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0DUNHW�PL[�LV�WKH�SHUFHQWDJH�RI�HQJLQHV�RI�VSHFLILF�HQJLQH�GHVLJQ�VROG�LQ6

WKH�PDUNHWSODFH��H[����VWURNH�69�DQG���VWURNH�2+9��FRPSDUHG�WR
RWKHUV�LQ�WKH�VDPH�&ODVV.
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Chapter 4:  Technology Market Mix and Cost Estimates

for Small SI Engines and Related Equipment  

7KLV�FKDSWHU�GHWHUPLQHV�WKH�YDULDEOH�FRVWV�DQG�IL[HG�FRVWV�SHU�HQJLQH

IDPLO\�PRGLILHG�LQ�HDFK�FODVV���7KLV�FKDSWHU�DOVR�SUHVHQWV�D�´VFKHGXOHµ�IRU�KRZ

WKHVH�HQJLQH�PRGLILFDWLRQV�DUH�SKDVHG�LQ��H�J�������LQ������IRU�&ODVV�,���

7KHVH�FRVWV�DUH�FRVWV�WR�PDQXIDFWXUH���

7KH�&OHDQ�$LU�$FW�$PHQGPHQWV�RI������VHFWLRQ�����D�����UHTXLUH�WKDW

(3$�PXVW�FRQVLGHU�FRVW�LQ�GHWHUPLQLQJ�ZKHWKHU�SURSRVHG�VWDQGDUGV�DFKLHYH�WKH

JUHDWHVW�GHJUHH�RI�HPLVVLRQ�UHGXFWLRQ���7KLV�&KDSWHU�DQG�$SSHQGL[�&�SUHVHQW

WKH�$JHQF\
V�HVWLPDWLRQ�RI�FRVWV�IRU�H[SHFWHG�WHFKQRORJLHV�LQFOXGLQJ�DVVRFLDWHG

YDULDEOH�FRVWV��KDUGZDUH�DQG�SURGXFWLRQ���IL[HG�FRVWV��SURGXFWLRQ�DQG�UHVHDUFK

DQG�GHYHORSPHQW���UHODWHG�HTXLSPHQW�FRVWV��HQJLQH�IXHO�VDYLQJV�DQG�HQJLQH

FRPSOLDQFH�FRVWV���'HWDLOV�RI�WKH�PHWKRGRORJ\�IRU�GHWHUPLQLQJ�WKH�FRPSOLDQFH

FRVWV�DUH�SUHVHQWHG�LQ�&KDSWHU�������

7R�FDOFXODWH�HVWLPDWHG�FRVWV�LQFXUUHG�E\�HQJLQH�PDQXIDFWXUHUV��PDUNHW

PL[ �SHUFHQWDJH�HVWLPDWHV�IRU�SUH�3KDVH����3KDVH����DQG�3KDVH���HQJLQHV�PXVW�
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ILUVW�EH�DVVHVVHG���7KLV�LV�GRQH�E\�GHWHUPLQLQJ�WKH�3KDVH���HQJLQH�PDUNHW�PL[

IURP�FRQILGHQWLDO�HVWLPDWHV�SURYLGHG�E\�PDQXIDFWXUHUV�DV�SDUW�RI�WKHLU�������RU

������PRGHO�\HDU�FHUWLILFDWLRQ�DSSOLFDWLRQV���$QDO\VLV�RI�WKLV�GDWD�IRUPHG�WKH

DVVXPHG�SURGXFW�PL[�WKDW�ZLOO�EH�LQ�SODFH�DV�D�UHVXOW�RI�WKH�3KDVH��

UXOHPDNLQJ���$�FRPSDULVRQ�ZDV�WKHQ�PDGH�WR�WKH�DVVXPHG�SURGXFW�PL[

�LQFOXGLQJ�WHFKQLFDO�HQKDQFHPHQWV��WKDW�ZRXOG�QHHG�WR�EH�LQ�SODFH�WR�PHHW�WKH

3KDVH���SURSRVHG�UXOHPDNLQJ����$�GHVFULSWLRQ�RI�WKH�PHWKRGRORJLHV�DQG

UHVXOWDQW�PDUNHW�PL[HV�IRU�WKHVH�HVWLPDWHV�DUH�GHVFULEHG�LQ������(QJLQH

7HFKQRORJ\�0DUNHW�0L[�(VWLPDWHV���

0DQ\�RI�WKH�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJLHV�DVVXPHG�IHDVLEOH�IRU�WKLV

UXOH�FRQVLVW�RI�LQWHUQDO�HQJLQH�GHVLJQ�FKDQJHV���$V�D�UHVXOW��PDQ\�WHFKQRORJLHV

UHTXLUH�FKDQJHV�LQ�PDQXIDFWXUHU�SURGXFWLRQ�LQFOXGLQJ�WRROLQJ�DQG�GLH�GHVLJQ��

7KH�IROORZLQJ�GHILQLWLRQV�ZHUH�XWLOL]HG�WR�VHSDUDWH�FRVWV�IRU�HPLVVLRQ�UHGXFWLRQ

WHFKQRORJLHV�LQWR�YDULDEOH�KDUGZDUH��YDULDEOH�SURGXFWLRQ��IL[HG�SURGXFWLRQ�DQG

IL[HG�UHVHDUFK�DQG�GHYHORSPHQW���9DULDEOH�KDUGZDUH�FRVWV�DUH�WKRVH�FRVWV�ZKLFK

DUH�DVVRFLDWHG�ZLWK�SLHFHV�RI�KDUGZDUH�DGGHG�WR�DQ�HQJLQH���([DPSOHV�LQFOXGH

URFNHU�DUPV�DQG�SXVK�URGV�WKDW�DUH�DGGHG�WR�DQ�HQJLQH�WKDW�LV�FRQYHUWHG�IURP

69�WR�2+9���9DULDEOH�SURGXFWLRQ�FRVWV�DUH�WKRVH�FRVWV�ZKLFK�UHODWH�WR�LQSXWV�LQ

SURGXFWLRQ���7KHVH�FRVWV�FRQVLVW�RI�DGGLWLRQDO�SURGXFWLRQ�WDVNV��VXFK�DV

DVVHPEOHUV�IRU�DGGLWLRQDO�FRPSRQHQWV�IRU�DQ�2+9�OLQH�ZKLFK�ZHUH�QRW�LQ�SODFH

IRU�DVVHPEO\�RI�D�VLGH�YDOYH�OLQH����9DULDEOH�KDUGZDUH�DQG�SURGXFWLRQ�FRVWV�DUH

GHWHUPLQHG�E\�HVWLPDWLQJ�YDULDEOH�FRVWV�IRU�HDFK�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJ\

DQG�DSSO\LQJ�WKRVH�FRVWV�WR�WKDW�SRUWLRQ�RI�WKH�3KDVH���SURGXFW�PL[�DVVXPHG�WR

KDYH�UHTXLUHG�WKDW�WHFKQLFDO�FKDQJH���7KH�PHWKRGRORJ\�IRU�HVWLPDWLQJ�YDULDEOH

KDUGZDUH�DQG�SURGXFWLRQ�FRVWV�IRU�DSSO\LQJ�HPLVVLRQ�FRQWURO�WHFKQRORJ\�DUH

SUHVHQWHG�LQ������9DULDEOH�+DUGZDUH�DQG�3URGXFWLRQ�&RVW�(VWLPDWHV�SHU�(QJLQH
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&ODVV���

)L[HG�SURGXFWLRQ�FRVWV�DUH�WKRVH�FRVWV�ZKLFK�DUH�UHODWHG�WR�DGGHG�RU

PRGLILHG�SLHFH�V��RI�PDFKLQHU\�WR�DQ�H[LVWLQJ�HQJLQH�OLQH�GXH�WR�WKLV�SURSRVHG

UXOH��VXFK�DV�WRROLQJ�DQG�GLH�GHVLJQ�FKDQJHV����)L[HG�FRVWV�RI�UHVHDUFK�DQG

GHYHORSPHQW�DUH�WKRVH�FRVWV�DVVRFLDWHG�ZLWK�GHYHORSPHQW�RI�HQJLQH�DQG�HQJLQH

FRPSRQHQW�GHVLJQV�WR�PHHW�HPLVVLRQ�VWDQGDUGV���7KHVH�FRVWV�DUH�LQFXUUHG�SULRU

WR�SURGXFWLRQ�DQG�DPRUWL]HG�IRU�UHFRYHU\�RYHU���\HDUV�DQG�WKHUHIRUH�GR�QRW

DSSO\�RQ�D�SHU�HQJLQH�EDVLV�DV�GR�YDULDEOH�FRVW�HVWLPDWHV���'LVFXVVLRQ�RI�WKH

PHWKRGRORJ\�XWLOL]HG�WR�HVWLPDWH�IL[HG�FRVWV�DUH�SUHVHQWHG�LQ������)L[HG

3URGXFWLRQ�DQG�5HVHDUFK�DQG�'HYHORSPHQW�&RVW�(VWLPDWHV�SHU�(QJLQH�&ODVV��

(QJLQHV�DUH�XWLOL]HG�LQ�HTXLSPHQW�ZKLFK�PD\�UHTXLUH�DOWHUDWLRQV�GXH�WR

FKDQJHV�LQ�WKH�HQJLQHV�UHTXLUHG�WR�PHHW�WKH�3KDVH���SURSRVHG�VWDQGDUGV���$

GLVFXVVLRQ�RI�HTXLSPHQW�LPSDFWV�LV�SUHVHQWHG�LQ�����(TXLSPHQW�&RVW�(VWLPDWHV��

��/DVWO\��6HFWLRQ������GHWDLOV�IXHO�VDYLQJV�DQG�FKDQJHV�LQ�SRZHU�H[SHFWHG�ZLWK

WKH�3KDVH���HQJLQH�WHFKQRORJLHV���&RVW�LPSDFWV�IURP�FKDQJHV�LQ�PDLQWHQDQFH�

HQJLQH�GXUDELOLW\�DQG�OLIH�H[SHFWDQF\�ZHUH�QRW�TXDQWLILHG�RU�LQFOXGHG�LQ�WKLV

FRVW�DQDO\VLV����7KHVH�IDFWRUV�DUH�H[SHFWHG�WR�LPSURYH�WKH�TXDOLW\�RI�3KDVH��

HQJLQHV�LQ�ZD\V�ZKLFK�VKRXOG�GLUHFWO\�EHQHILW�WKH�FRQVXPHU�EXW�LQIRUPDWLRQ

ZDV�LQVXIILFLHQW�WR�TXDQWLI\�WKHVH�EHQHILWV�

4.1. Engine Technology Market Mix Estimates

0DUNHW�PL[�HVWLPDWHV�FRQVLVW�RI�WKH�QXPEHU�RI�HQJLQH�IDPLOLHV�DQG�VDOHV

HVWLPDWHV�RI�HQJLQH�GHVLJQV��L�H���VLGH�YDOYH��RYHUKHDG�YDOYH����VWURNH��HWF���SHU

FODVV��L�H���&ODVVHV�,�9����0DUNHW�PL[HV�DUH�GHWHUPLQHG�IRU�WKH�������RU������

PRGHO�\HDU��WR�FKDUDFWHUL]H�WHFKQRORJ\�XQGHU�WKH�3KDVH���UHJXODWLRQ��DQG�WKH

ILUVW�\HDU�RI�IXOO�LPSOHPHQWDWLRQ�RI�WKH�3KDVH���HPLVVLRQV�UHJXODWLRQ����7KH
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While Class V engines will do not have to be certified until January 1, 1998 for the Phase 1
7

rulemaking, review of the current database shows that a large number of engines are certified.  This
analysis will be updated for the final rule to include all Phase I engine families.  In addition, there are
special cases in which engines do not have to meet the Phase 1 standards.  These include engines
mainly utilized in wintertime equipment, such as snowblowers, that only have to meet the CO
standard.  Two- stroke Class I engines are under a special program to be phased-out over a period of
years and need only meet the handheld standards.

���

IROORZLQJ�GHVFULEHV�WKH�PHWKRGRORJ\�XVHG�WR�HVWLPDWH�PDUNHW�PL[�DQG�HPLVVLRQ

UHGXFWLRQ�WHFKQRORJLHV�IRU�VPDOO�6,�HQJLQHV���7KLV�DQDO\VLV�LQFOXGHV�RQO\�WKRVH

HQJLQH�IDPLOLHV�DQG�SURGXFWLRQ�YROXPHV�FHUWLILHG�WR�(3$·V�3KDVH���VWDQGDUG��

7KLV�GRHV�QRW�LQFOXGH�HQJLQH�IDPLOLHV�DQG�UHODWHG�SURGXFWLRQ�YROXPHV�WKDW�DUH

FHUWLILHG�IRU�&$5%·V�7LHU�,�VWDQGDUG�IRU�WKRVH�DUH�FRYHUHG�E\�&$5%���$

VXPPDU\�RI�UHVXOWV�DUH�LQ�7DEOHV������WR������ZLWK�PDQXIDFWXUHU�VSHFLILF

GHWDLOV�DQG�HPLVVLRQ�GDWD�LQ�$SSHQGL[�%�0DQXIDFWXUHU�DQG�3URGXFW�6XPPDU\��

4.1.1. Phase 1 Market Mix �

7KH�PRVW�DFFXUDWH�DQG�XSWRGDWH�LQIRUPDWLRQ�VRXUFH�RQ�HQJLQH�IDPLOLHV

DQG�PDQXIDFWXUHUV�LQ�WKH�PDUNHWSODFH�WRGD\�LV�WKH�(3$�3KDVH���HQJLQH

FHUWLILFDWLRQ�OLVW���7KH�OLVW��DV�RI�6HSWHPEHU����������ZDV�XWLOL]HG�WR�HVWLPDWH

WKH�QXPEHU�RI�HQJLQH�IDPLOLHV�SHU�HQJLQH�GHVLJQ�DQG�WHFKQRORJ\�IRU�&ODVVHV�,�

9 �DV�VKRZQ�LQ�7DEOH�������7DEOH�%����LQ�$SSHQGL[�%�FRQWDLQV�EUHDNRXW�SHU�

PDQXIDFWXUHU������7DEOH������VXPPDUL]HV�WKH�VDOHV�LQ�HDFK�HQJLQH�FODVV�SHU

HQJLQH�GHVLJQ�
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7DEOH�����
3KDVH���7HFKQRORJ\�0L[�

(QJLQH�)DPLOLHV�SHU�7HFKQRORJ\�7\SH

&/$66 69 2+ 69�Z� 2+9 7%,�RQ �� �� 727$/
9 FDW Z��FDW
 2+9 VWURNH VWURNH

Z�FDW

, �� �� �� �� �� � �� ��

,,


 �� �� � � � �� �� ���

,,, �� �� �� �� �� � �� �

,9 �� � �� �� �� ��� � ���

9 �� �� �� �� �� �� �� ��

727$/ �� ��� � � � ��� � ���
* These engines include propane engines that are installed in equipment used indoors and must work to allow
facilities to meet OSHA time measured safety levels for CO.

*** There is one OHV engine with EGR used on a utility vehicle�



                                             Chapter 4: Technology Market Mix and Cost Estimates

(3$�KDG�DQDO\]HG�D�QXPEHU�RI�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJLHV���ERWK8

SURYHQ�DQG�SUH�SURWRW\SH��VHH�5HJXODWRU\�1HJRWLDWLRQ�([KDXVW�DQG�)XHO

���

7DEOH�����
$VVXPHG�3KDVH���6DOHV�SHU�&ODVV�DQG�7HFKQRORJ\�7\SH

3KDVH���'DWDEDVH�DV�RI�6HSWHPEHU��������

&/$66 69 2+9 69�Z� 2+9 7%,�RQ �� �� 727$/
FDW Z�FDW 2+9 VWURNH VWURNH

Z�FDW

, �� �� �� ��7,291,4 914,980 conf** 8,206,44

69 9+ conf

,, 1,651,9 1,307,6 conf 3,125 conf -- -- 2,964,88

66 05 4

,,, -- -- -- -- -- 715,406 -- 715,406

,9 -- conf -- -- -- 7,986,6 conf 8,179,06

41 7

9 -- -- -- -- -- 190150* -- 190,150

727$/ 8,945,1 2,222,5 conf 3,125 conf 8,872,1 conf

23 85+ 97

* This number does not include the number of engines that are used in snowblowers that do not have to meet
the HC+NOx standards.  Also, it is expected that there will be additional engines certified to the Phase I standard
by January 1, 1998 and thereby this number will increase.  It is expected that the percentage needing
improvement will remain about the same.
** Some of the blocks state “conf” this is done to honor the confidentiality if only one or two companies

contribute to the total number of engine families in that block�

4.1.2.  Phase 2 Market Mix

7R�GHWHUPLQH�WKH�3KDVH���PDUNHW�PL[��LQIRUPDWLRQ�ZDV�FROOHFWHG�RQ

SRWHQWLDO�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJLHV�DQG�WKHQ�WKH�OLNHO\�SHUFHQWDJH�XVDJHV

RI�VXFK�WHFKQRORJLHV��DV�UHTXLUHG�E\�WKH�3KDVH���HQJLQHV��ZHUH�HVWLPDWHG���

4.1.2.1.  Potential Emission Reduction Technologies ����

3RWHQWLDO�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJLHV�ZHUH�EDVHG�RQ�LQIRUPDWLRQ�SURYLGHG

LQ�D�ZRUN�DVVLJQPHQW�ZLWK�6Z5,� �5HI���� ���6Z5,�FRPSDUHG�WKH�FKDUDFWHULVWLFV� ��
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6\VWHPV�7HFKQRORJ\�6XEJURXS�5HSRUWV� ���&RVW��GXUDELOLW\�DQG������

SURGXFWLRQ�UHDG\�FRQGLWLRQ�ZHUH�PDMRU�IDFWRUV�LQ�GHWHUPLQLQJ�IHDVLEOH
HPLVVLRQ�UHGXFWLRQ�WHFKQRORJLHV�IRU�WKHVH�HQJLQHV�

���

RI�HQJLQHV�WKDW�ZHUH�EHORZ�WKH�3KDVH���VWDQGDUGV�WR�WKRVH�HQJLQHV�WKDW�ZHUH

DERYH�WKH�3KDVH���VWDQGDUGV�DQG�SURYLGHG�D�OLVW�RI�FKDUDFWHULVWLFV�WHFKQRORJLHV

RI�ORZ�HPLWWLQJ�HQJLQHV���(3$�VXSSOHPHQWHG�WKLV�DQDO\VLV�ZLWK�VRPH�DGGLWLRQDO

3KDVH���WHFKQRORJLHV�DQG�FRPSLOHG�D�FRPSRVLWH�OLVW��VHH�7DEOH�������

7DEOH�����
3RWHQWLDO�(PLVVLRQ�5HGXFWLRQ�7HFKQRORJLHV

ENGINE POTENTIAL TECHNOLOGIES
TECHNOLOGY

4 stroke -OHV technology
-Improved induction systems and combustion chamber design 
-Carburetor enleanment and improved engine cooling
-Improved tolerances for carburetor with more precise air/fuel control and
reduced part to part variability
-Optimized ignition timing
-Flex head valves, improved cylinder structural integrity, modified valve
placement
-Intake valve stem seals
-Design improvements that reduce cylinder distortion
-Reduced manufacturing tolerances
-Use of piston oil control ring 
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��VWURNH �/HDQHU�FDOLEUDWLRQ�DQG�LPSURYHG�HQJLQH�FRROLQJ
�,PSURYHG�FDUEXUHWRU�ZLWK�PRUH�SUHFLVH�LQWDNH�PL[WXUH�FRQWURO
�,PSURYHG�FRPEXVWLRQ�FKDPEHU�GHVLJQ�WR�SURPRWH�PRUH�FRPSOHWH
FRPEXVWLRQ��PRUH�VSKHULFDO�DQG�VTXLVK�DUHD�
�,PSURYHG�WUDQVIHU�SRUW�GHVLJQ�WR�UHGXFH�VFDYHQJLQJ�ORVVHV�
�+LJKHU�PDQXIDFWXULQJ�TXDOLW\�ZLWK�UHGXFHG�DVVHPEO\�WROHUDQFHV�DQG
FRPSRQHQW�YDULDWLRQ
�2SWLPL]DWLRQ�IRU�D�VLQJOH�HQJLQH�RSHUDWLQJ�SRLQW�
�&DWDO\VWV�LQ�VHOHFW�SURGXFWV��DORQJ�ZLWK�RWKHU�HQJLQH�DQG�FDUEXUHWRU
PRGLILFDWLRQV
�6WUDWLILHG�VFDYHQJLQJ
���6WURNH�HQJLQH�GHVLJQ

6285&(��6Z5,�UHSRUW�DQG�RWKHU�NQRZQ�WHFKQRORJLHV

7KLV�FRVW�DQDO\VLV�XVHV�D�SRUWLRQ�RI�WKHVH�WHFKQRORJLHV�SHU�HQJLQH�GHVLJQ

�H[��69��2+9��SHU�HQJLQH�FODVV���7KLV�LV�EDVHG�RQ�D�FRPSDULVRQ�RI�GHWHULRUDWHG

HPLVVLRQ�GDWD��EDVHG�RQ�WKH�(3$�3KDVH���FHUWLILFDWLRQ�GDWDEDVH�DQG

GHWHULRUDWLRQ�IDFWRUV�SUHVHQWHG�LQ�&KDSWHU����WR�WKH�SURSRVHG�3KDVH��

VWDQGDUGV���VHH�7DEOH��������7KH�IROORZLQJ�GHVFULEHV�WKH�UDWLRQDO�EHKLQG�WKH

HVWLPDWLRQ�RI�XVH�RI�WKHVH�WHFKQRORJLHV�E\�HQJLQH�&ODVV�DQG�HQJLQH�WHFKQRORJ\���

,W�VKRXOG�EH�QRWHG�WKDW�ZKLOH�WKHVH�HQJLQH�WHFKQRORJLHV�DUH�IRFXVHG�RQ�UHGXFLQJ

+&�12[�HPLVVLRQV��LW�LV�H[SHFWHG�WKDW�&2�HPLVVLRQV�ZLOO�GHFUHDVH�GXH�WR

IXUWKHU�HQOHDQPHQW�RI�WKH�HQJLQHV�GXH�WR�LQWHUQDO�HQJLQH�LPSURYHPHQWV�PDGH

WR�GHFUHDVH�+&�12[�

4.1.2.1.1.  Class I  ���7KH�PDMRULW\�RI�HQJLQHV�LQ�&ODVV�,�DUH�SURGXFHG

IRU�WKH�ORZ�FRVW�FRQVXPHU�PDUNHW�DQG�DUH�RI�VLGH�YDOYH�GHVLJQ������69����

0DQ\�LQWHUQDO�HQJLQH�GHVLJQ�LPSURYHPHQWV��VXFK�DV�PDWHULDO�VHOHFWLRQ�

HQOHDQPHQW��DQG�YDOYH�SODFHPHQW��KDYH�EHHQ�PDGH�RQ�D�ODUJH�SRUWLRQ�RI�WKHVH
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HQJLQHV�LQ�RUGHU�WR�PHHW�WKH�3KDVH���QHZ�HQJLQH�HPLVVLRQ�UHJXODWLRQV���7R�PHHW

WKH�VWDQGDUGV�LQ�WKLV�SURSRVHG�3KDVH���UHJXODWLRQ���(3$�HVWLPDWHV�WKDW�&ODVV�,

69�HQJLQHV�ZLOO�XVH�WHFKQRORJLHV�WR�UHGXFH�QHZ�HQJLQH�RXW�HPLVVLRQV�DQG

LQFUHDVH�HPLVVLRQV�GXUDELOLW\���,PSURYHPHQWV�WR�WKH�FDUEXUHWRU��FRPEXVWLRQ

FKDPEHU�DQG�LQWDNH�ZLOO�UHGXFH�QHZ�HQJLQH�HPLVVLRQV�ZKLOH�RLO�FRQWURO�ULQJV

DQG�YDOYH�VWHP�VHDOV�ZLOO�LPSURYH�HPLVVLRQV�GXUDELOLW\�E\�ORZHULQJ�FRPEXVWLRQ

FKDPEHU�GHSRVLWV�IURP�WKH�VHHSDJH�RI�RLO���

(3$�HVWLPDWHV�WKDW�&ODVV�,�2+9�HQJLQHV�ZLOO�UHTXLUH�QR�LPSURYHPHQWV

GXH�WR�WKH�IDFW�WKDW�3KDVH���FHUWLILFDWLRQ�GDWD�VKRZV�WKDW�GHWHULRUDWHG�&ODVV�,

2+9�HQJLQHV�DUH�DOUHDG\�EHORZ�WKH�3KDVH���VWDQGDUG���,QGXVWU\�PD\�FKRRVH�WR

LPSURYH�&ODVV�,�2+9�HQJLQHV�WR�REWDLQ�PRUH�FUHGLWV�WR�RIIVHW�69�HQJLQHV�WKDW

DUH�DERYH�WKH�3KDVH���VWDQGDUG��KRZHYHU��WKLV�LV�QRW�UHTXLUHG�

4.1.2.1.2.  Class II  ����&ODVV�,,�HQJLQHV�DUH�QHDUO\�HTXDO�LQ�QXPEHU�RI

HQJLQH�SRSXODWLRQ�RI�IRXU�VWURNH�VLGH�YDOYH�DQG�RYHUKHDG�YDOYH�GHVLJQV���7KH

HPLVVLRQ�OHYHO�DQG�XVHIXO�OLIH�UHTXLUHPHQWV�IRU�&ODVV�,,�HQJLQHV�WR�PHHW�WKH�LQ�

XVH�HPLVVLRQ�VWDQGDUGV�RI�WKLV�UXOH�DUH�PRUH�ULJRURXV�WKDQ�IRU�&ODVV�,�HQJLQHV��

,W�LV�H[SHFWHG�WKDW�D�QXPEHU�RI�&ODVV�,,�69�HQJLQHV�ZLOO�FRQYHUW�WR�D�FOHDQ

GXUDEOH�2+9�HPLVVLRQ�SHUIRUPDQFH�WHFKQRORJ\���:KLOH�WKH�PDMRULW\�RI�69

HQJLQH�IDPLOLHV�DUH�H[SHFWHG�WR�FRQYHUW�WR�2+9��LW�LV�DFNQRZOHGJHG�WKDW�WKHUH

DUH�GXUDEOH�VLGH�YDOYH�HQJLQHV�LQ�WKLV�FODVV��SDUWLFXODUO\�WKRVH�JHDUHG�WRZDUGV

FRPPHUFLDO�DSSOLFDWLRQV����

&XUUHQW�2+9�HQJLQHV�ZLOO�EH�LPSURYHG�E\�ORZHULQJ�QHZ�HQJLQH�OHYHOV

DQG�LPSURYHG�HPLVVLRQ�GXUDELOLW\�����,PSURYHPHQWV�LQ�FRPEXVWLRQ�FKDPEHU

GHVLJQ�DQG�LQWDNH�V\VWHP�ZLOO�DOORZ�WKH�HQJLQHV�WR�UXQ�PRUH�HIILFLHQWO\�DQG

WKHUHE\�ORZHU�QHZ�HQJLQH�HPLVVLRQV����,PSURYHPHQWV�LQ�HPLVVLRQ�GXUDELOLW\�ZLOO

EH�DFKLHYHG�E\�UHILQHPHQW�RI�SLVWRQ�SURILOH�DQG�LPSURYHG�SLVWRQ�ULQJ
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����

VSHFLILFDWLRQV�WR�UHGXFH�RLO�VHHSDJH�LQWR�WKH�FRPEXVWLRQ�FKDPEHU�

������������+DQGKHOG�����7KH�+&�12[�LQ�XVH�HPLVVLRQ

VWDQGDUGV�IRU�3KDVH���DUH�����EHORZ�WKH�QHZ�HQJLQH�VWDQGDUGV�IRU�3KDVH�����

7R�FRPSO\�ZLWK�WKH�HPLVVLRQ�VWDQGDUGV��PDQXIDFWXUHUV�ZLOO�KDYH�WR�LQFRUSRUDWH

D�QXPEHU�RI�HQJLQH�FKDQJHV�

,PSURYHG�VFDYHQJLQJ�LQFOXGHV�EHWWHU�GHVLJQHG�FRPEXVWLRQ�FKDPEHUV�DQG

WUDQVIHU�SRUWV���7KH�FKDPEHUV�DUH�JHQHUDOO\�PRUH�VSKHULFDO�LQ�VKDSH�DQG�HPSOR\

D�VTXLVK�DUHD���7KH�LPSURYHG�FRPEXVWLRQ�FKDPEHU�GHVLJQ�ZLOO�DOVR�SURPRWH

PRUH�FRPSOHWH�FRPEXVWLRQ���7KH�VL]H�DQG�DQJOH�RI�WKH�WUDQVIHU�SRUWV�PD\�EH

RSWLPL]HG�WR�GLUHFW�LQWDNH�FKDUJH�IORZ�VR�DV�WR�UHGXFH�VFDYHQJLQJ�ORVVHV��(3$

DOVR�DVVXPHV�WKDW�OHDQHU�FDOLEUDWLRQV�ZLOO�EH�XVHG�WR�UHGXFH�+&�HPLVVLRQV�ZLWK

UHTXLVLWH�LPSURYHG�HQJLQH�FRROLQJ����7KLV�LV�EDVHG�RQ�FRQVLGHUDWLRQV�WKDW�DV

HQJLQHV�DUH�HQOHDQHG�WKHUH�LV�OHVV�IXHO�DYDLODEOH�WR�FRRO�WKH�HQJLQH�DQG�WKHUHIRUH

DGGLWLRQDO�FRROLQJ�PXVW�EH�IRXQG�LQ�RUGHU�WR�DVVXUH�FRUUHFW�HQJLQH�RSHUDWLRQ���

$GGLWLRQDO�FRROLQJ�ZLOO�EH�DFKLHYHG�WKURXJK�UHGHVLJQLQJ�RI�H[LVWLQJ�PDWHULDO�LQ

WKH�HQJLQH�WR�SURYLGH�LQFUHDVHG�VXUIDFH�DUHD�LQ�HQJLQH�KHDG�DQG�EORFN�DQG

HQJLQH�IDQ���&KDQJHV�DUH�DOVR�H[SHFWHG�LQ�WKH�FXUUHQW�FDUEXUHWLRQ�GHVLJQ�WR

DFKLHYH�WKH�OHDQHU�FDOLEUDWLRQV����0DQXIDFWXULQJ�WROHUDQFH�LPSURYHPHQWV�DUH

DOVR�H[SHFWHG�WR�ORZHU�HPLVVLRQV�DV�LPSURYHPHQWV�PD\�LQFOXGH�WLJKWHU�ILWV�ZLWK

WKH�SLVWRQ�ULQJV�DQG�F\OLQGHU�ERUH��RU�UHGXFHG�YDULDELOLW\�LQ�WKH�SRVLWLRQLQJ�RI

WKH�WUDQVIHU�SRUW�RSHQLQJV�DV�UHODWHG�WR�SLVWRQ�WUDYHO�

2WKHU�HQJLQH�WHFKQRORJLHV�FXUUHQWO\�XVHG�LQ�&ODVV�,9�LQFOXGH�FDWDO\VW

DQG�IRXU�VWURNH�2+9�GHVLJQ���2QH�KDQGKHOG�HQJLQH�HTXLSPHQW�PDQXIDFWXUHU

KDV�LQWURGXFHG�VHYHUDO�HQJLQH�IDPLOLHV�ZLWK�XQLTXH�FDWDO\VW�WHFKQRORJ\���

6HYHUDO�RWKHU�HQJLQH�HTXLSPHQW�PDQXIDFWXUHUV�KDYH�FHUWLILHG�KDQGKHOG�IRXU

VWURNH�HQJLQHV���&DOFXODWLRQ�RI�DVVXPHG�LQ�XVH�OHYHOV�IURP�WKHVH�WHFKQRORJLHV
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7KH�GDWDEDVH�FRQWDLQV�VHYHUDO�HQWUHHV�SHU�HQJLQH�IDPLO\�DV9

PDQXIDFWXUHUV�VKRZ�WKDW�WKH�HQJLQH�IDPLO\�PHHWV�WKH�HPLVVLRQ�VWDQGDUG
DPRQJ�LWV�DGMXVWDEOH�SDUDPHWHUV��SDUWLFXODUO\�WKH�FDUEXUHWRU�����)RU�VXFK
HQJLQH�IDPLOLHV��WKH�PD[LPXP�HPLVVLRQ�UDWH�IRU�+&�12[�ZDV�XWLOL]HG
LQ�VHWWLQJ�WKH�SRLQW�DW�ZKLFK�WKH�HQJLQH�IDPLO\�HPLWWHG�IRU�3KDVH���

����

������DQG�����IRU�FDWDO\VW�DQG�IRXU�VWURNH��UHVSHFWLYHO\��VKRZV�WKDW�WKH�3KDVH��

VWDQGDUGV�GR�QRW�UHTXLUH�WKH�XVH�RI�WKHVH�WHFKQRORJLHV�IRU�HPLVVLRQ�FRQWURO��QRU

ZLOO�WKH�SURSRVHG�3KDVH���VWDQGDUGV�

Table 4-04
ASSUMED TECHNOLOGY IMPROVEMENTS FOR THIS ANALYSIS

CLASS ENGINE ASSUMED TECHNOLOGIES
DESIGN

I 4 stroke - SV Carburetor Improvements
Combustion Chamber Improvements and Intake System
Improved Oil Consumption (piston/valve guides)

4 stroke - OHV None necessary

2 stroke None necessary 
(engines being phased out through Phase 1 process)

II 4 stroke - SV Conversion to Clean OHV 

4 stroke - OHV Piston and Piston Ring Improvements
Improved Combustion and Intake System

III-V 2-stroke Carburetor Improvements
Improved Scavenging and Combustion Chamber Design
Manufacturing Tolerance Improvements

����������(QJLQH�)DPLOLHV�6HOHFWHG�IRU�(PLVVLRQ�,PSURYHPHQW�����7KH

3KDVH���FHUWLILFDWLRQ�GDWDEDVH�ZDV�XWLOL]HG�LQ�WKH�DQDO\VLV�WR�GHWHUPLQH�WKH

QXPEHU�RI�HQJLQH�IDPLOLHV�DQG�FRUUHVSRQGLQJ�SURGXFWLRQ�YROXPH�WKDW�ZRXOG

QHHG�WR�LQFRUSRUDWH�HPLVVLRQ�RU�HPLVVLRQ�GXUDELOLW\�LPSURYHPHQWV ����'LIIHUHQW�
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6$(��������SUHVHQWV�WHVW�UHVXOWV�RQ�D�&ODVV�,,�SURSDQH�HQJLQH�ZLWK10

DLU�IXHO�UDWLR�FRQWURO�DQG���ZD\�FDWDO\VW���5HVXOWV�VKRZ�����GHWHULRUDWLRQ
RI�+&�12[�DW�����KRXUV�DQG�����GHWHULRUDWLRQ�RI�+&�12[�DW����
KRXUV��,W�LV�DVVXPHG�WKDW�DOO�SURSDQH�HQJLQHV�FHUWLILHG�WR�3KDVH���WKDW
KDYH�H[WUHPHO\�ORZ�&2�HPLVVLRQV�ZLOO�XWLOL]H�VXFK�D�V\VWHP�IRU�WKH\�DUH
PDUNHWHG�IRU�LQGRRU�XVH�

����

FHUWLILFDWLRQ�SURJUDPV�DUH�EHLQJ�SURSRVHG�IRU�KDQGKHOG�DQG�QRQKDQGKHOG

HQJLQH�IDPLOLHV�DQG�WKHUHIRUH�WKLV�DQDO\VLV�ORRNV�DW�HDFK�JURXS�VHSDUDWHO\��VHH

6HFWLRQV������������DQG��������������5HIHU�WR�7DEOHV�%����WKURXJK�%����LQ

$SSHQGL[�%�IRU�VSHFLILF�HPLVVLRQ�GDWD�SHU�HQJLQH�PDQXIDFWXUHU�SHU�HQJLQH

IDPLO\���1RWH�DOVR�WKDW�WKH�DQDO\VLV�IRU�WKLV�GRFXPHQW�DVVXPHV�WKDW�DOO�HQJLQHV

WKDW�DUH�DVVXPHG�WR�UHTXLUH�HPLVVLRQ�UHGXFWLRQ�WHFKQRORJ\��SHU�FODVV�DQG�HQJLQH

GHVLJQ��ZLOO�XWLOL]H�WKH�VDPH�VHW�RI�WHFKQRORJLHV��VHH�7DEOHV������DQG��������

������������1RQKDQGKHOG��� 7KH�VWDQGDUGV�IRU�QRQKDQGKHOG

&ODVV�,�DQG�&ODVV�,,�HQJLQHV�DUH�IXOO\�LPSOHPHQWHG�LQ��������7KH�HPLVVLRQ

VWDQGDUGV�DUH�IXOO\�LPSOHPHQWHG�LQ�WKH�\HDU������IRU�&ODVV�,�HQJLQHV��KRZHYHU

DUH�SKDVHG�LQ�IRU�&ODVV�,,�HQJLQHV�WKURXJK��������7KH�IROORZLQJ�SDUDJUDSKV

GHVFULEH�WKH�PHWKRGRORJ\�XVHG�WR�DQDO\]H�WKH�GDWD�IRU�HQJLQHV�LQ�&ODVVHV�,�DQG

,,�

7KH�3KDVH���VWDQGDUG�LV�DQ�LQ�XVH�VWDQGDUG��DQG�WKHUHIRUH�WKH�3KDVH��

QHZ�HQJLQH�FHUWLILFDWLRQ�GDWD�PXVW�EH�DGMXVWHG�WR�DFFRXQW�IRU�DJLQJ���)RU�&ODVV�,

HQJLQHV��GHWHULRUDWLRQ�IDFWRUV�RI�����IRU�RYHUKHDG�YDOYH�HQJLQHV������IRU�VLGH

YDOYH�HQJLQHV�DQG�����IRU�SURSDQH�HQJLQHV�ZLWK�D�FDWDO\VW �ZHUH�XVHG��VHH��

&KDSWHU���IRU�WKH�EDVLV�RI�WKHVH�YDOXHV����7KH�$YHUDJLQJ��%DQNLQJ��DQG�7UDGLQJ

�$%7��HTXDWLRQ�ZDV�WKHQ�DSSOLHG�WR�HDFK�HQJLQH�PDQXIDFWXUHU·V�VHW�RI�HQJLQH
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7KLV�$%7�SURJUDP�DOORZV�HQJLQH�PDQXIDFWXUHUV�VRPH�IOH[LELOLW\�DV�WKH\11

RSWLPL]H�WKHLU�FKRLFH�RI�HQJLQH�IDPLOLHV�WR�PHHW�RU�H[FHHG�WKH�3KDVH��
VWDQGDUG����,W�LV�DYDLODEOH�RQO\�WR�QRQKDQGKHOG�HQJLQH�IDPLOLHV�

,W�LV�DVVXPHG�WKDW�HQJLQH�PDQXIDFWXUHUV�ZLOO�DOORZ�VRPH�URRP�IRU12

IOH[LELOLW\�VXFK�WKDW�FKDQJHV�LQ�HPLVVLRQ�UHVXOWV��SURGXFWLRQ�YDULDELOLW\
DQG�DFWXDO�VDOHV��HWF��ZLOO�QRW�UHVXOW�LQ�D�QRQFRPSOLDQFH.

7KLV�LV�D�FRQVHUYDWLYH�DVVXPSWLRQ�VLQFH�DSSOLFDWLRQ�RI�WKHVH�WHFKQRORJLHV13

ZRXOG�EH�H[SHFWHG�WR�UHVXOW�LQ�HPLVVLRQ�OHYHOV�VRPHZKDW�EHORZ�����
J�N:K�WKXV�TXHVWLRQLQJ�JUHDWHU�HPLVVLRQ�EHQHILW�WKDQ�DVVXPHG�E\�WKLV
FDOFXODWLRQ�

����

IDPLOLHV ����7KH�$%7�FDOFXODWLRQ�LV���6WDQGDUG�)(/�
3RZHU�0D[LPXP��

0RGDO�
8VHIXO�/LIH
/RDG�)DFWRU�
6DOHV���7KH�VWDQGDUG�XVHG�LQ�WKH�FDOFXODWLRQ

ZDV�WKH�3KDVH���VWDQGDUG�PLQXV�D�����FRPSOLDQFH�PDUJLQ�WR�DFFRXQW�IRU

SURGXFWLRQ�YDULDELOLW\�������J�N:K� ����,I�D�PDQXIDFWXUHU·V�UHVXOWDQW�$%7��

FDOFXODWLRQ�ZDV�SRVLWLYH��LH��QHHGHG�FUHGLWV���WKHQ�LW�ZDV�DVVXPHG�WKDW�WKH

PDQXIDFWXUHU�ZRXOG�IRFXV�RQ�LPSURYLQJ�WKH�HQJLQH�IDPLOLHV�WKDW�SURGXFHG�WKH

JUHDWHVW�QHHG�IRU�FUHGLWV�VXFK�WKDW�LW�ZRXOG�UHFHLYH�WKH�ODUJHVW�EHQHILW�IRU�WKH

LPSURYHPHQWV�WR�WKH�HQJLQH�IDPLO\���,Q�PDNLQJ�WKLV�GHWHUPLQDWLRQ��IDPLOLHV

ZHUH�UDQNHG�DFFRUGLQJ�WR�WKH�FRPELQDWLRQ�RI�HPLVVLRQ�OHYHO�DQG�VDOHV�YROXPH

VXFK�WKDW�WKH�KLJKHVW�UDQNHG�IDPLO\�ZRXOG�SURYLGH�WKH�JUHDWHVW�DVVXPHG

HPLVVLRQ�EHQHILW�ZKHQ�PRGLILHG�WR�FRPSO\�ZLWK�WKH�HPLVVLRQ�VWDQGDUG���7KH

FKRVHQ�HQJLQH�IDPLO\�ZDV�DVVXPHG�WR�MXVW�PHHW�WKH�VWDQGDUG��PLQXV�FRPSOLDQFH

PDUJLQ��RI������J�N:K�DQG�WKH�PDQXIDFWXUHU·V�VDOHV�ZHLJKWHG�HPLVVLRQ�DYHUDJH

ZDV�UHFDOFXODWHG ���7KLV�ZDV�GRQH�IRU�DV�PDQ\�HQJLQH�IDPLOLHV�DV�QHFHVVDU\��

XQWLO�WKH�HQJLQH�PDQXIDFWXUHU·V�$%7�FDOFXODWLRQ�ZDV�EHORZ�]HUR���7KH�H[SHFWHG

WHFKQRORJLHV�IRU�WKHVH�HQJLQHV�LQFOXGH�LQWHUQDO�LPSURYHPHQWV�WR�H[LVWLQJ�HQJLQH

IDPLOLHV�DQG�WKHUHIRUH�WKH�3KDVH����PDUNHW�PL[�IRU�&ODVV�,�LV�DVVXPHG�WR�EH�WKH
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$�VSHFLDO�SURYLVLRQ�IRU�VPDOO�HQJLQH�IDPLOLHV�RI�69�GHVLJQ�H[LVWV�IRU�WKLV14

UXOHPDNLQJ���7KH�SURYLVLRQ�LV�WKDW�&ODVV�,,�HQJLQH�IDPLOLHV�XQGHU�����
HQJLQHV�DUH�DOORZHG�WR�PHHW�D�KLJKHU�VWDQGDUG�RI����J�N:K���7KLV
DQDO\VLV�IRXQG�WZR�VPDOO�69�HQJLQH�IDPLOLHV�

����

VDPH�DV�3KDVH�����

7KH�VWDQGDUG�IRU�QRQKDQGKHOG�&ODVV�,,�HQJLQHV�LV�DOVR�D�VDOHV�ZHLJKWHG

DYHUDJH�VWDQGDUG��KRZHYHU�WKH�VWDQGDUG�LV�VHTXHQWLDOO\�WLJKWHQHG�RYHU�D�SKDVH�

LQ�SHULRG�IURP�������������7KH�DQDO\VLV�ZDV�SHUIRUPHG�LQ�WKH�VDPH�PDQQHU�DV

IRU�&ODVV�,�HQJLQHV�IRU�HDFK�LPSOHPHQWDWLRQ�\HDU��KRZHYHU�WKH�GHWHULRUDWLRQ

IDFWRU�DSSOLHG�WR�69�HQJLQHV�LQ�WKLV�FODVV�ZDV�������2+9·V�UHPDLQHG�DW������VHH

&KDSWHU���IRU�WKH�EDVLV�RI�WKHVH�YDOXHV��DQG�����IRU�SURSDQH�HQJLQHV�ZLWK�D

FDWDO\VW���7KH�PDUNHW�PL[�IRU�WKHVH�HQJLQHV�LV�H[SHFWHG�WR�FKDQJH�DV�69�HQJLQH

IDPLOLHV�DUH�FRQYHUWHG�WR�2+9�HQJLQH�IDPLOLHV�GXULQJ�WKH�SKDVH�LQ���7KLV

DQDO\VLV�DVVXPHV�WKDW�DOO�69�HQJLQH�IDPLOLHV�WKDW�DUH�FRQYHUWHG�WR�2+9�GR

UHVXOW�LQ�D�QHZ�HQJLQH�IDPLO\�DQG�WKDW�H[LVWLQJ�2+9�SURGXFWLRQ�GRHV�QRW�IXOILOO

WKH�QHHG�RI�WKH�GLVFRQWLQXHG�69�HQJLQH�IDPLOLHV���&ODVV�,,�HQJLQHV�DOVR�LQFOXGH

69�DQG�2+9�HQJLQHV�WKDW�XWLOL]H�FDWDO\VWV��2+9�HQJLQHV�WKDW�XVH�7KURWWOH

%RG\�,QMHFWLRQ�DQG�(*5���%DVHG�RQ�UHYLHZ�RI�WKH�3KDVH���FHUWLILFDWLRQ�GDWDEDVH

RI�HPLVVLRQ�GDWD��LW�LV�DVVXPHG�WKDW�RQO\�RQH�RI�WKH�2+9�HQJLQHV�ZLWK�D

FDWDO\VW�ZLOO�QHHG�VOLJKW�HPLVVLRQ�LPSURYHPHQW���,W�LV�DVVXPHG�WKDW�WKH�VDPH

HQJLQH�LPSURYHPHQWV�DV�IRU�LPSURYHG�2+9�HQJLQHV�ZLOO�EH�XWLOL]HG�

7DEOH������FRQWDLQV�WKH�UHVXOWDQW�DVVXPHG�SKDVH�LQ�RI�HQJLQH�IDPLOLHV

SHU�FODVV�SHU�SKDVH�LQ�\HDU��LI�DSSOLFDEOH��DQG�WKH�FRUUHVSRQGLQJ�WHFKQRORJ\

FKDQJH ���7DEOH������FRQWDLQV�WKH�UHVXOWDQW�QXPEHU�RI�HQJLQHV�WKDW�FRUUHVSRQG��

WR�WKRVH�HQJLQH�IDPLOLHV�EHLQJ�LPSURYHG���7KH�SXUSRVH�RI�WKLV�WDEOH�LV�WR�VKRZ

WKDW��IRU�H[DPSOH��ZKLOH�RQO\���HQJLQH�IDPLOLHV�DUH�EHLQJ�LPSURYHG�LQ�&ODVV�,�
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%DVHG�RQ�GDWD�LQ�6$(��������WKDW�WHVWHG�D�FDWDO\VW�RQ�D���VWURNH�HQJLQH��15

&DWDO\VW�GHWHULRUDWLRQ�UHVXOWV�ZHUH�EDVHG�RQ�H[KDXVW�LQ�DQG�RXW�RI�WKH
FDWDO\VW���WKHUHIRUH�DVVXPHG�DSSOLFDEOH�WR���VWURNH�HQJLQH�

����

WKH\�DFFRXQW�IRU�����RI�WKH�HQJLQH�SURGXFWLRQ�LQ�WKLV�FODVV���7DEOH������VKRZV

WKH�UHVXOWDQW�DVVXPHG�3KDVH���PDUNHW�PL[�IRU�&ODVV�,,�HQJLQHV�

������������+DQGKHOG����7KH�VWDQGDUGV�IRU�KDQGKHOG�HQJLQHV�DUH

SKDVHG�LQ�RYHU�IRXU�\HDUV�������������ZLWK�HDFK�\HDU�UHTXLULQJ�WKDW�PRUH�RI

WKH�DQQXDO�SURGXFWLRQ�PHHW�WKH�3KDVH���VWDQGDUGV����7KH�3KDVH���FHUWLILFDWLRQ

QHZ�HQJLQH�HPLVVLRQ�GDWD�ZDV�DGMXVWHG�E\�D�GHWHULRUDWLRQ�IDFWRU�������IRU���

VWURNH�HQJLQHV��VHH�&KDSWHU���������IRU���VWURNH�HQJLQHV��VHH�&KDSWHU����DQG

����IRU���VWURNH�HQJLQHV�ZLWK�D�FDWDO\VW �WR�GHWHUPLQH�WKH�LQ�XVH�HPLVVLRQ�UDWHV����

7KH�HPLVVLRQ�UDWHV�IRU�HDFK�HQJLQH�IDPLO\�LQ�HDFK�FODVV�ZHUH�WKHQ�FRPSDUHG�WR

WKH�FRUUHVSRQGLQJ�HPLVVLRQ�VWDQGDUG��PLQXV�D�����FRPSOLDQFH�PDUJLQ�WR

DFFRXQW�IRU�SURGXFWLRQ�YDULDELOLW\����7KLV�DQDO\VLV�DVVXPHV�WKDW�WKH

PDQXIDFWXUHUV�ZLOO�FKRRVH�WKH�KLJKHVW�YROXPH�HQJLQH�IDPLOLHV�WR�PHHW�WKH

3KDVH���VWDQGDUGV�LQ�WKH�HDUO\�\HDUV��WKHUHE\�OHDYLQJ�DGGLWLRQDO�WLPH�IRU�WKH

PDQ\�ORZHU�YROXPH�HQJLQH�IDPLOLHV����7DEOH������VKRZV�WKH�DVVXPHG�HQJLQH

IDPLO\�SKDVH�LQ�IRU�WKH�\HDUV�������������7DEOH������VKRZV�WKH�UHVXOWDQW

HQJLQH�SURGXFWLRQ�WKDW�DUH�UHSUHVHQWHG�E\�WKH�QXPEHU�RI�HQJLQH�IDPLOLHV�LQ

7DEOH��������+DQGKHOG�HQJLQH�IDPLOLHV�DUH�DVVXPHG�WR�PHHW�WKH�VWDQGDUGV�ZLWK

LPSURYHPHQWV�LQ���VWURNH�GHVLJQ�DQG�WKHUHIRUH��WKH�PDUNHW�PL[�IRU�3KDVH���LV

DVVXPHG�WR�UHPDLQ�WKH�VDPH�DV�LQ�3KDVH���
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����

7DEOH�����
$6680('�3+$6(�,1�6&+('8/(�2)�(1*,1(�)$0,/<�&+$1*(6

�1XPEHU�RI�(QJLQH�)DPLOLHV�

&/$66 6SHFLILF ���� ���� ���� ���� ����
7HFKQRORJ\
&KDQJH

, ,PSURYHG�69 � QD QD QD QD

,,� ,PSURYHG�2+9 � � � � ��

69�WR�2+9 � � � � �

,,, ,PSURYHG� QD � �� �� �
��VWURNH

,9 QD �� � �� ��

9 QD � � � �

1RWH�WKDW�QRW�DOO�HQJLQH��IDPLOLHV�QHHG�LPSURYHPHQW��WKHUHIRUH�WKH�QXPEHUV�LQ
WKLV�WDEOH�GR�QRW�DGG�XS�WR�WKH�QXPEHUV�LQ�7DEOH������

7DEOH�����
3URGXFWLRQ�9ROXPH��DQG���RI�7RWDO��5HSUHVHQWHG�E\�(QJLQH�)DPLOLHV

&/$66 6SHFLILF ����
7HFKQRORJ\
&KDQJH ��RI�(QJLQHV ��:LWKLQ�&ODVV

, ,PSURYHG�69 ��������� ���

,,� ,PSURYHG ������� ���
2+9

69�WR�2+9 ��������� ���

,,, ,PSURYHG� �������� ����
��VWURNH

,9 ��������� ���

9 �������� ����
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����

7DEOH�����
3KDVH���7HFKQRORJ\�0L[���&ODVV�,,

(QJLQH�)DPLOLHV�DQG�6DOHV�SHU�7HFKQRORJ\�7\SH

&/$66 69 2+9 69�Z� 2+9 7%, �� �� 727$
FDW Z� VWURNH VWURNH /

FDW
 Z�FDW

(QJLQH ��
 �� � � � �� �� ���
)DPLOLHV

6DOHV 306,463 2,658,4 conf 3,125 conf -- -- 2,964,88

21 4

SV families <1000 units, those that are geared solelly to snowblowers, and several

others remain unchanged.

4.2.  Variable Hardware and Production Cost Estimates per Engine Class

(3$�GHYHORSHG�FRVW�HVWLPDWHV�IRU�YDULDEOH�KDUGZDUH�DQG�SURGXFWLRQ�FRVWV

IRU�3KDVH���HQJLQHV���7KH�FRVW�HVWLPDWHV�ZHUH�WDNHQ�IURP�WKH�FRVW�UHSRUW�IURP

,&)�DQG�()	(( �IRU�WKH�YDULDEOH�KDUGZDUH�FRVW�DQG�SURGXFWLRQ�FRVW�IRU�HDFK����

HPLVVLRQ�

UHGXFWLRQ�WHFKQRORJ\�SHU�FODVV�DQG�HQJLQH�GHVLJQ��VHH�7DEOHV������DQG�������

&RVWV�WKDW�ZHUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VLV�LQFOXGH�WKH�DGGLWLRQDO�OHWWHU

RQ�WKH�FHUWLILFDWLRQ�ODEHO�WR�LQGLFDWH�XVHIXO�OLIH�FDWHJRU\�DQG�XSGDWHG�VHUYLFH

PDQXDOV��ZULWHUV��GRFXPHQWDWLRQ��DQG�VHPLQDUV�IRU�GHDOHUV�DQG�WUDLQLQJ�IRU

WHFKQLFLDQV�IRU�WKH\�ZHUH�DVVXPHG�WR�EH�QHJOLJLEOH���,W�LV�H[SHFWHG�WKDW�WKH�ODWHU

FKDQJHV�FDQ�EH�LQFRUSRUDWHG�GXULQJ�WKH�SKDVH�LQ�\HDUV�DQG�SULRU�WR�WKH�SKDVH�LQ

\HDUV�DV�WKHVH�DFWLYLWLHV�WDNH�SODFH�GXH�WR�RQJRLQJ�PDQXIDFWXUHU�PRGHO�FKDQJHV��

,Q�DGGLWLRQ��DOO�RI�WKH�WHFKQRORJLHV�EHLQJ�HVWLPDWHG�IRU�WKLV�UXOH�DUH�FXUUHQWO\

EHLQJ�XWLOL]HG�LQ�HQJLQH��IDPLOLHV�DQG�WKHUHIRUH�DUH�QRW�QHZ�WR�WKH�WHFKQLFLDQV
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RU�GHDOHUV����(3$�H[SHFWV�WR�XSGDWH�WKH�VDOHV�DQG�WHFKQRORJ\�FKDQJHV�HVWLPDWHV

XVLQJ�WKH�(3$�3KDVH�,�FHUWLILFDWLRQ�GDWDEDVH�DIWHU�WKH�3KDVH�,�LPSOHPHQWDWLRQ

GDWH�RI�-DQXDU\���������E\�ZKLFK�WLPH�DOO�&ODVV�9�HQJLQHV�DUH�WR�EH�FHUWLILHG

�DOO�RWKHU�HQJLQHV�ZHUH�WR�EH�FHUWLILHG�E\�6HSWHPEHU������������

4.2.1.  Nonhandheld Engines �

7DEOH�����OLVWV�WKH�DVVXPHG�YDULDEOH�KDUGZDUH�DQG�SURGXFWLRQ�FRVWV�IRU

HDFK�WHFKQRORJ\�SHU�HQJLQH�FODVV�DQG�HQJLQH�GHVLJQ���7KHVH�FRVWV�DUH�EDVHG�RQ

WKH�FRVW�VWXG\�E\�,&)�DQG�()	(( ������

7KH�,&)�DQG�()	((�FRVW�VWXG\�SURYLGHG�HVWLPDWHV�IRU�VHYHUDO

SURGXFWLRQ�PRGHO�YROXPHV���7KLV�DQDO\VLV�XVHV�RQO\�RQH�SURGXFWLRQ�YROXPH

HVWLPDWH�IRU�DOO�HQJLQH�IDPLOLHV�SHU�FODVV�SHU�HQJLQH�GHVLJQ���7KLV�ZDV

GHWHUPLQHG�E\�FKRRVLQJ�WKH�SURGXFWLRQ�YROXPH�HVWLPDWH�WKDW�EHVW�UHSUHVHQWV

WKH�VDOHV�HVWLPDWHV�SUHVHQWHG�LQ�WKH�3KDVH���FHUWLILFDWLRQ�GDWDEDVH�VDOHV

HVWLPDWHV�

6HYHUDO�DGMXVWPHQWV�ZHUH�PDGH�WR�WKH�QRQKDQGKHOG�HVWLPDWHV�LQ�WKH�,&)

DQG�()	((�VWXG\���7KH�ILUVW�FRVW�HVWLPDWH�PRGLILHG�ZDV�WKH�LPSURYHPHQW�LQ

SLVWRQ�DQG�SLVWRQ�ULQJ�LPSURYHPHQW�IRU�D�&ODVV�,�69�HQJLQH���,&)�DVVXPHG�WKDW

WKH�HQJLQH�PDQXIDFWXUHUV�ZRXOG�QHHG�WR�SURGXFH�D�EHWWHU�TXDOLW\�SLVWRQ�LQ

RUGHU�WR�UHGXFH�RLO�ORVV�LQWR�WKH�FRPEXVWLRQ�FKDPEHU���7KH�EHWWHU�TXDOLW\�SLVWRQ

ZRXOG�EH�D�SLVWRQ�SURGXFHG�E\�SHUPDQHQW�PROG�FDVWLQJ�UDWKHU�WKDQ�D�GLH�

FDVWLQJ���(3$�DVVXPHG�WKDW�WKLV�H[SHQVH�ZLOO�QRW�EH�QHFHVVDU\�GXH�WR�WKH

H[SHFWDWLRQ�WKDW�PDQXIDFWXUHUV�ZLOO�XWLOL]H�WKH�WHFKQRORJLHV�RI�LPSURYHG

FDUEXUHWLRQ�DQG�FRPEXVWLRQ�FKDPEHU�GHVLJQ�WR�UHGXFH�QHZ�HQJLQH�RXW

HPLVVLRQV�UDWKHU�WKDQ�LQFRUSRUDWH�WKLV�H[SHQVH�IRU�UHGXFHG�LQ�XVH�HPLVVLRQ

GHWHULRUDWLRQ����7KH�VHFRQG�FRVW�HVWLPDWH�PRGLILHG�ZDV�WKH�YDULDEOH�FRVW�IRU�WKH
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FRQYHUVLRQ�RI�D�&ODVV�,,�69�WR�DQ�2+9�HQJLQH�GHVLJQ���,&)�KDG�DVVXPHG

VSHFLILF�WLPH�FULWHULD�WR�PDQXIDFWXUHU�URFNHU�DUPV��URFNHU�FRYHUV��SXVK�URG

JXLGHV��SXVK�URG�DQG�F\OLQGHU�KHDG�DQG�F\OLQGHU�DW��������������DQG���PLQXWHV

UHVSHFWLYHO\�SHU�SLHFH����7KHVH�WLPHV�DUH�FRQVLGHUHG�YHU\�ORQJ�LQ�FRQVLGHUDWLRQ

RI�WKH�OLNHOLKRRG�WKDW�PDQ\�SLHFHV�DUH�PDQXIDFWXUHG�DW�D�WLPH���$V�D�UHVXOW��WKH

WLPHV�IRU�PDQXIDFWXUHU�RI�WKHVH�SLHFHV�ZHUH�FKDQJHG�WR���������������������DQG

����PLQXWHV�UHVSHFWLYHO\���7KLV�GHFUHDVHG�WKH�YDULDEOH�FRVW�IRU�D�&ODVV�,,�69�WR

2+9�HQJLQH�WR������IURP�������

7DEOH�����
(VWLPDWHG�9DULDEOH�+DUGZDUH�&RVWV�IRU�7HFKQRORJ\�&KDQJHV

CLASS ENGINE SPECIFIC HARDWARE PRODUCTION TOTAL
DESIGN TECHNOLOGY VARIABLE ($) VARIABLE($) VARIABLE

I SV Carburetor Improvements $0.00 $0.00 $0.00

Combustion Chamber $0.00 $0.00 $0.00
Improvements and Intake
System

Improved oil $0.80 $0.18 $0.98
consumption
(piston/valve guides)

II OHV improvement
Piston and Piston rings $2.25 $0.00 $2.25

Improved Combustion $0.00 $0.00 $0.00
and Intake System

SV to OHV Additional parts in OHV, $7.54 $1.05
assembly

�����

6RXUFH��,&)�DQG�()	((�FRVW�VWXG\����

127(��7HFKQRORJ\�FKDQJHV�ZLWK�������LQGLFDWH�WKDW�WKHUH�LV�QR�YDULDEOH�FRVW
DVVXPHG�IRU�WKLV�WHFKQRORJ\�

7KH�,&)�DQG�()	((�UHSRUW�DGGUHVVHV�SRVVLEOH�GHYHORSPHQWV�WR�UHGXFH

LQFUHPHQWDO�FRQYHUVLRQ�FRVWV�WR�FRQYHUW�&ODVV�,,�69�HQJLQH�IDPLOLHV�WR�2+9

GHVLJQ���6XFK�DFWLRQV�LQFOXGH�WKH�UHGHVLJQ�DQG�UH�HQJLQHHULQJ�RI�SURGXFWLRQ
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SURFHVVHV�WR�WDNH�DGYDQWDJH�RI�LPSURYHPHQWV�LQ�PDQXIDFWXULQJ�WHFKQLTXHV��

7KH�UHSRUW�VWDWHV�WKDW�´0DQ\�H[LVWLQJ�69�HQJLQH�GHVLJQV�DUH�TXLWH�ROG�DQG

LQFRUSRUDWH�ROG�PDQXIDFWXULQJ�WHFKQRORJ\���%\�UHGHVLJQLQJ�WKH�HQJLQH��LH��IHZHU

SDUWV��DQG�LWV�SURGXFWLRQ�SURFHVVHV��PDQXIDFWXUHUV�PLJKW�EH�DEOH�WR�DFKLHYH

VLJQLILFDQW�VDYLQJV�LQ�SURGXFWLRQ�FRVWVµ����7KH�UHSRUW�FRQWLQXHV�WR�VWDWH�WKDW

´DGYDQFHV�LQ�PDWHULDO�PLQLPL]DWLRQ�RU�WKH�XVH�RI�OLJKWHU�DQG�FKHDSHU�PDWHULDOV

FRXOG�UHGXFH�FRVWV�IXUWKHUµ���:KLOH�WKLV�DQDO\VLV�GRHV�QRW�DVVXPH�DQ\�GHFUHDVHV

LQ�FRVW�GXH�WR�WKHVH�IDFWRUV��WKLV�FRVW�DQDO\VLV�GRHV�LQFOXGH�GHFUHDVHV�LQ�YDULDEOH

FRVWV�GXH�WR�WKH�OHDUQLQJ�FXUYH�HIIHFW����7KLV�DQDO\VLV�DFFRXQWV�IRU�WKLV�E\

DVVXPLQJ�WKDW�YDULDEOH�FRVWV�IRU�WKLV�WHFKQRORJ\�FKDQJH�GHFUHDVH�WR�����RI�WKH

RULJLQDO�HVWLPDWH�LQ������DQG�WKHQ�DQRWKHU������RU�����RI�WKH�RULJLQDO�FRVW

HVWLPDWH��LQ��������6HH�DSSHQGL[�&�IRU�WKH�EDVLV�RI�WKLV�OHDUQLQJ�FXUYH�HIIHFW�

4.2.2.  Handheld Engines (Classes III, IV and V) 

7DEOH������OLVWV�WKH�DVVXPHG�YDULDEOH�KDUGZDUH�DQG�SURGXFWLRQ�FRVWV�IRU

HDFK�WHFKQRORJ\�SHU�HQJLQH�FODVV�DQG�HQJLQH�GHVLJQ�XVHG�LQ�WKLV�DQDO\VLV����7KH

,&)�FRVW�DQDO\VLV�ZDV�DOVR�XVHG�IRU�WKH�EDVLV�RI�WKHVH�FRVW�HVWLPDWHV���
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7DEOH����
(VWLPDWHG�9DULDEOH�+DUGZDUH�&RVWV�IRU�7HFKQRORJ\�&KDQJHV�WR���6WURNH

(QJLQHV

CLASS SPECIFIC HARDWARE PRODUCTION TOTAL VARIABLE
TECHNOLOGY VARIABLE ($) VARIABLE($) ($)

III-V Carburetor $0.00 $0.00 $0.00
Improvements

Improved Scavenging $0.00 $0.00 $0.00
and Combustion
Chamber Design

Manufacturing $0.00 $0.00 $0.00
Tolerance
Improvements

6RXUFH���,&)�DQG�()	((�&RVW�6WXG\�WR�(3$� ����

127(��7HFKQRORJ\�FKDQJHV�ZLWK�������LQGLFDWH�WKDW�WKHUH�LV�QR�YDULDEOH�FRVW
DVVXPHG�IRU�WKLV�WHFKQRORJ\�

4.3. Fixed Production and Research and Development Cost Estimates per

Engine Class
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4.3.1.  Nonhandheld
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4.3.2.  Handheld
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4.4.  Equipment Cost Estimates

6PDOO�HQJLQHV�DUH�XWLOL]HG�LQ�D�ZLGH�YDULHW\�RI�HTXLSPHQW�IURP�KDQGKHOG

WULPPHUV�DQG�FKDLQ�VDZV�WR�JDUGHQ�WUDFWRUV�DQG�JHQHUDWRU�VHWV��VHH�7DEOH�������

7DEOH�����
&RPPRQ�(TXLSPHQW�7\SHV�3HU�&ODVV

&ODVV�, &ODVV�,, &ODVV�,,, &ODVV�,9 &ODVV�9

PRZHUV WUDFWRU WULPPHUV WULPPHU FKDLQ�VDZ
WLOOHU PRZHU FKDLQ�VDZ DXJHUV
VQRZEORZHU FRPP�WXUI EORZHU�YDFXXP
JHQHUDWRU JHQHUDWRU SXPS

VQRZEORZHU DXJHUV
SXPSV
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�7KH�ZLGH�YDULHW\�RI�HTXLSPHQW�GHVLJQV��DQG�WKH�YDU\LQJ�HDVH�RI

GHVLJQLQJ�HTXLSPHQW�ZKLFK�XVH�VPDOO�6,�HQJLQHV��SUHVHQWV�D�FKDOOHQJH�ZKHQ

HVWLPDWLQJ�FRVWV�IRU�WKHVH�FODVVHV�RI�HQJLQHV���7KHUHE\��WKH�DQDO\VHV�KDYH�EHHQ

SHUIRUPHG�RQ�WKH�PRVW�FRPPRQ�HTXLSPHQW�W\SHV�IRU�HDFK�FODVV�DV�VKRZQ�LQ

7DEOH��������'DWD�IRU�WKH�DQDO\VLV�LV�SURYLGHG�E\�WKH������365�2(/,1.

GDWDEDVH ��WKH�(3$�3KDVH���FHUWLILFDWLRQ�GDWDEDVH�DQG�WKH�,&)�FRVW�VWXG\ ����� ����

5HVXOWV�IURP�WKLV�DQDO\VLV�DUH�VKRZQ�LQ�7DEOH��������7KHVH�HVWLPDWHV�DUH�DQ

DYHUDJH�RYHU�DOO�HTXLSPHQW�HQJLQH�IDPLOLHV��W\SHV�DQG�VDOHV�SHU�FODVV���7KH

DFWXDO�FRVW�LQFUHDVH�ZLOO�GHSHQG�RQ�WKH�HTXLSPHQW�DSSOLFDWLRQ�DQG�IOH[LELOLW\�RI

WKH�RULJLQDO�HTXLSPHQW�GHVLJQ�WR�LQFRUSRUDWH�D�QHZ�HQJLQH���

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�DQDO\VLV�KDV�DVVXPHG�WKH�IXOO�FRVW�RI�GLH

UHSODFHPHQW�DQG�WKLV�OLNHO\�UHVXOWV�LQ�RYHUHVWLPDWHG�FRVWV���&KDQJHV�WR�DQ

HTXLSPHQW�PDQXIDFWXUHUV�OLQH�PD\�EH�PDGH�PRUH�HFRQRPLFDO�ZLWK�SODQQLQJ��

)RU�LQVWDQFH��WKH�WLPLQJ�RI�QHZ�GLHV�LQ�UHODWLRQ�WR�WKH�XVHIXO�OLIH�RI�WKH�H[LVWLQJ

GLHV�FDQ�PLQLPL]H�DQ�HTXLSPHQW�PDQXIDFWXUHU·V�FRVWV���$FFRUGLQJ�WR�,&)�

W\SLFDO�HTXLSPHQW�GLHV�ODVW������\HDUV�DQG�SURGXFH�XSZDUGV�RI���������XQLWV��

'XH�WR�WKH�IDFW�WKDW�WKHUH�LV�VXEVWDQWLDO�OHDG�WLPH�IRU�WKLV�UXOHPDNLQJ�DV�ZHOO�DV

WKH�SKDVH�LQ�SHULRG�IRU�LQFRUSRUDWLRQ�RI�2+9�FODVV�,,�HQJLQHV��LW�LV�H[SHFWHG

WKDW�HTXLSPHQW�PDQXIDFWXUHUV�ZLOO�SXUFKDVH�QHZ�GLHV�QHDU�RU�DW�WKH�HQG�RI�WKH

XVHIXO�OLIH�RI�WKHLU�H[LVWLQJ�GLHV���(TXLSPHQW�PDQXIDFWXUHUV�ZLOO�OLNHO\�KDYH�WR

ZRUN�FORVHO\�ZLWK�HQJLQH�PDQXIDFWXUHUV�WR�HQVXUH�WKH�DYDLODELOLW\�RI�2+9

HQJLQH�GHVLJQV�LQ�D�UHDVRQDEOH�WLPH�IUDPH�IRU�HTXLSPHQW�HQJLQHHULQJ

UHTXLUHPHQWV�

��������1RQKDQGKHOG�(TXLSPHQW�

(VWLPDWHV�IRU�HTXLSPHQW�FKDQJHV�KDYH�EHHQ�EDVHG�RQ�WKH�HVWLPDWHG
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HQJLQH�FKDQJHV�IRU�&ODVV�,�DQG�&ODVV�,,�HQJLQHV���7KH�LPSDFW�RI�FKDQJHV�LQ

HQJLQH�GHVLJQ�IRU�&ODVV�,�HQJLQHV�DUH�H[SHFWHG�WR�EH�PLQLPDO�DQG�WKHUHIRUH�QR

FRVWV�DUH�HVWLPDWHG�IRU�HTXLSPHQW�WKDW�XVH�&ODVV�,�HQJLQHV���&KDQJHV�IRU

HTXLSPHQW�XVLQJ�&ODVV�,,�69�HQJLQHV�DUH�H[SHFWHG�WR�UDQJH�IURP�QRWKLQJ�DW�DOO

WR�H[WHQVLYH��GHSHQGLQJ�RQ�WKH�SDUWLFXODU�SLHFH�RI�HTXLSPHQW�DQG�FXUUHQW

HQJLQH�XVDJH���:KLOH�LW�LV�NQRZQ�WKDW�D�QXPEHU�RI�VPDOO�SURGXFWLRQ�YROXPH

HTXLSPHQW�PDQXIDFWXUHUV�KDYH�FRQYHUWHG�WR�2+9�GHVLJQ�DOUHDG\��GXH�WR

PDUNHW�IRUFHV�DQG�FKDQJHV�LQ�HQJLQH�PDQXIDFWXUHU�SURGXFW�OLQH��������WKH�VDOHV

RI�&ODVV�,,�69�HQJLQHV�VKRZQ�LQ�7DEOH������LQGLFDWH�WKDW�D�ORW�RI�HTXLSPHQW

VWLOO�XVH�69�HQJLQHV����'XH�WR�WKH�XQNQRZQV�DERXW�WKH�HQWLUH�FXUUHQW

HTXLSPHQW�PDQXIDFWXUHU�HQJLQH�XVDJH��WKLV�DQDO\VLV�XVHV�WKH�KLJK�YROXPH

HTXLSPHQW�SURGXFHUV��DFFRXQW�IRU�DSSUR[LPDWHO\�����RI�WKH�HQJLQHV��IURP�WKH

365�GDWDEDVH�DV�WKH�EDVLV�RI�WKH�FRVWV�IRU�WKLV�UXOH����1R�FRVWV�ZHUH�DVVXPHG�IRU

HTXLSPHQW�FXUUHQWO\�XVLQJ�&ODVV�,,�2+9�HQJLQHV�IRU�FKDQJHV�WR�&ODVV�,,�2+9

HQJLQHV�DUH�H[SHFWHG�WR�EH�LQWHUQDO�FKDQJHV�WKHUHE\�QRW�LQIOXHQFLQJ�RXWHU

GLPHQVLRQV�RU�RSHUDWLQJ�SDUDPHWHUV�

7KLV�DQDO\VLV�DVVXPHV�WKHUH�DUH�QR�YDULDEOH�RU�IL[HG�FRVWV�IRU

QRQKDQGKHOG�HTXLSPHQW�XVLQJ�&ODVV�,�HQJLQHV����&ODVV�,�HQJLQHV�DUH�H[SHFWHG�WR

LQFRUSRUDWH�VHYHUDO�LQWHUQDO�HQJLQH�GHVLJQ�FKDQJHV�WR�UHGXFH�RLO�FRQVXPSWLRQ��

,W�LV�HVWLPDWHG�WKDW�WKHVH�FKDQJHV�ZLOO�QRW�LQIOXHQFH�WKH�HQJLQHV�RSHUDWLRQ�RU

RXWHU�GLPHQVLRQV�DQG�WKHUHIRUH�WKHUH�DUH�QR�FRVWV�DVVRFLDWHG�ZLWK�LQFRUSRUDWLQJ

3KDVH���&ODVV�,�HQJLQHV�LQWR�WKH�HTXLSPHQW����

&ODVV�,,�HQJLQHV�DUH�H[SHFWHG�WR�UHVXOW�LQ�D�QXPEHU�RI�FKDQJHV�IRU

HTXLSPHQW�WKDW�XWLOL]H�69�HQJLQHV����(3$·V�ZRUN�ZLWK�,&)��WR�DQDO\]H�WKH

LPSDFWV�RQ�VPDOO�SURGXFWLRQ�YROXPH�HTXLSPHQW�PDQXIDFWXUHUV�����FRPSLOHG

FRVW�LQIRUPDWLRQ�IURP�HTXLSPHQW�FRPSDQLHV�ZKR�KDYH�DOUHDG\�VZLWFKHG�IURP



                                             Chapter 4: Technology Market Mix and Cost Estimates

1R�FRVWV�DUH�DVVXPHG�IRU�PRGLILFDWLRQV�WR�VQRZEORZHUV�IRU�WKH\�DUH�QRW18

UHTXLUHG�WR�XVH�HQJLQHV�FHUWLILHG�WR�WKH�+&�12[�VWDQGDUGV�GXH�WKH
VSHFLDO�SURYLVLRQ�LQ�WKH�3KDVH���UXOHPDNLQJ�

����

69�WR�2+9�HQJLQHV��PDLQO\�IRU�PDUNHW�FRPSHWLWLYH�UHDVRQV���$�VXPPDU\�RI�WKH

FRVWV�XVHG�IRU�WKLV�DQDO\VLV�LV�SUHVHQWHG�LQ�7DEOH������

7DEOH�����

(67,0$7('�&2676�3(5�(48,30(17�$33/,&$7,21��&/$66�,,�

Application Fixed Costs Variable Costs Equipment Changes18

(per line)  (per Unit)

Walk Behind Lawnmowers $0 $0

Rear Engine Riders $50,000 $0 mounting holes, longer control
wires, modified exhaust/air filter
positioning, and relocation of oil
drains

Commercial Turf -mounting holes, controls, exhaust
12hp $1,000 $0 and oil drains  
>12 to 16hp $600,000 $0 -new injection molding die to create
16 to 25 hp $100,000 $12 a redesigned plastic hood

-additional baffling

Other Agricultural Equip $100,000 $0

Leaf Blower/Vacuum $50,000 $0

Tillers $50,000 $0 Modified exhaust positioning,
relocation of oil drains, and a
redesigned baffle

Generator Sets $100,000 $0 Frame or case be redesigned,
developed, tooled and fabricated. 
Redesigned fuel tank and relocated
muffler

Pumps $50,000 $0

Roller, Concrete Saw $50,000 $0

2WKHU ������� ��

6RXUFH��,&)�UHSRUW����
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7KH�PDLQ�UHDVRQ�IRU�HTXLSPHQW�FKDQJHV�LV�WKDW�WKH�2+9�HQJLQHV�DUH

WDOOHU�WKDQ�69�HQJLQHV�GXH�WR�WKH�IDFW�WKDW�WKH�YDOYH�WUDLQ�LV�QRW�RQ�WKH�VLGH�RI

WKH�HQJLQH�EORFN�EXW�LQ�WKH�F\OLQGHU�KHDG���%DVHG�RQ�WKH�,&)�UHSRUW ��VRPH����

HTXLSPHQW�ZLOO�UHTXLUH�WKDW�2+9�HQJLQHV�EH�UHRULHQWHG����GHJUHHV�IURP�WKH

69�HQJLQH�VR�WKDW�WKH�F\OLQGHU�LV�SDUDOOHO�WR�WKH�FHQWHU�OLQH�RI�WKH�HTXLSPHQW��

7KLV�UHTXLUHV�FKDQJHV�LQFOXGLQJ�PRXQWLQJ�KROHV��FRQWUROV��H[KDXVW�DQG�RLO

GUDLQV���/DZQ�WUDFWRUV�WUDGLWLRQDOO\�KDYH�D�KRRG�FRYHULQJ�RYHU�WKH�HQJLQH�DQG

WKHUHE\�WKH�KRRG�ZLOO�QHHG�WR�EH�OHQJWKHQHG���$�QHZ�LQMHFWLRQ�PROGLQJ�GLH�WR

FUHDWH�D�UHGHVLJQHG�SODVWLF�KRRG�LV�DVVXPHG�WR�EH�UHTXLUHG���2WKHU�FRVWV�DUH

VLPLODU�WR�WKH�UHDU�HQJLQH�ULGHU��/DZQ�DQG�JDUGHQ�WUDFWRUV�W\SLFDOO\�DOZD\V�KDYH

WKH�F\OLQGHU�KHDG�IDFLQJ�IRUZDUG�DQG�KDYH�URRP�XQGHU�WKH�KRRG�WR�KDQGOH�D�9�

WZLQ�2+9�HQJLQH��*HQHUDWRUV�DQG�SXPSV�DUH�XVXDOO\�HQFDVHG�LQ�IUDPHV�WKDW

KROG�WKH�HQJLQH�DQG�RWKHU�SDUWV�RI�WKH�HTXLSPHQW���7KH�WDOOHU�2+9�PD\

UHTXLUH�WKDW�WKH�IUDPH�RU�FDVH�DURXQG�WKH�HTXLSPHQW�EH�UHGHVLJQHG��GHYHORSHG�

WRROHG�DQG�IDEULFDWHG���7KH�IXHO�WDQN�PD\�DOVR�QHHG�WR�EH�UHGHVLJQHG�DQG

SRVVLEO\�WKH�PXIIOHU�UHORFDWHG���

��������+DQGKHOG�(TXLSPHQW�

(VWLPDWHV�IRU�HTXLSPHQW�FKDQJHV�KDYH�EHHQ�EDVHG�RQ�WKH�HVWLPDWHG

HQJLQH�FKDQJHV�IRU�&ODVVHV�,,,�9�HQJLQHV���7KH�PDMRULW\�RI�HQJLQH�FKDQJHV�DUH

H[SHFWHG�WR�EH�LQWHUQDO���+DQGKHOG�HQJLQHV�DUH�H[SHFWHG�WR�XWLOL]H�WHFKQRORJLHV

RI�LPSURYHG���VWURNH��UHGXFWLRQ�RI�VFDYHQJLQJ��HQOHDQPHQW��HWF�����$XJHUV�ZLOO

QHHG�WR�LQFRUSRUDWH�FKDQJHV�WR�WKH�WUDQVPLVVLRQ�ER[�LQ�RUGHU�WR�DFFRPPRGDWH

PRGLILFDWLRQV�WR�WKH�HQJLQH·V�VSHHG�WRUTXH�VLJQDWXUH�

7DEOH�����
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&267�(67,0$7(6�)25�+$1'+(/'�(48,30(17��&ODVVHV�,,,�9�

$SSOLFDWLRQ )L[HG�&RVWV� 9DULDEOH 9DULDEOH
�SHU�OLQH� +DUGZDUH 3URGXFWLRQ�

�SHU�XQLW� �SHU�XQLW�

,FH�DQG�(DUWK�$XJHUV ������� �� ��

%DVHG�RQ�FRQILGHQWLDO�FRQYHUVDWLRQV�ZLWK�$XJHU�PDQXIDFWXUHUV�

4.5. Fuel Savings and Impacts on Performance

6HFWLRQ�����D�����RI�WKH������&OHDQ�$LU�$FW�$PHQGPHQWV�UHTXLUHV�WKDW

(3$�JLYH�DSSURSULDWH�FRQVLGHUDWLRQ�WR�IDFWRUV�LQFOXGLQJ�HQHUJ\��QRLVH�DQG�VDIHW\

DVVRFLDWHG�ZLWK�WKH�DSSOLFDWLRQ�RI�WHFKQRORJLHV�HVWLPDWHG�IRU�WKLV�UXOHPDNLQJ���

7KLV�VHFWLRQ�GLVFXVVHV�(3$
V�DVVHVVPHQW�RI�WKH�HIIHFWV�RI�WKLV�SURSRVDO�RQ

HQHUJ\��L�H���IXHO�HFRQRP\��DQG�SRZHU���,PSDFWV�RQ�QRLVH��VDIHW\�DQG

PDLQWHQDQFH�FDQ�EH�IRXQG�LQ�&KDSWHU���

4.5.1. Fuel Consumption 

7KLV�SURSRVHG�UXOHPDNLQJ�ZLOO�UHVXOW�LQ�IXHO�VDYLQJV�IRU�WKH�FRQVXPHU��

7KLV�LV�EDVHG�RQ�WKH�WHFKQRORJLHV�WR�EH�DSSOLHG�RQ�WKHVH�HQJLQHV�WR�PHHW�WKH

3KDVH���VWDQGDUGV�DV�GHVFULEHG�EHORZ����7KH�WDEOHV�FRQWDLQHG�LQ�WKLV�VHFWLRQ

SUHVHQW�WKH�EDFNJURXQG�GDWD�XWLOL]HG�IRU�HVWLPDWLQJ�WKH�IXHO�FRQVXPSWLRQ�SHU

HQJLQH�SHU�FODVV���7KHVH�GDWD�ZHUH�LQSXWWHG�LQWR�WKH�QRQURDG�VPDOO�HQJLQH

HPLVVLRQ�PRGHO��6((0��WR�FDOFXODWH�WKH�IXHO�VDYLQJV�SHU�\HDU�IRU�DOO�HTXLSPHQW

W\SHV�JLYHQ�VFUDSSDJH�UDWHV��SURGXFWLRQ�YROXPH�LQFUHDVHV��HQJLQH�SRZHU��

HQJLQH�ORDG�IDFWRU��UHVLGHQWLDO�RU�FRPPHUFLDO�XVDJH�DQG�XVHIXO�OLIH���1R

DVVXPSWLRQ�ZDV�XVHG�IRU�IXHO�FRQVXPSWLRQ�DV�HQJLQHV�DJH�RYHU�WLPH��

$GGLWLRQDO�FDOFXODWLRQV�IRU�QXPEHU�RI�EDUUHOV�UHGXFHG�DQG�UHVXOWDQW�FRVW�VDYLQJV
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LV�SUHVHQWHG�LQ�&KDSWHU���RQ�$JJUHJDWH�&RVWV�DQG�(FRQRPLF�$QDO\VLV�

4.5.1.1.  Nonhandheld Equipment ����)RU�&ODVV�,�HQJLQHV��(3$�HVWLPDWHV

WKDW�RLO�FRQVXPSWLRQ�WHFKQRORJLHV�ZLOO�EH�LQFRUSRUDWHG��VXFK�DV�LPSURYHG�SLVWRQ

ULQJV�DQG�YDOYH�VHDOV��LQ�RUGHU�WR�LPSURYH�&ODVV�,�HQJLQH�OLIHWLPH�HPLVVLRQV

SHUIRUPDQFH���,W�LV�H[SHFWHG�WKDW�WKHVH�WHFKQRORJLHV�ZLOO�QRW�LQIOXHQFH�WKH

HQJLQH
V�IXHO�FRQVXPSWLRQ�DSSUHFLDEO\�DQG�WKHUHE\�(3$�HVWLPDWHV�QR�FKDQJH

IRU�&ODVV�,�HQJLQHV�

(3$�HVWLPDWHV�WKDW�WKH�FRQYHUVLRQ�RI�69�HQJLQH�GHVLJQV�WR�2+9�HQJLQH

GHVLJQV�RU�WKH�XVH�RI�RWKHU�HPLVVLRQV�WHFKQRORJLHV�WR�UHGXFH�QHZ�HQJLQH�RXW

HPLVVLRQV�DQG�HPLVVLRQV�GXUDELOLW\��ZLOO�UHVXOW�LQ�D�GHFUHDVH�LQ�IXHO

FRQVXPSWLRQ���(VWLPDWHV�IRU�3KDVH���HQJLQHV�ZHUH�EDVHG�RQ�WKH�HVWLPDWHG�IXHO

FRQVXPSWLRQ�IURP�3KDVH���HQJLQHV�IRXQG�LQ�WKH�3KDVH���5HJXODWRU\�6XSSRUW

'RFXPHQW��VHH�7DEOH������������7DEOHV������DQG������FRQWDLQV�LQIRUPDWLRQ

IRXQG�RQ�EUDNH�VSHFLILF�IXHO�FRQVXPSWLRQ�RI�W\SLFDO�&ODVV�,,�2+9�WKDW�DUH�FORVH

WR�WKH�3KDVH���VWDQGDUG�DQG�&ODVV�,,�69�HQJLQHV���,QGXVWU\�KDV�DOVR�VXEPLWWHG�D

OLPLWHG�DPRXQW�RI�FRQILGHQWLDO�%6)&�LQIRUPDWLRQ�RQ�3KDVH���HQJLQHV���$OO�RI

WKLV�LQIRUPDWLRQ�ZDV�FRQVLGHUHG�DQG�IXHO�FRQVXPSWLRQ�YDOXHV�IRU�3KDVH���2+9

DQG�69�HQJLQHV�ZHUH�GHWHUPLQHG��VHH�7DEOH��������1RWH�WKDW�WKH�YDOXH�IRU

&ODVV�,,�69�HQJLQHV�GRHV�QRW�FKDQJH�IURP�WKH�YDOXH�XVHG�LQ�3KDVH�,���7KLV�LV

EDVHG�RQ�WKH�IDFW�WKDW�WKH�6((0��WKDW�FDOFXODWHV�HPLVVLRQ�EHQHILWV�DQG�IXHO

VDYLQJV��FRQVLGHUV�WKDW�DOO�HQJLQHV�ZLOO�EHFRPH�2+9�HQJLQHV�RU�KDYH�2+9�OLNH

FKDUDFWHULVWLFV��LH��HPLVVLRQ�EHQHILWV��IXHO�XVDJH��HWF��
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7DEOH�����
)XHO�&RQVXPSWLRQ�RI�2+9�&ODVV�,,�(QJLQHV

&ORVH�WR�WKH�3KDVH���6WDQGDUG

(1*,1( %6)& 5HIHUHQFH
�J�N:K�

���KS ��� 6$(�������
�+&�12[�HPLVVLRQV����
J�N:K�DERYH�3KDVH���VWGV
ZLWK�DVVXPHG�����GI�

���FF������KS� ��� (0$�(3$�5RXQG

�FORVH�LQ�FF�WR�D�&ODVV�,, RI����PIU·V�DQG��
HQJLQH� HQJLQHV��������

5RELQ�7HVWLQJ��DYJ

���FF�����KS ��� (0$�(3$�5RXQG
5RELQ�7HVWLQJ��DYJ
RI���PIU·V�DQG��
HQJLQHV�������

7KHUH�LV�QR�%6)&�GDWD�LQ�WKH�(3$�3KDVH���FHUWLILFDWLRQ�GDWDEDVH�

7DEOH�����
)XHO�&RQVXPSWLRQ�RI�69�&ODVV�,,�(QJLQHV
�(QJLQH�0HHWV�3KDVH���6WDQGDUGV�

(1*,1( %6)& 5HIHUHQFH
�J�N:K�

���FF������KS�� ��� 3KDVH���56'��
7DEOH�����

7KHUH�LV�QR�%6)&�GDWD�LQ�WKH�(3$�3KDVH���FHUWLILFDWLRQ�GDWDEDVH�

4.5.1.2.  Handheld Equipment ����)RU���VWURNH�KDQGKHOG�HQJLQHV�LQ

&ODVVHV�,,,�9��(3$�HVWLPDWHV�WKDW�LQWHUQDO�HQJLQH�LPSURYHPHQWV��VXFK�DV

GHFUHDVHG�IXHO�VFDYHQJLQJ���ZLOO�UHVXOW�LQ�D�������GHFUHDVH�LQ�IXHO�FRQVXPSWLRQ
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�VHH�7DEOHV������DQG���������7KLV�LV�EDVHG�RQ�DQ�HVWLPDWH�WKDW�H[SHFWHG�3KDVH

��WHFKQRORJ\�ZLOO�UHGXFH�WKH�DSSUR[LPDWH����SHUFHQW�RI�WKH�IXHO�WKDW�H[LWV�WKH

HQJLQH�XQEXUQHG�GXH�WR�IXHO�VFDYHQJLQJ����/LPLWHG�SXEOLFO\�DYDLODEOH�WHVW�GDWD�

FRQWDLQHG�LQ�7DEOH�������LOOXVWUDWHV�WKH�EDVLV�IRU�WKH�H[SHFWHG�IXHO�XVDJH�GXH�WR

3KDVH���WHFKQRORJ\���

7DEOH�����
)XHO�&RQVXPSWLRQ�RI�&ODVV�,,,�WR�9���6WURNH�(QJLQHV

�127(��ZHLJKWLQJV�KDYH�EHHQ�FKDQJHG�IURP�������WR�������

0DQXIDFWXUHU %6)& 5HIHUHQFH
�J�N:K�

&ODVV�,9

+XVTYDUQD�(�WHFK ��� 7HVWLQJ�DW�19)(/

&ODVV�9

�����������%6)&�9DOXHV�DQG�(VWLPDWHG�)XHO�6DYLQJV����7KH

YDOXHV�OLVWHG�LQ�7DEOHV������DQG������FRQWDLQ�WKH�IXHO�FRQVXPSWLRQ�YDOXHV

XWLOL]HG�WR�HVWLPDWH�IXHO�VDYLQJV�XVLQJ�WKH�6((0�
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7DEOH�����

3KDVH���)XHO�&RQVXPSWLRQ�(VWLPDWHV�3HU�(QJLQH�3HU�&ODVV��J�N:K�

&/$66 69 2+9� 27+(5 ��6752.(

, ��� ��� ��� ��

,, ��� ��� ��� ��

,,, �� �� �� ���

,9 �� ��� �� ���

9 �� �� �� ���

6RXUFH��6PDOO�(QJLQH�3KDVH���56'���

7DEOH�����

3KDVH���)XHO�&RQVXPSWLRQ�(VWLPDWHV�3HU�(QJLQH�3HU�&ODVV��J�N:K�

&/$66 69 2+9� 27+(5 ��6752.(

, ��� ��� ��� ���

,, ��� ��� ��� ��

,,, �� �� �� ���

,9 �� ��� �� ���

9 �� �� �� ���

7DEOH������FRQWDLQV�WKH�HVWLPDWHG�IXHO�VDYLQJV��JDOORQV�\HDU��SHU�FODVV

IRU�WKLV�SURSRVHG�UXOHPDNLQJ�FDOFXODWHG�IURP�WKH�6((0���&ODVV�,,�HQJLQHV

DFFRXQW�IRU�WKH�PDMRULW\�RI�IXHO�VDYLQJV�IURP�WKLV�SURSRVHG�UXOHPDNLQJ���7KLV�LV

GXH�WR�WKH�IDFW�WKDW�WKHVH�HQJLQHV�DUH�XWLOL]HG�IRU�ORQJHU�KRXUV�WKDQ�DOO�RWKHU

FODVVHV�DQG�WKHUHIRUH�WKH�IXHO�VDYLQJV��IURP�69�WR�2+9�HQJLQH��LV�QRWDEOH�
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7DEOH�����
� )8(/�6$9,1*6�3(5�&/$66

�*DOORQV�<U�
I II III IV V

2001 0 (14,665,841) 0 0 0

2002 0 (34,903,894) (34,533) (988,569) (120,289)

2003 0 (57,689,956) (102,681) (2,795,979) (321,088)

2004 0 (80,990,366) (215,542) (5,698,061) (630,596)

2005 0 (104,876,108) (363,440) (9,412,945) (1,014,235)

2006 0 (122,808,782) (478,963) (12,081,991) (1,255,827)

2007 0 (135,310,216) (556,558) (13,807,683) (1,402,812)

2008 0 (143,730,306) (604,139) (14,882,677) (1,499,108)

2009 0 (149,697,258) (635,285) (15,591,104) (1,564,566)

2010 0 (154,283,420) (659,083) (16,126,096) (1,613,275)

2011 0 (157,993,281) (678,430) (16,553,036) (1,650,773)

2012 0 (161,197,720) (694,833) (16,908,200) (1,680,598)

2013 0 (164,049,781) (709,373) (17,218,353) (1,705,484)

2014 0 (166,674,040) (722,890) (17,503,744) (1,727,478)

2015 0 (169,149,753) (735,912) (17,776,969) (1,747,901)

2016 0 (171,532,164) (748,698) (18,044,507) (1,767,496)

2017 0 (173,858,004) (761,381) (18,309,470) (1,786,657)

2018 0 (176,148,018) (774,014) (18,573,312) (1,805,601)

2019 0 (178,413,765) (786,623) (18,836,701) (1,824,426)

2020 0 (180,663,025) (799,229) (19,099,883) (1,843,195)

2021 0 (182,450,454) (809,254) (19,309,239) (1,858,157)

2022 0 (183,822,562) (816,879) (19,468,555) (1,869,608)

2023 0 (184,893,615) (822,765) (19,591,512) (1,878,488)

2024 0 (185,791,926) (827,696) (19,694,667) (1,885,966)

2025 0 (186,602,241) (832,197) (19,788,583) (1,892,766)

2026 0 (187,365,367) (836,465) (19,877,690) (1,899,200)

4.5.2.   Power �

7KH�SRZHU�IRU�KDQGKHOG�HQJLQHV�LV�H[SHFWHG�WR�UHPDLQ�VLPLODU�WR�3KDVH��

HQJLQHV���&KDQJHV�LQ�HQOHDQPHQW��RSWLPL]DWLRQ�RI�FRPEXVWLRQ�FKDPEHU�GHVLJQ�

HWF��ZLOO�HVVHQWLDOO\�UHTXLUH�QHZ���VWURNH�HQJLQH�IDPLOLHV�WR�EH�PDQXIDFWXUHG���

,W�LV�OLNHO\�WKDW�QHZ�HQJLQH�IDPLOLHV�ZLOO�IXOILOO�DOO�SRZHU�QHHGV�
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7KH�SRZHU�IRU�QRQKDQGKHOG�HQJLQHV�LQ�&ODVV�,�LV�H[SHFWHG�WR�UHPDLQ�WKH

VDPH���7KH�DGGHG�WHFKQRORJLHV�LQFOXGLQJ�LPSURYHG�SLVWRQ�ULQJV�DQG�YDOYH�VHDOV

DUH�H[SHFWHG�WR�UHVXOW�LQ�QR�FKDQJH���)RU�&ODVV�,,�HQJLQHV��SRZHU�LV�H[SHFWHG�WR

LQFUHDVH��KRZHYHU�WKLV�LV�SDUWLDOO\�LQIOXHQFHG�E\�PDUNHW�GHPDQGV�ZKLFK�WKH

LQGXVWU\�VWDWHG�KDV�EHHQ�DVNLQJ�IRU�PRUH�SRZHUIXO�HQJLQHV��
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�� ´,QYHVWLJDWLRQ�DQG�$QDO\VLV�RI�/RZ�(PLWWLQJ�6PDOO�6SDUN�,JQLWHG�(QJLQH
'HVLJQV����.:µ��6RXWKZHVW�5HVHDUFK�,QVWLWXWH��6:5,�5HSRUW����������
2FWREHU�������(3$�$LU�'RFNHW�$��������'RFNHW�,WHP��,,�$���.
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