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Liquid Biofuels Production in 2010

Ethanol 86 Billion liters

Biodiesel 19 Billion liters
Thailand/

_ Indonesia
Brazil

: Germany
Argentina

France :

Advanced/Cellulosic ?

REN21 (2011) Renewables
2011 Global Status Report.
RENZ21 Secretariat, Paris.




Fossil Fuel C emissions avoided 2010

41 Mt (C)

Corn Ethanol

Sugarcane
Ethanol

Calculated
from:

REN21 (2011)
Assuming Gain
over FF of

SC EtOH 88%
Corn EtOH 28%
SG EtOH 50%
Biodiesel 88%

Biodiesel

Small grain
ethanol




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)
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Predicted effect of climate change
2050 on crop yield (Par'r'y et al.

2004). Without CO, Temperature
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Predicted effect of climate change

2050 on crop vield (Parry et al.
2004)6 Temperature
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yield relative to that at ambient [CO,]

(2006)
Scilence
312,

& (2007)
315.

Long et al.

1918-1921.

— ~

=
o

=
IN

=
N

=
o
I
I
I

08}

o

B soybean FACE
Bl wheat FACE

= \Wvheat enclosure

/]\ = soybean enclosure |
7

m— C, €Nnclosure

/

1

00T 4
0

600 800 1000

|400
Daytime growth [CO,] (ppm)

600 800 1000
Daytime growth [CO,] (ppm)



2" Year Miscanthus x giganteus in 390 ppm and 600 ppm [CO,]
Unpublished data of Souza, Arundale, Long & Buckeridge.
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IPCC AR4 (2007)
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Num of Models > 0




IPCC AR4 (2007)

Prec Response (%) Temp Response (°C)
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Maize (Zea mays) -1.2thal°Ct 2010 avg.9.6thatl 11.5°C |[19%
Soybean (Glycine max) -0.37 t hat°Ct 2010 avg. 2.8tha! 11.5°C |20%

Lobell & Asner Science 299: 1032; NASS (2010) USDA.GOV



Wh: SXSiXSCXn/C
4.6 = 6200 x(0.89)x 0.032 x0.60/ 23

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



=BT

- Maturit

Whp= Sxg rg ~n/c Lo
2005 4.6 = 6200 x 0.89 x 0.032x 0.60/23 Group I
2050 +1.5C 3.7= 5022 x 0.89 x 0.032x 0.60/23 Group Il
2050 +1.5C 5.8= 7800 x 0.89 x 0.032x 0.60/23 Group VI

Farmer adaptation converts 19% loss to 26% gain
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What about
ozone in FACE
- do findings
differ?




Effect of ozone on efficiency of photosynthetic electron transport.
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Yield, relative to no ozone (1.0)
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% Change in Yield at Elevated [O,]
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Yield losses

AYield (t/ha) = 0.027 — 0.0038AT(°C) +
0.216APPT(mm™)

AYield (t/ha) = 0.027 — 0.0038AT(°C?) +
0.180APPT(mm?) — 0.012 AO,(ppb)

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

AYield (t/ha) = 0.144 — 0.0105AT(°C?) +
0.783APPT(mm)

AYield (t/ha) = 0.145 — 0.0088AT(°C) +
0.649APPT(mm-1) — 0.048 AO,(ppb)

I.e. 50ppb would lower yield by 2.4 t/ha




Exports - Imports Mt / y

Net Exports of Maize + Rice + Soy + Wheat (tonnes)
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% YIELD INCREASE PER DECADE
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Long & Ort (2010) Current Opinions in Plant Sciences 13, 1-8.
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h: S x 8
[CO2]

4.6 = 6200 x 0.89 x 0.032x 0.60/23 380 ppm
53= 6200 x 0.89 x 0.038 x0.58/23 550 ppm

KKk *kk KKk
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, DelLucia (2008) Global Change Biology 14, 556-564
Zhu, Long & Ort (2010) Annu. Rev. Plant Biol. 61, 235-261.
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ALTERATION % Increase ing,  Speculated
relative to time horizon

current value. (years)

Improved canopy 40% (0-60%0) 0-10
architecture and
chlorophyll distribution

2o Zhu et al.
C4 photosynthesis in C3 33% (10-60%0) 15-30 (2010)
Ccrops Annu. Rev.
Plant Biol.
Increased rate of recovery 15% (6-40%0) 5-10 61:235-61

from photoprotection.

Introduction of higher kcat | 22% (17-30%o) 5-10
foreign sRubisco

Altered allocation of 40% (0-60%0) 0-10
resources within the
photosynthetic apparatus

Introducion of
cyanobacterial CO, 20% (10-30%0) 0-10
concentrating mechanisms
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 Future capacity to simultaneously
provide adequate primary

55 foodstuffs and first generation
biofuels - very uncertain.

* Depends on degree of adaptation
and acceptance of biotechnology.

« Solution - feedstocks from non-
ar'able Iand




OUTLINE §

Agriculture part of the problem




Annual Greenhouse Gas Emissions by Sector

Industrial
processes

16.8%

Power stations
21.3%

Transportation fuels

14.0% Waste disposal

and treatment

3.4%

Agricultural

12.5% o, Land use and
byproducts 10.0% biomass burning
Fossil fuel retrieval, 11 3‘;; 10.3% Residential, commercial,
processing, and distribution ' '~ "° and other sources

29.5% 40.0% 62.0%

20.6%

. 1.1%
8.4% \ 4.8% 1.5%
2.3%
19.2% 6.6% 5.9%

9.1%
296% 18.1%

12.9% 26.0%
Carbon Dioxide Methane Nitrous Oxide
[72% of total) {18% of total) (9% of total)

From: IPCC (2007) Climate Change — Physical Basis, Report of WG1.



USA GHG Emissions by Sector. EPA (2011)

Emissions Allocated to Economic Sectors
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Greenhouse Gas Value of an Ecosystem nett CO,
equivalent per hectare over 50 year time span.
From Global Change Solutions llc (2011)

Initial Storage Ongoing Exchange Total GHGY
' ) . : ! . i

Tropical Cropland 1

Termperate Cropland 1

Wetland Rice

S Corm 1

S Soy 1

1 | LI | | 1 J ] 1 |

0 100 200 300 400 -200 0 -300 -200 -100 0

- -1
GHGY (Mg COE-EEI ha S0vwr )

www.alobalchangesolutionsllc.com
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\D Conclusion to
| * Gaining the extra production

e needed for basic foodstuffs alone
> plus increased diversion to animal

production, could double
agricultural GHG emissions.

section

* There are opportunities to adapt,
without yield loss.
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Second generation and
sugarcane ameliorating the
problem.
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Sun

1000 kJ
487

438

372
C3 C4

126 246 85
65 61 85
46 19 6

Biomass 46 kJ Biomass 60 kJ

513

49
66

287
0
25

Energy loss

Outside photosynthetically
active spectrum

Reflected and transmitted

Photochemical inefficiency

Carbohydrate synthesis
Photorespiration
Respiration

C3
Total Solar Eff. 0.046

PAR/Visible Eff. 0.094

Zhu, Long and Ort (2008) Current Opinion in Biotechnology



Long (1998) In: The Biology of C, Photosynthesis
(Sage, R.F. & Monson, R.K., eds.) Pp. 215-249,
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above-ground

below-ground

24/4 9/6 14/7 17/8 21/9 2/1114/12 9/2
date,1993-4

Miscanthus x giganteus in
S. England. 52 °N

Beale & Long (1995)
Plant, Cell & Env. 18: 641-




Relationships

Saccharum officinarum

Miscanthus X giganteus

hum bicolor

Cleistachne sorghoides

Zea mays

Oryza sativa

Brachypodium



Nutrient Use Efficiency - Theory

SPRING/
SUMMER

Mineral nutrients

Translocation
from rhizomes
to growing
shoot

FALL
1y
&
S
~
g
<

Translocation
to rhizome as
shoot
senesces

WINTER

Lignocellulose
dry shoots
harvested,

nutrients stay

in rhizomes




Miscanthus can be productive on marginal land

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



RANDOMIZED PLOT TRIALS A\Q/




Rhizome biomass (t ha'l) Above-ground biomass (t ha'l)

Root Biomass (t ha'l)

60

50 A
40 -
30 f
20 A
10 -

Species: p<0.000

Date: p<0.0001
S*D: p<0.0001

40 A

30 -

20 A

10 A

Species: p<0.0001

Date: p<0.0001
S*D: p=0.0140

a

4

15 A

10 -

Species: p=0.2827
Date: p=0.0974
S*D: p=0.5279

o y®

Cpdn.cagn IL, R0
[>~lileman et al.



Light Capture

Intercepted PAR of Miscanthus and Maize in the
Midwestern USA in 2007

m@= Total PAR
Miscanthus PAR, Dohleman &

=W = Maize PAR - Long (2009)
Plant
Physiology,

- 150,
2104-2115

11




Dohleman & Long

o9 Pt Conversion Efficiency €
Physiol. 150, 2104
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Mxg 40.7= 13670x0.80x0.0/5x1.0/18
Switch. 12.0= 13670x0.76 x 0.021 x1.0/18
Maize 24.0= 8202 x0.80x0.076x 1.0/20

Heaton et al. (2008) Global Change Biology, 14, 2000-2014
Dohleman et al. (2009); Plant Physiology, 150: 2104-2115
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FEBRUARY HARVEST

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



THATCHING MATERIAL IN JAPAN
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Miscanthus nitrogen in the shoot
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~\ X Winneb
. Daviess Stephenson nnebago Bone McHenry Lake

S | — Expected Miscanthus
Tt 2w ™) Yields in Illinois
ey Y | ““ | - 11 - 18 tons/acre
| R ST :m“ Lecs Predicted using :
m | .. = = * agro - climatic computer model
L] /. (Clifton-Brown et al. 2000)

Macon

RSl LB g S s - IL State Water Survey
Ky i climate data 1996-1999

\ g Greene Shelby i lark
\ ¢ Macoupin umberlan

\h ’ Montgomery
o

Jersey
<u{/\ Fayette o Jasper  Crawford«
Bond 4
Madison

Predicted Miscanthus
Yields
(tons/acrelyear) St. Clair

Clinton

10.9 -11.7 Monros esblt

1.7 -12.5
125-13.4 Randolph Perry,
13.4-14.2 .
14.2-15.0
15.0 - 15.8
15.8 - 16.6
N 16.6 -17.4
Il 17.4-17.8

Heaton E. H., Clifton-Brown J., Voigt T.B., Jones M.B., and Long S.P.
Biomass Crops for Energy Union
Map courtesy of Paul Stamphl

for Nlinois. 2003, In Review



Initial Storage Ongoing Exchange Total GHGY
I I I I I

Tropical Peat Forest

Morthern Peatland

Marsh & Swamp

Tropical Forest

Temperate Forest

Boreal Forest

Tropical Savanna

Temp. Scrub/Voodland

Temperate Grassland

Tundra

Desert

Tropical Forest (R)

Temperate Forest (R)

Boreal Forest (R)

Abandoned Land (trop.)

Abandoned Land (temp.)

Tropical Pasture

Temperate Pasture

Tropical Cropland

Temperate Cropland

Wetland Rice

US Corn

US Soy

Miscanthus

Switchgrass

Sugarcane (BR burned)

Sugarcane (BR no burn)

US Corn Residue

Prairie

a 1000 2000 3000 500 0 50 1 0 1000 2000 3000
GHGY (Mg COE-E-q ha H0vyr )



Miscanthus - Soil Carbon

Miscanthus - Soil Carbon
g/m”2

[ tess than 3000
[T 3000- 4000
[T 4001 - 5000
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Miscanthus - Leached Nitrogen Corn - Leached Nitrogen
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Miscanthus - Net GHG Corn - Net GHG
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Initial 5torage

Tropical Pasture

Termperate Pasture

Tropical Cropland

Temperate Cropland

Miscanthus

Switchgrass

Sugarcane (BR burned)

sugarcane (BR no burn)
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Recently abandoned land (green high red low)




Miscanthus x giganteus Panicum virgatum

7Y m [05)
Y B [5.10)

A O [10,15)

7 O [15,20)

O [20,25)

@ [25,30) u} {25.30)

| [30,35] | [30,35]

a ) Max. 34.8 Max. 20.7
Unit: Mg/ha Units: Mg/ha

R’ = [10.20) m [10,20)
N7 @ [2030) @ [20,30)
6 ok
B [5060) @ [5060)
m (60,180 | [60,180]
Unit: % )
Unit: %

d)
Miguez et al.



Somerville, Youngs, Davis & Long |

(2010) Science, 329, 790-792.

PERSPECTIVE

Feedstocks for
Lignocellulosic Biofuels

Chris Somerville,** Heather Youngs,* Caroline Taylor,* Sarah C. Davis, Stephen P. Long®

In 2008, the world produced approximately 87 gigaliters of liquid biofuels, which is roughly equal
to the volume of liquid fuel consumed by Germany that year. Essentially, all of this biofuel was

*Energy Independence and Security Act (2007) mandates 132.5 Gl
ethanol by 2020.

/Assuming 40 Mg/ha dry matter, and 341 |/Mg conversion, then the
mandate could be met with 9.7 Mha + 40Mt/ly CO, equivalents sequestered.

*Currently 176 Mhais 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.



Units: Mg/ha



Region
Africa
Near and Middle

«"_ _w. Asia and Far East

" Latin America
Australia
North America

Fiirone

Area (10°ha)

69.5

53.1

19.5

59.4
34.7

16.0
2" 7




Spartina alterniflora 22 t/ha, Georgia*
” USA, in seawater "8~

Nafur'e
622-624.
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Agave mapisaga and A. saimiana 40 t/ha in *
semi-desert, Mexico DF. "V

Nobel Garcia-

f’fR - '. Moya & Quero
i,\ \4/ (1992) Plant

s \ Cell &

Environment 15,

D) e i 329-335.




amazonkindle

He was slow in learning bow to talk. "My
parents were 50 worried,” he later recalled, “that
they conmaited a doctor.” Even after he had begun
using words, sametize after the ag of 2, by
developed & quitk tiat prompted the famsly maid
to dub him “der Deppeete,” the dopey one, and
ofters In bis family o label him 35 "almost
backwards " Whenever he had something to 53y,
e would try it out on himseld, whispering it softly.
untit it scunded good enough to proncunce aloud.
“fvery sentence he uttered’ his worshipful
younger sister tucalled “no mstter how tauting,
1 tepeated 1o hinself sofily, moving kis lips. It
was ali very woerylng she sald “He had sach
difficulty with langumge that those around bim

cheeky rebellioussiess toward suthority, which led

Lesapom 41218




Plant X Plant Y



2

3

n o 1 o
— —
(;-S --W ) sisayiuAsoloyd

1000

500
Solar energy (J ms")



Solar energy Photosynthesis

J m2s-t J m2s-t
S A B A B
O 900 370 16 16
O 90 330 8 15
Q 10 300 1 14
Total 1000 1000 25 45
Efficiency 0.025 0.045

Ort & Long (2003) In: Chrispeels and & Sadava, pp. 240-269. ASPB.



: AH [ mol m? s'l]: Observed Canopy (b)
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Drewry et al. (in
prep) selection of
canopy design
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