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SUMMARY 

CONTEXT 

Bioenergy from agriculture is today at the heart of sustainable development, integrating its key 

components: environment and climate change, energy economics and energy supply, agriculture, rural 

and social development. 

Fighting against climate change imposes the mitigation of greenhouse gases in our atmosphere. 

Considerable efforts have to be pursued, especially in the field of energy production and use. 

Concerning energy supply, the limitation of fossil fuels import is a crucial matter: beside the rational use 

of energy, the contribution of renewable sources, including biomass, for energy production is of 

considerable importance. It is worth to note that, in addition to the limitation of fossil fuels import, 

implementing renewable energy sources offers other attractive economic advantages, such as jobs 

creation, technology development, technology export, etc. 

 

Sustainable agriculture leads to important questions about the diversification of agricultural productions 

and sources of incomes for farmers, the use of rural and arable lands for food and non-food crops, the 

contribution of agriculture to climate change fighting and renewable energy supply. 

The lack of primary and reliable data on bioenergy externalities from agriculture and the lack of decision-

making tools are important non-technological barriers to the development of bioenergy from agriculture 

on a large scale, and, consequently, to the achievement of the national and regional objectives of 

sustainable development in greenhouse gases mitigation, secure and diversified energy supply, rural 

development and employment and agriculture future. Furthermore, the recent worldwide controversies 

about transport biofuels, food shortages and increasing prices have demonstrated the need for 

sustainability criteria applied to biofuels and bioenergy. 

OBJECTIVES 

In this sustainable development context, the objective of the TEXBIAG project is to lead to an actual and 

significant contribution of bioenergy from agriculture to the mitigation of greenhouse gases emission, to a 

rdbtqd `mc chudqrhehdc dmdqfx rtookx+ sn e`qldqrƍ hmbnldr `mc qtq`k cdudknoldms- 

 

To reach this final objective, it is necessary to grasp the modifications that will affect land-use on the one 

hand, and the energy utilizations and conversions of biomass on the other hand. To support this, it is also 

imperative to develop a comprehensive and reliable knowledge of the environmental and socio-economic 

impacts (externalities) of bioenergy from agriculture, which condition its long term development. 

To achieve this goal, the TEXBIAG project provides three tools: 

1. A database of primary quantitative data related to environmental and socio-economic impacts of 

bioenergy from agriculture integrating biomass logistics; 

2. A mathematical model monetizing bioenergy externalities from agriculture; 
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3. A prediction tool assessing the impacts of political decisions made in the framework of the 

development of bioenergy from agriculture on different economic sectors (energy, agriculture, 

industry, and environment). 

CONCLUSIONS 

Considering priority chains and available sources and experts for data collection, data adaptation focused 

on the 4 four main energy crops for biofuels production in Belgium: 

Ɣ Maize (grain maize in Flanders, silage maize in Wallonia); 

Ɣ Wheat; 

Ɣ Rapeseed; 

Ɣ Sugar beet. 

Different scenarios have been considered for each crop, according to farm size, soil characteristics and/or 

fertilizers application. 

Detailed results and calculations are available in Deliverable D1 Ɗ Database of environmental and socio-

economic impacts of bioenergy from agriculture. 

 

Applying qualitative and/or quantitative indicators and monetization possibilities to cultivation pathways 

enables producing comparisons between studied biomasses. 

The following impacts are included in the externalities assessment model: 

 Quantification of GHG emissions for the cultivation step 

 Qualitative impact on water quality 

 Quantification of acidification and eutrophication potentials 

 Qualitative impact on soil quality 

 Impact of deposition of pollutants on biodiversity 

 Job creation relating to cultivation 

 Qualitative assessment of socio-economic impacts 

 Monetization of impacts 

 

The externalities assessment model underlines the sensitivity of results towards cultivation pathways and 

the choice between work processes options. 

The main conclusion drawn from these figures and calculations is that even if default values exist for 

bioenergy production routes and are commonly accepted, it should remain possible to propose data 

adapted to the local context. 

The database and models developed by this project can be of great support to this process, allowing the 

user, whether a policy-related decision-maker or a producer, to compare options between several 

bioenergy routes and their cultivation pathways. 

CONTRIBUTION OF THE PROJECT IN A CONTEXT OF SCIENTIFIC SUPPORT TO A SUSTAINABLE DEVELOPMENT POLICY  

TEXBIAG must be seen as a contribution to the impact assessment of bioenergy in general, with focus on 

the cultivation step, which is one of the biggest, if not the biggest, contributing step to the overall impact 

of a given bioenergy chain. Impact criteria are under continuous development at national and European 

levels to allow producers bioenergy to demonstrate to potential consumers the quality of their products 

(through the observance of standards) along the process-chain. TEXBIAG contributes to a clear and 
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harmonized methodology at European scale, regarding emissions assessment all along the fuels life cycle, 

`r vdkk `r sgd udqhehb`shnm ne sgdrd dlhrrhnmr `s sgd rtookhdqrƍ rhcd- 

 

Among the three tools developed by TEXBIAG the database of environmental and socio-economic 

impacts gathers a considerable amount of data adapted to the local context. Focussing on the cultivation 

step, several crop management scenarios were selected matching realistic situations according to farm 

size, soil characteristics and fertilisation preferences. 

 

The externalities assessment model assembles quantitative, qualitative and monetization results for the 

cultivation step of considered routes. It enables the comparison of these routes according to an extended 

set of sustainability criteria and allows the user to decide whether a category of impact weighs more than 

another in a particular situation. 

 

The policy prediction tool (SPA2) finally is made available, and allows the following: 

Ɣ To define an arbitrary 'system' by assembling streams and components (e.g. Belgium) 

Ɣ To study the substitution of components within the considered system 

Ɣ To feed in data from arbitrary sources, with or without data modifications, and in combination with 

local data 

Ɣ To determine the impacts of any substitution, with any assumption about impact methodology 

Additional specific advantages of SPA2 are: 

Ɣ Flexibility in mixing different types of data sources 

Ɣ Unlimited streams going  in and out of process units 

Ɣ No allocation assumptions needed inside the system 

 

The impact balances must allow policy makers to take decisions, and the combined tool allows to 

assess/compare the decisions taken by them. 

KEYWORDS 

Bioenergy, biomass, agriculture, sustainable development, decision-making tools, externalities, 

environmental impacts, socio-economic impacts, policy prediction. 
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CHAPTER 1 INTRODUCTION 

1.1. CONTEXT 

Bioenergy from agriculture is today at the heart of sustainable development, integrating its key 

components: environment and climate change, energy economics and energy supply, agriculture, rural 

and social development. 

Fighting against climate change imposes the mitigation of greenhouse gases in our atmosphere. 

Considerable efforts have to be pursued, especially in the field of energy production and use. 

Concerning energy supply, the limitation of fossil fuels import is a crucial matter: beside the rational use 

of energy, the contribution of renewable sources, including biomass, for energy production is of 

considerable importance. It is worth to note that, in addition to the limitation of fossil fuels import, 

implementing renewable energy sources offers other attractive economic advantages, such as jobs 

creation, technology development, technology export, etc. 

 

Sustainable agriculture leads to important questions about the diversification of agricultural productions 

and sources of incomes for farmers, the use of rural and arable lands for food and non-food crops, the 

contribution of agriculture to climate change fighting and renewable energy supply. 

The lack of primary and reliable data on bioenergy externalities from agriculture and the lack of decision-

making tools are important non-technological barriers to the development of bioenergy from agriculture 

on a large scale, and, consequently, to the achievement of the national and regional objectives of 

sustainable development in greenhouse gases mitigation, secure and diversified energy supply, rural 

development and employment and agriculture future. Furthermore, the recent worldwide controversies 

about transport biofuels, food shortages and increasing prices have demonstrated the need for 

sustainability criteria applied to biofuels and bioenergy. 

 

Research on sustainability criteria and certification systems in Europe has started in several institutions and 

through European and international initiatives (the Dutch Cramer Commission, the United Kingdom (UK) 

Renewable Transport Fuels Obligation, the German Biofuels Sustainability Ordinance, the Roundtable on 

Sustainable Palm Oil, the Roundtable on Sustainable Biofuels, etc.). 

These regulatory and voluntary initiatives have fed the debates around the new EU Directive on the 

promotion of renewable energy sources. Sustainability requirements are included in this new Directive as 

well as in the revised Fuel Quality Directive. Even if this Renewable Energy Directive (RED) overrules pre-

existing national initiatives, national standards and voluntary schemes can support its implementation and 

cover aspects lacking in the Directive. 

1.2. OBJECTIVES OF THE PROJECT 

In this sustainable development context, the objective of the TEXBIAG project is to lead to an actual and 

significant contribution of bioenergy from agriculture to the mitigation of greenhouse gases emission, to a 

rdbtqd `mc chudqrhehdc dmdqfx rtookx+ sn e`qldqrƍ hmbnldr `mc qtq`k cdudknoldms- 
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To reach this final objective, it is necessary to grasp the modifications that will affect land-use on the one 

hand, and the energy utilizations and conversions of biomass on the other hand. To support this, it is also 

imperative to develop a comprehensive and reliable knowledge of the environmental and socio-economic 

impacts (externalities) of bioenergy from agriculture, which condition its long term development. 

To achieve this goal, the TEXBIAG project provides three tools: 

1. A database of primary quantitative data related to environmental and socio-economic impacts of 

bioenergy from agriculture integrating biomass logistics; 

2. A mathematical model monetizing bioenergy externalities from agriculture; 

3. A prediction tool assessing the impacts of political decisions made in the framework of the 

development of bioenergy from agriculture on different economic sectors (energy, agriculture, 

industry, and environment). 
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CHAPTER 2 METHODOLOGY AND RESULTS 

2.1. DATABASE OF ENVIRONMENTAL AND SOCIO-ECONOMIC IMPACTS OF BIOENERGY CHAINS 

2.1.1. Priority bioenergy chains selection  

Considering the numerous existing bioenergy chains, an enquiry was consequently conducted, asking 

Belgian stakeholders which bioenergy chains they would consider the most relevant for the Belgian 

market. 

The enquiry was based on bioenergy chains selected by the most advanced European sustainability 

initiatives: the Cramer Commission for the Netherlands, the Biofuel Quota Law for Germany, the 

Renewable Transport Fuels Obligation (RTFO) for United Kingdom and the RES Directive of the European 

Commission. 

A list of more than 200 stakeholders was established, including e.g. private companies from biomass 

production, conversion and distribution, public authorities, research institutions, consultants. Results were 

cross-checked with consortium partners and Follow-up Committee members and can be considered as 

representative. 

As a result of this enquiry Table I ranks bioenergy chains relevant for the Belgian market to be studied in 

priority by the TEXBIAG project. 

Table I - Bioenergy chains relevant for the Belgian market, ranked according to their importance 

Resource type Production Resource Conversion technology 

High importance 

Agriculture Belgium  Rapeseed (Pure plant oil) Biodiesel 

Agriculture Belgium  Wheat Ethanol ETBE 

Agriculture Belgium  Sugar beet Ethanol ETBE 

Forest 
Belgium or 

import 
Wood pellets 

100% biomass power plant 

Co-firing in coal power plant 

CHP 

Forest 
Belgium or 

import 
Wood chips 

Co-firing in coal power plant 

CHP 

Forest 
Belgium or 

import 
Wood dust 

Co-firing in coal power plant 

CHP 

Residues, by-products & 

wastes 
Belgium  Landfill gas Biogas Power/CHP 

Residues, by-products & 

wastes 
Belgium Sewage sludge Biogas Power/CHP 

Residues, by-products & 

wastes 
Belgium Manure Biogas Power/CHP 

Residues, by-products & 

wastes 
Belgium 

Biogenic fraction of 

MSW 
Biogas Power/CHP 

Medium importance 
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Agriculture Belgium  Maize 
Ethanol ETBE 

Biogas Power/CHP or biofuel 

Agriculture Import Soybean (Pure plant oil) Biodiesel 

Agriculture Import Palm oil (Pure plant oil) Biodiesel 

Agriculture Import Sunflower (Pure plant oil) Biodiesel 

Agriculture Import Sugarcane Ethanol ETBE 

Agriculture Import Jatropha oil (Pure plant oil) Biodiesel 

Residues, by-products & 

wastes 
Belgium Tallow Biodiesel 

Residues, by-products & 

wastes 
Belgium 

Used cooking oils & 

fats 
Biodiesel 

Residues, by-products & 

wastes 
Belgium Agrofood residues Co-firing in coal power plant 

Residues, by-products & 

wastes 

Belgium or 

import 
Glycerine Methanol 

Lower importance 

Agriculture Belgium  
Miscanthus, SRC, 

Switch grass 
Lignocellulosic ethanol 

Main crop or residues Belgium 
Woody & non-

woody biomass 
Gasification 

Methanol 

Fischer-Tropsch 

DME 

2.1.2. Available and missing data  

Next step consisted in cross-checking priority bioenergy chains with available datasets in the primary data 

source: the EcoInvent database. This exercise demonstrates that the majority of the chains are included in 

this database, except a few ones, as detailed in Table II. 

Most biofuel chains are included in the database. The main missing data concern power production in 

large power plants, which is a major biomass application in Belgium, either for co-firing in coal power 

plants or for 100% biomass plants, such as "les Awirs" (Liège). Data on biogas production from wastes are 

also missing. 

Table II - Data availability in EcoInvent 

 Automotive power  Electricity  Heat/CHP 

L
o

c
a
l 

À Biodiesel from rapeseed 

À Ethanol/ETBE from wheat 

À Ethanol/ETBE from sugarbeet 

À Ethanol/ETBE from maize 

À Biodiesel from used cooking oils & fats 

À Lignocellulosic ethanol from grass 

À Methanol from gasification 

À DME from gasification 

À (Biodiesel from tallow) 

À (Methanol from glycerine) 

À Wood residues in 
large power plants 
(co-firing and 100% 
biomass) 

À Wood chips 

À Biogas from grass 

À Biogas from wastes 

Im
p

o
rt

 

À Biodiesel from soybean 

À Biodiesel from palm oil 

À Ethanol/ETBE from maize US 

À Ethanol/ETBE from sugar cane 

À (Biodiesel from jatropha) 

  

green = available, red = not available 
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TEXBIAG seeks to gather primary data related to environmental and socio-economic impacts of bioenergy. 

Available datasets in the EcoInvent database need therefore to be adapted to the Belgian context. This is 

done through experts' consultation. 

 

Figure 1 gives a range of GHG emissions associated with production steps for ethanol and biodiesel 

(gathered from default values included in the RES Directive). This illustrates that the majority of GHG 

emissions are tied to the cultivation and conversion processes. 

 

Cultivation Transp. Conversion Transp. Distribution

EtOH

FAME

30 - 70% 1 - 4% 20 - 70% 1 - 4% 1%

30 - 85% 1% 25 - 60% 1 - 3% 1%

 

Figure 1 Ɗ Distribution of GHG emissions for ethanol (EtOH) and biodiesel (FAME) chains per step 

(retrieved from EC, 2009) 

The adaptation of EcoInvent data in the Belgian context needs therefore to be firstly focused on 

agricultural practices and conversion processes. Whether the latter are not anticipated to vary a lot from 

average Swiss or European processes, agricultural practices are often, if not always, specific to local 

conditions. 

2.1.3. Agricultural practices adaptation  

 

As summarised in Figure 2, the cultivation of any crop takes several inputs and outputs. EcoInvent data 

relating to crop cultivation are detailed in the Ecoinvent report No.15 "Life Cycle Inventories of Swiss and 

Dtqnod`m @fqhbtkstq`k Oqnctbshnm RxrsdlrƐ 'Mdldbdj % Júfh+ 1//6(- 
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Agricultural 

field work 

processes

Crop 

cultivation

Seeds

Tractor & 

agricultural 

machinery

Fuel

Fertilisers & 

pesticides

RESSOURCES

EMISSIONS

Machinery production

Fuel production in 

refinery

Fuel combustion & 

tyre abrasion

Fertilisers & pesticides 

production

Direct field emissions 

from fertilisers & 

pesticides application

Seeds production

TECHNOSPHERE

NATURE

Elementary flows of ressources between nature and technosphere

Elementary flows of pollutants between technosphere and nature 

 

 Figure 2 Ɗ Examples of elementary flows considered in crop cultivation in EcoInvent 

 Agricultural work processes  

Firstly, it is worth noting that EcoInvent assumes that fields and meadows are not irrigated, as it is the most 

frequent practice in Switzerland and Europe, and tallies with the data source used (Nemecek & Kägi, 

2007). This statement is also valid for Belgium. 

Agricultural work processes include operations such as land preparation (tillage), mineral and organic 

fertilisers application, plant protection products application, sowing, harvesting, transport from field to 

farm, etc. 

In Nemecek & Kägi (2007), the following data are displayed for each agricultural work processes: 

 machinery description; 

 fuel consumption; 

 emissions per hour (HC, NOx, CO), calculated from emission models based on engine speed and 

power; 

 other emissions (CO2, SO2, CH4, N2O, etc.) are calculated according to fuel consumption, thanks 

to emission factors. 

Machinery description and fuel consumption have been cross-checked with Belgian experts and related 

emissions adapted accordingly (detailed results and calculations are available in Deliverable D1 Ɗ 

Database of environmental and socio-economic impacts of bioenergy from agriculture). 

 Agrochemicals production  

Life cycle inventory data for the production of mineral fertilisers included in EcoInvent represent the 

European average.  



Project SD/EN/05 - Decision-l`jhmf snnkr sn rtoonqs sgd cdudknoldms ne ahndmdqfx eqnl `fqhbtkstqd ƏSDWAH@FƐ 

SSD-Science for a Sustainable Development - Energy  15 

 

They were compiled from different sources, requiring different procedures and assumptions, as detailed in 

Nemecek & Kägi (2007). For these reasons they are not questioned in the TEXBIAG project. 

 

Based on the target-organism group, pesticides of agricultural importance can be broadly categorised as: 

Ɣ Herbicides (for weed control); 

Ɣ Insecticides (for insect control); 

Ɣ Fungicides (for fungal pathogen control); 

Ɣ Others (such as nematicides, bactericides, rodenticides). 

Most modern synthetic organic pesticides are manufactured entirely from intermediates derived from 

fossil fuels. 

It is very difficult to obtain current, accurate and specific data on pesticide production. The reasons for this 

is that detailed information on the production processes is available to the pesticide industry, but not to 

the public. Nevertheless LCA studies of agricultural production have shown the impact of pesticide 

production to be fairly small, usually below 5% (Nemecek & Kägi, 2007). The toxic impact of the 

substance applied in the field, however, can be very significant. 

Even though LCI data for pesticides in EcoInvent refer to the situation in the USA, manufacturing 

processes, which are patent-based, would not differ greatly in Europe. 

For these reasons, pesticides manufacturing processes are not adjusted by TEXBIAG. The active 

ingredients and applied amounts are compared and emissions modified consequently (see below). 

 

Life cycle inventories for seeds are modelled according to 5 steps: 

Ɣ seed production; 

Ɣ transport to seed-processing centre; 

Ɣ processing of the seed; 

Ɣ seed storage; 

Ɣ transport to final user or regional storehouse. 

The seed of most crops are used in relatively small quantities. Life cycle assessment studies have shown 

that the environmental burdens of agricultural crops due to seed lie below 5% for most crops (Nemecek & 

Kägi, 2007). For this reason, seed manufacturing are not adapted by TEXBIAG. Only the quantity of seed 

required for the cultivation of a given crop is adapted and related emissions adapted accordingly (see 

below). 

2.1.4. Direct field emissions from fertilisers and pesticides application  

As shown here above, the major adjustment to make regarding agricultural practices in EcoInvent relates 

to the direct field emissions due to fertilisers and pesticides application during cultivation. 

The models used in EcoInvent to estimate emissions due to fertilisers and pesticides application are 

detailed in Nemecek & Kägi (2007) and related sources. 

 

An Excel spreadsheet gathering formulae and calculations was used in order to adapt emissions according 

to amounts of fertilisers and pesticides used in Belgian cultivation pathways (detailed results and 

calculations are available in Deliverable D1 Ɗ Database of environmental and socio-economic impacts of 

bioenergy from agriculture). 
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Direct field emissions considered are the following: 

- Emissions of ammonia (NH3) to the air: 

À Causes eutrophication and acidification; 

À From slurry and liquid manure spreading; 

À From liquid sewage sludge; 

À From solid manure (from cattle & pigs) spreading; 

À From mineral fertilisers (%N emitted in form of NH3); 

- Nitrate (NO3
-) leaching to ground water: 

À Causes eutrophication when comes to surface Ą N2O emissions; 

À Model considers: 

- N mineralisation from the soil organic matter per month; 

- N uptake by vegetation per month; 

- N input from the spreading of fertiliser; 

- Soil depth and type; 

- Crop rotation; 

- Soil cultivation intensity. 

- Emissions of phosphorus to water: 

À Causes eutrophication; 

À 3 sources: 

- Leaching to ground-water; 

- Run-off to surface water (rivers); 

- Erosion of soil particles to rivers; 

- Emissions of nitrous oxide (N2O) to the air: 

À Intermediate product of the denitrification process (NO3- to N2); 

À Also a by-product of the nitrification process (NH4 to NO 3
-); 

À Model considers: 

- Available N in fertilisers; 

- N in crop residues; 

- N from biological N fixation (estimated by the quantity of N contained in the shoots of 

legumes); 

- Losses of N in the form of NH3; 

- Losses of N in the form of NO3
-; 

- Emissions of nitrogen oxides NOx to the air; 

À Produced in parallel of N2O in denitrification process; 

- Nutrient inputs in agricultural soils: not inventoried because it is assumed that fertilisers cover the 

needs of the plants; 

- Release of fossil CO2 after urea application: during urea production process, CO2 is used, which 

is released to the atmosphere after urea application and transformation in the soil; 

- Emissions of heavy metals (HM) to agricultural soil, surface water and ground water: 

À Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), Mercury (Hg), Nickel (Ni) & Zinc 

(Zn); 
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À Sources: 

- Seeds;  

- Plant protection products (mineral fertilisers, farmyard manure & pesticides1); 

À 3 types: 

- Leaching of HM to ground water; 

- Emissions of HM into surface water through erosion of particles; 

- Emissions of HM to agricultural soil (can be positive or negative). 

2.1.5. Data adaptation for Belgian bioenergy routes  

Considering priority chains (see section 2.1.1) and available sources and experts for data collection, data 

adaptation focused on the 4 four main energy crops for biofuels production in Belgium: 

Ɣ Maize (grain maize in Flanders, silage maize in Wallonia); 

Ɣ Wheat; 

Ɣ Rapeseed; 

Ɣ Sugar beet. 

 

Different scenarios have been considered for each crop, according to farm size, soil characteristics and/or 

fertilizers application. 

Soil characteristics influence among others nitrogen mineralisation rate from the soil organic matter. 

Selected cases are: 

 low mineralisation rate: 90 kg NO3
-/ha.year 

 medium mineralisation rate: 150 kg NO3
-/ha.year 

 high mineralisation rate: 250 kg NO3
-/ha.year 

 

Selected scenarios are the following:  

 Grain maize (Flanders): 

1. Big holding, without P & K fertilisation, on soil with a low mineralisation rate  

2. Big holding, without P & K fertilisation, on soil with a medium mineralisation rate  

3. Big holding, with P & K fertilisation, on soil with a low mineralisation rate 

4. Big holding, with P & K fertilisation, on soil with a medium mineralisation rate 

5. Smallholding, with N, P & K fertilisation, on soil with a low mineralisation rate 

6. Smallholding, with N, P & K fertilisation, on soil with a medium mineralisation rate 

 Silage maize (Wallonia): 

1. Big holding, without P & K fertilisation, on soil with a low mineralisation rate 

2. Big holding, without P & K fertilisation, on soil with a high mineralisation rate  

3. Big holding, with P & K fertilisation, on soil with a low mineralisation rate 

4. Big holding, with P & K fertilisation, on soil with a high mineralisation rate 

5. Smallholding, with N, P & K fertilisation, on soil with a low mineralisation rate 

6. Smallholding, with N, P & K fertilisation, on soil with a high mineralisation rate 

 Wheat: 

1. Without P & K fertilisation, on soil with a low mineralisation rate 

                                                 

 
1
 However, heavy metal inputs from pesticides are confirmed to be negligible, compared to other sources, such as atmospheric 

deposition, manure and sewage sludge applications (Nicholson et al., 2003). 
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2. Without P & K fertilisation, on soil with a high mineralisation rate 

3. With P & K fertilisation, on soil with a low mineralisation rate 

4. With P & K fertilisation, on soil with a high mineralisation rate 

 Rapeseed: 

1. Without P & K fertilisation, on soil with a low mineralisation rate 

2. Without P & K fertilisation, on soil with a high mineralisation rate 

3. With P & K fertilisation, on soil with a low mineralisation rate 

4. With P & K fertilisation, on soil with a high mineralisation rate 

 Sugar beet: 

1. On soil with a low mineralisation rate 

2. On soil with a high mineralisation rate 

 

Detailed results and calculations are available in Deliverable D1 Ɗ Database of environmental and socio-

economic impacts of bioenergy from agriculture. 

2.2. ENVIRONMENTAL AND SOCIO-ECONOMIC EXTERNALITIES ASSESSMENT 

Many bioenergy sustainability initiatives got down to the establishment of a list of environmental and 

possibly socio-economic sustainability criteria for biomass and bioenergy. From an extensive study of 

these initiatives (see Deliverable D26) it is possible to draw a list of themes or principles for which there is 

a consensus. 

Relevant sustainability criteria for biomass and bioenergy can be classified in 3 categories: (1) 

environmental criteria, such as GHG emissions saving, carbon stocks conservation, environment quality 

preservation, etc.; (2) socio-economic criteria, such as food security, workers' rights respect, land property 

rights respect, etc.; and (3) macro-level issues, mainly related to indirect land-use changes (LUC), which 

can have disastrous consequences on GHG emissions, biodiversity losses, socio-economic impacts, etc. 

2.2.1. Environmental sustainability criteria and indicators  

One of the universally claimed benefits of bioenergy use is the reduced GHG emissions. Nonetheless it is 

now recognised that bioenergy does not at all times lead to a reduction of GHG emissions compared to 

fossil energy. The most consensual environmental sustainability criterion therefore considers a GHG 

emission reduction potential of bioenergy, in comparison with a fossil fuel equivalent. For instance this 

minimum GHG saving must be at least 35% for the RED (CE, 2009). 

In addition to GHG reduction potential, above- and below-ground carbon stocks conservation is also 

perceived as a crucial environmental sustainability criterion. Existing indicators mainly relate to payback 

time, that is to say the period necessary to recover the carbon stock at a reference date. 

Beside carbon-related criteria, biodiversity protection and high conservative value areas conservation are 

also decisive. Several conventions support the verification of these criteria, such as the Convention on 

Biological Diversity or the Convention on International Trade in Endangered Species (CITES) of Wild 

Fauna and Flora. 

Other widely recommended environmental sustainability criteria relate to the conservation of air, water 

and soil quality and the sound use of pesticides. Various quantitative or qualitative indicators for 

environment quality conservation are attached to these sustainability criteria. 
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2.2.2. Socio -economic sustainability criteria and indicators  

Beside its potential impacts on the environment, bioenergy also affects social and economic conditions. In 

front of rising critics regarding adverse effects of the increased use of bioenergy, and biofuels in particular, 

the urge for ensuring socio-economic sustainability is more than ever felt. 

However implementing mandatory socio-economic criteria can also create conflicts with the World Trade 

Organization (WTO). This explains why the European Commission chose not to include socio-economic 

sustainability criteria in the new RES Directive and to focus on environmental principles only (GHG 

emissions reduction, biodiversity and agricultural practices). 

Nevertheless socio-economic impacts on local well-being, working conditions, land property rights or 

local prosperity are included in several sustainability initiatives (Cramer Commission, RTFO, RSPO, RSB 

and many others). Qualitative indicators and existing (inter)national conventions support the 

implementation of sustainability criteria related to socio-economic conditions. Examples of these 

conventions include the Global Reporting Initiative (GRI), the Universal Declaration of Human Rights and 

conventions of the International Labour Organisation (ILO). 

Considering the strained debates on whether or not socio-economic sustainability should be incorporated 

in the new RES Directive, the European Commission offered to report from 2012 on third countries and 

Member States that are a significant source of (raw material for) biofuels consumed within the Community 

(EC, 2009). Those reports will assess if EU biofuel policy has an impact on social sustainability in the 

Community and in third countries, on the availability of foodstuffs at affordable prices and on the respect 

of land use rights. Moreover reports will state whether the country has ratified and implemented 

conventions of the International Labour Organisation (on forced labour, freedom of association, equal 

remuneration, employment discrimination, child labour, etc.) or the Carthagena protocol on biosafety. 

The Commission shall, if appropriate, propose corrective action; in particular if evidence shows that 

biofuel production has a significant impact on food prices. 

2.2.3. Macro -level issues ð indirect effects  

Indirect effects of bioenergy are mainly related to indirect land-use changes. Indirect land-use change 

occurs when pressure on agriculture due to the displacement of previous activity or use of the biomass 

induces land-use changes on other lands in order to maintain previous level of (e.g., food) production 

(Gnansounou et al., 2008). This is also called "leakage" or "displacement effect". 

Indirect land-use changes may induce several deplorable effects, such as greenhouse gas emissions 

(through deforestation for instance), biodiversity losses, competition with food, local energy supply, 

medicine and building materials, or prosperity and economic effects. 

It seems not possible at the present state of knowledge to accurately assess the effects of indirect land-use 

changes due to bioenergy production. Several challenges exist to accurately quantify emissions resulting 

from indirect land-use at a global scale. A global trade and economic model with country by country and 

crop by crop data would be needed (Johnson & Roman, 2008). All the available studies at the moment 

use general/partial equilibrium models. However, at present, only rough estimations based on 

hypothetical cases are available. No model has been developed or used to down-scale indirect effects 

lower than the national level and neither to predict the spatial relocation of displaced activities 

(Gnansounou et al., 2008). 
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Since indirect effects of bioenergy are impossible to assess at the company level and therefore cannot be 

translated as it is into sustainability criteria, many sustainability initiatives, such as RED (EC, 2009), 

Cramer Commission (Cramer et al., 2007), UK RFTO (RFA, 2008), suggest entrusting Governments with 

the monitoring of indirect land-use changes and leakage effects. 

2.2.4. Externalities monetization methods  

There is rarely a market to monetize impacts of soil quality on biodiversity. The Willingness To Pay (WTP) 

of individuals to avoid these impacts or their Willingness To Accept (WTA) them if compensated for can 

thus be used to monetize impacts or externalities.  

Monetization is based on different techniques according to the type of impact or externality (Pearce et al., 

2006, Atkinson et al., 2007, De Palma & Zaouli, 2007, Jenkins et al., 2007). If the externality affects a 

good: 

Ɣ Used, its use can be actual, planned, or possible;  

Ɣ Not or passively used, its value can be of existence (for example, the value of threaten species), 

altruistic (the value for the others), or bequest (the value for the future generations). 

For used goods, revealed preferences methods are suitable, for non-used goods, stated preferences 

methods must be adopted. Another method is the Benefits transfers. 

 Revealed preferences methods  

Revealed preferences methods are based on existing or substitute market. If a market exists for the 

externality, its monetization is the market price. If there is no market for the externality, a substitute 

market is used. Methods with substitute markets can be e.g. the travel cost method, the hedonic price 

method, the averting behaviour method or the cost of illness method. 

The Travel cost method monetizes an externality, a natural site quality for example, on the basis of 

expenses made by people to go to this site (transport, time opportunity cost, frequency, accommodation, 

etc.). 

The hedonic price method monetizes an externality by observing related good market (Secchi, 2007). For 

example, the value of noise can be assessed by the impact it has on house price. Problems are 

multicollinearity (houses near roads are affected by noise and pollution) and potential lack of information 

on externalities when buying on related market. 

To monetize an externality, the Averting behaviour or defensive expenses method assesses all the 

expenses people are ready to make to prevent this externality (for example, the cost of double-glazing to 

prevent road noise). 

Cost Of Illness (COI) is a type of Averting behaviour method applied to health externalities (ABT, 2003). It 

represents all the costs, from diagnosis to cure or death, tied to morbidity due to an externality. 

 Stated preferences methods  

Stated preferences methods are based on hypothetical markets (Fankhauser, 1994, Freeman, 1996, 

Gallagher et al., 2003, Colombo et al., 2006, Groothuis et al., 2007).  

To monetize externalities, Contingent valuation method uses questionnaires to create a hypothetic market 

`mc du`kt`sd bnmrtldqrƍ adg`uhntq 'Vdkrbg+ 1//2+ Cyhdfhdkdvrj`et al., 2005). This method is close to 

marketing and has its advantages and limits (expensive, time-consuming, questionable reliabikhsxƕ(- 
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Choice modelling (or Choice experiment method) is another stated preferences method (Rambonilaza, et 

al., 2007), quite similar to Contingent valuation method; it takes into account the different attributes of an 

externality to monetize it.  

Another alternative is the Deliberative monetary valuation. This method uses participatory deliberation to 

monetize environmental changes (Bovea & Vidal, 2004, Spash, 2007). 

 Benefits transfers  

For all types of externalities, instead of assessing own WTP or WTA, which is quite time-consuming and 

expensive, Benefits transfers can be used Smith et al., 2002, Bergstrom & Taylor, 2007). Benefits transfers 

are the adaptation of existing studies and databases to own context. They must be used carefully because 

of important transfer limits: quality and accuracy of other studies, differences in coverage and unit, 

differences between contexts (population characteristics, importance of externalities assessecƕ(+ c`s` `fd+

etc.  

 Monetization methods ɀ conclusion  

In the TEXBIAG framework, bioenergy externalities monetary value can be estimated through: 

Ɣ Market price,  

Ɣ Hedonic price,  

Ɣ Contingent valuation,  

Ɣ Benefits transfers, 

but also through: 

Ɣ Avoided damage costs,  

Ɣ Replacement costs,  

Ɣ Restoration costs,  

Ɣ Alternative or substitute costs. 

2.2.5. Externalities interactions  ð qualitative model  

The most relevant bioenergy externalities have been selected and indicators for their assessment are being 

defined. 

Since bioenergy externalities are not stand-alone impacts, selected externalities are being articulated (see 

Figure 3) into a qualitative model in order to identify cause-effect relationships, feedback, induced and 

non-linear effects between them. Systems dynamics and indicators are being used to describe and assess 

these potential links. 

The qualitative model defines links between externalities, studied separately, and characterizes these 

relations into positive (correlation), negative (inverse) or indeterminate. 
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Figure 3 - Major bioenergy externalities and their relations 

From this modell ing, it appears that many interactions between bioenergy externalities are not 

straightforward. 

Many of them are time or space dependent. Agricultural practices vary a lot from one region to another; 

indirect effects are far from being understood and assessed correctly, long-term effects of climate change 

are still unknown, etc. 

The qualitative model is iteratively refined through interactions with experts in workshops and 

brainstorming sessions. Since a lot of research efforts are still ongoing on many of these parameters 

(climate change, biodiversity, indirect effects, etc.) it is also important to keep an eye on scientific releases 

in order to improve this model. 

2.2.6. Indicators for externalities assessment  ð summary  

Qualitative and/or quantitative indicators enabling the assessment of the above-mentioned environmental 

and socio-dbnmnlhb dwsdqm`khshdr `qd cdrbqhadc hm Cdkhudq`akdr 5 `mc 5ƍ- 

The table below summarizes studied externalities, potential qualitative and/or quantitative indicators and 

monetization possibilities. In case no monetization is possible a qualitative assessment using a "traffic 

light" code is used. This aims at drawing attention on potential risks for a given externality. 

Competition 

with food

Social well-

being

Land property 

rights

Local 

prosperity

Direct and 

indirect land-

use changes

GHG 

emissions
Carbon stocks

Biodiversity

Environment 

quality (air, soil 

and water)

Agricultural 

practices

Climate 

change

Global 

warming

Health

With A having an impact on B:

= when A increases/decreases, B increases/decreases (correlation)A B

= when A increases, B decreases (inverse relation)A B

= when A increases, B either increases or decreases (indeterminate relation)A B
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Table III - Summary of indicators and monetization possibilities for the assessment of bioenergy 

externalities 

Externalities Sustainability criteria Indicators 

Environmental 

externalities 

GHG emissions - Global warming Ɗ 

Climate change 
Q ú

 

 

Environment 

quality 

Air quality Q ú
  

Soil quality Q ú
  

Water quality Q ú
  

Biodiversity 
Biodiversity Q ú

 
 

GMO    

Socio-economic 

externalities 

Local prosperity Q   

Working conditions    
Property rights    
Local well-being    
Competition with food     
Energy security    

Macro-level 

externalities 
Indirect land -use change ? ? 

 

Q : Quantitative indicator(s) 

ú
 : Monetization possible 

  : Traffic lights to assess potential risk 

 

Monetized and non-monetized indicators are displayed in tables with all monetized, quantitative and 

qualitative information on each bioenergy route selected (one table per bioenergy route). These tables 

allow policy  makers to take into account all dimensions of sustainable development in their choice of the 

best bioenergy routes to support. 

2.2.7. Externalities assessment of selected bioenergy routes  ð results 

Applying qualitative and/or quantitative indicators and monetization possibilities to cultivation pathways 

enables producing interesting comparisons between studied biomasses. Selected results are discussed 

below. 

It is worth noting that calculations focus on elements that were adapted to the Belgian context: that is to 

say, direct field emissions due to phytoproducts adaptation and agricultural work processes (tractors and 

machinery consumption and emissions). Even tough also consequent, impacts of phytoproducts and seed 

manufacturing, machinery production and fuel refining are not included in the results displayed here after, 

except for wheat and rapeseed in the calculations run by SPA (see section 2.3). 

The following impacts are considered in subsequent sections: 

 Quantification of GHG emissions for the cultivation step 

 Qualitative impact on water quality 

 Quantification of acidification and eutrophication potentials 

 Qualitative impact on soil quality 

 Impact of deposition of pollutants on biodiversity 

 Job creation relating to cultivation 

 Qualitative assessment of socio-economic impacts 

 Monetization of impacts 
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2.2.8. Quantification of GHG emissions for the cultivation step  

Simply balancing CO2 absorbed by crop growth with GHG emissions for the cultivation of this crop not 

surprisingly shows negative GHG emissions. However it is crucial here to mention that these calculations 

do not include GHG emissions relating to land-use change. 

Furthermore, only the cultivation step is considered here. More complete calculations are made through 

SPA software in the policy prediction tool (see section 2.3). 

 

Figure 4 Ɗ GHG emissions associated with the cultivation step 

2.2.9. Qualitative impact on water quality  

Some substances emitted on field during cultivation affect water quality. Beside the quantification of 

acidification and eutrophication potentials (see below), the model combines several factors to provide a 

qualitative assessment (traffic lights) of crop cultivation on water quality: 

Ɣ nitrate leaching risks according to previous crop, soil type and climate conditions (assessed for 

local crops only); 

Ɣ nitrate, phosphorus and phosphate emissions to rivers and ground-water; 

Ɣ irrigation (impact on water stocks). 

 

Figure 5 compares emissions impacting water quality for considered crops and scenarios (locally 

produced and imported). 

 

-35000,00

-30000,00

-25000,00

-20000,00

-15000,00

-10000,00

-5000,00

0,00

co
rn

 U
S

p
a
lm

s
o
yb

e
a
n
 U

S

s
o
yb

e
a
n
 B

R

s
u
g

a
r 
c
a
n
e

m
a
iz

e
 s

ila
g

e
 1-2

m
a
iz

e
 s

ila
g

e
 3-4

m
a
iz

e
 s

ila
g

e
 5-6

ra
p
e

 s
e

e
d
 1-

2

ra
p
e

 s
e

e
d
 3-

4

s
u
g

a
r 

b
e

e
t -

1

s
u
g

a
r 

b
e

e
t -

2

w
h
e

a
t 
1-

2

w
h
e

a
t 
3-

4

m
a
iz

e
 g

ra
in

 1-
2

m
a
iz

e
 g

ra
in

 3-
4

m
a
iz

e
 g

ra
in

 5-
6

GHG emissions (kg CO2eq/ha.year)



Project SD/EN/05 - Decision-l`jhmf snnkr sn rtoonqs sgd cdudknoldms ne ahndmdqfx eqnl `fqhbtkstqd ƏSDWAH@FƐ 

SSD-Science for a Sustainable Development - Energy  25 

 

 

Figure 5 Ɗ Direct field emissions having an impact on water quality 

For reasons of clarity, nitrate emissions can be withdrawn from the graph in order to visualize more 

clearly other emissions. 

 

Figure 6 - Direct field emissions having an impact on water quality (except nitrate emissions) 
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A first look at these graphs shows that imported crops have a worse impact on water quality due to nitrate 

leaching to ground-water. Furthermore imported crops are sometimes irrigated (such as corn in the USA), 

impacting water stocks. 

 

The inclusion of nitrate leaching risk for locally produced scenarios enables assigning traffic lights 

regarding water quality as presented below. 

 

 

Figure 7 Ɗ Summary of qualitative assessment of impact on water quality 

2.2.10. Quantification of acidification and eutrophication potentials  

Acidification potential is expressed in kg SO2eq. Substances taking part to acidification are sulphur 

dioxide (1 kg SO2eq), nitrogen oxides (1 kg NOx = 0.7 kg SO 2eq), ammonia (1 kg NH3 = 1.88 kg SO 2eq) 

and hydrogen chloride (1 kg HCl = 0.88 kg SO2eq). 

Eutrophication potential is expressed in kg PO43-eq. Substances taking part to eutrophication are nitrogen 

oxides (1 kg NOx = 0.13 kg PO4
3-eq), ammonia (1 kg NH3 = 0.35 kg PO4

3-eq), phosphorus (1 kg P = 

3.06 kg PO4
3-eq) and phosphate (1 kg PO43-eq) (Tchouate, 2003). 

 

Results for acidication and eutrophication potentials are displayed in the figures below. 

 

Bioenergy route Cultivation Comment

If maize follows other crop (part of rotation)

If maize monoculture

Silage maize Nitrate, phosphorus/phosphate emissions to river and ground-water

Rapeseed Low nitrate & phosphorus/phosphate emissions

Sugar beet Low nitrate & phosphorus/phosphate emissions

Wheat Nitrate emissions important + potential risk of leaching

Corn US High nitrate & phosphate emissions to river

Palm Nitrate emissions important + potential risk of leaching on degraded soil

Soybean Phosphorus & nitrate emissions

Sugarcane Low nitrate & phosphorus/phosphate emissions

Grain maize

WATER QUALITY
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Figure 8 ƊAcidification potentials for 1 ha of crop 

 

Figure 9 Ɗ Eutrophication potential for 1 ha of crop 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

180,00

Acidification potential (kg SO2eq/ha.year)

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

40,00

Eutrophication potential (kg PO4
3-eq/ha.year)



Project SD/EN/05 - Decision-l`jhmf snnkr sn rtoonqs sgd cdudknoldms ne ahndmdqfx eqnl `fqhbtkstqd ƏSDWAH@FƐ 

SSD-Science for a Sustainable Development - Energy  28 

 

Both graphs show better results in terms of acidification and eutrophication for imported crops. Among 

locally produced crops, grain maize has the worst effect, while other crops (silage maize, rapeseed, sugar 

beet and wheat) have similar results. 

2.2.11. Qualitative impact on soil quality  

Two factors are combined in order to assess raw material cultivation impacting soil quality: the risk of soil 

compaction and the impact on soil organic carbon. 

Results were produced for locally produced biomass only and are summarised in the table below. 

Table IV Ɗ Qualitative assessment of impact on soil quality, through soil compaction and impact on soil 

organic carbon 

 

 

This table demonstrates the sensitivity of results regarding cultivation options. Even tough a simpler 

option, crop cultivation should not be considered as isolated and impact should take into account crop 

rotation and the place of the considered crop in this rotation. Work processes also impact soil quality and 

should be accounted for in any studied scenario. 

Furthermore these qualitative assessments cannot consider the influence of weather conditions on soil 

structure, varying from one year to another. 

2.2.12. Impact of deposition of pollutants on biodiversity  

The impact of deposition of pollutants on biodiversity is expressed in dPDF/m².a according to a model 

developed to assess the impacts of airborne emissions of acidifying substances (SOx, NO x, and NH3) on 

natural ecosystems in the Netherlands (Goedkoop & Spriensma 2001). 

Results are shown below. 

 

Rotation Work processes

if maize monoculture or follows potatoes

if follows maize or sugar beet, chicory No tillage, leguminous green manure and by-products not buried

if follows maize or sugar beet, chicory Tillage, leguminous green manure and by-products buried

if maize monoculture or follows potatoes

if follows maize or sugar beet, chicory No tillage, leguminous green manure and by-products not buried

if follows maize or sugar beet, chicory Tillage, leguminous green manure and by-products buried

Rapeseed

No tillage, leguminous green manure and by-products not buried

Tillage, leguminous green manure and by-products buried

if follows potatoes, endives or carrots Tillage, leguminous green manure and by-products buried

if follows maize or sugar beet Tillage, leguminous green manure and by-products buried

if follows lineseed or rapeseed Tillage, leguminous green manure and by-products buried

if maize monoculture Tillage, leguminous green manure and by-products buried

Bioenergy route Risk

Tillage, leguminous green manure and by-products buried

No tillage, leguminous green manure & by-products not burried

Tillage, leguminous green manure not buried but by-prod burried

SOIL COMPACTION

RiskBioenergy route

ALL

SOIL ORGANIC CARBON

Grain maize

Silage maize

Sugar beet

Wheat
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Figure 10 Ɗ Impact of deposition of pollutants on biodiversity 

It is worth noting that this model does not take into account the impact of land-use change, such as 

deforestation, on biodiversity. If better results are attributed to imported crops, this has to relate to less 

edqshkhrdqrƍ trd- 

2.2.13. Job creation relating to cultivation  and conversion  

As described in Deliverable 4, job creation data has been extracted from GEMIS. Results in terms of job 

creation (direct and indirect jobs) for 1 ha of cultivated land are shown below (figures for corn US and 

silage maize are not available for part of the chain or for the whole chain and thus are not considered 

here). 

 

 

Figure 11 Ɗ Job creation per ha of cultivated land 
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Results show the biggest job creation for palm biodiesel. This relates first to the cultivation step that 

requires considerable man efforts because of the manual harvest. Secondly, results expressed in jobs per 

ha are also more important for palm because this crop has a significantly higher yield compared to the 

other. 

 

Results for raw material for biodiesel production show again the advantage of palm methyl ester in terms 

of job creation per ha. 

 

 

Figure 12 Ɗ Job creation for biodiesel production per ha of cultivated land 

However, while expressed in jobs per energy content (TJ), results are quite different, as illustrated in the 

figure below. In terms of energy content, both imported biodiesel (palm and soybean) create more jobs 

than their locally produced equivalent (rapeseed). This is explained by the more important rate of 

mechanization in local productions (both cultivation and conversion). 
 

 

Figure 13 - Job creation for biodiesel production per TJ 
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The same observation is made for ethanol production where sugarcane comes first in terms of job creation 

per ha but is overtaken by wheat in terms of energy content. 

 

 

 

Figure 14 Ɗ Job creation for ethanol production per ha of cultivated land 

 

Figure 15 - Job creation for ethanol production per TJ 

2.2.14. Qualitative assessment of socio -economic impacts  

As described in section 2.2.2, socio-economic externalities are assessed qualitatively. Results are gathered 

in Table V.  
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Social well-being mainly refers to working conditions. Child labour possibly involved in crop cultivation 

such as palm, soybean and sugarcane consequently awards them a red light. 

Similarly property rights may also be threatened in those 3 bioenergy routes. 

Since each studied route involves crops usually used for food production, all bioenergy routes should 

receive a yellow traffic light regarding those impacts. 

Finally energy security was assessed according to Ducroire Credit Insurance. 

 

From this table it appears that soybean cultivated in Brazil and sugarcane are less favourable from a socio-

economic point of view. 

Table V Ɗ Qualitative assessment of socio-economic externalities 

Bioenergy routes Social well-being Property rights Competition with food  Energy security 

Wheat 
    

Rapeseed 
    

Grain maize 
    

Silage maize 
    

Sugar beet 
    

Palm 
    

Soybean US 
    

Soybean BR 
    

Sugar cane 
    

Corn US 
    

 

2.2.15. Monetiz ation of impacts  

According to methodology summarized in section 2.2.4, a monetary value has been calculated for the 

following categories of impacts: 

 GHG emissions impacts on human health; 

 Airborne emissions impacts on human health: 

 Heavy metal emissions impacts on human health; 

 Airborne emissions impacts on biodiversity. 

 GHG emissions impacts on human health  

GHG emissions impacts on human health receive the following values: 

 CO2 = 8.34E-2 ƛ.jf: 

 CH4 = 2.65E-0 ƛ.jf: 

 N2N < 0-16D*0 ƛ.jf- 

Results are presented below. The cultivation step, even showing negative GHG emissions (due to CO2 

absorption by plant growth), have more varied results in terms of monetization. This is explained by the 

monetary value that differs from one greenhouse gas to the other. Once again results will be more 

significant once displayed for the whole bioenergy chain (see end of this section). 
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Figure 16 Ɗ Monetary value of GHG emissions impact on human health, for the cultivation step 

 Airborne emissions impacts on human health  

Emissions to air impacting human health are monetized as follows: 

 Sulphur dioxide SO2 < 0-10D*0 ƛ.jf: 

 Nitrogen oxides NOx < 7-37 ƛ.jf: 

 Ammonia NH3 < 2-07D*0 ƛ.jf: 

 O`qshbkd l`ssdq OL// < 1-01 ƛ.jf: 

 O`qshbkd l`ssdq OL14 < 1-8/D*0 ƛ.jf: 

 Non-metal volatile organic compounds NMVOC = 2.80  ƛ.jf- 

Results show again an advantage for imported crops, related to less phytoproduct use.  

 

Figure 17 Ɗ Monetary value of airborne emissions impact on human health, for the cultivation step 
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 Heavy metal emissions impacts on human health;  

Heavy metals emissions impacts on human health are monetized as follows: 

 B`clhtl Bc< 0-23D*1 ƛ.jf: 

 Bgqnlhtl Bq < 2-36D*0 ƛ.jf: 

 Chromium Cr-UH < 0-63D*1 ƛ.jf: 

 Kd`c Oa < 3-16D*1 ƛ.jf: 

 Mercury Hg = 1.16E+4 ƛ.jf: 

 Mhbjdk Mh < 5-01 ƛ.jf: 

 @qrdmhb @r < 7-47D*1 ƛ.jf- 

Results displayed in the graph below show important differences between selected scenarios for locally 

produced crops. This is explained by heavy metal emissions variation between fertilisation schemes. 

 

 

 

Figure 18 - Monetary value of heavy metal emissions impact on human health, for the cultivation step 

 Airborne emissions impacts on biodiversity  

Emissions to air impacting biodiversity are monetized as follows: 

 Sulphur dioxide SO2 = 7.39E-0 ƛ.jf: 

 Nitrogen oxides NOx < 0-58 ƛ.jf: 

 Ammonia NH3 < 4-03 ƛ.jf- 

Results show again the same trend: advantage for imported crops, related to less phytoproduct use, with 

the worse score for grain maize. 
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Figure 19 - Monetary value of airborne emissions impact on biodiversity, for the cultivation step 

 Monetization of cultivation and conversion steps for wheat and rapeseed  

Additionally calculations made in section 2.3 allow calculating monetization impacts also for the 

conversion steps, for wheat and rapeseed. 

Results are presented in the graphs below. 

 

 

Figure 20 Ɗ Monetization of GHG emissions impact on human health 
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Figure 21 - Monetization of airborne emissions impact on human health 

 

Figure 22 - Monetization of heavy metal emissions impact on human health 
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Figure 23 - Monetization of airborne emissions impact on biodiversity 

All those figures show a greater contribution of the cultivation step compared to the conversion step. 

Wheat has a global score generally better than rapeseed, especially regarding the impact of the conversion 

step. The greatest costs are attributable to the impact of airborne emissions on human health. 

2.2.16. Conclusions  

Except in terms of nitrate leaching, imported crops generally show a better environmental result, mainly 

due to less phytoproducts application. However from the socio-economic side, imported crops are more 

controversial. 

Among locally produced crops it appears that grain maize has a much worse effect on the environment 

compared to the other considered crops. Now current trends show a transition in Belgium from silage 

maize towards grain maize. This shift is explained by the increasing inclusion of starch in animal feed 

rations required by newly developed animal breeds. This means that the environmental impact of grain 

maize should be accounted for while choosing between silage or grain maize. 

 

The examination of these graphs underlines the sensitivity of results towards cultivation pathways and the 

choice between work processes options. 

The main conclusion drawn from these figures and calculations is that even if default values exist for 

bioenergy production routes and are commonly accepted, it should remain possible to propose data 

adapted to the local context. 

The database and models developed by this project can be of great support to this process, allowing the 

user, whether a decision-maker or a producer, to compare options between several bioenergy routes and 

their cultivation pathways. 
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2.3. SYSTEM PERTURBATION ANALYSIS 

2.3.1. System Perturbation Analysis methodology  

The System Perturbation Analysis methodology (SPA) considers a given system where resources are 

transformed into products via a set of documented conversion routes as shown in Figure 24. These 

conversions lead to impacts such as GHG emissions, land requirements and energy use.  

 

Figure 24: SPA system with resources, conversion routes, products and impacts 

A single resource can be converted to different products simultaneously (eg. co-products). Besides the 

major resources, each route consumes so-called utilities, which in their turn can be considered as separate 

types of resources. The contributions to the different kinds of impacts arise not only from resources and 

products but also from the utilities and must therefore be calculated in a cautious way, in order to avoid 

double counting. More detailed information on the SPA methodology and supporting background 

equations can be in found in a paper about biomass use assessment via SPA (Bram, 2009). 

The objective of a system perturbation analysis is to determine the variations of considered impacts on a 

system (in casu Belgian) when conventional resources are replaced by alternative ones (e.g. 1MJ gasoline 

replaced by 1 MJ ethanol from wheat). To calculate these impact variations, a single resource is perturbed 

with a certain magnitude (e.g. import reduction of 1 ton of gasoline per year). The demand side is 

managed through a boundary condition which keeps all product amounts at constant level. This 

automatically implies necessary perturbations of other products and co-products as depicted in Figure 25.  

When all perturbations are compensated, the variations of the impacts can easily be calculated. SPA can 

be considered as a consequential LCA where the system is expanded to the Belgian border. SPA does not 

use allocations within the considered system. 

 

Figure 25: SPA scenario - perturbation and compensations of the system 
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Every scenario in SPA is a set of perturbations of resources and impacts. It is therefore possible to define 

evaluation criteria based on certain ratios of these perturbations. These criteria allow for a systematic 

comparison of different SPA scenarios. The six criteria that were used in the original SPA are shown in 

Table VI. 

In this table, the produced and avoided energy flows are net values, hence after compensations for 

consumed utilities and produced co-products. Energy and GHG balances are real, provided the used data 

and import compensations correspond to reality. Criteria A and B indicate to what extent the produced 

renewable energy really reduces fossil energy use. Criteria C and D show avoided GHG emissions as 

function of fossil energy use reduction. Criteria E and F show how the use of land is related to a reduction 

in fossil fuel dependency and to GHG emission reduction within a system. 

Table VI: SPA criteria and corresponding perturbation ratios 

 

2.3.2. New development within TEXBIAG  

The interest for SPA has encouraged the authors to participate in the TEXBIAG project and to improve the 

SPA instrument in several respects. An upgraded approach has resulted which for convenience will be 

named SPA2, against the former SPA1. 

The following incentives led to the definition of SPA2: 

a. Extension to other impact types (including  'externalities') 

b. Connecting the resources, conversion routes and impacts data to major data bases 

c. Increased flexibility in use 

d. Solve inherent problems inside SPA1 (utilities, route description, a.o.) 

e. Maximum automatism in use, in order to deliver a tool for general use. 

f. More flexibility in inside/outside allocation of processes 

In the first phase of the Texbiag project, most attention was given to aspects b and e. The Ecoinvent 

database was chosen as the major resource for getting detailed data, automatically including aspect a 

through more than hundred different and detailed impacts.  

The structure of the original SPA1 is shown in Figure 26. Data were to a large extent obtained from the 

CONCAWE report, but much missing information had to be searched through extensive literature surveys. 

Data were introduced manually in worksheets where a standardised input of data was programmed for the 

different route steps. Each input had to be located inside or outside of the system. 

 

SPA criterium system

A Energy efficiency world GJprim avoided worldwide / GJrenew produced worldwide

B Energy efficiency Belgium GJfossil import to Belgium avoided / GJrenew produced worldwide

C Energy specific GHG emissions world kg CO2eq avoided worldwide / GJprim avoided worldwide

D Energy specific GHG emissions Belgium kg CO2eq avoided in Belgium / GJfossil import to Belgium avoided

E Energy specific land requirement Belgium hectare in Belgium / GJfossil import to Belgium avoided

F GHG specific land requirement Belgium hectare in Belgium / ton CO2eq avoided in Belgium

perturbation ratio
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Figure 26: Outline of the original SPA software 

 

 

Figure 27: Tentative SPA2 outline 

At the end of phase 1, the ambition was to realise a package outlined in Figure 27. In this approach, the 

whole package adhered strictly to Ecoinvent. One goal was to fully automate the entire data extraction 

process and to have all imaginable data within Ecoinvent at the disposal of the SPA user in no time. 

Unfortunately - and although the data extraction works perfectly - this approach had to be abandoned in 

the last phase of the project, for the following reasons: 

Ɣ Incompatibility between Ecoinvent and SPA regarding the handling of multi -output processes and 

cyclic process loops. 

Ɣ Overwhelming amount of information, where only a fraction is needed. 

Ɣ Major difficulties in data modifications, because of incompatibility with Ecoinvent. 

Ɣ Still missing data, even in Ecoinvent. 

Ɣ No flexibility because of Ecoinvent adherence. 

For these reasons, a drastic change in approach was realised in the last months of the Texbiag project, and 

the final approach as depicted in Figure 28 has been applied. In this approach the data supply and the 

SPA2 package are completely separated, thus allowing any type of data input.  
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The Ecoinvent data extraction is of course not lost work, but is now considered as a separate tool. The 

interface between the data supply and SPA2 now occurs through excel templates, which are made as 

simple, flexible and user friendly as possible. The templates can be generated by the Ecoinvent data 

extraction tool from Ecoinvent data or from within SIMAPRO. The templates are also suited to fully 

reproduce the original LIBIOFUELS data or simpler biofuel problem settings, and are capable of using 

other data types such as those provided within TEXBIAG or underlying data from the RED directive 

(Biograce, 2009). SPA2 also allow for easy addition of extra impact categories. 

The two interface excel data tables are based on only two instructions which are able to describe the 

routes and streams with all required details.  

 

 

Figure 28: Final SPA2 outline 

2.3.3. Route template description  

The route description template is shown in Table VII. The route is described step by step, where each step 

corresponds to an ingoing or outgoing stream connected to the 'action' in the second column. The 

'action' is pretty similar to a 'unit process' in Ecoinvent but it can interpreted in a more flexible way. The 

first column specifies the phase where the process or action takes place. The traditional sequence of 

Production, Transport, Conversion, Distribution and End-use is maintained in the shown example. Other 

denominations can be used and if so, they will be automatically taken over by the SPA2 program. The 

second column is an alphanumeric description of the action or process within the category. The third 

column tells what connection is considered.  
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The possible 'operators' are as follows:  

Ɣ Needs 

Ɣ Makes 

Ɣ Creates 

Ɣ Loses 

'Needs' merely corresponds to an input to the process. It is irrelevant where this input is coming from, 

since this aspect will be treated through overall balancing. The input 'stream' is not necessarily a material 

stream, it can virtually be anything. 'Makes' merely corresponds to an output stream. It is again irrelevant 

where this stream is going to.  

'Creates' is similar to 'Makes' but it indicates something which comes 'out of the blue'. For example, 

wheat grown within the system is 'created'. The difference with 'makes' is that this wheat is not materially 

imported but literally comes from within the system as a source term.  

'Loses' is the opposite of 'Creates'. It represents for example the wheat lost during transport. It might also 

be used for heat or other losses. These streams act as a sink into the system. 

The amount of ingoing and outgoing streams is unlimited, which solves the problem of multi-output 

processes, and it includes the harmful emissions or any other impact categories. As will be explained in 

the next section the 'stream' may also be a set of substreams defined in the stream template.  In this way 

identical processes used in several routes can be introduced only one time as a set of substreams, e.g. the 

full wheat cultivation process. Such 'shortcuts' considerably simplify and reduce the amount of lines in 

the templates. 

The stream quantity is the product of the columns 'quantity' and 'multiplier', where the multipliers can 

correspond to a conversion factor. This split makes it easier to work with references per unit of stream. In 

the example shown in Table VIII, 1 ha of land yields 8.8 tonnes of wheat and 1% is lost during transport, 

which reads easily in the multiplier column. 

The last column tells to what extent the connection is to be considered as within the system, expressed 

in %. 

The sequence of route descriptors is irrelevant, except for the first and the last one. The first is considered 

as the 'anchor' of the route and this stream is automatically considered for perturbation, which occurs by 

changing this stream with one functional unit.  It is therefore advised to use the value 1 in the columns 

'amount' and 'multiplier'. The last line is automatically considered as the prime product generated by the 

considered route. It is therefore strongly advised to use a stream of the type 'end-product' there, which is 

typically in kilometres, kWh electric or kWh heat. Since the available surface must be kept constant, a 

route 'making' hectares is also advised for easier analysis, but this is not a must. 
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Table VII: SPA2 Route template example (LIBIOFUELS Route 9) 

 

 

2.3.4. Stream template description  

The stream template illustrated in Table VIII is more complex in nature than the route template because 

streams must be divided into several categories. Also, the stream template contains important shortcuts. As 

a minimum, it must contain all the streams that are used in the route description, but it also contains 

substreams and streams that lead to impacts which are not necessarily used in the route template. 

The first columns identify the streams and their units, which must be coherent with the streams already 

defined in Table VIII (no unit conversion is considered for the time being). The third column is similar to 

the 'operator' in Table VIII; the following operators are allowed:  

Ɣ Includes 

Ɣ Endproduct 

Ɣ Impact 

Ɣ Balanced 

If a stream is merely a short-cut, thus only bundling other streams specified in the fourth column, the 

operator 'includes' must be used. It is essential not to use 'makes' or 'needs' in such cases because of 

possible sign inversions in the stream, with other words a 'needs' must remain a 'needs', etc. With 

'includes' it is possible to include simplified process units in the stream template, in particular if the 

stream or process is identical in several routes, thus simplifying the data supply. In the last part of Table 

VIII the whole cultivation process of wheat is described as a stream bundle as an example; the actions can 

still be given in comment to provide more clarity. The wheat production data are thus introduced only 

one time. 
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'End-product' means the stream is an open end, and it corresponds to one of the end products considered 

by SPA1 and SPA2. The type 'end-product' automatically means the balance of this stream is frozen, and 

it therefore needs no further description since it will not vary during the analysis. 

'Impact' is also an open end, but it corresponds to all the other desired or undesired streams such as for 

instance CO2eq or any other emission or impact factor. These streams also do not need further 

description. 

Table VIII: Stream description, including several shortcuts (LIBIOFUELS route 9) 
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Table continued:   Stream description, including several shortcuts (LIBIOFUELS route 9) 
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Table continued:   Stream description, including several shortcuts (LIBIOFUELS route 9) 

 

 

It must be observed that all emissions (e.g. CO2) from fossil fuels can be introduced as 'shortcuts'. 

Normally speaking the CO2 should be an outgoing stream 'made' during all CO2 emitting processes, as 

shown in Figure 29. Since we are working in a system we can however consider that all incoming fossil 

fuel leads to full combustion and corresponding CO2 emissions, unless of course the fuel is used for other 

purposes (which is definitely not the case in the present analysis). It is therefore much easier to use the 

stream bundling in Figure 30 for consideration of the CO2 emitted from fossil fuels. Care must be taken 

with the minus sign, because a sign change occurs from incoming fuel (-) to outgoing CO2 (+). Such 

shortcuts can be applied for any type of impact. 

 

 

Category Action Type Stream Quantity Multiplyer  unit % system 

End use Combustion needs diesel 1 1 kg 100 

End use Combustion makes heat 0.9 43.1 MJ 100 

End use Combustion makes CO2 3.15 1 kg 100 

Figure 29: Normal way to produce the CO2 in SPA2 route description (many times) 

 

 














































































































