKROG
5HF\FOLQJ� %HKDYLRU�� ,QVLJKWV� DQG� ,PSOLFDWLRQV�� 6XVWDLQDELOLW\� ��� ���±�����
KWWSV���GRL�RUJ���������VX�������

3KDP� 3KX�� 6�7��� )XMLZDUD�� 7��� +RDQJ�� 0�*��� 3KDP�� 9�'��� 7UDQ�� 0�7��� ������ :DVWH�
VHSDUDWLRQ� DW� VRXUFH� DQG� UHF\FOLQJ� SRWHQWLDO� RI� WKH� KRWHO� LQGXVWU\� LQ� +RL�$Q� FLW\��
9LHWQDP�� -RXUQDO� RI� 0DWHULDO� &\FOHV� DQG� :DVWH� 0DQDJHPHQW� ���� ��±����
KWWSV���GRL�RUJ���������V����������������

3KDP�9DQ��'���+RDQJ��0�*���3KDP�3KX��6�7���)XMLZDUD��7���������$�QHZ�NLQHWLF�PRGHO�
IRU� ELRJDV� SURGXFWLRQ� IURP� FR�GLJHVWLRQ� E\� EDWFK PRGH�� *OREDO� -RXUQDO� RI�
(QYLURQPHQWDO� 6FLHQFH� DQG� 0DQDJHPHQW� ��� ���±�����
KWWSV���GRL�RUJ����������JMHVP������������

3LUDQL��6�,���$UDIDW��+�$���������6ROLG�ZDVWH�PDQDJHPHQW�LQ� WKH�KRVSLWDOLW\�LQGXVWU\��$�
UHYLHZ�� -RXUQDO� RI� (QYLURQPHQWDO� 0DQDJHPHQW� ����� ���±�����
KWWSV���GRL�RUJ���������M�MHQYPDQ������������

4XDQJ�1DP�3URYLQFH��������5HJXODWLRQ�RI�ZDVWH�FROOHFWLRQ�IHH�LQ�4XDQJ�1DP�SURYLQFH�

6KDPVKLU\�� (��� 0RNKWDU�� 0�%���$EGXODL��$�0��� .RPRR�� ,��� ������ 8VLQJ� WKH�$QDO\WLF�
+LHUDUFK\�3URFHVV�WR�(QKDQFH�6XVWDLQDEOH�6ROLG�:DVWH�0DQDJHPHQW��&DVH�6WXG\�RI�
/DQJNDZL� ,VODQG�� 0DOD\VLD�� 6XVWDLQDEOH� 6ROLG�:DVWH� 0DQDJHPHQW�� (QYLURQPHQWDO�
4XDOLW\�0DQDJHPHQW�������±����KWWSV���GRL�RUJ���������WTHP������

6KDPVKLU\��(���1DGL��%���%LQ�0RNKWDU��0���.RPRR��,���6DDGLDK�+DVKLP��+���<DKD\D��1���
������,QWHJUDWHG�0RGHOV�IRU�6ROLG�:DVWH�0DQDJHPHQW�LQ�7RXULVP�5HJLRQV��/DQJNDZL�
,VODQG�� 0DOD\VLD�� -RXUQDO� RI� (QYLURQPHQWDO� DQG� 3XEOLF� +HDOWK� ������ �±���
KWWSV���GRL�RUJ��������������������

6RQJ�7RDQ��3����7DNHVKL��)���+RD��.�7���������$Q�$QDO\VLV�2I�:DVWH�&KDUDFWHULVWLFV�$QG�
&RXQWLQJ�2I�*UHHQKRXVH�*DV�(PLVVLRQV�)URP�&DP�+D�&RPSRVWLQJ�)DFLOLW\�,Q�+RL�
$Q�&LW\��9LHWQDP��3UHVHQWHG�DW� WKH�7KH��WK�9LHWQDP�-DSDQ�:RUNVKRS�RQ�(VWXDULHV��
&RDVWV�DQG�5LYHUV��&RQVWUXFWLRQ�3XEOLVKHU��+RL�$Q��9LHWQDP��SS�����±����

6RQJ�7RDQ��3�3���)XMLZDUD��7���'LQK��3�9���+RD��.�7�������D��:DVWH�5HF\FOLQJ�6\VWHP�IRU�
D�7RXULVP�&LW\�LQ�9LHWQDP��6LWXDWLRQ�DQG�6XVWDLQDEOH�6WUDWHJ\�$SSURDFK�± &DVH�6WXG\�
LQ�+RL�$Q�&LW\��9LHWQDP��,23�&RQIHUHQFH�6HULHV��(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH�
��������±�����KWWSV���GRL�RUJ�������������������������������

6RQJ�7RDQ��3�3���0LQK�*LDQJ��+���7DNHVKL��)�������E��$QDO\]LQJ�VROLG�ZDVWH�PDQDJHPHQW�
SUDFWLFHV� IRU� WKH� KRWHO� LQGXVWU\�� *OREDO� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH� DQG�



���

0DQDJHPHQW������±����KWWSV���GRL�RUJ����������JMHVP���������������

6RQJ�7RDQ��3�3���7DNHVKL��)���*LDQJ��+�0���'LQK��3�9���������$Q�DQDO\VLV�RI�WKH�FRPPHUFLDO�
ZDVWH� FKDUDFWHULVDWLRQ� LQ� D� WRXULVP�FLW\� LQ�9LHWQDP�� ,QW�� -��(QYLURQPHQW� DQG�:DVWH�
0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������,-(:0������������

7RDQ��3�3�6���7DNHVKL��)���0��*LDQJ��+���������$�&RPSDULVRQ�RI�VROLG�ZDVWH�JHQHUDWLRQ�
UDWH�EHWZHHQ�W\SHV�RI�KRWHO�LQ�+RL�$Q�DQFLHQW�&LW\��9LHWQDP��LQ��:DVWH�0DQDJHPHQW��
3UHVHQWHG�DW�WKH�7KH���WK�$QQXDO�&RQIHUHQFH�RI�-606:0��7RN\R��SS�����±����

7URVFKLQHW]��$�0���0LKHOFLF��-�5���������6XVWDLQDEOH�UHF\FOLQJ�RI�PXQLFLSDO�VROLG�ZDVWH�
LQ� GHYHORSLQJ� FRXQWULHV�� :DVWH� 0DQDJHPHQW� ���� ���±�����
KWWSV���GRL�RUJ���������M�ZDVPDQ������������
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&KDSWHU��

&RQFOXVLRQ�DQG�5HFRPPHQGDWLRQ

�����6XPPDU\�RI�NH\�ILQGLQJV

7KLV�VWXG\�LQGLFDWHG�WKDW�VROLG�ZDVWH�JHQHUDWHG�IURP�WKH�7,�LQ�+$&�DFFRXQWHG�IRU�����

RI�WKH�PXQLFLSDO�ZDVWH��:KHUHE\�WKH�JHQHUDWLRQ�UDWH�IURP�HDFK�VRXUFH�RI�WRXULVP�ZDVWH�

LV�����IURP�WRXULVP�DUHD������IURP�DFFRPPRGDWLRQ�EXVLQHVV������IURP�UHVWDXUDQWV��

���� IURP� PDUNHWV�� DQG� ���� IURP� RWKHU� FRPPHUFLDO� DFWLYLWLHV�� )XUWKHUPRUH��

LGHQWLILFDWLRQ�RI�WKH�6:*�UDWH��ZDVWH�FRPSRVLWLRQ��DQG�FKDUDFWHULVDWLRQ�RI�WKH�7,�LQ�+$&�

DUH�WKH�SULPDU\�ILQGLQJV�RI�WKLV�VWXG\�

��� 7KH�DYHUDJH�6:*�UDWH�RI�WKH�KRWHO LQGXVWU\�LQ�+$&�LV������NJ�JXHVW���GD\����%HVLGHV��

WKH� GLIIHUHQFH� LQ� 6:*� UDWH� EHWZHHQ� W\SHV� RI� KRWHOV� LV� VWDWLVWLFDOO\� VLJQLILFDQW��

:KHUHE\��WKH�KLJKHU WKH�VFDOH�RI�WKH�KRWHOV��WKH�KLJKHU�WKH�6:*�UDWH��7KLV�VWXG\�

DOVR�SURYHV�WKDW�LQWHUQDO�REMHFWLYH�IDFWRUV�DV�WKH�FDSDFLW\ RI�WKH�KRWHOV��FRVW�RI�WKH�

URRP��JDUGHQ��DQG�UHVWDXUDQW�ZHUH�KLJKO\�FRUUHODWHG ZLWK�6:*�UDWH��%HVLGHV��WKH�

DYHUDJH� 6:*� UDWH� RI� FRPPHUFLDO� VHFWRUV� LV� LGHQWLILHG E\� ����� NJ�ELOO�� IRU�

UHVWDXUDQWV�������NJ�VKRS���GD\�� IRU�VKRSV�EXVLQHVV�������NJ�VWDOO���GD\�� IRU�PDUNHWV��

����� NJ�SURGXFW�� IRU� JDUPHQW� SURGXFWLRQ�� DQG� ����� NJ�SURGXFW�� IRU� OHDWKHU�

SURGXFWLRQ��,Q�HDFK�FRPPHUFLDO�EXVLQHVV��WKH�GLIIHUHQFHV�LQ�6:*�UDWH�LV�SURYHG�DQG�

H[SODLQHG��$OVR��WKH�UHVWDXUDQWV�LQ�WKH�FHQWUH GDLO\�JHQHUDWHG�PRUH�ZDVWH�WKDQ�WKDW�

LQ�WKH�VXE�FHQWUH DQG FRDVWDO�DUHDV�

��� $ERXW�������RI�KRWHO�ZDVWH� LV� RUJDQLF� DQG� UHF\FODEOH�ZDVWH��$OVR��6:&�RI� WKH�

KRWHOV�LQ�WKH�ZHW�VHDVRQ�FRPSDUHG�ZLWK�WKH�GU\�VHDVRQV�LV�VOLJKWO\�GLIIHUHQW��0DLQO\��

LQ�WKH�ZHW�VHDVRQ�WKH�SHUFHQWDJHV�RI�NLWFKHQ�ZDVWH����������JODVV������DQG�SODVWLF�

�������� DUH� ORZHU�� DQG� WKH� UDWH� RI� JDUGHQ� ZDVWH� ��������� FRPEXVWLEOH� ZDVWH�

��������DQG� LQFRPEXVWLEOH�ZDVWH� �������DUH�KLJKHU� WKDQ� WKDW�RI� WKH�GU\�VHDVRQ�

)XUWKHUPRUH��WKLV�VWXG\�DOVR�UHYHDOV�WKDW�WKH�ZDVWH�FRPSRVLWLRQ RI�YDULRXV�KRWHOV�LV�

D� OLWWOH� GLIIHUHQW�� :KHUHE\�� WKH� KLJKHU VFDOH� KRWHOV�� WKH� KLJKHU� SHUFHQWDJH� RI�

ELRGHJUDGDEOH ZDVWH�� WKH� OHVV� SURSRUWLRQ� RI� UHF\FODEOH� ZDVWH�� $GGLWLRQDOO\�� WKH�

FRPSRVLWLRQ�RI�FRPPHUFLDO�ZDVWH�LQ�+RL�$Q�WRXULVP�FLW\�DUH�DQDO\VHG�E\������ IRU�

ELRGHJUDGDEOH�� ������ IRU� UHF\FOLQJ�� ������ IRU� FRPEXVWLEOH�� ����� IRU�
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LQFRPEXVWLEOH��DQG������IRU�KD]DUGRXV�ZDVWH��7KH�ZDVWH�FRPSRVLWLRQ�IHDWXUHV�RI�

HDFK�W\SH�RI�EXVLQHVV�DUH�LGHQWLILHG DQG�FRPSDUHG��1RWDEO\��WKH�ELRGHJUDGDEOH�DQG�

UHF\FOLQJ�ZDVWH�DUH�WKH�SULPDU\�FRPSRQHQWV�RI�WKH�UHVWDXUDQW�LQGXVWU\��������DQG�

������PDUNHWV� �����DQG������� DQG� VKRS�EXVLQHVV� �����DQG���������:KHUHDV��

ZDVWH� IURP� PDQXIDFWXULQJ� LV� WKH� IHDWXUHV� RI� ZDVWH� FRPSRVLWLRQ� LQ� KDQGLFUDIW�

SURGXFWLRQ�IDFLOLWLHV�

��� 7KH�FKDUDFWHULVDWLRQ RI�FRPPHUFLDO�ZDVWH�LV�PHDVXUHG��FRPSDUHG�DQG�DQDO\VHG LQ�

GHWDLO��:KHUHE\��WKH�GHQVLW\�DQG�PRLVWXUH�RI�ZDVWH�RI�WKH�UHVWDXUDQWV�DUH KLJKHU�WKDQ�

WKDW�RI�PDUNHWV��VKRSV��DQG +3)��ZKLOH�WKH�KHDWLQJ�YDOXH�RI�ZDVWH�LV�YDULDEOH�LQ�WKH�

RSSRVLWH� GLUHFWLRQ�� )XUWKHUPRUH�� WKLV� VWXG\� DOVR� LQGLFDWHV� WKDW KRPH�FRPSRVWLQJ�

PRGHO� LV� IHDVLEOH� WR� DSSOLFDWH� IRU� UHVWDXUDQW� ZDVWH� GXH� WR� WKH� IDYRXUDEOH

FRQFHQWUDWLRQ�RI�FDUERQ�DQG�QLWURJHQ�RI�ELRGHJUDGDEOH�ZDVWH�

��� 7KH�6:0�SUDFWLFH�RI�WKH�KRWHOV�LQ�+$&�LQLWLDOO\�UHDSV�TXLWH�SRVLWLYH�DFKLHYHPHQWV�

ZLWK�WKH�UDWH�RI�KRWHOV�WKDW�GHSOR\HG�6:0�SUDFWLFHV�DUH�����IRU�VRUWLQJ������IRU�

UHF\FOLQJ������IRU� UHGXFWLRQ�DQG������IRU�FRPSRVWLQJ��:KHUHE\�� WKH�KLJKHU� WKH�

VFDOH�RI�KRWHOV��WKH�PRUH�DWWHQWLRQ�LQ�6:0�SUDFWLFHV��0RUHRYHU��WKH�SHUIRUPDQFH�

RI�VRUWLQJ�SUDFWLFH�RI�WKH�KRWHO�LV�SUHWW\�KLJK�IRU�FKHPLFDO�UHVLGXH�������IROORZHG�

E\� JODVV� ��������� WH[WLOH� ���������PHWDO� ��������� 3(7� ERWWOH� DQG� JDUGHQ�ZDVWH�

��������H[FHSW�IRU�VRPH�PLVFODVVLILFDWLRQV�IRU�SDSHU�DQG�FRPEXVWLEOH�ZDVWH��7KH�

VLWXDWLRQ� RI� 6:0� SUDFWLFHV� RI� WKH� KRWHOV� LV� H[SODLQHG E\� PDQ\� VXEMHFWLYH� DQG�

REMHFWLYH� FDXVHV� E\� KRWHOLHUV� VXFK� DV� XQIDYRULWH� ZDVWH� VWRULQJ�� ODFN� RI� 6:0�

LQIRUPDWLRQ�DQG�VNLOOV��RFFXS\LQJ�WKH�VLJQLILFDQW�DUHD��WDNLQJ�PRUH�WLPH�DQG�ODERXUV��

DQG�EHLQJ�XQVDQLWDU\�� ,Q� WKH�7$�� WKH�6:0�SUDFWLFHV� DUH�QRW�ZHOO� UHVSRQGHG� WR�

H[FHSW� IRU� WKH�KRXVHKROGV�� UHVWDXUDQWV�� DQG�KRWHOV��/RZ�UDWHV�DQG� LQHIILFLHQF\� LQ�

ZDVWH�VHSDUDWLRQ�SUDFWLFHV�DUH�MXVWLILHG�E\�D�VPDOO�GRZQWRZQ��RGRXU��DQG�ODFN�RI�

QHFHVVLW\�GXH�WR�D�VPDOO�ZDVWH�DPRXQW��/RZ�UHF\FOLQJ�HIILFLHQF\�LV�H[SODLQHG�E\�

LQFRQYHQLHQFH LQ�VWRULQJ�UHF\FODEOH�PDWHULDOV�DQG�ODFN�D�UHF\FOLQJ�FROOHFWLRQ�VHUYLFH��

��� 7KH�RYHUORDG�RI�ZDVWH�LQ�VWUHHW�ELQV�DQG�GLVUXSWLRQ�RI�ZDVWH FROOHFWLRQ�LQ�WKH�7$ RI�

+$&�DUH�WKH�XUJHQW�SUREOHPV�RI�WKH�6:0�V\VWHP�DQG�PD\�EH�FDXVHG�E\�WKH�LOOHJDO�

WKURZ�RI�ZDVWH�LQWR VWUHHW ELQV�E\�VKRSV�RZQHUV�DQG�LOOHJDO�FROOHFWLRQ�RI�UHVWDXUDQW�

ZDVWH� E\� FDUWV�� 7KH� WDFLW� GHDO� LQ� WKLV� LOOHJDO� FROOHFWLRQ� EULQJV� VPDOO� LQFRPH� IRU�
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FROOHFWLRQ�FUHZV EXW�FDXVHV�D�VLJQLILFDQW�ILQDQFLDO�ORVV�WR�WKH�6:0 V\VWHP����������

\HDU����DQG�UHVWDXUDQWV���������UHVWDXUDQW���\HDU�����7KLV JDS�LQ�WKH�6:0 V\VWHP�LQ�

+$&� DOVR� VLJQLILHV� D� VLJQLILFDQW� FKDOOHQJH� IRU WKH� JRYHUQPHQW� WR� UHDFK� D�

VXVWDLQDELOLW\�JRDO�LQ�WKH�6:0��)XUWKHUPRUH��WKH�PL[LQJ�RI ZDVWH�DIWHU�VHSDUDWLRQ�

FDXVHV�WKH�GHQLDO�RI�ZDVWH�VHJUHJDWLRQ�HIIRUW�DW�VRXUFH�DQG�OHDGV�WR�WKH�GLVWUXVW�RI�

UHVLGHQWV� DQG� WRXULVWV� WR� D�ZDVWH�PDQDJHPHQW� SURJUDP� LQ� WKH� 7$ RI�+$&��7KH�

LQDSSURSULDWH�FROOHFWLRQ� WLPH�DQG PDQQHU��DQG�GLVVDWLVIDFWLRQ� LQ�ZDVWH�FROOHFWLRQ�

GHPDQGV� IURP� D� EXVLQHVV� VHFWRU� FDXVH� QRQ�FRRSHUDWLRQ� RI� VWDNHKROGHUV� DQG�

GLVUXSWLRQ� LQ� WKH� ZDVWH� FROOHFWLRQ� V\VWHP�� 7KXV�� D� EDODQFH� LQ� ZDVWH� FROOHFWLRQ�

GHPDQGV�IURP�D�EXVLQHVV�VHFWRU�DQG�WLPHO\�UHVSRQVH�RI�WKH FROOHFWLRQ V\VWHP�VKRXOG�

EH�IRXQG��,W�LV�DOVR�D�VXEVWDQWLDO�FKDOOHQJH�WKDW�WKH�ZDVWH FROOHFWLRQ�V\VWHP�FXUUHQWO\�

IDFHV�

��� 7KH�LQHIILFLHQF\�RI�ZDVWH�WUHDWPHQW�SODQWV�DQG�WKH�RYHUORDG�RI�RSHQ�GXPSLQJ�VLWHV�

LQ� +$&� GXH� WR� WKH� XQVXLWDEOH� WHFKQRORJ\� RI� WUHDWPHQW� IDFLOLWLHV� DQG� WKH�

XQIDYRUDELOLW\�RI�ZDVWH�FKDUDFWHULVDWLRQ�DUH�WKH�VXEVWDQWLDO�SUREOHPV�IRU�WKH�6:0�

V\VWHP��,PSURYHPHQW�LQ�WKHVH�UHVWULFWLRQV�PD\�FDXVH�D�VLJQLILFDQW�FKDOOHQJH�IRU�WKH�

JRYHUQPHQW�

7KLV� VWXG\� ILQGV� WKH� DSSURSULDWH� VROXWLRQV� WR� UHVROYH� WKH� FXUUHQW� SUREOHPV� WKDW� WKH�

6:0�V\VWHP�LQ�WKH�7,�LV�IDFLQJ��

��� )RU� WKH� DFFRPPRGDWLRQ�� WKLV� VWXG\� UHYHDOHG� WKDW� WKH� 6:0� V\VWHP� RI� WKH� KRWHO�

LQGXVWU\�LQ�+$&�KDV�D�KLJK SRWHQWLDO�IRU�GHYHORSLQJ�UHF\FOLQJ�SUDFWLFHV�DQG�ZLOO�JHW�

VLJQLILFDQW� EHQHILWV� IURP� UHF\FOLQJ�� 7KH� UHF\FODEOH� PDWHULDOV� DFFRXQWHG� IRU D�

VLJQLILFDQW� SURSRUWLRQ� �������� RI� WKH� KRWHO� ZDVWH�� LQ� ZKLFK� FRPSRVWDEOH� ZDVWH�

FRQVWLWXWHG��������)XUWKHUPRUH���������RI�WKH�KRWHO�ZDVWH�LV�JHQHUDWHG IURP�WKH�

+6+�DQG�06+��ZKLFK�KDYH�IDYRXUDEOH�FRQGLWLRQV�IRU�KRPH�FRPSRVWLQJ��$OWKRXJK

WKH� HIILFLHQF\� RI�ZDVWH� VHJUHJDWLRQ� DW� VRXUFH� LV� UHVWULFWHG�� WKH� KLJK� LQWHQWLRQ� RI�

:03�RI�WKH�KRWHOLHUV�LV�D�SRVLWLYH�VLJQ�IRU�HQKDQFLQJ�UHF\FOLQJ�SUDFWLFHV��%HVLGHV��

:03��33�DQG�(%2�DUH�LGHQWLILHG�DV�WKH�PRVW�LPSRUWDQW�IDFWRUV�VKRXOG�EH GHYHORSHG�

WRZDUG�VXVWDLQDEOH�UHF\FOLQJ�SUDFWLFH��:DVWH�JHQHUDWLRQ�IURP�WKH�KRWHO�LQGXVWU\�LV�

HVWLPDWHG�WR�VLJQLILFDQWO\�UHGXFH�LQ�WKH�UDQJH�RI�����WR�����RI�WRWDO�KRWHO�ZDVWH�

GHSHQGLQJ� RQ� WKH� SHUIRUPDQFH� RI� UHF\FOLQJ� SUDFWLFHV�� 7KH� KLJKHU� WKH� UDWH� RI�
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UHF\FOLQJ� SUDFWLFH�� WKH� KLJKHU� WKH� SURSRUWLRQ� RI�ZDVWH� UHGXFWLRQ�� 6HSDUDWLRQ� DQG�

UHF\FOLQJ�SUDFWLFH�PLJKW�SRVLWLYHO\�FKDQJH�WKH�FKDUDFWHULVWLFV�RI�ZDVWH�LQ�IDYRXU�RI�

ZDVWH�WUHDWPHQWV��:KHUHE\��WKH�GHFUHDVH�LQ�WKH�PRLVWXUH�FRQWHQW�DQG�WKH�LQFUHDVH�LQ�

WKH� ++9 RI WKH� PL[HG� ZDVWH� PLJKW� FRQWULEXWH� WR� LPSURYLQJ� WKH� HIILFLHQF\� RI�

LQFLQHUDWLRQ��$OVR��WKH�FKDUDFWHULVWLFV�RI�WKH�PL[WXUH RI�NLWFKHQ�ZDVWH��JDUGHQ�ZDVWH��

DQG�WLVVXH�SDSHU�DUH�VXLWDEOH�IRU�FRPSRVWLQJ�DW�WKH�KRWHO��DV�LW�KDG�D�PRLVWXUH�FRQWHQW�

RI����± ����DQG�D�&�1�RI�����±������5HF\FOLQJ�SUDFWLFH�LV�HVWLPDWHG�WR�SURYLGH�

VXEVWDQWLDO�HFRQRPLF�EHQHILWV�WR�WKH�KRWHOV��7KH�KLJKHU�WKH�HIILFLHQF\�RI�UHF\FOLQJ�

SUDFWLFH��WKH�KLJKHU�WKH�HFRQRPLF�EHQHILW� (YHQ�DV�WKH�UHF\FOLQJ�SUDFWLFH�DSSURDFKHV�

WKH�RSWLPXP�YDOXH��WKH�SURILWV�IURP�WKH�VXVWDLQDELOLW\�RI�WKH�6:0�V\VWHP�ZRXOG�

EH�SRVLWLYH��

��� )RU�WKH�WRXULVP�DUHD��WKH�UHVXOWV�UHYHDO�WKDW�WKH�QRQ�VHSDUDWLRQ�DW�VRXUFH�VFHQDULRV�

�6���6���DQG�6���JHW�D�PRUH�SRVLWLYH�UHVSRQVH�IURP�VWDNHKROGHUV��HVSHFLDOO\�IURP�

FRPPHUFLDO�VHFWRUV��E\�WKH�KLJK�FRQVHQVXV�DQG�ZLOOLQJ�WR�SD\�WKH�KLJKHU�WLSSLQJ�IHH�

GXH� WR� WKH� PLQLPDOLVP� LQ� ZDVWH� PDQDJHPHQW� SUDFWLFH� DW� VRXUFH�� +RZHYHU�� WKH�

PRGHOV�RI�WKH�6:0�V\VWHP�ZLWK�ZDVWH�VHJUHJDWLRQ�DW�VRXUFH�UHTXLUHPHQW��6���6���

DQG�6���DUH�PRUH�HIIHFWLYH��:KHUHE\�� WKH�6:0�V\VWHP�LQ�6��LV� WKH�RSWLPDO�DQG�

IHDVLEOH�PRGHO�IRU�WKH�7$�LQ�+$&��

��� )RU�WKH�WRXULVP�LQGXVWU\��WKLV�VWXG\�LQGLFDWHV�WKDW�WKH�GHYHORSPHQW�RI��6:0�SUDFWLFH�

IRU�WKH�WRXULVP�LQGXVWU\�LQ�+$&�LQ�VXVWDLQDEOH�GLUHFWLRQ�KDV�PDQ\�DGYDQWDJHV�DQG�

PD\�FRQWULEXWH�WR UHVROYLQJ�WKH�FXUUHQW�SUREOHPV�RI�PXQLFLSDO�6:0�V\VWHP��VXFK�

DV�UHGXFLQJ�������ZDVWH�JHQHUDWLRQ�DW�VRXUFH�DQG�HQKDQFLQJ�UHF\FOLQJ�HIILFLHQF\�

������ WRQV� E\� FRPSRVWLQJ�� DQG� ����� WRQV� RI� GU\� UHF\FODEOH� LV� UHFRYHUHG� IRU�

UHF\FOLQJ��� 3RVLWLYHO\� LPSURYLQJ� ZDVWH� FRPSRVLWLRQ� DQG� FKDUDFWHULVDWLRQ� IRU�

LQFLQHUDWLRQ��++9�LQFUHDVH�WR����� 0-�NJ����DQG�FRPSRVWLQJ��PRLVWXUH�LQFUHDVH�WR�

������6LJQLILFDQWO\�LQFUHDVLQJ�WKH�QHW�EHQHILW�YDOXH�RI�WRXULVP�6:0�V\VWHP�DQG�

FRQWULEXWH�WR� LPSURYLQJ�WKH�QHW�EHQHILW�RI�PXQLFLSDO�6:0�V\VWHP��6XEVWDQWLDOO\�

PLWLJDWLQJ�HPLVVLRQ� IURP�ZDVWH� WUHDWPHQW� �IURP����� W������NJ�&2��HT SHU�NJ�RI�

ZDVWH�WUHDWHG�

2YHUDOO��WKLV�VWXG\�FRQFOXGHV�WKDW�WKH�WRXULVP�LQGXVWU\�LQ�+$&�KDV�SRWHQWLDO�WR�XSJUDGH�

6:03� IURP� WKH� FXUUHQW� VWDWXV� WR� RSWLPDO� SUDFWLFH� UDWH� XQGHU� WKH� RULHQWHG� SODQQLQJ�
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SURMHFWV�LQ�WHQ�\HDUV��7KH�FRUH�YDOXH�RI�WKH�VXVWDLQDEOH�PRGHO�RI�6:03�LQ�WKH�WRXULVP�

LQGXVWU\� LV� UHIOHFWHG� LQ� WKH� FRPSDWLELOLW\� ZLWK� WKH� UHJLRQ�� WKH� HIIHFWLYHQHVV� LQ� 6:0�

WHFKQLTXHV��FRQWULEXWLQJ�SRVLWLYHO\�WR�VROYLQJ�WKH�FXUUHQW�SUREOHPV�RI�PXQLFLSDO�6:0�

V\VWHP��)XUWKHUPRUH��WKH�FRUH�YDOXH�RI�VXVWDLQDEOH�6:0�V\VWHP�LQ�WKH�WRXULVP�LQGXVWU\�

LV�DOVR�EDODQFHG�LQ�WKH�LQWHJUDWHG�HQKDQFHPHQW�RI�HFRQRP\��HQYLURQPHQW�DQG�VRFLHW\��

�����/LPLWDWLRQV�RI�WKH�VWXG\�DQG�UHFRPPHQGDWLRQV�IRU�IXWXUH�VWXGLHV

7KH�GLVVHUWDWLRQ�DLPV�WR�RULHQWHG�SODQQLQJ�RQ�WKH�6:0SUDFWLFH�RI�WKH�WRXULVP�LQGXVWU\�

LQ�+RL�$Q�&LW\�WRZDUGV�VXVWDLQDELOLW\��+RZHYHU��WKHUH�DUH�VRPH�OLPLWDWLRQV�

��� 7KHUH�DUH�VRPH�LWLQHUDQW�FRPPHUFLDO�VHFWRUV�VXFK�DV�WUDYHO�FRPSDQ\��VWUHHW�YHQGRUV�

RU�IORDWLQJ�UHVWDXUDQW��RQ�WKH�ERDW��WKDW�DUH�WKH�QRQ�SHUPDQHQW�RSHUDWLRQ�RI�WLPH�

DQG�VSDFH�DUH�QRW�PHQWLRQHG�LQ�WKLV�VWXG\��7KH�VROLG�ZDVWH�JHQHUDWHG�IURP�WKHVH�

VHFWRUV�ZDV�QRW�LGHQWLILHG�DQG�DOVR�GLIILFXOWO\�FRQWUROOHG�E\�WKH�JRYHUQPHQW�

��� 7KH� SULPDU\� VXUYH\� LQ� WKLV� VWXG\� LV� LQ� WKH� ZHW� VHDVRQ�� $OWKRXJK� WKHUH� ZDV� D�

VDPSOLQJ�VXUYH\� LQ� WKH�GU\�VHDVRQ� LQ������E\�SUHYLRXV�3K'�VWXGHQW��PXQLFLSDO�

ZDVWH�ZDV�WKH�PDLQ�REMHFWLYH��7KHUHIRUH��WKH�ODFN�RI�DQDO\VLV�RI�WRXULVP�VROLG�ZDVWH�

FKDUDFWHULVDWLRQ�E\�VHDVRQ�LV�RQH�RI�WKH�OLPLWDWLRQV�RI�WKLV�VWXG\�

��� ,Q�ZDVWH�PDQDJHPHQW�SUDFWLFH�DW�VRXUFH��UHGXFH�DQG�UHXVH�DUH�WKH�SULRULW\�DFWLYLWLHV�

LQ� WKH� ZDVWH� PDQDJHPHQW� KLHUDUFK\�� +RZHYHU�� WKHVH� SUDFWLFHV�� WKDW� ZHUH� QRW�

DQDO\VHG�PRUH�LQ�WKLV�VWXG\�GXH�WR�WKH�FRQFHSW�RI�WKH�VWXG\�VKRXOG�EH�FRQVLGHUHG�

WR�VWXG\�DV�D�ORQJ�WHUP�VWUDWHJ\�LQ�ZDVWH�PLQLPLVDWLRQ�DW�VRXUFH�

��� 7KH� HVWLPDWLRQ� RI� WKH� QXPEHU� RI� FROOHFWLRQ� URXWH� E\� WKH� UHGXFWLRQ� RI� ZDVWH�

JHQHUDWLRQ�DW�VRXUFH�LQ�VFHQDULRV�LV�D�OLPLWDWLRQ�LQ�WKH�DQDO\VLV�RI�RSWLPDO�FROOHFWLRQ�

V\VWHP�DQG�WKH�EHQHILW�IURP�WKH�FROOHFWLRQ��$�FOHDU�DQDO\VLV�RI�HFRQRPLF�IRU�+$&�

VKRXOG�EH�GHYHORSHG�EHIRUH�LPSOHPHQWLQJ�WKH�SURMHFW�

7KLV�VWXG\�LV�WKH�SUH�IHDVLELOLW\�UHVHDUFKLQJ�VWHS�IRU�D�SODQQLQJ�SURMHFW�RI�GHYHORSLQJ�

D�6:0 V\VWHP�LQ�+RL�$Q�&LW\�� LQ�ZKLFK�� WKH� WRXULVP�ZDVWH� LV� WKH�ILUVW�SULRULW\��)URP�

SODQQLQJ�SURMHFW�WR�WKH�LPSOHPHQWDWLRQ�WR�UHDOLW\�ZLOO�EH IDFLQJ�PDQ\�JDSV�DQG�FKDOOHQJHV��

7KXV��VHYHUDO�LVVXHV�VKRXOG�EH�VWXGLHG�PRUH�WR�JUDGXDOO\�LPSOHPHQW�WKH�SURMHFW�

��� 6WXG\�RQ�DQ�DSSURSULDWH�JXLGHOLQH�RI�6:0 SUDFWLFH�IRU�WKH�FRPPHUFLDO�WRXULVP�

VHFWRUV��,Q�ZKLFK�LQ�HDFK�SHULRG��WKH�PDLQ�WDVN�DQG�WKH�GHWDLO�DFWLYLWLHV�VKRXOG�EH�
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SUHVHQWHG��$OVR��WKH�VXSSRUW�DQG�PRQLWRULQJ�IURP�WKH�1*2V�VKRXOG�EH�SURYLGHG�WR�

RSWLPLVH�WKH�HIILFLHQF\�RI�ZDVWH�PDQDJHPHQW�SUDFWLFH�DW�VRXUFH�

��� :DVWH�PDQDJHPHQW�UHJXODWLRQ�VKRXOG�EH�VWXGLHG�EDVHG�RQ�WKH�UHVXOWV�RI�WKLV�VWXG\��

7KH�GHFLVLRQ�PDNLQJ�SURFHVV�VKRXOG�EH�SURPRWHG�WR�EHFRPH�D�OHJDO�IUDPHZRUN�RI�

ZDVWH�PDQDJHPHQW�WKDW�LV�D�XVHIXO�WRRO�WR�HIIHFWLYHO\�VXSSRUW�WKH�LPSOHPHQWDWLRQ�

SURFHVV�

��� :DVWH�UHF\FOLQJ�V\VWHP�VKRXOG�EH�VWXGLHG�DQG�XSJUDGHG�WR�PHHW�WKH�HQKDQFHPHQW�

RI�UHF\FOLQJ�SUDFWLFH DW�VRXUFH��$OVR��KRPH�FRPSRVWLQJ�VKRXOG�EH�VWXGLHG�PRUH�WR�

RSWLPLVH� WKH� HIILFLHQF\� RI� WKH� FRPSRVWLQJ� V\VWHP� DQG� LPSURYH� WKH� FRPSRVWLQJ�

SUDFWLFH�UDWH�

��� 7KH�SHUIRUPDQFH�RI�WUHDWPHQW�SODQWV��FRPSRVWLQJ�DQG�LQFLQHUDWLRQ�SODQWV��WKDW�LV�

WKH�FXUUHQW�SUREOHPV�RI�WKH�FLW\�VKRXOG�EH�VWXGLHG�WR�LPSURYH�

��� $Q�LQWHJUDWHG�PRGHO�RI�WKH�PXQLFLSDO�6:0 V\VWHP�WKDW�FRQVLVWV�RI�WRXULVP�ZDVWH��

KRXVHKROG�ZDVWH�DQG�RWKHU�ZDVWH�VRXUFHV�VKRXOG�EH�GHYHORSHG�



 
 

Appendix 

  

A. Waste sampling survey 

  

A.1-2. Solid Waste collected from high-scale hotels to sampling site  

(for a big amount of waste) 

  

A.3-4. Solid waste collected from street bins and markets 

  

A.5-6. Solid waste collected from street and Villa (small amount of waste) 



 
 

B. Waste composition analysis 

  

B.1-2. Corning and quatering method 

  

B.3-4. Sorting solid waste at the sampling site 

C. Waste characterisation analysis 

    

C.1-2. Waste analysis at the sampling site 



 
 

      

C.3-4. Analysing solid waste moisture and storing samples to bring to Okayama 

 

      

D. 5-6. Analysing chemical waste characterisation in Okayama University 

 

 

 

 

 

 

 

 

 



 
 

E. Waste flow analysis 

 

D.1. The current solid waste flow in tourism area (S0TA) 



 
 

 

D.2. The current solid waste flow by time in the tourism area 



 
 

 

D.3. The flow of solid waste in the tourism area in Scenario 1 (S1TA) 



 
 

 

D.4. The flow of solid waste in the tourism area in Scenario 2 (S2TA) 



 
 

 

D.5. The flow of solid waste in the tourism area in Scenario 4 (S4TA) 



 
 

 

D.6. The flow of solid waste in the tourism area in Scenario 5 (S4TA) 



 
 

 

D.7. The current flow of solid waste in the tourism industry (S0TI) 



 
 

 

D.8. The flow of solid waste in the tourism industry in Scenario 1 (S1TI) 



 
 

 

D.9. The flow of solid waste in the tourism industry in Scenario 3 (S3TI) 
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