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Overview

When considering which crops to grow as feedstocks for anaerobic digestion it becomes
apparent that there is no single crop which is the best one for all circumstances. As
indicated in the report for work package 1 changes in location lead to different climates
and soil types which have a considerable effect on crop growth. Species that are ideal in a
central European environment may perform differently in a Mediterranean climate.

Data was collected for a range of plant species which could be grown as crops for energy
production in Europe. These species included some which are currently identified as
weed species but have good yield potential for biomass or methane. For a sustainable
cropping regime it is necessary to ‘mix’ crops in the farming environment mono
cropping, the growing of a single crop repeatedly in the same field, requires intensive
application of fertilisers and pesticides and can lead to deficits of nutrients within the soil
and damage to the soil structure. On this basis species were also included which produced
less yield but could be integrated into cropping systems to improve soil conditions and
improve diversity.

When examining the potential of a renewable energy source it is important that the energy
required to produce and process the feedstock is less than that contained in the fuel and
by-products produced. various studies have been made of the energy requirements for
different field operations used in the production of a crop (for example sowing, fertilising
and harvesting). Using knowledge of the operations required it is possible to determine
how much energy will be consumed in terms of fuel used and in construction and
maintenance of the equipment. Although it is not possible to produce a model which
caters for every field according to slope, soil type etc, it is possible to derive a
representative energy requirement which can then be used for comparisons between fuel
types or alternative crops grown in the same locations. Recommended fertiliser
requirements are given for each crop and from these energy requirements for the
production of the fertiliser can be determined.

Once the harvested biomass is known and the various characteristics of the feedstock
derived from data contained in the database, the energy required for digestion and amount
of biogas produced can be calculated. The energy required for production of the feedstock
can be added to the requirement for fuel processing/production and an energy balance
determined. Biogas has multiple potential uses including electricity and heat production
through use in a combined heat and power (CHP) unit or as vehicle fuel once the
impurities and excess CO; have been removed. This figure is represented in terms of km
of travel avail per ha of crop grown.

Potential plant species for use in anaerobic digestion

Information for 85 plant species and sub-species was collected from a range of sources
including (EI Bassam, 1998, Williams, 1995, Gunaseelan, 2004, Lehtoméki et al., 2003,
NIAB, 2004, Purdue University, 2004, Duke, 1983, IENICA, 2004, NNFCC, 2004, FAO,
2004, Milne et al., 2002, Heiermann et al., 2002, Nix et al., 2004, Pouech et al., 1998,
Callaghan et al., 1980). The amount of information varies between species according to
previous research and the species current use as an agricultural crop. The information for
a single species may have been collated from a number of sources. Where a species forms
a major part of the food requirement (such as wheat or rice) more research ahs been done
than on those with less value such as agrostis grassland (Agrostis spp.) or bilberry
(Vaccinium myrtillus). The information available can be viewed as either an Access
database form or printed out as a report. An example of the data input form is shown in
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Error! Reference source not found.Figure 1 and an example of the output report is
shown in Figure 2.

-loix

» cropll:  EnglishCommonhanne: genus: =l
I 7 |Bracken |Pfﬂrrtﬁm auainum select crop
other names: crop bype: Im T I
| Jotheer
annualfperennial: propagation:
Iperennial rhizome

Regional Distribution:

I3I3-6I3°N widespread throughout narthern hemisphere

germinationTemp:  growthTemperature:  seedProductionTemperature:  requiredRainfall:

soillType:

prefers light acid soils, not tolerant bo wek peaty soils or imestone areas

Minput: Finput: Kinput: soilpH;

|168 kg/ha |16 kg/ha |252 kg/ha |
sowing Period: lengthicrowingSeason:  harvestTime:

I IMay - Moy I.C\ug

culkivakion Method:

natuatlly growing weed species, spread by rhizome, harvest with adapted Forage harvester ar mow

and bale,
rhizobium: nitrogenExtrackedFromsSoil:  PExtractedFrom3oil: kExtrackedFromSail:
| |168-62 ka/ha |15-4 kg.ha |252-55 ka/ha
vieldFinland: wigldik; vigldAustriaGermany: wieldSpain:
| fres | |
IFiation: CH4Production:
| 0.4 m3fka ¥5 (biogas)
conskrainks:

because of synchronous development of Fronds - pokential for re-growth is low, High nutrient offtake if
cuk as green makerual

Lse;

opportunity energy crop - regular removal of Fronds ak max biomass could be used as eradication
method f

comments:

| -
Record: Ii| 1 || 7ok |>| |He| of 85

Figure 1: Form for entering species data

Where information has been obtained for the methane potential of a species that is also
shown on the printable report. There maybe a number of different values for a single
species depending on experimental procedure used and the growth stage at which the
material is harvested. Further details of some of the species shown here can be found in
deliverable D4 which is a database of biochemical methane potentials derived as part of
work package 2 of the project.

CROPGEN Deliverable D9 Page 3 of 9



B=ta wiganis o) E

Srgis? s fate”  Fodder bea

ofer nawres Futtenben

¥ annua TR raot FymEgFi . zead

Regoial ofsimbebon
temperate, requires 3 cool dimae, cantolerate fost 40-60 "N

Grouth requirements:
s e Canbe grown on most soils.

ferdiliserinputs:
nitrogen phosphate (P205) | potash (K200 i ol
120120 kgfra | 60-120kgha 180-360 kgha
o g ¥ reqeied /aival 230mm
FoMing pefod  Spring harest e DctMor lergih o Qo ving Feam
sof e pergture 10-24 growth Eapeatr 526 ° 6-7 morth

cultivation method :

Plaugh and culivate, direct drill using combest drill. Culivate for weed control | Imigate
summer drowght on light sails. Lt with beet harester. Can be used for direct grazing.

nutri ert= extracted Fomsail:

nitrogen: | phosphate | potasium:
gha(ist | Gikgha | 363 kgh
recorded Coastal Centrd )
yields tChiha Boreal Burapean Buropean hediterranean
154 16 roots [rdtha (G5tha im)
fresh
ffation
CH4 vield
o kel G Al im0 VY adda resf
aitemative crop uses 1952 reok O.4Z(T=) e
frage crop I reok o= 1%
A recks 0s 175
I reok O.+00002 =L
el AAE beel Blear 0.455 ™

imigation maybe required in dry sea=on

COMmiments

FOLNTE 20,11, 18,175, 242,

Figure 2:Crop data in printable report view

Information is also included on cultivation methods, sowing and harvest periods and
recommended fertiliser inputs. The fertiliser inputs will vary according to soil type and
previous cropping so provide only an indication of required amounts, individual farmers
will have better appreciation of what is required in their conditions. Similarly yields
stated are only indicative of potential and will vary according to circumstance.

Comparison can be made between crops as shown in Figure 3 and Figure 4. This option

allows the user to compare the requirements for different species in order to determine
which may be more suitable for their conditions.
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E Select species ko compare 5 ﬂ

Compare species

English common narme

ovbean
Sudangrass

Sugar beet Create report
Sunfloveer

Sweet clover (white)
Sweet clover (yellow)
Sweet pea
Switchgrass

Timothy

Triticale

Turnip

Wax bean

theat

To compare species seleck one or
more From the list (use chrlfselc
for species nok adjacent) then
press creake report

white claver

‘White hupin
Willow
Yellow lupin -

Record: I1| 1 || 1 » IH IHK-I of 85

Figure 3: Selecting species for comparison

Barlay Fodder baat Lucerme Maize Sorghum Wbt
Homleurt walgae Beta vulgans IMedicago sativa Zed i ays o0, Sorghunt ool Triticun aestivun

yiekd EONER=) wekd EDMR=) yiekd (#00E%h=) yiekd Z0Eha) yiekd E0Mka) yiekd Z0Eha)

Boneal: 3641 DMhag | Bowst Boneal: Boeat Boneal: Boeat 364 Agrain
CoarmlEw: 025 grain+stra | CoasBEL: 154 CoarmIEL: 14165 Coas IEL: o CoarmlEw: = Coas mIEL: 1175 grain +st 2
Cevtrml EU: Cerirml EU: 216 roots Cent@lEU: 7511 Cerirml EU: 27-80tfresh@-1 | CetalEL: Z2.25 Cerirml EU:

Wedte maiean: Medb:r@iea | 34¢ha(BStha i | MedrEeear: | 3phaSSthair | Medbrmiea: | ArphacSDthair | MedtrEean | 21 ha@Sthair | Medrmiea:

CHF amduedion: W e tioe CHF amdubion - W Ao G pmduedioe: N e stioe CH produedion - W Fration G pmalwedion: W e tioe CH produedion - W Fation
0.365- 0.65 042-054 0.29- 0.41 021-0.62 02308 m34g 035-042

m3kg VS added m3kgVS added m3kg VS added mi34a VS added WS added m3kg VS added
soil Type: soil Tyoe: soil Type: soil Tyoe: soil Trpe: soil Tyoe:
Sirnilar to wheat, does nat Can be grown on most soits. wiell drained, deep friable with wiell drained, fertile - alludal wide range of zoiks waning from prefers fertile sois but can be
tolerate compaction or esessive high kweE of soil fertilty. Range loam and clay koam preferred light loam to heawy clays. grown on most 5 oil types ecept
hurmidity from clay loam to light chak. Mo derate tolerance to zalinity wery light sandy or peats ik, so

lona as water and nurient

s0il g soil g 5 il g 43-87 soil g B-72 soilpH: 55-85 ol g

Migped: | Fnped: | iigoud: Migpet: | Finpet: | idinout: Mimpe: | Fnoed: | iigoud: Mimpesd: | Fnpud: | finowt: Migpet: | Pinpet: | idiaout: Mimpesd: | Aot | finowt:
A00-120 [ 00120 | 100120 12180 | - 120 A20-260 AP kgtha | 300 00200 [ oo A50-200 0220 200240 | 120140 70-240 20-120 0290
kgtha kgha kgtha kgtha kgtha kgtha kgha kgtha ZE0kgha | kgha legha kgha kgtha kgtha kgtha kgha
cultivation Method culfuztion Medrod: cultivation Method cultivation IMethod: cullivation Method . cultivation IMethod:

ploughfield, dis ¢ s eedbed, drill, Flough and cultivate, direct dril plough and prepare seed bed. Deep, firm szedbed. S oil should Drill or broadeast into fine Flough and press, cultiate to fine
roll. Irrigation not usualby required. | using corndbeet drill. Cultivate for seed may be drilled or broadeast, | be woked 3 wedis before seedbed. Harvest with forage seed bed. Atbernatively minimum
Harsestwith combine for grain, wieed contral. Irrigate summear pretre atwith inno culant Hanvest planting. Plant after last frost. harsester cultivations to awoid moisture lozs.
silage harvester for whole crop drought on ight s cils. Liftwith beet | haywhen first flowers have mechanical harvester uwedfor Harvest gr ainwith combine

harvester. Canbe used for direct opened. Canako be cut assilage. | graincrops, forage harvester and harvester ar for whole o op with
arazing. silage used for forage crop. silage hanrester.

Figure 4: An example output of data for a comparison of selected crop species

Determination of energy balance.

The second part of the database allows determination of the energy requirements for crop
production. The database allows the user to select one species for calculation of energy
values and then requires the input of various information relating to part of crop
harvested, soil types and fertiliser requirements based on the index level of the soil (how
much nutrient already exists in the soil from the previous harvest). By selecting one of
four regions (coastal, central, southern or northern) an indicative yield will shown, if
available, otherwise the user can input their own yield figure. Selection of harvested part
(whole crop, grain etc) results in different field operations being made available from
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which the user can select those required. Some operations such as ploughing will require
different energy inputs according to soil type. An example of the selection and input
screen is shown in Figure 5.

E= select crop and requirements - |E||i|
Crop, soil type and operation n'
requirements -
select field operations; Fert
crop: harvested part (=i Slpla
Ibarley j Iwhole crop - | Ig j'
S . : spray apps
Iwinter J Uropean region 1
Icoastal - | I j
s0il bype: . .
. arvests
Ideep fertile silby soils d yield tDM/ha
| 0.1 - | I1 :I'

Fartiirar raguiramants

soil nitrogen skakus: o, digestate

|1 = | I o - I

soil [ straw [ yield:

Iincorpnrated j i |

PK index: Get Fertiliser and

Energy
ID il | requirements

Figure 5: crop selection and input form

Having selected the relevant crop, growth conditions, harvested part, yield, field
operations an energy balance is calculated and is presented on the form as shown in
Figure 6.

The recommended amount of mineral fertiliser (derived from fossil fuels) required are
shown in the Fertiliser sub-form, the energy for fertiliser requirement is based on values
from Kongshaug (1998) including 40.3 MJ/kg for nitrogen. The energy required for
cultivation depends on the field operations selected and is shown in detail in the
Cultivation sub-form. The energy produced is calculated according to the methane yield
per tonne of material and the yield per hectare.

Production energy varies according to the design of the digester used, its size, local
climate conditions and method of operation. The most common form of digester currently
used for farm based production of energy are of the continuously stirred tank reactor
(CSTR) design which have been reported in work packages WP4, WP8 and WP9. These
digester systems require heat and electricity to run (parasitic energy) and for these
calculations the value of this parasitic energy is taken as being 14.4% of the energy of the
methane produced.

Having derived the crop production and fuel production energies, a net energy yield is
calculated for each ha of feedstock added to the digester. This energy value is shown as
potential output if the biogas is converted in a CHP unit to produce heat and electricity or
converted into vehicle fuel. These values are shown on the Energy Use sub-form shown
in Figure 6.
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-IDix

crap: harley sil: deep fertile silty sails ni
. patt harvested:
Culkivakion Energy: G060 MIfha
whole crop
Fertiliser Energy: 7112 Miha b Yodigestate:
total crop 13.17 Glfha
YRR ST Energy Use | Cultivation | Fertiiser | Methane vields | Motes |
yield: 10,1 toMfha
methane vield : 480 m3{tom per kDM per ha
ross nett
energy yield : 17.1 GItDM Mt 2
cat travel (km): 6015 60749 47377
energy produced : 173.1 @iha
. CHP
production energy i
et 249 G}ha electricity (kb 1666 16827 13123
. heat (kitd.br: 3094 31249 31249
netk energy vield: 134.98 aljha { ’
Show crop datasheset |

Figure 6: Energy balance form

The use of mineral fertiliser can have a large effect on the energy balance, this can be
reduced through the use of digestate which acts as a bio-fertiliser. It is possible to select
the proportion of fertiliser that will be applied in the form of digestate on the crop
selection form and this is reflected in the energy balance. Figure 7 shows the same inputs
as Figure 6 but with 50% of the fertiliser being in the form of digestate.

EE Energy production — |E||i|
crops barley sil: deep fertile silty soils ni
part harvested:
Culkivation Energy! G050 MIfha
whale crop
Fertiliser Energy: 3556 MIha 50 %edigestate:
tatal crop 9.62 Gljha
VLR R @i Energy Use | Cultivation | Fertiliser | Methane vields | Motes |
wield: 10.1 toMiha
methane vield : 480 m3/tDM [ O per hia
FOSs nett
energy vield : 17.1 &G3jtom SR g
car travel (km): &015 60743 48626
energy produced ; 173.1 @djha
; CHP
roduction ener -
e requirgi 24.9 Gijha electricity (ki.hr): 1666 16827 13465
5 hizat (kb 3094 31249 31249
nett energy vield: 138.54 Glha ¢ !
Show crop datasheet |

Figure 7: Energy balance using 50% digestate

Conclusion

The energy crops database can be used to provide information regarding growing
conditions and potential yields. It also provides a method to compare differences between
plant species in terms of required growing conditions and potential energy balances when
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used as feedstocks for anaerobic digestion. The information provided can only be
considered as an indication of potential yields, the actual biomass and biogas yields will
be dependent on growing conditions, times of harvest and the configuration of the
digester and post processing systems used.
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Dissemination

The initial intention of this deliverable was to provide inputs about crops selected for use
as feedstock for anaerobic digestion to the European Energy crops InterNetwork.
Unfortunately, the European Energy crops InterNetwork is no longer accepting inputs, as
shown in the email communications below. The database will therefore be made available
to members of the project and disseminated through downloads via the cropgen website.

Dear Dr. Salter,

The website is still accesible, however, it is not possible to add any new
articles or make changes anymore.

Best regards,
Douwe van den Berg

At 12:39 21-2-2006, you wrote:

Dear Sirs.

Could you please tell me if the European Energy Crops Internetwork is still
active?

If s0, is it possible to add to the BioBase and how?
With best regards.

Dr Andrew Salter

School of Civil Engineering & the Environment
University of Southampton,

Highfields,
Southampton SO17 1BJ, UK
email a.m.salter@soton.ac.uk
Tel +44 (0)2380 594321
Fax 02380 677519

Ir. Douwe van den Berg

Head BTG Consultancy

BTG biomass technology group BV

Postal address:
P.O. Box 217

7500 AE Enschede
The Netherlands

Phone: +31 53 486 11 86

Phone direct: +31 53 486 11 89

Fax : +31 53 486 11 80

E-mail: vandenberg@btgworld.com
URL: www.btgworld.com
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