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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 CO2 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 (El Bassam, 1998, Williams, 1995, Gunaseelan, 2004, Lehtomäki 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. 
 

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. 
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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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Figure 3: Selecting species for comparison 

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. 
 

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. 



CROPGEN Deliverable D9  Page 7 of 9 
 
 

 

 
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. 
 

 
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 so, 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 


