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1stgeneration of biofuels

Biodiesel from
rape, sunflowers, soy beans

3000 / T 35 000
; i iodiese
2 500 -h% production 30 000—

Ethanol from sugar
cane, corn and other grains,

manioc, sugar beets

Ethanol
= production
25000— =] worldwide

worldwide

in mio.
of liters

Source: Worldwatch

Deficiencies:

® Competition with food chain (“ Tortilla crisis” in Mexico, “barley or beer
crisis” in Bavaria, huge problems of vinegar and margarine producers)

* Unsatisfying | = Biomass in terms of starch and oil not sustainable

— vyield per area (until recently optimization criteria has been food quality)
— only the seed is utilized, not the whole plant
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Prize driver biofuel production ?

Global share of biofuels of agricultural raw material market
* 2.8 % of global grain and oil seed harvest
1.5 % of the global grain, oil seed and sugar cane harvest

480 -
e 2.3 % of grain harvest for bioethanol production
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Source: Biomasse-Vorlesung ITC-C PV, KIT 8
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Suitable biomass for chemical and biofuel industry

US Biomass inventory: Eopnatoven

WheaI straw
1.3 billion tons biomass 19.9% ;

o

Cr-o% téeo/sidues

__Grains

5.2%
Manure
4.1%
Urban waste
Perennial crops 2.9%
35.2% Forest
12.8%

corn stover = Maisstroh; crop residues = Erntertickstande; grains = Getreide;
manure = Mist; perennial = mehrjéhrig

from Billion ton Vision, DOE & USDA 2005
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Waste biomass is currently readily available

Bamboo close
to Nachi waterfall,
Japan

Cedar wood close
to Hongu Kumano Taisha
Japan
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A ‘ from Joachim Venus, Leibniz-Institut fur Agrartechnik Potsdam-Bornim e.V. 11 ‘\ I I
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Current use and resources potential of
aqgricultural crop residues and livestock waste

1600 p----mmmmmmm oo e m Agricultural crop residues

1400 o oo m Livestock waste
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http://www.florento.com/html/uk _biomass.html - Biomass availability in Europe 13 K \ k I I
|
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Use of German round wood (2002)

Total 55.1 Mio m3=26.6t dry

Timber Saw Mills

Derived 24%
Products
11%

Pulp and
Paper
/% _
Bioenergy Other

24% 149

from A. Schitte, FNR, 2006 14 :
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Environmentally compatible biowaste energy potential in EU-25

MLOE
120
100
80 [ Black liqguor
(not available at high energy and carbon prices)
W Elack liquor
[0 Sewage sludge
60 B Food processing residues
[0 Dry manures
MW Other agricultural residues
40 [0 Household waste wood
[0 Packaging waste wood
E Demolition wood
@ Municipal solid waste
20 [ Wood processing residues
[ Wet manures
W Solid agricultural residues
0 —— Business as usual

T T
2000 2010 2020 2030
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Environmentally compatible biowaste enerqgy potential in 2030

*7 MtoE
18 - [J Black liquor (not available at high energy and carbon prices) [ Packaging waste wood
= M Black liquor B Demolition wood
i [0 Sewage sludge E Municipal solid waste
i B Food processing residues [ Wood processing residues
- : [ Dry manures [] Wet manures
= B Other agricultural residues M Solid agricultural residues
I [ Household waste wood = Business as usual
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Future sources of biomass

Wood & Straw Energy plants
(swift grass, corn plants)

Wooden biomass Kesten, KWS
e water |

* lignin

AV4 ' R\WNTH
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Fast-growing wood

""*-.___/ e
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A ‘ from Joachim Venus, Leibniz-Institut fur Agrartechnik Potsdam-Bornim e.V. 19 ‘\ I I
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Energy crops for biorefinery

Advantages Disadvantages
Clean and consistent Positive cost
High carbohydrate Supply not yet established
Can increase supply with Seasonal

extra land (unlike waste)

Would boost rural economy

from “A Case for Biorefineries”, D. J. Hayes, University of Limerick 22 K\ \ I I
|
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Considerations with Energy Crops for Biorefineries

- These are different than the considerations for biomass combustion.

- Energy crops should have:
» High productivity = high carbohydrate yield
« Low establishment and maintenance costs

* A high density for cheaper transportation (maximal distance for economic
raw material transportation 20 - 50 km)

« Utilise existing machinery if possible

¢ Quite frequent harvest periods to ensure attractive cash flow
» Predictable yields even under differing climatic conditions

* Moisture content less important than in combustion schemes

e Impurities, N content and chlorine content less important than in
combustions schemes

from ,A Case for Biorefineries®, D. J. Hayes, University of Limerick K\
vl
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Notes on Enerqy Crops

* All have similar carbohydrate profiles:
~40% cellulose (glucose)
~25% hemicellulose (xylose)
~25% lignin

®* Coppices (Niederwald) harvest every 3-5 years, most other crops
annual.

* Miscanthus has the highest potential yields (> 20 dry tones per hectare
per year in the southwest).

* Coppices susceptible to yield loss due to rust/pathogens.

A from “A Case for Biorefineries”, D. J. Hayes, University of Limerick 24
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Growth progression of silage corn (sc) vsS energy corn (ec)

Significantly later harvest than energy corn

Harvest
Iy ec
GTM-
" B e
ylel d)‘"h a s ssnnssnnannnasnnnnna s a R n s F '|BWé'r'i}i§ ................
ec

Harvest

sc
R sessseesanfune e —
Fiowering =]

SC

time

from E. Kesten, KWS, 2006 25 )
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Suitability of other crops species for energy crop cultivation

Rye: - undemanding with regard to soil
- high biomass yield
- broad genetic base available
- hybrid system available
- material and breeding know-how available

Millet: - more water efficient than e.g. corn
- high biomass yield
- originally short day crop
- limited local material available
Sunflower: - high yield with short growing period
- high water efficiency

- broad genetic variety available
- hybrid system available

Hemp: - previously used as fiber plant
- undemanding with regard to soil
- high mass yield within short period
A ‘ - broad genetic base available 26
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from E. Kesten, KWS, 2006

SYN I

Coppices:

Coppices = Unterhdlzer

27
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Suitable enerqgy crops

Miscanthus
5 L~ Switchgrass

from “A Case for Biorefineries”, D. J. Hayes, University of Limerick
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Suitable enerqgqy crops

>2% photon yield is feasible,
yield of 26.5 tons/acre observed by Young & colleagues in lllinois, without irrigation

|

A Courtesy of Steven Long et al.
f| urtesy of Steven Long 2 R\NTH
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Locations of European Miscanthus trials

. Hyperion
. TCD
FAL
CRES
LWG

. Lisboa
UEDB
BTG

. ENEA
10. IACR
11. ADAS
12. IAGCE
13. USC

14. BFH

15. SORGHAL

R

from Clifton-Brown et al in: Jones and Walsh (eds) Miscanthus for Energy and Fibre, 2001

174 30 IR\NIT
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Harvesting Miscanthus

AACHENER VERFAHRENSTECHNIK www.avt.rwth-aachen.de




Higher area based productivity by more than one harvest per year

according to “Witzenh&user” cultivation concept
Sufficient water is a prerequisite for the success of this concept!

Solar irradiance [kWh/m?]
w

E

S & & & N ¢ &N & & & & &
RN Qo‘c' W W YT EE
big QQ’Q v 0,@ 00 éOAQ 0000
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Enerqgy crops and soil loss

Corn

Soybeans

Perennial herbaceous
(Staudenpflanzen)

Short rotation wood

0 10 20 30 40 50
Tonnes of soil loss /Ha/ year

A ‘ from Oliveira et al in: Jones and Walsh (eds) Miscanthus for Energy and Fibre, 2001 34 ‘ \ \ I I -
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10) Geography and biomass production
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Environmentally compatible bioenergy potential from residues in 2030
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Energy crops may not compete directly with food crops

(yield per HA for Miscanthus, Corn, Soybean)

Miscanthus Yiel
(tha)

WW2-N4
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27-37
18- 48
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I e 20
Field Trials
L]
L]
L

Corn Yield (baha)
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Miscanthus Corn Soybean

A ‘ from Madhu Khanna, University of lllinois, Urbana 39
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Size of farms and area of cultivable land

cultivable land [Ha]

[ Jo-25 25-50 I 50-100 N > 100
Source: Destatis 2006

474 % R\NTH
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11) Land use
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Agricultural land use in the US

US planted area of eight major crops
(corn, sorghum, barley, oats, wheat, rice, cotton, and soybeans)

300
m Similar trend of decreasing

” land use in Germany !
275}
Q
@
c
=)
S 250¢F

225 i i " a 1 1 1

1980 1985 1990 1995 2000 2005 2010 2015

Years

Source: USDA agricultural projections to 2017,
A ‘ February 2008, USDA Economic Research Service 44 ‘ \ I I
A ]
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Global land usage

Nonarable Other crops
6.9%

34.4%
Forest &
Savannah

30.5%

Cereal ;
4.6% Pasture & Range
23.7%
nonarable = landwirschaftlich unbebaubar; pasture = Weide;

range = Gebirge; cereal = Getreide

A ‘ AMBIO 23,198 (total land surface 13,000 MHa) 45 SN A
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Brazilian land area

550 MHa arable land. That is approximately equal to the total area of 32 European countries

Austria Hungria Roménia Holanda Lituania Italia Polénia Esténia

Tchecoslovaquia
Franga

Irlanda

Bélgica

Albania

Grecia
Ucrania
Bésnia
Croacia

Portugal .
Maceddnia

Espanha * g, 15aria Islandia
Reino Unido lugoslavia
Germany Noruega

Leténia Fln'!andla
Dinamarca Sf.m;a Rk
b Bielo Russia
Suécia

from Jaume Finguerut, Centro de Tecnologia Canavieira,
4 ‘ J.L. Coelho, John Deere, 2001 48 ‘\ \ I I :
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Area distribution of sugar cane in Brazil

+40 %
2010

Figura | - BRASIL

DISTRIBUICEC DAS AREAS COM SOLOS
FAVORAVEIS A CANAVICULTURA SOB
EONDICGES CLIMATICAS NEO LIMITANTES

NATALIO FELIPE MOFFLER - 1AA PLANALSUCAR
PEDRO LUZ DONZELI - INSTITUTO
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Sugar Cane
No impact in the global food / energy equation

Srazi 22% of
arablearea . .-

Current ethanol
Soybean + sugar
22 MM ha g ha

Pasture/ Cattle Savannah
220 MM ha 7 MM ha

Sugar Cane Ethanol

occupies only 1% of
Brazilian arable area

24 Braskem _R\NTH
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Annual average precipitation in the US

B Lessthan5 [ 40t050
Hs5w10 [l 50t0 60
M 101015 [J60ta70
O 1520 B 70 to 80
[0 20m025 [l s0to 100
[0 5mw30 B 1000 140
O aowes [J140te1s0
B 5iodd B More than 180

Period: 1961-1990

Modeling performed by Christopher Daly
using the PRISM model, based on
1961-1990 normals from NOAA

shes. Sponsored by USDA-NRCS ‘Water
and Climate Center, Portland, Oregon.

Oregon Climate Service
George Taylor, State Climatologist
(541) 737-5705

Cooperative stations and NRCS SNOTEL | |
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Water availability in Europe and Germany

Arctic Circle
=
m‘ Norwegian
Sea ;

Atlantic 4

Ocean

" Europe

- * Germany is located in a
temperate humid climate zone

* 789 mm average annual
percipitation

e Strong reginal differences in
percipitation

* 188 billion m3 available water

Lo N resources in Germany
Mediterranean =2 Sea ‘ i

* 2,278 m3 water available per

[ Semiarid =] humid continental EW/a
[ Subtropical dry summer [ Subarctic

1 Humid subtropical [ Tundra

1 Humid oceanic [ Highland

A ‘ Source: http://www.worldbook.com 57 i\ \ | l "
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Water utilization in Germany

79.8 %
unused

0.1%

agriculture

13.2 %

2.9 %
b|_° 41% thermal power
public mining and stations
water supply manufacturing
A ‘ Source: Umweltbundesamt 58
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Average annual rain fall in Germany

Hydrologischer Atlas

unler 450 om/o EE 500 bis 1000 om/a
400 bis 000 nom/a  EE 1000 bis 1200 nm/a
500 bis 550 pm/oe  HH 1200 bis 1500 mm/a
550 bis GO0 om/a B 1500 bis 1800 om/a
00 bis G50 om/a W 1BDO mm/a und mehr
490 bis 700 mm/a — Landergrenzen
T00 bis 750 nm/a W Gewdsser
750 bis A00 nm/a [ Ungebung
A0D bis 000 um/a

IREECCOEEN

In areas with low annual rain fall
energy plants can not be grown
efficiently !

E. Kesten, KWS
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Increase in events of extreme rain fall

trend 1901 - 2000

]

January &

15%  -10% 5% -0,005% +0,005% -5% +10% +15%

A Source: Schénwiese et al., 2006 61
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Expected change of rain fall in Brandenburqg state

Change of precipitation
1951-2000 compared to 2046-2055

g
Difference [mm)]

0 -100 -200

average annual percipitation in Germany
789 mm

N
0 50 km
|
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Z
=

temparature imitation

g

temparature mitation
radiation limitation

e gt (-4 g low g
water imitation water limitation radiation limitation
- ‘ from Baldocchi et al. 2004 SCOPE 62 64 ‘\ \ I I .
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