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1 Explanatory note 

1.1.1 This text is an explanatory note to the spreadsheet model for the calculation of the 
emissions from indirect land use change (ILUC) as a result of biofuel production. The 
following text explains the scope of the study, the operation of the spreadsheet model 
and provides an indicative scenario as example in regards with the greenhouse gas 
(GHG) emissions potential as a result of ILUC from biofuel production. 

1.2 Scope of study 
1.2.1 This study intends to give an easy to use, early-stage tool for the calculation of the 

indirect CO2 emissions associated with biofuel production. The main issue concerning 
this study is that the emissions associated with biofuel production and use should take 
into account the indirect release of CO2 into the atmosphere arising from the conversion 
of land to biofuel production and the consecutive displacement of the original activity 
elsewhere. The amount of additional emissions will depend on the vegetation type which 
covers the land prior to biofuel production and on the type of land where this original 
land cover (e.g. maize production) will be displaced too. This constitutes a complex 
scientific matter, which requires years of research to be accurately assessed. However, 
this study represents an initial approach with the intention to provide a reasonable level 
of accuracy based on the limited information currently available together with a high 
level of transparency. 

1.2.2 The following sections will describe the key input parameters used in the study, as well 
as the structure of spreadsheet that has been produced. 

1.3 Key input data 
1.3.1 These data are primary inputs in the tool which may be provided by the user or 

alternatively can be extracted from the in-built database. These are listed below: 

• Types of biomass (above ground, below ground etc) 

• Land use (grassland, cropland, rainforest etc) 

• Emission factors for each type of land use (t C or t CO2 per hectare1 

• Conversion factor of dry matter to carbon for grassland and cropland 

• Carbon stocks of biomass per type of land 

1.3.2 Secondary inputs necessary for the calculations involve the proportional factors for the 
land use change. 

                                                     
1 Tonnes of carbon and Tonnes of carbon dioxide 
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1.4 Sources of data 
1.4.1 Most of the data as well as the necessary information for building the equations for the 

calculations have been obtained from the Good Practice Guidance for Land Use, Land-
Use Change and Forestry of the IPCC National Greenhouse Inventory Programme and 
other official publications regarding land use change. Data from non official sources 
have been avoided for reasons of establishing validity.  

1.5 Accuracy of results 
1.5.1 This study is an early-stage assessor and calculator for the emissions from the biofuel 

production involving the indirect land-use change effect. Therefore it is not intended to 
constitute an exhaustive study of the emissions from indirect land use change - which 
may take years to accurately assess -  but it should serve as a starting point for further 
research and a stimulus for renewed debate about the impact of biofuels on our climate. 
The sources of data that have been used though, as well as the methodology 
(calculations and input selection) that have been followed, are widely recognised as they 
come from the above mentioned reputable sources and thus we believe, this study can 
provide an indicative first estimate in regards with CO2 emissions from indirect land use 
change as a result of biofuel production. 

1.6 Structure of the model 
1.6.1 The model is a spreadsheet based tool which expands into four sheets, “Scenarios”, 

“Emission Calculations”, “Sources-Studies” and “Lists”. 

1.6.2 “Scenarios” and “Emission Calculations” sheets are the main interfaces between the 
user and the tool, where the above mentioned key input data are required to be 
imported. Colour coding of the cells has been followed so that it is easier for the user to 
identify which cells need to be altered; these are the working cells which include 
calculations and thus should NOT to be changed; which cells constitute the drop-down 
menus, and where the results should be found. 

• Light yellow cells indicate the input cells, where the user is asked to fill in data for: 

• Total volume of biofuel (litres) 

• Conversion efficiency (litres/tonne) 

• Crop yield (tonnes/hectare) 

• Biofuel yield (litres/hectare) 

• Carbon intensity (gCO2e/MJ) 

• Baseline scenario GHG saving (no ILUC) (%) 

• Biomass above ground (t C per ha) 
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• Forest product after 50 years (t C per ha) 

• Biomass mass for each type of land use (t C/hectare) 

• Conversion factor of dry matter to carbon for grassland and cropland 

• Default biomass carbon stocks present on land converted to Grassland 

• Annual emission factors for managed Grassland and Organic Soils 

• Light green cells (working cells) indicate the cells that do the calculations and 
should not be altered by the user: 

• Total volume of biofuel (litres) 

• Total mass of biofuel (tonnes) 

• Biofuel land (hectares) 

• % of the land displaced 

• Emissions from each of the different types of land use change 
(tCO2e/hectare) 

• Pink cells indicate the drop-down lists from which the user can select from a limited 
number of options. These cells interact with certain input cells for the calculations 
which are placed in the light green cells. That is the reason why certain cells belong 
in both the light yellow and light green types; the light yellow include the primary 
input data, and light green calculate the same input data for a given factor which is 
set by the drop-down lists in the pink cells. 

• Light blue cells indicate the results cells (total emissions from indirect land use 
change in tCO2e and GHG emission savings in %) 

1.6.3 The main results table which summarises all the model’s outcomes is located in the 
“Scenarios” sheet. 

1.6.4 The “Emission Calculations” sheet includes all the calculations for land conversion. The 
table at the bottom end of the sheet labelled as “Results” provides the emissions from 
land use change in tonnes CO2 per hectare for different land conversions and climatic 
conditions. 

1.6.5 The “Sources-Studies” sheet informs the user of the terminology used, references to 
existing work on the issue, the source and the quality of data that have been used in the 
model. 

1.6.6 The last sheet is the “Lists” which includes all the selections which supply the drop-down 
lists of the “Scenarios” and “Emission Calculations” sheets. They can potentially change 
according to the user’s requirements. 
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1.7 Emission reduction including ILUC 
1.7.1 The percentage reduction of GHG emissions from the Life Cycle and the direct land use 

change reported by the RFA, (RFA Monthly Report 8: 15 April-14 December 2008) does 
not take into account the ILUC.  By incorporating the ILUC in the calculations, it is 
expected that the emission saving will be lower. The magnitude of that drop depends on 
the type of land on which the original displaced land use is transferred. For example, 
converting rainforest instead of grassland will show significantly higher emissions from 
ILUC and thus the emission savings from the biofuels will be much lower. In summary 
the calculations of the new percentage savings presented in this report compare the 
GHG emissions that are emitted from all the operations involved with the cultivation of 
the feedstock and the production of the biofuel, plus the direct and indirect land use 
change with the fossil fuel life cycle emissions for the same amount of energy in MJ. 

1.7.2 It is important to note that the calculated percentages are really an indication of the 
potential scale of the effect that ILUC can have on the emission saving percentage of 
biofuels rather than a precise calculation. Even though the input data are from well 
respected sources (e.g. IPCC), due to the natural complexities involved in the carbon 
balance of different ecosystems’ the total emission calculations from biofuels must be 
sensitive to, location, country, climatic conditions, agricultural practice etc). Therefore, if 
a more precise analysis is sought, then appropriate data for the local conditions should 
be acquired. This is currently not available. 

1.7.3 Therefore in conclusion, the results from the calculation based on the assumptions 
presented below in 1.8 indicate that the ILUC is a significant factor which should not be 
ignored and could significantly alter the final analysis of whether biofules reduce GHG 
emissions overall. 

1.8 Indicative scenario 
1.8.1 Based on a number of assumptions Scott Wilson has developed a scenario to estimate 

the GHG emissions associated with indirect land use change. These have then been 
used to adjust the RFAs estimates of the GHG emission savings associated with the 
production and use of biofuels.  The five assumptions used to generate this scenario 
have been clearly laid out below.  The purpose of creating this scenario is (1) to create a 
reasonable demonstration of the potential scale of GHG emissions from ILUC and its 
potential implications on the UK’s biofuels policy. (2) To stimulate further research on 
the indirect impacts from biofuel production and in particular to provide additional 
evidence to support the assumptions that had to be made in this study. The data used 
regarding the amounts of biofuels imported (in litres) was obtained from the RFA, 
Monthly Report 8: 15 April-14 December 2008.  

• It has been assumed that only land which was previously devoted to agricultural 
production will need to be displaced elsewhere for example as a result of 
growing population and increasing food demand. On the other hand, habitats like 
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forests which have been converted to biofuel production are less likely to be 
displaced elsewhere (for example afforestation projects). Therefore for the 
purposes of this model we have assumed that only land which was previously 
devoted to agriculture (cropland and grassland used for agricultural purposes) 
might need to be displaced elsewhere.  

• The percentage of land which will be displaced will depend on various 
socioeconomic factors. Increasing population will signify higher demand for food 
production; however it is important to consider that technological progress and 
increasing productivity will lead to higher yields per unit of land. This means that 
eventually less land will be required for a certain amount of food production, and 
therefore less land will probably need to be displaced as a result of biofuel 
production. Since there are no definitive figures on food demand and 
technological progress, for the development of this indicative scenario it has 
been assumed that only 10% of the previous land use will be displaced. It is 
anticipated that this percentage might reflect a conservative assumption for the 
near future considering the pressure for more food around the world and the 
constant technological progress. 

• The next key assumption is about where the potential land displacement will 
occur. It is expected that land displacement will not necessarily occur within the 
same country. For example land conversion in Brazil from food to biofuel 
production, might lead to additional land requirement for food production 
overseas. For that reason it has been assumed that land displacement will occur 
globally. In addition it has been assumed that the land displacement will occur in 
six key biomes/habitats2 in equal proportions. This hypothesis of equal 
proportions was made due to a lack of credible information on where exactly the 
global agricultural frontier expansion is occurring. The logic behind this 
assumption is that in the absence of information of which biomes and habitats 
would be affected we have assumes an equal distribution amongst all land types 
analysed. It can be argued that this will lead to a conservative estimate of 
emissions as it could be reasonable to argue that the majority of the indirect land 
use change might occur in areas where land rights/ownership are not clear (e.g. 
tropical forests). 

• The displaced land in the above-mentioned 6 habitats/biomes is assumed to be 
annual cropland in all of the cases. This assumption has been made for the 
following reason: as the displacement is expected to occur globally there is high 
uncertainty as for which country and thus climate type will accommodate the 
displacement of land. Therefore, in the absence of more precise information a 
land type that results in a more conservative estimation of emissions has been 
selected. 

                                                     
2 These six habitats have been selected due to the availability of relevant information from previous studies in regards with emissions 
from land use change. 
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• The emissions from the ILUC are assumed to occur in the period which 
immediately follows the land use change. However, these emissions need to be 
amortised over a period of years for which it is assumed that a specific piece of 
land will be used for crop production. Therefore rather than assuming that all the 
emissions for ILUC occur in the first year of biofuel production, the impact has 
instead been amortised over a 20 year period. This value has been selected to 
be in line with the RTFO assumptions about the period over which the land is 
amortised3. Under the indicative scenario the total emissions from the ILUC have 
been divided by 20 to give the annual emissions. 

• In regards to the land use prior to biofuel production, in some cases this has 
been reported as “unknown”. One of the main reasons why land could be 
reported as unknown is because it is unregistered which implies that this could 
be forest. Therefore, it is reasonable to assume that this would largely not be 
displaced (i.e. forest would not be re-grown on another piece of land).  However, 
this would equally imply that the direct emissions associated with the land 
conversion to biofuels, would be significant. The possibility of including a figure 
for ILUC from unknown land was considered as a counterbalance for this official 
omission of direct emissions, but instead it was decided that it was preferable to 
leave the figures in the model as a more conservative estimation of the 
emissions from ILUC. We have however, applied similar proportions of 
grassland, cropland and by-product to the unknown category as some unknown 
land is likely to have been from these classifications. However, this still means 
around 70% of unknown land is still unaccounted for in terms of both direct and 
indirect emissions from land use change. 

 

 

                                                     
3 Carbon and Sustainability Reporting Within the Renewable Transport Fuel Obligation - Technical Guidance Part 1, Renewable Fuels 
Agency, Version 2.0, March 2009. 
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