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DISCLAIMER
Although the authors have made every attempt to use the best information 
and data available, to provide transparency in the analysis, and had 
experts provide input and review, the readers need to be reminded that 
the updated U.S. Billion-Ton Update  is still a strategic assessment, albeit 
an improved assessment, of potential biomass. It alone is not su!ciently 
designed, developed, and validated to be a tactical planning and decision 
tool. Even though the analysis does provide county by county estimates 
of the feedstocks at a selected cost, these estimates are only useful for 
strategic assessments. The users are encouraged to use the website and 
the associated information to better understand the assumptions and 
ramifications of using the analysis. Furthermore, the updated  
Billion-Ton Update should only be used with other tools and specific data 
and information for tactical business decisions. When used correctly, the 
updated Billion-Ton Update is a valuable tool.

http://bioenergykdf.net
http://www.energy.gov/
http://www.eere.energy.gov/
http://www.eere.energy.gov/topics/biomass.html
http://www.ornl.gov/sci/bioenergy
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1  A separate database containing the disaggregated biomass supplies by county and state is available through a Web-based Bioenergy 
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bioenergy supply chain and the infrastructure needed to support that chain (ORNL, 2010).
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WHFKQRORJ\��,Q�DGGLWLRQ��WKH�ELRPDVV�LV�LQ�YDULHG�IRUPV�
DQG�PD\�QRW�EH�GLUHFWO\�FRPSDUDEOH�DW�D�ELRUH¿QHU\�LQ�
HLWKHU�FRVW�RU�FRQYHUVLRQ�HI¿FLHQF\��'HWHUPLQLQJ�VXFK�
YDOXHV�LV�RXWVLGH�WKH�VFRSH�RI�WKH�UHSRUW�

http://bioenergykdf.net
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7KLV�XSGDWH�HYDOXDWHV�WZR�VFHQDULRV²EDVHOLQH�DQG�
KLJK�\LHOG��7KH�EDVHOLQH�VFHQDULR�HVVHQWLDOO\�DVVXPHV�
D�FRQWLQXDWLRQ�RI�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�
�86'$�����\HDU�IRUHFDVW�IRU�WKH�PDMRU�IRRG�DQG�IRUDJH�
FURSV��DQG�LW�H[WHQGV�DQ�DGGLWLRQDO����\HDUV�WR�������
7KH�DYHUDJH�DQQXDO�FRUQ�\LHOG�LQFUHDVH�LV�DVVXPHG�WR�
EH�VOLJKWO\�PRUH�WKDQ����RYHU�WKH����\HDU�VLPXODWLRQ�
SHULRG��7KH�EDVHOLQH�DOVR�DVVXPHV�D�FRQWLQXDWLRQ�LQ�
WUHQGV�WRZDUG�QR�WLOO�DQG�UHGXFHG�FXOWLYDWLRQ��(QHUJ\�
FURS�\LHOGV�DVVXPH�DQ�DQQXDO�LQFUHDVH�RI�����7KH�
���FKDQJH�LQ�DQQXDO�\LHOG�LQ�WKH�EDVHOLQH�UHÀHFWV�
OHDUQLQJ�RU�H[SHULHQFH�LQ�SODQWLQJ�HQHUJ\�FURSV�DQG�
OLPLWHG�JDLQV�WKDW�FDQ�EH�KDG�WKURXJK�EUHHGLQJ�DQG�
VHOHFWLRQ�RI�EHWWHU�YDULHWLHV��7KH�KLJK�\LHOG�VFHQDULR�
LV�PRUH�FORVHO\�DOLJQHG�WR�WKH�DVVXPSWLRQV�LQ�WKH������
BTS��,Q�WKLV�VFHQDULR��KLJKHU�FRUQ�\LHOGV�DQG�D�PXFK�
ODUJHU�IUDFWLRQ�RI�FURS�DFUHV�LQ�UHGXFHG�DQG�QR�WLOO�
FXOWLYDWLRQ�DUH�DVVXPHG��8QGHU�WKH�KLJK�\LHOG�VFHQDULR��
WKH�SURMHFWHG�LQFUHDVH�LQ�FRUQ�\LHOG�DYHUDJHV�DOPRVW�
���DQQXDOO\�RYHU�WKH����\HDU�VLPXODWLRQ�SHULRG��7KH�
HQHUJ\�FURS�SURGXFWLYLW\�LQFUHDVHV�DUH�PRGHOHG�DW�WKUHH�
OHYHOV²��������DQG����DQQXDOO\��7KHVH�JDLQV�DUH�GXH�
QRW�RQO\�WR�H[SHULHQFH�LQ�SODQWLQJ�HQHUJ\�FURSV��EXW�
DOVR�WR�PRUH�DJJUHVVLYH�LPSOHPHQWDWLRQ�RI�EUHHGLQJ�
DQG�VHOHFWLRQ�SURJUDPV�

7KH�8�6��'HSDUWPHQW�RI�(QHUJ\¶V��'2(��2I¿FH�RI�WKH�
%LRPDVV�3URJUDP�VSRQVRUHG�D�VHULHV�RI�ZRUNVKRSV�
WR�REWDLQ�H[SHUW�LQSXW�RQ�EDUULHUV�DQG�VROXWLRQV�IRU�
VHFXULQJ�ODUJH�TXDQWLWLHV�RI�ELRPDVV�IHHGVWRFNV�LQ�WKH�
IXWXUH��8�6��'HSDUWPHQW�RI�(QHUJ\������D���7KH�RYHUDOO�
JRDO�RI�WKH�ZRUNVKRSV�ZDV�WR�REWDLQ�LQIRUPDWLRQ�
FRQFHUQLQJ�WKH�GHYHORSPHQW�RI�LQGXVWU\�EDVHG��KLJK�
\LHOG�DOWHUQDWLYHV�WR�WKH�EDVHOLQH�DVVXPSWLRQV�XVHG�WR�
GHYHORS�WKH�XSGDWH��([SHUWV�ZHUH�LQYLWHG�IURP�LQGXVWU\��
DFDGHPLD��DQG�JRYHUQPHQW�WR�KHOS�LGHQWLI\�DQG�
TXDQWLI\�KLJK�\LHOG�DOWHUQDWLYH�VFHQDULRV�

2YHUDOO��UHVXOWV�RI�WKLV�XSGDWH�DUH�FRQVLVWHQW�ZLWK�WKH�
�����BTS�LQ�WHUPV�RI�WKH�PDJQLWXGH�RI�WKH�UHVRXUFH�
SRWHQWLDO��7KH�IRUHVW�UHVLGXH�ELRPDVV�SRWHQWLDO�ZDV�
GHWHUPLQHG�WR�EH�OHVV�WKDQ�WKH������QXPEHUV�GXH�
WR�WKH�UHPRYDO�RI�XQXVHG�UHVRXUFHV�DQG�WKH�GHFOLQH�
LQ�SXOSZRRG�DQG�VDZORJ�PDUNHWV��7KH�FURS�UHVLGXH�
SRWHQWLDO�ZDV�GHWHUPLQHG�WR�EH�VRPHZKDW�OHVV�WKDQ�
ZKDW�ZDV�LQ�WKH������BTS�GXH�WR�WKH�FRQVLGHUDWLRQ�
RI�PDQDJLQJ�IRU�VRLO�FDUERQ�GXULQJ�FURS�UHVLGXH�

Excludes Alaska, Hawaii, and territories
Includes all major primary and secondary forest 
and agriculture residue feedstocks, major waste 
FEEDSTOCKS�ÏANDÏENERGYÏCROPSÏGROWNÏSPECIlCALLYÏ
for bioenergy
Based on extension of USDA projections
Baseline uses 1% per annum average yield 
increases for corn and 1% for all energy crops
Yield improvements derived from workshop
High-yield scenario uses 2% yearly increases for 
corn yield and 2%, 3%, and 4% annual increases 
for energy crops
Baseline assumes a continuation in tillage trends; 
high-yield scenario assumes a much larger 
fraction of no-till cultivation
Collection of crop residues prohibited from 
conventionally tilled acres
Covers 2012–2030 with summaries for 2017, 
2022, 2030
Crop residue collection and energy crops modeled 
using POLYSYS
Energy crops must offer growers higher net 
returns than commodity crops and pasture they 
displace
Forestry analysis exogenous to POLYSYS
Energy crop potential estimates limit impact on 
FOOD�ÏFEED�ÏEXPORTS�ÏANDÏlBERÏPRODUCTION

TEXT BOX ES.1  |  BACKGROUND SUMMARY

UHPRYDO�DQG�QRW�DOORZLQJ�WKH�UHPRYDO�RI�UHVLGXH�IURP�
FRQYHQWLRQDOO\�WLOOHG�DFUHV��7KH�HQHUJ\�FURS�SRWHQWLDO�
ZDV�HVWLPDWHG�WR�EH�PXFK�JUHDWHU�EHFDXVH�RI�KLJKHU�
SODQWHG�DFUHDJH�²D�UHVXOW�RI�WKH�VSDWLDOO\�H[SOLFLW�ODQG�
XVH�FKDQJH�PRGHOLQJ�WKDW�ZDV�XVHG�

6XSSO\�FRVW�FXUYHV�ZHUH�GHULYHG�IRU�HDFK�PDMRU�
IHHGVWRFN��7KH�FRVW�UDQJH�WKDW�ZDV�VLPXODWHG�YDULHG�
VLJQL¿FDQWO\�DFURVV�WKH�FXUYHV�GHSHQGLQJ�RQ�WKH�W\SH�
RI�IHHGVWRFN��)RU�H[DPSOH��WKH�SURFHVVLQJ�ZDVWHV�ZHUH�
UHODWLYHO\�ORZ�DQG�KDG�D�QDUURZ�UDQJH�WKDW�ZDV�URXJKO\�
EHWZHHQ�����DQG�����SHU�GU\�WRQ��
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2Q�WKH�RWKHU�KDQG��WKH�FRQYHQWLRQDOO\�VRXUFHG�ZRRG�
ZHQW�DV�KLJK�DV������SHU�GU\�WRQ��,Q�WKLV�UHSRUW��LW�LV�
GLI¿FXOW�WR�SUHVHQW�VLPSOH�VXPPDULHV�IRU�WRWDO�SRWHQWLDO�
ELRPDVV�DV�D�IXQFWLRQ�RI�FRVW�EHFDXVH�WKH�IHHGVWRFN�
TXDQWLWLHV�YDU\�VR�PXFK�XQGHU�WKH�GLIIHUHQW�FRVW�FXUYHV��
7KH\�FRXOG�HDVLO\�EH�VKRZQ�DW�YDULRXV�SULFHV²VXFK�DV��
��������������SHU�GU\�WRQ�DQG�HYHQ�XS�WR�RYHU�D������
SHU�GU\�WRQ��,Q�DOO�FDVHV��WKH�SULFH�SUHVHQWHG�LQFOXGHV�
ELRPDVV�DYDLODEOH�XS�WR�WKDW�SULFH��)RU�FRQYHQLHQFH�
DQG�HDVH�LQ�UHDGLQJ��D�GHFLVLRQ�ZDV�PDGH�WR�VKRZ�DOO�
IHHGVWRFNV�TXDQWLWLHV�DQG�WKHLU�FRPSRVLWH�WRWDO�DW�WKH�
����SHU�GU\�WRQ�OHYHO�LQ�PDQ\�RI�WKH�¿JXUHV�DQG�WDEOHV�
LQ�WKH�UHSRUW��7KLV�SULFH�ZDV�VHOHFWHG�EHFDXVH�LW�EULQJV�
LQ�PRVW�RI�WKH�DYDLODEOH�WRQV�IURP�DOO�RI�WKH�IHHGVWRFNV�
DQG�EHFDXVH�WKH�SULFH�UHSUHVHQWV�D�UHDOLVWLF��UHDVRQDEOH�
SULFH�IRU�GLVFXVVLRQ�SXUSRVHV��)RU�H[DPSOH��WKLV�SULFH�
LV�FRPSDUDEOH�WR�WKH�'2(�FRVW�WDUJHWV�IRU�FHOOXORVLF�
IHHGVWRFNV�ZKHQ�DGMXVWHG�WR�H[FOXGH�WUDQVSRUWDWLRQ�DQG�
KDQGOLQJ�FRVWV��8�6��'HSDUWPHQW�RI�(QHUJ\���������7KH�
VHOHFWLRQ�RI�WKLV�SULFH�IRU�SUHVHQWDWLRQ�SXUSRVHV�GRHV�
QRW�LPSO\�WKDW�WKH�IHHGVWRFNV�ZLOO�QHFHVVDULO\�EH�WKLV�
KLJK�RU�FRQYHUVHO\�WKLV�ORZ��,Q�IDFW��WKH�PDUNHW�ZLOO�
GHFLGH�WKH�SULFH�EDVHG�RQ�PDQ\�YDULDEOHV��

7KHUH�ZLOO�DOVR�EH�JUHDW�YDULDWLRQ�DPRQJ�WKH�GLIIHUHQW�
IHHGVWRFN�SULFHV��7KH�VXSSO\�FRVW�FXUYHV�ZLOO�EH�
XVHIXO�LQ�JHQHUDWLQJ�WRWDO�VXSSO\�HVWLPDWHV�XQGHU�
YDULRXV��LQGLYLGXDO�IHHGVWRFN�DVVXPSWLRQV��7KH�WRROV�
LQ�WKH�:HE�EDVHG�%LRHQHUJ\�.QRZOHGJH�'LVFRYHU\�
)UDPHZRUN��.')��ZLOO�EH�XVHIXO�LQ�JHQHUDWLQJ�
FRPSRVLWH�ELRPDVV�HVWLPDWHV�XVLQJ�WKH�YDULRXV�
FRVW�FXUYHV��DV�ZHOO�DV�SUHVHQWLQJ�WRWDO�ELRPDVV�
DYDLODELOLWLHV�DW�VHOHFWHG�SULFHV�EH\RQG�WKH�����SHU�GU\�
WRQ�XVHG�LQ�WKH�UHSRUW�

5HVXOWV�XQGHU�EDVHOLQH�DVVXPSWLRQV�DUH�SUHVHQWHG�
LQ�)LJXUHV�(6���DQG�(6���IRU�IRUHVW�DQG�DJULFXOWXUDO�
UHVRXUFHV��UHVSHFWLYHO\��7KH�¿JXUHV�VKRZ�IRXU�\HDUV�
�������������������DQG�������DQG�WKUHH�SULFHV²�����
�����DQG�����SHU�GU\�WRQ�IRU�IRUHVW�ELRPDVV�DQG������
�����DQG�����SHU�GU\�WRQ�IRU�DJULFXOWXUDO�ELRPDVV��
7KH�IRUHVW�UHVRXUFHV�DUH�DYDLODEOH�RYHU�D�ZLGHU�SULFH�
UDQJH�WKDQ�WKH�DJULFXOWXUDO�UHVRXUFHV��ZLWK�LQFUHDVLQJ�
TXDQWLWLHV�DW�KLJKHU�SULFHV��2YHU�WKH�HVWLPDWHG�SULFH�
UDQJH��TXDQWLWLHV�YDU\�IURP�DERXW����WR�����PLOOLRQ�
GU\�WRQV�FXUUHQWO\�WR�DERXW����WR�����PLOOLRQ�GU\�WRQV�
LQ�������3ULPDU\�IRUHVW�ELRPDVV��L�H���ORJJLQJ�DQG�IXHO�
WUHDWPHQW�RSHUDWLRQV�DQG�ODQG�FOHDULQJ��LV�WKH�VLQJOH�

ODUJHVW�VRXUFH�RI�IHHGVWRFN��7KH�UHVRXUFH�SRWHQWLDO�
GRHV�QRW�LQFUHDVH�PXFK�RYHU�WLPH�JLYHQ�WKH�VWDQGLQJ�
LQYHQWRU\�QDWXUH�RI�WKH�UHVRXUFH�DQG�KRZ�LW�LV�PDQDJHG��
5HVXOWV�DOVR�VKRZ�WKDW�YHU\�OLWWOH�FRQYHQWLRQDO�
SXOSZRRG�LV�DYDLODEOH�IRU�ELRHQHUJ\�DW�SULFHV�EHORZ�
�DERXW������SHU�GU\�WRQ��7KH�DJULFXOWXUDO�UHVRXUFHV�
VKRZ�FRQVLGHUDEO\�PRUH�VXSSO\��ZLWK�WKH�TXDQWLW\�
LQFUHDVLQJ�VLJQL¿FDQWO\�RYHU�WLPH��7KLV�LQFUHDVH�LV�
GXH�WR�\LHOG�JURZWK��ZKLFK�PDNHV�PRUH�FURS�UHVLGXH�
DYDLODEOH��7KH�LQFUHDVH�LV�DOVR�DWWULEXWHG�WR�WKH�
GHSOR\PHQW�RI�HQHUJ\�FURSV��8QGHU�FXUUHQW�FRQGLWLRQV��
SURVSHFWLYH�ELRPDVV�VXSSOLHV�UDQJH�IURP�DERXW����
PLOOLRQ�GU\�WRQV�DW�D�IDUPJDWH�SULFH�RI�����SHU�GU\�WRQ�
RU�OHVV�WR�����PLOOLRQ�GU\�WRQV�DW�����SHU�GU\�WRQ��7KH�
FRPSRVLWLRQ�RI�WKLV�ELRPDVV�LV�DERXW�WZR�WKLUGV�FURS�
UHVLGXH�DQG�RQH�WKLUG�YDULRXV�DJULFXOWXUDO�SURFHVVLQJ�
UHVLGXHV�DQG�ZDVWHV��%\�������TXDQWLWLHV�LQFUHDVH�WR�
����PLOOLRQ�GU\�WRQV�DW�WKH�ORZHVW�VLPXODWHG�SULFH�
�����SHU�GU\�WRQ��WR�����PLOOLRQ�GU\�WRQV�DW�WKH�KLJKHVW�
VLPXODWHG�SULFH������SHU�GU\�WRQ���$W�SULFHV�DERYH�
����SHU�GU\�WRQ��HQHUJ\�FURSV�EHFRPH�WKH�GRPLQDQW�
UHVRXUFH�DIWHU������

7KH�KLJK�\LHOG�VFHQDULR�DVVXPHV�D�JUHDWHU�SURSRUWLRQ�
RI�FRUQ�LQ�UHGXFHG�DQG�QR�WLOO�FXOWLYDWLRQ�DQG�LQFUHDVHG�
FRUQ�\LHOGV�WR�DERXW�GRXEOH�WKH�FXUUHQW�UDWH�RI�DQQXDO�
LQFUHDVH��)RU�HQHUJ\�FURSV��WKH�KLJK�\LHOG�VFHQDULR�
LQFUHDVHG�WKH�DQQXDO�UDWH�RI�FURS�SURGXFWLYLW\�
JURZWK�IURP�WKH����EDVHOLQH�WR���������DQG����
DQQXDOO\��1R�KLJK�\LHOG�VFHQDULR�ZDV�HYDOXDWHG�IRU�
IRUHVW�UHVRXUFHV�H[FHSW�IRU�WKH�ZRRG\�FURSV��)RUHVW�
UHVLGXHV�FRPH�IURP�H[LVWLQJ�WLPEHUODQGV��DQG�WKHUH�
LV�QR�REYLRXV�ZD\�WR�LQFUHDVH�YROXPHV�RWKHU�WKDQ�
UHGXFLQJ�WKH�DPRXQWV�RI�UHVLGXHV�UHWDLQHG�RQVLWH�
IRU�HQYLURQPHQWDO�VXVWDLQDELOLW\�RU�GHFUHDVLQJ�WKH�
PHUFKDQWDEOH�XWLOL]DWLRQ�UHTXLUHPHQWV²QHLWKHU�RSWLRQ�
ZDV�FRQVLGHUHG��)LJXUH�(6���VXPPDUL]HV�WKH�HVWLPDWHG�
TXDQWLWLHV�RI�ELRPDVV�IURP�IRUHVW��DJULFXOWXUDO��DQG�
HQHUJ\�FURS�UHVRXUFHV�XQGHU�KLJK�\LHOG�DVVXPSWLRQV�DW�
WKH�KLJKHVW�VLPXODWHG�SULFH�RI�����SHU�GU\�WRQ��5HVXOWV�
DUH�SUHVHQWHG�IRU�GLIIHUHQW�DVVXPSWLRQV�DERXW�WKH�
DQQXDO�LQFUHDVH�LQ�WKH�UDWH�RI�JURZWK�RI�HQHUJ\�FURS�
\LHOGV����������DQG������$JULFXOWXUDO�UHVLGXHV�DQG�
ZDVWHV�DUH�EDVHG�RQ�KLJKHU�SURSRUWLRQV�RI�UHGXFHG�DQG�
QR�WLOO�FXOWLYDWLRQ��DV�ZHOO�DV�KLJKHU�FRUQ�JUDLQ�\LHOGV��
)RUHVW�UHVLGXHV�DQG�ZDVWHV�DUH�WKH�VDPH�DV�VKRZQ�LQ�
)LJXUH�(6���DQG�WRWDO�����PLOOLRQ�GU\�WRQV�E\�������
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$JULFXOWXUDO�UHVLGXHV�DQG�ZDVWHV�DUH�DERXW�����PLOOLRQ�
GU\�WRQV�FXUUHQWO\�DQG�LQFUHDVH�WR�����PLOOLRQ�GU\�
WRQV�E\������DW�D�IDUPJDWH�SULFH�RI�����SHU�GU\�WRQ��
,Q�������WKH�WRWDO�DJULFXOWXUDO�UHVRXUFHV��FURS�UHVLGXHV�
DQG�HQHUJ\�FURSV��UHDFK�����PLOOLRQ�GU\�WRQV�DW�WKH�����
SULFH��(QHUJ\�FURSV�DUH�WKH�ODUJHVW�SRWHQWLDO�VRXUFH�RI�
ELRPDVV�IHHGVWRFN��ZLWK�SRWHQWLDO�HQHUJ\�FURS�VXSSOLHV�
YDU\LQJ�FRQVLGHUDEO\�GHSHQGLQJ�RQ�ZKDW�LV�DVVXPHG�
DERXW�SURGXFWLYLW\��$W�D����DQQXDO�JURZWK�UDWH��HQHUJ\�
FURS�SRWHQWLDO�LV�����PLOOLRQ�GU\�WRQV�E\������DQG�����
PLOOLRQ�GU\�WRQV�LI�DQ�DQQXDO�LQFUHDVH�LQ�SURGXFWLYLW\�RI�
���LV�DVVXPHG��,QFUHDVLQJ�\LHOG�JURZWK�WR����SXVKHV�
WKH�HQHUJ\�FURS�SRWHQWLDO�WR�QHDUO\�����PLOOLRQ�GU\�
WRQV��1RWH�WKDW�DW�WKH�ORZHVW�VLPXODWHG�SULFH�RI�����
SHU�GU\�WRQ��KRZHYHU��WKH�HQHUJ\�FURS�SRWHQWLDO�LV�RQO\�
���PLOOLRQ������PLOOLRQ��DQG�����PLOOLRQ�GU\�WRQV�LQ�
�����DW���������DQG����DQQXDO�\LHOG��UHVSHFWLYHO\��,Q�
JHQHUDO��WKH�IDUPJDWH�RU�URDGVLGH�SULFH�IRU�IHHGVWRFN�
DSSHDUV�WR�EH�D�ODUJHU�GULYHU�RI�ELRPDVV�DYDLODELOLW\�
WKDQ�\LHOG�UDWH�LQFUHDVHV��DOWKRXJK�ERWK�DUH�LPSRUWDQW�

,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKH�VLJQL¿FDQW�UROH�RI�HQHUJ\�
FURSV��,Q�WKH�EDVHOLQH��HQHUJ\�FURSV�SURYLGH�DERXW�����
RI�WKH�WRWDO�ELRPDVV�DYDLODEOH�DW�����SHU�GU\�WRQ�DQG�
KDOI�RI�WKH�WRWDO�SRWHQWLDO�UHVRXUFH��(QHUJ\�FURSV�DUH�D�
PXFK�VPDOOHU�IUDFWLRQ�RI�WRWDO�DYDLODEOH�ELRPDVV�DW�����
SHU�GU\�WRQ��2YHUDOO��HQHUJ\�FURSV�EHFRPH�HYHQ�PRUH�
VLJQL¿FDQW�LQ�WKH�KLJK�\LHOG�VFHQDULR²SURYLGLQJ�RYHU�
KDOI�RI�WKH�SRWHQWLDO�ELRPDVV�DW�����SHU�GU\�WRQ��

8QGHU�EDVHOLQH�DVVXPSWLRQV��XS�WR����PLOOLRQ�DFUHV�RI�
FURSODQG�DQG����PLOOLRQ�DFUHV�RI�SDVWXUHODQG�VKLIW�LQWR�
HQHUJ\�FURSV�E\������DW�D�VLPXODWHG�IDUPJDWH�SULFH�
RI�����SHU�GU\�WRQ�2�7KLV�ODQG�XVH�FKDQJH�LV�VLPLODU�
LQ�PDJQLWXGH�WR�WKH����WR����PLOOLRQ�DFUHV�LQ�HQHUJ\�
FURSV�UHSRUWHG�LQ�WKH������BTS��$W�ORZHU�VLPXODWHG�
SULFHV��WRWDO�FURS�DQG�SDVWXUH�ODQG�XVH�FKDQJH�LV�PXFK�
OHVV²DERXW�����PLOOLRQ�DFUHV�DW�����SHU�GU\�WRQ�DQG�
���PLOOLRQ�DFUHV�DW�����SHU�GU\�WRQ��$W�WKH�ORZHVW�
VLPXODWHG�SULFH��ODQG�XVH�FKDQJH�LV�OLPLWHG�WR�FURSODQG��
+LJKHU�VLPXODWHG�IDUPJDWH�SULFHV�PRYH�HQHUJ\�FURSV�
RQWR�SDVWXUH��$W�WKLV�OHYHO�RI�ODQG�XVH�FKDQJH��WRWDO�
IHHGVWRFN�SURGXFWLRQ�LQ�WKH�EDVHOLQH�VFHQDULR�UDQJHV�

IURP����WR�����PLOOLRQ�GU\�WRQV�DW�VLPXODWHG�SULFHV�
RI�����WR�����SHU�GU\�WRQ��UHVSHFWLYHO\��8QGHU�WKH�
KLJK�\LHOG�VFHQDULR�ZLWK�D����DQQXDO�LQFUHDVH�LQ�
HQHUJ\�FURS�\LHOGV��JUHDWHU�DPRXQWV�RI�FURSODQG�DQG�
SDVWXUHODQG�VKLIW�LQWR�HQHUJ\�FURS�SURGXFWLRQ��8S�
WR����PLOOLRQ�DFUHV�RI�FURSODQG�DQG����PLOOLRQ�DFUHV�
RI�SDVWXUHODQG�VKLIW�LQWR�HQHUJ\�FURSV�E\������DW�D�
VLPXODWHG�IDUPJDWH�SULFH�RI�����SHU�GU\�WRQ��$W�WKH�
ORZHU�VLPXODWHG�IDUPJDWH�SULFHV�RI�����DQG�����SHU�
GU\�WRQ��WRWDO�ODQG�XVH�FKDQJH�LV����DQG����PLOOLRQ�
DFUHV��UHVSHFWLYHO\��2YHU�WKH�����SHU�GU\�WRQ�VLPXODWHG�
IHHGVWRFN�SULFH�UDQJH��WRWDO�HQHUJ\�FURS�SURGXFWLRQ�LV�
����PLOOLRQ�GU\�WRQV�WR�QHDUO\�����PLOOLRQ�GU\�WRQV�LQ�
������

,Q�VXP��SRWHQWLDO�VXSSOLHV�DW�D�IRUHVW�URDGVLGH�RU�
IDUPJDWH�SULFH��RI�����SHU�GU\�WRQ�UDQJH�IURP�����WR 
�����PLOOLRQ�GU\�WRQV�E\������DQG�IURP�DERXW�����WR�
�����PLOOLRQ�GU\�WRQV�E\�������GHSHQGLQJ�RQ�ZKDW�LV�
DVVXPHG�DERXW�HQHUJ\�FURS�SURGXFWLYLW\�����WR����
DQQXDO�LQFUHDVH�RYHU�FXUUHQW�\LHOGV���7KLV�HVWLPDWH�
GRHV�QRW�LQFOXGH�UHVRXUFHV�WKDW�DUH�FXUUHQWO\�EHLQJ�
XVHG��VXFK�DV�FRUQ�JUDLQ�DQG�IRUHVW�SURGXFWV�LQGXVWU\�
UHVLGXHV��%\�LQFOXGLQJ�WKH�FXUUHQWO\�XVHG�UHVRXUFHV��
WKH�WRWDO�ELRPDVV�HVWLPDWH�MXPSV�WR�RYHU�RQH�ELOOLRQ�
GU\�WRQV�DQG�LV�HYHQ�KLJKHU�ZLWK�PRUH�DJJUHVVLYH�
DVVXPSWLRQV�DERXW�HQHUJ\�FURS�SURGXFWLYLW\��7KH�ODVW�
WZR�¿JXUHV��)LJXUHV�(6���DQG�(6����LQ�WKLV�VXPPDU\�
EULQJ�LQ�WKHVH�FXUUHQWO\�XVHG�UHVRXUFHV�IRU�WKH�EDVHOLQH�
VFHQDULR�DQG�WKH�KLJK�\LHOG�VFHQDULR�VKRZQ�IRU�WKH�
����SHU�GU\�WRQ�SULFH�DQG�D����DQQXDO�JURZWK�LQ�
HQHUJ\�FURS�SURGXFWLYLW\��)RU�WKH�EDVHOLQH��SURMHFWHG�
FRQVXPSWLRQ�RI�FXUUHQWO\�XVHG�UHVRXUFHV��WKH�IRUHVW�
UHVLGXHV�DQG�ZDVWHV��WKH�DJULFXOWXUDO�UHVLGXHV�DQG�
ZDVWHV��DQG�HQHUJ\�FURSV�VKRZ�D�WRWDO�RI������PLOOLRQ�
GU\�WRQV�E\�������7KLV�TXDQWLW\�LQFUHDVHV�E\�����
PLOOLRQ�GU\�WRQV�LI�PRVW�RI�WKH�FRQYHQWLRQDOO\�WLOOHG�
DFUHV�VKLIW�LQWR�QR�WLOO�FXOWLYDWLRQ��FRUQ�\LHOGV�LQFUHDVH�
WR�D�QDWLRQDO�DYHUDJH�RI�DERXW�����EXVKHO�SHU�DFUH��DQG�
HQHUJ\�FURS�SURGXFWLYLW\�LQFUHDVHV����DQQXDOO\�LQVWHDG�
RI����DQQXDOO\��7KH�TXDQWLW\�GHFUHDVHV�VLJQL¿FDQWO\�DV�
WKH�URDGVLGH�RU�IDUPJDWH�SULFH�LV�GHFUHDVHG�WR�����DQG�
����SHU�GU\�WRQ��

2  This feedstock is assumed to be planted on cropland and pastureland. The POLYSYS model, an agricultural policy modeling framework, was 
used to estimate potential land-use change and potential economic impacts.

3 The forest landing or farmgate price mentioned throughout this report is a basic feedstock price that includes cultivation (or acquisition), 
harvest, and delivery of biomass to the field edge or roadside. It excludes on-road transport, storage, and delivery to an end user. For 
grasses and residues, this price includes baling. For forest residues and woody crops, this includes minimal communition (e.g., chipping). 
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7KH�UHVXOWV�MXVW�GLVFXVVHG��DORQJ�ZLWK�HVWLPDWHV�
RI�FXUUHQWO\�XVHG�UHVRXUFHV�DUH�VXPPDUL]HG�LQ�
7DEOH�(6����2QH�LPSRUWDQW�\HDU�KLJKOLJKWHG�LQ�WKLV�
DVVHVVPHQW�LV�����²WKH�\HDU�LQ�ZKLFK�WKH�UHYLVHG�
5)6�PDQGDWHV�WKH�XVH�RI����%*<�RI�UHQHZDEOH�IXHOV��
7KH�IHHGVWRFN�VKRZQ�LQ�WKH�EDVHOLQH�VFHQDULR�DFFRXQWV�
IRU�FRQYHQWLRQDO�ELRIXHOV��FRUQ�JUDLQ��HWKDQRO��DQG�
ELRGLHVHO��DQG�VKRZV�����PLOOLRQ�GU\�WRQV�RI�SRWHQWLDO�
UHVRXUFH�DW�����SHU�GU\�WRQ������PLOOLRQ�GU\�WRQV�RI�
IRUHVW�ELRPDVV������PLOOLRQ�GU\�WRQV�RI�FURS�UHVLGXHV�
DQG�RWKHU�FURSODQG�ELRPDVV��DQG�����PLOOLRQ�GU\�WRQV�
RI�HQHUJ\�FURSV���7KLV�SRWHQWLDO�UHVRXUFH�LV�PRUH�WKDQ�
VXI¿FLHQW�WR�SURYLGH�IHHGVWRFN�WR�SURGXFH�WKH�UHTXLUHG�
���ELOOLRQ�JDOORQV�RI�FHOOXORVLF�ELRIXHOV��7KH�KLJK�\LHOG�
VFHQDULR�GHPRQVWUDWHV�SRWHQWLDO�DW�WKH�����SULFH�WKDW�IDU�
H[FHHGV�WKH�5)6�PDQGDWH�

$V�QRWHG�DW�WKH�RXWVHW��WKH�UHVXOWV�RI�WKLV�XSGDWHG�
DVVHVVPHQW�DUH�FRQVLVWHQW�ZLWK�WKH������BTS�LQ�WHUPV�
RI�RYHUDOO�PDJQLWXGH��,Q�IDFW��WKH�VFHQDULR�DVVXPSWLRQV�
UHTXLUHG�WR�VKRZ�D�³ELOOLRQ�WRQ´�UHVRXUFH��L�H���
VXI¿FLHQW�IHHGVWRFN�WR�SRWHQWLDOO\�GLVSODFH�����RU�
PRUH�RI�WKH�FRXQWU\¶V�SUHVHQW�SHWUROHXP�FRQVXPSWLRQ��
DUH�PXFK�PRUH�SODXVLEOH��7KH�IRUHVW�UHVRXUFHV�WDNH�
LQWR�DFFRXQW�VDZORJ�DQG�SXOSZRRG�GHPDQGV��DQG�
WKH\�IDFWRU�LQ�D�PRUH�H[SOLFLW�DFFRXQWLQJ�RI�UHVRXUFH�
VXVWDLQDELOLW\��7KH�DJULFXOWXUDO�UHVRXUFHV�QRZ�WDNH�LQWR�
DFFRXQW�VRLO�RUJDQLF�PDWWHU�LQ�WKH�DVVHVVPHQW�RI�FURS�
UHVLGXH�SRWHQWLDO�DQG�UHTXLUH�OHVV�VLJQL¿FDQW�VKLIWV�RI�
ODQG�LQWR�QR�WLOO�FXOWLYDWLRQ��7KH�HQHUJ\�FURS�SRWHQWLDO�
LV�IRUPDOO\�PRGHOHG�DQG�DFFRXQWV�IRU�FRPSHWLWLRQ�
DPRQJ�YDULRXV�FRPSHWLQJ�XVHV�RI�WKH�ODQG��$OWKRXJK�
WKH�IRFXV�LV�PRUH�RQ�WKH�ELRPDVV�VXSSO\�DQG�SULFHV��
WKH�DVVXPSWLRQV�XVHG�WR�GHULYH�WKHVH�HVWLPDWHV�DUH�
WHPSHUHG�IURP�WKH�VXVWDLQDELOLW\�SHUVSHFWLYH��7KH�
XSGDWH�LV�QRW�D�TXDQWLWDWLYH�HQYLURQPHQWDO�DVVHVVPHQW�
RU�D�FRPSUHKHQVLYH�VXVWDLQDELOLW\�DQDO\VLV��ZKLFK�
PHDQV�WKDW�WKH�VWXG\�GRHV�QRW�HYDOXDWH�D�ZKROH�VXLWH�
RI�VXVWDLQDELOLW\�FULWHULD�QRU�DVVHVV�FKDQJHV�LQ�WKH�
LQGLFDWRUV�DV�D�IXQFWLRQ�RI�SURGXFWLRQ�VFHQDULRV�

,W�VKRXOG�DOVR�EH�VWUHVVHG�WKDW�ELRHQHUJ\�PDUNHWV�
FXUUHQWO\�GR�QRW�H[LVW�IRU�WKH�UHVRXUFH�SRWHQWLDO�
LGHQWL¿HG��7KH�DQDO\VLV�DQG�UHVXOWV�DUH�EDVHG�RQ�YHU\�
OLPLWHG�GDWD�DQG��DV�VXFK��UHTXLUH�PDNLQJ�QXPHURXV�
DVVXPSWLRQV��DQG�WKH�UHVXOWV�FDQ�EH�VHQVLWLYH�WR�WKHVH�
DVVXPSWLRQV��HVSHFLDOO\�ZLWK�UHVSHFW�WR�SURGXFWLRQ�

UHVSRQVH�WR�SULFH���:KLOH�WKH�PHWKRGV�VHOHFWHG�
WR�HVWLPDWH�UHVRXUFHV�ZHUH�ULJRURXVO\�DSSOLHG��
WKH�HVWLPDWHV�UHO\�KHDYLO\�RQ�WKH�SUHFLVLRQ�RI�WKH�
XQGHUO\LQJ�GDWD�DQG�DVVXPSWLRQV��+RZHYHU��DQ�HIIRUW�
ZDV�PDGH�WR�EH�DV�WUDQVSDUHQW�DV�SRVVLEOH�ZLWK�WKH�
GDWD�DQG�PHWKRGRORJ\��DV�ZHOO�DV�DVVXPSWLRQV��7KH�
XQGHUO\LQJ�DVVXPSWLRQV�DUH�EDVHG�RQ�WKH�EHVW�DYDLODEOH�
LQIRUPDWLRQ�DQG�JURXQGHG�LQ�WKH�H[SHUWLVH�RI�WKH�
DXWKRUV��7KH�PDMRU�DVVXPSWLRQV�DUH�RXWOLQHG�LQ�WKH�
$SSHQGLFHV�DQG�WKH�VLJQL¿FDQFH�RI�WKHVH�DVVXPSWLRQV�
LV�VXPPDUL]HG�LQ�&KDSWHU����7KLV�GLVFXVVLRQ�LQFOXGHV�
WKH�VFHQDULRV��WLOODJH�DQG�\LHOG�IRU�UHVLGXH�SURGXFLQJ�
FURSV��PDQDJHPHQW�SUDFWLFHV�DQG�LQSXWV�IRU�HQHUJ\�
FURSV��PRGHOLQJ�RI�ODQG�XVH�FKDQJH��PDUNHWV�IRU�
URXQGZRRG�SURGXFWV��DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\��
&KDSWHU���DOVR�GLVFXVVHV�D�QXPEHU�RI�IDFWRUV�DOOXGHG�
WR�HDUOLHU�DERXW�WRQQDJH�DQG�¿QDO�SURGXFW�HVWLPDWHV���
)LQDOO\��&KDSWHU���SURYLGHV�D�EULHI�VXPPDU\�RI�GDWD�
DQG�UHVHDUFK�DQG�GHYHORSPHQW�QHHGV�DQG�RSSRUWXQLWLHV�
IRU�IXUWKHU�DQDO\VLV�

7KH�%LRHQHUJ\�.')�SURYLGHV�FRPSOHPHQWDU\�DQG�
UHIHUHQFH�PDWHULDOV��DV�ZHOO�DV�DGGLWLRQDO�GDWD�DQG�
H[SODQDWLRQV��251/���������7KH�ZHEVLWH�DOVR�SURYLGHV�
WRROV�WR�KHOS�SUHVHQW�WKH�UHVXOWV�LQ�FXVWRP�WDEXODU��
JUDSKLF��DQG�VSDWLDO�IRUPDWV��DV�LW�LV�LPSRVVLEOH�WR�
SURYLGH�WKLV�LQ�D�UHDVRQDEOH�OHQJWK�UHSRUW��+RSHIXOO\�
LQ�WKH�IXWXUH��QHZ�GDWD�DQG�PRGHOLQJ�UHVXOWV��DV�ZHOO�DV�
DQDO\VLV�WRROV��ZLOO�EH�PDGH�DYDLODEOH�RQ�WKH�ZHEVLWH��
8VHUV�ZLOO�DOVR�EH�DEOH�WR�SRVW�FRPPHQWV��VXJJHVWLRQV�
IRU�DGGLWLRQDO�DQDO\VLV��DQG�DGG�OLQNV�WR�DGGLWLRQDO�
LQIRUPDWLRQ�

)LQDOO\��LW�VKRXOG�EH�QRWHG�WKDW�WKH�LQWHQW�RI�WKLV�UHSRUW�
LV�WR�XSGDWH�WKH������BTS�DQG�FKDQJH�LWV�IRFXV�IURP�
D�VWUDWHJLF�DVVHVVPHQW�WR�D�FRPSUHKHQVLYH�UHVRXUFH�
DVVHVVPHQW��7KLV�UHSRUW�LV�QRW�DQ�HFRQRPLF�DVVHVVPHQW�
RI�WKH�SRWHQWLDO�LPSDFW�ODUJH�VFDOH�FROOHFWLRQ��JURZLQJ��
DQG�KDUYHVWLQJ�RI�ELRHQHUJ\�IHHGVWRFNV�PLJKW�KDYH�RQ�
IRUHVWU\�DQG�DJULFXOWXUDO��ERWK�FRPPRGLW\�FURSV�DQG�
OLYHVWRFN��VHFWRUV�RI�WKH�HFRQRP\��)RU�WKH�EDVHOLQH�
VFHQDULR��UHVXOWV�GR�VKRZ�D�ORVV�RI�FRPPRGLW\�FURS�
DFUHV�WR�HQHUJ\�FURSV�DQG�KLJKHU�FRPPRGLW\�FURS�
SULFHV��)RU�FURS�SURGXFHUV��WKH�KLJKHU�FURS�SULFHV�
FRXOG�PRUH�WKDQ�FRPSHQVDWH�IRU�WKH�ORVV�LQ�FURS�
DFUHV��UHÀHFWLQJ�JUHDWHU�QHW�FURS�UHWXUQV�UHODWLYH�WR�WKH�
EDVHOLQH��+LJKHU�HQHUJ\�FURS�SULFH�LV�RQH�RI�WKH�IDFWRUV�
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WKDW�DIIHFWV�IRRG�DQG�IHHG�SULFHV�IRU�HQG�FRQVXPHUV��
7KH�ODUJH�VFDOH�GHSOR\PHQW�RI�HQHUJ\�FURSV�FRXOG�
UHTXLUH�WKH�GLVSODFHPHQW�RI�WHQV�RI�PLOOLRQV�RI�DFUHV�
RI�FURSODQG�DQG�SDVWXUH��HVSHFLDOO\�XQGHU�WKH�KLJK�
\LHOG�VFHQDULR��7KHVH�SRWHQWLDO�FKDQJHV�WR�FRPPRGLW\�
FURS�DFUHV�DQG�SULFHV�DUH�ZLWKLQ�KLVWRULFDO�VZLQJV��
+RZHYHU��WKH�ODUJH�SURMHFWHG�FKDQJHV�LQ�FURSODQG�
SDVWXUH�DQG�SHUPDQHQW�SDVWXUH�DFUHV�WR�HQHUJ\�FURSV�
ZRXOG�UHTXLUH�DGGLWLRQDO�IRUDJH�WKURXJK�RQH�RU�PRUH�

DSSURDFKHV�WR�SDVWXUH�LQWHQVL¿FDWLRQ��$V�ZLWK�WKH������
BTS��WKH�IHHGVWRFN�SRWHQWLDO�LGHQWL¿HG�LQ�WKLV�UHSRUW�
FRXOG�EH�UHDOL]HG��DVVXPLQJ�DQ�LQFUHDVHG�LQYHVWPHQW�
LQ�UHVHDUFK�XQGHUWDNHQ�E\�WKH�VWDWH�RU�SULYDWH�LQWHUHVWV��
QRW�RQO\�LQ�FURS�\LHOGV��EXW�LQ�QHZ��LQQRYDWLYH�
PDQDJHPHQW�DQG�SURGXFWLRQ�V\VWHPV��KDUYHVWLQJ�DQG�
FROOHFWLRQ�WHFKQRORJ\��DQG�WKH�VFLHQFH�IRU�VXVWDLQDEOH�
management.
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Feedstock 2012 2017 2022 2030
Million dry tons

Baseline scenario

Forest resources currently used 129 182 210 226

Forest biomass & waste  
resource potential 97 98 100 102

Agricultural resources currently used 85 103 103 103

Agricultural biomass & waste  
resource potential 162 192 221 265

Energy cropsa 0 101 282 400

Total currently used 214 284 312 328

Total potential resources 258 392 602 767

Total – baseline 473 676 914 1094

High-yield scenario (2%–4%)

Forest resources currently used 129 182 210 226

Forest biomass & waste  
resource potential 97 98 100 102

Agricultural resources currently used 85 103 103 103

Agricultural biomass & waste  
resource potentialb 244 310 346 404

Energy crops 0 139–180 410–564 540–799

Total currently used 214 284 312 328

Total potential 340 547–588 855–1009 1046–1305

Total high-yield (2-4%) 555 831–872 1168–1322 1374–1633

Summary of Currently Used and Potential Forest and Agriculture Biomass at $60 per 
Dry Ton or Less, under Baseline and High-Yield Scenario AssumptionsTable ES.1

Note:  Under the high-yield scenario, energy crops are shown for 2% to 4% annual increase in yield. Numbers may not add up due to 

rounding.

a  Energy crops are planted starting in 2014.

b  Agricultural residues are generated under a high-yield traditional crop scenario with high no-till adoption (see Table 4.6). Energy crop   
   yield growth follows a baseline growth pattern of 1% annually.



This page was intentionally left blank.



1

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

1.1 Background
7KH�UHSRUW��Biomass as Feedstock for a Bioenergy and 
Bioproducts Industry: The Technical Feasibility of a 
Billion-Ton Annual Supply��JHQHUDOO\�UHIHUUHG�WR�DV�WKH�
Billion-Ton Study�RU������BTS���ZDV�DQ�HVWLPDWH�RI�
³SRWHQWLDO´�ELRPDVV�EDVHG�RQ�QXPHURXV�DVVXPSWLRQV�
DERXW�FXUUHQW�DQG�IXWXUH�LQYHQWRU\��SURGXFWLRQ�FDSDFLW\��
DYDLODELOLW\��DQG�WHFKQRORJ\�1�7KH�DQDO\VLV�ZDV�PDGH�
WR�GHWHUPLQH�LI�FRQWHUPLQRXV�8�6��DJULFXOWXUH�DQG�
IRUHVWU\�UHVRXUFHV�KDG�WKH�FDSDELOLW\�WR�SURGXFH�DW�OHDVW�
RQH�ELOOLRQ�GU\�WRQV�RI�VXVWDLQDEOH�ELRPDVV�DQQXDOO\�WR�
GLVSODFH�����RU�PRUH�RI�WKH�QDWLRQ¶V�SUHVHQW�SHWUROHXP�
FRQVXPSWLRQ��$Q�HIIRUW�ZDV�PDGH�WR�XVH�FRQVHUYDWLYH�
HVWLPDWHV�WR�DVVXUH�FRQ¿GHQFH�LQ�KDYLQJ�VXI¿FLHQW�
VXSSO\�WR�UHDFK�WKH�JRDO�

7KH�SRWHQWLDO�ELRPDVV�ZDV�SURMHFWHG�WR�EH�UHDVRQDEO\�
DYDLODEOH�DURXQG�PLG�FHQWXU\�ZKHQ�ODUJH�VFDOH�
ELRUH¿QHULHV�DUH�OLNHO\�WR�H[LVW��7KH�VWXG\�HPSKDVL]HG�
SULPDU\�VRXUFHV�RI�IRUHVW��DQG�DJULFXOWXUH�GHULYHG�
ELRPDVV��VXFK�DV�ORJJLQJ�UHVLGXHV��IXHO�WUHDWPHQW�
WKLQQLQJV��FURS�UHVLGXHV��DQG�SHUHQQLDOO\�JURZQ�JUDVVHV�
DQG�WUHHV��7KHVH�SULPDU\�VRXUFHV�KDYH�WKH�JUHDWHVW�
SRWHQWLDO�WR�VXSSO\�ODUJH��UHOLDEOH��DQG�VXVWDLQDEOH�
TXDQWLWLHV�RI�ELRPDVV��:KLOH�WKH�SULPDU\�VRXUFHV�ZHUH�
HPSKDVL]HG��HVWLPDWHV�RI�VHFRQGDU\�UHVLGXH�DQG�WHUWLDU\�
ZDVWH�UHVRXUFHV�RI�ELRPDVV�ZHUH�DOVR�SURYLGHG�2 

7KH�RULJLQDO�Billion-Ton Resource Assessment��
SXEOLVKHG�LQ�������ZDV�GLYLGHG�LQWR�WZR�SDUWV²IRUHVW�
GHULYHG�UHVRXUFHV�DQG�DJULFXOWXUH�GHULYHG�UHVRXUFHV��
7KH�IRUHVW�UHVRXUFHV�LQFOXGHG�UHVLGXHV�SURGXFHG�GXULQJ�
WKH�KDUYHVWLQJ�RI�PHUFKDQWDEOH�WLPEHU��IRUHVW�UHVLGXHV��
DQG�VPDOO�GLDPHWHU�WUHHV�WKDW�FRXOG�EHFRPH�DYDLODEOH�
WKURXJK�LQLWLDWLYHV�WR�UHGXFH�¿UH�KD]DUGV�DQG�LPSURYH�

IRUHVW�KHDOWK��IRUHVW�UHVLGXHV�IURP�ODQG�FRQYHUVLRQ��
IXHOZRRG�H[WUDFWHG�IURP�IRUHVWV��UHVLGXHV�JHQHUDWHG�
DW�SULPDU\�IRUHVW�SURGXFW�SURFHVVLQJ�PLOOV��DQG�XUEDQ�
ZRRG�ZDVWHV��PXQLFLSDO�VROLG�ZDVWHV��06:���DQG�
FRQVWUXFWLRQ�DQG�GHPROLWLRQ��&	'��GHEULV��)RU�WKHVH�
IRUHVW�UHVRXUFHV��RQO\�UHVLGXHV��ZDVWHV��DQG�VPDOO�
GLDPHWHU�WUHHV�ZHUH�FRQVLGHUHG��7KH������BTS�GLG�QRW�
DWWHPSW�WR�LQFOXGH�DQ\�ZRRG�WKDW�ZRXOG�QRUPDOO\�EH�
XVHG�IRU�KLJKHU�YDOXHG�SURGXFWV��H�J���SXOSZRRG��WKDW�
FRXOG�SRWHQWLDOO\�VKLIW�WR�ELRHQHUJ\�DSSOLFDWLRQV��7KLV�
ZRXOG�KDYH�UHTXLUHG�D�VHSDUDWH�HFRQRPLF�DQDO\VLV��
ZKLFK�ZDV�QRW�SDUW�RI�WKH������BTS.

7KH�DJULFXOWXUH�UHVRXUFHV�LQ�WKH������BTS�LQFOXGHG�
JUDLQV�XVHG�IRU�ELRIXHOV�SURGXFWLRQ��FURS�UHVLGXHV�
GHULYHG�SULPDULO\�IURP�FRUQ��ZKHDW��DQG�VPDOO�JUDLQV��
DQG�DQLPDO�PDQXUHV�DQG�RWKHU�UHVLGXHV��7KH�FURSODQG�
UHVRXUFH�DQDO\VLV�DOVR�LQFOXGHG�HVWLPDWHV�RI�SHUHQQLDO�
HQHUJ\�FURSV��H�J���KHUEDFHRXV�JUDVVHV��VXFK�DV�
VZLWFKJUDVV��ZRRG\�FURSV�OLNH�K\EULG�SRSODU��DV�ZHOO�DV�
ZLOORZ�JURZQ�XQGHU�VKRUW�URWDWLRQV�DQG�PRUH�LQWHQVLYH�
PDQDJHPHQW�WKDQ�FRQYHQWLRQDO�SODQWDWLRQ�IRUHVWV���
:RRG\�FURSV�ZHUH�LQFOXGHG�XQGHU�FURSODQG�UHVRXUFHV�
EHFDXVH�LW�ZDV�DVVXPHG�WKDW�WKH\�ZRXOG�EH�JURZQ�
RQ�D�FRPELQDWLRQ�RI�FURSODQG�DQG�SDVWXUH�UDWKHU�WKDQ�
IRUHVWODQG�

,Q�WKH������BTS��FXUUHQW�UHVRXUFH�DYDLODELOLW\�ZDV�
HVWLPDWHG�DW�����PLOOLRQ�GU\�WRQV�DQQXDOO\�IURP�
IRUHVWODQGV�DQG�VOLJKWO\�PRUH�WKDQ�����PLOOLRQ�GU\�
WRQV�DQQXDOO\�IURP�FURSODQGV��7KHVH�DQQXDO�TXDQWLWLHV�
LQFUHDVH�WR�DERXW�����PLOOLRQ�GU\�WRQV�IURP�IRUHVWODQGV�
DQG�WR�QHDUO\���ELOOLRQ�GU\�WRQV�IURP�FURSODQGV�

1 Perlack, R.D., Wright, L.L., Graham, R.L., Turhollow, A., Oak Ridge National Laboratory; Stokes, B., USDA Forest Service; and Erbach, D., USDA 
Agricultural Research Service. Biomass as Feedstock for a Bioenergy and Bioproducts Industry: The Technical Feasibility of a Billion-Ton 
Annual Supply. ORNL/TM-2005/66, DOE/GO-102005-2135. April 2005.

2 In this report, primary resources are biomass feedstocks that come directly from either forest or agricultural land and include logging 
residues and forest thinnings, crop residues (such as stover and straw), and energy crops. Secondary residues are biomass materials that 
are the result of a processing activity—the generation of residues from sawmills or food processing plants. Tertiary wastes are biomass 
materials that result from the final consumption of a product, such as urban wood wastes.

1 INTRODUCTION
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XQGHU�VFHQDULR�FRQGLWLRQV�RI�KLJK�\LHOG�JURZWK�DQG�
ODUJH�VFDOH�SODQWLQJV�RI�SHUHQQLDO�JUDVVHV�DQG�ZRRG\�
WUHH�FURSV��7KLV�KLJK�\LHOG�VFHQDULR�UHÀHFWV�D�PLG�
FHQWXU\�WLPHVFDOH��a����±�������8QGHU�FRQGLWLRQV�RI�
ORZHU�\LHOG�JURZWK��HVWLPDWHG�UHVRXUFH�SRWHQWLDO�ZDV�
SURMHFWHG�WR�EH�DERXW�����DQG�����PLOOLRQ�GU\�WRQV�IRU�
IRUHVW�DQG�FURSODQG�ELRPDVV��UHVSHFWLYHO\��$V�QRWHG�
HDUOLHU��WKH������BTS�HPSKDVL]HG�WKH�SULPDU\�UHVRXUFHV�
�DJULFXOWXUDO�DQG�IRUHVWU\�UHVLGXHV�DQG�HQHUJ\�FURSV��
EHFDXVH�WKH\�UHSUHVHQW�QHDUO\�����RI�WKH�ORQJ�WHUP�
UHVRXUFH�SRWHQWLDO�

The law contains a number of provisions to increase energy 
EFlCIENCYÏANDÏTHEÏAVAILABILITYÏANDÏUSEÏOFÏRENEWABLEÏENERGY�Ï
One key provision of EISA is the setting of a revised Renewable 
Fuels Standard (RFS). The revised RFS mandates the use of 36 
billion gallons per year (BGY) of renewable fuels by 2022. The 
REVISEDÏ2&3ÏHASÏSPECIlCÏFUELÏALLOCATIONSÏFORÏ����ÏTHATÏINCLUDEÏ
use of:

16 BGY of cellulosic biofuels
14 BGY of advanced biofuels
1 BGY of biomass-based biodiesel 
15 BGY of conventional biofuels  (e.g., corn starch-based 
ethanol).

EISA legislation (see, 42 U.S.C. 7545(o)(2)) also established 
NEWÏDElNITIONSÏANDÏCRITERIAÏFORÏBOTHÏRENEWABLEÏFUELSÏ�E�G��Ï
greenhouse gas reduction thresholds) and the renewable 
biomass used to produce the fuels. Renewable biomass 
generally includes:

TEXT BOX 1.1  |  ENERGY INDEPENDENCE AND SECURITY ACT (EISA) 2007

Crops from previously cleared non-forested land
Trees from actively managed plantations on non-federal 
land 
Residues from non-federal forestland that is deemed not 
to be critically imperiled or rare
Biomass from the immediate vicinity of buildings or 
PUBLICÏINFRASTRUCTUREÏATÏRISKÏFROMÏWILDlRES
Algae
Separated yard or food waste.

Excluded from the qualifying renewable biomass are resources 
from ecologically sensitive or protected lands, biomass from 
federal forestlands, biomass from newly cleared or cultivated 
land, and merchantable biomass from naturally regenerated 
forestlands (see, 42 U.S.C. 7545(o)(1)(I)).
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6LQFH�SXEOLFDWLRQ�RI�WKH�BTS�LQ�$SULO�������WKHUH�KDYH�
EHHQ�VRPH�UDWKHU�GUDPDWLF�FKDQJHV�LQ�HQHUJ\�PDUNHWV��
,Q�IDFW��MXVW�SULRU�WR�WKH�DFWXDO�SXEOLFDWLRQ�RI�WKH�BTS, 
ZRUOG�RLO�SULFHV�VWDUWHG�WR�LQFUHDVH�DV�D�UHVXOW�RI�D�
EXUJHRQLQJ�ZRUOGZLGH�GHPDQG�DQG�FRQFHUQV�DERXW�
ORQJ�WHUP�VXSSOLHV��%\�WKH�HQG�RI�WKH�VXPPHU��RLO�
SULFHV�WRSSHG�����SHU�EDUUHO��EEO��DQG�FDWDVWURSKLF�
KXUULFDQHV�LQ�WKH�*XOI�&RDVW�VKXW�GRZQ�D�VLJQL¿FDQW�
IUDFWLRQ�RI�8�6��UH¿QHU\�FDSDFLW\��7KH�IROORZLQJ�\HDU��
RLO�DSSURDFKHG�����SHU�EEO�GXH�WR�VXSSO\�FRQFHUQV��
DV�ZHOO�DV�FRQWLQXHG�SROLWLFDO�WHQVLRQV�LQ�WKH�0LGGOH�
(DVW��7KH�(QHUJ\�,QGHSHQGHQFH�DQG�6HFXULW\�$FW�RI�
������(,6$��ZDV�HQDFWHG�LQ�'HFHPEHU�RI�WKDW�\HDU�
�VHH�7H[W�%R[�������%\�WKH�HQG�RI�'HFHPEHU�������RLO�
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SULFHV�VXUSDVVHG������SHU�EEO�IRU�WKH�¿UVW�WLPH��DQG�
E\�PLG�VXPPHU�������SULFHV�DSSURDFKHG������SHU�EEO�
EHFDXVH�RI�VXSSO\�FRQFHUQV��VSHFXODWLRQ��DQG�ZHDNQHVV�
RI�WKH�8�6��GROODU��$V�IDVW�DV�WKH\�VN\URFNHWHG��RLO�
SULFHV�IHOO��DQG�E\�WKH�HQG�RI�������RLO�SULFHV�GURSSHG�
EHORZ�����SHU�EEO��IDOOLQJ�HYHQ�PRUH�D�PRQWK�ODWHU�GXH�
WR�WKH�JOREDO�HFRQRPLF�UHFHVVLRQ��,Q������DQG�������
RLO�SULFHV�EHJDQ�WR�LQFUHDVH�DJDLQ�DV�D�UHVXOW�RI�D�ZHDN�
8�6��GROODU�DQG�WKH�UHERXQGLQJ�RI�ZRUOG�HFRQRPLHV�

2WKHU�OHJLVODWLRQ�KDV�KDG�LPSDFWV�VLQFH�������DV�
ZHOO��7KH������)DUP�%LOO��DOVR�NQRZQ�DV�WKH�)RRG��
&RQVHUYDWLRQ��DQG�(QHUJ\�$FW�RI�������SURYLGHV�IRU�
���SURJUDPV��DOWKRXJK�QRW�DOO�KDYH�EHHQ�IXQGHG��IRU�
UHQHZDEOH�HQHUJ\��ELREDVHG�SURGXFWV��DQG�ELRHQHUJ\��
)XUWKHUPRUH��WKH�)DUP�%LOO�SURYLGHV�IRU�³DGYDQFHG�
ELRIXHOV�´�ZKLFK�DUH�ELRIXHOV�RWKHU�WKDQ�FRUQ�NHUQHO�
EDVHG��DQG�SURYLGHV�IXQGLQJ�IRU�XVLQJ�ELRPDVV�IRU�
SRZHU�RU�KHDW��7KH�)DUP�%LOO�DOVR�PDNHV�LQFHQWLYHV�
DYDLODEOH�IRU�WKH�SURGXFWLRQ�RI�ELRPDVV�WKURXJK�WKH�
%LRPDVV�&URS�$VVLVWDQFH�3URJUDP��7KH�$PHULFDQ�
5HFRYHU\�DQG�5HLQYHVWPHQW�$FW�RI������SURYLGHG�
DGGLWLRQDO�IXQGLQJ�IRU�ELRUH¿QHULHV�DQG�RWKHU�FOHDQ�
HQHUJ\�LQLWLDWLYHV��,Q�HIIHFW��VLQFH�WKH�BTS�ZDV�
SXEOLVKHG��$PHULFD�KDV�VHHQ�DQ�H[SDQVLRQ�LQ�¿QDQFLDO�
VXSSRUW�IRU�UHQHZDEOH�HQHUJ\�DQG�KDV�KDG�ERWK�
OHJLVODWLYH�DQG�H[HFXWLYH�DFWLRQV�WKDW�VXSSRUW�DOO�W\SHV�
RI�UHQHZDEOH�HQHUJ\��LQFOXGLQJ�ELRPDVV��7KH�HPSKDVLV�
KDV�VKLIWHG�WR�FHOOXORVLF�ELRIXHOV�DQG�WR�WKH�XVH�RI�
ELRPDVV�IRU�DQ�DUUD\�RI�SURGXFWV��LQFOXGLQJ�HOHFWULFLW\�
DQG�WKHUPDO�DSSOLFDWLRQV�

3 It should be emphasized that this resource assessment is intended to provide an overall indication of resource potential. The report is 
not an “investment-grade” assessment suitable for evaluating the merits of projects. Project feasibility requires the use of local data and 
assumptions.

,Q�DGGLWLRQ�WR�FHOOXORVLF�ELRIXHOV�DQG�WKH�5)6��WKHUH�
KDV�DOVR�EHHQ�LQWHUHVW�LQ�GHYHORSLQJ�D�QDWLRQDO�536�
�UHQHZDEOH�SRUWIROLR�VWDQGDUG��WR�JHQHUDWH�HOHFWULFLW\�
IURP�UHQHZDEOH�HQHUJ\��LQFOXGLQJ�ELRPDVV��$�VWXG\�
E\�WKH�8�6��(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ��(,$��
�����D��ORRNHG�DW�D�FRPELQHG�����5)6�DQG�536�E\�
������7KLV�DQDO\VLV�VXJJHVWV�WKDW�WR�FRPSO\�ZLWK�VXFK�
PDQGDWHV��LW�ZRXOG�UHTXLUH�DOPRVW�D����IROG�LQFUHDVH�
LQ�QRQ�K\GURSRZHU�UHQHZDEOH�JHQHUDWLRQ�DQG�PRUH�
WKDQ�D����IROG�LQFUHDVH�IURP������OHYHOV��$OWKRXJK�
QRW�DOO�ZRXOG�EH�ELRPDVV�EDVHG��WKH�OLNHOLKRRG�RI�
LQFUHDVHG�GHPDQG�IRU�ELRPDVV�IRU�DOO�HQHUJ\�XVHV�KDV�
EHFRPH�YHU\�DSSDUHQW��+RZHYHU��WKH�JUHHQKRXVH�JDV�
UHGXFWLRQV�DUH�DOVR�SURYLGLQJ�PRUH�VFUXWLQ\�LQ�WKH�
XVH�RI�ELRPDVV��HVSHFLDOO\�LQ�HPLVVLRQV�DFFRXQWLQJ��
$OWKRXJK�WKLV�DQDO\VLV�GRHV�QRW�DGGUHVV�GLIIHUHQFHV�LQ�
HPLVVLRQV�DPRQJ�IHHGVWRFNV��LW�GRHV�DGGUHVV�WKH�EDVLF�
VXVWDLQDELOLW\�DVSHFWV�RI�XVLQJ�UHQHZDEOH�IHHGVWRFNV²D�
QRQ�GLPLQLVKLQJ�VXSSO\�RYHU�WKH�SHULRG�VWXGLHG�

,Q�VXP��WKHVH�VXSSO\�DQG�GHPDQG�IRUFHV�KDYH�
FRQWULEXWHG�WR�YRODWLOLW\�LQ�RLO�SULFHV�LQ�UHFHQW�\HDUV��
DQG�E\�WUDQVLWLRQLQJ�WRZDUG�KLJKHU�HQHUJ\�HI¿FLHQF\�
DQG�DGGLWLRQDO�GRPHVWLF�VRXUFHV�RI�UHQHZDEOH�IXHOV��
VXFK�DV�ELRIXHOV��WKHUH�LV�KLJK�SRWHQWLDO�WR�UHGXFH�
8�6��PDUNHW�XQFHUWDLQW\�DQG�LQFUHDVH�HQHUJ\�VHFXULW\��
/HJLVODWLYH�DQG�H[HFXWLYH�DFWLRQV�KDYH�RFFXUUHG�DW�
WKH�IHGHUDO�DQG�VWDWH�OHYHOV�LQ�VXSSRUW�RI�WKH�XVH�RI�
ELRPDVV��7KHUH�KDYH�EHHQ�LQFUHDVHG�OHJLVODWLYH�DFWLRQV�
DQG�LQYHVWPHQWV�LQ�WKH�XVH�RI�ELRPDVV�IRU�ELRSRZHU��
2YHUDOO��VLQFH�WKH�RULJLQDO�UHSRUW��WKH�8QLWHG�6WDWHV�KDV�
DFFHOHUDWHG�HIIRUWV�LQ�XVLQJ�ELRPDVV�IRU�HQHUJ\��DQG�
DORQJ�ZLWK�WKDW�HPSKDVLV��QHZ�TXHVWLRQV�KDYH�EHHQ�
DVNHG�DERXW�VXSSO\�

1.2 Purpose 
7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�XSGDWH�WKH������BTS 
DQG�FKDQJH�LWV�IRFXV�IURP�D�VWUDWHJLF�DVVHVVPHQW�
WR�D�FRPSUHKHQVLYH�UHVRXUFH�DVVHVVPHQW��WKHUHE\�
DGGUHVVLQJ�LVVXHV�UDLVHG�VLQFH�LWV�SXEOLFDWLRQ��
2QH�PDMRU�FULWLFLVP�RI�WKH������BTS�ZDV�WKDW�WKH�

LGHQWL¿HG�SRWHQWLDO�ELRPDVV�ZDV�QRW�UHVWULFWHG�E\�
SULFH��DQG�VRPH�RI�WKH�SRWHQWLDO�IHHGVWRFNV�ZRXOG�
OLNHO\�EH�WRR�H[SHQVLYH�UHODWLYH�WR�RWKHU�IHHGVWRFNV�
XQGHU�FXUUHQW�DQG�SURVSHFWLYH�WHFKQRORJLFDO�FKDQJH�
�L�H���QRW�EH�HFRQRPLFDOO\�DYDLODEOH���7KLV�XSGDWH�
SURYLGHV�HVWLPDWHV�RI�SULFHV�DQG�TXDQWLWLHV�RI�WKH�
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UHVRXUFH�SRWHQWLDO��L�H���VXSSO\�FXUYHV�����7KLV�XSGDWH�
DOVR�WUHDWV�VXVWDLQDELOLW\�PXFK�PRUH�ULJRURXVO\��
DQG�LW�IRFXVHV�RQ�FXUUHQWO\�XQXVHG�UHVRXUFHV�DQG�
HQHUJ\�FURSV��)XOO�DQDO\VLV�RI�WKH�VXVWDLQDELOLW\�RI�
ODUJH�VFDOH�ELRPDVV�SURGXFWLRQ�LV�QRW�WKH�LQWHQWLRQ�
RI�WKLV�UHSRUW��KRZHYHU��TXDQWLWDWLYH�SURMHFWLRQV�
SUHVHQWHG�PD\�EH�XVHIXO�IRU�IXUWKHU�DQDO\VHV�RI�WKH�
HQYLURQPHQWDO�DQG�VRFLDO�DVSHFWV�RI�XVLQJ�ELRPDVV�
IRU�HQHUJ\��0DQ\�RI�WKH�VXVWDLQDELOLW\�DVSHFWV�KDYH�
EHHQ�GLVFXVVHG�LQ�RWKHU�VWXGLHV��VXFK�DV�WKH�%LRPDVV�
5HVHDUFK�DQG�'HYHORSPHQW�,QLWLDWLYH��%5',���������
UHSRUW�RQ�HFRQRPLFV�DQG�HQYLURQPHQWDO�LPSOLFDWLRQV�
RI�PHHWLQJ�WKH�5)6��)XUWKHU��WKLV�XSGDWH�HPSKDVL]HV�
WKH������WKURXJK������WLPH�SHULRG�FRLQFLGHQW�ZLWK�
LPSOHPHQWDWLRQ�RI�(,6$��VHH�7H[W�%R[������DQG�'2(�
LQLWLDWLYHV��UDWKHU�WKDQ�RQ�XSGDWLQJ�WKH�PLG�FHQWXU\�
SURMHFWLRQ�UHVXOWV�LQ�WKH�RULJLQDO�VWXG\��7KH�RULJLQDO�
UHSRUW�LQFOXGHG�ELRPDVV�WKDW�ZDV�FXUUHQWO\�EHLQJ�XVHG�
IRU�HQHUJ\�SURGXFWLRQ�EHFDXVH�LW�FRXQWHG�WRZDUG�WKH�
ELOOLRQ�WRQ�JRDO��,Q�WKLV�XSGDWH��FXUUHQWO\�FRQVXPHG�
ELRPDVV�UHVRXUFHV��VXFK�DV�ZRRG�UHVLGXHV�DQG�SXOSLQJ�
OLTXRUV�XVHG�LQ�WKH�SURGXFWLRQ�RI�IRUHVW�SURGXFWV��DUH�
WUHDWHG�VHSDUDWHO\�WR�DYRLG�FRQIXVLRQ�ZLWK�WKH�XQXVHG�
SRWHQWLDO��7KH�XSGDWH�IRFXVHV�RQ�GHULYLQJ�HVWLPDWHV�
RI�ELRPDVV�DYDLODEOH�IRU�DGGLWLRQDO�HQHUJ\�SURGXFWLRQ�
DQG�ELRSURGXFWV�DW�GLIIHUHQW�SULFHV�DQG�ORFDWLRQV�DFURVV�
WKH�FRQWLQHQWDO�8QLWHG�6WDWHV��$�VFKHPDWLF�RI�WKH�
ELRPDVV�UHVRXUFHV�FRQVLGHUHG�LQ�WKLV�XSGDWH�DUH�VKRZQ�
LQ�)LJXUH������7KH�UHVRXUFHV�QRWHG�DV�³FXUUHQWO\�XVHG´�
DUH�WUHDWHG�LQ�D�VHSDUDWH�FKDSWHU��6HSDUDWH�FKDSWHUV�DUH�
DOVR�GHYRWHG�WR�IRUHVW�UHVLGXHV��DJULFXOWXUDO�UHVLGXHV��
DQG�HQHUJ\�FURSV��$OWKRXJK�UHFHQW�DWWHQWLRQ�KDV�WXUQHG�
WR�DOJDO�IHHGVWRFNV�EHFDXVH�RI�WKHLU�KLJK�SURGXFWLYLW\��
DOJDO�IHHGVWRFNV�DUH�QRW�LQFOXGHG�LQ�WKLV�DVVHVVPHQW��
7KHUH�LV�LQVXI¿FLHQW�LQIRUPDWLRQ�DQG�GDWD�WR�HVWLPDWH�
DQG�SURMHFW�WKH�DYDLODELOLW\�RI�DOJDO�IHHGVWRFNV�DW�D�
FRXQW\�VFDOH�ZLWK�DQ\�GHJUHH�RI�DFFXUDF\��7KH�1DWLRQDO�
$OJDO�%LRIXHOV�7HFKQRORJ\�5RDGPDS��8�6��'HSDUWPHQW�
RI�(QHUJ\������E��UHSRUWV�WKDW�PDQ\�\HDUV�RI�UHVHDUFK�
ZLOO�OLNHO\�EH�QHHGHG�WR�DFKLHYH�DIIRUGDEOH��VFDODEOH��
DQG�VXVWDLQDEOH�DOJDO�EDVHG�IXHOV�

$�NH\�RXWFRPH�RI�WKLV�XSGDWH�LV�WR�HVWLPDWH�IHHGVWRFN�
VXSSO\�FXUYHV�E\�FRXQW\�IRU�DOO�PDMRU�SULPDU\�FURSODQG�
DQG�IRUHVW�UHVRXUFHV�DW�WKH�IDUPJDWH�RU�IRUHVW�URDGVLGH��
7KHVH�VXSSO\�FXUYHV�LQFOXGH�SULFHV�WR�DFTXLUH�RU�DFFHVV�

WKH�UHVRXUFH�DQG�FRVWV�IRU�FROOHFWLQJ�RU�KDUYHVWLQJ�
WKH�UHVRXUFH�DQG�PRYLQJ�LW�WR�WKH�¿HOG�HGJH�RU�IRUHVW�
URDGVLGH�WR�EH�UHDG\�IRU�WUDQVSRUW��,Q�WKLV�UHSRUW��RQO\�
QDWLRQDO�UHVXOWV�DUH�FRQYH\HG��$�VHSDUDWH�GDWDEDVH�
FRQWDLQLQJ�WKH�GLVDJJUHJDWHG�ELRPDVV�VXSSOLHV�E\�
FRXQW\�DQG�VWDWH�LV�DYDLODEOH�WKURXJK�D�:HE�EDVHG�
%LRHQHUJ\�.QRZOHGJH�'LVFRYHU\�)UDPHZRUN��.')��
�251/���������7KLV�IUDPHZRUN�LV�LQWHQGHG�IRU�XVHUV�
WR�FDSWXUH��YLVXDOL]H��DQG�DQDO\]H�LQIRUPDWLRQ�RQ�WKH�
FRPSOHWH�ELRHQHUJ\�VXSSO\�FKDLQ�DQG�WKH�LQIUDVWUXFWXUH�
QHHGHG�WR�VXSSRUW�WKDW�FKDLQ�

2005 BTS
National estimates—no spatial information
No cost analyses
Environmental sustainability addressed from 
national perspective
No explicit land-use change modeling
2005 USDA agricultural projections and 2000 
forestry RPA/TPO
Long-term time horizon (2025–2050)
Estimates of current availability
Long-term projections involving changes in crop 
productivity, crop tillage, residue collection 
EFlCIENCY�ÏANDÏLAND
USEÏCHANGE

2011 Update
County-level analysis with aggregation to state, 
regional, and national levels
County supply curves for major primary feedstocks
Environmental sustainability modeled for residue 
removal 
2009 USDA agricultural projections and 2007 
forestry RPA/TPO 2012–2030 timeline
Land-use change modeled for energy crops
Annual projections based on a continuation of 
baseline trends (USDA projections)
Annual projections based on changes in crop 
productivity, tillage, and land use

TEXT BOX 1.2  |  KEY DIFFERENCES 
BETWEEN THE 2005 BILLION-TON STUDY 

AND THE 2011 UPDATE



5

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

,Q�WKH������BTS��WKHUH�DUH�WKUHH�VFHQDULRV������FXUUHQW�
VXVWDLQDEOH�DYDLODELOLW\�IURP�DJULFXOWXUDO�ODQGV������
WHFKQRORJ\�FKDQJH�ZLWK�FRQYHQWLRQDO�FURSV�RQO\�
�QR�ODQG�XVH�FKDQJH���DQG�����WHFKQRORJ\�FKDQJH�
ZLWK�SHUHQQLDO�FURSV�DQG�ODQG�XVH�FKDQJH��6FHQDULR�
RQH�LQ�WKH�RULJLQDO�UHSRUW�LV�WKH�EDVHOLQH�WKDW�XVHG�
FXUUHQW�FURSV�\LHOGV��WLOODJH�SUDFWLFHV������WR�����
QR�WLOO���DQG�DJULFXOWXUH�UHVLGXH�FROOHFWLRQ�WHFKQRORJ\�
�����UHFRYHU\���6FHQDULR�WZR�LQ�WKH������BTS�KDV�
FRUQ�\LHOGV��Zea mays��LQFUHDVLQJ�E\�����WR�����
E\�����±������ZLWK�\LHOGV�RI�RWKHU�FURSV�LQFUHDVHG�
DW�ORZHU�UDWHV��WKHVH�LQFUHDVHV�DUH�WKH�VDPH�DV�WKH�
8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$��SURMHFWLRQV�
�86'$�2&(���������2WKHU�DVVXPSWLRQV�LQ�WKH�VFHQDULR�
DUH�WKDW�QR�WLOO�LV�SUDFWLFHG�RQ�DOO�KLJK�\LHOG�DFUHV�DQG�
WKDW�UHVLGXH�UHFRYHU\�LV�����IRU�PRGHUDWH�\LHOG�DFUHV�
DQG�����IRU�KLJK�\LHOG�DFUHV��)LQDOO\��WKH������BTS 
VFHQDULR�WKUHH�DVVXPHV�WKH�DGGLWLRQ�RI�SHUHQQLDO�FURSV�
WR�WKH�ODQGVFDSH��ODQG��XVH�FKDQJHV��KLJK�UHVLGXH�WR�
JUDLQ�UDWLR�IRU�VR\EHDQ��Glyine max���DQG�WKH�VDPH�
WHFKQRORJ\�FKDQJHV�DV�LQ�VFHQDULR�WZR�

,Q�WKLV�XSGDWH��WZR�VFHQDULRV�DUH�HYDOXDWHG��)LUVW��
WKHUH�LV�WKH�EDVHOLQH�VFHQDULR�WKDW�HVVHQWLDOO\�DVVXPHV�
D�FRQWLQXDWLRQ�RI�WKH�86'$����\HDU�IRUHFDVW�IRU�WKH�
PDMRU�FURSV�DQG�H[WHQGV�DQ�DGGLWLRQDO����\HDUV�WR�
������6HFRQG��WKH�XSGDWH�SURYLGHV�DQ�RSSRUWXQLW\�
WR�IXUWKHU�HYDOXDWH�DQG�UH¿QH�FKDQJHV�LQ�SURMHFWHG�
LPSURYHPHQWV��FURS�\LHOGV��DQG�WHFKQRORJLHV��7KHVH�
SURMHFWHG�LPSURYHPHQWV�XVH�XQGHUO\LQJ�DVVXPSWLRQV�WR�
JLYH�WKH�RSSRUWXQLW\�WR�HVWLPDWH�DYDLODELOLW\�SURMHFWLRQV�
LQWR�WKH�IXWXUH�XVLQJ�EDVHOLQH�DVVXPSWLRQV��L�H���D�
FRQWLQXDWLRQ�RI�FXUUHQW�WUHQGV��DQG�WR�GHWHUPLQH�WKH�
ODUJHVW�IHHGVWRFN�YROXPH�SRWHQWLDOV�RYHU�WLPH��³KLJK�
\LHOG´�VFHQDULRV���,PSDFWV�RI�YDULRXV�DVVXPSWLRQV�DUH�
DVVHVVHG�XVLQJ�WKH�32/<6<6�PRGHO��DQ�DJULFXOWXUDO�
SROLF\�PRGHOLQJ�IUDPHZRUN��WR�LQFOXGH�ODQG�XVH�
FKDQJH�DQG�WR�EHWWHU�XQGHUVWDQG�SRWHQWLDO�HFRQRPLF�
LPSDFWV�RQ�D�FRXQW\�E\�FRXQW\�EDVLV�IRU�FHUWDLQ�
IHHGVWRFNV�

$�UHYLHZ�RI�WKH�OLWHUDWXUH�VKRZV�D�ZLGH�UDQJH�RI�
ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SURMHFWLRQV�RQ�FURS�
\LHOG�DQG�WKH�PDQDJHPHQW�RI�DJULFXOWXUDO�IHHGVWRFNV�
IRU�HQKDQFHG�SURGXFWLRQ��EXW�QRW�VSHFL¿FDOO\�WR�
HQHUJ\��7KH�OLWHUDWXUH�LV�QRW�FRQVLVWHQW�DQG�GRHV�
QRW�VSHFL¿FDOO\�DGGUHVV�HQHUJ\�IHHGVWRFNV�IURP�WKH�
LQGXVWULDO�SHUVSHFWLYH²WKH�RSWLPL]DWLRQ�RI�FXUUHQW�
SURGXFWLRQ�V\VWHPV�IRU�ELRPDVV�RU�WKH�GHYHORSPHQW�
RI�QHZ��LQQRYDWLYH�HQHUJ\�IHHGVWRFN�V\VWHPV��,W�ZDV�
GHFLGHG�WKDW�D�GLIIHUHQW�DSSURDFK�LV�QHHGHG�WR�TXDQWLI\�
IHHGVWRFN�FKDQJHV�LQ�WKH�IXWXUH��7KH�8�6��'HSDUWPHQW�
RI�(QHUJ\¶V�2I¿FH�RI�WKH�%LRPDVV�3URJUDP�VSRQVRUHG�
D�VHULHV�RI�ZRUNVKRSV�WR�REWDLQ�H[SHUW�LQSXW�RQ�EDUULHUV�
DQG�VROXWLRQV�IRU�VHFXULQJ�ODUJH�TXDQWLWLHV�RI�ELRPDVV�
IHHGVWRFNV�LQ�WKH�IXWXUH��8�6��'HSDUWPHQW�RI�(QHUJ\��
����D���7KH�RYHUDOO�JRDO�RI�WKH�ZRUNVKRSV�ZDV�WR�
GHYHORS�LQGXVWU\�EDVHG��KLJK�\LHOG�DOWHUQDWLYHV�WR�WKH�
EDVHOLQH�DVVXPSWLRQV�WKDW�ZHUH�XVHG�WR�GHYHORS�WKH�
XSGDWH��([SHUWV�ZHUH�LQYLWHG�IURP�LQGXVWU\��DFDGHPLD��
DQG�JRYHUQPHQW�WR�KHOS�LGHQWLI\�DQG�TXDQWLI\�KLJK�
\LHOG�DOWHUQDWLYH�VFHQDULRV�

7KH�ZRUNVKRSV�ZHUH�FRQGXFWHG�LQ�'HFHPEHU������
DQG�ZHUH�RUJDQL]HG�E\�IHHGVWRFN��FRUQ�DQG�DJULFXOWXUDO�
FURS�UHVLGXHV��KHUEDFHRXV�HQHUJ\�FURSV��DQG�ZRRG\�
HQHUJ\�FURSV��8�6��'HSDUWPHQW�RI�(QHUJ\������D���
'XULQJ�WKH�ZRUNVKRSV��LQSXWV�ZHUH�FROOHFWHG�RQ�
DGYDQFHPHQWV�QHHGHG�IRU�KLJKHU�\LHOGV��WKH�UDQNLQJ�RI�
WKH�WLPHOLQHVV�DQG�OLNHOLKRRG�RI�WKHVH�DGYDQFHPHQWV��
DQG�WKH�SURMHFWHG�IXWXUH�\LHOGV��6LJQL¿FDQW�LQSXW�ZDV�
FROOHFWHG�GXULQJ�WKH�ZRUNVKRSV�DQG�LV�VXPPDUL]HG�
LQ�WKUHH�UHSRUWV��%HFDXVH�RI�SURSULHWDU\�FRQFHUQV��
SDUWLFLSDQWV�PD\�KDYH�EHHQ�OLPLWHG�LQ�WKH�DPRXQW�
RI�TXDQWLWDWLYH�GDWD�WKH\�FRXOG�SURYLGH�DQG�PXFK�
RI�WKH�LQIRUPDWLRQ�FROOHFWHG�IURP�WKH�ZRUNVKRSV�
LV�TXDOLWDWLYH��5DWKHU�WKDQ�IDFWRULQJ�TXDOLWDWLYH�
LQIRUPDWLRQ�LQWR�TXDQWL¿HG�GDWD��ZKLFK�PD\�
PLVUHSUHVHQW�WKH�RSLQLRQV�RI�ZRUNVKRS�SDUWLFLSDQW��
WKH�ZRUNVKRS�UHVXOWV�DUH�DQDO\]HG�LQ�WHUPV�RI�WUHQGV�
LGHQWL¿HG�ZLWKLQ�WKHLU�UHVSRQVHV��$�V\QWKHVLV�RI�WKH�
\LHOG�DQG�RWKHU�LQIRUPDWLRQ�ZDV�XVHG�WR�GHYHORS�DQG�
YDOLGDWH�KLJK�\LHOG�DOWHUQDWLYH�VFHQDULRV�LQ�WKH�XSGDWH��
,Q�DGGLWLRQ��D�OLWHUDWXUH�UHYLHZ�ZDV�XVHG�WR�JDXJH�WKH�
ZRUNVKRS�UHVXOWV��*RUGRQ��������9DQFH�HW�DO���������
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1.3 Report Organization
7KH�QH[W�FKDSWHU�SURYLGHV�D�VXPPDU\�RI�ELRPDVV�
UHVRXUFHV�FXUUHQWO\�XVHG�LQ�WKH�SURGXFWLRQ�RI�ELRIXHOV��
KHDW��DQG�SRZHU��7KLV�FKDSWHU�DOVR�SURYLGHV�SURMHFWLRQV�
RI�FXUUHQWO\�XVHG�ELRPDVV�WR�WKH�\HDU�������&KDSWHU�
��DVVHVVHV�IRUHVW�ELRPDVV�DQG�ZDVWH�UHVRXUFHV��7KLV�
LQFOXGHV�DOO�RI�WKH�UHVRXUFHV�OLVWHG�XQGHU�SULPDU\�IRUHVW�
UHVRXUFHV�LQ�)LJXUH������ZLWK�WKH�H[FHSWLRQ�RI�IXHOZRRG��
SOXV�XQXVHG�PLOO�UHVLGXHV�DQG�XUEDQ�ZRRG�OLVWHG�XQGHU�
VHFRQGDU\�UHVLGXHV�DQG�ZDVWHV��$JULFXOWXUDO�UHVRXUFHV�
DUH�HYDOXDWHG�LQ�WZR�FKDSWHUV��&KDSWHU���DVVHVVHV�
SULPDU\�FURS�UHVLGXHV�IURP�WKH�PDMRU�JUDLQV��DV�ZHOO�
DV�RWKHU�FURS�UHVLGXHV��FURS�SURFHVVLQJ�UHVLGXHV��DQG�
DQLPDO�PDQXUHV��7KHVH�ODWWHU�UHVRXUFHV�ZHUH�OLVWHG�LQ�
WKH������BTS�DV�RWKHU�FURS�UHVLGXHV�DQG�RWKHU�UHVLGXHV��

&KDSWHU���FRQWDLQV�WKH�DVVHVVPHQW�RI�WKH�HQHUJ\�FURSV�
DQG�LQFOXGHV�SHUHQQLDO�JUDVVHV��ZRRG\�FURSV��DQG�
DQQXDO�HQHUJ\�FURSV��&KDSWHU���SURYLGHV�D�VXPPDU\�RI�
WKH�UHVRXUFH�DVVHVVPHQW�XSGDWH��)RU�FRQYHQLHQFH�DQG�
HDVH�LQ�UHDGLQJ��D�GHFLVLRQ�ZDV�PDGH�WR�VKRZ�IHHGVWRFN�
TXDQWLWLHV�DQG�WKHLU�FRPSRVLWH�WRWDO�DW�WKH�����SHU�GU\�
WRQ�OHYHO�LQ�PDQ\�RI�WKH�¿JXUHV�DQG�WDEOHV�LQ�WKH�UHSRUW��
7KLV�SULFH�ZDV�VHOHFWHG�EHFDXVH�LW�EULQJV�LQ�PRVW�RI�WKH�
DYDLODEOH�WRQV�IURP�DOO�RI�WKH�IHHGVWRFNV�DQG�EHFDXVH�
WKH�SULFH�UHSUHVHQWV�D�UHDOLVWLF��UHDVRQDEOH�SULFH�IRU�
GLVFXVVLRQ�SXUSRVHV���7KLV�UHSRUW�GRHV�QRW�SUHVHQW�WKH�
FRXQW\�OHYHO�LQIRUPDWLRQ²WKDW�LQIRUPDWLRQ�FDQ�EH�
IRXQG�LQ�WKH�%LRHQHUJ\�.')��251/��������

Biomass resources considered in the update to the 2005 BTSFigure 1.1
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2.1 Current Consumption of  
Biomass Resources
$�YDULHW\�RI�ELRPDVV�IHHGVWRFNV�DUH�FXUUHQWO\�XVHG�
WR�JHQHUDWH�HOHFWULFLW\�DQG�SURGXFH�KHDW�DQG�OLTXLG�
WUDQVSRUWDWLRQ�IXHOV��$FFRUGLQJ�WR�(,$��ELRPDVV�
FRQWULEXWHV�QHDUO\�����TXDGULOOLRQ�%ULWLVK�WKHUPDO�
XQLWV��%WX���4XDGV��DQG�DFFRXQWV�IRU�PRUH�WKDQ����RI�
WRWDO�8�6��SULPDU\�HQHUJ\�FRQVXPSWLRQ��(,$������D���
)LJXUH�����VXPPDUL]HV�HQHUJ\�FRQVXPSWLRQ�E\�IXHO�
VRXUFH��$OWKRXJK�ELRPDVV�UDQNV�ZHOO�EHORZ�SHWUROHXP��
QDWXUDO�JDV��DQG�FRDO�DQG�LV�DERXW�RQH�KDOI�RI�QXFOHDU��

LW�VXUSDVVHV�K\GURHOHFWULF�DQG�RWKHU�UHQHZDEOH�VRXUFHV��
,Q�������WKH�VKDUH�RI�ELRPDVV�LQ�WRWDO�8�6��HQHUJ\�
FRQVXPSWLRQ�H[FHHGHG����IRU�WKH�¿UVW�WLPH����2YHU�
WKH�ODVW����\HDUV��WKH�VKDUH�RI�ELRPDVV�LQ�WRWDO�SULPDU\�
HQHUJ\�FRQVXPSWLRQ�KDV�DYHUDJHG�OHVV�WKDQ������
�(,$������D���+RZHYHU��DV�VKRZQ�LQ�)LJXUH������WKHUH�
KDV�EHHQ�D�JUDGXDO�LQFUHDVH�LQ�ELRPDVV�FRQVXPSWLRQ�
WKDW�VWDUWHG�LQ�WKH�HDUO\�����V��7KLV�LQFUHDVH�LV�GXH�WR�
HWKDQRO�SURGXFWLRQ��

4  Currently used resources were included in the 2005 BTS because they contributed to the goal of displacing 30% of current petroleum 
consumption.

5  In the 2005 BTS, 2.9 Quads were reported—slightly less than 3% of total energy consumption.
6 The EIA estimates include the energy content of the biofuels (ethanol and biodiesel) feedstock minus the energy content of liquid fuel 

produced.

2 BIOMASS IN CURRENT AND  
PROJECTED ENERGY CONSUMPTION

7KLV�FKDSWHU�UHYLHZV�FXUUHQWO\�XVHG�ELRPDVV�UHVRXUFHV�
LGHQWL¿HG�LQ�WKH������BTS�DV�H[LVWLQJ�XVHV��7KHVH�
UHVRXUFHV�DUH�LQFOXGHG�WR�SURYLGH�FRQWH[W�IRU�WKH�
UHVRXUFH�SRWHQWLDO�LGHQWL¿HG�LQ�VXEVHTXHQW�FKDSWHUV�RI�
WKLV�UHSRUW�DQG�IRU�FRPSDULVRQV�WR�WKH������BTS.��7KHVH�
FXUUHQWO\�XVHG�UHVRXUFHV�LQFOXGH�ELRPDVV�UHVLGXHV�
DQG�ZDVWHV�XVHG�LQ�LQGXVWU\�IRU�KHDW�DQG�SRZHU��
ZRRG��DQG�VRPH�ZDVWH�ZRRG�XVHG�LQ�WKH�UHVLGHQWLDO�

DQG�FRPPHUFLDO�VHFWRUV�IRU�VSDFH�KHDWLQJ��VXJDUV�DQG�
VWDUFKHV�XVHG�LQ�HWKDQRO�SURGXFWLRQ��DQG�RLOVHHGV�XVHG�
LQ�ELRGLHVHO�SURGXFWLRQ��7KH�QH[W�VHFWLRQ�VXPPDUL]HV�
FXUUHQW�FRQVXPSWLRQ�RI�ELRPDVV�UHVRXUFHV�IROORZHG�E\�
SURMHFWLRQV�WR������
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%LRPDVV�HQHUJ\�FRQVXPSWLRQ��H[FOXGLQJ�ELREDVHG�
SURGXFWV��ZDV�UHSRUWHG�DW�����PLOOLRQ�GU\�WRQV�LQ�WKH�
�����BTS��0RUH�WKDQ�����RI�WKLV�FRQVXPSWLRQ�ZDV�
HVWLPDWHG�WR�EH�LQ�WKH�IRUHVW�SURGXFWV�LQGXVWU\��ZLWK�
HTXDO�DPRXQWV�XVHG�LQ�RWKHU�SURFHVVLQJ�LQGXVWULHV��
HOHFWULF�SRZHU�JHQHUDWLRQ��DQG�WKH�UHVLGHQWLDO�DQG�
FRPPHUFLDO�VHFWRUV��$�UHODWLYHO\�VPDOO�IUDFWLRQ��OHVV�
WKDQ������ZDV�XVHG�WR�PDNH�ELRIXHOV��%DVHG�RQ 
WKH�PRVW�UHFHQW�(,$�GDWD��FXUUHQW�ELRPDVV�HQHUJ\�
FRQVXPSWLRQ�LV�QHDUO\�����PLOOLRQ�GU\�WRQV��RU����RI�
WRWDO�SULPDU\�HQHUJ\�FRQVXPSWLRQ��VHH�)LJXUH�������  
$ERXW�����RI�WKLV�FRQVXPSWLRQ�LV�VSDFH�KHDWLQJ�LQ�
WKH�UHVLGHQWLDO�DQG�FRPPHUFLDO�VHFWRUV��7KH�VRXUFH�RI�
WKLV�ELRPDVV�LV�QHDUO\�DOO�IXHOZRRG��7KH�HOHFWULF�SRZHU�
VHFWRU�UHSUHVHQWV�D�VPDOO�SHUFHQWDJH�RI�WRWDO�ELRPDVV�
FRQVXPSWLRQ������DQG�XVHV�D�YDULHW\�RI�ELRPDVV�
IHHGVWRFNV²IXHOZRRG��06:�ELRPDVV��06:�ODQG¿OO�
JDV��DQG�ELRVROLGV��RU�VHZDJH�VOXGJH���,Q�������QHDUO\�
����RI�ELRPDVV�GHULYHG�HOHFWULF�SRZHU�FRQVXPSWLRQ�
ZDV�IURP�06:�VRXUFHV��7UDQVSRUWDWLRQ�DFFRXQWV�
IRU�����RI�WRWDO�FRQVXPSWLRQ��ZLWK�HWKDQRO�XVHG�LQ�
JDVROLQH�EOHQGLQJ�DFFRXQWLQJ�IRU�PRVW�������RI�WKH�
WRWDO��%LRGLHVHO�DFFRXQWV�IRU�����DQG�WKH�UHPDLQGHU�
LV�(��������HWKDQRO�IXHO��DQG�RWKHU�ELRPDVV�OLTXLGV��
7KH�LQGXVWULDO�VHFWRU�DFFRXQWV�IRU�����RI�WRWDO�ELRPDVV�
HQHUJ\�FRQVXPSWLRQ��0RVW�RI�WKLV�DPRXQW��QHDUO\�
�����LV�ZRRG�DQG�ZDVWH�ZRRG��06:��ODQG¿OO�JDV��DQG�
ELRVROLGV�DFFRXQW�IRU�WKH�UHPDLQGHU��

Hydroelectric 2.8%
Wind 0.7%
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Natural gas
25%

Coal
21%
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37%

Total primary energy consumption in  
2009 – 94.5 Quads

,Q�WKH������BTS��PRUH�WKDQ�����RI�WKH�ELRPDVV�
FRQVXPHG�ZDV�GHULYHG�IURP�IRUHVW�VRXUFHV��7KH�GDWD�LQ�
WKLV�XSGDWH�VWLOO�VKRZV�PRVW�RI�WKH�ELRPDVV�FRQVXPHG�
FRPHV�IURP�IRUHVW�VRXUFHV��KRZHYHU��WKH�SHUFHQWDJH�LV�
OHVV��DERXW�������RZLQJ�WR�WKH�LQFUHDVH�LQ�WKH�XVH�RI�
FRUQ�JUDLQ�IRU�HWKDQRO�SURGXFWLRQ��D�FURSODQG�VRXUFH��
$GGLWLRQDO�DVSHFWV�RI�VSHFL¿F�IRUHVW�DQG�FURSODQG�
ELRPDVV�UHVRXUFHV�DUH�GLVFXVVHG�EHORZ�� 

2.1.1 Forest-Derived Resources
%LRPDVV�RULJLQDWLQJ�IURP�IRUHVWV�FRPHV�SULPDULO\�
IURP�WZR�VRXUFHV²IXHOZRRG�XVHG�LQ�WKH�UHVLGHQWLDO�
DQG�FRPPHUFLDO�VHFWRUV�DQG�UHVLGXHV�JHQHUDWHG�LQ�WKH�
PDQXIDFWXUH�RI�IRUHVW�SURGXFWV��7KHUH�LV�D�UHODWLYHO\�
VPDOO�DPRXQW�RI�06:�ZRRG�WKDW�LV�UHFRYHUHG�IRU�
energy.

Fuelwood. )XHOZRRG�LV�ZRRG�WKDW�LV�KDUYHVWHG�IURP�
IRUHVWV�DQG�FRPEXVWHG�GLUHFWO\�IRU�XVHDEOH�KHDW�LQ�WKH�
UHVLGHQWLDO�DQG�FRPPHUFLDO�VHFWRUV��DV�ZHOO�DV�SRZHU�
LQ�WKH�HOHFWULF�XWLOLW\�VHFWRU��&RPELQHG��WKHVH�VHFWRUV�

DFFRXQW�IRU�����RI�FXUUHQW�FRQVXPSWLRQ�RI�IRUHVW�
ELRPDVV�DQG�DERXW�����RI�WRWDO�8�6��ELRPDVV�HQHUJ\�
FRQVXPSWLRQ��7DEOH�������7KH�UHVLGHQWLDO�VHFWRU�LV�DERXW�
IRXU�WLPHV�DV�ODUJH�DV�WKH�FRPPHUFLDO�VHFWRU�DQG�¿YH�
WLPHV�DV�ODUJH�DV�WKH�HOHFWULF�SRZHU�VHFWRU��,Q�WKH�PRVW�
UHFHQW�\HDU��WKHVH�WKUHH�VHFWRUV�FRQVXPHG�DERXW����
PLOOLRQ�GU\�WRQV��7DEOH�������ZKLFK�LV�DSSUR[LPDWHO\�
WKH�VDPH�DPRXQW�DV�UHSRUWHG�LQ�WKH������BTS��0RVW�RI�
WKH�IXHOZRRG�FRQVXPHG�LV�LQ�WKH�1RUWKHDVW�DQG�1RUWK�
&HQWUDO�UHJLRQV��DQG�WR�D�OHVVHU�H[WHQW�LQ�WKH�6RXWKHDVW�
DQG�3DFL¿F�&RDVW�UHJLRQV�DQG�FRPHV�PRVWO\�IURP�
KDUGZRRGV��6PLWK�HW�DO����������

7 This is the total biomass quantity as shown for 2009 in Table A17 (Reference case) of the 2010 Annual Energy Outlook (EIA-AEO, 2010c) 
excluding losses. It includes the residential, commercial, industrial, electric power, and transportation sectors. Conversion of energy to dry 
tons was based on a conversion factor of 16 million Btu per dry ton. This factor is used throughout this report.

Figure 2.2

Source: Energy Information Administration, Monthly Energy Review, 
June 2010, http://www.eia.doe.gov/emeu/mer/contents.html.

http://www.eia.doe.gov/emeu/mer/contents.html
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8  The possibility of residues currently used in making low-value products shifting into bioenergy was not explored in this study. 
Opportunities may exist to bid away some low value uses (such as mill residue classified as used in other uses, presumably low value) into 
bioenergy applications.

Forest products industry processing residues. 7KH�
IRUHVW�SURGXFWV�LQGXVWU\�FRQVXPHV�WKUHH�PDMRU�VRXUFHV�
RI�UHVLGXHV²SULPDU\�DQG�VHFRQGDU\�PLOO�UHVLGXHV�
JHQHUDWHG�LQ�WKH�SURFHVVLQJ�RI�URXQGZRRG��URXQGZRRG�
SURGXFWV��DQG�SXOSLQJ�OLTXRUV��3ULPDU\�SURFHVVLQJ�
PLOOV��IDFLOLWLHV�WKDW�FRQYHUW�URXQGZRRG�LQWR�SURGXFWV�
VXFK�DV�OXPEHU��SO\ZRRG��DQG�ZRRG�SXOS��SURGXFHG�
DERXW����PLOOLRQ�GU\�WRQV�RI�UHVLGXHV�LQ�WKH�IRUP�RI�
EDUN��VDZPLOO�VODEV�DQG�HGJLQJV��VDZGXVW��DQG�SHHOHU�
ORJ�FRUHV�LQ�������6PLWK�HW�DO����������9HU\�OLWWOH�RI�
WKLV�UHVRXUFH�LV�FXUUHQWO\�XQXVHG��$FFRUGLQJ�WR�86'$�
)RUHVW�6HUYLFH�HVWLPDWHV��DERXW�����RI�EDUN�LV�XVHG�
DV�IXHO��DQG�DERXW�����LV�XVHG�LQ�RWKHU�ORZ�YDOXHG�
SURGXFWV��VXFK�DV�PXOFK��LI�QRW�XVHG�LQWHUQDOO\�IRU�
HQHUJ\�RU�LQ�RWKHU�PDUNHWV�ZKHUH�LW�PD\�KDYH�D�KLJKHU�
YDOXH��)LJXUH�������)RU�FRDUVH�UHVLGXHV��DERXW�����LV�
XVHG�LQ�WKH�PDQXIDFWXUH�RI�¿EHU�SURGXFWV��DERXW�����
LV�XVHG�IRU�IXHO��DQG����LV�XVHG�IRU�RWKHU�DSSOLFDWLRQV��
$ERXW�����RI�WKH�¿QH�UHVLGXHV�DUH�XVHG�DV�IXHO������
LQ�¿EHU�SURGXFWV��DQG�����LQ�RWKHU�XVHV��2YHUDOO��RQO\�
�����RI�SULPDU\�PLOO�UHVLGXH�FXUUHQWO\�JRHV�XQXVHG��
OHDYLQJ�����PLOOLRQ�GU\�WRQV�IRU�QHZ�ELRHQHUJ\�XVHV�� 

5HVLGXHV�DUH�DOVR�JHQHUDWHG�DW�VHFRQGDU\�SURFHVVLQJ�
IDFLOLWLHV²PLOOV�XWLOL]LQJ�SULPDU\�PLOO�SURGXFWV��
([DPSOHV�RI�VHFRQGDU\�ZRRG�SURFHVVLQJ�PLOO�SURGXFWV�
LQFOXGH�PLOOZRUN��FRQWDLQHUV�DQG�SDOOHWV��EXLOGLQJV�
DQG�PRELOH�KRPHV��IXUQLWXUH��ÀRRULQJ��SDSHU��DQG�
SDSHU�SURGXFWV��%HFDXVH�WKHVH�LQGXVWULHV�XVH�DQ�
DOUHDG\�SURFHVVHG�SURGXFW��WKH\�JHQHUDWH�PXFK�VPDOOHU�
TXDQWLWLHV�RI�UHVLGXHV��,Q�WRWDO��WKH�VHFRQGDU\�PLOO�
UHVLGXH�UHVRXUFH�LV�FRQVLGHUDEO\�VPDOOHU�WKDQ�WKH�
SULPDU\�PLOO�UHVRXUFH��5RRQH\��������0F.HHYHU��������

7KH�W\SHV�RI�UHVLGXHV�JHQHUDWHG�DW�VHFRQGDU\�PLOOV�
LQFOXGH�VDZGXVW�DQG�VDQGHU�GXVW��ZRRG�FKLSV�DQG�
VKDYLQJV��ERDUG�HQG�FXW�RIIV��DQG�PLVFHOODQHRXV�VFUDS�
ZRRG��,Q�WRWDO�����PLOOLRQ�GU\�WRQV�RI�PLOO�UHVLGXHV�DUH�
FXUUHQWO\�XVHG��7DEOH������

,Q�WKH�PDQXIDFWXUH�RI�SDSHU�SURGXFWV��ZRRG�LV�
FRQYHUWHG�LQWR�¿EHU�XVLQJ�D�YDULHW\�RI�FKHPLFDO�DQG�
PHFKDQLFDO�SXOSLQJ�SURFHVV�WHFKQRORJLHV��.UDIW��RU�
VXOIDWH��SXOSLQJ�LV�WKH�PRVW�FRPPRQ�SURFHVVLQJ�
WHFKQRORJ\��,Q�NUDIW�SXOSLQJ��DERXW�KDOI�WKH�ZRRG�LV�
FRQYHUWHG�LQWR�¿EHU��7KH�RWKHU�KDOI�EHFRPHV�EODFN�
OLTXRU��D�E\SURGXFW�FRQWDLQLQJ�XQXWLOL]HG�ZRRG�¿EHU��

OLJQLQ��DQG�RWKHU�FKHPLFDOV��3XOS�DQG�SDSHU�IDFLOLWLHV�
FRPEXVW�EODFN�OLTXRU�LQ�UHFRYHU\�ERLOHUV�WR�SURGXFH�
HQHUJ\��H�J���VWHDP��DQG��PRUH�LPSRUWDQWO\��WR�UHFRYHU�
WKH�YDOXDEOH�FKHPLFDOV�SUHVHQW�LQ�WKH�OLTXRU��7KH�
DPRXQW�RI�EODFN�OLTXRU�JHQHUDWHG�LQ�WKH�SXOS�DQG�SDSHU�
LQGXVWU\�LV�WKH�HTXLYDOHQW�RI�QHDUO\����PLOOLRQ�GU\�
WRQV�RI�ELRPDVV��(,$������F���%HFDXVH�WKH�DPRXQW�RI�
EODFN�OLTXRU�JHQHUDWHG�LV�LQVXI¿FLHQW�WR�PHHW�DOO�PLOO�
QHHGV��UHFRYHU\�ERLOHUV�DUH�XVXDOO\�VXSSOHPHQWHG�ZLWK�
IRVVLO�DQG�ZRRG�UHVLGXH�¿UHG�ERLOHUV��7KH�SXOS�DQG�
SDSHU�LQGXVWU\�XWLOL]HV�HQRXJK�EODFN�OLTXRU��EDUN��DQG�
RWKHU�ZRRG�UHVLGXHV�WR�PHHW�D�PDMRULW\�RI�LWV�HQHUJ\�
UHTXLUHPHQWV�

Municipal solid wastes.�&XUUHQWO\��DERXW�����PLOOLRQ�
WRQV�RI�06:�DUH�JHQHUDWHG�DQQXDOO\��ZLWK�VOLJKWO\�
PRUH�WKDQ�RQH�WKLUG�RI�WKLV�TXDQWLW\�UHFRYHUHG�IRU�
UHF\FOLQJ�RU�FRPSRVWLQJ��(3$���������$QRWKHU�
�����RU����PLOOLRQ�WRQV��LV�FRPEXVWHG�ZLWK�HQHUJ\�
UHFRYHUHG��0RVW�RI�WKH�06:�JHQHUDWHG�RULJLQDWHV�IURP�
KRXVHKROGV�DQG�LQFOXGHV�D�ZLGH�YDULHW\�RI�ELRPDVV�
DQG�QRQ�ELRPDVV�PDWHULDOV��7KH�PDMRU�IRUHVW�VRXUFHV�
RI�06:�LQFOXGH�QHZVSULQW��SDSHU��FRQWDLQHUV�DQG�
SDFNDJLQJ��\DUG�WULPPLQJV��DQG�ZRRG��7KH�TXDQWLW\�
RI�IRUHVW�GHULYHG�06:�FXUUHQWO\�XVHG�LV�HVWLPDWHG�DW�
DERXW����PLOOLRQ�GU\�WRQV��7DEOH������

(Courtesy of Rob Mitchell, ARS)

Figure 2.3       Wood waste 
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2.1.2 Agriculture-Derived Resources 
0RVW�FURSODQG�GHULYHG�ELRPDVV�LV�XVHG�WR�SURGXFH�
HWKDQRO�IURP�FRUQ�JUDLQ�DQG�ELRGLHVHO�IURP�RLOVHHG�
FURSV��7DEOH�������6RPH�06:��H�J���IRRG�ZDVWHV�DQG�
WH[WLOHV��LV�DOVR�XVHG�WR�SURGXFH�SRZHU�

Ethanol from starch.�7KH�SULPDU\�IHHGVWRFN�
IRU�HWKDQRO�LQ�WKH�8QLWHG�6WDWHV�LV�FXUUHQWO\�FRUQ��
+LVWRULFDOO\��WKH�8QLWHG�6WDWHV�KDV�EHHQ�D�ODUJH�
SURGXFHU�RI�FRUQ�IRU�D�QXPEHU�RI�UHDVRQV²FKLHÀ\�
EHFDXVH�RI�LWV�KLJK�FDUERK\GUDWH�\LHOG�UHODWLYH�WR�
RWKHU�FURSV�DQG�PXOWLSOH�XVHV�DV�IRRG��IHHG��HWKDQRO��
DQG�H[SRUWV��&RUQ¶V�KLJK�VWDUFK�FRQWHQW�DQG�KLVWRULF�
SUHVHQFH�LQ�WKH�DJULFXOWXUDO�LQGXVWU\�VLWXDWH�LW�DV�DQ�
DFFHVVLEOH�IHHGVWRFN�IRU�HWKDQRO�SURGXFWLRQ��7KH�
KLJKHVW�GRPHVWLF�SURGXFWLRQ�RFFXUUHG�LQ������DW������
ELOOLRQ�EXVKHOV��ZLWK�DERXW�����RI�WKH�WRWDO�8�6��FURS�
XWLOL]HG�IRU�HWKDQRO�SURGXFWLRQ�

$V�RI�0D\�������8�6��FRUQ�HWKDQRO�RSHUDWLQJ�FDSDFLW\�
ZDV������%*<��ZLWK�SURGXFWLRQ�FRQFHQWUDWHG�SULPDULO\�
LQ�WKH�&RUQ�%HOW�DQG�1RUWKHUQ�3ODLQV��)LJXUH�������,Q�
-XO\�������HWKDQRO�RSHUDWLQJ�FDSDFLW\�KDG�LQFUHDVHG�
WR������%*<��$FWXDO������DQQXDO�SURGXFWLRQ�ZDV������
ELOOLRQ�JDOORQV��ZKLFK�UHSUHVHQWV�DERXW�����ELOOLRQ�

EXVKHOV�RU�DERXW�����PLOOLRQ�GU\�WRQV�RI�FRUQ�� After 
IXHO�LV�FUHDWHG�IURP�WKH�VWDUFK�LQ�FRUQ��WKH�UHVLGXDO�
¿EHU��SURWHLQ��YHJHWDEOH�RLO��DQG�PLQHUDOV�DUH�XVHG�DV�
GLVWLOOHUV�GULHG�RU�ZHW�JUDLQV�LQ�OLYHVWRFN�IHHG��'LVWLOOHUV�
JUDLQV�DFFRXQW�IRU�DERXW�RQH�WKLUG�RI�WRWDO�FRUQ�JUDLQ�
ZHLJKW��

(,6$������PDQGDWHV�WKH�LQFUHPHQWDO�LQFUHDVH�RI�
WKH�XVH�RI�ELRIXHOV�DQG�LV�RQH�RI�WKH�SULPDU\�GULYHUV�
LQ�WKH�FXUUHQW�LQFUHDVH�LQ�WKH�GHPDQG�IRU�FRUQ�JUDLQ�
�)LJXUH������10�6SHFL¿FDOO\��(,6$�PDQGDWHV�WKDW�IXWXUH�
5HQHZDEOH�)XHO�6WDQGDUGV��5)6��IRU�\HDUV�����±�����
EH�PHW�ZLWK�XS�WR����ELOOLRQ�JDOORQV�RI�FRUQ�EDVHG�
HWKDQRO�

%DVHG�RQ�86'$�HVWLPDWHV��D�PRUH�PRGHVW�UDWH�RI�
LQFUHDVH�LQ�HWKDQRO�SURGXFWLRQ�IURP�FRUQ�JUDLQ�LV�
H[SHFWHG�GXULQJ�WKH�QH[W����\HDUV��FRPSDUHG�WR�
SURGXFWLRQ�JURZWK�RYHU�WKH�ODVW����\HDUV��7KH�SURMHFWHG�
SURGXFWLRQ�LQ������LV�DERXW���±���ELOOLRQ�JDOORQV��
7KH�SDUDOOHO�DFWXDO�DQG�SURMHFWHG�FRUQ�SURGXFWLRQ�
IRU�HWKDQRO�RYHU�WKH�VDPH����\HDU�SHULRG�LV�VKRZQ�
LQ�)LJXUH������(WKDQRO�FRUQ�SURGXFWLRQ�LQFUHDVHG�
VHYHQ�IROG�LQ�WKH�ODVW����\HDUV��EXW�LV�RQO\�H[SHFWHG�
WR�LQFUHDVH�WR�D�OLWWOH�OHVV�WKDQ����PLOOLRQ�GU\�WRQV�
DQQXDOO\��H[FOXGLQJ�WKH�IUDFWLRQ�UHFRYHUHG�DV�GLVWLOOHUV�
JUDLQV��WR�PHHW�WKH�PDQGDWH��$ERXW�����RI�FRUQ�JUDLQ�
SURGXFHG�LQ������ZDV�XVHG�LQ�HWKDQRO�SURGXFWLRQ��XS�
IURP�����LQ��������7KLV�FRUQ�WR�HWKDQRO�SURSRUWLRQ�LV�
H[SHFWHG�WR�UHPDLQ�VWDEOH�EHWZHHQ�����DQG�����IURP�
�����WR�������86'$�2&(�:$2%���������,Q�VSLWH�
RI�LQFUHDVLQJ�GHPDQG��86'$�HVWLPDWHV�WKDW�WKH�SULFH�
RI�FRUQ�LV�H[SHFWHG�WR�UHPDLQ�VWDEOH�DW�DURXQG�������
WR�������SHU�EXVKHO��LQ�QRPLQDO�WHUPV��LQ�WKH������WR�
�����WLPHIUDPH��86'$�2&(�:$2%��������

,QFUHDVHG�FRUQ�SURGXFWLRQ�PD\�FUHDWH�D�QXPEHU�RI�
XQLQWHQGHG�PDUNHW�DQG�HQYLURQPHQWDO�HIIHFWV��%5',��
�������)LUVW��D�IRRG�DQG�IXHO�XVH�FRQÀLFW�PD\�DULVH��
ZKLFK�VXJJHVWV�WKDW�WKH�ULVH�LQ�GHPDQG�IRU�FRUQ�HWKDQRO�
LQFUHDVHV�WKH�SULFH�DQG�GHFUHDVHV�WKH�TXDQWLW\�RI�FRUQ�
DYDLODEOH�IRU�RWKHU�XVHV��%HFDXVH�FRUQ�LV�D�PDMRU�FHUHDO�
JUDLQ�DQG�SULPDU\�IHHG�IRU�OLYHVWRFN��LQFUHDVLQJ�FRUQ�
HWKDQRO�UHTXLUHPHQWV�FRXOG�OHDG�WR�SULFH�LQÀDWLRQ�RI�

Harvesting corn in the Great Plains  Figure 2.4

(Courtesy of Rob Mitchell, ARS)

9   A bushel of corn weighs 56 pounds at 15% moisture. Given current technology, a bushel of corn can produce 2.8 gallons of denatured 
ethanol. Calculation converts to dry basis and includes distillers dried or wet grains.

10 Additionally, there is an ethanol blenders’ credit, which was reduced to $0.45 per gallon in 2009.
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FRQVXPHU�¿QDO�JRRGV²SULPDULO\�IRRG��7KLV�XSZDUG�
SUHVVXUH�FRXOG�EH�UHOLHYHG�ZLWK�VXEVWLWXWHV�IRU�FRUQ�
GHULYHG�IRRGV�DQG�OLYHVWRFN�IHHG²D�SRUWLRQ�RI�WKH�FRUQ�
XVHG�IRU�HWKDQRO��DERXW�RQH�WKLUG��LV�VWLOO�DYDLODEOH�DV�
D�IHHG�DV�GLVWLOOHUV�JUDLQV��&RQVXPHUV�UHVSRQGLQJ�WR�
WKH�UHODWLYHO\�ORZHU�SULFHV�RI�FRUQ�VXEVWLWXWHV�LQFUHDVH�
WKH�GHPDQG�IRU�RWKHU�JUDLQV��OHDGLQJ�WR�DQ�LQFUHDVH�LQ�
SULFHV�IRU�RWKHU�JUDLQV��2Q�WKH�VXSSO\�VLGH��LI�KLJKHU�
FRUQ�SULFHV�OHDG�IDUPHUV�WR�JURZ�PRUH�FRUQ��HFRQRPLF�
WKHRU\�VXJJHVWV�WKH�LQFUHDVHG�ODQG�GHGLFDWHG�WR�FRUQ�
OHDGV�WR�LQFUHDVHG�SULFHV�DQG�GHFUHDVHG�VXSSO\�IRU�
RWKHU�JUDLQV��7KH�RXWFRPHV�RI�ERWK�GHPDQG��FRQVXPHUV�
VZLWFKLQJ�WR�FRQVXPLQJ�RWKHU�JUDLQV��DQG�VXSSO\�
�IDUPHUV�SODQWLQJ�PRUH�FRUQ��VXJJHVW�KLJKHU�SULFHV�IRU�

WKH�VXEVWLWXWH�JUDLQV�DQG�ORZHU�SULFHV�IRU�FRUQ��ceteris 
paribus��&DUHIXO�FRQVLGHUDWLRQ�RI�RWKHU�IDFWRUV�LV�
LPSRUWDQW�LQ�LGHQWLI\LQJ�LQÀDWLRQ�LQ�FRPPRGLW\�FURSV��
VXFK�DV�LQWHUQDWLRQDO�HYHQWV��ZHDWKHU��DQG�JHQHUDO�
HFRQRPLF�FRQGLWLRQV��DPRQJ�RWKHU�IDFWRUV�

,QFUHDVLQJ�WKH�FRUQ�\LHOGV�SHU�DFUH�DQG�WKH�HI¿FLHQF\�
RI�FRQYHUVLRQ�WHFKQRORJLHV�ZRXOG�KHOS�WR�UHOLHYH�
WKH�HFRQRPLF�DQG�HQYLURQPHQWDO�SUHVVXUHV�UHODWHG�
WR�LQFUHDVHG�HWKDQRO�SURGXFWLRQ��,PSURYLQJ�WKH�
VXSSO\�WUDLWV��L�H���HQHUJ\�HI¿FLHQF\�LQ�SURGXFWLRQ��
KDUYHVWLQJ��DQG�FRQYHUVLRQ��RI�ELRIXHOV�LPSURYHV�WKH�
HQYLURQPHQWDO�VXVWDLQDELOLW\�RI�WKLV�ELRIXHO�

Ethanol operating capacity by stateFigure 2.5
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BRDI, 2008; FAPRI, 2010; EIA-AEO, 2010.
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Historical and projected U.S. biodiesel production with EISA mandateFigure 2.8

Source: EIA (2009, 2010a,b) (Biodiesel), USDA-ERS (2007, 2010a,b) (Soybean biodiesel)   
Note: Assume 7.5 pounds per gallon  for soybean biodiesel.

Biodiesel��$W�SUHVHQW��ELRGLHVHO�LV�FXUUHQWO\�SURGXFHG�
IURP�VR\EHDQ��ZDVWH�IDWV��DQG�YDULRXV�YHJHWDEOH�RLOV�11  
/LNH�HWKDQRO��ELRGLHVHO�SURGXFWLRQ�LQFUHDVHG�UDSLGO\�
IURP������WR�������)LJXUH�����DQG�������+LVWRULFDOO\��
VR\EHDQ�RLO�KDV�EHHQ�WKH�GRPLQDQW�IHHGVWRFN������
RI�WRWDO�LQ�������IRU�ELRGLHVHO�SURGXFWLRQ��EXW�WKLV�LV�
FKDQJLQJ�DV�DQLPDO�IDWV�DQG�ZDVWH�RLOV�DUH�LQFUHDVLQJO\�
XVHG��6R\EHDQ�FRQWULEXWLRQ�WR�ELRGLHVHO�LV�H[SHFWHG�WR�
GHFUHDVH�DQG�VWDELOL]H�DURXQG�����PLOOLRQ�JDOORQV�SHU�
\HDU�DIWHU�GHFUHDVLQJ�LQ�������86'$�2&(�:$2%��
�������)LJXUH�������%DVHG�RQ�FRQGLWLRQV�LQ�������E\�
�����VR\EHDQ�RLO�LV�SURMHFWHG�WR�PDNH�XS�����RI�
ELRGLHVHO�IHHGVWRFN��DV�RWKHU�VRXUFHV�DUH�PRUH�ZLGHO\�
XVHG��86'$�2&(�2(318���������$�PRUH�UHFHQW�
SURMHFWLRQ�H[SHFWV�WKDW�OHVV�WKDQ�KDOI�RI�ELRGLHVHO�
IHHGVWRFNV�ZLOO�FRPH�IURP�¿UVW�XVH�YHJHWDEOH�RLO�ZLWK�
PRUH�WKDQ�KDOI�IURP�UHF\FOHG�YHJHWDEOH�RLOV��RU�DQLPDO�
IDWV��86'$�2&(�:$2%��������

9HJHWDEOH�RLOV�RWKHU�WKDQ�VR\EHDQ�RLO�DUH�SURMHFWHG�
WR�PDNH�PXFK�VPDOOHU�FRQWULEXWLRQV�WR�ELRGLHVHO�
SURGXFWLRQ�LQ�WKH�IRUHVHHDEOH�IXWXUH��WKLV�LV�GXH�WR�
KLJKHU�UHODWLYH�LQSXW�SULFHV��7KH�GLIIHUHQFH�EHWZHHQ�
VR\EHDQ�DQG�YHJHWDEOH�RLO�DV�LQSXWV�WR�ELRGLHVHO�DQG�
WRWDO�ELRGLHVHO�LV�H[SHFWHG�WR�FRPH�IURP�ZDVWH�IDWV�
DQG�UHF\FOHG�RLOV��:DVWH�IDWV�DUH�JHQHUDOO\�D�OHVV�FRVWO\�
IHHGVWRFN�WKDQ�YHJHWDEOH�RLOV��KRZHYHU��WKH\�FRQWDLQ�
KLJK�OHYHOV�RI�VDWXUDWHG�IDWW\�DFLGV�WKDW�UHVXOWV�LQ�D�
ORZHU�ÀRZ�TXDOLW\�WKDQ�YHJHWDEOH�RLO��<HOORZ�JUHDVH��
D�ZDVWH�SURGXFW�RI�WKH�IRRG�LQGXVWU\��LV�WKH�OHDVW�FRVWO\�
DYDLODEOH�IHHGVWRFN�IRU�ELRGLHVHO�SURGXFWLRQ��,WV�VXSSO\�
LV�OLPLWHG�JHRJUDSKLFDOO\�DQG�OHQGV�LWVHOI�WRZDUG�
VPDOOHU�FDSDFLW\�SURGXFWLRQ�

11 Glycerin, a byproduct, is used in a number of consumer and industrial products.
12 As of June 2009, biodiesel production capacity was 2.69 BGY, though many facilities had low utilization rates (NBB, 2009). The current tax 

benefits of biodiesel are provided to the blender at the rate of $1.00 per gallon for all feedstocks (previously, credits for recycled vegetable 
oils or animal fats was $0.50 per gallon) and was extended through 2009 by the Energy Improvement and Extension Act of 2008.
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7KH�8�6��ELRGLHVHO�LQGXVWU\�PXVW�PHHW�FHUWDLQ�XVH�
EHQFKPDUNV��DV�PDQGDWHG�E\�(,6$��8�6��&RQJUHVV��
�������(,6$�DOVR�UHTXLUHV�XVH�OHYHOV�WR�UHDFK�����
PLOOLRQ�JDOORQV�E\�������7KLV�UHTXLUHPHQW�LQFUHDVHV�WR�
��ELOOLRQ�JDOORQV�E\������12  

Municipal solid wastes.�$JULFXOWXUDO�VRXUFHV�RI�06:�
LQFOXGH�IRRG�ZDVWHV��WH[WLOHV��DQG�OHDWKHU��7KHVH�ZDVWHV�
FXUUHQWO\�DFFRXQW�IRU�DERXW�����RI�WKH�WRWDO�06:�
JHQHUDWHG��(3$���������7KH�TXDQWLW\�RI�FURSODQG�
GHULYHG�06:�FXUUHQWO\�XVHG�LV�HVWLPDWHG�DW�DERXW���
PLOOLRQ�GU\�WRQV��7DEOH������

2.2 Projected Increase in  
Currently Used Biomass  
Resources
7KH�SURMHFWHG�LQFUHDVH�LQ�FRQVXPSWLRQ�RI�FXUUHQWO\�
XVHG�ELRPDVV�IHHGVWRFNV�LV�VXPPDUL]HG�E\�IHHGVWRFN�
W\SH�IRU�VHOHFWHG�\HDUV�LQ�7DEOH������7KHVH�GDWD�UHÀHFW�
WKH������(,$�UHIHUHQFH�FDVH�SURMHFWLRQV�FRQYHUWHG�
WR�PLOOLRQ�GU\�WRQV��&RQVXPSWLRQ�RI�ELRIXHOV�LQ�WKH�
WUDQVSRUWDWLRQ�VHFWRU�LQFUHDVHV�VLJQL¿FDQWO\�RZLQJ�
WR�WKH�(,6$������DQG�WKH�5)6��(OHFWULF�SRZHU�
FRQVXPSWLRQ�XVLQJ�ELRPDVV�IHHGVWRFNV��VKRZQ�DV�
IXHOZRRG�LQ�7DEOH������DOVR�LQFUHDVHV�FRQVLGHUDEO\�RYHU�
WKH�QH[W����\HDUV��$V�QRWHG�E\�(,$��D�ODUJH�IUDFWLRQ�
RI�WKH�ELRSRZHU�LQFUHDVHV�FRPH�IURP�LQFUHDVHG�FR�
¿ULQJ��(,$������F�����0RGHVW�JURZWK�LQ�LQGXVWULDO�
FRQVXPSWLRQ�RI�ELRPDVV�LV�SURMHFWHG�ZLWK�OLWWOH�RU�QR�
FKDQJH�LQ�WKH�UHVLGHQWLDO�DQG�FRPPHUFLDO�VHFWRUV��7KH�
NH\�IHHGVWRFNV�FRQWULEXWLQJ�WR�ELRPDVV�FRQVXPSWLRQ�
LQFOXGH�IXHOZRRG�KDUYHVWHG�IURP�IRUHVWV��SULPDU\�PLOO�
UHVLGXHV��SXOSLQJ�OLTXRUV��DQG�ZRRG\�06:�IHHGVWRFNV��
,Q�WRWDO��IRUHVWV�FXUUHQWO\�FRQWULEXWH�QHDUO\�����PLOOLRQ�
GU\�WRQV��7KLV�LV�VRPHZKDW�ORZHU�WKDQ�UHSRUWHG�LQ�WKH�

�����BTS�GXH�WR�WKH�HFRQRPLF�GRZQWXUQ��%\������
DQG�������FRQVXPSWLRQ�RI�IRUHVW�ELRPDVV�LQFUHDVHV�
WR�DERXW�����DQG�����PLOOLRQ�GU\�WRQV��UHVSHFWLYHO\��
$JULFXOWXUH�VRXUFHV�RI�ELRPDVV�LQFOXGH�FRUQ�DQG�RWKHU�
JUDLQV�XVHG�WR�SURGXFH�HWKDQRO��VR\EHDQ�DQG�JUHDVHV�
IRU�ELRGLHVHO�SURGXFWLRQ��DQG�06:�IHHGVWRFNV��
VXFK�DV�IRRG�ZDVWHV�DQG�WH[WLOHV��7KHVH�FXUUHQWO\�
XVHG�IHHGVWRFNV�WRWDO�QHDUO\����PLOOLRQ�GU\�WRQV��
&RQVXPSWLRQ�LQFUHDVHV�WR�����PLOOLRQ�GU\�WRQV�E\�
������0RVW�RI������DQG�EH\RQG�TXDQWLWLHV�DUH�JUDLQV�
DQG�VR\EHDQ�XVHG�WR�SURGXFH����%*<�RI�HWKDQRO�DQG���
%*<�RI�ELRGLHVHO²WKH�DVVXPHG�PD[LPXP�DYDLODEOH�
IHHGVWRFNV�IRU�VWDUFK�HWKDQRO�DQG�RLOV�IRU�WKH�5)6�XQGHU�
(,6$�������7KHVH�HVWLPDWHV�GR�QRW�WDNH�LQWR�DFFRXQW�
DQ\�OLTXLG�SURGXFWLRQ�H[SHFWHG�IURP�FHOOXORVLF�VRXUFHV��
7KH�UHPDLQGHU�RI�WKLV�UHSRUW�DGGUHVVHV�WKH�FHOOXORVLF�
UHVRXUFHV�WKDW�DUH�FXUUHQWO\�XQXVHG�DQG�DYDLODEOH��DV�
ZHOO�DV�HQHUJ\�FURSV�

13  Co-firing is a conversion process in which small amounts of biomass are mixed with coal in existing coal-fired plants. The amount of  
 displaced coal can vary from a few percent up to 10% or more depending on the conversion technology and fuel-handling systems.
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Source Current 2017 2022 2030
Forest

Fuelwood 38 72 96 106

Mill residue 32 38 39 42

Pulping liquors 45 52 54 58

MSW sources 14 20 20 20

Total forest 129 182 209 226

Agriculture

Ethanol a 76 (109) 88 (127) 88 (127) 88 (127)

Biodiesel b 2 4 4 4

MSW sources 7 11 11 11

Total agricultural resources 
currently used 85 (118) 103 (142) 103 (142) 103 (142)

Total currently used resources 214 (247) 285 (342) 312 (351) 329 (368)

Projected Consumption of Currently Used Biomass Feedstocks  
(Million Dry Tons per Year)Table 2.1

Notes: Fuelwood includes the residential commercial sector as well as biomass consumed by the electric utility industry in dedicated 

BIOMASS�PLANTS�AND�CO
lRING�APPLICATIONS��-37�SOURCES�ARE�ALLOCATED�TO�FOREST������	�AND�CROPLAND�����	�BASED��ON�%)!������B	��
%THANOL�AND�BIODIESEL�ARE�BASED�ON�%)3!�MANDATES��OF����"'9�OF�BIOFUELS�AND���"'9�OF�BIODIESEL��%THANOL�ASSUMES��CORN�GRAIN�AT����
POUNDS�PER�BUSHEL��������MOISTURE�CONTENT��AND�����GALLONS�PER�BUSHEL�

a The first number is the portion of corn consumed to make ethanol. The number in parentheses is the amount of corn required. For example, 
it takes 127.5 million dry tons to make 15 BGY of ethanol. However, only 88.3 million dry tons are consumed in making the ethanol. The 
remainder (39.2 million dry tons) is distiller’s grain and is excluded from the total.

b  Includes all sources of biodiesel. Current consumption is 43% from soybeans and 57% from other sources, including animal fats and waste 
oils. The proportion of sources of future feedstocks will vary and are assumed to have an average conversion rate of 7.5 pounds of oil/fats 
per gallon of biodiesel.
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3 FOREST BIOMASS AND  
WOOD WASTE RESOURCES

7KLV�FKDSWHU�SURYLGHV�HVWLPDWHV�RI�IRUHVW�ELRPDVV�DQG�
ZRRG�ZDVWH�TXDQWLWLHV��DV�ZHOO�DV�URDGVLGH�FRVWV��L�H���
VXSSO\�FXUYHV��IRU�HDFK�FRXQW\�LQ�WKH�FRQWLJXRXV�
8QLWHG�6WDWHV��VHH�7H[W�%R[�������5RDGVLGH�SULFH�LV�
WKH�SULFH�D�EX\HU�SD\V�IRU�ZRRG�FKLSV�DW�D�URDGVLGH�
LQ�WKH�IRUHVW��DW�D�SURFHVVLQJ�PLOO�ORFDWLRQ�LQ�WKH�
FDVH�RI�PLOO�UHVLGXH��RU�DW�D�ODQG¿OO�IRU�XUEDQ�ZRRG�
ZDVWHV�SULRU�WR�DQ\�WUDQVSRUW�DQG�SUHSURFHVVLQJ�WR�WKH�
HQG�XVH�ORFDWLRQ����)RUHVW�ELRPDVV�DQG�ZRRG�ZDVWH�
UHVRXUFHV�FRQVLGHUHG�LQ�WKLV�DVVHVVPHQW�LQFOXGH�

�� )RUHVW�UHVLGXHV��ORJJLQJ�UHVLGXHV�DQG�
WKLQQLQJV��IURP�LQWHJUDWHG�IRUHVW�RSHUDWLRQV�
IURP�WLPEHUODQG�� 

�� 2WKHU�UHPRYDO�UHVLGXH�� 
�� 7KLQQLQJV�IURP�RWKHU�IRUHVWODQG
�� 8QXVHG�SULPDU\�DQG�VHFRQGDU\�PLOO� 

SURFHVVLQJ�UHVLGXHV
�� 8UEDQ�ZRRG�ZDVWHV
�� &RQYHQWLRQDOO\�VRXUFHG�ZRRG��

This chapter provides estimates for forest residues and wood wastes that were reported in the 2005 BTS, as well as 
an additional feedstock, conventionally sourced wood. In the original BTS, forest residues include logging residue, 
other removal residue, and fuel treatments from both timberland and other forestlands. Wood wastes include forest 
products wood residues (both used and unused), pulping liquors, and urban wood residues. The 2005 BTS also 
included fuelwood. 

For this report, fuelwood, “used” wood wastes, and pulping liquors are included in the update, but are not counted as 
“potential” biomass resources because they are already used for other purposes, primarily energy production. Future 
prices may shift these “used feedstocks” into new or other energy uses, but for the update, they are still counted as 
used.

Fuel treatment residues are now “thinnings” obtained using an integrated forest operation, i.e., the production of 
merchantable products and biomass. A “composite” estimate is determined by combining portions of logging residue 
and thinning estimates, then by using a ratio to represent the transition from harvesting operations that leave 
logging residues to harvesting operations that integrate the removal of biomass with merchantable timber. Some 
conventionally sourced wood (e.g., small-diameter pulpwood) is also considered to be a biomass feedstock. See 
Chapter 1 for more discussion on the types of feedstocks.

TEXT BOX 3.1  |  FOREST FEEDSTOCKS

14 The costs estimated are marginal costs or costs to supply each successively more expensive dry ton of biomass in each county. It is 
assumed that buyers would be buying from landowners who are aware of the cost for the most expensive units of biomass supply and 
that there would be enough buyers (a competitive market) such that landowners would only sell to buyers o!ering the price for the most 
expensive unit. Prices paid may be less for a given amount of biomass supply, depending on the extent that landowners are not informed 
about the highest price being o!ered or are not interested in maximizing profit, or to the extent that there are few buyers to compete for 
the biomass.

15 Forestland is defined as land at least 120 feet wide and 1 acre in size, with at least 10% cover (or equivalent stocking) by live trees of any 
size, including land that formerly had such tree cover and that will be naturally or artificially regenerated (Smith et al., 2009). Forestland 
is further defined as timberland and other forestland. Timberland is defined as forestland that is producing, or is capable of producing, 
in excess of 20 cubic feet per acre per year of industrial wood and not withdrawn from timber utilization by statute or administrative 
regulation. Other forestland is defined as forestland other than timberland and productive reserved forestland. It includes available 
forestland, which is incapable of annually producing 20 cubic feet per acre per year. Reserved forestland is administratively removed from 
production.

16 Unutilized wood volume from cut, or otherwise killed, growing stock from cultural operations, such as precommercial thinnings or from 
timberland clearing. Does not include volume removed from inventory through reclassification of timber land to productive reserved forest 
land (Smith et al., 2009).
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)RUHVW�ELRPDVV�LV�D�SULPDU\�UHVRXUFH�WKDW�FRQVLVWV�
RI�D�FRPELQDWLRQ�RI�HVWLPDWHV�IURP�WZR�VRXUFHV������
UHPRYDO�RI�D�SRUWLRQ�RI�ZKDW�LV�FDOOHG�ORJJLQJ�UHVLGXH�
WKDW�LV�FXUUHQWO\�JHQHUDWHG�GXULQJ�WKH�KDUYHVWLQJ�RI�
WLPEHUODQGV�IRU�FRQYHQWLRQDO�IRUHVW�SURGXFWV�DQG�
����UHPRYDO�RI�H[FHVV�ELRPDVV�IURP�IXHO�WUHDWPHQW�
�UHGXFLQJ�ELRPDVV�KHOSV�IRUHVWV�LQFUHDVH�¿UH�UHVLVWDQFH��
DQG�WKLQQLQJ�RSHUDWLRQV�GHVLJQHG�WR�UHGXFH�ULVNV�DQG�
ORVVHV�IURP�FDWDVWURSKLF�¿UHV�DQG�LPSURYH�IRUHVW�
KHDOWK��7KLV�ODWWHU�FRPSRQHQW�FRQVLVWV�RI�UHPRYLQJ�
PHUFKDQWDEOH�ZKROH�WUHHV�DQG�H[FHVV�VPDOO�WUHHV�WR�
WKH�URDGVLGH��7KH�WRSV�DQG�EUDQFKHV�RI�PHUFKDQWDEOH�
WUHHV��FXOO�WUHHV��FXOO�WUHH�FRPSRQHQWV��DQG�H[FHVV�
VPDOO�WUHHV�FDQ�EH�XVHG�IRU�ELRHQHUJ\�DSSOLFDWLRQV��
7KH�PHUFKDQWDEOH�WUHH�FRPSRQHQWV�FDQ�EH�XVHG�IRU�
FRQYHQWLRQDO�IRUHVW�SURGXFWV��%RWK�RI�WKHVH�UHVRXUFHV�
ZHUH�FRQVLGHUHG�VHSDUDWHO\�LQ�WKH�BTS��EXW�LQ�WKLV�
XSGDWH��HVWLPDWHV�DUH�PDGH�DVVXPLQJ�WKDW�WKHUH�ZLOO�
EH�D�WUDQVLWLRQ�LQ�FRQYHQWLRQDO�KDUYHVWLQJ�RSHUDWLRQV�
IURP�OHDYLQJ�ORJJLQJ�UHVLGXHV�EHKLQG�WR�UHPRYLQJ�WKHP�
DV�SDUW�RI�FRQYHQWLRQDO�KDUYHVWLQJ��,W�LV�SURMHFWHG�WKDW�
DFFHVV�WR�ELRPDVV�ZLOO�FRPH�IURP�LQWHJUDWHG�KDUYHVWLQJ�
RSHUDWLRQV�WKDW�SURYLGH�VDZORJV�DQG�SXOSZRRG�WR�PHHW�
H[LVWLQJ�PDUNHW�GHPDQG��DV�ZHOO�DV�SURYLGH�ELRPDVV�
IRU�HQHUJ\��7ZR�RWKHU�SULPDU\�UHVRXUFHV�DUH�FRQVLGHUHG�
LQ�WKLV�XSGDWH��7KLQQLQJV�IURP�RWKHU�IRUHVWODQG��QRQ�
WLPEHUODQG��DUH�FRQGXFWHG�WR�LPSURYH�IRUHVW�KHDOWK�E\�
UHPRYLQJ�H[FHVV�ELRPDVV�RQ�ORZ�SURGXFWLYLW\�ODQG��
2WKHU�UHPRYDO�UHVLGXH�LV�XQXVHG�ZRRG�WKDW�LV�FXW�
GXULQJ�WKH�FRQYHUVLRQ�RI�WLPEHUODQG�WR�QRQ�IRUHVW�XVHV�
DQG�XQXVHG�ZRRG�FXW�LQ�VLOYLFXOWXUDO�RSHUDWLRQV��VXFK�
DV�SUHFRPPHUFLDO�WKLQQLQJV��$�GHVFULSWLRQ�RI�WKH�IRUHVW�
UHVRXUFH�ODQG�EDVH�LV�SURYLGHG�LQ�7H[W�%R[�����

7KH�SURFHVVLQJ�RI�VDZORJV��SXOSZRRG��DQG�YHQHHU�
ORJV�LQWR�FRQYHQWLRQDO�IRUHVW�SURGXFWV�JHQHUDWHV�
VLJQL¿FDQW�TXDQWLWLHV�RI�EDUN��PLOO�UHVLGXHV��FRDUVH�DQG�
¿QH�ZRRG���DQG�SXOSLQJ�OLTXRUV��:LWK�WKH�H[FHSWLRQ�
RI�VPDOO�TXDQWLWLHV�RI�PLOO�UHVLGXHV��WKHVH�VHFRQGDU\�
IRUHVW�SURGXFWV�LQGXVWU\�UHVLGXHV�DUH�FXUUHQWO\�XVHG�
LQ�WKH�PDQXIDFWXUH�RI�IRUHVW�SURGXFWV�RU�IRU�KHDW�
DQG�SRZHU�SURGXFWLRQ��DQG�YDOXDEOH�FKHPLFDOV�DUH�
UHFRYHUHG�IURP�SXOSLQJ�OLTXRUV��,Q�DGGLWLRQ�WR�SXOSLQJ�
OLTXRUV��IXHOZRRG²GH¿QHG�DV�ZRRG�KDUYHVWHG�GLUHFWO\�
IURP�IRUHVWV�DQG�XVHG�SULPDULO\�LQ�WKH�UHVLGHQWLDO�DQG�

FRPPHUFLDO�VHFWRUV�IRU�VSDFH�KHDWLQJ�DQG�E\�VRPH�
HOHFWULF�XWLOLWLHV�IRU�SRZHU�JHQHUDWLRQ²LV�DOVR�QRW�
FRQVLGHUHG�EH\RQG�WKH�HVWLPDWHV�SURYLGHG�LQ� 
&KDSWHU����6RPH�TXDQWLW\�RI�WKHVH�FXUUHQWO\�XVHG�
ZRRG�ZDVWHV�FRXOG�VKLIW�WR�ELRHQHUJ\�DSSOLFDWLRQV�
DW�WKH�ULJKW�SULFH��+RZHYHU��HVWLPDWLQJ�KRZ�PDQ\�RI�
WKHVH�UHVRXUFHV�FRXOG�PRYH�LQWR�ELRHQHUJ\�SURGXFWLRQ�
LV�GLI¿FXOW�DQG�VSHFXODWLYH��DV�PDQ\�RI�WKHVH�ZRRG�
ZDVWHV�DUH�QRW�RQO\�XVHG��EXW�DUH�DOVR�FRQ¿QHG�RU�
GHGLFDWHG�WR�D�VSHFL¿F�SURFHVV��8UEDQ�ZRRG�ZDVWH��RQ�
WKH�RWKHU�KDQG��LV�ODUJHO\�GHVWLQHG�IRU�ODQG¿OOV��7KH�
XUEDQ�ZRRG�ZDVWH�UHVRXUFH�LQFOXGHV�D�ZLGH�YDULHW\�RI�
ZRRG\�PDWHULDOV��UDQJLQJ�IURP�GLVFDUGHG�IXUQLWXUH��
ODQGVFDSLQJ�ZRRG�ZDVWHV��DQG�ZRRG�XVHG�LQ�WKH�
FRQVWUXFWLRQ��UHPRGHOLQJ��DQG�GHPROLWLRQ�RI�EXLOGLQJV��

7KH�¿QDO�UHVRXUFH�FRQVLGHUHG�LV�FRQYHQWLRQDOO\�
VRXUFHG�ZRRG��ZKLFK�LV�GH¿QHG�DV�VHSDUDWH��DGGLWLRQDO�
RSHUDWLRQV�WR�SURYLGH�SXOSZRRG�VL]HG�URXQGZRRG�IRU�
ELRHQHUJ\�DSSOLFDWLRQV��&RQYHQWLRQDO�ZRRG�ZDV�QRW�
LQFOXGHG�LQ�WKH������BTS.�([FOXGHG�IURP�WKH�IRUHVW�
SRWHQWLDO�LV�ZRRG�JURZQ�XQGHU�VKRUW�URWDWLRQV�DQG�
GHGLFDWHG�WR�ELRHQHUJ\�SURGXFWLRQ��VHH�&KDSWHU����

7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�GLVFXVVHV�WKH�VSHFL¿F�
ZRRG\�ELRPDVV�VRXUFHV�LQWURGXFHG�DERYH��7KH�
EXON�RI�WKH�FKDSWHU�IRFXVHV�RQ�SULPDU\�IRUHVW�
ELRPDVV��LQFOXGLQJ�H[WHQGHG�GLVFXVVLRQ�RI�UHVRXUFH�
VXVWDLQDELOLW\�IURP�WLPEHUODQG��7KLV�LV�IROORZHG�E\�
RWKHU�UHPRYDOV�DQG�WKLQQLQJV�RQ�RWKHU�IRUHVWODQG��
8QXVHG�PLOO�UHVLGXHV�DQG�XUEDQ�ZRRG�ZDVWHV�DUH�
GLVFXVVHG��7KH�VL[WK�VHFWLRQ�RI�WKH�FKDSWHU�SURYLGHV�
HVWLPDWHV�RI�KRZ�PXFK�FRQYHQWLRQDOO\�VRXUFHG�
ZRRG�FRXOG�EH�SURYLGHG�E\�DGGLWLRQDO�KDUYHVW�DQG�
E\�D�VKLIW�RI�FXUUHQW�SXOSZRRG�GHPDQG�WR�ELRHQHUJ\�
DSSOLFDWLRQV��7KH�¿QDO�VHFWLRQ�SURYLGHV�D�VXPPDU\�RI�
IRUHVW�ELRPDVV�DQG�ZRRG�ZDVWH�VRXUFHV��$OO�VHFWLRQV�
LQFOXGH�NH\�DVVXPSWLRQV�DQG�GDWD�XVHG�WR�HVWLPDWH�
DSSOLFDEOH�FXUUHQW�DQG�IXWXUH�VXSSOLHV��DV�ZHOO�DV�SULFHV�
WR�DFFHVV�WKHVH�UHVRXUFHV��&RXQW\�OHYHO�VXSSO\�FXUYHV�
DUH�HVWLPDWHG�IRU�PDQ\�RI�WKH�UHVRXUFHV��KRZHYHU��
LQ�WKLV�UHSRUW��HVWLPDWHV�DUH�VXPPDUL]HG�E\�VWDWH�DQG�
QDWLRQZLGH��$�FRPSOHWH�FRXQW\�OHYHO�GDWDEDVH�ZLWK�
SURMHFWLRQV�RI�TXDQWLWLHV�DQG�SULFHV�LV�DYDLODEOH�LQ�D�
VWDQG�DORQH�GDWDEDVH��WKH�%LRHQHUJ\�.')��251/��
������



18

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

3.1 Primary Forest Biomass
&XUUHQW�UHPRYDOV�IURP�8�6��IRUHVWODQGV�DUH�DERXW������
ELOOLRQ�FXELF�IHHW�DQQXDOO\²QHDUO\�����PLOOLRQ�GU\�
tons.���7KLV�OHYHO�RI�KDUYHVW�LV�ZHOO�EHORZ�QHW�DQQXDO�
IRUHVW�JURZWK�DQG�RQO\�D�YHU\�VPDOO�IUDFWLRQ�RI�WKH�
WRWDO�WLPEHUODQG�LQYHQWRU\��,Q�������WKH�UDWLR�RI�IRUHVW�
JURZLQJ�VWRFN�JURZWK��ZRRG�YROXPH�LQFUHDVHV��WR�
JURZLQJ�VWRFN�UHPRYDOV��KDUYHVW��ODQG�FOHDULQJ��HWF���
LQ�WKH�8QLWHG�6WDWHV�ZDV���������ZKLFK�LQGLFDWHV�WKDW�
QHW�IRUHVW�JURZWK�H[FHHGHG�UHPRYDOV�E\������6PLWK�

HW�DO����������7KH�GDWD�DOVR�VXJJHVWV�D�QDWLRQDO�WUHQG�
RI�LQFUHDVLQJ�QHW�JURZWK�UHODWLYH�WR�JURZLQJ�VWRFN�
UHPRYDOV��+RZHYHU��WKLV�WUHQG�YDULHV�E\�JHRJUDSKLF�
UHJLRQ��VSHFLHV��DQG�RZQHUVKLS��VXFK�DV�SXEOLF�IRUHVWV�
DQG�SULYDWH�LQGXVWULDO�IRUHVWV��,Q�WKH�FDVH�RI�SULYDWH�
RZQHUVKLS��H[FOXGLQJ�$ODVND��WKH�JURZWK�WR�UHPRYDOV�
UDWLR�LV�����DV�FRPSDUHG�WR�D�UDWLR�RI�����IRU�SXEOLF�
ODQGV�

17 These removals include roundwood products, logging residues, and other removals from growing stock and other sources. Removals refer 
to removal from standing timber inventory. Some roundwood (logging residue) is actually left on harvest sites. Volume is converted to dry 
tons using a factor of 30 dry pounds per cubic foot.

18 The growth to removals ratio is derived by dividing net annual growth of growing stock by annual removals of growing stock on 
timberland and excludes Alaska (Smith et al., 2009; Tables 34 and 35).

)NÏTHEÏ5NITEDÏ3TATES�ÏTHEREÏAREÏABOUTÏ���ÏMILLIONÏACRESÏOFÏFORESTLAND�ÏWITHÏSLIGHTLYÏMOREÏTHANÏTWO
THIRDSÏCLASSIlEDÏ
as timberland or land capable of producing 20 cubic feet per acre annually of industrial wood products in natural 
STANDSÏ�3MITHÏETÏAL��Ï����	�Ï!NOTHERÏ���ÏOFÏTHISÏFORESTLANDÏISÏCLASSIlEDÏASÏhOTHERvÏANDÏISÏGENERALLYÏNOTÏPRODUCTIVEÏ
enough for commercial timber operations owing to poor soils, lack of moisture, high elevation, or rockiness. The 
remaining 10% of forestland is withdrawn from timber utilization by statute or administrative regulations and is 
dedicated to a variety of non-timber uses, such as parks and wilderness. The timberland fraction of U.S. forestlands 
totals approximately 514 million acres. As noted by Smith et al. (2009), the map below shows forested pixels 
from the USDA Forest Service map of Forest Type Groups (Ruefenacht et al., 2008). Timberland is derived and 
summarized from RPA plot data using a hexagon sampling array developed by EPA. Reserved land is derived from 
the Conservation Biology Institute, Protected Areas Database. Other forestland is non-timberland forests.

TEXT BOX 3.2  |  FOREST RESOURCES OF THE UNITED STATES
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19  The Forest Inventory and Analysis Program of the U.S. Forest Service conducts annual surveys and studies of industrial users to determine 
roundwood harvests for primary wood-using mills. Additional studies are also used to determine nonindustrial (i.e., residential and 
commercial) uses of roundwood. Taken together, these studies provide a comprehensive description of timber product output for a given 
year (USDA Forest Service, 2007a).

6OLJKWO\�PRUH�WKDQ�����RI�WKH�YROXPH�RI�FXUUHQW�8�6��
ZRRG�UHPRYDOV�LV�URXQGZRRG��ZLWK�WKH�UHPDLQGHU�
FRQVLVWLQJ�RI�ORJJLQJ�UHVLGXHV�DQG�RWKHU�UHPRYDOV��
7RWDO�ORJJLQJ�UHVLGXH�DQG�RWKHU�UHPRYDOV�LQ�WKH�8QLWHG�
6WDWHV�FXUUHQWO\�DPRXQW�WR�QHDUO\����PLOOLRQ�GU\�WRQV�
DQQXDOO\²���PLOOLRQ�GU\�WRQV�RI�ORJJLQJ�UHVLGXH�DQG�
���PLOOLRQ�GU\�WRQV�RI�RWKHU�UHPRYDO�UHVLGXH��6PLWK�
HW�DO�������������7KH�ORJJLQJ�UHVLGXH�PDWHULDO�ODUJHO\�
FRQVLVWV�RI�WRSV��EUDQFKHV�DQG�OLPEV��VDOYDJHDEOH�GHDG�
WUHHV��URXJK�DQG�URWWHQ�WUHHV��QRQ�FRPPHUFLDO�VSHFLHV��
DQG�VPDOO�WUHHV��0RVW�RI�WKLV�UHVLGXH�LV�OHIW�RQVLWH�
EHFDXVH�LWV�VPDOO�SLHFH�VL]H�PDNHV�LW�XQVXLWDEOH�DQG�
XQHFRQRPLF�IRU�WKH�PDQXIDFWXULQJ�RI�IRUHVW�SURGXFWV��
+RZHYHU��DV�PDUNHWV�IRU�ELRHQHUJ\�IHHGVWRFNV�
GHYHORS��D�VLJQL¿FDQW�IUDFWLRQ�RI�WKLV�UHVLGXH�FRXOG�
EHFRPH�HFRQRPLFDOO\�IHDVLEOH�WR�UHPRYH��PRVW�OLNHO\�
LQ�FRQMXQFWLRQ�ZLWK�FRQYHQWLRQDO�KDUYHVW�RSHUDWLRQV�
ZKHUH�WKH�FRVWV�RI�H[WUDFWLRQ��L�H���IHOOLQJ�DQG�VNLGGLQJ��
DUH�ERUQH�E\�WKH�FRQYHQWLRQDO�IRUHVW�SURGXFW��>)RUHVW�
ELRPDVV�FRPSOLDQFH�ZLWK�(,6$�LV�GHVFULEHG�LQ�7H[W�
%R[�����@�2WKHU�UHPRYDO�UHVLGXH�LV�ZRRG�FXW��NLOOHG��RU�
EXUQHG�GXULQJ�WKH�FRQYHUVLRQ�RI�WLPEHUODQG�WR�QRQ�
IRUHVW�ODQG�XVHV��H�J���FURSODQG��SDVWXUH��URDGV��DQG�
XUEDQ�DUHDV���

7UHHV�NLOOHG�DQG�XQXWLOL]HG�EHFDXVH�RI�VLOYLFXOWXUDO�
RSHUDWLRQV��VXFK�DV�SUHFRPPHUFLDO�WKLQQLQJ�RI�
FRPPHUFLDO�IRUHVWV��DUH�DOVR�LQFOXGHG�LQ�WKH�UHPRYDO�
UHVLGXH�FDWHJRU\��7KLV�ZRRG\�PDWHULDO�LV�XQXWLOL]HG�
IRU�UHDVRQV�VLPLODU�WR�WKH�ORJJLQJ�UHVLGXH��LW�FRXOG�
EHFRPH�DYDLODEOH�IRU�ELRHQHUJ\�SURGXFWLRQ�DQG�
RWKHU�XVHV�DV�WHFKQRORJ\��HFRQRPLFV��DQG�PDUNHWV�
HYROYH��$ERXW�����RI�WKH�RWKHU�UHPRYDO�UHVLGXH�LV�
KDUGZRRG��DWWULEXWDEOH�WR�WKH�FOHDULQJ�RI�ODQG�LQ�WKH�
1RUWK�DQG�6RXWKHDVW�ZKHUH�WKHUH�LV�D�SUHSRQGHUDQFH�RI�
KDUGZRRGV��

,Q�DGGLWLRQ�WR�IRUHVW�UHVLGXHV�JHQHUDWHG�E\�WLPEHU�
H[WUDFWLRQ�DQG�ODQG�FRQYHUVLRQ�DFWLYLWLHV��PLOOLRQV�
RI�DFUHV��RQH�HVWLPDWH�LV�DW�OHDVW����PLOOLRQ�DFUHV�LQ�
WKH�:HVW��86'$�)RUHVW�6HUYLFH��������RI�IRUHVWV�DUH�
RYHUVWRFNHG�ZLWK�UHODWLYHO\�ODUJH�DPRXQWV�RI�H[FHVV�
ELRPDVV��ZKLFK�KDYH�DFFXPXODWHG�DV�D�UHVXOW�RI�IRUHVW�
JURZWK�DQG�DOWHUDWLRQV�LQ�QDWXUDO�F\FOHV�WKURXJK�
VXFFHVVIXO�VXSSUHVVLRQ�RI�¿UHV��86'$�)RUHVW�6HUYLFH��

4HEÏ%NERGYÏ3ECURITYÏ!CTÏ�0,Ï��
���	ÏOFÏ����ÏDElNESÏBIOMASSÏ
as “any organic matter which is available on a renewable 
basis, including agricultural wastes and residues, wood 
and wood wastes and residues, animal wastes, municipal 
wastes, and aquatic plants” (U.S. Department of Energy, 
����C	�Ï4HISÏlRST
EVERÏSTATUTORYÏDElNITIONÏBECAMEÏTHEÏ
standard for some legislative and programmatic purposes. 
#URRENTLY�Ï��ÏBIOMASSÏDElNITIONSÏEXISTÏWITHINÏRECENTLYÏ
enacted statutes and the Tax Code (Riedy and Stone, 2010). 
4HEÏ����Ï&ARMÏ"ILLÏ!CTÏANDÏ%)3!ÏDElNITIONSÏAREÏTYPICALLYÏ
regarded as the most comprehensive. 

In the enactment of a new national Renewable Fuels 
Standard, as part of EISA, Title II, Sec. 201(I)(I), a more 
STRINGENTÏDElNITIONÏWASÏESTABLISHEDÏTHATÏNOTÏONLYÏDElNESÏ
THEÏTYPESÏOFÏFEEDSTOCKS�ÏBUTÏALSOÏDElNESÏTHEÏSOURCESÏOFÏTHEÏ
feedstock. In effect, EISA excludes all biofuels feedstocks 
FROMÏFEDERALÏLANDS�ÏEXCEPTÏINÏNARROWLYÏDElNEDÏAREASÏATÏRISKÏ
FROMÏWILDlRE�Ï

For the purpose of this report, the original “organic matter” 
DElNITIONÏWITHOUTÏADDITIONALÏSTATUTORYÏORÏREGULATORYÏ
DElNITIONALÏRESTRICTIONSÏISÏUSED�Ï4HISÏISÏBECAUSE�
1. 3UBSEQUENTÏLAWS�ÏSUCHÏASÏ%)3!�ÏAREÏFORÏSPECIlCÏUSESÏ

ANDÏlNALÏPRODUCTS�FORÏ%)3!�ÏITÏISÏBIOFUELS�Ï4HEÏ 
Billion-Ton Study is an evaluation of availability without 
REGARDÏTOÏlNALÏUSE�

2. There are other laws and pending legislation that 
would have to be included in a comprehensive analysis 
OFÏAVAILABLEÏBIOMASSÏhCONSTRAINEDÏBYÏDElNITIONvÏTHATÏ
would detract from the goal of this report.

3. 2ESTRICTINGÏTHEÏANALYSISÏTOÏDElNITIONALÏBIOMASSÏ
availability reduces the usefulness of the information 
ANDÏCONCLUSIONSÏIFÏTHEÏDElNITIONÏCHANGES�

Therefore, the availability of feedstocks from federal lands 
is analyzed and included separately. The results are shown 
by landownership for the convenience of the reader. Outputs 
are categorized as either public or private ownership. Public 
ownership includes federal, state, county, and city lands. 
Private ownership includes industrial and non-industrial 
lands.

 TEXT BOX 3.3  |  FEEDSTOCK  
COMPLIANCE WITH EISA



20

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

Forest residue operation 
in northern California 

Removal of forest biomass  
with a skidder   

Figure 3.1

Figure 3.2

������*UDKDP�HW�DO���������20�$V�SDUW�RI�LWV�+HDOWK\�
)RUHVW�,QLWLDWLYH��WKH�86'$�)RUHVW�6HUYLFH�LGHQWL¿HG�
WLPEHUODQG�DQG�RWKHU�IRUHVWODQG�DUHDV�WKDW�KDYH�WUHH�
YROXPHV�LQ�H[FHVV�RI�SUHVFULEHG�RU�UHFRPPHQGHG�
VWRFNLQJ�GHQVLWLHV��7KH�DUHDV�LGHQWL¿HG�UHTXLUH�VRPH�
IRUP�RI�WUHDWPHQW�RU�WKLQQLQJ�WR�UHGXFH�WKH�ULVNV�
RI�XQFKDUDFWHULVWLFDOO\�VHYHUH�¿UHV�DQG�DUH�LQ�FORVH�
SUR[LPLW\�WR�SHRSOH�DQG�LQIUDVWUXFWXUH��7KLV�H[FHVV�
ELRPDVV�LV�FODVVL¿HG�DV�VWDQGLQJ�DQG�GRZQHG�WUHHV�
LQ�RYHUVWRFNHG�VWDQGV�WKDW�ZRXOG�OHDYH�WKH�IRUHVWV�
KHDOWKLHU��PRUH�SURGXFWLYH��DQG�OHVV�VXVFHSWLEOH�WR�
FDWDVWURSKLF�¿UH�KD]DUG�LI�UHPRYHG��

$Q�LQLWLDO�HVWLPDWH�RI�WKH�SRWHQWLDO�VXSSO\�RI�WKLV�IXHO�
WUHDWPHQW�ZRRG�ZDV�GHYHORSHG�IRU�¿YH�ZHVWHUQ�VWDWHV�
�86'$�)RUHVW�6HUYLFH���������7KH�VWXG\�LGHQWL¿HG�
D�ODUJH�UHFRYHUDEOH�UHVLGXH�DQG�PHUFKDQWDEOH�ZRRG�
UHVRXUFH�UDQJLQJ�IURP�D�ORZ�RI�����PLOOLRQ�GU\�WRQV�
WR�D�KLJK�RI�����ELOOLRQ�GU\�WRQV�WKDW�FRXOG�EH�UHPRYHG�
RYHU�D�SHULRG�RI�\HDUV��7KH�ORZ�HVWLPDWH�LQFOXGHG�RQO\�
����RI�WKH�WLPEHUODQGV�LQ�WKH�KLJKHVW�¿UH�ULVN�FODVV�
DQG�WKH�VDPH�KLJK�HVWLPDWH�LQFOXGHG�DOO�WLPEHUODQGV�
UHTXLULQJ�VRPH�IXHO�WUHDWPHQW��$ERXW�����RI�WKH�WRWDO�
DPRXQW�ZDV�FRQVLGHUHG�UHVLGXH²WRSV�DQG�OLPEV�RI�
ODUJH�WUHHV�DQG�VDSOLQJV�RU�WUHHV�WRR�VPDOO�IRU�SXOSZRRG�
RU�VDZORJV��FXOO�FRPSRQHQWV�RI�PHUFKDQWDEOH�WUHHV��DQG�
VWDQGLQJ�GHDG�WUHHV��>7KHVH�RSHUDWLRQV�DUH�YLVXDOL]HG�
LQ�)LJXUHV�����DQG�����@�$�:HE�EDVHG�WRRO��WKH�)XHO�
7UHDWPHQW�(YDOXDWRU��ZDV�VXEVHTXHQWO\�GHYHORSHG�
WR�LGHQWLI\��HYDOXDWH��DQG�SULRULWL]H�IXHO�WUHDWPHQW�
RSSRUWXQLWLHV�WKDW�ZRXOG�UHPRYH�H[FHVV�ELRPDVV�
DQG�SURPRWH�D�PRUH�QDWXUDO�¿UH�UHJLPH�SDWWHUQ��ZLWK�
UHFXUUHQFH�RI�OHVV�VHYHUH�¿UH��0LOHV�HW�DO���������6NRJ�
HW�DO����������7KLV�WRRO�ZDV�XVHG�LQ�WKH�BTS�WR�HVWLPDWH�
WKH�SRWHQWLDO�DYDLODELOLW\�RI�IXHO�WUHDWPHQW�ELRPDVV�
DFURVV�WKH�HQWLUH�FRQWLQHQWDO�8QLWHG�6WDWHV��7KH������
BTS�SURYLGHG�DQ�HVWLPDWH�RI����PLOOLRQ�GU\�WRQV�SHU�
\HDU��ZLWK�VOLJKWO\�PRUH�WKDQ�����RI�WKH�ELRPDVV�RQ�
WLPEHUODQG�DQG�WKH�UHPDLQGHU�RQ�RWKHU�IRUHVWODQGV��
7KH�NH\�DVVXPSWLRQV�EHKLQG�WKLV�DQDO\VLV�LQFOXGHG�WKH�
H[FOXVLRQ�RI�IRUHVW�DUHDV�QRW�DFFHVVLEOH�E\�URDG�DQG�DOO�
HQYLURQPHQWDOO\�VHQVLWLYH�DUHDV��HTXLSPHQW�UHFRYHU\�

(Courtesy of Han-Sup Han, Humboldt State University)

(Courtesy of Han-Sup Han, Humboldt State University)

OLPLWDWLRQV��DQG�PHUFKDQGL]LQJ�WKLQQLQJV�LQWR�WZR�
XWLOL]DWLRQ�JURXSV��FRQYHQWLRQDO�IRUHVW�SURGXFWV�DQG�
ELRHQHUJ\�SURGXFWV��

$OWKRXJK�WKH�GHPDQG�IRU�URXQGZRRG��DV�ZHOO�DV�WKH�
H[WHQW�RI�ODQG�FOHDULQJ�RSHUDWLRQV��XOWLPDWHO\�

20 In August 2000, the National Fire Plan was developed to help respond to severe forest fires and their impacts on local communities, 
while ensuring su"cient firefighting capacity for future fires. The National Fire Plan specifically addresses firefighting capabilities, forest 
rehabilitation, hazardous fuels reduction, community assistance, and accountability. The Healthy Forest Restoration Act (HFRA) of 2003 
was then enacted to encourage the removal of hazardous fuels, encourage utilization of the material, and protect, restore, and enhance 
forest ecosystem components. HFRA is also intended to support research and development to overcome both technical and market barriers 
to greater utilization of this resource for bioenergy and other commercial uses from both public and private lands. Removing excess woody 
material has the potential to make relatively large volumes of forest residues and small-diameter trees available for bioenergy and biobased 
product uses.
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Sustainable harvest from  
managed forest systems Figure 3.3

(Courtesy of Evergreen Magazine)

3.1.1 Sustainability of Extracting  
Primary Forest Residue Biomass
:KLOH�WKH�VXVWDLQDELOLW\�RI�KDUYHVWLQJ�WUDGLWLRQDOO\�
PHUFKDQWDEOH�URXQGZRRG�KDV�EHHQ�VWXGLHG�DW�JUHDW�
OHQJWK��WKH�DGGLWLRQDO�KDUYHVW�RI�ORJJLQJ�UHVLGXHV�
DQG�VPDOO�GLDPHWHU�WUHHV�IRU�ELRHQHUJ\�FUHDWHV�
QHZ�FRQFHUQV�RYHU�IRUHVW�HFRV\VWHP�VXVWDLQDELOLW\�
�-DQRZLDN�DQG�:HEVWHU���������%LRPDVV�IHHGVWRFNV�
PD\�EH�KDUYHVWHG�IURP�D�ZLGH�YDULHW\�RI�IRUHVW�
PDQDJHPHQW�V\VWHPV��UDQJLQJ�IURP�H[WHQVLYHO\�
PDQDJHG��QDWXUDOO\�UHJHQHUDWHG�IRUHVWV�WR�VKRUW�URWDWLRQ�
ZRRG\�FURSV��65:&���(DFK�IRUHVW�V\VWHP�KDV�LWV�
RZQ�LVVXHV�ZLWK�UHVSHFW�WR�VXVWDLQDELOLW\��:KLOH�WKHVH�
LVVXHV�PXVW�EH�DGGUHVVHG��WKH�VXVWDLQDEOH�H[WUDFWLRQ�
RI�IRUHVW�UHVLGXHV�FDQ�EH�DFKLHYHG�WKURXJK�HLWKHU�WKH�
DSSOLFDWLRQ�RI�EHVW�PDQDJHPHQW�SUDFWLFHV��%03V�²
WKDW�DUH�YROXQWDU\�RU�VWDWXWRU\��UHJXODWHG�E\�VWDWHV�²RU�
WKURXJK�IRUPDO�IRUHVW�FHUWL¿FDWLRQ�SURJUDPV��%5',��
�������,Q�DOO�FDVHV��WKHVH�SUDFWLFHV�DUH�VFLHQFH�EDVHG�
DQG�KDYH�WKH�JRDOV�RI�SURWHFWLQJ�HFRORJLFDO�IXQFWLRQV�
DQG�PLQLPL]LQJ�QHJDWLYH�HQYLURQPHQWDO�LPSDFWV��,Q�WKH�
FDVH�RI�IXHO�WUHDWPHQW�RSHUDWLRQV��ELRPDVV�KDUYHVWLQJ�
ZLOO�HQKDQFH�IRUHVW�KHDOWK�DQG�YLWDOLW\�DV�ORQJ�DV�VRPH�
VWDQG�VWUXFWXUH�LV�OHIW�WR�SURYLGH�FRQWLQXRXV�FRYHU��
HURVLRQ�FRQWURO��DQG�KDELWDW��)LJXUH�������*UDKDP�HW�DO���
������

:LWKLQ�WKH�PRVW�LQWHQVLYH�ZRRG\�ELRPDVV�IHHGVWRFN�
V\VWHPV��PDLQWDLQLQJ�VLWH�SURGXFWLYLW\�LV�LPSHUDWLYH�
WR�HI¿FLHQW�PDQDJHPHQW��1XWULHQW�GH¿FLHQFLHV�WKDW�
PD\�EH�SUHVHQW�DUH�PLWLJDWHG�DV�D�PDWWHU�RI�FRXUVH�
WKURXJK�IHUWLOL]DWLRQ��7KH�PDQDJHPHQW�RI�WKHVH�
V\VWHPV�LQ�WHUPV�RI�WKH�LQWHQVLW\�RI�VRLO�GLVWXUEDQFH��
WHFKQRORJLFDO�LQSXWV�WR�PDQDJH�ZDWHU��QXWULHQWV��DQG�
QRQ�FURS�YHJHWDWLRQ��DQG�KDUYHVW�LQWHQVLW\��LV�PRUH�
LQWHQVLYH�WKDQ�WUDGLWLRQDO�IRUHVWU\��EXW�XVXDOO\�OHVV�
LQWHQVLYH�WKDQ�W\SLFDO�DJULFXOWXUDO�V\VWHPV��%ODQFR�
&DQTXL��������UHYLHZHG�WKH�VXVWDLQDELOLW\�RI�WKHVH�
V\VWHPV�LQ�FRPSDULVRQ�WR�RWKHU�DJURQRPLF�ELRPDVV�
IHHGVWRFN�V\VWHPV�DQG�QRWHV�WKDW��LQ�FRPSDULVRQ�WR�
DQQXDO�V\VWHPV��VKRUW�URWDWLRQ�ZRRG\�FURSV�RIIHU�
VHYHUDO�HQYLURQPHQWDO�DGYDQWDJHV��:KHQ�VLWHG�RQ�

PDUJLQDO�DJULFXOWXUDO�ODQG��WKHVH�V\VWHPV�LPSURYH�
VRLO�SURGXFWLYLW\�DQG�RIIHU�DGGLWLRQDO�HQYLURQPHQWDO�
EHQH¿WV��VXFK�DV�LPSURYHG�ZDWHU�TXDOLW\�DQG�ZLOGOLIH�
KDELWDW�

:LWKLQ�FRQYHQWLRQDOO\�PDQDJHG�IRUHVW�HFRV\VWHPV��
FRQFHUQV�RYHU�ELRPDVV�KDUYHVWLQJ�LQYROYH�ERWK�
RSHUDWLRQDO�FRQFHUQV�DVVRFLDWHG�ZLWK�KDUYHVWLQJ�DQG�
WKLQQLQJ�RSHUDWLRQV��DV�ZHOO�DV�WKH�HFRORJLFDO�FRQFHUQV�
RYHU�WKH�UHPRYDO�RI�DGGLWLRQDO�ZRRG�IROORZLQJ�
FRQYHQWLRQDO�VWHP�RQO\�KDUYHVWV��3DJH�'XPURHVH�HW�
DO����������6RPH�GHDG�ZRRG\�ELRPDVV�LV�OHIW�RQVLWH��
DV�LW�VHUYHV�VHYHUDO�LPSRUWDQW�HFRORJLFDO�IXQFWLRQV�
LQ�IRUHVW�HFRV\VWHPV��VHH�FRPSUHKHQVLYH�UHYLHZ�E\�
+DUPRQ�HW�DO���������WKDW�DUH�DIIHFWHG�E\�KDUYHVWLQJ��
'HDG�ZRRG\�PDWHULDO�VHUYHV�DV�D�KDELWDW�IRU�D�YDULHW\�
RI�RUJDQLVPV��LQFOXGLQJ�IXQJL��PRVVHV��OLYHUZRUWV��
LQVHFWV��DPSKLELDQV��UHSWLOHV��VPDOO�PDPPDOV��ELUGV��
DQG�UHJHQHUDWLQJ�SODQWV��,Q�FRRO�FOLPDWHV��GRZQHG�
ORJV�DFW�DV�QXUVH�ORJV�IRU�VHHG�JHUPLQDWLRQ�DQG�VWDQG�
HVWDEOLVKPHQW��%LUGV�IRUDJH��QHVW��DQG�KXQW�LQ�DQG�RQ�
GHDG�ZRRG��'HDG�ZRRG\�PDWHULDO�DIIHFWV�SRQGLQJ��
VHGLPHQW�WUDSSLQJ��DQG�DHUDWLRQ�LQ�VWUHDPV��LW�DOVR�
LPSDFWV�VLWH�SURGXFWLYLW\�WKURXJK�VHYHUDO�PHFKDQLVPV�

GHWHUPLQHV�WKH�DPRXQW�RI�IRUHVW�UHVLGXH�JHQHUDWHG��
HQYLURQPHQWDO�DQG�HFRQRPLF�FRQVLGHUDWLRQV�VHW�WKH�
DPRXQW�WKDW�FDQ�EH�VXVWDLQDEO\�UHPRYHG��7KH�QH[W�
VHFWLRQ�RI�WKLV�FKDSWHU�GLVFXVVHV�IRUHVW�UHVRXUFH�

VXVWDLQDELOLW\�DQG�LV�IROORZHG�E\�D�GLVFXVVLRQ�RI�
WKH�PHWKRGV�DQG�GDWD�XVHG�WR�HVWLPDWH�FRXQW\�OHYHO�
TXDQWLWLHV�DQG�SULFHV�IRU�WKH�PDMRU�IRUHVW�UHVLGXH�
IHHGVWRFNV�
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7KLV�GHDG�ELRPDVV�DOWHUV�VLWH�ZDWHU�EDODQFH�DQG�ZDWHU�
TXDOLW\�WKURXJK�VWRUDJH�DQG�UHOHDVH�RI�ZDWHU�DQG�E\�
UHGXFLQJ�UXQRII�DQG�HURVLRQ��,W�LV�FRPPRQO\�XVHG�
GXULQJ�KDUYHVW�RSHUDWLRQV�WR�SURWHFW�ZHW�VRLO�DUHDV�IURP�
FRPSDFWLRQ�DQG�UXWWLQJ��DQG�LW�LV�XVHG�SRVW�KDUYHVW�WR�
KHOS�OLPLW�UXQRII�DQG�HURVLRQ�IURP�VNLG�WUDLOV�DQG�IRUHVW�
URDGV��)LQDOO\��GHDG�ZRRG\�PDWHULDO�VXSSRUWV�ELRORJLFDO�
QLWURJHQ�¿[DWLRQ��WKHUHE\�LQFUHDVLQJ�RQVLWH�OHYHOV�RI�
QLWURJHQ��DQG�LW�FRQWDLQV�QXWULHQWV�WKDW�DUH�F\FOHG�EDFN�
LQWR�WKH�VRLO�

7KH�ORVV�RI�QXWULHQW�FDSLWDO�DQG�RUJDQLF�PDWWHU�GXH�
WR�ELRPDVV�KDUYHVWLQJ�LV�RI�SDUWLFXODU�FRQFHUQ�WR�
VXVWDLQLQJ�VLWH�SURGXFWLYLW\�DQG�FDUERQ�VHTXHVWUDWLRQ�
SRWHQWLDO��:KLOH�ELRPDVV�KDUYHVWLQJ�LQFOXGHV�PRUH�
VRXUFHV�WKDQ�MXVW�KDUYHVW�UHVLGXH�IURP�FRQYHQWLRQDO�
KDUYHVW�V\VWHPV��WKH�PDMRULW\�RI�UHVHDUFK�LQ�WKH�
8QLWHG�6WDWHV�RQ�QXWULHQW�UHPRYDOV�IURP�ELRPDVV�
KDUYHVWLQJ�KDV�IRFXVHG�RQ�WKH�LPSDFW�RI�ZKROH�WUHH�
KDUYHVWLQJ�UHODWLYH�WR�FRQYHQWLRQDO�KDUYHVWLQJ�DQG�
WKH�UHPRYDO�RI�VPDOO�GLDPHWHU�WUHHV�IRU�VLOYLFXOWXUDO�
DQG�¿UH�SURWHFWLRQ�SXUSRVHV��:KROH�WUHH�KDUYHVW�LV�
XVXDOO\�GH¿QHG�DV�DOO�ZRRG\�ELRPDVV�FRQWDLQHG�LQ�
VWDQGLQJ�WUHHV�DERYH�JURXQG��ZKHUH�FRPSOHWH�WUHH�
KDUYHVW�UHPRYHV�WKH�VWXPS�DQG�ODUJH�URRW�ELRPDVV��
DV�ZHOO��0RUH�LQWHQVLYH�ELRPDVV�KDUYHVWLQJ�LQYROYHV�
UHPRYLQJ�H[LVWLQJ�GHDG�ZRRG�IURP�WKH�VLWH��/RJJLQJ�
UHVLGXHV��RU�WKH�UHPDLQGHU�RI�WKH�VWDQGLQJ�WUHH�DIWHU�WKH�
FRQYHQWLRQDOO\�PHUFKDQWDEOH�EROH�LV�UHPRYHG��FRQWDLQ�
D�GLVSURSRUWLRQDWHO\�KLJK�QXWULHQW�FRQWHQW�UHODWLYH�WR�
WKH�EROH��)RU�H[DPSOH��D�ZKROH�WUHH�KDUYHVWLQJ�VWXG\�
RI�VL[�KDUGZRRG�DQG�¿YH�FRQLIHU�VWDQGV�VKRZHG�WKH�
UHPRYDO�RI�DERXW�����PRUH�ELRPDVV�WKDQ�VWHP�
RQO\�KDUYHVWLQJ��EXW����������������DQG�����PRUH�
QLWURJHQ��SKRVSKRUXV��SRWDVVLXP��DQG�FDOFLXP��0DQQ�
HW�DO����������6LPLODUO\��ZKROH�WUHH�KDUYHVWLQJ�UHPRYHV�
DERXW�����PRUH�ELRPDVV�IURP�'RXJODV�¿U�VWDQGV��EXW�
���������������DQG������PRUH�QLWURJHQ��SKRVSKRUXV��
SRWDVVLXP��DQG�FDOFLXP��0DQQ�HW�DO����������6PDOO�
GLDPHWHU�WUHHV�UHPRYHG�LQ�WKLQQLQJ�RSHUDWLRQV�RU�LQ�
GHGLFDWHG�VKRUW��URWDWLRQ�ZRRG\�FURS�V\VWHPV�DOVR�
KDYH�D�FRPSDUDWLYHO\�KLJK�QXWULHQW�FDSLWDO�GXH�WR�
KLJKHU�SURSRUWLRQ�RI�KLJK�QXWULHQW�FRQFHQWUDWLRQ�
ELRPDVV��OHDYHV�RU�QHHGOHV��EUDQFKHV��DQG�EDUN���
7KXV��WKH�QXWULHQW�UHPRYDO�LV�PXFK�JUHDWHU�LQ�ELRPDVV�
KDUYHVWLQJ�V\VWHPV�WKDQ�LQ�FRQYHQWLRQDO�KDUYHVWLQJ�
V\VWHPV�UHODWLYH�WR�WKH�DFWXDO�DPRXQW�RI�ELRPDVV�

KDUYHVWHG��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�PDQDJH�WKH�
UHWHQWLRQ�RI�SRUWLRQV�RI�WKH�ELRPDVV�WR�HQVXUH�ORQJ�
WHUP�SURGXFWLYLW\�WKURXJK�OHDYLQJ�UHVLGXHV�RU�WLPH�RI�
KDUYHVW�HQVXUH�ORQJ�WHUP�SURGXFWLYLW\�WKURXJK�OHDYLQJ�
UHVLGXHV�RU�WLPH�RI�KDUYHVW�

+RZHYHU��IHZ�ORQJ�WHUP�VWXGLHV�KDYH�IROORZHG�WKH�
JURZWK�UHVSRQVH�RI�WKH�QH[W�URWDWLRQ�IROORZLQJ�KDUYHVW�
WR�GHWHUPLQH�ZKHWKHU�VLWH�SURGXFWLYLW\�ZDV�DIIHFWHG��
-RKQVRQ�DQG�RWKHUV��������IRXQG�WKDW�ZKROH�WUHH�
KDUYHVWLQJ�KDG�QR�HIIHFW�RQ�WKH����\HDU�JURZWK�RI�DQ�
RDN�KLFNRU\�IRUHVW�FRPSDUHG�WR�VWHP�RQO\�KDUYHVWLQJ��
:KROH�WUHH�KDUYHVWLQJ�GLG�UHGXFH�WKH����\HDU�JURZWK�
RI�D�OREOROO\�SLQH�SODQWDWLRQ�LQ�6RXWK�&DUROLQD��ZKLFK�
ZDV�DWWULEXWHG�WR�WKH�ORVV�RI�QLWURJHQ�DQG�WR�SK\VLFDO�
SURSHUW\�GLIIHUHQFHV�LQ�VRLO��LQ�VWHP�RQO\�KDUYHVWHG�
SORWV��WKH�ZRRG\�GHEULV�VLJQL¿FDQWO\�LPSURYHG�SK\VLFDO�
DWWULEXWHV�RI�VRLO��-RKQVRQ�HW�DO����������3RZHUV�HW�DO��
�������VXPPDUL]HG�WKH�¿QGLQJV�IURP����LQVWDOODWLRQV�
RI�WKH�86'$�)RUHVW�6HUYLFH�/RQJ�7HUP�6RLO�
3URGXFWLYLW\��/763��VWXG\�DQG�IRXQG�WKDW�FRPSOHWH�
DERYHJURXQG�RUJDQLF�PDWWHU�KDUYHVW��LQFOXGLQJ�WKH�
IRUHVW�ÀRRU��UHGXFHG�WKH����\HDU�JURZWK�LQ�DVSHQ�
VWDQGV�FRPSDUHG�WR�EROH�RQO\�KDUYHVW��EXW�KDG�QR�
FRQVLVWHQW�HIIHFW�IRU�PL[HG�FRQLIHUV�LQ�&DOLIRUQLD�DQG�
,GDKR�RU�VRXWKHUQ�SLQH�LQ�/RXLVLDQD��0LVVLVVLSSL��DQG�
1RUWK�&DUROLQD��6FRWW�DQG�'HDQ��������VKRZHG�WKDW����
WR����\HDU�JURZWK�RI�OREOROO\�SLQH�ZDV�UHGXFHG�E\�DQ�
DYHUDJH�RI�����RQ����RI����UHVHDUFK�EORFNV�DFURVV�VL[�
VHSDUDWH�UHVHDUFK�VWXGLHV�LQ�WKH�*XOI�&RDVWDO�3ODLQ��6RLO�
FDUERQ�VHTXHVWUDWLRQ�LV�DOVR�UDUHO\�UHGXFHG�VXEVWDQWLDOO\�
E\�ELRPDVV�KDUYHVWLQJ��-RKQVRQ�DQG�&XUWLV���������
7KHVH�VFDWWHUHG�UHVXOWV�LQGLFDWH�WKDW��LQ�JHQHUDO��
LQWHQVLYH�KDUYHVWLQJ�GRHV�QRW�XQLYHUVDOO\�UHGXFH�VLWH�
SURGXFWLYLW\��EXW�LQ�VRPH�FDVHV��LW�FDQ�FDXVH�VXEVWDQWLDO�
JURZWK�GHFOLQHV�LI�QRW�PLWLJDWHG��)XUWKHU�UHVHDUFK�LV�
RQJRLQJ�DW�WKH�PRUH�WKDQ�����LQVWDOODWLRQV�RI�WKH�/763�
VWXG\��3RZHUV�HW�DO����������DQG�DV�WKLV�VWXG\�HYROYHV��
PRUH�LQIRUPDWLRQ�ZLOO�EH�DYDLODEOH�IRU�ORQJ�WHUP�
JURZWK�UHVSRQVHV�DQG�VRLO�FDUERQ�VHTXHVWUDWLRQ�DFURVV�
D�YDULHW\�RI�IRUHVW�W\SHV�DQG�VLWHV�

$V�QRWHG�E\�WKH�IHZ�UHSRUWV�RI�ORQJ�WHUP�JURZWK��
LQWHQVLYH�ELRPDVV�UHPRYDOV�ZLOO�KDYH�QR�GLVFHUQLEOH�
HIIHFW�DFURVV�PDQ\�VLWHV��1XPHURXV�VLWHV�DUH�ZHOO��
EXIIHUHG�ZLWK�UHVSHFW�WR�QXWULHQWV��VR�WKDW�HYHQ�UHSHDWHG�
LQWHQVLYH�UHPRYDOV�RYHU�ORQJ�SHULRGV�PD\�QRW�LQGXFH�
QXWULHQW�GH¿FLHQFLHV��6LWHV�ZLWK�ORZ�VORSH�DQG�OLWWOH�
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VXVFHSWLELOLW\�WR�FRPSDFWLRQ�GR�QRW�UHTXLUH�PXFK�
ELRPDVV�WR�PLWLJDWH�HURVLRQ�DQG�FRPSDFWLRQ�FRQFHUQV��
+RZHYHU��WKHUH�DUH�VRPH�UHJLRQDO���VRLO���DQG�IRUHVW�
VSHFL¿F�RULJLQV��6RPH�IRUHVWV�LQ�WKH�HDVWHUQ�8QLWHG�
6WDWHV�DUH�DW�D�UHODWLYHO\�KLJK�ULVN�RI�FDOFLXP�ORVV�IURP�
KDUYHVW��+XQWLQJWRQ���������7KH�ORVV�LV�GXH�WR�ORZ�
FDOFLXP�JHRORJLF�SDUHQW�PDWHULDOV��GHFDGHV�RI�DFLG�
SUHFLSLWDWLRQ�WKDW�KDYH�OHDFKHG�PXFK�RI�WKH�QDWXUDO�
FDOFLXP�FDSLWDO�IURP�WKH�VRLO��DQG��LQ�WKH�VRXWKHDVWHUQ�
8QLWHG�6WDWHV��WKH�KLJK�GHJUHH�RI�ZHDWKHULQJ��,Q�
VRXWKHDVWHUQ�SLQH�IRUHVWV��FHUWDLQ�JHRORJLHV�DUH�
PDUNHGO\�ORZ�LQ�SKRVSKRUXV�DQG�URXWLQHO\�IHUWLOL]HG�WR�
RYHUFRPH�WKHLU�QDWXUDO�GH¿FLHQF\�DQG�WR�DYRLG�LQGXFHG�
GH¿FLHQF\�E\�KDUYHVW�UHPRYDOV��1LWURJHQ�LV�D�OLPLWLQJ�
IDFWRU�WKURXJKRXW�WKH�8QLWHG�6WDWHV��ZLWK�WKH�H[FHSWLRQ�
RI�WKH�1RUWKHDVW��+RZHYHU��LQ�GU\�RU�FROG�IRUHVWV�ZKHUH�
QLWURJHQ�F\FOLQJ�LV�UHWDUGHG�GXH�WR�FOLPDWH��QLWURJHQ�
ORVVHV�LQ�KDUYHVWHG�PDWHULDOV�PD\�VXEVWDQWLDOO\�UHGXFH�
SURGXFWLYLW\�E\�ORZHULQJ�GHFRPSRVLWLRQ�DQG�QLWURJHQ�
PLQHUDOL]DWLRQ�UDWHV��&RQWLQXHG�UHVHDUFK�LV�QHHGHG�WR�
LGHQWLI\�VSHFL¿F�IRUHVW�DQG�VRLO�W\SHV�ZKHUH�ELRPDVV�
UHPRYDO�PD\�H[DFHUEDWH�SRWHQWLDO�GH¿FLHQFLHV��DQG�
PLWLJDWLRQ�VWUDWHJLHV�ZLOO�QHHG�WR�EH�GHYHORSHG�

)HUWLOL]DWLRQ�LV�D�FRPPRQ�WUHDWPHQW�WKDW�LV�XVHG�
SULPDULO\�WR�LQFUHDVH�IRUHVW�JURZWK��EXW�FDQ�DOVR�EH�
XVHG�WR�PLWLJDWH�QXWULHQW�UHPRYDOV�IURP�ELRPDVV�
KDUYHVWLQJ��$SSOLFDWLRQ�UDWHV�IRU�LPSRUWDQW�FRPPHUFLDO�
VSHFLHV��H�J���OREOROO\�SLQH�DQG�'RXJODV�¿U��FRPPRQO\�
UDQJH�IURP���±���SRXQGV�SHU�DFUH�RI�SKRVSKRUXV�
DQG����±����SRXQGV�SHU�DFUH�RI�QLWURJHQ��:RRG�DVK��
FUHDWHG�GXULQJ�ZRRG�FRPEXVWLRQ�IRU�HQHUJ\��FDQ�EH�
VDIHO\�XVHG�WR�UHSODFH�FDOFLXP�DQG�RWKHU�EDVLF�FDWLRQV�
UHPRYHG�WKURXJK�ELRPDVV�KDUYHVWLQJ��3LWPDQ���������
&RQFHUQV�UHODWHG�WR�WKH�LPSDFW�RI�IRUHVW�IHUWLOL]DWLRQ�RQ�
ZDWHU�TXDOLW\�KDYH�JHQHUDOO\�EHHQ�XQIRXQGHG��%LQNOH\�
HW�DO����������HYHQ�LQ�LQWHQVLYHO\�PDQDJHG�V\VWHPV�
�0F%URRP�HW�DO���������RU�ZKHQ�ELRVROLGV�DUH�DSSOLHG�
�3UDWW�DQG�)R[��������

%DVHG�RQ�WKH�HFRORJLFDO��DQG�SURGXFWLYLW\�UHODWHG�UROHV�
RI�GHDG�ZRRG\�GHEULV�DQG�WKH�IDFW�WKDW�VRPH�WLPEHUODQG�
RZQHUV�PD\�QRW�ZDQW�WR²RU�EH�DEOH�WR²IHUWLOL]H��LQ�
RUGHU�WR�PLWLJDWH�SRWHQWLDO�SURGXFWLYLW\�ORVV��VRPH�
OHYHO�RI�ZRRG\�PDWHULDO�VKRXOG�EH�UHWDLQHG�WR�SURWHFW�
WKHVH�IXQFWLRQV��6RPH�RI�WKH�PDWHULDO�PD\�EH�SUHVHQW�
LQ�D�VWDQG�SULRU�WR�KDUYHVW��ZKLOH�VRPH�LV�FUHDWHG�DV�
ORJJLQJ�UHVLGXH�RU�E\�GHQVLW\�LQGXFHG�QDWXUDO�PRUWDOLW\��

%HFDXVH�GHDG�ZRRG�LV�LPSRUWDQW�LQ�PDQ\�FRPSOH[�
IXQFWLRQV��DQG�WKH�DPRXQW�QHHGHG�WR�SHUIRUP�WKHVH�
IXQFWLRQV�YDULHV�ZLGHO\�DFURVV�FOLPDWLF��JHRORJLF��
HGDSKLF��DQG�YHJHWDWLRQ�JUDGLHQWV��D�VLQJOH�UHWHQWLRQ�
SHUFHQWDJH�VKRXOG�QRW�EH�XVHG�DV�DQ�DFWXDO�JXLGHOLQH��
5DWKHU��UHWHQWLRQ�JXLGHOLQHV�VKRXOG�EH�GHYHORSHG�DW�
VWDWH�WR�ORFDO�JHRJUDSKLF�VFDOHV��E\�IRUHVW�W\SH��DQG�E\�
KDUYHVWLQJ�LQWHQVLW\��6HYHUDO�VWDWHV�DQG�WKH�WZR�ODUJHVW�
FHUWL¿FDWLRQ�SURJUDPV�LQ�WKH�8QLWHG�6WDWHV��6XVWDLQDEOH�
)RUHVWU\�,QLWLDWLYH��DQG�)RUHVW�6WHZDUGVKLS�&RXQFLO��
KDYH�UHOHDVHG�JXLGHOLQHV�WKDW�DGGUHVV�WKH�SURGXFWLYLW\�
DQG�HFRORJLFDO�IXQFWLRQV�RI�GHDG�ZRRG��(YDQV�DQG�
3HUVFKHO���������0RVW�RI�WKH�JXLGHOLQHV�ZHUH�GHYHORSHG�
IRU�JHQHUDO�WLPEHUODQG�FRQGLWLRQV��ZLWK�VRPH�DGGLWLRQDO�
UHVWULFWLRQV�IRU�VSHFLDO�DUHDV��VXFK�DV�FULWLFDO�SODQW�
RU�DQLPDO�KDELWDW��VKDOORZ�VRLOV��RU�VWHHS�VORSHV��)RU�
H[DPSOH��0DLQH�UHTXLUHV�DOO�FRDUVH�ZRRG\�PDWHULDO�
WKDW�H[LVWV�SULRU�WR�KDUYHVW�WR�EH�UHWDLQHG�DIWHU�KDUYHVW��
DQG�DW�OHDVW�����RI�WKH�ORJJLQJ�UHVLGXHV�ZLWK�OHVV�
WKDQ���LQFK�GLDPHWHUV�VKRXOG�EH�UHWDLQHG��0LQQHVRWD�
UHFRPPHQGV�WKDW�����RI�WKH�ORJJLQJ�UHVLGXHV�EH�
UHWDLQHG�DQG�VFDWWHUHG�WKURXJKRXW�WKH�KDUYHVW�WUDFW��
:LVFRQVLQ¶V�JXLGHOLQHV�UHTXLUH���WRQV�SHU�DFUH�RI�
ZRRG\�PDWHULDO�WR�EH�UHWDLQHG��EXW�WKH�PDWHULDO�FDQ�EH�
GHULYHG�IURP�HLWKHU�ORJJLQJ�VODVK�RU�ZRRG\�PDWHULDO�
SUHVHQW�SULRU�WR�KDUYHVW��3HQQV\OYDQLD¶V�JXLGHOLQHV�
FDOO�IRU�����WR�����RI�WKH�KDUYHVWDEOH�ELRPDVV�WR�
EH�UHWDLQHG��ZKLOH�0LVVRXUL�FDOOV�IRU�����UHWHQWLRQ��
6HQVLWLYH�VLWHV�DQG�VRLOV�DUH�DOVR�SURWHFWHG��0LQQHVRWD�
VXJJHVWV�DYRLGLQJ�ELRPDVV�KDUYHVWLQJ�LQ�DUHDV�ZLWK�
WKUHDWHQHG��HQGDQJHUHG��RU�RWKHUZLVH�VHQVLWLYH�SODQW�
RU�DQLPDO�KDELWDWV�IURP�ZLWKLQ�ULSDULDQ�PDQDJHPHQW�
]RQHV��RQ�FHUWDLQ�RUJDQLF�VRLOV��DQG�RQ�VKDOORZ�VRLOV�
ZLWK�DVSHQ�RU�KDUGZRRG�FRYHU�W\SHV��,Q�JHQHUDO��WKH�
OLWHUDWXUH�DQG�KDUYHVW�JXLGHOLQHV�LQGLFDWH�WKDW�UHWDLQLQJ�
����RI�ORJJLQJ�UHVLGXHV�RQ�VORSHV�OHVV�WKDQ�����
DQG�����UHWHQWLRQ�RQ�VWHHSHU�VORSHV�LV�D�UHDVRQDEOH�
DQG�FRQVHUYDWLYH�HVWLPDWH�RI�WKH�DPRXQW�RI�PDWHULDO�
QHHGHG�WR�PDLQWDLQ�SURGXFWLYLW\��ELRGLYHUVLW\��FDUERQ�
VHTXHVWUDWLRQ��DQG�SUHYHQW�HURVLRQ�DQG�FRPSDFWLRQ�

)RU�WKH�8QLWHG�6WDWHV��-DQRZLDN�DQG�:HEVWHU��������
RIIHU�D�VHW�RI�JXLGLQJ�SULQFLSOHV�IRU�HQVXULQJ�WKH�
VXVWDLQDELOLW\�RI�KDUYHVWLQJ�ELRPDVV�IRU�HQHUJ\�
DSSOLFDWLRQV��7KHVH�SULQFLSOHV�LQFOXGH�LQFUHDVLQJ�WKH�
H[WHQW�RI�IRUHVW�FRYHU��LQFOXGLQJ�WKH�DIIRUHVWDWLRQ�
RI�DJULFXOWXUDO��DEDQGRQHG��DQG�GHJUDGHG�ODQGV��DV�
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ZHOO�DV�WKH�HVWDEOLVKPHQW�RI�SODQWDWLRQV�DQG�VKRUW�
URWDWLRQ�ZRRG\�FURSV��DGDSWLQJ�IRUHVW�PDQDJHPHQW�WR�
VLWH�FRQGLWLRQV�E\�EDODQFLQJ�WKH�EHQH¿WV�RI�ELRPDVV�
FROOHFWLRQ�DJDLQVW�HFRORJLFDO�VHUYLFHV�SURYLGHG��H�J���
ROG�JURZWK�IRUHVWV�SURYLGH�HFRORJLFDO�VHUYLFHV�DQG�
KDELWDW�EHQH¿WV�WKDW�JUHDWO\�H[FHHG�ELRHQHUJ\�EHQH¿WV���
XVLQJ�%03V��UHWDLQLQJ�D�SRUWLRQ�RI�RUJDQLF�PDWWHU�
IRU�VRLO�SURGXFWLYLW\�DQG�GHDGZRRG�IRU�ELRGLYHUVLW\��
FRQVLGHULQJ�IRUHVW�IHUWLOL]DWLRQ�DQG�ZRRG�DVK�UHF\FOLQJ��
DQG��ZKHUH�DSSURSULDWH��XVLQJ�ELRPDVV�FROOHFWLRQ�
DV�D�WRRO�IRU�HFRV\VWHP�UHVWRUDWLRQ��:KHQ�WKHVH�

SULQFLSOHV�DUH�DSSOLHG�WKURXJK�VWDWH�EDVHG�%03V�
RU�ELRPDVV�KDUYHVWLQJ�JXLGHOLQHV�RU�FHUWL¿FDWLRQ��
ELRPDVV�KDUYHVWLQJ�FDQ�EH�VXVWDLQDEO\�SUDFWLFHG�ZLWK�
UHGXFHG�QHJDWLYH�LPSDFWV�RQ�WKH�HQYLURQPHQW��DQG�
KDUYHVWLQJFDQ�EH�D�PXFK�QHHGHG�WRRO�IRU�DFKLHYLQJ�
IRUHVW�KHDOWK�UHVWRUDWLRQ�REMHFWLYHV�

$�VXPPDU\�RI�WKH�RSHUDWLRQDO�VXVWDLQDELOLW\�FULWHULD�
XVHG�WR�HVWLPDWH�SULPDU\�UHVLGXH�VXSSO\�FXUYHV�LV�
SURYLGHG�LQ�7DEOH�����

Forest biomass  
resource Environmental sustainability Economic/technical

Logging residues, 
thinnings, and 
conventionally  
sourced wood.

Administratively reserved forestlands 
excluded. These are lands excluded from 
timber production by legislative statute 
and include wilderness and National 
Parks.

Inventoried roadless areas are excluded. 
These are USDA Forest Service lands 
IDENTIlEDÏASÏPOSSIBLYÏQUALIFYINGÏFORÏ
wilderness or other conservation 
protections. 

Logging residues result from conventional harvests; 
therefore, assume that there is road access to the biomass 
and no road building is required.

For the thinnings and conventionally sourced wood only, 
the FIA variable “distance to road” was used to determine 
road access. If over 0.5 miles, then the high cost excluded 
biomass because of lack of current road access.

Logging residues from 
after commercial timber 
harvesting.

Thirty percent of logging residue is left 
onsite for sustainability reasons. These 
residues include non-merchantable trees 
and tree components, as well as standing 
and dying trees.

Prices to roadside are assumed to be stumpage price plus 
chipping (no stumpage cost on federal land). Estimated 
prices were used to develop supply curves.

Integrated harvesting 
to produce commercial 
products and biomass 
from timberlands and 
other forestlands. 

Estimated biomass amounts are from 
simulated uneven-age treatments on 
overstocked stands where treatments are 
assumed to occur on a 30-year cycle

Retention was determined as a function 
of slope:

Slope is less than 40%, then 30% of 
residue is left onsite

Slope is greater than 40% to less than 
80%, then 40% of the residue left onsite

Slope is greater than 80%, then no 
residue is removed (no limbs or tops 
yarded)

Restricted to sites where stand density index is greater than 
30% of maximum by forest type 

Cable yarding sites (slope greater than 40%) are assumed 
inoperable if yarding distance exceeds 1300 feet 

Uneven-age management is practiced (selected trees are 
removed from all diameter classes) 

Biomass supply is from removal of (1) trees 1 to 5 inches in 
diameter at breast height (dbh) in the East and 1 to 7 inches 
dbh in the West and (2) tops and branches of larger trees 

Whole tree harvesting is assumed (trees are taken to 
roadside for processing) 

Costs to provide biomass from tops and branches include 
only stumpage and chipping (no stumpage cost on federal 
land) 

Prices to provide biomass from whole trees include costs for 
stumpage, harvest, and chipping (no stumpage on federal 
land) 

Summary of Sustainability Assumptions Used in Developing Forest Residue Estimates Table 3.1
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3.1.2 Logging Residues and Thinnings
7KHUH�DUH�WZR�PDMRU�VRXUFHV�RI�UHVLGXHV�IURP�IRUHVW�
VWDQGV������WKH�OLPEV��WRSV��FXOO�WUHHV�DQG�FXOO�WUHH�
FRPSRQHQWV��DQG�GRZQHG�WUHHV�IURP�KDUYHVWLQJ�
RSHUDWLRQV��ORJJLQJ�UHVLGXHV���DQG�����WKH�QRQ�
PHUFKDQWDEOH�FRPSRQHQWV�RI�VWDQGV�WKDW�DUH�WKLQQHG�
DV�SDUW�RI�IXHO�WUHDWPHQWV�DQG�UHVWRUDWLRQ�KDUYHVWV�
�WKLQQLQJV���7KHVH�WZR�IRUHVW�ELRPDVV�UHVRXUFHV�RQO\�
FRPH�IURP�QRQ�UHVHUYH�IRUHVWODQG��ZKLFK�LV�ODQG�
WKDW�LV�QRW�UHPRYHG�DGPLQLVWUDWLYHO\�RU�GHVLJQDWHG�DV�
URDGOHVV21��7DEOH�������7KHVH�QRQ�H[FOXGHG�UHVRXUFHV�
HLWKHU�KDYH�H[LVWLQJ�URDGV��DV�LQ�WKH�FDVH�RI�ORJJLQJ�
UHVLGXHV��RU�WKH\�FRXOG�EH�DFFHVVHG�IURP�H[LVWLQJ�
URDGV�DW�DQ�DFFHSWDEOH�SULFH��7KH�ODUJHVW�VRXUFH�RI�
VRPH�RI�WKH�ORZHVW�FRVW�IRUHVW�IHHGVWRFNV�LV�ELRPDVV�
UHPRYHG�DORQJ�ZLWK�VDZORJV�DQG�SXOSZRRG�LQ�
LQWHJUDWHG�KDUYHVWLQJ�RSHUDWLRQV��7KLV�UHPRYHV�IXHO�
WKDW�FDQ�FRQWULEXWH�WR�¿UH�ULVNV��,QWHJUDWHG�KDUYHVWLQJ�
RSHUDWLRQV�DUH�DVVXPHG�WR�WDNH�WKH�IRUP�RI�UHPRYLQJ�
ZKROH�WUHHV�WR�URDGVLGH��ZKHUH�WRSV�DQG�EUDQFKHV�DUH�
UHPRYHG�DQG�FKLSSHG�IRU�ELRHQHUJ\�IHHGVWRFN��)LJXUH�
������,QWHJUDWHG�RSHUDWLRQV�ZRXOG�DOVR�UHPRYH�VPDOO�
WUHHV��OHVV�WKDQ���LQFKHV�LQ�GLDPHWHU�DW�EUHDVW�KHLJKW�
�GEK��LQ�WKH�(DVW�DQG���LQFKHV�GEK�LQ�WKH�:HVW��WR�WKH�
URDGVLGH�ZKHUH�WKH\�DUH�DOVR�FRPPLQXWHG��)LJXUH�������
,Q�LQWHJUDWHG�RSHUDWLRQV��WKHUH�LV�D�FHUWDLQ�IUDFWLRQ�
RI�ORJJLQJ�UHVLGXHV�OHIW�RQ�WKH�VLWH�LQWHQWLRQDOO\�IRU�
UHWHQWLRQ�SXUSRVHV��VHH�7DEOH�������$�PLQLPXP�RI�����
ELRPDVV�ZDV�DVVXPHG�WR�EH�UHWDLQHG�RQ�WKH�VLWH��DQG�
HYHQ�PRUH�ZDV�DVVXPHG�IRU�VWHHSHU�VORSHV�

7ZR�VHSDUDWH�PHWKRGV²UHFRYHULQJ�ORJJLQJ�UHVLGXHV�
EHKLQG�FRQYHQWLRQDO�KDUYHVWLQJ�RSHUDWLRQV�DQG�
VLPXODWHG�IRUHVW�WKLQQLQJ�ZLWK�LQWHJUDWHG�KDUYHVWLQJ�
RSHUDWLRQV²DUH�XVHG�WR�HVWLPDWH�WKH�TXDQWLW\�DQG�
URDGVLGH�SULFH�RI�WKH�DYDLODEOH�ELRPDVV��VHH�7H[W�
%R[�������$IWHU�PDNLQJ�VHSDUDWH�HVWLPDWHV�RI�FRXQW\�
OHYHO�VXSSO\�FXUYHV�XVLQJ�WKHVH�WZR�PHWKRGV��WKH\�
DUH�FRPELQHG�LQWR�D�VLQJOH��FRPSRVLWH�HVWLPDWH�IRU�D�
FRXQW\��7KLV�FDQ�EH�GRQH�E\�WDNLQJ�DQ�DYHUDJH�RI�WKH�
WZR�VXSSO\�FXUYHV��DYHUDJH�RI�WKH�WZR�VXSSO\�DPRXQWV�
DW�HDFK�VXSSO\�SULFH��RU�D�SHUFHQWDJH�RI�HDFK��VXFK�DV�
����ORJJLQJ�UHVLGXH�DQG�����IRUHVW�WKLQQLQJV��ZKLFK�
LV�XVHG�LQ�WKLV�DQDO\VLV�

)RU�HDFK�RI�WKH�WZR�HVWLPDWHV��URDGVLGH�FRVWV�DQG�
stumpage22�SULFHV�DUH�GHWHUPLQHG�IRU�LQFUHDVLQJ�
LQFUHPHQWDO�DPRXQWV�RI�VXSSO\��5RDGVLGH�FRVWV�LQFOXGH�
WKH�FRVW�WR�FXW�DQG�H[WUDFW�ZRRG�WR�URDGVLGH�DQG�WKH�
FRVW�RI�FKLSSLQJ�DW�URDGVLGH��7KHVH�HVWLPDWHV�ZHUH�
PDGH�XVLQJ�WKH�)XHO�5HGXFWLRQ�&RVW�6LPXODWRU��)5&6��
PRGHO��'\NVWUD�HW�DO����������6WXPSDJH�SULFHV��FRVW�
SHU�WRQ�IRU�ELRPDVV�LQ�VWDQGLQJ�WUHHV��DUH�HVWLPDWHG�DV�
DQ�LQFUHDVLQJ�IUDFWLRQ�RI�EDVHOLQH�SXOSZRRG�VWXPSDJH�
SULFHV�DV�WKH�DPRXQW�VXSSOLHG�LQFUHDVHV��5HJLRQDO�
SXOSZRRG�VWXPSDJH�SULFHV�IRU������DUH�VXPPDUL]HG�
LQ�7DEOH������7KH�¿UVW�VWHS�WR�HVWLPDWH�FRXQW\�OHYHO�
VXSSO\�FXUYHV�LV�EDVHG�RQ�HVWLPDWHV�RI�UHFHQW�DPRXQWV�
RI�ORJJLQJ�UHVLGXH�WKDW�DUH�JHQHUDWHG��DQG�WKH�VHFRQG�
VWHS�LV�EDVHG�RQ�VLPXODWHG�VLOYLFXOWXUDO�WUHDWPHQWV�RQ�
RYHUVWRFNHG�WLPEHUODQG�WKDW�SURGXFH�ELRPDVV��DV�ZHOO�
DV�SXOSZRRG�DQG�VDZORJV��

Logging residue estimates.�/RJJLQJ�UHVLGXH�HVWLPDWHV�
DUH�DYDLODEOH�IURP�WKH�7LPEHU�3URGXFW�2XWSXW��732��
GDWDEDVH��86'$�)RUHVW�6HUYLFH������D���7KH�732�
FRQVLVWV�RI�D�QXPEHU�RI�GDWD�YDULDEOHV�WKDW�SURYLGH�
WLPEHU�SURGXFW�KDUYHVWHG��ORJJLQJ�UHVLGXHV��RWKHU�
UHPRYDO�UHVLGXHV��DQG�ZRRG�DQG�EDUN�UHVLGXHV�
JHQHUDWHG�E\�SULPDU\�IRUHVW�SURGXFW�SURFHVVLQJ

Comminuting forest residue bundles Figure 3.4

(Courtesy of Han-Sup Han, Humboldt State University)

21 Roadless areas are defined as lands without constructed roads and have been delineated by government review.
22 By definition, stumpage is the value of standing trees (i.e., standing on the stump) uncut in the woods.
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PLOOV�IRU�HDFK�FRXQW\��7KH�732�7DEOHPDNHU��D�8�6��
)RUHVW�6HUYLFH�RQOLQH�WRRO��ZDV�XVHG�WR�DFFHVV�WKH�
732�GDWD��>7KH�7DEOHPDNHU�LV�QR�ORQJHU�DYDLODEOH�
DQG�KDV�EHHQ�UHSODFHG�ZLWK�RWKHU�SURJUDPV��8�6��
)RUHVW�6HUYLFH������D��@�7KH�732�GDWDEDVH�FRPELQHV�
IRUHVW�LQGXVWU\�DQG�RWKHU�SULYDWH�RZQHUVKLS�FODVVHV�
LQWR�DQ�XQGLIIHUHQWLDWHG�SULYDWH�FODVV�WR�FRPSO\�ZLWK�
WKH�3ULYDF\�/DZ��7KH�XQGLIIHUHQWLDWHG�SULYDWH�FODVV�
ZDV�XVHG�LQ�WKLV�DQDO\VLV�DQG�ZLOO�EH�DYDLODEOH�RQ�
WKH�.')��7KH�ORJJLQJ�UHVLGXHV�DUH�HVWLPDWHG�XVLQJ�
KDUYHVW�XWLOL]DWLRQ�VWXGLHV�DQG�UHSUHVHQW�WKH�WRWDO�
YROXPH�OHIW�RQ�WKH�VLWH��,W�LV�QRW�HFRQRPLFDOO\�IHDVLEOH�
WR�DFWXDOO\�UHFRYHU�DOO�RI�WKH�ELRPDVV��DQG�GXH�WR�
VXVWDLQDELOLW\�UHDVRQV��DW�OHDVW�����RI�WKH�ELRPDVV�
LV�OHIW�RQVLWH��7KHUHIRUH��WKH�HVWLPDWHG�ELRPDVV�ZDV�
UHGXFHG�E\�VXVWDLQDELOLW\�SHUFHQWDJHV�VKRZQ�LQ�7DEOH�
�����8VLQJ�WKHVH�UHGXFWLRQ�IDFWRUV�DQG�FRVW�FXUYHV��QR�
IXUWKHU�UHGXFWLRQV�ZHUH�QHHGHG�EHFDXVH�RI�HFRQRPLF�
IHDVLELOLW\��ZKLFK�PHDQV�WKDW�D�UHFRYHUDEOH�IDFWRU�

The logging residue-based and simulated forest thinning-based estimates before sustainability and cost restrictions 
are shown below. Slightly more than 60% of these sources can be harvested once requirements for ensuring 
sustainability are met. All of the logging residue resources can be harvested at less than $40 per dry ton roadside 
and more than 90% can be harvested at less than $30 per dry ton roadside. At less than $40 per dry ton roadside, 
ABOUTÏ���ÏOFÏTHEÏTHINNINGSÏCANÏBEÏHARVESTED�Ï4HEÏHIGHERÏCOSTSÏFORÏTHINNINGSÏGENERALLYÏREmECTÏTHEÏPRESENCEÏOFÏSMALL

diameter trees, which incur harvesting and skidding costs in addition to stumpage and chipping.

TEXT BOX 3.4  |  LOGGING RESIDUES AND THINNING ESTIMATES

Total resource Sustainability <$80 <$40 <$30 <$20

Supply cost at forest roadside
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ZDV�QRW�QHHGHG�DV�XVHG�LQ�WKH�BTS��3HUODFN�HW�DO���
�������7KH�QRQ�UHFRYHUDEOH�IUDFWLRQ�OHIW�RQVLWH��ZKLFK�
LQFOXGHV�OHDYHV��EUDQFKHV��DQG�SDUWV�RI�WKH�WUHH�FURZQ�
PDVV��SURYLGHV�QXWULHQWV�DQG�VHUYHV�WR�PDLQWDLQ�VRLO�
SURGXFWLYLW\�

$Q�DVVXPSWLRQ�LQ�WKLV�DQDO\VLV�LV�WKDW�PRVW�ORJJLQJ�
UHVLGXH�LV�PRYHG�WR�URDGVLGH�DV�SDUW�RI�D�ZKROH�WUHH�
KDUYHVW�RI�PHUFKDQWDEOH�ZRRG��DQG�WKH�RQO\�FRVWV�ZLOO�
EH�IRU�VWXPSDJH�DQG�FKLSSLQJ�DW�URDGVLGH��,Q�FDVHV�
ZKHUH�FXW�WR�OHQJWK�V\VWHPV�DUH�XVHG��ZKLFK�PHDQV�
WKDW�UHVLGXH�LV�OHIW�LQ�WKH�VWDQG�ZKHUH�WKH�WUHHV�DUH�
SURFHVVHG��WKH�DVVXPSWLRQ�LV�WKDW�WKH�ELRPDVV�ZLOO�
QRW�EH�UHFRYHUHG��)LJXUH�������VHH�PRUH�FRPSOHWH�
H[SODQDWLRQ�LQ�WKLQQLQJ�VHFWLRQ���&KLSSLQJ�FRVWV�
ZHUH�GHWHUPLQHG�E\�WKH�)5&6�PRGHO��)LJKW�HW�DO���
������DV�PRGL¿HG�DQG�H[SDQGHG�WR�FRYHU�WKH�8�6��
1RUWK�DQG�6RXWK��DV�ZHOO�DV�WKH�:HVW��E\�'\NVWUD�
DQG�RWKHUV���������3ULFHV�DYHUDJH�DERXW�����SHU�GU\�
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Figure 3.5 Logging residues 

(Courtesy of Barry Wynsma, USDA Forest Service)

WRQ�QDWLRQZLGH�DQG�DUH�VOLJKWO\�KLJKHU�LQ�WKH�:HVW�
DQG�VOLJKWO\�ORZHU�LQ�WKH�6RXWK�GXH�WR�GLIIHUHQFHV�
LQ�ODERU�DQG�IXHO�FRVWV��6WXPSDJH�SULFH�LV�DVVXPHG�
WR�EH�]HUR�IRU�ELRPDVV�IURP�IHGHUDO�ODQG�EHFDXVH�
ELRPDVV�UHPRYDO�LV�XVXDOO\�SDUW�RI�D�IXHOV�WUHDWPHQW�RU�
UHVWRUDWLRQ�DFWLYLW\��)RU�SULYDWHO\�RZQHG�WLPEHUODQG��
VWXPSDJH�SULFH�LV�DVVXPHG�WR�EHJLQ�DW����SHU�GU\�WRQ�
DQG�LQFUHDVH�WR�����RI�WKH�SXOSZRRG�VWXPSDJH�SULFH�
ZKHQ������RI�WKH�DYDLODEOH�ORJJLQJ�UHVLGXH�LV�XVHG��
7KH�ORZ�HQWU\�SULFH�LV�EDVHG�RQ�D�WRNHQ�SD\PHQW�LQ�
WKH�OLNHOLKRRG�WKDW�WKH�ELRPDVV�LV�RQO\�UHPRYHG�WR�
PHHW�RWKHU�ODQGRZQHU�REMHFWLYHV��VXFK�DV�UHGXFLQJ�VLWH�
SUHSDUDWLRQ�FRVWV�RU�¿UH�ULVNV��7KH�KLJKHU�SULFHV�DUH�
WKH�UHVXOW�RI�GHPDQG�LQFUHDVLQJ�RU�VXSSO\�GHFUHDVLQJ�
WR�WKH�SRLQW�WKDW�ELRPDVV�LV�DOPRVW�FRPSHWLWLYH�ZLWK�
SXOSZRRG�

7KH�VXSSO\�FXUYH�EDVHG�RQ�ORJJLQJ�UHVLGXH�HVWLPDWHV�
LV�VKRZQ�LQ�)LJXUH������WKLQQLQJ�DQG�FRPSRVLWH�VXSSO\�
FXUYHV�VKRZQ�LQ�)LJXUH�����DUH�GLVFXVVHG�LQ�VXEVHTXHQW�
VHFWLRQV���7KH�ORJJLQJ�UHVLGXH�VXSSO\�FXUYH�LV�JHQHUDOO\�
ÀDW�DQG�VKRZV����PLOOLRQ�GU\�WRQV�SHU�\HDU�SRWHQWLDOO\�
DYDLODEOH�DW�D�URDGVLGH�SULFH�RI�����SHU�GU\�WRQ�RU�
OHVV�IURP�DOO�GH¿QHG�IRUHVWODQGV��7DEOH�����LQ�6HFWLRQ�
������7KHUH�LV�D����GHFUHDVH�LQ�DYDLODEOH�WRQV�SHU�\HDU�
JHQHUDOO\�DFURVV�DOO�SULFHV�ZKHQ�WKH�IHGHUDO�ODQGV�DUH�
UHPRYHG�SHU�(,6$�GH¿QLWLRQV��$OO�ORJJLQJ�UHVLGXHV�
DUH�DYDLODEOH�DW�WKLV�SULFH��6WDWH�VXSSOLHV�DW�����SHU�
GU\�WRQ�SHU�\HDU�DUH�JUDSKLFDOO\�VXPPDUL]HG�LQ�)LJXUH�
�����7KH�ODUJHVW�VXSSOLHV�DUH�ZKHUH�SXOSZRRG�DQG�
VDZORJ�KDUYHVWV�DUH�WKH�JUHDWHVW��QDPHO\�WKH�6RXWKHDVW��
1RUWKZHVW��DQG�*UHDW�/DNHV��$�PRUH�VSDWLDOO\�H[SOLFLW�
VXPPDU\�RI�ORJJLQJ�UHVLGXHV�VXSSOLHV�DW�����DQG�����
SHU�GU\�WRQ�LV�VKRZQ�RQ�WKH�PDSV�LQ�)LJXUH������7DEOH�
����VKRZV�WKDW�DW�����SHU�GU\�WRQ�LQ�������DERXW����
PLOOLRQ�GU\�WRQV�DUH�DYDLODEOH��7KHVH�HVWLPDWHV�DUH�
GHULYHG�XVLQJ�86'$�)RUHVW�6HUYLFH�5HVRXUFH�3ODQQLQJ�
$FW��53$��SURMHFWLRQV�RI�WLPEHU�KDUYHVWV�IURP�
IRUHVWODQG�E\�UHJLRQ�DQG�HVWLPDWHV�RI�ORJJLQJ�UHVLGXH�
DV�D�SHUFHQWDJH�RI�WLPEHU�SURGXFW�UHPRYDOV��+D\QHV�HW�
DO���������

WEST NORTH

SOUTH

Delivered 
price

($/green ton)

Stumpage 
price

($/green ton)

Stumpage 
price

($/dry ton)

Hardwoods

North $32.00 $7.70 $15.40

South $28.80 $6.70 $13.30

Softwoods

North $33.60 $10.40 $20.70

South $29.00 $7.80 $15.70

West $40.30 $13.80 $27.60

Pulpwood Stumpage Prices by 
RegionTable 3.2

Source: RISI, 2008; Fight et al., 2006; Dykstra et al., 2009

(Includes all types of ownerships)



28

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

A
la

ba
m

a
A

riz
on

a
A

rk
an

sa
s

Ca
lif

or
ni

a
Co

lo
ra

do
Co

nn
ec

tic
ut

D
el

aw
ar

e
Fl

or
id

a
G

eo
rg

ia
Id

ah
o

Ill
in

oi
s

In
di

an
a

Io
w

a
Ka

ns
as

Ke
nt

uc
ky

Lo
ui

si
an

a
M

ai
ne

M
ar

yl
an

d
M

as
sa

ch
us

et
ts

M
ic

hi
ga

n
M

in
ne

so
ta

M
is

si
ss

ip
pi

M
is

so
ur

i
M

on
ta

na
N

eb
ra

sk
a

N
ev

ad
a

N
ew

 H
am

ps
hi

re
N

ew
 J

er
se

y
N

ew
 M

ex
ic

o
N

ew
 Y

or
k

N
or

th
 C

ar
ol

in
a

N
or

th
 D

ak
ot

a
O

hi
o

O
kl

ah
om

a
O

re
go

n
Pe

nn
sy

lv
an

ia
Rh

od
e 

Is
la

nd
So

ut
h 

Ca
ro

lin
a

So
ut

h 
D

ak
ot

a
Te

nn
es

se
e

Te
xa

s
U

ta
h

Ve
rm

on
t

V
irg

in
ia

W
as

hi
ng

to
n

W
es

t V
irg

in
ia

W
is

co
ns

in
W

yo
m

in
g

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0

M
ill

io
n 

dr
y 

to
ns

Current availability Year 2030

Current and year 2030 state quantities of logging residue available  
annually at $80 per dry tonFigure 3.7

0 5 10 15 20 25 30 35 40 45 50

$250

$200

$150

$100

$50

$0

Million dry tons

$/
d

ry
 t

on

Logging residues Thinnings Composite operations

National supply curves for logging residues, thinnings, and composite 
(50% logging residues and 50% thinnings) from timberland Figure 3.6
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Spatial distribution of logging residues at $20 and $40 per dry ton 
(delivered to roadside) Figure 3.8

$20 per 
dry ton

$40 per 
dry ton
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Simulated forest thinning-based estimates. 7KH�
VHFRQG�PHWKRG�XVHG�WR�HVWLPDWH�ELRPDVV�VXSSO\�E\�
FRXQW\�LV�WR�VLPXODWH�XQHYHQ�DJH�WKLQQLQJ�RSHUDWLRQV�
RQ�DOO�QRQ�UHVHUYHG�WLPEHUODQG�LQ�WKH�8QLWHV�6WDWHV�
XVLQJ�86'$�)RUHVW�6HUYLFH�IRUHVW�LQYHQWRU\�DQG�
DQDO\VLV��),$��SORWV��6PLWK�HW�DO������������7KH�GDWD�
ZHUH�DFFHVVHG�IURP�WKH�SXEOLFO\�DYDLODEOH�)RUHVW�
,QYHQWRU\�'DWDEDVH�RQ�)HEUXDU\����������86'$�)RUHVW�
6HUYLFH������D�E���%HFDXVH�WKH�GDWDEDVH�LV�G\QDPLF�
�L�H���LV�XSGDWHG�DV�VWDWHV�UHSRUW�QHZ�GDWD�GXULQJ�WKH�
\HDU���DFFHVVLQJ�WKH�GDWDEDVH�DIWHU�WKDW�GDWH�JLYHV�
GLIIHUHQW�UHVXOWV��7KH�BTS�RQO\�HVWLPDWHG�WKH�ELRPDVV�
IURP�IXHO�UHGXFWLRQ�WUHDWPHQWV�RQ�WZR�VSHFL¿F�FODVVHV�
RI�PRVW�RYHUVWRFNHG�VWDQGV�WKDW�QHHGHG�PHFKDQLFDO�
WKLQQLQJV�WR�UHGXFH�¿UH�ULVN��7KH�QHZ�PHWKRG�LQFOXGHG�
DOO�QRQ�UHVHUYHG�IRUHVWODQGV��DQG�LI�WKH�VWDQGV�ZHUH�
RYHUVWRFNHG�DERYH�FHUWDLQ�GHQVLWLHV��WKH�VWDQGV�ZHUH�
WKLQQHG�UHJDUGOHVV�RI�WKH�¿UH�ULVN�FODVVL¿FDWLRQ�
�VHH�7H[W�%R[�������'HFDGHV�RI�¿UH�SUHYHQWLRQ�DQG�
VXSSUHVVLRQ�HIIRUWV�DFURVV�WKH�8QLWHG�6WDWHV��HVSHFLDOO\�
LQ�ZHVWHUQ�DUHDV��KDYH�OHG�WR�RYHUVWRFNHG�VWDQGV�DQG�
DQ�DFFXPXODWLRQ�RI�IXHOV�WKDW�DUH�LQFUHDVLQJ�WKH�ULVN�RI�
FDWDVWURSKLF�¿UH��,Q�WKH�SDVW��¿UH�DGDSWHG�IRUHVWV�KDG�
UHODWLYHO\�RSHQ�FDQRSLHV�GXH�WR�IUHTXHQW�ORZ�LQWHQVLW\�
¿UHV�DQG�KDUYHVWLQJV�LQWHUYDOV��7RGD\��PDQ\�VWDQGV�
KDYH�FORVHG�FDQRSLHV�DQG�D�EXLOGXS�RI�KLJK�OHYHOV�
RI�VPDOO�VWHPV�DQG�ELRPDVV�GXH�WR�¿UH�VXSSUHVVLRQ�
DQG�OHVV�KDUYHVWLQJ��+LJKO\�GHQVH�IRUHVWV�DUH�DOVR�
VWUHVVHG��ZKLFK�LV�FRPSRXQGHG�E\�PRUH�IUHTXHQW�DQG�
ORQJHU�GURXJKW�LQWHUYDOV��7KHVH�FRQGLWLRQV�UHGXFH�WKH�
UHVLVWDQFH�WR�LQVHFWV�DQG�GLVHDVHV��

7KHVH�IRUHVWV�FRQWDLQ�VLJQL¿FDQW�OHYHOV�RI�FDUERQ�
VHTXHVWHUHG�LQ�WKH�ELRPDVV�RI�WKH�GHQVH�VWDQGV��
&RQGXFWLQJ�IXHOV�WUHDWPHQW��L�H���UHGXFLQJ�WKH� 
ELRPDVV���FDQ�UHOHDVH�WKH�VWRUHG�FDUERQ��,I�XVLQJ�
ELRPDVV�IRU�HQHUJ\��WKHUH�LV�D�GLVSODFHPHQW�RI� 
IRVVLO�FDUERQ�HPLVVLRQV�ZLWK�HPLVVLRQV�IURP�UHQHZDEOH�
IHHGVWRFNV��)XUWKHUPRUH��WKH�WUHDWHG�VWDQGV�UHVSRQG� 
WR�WKH�ORZHU�GHQVLW\��DQG�WKH�WUHHV�JURZ�TXLFNHU� 
WKDQ�ZKHQ�VWDJQDWHG��WKXV�VHTXHVWHULQJ�FDUERQ�� 

The USDA Forest Service Forest Inventory and Analysis 
Database (FIADB, version 4) as downloaded on February 
3, 2010, is used to develop logging residues, thinnings, 
and conventional wood biomass estimates (USDA Forest 
Service, 2010a). Logging and other removal residue data 
is obtained from the 2007 RPA Timber Products Output 
(TPO) database (USDA Forest Service, 2007a). These 
estimates include the small tree volumes (1–7 inch 
diameter at breast height (dbh) in the East and 1–9 inch 
dbh in the West) and the non-merchantable (limbs, tops, 
and unmerchantable bole) volumes of the merchantable 
trees greater than 7 or 9 inches dbh. [Note: the updated 
BTS uses 5-inch dbh limit in the East and 7 inches in the 
West, which are conservative estimates.] 

In August 2009, the Forest Service adopted a new 
method, the component ratio method (CRM), for 
calculating the non-merchantable volumes of the 
merchantable trees. In the original Billion-Ton Study, 
these volumes were calculated using diameter-based, 
regional prediction equations of tree volumes and 
biomass in components of the tree. It became apparent 
in the analysis that the estimated biomass component 
of the merchantable trees is considerably less using the 
new database with the CRM method compared to the old 
method. It is reported that the biomass estimates in tons 
per acre are consistently lower using the CRM compared 
to the regional prediction equations (Heath et al., 2009).

The change in biomass methodology to CRM produces 
total U.S. tree biomass inventory estimates that are 
6% to 8% lower compared to estimates using the 
PREVIOUSÏMETHOD�Ï-OREÏIMPORTANTLY�ÏTHEREÏAREÏSIGNIlCANTÏ
reductions—up to 30%—for certain species, stand 
types, and locations. This change in method also 
decreased estimates of county-level biomass supply 
at given prices. The new methodology was used in 
this analysis. The reason to point out the use of the 
new methodology is to indicate that change lowers 
the estimated biomass available from thinnings and 
conventional harvest for those who may want to make 
comparisons to the original report.

TEXT BOX 3.5  |  BIOMASS  
EQUATIONS IN FIA

23 The FIA program has been in continuous operation since 1928. It collects, analyzes, and reports information on the status and trends 
of America’s forests: how much forest exists, where it exists, who owns it, and how it is changing. The latest technologies are used to 
acquire a consistent core set of ecological data about forests through remote sensing and field measurements. The data in this report are 
summarized from over 100,000 permanent field plots in the United States.  
Note: The most recent inventories of the 48 states state that there are 300,900 plots of which 117,875 are forested.
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24 SDI (Reineke, 1933) is a long established, science-based forest stocking guide for even-aged stands that can be adapted to uneven-aged 
stands (Long and Daniel, 1990) using data available from broad-scale inventories.

25 All the biomass wood is assumed to be residues or byproducts, lacking a higher value than energy wood, except for the conventionally 
sourced wood. Wood that would normally be used in higher value products (e.g., pulpwood, posts, and piling,) could be used for biofuels 
when prices for alternate uses are lower. Also, within the lower merchantable limits, small-diameter material can easily shift between 
conventional, commercial uses and biofuel feedstocks, depending on prices and other factors.

26 The original FRCS model was designed to simulate harvests in the Interior West. It was substantially revised for this study, including the 
development of new harvesting procedures designed to simulate harvests in the North and South and in the wetter areas of the West.
when prices for alternate uses are lower. Also, within the lower merchantable limits, small-diameter material can easily shift between 
conventional, commercial uses and biofuel feedstocks, depending on prices and other factors.

+XUWHDX�DQG�1RUWK��������UHSRUWHG�WKDW�ZKHQ�LQFOXGLQJ�
ZLOG¿UH�IRUHFDVWV�LQ�D�FDUERQ�HPLVVLRQV�PRGHO��WKHUH�
ZHUH�PRUH�SRWHQWLDO�JUHDWHU�HPLVVLRQV�IURP�XQWUHDWHG�
VWDQGV�WKDQ�WUHDWHG�VWDQGV��7KHLU�FRQFOXVLRQ�ZDV�WKDW�LQ�
ZLOG¿UH�SURQH�IRUHVWV��WUHH�EDVHG�FDUERQ�VWRFNV�ZHUH�
EHVW�SURWHFWHG�E\�IXHO�WUHDWPHQWV�

7KLQQLQJ�LV�XVHG�WR�UHGXFH�GHQVLW\��RSHQ�XS�WKH�VWDQGV��
DQG�LPSURYH�UHVLOLHQF\�WR�¿UH�DQG�SHVWV��8QHYHQ�DJHG�
WKLQQLQJ�UHGXFHV�FDWDVWURSKLF�¿UH�ULVNV��+XJJHWW�HW�
DO���������DQG�SURYLGHV�RWKHU�YDOXHV�DV�ZHOO��VR�LW�ZDV�
XVHG�DV�D�PRGHO�WUHDWPHQW�DFURVV�DOO�VWDQGV��,Q�DFWXDO�
SUDFWLFH��WKH�W\SH�RI�VWDQG�WUHDWPHQW�LV�SUHVFULEHG�EDVHG�
RQ�FXUUHQW�FRQGLWLRQV�DQG�GHVLUHG�IXWXUH�FRQGLWLRQV�

8QHYHQ�DJHG�WKLQQLQJ�UHPRYHV�WUHHV�DFURVV�DOO�DJH�
FODVVHV��7KLV�W\SH�RI�KDUYHVWLQJ�SURYLGHV�ELRHQHUJ\�
IHHGVWRFNV�DW�WKH�ORZHVW�FRVW�EHFDXVH�ELRPDVV�LV�
UHPRYHG�LQ�FRPELQDWLRQ�ZLWK�WKH�UHPRYDO�RI�ODUJHU�
WUHHV�IRU�SXOSZRRG�DQG�VDZORJV��2WKHUZLVH��KDUYHVW�
FRVWV�ZRXOG�EH�FRQVLGHUDEO\�PRUH�LI�IXHO�WUHDWPHQW�
RSHUDWLRQV�ZHUH�IRFXVHG�VROHO\�RQ�VPDOOHU�VL]HG�WUHHV��
,Q�DGGLWLRQ��DQ�XQHYHQ�DJHG�WUHDWPHQW�DSSHDUV�PRUH�
OLNHO\�WR�DFKLHYH�¿UH�ULVN�UHGXFWLRQV��6NRJ�HW�DO���
�������%HIRUH�VLPXODWLRQV�DUH�FRQGXFWHG��),$�SORWV�
ORFDWHG�LQ�UHVHUYHG�DQG�URDGOHVV�DUHDV�ZHUH�H[FOXGHG�
DQG�DVVXPHG�XQDYDLODEOH�IRU�WUHDWPHQW�

7KH�XQHYHQ�DJHG�WKLQQLQJ�VLPXODWLRQ�ZDV�GRQH�RQ�DOO�
),$�SORWV�ZKHUH�WKH�SORW�VWDQG�GHQVLW\�LQGH[��6',��ZDV�
JUHDWHU�WKDQ�����RI�D�PD[LPXP�6',�IRU�WKDW�JLYHQ�
IRUHVW�W\SH��6KHSSHUG�����������7KLV�VLPXODWHV�KDUYHVWV�
WR�UHGXFH�¿UH�KD]DUG�DQG�WR�LPSURYH�IRUHVW�KHDOWK�
RQ�RYHUVWRFNHG�VWDQGV��8QHYHQ��DJHG�WKLQQLQJV�DUH�
VLPXODWHG��DQG�HVWLPDWHV�DUH�PDGH�RI�WKH�DPRXQWV�RI�
ELRPDVV��SXOSZRRG��DQG�VDZWLPEHU�WKDW�DUH�UHPRYHG��� 
%HJLQQLQJ�ZLWK�D���LQFK�GEK�WUHHV��D�WUHDWPHQW�
VXFFHVVLYHO\�UHPRYHV�IHZHU�WUHHV�IURP�HDFK�GLDPHWHU�
FODVV�ZKHUH�WKH�UHPRYDOV�EULQJ�WKH�6',�GRZQ�WR�����
RI�WKH�LGHQWL¿HG�PD[LPXP�6',�YDOXH�IRU�WKDW�VWDQG�

W\SH��)RU�WKH�1RUWK�DQG�6RXWK��ELRPDVV�UHPRYDOV�
LQFOXGH�DOO�ZRRG�IURP�WUHHV���WR���LQFKHV�GEK�DQG�WRSV�
DQG�EUDQFKHV�RI�WUHHV�JUHDWHU�WKDQ���LQFKHV�GEK��H[FHSW�
IRU�ZRRG�OHIW�IRU�UHWHQWLRQ�SXUSRVHV��)RU�WKH�:HVW��
ELRPDVV�UHPRYDOV�LQFOXGH�DOO�ZRRG�IURP�KDUYHVWHG�
WUHHV���WR���LQFKHV�GEK�DQG�WRSV�DQG�EUDQFKHV�RI�WUHHV�
JUHDWHU�WKDQ���LQFKHV�GEK��,W�LV�DVVXPHG�WKDW�DOO�RI�WKH�
VPDOO�WUHH�ELRPDVV�FDQ�EH�H[WUDFWHG�WR�URDGVLGH��EXW�
RQO\�����RI�WKH�YROXPH�LQ�WRSV�DQG�EUDQFKHV�RI�ODUJHU�
WUHHV�ZLOO�PDNH�LW�WR�URDGVLGH�EHFDXVH�RI�EUHDNDJH��
$JDLQ��D�SHUFHQWDJH�RI�WKLV�PDWHULDO�LV�UHWDLQHG�RQVLWH�

,Q�HVWLPDWLQJ�WKH�FRVW�RI�ELRPDVV�IURP�WKLQQLQJV��LW�LV�
DVVXPHG�WKDW�

�� %LRPDVV�IURP�IHGHUDO�ODQGV�KDYH�QR�VWXPSDJH�
FRVWV

�� %LRPDVV�IURP�SULYDWH�ODQGV�UDQJH�IURP����SHU�GU\�
WRQ�WR�����RI�UHJLRQDO�������FLUFD�����±������
SXOSZRRG�VWXPSDJH�SULFHV

�� /LPEV��WRSV��DQG�FXOO�FRPSRQHQWV�RI�PHUFKDQWDEOH�
WUHHV�KDYH�D�FKLSSLQJ�FRVW��KDUYHVW�FRVW��L�H���
IHOOLQJ�DQG�WUDQVSRUW�WR�URDGVLGH��DUH�ERUQH�E\�WKH�
PHUFKDQWDEOH�EROHZRRG��DQG�VWXPSDJH�FRVW

�� 6PDOO��XQPHUFKDQWDEOH�WUHHV�DQG�GHDG�WUHHV�KDYH�
KDUYHVW��FKLSSLQJ��DQG�VWXPSDJH�FRVWV�

+DUYHVW�FRVWV�DUH�HVWLPDWHG�E\�WKH�)5&6�PRGHO�SOXV�
FRVWV�IRU�FKLSSLQJ�DQG�VWXPSDJH��)LJKW�HW�DO���������
'\NVWUD�HW�DO������������7KH�)5&6�HVWLPDWHV�WKH�FRVW�
RI�SURYLGLQJ�ELRPDVV�DW�URDGVLGH�E\�ZKLFKHYHU�LV�WKH�
OHDVW�H[SHQVLYH�RI�WKUHH�DOWHUQDWLYH�KDUYHVWLQJ�V\VWHPV��
JURXQG�EDVHG��ZKROH�WUHH�KDUYHVWLQJ�ZLWK�PHFKDQL]HG�
IHOOLQJ��JURXQG�EDVHG��ZKROH�WUHH�KDUYHVWLQJ�ZLWK�
PDQXDO�IHOOLQJ��RU�FDEOH�\DUGLQJ�RI�ZKROH�WUHHV�WKDW�
KDYH�EHHQ�PDQXDOO\�IHOOHG��&DEOH�\DUGLQJ�LV�XVHG�LQ�
WKH�PRGHO�RQO\�ZKHQ�WKH�DYHUDJH�JURXQG�VORSH�H[FHHGV�
����
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7R�VLPSOLI\�WKH�DQDO\VLV��LW�ZDV�DVVXPHG�WKDW�DOO�
WKH�WKLQQLQJV�ZRXOG�EH�XQHYHQ�DJHG�PDQDJHPHQW�
WUHDWPHQWV�ZLWK�ZKROH�WUHH�KDUYHVWLQJ��7KLV�
FRPELQDWLRQ�ZDV�GHWHUPLQHG�WR�EH�WKH�OHDVW�FRVW�
PHDQV�WR�KDUYHVW�ELRPDVV�IURP�VPDOO�WUHHV��EUDQFKHV��
DQG�WRSV��&XUUHQWO\��VRPH�VWDQGV�DUH�EHLQJ�WKLQQHG�E\�
FXW�WR�OHQJWK�V\VWHPV��ZKHUH�WKH�OLPEV�DQG�WRSV�DUH�
SURFHVVHG�DQG�OHIW�LQ�WKH�VWDQG��,W�LV�H[SHFWHG�WKDW�WKH�
XVH�RI�VXFK�V\VWHPV�ZLOO�FRQWLQXH��LI�QRW�LQFUHDVH��LQ�
WKH�IXWXUH��DQG�ELRPDVV�ZLOO�EH�UHFRYHUHG�LQ�D�VHFRQG�
SDVV��7KLV�DSSURDFK�FRXOG�EH�FRVWO\��7KH�DVVXPSWLRQ�
RI�XVLQJ�ZKROH�WUHH�ORJJLQJ��HLWKHU�JURXQG�EDVHG�RU�
FDEOH��LV�PRUH�LQGLFDWLYH�RI�KRZ�ELRPDVV�ZLOO�SUREDEO\�
EH�UHFRYHUHG�DV�SDUW�RI�WKLQQLQJ�DSSOLFDWLRQV�RYHU�
WKH�QH[W����\HDUV��%HFDXVH�WKHUH�DUH�YHU\�IHZ�FXW�WR�
OHQJWK�V\VWHPV�FRPSDUHG�WR�ZKROH�WUHH�V\VWHPV��WKH�
DVVXPSWLRQ�LQ�WKH�DQDO\VLV�LV�WKDW�DOO�WKLQQLQJ�LV�GRQH�
E\�ZKROH�WUHH�V\VWHPV�

,Q�WKH������BTS��WKH�IXHO�WUHDWPHQWV�ZHUH�DVVXPHG�
WR�RFFXU�ZKHUH�WKHUH�LV�URDG�DFFHVV��UHGXFWLRQ�IDFWRUV�
ZHUH�XVHG�WR�H[FOXGH�ODQG�ZLWKRXW�FXUUHQW�URDG�
DFFHVV��,Q�WKLV�XSGDWH��WKH�)5&6�XVHV�DQ�),$�YDULDEOH��
³GLVWDQFH�WR�URDG�´�WR�HVWLPDWH�KDUYHVW�FRVW��$OWKRXJK�
WKH�ELRPDVV�WKDW�LV�QRW�QHDU�DQ�H[LVWLQJ�URDG�LV�QRW�
H[FOXGHG�DV�LQ�WKH�HDUOLHU�DVVHVVPHQW��WKH�ELRPDVV�LV�
SURKLELWLYHO\�H[SHQVLYH²ZHOO�RYHU������SHU�GU\�WRQ��
�6HH�7H[W�%R[�����IRU�PRUH�LQIRUPDWLRQ�RQ�IHGHUDO�
YHUVXV�SULYDWH�ODQG�HVWLPDWHV���7KHVH�KLJK�FRVWV�RFFXU�
ZKHQ�ELRPDVV�LV�KDUYHVWHG�ZLWK�FDEOH�V\VWHPV�RYHU�
������IHHW�IURP�DQ�HVWDEOLVKHG�URDG�DQG�JURXQG�EDVHG�
V\VWHPV�EHWZHHQ�����DQG�����PLOH�IURP�D�URDG�

6WXPSDJH�SULFH�LV�GHYHORSHG�XVLQJ�WKH�IROORZLQJ�
DVVXPSWLRQV������SULFH�LV�]HUR�IRU�ELRPDVV�IURP�IHGHUDO�
ODQG�EHFDXVH�UHPRYDO�LV�XVXDOO\�SDUW�RI�FRPPHUFLDO�
VDOHV�RU�WUHDWPHQW�FRQWUDFWV��DQG�����ELRPDVV�IURP�
SULYDWH�ODQGV�EHJLQV�DW�D�ORZ�RI����SHU�GU\�WRQ�DQG�
LQFUHDVHV�OLQHDUO\�XS�WR�D�PD[LPXP�WKDW�ZDV�VHW�WR�
EH�����RI�WKH�GHULYHG�SXOSZRRG�VWXPSDJH�SULFH�IRU�
SULYDWH�ODQG��7DEOH������

%HFDXVH�WKH�VLPXODWHG�WKLQQLQJV�DOVR�LQFOXGH�WKH�
UHPRYDO�RI�WLPEHU�IRU�PHUFKDQWDEOH�SURGXFWV��WKHUH�LV�
D�OLPLW�DV�WR�KRZ�PXFK�FDQ�EH�KDUYHVWHG�GHSHQGLQJ�

It is important to note that the “federal land” biomass 
estimates are not obtained by subtracting “without 
federal land” from “all land.” It is only an approximation 
because the two values are simulated using composite 
plots that differ due to costs and sawtimber/pulpwood or 
sustainable allowable cut cap limits. Biomass estimates 
for each county were generated based on the lowest cost 
at the given supply curve costs without either exceeding 
the mill capacity or the net growth allowance for that 
county.

Cost differences were primarily dependent on distance 
from road and stand structure (more merchantable trees 
reduced costs). In many cases, the biomass from federal 
land was more costly because of greater distance to 
road and because of the high volume of small-diameter 
trees—this resulted in generally more wood from non-
federal land. For example, 72% of the biomass less than 
one-half mile from the road was on private land.

Although there was no analysis completed, it is 
speculated that the federal lands have less cumulative 
biomass because of the sawtimber cap. Counties with 
large amounts of federal land tend to have fewer mills 
and conversion facilities. There may be high amounts of 
biomass that could not be harvested because there were 
no markets for the conventional products.

TEXT BOX 3.6 | FEDERAL LAND ESTIMATES

RQ�PLOO�FDSDFLWLHV�DQG�PDUNHWV�IRU�WKH�SURGXFWV��7KLV�
WKLQQLQJ�UHPRYDO�OLPLW�LV�DVVXPHG�WR�EH�PHW�ZKHQ�
WKH�VLPXODWHG�UHPRYDO�RI�VDZORJV�SOXV�SXOSZRRG�
UHDFKHV�WKH���������OHYHO�RI�WRWDO�VDZORJ�DQG�SXOSZRRG�
KDUYHVWV��7KLV�VWDWH�OHYHO�UHVWULFWLRQ�LV�WR�HQVXUH�WKDW�WKH�
HVWLPDWHG�ELRPDVV�VXSSO\�IURP�LQWHJUDWHG�RSHUDWLRQV�
FDQ�EH�VXSSRUWHG�E\�WKH�UHFHQW��������OHYHO�RI�VDZORJ�
DQG�SXOSZRRG�KDUYHVW�LQ�HDFK�VWDWH��7KH�LPSDFW�RI�WKLV�
DVVXPSWLRQ�FDQ�EH�VLJQL¿FDQW��UHGXFLQJ�WKH�DPRXQW�RI�
DYDLODEOH�ELRPDVV�E\�XS�WR��������LQ�VRPH�VWDWHV��

,Q�SUHSDULQJ�WKH�RYHUDOO�HVWLPDWH�RI�ELRPDVV�SURYLGHG�
IURP�LQWHJUDWHG�KDUYHVWLQJ��LW�ZDV�DVVXPHG�WKDW�WKH�
VLPXODWHG�WKLQQLQJV�ZRXOG�SURYLGH�KDOI�RI�WKH�KDUYHVW�
QHHGHG�WR�PHHW�VDZORJ�DQG�SXOSZRRG�QHHGV��7KH�RWKHU�
KDOI�RI�KDUYHVW�ZRXOG�EH�GRQH�LQ�D�FRQYHQWLRQDO�ZD\�

27 Harvest data is from 2006 and is taken from Table C5B (USDA Forest Service 2007a).
28 The U.S. average percentage of biomass from thinnings not available because of not having roundwood markets is about 35%, calculated 

at $60 per dry ton. Regional percentages are South – 5%; Pacific Coast – 18%; North – 48%; Interior West – 49%. States range from 
0–97% of the biomass from thinnings not being counted in the assessment because there was not a market in the state for the associated 
roundwood.
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29 The Biomass Treatment Evaluator—an SAS® (Statistical Analysis Software) program prepared by Patricia Lebow, USDA Forest Service 
Forest Products Laboratory—was used to prepare county-level supply curves.
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DQG�JHQHUDWH�ORJJLQJ�UHVLGXH��D�SRUWLRQ�RI�ZKLFK�FDQ�
EH�UHPRYHG�IRU�ELRHQHUJ\��7KHUH�LV�DOVR�WKH�SRWHQWLDO�
WKDW�WKH�PDUNHWV�IRU�VDZORJV�DQG�SXOSZRRG�ZLOO�
H[SDQG�DV�WKH�FXUUHQW������53$�7LPEHU�$VVHVVPHQW�
UHÀHFWV��+D\QHV�HW�DO����������7KH�DPRXQW�RI�HVWLPDWHG�
ELRPDVV�VXSSO\�IURP�LQWHJUDWHG�KDUYHVWLQJ��KDOI�
IURP�FRQYHQWLRQDO�KDUYHVWLQJ��KDOI�IURP�WKLQQLQJ�
VLPXODWLRQV��LV�LQFUHDVHG�RYHU�WLPH�E\�WKH�UDWH�RI�
LQFUHDVH�LQ�SURMHFWHG�VDZORJ�SOXV�SXOSZRRG�KDUYHVW�
IURP�WKH������53$�7LPEHU�$VVHVVPHQW��$�QRWH�DERXW�
VSHFLDO�VLWXDWLRQV�RI�DYDLODEOH�ELRPDVV�LV�SURYLGHG�LQ�
7H[W�%R[�����

7KH�%LRPDVV�7UHDWPHQW�(YDOXDWRU�ZDV�XVHG�WR�HVWLPDWH�
FRXQW\�OHYHO�VXSSO\�FXUYHV�IRU�ELRPDVV�DQG�LQGXVWULDO�
URXQGZRRG�UHPRYDOV�RQ�),$�SORWV�E\�DVVLJQLQJ�
VWXPSDJH�SULFHV�DQG�KDUYHVW�DQG�FKLSSLQJ�FRVWV�XVLQJ�
WKH�)5&6�PRGHO����)LQDOO\��VLPXODWHG�DPRXQWV�RI�
ELRPDVV�VXSSO\�DUH�DVVXPHG�WR�EH�KDUYHVWHG�RYHU�D�
���\HDU�SHULRG��7KLV�LV�WKH�VDPH�SHULRG�DVVXPHG�IRU�
WKLQQLQJV�HVWLPDWHV�SURYLGHG�LQ�WKH������BTS report.

7KH�QDWLRQDO�VXSSO\�FXUYH�IRU�VLPXODWHG�IRUHVW�UHVLGXH�
WKLQQLQJV�RQ�WLPEHUODQG�LV�VKRZQ�LQ�)LJXUH������7KH�
WRWDO�VLPXODWHG�TXDQWLW\�LV�DERXW����PLOOLRQ�GU\�WRQV�
SHU�\HDU�DW�D�URDGVLGH�SULFH�RI������SHU�GU\�WRQ�RU�
OHVV��7DEOH�������$ERXW����PLOOLRQ�GU\�WRQV�DQQXDOO\�
DUH�DYDLODEOH�DW�D�URDGVLGH�SULFH�RI�����SHU�GU\�WRQ�RU�
OHVV��DW�����SHU�GU\�WRQ��DERXW����PLOOLRQ�GU\�WRQV�DUH�

DYDLODEOH��7DEOH�����VKRZV�WKDW�WKHUH�DUH�QR�GLIIHUHQFHV�
RYHU�WKH�QH[W����\HDUV�LQ�ELRPDVV�DYDLODELOLW\�EHFDXVH�
WKH�WKLQQLQJV�DUH�DYHUDJHG�RYHU����\HDUV��6WDWH�
TXDQWLWLHV�DUH�VKRZQ�LQ�)LJXUH�����DW�WKUHH�GLIIHUHQW�
URDGVLGH�FRVWV��ZLWK�PRUH�VSDWLDO�GHWDLO�SURYLGHG�LQ�
)LJXUH������

,Q�WKH������BTS��WKH�IXHO�WUHDWPHQWV�ZHUH�DVVXPHG�
WR�RFFXU�ZKHUH�WKHUH�LV�URDG�DFFHVV��UHGXFWLRQ�IDFWRUV�
ZHUH�XVHG�WR�UHPRYH�ODQG�ZLWKRXW�FXUUHQW�URDG�
DFFHVV��,Q�WKLV�XSGDWH��WKH�)5&6�XVHV�DQ�),$�YDULDEOH��
³GLVWDQFH�WR�URDG�´�WR�HVWLPDWH�KDUYHVW�FRVW��$OWKRXJK�
WKH�ELRPDVV�WKDW�LV�QRW�QHDU�DQ�H[LVWLQJ�URDG�LV�QRW�
H[FOXGHG�DV�LQ�WKH�HDUOLHU�DVVHVVPHQW��WKH�ELRPDVV�LV�
SURKLELWLYHO\�H[SHQVLYH²ZHOO�RYHU������SHU�GU\�WRQ��
7KHVH�KLJK�FRVWV�RFFXU�ZKHQ�ELRPDVV�LV�KDUYHVWHG�ZLWK�
FDEOH�V\VWHPV�RYHU�������IHHW�IURP�DQ�HVWDEOLVKHG�URDG�
DQG�JURXQG�EDVHG�V\VWHPV�EHWZHHQ�����DQG�����PLOH�
from a road.

6WXPSDJH�SULFH�LV�GHYHORSHG�XVLQJ�WKH�IROORZLQJ�
DVVXPSWLRQV������SULFH�LV�]HUR�IRU�ELRPDVV�IURP�IHGHUDO�
ODQG�VLQFH�SDUW�RI�FRPPHUFLDO�VDOHV�RU�WUHDWPHQW�
FRQWUDFWV��DQG�����ELRPDVV�IURP�SULYDWH�ODQGV�EHJLQV�
DW�D�ORZ�RI����SHU�GU\�WRQ�DQG�LQFUHDVHV�OLQHDUO\�XS�WR�
D�PD[LPXP�ZKLFK�ZDV�VHW�WR�EH�����RI�WKH�GHULYHG�
SXOSZRRG�VWXPSDJH�SULFH�IRU�SULYDWH�ODQG��7DEOH������
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!ÏPOTENTIALÏFEEDSTOCKÏFORÏENERGYÏISÏTHEÏDEADÏANDÏDYINGÏTREESÏASSOCIATEDÏWITHÏMORTALITYÏFROMÏINSECTS�ÏDISEASE�ÏlRE�ÏWIND�ÏANDÏ
other disturbances. In any particular year or period of years, there could be considerable volumes “available” as biomass 
FORÏENERGY�Ï!ÏSIGNIlCANTÏISSUEÏASSOCIATEDÏWITHÏTHISÏFEEDSTOCKÏISÏTHEÏINCONSISTENCYÏOFÏTHEÏANNUALIZEDÏVOLUMESÏWITHINÏAÏ
designated landscape over a long term and high costs associated with the recovery and utilization of such biomass. There 
is considerable variation in acres affected annually, especially from pests (Figure 1), and the severity of the damage. In 
2008, nearly 9.0 million acres of mortality was caused by insects and disease nationally, a 2.2-million-acre increase from 
2007, when 6.8 million acres of mortality were reported (USDA Forest Service, 2009). 

However, there is growing concern about the increasing insect epidemics in the western United States and their transition 
to other areas of the country. For example, in the reported 2008 insect and disease mortality, nearly 69% of the mortality 
was caused by just the mountain pine beetle. The mountain pine beetle, Dendroctonus ponderosae, is a native species 
currently experiencing large-scale outbreaks in western North American pine forests—from Baja California in Mexico 
to central British Columbia in Canada. It affects primarily lodgepole pine, but also ponderosa and other pines (Figure 2). 
The beetles have killed more than 2 million acres of lodgepole pines across Colorado and southern Wyoming alone. Cold 
winters, which Colorado has not seen for years, are needed to kill the larvae and wetter summers are needed to help the 
trees resist the pests.

Over the past several years, widespread outbreaks of native bark beetles have occurred across the western United States, 
FROMÏPINYONÏWOODLANDSÏTOÏSPRUCE
lRÏFORESTS�Ï4HEÏSEVERITYÏANDÏDISTRIBUTIONÏOFÏTHEÏRECENTÏOUTBREAKSÏISÏMOREÏTHANÏWHATÏ
can be inferred from historical records. The changing climate has given pests the opportunity to invade what has been 
inaccessible forest habitat (Logan, 2007). 

With the known increase in widespread tree deaths from insect epidemics, the issue is whether there should be an 
additional analysis of the potential wood supply from these epidemics. It was decided that the use of the FIA database 
ANDÏTHEÏMETHODOLOGYÏTOÏADDRESSÏTHINNINGSÏANDÏLOGGINGÏRESIDUESÏSUFlCIENTLYÏINCLUDEDÏTHEÏDEADÏANDÏDYINGÏTREES�Ï4HEÏ&)!Ï
delineates recently dead and long-standing dead trees on all plots. The current western data averages the number of 
mortality trees over a 5-year period (Thompson, 2009). A real annual number will not be available until all inventory panels 
(percentage of all state plots) are completed over 10 years for each state. The “annualized” mortality in the FIA database 
was thought to be a better estimate of the mortality than an additional analysis, which would be subject to assumptions 
in both severity and distribution and would have high variability. Because mortality is already incorporated into the 
assessments using the FIA database, no additional analysis was needed.

TEXT BOX 3.7  |  DEAD AND DYING TREES
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Spatial distribution of simulated forest residue thinnings at $30 and 
$60 per dry ton (roadside)Figure 3.10

(Courtesy of ORNL)

$30 per 
dry ton

$60 per 
dry ton



36

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

Composite integrated operations supply estimates. 
$V�H[SODLQHG�LQ�DQ�HDUOLHU�VHFWLRQ��WKH�ORJJLQJ�UHVLGXH�
HVWLPDWHV�DUH�EDVHG�RQ�WKH�FRQWLQXDWLRQ�RI�FXUUHQW�
FRQYHQWLRQDO�KDUYHVWLQJ�SUDFWLFHV��L�H���PHUFKDQWDEOH�
VWDQG�DQG�WUHH�FRPSRQHQWV�DUH�UHPRYHG�DQG�WKH�
UHVLGXHV�DUH�OHIW�RQVLWH���:KHQ�HVWLPDWLQJ�ERWK�ORJJLQJ�
UHVLGXHV�DQG�VLPXODWLQJ�LQWHJUDWHG�WKLQQLQJV��WKHUH�ZLOO�
EH�³GRXEOH�FRXQWLQJ�RI�ELRPDVV´�EHFDXVH�WKH�732�
SURMHFWLRQV�XVHG�WR�HVWLPDWH�ORJJLQJ�UHVLGXHV�GR�QRW�
WDNH�LQWR�DFFRXQW�DQ\�UHGXFWLRQV�LQ�ORJJLQJ�UHVLGXHV�
RYHU�WLPH��DV�PRUH�VWDQGV�DUH�KDUYHVWHG�XVLQJ�LQWHJUDWHG�
V\VWHPV��7KH�FRQFHSWXDO�WUDQVLWLRQ�IURP�OHDYLQJ�WKH�
ELRPDVV�DV�ORJJLQJ�VODVK�WR�UHPRYLQJ�LW�ZKHQ�WKH�
PHUFKDQWDEOH�WLPEHU�LV�KDUYHVWHG�LV�OLNHO\�WR�RFFXU�LQ�
UHVSRQVH�WR�WKH�GHYHORSPHQW�RI�ELRPDVV�PDUNHWV��$V�
LW�LV�GLI¿FXOW�WR�PRGHO�WKH�WUDQVLWLRQ��DQ�DVVXPSWLRQ�
KDG�WR�EH�PDGH�WR�DYRLG�FRXQWLQJ�WKH�ELRPDVV�DV�ERWK�
ORJJLQJ�UHVLGXHV�DQG�LQWHJUDWHG�WKLQQLQJ�ELRPDVV��$�

FRQVHUYDWLYH�HVWLPDWH�LV�����RI�WKH�ORJJLQJ�UHVLGXH�
VXSSO\�HVWLPDWHV�DQG�����RI�WKH�WKLQQLQJ�VXSSO\�
HVWLPDWHV��ZKLFK�PHDQV�WKDW�RYHU�WKH�WLPH�RI�WKH�
SURMHFWLRQ��DERXW�KDOI�ZLOO�FRPH�IURP�WKH�UHFRYHU\�
RI�ORJJLQJ�UHVLGXHV�DQG�KDOI�IURP�WKLQQLQJV��7KH�
FRPSRVLWH�RSHUDWLRQV�VXSSO\�FXUYH�LV�VKRZQ�LQ�)LJXUH�
����DQG�)LJXUH�������7KH�FXUYH�LV�JHQHUDOO\�VLPLODU�WR�
WKH�ORJJLQJ�UHVLGXH�VXSSO\��RZLQJ�WR�WKH�DVVXPHG�������
UDWLR�RI�ORJJLQJ�UHVLGXH�WR�VLPXODWHG�IRUHVW�UHVLGXH�
WKLQQLQJV��$OPRVW����PLOOLRQ�GU\�WRQV�SHU�\HDU�DUH�
DYDLODEOH�DW�D�URDGVLGH�SULFH�RI�����SHU�GU\�WRQ�RU�OHVV�
�7DEOH�������DW�����SHU�GU\�WRQ��WKH�DQQXDO�SRWHQWLDO�
YROXPH�LV�DERXW����PLOOLRQ�GU\�WRQV��:KHQ�IHGHUDO�ODQG�
LV�UHPRYHG��WKH�DPRXQW�LV�UHGXFHG�E\�DERXW���PLOOLRQ�
WRQV�SHU�\HDU��$ERXW����PLOOLRQ�GU\�WRQV�DUH�DYDLODEOH�
LQ������DW�����SHU�GU\�WRQ�IURP�DOO�ODQGV��7KH�UHVLGXHV�
IURP�LQWHJUDWHG�RSHUDWLRQV�E\�VWDWH�DUH�VKRZQ�LQ�)LJXUH�
�����DW�DQ�H[DPSOH�SULFH�RI�����SHU�GU\�WRQ�
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3.2 Other Removal Residues
7KH�FRQYHUVLRQ�RI�WLPEHUODQG�WR�QRQ�IRUHVW�ODQG�XVHV�
�FURSODQG��SDVWXUH��URDGV��XUEDQ�VHWWOHPHQWV��HWF���
DQG�SUHFRPPHUFLDO�WKLQQLQJ�RSHUDWLRQV�JHQHUDWHV�D�
UHODWLYHO\�VLJQL¿FDQW�DPRXQW�RI�IRUHVW�UHVLGXH�ELRPDVV��
7KHVH�³RWKHU�UHPRYDOV�´�HVSHFLDOO\�IURP�ODQG�FOHDULQJ�
RSHUDWLRQV��XVXDOO\�SURGXFH�GLIIHUHQW�IRUPV�RI�UHVLGXHV�
DQG�DUH�QRW�JHQHUDOO\�DV�IHDVLEOH�RU�DV�HFRQRPLFDO�WR�
UHFRYHU��,W�LV�H[SHFWHG�WKDW�RQO\�KDOI�RI�WKH�UHVLGXHV�
IURP�RWKHU�UHPRYDOV�FDQ�EH�UHFRYHUHG�

$PRXQWV�RI�RWKHU�IRUHVW�UHPRYDOV��E\�FRXQW\��DUH�
REWDLQHG�IURP�WKH�732�GDWDEDVH�IRU�������86'$�
)RUHVW�6HUYLFH������D���7KH������BTS report assumed 
WKDW�����RI�WKH�732�UHVLGXH�HVWLPDWH�LV�UHFRYHUDEOH�
DQG�DYDLODEOH��7KH�RULJLQDO�HVWLPDWH�ZDV�EDVHG�RQ�
GLVFXVVLRQ�ZLWK�H[SHUWV�FRQFHUQLQJ�WKH�OHYHO�RI�
GLI¿FXOW\�RI�UHFRYHULQJ�WKLV�IHHGVWRFN��6SHFL¿F�
FKDUDFWHULVWLFV�RI�WKLV�IHHGVWRFN��VPDOO�ODQG�DUHDV��
DQG�WUHHV�SXVKHG�XS�DQG�SLOHG��WUHHV�FXW�LQWR�VPDOO�
SLHFHV��HWF���PDNH�LW�GLI¿FXOW�WR�UHFRYHU�WKHP�IXOO\��7KH�

����UHFRYHUDEOH�DVVXPSWLRQ�LV�XVHG�LQ�WKLV�XSGDWH�
DV�ZHOO��7KHUH�LV�OLWWOH�SULFH�GDWD�DYDLODEOH�IRU�WKHVH�
W\SHV�RI�IHHGVWRFNV��$VVXPSWLRQV�DUH�PDGH�EDVHG�RQ�
WKH�H[SHUWLVH�RI�WKH�FRQWULEXWLQJ�DXWKRUV�FRQFHUQLQJ�
UHFRYHU\�DQG�WUDQVSRUW�FRVWV�DQG�PDUNHW�SULFHV�WR�
GHULYH�WKH�VWXPSDJH�YDOXHV��6SHFL¿FDOO\��RQH�WKLUG�LV�
DVVXPHG�WR�EH�DYDLODEOH�DW�����SHU�GU\�WRQ��URDGVLGH��
DQG�WKH�UHPDLQGHU�DW�����SHU�GU\�WRQ�DW�URDGVLGH��6R�
DW�����SHU�GU\�WRQ�RU�OHVV��DERXW������PLOOLRQ�GU\�WRQV�
DUH�DYDLODEOH��VHH�7DEOH�������)XWXUH�HVWLPDWHV�RI�RWKHU�
UHPRYDO�UHVLGXH�DUH�EDVHG�RQ�53$�SURMHFWLRQV�RI�
WLPEHUODQG�DUHD��7KURXJK�������WRWDO�WLPEHUODQG�DUHD�
LV�SURMHFWHG�WR�GHFOLQH�E\�DERXW���PLOOLRQ�DFUHV��ZKLFK�
FRXOG�PHDQ�WKDW�WKHUH�FRXOG�EH�PRUH�³RWKHU�UHPRYDOV�´�
7DEOH�����GRHV�QRW�VKRZ�DQ�LQFUHDVH�LQ�UHFRYHU\�RI�
WKLV�ELRPDVV�DQG�NHHSV�SRWHQWLDO�WRQV�DYDLODEOH�DW������
PLOOLRQ�SHU�\HDU��)LJXUH������VKRZV�WKH�DYDLODELOLW\�
DFURVV�WKH�8QLWHG�6WDWHV�IRU�UHVLGXHV�IURP�RWKHU�
UHPRYDOV�
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Spatial availability of other removal residues at $40 per dry ton (delivered to roadside)Figure 3.13

3.3 Forest Residue Thinnings  
on Other Forestlands
2WKHU�IRUHVWODQGV�DUH�GH¿QHG�DV�LQFDSDEOH�RI�SURGXFLQJ�
DW�OHDVW����FXELF�IHHW�SHU�DFUH�SHU�\HDU�RI�LQGXVWULDO�
ZRRG�XQGHU�QDWXUDO�FRQGLWLRQV�EHFDXVH�RI�D�YDULHW\�RI�
DGYHUVH�VLWH�FRQGLWLRQV��UDQJLQJ�IURP�SRRU�VRLOV��ODFN�RI�
UDLQIDOO��DQG�KLJK�HOHYDWLRQ��0DQ\�RI�WKHVH�ZRRGODQGV�
�ORZ�VWDWXUH�RU�VSDUVH�IRUHVWV��DUH�LQ�WKH�ZHVWHUQ�VWDWHV�
DQG�DUH�RYHUVWRFNHG��HVSHFLDOO\�ZLWK�VWDQGV�RI�SLQ\RQ�
SLQH�DQG�MXQLSHU��$V�ZLWK�WKH�IXHO�UHGXFWLRQ�WKLQQLQJV�
RQ�WLPEHUODQG��UHPRYDO�RI�WKH�H[FHVV�ELRPDVV�FRXOG�
JUHDWO\�UHGXFH�FDWDVWURSKLF�¿UH�KD]DUGV��),$�GDWD�
�86'$�)RUHVW�6HUYLFH������E��DFFHVVHG�RQ�)HEUXDU\�
���������ZDV�XVHG�WR�LGHQWLI\�RYHUVWRFNHG�ZHVWHUQ�
ZRRGODQGV��6LPLODU�DVVXPSWLRQV�WKH������BTS report 
ZHUH�XVHG�IRU�WKH�XSGDWH��,Q�7DEOH������WKH�WRWDO�UHVLGXH�
ELRPDVV�IURP�WKLQQLQJ�RWKHU�IRUHVWODQGV�ZDV�HVWLPDWHG�
DW�����PLOOLRQ�GU\�WRQV�DW�D�SULFH�RI�����SHU�GU\�WRQ�

�QRQH�DUH�H[SHFWHG�WR�EH�DYDLODEOH�EHORZ�WKLV�SULFH�
EHFDXVH�RI�WKH�KLJK�FRVW�RI�WKLQQLQJ�RWKHU�IRUHVWODQGV���
$ERYH�����SHU�GU\�WRQ������PLOOLRQ�GU\�WRQV�DQQXDOO\�
EHFRPHV�DYDLODEOH�IRU�DOO�ODQGV��:KHQ�IHGHUDO�
IRUHVWODQGV�DUH�UHPRYHG��RQO\�����PLOOLRQ�GU\�WRQV�DUH�
DYDLODEOH��ZKLFK�LV�D�����UHGXFWLRQ��%\�GH¿QLWLRQ��
WKHVH�ODQGV�GR�QRW�SURGXFH�FRPPHUFLDO�VL]HG�SXOSZRRG�
RU�VDZORJV��VR�WKH�FRVW�RI�UHPRYLQJ�WKH�WKLQQLQJV�LV�
ERUQH�IXOO\�E\�WKH�ELRPDVV�KDUYHVWLQJ�RSHUDWLRQ��$Q�
DVVXPSWLRQ�XVHG�LQ�WKH�DQDO\VLV�ZDV�WKDW�DERXW�����
RI�WKH�ELRPDVV�FRXOG�EH�UHPRYHG�DW�D�SULFH�RI�����SHU�
GU\�WRQ�DQG�WKH�UHPDLQGHU�DW�D�SULFH�RI�����SHU�GU\�WRQ��
$JDLQ��WKHVH�DVVXPSWLRQV�DUH�WKH�EHVW�HVWLPDWHV�E\�WKH�
FRQWULEXWLQJ�DXWKRUV�ZLWK�NQRZOHGJH�LQ�WKHVH�W\SHV�RI�
V\VWHPV��7KH�HVWLPDWHV�DUH�FRQVLGHUHG�FRQVHUYDWLYH�DV�
WKH\�UHSUHVHQW�WKH�KLJK�HQG�RI�WKLQQLQJ�FRVWV�EHFDXVH�
QR�KLJKHU�YDOXHG�ZRRG�LV�UHPRYHG�ZLWK�WKH�ELRPDVV�

(Courtesy of ORNL)

$40 per 
dry ton



39

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

3.4 Fuelwood, Mill Residues,  
and Pulping Liquors
3.4.1 Fuelwood
$OO�FXUUHQWO\�XVHG�IXHOZRRG�LV�VKRZQ�LQ�7DEOH�����
DQG�LV�HVWLPDWHG�WR�EH����PLOOLRQ�GU\�WRQV�SHU�\HDU��
7KH�TXDQWLW\�RI�IXHOZRRG�XVHG�IRU�UHVLGHQWLDO�DQG�

FRPPHUFLDO�VSDFH�KHDWLQJ�DSSOLFDWLRQV��DV�ZHOO�DV�
IHHGVWRFN�IRU�GHGLFDWHG�ZRRG�¿UHG�IDFLOLWLHV�DQG�
FR�¿ULQJ�DSSOLFDWLRQV��LV�SURMHFWHG�WR�LQFUHDVH�WR�����
PLOOLRQ�GU\�WRQV�SHU�\HDU�E\������

3.4.2 Primary and Secondary  
Mill Residues
$PRXQWV�RI�ZRRG�DQG�EDUN�UHVLGXH�IURP�PLOOLQJ�
RSHUDWLRQV��E\�FRXQW\��DUH�REWDLQHG�IURP�WKH�732�
GDWDEDVH�IRU�������86'$�)RUHVW�6HUYLFH������D���)RU�
WKH�EDVHOLQH�FDVH��LW�LV�DVVXPHG�WKDW�RQO\�XQXVHG�PLOO�
UHVLGXHV�DUH�DYDLODEOH��VHH�WKH�GLVFXVVLRQ�LQ�&KDSWHU�
��FRQFHUQLQJ�³XVHG´�SULPDU\�PLOO�UHVLGXH���1HLWKHU�
WKH�)RUHVW�6HUYLFH�QRU�DQ\�RWKHU�IHGHUDO�DJHQF\�
V\VWHPDWLFDOO\�FROOHFWV�GDWD�RQ�VHFRQGDU\�PLOO�UHVLGXH��
2QH�RI�WKH�IHZ�HVWLPDWHV�RI�WKH�DPRXQW�RI�VHFRQGDU\�
PLOO�UHVLGXH�DYDLODEOH�LV�SURYLGHG�E\�5RRQH\��������
DQG�VXEVHTXHQWO\�UHYLVHG�E\�)HKUV���������)HKUV�
HVWLPDWHV�WKDW�DERXW������PLOOLRQ�GU\�WRQV�LV�JHQHUDWHG�
DQQXDOO\��ZLWK�DERXW�����RI�WKLV�SRWHQWLDOO\�DYDLODEOH�
DQG�UHFRYHUDEOH��7KH�UHPDLQLQJ�IUDFWLRQ�LV�XVHG�WR�
PDNH�KLJKHU�YDOXHG�SURGXFWV��LV�XVHG�RQVLWH�WR�PHHW�
VRPH�HQHUJ\�QHHGV��VXFK�DV�KHDW�IRU�GU\LQJ�RSHUDWLRQV���
RU�LV�QRW�DYDLODEOH�IRU�RWKHU�UHDVRQV��7DEOH�����SURYLGHV�
SURMHFWHG�FRQVXPSWLRQ�RI�FXUUHQWO\�XVHG�SULPDU\�DQG�
VHFRQGDU\�PLOO�UHVLGXH��&XUUHQWO\��WKHUH�DUH�DERXW����
PLOOLRQ�GU\�WRQV�EHLQJ�XVHG��PRVWO\�IRU�HQHUJ\��,W�LV�
HVWLPDWHG�WKDW�E\����������PLOOLRQ�GU\�WRQV�ZLOO�EH�
FRQVXPHG�

)RU�WKH�XQXVHG�UHPDLQLQJ�PLOO�UHVLGXH��LW�LV�DVVXPHG�
WKDW�WKHVH�UHVLGXHV�FDQ�EH�SXUFKDVHG�DW�WKH�PLOO�IRU�����
SHU�GU\�WRQ�RU�OHVV��ZKLFK�LV�FRPSDUDEOH�WR�WKH�GLVSRVDO�

FRVW�LI�WKHUH�DUH�QR�PDUNHWV�DYDLODEOH��'HOLYHUHG�SULFHV�
FRXOG�EH�PXFK�KLJKHU��HVSHFLDOO\�IRU�VHFRQGDU\�PLOO�
UHVLGXH�ZKHUH�IDFLOLWLHV�DUH�VPDOO��GLVSHUVHG��DQG�
RSHUDWH�VHDVRQDOO\��)LJXUH��������7DEOH�����VKRZV�
WKDW�WKHUH�DUH�����PLOOLRQ�GU\�WRQV�RI�SULPDU\�PLOO�
UHVLGXHV�DQG�����PLOOLRQ�GU\�WRQV�RI�VHFRQGDU\�PLOO�
UHVLGXHV�DQQXDOO\�DW�WKLV�PLOO�SULFH��,W�LV�DVVXPHG�WKDW�
DQ\�UHVLGXH�DVVRFLDWHG�ZLWK�LQFUHDVHG�IXWXUH�GHPDQG�
IRU�SULPDU\�DQG�VHFRQGDU\�ZRRG�SURGXFWV�LV�RIIVHW�E\�
JUHDWHU�PLOO�HI¿FLHQFLHV�DQG�D�FRQWLQXHG�LQFUHDVH�LQ�WKH�
XVH�RI�WKLV�PDWHULDO�IRU�E\SURGXFWV��$W�D�SULFH�DERYH�
����SHU�GU\�WRQ��WKH�WRWDO�DYDLODEOH�XVHG�DQG�XQXVHG�
PLOO�UHVLGXH�LV�DERXW����PLOOLRQ�GU\�WRQV��7KHUH�DUH�QR�
VFHQDULRV�EH\RQG�WKH�EDVHOLQH��

3.4.3 Pulping Liquors
$V�H[SODLQHG�LQ�&KDSWHU����WKH�FRPEXVWLEOH�FKHPLFDO�
E\SURGXFWV��VXFK�DV�EODFN�OLTXRU�IURP�SXOSLQJ�
IDFLOLWLHV��DUH�FXUUHQWO\�XVHG�IRU�HQHUJ\�SURGXFWLRQ�DQG�

DUH�QRW�FRXQWHG�DV�DQ�DGGLWLRQDO�IHHGVWRFN�UHVRXUFH��
7KH�DYDLODEOH�DPRXQW�LV����PLOOLRQ�GU\�WRQV��ZLWK�
SURMHFWLRQV�WR����PLOOLRQ�GU\�WRQV�LQ������

Conversion facility Figure 3.14

(Courtesy of ORNL)
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3.5 Urban Wood Wastes
7KH�WZR�PDMRU�VRXUFHV�RI�XUEDQ�ZRRG�UHVLGXHV�DUH�WKH�
ZRRG\�FRPSRQHQWV�RI�06:�DQG�&	'�ZDVWH�ZRRG��
06:�VRXUFH�FRQVLVWV�RI�D�YDULHW\�RI�LWHPV��UDQJLQJ�
IURP�RUJDQLF�IRRG�VFUDSV�WR�GLVFDUGHG�IXUQLWXUH��
SDFNDJLQJ�PDWHULDOV��WH[WLOHV��EDWWHULHV��DSSOLDQFHV��
DQG�RWKHU�PDWHULDOV��,Q�����������PLOOLRQ�WRQV�RI�
06:�ZHUH�JHQHUDWHG��(3$���������$ERXW�����RI�WKH�
WRWDO�TXDQWLW\�JHQHUDWHG�ZDV�GLVFDUGHG�LQ�PXQLFLSDO�
ODQG¿OOV��7KH�UHPDLQGHU�ZDV�HLWKHU�UHF\FOHG��PDGH�LQWR�
FRPSRVW��RU�FRPEXVWHG�IRU�HQHUJ\�UHFRYHU\��&RQWDLQHUV�
DQG�SDFNDJLQJ�DUH�WKH�VLQJOH�ODUJHVW�FRPSRQHQW�RI�
06:��WRWDOLQJ�VRPH����PLOOLRQ�WRQV��RU������RI�WKH�
WRWDO��'XUDEOH�JRRGV�DUH�WKH�VHFRQG�ODUJHVW�SRUWLRQ��
DFFRXQWLQJ�IRU�����RI�WRWDO�06:�JHQHUDWHG��<DUG�
WULPPLQJV�DUH�WKH�WKLUG�ODUJHVW�SRUWLRQ�DQG�DFFRXQW�IRU�
DERXW����PLOOLRQ�WRQV��RU������RI�WKH�WRWDO�

7KH�ZRRG�FRPSRQHQW�RI�FRQWDLQHUV�DQG�SDFNDJLQJ�
DQG�GXUDEOH�JRRGV��H�J���OXPEHU�VFUDSV�DQG�GLVFDUGHG�
IXUQLWXUH��LV�VOLJKWO\�PRUH�WKDQ����PLOOLRQ�WRQV��(3$��
�������$FFRUGLQJ�WR�)DON�DQG�0F.HHYHU���������
DERXW�����RI�WKLV�PDWHULDO�LV�UHF\FOHG�DQG�����
LV�FRPEXVWHG�IRU�HQHUJ\�UHFRYHU\��7KH�UHPDLQLQJ�
PDWHULDO�LV�GLVFDUGHG�DQG�ODQG�¿OOHG��$ERXW�RQH�WKLUG�
RI�WKLV�GLVFDUGHG�PDWHULDO�LV�XQDFFHSWDEOH�IRU�UHFRYHU\�
EHFDXVH�RI�FRQWDPLQDWLRQ��FRPPLQJOLQJ�ZLWK�RWKHU�
ZDVWHV��RU�RWKHU�UHDVRQV��VXFK�DV�VL]H�DQG�GLVWULEXWLRQ�
RI�WKH�PDWHULDO��0F.HHYHU���������7KH�UHPDLQGHU�WKDW�
LV�SRWHQWLDOO\�DYDLODEOH�IRU�ELRHQHUJ\�WRWDOV�DERXW�����
PLOOLRQ�GU\�WRQV�DQQXDOO\�

<DUG�DQG�WUHH�WULPPLQJV�DUH�WKH�RWKHU�ZRRG\�
FRPSRQHQW�RI�06:��&XUUHQWO\��DERXW����PLOOLRQ�WRQV�
DUH�JHQHUDWHG�DQQXDOO\��ZLWK�QHDUO\����PLOOLRQ�WRQV�RI�
WKLV�DPRXQW�UHFRYHUHG��(3$���������,Q�WKLV�XSGDWH�DQ�
DGGLWLRQDO�����PLOOLRQ�GU\�WRQV�RI�ZRRG�LV�DVVXPHG�
UHFRYHUDEOH�DQG�DYDLODEOH�IRU�ELRHQHUJ\�DSSOLFDWLRQV�
DIWHU�DFFRXQWLQJ�IRU�TXDQWLWLHV�WKDW�DUH�OLNHO\�WR�EH�
FRPSRVWHG��FRPEXVWHG��UHF\FOHG��RU�FRQWDPLQDWHG�DQG�
XQDYDLODEOH��7KH�IUDFWLRQV�FRPSRVWHG��FRPEXVWHG��
DQG�FRQWDPLQDWHG�DUH�EDVHG�RQ�WHFKQLFDO�FRHI¿FLHQWV�
GHYHORSHG�E\�0F.HHYHU��������

7KH�RWKHU�SULQFLSDO�VRXUFH�RI�XUEDQ�ZRRG�UHVLGXH�LV�

&	'�GHEULV��&	'�ZRRG�ZDVWH�LV�JHQHUDWHG�GXULQJ�
WKH�FRQVWUXFWLRQ�RI�QHZ�EXLOGLQJV�DQG�VWUXFWXUHV��
WKH�UHSDLU�DQG�UHPRGHOLQJ�RI�H[LVWLQJ�EXLOGLQJV�DQG�
VWUXFWXUHV��DQG�WKH�GHPROLWLRQ�RI�H[LVWLQJ�EXLOGLQJV�
DQG�VWUXFWXUHV��0F.HHYHU���������7KHVH�PDWHULDOV�DUH�
FRQVLGHUHG�VHSDUDWHO\�IURP�06:�EHFDXVH�WKH\�FRPH�
IURP�PDQ\�GLIIHUHQW�VRXUFHV��7KHVH�GHEULV�PDWHULDOV�DUH�
FRUUHODWHG�ZLWK�HFRQRPLF�DFWLYLW\��H�J���KRXVLQJ�VWDUWV���
SRSXODWLRQ��GHPROLWLRQ�DFWLYLW\��DQG�WKH�H[WHQW�RI�
UHF\FOLQJ�DQG�UHXVH�SURJUDPV��7KH�XSGDWHG�HVWLPDWHV�
RI�&	'�GHEULV�ZDVWHV�WRWDO�DERXW������PLOOLRQ�GU\�WRQV��
$ERXW�����PLOOLRQ�GU\�WRQV�DUH�FRQVWUXFWLRQ�GHEULV��
DQG������PLOOLRQ�GU\�WRQV�DUH�GHPROLWLRQ�GHEULV��7KHVH�
HVWLPDWHV�DUH�EDVHG�RQ�WHFKQLFDO�FRHI¿FLHQWV�GHYHORSHG�
E\�0F.HHYHU���������7KH\�DUH�VOLJKWO\�KLJKHU�WKDQ�WKH�
�����BTS�HVWLPDWHV�EHFDXVH�RI�FKDQJHV�LQ�SRSXODWLRQ�
DQG�HFRQRPLF�DFWLYLW\�

06:�ZRRG�ZDVWH�DORQJ�ZLWK�&	'�GHEULV�WRJHWKHU�
VXP�WR�QHDUO\����PLOOLRQ�GU\�WRQV�SHU�\HDU�DV�
SRWHQWLDO�HQHUJ\�IHHGVWRFNV��$V�QRWHG�E\�0F.HHYHU�
��������PDQ\�IDFWRUV�DIIHFW�WKH�DYDLODELOLW\�RI�XUEDQ�
ZRRG�UHVLGXHV��VXFK�DV�VL]H�DQG�FRQGLWLRQ�RI�WKH�
PDWHULDO��H[WHQW�RI�FRPPLQJOLQJ�ZLWK�RWKHU�PDWHULDOV��
FRQWDPLQDWLRQ��ORFDWLRQ�DQG�FRQFHQWUDWLRQ��DQG�FRVWV�
DVVRFLDWHG�ZLWK�DFTXLVLWLRQ��WUDQVSRUW��DQG�SURFHVVLQJ��
$�PDS�RI�XUEDQ�ZRRG�ZDVWHV�DYDLODELOLW\�LV�VKRZQ�LQ�
)LJXUH������

,Q�WKH�SUHYLRXV�FKDSWHU��7DEOH�������WKH�FXUUHQWO\�XVHG�
06:�ZRRG�ZDV�HVWLPDWHG�DW����PLOOLRQ�GU\�WRQV�
DQQXDOO\�DQG�SURMHFWHG�WR�LQFUHDVH�WR����PLOOLRQ�GU\�
WRQV�SHU�\HDU�E\�������,Q�WKLV�FKDSWHU��WKH�XQXVHG�06:�
ZRRG�DQG�\DUG�WULPPLQJ�ZDVWHV�WRWDO����PLOOLRQ�GU\�
WRQV��DQG��WKH�XQXVHG�&	'�GHEULV�ZRRG�FRXOG�SURYLGH�
DQ�DGGLWLRQDO������PLOOLRQ�GU\�WRQV��)XWXUH�TXDQWLWLHV�
RI�XQXVHG�XUEDQ�ZRRG�ZDVWHV��06:�DQG�&	'�
VRXUFHV��ZLOO�QR�GRXEW�ULVH�DV�SRSXODWLRQ�LQFUHDVHV��
KRZHYHU��WKH�LQFUHDVH�ZLOO�OLNHO\�EH�OHVV�RZLQJ�WR�
RQJRLQJ�ZDVWH�UHFRYHU\�HIIRUWV�DQG�KLJKHU�ODQG¿OO�
GLVSRVDO�FRVWV��)RU�FRQVWUXFWLRQ�ZDVWH��LW�LV�OLNHO\�WKDW�
KLJKHU�IUDFWLRQV�ZLOO�EH�UHF\FOHG�DQG�UHXVHG��DQG�WKHUH�
ZLOO�EH�JUHDWHU�XVH�RI�HQJLQHHUHG�OXPEHU��ZKLFK�ZLOO�
UHGXFH�GLPHQVLRQDO�OXPEHU�XVH�DQG�DOVR�PDNH�OHVV�
ZDVWH�DYDLODEOH��)RU�GHPROLWLRQ�ZDVWHV��LPSURYHG�
UHF\FOLQJ�DQG�UHXVH�HIIRUWV�VKRXOG�OHDG�WR�LQFUHDVHV�
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LQ�WKH�QXPEHU�RI�EXLOGLQJV�GHFRQVWUXFWHG�DV�RSSRVHG�
WR�GHPROLVKHG��ZKLFK�ZLOO�WHQG�WR�ORZHU�TXDQWLWLHV�RI�
ZDVWH�ZRRG�DYDLODEOH�IRU�ELRHQHUJ\��)RU�WKHVH�UHDVRQV��
IXWXUH�TXDQWLWLHV�RI�XUEDQ�ZRRG�ZDVWHV�DUH�DVVXPHG�WR�
LQFUHDVH�DW�RQH�KDOI�RI�WKH�UDWH�RI�SRSXODWLRQ�JURZWK�

7DEOH�����VKRZV�WKH�VXSSO\�VFKHGXOH�IRU�XUEDQ�ZRRG�
ZDVWHV�E\�06:�DQG�&	'�FDWHJRULHV��$V�QRWHG��WKH�
WRWDO�SRWHQWLDO�UHVRXUFH�LV�HVWLPDWHG�DW����DQG������
PLOOLRQ�GU\�WRQV�IRU�06:�ZRRG�ZDVWHV�DQG�&	'�
ZRRG�ZDVWH�DW�SULFHV�JUHDWHU�WKDQ�����SHU�GU\�WRQ��
UHVSHFWLYHO\��$V�H[SODLQHG�E\�:DOVK���������WKH�
TXDQWLW\�RI�XUEDQ�ZRRG�ZDVWHV�DYDLODEOH�DW�JLYHQ�
SULFHV�GHSHQGV�RQ�PDQ\�IDFWRUV��&KLHI�IDFWRUV�LQFOXGH�
ZKHWKHU�WKH�PDWHULDOV�DUH�FROOHFWHG�DV�PL[HG�ZDVWHV�RU�
DUH�VRXUFH�VHSDUDWHG�DQG�WKH�SUHYDLOLQJ�ODQG¿OO�WLSSLQJ�
IHHV��L�H���WKH�OHYHOL]HG�FRVWV�RI�RSHUDWLQJ�D�ODQG¿OO���
3ULFHV�WR�DFTXLUH�WKHVH�PDWHULDOV�FRXOG�EH�YHU\�ORZ�LI�
FROOHFWHG�DV�PL[HG�ZDVWHV�DQG�ZKHUH�ODQG¿OO�WLSSLQJ�
IHHV��DYRLGHG�FRVWV��DUH�KLJK��,Q�WKLV�XSGDWH��WKH�SULFHV�

WR�DFTXLUH�XUEDQ�ZRRG�ZDVWHV�DUH�EDVHG�RQ�WKH�UHVXOWV�
RI�:DOVK���������7KH�UHSRUW�DVVXPHV�WKDW�DERXW�����
RI�WKH�06:�ZRRG�ZDVWH�FDQ�EH�DFTXLUHG�IRU�����SHU�
GU\�WRQ�RU�OHVV������DW�����SHU�GU\�WRQ�RU�OHVV��DQG�
����DW�����SHU�GU\�WRQ�RU�OHVV��$OO�RI�WKH�LGHQWL¿HG�
06:�ZRRG�LV�DVVXPHG�WR�EH�DYDLODEOH�DW�����SHU�GU\�
WRQ�RU�OHVV��)RU�&	'�ZRRG�ZDVWHV��LW�LV�DVVXPHG�WKDW�
���������������DQG������DUH�DYDLODEOH�DW�����������
�����DQG�����SHU�GU\�WRQ��UHVSHFWLYHO\��,Q�WRWDO��06:�
ZRRG�LV�DERXW����PLOOLRQ�GU\�WRQV�DW�����SHU�GU\�WRQ�
RU�OHVV��7KLV�TXDQWLW\�LQFOXGHV�WKH����PLOOLRQ�GU\�WRQV�
FXUUHQWO\�XVHG��&KDSWHU����DQG����PLOOLRQ�GU\�WRQV�RI�
XQXVHG�06:�ZRRG�ZDVWHV��,Q�DGGLWLRQ��WKHUH�DUH������
PLOOLRQ�GU\�WRQV�RI�&	'�ZRRG�ZDVWHV�IRU�D�WRWDO�RI�
���PLOOLRQ�GU\�WRQV��7DEOH�����VKRZV�WKH�XUEDQ�ZRRG�
ZDVWH�VXSSOLHV�DQG�7DEOH�����VKRZV�FXUUHQW�DQG�IXWXUH�
VXSSOLHV�DW�VHOHFWHG�SULFHV�DQG�IXWXUH�\HDUV�

Spatial availability of urban wood waste (municipal solid waste and 
construction and demolition wood residues)Figure 3.15

(Courtesy of ORNL)
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3.6 Conventionally Sourced 
Wood – Pulpwood-Sized  
Roundwood
7KH������BTS��DV�ZHOO�DV�PRVW�RI�WKLV�XSGDWH��RQO\�
FRQVLGHUV�QRQ�PHUFKDQWDEOH�DQG�ZDVWH�ZRRG\�
UHVRXUFHV��$�¿QDO�UHVRXUFH�DGGHG�WR�WKH�XSGDWH�LV�
FRQYHQWLRQDOO\�VRXUFHG�ZRRG��ZKLFK�LV�ZRRG�WKDW�
KDV�D�FRPPHUFLDO�YDOXH�IRU�RWKHU�XVHV�EXW�LV�XVHG�DV�
DQ�HQHUJ\�IHHGVWRFN�LQVWHDG�EHFDXVH�RI�FRPSHWLWLYH�
PDUNHW�FRQGLWLRQV��,Q�UHDOLW\��RQO\�WKH�SXOSZRRG�VL]HG�
URXQGZRRG�ZRXOG�EH�XVHG�IRU�ELRPDVV�DQG�SUREDEO\�
MXVW�WKH�VPDOOHU�GLDPHWHU�SXOSZRRG�VL]HG�WUHHV�

,I�SXOSZRRG�VL]HG�PDWHULDO�LV�XVHG�DV�ELRPDVV�IRU�
ELRHQHUJ\��LW�ZLOO�PRVW�OLNHO\�EH�REWDLQHG�WKURXJK�
WZR�DSSURDFKHV������IURP�³DGGLWLRQDO�KDUYHVWV´�RI�
SXOSZRRG�VL]HG�WUHHV�DQG�ELRPDVV�WRJHWKHU�LQ�WKLQQLQJ�
RSHUDWLRQV�WKDW�DUH�LQ�DGGLWLRQ�WR�WKH�SUHYLRXVO\�
GLVFXVVHG�WKLQQLQJV�DQG�����IURP�D�VKLIW�RI�ZRRG�

EHLQJ�FXW�IRU�SXOSZRRG�IURP�FXUUHQW�XVHV�LQWR�XVHV�
IRU�ELRHQHUJ\��L�H���³SXOSZRRG�VXSSO\´���%RWK�DUH�
UHIHUUHG�WR�DV�FRQYHQWLRQDOO\�VRXUFHG�ZRRG�EHFDXVH�
WKH�SXOSZRRG�VL]HG�WUHHV�DUH�XVXDOO\�KDUYHVWHG�IRU�
FRQYHQWLRQDO�SURGXFWV��VXFK�DV�SDSHU�DQG�SDQHOV��
7R�HQVXUH�VXVWDLQDELOLW\�LQ�WKH�DGGLWLRQDO�KDUYHVWV��
SXOSZRRG�KDUYHVWV�ZHUH�UHVWULFWHG�WR�RQO\�UHPRYLQJ�WKH�
DQQXDO�JURZWK��ZKLFK�PHDQV��QRW�UHGXFLQJ�LQYHQWRU\�
�XVLQJ�WKH������KDUYHVW�OHYHOV�IURP�6PLWK�HW�DO����������
:KHQ�XVLQJ�SXOSZRRG�WR�VXSSO\�ELRHQHUJ\��WKH�VKLIW�
IURP�SXOSZRRG�WR�ELRHQHUJ\�ZDV�UHVWULFWHG�WR�����RI�
WKH������SXOSZRRG�KDUYHVW�EHFDXVH�RI�WKH�XQGHUO\LQJ�
DVVXPSWLRQV�LQ�WKH�DQDO\VHV��7KH�DVVXPSWLRQV�DUH�
H[SODLQHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

 

3.6.1 Use of Pulpwood Stumpage  
Supply and Stumpage Demand Curves
7R�HVWLPDWH�VXSSO\�IURP�DGGLWLRQDO�KDUYHVWV��LW�
LV�DVVXPHG�WKDW�WKHUH�ZLOO�EH�DGGLWLRQDO�WKLQQLQJ�
RSHUDWLRQV�WKDW�DUH�VHSDUDWH�IURP�LQWHJUDWHG�KDUYHVWLQJ�
RSHUDWLRQV�WKDW�WDNH�SXOSZRRG�VL]HG�WUHHV�DQG�
DVVRFLDWHG�ELRPDVV��WRSV�DQG�EUDQFKHV��LQ�D�JLYHQ�
UHJLRQ��7KHVH�DGGLWLRQDO�WKLQQLQJ�RSHUDWLRQV��LQ�
UHVSRQVH�WR�LQFUHDVLQJ�GHPDQG�IRU�ZRRG�IRU�ELRHQHUJ\��
PRYH�XS�WKH�H[LVWLQJ�SXOSZRRG�VWXPSDJH�VXSSO\�
FXUYH��VHH�)LJXUH�������IRU�HDFK�VWDWH�DQG�LQFUHDVH�
WKH�PDUJLQDO�VWXPSDJH�SULFH��4��WR�4��DQG�3��WR�
3����$V�WKH�VWXPSDJH�SULFH�LQFUHDVHV��DQ�DPRXQW�RI�
SXOSZRRG�SUHYLRXVO\�GHPDQGHG�DQG�XVHG�LV�GLYHUWHG�
IURP�LQWHJUDWHG�KDUYHVWLQJ�RSHUDWLRQV�WR�ELRHQHUJ\�XVH��
7KLV�FRUUHVSRQGV�WR�DQ�DPRXQW�REWDLQHG�E\�VKLIWLQJ�
VWXPSDJH�SULFH�XSZDUG�RQ�WKH�SXOSZRRG�GHPDQG�FXUYH�
�3��WR�3��DQG�4��WR�4����7KH�VLPSOLI\LQJ�DVVXPSWLRQ�
IRU�WKH�WLPH�SHULRG�FRYHUHG�E\�WKH�VXSSO\�HVWLPDWH�LV�
WKDW�WKHUH�LV�OLWWOH�VKLIW�LQ�WKH�SXOSZRRG�VXSSO\�FXUYH�
RU�LQ�WKH�SXOSZRRG�GHPDQG�FXUYH�IRU�SXOS�RU�SDQHO�
SURGXFWLRQ��VHH�7H[W�%R[�������,Q�UHDOLW\��VXSSO\�
FXUYHV�ZLOO�VKLIW�ZLWK�FKDQJHV�LQ�WKH�DPRXQW�DQG�DJH�
FRPSRVLWLRQ�RI�WLPEHU�LQYHQWRU\�DQG�WHFKQRORJ\��$OVR�

WKH�GHPDQG�FXUYH�ZLOO�VKLIW�ZLWK�D�QXPEHU�RI�GULYHUV��
LQFOXGLQJ�WKH�OHYHO�RI�*URVV�'RPHVWLF�3URGXFW�DQG�
VWUHQJWK�RI�WKH�GROODU�UHODWLYH�WR�RWKHU�FXUUHQFLHV��ZKLFK�
ZLOO�LQÀXHQFH�GHPDQG�IRU�SXOS��SDSHU��DQG�FRPSRVLWH�
SDQHO�H[SRUWV�

S
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Theoretical pulpwood supply  
model for biomass  Figure 3.16

P
ri

ce
 (

$/
d

t)

P – Price       D – Demand 
S – Supply    Q – Quantity

(Courtesy of ORNL)
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The conventionally sourced supply curve was developed holding the supply function constant over time, which means that 
supply does not change in response to changing inventory, changes in pulpwood demand for pulp and panels, or change 
INÏPRODUCTÏIMPORTS�Ï4HISÏAPPROACHÏWASÏDONEÏFORÏSIMPLICITYÏANDÏCONVENIENCE�ÏRECOGNIZINGÏTHEÏLACKÏOFÏAÏSUFlCIENTÏMODELÏTOÏ
PROJECTÏFUTUREÏSUPPLYÏCHANGES�Ï&UTUREÏSUPPLYÏOFÏPULPWOODÏFORÏBIOENERGYÏWILLÏBEÏINmUENCEDÏBYÏTHEÏOUTWARDÏSHIFTÏOFÏPULPWOODÏ
supply curves (more wood becomes available at a given cost) in each region and by shifts in demand curves (outward shift 
would mean an increase in demand amount for a given price). 

4HEÏOUTWARDÏSHIFTÏINÏPULPWOODÏSUPPLYÏCURVESÏINÏEACHÏREGIONÏWILLÏBEÏINmUENCEDÏINÏPARTÏBYÏINCREASESÏINÏAVAILABLEÏINVENTORYÏOFÏ
pulpwood-sized trees. The 2005 RPA Timber Assessment projects increases in some regions and decreases in other regions 
for pole timber-sapling acres and young sawtimber acres on timberlands privately owned (Haynes et al., 2007, Table 39). 

The most notable increase between 2006 and 2020 is for softwood poletimber in the North (13%) and young softwood 
sawtimber in the West (20%). The U.S. average change in private pole timber acres between 2006 and 2020 is minus 5% 
and for young sawtimber acres, plus 1%. The changes in acres through 2030 are minus 18% for pole timber and minus 2% 
for young sawtimber. Volume of timber could be increasing more than the change in acres coming into the timber size class 
because of a higher density of timber. The total inventory of sawtimber and non-sawtimber for the North, South, and West 
is projected to increase from 2006 to 2020 by 10%–12% and 15%–19% by 2030. These shifts in acres and inventory of 
standing timber would tend to shift pulpwood supply curves outward by 2030 in major regions by amounts on the order of 
20%. Shifts could be larger in subregions.

The pulpwood demand curves, demand for pulp and panels, in each region will be shifted outward with increases in 
ECONOMICÏACTIVITYÏTHATÏDEMANDSÏPAPERÏ�E�G��ÏOFlCEÏUSE�ÏSHIPPING	ÏANDÏCOMPOSITEÏPANELÏPRODUCTSÏ�E�G��ÏBUILDINGS	�Ï4HESEÏ
outward shifts, shifts that increase demand for traditional products at a given price, will decrease biomass supply 
available for bioenergy and tend to offset supply increases due to outward shifts in the pulpwood supply curves. 
Alternately, if pulpwood demand decreases, or more pulpwood, pulp, paper, or composite panels are imported, then more 
of the pulpwood supply at a given price will be available for bioenergy. 

Projections from the 2005 RPA Timber Assessment (Haynes et al., 2007, Table 11) indicate that hardwood pulpwood 
supply curves for the South would be shifting outward more rapidly than outward shifts in demand curves as evidenced by 
decreasing pulpwood prices through 2020, but by 2030, the outward supply shift would slow relative to outward shifting 
demand, and price would increase to the 2006 level. This suggests economic availability of hardwood pulpwood in the 
South by 2030 could be similar to 2006 if these projections are approximately correct. Projections suggest softwood 
pulpwood supply curves’ outward shift would lag outward shifts in demand through 2020 as evidenced by the increasing 
pulpwood price by 2020; then, supply shifts would exceed demand shifts as indicated by the decreasing price through 2030 
when price may be lower than the 2006 level.  

With the current economic downturn of pulpwood demand levels, there may be less demand than projected in the 2005 
RPA Assessment through 2020 or 2030. In this case, pulpwood-sized material needed for pulp, paper and panels would be 
less than projected. Then, more wood would be available for bioenergy, which would result in more conventionally sourced 
wood going to bioenergy that could match or exceed a 20% increase (for a given price) in response to a 20% increase in 
timber inventory. 

It should be pointed out that the 2005 RPA Timber Assessment was developed without expectations of an economic 
downturn and notably expanding bioenergy markets. A better analysis of these dynamics will be forthcoming in the 2011 
RPA Forest Resources Assessment. The updated BTS analysis likely indicates a conservative estimate of pulpwood supply 
compared to supply in the future.

TEXT BOX 3.8  |  ESTIMATING FUTURE SUPPLIES OF PULPWOOD FOR BIOENERGY
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Estimating pulpwood supply from additional 
harvest. 7KH�LQLWLDO�VWHS��VHH�)LJXUH�������WR�HVWLPDWLQJ�
FRXQW\�OHYHO�SXOSZRRG�VXSSO\�FXUYHV�IURP�DGGLWLRQDO�
WKLQQLQJ�RSHUDWLRQV�LV�WR�VSHFLI\�D�QHZ�KLJKHU�UHJLRQDO�
OHYHO�VWXPSDJH�SULFH��IRU�H[DPSOH������KLJKHU�WKDQ�
WKH�EDVH�SULFH��3��WR�3���DQG�QRWH�WKH�TXDQWLW\�REWDLQHG�
ZLOO�PRYH�XS�WKH�VXSSO\�FXUYH��4��WR�4����1H[W��WKH�
UHJLRQDO�OHYHO�TXDQWLW\�RI�SXOSZRRG�DQG�ELRPDVV�LV�
DOORFDWHG�WR�FRXQWLHV�EDVHG�RQ�ORZHVW�KDUYHVW�DQG�
WUDQVSRUW�FRVWV�WR�URDGVLGH��(DFK�FRXQW\�TXDQWLW\�LV�
DVVLJQHG�D�URDGVLGH�SULFH�HTXDO�WR�KDUYHVW�FRVW�SOXV�WKH�
VWDWH�OHYHO�VWXPSDJH�SULFH��7KH�SURFHVV�LV�UHSHDWHG�IRU�
VXFFHVVLYH�LQFUHDVHV�LQ�WKH�UHJLRQDO�OHYHO�VWXPSDJH�
SULFH�WR�IRUP�FRXQW\�OHYHO�VXSSO\�FXUYHV�

7KH�SXOSZRRG�KDUYHVW�SULFHV�DUH�HVWLPDWHG�E\�¿UVW�
VLPXODWLQJ�WKLQQLQJV�RQ�KLJKHU�GHQVLW\��KLJKHU�6',��
),$�SORWV�XVLQJ�GLDPHWHU�OLPLW�DJHG�VLOYLFXOWXUDO�
SUHVFULSWLRQV�WKDW�JUDGXDOO\�UHPRYH�GLDPHWHU�FODVVHV�
XQWLO�WKH�6',�WDUJHW�LV�PHW��7KH�WKLQQLQJV�RQO\�UHPRYH�
SXOSZRRG�VL]HG�DQG�VPDOOHU�WUHHV��ZKHUH�SXOSZRRG�
VL]HG�WUHHV�DUH�GH¿QHG�DV�WUHHV��±��LQFKHV�GEK�LQ�WKH�
1RUWK�DQG�6RXWK��DQG��±��LQFKHV�GEK�LQ�WKH�:HVW��
7KH�)5&6�PRGHO�LV�XVHG�WR�HVWLPDWH�KDUYHVW�FRVWV�WR�
UHPRYH�SXOSZRRG�VL]HG�WUHHV�SOXV�ELRPDVV��:KHQ�
DOORFDWLQJ�UHJLRQDO�SXOSZRRG�VXSSO\�DPRXQW��DW�D�
JLYHQ�UHJLRQDO�VWXPSDJH�SULFH��WR�WKH�FRXQW\�OHYHO��WKH�
DPRXQW�LV�DOORFDWHG�WR�FRXQWLHV�XVLQJ�TXDQWLWLHV�DQG�
KDUYHVW�FRVWV�ZKHUH�KDUYHVW�FRVWV�DUH�WKH�ORZHVW��$V�
PRUH�SXOSZRRG�LV�VXSSOLHG�DW�KLJKHU�UHJLRQDO�VWXPSDJH�
SULFHV��LW�LV�DOORFDWHG�WR�FRXQWLHV�ZKHUH�KDUYHVW�FRVWV�
DUH�KLJKHU�

$�FRUQHUVWRQH�RI�WKLV�PHWKRG�LV�D�VHW�RI�HVWLPDWHV�IRU�
HODVWLFLW\�RI�SXOSZRRG�VXSSO\�TXDQWLW\�DQG�GHPDQG�
TXDQWLW\�ZLWK�UHVSHFW�WR�FKDQJHV�LQ�SXOSZRRG�VWXPSDJH�
SULFH��REWDLQHG�IURP�D�UHYLHZ�RI�OLWHUDWXUH���7KH�
HODVWLFLW\�HVWLPDWHV�IURP�WKH�OLWHUDWXUH�DUH�PDGH�XVLQJ�
WLPH�VHULHV�GDWD�ZKHUH�TXDQWLW\�DQG�SULFH�YDU\�RYHU 
D�FHUWDLQ�UDQJH�DQG�XVH�HFRQRPHWULF�HTXDWLRQ�IRUPV��
ZKLFK�OLPLW�WKHLU�XVH�DQG�DSSOLFDWLRQ��7\SLFDOO\��WKH�
SULFH�DQG�TXDQWLW\�GDWD�DUH�DQQXDO��DQG�WKH�SHUFHQWDJH�
FKDQJH�LQ�SULFHV�RYHU�WKH�HQWLUH�WLPH�VHULHV�LV�OHVV�WKDQ�
�����0RVW�RI�WKH�HFRQRPHWULF�HTXDWLRQ�IRUPV�GR�QRW�
GLVWLQJXLVK�EHWZHHQ�HODVWLFLW\�ZLWK�UHVSHFW�WR�SULFH�LQ�
WKH�VKRUW�WHUP��URXJKO\�D�\HDU�RU�OHVV��YHUVXV�TXDQWLW\�
UHVSRQVH�LQ�WKH�ORQJ�WHUP��PRUH�WKDQ�RQH�\HDU��ZKHUH�
FDSLWDO�LQYHVWPHQWV�PD\�RFFXU�WKDW�ZLOO�LQÀXHQFH�

VXSSO\�RU�GHPDQG�UHVSRQVH�WR�SXOSZRRG�SULFH�FKDQJH��
*LYHQ�WKDW�VKRUW�WHUP�HODVWLFLWLHV�DUH�JHQHUDOO\�QRW�
HVWLPDWHG��WKH�HODVWLFLWLHV�IRXQG�LQ�WKH�OLWHUDWXUH�UHÀHFW�
UHVSRQVHV�WR�SULFHV�WKDW�ZLOO�RFFXU�RYHU�VHYHUDO�\HDUV�

(VWLPDWHG�KLVWRULFDO�DYHUDJH�SXOSZRRG�VXSSO\�HODVWLFLW\�
ZLWK�UHVSHFW�WR�VWXPSDJH�SULFH�IRU�WKH�8�6��6RXWK�LV�
VXJJHVWHG�WR�EH�DERXW�������DV�LQGLFDWHG�E\�UHVXOWV�RI�
VL[�VWXGLHV��1HZPDQ��������&DUWHU��������1HZPDQ�DQG�
:HDU��������3UHVWHPRQ�DQG�:HDU��������3RO\DNRY�HW�
DO���������/DR�DQG�=KDQJ���������(ODVWLFLW\�HVWLPDWHV�
IURP�VWXGLHV�WKDW�FRYHUHG�WKH�HQWLUH�6RXWK�UDQJH�IURP�
�����WR�������7KHVH�DUH�DYHUDJHV�IRU�ERWK�KDUGZRRGV�
DQG�VRIWZRRGV�IRU�DOO�ODQG�ZKHUH�PRVW�VXSSO\�ZDV�
IURP�SULYDWH�ODQG��:KLOH�SXOSZRRG�VXSSO\�HODVWLFLW\�
HVWLPDWHV�DUH�QRW�DYDLODEOH�H[SOLFLWO\�IRU�WKH�1RUWK�DQG�
:HVW��DQ�HVWLPDWH�ZLWKLQ�WKLV�UDQJH�LV�FRQVLVWHQW�ZLWK�
HVWLPDWHV�RI�VXSSO\�HODVWLFLW\�ZLWK�UHVSHFW�WR�VWXPSDJH�
SULFH�IRU�DOO�WLPEHU�IURP�WZR�QDWLRQDO�VWXGLHV��$GDPV�
DQG�+D\QHV���������������7KHVH�WZR�VWXGLHV�HVWLPDWH�
WKDW�WKH�SULYDWH�WLPEHUODQG�DUHD�ZHLJKWHG�QDWLRQDO�
DYHUDJH�VXSSO\�HODVWLFLW\�IRU�DOO�WLPEHU�LQ�WKH�1RUWK�DQG�
:HVW�LV������WR�������,Q�DGGLWLRQ��VWXGLHV�IRU�WKH�6RXWK�
VXJJHVW�VXSSO\�HODVWLFLW\�IRU�VDZWLPEHU�DORQH�WR�EH�
�����WR�������/DR�DQG�=KDQJ��������1HZPDQ���������,I�
HODVWLFLW\�IRU�VDZWLPEHU�LQ�WKH�1RUWK�DQG�:HVW�LV�DERXW�
������WKHQ�SXOSZRRG�VXSSO\�HODVWLFLW\�LQ�WKH�1RUWK�DQG�
WKH�:HVW�LV�DERXW������,I�WKH�VDZWLPEHU�VXSSO\�HODVWLFLW\�
LQ�WKH�1RUWK�DQG�:HVW�LV�����KLJKHU�RU�ORZHU��WKH�
1RUWK�DQG�:HVW�SXOSZRRG�VXSSO\�HODVWLFLW\�FRXOG�UDQJH�
IURP������WR�������*LYHQ�WKH�ZLGH�UDQJH�DVVRFLDWHG�
ZLWK�WKHVH�HVWLPDWHV��D�SXOSZRRG�VXSSO\�HODVWLFLW\�RI�
�����LV�XVHG�IRU�DOO�VWDWHV��

*LYHQ�WKDW�WKHVH�HVWLPDWHV�DUH�EDVHG�RQ�ODUJH�DUHDV�
DQG�WKDW�SXOSZRRG�SULFHV�DUH�LQKHUHQWO\�ORFDOO\�GULYHQ��
LW�LV�FOHDU�WKDW�WKH�HVWLPDWHV�RI�TXDQWLW\�VXSSOLHG�IRU�
DQ\�JLYHQ�SULFH�DW�WKH�FRXQW\�OHYHO�FRXOG�YDU\�QRWDEO\�
IURP�DFWXDO�VXSSO\�TXDQWLWLHV�IRU�WKH�JLYHQ�SULFH��
7KH�HVWLPDWHV�DUH�RQO\�LQWHQGHG�DV�DQ�LQGLFDWRU�RI�
DSSUR[LPDWH�VXSSO\��ZKLFK�PD\�DLG�LQ�GHWHUPLQLQJ�
ZKHQ�PRUH�ORFDO�HVWLPDWHV�DUH�ZDUUDQWHG��*LYHQ�WKH�
XQFHUWDLQW\�LQ�WKH�VXSSO\�HODVWLFLW\�HVWLPDWHV�DQG�
FRQFHUQ�DERXW�VXVWDLQDELOLW\�RI�LQFUHDVHG�KDUYHVW�OHYHOV��
WKH�SRVVLEOH�DQQXDO�SXOSZRRG�VXSSO\�DW�WKH�UHJLRQDO�
OHYHO�LV�OLPLWHG�VR�DV�QRW�WR�H[FHHG�WKH�OHYHO�RI�DQQXDO�
WLPEHU��JURZLQJ�VWRFN��JURZWK�LQ�HDFK�VWDWH�HODVWLFLW\�
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HVWLPDWHV�DQG�FRQFHUQ�DERXW�VXVWDLQDELOLW\�RI�LQFUHDVHG�
KDUYHVW�OHYHOV��WKH�SRVVLEOH�DQQXDO�SXOSZRRG�VXSSO\�
DW�WKH�UHJLRQDO�OHYHO�LV�OLPLWHG�VR�DV�QRW�WR�H[FHHG�WKH�
OHYHO�RI�DQQXDO�WLPEHU��JURZLQJ�VWRFN��JURZWK�LQ�HDFK�
state. 

*LYHQ�WKH�XQFHUWDLQW\�LQ�WKH�VXSSO\�HODVWLFLW\�HVWLPDWHV�
DQG�FRQFHUQ�DERXW�VXVWDLQDELOLW\�RI�LQFUHDVHG�KDUYHVW�
OHYHOV��WKH�SRVVLEOH�DQQXDO�SXOSZRRG�VXSSO\�DW�WKH�
UHJLRQDO�OHYHO�LV�OLPLWHG�VR�DV�QRW�WR�H[FHHG�WKH�OHYHO�RI�
DQQXDO�WLPEHU��JURZLQJ�VWRFN��JURZWK�LQ�HDFK�VWDWH�

Pulpwood supply estimates diverted to bioenergy 
use��(VWLPDWHV�RI�DYHUDJH�SXOSZRRG�DQG�SDQHO�ZRRG�
GHPDQG�HODVWLFLW\�ZLWK�UHVSHFW�WR�VWXPSDJH�SULFH�DUH�
IRXQG�LQ�WZR�VWXGLHV²IRU�WKH�6RXWK�DV�D�ZKROH���������
DQG�IRU�7H[DV����������UHVSHFWLYHO\��1HZPDQ��������
&DUWHU���������$Q�HODVWLFLW\�RI�������LV�XVHG�IRU�HDFK�
VWDWH��(VWLPDWHV�RI�SRWHQWLDO�SXOSZRRG�VXSSO\�DUH�PDGH�
E\�XVLQJ�EDFNZDUG�VKLIWV�DORQJ�WKH�GHPDQG�FXUYH�IRU�
VXFFHVVLYH�LQFUHPHQWV�LQ�SXOSZRRG�VWXPSDJH�SULFH�
�H�J���������$W�HDFK�SULFH�SRLQW��WKH�ELRPDVV�DPRXQW�
LV�DOORFDWHG�WR�FRXQWLHV�DFFRUGLQJ�WR�ORZHVW�KDUYHVW�
FRVWV��5HVXOWLQJ�FRXQW\�OHYHO�VXSSO\�FXUYHV�LQGLFDWH�WKH�
TXDQWLW\�VXSSOLHG�DW�SDUWLFXODU�WRWDO�URDGVLGH�SULFHV�

7KH�PHWKRGV�XVHG�WR�HVWLPDWH�SXOSZRRG�VXSSO\��
DOWKRXJK�VLPSOL¿HG��SDUDOOHO�WKH�PHWKRGV�XVHG�
WR�HVWLPDWH�DPRXQWV�RI�ELRPDVV�IURP�LQWHJUDWHG�
KDUYHVWLQJ�RSHUDWLRQV��7KH�HVWLPDWHV�DUH�EDVHG�RQ�
GHWDLOHG�DQDO\VHV�RI�KDUYHVW�TXDQWLWLHV�DQG�FRVWV�IURP�
WUHDWPHQWV�RQ�),$�SORWV�DFURVV�WKH�8QLWHG�6WDWHV��7KH�
VWXPSDJH�SULFH�WR�REWDLQ�VXSSO\�DPRXQW�RU�D�FXUUHQWO\�
GHPDQGHG�DPRXQW�LV�HVWLPDWHG�XVLQJ�EDVLF�LQIRUPDWLRQ�
DERXW�WKH�HODVWLFLWLHV�RI�VXSSO\�RU�GHPDQG�TXDQWLW\�ZLWK�
UHVSHFW�WR�SULFH��7KHVH�HVWLPDWHV�VKRXOG�EH�FRQVLGHUHG�

RQO\�DV�DSSUR[LPDWH�SRWHQWLDO�VXSSO\�LQ�ORFDOL]HG�DUHDV��
7KH�DQDO\VLV�LV�RYHUO\�VLPSOL¿HG�LQ�WKDW�LW�GRHV�QRW�
WDNH�LQWR�DFFRXQW�SRWHQWLDO�LQYHQWRU\�FKDQJHV�RYHU�WKH�
ORQJHU�WHUP�EHFDXVH�RI�LQYHVWPHQWV�LQ�DIIRUHVWDWLRQ�
RU�VLJQL¿FDQW�GLVWXUEDQFHV��$�PRGHO�ZLWK�ERWK�VSDWLDO�
GHWDLO�DQG�WLPH�G\QDPLFV�LV�QRW�DYDLODEOH�IRU�WKLV�
DQDO\VLV��7KH�HVWLPDWHV�DUH�RQO\�LQWHQGHG�WR�EH�ERWK�
VKRUW�WHUP�DQG�ZLWKRXW�VLJQL¿FDQW�LQYHQWRU\�FKDQJHV�

*LYHQ�WKH�XQFHUWDLQW\�LQ�WKH�GHPDQG�HODVWLFLW\�HVWLPDWH�
IRU�WKH�QDWLRQ�DV�D�ZKROH�DQG�D�KLJKHU�XQFHUWDLQW\�
IRU�D�UHJLRQ�RU�FRXQW\��WKH�SRVVLEOH�VKLIW�LQ�SXOSZRRG�
DZD\�IURP�FXUUHQW�XVHUV�WR�ELRPDVV�LV�OLPLWHG�WR�
����RI�SXOSZRRG�VXSSO\��ZKLFK�LV�UHSRUWHG�LQ������
)RUHVW�6HUYLFH�732�GDWDEDVH��86'$�)RUHVW�6HUYLFH��
����D���$Q�DQDO\VLV�ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�
VHQVLWLYLW\�WR�WKLV�OLPLW��:KHQ�WKH�DOORZDEOH�VKLIW�IURP�
WKH�SXOSZRRG�VXSSO\�LV�LQFUHDVHG�WR�����RI�WKH������
SXOSZRRG�VXSSO\��WKH�DYDLODEOH�ELRPDVV�RQO\�LQFUHDVHV�
D�IHZ�SHUFHQW�DW�WKH�����SHU�GU\�WRQ�SULFH�DQG�RQO\�
XS����DERYH������SHU�GU\�WRQ�ZKHQ�WKH�DOORZDEOH�
ELRPDVV�LV�LQFUHDVHG�WR�����RI�WKH�SXOSZRRG�VXSSO\�

7KH�OLPLWDWLRQ�RQ�VKLIWLQJ�RI�FXUUHQW�SXOSZRRG�XVH�WR�
����ZDV�LPSRVHG�RQ�WKH�UHFRJQLWLRQ�WKDW�WKH�SULFH�
HODVWLFLW\�HVWLPDWH�ZDV�EDVHG�RQ�FXUUHQWO\�DYDLODEOH�
GDWD�ZLWK�D�FHUWDLQ�YDULDWLRQ�RYHU�WLPH��,I�SULFHV�FKDQJH�
VXEVWDQWLDOO\��LW�LV�SRVVLEOH�WKDW�GHPDQG�HODVWLFLW\�
FRXOG�LQFUHDVH��ZKLFK�ZRXOG�FDXVH�WKH�SXOSZRRG�
VXSSO\�WR�UHPDLQ�ZLWK�FXUUHQW�XVHUV�DQG�QRW�EH�XVHG�
IRU�ELRPDVV��5DWKHU�WKDQ�DVVXPH�FRQWLQXLQJ�VWHDG\�
VKLIWLQJ�LQ�UHVSRQVH�WR�LQFUHDVLQJ�SULFHV��D�FRQVHUYDWLYH�
DVVXPSWLRQ�ZDV�PDGH�WR�OLPLW�WKH�VKLIWLQJ�RI�SXOSZRRG�
VXSSO\�IURP�FXUUHQW�XVHUV�WR�ELRPDVV�XVHUV�DW�WKH�����
OHYHO�

3.6.2 Estimated Conventionally 
Sourced Wood
3XOSZRRG�VXSSOLHG�WR�PDNH�SXOS�DQG�SDQHO�SURGXFWV�
ZDV�����ELOOLRQ�FXELF�IHHW��RU�DERXW����PLOOLRQ�GU\�
WRQV��LQ�������$V�WKH�SULFH�IRU�ZRRG�IXHO�IHHGVWRFN�
DSSURDFKHV�WKH�SULFH�IRU�SXOSZRRG�LQ�D�ORFDOLW\��WKHUH�
ZLOO�EH�DGGLWLRQDO�DFUHV�KDUYHVWHG�IRU�SXOSZRRG�WR�EH�
XVHG�IRU�HQHUJ\��DQG�VRPH�RI�WKH�SXOSZRRG�JRLQJ�WR�
SXOS�RU�SDQHO�PLOOV�ZLOO�EH�GLYHUWHG�WR�ZRRG�HQHUJ\�
use.

6XSSO\�FXUYHV��)LJXUH�������IRU�SXOSZRRG�VL]HG�
URXQGZRRG�DW�WKH�FRXQW\�OHYHO�ZHUH�GHYHORSHG�LQ�
VHYHUDO�VWHSV�XVLQJ�EDVLF�FRQFHSWV�DERXW�VXSSO\�DQG�
GHPDQG�FXUYHV�IRU�H[LVWLQJ�SXOSZRRG�PDUNHWV�IRU�HDFK�
PDMRU�UHJLRQ²1RUWK��6RXWK��DQG�:HVW��,Q�JHQHUDO��
LW�ZDV�DVVXPHG�WKDW�UHJLRQDO�OHYHOV�RI�SXOSZRRG�
VXSSO\�FDQ�EH�DSSUR[LPDWHG�IRU�ELRHQHUJ\�E\�VWDUWLQJ�
ZLWK�UHFHQW�VWXPSDJH�SULFHV��7DEOH�������DQG�VWDUWLQJ�
TXDQWLWLHV�VXSSOLHG�DUH�WDNHQ�WR�EH�HTXDO�WR�UHFHQW�
TXDQWLWLHV�KDUYHVWHG�
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30 It is assumed that percent change in pulpwood biomass supply is equal to (0.34 + .42) x percent change in stumpage price. The quantity 
includes both additional supply from new harvesting and supply from a shift of current pulpwood harvest away from current users to 
bioenergy users.
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Estimated supply of pulpwood for bioenergy annuallyFigure 3.17

3XOSZRRG�IRU�ELRHQHUJ\�VWDUWV�WR�EH�VXSSOLHG�DW�FXUUHQW�
SXOSZRRG�VWXPSDJH�SULFHV��DQG�KDUYHVW�FRVWV�LQFUHDVH�
DV�WKH�SULFH�WKDW�EX\HUV�DUH�ZLOOLQJ�WR�SD\�LQFUHDVHV��
3XOSZRRG�FDQ�HLWKHU�FRPH�IURP�DGGLWLRQDO�KDUYHVWLQJ�
RSHUDWLRQV�WKDW�VSHFL¿FDOO\�KDUYHVW�SXOSZRRG�IRU�
ELRHQHUJ\��SRVVLEO\�PRUH�H[SHQVLYH�WKDQ�FXUUHQW�
LQWHJUDWHG�KDUYHVWLQJ��RU�IURP�D�VKLIW�LQ�SXOSZRRG�XVH�
IURP�FXUUHQW�XVHUV�WR�ELRHQHUJ\�SURGXFHUV��,Q�WKH�¿UVW�
FDVH��DGGLWLRQDO�KDUYHVWLQJ�RSHUDWLRQV�DUH�DQDORJRXV�WR�
PRYHPHQW�DORQJ�VWDWH�OHYHO�SXOSZRRG�VXSSO\�FXUYHV�
WR�REWDLQ�ELRHQHUJ\�SXOSZRRG��,Q�WKH�VHFRQG�FDVH��LW�
LV�EDFNZDUG�PRYHPHQW�DORQJ�WKH�FXUUHQW�SXOSZRRG�
GHPDQG�FXUYH��LQGLFDWLQJ�VKLIWV�IURP�FXUUHQW�SXOSZRRG�
XVHV�WR�ELRHQHUJ\�

$W�����SHU�GU\�WRQ�DW�URDGVLGH��WKH�HVWLPDWHG�SXOSZRRG�
VXSSO\�IURP�DGGLWLRQDO�KDUYHVW�RU�VKLIWV�IURP�FXUUHQW�
XVHUV�LV�����PLOOLRQ�GU\�WRQV�SHU�\HDU��$W�D�URDGVLGH�

SULFH�RI�����SHU�GU\�WRQ��WKH�DPRXQW�RI�SXOSZRRG�IRU�
XVH�DV�ELRPDVV�LV����PLOOLRQ�GU\�WRQV�SHU�\HDU��IURP�
WKDW�WRWDO�����PLOOLRQ�WRQV�LV�WKH�PDLQ�VWHP�RI�WUHHV��RU�D�
����LQFUHDVH�RYHU�WKH������KDUYHVW�OHYHO�RI����PLOOLRQ�
GU\�WRQV��6XFK�DQ�LQFUHDVHG�DPRXQW�ZRXOG�EH�SURYLGHG�
ZLWK�D�VWXPSDJH�SULFH�LQFUHDVH�RI�DERXW��������7KH�UHVW�
RI�WKH�SULFH�LQFUHDVH�LV�GXH�WR�LQFUHDVHG�KDUYHVW�FRVWV�
QHHGHG�WR�REWDLQ�DGGLWLRQDO�SXOSZRRG�VXSSO\��6XSSO\�
DW������SHU�GU\�WRQ�RU�OHVV�LV������PLOOLRQ�GU\�WRQV�
DQQXDOO\��RI�ZKLFK����PLOOLRQ�WRQV�LV�IURP�WKH�PDLQ�
VWHP�RI�WKH�WUHHV²D�����LQFUHDVH��7KLV�LQFUHDVH�ZRXOG�
EH�JHQHUDWHG�E\�D�VWXPSDJH�SULFH�LQFUHDVH�RI�DERXW�
�����7KH�HVWLPDWHG�LQFUHDVHV�LQ�SXOSZRRG�VXSSO\�DUH�
IDLUO\�FRDUVH�DQG�DUH�SDUWLFXODUO\�XQFHUWDLQ�IRU�KLJKHU�
OHYHOV�RI�SULFH�LQFUHDVH��ZKLFK�DUH�RXWVLGH�WKH�UDQJH�
RI�SULFHV�XVHG�WR�HVWLPDWH�WKH�VXSSO\�DQG�GHPDQG�
HODVWLFLWLHV�
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3.7 Total Supply of Forest  
Biomass and Wood Wastes
7DEOH�����SURYLGHV�D�VXPPDU\�RI�WKH�FXUUHQWO\�DYDLODEOH�
ELRPDVV�DW�D�UDQJH�RI�SULFHV�IRU�WKH�IRUHVW�ELRPDVV�
DQG�ZRRG�ZDVWHV�IHHGVWRFNV��7KHUH�DUH�HVWLPDWHV�IRU�
WKH�WZR�PDMRU�VRXUFHV�RI�IRUHVW�ELRPDVV�IHHGVWRFNV��
ORJJLQJ�UHVLGXHV�DQG�WKLQQLQJV��VKRZQ�DV�D�FRPSRVLWH���
ZKLFK�DUH�EDVHG�RQ�DQ�DVVXPSWLRQ�RI�D�������UDWLR�
DV�WKH�WUDQVLWLRQ�IURP�ORJJLQJ�UHVLGXHV�WR�LQWHJUDWHG�
KDUYHVWLQJ�RFFXUV��7KLV�DYRLGV�GRXEOH�FRXQWLQJ�IRU�
ERWK�UHVLGXHV�DQG�WKLQQLQJV��$W�WKH�KLJKHVW�SULFH�
HVWLPDWH�VKRZQ�LQ�7DEOH�����RI������SHU�GU\�WRQ��WKH�
DYDLODEOH�ELRPDVV�IURP�ORJJLQJ�UHVLGXHV�DQG�WKLQQLQJV�
DV�LQWHJUDWHG�FRPSRVLWH�RSHUDWLRQV�LV�DERXW����PLOOLRQ�
GU\�WRQV�DQQXDOO\��(YHQ�DW�D�SULFH�RI������SHU�GU\�
WRQ��QRW�VKRZQ�LQ�WKH�WDEOH���WKH�DGGLWLRQDO�ELRPDVV�
LV�PXFK�OHVV�WKDQ����PLOOLRQ�GU\�WRQV�SHU�\HDU��7KHVH�
OHYHOV�DOUHDG\�DFFRXQW�IRU�WKH�ELRPDVV�WKDW�LV�UHWDLQHG�
RQVLWH�IRU�VXVWDLQDELOLW\�SXUSRVHV��$W�D�SULFH�RI�����SHU�
GU\�WRQ��DQQXDO�DYDLODELOLW\�LV�HVWLPDWHG�WR�EH�DERXW�
���PLOOLRQ�GU\�WRQV��7KH�WKLQQLQJV�SRUWLRQ�RI�WKHVH�
QXPEHUV�LV�IRU�DOO�ODQG�RZQHUVKLSV�DQG�LQFOXGHV�IHGHUDO�
ODQGV��HYHQ�WKRXJK�WKH\�GR�QRW�FXUUHQWO\�TXDOLI\�XQGHU�
WKH�5HQHZDEOH�)XHOV�6WDQGDUG��5HPRYDO�RI�WKH�IHGHUDO�
ODQGV�KDV�OLWWOH�HIIHFW�RQ�WKH�WRWDO�ELRPDVV�DYDLODELOLW\��
UHGXFLQJ�WKH�HVWLPDWHG�WRWDO�DW�WKH�����SULFH�E\�RQO\���
PLOOLRQ�GU\�WRQV��)RU�FRQYHQWLRQDO�SXOSZRRG�WR�HQHUJ\��
WKH�KLJKHU�TXDQWLWLHV�KDYH�FRQVLGHUDEOH�XQFHUWDLQW\�DV�

WKH\�DUH�EDVHG�RQO\�RQ�D�����FKDQJH�LQ�WKH�FXUUHQW�
EDVH�VWXPSDJH�SULFH��9ROXPH�HVWLPDWHV�DERYH�����SHU�
GU\�WRQ�DUH�RXWVLGH�WKH�PRGHO�SDUDPHWHUV��)LJXUH������
GHSLFWV�WKH�HVWLPDWHG�IRUHVWODQG�FHOOXORVLF�IHHGVWRFNV�
E\�VWDWHV�DW�DQ�H[DPSOH�SULFH�RI�����SHU�GU\�WRQ�

)XWXUH�HVWLPDWHV�DUH�VKRZQ�LQ�7DEOH������%HFDXVH�WKH�
WKLQQLQJV�DUH�DOUHDG\�DYHUDJHG�DFURVV�WKH�QH[W����\HDUV�
DQG�WKHUH�LV�OLPLWHG�GDWD�IRU�PDQ\�RI�WKH�IHHGVWRFNV��
WKHUH�LV�OLWWOH�HVWLPDWHG�FKDQJH�RYHU�WKH�QH[W����\HDUV��
$VVXPLQJ�D�SULFH�RI�����SHU�GU\�WRQ��WKH�WRWDO�DYDLODEOH�
WRQQDJH�RQO\�LQFUHDVHV�IURP����PLOOLRQ�GU\�WRQV�SHU�
\HDU�LQ������WR�����PLOOLRQ�GU\�WRQV�SHU�\HDU�LQ�������
8VLQJ�D�IRUHVW�URDGVLGH�SULFH�RI�����SHU�GU\�WRQ��WKH�
WRWDO�TXDQWLW\�RI�FRPSRVLWH�UHVLGXHV�LQFUHDVHV�IURP�
����WR�����PLOOLRQ�GU\�WRQV�IRU�HDFK�\HDU��GHSHQGLQJ�
RQ�ZKHWKHU�IHGHUDO�ODQG�LV�FRXQWHG���&RQYHQWLRQDO�
SXOSZRRG�LV�IDLUO\�FRQVWDQW�DW�WKH�SULFHV�VKRZQ�LQ�
WKH�WDEOH�RYHU�WKH�WLPH�SHULRG��2QO\�DIWHU�SULFHV�DUH�
KLJKHU�WKDQ�����SHU�GU\�WRQ��FRQYHQWLRQDOO\�VRXUFHG�
IHHGVWRFNV�VWDUW�PDNLQJ�VLJQL¿FDQW�FRQWULEXWLRQV��$OO�
RWKHU�UHVLGXH�TXDQWLWLHV�DW�����SHU�GU\�WRQ�DUH�WKH�VDPH�
DV�VKRZQ�DW�����SHU�GU\�WRQ��7KHUH�DUH�QR�VFHQDULR�
FKDQJHV�ZLWK�WKH�IRUHVW�ELRPDVV�DQG�ZRRG�ZDVWHV²
RQO\�WKH�EDVHOLQH�
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Current state shares of available forest biomass resources at $80 per dry ton or lessFigure 3.18
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Summary of Potential Forest Biomass and Wood Wastes (2012)Table 3.3

Feedstock  ($ per dry ton) <$20 <$30 <$40 <$60 <$80 <$100
                                                               Million dry tons

Other Removal Residue 4.4 12 12 12 12 12

Composite Operations 9.5 30 36 40 42 43

   Without Federal Land 8.3 26 31 35 36 37

Treatment Thinnings,  
Other Forestland

0 0 0 3.2 6.4 6.4

   Without Federal Land 0 0 0 1.8 3.6 3.6

Mill residue, unused primary 1.3 1.3 1.3 1.3 1.3 1.3

Mill residue, unused secondary 6..1 6.1 6.1 6.1 6.1 6.1

Urban Wood Waste – C & D 4.4 11 14 22 22 22

Urban Wood Waste – MSW 7.7 8.7 9.2 10 10 10

Conventional Pulpwood to Energy* 0 0 0 1.5 19 40

Total – All Land 33 70 79 97 119 142

4OTAL�n�7ITHOUT�&EDERAL�,AND �� �� 75 �� ��� ���

Notes: $OES�NOT�INCLUDE�CURRENTLY�USED�BIOMASS�FROM�#HAPTER����4OTALS�MAY�NOT�ADD�UP�CORRECTLY�DUE�TO�ROUNDING

* Although shown here for convenience, the estimated conventional pulpwood used as bioenergy above $80 per dry ton is outside the 
MODELÏPARAMETERS�ÏWHICHÏCOULDÏRESULTÏINÏSIGNIlCANTÏERRORS�
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Summary of Baseline Potential Forest Biomass and Wood Wastes at 
Selected Roadside PricesTable 3.4

Feedstock  
($ per dry ton) 40 50 60 40 50 60 40 50 60 40 50 60

2012 2017 2022 2030

Million dry tons

Other Removal Residues 12 12 12 12 12 12 13 13 13 13 13 13

Conventional  
Pulpwood to Energy 0.0 0.1 1.5 0.0 0.1 1.6 0.0 0.1 1.8 0.0 0.1 1.9

Composite  
Operations 36 38 40 36 39 40 37 39 41 37 39 41

Without Federal Land 31 33 35 32 34 35 32 34 35 32 34 36

Treatment Thinnings, 
Other Forestland 0.0 0.0 3.2 0.0 0.0 3.2 0.0 0.0 3.2 0.0 0.0 3.2

Without Federal Land 0.0 0.0 1.8 0.0 0.0 1.8 0.0 0.0 1.8 0.0 0.0 1.8

Mill residue,  
unused secondary 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1

Mill residue,  
unused primary 1.3 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.4 1.4

Urban Wood  
Waste – C & D 14 22 22 15 23 23 15 23 23 16 25 25

Urban Wood  
Waste – MSW 9.2 10 10 9.5 10 10 10 11 11 10 11 11

Total – All Land 79 91 97 81 92 98 82 93 100 83 95 102

4OTAL�n�7ITHOUT� 
&EDERAL�,AND 75 �� �� �� �� 92 77 �� �� 79 �� 95
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3.8 Summary 
$OWKRXJK�D�VLJQL¿FDQW�DPRXQW�RI�HIIRUW�ZHQW�LQWR�
WKH�DQDO\VLV��WKH�HVWLPDWHV�DUH�VWLOO�RQO\�DV�JRRG�DV�
WKH�XQGHUO\LQJ�GDWD�DQG�GHSHQGHQW�RQ�WKH�XQGHUO\LQJ�
DVVXPSWLRQV��7KLV�FRQFHUQ�LV�IXUWKHU�FRPSRXQGHG�
ZKHQ�GHYHORSLQJ�FRPSUHKHQVLYH�FRVW�HVWLPDWHV�DW�
FRXQW\�OHYHOV��7KH�),$�GDWDEDVH�EULQJV�VLJQL¿FDQW�
DPRXQWV�RI�GDWD�WR�WKH�DQDO\VHV��+RZHYHU��WKHUH�DUH�
OLPLWDWLRQV�FRQFHUQLQJ�LWV�XVH�IRU�ELRPDVV�VLQFH�WKH�
SULPDU\�),$�IRFXV�LV�RQ�PHUFKDQWDEOH�LQYHQWRU\��7KH�
XVH�RI�WKH�GDWD�DQG�VRPH�RI�WKH�LVVXHV�DVVRFLDWHG�ZLWK�
XVLQJ�),$�GDWD�DW�WKH�FRXQW\�OHYHO�DUH�GLVFXVVHG�

7KHUH�LV�YHU\�OLWWOH�GDWD�RQ�VWXPSDJH�SULFHV�IRU�
ELRPDVV��DQG�WKH�H[WUDSRODWLRQ�RI�WKH�DYDLODEOH�GDWD�KDV�
OLPLWDWLRQV��7KLV�LV�HVSHFLDOO\�WUXH�ZKHQ�HVWLPDWLQJ�WKH�
DYDLODELOLW\�RI�FRQYHQWLRQDOO\�VRXUFHG�ELRPDVV��ZKLFK�
KDV�KLJK�XQFHUWDLQW\�DW�KLJKHU�SULFHV��)XUWKHUPRUH��
WKH�PRGHO�LV�GHYHORSHG�IURP�KLVWRULFDO�VXSSO\�
GHPDQG�HODVWLFLW\�SDUDPHWHUV�WKDW�PD\�RU�PD\�QRW�EH�
UHSUHVHQWDWLYH�RI�IXWXUH�PDUNHW�G\QDPLFV��7KHUH�LV�
YHU\�OLWWOH�GDWD�RQ�ELRPDVV�KDUYHVW�V\VWHPV�WDLORUHG�IRU�
KDQGOLQJ�ORJJLQJ�UHVLGXHV��VPDOO�VWHPV��RU�LQWHJUDWHG�
SURGXFWLRQ��7KH�ODUJHVW�JDS�LQ�GDWD�LV�SRVW�FRQVXPHU�
ZRRG�UHVLGXHV��/LPLWHG�GDWD�DUH�DYDLODEOH�IRU�&	'�
ZRRG��DQG�WKHUH�DUH�ODUJH�YRLGV�IRU�WKH�DPRXQWV�DQG�
FRVWV�IRU�UHFRYHU\�RI�XUEDQ�ZRRG��

7KH�XQGHUO\LQJ�DVVXPSWLRQV�DUH�EDVHG�RQ�WKH�EHVW�
DYDLODEOH�LQIRUPDWLRQ�DQG�JURXQGHG�LQ�WKH�H[SHUWLVH�RI�
WKH�DXWKRUV��7KH�ELRPDVV�HVWLPDWHV�FDQ�UHDGLO\�FKDQJH�
ZLWK�WKHP��7KH�SULPDU\�H[DPSOH�LV�WKH�GHYHORSPHQW�
RI�WKH�VXSSO\�FXUYHV��$QRWKHU�FRQVLGHUDEOH�H[DPSOH�LV�

WKH�UHFRYHU\�RI�ORJJLQJ�UHVLGXHV²ZKHWKHU�WKH\�ZLOO�
EH�FROOHFWHG�DIWHU�WKH�RULJLQDO�KDUYHVW�RU�DV�SDUW�RI�WKDW�
KDUYHVW��7KH�VSHFXODWLRQ�LV�WKDW�LQWHJUDWHG�V\VWHPV�ZLOO�
EH�XVHG�WR�UHFRYHU�UHVLGXHV�EHFDXVH�RI�FRVWV��$V�D�ODVW�
SRLQW�RQ�DVVXPSWLRQV��WKH�XVH�RI�ELRPDVV�UHWHQWLRQ�
LV�D�SULPDU\�FRQFHUQ�IRU�ORQJ�WHUP�VLWH�SURGXFWLYLW\�
DQG�D�VXUURJDWH�IRU�RWKHU�VXVWDLQDELOLW\�FULWHULD��VXFK�
DV�KDELWDW��5HWHQWLRQ�DORQH��QRW�DVVXPLQJ�WKH�XVH�RI�
%03V�DQG�DVVXPLQJ�WKDW�UHPRYDOV�GR�QRW�H[FHHG�
JURZWK��GRHV�QRW�WUXO\�UHSUHVHQW�WKH�IXOO�PHDVXUH�RI�
VXVWDLQDELOLW\��2WKHU�FRQVLGHUDWLRQV�DUH�QHHGHG��7R�DLG�
WKH�UHDGHUV�ZLWK�LQWHUSUHWLQJ�WKH�UHVXOWV��WKH\�ZLOO�KDYH�
DFFHVV�WR�WKH�.')�IRU�DGGLWLRQDO�DQDO\VHV�XVLQJ�YDULRXV�
DVVXPSWLRQV�

)LQDOO\��WKH�GHYHORSPHQW�RI�WKLV�FKDSWHU�SRLQWHG�WR�
VHYHUDO�QHHGV��DV�VXPPDUL]HG�EHORZ�

�� ,PSURYLQJ�WKH�ELRPDVV�SRUWLRQV�RI�WKH�),$�
database

�� 8QGHUVWDQGLQJ�DQG�PRGHOLQJ�WKH�ORQJ�WHUP�
HIIHFWV�RI�ELRPDVV�UHPRYDO�XQGHU�D�UDQJH�RI�VRLO��
FOLPDWH��DQG�PDQDJHPHQW�VFKHPHV�

�� ,PSURYLQJ�WKH�GDWDEDVHV��H�J���PLOO�UHVLGXHV��
XUEDQ�ZDVWHV��DQG�FRVWV��

�� 'HYHORSLQJ�DQG�LQWHJUDWLQJ�ELRORJLFDO�DQG�
HFRQRPLF�PRGHOV�IRU�VXVWDLQDELOLW\�DVVHVVPHQWV��
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4 AGRICULTURAL BIOMASS  
AND WASTE RESOURCES

7KLV�FKDSWHU�SURYLGHV�HVWLPDWHV�RI�TXDQWLWLHV�DQG�
IDUPJDWH�SULFHV��L�H���VXSSO\�FXUYHV��IRU�DJULFXOWXUDO�
FURS�UHVLGXH�ELRPDVV��DV�ZHOO�DV�UHVLGXHV�DQG�ZDVWHV�
JHQHUDWHG�PRVWO\�E\�IRRG�SURFHVVLQJ�LQGXVWULHV��
)DUPJDWH�SULFH�LV�WKH�SULFH�D�EX\HU�SD\V�IRU�FURS�
UHVLGXH�DW�WKH�IDUP��DW�D�PLOO�ORFDWLRQ�LQ�WKH�FDVH�RI�
SURFHVVLQJ�UHVLGXH��RU�DW�D�ODQG¿OO�RU�IHHGORW�LQ�WKH�
FDVH�RI�ZDVWH�UHVRXUFHV��7KH�DJULFXOWXUDO�UHVRXUFHV�
FRQVLGHUHG�LQ�WKLV�DVVHVVPHQW�LQFOXGH�

�� &URS�UHVLGXHV�IURP�WKH�PDMRU�JUDLQ�SURGXFLQJ�
FURSV

�� 2WKHU�FURS�UHVLGXHV
�� 6HFRQGDU\�DJULFXOWXUDO�SURFHVVLQJ�UHVLGXHV
�� :DVWH�RU�WHUWLDU\�UHVRXUFHV��H�J���PDQXUHV��ZDVWH�

IDWV��DQG�JUHDVHV��

)RU�FRUQ�VWRYHU�DQG�RWKHU�PDMRU�JUDLQ�UHVLGXHV��FRXQW\�
OHYHO�VXSSO\�FXUYHV�DUH�HVWLPDWHG�XVLQJ�DQ�DJULFXOWXUDO�
SROLF\�VLPXODWLRQ�PRGHO��7KH�FKDSWHU�SURYLGHV�
EDFNJURXQG�RQ�HDFK�RI�WKHVH�UHVRXUFHV�DQG�H[SODLQV�
KRZ�HVWLPDWHV�DUH�PDGH��7KH�ODUJHVW�TXDQWLWLHV�DUH�
IURP�FURS�UHVLGXHV��$�QXPEHU�RI�IDFWRUV�DUH�WDNHQ�LQWR�
DFFRXQW�ZKHQ�HVWLPDWLQJ�DYDLODEOH�FURS�UHVLGXHV��VRLO�
HURVLRQ�DQG�VRLO�RUJDQLF�PDWWHU�FRQVWUDLQWV��DV�ZHOO�DV�
WKH�SK\VLFDO�DELOLW\�RI�PDFKLQHU\�WR�KDUYHVW�UHVLGXHV��
,QFOXGHG�LQ�WKH�SULFH�RI�WKHVH�UHVLGXHV�DUH�WKH�FROOHFWLRQ�
FRVWV��D�SD\PHQW�WR�WKH�JURZHU�EDVHG�RQ�WKH�QXWULHQW�
YDOXH�RI�WKH�UHVLGXH��DQG�D�SUR¿W��(VWLPDWHV�DUH�PDGH�
IRU�D�EDVHOLQH�DQG�D�KLJK�\LHOG�VFHQDULR�

4.1 Cropland Resources (Corn 
Ethanol and Soybean Biodiesel)
7KHVH�UHVRXUFHV�DUH�DFFRXQWHG�IRU�LQ�&KDSWHU����7KH�
FXUUHQW�WRWDO�IHHGVWRFNV�IRU�FRUQ�EDVHG�HWKDQRO�LV����
PLOOLRQ�GU\�WRQV�SHU�\HDU��VHH�7DEOH�������,W�LV�HVWLPDWHG�
WKDW�LQ������WKH�FRUQ�SURGXFWLRQ�IRU�HWKDQRO�ZLOO�PHHW�
WKH�(,6$�PDQGDWH�DW����PLOOLRQ�GU\�WRQV�DQG�ZLOO�EH�

SURGXFHG�DW�WKDW�OHYHO�WKURXJK�������6R\EHDQ�ELRGLHVHO�
IHHGVWRFNV�DUH�HVWLPDWHG�DW���PLOOLRQ�GU\�WRQV�SHU�\HDU��
LQFUHDVLQJ�WR����PLOOLRQ�GU\�WRQV�DQQXDOO\�LQ������DQG�
FRQWLQXLQJ�DW�WKDW�OHYHO�WR������

4.2 Agricultural Crop Residues
&URS�UHVLGXHV�DUH�GHVLUDEOH�IHHGVWRFNV�IRU�ELRHQHUJ\�
DSSOLFDWLRQV�EHFDXVH�RI�WKHLU�ORZ�FRVW��LPPHGLDWH�
DYDLODELOLW\��DQG�UHODWLYHO\�FRQFHQWUDWHG�ORFDWLRQ�LQ�
WKH�PDMRU�JUDLQ�JURZLQJ�UHJLRQV��7KH�PRVW�SOHQWLIXO�
UHVLGXHV�LQFOXGH�VWDONV�DQG�OHDYHV�IURP�FRUQ��VWRYHU��
DQG�VWUDZ�DQG�VWXEEOH�IURP�RWKHU�VPDOO�JUDLQV��VXFK�
DV�ZKHDW��EDUOH\��RDWV��DQG�VRUJKXP��)LJXUH�������
7KH������BTS�LQFOXGHG�D�QXPEHU�RI�FURS�UHVLGXH�
UHPRYDO�VFHQDULRV�LQYROYLQJ�FKDQJHV�LQ�FURS�\LHOGV��
FURSODQG�WLOODJH��DQG�WKH�HI¿FLHQF\�RI�UHVLGXH�FROOHFWLRQ�

WHFKQRORJ\��,Q�WKH������UHSRUW��WKH�VXVWDLQDEOH�TXDQWLW\�
RI�VWRYHU�DQG�VWUDZ�UHVLGXH�ZDV�HVWLPDWHG�DW�DERXW�����
WR�VOLJKWO\�PRUH�WKDQ�����PLOOLRQ�GU\�WRQV�DQQXDOO\��
GHSHQGLQJ�RQ�ZKDW�ZDV�DVVXPHG�DERXW�FURS�\LHOG��
WLOODJH��DQG�WKH�IUDFWLRQ�FROOHFWHG��,I�DOO�FURSV�DUH�
FRQVLGHUHG��WKHQ�WKH�FURS�UHVLGXH�SRWHQWLDO�LV�PRUH�WKDQ�
����PLOOLRQ�GU\�WRQV����&RUQ�VWRYHU��WKH�ODUJHVW�VLQJOH�
VRXUFH�RI�UHVLGXH��ZDV�HVWLPDWHG�EHWZHHQ�����DQG�
����PLOOLRQ�GU\�WRQV��GHSHQGLQJ�RQ�\LHOG�DQG�WLOODJH�
DVVXPSWLRQV�

31  The higher amount for the 2005 study included nearly 50 million dry tons of residues from forage-type soybeans. This potential is not 
included in this update.
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7KH�SURGXFWLRQ�RI�FURS�UHVLGXHV�LV�VLJQL¿FDQW��ZLWK�WKH�
DYHUDJH�DQQXDO�WRQQDJH�EHWZHHQ������DQG������IURP�
FRUQ��JUDLQ�VRUJKXP��ZLQWHU�DQG�VSULQJ�ZKHDW��EDUOH\��
RDWV��DQG�U\H�H[FHHGLQJ�����PLOOLRQ�GU\�WRQV��FRUQ�
VWRYHU�FRQVLVWHG�RI�DERXW�����RI�WKLV�WRWDO��5HVLGXH�
SURGXFWLRQ�LV�GLUHFWO\�UHODWHG�WR�\LHOG��3URMHFWLRQV�E\�
86'$�LQGLFDWH�\LHOGV�IRU�FRUQ�DQG�ZKHDW�ZLOO�LQFUHDVH�
DSSUR[LPDWHO\������DQG������RYHU�WKH�QH[W�WHQ�\HDUV��
UHVSHFWLYHO\��$OWKRXJK�VLJQL¿FDQW�TXDQWLWLHV�RI�UHVLGXH�
DUH�SURGXFHG�DQG�ZLOO�LQFUHDVH�RYHU�WLPH��KRZ�PXFK�
RI�WKLV�UHVLGXH�FDQ�EH�VXVWDLQDEO\�FROOHFWHG�KDV�EHHQ�
VXEMHFW�WR�PXFK�GHEDWH��7KH�QH[W�VHFWLRQ�RI�WKLV�FKDSWHU�
GLVFXVVHV�VXVWDLQDELOLW\�DQG�SURYLGHV�DQ�RYHUYLHZ�RI�
WKH�DSSURDFK�XVHG�WR�GHWHUPLQH�KRZ�PXFK�UHVLGXH�
QHHGV�WR�EH�UHWDLQHG�RQ�¿HOGV�LQ�RUGHU�WR�OLPLW�HURVLRQ�
WR�WROHUDEOH�OHYHOV�DQG�PDLQWDLQ�VRLO�RUJDQLF�PDWWHU�

32 See Andrews and Aschmann (2006) for a primer on crop residue removal and bioenergy production.

Example of crop residues – stalks 
and leaves from corn stover  Figure 4.1

(Courtesy of ORNL)

4.3 Sustainability of Crop  
Residue Removal
&URS�UHVLGXHV�SURYLGH�D�QXPEHU�RI�LPSRUWDQW�VRLO�
HQKDQFLQJ�DQG�VDIHJXDUGLQJ�IXQFWLRQV��7KHVH�LQFOXGH�
SURWHFWLQJ�WKH�VRLO�DQG�FRQWUROOLQJ�HURVLRQ�IURP�
ZDWHU�DQG�ZLQG��UHWDLQLQJ�VRLO�PRLVWXUH��LQFUHDVLQJ�RU�
PDLQWDLQLQJ�VRLO�RUJDQLF�PDWWHU��DGGLQJ�WR�WKH�DYDLODEOH�
SRRO�RI�VRLO�QXWULHQWV��LQFUHDVLQJ�ELRORJLFDO�DFWLYLW\�DQG�
LPSURYLQJ�VRLO�VWUXFWXUH��DQG�LPSURYLQJ�FURS�\LHOGV�
�$QGUHZV�DQG�$VFKPDQQ�����������6RLO�HURVLRQ�LV�DQ�
H[WUHPHO\�LPSRUWDQW�QDWLRQDO�LVVXH�DQG�PRVW��LI�QRW�DOO��
DJULFXOWXUDO�FURSODQG�LQ�WKH�8QLWHG�6WDWHV�H[SHULHQFHV�
VRPH�GHJUHH�RI�VRLO�HURVLRQ�HDFK�\HDU�GXH�WR�UDLQIDOO�
DQG�RU�ZLQG��6RLO�HURVLRQ�UHGXFHV�VRLO�SURGXFWLYLW\�DQG�
VRLO�RUJDQLF�PDWWHU��UHPRYHV�SODQW�QXWULHQWV��DQG�KDV�DQ�
DGYHUVH�HIIHFW�RQ�ZDWHU�TXDOLW\�WKURXJK�WKH�WUDQVIHU�RI�
VXVSHQGHG�VROLGV��QLWURJHQ��DQG�SKRVSKRUXV��ERWK�RQ�
WKH�VXUIDFH�DQG�LQ�JURXQGZDWHU��5DLQIDOO�HURVLRQ��VKHHW�
DQG�ULOO��RFFXUV�ZKHQ�UDLQ�GLUHFWO\�VWULNHV�WKH�VRLO��
GLVORGJLQJ�SDUWLFOHV�LQ�WKH�WRS�OD\HU�RI�VRLO�

'HJUDGDWLRQ�RI�VRLO�TXDOLW\�DV�LQÀXHQFHG�E\�ODQG�
PDQDJHPHQW�LV�DOVR�DQ�H[WUHPHO\�LPSRUWDQW�LVVXH�
WR�WKH�DJULFXOWXUDO�DQG�HQYLURQPHQWDO�FRPPXQLW\��
6RLO�TXDOLW\�LV�GH¿QHG�DV�D�VRLO¶V�DELOLW\�WR�VXVWDLQ�
SODQW�JURZWK�DQG�FRQWULEXWH�WR�WKH�PDLQWHQDQFH�RU�
HQKDQFHPHQW�RI�DLU�DQG�ZDWHU�TXDOLW\��6RLO�RUJDQLF�
PDWWHU�FRQWHQW�LV�SDUWLFXODUO\�LPSRUWDQW�EHFDXVH�RI�LWV�
LPPHGLDWH�DQG�GLUHFW�LPSDFW�RQ�VHYHUDO�FULWLFDO�VRLO�
IXQFWLRQV��(QKDQFLQJ�VRLO�RUJDQLF�PDWWHU�FDQ�LPSURYH�
VRLO�SURGXFWLYH�FDSDFLW\��QXWULHQW�F\FOLQJ��¿OWHULQJ�DQG�
EXIIHULQJ�RI�SRWHQWLDO�SROOXWDQWV��ZDWHU�VWRUDJH��DQG�
UHVLVWDQFH�WR�FRPSDFWLRQ�DQG�HURVLRQ�

6XVWDLQDEOH�DJULFXOWXUDO�UHVLGXH�UHPRYDO�UDWHV�PXVW�
PDLQWDLQ�VRLO�TXDOLW\�DQG�IXWXUH�SURGXFWLYH�FDSDFLW\��
%XLOGLQJ�IURP�WKH�ZRUN�SUHVHQWHG�E\�:LOKHOP�HW�DO��
��������WKH�DPRXQW�RI�DJULFXOWXUDO�UHVLGXH�WKDW�FDQ�
SRWHQWLDOO\�EH�UHPRYHG�IURP�DJULFXOWXUDO�FURSODQG�LV�
VXEMHFW�WR�WZR�PRGHOHG�FRQVWUDLQWV�LQ�WKLV�DQDO\VLV��
)LUVW��UHPRYDOV�FDQQRW�H[FHHG�WKH�WROHUDEOH�VRLO�
ORVV�OLPLW�DV�UHFRPPHQGHG�E\�WKH�86'$¶V�1DWXUDO�
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33  As summarized by Andrews and Aschmann (2006) “current USDA-NRCS practice standards for residue management do not specify 
residue quantities but do suggest the use of the RUSLE2 model for guidance (USDA-NRCS, 2005). In the future, specific guidelines for 
residue harvest could be developed to prevent soil degradation resulting from over-harvest of crop residue, partially based on modeling 
results from RUSLE2 and the Soil Conditioning Index (SCI).”

5HVRXUFH�&RQVHUYDWLRQ�6HUYLFH��15&6���6HFRQG��
UHPRYDO�FDQQRW�UHVXOW�LQ�ORQJ�WHUP�ORVV�RI�VRLO�RUJDQLF�
PDWWHU�DV�HVWLPDWHG�E\�WKH�5HYLVHG�8QLYHUVDO�6RLO�/RVV�
(TXDWLRQ��586/(���DQG�WKH�:LQG�(URVLRQ�3UHGLFWLRQ�
6\VWHP��:(36���%RWK�RI�WKHVH�SURJUDPV�LQFRUSRUDWH�
D�VRLO�TXDOLW\�LQGH[�UHIHUUHG�WR�DV�WKH�VRLO�FRQGLWLRQLQJ�
LQGH[��86'$�$56��������86'$�15&6��������

DQG�DUH�HPSOR\HG�E\�15&6�WR�KHOS�JXLGH�IDUPHUV��
UDQFKHUV��DQG�ODQGRZQHUV�LQ�PDNLQJ�WKHLU�FRQVHUYDWLRQ�
SODQV����,Q�JHQHUDO��ERWK�SURJUDPV�DUH�GHVLJQHG�WR�
SURYLGH�HVWLPDWHV�RI�VRLO�HURVLRQ�DQG�RWKHU�SHUWLQHQW�
VRLO�WLOWK�SDUDPHWHUV�GXH�WR�W\SHV�RI�FURSV��URWDWLRQV��
¿HOG�PDQDJHPHQW�SUDFWLFHV��H�J���WLOODJH���DQG�¿HOG�
WRSRJUDSK\��VHH�7H[W�%R[������

Revised Universal Soil Loss Equation (RUSLE2)
RUSLE2 is intended to describe and estimate the main effects of agricultural cropping practices on soil erosion by rainfall 
AND�ORÏOVERLANDÏmOW�Ï)TÏISÏMAINLYÏUSEDÏASÏAÏGUIDEÏFORÏCONSERVATIONÏPLANNINGÏTOÏREPRESENTÏTRENDSÏDEMONSTRATEDÏINÏlELDÏDATA�Ï
RUSLE2 can be, and has been, applied to applications involving cropland, pastureland, rangeland, and disturbed forestland. 
4HEÏEQUATIONÏFORÏ253,%��ÏPRESENTEDÏBELOW�ÏPROVIDESÏAÏDAILYÏCALCULATIONÏOFÏCERTAINÏTIME
VARYINGÏFACTORSÏTHATÏDElNEÏSOILÏ
erosion due to rainfall:

A = f (r, k, l, s, c, p)

Where: 
r – Rainfall/Runoff  s – Slope steepness
k – Soil erodibility  c – Cover-management
l – Slope length  p – Supporting practices

Average annual soil loss is a function of both erodibility and erosivity, with erodibility related to the susceptibility of the 
soil to erosion and management. Erosivity is a measure of the force of raindrops, water falling from plant canopy, and 
surface runoff. Therefore, erodibility and erosivity jointly impact actual erosion rates. RUSLE2 was used to provide average 
annual estimates of soil erosion on individual soils types for a variety of cropping rotations both with and without residue 
removal. 

Wind Erosion Equation (WEQ)
The primary method for estimating the amount of soil loss due to wind erosion on agricultural cropland was to employ the 
Wind Erosion Equation (WEQ). WEQ is an empirical equation that has been applied to various agricultural and engineering 
SITUATIONSÏTOÏPREDICTÏANNUALÏSOILÏLOSSÏFROMÏAÏSINGLE�ÏUNIFORMÏISOLATEDÏlELDÏACCORDINGÏTOÏCROPPINGÏANDÏLANDÏMANAGEMENTÏ
practices. It has been used by the NRCS to predict wind erosion on cropland and to guide and plan wind erosion control 
practices for the agricultural community. The general functional relationship in WEQ between the independent variable, 
(E), the potential average annual soil loss, and the variables that directly affect wind erosion is as follows:

E = f (I, K, C, L, V)       

Where:
I – Soil erodibility index                    K – Soil ridge-roughness factor                    C – Climatic factor
,ÏnÏ5NSHELTEREDÏMEDIANÏTRAVELÏDISTANCEÏOFÏWINDÏACROSSÏAÏlELDÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏ6ÏnÏ6EGETATIVEÏCOVER

TEXT BOX 4.1  |  REVISED UNIVERSAL SOIL LOSS AND WIND EROSION EQUATION
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4.4 Estimating Crop  
Residue Supply
,Q�WKLV�XSGDWH��VXSSOLHV�RI�FRUQ�VWRYHU�DQG�VPDOO�JUDLQ�
UHVLGXHV�DUH�HVWLPDWHG�XVLQJ�32/<6<6��D�SROLF\�
VLPXODWLRQ�PRGHO�RI�WKH�8�6��DJULFXOWXUDO�VHFWRU��'H�/D�
7RUUH�8JDUWH�DQG�5D\���������7KH�PRGHO�LV�DQFKRUHG�
WR�WKH�86'$����\HDU�SURMHFWLRQV�DQG�LQFOXGHV�QDWLRQDO�
GHPDQG��FRXQW\�VXSSO\��OLYHVWRFN��DQG�LQFRPH�
PRGXOHV��,Q�32/<6<6��VXSSOLHV�RI�FURS�UHVLGXHV�DUH�
HVWLPDWHG�VLPXOWDQHRXVO\�ZLWK�HQHUJ\�FURSV�VLQFH�
WKH\�PXVW�FRPSHWH�ZLWK�HQHUJ\�FURSV�IRU�ODQG�DQG�DQ\�
FKDQJHV�LQ�ODQG�XVH�DIIHFWV�HVWLPDWHG�TXDQWLWLHV��>0RUH�
GLVFXVVLRQ�RI�WKH�32/<6<6�PRGHOLQJ�IUDPHZRUN�FDQ�
EH�IRXQG�LQ�WKH�6HFWLRQ�����RI�WKLV�UHSRUW�@�7KH�PRGHO�

HVWLPDWHV�SRWHQWLDO�FURS�UHVLGXH�VXSSOLHV�IURP�FRUQ��
ZKHDW��JUDLQ�VRUJKXP��RDWV��DQG�EDUOH\�E\�DFFRXQWLQJ�
IRU�KRZ�PXFK�UHVLGXH�LV�SURGXFHG��D�IXQFWLRQ�RI�FURS�
\LHOG��PRLVWXUH��DQG�UHVLGXH�WR�JUDLQ�UDWLR���UHVLGXH�
SURGXFWLRQ�FRVWV��D�¿[HG�SHU�WRQ�JURZHU�SD\PHQW�SOXV�
FROOHFWLRQ�FRVWV�SHU�WRQ�RI�UHVLGXH�UHPRYHG���DQG�KRZ�
PXFK�UHVLGXH�WKDW�PXVW�UHPDLQ�WR�NHHS�HURVLRQ�ZLWKLQ�
WROHUDEOH�VRLO�ORVV�OHYHOV�DQG�PDLQWDLQ�VRLO�FDUERQ�
OHYHOV��)RU�FRWWRQ�DQG�ULFH��WZR�RI�WKH�WKUHH�RWKHU�PDMRU�
FURSV�LQ�32/<6<6��UHVLGXHV�DUH�HVWLPDWHG�VHSDUDWHO\��
)RU�VR\EHDQV��LW�LV�DVVXPHG�WKHUH�LV�QR�UHVLGXH�
DYDLODEOH��� 

4.4.1 Input Assumptions for Baseline 
and High-Yield Scenarios
7KH�DPRXQW�RI�FURS�UHVLGXH�SURGXFHG�GHSHQGV�RQ�
WKH�FURS�\LHOG�DQG�WKH�KDUYHVW�LQGH[��+,��RU�UDWLR�RI�
UHVLGXH�WR�JUDLQ��7DEOH�������7KH�DPRXQW�WKDW�FDQ�EH�
VXVWDLQDEO\�UHPRYHG�LV�JRYHUQHG�E\�WKH�UHWHQWLRQ�
FRHI¿FLHQWV��ZKLFK�DUH�HVWLPDWHG�IURP�DSSOLFDWLRQ�RI�
586/(��DQG�:(36�PRGHOV�LQFRUSRUDWLQJ�WKH�VRLO�

FRQGLWLRQLQJ�LQGH[�DQG�WLOODJH��0XWK�HW�DO����������7KH�
DPRXQW�WKDW�FDQ�EH�SK\VLFDOO\�UHPRYHG�GHSHQGV�RQ�
WKH�FRPELQHG�HI¿FLHQF\�RI�WKH�FROOHFWLRQ�HTXLSPHQW�
�H�J���VKUHGGHUV��UDNHV��DQG�EDOHUV���$QG�WKH�DPRXQW�
WKDW�FDQ�EH�HFRQRPLFDOO\�UHPRYHG�GHSHQGV�RQ�JURZHU�
SD\PHQWV��FROOHFWLRQ�FRVWV��DQG�SULFHV�RIIHUHG�IRU�WKH�
IHHGVWRFNV��7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�GLVFXVVHV�
WKHVH�XQGHUO\LQJ�DVVXPSWLRQV�IRU�WKH�EDVHOLQH�DQG�KLJK�
\LHOG�VFHQDULRV�

34 Most, if not all, soybean residue needs to be left on the ground to meet conservation practice requirements. Some USDA genetic 
improvement research has focused on developing varieties that have a higher ratio of straw to beans, grow taller, have improved lodging 
resistance, and have a better over-winter residue persistence. It is evident from data on the forage soybean varieties that the potential 
exists to produce 100% more crop residue and thus provide more soil conservation benefits than the conventional varieties (Wu et al., 
2004). It cannot be predicted whether farmers will adopt these new varieties, but clearly the technology will be available. Increased use of 
soybeans in double cropping could also allow for more soybean residue removal. Potentially, with such varieties and/or double cropping, 
soybean acreage could contribute to the availability of residues.

Parameters Assumed for Calculating Crop Residue ProductionTable 4.1

Crop Weight  
(lbs/bu)

Moisture  
content (%)

Dry weight 
(lbs/bu)

Residue to 
grain ratio

Residue
(Dry tons/bu)

Corn 56 15.5 47.32 1.0 0.0237

Sorghum 56 14.0 48.16 1.0 0.0241

Oat 32 14.0 27.52 2.0 0.0275

Barley 48 14.5 41.04 1.5 0.0308

Winter wheat 60 13.5 51.09 1.7 0.0441

Spring wheat 60 13.5 51.09 1.3 0.0337

Notes: 4ECHNICALLY�A�BUSHEL�IS�A�UNIT�OF�VOLUME��������CUBIC�FEET�OR����QUARTS��7EIGHTS�FOR�BUSHELS��BU	�HAVE�BEEN�STANDARDIZED�AT�
GIVEN�MOISTURE�CONTENTS��&OR�CORN��SHELLED	��A�BUSHEL�HAS�A�WEIGHT�OF����POUNDS�AT�������MOISTURE��2ANKIN������	��4HE�ACTUAL�WEIGHT�
OF�A�BUSHEL�OF�CORN�VARIES�WITH�MOISTURE�CONTENT��4ABLE����-URPHY�����	��BUT�THE�STANDARD�IS����POUNDS�AT�������MOISTURE�
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Soil Conditioning Index (SCI)
SCI is a tool used by the NRCS in conservation planning to help estimate the effect of certain conservation practices (e.g., 
RESIDUEÏREMOVAL	ÏONÏMAINTAININGÏANDÏINCREASINGÏLEVELSÏOFÏSOILÏORGANICÏMATTER�Ï3PECIlCALLY�ÏTHEÏ3#)ÏEXPRESSESÏTHEÏEFFECTSÏOFÏ
THEÏSYSTEMÏONÏORGANICÏMATTERÏTRENDSÏASÏAÏPRIMARYÏINDICATORÏOFÏSOILÏCONDITIONÏANDÏISÏANÏINDICATORÏOFÏHOWÏMODIlCATIONSÏOFÏAÏ
management system will affect the level of soil organic matter. The index was developed from RUSLE2.

The SCI models the top 4 inches of the soil and combines the effects of three determinants of soil conservation: organic 
MATTER�ÏlELDÏOPERATIONS�ÏANDÏEROSION�Ï!LTHOUGHÏ�ÏINCHESÏDOESÏNOTÏACCOUNTÏFORÏALLÏSOILÏCHARACTERISTICS�ÏMOSTÏSOILÏQUALITYÏ
improvements result from changes in the surface layer. Organic material, or biomass factor, accounts for the effect of 
biomass returned to the soil, including material from plant or animal sources, and material either imported to the site 
or grown and retained on the site. Field operations factor is directly related to practices that stimulate organic matter 
breakdown. The erosion factor accounts for the effect of removal and sorting of surface soil by water and wind erosion 
models. 

Cropping Rotations
Previous analyses used very generic cropping rotations, such as continuous corn, corn-soybean, and continuous wheat 
�.ELSON�Ï�����Ï.ELSONÏETÏAL��Ï����	�Ï)NÏREALITY�ÏTHESEÏROTATIONSÏDIDÏNOTÏREALLYÏREmECTÏMOREÏ@LOCALIZED�ÏCROPPINGÏPRACTICES�Ï
In order to present a more realistic picture of actual cropping practices (crops, rotations, and tillage) and gain a better 
UNDERSTANDINGÏOFÏSUSTAINABLEÏLEVELSÏOFÏRESIDUEÏREMOVAL�ÏSPECIlCÏCROPPINGÏROTATIONSÏDEVELOPEDÏBYÏTHEÏ.2#3ÏFORÏUSEÏINÏ
preparing conservation plans at the local, multi-county, state, and/or national levels were utilized in this analysis. These 
crop management zones (CMZ) tend to represent the major types of agricultural practices employed by farmers in multi- 
county areas (see Figure 4.2). These divisions combine counties with similar crop production (e.g., corn, winter wheat, 
ETC�	�ÏCROPPINGÏROTATIONSÏ�E�G��ÏCORN
SOYBEAN
WHEAT	�ÏANDÏlELDÏMANAGEMENTÏPRACTICESÏ�E�G��ÏCONSERVATIONÏTILLAGE�ÏREDUCEDÏ
tillage and no-till, etc.).

For each CMZ, NRCS provides common corn and small grain cropping rotations and managements based on experience 
FROMÏlELDÏAGENTSÏANDÏNATIONALÏPERSONNEL�Ï&ORÏEACHÏMANAGEMENTÏANDÏCROP�ÏCERTAINÏRESIDUEÏREMOVALÏPRACTICESÏWEREÏ
selected. An important note about the selection of the residue removal is that each of the scenarios used is based on 
ACTUALÏEQUIPMENTÏTHATÏWOULDÏBEÏUSEDÏINÏTHEÏlELDÏINÏCURRENTÏOPERATIONS�Ï7HILEÏTHISÏLIMITSÏTHEÏRANGEÏOFÏREMOVALSÏTHATÏCANÏ
be investigated, it is critical to the soil sustainability analysis that the orientation of the material (stover and straw) be 
accurately represented. In many cases, the orientation of the material is more important than the quantity of material 
LEFTÏINÏTHEÏlELD�Ï2ESIDUEÏREMOVALSÏWEREÏSELECTEDÏUSINGÏOPERATIONSÏFROMÏWHICHÏTHEÏORIENTATIONÏOFÏTHEÏRESIDUEÏREMAININGÏ
is understood and can be properly represented. Figure 4.1 highlights four no-till cropping rotations for CMZ 4, which is a 
majority of the Corn Belt.

TEXT BOX 4.2  |  SOIL CONDITIONING INDEX AND CROPPING ROTATIONS

4.4.1.1 Baseline Scenario
7KH�NH\�UHVLGXH�SURGXFLQJ�FURSV�DUH�FRUQ�DQG�WKH�VPDOO�
JUDLQV��ZKHDW��EDUOH\��RDWV��DQG�VRUJKXP���7KH�DPRXQW�
RI�FURS�UHVLGXH�SURGXFHG�DQG�SRWHQWLDOO\�DYDLODEOH�IRU�
UHPRYDO�LV�FDOFXODWHG�DV�D�IXQFWLRQ�RI�FURS�\LHOG��WKH�
JUDLQ�ZHLJKW�DQG�PRLVWXUH�FRQWHQW��DQG�WKH�+,�RU�UDWLR�
RI�UHVLGXH�WR�JUDLQ��7KHVH�IDFWRUV�DUH�VXPPDUL]HG�LQ�
7DEOH������7KH�SDUDPHWHUV�DUH�WKH�VDPH�DV�XVHG�LQ�WKH�
�����BTS.

&URS�UHVLGXH�UHWHQWLRQ�FRHI¿FLHQWV��5HPRYLQJ�
PRVW�RI�WKH�WHFKQLFDOO\�UHFRYHUDEOH�UHVLGXH�LV�QRW�
ZDUUDQWHG�EHFDXVH�RI�WKH�LPSRUWDQFH�RI�VXFK�UHVLGXH�
LQ�PDLQWDLQLQJ�VRLO�QXWULHQWV�DQG�VRLO�FDUERQ�OHYHOV�
DQG�FRQWUROOLQJ�HURVLRQ��7KH�DPRXQW�RI�UHVLGXH�WKDW�
PXVW�EH�OHIW�LQ�WKH�¿HOG�WR�VDWLVI\�WKHVH�HQYLURQPHQWDO�
FRQVWUDLQWV�GHSHQGV�RQ�VRLO�SURSHUWLHV��¿HOG�VORSH��
FURS�URWDWLRQ��DQG�WLOODJH�V\VWHP��L�H���FRQYHQWLRQDO�WLOO��
PXOFK�WLOO��RU�QR�WLOO���VHH�7H[W�%R[��������

35 Conventional tillage involves the use of plowing that disturbs the entire soil surface, leaving a small amount of residue cover—usually 
less than 15%. No-till leaves the soil surface undisturbed prior to planting or seed drilling. Reduced tillage is defined as the minimal soil 
disturbance required for crop planting and emergence (e.g., strip or mulch tilling).
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NRCS crop management zonesFigure 4.2

,Q�WKH������BTS��UHVLGXH�UHPRYDO�FRQVWUDLQWV�IRU�FRUQ�
VWRYHU�ZHUH�EDVHG�RQ�*UDKDP�HW�DO����������IRU�VPDOO�
JUDLQV��WKH�UHVWUDLQWV�ZHUH�EDVHG�RQ�DYHUDJH�QDWLRQDO�
HVWLPDWHV�FRUUHVSRQGLQJ�WR�PDLQWHQDQFH�RI�����VRLO�
FRYHU²URXJKO\�����GU\�WRQV�SHU�DFUH��$Q�DOWHUQDWLYH�
WR�XVLQJ�UHVLGXH�UHWHQWLRQ�WR�HQVXUH�VXVWDLQDEOH�\LHOGV�
LV�WR�UHFRYHU�QXWULHQWV�DW�WKH�SURFHVVLQJ�IDFLOLW\�DQG�
UHF\FOH�WKHP�EDFN�WR�WKH�ODQG��DORQJ�ZLWK�UHVWRULQJ�
FDUERQ�WKURXJK�RUJDQLF�DSSOLFDWLRQV��7KHVH�DUH�IHDVLEOH�
RSWLRQV�WKDW�ZLOO�SUREDEO\�EH�LPSOHPHQWHG�XQGHU�
FHUWDLQ�FRQGLWLRQV�IRU�VSHFL¿F�IHHGVWRFNV��,Q�WKLV�
XSGDWH��UHVLGXH�UHWHQWLRQ�FRHI¿FLHQWV�ZHUH�HVWLPDWHG�
IRU�HURVLRQ�DQG�VRLO�FDUERQ�LQ�WKH�IROORZLQJ�VHTXHQFH�
RI�VWHSV�

1. 2EWDLQ�UHDOLVWLF����WR���\HDU�FRPPRGLW\�FURS�
URWDWLRQV�IURP�15&6�ZLWKLQ�WKH�PXOWL�VWDWH�FURS�
PDQDJHPHQW�]RQHV��)LJXUH������

2. (VWDEOLVK��XVLQJ�586/(��DQG�:(36��³EDVHOLQH´�
HURVLRQ�DQG�FDUERQ�OHYHOV�IRU�HDFK�FURS�URWDWLRQ�
VXEMHFW�WR�WLOODJH��VRLOV��WRSRJUDSK\��DQG�FOLPDWH

��� ,GHQWLI\�KRZ�PXFK�UHVLGXH�FDQ�EH�UHPRYHG�XQGHU�
ORZ���PRGHUDWH���DQG�KLJK�KDUYHVWLQJ�V\VWHPV��H�J���
ZLQGURZ�SLFNXS��UDNH�DQG�ZLQGURZ�SLFNXS��ÀDLO�
VKUHG��DQG�UDNH��IRU�WKH�FRUQ�VWRYHU�DQG�VPDOO�JUDLQ�
VWUDZ�SRUWLRQV�RI�HDFK�URWDWLRQ��H�J���FRUQ�VR\EHDQ�
ZLQWHU�ZKHDW��VWRYHU�LQ�\HDU����VWUDZ�LQ�\HDU����
�)LJXUH�����

��� 2EWDLQ��IURP�586/(��DQG�:(36��WKH�LQFUHDVH�
LQ�HURVLRQ�DQG�GHFUHDVH�LQ�FDUERQ�DV�GHWHUPLQHG�
OHYHOV�RI�UHVLGXH�DUH�UHPRYHG��FRQVLVWHQW�ZLWK�WKH�
UHPRYDO�KDUYHVW�V\VWHP�

��� &DOFXODWH�DYHUDJH�UHWHQWLRQ�FRHI¿FLHQWV�E\�FRXQW\�
IRU�ZLQG��UDLQ��DQG�VRLO�FDUERQ�IRU�HDFK�URWDWLRQ�
DQG�WLOODJH�FRPELQDWLRQ�E\�FURS�PDQDJHPHQW�]RQH�
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7KH�EDVHOLQH�HURVLRQ�DQG�FDUERQ�OHYHOV�IRU�HDFK�FURS�
DUH�\LHOG�GHSHQGHQW�DQG�ZHUH�FDOFXODWHG�WKURXJK�
�����WR�GHWHUPLQH�UHWHQWLRQ�FRHI¿FLHQWV��'XH�WR�WKH�
FRQFHUQ�DERXW�UHVLGXH�UHPRYDO�DQG�ORQJ�WHUP�VRLO�
IHUWLOLW\��UHPRYLQJ�UHVLGXH�IURP�FRQYHQWLRQDOO\�WLOOHG�
DFUHV�ZDV�QRW�DOORZHG��)RU�DFUHV�XQGHU�UHGXFHG�WLOO�
FXOWLYDWLRQ��WKH�2UJDQLF�0DWWHU�VXEIDFWRU�RI�WKH�6&,�

Baling corn stoverFigure 4.3

(Courtesy of ORNL)

36 The SCI-OM subfactor is more conservative. Conservation management planning, as implemented by the NRCS, uses the combined SCI as 
the qualitative carbon metric and allows for more residue removal because the Field Operations (FO) and Erosion (ER) subfactors pull the 
negative OM subfactor positive when combined across the yield and removal rate spectrum (Muth et. al, 2011).

�6&,�20��ZDV�XVHG�DV�WKH�FDUERQ�WULJJHU��IRU�DFUHV�
XQGHU�QR�WLOO��WKH�FRPELQHG�6&,�ZDV�XVHG�DV�WKH�FDUERQ�
WULJJHU����)LJXUH�����VKRZV�QDWLRQDO�DYHUDJH�UHVLGXH�
UHWHQWLRQ�FRHI¿FLHQWV�IRU�UHGXFHG�WLOO�DQG�QR�WLOO�FRUQ��
,Q�WKLV�DVVHVVPHQW��UHVLGXH�UHPRYDO�LV�QRW�DOORZHG�RQ�
FRQYHQWLRQDOO\�WLOOHG�DFUHV��$V�GLVFXVVHG�SUHYLRXVO\��
WKH�HVWLPDWLRQ�ZDV�FRQGXFWHG�DW�D�FRXQW\�OHYHO��ZLWK�
UHVXOWV�VXPPDUL]HG�QDWLRQDOO\�LQ�WKLV�UHSRUW��&RXQW\�
OHYHO�RXWSXW�IRU�RQH�SDUWLFXODU�FRXQW\�LV�VKRZQ�LQ�
)LJXUH������ZLWK�WRWDO�UHVLGXH�SURGXFHG�DQG�WKH�DPRXQW�
UHPRYDEOH�XQGHU�UHGXFHG�WLOO�DQG�QR�WLOO�UHSUHVHQWHG��
7KH�LQFUHDVLQJ�VWRYHU�\LHOG�RYHU�WLPH�LV�GXH�WR�\LHOG�
JURZWK��7R�VXPPDUL]H�WKH�UHWHQWLRQ�FRHI¿FLHQW�
DQDO\VLV��WKH�OHIW�PDS�LQ�)LJXUH�����VKRZV�WRWDO�FRUQ�
VWRYHU�SURGXFWLRQ�DFURVV�WKH�8QLWHG�6WDWHV�LQ�������
ZLWK�WKH�GDUNHU�VKDGHV�LQGLFDWLQJ�KLJKHU�OHYHOV�RI�
VWRYHU��RU�JUDLQ��SURGXFWLRQ��7KH�PDS�RQ�WKH�ULJKW�LQ�
)LJXUH�����VKRZV�WKH�VXVWDLQDEOH�UHWHQWLRQ�FRHI¿FLHQW�
�H[SUHVVHG�DV�D�IUDFWLRQ�RI�VWRYHU�WKDW�PXVW�UHPDLQ�RQ�
WKH�¿HOG�WR�PHHW�VXVWDLQDELOLW\�UHTXLUHPHQWV��IRU�\HDU�
������$UHDV�LQ�GDUN�JUHHQ�LQGLFDWH�KLJK�OHYHOV�RI�VWRYHU�
UHPRYDO��DQG�DUHDV�LQ�GDUN�EURZQ�LQGLFDWH�WKH�ODUJH�
IUDFWLRQV�RI�WKH�SURGXFHG�VWRYHU�WKDW�PXVW�EH�UHWDLQHG�
RQVLWH��6LPLODU�UHVXOWV�DUH�JHQHUDWHG�IRU�RWKHU�\HDUV�XS�
WR�������DV�ZHOO�DV�IRU�UHGXFHG�WLOODJH�
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4OTALÏFACTORÏOFÏCORNÏSTOVERÏYIELDÏANDÏSUSTAINABLEÏRETENTIONÏCOEFlCIENTS�Ï����Figure 4.6

Grower payments.�&URS�UHVLGXHV�DUH�D�VRXUFH�RI�
QXWULHQWV�IRU�IXWXUH�FURSV�LI�OHIW�WR�GHFRPSRVH��:KHQ�
UHVLGXHV�DUH�FROOHFWHG��DGGLWLRQDO�IHUWLOL]HU�QHHGV�WR�
EH�DSSOLHG�WR�FRPSHQVDWH�IRU�WKH�UHPRYHG�QXWULHQWV��
&URS�UHVLGXH�UHPRYDO�PD\�DOVR�DIIHFW�VXEVHTXHQW�
¿HOG�RSHUDWLRQV�DQG�SURGXFWLRQ�ERWK�SRVLWLYHO\�DQG�
QHJDWLYHO\��$�SRVLWLYH�RXWFRPH�ZRXOG�UHVXOW�LI�VRLO�
WKDW�UHPDLQV�ZHW�LQ�WKH�VSULQJ�KDV�VRPH�RI�LWV�UHVLGXH�
UHPRYHG�LQ�WKH�IDOO��WKH�VRLO�PD\�GU\�DQG�RU�ZDUP�PRUH�
TXLFNO\��DOORZLQJ�IRU�HDUOLHU�VSULQJ�¿HOG�ZRUN��HDUOLHU�
SODQWLQJ��DQG�HDUOLHU�VHHG�JHUPLQDWLRQ��ZKLFK�ZRXOG�
UHVXOW�LQ�KLJKHU�\LHOGV��5HVLGXH�UHPRYDO�PD\�DOVR�PDNH�
KHUELFLGHV�PRUH�HIIHFWLYH�RU�UHTXLUH�OHVV�WR�EH�DSSOLHG�
�L�H���LI�OHVV�KHUELFLGH�LV�LQWHUFHSWHG�E\�UHVLGXHV��WKHQ�
PRUH�UHDFKHV�LWV�LQWHQGHG�WDUJHW���+RZHYHU��D�QHJDWLYH�
RXWFRPH�ZRXOG�RFFXU�LI�UHVLGXH�UHPRYDO�LQFUHDVHG�VRLO�
FRPSDFWLRQ�WKURXJK�DGGLWLRQDO�HTXLSPHQW�WUDI¿F�DQG�
UHGXFHG�RUJDQLF�PDWWHU�QHDU�WKH�VRLO�VXUIDFH��:LOKHOP�
HW�DO����������*URZHU�SD\PHQWV�DUH�GHWHUPLQHG�E\�
YDOXLQJ�WKH�UHPRYHG�QXWULHQWV�DQG�RUJDQLF�PDWWHU�
DQG�DGGLQJ�D�QRPLQDO�SUR¿W��9DOXLQJ�WKH�FRPSHWLQJ�
SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RI�UHPRYHG�QXWULHQWV�RQ�
¿HOG�RSHUDWLRQV�DQG�SURGXFWLRQ�ZRXOG�GHSHQG�RQ�PDQ\�
VLWH�VSHFL¿F�FRQVLGHUDWLRQV�WKDW�DUH�GLI¿FXOW�WR�TXDQWLI\�
EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW��

7KH�QXWULHQW�YDOXH�LV�GHWHUPLQHG�DV�D�SURGXFW�RI�
WKH�SULFH�RI�IHUWLOL]HU�DQG�WKH�DPRXQW�RI�QXWULHQWV�LQ�
WKH�UHPRYHG�VWRYHU��7KLV�YDOXDWLRQ�LV�QRW�HQWLUHO\�
VWUDLJKWIRUZDUG��JLYHQ�WKH�UHJLRQDO�YDULDWLRQ�LQ�
IHUWLOL]HU�SULFHV�E\�QXWULHQW�DQG�IHUWLOL]HU�SURGXFW�
DQG�WKH�YDULDWLRQ�LQ�QXWULHQW�FRQWHQW�RI�WKH�UHVLGXH�
LWVHOI��7KHUH�DUH�PDQ\�QLWURJHQ�VRXUFHV��ZLWK�SULFHV�
YDU\LQJ�FRQVLGHUDEO\�DPRQJ�WKHVH�VRXUFHV��$QK\GURXV�
DPPRQLD�LV�WKH�OHDVW�H[SHQVLYH�DQG�JHQHUDOO\�DSSOLHG�
WR�FRUQ��ZKLOH�DPPRQLXP�QLWUDWH�WHQGV�WR�EH�WKH�
PRVW�H[SHQVLYH��7KH�VRXUFHV�RI�PRVW�SKRVSKRUXV�DUH�
GLDPPRQLXP�SKRVSKDWH��'$3��DQG�PRQRDPPRQLXP�
SKRVSKDWH��0$3���)RU�SRWDVVLXP��PXULDWH�RI�SRWDVK�LV�
XVHG�DOPRVW�H[FOXVLYHO\�

)HUWLOL]HU�SULFHV�YDU\�FRQVLGHUDEO\�IURP�\HDU�WR�\HDU�
DQG�E\�UHJLRQ��+RZHYHU��LQ�������SULFHV�LQFUHDVHG�
GUDPDWLFDOO\�GXH�WR�D�FRPELQDWLRQ�RI�IDFWRUV��LQFOXGLQJ�
ULVLQJ�HQHUJ\�FRVWV�DQG�WKH�HQHUJ\�LQWHQVLYH�QDWXUH�
RI�SURGXFWLRQ��LQFUHDVHG�FRVWV�IRU�UDZ�PDWHULDOV��H�J���
QDWXUDO�JDV���KLJKHU�WUDQVSRUWDWLRQ�FRVWV��DQG�D�VKDUS�
LQFUHDVH�LQ�ZRUOGZLGH�GHPDQG��7R�DFFRXQW�VRPHZKDW�
IRU�\HDU�WR�\HDU�YDULDELOLW\��DYHUDJH�UHJLRQDO�SULFHV�
IURP�����±�����ZHUH�XVHG�WR�TXDQWLI\�WKH�QXWULHQW�
YDOXH�RI�WKH�UHPRYHG�UHVLGXH��,Q�DGGLWLRQ��WKH�QLWURJHQ�
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Regional Nutrient Payments per Ton of Stover RemovedTable 4.2

Nutrient Lake 
States Corn Belt Northeast Appala-

chia Southeast Northern 
Plains

Southern 
Plains

Pacific 
Northwest

Nitrogen $9.90 $9.90 $9.50 $9.40 $9.80 $9.30 $8.90 $10.10

Phosphorus $3.60 $3.60 $3.40 $3.40 $3.50 $3.40 $3.20 $3.70

Potassium $13.40 $13.40 $12.80 $12.90 $13.30 $12.70 $12.20 $13.70

Total 
Nutrient 
Payment

$26.90 $26.90 $25.80 $25.60 $26.60 $25.40 $24.30 $27.50

HPERGLHG�LQ�SKRVSKRURXV�IHUWLOL]HU������QLWURJHQ�
LQ�'$3�DQG�����QLWURJHQ�LQ�0$3��ZDV�YDOXHG�DW�
WKH�����±�����DYHUDJH�UHJLRQDO�SULFH�RI�DQK\GURXV�
DPPRQLD��SOXV�D�������SHU�SRXQG�DSSOLFDWLRQ�FRVW�

'DWD�IURP�1LHOVRQ���������/DQJ���������*DOODJKHU�HW�
DO����������6FKHFKLQJHU�DQG�+HWWHQKDXV���������DQG�
)L[HQ��������ZDV�XVHG�WR�HVWLPDWH�DQ�DYHUDJH�QXWULHQW�
FRPSRVLWLRQ�RI�UHPRYHG�FRUQ�VWRYHU��1XWULHQW�YDOXHV�
XVHG�ZHUH������SRXQGV�QLWURJHQ�SHU�GU\�WRQ������SRXQGV�
32O���SKRVSKDWH��SHU�GU\�WRQ��DQG������SRXQGV�.2O 
�SRWDVVLXP��SHU�GU\�WRQ�

0RVW�FRUQ�SURGXFHG�LQ�WKH�8QLWHG�6WDWHV�LV�JURZQ�LQ�
URWDWLRQ�ZLWK�VR\EHDQV��$V�FRUQ�VWRYHU�GHFRPSRVHV�
LQ�WKH�¿HOG��QXWULHQWV�EHFRPH�DYDLODEOH��3KRVSKRURXV�
DQG�SRWDVVLXP�DUH�QRW�JHQHUDOO\�ORVW�DQG�DUH�XWLOL]HG�
E\�DOO�FURSV��)RU�QLWURJHQ��WKHUH�LV�D�TXHVWLRQ�DV�WR�
ZKHWKHU�LW�EHFRPHV�DYDLODEOH�GXULQJ�WKH�VR\EHDQ�\HDU�
RI�D�FRUQ�VR\EHDQ�URWDWLRQ��7KH�TXHVWLRQ�WKDW�VKRXOG�EH�
DVNHG�LV�ZKHWKHU�WKH�QLWURJHQ�WKDW�LV�UHOHDVHG�GXULQJ�WKH�
VR\EHDQ�\HDU��DQG�QRW�XVHG�E\�WKH�VR\EHDQV��UHPDLQV�WR�

Regional Nutrient Payments per Ton of Small Grains Straw RemovedTable 4.3

Nutrient Lake 
States Corn Belt Northeast Appala-

chia Southeast Northern 
Plains

Southern 
Plains

Pacific 
Northwest

Nitrogen $10.30 $10.30 $10.40 $10.60 $10.80 $9.90 $10.00 $11.00

Phosphorus $1.90 $1.90 $2.00 $2.00 $2.00 $1.90 $1.90 $2.10

Potassium $12.50 $12.50 $12.60 $12.80 $13.10 $11.90 $12.10 $13.20

Total 
Nutrient 
Payment

$24.70 $24.70 $25.00 $25.30 $25.90 $23.60 $23.90 $26.20

EH�XVHG�E\�WKH�IROORZLQJ�FRUQ�FURS��7KH�DSSURDFK�WDNHQ�
KHUH�ZDV�WR�DVVXPH�WKDW�WKH�QXWULHQWV�IURP�FRUQ�VWRYHU�
EHFRPH�DYDLODEOH�LQ�D�OLQHDU�IDVKLRQ�RYHU�D����\HDU�
SHULRG�DQG�GLVFRXQWHG�XVLQJ�D����UDWH��,I�WKH�QLWURJHQ�
UHOHDVHG�GXULQJ�WKH�VR\EHDQ�\HDU�LV�IXOO\�YDOXHG��LQ�
WKH�\HDU�RI�WKH�VR\EHDQ�FURS��DQG�GLVFRXQWHG��WKHQ�WKH�
ZRUWK�RI�WKH�QLWURJHQ�LV�����RI�LWV�XQGLVFRXQWHG�YDOXH�

&RUQ�SURGXFHUV�VXUYH\HG�LQGLFDWHG�WKDW�WKH\�GHVLUH�WR�
UHFHLYH�D�YDOXH�IRU�WKHLU�FRUQ�VWRYHU�JUHDWHU�WKDQ�WKH�
QXWULHQW�UHSODFHPHQW�YDOXH��%UHFKELOO�DQG�7\QHU��������
DGG�����RI�WKH�YDOXH�RI�WKH�QXWULHQWV��FRVW�RI�FROOHFWLQJ�
FRUQ�VWRYHU��GU\�PDWWHU�ORVV��DQG�VWRUDJH�SUHPLXP��
,Q�WKHLU�VHFRQG�FRUQ�VWRYHU�H[DPSOH��WKLV�DPRXQWV�WR�
������SHU�GU\�WRQ��(GZDUGV��������UHSRUWV�WKDW�VDOHV�RI�
FRUQ�VWRYHU�DW�KD\�DXFWLRQV�KDYH�UHVXOWHG�LQ�SULFHV�WKDW�
XVXDOO\�UDQJH�IURP�����WR�����SHU�EDOH��+H�DVVXPHV�D�
EDOH�ZHLJKV�����WRQV��DQG��LI�LW�LV�DVVXPHG�WKDW�WKH�EDOH�
LV�����GU\�PDWWHU��WKHQ�WKH�VWRYHU�LV�ZRUWK�����WR�����
SHU�GU\�WRQ��+DUYHVW�LQFOXGHV�EDOLQJ�DQG�PD\�RU�PD\�
QRW�LQFOXGH�PRZLQJ�VKUHGGLQJ�DQG�UDNLQJ� 
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37 In the 2005 BTS, estimates assume collection equipment is capable of removing about 35% of the residue under current conditions and up 
to 75% under the high-yield scenario (assuming the availability of single-pass harvesting systems).

�)LJXUH�������(GZDUGV�HVWLPDWHV�FXVWRP�EDOLQJ�DW�
�������SHU�EDOH���������SHU�GU\�WRQ��DQG�WRWDO�KDUYHVW�
FRVW��VWDON�FKRSSLQJ�SOXV�UDNLQJ�SOXV�EDOLQJ��DW��������
SHU�EDOH���������SHU�GU\�WRQ���6XEWUDFWLQJ�WKH�KDUYHVW�
FRVW�DQG�ORFDO�WUDQVSRUW�FRVW��DVVXPH����SHU�GU\�WRQ��
IURP�WKH�EDOH�VDOHV�SULFH�OHDYHV�D�UDQJH�RI����WR�����
SHU�GU\�WRQ�IRU�VWDQGLQJ�FRUQ�VWDONV��(GZDUGV�HVWLPDWHV�
D�QXWULHQW�YDOXH�RI�������SHU�EDOH���������SHU�GU\�WRQ���
ZKLFK�OHDYHV�D�UHVLGXDO��LQWULQVLF��YDOXH�RI����WR����
SHU�GU\�WRQ��)RU�FRUQ�VWRYHU�OHIW�LQ�D�ZLQGURZ�EHKLQG�D�
FRPELQH��D�IDUPHU�ZDV�SDLG�����SHU�GU\�WRQ�LQ�����±
������7R�JLYH�VRPH�SHUVSHFWLYH��LQ�,RZD��QRQ�DOIDOID�
KD\�SULFHV�ZHUH��������SHU�WRQ�LQ�WKH�PDUNHWLQJ�\HDU�
����±������DQG�����SHU�WRQ�LQ�-XQH�������6FKHFKLQJHU�
DQG�+HWWHQKDXV��������HVWLPDWHG�WKH�QXWULHQW�YDOXH�RI�
WKH�VWRYHU�DW�������SHU�GU\�WRQ��6XEWUDFWLQJ�WKLV�IURP�
WKH�����SHU�GU\�WRQ�SD\PHQW�DPRXQW�OHDYHV�D�UHVLGXDO�
�LQWULQVLF��YDOXH�RI�DSSUR[LPDWHO\����SHU�GU\�WRQ��
)URP�WKHVH�PDUNHW�EDVHG�H[DPSOHV��LW�ZRXOG�VHHP�
UHDVRQDEOH�WR�DOORZ�FRUQ�VWRYHU�DQ�LQWULQVLF�YDOXH�RI�
����SHU�GU\�WRQ��,Q�DGGLWLRQ�����SHU�GU\�WRQ�LV�DGGHG�
WR�DFFRXQW�IRU�WKH�XQNQRZQ�YDOXH�RI�WKH�UHVLGXH�IRU�
RUJDQLF�PDWWHU�

5HJLRQDO�JURZHU�SD\PHQWV�EDVHG�RQ�WKH�QXWULHQW�
FRQWHQW�RI�WKH�UHPRYHG�UHVLGXH��RUJDQLF�PDWWHU��
DQG�JURZHU�SUR¿W��SUHPLXP�RU�LQWULQVLF�YDOXH��DUH�
VXPPDUL]HG�LQ�7DEOHV�����DQG�����IRU�FRUQ�VWRYHU�DQG�
VPDOO�JUDLQ�VWUDZ��UHVSHFWLYHO\��7KH�DYHUDJH�JURZHU�
SD\PHQW�LQ�WKH�8QLWHG�6WDWHV�LV�����SHU�GU\�WRQ�RI�
UHPRYHG�FRUQ�VWRYHU�DQG�����SHU�GU\�WRQ�RI�UHPRYHG�
ZKHDW�VWUDZ��XVLQJ�����±�����DYHUDJH�UHJLRQDO�
IHUWLOL]HU�SULFHV���*URZHU�SD\PHQWV�DUH�ORZHVW�LQ�WKH�
1RUWKHUQ�DQG�6RXWKHUQ�3ODLQV�DQG�KLJKHVW�LQ�WKH�3DFL¿F�

1RUWKZHVW��)RU�WKH�&RUQ�%HOW��WKH�JURZHU�SD\PHQW�LV�
DERXW�WKH�VDPH�DV�WKH�QDWLRQDO�DYHUDJH��,W�VKRXOG�EH�
QRWHG�WKDW�WKH�RFFXUUHQFH�RI�KLJK�IHUWLOL]HU�SULFHV��DV�
H[SHULHQFHG�LQ�������ZRXOG�LQFUHDVH�WKH�YDOXH�RI�WKH�
JURZHU�SD\PHQW�

Costs of crop residue collection. &RUQ�VWRYHU�FDQ�
EH�FROOHFWHG�LQ�D�QXPEHU�RI�ZD\V������WXUQ�RII�WKH�
FRPELQH¶V�VSUHDGHU�DQG�EDOH�WKH�ZLQGURZ�XVLQJ�D�
ODUJH�URXQG�EDOHU������DIWHU�FRPELQLQJ��UDNH�DQG�EDOH�
WKH�UHVXOWLQJ�ZLQGURZ�XVLQJ�D�ODUJH�URXQG�EDOHU��RU�����
VKUHG�DIWHU�FRPELQLQJ��UDNH�WKH�VKUHGGHG�ELRPDVV� and 
EDOH�WKH�UHVXOWLQJ�ZLQGURZ�XVLQJ�D�ODUJH�UHFWDQJXODU�
EDOHU����)RU�ZKHDW�VWUDZ��WXUQ�RII�WKH�FRPELQH¶V�
VSUHDGHU�DQG�EDOH�WKH�ZLQGURZ�XVLQJ�D�ODUJH�URXQG�
RU�UHFWDQJXODU�EDOHU��7R�HVWLPDWH�FRVWV�IRU�H[DPSOH�
SXUSRVHV��VKUHGGLQJ�LV�SHUIRUPHG�XVLQJ�D����IRRW�ZLGH�
VKUHGGHU��DQG�UDNLQJ�XWLOL]HV�D����IRRW�ZKHHO�UDNH��
%DVHG�RQ�GDWD�IURP�6KLQQHUV�HW�DO����������EDOLQJ�ZHW�
ELRPDVV�LV�DVVXPHG��ZLWK�WKH�URXQG�EDOHU�SURGXFLQJ�
�����GU\�WRQ�EDOHV�ZLWK�PHVK�ZUDS��ZKLOH�WKH�ODUJH�
UHFWDQJXODU�EDOHU�SURGXFHV������GU\�WRQ�EDOHV��%DOHU�
FDSDFLW\�LV�OLPLWHG�E\�¿HOG�VSHHG��DVVXPHG�WR�EH������
DQG������GU\�WRQV�SHU�KRXU�IRU�URXQG�DQG�UHFWDQJXODU�
EDOHUV��UHVSHFWLYHO\���%DOHV�DUH�WUDQVSRUWHG�WR�WKH�¿HOG�
HGJH�XVLQJ�VHOI�ORDGLQJ�DQG�XQORDGLQJ�ZDJRQV�WKDW�DUH�
FDSDEOH�RI�FDUU\LQJ����URXQG�EDOHV�DQG���UHFWDQJXODU�
EDOHV�

&RVWV�GHFOLQH�ZLWK�LQFUHDVLQJ�\LHOG��)RU�\LHOGV�RI������
�����DQG�����GU\�WRQV�SHU�DFUH��FROOHFWLRQ�FRVWV�XS�WR�
WKH�¿HOG�HGJH�DUH�DERXW�����������DQG�����SHU�GU\�WRQ��
UHVSHFWLYHO\��7KH�HVWLPDWHG�FROOHFWLRQ�FRVW�IXQFWLRQ�IRU�
VWRYHU�DQG�VWUDZ�LV�GLVSOD\HG�LQ�)LJXUH�����
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4.4.1.2 High-Yield Scenario
$�VHULHV�RI�'2(�ZRUNVKRSV��8�6��'HSDUWPHQW�RI�
(QHUJ\������D��ZDV�KHOG�WR�SURYLGH�DQ�RSSRUWXQLW\�
WR�IXUWKHU�HYDOXDWH�DQG�UH¿QH�FKDQJHV�LQ�SURMHFWHG�
LPSURYHPHQWV�LQ�FURS�\LHOGV�DQG�LQ�WHFKQRORJLHV��
VXFK�DV�PDQDJHPHQW�SUDFWLFHV�DQG�WRROV�WKDW�LQFUHDVH�
VXVWDLQDEOH�IHHGVWRFN�DYDLODELOLW\��)RU�FURS�UHVLGXHV��
WKH�VFRSH�RI�WKH�GLVFXVVLRQ�IRFXVHG�SULPDULO\�RQ�
FRUQ²WKH�PRVW�LPSRUWDQW�UHVLGXH�SURGXFLQJ�FURS�
ZLWK�WKH�JUHDWHVW�SRWHQWLDO�IRU�\LHOG�LPSURYHPHQWV�DQG�
PDQDJHPHQW�RI�UHVLGXH�SURGXFWLRQ��3DUWLFLSDQWV�UDQNHG�
WROHUDQFH�WR�GURXJKW��SHVW��GLVHDVH��DQG�RWKHU�VWUHVV�
IDFWRUV�DV�WKH�JUHDWHVW�EDUULHU�WR�LQFUHDVLQJ�\LHOGV��0RVW�
WKRXJKW�WKDW�WKH�GHYHORSPHQW�RI�JHQHWLF�SRWHQWLDO��
ELRWHFKQRORJ\��DQG�LQQRYDWLRQV�LQ�HQJLQHHULQJ�DQG�
PDQDJHPHQW�FRXOG�EH�OHYHUDJHG�WR�LPSURYH�WKH�\LHOG�
DQG�+,��L�H���PD[LPL]H�ERWK�JUDLQ�DQG�ELRPDVV�\LHOGV��
ZLWK�PLQLPXP�LQSXWV�DQG�VXVWDLQHG�VRLO�SURGXFWLYLW\��
$�QXPEHU�RI�SDUWLFLSDQWV�ZHUH�RSWLPLVWLF�WKDW�VWRYHU�
\LHOGV�FRXOG�EH�LPSURYHG�DORQJ�ZLWK�JUDLQ�\LHOGV�DQG�
UHFRPPHQGHG�FRQWLQXHG�ZRUN�LQ�JHQHWLFV��LQFOXGLQJ�

VHOHFWLYH�EUHHGLQJ�DQG�WKH�DSSOLFDWLRQ�RI�QHZ�
ELRWHFKQRORJ\�DSSURDFKHV��+RZHYHU��RWKHU�SDUWLFLSDQWV�
VWUHVVHG�WKDW�ZLWKRXW�D�PDUNHW�SXOO�IRU�KLJKHU�VWRYHU�
\LHOGV�UHODWLYH�WR�JUDLQ�\LHOGV��WKH�HPSKDVLV�ZLOO�
FRQWLQXH�WR�EH�RQ�PD[LPL]LQJ�JUDLQ�\LHOGV��$OVR��VRPH�
SDUWLFLSDQWV�HPSKDVL]HG�WKDW�WKH�VWUHVV�IDFWRUV�WKDW�DUH�
EDUULHUV�WR�LQFUHDVLQJ�\LHOGV�KDYH�WR�EH�RYHUFRPH�WR�
KDYH�FRQVLVWHQWO\�KLJKHU�\LHOGV��DOWKRXJK�WKHUH�ZDV�
FOHDU�DJUHHPHQW�RQ�FRQWLQXHG�JURZWK�RI�FRUQ�\LHOGV�
WKURXJK���������7KH�NH\�GLYHUJHQFH�LQ�RSLQLRQV�ZDV�
FHQWHUHG�RQ�WKH�H[WHQW�WR�ZKLFK�EUHHGLQJ�DQG�JHQHWLF�
VHOHFWLRQ�SURJUDPV�FDQ�RYHUFRPH�VWUHVV�IDFWRUV��$�
PDMRULW\�RI�SDUWLFLSDQWV�VXSSRUWHG�WKLV�SHUVSHFWLYH��
ZKLOH�WKH�UHPDLQLQJ�SDUWLFLSDQWV�FRQVLGHUHG�VWUHVV�
IDFWRUV�WRR�VLJQL¿FDQW�RI�D�EDUULHU��7KH�FRQVHQVXV�KLJK�
\LHOG�HVWLPDWH�WUDQVODWHV�LQWR�DQ�DYHUDJH�DQQXDO�JURZWK�
UDWH�RI�DOPRVW�����%\�������FRUQ�\LHOG�ZRXOG�EH�����
EXVKHOV�SHU�DFUH�LQ�D�KLJK�\LHOG�VFHQDULR�FRPSDUHG�WR�
WKH�EDVHOLQH�RI�����EXVKHOV�SHU�DFUH�LQ�������7KH�KLJK�
\LHOG�HVWLPDWH�RI�����EXVKHOV�SHU�DFUH�LV�DSSUR[LPDWHO\�
WKH�VDPH�DV�WKH�����EXVKHOV�SHU�DFUH�YDOXH�XVHG�E\�(3$�
LQ�WKHLU�UHJXODWRU\�LPSDFW�DQDO\VLV�RI�WKH�5)6��� 

38 The updated BTS estimates biomass availability over the 2010–2030 timeframe. The workshop used a longer timeframe as it addressed 
specific technology developments and implementation.
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3DUWLFLSDQW�GLVFXVVLRQ�DQG�RSLQLRQV�UHODWLYH�WR�+,�ZHUH�
HYHQ�PRUH�FRPSOH[�DQG�FKDOOHQJLQJ��PRUH�LQIRUPDWLRQ�
RQ�WKH�+,�LV�SURYLGHG�LQ�7H[W�%R[�������7KUHH�WKHPHV�
HPHUJHG��GHSHQGLQJ�RQ�WKH�XQGHUVWDQGLQJ�RI�WKH�
YDULDEOH��$�JURXS�ZLWK�FRQVLGHUDEOH�H[SHULHQFH�
SURYLGHG�D�GDWD�GULYHQ�FDVH�WKDW�+,�DW�KDUYHVW�WLPH�LV�
FXUUHQWO\�LQFUHDVLQJ�ZLWK�KLJKHU�\LHOGV�DQG�JHQHWLF�
VHOHFWLRQ��$QRWKHU�EURDG�JURXS�WKRXJKW�WKDW�+,�FDQ�
EH�LPSURYHG�WKURXJK�EUHHGLQJ�DQG�ELRWHFKQRORJ\��<HW�
DQRWKHU�JURXS�KHOG�WKH�SRVLWLRQ�WKDW��ZKLOH�KDUYHVW�WLPH�
+,�LV�GHPRQVWUDEO\�LQFUHDVLQJ�ZLWK�\LHOG�XQGHU�FXUUHQW�
SURGXFWLRQ��WKH�+,�DW�SK\VLRORJLFDO�PDWXULW\�LV�D�PRUH�
LPSRUWDQW�FULWHULRQ��7KH�FRQFOXVLRQV�RI�WKH�SDUWLFLSDQW�
GLVFXVVLRQ�HVVHQWLDOO\�EHFDPH������KDUYHVW�WLPH�+,V�DUH�
LQFUHDVLQJ�DV�\LHOG�LQFUHDVHV������WKH�PDWHULDO�EDODQFH�
FDOFXODWLRQV�QHHGHG�IRU�DFFXUDWH�VWRYHU�DYDLODELOLW\�
DQDO\VLV�UHTXLUH�+,�DW�SK\VLRORJLFDO�PDWXULW\��IRU�ZKLFK�
OHVV�GDWD�H[LVWV�WR�FRQVWUXFW�+,�WUHQG�DQDO\VLV��DQG�
����+,�LV�D�FURS�FKDUDFWHULVWLF�WKDW�FDQ�EH�HQJLQHHUHG�
WR�VHUYH�PDUNHW�GULYHUV��$�VXPPDU\�RI�WKH�EDVHOLQH�
DQG�KLJK�\LHOG�DVVXPSWLRQV�XVHG�LQ�WKH�32/<6<6�
PRGHOLQJ�IUDPHZRUN�LV�VKRZQ�LQ�7DEOH�����

,Q�DGGLWLRQ�WR�\LHOG�DQG�+,��WKH�ZRUNVKRS�VROLFLWHG�
LQSXWV�RQ�HQYLURQPHQWDO�VXVWDLQDELOLW\��HFRQRPLF�
YLDELOLW\��ODQG�XVH��DQG�RWKHU�WHFKQRORJ\��SROLF\�
DGYDQFHV��DOWKRXJK�QRW�WR�WKH�OHYHO�RI�GHWDLO�DV�\LHOG�
DQG�+,��)RU�VXVWDLQDELOLW\��WKH�SDUWLFLSDQWV�OLVWHG�DQG�
UDQNHG�IDFWRUV�WKDW�FXUUHQWO\�OLPLW�HQYLURQPHQWDOO\�
VXVWDLQDEOH�LQFUHDVHG�\LHOGV��7KH�ZRUNVKRS�
UHVXOWHG�LQ�IRXU�RI�WKH�PRVW�SURPLVLQJ��DQG�OLNHO\�
WR�EH�LPSOHPHQWHG��RYHUDUFKLQJ�DFWLRQV�WKDW�FRXOG�
³VXI¿FLHQWO\�EH�DGRSWHG�E\�����´�LQ�VXSSRUW�RI�
VXVWDLQDELOLW\�SURGXFWLRQ�V\VWHPV�RI�IXWXUH�KLJK�
\LHOG�VFHQDULRV��7KH�SURSRVHG�DFWLRQV�DUH�WR������
LPSURYH�UHVLGXH�PDQDJHPHQW�SUDFWLFHV������XVH�D�
KROLVWLF�V\VWHPV�DSSURDFK������LPSOHPHQW�VRLO�KHDOWK�
PRQLWRULQJ��DQG�����DGYDQFH�YDULDEOH�UDWH�FROOHFWLRQ�
WHFKQRORJ\�

$V�ZLWK�WKH�VXVWDLQDELOLW\�OLPLWLQJ�IDFWRUV��HFRQRPLFV�
DQG�ODQG�XVH�ZHUH�DGGUHVVHG�WR�GHWHUPLQH�LI�VROXWLRQV�
ZRXOG�EH�DYDLODEOH�WR�VXSSRUW�KLJK�\LHOG�DOWHUQDWLYHV�
LQ�WKH�IXWXUH��(FRQRPLF�FRQFHUQV�LQFOXGHG�PDUNHW�
DFFHVV�DQG�YLDELOLW\��LQYHVWPHQWV��DQG�ULVN�UHGXFWLRQ��
3DUWLFLSDQWV�VXJJHVWHG�WKDW�PDUNHW�YLDELOLW\�FDQ�EH�
VXSSRUWHG�E\�SULRULWL]LQJ�FURS�GHYHORSPHQW�IRU�ERWK�
JUDLQ�DQG�UHVLGXH�\LHOG��PDLQWDLQLQJ�D�FRQVWDQW�+,��DQG�
GHYHORSLQJ�LQQRYDWLYH�ODQGVFDSH�VFDOH�PDQDJHPHQW�
VWUDWHJLHV�WKDW�UHGXFH�LQSXWV�DQG�LQFUHDVH�\LHOGV��
(FRQRPLF�UHWXUQV�FRXOG�EH�HQKDQFHG�E\�SURGXFLQJ�
ERWK�JUDLQ�DQG�ELRPDVV�DV�FDVK�FURSV��XVLQJ�LQFHQWLYHV�
WKDW�ORZHU�OLIHF\FOH�*+*V��DGRSWLQJ�QHZ�WHFKQRORJLHV�
WKDW�UHVXOW�LQ�KLJKHU�ELRPDVV�DQG�JUDLQ�\LHOGV��DQG�
UHGXFLQJ�HTXLSPHQW�FRVWV�DV�³ZH�PRYH�GRZQ�WKH�
OHDUQLQJ�FXUYH�´�5LVNV�FDQ�EH�EHWWHU�PDQDJHG�WKURXJK�
UHOLDEOH�FRVW�PRGHOV��ORQJ�WHUP�FRQWUDFWLQJ�RSWLRQV��
DFFRXQWLQJ�IRU�IHHGVWRFN�YDULDWLRQ��FRQVLGHULQJ�ODQG�
WHQXUH��GLVWULEXWLQJ�UHWXUQV�EHWZHHQ�SURGXFHU�DQG�XVHU��
DQG�EHWWHU�HGXFDWLRQ��)DFWRUV�OLPLWLQJ�WKH�DYDLODELOLW\�
RI�ODQG�IRU�FURS�H[SDQVLRQ�LQFOXGH�FRPSHWLWLRQ�IRU�
DJULFXOWXUH�FURSV�YHUVXV�OLYHVWRFN�SURGXFWLRQ��DV�
ZHOO�DV�ORVV�RI�DJULFXOWXUDO�ODQGV�WR�XUEDQL]DWLRQ��
3DUWLFLSDQWV�WKLQN�WKHUH�LV�SRWHQWLDO�IRU�XVLQJ�RWKHU�
ODQGV��VXFK�DV�SXEOLF�ODQGV�DQG�PDUJLQDO�ODQGV��IRU�
SURGXFLQJ�ELRPDVV�IHHGVWRFN��7KH�KLJK�\LHOG�VFHQDULR�
GLG�QRW�FRQVLGHU�WKH�XVH�RI�SXEOLF�ODQGV�IRU�FURSV�RU�
DQ\�FKDQJHV�LQ�EDVHOLQH�FURS�DFUHV��7KHUH�LV�VWURQJ�
SRWHQWLDO��KRZHYHU��WR�UHDOL]H�\LHOG�LQFUHDVHV�LI�D�
SRUWLRQ�RI�PDUJLQDOO\�SURGXFWLYH�ODQGV��LQFOXGLQJ�
&53��DUH�EURXJKW�LQWR�SURGXFWLRQ��7R�FRQWLQXH�WKLV�
H[SDQVLRQ��PRUH�¿HOG�WULDOV�DQG�GDWD�DQDO\VLV�DUH�
QHHGHG�WR�LGHQWLI\�ZKLFK�JHUPSODVP�FRPELQDWLRQ�EHVW�
UHVSRQGV�WR�LQFUHDVLQJO\�FKDOOHQJLQJ�HQYLURQPHQWV�

39 The EPA higher corn yield scenario of 233 bushels per acre in 2022 (EPA, 2010) was developed in consultation with the USDA as well as 
industry groups (e.g., Monsanto and Pioneer).
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HI for corn for grain [ratio of grain to total biomass (grain plus stover)] has long been reported around 0.5 (Kiniry and Echarte, 
2005b). [An HI of 0.5 is equivalent to a stover:grain ratio of 1:1.] The best hybrids are in the 0.5 to 0.55 range (MAFRI, 2009). 
However, whether the corn grain is dry (i.e., 0% moisture) or 15% moisture is not always agreed upon. Pordesimo et al. (2004), 
FORÏAÏTRIALÏINÏ4ENNESSEE�ÏFOUNDÏTHATÏINÏTHEÏRANGEÏOFÏ���n���ÏCORNÏGRAINÏMOISTUREÏ�AÏMOISTUREÏCONTENTÏTHEYÏDElNEÏASÏTHEÏRANGEÏ
one would harvest grain at), the HI of corn grain (at its moisture content) with corn stover (on a dry basis), ranged between 
0.54 and 0.57. Putting the corn grain on a dry weight basis, the harvest index varies between 0.46 and 0.50 (Table below). 
Shinners and Binversie (2007), for Wisconsin, found that on a dry weight basis, at corn grain harvest, the harvest index was 
0.52. Similarly, Johnson et al. (2006) estimated the mean HI of dry grain and stover to be 0.53 from published literature. Data 
presented by Wilhelm et al. (2011) results in an HI of .56 for a range of yields.

TEXT BOX 4.3  |  CROP HARVEST INDEX

Ratio of corn stover to corn grain based

Time after 
planting (days)

Grain moisture 
content (%)

Stover yield 
(dry Mg/ha)

Corn grain  
(wet) yield 

(Mg/ha)

Harvest index 
(stover dry & 
 grain wet)

Harvest index 
(stover dry & 

grain dry)
118 30.6 15.57 19.05 0.55 0.46
122 25.1 12.02 14.43 0.55 0.47
125 23.4 11.52 14.97 0.57 0.50
132 22.5 12.11 14.64 0.55 0.48
136 18.3 11.48 13.54 0.54 0.49

Note: "ASED�4ABLE�OFF�0ORDESIMO�ET�AL�������	�

There are some seemingly contradictory statements in the literature about the effect of plant density on HI. Tollenaar et al. 
(1994) state that harvest index decreases when plant density increases above a certain critical threshold. Dobermann et al. 
(2002) examined corn under three different plant densities (ranging from 28,000 to 47,000 plants acre-1) and two management 
intensities and found that HI decreased with increasing plant density. For their middle plant density (35,000–41,000 plants 
acre-1), HI over three years was 0.50. Duvick et al. (2004) state that over time there has been very little change when harvest 
index is averaged over plant densities, but there is a trend toward higher HI as plant densities are increased. Hashemi et al. 
(2005) present a graph (their Fig. 3) showing HI for three corn hybrids increasing up to a certain point [plant density of 6 to 9 
plants m-2 (24,000 to 36,000 acre-1) depending on the hybrid] and then decreasing. [In 2008, the major corn producing states 
of Illinois, Indiana, Iowa, Minnesota, and Wisconsin had about 40% of their acres with plant populations of 30,000+, except 
Minnesota which was 56%, (Ohio was 34%) with the rest of the acreage with plant populations less than 30,000. Other major 
corn producing states, with less favorable growing conditions, Kansas, Missouri, Nebraska, and South Dakota, had plant 
populations over 30,000 plants acre-1 at 12% or less (USDA-NASS, 2008).] Over time with the development of newer hybrids, 
planting densities have increased as yields have increased. Newer hybrids have higher yield potentials, but to reach these 
higher yields planting density must be increased. What can be said about the effect of plant density on harvest index is that 
for a given hybrid there is a plant density (or a range of densities) that maximizes harvest index. Over time with changing 
hybrids this density has been increasing. As Dobermann et al. (2002) show, the HI can be decreased while simultaneously 
increasing corn yield by increasing plant density. Whether this is economically desirable depends on input prices, corn grain 
price, and stover price.

Kiniry and Echarte (2005a) provide a brief review of some reported corn harvest indices and suggest that an HI of 0.54 is 
“reasonable” for modern hybrids at planting densities up to 10 plants m-2 (40,000 plants acre-1). [Note that this is planting 
density and not plant population. Seed mortality of 15% seems reasonable as Farnham (2001) assumes, which would 
imply that the HI is valid up to a plant density of 34,000.] Above 10 plants m-2 harvest index falls linearly to 0.375 at 30 
plants m-2 (121,000 plants acre-1). For purposes of estimating corn stover potential the suggestion is to use an HI of 0.54 as 
recommended by Kiniry and Echarte (2005b) (a stover:grain ratio of 0.85). This provides a more conservative (lower by 15%) 
estimate of corn stover than using an HI of 0.50 (a stover:grain ratio of 1.0). If grain and stover were valuable enough, one 
might actually manage corn for a lower harvest index, say 0.5, which could potentially give a greater corn stover resource.
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Parameter Baseline High-Yield

Yield

Uses the 2009 USDA baseline for 2009–2018. 
Baseline extended to 2030 by extrapolating trends 
in last 3 years of the baseline forecast. 
2009 – 157 bu/acre
2017 – 174 bu/acre
2022 – 183 bu/acre
2030 – 201 bu/acre

Used consensus workshop estimates.
2009 – 157 bu/acre
2017 – 201 bu/acre
2022 – 228 bu/acre
2030 – 265 bu/acre 

Harvest index Assumes an HI of 0.5, which is equivalent to a 
stover to grain ratio of 1:1.

Workshop HI input ranged from 0.5–0.7 with an 
assumed harvest index of 0.5 (1:1 stover: grain 
ratio). Modeling determined that results scale 
linearly with the stover to grain ratio.

Tillage

Assumes a gradual changing mix of conventional 
till (CT), reduced till (RT), and no-till (NT) in the 
following proportions from 2009 to 2030:
Corn 
2009 – 38% CT, 43% RT, 20% NT
2030  – 34% CT, 43% RT, 23% NT
Wheat
2009 – 42% CT, 43% RT, 16% NT
2030 – 35% CT, 43% RT, 23% NT

Assumes a mix of conventional till (CT), reduced till 
(RT), and no-till (NT) in the following proportions by 
2030:
Corn
2030 – 7% CT,  37% RT, 57% NT
Wheat
2030 – 13% CT, 26% RT, 61% NT

2ETENTIONÏCOEFlCIENT
Uses RUSLE2 and WEQ for erosion, the SCI (OM 
factor) for reduced till, and the combined SCI for 
no-till as carbon triggers.

Same as baseline. Estimated retention different as 
DElNEDÏBYÏYIELDS�

Cropping rotation Uses cropping rotations based on NRCS crop 
management zones.

Uses cropping rotations based on NRCS crop 
management zones.

Costs Same for baseline and high-yield scenarios

Summary of Baseline and High-Yield Residue Removal Assumptions  
for Agricultural CropsTable 4.4
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4.5 Crop Residue Supply Results
(VWLPDWHV�RI�SULPDU\�UHVLGXHV�DUH�SUHVHQWHG�IRU�WZR�
VFHQDULRV²D�EDVHOLQH�DQG�KLJK�\LHOG��7KH�HVWLPDWHG�
EDVHOLQH�LV�DQ�H[WHQVLRQ�RI�WKH�86'$����\HDU�
SURMHFWLRQV�WR�������7KH�\HDUV�RXWVLGH�WKH�86'$�
SURMHFWLRQV�DUH�EDVHG�RQ�WUHQGV�RI�WKH�ODVW�WKUHH�\HDUV�

RI�WKH�EDVHOLQH�IRUHFDVW������±�������7KH�KLJK�
\LHOG�VFHQDULR�HYDOXDWHV�WKH�LPSDFW�RI�KLJK�FRUQ�
\LHOGV�DQG�WKH�HIIHFW�RI�LQFUHDVHG�DPRXQWV�RI�QR�WLOO�
FXOWLYDWLRQ��ZKLFK�KDV�OHVV�UHVWULFWLYH�UHVLGXH�UHWHQWLRQ�
UHTXLUHPHQWV�

4.5.1 Baseline Estimates of Crop  
Residue Potential
&URS�UHVLGXH�VXSSO\�UHVXOWV�IURP�WKH�32/<6<6�
VLPXODWLRQ��XQGHU�EDVHOLQH�DVVXPSWLRQV��DUH�
VXPPDUL]HG�LQ�)LJXUH�����IRU�WKH�FRPELQHG�FRUQ�VWRYHU��
ZKHDW�VWUDZ��RDW�DQG�EDUOH\�VWUDZ��DQG�JUDLQ�VRUJKXP�
VWXEEOH�UHVLGXHV��7KH�UHVXOWV�DUH�IRU�VLPXODWHG�SULFHV�
UDQJLQJ�IURP�����WR�����SHU�GU\�WRQ�DW�WKH�IDUPJDWH��$W�
WKH�ORZHVW�VLPXODWHG�SULFH��DERXW����PLOOLRQ�GU\�WRQV�
RI�FURS�UHVLGXHV�DUH�SUR¿WDEOH�WR�FROOHFW��7KLV�TXDQWLW\�
LQFUHDVHV�WR����PLOOLRQ�GU\�WRQV�E\�������7KH�LQFUHDVH�
LV�DWWULEXWDEOH�WR�\LHOG�JURZWK��DV�GH¿QHG�E\�WKH�86'$�
SURMHFWLRQV��DQG�DGGLWLRQDO�DFUHV�LQ�QR�WLOO�FXOWLYDWLRQ��
7KH�DGGLWLRQDO�DFUHV�XQGHU�QR�WLOO�ODUJHO\�FRPH�IURP�
FRQYHUWLQJ�FRQYHQWLRQDOO\�WLOOHG�DFUHV��$V�GLVFXVVHG�

HDUOLHU��UHVLGXH�UHPRYDO�LV�DOORZHG�XQGHU�ERWK�UHGXFHG�
WLOO�DQG�QR�WLOO�FXOWLYDWLRQ��ZLWK�WKH�DPRXQW�UHPRYDEOH�
GH¿QHG�E\�FRXQW\�HVWLPDWHG�UHWHQWLRQ�FRHI¿FLHQWV�
�)LJXUH�������7KH�QR�WLOO�UHWHQWLRQ�FRHI¿FLHQWV�DUH�OHVV�
UHVWULFWLYH�WKDQ�UHGXFHG�WLOO��5HVLGXH�UHPRYDO�LV�QRW�
DOORZHG�XQGHU�FRQYHQWLRQDO�WLOODJH��+LJKHU�IDUPJDWH�
SULFHV�EULQJ�LQ�PRUH�UHVLGXH��DV�VKRZQ�LQ�)LJXUH������
1R�UHVLGXH�LV�DYDLODEOH�EHORZ�����SHU�GU\�WRQ�DQG�WKH�
VLJQL¿FDQW�MXPS�LQ�VXSSO\�EHWZHHQ�WKH�SULFH�OHYHO�
RI�����SHU�GU\�WRQ�WR�����DQG�����LV�DWWULEXWHG�WR�WKH�
VHQVLWLYLW\�RI�FROOHFWLRQ�FRVWV�WR�SHU�DFUH�SRWHQWLDO�
\LHOG��$W�WKH�KLJKHVW�SULFH��PRVW�RI�WKH�UHVLGXH�DIWHU�
DFFRXQWLQJ�IRU�VXVWDLQDELOLW\�UHTXLUHPHQWV�LV�SUR¿WDEOH�
WR�FROOHFW��&XUUHQWO\��WKLV�SULFH������SHU�GU\�WRQ��
DPRXQWV�WR�DERXW�����PLOOLRQ�GU\�WRQV�DQG�LQFUHDVHV�WR�
����PLOOLRQ�GU\�WRQV�E\������

Crop residue such as corn stover available for energyFigure 4.8

(Courtesy of Rob Mitchell, ARS)



68

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

40 This assumes a conversion rate of 85 gallons per dry ton and about 20% of the total feedstock unavailable due to losses in hauling, storing  
and handling, and/or some of the feedstock being stranded.

7KH�ODUJHVW�IUDFWLRQ�RI�FROOHFWDEOH�UHVLGXH�LV�FRUQ�
VWRYHU��$W�WKH�ORZHU�SULFHV��VOLJKWO\�PRUH�WKDQ�����
RI�WKH�UHVLGXH�LV�FRUQ�VWRYHU��+LJKHU�SULFHV�EULQJ�LQ�
SURSRUWLRQDWHO\�PRUH�VWUDZ�UHVLGXH��7KLV�LV�GXH�WR�
WKH�VPDOOHU�DPRXQW�RI�FROOHFWDEOH�VWUDZ�UHVLGXH�SHU�
DFUH�DQG��WKHUHIRUH��KLJKHU�FROOHFWLRQ�FRVWV��6SHFL¿F�
TXDQWLWLHV�RI�UHVLGXH�DUH�VKRZQ�LQ�)LJXUH������IRU�
VHOHFWHG�\HDUV�DQG�SULFHV��$W�WKH�PHGLDQ�VLPXODWHG�
SULFH�RI�����SHU�GU\�WRQ��DERXW����PLOOLRQ�GU\�WRQV�
RI�UHVLGXHV�DUH�SUR¿WDEOH�WR�FROOHFW��7KLV�TXDQWLW\�
LQFUHDVHV�WR�����PLOOLRQ�GU\�WRQV�LQ������DQG�ZRXOG�EH�
HTXLYDOHQW�WR�DQ�DQQXDO�SURGXFWLRQ�RI�DERXW�����ELOOLRQ�
JDOORQV�RI�ELRIXHO����)LQDOO\��VXSSO\�FXUYHV�IRU�FRUQ�
VWRYHU�DQG�ZKHDW�DQG�RWKHU�JUDLQ�VWUDZ�IRU�VHOHFWHG�

\HDUV�DUH�VKRZQ�LQ�)LJXUHV������DQG�������7KH�FXUYHV 
VKLIW�RXWZDUG�RYHU�WLPH�RZLQJ�WR�LQFUHDVLQJ�FURS�\LHOGV�
WKDW�PRUH�HDVLO\�RIIVHW�UHTXLUHPHQWV�IRU�VXVWDLQDELOLW\�

7KH�ORFDWLRQ�RI�SRWHQWLDO�VXSSOLHV�RI�FRUQ�VWRYHU��ZKHDW�
VWUDZ��DQG�RWKHU�JUDLQ�VWUDZ�DUH�GHSLFWHG�LQ�D�VHULHV�RI�
PDSV�LQ�)LJXUH������WKURXJK�)LJXUH�������7KH�¿JXUHV�
VKRZ�WKH�ORFDWLRQ�UHVLGXH�LQ������DQG������DQG�W\SH�
RI�WLOODJH��7KH�PDSV��DV�H[SHFWHG��VKRZ�ODUJH�TXDQWLWLHV�
RI�VWRYHU�LQ�WKH�&RUQ�%HOW��+LJKHU�DYDLODELOLW\�RFFXUV�
XQGHU�QR�WLOO�FRQGLWLRQV��DV�RSSRVHG�WR�UHGXFHG�WLOO��DQG�
PXFK�ODUJHU�TXDQWLWLHV�ZLOO�EH�DYDLODEOH�LQ������GXH�WR�
\LHOG�JURZWK��6LPLODU�UHVXOWV�VKRXOG�EH�QRWHG�IRU�ZKHDW�
DQG�RWKHU�JUDLQ�UHVLGXH��ZLWK�WKH�H[FHSWLRQ�RI�OHVV�
VXSSO\�GHQVLW\�DQG�PRUH�JHRJUDSKLF�GLVSHUVDO�
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Supply curves of potential corn stover production for various years  
under baseline assumptions

Figure 4.11
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Corn stover residue yield for reduced tillage and no-till production, 2030

Corn stover residue yield for reduced tillage and no-till production, 2012

Figure 4.14

Figure 4.13
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Wheat straw for reduced tillage and no-till production, 2030

Wheat straw for reduced tillage and no-till production, 2012

Figure 4.16

Figure 4.15
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Small grains and sorghum residues for reduced tillage and no-till production, 2030

Small grains and sorghum residues for reduced tillage and no-till production, 2012

Figure 4.18

Figure 4.17
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4.5.2 High-Yield Estimates of  
Crop Residue Potential
7KH�KLJK�\LHOG�FURS�UHVLGXH�VFHQDULR�FRQVLGHUV�WZR�
GLIIHUHQW�DVVXPSWLRQV�UHJDUGLQJ�WLOODJH�DQG�FURS�
\LHOGV�RYHU�WKH�EDVHOLQH�VFHQDULR��7KH�¿UVW�LQYROYHV�
VLPXODWLQJ�D�PXFK�ODUJHU�IUDFWLRQ�RI�FRUQ��ZKHDW��DQG�
JUDLQV�SODQWHG�LQWR�QR�WLOO�FXOWLYDWLRQ��7KHVH�WLOODJH�
DVVXPSWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�VHFRQG�
LV�WR�VLPXODWH�D�PRUH�WKDQ�GRXEOLQJ�RI�WKH�UDWH�RI�
LQFUHDVH�LQ�FRUQ�\LHOG�JURZWK��7KH�EDVHOLQH�DVVXPHV�D�
QDWLRQDO�DYHUDJH�FRUQ�\LHOG�HTXDO�WR�VOLJKWO\�PRUH�WKDQ�
����EXVKHOV�SHU�DFUH²WKH�HTXLYDOHQW�RI�DQ�DYHUDJH�
DQQXDO�LQFUHDVH�RI�DERXW�����7KH�KLJK�\LHOG�VFHQDULR�
LQFUHDVHV�FRUQ�\LHOGV�DFFRUGLQJ�WR�WKH�KLJK�\LHOG�
ZRUNVKRS�FRQVHQVXV�HVWLPDWHV²DERXW����DQQXDOO\²
DQG�UHDFKLQJ�D�QDWLRQDO�DYHUDJH�RI�DERXW�����EXVKHOV�
SHU�DFUH�LQ��������

5HVXOWV�RI�WKH�32/<6<6�VLPXODWLRQ�XQGHU�KLJK�\LHOG�
VFHQDULR�DVVXPSWLRQV�DERXW�WLOODJH�DQG�FRUQ�\LHOG�
DUH�VXPPDUL]HG�LQ�)LJXUH������DW�¿YH�DOWHUQDWLYH�
IDUPJDWH�SULFHV��*HQHUDOO\��DQQXDO�VXSSO\�TXDQWLWLHV�
DUH�FRQVLGHUDEO\�JUHDWHU�WKDQ�HVWLPDWHV�XQGHU�EDVHOLQH�
DVVXPSWLRQV�DERXW�WLOODJH�DQG�\LHOG��$W�WKH�ORZHVW�
VLPXODWHG�SULFH��DQ�DGGLWLRQDO����PLOOLRQ�GU\�WRQV�RI�
VWRYHU�LV�SUR¿WDEOH�WR�FROOHFW�LQ������LQFUHDVLQJ�WR�����
PLOOLRQ�GU\�WRQV�E\�������7KH�LQFUHDVH�LQ�WKH�DPRXQW�
RI�ZKHDW�VWUDZ�DQG�RWKHU�JUDLQ�UHVLGXH�LV�PXFK�PRUH�
PRGHVW�RQO\�DERXW����WR����PLOOLRQ�GU\�WRQV�RYHU�WKH�
�����WR������VLPXODWLRQ�SHULRG�DW�D�����SHU�GU\�WRQ�
IDUPJDWH�SULFH��6SHFL¿F�TXDQWLWLHV�RI�FRUQ�VWRYHU�DQG�
ZKHDW�VWUDZ�DQG�RWKHU�JUDLQ�UHVLGXH�XQGHU�WKH�EDVHOLQH�
DQG�KLJK�\LHOG�VFHQDULR�DUH�VXPPDUL]HG�LQ�)LJXUH������
IRU�VHOHFWHG�\HDUV�DQG�SULFHV��

8QGHU�(,6$��HWKDQRO�SURGXFHG�IURP�FRUQ�LV�OLPLWHG�
WR����%*<�VWDUWLQJ�LQ�������&RUQ�\LHOG�KDV�EHHQ�
LQFUHDVLQJ�RYHU�WLPH��DQG�FRUQ�JUDLQ�DFUHDJH�KDV�
UHPDLQHG�UHODWLYHO\�OHYHO�DW�DERXW����PLOOLRQ�DFUHV�
SHU�\HDU��'HPDQG�IRU�FRUQ�FDQ�EH�GLYLGHG�LQWR�WKH�
IROORZLQJ�FDWHJRULHV��IHHG��DQG�UHVLGXDO���H[SRUWV��
HWKDQRO��DQG�IRRG��VHHG��DQG�LQGXVWULDO�XVHV�RWKHU�WKDQ�
HWKDQRO��([SRUWV�DQG�IRRG��VHHG��DQG�LQGXVWULDO�XVHV�
RWKHU�WKDQ�HWKDQRO�KDYH�VKRZQ�PRGHVW�LQFUHDVHV�RYHU�
WLPH�DQG�DUH�SURMHFWHG�E\�86'$�2&(�:$2%��������
WR�FRQWLQXH�PRGHVW�LQFUHDVHV��)HHG�XVH�KDV�EHHQ�
UHODWLYHO\�OHYHO�EXW�DOVR�LV�SURMHFWHG�WR�VKRZ�PRGHVW�
LQFUHDVHV�LQ�WKH�IXWXUH��(WKDQRO�IURP�FRUQ�KDV�EHHQ�
DEVRUELQJ�PXFK�RI�WKH�LQFUHDVH�LQ�FRUQ�SURGXFWLRQ�DQG�
LV�SURMHFWHG�WR�GR�VR�EHWZHHQ�QRZ�DQG�������

+LJK�\LHOG�ZRUNVKRS�SDUWLFLSDQWV�SURMHFWHG�FRUQ�\LHOGV�
WR�LQFUHDVH�WR����������������DQG�����EXVKHOV�SHU�DFUH�
LQ�������������������DQG������UHVSHFWLYHO\��2QH�VHHG�
FRPSDQ\¶V�JRDO�LV�WR�LQFUHDVH�FRUQ�\LHOGV�����LQ�
WKH�QH[W����\HDUV�WR�PRUH�WKDQ�����EXVKHOV�SHU�DFUH�
�3HUNLQV���������7KHVH�DUH�FRQVLGHUDEO\�KLJKHU�\LHOGV�
WKDQ�WKH�86'$�2&(�:$2%�SURMHFWLRQ��5LFN�7ROPDQ��
&KLHI�([HFXWLYH�2I¿FHU�RI�WKH�1DWLRQDO�&RUQ�*URZHUV��
VD\V��³8QOHVV�ZH�KDYH�JURZLQJ�HWKDQRO�SURGXFWLRQ��
\RX�FDQ¶W�XVH�DOO�WKH�FRUQ�WKDW�ZLOO�EH�SURGXFHG�E\�
IDUPHUV�LQ�WKH�IXWXUH�DQG�\RX¶OO�KDYH�D�GHSUHVVLQJ�
LQÀXHQFH�RQ�SULFH��:H�QHHG�D�JURZLQJ�GHPDQG�EDVH�WR�
NHHS�WKH�LQFHQWLYHV�LQ�SODFH�IRU�IDUPHUV�WR�JURZ�PRUH�
FRUQ��/LYHVWRFN�SURGXFHUV�DUH�VWLOO�RXU�PRVW�LPSRUWDQW�
FXVWRPHUV�DQG�H[SRUWV�DUH�LPSRUWDQW��WRR��EXW�WKH�RQO\�
JURZWK�SLHFH�ZH�KDYH�LV�HWKDQRO�WR�NHHS�XS�ZLWK�WKDW�
LQFUHDVHG�SURGXFWLYLW\��3HUNLQV��������´�7KH�VLPXODWHG�
32/<6<6�UHVXOWV�XQGHU�WKH�KLJK�\LHOG�VFHQDULR�DUH�
YHU\�PXFK�FRQVLVWHQW�ZLWK�WKLV�REVHUYDWLRQ��
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4.6 Secondary Cropland  
Residues and Waste Resources
$�ODUJHO\�XQXVHG�VXSSO\�RI�FHOOXORVLF�IHHGVWRFNV�
IRU�ELRIXHOV�LV�FDWHJRUL]HG�DV�VHFRQGDU\�FURSODQG�
UHVLGXHV�DQG�ZDVWH�UHVRXUFHV��7KHVH�VXSSOLHV�DUH�
HLWKHU�WKH�UHVXOW�RI�FURS�KDUYHVWLQJ�DQG�SURFHVVLQJ�RU�
UHFRYHUHG�IURP�¿QDO�FRQVXPSWLRQ��WKH�VXSSO\�FXUYHV�
DUH�VXPPDUL]HG�LQ�)LJXUH������DQG�LQ�7DEOH�������7KH�
DYDLODELOLW\�DQG�IHDVLELOLW\�RI�FROOHFWLQJ�WKHVH�VXSSOLHV�
IRU�ELRIXHOV�LV�D�IXQFWLRQ�RI�FXUUHQW�XVH��UHJLRQDO�
VXSSO\��DQG�VWRUDJH�DQG�KDQGOLQJ�FRVWV��7KH�IHHGVWRFNV�
WKHPVHOYHV�DUH�YDULHG�LQ�WKHLU�TXDOLW\�DQG�DYDLODELOLW\�
DQG�PD\�EH�FRQVLGHUHG�HFRQRPLFDOO\�IHDVLEOH�DQG�
HQYLURQPHQWDOO\�EHQH¿FLDO�ZLWK�DSSURSULDWH�LQFHQWLYHV��
ORJLVWLFV��DQG�SURFHVVLQJ�DQG�UH¿QLQJ�WHFKQRORJ\�

7KH�UHVLGXHV�DQG�ZDVWHV�FRQVLGHUHG�KHUH�LQFOXGH�
VXJDUFDQH�WUDVK�DQG�EDJDVVH��FRWWRQ�JLQ�WUDVK�DQG�
UHVLGXHV��VR\EHDQ�KXOOV��ULFH�KXOOV�DQG�¿HOG�UHVLGXHV��
ZKHDW�GXVW�DQG�FKDII��RUFKDUG�DQG�YLQH\DUG�SUXQLQJV��
DQLPDO�IDWV��DQLPDO�PDQXUHV��DQG�06:��+RZHYHU��WKLV�
LV�QRW�DQ�H[KDXVWLYH�OLVW�RI�WKHVH�UHVRXUFHV²WKHUH�DUH�
QXPHURXV�RWKHU�VHFRQGDU\�SURFHVVLQJ�UHVLGXHV�DQG�
ZDVWHV��DOWKRXJK�WKH�TXDQWLWLHV�DUH�PXFK�VPDOOHU���    
,W�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�WKH�SURGXFWLRQ�OHYHOV�
RI�WKH�SULPDU\�SURGXFWV�IRU�ZKLFK�WKHVH�UHVLGXHV�DUH�
JHQHUDWHG�FURSV�PD\�EH�LQÀXHQFHG�WR�D�KLJK�GHJUHH�E\�
JRYHUQPHQW�LQWHUYHQWLRQ�DQG�LQWHUQDWLRQDO�WUDGH��DQG�
WKH�FXUUHQW�SURMHFWLRQV�DUH�EDVHG�XSRQ�WKH�DVVXPSWLRQ�
RI�FRQWLQXDWLRQ�RI�FXUUHQW�SROLFLHV�
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41 The report by Frear et al. (2005) is an example of the wide variety of food processing residues and wastes that are generated in some 
 states. 



78

U.S. BILLION-TON UPDATE: BIOMASS SUPPLY FOR A BIOENERGY AND BIOPRODUCTS INDUSTRY

7KH�SULFH�IRU�PDQ\�RI�WKHVH�UHVRXUFHV�FRXOG�EH�
FRQVLGHUHG�QHDU�]HUR��DW�]HUR��RU�HYHQ�QHJDWLYH��
LQGLFDWLQJ�SURGXFHUV�SD\�WR�GLVSRVH�RI�WKHVH�UHVRXUFHV��
:KHDW�GXVW��FRWWRQ�JLQ�WUDVK��DQG�ULFH�KXOOV�DUH�
HVWLPDWHG�DW�]HUR�SULFHV��KRZHYHU��WKH\�DUH�DVVXPHG�
WR�KDYH�D�SULFH�RI�����SHU�GU\�WRQ�IRU�KDOI�RI�DYDLODEOH�
VXSSO\�DQG�����SHU�GU\�WRQ�IRU�WKH�RWKHU�KDOI�RI�VXSSO\�
WR�FRYHU�FROOHFWLRQ�DQG�KDQGOLQJ�FRVWV��2WKHU�UHVRXUFHV�
ZLWK�OLWWOH�WR�QR�FRVWV�LQFOXGH�¿HOG�UHVLGXHV�RI�ULFH�
DQG�FRWWRQ��,Q�WKLV�FDVH��FROOHFWLQJ�DQG�EDOLQJ�WR�WKH�
IDUPJDWH�ZHUH�HVWLPDWHG�LQ�D�VLPLODU�IDVKLRQ�DV�FRUQ�

VWRYHU�DQG�JUDLQ�VWUDZV��6XJDUFDQH�EDJDVVH�LV�DVVXPHG�
XVHG�DQG�XQDYDLODEOH��$QLPDO�PDQXUHV�DUH�SULFHG�
DFFRUGLQJ�WR�IHUWLOL]HU�DSSOLFDWLRQ�ZLWK�DQ�DGGLWLRQDO�
FRVW�RI�����SHU�GU\�WRQ�DGGHG�IRU�FROOHFWLRQ�DQG�
KDQGOLQJ�FRVWV��$QLPDO�IDWV�DQG�ZDVWH�RLOV�DUH�FXUUHQWO\�
SULFHG�LQ�WKH�PDUNHW��DQG�SULFHV�ZHUH�UHWULHYHG�IURP�
86'$�(56������F���)LQDOO\��06:�VRXUFHV��VXFK�DV�
IRRG�ZDVWHV��DUH�DVVXPHG�LQFOXGHG�LQ�WKH�FXUUHQWO\�
XVHG�UHVRXUFHV�UHSRUWHG�LQ�&KDSWHU���RI�WKLV�UHSRUW��7KH�
RYHUDOO�VXSSO\�FXUYHV�IRU�WKHVH�VHFRQGDU\�UHVLGXHV�DQG�
ZDVWHV�DUH�VXPPDUL]HG�E\�VHOHFWHG�\HDU�LQ�)LJXUH������

4.6.1 Sugarcane Residues
6XJDUFDQH�LV�D�WDOO�HUHFW�SODQW�ZLWK�D�KLJK�VXJDU�FRQWHQW�
VWDON��OHDYHV��DQG�WRSV��)LJXUH��������$IWHU�WKH�VXJDU�LV�
H[WUDFWHG�IURP�WKH�VWDON��ZKDW�UHPDLQV�RI�WKH�VWHP�LV�
EDJDVVH��7KH�OHDYHV�DQG�WRSV��DQG�DQ\�SDUWV�RI�WKH�VWDON�
WKDW�UHPDLQ�LQ�WKH�¿HOG�DIWHU�KDUYHVW��DUH�UHIHUUHG�WR�DV�
WUDVK��7KHUH�DUH�D�QXPEHU�RI�WHFKQLFDO�FRHI¿FLHQWV�LQ�
WKH�OLWHUDWXUH�WKDW�UHODWH�WKH�DPRXQW�EDJDVVH�DQG�WUDVK�
SURGXFHG�SHU�WRQ�RI�VXJDUFDQH����,Q�WKLV�XSGDWH��LW�LV�
DVVXPHG�WKDW�HDFK�WRQ�RI�VXJDUFDQH�SURGXFHV������GU\�
WRQV�RI�EDJDVVH�DQG�������GU\�WRQV�RI�¿HOG�WUDVK��,W�LV�
IXUWKHU�DVVXPHG�WKDW�RQH�KDOI�RI�WKH�¿HOG�WUDVK�FDQ�EH�
FROOHFWHG�

6XJDUFDQH�UHVLGXHV�WKHQ�DUH�WKH�SURGXFW�RI�VXJDUFDQH�
\LHOG��DV�UHSRUWHG�RQ�D�ZHW�EDVLV�IURP�86'$�1$66��
DQG�WKH�WHFKQLFDO�FRHI¿FLHQW²�����IRU�EDJDVVH�DQG�
�������IRU�WUDVK��&RVWV�IRU�VXJDUFDQH�WUDVK�FROOHFWLRQ�
DUH�EDVHG�RQ�WKH�XVH�RI�D�UDNH�DQG�D�ODUJH�UHFWDQJXODU�
EDOHU��7DEOH�����VKRZV�HVWLPDWHG�VXSSOLHV�RI�VXJDUFDQH�
UHVLGXHV��ZKLFK�WRWDO�DERXW�����PLOOLRQ�GU\�WRQV�DW�

IDUPJDWH�SULFHV�RI�����SHU�GU\�WRQ�RU�OHVV��7KH�EDJDVVH�
FRPSRQHQW�LV�QRW�LQFOXGHG�EHFDXVH�LW�LV�DOUHDG\�XVHG�
for energy.

 

 

WUDVK��ZKLFK�WRWDO�DERXW�����PLOOLRQ�GU\�WRQV�DW

Sugarcane tassel Figure 4.22

(Courtesy of Ed Richard, USDA-ARS)

42  Assumptions vary in the range of reported moisture, ash, and energy content of bagasse and sugar cane trash. For this report, results from  
Braunbeck et al. (2005) are adopted. For additional reference, see Deepchand (2005) and Ho (2006).
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4.6.2 Cotton Gin Trash and  
Field Residues
&RWWRQ�JLQ�WUDVK�LV�JHQHUDWHG�IURP�WKH�SLFNLQJ�DQG�
FOHDQLQJ�SURFHVVHV�RI�FRWWRQ�KDUYHVWLQJ�DQG�LQFOXGHV�
VHHGV��OHDYHV��DQG�RWKHU�IRUHLJQ�PDWHULDO��ZKLFK�FRXOG�
LQFOXGH�VDQG�DQG�VRLO��,W�FDQ�KDYH�KLJK�PRLVWXUH�DQG�
QXWULHQW�FRQWHQW��DQG�GLVSRVDO�FDQ�EH�FRVWO\��&RWWRQ�
UHVLGXH�UHIHUV�WR�WKH�VWDONV�OHIW�RQ�WKH�¿HOG�DIWHU�WKH�
FRWWRQ�OLQW�KDV�EHHQ�KDUYHVWHG�

7KHUH�DUH�WZR�PDLQ�W\SHV�RI�FRWWRQ�KDUYHVWHUV²VSLQGOH�
SLFNHUV�DQG�VWULSSHUV��1DWLRQDO�&RWWRQ�&RXQFLO�RI�
$PHULFD���������7KH�VWULSSHU�LV�D�VLQJOH�SDVV�V\VWHP�
WKDW�KDUYHVWV�VLJQL¿FDQWO\�PRUH�RI�WKH�FRWWRQ�SODQW�
DQG�IRUHLJQ�PDWHULDO��VDQG��VRLO��HWF���WKDQ�VSLQGOH�
SLFNHUV�������WR������WRQV�SHU�EDOH�YHUVXV������WR������
WRQV�SHU�EDOH�IRU�VSLQGOHUV��DQG�LV�WKXV�VXLWDEOH�IRU�
GHWHUPLQDWH�FRWWRQ��H�J���UHDFKHV�DQ�H[SHFWHG�VL]H�
GXULQJ�WKH�JURZLQJ�VHDVRQ���+ROW�HW�DO���������.LP�
HW�DO���������0D\¿HOG��������:HDYHU�0LVVLFN�HW�DO���
�������6SLQGOH�SLFNHUV�FDQ�EH�XVHG�PRUH�WKDQ�RQFH�LQ�D�
JURZLQJ�VHDVRQ�WR�KDUYHVW�FRWWRQ�DQG�WKXV�DUH�VXLWDEOH�
IRU�LQGHWHUPLQDWH�YDULHWLHV��H�J���JURZV�FRQWLQXDOO\�
WKURXJKRXW�WKH�VHDVRQ���$ERXW�����WR�����RI�WKH�
8�6��FRWWRQ�KDUYHVW�LV�HVWLPDWHG�WR�EH�VWULSSHU�SLFNHG��
OHDYLQJ�WKH�UHPDLQLQJ�����WR�����WR�EH�KDUYHVWHG�
ZLWK�VSLQGOH�SLFNHUV��*ODGH�DQG�-RKQVRQ������±������
0D\¿HOG���������

&RWWRQ�JLQ�WUDVK�LV�JHQHUDWHG�LQ�WKH�FRWWRQ�PLOO�IURP�
FOHDQLQJ�WKH�OLQW�DQG�KDV�EHHQ�HVWLPDWHG�DW�YDULRXV�
OHYHOV�����2Q�DYHUDJH��FRWWRQ�JLQ�WUDVK�LV�SURGXFHG�
DW�D�UDWH�RI������WRQV�RI�FRWWRQ�JLQ�WUDVK�SHU�EDOH�RI�
FRWWRQ������SRXQGV��DIWHU�IRUHLJQ�PDWHULDO�LV�FRXQWHG���  
)XWXUH�SURGXFWLRQ�RI�FRWWRQ�JLQ�WUDVK�LV�HVWLPDWHG�XVLQJ�

VWDWH�OHYHO�KDUYHVWLQJ�W\SH�SHUFHQWDJHV�DQG�DSSO\LQJ�
FRWWRQ�SURGXFWLRQ�IRUHFDVWV�RI�XSODQG�DQG�SLPD�FRWWRQ�
SURGXFWLRQ��86'$�2$&(�:$2%���������7KHVH�
UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����DW�SULFHV�XS�WR�����SHU�
dry ton.

7KH�86'$�2$&(�:$2%��������SURMHFWLRQV�IRU������
RI������PLOOLRQ�EDOHV�DUH�XVHG�IRU�XSODQG�FRWWRQ��IRU�
HDFK�\HDU�WKHUHDIWHU��XSODQG�FRWWRQ�SURGXFWLRQ�LQFUHDVHV�
E\�����PLOOLRQ�EDOHV�SHU�\HDU��,Q�DGGLWLRQ�WR�XSODQG�
FRWWRQ�SURGXFWLRQ������PLOOLRQ�EDOHV�RI�3LPD�FRWWRQ�
DUH�DVVXPHG�WR�EH�SURGXFHG�HDFK�\HDU��7RWDO�FRWWRQ�
JLQ�WUDVK�SURGXFWLRQ�UDQJHV�IURP�����WR�����PLOOLRQ�
GU\�WRQV�RQ�DQ�DQQXDO�DYHUDJH�FXUUHQWO\�DQG�LQ�������
UHVSHFWLYHO\��7KLV�UHVLGXH�ZRXOG�EH�DYDLODEOH�DW�FHQWUDO�
VLWHV�DQG�FRWWRQ�JLQV�DQG�QRW�GLVSHUVHG�LQ�DJULFXOWXUDO�
¿HOGV�

&RQYHUVHO\��FRWWRQ�VWDONV�UHPDLQ�LQ�WKH�¿HOG�DIWHU�
FRWWRQ�KDUYHVW��7KH�DPRXQW�LQ�D�¿HOG�ZLOO�GLIIHU�
DFFRUGLQJ�WR�ZKHWKHU�D�VWULSSHU�RU�VSLQGOH�KDUYHVWHU�
LV�XVHG��7KH�DVVXPSWLRQV�IRU�FDOFXODWLQJ�FRWWRQ�JLQ�
WUDVK�DUH�WKDW�VSLQGOH�DQG�VWULSSHU�KDUYHVWHUV�WDNH�
DURXQG������DQG������WRQV�RI�UHVLGXHV�SHU�EDOH�RI�
FRWWRQ�ZLWK�WKHP��7KHVH�DPRXQWV�PXVW�EH�VXEWUDFWHG�
IURP�WKH�DPRXQW�RI�UHVLGXH�DYDLODEOH�LQ�WKH�¿HOG��7R�
HVWLPDWH�SULFHV�RI�FRWWRQ�KDUYHVW�UHVLGXH��WKH�IROORZLQJ�
RSHUDWLRQV�DUH�DVVXPHG��VKUHGGLQJ��UDNLQJ��DQG�EDLOLQJ�
ZLWK�D�ODUJH�UHFWDQJXODU�EDOHU��)RU�FRWWRQ��VKUHGGLQJ�
LV�D�W\SLFDO�RSHUDWLRQ�SHUIRUPHG�HYHQ�LI�WKH�UHVLGXH�LV�
QRW�KDUYHVWHG��7KHUHIRUH��WKH�VKUHGGLQJ�RSHUDWLRQ�FRVWV�
DUH�QRW�LQFOXGHG�LQ�WKH�FRVW�RI�KDUYHVWLQJ�UHVLGXH��7KH�
DPRXQW�RI�FRWWRQ�UHVLGXH�DYDLODEOH�LV�HVWLPDWHG�DW�����
PLOOLRQ�GU\�WRQV�FXUUHQWO\��DQG�XS�WR�����PLOOLRQ�GU\�
WRQV�LQ������DW�D�SULFH�RI�����SHU�GU\�WRQ��7DEOH������

43 The range of cotton gin trash estimates includes 1.3 million tons (Buser, 2001), 2.5 million tons (Comis, 2002), and 3.2 million tons (Holt et 
al., 2003). Parnell et al (1994) state that in a typical year gins that handle spindle picked cotton generate 0.5 to 1 million tons and those 
that handle stripped cotton generate 1 to 1.5 million tons of cotton ginning trash. Their total range of cotton ginning trash produced in a 
year is 1.5 to 2.5 million tons. Holt et al. (2003) state that in 2001 in the United States 19.8 million bales of cotton [lint] and 3.2 million tons 
of cotton gin trash were produced, and in Texas 4.2 million bales of cotton and 680,400 tons of cotton gin trash were produced.

44 Holt et al. (2003) state that about 80% of the cotton gin trash could be used for fuel pellets. Schacht and LePori (1978) report six cotton   
gins in Texas where 11.1% of the cotton gin waste was cotton lint. According to Holt et al. (2009) previous research shows that the quantity 
of recoverable fibers in cotton gin trash is between 10% and 25%. Based on the Texas average of cotton gin trash produced as reported 
by Holt et al. (2003), 0.1806 tons of trash per bale of cotton lint, applying the 11.1% figure of Schacht and LePori (1978), and assuming that 
cotton gin trash is 90% dry matter, 40 pounds of lint are contained in the trash produced from one bale of cotton lint.
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45  In a 60-pound bushel of soybeans, the hulls have averaged 3.48 pounds over 2007 to 2009 (USDA-ERS, 2010d).
46 A facility in Stuttgart, Arkansas, has plans to convert rice hulls into ethanol at a rate of 50 gallons of ethanol per ton and to produce silica 

sodium oxide at a rate of 440 pounds per ton (Bennett, 2008).

4.6.3 Soybean Hulls
:KHQ�VR\EHDQV�DUH�SURFHVVHG��FUXVKHG���WKH\�DUH�
VHSDUDWHG�LQWR�WKUHH�FRPSRQHQWV��PHDO��RLO��DQG�KXOOV��
+RZHYHU��QRW�DOO�VR\EHDQV�SURGXFHG�LQ�WKH�8QLWHG�
6WDWHV�DUH�FUXVKHG��6RPH�VR\EHDQV�DUH�H[SRUWHG�
DV�ZKROH�EHDQV�DQG�SURFHVVHG�LQ�RWKHU�FRXQWULHV��
5HFHQWO\��VR\EHDQ�SURGXFWLRQ�KDV�DYHUDJHG�DERXW���
ELOOLRQ�EXVKHOV�DQQXDOO\��$OPRVW�����RI�WKLV�WRWDO�
ZDV�FUXVKHG��ZKLFK�SURGXFHG������PLOOLRQ�GU\�WRQV�RI�
KXOOV����6R\EHDQ�SURGXFWLRQ�LV�H[SHFWHG�WR�LQFUHDVH�WR�
����ELOOLRQ�EXVKHOV�E\�������DQG�WKH�DPRXQW�RI�FUXVKHG�
VR\EHDQV�LV�H[SHFWHG�WR�LQFUHDVH�WR�QHDUO\�����ELOOLRQ�
EXVKHOV��86'$�2&(�:$2%��������� 

7KH�FRUUHVSRQGLQJ�KXOO�UHVLGXH�ZLOO�LQFUHDVH�WR�QHDUO\�
��PLOOLRQ�GU\�WRQV��+XOOV�DUH�FXUUHQWO\�XVHG�LQ�OLYHVWRFN�
IHHG��1HOVRQ��������UHSRUWV�WKDW�VR\EHDQ�KXOO�SULFHV�
UDQJHG�EHWZHHQ�����DQG������SHU�WRQ�DW�¿YH�ORFDWLRQV�
�$ODEDPD�*HRUJLD��&HQWUDO�,OOLQRLV��,RZD��0LQQHDSROLV��
0LQQHVRWD��DQG�.DQVDV�&LW\��0LVVRXUL��EHWZHHQ�
�����DQG�������%HFDXVH�KXOOV�DUH�FXUUHQWO\�XWLOL]HG��
WKHLU�DYDLODELOLW\�DV�D�FHOOXORVLF�IHHGVWRFN�ZRXOG�EH�
DW�RU�DERYH�SULFHV�DW�ZKLFK�WKH\�DUH�FXUUHQWO\�VROG��
1R�VR\EHDQ�KXOO�UHVLGXH�LV�DVVXPHG�DYDLODEOH�LQ�WKLV�
update.

4.6.4 Rice Hulls and Field Residues
:KHQ�ULFH�LV�PLOOHG��LWV�KXOO�LV�UHPRYHG��7KH�KXOO�
UHSUHVHQWV�����RI�WKH�PDVV�RI�ULFH�DQG�JHQHUDOO\�
SUHVHQWV�D�GLVSRVDO�SUREOHP��DOWKRXJK�ULFH�KXOOV�
FXUUHQWO\�FDQ�EH�XWLOL]HG�DV�D�¿OWHU�SURGXFW�RU�DV�
FKLFNHQ�KRXVH�EHGGLQJ��+LUVFKH\���������5LFH�KXOOV�

<$20 per dry ton <$30 per dry ton <$40 per dry ton
Feedstock 2012 2017 2022 2030 2012 2017 2022 2030 2012 2017 2022 2030

Million dry tons

2ICEÏlELDÏRESIDUE 0.0 0.0 0.0 0.0 6.3 6.9 7.4 8.0 6.5 6.9 7.4 8.0

Rice hulls 0.8 0.8 0.8 0.9 1.5 1.6 1.7 1.7 1.5 1.6 1.7 1.7

#OTTONÏlELDÏRESIDUE 1.2 2.1 2.3 3.3 4.1 5.3 5.9 6.7 4.2 5.3 5.9 6.7

Cotton gin trash 0.7 0.8 0.8 0.9 1.4 1.6 1.7 1.8 1.4 1.6 1.7 1.8

Wheat dust 0.3 0.3 0.3 0.3 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Sugarcane residues 0.1 0.1 0.1 0.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

Orchard and vineyard 
prunings 2.9 2.8 2.8 2.8 5.7 5.6 5.5 5.5 5.7 5.6 5.5 5.5

Animal manures 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12 13 16 20

Animal fats 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total secondary 
residues & wastes 5.8 6.9 7.1 8.2 21 23 24 25 33 36 40 46

Summary of Secondary Process Residues and WastesTable 4.5

KDYH�WKH�SRWHQWLDO�WR�EH�XVHG�IRU�HQHUJ\����5LFH�LV�
SURGXFHG�LQ�VL[�VWDWHV��$UNDQVDV��&DOLIRUQLD��/RXLVLDQD��
0LVVLVVLSSL��0LVVRXUL��DQG�7H[DV��,Q�UHFHQW�\HDUV��WRWDO�
ULFH�SURGXFWLRQ�DYHUDJHG�����PLOOLRQ�KXQGUHG�ZHLJKW�
�����SRXQGV�²QHDUO\���PLOOLRQ�WRQV��DVVXPLQJ�������
PRLVWXUH�FRQWHQW��6RPH�ULFH�LV�H[SRUWHG�DV�URXJK�ULFH�
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47  The fruits included in this analysis are apples, apricots, avocados, cherries, dates, figs, grapes, kiwi, nectarines, olives, peaches, pears, 
persimmons, pomegranates, and other non-citrus fruits. The citrus fruits are grapefruit, lemons, limes, oranges, tangerines, and other citrus 
fruit. The nuts are almonds, pecans, pistachios, walnuts, and other nuts (Figure 4.24).

�L�H���LW�KDV�QRW�EHHQ�GHKXOOHG�²DSSUR[LPDWHO\�����
RI�WRWDO�ULFH�SURGXFWLRQ�RQ�DYHUDJH��$GMXVWLQJ�IRU�ULFH�
WKDW�LV�H[SRUWHG�DV�URXJK�ULFH�DQG�DVVXPLQJ�WKDW�ULFH�
KXOOV�UHSUHVHQW�����RI�ULFH��DERXW�����PLOOLRQ�GU\�WRQV�
RI�ULFH�KXOOV�SHU�\HDU�DUH�FXUUHQWO\�SURGXFHG��5LFH�KXOO�
SURGXFWLRQ�LV�SURMHFWHG�WR�LQFUHDVH�E\�����WR������
GHSHQGLQJ�RQ�SURGXFWLRQ�DQG�WKH�OHYHO�RI�H[SRUWV��
7DEOH�����VKRZV�VXSSOLHV�RI�ULFH�KXOOV�

5LFH�¿HOG�UHVLGXHV��RU�VWUDZ��XVXDOO\�QHHG�WR�EH�
GLVSRVHG�RI�RII�WKH�¿HOG��,Q�WKH�SDVW�EXUQLQJ�ZDV�
FRPPRQ��EXW�LW�LV�QRW�DOORZHG�QRZ��%HFDXVH�LW�KDV�
VXFK�KLJK�VLOLFD�FRQWHQW��LW�LV�XQGHVLUDEOH�DV�D�IRUDJH�
VXSSOHPHQW��6RPHWLPHV�LW�LV�LQFRUSRUDWHG�LQWR�WKH�
VRLO��RU�LW�PD\�EH�UHPRYHG�DQG�XWLOL]HG�IRU�HQHUJ\��
IRU�H[DPSOH��7KH�+,�IRU�ULFH�VWUDZ�KDV�EHHQ�UHSRUWHG�
LQ�UDQJHV�RI�����WR������RU�VWUDZ�WR�JUDLQ�UDWLRV�RI�

����DQG���������'XNH��������VWDWHV�WKDW�ULFH�VWUDZ�LV�
XVXDOO\�HVWLPDWHG�WR�EH�WZR�WLPHV�WKH�JUDLQ�\LHOG��EXW�
JRHV�RQ�WR�VWDWH�WKDW�IRU�WKH�GZDUI�YDULHWLHV��D�VWUDZ�
WR�JUDLQ�UDWLR�RI�����SUHYDLOV��+,�RI�������+HUH��D�PRUH�
FRQVHUYDWLYH�KDUYHVW�LQGH[�RI�����LV�XVHG�WR�HVWLPDWH�
ULFH�VWUDZ�UHVLGXHV��L�H���WKH�KLJKHU�+,�JLYHV�D�ORZHU�
HVWLPDWH�IRU�ULFH�VWUDZ���,W�LV�DVVXPHG�WKDW�PRLVWXUH�
FRQWHQW�IRU�JUDLQ�LV��������7RWDO�VWUDZ�SURGXFWLRQ�LV�
HVWLPDWHG�DW�DERXW�����PLOOLRQ�GU\�WRQV�LQFUHDVLQJ�WR�
��PLOOLRQ�GU\�WRQV�E\�������5LFH�VWUDZ�LV�DVVXPHG�WR�
EH�KDUYHVWHG�OLNH�FRUQ�VWRYHU�DQG�FRWWRQ�UHVLGXHV�ZLWK�
D�VKUHGGLQJ�RSHUDWLRQ��IROORZHG�E\�UDNLQJ�DQG�EDOLQJ�
�DVVXPHG�WR�EH�D�ODUJH�UHFWDQJXODU�EDOHU�IRU�FRVWLQJ�
SXUSRVHV���6HYHQW\�SHUFHQW�RI�WKH�ULFH�VWUDZ�LV�DVVXPHG�
KDUYHVWHG��$OO�RI�WKH�ULFH�¿HOG�VWUDZ�LV�DVVXPHG�WR�EH�
DYDLODEOH�DW�D�IDUPJDWH�SULFH�RI�����SHU�GU\�WRQ�RU�OHVV�
�7DEOH������

4.6.5 Wheat Dust and Cha!
:KHDW�GXVW�DQG�FKDII�DUH�SURGXFHG�DV�ZKHDW�LV�
SURFHVVHG�DW�D�JUDLQ�HOHYDWRU��$SSUR[LPDWHO\����RI�
ZKHDW�LV�DVVXPHG�WR�EHFRPH�ZKHDW�GXVW�DQG�FKDII��
ZKLFK�FRXOG�SRWHQWLDOO\�EH�XVHG�DV�D�FHOOXORVLF�
IHHGVWRFN��1HOVRQ���������:KHDW�SURGXFWLRQ�LV�
FXUUHQWO\�DERXW�����ELOOLRQ�EXVKHOV�DQG�LV�SURMHFWHG�WR�

4.6.6 Orchard and Vineyard Prunings
$QQXDO�RUFKDUG�DQG�YLQH\DUG�SUXQLQJV��)LJXUH�������
DUH�HVWLPDWHG�IRU�IUXLWV��FLWUXV�IUXLWV��DQG�QXWV��7KH�
HVWLPDWHG�ELRPDVV�DYDLODEOH��DFFRUGLQJ�WR�1HOVRQ�
��������WRWDOV�����PLOOLRQ�GU\�WRQV�����0RUH�WKDQ�����
RI�WKH�RUFKDUG�DQG�YLQH\DUG�SUXQLQJV�DUH�IURP�¿YH�
FURSV��RUDQJHV��JUDSHV��DOPRQGV��SHFDQV��DQG�DSSOHV��
0RUH�WKDQ�KDOI�������RI�WKH�UHVRXUFH�LV�LQ�&DOLIRUQLD��
����LV�LQ�)ORULGD��DQG�WKH�UHPDLQGHU�LV�ORFDWHG�LQ�

7H[DV��2NODKRPD��*HRUJLD��1HZ�<RUN��DQG�0LFKLJDQ��
7KH�86'$�SURMHFWLRQV��86'$�2&(�:$2%��������
IRUHFDVW�D�VOLJKW�GHFOLQH�LQ�WKH�SURGXFWLRQ�DUHD�RI�
IUXLWV�DQG�QXWV��3URGXFWLRQ�HVWLPDWHV�IURP�WKH�86'$�
SURMHFWLRQV�DUH�XVHG�WR�LQGH[�IXWXUH�RUFKDUG�DQG�
YLQH\DUG�SUXQLQJV��+DOI�RI�WKH�RUFKDUG�DQG�YLQH\DUG�
SUXQLQJV�DUH�DVVXPHG�WR�EH�DYDLODEOH�DW�����SHU�GU\�WRQ�
DQG�DOO�DUH�H[SHFWHG�WR�EH�DYDLODEOH�DW�����GU\�WRQ�RU�
OHVV��7DEOH������

LQFUHDVH�VOLJKWO\�E\�������86'$2&(�:$2%���������
:KHDW�LV�DVVXPHG�WR�EH�����GU\�PDWWHU��DQG�DSSO\LQJ�
WKH����ZKHDW�GXVW�DQG�FKDII�IDFWRU�WR�DOO�ZKHDW�
SURGXFWLRQ�UHVXOWV�LQ�DERXW�����PLOOLRQ�GU\�WRQV��+DOI�
RI�WKH�ZKHDW�GXVW�UHVRXUFH�LV�DVVXPHG�DYDLODEOH�DW�����
SHU�GU\�WRQ��DQG�DOO�LV�DVVXPHG�WR�EH�DYDLODEOH�DW�����
SHU�GU\�WRQ�RU�OHVV��7DEOH������

4.6.7 Animal Fats
$QLPDO�IDWV�VXLWDEOH�DV�VHFRQGDU\�FURSODQG�IHHGVWRFNV�
LQ�ELRGLHVHO�SURGXFWLRQ�LQFOXGH�HGLEOH�DQG�LQHGLEOH�
WDOORZ��ODUG��ZKLWH�JUHDVH��SRXOWU\�IDW��DQG�\HOORZ�
JUHDVH��<HOORZ�JUHDVH�LV�LQFOXGHG�LQ�WKH�VXSSO\�

HVWLPDWHV��EXW�D�GHVFULSWLRQ�LV�SURYLGHG�LQ�D�IROORZLQJ�
VHFWLRQ�RI�WKH�ZDVWH�FURSODQG�UHVRXUFHV��:KHQ�DQLPDOV�
DUH�SURFHVVHG�IRU�PHDWV��IDWV�DUH�D�E\SURGXFW�RI�WKH�
SURFHVV��)RU�EHHI��WKHVH�IDWV�DUH�VHSDUDWHG�LQWR�HGLEOH�
DQG�LQHGLEOH�WDOORZ��)RU�KRJV��WKHVH�IDWV�DUH�ODUG�DQG�
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,QHGLEOH�WDOORZ�LV�PRVW�RIWHQ�XVHG�DV�D�VXSSOHPHQW�IRU�
DQLPDO�IHHG²D�PDMRULW\�RI�LWV�PDUNHW�VKDUH²IROORZHG�
E\�XVH�LQ�IDWW\�DFLGV��VRDS��PHWK\O�HVWHUV��ELRGLHVHO���
OXEULFDQWV��DQG�RWKHU�XVHV��3RXOWU\�IDWV�DUH�XVHG�LQ�
VRDSV��SHW�IRRGV��DQG�D�IHZ�RWKHU�FRQVXPHU�SURGXFWV��
3ULFHV�IRU�HGLEOH�DQG�LQHGLEOH�WDOORZ�DQG�SRUN�ODUG�DQG�
FKRLFH�ZKLWH�JUHDVH�KDYH�YDULHG�IURP�������WR�������
SHU�SRXQG�LQ�UHFHQW�\HDUV��7KH�-DFREVHQ�&RPSDQ\��
�������)HHGVWRFN�SULFH�JUHDWO\�DIIHFWV�WKH�HQG�SULFH�RI�
ELRGLHVHO��DV�IHHGVWRFN�SULFH�FDQ�DFFRXQW�IRU�XS�WR�����
RI�WKH�WRWDO�ELRGLHVHO�FRVW��%HFDXVH�RI�WKH�KLJK�SULFH�RI�
DQLPDO�IDWV�DQG�H[LVWLQJ�XVHV��WKH\�DUH�QRW�FRQVLGHUHG�
IXUWKHU�LQ�WKLV�XSGDWH�

Farmer clearing pruningsFigure 4.23

4.6.8 Animal Manure
2YHU�WKH�SDVW�VHYHUDO�GHFDGHV��OLYHVWRFN�RSHUDWLRQV�
KDYH�H[SHULHQFHG�D�WUHQG�WRZDUG�IHZHU�DQG�PRUH�
FRQFHQWUDWHG�IDFLOLWLHV��$V�D�FRQVHTXHQFH��PDQXUH�
VWRUDJH�LVVXHV�KDYH�DULVHQ��2IWHQ��ODUJH�FRQ¿QHG�
OLYHVWRFN�RSHUDWLRQV�GR�QRW�KDYH�HQRXJK�FURSODQG�
RU�SDVWXUH�WR�DGHTXDWHO\�GLVWULEXWH�PDQXUH��UHVXOWLQJ�
LQ�H[FHVV�PDQXUH�WKDW�SRVHV�D�ULVN�WR�ZDWHU�TXDOLW\�
DQG�KXPDQ�KHDOWK��$GGLWLRQDOO\��WKH�ODQG�UHVRXUFHV�
DUH�FRQVWUDLQHG�WR�DEVRUE�PDQXUH�QXWULHQWV�ZLWKLQ�
SUR[LPLW\�WR�FRQFHQWUDWHG�DQLPDO�SURGXFWLRQ�IDFLOLWLHV�

7KHUH�DUH�����PLOOLRQ�OLYHVWRFN�IDUPV�LQ�WKH�8QLWHG�
6WDWHV��(3$���������,Q�������VOLJKWO\�OHVV�WKDQ�
���²RU��������²RI�WKHVH�IDUPV�ZHUH�FODVVL¿HG�DV�
DQ�DQLPDO�IHHGLQJ�RSHUDWLRQ��$)2���(3$�GH¿QHV�DQ�
$)2�DV�D�IDFLOLW\�ZKHUH�DQLPDOV�DUH�FRQ¿QHG�DQG�IHG�
RU�PDLQWDLQHG�IRU�DW�OHDVW����GD\V�GXULQJ�D����PRQWK�
SHULRG��DQG�ZKHUH�FURSV��YHJHWDWLRQ��IRUHVW�JURZWK��RU�
SRVW�KDUYHVW�UHVLGXHV�DUH�QRW�VXVWDLQHG�LQ�WKH�QRUPDO�
JURZLQJ�VHDVRQ�RYHU�DQ\�SRUWLRQ�RI�WKH�IDFLOLW\��$)2V�
SURGXFHG�PRUH�WKDQ�����PLOOLRQ�WRQV�RI�PDQXUH�LQ�
������(3$���������7KH�ODUJHVW�DQG�PRVW�SROOXWLQJ�
$)2V�DUH�FDWHJRUL]HG�DV�&RQFHQWUDWHG�$QLPDO�)HHGLQJ�

(Courtesy of ORNL)

FKRLFH�ZKLWH�JUHDVH��3RXOWU\�SURGXFHV�SRXOWU\�IDW��
$QLPDO�IDWV�DUH�D�OHVV�FRVWO\�IHHGVWRFN�WKDQ�YHJHWDEOH�
RLOV��KRZHYHU��DQLPDO�IDWV�FRQWDLQ�KLJK�OHYHOV�RI�
VDWXUDWHG�IDWW\�DFLGV��ZKLFK�UHVXOW�LQ�D�OHVVHU�ÀRZ�
TXDOLW\�WKDQ�YHJHWDEOH�RLO��$QLPDO�IDWV�WHQG�WR�ORVH�
YLVFRVLW\��FDXVLQJ�WKH�IRUPDWLRQ�RI�FU\VWDOV�WKDW�SOXJ�
IXHO�¿OWHUV��HVSHFLDOO\�LQ�FROGHU�WHPSHUDWXUHV��%HFDXVH�
ELRGLHVHO�IURP�DQLPDO�IDW�IHHGVWRFN�KDV�WKH�WHQGHQF\�
WR�VROLGLI\�LQ�FROGHU�WHPSHUDWXUHV��YHJHWDEOH�RLO�ZLOO�
OLNHO\�EH�WKH�IHHGVWRFN�RI�FKRLFH�LQ�QRUWKHUQ�VWDWHV��7KH�
VXSSO\�RI�DQLPDO�IDWV�LV�OLPLWHG�DQG�ZLOO�QRW�LQFUHDVH�DV�
GHPDQG�IRU�ELRGLHVHO�LQFUHDVHV�

1HOVRQ��������SURYLGHV�HVWLPDWHV�RI�HGLEOH�DQG�
LQHGLEOH�WDOORZ�EDVHG�RQ�FDWWOH�SURFHVVLQJ�DW����
ORFDWLRQV�LQ����VWDWHV��DQG�ODUG�DQG�FKRLFH�ZKLWH�
JUHDVH�EDVHG�RQ�KRJ�SURFHVVLQJ�DW����ORFDWLRQV�LQ�
���VWDWHV��(GLEOH�DQG�LQHGLEOH�WDOORZ�DUH�SURGXFHG�DW�
���DQG����SRXQGV�SHU�FRZ�VODXJKWHUHG��UHVSHFWLYHO\��
/DUG�DQG�FKRLFH�ZKLWH�JUHDVH�DUH�SURGXFHG�DW���DQG�
�����SRXQGV�SHU�KRJ�VODXJKWHUHG��UHVSHFWLYHO\��(GLEOH�
WDOORZ��LQHGLEOH�WDOORZ��ODUG��DQG�FKRLFH�ZKLWH�JUHDVH�
DUH�HVWLPDWHG�DW�������������������DQG������PLOOLRQ�WRQV�
DFFRUGLQJ�WR�1HOVRQ���������1HOVRQ�GRHV�QRW�SURYLGH�
DQ�HVWLPDWH�IRU�SRXOWU\�IDW��EXW�3HDUO��������HVWLPDWHV�
SRXOWU\�IDW�SURGXFWLRQ�DW������PLOOLRQ�WRQV�

1RW�DOO�RI�WKHVH�IDWV�DUH�QHFHVVDULO\�DYDLODEOH�IRU�HQHUJ\�
XVH��7DOORZ��ODUG��DQG�FKRLFH�ZKLWH�JUHDVH�DUH�SRWHQWLDO�
ELRGLHVHO�IHHGVWRFNV��EXW�HDFK�DOVR�LV�XVHG�LQ�PDUNHWV�
VXFK�DV�HGLEOH�IRRG��VRDS��OXEULFDQWV��DQG�UHVLQV�DQG�
SODVWLFV��(GLEOH�WDOORZ�LV�XVHG�IRU�EDNLQJ�RU�IU\LQJ�IDWV�
DQG�PDUJDULQH��DV�ZHOO�DV�FHUWDLQ�LQHGLEOH�SURGXFWV��
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2SHUDWLRQV��&$)2V���ZKLFK�PDNH�XS�DERXW����RI�
DOO�$)2V�EXW�FRQWULEXWH�WR�PRUH�WKDQ�����RI�H[FHVV�
QXWULHQWV��5LEDXGR�HW�DO���������

7KH�(3$�GH¿QHV�WKUHH�GLIIHUHQW�FDWHJRULHV�RI�&$)2V�
WKDW�DUH�UHJXODWHG��ODUJH��PHGLXP��DQG�VPDOO�RSHUDWLRQV��
/DUJH�&$)2V�DUH�JHQHUDOO\�GH¿QHG�DV�RSHUDWLRQV�ZLWK�
������RU�PRUH�DQLPDO�XQLWV��$8V�����0HGLXP�&$)2V�
DUH�$)2V�WKDW�KROG�EHWZHHQ�����DQG�������$8V�DQG�
GLVFKDUJH�SROOXWDQWV�WKURXJK�D�PDQPDGH�GHYLFH�WKDW�
FDPH�LQWR�FRQWDFW�ZLWK�WKH�FRQ¿QHG�DQLPDOV��$)2V�WKDW�
KROG�OHVV�WKDQ�����$8V�DUH�ODEHOHG�VPDOO�&$)2V�RQO\�
LI�WKH\�GLVFKDUJH�ZDVWH�LQWR�ZDWHU�WKURXJK�D�PDQ�PDGH�
GHYLFH�RU�GLUHFWO\�LQWR�ZDWHUV�WKDW�RULJLQDWH�RXWVLGH�WKH�
IDFLOLW\�DQG�FRPH�LQ�FRQWDFW�ZLWK�WKH�FRQ¿QHG�DQLPDOV�

2QH�SRVVLEOH�VROXWLRQ�WR�PLWLJDWH�SROOXWLRQ�FUHDWHG�
E\�&$)2V�LV�WR�XVH�H[FHVV�PDQXUH�IRU�SURGXFWLRQ�RI�
ELRHQHUJ\�WKURXJK�DQDHURELF�GLJHVWLRQ��7KH�QXWULHQWV�
UHPDLQ�LQ�WKH�GLJHVWHU�HIÀXHQW�OLTXLG�DQG�DUH�XVXDOO\�
UHWXUQHG�WR�FURSODQG��2WKHU�V\VWHPV�KDYH�SRWHQWLDO�
VXFK�DV�FDSWXULQJ�VRPH�RI�WKH�QXWULHQWV�LQ�ELRFKDU�
IURP�WKHUPRFKHPLFDO�SURFHVVHV��RU�HYHQ�LQWHJUDWLQJ�
SKRVSKRUXV�FU\VWDOOL]DWLRQ�RU�QLWUL¿FDWLRQ�UHFRYHU\�
V\VWHPV�ZLWK�HQHUJ\�SURGXFWLRQ�IURP�PDQXUH�

7KLV�UHSRUW�HVWLPDWHV�UHFRYHUDEOH�DQG�DYDLODEOH�GU\�
WRQV�RI�PDQXUH�IRU�D�EDVHOLQH�VFHQDULR��5HFRYHUDEOH�
DQG�DYDLODEOH�PDQXUH�HVWLPDWHV�DUH�EDVHG�RQ�
DVVXPSWLRQV�E\�.HOORJ�HW�DO���������UHSRUWHG�LQ�
SRXQGV�RI�PDQXUH�SKRVSKRUXV�H[FUHWHG��UHFRYHUDEOH��
DQG�DYDLODEOH�LQ�H[FHVV�RI�IDUP�XVH��*ROOHKRQ�HW�DO��
�������HVWLPDWHV�WKH�SHUFHQWDJH�RI�DYDLODEOH�PDQXUH�
SKRVSKRUXV�LQ�H[FHVV�RI�FRXQW\�SRWHQWLDO�XVH��ZKLFK�
LV�XVHG�DV�DQ�HVWLPDWH�IRU�UHFRYHUDEOH�PDQXUH�LQ�WKH�

EDVHOLQH�VFHQDULR��,W�LV�DVVXPHG�WKDW�WKH�SHUFHQW�RI�
PDQXUH�SKRVSKRUXV�WKDW�LV�UHFRYHUDEOH�DQG�DYDLODEOH�
UHSUHVHQWV�D�ORZHU�ERXQG�HVWLPDWH�������RI�WKH�DPRXQW�
RI�WRWDO�PDQXUH�WKDW�LV�UHFRYHUDEOH�DQG�DYDLODEOH�

)RU�WKH�EDVHOLQH�VFHQDULR��LW�LV�DVVXPHG�WKDW�PDQXUH�
IURP�WKH�ODUJHVW�FODVVL¿FDWLRQV�RI�OLYHVWRFN�SURGXFWLRQ�
LV�DYDLODEOH�IRU�ELRHQHUJ\��)RU�IXWXUH�\HDUV��LW�LV�
DVVXPHG�WKDW�WKH�PDUNHW�IRU�PDQXUH�ZLOO�PDWXUH�
DQG�UHFRYHU\�ZLOO�LQFUHDVH����DQQXDOO\��D�PRUH�
FRQVHUYDWLYH�DSSURDFK�WKDQ�.HOORJ�HW�DO����������
7KH�EDVHOLQH�VFHQDULR�DVVXPHV�WKH�SULFH�LV�HTXDO�WR�
LWV�IHUWLOL]HU�VXEVWLWXWH�YDOXH��SOXV�D�����SHU�GU\�WRQ�
FROOHFWLRQ�DQG�KDQGOLQJ�IHH��7KH�VHOOLQJ�SULFH�PD\�DOVR�
EH�GHWHUPLQHG�E\�WKH�W\SH�RI�DSSOLFDWLRQ�QHHGHG�IRU�WKH�
LQGLYLGXDO�IDUP�RQ�ZKLFK�WKH�IHUWLOL]HU�LV�ODQG�DSSOLHG��
3ULFHV�DUH�FRPSXWHG�XVLQJ�WKH���\HDU�DYHUDJH�SULFH�IRU�
QLWURJHQ��SKRVSKRURXV��DQG�SRWDVVLXP�

$QLPDO�PDQXUH�SURGXFWLRQ�ZDV�LGHQWL¿HG�IRU�EHHI�
�FDWWOH�DQG�FDOYHV���VZLQH��SRXOWU\��EURLOHUV�DQG�OD\HUV���
DQG�WXUNH\V��7RWDO�SURGXFWLRQ�RI�FDWWOH��GDLU\��DQG�
VZLQH�ZDV�HVWLPDWHG�DV�WKH�SURGXFW�RI�WRWDO�$8V��������
SRXQGV�RI�OLYHVWRFN��DQG�WKH�SHUFHQWDJH�RI�LQYHQWRU\�
SURGXFHG�RQ�ODUJH�IDUPV��JUHDWHU�WKDQ��������KHDG�
IRU�FDWWOH��������KHDG�IRU�GDLU\��������KHDG�IRU�VZLQH��
DV�D�SUR[\�IRU�&$)2�LQYHQWRU\��/LWWHU�DYDLODEOH�IURP�
SRXOWU\�SURGXFWLRQ�ZDV�HVWLPDWHG�DW�����RI�WRWDO�
SRXOWU\�SURGXFWLRQ��FKLFNHQ�EURLOHUV��FKLFNHQ�OD\HUV��
DQG�WXUNH\V���0DQXUH�LV�DVVXPHG�WR�KDYH�DQ�DYHUDJH�
PRLVWXUH�FRQWHQW�RI��������8VLQJ�WKH�UHFRYHUDELOLW\�
DQG�DYDLODELOLW\�SHUFHQWDJHV�GHVFULEHG�DERYH��WKH�
DPRXQW�DYDLODEOH�XQGHU�WKH�EDVH�\HDU�LV����PLOOLRQ�GU\�
WRQV��LQFUHDVLQJ�WR���������DQG����PLOOLRQ�GU\�WRQV�IRU�
\HDUV�������������DQG�������UHVSHFWLYHO\��7DEOH������

4.6.9 Wastes Resources  
from Agriculture
:DVWH�UHVRXUFHV�SRWHQWLDOO\�DYDLODEOH�IURP�WKH�HQG�
FRQVXPHU�DUH�FRQVLGHUHG�WHUWLDU\�FURSODQG�UHVRXUFHV��
7KHVH�VRXUFHV�PD\�RU�PD\�QRW�EH�FXUUHQWO\�XWLOL]HG��
DQG�WKHLU�DYDLODELOLW\�LV�FRQWLQJHQW�XSRQ�WKH�SUHVHQFH�
RU�DEVHQFH�RI�VSHFL¿F�LQGXVWULHV�WKDW�PD\�FRPSHWH�IRU�
WKH�IHHGVWRFN�ZLWKLQ�D�SDUWLFXODU�KDXOLQJ�GLVWDQFH�RI�
ELRUH¿QHULHV��&RPPRQ�UHVRXUFHV�ZLWKLQ�WKLV�FDWHJRU\�
DUH�\HOORZ�JUHDVH�DQG�06:�

Yellow Grease.�<HOORZ�JUHDVH�GLIIHUV�IURP�RWKHU�
DQLPDO�IDW�IHHGVWRFN�LQ�WKDW�LW�LV�WKH�UHF\FOHG�FRRNLQJ�
RLO�IURP�UHVWDXUDQWV��,W�PD\�FRQWDLQ�WKH�UHF\FOHG�RLOV�
RI�ERWK�YHJHWDEOHV�DQG�DQLPDOV��EXW�WKH�YHJHWDEOH�RLO�LV�
K\GURJHQDWHG�VR�WKDW�LW�DFWV�PRUH�OLNH�DQLPDO�IDW�ZKHQ�
FRQYHUWHG�WR�ELRGLHVHO��<HOORZ�JUHDVH�LV�WKH�FKHDSHVW�
DYDLODEOH�IHHGVWRFN�IRU�ELRGLHVHO�SURGXFWLRQ��,WV�
VXSSO\��KRZHYHU��LV�OLPLWHG��PDNLQJ�LW�D�PRUH�DWWUDFWLYH�
IHHGVWRFN�WR�VPDOOHU�FDSDFLW\�SURGXFWLRQ�IDFLOLWLHV�WKDW�
ZLOO�EH�ORFDWHG�QHDU�ODUJH�SRSXODWLRQ�DUHDV�ZKHUH�WKH�
IRRG�VHUYLFH�LQGXVWU\�LV�FRQFHQWUDWHG��<HOORZ�JUHDVH�

48  An animal unit is defined as one thousand pounds of live animal weight. 
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4.7 Total Supply of Agricultural 
Biomass and Waste Resources
7KH�ODUJHVW�TXDQWLWLHV�RI�DJULFXOWXUDO�UHVLGXHV�DQG�
ZDVWHV�DUH�FURS�UHVLGXHV�IURP�WKH�PDMRU�FRPPRGLW\�
FURSV��7KH\�UDQJH�IURP����WR����PLOOLRQ�GU\�WRQV�
EHWZHHQ������DQG������DW�D�VLPXODWHG�IDUPJDWH�SULFH�
RI�����SHU�GU\�WRQ��7DEOH�������(VWLPDWHG�FURS�UHVLGXHV�
VXSSOLHV�LQFUHDVH�WR�����WR�����PLOOLRQ�GU\�WRQV�DW�
WKH�VLPXODWHG�SULFH�RI�����SHU�GU\�WRQ��7KH�KLJK�
\LHOG�VFHQDULR�KDV�SRWHQWLDO�WR�GRXEOH�WKH�TXDQWLW\�RI�
FROOHFWDEOH�FURS�UHVLGXH��$W�WKH�VLPXODWHG�SULFH�RI�����
SHU�GU\�WRQ��WRWDO�FRUQ�VWRYHU�DQG�WRWDO�FURS�UHVLGXH�
LQFUHDVH�WR�����DQG�����PLOOLRQ�GU\�WRQV�E\�������
UHVSHFWLYHO\��$Q�DGGLWLRQDO�����SHU�GU\�WRQ��WR�WRWDO�����
SHU�GU\�WRQ��EULQJV�LQ�RQO\�DQ�DGGLWLRQDO���WR����PLOOLRQ�
GU\�WRQV�RI�UHVLGXHV��0RVW�RI�WKH�FROOHFWDEOH�UHVLGXH�
FDQ�EH�KDG�IRU�����SHU�GU\�WRQ�RU�OHVV�

7KH�VHFRQGDU\�DJULFXOWXUDO�SURFHVVLQJ�DQG�RWKHU�ZDVWH�
SURGXFWV��H[FOXGLQJ�PDQXUH��LQ�WKH�DJJUHJDWH�DUH�

LQ�WKH�UDQJH�RI����WR����PLOOLRQ�GU\�WRQV�GHSHQGLQJ�
RQ�WKH�\HDU�DQG�SULFH������WR�����SHU�GU\�WRQ���ZLWK�
RUFKDUG�DQG�YLQH\DUG�SUXQLQJV��FRWWRQ�¿HOG�UHVLGXH��
DQG�ULFH�VWUDZ�EHLQJ�WKH�ODUJHVW�LQGLYLGXDO�FRPSRQHQWV��
&ROOHFWLEOH�DQLPDO�PDQXUH�SURGXFWLRQ�LV�ODUJHU��
HVWLPDWHG�DW����DQG����PLOOLRQ�GU\�WRQV�EHWZHHQ�WKH�
SUHVHQW�DQG������RYHU�WKH�����WR�����SHU�GU\�WRQ�SULFH�
UDQJH��,Q�WRWDO��WKH�DJULFXOWXUDO�SURFHVVLQJ�UHVLGXHV�DQG�
ZDVWHV�UDQJH�IURP�DERXW����WR����PLOOLRQ�GU\�WRQV�RYHU�
WKH����\HDU�VLPXODWLRQ�SHULRG�

&RPELQLQJ�DOO�RI�WKH�DJULFXOWXUDO�UHVLGXHV�DQG�ZDVWHV�
WRWDOV�DERXW�����PLOOLRQ�GU\�WRQV�DW�����SHU�GU\�WRQ�RU�
OHVV�E\�������$Q�DGGLWLRQDO����PLOOLRQ�GU\�WRQV�EHFRPH�
DYDLODEOH�DW�DQ�DGGLWLRQDO�����SHU�GU\�WRQ�IDUPJDWH�
SULFH��7KH�KLJK�\LHOG�VFHQDULR�DGGV�����PLOOLRQ�GU\�
WRQV�DW�WKH�����SHU�GU\�WRQ�VLPXODWHG�SULFH�DQG�����
PLOOLRQ�GU\�WRQV�DW�WKH�����SHU�GU\�WRQ�IDUPJDWH�SULFH�

DFFRXQWHG�IRU�����PLOOLRQ�SRXQGV�RI�8�6��DQLPDO�IDW�
SURGXFWLRQ�LQ�������86'$�2&(�2(318���������

Municipal Solid Wastes (MSW)��06:�RULJLQDWHV�
IURP�DJULFXOWXUDO�VRXUFHV��VXFK�DV�IRRG�ZDVWHV�DQG�
WH[WLOHV��$�ODUJH�IUDFWLRQ�RI�WKHVH�UHVRXUFHV�DUH�
FRPEXVWHG�LQWR�HQHUJ\�DV�PL[HG�ZDVWHV��,Q�������WKH�

FXUUHQWO\�XVHG�DPRXQW�RI�06:�DJULFXOWXUDO�ZDVWHV�
LV�HVWLPDWHG�DW�DERXW���PLOOLRQ�GU\�WRQV��VHH�&KDSWHU�
����7KH�HVWLPDWHG�DPRXQW�LQFUHDVHV�WR������PLOOLRQ�
GU\�WRQV�SHU�\HDU�LQ������DQG�FRQWLQXHV�DW�WKLV�OHYHO�
WKURXJK������

4.8 Summary
7KH�DQDO\VLV�RI�SULPDU\�FURS�UHVLGXHV�IURP�WKH�PDMRU�
JUDLQV²FRUQ��ZKHDW��VRUJKXP��RDWV��DQG�EDUOH\²XVHG�
D�UHODWLYHO\�VRSKLVWLFDWHG�PHWKRGRORJ\�WR�GHWHUPLQH�
KRZ�PXFK�UHVLGXH�QHHGV�WR�UHPDLQ�LQ�SODFH�WR�PHHW�
VRLO�HURVLRQ�UHVWULFWLRQV�GXH�WR�ZDWHU�DQG�ZLQG�DQG�
PDLQWDLQ�VRLO�FDUERQ�OHYHOV��$�QXPEHU�RI�GDWDVHWV�
LQYROYLQJ�VRLOV��ODQG�VORSH��FOLPDWH��FURSSLQJ�URWDWLRQV��
WLOODJH��PDQDJHPHQW�SUDFWLFHV��DQG�UHVLGXH�FROOHFWLRQ�
WHFKQRORJ\�ZHUH�XVHG�LQ�WKH�DQDO\VLV��2I�DOO�RI�WKHVH�
IDFWRUV�WKH�FURS�URWDWLRQ�DQG�WLOODJH�GDWD�DUH�WZR�DUHDV�
ZKHUH�WKH�DQDO\VLV�ZRXOG�EHQH¿W�IURP�LPSURYHG�DQG�
PRUH�XS�WR�GDWH�GDWD�

2QFH�FURS�UHVLGXH�UHWHQWLRQ�ZDV�GHWHUPLQHG��WKH�
HVWLPDWLRQ�RI�FURS�UHVLGXH�VXSSOLHV�WRRN�LQWR�DFFRXQW�
JURZHU�SD\PHQWV�IRU�UHPRYHG�UHVLGXH�DQG�FROOHFWLRQ�
FRVWV�DV�D�IXQFWLRQ�RI�GU\�WRQV�UHPRYHG�SHU�DFUH��7KHUH�
LV�RQO\�DQHFGRWDO�LQIRUPDWLRQ�RQ�JURZHU�SD\PHQWV�
RU�ZKDW�IDUPHUV�ZRXOG�H[SHFW�IURP�WKH�VDOH�RI�FURS�
UHVLGXHV��,Q�WKLV�XSGDWH��LW�ZDV�DVVXPHG�WKDW�IDUPHUV�
ZRXOG�DFFHSW�WKH�YDOXH�RI�WKH�UHPRYHG�QXWULHQWV�SOXV�D�
¿[HG�DPRXQW�SHU�WRQ�RI�UHPRYHG�UHVLGXH��:KDW�IDUPHUV�
ZLOO�DFFHSW�IRU�FURS�UHVLGXHV�ZLOO�GHSHQG�RQ�D�KRVW�
RI�IDFWRUV�WKDW�DUH�LPSRVVLEOH�WR�NQRZ�ZLWK�SUHFLVLRQ�
LQ�WKH�DEVHQFH�RI�DQ\�VLJQL¿FDQW�PDUNHWV�IRU�FURS�
UHVLGXHV�
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,QFOXGHG�LQ�WKH�DJULFXOWXUDO�UHVRXUFH�DQDO\VLV�DUH�
SURFHVVLQJ�UHVLGXHV�DQG�ZDVWHV��:LWK�WKH�H[FHSWLRQ�RI�
DQLPDO�PDQXUH��WKHVH�VXSSOLHV�DUH�VLJQL¿FDQWO\�VPDOOHU�
WKDQ�WKH�SULPDU\�FURS�UHVLGXHV��EXW�PD\EH�DYDLODEOH�
DW�PXFK�ORZHU�FRVWV��7HFKQLFDO�FRHI¿FLHQWV�ZHUH�XVHG�
WR�HVWLPDWH�WKH�DPRXQW�RI�DYDLODEOH�UHVLGXH�WR�WRWDO�
SURGXFWLRQ�DQG�YHU\�EURDG�DVVXPSWLRQV�ZHUH�PDGH�
UHJDUGLQJ�WKH�FRVWV�WR�DFTXLUH�WKHVH�UHVRXUFHV��2YHUDOO��
HVWLPDWHG�VXSSOLHV�SURYLGHG�LQ�WKLV�DVVHVVPHQW�VKRXOG�
EH�FRQVLGHUHG�VRPHZKDW�LPSUHFLVH�XQWLO�DGGLWLRQDO�GDWD�
DUH�DYDLODEOH��

7KH�HVWLPDWLRQ�RI�DJULFXOWXUDO�ELRPDVV�UHVRXUFHV�
LGHQWL¿HG�VHYHUDO�QHHGV��WKHVH�DUH�VXPPDUL]HG�EHORZ�

�� 7KHUH�LV�D�QHHG�WR�XQGHUVWDQG�WKH�ORQJ�WHUP�
HIIHFWV�RI�UHVLGXH�UHPRYDO�RQ�VRLOV�DQG�WR�YDOLGDWH�
WKH�UHVLGXH�UHWHQWLRQ�FRHI¿FLHQWV�XVHG�LQ�WKLV�
DQDO\VLV�

�� ,PSURYHG�WLOODJH�DQG�FURSSLQJ�URWDWLRQ�GDWD�ZRXOG�
LPSURYH�WKH�UHVLGXH�UHWHQWLRQ�FRHI¿FLHQW�DQDO\VLV��

�� $V�GLVFXVVHG�LQ�WKLV�FKDSWHU��WKHUH�DUH�GLIIHULQJ�
RSLQLRQV�EHWZHHQ�DQ�LQFUHDVLQJ�KDUYHVW�LQGH[�
DV�\LHOGV�LQFUHDVH�DQG�D�KDUYHVW�LQGH[�WKDW�FDQ�
EH�HQJLQHHUHG�WR�VHUYH�PDUNHWV��7KH�DQDO\VLV�
UHSRUWHG�KHUH�DVVXPHG�D�KDUYHVW�LQGH[�RI�����RU�D�
����UDWLR�RI�VWRYHU�WR�JUDLQ��

�� 7KHUH�LV�D�QHHG�WR�LPSURYH�WKH�WHFKQLFDO�
FRHI¿FLHQWV�XVHG�WR�HVWLPDWH�DYDLODEOH�VHFRQGDU\�
ELRPDVV�UHVRXUFHV�DQG�FRVWV�WR�DFTXLUH�DQG�
SURFHVV�WKHVH�IHHGVWRFNV�
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<$40 per dry ton <$50 per dry ton <$60 per dry ton
Feedstock 2012 2017 2022 2030 2012 2017 2022 2030 2012 2017 2022 2030

Million dry tons

Baseline

Corn 19 32 42 65 73 93 108 129 85 106 120 140

Wheat 6.7 7.8 9.1 12 18 22 26 31 23 26 31 36

Barley, Oats, Sorghum 1.0 1.3 1.6 2.9 2.4 2.5 2.4 3.6 2.8 2.7 2.6 3.7

Total primary 
residue 27 41 52 80 94 117 136 164 111 135 154 180

Secondary residues & wastes

2ICEÏlELDÏRESIDUE 6.5 6.9 7.4 8 6.5 6.9 7.4 8 6.5 6.9 7.4 8

Rice hulls 1.5 1.6 1.7 1.7 1.5 1.6 1.7 1.7 1.5 1.6 1.7 1.7

#OTTONÏlELDÏRESIDUE 4.2 5.3 5.9 6.7 4.2 5.3 5.9 6.7 4.2 5.3 5.9 6.7

Cotton gin trash 1.4 1.6 1.7 1.8 1.4 1.6 1.7 1.8 1.4 1.6 1.7 1.8

Sugarcane residue 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

Orchard and vineyard 
prunings 5.7 5.6 5.5 5.5 5.7 5.6 5.5 5.5 5.7 5.6 5.5 5.5

Wheat dust 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Animal manures 12 13 16 20 29 34 41 56 30 35 43 59

Animal fats 0 0 0 0 0 0 0 0 0 0 0 0

Total secondary 
residues & wastes 33 36 40 46 50 56 65 82 51 58 67 84

Total baseline 59 77 92 126 143 174 201 245 162 192 221 265

High-yield scenario

Corn stover 71 132 157 221 143 200 228 264 153 209 234 271

Wheat Straw 9.8 12 13 16 60 35 38 42 35 39 42 46

Barley, Oats, Sorghum 1.5 1.5 1.4 1.7 3.6 3.4 2.8 3.1 4.0 3.6 2.9 3.0

Total primary 
residue 83 146 171 238 176 239 269 309 193 252 279 320

Total high-yield 115 182 210 284 226 295 334 391 244 310 346 404

Summary of Baseline and High-Yield Scenarios — Agricultural Residues and 
Waste Resources

Table 4.6

Notes: (IGH
YIELD�ESTIMATES�FOR�CORN��WHEAT��BARLEY��OATS��AND�SORGHUM�ASSUME�A����ANNUAL�GROWTH�IN�ENERGY�CROP�YIELDS��)NCREASING�
THE�ASSUMED�ENERGY�CROP�YIELD�GROWTH�RATE��E�G����TO����ANNUALLY	�WILL�SLIGHTLY�CHANGE�THE�ESTIMATED�HIGH
YIELD�RESOURCE�ESTIMATES�
above.
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5 BIOMASS  
ENERGY CROPS

49  In addition to the BTS, many other analyses conclude significant quantities of energy crops can be grown on abandoned, idle, and marginal 
cropland or other agricultural land without impacts to food and forage supply. For example, see BRDI (2008).

50  Much of the research was conducted under the Department of Energy’s Biomass Feedstock Development Program. More than 150 woody 
and 35 herbaceous crops including nearly 20 perennial grasses were screened and evaluated as potential energy crops. A historical 
perspective on herbaceous and woody crops can be found in Wright (2007) and Wright et al. (in press).

3HUHQQLDO�JUDVVHV��WUHHV��DQG�VRPH�DQQXDO�FURSV�FDQ�
EH�JURZQ�VSHFL¿FDOO\�WR�VXSSO\�ODUJH�YROXPHV�RI�
XQLIRUP��FRQVLVWHQW�TXDOLW\�IHHGVWRFNV�IRU�ELRIXHO�
DQG�ELRSRZHU�SURGXFWLRQ��*URZLQJ�WKHVH�FURSV�LV�D�
QDWXUDO�H[WHQVLRQ�RI�FXUUHQW�IDUP�V\VWHPV�DQG�RIIHUV�
DGGLWLRQDO�SUR¿WV�WR�IDUPHUV�DQG�ODQGRZQHUV��7KH������
BTS�LQFOXGHG�VFHQDULRV�WKDW�DVVXPHG�D�UHODWLYHO\�ODUJH�
VKLIW�RI�ODQG�LQWR�WKH�SURGXFWLRQ�RI�HQHUJ\�FURSV��,W�
ZDV�UHDVRQHG�WKDW�HQHUJ\�FURSV�FRXOG�GLVSODFH�DV�PDQ\�
DV����WR����PLOOLRQ�DFUHV�RI�FURSODQG�DQG�SDVWXUH�DQG�
SURGXFH�����WR�QHDUO\�����PLOOLRQ�GU\�WRQV�RI�ELRPDVV�
VXVWDLQDEO\��SURYLGHG�DYHUDJH�DQQXDO�\LHOGV�RI���WR���
GU\�WRQV�SHU�DFUH�FRXOG�EH�DWWDLQHG��'HPDQGV�IRU�IRRG��
IHHG��DQG�H[SRUWV�ZRXOG�VWLOO�EH�PHW�XQGHU�WKHVH�BTS 
VFHQDULRV�EHFDXVH�RI�SURMHFWHG�\LHOG�JURZWK�DQG�RWKHU�
WHFKQRORJLFDO�DGYDQFHV�LQ�8�6��DJULFXOWXUH���

,PSOLFLW�LQ�WKH������BTS ZDV�DQ�DVVXPSWLRQ�WKDW�
HQHUJ\�FURSV�DUH�HFRQRPLFDOO\�FRPSHWLWLYH�DQG�RIIHU�
ULVN�DGMXVWHG�QHW�UHWXUQV�DW�OHDVW�DV�KLJK�DV�ZKDW�FRXOG�
EH�HDUQHG�IURP�JURZLQJ�FRQYHQWLRQDO�DJULFXOWXUDO�
FURSV�RU�IURP�H[LVWLQJ�XVHV�RI�WKH�ODQG��,Q�WKLV�XSGDWH��
DQ�DJULFXOWXUDO�SROLF\�VLPXODWLRQ�PRGHO��32/<6<6��LV�
XVHG�WR�DVVHVV�WKH�HFRQRPLF�FRPSHWLWLYHQHVV�RI�HQHUJ\�
FURS�SURGXFWLRQ�DQG�GHWHUPLQH�KRZ�PXFK�FURSODQG�
DQG�SDVWXUHODQG�FRXOG�SRVVLEO\�VKLIW�WR�HQHUJ\�FURSV��
7KH�QH[W�VHFWLRQ�RI�WKLV�FKDSWHU�SURYLGHV�EDFNJURXQG�
RQ�HQHUJ\�FURSV��,QFOXGHG�LQ�WKLV�GLVFXVVLRQ�DUH�FURS�
ELRORJ\�DQG�DGDSWDWLRQ��DJURQRPLFV��SURGXFWLRQ�FRVWV�
DQG�\LHOGV��DQG�UHTXLUHPHQWV�IRU�VXVWDLQDELOLW\��7KLV�
HQHUJ\�FURS�EDFNJURXQG�VHFWLRQ�LV�IROORZHG�E\�D�
VXPPDU\�RI�NH\�DVVXPSWLRQV�DQG�GDWD�XVHG�WR�HVWLPDWH�
SRWHQWLDO�VXSSO\�DQG�ODQG�XVH�FKDQJH��7KH�¿QDO�SDUW�RI�
WKLV�FKDSWHU�SURYLGHV�UHVXOWV�XQGHU�EDVHOLQH�DQG�KLJK�
\LHOG�VFHQDULRV�

5.1 Background on Energy Crops
%HJLQQLQJ�LQ�WKH�ODWH�����V��QXPHURXV�ZRRG\�DQG�
SHUHQQLDO�JUDVV�FURSV�ZHUH�HYDOXDWHG�LQ�VSHFLHV�WULDOV�
RQ�D�ZLGH�UDQJH�RI�VRLO�W\SHV�DFURVV�WKH�8QLWHG�6WDWHV��� 
2QH�NH\�RXWFRPH�RI�WKLV�UHVHDUFK�ZDV�WKH�GHYHORSPHQW�
RI�FURS�PDQDJHPHQW�SUHVFULSWLRQV�IRU�SHUHQQLDO�JUDVVHV�
DQG�ZRRG\�FURSV��6RPH�KLJKOLJKWV�RI�WKLV�UHVHDUFK�

DUH�SUHVHQWHG�EHORZ�IRU�UHSUHVHQWDWLYH�HQHUJ\�FURSV�
GHHPHG�WR�KDYH�KLJK�SRWHQWLDO��7KHVH�FURSV�LQFOXGH�
WKUHH�SHUHQQLDO�JUDVVHV��DQ�DQQXDO�HQHUJ\�FURS��KLJK�
\LHOG�VRUJKXP���DQG�IRXU�ZRRG\�FURSV��PDQDJHG�HLWKHU�
DV�D�VLQJOH�URWDWLRQ��L�H���KDUYHVW�EHIRUH�UHSODQWLQJ��RU�
PDQDJHG�DV�D�PXOWL�URWDWLRQ��L�H���FRSSLFLQJ��FURS��

5.1.1 Switchgrass and  
Other Perennial Grasses 
%UHHGLQJ�DQG�VHOHFWLRQ�UHVHDUFK�RQ�QDWLYH�SHUHQQLDO�
JUDVVHV�VXFK�DV�VZLWFKJUDVV��Panicum virgatum���ELJ�
EOXHVWHP��Andropogon gerardii)��DQG�LQGLDQ�JUDVV�
(Sorghastrum nutans��VWDUWHG�LQ������ZKHQ�WKH�86'$�

DW�/LQFROQ��1HEUDVND��EHJDQ�EUHHGLQJ�QDWLYH�JUDVVHV�WR�
UHYHJHWDWH�ODQG�GDPDJHG�E\�WKH�GURXJKW�RI�WKH�����V��
,Q�������WKH�¿UVW�FXOWLYDU��µ1HEUDVND���¶�VZLWFKJUDVV��
ZDV�UHOHDVHG�MRLQWO\�E\�WKH�86'$�DQG�WKH�8QLYHUVLW\�RI�
1HEUDVND��6LQFH�WKDW�WLPH��86'$�DQG�RWKHU�VFLHQWLVWV�
KDYH�HYDOXDWHG�QDWLYH�FROOHFWLRQV�DQG�VHOHFWHG�DQG�EUHG�
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(Courtesy of SD State University)

LPSURYHG�FXOWLYDUV�IRU�PRVW�DUHDV�RI�WKH�8QLWHG�6WDWHV��
7KHVH�LQLWLDO�FXOWLYDUV�ZHUH�GHYHORSHG�IRU�IRUDJH�DQG�
FRQVHUYDWLRQ�SXUSRVHV��$�IXOO�DUUD\�RI�HVWDEOLVKPHQW�
DQG�PDQDJHPHQW�SUDFWLFHV�KDV�EHHQ�VWHDGLO\�UH¿QHG�
DQG�LPSURYHG��0LOOLRQV�RI�DFUHV�RI�WKHVH�JUDVVHV�KDYH�
EHHQ�SODQWHG��3DVW�DQG�FRQWLQXLQJ�JHQHWLF�UHVHDUFK�
LV�OHDGLQJ�WR�WKH�GHYHORSPHQW�RI�ELRHQHUJ\�VSHFL¿F�
FXOWLYDUV�ZLWK�VXEVWDQWLDO�JHQHWLF�JDLQV��6ZLWFKJUDVV�
LV�ZLGHO\�FRQVLGHUHG�WKH�PRGHO�SHUHQQLDO�JUDVV�IRU�
ELRHQHUJ\�SURGXFWLRQ��

6HYHUDO�FKDUDFWHULVWLFV�PDNH�VZLWFKJUDVV��ELJ�EOXHVWHP��
DQG�LQGLDQ�JUDVV�GHVLUDEOH�ELRPDVV�HQHUJ\�FURSV��7KH\�
DUH�EURDGO\�DGDSWHG�DQG�QDWLYH�WR�1RUWK�$PHULFD��
ZKLFK�UHGXFHV�WKH�FRQFHUQV�IRU�EHFRPLQJ�LQYDVLYH�
VSHFLHV��(DFK�KDV�FRQVLVWHQWO\�KLJK�\LHOGV�ZLWK�PLQLPDO�
LQSXWV�DQG�LV�ZHOO�VXLWHG�WR�PDUJLQDO�ODQG��$GGLWLRQDOO\��
WKH\�DUH�UHODWLYHO\�HDV\�WR�HVWDEOLVK�IURP�VHHG��DQG�D�
VHHG�LQGXVWU\�DOUHDG\�H[LVWV��/RQJ�WHUP�SORW�WULDOV�DQG�
IDUP�VFDOH�VWXGLHV�LQGLFDWH�VZLWFKJUDVV�LV�SURGXFWLYH��
HQKDQFHV�DQG�SURWHFWV�HQYLURQPHQWDO�TXDOLW\��DQG�LV�
SRWHQWLDOO\�SUR¿WDEOH�JLYHQ�WKH�HVWDEOLVKPHQW�RI�D�
YLDEOH�FHOOXORVLF�ELRIXHOV�PDUNHW��$OWKRXJK�VWDQGV�FDQ�
EH�PDLQWDLQHG�LQGH¿QLWHO\��WKH\�DUH�H[SHFWHG�WR�ODVW�
DW�OHDVW����\HDUV��DIWHU�ZKLFK�WLPH�WKH�VWDQGV�FRXOG�
EH�UHQRYDWHG�DQG�UHSODFHG�ZLWK�QHZ��KLJKHU�\LHOGLQJ�
FXOWLYDUV��)LJXUH�������&XUUHQWO\�WKHUH�DUH�DGGLWLRQDO�
SXEOLF�DQG�SULYDWH�EUHHGLQJ�SURJUDPV�WKURXJKRXW�WKH�
8QLWHG�6WDWHV��

Biology and adaptation.�6ZLWFKJUDVV��ELJ�EOXHVWHP��
DQG�LQGLDQ�JUDVV�DUH�SHUHQQLDO�ZDUP�VHDVRQ�JUDVVHV�
WKDW�DUH�QDWLYH�WR�PRVW�RI�1RUWK�$PHULFD��H[FHSW�
IRU�DUHDV�ZHVW�RI�WKH�5RFN\�0RXQWDLQV�DQG�QRUWK�RI�
���1�ODWLWXGH��7KH\�JURZ���WR����IHHW�WDOO�ZLWK�PRVW�
RI�WKH�URRW�PDVV�ORFDWHG�LQ�WKH�WRS����LQFKHV�RI�WKH�
VRLO�SUR¿OH��DFFRUGLQJ�WR�WKH�ORQJ�VWDQGLQJ�OLWHUDWXUH��
7KHUH�LV�YDULDWLRQ�E\�VSHFLHV��EXW�WKH�URRW�GHSWK�FDQ�
UHDFK����IHHW�ZLWK�QHZ�YDULHWLHV�HYHQ�GHHSHU��0RUH�
WKDQ����\HDUV�RI�H[SHULHQFH�ZLWK�WKHVH�JUDVVHV�XVHG�
DV�KD\�DQG�IRUDJH�FURSV�GHPRQVWUDWHV�WKDW�WKH\�DUH�
SURGXFWLYH�DQG�VXVWDLQDEOH�RQ�UDLQ�IHG�PDUJLQDO�ODQG�
HDVW�RI�WKH����WK�0HULGLDQ��0LWFKHOO�HW�DO����������7KLV�
PHULGLDQ�PDWFKHV�WKH�ZHVWHUQ�ERXQGDU\�RI�2NODKRPD�
�H[FOXGLQJ�WKH�SDQKDQGOH���DQG�ELVHFWV�1RUWK�'DNRWD��
6RXWK�'DNRWD��1HEUDVND��.DQVDV��DQG�7H[DV��7KH\�DUH�
DGDSWHG�WR�D�ZLGH�UDQJH�RI�KDELWDWV�DQG�FOLPDWHV�DQG�

KDYH�IHZ�PDMRU�LQVHFW�RU�GLVHDVH�SHVWV��,Q�DGGLWLRQ�
WR�SRWHQWLDO�ELRHQHUJ\�SURGXFWLRQ��WKHVH�JUDVVHV�DUH�
XVHG�IRU�SDVWXUH�DQG�KD\�SURGXFWLRQ��VRLO�DQG�ZDWHU�
FRQVHUYDWLRQ��DQG�ZLOGOLIH�KDELWDW�

6ZLWFKJUDVV�KDV�GLVWLQFW�ORZODQG�DQG�XSODQG�HFRW\SHV�
DQG�WZR�SULPDU\�SORLG\�OHYHOV��FKURPRVRPH�QXPEHUV���
7HWUDSORLG�SODQWV�KDYH����FKURPRVRPHV��ZKLOH�
RFWDSORLG�SODQWV�KDYH����FKURPRVRPHV��$OO�ORZODQG�
HFRW\SHV�DUH�WHWUDSORLGV��ZKHUHDV�XSODQG�SODQWV�FDQ�EH�
WHWUDSORLGV�RU�RFWDSORLGV��7HWUDSORLGV�DQG�RFWDSORLGV�
GR�QRW�FURVV��$GGLWLRQDOO\��VZLWFKJUDVV�HFRW\SHV�DUH�
GLIIHUHQWLDWHG�E\�WKH�ODWLWXGH�RI�WKHLU�RULJLQ��(FRW\SHV�
IURP�WKH�VRXWKHUQ�8QLWHG�6WDWHV�DUH�QRW�ZHOO�DGDSWHG�
WR�WKH�QRUWKHUQ�8QLWHG�6WDWHV�EHFDXVH�RI�ZLQWHU�NLOO��
DQG�QRUWKHUQ�HFRW\SHV�PRYHG�WR�WKH�VRXWKHUQ�8QLWHG�
6WDWHV�KDYH�ORZ�SURGXFWLYLW\��8SODQG�HFRW\SHV�RFFXU�LQ�
XSODQG�DUHDV�WKDW�DUH�QRW�VXEMHFW�WR�ÀRRGLQJ��ZKHUHDV�
ORZODQG�HFRW\SHV�RFFXU�RQ�ÀRRG�SODLQV�DQG�ORZ�O\LQJ�
DUHDV��9RJHO���������*HQHUDOO\��ORZODQG�SODQWV�KDYH�
D�ODWHU�KHDGLQJ�GDWH�DQG�DUH�WDOOHU�ZLWK�ODUJHU�DQG�
WKLFNHU�VWHPV��7HWUDSORLG�ORZODQG�DQG�XSODQG�HFRW\SHV�
KDYH�EHHQ�FURVVHG�WR�SURGXFH�WUXH�)��K\EULGV�WKDW�
KDYH�D�����WR�����\LHOG�LQFUHDVH�RYHU�WKH�SDUHQWDO�
OLQHV��9RJHO�DQG�0LWFKHOO���������7KHVH�K\EULGV�
DUH�SURPLVLQJ�VRXUFHV�IRU�KLJK�\LHOGLQJ�ELRHQHUJ\�
FXOWLYDUV��7KH�ORZODQG�HFRW\SHV�DQG�WKH�ORZODQG�[�
XSODQG�K\EULGV�KDYH�WKH�PRVW�SRWHQWLDO�IRU�ELRHQHUJ\�
SURGXFWLRQ�EHFDXVH�RI�WKHLU�KLJK�\LHOGV�

Switchgrass research plot Figure 5.1
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Production and agronomics.�,Q�SHUHQQLDO�JUDVVHV��
VXFFHVVIXO�VWDQG�HVWDEOLVKPHQW�LQ�WKH�VHHGLQJ�\HDU�
LV�PDQGDWRU\�IRU�HFRQRPLFDOO\�YLDEOH�ELRHQHUJ\�
SURGXFWLRQ�V\VWHPV��3HUULQ�HW�DO����������:HHG�
FRPSHWLWLRQ�GXULQJ�HVWDEOLVKPHQW�LV�D�PDMRU�UHDVRQ�
IRU�VWDQG�IDLOXUH��)RU�H[DPSOH��DFFHSWDEOH�VZLWFKJUDVV�
SURGXFWLRQ�FDQ�EH�GHOD\HG�E\�DW�OHDVW���\HDU�GXH�
WR�ZHHGV�DQG�SRRU�VWDQG�HVWDEOLVKPHQW��6FKPHU�HW�
DO����������1R�WLOO�SODQWLQJ�KDV�VLJQL¿FDQW�FRVW�DQG�
HQYLURQPHQWDO�EHQH¿WV��$IWHU�WKH�HVWDEOLVKPHQW�\HDU��
ZHOO�HVWDEOLVKHG�VZLWFKJUDVV�VWDQGV�UHTXLUH�OLPLWHG�
KHUELFLGHV��1LWURJHQ�IHUWLOL]HU�LV�QRW�UHFRPPHQGHG�
GXULQJ�WKH�SODQWLQJ�\HDU�VLQFH�QLWURJHQ�HQFRXUDJHV�
ZHHG�JURZWK��LQFUHDVHV�HVWDEOLVKPHQW�FRVW��DQG�
LQFUHDVHV�HFRQRPLF�ULVN�DVVRFLDWHG�ZLWK�HVWDEOLVKPHQW�
LI�VWDQGV�VKRXOG�IDLO��0LWFKHOO�HW�DO����������������,Q�
PRVW�DJULFXOWXUDO�¿HOGV��DGHTXDWH�OHYHOV�RI�SKRVSKRUXV�
DQG�SRWDVVLXP�ZLOO�EH�LQ�WKH�VRLO�SUR¿OH��0LWFKHOO�HW�
DO����������*RRG�ZHHG�PDQDJHPHQW�DQG�IDYRUDEOH�
SUHFLSLWDWLRQ�ZLOO�SURGXFH�D�FURS�HTXDO�WR�DERXW�KDOI�RI�
SRWHQWLDO�SURGXFWLRQ��ZKLFK�FDQ�EH�KDUYHVWHG�DIWHU�IURVW�
DW�WKH�HQG�RI�WKH�SODQWLQJ�\HDU�ZLWK�����WR������RI�
IXOO�SURGXFWLRQ�DFKLHYHG�WKH�\HDU�DIWHU�SODQWLQJ�

$OWKRXJK�VZLWFKJUDVV�FDQ�VXUYLYH�RQ�ORZ�IHUWLOLW\�
VRLOV��QLWURJHQ�IHUWLOL]HU�LV�UHTXLUHG�WR�RSWLPL]H�\LHOG��
7KH�RSWLPXP�QLWURJHQ�UDWH�IRU�VZLWFKJUDVV�PDQDJHG�
IRU�ELRPDVV�YDULHV��0LWFKHOO�HW�DO����������������EXW�
ELRPDVV�GHFOLQHV�RYHU�\HDUV�LI�LQDGHTXDWH�QLWURJHQ�LV�
DSSOLHG��DQG�\LHOG�ZLOO�EH�VXVWDLQDEOH�RQO\�ZLWK�SURSHU�
QLWURJHQ�DSSOLFDWLRQ��9RJHO�DQG�RWKHUV��������IRXQG�

WKDW�IRU�RQH�YDULHW\��DSSO\LQJ�����SRXQGV�RI�QLWURJHQ�
SHU�DFUH�SHU�\HDU�RSWLPL]HG�ELRPDVV��ZLWK�DERXW�WKH�
VDPH�DPRXQW�RI�QLWURJHQ�EHLQJ�DSSOLHG�DV�ZDV�EHLQJ�
UHPRYHG�E\�WKH�FURS��$�JHQHUDO�QLWURJHQ�IHUWLOL]HU�
UHFRPPHQGDWLRQ�IRU�WKH�*UHDW�3ODLQV�DQG�0LGZHVW�
UHJLRQ�LV�WR�DSSO\����SRXQGV�RI�QLWURJHQ�SHU�DFUH�SHU�
\HDU�IRU�HDFK�WRQ�RI�DQWLFLSDWHG�ELRPDVV�LI�KDUYHVWLQJ�
GXULQJ�WKH�JURZLQJ�VHDVRQ��ZLWK�QLWURJHQ�UDWH�UHGXFHG�
WR����WR����SRXQGV�SHU�DFUH�SHU�\HDU�IRU�HDFK�WRQ�RI�
DQWLFLSDWHG�ELRPDVV�LI�KDUYHVWLQJ�DIWHU�D�NLOOLQJ�IURVW��
7KH�QLWURJHQ�UDWH�FDQ�EH�UHGXFHG�ZKHQ�WKH�KDUYHVW�LV�
DIWHU�D�NLOOLQJ�IURVW�EHFDXVH�OHVV�QLWURJHQ�LV�UHPRYHG�
IURP�WKH�V\VWHP�DQG�VRPH�QLWURJHQ�LV�UHF\FOHG��
1LWURJHQ�LV�DSSOLHG�DV�VZLWFKJUDVV�JUHHQV�XS�LQ�WKH�
VSULQJ�WR�PLQLPL]H�FRRO�VHDVRQ�ZHHG�FRPSHWLWLRQ��
6SUD\LQJ�KHUELFLGHV�WR�FRQWURO�EURDGOHDI�ZHHGV�LV�
W\SLFDOO\�RQO\�QHHGHG�RQFH�RU�WZLFH�HYHU\����\HDUV�LQ�
HVWDEOLVKHG��ZHOO�PDQDJHG�VZLWFKJUDVV�VWDQGV��0LWFKHOO�
HW�DO���������

6ZLWFKJUDVV�FDQ�EH�KDUYHVWHG�DQG�EDOHG�ZLWK�
FRPPHUFLDOO\�DYDLODEOH�KD\LQJ�HTXLSPHQW��)LJXUH�
������6HOI��SURSHOOHG�KDUYHVWHUV�ZLWK�URWDU\�KHDGV�
DUH�SUHIHUUHG�IRU�KDUYHVWLQJ�KLJK�\LHOGLQJ��JUHDWHU�
WKDQ���WRQV�SHU�DFUH��VZLWFKJUDVV�¿HOGV��+DUYHVWLQJ�
VZLWFKJUDVV�ZLWKLQ���ZHHNV�EHIRUH�NLOOLQJ�IURVW�RU�
OHDYLQJ�D�VWXEEOH�KHLJKW�VKRUWHU�WKDQ���LQFKHV�FDQ�
UHGXFH�VWDQG�SURGXFWLYLW\�DQG�SHUVLVWHQFH��ZKHUHDV�
KDUYHVWLQJ�DIWHU�D�NLOOLQJ�IURVW�ZLOO�QRW�GDPDJH�VWDQGV��
$�VLQJOH�KDUYHVW�SHU�JURZLQJ�\HDU�JHQHUDOO\�PD[LPL]HV�
VZLWFKJUDVV�\LHOGV��DQG�KDUYHVWLQJ�DIWHU�D�NLOOLQJ�IURVW�
HQVXUHV�VWDQG�SURGXFWLYLW\�DQG�SHUVLVWHQFH��3URSHU�
PDQDJHPHQW�PDLQWDLQV�SURGXFWLYH�VWDQGV�IRU�PRUH�WKDQ�
���\HDUV��5RXQG�EDOHV�WHQG�WR�KDYH�OHVV�VWRUDJH�ORVVHV�
WKDQ�ODUJH�VTXDUH�EDOHV�ZKHQ�VWRUHG�RXWVLGH�XQFRYHUHG��
EXW�VTXDUH�EDOHV�WHQG�WR�EH�HDVLHU�WR�KDQGOH�DQG�ORDG�
ZLWKRXW�URDG�ZLGWK�UHVWULFWLRQV��$IWHU�KDUYHVW��SRRU�
VZLWFKJUDVV�VWRUDJH�FRQGLWLRQV�FDQ�UHVXOW�LQ�VWRUDJH�
ORVVHV�RI�����LQ�D�VLQJOH�\HDU�DQG�FDQ�UHGXFH�ELRPDVV�
TXDOLW\��&RYHUHG�VWRUDJH�LV�QHFHVVDU\�WR�SURWHFW�WKH�
KDUYHVWHG�ELRPDVV�

Potential yield and production costs.�6ZLWFKJUDVV�
\LHOG�LV�VWURQJO\�LQÀXHQFHG�E\�SUHFLSLWDWLRQ��VRLO�
IHUWLOLW\��ORFDWLRQ��DQG�JHQHWLFV��0RVW�SORW��DQG�¿HOG�
VFDOH�VZLWFKJUDVV�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�
IRUDJH�W\SH�FXOWLYDUV��VHOHFWHG�IRU�RWKHU�FKDUDFWHULVWLFV�
LQ�DGGLWLRQ�WR�\LHOG��&RQVHTXHQWO\��WKH�IRUDJH�W\SH�

(Courtesy of ORNL)

Baling switchgrass  Figure 5.2
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FXOWLYDUV�LQ�WKH�*UHDW�3ODLQV�DQG�0LGZHVW�DUH�HQWLUHO\�
UHSUHVHQWHG�E\�XSODQG�HFRW\SHV�ZKLFK�DUH�LQKHUHQWO\�
ORZHU�\LHOGLQJ�WKDQ�ORZODQG�HFRW\SHV��<LHOG�GDWD�
FRPSDULQJ�IRUDJH�W\SH�XSODQG�FXOWLYDUV�OLNH�&DYH�
,Q�5RFN��µ6KDZQHH�¶�µ6XPPHU�¶�DQG�µ7UDLOEOD]HU¶�GR�
QRW�FDSWXUH�WKH�IXOO�\LHOG�SRWHQWLDO�RI�VZLWFKJUDVV��)RU�
H[DPSOH��KLJK�\LHOGLQJ�)��K\EULGV�RI�µ.DQORZ¶�DQG�
6XPPHU�SURGXFHG�����WRQV�SHU�DFUH�DQQXDOO\��ZKLFK�
ZDV�����JUHDWHU�WKDQ�6XPPHU�DQG�����JUHDWHU�WKDQ�
6KDZQHH��9RJHO�DQG�0LWFKHOO���������1HZ�ELRPDVV��
W\SH�VZLWFKJUDVV�FXOWLYDUV�ZLOO�EH�DYDLODEOH�VRRQ�IRU�
WKH�*UHDW�3ODLQV�DQG�0LGZHVW��,Q�D���\HDU�VWXG\�LQ�
1HEUDVND��WKH�SRWHQWLDO�HWKDQRO�\LHOG�RI�VZLWFKJUDVV�
DYHUDJHG�����JDOORQV�SHU�DFUH�DQG�ZDV�HTXDO�WR�RU�
JUHDWHU�WKDQ�WKDW�IRU�QR�WLOO�FRUQ��JUDLQ���VWRYHU��RQ�D�
UDLQ�IHG�VLWH�ZLWK�PDUJLQDO�VRLOV��9DUYHO�HW�DO����������
7KHVH�UHVXOWV�ZHUH�EDVHG�RQ�VZLWFKJUDVV�FXOWLYDUV�
GHYHORSHG�IRU�JUD]LQJ��6LJQL¿FDQWO\�JUHDWHU�\LHOGV�DUH�
H[SHFWHG�E\�WKH�QH[W�JHQHUDWLRQ�RI�ELRPDVV�VSHFL¿F�
FXOWLYDUV�

$Q�HFRQRPLF�VWXG\�EDVHG�RQ�WKH���\HDU�DYHUDJH�RI����
IDUPV�LQ�1HEUDVND��6RXWK�'DNRWD��DQG�1RUWK�'DNRWD�
LQGLFDWHG�SURGXFHUV�FDQ�JURZ�VZLWFKJUDVV�DW�D�IDUPJDWH�
SULFH�RI�����SHU�WRQ��3HUULQ�HW�DO����������3URGXFHUV�
ZLWK�H[SHULHQFH�JURZLQJ�VZLWFKJUDVV�KDG���\HDU�
DYHUDJH�FRVWV�RI�����SHU�WRQ��ZLWK�D�ORZ�RI�����SHU�
WRQ��7KHVH�FRVWV�LQFOXGH�DOO�H[SHQVHV�SOXV�ODERU�DQG�
ODQG�FRVWV��7KLV�UHVHDUFK�IURP�QHDUO\����SURGXFWLRQ�
HQYLURQPHQWV�LQGLFDWHV�WKDW�JURZLQJ�VZLWFKJUDVV�IRU�
FHOOXORVLF�HWKDQRO�FRXOG�EH�HFRQRPLFDOO\�IHDVLEOH�LQ�
WKH�FHQWUDO�DQG�QRUWKHUQ�*UHDW�3ODLQV��ZLWK�VXI¿FLHQWO\�
FRVW�HIIHFWLYH�IXHO�FRQYHUVLRQ�DQG�GLVWULEXWLRQ��)XHO�
DQG�ODQG�SULFHV�KDYH�LQFUHDVHG�VLQFH�WKLV�VWXG\��VR�WKH�
FRVW�LQFUHDVHV�IRU�WKRVH�LQSXWV�QHHG�WR�EH�FRQVLGHUHG�
ZKHQ�GHWHUPLQLQJ�VZLWFKJUDVV�SURGXFWLRQ�FRVWV�

Sustainability.��6XVWDLQDELOLW\�LV�FUXFLDO�IRU�ELRPDVV�
HQHUJ\�FURSV��6ZLWFKJUDVV�SURWHFWV�VRLO��ZDWHU��DQG�DLU�
TXDOLW\��VHTXHVWHUV�DWPRVSKHULF�FDUERQ��FUHDWHV�ZLOGOLIH�
KDELWDW��LQFUHDVHV�ODQGVFDSH�GLYHUVLW\��UHWXUQV�PDUJLQDO�
IDUPODQG�WR�SURGXFWLRQ��DQG�FRXOG�SRWHQWLDOO\�LQFUHDVH�
IDUP�UHYHQXH��,Q�D���\HDU�VWXG\��/LHELJ�HW�DO���������
UHSRUWHG�WKDW�VZLWFKJUDVV�VWRUHG�ODUJH�TXDQWLWLHV�RI�
FDUERQ��&���ZLWK�IRXU�IDUPV�LQ�1HEUDVND�VWRULQJ�DQ�
DYHUDJH�RI�������SRXQGV�RI�VRLO�RUJDQLF�FDUERQ��62&��
DFUH�\HDU�ZKHQ�PHDVXUHG�WR�D�GHSWK�RI���IHHW�DFURVV�
VDPSOHG�VLWHV�

7KH�HQHUJ\�HI¿FLHQF\�DQG�VXVWDLQDELOLW\�RI�FHOOXORVLF�
HWKDQRO�IURP�VZLWFKJUDVV�KDV�EHHQ�PRGHOHG�XVLQJ�QHW�
HQHUJ\�YDOXH��1(9���QHW�HQHUJ\�\LHOG��1(<���DQG�WKH�
SHWUROHXP�HQHUJ\�UDWLR��3(5���6FKPHU�HW�DO����������
6ZLWFKJUDVV�¿HOGV�LQ�WKH�0LGZHVW�SURGXFHG������
PRUH�UHQHZDEOH�HQHUJ\��1(9��WKDQ�QRQ�UHQHZDEOH�
HQHUJ\�FRQVXPHG�LQ�SURGXFWLRQ�RYHU�D���\HDU�SHULRG�
�6FKPHU�HW�DO����������7KH�HVWLPDWHG�RQ�IDUP�1(<�
ZDV�����JUHDWHU�WKDQ�KXPDQ�PDGH�SUDLULHV�DQG������
JUHDWHU�WKDQ�ORZ�LQSXW�VZLWFKJUDVV�JURZQ�LQ�VPDOO�SORWV�
LQ�0LQQHVRWD��7LOPDQ�HW�DO����������7KH�RQ�IDUP�VWXG\�
KDG�DQ�HVWLPDWHG�3(5�RI�������HTXLYDOHQW�WR�SURGXFLQJ�
����PRUH�HWKDQRO�SHU�DFUH�WKDQ�KXPDQ�PDGH�SUDLULHV�
DQG������PRUH�HWKDQRO�SHU�DFUH�WKDQ�ORZ�LQSXW�
VZLWFKJUDVV�LQ�0LQQHVRWD��6FKPHU�HW�DO���������

,PSOHPHQWLQJ�VZLWFKJUDVV�EDVHG�ELRHQHUJ\�SURGXFWLRQ�
V\VWHPV�ZLOO�UHTXLUH�FRQYHUWLQJ�PDUJLQDO�ODQG�
IURP�FRQVHUYDWLRQ�SODQWLQJV�RU�DQQXDO�URZ�FURSV�
WR�VZLWFKJUDVV��*URZLQJ�VZLWFKJUDVV�RQ�PDUJLQDO�
VLWHV�OLNHO\�ZLOO�HQKDQFH�HFRV\VWHP�VHUYLFHV�PRUH�
UDSLGO\�DQG�VLJQL¿FDQWO\�WKDQ�RQ�SURGXFWLYH�VLWHV��
7KHUH�LV�FRQFHUQ�RI�VRLO�FDUERQ�ORVV�DVVRFLDWHG�ZLWK�
FRQYHUWLQJ�FRQVHUYDWLRQ�JUDVVODQGV�VXFK�DV�WKRVH�LQ�
WKH�&RQVHUYDWLRQ�5HVHUYH�3URJUDP�WR�ELRHQHUJ\�FURSV�
VXFK�DV�VZLWFKJUDVV��5HFHQW�UHVHDUFK�RQ�FRQYHUWLQJ�
JUDVVODQGV�WR�QR�WLOO�FRUQ�GHPRQVWUDWHV�WKDW�XVLQJ�QR�
WLOO�UHYHJHWDWLRQ�SUDFWLFHV�UHVXOWV�LQ�QR�PHDVXUDEOH�VRLO�
FDUERQ�ORVV��)ROOHWW�HW�DO���������0LWFKHOO�HW�DO���������

6ZLWFKJUDVV�LV�WKH�OHDGLQJ�SHUHQQLDO�JUDVV�ELRIXHO�
IHHGVWRFN�RSWLRQ�IRU�WKH�*UHDW�3ODLQV�DQG�0LGZHVW��
6RPH�KDYH�TXHVWLRQHG�LI�VZLWFKJUDVV�LV�WKH�EHVW�
FKRLFH�IURP�DQ�HFRORJLFDO�SHUVSHFWLYH��DQG�FRQWHQG�
WKDW�GLYHUVH�PL[WXUHV�RI�QDWLYH�SODQWV�DUH�HFRORJLFDOO\�
PRUH�EHQH¿FLDO�DQG�VKRXOG�EH�FRQVLGHUHG�IRU�ELRPDVV�
SURGXFWLRQ��+RZHYHU��IHHGVWRFN�VHOHFWLRQ�ZLOO�EH�
GHWHUPLQHG�E\�WKH�DPRXQW�RI�DYDLODEOH�ODQG�DQG�
WKH�DELOLW\�RI�SURGXFHUV�WR�SUR¿W�E\�LWV�SURGXFWLRQ��
0DQDJHG�VZLWFKJUDVV�PRQRFXOWXUHV�FDQ�SURGXFH�����
WR���WLPHV�PRUH�ELRPDVV�WKDQ�QDWLYH�WDOOJUDVV�SUDLULHV�
DQG�VHHGHG�SRO\FXOWXUHV��7DEOH�������ZKLFK�WUDQVODWHV�
LQWR�OHVV�ODQG�EHLQJ�UHTXLUHG�WR�SURGXFH�WKH�QHFHVVDU\�
ELRPDVV�DQG�PRUH�SUR¿W�SRWHQWLDO�IRU�WKH�SURGXFHU�

$Q�2NODKRPD�VWXG\�FRPSDUHG�PRQRFXOWXUH�DQG�
SRO\FXOWXUH�IHHGVWRFN�SURGXFWLRQ�PDQDJHG�LQ�D�ORZ�
LQSXW�V\VWHP��QR�QLWURJHQ�IHUWLOL]HU���*ULI¿WK�HW�DO���
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Reported Perennial Grass Yield and Acres Required for a 50-Million  
Gallon Cellulosic Ethanol PlantTable 5.1

Feedstock Yield, dry tons/acre Acres need to grow 
588,000 dry tons/year

Percent of land in  
25-mile radius

LIHD prairiea 1.75 336,000 27

Managed native prairieb 2.5 235,200 19

Shawnee switchgrassc 5 117,600 9

Bioenergy switchgrassd 7.4 79,500 6

Hybrid switchgrasse 9.4 62,600 5

a.  Low-input, high-diversity man-made prairies (Tilman et al., 2006).
b.  Native tallgrass prairie burned in late spring (Mitchell, 1992).
c.  Shawnee is an upland forage-type switchgrass cultivar released in 1995.
D�ÏÏ,OWLANDÏBIOENERGY
SPECIlCÏSWITCHGRASSÏINÏTHEÏCULTIVARÏRELEASEÏPROCESS�
E�ÏÏ&�ÏHYBRIDÏOFÏ@3UMMER�ÏANDÏ@+ANLOW�ÏSWITCHGRASSÏ�6OGELÏANDÏ-ITCHELL�Ï����	�

�������7KH�PRQRFXOWXUHV�ZHUH�VZLWFKJUDVV��VDQG�
EOXHVWHP��Andropogon hallii +DFN����2OG�:RUOG�
EOXHVWHP��Bothriochloa ischaemum�/��.HQJ���DQG�
ELJ�EOXHVWHP��7KH�SRO\FXOWXUHV�ZHUH�IRXU�JUDVVHV��
IRXU�JUDVVHV�DQG�IRXU�IRUEV��HLJKW�JUDVVHV�DQG�HLJKW�
IRUEV��DQG�2OG�:RUOG�EOXHVWHP�ZLWK�DOIDOID��Medicago 
sativa�/����$YHUDJH�\LHOG�ZDV�����WRQV�SHU�DFUH�IRU�WKH�
PRQRFXOWXUHV�DQG�����WRQV�SHU�DFUH�IRU�WKH�SRO\FXOWXUHV��
)RU�HDFK�SRO\FXOWXUH��D�GRPLQDQW�VSHFLHV�HPHUJHG�E\�
\HDU�WKUHH��LQGLFDWLQJ�WKDW�RYHU�WLPH�SRO\FXOWXUHV�PD\�
EH�VLPLODU�WR�PRQRFXOWXUHV��7KHVH�ORZ�LQSXW�V\VWHPV�
SURGXFH�DERXW�KDOI�WKH�ELRPDVV�RI�PDQDJHG�V\VWHPV��

$GGLQJ�SHUHQQLDO�JUDVVHV�LQWR�D�ODQGVFDSH�SURYLGHV�
KDELWDW�LPSURYHPHQWV�RYHU�FRUQ�DQG�VR\EHDQV��HYHQ�LI�
WKH�DUHDV�DUH�PRZHG�HYHU\�\HDU��,I�WKH�JUDVVHV�¿OO�WKH�
ODQGVFDSH��VSHFLDO�PDQDJHPHQW�SUDFWLFHV�FDQ�EH�XVHG�WR�
RSWLPL]H�WKH�KDELWDW�YDOXH��7KHVH�LQFOXGH�HDUO\�VXPPHU�
KDUYHVW�ZLWK�UHJURZWK�SULRU�WR�GRUPDQF\��RU�OHDYLQJ�
VRPH�PDWHULDO�VWDQGLQJ�GXULQJ�ZLQWHU�WR�SURYLGH�ZLQWHU�
FRYHU�DQG�VSULQJ�QHVWLQJ�KDELWDW�

Conclusions.�&KDUDFWHULVWLFV�WKDW�OHDG�WR�SRWHQWLDO�
DGRSWLRQ�RI�QHZ�FURSV�LQFOXGH�SUR¿WDELOLW\�IRU�
WKH�SURGXFHU��DELOLW\�WR�¿W�ZLWKLQ�H[LVWLQJ�IDUPLQJ�
RSHUDWLRQV��HDVH�RI�VWRUDJH�DQG�GHOLYHU\�WR�WKH�HQG�

XVHU��DQG�DYDLODELOLW\�RI�H[WHQVLRQ�LQIRUPDWLRQ�RQ�
EHVW�PDQDJHPHQW�SUDFWLFHV��(DFK�RI�WKHVH�H[LVWV�
IRU�VZLWFKJUDVV��6ZLWFKJUDVV�FDQ�EH�KDUYHVWHG�DIWHU�
IURVW�ZKHQ�PDQ\�IDUPHUV�KDYH�FRPSOHWHG�FRUQ�DQG�
VR\EHDQ�KDUYHVWV��7KH�RSHUDWLRQDO�DVSHFWV�RI�SHUHQQLDO�
KHUEDFHRXV�FURSSLQJ�V\VWHPV�DUH�IXOO\�GHYHORSHG�DQG�
DFFHSWHG�E\�IDUPHUV��DQG�WKH�HFRQRPLF�RSSRUWXQLWLHV�
RQ�VPDOO��GLI¿FXOW�WR�IDUP��RU�PDUJLQDOO\�SURGXFWLYH�
¿HOGV�DUH�DWWUDFWLYH�WR�PDQ\�IDUPHUV��DGGLWLRQDO�
FRQVLGHUDWLRQV�DUH�SURYLGHG�LQ�7H[W�%R[������

/DUJH�VFDOH�VZLWFKJUDVV�PRQRFXOWXUHV�HYRNH�FRQFHUQV�
RI�SRWHQWLDO�GLVHDVH�DQG�LQVHFW�SHVWV�DQG�WKH�HVFDSH�
RI�VZLWFKJUDVV�DV�DQ�LQYDVLYH�VSHFLHV��HVSHFLDOO\�
VLQFH�OLWWOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�WKHVH�
WRSLFV��+RZHYHU��WKH�JHQHWLF�GLYHUVLW\�DYDLODEOH�WR�
VZLWFKJUDVV�EUHHGHUV��WKH�LQLWLDO�SDWKRJHQ�VFUHHQLQJ�
FRQGXFWHG�GXULQJ�FXOWLYDU�GHYHORSPHQW��DQG�WKH�IDFW�
WKDW�VZLWFKJUDVV�KDV�EHHQ�D�QDWLYH�FRPSRQHQW�RI�8�6��
JUDVVODQGV�IRU�FHQWXULHV�ZLOO�OLNHO\�OLPLW�QHJDWLYH�SHVW�
LVVXHV�

$YDLODEOH�FXOWLYDUV�DQG�SURGXFWLRQ�SUDFWLFHV�UHOLDEO\�
SURGXFH���WRQV�SHU�DFUH�LQ�WKH�FHQWUDO�*UHDW�3ODLQV�
DQG�0LGZHVW��DQG����WRQV�SHU�DFUH�LQ�WKH�6RXWKHDVW��
,PSURYHG�FXOWLYDUV�DQG�DJURQRPLFV�ZLOO�LQFUHDVH�\LHOGV�

Note:�&EEDSTOCK�REQUIREMENTS�FOR�A����MILLION�GALLON�BIORElNERY�REQUIRE���������DRY�TONS�OF�FEEDSTOCK�AT�A�CONVERSION�RATE�OF����GALLONS�
OF�ETHANOL�PER�DRY�TON��%THANOL�CONVERSION�RATE�FROM�"IOMASS�-ULTI
9EAR�0ROGRAM�0LAN��5�3��$EPARTMENT�OF�%NERGY������	�
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Irrigation of energy crops can be a contentious issue. Water in the western United States has to meet a number of 
competing off-stream uses, such as municipal, agriculture, and industrial, as well as providing for hydropower generation 
ANDÏMINIMUMÏIN
STREAMÏmOWSÏFORÏlSHERIES�Ï)NÏTHEÏ7EST�ÏTHEÏMAJORITYÏOFÏWATERÏCOMESÏASÏWINTERÏPRECIPITATION�ÏASÏRAINÏORÏ
snow, and usually water for summer use comes from snow melt or storage. 

In the western United States, most crops, including hay crops, are grown under irrigation. Irrigated energy crops will never 
compete economically with high-value irrigated crops, such as fruits and vegetables, but may be able to compete with 
lower valued crops such as hay and small grains. One potential energy crop species for irrigation in the western United 
States is switchgrass (Panicum virgatum	Ï�&RANSEN�Ï����	�Ï)TÏISÏAÏ#ÏPLANT�ÏANDÏASÏSUCHÏHASÏHIGHERÏWATERÏUSEÏEFlCIENCYÏTHANÏ
#�ÏPLANTSÏSUCHÏASÏWHEAT�Ï)TÏISÏNATIVEÏTOÏMANYÏWESTERNÏSTATESÏEXCEPTÏFORÏTHEÏ0ACIlCÏ#OASTÏSTATES�Ï

An arena where energy crops may be able to utilize water in the West, without competing with food crops is to utilize 
water that cannot be used for crops for human consumption, such as from treated sewage waste, food processing, and 
MININGÏANDÏOTHERÏINDUSTRIES�Ï3IGNIlCANTÏQUANTITIESÏOFÏPRODUCEDÏWATERÏAREÏEXTRACTEDÏWITHÏTHEÏOIL�ÏGAS�ÏANDÏCOALBEDÏMETHANE�Ï
Produced water can range from being nearly fresh to being hypersaline brine. There are opportunities to improve the 
quality through treatment or use the better quality water for synergistic energy co-production (U.S. Department of Energy, 
2006). Some of the produced water could be used in feedstock production, especially as new fossil-related extraction 
systems are developed that use less recycled water in enhanced recovery. In Wyoming, a coal bed methane well produces 
about 15,000 gallons (0.046 acre-feet) of wastewater per day. This may result in over a million acre-feet of wastewater 
produced per year in Wyoming. In California, 240,000 acre-feet of municipal waste water was used for agriculture in 
2003. There is a goal of utilizing an additional 1 million acre-feet by 2020 and 2 million acre-feet over 2002 levels by 2030. 
Energy crops may be able to utilize marginal lands, including saline-affected land. In addition to the issue of water use, 
THEREÏISÏTHEÏISSUEÏOFÏLANDÏCOMPETITION�Ï)NÏ#ALIFORNIA�Ï�������ÏTOÏ�������ÏACRESÏAREÏCLASSIlEDÏASÏSALINE�

For high-valued crops, it may not be desirable to grow these crops 2 years in a row on the same land. While energy crops 
will not displace high valued crops, there may be opportunities to rotate some annual energy crops with some high-valued 
crops. Large irrigated acreages in the West are devoted to traditional agronomic crops (e.g. small grains, oilseeds, and 
FORAGES	ÏTHATÏOFTENÏHAVEÏLOWÏPROlTÏMARGINSÏFORÏTHEÏGROWER�Ï&ORÏEXAMPLE�ÏINÏ#ALIFORNIA�ÏLOW
VALUEÏCROPSÏAREÏGROWNÏONÏ���Ï
out of 9 million acres. There may be opportunities to integrate energy crops into forage/grain/oilseed/sugar crop rotations. 
Some grasses may be able to produce biomass under limited irrigation, when other traditional crops might not produce 
AÏPRODUCTÏ�E�G�ÏFEEDÏSUITABLEÏFORÏLIVESTOCKÏFEED	�Ï'RASSESÏRESPONSEÏTOÏLIMITEDÏIRRIGATIONÏISÏSPECIESÏSPECIlC�Ï/FÏCOURSE�ÏTHEÏ
decision by producers as how to utilize their land and water will be market- and value-based.

Because irrigated lands can be highly productive, land rents are high (e.g. can be $200 per acre in the Columbia basin). 
This requires high yield from energy crops. For switchgrass, a yield of 11 dry tons per acre is achievable in the Columbia 
Basin. Water can cost $15 to $50 per acre plus costs for repairs, labor, and energy. Total irrigation costs can be in the 
RANGEÏOFÏ����ÏTOÏ���ÏPERÏACRE�Ï0RESUPPOSINGÏTHEÏAVAILABILITYÏOFÏWATER�ÏPROlTABLEÏANDÏCOMPETITIVEÏENERGYÏCROPÏPRODUCTIONÏ
requires high yields to offset irrigation costs.

TEXT BOX 5.1  |  IRRIGATION OF ENERGY CROPS

VLPLODU�WR�WKH�\LHOG�LQFUHDVHV�DFKLHYHG�LQ�FRUQ�LQ�WKH�
ODVW����\HDUV����+\EULG�VZLWFKJUDVV�PDNHV�SURGXFLQJ�
���WRQV�SHU�DFUH�D�UHDOLW\�LQ�WKH�FHQWUDO�8QLWHG�6WDWHV��
7KH�DYDLODELOLW\�RI�DGHTXDWH�ODQG�DUHD�DQG�WKH�SUR¿W�

SRWHQWLDO�LQ�D�UHJLRQ�ZLOO�GHWHUPLQH�WKH�VXFFHVV�
RI�JURZLQJ�VZLWFKJUDVV�IRU�ELRHQHUJ\��3URGXFWLRQ�
SUDFWLFHV�DQG�SODQW�PDWHULDOV�DUH�DYDLODEOH�WR�DFKLHYH�
VXVWDLQDEOH�DQG�SUR¿WDEOH�ELRPDVV�SURGXFWLRQ�

51  Corn grain yields have risen at an average annual increase of 1.7 bushels per acre even while fertilizer inputs have declined  
(Dobermann et al., 2002).
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Miscanthus growth in August Figure 5.3

5.1.2 Giant Miscanthus – 
Miscanthus x giganteus
+LJK�OHYHOV�RI�ELRPDVV�SURGXFWLRQ�VKRZQ�LQ�8�6��
VWXGLHV�DUH�D�PDMRU�UHDVRQ�WKDW�Miscanthus x giganteus 
�*UHHI�	�'HXWHU�H[�+RGNLQVRQ�	�5HQYRL]H��KHUHDIWHU�
referred to as Mxg�RU�*LDQW�0LVFDQWKXV��LV�DQ�DWWUDFWLYH�
IHHGVWRFN��)LJXUH�������Mxg�DOVR�H[KLELWV�PDQ\�RWKHU�
FKDUDFWHULVWLFV�WKDW�DOORZ�LW�WR�PHHW�RU�H[FHHG�WKH�
FULWHULD�IRU�GHVLUDEOH�ELRPDVV�FURSV��$V�D�SHUHQQLDO��LW�
W\SLFDOO\�UHTXLUHV�IHZHU�\HDUO\�DJURQRPLF�LQSXWV�WKDQ�
DQQXDO�URZ�FURSV��$IWHU�HVWDEOLVKPHQW��WLPH�VSHQW�LQ�
WKH�¿HOG�LV�XVXDOO\�OLPLWHG�WR�D�VLQJOH�DQQXDO�KDUYHVW��
,Q�VRPH�\HDUV��LQ�VRPH�ORFDWLRQV��DGGLWLRQDO�¿HOG�WLPH�
PD\�EH�VSHQW�DSSO\LQJ�IHUWLOL]HU��EXW�DSSOLFDWLRQV�KDYH�
QHLWKHU�EHHQ�VKRZQ�WR�EH�UHTXLUHG�HYHU\�\HDU��QRU�LQ�
HYHU\�ORFDWLRQ��)RU�H[DPSOH��&KULVWLDQ�HW�DO���������
UHSRUWHG�QR�\LHOG�UHVSRQVH�WR�QLWURJHQ�DSSOLFDWLRQV�
WR�D����\HDU�ROG�VWDQG�LQ�(QJODQG��ZKLOH�(UFROL�HW�DO��
�������GLG�VHH�D�QLWURJHQ�UHVSRQVH�ZKHQ�QLWURJHQ�ZDV�
DSSOLHG�WR�Mxg�LQ�,WDO\��7KXV��Mxg�FURSV�KDYH�QRW�
QHHGHG�DQQXDO�SODQWLQJ��SHVW�FRQWUROV��RU�IHUWLOL]DWLRQ�
LQ�RQJRLQJ�VWXGLHV��,WV�SHUHQQLDO�JURZWK�DOVR�FRQWUROV�

VRLO�HURVLRQ��$V�LW�EHFRPHV�HVWDEOLVKHG�DQG�JURZV��Mxg 
GHYHORSV�DQ�H[WHQVLYH�OD\HU�RI�UKL]RPHV�DQG�PDVV�RI�
¿EURXV�URRWV�WKDW�FDQ�KROG�VRLO�LQ�SODFH��)LQDOO\��WKH�
EHORZJURXQG�JURZWK�FDQ�FRQWULEXWH�VRLO�RUJDQLF�FDUERQ�
OHYHOV�DV�VKRZQ�LQ�*HUPDQ\��6FKQHFNHQEHUJHU�DQG�
.X]\DNRY��������DQG�'HQPDUN��)RHUHLG�HW�DO���������

Biology and adaptation��*LDQW�0LVFDQWKXV�LV�D�VWHULOH�
WULSORLG�K\EULG�UHVXOWLQJ�IURP�WKH�FURVV�RI�WKH�GLSORLG�
M. sinensis�DQG�WHWUDSORLG�0��VDFFKDULÀRUXV��6FDOO\�
HW�DO����������2ULJLQDOO\�GLVFRYHUHG�LQ�-DSDQ��Mxg 
ZDV�WKHUHDIWHU�LQWURGXFHG�LQWR�WKH�8QLWHG�6WDWHV�DV�D�
ODQGVFDSH�SODQW��6FDOO\�HW�DO���������

M. sinensis and 0��VDFFKDULÀRUXV�DUH�QDWLYH�WR�UHJLRQV�
LQ�HDVWHUQ�$VLD�ZLWK�RYHUODSSLQJ�UDQJHV�LQ�WKH�VDPH�
DUHDV�RI�-DSDQ��6WHZDUW�HW�DO����������7KHUH�DUH�VHYHUDO�
forms of M. sinensis�DQG�WKH�VSHFLHV�FDQ�EH�IRXQG�LQ�
PRXQWDLQRXV�DUHDV��PLG�OHYHO�JUDVVODQGV��DQG�LQ�ORZ��
O\LQJ�ZDVWH�DUHDV��&OLIWRQ�%URZQ�HW�DO����������,W�LV�
XVXDOO\�D�UKL]RPDWRXV�FOXPS�IRUPHU�RI�YDULDEOH�VL]H�
WKDW�VSUHDGV�E\�VHHG��0��VDFFKDULÀRUXV�LV�D�YLJRURXVO\�
UKL]RPDWRXV�VSHFLHV�WKDW�FDQ�VSUHDG�ERWK�E\�VHHG�DQG�

(Courtesy of the University of Illinois)
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E\�UKL]RPHV�DQG�LV�RIWHQ�IRXQG�RQ�WKH�PDUJLQV�RI�ULYHUV�
RU�PDUVKHV��%DUNZRUWK�HW�DO����������,W�KDV�HVFDSHG�
FXOWLYDWLRQ�DQG�LQGLYLGXDO�FOXPSV�FDQ�FRYHU�PRUH�WKDQ�
��±���VTXDUH�IHHW�LQ�HVFDSHG�URDGVLGH�VHWWLQJV�

7KH�Mxg�FORQH�XVHG�LQ�8QLYHUVLW\�RI�,OOLQRLV�IHHGVWRFN�
UHVHDUFK�RULJLQDWHG�IURP�UKL]RPHV�REWDLQHG�IURP�
WKH�&KLFDJR�%RWDQLF�*DUGHQV�LQ������DQG�KDV�EHHQ�
SDUW�RI�D�ODQGVFDSH�GHPRQVWUDWLRQ�SODQWLQJ�DW�WKH�
8QLYHUVLW\�VLQFH�WKDW�WLPH��3\WHU�HW�DO����������,Q�
DGGLWLRQ�WR�WKLV�FRPPRQ�ODQGVFDSH�FORQH��WKHUH�DUH�
QRZ�RWKHU�*LDQW�0LVFDQWKXV�W\SHV�EHLQJ�GHYHORSHG�
DQG�PDUNHWHG�VSHFL¿FDOO\�IRU�ELRPDVV�SURGXFWLRQ��
)RU�H[DPSOH��µ)UHHGRP¶�*LDQW�0LVFDQWKXV�ZDV�
GHYHORSHG�DW�0LVVLVVLSSL�6WDWH�8QLYHUVLW\�DQG�LV�
EHLQJ�SURGXFHG�IRU�FRPPHUFLDO�SODQWLQJ�E\�6XQ%HOW�
%LRIXHOV�RI�6RSHUWRQ��*HRUJLD��&DQWXV�%LR�3RZHU�/WG��
RI�1RUWK�/HDPLQJWRQ��2QWDULR�DQG�9DQFRXYHU��%ULWLVK�
&ROXPELD��&DQDGD�OLVWV�µ$PXUL¶�*LDQW�0LVFDQWKXV�DQG�
µ1DJDUD¶�*LDQW�0LVFDQWKXV�DV�YHU\�FROG�WROHUDQW��KLJK��
\LHOGLQJ�JUDVVHV��%RWK�0HQGHO�%LRWHFKQRORJ\��,QF��
RI�+D\ZDUG��&DOLIRUQLD��DQG�&HUHV��,QF��RI�7KRXVDQG�
2DNV��&DOLIRUQLD��KDYH�LQFOXGHG�IHHGVWRFN�W\SHV�RI�
Miscanthus�VSS��DV�SDUW�RI�WKHLU�UHVHDUFK�DFWLYLWLHV�

$OVR�RI�LPSRUWDQFH�LV�WKH�IDFW�WKDW�Mxg�JURZV�
HI¿FLHQWO\�LQ�D�YDULHW\�RI�VHWWLQJV��(VWDEOLVKHG�Mxg 
VWDQGV�KDYH�VXUYLYHG�DLU�WHPSHUDWXUHV�RI�����)�LQ�
,OOLQRLV��3\WHU�HW�DO����������7KH�WHPSHUDWXUH�IRU�
RSWLPXP�SKRWRV\QWKHVLV�LV����)��1DLGX�HW�DO���
������1DLGX�DQG�/RQJ���������EXW�LW�KDV�WKH�DELOLW\�
WR�SKRWRV\QWKHVL]H�DW�WHPSHUDWXUHV�DV�ORZ�DV����)�
�1DLGX�HW�DO���������)DUDJH�HW�DO����������:KLOH�ERWK�
DUH�&��JUDVVHV��Mxg�SURGXFHG�����PRUH�ELRPDVV�
WKDQ�PDL]H�LQ�DQ�,OOLQRLV�VWXG\��'RKOHPDQ�DQG�/RQJ��
������HYHQ�WKRXJK�PDL]H�KDV�D�KLJKHU�SKRWRV\QWKHVLV�
UDWH�LQ�PLGVXPPHU��7KLV�ZDV�GXH�WR�WKH�DELOLW\�RI�Mxg 
WR�EHJLQ�JURZLQJ�HDUOLHU�LQ�WKH�JURZLQJ�VHDVRQ�DQG�
FRQWLQXH�ODWHU�LQ�WKH�VHDVRQ�

(VWDEOLVKHG�SODQWV�KDYH�H[KLELWHG�WROHUDQFH�WR�VXPPHU�
GURXJKW��:KLOH�VXEVWDQWLDO�ZDWHU�LV�QHFHVVDU\�IRU�KLJK�
\LHOGV��%HDOH�HW�DO����������VRLOV²JLYHQ�DGHTXDWH�
PRLVWXUH²KDYH�QRW�VKRZQ�WR�HIIHFW�Mxg�ELRPDVV�
SURGXFWLRQ��3\WHU�HW�DO����������EXW�KDYH�DIIHFWHG�
HVWDEOLVKPHQW�UDWHV��,Q�IHUWLOH�VRLOV��HVWDEOLVKPHQW�LV�
XVXDOO\���WR���\HDUV��ZKLOH�LW�PD\�WDNH���WR���\HDUV�LQ�
OHVV�IHUWLOH�VLWHV��3\WHU�HW�DO���������

Production and agronomics. ,Q�,OOLQRLV��QHZ�VKRRWV�
HPHUJH�IURP�VFDO\�XQGHUJURXQG�VWHPV��UKL]RPHV��LQ�
$SULO��DQG�WKH�JUDVV�JURZV�WR�DSSUR[LPDWHO\�����IHHW�E\�
WKH�HQG�RI�0D\��3\WHU�HW�DO����������*URZWK�FRQWLQXHV�
WKURXJK�VXPPHU�LQWR�DXWXPQ�ZLWK�VWHULOH�ÀRZHUV�
HPHUJLQJ�LQ�ODWH�6HSWHPEHU��DQG�LW�JRHV�GRUPDQW�ZLWK�
WKH�RQVHW�RI�NLOOLQJ�IURVWV��XVXDOO\�LQ�2FWREHU�DIWHU�LW�
KDV�UHDFKHG�DSSUR[LPDWHO\����IHHW��3\WHU�HW�DO����������
:LWK�WKH�RQVHW�RI�IUHH]LQJ�WHPSHUDWXUHV��OHDYHV�GURS�
DQG�PLQHUDOV�DUH�UHWXUQHG�WR�WKH�EHORZJURXQG�SRUWLRQV�
RI�WKH�SODQW��7KH�VHQHVFHG�VWHPV�DUH�KDUYHVWHG�IURP�
PLG�'HFHPEHU�WKURXJK�ODWH�0DUFK��KRZHYHU��WKH�
VWDQGLQJ�ELRPDVV�FDQ�EH�KDUYHVWHG�EHIRUH�D�NLOOLQJ�IURVW�
LI�QHFHVVDU\�

,Q�HVWDEOLVKHG�Mxg�SODQWLQJV��WKHUH�DUH�DSSUR[LPDWHO\�
��WR����VKRRWV�SHU�VTXDUH�IRRW��3\WHU�HW�DO����������
+DUYHVWDEOH�VWHPV�UHVHPEOH�EDPERR�DQG�DUH�XVXDOO\�
����WR������LQFKHV�LQ�GLDPHWHU�DQG�DSSUR[LPDWHO\�����
IHHW�ORQJ��3\WHU�HW�DO����������*LYHQ�WKDW�WKH�RULJLQDO�
8QLYHUVLW\�RI�,OOLQRLV�GHPRQVWUDWLRQ�SORW�ZDV�SODQWHG�
LQ�WKH�ODWH�����V�DQG�KDV�FRQWLQXHG�WR�SURGXFH�ODUJH�
DPRXQWV�RI�ELRPDVV�IRU�WKH�SDVW�����JURZLQJ�VHDVRQV��
LW�LV�DQWLFLSDWHG�WKDW�FRPPHUFLDO�SODQWLQJV�RI�Mxg�ZLOO�
SURYLGH�JRRG�\LHOGV�IRU�DW�OHDVW����WR����\HDUV

$�PDMRU�GUDZEDFN�WR�Mxg�LV�LQFUHDVLQJ�WKH�SODQWLQJ�
VWRFN��%HFDXVH�LW�LV�VWHULOH��VHHG�SURSDJDWLRQ�LV�QRW�
DQ�RSWLRQ��DQG�Mxg�LV�W\SLFDOO\�SURSDJDWHG�E\�WLVVXH�
FXOWXUH��SOXJV��RU�E\�UKL]RPH�GLYLVLRQ��,Q�(XURSH��WLVVXH�
FXOWXUH�SURGXFHG�SODQWV�ZHUH�PRUH�H[SHQVLYH�DQG�OHVV�
ZLQWHU�KDUG\�GXULQJ�WKH�LQLWLDO�JURZLQJ�VHDVRQ�WKDQ�
UKL]RPH�SURGXFHG�SODQWV��/HZDQGRZVNL���������7KXV��
WLVVXH�FXOWXUH�KDV�QRW�EHHQ�ZLGHO\�XVHG�WR�SURSDJDWH�
ODUJH�QXPEHUV�RI�Mxg�LQ�(XURSH��QRU�LQ�WKH�8QLWHG�
States.

5KL]RPH�SURSDJDWLRQ�HQWDLOV�GLJJLQJ�GRUPDQW�URRW��
UKL]RPH��XQGHUJURXQG�VWHP��FOXPSV��VHSDUDWLQJ�WKH�
UKL]RPHV�LQWR�VPDOOHU�SLHFHV��DQG�UHSODQWLQJ�WKH�QHZO\�
GLYLGHG�UKL]RPHV��+HDOWK\�����RU���\HDU�SODQWV�ZRUN�
ZHOO�IRU�SURSDJDWLRQ��,Q�FHQWUDO�,OOLQRLV��D���\HDU�SODQW�
XVXDOO\�\LHOGV���WR����UKL]RPHV�DQG�D���\HDU�SODQW�
QRUPDOO\�\LHOGV����RU�PRUH�XVDEOH�UKL]RPHV��3\WHU�
HW�DO����������7KXV����\HDUV�DIWHU�SODQWLQJ��DQ�DFUH�RI�
ZHOO�WHQGHG�Mxg�FDQ�SURGXFH�HQRXJK�UKL]RPHV�WR�
SODQW����RU�PRUH�DFUHV��$Q�DFFHSWDEOH�SODQWLQJ�UDWH�LV�
������UKL]RPHV�SHU�DFUH��3\WHU�HW�DO����������$�SODQWLQJ�
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GHSWK�RI�����LQFKHV�LV�UHFRPPHQGHG��3\WHU�HW�DO���������
IRU�ERWK�SURSDJDWLRQ�DQG�¿QDO�SODQWLQJ��7KHUH�DUH�
RQJRLQJ�HIIRUWV�WR�GHYHORS�VHHG�VRXUFHV�EHFDXVH�RI�WKH�
KLJK�FRVW�RI�YHJHWDWLYH�SURSDJDWLRQ��7KHVH�ZRXOG�EH�
FURVVHV�RI�YDULRXV�YDULHWLHV��7KH�FRVWV�DUH�H[SHFWHG�WR�
EH�VLJQL¿FDQWO\�ORZHU��DV�PXFK�DV�KDOI�DQG�HYHQ�PRUH�
RYHU�WLPH�

/DVWO\��WKHUH�DSSHDUV�WR�EH�OLWWOH�RU�QR�LQVHFW�RU�GLVHDVH�
SHVW�SUREOHPV�DVVRFLDWHG�ZLWK�Mxg��7KHUH�KDYH�
EHHQ�QR�UHSRUWV�RI�SHVWV�LQ�FRPPHUFLDO�SODQWLQJV�LQ�
(XURSH��,Q�WKH�8QLWHG�6WDWHV��KRZHYHU��VHYHUDO�DSKLGV�
�%UDGVKDZ�HW�DO���������KDYH�EHHQ�UHSRUWHG�UHFHQWO\�
and Mxg�PD\�EH�D�VLWH�RI�RYLSRVLWLRQ�DQG�HPHUJHQFH�
IRU�WKH�ZHVWHUQ�FRUQ�URRWZRUP��D�PDMRU�SHVW�RI�FRUQ�LQ�
WKH�0LGZHVW��6SHQFHU�DQG�5DJKX���������$OVR��D�OHDI�
VSRW�GLVHDVH��$KRQVL�HW�DO���������KDV�EHHQ�UHSRUWHG�
on Mxg�SODQWLQJV�LQ�.HQWXFN\��,W�UHPDLQV�WR�EH�VHHQ�LI�
WKHVH�UHFHQWO\�LGHQWL¿HG�SHVWV�GHYHORS�LQWR�FRPPHUFLDO�
SUREOHPV�

+DUYHVWLQJ�Mxg�ELRPDVV�XVXDOO\�EHJLQV�DIWHU�WKH�JUDVV�
LV�IXOO\�VHQHVFHG�DQG�VKRXOG�EH�FRPSOHWHG�SULRU�WR�WKH�
RQVHW�RI�VSULQJ�JURZWK��3\WHU�HW�DO����������7KHUH�LV�
QRW�HQRXJK�¿UVW�\HDU�JURZWK�WR�ZDUUDQW�KDUYHVWLQJ��
DQG�VHFRQG�\HDU�FURSV�XVXDOO\�GHOLYHU�\LHOGV�RI�DERXW�
KDOI�RI�IXOO\�HVWDEOLVKHG�SODQWLQJV��,Q�TXDOLW\�VRLOV��
HVWDEOLVKHG�Mxg�LQ�WKH�WKLUG�DQG�VXEVHTXHQW�\HDUV�
XVXDOO\�UHDFKHV�SODWHDX�\LHOGV�6HYHUDO�FRPPHUFLDO�
PDQXIDFWXUHUV�DUH�HYDOXDWLQJ�DQG�GHYHORSLQJ�
HTXLSPHQW�VSHFL¿FDOO\�GHVLJQHG�WR�KDUYHVW�DQG�KDQGOH�
Mxg�ELRPDVV��EXW�DW�SUHVHQW��KD\�PRZHUV��FRQGLWLRQHUV��
DQG�EDOHUV�DUH�XVHG��,Q�,OOLQRLV�SURGXFWLRQ��KD\�
HTXLSPHQW�IURP�VHYHUDO�GLIIHUHQW�PDQXIDFWXUHUV�KDV�
ZRUNHG�ZHOO��EXW�VORZO\��GXH�WR�VWHP�WRXJKQHVV�DQG�
GHQVLW\��7KHUH�LV�D�QHHG�IRU�VSHFLDOL]HG�KDUYHVWLQJ�
HTXLSPHQW�WKDW�FDQ�KDQGOH�Mxg�PRUH�HI¿FLHQWO\�WKDQ�
FRPPHUFLDO�KD\�HTXLSPHQW�

Potential yield and production costs. European 
VWXG\��/HZDQGRZVNL�HW�DO���������RI���\HDU�ROG�
DQG�ROGHU�VWDQGV�IURP����YDULRXVO\�GLVWULEXWHG�VLWHV�
UHSRUWHG�WKDW�GU\�PDWWHU�\LHOGV�RI�VSULQJ�KDUYHVWHG�
Mxg�UDQJHG�IURP�����WR������WRQV�SHU�DFUH��7KH�ORZHVW�
UHSRUWHG�\LHOG�ZDV�REWDLQHG�IURP�&HQWUDO�*HUPDQ\�
���±����1�²WKH�VLWH�LV�VLPLODU�ODWLWXGH�RI�6DVNDWRRQ��
6DVNDWFKHZDQ��7KH�KLJKHVW�\LHOG�ZDV�IURP�QRUWKZHVW�
6SDLQ������1��DW������GU\�WRQV�SHU�DFUH��ODWLWXGH�VLPLODU�

WR�6DJLQDZ��0LFKLJDQ��7KLV�KLJK�\LHOGLQJ�VLWH�ZDV�
IHUWLOL]HG�ZLWK�QLWURJHQ��DOWKRXJK�WKHUH�ZDV�QR�IHUWLOL]HU�
HIIHFW��$QRWKHU�(XURSHDQ�VLWH�ZLWK�D�KLJK�\LHOG�ZDV�LQ�
6RXWKHUQ�,WDO\������1�±������WRQV�SHU�DFUH���7KLV�VLWH¶V�
ODWLWXGH�LV�VLPLODU�WR�WKDW�RI�/H[LQJWRQ��.HQWXFN\�

3ORW�\LHOGV�LQ�������������DQG������DW�WKUHH�,OOLQRLV�
VLWHV�KDYH�YDULHG�GHSHQGLQJ�RQ�WKH�ODWLWXGH�DQG�ZHDWKHU�
GXULQJ�WKH�JURZLQJ�VHDVRQ��,Q�UHSOLFDWHG�VWXGLHV�RI�
XQIHUWLOL]HG�Mxg�SODQWHG�LQ������XVLQJ�VPDOO�SRWWHG�
SODQWV��WKH�DYHUDJH�KDQG�KDUYHVWHG�\LHOGV�RYHU�WKH�
������������DQG������JURZLQJ�VHDVRQV�ZHUH�����WRQV�
SHU�DFUH�LQ�QRUWKHUQ�,OOLQRLV��ODWLWXGH������1��������
WRQV�SHU�DFUH�LQ�FHQWUDO�,OOLQRLV��ODWLWXGH������1���DQG�
�����WRQV�SHU�DFUH�LQ�VRXWKHUQ�,OOLQRLV��ODWLWXGH��������
�3\WHU�HW�DO����������,Q�WKH�VDPH���\HDU�SHULRG��\LHOGV�
IRU�XQIHUWLOL]HG�XSODQG�VZLWFKJUDVV��µ&DYH�LQ�5RFN¶��
VHHGHG�LQ������ZHUH�����������DQG�����WRQV�SHU�DFUH�DW�
WKH�VDPH�QRUWKHUQ��FHQWUDO��DQG�VRXWKHUQ�,OOLQRLV�VLWHV��
UHVSHFWLYHO\��$�VHSDUDWH�GHPRQVWUDWLRQ�SORW�LQ�8UEDQD��
,OOLQRLV��\LHOGHG�DSSUR[LPDWHO\������WRQV�SHU�DFUH�RI�GU\�
Mxg�ELRPDVV�LQ������DW�WKH�HQG�RI�WKH�WKLUG�JURZLQJ�
VHDVRQ��3\WHU�HW�DO����������%DVHG�RQ�DYHUDJH�\LHOGV�RI�
�����WRQV�SHU�DFUH��LW�ZRXOG�UHTXLUH�DSSUR[LPDWHO\������
PLOOLRQ�DFUHV�RI�Mxg�WR�SURGXFH����ELOOLRQ�JDOORQV�RI�
HWKDQRO�LQ�WKH�8QLWHG�6WDWHV��FRPSDUHG�WR������PLOOLRQ�
DFUHV�RI�VZLWFKJUDVV�SURGXFLQJ�����WRQV�SHU�DFUH�
�+HDWRQ�HW�DO������������

(Courtesy of the discoversolarenergy.com)

Harvesting miscanthus   Figure 5.4

52 Assuming an ethanol yield of about 85 gallons per dry ton (U.S. Department of Energy, 2011).
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Mxg�\LHOG�GDWD�ZHUH�FROOHFWHG�DIWHU���\HDUV�DW�WKH�'2(�
6XQ�*UDQW�+HUEDFHRXV�3DUWQHUVKLS�VLWHV�LQ�.HQWXFN\��
1HEUDVND��DQG�1HZ�-HUVH\��7DEOH�������7KH�SORWV�DW�
WKHVH�VLWHV�UHFHLYH��������DQG�����SRXQGV�RI�QLWURJHQ�
SHU�DFUH��6HFRQG�\HDU�ELRPDVV�\LHOGV�LQFUHDVHG�DW�
WKH�1HZ�-HUVH\�VLWH�ZLWK�IHUWLOL]DWLRQ��EXW�LW�GLG�QRW�
LQFUHDVH�\LHOGV�LQ�.HQWXFN\�RU�1HEUDVND��,Q�IDFW��
1HEUDVND�\LHOGV�RI�Mxg�ZHQW�GRZQ�ZLWK�LQFUHDVLQJ�
QLWURJHQ�OHYHOV��)XUWKHU�DQDO\VLV�ZLOO�OLNHO\�UHYHDO�WKDW�
WKH�GLIIHUHQFHV�ZHUH�WKH�UHVXOW�RI�QDWLYH�VRLO�IHUWLOLW\�
RU�FOLPDWH�GLIIHUHQFHV��7KHVH�\LHOGV�DUH�LPSUHVVLYH�
JLYHQ�WKDW�\LHOGV�XVXDOO\�LQFUHDVH�XQWLO�WKH�JUDVV�LV�IXOO\�
HVWDEOLVKHG��ZKLFK�WDNHV���WR���\HDUV��/HZDQGRZVNL�HW�
DO���������

EHFDXVH�WKH�YDULHW\�LV�IHUWLOH��DV�RSSRVHG�WR�WKH�VWHULOH�
UKL]RPHV���ULVN�RI�LQYDVLRQ�ZRXOG�QHHG�WR�EH�PDQDJHG�
LI�SODQWHG�RQ�DQ\�VFDOH�

Sustainability.�0RVW�LQYHVWLJDWLRQV�RI�Mxg�JURZQ�
DV�D�ELRPDVV�IHHGVWRFN�KDYH�EHHQ�SRVLWLYH�EHFDXVH�
LW�LV�D�ORQJ�OLYHG�SHUHQQLDO��SURGXFHV�KLJK�ELRPDVV�
\LHOGV��DQG�KDV�EHHQ�VKRZQ�WR�UHTXLUH�PLQLPDO�
LQSXWV�LQ�VRPH�VWXGLHV��,Q�IDFW��+HDWRQ�HW�DO���������
VXPPDUL]HG�WKDW�Mxg�VWRUHV�FDUERQ�LQ�WKH�VRLO��KDV�
ORZ�IHUWLOL]HU�UHTXLUHPHQWV��KLJK�ZDWHU�XVH�HI¿FLHQF\��
GULHV�LQ�WKH�¿HOG��DQG�KDV�WKH�DELOLW\�WR�VWDQG�LQ�WKH�
¿HOG�GXULQJ�ZLQWHU�SULRU�WR�KDUYHVW��:KLOH�WKHVH�
SRVLWLYH�DWWULEXWHV�PDNH�Mxg�DQ�DWWUDFWLYH�IHHGVWRFN��
WKHUH�DUH�FRQFHUQV�DERXW�WKH�LQYDVLYHQHVV�RI�Mxg and 
RWKHU�0LVFDQWKXV�VSHFLHV��$�VHDUFK�RI�WKH�OLWHUDWXUH�
UHYHDOHG�QR�VXEVWDQWLDWHG�VHWWLQJV�ZKHUH�Mxg�KDV�
EHHQ�LQYDVLYH��2WKHU�W\SHV�RI�0LVFDQWKXV��LQFOXGLQJ�
WKH�SDUHQWV�RI�Mxg��KDYH�EHHQ�UHSRUWHG�WR�EH�LQYDVLYH��
&]DUDSDWD��������OLVWV�M. sinensis�DV�D�OHVVHU�LQYDGHU�
RI�QDWXUDO�JUDVVODQGV�DQG�SUDLULHV�LQ�WKH�QRUWKHDVWHUQ��
VRXWKHDVWHUQ��DQG�HDVWHUQ�0LGZHVW�DQG�.DXIPDQ�
DQG�.DXIPDQ��������LQGLFDWH�WKDW�LW�ZLOO�WDNH�RYHU�LQ�
URDGVLGHV�DQG�EXUQHG�SDVWXUHV�LQ�DUHDV�RI�WKH�8QLWHG�
6WDWHV�ZKHUH�VRLOV�DUH�QDWXUDOO\�PRLVW��7KH�0LQQHVRWD�
'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��������KDV�LGHQWL¿HG�
0��VDFFKDULÀRUXV�WR�EH�LQYDVLYH�LQ�PRLVW�DUHDV�RI�WKH�
XSSHU�1RUWKHDVW�DQG�0LGZHVW��ZKHUH�LW�FDQ�EH�IRXQG�LQ�
URDGVLGHV�DQG�RSHQLQJV�RU�HGJHV�RI�ZRRGHG�DUHDV�

Conclusions. Miscanthus x giganteus�LV�UHFHLYLQJ�
PXFK�DWWHQWLRQ�DV�D�SRWHQWLDO�ELRPDVV�FURS��,Q�(XURSH��
ZRUN�XVLQJ�WKH�JUDVV�DV�D�IHHGVWRFN�EHJDQ�LQ�WKH�����V��
:KLOH�D�JUHDW�GHDO�RI�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�
UHFHQWO\��WKHUH�DUH�VWLOO�EDUULHUV�WR�FRPPHUFLDO�
SURGXFWLRQ��)RU�H[DPSOH��GHYHORSLQJ�ORZ�FRVW��UHOLDEOH��
FRPPHUFLDO�VFDOH�SURSDJDWLRQ�PHWKRGV�DUH�FULWLFDO�WR�
GHYHORSLQJ�WKH�FURS��,GHQWLI\LQJ�WKH�JHQRW\SHV�EHVW�
VXLWHG�WR�D�JLYHQ�UHJLRQ�LV�DOVR�FULWLFDO��*DLQLQJ�D�EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�JUDVV�
DQG�PLQHUDO�IHUWLOL]DWLRQ�DQG�WKH�JUDVV�DQG�SHVWV�DQG�
SHVW�FRQWUROV�LV�DOVR�QHFHVVDU\��)LQDOO\��GHYHORSLQJ�
HI¿FLHQW�KDUYHVWLQJ�PHWKRGV�DQG�HTXLSPHQW�ZLOO�EH�
QHFHVVDU\�WR�UHPRYH�WKH�FURS�IURP�WKH�¿HOGV�DQG�LQWR�
VWRUDJH�LQ�D�ORZ�FRVW��WLPHO\�IDVKLRQ��)LJXUH������

Nitrogen 
 Fertilization

Lexington, 
KY Mead, NE Adelphia, 

NJ
0 lbs/acre 7.5 7.1 4.9

54 lbs/acre 7.8 6.9 6.6

107 lbs/acre 7.5 6.5 6.4

'HYHORSLQJ�D�FURS�RI�Mxg�ZLOO�OLNHO\�EH�H[SHQVLYH��
-DLQ�HW�DO���������HVWLPDWHV�D�FRVW�RI��������WR�HVWDEOLVK�
DQ�DFUH�RI�Mxg�SODQWLQJ�UKL]RPHV�DW�D�UDWH�RI�������
UKL]RPHV�SHU�DFUH�LQ�,OOLQRLV��)ROORZLQJ�HVWDEOLVKPHQW��
/HZDQGRZVNL�HW�DO���������HVWLPDWHG�WKH�DQQXDO�
EUHDNHYHQ�FRVW�RI�SURGXFLQJ�Mxg�LQ�'HQPDUN�WR�EH�
DSSUR[LPDWHO\�����SHU�WRQ��EDVHG�RQ�DQ�H[FKDQJH�
UDWH�RI�������SHU�(XUR���,Q�������.KDQQD�DQG�RWKHUV�
HVWLPDWHG�WKH�DQQXDO�EUHDNHYHQ�IDUP�JDWH�SULFH�WR�
SURGXFH�Mxg WR�EH�EHWZHHQ�����DQG�����SHU�WRQ�LQ�WKH�
8QLWHG�6WDWHV��)LQDOO\��-DLQ�HW�DO���������PRVW�UHFHQWO\�
HVWLPDWHV�WKH�DQQXDO�EUHDNHYHQ�FRVW�WR�SURGXFH�Mxg to 
EH�EHWZHHQ�����SHU�WRQ�LQ�0LVVRXUL�DQG������SHU�WRQ�LQ�
0LQQHVRWD�

)XWXUH�SODQWLQJV�PD\�LQYROYH�D�VHHGHG�RSWLRQ�FORVHU�
WR�WKH�HVWDEOLVKPHQW�FRVWV�RI�JUDVVHV��0LVFDQWKXV�IURP�
VHHG�PD\�UHDFK�PDWXULW\�LQ�WKH�VHFRQG�\HDU�DQG�KDYH�
D�KLJKHU�\LHOG�EHFDXVH�RI�KLJKHU�SODQW�GHQVLW\��)LQDOO\��

2009 (Second-Year)  
Miscanthus x giganteus 

Biomass Yields (Tons per Acre)
Table 5.2
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0HFKDQLFDO�HTXLSPHQW�LV�EHFRPLQJ�DYDLODEOH�WKDW�ZLOO�
SODQW�PRUH�WKDQ����DFUHV�SHU�GD\��,PSURYHPHQWV�LQ�Mxg 
JHQHWLFV��DJURQRP\��DQG�KDUYHVWLQJ�DUH�DOVR�FRPLQJ�
TXLFNO\��/RQJ�WHUP�SURGXFWLRQ�IURP�D�VLQJOH�SODQWLQJ��
PRGHVW�LQSXW�UHTXLUHPHQWV��DQG�FDUERQ�FDSWXUH��
FRXSOHG�ZLWK�UHDOLVWLF�FRPPHUFLDO�ELRPDVV�\LHOGV�RI�
��WR����WRQV�SHU�DFUH�SHU�\HDU��PDNHV�Miscanthus x 
giganteus�D�FDQGLGDWH�IHHGVWRFN�IRU�DGGUHVVLQJ�WKH�8�6��
UHQHZDEOH�ELRHQHUJ\�GHPDQG�

5.1.3 Sugarcane
6XJDUFDQH�LV�D�ODUJH�VWDWXUH��MRLQWHG�JUDVV�WKDW�LV�
FXOWLYDWHG�DV�D�SHUHQQLDO�URZ�FURS��SULPDULO\�IRU�LWV�
DELOLW\�WR�VWRUH�VXFURVH�LQ�WKH�VWHP��LQ�DSSUR[LPDWHO\����
FRXQWULHV�LQ�WURSLFDO��VHPL�WURSLFDO��DQG�VXE��WURSLFDO�
UHJLRQV�RI�WKH�ZRUOG��7HZ���������,W�LV�RQH�RI�WKH�PRVW�
HI¿FLHQW�&��JUDVVHV�LQ�WKH�ZRUOG��ZLWK�DQ�HVWLPDWHG�
HQHUJ\�LQ��HQHUJ\�RXW��,�2��UDWLR�RI�����ZKHQ�JURZQ�
IRU����PRQWKV�XQGHU�WURSLFDO�FRQGLWLRQV�DQG�SURFHVVHG�
IRU�HWKDQRO�LQVWHDG�RI�VXJDU��%RXUQH��������0DFHGR�HW�
DO���������0XFKRZ�HW�DO����������8QGHU�PRUH�WHPSHUDWH�
HQYLURQPHQWV��ZKHUH�WHPSHUDWXUH�DQG�VXQOLJKW�DUH�
OLPLWHG��,�2�UDWLRV�RI�����DUH�HDVLO\�REWDLQDEOH�ZLWK�
FXUUHQW�VXJDUFDQH�FXOWLYDUV�LI�HWKDQRO�SURGXFWLRQ�IURP�
ERWK�VXJDU�DQG�FHOOXORVLF�ELRPDVV�LV�WKH�JRDO��7HZ�
DQG�&RELOO���������,Q�DGGLWLRQ��VXJDUFDQH�HWKDQRO�FXWV�
*+*V�DW�OHDVW�����FRPSDUHG�WR�JDVROLQH²EHWWHU�
WKDQ�DQ\�RWKHU�ELRIXHO�SURGXFHG�WRGD\��(3$�KDV�
FRQ¿UPHG�VXJDUFDQH�HWKDQRO¶V�VXSHULRU�HQYLURQPHQWDO�
SHUIRUPDQFH�E\�GHVLJQDWLQJ�LW�DV�DQ�DGYDQFHG�
UHQHZDEOH�IXHO��0RVW�RI�WKH�VXJDUFDQH�JURZQ�LQ�WKH�
8QLWHG�6WDWHV�LV�GHGLFDWHG�WR�WKH�SURGXFWLRQ�RI�VXJDU��
$V�DQ�HQHUJ\�FDQH�LQGXVWU\�KDV�QRW�GHYHORSHG�WR�GDWH��
RQH�FDQ�DVVXPH�WKDW�WKH�SURGXFWLRQ�SUDFWLFHV�RI�WKH�
PDWXUH�VXJDUFDQH�LQGXVWU\�FDQ�EH�PRGL¿HG�WR�HQVXUH�
WKH�VXVWDLQDEOH�SURGXFWLRQ�RI�HQHUJ\�FDQH�DV�ZHOO�

Biology and adaptation.�6XJDUFDQH��Saccharum�VSS���
LV�D�JHQHWLFDOO\�FRPSOH[�FURS�ZLWK�D�JHQRPLF�PDNHXS�
WKDW�UHVXOWV�IURP�VXFFHVVIXO�LQWHUVSHFL¿F�K\EULGL]DWLRQ�
HIIRUWV��SULPDULO\�LQYROYLQJ�6��RI¿FLQDUXP�and S. 
spontaneum��7HZ�DQG�&RELOO���������,PSURYHPHQW�
RI�VXJDUFDQH�IRU�LQFUHDVHG�HQHUJ\�HI¿FLHQF\�DQG�
DGDSWDELOLW\�WR�D�ZLGH�UDQJH�RI�HQYLURQPHQWV�LV�
FRQVLGHUHG�E\�PDQ\�JHQHWLFLVWV�DV�V\QRQ\PRXV�ZLWK�
³JHQHWLF�EDVH�EURDGHQLQJ´��L�H���XWLOL]DWLRQ�RI�ZLOG�

6DFFKDUXP�JHUPSODVP���SDUWLFXODUO\�S. spontaneum 
LQ�VXJDUFDQH�EUHHGLQJ�SURJUDPV��0LQJ�HW�DO����������
S. spontaneum��FRQVLGHUHG�D�QR[LRXV�ZHHG�LQ�WKH�
8QLWHG�6WDWHV��FDQ�EH�IRXQG�LQ�WKH�FRQWLQHQWV�RI�$IULFD��
$VLD��DQG�$XVWUDOLD�LQ�HQYLURQPHQWV�UDQJLQJ�IURP�WKH�
HTXDWRU�WR�WKH�IRRWKLOOV�RI�WKH�+LPDOD\DV��7KLV�PDNHV�
LW�DQ�H[FHOOHQW�VRXUFH�RI�D�QXPEHU�RI�YDOXDEOH�JHQHV�
�0XNKHUMHH��������3DQMH�DQG�%DEX��������3DQMH��
������DQG�5RDFK���������7KH�86'$�$56¶V�6XJDUFDQH�
5HVHDUFK�8QLW��658��DW�+RXPD��/RXLVLDQD��LQ�WKH�
����V�WRRN�RQ�WKH�UROH�RI�LQWURJUHVVLQJ�GHVLUDEOH�JHQHV�
IURP�VXJDUFDQH¶V�ZLOG�DQG�QHDU�UHODWLYHV��0LVFDQWKXV�
DQG�(ULDQWKXV��WR�EXLOG�QHZ�SDUHQWV�IRU�XWLOL]DWLRQ�LQ�LWV�
FRPPHUFLDO�VXJDUFDQH�YDULHWDO�GHYHORSPHQW�SURJUDP�
LQ�ZKDW�LV�UHIHUUHG�WR�DV�WKH�658¶V�EDVLF�FRPSRQHQW�RI�
LWV�EUHHGLQJ�SURJUDP��%HFDXVH�WKHVH�ZLOG�DFFHVVLRQV�
FRQWDLQ�RQO\�VPDOO�DPRXQWV�RI�VXJDU��WKUHH�RU�IRXU�
URXQGV�RI�EDFNFURVVLQJ�WR�HOLWH�VXJDUFDQH�YDULHWLHV�
PXVW�EH�GRQH�WR�REWDLQ�D�FRPPHUFLDOO\�DFFHSWDEOH�
VXJDUFDQH�YDULHW\��ZKLFK�KDV�KLJK�VXJDU�\LHOGV�ZLWK�
PLQLPXP�DPRXQWV�RI�¿EHU�

Production and agronomics.�6XJDUFDQH�LV�JURZQ�
DV�D�PRQRFXOWXUH�ZLWK�¿HOGV�EHLQJ�UHSODQWHG�HYHU\�
��RU���\HDUV��7KLV�W\SH�RI�FXOWXUH�LV�FRQGXFLYH�WR�WKH�
GHYHORSPHQW�RI�SHUHQQLDO�ZHHGV�OLNH�MRKQVRQJUDVV�
DQG�EHUPXGDJUDVV��VLQFH�WKH�URZ�WRS��L�H���UDLVHG�EHG��
UHPDLQV�UHODWLYHO\�XQGLVWXUEHG�IRU�WKH���\HDU�FURS�
F\FOH��7KH�VHOHFWLYH�FRQWURO�RI�WKHVH�ZHHGV�ZLWKLQ�WKH�
FURS�LV�GLI¿FXOW�ZLWK�FXUUHQWO\�UHJLVWHUHG�KHUELFLGHV�
RQFH�WKHVH�ZHHGV�SURGXFH�UKL]RPHV��7R�PLQLPL]H�WKLV�
ULVN��JURZHUV�GLVN�WKH�ROG�VWXEEOH�¿HOGV�LQ�WKH�ZLQWHU�RU�
HDUO\�VSULQJ�DQG�IDOORZ�WKH�¿HOGV�XQWLO�WKH\�DUH�SODQWHG�
WR�VXJDUFDQH�DJDLQ��)UHTXHQW�GLVNLQJ�DQG�RU�WKH�XVH�RI�
PXOWLSOH�DSSOLFDWLRQV�RI�JO\SKRVDWH�DUH�XVHG�WR�GHSOHWH�
WKH�VRLO�RI�ZHHG�VHHG�DQG�UKL]RPHV�GXULQJ�WKH�IDOORZ�
SHULRG�

6XJDUFDQH�LV�YHJHWDWLYHO\�SODQWHG�E\�OD\LQJ����WR���IRRW�
ORQJ�VWDONV�HQG�WR�HQG�LQ�D�SODQWLQJ�IXUURZ�DORQJ�
URZV�VSDFHG���WR���IHHW�DSDUW�DQG�FRYHULQJ�WKH�VWDONV�
ZLWK���WR���LQFKHV�RI�VRLO��7KH�ZLGH�URZ�VSDFLQJ�LV�
QHHGHG�WR�DFFRPPRGDWH�PHFKDQLFDO�KDUYHVWLQJ��2QH�
DFUH�RI�VHHGFDQH�FDQ�SODQW���WR����DFUHV�RI�VXJDUFDQH��
GHSHQGLQJ�RQ�WKH�OHQJWK�DQG�QXPEHU�RI�VWDONV�DW�WKH�
WLPH�RI�KDUYHVWLQJ�WKH�³VHHGFDQH´�IRU�SODQWLQJ��DQG�WKH�
QXPEHU�RI�VWDONV�SHU�IRRW�RI�URZ�EHLQJ�SODQWHG��:KHQ�
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KDUYHVWLQJ�VHHGFDQH�IRU�SODQWLQJ��VWDONV�DUH�FXW�DW�WKH�
VRLO�VXUIDFH�DQG�DW�WKH�ODVW�PDWXUH�QRGH�DW�WKH�WRS�RI�WKH�
VWHP��$Q�DOWHUQDWH�PHWKRG�RI�SODQWLQJ�LV�WR�SODQW�����WR�
���LQFK�VWDON�SLHFHV��ELOOHWV��WKDW�FDQ�EH�KDUYHVWHG�ZLWK�
WKH�VDPH�FKRSSHU�KDUYHVWHU�XVHG�WR�KDUYHVW�VXJDUFDQH�
IRU�GHOLYHU\�WR�VXJDU�PLOOV��2QFH�WKH�VWDONV�DUH�SODQWHG��
D�EURDG�VSHFWUXP�SUHHPHUJHQFH�KHUELFLGH�LV�DSSOLHG�WR�
FRQWURO�VHHGOLQJ�ZHHGV��1HZ�SODQWV�HPHUJH�IURP�WKH�
D[LOODU\�EXGV�ORFDWHG�LQ�WKH�QRGDO�UHJLRQV�DORQJ�WKH�
VWDON��*URZHUV�SURGXFH�PRVW�RI�WKHLU�RZQ�VHHG�FDQH�IRU�
SODQWLQJ��KHQFH��SODQWLQJ�LV�JHQHUDOO\�GRQH�D�IHZ�ZHHNV�
SULRU�WR�WKH�EHJLQQLQJ�RI�WKH�KDUYHVW�VHDVRQ�WR�HQVXUH�
WKDW�VWDONV�DUH�SOHQWLIXO�DQG�WDOO��)LJXUH�������

9HJHWDWLYH�SODQWLQJ�RI�VXJDUFDQH�LV�RIWHQ�FRQVLGHUHG�D�
GUDZEDFN�E\�JURZHUV�ZKR�DUH�DFFXVWRPHG�WR�SODQWLQJ�
ODUJH�DUHDV�RI�VHHGHG�FURSV�UHODWLYHO\�TXLFNO\�ZLWK�RQH�
WUDFWRU�DQG�RQH�SODQWHU��,W�LV�DQ�H[SHQVLYH�SURFHVV�DV�LW�
UHTXLUHV�FRQVLGHUDEOH�ODERU�DQG�HTXLSPHQW��LV�UHODWLYHO\�
VORZ��DQG�UHTXLUHV�WKDW�WKH�JURZHU�SODQW�VXJDUFDQH�WKDW�
ZRXOG�QRUPDOO\�EH�VHQW�WR�WKH�UDZ�VXJDU�IDFWRU\�IRU�
SURFHVVLQJ��+RZHYHU��ZLWK�HQHUJ\�FDQH������WR�����
KLJKHU�SODQWLQJ�UDWLRV�FDQ�EH�H[SHFWHG��EHFDXVH�VWDON�
QXPEHUV�DQG�KHLJKWV�DUH�KLJKHU��,Q�DGGLWLRQ��DW�OHDVW�
WZR�DGGLWLRQDO�KDUYHVWV�SHU�SODQWLQJ�FDQ�EH�H[SHFWHG��
VLJQL¿FDQWO\�ORZHULQJ�WKH�QXPEHU�RI�DFUHV�UHTXLULQJ�
SODQWLQJ�HDFK�\HDU��,W�LV�HVWLPDWHG�WKDW�WKH�FRVW�WR�SODQW�
RQH�DFUH�RI�VXJDUFDQH�LV�DERXW������ZKHQ�WKH�JURZHU�

(Courtesy of Ed Richard, USDA-ARS)

Energy cane research plotsFigure 5.5 XVHV�VHHGFDQH�IURP�WKH�IDUP��%HFDXVH�SODQWLQJ�FRVWV�
DUH�VSUHDG�RYHU�IRXU�DQQXDO�KDUYHVWV��WKH�DQQXDO�FRVW�
ZRXOG�EH�DSSUR[LPDWHO\������SHU�DFUH��:LWK�HQHUJ\�
FDQH��RQH�DFUH�RI�VHHGFDQH�ZRXOG�SODQW�DERXW����
DGGLWLRQDO�DFUHV�UHGXFLQJ�SHU�DFUH�SODQWLQJ�FRVWV�WR�
������,I�VSUHDG�RYHU�WKH�DQWLFLSDWHG�VL[�DQQXDO�IDOO�
KDUYHVWV��DQQXDO�SODQWLQJ�FRVWV�ZRXOG�EH�����SHU�DFUH�

9HJHWDWLYH�SODQWLQJ�DOVR�KDV�DGYDQWDJHV��HVSHFLDOO\�
ZKHQ�SODQWLQJ�PXVW�EH�GRQH�XQGHU�FRQGLWLRQV�RI�OHVV�
WKDQ�LGHDO�VHHGEHG�SUHSDUDWLRQ��7KH�FURS�HPHUJHV����WR�
���GD\V�ODWHU�DQG�FRQWLQXHV�WR�JURZ�XQWLO�WKH�¿UVW�KHDY\�
IURVW�RI�WKH�IDOO��7KH�¿UVW�SURGXFWLRQ�\HDU��SODQW�FDQH�
FURS��DFWXDOO\�EHJLQV�LQ�WKH�VSULQJ�IROORZLQJ�SODQWLQJ�
ZLWK�WKH�HPHUJHQFH�RI�WKH�FURS�IURP�ZLQWHU�GRUPDQF\��
+HUELFLGHV�DUH�DSSOLHG�HDFK�VSULQJ�WR�WKH�VXEVHTXHQW�
UDWRRQ�FURSV��¿UVW��WKURXJK�WKLUG�UDWRRQ�FURS��WR�
PLQLPL]H�HDUO\�ZHHG�FRPSHWLWLRQ��1LWURJHQ�LV�DSSOLHG�
DW�UDWHV�RI����WR����SRXQGV�SHU�DFUH�WR�WKH�SODQW�FDQH�
FURS��¿UVW�JURZLQJ�VHDVRQ��DQG����WR�����SRXQGV�SHU�
DFUH�WR�WKH�VXEVHTXHQW�UDWRRQ�FURSV��7KHVH�DSSOLFDWLRQV�
DUH�JHQHUDOO\�PDGH�LQ�WKH�VSULQJ�DERXW�WZR�PRQWKV�LQWR�
WKH�JURZLQJ�VHDVRQ�

7KH�FURS�LV�VXVFHSWLEOH�WR�WKH�UDSLG�VSUHDG�RI�D�QXPEHU�
RI�EDFWHULDO��IXQJDO��DQG�YLUDO�SDWKRJHQV�WKDW�FDQ�EH�
VSUHDG�HDVLO\�E\�PDFKLQHU\�DQG�ZLQG�FXUUHQWV��7KHVH�
SDWKRJHQV�FDQ�DIIHFW�WKH�\LHOG�DQG�UDWRRQLQJ�DELOLW\�
�QXPEHU�RI�\HDUO\�KDUYHVWV�SHU�SODQWLQJ��RI�WKH�FURS��
5DFH�FKDQJHV�RI�VRPH�RI�WKHVH�SDWKRJHQV�DUH�FRPPRQ�
DQG�WKH�LQGXVWU\�LV�DOZD\V�VXVFHSWLEOH�WR�QHZ�GLVHDVHV��
,QVHFWV��SULPDULO\�VWDON�ERUHUV��JUXEV��DQG�DSKLGV�DOVR�
SODJXH�WKH�LQGXVWU\��7KH�FRPSDFWQHVV�RI�WKH�LQGXVWU\�
DQG�WKH�IDFW�WKDW�WKH�FURS�LV�JURZQ�FRQWLQXRXVO\�DV�D�
PRQRFXOWXUH�PDNHV�VXJDUFDQH�HVSHFLDOO\�YXOQHUDEOH�WR�
WKH�UDSLG�VSUHDG�RI�GLVHDVHV�DQG�LQVHFWV��7KH�SODQWLQJ�
RI�UHVLVWDQW�YDULHWLHV�LV�WKH�SUHGRPLQDQW�PHDQV�RI�
PDQDJLQJ�GLVHDVHV�LQ�VXJDUFDQH��)RU�LQVHFWV��PDLQO\�
VWDON�ERUHU��DQ�HIIHFWLYH�LQWHJUDWHG�SHVW�PDQDJHPHQW�
SURJUDP�WKDW�LQYROYHV�¿HOG�VFRXWLQJ��WKH�XVH�RI�WROHUDQW�
YDULHWLHV��DQG�LQVHFWLFLGHV�ZKHQ�HVWDEOLVKHG�LQIHVWDWLRQ�
WKUHVKROGV�DUH�H[FHHGHG��LV�XVHG��$GGLWLRQDO�UHVHDUFK�LV�
H[SORULQJ�WKH�XVH�RI�PXOWLSOH�FURS�SURGXFWLRQ�V\VWHPV�
IRU�\HDU�URXQG�GHOLYHU\�RI�IHHGVWRFNV�DQG�WR�UHVSRQG�WR�
ELRWLF�VWUHVVHV��0F&XWFKHQ�DQG�$YDQW��������

:LWK�HDFK�VXFFHVVLYH�IDOO�KDUYHVW�GXULQJ�WKH�FURS�
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F\FOH��\LHOGV�WHQG�WR�GHFOLQH�WR�WKH�SRLQW�WKDW�LW�LV�QRW�
SUDFWLFDO�WR�NHHS�WKH�ROG�VWXEEOH�IRU�DQRWKHU�\HDU��
7KH�PLOOLQJ�VHDVRQ�LQ�WKH�PRUH�VXE�WURSLFDO�FOLPDWHV��
OLNH�/RXLVLDQD��ODVWV�DERXW�����GD\V�EHJLQQLQJ�LQ�ODWH�
2FWREHU�DQG�HQGLQJ�LQ�ODWH�'HFHPEHU�RU�HDUO\�-DQXDU\��
*LYHQ�WKDW�WKH�FURS�HPHUJHQFH�LQ�WKH�VSULQJ�GHSHQGV�
RQ�WKH�GDWH�RI�WKH�ODVW�NLOOLQJ�IURVW��LW�LV�REYLRXV�WKDW�
VXJDUFDQH�KDUYHVWHG�LQ�'HFHPEHU�ZLOO�SURGXFH�KLJKHU�
\LHOGV�WKDQ�VXJDUFDQH�KDUYHVWHG�LQ�6HSWHPEHU��)RU�WKLV�
UHDVRQ�JURZHUV�WU\�WR�KDYH�D�EDODQFH�LQ�UDWRRQ�FURS�
DJHV�IURP����SODQW�FDQH�WKDW�ZDV�QHYHU�KDUYHVWHG��
WR����WKLUG�UDWRRQ�WKDW�ZDV�KDUYHVWHG�WKUHH�WLPHV�
SUHYLRXVO\��DQG�EHJLQ�WKH�KDUYHVW�ZLWK�WKH�WKLUG�UDWRRQ�
¿HOGV�WKDW�ZRXOG�ODFN�WKH�YLJRU�RI�WKH�SODQW�FDQH�
FURS��,Q�DGGLWLRQ��HDUO\�KDUYHVWHG�FURSV�WHQG�QRW�WR�
\LHOG�DV�PXFK�WKH�IROORZLQJ�\HDU��$�VLPLODU�VFHQDULR�
LV�DQWLFLSDWHG�IRU�HQHUJ\�FDQH�ZLWK�WKH�H[FHSWLRQ�WKDW�
IRXUWK��DQG�¿IWK��UDWRRQ�FURSV�ZRXOG�DOVR�EH�KDUYHVWHG�

,Q�/RXLVLDQD��VRPH�HQHUJ\�FDQH�YDULHWLHV�KDYH�
SURGXFHG�DYHUDJH�\LHOGV�RI����JUHHQ�WRQV�SHU�DFUH��ZLWK�
��WR����WRQV�SHU�DFUH�EHLQJ�¿EHU�DQG���WR���WRQV�SHU�DFUH�
EHLQJ�EUL[��VROXEOH�VXJDUV��RQ�D�GU\�ZHLJKW�EDVLV��VHH�
)LJXUH�������

Potential yields and production costs.�7KH�WKHRUHWLFDO�
PD[LPXP�IRU�DERYHJURXQG�VXJDUFDQH�ELRPDVV��WRWDO�
VROLGV��\LHOG�LV�HVWLPDWHG�WR�EH����JUHHQ�WRQV�SHU�
DFUH�DQQXDOO\��/RRPLV�DQG�:LOOLDPV���������7KLV�LV�
GHSHQGHQW�RQ�WHPSHUDWXUH�DQG�VXQOLJKW��DQG�ZRXOG�
SUREDEO\�RFFXU�XQGHU�WURSLFDO�FRQGLWLRQV��6XJDUFDQH�
EUHHGLQJ�SURJUDPV�KDYH�UHSRUWHG�VXJDU�\LHOG�JDLQV�LQ�
WKH�RUGHU�RI����WR����SHU�\HDU��(GPH�HW�DO����������7KH�
HFRQRPLF�VXVWDLQDELOLW\�RI�JURZLQJ�HQHUJ\�FDQH�LQ�QRQ��
WUDGLWLRQDO�FDQH�JURZLQJ�UHJLRQV�ZLOO�UHTXLUH�\HDUO\�
ELRPDVV�\LHOG�JDLQV�RI�WKLV�PDJQLWXGH�RU�JUHDWHU��ZLWK�
D�JRDO�RI�HQVXULQJ�WKDW�WKH�,�2�UDWLR�RI�����SURMHFWHG�IRU�
WURSLFDO�FRXQWULHV�FDQ�EH�PHW�DQG�XOWLPDWHO\�H[FHHGHG�
XQGHU�WKH�VXE�WURSLFDO�FDQH�JURZLQJ�FRQGLWLRQV�RI�WKH�
VRXWKHDVWHUQ�8QLWHG�6WDWHV�

7KH�³VXQ�GULHG�FURS´�FRQFHSW�RI�DOORZLQJ�WKH�FURS�
WR�GHVLFFDWH�LQ�WKH�¿HOG�DQG�SHUKDSV�GHYRLG�LWVHOI�
RI�VRPH�RI�LWV�OHDYHV�DQG�PRLVWXUH��DV�LV�SURSRVHG�
IRU�PDQ\�RI�WKH�SHUHQQLDO�JUDVVHV�EHLQJ�FRQVLGHUHG�
IRU�ELRIXHOV��LV�QRW�DQ�RSWLRQ�IRU�HQHUJ\�FDQH�DV�WKH�
VWDONV�DUH�WKLFN�ZLWK�D�ZD[\�FRDWLQJ�RQ�WKHP�DQG�
WKH�QHZ�JURZLQJ�VHDVRQ�VKRXOG�EHJLQ�DV�VRRQ�DIWHU�
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Average yields from four successive fall harvests of several candidate sugarcane 
varieties as compared to the standard variety, L 79–1002

Figure 5.6

(Courtesy of Ed Richard, USDA-ARS)
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KDUYHVW�DV�SRVVLEOH��&RQVHTXHQWO\��HQHUJ\�FDQH��
OLNH�VXJDUFDQH��ZLOO�KDYH�WR�EH�KDUYHVWHG�JUHHQ�DQG�
GHZDWHUHG�LI�WKH�¿EHU�LV�WR�EH�VWRUHG�DQG�SURFHVVHG�
ODWHU�LQ�WKH�\HDU��7KH�YDOXH�RI�WKLV�OLTXLG�LV�LQ�TXHVWLRQ�
EHFDXVH�LW�ZLOO�DGG�WR�WUDQVSRUWDWLRQ�FRVWV��+RZHYHU��
LI�ZDWHU�LV�QHHGHG�IRU�WKH�GLJHVWLRQ�RI�WKH�¿EHU�RU�WKH�
PDLQWHQDQFH�RI�WKH�EDJDVVH�XQGHU�DQDHURELF�FRQGLWLRQV�
WR�PLQLPL]H�GHWHULRUDWLRQ�GXULQJ�RXWVLGH�VWRUDJH��LW�
ZRXOG�EH�SUHVHQW�DW�QR�DGGLWLRQDO�FKDUJH��:KDW�LV�DOVR�
RYHUORRNHG�LV�WKH�IDFW�WKDW�WKH�ZDWHU�FRQWDLQV�VXJDU�
WKDW�LV�HDVLO\�DQG�PXFK�PRUH�FKHDSO\�FRQYHUWHG�WR�
HWKDQRO��)XUWKHUPRUH��LQ�VRPH�FRQYHUVLRQ�SURFHVVHV�
WKH�\HDVW�XVHG�LQ�IHUPHQWDWLRQ�QHHGV�D�VXEVWUDWH�WR�
JURZ�DQG�PXOWLSO\�RQ��DQG�VXFURVH�LV�DQ�LGHDO�VXEVWUDWH��
&RQFHLYDEO\�WKH�ELRUH¿QHU\�ZRXOG�KDYH�WZR�SURFHVVHV�
IRU�WKH�SURGXFWLRQ�RI�ELRIXHO��ZLWK�RQH�KDYLQJ�VXJDU�
�EUL[��REWDLQHG�IURP�GH�ZDWHULQJ�DW�WKH�ELRUH¿QHU\�
DV�WKH�IHHGVWRFN�DQG�WKH�RWKHU�WKH�¿EHU��EDJDVVH���
(FRQRPLFV�ZRXOG�KDYH�WR�EH�FRQVLGHUHG�ZLWK�WKHVH�
RSWLRQV�HVSHFLDOO\�EHFDXVH�RI�WKH�YHU\�VKRUW�FXW�FUXVK�
LQWHUYDO�QHHGHG�IRU�VXJDU�UHFRYHU\�DQG�WR�SUHYHQW�
VSRLODJH�

Sustainability.�*UHHQ�FDQH�KDUYHVWLQJ�RI�VXJDUFDQH�
GHSRVLWV�����WR�����WRQV�SHU�DFUH�RI�D�PL[WXUH�RI�EURZQ�
DQG�JUHHQ�OHDI\�PDWHULDO�DQG�IUDJPHQWV�RI�WKH�VWDONV�
�5LFKDUG��������9LDWRU�HW�DO�������������D�E���7KH�
¿EURXV�H[WUDQHRXV�PDWWHU�JHQHUDWHG�GXULQJ�KDUYHVW�
KDV�DQ�HQHUJ\�YDOXH��KRZHYHU��WKH�JUHDWHVW�YDOXH�

PD\�EH�DV�PXOFK�WR��OLPLW�VRLO�HURVLRQ��GHSUHVV�ZHHG�
GHYHORSPHQW��FRQVHUYH�PRLVWXUH��DQG�DV�D�PHDQV�WR�
UHF\FOH�QXWULHQWV��$OO�DUH�SRWHQWLDO�FRQWULEXWRUV�WR�WKH�
VXVWDLQDEOH�SURGXFWLRQ�RI�HQHUJ\�FDQH��GH�5HVHQGH�
HW�DO����������,W�LV�HVWLPDWHG�WKDW�WKH�H[WUDQHRXV�
UHVLGXH�JHQHUDWHG�GXULQJ�WKH�JUHHQ�FDQH�KDUYHVWLQJ�RI�
VXJDUFDQH�FRQWDLQV������RI�1��������RI�SKRVSRURXV��
DQG������RI�SRWDVVLXP�E\�ZHLJKW��8VLQJ������86'$�
HFRQRPLF�GDWD��86'$�(56�����E�������WRQV�RI�
UHVLGXHV�ZRXOG�HTXDWH�WR�D�VDYLQJV�RI�DSSUR[LPDWHO\�
����SHU�DFUH�

7KH�FULWLFDO�DPRXQW�RI�SRVW�KDUYHVW�UHVLGXH�WKDW�FDQ�
EH�UHPRYHG�IURP�WKH�¿HOG�KDV�QRW�EHHQ�GHWHUPLQHG�
IRU�HQHUJ\�FDQH��6XJDUFDQH�LV�KDUYHVWHG�PHFKDQLFDOO\�
ZLWK�D�FKRSSHU�KDUYHVWHU��)LJXUH�������7KHVH�KDUYHVWHUV�
FKRS�WKH�VXJDUFDQH�VWDONV�LQWR�VPDOO����WR���LQFK�
ORQJ�SLHFHV��ELOOHWV��DQG�XVH�ZLQG�FXUUHQWV�IURP�DQ�
H[WUDFWRU�IDQ�WR�UHPRYH�WKH�OHDYHV�DWWDFKHG�WR�WKH�
VWDONV��,I�XVHG�WR�KDUYHVW�HQHUJ\�FDQH��WKH�VSHHG�RI�WKH�
H[WUDFWRU�IDQV�FRXOG�EH�DGMXVWHG�WR�GHSRVLW�D�SHUFHQWDJH�
RI�WKH�H[WUDQHRXV�PDWWHU�RQ�WKH�VRLO�VXUIDFH�ZKLOH�WKH�
UHPDLQGHU�LV�FROOHFWHG�ZLWK�WKH�VWDONV�DQG�XVHG�DV�DQ�
DGGLWLRQDO�VRXUFH�RI�¿EHU�

3URGXFWLRQ�FRVW�HVWLPDWHV�DUH�FRPSOLFDWHG�E\�WKH�¿UVW�
\HDU�SURGXFWLRQ�RI�VHHGFDQH�FURS�DQG�WKH�QXPEHU�RI�
UDWRRQ�FURSV�EHIRUH�UH�HVWDEOLVKPHQW��)RU�H[DPSOH��
GLIIHUHQW�FRVWV�DUH�DVVRFLDWHG�ZLWK�IDOORZ�¿HOG�DQG�
VHHGEHG�SUHSDUDWLRQ��VHHGFDQH�SODQWLQJ�DQG�KDUYHVW��
SODQW�FDQH��DQG�UDWRRQ�RSHUDWLRQV�DQG�KDUYHVW�RYHU�
PXOWLSOH�\HDUV��6DODVVL�DQG�'HOLEHUWR���������8VLQJ�
WKH�PRVW�FRPPRQ�VXJDUFDQH�DVVXPSWLRQV�IURP�WKH�
SURGXFWLRQ�FRVWV�IURP�6DODVVL�DQG�'HOLEHUWR��DQ�
H[WUDSRODWHG�FRVW�WR�SURGXFH�DQG�KDUYHVW�WKH�HQHUJ\�
FDQH�LV�HVWLPDWHG�WR�EH�DERXW�����SHU�GU\�WRQ��7KH�
DVVXPHG�\LHOG�LV�DERXW����GU\�WRQV�SHU�DFUH��

(QHUJ\�FDQH�ZLOO�EH�JURZQ�DV�D�SHUHQQLDO��&RPPRQO\�
GLVFXVVHG�GLVDGYDQWDJHV�RI�SHUHQQLDO�IHHGVWRFNV�
LQFOXGH�WKH�GLI¿FXOW\�RI�HVWDEOLVKLQJ�D�SHUHQQLDO�FURS�
IURP�VHHG�DQG�UKL]RPHV��WKH�FRQWURO�RI�ZHHGV�GXULQJ�
WKH�HVWDEOLVKPHQW�SHULRG��DQG�WKH�IDFW�WKDW�DQ�HFRQRPLF�
UHWXUQ�ZLOO�QRW�EH�UHDOL]HG�WKH�¿UVW�\HDU��(QHUJ\�FDQH��
OLNH�VXJDUFDQH��LV�YHJHWDWLYHO\�SODQWHG�E\�SODFLQJ�WKH�
VWDONV�LQ�D�SODQWLQJ�IXUURZ�LQ�PLG��WR�ODWH�VXPPHU��
+HUELFLGHV�DUH�ODEHOHG�IRU�DW�SODQWLQJ�SUHHPHUJHQFH�
DSSOLFDWLRQV�LQ�VXJDUFDQH��SUHVXPDEO\��WKHVH�KHUELFLGHV�

(Courtesy of Ed Richard, USDA-ARS)

Harvesting sugarcaneFigure 5.7
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FDQ�DOVR�EH�DSSOLHG�WR�HQHUJ\�FDQH�ZLWK�VLPLODU�UHVXOWV��
7KHVH�KHUELFLGHV�DUH�UHDSSOLHG�HDFK�VSULQJ�GXULQJ�WKH�
FRXUVH�RI�D����WR���\HDU�VXJDUFDQH�SURGXFWLRQ�F\FOH��
%HFDXVH�RI�WKH�YLJRU��H�J���HDUO\�VSULQJ�HPHUJHQFH�
DQG�KLJK�VWDON�SRSXODWLRQ��RI�HQHUJ\�FDQH��XVH�RI�
WKHVH�KHUELFLGHV�EH\RQG�WKH�¿UVW�VSULQJ�DIWHU�SODQWLQJ�
LV�QRW�DQWLFLSDWHG��7KH�YLJRU�RI�HQHUJ\�FDQH�LV�DOVR�
DGYDQWDJHRXV�GXH�WR�WKH�IDFW�WKDW�ZKHQ�WKH�FURS�LV�
SODQWHG�LQ�WKH�VXPPHU��LW�HPHUJHV�DQG�SURGXFHV�D�
XQLIRUP�VWDQG�TXLFNO\��7KH�FURS�FRQWLQXHV�WR�JURZ�
XQWLO�WKH�DERYHJURXQG�SRUWLRQ�LV�ZLQWHU�NLOOHG�LQ�WKH�
IDOO��7KLV�DERYHJURXQG�PDWHULDO��ZKLFK�FDQ�HTXDWH�
WR���WR���GU\�WRQV�SHU�DFUH��FRXOG�EH�KDUYHVWHG�DQG�
FRQYHUWHG�WR�IXHO�LQ�WKH�¿UVW�\HDU�RI�HVWDEOLVKPHQW�

7KH�¿QDO�FRQVLGHUDWLRQ�LQ�WKH�VXVWDLQDELOLW\�RI�HQHUJ\�
FDQH�SURGXFWLRQ�LV�WKH�XWLOL]DWLRQ�RI�ELRUH¿QHU\�
E\SURGXFWV�WR�VXSSO\�QXWULHQWV�DQG�UHGXFH�WKH�LPSDFW�
RI�FURS�UHPRYDO�RQ�VRLO�KHDOWK��7KHVH�E\SURGXFWV�FDQ�
LQFOXGH�YLQDVVH�IURP�WKH�IHUPHQWDWLRQ�SURFHVV��ELRFKDU�
IURP�S\URO\VLV��DQG�¿OWHU�SUHVV�PXG�DQG�ERLOHU�À\�DVK�
IURP�WKH�VTXHH]LQJ�RI�VWDONV��$�SRVLWLYH�V\QHUJLVWLF�
UHVSRQVH�ZDV�REVHUYHG�ZKHQ�WKH�DSSOLFDWLRQ�RI�
IHUWLOL]HU�ZDV�FRPELQHG�ZLWK�DQ�DSSOLFDWLRQ�RI�¿OWHU�
SUHVV�PXG�LQ�)ORULGD��*LOEHUW�HW�DO����������,Q�%UD]LO��
YLQDVVH�IURP�WKH�HWKDQRO�GLVWLOOHU\�LV�W\SLFDOO\�UHWXUQHG�
WR�WKH�UHFHQWO\�KDUYHVWHG�¿HOGV�WR�VXSSOHPHQW�IHUWLOL]HU�
UHTXLUHPHQWV�

Conclusions.�/RRNLQJ�WR�WKH�IXWXUH��WKH�JUHDWHVW�
QHHGV�WR�PDNH�HQHUJ\�FDQH�D�VXLWDEOH�IHHGVWRFN�IRU�WKH�
FHOOXORVLF�LQGXVWU\�DQG�H[WHQG�LWV�UDQJH�RI�JHRJUDSKLF�
GLVWULEXWLRQ�RXWVLGH�RI�WKH�WUDGLWLRQDO�VXJDUFDQH�
JURZLQJ�DUHDV�DUH�FROG�WROHUDQFH�IRU�H[SDQVLRQ�RXWVLGH�
RI�WURSLFDO�DUHDV��GURXJKW�DQG�ÀRRG��VDWXUDWHG�VRLO��
WROHUDQFH��DV�WKLV�FURS�ZLOO�SUREDEO\�EH�JURZQ�RQ�
PDUJLQDO�VRLOV�WKDW�PD\�EH�SURQH�WR�ÀRRGLQJ�RU�ZKHUH�
LUULJDWLRQ�LV�GLI¿FXOW��LQVHFW�DQG�GLVHDVH�UHVLVWDQFH��DQG�
D�IXUWKHU�H[SORLWDWLRQ�RI�VRPH�YDULHWLHV�RI�VXJDUFDQH�
WKDW�HQFRXUDJHV�V\PELRWLF�UHODWLRQVKLSV�ZLWK�QLWURJHQ�
¿[LQJ�EDFWHULD�

7KH�VXFFHVV�RI�WKH�VXJDUFDQH�LQGXVWU\�KDV�EHHQ��
DQG�FRQWLQXHV�WR�EH��GHSHQGHQW�RQ�WKH�GHYHORSPHQW�
RI�QHZ�K\EULGV�ZLWK�VXSHULRU�\LHOGV�DQG�LQFUHDVHG�
UHVLVWDQFH�WR�PDQ\�RI�WKH�DELRWLF�DQG�ELRWLF�VWUHVVHV�
SUHYLRXVO\�PHQWLRQHG��7KLV�IRUPXOD�ZLOO�QRW�FKDQJH�
LI�WKH�FURS�LV�JURZQ�DV�D�GHGLFDWHG�IHHGVWRFN�IRU�WKH�

SURGXFWLRQ�RI�OLTXLG�ELRIXHOV�RU�HOHFWULFLW\��6XFFHVVIXO�
K\EULGL]DWLRQ�EHJLQV�ZLWK�WKH�LQWURJUHVVLRQ�RI�GHVLUDEOH�
WUDLWV�IURP�WKH�ZLOG�UHODWLYH�RI�VXJDUFDQH��Saccharum 
spontaneum��(DUO\�JHQHUDWLRQ�SURJHQ\�IURP�WKHVH�
FURVVHV�ZLWK�HOLWH�VXJDUFDQH�FORQHV�H[KLELW�KLJK�OHYHOV�
RI�K\EULG�YLJRU��ZKLFK�WUDQVODWHV�LQWR�LQFUHDVHG�FROG�
WROHUDQFH��JUHDWHU�UDWRRQLQJ�DELOLW\��HQKDQFHG�OHYHOV�
RI�WROHUDQFH�WR�PRLVWXUH�H[WUHPHV��LQFUHDVHG�LQVHFW�
DQG�GLVHDVH�WROHUDQFH��DQG�PRUH�HI¿FLHQW�QXWULHQW�
XWLOL]DWLRQ��/HJHQGUH�DQG�%XUQHU���������0XFK�RI�
WKH�YLJRU�RI�WKHVH�HDUO\�JHQHUDWLRQ�K\EULGV�LV�ORVW�LQ�D�
FRQYHQWLRQDO�EUHHGLQJ�SURJUDP�IRU�VXJDU��DV�SURJHQ\�
IURP�WKHVH�FURVVHV�PXVW�EH�EDFNFURVVHG�ZLWK�HOLWH�KLJK�
VXJDU�SURGXFLQJ�FORQHV�WKUHH�WR�IRXU�WLPHV�EHIRUH�D�
FRPPHUFLDO�VXJDUFDQH�YDULHW\�FDQ�EH�SURGXFHG��7KHVH�
HDUO\�JHQHUDWLRQ�K\EULGV�ZRXOG�EH�FRQVLGHUHG�LGHDO�
FDQGLGDWHV�DV�GHGLFDWHG�FHOOXORVLF�ELRPDVV�FURSV�OLNH�
HQHUJ\�FDQHV��0RVW�RI�WKHVH�YDULHWLHV�FDQ�DYHUDJH�RYHU�
���GU\�WRQV�SHU�DFUH�DQQXDOO\�RYHU�DW�OHDVW�IRXU�DQQXDO�
IDOO�KDUYHVWV�

%\�HQKDQFLQJ�WKH�OHYHO�RI�VWUHVV�WROHUDQFH�WKURXJK�WKH�
FRQYHQWLRQDO�EUHHGLQJ�WHFKQLTXHV�EHLQJ�HPSOR\HG�E\�
WKH�EDVLF�EUHHGLQJ�SURJUDP�RI�WKH�86'$�$56�658��
WKH�JHRJUDSKLF�DUHD�RI�GLVWULEXWLRQ�FRXOG�EH�H[SDQGHG�
WR�PRUH�WHPSHUDWH�UHJLRQV�RI�WKH�8QLWHG�6WDWHV�WR�
LQFOXGH�WKRVH�VWDWHV�LQ�+DUGLQHVV�=RQH����UHJLRQV�
ZLWKLQ�7H[DV��/RXLVLDQD��$UNDQVDV��0LVVLVVLSSL��
$ODEDPD��*HRUJLD��6RXWK�&DUROLQD��1RUWK�&DUROLQD��
DQG�SHUKDSV�WKH�H[WUHPH�VRXWKHUQ�HQG�RI�+DUGLQHVV�
=RQH����UHJLRQV�ZLWKLQ�2NODKRPD��7HQQHVVHH��
9LUJLQLD���ZKHUH�WKH�DQQXDO�ORZ�ZLQWHU�WHPSHUDWXUHV�
FDQ�DSSURDFK����)��:LWK�WKLV�LQ�PLQG��LW�LV�FRQFHLYDEOH�
WKDW�WKH�DUHD�GHYRWHG�WR�WKLV�FURS�FRXOG�EH�WULSOHG��
WKXV�PDNLQJ�LW�D�PRUH�DWWUDFWLYH�IHHGVWRFN�IRU�ELRWHFK�
FRPSDQLHV�ZLWK�SURSULHWDU\�JHQHV�WR�IXUWKHU�HQKDQFH�
WKH�OHYHO�RI�VWUHVV�WROHUDQFH��RU�LQWURGXFLQJ�JHQHV�IRU�
WKH�SURGXFWLRQ�RI�VDOHDEOH�E\SURGXFWV�ZLWKRXW�WKH�
ODEHOLQJ�UHVWULFWLRQV�HQFRXQWHUHG�LQ�IRRG�FURSV��
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5.1.4 Sorghum 
2I�WKH�FURSV�UHFHQWO\�LGHQWL¿HG�IRU�WKHLU�SRWHQWLDO�
ELRHQHUJ\�SURGXFWLRQ��VRUJKXP��6RUJKXP�ELFRORU��KDV�
KLVWRULFDOO\�KDG�WKH�PRVW�GLUHFW�LQÀXHQFH�RQ�KXPDQ�
GHYHORSPHQW��)LJXUH�������6RUJKXP�ZDV�GRPHVWLFDWHG�
LQ�DULG�DUHDV�RI�QRUWKHDVWHUQ�$IULFD�RYHU�������\HDUV�
DJR��.LPEHU���������6RUJKXP�LV�WUDGLWLRQDOO\�NQRZQ�
IRU�JUDLQ�SURGXFWLRQ��LW�LV�WKH�¿IWK�PRVW�ZLGHO\�JURZQ�
DQG�SURGXFHG�FHUHDO�FURS�LQ�WKH�ZRUOG��)$2���������
+RZHYHU��LQ�PDQ\�UHJLRQV�RI�WKH�ZRUOG��VRUJKXP�LV�MXVW�
DV��LI�QRW�PRUH��LPSRUWDQW�DV�D�IRUDJH�FURS��,Q�DGGLWLRQ�
WR�IRUDJH�DQG�JUDLQ��VRUJKXP�W\SHV�KLJK�LQ�VWDON�VXJDU�
FRQWHQW�DQG�H[WUHPHO\�OLJQL¿HG�W\SHV��IRU�VWUXFWXUDO�
EXLOGLQJ��KDYH�EHHQ�JURZQ�WKURXJKRXW�WKH�ZRUOG�

*LYHQ�WKH�GHPDQGV�IRU�UHQHZDEOH�IXHO�IHHGVWRFNV��
VRUJKXP�LV�QRZ�EHLQJ�GHYHORSHG�DV�D�GHGLFDWHG�
ELRHQHUJ\�FURS��7KLV�GHVLJQDWLRQ�LV�QRW�QHZ��VRUJKXP�
ZDV�PHQWLRQHG�SURPLQHQWO\�DV�D�ELRHQHUJ\�FURS�RYHU�
���\HDUV�DJR��%XUWRQ���������7KH�LQWHUHVW�LQ�WKH�FURS�
LV�MXVWL¿DEOH�EDVHG�RQ�VHYHUDO�LQGHSHQGHQW�IDFWRUV�WKDW�
VHSDUDWHO\�LQGLFDWH�JRRG�SRWHQWLDO��EXW�ZKHQ�FRPELQHG��
WKH\�FOHDUO\�GHVLJQDWH�VRUJKXP�DV�D�ORJLFDO�FKRLFH�
IRU�ELRHQHUJ\�SURGXFWLRQ��7KHVH�IDFWRUV�LQFOXGH�\LHOG�
SRWHQWLDO�DQG�FRPSRVLWLRQ��ZDWHU�XVH�HI¿FLHQF\�DQG�
GURXJKW�WROHUDQFH��HVWDEOLVKHG�SURGXFWLRQ�V\VWHPV��DQG�
WKH�SRWHQWLDO�IRU�JHQHWLF�LPSURYHPHQW�E\�XVLQJ�ERWK�
WUDGLWLRQDO�DQG�JHQRPLF�DSSURDFKHV�

Biology and adaptation.�:KHWKHU�PHDVXUHG�LQ�
JUDLQ�\LHOG�RU�WRWDO�ELRPDVV�\LHOG��VRUJKXP�LV�D�
KLJKO\�SURGXFWLYH�&��SKRWRV\QWKHWLF�VSHFLHV�WKDW�
LV�ZHOO�DGDSWHG�WR�ZDUP�DQG�GU\�JURZLQJ�UHJLRQV��
:KLOH�VRUJKXP�LV�WHFKQLFDOO\�D�SHUHQQLDO�LQ�WURSLFDO�
HQYLURQPHQWV��LW�LV�SODQWHG�IURP�VHHG��WKHQ�JURZQ�
DQG�PDQDJHG�DV�DQ�DQQXDO�FURS��6RUJKXP�KDV�D�
ORQJ�HVWDEOLVKHG�EUHHGLQJ�KLVWRU\�WKURXJK�ZKLFK�WKH�
SURGXFWLYLW\��DGDSWDWLRQ��DQG�XWLOL]DWLRQ�RI�WKH�FURS�KDV�
FRQWLQXDOO\�EHHQ�LPSURYHG��7KHVH�HIIRUWV�KDYH�UHVXOWHG�
LQ�QXPHURXV�FXOWLYDUV�DQG�K\EULGV�RI�VRUJKXP�WKDW�DUH�
XVHG�IRU�YDULRXV�SXUSRVHV�

7KH�RSWLPXP�W\SH�RI�VRUJKXP�WR�EH�JURZQ�IRU�ELRIXHOV�
SURGXFWLRQ�LV�GHSHQGHQW�RQ�WKH�W\SH�RI�FRQYHUVLRQ�
SURFHVV�WKDW�ZLOO�EH�XVHG��6RUJKXPV�DUH�GLYLGHG�
LQWR�GLVWLQFW�W\SHV�EDVHG�RQ�WKH�DPRXQW�RI�GLIIHUHQW�
FDUERK\GUDWHV�WKH\�SURGXFH�

*UDLQ�VRUJKXP�K\EULGV�SURGXFH�ODUJH�TXDQWLWLHV�RI�
JUDLQ��DSSUR[LPDWHO\�����RI�WRWDO�ELRPDVV���WKH�JUDLQ�
LV�FRPSRVHG�SULPDULO\�RI�VWDUFK��DSSUR[LPDWHO\������
DQG�PD\�EH�XVHG�DV�D�IRRG�JUDLQ��IHHG�JUDLQ��RU�HWKDQRO�
VXEVWUDWH�YLD�VWDUFK�K\GURO\VLV�DQG�IHUPHQWDWLRQ��,I�
PHFKDQLFDOO\�KDUYHVWHG��WKHVH�K\EULGV�DUH�XVXDOO\�OHVV�
WKDQ���PHWHUV�WDOO��5HVLGXH�LV�W\SLFDOO\�UHWXUQHG�WR�WKH�
VRLO��EXW�LW�LV�XVHG�DV�IRUDJH�XQGHU�GURXJKW�FRQGLWLRQV��
DQG�LW�FRXOG�EH�XVHG�DV�D�ELRPDVV�IHHGVWRFN�DV�ZHOO�

)RUDJH�VRUJKXPV�DUH�XVXDOO\�RQH�RI�WZR�W\SHV��
6RUJKXP�VXGDQJUDVV�K\EULGV�DUH�WDOO��OHDI\��WKLQ�
VWDONHG�K\EULGV�XVHG�IRU�JUD]LQJ�RU�KD\�SURGXFWLRQ��
6LODJH�VRUJKXP�K\EULGV�DUH�W\SLFDOO\�WDOOHU�DQG�WKLFNHU�
VWDONHG�ZLWK�KLJK�JUDLQ�\LHOG������RI�WRWDO�ELRPDVV���
DQG�WKH\�DUH�FKRSSHG�DQG�HQVLOHG�IRU�DQLPDO�IHHGLQJ�
�)LJXUH�������%RWK�RI�WKHVH�W\SHV�RI�VRUJKXP�KDYH�
EHHQ�KLJKO\�VHOHFWHG�IRU�RSWLPXP�IRUDJH�SURGXFWLRQ��
SDODWDELOLW\��DQG�FRQYHUVLRQ�LQ�DQ�DQLPDO�V\VWHP��7KHUH�
KDYH�EHHQ�VLJQL¿FDQW�EUHHGLQJ�HIIRUWV�WR�HQKDQFH�WKH�
IRUDJH�TXDOLW\�RI�WKLV�PDWHULDO�E\�LQFRUSRUDWLQJ�WKH�
EURZQ�PLGULE�WUDLW�LQWR�PDQ\�IRUDJH�K\EULGV��7KHVH�
EURZQ�PLGULE�K\EULGV�KDYH�ORZHU�OLJQLQ�DQG�DUH�PRUH�
SDODWDEOH��ZKLFK�LQFUHDVHV�FRQYHUVLRQ�HI¿FLHQF\�DQG�
FRQVXPSWLRQ�UDWH�LQ�UXPLQDQW�IHHGLQJ�SURJUDPV��$\GLQ�
HW�DO���������2OLYHU�HW�DO����������7KHVH�W\SHV�PD\�KDYH�
DSSOLFDWLRQ�LQ�FHUWDLQ�HQHUJ\�VRUJKXP�DSSOLFDWLRQV�
ZKHUH�ORZHU�OLJQLQ�FRQWHQW�LV�GHVLUDEOH�

(Courtesy of W. Rooney, Texas A&M University)

Sorghum hybrid testsFigure 5.8
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6ZHHW�VRUJKXP�LV�D�XQLTXH�W\SH�RI�VRUJKXP�WKDW�
DFFXPXODWHV�KLJK�FRQFHQWUDWLRQV�RI�VROXEOH�VXJDUV��
7UDGLWLRQDOO\��WKHVH�VRUJKXPV�ZHUH�JURZQ�IRU�WKH�VWDON��
ZKLFK�ZDV�PLOOHG�WR�H[WUDFW�WKH�MXLFH��7KH�MXLFH�ZDV�
WKHQ�FRRNHG�GRZQ��DQG�WKH�UHVXOWLQJ�V\UXS�ZDV�XVHG�
DV�VZHHWHQHU��:KLOH�WKHVH�W\SHV�RI�VRUJKXP�FRQWLQXH�
WR�EH�JURZQ�IRU�V\UXS�RQ�DQ�DUWLVDQ�OHYHO��WKHUH�KDV�
EHHQ�VLJQL¿FDQW�LQWHUHVW�LQ�WKH�GHYHORSPHQW�RI�VZHHW�
VRUJKXP�DV�D�GHGLFDWHG�ELRHQHUJ\�FURS�XVLQJ�D�
VXJDUFDQH�V\VWHP�PRGHO��,Q�WKH�PLG�����V��VLJQL¿FDQW�
UHVHDUFK�ZDV�FRQGXFWHG�WR�H[SORUH�WKH�GHYHORSPHQW�
RI�VZHHW�VRUJKXP�DV�D�ELRHQHUJ\�VRXUFH�IRU�ELRIXHOV�
DQG�HQHUJ\�SURGXFWLRQ��DQG�EUHHGLQJ�SURJUDPV�ZHUH�
LQLWLDWHG�WR�GHYHORS�KLJK�\LHOGLQJ�VRUJKXP�VSHFL¿FDOO\�
IRU�HWKDQRO�SURGXFWLRQ��0F%HH�HW�DO���������

'HGLFDWHG�ELRPDVV�VRUJKXPV�DUH�WKH�PRVW�UHFHQW�FODVV�
RI�VRUJKXP�WKDW�KDV�EHHQ�GHYHORSHG�LQ�UHVSRQVH�WR�WKH�
LQWHUHVW�LQ�ELRHQHUJ\�FURSV��7KHVH�VRUJKXPV�DUH�KLJKO\�
SKRWRSHULRG�VHQVLWLYH��PHDQLQJ�WKDW�WKH\�GR�QRW�LQLWLDWH�
UHSURGXFWLYH�JURZWK�XQWLO�ZHOO�LQWR�WKH�IDOO�VHDVRQ�RI�
WKH�\HDU��&RQVHTXHQWO\��LQ�WHPSHUDWH�HQYLURQPHQWV�
OLNH�PRVW�RI�WKH�8QLWHG�6WDWHV��WKHVH�VRUJKXPV�ZLOO�
QRW�PDWXUH��7KLV�DEVHQFH�RI�UHSURGXFWLYH�JURZWK�
UHGXFHV�VHQVLWLYLW\�WR�SHULRGV�RI�GURXJKW�DQG�DOORZV�
WKH�FURS�WR�HIIHFWLYHO\�SKRWRV\QWKHVL]H�WKURXJKRXW�WKH�
HQWLUH�JURZLQJ�VHDVRQ��7KLV�UHVXOWV�LQ�KLJKHU�\LHOGV�RI�
SULPDULO\�OLJQRFHOOXORVLF�ELRPDVV�WKDW�LV�FRPSOHWHG�LQ�
D�VLQJOH�DQQXDO�VHDVRQ��:KLOH�SKHQRW\SLFDOO\�VLPLODU�
WR�IRUDJH�VRUJKXPV��WKHVH�ELRPDVV�VRUJKXPV�DUH�
GLVWLQFWO\�GLIIHUHQW�LQ�WKDW�WKH\�DUH�QRW�VHOHFWHG�IRU�
DQLPDO�SDODWDELOLW\��ZKLFK�UHVXOWV�LQ�SODQWV�ZLWK�ODUJHU�
FXOPV�DQG�ÀH[LEOH�KDUYHVW�VFKHGXOHV��ZKLFK�PLQLPL]HV�
QLWURJHQ�H[WUDFWLRQ�DW�WKH�HQG�RI�WKH�VHDVRQ�

Production and agronomics.�%LRPDVV�\LHOG�SRWHQWLDO�
RI�VRUJKXP�LV�VWURQJO\�LQÀXHQFHG�E\�ERWK�JHQHWLF�DQG�
HQYLURQPHQWDO�IDFWRUV��)RU�H[DPSOH��JUDLQ�VRUJKXP�LV�
FRPPRQO\�JURZQ�LQ�PRUH�DULG�UHJLRQV�RI�WKH�FRXQWU\��
DQG�WKH�SODQW�LWVHOI�LV�JHQHWLFDOO\�GHVLJQHG�WR�EH�VKRUWHU�
WR�IDFLOLWDWH�PHFKDQLFDO�KDUYHVWLQJ��$OWHUQDWLYHO\��
VSHFL¿F�GHGLFDWHG�ELRPDVV�VRUJKXPV�DUH�YHU\�HI¿FLHQW�
DW�SURGXFLQJ�ODUJH�DPRXQWV�RI�OLJQRFHOOXORVLF�ELRPDVV��
)LQDOO\��ERWK�VZHHW�VRUJKXP�DQG�IRUDJH�VRUJKXP�DUH�
SUROL¿F�ZKHQ�WKH�HQYLURQPHQWDO�FRQGLWLRQV�DOORZ�WKH�
SODQWV�WR�UHDFK�IXOO�JHQHWLF�SRWHQWLDO��+DOODP�HW�DO��
�������FRPSDUHG�SHUHQQLDO�JUDVVHV�ZLWK�DQQXDO�URZ�

FURSV�DQG�IRXQG�WKDW�VZHHW�VRUJKXP�KDG�WKH�KLJKHVW�
\LHOG�SRWHQWLDO��DYHUDJLQJ�RYHU������WRQV�SHU�DFUH�
�GU\�ZHLJKW�EDVLV��DQG�DOVR�SHUIRUPLQJ�ZHOO�ZKHQ�
LQWHUFURSSLQJ�ZLWK�OHJXPH�VSHFLHV��5RRQH\�HW�DO��
�������UHSRUWHG�ELRPDVV�\LHOG�RI�HQHUJ\�VRUJKXP�LQ�
H[FHVV�RI������WRQV�SHU�DFUH��IUHVK�ZHLJKW��DQG������
WRQV�SHU�DFUH��GU\�ZHLJKW���7KH\�UHSRUWHG�WKDW�SRWHQWLDO�
LPSURYHPHQWV�FRXOG�H[WHQG�WKH�SRWHQWLDO�RI�WKHVH�
W\SHV�RI�K\EULGV�WR�D�ZLGH�UDQJH�RI�HQYLURQPHQWV��
8QGHU�LUULJDWLRQ�LQ�WKH�7H[DV�SDQKDQGOH��0F&ROOXP�HW�
DO���������UHSRUWHG�\LHOG�RI�FRPPHUFLDO�SKRWRSHULRG�
VHQVLWLYH�VRUJKXP�K\EULGV�DV�KLJK�DV����WRQV�SHU�DFUH�
�����PRLVWXUH��IURP�D�VLQJOH�KDUYHVW��,Q�VXEWURSLFDO�
DQG�WURSLFDO�FRQGLWLRQV��VLQJOH�FXW�\LHOGV�DUH�JHQHUDOO\�
ORZHU��ZKLFK�LV�OLNHO\�GXH�WR�LQFUHDVHG�QLJKW�
WHPSHUDWXUHV��EXW�FXPXODWLYH�\LHOGV�DUH�KLJKHU�GXH�WR�
WKH�UDWRRQ�SRWHQWLDO�RI�WKH�FURS��7RWDO�ELRPDVV�\LHOGV�
DV�KLJK�DV������WRQV�SHU�DFUH��GU\�ZHLJKW�EDVLV��ZHUH�
UHSRUWHG�QHDU�&ROOHJH�6WDWLRQ��7H[DV��%OXPHQWKDO�HW�DO���
������

&RPSRVLWLRQ�RI�VRUJKXP�LV�KLJKO\�GHSHQGHQW�RQ�
WKH�W\SH�WKDW�LV�SURGXFHG��VXFK�DV�JUDLQ�VRUJKXP��
VZHHW�VRUJKXP��IRUDJH��DQG�FHOOXORVLF��KLJK�ELRPDVV��
VRUJKXP��6RUJKXP�JUDLQ�LV�KLJK�LQ�VWDUFK��ZLWK�
ORZHU�OHYHOV�RI�SURWHLQ��IDW��DQG�DVK��5RRQH\���������
6LJQL¿FDQW�YDULDWLRQ�LQ�WKH�FRPSRVLWLRQ�RI�JUDLQ�
LV�FRQWUROOHG�E\�ERWK�JHQHWLF�DQG�HQYLURQPHQWDO�
FRPSRQHQWV��PDNLQJ�FRQVLVWHQF\�LQ�FRPSRVLWLRQ�D�
IXQFWLRQ�RI�WKH�HQYLURQPHQW�DW�WKH�WLPH�RI�SURGXFWLRQ��
FRQVHTXHQWO\��WKHVH�IDFWRUV�LQÀXHQFH�HWKDQRO�\LHOG��:X�
HW�DO����������-XLFH�H[WUDFWHG�IURP�VZHHW�VRUJKXP�LV�
SUHGRPLQDQWO\�VXFURVH�ZLWK�YDULDEOH�OHYHOV�RI�JOXFRVH�
DQG�IUXFWRVH��DQG�LQ�VRPH�JHQRW\SHV��VPDOO�DPRXQWV�
RI�VWDUFK�DUH�GHWHFWDEOH��&ODUN��������%LOOD�HW�DO���
�������,Q�IRUDJH�DQG�GHGLFDWHG�ELRPDVV�VRUJKXPV��
WKH�SUHGRPLQDQW�FRPSRXQGV�WKDW�DUH�SURGXFHG�DUH�
VWUXFWXUDO�FDUERK\GUDWHV��OLJQLQ��FHOOXORVH��DQG�KHPL��
FHOOXORVH���0F%HH�HW�DO���������0RQN�HW�DO����������
$PDGXFFL�HW�DO���������UHSRUWHG�WKDW�WKH�HQYLURQPHQW�
LQÀXHQFHV�VXFURVH��FHOOXORVH��DQG�KHPLFHOOXORVH�
FRQFHQWUDWLRQV��ZKLOH�OLJQLQ�FRQWHQW�UHPDLQV�UHODWLYHO\�
FRQVWDQW�

Potential yield and production costs.�6RUJKXP�KDV�D�
ORQJ�KLVWRU\�DV�D�JUDLQ�DQG�IRUDJH�FURS��DQG�SURGXFWLRQ�
FRVWV�UDQJH�IURP������WR������SHU�DFUH��86'$±(56��
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����D���7KLV�KLVWRU\�SURYLGHV�DQ�H[FHOOHQW�EDVLV�IRU�
HVWLPDWLQJ�FURS�SURGXFWLRQ�FRVWV�IRU�HQHUJ\�VRUJKXPV�
ZLWK�D�IHZ�PRGL¿FDWLRQV��6HHG�FRVWV��SODQWLQJ�FRVWV��
DQG�SURGXFWLRQ�FRVWV�ZLOO�EH�VLPLODU�WR�JUDLQ�DQG�RU�
IRUDJH�VRUJKXP��)HUWLOL]HU�UDWHV�ZLOO�OLNHO\�EH�OHVV�WKDQ�
IRUDJH�VRUJKXP�RQ�D�SURGXFWLRQ�GU\�WRQ�EDVLV��GXH�
WR�WKH�UHGXFHG�QLWURJHQ�FRQWHQW�LQ�WKH�PDWXUH�FXOP���
EXW�LW�LV�H[SHFWHG�WKDW�\LHOGV�ZLOO�EH�KLJKHU��VR�WRWDO�
QLWURJHQ�UHTXLUHPHQWV�ZLOO�EH�HTXDOL]HG��3URGXFWLRQ�
LV�H[SHFWHG�XQGHU�UDLQ�IHG�FRQGLWLRQV��WKHUHIRUH��QR�
DGGLWLRQDO�FRVWV�DUH�DGGHG�IRU�LUULJDWLRQ��2Q�D�GU\�WRQ�
EDVLV��JLYHQ�DQ�DYHUDJH�SURGXFWLRQ�RI����GU\�WRQV�SHU�
DFUH�DQG�DVVXPLQJ������SHU�DFUH�FRVW�RI�SURGXFWLRQ�IRU�
GHGLFDWHG�ELRPDVV�VRUJKXPV��ELRPDVV�VRUJKXP�ZLOO�
FRVW�����SHU�GU\�WRQ�DW�WKH�IDUPJDWH�

3URGXFWLRQ�SUDFWLFHV�IRU�GHGLFDWHG�ELRPDVV�DQG�VZHHW�
VRUJKXP�DUH�VLPLODU�WR�WUDGLWLRQDO�VRUJKXP�FURSV�ZLWK�
VRPH�PLQRU�PRGL¿FDWLRQV��)RU�ERWK�W\SHV�RI�HQHUJ\�
VRUJKXPV��LW�LV�H[SHFWHG�WKDW�SODQW�SRSXODWLRQV�ZLOO�
EH�ORZHUHG�UHODWLYH�WR�JUDLQ�DQG�FHUWDLQO\�FRPSDUHG�
WR�IRUDJH�VRUJKXP��7KLV�GURS�ZLOO�DOORZ�WKH�SODQWV�
WR�SURGXFH�ODUJHU�FXOPV�DQG�UHGXFH�WKH�SRWHQWLDO�IRU�
ORGJLQJ�DQG�LQWHUSODQW�FRPSHWLWLRQ��3HVWV�DQG�GLVHDVHV�
RI�VRUJKXP�DUH�ZHOO�NQRZQ�DQG�GHVFULEHG��DQG�WKHUH�
DUH�VRPH�WKDW�ZLOO�UHTXLUH�PDQDJHPHQW�SODQV�DQG�
HIIHFWLYH�GHSOR\PHQW�RI�KRVW�SODQW�UHVLVWDQFH�IRU�
FRQWURO��2I�SDUWLFXODU�QRWH�LV�WKH�GLVHDVH�DQWKUDFQRVH�
�FDXVHG�E\�Colletotrichum graminicola���ZKLFK�LV�
SUHYDOHQW�LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�DQG�LV�
FDSDEOH�RI�NLOOLQJ�VXVFHSWLEOH�VRUJKXP�JHQRW\SHV��
)RUWXQDWHO\��WKHUH�DUH�PDQ\�VRXUFHV�RI�JHQHWLF�
UHVLVWDQFH�WR�WKH�GLVHDVH��DQG�HIIHFWLYH�FRQWURO�UHOLHV�
RQ�HIIHFWLYH�LQWHJUDWLRQ�RI�WKHVH�DQWKUDFQRVH�UHVLVWDQFH�
genes.

+DUYHVWLQJ�DQG�SUHSURFHVVLQJ�RI�HQHUJ\�VRUJKXPV�LV�
DQ�DUHD�RI�VLJQL¿FDQW�UHVHDUFK�DQG�ZLOO�OLNHO\�UHTXLUH�
WKH�JUHDWHVW�DPRXQW�RI�PRGL¿FDWLRQ�FRPSDUHG�WR�
JUDLQ�VRUJKXP��6ZHHW�VRUJKXP�ZLOO�EH�KDUYHVWHG�DQG�
PRLVWXUH�H[WUDFWHG�IRU�VROXEOH�VXJDUV�DW�D�FHQWUDOL]HG�
ORFDWLRQ��)RU�GHGLFDWHG�ELRPDVV�VRUJKXPV��WKH�IRUDJH�
KDUYHVW�V\VWHPV�ZRUN�YHU\�ZHOO��EXW�WKHUH�LV�D�QHHG�WR�
UHGXFH�PRLVWXUH�FRQWHQW�WR�PLQLPL]H�WUDQVSRUWDWLRQ�DQG�
VWRUDJH�FRVWV�

7KH�UDQJH�RI�VRUJKXP�SURGXFWLRQ�YDULHV�ZLWK�WKH�W\SH�
EHLQJ�SURGXFHG��%RWK�VZHHW�VRUJKXP�DQG�GHGLFDWHG�
ELRPDVV�VRUJKXPV�JURZ�ZHOO�WKURXJKRXW�WKH�HDVWHUQ�
DQG�FHQWUDO�8QLWHG�6WDWHV�DV�IDU�QRUWK�DV�����ODWLWXGH��
DQG�WKH�UDQJH�RI�GHGLFDWHG�ELRPDVV�VRUJKXPV�LV�
FRQVLGHUHG�WR�EH�FRPSRVHG�RI�PRVW�RI�WKH�HDVWHUQ�DQG�
FHQWUDO�8QLWHG�6WDWHV��,Q�WKH�ZHVWHUQ�8QLWHG�6WDWHV��
SURGXFWLYLW\�ZLOO�EH�GLUHFWO\�UHODWHG�WR�DYDLODEOH�
PRLVWXUH�IURP�UDLQIDOO�RU�LUULJDWLRQ��,W�LV�XQOLNHO\�WKDW�
WKH�FURS��RU�DQ\�FURS��ZLOO�EH�HFRQRPLFDOO\�YLDEOH�
DV�D�ELRPDVV�FURS�LQ�UHJLRQV�ZLWK�OHVV�WKDQ����LQFKHV�
RI�DYDLODEOH�PRLVWXUH�DQQXDOO\��'HGLFDWHG�ELRPDVV�
VRUJKXPV�KDYH�VKRZQ�\LHOGV�RI��±���GU\�WRQV�SHU�
DFUH�LQ�WKH�QRUWKHUQ�DUHDV�RI�WKH�8QLWHG�6WDWHV��ZLWK�
HYHQ�KLJKHU�\LHOG�SRWHQWLDO�SRVVLEOH�LQ�D�VRXWKHUQ�
HQYLURQPHQW�GXH�WR�WKH�ORQJHU�JURZLQJ�VHDVRQV��
7KHUHIRUH��GHGLFDWHG�ELRPDVV�VRUJKXP�VKRXOG�¿QG�
ZLGH�DGDSWDWLRQ�WKURXJKRXW�PRVW�RI�WKH�FRXQWU\�WKDW�
LV�VXLWDEOH�IRU�KHUEDFHRXV�ELRPDVV�SURGXFWLRQ�IURP�DQ�
DQQXDO�FURS�

:KLOH�VZHHW�VRUJKXP�LV�SURGXFWLYH�DW�QRUWKHUQ�
ODWLWXGHV��WKH�ORJLVWLFV�RI�SURFHVVLQJ�PDNH�WKH�
SURGXFWLRQ�RI�WKH�FURS�XQOLNHO\�LQ�PRUH�WHPSHUDWH�
ODWLWXGHV��%HFDXVH�VROXEOH�VXJDUV�DUH�QRW�VWDEOH�IRU�
ORQJ�SHULRGV��D�SURFHVVRU�UHTXLUHV�D�ORQJ�KDUYHVW�
DQG�SURFHVVLQJ�ZLQGRZ�IRU�HIIHFWLYH�XVH�RI�FDSLWDO�
HTXLSPHQW��7KH�IDUWKHU�QRUWK�WKH�SURGXFWLRQ��WKH�
VKRUWHU�WKH�JURZLQJ�VHDVRQ��KHQFH��WKH�KDUYHVW�VHDVRQ�
LV�IXUWKHU�UHGXFHG�DQG�WKH�DELOLW\�WR�FRQVLVWHQWO\�JURZ�
WKH�KLJK�\LHOG�SRWHQWLDO�VZHHW�VRUJKXP�YDULHWLHV�LV�
OLPLWHG��:RUWPDQQ�HW�DO����������&RQVHTXHQWO\��WKH�
DUHDV�RI�WKH�8QLWHG�6WDWHV�WKDW�SURFHVV�VXJDUFDQH�
DUH�DOVR�LGHDO�ORFDWLRQV�IRU�WKH�SURGXFWLRQ�RI�VZHHW�
VRUJKXP��3URGXFWLRQ�LQ�RWKHU�UHJLRQV�ZLOO�EH�GHSHQGHQW�
RQ�GHWDLOHG�HFRQRPLF�DQDO\VLV�RI�WKH�FRVW�RI�SURFHVVLQJ�
YHUVXV�WKH�OHQJWK�RI�WKH�SURFHVVLQJ�VHDVRQ�

Sustainability.�6RUJKXP�LV�XQLTXH�DPRQJ�WKH�
GHGLFDWHG�ELRHQHUJ\�FURSV�EHFDXVH�LW�LV�DQ�DQQXDO�FURS��
7KH�JHQHUDO�RSLQLRQ�LV�WKDW�ELRHQHUJ\�FURSV�VKRXOG�EH�
SHUHQQLDO�IRU�VXVWDLQDELOLW\�SXUSRVHV��:KLOH�PRVW�RI�
WKH�ELRHQHUJ\�FURSV�DUH�SHUHQQLDO��WKHUH�DUH�VHYHUDO�
UHDVRQV�ZK\�DQQXDO�ELRHQHUJ\�FURSV�DUH�QHFHVVDU\��
)LUVW��DQQXDO�FURSV�GHOLYHU�ODUJH�\LHOGV�LQ�WKH�¿UVW�
\HDU��DV�FRPSDUHG�WR�PRVW�SHUHQQLDO�FURSV��ZKLFK�
W\SLFDOO\�LQFUHDVH�DQQXDO�\LHOG�LQ�VXEVHTXHQW�\HDUV�
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IROORZLQJ�HVWDEOLVKPHQW��*LYHQ�WKH�FKDOOHQJHV�RI�
SURSDJDWLQJ�DQG�HVWDEOLVKLQJ�SHUHQQLDO�FURSV��DQQXDO�
FURSV�FDQ�SURYLGH�LQVXUDQFH�DQG�SURGXFWLRQ�VWDELOLW\�WR�
LQGXVWULDO�SURFHVVRUV�LQ�WKH�HDUO\�SKDVHV�RI�EULQJLQJ�D�
QHZ�SURFHVVLQJ�IDFLOLW\�RQOLQH�LI�SHUHQQLDO�FURS�VWDQG�
IDLOXUHV�RU�HVWDEOLVKPHQW�SUREOHPV�DUH�HQFRXQWHUHG��
6HFRQG��IRU�WKH�PRVW�SDUW��WKH�8�6��IDUPLQJ�V\VWHP�
KDV�EHHQ�EDVHG�RQ�DQQXDO�FURS�SURGXFWLRQ�V\VWHPV��
)DUPHUV��EDQNHUV��DQG�SURFHVVRUV�DUH�PXFK�PRUH�
IDPLOLDU�DQG�DFFHSWLQJ�RI�WKHVH�V\VWHPV��DQG�ZKLOH�
WKLV�ZLOO�HYHQWXDOO\�EH�RYHUFRPH��DQQXDO�HQHUJ\�FURSV�
ZLOO�EH�QHHGHG�IRU�WKDW�WUDQVLWLRQ��)LQDOO\��DQQXDO�FURSV�
DUH�PXFK�PRUH�WUDFWDEOH�WR�JHQHWLF�LPSURYHPHQWV�
WKURXJK�EUHHGLQJ�GXH�WR�WKH�VLPSOH�IDFW�WKDW�EUHHGLQJ�LV�
DFFHOHUDWHG�E\�PXOWLSOH�JHQHUDWLRQV�SHU�\HDU�

7KHUH�DUH�VHYHUDO�WUDLWV�RI�VSHFL¿F�LPSRUWDQFH�WR�
VRUJKXP�LPSURYHPHQW��DV�LW�UHODWHV�WR�ELRHQHUJ\�
SURGXFWLRQ��7KHVH�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��
PDWXULW\�DQG�KHLJKW��GURXJKW�WROHUDQFH��SHVW�WROHUDQFH�
DQG�RU�UHVLVWDQFH��DQG�FRPSRVLWLRQ�DQG�RU�TXDOLW\��
,PSURYHPHQWV�LQ�WKHVH�DUHDV�ZLOO�LQFUHDVH�\LHOG�
SRWHQWLDO��SURWHFW�H[LVWLQJ�\LHOG�SRWHQWLDO��DQG�HQKDQFH�
FRQYHUVLRQ�HI¿FLHQF\�GXULQJ�SURFHVVLQJ�

:KLOH�WKH�UHDVRQ�IRU�SURGXFLQJ�ELRHQHUJ\�IHHGVWRFN�
LV�WR�SURGXFH�UHQHZDEOH�IXHO��RQH�RI�WKH�FULWLFDO�
FRPSRQHQWV�LQ�WKHLU�SURGXFWLRQ�ZLOO�EH�ZDWHU��7KXV��
ERWK�GURXJKW�WROHUDQFH�DQG�ZDWHU�XVH�HI¿FLHQF\�DUH�
FULWLFDO��DV�PDQ\�RI�WKHVH�IHHGVWRFNV�ZLOO�EH�SURGXFHG�
LQ�PDUJLQDO�HQYLURQPHQWV�ZKHUH�UDLQIDOO�LV�OLPLWHG�
DQG�LUULJDWLRQ�LV�HLWKHU�WRR�H[SHQVLYH�RU�ZRXOG�GHSOHWH�
ZDWHU�UHVHUYHV��6RUJKXP�LV�PRUH�GURXJKW�WROHUDQW�
WKDQ�PDQ\�RWKHU�ELRPDVV�FURSV��'HSHQGLQJ�RQ�WKH�
W\SH�RI�ELRPDVV�SURGXFWLRQ�LQ�VRUJKXP��ERWK�SUH��DQG�
SRVW�ÀRZHULQJ�GURXJKW�WROHUDQFH�PHFKDQLVPV�ZLOO�EH�
LPSRUWDQW��,Q�VZHHW�VRUJKXP��ERWK�WUDLWV�DUH�LPSRUWDQW��
EXW�WKHUH�KDV�EHHQ�OLWWOH�UHVHDUFK�UHJDUGLQJ�WKH�LPSDFW�
RI�GURXJKW�VWUHVV�RQ�VZHHW�VRUJKXP�SURGXFWLYLW\�

)RU�KLJK�ELRPDVV��SKRWRSHULRG�VHQVLWLYH�VRUJKXPV��
SUHÀRZHULQJ�GURXJKW�WROHUDQFH�LV�FULWLFDO�EHFDXVH��LQ�
PRVW�HQYLURQPHQWV��WKLV�JHUPSODVP�GRHV�QRW�WUDQVLWLRQ�
WR�WKH�UHSURGXFWLYH�SKDVH�RI�JURZWK��(DFK�W\SH�RI�
WROHUDQFH�LV�DVVRFLDWHG�ZLWK�VHYHUDO�SKHQRW\SLF�DQG�
SK\VLRORJLFDO�WUDLWV��WKHVH�UHODWLRQVKLSV�KDYH�EHHQ�XVHG�
WR�¿QH�PDS�47/��TXDQWLWDWLYH�WUDLW�ORFL��DVVRFLDWHG�

ZLWK�ERWK�SUH��DQG�SRVW�ÀRZHULQJ�GURXJKW�WROHUDQFH��
7UDLWV�WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�GURXJKW�UHVLVWDQFH�
LQFOXGH�KHDW�WROHUDQFH��RVPRWLF�DGMXVWPHQW��%DVQD\DNH�
HW�DO����������WUDQVSLUDWLRQ�HI¿FLHQF\��0XFKRZ�HW�
DO����������URRWLQJ�GHSWK�DQG�SDWWHUQV��-RUGDQ�DQG�
0LOOHU���������HSLFXWLFXODU�ZD[��0DLWL�HW�DO����������
DQG�VWD\�JUHHQ��5RVHQRZ�HW�DO����������&RPELQLQJ�
SKHQRW\SLF�DQG�PDUNHU�DVVLVWHG�EUHHGLQJ�DSSURDFKHV�
VKRXOG�HQKDQFH�GURXJKW�WROHUDQFH�EUHHGLQJ�LQ�HQHUJ\�
VRUJKXPV�

8QOLNH�SHUHQQLDO�ELRHQHUJ\�FURSV��VRUJKXP�ZLOO�
UHTXLUH�FURS�URWDWLRQ�WR�PDLQWDLQ�KLJK�\LHOGV�DQG�VRLO�
FRQGLWLRQLQJ��&RQWLQXRXV�FURSSLQJ�VWXGLHV�RI�VRUJKXP�
KDYH�FRQ¿UPHG�WKDW�\LHOGV�ZLOO�GURS�LQ�VXEVHTXHQW�
\HDUV�XQOHVV�DGGLWLRQDO�QLWURJHQ�LV�SURYLGHG�WR�PDLQWDLQ�
\LHOGV��3HWHUVRQ�DQG�9DUYHO���������7KHUHIRUH��LW�
LV�FULWLFDO�WR�FRQVLGHU�URWDWLRQV�ZKHQ�DFFRXQWLQJ�
IRU�SRWHQWLDO�ODQG�DUHD�QHHGV�LQ�HQHUJ\�VRUJKXP�
SURGXFWLRQ��7KH�H[DFW�URWDWLRQ�VHTXHQFH�DQG�WLPHIUDPH�
ZLOO�YDU\�ZLWK�ORFDOH��EXW�VRUJKXP�SURGXFWLRQ�RQFH�
HYHU\���RU���\HDUV�ZLOO�EH�DFFHSWDEOH�LQ�PRVW�UHJLRQV��
)DLOXUH�WR�URWDWH�PD\�UHVXOW�LQ�UHGXFHG�\LHOGV�DQG�
TXDOLW\��DV�ZHOO�DV�LQFUHDVHG�ZHHG��LQVHFW��DQG�GLVHDVH�
SUREOHPV��5HVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�
DSSURSULDWH�URWDWLRQ�IRU�HQHUJ\�VRUJKXP�LQ�WKH�WDUJHW�
UHJLRQV�IRU�SURGXFWLRQ�

7KH�PROHFXODU�JHQHWLF�UHVRXUFHV�DYDLODEOH�LQ�WKH�
VRUJKXP�VSHFLHV�DUH�WKH�PRVW�DGYDQFHG�DPRQJ�DOO�RI�
WKH�SRWHQWLDO�HQHUJ\�FURSV��&RPELQLQJ�WKHVH�PROHFXODU�
JHQHWLF�UHVRXUFHV�ZLWK�WUDGLWLRQDO�EUHHGLQJ�DSSURDFKHV��
LW�VKRXOG�EH�SRVVLEOH�WR�UDSLGO\�GHYHORS�DQG�GHSOR\�
LPSURYHG��GHGLFDWHG�HQHUJ\�VRUJKXP�WKDW�PHHWV�WKH�
QHHGV�RI�ERWK�FURS�DQG�ELRIXHO�SURGXFHUV�

Conclusions.�6RUJKXP�EHQH¿WV�IURP�D�ORQJ�
HVWDEOLVKHG�SURGXFWLRQ�KLVWRU\��H[LVWLQJ�UHVHDUFK�
LQIUDVWUXFWXUH��DQG�D�UHODWLYHO\�VLPSOH�JHQHWLF�V\VWHP��
$OO�RI�WKHVH�IDFWRUV�DOORZ�IRU�WKH�UDSLG�PRGL¿FDWLRQ�RI�
WKH�FURS�DQG�GHOLYHU\�RI�VSHFL¿F�VRUJKXP�W\SHV�WKDW�
DUH�GHYHORSHG�VSHFL¿FDOO\�IRU�ELRHQHUJ\�DQG�DGDSWHG�
WR�WKH�WDUJHW�DUHDV�RI�SURGXFWLRQ��7KH�IXWXUH�RI�HQHUJ\�
VRUJKXP�LV�EDVHG�RQ�GHYHORSPHQW�RI�HQHUJ\�VSHFL¿F�
JHQRW\SHV�LQ�ZKLFK�FRPSRVLWLRQ�DQG�SURGXFWLYLW\�DUH�
RSWLPL]HG��ZKLOH�PLQLPL]LQJ�LQSXWV�OLNH�LQVHFWLFLGH�
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DQG�IHUWLOL]HU��,Q�WKLV�VFHQDULR��UHVLVWDQFH�WROHUDQFH�WR�
ERWK�ELRWLF�DQG�DELRWLF�VWUHVVHV�LV�FULWLFDO��)RUWXQDWHO\��
DGHTXDWH�JHQHWLF�UHVRXUFHV�DQG�WHFKQRORJ\�DUH�
DYDLODEOH�WR�PDNH�WKHVH�PRGL¿FDWLRQV�LQ�DQ�HI¿FLHQW�

DQG�WLPHO\�PDQQHU��&RPSRVLWLRQ�DQG�\LHOG�DUH�
REYLRXVO\�LPSRUWDQW��DQG�FRQWLQXDO�HQKDQFHPHQW�
RI�WKHVH�IDFWRUV�ZLOO�UHO\�RQ�WKH�IXOO�XVH�RI�JHQRPLF�
WHFKQRORJ\�

5.1.5 Poplar
7KH�IROORZLQJ�VHFWLRQ�SURYLGHV�D�EULHI�GHVFULSWLRQ�
RI�WKH�JHQXV�Populus��ZLWK�DWWHQWLRQ�WR�WKH�ELRORJ\��
SRWHQWLDO�\LHOG��SURGXFWLRQ�FRVWV��DQG�VXVWDLQDELOLW\�
LVVXHV�UHODWHG�WR�GHSOR\LQJ�DQ�HI¿FLHQW��ELRPDVV�
SURGXFLQJ�ZRRG\�FURS��0XFK�PRUH�H[WHQVLYH�
LQIRUPDWLRQ�LV�DYDLODEOH�LQ�RWKHU�UHVRXUFHV�>H�J���6WHWWOHU�
HW�DO���������DQG�'LFNPDQQ�HW�DO��������@�

Biology and adaptation.�7RGD\��WKH�JHQXV�Populus 
LQFOXGHV�DOPRVW����VSHFLHV�DQG�UHSUHVHQWV�VHYHUDO�
WD[RQRPLF�VHFWLRQV�GLVWULEXWHG�WKURXJKRXW�WKH�QRUWKHUQ�
KHPLVSKHUH��3RSODU�VSHFLHV�DUH�DQ�DQFLHQW�DQG�ZHOO�
HVWDEOLVKHG�FRPSRQHQW�RI�WKH�QDWLYH�1RUWK�$PHULFDQ�
ODQGVFDSH��+\EULGV�ZLWKLQ�DQG�DPRQJ�VSHFLHV�
EHORQJLQJ�WR�WZR�VHFWLRQV��Aigeiros and Tacamahaca 
�FRWWRQZRRGV���DUH�FRPPRQO\�UHIHUUHG�WR�DV�³K\EULG�
SRSODUV´��)LJXUH������

&RPPHUFLDO�GHSOR\PHQW�RI�K\EULG�FRWWRQZRRG�
SODQWDWLRQV�IRU�WKH�SURGXFWLRQ�RI�¿EHU�IRU�SDSHU�DQG�
RWKHU�SURGXFWV�DQG�ELRIXHOV�DQG�IRU�WKH�SXUSRVH�RI�
HQYLURQPHQWDO�UHPHGLDWLRQ��H�J���SK\WRUHPHGLDWLRQ��LV�
D�UHDOLW\�LQ�PDQ\�IRUHVWHG�DQG�DJULFXOWXUDO�ODQGVFDSHV��
LQFOXGLQJ�WKRVH�WKDW�OLH�ZLWKLQ�WKH�WHPSHUDWH�UHJLRQV�RI�
WKH�8QLWHG�6WDWHV��*HQRW\SHV�RI�HDVWHUQ�FRWWRQZRRG� 
(P. deltoides�%DUWU��H[�0DUVK��DQG�K\EULGV�EHWZHHQ�
HDVWHUQ�FRWWRQZRRG�DQG�$VLDQ�EODFN�SRSODU��(XURSHDQ�
EODFN�SRSODU��DQG�ZHVWHUQ�EODFN�FRWWRQZRRG� 
(P. suaveolens�)LVK��VXEVS��PD[LPRZLF]LL�$��+HQU\�� 
P. nigra�/���DQG�P. trichocarpa�7RUU��	�*UD\��
UHVSHFWLYHO\��FDSDEOH�RI�SURGXFLQJ�LQ�H[FHVV�RI���WRQV�
SHU�DFUH�SHU�\HDU�E\�DJH���\HDUV�KDYH�EHHQ�LGHQWL¿HG�
E\�¿HOG�WHVWV��HYHQ�LQ�WKH�KDUVK�FOLPDWH�RI�WKH�1RUWK�
&HQWUDO�UHJLRQ�RI�WKH�8QLWHG�6WDWHV��5LHPHQVFKQHLGHU�
HW�DO�������D��=DOHVQ\�HW�DO���������

7KH�VXVFHSWLELOLW\�RI�WKH�FRWWRQZRRGV�WR�YHJHWDWLYH�
SURSDJDWLRQ�ZDV��DQG�FRQWLQXHV�WR�EH��LQ�ODUJH�SDUW��D�
IDFWRU�WR�WKHLU�FRPPHUFLDO�YDOXH�DQG�GRPHVWLFDWLRQ��
2QH�RI�WKH�PRVW�HFRQRPLFDO�PHDQV�RI�SODQWDWLRQ�
HVWDEOLVKPHQW�LV�WR�SODQW�GRUPDQW�KDUGZRRG�FXWWLQJV�

FDSDEOH�RI�GHYHORSLQJ�DGYHQWLWLRXV�URRWV��+HLOPDQ�
HW�DO���������=DOHVQ\�HW�DO����������$V�QHHGHG��URRWHG�
FXWWLQJV�FDQ�EH�XVHG�WR�HQKDQFH�VXUYLYDO��7KXV���WKH�
YHJHWDWLYH�SURSDJDWLRQ�RI�SRSODUV�FDQ�FRQIHU�VLJQL¿FDQW�
JHQHWLF�DGYDQWDJH�GXULQJ�DOO�VWDJHV�RI�WKH�EUHHGLQJ�
DQG�VHOHFWLRQ�VWUDWHJ\�WR�DQ�DJJUHJDWH�SKHQRW\SH�ZLWK�
KLJK�FRPPHUFLDO�XWLOLW\�DQG�VWDELOLW\��(ULNVVRQ��������
2UORYLF�HW�DO���������=DOHVQ\�HW�DO���������

7KHUH�DUH�PDQ\�SRVVLEOH�EUHHGLQJ�VWUDWHJLHV�WKDW�
FDQ�EH�DSSOLHG�WR�WKH�GHYHORSPHQW�RI�D�K\EULG�
SRSODU�ZRRG\�ELRPDVV�FURS��5LHPHQVFKQHLGHU�HW�
DO�������E���<HW��DOO�EUHHGLQJ�VWUDWHJLHV�GHULYH�IURP�
WKH�QHHG�IRU�D�FRPPHUFLDO�YDULHW\�WR�SRVVHVV�VHYHUDO�
DWWULEXWHV�VLPXOWDQHRXVO\�VXFK�DV�DQ�DGYHQWLWLRXV�URRW�
V\VWHP��UDSLG�JURZWK��DQG�UHVLVWDQFH�WR�SHVWV��(DVWHUQ�
FRWWRQZRRG��ZKHQ�SODQWHG�LQ�WKH�VRXWKHUQ�8QLWHG�
6WDWHV��LV�DQ�H[DPSOH�RI�VXFK�D�VSHFLHV�

(Courtesy of ORNL)

Hybrid poplar plantation  
INÏ0ACIlCÏ.ORTHWESTFigure 5.9
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(OVHZKHUH��LQWHUVSHFL¿F�K\EULGL]DWLRQ�PD\�EH�
QHFHVVDU\��)RU�H[DPSOH��LQ�WKH�XSSHU�0LGZHVW��HDVWHUQ�
FRWWRQZRRG�FXWWLQJV�URRW�HUUDWLFDOO\�LQ�WKH�¿HOG��
DQG�K\EULGL]DWLRQ�EHWZHHQ�WKDW�VSHFLHV�DQG�DQRWKHU�
PRUH�HDVLO\�URRWHG�VSHFLHV�LV�QHFHVVDU\�WR�DFKLHYH�DQ�
HFRQRPLFDO�VLOYLFXOWXUDO�V\VWHP��=DOHVQ\�DQG�=DOHVQ\��
�������7KLV�QHHG�IRU�DQ�DJJUHJDWH�JHQRW\SH�SRVVHVVLQJ�
DOO�UHTXLUHG�FRPPHUFLDO�DWWULEXWHV�JLYHV�ULVH�WR�WKH�
VHYHUDO�EUHHGLQJ�SURJUDPV�IRXQG�WKURXJKRXW�1RUWK�
$PHULFD�DQG�HOVHZKHUH�LQ�WKH�ZRUOG��&RPPHUFLDO�
JHQRW\SHV�LQ�XVH�WRGD\�KDYH�PRVW��LI�QRW�DOO��RI�WKH�
LPSRUWDQW�WUDLWV�DIIHFWLQJ�SURGXFWLRQ��+RZHYHU��WKH�
QXPEHU�RI�FRPPHUFLDO�JHQRW\SHV�LQ�XVH�WRGD\�LV�
UHODWLYHO\�ORZ��DQG�GLYHUVL¿FDWLRQ��DV�ZHOO�DV�\LHOG�
LPSURYHPHQW��LV�D�JRDO�RI�EUHHGLQJ�SURJUDPV�

Production and agronomics.�3ODQW�SURSDJDWLRQ�IRU�
FRPPHUFLDO�SODQWDWLRQ�HVWDEOLVKPHQW�LV�JHQHUDOO\�YLD�
FXWWLQJV��ZKLFK�DUH�SURGXFHG�LQ�GHQVHO\�SODQWHG�³VWRRO�
EHGV�´�,Q�WKH�6RXWK��HDVWHUQ�FRWWRQZRRG�URRWV�UHDGLO\�
XQGHU�¿HOG�FRQGLWLRQV��ZKLFK�PDNHV�IRU�HFRQRPLFDO�
FRPPHUFLDO�GHSOR\PHQW��,Q�WKH�1RUWK��HDVWHUQ�
FRWWRQZRRG�URRWV�HUUDWLFDOO\�XQGHU�¿HOG�FRQGLWLRQV��
DQG�LW�LV�PRUH�FRPPRQ�WR�XWLOL]H�D�K\EULG�EHWZHHQ�
HDVWHUQ�FRWWRQZRRG�DQG�(XURSHDQ�EODFN�FRWWRQZRRG�
(Populus nigra��RU�RQH�RI�WKH�Tacamahaca�SRSODUV��2I�
WKHVH��Populus nigra�LV�SUHIHUUHG�DV�D�K\EULG�SDUHQWDO�
VSHFLHV�EHFDXVH�RI�WKH�UHGXFHG�SUREDELOLW\�RI�VWHP�
FDQNHU�GLVHDVH��&XWWLQJV�DUH�KDUYHVWHG�IURP�VWRRO�
EHGV�LQ�WKH�ZLQWHU�GXULQJ�WKH�GRUPDQW�SHULRG��VWRUHG�
XQGHU�UHIULJHUDWLRQ��DQG�WKHQ�SODQWHG�LQ�WKH�¿HOG�ZKHQ�
VRLO�WHPSHUDWXUHV�UHDFK�OHYHOV�DSSURSULDWH�WR�VSHFL¿F�
UHJLRQV�DQG�JHQRW\SHV��

3RSODU�FDQ�EH�PDQDJHG�LQ�D�QXPEHU�RI�ZD\V��
GHSHQGLQJ�RQ�WKH�GHVLUHG�HQG�SURGXFW�DQG�WDUJHW�
URWDWLRQ�DJH��3ODQWDWLRQV�JURZQ�IRU�WKH�SURGXFWLRQ�RI�
ODUJHU�GLDPHWHU�WUHHV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�SDSHU�
DQG�OXPEHU�DUH�W\SLFDOO\�SODQWHG�DW�VSDFLQJV�UDQJLQJ�
IURP���IHHW�E\���IHHW������WUHHV�SHU�DFUH��WR����IHHW�E\�
���IHHW������WUHHV�SHU�DFUH���3ODQWDWLRQV�RI�WKLV�W\SH�
DUH�FXUUHQWO\�PDQDJHG�FRPPHUFLDOO\�LQ�0LQQHVRWD�IRU�
SXOSZRRG�SURGXFWLRQ�DQG�2UHJRQ�DQG�:DVKLQJWRQ�IRU�
D�PL[�RI�SURGXFWV��LQFOXGLQJ�VDZWLPEHU�DQG�SXOSZRRG��
3RSODU�KDV�WKH�DELOLW\�WR�UHVSURXW�IURP�HVWDEOLVKHG�
VWXPSV�DIWHU�KDUYHVW��DQG�WKXV�FRXOG�EH�PDQDJHG�RQ�
UHSHDWHG�FRSSLFH�URWDWLRQV��,Q�OLJKW�RI�WKH�GHYHORSPHQW�
RI�QHZ�JHQRW\SHV�DQG�LQFUHDVHG�LQWHUHVW�LQ�GHGLFDWHG�
HQHUJ\�IHHGVWRFN�SURGXFWLRQ�V\VWHPV��WKH�UHSHDWHG�

FRSSLFH�PDQDJHPHQW�RSWLRQ�LV�D�VXEMHFW�RI�UHQHZHG�
LQWHUHVW��DQG�¿HOG�UHVHDUFK�LV�UHFRPPHQGHG�WR�LGHQWLI\�
RSWLPDO�SODQW�VSDFLQJ�DQG�ELRPDVV�SURGXFWLRQ�RI�VXFK�
systems.

$IWHU�SODQWLQJ��LW�LV�QHFHVVDU\�WR�HOLPLQDWH�ZHHG�
FRPSHWLWLRQ��$V�SRSODU�SODQWLQJV�DUH�PRVWO\�HVWDEOLVKHG�
RQ�PDUJLQDO�DJULFXOWXUDO�ODQG�WKDW�KDV�EHHQ�XQGHU�
SULRU�FXOWLYDWLRQ��ZHHGV�DUH�PRVWO\�KHUEDFHRXV�DQG�
FDQ�EH�PDQDJHG�E\�SUHHPHUJHQFH�KHUELFLGHV��FRQWDFW�
KHUELFLGHV��RU�E\�FXOWLYDWLRQ��:HHG�FRQWURO�LV�QHHGHG�
XQWLO�WUHH�FDQRS\�FORVXUH²XVXDOO\�E\�WKH�HQG�RI�WKH�
VHFRQG�RU�WKLUG�\HDU�RI�WUHH�JURZWK�

,W�LV�LPSRUWDQW�WR�SURWHFW�SRSODU�SODQWLQJV�IURP�LQVHFWV�
DQG�GLVHDVHV��9DULRXV�FKHPLFDOV�DUH�DYDLODEOH�WR�FRQWURO�
FRPPRQ�SHVWV��VXFK�DV�WKH�FRWWRQZRRG�OHDI�EHHWOH�
�0DWWVRQ�HW�DO���������&R\OH�HW�DO����������DQG�RWKHU�
LQVHFWV��DQG�WKH�SRVVLELOLW\�RI�JHQHWLF�VHOHFWLRQ�IRU�
UHVLVWDQFH��ODQGVFDSH�OHYHO�GHSOR\PHQW�VWUDWHJLHV��DQG�
RWKHU�LQWHJUDWHG�SHVW�PDQDJHPHQW�VWUDWHJLHV�FDQ�EH�
FRQVLGHUHG��0DWWVRQ�HW�DO����������'LVHDVH�LQFLGHQFH�
DQG�VHYHULW\�RIWHQ�GHSHQG�RQ�UHJLRQ��1HZFRPEH�HW�
DO����������)RU�H[DPSOH��6HSWRULD�VWHP�FDQNHU�LV�D�
VHULRXV�SUREOHP�LQ�WKH�0LGZHVW�RQ�VRPH�K\EULGV��ZKLOH�
PXFK�OHVV�RI�D�FRQFHUQ�LQ�WKH�1RUWKZHVW��ZKLFK�SODFHV�
VHULRXV�FRQVWUDLQWV�RQ�SDUHQWDO�SRSODU�VSHFLHV�VHOHFWLRQ�
LQ�WKH�0LGZHVW��*HQHWLF�VHOHFWLRQ�DPRQJ�SDUHQWDO�
SRSODU�VSHFLHV��DPRQJ�VSHFL¿F�SDUHQWDO�JHQRW\SHV��DQG�

(Courtesy of B. McMahon, University of Minnesota)

Harvesting poplar plantation Figure 5.10
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(Courtesy of ORNL)

Minnesota poplar plantationFigure 5.11ZLWKLQ�K\EULG�SRSODU�EUHHGLQJ�SRSXODWLRQV�LV�SUDFWLFHG�
LQ�QHDUO\�DOO�EUHHGLQJ�SURJUDPV��1HZFRPEH�HW�DO���
������

+DUYHVWLQJ�RI�SRSODU�SODQWDWLRQV�FDQ�EH�DFFRPSOLVKHG�
E\�XVLQJ�WKH�VDPH�WLPEHU�KDUYHVWLQJ�HTXLSPHQW�IRXQG�
LQ�VWDQGDUG�IRUHVW�SXOSZRRG�V\VWHPV�RU�E\�XVLQJ�
SXUSRVH�GHVLJQHG�HTXLSPHQW�WKDW�FRPELQHV�IHOOLQJ�DQG�
FKLSSLQJ�RU�EXQGOLQJ�LQ�D�VLQJOH�PDFKLQH��)LJXUH��������
6HOHFWLRQ�RI�HTXLSPHQW�DQG�PHWKRG�RI�KDUYHVW�GHSHQGV�
RQ�DYHUDJH�WUHH�VL]H�DQG�DJH�DW�KDUYHVW��ZKLFK�DUH��LQ�
WXUQ��GHWHUPLQHG�E\�SODQWDWLRQ�GHQVLW\��$�ZLGH�DUUD\�RI�
SRVVLELOLWLHV�FDQ�EH�HQYLVLRQHG�

Potential yield and production costs.�<LHOGV�IURP�
FRPPHUFLDO�SODQWDWLRQV�DUH�SURSULHWDU\�DQG�QRW�UHDGLO\�
DYDLODEOH��WKHUHIRUH��PRVW�\LHOG�GDWD�LV�IURP�UHVHDUFK�
SORWV��)LJXUH��������$�VHULHV�RI�SORW�����[����WUHH�
VTXDUH�SORWV��\LHOG�WULDOV�FRQGXFWHG�LQ�:LVFRQVLQ��
0LQQHVRWD��1RUWK�'DNRWD��DQG�6RXWK�'DNRWD�IURP�
�����GHPRQVWUDWHG�\LHOGV�DV�KLJK�DV�����WRQV�SHU�DFUH�
SHU�\HDU�E\�DJH���\HDUV��1HW]HU�HW�DO����������<LHOGV�RI�
QHZO\�VHOHFWHG�JHQRW\SHV�LQ�VPDOOHU�SORW�H[SHULPHQWV�
KDYH�H[FHHGHG�����GU\�WRQV�SHU�DFUH�DQQXDOO\�RQ�JRRG�
DJULFXOWXUDO�VRLO�LQ�VRXWKHUQ�:LVFRQVLQ�DQG�,RZD�
�5LHPHQVFKQHLGHU��������=DOHVQ\�HW�DO����������,Q�
JHQHUDO��VXVWDLQDEOH�DYHUDJH�\LHOGV�RI���������DQG���WRQV�
SHU�DFUH�DQQXDOO\��GU\�ZHLJKW��VWHP��DQG�EUDQFKHV��DUH�
H[SHFWHG�LQ�WKH�PLGZHVWHUQ��VRXWKHUQ��DQG�QRUWKZHVWHUQ�
8QLWHG�6WDWHV��UHVSHFWLYHO\��:LWK�DSSURSULDWH�UHVHDUFK�
DQG�GHYHORSPHQW�LQYHVWPHQW��RYHU�WLPH�WKHVH�\LHOGV�
FRXOG�EH�VLJQL¿FDQWO\�LQFUHDVHG��HYHQ�GRXEOHG��9RON�HW�
DO���LQ�SUHVV���)LJXUH�������

8VLQJ�FDVK�ÀRZ�PRGHOV�RI�SURGXFWLRQ�FRVWV�DQG�
H[SHFWHG�\LHOGV��FRVWV�RI�SRSODU�ELRPDVV�DUH�
FRPSDUDEOH�WR�RWKHU�GHGLFDWHG�ELRPDVV�SURGXFWLRQ�
V\VWHPV�DQG�UDQJH�IURP�����WR�����SHU�GU\�WRQ�
GHSHQGLQJ�RQ�VLWH�TXDOLW\�DQG�VLWH�VSHFL¿F�LQSXWV��
8VLQJ�FDVK�ÀRZ�PRGHOV�GHYHORSHG�E\�WKH�8QLYHUVLW\�
RI�0LQQHVRWD�IRU�WKH�QRUWK�FHQWUDO�8QLWHG�6WDWHV��WKH�
WRWDO�GLVFRXQWHG�FRVW�RI�DOO�LQSXWV��DVVXPLQJ�D����\HDU�
URWDWLRQ�SXOSZRRG�RULHQWHG�V\VWHP��LV������SHU�DFUH�
RU�URXJKO\�����SHU�DFUH�DQQXDOO\��%UHDNHYHQ�SULFH�RI�
ELRPDVV�LQ�WKLV�V\VWHP�LV�DSSUR[LPDWHO\�����SHU�GU\�
WRQ��LQFOXGLQJ�LQSXW�FRVWV�RQO\��7KH�TXHVWLRQ�RI�ZKHUH�
ZRRG\�HQHUJ\�FURSV�ZLOO�EH�GHSOR\HG�GHSHQGV�OHVV�RQ�
WKH�EUHDNHYHQ�SULFH�RI�WKH�HQHUJ\�FURS�LWVHOI�DQG�PRUH�

RQ�WKH�SUR¿WDELOLW\�RI�WKH�FURS�EHLQJ�UHSODFHG��%DVHG�
RQ�GDWD�IURP�D�VXUYH\�RI�SURGXFWLRQ�FRVWV�FRQGXFWHG�
E\�WKH�8QLYHUVLW\�RI�0LQQHVRWD���������SHU�DFUH�SUR¿WV�
DUH�HVWLPDWHG�WR�UDQJH�IURP�����SHU�DFUH�LQ�WKH�FDVH�RI�
ZKHDW�WR������SHU�DFUH�LQ�WKH�FDVH�RI�FRUQ�SURGXFWLRQ��
7KXV��HQHUJ\�FURSV�ZLOO�KDYH�WR�EH�SULFHG�DW�D�OHYHO�LQ�
ZKLFK�SUR¿WV�WR�JURZHUV�DUH�DW�OHDVW�HTXDO�WR�FRPSHWLQJ�
FURSV�

Sustainability. 3HUHQQLDO�ZRRG\�FURSV�SURYLGH�
PXOWLSOH�EHQH¿WV�ZKHQ�PDQDJHG�VXVWDLQDEO\��VXFK�DV�
ELRORJLFDO�GLYHUVLW\��FRQVHUYDWLRQ�RI�VRLO�DQG�ZDWHU��
PDLQWHQDQFH�RI�VLWH�SURGXFWLYLW\��FDUERQ�VHTXHVWUDWLRQ��
DQG�VRFLRHFRQRPLF�YDOXHV��5XDUN�HW�DO����������,Q�D�
VXPPDU\�SDSHU�RQ�WKH�VXEMHFW�SXEOLVKHG�E\�7ROEHUW�HW�
DO����������VHYHUDO�WUHQGV�DUH�LGHQWL¿HG��6RLO�VWUXFWXUH��
WRWDO�RUJDQLF�FRQWHQW��DQG�LQ¿OWUDWLRQ�UDWH�LV�VKRZQ�WR�
WKH�DJULFXOWXUDO�V\VWHP�EHLQJ�UHSODFHG��,QSXWV�RI�OHDI�
OLWWHU�DQG�ODFN�RI�DQQXDO�VLWH�GLVWXUEDQFH�DUH�WKRXJKW�
WR�EH�FRQWULEXWLQJ�IDFWRUV��1XWULHQW�FRQWHQW�DQG�ZDWHU�
\LHOG�RI�VKRUW�URWDWLRQ�SRSODU�SODQWDWLRQV�ZHUH�IRXQG�WR�
EH�VLPLODU�WR�ROGHU��QDWXUDO�DVSHQ�VWDQGV�LQ�0LQQHVRWD��
,QFUHDVHG�VRLO�FDUERQ�KDV�EHHQ�GRFXPHQWHG�XQGHU�
VKRUW�URWDWLRQ�V\VWHPV��SDUWLFXODUO\�LQ�WKRVH�UHJLRQV�
RI�WKH�FRXQWU\�ZKHUH�LQKHUHQW�VRLO�RUJDQLF�FRQWHQW�LV�
ORZ��OLNH�LW�LV�LQ�WKH�6RXWK��2YHU�WKH�ORQJ�WHUP��VRLO�
FDUERQ�LV�H[SHFWHG�WR�LQFUHDVH�XQGHU�SHUHQQLDO�ZRRG\�
FURSV�GXH�WR�LQSXWV�RI�OHDI�DQG�URRW�ELRPDVV�DQG�ODFN�
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RI�GLVWXUEDQFH�RI�WKH�VRLO�VXUIDFH��2[LGDWLRQ�RI�FDUERQ�
IURP�XSSHU�VRLO�OD\HUV�KDV�EHHQ�VKRZQ�WR�EH�D�PDMRU�
IDFWRU��DFFRXQWLQJ�IRU�GLIIHUHQFHV�EHWZHHQ�SHUHQQLDO�
HQHUJ\�FURSV�DQG�DQQXDOO\�WLOOHG�DJULFXOWXUDO�FURSV��
6WXGLHV�RI�ZLOGOLIH�HIIHFWV�RI�K\EULG�SRSODU�SODQWLQJV�
LQ�0LQQHVRWD�KDYH�VKRZQ�LQFUHDVHG�GLYHUVLW\�LQ�ELUG�
SRSXODWLRQV�FRPSDUHG�ZLWK�URZ�FURSV��+DQRZVNL�HW�
DO����������6PDOO�PDPPDO�DEXQGDQFH�ZDV�IRXQG�WR�EH�
D�IXQFWLRQ�RI�FDQRS\�FORVXUH��ZLWK�\RXQJHU�SODQWDWLRQV�
EHLQJ�PRUH�VLPLODU�WR�JUDVVODQGV��5HVHDUFK�GRQH�WR�
GDWH�LQGLFDWHV�WKDW�SHUHQQLDO�ZRRG\�FURSV�ZLOO�QRW�
PLPLF�QDWXUDO�IRUHVW�VWDQGV��EXW�ZLOO�FRQWULEXWH�WR�
GLYHUVL¿FDWLRQ�RI�KDELWDW�LQ�DJULFXOWXUDOO\�GRPLQDWHG�
ODQGVFDSHV�

Conclusions. 7KH�ZLGHVSUHDG�QDWXUDO�UDQJH�RI�HDVWHUQ�
FRWWRQZRRG��SOXV�WKH�SRVVLELOLW\�RI�H[WHQGLQJ�WKH�
DGDSWLYH�UDQJH�E\�LQWHUVSHFL¿F�K\EULGL]DWLRQ��SRLQWV�
WR�WKH�IDFW�WKDW�SRSODU�LV�RQH�RI�WKH�PRVW�SURPLVLQJ�
VSHFLHV�JURXSV�IRU�ZRRG\�FURSV�GHYHORSPHQW�
QDWLRQDOO\��+LJK�UDWHV�RI�ELRPDVV�SURGXFWLYLW\��
DPHQDELOLW\�WR�FORQDO�SURSDJDWLRQ�DQG�DJULFXOWXUDO�
PDQDJHPHQW��DV�ZHOO�DV�FRSSLFLQJ�DELOLW\��DUH�IDFWRUV�
WKDW�PDNH�SRSODU�D�GHVLUDEOH�FURS�WR�SURGXFH�ELRPDVV�
IRU�HQHUJ\�DV�ZHOO�DV�RWKHU�SURGXFWV��3DVW�UHVHDUFK�KDV�
GRFXPHQWHG�DFFHSWDEOH�\LHOGV�RI�WKHVH�V\VWHPV�XVLQJ�
JHQHWLF�PDWHULDO�WKDW�LV�HVVHQWLDOO\�RQH�JHQHUDWLRQ�
DZD\�IURP�QDWLYH�SRSXODWLRQV��*HQHWLF�LPSURYHPHQW�

UHVHDUFK�XQGHUZD\�LQ�,RZD��0LQQHVRWD��DQG�WKH�3DFL¿F�
1RUWKZHVW�KDV�GHPRQVWUDWHG�VLJQL¿FDQW�JDLQV�LQ�
ELRPDVV�\LHOG�DQG�WKH�EHQH¿WV�RI�D�FRQFHUWHG�EUHHGLQJ�
DQG�¿HOG�WHVWLQJ�HIIRUW��&RQWLQXHG�UHVHDUFK�LQ�JHQHWLFV�
DQG�VWDQG�PDQDJHPHQW�LV�QHHGHG�WR�LPSURYH�\LHOG�
DQG�H[WHQG�WKH�UDQJH�RI�KLJK�\LHOGLQJ�YDULHWLHV�WR�DOO�
UHJLRQV�ZKHUH�ELRPDVV�FURSV�PD\�EH�SODQWHG�

5.1.6 Willow
,QWHUHVW�LQ�VKUXE�ZLOORZV��Salix VSS���DV�D�SHUHQQLDO�
HQHUJ\�FURS�IRU�WKH�SURGXFWLRQ�RI�ELRPDVV�KDV�
GHYHORSHG�LQ�(XURSH�DQG�1RUWK�$PHULFD�RYHU�WKH�SDVW�
IHZ�GHFDGHV�EHFDXVH�RI�WKH�PXOWLSOH�HQYLURQPHQWDO�
DQG�UXUDO�GHYHORSPHQW�EHQH¿WV�DVVRFLDWHG�ZLWK�WKHLU�
SURGXFWLRQ�DQG�XVH��%|UMHVVRQ��������9RON�HW�DO���������
5RZH�HW�DO����������,QLWLDO�WULDOV�ZLWK�VKUXE�ZLOORZV�
DV�D�ELRPDVV�FURS�ZHUH�FRQGXFWHG�LQ�WKH�PLG�����V�
LQ�6ZHGHQ�ZLWK�WKH�¿UVW�WULDOV�LQ�WKH�8QLWHG�6WDWHV�
VWDUWLQJ�LQ�������9RON�HW�DO����������6LQFH�WKH�LQLWLDO�
WULDOV�LQ�XSVWDWH�1HZ�<RUN�LQ�WKH�PLG�����V��\LHOG�WULDOV�
KDYH�EHHQ�FRQGXFWHG��RU�DUH�XQGHUZD\��LQ����VWDWHV�
�'HODZDUH��,QGLDQD��,OOLQRLV��0DU\ODQG��0LFKLJDQ��
0LQQHVRWD��0LVVRXUL��1HZ�-HUVH\��1HZ�<RUN��
3HQQV\OYDQLD��6RXWK�&DUROLQD��9LUJLQLD��9HUPRQW��DQG�
:LVFRQVLQ��DQG�VL[�SURYLQFHV�LQ�&DQDGD�

Biology and adaptation��:LOORZ�VKUXEV�KDYH�VHYHUDO�
FKDUDFWHULVWLFV�WKDW�PDNH�WKHP�DQ�LGHDO�IHHGVWRFN�
IRU�ELRIXHOV��ELRSURGXFWV��DQG�ELRHQHUJ\��KLJK�\LHOGV�
WKDW�FDQ�EH�VXVWDLQHG�LQ����WR���\HDU�URWDWLRQV��HDVH�
RI�SURSDJDWLRQ�IURP�GRUPDQW�KDUGZRRG�FXWWLQJV��D�
EURDG�XQGHUXWLOL]HG�JHQHWLF�EDVH��HDVH�RI�EUHHGLQJ�IRU�
VHYHUDO�FKDUDFWHULVWLFV��DELOLW\�WR�UHVSURXW�DIWHU�PXOWLSOH�
KDUYHVWV��DQG�FKHPLFDO�FRPSRVLWLRQ�DQG�HQHUJ\�
>��\HDU�ROG�ZLOORZ�VWHPV�DYHUDJHG�������%WX�SHU�GU\�
SRXQG��0LOHV�HW�DO��������@��VLPLODU�WR�RWKHU�QRUWKHUQ�
KDUGZRRG�VSHFLHV�

Production and agronomics��7KH�VKUXE�ZLOORZ�
FURSSLQJ�V\VWHP�FRQVLVWV�RI�SODQWLQJ�JHQHWLFDOO\�
LPSURYHG�YDULHWLHV�LQ�IXOO\�SUHSDUHG�RSHQ�ODQG�ZKHUH�
ZHHGV�KDYH�EHHQ�FRQWUROOHG��7KH�YDULHWLHV�RI�VKUXE�
ZLOORZ�WKDW�KDYH�EHHQ�EUHG�DQG�VHOHFWHG�RYHU�WKH�SDVW�
WZR�GHFDGHV�LQ�1HZ�<RUN�FDQ�EH�JURZQ�VXFFHVVIXOO\�

(Courtesy of T. Volk, SUNY)

Harvesting willow with a one-pass 
cut and chip forage harvesterFigure 5.12
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RQ�PDUJLQDO�DJULFXOWXUDO�ODQG�DFURVV�WKH�1RUWKHDVW��
0LGZHVW��DQG�SDUWV�RI�WKH�6RXWKHDVW��7KLV�UDQJH�FRXOG�
EH�H[SDQGHG�ZLWK�WKH�GHYHORSPHQW�RI�QHZ�YDULHWLHV��
:HHG�FRQWURO�XVXDOO\�LQYROYHV�D�FRPELQDWLRQ�RI�
FKHPLFDO�DQG�PHFKDQLFDO�WHFKQLTXHV�DQG�VKRXOG�EHJLQ�
LQ�WKH�IDOO�EHIRUH�SODQWLQJ�LI�WKH�¿HOG�FRQWDLQV�SHUHQQLDO�
ZHHGV��ZKLFK�LV�RIWHQ�WKH�FDVH�ZLWK�PDUJLQDO�ODQG��
:LOORZV�DUH�SODQWHG�DV�XQURRWHG��GRUPDQW�KDUGZRRG�
FXWWLQJV�LQ�WKH�VSULQJ�DV�HDUO\�DV�WKH�VLWH�LV�DFFHVVLEOH�DW�
DERXW�������SODQWV�SHU�DFUH�XVLQJ�PHFKDQL]HG�SODQWHUV�
WKDW�DUH�DWWDFKHG�WR�IDUP�WUDFWRUV�DQG�RSHUDWH�DW�DERXW�
����DFUHV�SHU�KRXU��7R�IDFLOLWDWH�WKH�PDQDJHPHQW�DQG�
KDUYHVWLQJ�RI�WKH�FURS�ZLWK�DJULFXOWXUDO�PDFKLQHU\��
ZLOORZV�DUH�SODQWHG�LQ�D�GRXEOH�URZ�V\VWHP�ZLWK���
IHHW�EHWZHHQ�GRXEOH�URZV������IHHW�EHWZHHQ�URZV��DQG�
��IHHW�EHWZHHQ�SODQWV�ZLWKLQ�WKH�URZV��)ROORZLQJ�WKH�
¿UVW�\HDU�RI�JURZWK��WKH�ZLOORZV�DUH�FXW�EDFN�FORVH�
WR�WKH�VRLO�VXUIDFH�GXULQJ�WKH�GRUPDQW�VHDVRQ�WR�IRUFH�
FRSSLFH�UHJURZWK��ZKLFK�LQFUHDVHV�WKH�QXPEHU�RI�VWHPV�
SHU�VWRRO�IURP��±��WR��±���GHSHQGLQJ�RQ�WKH�YDULHW\�
�7KDUDNDQ�HW�DO����������$IWHU�DQ�DGGLWLRQDO���WR���\HDUV�
RI�JURZWK��WKH�VWHPV�DUH�PHFKDQLFDOO\�KDUYHVWHG�GXULQJ�
WKH�GRUPDQW�VHDVRQ�DIWHU�WKH�ZLOORZV�KDYH�GURSSHG�
WKHLU�OHDYHV��)LJXUH��������)RUDJH�KDUYHVWHUV�ZLWK�D�
VSHFLDOO\�GHVLJQHG�FXWWLQJ�KHDG�FXW�WKH�ZLOORZ�VWHPV�
�±��LQFKHV�DERYH�WKH�JURXQG��IHHG�WKH�VWHPV�LQWR�IRUDJH�
KDUYHVWHU��DQG�SURGXFH�XQLIRUP�DQG�FRQVLVWHQW�VL]HG�

FKLSV�WKDW�FDQ�EH�FROOHFWHG�DQG�GHOLYHUHG�GLUHFWO\�WR�
HQG�XVHUV�ZLWK�QR�DGGLWLRQDO�SURFHVVLQJ��$EUDKDPVRQ�
HW�DO���������9RON�HW�DO����������7KH�FKLSSHG�PDWHULDO�LV�
WKHQ�GHOLYHUHG�WR�HQG�XVHUV�IRU�FRQYHUVLRQ�WR�ELRHQHUJ\��
ELRIXHOV��DQG�RU�ELRSURGXFWV�

7KH�SODQWV�ZLOO�VSURXW�DJDLQ�WKH�IROORZLQJ�VSULQJ�ZKHQ�
WKH\�DUH�W\SLFDOO\�IHUWLOL]HG�ZLWK�DERXW����SRXQGV�SHU�
DFUH��)LJXUH��������$EUDKDPVRQ�HW�DO���������$GHJELGL�
HW�DO���������RI�FRPPHUFLDO�IHUWLOL]HU�RU�RUJDQLF�VRXUFHV�
OLNH�PDQXUH�RU�ELRVROLGV��7KH�ZLOORZV�DUH�DOORZHG�WR�
JURZ�IRU�DQRWKHU����WR���\HDU�URWDWLRQ�EHIRUH�WKH\�DUH�
KDUYHVWHG�DJDLQ��)LJXUH��������3URMHFWLRQV�LQGLFDWH�WKDW�
WKH�FURS�FDQ�EH�PDLQWDLQHG�IRU�VHYHQ�URWDWLRQV�EHIRUH�
WKH�URZV�RI�ZLOORZ�VWRROV�EHJLQ�WR�H[SDQG�WR�WKH�SRLQW�
WKDW�WKH\�DUH�QR�ORQJHU�DFFHVVLEOH�ZLWK�KDUYHVWLQJ�
HTXLSPHQW��$W�WKLV�SRLQW�WKH�FURS�FDQ�EH�UHSODQWHG�
E\�NLOOLQJ�WKH�H[LVWLQJ�VWRROV�ZLWK�KHUELFLGHV�DIWHU�
KDUYHVWLQJ�DQG�WKH�NLOOHG�VWRROV�DUH�FKRSSHG�XS�ZLWK�
D�KHDY\�GLVN�DQG�RU�JULQGLQJ�PDFKLQH�IROORZHG�E\�
SODQWLQJ�WKDW�\HDU�RU�WKH�IROORZLQJ�\HDU�

Potential yield and production costs.�$�UDSLG�JURZWK�
UDWH�LV�RQH�RI�WKH�DWWULEXWHV�WKDW�PDNHV�VKUXE�ZLOORZV�
DQ�DSSHDOLQJ�ELRPDVV�FURS��<LHOGV�RI�IHUWLOL]HG�DQG�
LUULJDWHG��XQLPSURYHG�YDULHWLHV�RI�ZLOORZ�JURZQ�IRU�
��\HDUV�KDYH�H[FHHGHG����GU\�WRQV�SHU�DFUH�SHU�\HDU�
�$GHJELGL�HW�DO���������/DEUHFTXH�DQG�7HRGRUHVFX��
�������'XH�WR�WKH�FRVWV�DVVRFLDWHG�ZLWK�LUULJDWLRQ�DQG�
WKH�UHODWLYHO\�ORZ�YDOXH�IRU�ELRPDVV��LUULJDWLRQ�ZLOO�
SUREDEO\�QRW�EH�XVHG�IRU�PRVW�ODUJH�VFDOH�SURGXFWLRQ�
RSHUDWLRQV��ZLWK�WKH�H[FHSWLRQ�RI�VLWXDWLRQV�ZKHUH�
ZLOORZ�FURSV�FRXOG�EH�LUULJDWHG�ZLWK�ZDVWHZDWHU�DV�
SDUW�RI�D�QXWULHQW�PDQDJHPHQW�SODQ��)LUVW�URWDWLRQ��
QRQ�LUULJDWHG�UHVHDUFK�VFDOH�WULDOV��ZLWK�XQLPSURYHG�
YDULHWLHV�LQ�FHQWUDO�1HZ�<RUN��KDYH�SURGXFHG�\LHOGV�
RI�����WR�����GU\�WRQV�SHU�DFUH�SHU�\HDU��$GHJELGL�HW�
DO���������������9RON�HW�DO����������6HFRQG�URWDWLRQ�
\LHOGV�RI�WKH�¿YH�EHVW�SURGXFLQJ�YDULHWLHV�LQ�WKHVH�WULDOV�
LQFUHDVHG�E\�����WR�����FRPSDUHG�WR�¿UVW�URWDWLRQV�
�9RON�HW�DO����������DQG�LQ�VXEVHTXHQW�URWDWLRQV��\LHOGV�
DUH�PDLQWDLQHG�DQG�ODUJHO\�GHSHQGHQW�RQ�ZHDWKHU�
FRQGLWLRQV��7KH�PRVW�UHFHQW�\LHOG�WULDOV�XVLQJ�LPSURYHG�
YDULHWLHV�RI�ZLOORZ�WKDW�KDYH�EHHQ�EUHG�DQG�VHOHFWHG�
IRU�ELRPDVV�SURGXFWLRQ�LQ�1HZ�<RUN�DUH�VKRZLQJ�\LHOG�
LQFUHDVHV�RI�����WR�����

Spring resprout after fall  
cutting of willowFigure 5.13

(Courtesy of T. Volk, SUNY)
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7KH�ODUJH�JHQHWLF�GLYHUVLW\�DFURVV�WKH�JHQXV�6DOL[�
DQG�WKH�OLPLWHG�GRPHVWLFDWLRQ�HIIRUWV�WR�GDWH�SURYLGH�
WUHPHQGRXV�SRWHQWLDO�WR�LPSURYH�\LHOG�DQG�RWKHU�
FKDUDFWHULVWLFV��VXFK�DV�LQVHFW�DQG�GLVHDVH�UHVLVWDQFH�
DQG�JURZWK�IRUP�RI�ZLOORZ�ELRPDVV�FURSV��7KH�VSHFLHV�
XVHG�LQ�ZRRG\�FURS�V\VWHPV�DUH�SULPDULO\�IURP�WKH�
subgenus Caprisalix (Vetrix���ZKLFK�KDV�RYHU�����
VSHFLHV�ZRUOGZLGH��.X]RYNLQD�HW�DO����������%UHHGLQJ�
DQG�VHOHFWLRQ�RI�ZLOORZ�ELRPDVV�FURSV�LQ�WKH�8QLWHG�
6WDWHV�EHJDQ�LQ�WKH�PLG�����V�DQG�KDV�FRQWLQXHG�ZLWK�
YDULRXV�OHYHOV�RI�HIIRUW�VLQFH�WKDW�WLPH��6PDUW�HW�DO���
�������6HOHFWLRQ�WULDOV�RI�QHZ�YDULHWLHV�IURP�WKH�LQLWLDO�
URXQGV�RI�WKH�EUHHGLQJ�SURJUDPV�LQ�WKH�ODWH�����V�
KDYH�SURGXFHG�\LHOGV�WKDW�DUH�XS�WR�����JUHDWHU�LQ�WKH�
¿UVW�URWDWLRQ�WKDQ�WKH�VWDQGDUG�YDULHWLHV�XVHG�LQ�HDUO\�
\LHOG�WULDOV��6HFRQG�URWDWLRQ�UHVXOWV�IURP�WKHVH�VDPH�
WULDOV�LQGLFDWH�WKDW�WKH�\LHOG�RI�VRPH�RI�WKH�QHZ�ZLOORZ�
YDULHWLHV�LV�PRUH�WKDQ�����JUHDWHU�WKDQ�WKH�VWDQGDUG�
YDULHWLHV��7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKHUH�LV�D�ODUJH�
SRWHQWLDO�WR�PDNH�XVH�RI�WKH�ZLGH�JHQHWLF�GLYHUVLW\�
RI�VKUXE�ZLOORZV�WR�LPSURYH�\LHOGV�ZLWK�WUDGLWLRQDO�
EUHHGLQJ�DQG�VHOHFWLRQ�

7KH�HFRQRPLFV�RI�ZLOORZ�ELRPDVV�FURSV�KDYH�EHHQ�
DQDO\]HG�XVLQJ�D�FDVK�ÀRZ�PRGHO��(FR:LOORZ�Y�����
�%HWD��WKDW�LV�SXEOLFDOO\�DYDLODEOH��%XFKKRO]�DQG�
9RON���������7KH�PRGHO�LQFRUSRUDWHV�DOO�WKH�VWDJHV�
RI�ZLOORZ�FURS�SURGXFWLRQ�IURP�VLWH�SUHSDUDWLRQ�DQG�
SODQWLQJ�WKURXJK�KDUYHVWLQJ�RYHU�PXOWLSOH�URWDWLRQV�WR�
WUDQVSRUWDWLRQ�RI�KDUYHVWHG�FKLSV�WR�DQ�HQG�XVHU��)RU�
WKH�EDVH�FDVH�VFHQDULR�LQ�(FR:LOORZ��WKH�LQWHUQDO�UDWH�
RI�UHWXUQ�RI�ZLOORZ�ELRPDVV�FURSV�RYHU�VHYHQ���\HDU�
KDUYHVW�F\FOHV�����\HDUV��LV�������DQG�WKH�SD\EDFN�LV�
UHDFKHG�LQ�WKH���WK�\HDU�DW�DVVXPHG�VDOH�SULFH�RI�����
SHU�GU\�WRQ��+DUYHVWLQJ��HVWDEOLVKPHQW��DQG�ODQG�UHQW�
DUH�WKH�PDLQ�H[SHQVHV�DVVRFLDWHG�ZLWK�ZLOORZ�ELRPDVV�
FURSV�RYHU�WKHLU�HQWLUH�OLIHVSDQ��PDNLQJ�XS�����������
DQG�����RI�WKH�WRWDO�XQGLVFRXQWHG�FRVWV��7KH�UHPDLQLQJ�
FRVWV��ZKLFK�LQFOXGH�FURS�UHPRYDO��DGPLQLVWUDWLYH�
FRVWV��DQG�IHUWLOL]HU�DSSOLFDWLRQV��DFFRXQW�IRU�DERXW�����
RI�WKH�WRWDO�FRVWV�

7KH�GHYHORSPHQW�RI�QHZ�KDUYHVWLQJ�WHFKQRORJ\�LV�
UHGXFLQJ�FRVWV�E\�RSWLPL]LQJ�SURGXFWLYLW\��$QRWKHU�
DSSURDFK�LV�WR�UHGXFH�WKH�IUHTXHQF\�RI�KDUYHVWLQJ�
RSHUDWLRQV��,QFUHDVLQJ�WKH�URWDWLRQ�OHQJWK�IURP���WR���
\HDUV�UHGXFHV�KDUYHVWLQJ�FRVWV�E\������IURP�������±

�������SHU�GU\�WRQ��DQG�LQFUHDVHV�WKH�,55�E\�����
�IURP�����±������

(VWDEOLVKPHQW�FRVWV�DUH�WKH�VHFRQG�ODUJHVW�FRVW�LQ�WKH�
ZLOORZ�ELRPDVV�FURS�SURGXFWLRQ�V\VWHP�DQG�DFFRXQW�
IRU�����RI�WKH�WRWDO�FRVW��2YHU�����RI�WKHVH�FRVWV�
DUH�IRU�SODQWLQJ�VWRFN��VR�GHFUHDVLQJ�WKLV�LQSXW�FRVW�
ZLOO�DIIHFW�WKH�RYHUDOO�HFRQRPLFV�RI�WKH�V\VWHP��)RU�
LQVWDQFH��GHFUHDVLQJ�FRVWV�IURP�D�FXWWLQJ�IURP�������WR�
������UHGXFHV�HVWDEOLVKPHQW�FRVWV�E\������SHU�DFUH�DQG�
LQFUHDVHV�WKH�,55�RI�WKH�V\VWHP�IURP������WR������

6HYHUDO�RWKHU�FRPSRQHQWV�RI�WKH�V\VWHP�QHHG�WR�EH�
GHYHORSHG�WR�LPSURYH�WKH�RYHUDOO�HFRQRPLFV�RI�ZLOORZ�
ELRPDVV�FURS�V\VWHPV��DQG�RQH�RI�WKH�PDLQ�RQHV�LV�
\LHOG��,QFUHDVLQJ�\LHOGV�IURP�WKH�EDVH�FDVH�RI�����GU\�
WRQV�SHU�DFUH�DQQXDOO\�E\�����WR���GU\�WRQV�SHU�DFUH�
SHU�\HDU�LQFUHDVHV�WKH�,55�IURP������WR��������:LWK�
RQJRLQJ�EUHHGLQJ�DQG�VHOHFWLRQ��DV�ZHOO�DV�HIIRUWV�
WR�LPSURYH�FURS�PDQDJHPHQW��WKHVH�OHYHOV�RI�\LHOG�
LQFUHDVHV�VKRXOG�EH�SRVVLEOH�LQ�WKH�QHDU�IXWXUH�

Sustainability.�:LOORZ�ELRPDVV�FURSV�DUH�EHLQJ�
GHYHORSHG�DV�VXVWDLQDEOH�V\VWHPV�WKDW�VLPXOWDQHRXVO\�
SURGXFH�D�VXLWH�RI�HFRORJLFDO�DQG�HQYLURQPHQWDO�
EHQH¿WV�LQ�DGGLWLRQ�WR�D�UHQHZDEOH�IHHGVWRFN�IRU�
ELRSURGXFWV�DQG�ELRHQHUJ\��9RON�HW�DO���������5RZH�HW�
DO����������7KH�SHUHQQLDO�QDWXUH�DQG�H[WHQVLYH�¿QH�URRW�
V\VWHP�RI�ZLOORZ�FURSV�UHGXFH�VRLO�HURVLRQ�DQG�QRQ��
SRLQW�VRXUFH�SROOXWLRQ�UHODWLYH�WR�DQQXDO�FURSV��SURPRWH�
VWDEOH�QXWULHQW�F\FOLQJ��DQG�HQKDQFH�VRLO�FDUERQ�
VWRUDJH�LQ�URRWV�DQG�WKH�VRLO��5DQQH\�DQG�0DQQ��������
$URQVVRQ�HW�DO���������7ROEHUW�HW�DO���������8O]HQ�
$SSLDK���������,Q�DGGLWLRQ��WKH�FURS�LV�FRQVWDQWO\�LQ�
LWV�UDSLG�MXYHQLOH�JURZWK�VWDJH��VR�WKH�GHPDQG�IRU�
QXWULHQWV�LV�KLJK��ZKLFK�UHVXOWV�LQ�YHU\�ORZ�OHDFKLQJ�
UDWHV�RI�QLWURJHQ��HYHQ�ZKHQ�UDWHV�RI�DSSOLFDWLRQV�
H[FHHG�ZKDW�LV�QHHGHG�IRU�SODQW�JURZWK��$GHJELGL��
������0RUWHQVHQ�HW�DO���������$URQVVRQ�HW�DO����������
7KH�SHULRG�ZLWK�WKH�JUHDWHVW�SRWHQWLDO�IRU�VRLO�HURVLRQ�
DQG�QRQSRLQW�VRXUFH�SROOXWLRQ�LV�GXULQJ�WKH�¿UVW�����
\HDUV�RI�HVWDEOLVKPHQW�RI�WKH�FURS�ZKHQ�FRYHU�LV�RIWHQ�
OLPLWHG�EHFDXVH�ZHHGV�QHHG�WR�EH�FRQWUROOHG�DQG�WKH�
ZLOORZ�FDQRS\�KDV�QRW�FORVHG��7KH�XVH�RI�D�ZLQWHU�
U\H�FRYHU�FURS�KDV�SURYHQ�WR�EH�HIIHFWLYH�DW�SURYLGLQJ�
FRYHU�IRU�WKH�VRLO�ZLWKRXW�LPSHGLQJ�WKH�HVWDEOLVKPHQW�
RI�WKH�ZLOORZ�FURS��9RON���������6LQFH�KHUELFLGHV�
DUH�RQO\�XVHG�WR�FRQWURO�ZHHG�FRPSHWLWLRQ�GXULQJ�WKH�
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HVWDEOLVKPHQW�SKDVH�RI�ZLOORZ�ELRPDVV�FURSV��WKH�
DPRXQW�RI�KHUELFLGHV�DSSOLHG�SHU�KHFWDUH�LV�DERXW�����
RI�WKDW�XVHG�LQ�D�W\SLFDO�FRUQ�DOIDOID�URWDWLRQ�LQ�XSVWDWH�
1HZ�<RUN�

1XWULHQW�UHPRYDO�IURP�ZLOORZ�ELRPDVV�FURSV�LV�
OLPLWHG�EHFDXVH�RQO\�WKH�DERYHJURXQG�ZRRG\�SRUWLRQ�
RI�WKH�FURS�LV�KDUYHVWHG�GXULQJ�WKH�GRUPDQW�VHDVRQ�
DIWHU�WKH�OHDYHV�KDYH�GURSSHG�DQG�PRVW�QXWULHQWV�KDYH�
EHHQ�WUDQVORFDWHG�WR�WKH�URRW�V\VWHP��1XWULHQWV�QRW�
WUDQVORFDWHG�IURP�WKH�IROLDJH�DUH�UHWXUQHG�WR�WKH�V\VWHP�
LQ�OLWWHU��)RU�PRVW�VRLOV�LQ�WKH�UHJLRQ�ZKHUH�ZLOORZ�
LV�EHLQJ�GHSOR\HG��WKH�RQO\�QXWULHQW�DGGLWLRQ�WKDW�LV�
UHFRPPHQGHG�LV�QLWURJHQ��ZKLFK�LV�W\SLFDOO\�DGGHG�
DW�WKH�UDWH�RI�DERXW�����SRXQGV�RI�QLWURJHQ�SHU�DFUH�
RQFH�HYHU\���WR���\HDUV�LQ�WKH�VSULQJ�DIWHU�WKH�FURS�LV�
KDUYHVWHG��+RZHYHU��UHVHDUFK�LV�RQJRLQJ�WR�DGGUHVV�
FRQFHUQV�DERXW�QXWULHQW�PDQDJHPHQW�DFURVV�D�UDQJH�RI�
VLWHV�ZLWK�QHZ�YDULHWLHV�RI�ZLOORZ�

7KH�UHFRPPHQGHG�SODQWLQJ�VFKHPH�IRU�ZLOORZ�
ELRPDVV�FURSV�LV�GHVLJQHG�WR�PDLQWDLQ�ERWK�JHQHWLF�DQG�
VWUXFWXUDO�GLYHUVLW\�DFURVV�D�¿HOG�DQG�WKH�ODQGVFDSH��
%ORFNV�RI�IRXU�RU�PRUH�ZLOORZ�YDULHWLHV�IURP�GLIIHUHQW�
GLYHUVLW\�JURXSV�VKRXOG�EH�SODQWHG�LQ�HDFK�¿HOG�VR�WKDW�
WKH�VWUXFWXUDO�DQG�IXQFWLRQDO�GLYHUVLW\�RI�WKH�V\VWHP�
DFURVV�WKH�¿HOG�LV�LPSURYHG�DQG�DQ\�SRWHQWLDO�LPSDFW�
DVVRFLDWHG�ZLWK�SHVWV�DQG�GLVHDVHV�LQ�WKH�IXWXUH�LV�
UHGXFHG��)LJXUH��������$W�WKH�ODQGVFDSH�OHYHO��ZLOORZ�
ELRPDVV�FURSV�ZLOO�EH�LQ�GLIIHUHQW�VWDJHV�RI�JURZWK�
HDFK�\HDU�EHFDXVH�WKH\�DUH�PDQDJHG�RQ�D�WKUHH�\HDU�
FRSSLFH�F\FOH��ZKLFK�ZLOO�IXUWKHU�LQFUHDVH�WKH�VWUXFWXUDO�
GLYHUVLW\�RI�WKH�V\VWHP�

%LUGV�DUH�RQH�LQGLFDWRU�RI�WKH�ELRGLYHUVLW\�VXSSRUWHG�
E\�ZLOORZ�ELRPDVV�FURSV�WKDW�KDYH�EHHQ�VWXGLHG�LQ�
WKH�8QLWHG�6WDWHV��$�VWXG\�RI�ELUG�GLYHUVLW\�LQ�ZLOORZ�
ELRPDVV�FURSV�RYHU�VHYHUDO�\HDUV�IRXQG�WKDW�WKHVH�
V\VWHPV�SURYLGH�JRRG�IRUDJLQJ�DQG�QHVWLQJ�KDELWDW�IRU�
D�GLYHUVH�DUUD\�RI�ELUG�VSHFLHV��'KRQGW�HW�DO����������
7KLUW\�QLQH�GLIIHUHQW�VSHFLHV�PDGH�UHJXODU�XVH�RI�WKH�
ZLOORZ�FURSV�DQG����RI�WKHVH�VSHFLHV�QHVWHG�LQ�WKHP��
7KH�VWXG\�IRXQG�WKDW�GLYHUVLW\�LQFUHDVHG�DV�WKH�DJH�RI�
WKH�ZLOORZV�DQG�WKH�VL]H�RI�WKH�SODQWLQJV�LQFUHDVHG�

,W�DOVR�IRXQG�WKDW�ELUGV�KDYH�SUHIHUHQFHV�IRU�VRPH�
YDULHWLHV�RI�ZLOORZ�RYHU�RWKHUV��'KRQGW�HW�DO����������
7KH�QXPEHU�RI�ELUG�VSHFLHV�VXSSRUWHG�LQ�ZLOORZ�
ELRPDVV�FURSV�ZDV�VLPLODU�WR�QDWXUDO�HFRV\VWHPV��

VXFK�DV�HDUO\�VXFFHVVLRQ�KDELWDWV�DQG�LQWDFW�HDVWHUQ�
GHFLGXRXV�IRUHVW�QDWXUDO�HFRV\VWHPV��:LOORZ�ELRPDVV�
FURSV�ZLOO�LQFUHDVH�GLYHUVLW\��HVSHFLDOO\�LQ�FRQWUDVW�WR�
WKH�RSHQ�DJULFXOWXUDO�ODQG�WKDW�LW�ZLOO�UHSODFH��UDWKHU�
WKDQ�FUHDWLQJ�PRQRFXOWXUHV�ZLWK�D�OLPLWHG�GLYHUVLW\�
DFURVV�WKH�ODQGVFDSH�/LIHF\FOH�DQDO\VLV�RI�ZLOORZ�
ELRPDVV�FURSV�KDV�VKRZQ�WKDW�WKH\�DUH�ORZ�FDUERQ�
IXHOV�EHFDXVH�WKH�DPRXQW�RI�&22�WDNHQ�XS�DQG�¿[HG�
E\�WKH�FURS�GXULQJ�SKRWRV\QWKHVLV�LV�DOPRVW�HTXDO�
WR�WKH�DPRXQW�RI�&22�WKDW�LV�UHOHDVHG�GXULQJ�WKH�
SURGXFWLRQ��KDUYHVW��WUDQVSRUWDWLRQ��DQG�FRQYHUVLRQ�RI�
WKH�ELRPDVV�FURS�WR�UHQHZDEOH�HQHUJ\��+HOOHU�HW�DO���
�������7KH�F\FOH�LV�EDODQFHG�IRU�DOO�WKH�&22�LQSXWV�
LQWR�WKH�DWPRVSKHUH�IURP�WKH�V\VWHP�EHFDXVH�RQO\�WKH�
DERYHJURXQG�SRUWLRQ�RI�WKH�ZLOORZ�ELRPDVV�FURS�LV�
KDUYHVWHG�DQG�XVHG�LQ�WKH�FRQYHUVLRQ�SURFHVV��:KHQ�
ZLOORZ�ELRPDVV�LV�XVHG�WR�RIIVHW�IRVVLO�IXHOV��LW�FDQ�KHOS�
UHGXFH�WKH�DPRXQW�RI�&22�HPLWWHG�WR�WKH�DWPRVSKHUH��
,I�WKH����PLOOLRQ�DFUHV�RI�DYDLODEOH�ODQG�LQ�WKH�8QLWHG�
6WDWHV�ZHUH�SODQWHG�DQG�KDUYHVWHG�ZLWK�VKRUW�URWDWLRQ�
ZRRG\�FURSV�WR�RIIVHW�FRDO�XVH�IRU�SRZHU�SURGXFWLRQ��
XS�WR���������TXDGULOOLRQ�WRQV�FDUERQ�SHU�\HDU��RI�
WKH�FDUERQ�RIIVHW�WDUJHWV�IRU�WKH�8QLWHG�6WDWHV�XQGHU�
WKH�.\RWR�3URWRFRO�FRXOG�EH�PHW��7XVNDQ�DQG�:DOVK��
������

7KH�ORZ�LQSXW�LQWHQVLW\�RI�ZLOORZ�ELRPDVV�FURSV�
UHODWLYH�WR�DJULFXOWXUDO�FURSV�DQG�WKHLU�SHUHQQLDO�QDWXUH�
UHVXOW�LQ�D�ODUJH��SRVLWLYH�QHW�HQHUJ\�UDWLR�IRU�WKH�
ELRPDVV�WKDW�LV�SURGXFHG��$FFRXQWLQJ�IRU�DOO�WKH�HQHUJ\�
LQSXWV�LQWR�WKH�SURGXFWLRQ�V\VWHP��VWDUWLQJ�ZLWK�WKH�
QXUVHU\�ZKHUH�WKH�SODQWLQJ�VWRFN�LV�JURZQ�WKURXJK�WR�
WKH�KDUYHVWLQJ�RI�ELRPDVV��FRQYHUWLQJ�LW�WR�FKLSV�DQG�
GHOLYHULQJ�LW�WR�WKH�VLGH�RI�WKH�¿HOG��UHVXOWV�LQ�D�QHW�
HQHUJ\�UDWLR�RI�������+HOOHU�HW�DO����������7KLV�PHDQV�
WKDW�IRU�HYHU\�XQLW�RI�QRQUHQHZDEOH�IRVVLO�IXHO�HQHUJ\�
XVHG�WR�JURZ�DQG�KDUYHVW�ZLOORZ�����XQLWV�RI�HQHUJ\�DUH�
SURGXFHG�DQG�VWRUHG�LQ�ELRPDVV��5HSODFLQJ�FRPPHUFLDO�
QLWURJHQ�IHUWLOL]HUV��ZKLFK�DUH�SURGXFHG�ZLWK�ODUJH�
LQSXWV�RI�IRVVLO�IXHOV��ZLWK�RUJDQLF�DPHQGPHQWV��VXFK�
DV�ELRVROLGV��FDQ�LQFUHDVH�WKH�QHW�HQHUJ\�UDWLR�WR���±���
�+HOOHU�HW�DO����������7UDQVSRUWLQJ�WKH�ZRRG\�ELRPDVV�
���PLOHV�IURP�WKH�HGJH�RI�WKH�¿HOG�WR�D�FRDO�SODQW�
ZKHUH�LW�LV�FR�¿UHG�ZLWK�FRDO�WR�JHQHUDWH�HOHFWULFLW\�
UHVXOWV�LQ�D�QHW�HQHUJ\�UDWLR�RI�������,I�D�JDVL¿FDWLRQ�
FRQYHUVLRQ�V\VWHP�LV�XVHG��WKH�QHW�HQHUJ\�UDWLR�LV�
VOLJKWO\�KLJKHU��.HROHLDQ�DQG�9RON��������
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Conclusions.�6KUXE�ZLOORZV�KDYH�WKH�SRWHQWLDO�WR�EH�
JURZQ�RQ�PDUJLQDO�DJULFXOWXUDO�ODQG�DV�D�GHGLFDWHG�
HQHUJ\�FURS�DFURVV�D�ODUJH�UDQJH�LQ�WKH�8QLWHG�
6WDWHV��7KH�GHFDGHV�RI�UHVHDUFK�LQ�(XURSH�DQG�1RUWK�
$PHULFD�SURYLGH�D�VROLG�IRXQGDWLRQ�IRU�WKH�ODUJH�
VFDOH�GHSOR\PHQW�RI�WKH�FURS��7KLV�WUDQVLWLRQ�KDV�
EHJXQ�ZLWK�QHZ�YDULHWLHV�RI�VKUXE�ZLOORZ�EHLQJ�
VFDOHG�XS�LQ�FRPPHUFLDO�QXUVHULHV�LQ�WKH�8QLWHG�6WDWHV�
DQG�&DQDGD��DQG�WKH�HQJDJHPHQW�RI�DJULFXOWXUDO�
HTXLSPHQW�PDQXIDFWXUHUV��OLNH�&DVH�1HZ�+ROODQG��
LQ�WKH�GHYHORSPHQW�RI�KDUYHVWLQJ�V\VWHPV��7KH�

FRQWLQXHG�RSWLPL]DWLRQ�RI�WKH�ZLOORZ�FURS�SURGXFWLRQ�
V\VWHP��D�VWURQJ�EUHHGLQJ�DQG�VHOHFWLRQ�SURJUDP��DQG�
TXDQWL¿FDWLRQ�RI�WKH�HQYLURQPHQWDO�DQG�VRFLRHFRQRPLF�
EHQH¿WV�DVVRFLDWHG�ZLWK�WKH�FURS�DUH�LPSRUWDQW�IRU�WKH�
HIIHFWLYH�DQG�VXFFHVVIXO�H[SDQVLRQ�RI�ZLOORZ�ELRPDVV�
FURSV��7KH�SURSHU�GHSOR\PHQW�RI�ZLOORZ�ELRPDVV�FURSV�
KDV�WKH�SRWHQWLDO�WR�SXW�PLOOLRQV�RI�DFUHV�RI�PDUJLQDO�
DJULFXOWXUDO�ODQG�EDFN�LQWR�SURGXFWLRQ��DQQXDOO\�
SURGXFH�PLOOLRQV�RI�WRQV�RI�ELRPDVV��FUHDWH�WKRXVDQGV�
RI�UXUDO�MREV��DQG�SURGXFH�DQ�DUUD\�RI�HQYLURQPHQWDO�
EHQH¿WV�

5.1.7 Eucalyptus
Eucalyptus spp. LV�WKH�ZRUOG¶V�PRVW�ZLGHO\�SODQWHG�
KDUGZRRG�VSHFLHV��,WV�IDVW��XQLIRUP�JURZWK��VHOI��
SUXQLQJ��DQG�DELOLW\�WR�FRSSLFH��UHJURZ�DIWHU�KDUYHVW��
PDNH�LW�D�GHVLUDEOH�VSHFLHV�IRU�WLPEHU��SXOSZRRG��
DQG�ELRHQHUJ\�IHHGVWRFNV��)LJXUH��������,W�KDV�EHHQ�
GRPHVWLFDWHG�IRU�YDULRXV�SURGXFWV�DQG�KDV�EHHQ�ZLGHO\�
FRPPHUFLDOL]HG�LQ�WKH�WURSLFV�DQG�VXEWURSLFV�

,Q�WKH�8QLWHG�6WDWHV��HXFDO\SWXV�ZDV�LQWURGXFHG�
DV�HDUO\�DV�WKH�����V�RQ�WKH�:HVW�&RDVW�WR�
SURGXFH�GLPHQVLRQ�OXPEHU�DQG�KDV�EHHQ�SURGXFHG�
FRPPHUFLDOO\�LQ�)ORULGD�VLQFH�WKH�����V��7KRXJK�
HXFDO\SWXV�KDV�QDWXUDOL]HG�LQ�DUHDV�RI�WKH�6RXWKZHVW�
UDLVLQJ�FRQFHUQV�RI�LQYDVLYHQHVV��WKHUH�LV�QR�HYLGHQFH�
RI�VSUHDGLQJ�LQ�WKH�*XOI�6RXWK��,Q�DQWLFLSDWLRQ�RI�DQ�
LQFUHDVHG�UROH�LQ�ELRPDVV�SURGXFWLRQ��RQJRLQJ�HIIRUWV�
DLP�WR�GHYHORS�HXFDO\SWXV�FXOWLYDUV�IRU�LPSURYHG�\LHOG�
DQG�IURVW�UHVLVWDQFH�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV�

Biology and adaptation.�7KHUH�DUH�RYHU�����VSHFLHV�
RI�HXFDO\SWXV��DGDSWHG�WR�YDULRXV�HFRORJLFDO�FRQGLWLRQV�
DFURVV�LWV�QDWLYH�UDQJH�RI�$XVWUDOLD��/HVV�WKDQ����
VSHFLHV�DUH�FRPPHUFLDOO\�VLJQL¿FDQW�ZRUOGZLGH��,Q�WKH�
6RXWK��JHQHWLF�LPSURYHPHQW�SURJUDPV�DUH�VHOHFWHG�IRU�
IDVW�JURZWK��FROG�WROHUDQFH��GHVLUDEOH�JURZWK�IRUP��DQG�
UHGXFHG�OLJQLQ��*HQHWLF�LPSURYHPHQW�SURJUDPV�DLP�
WR�LPSURYH�YDULHWLHV�IRU�YDULRXV�JURZLQJ�FRQGLWLRQV�
�*RQ]DOH]�HW�DO���������5RFNZRRG�DQG�&DUWHU������D��

Production and silviculture. (XFDO\SWXV�SURGXFWLRQ�
SUDFWLFHV�LQ�GLIIHUHQW�SDUWV�RI�WKH�ZRUOG�YDU\�
ZLWK�VLWH�FRQGLWLRQV��GHVLUHG�SURGXFWV��DQG�VFDOH�
RI�FRPPHUFLDOL]DWLRQ��*HQHWLF�VHOHFWLRQ�KDV�OHG�

WR�FRPPHUFLDOL]DWLRQ�RI�JHQRW\SHV�ZLWK�XQLTXH�
DGYDQWDJHV�LQ�GLIIHUHQW�DSSOLFDWLRQV��7KH\�DUH�
FRPPHUFLDOO\�SURSDJDWHG�E\�ERWK�VHHG�DQG�FORQLQJ�RI�
WLVVXH�FXOWXUH��)RU�FRQYHQWLRQDO�SXOSZRRG�SURGXFWLRQ��
VWDQGV�DUH�W\SLFDOO\�HVWDEOLVKHG�DW�D�SODQWLQJ�GHQVLW\�
RI����±������WUHHV�SHU�DFUH��DQG�KDUYHVWHG�HYHU\��±���
\HDUV��7KH\�PD\�EH�UHSODQWHG�DW�KDUYHVW��ZKLFK�FDQ�
EHQH¿W�IURP�LPSURYHG�JHQHWLF�PDWHULDO��RU�UHJHQHUDWHG�
IURP�FRSSLFH�JURZWK��ZKLFK�HOLPLQDWHV�WKH�FRVW�RI�
UHSODQWLQJ��(FRQRPLFDOO\�RSWLPXP�WLPH�EHWZHHQ�
KDUYHVWV�PD\�EH��±��\HDUV��ZLWK�UHSODQWLQJ�DIWHU��±��
KDUYHVWV��RQ�VWDQGV�ZLWK�LQLWLDO�GHQVLWLHV�RI�������
WUHHV�SHU�DFUH�LQ�)ORULGD��/DQJKROW]�HW�DO����������

(Courtesy of ArborGen and R. Gonzalez, NCSU)

Eucalyptus plantation in Florida Figure 5.14
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6LOYLFXOWXUDO�VWUDWHJLHV�LQ�WKH�8QLWHG�6WDWHV�FRQWLQXH�
WR�HYROYH�ZLWK�FKDQJLQJ�PDUNHWV��JHQRW\SHV��DQG�
DSSOLFDWLRQV�

%HFDXVH�RI�KLJK�JURZWK�UDWHV�DQG�WROHUDQFH�WR�D�UDQJH�
RI�JURZLQJ�FRQGLWLRQV��HXFDO\SWXV�FDQ�EH�SURGXFHG�LQ�
LQQRYDWLYH�ZD\V��SURYLGLQJ�QRQ�PDUNHW�EHQH¿WV��)RU�
H[DPSOH��UHVHDUFK�WULDOV�GHPRQVWUDWH�WKDW�E. grandis 
and E. amplifolia�FDQ�EH�XVHG�IRU�UHVWRUDWLRQ�RI�
SKRVSKDWH�PLQHG�ODQGV��5RFNZRRG�DQG�&DUWHU������E��
/DQJKROW]�HW�DO����������������Eucalyptus VSS��KDV�EHHQ�
VKRZQ�WR�EH�HIIHFWLYH�DW�SK\WRUHPHGLDWLRQ�RI�UHFODLPHG�
ZDVWHZDWHU��PXQLFLSDO�ZDVWH��VWRUP�ZDWHU��DQG�DUVHQLF��
DQG�WULFKORURHWK\OHQH�FRQWDPLQDWHG�VLWHV��5RFNZRRG�
HW�DO���������/DQJKROW]�HW�DO����������(XFDO\SWXV�
SODQWDWLRQV�WKDW�SURYLGH�WKHVH�W\SHV�RI�HQYLURQPHQWDO�
VHUYLFHV�PD\�EH�YLHZHG�PRUH�IDYRUDEO\�E\�WKH�SXEOLF��
DQG�FRPSHQVDWLRQ�IRU�QRQ�PDUNHW�HQYLURQPHQWDO�
VHUYLFHV�ZRXOG�LPSURYH�WKH�SUR¿WDELOLW\�RI�WKHVH�
systems. 

Potential yield and production costs.�(XFDO\SWXV�
\LHOGV�DUH�LQÀXHQFHG�E\�SUHFLSLWDWLRQ��IHUWLOLW\��VRLO��
ORFDWLRQ��DQG�JHQHWLFV��Eucalyptus VSS��\LHOGHG�
���±�����GU\�WRQV�SHU�DFUH�DQQXDOO\�DIWHU��±��\HDUV�
RI�JURZWK�RQ�D�FOD\�VHWWOLQJ�DUHD�LQ�FHQWUDO�)ORULGD��
FRPSDUDEOH�WR����±�����GU\�WRQV�SHU�DFUH�HVWLPDWHG�IRU�
HXFDO\SWXV�LQ�)ORULGD��5DKPDQL�HW�DO����������EXW�KLJKHU�
WKDQ�WKH�HVWLPDWHG��±����GU\�WRQV�SHU�DFUH�HVWLPDWHG�
E\�.ODVV���������ZKR�REVHUYHG�WKDW�\LHOGV�FRXOG�EH�
LPSURYHG�ZLWK�65:&�GHYHORSPHQW�LQ�WKH�VXEWURSLFDO�
6RXWK��E. grandis�LV�D�KLJK�\LHOGLQJ�VSHFLHV�LQ�VRXWKHUQ�

)ORULGD��ZKLOH�E. amplifolia�KDV�WKH�DGYDQWDJH�RI�EHLQJ�
PRUH�IURVW�WROHUDQW��ZLWK�FXUUHQW�WULDOV�DV�IDU�QRUWK�DV�
6RXWK�&DUROLQD��7KH�VXEVHTXHQW�DQDO\VLV�LQ�WKLV�UHSRUW�
DVVXPHV�D�FRQVHUYDWLYH�DQQXDO�\LHOG�DYHUDJH�RI�����GU\�
WRQV�SHU�DFUH�

Sustainability.�,QWHQVLYH�PDQDJHPHQW�RI�HXFDO\SWXV��
FKDUDFWHUL]HG�E\�VKRUW�URWDWLRQV�RI�JHQHWLFDOO\�XQLIRUP�
PRQRFXOWXUHV��KDV�GUDPDWLFDOO\�LQFUHDVHG�\LHOGV�RYHU�
UHFHQW�GHFDGHV��7KHVH�WUHH�SODQWDWLRQV�PDLQWDLQ�VRPH�
VXVWDLQDELOLW\�DWWULEXWHV�DVVRFLDWHG�ZLWK�IRUHVWHG�
ODQGVFDSHV��ZKLOH�DW�WKH�VDPH�WLPH�IDFLQJ�VXVWDLQDELOLW\�
FKDOOHQJHV�FRPPRQ�LQ�DJULFXOWXUH��%LQNOH\�DQG�
6WDSH���������,QIUHTXHQW�WLOOLQJ�LQ�WUHH�SODQWDWLRQV�
UHGXFHV�ULVN�RI�VRLO�HURVLRQ�DVVRFLDWHG�ZLWK�DQQXDO�
FURSV��DQG�FDUERQ�VHTXHVWHUHG�LQ�HXFDO\SWXV�VWDQG�
ELRPDVV�H[FHHGV�WKH�DPRXQW�RI�FDUERQ�VHTXHVWHUHG�LQ�
KHUEDFHRXV�FURSV�

Conclusions. (XFDO\SWXV�KDV�SURYHQ�WR�EH�RQH�RI�WKH�
PRVW�SURGXFWLYH�DQG�HFRQRPLFDOO\�YLDEOH�ELRPDVV�
FURSV�LQ�WKH�ZRUOG��ZLWK�H[SDQVLYH�FRPPHUFLDOL]DWLRQ�
RQ�DOO�SRSXODWHG�FRQWLQHQWV��$V�ZLWK�RWKHU�ELRPDVV�
FURSV��KLJK�\LHOGV�UHTXLUH�IHUWLOL]DWLRQ�DQG�ZDWHU��
,QWHQVLYHO\�PDQDJHG�SODQWDWLRQV�RIIHU�ERWK�
HQYLURQPHQWDO�EHQH¿WV�RYHU�FRQYHQWLRQDO�DJULFXOWXUDO�
V\VWHPV�DQG�SRWHQWLDO�HQYLURQPHQWDO�GRZQVLGHV�LI�
QDWLYH�HFRV\VWHPV�DUH�GLVSODFHG��,W�LV�H[SHFWHG�WKDW�
HXFDO\SWXV�ZLOO�FRQWLQXH�WR�EH�SURGXFHG�FRPPHUFLDOO\�
LQ�WKH�8QLWHG�6WDWHV�DQG�ZLOO�SOD\�DQ�LQFUHDVLQJ�UROH�DV�
D�IHHGVWRFN�IRU�ELRHQHUJ\�V\VWHPV�

5.1.8 Southern Pines 
3LQHV�FRPSULVHG�����RI�WKH�WUHH�VSHFLHV�SODQWHG�
IRU�SURGXFWLRQ�SXUSRVHV�DURXQG�WKH�ZRUOG�LQ������
�)$2��������DQG�����RI�WUHH�VSHFLHV�SODQWHG�LQ�WKH�
VRXWKHUQ�8QLWHG�6WDWHV��86'$�)RUHVW�6HUYLFH������E���
6RIWZRRGV�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV�DOUHDG\�
FRQWULEXWH�����RI�WKH�WRWDO�DQQXDO�LQGXVWULDO�ZRRG�
VXSSO\�RI�URXQGZRRG��86'$�)RUHVW�6HUYLFH������F��
DQG�����RI�VRXWKHUQ�VRIWZRRGV�DUH�XVHG�IRU�SXOSZRRG�
DQG�FRPSRVLWHV��%HFDXVH�WKH�¿EHU�LQGXVWU\�KDV�ORQJ�
XVHG�ERWK�EDUN�DQG�EODFN�OLTXRU�WR�SURGXFH�HQHUJ\�IRU�
UXQQLQJ�WKH�SXOS�PLOOV��VRXWKHUQ�SLQHV�DUH�DOUHDG\�D�
VLJQL¿FDQW�FRQWULEXWRU�WR�8�6��ELRPDVV�HQHUJ\�

Biology and adaptation. /REOROO\�SLQH��Pinus taeda 
/���LV�WKH�PRVW�LPSRUWDQW�DQG�ZLGHO\�FXOWLYDWHG�WLPEHU�
VSHFLHV�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV��%HFDXVH�LW�JURZV�
UDSLGO\�RQ�D�ZLGH�UDQJH�RI�VLWHV��LW�LV�H[WHQVLYHO\�
SODQWHG�IRU�OXPEHU�DQG�SXOSZRRG��)LJXUH��������7KLV�
WUHH�LV�GRPLQDQW�RQ����PLOOLRQ�DFUHV�DQG�FRPSULVHV�
RYHU�KDOI�RI�WKH�VWDQGLQJ�SLQH�YROXPH�LQ�WKH�6RXWK�
�86'$�)RUHVW�6HUYLFH������F���$�PHGLXP�OLYHG�
OREOROO\�PDWXUHV�LQ�DERXW�����\HDUV��ZLWK�VHOHFW�WUHHV�
UHDFKLQJ�����\HDUV�LQ�DJH��2WKHU�SLQH�VSHFLHV�DUH�
IRXQG�LQ�WKH�6RXWK��LQFOXGLQJ�VODVK�SLQH��Pinus elliottii 
(QJOHP���ORQJOHDI�SLQH��Pinus palustris�0LOO���DQG�
VKRUWOHDI�SLQH��Pinus echinata�0LOO���K\EULGV�RI�OREOROO\�
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DQG�WKH�WKUHH�RWKHU�VSHFLHV�DUH�DOVR�IRXQG��3HWHU���������
2I�WKHVH��OREOROO\�DQG�VODVK�SLQH�DUH�PRVW�IUHTXHQWO\�
SODQWHG��DQG�OREOROO\�LV�WKH�PRVW�LPSRUWDQW�VRXWKHUQ�
SLQH�IRU�ELRHQHUJ\�IHHGVWRFN�SURGXFWLRQ��/REOROO\�
VKRZV�D�VWURQJ�JURZWK�UHVSRQVH�WR�PDQDJHPHQW�LQSXWV�
DQG�LV�WKH�EHVW�FKRLFH�RQ�JRRG�VLWHV�ZLWK�EHWWHU�GUDLQHG�
VRLOV�ZKHUH�KDUGZRRG�FRPSHWLWLRQ�LV�D�SUREOHP�

Production and silviculture.�,PSURYHPHQWV�LQ�SLQH�
VLOYLFXOWXUH�KDYH�UHVXOWHG�LQ�LPSURYLQJ�VRXWKHUQ�8�6��
SLQH�SURGXFWLYLW\�E\�D�IDFWRU�RI�DERXW���VLQFH�WKH�
����V�DQG�LQFUHDVLQJ�WKH�QXPEHU�RI�SODQWHG�DFUHV�RI�
DOO�SLQHV�IURP�]HUR�LQ������WR��������PLOOLRQ�DFUHV�E\�
\HDU�������86'$�)RUHVW�6HUYLFH������D���7KH�FKDQJH�
IURP�UHO\LQJ�RQ�QDWXUDO�SLQH�VWDQGV�WR�HVWDEOLVKLQJ�
DQG�LQWHQVLYHO\�PDQDJLQJ�SLQH�SODQWDWLRQV�IRU�¿EHU�
SURGXFWLRQ�LV�RQH�RI�WKH�PDMRU�VXFFHVV�VWRULHV�LQ�
SODQWDWLRQ�IRUHVWU\��)R[�HW�DO�������E���/REOROO\�SLQHV�
DUH�QRZ�GHHPHG�WR�EH�RQH�RI�WKH�PRVW�SURGXFWLYH�
VSHFLHV�WKDW�FRXOG�EH�XVHG�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV�
IRU�VXSSO\LQJ�ELRHQHUJ\�UHVRXUFHV��*RQ]DOH]�HW�DO���
������

/REOROO\�SLQHV�DUH�QRUPDOO\�SODQWHG�DV���\HDU�ROG�
EDUH�URRW�VHHGOLQJV��WKRXJK�WKH�PRUH�H[SHQVLYH�
FRQWDLQHUL]HG�VHHGOLQJV�RIIHU�VHYHUDO�DGYDQWDJHV��
LQFOXGLQJ�EHWWHU�VXUYLYDO��7D\ORU���������3URGXFWLRQ�

RI�EDUH�URRW�VHHGOLQJV�LQYROYHV�SODQWLQJ�VHHG�LQ�
VSHFLDOL]HG�EHGV�ZLWK�FRQWUROOHG�FRQGLWLRQV�IRU��±���
PRQWKV��WRS�SUXQLQJ��OLIWLQJ��DQG�JUDGLQJ��&XUUHQWO\�����
WR�����ELOOLRQ�OREOROO\�DQG�VODVK�SLQH�EDUH�URRW�VHHGOLQJV�
DUH�VROG�DQQXDOO\�IRU�IRUHVW�SODQWLQJ��(VVHQWLDOO\�DOO�RI�
WKH�VHHG�LV�JHQHWLFDOO\�LPSURYHG�IRU�JURZWK�DQG�GLVHDVH�
UHVLVWDQFH��ZLWK�����RI�WKH�VHHGOLQJV�EHLQJ�OREOROO\�
SLQH�DQG�����VODVK�SLQH��3HWHU��������

0DQ\�VWHSV�KDYH�FRQWULEXWHG�WR�LPSURYLQJ�WKH�
SURGXFWLYLW\�RI�OREOROO\�SLQH�LQ�WKH�6RXWK��6WDQWXUI�HW�
DO�������D��)R[�HW�DO�������D���1DWXUDOO\�UHJHQHUDWHG�
IRUHVWV�ZHUH�WKH�FRPPRQ�SUDFWLFH�IURP�WKH�����V�
WKURXJK�WKH�����V��ZLWK�YHU\�ORZ�DQQXDO�SURGXFWLYLW\��
,PSURYHG�QXUVHU\�DQG�¿HOG�SODQWLQJ�SUDFWLFHV�EHJDQ�
LQ�WKH�����V�ZLWK�FRQWLQXHG�LPSURYHPHQW�WKURXJK�
WKH�����V��DQG�DV�D�UHVXOW��ZKROH�WUHH�DERYHJURXQG�
\LHOGV�WULSOHG��6HHG�RUFKDUGV�GHGLFDWHG�WR�VHHG�
LPSURYHPHQW�ZHUH�¿UVW�HVWDEOLVKHG�LQ�WKH�ODWH�����V��
7KH�¿UVW�JHQHUDWLRQ�LPSURYHG�VHHGV�LQFUHDVHG�YDOXH�
RI�SODQWDWLRQ�ZRRG�E\������DQG�VHFRQG�JHQHUDWLRQ�
LPSURYHG�VHHGV�EHLQJ�XVHG�QRZ�DUH�DGGLQJ�DQRWKHU�
���±�����7KH�LPSRUWDQFH�RI�KDUGZRRG�FRPSHWLWLRQ�
FRQWURO�ZDV�UHFRJQL]HG�E\�WKH�HDUO\�����V��)LUVW�
PHWKRGV�RI�FRQWURO�ZHUH�HQWLUHO\�PHFKDQLFDO��EXW�E\�
WKH�ODWH�����V�KHUELFLGHV�ZHUH�DGGHG��DQG�E\�������
FKHPLFDO�VLWH�SUHSDUDWLRQ�ZDV�SUHGRPLQDWH�ZLWK�OLPLWHG�
PHFKDQLFDO�VLWH�SUHSDUDWLRQ�LQYROYHG��)HUWLOL]DWLRQ�RI�
SLQH�SODQWDWLRQV�ZDV�LQLWLDWHG�LQ�WKH�ODWH�����V��EXW�
ZDV�LPSOHPHQWHG�VORZO\�GXULQJ�WKH�����V�DQG�����V�
�$OEDXJK�HW�DO����������$YHUDJH�SURGXFWLYLW\�LQFUHDVHG�
UDSLGO\�IURP�WKH�����V�WR�����V�SULPDULO\�DV�D�UHVXOW�
RI�LPSOHPHQWLQJ�XVH�RI�LPSURYHG�VLWH�SUHSDUDWLRQ��
KDUGZRRG�FRPSHWLWLRQ�FRQWURO��DQG�JHQHWLFDOO\�
LPSURYHG�VHHGV��

,PSOHPHQWDWLRQ�RI�VLOYLFXOWXUH�DQG�JHQHWLF�
LPSURYHPHQWV�YHU\�PXFK�DFFHOHUDWHG�LQ�WKH�����V�DV�
D�UHVXOW�RI�WKH�QRQ�SURSULHWDU\�UHVHDUFK�FRQGXFWHG�E\�
XQLYHUVLW\�LQGXVWU\�FRRSHUDWLYHV��,Q�������WKHUH�ZHUH�
���UHVHDUFK�FRRSHUDWLYHV�DW�QLQH�VRXWKHUQ�XQLYHUVLWLHV�
�6WDQWXUI�HW�DO�������E���'XULQJ�WKH�����V�DQG�����V��
FRRSHUDWLYH�UHVHDUFK�FOHDUO\�FRQ¿UPHG�WKH�EHQH¿WV�
WR�SLQH�SURGXFWLYLW\�RI�IHUWLOL]LQJ�ZLWK�ERWK�QLWURJHQ�
DQG�SKRVSKRUXV��HVSHFLDOO\�LQ�PLG�URWDWLRQ��)XUWKHU�
UHVHDUFK�SXEOLVKHG�VLQFH������KDV�VKRZQ�WKH�QHHG�
IRU�PLFURQXWULHQWV�RQ�FHUWDLQ�VRLO�W\SHV��)R[�HW�DO���
����D�E��.\OH�HW�DO����������2WKHU�UHFHQW�VWXGLHV�KDYH�

(Courtesy of William M. Ciesla, Forest  
Health Management International)

Pine plantationFigure 5.15
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ZLWK�VHOHFWHG�OREOROO\�SLQH�JHQRW\SHV��DQQXDO�
IHUWLOL]DWLRQ��LUULJDWLRQ��LQ�VRPH�FDVHV���H[FHOOHQW�VLWH�
SUHSDUDWLRQ��DQG�ZHHG�FRQWURO�KDV�LQFUHDVHG�ELRPDVV�
\LHOGV�WR�����WR�����GU\�WRQV�SHU�DFUH�SHU�\HDU��%DVHG�
RQ�UHFHQWO\�UHSRUWHG�UHVHDUFK�UHVXOWV��FRPSDQLHV�DUH�
SUHGLFWLQJ�IXWXUH�RSHUDWLRQDO�\LHOGV�RI���WR���GU\�WRQV�
SHU�DFUH�SHU�\HDU�ZKHQ�JUHDWHU�PDQDJHPHQW�LQWHQVLW\�
LV�XVHG��+RZHYHU��LW�LV�XQOLNHO\�WKDW�\HDUO\�IHUWLOL]DWLRQ�
ZLOO�EH�HFRQRPLFDOO\�YLDEOH�RU�LQGHHG�LW�PD\�QRW�EH�
QHFHVVDU\�IRU�KLJK�\LHOG�DFKLHYHPHQW�

9DULRXV�LGHDV�KDYH�EHHQ�SURSRVHG�RQ�KRZ�WR�PDQDJH�
VRXWKHUQ�SLQHV�IRU�ELRHQHUJ\�SURGXFWLRQ��%RWK�
*RQ]DOH]�HW�DO���������DQG�6FRWW�DQG�7LDUNV��������
KDYH�UHFHQWO\�GHVFULEHG�PDQDJHPHQW�SODQV�IRU�
SURGXFLQJ�ERWK�WLPEHU�DQG�ELRHQHUJ\�SURGXFWV��%RWK�
LQYROYH�D�FRPELQDWLRQ�RI�URZV�RI�ZLGHO\�VSDFHG�WUHHV�
DQG�WLJKWO\�VSDFHG�URZV�IRU�ELRHQHUJ\��7KH�ELRHQHUJ\�
URZV�ZRXOG�EH�KDUYHVWHG�LQ���WR���\HDUV�DQG�D�ZLGHO\�
VSDFHG�URZ�IRU�OXPEHU�SURGXFWLRQ�WR�EH�KDUYHVWHG�DW����
WR����\HDUV��:KLOH�WKLV�PLJKW�EH�D�UHDVRQDEOH�WUDQVLWLRQ�
VWUDWHJ\��DQ�HI¿FLHQW�KDUYHVWLQJ�VWUDWHJ\�IRU�UHPRYLQJ�
WKH�ELRHQHUJ\�WUHHV�KDV�QRW�EHHQ�GLVFXVVHG��3ODQWLQJ�
DQG�KDUYHVWLQJ�FDQ�EH�PXFK�PRUH�HI¿FLHQW�ZKHQ�
SLQH�SODQWDWLRQV�DUH�GHGLFDWHG�HQWLUHO\�WR�VXSSO\LQJ�
ELRHQHUJ\�IHHGVWRFNV��6XFK�SODQWDWLRQV�DUH�OLNHO\�WR�
EH�SODQWHG�DW�KLJKHU�GHQVLWLHV�DQG�PDQDJHG�RQ�VKRUWHU�
URWDWLRQV�VLPLODU�WR�SRSODUV�DQG�HXFDO\SWXV�

7KH�DJH�RI�RSWLPDO�VWDQG�KDUYHVW�KDV�QRW�\HW�EHHQ�
GHWHUPLQHG�IRU�KLJKHU�GHQVLW\�OREOROO\�SLQH�SODQWLQJV��
5HFHQW�LQWHQVLYH�PDQDJHPHQW�VWXGLHV�SODQWHG�DW�
VWDQG�GHQVLWLHV�RI�����WR�����WUHHV�SHU�DFUH�VKRZ�WRWDO�
DERYHJURXQG�ELRPDVV�FRQWLQXLQJ�WR�LQFUHDVH�EHWZHHQ�
���DQG����\HDUV�RI�DJH��6DPXHOVRQ�HW�DO���������
%RUGHUV�HW�DO����������+RZHYHU��WKRVH�VDPH�VWXGLHV�DOVR�
VKRZ�GHQVLW\�GHSHQGHQW�PRUWDOLW\�EHJLQQLQJ�DW�EDVDO�
DUHDV�RI�DERXW�����VTXDUH�IHHW�SHU�DFUH�RQ�IHUWLOL]HG�
ZHW�VLWHV��ZKLFK�FRUUHODWHV�WR�DQ�DJH�UDQJH�RI�DERXW�
��WR����\HDUV��7KH�KLJKHVW�GHQVLW\�VWXG\�ZLWK�������
WUHHV�SHU�DFUH�VKRZHG�D�VORZLQJ�RI�WKH�FXUUHQW�DQQXDO�
LQFUHPHQW�E\�DJH����EXW�WKH�PHDQ�DQQXDO�LQFUHPHQW�ZDV�
VWLOO�LQFUHDVLQJ��5RWK�HW�DO����������7KH�FRVW�RI�SODQWLQJ�
ZLOO�GHSHQG�RQ�LQLWLDO�SODQWLQJ�GHQVLW\�DQG�WKH�DPRXQW�
RI�UHSODQWLQJ�QHHGHG��7D\ORU�HW�DO����������$GYDQFHG�
JHQHUDWLRQ��EDUH�URRW�VHHGOLQJV�ZHUH�UHSRUWHG�WR�FRVW�
�������SHU�WKRXVDQG�VHHGOLQJV�LQ�������2YHU�WKH�

FRPSDUHG�WKH�HIIHFWV�RI�PDQDJHPHQW�LQWHQVLW\�OHYHOV�
�%RUGHUV�HW�DO���������&REE�HW�DO���������0DUWLQ�DQG�
-RNHOD��������5RWK�HW�DO���������6DPXHOVRQ�HW�DO���
������:LOO�HW�DO����������FOHDUO\�VKRZLQJ�WKH�SRWHQWLDO�
IRU�PXFK�KLJKHU�\LHOGV��6LQFH�WKLUG�JHQHUDWLRQ�VHHGV�
IURP�VHOHFWHG�SDUHQWV�ZHUH�EHJLQQLQJ�WR�EH�GHSOR\HG�
LQ�WKH�HDUO\�����V��0F.HDQG�HW�DO����������VHYHUDO�
RI�WKH�UHFHQW�UHVHDUFK�WULDOV�KDYH�LQFOXGHG�D�KLJKHU�
SHUIRUPLQJ�JHQRW\SH�WKDW�UHVXOWHG�LQ�HQKDQFHG�\LHOGV�

$W�SUHVHQW��PRVW�OREOROO\�SLQHV�VWDQGV�LQ�WKH�6RXWK�DUH�
PDQDJHG�IRU�D�FRPELQDWLRQ�RI�SXOS�DQG�WLPEHU�VR�WKDW�
WKLQQLQJ�LV�LQFRUSRUDWHG�LQWR�WKH�PDQDJHPHQW��7KH�
VWDQGV�DUH�SODQWHG�RQ�DYHUDJH�DW�DERXW�����VHHGOLQJV�
SHU�DFUH��a�����VHHGOLQJV�SHU�KHFWDUH���SODQQLQJ�IRU�D�
���\HDU�URWDWLRQ�ZLWK�D�WKLQQLQJ�DW�DJH�����*RQ]DOH]�
HW�DO����������:LWK�PDQ\�VWXGLHV�VKRZLQJ�WKH�EHQH¿WV�
RI�ZHHG�FRQWURO�DQG�IHUWLOL]DWLRQ��PLG��URWDWLRQ�
IHUWLOL]DWLRQ�KDV�EHFRPH�FRQVLGHUDEO\�PRUH�FRPPRQ�
�$OEDXJK�HW�DO����������$YHUDJH�RSHUDWLRQDO�\LHOGV�
LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�ZHUH�UHSRUWHG�LQ�
�����WR�EH�DERXW���GU\�WRQV�SHU�DFUH�DQQXDOO\�WRWDO�
DERYHJURXQG�RYHQ�GU\�ZHLJKWV��6WDQWXUI�HW�DO�������E���
&XUUHQW�\LHOG�SRWHQWLDO�LV�DVVXPHG�WR�EH�KLJKHU�ZLWK�
WKH�UHFHQW�GHSOR\PHQW�RI�WKLUG�JHQHUDWLRQ�OREOROO\�
SLQH�VHHGOLQJV�RQ�VLWHV�ZLWK�VLWH�SUHSDUDWLRQ�WUHDWPHQWV�
WKDW�HQVXUH�DGHTXDWH�VXUYLYDO�DQG�UDSLG�HDUO\�JURZWK��
)XWXUH�PDQDJHPHQW�WHFKQLTXHV�DUH�SUHGLFWHG�WR�
LQFOXGH�³FORQDO�SODQWDWLRQV��ZKROH�URWDWLRQ�UHVRXUFH�
PDQDJHPHQW�UHJLPHV��XVH�RI�VSDWLDOO\�H[SOLFLW�VSHFWUDO�
UHÀHFWDQFH�GDWD�DV�D�PDMRU�LQIRUPDWLRQ�VRXUFH�
IRU�PDQDJHPHQW�GHFLVLRQV��DFWLYH�PDQDJHPHQW�WR�
PLQLPL]H�LQVHFW�DQG�GLVHDVH�ORVVHV��DQG�PRUH�DWWHQWLRQ�
WR�JURZLQJ�ZRRG�IRU�VSHFL¿F�SURGXFWV´��$OOHQ�HW�DO���
������

Potential yield and production costs.�/REOROO\�
SLQH�UHVHDUFK�SORWV�PDQDJHG�ZLWK�VLWH�SUHSDUDWLRQ�
DQG�ZHHG�FRQWURO�EXW�QR�IHUWLOL]HUV�KDYH�SURGXFHG�
WRWDO�DERYHJURXQG�ELRPDVV�\LHOGV��VWHP��EUDQFKHV��
DQG�IROLDJH��RI�����WR�����GU\�WRQV�SHU�DFUH�SHU�\HDU��
5HVHDUFK�SORWV�ZLWK�VLWH�SUHSDUDWLRQ��ZHHG�FRQWURO��
DQG�IHUWLOL]DWLRQ�RQO\�DW�SODQWLQJ�KDYH�SURGXFHG�WRWDO�
\LHOGV�LQ�WKH�����WR�����GU\�WRQV�SHU�DFUH�SHU�\HDU�UDQJH��
$GGLWLRQ�RI�KLJKHU�OHYHOV�RI�IHUWLOL]HUV�SOXV�LUULJDWLRQ�LQ�
VRPH�FDVHV�KDV�EXPSHG�\LHOGV�WR�����WR�����GU\�WRQV�SHU�
DFUH�SHU�\HDU�RI�ELRPDVV��9HU\�LQWHQVLYH�PDQDJHPHQW�
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SODQWLQJ�UDQJHV�PHQWLRQHG�DERYH��DQG�LQFOXGLQJ�FXOOV�
DQG�H[WUD�VHHGOLQJV�QHHGHG�IRU�UHSODQWLQJ��VHHGOLQJ�
FRVWV�FRXOG�EH�H[SHFWHG�WR�UDQJH�IURP�DERXW�����WR�����
SHU�DFUH��3ODQWLQJ�ZLWK�FXUUHQW�SODQWLQJ�HTXLSPHQW�LV�
H[SHFWHG�WR�FRVW�DERXW�����WR������SHU�DFUH�

+DUYHVWLQJ�RI�VPDOO�GLDPHWHU�WUHHV�KDV�EHHQ�D�
VLJQL¿FDQW�FRVW�EDUULHU�WR�XVLQJ�VRXWKHUQ�SLQHV�IRU�
HQHUJ\��3HWHU��������EXW�WKH�UHVXOWV�RI�LQWHQVLYH�
PDQDJHPHQW�VWXGLHV�DUH�VKRZLQJ�WKDW�H[FHOOHQW�JURZWK�
FDQ�EH�DFKLHYHG�DW�GHQVLWLHV�ORZ�HQRXJK�WR�DOORZ�
LQGLYLGXDO�WUHHV�WR�DFKLHYH�DQ�HFRQRPLFDOO\�KDUYHVWDEOH�
VL]H��&RQVHTXHQWO\��KDUYHVW�DQG�KDQGOLQJ�FRVWV��WR�
URDGVLGH��XVLQJ�FXUUHQWO\�DYDLODEOH�HTXLSPHQW�VKRXOG�
EH�VLPLODU�WR�FXUUHQW�SXOS�KDUYHVWLQJ�FRVWV�RU�DERXW�����
per dry ton.

(FRQRPLFDOO\�RSWLPDO�IHUWLOL]DWLRQ�VWUDWHJLHV�ZLOO�
YDU\�IRU�HDFK�SODQWLQJ�VLWH��,QWHQVLYH�FXOWXUH�VWXGLHV�
SURGXFH�KLJKHU�\LHOGV�ZLWK�KLJK�DQQXDO�IHUWLOL]DWLRQ�
IDLUO\�FRQVLVWHQWO\��ZKLOH�¿QDQFLDO�UHWXUQV�GHSHQG�RQ�
WKH�PDJQLWXGH�RI�WKH�JURZWK�UHVSRQVH�REWDLQHG��WKH�
SURGXFW�PL[��VWXPSDJH�SULFHV��FRVW�RI�IHUWLOL]DWLRQ��
DQG�WKH�OHQJWK�RI�WLPH�EHIRUH�KDUYHVW��)R[������E���$V�
ZLWK�KDUGZRRGV��¿UVW�IHUWLOL]DWLRQ�ZLWK�QLWURJHQ�DQG�
SKRVSKRURXV�VKRXOG�EH�GHOD\HG�D�\HDU�RU�WZR�WR�DYRLG�
VWLPXODWLQJ�ZHHG�FRPSHWLWLRQ��EXW�QR�ODWHU�WKDQ�VWDQG�
FORVXUH��0LG�URWDWLRQ�IHUWLOL]DWLRQ�DSSOLFDWLRQV�RI�ERWK�
QLWURJHQ�DQG�SKRVSKRURXV��DW�����SRXQG�QLWURJHQ�SHU�
DFUH�DQG����SRXQG�SKRVSKRURXV�SHU�DFUH�DSSOLHG�DW�
WLPH�RI�VWDQG�FORVXUH��KDYH�VKRZQ�YHU\�SRVLWLYH�VWDQG�
UHVSRQVHV�ODVWLQJ�IRU�VHYHUDO�\HDUV�LQ�ORZHU�GHQVLW\�
VWDQGV��EXW�PRUH�IUHTXHQW�IHUWLOL]DWLRQ�DW�ORZHU�OHYHOV�
PD\�EH�QHHGHG�LQ�KLJKHU�GHQVLW\�OREOROO\�VWDQGV��

Sustainability.�8VH�RI�LQWHQVLYH�PDQDJHPHQW�WR�
SURGXFH�ZRRG�VSHFL¿FDOO\�IRU�ELRHQHUJ\�LV�JHQHUDOO\�
RQO\�HFRQRPLFDOO\�YLDEOH�ZKHQ�WKH�WRWDO�DERYHJURXQG�
SRUWLRQV�RI�WKH�WUHHV�DUH�UHPRYHG��7KLV�KDV�UDLVHG�
FRQFHUQ�DERXW�ORQJ�WHUP�VLWH�SURGXFWLYLW\�LPSDFWV��
5HVHDUFK�DQG�DQDO\VLV�RI�LQWHQVLYH�SLQH�SURGXFWLRQ�
KDV�VKRZQ�WKDW�JRRG�VLWH�SUHSDUDWLRQ��FKHPLFDO�FRQWURO�

RI�QRQ�FURS�YHJHWDWLRQ��DQG�IHUWLOL]HU�DSSOLFDWLRQ�
DW�OHYHOV�DQG�WLPHV�WKDW�RSWLPL]H�XWLOL]DWLRQ�E\�WKH�
WUHHV��LQFUHDVHV�ELRPDVV�\LHOGV�LQ�DQ�HQHUJ\�HI¿FLHQW�
PDQQHU��ZKLOH�PDLQWDLQLQJ�RU�LPSURYLQJ�ORQJ�WHUP�
VLWH�SURGXFWLYLW\��6FRWW�DQG�'HDQ���������$OOHQ�HW�DO��
�������DUJXH�IRU�XVH�RI�D�IXOO\�LQWHJUDWHG�PDQDJHPHQW�
DSSURDFK�VWDUWLQJ�ZLWK�JRRG�VLWH�VHOHFWLRQ�IROORZHG�
E\�H[FHOOHQW�HDUO\�FRPSHWLWLRQ�FRQWURO�DQG�DGGLWLRQDO�
LQSXWV��DV�QHHGHG��6XFK�PDQDJHPHQW�SUDFWLFHV�ZLOO�QRW�
RQO\�FUHDWH�HFRQRPLFDOO\�VXVWDLQDEOH�ZRRG\�SURGXFWLRQ�
V\VWHPV��EXW�ZLOO�DOVR�PLQLPL]H�WKH�SRWHQWLDO�IRU�
DGYHUVH�HQYLURQPHQWDO�HIIHFWV�

Conclusions.�,Q�WKH�QHDU�WHUP��SLQH�ELRHQHUJ\�
IHHGVWRFNV�DUH�PRVW�OLNHO\�WR�EH�REWDLQHG�E\�WKLQQLQJ�
H[LVWLQJ�OREOROO\�SLQH�VWDQGV�WKDW�DUH�SODQWHG�IRU�
PXOWLSOH�XVHV��¿EHU�DQG�HQHUJ\���,I�OREOROO\�SLQHV�
DUH�SODQWHG�VSHFL¿FDOO\�IRU�HQHUJ\��WKHQ�WKH\�ZLOO�EH�
JURZQ�DW�UHODWLYHO\�GHQVH�VSDFLQJV�DQG�VKRUW���±���
\HDU��URWDWLRQV��5HVHDUFK�VWXGLHV�VXJJHVW�WKDW�WKH�
ORZHVW�SODQWLQJ�GHQVLW\�XQGHU�LQWHQVLYH�PDQDJHPHQW�
WKDW�PLJKW�EH�H[SHFWHG�WR�DFKLHYH�DQ�HFRQRPLFDOO\�
KDUYHVWDEOH�VL]H�ZLWKLQ�WKDW�WLPH�SHULRG�LV�DERXW�����
WUHHV�SHU�DFUH��$YHUDJH�\LHOGV�RI�DERXW�����GU\�WRQV�
SHU�DFUH�DQQXDOO\�LQ�WKH�6RXWKHDVW��$WODQWLF�&RDVW��
DQG�'HOWD�UHJLRQV�DUH�REWDLQDEOH�ZLWK�DSSURSULDWH�
PDQDJHPHQW��7KLV�LQFOXGHV�SORZLQJ��GLVNLQJ��DQG�
DSSOLFDWLRQ�RI�D�WRWDO�NLOO�KHUELFLGH�RQFH�RU�WZLFH�EHIRUH�
SODQWLQJ��1RQ�FURS�YHJHWDWLRQ�LV�FRQWUROOHG�GXULQJ�WKH�
¿UVW���\HDUV��SULPDULO\�ZLWK�KHUELFLGH�DSSOLFDWLRQV��,Q�
WKH�VRXWKHUQ�8QLWHG�6WDWHV��SKRVSKRUXV�DQG�SRWDVVLXP�
DUH�XVXDOO\�DGGHG�WR�KLJK�\LHOG�VWDQGV�LQ�WKH�SODQWLQJ�
\HDU��DQG�QLWURJHQ�DGGLWLRQV�RI�DERXW����SRXQGV�SHU�
DFUH�DUH�DGGHG�LQ�\HDUV���WKURXJK����EDVHG�RQ�IROLDU�
DQDO\VLV�VWXGLHV�VKRZLQJ�QLWURJHQ�GHPDQG�OHYHOV��:LOO�
HW�DO����������(FRQRPLFDOO\�YLDEOH�KDUYHVW�LV�H[SHFWHG�
WR�RFFXU�DV�HDUO\�DV�WKH�HLJKWK�\HDU��%RWK�WUDGLWLRQDO�DQG�
PROHFXODU�JHQHWLFV�QHHG�WR�FRQWLQXH�WR�EH�DJJUHVVLYHO\�
SXUVXHG�WR�LPSURYH�WKH�SURGXFWLYLW\�SRWHQWLDO�RI�
OREOROO\�DQG�RWKHU�SLQHV��DQG�VXEVWDQWLDO�\LHOG�
LPSURYHPHQWV�DUH�H[SHFWHG�EHWZHHQ�QRZ�DQG������
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53 The county-level data provide a non-unique, representative reference scenario, which is consistent, in the aggregate, with the national level 
projections.

54   Alternatively, a bioenergy feedstock production target can be set, such as an EISA 2007, the RFS and a price solved to 
 meet the production target. BRDI (2008) is an example of the latter application of POLYSYS.

55  Total U.S. acreage in cropland pasture and permanent pasture is approximately 36 and 409 million acres, respectively (USDA-NASS, 
2009). POLYSYS explicitly excludes pasture in counties where there is extensive use of supplemental irrigation and pasture west of the 
100th Meridian.

 56 The primary goal of the CRP is to mitigate soil erosion (USDA-FSA, 2008). Compared to pre-CRP erosion rates, the CRP reduced erosion 
by 470 million tons in 2007. Other benefits of the program include creating wildlife habitat, reducing sedimentation, improving water 
quality, preventing excess crop production, and providing a stable source of income for farmers.

5.2 Estimating Future  
Crop Supply
7KH�HFRQRPLF�SRWHQWLDO�RI�HQHUJ\�FURSV�LV�HVWLPDWHG�
XVLQJ�32/<6<6��D�SROLF\�VLPXODWLRQ�PRGHO�RI�WKH�8�6��
DJULFXOWXUDO�VHFWRU�WKDW�LQFOXGHV�IRXU�LQWHUGHSHQGHQW�
PRGXOHV²FURS�VXSSO\�GLVDJJUHJDWHG�WR�������
FRXQWLHV��QDWLRQDO�FURS�GHPDQG�DQG�SULFHV��QDWLRQDO�
OLYHVWRFN�VXSSO\�DQG�GHPDQG��DQG�DJULFXOWXUDO�LQFRPH�
�'H�/D�7RUUH�8JDUWH�DQG�5D\���������7KH�PRGHO�
LV�DQFKRUHG�WR�WKH�86'$����\HDU�SURMHFWLRQ�RI�WKH�
8�6��DJULFXOWXUDO�VHFWRU�DQG�LV�H[WHQGHG����\HDUV�
WR������E\�H[WUDSRODWLQJ�FURS�\LHOGV��H[SRUWV��DQG�
SRSXODWLRQ��7KH�86'$�DQG�H[WUDSRODWHG�SURMHFWLRQV�
DUH�IXUWKHU�GLVDJJUHJDWHG�WR�FRXQW\�OHYHOV����7KH�
SURMHFWLRQV�LQFOXGH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�
IRU�DJULFXOWXUDO�FRPPRGLWLHV��DJULFXOWXUDO�WUDGH�DQG�
H[SRUWV��FRPPRGLW\�SULFHV��DQG�DJJUHJDWH�LQGLFDWRUV�
RI�WKH�VHFWRU��VXFK�DV�IDUP�LQFRPH�DQG�IRRG�SULFHV�
�86'$�2&(�:$2%���������%\�YDU\LQJ�SULFHV�
RIIHUHG�IRU�ELRPDVV�IHHGVWRFNV��32/<6<6�HVWLPDWHV�

SRWHQWLDO�HQHUJ\�FURS�VXSSOLHV�DQG�FKDQJHV�LQ�ODQG�
XVH��ZKLFK�FDQ�LQFOXGH�DFUHDJH�FKDQJHV�DPRQJ�
FURSV�DQG�FRQYHUVLRQ�RI�FURSODQG�DQG�SDVWXUHODQG�WR�
HQHUJ\�FURSV��7KH�PRGHO�DOVR�HVWLPDWHV�FKDQJHV��L�H���
GHYLDWLRQV�LQ�WKH�DJULFXOWXUDO�SURMHFWLRQV��LQ�FURS�SULFHV�
IRU�WKH�HLJKW�PDMRU�FURSV��FRUQ��JUDLQ�VRUJKXP��RDWV��
EDUOH\��ZKHDW��VR\EHDQV��FRWWRQ��DQG�ULFH���SURGXFWLRQ�
TXDQWLWLHV�IRU�IRRG��IHHG��DQG�LQGXVWULDO�XVHV��H[SRUWV��
FURS�DQG�OLYHVWRFN�LQFRPH��DQG�JRYHUQPHQW�SD\PHQWV�
WKURXJKRXW�WKH����\HDU�VLPXODWLRQ�SHULRG��'H�/D�7RUUH�
8JDUWH�DQG�5D\�����������7KH�YHUVLRQ�RI�32/<6<6�
XVHG�LQ�WKLV�DVVHVVPHQW�LQFOXGHV�WKUHH�HQHUJ\�FURS�
RSWLRQV²D�SHUHQQLDO�JUDVV��VKRUW�URWDWLRQ�ZRRG\�
FURSV��DQG�DQ�DQQXDO�HQHUJ\�FURS��7KH�JUDVVHV�DQG�
QRQ�FRSSLFH�ZRRG\�FURSV��H�J��SRSODU�DQG�SLQH��ZHUH�
HYDOXDWHG�IRU�����DQG���\HDU�URWDWLRQV��UHVSHFWLYHO\��
7KH�URWDWLRQ�OHQJWK�IRU�WKH�FRSSLFH�ZRRG\�FURSV��H�J���
ZLOORZ��ZDV����\HDUV�ZLWK�D���\HDU�FXWWLQJ�F\FOH�

5.2.1 Input and Yield Assumptions for 
Baseline and High-Yield Scenarios
Baseline scenario.�7KH�ODQG�EDVH�LQ�32/<6<6�
LQFOXGHV�DERXW�����PLOOLRQ�DFUHV�SODQWHG�WR�WKH�HLJKW�
PDMRU�FURSV�����PLOOLRQ�DFUHV�RI�ODQG�LQ�KD\�SURGXFWLRQ��
���PLOOLRQ�DFUHV�RI�FURSODQG�XVHG�DV�SDVWXUH��DQG�����
PLOOLRQ�DFUHV�RI�QRQ�LUULJDWHG�SHUPDQHQW�SDVWXUH���  
/DQG�HQUROOHG�LQ�WKH�&RQVHUYDWLRQ�5HVHUYH�3URJUDP�
�&53��LV�DQRWKHU�SRWHQWLDO�VRXUFH�RI�ODQG����7KH�&53�
ZDV�HQDFWHG�WKURXJK�WKH�)RRG�6HFXULW\�$FW�RI������
DQG�FRPSHQVDWHV�IDUPHUV�IRU�DFUHV�WKDW�WKH\�UHWLUH�
IURP�FURS�RU�SDVWXUH�XVH�WKDW�DUH�KLJKO\�HURGLEOH�RU�
RWKHUZLVH�HQYLURQPHQWDOO\�VHQVLWLYH��)DUPHUV�VLJQ�LQWR�

PXOWL�\HDU�FRQWUDFWV�ZKHQ�HQOLVWLQJ�LQ�&53��$V�WKHVH�
FRQWUDFWV�H[SLUH��IDUPHUV�KDYH�WKH�RSWLRQ�RI�NHHSLQJ�
WKHLU�ODQG�HQUROOHG�LQ�WKH�&53�RU�FRQYHUWLQJ�LW�EDFN�LQWR�
FURS�RU�IRUDJH�SURGXFWLRQ��,Q�WKLV�XSGDWH��LW�LV�DVVXPHG�
WKDW�WKH�DSSUR[LPDWHO\����PLOOLRQ�DFUHV�FXUUHQWO\�
HQUROOHG�UHPDLQ�LQ�WKH�&53��7KH�86'$�SURMHFWLRQV�
DOVR�DVVXPH�DFUHDJH�HQUROOHG�LQ�WKH�&53�ZLOO�UHPDLQ�
FORVH�WR�WKH�OHJLVODWHG�PD[LPXP�RI����PLOOLRQ�DFUHV��

32/<6<6�DOORFDWHV�DYDLODEOH�ODQG�LQ�HDFK�FRXQW\�WR�
WKH�FRPSHWLQJ�FURSV��LQFOXGLQJ�HQHUJ\�FURSV�EDVHG�
RQ�WKH�PD[LPL]DWLRQ�RI�H[SHFWHG�UHWXUQV�DERYH�
YDULDEOH�FRVWV�RI�SURGXFWLRQ��(QHUJ\�FURSV�ZLOO�
GLVSODFH�FRQYHQWLRQDO�FURSV�LQ�WKH�PRGHO��SURYLGHG�
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WKH\�DUH�PRUH�SUR¿WDEOH�����7H[W�%R[�����SURYLGHV�
PRUH�LQIRUPDWLRQ�RQ�UHJLRQDO�ODQG�XVH��,Q�WKH�FDVH�RI�
SDVWXUHODQG��KRZHYHU��32/<6<6�DOORZV�FRQYHUVLRQ�WR�
HQHUJ\�FURS�SURGXFWLRQ�RQO\�LI�ORVW�IRUDJH�FDQ�EH�PDGH�
XS�E\�LQWHQVLI\LQJ�SDVWXUH�SURGXFWLRQ�

7KH�DYDLODELOLW\�RI�SDVWXUH��SHUPDQHQW�SDVWXUH�DQG�
FURSODQG�SDVWXUH��IRU�FRQYHUVLRQ�WR�SHUHQQLDO�JUDVVHV�
DQG�ZRRG\�FURSV�LV�FRQVWUDLQHG�WR�FRXQWLHV�HDVW�RI�
WKH����WK�0HULGLDQ��IRU�UHIHUHQFH��WKLV�SDUDOOHO�UXQV�
WKURXJK�'RGJH�&LW\��.DQVDV���&RXQWLHV�HDVW�RI�WKH�
���WK�0HULGLDQ�DUH�DVVXPHG�WR�KDYH�VXI¿FLHQW�UDLQIDOO�
WR�UHSODFH�ORVW�IRUDJH�WKURXJK�LQWHQVL¿FDWLRQ��7KDW�
LV��32/<6<6�DVVXPHV�QR�ORVV�RI�IRUDJH�SURGXFWLRQ��
)XUWKHU��LW�LV�DVVXPHG�WKDW�LQWHQVLI\LQJ�FURSODQG�
FXUUHQWO\�XVHG�DV�SDVWXUH�ZLOO�FRVW�����SHU�DFUH�WKH�
¿UVW�\HDU�DQG�DQ�DGGLWLRQDO�����SHU�DFUH�LQ�VXEVHTXHQW�
\HDUV��)RU�SHUPDQHQW�SDVWXUH��¿UVW�\HDU�FRVWV�DUH�
DVVXPHG�WR�EH������SHU�DFUH�DQG�����SHU�DFUH�LQ�
IROORZLQJ�\HDUV��)LUVW�\HDU�FRVWV�DUH�IRU�DGGLWLRQDO�
LQYHVWPHQWV��VXFK�DV�IHQFLQJ��&RVWV�LQ�VXEVHTXHQW�\HDUV�
DUH�IRU�PDQDJHPHQW��(QHUJ\�FURSV�PXVW�RYHUFRPH�
WKHVH�DGGLWLRQDO�FRVWV�SOXV�WKH�SDVWXUH�UHQWDO�UDWH�WR�
FRPH�LQWR�SURGXFWLRQ�

$�VHW�RI�UHVWUDLQWV�DUH�XVHG�WR�OLPLW�WKH�DPRXQW�RI�ODQG�
VZLWFKLQJ�WR�QHZ�HQHUJ\�FURSV�LQ�D�JLYHQ�\HDU��7KHVH�
UHVWUDLQWV�DUH�LPSRVHG�WR�VLPXODWH�WKH�UHODWLYH�LQHODVWLF�
QDWXUH�RI�DJULFXOWXUH�LQ�WKH�QHDU�WHUP��7KHVH�UHVWUDLQWV�
LQFOXGH�

�� ���RI�SHUPDQHQW�SDVWXUH�FDQ�FRQYHUW�WR�HQHUJ\�
FURSV�HDFK�\HDU��7KH�WRWDO�DPRXQW�RI�SHUPDQHQW�
SDVWXUH�LQ�D�JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�
HQHUJ\�FURSV�LV�OLPLWHG�WR������L�H���DVVXPHG�
GRXEOLQJ�RI�IRUDJH�WKURXJK�LQWHQVL¿FDWLRQ�

�� ����RI�FURSODQG�SDVWXUH�FDQ�FRQYHUW�WR�HQHUJ\�
FURSV�HDFK�\HDU��7KH�WRWDO�DPRXQW�RI�FURSODQG�
SDVWXUH�LQ�D�JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�
HQHUJ\�FURSV�LV�OLPLWHG�WR������VDPH�DVVXPSWLRQ�
DV�SHUPDQHQW�SDVWXUH��

The land base dictates regional emphasis on primary 
feedstock availability. For example, the Southeast has 
considerable potential to supply forestland biomass, 
but more limited capability to produce energy crops 
given cropland and pastureland availability, even though 
energy crop productivity is potentially high relative to 
other regions. The Central and Southern Plains have 
greater potential to produce energy crops despite lower 
productivity potential because of the high proportion of 
cropland and pastureland. The Corn Belt and Plains are 
dominant suppliers of crop residue biomass.

TEXT BOX 5.2  |  RELATIVE PROPORTION 
OF MAJOR LAND-USE TYPES BY STATE

-AP�SOURCE��,UBOWSKI�ET�AL��������

�� ����RI�FURSODQG�FDQ�FRQYHUW�WR�HQHUJ\�FURSV�
HDFK�\HDU��7KH�WRWDO�DPRXQW�RI�FURSODQG�LQ�DQ\�
JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�VZLWFKJUDVV�RU�
ZRRG\�FURSV�HQHUJ\�FURSV�LV�OLPLWHG�WR������
7KLV�UHVWUDLQW�VHUYHV�WR�PDLQWDLQ�FURS�GLYHUVLW\��
(QHUJ\�VRUJKXP��WKH�DQQXDO�HQHUJ\�FURS��LV�PXFK�
PRUH�OLPLWHG�GXH�WR�URWDWLRQ�DQG�ODQG�VXLWDELOLW\�
FRQVLGHUDWLRQV��QRQ�HURVLYH�ODQG�RQO\��

57  In practice, POLYSYS first determines the amount of land in each county that can enter into production, switch to a di!erent crop, or move  
 out of production (De La Torre Ugarte and Ray, 2000; De La Torre Ugarte et al., 2003). This determination generally depends on relative  
 crop profitability in preceding years. The model also contains allocation rules or flexibility constraints that limit the amount of land a given  
 crop can lose or gain each year. These rules or constraints serve to simulate the relatively inelastic nature of short-run agricultural supply.  
Once supply is solved, POLYSYS estimates market prices and demand quantities for each crop and use (food, feed, and industrial), exports, 
and carryover stocks. 
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58  For Miscanthus, establishment would be higher due to rhizome costs. However, productivity of Miscanthus is generally higher thanthat 
of switchgrass. So ultimately, whether switchgrass or Miscanthus is more profitable in a given area really depends more or less on the     
tradeo! between establishment costs and expected productivity. For energy cane, a tropical grass, establishment costs are also higher 
than switchgrass because of the use vegetative planting material rather than seed, but as with Miscanthus higher establishment costs are 
o!set with higher yields at maturity.

59  Harvesting of thicker-stemmed grasses, such as Miscanthus and energy cane, would involve more robust and/or specialized equipment. 
60  Switchgrass yields have not been demonstrated at full scale-up plots and extrapolation of demonstration plot yields to full-production 

 scale plots is risky. However, research plots have produced yields consistent with the estimates in Table 5.5. Of course, yield alone does not 
 determine the competiveness of energy crop production. It depends not only on crop productivity, but on how profitable the crop is in 
 relation to existing land uses.

,Q�32/<6<6��HQHUJ\�FURS�SURGXFWLRQ�FRVWV�LQFOXGH�
VHHG�RU�SODQWLQJ�VWRFN��IHUWLOL]HU��KHUELFLGH��LQVHFWLFLGH��
PDFKLQHU\�VHUYLFHV��FXVWRP�RSHUDWLRQV��IXHO�DQG�
OXEH��UHSDLUV��KDQGOLQJ��SDLG�ODERU��DQG�WHFKQLFDO�
VHUYLFHV��)DFWRU�LQSXW�FRVWV�DUH�VSHFL¿F�WR�EURDG�IDUP�
SURGXFWLRQ�UHJLRQV�GXH�WR�UHJLRQDO�GLIIHUHQFHV�LQ�
ODERU�UDWHV��IHUWLOL]HU�SULFHV��DQG�RWKHU�LQSXWV��(QHUJ\�
FURS�SURGXFWLRQ�LQSXWV��DVVXPSWLRQV��DQG�SULFHV�DUH�
VXPPDUL]HG�LQ�7DEOHV�����DQG������IRU�KHUEDFHRXV�
DQG�ZRRG\�FURSV��UHVSHFWLYHO\��7KH\�ZHUH�GHYHORSHG�
EDVHG�RQ�WKH�JHQHUDO�FURS�JXLGHOLQHV�SURYLGHG�HDUOLHU�
LQ�WKH�EDFNJURXQG�VHFWLRQ��)RU�SHUHQQLDO�FURSV��VXFK�DV�
JUDVVHV�DQG�WUHHV��HVWDEOLVKPHQW�FRVWV�DQG�KDUYHVWLQJ�
DUH�PRVW�LPSRUWDQW���)LHOG�WULDOV�DUH�FRQGXFWHG�DV�D�
UHVXOW�RI�WKH�)HHGVWRFN�3DUWQHUVKLS�GHVFULEHG�LQ�7H[W�
%R[�����

3HUHQQLDO�JUDVVHV�DUH�JHQHUDOO\�SODQWHG��PDQDJHG��DQG�
KDUYHVWHG�OLNH�D�WUDGLWLRQDO�KD\�FURS�DQG�XVH�H[LVWLQJ�
DJULFXOWXUDO�HTXLSPHQW��&RQYHQWLRQDO�HVWDEOLVKPHQW�
FDQ�LQYROYH�GLVNLQJ��VHHGLQJ��DQG�DSSOLFDWLRQ�RI�
QXWULHQWV�DQG�KHUELFLGHV��$OWHUQDWLYHO\��SHUHQQLDO�
JUDVVHV�FDQ�EH�HVWDEOLVKHG�XVLQJ�QR�WLOO�SODQWLQJ�
SURFHGXUHV��&RVWV�DUH�QHDUO\�WKH�VDPH��DV�WKH�DYRLGHG�
WLOODJH�FRVWV�DUH�UHSODFHG�ZLWK�WKH�XVH�RI�VSHFLDOL]HG�
SODQWLQJ�HTXLSPHQW�DQG�DSSOLFDWLRQ�RI�DGGLWLRQDO�
KHUELFLGHV��GHSHQGLQJ�RQ�WKH�SULRU�FURS��7DEOH�����
VXPPDUL]HV�HVWDEOLVKPHQW�DQG�PDLQWHQDQFH�FRVWV�IRU�
VZLWFKJUDVV��ZKLFK�LV�XVHG�DV�WKH�PRGHO�SHUHQQLDO�JUDVV�
LQ�32/<6<6��)RU�VZLWFKJUDVV��HVWDEOLVKPHQW�\HDU�
FRVWV�DUH�KLJKHU�LQ�WKH�6RXWKHDVW�EHFDXVH�RI�WKH�XVH�RI�
$ODPR�VHHG��D�ORZODQG�YDULHW\��DQG�OLPH�UHTXLUHPHQWV��
7KH�6RXWKHUQ�3ODLQV�DOVR�XWLOL]H�$ODPR��EXW�KDYH�QR�
OLPH�RU�SRWDVVLXP�UHTXLUHPHQWV��7KH�1RUWKHUQ�3ODLQV�
KDYH�WKH�ORZHVW�HVWDEOLVKPHQW�\HDU�FRVWV�EHFDXVH�WKH\�
XWLOL]H�&DYH�LQ�5RFN��DQ�XSODQG�YDULHW\�ZLWK�ORZHU�
VHHG�FRVW�LQ�WKH�EDVH�\HDU�RI�DQDO\VLV�WKDQ�$ODPR��DQG�

KDYH�QR�OLPH�RU�SRWDVVLXP�UHTXLUHPHQWV��2WKHUZLVH��
SURGXFWLRQ�LQSXWV�IRU�HVWDEOLVKLQJ�VZLWFKJUDVV�DUH�
VLPLODU�DFURVV�DOO�SURGXFWLRQ�UHJLRQV��� 

$IWHU�HVWDEOLVKPHQW�RI�SHUHQQLDO�JUDVVHV��QXWULHQWV�DUH�
DSSOLHG��DQG�DQQXDO�KDUYHVWV�DUH�PDGH��+DUYHVW�FRVWV�
DVVXPH�FRQYHQWLRQDO�PRZLQJ��UDNLQJ��DQG�EDOLQJ�
RSHUDWLRQV����2QFH�HVWDEOLVKHG��D�SHUHQQLDO�JUDVV�
VWDQG�LV�DVVXPHG�WR�ODVW����\HDUV�EHIRUH�UHSODQWLQJ�
LV�QHFHVVDU\��)XOO�\LHOG�LV�QRW�DWWDLQHG�XQWLO�URRWV�DUH�
IXOO\�HVWDEOLVKHG��ZKLFK�LV�XVXDOO\�E\�WKH�WKLUG�JURZLQJ�
season. 

3HUHQQLDO�JUDVVHV�FDQ�EH�JURZQ�RQ�D�ZLGH�YDULHW\�
RI�VLWHV��ZLWK�SURGXFWLYLW\�YHU\�PXFK�GHWHUPLQHG�
E\�SUHFLSLWDWLRQ��WHPSHUDWXUHV��VRLOV��DQG�ORFDO�VLWH�
IDFWRUV��VHH�7H[W�%R[�������$V�VXPPDUL]HG�LQ�7DEOH�
�����SURGXFWLYLW\�YDULHV�FRQVLGHUDEO\�ZLWK�SURGXFWLRQ�
UHJLRQV��,W�LV�JHQHUDOO\�KLJKHU�LQ�WKH�6RXWKHDVW�DQG�
$SSDODFKLD�WKDQ�WKH�1RUWKHUQ�RU�6RXWKHUQ�3ODLQV��
$QQXDO�\LHOGV�RI�SHUHQQLDO�JUDVV�FDQ�UDQJH�IURP���RU�
OHVV�GU\�WRQV�SHU�DFUH�LQ�WKH�ZHVWHUQ�*UHDW�3ODLQV�WR�
RYHU���GU\�WRQV�SHU�DFUH�IDUWKHU�HDVW��,Q�WKH�6RXWKHDVW�
DQG�$SSDODFKLD�\LHOGV�FDQ�H[FHHG���GU\�WRQV�SHU�DFUH�LQ�
VRPH�ORFDWLRQV��� 

/LNH�SHUHQQLDO�JUDVVHV��ZRRG\�FURSV�DUH�HVWDEOLVKHG�
DQG�PDQDJHG�ZLWK�FRQYHQWLRQDO�DJULFXOWXUDO�HTXLSPHQW��
:RRG\�FURSV�FDQ�EH�SODQWHG�DW�D�YDULHW\�RI�VSDFLQJV�
DQG�KDUYHVWHG�DIWHU���WR����\HDUV�RI�JURZWK��GHSHQGLQJ�
RQ�VSHFLHV��UHJLRQ�RI�WKH�FRXQWU\��DQG�GHVLUHG�
FKDUDFWHULVWLFV��:LWK�WKH�H[FHSWLRQ�RI�SLQH��PRVW�ZRRG\�
FURSV�ZLOO�UHVSURXW�YLJRURXVO\��EXW�FXUUHQW�PDQDJHPHQW�
JXLGHOLQHV�VXJJHVW�UHSODQWLQJ�ZLWK�LPSURYHG�FORQHV�
IROORZLQJ�KDUYHVW��+RZHYHU��WKHUH�DUH�VRPH�KDUGZRRG�
WUHH�FURSV�EHLQJ�EUHG�VSHFL¿FDOO\�DV�FRSSLFHG�PDQDJHG�
FURSV��ZLOORZ��Salix�VSS���LV�WKH�QRWDEOH�H[DPSOH�
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DOE,  the Sun Grant Initiative universities, and  members of USDA have established the Regional Biomass Energy 
&EEDSTOCKÏ0ARTNERSHIP�Ï4HEÏ0ARTNERSHIPÏCONSISTSÏOFÏlVEÏSEPARATEÏREGIONS�Ï3OUTHEAST�Ï.ORTHÏ#ENTRAL�Ï3OUTHÏ#ENTRAL�Ï
Western, and Northeast. The Partnership is addressing barriers associated with supplying a sustainable and reliable 
SOURCEÏOFÏFEEDSTOCKÏTOÏAÏLARGE
SCALEÏBIOENERGYÏINDUSTRY�Ï/NEÏKEYÏACTIVITYÏOFÏTHEÏ0ARTNERSHIPÏISÏTOÏCONDUCTÏlELDÏTRIALSÏOFÏ
energy crops to assist understanding the feedstock resource development potential. Each region is expected to have a 
unique contribution to the national feedstock production. A second activity is to assure existing resource supplies are 
assessed in a consistent manner across regions. National task teams are addressing these activities.

TEXT BOX 5.3  |  THE REGIONAL FEEDSTOCK PARTNERSHIP
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$OWKRXJK�ZLOORZ�LV�PRVW�SURGXFWLYH�LQ�WKH�1RUWKHDVW�
DQG�/DNH�6WDWHV�UHJLRQV��LW�KDV�FRQVLGHUDEOH�SRWHQWLDO�
WR�EH�JURZQ�IDUWKHU�VRXWK�DQG�ZHVW��&RSSLFH�PDQDJHG�
KDUGZRRGV�DUH�XVXDOO\�SODQWHG�DW�PXFK�KLJKHU�GHQVLWLHV�
WKDQ�VLQJOH�URWDWLRQ�KDUGZRRGV�DQG�KDUYHVWHG�RQ�
VKRUWHU�URWDWLRQV�RI���WR���\HDUV��$V�PDQ\�DV�VHYHQ�
VXFFHHGLQJ�FRSSLFH�VWDQGV�FDQ�EH�H[SHFWHG�IURP�WKH�
LQLWLDO�HVWDEOLVKPHQW�

8QOLNH�SHUHQQLDO�JUDVVHV��KDUYHVWLQJ�LV�D�WHFKQLFDO�
EDUULHU�WR�ZLGHVSUHDG�DGRSWLRQ�RI�ZRRG\�FURSV���  
)DUPHUV�DUH�XQOLNHO\�WR�KDYH�WKH�QHFHVVDU\�HTXLSPHQW�
WR�KDUYHVW�WUHH�VWDQGV��$V�VXFK��ZRRG\�FURSV�DUH�OLNHO\�
WR�EH�KDUYHVWHG�DV�D�FRQWUDFWHG�RSHUDWLRQ��HYHQ�DV�D�
FRQYHQWLRQDO�³WLPEHU�VDOH�´�7KH�FRVW�RI�KDUYHVWLQJ�
ZRRG\�FURSV�LV�YDULDEOH�DQG�LV�GHSHQGHQW�RQ�WUHH�
GLDPHWHU�VL]H�DQG�SODQWLQJ�GHQVLW\�RU�VSDFLQJ��$�
W\SLFDO�VSDWLDO�DUUDQJHPHQW�ZRXOG�KDYH�QDUURZHU�
LQ�URZ�VSDFLQJ�DQG�ZLGHU�EHWZHHQ�URZ�VSDFLQJ�WR�
DFFRPPRGDWH�SURGXFWLRQ��H�J���VSUD\LQJ�DQG�VSUHDGLQJ�
HTXLSPHQW���DV�ZHOO�DV�KDUYHVWLQJ�HTXLSPHQW��,I�
PDQDJHG�DV�D�VLQJOH�URWDWLRQ��WUHHV�FDQ�EH�KDUYHVWHG�
ZLWK�H[LVWLQJ�IRUHVWU\�HTXLSPHQW��H�J���IHOOHU�EXQFKHUV��
VNLGGHUV��DQG�ZKROH�WUHH�FKLSSHUV���7KH�PXOWLSOH�VWHPV�
FKDUDFWHULVWLF�RI�FRSSLFH�PDQDJHG�KDUGZRRGV�DUH�
KDUYHVWHG�ZLWK�D�VWDQGDUG�IRUDJH�KDUYHVWHU�¿WWHG�ZLWK�
D�VSHFLDOO\�GHVLJQHG�FXWWLQJ�KHDG�IRU�ZRRG\�FURSV��
:RRG\�FURSV�DUH�JHQHUDOO\�FKLSSHG�DW�WKH�VWXPS�RU�DW�
URDGVLGH�DQG�GHOLYHUHG�WR�IDFLOLWLHV�DV�ZKROH�WUHH�FKLSV��
�$GGLWLRQDO�GLIIHUHQFHV�EHWZHHQ�ZRRG\�DQG�KHUEDFHRXV�
FURSV�DUH�SURYLGHG�LQ�7H[W�%R[�����

2EWDLQLQJ�KLJK�SURGXFWLYLW\�DQG�VXUYLYDO�UHTXLUHV�
VSHFLDOO\�VHOHFWHG�SODQWLQJ�PDWHULDO��JRRG�VLWH�
SUHSDUDWLRQ��HIIHFWLYH�ZHHG�FRQWURO��DQG�DSSOLFDWLRQ�RI�
QXWULHQWV��,I�SODQWHG�WRGD\��XVLQJ�TXDOLW\�FXWWLQJV�DQG�
VHHGOLQJV��ZRRG\�FURSV�DUH�H[SHFWHG�WR�SURGXFH�����
WR�����GU\�WRQV�SHU�DFUH�DQQXDOO\��ZLWK�KLJKHU�\LHOGV�LQ�
SDUWV�RI�WKH�1RUWKZHVW����GU\�WRQV�SHU�DFUH�SHU�\HDU��
DQG�VXE�WURSLFDO�)ORULGD��)RU�ZLOORZ��DQQXDO�\LHOGV�
DUH�OLNHO\�WR�UDQJH�IURP���WR���GU\�WRQV�SHU�DFUH�LQ�
WKH�HVWDEOLVKPHQW�URWDWLRQ�DQG�VOLJKWO\�KLJKHU�LQ�WKH�
VXEVHTXHQW�FRSSLFH�URWDWLRQV�

(QHUJ\�VRUJKXP�LV�DVVXPHG�DV�WKH�PRGHO�DQQXDO�
HQHUJ\�FURS��(QHUJ\�VRUJKXP�LV�RQO\�DOORZHG�RQ�
FURSODQG��DV�LW�LV�D�SRWHQWLDOO\�HURVLYH�URZ�FURS��,W�LV�
DOVR�DVVXPHG�WR�EH�SDUW�RI�D�PXOWLFURS�DQG�RU�IDOORZ�
URWDWLRQ��6RUJKXP�FDQ�EH�HVWDEOLVKHG�LQ�D�PDQQHU�
VLPLODU�WR�FRQYHQWLRQDO�FRUQ��XVLQJ�D�FKLVHO�SORZ�
DQG�RIIVHW�GLVN�IRU�VRLO�SUHSDUDWLRQ��KRZHYHU��QR�
WLOO�HVWDEOLVKPHQW�LV�SUHIHUUHG��)HUWLOL]HU��QLWURJHQ��
SKRVSKRURXV��DQG�SRWDVVLXP��DQG�OLPH��RQFH�HYHU\�
��\HDUV�LQ�UHJLRQV�ZKHUH�LW�LV�QHHGHG��DUH�VSUHDG��
)HUWLOL]HU�FRVWV�DUH�KLJKHU�WKDQ�IRU�SHUHQQLDOV��$�URZ�
FURS�SODQWHU�LV�XVHG�WR�SODQW�VRUJKXP�VHHG��:HHG�
FRQWURO�FRQVLVWV�RI�WZR�KHUELFLGH�DSSOLFDWLRQV�DQG�
RQH�PHFKDQLFDO�FXOWLYDWLRQ��+DUYHVWLQJ�LV�GRQH�ZLWK�D�
VHOI�SURSHOOHG�IRUDJH�KDUYHVWHU�DQG�KLJK�GXPS�IRUDJH�
ZDJRQV�WR�WUDQVSRUW�WKH�FKRSSHG�VRUJKXP�WR�WKH�¿HOG�
edge.

0LVFDQWKXV�DQG�HQHUJ\�FDQH�DUH�WZR�SRWHQWLDOO\�
KLJK�\LHOGLQJ�SHUHQQLDO�HQHUJ\�FURSV��7KH\��KRZHYHU��
KDYH�KLJKHU�HVWDEOLVKPHQW�FRVWV�DV�WKH\�XVH�YHJHWDWLYH�
PDWHULDO��(QHUJ\�FDQH�LV�UHVWULFWHG�WR�DUHDV�ZLWKRXW�
IURVW��0LVFDQWKXV�FDQ�EH�JURZQ�LQ�WKH�0LGZHVW��:KLOH�
ERWK�DUH�WKLFN�VWHPPHG�VSHFLHV��DV�LV�VRUJKXP���
0LVFDQWKXV�KDV�EHHQ�KDUYHVWHG�ZLWK�IRUDJH�HTXLSPHQW��
0LVFDQWKXV�FDQ�EH�KDUYHVWHG�LQ�WKH�VSULQJ�EHIRUH�
UHJURZWK�EHJLQV��,W�LV�DVVXPHG�WKDW�HQHUJ\�FDQH�DQG�
0LVFDQWKXV�DUH�HVWDEOLVKHG�LQ�D�PDQQHU�VLPLODU�WR�
VXJDUFDQH��EXW�ZLWK�ORZHU�QXWULHQW�UHTXLUHPHQWV��
(QHUJ\�FDQH�LV�KDUYHVWHG�ZLWK�D�IRUDJH�KDUYHVWHU�LQ�
WKH�IDOO�DQG�0LVFDQWKXV�LV�KDUYHVWHG�ZLWK�D�PRZHU�
FRQGLWLRQHU��UDNH��DQG�EDOHU�LQ�WKH�VSULQJ��%HFDXVH�
0LVFDQWKXV�DQG�HQHUJ\�FDQH�KDYH�UHODWLYHO\�ORQJ�
SURGXFWLYH�VWDQG�OLYHV�DQG�KLJK�\LHOGV��WKH\�DUH�
SRWHQWLDOO\�FRVW�FRPSHWLWLYH�RU�HYHQ�OHVV�FRVWO\�WKDQ�
RWKHU�SHUHQQLDO�JUDVVHV�SURYLGHG�HVWDEOLVKPHQW�FRVWV�
FDQ�EH�NHSW�ORZ�

High-yield scenario��$V�GLVFXVVHG�DW�WKH�RXWVHW��
ZRUNVKRSV�ZHUH�FRQGXFWHG�WR�FROOHFW�LQIRUPDWLRQ�RQ�
DGYDQFHPHQWV�QHHGHG�IRU�KLJKHU�\LHOGV��WKH�UDQNLQJ�RI�
WKH�WLPHOLQHVV��WKH�OLNHOLKRRG�RI�WKHVH�DGYDQFHPHQWV��
DQG�WKH�SURMHFWHG�IXWXUH�\LHOGV��7KH�FURS�W\SHV�
FRQVLGHUHG�LQ�WKH�KHUEDFHRXV�FURSV�ZRUNVKRS�ZHUH�

61  Results of studies conducted during the last two decades suggest that cost-e!ective harvesting requires that equipment be appropriately 
 sized and able to cut and handle large numbers of relatively small-diameter trees. Conventional forest harvesting equipment tends to be  
 inappropriate because it is designed for single-stemmed, stop-and-go severance of large trees. The equipment is also high-powered and 
 expensive.
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VZLWFKJUDVV��PL[HG�SHUHQQLDO�JUDVVHV��HQHUJ\�FDQH��DQG�
0LVFDQWKXV��(QHUJ\�VRUJKXP�ZDV�DOVR�LQFOXGHG��HYHQ�
WKRXJK�LW�LV�QRW�D�SHUHQQLDO��EHFDXVH�LW�FDQ�EH�JURZQ�
H[SOLFLWO\�DV�DQ�HQHUJ\�FURS�DFURVV�D�ZLGH�UDQJH�RI�
VLWHV�

7KH�SDUWLFLSDQWV�GLVFXVVHG�D�ZLGH�DUUD\�RI�OLPLWLQJ�
IDFWRUV�WR�\LHOG�LPSURYHPHQWV��DV�ZHOO�DV�DSSURDFKHV�
WR�RYHUFRPLQJ�WKHVH�EDUULHUV��:KLOH�WKHUH�LV�JUHDW�
SRWHQWLDO�IRU�JHQHWLF�LPSURYHPHQW�RI�SHUHQQLDOV��WKH�
SURFHVV�RI�QHZ�YDULHW\�EUHHGLQJ��VHOHFWLRQ��DQG�WULDOLQJ�
LV�UHODWLYHO\�VORZ�FRPSDUHG�WR�DQQXDO�VSHFLHV�OLNH�FRUQ�
DQG�VRUJKXP��9DULHWLHV�RI�SHUHQQLDOV�DUH�W\SLFDOO\�ZHOO�
DGDSWHG�WR�D�UHODWLYHO\�QDUURZ�UDQJH�RI�HQYLURQPHQWDO�
FRQGLWLRQV��H�J���FOLPDWH�DQG�JHRJUDSK\���DQG�GLIIHUHQW�
YDULHWLHV�W\SLFDOO\�SHUIRUP�EHWWHU�LQ�VRPH�HQYLURQPHQWV�
WKDQ�LQ�RWKHUV��'HYHORSPHQW�RI�PDQ\�YDULHWLHV�RI�
HDFK�VSHFLHV�ZLOO�EH�UHTXLUHG�WR�JHW�WKH�EHVW�SRVVLEOH�
SURGXFWLRQ�SHUIRUPDQFH�DFURVV�WKH�EUHDGWK�RI�DYDLODEOH�
8�6��HQYLURQPHQWV��%HFDXVH�RI�WKLV�JHRJUDSKLFDO�
FRUUHODWLRQ��\LHOG�LPSURYHPHQWV�ZHUH�GLVFXVVHG�ZLWKLQ�
VHYHQ�ODUJH�UHVRXUFH�]RQHV�DFURVV�WKH�8QLWHG�6WDWHV�
WKDW�DUH�DGDSWHG�IURP�WKH�86'$�/DQG�5HVRXUFH�
5HJLRQV��)RU�VZLWFKJUDVV��SDUWLFLSDQWV�HVWLPDWHG������
\LHOG�LQFUHDVHV�DV�KLJK�DV�����LQ�WKH�PRVW�SURGXFWLYH�
]RQHV�DQG�LPSURYHPHQWV�DV�ORZ�DV����DQG�����LQ�OHVV�
SURGXFWLYH�]RQHV�

3DUWLFLSDQWV�ZHUH�DVNHG�IRU�WKHLU�RSLQLRQV�DERXW�ODQG��
XVH�LVVXHV�UHODWHG�WR�KHUEDFHRXV�HQHUJ\�FURSV�DV�WR�KRZ�
WKH�LQWHJUDWLRQ�RI�HQHUJ\�FURSV�LQWR�FURSSLQJ�V\VWHPV��
JHUPSODVP�LPSURYHPHQWV��DQG�EHWWHU�PDQDJHPHQW�
SUDFWLFHV�PLJKW�DOORZ�IRU�H[SDQVLRQ�RI�ELRPDVV�
SURGXFWLRQ�RQWR�PRUH�PDUJLQDO�ODQGV��7KHUH�ZLOO�EH�
FRPSHWLWLRQ�IRU�ODQG��UHJDUGOHVV�RI�LPSOHPHQWDWLRQ�RI�
FRPPRGLW\�VFDOH�HQHUJ\�FURS�SURGXFWLRQ��,W�ZRXOG�EH�
KHOSIXO�WR�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�EHVW�XVHV�
IRU�DOO�NLQGV�RI�ODQGV��HVSHFLDOO\�WKH�YDJXHO\�GH¿QHG�
PDUJLQDO�ODQGV��:KLOH�WKH\�PD\�QRW�EH�XVHDEOH�IRU�
URZ�FURS�SURGXFWLRQ��WKH\�PD\�EH�FDQGLGDWHV�IRU�
HQHUJ\�FURS�SURGXFWLRQ��/DQG�QHHGV�WR�EH�XVHG�PRUH�
HIIHFWLYHO\��H�J���PDWFKLQJ�VSHFLHV�WR�WKH�HQYLURQPHQWV�
WR�ZKLFK�DGDSWHG���3URGXFWLRQ�V\VWHPV�QHHG�WR�EH�
GHVLJQHG�WR�RSWLPL]H�PDUJLQDO�ODQGV��VXFK�DV�XVLQJ�
FRUQHUV�LQ�SLYRW�LUULJDWHG�¿HOGV�DQG�UHKDELOLWDWLQJ�DFUHV�

LGOHG�GXH�WR�FURS�IDLOXUH��GURXJKW��SRRU�HFRQRPLFV��
HWF��&RQYHUWLQJ�SDVWXUH�WR�HQHUJ\�FURS�SURGXFWLRQ�
LQWURGXFHV�GLIIHUHQW�SURGXFWLYLW\�LVVXHV��VXFK�DV�VRLO�
IHUWLOLW\��VHQVLWLYLW\�WR�UDLQ��DQG�VORSH��6LQFH�WKHUH�LV�
DOUHDG\�FRPSHWLWLRQ�IRU�SDVWXUHODQG��WKHUH�ZLOO�DOVR�EH�
D�QHHG�WR�LPSURYH�RU�LQWHQVLI\�UHPDLQLQJ�SDVWXUH�WKDW�LV�
XVHG�IRU�OLYHVWRFN��

)ROORZLQJ�WKH�KHUEDFHRXV�ZRUNVKRS��D�ZRRG\�FURSV�
ZRUNVKRS�ZDV�KHOG��:RRG\�HQHUJ\�FURSV�DUH�GH¿QHG�
DV�SXUSRVH�JURZQ�SODQWDWLRQV�LQ�ZKLFK�WKH�EROHZRRG��
SUREDEO\�WKH�EDUN��DQG�PXFK�RI�WKH�OLPEV�DQG�WRSV�
DUH�XVHG�DV�IHHGVWRFNV�IRU�HQHUJ\��7KH\�FDQ�DOVR�EH�
UHIHUUHG�WR�DV�65:&��65:&�DUH�JURZQ�SULPDULO\�WR�
XVH�WKH�EROHZRRG�IRU�SXOSZRRG�DQG��LQ�VRPH�OLPLWHG�
FDVHV��IRU�OXPEHU��,Q�WKH�JHQHUDO�VHQVH��HQHUJ\�FURSV�
DQG�65:&�DUH�LQWHQVLYHO\�PDQDJHG��IDVW�JURZLQJ�
VSHFLHV�WKDW�SURGXFH�ODUJH�DPRXQWV�RI�ELRPDVV�RYHU�
D�VKRUW�SHULRG�RI�WLPH��XVXDOO\�OHVV�WKDQ����\HDUV��
'HSHQGLQJ�RQ�WKH�VSHFLHV�DQG�WKH�SURGXFWLRQ�PHWKRG��
WKH�URWDWLRQ�OHQJWK�FDQ�EH�VKRUWHQHG�WR�DV�OLWWOH�DV���
\HDUV�ZKHQ�FRSSLFHG��

7KH�PRVW�OLNHO\�ZRRG\�HQHUJ\�FURS�VSHFLHV�WR�EH�
GHYHORSHG�IRU�ELRHQHUJ\�SURGXFWLRQ�DUH�SRSODU��
VRXWKHUQ�SLQH��HXFDO\SWXV��DQG�ZLOORZ��EXW�WKHUH�
DUH�PDQ\�RWKHU�SRVVLEOH�VSHFLHV��VXFK�DV�V\FDPRUH�
(Plantanus occidentalis��DQG�VZHHWJXP��Liquidambar 
VW\UDFLÀXD���7KH�ZRUNVKRS�IRFXVHG�RQ�SRSODU��ZLOORZ��
DQG�VRXWKHUQ�SLQH��(XFDO\SWXV�ZDV�DGGHG�GXULQJ�WKH�
ZRUNVKRS��

$V�ZLWK�WKH�KHUEDFHRXV�FURSV�ZRUNVKRS��SDUWLFLSDQWV�
GLVFXVVHG�\LHOG�JURZWK�UDWHV��LGHQWL¿HG�EDUULHUV�WR�
DFKLHYLQJ�KLJKHU�\LHOGV��DQG�WKHQ�VRPH�DSSURDFKHV�
WR�RYHUFRPLQJ�WKHVH�EDUULHUV�WR�HQVXUH�IXWXUH�\LHOG�
LQFUHDVHV��7KH�EDUULHUV�LQFOXGHG�WKH�ODFN�RI�LPSURYHG�
SODQWLQJ�VWRFN��UHJHQHUDWLRQ�PHWKRGV��DQG�FXOWXUDO�
SUDFWLFHV��GLVHDVH�DQG�SHVW�ULVNV��IRUHVW�PDQDJHPHQW�
SUDFWLFHV�QRW�RSWLPL]HG�IRU�HQHUJ\�SURGXFWLRQ�DQG��
RU�LQWHJUDWHG�ZLWK�FRQYHQWLRQDO�IRUHVWU\��XQFHUWDLQ�
ODQGRZQHU�H[SHFWDWLRQV��PDWFKLQJ�VSHFLHV�WR�VLWHV�
ZLWK�DQG�ZLWKRXW�UHVWULFWLRQV��OLPLWHG�PDUNHWV�DQG�
ULVNV��QHHG�IRU�QHZ�W\SHV�RI�ORZ�LPSDFW�KDUYHVWLQJ�
HTXLSPHQW��DQG�SROLWLFDO�DQG�VRFLDO�VHQVLWLYLW\�WR�WKH�
XVH�RI�WUDQVJHQHVLV��2WKHU�EDUULHUV�DUH�SURYLGHG�LQ�7H[W�
%R[�����
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As part of the environmental sustainability alternate 
assumption discussion, participants were asked 
to identify the environmental barriers, or “limiting 
factors,” constraining yield and possible solutions. Key 
considerations raised by participants included: 

Implementing emerging concepts in management 
practices 
Minimizing nitrogen use 
Minimizing risk of new biomass crops becoming 
invasive or intercrossing 
Developing improved carbon sequestration 
and methods for indirect monitoring of carbon 
accumulation in soil 
Developing planned production programs 
Implementing landscape-scale management 
strategies 
Identifying ways to manage changes in land use for 
energy crop production with minimal soil carbon 
loss 
#ONDUCTINGÏSTUDIESÏTOÏQUANTIFYÏBENElTSÏOFÏ
environmental services 
Leveraging ecosystem services provided by 
perennial crops for environmental sustainability 
Developing an integrated pest management (IPM) 
program for switchgrass and mixed perennial 
grasses 
Developing management practices and technology 
for harvesting perennial energy crops. 

TEXT BOX 5.4  |  BARRIERS TO YIELD 
GROWTH

3DUWLFLSDQWV�LGHQWL¿HG�SRVVLEOH�DGYDQFHV�DQG�
DSSURDFKHV�WR�RYHUFRPLQJ�WKHVH�EDUULHUV��6RPH�RI�
WKH�PRUH�LPSRUWDQW�RQHV�LGHQWL¿HG�LQ�WKH�ZRUNVKRS�
LQFOXGHG��

�� 1HZ�DQG�LPSURYHG�YDULHWLHV��OLQHV��DQG�
IDPLOLHV²PROHFXODU�JHQHWLFV�DQG�EUHHGLQJ�
PHWKRGV�IRU�SURGXFWLYLW\��IURVW�KDUGLQHVV��DQG�
GURXJKW�UHVLVWDQFH�

�� ,PSURYHPHQW�LQ�YHJHWDWLYH�SURSDJDWLRQ�DQG�
QXUVHU\�SURGXFWLRQ�DQG�EULGJLQJ�WKH�JDS�EHWZHHQ�
JHQHWLF�EUHHGLQJ�DQG�DSSOLFDWLRQ�

�� *HUPSODVP�GHYHORSPHQW��JHQRPH�VHTXHQFLQJ��
DQG�47/�WUDLW�LGHQWL¿FDWLRQ�

�� $3+,6��$QLPDO�DQG�3ODQW�+HDOWK�,QVSHFWLRQ�
6HUYLFH��SHUPLWWLQJ��JHQH�HVFDSH�FRQWUROV��DQG�
VWHULOLW\�

�� 1HZ�VLOYLFXOWXUDO�DQG�VWDQG�LPSURYHPHQW�
SUDFWLFHV�IRU�ZHHG�FRQWURO��QXWULHQWV��DQG�
KDUYHVWLQJ�

�� 'HYHORSLQJ�EHWWHU�\LHOG�DQG�HFRQRPLF�PRGHOV�
�� 7ULDOV�RQ�FRSSLFH��PXOWLFURS��VSDFLQJ��URWDWLRQ�

OHQJWK��QXWULHQW�HI¿FLHQF\��DQG�FDUERQ�SRROV�
�� 0RQLWRULQJ�DQG�FRQWURO�V\VWHPV�IRU�SHVWV�DQG�

GLVHDVHV�
�� ,QWHJUDWHG�KDUYHVWLQJ�VLWH�SUHSDUDWLRQ�RSHUDWLRQV��

LQFOXGLQJ�DSSOLFDWLRQ�RI�SUHFLVLRQ�IRUHVWU\�
�� 'HYHORSLQJ�FRQYHUVLRQ�WHFKQRORJ\�WR�XVH�PRUH�

RI�WKH�ELRPDVV�
�� 'HYHORSLQJ�EXVLQHVV�FDVHV��KRZ�WR�JXLGHOLQHV��

DQG�GHFLVLRQ�WRROV�IRU�ODQGRZQHUV�

,Q�32/<6<6��WKH�KLJK�\LHOG�VFHQDULR�ZDV�
LPSOHPHQWHG�E\�XVLQJ�KLJKHU�UDWHV�RI�SURGXFWLYLW\�
JURZWK�UHODWLYH�WR�WKH�EDVHOLQH��7KH�HIIHFW�RI�GLIIHULQJ�
JURZWK�UDWHV�RQ�FURS�SURGXFWLYLW\�LV�VXPPDUL]HG�LQ�
7DEOH������8QGHU�WKH�EDVHOLQH�VFHQDULR����GU\�WRQV�
SHU�DFUH�LQFUHDVH�WR�����DQG�����GU\�WRQV�SHU�DFUH�
E\������DQG�������UHVSHFWLYHO\��8QGHU�WKH�KLJK�
\LHOG�VFHQDULR��SURGXFWLYLW\�JURZWK�UDWHV�RI����WR�
���LQFUHDVH�\LHOGV�IURP���GU\�WRQV�SHU�DFUH�WR�����
DQG�����GU\�WRQV�SHU�DFUH�DQG�����DQG������GU\�WRQV�
SHU�DFUH�E\������DQG�������UHVSHFWLYHO\��7KHVH�
SURMHFWLRQV�DUH�ZHOO�ZLWKLQ�WKH�UDQJH�RI�HVWLPDWHV�
SURYLGHG�E\�ZRUNVKRS�SDUWLFLSDQWV�
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Item Units Northeast Appalachia Southeast Delta Corn  
Belt

Lake  
States

Southern  
and  

Northern 
Plains

Perennial grasses

Stand life Years 10 10 10 10 10 10 10

Productivity dry tons/
acre 4.0–7.5 5–9.5 3.5–9.5 3–7 4–7 3.5–5 2–6.5

Establishment

Seed $/lb $10 $22 $22 $22 $10 $10 $22

Planting lb/acre 5 5 5 5 5 5 5

Replants percent 25 25 25 25 25 25 25
No-till drill - 1-time 1-time 1-time 1-time 1-time 1-time 1-time
Total kill 
herbicide

No. 
applications 1-time 1-time 1-time 1-time 1-time 1-time 1-time

Pre-emergent 
herbicide

No. 
applications 1-time 1-time 1-time 1-time 1-time 1-time 1-time

Phosphorous lbs P2O5/
acre 40 40 40 40 40 40 40

Potassium lbs K2O/ac 80 80 80 80 80 80 0
Lime tons/acre 1 2 2 2 1 1 0
Total 
establishment 
costs

 $/acre $210 $340 $330 $330 $200 $200 $220

Maintenance years
Reseeding year applied 2 2 2 2 2 2 2
Pre-emergent 
herbicide

No. 
applications 0 0 0 0 0 0 0

Nitrogen lbs/acre 60 70 70 50 60 40 40

Phosphorous lbs P2O5/
acre 0 0 80 0 80 0 0

Potassium lbs K2O /
acre 0 0 80 0 80 0 0

Harvest costs $/dry ton  $19.50– 
 $21.00

$18.50–
$19.90

$18.00–
$20.20

$18.60–
$20.60

$19.20–
$20.60

$20.60–
$21.90

$19.20–
$22.10

Annual Energy Crops

Productivity dry tons/
acre 6–8.2 6–8.7 6–9 6–9 6.7–9 n/a 6.5–9

Production costs $/acre $310 $330 $300 $310 $420 n/a $230
Harvest costs $/dry ton $12.50 $12.10 $11.80 $11.80 $12.20 n/a $12.10

Summary of Production Inputs and Costs for Perennial and Annual GrassesTable 5.3

Notes��$ISCOUNTED�AVERAGE�COSTS�OF�PRODUCTION�FOR�PERENNIAL�GRASSES�ARE����
����PER�DRY�TON�IN�THE�.ORTHEAST�����
����PER�DRY�TON�
IN�!PPALACHIA�����
����PER�DRY�TON�IN�THE�3OUTHEAST������
����PER�DRY�TON�IN�THE�$ELTA�����
����PER�DRY�TON�IN�THE�#ORN�"ELT�����
����
PER�DRY�TON�IN�THE�,AKE�3TATES�����
����IN�THE�.ORTHERN�AND�3OUTHERN�0LAINS���#OSTS�ASSUME�A�DISCOUNT�RATE�OF������AND�INCLUDE�ALL�
VARIABLE�COSTS�EXCLUSIVE�OF�LAND�RENT��$ISCOUNTED�AVERAGE�COST�OF�PRODUCTION�FOR�ANNUAL�ENERGY�CROPS�RANGE�FROM�����TO�����PER�DRY�TON�
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Understanding how biomass yield varies as a function of crop management, climate, and soils is fundamental to deriving 
a sustainable supply of cellulosic feedstock for an emerging biofuels industry. For the herbaceous perennial switchgrass 
�0ANICUM�VIRGATUM�,�	�ÏAÏDATABASEÏCONTAININGÏ�����ÏOBSERVATIONSÏOFÏYIELDÏFROMÏ��ÏlELDÏTRIALSÏCONDUCTEDÏACROSSÏTHEÏ
United States was compiled. Data includes site location, stand age, plot size, cultivar, crop management, biomass 
yield, temperature, precipitation, and information on land quality. Statistical analysis revealed the major sources of 
variation in yield. Frequency distributions of yield for upland and lowland ecotypes were unimodal, with mean biomass 
yields (± standard deviation) of 3.9 ± 1.9 and 5.6 ± 2.6 dry tons per acre for the two ecotypes, respectively. No bias was 
found toward higher yields associated with small plots or preferential establishment of stands on high quality lands. A 
PARAMETRICÏYIELDÏMODELÏWASÏlTÏTOÏTHEÏDATAÏANDÏEXPLAINEDÏONE
THIRDÏOFÏTHEÏOBSERVEDÏVARIATIONÏINÏBIOMASSÏYIELDS�ÏWITHÏANÏ
equal contribution of growing season precipitation, annual temperature, nitrogen fertilization, and ecotype. The model 
was used to predict yield across the continental United States. Mapped output was consistent with the natural range of 
switchgrass, and yields were shown to be limited by precipitation west of the Great Plains. Future studies should extend 
THEÏGEOGRAPHICÏDISTRIBUTIONÏOFÏlELDÏTRIALSÏANDÏTHUSÏIMPROVEÏUNDERSTANDINGÏOFÏBIOMASSÏPRODUCTIONÏASÏAÏFUNCTIONÏOFÏSOIL�Ï
climate, and crop management for promising biofuels such as switchgrass.

TEXT BOX 5.5  |  ESTIMATION OF SWITCHGRASS YIELD

Sources:�7ULLSCHLEGER�ET�AL���������*AGER�ET�AL�������
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Summary of Production Inputs and Costs for Woody CropsTable 5.4

Item Units Poplar Pine Eucalyptus Willow  
(coppiced)

Rotation Years 8 8 8 4a (5 harvests)

Spacing
sq. ft. 60 60 60 7.5

trees/acre 726 726 726 5800
Productivity dry tons/acre-year 3.5–6.0 5.0–5.5 6.0 5.1

Growing range Region
Northeast, Lake 

States, Northwest, 
Midwest, Plains

Southeast Sub-tropics Northeast and  
Lake States

Establishment - year 1
Cuttings $/tree $0.10 $0.06 $0.10 $0.12
Planting $/tree $0.09 $0.09 $0.09 $0.02
Replants percent 5 5 5 0
Moldboard plow - 1-time 1-time 1-time 1-time
Disk - 1-time 1-time 1-time 1-time
Cultivate - 2-times 2-times 2-times 2-times

Total kill herbicide
No. applications 1-time 1-time 1-time 1-time

lbs a.i./acre 1.5 1.5 1.5 1.5
Pre-emergent 
herbicide

No. applications 1-time 1-time 1-time 1-time
lbs a.i./acre 1.5 1.5 1.5 1.5

Phosphorous lbs/acre 0 40 0 0
Establishment costs  $/acre $310 $280 $310 $1120
Maintenance years
Cultivate – year 2 - 2-times 2-times 2-times 1-time
Cultivate – year 3 1-time 1-time 1-time None
Pre-emergent 
herbicide – year 2

No. applications 1 1 1 1
lbs a.i./acre 1.5 1.5 1.5 1.5

Lime – year 3
tons/acre 90 90 90 100

year applied - year 3 year 3 -

Nitrogen –  
year 4 and 6

lbs/acre 90 90 90 100
year applied 4 and 6 2,4, and 6 4 and 6 4

- - - - -
Phosphorous –  
year 3

lbs/acre 20 40 15 -
year applied 3 3 3 -

Potassium –  
year 3

lbs/acre 35 40 25 -
year applied 3 3 3 -

 Maintenance costs 
– year 2  $/acre $60 $100 $100 $30

 Maintenance costs 
– year 3–8 $/acre $220 $200 $200 $100b

Harvest costs $/dry ton $20 $20 $20 $15

Notes: 0RODUCTIVITY�FOR�COPPICED�MANAGED�SYSTEMS�IS�EXPECTED�TO�BE�ABOUT�����HIGHER�AFTER�lRST�COPPICE��hA�I�v�IS�ACTIVE�INGREDIENT��
$ISCOUNTED�AVERAGE�COSTS�OF�PRODUCTION�FOR�POPLAR��PINE��AND�WILLOW�ARE����
��������
�����AND����
����PER�DRY�TON��RESPECTIVELY��#OSTS�
ASSUME�A�DISCOUNT�RATE�OF������AND�INCLUDE�ALL�VARIABLE�COSTS�EXCLUSIVE�OF�LAND�RENT�
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Yield Growth Between the Baseline and High-Yield ScenariosTable 5.5

2012 2017 2022 2030 2017 2022 2030
Crop Yield Baseline 1% annual growth High-yield 2%–4% annual growth

Low end of 
yield range

Dry tons/acre/year Dry tons/acre/year

2 2.1 2.2 2.4 2.2 – 2.4 2.4 – 3.0 2.9 – 4.1

3 3.2 3.3 3.6 3.3 – 3.6 3.7 – 4.4 4.3 – 6.1

4 4.2 4.4 4.8 4.4 – 4.9 4.9 – 5.9 5.7 – 8.1

5 5.3 5.5 6.0 5.5 – 6.1 6.1 – 7.4 7.1 – 10.1

6 6.3 6.6 7.2 6.6 – 7.3 7.3 – 8.9 8.6 – 12.2

Middle of 
yield range

7 7.4 7.7 8.4 7.7 – 8.5 8.5 – 10.4 10.0 – 14.2

8 8.4 8.8 9.6 8.8 – 9.7 9.8 – 11.8 11.4 – 16.2

High end of 
yield range

9 9.5 9.9 10.8 9.9 – 10.9 11.0 – 13.3 12.9 – 18.2

10 10.5 11.0 12.0 11.0 – 12.2 12.2 – 14.8 14.3 – 20.3

11 11.6 12.2 13.2 12.1 – 13.4 13.4 – 16.3 15.7 – 22.3

12 12.6 13.3 14.4 13.2 – 14.6 14.6 – 17.8 17.1– 24.3

Notes:��4HE�YIELDS�SHOWN�FOR�����n�����FOR�THE�BASELINE�AND�HIGH
YIELD�SCENARIOS�REmECT�THE�STANDING�YIELD�OF�THE�ENERGY�CROP�BEFORE�
LOSSES��)T�IS�THE�YIELD�FOR�THE�ENERGY�CROP�PLANTED�IN�THAT�PARTICULAR�YEAR��&OR�EXAMPLE��IF�THE�����n�����YIELD�FOR�A�PARTICULAR�CROP�IS���
DRY�TONS�PER�ACRE��THE�YIELD�FOR�THAT�CROP�WOULD�BE�����DRY�TONS�PER�ACRE�IF�PLANTED�IN������UNDER�THE�BASELINE�AND�����TO�����DRY�TONS�PER�
acre under the high-yield scenario.
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5.3 Results
7ZR�VFHQDULRV�DUH�FRQVLGHUHG²D�EDVHOLQH�DQG�KLJK�
\LHOG��7KH�EDVHOLQH�DQG�KLJK�\LHOG�VFHQDULRV�GLIIHU�
E\�DVVXPHG�SURGXFWLYLW\�JURZWK�RYHU�WLPH��)RU�WKH�
EDVHOLQH��LW�LV�DVVXPHG�WKDW�UHJLRQDO�SURGXFWLYLW\�
LQFUHDVHV�E\����DQQXDOO\��VWDUWLQJ�LQ�\HDU�������IRU�DOO�
VXEVHTXHQW�SODQWLQJV��7DEOH�������&URS�SURGXFWLYLW\�
JURZWK�LV�GXH�WR�OHDUQLQJ�RU�H[SHULHQFH�LQ�SODQWLQJ�
HQHUJ\�FURSV�DQG�OLPLWHG�JDLQV�WKDW�FDQ�EH�KDG�WKURXJK�
EUHHGLQJ�DQG�VHOHFWLRQ�RI�EHWWHU�YDULHWLHV��8QGHU�KLJK�
\LHOG�VFHQDULRV��SURMHFWHG�LQFUHDVH�LQ�FURS�SURGXFWLYLW\�
RYHU�WLPH�LV�PRGHOHG�DW����WR����DQQXDOO\��7KHVH�
JDLQV�DUH�GXH�QRW�RQO\�WR�H[SHULHQFH�LQ�SODQWLQJ�HQHUJ\�
FURSV��EXW�WR�PRUH�DJJUHVVLYH�LPSOHPHQWDWLRQ�RI�
EUHHGLQJ�DQG�VHOHFWLRQ�SURJUDPV��2QH�FRXOG�H[SHFW�WKDW�
WKHUH�PLJKW�EH�VRPH�UHJLRQDO�YDULDWLRQ�LQ�SURGXFWLYLW\�
JURZWK�HVSHFLDOO\�LI�UHVHDUFK�ZHUH�WDUJHWHG�WR�D�VSHFL¿F�
YDULHW\�RU�FORQH���+RZHYHU��WKHUH�ZDV�QR�FOHDU�EDVLV�WR�
GLIIHUHQWLDWH�UHJLRQDO�SURGXFWLYLW\�JURZWK�LQ�WKLV�VWXG\�

$�QXPEHU�RI�VLPSOLI\LQJ�DVVXPSWLRQV�DUH�PDGH�WR�
LPSOHPHQW�HQHUJ\�FURS�VLPXODWLRQV�LQ�32/<6<6��
7KHVH�DUH�VXPPDUL]HG�EHORZ�

�� )RU�DOO�HQHUJ\�FURSV��WKH�HDUOLHVW�\HDU�SODQWLQJ�
FDQ�VWDUW�LV�������7KLV�LV�D�VRPHZKDW�DUELWUDU\�
GHFLVLRQ�WKDW�UHÀHFWV�WKH�FXUUHQW�DYDLODELOLW\�
RI�VHHGV��VHHGOLQJV��DQG�FXWWLQJV�IRU�SODQWLQJ��
'HOD\LQJ�WKH�LQWURGXFWLRQ�RI�HQHUJ\�FURSV�WR�
ODWHU�\HDUV��H�J���������ZRXOG�VLPSO\�GHOD\�WKH�
GHSOR\PHQW�WLPH�SDWK�

�� ,W�LV�DVVXPHG�WKDW�RQFH�ODQG�LV�SODQWHG�WR�DQ�
HQHUJ\�FURS��LW�UHPDLQV�LQ�WKDW�HQHUJ\�FURS�
WKURXJK�WKH�HQG�RI�WKH�VLPXODWLRQ�SHULRG���������
7KDW�LV��WKH�PRGHO�GRHV�QRW�DOORZ�WKH�VKLIWLQJ�RI�
ODQG�LQ�DQG�RXW�RI�HQHUJ\�FURSV��� 

�� )RU�WKH�EDVHOLQH�DQG�KLJK�\LHOG�VFHQDULRV��FURS�
SURGXFWLYLW\�LV�GHWHUPLQHG�E\�WKH�\HDU�LQ�ZKLFK�
WKH�FURS�LV�SODQWHG��)RU�H[DPSOH��D�FURS�SODQWHG�

LQ������LQ�D�SDUWLFXODU�FRXQW\�ZRXOG�UHDOL]H�D�
\LHOG�RI�����GU\�WRQV�SHU�DFUH�LI�WKH������\LHOG�
IRU�WKDW�FRXQW\�ZDV���GU\�WRQV�SHU�DFUH�XQGHU�
WKH�EDVHOLQH��7DEOH������DQG�����WR�����GU\�WRQV�
SHU�DFUH�XQGHU�WKH�KLJK�\LHOG�VFHQDULR�

�� ,W�LV�DVVXPHG�WKDW�WKH�JHRJUDSKLF�UDQJH�ZKHUH�
HQHUJ\�FURS�SURGXFWLRQ�FDQ�RFFXU�LV�OLPLWHG�
WR�DUHDV�ZKHUH�SURGXFWLRQ�LV�XQGHU�UDLQ�IHG�
FRQGLWLRQV��ZLWKRXW�WKH�XVH�RI�VXSSOHPHQWDO�
LUULJDWLRQ��

�� 3HUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�FDQ�EH�
SODQWHG�RQ�FURSODQG��FURSODQG�FXUUHQWO\�XVHG�DV�
SDVWXUH��DQG�SHUPDQHQW�SDVWXUH��&RQYHUVLRQ�RI�
SDVWXUHODQG�LV�UHVWULFWHG�WR�FRXQWLHV�HDVW�RI�WKH�
���WK�0HULGLDQ��(QHUJ\�VRUJKXP��WKH�DQQXDO�
HQHUJ\�FURS�VLPXODWHG�LQ�WKH�PRGHO��LV�UHVWULFWHG�
WR�FURSODQG�DQG�LV�DVVXPHG�WR�EH�SDUW�RI�D�
��\HDU�PXOWLFURS�DQG�RU�IDOORZ�URWDWLRQ�

�� (QHUJ\�FURS�SURGXFWLYLW\�LV�DVVXPHG�WKH�VDPH�
IRU�FURSODQG�DQG�SDVWXUHODQG��� 

�� 3HUHQQLDO�JUDVVHV�DUH�DVVXPHG�WR�KDYH�D�VWDQG�
OLIH�RI����\HDUV�EHIRUH�UHSODQWLQJ�LV�UHTXLUHG��
ZRRG\�FURSV�DUH�PDQDJHG�RQ�DQ���\HDU�URWDWLRQ��
DQG�FRSSLFHG�ZRRG\�FURSV�DUH�PDQDJHG�RQ�
D���\HDU�URWDWLRQ�ZLWK�D�WRWDO�VWDQG�OLIH�RI����
\HDUV��7KHVH�DVVXPSWLRQV�DUH�PDGH�IRU�WKH�
FRQYHQLHQFH�RI�PRGHOLQJ�RQO\��5RWDWLRQ�DJHV�
IRU�ZRRG\�FURSV�ZLOO�EH�GLIIHUHQW�GHSHQGLQJ�RQ�
VSHFLHV��VSDFLQJ��DQG�PDQDJHPHQW�

�� 7KH�FROOHFWLRQ�RI�FRUQ�VWRYHU��ZKHDW�VWUDZ��DQG�
RWKHU�JUDLQ�UHVLGXH�LV�LQFOXGHG�ZKHQ�HVWLPDWLQJ�
HQHUJ\�FURS�SRWHQWLDO�EHFDXVH�WKH�HQHUJ\�FURSV�
PXVW�FRPSHWH�IRU�ODQG��DQG�WKHVH�DGGLWLRQDO�
LQFRPH�VWUHDPV�DIIHFW�WKH�SUR¿WDELOLW\�RI�
UHVLGXH�SURGXFLQJ�FURSV�

62 This assumption was made to facilitate model programming. However, the authors consider this to be a reasonable assumption because it  
is likely a grower will have a long-term commitment or contract to supply biomass.

63  An exhaustive analysis of switchgrass productivity data showed that there was no significant relationship between productivity and land  
capability class for either lowland or upland ecotypes that are analyzed together or separately (Wullschleger et al., 2010). The authors 
conclude that this could be due to the planting of switchgrass field trials, mainly during the 1990s, on “marginal lands” as a common 
expectation at the time was that less-than-prime agricultural lands would be used for woody and herbaceous energy crop production. It is 
likely that with additional plantings of energy crops on cropland, results may show relatively higher yields on cropland than pastureland. In 
this update, this would imply that the croplands used are too low and conservative.
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5.3.1 Baseline Estimates of  
Energy Crop Potential
3RWHQWLDO�VXSSOLHV�RI�HQHUJ\�FURSV�DW�DOWHUQDWLYH�
IDUPJDWH�SULFHV�RI�����WR�����SHU�GU\�WRQ�DUH�
VXPPDUL]HG�LQ�)LJXUH�������$W�WKH�ORZHVW�IDUPJDWH�
SULFH������SHU�GU\�WRQ���HQHUJ\�FURS�SURGXFWLRQ�
UHDFKHV�QHDUO\���PLOOLRQ�GU\�WRQV�E\�������LQFUHDVHV�
WR����PLOOLRQ�GU\�WRQV�E\�������DQG�E\�������UHDFKHV�
���PLOOLRQ�GU\�WRQV��7KHUH�LV�YHU\�OLWWOH�ZRRG\�FURS�
SURGXFWLRQ�DW�WKLV�SULFH�DQG�����PLOOLRQ�GU\�WRQV�RI�
HQHUJ\�VRUJKXP�E\�������$W�����SHU�GU\�WRQ��WRWDO�
HQHUJ\�FURS�SURGXFWLRQ�LV�����PLOOLRQ�GU\�WRQV�E\�
������ZLWK�����PLOOLRQ�GU\�WRQV�RI�SHUHQQLDO�JUDVVHV��
DOPRVW����PLOOLRQ�GU\�WRQV�RI�HQHUJ\�VRUJKXP��DQG�
���PLOOLRQ�GU\�WRQV�RI�ZRRG\�FURSV��:RRG\�FURSV�
DFFRXQW�IRU�DERXW�RQH�WKLUG�RI������WRWDO�HQHUJ\�FURS�
SURGXFWLRQ�DW�WKH�����DQG�����IDUPJDWH�SULFHV��$W�WKH�
KLJKHVW�SULFH��WKH�PRGHO�HVWLPDWHV�D�SRWHQWLDO�VXSSO\�RI�
����PLOOLRQ�GU\�WRQV�RI�SHUHQQLDO�JUDVVHV������PLOOLRQ�
GU\�WRQV�RI�ZRRG\�FURSV��DQG����PLOOLRQ�GU\�WRQV�RI�
HQHUJ\�VRUJKXP���

6XSSO\�FXUYHV�IRU�VHOHFWHG�\HDUV²������������DQG�
����²DUH�VKRZQ�LQ�)LJXUH�������$V�SUHYLRXVO\�
H[SODLQHG��IXWXUH�VXSSOLHV�LQFUHDVH�RYHU�WLPH�GXH�WR�WKH�
DVVXPHG�SURGXFWLYLW\�JURZWK��HQHUJ\�FURSV�EHFRPLQJ�
PRUH�FRPSHWLWLYH��DQG�ZRRG\�FURSV�FRPLQJ�LQWR�
SURGXFWLRQ��$W�WKH�����VLPXODWHG�SULFH��WRWDO�HQHUJ\�
FURS�SURGXFWLRQ�UHDFKHV�QHDUO\�����PLOOLRQ�GU\�WRQV�E\�
�����DQG�����PLOOLRQ�GU\�WRQV�E\�������7RWDO�HQHUJ\�
FURS�SURGXFWLRQ�ZRXOG�H[FHHG�����PLOOLRQ�GU\�WRQV�DV�
VLPXODWHG�SULFHV�DSSURDFK�����SHU�GU\�WRQ�

7KH�SODQWHG�DFUHV�DVVRFLDWHG�ZLWK�WKH�VLPXODWHG�HQHUJ\�
FURS�SURGXFWLRQ�DUH�GLVSOD\HG�LQ�)LJXUH������E\�SULFH�
DQG�\HDU�IRU�PDMRU�HQHUJ\�FURS�W\SH��$W�WKH�ORZHVW�
SULFH��DERXW�����PLOOLRQ�DFUHV�RI�HQHUJ\�FURSV�DUH�
SODQWHG�PRVWO\�RQ�FURSODQG�E\�������3ODQWHG�DFUHDJH�
LQFUHDVHV�VLJQL¿FDQWO\�DW�WKH�KLJKHU�VLPXODWHG�SULFHV��
$W�����SHU�GU\�WRQ�WRWDO�SODQWHG�DFUHDJH�DSSURDFKHV����
PLOOLRQ�DFUHV�E\������DQG����PLOOLRQ�DFUHV�E\�������
6L[W\�IRXU�PLOOLRQ�DFUHV�DUH�SODQWHG�WR�HQHUJ\�FURSV�
E\������DW�WKH�KLJKHVW�VLPXODWHG�SULFH��$ERXW�����RI�
WKHVH����PLOOLRQ�DFUHV�DUH�FURSODQG�DQG�WKH�UHPDLQLQJ�
FURSODQG�LV�XVHG�DV�SDVWXUH�DQG�SHUPDQHQW�SDVWXUH�

(QHUJ\�FURS�SURGXFWLRQ�LV�VXPPDUL]HG�LQ�WKH�VWDWH�
PDSV�VKRZQ�LQ�)LJXUH������DW�VLPXODWHG�IDUPJDWH�
SULFHV�RI�����������DQG�����SHU�GU\�WRQ��7KHVH�PDSV�
DOVR�VKRZ�DJULFXOWXUDO�FURS�UHVLGXHV�EHFDXVH�WKHLU�
FROOHFWLRQ�LV�DVVXPHG�ZLWK�WKH�HQHUJ\�FURSV��:KDW�
VWDQGV�RXW�LV�WKH�GRPLQDQFH�RI�WKH�*UHDW�3ODLQV�LQ�
SHUHQQLDO�JUDVV�DQG�ZRRG\�FURSV�LQ�WKH�6RXWK�DQG�WR�D�
OHVVHU�H[WHQW�LQ�WKH�1RUWK��7KH�&RUQ�%HOW�LV�YHU\�PXFK�
WKH�GRPLQDQW�DUHD�LQ�WKH�SURGXFWLRQ�RI�FURS�UHVLGXHV��
7KH�NH\�UHDVRQV�IRU�WKH�GRPLQDQFH�RI�SHUHQQLDO�JUDVV�
SURGXFWLRQ�LQ�WKH�3ODLQV�LV�GXH�WR�WKH�DYDLODELOLW\�RI�
FURSODQG�DQG�SDVWXUHODQG��VHH�7H[W�%R[������DQG�WKH�
UHODWLYHO\�ORZ�SUR¿WDELOLW\�RI�FXUUHQW�ODQG�XVHV�
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Supply curves for all energy crops at selected years in baseline scenarioFigure 5.17
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Estimated state shares of energy crops and agricultural residues supplies at farmgate 
prices of $40, $50, and $60 per dry ton in 2030Figure 5.19
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In addition to competing for land with conventional energy crops, energy crops also compete with each other. Farmgate 
analysis can distort the relative competiveness of energy crops when there are differences in feedstock logistics and 
supply chains. For example, woody crops have potentially less complex supply chains. In its simplest form, a woody 
crop can be harvested, chipped, and transported directly to the conversion facility. Further, woody crops can be stored 
on the stump, increasing volume, until needed at the conversion facility. Perennial grasses, annual energy crops, and 
crop residues have limited harvest and/or collection seasons and require storage between seasons. These herbaceous 
feedstocks also require more handling operations. 

4HEÏlGUREÏBELOWÏSUMMARIZESÏTHEÏEFFECTÏOFÏAÏCREDITÏGIVENÏTOÏWOODYÏCROPSÏTOÏACCOUNTÏFORÏTHEIRÏPOTENTIALÏSUPPLYÏCHAINÏ
advantages. The results show the baseline scenario at a farmgate price of $50 per dry ton and the same baseline with a 
$5 and $10 per dry ton credit given to woody crops. There were modest decreases in herbaceous crops and large increases 
in woody crops as the credit increased. Under the baseline at $50 per dry ton, woody crops are about one-third of total 
energy crop production in 2030. This percentage increases to 50%, with a $5 per dry ton credit and 65%, with a $10 per 
dry ton credit. Of course, this is a very simplistic comparison and a more thorough analysis of the entire feedstock supply 
and conversion chain is required. But the results do show that differences in assumed costs and assumptions among 
ENERGYÏCROPSÏCANÏHAVEÏSIGNIlCANTÏRESULTSÏINÏTERMSÏOFÏTHEÏENERGYÏCROPÏMIX�Ï

TEXT BOX 5.6  |  COMPETITIVENESS OF WOODY AND HERBACEOUS CROPS  
WHEN SUPPLY CHAIN ADVANTAGES ARE CONSIDERED
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5.3.2 High-Yield Estimates of  
Energy Crop Potential
7KHUH�DUH�QXPHURXV�RSSRUWXQLWLHV�IRU�PDNLQJ�WHFKQLFDO�
LPSURYHPHQWV�LQ�FURS�HVWDEOLVKPHQW�DQG�KDUYHVWLQJ�
PHWKRGV�WKDW�FRXOG�VHUYH�WR�ORZHU�SURGXFWLRQ�FRVWV��
&RVW�UHGXFWLRQ�FRXOG�DOVR�FRPH�IURP�KDYLQJ�PDFKLQHU\�
WKDW�LV�PRUH�HI¿FLHQW�LQ�KDQGOLQJ�ELRPDVV��)XUWKHU��DV�
IDUPHUV�EHFRPH�PRUH�IDPLOLDU�ZLWK�JURZLQJ�ELRPDVV��
WKH\�VKRXOG�DOVR�EHFRPH�PRUH�HI¿FLHQW�SURGXFHUV�

/HDUQLQJ�E\�GRLQJ��DV�ZHOO�DV�VRPH�LPSURYHPHQWV�
LQ�PDFKLQHU\�DQG�IXHO�XVH��FRXOG�ORZHU�HQHUJ\�FURS�
SURGXFWLRQ�FRVWV��+RZHYHU��WKH�PDMRU�RSSRUWXQLW\�
IRU�ORZHULQJ�SURGXFWLRQ�FRVWV�OLHV�LQ�LQFUHDVLQJ�FURS�
SURGXFWLYLW\��,Q�WKH������BTS��DYHUDJH�DQQXDO�FURS�
\LHOGV�RI���DQG���GU\�WRQV�SHU�DFUH�ZHUH�DVVXPHG�XQGHU�
WKH�PRGHUDWH�DQG�KLJK�\LHOG�VFHQDULRV��,Q�WKLV�XSGDWH��
KLJK�\LHOG�LV�PRGHOHG�DV�DQ�DQQXDO�LQFUHDVH�LQ�\LHOG�
RI���������DQG�����$V�VKRZQ�LQ�7DEOH������DQ�DQQXDO�
\LHOG�RI���GU\�WRQV�SHU�DFUH�DWWDLQDEOH�WRGD\�LQFUHDVHV�
WR�����GU\�WRQV�SHU�DFUH�LQ������XQGHU�D����DQQXDO�
JURZWK�UDWH�DQG�RYHU������GU\�WRQV�SHU�DFUH�DW����
JURZWK�IRU�D�FURS�SODQWHG�LQ������

5HVXOWV�RI�WKH�HQHUJ\�FURS�VLPXODWLRQ�DW�D����WR����
DQQXDO�\LHOG�JURZWK�DUH�VKRZQ�LQ�)LJXUH�������WKH�
EDVHOLQH�VXSSO\�LV�DOVR�VKRZQ��7KH�HIIHFW�RI�DVVXPLQJ�
KLJKHU�\LHOG�JURZWK�RYHU�WLPH�LV�WKDW�WKH�VXSSO\�FXUYHV�
VKLIW�RXWZDUG��8QGHU�EDVHOLQH�DVVXPSWLRQV��HQHUJ\�FURS�
VXSSO\�UHDFKHV�QHDUO\�����PLOOLRQ�GU\�WRQV�LQ�������DW�
D�����SHU�GU\�WRQ�VLPXODWHG�SULFH��8QGHU�WKH����WR����
KLJKHU�DQQXDO�FURS�\LHOG�JURZWK�UDWHV��VXSSOLHV�LQFUHDVH�
WR�����DQG�����PLOOLRQ�GU\�WRQV��UHVSHFWLYHO\��

)LJXUH������VKRZV�WKHUH�LV�D�ZLGH�SURGXFWLRQ�UDQJH�RI�
DERXW�����PLOOLRQ�GU\�WRQV�EHWZHHQ�WKH�EDVHOLQH�DQG�
WKH����\LHOG�JURZWK�FXUYH�IRU�DOO�VLPXODWHG�SULFHV��
ZLWK�WKH�H[FHSWLRQ�RI�WKH�ORZHVW�VLPXODWHG�SULFH��������
0HHWLQJ�WKH�IHHGVWRFN�VRXUFH�UHTXLUHPHQWV�IRU�D�¿[HG�
GHPDQG�IRU�ELRIXHOV�XQGHU�WKH�5)6�FRXOG�SRWHQWLDOO\�
EH�PHW�ZLWK�HQHUJ\�FURSV�DW�PLQLPXP�IDUPJDWH�SULFHV�
UDQJLQJ�IURP�PLG��WR�KLJK���V��XQGHU�KLJKHU�\LHOG�
JURZWK�WR�PLG��WR�KLJK���V��XQGHU�EDVHOLQH�\LHOG�
JURZWK�

7KH�UHODWLYH�TXDQWLWLHV�RI�WKH�WKUHH�PDMRU�W\SHV�RI�
HQHUJ\�FURSV�DW�D�����SHU�GU\�WRQ�VLPXODWHG�SULFH�
IRU�VHOHFWHG�\HDUV�LQ�WKH�KLJK�\LHOG�VFHQDULR�DUH�

Year 2030 energy crop production under baseline and 2% to 4% annual growth in 
energy crop yield

Figure 5.20
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VXPPDUL]HG�LQ�)LJXUH�������5HODWLYH�WR�WKH�EDVHOLQH��
WRWDO�HQHUJ\�FURS�SURGXFWLRQ�LQ������LQFUHDVHV�E\�����
PLOOLRQ�GU\�WRQV�DW�WKH����\LHOG�JURZWK������PLOOLRQ�
GU\�WRQV�DW�����DQG�DERXW�����PLOOLRQ�GU\�WRQV�DW�����
8QGHU�WKH�KLJK�\LHOG�VFHQDULR�DFURVV�DOO�DVVXPHG�
JURZWK�UDWHV��SHUHQQLDO�JUDVVHV�DFFRXQW�IRU�VOLJKWO\�OHVV�
WKDQ�����RI�WRWDO�HQHUJ\�FURSV�LQ�������ZRRG\�FURS�
VOLJKWO\�OHVV�WKDQ������DQG�DQQXDO�HQHUJ\�FURSV�DERXW�

���RI�WKH�WRWDO��,Q������DQG�HDUOLHU��ZRRG\�FURSV�DUH�
SURSRUWLRQDWHO\�OHVV�RZLQJ�WR�DVVXPHG�URWDWLRQ�OHQJWKV�
RU�FXWWLQJ�F\FOHV����3ODQWHG�DFUHV�IRU�WKH�KLJK�\LHOG�
VFHQDULR�XQGHU�WKH����DQQXDO�\LHOG�JURZWK�VFHQDULR�DUH�
VXPPDUL]HG�LQ�)LJXUH�������7RWDO�SODQWHG�DFUHV�LQ������
DUH�DW�WKH�KLJKHVW�SULFH����PLOOLRQ�ZLWK���������DQG�����
PLOOLRQ�LQ�SHUHQQLDO�JUDVVHV��ZRRG\�FURSV��DQG�DQQXDO�
HQHUJ\�FURSV��UHVSHFWLYHO\��$W�WKH�ORZHVW�VLPXODWHG�
SULFH��SODQWHG�DFUHV�DUH�PXFK�OHVV��WRWDOLQJ�DERXW����
PLOOLRQ���
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Figure 5.21

 64  Additionally, because the costs to establish woody crops are relatively lower, high-yield growth scenarios may have a disproportionate  
 e!ect on net returns of woody crops relative to herbaceous crops.
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Figure 5.22
Planted acres in perennial grasses, woody crops, and annual energy crops for  
selected years and prices in high yield scenario with 4% annual energy  
crop yield growth

5.3.3 Land-Use Change and  
Economic Impacts
,Q�WKLV�VHFWLRQ��WKH�HVWLPDWHG�FKDQJHV�WR�ODQG�XVH�
IURP�WKH�FROOHFWLRQ�RI�FURS�UHVLGXHV�DQG�WKH�JURZLQJ�
RI�HQHUJ\�FURSV�DUH�VXPPDUL]HG��$VVRFLDWHG�FKDQJHV�
LQ�SODQWHG�DFUHV��FURS�SULFHV��OLYHVWRFN�SURGXFWLRQ��
LQYHQWRULHV��DQG�SULFHV��DQG�QHW�UHWXUQV�WR�DJULFXOWXUH�
DUH�DOVR�GHVFULEHG��3RWHQWLDO�HFRQRPLF�LPSDFWV�DUH�
ZLWKLQ�D�UDQJH�WKDW�LV�W\SLFDO�RI�QRUPDO�PDUNHW�IRUFHV�DW�
ORZHU�VLPXODWHG�SULFHV��$W�KLJKHU�VLPXODWHG�SULFHV�DQG�
RU�DVVXPSWLRQV�DERXW�\LHOG�JURZWK��HVWLPDWHG�FKDQJHV�
LQ�DFUHV�DQG�FURS�SULFHV�DUH�VRPHZKDW�JUHDWHU��EXW�
UHDVRQDEOH�JLYHQ�WKH�H[WHQW�RI�ODQG�XVH�FKDQJH�

Land-use change. 7KH�JURZLQJ�RI�HQHUJ\�FURSV�DQG��WR�
D�OHVVHU�H[WHQW��WKH�FROOHFWLRQ�RI�FURS�UHVLGXHV�FKDQJHV�
WKH�DOORFDWLRQ�RI�ODQG�DPRQJ�FRQYHQWLRQDO�FURSV��8QGHU�
EDVHOLQH�FRQGLWLRQV��HQHUJ\�FURS�SURGXFWLRQ�UDQJHV�
IURP�QHDUO\���PLOOLRQ�GU\�WRQV�LQ������DW�D�����SHU�GU\�
WRQ�IDUPJDWH�SULFH�WR�����PLOOLRQ�GU\�WRQV�LQ������DW�

WKH�KLJKHVW�VLPXODWHG�IDUPJDWH�SULFH������SHU�GU\�WRQ���
7KH�VDPH�IDUPJDWH�SULFH�UDQJH�PDNHV����PLOOLRQ�GU\�
WRQV�������DW�����SHU�GU\�WRQ��WR�����PLOOLRQ�GU\�WRQV�
������DW�����SHU�GU\�WRQ��RI�FRUQ�VWRYHU��ZKHDW�VWUDZ��
DQG�RWKHU�FURSV�WKDW�DUH�SUR¿WDEOH�WR�FROOHFW��

7KH�ODQG�XVH�FKDQJHV�DPRQJ�FRQYHQWLRQDO�DQG�HQHUJ\�
FURSV�XQGHU�WKH�EDVHOLQH�VFHQDULR�DUH�UHSRUWHG�LQ�)LJXUH�
�����IRU�WKUHH�IDUPJDWH�SULFHV�DQG�IRU�\HDUV�������
������DQG�������7KHUH�DUH�D�IHZ�FOHDU�REVHUYDWLRQV��
)LUVW��WKH�DFUHV�GLVSODFHG�E\�HQHUJ\�FURSV�LQFUHDVH�RYHU�
WLPH�DV�HQHUJ\�FURSV�GHSOR\��$W�WKH�ORZHVW�VLPXODWHG�
SULFH��ODQG�XVH�FKDQJH�LV�OLPLWHG�WR�FURSODQG��:KHDW�
GHFOLQHV�E\�����PLOOLRQ�DFUHV�RYHU�WKH�EDVHOLQH�IRUHFDVW�
E\�������IROORZHG�E\�VR\EHDQV�DW�����PLOOLRQ�DFUHV�
DQG�FRUQ�DW�����PLOOLRQ�DFUHV��/DQG�SODQWHG�LQ�WKH�
¿YH�RWKHU�PDMRU�FURSV�GHFOLQHV�E\�DERXW�����PLOOLRQ�
DFUHV�LQ�WRWDO��ZLWK�FRWWRQ��DOPRVW�����PLOOLRQ�DFUHV��
DQG�JUDLQ�VRUJKXP��DOPRVW�����PLOOLRQ�DFUHV��EHLQJ�
WKH�ODUJHVW��+LJKHU�VLPXODWHG�IDUPJDWH�SULFHV�PRYH�
HQHUJ\�FURSV�RQWR�SDVWXUH��7KLV�UHVXOW�LV�FOHDUO\�VHHQ�
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DW�WKH�KLJKHVW�VLPXODWHG�SULFH������SHU�GU\�WRQ��LQ�
)LJXUH�������%\�������LW�LV�HVWLPDWHG�WKDW�HQHUJ\�FURSV�
FRXOG�GLVSODFH����PLOOLRQ�DFUHV�RI�FURSODQG�XVHG�
DV�SDVWXUH�DQG�SHUPDQHQW�SDVWXUH��$V�HQHUJ\�FURSV�
GHSOR\��WKLV�TXDQWLW\�RI�GLVSODFHG�SDVWXUH�LQFUHDVHV�
WR�PRUH�WKDQ����PLOOLRQ�DFUHV�E\������DQG�LV�VSOLW�
DOPRVW�HTXDOO\�EHWZHHQ�SHUHQQLDO�JUDVVHV�DQG�ZRRG\�
FURSV��7KH�DPRXQW�RI�FURSODQG�GLVSODFHG�LQFUHDVHV�
SURSRUWLRQDWHO\��ZLWK�KLJKHU�VLPXODWHG�SULFHV�DQG�
WKURXJK�WLPH�

)LJXUH������VKRZV�UHVXOWV�RI�D�VLPXODWLRQ�LQ�ZKLFK�WKH�
UDWH�RI�JURZWK�LQ�HQHUJ\�FURS�\LHOGV�ZHUH�LQFUHDVHG�
IURP����WR����DQQXDOO\�EHJLQQLQJ�LQ������DQG�LQ�
VXEVHTXHQW�SODQWLQJV��5HVXOWV�DUH�DV�H[SHFWHG��ZLWK�
FKDQJHV�LQ�FURS�DFUHV�PXFK�JUHDWHU�WKDQ�XQGHU�WKH�
EDVHOLQH��,Q�WKLV�VLPXODWLRQ��KLJKHU�\LHOGV�PRYH�HQHUJ\�
FURSV�RQWR�SDVWXUH�DW�WKH�ORZHVW�VLPXODWHG�SULFH²
VOLJKWO\�PRUH�WKDQ����PLOOLRQ�DFUHV�E\�������+RZHYHU��
DW�WKH�KLJKHU�VLPXODWHG�SULFHV�WKHUH�DUH�VLJQL¿FDQWO\�
PRUH�HQHUJ\�FURSV�SODQWHG�RQ�SDVWXUH�WKDQ�XQGHU�WKH�
EDVHOLQH��$W�WKH�KLJKHVW�VLPXODWHG�SULFH��WKHUH�DUH�
DERXW����PLOOLRQ�DFUHV�RI�HQHUJ\�FURSV�SODQWHG�RQ�
SDVWXUHODQG��LQ�DGGLWLRQ�WR����PLOOLRQ�DFUHV�RI�FURSODQG��
7KLV�LV�D�VLJQL¿FDQW�ODQG�XVH�FKDQJH�UHTXLULQJ�
SDVWXUH�LQWHQVL¿FDWLRQ�WR�PDNH�XS�IRU�ORVW�IRUDJH���$V�
UHFRJQL]HG�E\�SDUWLFLSDQWV�LQ�WKH�KLJK�\LHOG�ZRUNVKRSV��
XQGHUVWDQGLQJ�WKH�FRPSHWLWLRQ�IRU�SDVWXUHODQG�DQG�
VHHNLQJ�ZD\V�WR�LPSURYH�SDVWXUH�SURGXFWLYLW\�DUH�
UHOHYDQW�DYHQXHV�IRU�UHVHDUFK�IRU�WKLV�GHJUHH�RI�ODQG�
XVH�FKDQJH�

Economic impacts.�&KDQJHV�LQ�FURS�SULFHV��SODQWHG�
DFUHV��DQG�FURS�QHW�UHWXUQV�DUH�VXPPDUL]HG�LQ�7DEOH�
����IRU�WKH�EDVHOLQH�VFHQDULR��7KH�UHVXOWV�VKRZQ�IRU�WKH�
EDVHOLQH�VFHQDULR�DVVXPH�D�����SHU�GU\�WRQ�IDUPJDWH�

SULFH�IRU�ELRPDVV�IHHGVWRFNV��5HODWLYH�WR�WKH�86'$�
SURMHFWLRQV��VLPXODWHG�UHVXOWV�VKRZ�D�ORVV�RI�FURS�DFUHV�
WR�HQHUJ\�FURSV�DQG�KLJKHU�FURS�SULFHV�IRU�DOO�PDMRU�
FURSV��)RU�SURGXFHUV��WKH�KLJKHU�FURS�SULFHV�PRUH�WKDQ�
FRPSHQVDWH�IRU�WKH�ORVV�LQ�FURS�DFUHV��7KLV�LV�UHÀHFWHG�
LQ�KLJKHU�QHW�FURS�UHWXUQV�UHODWLYH�WR�WKH�EDVHOLQH�DV�
VKRZQ�LQ�7DEOH������)RU�FRQVXPHUV��KRZHYHU��WKHVH�
KLJKHU�FURS�SULFHV�DUH�RQH�RI�WKH�IDFWRUV�WKDW�DIIHFW�IRRG�
DQG�IHHG�SULFHV��7KH�VDPH�VHW�RI�UHVXOWV�LV�VKRZQ�LQ�
7DEOH�����IRU�WKH�KLJK�\LHOG�VFHQDULR��LQ�ZKLFK�HQHUJ\�
FURS�\LHOGV�LQFUHDVH�DW�DQ�DQQXDO�UDWH�RI�����&URS�
DFUHV�DUH�JHQHUDOO\�VRPHZKDW�ORZHU�WKDQ�WKH�EDVHOLQH�
VFHQDULR�UHVXOWV��7DEOH�������ZLWK�PRVW�FURS�SULFHV�DQG�
QHW�FURS�UHWXUQV�VRPHZKDW�KLJKHU��7KH�SULFH�RI�FRUQ�LV�
ORZHU�GXH�WR�WKH�H[FHVV�JUDLQ�SURGXFHG�XQGHU�WKLV�KLJK�
\LHOG�VFHQDULR�

&RPSDULQJ�WKH�VLPXODWHG�UHVXOWV�WR�WKH�86'$�
SURMHFWLRQV�VKRZV�RQO\�PLQRU�FKDQJHV�LQ�WRWDO�OLYHVWRFN�
SURGXFWLRQ��EHHI�FDWWOH�IDUP�SULFHV��DQG�LQYHQWRULHV�
RI�FDWWOH��7KH�NH\�DVVXPSWLRQ�LV�WKDW�LQFUHDVHG�IRUDJH�
SURGXFWLYLW\�FRPSHQVDWHV�IRU�ORVVHV�EHFDXVH�RI�WKH�
SUHVHQFH�RI�HQHUJ\�FURSV�RQ�SDVWXUHODQG�

7RWDO�QHW�FURS�UHWXUQV�LQFUHDVH�VLJQL¿FDQWO\�XQGHU�WKH�
EDVHOLQH�VFHQDULR�ZKHUH�FURS�UHVLGXHV�DUH�FROOHFWHG�DQG�
HQHUJ\�FURSV�SURGXFHG��7RWDO�QHW�UHWXUQV�IURP�OLYHVWRFN�
SURGXFWLRQ�GHFOLQH�E\�D�UHODWLYHO\�VPDOO�DPRXQW��
2YHUDOO��WRWDO�QHW�UHWXUQV�WR�DJULFXOWXUH�LQFUHDVH�E\�
DERXW������ELOOLRQ�E\�������8QGHU�WKH�KLJK�\LHOG�
VFHQDULR��WRWDO�QHW�UHWXUQV�WR�DJULFXOWXUH�DUH�QHDUO\�����
ELOOLRQ�KLJKHU�E\������
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Summary Comparison of USDA Projections for Major Crops with Baseline Projections 
for Biomass Resources Derived from Cropland and Pastureland, at $50 per Dry Ton 
Farmgate Price

Table 5.6

Crop USDA Baseline Forecast1 Baseline scenario
20121 20171 20222 20302 2017 2022 2030

Crop prices ($/bu)
Corn 3.70 3.75 3.60 3.43 3.79 3.71 3.57
Grain Sorghum 3.30 3.35 3.20 3.79 2.89 3.71 3.57
Oat 2.35 2.35 2.28 2.11 2.37 2.39 2.32
Barley 3.90 3.95 3.79 3.36 4.27 4.39 3.89
Wheat 5.35 5.45 5.43 5.32 6.15 6.20 6.35
Soybean 8.70 8.75 8.42 7.92 8.95 8.72 8.44
Cotton ($/lb) 0.61 0.63 0.63 0.63 0.67 0.68 0.68
Rice ($/cwt) 10.60 11.78 12.20 12.46 13.31 13.76 13.80
Crop acres (millions)
Corn 90 90.5 89.35 87.69 89.9 88.1 86.2
Grain Sorghum 7.5 7.4 7.24 7.05 6.8 6.2 5.7
Oat 3.4 3.4 3.4 3.34 3.3 3.3 3.1
Barley 4.0 4.0 3.97 3.85 3.8 4.0 3.9
Wheat 60.5 59.5 59.73 61.06 54.0 54.6 54.2
Soybean 71.5 71.0 70.2 68.0 69.9 68.4 64.7
Cotton 9.7 10.2 10.47 10.81 9.0 9.2 9.1
Rice 3.0 3.1 3.1 3.1 2.8 2.8 2.8
Crop net returns (millions)
Corn 25,441 28,383 27,430 26,564 29,153 29,182 29,074
Grain Sorghum 446 433 351 205 593 519 459
Oat 73 75 61 33 77 72 51
Barley 463 499 461 337 563 614 507
Wheat 6,213 6,706 6,619 6,347 7,923 8,013 8,252
Soybean 17,801 18,931 18,480 17,494 19,373 19,153 18,643
Cotton 1,370 1,475 1,400 1,222 1,498 1,451 1,365
Rice 1,092 1,523 1,628 1,702 1,794 1,927 1,979
Livestock
Total production (million lbs) 25,763 27,395 27,972 27,970 27,497 28,059 28,066
Price ($/cwt) 104 106 105 105 106 105 105
Inventory (1000 head) 93,241 96,847 102,410 110,766 96,834 102,362 110,669
Total crop net returns 
(millions) 49,593 54,424 52,203 49,603 59,183 59,081 59,569

Total Livestock net returns 
(millions) 115,413 124,240 127,914 123,479 124,069 127,645 123,004

Total agriculture net returns 
(millions) 165,006 178,664 180,117 173,082 183,252 186,726 182,573

 1 Source: USDA -OLE/WAOB, 2009
2 Extended baseline
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Summary Comparison of USDA Projections for Major Crops with High-Yield Projections 
for Biomass Resources from Cropland and Pastureland, at $50 per Dry Ton Farmgate 
Price

Table 5.7

Crop USDA Projections1 High-Yield scenario
20121 20171 20222 20302 2017 2022 2030

Crop prices ($/bu)
Corn 3.70 3.75 3.60 3.43 2.87 3.04 3.01
Grain Sorghum 3.30 3.35 3.20 2.89 2.87 3.04 3.01
Oat 2.35 2.35 2.28 2.11 1.88 2.09 2.50
Barley 3.90 3.95 3.79 3.36 4.05 4.39 4.26
Wheat 5.35 5.45 5.43 5.32 5.62 6.16 6.80
Soybean 8.70 8.75 8.42 7.92 8.75 9.50 9.77
Cotton ($/lb) 0.61 0.63 0.63 0.63 0.67 0.70 0.72
Rice ($/cwt) 10.60 11.78 12.20 12.46 13.69 14.03 15.69
Crop acres (millions)
Corn 90.0 90.5 89.4 87.7 82.1 84.7 89.9
Grain Sorghum 7.5 7.4 7.2 7.1 5.0 4.3 4.2
Oat 3.4 3.4 3.4 3.3 3.3 3.0 2.7
Barley 4.0 4.0 4.0 3.9 3.9 3.8 3.6
Wheat 60.5 59.5 59.7 61.1 54.9 54.4 54.2
Soybean 71.5 71.0 70.2 68.0 70.2 64.7 60.8
Cotton 9.7 10.2 10.5 10.8 9.1 8.8 8.3
Rice 3.0 3.1 3.1 3.1 2.7 2.7 2.6
Crop net returns (millions)
Corn 25,441 28,383 27,430 26,564 21,045 28,764 35,765
Grain Sorghum 446 433 351 205 184 144 71
Oat 73 75 61 33 29 35 46
Barley 463 499 461 337 518 588 491
Wheat 6,213 6,706 6,619 6,347 6,968 7,796 8,693
Soybean 17,801 18,931 18,480 17,494 19,053 20,535 20,332
Cotton 1,370 1,475 1,400 1,222 1,718 1,889 1,611
Rice 1,092 1,523 1,628 1,702 1,874 1,961 2,182
Livestock
Total production (million lbs) 25,763 27,395 27,972 27,970 27,462 28,044 28,002
Price ($/cwt) 104 106 105 105 104 104 105
Inventory (1000 head) 93,241 96,847 102,410 110,766 97,471 102,698 110,877
Total crop net returns 
(millions) 49,593 54,424 52,203 49,603 52,396 65,335 77,896

Total Livestock net returns 
(millions) 115,413 124,240 127,914 123,479 124,415 127,333 121,944

Total agriculture net returns 
(millions) 165,006 178,664 180,117 173,082 176,811 192,668 199,813

Note: (IGH
YIELD�SCENARIO�IS����YIELD�INCREASE�ANNUALLY�

 1 Source: USDA -OLE/WAOB, 2009
2 Extended baseline
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5.4 Total Potential Supply of 
Biomass Energy Crops
7DEOH�����VKRZV�WKH�HVWLPDWHG�VXSSOLHV�RI�HQHUJ\�
FURSV�DW�WKUHH�VLPXODWHG�SULFHV��2YHU�WKH�����SHU�GU\�
WRQ�SULFH�UDQJH��HVWLPDWHG�VXSSOLHV�YDU\�IURP�D�ORZ�RI�
DERXW����PLOOLRQ�GU\�WRQV�LQ������WR�����PLOOLRQ�GU\�
WRQV�DW�WKH�KLJKHVW�VLPXODWHG�SULFH��5HVXOWV�DUH�DOVR�
VKRZQ�IRU�KLJK�\LHOG�VFHQDULRV��(VWLPDWHG�VXSSOLHV�

LQFUHDVH�IURP����WR�����PLOOLRQ�GU\�WRQV�IRU�����WR�
����SHU�GU\�WRQ��DVVXPLQJ�HQHUJ\�FURS�SURGXFWLYLW\�
LQFUHDVHV����DQQXDOO\��7KH�KLJK�\LHOG�VFHQDULR�DW�
WKH����DQG����DQQXDO�FKDQJH�LQ�FURS�SURGXFWLYLW\�
LQFUHDVHV�SRWHQWLDO�VXSSO\�WR�����DQG�QHDUO\�����
PLOOLRQ�GU\�WRQV�E\�������UHVSHFWLYHO\�

5.5 Summary
5HVXOWV�ZHUH�UHSRUWHG�IRU�WKUHH�PDMRU�FODVVHV�RI�HQHUJ\�
FURSV²SHUHQQLDO�JUDVVHV��ZRRG\�FURSV��DQG�DQQXDO�
HQHUJ\�FURSV��(DFK�RI�WKHVH�FURS�FODVVHV�PXVW�FRPSHWH�
IRU�ODQG�ZLWK�H[LVWLQJ�XVHV�DQG�ZLWK�HDFK�RWKHU��7KH�
H[LVWLQJ�XVHV�DUH�FURSV�RQ�FURSODQG�DQG�IRUDJH�RQ�
SDVWXUHODQG��(QHUJ\�FURSV�PXVW�RIIHU�KLJKHU�QHW�UHWXUQV�
WR�GLVSODFH�FURSV�RQ�FURSODQG��)RU�SDVWXUHODQG��HQHUJ\�
FURS�UHWXUQV�PXVW�EH�JUHDWHU�WKDQ�WKH�UHQWDO�YDOXH�RI�
WKH�SDVWXUHODQG�SOXV�DGGLWLRQDO�LQWHQVL¿FDWLRQ�FRVWV�
WR�PDNH�XS�IRU�ORVW�IRUDJH��,Q�DVVHVVLQJ�WKH�UHODWLYH�
SUR¿WDELOLW\�RI�HQHUJ\�FURSV��WKH�PRVW�LPSRUWDQW�GDWD�
UHODWH�WR�FURS�\LHOG��,Q�WKLV�DVVHVVPHQW��DQQXDO�HQHUJ\�
FURS�\LHOGV�DVVXPHG�YDU\�FRQVLGHUDEO\�DFURVV�WKH�
8QLWHG�6WDWHV��UDQJLQJ�IURP���WR�����GU\�WRQV�SHU�DFUH�
IRU�SHUHQQLDO�JUDVVHV������WR���GU\�WRQV�SHU�DFUH�IRU�
ZRRG\�FURSV��DQG���WR���GU\�WRQV�SHU�DFUH�IRU�DQQXDO�
HQHUJ\�FURSV��7KHVH�EDVHOLQH�\LHOGV�IRU�SHUHQQLDO�
JUDVVHV�DQG�ZRRG\�FURSV�DUH�ZHOO�ZLWKLQ�REVHUYHG�
WHVW�SORW�\LHOGV��+RZHYHU��WKHVH�HVWLPDWHV�DUH�EDVHG�
RQ�UDWKHU�OLPLWHG�¿HOG�WULDO�GDWD�HYHQ�IRU�VSHFLHV�WKDW�
KDYH�KDG�UHODWLYHO\�PRUH�DWWHQWLRQ��VXFK�DV�VZLWFKJUDVV��
$GGLWLRQDO�¿HOG�WULDO�GDWD�DUH�FOHDUO\�QHHGHG�WR�GHYHORS�
PRUH�SUHFLVH�VSDWLDO�HVWLPDWHV�RI�\LHOG�DQG�KRZ�WKHVH�
\LHOGV�PLJKW�YDU\�DFFRUGLQJ�WR�ODQG�XVH��FURSODQG�
RU�SDVWXUHODQG��ZLWKLQ�D�FRXQW\��)XUWKHU��DGGLWLRQDO�
¿HOG�WULDO�GDWD�DUH�ODFNLQJ�IRU�PRUH�UHJLRQDOO\�VSHFL¿F�
VSHFLHV��VXFK�DV�HQHUJ\�FDQH��DV�ZHOO�DV�DQQXDO�HQHUJ\�
FURSV�

,Q�DGGLWLRQ�WR�WKH�\LHOG�GDWD��WKH�HVWLPDWLRQ�RI�SRWHQWLDO�
HQHUJ\�FURS�VXSSOLHV�LGHQWL¿HG�VHYHUDO�QHHGV��WKHVH�DUH�
VXPPDUL]HG�QH[W�

�� 7KH�PRGHOLQJ�RI�HQHUJ\�FURSV�DVVXPH�DOO�
SDVWXUHODQG�LV�FXUUHQWO\�XVHG�E\�WKH�OLYHVWRFN�
VHFWRU�DQG�ORVW�IRUDJH�IURP�GLVSODFHG�SDVWXUHODQG�
PXVW�EH�PDGH�XS��,Q�32/<6<6��ORVW�IRUDJH�LV�
PDGH�XS�WKURXJK�SDVWXUH�LQWHQVL¿FDWLRQ��ZKLFK�LV�
DVVXPHG�SRVVLEOH�ZKHUH�WKHUH�LV�VXI¿FLHQW�UDLQIDOO�
RU�LQ�FRXQWLHV�HDVW�RI�WKH����WK�PHULGLDQ�DQG�WKH�
3DFL¿F�1RUWKZHVW��$GGLWLRQDO�UHVHDUFK�LV�QHHGHG�
RQ�WKH�LPSOLFDWLRQV�RI�SDVWXUH�GLVSODFHPHQW�E\�
HQHUJ\�FURSV��DV�ZHOO�DV�WR�GHWHUPLQH�WKH�LQWHQVLW\�
RI�FXUUHQW�SDVWXUHODQG�XVH�DQG�ZKHWKHU�LQ�IDFW�DOO�
SDVWXUHODQG�LV�FXUUHQWO\�XVHG�DV�IRUDJH�

�� 7KH�DQDO\VLV�DVVXPHV�HQHUJ\�FURSV�EHFRPH�
DYDLODEOH�IRU�SODQWLQJ�LQ�������7KLV�GHFLVLRQ�
DVVXPHV�WZR�WR�WKUHH�\HDUV�DUH�UHTXLUHG�IRU�HQHUJ\�
FURS�SODQWLQJ�PDWHULDO�WR�EHFRPH�DYDLODEOH�IRU�
ODUJH�VFDOH�GHSOR\PHQW��$GGLWLRQDO�VWXG\�LV�
QHHGHG�WR�XQGHUVWDQG�PRUH�IXOO\�WKH�UHTXLUHPHQWV�
IRU�FRPPHUFLDO�VFDOH�XS�

�� $W�WKH�KLJKHVW�VLPXODWHG�SULFHV�UHSRUWHG�LQ�WKH�
VWXG\������SHU�GU\�WRQ���DERXW����PLOOLRQ�DFUHV�
RI�FURSODQG�DQG�SDVWXUHODQG�FRXOG�SRWHQWLDOO\�
FRQYHUW�WR�HQHUJ\�FURSV�XQGHU�WKH�EDVHOLQH�
VFHQDULR�DQG�XS�WR����PLOOLRQ�DFUHV�XQGHU�WKH�
KLJK�\LHOG�VFHQDULR��7KLV�LV�D�FRQVLGHUDEOH�
DPRXQW�RI�ODQG�XVH�FKDQJH�UHTXLULQJ�WKH�DQQXDO�
HVWDEOLVKPHQW�RI�PDQ\�PLOOLRQV�RI�DFUHV��$OWKRXJK�
WKHVH�OHYHOV�RI�DQQXDO�DFUH�FKDQJHV�DUH�ZLWKLQ�
ZKDW�KDV�EHHQ�VHHQ�IRU�WKH�PDMRU�FRPPRGLW\�
FURSV��WKHUH�LV�D�QHHG�WR�XQGHUVWDQG�PRUH�IXOO\�
SRWHQWLDO�HFRQRPLF�DQG�HQYLURQPHQWDO�LPSDFWV�
DVVRFLDWHG�ZLWK�SRWHQWLDO�ODQG�XVH�FKDQJHV�RI�WKLV�
PDJQLWXGH�
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<$40 per dry ton <$50 per dry ton <$60 per dry ton
Feedstock 2017 2022 2030 2017 2022 2030 2017 2022 2030
"ASELINE�SCENARIO�������������������������������������������������������������������������������������-ILLION�DRY�TONS	
Perennial grasses 3.0 12 30 41 77 129 90 188 255
Woody crops 0.0 0.0 0.1 0.9 40 67 5.7 84 126
Annual energy crops 0.7 1.8 4.2 3.8 7.3 14 5.0 10 19
Total 3.7 14 34 46 124 210 101 282 400
(IGH
9IELD�����ANNUAL�GROWTH	
Perennial grasses 11 43 57 67 152 239 122 253 319
Woody crops 0.0 0.1 4.2 1.9 78 127 10 145 207
Annual energy crops 1.6 4.1 7.4 5.5 8.7 12 6.9 11 15
Total 13 47 69 75 239 378 139 409 540
(IGH
9IELD�����ANNUAL�GROWTH	
Perennial grasses 24 71 107 85 213 329 138 296 390
Woody crops 0.0 1.5 43 9.3 101 186 14 168 251
Annual energy crops 2.4 6.6 11 6.2 10 14 8.0 12 18
Total 26 79 162 101 324 520 160 476 658
(IGH
9IELD�����ANNUAL�GROWTH	
Perennial grasses 35 100 202 106 270 406 154 338 462
Woody crops 0.1 5.3 45 12 118 199 16 212 315
Annual energy crops 3.4 9.0 14 6.8 11 18 9.4 14 22
Total 39 114 261 124 399 622 180 564 799

Summary of Baseline and High-Yield Scenario Availability of Energy CropsTable 5.8

Note: Totals may not add up due to rounding.

�� 7KH�DQDO\VLV�DVVXPHV�HQHUJ\�FURSV�DUH�
JURZQ�XQGHU�UDLQ�IHG�FRQGLWLRQV�ZLWKRXW�DQ\�
VXSSOHPHQWDO�LUULJDWLRQ��7KLV�DVVXPSWLRQ�
RYHUORRNV�SRWHQWLDO�RSSRUWXQLWLHV�WR�XVH�
ZDVWHZDWHU�DQG�SURFHVVLQJ�ZDWHU�HVSHFLDOO\�LQ�
ZHVWHUQ�DUHDV�RI�WKH�8QLWHG�6WDWHV�ZKHUH�JURZLQJ�
RI�HQHUJ\�FURSV�ZLWKRXW�VXSSOHPHQWDO�ZDWHU�LV�
OLPLWHG��7KHUH�LV�D�QHHG�WR�HYDOXDWH�WKLV�SRWHQWLDO�

�� 3RWHQWLDO�HQHUJ\�FURS�VXSSOLHV�ZHUH�HVWLPDWHG�DW�
WKH�IDUPJDWH��7KLV�DVVXPSWLRQ�PDNHV�IRU�D�FOHDU�
SRLQW�RI�FRPSDULVRQ�ZLWK�WKH�H[LVWLQJ�ODQG�XVHV�
�L�H���FRPSDULQJ�HQHUJ\�FURS�QHW�UHWXUQV�ZLWK�
FRQYHQWLRQDO�FRPPRGLW\�FURSV���+RZHYHU��WKH�
HQHUJ\�FURSV�KDYH�GLIIHUHQW�VXSSO\�FKDLQV�DQG�
VWRSSLQJ�WKH�DQDO\VLV�DW�WKH�IDUPJDWH�FDQ�ELDV�
UHVXOWV�WR�WKRVH�HQHUJ\�FURSV�UHTXLULQJ�DGGLWLRQDO�
SURFHVVLQJ�DQG�VWRUDJH�
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6 SUMMARY

65  A separate database containing the disaggregated biomass supplies by county and state is available through the Bioenergy Knowledge 
Discovery Framework (http://bioenergykdf.net/) with other data for users to capture, visualize, and analyze information on the complete 
bioenergy supply chain and the infrastructure needed to support that chain (ORNL, 2010).

$V�QRWHG�DW�WKH�RXWVHW��D�PDMRU�OLPLWDWLRQ�RI�WKH������
BTS�LV�WKDW�WKH�LGHQWL¿HG�ELRPDVV�LV�QRW�UHVWULFWHG�E\�
FRVW��DQG�VRPH�RI�WKH�SRWHQWLDO�ZRXOG�OLNHO\�EH�WRR�
H[SHQVLYH�UHODWLYH�WR�RWKHU�UHQHZDEOH�IHHGVWRFNV�XQGHU�
FXUUHQW�DQG�SURVSHFWLYH�WHFKQRORJLFDO�FKDQJHV��7KLV�
XSGDWH�DWWHPSWV�WR�HVWLPDWH�ELRPDVV�VXSSOLHV��FRVWV�
DQG�TXDQWLWLHV��RI�IHHGVWRFNV�LGHQWL¿HG�LQ�WKH������
BTS��)RU�WKH�PDMRU�SULPDU\�UHVRXUFHV��HVWLPDWHV�DUH�
PDGH�DW�D�FRXQW\�OHYHO�DQG�VXPPDUL]HG�LQ�WKLV�UHSRUW�DV�
QDWLRQDO�WRWDOV��)RU�VRPH�UHVRXUFHV��VXFK�DV�SURFHVVLQJ�
UHVLGXHV�DQG�ZDVWHV��RQO\�VWDWH�OHYHO�HVWLPDWHV�FDQ�EH�
GHYHORSHG��� 

7KH������BTS�FRPELQHG�UHVRXUFHV�WKDW�DUH�FXUUHQWO\�
XVHG�IRU�HQHUJ\�SURGXFWLRQ�ZLWK�XQXVHG�DQG�
SURVSHFWLYH�UHVRXUFHV�EHFDXVH�WKH\�DOO�FRXQWHG�WRZDUG�
WKH�ELOOLRQ�WRQ�JRDO��,Q�WKLV�XSGDWH��D�FOHDUHU�GLVWLQFWLRQ�
LV�PDGH�EHWZHHQ�FXUUHQWO\�XVHG�UHVRXUFHV��H�J���FRUQ�
JUDLQ��VR\EHDQV��SXOSLQJ�OLTXRUV��PLOO�UHVLGXHV��DQG�
IXHOZRRG��DQG�XQXVHG�DQG�SURVSHFWLYH�UHVRXUFHV�
DYDLODEOH�IRU�DGGLWLRQDO�HQHUJ\��VXFK�DV�IHHGVWRFN�
QHHGHG�WR�PHHW�WKH�(,6$�5)6�WDUJHWV�RI����%*<�
RI�FHOOXORVLF�ELRIXHOV�DQG���%*<�RI�RWKHU�DGYDQFHG�
ELRIXHOV�E\�������

7KLV�XSGDWHG�UHVRXUFH�DVVHVVPHQW�WUHDWV�HQYLURQPHQWDO�
VXVWDLQDELOLW\�PXFK�PRUH�FRPSUHKHQVLYHO\�DQG�
ULJRURXVO\�WKDQ�WKH�DSSURDFK�WDNHQ�LQ�WKH������BTS. 
)RU�SULPDU\�FURS�UHVLGXHV��VXVWDLQDELOLW\�LV�H[SOLFLWO\�
PRGHOHG��DFFRXQWLQJ�IRU�VRLO�HURVLRQ�DQG�FDUERQ��
7KH�VXVWDLQDELOLW\�RI�IRUHVW�UHVLGXH�KDUYHVWV��ZKLFK�LV�
GH¿QHG�DV�PDLQWDLQLQJ�VXI¿FLHQW�DPRXQWV�RI�UHVLGXH�
RQVLWH�WR�PDLQWDLQ�VRLO�SURGXFWLYLW\�DQG�SUHYHQW�
HURVLRQ��ZDV�DFFRXQWHG�IRU�DW�WKH�LQGLYLGXDO�IRUHVW�
SORW�OHYHO��)RU�HQHUJ\�FURSV��FRVWV�JHQHUDOO\�DVVXPH�
DSSOLFDWLRQ�RI�%03V��/DQG�XVH�FKDQJH�DVVRFLDWHG�ZLWK�

WKH�JURZLQJ�RI�HQHUJ\�FURSV�LV�HYDOXDWHG�DW�D�FRXQW\�
OHYHO�XVLQJ�WKH�32/<6<6�PRGHOLQJ�IUDPHZRUN��7KH�
32/<6<6�PRGHO�DOORFDWHV�ODQG�WR�WKH�PRVW�SUR¿WDEOH�
DFWLYLWLHV�DQG�WUDFNV�FKDQJHV�LQ�FURS�SULFHV�IRU�WKH�HLJKW�
PDMRU�FURSV��FRUQ��JUDLQ�VRUJKXP��RDWV��EDUOH\��ZKHDW��
VR\EHDQV��FRWWRQ��DQG�ULFH���SURGXFWLRQ�TXDQWLWLHV�IRU�
IRRG��IHHG��DQG�LQGXVWULDO�XVHV��H[SRUWV��DQG�FURS�DQG�
OLYHVWRFN�LQFRPH��:KHQ�HQHUJ\�FURSV�GLVSODFH�FURSODQG�
�L�H���DQ\�RI�WKH�HLJKW�PDMRU�FURSV���FURSODQG�XVHG�DV�
SDVWXUH��RU�SHUPDQHQW�SDVWXUH��LW�LPSOLHV�WKDW�WKH\�DUH�
PRUH�SUR¿WDEOH��*HQHUDOO\��HQHUJ\�FURSV�DUH�SODQWHG�RQ�
WKH�PRUH�PDUJLQDO�FURSODQG�DQG�SDVWXUHODQG�

$V�GLVFXVVHG�LQ�SUHYLRXV�FKDSWHUV��WKH�32/<6<6�
PRGHO�LV�DQFKRUHG�WR�WKH�86'$�SURMHFWLRQV��$V�VXFK��
32/<6<6�VLPXODWLRQ�UHVXOWV�DUH�FRQGLWLRQHG�E\�WKH�
DFFXUDF\�RI�WKH�EDVHOLQH�IRUHFDVW��32/<6<6�UHVXOWV�
DOVR�GHSHQG�RQ�D�KRVW�RI�FRXQW\�OHYHO�GDWDEDVHV�
GHYHORSHG�E\�D�QXPEHU�RI�VRXUFHV��VXFK�DV�1$66�
�1DWLRQDO�$JULFXOWXUDO�6WDWLVWLFV�6HUYLFH��DQG�WKH�
&HQVXV�RI�$JULFXOWXUH��DV�ZHOO�DV�GDWDEDVHV�WKDW�
UHODWH�WR�HQHUJ\�FURS�\LHOGV��KD\�DQG�SDVWXUH�DFUHV��
DQG�SURGXFWLYLW\��$OWKRXJK�DQ�DWWHPSW�ZDV�PDGH�WR�
XVH�WKH�EHVW�DYDLODEOH�GDWD��WKHUH�LV�VWLOO�D�JUHDW�GHDO�
RI�XQFHUWDLQW\�WKDW�FDQQRW�EH�RYHUFRPH�ZLWKRXW�D�
FRQFHUWHG�HIIRUW�WR�GHYHORS�QHZ�GDWD��IRU�H[DPSOH��
UHVHDUFK�XQGHUZD\�E\�WKH�5HJLRQDO�)HHGVWRFN�
3DUWQHUVKLS��RU�WKURXJK�WKH�GHYHORSPHQW�RI�QHZ�GDWD�
VRXUFHV��H�J���XVH�RI�UHPRWHO\�VHQVHG�GDWD���)LQDOO\��WKH�
32/<6<6�PRGHO�LV�GHWHUPLQLVWLF�DQG�WKXV�GRHV�QRW�
DOORZ�RQH�WR�SURYLGH�FRQ¿GHQFH�LQWHUYDOV�DURXQG�PRGHO�
RXWSXW��5HVXOWV�DUH�WKXV�SUHVHQWHG�DV�SRLQW�HVWLPDWHV�
DQG�VKRXOG�EH�LQWHUSUHWHG�ZLWK�DOO�WKH�DSSURSULDWH�
FDYHDWV�UHODWHG�WR�GDWD�XQFHUWDLQW\��7KH�UHPDLQGHU�RI�
WKLV�FKDSWHU�VXPPDUL]HV�WKH�UHVRXUFH�DVVHVVPHQW�IRU�
WKH�EDVHOLQH�DQG�KLJK�\LHOG�VFHQDULRV�

http://bioenergykdf.net/
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66  Inclusion of the currently used biomass resources identified in Chapter 2 would increase the year 2030 total quantity to nearly 1.1 billion 
dry tons (an amount that approaches what was found in the 2005 BTS under the high-yield scenario).

67 Table 6.1 and 6.2 quantities account for losses in collection or harvesting and handling to the farmgate or forest roadside. They do not 
account for additional losses that may occur in storage, transportation, and handling to conversion facilities. The estimates in Figure 6.1 and 
6.2 reflect additional losses of 20%. These additional losses could be lower depending on the specifics of feedstock supply chain, length of 
storage, handling, and other factors.

6.1 Baseline Estimates
8QGHU�EDVHOLQH�DVVXPSWLRQV��WKH�FXUUHQW�FRPELQHG�
UHVRXUFHV�IURP�IRUHVWV�DQG�DJULFXOWXUDO�ODQGV�UDQJH�
IURP�DERXW�����WR�QHDUO\�����PLOOLRQ�GU\�WRQV�DW�IRUHVW�
URDGVLGH�RU�IDUPJDWH�SULFHV�IURP�����WR�����SHU�GU\�
WRQ��7DEOH�������7KH�FRPELQHG�IRUHVW�DQG�DJULFXOWXUDO�
UHVRXUFH�VXSSO\�LQFUHDVHV�WR�����WR�����PLOOLRQ�GU\�
WRQV�E\������RYHU�WKH�����WR�����SHU�GU\�WRQ�SULFH�
UDQJH�DQG�WR�����WR�����PLOOLRQ�GU\�WRQV�E\������DW�WKH�
VDPH�SULFHV��7KH�IRUHVW�UHVRXUFHV�DUH�HVWLPDWHG�ZLWK�
DQG�ZLWKRXW�WKH�LQFOXVLRQ�RI�UHVRXUFHV�IURP�IHGHUDOO\�
RZQHG�ODQG��7KLV�FRQVLGHUDWLRQ�DIIHFWV�WKH�WRWDO�E\�
DERXW���WR���PLOOLRQ�GU\�WRQV�

7KH�HVWLPDWHG�TXDQWLWLHV�LQ�7DEOH�����RQO\�VKRZ�
VXSSOLHV�DYDLODEOH�DW�IRUHVW�URDGVLGH�RU�IDUPJDWH�SULFHV�
RI�����WR�����SHU�GU\�WRQ����$GGLWLRQDO�UHVRXUFHV�DUH�
DYDLODEOH�DW�KLJKHU�SULFHV��)XUWKHU��7DEOH�����RQO\�
VKRZV�ELRPDVV�UHVRXUFHV�WKDW�DUH�FXUUHQWO\�XQXVHG�DQG�
GR�QRW�LQFOXGH�UHVRXUFHV�QRZ�XVHG�IRU�HQHUJ\��7KHVH�
FXUUHQWO\�XQXVHG�UHVRXUFHV�DUH�SRWHQWLDOO\�DYDLODEOH�IRU�
FRQYHUVLRQ�LQWR�ELRIXHOV�DQG�ELRSRZHU��

)LJXUH�����VXPPDUL]HV�WKH�HVWLPDWHG�EDVHOLQH�UHVRXUFHV�
IRU�HDFK�PDMRU�ELRPDVV�VRXUFH²IRUHVW�UHVLGXHV�DQG�
ZRRG�ZDVWHV��DJULFXOWXUDO�UHVLGXHV�DQG�ZDVWHV��DQG�

HQHUJ\�FURSV��7KH�UHVXOWV�RI�WKLV�XSGDWH�¿QG�WKDW�WKHUH�
DUH�SRWHQWLDOO\�VXI¿FLHQW�ELRPDVV�IHHGVWRFNV�WR�PHHW�
(,6$�DQG�5)6�PDQGDWHV��SURYLGHG�WKDW�YLDEOH��HI¿FLHQW�
FRQYHUVLRQ�DQG�WUDQVSRUW�V\VWHPV�DUH�DYDLODEOH����)RU�
������XQGHU�EDVHOLQH�DVVXPSWLRQV��D�FRPELQDWLRQ�
RI�IRUHVW�DQG�DJULFXOWXUDO�UHVLGXHV�DQG�HQHUJ\�FURSV�
FRXOG�PHHW����%*<�RI�FHOOXORVLF�DQG�DGYDQFHG�
ELRIXHOV�DW�D�IRUHVW�URDGVLGH�RU�IDUPJDWH�SULFH�RI�����
SHU�GU\�WRQ�RU�OHVV��7KLV�DVVXPHV�D�FRQYHUVLRQ�UDWH�RI�
���JDOORQV�SHU�GU\�WRQ��8�6��'HSDUWPHQW�RI�(QHUJ\��
�������$W�KLJKHU�VLPXODWHG�SULFHV��VLJQL¿FDQWO\�PRUH�
IHHGVWRFN�LV�DYDLODEOH�IRU�FRQYHUVLRQ�LQWR�ELRIXHO��7KH�
VHFRQGDU\�D[LV�LQ�)LJXUH�����VKRZV�WKH�FRQYHUVLRQ�RI�
WKHVH�UHVRXUFHV�LQWR�ELRSRZHU��7KH�\HDU������VXSSO\�
DW�D�VLPXODWHG�SULFH�RI�����SHU�GU\�WRQ�HTXDWHV�WR�
SRWHQWLDOO\�����ELOOLRQ�N:K�RI�HOHFWULFLW\�DVVXPLQJ�
D�KHDW�UDWH�RI�DERXW��������%WX�SHU�N:K��%\�������
VXI¿FLHQW�IHHGVWRFN�LV�DYDLODEOH�WR��JHQHUDWH�SRWHQWLDOO\�
����ELOOLRQ�N:K��$V�VXPPDUL]HG�QH[W��FKDQJHV�LQ�
WKH�EDVHOLQH�FURS�\LHOG�DVVXPSWLRQV�FDQ�GUDPDWLFDOO\�
LQFUHDVH�WKH�UHVRXUFH�SRWHQWLDO�

6.2 High-Yield Estimates
7KH�KLJK�\LHOG�VFHQDULR�LQFUHDVHV�WKH�SURSRUWLRQ�RI�
FRUQ�LQ�UHGXFHG�DQG�QR�WLOO�FXOWLYDWLRQ�DQG�LQFUHDVHV�
FRUQ�\LHOGV�WR�DERXW�GRXEOH�WKH�FXUUHQW�UDWH�RI�DQQXDO�
LQFUHDVH��)RU�HQHUJ\�FURSV��WKH�KLJK�\LHOG�VFHQDULR�
LQFUHDVHV�WKH�DQQXDO�UDWH�RI�FURS�SURGXFWLYLW\�JURZWK�
IURP����WR���������DQG����DQQXDOO\��1R�KLJK�\LHOG�
VFHQDULR�LV�HYDOXDWHG�IRU�IRUHVW�UHVRXUFHV��H[FHSW�IRU�
WKH�ZRRG\�FURSV��)RUHVW�UHVLGXHV�FRPH�IURP�H[LVWLQJ�
WLPEHUODQGV��DQG�WKHUH�LV�QR�REYLRXV�ZD\�WR�LQFUHDVH�
YROXPHV�RWKHU�WKDQ�UHGXFLQJ�IUDFWLRQV�OHIW�EHKLQG�
WR�PHHW�HQYLURQPHQWDO�VXVWDLQDELOLW\��ZKLFK�LV�QRW�
UHFRPPHQGHG�

7DEOH�����VXPPDUL]HV�WKH�HVWLPDWHG��XQXVHG��TXDQWLWLHV�
RI�IRUHVWODQG��DJULFXOWXUDO�ODQG��DQG�HQHUJ\�FURS�
UHVRXUFHV�DW�DQ�DVVXPHG�SULFH�RI�����SHU�GU\�WRQ��
5HVXOWV�DUH�SUHVHQWHG�IRU�WKUHH�DVVXPSWLRQV�DERXW�
DQQXDO�HQHUJ\�FURS�\LHOG�JURZWK����������DQG�����
7KH�DJULFXOWXUDO�UHVLGXHV�HVWLPDWH�DVVXPHV�KLJKHU�
SURSRUWLRQV�RI�UHGXFHG�DQG�QR�WLOO�FXOWLYDWLRQ��DV�ZHOO�
DV�KLJKHU�FRUQ�JUDLQ�\LHOGV��7KH�IRUHVW�UHVLGXH�DQG�
ZDVWH�HVWLPDWHV�WRWDO�DERXW�����PLOOLRQ�GU\�WRQV�E\�
\HDU�������RQO\�VOLJKWO\�KLJKHU�WKDQ�WKH������HVWLPDWHV��
7KH�DJULFXOWXUDO�UHVLGXHV�DQG�ZDVWHV�WRWDO�����PLOOLRQ�
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GU\�WRQV�FXUUHQWO\��ZKLFK�LQFOXGH�DERXW����PLOOLRQ�GU\�
WRQV�RI�VHFRQGDU\�UHVLGXHV�DQG�ZDVWHV��WKH�DPRXQW�DV�
LQ�WKH�EDVHOLQH�VFHQDULR���,Q�������WKH�WRWDO�DJULFXOWXUDO�
UHVRXUFHV�DSSURDFK�����PLOOLRQ�GU\�WRQV�GXH�WR�KLJKHU�
FRUQ�\LHOGV�DQG�DGGLWLRQDO�DFUHV�LQ�QR�WLOO�DQG�H[FHHG�
����PLOOLRQ�GU\�WRQV�E\�������%\�������WKH�HQHUJ\�
FURSV�DUH�WKH�ODUJHVW�SRWHQWLDO�VRXUFH�RI�ELRPDVV�
IHHGVWRFN��$V�VKRZQ�LQ�7DEOH������SRWHQWLDO�HQHUJ\�
FURS�VXSSOLHV�YDU\�FRQVLGHUDEO\�GHSHQGLQJ�RQ�ZKDW�LV�
DVVXPHG�DERXW�SURGXFWLYLW\��$W�D����DQQXDO�JURZWK�
UDWH��HQHUJ\�FURSV�WRWDO�����������DQG�����PLOOLRQ�GU\�
WRQV�SHU�\HDU�LQ�������������DQG�������UHVSHFWLYHO\��
3RWHQWLDO�HQHUJ\�FURS�VXSSOLHV�DW�WKH����SURGXFWLYLW\�
JURZWK�UDWH�LQFUHDVH�WR�����DQG�����PLOOLRQ�GU\�WRQV�
LQ�\HDUV������DQG�������UHVSHFWLYHO\��DQG�IRU�WKH����

DQQXDO�\LHOG�LQFUHDVH�WR�����PLOOLRQ�GU\�WRQV�LQ������
DQG�����PLOOLRQ�GU\�WRQV�LQ�������,Q�WRWDO��SRWHQWLDO�
VXSSOLHV�DW�D�IRUHVW�URDGVLGH�RU�IDUPJDWH�SULFH�RI�����
SHU�GU\�WRQ�UDQJH�IURP�����WR������PLOOLRQ�GU\�WRQV�
E\������DQG�IURP�DERXW������WR������PLOOLRQ�GU\�WRQV�
E\�������GHSHQGLQJ�RQ�ZKDW�LV�DVVXPHG�DERXW�HQHUJ\�
FURS�SURGXFWLYLW\�����WR����DQQXDO�LQFUHDVH�RYHU������
\LHOGV���

7KLV�IHHGVWRFN�SRWHQWLDO�XQGHU�WKH�KLJK�\LHOG�
DVVXPSWLRQV�DW�D�����SHU�GU\�WRQ�SULFH�RIIHUV�HQRXJK�
IHHGVWRFN�WR�SURGXFH�XS�WR�QHDUO\����%*<�RI�ELRIXHOV�
E\������DQG�VXEVWDQWLDOO\�PRUH�E\�������)LJXUH�������
$OWHUQDWLYHO\��ELRPDVV�UHVRXUFHV�DUH�ODUJH�HQRXJK�WR�
SRWHQWLDOO\�SURGXFH�DOPRVW�D�WULOOLRQ�N:K�E\������ZLWK�
PXFK�KLJKHU�TXDQWLWLHV�E\������
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<$40 per dry ton <$50 per dry ton <$60 per dry ton

Feedstock 2012 2017 2022 2030 2012 2017 2022 2030 2012 2017 2022 2030

Million dry tons

Forest resources

Primary forest residues 
– all land 48 49 44 50 51 51 52 52 57 58 58 59

Primary forest residues 
without federal land 44 44 45 45 46 46 47 47 50 51 51 52

Forest processing 
residues and wastes 31 32 32 34 40 41 42 43 40 41 42 44

Total forest & wood 
wastes resources 79 81 82 83 91 92 93 95 97 98 100 102

Total without  
federal land 74 76 77 79 85 87 88 90 90 92 93 95

Agricultural  resources

Crop residues  
(major crops) 27 41 52 80 94 117 136 164 111 135 154 180

Agriculture processing 
residues and wastes 31 36 40 46 50 56 65 82 51 58 67 84

Total agricultural  
residues & wastes 59 77 92 126 143 174 201 245 162 192 221 265

Energy crops�

Perennial grasses - 3.0 12 30 - 41 77 129 - 90 188 252
Woody crops - 0.0 0.0 0.1 - 0.9 40 67 - 5.9 84 126
Annual energy crops - 0.7 1.8 4.2 - 3.8 7.3 14 - 5.0 10 19
Total energy crops - 3.7 14 34 - 46 124 210 - 101 282 400

Total with all land 138 161 187 243 234 311 418 551 258 392 602 767
Total without  
federal land 134 157 182 238 229 306 413 545 252 385 595 760

Summary of Available Forest and Agriculture Biomass at Selected Prices and Years 
under Baseline Assumptions (in Millions)

Table 6.1

Note: 4HE�TOTAL�FOREST�SUPPLY�IS�����TO�����MILLION�DRY�TONS�AT�THE�HIGHEST�PRICE�TO�ROADSIDE�
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<$40 <$50 <$60 <$40 <$50 <$60 <$40 <$50 <$60 <$40 <$50 <$60
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Summary of potential bioenergy supply from forest and agriculture residues and 
wastes and energy crops at selected prices and years under baseline assumptions 

Figure 6.1

 2% energy crop 3% energy crop  4% energy crop

Feedstock 2012 2017 2022 2030 2012 2017 2022 2030 2012 2017 2022 2030

Million dry tons

Total forest & wood 
wastes resources 97 98 100 102 97 98 100 102 97 98 100 102

Total agricultural  
residues & wastes 244 310 347 405 244 310 346 404 244 307 346 403

Total energy crops - 139 409 540 - 160 476 658 - 180 564 799

Total 340 548 856 1,047 340 568 922 1,164 340 586 1,009 1,304

Summary of Available Forest and Agriculture Biomass at $60 per Dry Ton under  
High-Yield Assumptions

Table 6.2

Note: totals may not add up due to rounding.
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Figure 6.2

6.3 Report Implications and  
Further Discussion
6.3.1 Other Assessments
National.�6LQFH�WKH�SXEOLFDWLRQ�RI�WKH������BTS��WKHUH�
KDV�EHHQ�D�SUROLIHUDWLRQ�RI�ELRPDVV�DVVHVVPHQWV�DW�
YDULRXV�VSDWLDO�VFDOHV��IURP�WKH�VWDWH�OHYHO�WR�WKH�JOREDO�
OHYHO��)RU�H[DPSOH��D�)RUHVW�6HUYLFH�ZHEVLWH�OLVWV����
VWDWHV�ZLWK�VRPH�W\SH�RI�ZRRG\�ELRPDVV�DVVHVVPHQW�
DQG�WKUHH�PDMRU�UHJLRQDO�VWXGLHV��8�6��)RUHVW�6HUYLFH��
����E���0DQ\�VWDWHV�DOVR�KDYH�DQ�DJULFXOWXUDO�ELRPDVV�
UHVRXUFH�DVVHVVPHQW�DQG�VRPH�LQFOXGH�IRUHVW�UHVRXUFHV��
6RPH�DVVHVVPHQWV�JR�LQWR�JUHDW�GHWDLO��$V�DQ�H[DPSOH��
LQ�D�VWXG\�FRPSOHWHG�IRU�WKH�6WDWH�RI�:DVKLQJWRQ�
E\�2QHLO�DQG�/LSSNH���������¿HOG�VXUYH\V�RI�IRUHVW�
UHVLGXHV�RQ�IHGHUDO��VWDWH��DQG�SULYDWH�ODQGV�ZHUH�
FRQGXFWHG�WR�GHYHORS�D�PRGHO�IRU�ORJJLQJ�UHVLGXHV�DV�D�
IXQFWLRQ�RI�KDUYHVW�YROXPH�

$�UHFHQW�HFRQRPLF�ELRPDVV�DVVHVVPHQW�HVWLPDWHV�
WKDW�DERXW����±�����PLOOLRQ�GU\�WRQV�RI�DJULFXOWXUDO�
ELRPDVV�ZLOO�EH�DYDLODEOH�LQ������DW�D�SULFH�XS�WR�
DERXW������SHU�GU\�WRQ�XQGHU�YDULRXV�FRVWV��ODQG��DQG�
\LHOG�VFHQDULRV��.KDQQD�HW�DO����������7KH�ELRPDVV�

DYDLODELOLW\�HVWLPDWHV�DUH�VLPLODU�WR�WKH�BTS�XSGDWH��
KRZHYHU��DW�KLJKHU�SULFHV�DQG�D�GLIIHUHQW�PL[WXUH�
RI�IHHGVWRFNV��7KH�WLPHOLQH�LV�����±�����IRU�WKLV�
UHSRUW�ZKHUHDV�WKH�XSGDWH�WLPHOLQH�LV�����±������$W�
D�FRPSDUDEOH�����SHU�GU\�WRQ�ZLWK�WKH�WUDQVSRUW�FRVWV�
UHPRYHG��WKH�UHSRUW�HVWLPDWHV�UDQJH�IURP�DERXW�����WR�
����PLOOLRQ�GU\�WRQV��7KH�VWXG\�GRHV�QRW�LQFOXGH�ZRRG��
QRU�GRHV�LW�LQFOXGH�DQ\�FXUUHQWO\�XVHG�ELRPDVV��7KLV�
ZLOO�FRPSDUH�WR�DERXW����±�����PLOOLRQ�GU\�WRQV�LQ�WKH�
XSGDWH�DW�����SHU�GU\�WRQ�RYHU�WKH�UDQJH�RI�VFHQDULRV�
DQG�XS�WR�������

3DUNHU�HW�DO���������XVH�D�VSDWLDOO\�VSHFL¿F�VXSSO\�
PRGHO�WR�DVVHVV�WKH�SRWHQWLDO�IRU�ODUJH�VFDOH�ELRIXHOV�
SURGXFWLRQ�LQ�WKH�8QLWHG�6WDWHV��7KH�UHSRUW�LQFOXGHV�
WKH�VDPH�IHHGVWRFNV�DV�LQ�WKH�XSGDWH��H[FHSW�LW�
LQFOXGHV�PRUH�WKDQ�MXVW�ZRRG�IURP�06:�DQG�KDV�
OHVV�RSWLPLVWLF�HQHUJ\�FURS�DVVXPSWLRQV��7KH�DQDO\VLV�
LQFOXGHV�DQ�DVVHVVPHQW�GHYHORSHG�E\�WKH�DXWKRUV�IRU�
�����DQG�DQRWKHU�DVVHVVPHQW�XVLQJ�WKH�XSGDWHG�BTS 
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EDVHOLQH�DVVHVVPHQW�GDWD�IRU�������)RU�WKH�GHYHORSHG�
DVVHVVPHQW��D�ORZ���EDVHOLQH���DQG�KLJK�\LHOG�VFHQDULR�
UHVXOW�LQ�DERXW�����������DQG�����PLOOLRQ�GU\�WRQV��
UHVSHFWLYHO\��DW�D�PD[LPXP�URDGVLGH�FRVW�RI������SHU�
GU\�WRQ��+RZHYHU��IRU�WKH�EDVHOLQH�VFHQDULR��D�PDMRULW\�
RI�WKH�06:�DQG�DJULFXOWXUDO�DQG�IRUHVWU\�UHVLGXHV�
EHFRPH�DYDLODEOH�DW�OHVV�WKDQ�����SHU�GU\�WRQ��DQG�
HQHUJ\�FURSV�DUH�DYDLODEOH�DW�FRVWV�EHWZHHQ�����DQG�
�����SHU�GU\�WRQ��7KH�PRGHO�LV�WKHQ�XVHG�WR�GHWHUPLQH�
WKH�DPRXQW�RI�ELRIXHOV�YROXPHV�DYDLODEOH�XVLQJ�WKH�
BTS�XSGDWH�GDWD��ZKHUH�WKH�ELRUH¿QHULHV�ZRXOG�EH�
GLVWULEXWHG�WR�PHHW�WKH�5)6��

$Q�DQDO\VLV�RI�WKH�ELRPDVV�GHPDQG�IRU�PHHWLQJ�ERWK�
D�WKHRUHWLFDO�����5)6�DQG�D�����5(6��UHQHZDEOH�
HOHFWULFLW\�VWDQGDUG��E\������HVWLPDWHV�D�QHHG�IRU�
������PLOOLRQ�JUHHQ�WRQV�IURP�DJULFXOWXUDO�DQG�IRUHVWU\�
UHVLGXHV��XUEDQ�ZRRG�ZDVWHV��DQG�HQHUJ\�FURSV��(,$��
����D���6DPSOH�HW�DO���������FRPSDUH�WKH�HVWLPDWHG�
GHPDQG�WR�D�'HSDUWPHQW�RI�(QHUJ\�VXSSO\�HVWLPDWH�
RI�����PLOOLRQ�GU\�WRQV��DSSUR[LPDWHO\�����PLOOLRQ�
JUHHQ�WRQV���7KH�DYDLODEOH�VXSSO\�LV�EDVHG�RQ�VHYHUDO�
DVVXPSWLRQV��LQFOXGLQJ�D�KLJK�HQHUJ\�FRVW�RI����SHU�
PLOOLRQ�%WX��7KH�OLPLWHG�DPRXQW�RI�DYDLODEOH�ELRPDVV�
LV�SURMHFWHG�WR�UHVXOW�LQ�D�VLJQL¿FDQW�VKRUWIDOO�WKDW�ZLOO�
EH�PDGH�XS�IURP�XVLQJ�URXQGZRRG��L�H���ZRRG�IURP�WKH�
EROH�RI�WUHHV�UDWKHU�WKDQ�OLPEV��WRSV��DQG�RWKHU�ZDVWHV���
7KH�XSGDWHG�BTS�HVWLPDWHV�DSSUR[LPDWHO\����±�����
WRWDO�GU\�WRQV�DYDLODEOH�LQ������DW�D�SULFH�RI�����SHU�GU\�
WRQ��ZKLFK�PD\�QRW�UHVXOW�LQ�VXFK�D�ODUJH�VKRUWIDOO�LI�WKH�
PDUNHW�VXSSRUWV�WKDW�SULFH��+RZHYHU��WKHVH�HVWLPDWHV�

LQFOXGH�³FXUUHQWO\�XVHG´�ELRPDVV�DQG�QR�GLIIHUHQWLDWLRQ�
DV�WR�ZKDW�ELRPDVV�LV�DYDLODEOH�WR�PHHW�D�VSHFL¿F�WDUJHW�
or use. 

7KH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��1$6��������
FRPSOHWHG�DQ�DVVHVVPHQW�RI�ELRPDVV�IRU�HQHUJ\�DQG�
UHSRUWV�WKDW�DSSUR[LPDWHO\�����PLOOLRQ�GU\�WRQV�SHU�
\HDU�RI�FHOOXORVLF�ELRPDVV�FDQ�EH�SURGXFHG�E\������
ZLWKRXW�DQ\�PDMRU�LPSDFW�RQ�IRRG�SURGXFWLRQ�RU�WKH�
HQYLURQPHQW��VHH�7DEOH�������7KH�HVWLPDWH�GRHV�QRW�
LQFOXGH�FRUQ�IRU�HWKDQRO�DQG�RLO�FURSV�IRU�ELRGLHVHO��7KH�
$FDGHP\�HVWLPDWHV�FRPSDUH�YHU\�ZHOO�WR�WKH�XSGDWHG�
BTS�IRU�WKH�EDVHOLQH�ZKHQ�WKH�FXUUHQWO\�XVHG�ELRPDVV�
LV�UHPRYHG�

International. 7KH�%LRPDVV�(QHUJ\�(XURSH�
RUJDQL]DWLRQ�LQYHVWV�FRQVLGHUDEOH�HIIRUWV�LQ�
VWDQGDUGL]LQJ�ELRPDVV�DVVHVVPHQWV��5HWWHQPDLHU��
�������$�FRPSDULVRQ�RI�RYHU�����VWXGLHV�LQ�WKH�
(XURSHDQ�8QLRQ�FRQFOXGHV�WKDW�QHDUO\�DOO�RI�WKH�
DVVHVVPHQWV�DUH�WHFKQLFDO�DQG�HFRQRPLF�SRWHQWLDO�
VWXGLHV�DV�FRPSDUHG�WR�WKH�WKHRUHWLFDOO\�PD[LPXP��
7KH�VWXGLHV�DUH�UHVRXUFH�EDVHG�DQG�LQFOXGH�ODQG�
XVH�FRPSHWLWLRQ�IRU�ELRPDVV�ZLWK�RWKHU�XVHV��7KH�
GHYLDWLRQV�LQ�HVWLPDWHG�WRWDO�SRWHQWLDOV�DPRQJ�WKHVH�
VWXGLHV�DUH�VXEVWDQWLDO��ZLWK�GLIIHUHQFHV�XS�WR�¿YH�IROG��
7KH�DXWKRUV�DWWULEXWH�WKH�ODUJH�GHYLDWLRQV�WR�YDU\LQJ�
PHWKRGV��GDWD��DQG�DVVXPSWLRQV�ZLWK�WKH�ODWWHU�EHLQJ�
WKH�PRVW�VLJQL¿FDQW�VRXUFH�RI�GLIIHUHQFHV��HVSHFLDOO\�
WKH�DVVXPSWLRQV�UHJDUGLQJ�ODQG�DYDLODELOLW\�IRU�HQHUJ\�
FURSV��7KH�XSGDWHG�BTS�XVHV�WKH�32/<6<6�PRGHO�
WR�KDQGOH�WKLV�VSHFL¿F�LVVXH��EXW�DV�H[SODLQHG�EHORZ��
DVVXPSWLRQV�DUH�YHU\�LPSRUWDQW��6FHQDULRV�DUH�XVHG�WR�
EHWWHU�SUHVHQW�DQG�FRPSDUH�XQGHUO\LQJ�DVVXPSWLRQV�LQ�
WKH�XSGDWH��

%DXHQ�HW�DO���������HVWLPDWH�WKDW�ELRPDVV�FDQ�
WKHRUHWLFDOO\�SURYLGH�EHWZHHQ�RQH�TXDUWHU�DQG�RQH�
WKLUG�RI�WKH�JOREDO�SULPDU\�HQHUJ\�VXSSO\�E\������
�VHH�7DEOH�������HYHQ�ZKHQ�IDFWRULQJ�LQ�ODQG�XVH�DQG�
UDZ�PDWHULDO�FRPSHWLWLRQ��7KH�FXUUHQW�HVWLPDWH�LV�WKDW�
ELRPDVV�VXSSOLHV�DERXW����H[DMRXOHV�RI�SULPDU\�HQHUJ\�
�KHDWLQJ�YDOXH���FDOFXODWHG���WR�EH�DERXW�����ELOOLRQ�
GU\�WRQV���7KLV�LV�PRVWO\�FRQYHQWLRQDO�ELRPDVV�WKDW�LV�
XVHG�IRU�KHDWLQJ�DQG�FRRNLQJ�LQ�GHYHORSLQJ�FRXQWULHV��
$Q�RSWLPLVWLF�HVWLPDWH�RI�WKH�WHFKQLFDO�SRWHQWLDO�RI�
VXVWDLQDEOH�ELRPDVV�E\������LV�EHWZHHQ�����DQG�����
H[DMRXOHV�SHU�\HDU��URXJKO\���±���ELOOLRQ�GU\�WRQV���

Feedstock Millions of dry tons
Corn stover 112

Wheat and grass straw 18

Hay 18

Dedicated energy crops 164

Woody 124

Animal manure 12

MSW 100

Total 548

Estimate of U.S. Cellulosic 
Biomass by 2020 (NAS, 2009)

Table 6.3

68  Assumes 63 million dry tons per exajoule, which is based on an average of 15 million Btu/dry ton.
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Region
Energy 
crops  

(M acres)

Dry tons 
(Billion)

Europe 62-222 0.4-1.5

USA 2005 BTS 74 1.1

USA 2011BTS 63 1.4

Latin America 299 1.5

China & India 212 1.7

Australia - <4M

Estimate of Global Biomass Potential  
by 2030 (Bauen et al., 2009)

Table 6.4
7KHUH�DUH�PDQ\�ELRPDVV�DVVHVVPHQWV�DW�GLIIHUHQW�
VSDWLDO�DQG�WHFKQLFDO�OHYHOV��7KH�XSGDWHG�BTS 
SURYLGHV�D�QDWLRQDO�WR�FRXQW\�OHYHO�HFRQRPLF�ELRPDVV�
DYDLODELOLW\�DQDO\VLV�IRU�DOO�DJULFXOWXUDO�DQG�IRUHVW�
ODQGV��7KH�UHVXOWV�IURP�WKH�XSGDWH�URXJKO\�DOLJQ�ZLWK�
RWKHU�DVVHVVPHQWV��EXW�WKH�XQGHUO\LQJ�DVVXPSWLRQV�YDU\�
DQG�PXVW�EH�DGGUHVVHG�LQ�DQ\�FRPSDULVRQ�

Notes: 4IMEFRAMES�ARE�����n�����������"43�ADDED�AT�����
TON�FOR������WITH����SCENARIO��#ONVERSION�TO�DRY�TONS�BASED�
ON����MILLION�TONS�PER�EXAJOULE�

6.3.2 Significance of Underlying  
Assumptions 
Scenarios. 7KLV�XSGDWH�UHSRUW�HYDOXDWHV�WZR�
VFHQDULRV²EDVHOLQH�DQG�KLJK�\LHOG��7KH�EDVHOLQH�
VFHQDULR�DVVXPHV�D�FRQWLQXDWLRQ�RI�WKH�86'$����
\HDU�EDVHOLQH�IRUHFDVW�IRU�WKH�PDMRU�IRRG�DQG�IRUDJH�
FURSV�SOXV�D����\HDU�H[WHQVLRQ�WR�������7KH�86'$�
SURMHFWLRQV�DUH�EDVHG�RQ�VSHFL¿F�DVVXPSWLRQV�DERXW�
PDFURHFRQRPLF�FRQGLWLRQV��SROLF\��ZHDWKHU��DQG�
LQWHUQDWLRQDO�GHYHORSPHQWV��ZLWK�QR�GRPHVWLF�RU�
H[WHUQDO�VKRFNV�WR�JOREDO�DJULFXOWXUDO�PDUNHWV��86'$�
2&(�:$2%���������,W�LV�D�86'$�ORQJ�WHUP�VFHQDULR�
IRU�WKH�DJULFXOWXUDO�VHFWRU�EDVHG�RQ�D�FRQWLQXDWLRQ�
RI�FXUUHQW�SROLFLHV�DQG�SURJUDPV��&KDQJHV�LQ�DQ\�
RI�WKH�NH\�IXQGDPHQWDO�DVVXPSWLRQV�XQGHUO\LQJ�
WKH�EDVHOLQH��VXFK�DV�HFRQRPLF�JURZWK��SRSXODWLRQ��
WUDGH�SURMHFWLRQV��RU�ELRIXHOV�SROLF\��ZLOO�DIIHFW�WKH�
SURMHFWLRQV��,W�LV�LQWHQGHG�DV�D�UHIHUHQFH�RU�EXVLQHVV�DV�
XVXDO�FDVH�

2YHU�WKH����\HDU�VLPXODWLRQ�SHULRG��WKH�DYHUDJH�
DQQXDO�FRUQ�\LHOG�LQFUHDVH�LV�VOLJKWO\�PRUH�WKDQ�����
7KH�EDVHOLQH�VFHQDULR��DV�LPSOHPHQWHG�LQ�WKLV�XSGDWH��
DVVXPHV�D�PL[�RI�WLOODJH�ZLWK�D�WUHQG�WRZDUG�QR�WLOO�
DQG�UHGXFHG�WLOODJH�FXOWLYDWLRQ�RYHU�WKH�VLPXODWLRQ�
SHULRG��VHH�7DEOH�������&RUQ�\LHOG�DQG�WLOODJH�DUH�WZR�
RI�WKH�NH\�GHWHUPLQDQWV�RI�VWRYHU�DYDLODELOLW\��WKH�

ODUJHVW�VLQJOH�VRXUFH�RI�FXUUHQWO\�DYDLODEOH�ELRPDVV�
UHVLGXH��(QHUJ\�FURS�\LHOGV�LQ�WKH�EDVHOLQH�VFHQDULR�
DVVXPH�DQ�DQQXDO�LQFUHDVH�RI����WKDW�UHÀHFWV�OHDUQLQJ�
RU�H[SHULHQFH�LQ�SODQWLQJ�HQHUJ\�FURSV�DQG�OLPLWHG�
JDLQV�DWWDLQHG�WKURXJK�EUHHGLQJ�DQG�VHOHFWLRQ�RI�EHWWHU�
YDULHWLHV�DQG�FORQHV��

,Q�FRQWUDVW��WKH�KLJK�\LHOG�VFHQDULR�DVVXPHV�KLJKHU�
FRUQ�\LHOGV�DQG�D�PXFK�ODUJHU�IUDFWLRQ�RI�FURS�DFUHV�LQ�
UHGXFHG�DQG�QR�WLOO�FXOWLYDWLRQ��7KH�SURMHFWHG�LQFUHDVH�
LQ�FRUQ�\LHOG�DYHUDJHV�DOPRVW����DQQXDOO\�RYHU�WKH����
\HDU�VLPXODWLRQ�SHULRG��7KH�HQHUJ\�FURS�SURGXFWLYLW\�
LQFUHDVHV�DUH�PRGHOHG�DW�WKUHH�OHYHOV²��������DQG����
DQQXDOO\��7KHVH�JDLQV�DUH�GXH�QRW�RQO\�WR�H[SHULHQFH�
LQ�SODQWLQJ�HQHUJ\�FURSV��EXW�DOVR�WR�PRUH�DJJUHVVLYH�
LPSOHPHQWDWLRQ�RI�EUHHGLQJ�DQG�VHOHFWLRQ�SURJUDPV��
2QO\�D�EDVHOLQH�VFHQDULR�LV�DVVXPHG�IRU�IRUHVW�ELRPDVV��
DV�WKHVH�UHVLGXHV�DUH�FRQWLQJHQW�RQ�WKH�GHPDQG�IRU�
SXOSZRRG�DQG�VDZORJV�ZLWK�IXWXUH�SURMHFWLRQV�EDVHG�
RQ�53$�SURMHFWLRQV�RI�WLPEHU�KDUYHVWV�

$V�GLVFXVVHG��WKH�EDVHOLQH�VFHQDULR�DQG�XQGHUO\LQJ�
DVVXPSWLRQV�XVHG�LQ�WKLV�UHVRXUFH�DVVHVVPHQW�
DUH�JHQHUDOO\�FRQVHUYDWLYH�DQG�HVVHQWLDOO\�UHÀHFW�
D�FRQWLQXDWLRQ�RI�FXUUHQW�WUHQGV�ZLWK�UHVSHFW�WR�
FRPPRGLW\�FURS�\LHOGV��SODQWHG�DFUHV��DQG�FXUUHQW�
DQG�SURMHFWHG�GHPDQG�IRU�SXOSZRRG�DQG�VDZORJV��
7KH�KLJK�\LHOG�VFHQDULR�H[DPLQHV�DOWHUQDWLYH�
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DVVXPSWLRQV�DERXW�\LHOG�JURZWK�DQG�WKH�PL[�RI�WLOODJH��
,Q�FRPELQDWLRQ�ZLWK�PDUNHW�SULFH��\LHOG�LV�WKH�NH\�
GHWHUPLQDQW�RI�UHVRXUFH�DYDLODELOLW\��DQG�WLOODJH�DIIHFWV�
KRZ�PXFK�FURS�UHVLGXH�FDQ�EH�VXVWDLQDEO\�UHPRYHG��

Yield.�$QQXDO�HQHUJ\�FURS�\LHOGV�DVVXPHG�IRU�WKH�
EDVHOLQH�VFHQDULR�YDU\�FRQVLGHUDEO\��UDQJLQJ�IURP���
WR�����GU\�WRQV�SHU�DFUH�IRU�SHUHQQLDO�JUDVVHV������WR���
GU\�WRQV�SHU�DFUH�IRU�ZRRG\�FURSV��DQG���WR���GU\�WRQV�
SHU�DFUH�IRU�DQQXDO�HQHUJ\�FURSV��7DEOHV�����DQG�������
7KHVH�EDVHOLQH�\LHOGV�IRU�SHUHQQLDO�JUDVVHV�DQG�ZRRG\�
FURSV�DUH�ZHOO�ZLWKLQ�REVHUYHG�WHVW�SORW�\LHOGV��6HH�
6HFWLRQ������DQG�IRU�VSHFL¿F�FURSV��H�J���VZLWFKJUDVV���� 
7KH�EDVHOLQH�UHVXOWV�IRU������DW�D�����SHU�GU\�WRQ�
IDUPJDWH�SULFH�����DQQXDO�\LHOG�JURZWK�IRU�SODQWLQJV�
DIWHU�\HDU�������VKRZ�D�QDWLRQDO�DYHUDJH�SHUHQQLDO�
JUDVV�KDUYHVWHG�\LHOG�RI���GU\�WRQV�SHU�DFUH��VOLJKWO\�
OHVV�IRU�ZRRG\�FURSV��DQG�����GU\�WRQV�SHU�DFUH�IRU�WKH�
DQQXDO�HQHUJ\�FURS��5HVXOWV�IRU�WKH�KLJK�\LHOG�VFHQDULR�
LQ�����²DVVXPLQJ�WKH�VDPH�IDUPJDWH�SULFH�DQG�D����
DQQXDO�\LHOG�JURZWK²KDYH�SHUHQQLDO�JUDVV�KDUYHVWHG�
\LHOGV�LQFUHDVLQJ�WR�D�QDWLRQDO�DYHUDJH�RI�����GU\�WRQV�
SHU�DFUH��WKH�VDPH�IRU�ZRRG\�FURSV��DQG�����GU\�WRQV�
SHU�DFUH�IRU�WKH�DQQXDO�HQHUJ\�FURS��7KHVH�\LHOGV�DUH�
D�QDWLRQDO�DYHUDJH�EDVHG�RQ�KDUYHVWHG�DFUHV�RI�HQHUJ\�
FURSV�LQ��������

Tillage.�$�QXPEHU�RI�NH\�PRGHOLQJ�DVVXPSWLRQV�
LQYROYH�WLOODJH��7KH�EDVHOLQH�DVVXPHV�D�FRPELQDWLRQ�RI�
FRQYHQWLRQDO��UHGXFHG��DQG�QR�WLOO�FXOWLYDWLRQ��VHH�7DEOH�
������2YHU�WKH�VLPXODWLRQ�SHULRG��D�VPDOO�IUDFWLRQ�RI�
FRUQ�DFUHV�VKLIW�LQWR�UHGXFHG�DQG�QR�WLOO��7KHVH�WLOODJH�
FKDQJHV�DUH�UHODWLYHO\�UHVWUDLQHG��DV�DERXW�RQH�WKLUG�RI�
FRUQ�DFUHV�ZLOO�VWLOO�EH�LQ�FRQYHQWLRQDO�WLOODJH�E\������
DQG�ZLOO�EH�UHVWULFWHG�IURP�UHVLGXH�FROOHFWLRQ��8QGHU�
WKH�KLJK�\LHOG�VFHQDULR��D�PXFK�ODUJHU�IUDFWLRQ�RI�DFUHV�
DUH�DVVXPHG�WR�VKLIW�IURP�FRQYHQWLRQDO�WLOODJH�WR�QR�
WLOO��7KH�WLOODJH�SURSRUWLRQV�DVVXPHG�LQ�WKH�KLJK�\LHOG�
VFHQDULR�UHFRJQL]H�WKDW�VRPH�FRUQ�DFUHV�ZLOO�QHYHU�VKLIW�
IURP�FRQYHQWLRQDO�WLOODJH�RZLQJ�WR�IDUPHUV¶�UHVLVWDQFH�
WR�FKDQJH��WKH�SRWHQWLDO�IRU�GLVHDVH�DQG�ZHHG�FRQWURO�
SUREOHPV��DQG�VRLO�ZHWQHVV�LVVXHV�LQ�VRPH�VLWXDWLRQV��
%\�FRPSDULVRQ��WKH�KLJK�\LHOG�VFHQDULR�LQ�WKH������
BTS�DVVXPHG������QR�WLOO�

Management practices and input costs. 1R�
DWWHPSW�ZDV�PDGH�WR�FRQGXFW�VHQVLWLYLW\�DQDO\VLV�RQ�
PDQDJHPHQW�SUDFWLFHV�DQG�LQSXW�FRVWV�DV�WKH�LQWHQW�LV�
WR�XQGHUVWDQG�WKH�UHVRXUFH�SRWHQWLDO��ZKLFK�LV�ODUJHO\�
GULYHQ�E\�\LHOG�DQG��LQ�WKH�FDVH�RI�FURS�UHVLGXHV��
E\�WLOODJH�UHVWULFWLRQV�LQ�DGGLWLRQ�WR�FURS�\LHOG��)RU�
H[DPSOH��D�UHGXFWLRQ�LQ�FURS�UHVLGXH�FROOHFWLRQ�FRVWV�
RZLQJ�WR�WHFKQRORJ\�LPSURYHPHQW�ZLOO�WHQG�WR�VKLIW�
VXSSO\�FXUYHV�GRZQ��WKXV�PDNLQJ�UHVLGXH�FROOHFWLRQ�
PRUH�SUR¿WDEOH�DW�ORZHU�IDUPJDWH�SULFHV��+RZHYHU��
WKLV�PRGHOHG�UHGXFWLRQ�LQ�FRVWV�ZLOO�QRW�VXEVWDQWLDOO\�
FKDQJH�WKH�UHSRUWHG�TXDQWLWLHV�DW�WKH�KLJKHU�VLPXODWHG�
SULFHV��

Time of implementation.�7KURXJKRXW�WKLV�UHSRUW��
FXUUHQWO\�XVHG�DQG�XQXVHG�UHVRXUFHV��VXFK�DV�FURS�DQG�
IRUHVW�UHVLGXHV��DUH�UHSRUWHG�IRU������DQG�IRU�VHOHFWHG�
\HDUV�WKURXJK�������)RU�HQHUJ\�FURSV��VLPXODWLRQ�
PRGHOLQJ�RI�WKHVH�SURVSHFWLYH�UHVRXUFHV�LV�DVVXPHG�
WR�EHJLQ�LQ������ZLWK�LQLWLDO�UHVXOWV�UHSRUWHG�LQ�������
7KH������UHVXOWV�GR�QRW�LQFOXGH�ZRRG\�FURSV�EHFDXVH�
RI�WKH����DQG���\HDU�FXWWLQJ�F\FOHV�RU�URWDWLRQ�OHQJWKV��
$V�QRWHG�LQ�&KDSWHU����\HDU������LV�SHUKDSV�WKH�HDUOLHVW�
WLPH�ZKHQ�VHHGV�DQG�RWKHU�SODQWLQJ�PDWHULDOV�ZLOO�EH�
UHDGLO\�DYDLODEOH��DVVXPLQJ�LW�ZLOO�WDNH���\HDUV�WR�VFDOH�
XS�QXUVHU\�RSHUDWLRQV��5HVXOWV�RI�PRGHO�VLPXODWLRQV�
VKRZ�GHOD\V�LQ�WKH������VWDUW�GDWH�ZLOO�VKLIW�HVWLPDWHG�
VXSSO\�FXUYHV�LQ�WLPH��

Energy crop demand for resources.�3HUHQQLDO�JUDVVHV�
DQG�ZRRG\�FURSV�JHQHUDOO\�UHTXLUH�OHVV�IHUWLOL]HU��
SHVWLFLGHV��DQG�IRVVLO�IXHO�WKDQ�WKH�FRPPRGLW\�FURSV�
WKH\�GLVSODFH²ZLWK�WKH�H[FHSWLRQ�RI�WKH�DQQXDO�HQHUJ\�
FURSV��ZKLFK�UHTXLUH�DERXW�WKH�VDPH�OHYHO�RI�LQSXWV��
+RZHYHU��SHUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�DUH�PRUH�
LQWHQVLYH�WKDQ�SDVWXUH��UHTXLULQJ�PRUH�IHUWLOL]HU�DQG�
SHVWLFLGHV��HVSHFLDOO\�GXULQJ�FURS�HVWDEOLVKPHQW��

Modeling of land-use change. /DQG�XVH�FKDQJH�
LV�SULQFLSDOO\�DIIHFWHG�E\�WKH�SUHVHQFH�RI�VLPXODWHG�
PDUNHWV��DQG�SULFHV��IRU�HQHUJ\�FURSV��7R�EH�VXUH��
VRPH�ODQG�XVH�FKDQJH�LV�DVVRFLDWHG�ZLWK�FURS�UHVLGXH�
FROOHFWLRQ��EXW�WKLV�DPRXQW�LV�PXFK�OHVV�WKDQ�WKH�
GLVSODFHPHQW�RI�FRPPRGLW\�FURSODQG�DQG�SDVWXUHODQG�

69 For example, average annual yields for switchgrass ranged from about 4 to 10 dry tons per acre, with most locations having an average 
between 5.5 and 8 dry tons per acre (McLaughlin and Kszos, 2005; BRDI, 2008). For woody crops, annual yields have been generally 5 dry 
tons per acre in most locations with the exception of the Pacific Northwest and subtropics (eucalyptus) where they have been higher.
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E\�HQHUJ\�FURSV��/DQG�XVH�FKDQJH�LV�PRGHOHG�E\�
32/<6<6��ZKLFK�DOORFDWHV�ODQG�WR�FRPSHWLQJ�FURSV�
EDVHG�RQ�QHW�UHWXUQV��,I�PRGHO�UHVXOWV�VKRZ�D�JLYHQ�
FRPPRGLW\�FURS�LQ�D�SDUWLFXODU�FRXQW\�GLVSODFHG�E\�DQ�
HQHUJ\�FURS��WKHQ�WKH�HQHUJ\�FURS�LV�PRUH�SUR¿WDEOH��,Q�
WKH�FDVH�RI�SDVWXUH��HQHUJ\�FURS�UHWXUQV�PXVW�EH�JUHDWHU�
WKDQ�WKH�UHQWDO�YDOXH�RI�WKH�SDVWXUHODQG�SOXV�DGGLWLRQDO�
µLQWHQVL¿FDWLRQ¶�FRVWV�WR�PDNH�XS�IRU�ORVW�IRUDJH��$�NH\�
DVVXPSWLRQ�LQ�WKLV�DQDO\VLV�LV�WKDW�IRU�HYHU\�DFUH�RI�
SDVWXUH�FRQYHUWHG�WR�HQHUJ\�FURSV��DQ�DGGLWLRQDO�DFUH�
RI�SDVWXUH�LV�LQWHQVL¿HG�WR�PDNH�XS�IRU�ORVW�IRUDJH��
%HFDXVH�VXI¿FLHQW�UDLQIDOO�LV�QHHGHG��WKH�DQDO\VLV�
OLPLWV�WKH�FRQYHUVLRQ�RI�SDVWXUHODQG�WR�HQHUJ\�FURSV�WR�
FRXQWLHV�VLWXDWHG�HDVW�RI�WKH����WK�0HULGLDQ�DQG�LQ�WKH�
3DFL¿F�1RUWKZHVW��

32/<6<6�PRGHOLQJ�LQFOXGHV�����PLOOLRQ�DFUHV�SODQWHG�
WR�WKH�HLJKW�PDMRU�FURSV�����PLOOLRQ�DFUHV�RI�ODQG�LQ�KD\�
SURGXFWLRQ��DQG�����PLOOLRQ�DFUHV�RI�FURSODQG�SDVWXUH�
DQG�QRQ�LUULJDWHG��SHUPDQHQW�SDVWXUH��7KLV�ODQG�EDVH�
LV�DVVXPHG�FRQVWDQW�WKURXJKRXW�WKH�PRGHOLQJ�SHULRG��
7KH�DQDO\VLV�GRHV�QRW�DFFRXQW�IRU�DQ\�FRPSHWLWLRQ�DQG�
SRWHQWLDO�ORVVHV��RU�JDLQV��RI�ODQG�WR�RWKHU�PDMRU�ODQG�
XVHV��VXFK�DV�WKH�FRQYHUVLRQ�RI�SDVWXUHODQG�WR�XUEDQ�
XVHV�DQG�WKH�FRQYHUVLRQ�RI�IRUHVWODQG�WR�FURSODQG��
7KH�DQDO\VLV�GRHV�QRW�LQFOXGH�ODQG�FXUUHQWO\�HQUROOHG�
LQ�WKH�&53���RU�ODQG�WKDW�PLJKW�EHFRPH�DYDLODEOH�DV�
FRQWUDFWV�H[SLUH��7KLV�XSGDWH��DV�ZHOO�DV�WKH�86'$�
SURMHFWLRQV��DVVXPHV�WKDW�WKHUH�DUH�DSSUR[LPDWHO\����
PLOOLRQ�DFUHV�FXUUHQWO\�HQUROOHG�LQ�WKH�&53�WKURXJKRXW�
WKH�VLPXODWLRQ�SHULRG��7KH�DQDO\VLV�GRHV�QRW�FRQVLGHU�
DQ\�VFHQDULRV�ZKHUH�KLJK�ELRPDVV�SULFHV�SURYLGH�
VWURQJ�¿QDQFLDO�LQFHQWLYHV�IRU�JURZHUV�WR�ZLWKGUDZ�
IURP�WKH�&53��JLYH�XS�DQQXDO�UHQWDO�SD\PHQWV��DQG�
FRQYHUW�ODQG�LQWR�HQHUJ\�FURS�SURGXFWLRQ��)XUWKHU��WKH�
DQDO\VLV�GRHV�QRW�FRQVLGHU�DQ\�SROLF\�FKDQJHV�WR�WKH�
&53�WKDW�ZLOO�DOORZ�WKH�KDUYHVWLQJ�RI�HQHUJ\�FURSV��
)LQDOO\��WKH�&53�LV�GHVLJQHG�WR�UHGXFH�VRLO�HURVLRQ�DQG�
SURYLGH�RWKHU�EHQH¿WV��H�J���FUHDWH�ZLOGOLIH�KDELWDW��
UHGXFH�VHGLPHQWDWLRQ��LPSURYH�ZDWHU�TXDOLW\��SUHYHQW�
H[FHVV�FURS�SURGXFWLRQ��DQG�SURYLGH�D�VWDEOH�VRXUFH�
RI�LQFRPH�IRU�IDUPHUV���5HPRYLQJ�ODQG�IURP�WKH�&53�
KDV�WKH�SRWHQWLDO�WR�UHGXFH�ZLOGOLIH�KDELWDW�DQG�LQFUHDVH�
WKH�GHOLYHU\�RI�VHGLPHQW��QXWULHQWV��DQG�SHVWLFLGHV�WR�
ZDWHU�ERGLHV��%5',���������$OWKRXJK�LW�LV�UHFRJQL]HG�

WKDW�WKH�FRQYHUVLRQ�RI�VRPH�&53�ODQG�WR�HQHUJ\�
FURSV�FDQ�RFFXU�ZLWKRXW�DQ\�DGYHUVH�HQYLURQPHQWDO�
LPSDFWV��HVSHFLDOO\�LI�VHQVLWLYH�DUHDV�DUH�UHPRYHG�IURP�
FRQVLGHUDWLRQ��WKH�DQDO\VLV�RI�WKH�&53�IRU�HLWKHU�HQHUJ\�
FURS�SURGXFWLRQ�RU�FURS�DQG�IRUDJH�SURGXFWLRQ�LV�QRW�
FRQVLGHUHG�LQ�WKLV�XSGDWH�

Environmental sustainability��7KH�SULPDU\�FURS�
UHVLGXHV��RQ�ERWK�FURSODQG�DQG�IRUHVWODQGV��H[SOLFLWO\�
FRQVLGHU�UHVRXUFH�VXVWDLQDELOLW\�ZLWK�SRWHQWLDO�
FROOHFWLRQ�TXDQWLWLHV�WKDW�DUH�RQO\�DYDLODEOH�DIWHU�
DOO�UHVWULFWLRQV�DUH�VDWLV¿HG��7KLV�LQFOXGHV�PHHWLQJ�
VRLO�HURVLRQ�UHVWULFWLRQV�GXH�WR�ZDWHU�DQG�ZLQG�DQG�
PDLQWDLQLQJ�VRLO�FDUERQ�OHYHOV�IRU�FURS�UHVLGXH�
UHPRYDO��7KH�IRUHVW�UHVLGXH�DQDO\VLV�UHPRYHV�VWHHS��
ZHW��DQG�URDGOHVV�VLWHV�DQG�UHVWULFWV�UHVLGXH�UHPRYDO�
EDVHG�RQ�VORSH�FRQVLGHUDWLRQV��7KHVH�VORSH�UHVWULFWLRQV�
FRQVLGHU�HURVLRQ��VRLO�QXWULHQWV��ELRGLYHUVLW\��VRLO�
RUJDQLF�FDUERQ��DQG�/763��)RU�HQHUJ\�FURSV��
VXVWDLQDELOLW\�LV�DVVXPHG�SUDFWLFHG�DV�LPSOHPHQWHG�
WKURXJK�%03V��DQG�FURS�EXGJHWV�UHÀHFW�WKHVH�
FRQVLGHUDWLRQV��'LVSODFHPHQW�RI�FRPPRGLW\�FURSV�E\�
SHUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�VKRXOG�LPSURYH�
HQYLURQPHQWDO�VXVWDLQDELOLW\�EHFDXVH�WKH\�UHTXLUH�
VPDOOHU�DPRXQWV�RI�IHUWLOL]HUV�DQG�SHVWLFLGHV��2QFH�
HVWDEOLVKHG��SHUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�UHTXLUH�
OLWWOH�PDLQWHQDQFH��7KHVH�FURSV�FDQ�SURYLGH�PRUH�
KDELWDW�GLYHUVLW\�DQG�GHSHQGLQJ�RQ�KRZ�SODQWHG�SURYLGH�
ULSDULDQ�EXIIHUV�DQG�RIIHU�RSSRUWXQLWLHV�WR�FDSWXUH�
UXQRII�RI�QXWULHQWV���)RU�DQQXDO�HQHUJ\�FURSV��SODQWLQJ�
LV�DVVXPHG�OLPLWHG�WR�QRQ�HURVLYH�FURSODQG��FRQVLGHUHG�
SDUW�RI�D�PXOWL�FURS�URWDWLRQ��DQG�JURZQ�XVLQJ�%03V�
VR�DV�QRW�WR�LPSRVH�DQ\�DGGLWLRQDO�LPSDFWV�WR�ORFDO�DQG�
UHJLRQDO�HFRV\VWHPV��

Roundwood markets.�,Q�6HFWLRQ�������WKHUH�LV�
D�GLVFXVVLRQ�RI�DQ�XQGHUO\LQJ�DVVXPSWLRQ�WKDW�
XQPHUFKDQWDEOH�ELRPDVV�FRPSRQHQWV�RI�IRUHVW�VWDQGV�
DUH�XQHFRQRPLF��XQOHVV�WKH\�DUH�UHPRYHG�GXULQJ�
WKH�KDUYHVW�RI�FRPPHUFLDO�URXQGZRRG��7KH�DQDO\VLV�
LQFOXGHV�DQ�XSSHU�ELRPDVV�DYDLODELOLW\�OHYHO�WKDW�LV�
DVVRFLDWHG�ZLWK�WKH�URXQGZRRG�KDUYHVW�OHYHO�IRU�HDFK�
VWDWH��7KH�UHVWULFWLRQ�LV�RQO\�DQ�DSSUR[LPDWLRQ�GXH�
WR�WKH�IDFW�WKDW�ZRRG�LV�WUDQVIHUUHG�DPRQJ�VWDWHV�WR�
SURFHVVLQJ�IDFLOLWLHV�DQG�LV�EDVHG�RQ������GDWD�DQG�WKH�
�����53$�SURMHFWLRQV��ZKLFK�DUH�VXEMHFW�WR�FKDQJH�

70 USDA Conservation Reserve Program, Status— April 30, 2011. http://www.fsa.usda.gov/Internet/FSA_File/april2011onepager.pdf

http://www.fsa.usda.gov/Internet/FSA_File/april2011onepager.pdf
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XQGHU�GLIIHUHQW�HFRQRPLF�FRQGLWLRQV��7KH�DVVXPSWLRQ�
UHPRYHV�D�VLJQL¿FDQW�DPRXQW�RI�ELRPDVV�IURP�WKH�
DVVHVVPHQW²DERXW���PLOOLRQ�GU\�WRQV�DQQXDOO\�IRU�WKH�

8QLWHG�6WDWHV��0RUH�LPSRUWDQWO\��DOPRVW�KDOI�WKH�VWDWHV�
ORVH�����RU�PRUH�RI�WKH�SRWHQWLDO�WKLQQLQJ�ELRPDVV�
EHFDXVH�RI�WKLV�UHVWULFWLRQ��

6.3.3 Factors A!ecting Potential  
Product Estimates
Gross versus net tonnage.�7KH�HVWLPDWHG�GU\�WRQV�
DUH�WKRVH�WKDW�DUH�DYDLODEOH�DW�WKH�IDUPJDWH�RU�IRUHVW�
URDGVLGH��(DFK�W\SH�RI�IHHGVWRFN�KDV�FHUWDLQ�SK\VLFDO�
SURSHUWLHV�DQG�KDUYHVW�UHFRYHU\�FKDUDFWHULVWLFV�WKDW�
LQÀXHQFH�WKH�VWDQGLQJ�YROXPHV�YHUVXV�KRZ�PXFK�
ELRPDVV�LV�DYDLODEOH�DW�URDGVLGH��DQG�PRUH�LPSRUWDQWO\��
DW�WKH�ELRUH¿QHU\��,Q�WKH�UHSRUW��WKH�HVWLPDWHV�RI�
SRWHQWLDOO\�DYDLODEOH�ELRPDVV�DFFRXQW�IRU�ORVVHV�
LQFXUUHG�GXULQJ�FROOHFWLRQ�RU�KDUYHVWLQJ�DQG�LQ�WKH�
PRYLQJ�RI�WKH�ELRPDVV�WR�WKH�¿HOG�HGJH�RU�IRUHVW�
URDGVLGH��

7KH�XSGDWH�GRHV�QRW�FRQVLGHU�IHHGVWRFN�ORJLVWLFV�DQG�
VXSSO\�FKDLQ�LVVXHV�DV�FRPSUHKHQVLYHO\�DV�GHVLUHG��
DQG�QRW�DW�DOO�EH\RQG�WKH�IDUPJDWH�DQG�URDGVLGH��2QH�
SRWHQWLDO�ORVV�LV�IURP�KDQGOLQJ�DQG�VWRUDJH��6XFK�ORVVHV�
DUH�VSHFL¿F�WR�WKH�IHHGVWRFN��WKH�IHHGVWRFN�FRQGLWLRQ�
DQG�IRUP��WKH�W\SH�RI�KDQGOLQJ�V\VWHP��DQG�VWRUDJH�
FRQGLWLRQV��,Q�FDVHV�ZKHUH�VWRUDJH�LQGXFHV�ORVV��WKH�
DFWXDO�DYDLODELOLW\�IRU�FRQYHUVLRQ�LQWR�HQHUJ\�LV�OHVV�
WKDQ�WKH�SUHVHQWHG�HVWLPDWHV��

$OWKRXJK�WKH�SRWHQWLDO�ELRPDVV�DPRXQWV�DUH�HVWLPDWHG�
DW�WKH�FRXQW\�OHYHO��WKH�DVVHVVPHQW�GRHV�QRW�WDNH�LQWR�
DFFRXQW�WKH�PDQ\�IDFWRUV�VXFK�DV�IHHGVWRFN�GHQVLW\��
PDUNHWV��IHHGVWRFN�SUHIHUHQFH��LQFHQWLYHV��DQG�
HFRQRPLFV�WKDW�FDQ�FKDQJH�DYDLODELOLW\��

Feedstock characteristics.�7KH�XSGDWH��DV�GHVFULEHG��
LQFOXGHV�QR�SUHIHUHQFH�WRZDUG�D�VSHFL¿F�IHHGVWRFN�RU�
SDUWLFXODU�FRQYHUVLRQ�SURFHVV�IRU�HQHUJ\�SURGXFWLRQ�
SRWHQWLDO��)RU�H[DPSOH��FRUQ�VWRYHU�LQFOXGHV�VWDONV�
DQG�FREV��DQG�IRUHVW�UHVLGXHV�LQFOXGH�OLPEV��EDUN��DQG�
VROLG�ZRRG�RI�GLIIHUHQW�FRPSRVLWLRQV�WKDW�PD\�RU�PD\�
QRW�ZRUN�ZHOO�DW�D�SDUWLFXODU�IDFLOLW\��7KH�SK\VLFDO�DQG�
FKHPLFDO�FKDUDFWHULVWLFV�RI�IHHGVWRFNV�YDU\�ZLGHO\�
DQG�JUHDWO\�LPSDFW�FRQYHUVLRQ�\LHOG��EXW�DOVR��DQG�
PRUH�LPSRUWDQWO\��WKHVH�FKDUDFWHULVWLFV�LPSDFW�KRZ�
PXFK�RI�WKH�HVWLPDWHG�ELRPDVV�SRWHQWLDO�LV�DFWXDOO\�
DYDLODEOH�DW�WKH�WKURDW�RI�WKH�FRQYHUVLRQ�IDFLOLW\�
EHFDXVH�RI�VSHFL¿FDWLRQV�DW�WKH�ELRUH¿QHU\��$�UHSRUW�

VSRQVRUHG�E\�WKH�:HVWHUQ�*RYHUQRUV¶�$VVRFLDWLRQ�
�3DUNHU�HW�DO���������LV�DQ�H[DPSOH�RI�D�VRXUFH�IRU�
VXFK�DQ�DQDO\VLV��7KH�DQDO\VLV�LQFOXGHV�XSGDWHG�BTS 
ELRPDVV�UHVRXUFH�VXSSO\�SRWHQWLDO�DQG�HVWLPDWHV�IXHO�
SULFH�WKURXJK�YDULRXV�FRQYHUVLRQ�SDWKZD\V��7KLV�
SDUWLFXODU�VWXG\�UHSUHVHQWV�WKH�XVHIXOQHVV�RI�UHVRXUFH�
SRWHQWLDO�HVWLPDWHV�IRU�RQH�RI�PXOWLSOH�DSSURDFKHV�WR�
HVWLPDWH�WKH�IHHGVWRFN�VXSSO\�DQG�FRVW�FKDUDFWHULVWLFV�
RI�DGGLWLRQDO�ELRHQHUJ\��

7KHUH�DUH�RQJRLQJ�HIIRUWV�WR�GHYHORS�IHHGVWRFN�
ORJLVWLF�V\VWHPV�WKDW�FDQ�KDQGOH�D�ZLGHU�YDULDWLRQ�RI�
IHHGVWRFN�W\SHV�WKDW�PHHW�WLJKWHU�TXDOLW\�VSHFL¿FDWLRQV��
,Q�WKH�IXWXUH��ELRUH¿QHULHV�PD\�UHTXLUH�IHHGVWRFNV�RI�
FRQVLVWHQW�TXDOLW\��SDUWLFOH�VL]H��DQG�PRLVWXUH�FRQWHQW��
,W�LV�OLNHO\�WKDW�PRUH�XQLIRUP�IHHGVWRFNV�ZLOO�KDYH�
JUHDWHU�PDUNHW�SRWHQWLDO��+HVV�HW�DO����������7KH�HIIHFW�
RQ�ELRPDVV�SRWHQWLDO�VWLOO�QHHGV�DGGLWLRQDO�VWXG\��
6RPH�UHVRXUFHV�PD\�EHFRPH�VWUDQGHG�DV�WKH�FRVW�WR�
LPSURYH�TXDOLW\�PD\�RXWZHLJK�YDOXH��RU�FRQYHUVHO\��
WKH�LPSURYHPHQW�SURFHVV�FDQ�PDNH�PRUH�ELRPDVV�RI�D�
VSHFL¿HG�TXDOLW\�DYDLODEOH�

Markets.�$V�SUHYLRXVO\�GLVFXVVHG��WKH�32/<6<6�
PRGHO�DOORFDWHV�ODQG�WR�FRPSHWLQJ�XVHV�EDVHG�RQ�QHW�
UHWXUQV�ZLWK�DQ\�FKDQJHV�LQ�ODQG�XVH�DIIHFWLQJ�WKH�
VXSSOLHV�RI�ERWK�FURS�UHVLGXHV�DQG�HQHUJ\�FURSV��7KH�
PRGHO�DVVXPHV�WKDW�IDUPHUV�ZLOO�JURZ�HQHUJ\�FURSV�
LI�WKH\�FDQ�SURGXFH�D�QHW�UHWXUQ�RU�SUR¿W�HTXDO�WR�RU�
JUHDWHU�WKDQ�WKH�SUR¿W�PDGH�E\�SURGXFLQJ�RQH�RI�WKH�
HLJKW�FRPPRGLW\�FURSV�RU�IRUDJH��(QHUJ\�FURSV�DOVR�
FRPSHWH�IRU�ODQG�ZLWK�HDFK�RWKHU�DQG�IRU�ODQG�ZKHUH�
FURS�UHVLGXH�FROOHFWLRQ�LV�SUR¿WDEOH��6LPXODWLRQ�UHVXOWV�
VKRZ�PXFK�KLJKHU�QHW�FURS�UHWXUQV�UHODWLYH�WR�WKH�
EDVHOLQH�IRUHFDVW�DQG�RQO\�D�VOLJKW�GHFOLQH�LQ�QHW�UHWXUQV�
WR�OLYHVWRFN�SURGXFWLRQ�

,Q�WKH�DEVHQFH�RI�VLJQL¿FDQW�PDUNHWV�IRU�ELRHQHUJ\�
IHHGVWRFNV��LW�LV�GLI¿FXOW�WR�SURMHFW�ZKDW�IDUPHUV�ZLOO�
UHTXLUH�DV�D�PLQLPXP�SUR¿W�WR�JURZ�HQHUJ\�FURSV��$�
VWXG\�E\�-HQVHQ�HW�DO���������DWWHPSWV�WR�DGGUHVV�WKLV�
TXHVWLRQ�E\�DVVHVVLQJ�IDUPHUV¶�YLHZV�DQG�LQWHUHVW�LQ�
SURGXFLQJ�VZLWFKJUDVV��SUR¿WV�WKDW�ZRXOG�EH�UHTXLUHG�
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WR�LQGXFH�IDUPHUV�WR�JURZ�VZLWFKJUDVV��DQG�WKH�DPRXQW�
RI�ODQG�DQG�W\SHV�RI�FURSV�WKDW�IDUPHUV�PLJKW�EH�ZLOOLQJ�
WR�FRQYHUW�WR�VZLWFKJUDVV�SURGXFWLRQ��6XUYH\�UHVXOWV�
YDU\�FRQVLGHUDEO\��HVSHFLDOO\�EHWZHHQ�IDUPHUV�ZLWK�
D�NQRZOHGJH�RI�DQG�LQWHUHVW�LQ�JURZLQJ�VZLWFKJUDVV�
DQG�WKRVH�QRW�LQWHUHVWHG��-HQVHQ�HW�DO���������UHSRUWV�
DQ�DYHUDJH�QHW�UHWXUQ�SHU�DFUH�DPRQJ�WKRVH�LQWHUHVWHG�
LQ�JURZLQJ�VZLWFKJUDVV�RI������SHU�DFUH�DQG������SHU�
DFUH�IRU�WKRVH�QRW�LQWHUHVWHG��7KH�UHVXOWV�SUHVHQWHG�LQ�

WKLV�DQDO\VLV�VKRZ�SUR¿WV�IURP�DERXW������WR������SHU�
DFUH��LQFOXVLYH�RI�ODQG�UHQWV��DW�DQQXDO�\LHOGV�SHU�DFUH�
RI���WR���GU\�WRQV�SHU�DFUH��7KHVH�\LHOGV�DUH�FXUUHQWO\�
DWWDLQHG�LQ�*HQHUD�(QHUJ\¶V�VZLWFKJUDVV�SODQWLQJV�LQ�
HDVWHUQ�7HQQHVVHH��*HQHUD�(QHUJ\��������

6.3.4 Innovations in Management  
and Technology
Use of water-limited lands.�$�VLJQL¿FDQW�XQGHUO\LQJ�
DVVXPSWLRQ�ZLWKLQ�WKH�XSGDWH�WKDW�UHVWULFWV�ELRPDVV�
DYDLODELOLW\�LV�WKDW�HQHUJ\�FURSV�RQ�ODQG�WKDW�ZRXOG�
UHTXLUH�LUULJDWLRQ�DUH�H[FOXGHG��:DWHU�VFDUFLW\�DQG�
WKH�GHSOHWLRQ�RI�DTXLIHUV�DUH�DOUHDG\�ORRPLQJ�LVVXHV�
LQ�DJULFXOWXUH��7KHUH�LV�FRQFHUQ�WKDW�DGGLQJ�ODUJH�
DFUHDJHV�RI�LUULJDWHG�HQHUJ\�FURSV�ZRXOG�QRW�EH�
VXVWDLQDEOH��HVSHFLDOO\�ZLWK�FRPSHWLWLRQ�IRU�LQFUHDVHG�
FRPPRGLW\�FURS�SURGXFWLRQ��7KHUHIRUH��PXFK�RI�WKH�
ZHVWHUQ�8QLWHG�6WDWHV�LV�H[FOXGHG�LQ�WKH�DQDO\VLV�RI�
HQHUJ\�FURS�SRWHQWLDO��+RZHYHU��WKH�DVVXPSWLRQ�LV�DQ�
RYHUVLPSOL¿FDWLRQ�EHFDXVH�WKHUH�DUH�ERWK�EDUULHUV�DQG�
RSSRUWXQLWLHV�WR�H[SDQGLQJ�VXVWDLQDEOH�SURGXFWLRQ�RI�
HQHUJ\�FURSV�EH\RQG�UDLQ�IHG�ODQG��7KH�DVVXPSWLRQ�
LV�QRW�PHDQW�WR�LPSO\�WKDW�VXFK�ODQG�ZLOO�QRW�EHFRPH�
DFFHVVLEOH�IRU�ELRPDVV�SURGXFWLRQ�XQGHU�LQQRYDWLYH�
DSSURDFKHV�DQG�WHFKQRORJLHV�

$�1DWLRQDO�5HVHDUFK�&RXQFLO�UHSRUW��15&��������
FRQFOXGHV�WKDW�LQFUHDVHG�DJULFXOWXUDO�SURGXFWLRQ�IRU�
ELRIXHOV�ZLOO�SUREDEO\�QRW�DOWHU�WKH�QDWLRQDO�DJJUHJDWH�
XVH�RI�ZDWHU�LQ�WKH�QH[W���±���\HDUV��+RZHYHU��
WKH�UHSRUW�LQGLFDWHV�WKDW�JURZLQJ�FURSV�IRU�ELRIXHO�
SURGXFWLRQ�LV�OLNHO\�WR�KDYH�VLJQL¿FDQW�UHJLRQDO�DQG�
ORFDO�LPSDFWV��DQG�WKHUH�LV�D�QHHG�WR�HQFRXUDJH�WKH�
JURZWK�RI�QHZ�WHFKQRORJLHV��EHVW�DJULFXOWXUDO�SUDFWLFHV��
DQG�WKH�GHYHORSPHQW�RI�WUDGLWLRQDO�DQG�FHOOXORVLF�FURSV�
WKDW�UHTXLUH�OHVV�ZDWHU�DQG�IHUWLOL]HU�DQG�DUH�RSWLPL]HG�
IRU�IXHO�SURGXFWLRQ��7KHUH�LV�RQJRLQJ�DQG�H[SDQGLQJ�
UHVHDUFK�WR�JURZ�WUDGLWLRQDO�FURSV�ZLWK�OHVV�ZDWHU�DQG�
WR�GHYHORS�QHZ�FXOWLYDUV�DQG�FURS�YDULHWLHV�IRU�WKH�
PRUH�DULG�ODQGV��'U\ODQG�IDUPLQJ�DQG�RWKHU�DJURQRPLF�
DSSURDFKHV��VXFK�DV�LQWHJUDWHG�URWDWLRQV��DUH�EHLQJ�
FRQVLGHUHG�IRU�HQHUJ\�FURSV��H�J���WKH�XVH�RI�ZLQWHU�

JUDVV�FRYHU�FURSV���$OVR��LW�DSSHDUV�WKDW�VRPH�FURSV��
VXFK�DV�VZLWFKJUDVV��FRXOG�EH�JURZQ�XQGHU�YHU\�OLPLWHG�
LUULJDWLRQ��)LQDOO\��DV�GLVFXVVHG�LQ�&KDSWHU����QHZ�
DSSURDFKHV�WR�LUULJDWLRQ�XVLQJ�VDOLQH�RU�ZDVWH�ZDWHU�
IURP�PXQLFLSDO�WR�LQGXVWULDO�VRXUFHV��LQFOXGLQJ�PLQH�
DQG�RLO�SURGXFWLRQ��DUH�EHLQJ�H[SORUHG��

Use crop rotations and multiple crops.�7KH�
GLVFXVVLRQ�DQG�DQDO\VLV�LQ�&KDSWHU���RQ�WKH�DJULFXOWXUDO�
FURS�ZDVWHV�UHWHQWLRQ�PRGHOLQJ�SRLQWV�RXW�WKH�LPSRUWDQW�
UROH�RI�FURS�URWDWLRQ�DQG�WKH�XVH�RI�FRYHU�FURSV�DQG�
IDOORZLQJ�IRU�SURGXFWLRQ�DQG�VXVWDLQDELOLW\��)RU�HQHUJ\�
FURSV�LQ�&KDSWHU����WKH�IRFXV�LV�RQ�DJURQRPLFDO�DQG�
VLOYLFXOWXUDO�SUDFWLFHV��VXFK�DV�GRXEOH�RU�PXOWLSOH�
FURSSLQJ�WR�LQFUHDVH�SURGXFWLYLW\�DQG�RWKHU�SUDFWLFHV�
WR�HQVXUH�VXVWDLQDELOLW\��$�JRRG�H[DPSOH�LV�WKH�XVH�RI�
VZHHW�VRUJKXP�DV�D�FRPSOHPHQWDU\�FURS�WR�HQHUJ\�
FDQH��7KH�FRQFHSW�LV�WR�GRXEOH�RU�WULSOH��QXPEHU�RI�
URZV��GULOO�VZHHW�VRUJKXP�RQ�FRQYHQWLRQDO�VXJDUFDQH�
URZV�DQG�KDUYHVW�ZLWK�WKH�VDPH�VXJDUFDQH�KDUYHVWHU�
HDUOLHU�WKDQ�WKH�FDQH��0F&XWFKHQ�DQG�$YDQW���������
+RZHYHU��WKH�DQDO\VHV�LQ�WKH�XSGDWH�IRFXV�SULPDULO\�
RQ�\LHOG�DQG�WLOODJH�DQG�QRW�DQ�LQFRUSRUDWLRQ�RI�FURS�
URWDWLRQ�DQG�PXOWLSOH�FURSSLQJ��$QRWKHU�H[DPSOH�LV�WR�
RSWLPL]H�WKH�URWDWLRQ�OHQJWK��WLPH�EHWZHHQ�KDUYHVWV��
DQG�WKH�QXPEHU�RI�URWDWLRQV�EHWZHHQ�UH�HVWDEOLVKLQJ�
ZRRG\�FURSV��HVSHFLDOO\�IRU�FRSSLFH�FURSV��7KH�XSGDWH�
XVHV�RQH�VHW�RI�DVVXPSWLRQV��HYHQ�WKRXJK�RWKHU�IRUPV�
RI�URWDWLRQ�PLJKW�SURYLGH�VLJQL¿FDQW�LQFUHDVHV�LQ�
SRWHQWLDO�ELRPDVV��2QH�IRUP�RI�URWDWLRQ�QRW�LQFOXGHG�
LQ�WKLV�UHSRUW�LV�LQWHUFURSSLQJ��ZKLFK�LV�WKH�SODQWLQJ�
RI�JUDVVHV�EHWZHHQ�WKH�URZV�RI�WUHHV�HDUO\�LQ�WKH�
URWDWLRQ��7KLV�UHSRUW�VHUYHV�WR�HVWDEOLVK�D�EDVHOLQH�IURP�
ZKLFK�DOWHUQDWLYH�ODQG�PDQDJHPHQW�VFHQDULRV�FDQ�
EH�H[DPLQHG�WKDW�FRXOG�SRWHQWLDOO\�LQFUHDVH�ELRPDVV�
SURGXFWLRQ�DQG�DFFHVVLELOLW\��DV�ZHOO�DV�HQKDQFH�
HQYLURQPHQWDO�TXDOLW\�
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Input levels of production.�$Q�DWWUDFWLYH�IHDWXUH�RI�
FHOOXORVLF�DQG�DGYDQFHG�ELRPDVV�IHHGVWRFNV�LV�WKDW�
WKH\�SURYLGH�KLJKHU�OHYHOV�RI�ELRPDVV�ZLWK�UHODWLYHO\�
IHZHU�LQSXWV�WKDQ�WUDGLWLRQDO�ELRHQHUJ\�IHHGVWRFNV�
�H�J��FRUQ�JUDLQ���7KH�XSGDWH�DGGUHVVHV�WKH�LPSRUWDQFH�
RI�FRUQ�DQG�HQHUJ\�FURS�\LHOG�WKURXJK�WZR�VFHQDULRV��
EXW�GRHV�QRW�LQFOXGH�IXUWKHU�DQDO\VLV�RQ�UHGXFHG�LQSXW�
SURGXFWLRQ�VFHQDULRV��,Q�&KDSWHU����WKH�VHQVLWLYLW\�RI�
\LHOGV�WR�LQSXW�DGMXVWPHQWV�LV�DGGUHVVHG�DFFRUGLQJ�WR�
WULDOV�RI�LQGLYLGXDO�GHGLFDWHG�HQHUJ\�FURSV��+RZHYHU��
IRU�WKH�XSGDWH��RQO\�RQH�VHW�RI�LQSXW�OHYHOV�LV�DVVXPHG�
IRU�WKH�SURMHFWLRQV��7KLV�DSSURDFK�GRHV�QRW�XQGHUPLQH�
WKH�QHHG�WR�FRQVLGHU�UHVRXUFH�SRWHQWLDO�LQ�OLJKW�RI�WKH�
DSSOLFDWLRQV�RI�YDULHG�OHYHOV�RI�LQSXWV��'HYHORSLQJ�
HQHUJ\�FURSV�WKDW�HI¿FLHQWO\�XWLOL]H�QXWULHQWV�DQG�ZDWHU�
UHPDLQV�D�SULRULW\�LQ�SURYLGLQJ�DSSURSULDWH�\LHOGV�WKDW�
PDLQWDLQ�IDUP�SUR¿WDELOLW\�DQG�DIIRUGDEOH�IHHGVWRFNV�
IRU�FRQYHUVLRQ��$V�VWDWHG�HDUOLHU�LQ�WKH�UHSRUW��RQJRLQJ�
HIIRUWV�WR�LQFUHDVH�\LHOGV�RU�PDLQWDLQ�\LHOGV�ZLWK�IHZHU�
LQSXWV�IRFXV�RQ�JHQHWLF�WHFKQLTXHV��H�J���EUHHGLQJ��
ELRWHFKQRORJ\��DQG�ELRHQJLQHHULQJ��DQG�DJURQRPLF�DQG�
VLOYLFXOWXUDO�SUDFWLFHV��

Improved systems.�7KH�DYDLODELOLW\�DQG�FRVW�RI�
WKH�ELRPDVV�SURGXFWLRQ��UHFRYHU\�DQG�KDUYHVW��
DQG�SUHSURFHVVLQJ�LV�SUHGLFDWHG�PRVWO\�RQ�FXUUHQW�
WHFKQRORJLHV��H[FHSW�IRU�WKH�\LHOG�VFHQDULRV�WKDW�LQFOXGH�
IXWXUH�LQFUHDVHV�LQ�RQ�IDUP�SURGXFWLRQ��7KH�OLWHUDWXUH�
JHQHUDOO\�GRHV�QRW�IXOO\�DGGUHVV�ELRPDVV�IHHGVWRFNV�
IURP�WKH�LQGXVWULDO�SHUVSHFWLYH²WKH�RSWLPL]DWLRQ�
RI�FXUUHQW�SURGXFWLRQ�V\VWHPV�IRU�ELRPDVV�RU�WKH�

GHYHORSPHQW�RI�QHZ�DQG�LQQRYDWLYH�IHHGVWRFN�V\VWHPV��
0XFK�RI�WKH�FXUUHQW�UHVHDUFK�DQG�GHYHORSPHQW�LV�
FRQGXFWHG�DW�ODERUDWRULHV�DQG�EHQFK�VFDOH��RU�DW�WKH�
PRVW��VPDOO�SLORWV��7KLV�DSSURDFK�KDV�VLJQL¿FDQW�HIIHFWV�
RQ�ELRPDVV�SRWHQWLDO��ZKLFK�FRXOG�FKDQJH�JUHDWO\�
ZLWK�GLIIHUHQW�DVVXPSWLRQV�RI�V\VWHP�SURGXFWLYLW\�
DQG�FRVWV��&XUUHQW�V\VWHPV�DUH�PRVWO\�DGDSWHG�IURP�
FXUUHQW�FURS��IRUDJH��DQG�IRUHVW�V\VWHPV��$OWKRXJK�WKH�
HVWLPDWHV�XVHG�LQ�WKH�UHSRUW�DUH�UHOHYDQW�DQG�FRQVWLWXWH�
YHU\�OLNHO\�V\VWHP�IXQFWLRQV�DQG�FRVWV�LQ�WKH�QHDU�WHUP��
WKH�ORQJ�WHUP�LPSDFW�RI�QHZ�PDFKLQH�GHYHORSPHQW�
DQG�RSWLPL]DWLRQ�RI�V\VWHPV�PD\�SRVLWLYHO\�LPSDFW�
WKH�UHVXOWV��$QDO\VLV�WR�LQWHJUDWH�WKH�ÀRZ�RI�PDWHULDOV�
WKURXJK�WKH�V\VWHP�WR�RSWLPL]H�WKH�UHFRYHU\�HI¿FLHQF\�
DQG�DFFHVV�OLIH�F\FOH�SHUIRUPDQFH�LV�EH\RQG�WKH�VFRSH�
RI�WKH�UHSRUW��,Q�JHQHUDO��DV�VXFK�V\VWHPV�DUH�IXUWKHU�
GHYHORSHG�DQG�LPSOHPHQWHG�RQ�ODUJHU�VFDOHV��WKH�
DYDLODELOLW\�RI�ELRPDVV�DW�GLIIHUHQW�SULFHV�ZLOO�FKDQJH�

)RU�H[DPSOH��'2(�LV�GHYHORSLQJ�DQ�DGYDQFHG�
XQLIRUP�IRUPDW�GHVLJQ�WKDW�ZLOO�PDNH�DQ�HYROXWLRQDU\�
SURJUHVVLRQ�IURP�SUHVHQW�GD\��FRQYHQWLRQDO�ORJLVWLF�
V\VWHPV�WR�KLJK�YROXPH��EXON�KDQGOLQJ�V\VWHPV�
WKDW�SURYLGH�D�XQLIRUP��VSHFL¿HG�UDZ�PDWHULDO�LQ�D�
FRPPRGLW\�W\SH�PDUNHW�PXFK�OLNH�JUDLQ�V\VWHPV��+HVV�
HW�DO����������'2(�KDV�DOVR�VXSSRUWHG�WKH�GHVLJQ�DQG�
GHPRQVWUDWLRQ�RI�D�FRPSUHKHQVLYH�V\VWHP�WR�KDQGOH�
WKH�KDUYHVWLQJ��FROOHFWLRQ��SUHSURFHVVLQJ��WUDQVSRUW��DQG�
VWRUDJH�RI�VXI¿FLHQW�YROXPHV�RI�VXVWDLQDEO\�SURGXFHG�
IHHGVWRFNV�
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6.3.5 Data, Research, and  
Technology Needs
$�PDMRU�DSSURDFK�IRU�WKH�XSGDWH�LV�WR�RYHUFRPH�VRPH�
RI�WKH�VKRUWFRPLQJV�LQ�WKH������BTS�WKDW�UHTXLUHG�WKH�
GHYHORSPHQW�RI�EHWWHU�GDWDVHWV��PRGHOV��DQG�DQDO\WLFDO�
DSSURDFKHV��$OWKRXJK�VLJQL¿FDQW�HIIRUW�GLG�JR�LQWR�
WKH�SURFHVV��DQG�WKHUH�DUH�PDQ\�LPSURYHPHQWV�LQ�WKH�
XSGDWH��WKHUH�DUH�VWLOO�VRPH�DGGLWLRQDO�QHHGV�WKDW�ZHUH�
LGHQWL¿HG��7KH�QHHGV�WKDW�VXSSRUW�IXWXUH�HQKDQFHPHQW�
RI�WKH�GDWD�DQG�DVVXPSWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�
DUH��
�� $GGLWLRQDO�DYDLODELOLW\�DQG�FRVWV�GDWD�DQG�

GDWDEDVHV�DUH�QHHGHG�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�
DQDO\VLV�IRU�
 Ɠ 0DQ\��LI�QRW�DOO��RI�WKH�DJULFXOWXUDO�SURFHVVLQJ�
UHVLGXHV�DQG�ZDVWHV

 Ɠ 6HFRQGDU\�PLOO�ZDVWHV�IURP�ZRRG�SURFHVVLQJ
 Ɠ 8UEDQ�ZRRG�ZDVWH�GDWD��LQFOXGLQJ�WLSSLQJ�IHHV
 Ɠ %LRPDVV�SRUWLRQV�RI�WKH�),$�GDWDEDVH
 Ɠ /DQG�XVH�GDWDEDVHV��HVSHFLDOO\�WKRVH�IRU�SDVWXUH�
DQG�PDUJLQDO�ODQGV

�� %HWWHU�TXDQWL¿FDWLRQ�RI�IXWXUH�SRWHQWLDO�\LHOGV�DQG�
JHRJUDSKLF�YDULDWLRQ

�� ,PSURYHG�LQIRUPDWLRQ�RQ�V\VWHP�LQWHJUDWLRQ��
VXFK�DV�SURGXFWLRQ��KDUYHVWLQJ��DQG�FRQYHUVLRQ�
HI¿FLHQF\�ORVV�RI�ELRPDVV

�� %HWWHU�PRGHOLQJ�RI�WKH�FRQYHQWLRQDOO\�VRXUFHG�
ZRRG�VXSSO\�FXUYH�WR�DFFRXQW�IRU�DGGLWLRQDO�IXWXUH�
ZRRG�UHVRXUFH�GHPDQG

�� 8QGHUVWDQGLQJ�DQG�PRGHOLQJ�RI�WKH�ORQJ�WHUP�
HIIHFWV�RI�ZRRG�ELRPDVV�UHPRYDO�XQGHU�D�UDQJH�RI�
VRLO��FOLPDWH��DQG�PDQDJHPHQW�VFKHPHV

�� 8QGHUVWDQGLQJ�RI�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH
�� 'HYHORSPHQW�DQG�LQWHJUDWLRQ�RI�ELRORJLFDO�DQG�

HFRQRPLF�PRGHOV�IRU�VXVWDLQDELOLW\
�� ,QFUHDVHV�DWWULEXWHG�WR�WKH�DYDLODEOH�ELRPDVV�IURP�

UHVLGXDOV�DQG�ZRRG�ZDVWHV�WKURXJK�PDQDJHPHQW�
DQG�WHFKQRORJ\

�� %HWWHU�XQGHUVWDQGLQJ�RI�VWRYHU�\LHOGV�DQG�KDUYHVW�
LQGH[�ZLWK�FKDQJHV�LQ�JUDLQ�\LHOGV�IURP�EUHHGLQJ�
DQG�ELRWHFKQRORJ\

�� ,PSURYHPHQW�RI�V\VWHP�GDWD�RQ�HTXLSPHQW�
HI¿FLHQF\�DQG�FRVW�GDWD�IRU�FXUUHQW�DQG�HYROYLQJ�
systems

�� 8QGHUVWDQGLQJ�IDFWRUV�WKDW�OLPLW�WKH�DYDLODELOLW\�
RI�ODQG�IRU�FURS�H[SDQVLRQ��ZKLFK�LQFOXGH�
FRPSHWLWLRQ�IRU�DJULFXOWXUH�FURSV�YHUVXV�OLYHVWRFN�
SURGXFWLRQ

�� ,QFUHDVHG�XQGHUVWDQGLQJ�RI�SRWHQWLDO�SDVWXUH�
LQWHQVL¿FDWLRQ�DQG�LWV�UROH�LQ�PDNLQJ�DGGLWLRQDO�
IRUDJH�DYDLODEOH

�� ,PSURYHG�XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�IRU�
VSHFLDOL]HG�KDUYHVWLQJ�HTXLSPHQW�WR�KDQGOH�
YDULRXV�HQHUJ\�FURS�IHHGVWRFNV��H�J���WKLFN�
VWHPPHG�JUDVVHV��PRUH�HI¿FLHQWO\�WKDQ�
FRPPHUFLDO�KD\�HTXLSPHQW

�� ,PSURYHG�XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�IRU�
VSHFLDOL]HG�ORJJLQJ�HTXLSPHQW�WR�PRUH�HI¿FLHQWO\�
KDUYHVW�IRUHVW�UHVLGXHV�DQG�HQHUJ\�FURSV

�� 8QGHUVWDQGLQJ�RI�ODQGRZQHU�UHVSRQVH�WR�HQHUJ\�
FURS�PDUNHW�RSSRUWXQLWLHV�

6.3.6 Opportunities for  
Further Analysis
0RGHOLQJ�RXWSXW�WKDW�VXSSRUWV�WKH�SURGXFWLRQ�IRUHFDVWV�
ZLWKLQ�WKLV�UHSRUW�LV�DYDLODEOH�RQOLQH�IRU�SXEOLF�
DFFHVV��7KH�%LRHQHUJ\�.')��251/��������LV�DQ�
RQOLQH��LQIUDVWUXFWXUH�XWLOL]LQJ��:HE�����WHFKQRORJ\�
WKDW�FRQWDLQV�FRXQW\��DQG�VWDWH�OHYHO�IRUHFDVWV�DQG�
RQOLQH�PDSSLQJ�VHUYLFHV��)RU�H[DPSOH��D�XVHU�PD\�
GH¿QH�WKH�IHHGVWRFN��\HDU��DQG�SULFH�RI�LQWHUHVW�IRU�
GLUHFW�GDWD�GRZQORDG��RQOLQH�PDS�SURMHFWLRQ��DQG�PDS�
H[SRUW��$GGLWLRQDOO\��D�QXPEHU�RI�FXVWRP�GDWDVHWV�DUH�

DYDLODEOH�IRU�LPPHGLDWH�DFFHVV�WKDW�DOLJQ�ZLWK�¿JXUHV�
DQG�WDEOHV�IURP�WKH�([HFXWLYH�6XPPDU\�RI�WKLV�UHSRUW��
7KHVH�GDWDVHWV�VXPPDUL]H�WKH�VSDWLDO�GLVWULEXWLRQ�
RI�SRWHQWLDO�IHHGVWRFNV�DFURVV�WKH�WZR�VFHQDULRV�DQG�
PXOWLSOH�IHHGVWRFN�VRXUFHV��$Q�DGGLWLRQDO�IHDWXUH�
RI�WKH�%LRHQHUJ\�.')�LV�WKH�DELOLW\�WR�VXEPLW�DQG�
DFFHVV�VSDWLDOO\�UHIHUHQFHG�GDWD�DQG�PRGHOV�IURP�SHHU�
UHYLHZHG�DUWLFOHV�UHODWHG�WR�ELRHQHUJ\��
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6.4 Conclusions
7KLV�XSGDWHG�UHVRXUFH�DVVHVVPHQW�IRU�WKH�FRQWHUPLQRXV�
8QLWHG�6WDWHV�LGHQWL¿HV�VXI¿FLHQW�ELRPDVV�IHHGVWRFN�
WR�PHHW�QHDU�WHUP�DQG�SRWHQWLDOO\�ORQJ�WHUP�ELRHQHUJ\�
JRDOV��GHSHQGLQJ�RQ�GLIIHUHQW�FRVW�DQG�SURGXFWLYLW\�
VFHQDULRV��7KH�DVVHVVPHQW�¿QGV�VLJQL¿FDQW�ELRPDVV�
UHVRXUFHV�DFURVV�WKH�8QLWHG�6WDWHV�ZLWK�WKH�H[FHSWLRQ�
RI�VRPH�DUHDV�RI�WKH�DULG�ZHVW��7KHVH�UHVRXUFHV�DUH�
VKRZQ�IRU������LQ�)LJXUH�����DV�VWDWH�OHYHO�VKDUHV�RI�
PDMRU�FDWHJRULHV�RI�IHHGVWRFNV�DQG�LQ�)LJXUH�����DV�
WRWDO�SRWHQWLDO�UHVRXUFHV�E\�FRXQW\��8QGHU�KLJK�\LHOG�
DVVXPSWLRQV��DPELWLRXV�JRDOV�PD\�EH�IHDVLEOH��7KH�
DVVHVVPHQW�WDNHV�LQWR�FRQVLGHUDWLRQ�HQYLURQPHQWDO�
VXVWDLQDELOLW\�DQG�LGHQWL¿HV�OLNHO\�FRVWV�WR�DFFHVV�
WKHVH�UHVRXUFHV��7KHUH�DUH��RI�FRXUVH��OLPLWDWLRQV�WR�
H[SORLWLQJ�WKHVH�SURVSHFWLYH�VXSSOLHV��2QH�OLPLWDWLRQ�RI�
WKH�DVVHVVPHQW�LV�WKDW�LW�ZDV�FRQGXFWHG�XVLQJ�D�IRUHVW�
URDGVLGH�DQG�IDUPJDWH�SHUVSHFWLYH��5HSRUWHG�FRVWV�
GR�QRW�UHSUHVHQW�WKH�WRWDO�FRVW�RU�WKH�DFWXDO�DYDLODEOH�
WRQQDJH�WR�D�ELRUH¿QHU\��7KHUH�DUH�DGGLWLRQDO�FRVWV�
WR�SUHSURFHVV��KDQGOH��DQG�WUDQVSRUW�WKH�ELRPDVV��DQG�
WKHUH�PD\�EH�VWRUDJH�FRVWV�IRU�VSHFL¿F�IHHGVWRFNV�
6XFK�ORVVHV�DUH�VSHFL¿F�WR�WKH�IHHGVWRFN��WKH�IHHGVWRFN�
FRQGLWLRQ�DQG�IRUP��WKH�W\SH�RI�KDQGOLQJ�V\VWHP��DQG�
VWRUDJH�FRQGLWLRQV��)RU�H[DPSOH��VZLWFKJUDVV�FDQ�
ORVH����WR�����GHSHQGLQJ�RQ�WKH�W\SH�RI�VWRUDJH�
�7XUKROORZ�HW�DO����������7KH�UHSRUWHG�HVWLPDWHV�GR�
LQFOXGH�ORVVHV�WR�URDGVLGH��EXW�GR�QRW�LQFOXGH�ORVVHV�GXH�
WR�FRQWLQXHG�KDQGOLQJ��DGGLWLRQDO�SURFHVVLQJ��VWRUDJH��
PDWHULDO�GHJUDGDWLRQ��DQG�TXDOLW\�VHSDUDWLRQ��,Q�HIIHFW��
IRU�LQVWDQFH��PRUH�WKDQ�RQH�ELOOLRQ�WRQV�IURP�HVWLPDWHV�
LQ�WKH�UHSRUW�ZRXOG�EH�UHTXLUHG�WR�KDYH�D�ELOOLRQ�WRQV�
UHDG\�WR�SURFHVV�DW�D�ELRUH¿QHU\��7KH�DPRXQW�ZRXOG�EH�
GHSHQGHQW�RQ�PDQ\�YDULDEOHV�LQ�WKH�FRQWLQXHG�VXSSO\�
FKDLQ�DQG�¿QDO�FRQYHUVLRQ�WHFKQRORJ\��,Q�DGGLWLRQ��
WKH�ELRPDVV�LV�LQ�YDULHG�IRUP�DQG�PD\�QRW�EH�GLUHFWO\�
FRPSDUDEOH�DW�D�ELRUH¿QHU\�LQ�HLWKHU�FRVW�RU�FRQYHUVLRQ�
HI¿FLHQF\��'HWHUPLQLQJ�VXFK�YDOXHV�LV�RXWVLGH�WKH�
VFRSH�RI�WKH�UHSRUW��

$OWKRXJK�WKH�DVVHVVPHQW�ZDV�FRQGXFWHG�DW�D�FRXQW\�
OHYHO�IRU�WKH�PDMRU�SULPDU\�IHHGVWRFNV��WKH�DVVHVVPHQW�
GRHV�QRW�DFFRXQW�IRU�ODQGVFDSH�W\SH�LVVXHV��VXFK�
DV�IHHGVWRFN�GHQVLW\�DQG�QHDUQHVV�WR�GHPDQG��
RU�FRQYHUVLRQ�IDFLOLWLHV�WKDW�PD\�KDYH�HFRQRPLF�
LPSOLFDWLRQV�RU�RWKHU�LQFHQWLYHV�WKDW�ZRXOG�FKDQJH�
DYDLODELOLW\��RU�HYHQ�SUHIHUHQFH��DPRQJ�IHHGVWRFNV��

7KHVH�FRQVLGHUDWLRQV�ZRXOG�OLNHO\�UHGXFH�WKH�VL]H�RI�
WKH�UHVRXUFH�SRWHQWLDO�DV�ZHOO��7KHUH�DUH�RWKHU�HIIRUWV�
XQGHUZD\�WR�EHWWHU�XQGHUVWDQG�IHHGVWRFN�GHQVLW\�LVVXHV��
WR�RSWLPL]H�IDFLOLW\�ORFDWLRQ�DQG�ORJLVWLF�V\VWHPV��7KLV�
UHSRUW�SURYLGHV�LQIRUPDWLRQ�FRPSOHPHQWDU\�WR�WKH�
XQGHUO\LQJ�IHHGVWRFN�DYDLODELOLW\�DW�D�UDQJH�RI�SULFHV��

7KHUH�DUH�DOVR�OLPLWDWLRQV�RQ�DYDLODEOH�GDWD��HVSHFLDOO\�
DW�WKH�FRXQW\�OHYHO��IRU�PDQ\�RI�WKH�IHHGVWRFNV�WKDW�
GR�QRW�KDYH�DQ\�KLVWRULFDO�SULFHV��:KHQ�WKHUH�LV�SULFH�
GDWD��LW�PD\�QRW�UHSUHVHQW�RSWLPDO�SURGXFWLRQ�V\VWHPV�
RU�WHFKQRORJ\��)XUWKHUPRUH��PDQ\�DVVXPSWLRQV�DUH�
XVHG�LQ�PDNLQJ�WKH�HVWLPDWHV��$Q�HIIRUW�ZDV�PDGH�WR�
XVH�WKH�EHVW�LQIRUPDWLRQ�DQG�WR�PDLQWDLQ�D�FRQVHUYDWLYH�
DSSURDFK�DV�DSSURSULDWH�

2YHUDOO��UHVXOWV�RI�WKLV�XSGDWH�DUH�FRQVLVWHQW�ZLWK�WKH�
�����BTS�LQ�WHUPV�RI�WKH�PDJQLWXGH�RI�WKH�UHVRXUFH�
SRWHQWLDO��DVVXPLQJ�D�IDUPJDWH�RU�IRUHVW�URDGVLGH�
IHHGVWRFN�SULFH�RI�����SHU�GU\�WRQ��7KHVH�¿QGLQJV�IRU�
�����DUH�VXPPDUL]HG�LQ�)LJXUHV�����DQG�����IRU�WKH�
EDVHOLQH�DQG�KLJK�\LHOG�VFHQDULRV²DVVXPLQJ�KLJK�
FRUQ�\LHOG��KLJK�QR�WLOO��DQG�HQHUJ\�FURS�SURGXFWLYLW\�
LQFUHDVLQJ�E\����DQQXDOO\��7KH�IRUHVW�UHVLGXH�SRWHQWLDO�
LV�GHWHUPLQHG�WR�EH�VRPHZKDW�OHVV�DV�PHDVXUHG�E\�
WKH�XQXVHG�UHVRXUFHV�DQG�E\�SURSHUO\�DFFRXQWLQJ�
IRU�SXOSZRRG�DQG�VDZORJ�PDUNHWV�WKDW�SURYLGH�WKH�
GHPDQG�DQG�WKH�UHVLGXH��7KH�FURS�UHVLGXH�SRWHQWLDO�
LV�GHWHUPLQHG�WR�EH�VRPHZKDW�OHVV�RZLQJ�WR�WKH�
FRQVLGHUDWLRQ�RI�VRLO�FDUERQ�LQ�FURS�UHVLGXH�UHPRYDO�
DQG�QRW�FRXQWLQJ�DQ\�UHVLGXH�SURGXFHG�RQ�ODQG�WKDW�
LV�FRQYHQWLRQDOO\�WLOOHG��7KH�HQHUJ\�FURS�SRWHQWLDO�LV�
HVWLPDWHG�WR�EH�PXFK�JUHDWHU�EHFDXVH�RI�KLJKHU�SODQWHG�
DFUHDJH²D�UHVXOW�RI�WKH�VSDWLDOO\�H[SOLFLW�ODQG�XVH�
FKDQJH�PRGHOLQJ�WKDW�ZDV�XVHG�

7KLV�UHSRUW�KDV�VHYHUDO�HQKDQFHPHQWV�RYHU�WKH�RULJLQDO�
UHSRUW��-XVW�DV�WKH������BTS�GLG�RYHU�WKH�ODVW���\HDUV��
KRSHIXOO\�WKLV�XSGDWH�ZLOO�SURYLGH�D�IRXQGDWLRQ�IRU�
IXUWKHU�DQDO\VLV�E\�RWKHUV�DQG�UHVROXWLRQ�RI�LVVXHV�DQG�
FRQFHUQV��,W�KDV�OLPLWDWLRQV�WKDW�FDQ�EH�EHWWHU�DGGUHVVHG�
DV�WKH�GDWD�DQG�RXWSXWV�EHFRPH�DYDLODEOH�WKURXJK�
WKH�.')��7KURXJK�WKH�GHYHORSPHQW�RI�WKH�UHSRUW��
FKDOOHQJHV�DQG�RSSRUWXQLWLHV�DUH�LGHQWL¿HG�WKDW�PD\�
VXJJHVW�QHHGHG�LQYHVWPHQWV�LQ�UHVHDUFK�DQG�DQDO\VLV�
FDSDELOLWLHV�
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Figure 6.4

Figure 6.3 State-level shares of all potentially available resources at $60 per dry ton or less in 
2030, under baseline assumptions

Potential county-level resources at $60 per dry ton or less in 2030,  
under baseline assumptions
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3UMMARYÏOFÏCURRENTLYÏUSEDÏANDÏPOTENTIALÏRESOURCESÏATÏ���ÏPERÏDRYÏTONÏORÏLESSÏIDENTIlEDÏ
under baseline assumptions

3UMMARYÏOFÏCURRENTLYÏUSEDÏANDÏPOTENTIALÏRESOURCESÏATÏ���ÏPERÏDRYÏTONÏORÏLESSÏIDENTIlEDÏ
under high-yield assumptions

Figure 6.5

Figure 6.6
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APPENDICES
Appendix A: Feedstocks

1. Currently used (Discussed in Chapter 2)

� D��$JULFXOWXUH

�� L��*UDLQ�FURSV��SULPDULO\�FRUQ��IRU�HWKDQRO�XS�WR�
���������%*<�5)6�

���&RUQ
���6RUJKXP
���%DUOH\
���2WKHU�JUDLQV

LL��2WKHU�FURSV��VXJDUFDQH��VXJDU�EHHWV��HWF��
LLL��2LO�FURSV��SULPDULO\�VR\EHDQV�IRU�ELRGLHVHO�XS�WR�
�������%*<�5)6�

���6R\EHDQV
���2WKHU�FURSV��FDQROD��VXQÀRZHU��UDSHVHHG��HWF��

LY��0XQLFLSDO�VROLG�ZDVWHV��ELRPDVV��ODQG¿OO�JDV��ELRVROLGV�
� E��)RUHVWU\

L��)XHOZRRG
LL��0LOO�UHVLGXHV
LLL��3XOSLQJ�OLTXRUV
LY��8UEDQ�ZRRG�ZDVWHV�DQG�FRQVWUXFWLRQ�	�GHPROLWLRQ�ZDVWHV

2. Forest biomass and waste resources (Discussed in Chapter 3)

D��/RJJLQJ�UHVLGXHV��WLPEHUODQG²VHH�GH¿QLWLRQV�LQ�$SSHQGL[�%�

E��2WKHU�UHPRYDO�UHVLGXHV��WLPEHUODQG�DQG�RWKHU�IRUHVWODQG�

F��7KLQQLQJV��WLPEHUODQG�

G��7KLQQLQJV��RWKHU�IRUHVWODQGV�

H��&RPSRVLWH��SRUWLRQV�RI�ORJJLQJ�UHVLGXHV�DQG�WKLQQLQJV�

I��&RQYHQWLRQDO�SXOSZRRG�GLYHUWHG�WR�ELRHQHUJ\

J��8QXVHG�PLOO�UHVLGXHV��SULPDU\�DQG�VHFRQGDU\�SURFHVVLQJ�PLOOV�

K��8UEDQ�ZRRG�ZDVWHV�DQG�FRQVWUXFWLRQ�	�GHPROLWLRQ�ZDVWHV

3. Agriculture biomass and waste resources (Discussed in Chapter 4)

D��&URS�UHVLGXHV�LQFOXGHV�FRUQ�VWRYHU��VWDON��OHDYHV��DQG�FREV���VRUJKXP�VWXEEOH��DQG�VWUDZ�IURP�VPDOO�JUDLQV� 
����ZKHDW��RDW��DQG�EDUOH\�

E��&URS�SURFHVVLQJ�UHVLGXHV

F��:DVWH�RLO�DQG�JUHDVHV

G��$QLPDO�PDQXUHV

H��06:��H�J���IRRG�ZDVWH�DQG�WH[WLOHV�

sÏ Used EISA Mandates
sÏ Corn and other crops ethanol 

 ƕ ~12 BGY 2012–2014
 ƕ 15 BGY 2015–2030
 ƕ 2.8 gallons per bushel of corn
 ƕ 56 pounds per bushel at  

15.5% moisture content
 ƕ ~69% ethanol 
 ƕ ~31% distillers grains

sÏ Biodiesel

 ƕ 1 BGY 2012–2030
 ƕ Soybeans (43%)

 Ɠ 1.52 gallon per bushel
 Ɠ 60 pounds per bushel at 

10% moisture content
 ƕ Other (57%)

 Ɠ Fats 
 Ɠ Vegetable oils 

Corn Starch Ethanol and Biodiesel
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4. Energy crops (Discussed in Chapter 5)

D��3HUHQQLDO�JUDVVHV��H�J���VZLWFKJUDVV��PLVFDQWKXV��HWF��

E��:RRG\�FURSV��SRSODU��ZLOORZ��VRXWKHUQ�SLQH��HXFDO\SWXV�

F��$QQXDO�HQHUJ\�FURSV��KLJK�\LHOG�VRUJKXP�

5. Algae not included

Appendix B: General Assumptions1 

1. Land base

�D��&RQWHUPLQRXV�8QLWHG�6WDWHV��H[FOXGHV�$ODVND��+DZDLL��DQG�8�6��WHUULWRULHV

�E��(,6$�FRPSOLDQFH

L���$JULFXOWXUH�ODQGV�PHHW�HVWDEOLVKHG�FULWHULD��)HGHUDO�IRUHVWODQGV�DUH�VKRZQ�RSWLRQDOO\��H[FOXGHG�XQGHU�
(,6$�

F��)RUHVW�UHVRXUFHV

L���),$�ODQG�GH¿QLWLRQV
���)RUHVWODQG�±�JUHDWHU�WKDQ�RU�HTXDO�WR���DFUH�DQG�KDV�����OLYH�WUHH�VWRFNLQJ
���7LPEHUODQG�±�FDSDEOH�RI�SURGXFLQJ�PRUH�WKDQ����FXELF�IHHW�SHU�DFUH�SHU�\HDU
���2WKHU�IRUHVWODQG�±�RWKHU�WKDQ�WLPEHUODQG�RU�UHVHUYHG�IRUHVWODQG�DQG�LQFDSDEOH�RI�SURGXFLQJ����FXELF�

IHHW�SHU�DFUH�SHU�\HDU
����5HVHUYHG�IRUHVW�ODQGV�H[FOXGHG�±�VHW�DVLGH�E\�VWDWXWH�RU�UHJXODWLRQ

LL��,QYHQWRULHG�URDGOHVV�DUHDV�H[FOXGHG
LLL��1R�RU�OLWWOH�URDG�EXLOGLQJ��RYHU�����PLOHV�IURP�URDG�H[FOXGHG�
LY��$UHDV�ZLWK�VORSHV�JUHDWHU�WKDQ������VOLJKWO\�OHVV�WKDQ����GHJUHHV��H[FOXGHG
Y��6HOHFWHG�ZHW�DUHD�VWDQG�W\SHV�H[FOXGHG
YL��)HGHUDO�ODQGV��H[FHSW�UHVHUYH�DQG�URDGOHVV��LQFOXGHG�VHSDUDWHO\

G��$JULFXOWXUH�UHVRXUFHV

L��3HUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�FDQ�EH�HVWDEOLVKHG�RQ�FURSODQG��FURSODQG�XVHG�DV�SDVWXUH��DQG�
permanent pasture.

LL��$QQXDO�HQHUJ\�FURSV��H�J���HQHUJ\�VRUJKXP��UHVWULFWHG�WR�FURSODQG�ZLWK�ORZ�HURVLRQ�SRWHQWLDO�DQG�DVVXPHG 
SDUW�RI�D�PXOWLFURS�URWDWLRQ

LLL��(QHUJ\�FURSV�DUH�QRW�SODQWHG�RQ�ODQG�UHTXLULQJ�VXSSOHPHQWDO�LUULJDWLRQ
LY�1R�IRUHVWODQG�FRQYHUVLRQ
Y��86'$�EDVHOLQH�DFUHV�DSSRUWLRQHG�WR�FRXQWLHV�XVLQJ�D�IRXU�\HDU�DYHUDJH�RI�FURS�DFUHV�IURP�1$66��FRXQW\� 
FURSODQG�SDVWXUH�DQG�SHUPDQHQW�SDVWXUH�DFUHV�GHULYHG�IURP�WKH������&HQVXV�RI�$JULFXOWXUH

YL��3DVWXUH�FRQYHUVLRQ�WR�SHUHQQLDO�JUDVVHV�DQG�ZRRG\�FURSV�OLPLWHG�WR�FRXQWLHV�HDVW�RI�WKH����WK�0HULGLDQ�� 
��H[FHSW�IRU�WKH�3DFL¿F�1RUWKZHVW

1 Presented in brevity – please use main document for more detail explanation.
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2. Yields and recovery

D��%DVHOLQH�VFHQDULR�IRU�DJULFXOWXUH
L��$QFKRUHG�WR�USDA Baseline Agricultural Projections for   
DJULFXOWXUDO�ODQG
LL���3URGXFWLRQ�RI�WUDGLWLRQDO�FURSV�DOORFDWHG�WR�FRXQWLHV�EDVHG 
RQ���\HDU�WUDLOLQJ�DYHUDJH�RI�1$66�VXUYH\V������±�����
���<LHOG�SURMHFWLRQV�IRU�HLJKW�PDMRU�DJULFXOWXUDO�FURSV 
��PDMRU�FURSV�DUH�FRUQ��VRUJKXP�2�EDUOH\��RDW��ZKHDW��ULFH�� 
FRWWRQ��DQG�VR\EHDQ��EDVHG�RQ�86'$�$JULFXOWXUDO� 
3URMHFWLRQV�WR������IRU�����±�����DQG�³VWUDLJKW�OLQH´ 
�H[WHQVLRQ�RI�WKH�ODVW���\HDUV�RI�WKH�IRUHFDVW�WKURXJK� 
������%DVHOLQH�\LHOGV�DSSRUWLRQHG�WR�FRXQWLHV�EDVHG�RQ�D� 
��\HDU�DYHUDJH�RI�1$66�GDWD��H[FOXGLQJ�KD\��ZKLFK�LV� 
IURP������86'$�$JULFXOWXUDO�&HQVXV�
D���&RUQ������EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV��LV 

����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR�����EXVKHOV�SHU�DFUH 
E\�����

E���:KHDW������EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV�� 
LV����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR����EXVKHOV 
SHU�DFUH�E\�����

F���6R\EHDQ������EDVHOLQH�\LHOG��DYHUDJH�IRU�� 
8QLWHG�6WDWHV��LV����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR� 
���EXVKHOV�SHU�DFUH�E\�����

G���6RUJKXP��RDW��DQG�EDUOH\�EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV��LV���������DQG����EXVKHOV�SHU�DFUH� 
LQFUHDVLQJ�WR���������DQG����EXVKHOV�SHU�DFUH�E\�������UHVSHFWLYHO\

���5HVLGXH�WR�JUDLQ�UDWLRV�DUH�����IRU�FRUQ�DQG�VRUJKXP������IRU�RDW��������IRU�EDUOH\��DQG�������DQG�������IRU�
ZLQWHU�DQG�VSULQJ�ZKHDW��UHVSHFWLYHO\��LPSOHPHQWHG�DV�D�ZHLJKWHG�DYHUDJH�RI�ZLQWHU�DQG�VSULQJ�ZKHDW�
DFUHV���1R�UHVLGXH�FROOHFWLRQ�LV�DVVXPHG�IRU�VR\EHDQ

����7LOODJH�LQFOXGHV�FRQYHQWLRQDO��UHGXFHG��DQG�QR�WLOO��5HVLGXH�FROOHFWLRQ�LV�QRW�DOORZHG�RQ�FRQYHQWLRQDOO\�
WLOOHG�DFUHV��6HSDUDWH�UHVLGXH�UHWHQWLRQ�FRHI¿FLHQWV�HVWLPDWHG�IRU�UHGXFHG�WLOODJH�DQG�QR�WLOO��1R�WLOO�DOORZV�
IRU�UHPRYDO�RI�PRUH�UHVLGXH�WKDQ�UHGXFHG�WLOODJH

E��%DVHOLQH�IRU�IRUHVWU\

L��5HVLGXHV�DUH�EDVHG�RQ�LQYHQWRU\�DQG�QRW�\LHOG�GDWD�
��� &XUUHQW�ORJJLQJ�DQG�RWKHU�UHPRYDO�UHVLGXHV�IURP�86'$�)RUHVW�6HUYLFH�732�GDWD�XSGDWHG�LQ�����
��� )XWXUH�ORJJLQJ�UHVLGXHV�GHULYHG�XVLQJ�86'$�)RUHVW�6HUYLFH�53$��5HVRXUFH�3ODQQLQJ�$FW��SURMHFWLRQV�

RI�WLPEHU�KDUYHVWV�WR�����
��� 7KLQQLQJV�GHULYHG�IURP�86'$�)RUHVW�6HUYLFH�GDWDEDVH�GRZQORDGHG�RQ�)HEUXDU\��������

3. High-yield scenario

D��$JULFXOWXUH
L��8VHG�USDA Agricultural Projections�DV�EDVLV�IRU�DJULFXOWXUDO�FURSV
LL��<LHOG�SURMHFWLRQV�IRU�HLJKW�PDMRU�DJULFXOWXUDO�FURSV��PDMRU�FURSV�DUH�FRUQ��JUDLQ�VRUJKXP���EDUOH\��RDW��ZKHDW��
ULFH��XSODQG�FRWWRQ��DQG�VR\EHDQ�ZHUH�EDVHG�RQ�USDA Agricultural Projections to 2019�IRU�����±�����DQG�
³VWUDLJKW�OLQH´�H[WHQVLRQ�RI�WKH�ODVW���\HDUV�RI�WKH�IRUHFDVW�WKURXJK�������<LHOGV�DSSRUWLRQHG�WR�FRXQWLHV�

2  Sorghum grown for energy is treated as an energy crop and assumptions are included under those for annual energy crops.
3  Sorghum grown for energy is treated as an energy crop and assumptions are included under those for other energy crops.

sÏ Conditional scenario based

sÏ 3PECIlCÏASSUMPTIONS

 ƕ Macroeconomy
 ƕ Agriculture and trade policies
 ƕ Weather
 ƕ International developments

sÏ No domestic or external shocks to 
global markets

sÏ Normal weather

sÏ Current law through projections (e.g., 
Farm Bill, EISA, Energy Improvement 
and Extension Act)

sÏ Biofuels tax credits—ethanol $0.45, 
biodiesel $1.00, and $0.54 ethanol 
import tariff

sÏ Starch biofuel at 15 billion GPY by 
2015

USDA AGRICULTURAL 
PROJECTIONS
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EDVHG�RQ�D���\HDU�DYHUDJH�RI�1$66�GDWD��H[FOXGLQJ�KD\��ZKLFK�LV�IURP������86'$�$JULFXOWXUDO�&HQVXV�
���&RUQ������EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV��LV�����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR�����EXVKHOV�

SHU�DFUH�E\�����
���:KHDW������EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV���LV����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR����EXVKHOV�

SHU�DFUH�E\�����
���6R\EHDQ������EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV��LV����EXVKHOV�SHU�DFUH�LQFUHDVLQJ�WR����EXVKHOV�

SHU�DFUH�E\�����
��� 6RUJKXP��RDW��DQG�EDUOH\�EDVHOLQH�\LHOG��DYHUDJH�IRU�8QLWHG�6WDWHV��LV���������DQG����EXVKHOV�SHU�DFUH�

LQFUHDVLQJ�WR���������DQG����EXVKHOV�SHU�DFUH�E\�������UHVSHFWLYHO\�
LLL��$YHUDJH�DQQXDO�LQFUHDVHV�LQ�\LHOG�IRU�DJULFXOWXUDO�FURSV�IRU�����������DUH

��� &RUQ�±������
��� 2WKHU�PDMRU�FURSV�±�VDPH�DV�EDVHOLQH��VHH�2. a. ii. 1) b)–d)�RQ�SUHYLRXV�SDJH�

LY��5HVLGXH�WR�JUDLQ�UDWLRV�±�VDPH�DV�EDVHOLQH��VHH�2. a. ii. 2)�RQ�SUHYLRXV�SDJH�
Y��7LOODJH�LQFOXGHV�FRQYHQWLRQDO��UHGXFHG��DQG�QR�WLOO��5HVLGXH�FROOHFWLRQ�LV�QRW�DOORZHG�RQ�FRQYHQWLRQDOO\�
WLOOHG�DFUHV��6HSDUDWH�UHVLGXH�UHWHQWLRQ�FRHI¿FLHQWV�HVWLPDWHG�IRU�UHGXFHG�WLOODJH�DQG�QR�WLOO��1R�WLOO�DOORZV�
IRU�WKH�PRVW�UHVLGXH�UHPRYDO��+LJK�\LHOG�DVVXPHV�FRQYHUVLRQ�RI���±����RI�FRQYHQWLRQDOO\�WLOOHG�DFUHV�WR�
QR�WLOO�E\�����

YL��)RUHVWU\�±�QR�KLJK�\LHOG�VFHQDULR�LV�DVVXPHG
4. Forest residues

D� 6XVWDLQDELOLW\
L��5HWHQWLRQ�RI�ELRPDVV

��� ����UHWHQWLRQ�RI�ELRPDVV�E\�WRQQDJH�RQ�VORSHV�OHVV�WKDQ�RU�HTXDO�WR����
��� ����UHWHQWLRQ�RI�ELRPDVV�E\�WRQQDJH�RQ�VORSHV�JUHDWHU�WKDQ�����OHVV�WKDQ�RU�HTXDO�WR����
��� 1R�UHPRYDO�RI�ELRPDVV�RQ�VORSHV�JUHDWHU�WKDQ����
��� %LRPDVV�VSHFL¿FDOO\�UHWDLQHG�QRW�GH¿QHG²DVVXPHG�DQ\�FRPELQDWLRQ�RI�VPDOO�WUHHV��OLPEV�DQG�WRSV�RI�

PHUFKDQWDEOH��KDUYHVWHG�WUHHV��GHDG�VWDQGLQJ�WUHHV��FXOO�WUHHV��SRUWLRQV�FXOOHG�IURP�WUHHV��HWF�
LL��1R�RU�OLWWOH�URDG�EXLOGLQJ²XVHG�³GLVWDQFH�IURP�URDG´�),$�YDULDEOH�WR�H[FOXGH�SORWV

��� �([FOXGHG�ELRPDVV�JUHDWHU�WKDQ�����PLOH�IRU�JURXQG�EDVHG�V\VWHP
��� �([FOXGHG�ELRPDVV�JUHDWHU�WKDQ������IHHW�IRU�FDEOH�EDVHG�V\VWHP

LLL��([FOXGHG�DUHDV�ZLWK�VORSH�JUHDWHU�WKDQ����
LY��8VHG�FDEOH�V\VWHP�RQ�VORSH�JUHDWHU�WKDQ�����LQVWHDG�RI�JURXQG�EDVHG�V\VWHP
Y���$VVXPH�%03V��UHJXODWLRQ��DQG�FHUWL¿FDWLRQ��DV�DSSOLFDEOH��FRPSOLDQFH�DQG�FRVWV�DUH�UHÀHFWHG�LQ�FRVW 
�FXUYHV

YL��7KLQQLQJV�DQG�SXOSZRRG�YROXPHV�FDSSHG�EDVHG�RQ�SXOSZRRG�DQG�VDZORJ�PDUNHWV
��� $QQXDO�KDUYHVW�LQ�FRXQW\�FDQQRW�H[FHHG�DQQXDO�JURZWK��L�H��������KDUYHVW�OHYHOV�LQ������53$�
��� ,QWHJUDWHG�ORJJLQJ�RI�SXOSZRRG�DQG�VDZWLPEHU�KDUYHVW�FDQQRW�H[FHHG�SXOSZRRG�VDZWLPEHU�PDUNHW�

�����OHYHOV�LQ������53$
E��%LRPDVV

L��6PDOO�WUHHV
����±��LQFKHV�GEK��GLDPHWHU�EUHDVW�KHLJKW��LQ�WKH�(DVW
����±��LQFKHV�GEK�LQ�WKH�:HVW
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LL�� 7UHH�FRPSRQHQWV�±�OLPEV��WRSV��DQG�FXOO�FRPSRQHQWV�RI�PHUFKDQWDEOH��KDUYHVWHG�WUHHV
LLL��'HDG�VWDQGLQJ�WUHHV
LY�� &XOO�WUHHV�RU�FRPSRQHQWV�±�GR�QRW�PHHW�FRPPHUFLDO�VSHFL¿FDWLRQV�EHFDXVH�RI�VL]H�RU�TXDOLW\

F��&RQYHUVLRQ�IDFWRU�±����GU\�SRXQGV�SHU�FXELF�IRRW�DQG�����PRLVWXUH�FRQWHQW�

5. Energy crops

D� *URZQ�RQ�HLWKHU�FURSODQG��FURSODQG�XVHG�DV�SDVWXUH��RU�SHUPDQHQW�SDVWXUHODQG²QRW�RQ�IRUHVWODQG

E��(QHUJ\�FURSV�JURZQ�RQ�SDVWXUH�DVVXPH�ORVW�IRUDJH�PDGH�XS�WKURXJK�WKH�LQWHQVL¿FDWLRQ�RI�RWKHU�SDVWXUHODQG

F��32/<6<6�PRGHOLQJ�IUDPHZRUN

L���$VVHVVHV�HFRQRPLF�FRPSHWLWLYHQHVV�ZLWK�FRPPRGLW\�FURSV��������FRXQWLHV�
LL���(VWLPDWHV�ODQG�XVH�FKDQJH��FRXQW\�E\�FRXQW\��IRU�FURSODQG��KD\�ODQG��FURSODQG�XVHG�DV�SDVWXUH��DQG� 
�SHUPDQHQW�SDVWXUHODQG

LLL��3ULFHV�YDU\�SDUDPHWULFDOO\�LQ����LQFUHPHQWV�WR�HVWLPDWH�VXSSO\
LY���8VHV�XSSHU�OLPLWV�RI��������������DQG�����PLOOLRQ�DFUHV�LQ�FURSODQG��KD\�ODQG��FURSODQG�LQ�SDVWXUH��DQG 
��SHUPDQHQW�SDVWXUH��UHVSHFWLYHO\

Y��$OORFDWHV�ODQG�EDVHG�RQ�
���0D[LPL]DWLRQ�RI�H[SHFWHG�UHWXUQV�DERYH�YDULDEOH�FRVWV�IRU�DOO�FRPPRGLW\�FURSV��H�J���FRUQ��ZKHDW��DQG�

VR\EHDQV��DQG�HQHUJ\�FURSV��SHUHQQLDO�JUDVVHV��ZRRG\�FURSV��DQG�HQHUJ\�VRUJKXP�
���6XEMHFW�WR�PHHWLQJ�GHPDQGV�IRU�IRRG��IHHG��LQGXVWULDO�VWRFNV��DQG�H[SRUWV
���([FOXGHV�IRUHVWODQG
���([FOXGHV�&RQVHUYDWLRQ�5HVHUYH�3URJUDP��&53��ODQG
���(QHUJ\�FURSV�GLVSODFH�FRQYHQWLRQDO�FURSV�DQG�SDVWXUH�LI�PRUH�SUR¿WDEOH��EXW�FRQYHQWLRQDO�FURS�GHPDQG�

LV�VWLOO�PHW�RQ�RWKHU�ODQG
���2QO\�����RI�FURSODQG�FDQ�FRQYHUW�WR�HQHUJ\�FURSV�HDFK�\HDU��7KH�WRWDO�DPRXQW�RI�FURSODQG�LQ�DQ\�

JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�HQHUJ\�FURSV��SHUHQQLDO�JUDVVHV��ZRRG\�FURSV��DQG�HQHUJ\�VRUJKXP��
LV�OLPLWHG�WR�����

���&RQYHUVLRQ�RI�SDVWXUHODQG�WR�HQHUJ\�FURSV�LV�OLPLWHG�WR�FRXQWLHV�HDVW�RI�WKH����WK�PHULGLDQ�IRU�
VXVWDLQDELOLW\�H[FHSW�IRU�WKH�3DFL¿F�1RUWKZHVW
D��,QWHQVLI\LQJ�SDVWXUH�QHHGHG�WR�UHSODFH�ORVW�IRUDJH�
E��2QO\����RI�SHUPDQHQW�SDVWXUH�FDQ�FRQYHUW�LQ�JLYHQ�\HDU��7KH�WRWDO�DPRXQW�RI�SHUPDQHQW�SDVWXUH�LQ�

D�JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�HQHUJ\�FURSV�LV�OLPLWHG�WR������L�H���DVVXPHG�GRXEOLQJ�RI�IRUDJH�
WKURXJK�LQWHQVL¿FDWLRQ�

F��2QO\�����RI�FURSODQG�SDVWXUH�FDQ�FRQYHUW�WR�HQHUJ\�FURSV�HDFK�\HDU��7KH�WRWDO�DPRXQW�RI�FURSODQG�
SDVWXUH�LQ�D�JLYHQ�FRXQW\�WKDW�FDQ�FRQYHUW�WR�HQHUJ\�FURSV�LV�OLPLWHG�WR������VDPH�DVVXPSWLRQ�DV�
SHUPDQHQW�SDVWXUH��

YL��(LJKW�\HDU�URWDWLRQ�IRU�QRQ�FRSSLFH�ZRRG\�FURSV�����\HDU�URWDWLRQ�DQG���\HDU�FXWWLQJ�F\FOH�IRU�FRSSLFH� 
�ZRRG\�FURSV�����\HDU�VWDQG�OLIH�IRU�SHUHQQLDO�JUDVVHV

YLL��&RVWV�LQFOXGH�VHHG��RU�SODQWLQJV���IHUWLOL]HU��KHUELFLGH��LQVHFWLFLGH��PDFKLQHU\�VHUYLFHV��FXVWRP� 
��RSHUDWLRQV��IXHO�DQG�OXEH��UHSDLUV��KDQGOLQJ��ODERU��DQG�WHFKQLFDO�VHUYLFHV
��� %URDG�SURGXFWLRQ�UHJLRQV
��� 3HUHQQLDO�JUDVVHV�DUH�VSHFLHV�VSHFL¿F�E\�UHJLRQ
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��� �,QWHQVLI\LQJ�FURSODQG�FXUUHQWO\�XVHG�DV�SDVWXUH�FRVWV�����SHU�DFUH�WKH�¿UVW�\HDU�DQG�DQ�DGGLWLRQDO�����
SHU�DFUH�LQ�VXEVHTXHQW�\HDUV�

��� )RU�SHUPDQHQW�SDVWXUH��¿UVW�\HDU�FRVWV�DUH������SHU�DFUH�DQG�����SHU�DFUH�LQ�IROORZLQJ�\HDUV��
��� (QHUJ\�FURSV�PXVW�RYHUFRPH�WKH�DGGLWLRQDO�FRVWV�LQ�3) and 4)�SOXV�WKH�SDVWXUH�UHQWDO�UDWH�WR�FRPH�LQWR�

SURGXFWLRQ
YLLL��6\VWHPV

��� 3HUHQQLDO�JUDVVHV
D�� �3ODQWHG��PDQDJHG��DQG�KDUYHVWHG�OLNH�D�KD\�FURS
E�� �8VHV�QR�WLOO�HVWDEOLVKPHQW
F�� �$QQXDO�KDUYHVWV�ZLWK�UHGXFHG�\LHOGV�LQ�¿UVW�DQG�VHFRQG�\HDUV��PDWXULW\�UHDFKHG�LQ�WKLUG�\HDU
G�� �&RQYHQWLRQDO�PRZLQJ��UDNLQJ��DQG�EDOLQJ�
H�� �7HQ�\HDUV�EHIRUH�UHSODQWLQJ�
I�� �3URGXFWLYLW\�LV�D�IXQFWLRQ�RI�SUHFLSLWDWLRQ��WHPSHUDWXUH��VRLOV��DQG�ORFDO�VLWH�IDFWRUV
J�� �1R�LUULJDWLRQ

��� :RRG\�FURSV
D�� &DQ�EH�HLWKHU�VLQJOH�URWDWLRQ�RU�FRSSLFH
E�� (VWDEOLVKHG�DQG�PDQDJHG�ZLWK�FRQYHQWLRQDO�DJULFXOWXUH�HTXLSPHQW
F�� +DUYHVWHG�XVLQJ�FRQYHQWLRQDO�IRUHVWU\�HTXLSPHQW�IRU�VLQJOH�VWHP�DQG�VSHFLDOL]HG�HTXLSPHQW�IRU�

FRSSLFH��PXOWLSOH�VWHPV�DW�WKH�VWXPS�
G�� 8S�WR�VHYHQ�VWDQGV�UHJURZQ�E\�FRSSLFH�EHIRUH�UH�HVWDEOLVKPHQW

��� (QHUJ\�VRUJKXP
D�� $QQXDO�FURS
E�� 2QO\�RQ�QRQ�HURVLYH�FURSODQG
F�� 3DUW�RI�PXOWLFURS�DQG�RU�IDOORZ�URWDWLRQ

��� 0LVFDQWKXV�
D�� +LJKHU�\LHOGV�DUH�RIIVHW�E\�KLJKHU�HVWDEOLVKPHQW�FRVWV�GXH�WR�WKH�IDFW�WKDW�WKH\�XVH�YHJHWDWLYH�

SODQWLQJ�PDWHULDO��ZKLFK�UHVXOWV�LQ�VLPLODU�SURGXFWLRQ�FRVWV�WR�PRGHOHG�SHUHQQLDO�JUDVVHV��H�J���
VZLWFKJUDVV�

L[��<LHOGV
��� 6SHFLHV�DQG�UHJLRQDO�VSHFL¿F
��� 3HUHQQLDO�JUDVVHV�EDVHOLQH�\LHOG
D�� 6HH�7DEOH����
E�� %DVHOLQH�SHUHQQLDO�JUDVV�\LHOGV��GU\�WRQV�SHU�DFUH������±����GU\�WRQV�SHU�DFUH�LQ����������±�����GU\�

WRQV�SHU�DFUH�LQ�����
��� :RRG\�FURSV�EDVHOLQH�\LHOG
D�� 6HH�WDEOH����

E�� %DVHOLQH�ZRRG\�FURS�\LHOGV��GU\�WRQV�SHU�DFUH������±����GU\�WRQV�SHU�DFUH�LQ����������±����GU\�WRQV�
SHU�DFUH�LQ�����

��� (QHUJ\�VRUJKXP���±���GU\�WRQV�SHU�DFUH�
��� +LJK�\LHOG�±�XVHG�WKUHH�JURZWK�UDWHV����������DQG����DQQXDOO\
G�� +HUEDFHRXV�ELRPDVV��FURS�UHVLGXHV��SHUHQQLDO�JUDVVHV��DQG�DQQXDO�HQHUJ\�FURSV��LQFOXGH�����

ELRPDVV�ORVVHV�DW�WKH�¿HOG�HGJH��:RRG\�FURSV�DVVXPH�D����ORVV�DW�WKH�¿HOG�HGJH�
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6. Costs and production

D��$OO�FRVWV�WR�IDUPJDWH�RU�URDGVLGH��H[FOXGHV�KDQGOLQJ�DQG�ORDGLQJ��WUDQVSRUWDWLRQ��DQG�VWRUDJH�

E��)RUHVW

L��,QFOXGHV�FKLSSLQJ��L�H���SUHSURFHVVLQJ��IRU�IRUHVW�UHVLGXHV��WKLQQLQJV��DQG�FRQYHQWLRQDOO\�VRXUFHG�ZRRG
LL��6\VWHPV

��� /RJJLQJ�UHVLGXHV�DUH�LQWHJUDWHG�KDUYHVW��L�H��ELRPDVV�UHPRYHG�ZLWK�PHUFKDQWDEOH�SURGXFWV�DQG�DV�WUHHV�
WR�URDGVLGH��

��� 7KLQQLQJV
D�� 7KLQQHG�LI�VWDQG�GHQVLW\�LQGH[��6',��JUHDWHU�WKDQ�����RI�PD[LPXP�6',�IRU�UHIHUHQFH�VWDQG�W\SH�WR�

D�6',�RI�����RI�PD[LPXP
E�� ,QWHJUDWHG�KDUYHVW��L�H���PXOWLSOH�SURGXFWV�
F�� 8QHYHQ�DJHG�SUHVFULSWLRQ��VRPH�WUHHV�UHPRYHG�IURP�DOO�GLDPHWHU�FODVVHV�DV�QHHGHG�WR�PHHW�WDUJHW�

6',�
��� 3XOSZRRG�KDUYHVW
D�� +DUYHVW�RQO\�SXOSZRRG�GLDPHWHU�FODVVHV��GR�QRW�KDUYHVW�RWKHU�PHUFKDQWDEOH�SURGXFW�GLDPHWHU�

FODVVHV
E�� $OO�RI�WUHH�LV�FRQVLGHUHG�WR�EH�ELRPDVV��L�H���QR�RWKHU�SURGXFW�UHFRYHUHG�IURP�WUHH�

��� *URXQG�EDVHG�ORJJLQJ�LV�ZKROH�WUHH�WR�URDGVLGH��QR�SURFHVVLQJ�DW�VWXPS��L�H���QR�FXW�WR�OHQJWK�V\VWHP�
��� &DEOH�V\VWHP�OLPLWHG�WR������IHHW�IURP�URDG�DFFHVV

LLL��6WXPSDJH�FRVWV�DUH�UHJLRQDO������DYHUDJHV��GDWD�ZHUH�����±�����
LY��&KLSSLQJ�FRVWV�DYHUDJH�����SHU�GU\�WRQ�DFURVV�VWDWHV�EHFDXVH�RI�ODERU�DQG�IXHO�FRVW�GLIIHUHQFH�
Y���+DUYHVW�FRVWV��IHOOLQJ�DQG�WUDQVSRUW�WR�URDGVLGH��HVWLPDWHG�XVLQJ�)XHO�5HGXFWLRQ�&RVW�6LPXODWRU��)5&6��
PRGHO

YL��6XSSO\�FXUYHV
��� /RJJLQJ�UHVLGXHV�DQG�WKLQQLQJV
D�� ,QFOXGHV�VWXPSDJH�FRVWV
E�� ,QFOXGHV�FKLSSLQJ�FRVWV�IRU�ORJJLQJ�UHVLGXHV�DQG�WKLQQLQJV
F�� ,QFOXGHV�KDUYHVW��IHOOLQJ�H[WUDFWLRQ��FRVWV�IRU�WKH�VPDOO��GHDG��DQG�FXOO��QRQ�PHUFKDQWDEOH��WUHHV�

SRUWLRQ�RI�WKLQQLQJ�
G�� 0LQLPXP�VXSSO\�FXUYH�VWXPSDJH�LV����WR����SHU�GU\�WRQ��SOXV�RWKHU�DSSOLFDEOH�FRVWV�

L�� 6WXPSDJH�LV����SHU�GU\�WRQ�IRU�IHGHUDO�ODQGV�
LL�� 6WXPSDJH�LV����SHU�GU\�WRQ�IRU�SULYDWH�ODQGV�

H�� 0D[LPXP�RI�VXSSO\�FXUYH�VWXPSDJH�LV�XS�WR�����RI������SXOSZRRG�VWXPSDJH�SULFH�
��� 3XOSZRRG
D�� ,QFOXGHV�VWXPSDJH��KDUYHVW��DQG�FKLSSLQJ�FRVWV
E�� 6DPH�PLQLPXP�DQG�PD[LPXP�VWXPSDJH�DV�DERYH
F�� 2QO\�����RI������FRXQW\�KDUYHVW�FDQ�VKLIW�IURP�SXOSZRRG�WR�ELRHQHUJ\�XVH�EHFDXVH�RI�XQFHUWDLQW\�

LQ�HFRQRPLF�SDUDPHWHUV�DQG�SRWHQWLDO�LQFUHDVHV�LQ�VXSSO\
��� 2WKHU�UHPRYDO�UHVLGXHV
D�� 2QO\�����RI�WKH�732�OHYHOV�UHFRYHUDEOH��EDVHG�RQ�H[SHUW�RSLQLRQ�
E�� $VVXPHG�RQH�WKLUG�DYDLODEOH�DW�����SHU�GU\�WRQ�DQG�WKH�UHPDLQLQJ�DPRXQW�DYDLODEOH�DW�����SHU�GU\�

ton
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��� 7KLQQLQJV�IURP�RWKHU�IRUHVWODQGV
D�� $OO�FRVWV�ERUQH�E\�WKH�ELRPDVV�DV�QR�PHUFKDQWDEOH�WUHHV�UHFRYHUHG
E�� $Q�DVVXPSWLRQ�ZDV�RQH�KDOI�DYDLODEOH�DW�����SHU�GU\�WRQ�DQG�RWKHU�KDOI�DW�����SHU�GU\�WRQ

��� 8QXVHG�PLOO�UHVLGXHV�±�����SHU�GU\�WRQ��DQ�DVVXPHG�SULFH�EDVHG�RQ�SDVW�DQG�SURMHFWHG�FRVWV
��� 8UEDQ�ZRRG�
D�� 5HFRYHUDEOH�DPRXQWV�EDVHG�RQ�)RUHVW�3URGXFWV�/DERUDWRU\�UHSRUW��0F.HHYHU������������
E�� &RVW�EDVHG�RQ�:DOVK���������2I�WKH�LGHQWL¿HG��UHFRYHUDEOH�ZRRG������FDQ�EH�DFTXLUHG�DW�FRVW�RI�

����SHU�GU\�WRQ������DW�����SHU�GU\�WRQ������DW�����SHU�GU\�WRQ��DQG�DOO�DW�����SHU�GU\�WRQ
F��$JULFXOWXUH

L��5HVLGXHV��FRUQ�VWRYHU��ZKHDW�VWUDZ��EDUOH\�DQG�RDW�VWUDZ��VRUJKXP�VWXEEOH�
��� 3URGXFWLRQ
D�� 32/<6<6�XVHG�WR�HVWLPDWHG�FRUQ��ZKHDW��VRUJKXP��RDW��EDUOH\�UHVLGXHV

L�� 'HSHQGV�RQ�FURS�\LHOG�DQG�KDUYHVW�LQGH[
LL�� &URS�\LHOG�KDUYHVW�LQGH[�GLVFXVVHG�XQGHU�VFHQDULR

E�� &RWWRQ�DQG�ULFH�UHVLGXHV�HVWLPDWHG�VHSDUDWHO\�IURP�RWKHU�GDWD
F�� 1R�VR\EHDQ�UHVLGXH
G�� 5HWHQWLRQ�RI�ELRPDVV

L�� 1R�UHPRYDOV�IURP�FRQYHQWLRQDOO\�WLOOHG�DFUHV��RQO\�RQ�UHGXFHG�WLOODJH�DQG�QR�WLOO
LL��'HSHQGV�RQ�WROHUDEOH�VRLO�ORVV�DV�LQGLFDWHG�E\�15&6
LLL��5HWHQWLRQ�FRHI¿FLHQWV�HVWLPDWHG�IURP�586/(��DQG�:(36
LY��7HFKQLFDO��SK\VLFDO��UHPRYDO�GHSHQGV�RQ�WKH�FROOHFWLRQ�HTXLSPHQW�FRPSOHPHQW�±�PRGHUDWH�

UHPRYDO�a�����PRGHUDWHO\�KLJK�UHPRYDO�a�����KLJK�UHPRYDO�a���
Y�� ,QFRUSRUDWHV�URWDWLRQ�LQWR�UHWHQWLRQ
YL��&DOFXODWHV�FRXQW\�DYHUDJHV�UHWHQWLRQ�WR�SUHYHQW�HURVLRQ�IURP�ZLQG�DQG�UDLQ��DQG�FDUERQ�ORVV�IRU�

HDFK�URWDWLRQ��WLOODJH�FRPELQDWLRQ��DQG�FURS�PDQDJHPHQW�]RQH
��� *URZHU�SD\PHQW�
D�� 9DOXH�RI�UHPRYHG�QXWULHQWV�IURP�WUDLOLQJ�DYHUDJH�RI�UHJLRQDO�IHUWLOL]HU�SULFHV������±�����SULFHV�
E�� ,QFOXGHV�DGGLWLRQDO�SD\PHQW�RI����SHU�GU\�WRQ�IRU�WKH�RUJDQLF�PDWWHU�YDOXH�RI�WKH�UHVLGXHV�DQG�D�����

SHU�GU\�WRQ�JURZHU�UHWXUQ
F�� 1XWULHQW�UHTXLUHPHQWV�GLVFRXQWHG�DFFRUGLQJ�WR�FRXQW\�OHYHO�URWDWLRQ�
G�� &RUQ�VWRYHU�UHPRYDO�DYHUDJHV�������SRXQGV�QLWURJHQ�SHU�GU\�WRQ������SRXQGV�RI�SKRVSKRUXV�SHU�GU\�

WRQ�������SRXQGV�RI�SRWDVVLXP�SHU�GU\�WRQ
H�� $YHUDJH�LV�����SHU�GU\�WRQ�IRU�FRUQ�VWRYHU�DQG�����SHU�GU\�WRQ�IRU�ZKHDW�VWUDZ

��� &ROOHFWLRQ��VWRUDJH��DQG�KDQGOLQJ�FRVWV
D�� $VVXPHG�UDNLQJ�DQG�ODUJH�UHFWDQJXODU�EDOLQJ
E�� &RVWV�YDU\�DFFRUGLQJ�WR�UHVLGXH�WRQQDJH�SHU�DFUH

LL��6HFRQGDU\�SURFHVVLQJ�ZDVWHV
��� 3URGXFWLRQ
D�� &DOFXODWHG�IURP�DYDLODEOH�GDWD�RI�SULPDU\�FURSV�RU�DQLPDO�XQLWV��DQG�UHVLGXH�E\SURGXFW�FRHI¿FLHQWV�

DQG�KDUYHVW�LQGH[�
E�� 6XJDUFDQH�FRHI¿FLHQW�LV������UDWLR�IRU�EDJDVVH�DQG��������IRU�¿HOG�WUDVK
F�� &RWWRQ�JLQ�WUDVK�LV�D�IXQFWLRQ�RI�WKH�W\SH�RI�SLFNHU
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G�� ([FOXGHG�VR\EHDQ�H[SRUWV�LQ�KXOOV������SURFHVVHG�LQ�WKH�8QLWHG�6WDWHV�
H�� 5LFH�KXOOV�DUH�����RI�ULFH�SURGXFWLRQ�DQG�H[FOXGH�KXOOV�LQ�H[SRUWV
I�� 5LFH�UHVLGXH�KDUYHVW�LQGH[�LV�����ZLWK�PRLVWXUH�FRQWHQW�RI������
J�� ���RI�ZKHDW�LV�GXVW�DQG�FKDII

��� &RVWV�DUH�VSHFL¿F�WR�IHHGVWRFN
D�� :KHDW�GXVW��FRWWRQ�JLQ�WUDVK�DQG�ULFH�KXOOV

L�� =HUR�YDOXH��QR�JURZHU�SD\PHQW�
LL�� &ROOHFWLRQ�DQG�KDQGOLQJ�FRVW�RI�����SHU�GU\�WRQ�IRU�KDOI�DQG�����SHU�GU\�WRQ�IRU�KDOI

E�� 5LFH�DQG�FRWWRQ�¿HOG�UHVLGXH
L�� =HUR�YDOXH��QR�JURZHU�SD\PHQW�
LL�� &ROOHFWLRQ�DQG�KDQGOLQJ�FRVWV�FDOFXODWHG�OLNH�VWRYHU�DQG�VWUDZ��L�H���UDNH�DQG�ODUJH�UHFWDQJOH�

EDOLQJ
F�� 6XJDUFDQH

L�� )LHOG�UHVLGXH�FDOFXODWHG�OLNH�VWRYHU�DQG�VWUDZ��H�J���UDNH�DQG�ODUJH�UHFWDQJXODU�EDOLQJ�
LL�� %DJDVVH�DVVXPHG�XVHG�DQG�XQDYDLODEOH

G�� 0DQXUH�FRVWV�LQFOXGH�IHUWLOL]HU�UHSODFHPHQW�DQG�����SHU�GU\�WRQ�IRU�KDQGOLQJ
H�� $QLPDO�IDWV�DQG�ZDVWH�RLOV�SULFHG�DW�PDUNHW
I�� 6R\EHDQ�KXOOV�SULFHG�DW�PDUNHW
J�� 5LFH�KXOOV�SULFHG�DW�PDUNHW
K�� 5LFH�¿HOG�UHVLGXHV�FDOFXODWHG�OLNH�VWRYHU�DQG�VWUDZ
L�� :KHDW�GXVW�DQG�FKDII�DYDLODEOH�DW�DVVXPHG�SULFHV
M�� 2UFKDUG�DQG�YLQH\DUG�SUXQLQJV�FRVWV�DYDLODEOH�DW�DVVXPHG�SULFHV
N�� 2WKHU�ZDVWHV
O�� 7UDS�DQG�VHZDJH�JUHDVHV
P��<HOORZ�JUHDVH
Q�� 0XQLFLSDO�VROLG�ZDVWH��IRRG�ZDVWH��WH[WLOHV��HWF��
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Appendix C: Major di!erences between 2005 BTS and updated BTS

1. Separation of “used” and “potential” feedstocks. In  
the 2005 BTS, feedstocks currently used for energy  
production or could be shifted from another market  
to energy production were counted in the biomass  
potential. In the update, the currently used biomass  
is clearly delineated from the potential 

2. EIA Annual Energy Outlook was used more  
extensively to project future quantities of currently  
used biomass 

3. The updated BTS covers the present through 2030  
period instead of the 2025–2050 focus of the 2005 BTS

4. Additional agricultural environmental sustainability  
requirements in updated BTS

D��&RVW�DVVXPSWLRQV�LQFOXGH�FRPSOLDQFH�ZLWK�VWDWXWHV�� 
UHJXODWLRQV��DQG�%03V�

E��$VVXPHG�WKH�XVH�RI�DFFHSWDEOH�PDQDJHPHQW�SUDFWLFHV

F��([SOLFLWO\�PRGHOHG�FURS�UHVLGXH�UHWHQWLRQ��WLOODJH��DQG� 
FURS�URWDWLRQ�WR�SURYLGH�HURVLRQ�SURWHFWLRQ�DQG� 
PDLQWHQDQFH�RI�VRLO�RUJDQLF�FDUERQ

G��0RGHOHG�QXWULHQW�UHSODFHPHQW��FURS�URWDWLRQ��DQG� 
UHGXFHG�WLOODJH�SUDFWLFHV�WR�HQVXUH�ORQJ�WHUP�VLWH� 
SURGXFWLYLW\�

5. Additional forestry environmental sustainability  
requirements in updated BTS

D��&RVW�DVVXPSWLRQV�LQFOXGH�FRPSOLDQFH�ZLWK�VWDWXWHV�� 
UHJXODWLRQV��DQG�%03V�

E��$VVXPHG�WKH�XVH�RI�DFFHSWDEOH�PDQDJHPHQW�SUDFWLFHV

F��/LWWOH�WR�QR�URDG�EXLOGLQJ

G��5HVWULFWHG�RSHUDWLRQV�DERYH�����JURXQG�VORSH

sÏ National estimates – no spatial information

sÏ No cost analyses

sÏ Environmental sustainability addressed from 
national perspective

sÏ No explicit land use change modeling

sÏ 2005 USDA agricultural baseline and 2000 
forestry RPA/TPO

sÏ Long-term time horizon (2025–2050)

sÏ Estimates of current availability

sÏ Long-term projections involving changes 
in crop productivity, crop tillage, residue 
COLLECTIONÏEFlCIENCY�ÏANDÏLANDÏUSEÏCHANGE�

2011 Update to the Billion-Ton
sÏ County-level analysis with aggregation to 

state, regional, and national levels

sÏ County supply curves for major primary 
feedstocks

sÏ Environmental sustainability modeled for 
residue removal 

sÏ 2009 USDA agricultural baseline and 2007 
forestry RPA/TPO

sÏ 2012–2030 timeline

sÏ Land use change modeled for energy crops

sÏ Annual projections based on a continuation of 
baseline trends (USDA Agricultural Projections 
– baseline forecast)

sÏ Annual projections based on changes in crop 
productivity, tillage, and land use.

Text Box C.1  |   2005 Billion-Ton Study 
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6. Used gradient retention of biomass based on ground slope. Additional energy crop sustainability 
requirements in updated BTS

D��&RVW�DVVXPSWLRQV�LQFOXGH�FRPSOLDQFH�ZLWK�VWDWXWHV��UHJXODWLRQV��DQG�%03V�
E��$VVXPHG�WKH�XVH�RI�DFFHSWDEOH�PDQDJHPHQW�SUDFWLFHV
F��1R�FRQYHUVLRQ�RI�IRUHVW�ODQGV

7. Energy crop potential is modeled at a county-level using an agricultural policy simulation model 
(POLYSYS)

8. High-yield scenario for agricultural resources assumes changes in corn yield, changes in tillage, and 
several scenario growth rates for energy crop yields

9. Estimates of energy crop potential in the 2005 BTS and updated BTS assume that demands for food, feed, 
and exports continue to be met
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Feedstock Sources and Notes
Forests -

Fuelwood EIA, AEO, 2010

Mill residues USFS TPO, 2007

Pulp liquors EIA, REA, 2007

Logging residues USFS TPO, 2007

Thinnings (timberland) USFS Inventory, 2010—further analysis/assumptions

Thinnings (other forestland) USFS Inventory, 2010—further analysis/assumptions

Other removals USFS TPO, 2007

Urban wood EPA, 2007; McKeever, 1998 and 2004

Conventional (pulpwood) 2005 RPA; USFS Inventory, 2010—further analysis/assumptions

Agriculture -

Corn starch ethanol EISA

Biodiesel EISA

Field residues USDA Agricultural Projections

Appendix D: Data Sources

Appendix Table D.1. Data Sources
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