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Integrated Biorefineries
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Integration of bioconversion
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platforms (More energy dense than original feedstock)

Lynd et al., 2007



NREL 2002 Model w/ Hierarchies
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Changes from 2002 NREL Design
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Energy Flows (Example Scenario)

Power 1%

FT Gasoline 6%
———
FT Diesel 10%

‘llllol;lo;ol:lllllllol.lzlo/loglllllllol.lglo;o.llllllll:-l1l.l6l°;°llllllllllllllllllllllllllll ------- I<IIIII§ THERMOCHEMICAL
T : . : : Power 3.7:1_/3 c
LN i 2
& 3 || & 0 576 =
v 1% Lﬁl v Steam10€4...| E «g
£ E c | | X
— o - @ /l—
o P o = K ———
c - - I 7p)
© | © o I 4
T [100%] & [97% | 9 lo6% | = :
9 l © 2 1%y 179
@ (@) 1y
m [ ]
0.1% o_1°/§.§ T CPPTTPPTTPRTTrS .
v
o
c =] 5 ﬁc& =
— o = Q O
[ = o =
"= S 9 =
- o) 27% > &= [22% ) O =
_6 -§- = \ Resid 'g ! gl (7))
= 3 = |wwr & G n
35 < Sludge
f- % 1% .
() - — |
= = -
5 £ T Biogas 13% | © | &S
3 E o
0.6% ° 0.3%
BIOLOGICAL

Ag Inputs (Farming, feedstock transport) ~ 7

/o

INn:

Energy out/Ag inputs




Process Economics
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Crude Oil Price ($/barrel oil)
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Processing Efficiencies
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Comparative GHG Displacement
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Bioethanol and
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Comparative QOil Displacement
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Comparative Oil Use and GHG Emissions

B Co, emissions (gasoline base case = 586 g/mile)

3 B Petroleum use (gasoline base case = 6.94 MJ/mile)
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Scenarios involving bioprocessing: > 90% reduction relative to status quo



Economic Drivers: Biological Processing of

Lignocellulose
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Net energy and net greenhouse gases for
gasoline, six studies, and three cases
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