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Chapter 3: Technologies and Standards

3.1.  Introduction

7KH�&OHDQ�$LU�$FW�$PHQGPHQWV�RI������6HFWLRQ�����D�����SUHVHQW

VWDWXWRU\�FULWHULD�WKDW�(3$�PXVW�HYDOXDWH�LQ�GHWHUPLQLQJ�VWDQGDUGV�IRU�QRQURDG

HQJLQHV�DQG�YHKLFOHV�ZKLFK�´�DFKLHYH�WKH�JUHDWHVW�GHJUHH�RI�HPLVVLRQ�UHGXFWLRQ

DFKLHYDEOH�WKURXJK�WKH�DSSOLFDWLRQ�RI�WHFKQRORJ\�ZKLFK�WKH�$GPLQLVWUDWRU

GHWHUPLQHV�ZLOO�EH�DYDLODEOH�IRU�WKH�HQJLQHV�RU�YHKLFOHV�WR�ZKLFK�VXFK�VWDQGDUGV

DSSO\��JLYLQJ�DSSURSULDWH�FRQVLGHUDWLRQ�WR�WKH�FRVW�RI�DSSO\LQJ�VXFK�WHFKQRORJ\

ZLWKLQ�WKH�SHULRG�RI�WLPH�DYDLODEOH�WR�PDQXIDFWXUHUV�DQG�WR�QRLVH��HQHUJ\��DQG

VDIHW\�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�DSSOLFDWLRQ�RI�VXFK�WHFKQRORJ\�µ��7KLV�FKDSWHU

SUHVHQWV�WKH�WHFKQLFDO�DQDO\VHV�DQG�LQIRUPDWLRQ�WKDW�IRUP�WKH�EDVLV�RI�(3$
V

GHWHUPLQDWLRQ�WKDW�WKH�SURSRVHG�HPLVVLRQ�VWDQGDUGV�DUH�WHFKQLFDOO\�DFKLHYDEOH

DFFRXQWLQJ�IRU�DOO�WKH�DERYH�FRQVWUDLQWV�H[FHSW�FRVW���6SHFLILF�DUHDV�RI�GLVFXVVLRQ

DUH���D�EDVLF�GHVFULSWLRQ�RI�WKH�WHFKQRORJLHV�H[DPLQHG��FXUUHQW�VWDWXV�RI�WKH

WHFKQRORJ\�LQ�WKH�H[LVWLQJ�PDUNHW��QHZ�DQG�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH�RI

HDFK�WHFKQRORJ\��LPSDFW�RI�WKH�HQJLQH�WHFKQRORJ\�RQ�HTXLSPHQW�GHVLJQ�DQG

XVH��DQG�LPSDFW�RI�WKH�WHFKQRORJ\�RQ�QRLVH��VDIHW\��DQG�HQHUJ\���)LQDOO\��WKLV

FKDSWHU�FRQFOXGHV�ZLWK�D�GLVFXVVLRQ�RI�WKH�SURSRVHG�VWDQGDUGV�DQG�KRZ�WKHVH

VWDQGDUGV�PHHW�WKH�VWDWXWRU\�FULWHULD�
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3.2.  Technologies

6HFWLRQ������FRQWDLQV�HPLVVLRQ�UHGXFWLRQ�SURMHFWLRQV�DQG�SHU�HQJLQH�FRVW

HVWLPDWHV�RQ�WKH�VHYHUDO�W\SHV�RI�WHFKQRORJLHV�WKH�$JHQF\�FRQVLGHUHG�GXULQJ�WKH

GHYHORSPHQW�RI�WKH�SURSRVHG�3KDVH���VWDQGDUGV�

3.2.1 Improvements to existing 2-stroke engines

3.2.1.1  Description of 2-stroke Technology ����6SDUN�LJQLWHG

WZR�VWURNH�WHFKQRORJ\�KDV�VHHQ�ZLGH�VSUHDG�XVH�LQ�WKH�VPDOO�HQJLQH�PDUNHW�

SDUWLFXODUO\�LQ�KDQGKHOG�HTXLSPHQW�DSSOLFDWLRQV���7KH�EDVLF�RSHUDWLQJ�SULQFLSOH

RI�WKH�FKDUJH�VFDYHQJHG�WZR�VWURNH�HQJLQH��WUDGLWLRQDO�WZR�VWURNH��LV�ZHOO

XQGHUVWRRG��LQ�WZR�VWURNHV�WKH�HQJLQH�SHUIRUPV�WKH�RSHUDWLRQV�RI�LQWDNH�

FRPSUHVVLRQ��H[SDQVLRQ�DQG�H[KDXVW��ZKLFK�WKH���VWURNH�HQJLQH�UHTXLUHV�IRXU

VWURNHV�WR�DFFRPSOLVK��DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�EDVLF�RSHUDWLRQ�RI����DQG

��VWURNH�HQJLQHV�LV�ZLGHO\�DYDLODEOH�LQ�WKH�OLWHUDWXUH��LQFOXGLQJ�WKH�UHIHUHQFHV

OLVWHG�DW�WKH�HQG�RI�WKLV�&KDSWHU��5HI������5HI����

3.2.1.2  Current State of Technology Development for 2-stroke

Engines �����7KH�PDMRULW\�RI�H[LVWLQJ�LQWHUQDO�FRPEXVWLRQ�HQJLQH�SRZHUHG

KDQGKHOG�HTXLSPHQW�FXUUHQWO\�EHLQJ�SURGXFHG�XVH�WZR�VWURNH�WHFKQRORJ\��

%HFDXVH�RI�PDQXIDFWXUHUV�PDQ\�\HDUV�H[SHULHQFH�LQ�GHVLJQLQJ���VWURNH�HQJLQHV

DQG�3KDVH���H[SHULHQFH��PDQXIDFWXUHUV�ZLOO�FHUWDLQO\�LQYHVWLJDWH�WKH�IHDVLELOLW\

RI�PHHWLQJ�PRUH�VWULQJHQW�VWDQGDUGV�WKURXJK�LPSURYHPHQWV�WR�3KDVH���GHVLJQV�

,Q�D�UHSRUW�SUHSDUHG�IRU�(3$��6RXWKZHVW�5HVHDUFK�,QVWLWXWH��6Z5,�

FRQGXFWHG�D�VWXG\�RI�VHYHUDO�WZR�VWURNH�HQJLQH�GHVLJQV�FHUWLILHG�WR�WKH�&$5%

7LHU���8WLOLW\��/DZQ�DQG�*DUGHQ�(QJLQH�UHJXODWLRQ��5HI������,Q�WKLV�UHSRUW�

6Z5,�H[DPLQHG�VHYHUDO�WZR�VWURNH�HQJLQHV�ZKLFK�ZHUH�DPRQJ�WKH�ORZHVW
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+&�12[�HPLWWLQJ�HQJLQH�FHUWLILHG�WR�&$5%�DW�WKDW�WLPH���6Z5,�FRQFOXGHG�WKH

IROORZLQJ��

��OHDQHU�FDOLEUDWLRQ�WR�UHGXFH�+&�DQG�&2�HPLVVLRQV�ZLWK�UHTXLVLWH

LPSURYHG�HQJLQH�FRROLQJ

��LPSURYHG�FDUEXUHWRU�ZLWK�PRUH�SUHFLVH�LQWDNH�PL[WXUH�FRQWURO

��LPSURYHG�FRPEXVWLRQ�FKDPEHU�GHVLJQ�WR�SURPRWH�PRUH�FRPSOHWH

FRPEXVWLRQ

��LPSURYHG�WUDQVIHU�SRUW�GHVLJQ�WR�UHGXFH�VFDYHQJLQJ�ORVVHV�DQG�+&

HPLVVLRQV

��VLQJOH�SRLQW�RSHUDWLRQ�FDOLEUDWLRQ�RSWLPL]DWLRQ

��KLJKHU�PDQXIDFWXULQJ�TXDOLW\�ZLWK�UHGXFHG�DVVHPEO\�WROHUDQFHV�DQG

FRPSRQHQW�YDULDWLRQ

6Z5,�SRLQWV�RXW�WKDW�DQ\�VSHFLILF�HQJLQH�IDPLO\�PD\�XVH�D�FRPELQDWLRQ�RI�WKHVH

LPSURYHPHQWV��EXW�PD\�QRW�XWLOL]H�DOO�

3.2.1.3  Exhaust Emission Performance and Cost of 2-stroke

Technology

3.2.1.3.1. Uncontrolled and Phase 1 Technology 2-stroke

Engines ����$V�GLVFXVVHG�LQ�UHIHUHQFH���WR�&KDSWHU����VHH�,&)��������&KDSWHU

������WKH�PDMRULW\�RI�+&�HPLVVLRQV�IURP�WUDGLWLRQDO���VWURNH�HQJLQHV�DUH�D

UHVXOW�WKH�VKRUW�FLUFXLWLQJ�RI�IUHVK�FKDUJH�GXULQJ�VFDYHQJLQJ�DQG�PLVILUH�RU

SDUWLDO�FRPEXVWLRQ�DW�OLJKW�ORDGV�DQG�LGOH�FRQGLWLRQV���,Q�DGGLWLRQ��KLJK�+&�DQG

&2�HPLVVLRQV�DOVR�UHVXOW�IURP�LQFRPSOHWH�FRPEXVWLRQ�GXH�WR�ULFK�DLU�IXHO

UDWLRV���12[�HPLVVLRQV�IURP�WUDGLWLRQDO���VWURNH�HQJLQHV�WHQG�WR�EH�ORZ�EHFDXVH

RI�WKH�ULFK�DLU�IXHO�UDWLR�DQG�WKH�LQKHUHQW�(*5�IURP�LPSHUIHFW�VFDYHQJLQJ�

$SSHQGL[�%�FRQWDLQV�D�OLVW�RI�WKH�)HGHUDOO\��FHUWLILHG�3KDVH���VPDOO
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HQJLQHV���$V�FDQ�EH�VHHQ�IURP�$SSHQGL[�%��PDQ\�HQJLQH�IDPLOLHV�XVLQJ

WUDGLWLRQDO���VWURNH�GHVLJQV�KDYH�EHHQ�FHUWLILHG�WR�WKH�3KDVH���SURJUDP���7KH

3KDVH���VWDQGDUGV�IRU�+&�DQG�IRU�12[��LI�FRPELQHG�LQWR�+&�12[��ZRXOG�EH

����������DQG�����J�N:�KU�IRU�&ODVVHV�������DQG����UHVSHFWLYHO\���$V�FDQ�EH

VHHQ�IURP�$SSHQGL[�%��PDQ\�HQJLQH�IDPLOLHV�DUH�VXEVWDQWLDOO\�EHORZ�WKH�3KDVH

��OHYHOV��DQG�LQ�IDFW��VHYHUDO�HQJLQH�IDPLOLHV�DW�WKH�QHZ�HQJLQH�OHYHO�DUH�EHORZ

WKH�SURSRVHG�3KDVH���LQ�XVH�OHYHOV��

,QIRUPDWLRQ�UHJDUGLQJ�WKH�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH�RI���VWURNH

KDQGKHOG�HQJLQHV�LV�OLPLWHG���7KH�$JHQF\�KDV�FROOHFWHG�LQIRUPDWLRQ�RQ

XQFRQWUROOHG���VWURNH�HQJLQHV�FROOHFWHG�IURP�DFWXDO�RZQHUV���5HI������5HI�

����5HI������5HI������7KLV�GDWD��LQGLFDWHV���VWURNH�WHFKQRORJ\�KDV�WKH�SRWHQWLDO

WR�H[SHULHQFH�KLJK�UDWHV�RI�LQ�XVH�GHWHULRUDWLRQ�RI�+&��RQ�WKH�RUGHU�RI�WZR

WLPHV�WKH�QHZ�HQJLQH�YDOXH���,QIRUPDWLRQ�RQ�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH�RI

3KDVH���WHFKQRORJ\���VWURNHV�LV�DOVR�OLPLWHG���,Q�SUHSDUDWLRQ�IRU�WKH�3KDVH��

UHJXODWLRQ��VHYHUDO�PHPEHUV�RI�33(0$�UDQ�D�WHVW�SURJUDP�ZKLFK�LQFOXGHG

PDQXIDFWXUHU�FRQWUROOHG�ILHOG�WHVWLQJ�RI�VHYHQ�3KDVH���WHFKQRORJ\�WUDGLWLRQDO���

VWURNH�HQJLQHV��VL[�ZHUH�DJHG�WR����KRXUV��DQG�RQH�RXW�WR�����KRXUV��VHH

$SSHQGL[�&�RI�WKH�56'�IRU�3KDVH���UXOH��UHIHUHQFH���WR�WKLV�&KDSWHU����7KLV

GDWD�VKRZHG�UHODWLYHO\�ORZ�GHWHULRUDWLRQ�LQ�+&�12[�HPLVVLRQV��ZLWK�')·V

UDQJLQJ�IURP�VOLJKWO\�OHVV�WKDQ�����WR�DSSUR[LPDWHO\�����DW����KRXUV�

3.2.1.3.2.  Improvements to Phase 1 Technology 2-stroke

Engines ���0DQXIDFWXUHUV�ZLOO�OLNHO\�LQYHVWLJDWH�WKH�LPSURYHPHQWV�GLVFXVVHG�LQ

WKH������6Z5,�UHSRUW�LQ�RUGHU�WR�PHHW�WKH�SURSRVHG�3KDVH���VWDQGDUGV���%DVHG

RQ�WKH�6Z5,�UHSRUW�DQG�WKH�ODUJH�QXPEHU�RI�HQJLQH�IDPLOLHV�ZKLFK�DUH�DOUHDG\

VXEVWDQWLDOO\�EHORZ�WKH�3KDVH���VWDQGDUGV���WKH�$JHQF\�HVWLPDWHV

LPSURYHPHQWV�WR�H[LVWLQJ���VWURNH�3KDVH���HQJLQH�IDPLOLHV�FDQ�UHVXOW�LQ�D���
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SHUFHQW�GHFUHDVH�LQ�WKH�LQ�XVH�+&�12[�HPLVVLRQV�RI�3KDVH���WZR�VWURNH

WHFKQRORJ\�KDQGKHOG�HQJLQHV�

7KH�,&)������UHSRUW�FRQWDLQV�D�GLVFXVVLRQ�RI�WKH�SHU�HQJLQH�FRVWV�RI

DSSO\LQJ�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\���VWURNH�HQJLQHV��VHH�,&)������

UHI����WR�WKLV�&KDSWHU����$V�SUHVHQWHG�LQ�WKH�,&)������UHSRUW��SHU�HQJLQH�FRVWV

DUH�HIIHFWHG�E\�HQJLQH�IDPLO\�SURGXFWLRQ�YROXPHV�GXH�WR�WKH�IDFW�WKDW�PRVW

FRVWV�DUH�IL[HG�FRVWV�DQG�QRW�YDULDEOH�KDUGZDUH�FRVWV���,&)�DQDO\]HG�FRVWV�IRU

HQJLQH�IDPLOLHV�EDVHG�RQ�SURGXFWLRQ�YROXPHV�RI��������XQLWV��DQG���������

XQLWV���%DVHG�RQ�WKH�FRQILGHQWLDO�3KDVH���FHUWLILFDWLRQ�GDWD��WKH�$JHQF\�EHOLHYHV

WKHVH�SURGXFWLRQ�YROXPHV�DUH�DSSURSULDWH�IRU�HVWLPDWLQJ�KDQGKHOG�HQJLQH�FRVWV��

,&)�HVWLPDWHG�WKH�FRVWV�RI�LPSURYHPHQWV�LQ�VFDYHQJLQJ�WKURXJK�RSWLPL]DWLRQ�RI

SLVWRQ�DQG�SRUW�GHVLJQV��DQG�LPSURYHPHQWV�WR�FRPEXVWLRQ�FKDPEHU�GHVLJQV��IRU

��VWURNH�HQJLQHV���7KH�6Z5,������UHSRUW��VHH�UHIHUHQFH���WR�WKLV�&KDSWHU�

LGHQWLILHG�VHYHUDO�DGGLWLRQDO�IHDWXUHV�ZKLFK�ZRXOG�UHGXFH�3KDVH���WZR�VWURNH

HQJLQH�+&�12[�HPLVVLRQ�UDWHV�IDU�EHORZ�WKH�3KDVH���VWDQGDUG��LQFOXGLQJ��

LPSURYHG�FDUEXUDWLRQ��DQG�LPSURYHPHQWV�WR�PDQXIDFWXULQJ�WROHUDQFHV���7KH

$JHQF\�KDV�XVHG�WKH�,&)������UHSRUW�HVWLPDWHV�IRU���VWURNH�HQJLQH

LPSURYHPHQWV�WR�HVWLPDWH�WKHVH�DGGLWLRQDO�LPSURYHPHQWV���7DEOH������SUHVHQWV

D�VXPPDU\�RI�WKH�HVWLPDWHG�SHU�HQJLQH�FRVWV�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�WR

KDQGKHOG���VWURNH�WHFKQRORJ\�
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7$%/(�������
(VWLPDWHG�SHU�(QJLQH�&RVWV�IRU�,PSURYHPHQWV�WR�+DQGKHOG���VWURNH�(QJLQHV

,PSURYHPHQWV�WR 3HU�(QJLQH�&RVWV�IRU�)DPLO\ 3HU�(QJLQH�&RVWV�IRU�)DPLO\
3KDVH�����VWURNH Z���������8QLWV�$QQXDO Z����������8QLWV�$QQXDO

(QJLQHV 3URGXFWLRQ 3URGXFWLRQ

&DUEXUHWRU
,PSURYHPHQWV
 ����� �����

6FDYHQJLQJ�DQG
&RPEXVWLRQ
&KDPEHU
,PSURYHPHQWV ����� �����

0DQXIDFWXULQJ
7ROHUDQFH
,PSURYHPHQWV
 ����� �����

(* note, for the Carburetor Improvements,  the Agency used the estimated cost for the Class 1, 1.2Milli on/year
scenario, and for the Manufacturing Tolerance Improvements, the Agency based the 90,000 unit estimate on the
nonhandheld 35,000 unit estimate, and the 400,000 unit estimate is based on the nonhandheld 200,000 estimate)

7KHVH�HVWLPDWHV�LQGLFDWH�WKDW�LPSURYHPHQWV�WR���VWURNH�HQJLQHV�FRXOG�FRVW�XS

WR�D�UDQJH�EHWZHHQ�������DQG�������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH

LPSURYHPHQWV�UHTXLUHG�DQG�WKH�DQQXDO�SURGXFWLRQ�YROXPHV�

3.2.1.4  Impact on Equipment Design and Use of 2-stroke

Technology ����7KH�PDMRULW\�RI�WKH�FKDQJHV�WKH�$JHQF\�ZRXOG�H[SHFW�WR�VHH

IURP�LPSURYHPHQWV�WR�H[LVWLQJ���VWURNH�GHVLJQV�ZRXOG�KDYH�QR�QHJDWLYH�LPSDFW

RQ�HTXLSPHQW�GHVLJQ�DQG�XVH���7KH�H[SHFWHG��FKDQJHV�LQFOXGH�LPSURYHG

FDUEXUDWLRQ��LPSURYHG�FRPEXVWLRQ�FKDPEHU�GHVLJQ��LPSURYHG�WUDQVIHU�SRUW

GHVLJQ��DQG�KLJKHU�PDQXIDFWXULQJ�TXDOLW\��WKHVH�FKDQJHV�ZRXOG�KDYH�QR

QHJDWLYH�LPSDFWV�RQ�HTXLSPHQW�GHVLJQ���7KH�RQO\�H[FHSWLRQ�WR�WKLV�LV�WKH�XVH�RI

OHDQHU�DLU�IXHO�PL[WXUH�FDOLEUDWLRQV���/HDQHU�DLU�IXHO�PL[WXUHV�ZLOO�UHGXFH�+&

HPLVVLRQV��EXW�LW�PD\�LQFUHDVH�H[KDXVW�JDV�WHPSHUDWXUH���'HSHQGLQJ�RQ�WKH
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FXUUHQW�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�WKH�HQJLQH��PDQXIDFWXUHUV�PD\�QHHG�WR

UHGXFH�WKH�H[KDXVW�JDV�WHPSHUDWXUH��WKLV�ZLOO�OLNHO\�EH�GRQH�E\�PDNLQJ

HQKDQFHPHQWV�WR�H[LVWLQJ�PXIIOHU�GHVLJQV��DQG�PD\�UHVXOW�LQ�LQFUHDVHG�PXIIOHU

VL]H��KRZHYHU��WKLV�ZLOO�KDYH�OLWWOH�LI�DQ\�LPSDFW�RQ�WKH�HTXLSPHQW�XVH�

3.2.1.5 Technology Impact on Noise, Safety, and Energy from

2-Stroke Technology ����7KH�$JHQF\�ZRXOG�H[SHFW�QR�QHJDWLYH�LPSDFWV�RQ

QRLVH�IURP�LPSURYHPHQWV�WR�H[LVWLQJ���VWURNH�HQJLQH�GHVLJQV���&KDSWHU�����RI

%ODLU��������VHH�5HI����WR�WKLV�&KDSWHU��GHVFULEHV�WKH�WZR�PRVW�VLJQLILFDQW

VRXUFHV�RI�QRLVH�IURP�D�WZR�VWURNH�HQJLQH�DV���L�LQGXFWLRQ�SUHVVXUH�SXOVHV

JHQHUDWHG�E\�WKH�LQWDNH�V\VWHP��DQG��LL��SUHVVXUH�SXOVHV�JHQHUDWHG�E\�WKH

H[KDXVW�JDV�DW�WKH�H[KDXVW�SRUW����7KH�$JHQF\�GRHV�QRW�H[SHFW�VLJQLILFDQW

FKDQJHV�LQ�LQWDNH�GHVLJQV�WR�LPSURYH�WKH�H[KDXVW�HPLVVLRQV�RI�3KDVH��

WHFKQRORJ\�HQJLQHV��LI�DQ\WKLQJ��LPSURYHPHQWV�WR�LQWDNH�DLU�ILOWHUV�PD\�EH

PDGH�WR�LPSURYH�LQ�XVH�GXUDELOLW\��DQG�WKLV�ZRXOG�WHQG�WR�DEVRUE�LQGXFWLRQ

SUHVVXUH�SXOVHV�DQG�UHGXFH�QRLVH�OHYHOV���&KDQJHV�LQ�H[KDXVW�SRUW�GHVLJQV�ZRXOG

DOPRVW�FHUWDLQO\�EH�SDUW�RI�D�PDQXIDFWXUHUV�VWUDWHJ\�WR�ORZHU�HPLVVLRQV�

KRZHYHU��WKH�LPSDFW�RQ�QRLVH�JHQHUDWLRQ�LV�H[SHFWHG�WR�EH�PLQLPDO���2QH���

VWURNH�KDQGKHOG�HQJLQH�PDQXIDFWXUHU�LQGLFDWHG�WKDW�FKDQJHV�LQ

LQWDNH�WUDQVIHU�H[KDXVW�SRUW�GHVLJQV�WR�ORZHU�VFDYHQJLQJ�ORVVHV�DQG�UHGXFH

HPLVVLRQV�WR�PHHW�WKH�3KDVH���VWDQGDUGV�KDYH�PDGH�QR�GLVFHUQDEOH�GLIIHUHQFH

LQ�HQJLQH�QRLVH��QRU�ZRXOG�FKDQJHV�WR�PHHW�ORZHU�HPLVVLRQ�OHYHOV�EH�H[SHFWHG

WR�FKDQJH�QRLVH�OHYHOV��5HI������

7KH�$JHQF\�ZRXOG�H[SHFW�QR�QHJDWLYH�LPSDFWV�RQ�WKH�VDIHW\�RI�KDQGKHOG

HTXLSPHQW�IURP�LPSURYHPHQWV�WR�H[LVWLQJ���VWURNH�GHVLJQV���7KH�8�6��)RUHVW

6HUYLFH�KDV�GHYHORSHG�PD[LPXP�H[KDXVW�JDV�WHPSHUDWXUH�DQG�VXUIDFH

WHPSHUDWXUH�UHTXLUHPHQWV�IRU�HTXLSPHQW�XVHG�RQ�)HGHUDO�ODQG���+RZHYHU��WKH
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$JHQF\�H[SHFWV�RQO\�VPDOO�FKDQJHV�LQ�H[KDXVW�JDV�DQG�PXIIOHU�VNLQ�WHPSHUDWXUH

ZRXOG�UHVXOW�IURP�HQJLQHV�GHVLJQHG�WR�PHHW�WKH�SURSRVHG�VWDQGDUGV��DQG�DQ\

LQFUHDVH�LQ�WHPSHUDWXUH�FRXOG�EH�FRPSHQVDWHG�IRU�ZLWK�PRGLILFDWLRQV�WR�PXIIOHU

GHVLJQV���$V�GLVFXVVHG�LQ�6HFWLRQ����������VHYHUDO���VWURNH�HQJLQH�IDPLOLHV�KDYH

EHHQ�FHUWLILHG�WR�OHYHOV�VLJQLILFDQWO\�EHORZ�WKH�3KDVH���VWDQGDUGV��DQG�WKRVH

HQJLQH�IDPLOLHV�FRQWLQXH�WR�FRPSO\�ZLWK�H[LVWLQJ�8�6��)RUHVW�6HUYLFH

UHTXLUHPHQWV�

7KH�$JHQF\�ZRXOG�H[SHFW�LPSURYHPHQWV�WR�H[LVWLQJ���VWURNH�GHVLJQV�WR

UHVXOW�LQ�VLJQLILFDQW�IXHO�HFRQRP\�LPSURYHPHQWV�IRU�PDQ\���VWURNH�HQJLQH

IDPLOLHV���3KDVH���WHFKQRORJ\�WZR�VWURNH�HQJLQHV�RSHUDWH�DW�DLU�IXHO�UDWLR·V

ZKLFK�DUH�ULFKHU�WKDQ�VWRLFKRPHWHU\��DV�WKHVH�HQJLQHV�DUH�HQOHDQHG�WR�UHGXFH

HPLVVLRQV��IXHO�HFRQRP\�ZLOO�LPSURYH��5HI������7KH�$JHQF\�ZRXOG�H[SHFW�WKH

ODUJHVW�LPSURYHPHQW�LQ�IXHO�HFRQRP\�WR�FRPH�IURP�UHGXFWLRQV�LQ�VFDYHQJLQJ

ORVVHV���,PSURYHPHQWV�LQ�LQWDNH�WUDQVIHU�H[KDXVW�SRUW�GHVLJQV�ZKLFK�UHGXFH

VFDYHQJLQJ�ORVVHV�ZRXOG�UHVXOW�LQ�ORZHU�IXHO�FRQVXPSWLRQ���%DVHG�RQ�OLPLWHG

WHVW�GDWD�WKH�$JHQF\�HVWLPDWHV�WKDW�LPSURYHPHQWV�WR�H[LVWLQJ���VWURNHV�ZRXOG

UHVXOW�LQ�DSSUR[LPDWHO\�D���WR����SHUFHQW�UHGXFWLRQ�LQ�IXHO�FRQVXPSWLRQ�

GHSHQGLQJ�RQ�WKH�HQJLQH�&ODVV���6HFWLRQ���������RI�WKLV�GUDIW�56'�FRQWDLQV

DGGLWLRQDO�LQIRUPDWLRQ�RQ�HVWLPDWHG���VWURNH�IXHO�FRQVXPSWLRQ�

3.2.2  Application of Catalytic Convertors to Handheld Engines

3.2.2.1  Description of Catalyst Technology ����&DWDO\WLF

FRQYHUWRUV�DUH�DGG�RQ�GHYLFHV�XVHG�WR�ORZHU�H[KDXVW�HPLVVLRQV�IURP�HQJLQHV

DIWHU�WKH\�H[LW�WKH�FRPEXVWLRQ�FKDPEHU���7\SLFDOO\��D�FDWDO\VW�FRQVLVWV�RI�D

FHUDPLF�RU�PHWDOOLF�VXSSRUW��RIWHQ�FDOOHG�WKH�VXEVWUDWH���WKDW�LV�FRDWHG�ZLWK�D

ZDVK�FRDW�ZKLFK�FRQWDLQV�FDWDO\WLF�PDWHULDO��W\SLFDOO\�D�UDUH�HDUWK�HOHPHQW�VXFK
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DV�SODWLQXP��UKRGLXP�DQG�RU�SDOODGLXP����7KH�FDWDO\WLF�PDWHULDO�LQLWLDWHV�D

FKHPLFDO�UHDFWLRQ�ZKLFK�FDQ�R[LGL]H�K\GURFDUERQV�DQG�FDUERQ�PRQR[LGH��DQG�LW

FDQ�UHGXFH�R[LGHV�RI�QLWURJHQ�

$GGLWLRQDO�LQIRUPDWLRQ�UHJDUGLQJ�WKH�IXQGDPHQWDOV�RI�FDWDO\WLF

FRQYHUWRUV��DQG�LQIRUPDWLRQ�VSHFLILF�WR�FDWDO\VW�DQG�VPDOO�HQJLQHV�FDQ�EH�IRXQG

LQ�´5HSRUW���([KDXVW�6\VWHPV�6XEJURXS�RI�WKH�7HFKQRORJ\�7DVN�*URXSµ��D

UHSRUW�SXEOLVKHG�E\�D�WDVN�JURXS�HVWDEOLVKHG�GXULQJ�WKH�5HJXODWRU\�1HJRWLDWLRQ

IRU�6PDOO�(QJLQH�3KDVH���5XOHPDNLQJ��5HI�����

3.2.2.2  Current State of Catalyst Technology Development ����

+LVWRULFDO�GDWD�LQGLFDWHV�WKDW�FDWDO\VWV�KDYH�VHHQ�OLPLWHG�XVH�RQ�VPDOO�HQJLQHV

LQ�WKH�8�6���3ULRU�WR�(3$�RU�&$5%�VPDOO�HQJLQH�UHJXODWLRQV�FDWDO\VW�ZHUH�XVHG

LQ�OLPLWHG�QXPEHUV�RQ�VRPH�W\SHV�RI�LQGRRU�HTXLSPHQW��VXFK�DV�LQGRRU�SURSDQH

IXHOHG�IORRU�EXIIHUV��DOVR�FDOOHG�IORRU�EXUQLVKHUV���EXW�QR�KDQGKHOG�DSSOLFDWLRQV

XWLOL]HG�FDWDO\VW�WHFKQRORJ\�

)HGHUDO�FHUWLILFDWLRQ�LQIRUPDWLRQ�VKRZV�WKDW�RQH�PDQXIDFWXUHU�

+XVTXYDUQD��KDV�FHUWLILHG�WKUHH�HQJLQH�IDPLOLHV�XVLQJ���VWURNH�WHFKQRORJ\�ZLWK

D�FDWDO\VW���7KHVH�+XVTXYDUQD�IDPLOLHV�KDYH�EHHQ�GHYHORSHG�IRU�VWULQJ

WULPPHU�EUXVK�FXWWHU�DSSOLFDWLRQV�

7KH�$JHQF\�EHOLHYHV�PDQ\�PDQXIDFWXUHUV�KDYH�LQYHVWLJDWHG�FDWDO\VW

WHFKQRORJ\�IRU�VPDOO�HQJLQHV�IURP�D�UHVHDUFK�SHUVSHFWLYH���+RZHYHU��WKH

PDMRULW\�RI�VPDOO�HQJLQH�PDQXIDFWXUHUV�KDYH�OLWWOH�RU�QR�H[SHULHQFH�LQ�WKH

SURGXFWLRQ�RI�FDWDO\VW�HTXLSSHG�VPDOO�HQJLQHV�

3.2.2.3  Exhaust Emission Performance and Costs of Catalysts

���5HIHUHQFH����WR�WKLV�&KDSWHU��´5HSRUW���([KDXVW�6\VWHPV�6XEJURXS�RI�WKH

7HFKQRORJ\�7DVN�*URXSµ��FRQWDLQV�D�VXPPDU\�RI�QHZ�HQJLQH�GDWD�RQ�WKH�+&
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DQG�12[�UHGXFWLRQ�SRWHQWLDO�IURP�WKH�DSSOLFDWLRQ�RI�FDWDO\VW�WR����DQG���VWURNH

VPDOO�HQJLQHV���7KH�PDMRULW\�RI�WKHVH�HQJLQHV�ZHUH�XQFRQWUROOHG�RU�3KDVH��

WHFKQRORJ\�JDVROLQH�HQJLQHV�ZLWK�SURWRW\SH�FDWDO\VW�DGGHG�RQ���7KH�DSSOLFDWLRQ

RI�FDWDO\VWV�WR�WKHVH�VPDOO�JDVROLQH���VWURNH�HQJLQHV�VKRZHG�UHGXFWLRQV�LQ�QHZ

HQJLQH�+&�HPLVVLRQV����WR����SHUFHQW�DQG�12[�HPLVVLRQV�ZHUH�UHGXFHG����WR

���SHUFHQW�IRU�VRPH�HQJLQHV��KRZHYHU��LW�VRPH�FDVHV�12[�HPLVVLRQV�LQFUHDVHG

���WR����SHUFHQW���,QIRUPDWLRQ�SUHVHQWHG�LQ�UHIHUHQFH����WR�WKLV�&KDSWHU�RQ���

VWURNH�HQJLQHV�ZLWK�FDWDO\VWV�VKRZHG�D����WR����SHUFHQW�UHGXFWLRQ�LQ�+&��DQG�D

������SHUFHQW�UHGXFWLRQ�LQ�12[�IRU�VRPH�HQJLQHV��KRZHYHU��12[�LQFUHDVHG�XS

WR����SHUFHQW�IRU�RWKHU�HQJLQHV���%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH�$JHQF\

HVWLPDWHV�WKDW�FDWDO\VW�WHFKQRORJ\�KDV��WKH�SRWHQWLDO�WR�UHGXFH�QHZ�HQJLQH

+&�12[�HPLVVLRQV�IURP���VWURNH�DQG���VWURNH�HQJLQHV�E\����WR����SHUFHQW

IURP�XQFRQWUROOHG�DQG�3KDVH���WHFKQRORJ\�

+XVTXYDUQD�KDV�FHUWLILHG�WKUHH�HQJLQH�IDPLOLHV�WR�WKH�3KDVH���UXOH�ZKLFK

XWLOL]H�FDWDO\VW�RQ�D�WZR�VWURNH�HQJLQH��WKH�HQJLQH�LV�LQWHQGHG�IRU�XVH�LQ�D�VWLQJ

WULPPHU�DSSOLFDWLRQ���$JHQF\�WHVWLQJ�RI�RQH�RI�WKHVH�HQJLQHV�VKRZHG�QHZ

HQJLQH�+&�12[�HPLVVLRQV�RI�DSSUR[LPDWHO\����J�N:�KU���+XVTXYDUQD�KDV

LQGLFDWHG�LQ�SUHVV�UHOHDVH�PDWHULDO�WKDW�WKLV�HQJLQH�FRPELQHV�LPSURYHG

VFDYHQJLQJ�IRU�ORZHU�HQJLQH�RXW�HPLVVLRQV�DORQJ�ZLWK�D�ORZ�HIILFLHQF\�FDWDO\VW�WR

UHGXFH�+&�12[�HPLVVLRQV���,QIRUPDWLRQ�RQ�WKH�FDWDO\VW�HIILFLHQF\�IRU�WKLV

HQJLQH�LV�QRW�SXEOLFO\�DYDLODEOH�

,QIRUPDWLRQ�RQ�WKH�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH�RI�FDWDO\VW�HTXLSSHG

VPDOO�HQJLQHV�LV�YHU\�OLPLWHG���7KH�UHGXFWLRQV�LQ�+&�DQG�12[�GHVFULEHG�DERYH

DUH�UHGXFWLRQV�LQ�WKH�QHZ�HQJLQH�HPLVVLRQ�UDWHV�RI�VPDOO�HQJLQHV���7KH�$JHQF\
V

H[SHULHQFH�ZLWK�RQ�KLJKZD\�FDWDO\VW�WHFKQRORJ\�KDV�VKRZQ�WKDW�FDWDO\VWV�DUH

VXVFHSWLEOH�WR�GHJUDGDWLRQ�LQ�XVH���7KH�LQ�XVH�SHUIRUPDQFH�RI�FDWDO\VWV�FDQ
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GHJUDGH�IURP�VHYHUDO�PHFKDQLVPV��LQFOXGLQJ�WKH�SK\VLFDO�GHWHULRUDWLRQ�RI�WKH

VXEVWUDWH�IURP�PHFKDQLFDO�VKRFN��YLEUDWLRQ��DQG�H[WUHPH�WHPSHUDWXUHV��DQG�WKH

GHDFWLYDWLRQ�RI�WKH�FDWDO\VW�PDWHULDO�IURP�FKHPLFDO�SRLVRQLQJ��VXFK�DV�VXOIXU���

7KH�$JHQF\�LV�FRQFHUQHG�WKDW�LQ�XVH�GHWHULRUDWLRQ�RI�VPDOO�HQJLQH�FDWDO\VWV�ZLOO

RFFXU��EXW�WKH�H[WHQW�RI�WKH�SRWHQWLDO�SUREOHP�LV�XQNQRZQ���:LWKRXW

LQIRUPDWLRQ�UHJDUGLQJ�WKH�LQ�XVH�SHUIRUPDQFH�RI�FDWDO\VW�HTXLSSHG�HQJLQHV��LW�LV

GLIILFXOW�WR�HVWLPDWH�WKH�HPLVVLRQ�UHGXFWLRQ�SRWHQWLDO�RI�FDWDO\VW�WHFKQRORJ\�RQ

VPDOO�HQJLQHV�

,Q�WKH�,&)������UHSRUW��VHH�UHIHUHQFH���WR�WKLV�&KDSWHU���WKH�FRVWV�RI

DSSO\LQJ�FDWDO\VW�WR�D���VWURNH�HQJLQH�ZDV�HVWLPDWHG���7KH�$JHQF\�HVWLPDWHV

WKH�DGGLWLRQ�RI�D�FDWDO\VW�WR�D���VWURNH�HQJLQH�ZRXOG�EH�VLPLODU��SDUWLFXODUO\�IRU

WKH�HQJLQHHULQJ�UHVHDUFK�DQG�GHYHORSPHQW�ZRUN���+RZHYHU��WKH�FRVW�RI�WKH

FDWDO\VW�LWVHOI�ZRXOG�OLNHO\�EH�KLJKHU�IRU�D�QRQKDQGKHOG���VWURNH�HQJLQH�LQ�RUGHU

WR�KDQGOH�WKH�LQFUHDVHG�H[KDXVW�JDV�IORZ�UDWH�IURP�WKH�ODUJHU�QRQKDQGKHOG

HQJLQHV�

,&)�FRQVLGHUHG�WKH�FRVWV�IRU�ERWK�D�PHWDOOLF�VXEVWUDWH�DQG�IRU�D�FHUDPLF

VXEVWUDWH��ZLWK�WKH�HVWLPDWHG�FRVW�RI�D�PHWDOOLF�VXEVWUDWH�EHLQJ�VXEVWDQWLDOO\

PRUH���7DEOH������LV�D�VXPPDU\�RI�WKH�FRVW�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�,&)

�����UHSRUW�IRU�FDWDO\VW�DQG���VWURNH�HQJLQHV���
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7$%/(�������
6XPPDU\�RI�SHU�(QJLQH�&RVW�IRU�$SSOLFDWLRQ�RI�D�&DWDO\VW�
WR�D�+DQGKHOG���VWURNH�(QJLQH��GDWD�IURP�,&)�������

&RVW�,WHP VXEVWUDWH VXEVWUDWH VXEVWUDWH VXEVWUDWH

(QJLQH�)DPLO\ (QJLQH�)DPLO\ (QJLQH�)DPLO\ (QJLQH�)DPLO\
$QQXDO $QQXDO $QQXDO $QQXDO

3URGXFWLRQ� 3URGXFWLRQ� 3URGXFWLRQ� 3URGXFWLRQ� 
������� ������� �������� ��������
FHUDPLF PHWDOOLF FHUDPLF PHWDOOLF

&DWDO\VW ����� ����� ����� �����

&DWDO\VW
$VVHPEO\
/DERU ����� ����� ����� �����

&DWDO\VW�)L[HG
&RVW ����� ����� ����� �����

0XIIOHU��+HDW
6KLHOG
+DUGZDUH�&RVW ����� ����� ����� �����

0XIIOHU��+HDW
6KLHOG�)L[HG
&RVWV ����� ����� ����� �����

7RWDO ����� ������ ����� ������

7DEOH������VKRZV�WKDW�WKH�FRVW�RI�DGGLQJ�D�FDWDO\VW�WR�D���VWURNH�HQJLQH�LV

HVWLPDWHG�WR�EH�EHWZHHQ�������DQG��������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�W\SH

RI�FDWDO\VW�DQG�WKH�HQJLQH�IDPLO\�DQQXDO�SURGXFWLRQ���7KH�FRVWV�VKRZQ�LQ�7DEOH

�����RQO\�DFFRXQW�IRU�WKH�FRVW�RI�DGGLQJ�D�FDWDO\VW�WR�DQ�3KDVH���WHFKQRORJ\���

VWURNH�HQJLQH��QRW�IRU�LQWHUQDO�LPSURYHPHQWV�WR�WKH�HQJLQH���,QWHUQDO�HQJLQH

LPSURYHPHQWV�DUH�QHFHVVDU\�LQ�RUGHU�WR�ORZHU�HQJLQH�RXW�HPLVVLRQV�DQG�LQFUHDVH

HQJLQH�RXW�LQ�XVH�GXUDELOLW\�SULRU�WR�WKH�DSSOLFDWLRQ�RI�D�FDWDO\VW���$V�GLVFXVVHG
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LQ�6HFWLRQ����������LQWHUQDO�HQJLQH�LPSURYHPHQWV�FRXOG�FRVW�DQ�DGGLWLRQDO

������WR�������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�LPSURYHPHQWV�UHTXLUHG�DQG�WKH

HQJLQH�IDPLO\�DQQXDO�SURGXFWLRQ�YROXPH���&RPELQLQJ�WKH�FRVW�RI�DGGLQJ�D

FDWDO\VW�ZLWK�WKH�FRVW�RI�LQWHUQDO�LPSURYHPHQWV�WR�D�3KDVH���WHFKQRORJ\

KDQGKHOG���VWURNH�HQJLQH�UHVXOWV�LQ�D�SRWHQWLDO�LQFUHDVH�EHWZHHQ�������DQG

�������SHU�HQJLQH���

3.2.2.5  Impact on Equipment Design and Use of Catalyst ����

7KH�XVH�RI�FDWDO\VW�ZRXOG�HIIHFW�WKH�PXIIOHU�GHVLJQ�RI�VPDOO�HQJLQHV���0XIIOHUV

ZRXOG�QHHG�UHGHVLJQV�LQ�RUGHU�WR�KRXVH�WKH�FRQYHUWRU��DV�ZHOO�DV�DGGLWLRQDO�KHDW

VKLHOGLQJ�RU�RWKHU�VDIHW\�VKLHOGV�WR�SURWHFW�WKH�XVHU�IURP�H[FHVVLYH�PXIIOHU�VNLQ

WHPSHUDWXUH���,Q�DGGLWLRQ��WKH�PXIIOHU�GHVLJQ�PD\�QHHG�WR�EH�PRGLILHG�LQ�RUGHU

WR�DFFRPPRGDWH�LQFUHDVHG�H[KDXVW�JDV�WHPSHUDWXUH���

7KH�DGGLWLRQ�RI�D�FDWDO\VW�ZRXOG�DOVR�DGG�ZHLJKW�WR�WKH�HQJLQH��KRZHYHU�

WKH�DGGHG�ZHLJKW�ZRXOG�OLNHO\�EH�QHJOLJLEOH�FRPSDUHG�WR�WKH�GU\�ZHLJKW�RI�WKH

HQJLQH�

3.2.2.6  Catalyst Technology Impact on Noise, Safety, and

Energy �����7KH�$JHQF\�ZRXOG�H[SHFW�OLWWOH�LPSDFW�RQ�HQJLQH�QRLVH�IURP�WKH

DSSOLFDWLRQ�RI�FDWDO\VW�WR�VPDOO�HQJLQHV��,I�DQ\�LPSDFW�RQ�QRLVH�GLG�RFFXU��LW�LV

OLNHO\�WKH�FDWDO\VW�SOXV�D�UHGHVLJQHG�PXIIOHU�ZRXOG�DFW�WR�ORZHU�WKH�QRLVH

JHQHUDWHG�E\�DQ�HQJLQH��VLQFH�WKH�FDWDO\VW�ZRXOG�DEVRUE�DQG�QRW�JHQHUDWH

VRXQG�

(QJLQH�PDQXIDFWXUHUV�KDYH�UDLVHG�FRQFHUQV�UHJDUGLQJ�WKH�VDIHW\�RI

FDWDO\VW�RQ�VPDOO�HQJLQHV���7KH�SULQFLSOH�FRQFHUQV�UHODWH�WR�LQFUHDVHV�LQ�PXIIOHU

VNLQ�WHPSHUDWXUH�DQG�H[KDXVW�JDV�WHPSHUDWXUH�IURP�WKH�XVH�RI�FDWDO\VW���7KH

8�6��)RUHVW�6HUYLFH�KDV�GHYHORSHG�PD[LPXP�H[KDXVW�JDV�WHPSHUDWXUH�DQG

VXUIDFH�WHPSHUDWXUH�UHTXLUHPHQWV�IRU�HTXLSPHQW�XVHG�RQ�)HGHUDO�ODQG���,Q
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RUGHU�WR�FRQWLQXH�WR�PHHW�WKH�UHTXLUHPHQWV�RI�WKH�8�6��)RUHVW�6HUYLFH�

PDQXIDFWXUHUV�PD\�QHHG�WR�OLPLW�WKH�FRQYHUVLRQ�HIILFLHQF\�RI�WKH�FDWDO\VW�LQ

RUGHU�WR�PDLQWDLQ�D�FRPIRUWDEOH�PDUJLQ�RI�VDIHW\�EHORZ�WKH�)RUHVW�6HUYLFH

UHTXLUHPHQWV��DQG�RU�UHGHVLJQ�WKH�PXIIOHU�V\VWHP�WR�HQKDQFH�WKH�KHDW�VKLHOGLQJ

RI�WKH�PXIIOHU���$V�SUHYLRXVO\�GLVFXVVHG��DW�OHDVW�+XVTXYDUQD�KDV�FHUWLILHG�WKUHH

HQJLQH�IDPLOLHV�ZKLFK�XWLOL]H�D�FDWDO\VW�DQG�FRQWLQXH�WR�PHHW�DOO�DSSOLFDEOH�8�6�

)RUHVW�6HUYLFH�UHTXLUHPHQWV�

7KH�DGGLWLRQ�RI�D�FDWDO\VW�ZRXOG�KDYH�QR�VLJQLILFDQW�LPSDFW�RQ�WKH

HQHUJ\�FRQVXPSWLRQ�RI�DQ�HQJLQH���&DWDO\VW�DUH�DGG�RQ�GHYLFHV�ZKLFK�ZRXOG

KDYH�PLQLPDO��LI�DQ\��LPSDFW�RQ�WKH�HQJLQH·V�DLU�IXHO�UDWLR�RU�SRZHU�RXWSXW�

WKHUHIRUH��QR�FKDQJH�LQ�IXHO�FRQVXPSWLRQ�ZRXOG�EH�DQWLFLSDWHG�

3.2.3  Conversion of Handheld 2-stroke designs to 4-stroke designs

3.2.3.1  Description of 4-stroke Handheld Engine Technology ���

$V�GLVFXVVHG�LQ�6HFWLRQ����������JDVROLQH�SRZHUHG�KDQGKHOG�HTXLSPHQW�KDYH

WUDGLWLRQDOO\�XVHG�FKDUJH�VFDYHQJHG���VWURNH�HQJLQHV�DV�D�SRZHU�VRXUFH���7ZR�

VWURNH�HQJLQHV�KDYH�VHYHUDO�DGYDQWDJHV�RYHU���VWURNH�GHVLJQV�IRU�XVH�LQ

KDQGKHOG�HTXLSPHQW��KLJK�SRZHU�WR�ZHLJKW�UDWLRV��PXOWL�SRVLWLRQDO�RSHUDWLRQ�

DQG�ORZHU�PDQXIDFWXULQJ�FRVWV���+RZHYHU����VWURNH�HQJLQHV�KDYH�ORZHU�+&

H[KDXVW�HPLVVLRQV�DQG�EHWWHU�IXHO�HFRQRP\�WKDQ���VWURNH�GHVLJQV���$GGLWLRQDO

LQIRUPDWLRQ�RQ�WKH�GHVLJQ�DQG�SHUIRUPDQFH�GLIIHUHQFHV�EHWZHHQ����DQG���VWURNH

HQJLQHV�LV�ZLGHO\�DYDLODEOH�LQ�WKH�OLWHUDWXUH��VHH�IRU�H[DPSOH�UHIHUHQFHV����%ODLU�

������DQG����7D\ORU��������RI�WKLV�&KDSWHU�

3.2.3.2  Current State of 4-stroke Handheld Engine Technology

Development ������7KH�PDMRULW\�RI�KDQGKHOG�HTXLSPHQW�VROG�LQ�WKH�8�6��DUH

SRZHUHG�E\�WUDGLWLRQDO���VWURNH�HQJLQHV���,Q�UHFHQW�\HDUV�RQH�KDQGKHOG
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HQJLQH�HTXLSPHQW�PDQXIDFWXUHU��5\REL��KDV�LQWURGXFHG�D���VWURNH�SRZHUHG

VWULQJ�WULPPHU�LQWR�WKH�8�6��PDUNHW�SODFH���,Q�DGGLWLRQ��$PHULFD�+RQGD

UHFHQWO\�DQQRXQFHG�WKH\�ZLOO�LQWURGXFH�D���VWURNH�SRZHU�XQLW�IRU�XVH�LQ

KDQGKHOG�DSSOLFDWLRQ��ZLWK�WZR�GLVSODFHPHQWV�WR�EH�RIIHUHG�LQ�WKH�&ODVV�,9

GLVSODFHPHQW�������FF����+RZHYHU��IRU�WKH�PDMRULW\�RI�KDQGKHOG�HQJLQH

PDQXIDFWXUHUV����VWURNH�GHVLJQV�UHSUHVHQW�WKHLU�HQWLUH�KDQGKHOG�SURGXFW�OLQH��

3ULRU�WR�WKH�LQWURGXFWLRQ�RI�WKH�5\REL���VWURNH�HQJLQH������SHUFHQW�RI�KDQGKHOG

HTXLSPHQW�ZHUH�SRZHUHG�E\���VWURNH�HQJLQHV���7KHUHIRUH��WKRXJK�WKH�GHVLJQ

SULQFLSOHV�RI���VWURNH�WHFKQRORJ\�DUH�ZHOO�NQRZQ��WKH�PDMRULW\�RI�KDQGKHOG

HQJLQH�PDQXIDFWXUHUV�KDYH�OLWWOH�H[SHULHQFH�LQ�SURGXFLQJ���VWURNH�HQJLQHV�

3.2.3.3  Exhaust Emission Performance and Costs of 4-stroke

Handheld Engine Technology  ���3ULRU�WR�WKH�LQWURGXFWLRQ�RI�WKH�5\REL���

VWURNH�KDQGKHOG�HQJLQH�LQ�WKH�HDUO\�����
V��QR�KDQGKHOG���VWURNH�HQJLQHV

H[LVWHG��WKHUHIRUH��QR�H[KDXVW�HPLVVLRQ�GDWD�RQ�XQFRQWUROOHG�HQJLQHV�LV

DYDLODEOH���)HGHUDO�FHUWLILFDWLRQ�GDWD�IRU�WKH�5\REL�HQJLQH�VKRZV�WKH�QHZ�HQJLQH

+&�12[�HPLVVLRQ�UDWH�LV������J�N:�KU��ZKLFK�LV����SHUFHQW�EHORZ�WKH

FRPELQHG�3KDVH���&ODVV�,9�+&�DQG�12[�VWDQGDUGV���$PHULFDQ�+RQGD

UHFRPPHQGHG�LQ�WKHLU�ZULWWHQ�FRPPHQWV�D�LQ�XVH�+&�12[�VWDQGDUG�RI

����J�N:�KU�IRU���VWURNH�2+9�HQJLQHV�OHVV�WKDQ���FF�LQ�GLVSODFHPHQW��5HI�

�����7KH�OHYHO�UHFRPPHQGHG�E\�$PHULFDQ�+RQGD�LV����SHUFHQW�EHORZ�WKH

FRPELQHG�3KDVH���&ODVV�,9�+&�DQG�12[�QHZ�HQJLQH�VWDQGDUGV�

,Q�XVH�HPLVVLRQ�SHUIRUPDQFH�GDWD�RQ�KDQGKHOG���VWURNH�HQJLQHV�LV�QRW

DYDLODEOH���+RZHYHU��WKH�$JHQF\�ZRXOG�H[SHFW�WKH�LQ�XVH�SHUIRUPDQFH�RI�VPDOO

KDQGKHOG���VWURNHV�WR�EH�VLPLODU�WR�WKH�VPDOOHU�GLVSODFHPHQW�&ODVV���HQJLQHV��

%RWK�WKH�5\REL�DQG�$PHULFDQ�+RQGD�KDQGKHOG���VWURNH�HQJLQHV�XWLOL]H�2+9

WHFKQRORJ\���$V�GLVFXVVHG�LQ�6HFWLRQ���������DW����KRXUV�RI�XVH��WKH�3KDVH��
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&ODVV���2+9�HQJLQHV�+&�12[�GHWHULRUDWLRQ�UDWH�LV�DSSUR[LPDWHO\�����WLPHV

WKH�QHZ�HQJLQH�YDOXH���+RZHYHU��WKH�&ODVV���HQJLQHV�DUH�VLJQLILFDQWO\�ODUJHU�LQ

GLVSODFHPHQW�WKDQ�D�KDQGKHOG�HQJLQH���)RU�H[DPSOH��D�W\SLFDO�&ODVV���2+9

HQJLQH�KDV�D�GLVSODFHPHQW�RI����FF��ZKLOH�D�&ODVV�,9�KDQGKHOG�HQJLQH�KDV�D

GLVSODFHPHQW�EHWZHHQ����DQG���FF���$PHULFDQ�+RQGD�KDV�LQGLFDWHG�WKH\�ZRXOG

H[SHFW�D�VPDOO�GLVSODFHPHQW�KDQGKHOG���VWURNH�HQJLQH�WR�GHWHULRUDWH�DW�D�KLJKHU

UDWH�WKDQ�D�&ODVV���2+9���VWURNH�HQJLQH��5HI�������6PDOO�GLVSODFHPHQW

KDQGKHOG�HQJLQHV�ZRXOG�KDYH�KLJKHU�VXUIDFH�WR�YROXPH�UDWLRV�WKDQ�D�ODUJHU

GLVSODFHPHQW�&ODVV���HQJLQH��DQG�KLJK�VXUIDFH�WR�YROXPH�UDWLR·V�KDYH�EHHQ

FRUUHODWHG�ZLWK�KLJKHU�+&�HPLVVLRQV��VHH�UHI�����WR�WKLV�&KDSWHU��3DWWHUVRQ�

�������ZKLFK�PD\�OHDG�WR�LQFUHDVHG�FRPEXVWLRQ�FKDPEHU�GHSRVLWV�DQG

WKHUHIRUH�KLJKHU�LQ�XVH�GHWHULRUDWLRQ���%DVHG�RQ�FRQVLGHUDWLRQV�RI�KLJKHU�VXUIDFH

WR�YROXPH�UDWLR�IRU�D�KDQGKHOG���VWURNH�HQJLQH��WKH�$JHQF\�DJUHH·V�ZLWK

$PHULFDQ�+RQGD·V�EHOLHI�WKDW�D�VPDOO�GLVSODFHPHQW���VWURNH�HQJLQH�ZRXOG

OLNHO\�KDYH�KLJKHU�+&�12[�GHWHULRUDWLRQ�WKDQ�D�ODUJHU���VWURNH�HQJLQHV��VXFK

DV�D�&ODVV���HQJLQH���7KRXJK�DFWXDO�LQ�XVH�HPLVVLRQ�GDWD�LV�QRW�DYDLODEOH�RQ�D

KDQGKHOG���VWURNH�HQJLQH��WKH�$JHQF\�HVWLPDWHV�WKH�+&�12[�GHWHULRUDWLRQ

IDFWRU�LV�OLNHO\�EHWZHHQ�����DQG�����DW����KRXUV�RI�XVH���0XOWLSO\LQJ�WKH

+&�12[�GHWHULRUDWLRQ�IDFWRU�UDQJH�RI�����WR�����ZLWK�3KDVH���FHUWLILFDWLRQ

YDOXH�IRU�WKH�5\REL���VWURNH�HQJLQH�������J�N:�KU��UHVXOWV�LQ�DQ�HVWLPDWHG�LQ�

XVH�YDOXH�EHWZHHQ������DQG������J�N:�KU��ZKLFK�LV�EHWZHHQ����DQG����SHUFHQW

EHORZ�WKH�FRPELQHG�3KDVH���&ODVV�,9�QHZ�HQJLQH�&ODVV�,9�+&�DQG�12[

VWDQGDUGV�

7KH�FRVWV�RI�FRQYHUWLQJ�KDQGKHOG���VWURNH�WR���VWURNH�WHFKQRORJ\�ZDV

HVWLPDWHG�E\�,&)�LQ�WKHLU������UHSRUW��VHH�UHIHUHQFH���WR�WKLV�&KDSWHU����,&)

LQFOXGHG�DV�SDUW�RI�WKHLU�FRVW�DQDO\VLV�D�WHDU�GRZQ�DQG�FRPSDULVRQ�RI�D�5\REL���
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VWURNH�HQJLQH�DQG�WKH�5\REL���VWURNH�KDQGKHOG�HQJLQH���,&)�HVWLPDWHG��FRVWV

IRU�WZR�DQQXDO�SURGXFWLRQ�VL]HV���������DQG���������XQLWV�SHU�\HDU��ZKLFK

WKH\�HVWLPDWHG�DV�W\SLFDO�IRU�WKH�KDQGKHOG�LQGXVWU\���7KH�$JHQF\�EHOLHYHV�,&)

RYHUHVWLPDWHG�WKH�ODERU�WLPH�DVVRFLDWHG�ZLWK�WKRVH�SLHFHV�WKH�PDQXIDFWXUHU

ZRXOG�SURGXFH�LQ�KRXVH��WKH�$JHQF\�EHOLHYHG�LW�LV�OLNHO\�WKDW�PDQ\�SLHFHV�DUH

PDQXIDFWXUHG�DW�D�WLPH���,&)�HVWLPDWHG�WKH�IROORZLQJ�WLPHV�IRU�HDFK�RI�WKH

IROORZLQJ�FRPSRQHQWV������PLQ��IRU�YDOYH�FRYHU������PLQ�IRU�URFNHU�DUP�����

PLQ��IRU�SXVK�URG������PLQ��IRU�SXVK�URG�JXLGH������PLQ�IRU�URFNHU�DUP�ER[�����

PLQ�IRU�RLO�SDQ������PLQ��IRU�FDP�EUDFNHW������PLQ��IRU�FDP�IROORZHU������PLQ�

IRU�FDP�JHDU������PLQ�IRU�FUDQN�JHDU��DQG���PLQXWHV�IRU�F\OLQGHU�KHDG�	

F\OLQGHU��WKH�$JHQF\�UHYLVHG�WKHVH�HVWLPDWHV�GRZQZDUG�WR�WKH�IROORZLQJ�YDOXHV�

DOO�����PLQ��UHGXFHG�WR�����PLQ���DOO�����PLQ��UHGXFHG�WR������PLQ���DQG���PLQ�

UHGXFHG�WR�����PLQ���7KLV�UHVXOWHG�LQ�ORZHULQJ�WKH�,&)�HVWLPDWHG�SHU�HQJLQH

WRWDO�SDUWV�FRVW�IURP�������WR���������7DEOH������LV�D�VXPPDU\�RI�WKH�FRVW

LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�,&)������UHSRUW�IRU�FRQYHUVLRQ�RI�KDQGKHOG���

VWURNH�HQJLQHV�WR���VWURNH��DV�PRGLILHG�E\�WKH�$JHQF\�DV�QRWHG�DERYH�
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7$%/(�����
6XPPDU\�RI�SHU�(QJLQH�&RVW�IRU�&RQYHUVLRQ�RI�

+DQGKHOG���VWURNH�7HFKQRORJ\�WR���VWURNH�7HFKQRORJ\��GDWD�IURP�,&)�������

�&RVW�,WHP 3URGXFWLRQ� ������� 3URGXFWLRQ� ��������
(QJLQH�)DPLO\�$QQXDO (QJLQH�)DPLO\�$QQXDO

$GGLWLRQDO
3DUWV�(VWLPDWH ����� �����

$GGLWLRQDO
/DERU��
2YHUKHDG ����� �����

)L[HG�&RVWV ����� �����

7RWDO ����� �����

7DEOH������VKRZV�WKDW�WKH�FRVW�RI�FRQYHUWLQJ�D�KDQGKHOG�HQJLQH�IDPLO\

IURP���VWURNH�WR���VWURNH�HQJLQH�IDPLO\�LV�HVWLPDWHG�WR�EH�EHWZHHQ�������DQG

������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�HQJLQH�IDPLO\�DQQXDO�SURGXFWLRQ���,W�VKRXOG

EH�QRWHG�WKDW�WKLV�FRVW�HVWLPDWH�ZDV�SDUWLDOO\�EDVHG�RQ�D�WHDU�GRZQ�LQVSHFWLRQ

RI�WKH�5\REL�HQJLQH��DV�RI�6HSWHPEHU������WKH�$PHULFDQ�+RQGD�KDQGKHOG���

VWURNH�ZDV�QRW�DYDLODEOH�IRU�LQVSHFWLRQ��WKHUHIRUH�WKH�FRVW�HVWLPDWHV�PD\�QRW�EH

UHSUHVHQWDWLYH�RI�WKH�$PHULFDQ�+RQGD�GHVLJQ�

3.2.3.4  Impact on Equipment Design and Use of 4-stroke

Handheld Engine Technology ����)RU�PDQ\�W\SHV�RI�HTXLSPHQW��WKH�FRQYHUVLRQ

RI���VWURNH�WR���VWURNH�WHFKQRORJ\�ZRXOG�KDYH�OLWWOH�LPSDFW�RQ�WKH�GHVLJQ�RI

KDQGKHOG�HTXLSPHQW���%RWK�5\REL�DQG�$PHULFDQ�+RQGD�KDYH�VXFFHVVIXOO\

GHPRQVWUDWHG�D���VWURNH�HQJLQH�FDQ�EH�XVHG�LQ�D�VWULQJ�WULPPHU�EUXVK�FXWWHU

DSSOLFDWLRQ���,Q�DGGLWLRQ��$PHULFDQ�+RQGD·V�FODLPV�WKHLU�HQJLQH�GHVLJQ�LV

FRPSOHWHO\�PXOWL�SRVLWLRQDO��ZKLFK�LV�QHFHVVDU\�IRU�PDQ\�W\SHV�RI�KDQGKHOG

HTXLSPHQW��VXFK�DV�FKDLQVDZV�

$�FRQYHUVLRQ�WR���VWURNH�GHVLJQV�ZRXOG�OLNHO\�LQIOXHQFH�WKH�XVH�RI
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KDQGKHOG�HTXLSPHQW���&RQVXPHUV�ZRXOG�QR�ORQJHU�QHHG�WR�SUH�PL[�IXHO�ZLWK���

VWURNH�RLO��EXW�FRQVXPHUV�ZRXOG�QHHG�WR�PDLQWDLQ�FUDQNFDVH�RLO�OHYHOV�DW�DQ

DFFHSWDEOH�OHYHO��DQG�SHUIRUP�SHULRGLF�RLO�FKDQJHV���

,Q�PDQ\�DSSOLFDWLRQV��VXFK�DV�ORZHU�SRZHU�UHVLGHQWLDO�VWULQJ�WULPPHUV�

EUXVK�FXWWHUV��HGJHUV��EORZHUV��SRUWDEOH�JHQHUDWRUV��DQG�SRUWDEOH�SXPSV��WKH

ORZHU�SRZHU�WR�ZHLJKW�UDWLRV�RI���VWURNH�HQJLQHV�ZRXOG�QRW�EH�QRWLFHDEOH�WR

FRQVXPHUV���7KH�$JHQF\�KDV�KHDUG�IURP�KDQGKHOG�HQJLQH�PDQXIDFWXUHUV�WKDW

IRU�HQJLQHV�LQ�WKH�IUDFWLRQDO�WR�DSSUR[LPDWHO\����N:�UDQJH��UHVLGHQWLDO�XVHUV

W\SLFDOO\�GR�QRW�XVH�WKH�IXOO�SRZHU�UDWLQJ�RI�WKH�HQJLQHV�WR�SHUIRUP�WKH

LQWHQGHG�ZRUN���7KHUHIRUH��WKH�$JHQF\�EHOLHYHV���VWURNH�GHVLJQV�FRXOG�EH

FRPSHWLWLYH�IURP�D�SHUIRUPDQFH�SHUVSHFWLYH�ZLWK���VWURNH�GHVLJQV�

+RZHYHU��LQ�ODUJHU�GLVSODFHPHQW��KLJKHU�SRZHU�HQJLQHV��WKH�SRZHU�WR�

ZHLJKW�GLVDGYDQWDJH�RI�WKH���VWURNH�HQJLQH�ZRXOG�EHFRPH�QRWLFHDEOH��DQG

ZRXOG�OLNHO\�LPSDFW�WKH�XVHU�WKURXJK�IDWLJXH�IURP�WKH�DGGHG�ZHLJKW�RI�WKH

HQJLQH��DQG�SRWHQWLDOO\�OLPLWLQJ�WKH�IXQFWLRQDOLW\�RI�WKH�HTXLSPHQW���)RU

H[DPSOH��KLJK�SRZHUHG�FRPPHUFLDO�FKDLQVDZV�LQ�WKH�&ODVV�9�FDWHJRU\

�GLVSODFHPHQW�!��FF��DUH�W\SLFDOO\�GHVLJQHG�IRU�PD[LPXP�SRZHU�SHU�FXELF

FHQWLPHWHU�RI�GLVSODFHPHQW���,Q�WKHVH�FDWHJRULHV��WKH���VWURNH�HQJLQH�ZRXOG

OLNHO\�SUHVHQW�D�SHUIRUPDQFH�SUREOHP�IRU�XVHUV�

3.2.3.5  Impact on Noise, Safety, and Energy of 2-stroke to 4-

stroke Conversion ����7KH�$JHQF\�H[SHFWV�WKH�FRQYHUVLRQ�RI���VWURNH�WR���

VWURNH�GHVLJQV�ZRXOG�ORZHU�WKH�QRLVH�OHYHOV�IURP�KDQGKHOG�HTXLSPHQW���7ZR�

VWURNH�GHVLJQV�DUH�ZHOO�NQRZQ�IRU�WKHLU�UHODWLYHO\�KLJK�QRLVH�OHYHOV�DV�FRPSDUHG

WR���VWURNH�HQJLQHV���$V�GLVFXVVHG�LQ�6HFWLRQ����������D�ODUJH�VRXUFH�RI�QRLVH

IURP���VWURNH�GHVLJQV�FRPHV�IURP��SUHVVXUH�SXOVHV�JHQHUDWHG�E\�WKH�H[KDXVW�JDV

DW�WKH�H[KDXVW�SRUW���7KHVH�SUHVVXUH�SXOVHV�WHQG�WR�EH�KLJKHU�LQ�D���VWURNH
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GHVLJQ�FRPSDUHG�WR���VWURNH�HQJLQHV�EHFDXVH�WKH���VWURNH�HQJLQH�UHTXLUHV�WKH

KLJKHU�F\OLQGHU�SUHVVXUH�WR�EHJLQ�WKH�EORZ�GRZQ�SURFHVV��VHH�&KDSWHU��

´(QJLQH�)XQGDPHQWDOVµ��3DWWHUVRQ��������UHI�����WR�WKLV�&KDSWHU��

7KH�$JHQF\�ZRXOG�H[SHFW�QR�FKDQJH�LQ�WKH�VDIHW\�IRU�WKH�PDMRULW\�RI

KDQGKHOG�HTXLSPHQW�IURP�WKH�FRQYHUVLRQ�RI���VWURNH�WR���VWURNH�GHVLJQV���$V

GLVFXVVHG�LQ�6HFWLRQ����������WKH�RYHUDOO�GHVLJQ�DQG�XVH�RI�KDQGKHOG�HTXLSPHQW

ZRXOG�QRW�FKDQJH�IURP�WKH�FRQYHUVLRQ�WR���VWURNH�HQJLQHV��VR�QR�FKDQJH�LV

H[SHFWHG�ZLWK�UHJDUGV�WR�VDIHW\���,Q�DGGLWLRQ��WKH�5\REL���VWRNH�KDQGKHOG

HTXLSPHQW�KDV�EHHQ�DYDLODEOH�IRU�VHYHUDO�\HDUV��DQG�WKH�$JHQF\�LV�QRW�DZDUH�RI

DQ\�VDIHW\�SUREOHPV�ZKLFK�KDYH�RFFXUUHG�IURP�WKLV�HTXLSPHQW�ZKLFK�FDQ�EH

DWWULEXWHG�WR�WKH�HQJLQH�W\SH���+RZHYHU��DV�GLVFXVVHG�LQ�6HFWLRQ����������WKH

$JHQF\�LV�FRQFHUQHG�DERXW�WKH�SRWHQWLDO�VDIHW\�LPSDFW�IURP�WKH�FRQYHUVLRQ�RI

ODUJH�GLVSODFHPHQW�KDQGKHOG�HQJLQHV��VXFK�DV�&ODVV�9�FKDLQVDZV��ZKLFK�ZRXOG

UHVXOW�IURP�WKH�SRWHQWLDO�LQFUHDVH�LQ�HQJLQH�ZHLJKW�IURP�WKH�FRQYHUVLRQ�WR���

VWURNH�GHVLJQV���7KH�$JHQF\�UHTXHVW�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKLV�WRSLF�

7KH�$JHQF\�ZRXOG�H[SHFW�VLJQLILFDQW�LPSURYHPHQWV�LQ�WKH�IXHO�HFRQRP\

IURP�WKH�FRQYHUVLRQ�RI���VWURNH�WR���VWURNH�GHVLJQV���7KH�ORVV�RI�IXHO�IURP�WKH

VFDYHQJLQJ�SURFHVV�IRU���VWURNH�HQJLQHV�UHVXOWV�LQ�SRRU�IXHO�HFRQRP\�ZKLFK�WKH

��VWURNH�GHVLJQ�GRHV�QRW�H[SHULHQFH���$V�GLVFXVVHG�LQ�6HFWLRQ���������´)XHO

6DYLQJV�DQG�,PSDFW�RQ�3HUIRUPDQFH���+DQGKHOG�(QJLQHVµ��RI�WKLV�GUDIW

56'�&KHU\O·V�56'�VXEFKDSWHU�RQ�IXHO�VDYLQJV���EDVHG�RQ�IXHO�HFRQRP\�GDWD�RI

3KDVH���WHFKQRORJ\���VWURNHV�DQG�WKH�5\REL���VWURNH�HQJLQH��WKH�$JHQF\�ZRXOG

H[SHFW�D���WR����SHUFHQW�LPSURYHPHQW�LQ�IXHO�HFRQRP\�IURP�WKH�FRQYHUVLRQ�RI

��VWURNH�WR���VWURNH�GHVLJQV�
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3.2.4  Improvements to Existing 4-Stroke side-Valve Engines

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�LV�UHOHYDQW�IRU�WKH�GLVFXVVLRQ�RI

QRQKDQGKHOG��&ODVV�,�DQG�,,��HQJLQH�WHFKQRORJLHV�

3.2.4.1  Description of 4-stroke Technology ����)RXU�VWURNH�2WWR�

F\FOH�VLGH�YDOYH��69��HQJLQHV�XWLOL]H�IRXU�GLVWLQFW�VWURNHV�WR�FRPSOHWH�D

FRPEXVWLRQ�F\FOH��L�H���LQWDNH��FRPSUHVVLRQ��H[SDQVLRQ��H[KDXVW��DV�FRPSDUHG�WR

WKH���VWURNH�F\FOH�GHVFULEHG�LQ�VHFWLRQ�����������$GGLWLRQDO�LQIRUPDWLRQ

UHJDUGLQJ�WKH���VWURNH�2WWR�F\FOH�FDQ�EH�IRXQG�LQ�,&)��������VHH�UHIHUHQFH���RI

WKLV�&KDSWHU����,Q�D�69���VWURNH�2WWR�F\FOH�HQJLQH��WKH�LQWDNH�DQG�H[KDXVW

YDOYHV�DUH�ORFDWHG�WR�RQH�VLGH�RI�WKH�FRPEXVWLRQ�FKDPEHU��ZLWK�WKH�YDOYH�VWHPV

ORFDWHG�EHORZ�WKH�FRPEXVWLRQ�FKDPEHU���,Q�RUGHU�WR�DFFRPPRGDWH�WKH�ORFDWLRQ

RI�WKH�LQWDNH�DQG�H[KDXVW�YDOYH��WKH�FRPEXVWLRQ�FKDPEHU�LV�UHODWLYHO\�ORQJ�DQG

IODW��DV�FRPSDUHG�WR�D���VWURNH�RYHU�KHDG�YDOYH�GHVLJQ��VHH�6HFWLRQ�������

´,PSURYHPHQWV�WR�([LVWLQJ���VWURNH�2+9�(QJLQHVµ����,Q�PDQ\�FDVHV�3KDVH��

WHFKQRORJ\�69�HQJLQHV�KDYH�WKH�SRWHQWLDO�IRU�DGGLWLRQDO�HPLVVLRQ�UHGXFWLRQV

EH\RQG�WKH�3KDVH���OHYHOV�

3.2.4.2  Current State of Technology Development for SV

Technology  --�69�WHFKQRORJ\�KDV�EHHQ�XVHG�IRU�PDQ\�\HDUV�LQ�WKH

QRQKDQGKHOG�PDUNHW�SODFH���+LVWRULFDO�VDOHV�GDWD�DYDLODEOH�IURP�3RZHU�6\VWHPV

5HVHDUFK�5HI������LQGLFDWHV�69�HQJLQHV�KDYH�UHSUHVHQWHG�WKH�PDMRULW\�RI�&ODVV

,�DQG�&ODVV�,,�HQJLQH�VDOHV�IRU�DW�OHDVW�WKH�SDVW����\HDUV��VR�PDQXIDFWXUHUV�DUH

YHU\�IDPLOLDU�ZLWK�69�WHFKQRORJ\���,Q�DGGLWLRQ��WR�FRPSO\�ZLWK�WKH�3KDVH��

VWDQGDUGV�PDQXIDFWXUHUV�OLNHO\�UHVHDUFKHG�VHYHUDO�RI�WKH�LPSURYHPHQWV

GLVFXVVHG�LQ�WKLV�GUDIW�56'��WKRXJK�QRW�DOO�RI�WKHVH�LPSURYHPHQWV�PD\�KDYH

EHHQ�LQFRUSRUDWHG�WR�PHHW�WKH�3KDVH���VWDQGDUGV��

3.2.4.3  Exhaust Emission Performance and Costs for SV
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Technology 

3.2.4.3.1.  Uncontrolled and Phase 1 Technology SV

Engines ����7KH�$JHQF\�SUHVHQWHG�LQIRUPDWLRQ�RQ�XQFRQWUROOHG�69�&ODVV�,�DQG

&ODVV�,,�HPLVVLRQ�UDWHV�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�3KDVH���UXOH��VHH�WKH

56'�IRU�WKH�3KDVH���UXOH��UHI����WR�WKLV�&KDSWHU����7KH�$JHQF\�HVWLPDWHG�WKH

QHZ�HQJLQH�+&�12[�HPLVVLRQV�IRU�XQFRQWUROOHG�&ODVV�,�DQG�&ODVV�,,�69

HQJLQHV�WR�EH����J�N:�KU�DQG����J�N:�KU�UHVSHFWLYHO\���7KH�3KDVH��

+&�12[�VWDQGDUGV�IRU�&ODVV�,�DQG�,,�HQJLQHV�LV������DQG������J�N:�KU

UHVSHFWLYHO\���7KH�3KDVH���UXOH�UHVXOWHG�LQ�DQ�DYHUDJH�UHGXFWLRQ�LQ�WKH�QHZ

HQJLQH�+&�12[�H[KDXVW�HPLVVLRQV�YDOXH�RI�����IRU�&ODVV�,�69�DQG�����IRU

&ODVV�,,�69�IURP�XQFRQWUROOHG�OHYHOV�

,QIRUPDWLRQ�RQ�WKH�LQ�XVH�GHWHULRUDWLRQ�RI�XQFRQWUROOHG�69�HQJLQHV�LV

VRPHZKDW�OLPLWHG��KRZHYHU��WKH�$JHQF\�HVWLPDWHG�DW�WKH�WLPH�RI�WKH�3KDVH��

UXOH�WKDW�+&�HPLVVLRQV�LQFUHDVHG�E\�D�IDFWRU�RI�����DQG�12[�GHFUHDVHG�E\

DSSUR[LPDWHO\����SHUFHQW�GXULQJ�WKH�OLIHWLPH�RI�DQ�HQJLQH��VHH�WKH�56'�IRU�WKH

3KDVH���UXOH��UHI����WR�WKLV�&KDSWHU����0XFK�PRUH�GDWD�LV�DYDLODEOH�RQ�3KDVH��

69�WHFKQRORJ\�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH���,Q�������WKH�$JHQF\�UHFHLYHG

LQIRUPDWLRQ�IURP�VHYHUDO�HQJLQH�PDQXIDFWXUHUV�UHJDUGLQJ�WKH�LQ�XVH

SHUIRUPDQFH�RI�3KDVH���WHFKQRORJ\�&ODVV�,�DQG�,,�HQJLQHV��ERWK�69�DQG�2+9

GHVLJQV���7KLV�LQ�XVH�PDQXIDFWXUHU�FRQWUROOHG�ILHOG�GDWD�ZDV�FROOHFWHG�E\�VHYHUDO

PDQXIDFWXUHUV�ZKR�KLUHG�DQ�LQGHSHQGHQW�FRQWUDFWRU��$LU�,PSURYHPHQW

5HVRXUFHV��$,5���WR�HYDOXDWH�WKH�GDWD��5HI�������$,5�DQDO\]HG�GHWHULRUDWLRQ

LQIRUPDWLRQ�IURP����&ODVV�,�69�HQJLQHV�DQG����&ODVV�,,�69�HQJLQHV���7KHVH

HQJLQHV�ZHUH�DJHG�WR�D�UDQJH�RI�LQ�XVH�KRXUV��EHWZHHQ����DQG�����KRXUV�IRU�WKH

&ODVV�,�HQJLQHV��DQG�EHWZHHQ�����DQG�����KRXUV�IRU�WKH�PDMRULW\�RI�&ODVV�,,�69

HQJLQHV��WZR�&ODVV�,,�69�HQJLQHV�H[FHHGHG�������KRXUV�RI�XVH����$,5�DQDO\]HG



HC � NOx Deterioration Factor
 1 � CONSTANT× Engine Hours
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WKH�+&�12[�GHWHULRUDWLRQ�GDWD�IURP�WKHVH�HQJLQHV��DORQJ�ZLWK�GDWD�IURP�QHZ

HQJLQH�TXDOLW\�DXGLW�GDWD��PDQXIDFWXUHU�VDOHV�LQIRUPDWLRQ��DQG�LQGLYLGXDO

HQJLQH�PDQXIDFWXUHUV�HQJLQHHULQJ�MXGJHPHQW���$V�UHSRUWHG�E\�$,5��WKH\�

GHWHUPLQHG�WKH�EHVW�ILW�WR�WKH�GHWHULRUDWLRQ�GDWD�ZDV�RI�WKH�IRUP�

$,5·V�UHVXOWV�LQGLFDWH�WKDW�DW����KRXUV�RI�XVH��WKH�+&�12[�GHWHULRUDWLRQ

IDFWRU��')��IRU�D�3KDVH���&ODVV�,�69�HQJLQH�LV������DQG�IRU�D�3KDVH���&ODVV�,,

69�HQJLQH�DW�����KRXUV�RI�XVH��WKH�+&�12[�')�LV�������0XOWLSO\LQJ�WKHVH

')·V�WLPHV�WKH�3KDVH���VWDQGDUGV�UHVXOW�LQ�D�FRQVHUYDWLYH��HVWLPDWH�RI�WKH�LQ�

XVH�HPLVVLRQ�UDWH�RI�3KDVH���69�HQJLQHV���7KH�&ODVV�,�69�HVWLPDWH�DW����KRXUV

LV�����
������J�N:�KU� �����JU�N:�KU��DQG�IRU�&ODVV�,,�69�HQJLQHV�DW����

KRXUV�����
�����J�N:�KU ������JU�N:�KU�

7KH�$JHQF\�DQDO\]HG�D�VXEVHW�RI�WKH�GDWD�H[DPLQHG�E\�$,5��QDPHO\��WKH

ILHOG�WHVWHG�HQJLQH�GDWD���(3$�SHUIRUPHG�DQ�RUGLQDU\�OHDVW�VTXDUH�DQDO\VLV�RI

+&�12[�GHWHULRUDWLRQ�IDFWRU��')��YHUVXV�XVDJH�LQ�KRXUV�IRU�WKH�VTXDUH�URRW�RI

KRXUV�IXQFWLRQ�VKRZQ�DERYH���7KH�$JHQF\·V�UHVXOWV�SUHGLFW�WKDW�DW����KRXUV��WKH

&ODVV�,�69�+&�12[�')�LV�������DQG�IRU�&ODVV�,,�69�DW�����KRXUV�������7KH

$JHQF\·V�DQDO\VLV�SURGXFHG�YHU\�VLPLODU�UHVXOWV�WR�WKH�$,5�DQDO\VLV���%DVHG�RQ

GLVFXVVLRQV�ZLWK�VHYHUDO�RI�WKH�HQJLQH�PDQXIDFWXUHUV�ZKR�SURYLGHG�WHVW�GDWD�WR

$,5��WKH�$JHQF\�EHOLHYHV�WKDW�WKH�PDMRULW\�RI�WKH�ILHOG�DJHG�HQJLQHV�XVHG�LQ�WKLV

VWXG\�ZRXOG�EH�FRQVLGHUHG�W\SLFDO�RI�UHVLGHQWLDO�DSSOLFDWLRQ�HQJLQHV��L�H��

HQJLQHV�ZKLFK�DUH�GHVLJQHG�IRU�UHODWLYHO\�ORZ�XVHIXO�OLYHV�

3.2.4.3.2.  Improvements to Phase 1 Technology SV

Engines �����7KH�$JHQF\�FRQVLGHUHG�D�YDULHW\�RI�LPSURYHPHQWV�WR�3KDVH���69

HQJLQHV�LQ�GHYHORSLQJ�WKH�3KDVH���SURSRVDO�ZKLFK�ZRXOG�UHGXFH�+&�12[



                                                                            Chapter 3: Technologies and Standards

����

HPLVVLRQV���%DVHG�RQ�LQIRUPDWLRQ�FRQWDLQHG�LQ�D�$JHQF\�FRQWUDFW�SHUIRUPHG�E\

,&)�,QF���VHH�,&)�������UHSRUW��UHI����RI�WKLV�&KDSWHU����DQG�D�FRQWUDFW

SHUIRUPHG�E\�6RXWKZHVW�5HVHDUFK�,QVWLWXWH��VHH�6Z5,�������UHSRUW��UHI����RI

WKLV�&KDSWHU����VHYHUDO�W\SHV�RI�LPSURYHPHQWV�ZHUH�FRQVLGHUHG��D�VXPPDU\�RI

ZKLFK�DUH�SUHVHQWHG�KHUH�

,Q�VRPH�FDVHV�LPSURYHPHQWV�LQ�FDUEXUDWLRQ�PD\�DOORZ�IRU�OHDQHU�DLU�IXHO

FDOLEUDWLRQV��ZKLFK�FDQ�UHGXFH�+&�12[�HPLVVLRQV��VHH�6Z5,�������UHSRUW�

&KDSWHU���DQG�,&)�������UHSRUW��&KDSWHU��������+RZHYHU��WKHUH�DUH�VHYHUDO

OLPLWDWLRQV�WR�WKLV�IRU�69�WHFKQRORJ\���)LUVW��WKH�IODW�VKDSH�RI�WKH�69

FRPEXVWLRQ�FKDPEHU��QHFHVVDU\�IRU�WKH�ORFDWLRQ�RI�WKH�LQWDNH�DQG�H[KDXVW

YDOYHV��OHDGV�WR�KLJKHU�VXUIDFH�WR�YROXPH��UDWLR·V��ZKLFK�UHVXOWV�LQ�OHDQ�EXUQ

OLPLW�ZKLFK�LV�ULFKHU�WKDQ�WKH�OHDQ�EXUQ�OLPLW�D�VLPLODUO\��GHVLJQHG�2+9�HQJLQH

ZRXOG�H[SHULHQFH���$V�DQ�HQJLQH�DSSURDFKHV�WKH�OHDQ�EXUQ�OLPLW�VWDEOH

FRPEXVWLRQ�EHFRPHV�FRPSURPLVHG��DQG�RQFH�WKH�OHDQ�EXUQ�OLPLW�LV�UHDFKHG

FRPEXVWLRQ�LV�QR�ORQJHU�VWDEOH�DQG�HQJLQH�SHUIRUPDQFH�LV�QHJDWLYHO\�HIIHFWHG��

6HFRQG��OHDQ�FRQGLWLRQV�DOVR�FDQ�UHVXOW�LQ�SRRU�UHVSRQVH�WR�ORDG�SLFN�XS��L�H��

ZKHQ�DQ�HQJLQH�LV�UXQQLQJ�OHDQ�XQGHU�D�VWDEOH�ORDG��DQG�D�TXLFN�LQFUHDVH�LQ�ORDG

RFFXUV��OHDQ�FRQGLWLRQV�FDQ�UHVXOW�LQ�HQJLQH�VWXPEOH�RU�VWDOOV��WKLV�FDQ�EH

RYHUFRPH�ZLWK�HQULFKPHQW�GHYLFHV�VXFK�DV�DFFHOHUDWRU�SXPSV��EXW�WKLV�FRPHV�DW

DQ�LQFUHDVH�LQ�FRVW�DQG�FRPSOH[LW\���%DVHG�RQ�WKH�UDQJH�RI�HPLVVLRQ�YDOXHV�VHHQ

IURP�3KDVH���WHFKQRORJ\�69�HQJLQHV��WKH�$JHQF\�EHOLHYHV�PDQ\�69�HQJLQH

IDPLOLHV�FDQ�VHH�DGGLWLRQDO�LPSURYHPHQWV�WR�+&�12[�SHUIRUPDQFH�IURP

LPSURYHPHQWV�WR�FDUEXUDWLRQ��WKRXJK�WKHVH�LPSURYHPHQWV�PD\�EH�VPDOO�

7KH�$JHQF\�DOVR�FRQVLGHUHG�LPSURYHPHQWV�LQ�FRPEXVWLRQ�FKDPEHU

GHVLJQ�IRU�69�HQJLQHV���7KH�6Z5,������DQG�,&)������UHSRUWV�FRQFOXGHG�WKDW

LPSURYHPHQWV�WR�69�FRPEXVWLRQ�FKDPEHU�GHVLJQ�LV�RQH�PHWKRG�IRU�LPSURYLQJ
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69�HPLVVLRQV��VHH�6Z5,�������&KDSWHU����DQG�,&)�������&KDSWHU�������

7UDGLWLRQDO�VPDOO�HQJLQH�69�FRPEXVWLRQ�FKDPEHUV�VXIIHU�IURP�KLJK�VXUIDFH�WR�

YROXPH�UDWLRV�DQG�GHDG�VSDFHV�ZKLFK�UHVXOW�LQ�KLJK�+&�HPLVVLRQV��VHH

3DWWHUVRQ��������&KDSWHU������5HGHVLJQ�RI�FRPEXVWLRQ�FKDPEHUV�IRU�LPSURYHG

PL[LQJ�DQG�ORZHU�FUHYLFH�VSDFHV�FDQ�UHVXOW�LQ�ORZHU�+&�HPLVVLRQV�DQG�WKH

DELOLW\�WR�RSHUDWH�DW�OHDQHU�DLU�IXHO�UDWLRV�

$QRWKHU�LPSURYHPHQW�FRQVLGHUHG�IRU�69�WHFKQRORJ\�LV�LPSURYHPHQWV�WR

YDOYH�VHDW�PDWHULDO���,PSURYHPHQWV�LQ�YDOYH�VHDW�PDWHULDO�FDQ�UHGXFH�LQ�XVH

GLVWRUWLRQ�RI�WKH�VHDW���9DOYH�VHDW�GLVWRUWLRQ�DQG�SRRU�YDOYH�VHDWLQJ�FDQ�OHDG�WR

LQFUHDVHG�H[KDXVW�HPLVVLRQV��5HI������

,PSURYHPHQWV�LQ�SLVWRQ�ULQJ�GHVLJQ�ZHUH�DOVR�FRQVLGHUHG�IRU�69

WHFKQRORJ\���5HGHVLJQ�RI�WKH�RLO�FRQWURO�ULQJV�FDQ�UHGXFH�RLO�FRQVXPSWLRQ�LQ

PDQ\�69�GHVLJQV��VHH�6Z5,�������UHSRUW��&KDSWHU����DQG�,&)������UHSRUW�

&KDSWHU��������3RRU�RLO�FRQWURO�FDQ�OHDG�WR�LQFUHDVHV�LQ�FRPEXVWLRQ�FKDPEHU�RLO

GHSRVLWV�ZKLFK�ZLOO�UHVXOW�LQ�LQFUHDVHG�LQ�XVH�HPLVVLRQV��5HI�������7KH�DGGLWLRQ

RI�YDOYH�VWHP�VHDOV��DOVR�FDOOHG�YDOYH�VWHP�EXVKLQJV��LV�DQRWKHU�LPSURYHPHQW�WR

69�HQJLQHV�ZKLFK�ZRXOG�UHGXFH�FRPEXVWLRQ�FKDPEHU�GHSRVLWV�DQG�YDOYH

GHSRVLWV���:LWKRXW�YDOYH�VWHP�VHDOV��RLO�PLVW�IURP�WKH�FUDQNFDVH�FDQ�OHDN�SDVW

WKH�YDOYH�VWHPV�DQG�FUHDWH�YDOYH�DQG�FRPEXVWLRQ�FKDPEHU�GHSRVLWV��ZKLFK�ZLOO

LQFUHDVH�LQ�XVH�HPLVVLRQV���7KRXJK�PRVW��LI�QRW�DOO��&ODVV�,,�69�HQJLQHV�DOUHDG\

KDYH�YDOYH�VWHP�VHDOV��PDQ\�ORZ�FRVW�&ODVV�,�69�HQJLQHV�PD\�QRW�KDYH

LQFRUSRUDWHG�YDOYH�VWHP�VHDOV�LQ�RUGHU�WR�UHGXFH�FRVWV��VHH�6Z5,������UHSRUW�

&KDSWHU����DQG�,&)������UHSRUW��&KDSWHU��������7KH�DGGLWLRQ�RI�YDOYH�VWHP

VHDOV�WR�&ODVV�,�69�HQJLQHV�ZRXOG�UHGXFH�LQ�XVH�HPLVVLRQ�GHWHULRUDWLRQ�

,PSURYHPHQWV�LQ�VSDUN�LJQLWLRQ�DQG�WLPLQJ�FDQ�DOVR�OHDG�WR�ORZHU

+&�12[�HPLVVLRQV���,Q�WKH�SDVW��PDQXIDFWXUHUV�KDYH�OLNHO\�RSWLPL]HG�LJQLWLRQ
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WLPLQJ�IRU�PD[LPXP�SRZHU��KRZHYHU��LJQLWLRQ�WLPLQJ�FDQ�EH�RSWLPL]HG�IRU

HPLVVLRQV��ZLWK�D�VOLJKW�SHQDOW\�LQ�SRZHU�DQG�IXHO�HFRQRP\��VHH�&KDSWHU���

3DWWHUVRQ��������UHI�����RI�WKLV�&KDSWHU����,W�LV�OLNHO\�WKDW�PDQ\�3KDVH���GHVLJQV

KDYH�DOUHDG\�LQFRUSRUDWHG�LPSURYHPHQWV�LQ�LJQLWLRQ�V\VWHPV�RSWLPL]HG�IRU

HPLVVLRQV���+RZHYHU��VPDOO�FKDQJHV�PD\�EH�IHDVLEOH��LQ�SDUWLFXODU�IRU�WKRVH

3KDVH���GHVLJQV�ZKLFK�KDYH�QRW�RSWLPL]HG�LJQLWLRQ�V\VWHPV�IRU�HPLVVLRQV�

,PSURYHPHQWV�LQ�YDOYH�WLPLQJ�DQG�FDP�GHVLJQ�PD\�EH�HIIHFWLYH�LQ

UHGXFLQJ�LQ�XVH�GHWHULRUDWLRQ�RQ�VRPH�69�HQJLQH�IDPLOLHV���$V�GLVFXVVHG�LQ�WKH

,&)������UHSRUW��&KDSWHU�������WKHVH�LPSURYHPHQWV�FRXOG�UHVXOW�LQ

LPSURYHPHQWV�WR�WKH�LQ�XVH�VWDELOLW\�RI�YDOYH�WLPLQJ�WKURXJK�LPSURYHPHQWV�LQ

PDWHULDOV�

)LQDOO\��WKH�$JHQF\�FRQVLGHUHG�WKH�LPSURYHPHQWV�ZKLFK�FRXOG�EH�PDGH

IURP�UHGXFLQJ�PDQXIDFWXULQJ�YDULDELOLW\���0DQXIDFWXULQJ�YDULDELOLW\�FDQ�UHVXOW

LQ�D�ODUJH�YDULDWLRQ�LQ�QHZ�HQJLQH�HPLVVLRQ�UDWHV��DQG�ORRVH�WROHUDQFHV�RQ�NH\

HQJLQH�FRPSRQHQWV�FDQ�UHVXOW�LQ�LQFUHDVHG�ZHDU�DQG�LQ�XVH�GHWHULRUDWLRQ��VHH

6Z5,������UHSRUW��&KDSWHU����DQG�,&)������UHSRUW��&KDSWHU�����

7KH�,&)������UHSRUW�FRQWDLQV�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�SHU�HQJLQH

FRVWV�RI�DSSO\LQJ�WKHVH�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\�&ODVV�,�DQG�,,�69

�VHH�,&)�������&KDSWHU������$V�SUHVHQWHG�LQ�WKH�,&)������UHSRUW��SHU�HQJLQH

FRVWV�DUH�HIIHFWHG�E\�HQJLQH�IDPLO\�SURGXFWLRQ�YROXPHV���,&)�DQDO\]HG�FRVWV�IRU

HQJLQH�IDPLOLHV�EDVHG�RQ�SURGXFWLRQ�YROXPHV�RI��������XQLWV����������XQLWV

DQG�����������XQLWV�IRU�QRQKDQGKHOG�HQJLQHV���%DVHG�RQ�WKH�FRQILGHQWLDO�3KDVH

��FHUWLILFDWLRQ�GDWD��WKH�$JHQF\�EHOLHYHV�SURGXFWLRQ�YROXPHV�RI���������XQLWV

DQG�����������XQLWV�DUH�DSSURSULDWH�IRU�&ODVV�,�69�HQJLQHV��DQG�SURGXFWLRQ

YROXPHV�RI��������XQLWV�DQG���������XQLWV�DUH�DSSURSULDWH�IRU�&ODVV�,,�69

HQJLQH�FRVW�FDOFXODWLRQV���7DEOH������SUHVHQWV�D�VXPPDU\�RI�WKH�SHU�HQJLQH
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FRVWV�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�WR�QRQKDQGKHOG�69�WHFKQRORJ\�

7$%/(�����
(VWLPDWHG�SHU�(QJLQH�&RVWV�IRU�,PSURYHPHQWV�WR�&ODVV�,�DQG�&ODVV�,,�69

(QJLQHV

,PSURYHPHQWV�WR 3URGXFWLRQ 3URGXFWLRQ 3URGXFWLRQ
3KDVH���69�(QJLQHV �&ODVV�,,�RQO\� �&ODVV�,	,,�� �&ODVV�,�RQO\�

3HU�(QJLQH�&RVWV 3HU�(QJLQH�&RVWV 3HU�(QJLQH�&RVWV
IRU�)DPLO\�Z� IRU�)DPLO\�Z� IRU�)DPLO\�Z�
�������8QLWV ��������8QLWV ����������8QLWV
$QQXDO $QQXDO $QQXDO

&DUEXUHWRU
,PSURYHPHQWV
 ����� ����� �����

&RPEXVWLRQ
&KDPEHU
,PSURYHPHQWV ����� ����� �����

6SDUN�7LPLQJ
,PSURYHPHQWV ����� ����� �����

9DOYH�7LPLQJ
,PSURYHPHQWV ����� ����� �����

3LVWRQ��3LVWRQ�5LQJ�
9DOYH�6HDW
,PSURYHPHQWV ����� ����� �����

0DQXIDFWXULQJ
7ROHUDQFH
,PSURYHPHQWV ����� ����� �����

(* note, for the Carburetor Improvements, ICF assumed a volume of 4 million carburetors, the Agency  believes
this is overly optimistic, therefore, the costs were calculated based on the engine family  volumes)

%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH�$JHQF\�HVWLPDWHV�LPSURYHPHQWV�WR�&ODVV�,�69

HQJLQHV�ZRXOG�FRVW�XS�WR�EHWZHHQ�������DQG�������SHU�HQJLQH��DQG

LPSURYHPHQWV�WR�&ODVV�,,�69�HQJLQHV�FRXOG�FRVW�XS�WR�EHWZHHQ�������DQG
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�������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�LPSURYHPHQWV�UHTXLUHG�DQG�WKH�HQJLQH

IDPLO\�DQQXDO�SURGXFWLRQ�YROXPH�

7KH�$JHQF\�H[SHFWV�WKDW�WKHVH�LPSURYHPHQWV�WR�3KDVH���&ODVV�,�DQG

&ODVV�,,�69�HQJLQHV�ZRXOG�UHVXOW�LQ�D����WR����SHUFHQW�UHGXFWLRQ�LQ�WKH�LQ�XVH

+&�12[�H[KDXVW�HPLVVLRQV���8VLQJ�WKH�3KDVH���+&�12[�VWDQGDUG�DV�WKH

QHZ�HQJLQH�YDOXH�UHVXOWV�LQ�D�3KDVH���LQ�XVH�HVWLPDWHV�RI������J�N:�KU

+&�12[�IRU�&ODVV�,�HQJLQHV�DQG������J�N:�KU�+&�12[�IRU�&ODVV�,,�HQJLQHV��

+RZHYHU��WKLV�LJQRUHV�WKH�IDFW�WKDW�3KDVH���69�HQJLQH�IDPLOLHV�RQ�D�VDOHV

ZHLJKWHG�DYHUDJH�DUH�FHUWLILHG�DSSUR[LPDWHO\�����EHORZ�WKH�3KDVH���VWDQGDUGV��

$����WR����SHUFHQW�LPSURYHPHQWV�WR�WKH�DFWXDO�FHUWLILHG�3KDVH���69�HQJLQHV�

FRPELQHG�ZLWK�D�FRPSOLDQFH�PDUJLQ�RI����SHUFHQW��UHVXOWV�LQ�DQ�HVWLPDWHG

+&�12[�LQ�XVH�OHYHO�EHWZHHQ������DQG������J�N:�KU�IRU�&ODVV�,�69�HQJLQHV�

DQG�DQ�HVWLPDWHG�+&�12[�LQ�XVH�OHYHO�EHWZHHQ������DQG������J�N:�KU�IRU

&ODVV�,�69�HQJLQHV�

3.2.4.4  Impact on Equipment Design and Use from

Improvements to SV Technology ���$V�GLVFXVVHG�SUHYLRXVO\��69�WHFKQRORJ\�LV

ZHOO�NQRZQ�LQ�WKH�QRQKDQGKHOG�PDUNHW��ZKHUH�LW�KDV�EHHQ�XVHG�IRU�GHFDGHV��

7KH�LPSURYHPHQWV�WR�69�WHFKQRORJ\�GHVFULEHG�LQ�WKLV�VHFWLRQ�ZRXOG�KDYH�QR

QHJDWLYH�LPSDFWV�RQ�QRQKDQGKHOG�HTXLSPHQW�GHVLJQ�DQG�XVH���0RVW�RI�WKH

LPSURYHPHQWV�GLVFXVVHG�DUH�LQWHUQDO�WR�WKH�HQJLQH�DQG�ZRXOG�QRW�HIIHFW�WKH

RYHUDOO�VKDSH�RU�IXQFWLRQDOLW\�RI�WKH�HQJLQH�ZLWK�UHVSHFW�WR�LW·V�XVH�LQ�D�SLHFH�RI

HTXLSPHQW���

3.2.4.5  Impact on Noise, Safety, and Energy from

Improvements to SV Technology -���7KH�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\

HQJLQHV�GLVFXVVHG�LQ�WKLV�VHFWLRQ�ZRXOG�KDYH�OLWWOH��LI�DQ\��QHJDWLYH�LPSDFW�RQ

WKH�QRLVH�DQG�VDIHW\�RI�WKHVH�HQJLQHV�RU�WKH�HTXLSPHQW�WKH\�DUH�GHVLJQHG�WR�EH
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XVHG�LQ���7KH�LPSURYHPHQWV�GLVFXVVHG��FDUEXUDWLRQ��FRPEXVWLRQ�FKDPEHU

GHVLJQV��VSDUN�WLPLQJ��YDOYH�WLPLQJ��RLO�FRQWURO��DQG�PDQXIDFWXULQJ�WROHUDQFHV�

ZRXOG�UHGXFH�LQ�XVH�HPLVVLRQV��EXW�DSSHDU�WR�KDYH�OLWWOH�UHOHYDQFH�WR�QRLVH�RU

VDIHW\�

7KH�$JHQF\�ZRXOG�H[SHFW�WKDW�LPSURYHPHQWV�WR�HQJLQH�FRPEXVWLRQ

FKDPEHU�GHVLJQ�DQG�LPSURYHPHQWV�WR�FDUEXUDWLRQ�PD\�UHVXOW�LQ�OHDQHU�HQJLQH

DLU�IXHO�FDOLEUDWLRQV��ZKLFK�ZRXOG�UHVXOW�LQ�LPSURYHPHQWV�WR�IXHO�HFRQRP\��

+RZHYHU��DV�GLVFXVVHG�LQ�6HFWLRQ����������HQOHDQPHQW�RI�3KDVH���69�HQJLQHV

ZRXOG�EH�OLPLWHG���7KH�$JHQF\�HVWLPDWHV�WKHVH�FKDQJHV�ZRXOG�EH�PDUJLQDO�DQG

UHSUHVHQW�QR�VLJQLILFDQW�LPSURYHPHQW�LQ�IXHO�HFRQRP\�

3.2.5  Improvements to Existing 4-stroke Over-head Valve Engines

3.2.5.1  Description of 4-stroke Over-head Valve Technology ���

)RXU�VWURNH�RYHU�KHDG�YDOYH��2+9��HQJLQH�GHVLJQV�KDYH�LQWDNH�DQG�H[KDXVW

YDOYHV�ORFDWHG�DERYH�WKH�F\OLQGHU�KHDG�DQG�FRPEXVWLRQ�FKDPEHU��UDWKHU�WKDQ�WR

WKH�VLGH�RI�WKH�F\OLQGHU�KHDG�DV�LQ�69�HQJLQH�GHVLJQV���$GGLWLRQDO�LQIRUPDWLRQ

GHVFULELQJ�WKH�GHVLJQ�GHWDLOV�RI���VWURNH�2+9��DV�ZHOO�DV���VWURNH�69�DQG���

VWURNH�HQJLQHV�LV�DYDLODEOH�LQ�,&)�������UHI����WR�WKLV�&KDSWHU��

3.2.5.2  Current State of Development for OHV Technology ���

2+9�HQJLQH�GHVLJQV�KDYH�EHHQ�PDQXIDFWXUHG�DQG�VROG�IRU�XVH�LQ�QRQKDQGKHOG

DSSOLFDWLRQV�IRU�PDQ\�\HDUV���$FFRUGLQJ�WR�VDOHV�LQIRUPDWLRQ�DYDLODEOH�IURP

3RZHU�6\VWHPV�5HVHDUFK��VHH�UHI�����WR�WKLV�&KDSWHU���2+9�HQJLQHV

UHSUHVHQWHG�OHVV�WKDQ���SHUFHQW�RI�&ODVV�,�HQJLQH�VDOHV�SULRU�WR�������EXW�VLQFH

WKDW�WLPH�WKH\�KDYH�JURZQ�WR�UHSUHVHQW�EHWZHHQ����DQG����SHUFHQW�RI�WRWDO

8�6��VDOHV�IRU�WKH�SDVW�HLJKW�\HDUV���,Q�WKH�����
V�DQG�����
V��&ODVV�,,�HQJLQHV

ZHUH�SUHGRPLQDQWO\�69�WHFKQRORJ\���%HJLQQLQJ�LQ�������2+9�HQJLQHV�KDYH



HC � NOx Deterioration Factor
 1 � CONSTANT× Engine Hours
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VWHDGLO\�LQFUHDVHG�DV�D�SHUFHQWDJH�RI�&ODVV�,,�VDOHV��DYHUDJLQJ�DSSUR[LPDWHO\�D��

SHUFHQW�LQFUHDVH�SHU�\HDU��E\������2+9�HQJLQHV�UHSUHVHQWHG�DSSUR[LPDWHO\���

SHUFHQW�RI�&ODVV�,,�HQJLQH�VDOHV���0DQXIDFWXUHUV�KDYH�KDG�PDQ\�\HDUV

H[SHULHQFH�LQ�GHVLJQLQJ�DQG�SURGXFLQJ�2+9�WHFKQRORJ\�

3.2.5.3  Exhaust Emission Performance and Costs of OHV

Technology ����

3.2.5.3.1.  Uncontrolled and Phase 1 Technology OHV

Engines ���'XULQJ�WKH�GHYHORSPHQW�RI�WKH�3KDVH���UHJXODWLRQ�WKH�$JHQF\�KDG

OLWWOH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�LQ�XVH�+&�DQG�12[�H[KDXVW�HPLVVLRQ

SHUIRUPDQFH�RI�2+9�WHFKQRORJ\��DQG�LQ�IDFW��PRVW�RI�WKH�$JHQF\·V

DVVXPSWLRQV�UHJDUGLQJ�2+9�GHWHULRUDWLRQ�ZHUH�EDVHG�RQ�GDWD�IURP�69

WHFKQRORJ\��VHH�UHI����WR�WKLV�&KDSWHU��56'�IRU�WKH�3KDVH���UXOH��

$V�GLVFXVVHG�LQ�6HFWLRQ����������LQ�������WKH�$JHQF\�UHFHLYHG

LQIRUPDWLRQ�IURP�VHYHUDO�HQJLQH�PDQXIDFWXUHUV�UHJDUGLQJ�WKH�LQ�XVH

SHUIRUPDQFH�RI�3KDVH���WHFKQRORJ\�&ODVV�,�DQG�,,�HQJLQHV��ERWK�69�DQG�2+9

GHVLJQV��VHH�UHI�����WR�WKLV�&KDSWHU����$LU�,PSURYHPHQW�5HVRXUFHV��$,5�

DQDO\]HG�GHWHULRUDWLRQ�LQIRUPDWLRQ�IURP����&ODVV�,�2+9�HQJLQHV�DQG����&ODVV

,,�2+9�HQJLQHV���7KHVH�HQJLQHV�ZHUH�DJHG�WR�D�UDQJH�RI�LQ�XVH�KRXUV��EHWZHHQ

����DQG�����KRXUV�IRU�WKH�&ODVV�,�2+9�HQJLQHV��DQG�EHWZHHQ�����DQG����

KRXUV�IRU�WKH�&ODVV�,,�2+9�HQJLQHV���$,5�DQDO\]HG�WKH�+&�12[�GHWHULRUDWLRQ

GDWD�IURP�WKHVH�HQJLQHV��DORQJ�ZLWK�GDWD�IURP�QHZ�HQJLQH�TXDOLW\�DXGLW�GDWD�

PDQXIDFWXUHU�VDOHV�LQIRUPDWLRQ��DQG�LQGLYLGXDO�HQJLQH�PDQXIDFWXUHUV

HQJLQHHULQJ�MXGJHPHQW���$V�UHSRUWHG�E\�$,5��WKH\��GHWHUPLQHG�WKH�EHVW�ILW�WR

WKH�GHWHULRUDWLRQ�GDWD�ZDV�RI�WKH�IRUP��
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$,5·V�UHVXOWV�LQGLFDWH�WKDW�DW����KRXUV�RI�XVH��WKH�+&�12[�GHWHULRUDWLRQ

IDFWRU��')��IRU�D�3KDVH���&ODVV�,�2+9�HQJLQH�LV������DQG�IRU�D�3KDVH���&ODVV�,,

2+9�HQJLQH�DW�����KRXUV�RI�XVH��WKH�+&�12[�')�LV�������0XOWLSO\LQJ�WKHVH

')·V�WLPHV�WKH�3KDVH���VWDQGDUGV�UHVXOW�LQ�D�FRQVHUYDWLYH�HVWLPDWH�RI�WKH�LQ�XVH

HPLVVLRQ�UDWH�RI�3KDVH���2+9�HQJLQHV���7KH�&ODVV�,�2+9�HVWLPDWH�DW����KRXUV

LV�����
������J�N:�KU� ������JU�N:�KU��DQG�IRU�&ODVV�,,�2+9�HQJLQHV�DW����

KRXUV�����
�����J�N:�KU ������JU�N:�KU�

7KH�$JHQF\�DQDO\]HG�D�VXEVHW�RI�WKH�GDWD�H[DPLQHG�E\�$,5��QDPHO\��WKH

ILHOG�WHVWHG�HQJLQH�GDWD���(3$�SHUIRUPHG�DQ�RUGLQDU\�OHDVW�VTXDUH�DQDO\VLV�RI

+&�12[�GHWHULRUDWLRQ�IDFWRU��')��YHUVXV�XVDJH�LQ�KRXUV�IRU�WKH�VTXDUH�URRW�RI

KRXUV�IXQFWLRQ�VKRZQ�DERYH���7KH�$JHQF\·V�UHVXOWV�SUHGLFW�WKDW�DW����KRXUV��WKH

&ODVV�,�2+9�+&�12[�')�LV��������DQG�IRU�&ODVV�,,�2+9�DW�����KRXUV�������

7KH�$JHQF\·V�DQDO\VLV�SURGXFHG�YHU\�VLPLODU�UHVXOWV�WR�WKH�$,5�DQDO\VLV�IRU�D

&ODVV�,�2+9��EXW�KLJKHU�UHVXOWV�IRU�D�&ODVV�,,�2+9���7KH�$JHQF\�EHOLHYHV�WKH

GLIIHUHQFH�LQ�WKH�&ODVV�,,�2+9�')�HVWLPDWH�LV�OLNHO\�D�UHVXOW�RI�WKH�GLIIHUHQW

PHWKRGRORJLHV�XVHG�E\�$,5�DQG�E\�(3$��VSHFLILFDOO\��WKH�$JHQF\·V�DQDO\VLV�GLG

QRW�LQFOXGH�QHZ�HQJLQH�TXDOLW\�DXGLW�GDWD��PDQXIDFWXUHU�VDOHV�LQIRUPDWLRQ��RU

LQGLYLGXDO�HQJLQH�PDQXIDFWXUHUV�HQJLQHHULQJ�MXGJHPHQW���'XH�WR�WKH

VLPLODULWLHV�LQ�WKH�+&�12[�')�HVWLPDWH�IRU�WKH�&ODVV�,�2+9��DQG��WKH�&ODVV�,

DQG�,,�69�HQJLQHV��VHH�6HFWLRQ�����������WKH�$JHQF\�LV�FRPIRUWDEOH�UHO\LQJ�RQ

WKH�LQGXVWU\�HVWLPDWH�IRU�&ODVV�,,�2+9�HQJLQHV�

%DVHG�RQ�GLVFXVVLRQV�ZLWK�VHYHUDO�RI�WKH�HQJLQH�PDQXIDFWXUHUV�ZKR

SURYLGHG�WHVW�GDWD�WR�$,5��WKH�$JHQF\�EHOLHYHV�WKDW�WKH�PDMRULW\�RI�WKH�ILHOG

DJHG�HQJLQHV�XVHG�LQ�WKLV�VWXG\�ZRXOG�EH�FRQVLGHUHG�W\SLFDO�RI�UHVLGHQWLDO

DSSOLFDWLRQ�HQJLQHV��L�H���HQJLQHV�ZKLFK�DUH�GHVLJQHG�IRU�UHODWLYHO\�ORZ�XVHIXO

OLYHV���+RZHYHU��DW�WKH�$JHQF\·V�UHTXHVW��PDQXIDFWXUHUV�LGHQWLILHG�D�VPDOO
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VDPSOH�RI�&ODVV�,,�2+9�HQJLQHV�ZKLFK�ZHUH�FRQVLGHUHG�WR�KDYH�GHVLJQ

FKDUDFWHULVWLFV�UHSUHVHQWDWLYH�RI�D�����KRXU�XVHIXO�OLIH�HQJLQH���D�GLVFXVVLRQ�RI

WKH�(3$�DQDO\VLV�RI�WKLV�GDWD�LV�FRQWDLQHG�LQ�WKH�SXEOLF�GRFNHW�IRU�WKLV

UXOH��5HI��������7KLV�DQDO\VLV�LQGLFDWHG�DQ�+&�12[�')�RQ�WKH�RUGHU�RI�����DW

����KRXUV���7KH�$JHQF\·V�FRQFOXVLRQ��EDVHG�RQ�WKLV�YHU\�VPDOO�GDWD�VHW��LV�WKDW

&ODVV�,,�2+9�HQJLQHV�GHVLJQHG�IRU�D�����KRXU�XVHIXO�OLIH�KDG�YHU\�VLPLODU��DQG

SHUKDSV�EHWWHU��+&�12[�GHWHULRUDWLRQ�DW�����KRXUV�FRPSDUHG�WR�&ODVV�,,

2+9�HQJLQHV�GHVLJQHG�IRU�D�����KRXU�XVHIXO�OLIH�GR�DW�����KRXUV��

8QIRUWXQDWHO\��WKH�$,5�GDWD�VHW�GLG�QRW�FRQWDLQ�ILHOG�DJHG�GDWD�RQ�&ODVV�,�2+9

HQJLQHV�ZKLFK�KDYH�GHVLJQ�FKDUDFWHULVWLFV�UHSUHVHQWDWLYH�RI�D�����RU�����KRXUV

XVHIXO�OLIH�HQJLQH��QRU�GLG�LW�FRQWDLQ�ILHOG�DJHG�GDWD�RQ�&ODVV�,,�2+9�HQJLQHV

ZLWK�GHVLJQ�FKDUDFWHULVWLFV�UHSUHVHQWDWLYH�RI�������KRXU�XVHIXO�OLIH�HQJLQH�

3.2.5.3.2.  Improvements to Phase 1 Technology OHV

Engines ����7KH�$JHQF\�FRQVLGHUHG�VHYHUDO�LPSURYHPHQWV�WR�3KDVH���2+9

WHFKQRORJ\�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�3KDVH���SURSRVDO���%DVHG�RQ

LQIRUPDWLRQ�FRQWDLQHG�LQ�DQ������UHSRUW�SUHSDUHG�E\�,&)�,QF���VHH�UHI����RI�WKLV

&KDSWHU��,&)���������DQG�D������UHSRUW�SUHSDUHG�E\�6RXWKZHVW�5HVHDUFK

,QVWLWXWH��VHH�UHI����RI�WKLV�&KDSWHU��6Z5,���������VHYHUDO�LPSURYHPHQWV�WR

3KDVH���2+9�WHFKQRORJ\�ZDV�FRQVLGHUHG��D�VXPPDU\�RI�ZKLFK�LV�SURYLGHG

KHUH���+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�IRU�&ODVV�,�2+9�HQJLQHV�LPSURYHPHQWV

WR�H[LVWLQJ�SURGXFWLRQ�KDV�OLWWOH�SUDFWLFDO�PHDQLQJ�IRU�WKH�PDMRULW\�RI�WKH

PDUNHW��EHFDXVH�RQO\�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�&ODVV�,�PDUNHW�LV�PDGH

XS�RI�2+9�WHFKQRORJ\�DQG�PRVW�DUH�H[SHFWHG�WR�DOUHDG\�EH�EHORZ�WKH

SURSRVHG�3KDVH���VWDQGDUG���)RU�WKH�PDMRULW\�RI�WKH�&ODVV�,�PDUNHW��WKH�PRUH

UHOHYDQW�GLVFXVVLRQ�LV�FRQWDLQHG�LQ�6HFWLRQ��������´&RQYHUVLRQ�RI�69�WR�2+9

GHVLJQ�IRU���VWURNH�HQJLQHVµ�
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2QH�DUHD�FRQVLGHUHG�E\�WKH�$JHQF\�ZDV�LPSURYHPHQWV�WR�FRPEXVWLRQ

FKDPEHU�GHVLJQ�DQG�LQWDNH�V\VWHPV���,PSURYHPHQWV�WR�FRPEXVWLRQ�FKDPEHU

GHVLJQV�FDQ�UHVXOW�LQ�PRUH�FRPSOHWH�FRPEXVWLRQ�RI�WKH�DLU�IXHO�PL[WXUH��DQG

PD\�LPSURYH�WKH�HQJLQHV�DELOLW\�WR�RSHUDWH�DW�OHDQHU�DLU�IXHO�PL[WXUHV��VHH�,&)

������&KDSWHU������DQG�6Z5,�������&KDSWHU������5HGHVLJQLQJ�WKH�LQWDNH

V\VWHP�FDQ�UHVXOW�LQ�DGGLWLRQDO�FKDUJH�VZLUO�ZLWKLQ�WKH�FRPEXVWLRQ�FKDPEHU�IRU

D�PRUH�KRPRJHQRXV�FKDUJH�ZKLFK�FDQ�UHVXOW�LQ�PRUH�FRPSOHWH�FRPEXVWLRQ�

7KH�$JHQF\�DOVR�FRQVLGHUHG�LPSURYHPHQWV�WR�WKH�SLVWRQ�DQG�SLVWRQ�ULQJ

GHVLJQ��DQG�F\OLQGHU�ERUH�VPRRWKQHVV���7KH�REMHFWLYH�RI�WKHVH�LPSURYHPHQWV

ZRXOG�EH�WR�LPSURYH�RLO�FRQWURO���3RRU�RLO�FRQWURO�FDQ�UHVXOW�LQ�WKH�IRUPDWLRQ�RI

FRPEXVWLRQ�FKDPEHU�GHSRVLWV��ZKLFK�ZLOO�LQFUHDVH�WKH�LQ�XVH�HPLVVLRQV�IURP�DQ

HQJLQH��VHH�,&)�������&KDSWHU������DQG�6Z5,�������&KDSWHU������6RPH�3KDVH

��2+9�HQJLQHV�KDYH�OLNHO\�DOUHDG\�LQFRUSRUDWHG�LPSURYHPHQWV�WR�LPSURYH�RLO

FRQWURO��KRZHYHU��IRU�WKRVH�HQJLQH�PRGHOV�ZKLFK�KDYH�QRW��WKH�$JHQF\�EHOLHYHV

LPSURYHPHQWV�WR�WKH�SLVWRQ�DQG�SLVWRQ�ULQJ�GHVLJQ�PD\�EH�QHFHVVDU\�WR�UHGXFH

RLO�FRQVXPSWLRQ���,Q�DGGLWLRQ��LPSURYHPHQWV�WR�F\OLQGHU�URXQGQHVV�DQG�ILQLVK

PD\�DOVR�EH�UHTXLUHG�WR�UHGXFH�RLO�FRQVXPSWLRQ�

7KH�,&)������UHSRUW�FRQWDLQV�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�SHU�HQJLQH

FRVWV�RI�DSSO\LQJ�WKHVH�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\�&ODVV�,�DQG�,,

2+9�HQJLQHV��VHH�,&)�������&KDSWHU������$V�SUHVHQWHG�LQ�WKH�,&)�����

UHSRUW��SHU�HQJLQH�FRVWV�DUH�HIIHFWHG�E\�HQJLQH�IDPLO\�SURGXFWLRQ�YROXPHV���,&)

DQDO\]HG�FRVWV�IRU�HQJLQH�IDPLOLHV�EDVHG�RQ�SURGXFWLRQ�YROXPHV�RI�������

XQLWV����������XQLWV�DQG�����������XQLWV�IRU�QRQKDQGKHOG�HQJLQHV���7KH

$JHQF\�EHOLHYHV�WKH�����PLOOLRQ�HVWLPDWH�LV�QRW�DSSURSULDWH�IRU�QRQKDQGKHOG

&ODVV�,�RU�,,�HQJLQHV��EHFDXVH�WKHUH�DUH�QR�2+9�HQJLQH�IDPLOLHV�EHLQJ�SURGXFHG

ZLWK�DQQXDO�SURGXFWLRQ�YROXPHV�QHDU�����PLOOLRQ���7DEOH������SUHVHQWV�D
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VXPPDU\�RI�WKH�SHU�HQJLQH�FRVWV�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�WR�QRQKDQGKHOG

2+9�WHFKQRORJ\�

7$%/(�������
(VWLPDWHG�SHU�(QJLQH�&RVWV�IRU�,PSURYHPHQWV�WR�&ODVV�,�DQG�&ODVV�,,�2+9
(QJLQHV

,PSURYHPHQWV�WR 3HU�(QJLQH�&RVWV�IRU 3HU�(QJLQH�&RVWV�IRU�)DPLO\
3KDVH���&ODVV�,�DQG�,, )DPLO\�Z���������8QLWV Z����������8QLWV�$QQXDO

2+9�(QJLQHV $QQXDO�3URGXFWLRQ 3URGXFWLRQ

&RPEXVWLRQ�DQG
,QWDNH�6\VWHPV ����� �����

3LVWRQ�DQG�5LQJ
'HVLJQV ����� �����

7KH�LPSURYHPHQWV�WKH�$JHQF\�KDV�H[DPLQHG�IRU�2+9�HQJLQHV�ZRXOG

SULPDULO\�EH�H[SHFWHG�WR�UHGXFH�LQ�XVH�+&�12[�HPLVVLRQ�GHWHULRUDWLRQ��

%DVHG�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�7DEOH�������WKH�$JHQF\�HVWLPDWHV�WKDW

LPSURYHPHQWV�WR�D�&ODVV�,�RU�&ODVV�,,�2+9�HQJLQH�FRXOG�FRVW�XS�WR�EHWZHHQ

������DQG�������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�LPSURYHPHQWV�UHTXLUHG�DQG�WKH

HQJLQH�IDPLO\�DQQXDO�SURGXFWLRQ�YROXPH���7KH�$JHQF\�HVWLPDWHV�WKHVH

LPSURYHPHQWV�ZRXOG�UHGXFH�WKH�LQ�XVH�GHWHULRUDWLRQ�RI�3KDVH���2+9�HQJLQHV

WR�DQ�DYHUDJH�+&�12[�')�OHYHO�RI�����DW�WKH�HQJLQHV�XVHIXO�OLIH�

$SSHQGL[�%�FRQWDLQV�D�OLVW�RI�HQJLQH�IDPLOLHV�FHUWLILHG�WR�WKH�)HGHUDO

3KDVH���UHJXODWLRQ���7KH�$JHQF\�DOVR�KDV�DFFHVV�WR�PDQXIDFWXUHU·V�FRQILGHQWLDO

SURGXFWLRQ�YROXPH�SURMHFWLRQV�IRU�HDFK�HQJLQH�IDPLO\���$V�RI�6HSWHPEHU�������

DSSUR[LPDWHO\�����PLOOLRQ�&ODVV�,�HQJLQHV�DQG�����PLOOLRQ�&ODVV�,,�HQJLQHV�KDG

EHHQ�FHUWLILHG��EDVHG�RQ�KLVWRULFDO�VDOHV�GDWD�WKLV�ZRXOG�DSSHDU�WR�EH�WKH

PDMRULW\�RI�QRQKDQGKHOG�HQJLQHV�VROG�LQ�D�VLQJOH�\HDU���8VLQJ�WKLV�FRQILGHQWLDO

VDOHV�LQIRUPDWLRQ��WKH�VDOHV�ZHLJKWHG�FHUWLILFDWLRQ�OHYHO�LV������J�N:�KU�IRU
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&ODVV�,�2+9�HQJLQHV��DQG�����J�N:�KU�IRU�&ODVV�,,�2+9�HQJLQHV���%DVHG�RQ�WKH

$JHQF\·V�H[SHULHQFH�ZLWK�RQ�KLJKZD\�KHDY\�GXW\�HQJLQHV��WKH�$JHQF\�HVWLPDWHV

D�W\SLFDO�FRPSOLDQFH�PDUJLQ�XVHG�E\�PDQXIDFWXUHUV�WR�EH�EHWZHHQ����DQG���

SHUFHQW���%\�DFKLHYLQJ�DQ�+&�12[�')�RI������FRPELQHG�ZLWK�D�FRPSOLDQFH

PDUJLQ�EHWZHHQ����DQG����SHUFHQW�DQG�WKH�VDOHV�ZHLJKWHG�3KDVH���FHUWLILFDWLRQ

OHYHOV��WKH�$JHQF\�HVWLPDWHV�LPSURYHPHQWV�WR�&ODVV�,�2+9�HQJLQHV�ZRXOG

DFKLHYH�DQ�LQ�XVH�HPLVVLRQ�UDWH�EHWZHHQ������DQG������J�N:�KU�DW����KRXUV�

DQG�&ODVV�,,�2+9�HQJLQHV�ZRXOG�DFKLHYH�DQ�LQ�XVH�HPLVVLRQ�UDWH�EHWZHHQ�����

DQG������J�N:�KU�DW�����KRXUV��WKH�UDQJLQJ�UHSUHVHQWLQJ�D�UDQJH�LQ�HVWLPDWHG

PDQXIDFWXUHU�FRPSOLDQFH�PDUJLQ�EHWZHHQ����DQG�������+RZHYHU��LW�VKRXOG�EH

QRWHG�WKDW�RQO\�DERXW����SHUFHQW�RI�&ODVV�,�HQJLQHV�FXUUHQWO\�FHUWLILHG�WR�WKH

3KDVH���UHJXODWLRQ�DUH�2+9�WHFKQRORJ\���7KH�SHUIRUPDQFH�RI�WKHVH�VSHFLILF

&ODVV�,�HQJLQHV�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�ZKDW�ZRXOG�RFFXU�LI�DOO�&ODVV�,

HQJLQHV�ZHUH�FRQYHUWHG�WR�2+9�WHFKQRORJ\�

3.2.5.4  Impact on Equipment Design and Use  ����$V�GLVFXVVHG

SUHYLRXVO\��2+9�WHFKQRORJ\�KDV�EHHQ�XVHG�IRU�PDQ\�\HDUV�LQ�QRQKDQGKHOG

HTXLSPHQW���7KH�LPSURYHPHQWV�WR�2+9�WHFKQRORJ\�GHVFULEHG�LQ�WKLV�VHFWLRQ

ZRXOG�KDYH�QR�QHJDWLYH�LPSDFWV�RQ�QRQKDQGKHOG�HTXLSPHQW�GHVLJQ�DQG�XVH�

VLQFH�PRVW�RI�WKH�LPSURYHPHQWV�GLVFXVVHG�DUH�LQWHUQDO�WR�WKH�HQJLQH�DQG�ZRXOG

QRW�HIIHFW�WKH�RYHUDOO�VKDSH�RU�IXQFWLRQDOLW\�RI�WKH�HQJLQH�ZLWK�UHVSHFW�WR�LW·V

XVH�LQ�D�SLHFH�RI�HTXLSPHQW�

3.2.5.5  Technology Impact on Noise, Safety, and Energy ����7KH

$JHQF\�H[SHFWV�QR�QHJDWLYH�LPSDFWV�RQ�WKH�QRLVH�OHYHO�RU�WKH�RSHUDWLRQDO�VDIHW\

IURP�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\�2+9�HQJLQHV���$V�GLVFXVVHG�LQ

6HFWLRQ����������WKH�$JHQF\�FRQVLGHUHG�LQWHUQDO�LPSURYHPHQWV�WR�2+9

HQJLQHV��ZKLFK�ZRXOG�KDYH�QR�LPSDFW�RQ�QRLVH�OHYHOV�RU�VDIHW\�
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7KH�$JHQF\�H[SHFWV�QR�VLJQLILFDQW�FKDQJHV�LQ�WKH�HQHUJ\�FRQVXPSWLRQ

IURP�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\�2+9�HQJLQHV���7KH�LPSURYHPHQWV

FRQVLGHUHG�E\�WKH�$JHQF\��VHH�6HFWLRQ����������ZRXOG�UHGXFH��WKH�LQ�XVH�+&

DQG�12[�GHWHULRUDWLRQ�RI�WKH�HQJLQHV��EXW�ZRXOG�KDYH�RQO\�PDUJLQDO��LI�DQ\�

HIIHFWV�RQ�IXHO�FRQVXPSWLRQ�

3.2.6  Conversion of SV to OHV Design for 4-Stroke Engines  

7KLV�VHFWLRQ�FRQWDLQV�LQIRUPDWLRQ�UHJDUGLQJ�WKH�FRVWV�DQG�EHQHILWV�RI

FRQYHUWLQJ�3KDVH���WHFKQRORJ\�69�HQJLQHV�WR�2+9�WHFKQRORJ\�HQJLQHV���,Q�WKLV

DQDO\VLV�RI�FRVWV�DQG�EHQHILWV��WKH�$JHQF\�FRQVLGHUHG�WKH�FRQYHUVLRQ�QRW�VLPSO\

WR�2+9�WHFKQRORJ\��EXW�WR�HPLVVLRQV�RSWLPL]HG�2+9�HQJLQHV��ZKLFK�ZRXOG

LQFRUSRUDWH�GHVLJQV�IRU�LPSURYHG�QHZ�HQJLQH�DQG�LQ�XVH�HPLVVLRQ�SHUIRUPDQFH

EH\RQG�H[LVWLQJ�3KDVH���WHFKQRORJ\�2+9�HQJLQHV���7KH�FRQYHUWHG�69�HQJLQHV

ZHUH�DVVXPHG�WR�KDYH�WKH�LPSURYHPHQWV�GLVFXVVHG�LQ�6HFWLRQ������

LQFRUSRUDWHG���7KHUHIRUH�WKH�QHZ�2+9�HQJLQHV�ZRXOG�KDYH�VLPLODU�QHZ�DQG�LQ�

XVH�HPLVVLRQ�SHUIRUPDQFH�DV�WKH�LPSURYHG�3KDVH���2+9�HQJLQHV�GHVFULEHG�LQ

6HFWLRQ�����������5DWKHU�WKDQ�UHSHDW�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�6HFWLRQ

�������WKLV�VHFWLRQ�ZLOO�UHIHU�WR�WKDW�VHFWLRQ��DQG�WKH�LQIRUPDWLRQ�SUHVHQWHG�KHUH

ZLOO�PDLQO\�GHVFULEH�WKH�UHTXLUHG�FKDQJHV�DQG�FRVWV�WR�FRQYHUW�3KDVH��

WHFKQRORJ\�69�HQJLQHV�WR�2+9�GHVLJQV�

3.2.6.1  Description of Technology for SV to OHV Conversion ��

���7KH�WHFKQRORJ\�GLVFXVVHG�LQ�WKLV�VHFWLRQ�LV�2+9�WHFKQRORJ\��D�EULHI

GHVFULSWLRQ�RI�ZKLFK�LV�FRQWDLQHG�LQ�6HFWLRQV���������DQG����������DQG

DGGLWLRQDO�LQIRUPDWLRQ�RQ�2+9�WHFKQRORJ\�LV�FRQWDLQHG�LQ�&KDSWHU���RI�,&)�

������VHH�UHI����RI�WKLV�&KDSWHU����

3.2.6.2  Current State of Technology Development for SV to
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OHV Conversion ����$V�GLVFXVVHG�LQ�6HFWLRQ����������2+9�GHVLJQV�DQG

PDQXIDFWXULQJ�LQIRUPDWLRQ�LV�ZHOO�NQRZQ�E\�VPDOO�HQJLQH�PDQXIDFWXUHUV�

WKHUHIRUH��WKH�$JHQF\�EHOLHYHV�GHVLJQ�DQG�PDQXIDFWXULQJ�WHFKQLTXHV�IRU�2+9

HQJLQHV�LV�DOVR�ZHOO�NQRZQ�WR�VPDOO�HQJLQH�PDQXIDFWXUHUV�

3.2.6.3  Exhaust Emission Performance and Costs of SV to

OHV Conversion ����7KH�LQIRUPDWLRQ�FRQWDLQHG�LQ�6HFWLRQ���������RQ�WKH

HPLVVLRQ�SHUIRUPDQFH�RI�LPSURYHG�2+9�HQJLQHV�DUH�WKH�VDPH�HVWLPDWHV�WKH

$JHQF\�EHOLHYHV�DUH�DSSURSULDWH�IRU�WKH�QHZ�2+9�HQJLQHV�ZKLFK�KDYH�EHHQ

FRQYHUWHG�IURP�69�GHVLJQV���$V�VWDWHG�LQ�6HFWLRQ����������WKH�$JHQF\�HVWLPDWHV

D�&ODVV�,�2+9�HQJLQH�FDQ�DFKLHYH�DQ�LQ�XVH�HPLVVLRQ�UDWH�EHWZHHQ������DQG

�����J�N:�KU�DW����KRXUV��DQG�&ODVV�,,�2+9�HQJLQHV�FDQ�DFKLHYH�DQ�LQ�XVH

HPLVVLRQ�UDWH�EHWZHHQ������DQG������J�N:�KU�DW�����KRXUV�

7KH�$JHQF\�UHOLHG�RQ�WKH�FRVW�HVWLPDWHV�FRQWDLQHG�LQ�&KDSWHU���RI�,&)�

������VHH�UHI����WR�WKLV�&KDSWHU����,Q�WKH�,&)�UHSRUW��HVWLPDWHV�ZHUH�SURYLGHG

RQ�WKH�FRVW�RI�FRQYHUWLQJ�H[LVWLQJ�69�SURGXFWLRQ�FDSDELOLWLHV�WR�2+9

PDQXIDFWXULQJ���7KLV�UHSRUW�FRQWDLQV�HVWLPDWHV�RI�FRVWV�IRU�YDULDEOH

PDQXIDFWXULQJ�FRVWV�DQG�IL[�FRVWV���9DULDEOH�PDQXIDFWXULQJ�FRVWV�LQFOXGH

LQFOXGHV�PDWHULDO�FRVWV��FRPSRQHQWV�FRVWV��DQG�PDQXIDFWXULQJ�ODERU���)L[HG�FRVW

HVWLPDWHV�LQFOXGH�HQJLQHHULQJ�FRVWV��FKDQJHV�WR�WHFKQLFDO�VXSSRUW�WUDLQLQJ�DQG

PDQXDOV��DQG�FKDQJHV�LQ�WRROLQJ�FRVWV���7DEOH������FRQWDLQV�D�VXPPDU\�RI�WKH

HVWLPDWHV�XVHG�E\�WKH�$JHQF\�IURP�WKH�,&)�������UHSRUW���
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7$%/(�������
6XPPDU\�RI�SHU�(QJLQH�&RVW�IRU�&RQYHUVLRQ�IURP�69�WR�2+9�7HFKQRORJ\�
E\�&ODVV�DQG�(QJLQH�)DPLO\�$QQXDO�3URGXFWLRQ��GDWD�IURP�,&)�������

&RQYHUVLRQ�RI� &ODVV�,,� &ODVV�,,� &ODVV�,� &ODVV�,� &ODVV�,�
3KDVH���69 ������ ������� ������ ������� ���������

(QJLQHV�WR�2+9 XQLWV XQLWV XQLWV XQLWV XQLWV
7HFKQRORJ\

9DULDEOH�&RVWV ����� ����� ����� ����� �����

)L[HG�&RVWV ����� ����� ����� ����� �����

7RWDOV ������ ������ ������ ����� �����

7KH�FRVWV�HVWLPDWHV�OLVWHG�LQ�7DEOH������DUH�ORZHU�WKDQ�WKH�YDOXHV�UHSRUWHG�E\

,&)���$V�GLVFXVVHG�LQ�&KDSWHU�������0DUNHW�0L[�DQG�&RVW�(VWLPDWHV���1RQKDQGKHOG

(QJLQHV�RI�WKLV�GUDIW�56'��WKH�$JHQF\�EHOLHYHV�,&)�RYHU�HVWLPDWHG�WKH�WLPH

QHHGHG�WR�PDQXIDFWXUHU�VHYHUDO�2+9�FRPSRQHQWV���$V�GLVFXVVHG�LQ�&KDSWHU

�������WKH�$JHQ\·V�UHYLVHG�HVWLPDWH�ORZHUHG�WKH�YDULDEOH�FRVWV�E\�������SHU

HQJLQH���%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH�$JHQF\�HVWLPDWHV�WKH�FRVW�RI�FRQYHUWLQJ

&ODVV�,�69�WR�2+9�HQJLQHV�FRVWV�EHWZHHQ�������DQG��������SHU�HQJLQH�DQG

WKH�FRVW�RI�FRQYHUWLQJ�&ODVV�,,�69�WR�2+9�WHFKQRORJ\�FRVWV�EHWZHHQ�������

DQG��������SHU�HQJLQH��GHSHQGLQJ�RQ�WKH�DQQXDO�SURGXFWLRQ�RI�WKH�HQJLQH

IDPLO\�

3.2.6.4  Impact on Equipment Design and Use of SV to OHV

Conversion ����69�DQG�2+9�HQJLQHV�DUH�VLPLODU�LQ�PDQ\�ZD\V�IURP�DQ�RYHUDOO

SDFNDJLQJ�SHUVSHFWLYH���7KH�$JHQF\�H[SHFWV�WKDW�IRU�PDQ\�DSSOLFDWLRQV�QHZ

2+9�GHVLJQV�ZLOO�SUHVHQW�QR�FKDQJHV�IRU�HTXLSPHQW�PDQXIDFWXUHUV�IURP�D

GHVLJQ�SHUVSHFWLYH���+RZHYHU��IRU�VRPH�HTXLSPHQW�W\SHV��WKH�FKDQJH�LQ

F\OLQGHU�KHDG�FRQILJXUDWLRQ�IRU�WKH�2+9�RU�LQFUHDVHV�LQ�F\OLQGHU�KHDG�DQG�RU

H[KDXVW�JDV�WHPSHUDWXUH�ZLOO�UHTXLUH�FKDQJHV�LQ�HTXLSPHQW�GHVLJQ���&KDSWHU
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�������RI�WKLV�GUDIW�56'��´1RQKDQGKHOG�(TXLSPHQWµ��FRQWDLQV�D�GHWDLOHG

GHVFULSWLRQ�RI�WKH�HTXLSPHQW�GHVLJQ�FKDQJHV�WKH�$JHQF\�ZRXOG�H[SHFW�WR�VHH

IURP�FRQYHUVLRQ�WR�2+9�

7KH�$JHQF\�H[SHFWV�QR�FKDQJHV�LQ�WKH�XVH�RI�HTXLSPHQW�IURP�WKH

FRQYHUVLRQ�WR�2+9�WHFKQRORJ\��IURP�WKH�SHUVSHFWLYH�RI�WKH�XVHU��69�DQG�2+9

HQJLQHV�VKRXOG�SHUIRUP�WKH�VDPH�ZD\�ZLWK�UHVSHFW�WR�SRZHU�JHQHUDWLRQ�

3.2.6.5  Technology Impact on Noise, Safety, and Energy for

SV to OHV Conversion ����7KH�$JHQF\�H[SHFWV�QR�VLJQLILFDQW�FKDQJHV�LQ�WKH

QRLVH�RU�RSHUDWLRQDO�VDIHW\�RI�HQJLQHV�IURP�WKH�FRQYHUVLRQ�RI�69�HQJLQHV�WR

2+9�WHFKQRORJ\���2+9�HQJLQHV�DUH�ZLGHO\�XVHG�LQ�WKH�QRQKDQGKHOG�PDUNHW�

DQG�WKHUH�DUH�QR�WHFKQLFDO�UHDVRQV�WKH�$JHQF\�LV�DZDUH�RI�ZKLFK�ZRXOG�FDXVH�DQ

LQFUHDVH�LQ�QRLVH��RU�SUHVHQW�DQ�XQVDIH�WHFKQRORJ\��IURP�RI�WKH�FRQYHUVLRQ�WR

2+9�HQJLQHV�

7KH�$JHQF\�ZRXOG�H[SHFW�LPSURYHPHQWV�LQ�IXHO�HFRQRP\�IURP�WKH

FRQYHUVLRQ�RI�69�HQJLQHV�WR�2+9�WHFKQRORJ\���&KDSWHU�������RI�WKLV�GUDIW

56'��´)XHO�&RQVXPSWLRQµ��FRQWDLQV�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�H[SHFWHG

IXHO�VDYLQJV�IURP�WKH�FRQYHUVLRQ�WR�2+9�WHFKQRORJ\���2+9�HQJLQHV�DUH�PRUH

IXHO�HIILFLHQW�WKDQ�69�GHVLJQV��DQG�WKH�$JHQF\�H[SHFWV�WR�VHH�DSSUR[LPDWHO\�D

���SHUFHQW�UHGXFWLRQ�LQ�WKH�IXHO�FRQVXPSWLRQ�IURP�2+9�HQJLQHV�FRPSDUHG�WR

69�HQJLQHV��

3.2.7 Application of Catalytic Convertors to 4-stroke nonhandheld

Engines

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�6HFWLRQ�������RQ�FDWDO\VWV�DQG�KDQGKHOG

HQJLQH�LQ�JHQHUDO�LV�DOVR�UHOHYDQW�IRU�WKH�GLVFXVVLRQ�RI�WKH�DSSOLFDWLRQ�RI

FDWDO\VWV�WR�QRQKDQGKHOG�HQJLQHV��SDUWLFXODUO\�WKH�GLVFXVVLRQ�RI�QHZ�DQG�LQ�XVH
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H[KDXVW�HPLVVLRQ�SHUIRUPDQFH�

)HGHUDO�FHUWLILFDWLRQ�LQIRUPDWLRQ�IRU�WKH�3KDVH���UHJXODWLRQ�LQGLFDWHV�WKDW

D�VPDOO�QXPEHU�RI�&ODVV���DQG�&ODVV���HQJLQH�IDPLOLHV�KDYH�EHHQ�FHUWLILHG�XVLQJ

FDWDO\VW�WHFKQRORJ\�RQ���VWURNH�69�DQG�2+9�HQJLQHV���7KHVH�FDWDO\VW

HTXLSSHG���VWURNH�HQJLQHV�KDYH�DOO�EHHQ�GHVLJQHG�IRU�XVH�LQ�LQGRRU

DSSOLFDWLRQV��SULPDULO\�IRU�SURSDQH�IXHOHG�IORRU�EXIIHUV���7KH�SURMHFWHG�VDOHV�IRU

WKHVH�HQJLQHV�UHSUHVHQW�OHVV�WKDQ���SHUFHQW�RI�QRQKDQGKHOG�HQJLQH�VDOHV�

%DVHG�RQ�WKH�VLPLODU�QHHGV�IRU�FDWDO\VWV��DVVHPEO\��PXIIOHU�KHDW�VKLHOG

QHHGV�DQG�IL[HG�FRVWV��WKH�$JHQF\�HVWLPDWHV�VLPLODU�FRVWV�ZRXOG�EH�DGGHG�WR���

VWURNH�HQJLQHV�DV�LV�SUHGLFWHG�IRU���VWURNH�QRQKDQGKHOG�HQJLQHV�LQ�6HFWLRQ

������IRU�WKH�DGGLWLRQ�RI�FDWDO\VWV��H�J���LQ�WKH�UDQJH�RI����WR�����SHU�HQJLQH��

+RZHYHU��LW�LV�OLNHO\�D�FDWDO\VW�IRU�D�QRQKDQGKHOG�HQJLQH�ZRXOG�QHHG�WR�EH

ODUJHU�DQG�ZRXOG�WKHUHIRUH�EH�H[SHFWHG�WR�EH�PRUH�H[SHQVLYH���D�GHWDLOHG

DQDO\VLV�RI�WKH�FRVWV�DVVRFLDWHG�ZLWK�DSSO\LQJ�D�FDWDO\VW�WR�QRQKDQGKHOG�HQJLQHV

ZDV�QRW�SHUIRUPHG��VR�WKHVH�QXPEHUV�VKRXOG�RQO\�EH�FRQVLGHUHG�URXJK

HVWLPDWHV��DQG�QRW�DV�UHOLDEOH�DV�WKH�HVWLPDWH�IRU���VWURNH�HQJLQH�

$V�ZLWK�WKH�GLVFXVVLRQ�RI�KDQGKHOG�HQJLQHV��WKH�$JHQF\�KDV�OLWWOH

LQIRUPDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�FDWDO\VWV�RQ�LQ�XVH��ILHOG�DJHG�HQJLQHV���7KLV

ODFN�RI�LQIRUPDWLRQ�PDNHV�DQ�DFFXUDWH�HVWLPDWH�RI�LQ�XVH�SHUIRUPDQFH�GLIILFXOW�

3.2.8 Discussion of Other Engine Technologies

7KH�$JHQF\�LV�DZDUH�WKHUH�DUH�DGGLWLRQDO�WHFKQRORJLHV�QRW�GLVFXVVHG�LQ

WKLV�GUDIW�56'���7KHVH�LQFOXGH�HOHFWURQLF�IXHO�LQMHFWLRQ��WKUHH�ZD\�FDWDO\VW�ZLWK

FORVHG�ORRS�DLU�IXHO�FRQWURO��GLUHFW�LQMHFWLRQ�WZR�VWURNH�WHFKQRORJ\��DQG

VWUDWLILHG�FKDUJH���,Q�DGGLWLRQ��&KDSWHU�9,,�RI�WKH�6Z5,������UHSRUW��VHH�UHI���
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WR�WKLV�&KDSWHU��FRQWDLQV�D�VXPPDU\�RI�RYHU����SDSHUV�SXEOLVKHG�E\�WKH

6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV�ZKLFK�UHODWH�WR�YDULRXV�WHFKQRORJLHV�ZKLFK

PD\�EH�DSSOLFDEOH�WR�KDQGKHOG�HQJLQHV�

7KH�$JHQF\�KDV�QRW�DIIRUGHG�WKHVH�WHFKQRORJLHV�WKH�VDPH�LQ�GHSWK

DQDO\VLV�JLYHQ�SUHVHQWHG�LQ�6HFWLRQV�������WKUX�������IRU�D�YDULHW\�RI�UHDVRQV��

7KHVH�LQFOXGH�IDFWRUV�VXFK�DV�XQNQRZQ�HPLVVLRQ�SHUIRUPDQFH��QR�LQ�XVH

SHUIRUPDQFH�GDWD��XQNQRZQ�DSSOLFDWLRQ�WR�VPDOO�HQJLQH�HTXLSPHQW��DQG

XQNQRZQ�RU�KLJK�FRVWV���7KH�$JHQF\�UHTXHVW�DGGLWLRQDO�LQIRUPDWLRQ�RQ

WHFKQRORJLHV�ZKLFK�PD\�EH�DSSOLFDEOH�WR�VPDOO�HQJLQHV���,QIRUPDWLRQ�RQ�WKH

W\SH�RI�WHFKQRORJ\��D�FRPSOHWH�GHVFULSWLRQ�RI�WKH�WHFKQRORJ\��QHZ�DQG�LQ�XVH

HQJLQH�HPLVVLRQ�SHUIRUPDQFH��DQG�PDQXIDFWXULQJ�FRVWV�ZRXOG�EH�DSSURSULDWH�

3.3  Proposed Exhaust Emission Standards

7KLV�VHFWLRQ�FRQWDLQV�LQIRUPDWLRQ�WKH�$JHQF\�XVHG�WR�GHWHUPLQH�WKH

DSSURSULDWH�VWDQGDUGV�FRQWDLQHG�LQ�WKH�SURSRVDO���$GGLWLRQDO�LQIRUPDWLRQ�LV

FRQWDLQHG�LQ�WKH�3UHDPEOH�IRU�WKLV�1RWLFH�RI�3URSRVHG�5XOHPDNLQJ�

3.3.1  Proposed HC+NOx Standards for Class I Engines

7KH�$JHQF\�LV�SURSRVLQJ�D�FRUSRUDWH�DYHUDJH�H[KDXVW�HPLVVLRQ�OHYHO�RI

��J�N:�KU�+&�12[�IRU�&ODVV�,�HQJLQHV�EHJLQQLQJ�LQ�PRGHO�\HDU��������7KLV

SURSRVHG�VWDQGDUG�LV�DSSOLFDEOH�IRU�DOO�WKUHH�XVHIXO�OLIH�FDWHJRULHV�RI���������

DQG�����KRXUV���7KH�$JHQF\�EHOLHYHV�WKLV�OHYHO�LV�WHFKQRORJLFDOO\�IHDVLEOH��DQG

DV�GLVFXVVHG�SUHYLRXVO\�FDQ�EH�PHW�E\�LPSURYHPHQWV�WR�H[LVWLQJ�&ODVV�,�69

HQJLQHV���7KH�$JHQF\�KDV�SHUIRUPHG�DQ�DQDO\VLV�XVLQJ�WKH�H[LVWLQJ�3KDVH��
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FHUWLILFDWLRQ�GDWD��ZKLFK�FRQWDLQV�FRQILGHQWLDO�VDOHV�SURMHFWLRQV��FRPELQHG�ZLWK

UHDVRQDEOH�DVVXPSWLRQV�IRU�LQ�XVH�GHWHULRUDWLRQ���7KLV�DQDO\VLV�LQGLFDWHV�D

VWDQGDUG�RI����J�N:�KU�LV�DFKLHYDEOH�ZLWK�LPSURYHPHQWV�WR�H[LVWLQJ�69�HQJLQHV

DQG�FRQVLGHULQJ�WKH�HPLVVLRQ�SHUIRUPDQFH�RI�H[LVWLQJ�3KDVH���2+9�HQJLQHV���$

VWDQGDUG�RI���J�N:�KU�ZRXOG�QRW�UHTXLUH�DQ�LQFUHDVH�LQ�WKH�SHQHWUDWLRQ�RI

&ODVV�,�2+9�VDOHV���0DQXIDFWXUHUV�ZLOO�QHHG�WR�PDNH�LPSURYHPHQWV�WR�H[LVWLQJ

69�HQJLQH�IDPLOLHV�ZKLFK�ZLOO�UHTXLUH�LPSURYHPHQWV�WR�VHYHUDO�HQJLQH

FRPSRQHQWV��KRZHYHU��PDMRU�UHWRROLQJ�RI�HQJLQH�SURGXFWLRQ�OLQHV�ZLOO�QRW�EH

UHTXLUHG���,Q�DGGLWLRQ��WKH�XVH�RI�$%7�SURYLGHV�PDQXIDFWXUHUV�ZLWK

FRQVLGHUDEOH�IOH[LELOLW\�IRU�GHWHUPLQLQJ�WKH�PRVW�DSSURSULDWH�H[SHQGLWXUH�RI

UHVRXUFHV�ZKHQ�GHFLGLQJ�ZKLFK�HQJLQH�IDPLOLHV�ZLOO�QHHG�VSHFLILF�LPSURYHPHQWV

WR�PHHW�WKH�SURSRVHG�OHYHOV��7KH�WLPH�EHWZHHQ�WKH�ILQDOL]DWLRQ�RI�WKLV�UXOH�DQG

PRGHO�\HDU������ZLOO�EH�VXIILFLHQW�IRU�PDQXIDFWXUHUV�WR�PHHW�WKH�SURSRVHG

+&�12[�OHYHO�

7KH�$JHQF\�EHOLHYHV�D�OHYHO�PRUH�VWULQJHQW�WKDQ�WKH�SURSRVHG���J�N:�

KU�+&�12[�LV�QRW�DSSURSULDWH�IRU�D�)HGHUDO�VWDQGDUG�DW�WKLV�WLPH���$V

GLVFXVVHG�DERYH��D�OHYHO�PRUH�VWULQJHQW�WKDQ����J�N:�KU�FRXOG�EH�PHW�E\�WKH

FRQYHUVLRQ�RI�H[LVWLQJ�69�WHFKQRORJ\�HQJLQHV�WR�2+9�WHFKQRORJ\���$V

GLVFXVVHG�SUHYLRXVO\��VHH�6HFWLRQ�����������WKH�SHUFHQWDJH�RI�&ODVV�,�2+9

HQJLQH�VDOHV�KDV�UHPDLQHG�IDLUO\�FRQVWDQW�IRU�WKH�SDVW�HLJKW�\HDUV��GHVSLWH

VXSHULRU�GXUDELOLW\��SHUIRUPDQFH��DQG�IXHO�HFRQRP\���6HYHUDO�&ODVV�,�HQJLQH

PDQXIDFWXUHUV��LQFOXGLQJ�WKH�WZR�ODUJHVW�ZKLFK�UHSUHVHQW�WKH�PDMRULW\�RI�WKH

PDUNHW�LQ�WHUPV�RI�VDOHV��KDYH�GLVFXVVHG�ZLWK�WKH�$JHQF\�WKHLU�DWWHPSWV�WR�VHOO

ORZ�FRVW�2+9�HQJLQHV�LQ�WKH�SDVW���0DQXIDFWXUHUV�KDYH�LQGLFDWHG�WKH\�KDYH

VHHQ�OLWWOH�VXFFHVV�LQ�GUDZLQJ�FRQVXPHUV�DZD\�IURP�WKH�HYHQ�ORZHU�FRVW�&ODVV�,

69�HQJLQHV���(QJLQH�PDQXIDFWXUHUV�KDYH�LQGLFDWHG�WKDW�WKH�SULQFLSOH�UHDVRQ�IRU
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WKH�IDLOXUH�RI�2+9·V�WR�SHQHWUDWH�IXUWKHU�LQWR�WKH�&ODVV�,�PDUNHW�LV�WKH�FRVW

GLIIHUHQFH�EHWZHHQ�WKH�WZR�HQJLQH�WHFKQRORJLHV��DQG�FRQVXPHUV�XQZLOOLQJQHVV

WR�SD\�WKLV�SUHPLXP���6HYHUDO�HQJLQH�PDQXIDFWXUHUV�KDYH�LQGLFDWHG�WKDW�ORZ

FRVW�&ODVV�,�69�HQJLQHV�KDYH�PDQXIDFWXULQJ�FRVWV�RQ�WKH�RUGHU�RI�����WR����

SHU�HQJLQH���(QJLQH�PDQXIDFWXUHUV�FRQWHQG�WKDW�IRU�WKHVH�ORZ�FRVW�HQJLQHV��WKH

FRVW�LQFUHDVH�WR�SXUFKDVH�D�2+9�HQJLQH�LV�ODUJH�HQRXJK�WR�SUHYHQW�D�ODUJHU

PDUNHW�SHQHWUDWLRQ�E\�2+9�HQJLQHV�PDUNHW��VHH����)5��������´&ODVV�,�2+9

'HPRQVWUDWLRQ�3URJUDPµ����7KH�$JHQF\�HVWLPDWHV�WKH�FRVW�GLIIHUHQFH�EHWZHHQ

LPSURYHPHQWV�WR�3KDVH���69�YHUVXV�WKH�FRQYHUVLRQ�RI�3KDVH���69�WR�2+9�WR

EH�EHWZHHQ�������DQG�������SHU�HQJLQH��VHH�6HFWLRQV���������DQG�����������

(QJLQH�PDQXIDFWXUHUV�KDYH�LQGLFDWHG�FRQFHUQ�RYHU�ZKDW�WKH\�SHUFHLYH�WR�EH�WKH

SRWHQWLDOO\�GUDPDWLF�LPSDFWV�RQ�WKH�&ODVV�,�HQJLQH�VDOHV�ZKLFK�ZRXOG�UHVXOW

IURP�D�VWDQGDUG�ZKLFK�UHTXLUHV�FRQYHUVLRQ�WR�2+9�WHFKQRORJ\���7KH�$JHQF\

UHTXHVWV�FRPPHQW�RQ�WKH�PDUNHW�FRQFHUQV�H[SUHVVHG�E\�HQJLQH�PDQXIDFWXUHUV�

7KH�$JHQF\�KDV�FRQVLGHUHG�WKH�FRVW�DVVRFLDWHG�ZLWK�WKH�FRQYHUVLRQ�RI

&ODVV�,�69�WR�2+9�WHFKQRORJ\�DQG�FRPSDUHG�LW�WR�WKH�FRVWV�DVVRFLDWHG�ZLWK

LPSURYHPHQWV�WR�H[LVWLQJ�69�HQJLQHV���&RQVLGHULQJ�WKH�PDQXIDFWXUHUV�FRQFHUQV

UHJDUGLQJ�WKH�SRWHQWLDO�QHJDWLYH�PDUNHW�LPSDFWV�RI�PRUH�FRVWO\�VWDQGDUGV�WKH

$JHQF\�EHOLHYHV�WKH�SURSRVHG����J�N:�KU�+&�12[�OHYHO�LV�WKH�DSSURSULDWH

OHYHO�IRU�&ODVV�,�HQJLQHV�DW�WKLV�WLPH��

3.3.2  Proposed HC+NOx Standards for Class II Engines

7KH�$JHQF\�LV�SURSRVLQJ�D�FRUSRUDWH�DYHUDJH�+&�12[�HPLVVLRQ

VWDQGDUG�RI������J�N:�KU�ZKLFK�ZLOO�EH�SKDVHG�LQ�RYHU�ILYH�\HDUV��EHJLQQLQJ�LQ

PRGHO�\HDU��������7KH�+&�12[�SKDVH�LQ�VWDQGDUGV�ZRXOG�EH�����J�N:�KU�LQ
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PRGHO�\HDU������������LQ������������LQ�������DQG������LQ��������7KHVH

SURSRVHG�VWDQGDUGV�DUH�DSSOLFDEOH�IRU�DOO�WKUHH�SURSRVHG�XVHIXO�OLIH�FDWHJRULHV�RI

����������DQG������KRXUV���%DVHG�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV

&KDSWHU��WKH�$JHQF\�EHOLHYHV�DQ�LQ�XVH�OHYHO�RI�����J�N:�KU�FDQ�EH�PHW�E\�WKH

FRQYHUVLRQ�RI�3KDVH���69�HQJLQHV�WR�2+9�WHFKQRORJ\��VHH�6HFWLRQ���������DQG

E\�LQWHUQDO�LPSURYHPHQWV�WR�VRPH�H[LVWLQJ�3KDVH���2+9�HQJLQHV��VHH�6HFWLRQ

�������

7KH�SURSRVHG�VWDQGDUGV�ZRXOG�UHTXLUH�VLJQLILFDQW�SURGXFWLRQ�OLQH

FKDQJHV�IRU�PDQ\�&ODVV�,,�HQJLQH�PDQXIDFWXUHUV�WR�FRQYHUW�H[LVWLQJ�69�PRGHOV

WR�2+9�GHVLJQV��DV�ZHOO�DV�PRGLILFDWLRQV�WR�VRPH�3KDVH���2+9�PRGHOV�ZKLFK

PD\�QHHG�LQWHUQDO�LPSURYHPHQWV�WR�PHHW�WKH������J�N:�KU�OHYHO���7R

DFFRPPRGDWH�D�VPRRWK�WUDQVLWLRQ�RI�H[LVWLQJ�69�HQJLQH�IDPLO\�SURGXFWLRQ�OLQHV

WR�WKH�QHZ�2+9�WHFKQRORJ\�RU�RWKHU�FRPSDUDEO\�FOHDQ�WHFKQRORJ\��WKH�$JHQF\

LV�SURSRVLQJ�D�ILYH�\HDU�SKDVH�LQ�SHULRG��VWDUWLQJ�ZLWK�D�OHYHO�RI����J�N:�KU�LQ

�����DQG�UDPSLQJ�GRZQ�WR�WKH�ILQDO�\HDU�OHYHO�RI������LQ�PRGHO�\HDU�������

7KH�$JHQF\�H[SHFWV�WKH�SURSRVHG�VWDQGDUGV�IRU�&ODVV�,,�HQJLQHV�ZRXOG�UHVXOW�LQ

LQFUHDVHG�SHQHWUDWLRQ�RI�DQG�FRQYHUVLRQ�WR�FOHDQ�2+9�WHFKQRORJ\�E\�������

+RZHYHU��WKH�SURSRVDO�GRHV�QRW�SUHFOXGH�RWKHU�WHFKQRORJLHV�IURP�PHHWLQJ�WKH

SURSRVHG�VWDQGDUG��

7KH�$JHQF\�UHFRJQL]HV�WKDW�WKHUH�DUH�ODUJH�GLIIHUHQFHV�LQ�WHFKQRORJ\

PL[HV�FXUUHQWO\�EHLQJ�SURGXFHG�E\�&ODVV�,,�HQJLQH�PDQXIDFWXUHUV���6RPH�&ODVV

,,�HQJLQH�PDQXIDFWXUHUV�KDYH�DOUHDG\�PDGH�VLJQLILFDQW�LQYHVWPHQWV�LQ�2+9

WHFKQRORJ\�SULRU�WR�DQG�GXULQJ�WKH�3KDVH���SURJUDP��IRU�VRPH�RI�WKHVH

PDQXIDFWXUHUV�WKH�VWDQGDUGV�LQ�WKH�HDUO\�\HDUV�RI�WKH�3KDVH���SKDVH�LQ���L�H��

WKH������VWDQGDUG�RI���J�N:�KU�DQG�WKH������VWDQGDUG�LV������J�N:�KU��PD\

QRW�UHTXLUH�DGGLWLRQDO�UHGXFWLRQV�LQ�&ODVV�,,�HQJLQH�HPLVVLRQV���$W�WKH�VDPH
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WLPH��WKH�3KDVH���VWDQGDUGV�GR�QRW�UHTXLUH�D�VKLIW�WR�FOHDQ��GXUDEOH�2+9

WHFKQRORJ\�RU�FRPSDUDEO\�FOHDQ�WHFKQRORJ\��DQG�VHYHUDO�&ODVV�,,�HQJLQH

PDQXIDFWXUHUV�FXUUHQWO\�SURGXFH�D�VLJQLILFDQW�QXPEHU�RI�69�HQJLQHV���)RU

PDQXIDFWXUHUV�ZKR�DUH�UHO\LQJ�RQ�69�WHFKQRORJ\�WKH�SURSRVHG�SKDVH�LQ�SHULRG

ZLOO�DOORZ�WKHP�WR�VKLIW�WKHLU�SURGXFWLRQ�WR�QHZ��FOHDQHU�WHFKQRORJ\�ZKLFK�LV

FDSDEOH�RI�PHHWLQJ�WKH������VWDQGDUG�RI�����J�N:�KU���7KH�$JHQF\�EHOLHYHV

WKH�SKDVH�LQ�VWDQGDUGV�ZLOO�DGGUHVV�WKH�LQHTXLWLHV�DPRQJ�PDQXIDFWXUHUV�FXUUHQW

WHFKQRORJ\�PL[HV�EXW�ZLOO�DOVR�UHTXLUH�PDQXIDFWXUHUV�WR�SURGXFH�WKH�FOHDQ�

GXUDEOH�����J�N:�KU�HQJLQHV�LQ��������0DQXIDFWXUHUV�KDYH�LQGLFDWHG�WKH�HDUO\

EDQNLQJ�SURYLVLRQ�ZLOO�SXOO�DKHDG�FOHDQ�WHFKQRORJ\�DQG�HDVH�WKH�WUDQVLWLRQ�WR

WKH������VWDQGDUG���+RZHYHU��GXH�WR�WKH�ZLGH�GLVFUHSDQF\�EHWZHHQ

PDQXIDFWXUHUV�FXUUHQW�WHFKQRORJ\�PL[��VRPH�PDQXIDFWXUHUV�PD\�JHQHUDWH

VLJQLILFDQW�FUHGLWV�GXULQJ�WKH�SKDVH�LQ�SHULRG���7KH�$JHQF\�KDV�SHUIRUPHG�DQ

DQDO\VLV��EDVHG�RQ�)HGHUDO�3KDVH���FHUWLILFDWLRQ�GDWD��ZKLFK�LQGLFDWHV�XQGHU

VRPH�FRQGLWLRQV�HDUO\�EDQNLQJ�ZRXOG�UHVXOW�LQ�VLJQLILFDQW�FUHGLWV�EHLQJ

JHQHUDWHG�GXULQJ�WKH�SKDVH�LQ�SHULRG�ZKLFK�PD\�LQ�IDFW�XQGHUPLQH�WKH

����J�N:�KU�VWDQGDUG�LQ�PRGHO�\HDU��������7R�WKLV��WKLV�GRHV�QRW�RFFXU��WKH

$JHQF\�KDV�SURSRVHG�FHUWDLQ�UHVWULFWLRQV�LQ�WKH�$%7�SURJUDP��DV�GLVFXVVHG�LQ

WKH�3UHDPEOH�IRU�WKLV�SURSRVDO��6HFWLRQ�,9�$���

$�OHYHO�PRUH�VWULQJHQW�WKDQ������J�N:�KU�+&�12[�ZRXOG�UHTXLUH

WHFKQRORJ\�RWKHU�WKDQ�DQ�HPLVVLRQV�RSWLPL]HG�2+9�HQJLQH��VXFK�DV�WKH

DGGLWLRQ�RI�FDWDO\VW�WHFKQRORJ\���$V�QRWHG�HDUOLHU��WKH�$JHQF\�KDV�LQVXIILFLHQW

LQIRUPDWLRQ�UHJDUGLQJ�WKH�FRVWV�DQG�LQ�XVH�SHUIRUPDQFH�RI�FDWDO\VW�WHFKQRORJ\

WR�SURSRVH�D�VWDQGDUG�EDVHG�RQ�FDWDO\VWV�IRU�&ODVV�,,�HQJLQHV�

3.3.3  Proposed HC+NOx Standards for Class III, IV and V Engines
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7KH�$JHQF\�LV�SURSRVLQJ�DQ�LQ�XVH�+&�12[�VWDQGDUG�RI����������DQG

����J�N:�KU�IRU�&ODVV�,,,��,9��DQG�9�HQJLQHV��UHVSHFWLYHO\���7KHVH�VWDQGDUGV

ZRXOG�EH�DSSOLFDEOH�IRU�ERWK�RI�WKH�SURSRVHG�XVHIXO�OLIH�FDWHJRULHV�RI����DQG

����KRXUV�

7KH�SURSRVHG�VWDQGDUGV�EHJLQ�LQ�PRGHO�\HDU�������ZLWK�D�UHTXLUHPHQW

WKDW����SHUFHQW�RI�D�PDQXIDFWXUHU·V�8�6��VDOHV�PHHWV�WKH�VWDQGDUGV��IROORZHG�E\

���SHUFHQW�LQ����������SHUFHQW�LQ�������DQG�����SHUFHQW�LQ�PRGHO�\HDU������

7KH�$JHQF\�H[SHFWV�WKH�SURSRVHG�LQ�XVH�VWDQGDUGV�FDQ�EH�PHW�WKURXJK

LPSURYHPHQWV�WR�H[LVWLQJ�3KDVH���WHFKQRORJ\���VWURNH�HQJLQHV���$V�GLVFXVVHG�LQ

6HFWLRQ�������WKH�$JHQF\�EHOLHYHV�LPSURYHPHQWV�WR�3KDVH���WHFKQRORJ\���

VWURNH�HQJLQHV�ZLOO�UHVXOW�LQ�DSSUR[LPDWHO\�D����SHUFHQW�UHGXFWLRQ�LQ�WKH�LQ�XVH

HPLVVLRQV�RI�3KDVH���HQJLQHV��ZKLFK�ZRXOG�EH�UHTXLUHG�WR�PHHW�WKH�SURSRVHG

VWDQGDUGV��

33(0$�PHPEHUV�KDYH�LQGLFDWHG�WKH�SURSRVHG�VWDQGDUGV�ZRXOG�UHTXLUH

VLJQLILFDQW�UHVHDUFK�DQG�GHYHORSPHQW�WLPH�DV�ZHOO�DV�D�ODUJH�FDSLWDO�LQYHVWPHQW

WR�FKDQJH�H[LVWLQJ�SURGXFWLRQ�FDSDELOLWLHV���7KH�SKDVH�LQ�SHULRG�SOXV�WKH�OHDG

WLPH�DQWLFLSDWHG�DIWHU�WKLV�UXOH�LV�ILQDOL]HG�ZLOO�DOORZ�PDQXIDFWXUHUV�DW�OHDVW��

\HDUV�WR�PDNH�WKH�QHFHVVDU\�FKDQJHV�WR�H[LVWLQJ�SURGXFW�OLQHV�LQ�RUGHU�WR�PHHW

WKH�SURSRVHG�VWDQGDUGV�ZKLFK�VKRXOG�DFFRPPRGDWH�WKH�PDQXIDFWXUHUV�FRQFHUQV

UHJDUGLQJ�OHDG�WLPH�

7KH�$JHQF\�KDV�QRW�SURSRVHG�D�VWDQGDUG�ZKLFK�ZRXOG�UHTXLUH�FDWDO\VW�RU

��VWURNH�WHFKQRORJ\���7KH�$JHQF\�KDV�OLWWOH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�LQ�XVH

SHUIRUPDQFH�RI�D���VWURNH�HQJLQH�HTXLSSHG�ZLWK�D�FDWDO\VW���7KH�$JHQF\·V

H[SHULHQFH�ZLWK�RQ�KLJKZD\�WHFKQRORJ\�LQGLFDWHV�FDWDO\VWV�DQG�HQJLQH

WHFKQRORJ\�HYROYHG�WRJHWKHU�WR�SUHYHQW�VLJQLILFDQW�LQ�XVH�GHWHULRUDWLRQ��

7KHUHIRUH��GDWD�RQ�WKH�LQ�XVH�SHUIRUPDQFH�RI�FDWDO\VW�WHFKQRORJ\�PXVW�EH
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FROOHFWHG�DQG�DQDO\]HG�WR�GHWHUPLQH�LI�FDWDO\VWV�DUH�IHDVLEOH�IRU�KDQGKHOG

HQJLQHV���7ZR�HQJLQH�PDQXIDFWXUHUV�KDYH�LQWURGXFHG���VWURNH�HQJLQHV�LQWR

VWULQJ�WULPPHU�DSSOLFDWLRQV���7KHUH�DUH�OLNHO\�VRPH�DSSOLFDWLRQV��VXFK�DV�KLJK

SRZHU�FKDLQVDZV��ZKHUH���VWURNH�WHFKQRORJ\�PD\�QRW�EH�IHDVLEOH�DV�D�SRZHU

XQLW�EHFDXVH�RI�ZHLJKW�FRQFHUQV���$V�SUHYLRXVO\�GLVFXVVHG��VHH�7DEOH������LQ

6HFWLRQ�����������WKH�$JHQF\�HVWLPDWHV�WKDW�FRQYHUVLRQ�WR���VWURNH�GHVLJQV

ZRXOG�FRVW�EHWZHHQ�������DQG�������SHU�HQJLQH���33(0$�KDV�UHSRUWHG�WKDW�LQ

�����DQG������WKH�DYHUDJH�UHWDLO�SULFH�RI�D���VWURNH�JDVROLQH�SRZHUHG�VWULQJ

WULPPHU�RU�OHDI�EORZHU�ZDV�DSSUR[LPDWHO\�������DQG�WKH�DYHUDJH�UHWDLO�SULFH�RI

D�FKDLQVDZ�ZDV�DSSUR[LPDWHO\�������5HI�������33(0$�PHPEHUV�KDYH

H[SUHVVHG�FRQFHUQ�UHJDUGLQJ�ZKDW�WKH\�SHUFHLYH�WR�EH�WKH�SRWHQWLDO�QHJDWLYH

LPSDFWV�RQ�VDOHV�ZKLFK�ZRXOG�UHVXOW�IURP�D�ODUJH�LQFUHDVH�LQ�HQJLQH�FRVWV��VXFK

DV�WKH�FRVW�RI�FRQYHUVLRQ�WR���VWURNH�WHFKQRORJ\�IRU�KDQGKHOG�HQJLQHV���7KH

$JHQF\�UHTXHVWV�FRPPHQW�RQ�WKH�PDUNHW�FRQFHUQV�H[SUHVVHG�E\�HQJLQH

PDQXIDFWXUHUV�

7KH�$JHQF\�EHOLHYHV�WKDW�GXULQJ�WKH�QH[W�VHYHUDO�\HDUV�DGGLWLRQDO

LQIRUPDWLRQ�UHJDUGLQJ�WKH�LQ�XVH�SHUIRUPDQFH�RI�QHZ�WHFKQRORJLHV��VXFK�DV

KDQGKHOG���VWURNHV��RU�WUDGLWLRQDO���VWURNHV�HTXLSSHG�ZLWK�FDWDO\VW��PD\

EHFRPH�DYDLODEOH��SHUKDSV�LQ�UHVSRQVH�WR�WKH�&$5%�7LHU���SURJUDP���,Q

DGGLWLRQ��(3$�UHFRJQL]HV�WKDW�WHFKQRORJLFDO�DGYDQFHV�DQG�RU�FRVW�UHGXFWLRQV

PD\�RFFXU�DIWHU�SURPXOJDWLRQ�RI�WKH�3KDVH���UXOH�WKDW�FRXOG�PDNH�JUHDWHU��EXW

VWLOO�FRVW�HIIHFWLYH�UHGXFWLRQV�IHDVLEOH�LQ�KDQGKHOG�HPLVVLRQ�OHYHOV���7KH�$JHQF\

SURSRVHV�WR�FRQGXFW�D�WHFKQRORJ\�UHYLHZ�WR�DGGUHVV�WKLV�SRVVLELOLW\���,Q�WKLV

UHYLHZ��(3$�H[SHFWV�WR�H[DPLQH�LVVXHV�LQFOXGLQJ�WKH�SRWHQWLDO�IRU�IXUWKHU

UHGXFWLRQV�IURP�H[LVWLQJ���VWURNH�HQJLQHV��VWUDWLILHG�FKDUJH���VWURNH�WHFKQRORJ\�

GLUHFW�LQMHFWLRQ���VWURNH�LQMHFWLRQ��WKH�XVH�RI�FDWDO\VWV�RQ�KDQGKHOG�HQJLQHV��DQG
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WKH�FRQYHUVLRQ�WR���VWURNH�WHFKQRORJ\����)ROORZLQJ�D�WHFKQLFDO�UHYLHZ��WKH

$JHQF\�SURSRVHV�WR�SXEOLVK�D�1RWLFH�RI�3URSRVHG�5XOHPDNLQJ�LQ�����

DQQRXQFLQJ�DQ\�LQWHQGHG�DPHQGPHQWV�WR�WKH�VWDQGDUG�OHYHOV�RU�RWKHU�SURJUDP

HOHPHQWV��RU�(3$·V�LQWHQWLRQ�WR�PDLQWDLQ�WKH�H[LVWLQJ�KDQGKHOG�VWDQGDUGV�RU

SURJUDP���7KH�$JHQF\�SURSRVHV�WKDW�WKH�ILQDO�UXOHPDNLQJ�ZRXOG�EH�FRPSOHWHG

E\������DQG��LI�DGRSWHG��3KDVH���VWDQGDUGV�ZRXOG�EH�SKDVHG�LQ�RQ�D�SHUFHQWDJH

EDVLV�DQG�RYHU�RI�D�SHULRG�RI�WLPH�VLPLODU�WR�3KDVH����EHJLQQLQJ�QR�HDUOLHU�WKDQ

PRGHO�\HDU��������7KLV�VFKHGXOH�LV�LQWHQGHG�WR�SURYLGH�D�PLQLPXP�ILYH�\HDU

SHULRG�EHIRUH�WKH�LPSOHPHQWDWLRQ�RI�DQ\�3KDVH���VWDQGDUGV�WR�DOORZ

PDQXIDFWXUHUV�WR�UHFRXS�WKHLU�LQYHVWPHQWV�LQ�3KDVH���WHFKQRORJ\�
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����´&RVW�6WXG\�IRU�3KDVH�7ZR�6PDOO�(QJLQH�(PLVVLRQ�5HJXODWLRQVµ��'UDIW�)LQDO
5HSRUW��,&)�&RQVXOWLQJ�*URXS�DQG�(QJLQH��)XHO��DQG�(PLVVLRQV�(QJLQHHULQJ��,QF��2FW�
������(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�$����

���´7KH�%DVLF�'HVLJQ�RI�7ZR�6WURNH�(QJLQHVµ��*RUGDQ�3��%ODLU��6RFLHW\�RI�$XWRPRWLYH
(QJLQHHUV��,QF��������

����´,QYHVWLJDWLRQ�DQG�$QDO\VLV�RI�/RZ�(PLWWLQJ�6PDOO�6SDUN�LJQLWHG�(QJLQH�'HVLJQV
���N:µ��6RXWKZHVW�5HVHDUFK�,QVWLWXWH��6Z5,�5HSRUW�����������2FW��������(3$�$LU
'RFNHW�$��������'RFNHW�,WHP���,,�$����

���´(PLVVLRQ��7HVWV�RI�,Q�XVH�6PDOO�8WLOLW\�(QJLQHVµ�6RXWKZHVW�5HVHDUFK�,QVWLWXWH�
6HSW���������(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�$���

����´1RQURDG�(QJLQH�DQG�9HKLFOH�(PLVVLRQ�6WXG\µ�8�6��(3$�5HSRUW����$������
1RY�������(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�$����

����´(PLVVLRQ�7HVWLQJ�RI�,Q�XVH�+DQGKHOG�(QJLQHVµ�6RXWKZHVW�5HVHDUFK�,QVWLWXWH�
0DUFK��������(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�$����

����´5HJXODWRU\�6XSSRUW�'RFXPHQW��&RQWURO�RI�$LU�3ROOXWLRQ��(PLVVLRQ�6WDQGDUGV�IRU
1HZ�1RQURDG�6SDUN�,JQLWLRQ�(QJLQHV�DW�RU�%HORZ����NLOR:DWWVµ�86�(3$��0D\������
(3$�$LU�'RFNHW�$��������'RFNHW�,WHP��9�%����

����3KRQH�FRQYHUVDWLRQ�EHWZHHQ�:LOOLDP�&KDUPOH\��8�6��(3$�DQG�5RG�+DUPV��9LFH
3UHVLGHQW��(QJLQHHULQJ��0F&XOORFK�&RUSRUDWLRQ��(3$�$LU�'RFNHW�$��������'RFNHW
,WHP���,,�(����

����´7KH�,QWHUQDO�&RPEXVWLRQ�(QJLQH�LQ�7KHRU\�DQG�3UDFWLFH��9ROXPH�����&�)��7D\ORU�
7KH�0�,�7��3UHVV���������6HH�&KDSWHU�����¶7KH�3HUIRUPDQFH�RI�8QVXSHUFKDUJHG
(QJLQHV·�

�����´([KDXVW�6\VWHPV�6XEJURXS�RI�WKH�7HFKQRORJ\�7DVN�*URXS���5HSRUWµ��6HSWHPEHU
�����������$YDLODEOH�LQ�(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�'����

�����:ULWWHQ�&RPPHQWV�IURP�$PHULFDQ�+RQGD�VXEPLWWHG�LQ�UHVSRQVH�WR�WKH
$GYDQFHG�1RWLFH�RI�3URSRVHG�5XOHPDNLQJ�IRU�6PDOO�1RQURDG�(QJLQHV���$YDLODEOH�LQ
(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�'����
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�����0HHWLQJ�EHWZHHQ�8�6��(3$�DQG�$PHULFDQ�+RQGD��-XQH�������������6XPPDU\�RI
PHHWLQJ�DYDLODEOH�LQ�(3$�$LU�'RFNHW�$��������'RFNHW�,WHP���,,�(����

�����3RZHU�6\VWHPV�5HVHDUFK��(QJLQH�'DWD�DQG�3DUWV�/LQN�GDWD�EDVH��6W��3DXO�
0LQQHVRWD�������
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