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Biomass production, supply, uses and flows in the European Union. First results from an integrated

assessment

The report delivers an assessment of EU biomass production, uses, flows and related environmental impacts for

the sectors agriculture, forestry, fisheries and aquaculture, and algae . Quantitative estimates are derived from
available data and current knowledge, yet highlighting the uncertainties and the remaining gaps.

The work is framed within the JRC biomass study and is meant to support the EU bioeconomy and the related
policies.
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Executive summary

This report illustrates part of the results from the first two years of  JRC biomass study,
carried out in the context of the m andate on the provision to EC services of data and
analysis on biomass flow, supply and demand on a long -term basis .

The JRC biomass study has a wide scope and is a long -term endeavour, nothaving a pre-
defined duration. Here we refer to the results after the first two years, with a focus on the
assessments of the  biomass produced in the EU, how much is being used and for what

uses, and how to assess the related environmental impacts. We report quanti tative
estimates on current EU biomass production, uses and flows for the sectors agriculture,

forestry, fisheries and aquaculture, and algae . The document contains the best estimates
we had been able to attain from available data and our current knowledge , et highlighting
the remaining gaps and underlying uncertainties.

In addition, results for all sectors examined are presented with an integrated perspective
and using cross -sectorial biomass flows diagrams. The methodological framework to assess
the envi ronmental impacts of biomass supply chains is also introduced.

The total agricultural biomass produced annually in the EU was estimated at 956 Mt of dry

matter per year  (excluding pastures) of which 54% economic production, that is grains,

fruits, roots,t ubers, i.e.the reason why the crop is cultivated. The remaining 46% is above
ground biomass from by -products and residues such as leaves and stems, which may also

have an economic value (for instance when used for animal bedding or for bioenergy

productio n), and are also important for ecosystem services such as maintaining organic

carbon levels in soil or preventing soil erosion.

The total above ground woody biomass of EU-28 forests was estimated at 18 600 Mt of
dry matter, of which 68% of stemwood, the re maining 32% being branches, stumps and
tops altogether referred to as other wood components (OWC) . We estimated the net annual

increment of EU-28 forests available for wood supply as 4 44 Mtlyr , of which 3 49 Mt
stemwood and 9 5 Mt OWC. The average annual har  vest level in the EU is about 63% of

this increment. However reported removals have been shown to be underestimated up to

20%, which would correspond to a harvest -to-increment ratio  approximately 12% higher.
With this harvest level, harvest would still not exceed the annual increment, resulting in

the increase through time of forest biomass stock, thus in EU forest acting as carbon sink.

Overall, the average annual biomass produced in the land -based sectors (agriculture and
forestry) of the EU is 1466 Mt in dry matter (956 Mt agriculture, 510 Mt forestry). Not all

the biomass produced is harvested and used, part of it remains in the field to maintain the

carbon sink and the other ecosystem services. The biomass harvested and used in 2013

from the EU agricult  ural and forestry sectors was estimated as 805 Mt dry matter (578 Mt

from agriculture, 227 Mt from forestry). In addition, 119 Mt were grazed in pastures.

Production from fish  eries and aquaculture by the EU-28 Member States equalled  6.05 Mt
wet mass (rough ly corresponding to 1.5 Mt dry weight ) in 2013, representing 3.17% of
total global production. Total production o f both macro - and micro algae was 0.23 Mt wet
mass in 2015 (roughly corresponding to 0.0 27 Mt dry weight ).

Comprehensive cross -sectorial biomass flow diagrams  (Sankey diagrams)  representing in
a unique view the flows of biomass of different sectors of the bioeconomy, from supply to

uses including trade, have been developed. The diagrams, which can be considered a first
release subject to fu ture refinements and expansion, link the data from the supply to the
uses, and integrate agriculture, forestry, aquaculture and fisheries biomass flows . The
biomass flow diagrams are the bases to frame the future analysis of cross-sectorial
competition s and synergies.

Biomass balance sheets of supply and uses for the forest -based and agricultural sectors
have been compiled  with consolidated numbers detailed at MS and EU-28 levels. With

reference to 2013, t he EU agricultural biomass sup ply was composed of harvested crop
production (478 Mt) , collected crop residues (100 Mt) , grazed biomass (119 Mt) and



imports of bio -based products (121 Mt of vegetal biomass equivalents) . Agricultural
biomass has been further disaggregated into content in proteins, fats, sugar and starch,
cellulose and other components . Concerning biomass uses, a  round 80% of the agricultural
biomass supply was used as food and feed  (15% directly consumed as plant -based food
and 65% as animal feed , mostly for the production of animal -based food ). Around 98 Mt
dry matter of vegetal biomass equivalents wer e exported , the rest was used as either
biofuel, biomaterial or waste

Biomass flows diagrams for the forest -based sector have been developed illustrating
cascade uses, the competition and synergi es as well as the importance of different sub -
sectors . We have made evident and discussed data gaps and existing inconsistencies

among data sources, which in the prosecution of the study in 2018 will be further
addressed.

In the forest -based sector in 2013 , EU-28 reported biomass sources were in total about
354 Mt dry weight , summing primary (242 Mt), secondary (95 Mt) and post -consumer (17
Mt) sources. T otal known uses of woody biomass summedto around 399 Mt dry weight of
Solid Wood Equivalents (SWE) , consequently, thereis  a gap of 45 Mt between the reported
sources and uses of wood (the latter being higher) . Regarding the share  of energy and
material uses, 52% of wood primary and secondary sources were used for materials while

48% for energy.

Biomass f lows within the seafood supply chain have been reconstructed through the

development and  first known attempt of adaptation to seafood of a Multi Region Input -
Output model (MRIO). We have reconstructed the basic technical coefficients and trade
matrixes , which represent the core of the model, reconstructing global seafood biomass
flows , thus providing  for the first time the possibility to distinguish , for each subsector

separately, the proportions of supply that are satisfied domestically and traded
internat ionally. Further testing of model assumptions and assigning monetary values to
biomass flows are activities foreseen for 2018.

Global supply, demand and trade for macro and microalgae biomass and derived products

have been framed based on critical analysis of existing statistics.

A methodological framework for the analysis of environmental impacts of biomass supply
chains has been developed. This framework is quite flexible, can cover all biomass uses,

all environmental impacts and beyond and can accommodat e the needs of different Tasks

in the Biomass mandate. Firstly, the study aimed at defining a detailed guidance on when

and how various Life Cycle Assessment (LCA) modelling approaches (Attributional (A -LCA),

Consequential (C -LCA) and intermediate setups) should be applied. It highlighted the
importance of consistency between the stated goal of the study and the methodology used.

In the first phase of the study, a database was compiled to gather all the A-LCA results
calculated or assembled by the JRC for m ultiple bio -based commodities.  This database
focuses on supply -chains impacts and it currently consists of more than 3 80 pathways .
Additional commodities or pathways can be added anytime. The bulk of the database
comprises bioenergy commaodities mainly and focuses on Greenhouse Gas (GHG)
emissions . However, the database contains humerous non-energy datasets as well, such
as some bio-based materials, waste and food products . It is being further expanded.
Finally, a comprehensive set of environmental impact in dicators, beyond climate change
impact, has been proposed to be added to the modelling framework.






1 Introduction

Biomass is at the core of the bioeconomy and the key societal challenges it addresses . The
demand for biomass is increasing worldwide , consequently, t here is a growing need to
assess and better understand how much biomass is available and can be mobilized
sustainably, how much is being used and for which purposes , what are the biomass flows

in the economy and how the increased pressure on natural resources can be reconciled
with environmental, economic and social sustainability in Europe and globally.

Many s ectorial policies deal 7 directly or indirectly i with biomass supply and demand and
with the impacts of biomass harvest and uses from quite diverse, and at times contrasting,
perspectives. Recognising the need for a balanced and scientifically robust approach to
assessing the status and trends of biomass, a number of European Commission (EC)

services have given the Joint Research Centre (JRC) a mandate to provide data, models

and analyses on EU and global biomass supply and demand and its sustainability
(environmental, social and economic), on along -term basis *. The envisaged work, initiated

in 2015, covers all sources of biomass - agric ultural, forest,  fisheries, aquaculture, algae -
and includes an assessment of the impacts of the production and use of biomass, and the
competition and the synergies between sectors for biomass resources. This assessment is
designed to support the impleme ntation of policy measures, and to develop and analyse
scenarios for biomass supply and demand with short T term (2020), medium  -term (2030)
and long -term (2050) perspectives.

More detail on the request can be can be found in the Mandate on the provision of data
and analysis on biomass  flow, supply and demand by JRC on along -term basis (hereafter
referred to as the  fBiomass mandate 0)2.

The activities are being carried out by JRC through the setting up of the overarching study

on biomass (hereafter referred to as the JRC biomass study ) and coordinated with the
policy Directorate -Generals (DGs) of the European Commission that have agreed to the
Biomass mandate .

The overall approach of the inception phase of the study was to gather in  formation on the
state -of-the -art knowledge and databases on biomass resources in the different sectors as

well as to establish the basis for ex -ante assessments using computer -based simulations
to support biomass -related polic ies. This phase included a fo  cus on in -depth literature
reviews as well as reviews of available datasets, as outlined in the mandate

The first two years have laid the foundations of a framework for the development of a
robust scientific knowledge base and modelling capacity that can s upport policy making on
biomass -related issues. Initial steps have focused on :

1. the stocktaking of existing studies on biomass supply and demand, complemented
by JRC data collection and in  -house capacity,

2. the development of a knowledge base on biomass -relat ed issues, identifying gaps,
and uncertainties.

3. the projection of future forest -based and agriculture biomass supply and demand,
and the related environmental impacts.

This report summarizes part of the work carried out within the JRC biomass study |,
particularly regarding the biomass produced in the EU, the quantities  being supplied and
used for food, feed, material and energy purposes, the development of a methodological
framework to assess the environmental impacts of biomass supply chains . ltthu s reports
guantitative  estimates on current EU biomass production, uses and flows for the sectors
agriculture, forestry, fisheries and aquaculture, and algae , providing the best estimates we

1 Biomass mandate agreed by the Directorate Generals  Agriculture and Development (AGRI), Climate Action
(CLIMA), International Cooperation and Development (DEVCO), Energy (ENER), Environment ( ENV),
Internal Market, Industry, Entrepreneurship and SMEs (GROW), Maritime Affairs and Fisheries (MARE),

Mobility and Transport (MOVE), Regional and Urban Policy (REGIO), Research and Innovation (RTD),
Secretariat -General (SG) and Trade (TRADE).
2 See https://biobs.jrc.ec.europa.eu/biomass -assessment -study -jrc



https://biobs.jrc.ec.europa.eu/biomass-assessment-study-jrc

had been able to attain from available data and current knowledge , yet highlighting the
remaining gaps and underlying uncertainties. In addition, results for all sectors examined

are presented with an integrated perspective and using cross -sectorial biomass flows
diagrams. T he modelling work within the Biomass study to develop forward looking
scenarios of biomass supply and demand is not part of this report
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2 Biomass from agriculture

Agriculture occupies half of the land area of the European Union. Although it occupies only

4.5% of the EU -28 working population (Eurosta t), it supplies the European economy with

a diversity of essential products and services such as food, feed, material, and energy. The
economic value of the primary crop products such as grains and fruits, roots and tubers is
the principle motivation for ¢ rop cultivation. A large part of the crop biomass that is grown,

i.e. the residues, is left in the field, although this may also generate farm income, for

instance when used for animal bedding (e.g. straw). Residues are also essential for other

uses, inclu ding ecosystem services such as maintaining organic carbon levels in soil or
preventing soil erosion. With the development of the bioeconomy, the demand for these

secondary products is likely to increase, changing the economic conditions of production.

While meeting the demand for food and feed products remains the main objective of the
agricultural sector , the increased demand  of residue biomass for material and energy uses
calls for a comprehensive assessment of biomass production from agriculture . This ¢ hapter
presents an estimation of the total agricultural biomass produced, the current uses, and

the potential supply of additional quantities of residue biomass produced in the European
Union given current management and intensification levels. To ensure a sustainable use of
residues, only a certain part  of thistotal can be removed from the field

2.1 Production

Agriculture supplies food, feed, fibre and energy as well as ecosystem services. This section

provides the knowledge base on the current production of agricultural biomass. The
assessment distinguishes the production related to the primary economic reason to
cultivate a crop (e.g. grains, fruits , roots, tubers ) and the production of residues (e.g.
straw).

The producti on estimates account  for all crop gr oups, including cereals, crops harvested
green, sugar and starchy crops, olil -bearing crops, permanent crops, vegetables, pulses
and industrial crops. Animal products (meat, dairy products) are excluded from this
analysis to avoid double counting since thes e products result from the transformation of
the feed and fodder biomass (e.g. cereals, grasses) into animal biomass.

In this Chapter, agricultural biomass production is thus distinguished by economic and
residue production.
2.1.1 Methods, data sources and bound ary conditions

Collection of statistics

The estimation of economicand residue production , at EU level requires a complete dataset
with crop statistics for all EU Member States (MS). Production and harvested crop area
from 1998 to 2015 were collected from the Eurostat database, which contains crop
statistics at NUTS level 0 and i forsome MS i also NUTS level 1 and/or 2.

Additionally, crop area and production data were collected by contacting the National
Statistic al Institutes from the MS, which provided c rop statistics at the highest NUTS level
available from 1998 to 2012. The statistical data collected from the MS were, when

necessary, harmonized with the Eurostat standards used for crop definitions and
administrative units. The crop/varieties provided by the MS were matched with those from
Eurostat, sometimes grouping individual crops reported by MS (e.g. summing rapeseed

and turnip rape statistics from MS to produce an equivalent to frapeseed and turnip rape 0
reported in Eurostat).

Regarding the administrative units, in some countries there were changes in the
boundaries and/or names of regions  during the reference period . In specific cases (e.g. a
few regions in Germa ny, Sweden, ltaly and Romania), it was necessary to aggregate
statistics to matc h the NUTS system . In other cases such as Ireland, UK and Finland , it
was necessary to disaggregate some regions to the NUTS3 level using as weight the arable
land area from the Corine land cover map (Buttner et al., 2004). Once statistics from the

11



MS and Eurostat were harmonized, a complete statistical dataset at all NUTS levels was
generated using a post  -processing algorithm with regional weights.

Estimation of economic and residue production

As explained above, a consistent economic production dataset fo r all commodities for the
EU-28 across all administrative levels (NUTS 0 to 3) was generated by using crop
production statistics from Eurostat and MS

Residue yield ( 'Y) was inferred from economic yield ( &), relying on the relationship between
the biomass allocated in the economic products, in most cases crop storage organs ( e.g.
grains, roots, tubers) and residues that often correspond to vege tative organs ( e.g. leaves,
stems), through the harvestindex "O'@xpressed as:

Y 00 ()
These relationships  were formalized for every crop through newly derived empirical models
for the main crops grown in the EU (Figure 2.1). The models were constructed from an
extensive dataset of experimental observations collected from scientific literature . The
different  relationships between economic and residue yield that can be observed in
Figure 2.1, relate to crop -specific physiological characteristics of biomass partitioning (c.f.
wheat and maize , LoOpez-Lozano et al., 2017 ). Using t hese models, residue yield Y
(expressed in  tonnes of dry matter per hectare) for every NUTS 3 region was calculated
using economic yield (&, in tonnes of dry matter per hectare ) as predictor. The economic
yield was obtained from the statistical crop prod uction dataset developed previously.

For spatial representation and analysis, the estimations of residue production at NUTS 3 -
level were disaggregated to 25 km grid cells using several land cover classes from the
CORINE land cover map  (see Figure 2.7).

12



Figure 2.1. Empirical models for the estimation of residue yield for the crops studied
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Solid lines represent the model estimations and dash ed lines are the confidence intervals at 95%. Dots are the
observed values from scientific literature.

2.1.2 Results

2.1.2.1 Total production in the European Union

The total agricultural biomass produced annually in the European Union is estimated at

956 Mt of dry matte  r, as averaged from 2006 to 2015 (Garcia-Condado etal. ,2017) . Out
of this total , 514 Mt (or 54%) are produced in the form of the primary products (biomass

produced as grains, fruits, roots, tubers) with an intrinsic economic value i the reason for
which the crop is cultivated T and is thus referred to as economic production s,

The remaining fraction of the biomass (442 Mt or 46%) , which is not the primary aim of
the production process  (e.g. dry biomass from leaves, stems), is referred to as residue
production, although sometimes residues may generate farmincome  (e.g. animal bedding,

3 In order to avoid biased calculation because of the absence of reporting for some crops and some years, the
values prese nted here refer to the sum of the average annual production by crop  at Member State level from
2006 -2015 for those years that had reported values

13



production of bio -energy). Residues are also essential for other uses including ecosystem
services such as maintaining soil organic carbon levels in the soil or preventing soil erosion.

Total residue biomass from agriculture in the EU has increased slightly over the last
17 years (1998 -2015), as shown in  Figure 2.2. The growth in both  economic and residue
production is explained by a positive trend that is the result of a progressive increase in
the yields of the main cereals (e.g. maize) due to improvements in agro -mana gement, and
a general expansion of  area cultivated with  oil -seeds.

The inter -annual variability of biomass production T both economic production and
residues 1 is largely determined by weather conditions. Adverse weather extremes affected

cereal growth in  the main producing countries in 2003 T characterized by an extremely
cold winter and a long heat wave in summer i and in 2007 T duetoa severe droughtin
Eastern Europe . It explain s the reduced biomass production in these two years ( Figure
2.2). Conversely, 2004 and 2014 are the years with the highest agricultural production, as

beneficial weather conditions prevailed along the growing season in most Member States

The production of agricultural residues is estimated from empirical models (see the
Methodology section) and the confidence intervals in Figure 2.2 represent the
uncer tainties, inherent to the model used. These uncertainties are relatively large

T especially the upper interval i indicating the need for future improvements in the models

used to estimate agricultural residue production.

Figure 2.2. Evolution of agricultural biomass production (economic production and residues in Mt
dry matter per year) in the EU -28 from 1998 to 2015
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2.1.2.2 Contribution from crops

The breakdown of economic and residue production per crop group and crop is given in

Figure 2.3 and Figure 2.4. Cereals and plants harvested green (258 Mt/lyrand 1 56 Mtlyr,
respectively) dominate economic production, accounting for about 80% of the total. The

next important ¢ rop groups are sugar and starchy crops, and oil -bearing crops (resp.
40 Mt/lyr and 27 Mtlyr). Dedicated energy crops (crops grown exclusively for energy
production , not included in any of the other crop groups as Eurostat does not report the
share of food o r fodder crops, e.g. maize or rapeseed used for the production of energy )
represent only a minor fraction (<0.1%) of the total biomass production.

4 This f igure relies on annual data reported by Member States with some missing values for some crops and ye ars.
The total production is slightly underestimated.
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Regarding individual crops, wheat, grain maize and barley sum altogether to 225 Mtlyr,
about 45% of total agricultural economic production. Maize harvested green and grasses

T both used for fodder i account for 123  Mt/yr or 24%. Other crops, such as sugar beet

(5%) and rapeseed (4%) also provide a relevant contribution to the total economic
production.

Regardi ng residue production, cereals represent 74% of total agri cultural residue
production (32 9 Mt/yr), while oil -bearing crops is the second group of importance with
17% (73 Mt/yr). In these two main crop groups, the biomass of residues is higher than

the econ omic production (Fig. 3), since the proportion of grain to total above ground

biomass 1 also known as harvest index T inthese crops typically ranges from 20% to 55%.

As far as residues are concerned, wheat (149 Mt/yr), grain maize (80 Mt/yr), rapeseed
(54 Mtlyr), and barley (50 Mt/yr) , contribute most to EU -28 production, together
constituting 75% of the total. It is important to note that the relevance of maize among

cereals in the production of residue biomass is significantly higher than in the producti on
of grains. According to experimental data, biomass formation in leaves and stems in maize

can be high even in conditions of moderate water stress, which makes this crop an

important source of residue biomass.

Other relevant crops for the production of r esidues are olive trees (residues mainly coming
from pruned biomass), sunflower or triticale, each of them producing around 15 Mt/yr. The
contribution of sugar beet (9 Mt/yr) and potato (4 Mt/yr) is low T especially if compared to
their contribution to the economic production T as the harvest index of both crops is rather
high, close to 75%.

Figure 2.3. Breakdown of EU -28 economic production by crop group (top pane) and crop s by crop
group (bottom pane) , expre ssed in Mt of dry matter per year. Averages values over the reference
period 2006 -2015
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Figure 2.4. Breakdown of EU -28 residue production by crop group (top pane) and crop s by crop
group (bottom pane) , expressed in Mt of dry matter per year. Averages values over the reference
period 2006 -2015
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2.1.2.3 Distribution by Member States

The distribution of economic and residue production across the Member States is shown

per crop group in  Figure 2.5 and Figure 2.6. The top -7 countries 1 France, Germany,
Poland, Italy, Spain, the UK and Romania I make up about 75% of the economic
(384 Mt/yr) and residue production (323 Mt/yr).

France and Germany are, respectively, the first and second largest producers. In both

countries cereals are the main contributors to the total economic production i 57 Mtlyr
and 40 Mt/yr for France and Germany, respectively i followed closely by  plants harvested
green i 43 Mt/yr and 33 Mt/yr, respectively. In France, the production of fodder biomass

mainly comes from temporary grasses, whe reas in Germany green maize provides 80% of
fodder production. Italy is the third country in terms of economic production, with fodder

crops contributing most to the total national figure, and a substantial contribution from

permanent crops. Poland and Spa in follow, characterized by different crop distributions: in
Poland cereals and fodder crops dominate, whereas in Spain the production from
permanent crops i mainly olive trees i is substantial.
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Figure 2.5. Economic production (top pane) from the main crop groups per member state,

expressed in Mt of dry matter per year ; and the shares at national level ( bottom pane) . Average
values over the reference period 2006 -2015.
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Figure 2

.6. Residue production ( top pane) from the main crop groups per member state, expressed

in Mt of dry matter per year ; and the shares at national level ( bottom pane) . Average values over

the reference period 2006  -2015 .
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Regarding the production of residues, France and Germany are the two main EU producers
with respectively 84  Mt/lyr and 60 Mt/yr. In both countries, cereals T with an important
contribution from wheat i represent 70 -75%, followed by oilseeds.

Poland and Romania are placed in the third and fourth position, respectively. The

contribution of cereals reaches 80% of total residue p
by oilseeds with about 15%. In Poland i atop EU producer of triticale and rye

the residue production comes from winter cereals. In the case of Romania, maize is the

most relevant crop. As indicated in the p

biomass

in leaves and stems, and thus becomes a crop of major importance for the

production of residues, and this explains why Romania is the fourth contributor to EU
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residues production whereas it only oc cupies the seventh place in terms of economic
production.

One of the main factors determining a possible economic use of agricultural residues ie.g.
for bioenergy production i are the transport costs. Thus, studying the spatial distribution
of agricultural  residue production over EU  -28 territory becomes crucial to assess the
economic efficiency of using this source of biomass. Figure 2.7 shows the results of a first
attempt to spatialize the distribution of agricultural residues production, based on the

spatial disaggregation of estimates in residue production. The northern half of France, East

Anglia, central Germany, the Po valley, and the Danube basin are the main pr oducing areas
of agricultural residues within the EU - 28, mostly coming from cereals and oilseeds. Pruning
residues are also relevant, especially in Andalucia (Spain) and Puglia (ltaly) due to the

presence of olive trees.

Figure 2.7. Distribution across EU -28 of residue production for the reference period 2006 -2015in
the main crop groups: cereals, oil -bearing crops, permanent crops and sugar and starch crops
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2.1.3 Gaps, uncertainties and future developments

Several knowledge gaps need addressing to improve this assessment of agricultural
biomass production. No systematic figures of residue production are available in
agricultural statistics. T herefore, residue production is deduced from economic production
using empirical models that describe, for each individual crop, the relationship between
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biomass cumulated in plant storage organs and biomass produced in other aboveground
organs (e.g. leave s, stems, etc.).

Although relationships exist for most crops, estimating residue production solely from

economic production is an over -simplification, as genetic factors (varietal differences),

agro -climatic conditions, and agro -management practices (e.qg. irrigation, fertilizing)
influence the relationship. As a result, the uncertainties can be large in most of the model
estimates for specific yield intervals. The use of crop growth  simulation models can help to
overcome the simplicity of empirical models b ased on economic yield. Further research
should investigate the potential of crop models to predict changes, not only on economic

yield, but also in the "O"@and use them as tools to improve the estimation of crop residues
over large areas. Similarly, can opy models driven by Earth Observation data using satellite

and weather observations can support the quantification of the total biomass over
croplands. Biophysical modelling makes it possible to simulate the physiological proce sses
determining crop biomass pa rtitioning into yield or residues with a higher precision
compared to simple empirical models. Actually, the use of remote sensing data to drive

the model should reduce the uncertainty on residue biomass estimates , as remote sensing
products cons titute a useful observation of the formation of green biomass ,and vegetative
organs in particular (leaves, stems).

A further evaluation on the use of agricultural residues requires data on current collection
practices and the technical capabilities in har vesting the residue  from the field. Moreover,
an assessment on the residue biomass needed to satisfy sustainability criteria i eg. to
prevent soil erosion  and/or increase soil organic carbon T would be necessary to quantify

the amount of produced residues available for other competitive uses. Such a sustainability
criterion could be a minimum percentage of residues that needs to be left in the field to
maintain e.g. soil organic matter.

2.2 Supply , use s and flows

The EU agricultural biomass supply comprises the EU agricultural economic production °
(primary products) , the collected part of  crop residues (secondary products) , the grazed
biomass and imports of bio  -based products.

The uses of agricultural biomass (food and feed, bioenergy and bio -based materials) h ave
been quantified separately from supplies of agricultural biomass for the main reason that

the available data supporting calculations also belong to distinct sources. Flows have been
quantified in a third step

Due to the limited information available for the quantification of agricultural biomass uses
and flows, these items are estimated for the EU and each EU Member State (NUTS 0)
between 1998 and 2015 (same time period as for section 2.1) with no breakdown at crop
type level.

2.2.1 Methods and data sources

The estimation of the EU agricultural economic production and crop residue production is

described in section  2.1.1 . The present section briefly describes how the other components

of the EU agricultural biomass supplies, i.e. the collected part of crop residues (secondary
products), the grazed biomass and imports of bio -based products are estimated . It also
reports on the quantification of the uses of agricultural biomass in Europe, mainly in the

form of food and animal feed, but also in bioenergy (e.g. biofuels) and bio -based material
(e.g. bio -based textile). Exports are con sidered as a form of fused.

Estimation of the collected part of crop residue (Biomass supply element)

Either c rop residues can remain in situ to fulfil a diversity of ecosystem services (e.g. soil
conservation, prevention from soil erosion) or they can be collected and used in the

5 Defined in section 2.1
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bioeconomy value chains as animal bedding and feed products, as bio -based material s or

as bioenergy carriers.  Our quantification of agricultural biomass supply only consid ers the
fraction of crop residues which is collected and enters bioeconomy value chains. This
fraction is inferred from the total crop residues production calculated in section 2.1.1,

applying the crop -type residue collection coefficients presented in Table 2.1.

Table 2.1. Share of collected residues for the crop types considered in section 2.1
Crop type Share of collected crop residues
Cereals 25%

Fruit trees and berry plantations 10%
Vineyards 10%
Cotton fibre 0%
Fibre flax 0%
Hemp 0%
Other fibre crops n.e.c. 0%
Hops 10%
Tobacco 10%
Olive trees 10%
Qil-bearing crops 10%
Pulses 0%
Potatoes 10%
Nuts 10%
Vegetables, melons  and strawberries 10%
Plants harvested green 0%
Sugar beet 50%

Source: Jolli and Giljum (2005) and Piotrowski et al (2015)

Estimation of grazed biomass (Biomass supply element)

The grazed biomass is barely reported in official statistics. Nevertheless, it represents a
significant amount of biomass and it can partly substitute other types of animal feed

biomass. Therefore, w e considered important to bring it into the broad picture even though
in a very approxima  te way.

Grazed biomass is considered as proportional to pasture and meadows land area reported
in FAOSTAT land (1.8 tdm/h a, with tdm standing for tonnes of dry matter ).

Estimation of agricultural biomass trade (imports as biomass supply element and

exports as biomass use element )

The trade of agricultural biomass is inferred from the Eurostat i Comext data, converted

in dry matter of vegetal biomass equivalent. A differentiated approach is followed for the

four product types  below:

0 raw vegetal biomass: trade of crop products (e.g. cereal grains, vegetables and  fruits,
etc.) . Those products are fully made of vegetal biomass and do not undergo any

processing. The only transformation of Comext data is the conversion from fresh to dry
matter (see Annex1).

0 plant -based food: trade of processed vegetal biomass as a food product (e.g. bread,
flour, vegetal oil, e tc.) . Those products are fully made of vegetal biomass but a fraction
of the initial raw vegetal biomass is lost in the process (e.g. wheat bran in the wheat
flour processing ). In addition to the conversion of Comext data into dry matter, an

additional co efficient is applied to measure the full quantity of vegetal biomass entering

8 The manufacture of one tonne of bread makes use of 1.3 tonnes of cereals
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the transformation process. Coefficient s are defined by food product type, as reported
by EC DG Agriculture  and Rural Development 7.

0 animal -based food: trade of processed animal b iomass as a food product (e.g. meat,
dairy and cheese products, etc.) . Those products are converted into their feed
equivalent (i.e. vegetal biomass equivalent) following Piotrowski et al. & methodology
(2015 a). From this study, the European conversion eff iciency of feed to animal products
is applied to European exports of animal -based food products (i.e. 8.34% ), the global
one is applied to imports (i.e. 3.69%).

0 bio-based products: trade of processed agricultural biomass as (part of) a bio -based

material (e.g. bio -based textile, bio -based chemicals, etc.) . The biomass origin of those
products is defined (e.g. oilseeds, starchy crops etc.) and thus Comext data is
transforme d using processing coefficients from Piotrowski et al. (2015 b) to take into
account the biomass lost in the transformation process.

Estimation of feed and food uses (biomass use element)

Feed and food uses are  made of agricultural biomass and in a lesser extent of aquatic
biomass . They are splitinto: (i) aquatic food, (ii) plant -based food, (iii) animal  -based food)
and (iv) animal feed and bedding. The estimation of aquatic food uses is presented in
section 4. The quantification of  plant -based food as well as animal  -based food is derived
from the fTotal Food Supply 0 reported in the FAOSTAT Food Balance Sheets (in fresh
matter). This source reports the p  lant -based food in vegetal biomass equivalents (i.e.
taking into accounts losses at processing stages) but animal -based food is not converted

to feed equivalents.

Therefore , w e apply two kinds of transformations to FAOSTAT Food Balance Sheets data:
0 Conversion from fresh matter to dry matter ,
0 Conversion of animal -based food (excluding aquatic) back to feed equivalents

Calculation steps are givenin Annex 2 . They include the disaggregation of food supply data

into their carbohydrate, fat and protein content. This disaggregation is extra information

for the study, as it does not directly serve the quantification of food uses per se . We kept
itin Annex 2 for the sake of transparency.

Estimation of biofuel uses (biomass use element)

The Renewable Energy Directive requests EU Member States to report on their biomass
supply for transport , including both domestic and imported raw material . This data is
compiled in the NREAP 8 database from which we extract the biofuel supply from ficommon
arable crops 0 per Member State. This has th e advantage of being the official data on biofuel

use at Member State level, but the drawback is that only biofuels that fulfil the criteria of
sustainability as specified in Article 17 (2) to (6) of the Renewable Energy Directive are
reported. In other wo  rds, by excluding the bio  fuel supply that does not compl y with
sustainability criteria, our quantification of biofuel use is thus underestimated.

Estimation of bio -based material uses of agricultural biomass (biomass use
element)
The use of agricultural ~ biomass for the fabrication of bio -based materials remains a major
data gap. Therefore, w e acknowledg e the absence of validated and comprehensive
information in this area and do not provide global estimations. The only estimation we
included in this study  was to consider that all the fibre crop production was dedicated to
7 https://ec.europa.eu/agriculture/sites/agriculture/files/statistics/trade/2016/products - description.pdf
8 National Renewable Energy Actio  n Plan (NREAP) data from Member States https://www.eea.europa.eu/data

and - maps/figures/national __-renewable -energy -action -plan#tab -additional -information
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bio-based material uses. Other bio-based material uses are not quantified here, in
particular the use of agricultural biomass in the manufacture of bio -based chemicals and
bio-based plasti cs. Although we are missing precious information, we believe that the
guantity of biomass at stake is small . Therefore, ignoring this flux of biomass does not
distort significantly the very broad picture of inter -sectorial biomass flows. Refining the
figur es on the manufacture of bio -based chemicals and bio -based plastics is an area for
further research.

Flows analysis and estimations

Estimation of the flows to fanimal feed and bedding uses 0

Animal feed and bedding uses being quantified, it is considered t hat they are sourced from
(i) grazed biomass, (ii) collected crop residues and (iii) crop supplies (economic production
and imports).

The following rules have been considered:
0 allthe grazed biomass  (see estimation above) is used as animal feed and bedding ,

0 33% of collected crop residues are used as animal feed and bedding (b ased on Scarlat,
Martinov et al. 2010, Piotrowski et al. 2015 b, Bentsen et al. 2014 and Ericsson and
Nilsson 2006 ),

0 The remaining animal feed and bedding uses are sourced from crop supplies .

Estimation of the flow to fiplant - based food uses 0

All the plant -based food uses (incl. exports) are sourced from crop supplies (i.e. domestic
production and imports)

Estimati on of the flow to  fibiofuel useso

All the biofuel uses are sourced from crop supplies .

Estimation of the flow to fibio -based materials 0

Only the fraction  of crop supplies corresponding to fibre crops is attributed to bio -based
material uses. We already mentioned that other kinds of bio -based material uses of
agricultural biomas s are not quantified so far.

2.2.2 Results

In this section, the supply, uses and flows of biomass are commented for the year 2013.
Thus, numbers related with agricultural biomass domestic production are slightly different
from section 2.1.2 where they are expressed as a 2006  -2015 average.

2.2.2.1 The European agricultural biomass total supply

The European agricultural biomass total supply in 2013 (in full trade figures) amounts to
approximately 818 million tonnes (Mt) of dry matter of vegetal biomass equivalents. It is
composed of crop economic production (or crop harvested production) , collected crop
residues, grazed biomass and imports of bio -based products.

0 The crop economic production is estimated at 478 Mt in the EU -28 for the year 2013 °
(i.e. approximately 1 billion tonnes of fresh biomass).

0 Collected crop residues  provide additional 100 Mt of biomass.

9 This value is estimated for the reference year 2013, based on data reported by MS for each crop and crop group
with some missing information. These values differ slightly from the ones reported in section 2.1, which
corresp ond to the 2006 -2015 average, correcting for missing values.
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0 119 Mt of biomass are grazed in pastures and meadows.

Around 121 Mt of ve getal biomass equivalents are imported, 60% in the form of food
products, 30 % in the form of crop products (non -manufactured) and the rest in the
form of bio-based material products (ca. 10 %).

The EU biomass supply (in vegetal biomass equivalents) is mainly composed of

carbohydrates (sugar and starch) and cellulose coming from cereals , fodder crops and
grazed biomass . The comparison between Figure 2.8 and Figure 2.9 highlights the

importance of the fat  and protein componentsin EU im ports ( oilseed imports in particular).

Figure 2.8. Composition of EU-28 domestic Figure 2.9. Composition of EU-28 imports of
production vegetal biomass (2013 , crop residues vegetal biomass (2013)
included , grazed biomass excluded )
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2.2.2.2 Uses of agricultural biomass in the EU

Supplies and uses do not balance in our current version of calculations for the main reason
that we are not able to quantify all bio -based material and bioenergy uses of agricultural
biomass . While European biomass supplies are estimated at around 818 Mt of vegetal dry
matter equivalent in 2013, our quantified uses (including exports) of biomass only add up
to around 730 Mt of vegetal dry matter equivalent. The difference between supplies and
uses cannot be fully attributed to the underestimation of uses: misalignment between the

diverse data sources used, as well as the margi n of uncertainty of the data and conversion
factors used also prevent from achieving a balance.

The agricultural biomass is ma inly used as animal f eed and food (around 75% in vegetal
biomass equivalents ) and arou nd 12 % is exported . The conversion of animal -based food
in vegetal biomass equivalents emphasizes their importance in the total food uses: animal -
based food accounts for  nearly one quarter of  the food uses if not converted into vegetal
biomass equivalents (i.e. feed eq .) but it accounts to approxima tely 80% of food use when
expressed in vegetal biomass equivalents (note that food uses include food waste ). The
other 20% is made of plant -based and aquatic -based food consumed and wasted.

Finally the comparison between the compositions of EU imports ( Figure 2.9) and the one
of exports ( Figure 2.10) illustrate s the EU position as a net importer of fats (and in a less
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extent in proteins) and as a net exporter of carbohydrates and cellulose (mainly from
cereals).

Figure 2.10. Composition of EU-28 expor ts (2013, vegetal biomass equivalents)
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2.2.2.3 Distribution by Member States

France and Germany are the major agricultural biomass suppliers and exporters inthe EU-
28 (Figure 2.11). However compared to France, Germany imports a large fraction of its

biomass in the form of animal products . They weigh high in the German balance of trade
(especially because of the ir conversion to animal feed equivalents ). As a result, Germany

is a net importer of biomass (in vegetal equivalent) while France is net exporter

(Figure 2.12).

The United Kingdom, ltaly, the Netherlands, Spain and Poland are the next bigger EU
biomass suppl iers. Amongthem only Poland  present s a positive balance of trade, the other

four Member States being net importers of biomass (in vegetal biomass e quivalents).
Again, imports of animal products a re partic ularly important in the Italian and Britannic
balance of trade.

Most of the 21 remaining Member States rely on biomass imports to fulfil their biomass
uses, showing a negative balance of trade. Out of these 2 1 Member States, only Bulgaria,
Hungary, Romania, Denmark, Lithuania and Estonia are net exporters of biomass (in
vegetal biomass equivalents).
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Figure 2.11. Distribution of agricultural biomass supp

ly across EU Member States

in 2013
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Figure 2.12. Net trade of agricultural biomass in EU Member States in 2013
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2.2.3 Gaps, uncertainties and future developments

At this stage, the quantification of biomass supply, use and flows suffers from a lack of

accuracy arising from the lack of statistics on crop residue production (see section 2.1.3)
on one side, but even more fro m the lack of data on the use of agricultural biom ass as
bioenergy and as bio  -based materials (bio -based chemicals, bio -based handicraft, etc.). In

the case of bio -based energy, only biofuels complying with sustainability criteria are

officially reported. Unfortunately, official data are not complete in terms of time and
Member State coverage. Bio  -based energy uses are also made of biogas and bioelectricity

for which no comprehensive dataset is currently available. The same occurs in the case of

bio - based chemicals and other bio  -based material s derived fro m agricultural biomass (note
that bio -based textile uses are currently approximated with the supply of fibre crops).

Data come from various data sources not harmonised among each other . Moreover, the
conversion of pasture area into grazed biomass, and of f resh matter into dry matter of
vegetal biomass equivalent are based on rough conversion factors (factors are set for the
EU and for a selection of product groups). Therefore, mismatches are hard to correct.

More accuracy could be achieved by refining the ¢ onversion factors in use. However, filling
data gaps remains a real challenge, especially in the case of manufacturing uses of

biomass. Confidentiality issues are often associated with industry data. Therefore
quantifying the use of biomass in the manufact uring of bio -based chemicals for instance
can only stem from rough estimation s based on scattered literature sources. However , it
is important to note that food and feed uses are by far the main type of utilisation of

agricultural biomass (in quantity). Be ing currently captured, the overall picture of
agricultural biomass flows is already informative. Missing uses represent a very small

fraction of agricultural biomass uses when measured in quantity, although they may

represent a larger fraction of biomass uses when measured in economic value.

Key messages

A European Union total annual aboveground agricultural biomass production amounts to
956 million ton nes (Mt) per year from 2006 -2015. 54% of this is economic production
(grains, fruit, fodder biomass , etc.), 46% are residues.

A Wheat and maize residue production (149 Mt and 80 Mt per year respectively) account
for half of the total EU crop residue production.

A About 75% of the EU  -28 economic and residue production comes from seven countries:
FR, DE, IT, P L, ES, RO, and the UK.

A Agricultural biomass flows are estimated for the EU-28 and EU Member States from
1980 to 2015.

A They are represented in the form of dynamic Sankey diagrams . Sankey diagrams enable
fast comparison over time and across Member States.

A Further research is needed for the estimation of bio-based material and bioenergy use
of biomass.

A Uncertainties associated with residue production estimates are still relatively large.

A To quantify the actual availability of residues for competitive uses, env ironmental

sustainability requirements (e.g. soil conservation and biodiversity) need to be
accounted for.

A EU-28 domestic production vegetal biomass is mainly composed of sugar and starch
(53%) and cellulose (22%) whereas imported vegetal biomass is mainly composed of
sugar and starch (37%) and fats (34%, figures of 2013)

A France and Germany contribute 32% of the total EU - 28 agricultural biomass supply.

A Italy and the UK are the main net importers of agricultural biomass, whereas France is
the main net expor ter.
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