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Feedstock 

Development  
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Systems & Farm 

Engineering 

Fuel  

Synthesis 

Environment,  

Economics & Policy 

•Unique integration from 

crops to fuel and 

environment to law 

•Does not fund PI’s labs, but 

funds PI’s to participate 

within the EBI (now >100 

staff). 

•New model for academic-

business collaboration. 

WHAT IS THE EBI? ENERGY BIOSCIENCES INSTITUTE 
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Ethanol 86 Billion liters 
Biodiesel 19 Billion liters 

USA 

Brazil 

Others 

Others 

Germany 

Thailand/ 

Indonesia 

USA 

Argentina 

Brazil 

France 

REN21 (2011) Renewables 

2011 Global Status Report. 

REN21 Secretariat, Paris. 

Liquid Biofuels Production in 2010 

Advanced/Cellulosic ? 
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41 Mt (C) 

Sugarcane 

Ethanol  

Small grain 

ethanol 

Corn Ethanol 

Fossil Fuel C emissions avoided 2010 

Biodiesel 

Calculated 

from: 

REN21 (2011)  

Assuming Gain 

over  FF of 

SC EtOH     88% 

Corn EtOH  28% 

SG EtOH     50% 

Biodiesel    88% 



Eddy–covariance measurement of net C exchange to the atmosphere 
over no-till maize-soybean.  Bernacchi et al. (2005) Global Change 
Biology 11: 1867.  (2t C accumulated over 5 years) 



Predicted effect of climate change 
2050 on crop yield (Parry et al. 
2004). 
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Predicted effect of climate change 
2050 on crop yield (Parry et al. 
2004). 
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ozone 

control 



Wheat 

  

Soybean 

Long et al.  
(2006) 
Science 
312,  
1918-1921. 
& (2007) 
315,  
460.  
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2nd Year Miscanthus x giganteus in 390 ppm and 600 ppm [CO2] 
Unpublished data of Souza, Arundale, Long & Buckeridge.  
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Maize (Zea mays)   -1.2 t ha-1 °C-1 2010  avg. 9.6 t ha-1    ↑1.5 °C ↓19%  

Soybean (Glycine max)  -0.37 t ha-1 °C-1  2010 avg.  2.8 t ha-1    ↑1.5 °C ↓20% 
 

Lobell & Asner Science 299: 1032; NASS (2010) USDA.GOV    
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Harvested 
yield t ha-1 
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Partitioning 
efficiency 

What 
determines 
harvested 

yield? 

Morgan, Bollero, Nelson & Long (2005) Global Change Biology 11, 1856–1865 

Long, Zhu, Naidu, Ort (2006) Plant, Cell & Environment  29: 315-330 

Long, Ainsworth, Leakey, Noesberger & Ort (2006) Science 312 : 1918-1921 

Long , Ainsworth, Leakey , Ort , Nosberger & Schimel (2007) Science 315, 460-461  

Dermody, Long, McConnaughay, DeLucia (2008) Global Change Biology 14, 556–564 
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Wh =  

Harvested 
yield t ha-1 

 

Partitioning 
efficiency 

What 
determines 
harvested 

yield? 

/c 

Energy 
content of 
seed GJ t-1 

i 
Interception 

efficiency 

i x S 

Total sw 
solar 

energy 
GJ ha-1 

Growing 
season 

x c 

Conversion 
efficiency 

x 

2005               4.6 =        6200 x 0.89 x  0.032 x    0.60 / 23    

2050  +1.5C   3.7 =        5022 x 0.89 x  0.032 x    0.60 / 23     

2050  +1.5C   5.8 =        7800 x 0.89 x  0.032 x    0.60 / 23     

Group III 

Group III     

Group VI 

Maturity 

Group 

Farmer adaptation converts 19% loss to 26% gain 
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Change in July Tropospheric Ozone 2000-2100 (ppb) 



20 meter diameter 

4 x CO2 Treatment – 550 ppm 

4 x O3 Treatment – Ambient x 1.2 

4 x CO2 + O3 

4 x Control 
Split “plot” 

– Common commercial cultivar 

– 26 germplasm/mutant lines 

SoyFACE 



What about 
ozone in FACE 
– do findings 
differ? 
 
 



Mean = 
0.363 

Mean = 
0.259 

Effect of ozone on efficiency of photosynthetic electron transport. 
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Figure 1

Ozone7h (ppb)
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Yield losses 

 
∆Yield (t/ha) = 0.027 – 0.0038∆T(°C-1) +             

 0.216∆PPT(mm-1) 

∆Yield (t/ha) = 0.027 – 0.0038∆T(°C-1) +    

 0.180∆PPT(mm-1) – 0.012 ∆O3(ppb-1) 

i.e. 50ppb would lower yield by 0.6 t/ha 

 

 

 ∆Yield (t/ha) = 0.144 – 0.0105∆T(°C-1) + 

 0.783∆PPT(mm-1) 

∆Yield (t/ha) = 0.145 – 0.0088∆T(°C-1) + 

 0.649∆PPT(mm-1) – 0.048 ∆O3(ppb-1) 

i.e. 50ppb would lower yield by 2.4 t/ha 
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Wh =  

Harvested 
yield t ha-1 

 

Partitioning 
efficiency 

Morgan, Bollero, Nelson & Long (2005) Global Change Biology 11, 1856–1865 

Long, Zhu, Naidu, Ort (2006) Plant, Cell & Environment  29: 315-330 

Long, Ainsworth, Leakey, Noesberger & Ort (2006) Science 312 : 1918-1921 

Long , Ainsworth, Leakey , Ort , Nosberger & Schimel (2007) Science 315, 460-461  

Dermody, Long, McConnaughay, DeLucia (2008) Global Change Biology 14, 556–564 

Zhu, Long & Ort (2010) Annu. Rev. Plant Biol. 61, 235-261. 
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Energy 
content of 
seed GJ t-1 

i 
Interception 

efficiency 

i x S 

Total 
solar 

energy 
GJ ha-1 

x c 

Conversion 
efficiency 

x 

4.6 =    6200 x 0.89 x 0.032 x 0.60 / 23    380 ppm  

5.3 =    6200 x 0.89 x 0.038 x 0.58 / 23    550 ppm  

[CO2] 

*** *** *** 



ictB vs. wt Soybean 
unpublised data: Will Hay, Tom Clemente, Steve Long 

wt ictB p 

Asat 18.5 24.7 <0.05 

Mesophyll Conductance 
(mmol mol-1) 

0.244 0.304 <0.05 

Seed(g)/plant 18.5 22.3 <0.05 

Biomass (g/plant) 70.4 80.3 <0.05 



ALTERATION % Increase in c 
relative to 

current value. 

Speculated 
time horizon 

(years) 

Improved canopy 
architecture and 

chlorophyll distribution 
 

40% (0-60%) 0-10 

C4 photosynthesis in C3 
crops 

 

33% (10-60%) 15-30 

Increased rate of recovery 
from photoprotection. 

 

15% (6-40%) 5-10 

Introduction of higher kcat 
foreign sRubisco 

 

22% (17-30%) 
 

5-10 
 

Altered allocation of 
resources within the 

photosynthetic apparatus 
 

Introducion of 
cyanobacterial CO2 

concentrating mechanisms 

40% (0-60%) 
 
 
 
 

20% (10-30%) 

0-10 
 
 
 
 

0-10 

 

Zhu et al. 
(2010) 
Annu. Rev. 
Plant Biol. 
61:235–61 



Conclusion to section 
 
• Future capacity to simultaneously 
provide adequate primary 
foodstuffs and first generation 
biofuels – very uncertain. 

• Depends on degree of adaptation 
and acceptance of biotechnology. 

• Solution – feedstocks from non-
arable land. 
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From: IPCC (2007) Climate Change – Physical Basis, Report of WG1.  



USA GHG Emissions by Sector.  EPA (2011) 



Greenhouse Gas Value of an Ecosystem net t CO2 

equivalent per hectare over 50 year time span. 

From Global Change Solutions llc (2011)  

www.globalchangesolutionsllc.com 



Conclusion to section 
 
• Gaining the extra production 
needed for basic foodstuffs alone 
plus increased diversion to animal 
production, could double 
agricultural GHG emissions. 

• There are opportunities to adapt, 
without yield loss. 
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Zhu, Long and Ort (2008) Current Opinion in Biotechnology 

C3 
Total Solar Eff. 0.046 

PAR/Visible Eff. 0.094 



Canopy Temperature (°C)
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Beale & Long (1995) 

Plant, Cell & Env. 18: 641-

50. 

Miscanthus x giganteus in  

S. England.  52 °N 



Relationships 

Saccharum officinarum 
Miscanthus x giganteus 

Sorghum bicolor 

Cleistachne sorghoides 

Zea mays 

Oryza sativa 
Brachypodium 
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Translocation  
from rhizomes  
to growing  
shoot 

SPRING/ 

SUMMER 

Translocation  
to rhizome as  
shoot  
senesces 

FALL WINTER 

Lignocellulose  
dry shoots  
harvested,  
nutrients stay 
in rhizomes 

Nutrient Use Efficiency - Theory  



 The Miscanthus x giganteus in Cashel Co. Tipperary, Ireland photographed 
in September 1996 with 72HP tractor for scale. 

Miscanthus can be productive on marginal land 



RANDOMIZED PLOT TRIALS 
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Miscanthus & Switchgrass 

Champaign IL, 2006-2008 

Dohleman et al.  



  

Intercepted PAR of Miscanthus and Maize in the 
Midwestern USA in 2007
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Conversion Efficiency 
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Wh =  

Harvested 
yield t ha-1 

 

Partitioning 
efficiency 

Heaton et al. (2008) Global Change Biology, 14, 2000–2014 

Dohleman et al. (2009); Plant Physiology, 150: 2104–2115 
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Energy 
content of 
seed GJ t-1 

i 
Interception 

efficiency 

i x S 

Total 
solar 

energy 
GJ ha-1 

x c 

Conversion 
efficiency 

x 

 Mxg     40.7 =   13670 x 0.80 x 0.075 x 1.0 / 18 
  Switch.  12.0 =   13670 x 0.76 x 0.021 x 1.0 / 18 
  Maize     24.0 =   8202   x 0.80 x 0.076 x 1.0 / 20 



JANUARY 



Winter cutting (followed by 
baling)  of demonstration plot of 
Miscanthus x giganteus at the 
South Farms, University of 
Illinois, Urbana, early 2007. 

FEBRUARY HARVEST 



FEEDSTOCK PRODUCTION/ AGRONOMY PROGRAM 
Tom Voigt 

ENGINEERING SOLUTIONS FOR BIOMASS 

FEEDSTOCK PRODUCTION 
K.C. Ting 

BIOFUEL ECONOMIC AND ENVIRONMENTAL IMPACTS 
Madhu Khanna 

ENVIRONMENTAL IMPACT AND SUSTAINABILITY OF 

FEEDSTOCK PRODUCTION 
Evan DeLucia 

ASSESSING IMPACT OF INSECT PESTS AND PLANT 

PATHOGENS ON BIOMASS PRODUCTION 
Michael Gray 

GENOMIC-DIRECTED IMPROVEMENT OF 

FEEDSTOCKS 
Stephen Moose 

DISCOVERY OF ENZYMES TO 

DEGRADE PLANT CELL WALL 

LIGNOCELLULOSE 

 Isaac Cann 

ENGINEERING ENZYMES AND 

METABOLIC PATHWAYS TO DEGRADE 

PLANT CELL WALL 

LIGNOCELLULOSE 
John Gerlt 

BIOFUELS LAW AND REGULATION 
Jay Kesan 

ebi program leaders  MISCANTHUS – TRADITIONAL 

THATCHING MATERIAL IN JAPAN 
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Expected Miscanthus 
Yields in Illinois 
•  11 – 18 tons/acre 

Predicted using : 

•  agro – climatic computer model 
(Clifton-Brown et al. 2000)  

           and 

•  IL State Water Survey 
climate data 1996-1999 







 



 







Recently abandoned land (green high red low) 



Miscanthus x giganteus Panicum virgatum 

Miguez et al. 



•Energy Independence and Security Act (2007) mandates 132.5 Gl 

 ethanol by 2020. 

 

•Assuming 40 Mg/ha dry matter, and 341 l/Mg conversion, then   the 

mandate could be met with 9.7 Mha + 40Mt/y CO2 equivalents sequestered. 

 

•Currently 176 Mha is in grain, oil seed and fibre production.  

 

•37 Mha is in set aside (and 32 Mha rainfed crop land currently in pasture) ; 

14 Mha dropped from Agriculture 1997 vs. 2007 census. 

Somerville, Youngs, Davis & Long 

(2010) Science, 329, 790-792. 





Region Area (106ha) 

Africa 69.5 

Near and Middle 
East 

53.1 

Asia and Far East 19.5 

Latin America 59.4 

Australia 84.7 

North America 16.0 

Europe 20.7 

Salinated lands FAO/UNESCO  



 

Spartina alterniflora 22 t/ha, Georgia 

USA,  in seawater  

Wiegert, Chalmers & Randerson (1983) Oikos 41, 1-
6   

Long, Incoll & 
Woolhouse 
Nature 257, 
622-624. 



Agave mapisaga and A. saimiana 40 t/ha in 

semi-desert, Mexico DF.    

Nobel, Garcia-
Moya & Quero 
(1992) Plant 
Cell & 
Environment 15, 
329-335.  



World produced 185 Mt of pulp in 2010 (FAOstat) 
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Solar energy 
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Ort & Long (2003) In:  Chrispeels and & Sadava, pp. 240-269. ASPB. 



Drewry et al. (in 

prep) numerical 

selection of 

canopy design 

optimiising carbon 

gain and 

ecosystem 

services (water 

use and albedo) 



Drewry et al. (in 

prep) selection of 

canopy design 

optimizing carbon 

gain and 

ecosystem 

services (water 

use and albedo) 



Plant X 
Plant Y 



Conclusion to section 
 
• There are sufficient feedstocks 
capable of production on non-
cropland to allow substantial offset 
of transportation liquid fossil fuels, 
with significant GHG benefits. 

• This requires use of high 
productivity low input crops and 
careful site selection. 


