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Abbreviations 
 

BOD biochemical oxygen demand 

CAPEX capital expenses 

CH4 methane 

CO2 carbon dioxide 

d.m. dry mass 

EC European Commission 

EEA European Environmental Agency 

EU European Union 

FOB Freight On Board 

GBEP Global Bioenergy Partnership 

GDP Gross Domestic Product 

GHG greenhouse gas emissions 

GJ Gigajoule (109 J) 

GWP Global Warming Potential 

ha hectare 

IEE Intelligent Energy for Europe 

iLUC indirect Land Use Change 

LCA life cycle analysis 

LHV Lower Heating Value 

m³ cubic meter 

MJ Mega Joule (106 J) 

MWh Megawatt-hour 

N2O nitrous oxide 

NH3 ammonia 

NO3 nitrate 

NOx nitrogen oxides 

OPEX operational expenses 

PM Particulate Matter 

PV photo-voltaic systems 

SO2 sulphur dioxide 

SOC Soil Organic Carbon 

SWOT strengths, weaknesses, opportunities and threats 

TARWR Total Actual Renewable Water Resources 

TRL Technology Readiness Level 
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1. Introduction 
 

This report presents guidelines for evaluating sustainable, resource efficient biomass value chains in 

the EU.  It focuses primarily at providing clarity on the principles of resource efficiency for biomass 

use and presenting a set of technical, economic and environmental related indicators on which the 

assessment of sustainable resource efficient biomass value chains can be based. 

The guidelines presented in this report serve two purposes: 

1) to evaluate sustainable resource efficient biomass value chains in a SWOT analysis in the 

Biomass Policies project for the participating countries, i.e. Austria, Belgium, Germany, 

Greece, Spain, Croatia, Ireland, Netherlands, Poland, Slovakia and the UK.  

2) to provide guidelines and a set of indicators to EU, national and regional stakeholders to 

conduct their own assessment of promising value chains in their countries and regions and 

further facilitate the process of forming or reformulating policy and prioritise policy targets. 

The resource efficiency concept, which is the central starting point of the evaluation of biomass value 

chains, is explained in chapter 2 of this report. The chapter provides a condense overview of all 

selected indicators and gives some background in terms of value chains, specifically on energy and 

mass balances. From chapter 3, the key issues for resource efficiency in biomass value chains are 

described in terms of their relevance and most suitable indicators according to which they can be 

qualitatively and/or quantitatively evaluated.   

As far as possible criteria and indicators have been aligned with other initiatives like S2BIOM and 

BioTrade2020+. Mind that these initiatives and their assessment framework are still in development, 

so their criteria and indicators might still be open to changes.  
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2. Resource efficiency 

2.1 Definition of Resource Efficiency 
 

According to the EC’s Roadmap to a Resource Efficient Europe1, resource efficiency allows the 

economy to create more with less, delivering greater value with less input, using resources in a 

sustainable way and minimising their impacts on the environment. Considered are all natural 

resources that are inputs to our economy, both physical resources and eco-system services; in 

concrete terms this includes metals, minerals, fuels, fish, timber, water, soil, clean air, biomass, 

biodiversity, land and sea. 

Resource efficiency implies reducing the amount of resources used to meet our needs. But it also 

relates to the environmental aspects – on water, air, soil and biodiversity – that result from 

extracting resources from natural systems and emitting wastes and pollution. So environmental 

sustainability is an inherent part of resource efficiency. The figure below shows the two key aspects 

(material efficiency & ecosystem aspects) and how resource efficiency relates to the use of natural 

capital and ecosystem resilience2. 

 

Figure 2-1: Key aspects of resource efficiency (source: EEA, 2013b) 

Measuring ‘resource efficiency’ is not straightforward; there are different sides and levels to it. 

Various definitions and indicators are being elaborated, often to be applied at higher level, i.e. 

country or regional level, e.g. GDP over material consumption. The aim is to decouple economic 

growth from resource use and associated environmental impacts.3 

To translate the principles of resource efficiency to concrete material/biomass value chain indicators, 

one has to ensure that the key issues are presented at full value chain analysis. 

                                                           
1
 EC (2011). Roadmap to a Resource Efficient Europe. COM(2011)571, September 2011 

2
 EEA (2013b). EU bioenergy potential from a resource-efficiency perspective. European Environment Agency, 

report 6/2013 
3
 EEA (2013a). Resource Efficiency Indicators. Science for Environment Policy – Issue 4. February 2013 
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2.2 Themes, criteria and indicators  
 

2.2.1 Definition criteria and indicators 

 

Criteria are ‘second order’ principles that add meaning and operationability to standards/principles 

without being a direct measure of performance. Criteria are intermediate points to which 

information provided by indicators can be integrated, facilitating an interpretable assessment. 

Indicators are quantitative or qualitative factors or variables providing means to measure 

achievement, to reflect changes, or to help assess performance or compliance, and - when observed 

periodically - demonstrate trends. Indicators should convey a single meaningful message 

(information). Indicators have to be judged on the scale of acceptable standards of performance. 

Closely related indicators are verifiers which provide specific details that would indicate or reflect a 

desired condition of an indicator. They are the data that enhances the specificity or the ease of 

assessment of an indicator, adding meaning, precision and usually also site-specificity. 

 

2.2.2 Application to assess the resource efficiency of biomass value chains 

 

The themes for assessing the resource efficiency in biomass value chains can be split in the following 

categories: 

 efficient use of resources, 

 ecosystem aspects, 

 business case and markets, 

 socio-economic aspects. 

 

The bioeconomy is broader than agriculture or forestry sectors: it addresses all biomass, regardless 

of end-use (food/feed, energy, materials). Thus we use a holistic approach: criteria and indicators 

give an “umbrella” under which more specific requirement, e.g. for woody biomass, can be applied in 

the whole value chains.  

 

Most criteria and indicators are derived from the GBEP sustainability indicators for bioenergy4 and 

the key criteria and indicators listed in the Biomass Futures project5. They were also aligned with 

other on-going projects like S2BIOM6 and BioTrade2020+7. Mind that this work is still evolving, so 

some changes might still be anticipated as these initiatives further progress. Some criteria are 

mentioned between brackets, as they may be less relevant for the biomass value chains in the 

European context, difficult to quantify, or already covered by other criteria.  

 

                                                           
4
 GBEP (2011). The Global Bioenergy Partnership sustainability indicators for bioenergy. December 2011 

5
 U. Fritsche et al. (2012). Sustainable bioenergy: key criteria and indicators. Deliverable D4.1 of the Biomass 

Futures project (IEE). 
6
 www.s2biom.eu 

7
 www.biotrade2020plus.eu 

http://www.s2biom.eu/
http://www.biotrade2020plus.eu/
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Table 2-1: Themes and criteria to assess resource efficiency of biomass value chains 

Efficient use of 
resources 

Ecosystem aspects Business case & 
markets 

Socio-economic aspects 

Energy efficiency 

Functionality / 
output service  

Land use 
productivity 

Climate change 
mitigation 

Biodiversity 

Soil  

Water  

Air quality  

(Land use / land use 
change) 

Production costs  

Markets  

System versatility 

Job creation 

Local economy 

(Participation / transparency) 

(Labour conditions & livelihood) 

(Secure tenure of land) 

(Food security) 

(Access to energy/services) 

 

The following table shows the indicators which will be used to quantitatively or qualitatively evaluate 

the different criteria. There will be four types of indicators: 

1. Minimum requirements: thresholds (or qualitative attributes) that should be met (resulting 

in “yes” only if the indicator meets the threshold or qualitative value).  

2. Comparative to non-renewable reference: can be compared with e.g. fossil fuel or non-

renewable material reference. 

3. Comparative to other biomass: can be compared to other biomass systems, in case the 

indicator is not relevant for non-renewable reference (e.g. some land-based indicators).  

4. Descriptive: provides information about key characteristics not easy to compare but relevant 

for assessing the value chain.   

 

The indicators will be further described in chapters 3, 4, 5 and 6. 

 



9 
 

Theme Criterion Indicator Type of indicator 

   Min. req. Comp. non-

renewable. ref. 

Comp. bio 

ref. 

descriptive 

Ef
fi

ci
e

n
t 

u
se

 o
f 

re
so

u
rc

es
 

Energy efficiency Cumulative energy demand     

Non-renewable energy requirement     

Functionality Output service quality     

Secondary resource use     

Land use productivity Bioenergy and bioproducts per hectare     

Ec
o

sy
st

em
 a

sp
e

ct
s 

Climate change GHG reduction, compared to reference     

GHG related to indirect land use change     

Carbon stock change (sustainable harvest levels)     

Biodiversity Conservation high biodiverse land      

Biodiversity conservation and management      

Soil  Erosion     

Soil organic carbon     

Soil nutrient balance     

Water  Water availability & regional water stress     

Water use efficiency     

Water quality     

Air quality (non-GHG) Acidification (life cycle SO2-equivalent emissions)     

Particulate emissions (PM10)     
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Theme Criterion Indicator Type of indicator 

   Min. req. Comp. non-

renewable. ref. 

Comp. bio 

ref. 

descriptive 

B
u

si
n

e
ss

 c
as

e
 &

 m
ar

ke
ts

 

Costs Production cost (levelised life cycle cost)     

Future prospects of life cycle production costs     

Markets Business case for biomass mobilization     

Size of the markets to valorise the outputs     

Technology readiness level     

Other non-fossil alternatives in the markets     

Competing biomass pathways / potential market 

distortions 

    

System versatility 

 

Flexibility and controllability     

(energy) security     

So
ci

o
-

ec
o

n
o

m
ic

 

as
p

e
ct

s 

Job creation  Full direct jobs equivalents along the full value chain     

Full direct jobs equivalent in the biomass consuming 

region (or country) 

    

Local economy Contribution to rural economy     

Local embedding – proximity to markets     

 

Table 2-2: Overview of criteria and indicators to assess resource efficiency of biomass value chains 
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2.3 Biomass value chains: energy and mass balances 
 

In order to assess the value chains, sufficient background information needs to be available. An 

important starting point is the energy & mass balance of the chain. Most quantitative parameters 

such as emissions, energy efficiency or economics will be assessed in relation to the outputs of the 

chain. These outputs can be: 

- Electricity (MWh or GJ) 

- Useful heat  (GJ) 

- Transport fuels (GJ_LHV) 

- Other energy carriers (gas, solid, liquid) (GJ_LHV) 

- (Non-energy) products / materials (tonnes d.m. and/or GJ_LHV d.m.) 

- Residues (which need further processing) (tonnes d.m. and/or GJ_LHV d.m.) 

 

We consider outputs by definition as products which can be traded or sold. Internal use of electricity 

or heat in the conversion process is not considered as useful output.  

 

A common starting point (functional unit) to express the energy and mass balance of the chain will 

be 1 tonne of biomass input (on the basis of dry mass), at the stage where it enters the logistics part 

of the supply chain. So all inputs and outputs (energy and mass) will be expressed per tonne of dry 

biomass input. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-2: schematic representation of the components for energy and mass balances of biomass value chains 

 

1 tonne biomass (d.m.) 

Biomass production Waste & residues 

Logistics 

Conversion 

distribution 

Electricity 

Useful heat 

Transport fuels 

Residues 

Other energy carriers 

Products / materials 

Energy input 

Material input 
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It will always be important to compare the biomass value chain to a reference system, i.e. a 

conventional (fossil) production of the same amount of electricity, useful heat, transport fuels, 

energy carriers and products. In terms of maximizing resource efficiency of value chains, we can also 

consider alternative pathways for using this type of biomass (either for energy and/or materials). 

 

3. Efficient use of resources 
 

3.1 Energy efficiency 
 

3.1.1 Indicator: cumulative energy demand 

 

The cumulative energy demand of the overall value chain considers the energy content (heating 

value and/or primary energy to produce them) of all inputs in the value chain, compared to the 

energy content of all outputs of the value chain. This includes both non-renewable and renewable 

sources. Some specific points of attention are the thermal efficiency of the conversion process and 

the distance between the biomass sourcing and conversion installations, and from there to the 

markets (distribution). 

 

Inputs:  

- Energy content of the biomass feedstock 

- Primary energy of fuel inputs (non-renewable and renewable) 

- Primary energy required to produce heat and electricity inputs 

- Primary energy required to produce materials input 

 

Outputs: 

- Energy content of the final products (fuels, electricity, heat, materials) 

- Energy content of co-products 

- Energy content of residues 

 

The indicator is typically expressed in GJ input / GJ output. The higher the indicator, the more input 

is needed to achieve a certain output (expressed in energy terms). 

 

Type of indicator: comparison with non-renewable reference / comparison with other biomass 

value chains (quantitative) 

 

 

3.1.2 Indicator: non-renewable energy demand 

 

The non-renewable energy demand only considers the non-renewable energy inputs in the value 

chain, in comparison to all outputs of the value chain. E.g. how much fossil energy is needed to 

produce 1 GJ of bioenergy.  
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The indicator is typically expressed in GJ input (non ren.) / GJ output, or as a percentage. The lower 

the non-renewable input, the better. 

 

Type of indicator: comparison with non-renewable reference comparison with other biomass value 

chains (quantitative)  

 

3.2 Functionality / output service   
 

In the previous indicator (energy efficiency) the energy content of all energy carriers and materials is 

added together, no matter in which forms it is available. So this indicator does not reflect the 

intrinsic value or service that the product can deliver, e.g. low vs high temperature heat, electricity, 

biofuels, or biomaterials. 

These different products can provide different services. For biomaterials, after their lifetime as 

material, they can still be converted to energy. This is one of the most essential issues related to 

resource efficiency, meaning ‘doing more with less’.  

 

Because of the discussion related to functionality and high versus low value outputs we developed a 

new indicator ‘output service quality’. 

 

3.2.1 Indicator: output service quality  

 

The output service will be expressed in a semi-quantitative way. It will indicate the economic value of 

the outputs in relation to the dry inputs.  

 

The indicator is calculated as follows: economic value of the outputs (€/GJ x GJ energy carriers + 

€/ton x ton materials) – economic value of the inputs (excl. the biomass) (€/GJ x GJ energy carriers + 

€/ton x ton materials), per dry tonne biomass input.  

This value could be compared to the economic value of the heat which could be produced from 

burning the (dried) biomass inputs (reference = heat from natural gas ~ 10€/GJ). 

 

Mind that economic values are for types of products/services, tax and subsidy excluded, for industrial 

customers. These should preferably be derived from reliable sources, averaged over a longer term 

period, e.g. Eurostat figures for 2013. 

 

Some typical values:  

- Gas prices for industrial consumers (Eurostat): 10.5 €/GJ in 2013 => reference for heating fuel 

- Electricity prices for industrial consumers (Eurostat): 26 €/GJ in 2013 => reference for electricity 

- Consumer price for diesel & gasoline (EC): 20€/GJ in 2013 => reference for transport fuel 

- Jet fuel (US Gulf Coast, Jet Fuel Spot Price FOB): 17€/GJ => reference for aviation fuel 

 

Other products can be diverse, and it will be important to include reliable prices for their reference.  

  

Other assumptions:  
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- Residue material with negative lower heating value => value = 0 

- Residue material with positive lower heating value => value of burning it and using the heat (NG 

price) 

 

The idea of a conversion process is to add value to a certain input. One way to valorise the biomass is 

to produce energy in the form of heat. It is often stated that if higher value applications are possible, 

these should receive priority. This indicator quantifies how much better (or worse) the value chain 

performs in relation to heat production, i.e. in an economic sense.  

 

The indicator is typically expressed in net € output / tonne biomass input (d.m.). The higher the 

value of the outputs, the better this indicator. Nevertheless we should also consider the business 

case (see further). 

 

Type of indicator: comparison with other biomass value chains (quantitative) 

 

 

3.2.2  Indicator: secondary resource use  

 

The preference is to use secondary resources (waste/residues and non-recyclable input materials), so 

the input of new and recyclable materials to high value applications is not jeopardised. Current 

recycling rates in paper and panel board industry are quite high – if used materials are combusted 

faster (less recycling cycles), this would imply that more fresh material would go into paper and panel 

boards. 

 

This indicator can partly be expressed in % of the input material (in tonne dry mass) to be secondary 

resource. Nevertheless the use of residues (which can also have alternative applications) is not by 

definition positive, so there should also will be a descriptive part. There can also be a distinction in 

type of material used, indicating to which extent the process relies on fresh material or residues 

which can be used for higher value purposes:  

 

-- Fresh material (high value), which can also be used for material / food  

- Residues, which can also be used/recycled for material or animal feed  

o Fresh material, but difficult to use for material / food  

+ Residues, difficult to use for material / food  

++ Non-recyclable waste as input 

 

 

Type of indicator: comparison with other biomass value chains / comparison with non-renewable 

pathways (semi-quantitative) / descriptive. 

 

 



15 
 

3.3 Land use productivity 
 

Land is a fundamental issue closely related to biomass in general and bioenergy/biomaterials in 

particular. With land availability being limited, productivity of the land is a crucial indicator.  

 

3.3.1 Indicator: bioenergy and bioproducts per hectare 

 

The productivity of land use for biomass products can be expressed in terms of available bioenergy 

carriers and biomaterials per hectare of cultivated area, in dry mass and/or energy content (tonne 

d.m. or GJ/ha/yr.).  

Crop yields/feedstock productivity depend on the cultivation system, input levels, bioclimatic 

conditions, and overall land suitability. Thus, a further differentiation is needed to account for land 

productivity categories (e.g. average land productivity in a certain region).  

Processing efficiencies of biomass feedstocks into end products need to be taken into account. For 

calculating the net productivity, by- and co-products along the full value chain need to be included. 

 

Type of indicator: comparison with other biomass (quantitative) 

 

 

4. Ecosystem aspects 
 

The indicators related to ecosystem aspects have been frequently covered in the discussion on 

sustainability criteria for bioenergy.  They are mainly related to climate change (greenhouse gas 

emissions), biodiversity, soil, water and air quality. 

 

4.1 Climate change mitigation 
 

From the environmental policy point of view, using biomass sustainably can considerably contribute 

to climate protection. Thus, giving proof that it contributes towards reducing greenhouse gas (GHG) 

emissions throughout the entire life cycle is a crucial criterion.  

We will make distinction between ‘direct’ life cycle greenhouse gas emissions, which can be 

measured over the value chain (also including direct land use changes), and greenhouse gas 

emissions related to ‘indirect’ land use change.   

 

4.1.1 Indicator: life cycle greenhouse gas emissions 

 

Greenhouse gas (GHG) emissions, with the main greenhouse gases being CO2, methane (CH4) and 

nitrous oxide (N2O)8, have to be considered over the full value chain (biomass supply – logistics – 

                                                           
8
 These three gases have a different global warming potential (GWP). The GWPs over 100 years are 1 for CO2, 

28 for CH4, and 265 for N2O (IPCC 2013) 
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conversion – distribution – use).  As the combustion of biomass is considered CO2-neutral (the 

emitted carbon has been absorbed from the atmosphere during plant growth), the GHG balance 

mostly concerns the use of fossil energy in the chain, e.g. for transport, external heat, electricity or 

fossil inputs. In some cases also CH4 and N2O emissions need to be considered, in particular when 

dealing with land use and agricultural processes, or even the production of fertilisers (more 

important for non-woody biomass) (see Table 4-1).   

Carbon stock changes in the supply side (e.g. through land use change) also needs to be considered 

in the overall indicator, particularly when land is used for the production of biomass (e.g. biomass 

from crops, crop residues and forests). These are usually annualized in a 20 year time frame. As 

mentioned, indirect land use change will be treated in another indicator.  

GHG emissions of biomass value chains should always be considered in relation to a baseline or 

reference situation where the same services are produced (electricity, heat, transport fuels, 

materials).  Usually the baseline taken in bioenergy chains is the fossil alternative.  

 

Mind that a high GHG reduction does not automatically imply an efficient use of the biomass 

resource. Very inefficient biomass conversion processes can still reach high GHG reduction if 

compared against the fossil alternative, simply because biomass combustion is considered carbon 

neutral.  

 
Table 4-1: Greenhouse gas emissions (CO2, CH4, N2O) in different phases of the life cycle 

Biomass supply - Carbon stock change (annualised)  

- CH4 and N2O emissions during crop growth and related to fertiliser production 

- GHG related to fossil fuel input during crop growth and harvesting 

Logistics - GHG related to fossil fuel input & methane slips during logistics 

Pre-treatment & 

Conversion 

- GHG related to fossil fuel, material input & methane slips during the 

pretreatment and conversion process 

Distribution - GHG related to fossil fuel input during distribution 

End use - GHG related to end use. Combustion of biomass is considered CO2-neutral, so 

for biomass/biofuels this phase is often not considered. 

 

GHG emissions in the chain can be allocated to the different outputs in the process, via energy 

allocation (as prescribed in the Renewable Energy Directive9), economic allocation (according to the 

value of the outputs) or substitution allocation (according to what is replaced).  When dealing with 

simultaneous production of different products (as in biorefineries), this allocation methodology will 

become very complex.  

In this approach we consider the ‘full system’ approach, so calculating the overall GHG emissions of 

the different products all together.  This will then be compared with the reference system where the 

same products/services (all together) are produced in a ‘traditional’ way. 

                                                           
9
 EC (2009). Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the 

promotion of the use of energy from renewable sources and amending and subsequently repealing Directives 
2001/77/EC and 2003/30/EC, (OJ L 140/16). (better known as the Renewable Energy Directive, or RED). April 
2009. 
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The indicator is typically expressed in % GHG reduction. Subindicators are expressed in  

kg CO2-equivalent per tonne and /or per GJ outputs. 

 

Type of indicator: comparison with non-renewable reference (quantitative) 

 

 

4.1.2 Indicator: greenhouse gas emissions related to indirect land use change 

 

Greenhouse gas emissions related to indirect land use change (iLUC) are expressed in iLUC factors, 

which are calculated through economic equilibrium models. Operators in the value chain have no 

control over it, as by definition these effects are ‘indirect’.  

iLUC factors still have high uncertainty, depend on markets and assumptions, and have 

methodological differences compared to direct life cycle calculations (marginal vs average), so these 

iLUC factors can only be considered indicative, and should not just be added to the previous indicator 

(life cycle GHG emissions). 

 

The iLUC factors published in literature present an order of magnitude for land using biofuels, 

expressed in gCO2-equivalent/MJ biofuels. 

 

Some typical values are presented in the table below10 . 

 

Feedstock group  Estimated indirect land-use change emissions 

(gCO2-eq/MJ) 

Cereals and other 

starch rich crops 

12 

Sugars 13 

Oil crops 55 

 

iLUC values are generally assigned to crops using agricultural land, which could have been used for 

food production. The general trend for iLUC factors of different crops is:  

oil crops > sugar & starch crops > lignocellulose crops > waste & residues (no iLUC) 

 

In some cases there may be positive iLUC effects, e.g. if cropping leads to higher soil organic matter 

(as may be the case for marginal land). 

 

Type of indicator: comparison with biomass reference, comparison with non-renewable reference 

(semi-quantitative) 

 

                                                           
10

 EC (2012). Proposal for a Directive amending Directive 98/70/EC relating to the quality of petrol and diesel 
fuels and amending Directive 2009/28/EC on the promotion of the use of energy from renewable sources. 
COM(2012)595. 17 October 2012 
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Indicative scoring:  

-- >50% of fossil reference 

- 10-50% of fossil reference 

o <10% of fossil reference 

+ no iLUC 

++ positive iLUC 

 

4.1.3 Indicator: Sustainable harvest levels  

 

This is relevant for the harvest of trees, wood resources and the removal of wood harvest residues 

(including stumps), but also the removal of agricultural residues such as straw and stubbles and 

pruning residues from permanent crops. This indicator links to the soil organic carbon indicator (also 

included in carbon stock change for GHG emissions), but goes further as it also includes above 

ground carbon storage (in biomass).  

In forests the annual harvest of wood resources (materials and energy) are expressed as a 

percentage of net growth or sustained yield, and the percentage of the annual harvest used for 

bioenergy. In a sustainable harvesting situation, long-term harvest levels should remain lower than 

net growth and forests are allowed to expand their carbon storage. If not, there may be net 

depletion of biomass stands, meaning that it can’t be considered a ‘renewable’ resource. 

 

Type of indicator: comparison with biomass reference (quantitative) 

 

4.2 Impact on biological diversity   
 

It is clear that land use and land management changes, have direct effects on species, their habitats 

and eventually also on the ecosystem’s capacity to provide services. It should however be mentioned 

that such changes are not only caused by shifts towards bioenergy cropping, but that they may also 

be caused by agricultural production activities for food and fodder production.  

Farming has been identified as a major biodiversity-impacting sector already within the 5th 

Environmental Action Plan (EC, 1993) and adding more pressure on agricultural land demand 

increases the risk for farmland biodiversity loss, but in specific cases bioenergy cropping may also 

create positive effects.  

 

The underlying mechanisms of land use and land management changes affecting biodiversity starts 

from the principle that species population viability depends on four important landscape measures: 

amount and quality of habitat, spatial configuration of the habitat within the landscape and 

landscape permeability. These four measures factors influence the capacity of populations to 

disperse in the landscape to have enough opportunities to e.g. feed, roost, find shelter and to 

encounter with other individuals to successfully reproduce themselves and to maintain a large and 

healthy enough population. If these landscape measure factors are disrupted through changes in 

land cover and/or land management this may, depending on the size of the changes and the type 

and presence of biota, eventually lead to what Bertzky et al. (2011) calls edge effects. These include 

lower species population sizes and composition, invasion of disturbance-adapted species which 
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dominate over rarer and threatened species and overall habitat quality losses through e.g. lower 

humidity in the soil or lower  air moisture and loss of living biomass (e.g. in the case of disruption of 

(tropical) forests). 

 

Bertzky et al. (2011) makes a distinction between on-site effects and off-site effects on biodiversity. 

The first occur at the location of where the land use change happens and the second occur in the 

surroundings as a consequence of the land use change on a site. The on-site effects include the loss 

of species incapable of using the new agricultural system as habitat.  

Off-site effects are “contagious” effects of management practices, such as irrigation water use 

leading to depletion of water sources, drift and leaching of pesticides, herbicides and fertilizers and 

their effect on local biota; but also landscape structural changes which decrease the ability of species 

to disperse in the landscape and disrupt foraging routes and isolate remnant populations. Such 

landscape disrupting effects could also be caused by development of infrastructure (e.g. roads, 

power lines) associated with the conversion of natural habitats to new agricultural lands for 

bioenergy production.   

 

An overview of the main biodiversity risks of biomass cropping and harvesting in agri-ecosystems is 

given in ETC-SIA (2013)11 particularly in relation to biofuels and biomass cropping, land use 

management practices and direct and indirect land use changes. The summary table of this study 

providing an overview of bioenergy effects of potential land use and land management shifts 

resulting from bioenergy cropping is included in the Annex I to this report.    

 

In forest habitats biomass removal through logging and residues harvesting may also create risk for 

biodiversity loss. In Pedroli et al. (2011) it is explained that effects predominantly depend on the 

intensity of the forest harvesting and the wider environmental context. Intensive forest harvesting 

going together with high removal levels of residues may have negative impacts on biodiversity  

through: 

o Loss of dead wood, which is considered the most important factor adversely affecting 

biodiversity in managed forests.  

o High removal rates of stumps and logging residues which may have a negative impact on forest 

plant species diversity and soil fauna, as well as on saproxylic species. 

o Increased fertilisation may have impacts on vegetation and may lead to leaching of nitrogen 

causing eutrophication of surface water and soils affecting wildlife flora and fauna (e.g. shift in 

species) and may also have direct toxic effects on flora and fauna. 

   

Overall it is clear that biomass production can have effects on species because their habitats 

disappear or decline, but it may also affect the habitat quality. So this implies that the biomass 

production or harvesting has a direct or indirect influence via the environment which is very 

influential for habitat quality. This implies that the selected environmental indicators of soil and 

                                                           
11 ETC/SIA (2013). Review of the EU bioenergy potential from a resource efficiency perspective. Background 

report to EEA study. Alterra, Wageningen.   
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water and land use are therefore also relevant to farmland biodiversity as becomes clear from Table 

4-2, which lists some principal relationships between the other environmental indicators and 

biodiversity.  

 
Table 4-2: Environmental pressures and their link to biodiversity (source: EEA, 2007) 

Environmental pressure Link to farmland biodiversity 

Erosion Causes a loss of organic soil substances and leads to a loss of habitats. 

Furthermore, water filtering and buffering functions are reduced with 

potentially negative effects on biodiversity. Resulting nutrient losses 

cause eutrophication of surface water affecting wildlife flora and fauna. 

Soil compaction  Soil structure and other affected soil parameters (air and water 

household) may lower abundance/diversity of soil biodiversity and 

wildlife flora. 

Nutrient leaching to 

groundwater and surface 

water  

Cause eutrophication of surface water and soils affecting wildlife flora 

and fauna (e.g. shift in species) and may also have  direct toxic effects 

on flora and fauna 

Pesticide pollution of soils 

and water  

Toxic substances affect flora and fauna directly. 

Water abstraction  Water abstraction may reduce the ground water level and cause 

changes in flora and fauna. 

Indirect land use change if biomass crops are exchanged for food and feed crops it implies that 

these crops may need to be cropped somewhere else and this may lead 

to loss of valuable habitats elsewhere. 

 

From both a farmland and forest biodiversity perspective, the introduction of additional demand for 

biomass should not lead to a further intensification of land use. However, biomass production 

sometimes also creates opportunities to extensify or diversify land use or introduce minimal 

management of abandoned habitats where removal of biomass creates opportunities for increasing 

habitat and species diversity.  

 

Since the effect on biodiversity can be direct and indirect there are many indicators possible 

according to which the impacts of biomass cropping and harvesting can be evaluated. At the same 

time it is also clear that assessing these impacts requires complicated on site assessments.  

 

For now we suggest to include two qualitative indicators on biodiversity: (1) conservation of land 

with significant biodiversity values (both direct and indirect), and (2) land management without 

negative effects on biodiversity. 

 

4.2.1 Indicator: Conservation areas  

 

Conservation of land with significant biodiversity values (see also RED criteria, through ‘no-go’ areas) 

which are usually protected sites, but not necessarily. The latter creates an additional risk and to 

avoid intensification of land use and disrupting biomass removal activities in high biodiversity areas it 

is important that these areas are well mapped and identified.  
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The indicator indicates the risk of disturbing conservation land. See mapping related to NATURA2000 

and High Nature Value (HNV) farmland. 

 

Type of indicator: minimum requirement (no-go areas) 

 

4.2.2 Indicator: management practices and biodiversity 

 

Land management without negative effects on biodiversity: cultivation practices which are 

compatible are based on the following principles: use of domestic species and local varieties, 

avoiding monocultures and invasive species, preferring perennial crops and intercropping, use of 

methods causing low erosion and machinery use, low fertilizer and pesticide use and avoiding active 

irrigation. In addition, buffer zones must be established to protect sensitive areas and corridors and 

stepping stone biotopes must be preserved on cultivated land in order to improve the exchange of 

species between habitats and movement along migration paths. 

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

Indicative scoring: 

-- Land management practices for producing this type of biomass generally have a negative 

impact on biodiversity (e.g. monocultures) 

-  

o No impact on biodiversity (e.g. no land use involved) 

+  

++ Positive impact on biodiversity  

 

 

4.3 Impact on soils 
 

Soils are the literal fundament of cultivating both bioenergy feedstock, and biomass for food, feed 

and fibre. Thus, ensuring and sustaining soil quality is fundamental for the future productive use of 

land as well as for biologically sequestering carbon, and for hydrological functions such as buffering 

and filtering.  

Impacts on soil in case of agricultural biomass use from cropping and residues relate to soil erosion, 

soil compaction, changes in soil organic carbon contents and changes in the nutrient balance.  

Soil erosion causes a loss of organic soil substances and leads to a loss of habitats. Furthermore, 

water filtering and buffering functions are reduced with potentially negative effects on biodiversity. 

Resulting nutrient losses cause eutrophication of surface water affecting wildlife flora and fauna. Soil 

erosion risks depend on the presence of protective cover particularly in periods of (erosive) rainfall 

and strong winds. In this respect, crops which provide a protective cover for a major part of the year 

(e.g. alfalfa, winter cover crops, perennials crops) can reduce erosion much more than crops which 

leave the soil bare for a longer period of time (e.g. row crops such as sugar beet or maize).   

Soil erosion risk and soil compaction is also affected by tillage operations, such as the depth, 

direction and timing of ploughing and harvesting, the type of tillage and harvest equipment (heavy or 
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light) and the number of passes. Compaction can reduce water infiltration capacity and increase 

erosion risk by accelerating run-off. In addition, it has adverse effects on the soil biodiversity and soil 

structure and may lead to problems such as disturbed root growth.  

 

Also in forestry unsustainable forestry practices may disrupt nutrient cycles and deplete soil of 

organic matter, which would have negative impacts on both continued wood production and for the 

moisture holding capacity of the soil, the overall hydrological function and soil biodiversity. 

 

4.3.1 Indicator: soil erosion  

 

This indicator expresses the risk for soil erosion where the aim should be to select biomass crops and 

cultivation practices that do not add to increasing the risk, but should rather decline the risk for 

water and wind erosion, particularly in regions where erosion is already a threat. Erosion risk 

depends on location and soil type. Perennials have a lower risk than rotational crops. Removal of 

stumps in forestry practices creates high erosion risk. 

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

Indicative scoring:  

-- High risk for soil erosion when growing and harvesting this type of biomass  

-  

o No relation to soil use 

+  

++ Growing and harvesting this type of biomass declines the risk of soil erosion 

 

 

4.3.2 Indicator: soil organic carbon  

 

This indicator expresses the risk for loss of soil organic carbon. To assure that the cultivation systems 

and practices maintain or improve soil quality, the soil organic carbon content of land being used for 

biomass feedstock cultivation or for extracting surplus biomass growth (e.g. grass cuttings from 

permanent grassland) must be at least maintained.  

 

For agricultural residue removal the sustainable harvest level should not lead to a net loss in soil 

organic carbon. In a sustainable yield situation the removal level of the main product and the straw 

should be tuned with the other management practices and soil and climate circumstances that soil 

organic carbon levels at least remain stable. Monitoring the sustainable yield level is complicated as 

it a combination of a great many factors that determine the yearly maintenance of the SOC levels. 

Therefore there are situations where removal rates of straw of more than 50% could still be 

sustainable provided the input of other sources of organic matter (e.g. animal manure or compost) 

are sufficient. The monitoring of sustainable yield for straw, but also pruning residues should be done 

using a carbon balance assessment taking account of local climate, soils, cultivation practices and 

yield levels for the main product. Since this is not always practical the precautionary principle can be 

applied of allowing for maximum conservative removal rates established by experts.     
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Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

Indicative scoring:  

-- High risk for losing soil organic carbon when growing and harvesting this type of biomass  

-  

o No relation to soil use / maintained soil organic carbon 

+  

++ Growing and harvesting this type of biomass generally increases soil organic carbon. 

 

 

4.3.3 Indicator: soil nutrient balance  

 

It is important to conserve or even improve the nutrient balance of the soil, in terms of fertility.  This 

is specifically relevant for residue extraction from both agricultural lands and forest. Particularly the 

extraction of many residues and stumps in forest harvesting could lead to a nutrient depletion going 

together with a loss of soil organic carbon and soil biodiversity and ultimately increase soil erosion.  

The indicator will express the risk for disturbing the soil nutrient balance in a qualitative way.  

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

Indicative scoring:  

-- High risk of disturbing the nutrient balance when growing and harvesting this type of 

biomass  

-  

o No relation to soil use / maintained nutrient balance 

+  

++ Growing and harvesting this type of biomass generally improves the nutrient balance in 

the soil  

 

 

 

4.4 Water use & quality 
 

Cultivating biomass with high productivity and conversion facilities for bioenergy carriers both need 

water. So the main impacts on water are situated in the supply part and the conversion part. The 

following negative effects may occur:  

- pollutant emissions to water bodies. The water quality risk particularly relevant in relation to 

cropped biomass use is the nitrate (NO3) concentration in leaching water (expressed in mg NO3 

per litre). Nitrate is the main pollutant of water from agriculture (Galloway et al., 2003), and 

causing eutrophication in surface water and health risks for drinking water. 

- negative environmental consequences of (inappropriate) irrigation and additional water 

depletion from newly established cropping activities with deep rooting crops and trees could 
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occur. The impacts of increased water abstraction and irrigation include loss of wetlands and the 

disappearance of habitats due to the creation of dams and reservoirs, soil salinization and 

contamination, salt water intrusion in coastal aquifers, and the destruction of extensive, 

biodiversity-rich land use systems, such as dehesas, arable pseudo-steppes.   

 

 

4.4.1 Indicator: water use efficiency 

 

This indicator quantifies water use for biomass production (cropping), irrigation and processing. The 

following parameters can be monitored (in m³ water / GJ outputs): 

- Water use for biomass production (cropping)  

- Irrigation water use 

- Water use for biomass processing 

Type of indicator: comparison with biomass reference (quantitative) 

 

4.4.2 Indicator: water availability and regional water stress  

 

Water for irrigation of bioenergy feedstock cultivation and for process water used in bioenergy 

conversion facilities must, together with existing agricultural, industrial and human (residential) 

water uses, not exceed the average replenishment from natural flow in a watershed (TARWR = total 

actual renewable water resources12). Furthermore, the establishment of new biomass cropping 

systems and conversion facilities must be placed outside areas with severe water stress. 

Type of indicator: requirement / comparison with biomass reference  

 

 

4.4.3 Indicator: water quality  

 

Pollutant loadings to waterways and water bodies attributable to biomass feedstock cultivation and 

effluents from biomass processing should be monitored and limited. The sub-indicators should 

include annual nitrate, phosphorous and pesticide loadings in leaching and ground and surface 

water, and the biochemical oxygen demand (BOD) of effluents.  

For now the water quality of the biomass value chain will be scored in a qualitative way, indicating 

the risk of water pollution (nitrate, phosphorous, pesticides, BOD).  

Type of indicator: comparison with biomass reference/comparison with non-renewable alternative 

(semi-quantitative) 

                                                           
12

 See FAO database Aquastat. 
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/temp/wwap_pdf/Total_Actual_Renewable_Wate
r_Resources.pdf  

http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/temp/wwap_pdf/Total_Actual_Renewable_Water_Resources.pdf
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/temp/wwap_pdf/Total_Actual_Renewable_Water_Resources.pdf
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4.5 Air quality (non-GHG emissions) 
 

Other emissions than GHG, which are more related to air quality, need to be monitored as well. 

Essentially we suggest the focus to be on two types of pollutions, those related to acidification, and 

those creating particulate matter pollution (Fritsche, 2012).  

 

Both should be compared with the fossil reference.  

 

4.5.1 Indicator: acidification 

 

Acidification can be described as environmental pollution caused by acid-forming substances, e.g. 

sulphur dioxide (SO2), nitrogen oxides (NOx) and ammonia (NH3). Acidifying pollutants are removed 

from the atmosphere by wet ("acid rain") or dry (direct uptake by vegetation and surfaces) 

deposition. Effects of acid deposition are widespread and appear in a number of ways, including 

acidification of freshwater systems resulting in the loss of fisheries, impoverishment of soils, damage 

to forests and vegetation, corrosion of buildings, cultural monuments and materials. 

 

If data are available, this indicator can be quantified as life cycle SO2-equivalent emissions (g SO2-

eq/MJ outputs), in relation to the fossil reference. This can be done through LCA analysis.  

 

Type of indicator: comparison with non-renewable alternative (quantitative) 

 

 

4.5.2 Indicator: particulate matter 

 

Particle pollution (also known as "particulate matter") in the air includes a mixture of solids and 

liquid droplets. Some particles are emitted directly; others are formed in the atmosphere when other 

pollutants react. Particles come in a wide range of sizes. Those less than 10 micrometres (m) in 

diameter (PM10) are so small that they can get into the lungs, potentially causing serious health 

problems.  

 

If data are available, this indicator can be quantified as life cycle PM10 emissions (g PM10/MJ 

outputs), in relation to the fossil reference. This can be done through LCA analysis, but the main 

issue are the emissions related to combustion installations and engines.  

 

Small scale combustion of wood (logs) can have severe air quality impact (particulate emissions), 

especially for older stoves and open fires.  Bigger installations generally have to fulfil stricter emission 

legislation, but this often depends on the national and local regulatory framework. 

Type of indicator: comparison with non-renewable alternative (quantitative) 

  



26 
 

5. Business case and markets 
 

5.1 Costs / business case 
 

These indicators will give insight in the business case of the biomass value chain.  

 

5.1.1 Indicator: life cycle costs 

 

In terms of economics we should consider the levelised life cycle costs of the bioenergy carriers and 

biomaterials, in comparison to the reference (usually fossil counterpart). Where possible distraction 

of subsidies or support systems should be made.  

 

The outcome expressed in €/GJ or tonne outputs is compared to the reference providing the same 

services (electricity, heat, transport fuels, products). Different components of the costs are CAPEX 

(investment costs, for a certain annual capacity) and OPEX (operating costs) in terms of feedstock 

costs and other costs.  

 

Type of indicator: comparison with non-renewable alternative (quantitative) 

 

5.1.2 Indicator: future life cycle costs 

 

Next to the current life cycle costs, an indication should be given of future prospects. It is very likely 

that an increased technological maturity and increasing scale will reduce costs. This may change the 

above picture.  We will consider a timeframe of 20 years, again in relation to the expected evolution 

of fossil prices. 

 

Type of indicator: comparison with non-renewable alternative (quantitative) 

 

 

 

5.2 Markets 
 

There are several market aspects which make a biomass value chain attractive or hesitant to the 

markets.  Some issues are the business case for biomass mobilization, size of the markets to valorise 

the outputs, the technological maturity, other non-fossil alternatives in these markets, competing 

pathways for the same feedstocks or potential market distortions (level playing field, price impacts). 

 

5.2.1 Indicator: business case for biomass mobilisation 

 

The business case should be applicable in all separate parts of the value chain (biomass supply; 

logistics, conversion; distribution); if one of these fails the overall value chain will not be economical.  
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One of the most crucial parts in the chain is biomass mobilisation. As the Biomass Policies project is 

focused at local and regional biomass, we will consider the business case for regional biomass 

mobilisation. This will be done in a qualitative way, but based on the knowledge of biomass markets 

and costs to mobilise these feedstocks. 

 

Type of indicator: comparison with biomass reference (qualitative) 

 

Indicative scoring: 

-- not attractive (costs not covered by biomass price) 

-  

o costs (incl. working hours and investment) can be covered by biomass price 

+  

++ highly attractive for biomass producers and mobilisers 

 

 

5.2.2 Indicator: market size  

 

Targeted markets of the products and services can range from small niche (e.g. specialized products) 

to very large worldwide markets.  When focusing on small niche markets (e.g. specialised products), 

these markets may saturate quite fast, which complicates the roll-out of these technologies.  In large 

worldwide markets (e.g. energy/fuels) there are more opportunities to find customers.   

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

 

5.2.3 Indicator: technological maturity  

 

In its Horizon2020 call, the European Commission defines the following technology readiness levels 

(TRL)13:  

- TRL 0: Idea. Unproven concept, no testing has been performed. 

- TRL 1: Basic research. Principles postulated and observed but no experimental proof 

available. 

- TRL 2: Technology formulation. Concept and application have been formulated. 

- TRL 3: Applied research. First laboratory tests completed; proof of concept. 

- TRL 4: Small scale prototype built in a laboratory environment. 

- TRL 5: Large scale prototype tested in intended environment. 

- TRL 6: Prototype system tested in intended environment close to expected performance. 

- TRL 7: Demonstration system operating in operational environment at pre-commercial scale. 

- TRL 8: First of a kind commercial system. Manufacturing issues solved. 

- TRL 9: Full commercial application, technology available for consumers. 

                                                           
13

 EC (2013): Horizon 2020: Calls – Overview. Presented by Philippe Schild (DG RTD-K03) 
http://ec.europa.eu/research/conferences/2013/energy_infoday/pdf/session_3_summary_of_the_calls_open
_in_2014_-_philippe_schild.pdf  

http://ec.europa.eu/research/conferences/2013/energy_infoday/pdf/session_3_summary_of_the_calls_open_in_2014_-_philippe_schild.pdf
http://ec.europa.eu/research/conferences/2013/energy_infoday/pdf/session_3_summary_of_the_calls_open_in_2014_-_philippe_schild.pdf
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The lower the TRL the further the technology is from the actual market. This will also make it more 

difficult to find investors.  

 

Type of indicator: descriptive / comparison with biomass reference (semi-quantitative) 

 

5.2.4 Indicator: other non-fossil alternatives 

 

Markets are looking for renewable alternatives for current services and products. For some 

applications there are several options next to biomass to fulfil that, e.g. electricity (PV, wind, water, 

geothermal); for other applications (heat, heavy duty transport fuels, aviation fuels) options may be 

more limited.  Markets and policy makers are likely to focus their efforts in  biomass applications 

where there are limited other options. 

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

 

5.2.5 Indicator: competing pathways/market distortion 

 

When specific biomass applications are promoted (e.g. through subsidies), this may distort markets, 

i.e. draw away specific biomass feedstocks from other applications, or increase prices for those 

applications. On the other hand, stimulating applications of certain (residual) biomass streams may 

also create synergies which improve the business case for other applications.  

This indicator will express the risk for competition for specific feedstocks.  

 

Type of indicator: descriptive / comparison with biomass reference (qualitative) 

 

Indicative scoring: 

-- Competition is very likely for this type of feedstock (e.g. stemwood, recyclable waste) in 

case of policy support (subsidies)  

-  

o Market distortion unlikely / enough room in markets 

+  

++ Clear synergies which improve the case for other applications 
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5.3 System versatility 
 

From a system (macro-economy) perspective, the embedding of certain technologies can have 

strategic reasons for the functioning and versatility of the system. In particular the energy system is 

very sensitive for this issue. 

  

5.3.1 Indicator: Flexibility and controllability  

 

This indicator can show in a qualitative way to what extend a certain technology might improve  

flexibility/versatility in the system, e.g. through introducing buffering capacity, flexible and 

controllable production levels (intermittent or fully controllable).  

 

Type of indicator: descriptive / comparison with other renewables & fossil (qualitative) 

 

5.3.2 Indicator: (energy) security 

 

Energy security is one of the main reasons to support renewable energy. When it comes to biomass 

the question still remains whether the system still relies on imports, if this reliability is towards 

unstable regimes or stable trade partners, or can it fully rely on domestic sources? 

 

Type of indicator: descriptive / comparison with non-renewable reference (qualitative) 
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6. Socio-economic aspects 
 

6.1 Job creation 
 

Job creation and economic growth is another main driver for the biobased economy. Net job creation 

as a result of the deployment of biomass should be regarded over the full value chain. This can be 

expressed in number of full-time jobs per GJ or tonne end products. The indicator can be 

disaggregated into skilled vs unskilled jobs, permanent vs temporary jobs or local vs global job 

creation.  

 

6.1.1 Indicator: Full direct jobs equivalents along the full value chain  

 

The following value chain steps require employment that could be included in the measurement of 

direct jobs created:  

- bioenergy feedstock production;  

- biomass transportation;  

- biomass conversion and processing;  

- manufacturing of equipment;  

- distribution and sales;  

- installation of conversion plants and other equipment;  

- operation and maintenance of conversion plants and other equipment; 

- major research and development related to any of the above activities. 

 

This indicator is expressed in number of full-time jobs/tonne or GJ of end products (yearly). 

 

Type of indicator: comparison with non-renewable reference (quantitative) 

 

6.1.2 Indicator: Full direct jobs equivalent in the biomass consuming region (or 

country) 

 

To express regional job creation and the contribution to the local (rural) economy, we will focus on 

the jobs of the value chain situated in the region/country where the biomass consumption is 

promoted.  

The indicator is also expressed in number of regional full-time jobs/tonne or GJ of end products 

(yearly). 

 

Type of indicator: comparison with non-renewable reference (quantitative) 
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6.2 Local economy 
 

6.2.1 Indicator: contribution to rural economy 

 

Employment is a major issue in rural economies. Certain value chains may induce more regional job 

creation, stimulating the rural economy, while other value chains may be more directed to large 

scale industry, often in the hands of international players/multinationals. 

 

Type of indicator: descriptive / comparison with non-renewable reference (qualitative) 

 

 

6.2.2 Indicator: local embedding – proximity to markets 

 

The indicator expresses the difference between a more local approach with low distances (feedstock 

converted and consumed locally) on the one side, and on the other side a more 

international/industrial approach where the feedstock is transported to large industrial sites, or to 

harbour areas to be exported.  

 

Type of indicator: descriptive / comparison with non-renewable reference (qualitative) 
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7. Conclusions and further steps 
 

A set of ecological, technical, economic and socio-economic indicators are presented for evaluating 

sustainable, resource efficient biomass value chains in EU countries and regions.  These indicators 

will be used to assess the value chains selected in Biomass Policies.  

Biomass feedstock utilisation is complex as there is usually not one single utilisation pathway. To find 

the best match between the biomass types and the conversion technologies the technical, economic, 

resource efficiency, sustainability and regulatory parameters need to be taken into account. This 

involves a complex analysis process and it is recommended to involve these aspects step by step. At 

the end of the process every region/country included in the Biomass Policies project will end up with 

a selection of most promising pathways with their performance in terms of all parameters that need 

to be taken into account when selecting the most resource efficient biomass pathways for bioenergy 

production. 
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Annex 1 Biodiversity impacts of cropping shifts 

Overview of effects on biodiversity resulting from potential shifts toward different types of bioenergy cropping 

Type of land use 

changes 

Present land 

use categories 

Type of 

crops/use: Typical biodiversity values  

Negative impacts on 

habitat quality 

Negative impacts on 

species 

Positive impacts on 

habitat quality 

Positive impacts on 

species 

Shift from very 

intensive land 

use to bioenergy 

crops 

Horticulture in 

Glasshouses 

Polytunnels 

Flowers, 

vegetables 

None, biodiversity values have 

already disappeared. 

none None Inputs of fertilisers, 

herbicides and 

pesticides will be 

reduced. The same 

applies to tillage and 

irrigation practices. 

This will lead to 

improved soil and 

water quality, 

improved water 

availability for non-

agricultural uses (e.g. 

biodiversity). 

Higher landscape 

structural diversity 

improving connectivity 

and permeability of the 

landscape for birds and 

other invertebrate 

species. Soil biodiversity 

might benefit from less 

tillage and decline in 

inputs of pesticides, 

heavy metals etc. 

Horticulture  Strawberries, 

flower bulbs, 

flowers, 

vegetables  

Root Crops Potatoes, 

sugarbeet 

Shift from 

intensive arable 

and permanent 

crops to 

bioenergy crops 

Sugar, starch and 

oil crops and 

intensive fodder 

crops 

Winter wheat, 

barley, maize, 

rice, rye, rape, 

sunflower, 

temporary grass 

etc.  

None, biodiversity values have 

practically already 

disappeared, except for some 

more common farmland birds 

and mammals using these 

crops for shelter and breeding 

(e.g. maize) and soil 

biodiversity. 

If a shift takes place to a more 

intensive crop (e.g. winter 

cereal to sugarbeet) this may 

lead to higher input use and 

tillage. This will have negative 

implications for water 

(pollution and eutrophication) 

and soil quality (pollution, 

erosion and compaction) 

If a shift takes place from 

permanent crops to 

rotational arable the tillage 

increases which will have 

major impacts on soil and 

water quality and 

subsequently soil 

organisms. A shift from 

maize to rotational arable 

will diminish shelter and 

breeding opportunities for 

mammals and birds. 

If shifts take place 

from rotational arable 

and permanent crops 

to perennials this may 

lead to lower inputs of 

fertilisers, pesticides, 

herbicides and water 

use which will have 

positive impacts on 

soil and water quality 

and water availability. 

Shifts from arable to 

perennials crops will 

lead to lower 

mechanisation (tillage) 

which will be beneficial 

to soil biodiversity. It will 

also create greater 

diversity in landscape 

structure and provide 

pockets to support 

connectivity and 

permeability of the 

landscape for birds and 

mammals. 

Permanent Crops 

(Intensive) 

Fruit orchards, 

citrus, nuts, olive 

groves and 

vineyards  
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Shift from 

medium to low 

intensive land 

uses  

Permanent Grass 

(Intensive) 

Grass, silage 

production, 

grazing 

Some HNV farmland areas are 

found in this category, certainly 

those supporting meadow and 

steppic birds (e.g. lapwing, 

partridge, great bustard). 

Practically no Annex I habitat 

types occurring here.  

If a shift takes place from these 

categories to more intensive 

crops (e.g. to sugarbeet, OSR) 

and a tightening of rotations 

this may lead to higher input 

use and mechanisation 

(tillage). This will have negative 

implications for water 

(pollution and eutrophication) 

and soil quality (pollution, 

erosion and compaction). In 

steppic areas with cereal 

cropping a shift to biofuel 

crops may encourage increase 

in irrigation with potential 

water depletion effects.   

Conversion to bioenergy 

crops may lead to loss of 

fallow lands, which are an 

important habitat for 

species from a range of 

biota. If permanent 

grasslands are converted to 

arable this will have 

negative impacts on 

biodiversity and especially 

ground nesting birds. 

Further introduction of 

rotational arable crops in 

this category will destroy 

extensive farmland 

habitats of importance for 

common birds, cereal 

weeds and included in the 

HNV farmland category. 

When extensive 

permanent crops are 

exchanged biodiversity loss 

will be severe as there are 

many mammals and birds, 

but also weeds depending 

on low intensity olive 

groves, nut tree plantations 

and vineyards. Also open 

steppic agricultural 

landscapes, which are the 

typical habitat for steppic 

birds of prey, may be 

destroyed by introduction 

of perennial crops.  

If perennials are 

exchanged for 

intensive permanent 

grassland this may 

lower input of 

fertilisers which will 

have positive effect on 

water quality, but 

increased tillage 

(although limited) may 

encourage soil erosion.   

Some species (certain 

birds and small 

mammals) might profit 

from introduction of 

perennial crops in 

typical open 

monotonous permanent 

grassland or arable 

landscapes as they 

provide shelter and 

nesting opportunities.  

Fodder Crops - 

with Short term 

fallow 

triticale, alfalfa 

etc. 

Extensive arable Summer wheat, 

barley, rye, etc.  
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Shift from low 

intensive land 

uses to bioenergy 

crops 

Agro-forestry  

(incl. Dehesas, 

Montados) 

(Cork) oak, 

olives, 

chesnuts, trees-

grass, trees-

cereals, 

sometimes 

grazed with 

pigs, goats, 

cows 

This type most strongly 

coincides with HNV farmland. 

Many Annex I habitat and 

species types occur in this 

group. Examples of Annex I: 

Fennoscandian wooded 

meadows & wooded pastures; 

Sclerophellous grazed forests 

(Dehesas) with evergreen 

Quercus suber and/or Quercus 

ilex; Dry sand and wet heath 

types; Endemic oro-

mediterranean heath with 

gorse; Salt meadows and 

marshes; Machairs; 2330 

Inland dunes with open 

Corynephorus and Agrostis 

grasslands; 2340 Pannonic 

inland dunes; 5130 Juniperus 

communis formations on 

Any shift to bioenergy cropping 

will entail changes in 

traditional management, and 

will generally lead to increases 

in input uses, more 

mechanisation and disturbance 

of landscape structure. This will 

have negative implications for 

potentially water quality 

(pollution and eutrophication) 

and quantity and soil quality 

(pollution, erosion and 

compaction).  

Any shift to bioenergy 

crops will have an adverse 

effect on farmland 

biodiversity as it leads to 

direct loss of farmland 

habitats and specific 

landscape structural 

composition in which a 

careful equilibrium exists 

between low intensity 

agricultural management 

disturbance and a mix of 

species of different biota.  

If cuttings of 

grasslands and other 

agricultural residues 

are harvested this may 

have positive impacts 

on the quality of semi-

natural habitats which 

on human interference 

through low intensive 

management (biomass 

removal). Biomass 

demand could be an 

economic stimulus to 

continue managing 

these areas instead of 

completely 

abandoning them.  

Extensive management 

of semi-natural 

grasslands creates more 

opportunities for a 

wider diversity of 

farmland birds, 

invertebrates and small 

mammals. 

Traditional + long-

term fallow 

fallow 

(Mediterranean) 

scrub, moors and 

heathlands 

some very 

extensive 

grazing 

Permanent grass 

(extensive) 

Extensively 

grazed 
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Wetlands Sometimes very 

extensively 

grazed 

calcareous grasslands; 

Calcareous grassland; Selicious 

alpine and boreal grasslands; 

Semi-natural dry and wet 

grasslands; Pseudo-steppes 

with grasses and annuals; 

Species rich Nardus grasslands; 

steppic grasslands; Nordic 

alvars;   Molinia meadows on 

calcareous or peaty soils; 

Alluvial meadows, Lowland and 

mountain hay meadows  
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