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Publi shabl e Summary

1. SUMMARISED FEEDSTOCK POTENTIAL

This report presents the analysis of the biomass potential in tH#/Eldd Switzerland along
with their possible use for energy purposes. Estimates were made for the following types of

biomass:

A a g ruralsirawt orchard's pruning, hay) and animal residues (manure surplus),

Af orestry residues,

Anatural conservation matter (urban maintena
Aroadside vegetation,

Aurban and industri al wa sselected wasteofrdne therfaodiamd | e n

wood industry).

Estimates were made for spatial unit's N3 Swvhich are small regions with geocode
standard for referencing the subdivisions of countries for statistical purposes. This is the first
work, which comprehemgely reviews the options for obtaining different ranges of biomass in
such spatial scale. NUTH due to the approximate representation of the basic economic
potentials, are fairly typical units for the development of distributed energy scenarios. The
main assumption for the potential modelling of these regions was to use only waste and
residues biomass, thus not competing with food production and to respect the principles of
sustainable production and environmental protection. This approach is in thathreairrent

trends in the use of biomass, such as the implementation of sgeoarhtion fuels and the

development of methods to optimise the bioenergy production.
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The modelled results of the biomass potential, derived from waste and residuesstaaéediu
by maps of theoretical and technical potentials in N\ZT8dditionally normalized potentials

are presented for visualisation of the biomass density and spatial variability in larger regions.

On this basis, one can specify the amount of biomassitargpatial density and energy
content. In conclusion of this evaluation, it can be said that the most prosperous regions

include:

An France: Pays de la Loire, central regiordéeFrance, Picardy, Champagne,
Ani Germany: Nordrheiwestfalen, Niedersaskn, SachseAnhalt,

Ari Great Britain: East Midlands, East Anglia, South East

Adungary and WSlovakia

Ari Italy: Lombardy and Veneto (in the Po river valley),

The largest potential in the biomass provision based on residues and waste is straw, because
of its share related to mass (37%), as well as to energy content (48%). The second largest
potential could be generated from residues from forestry (29%, both in terms of biomass
weight and energy). The third place is taken by biodegradable municipal w&&ieoflthe
biomass, and 12% of the energy). Other types of biomass do not have much significance in
the European energy sector. In certain areas, individual types of biomass may play a regional

role.
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Introduction

This report presents the analysis of the biomass potential BUHE/+ Switzerland, and the
possibility of their use for energy purposes. Estimates were made for the following types of

biomass:
1 agricultural (straw, orchard's pruning, hay) and animal residues (manure surplus),
7 forestry residues,
1 natural conservation mattanénagement afirbangreen areas, hay and shrubs),
1 roadsidevegetation
1 urban and industrial waste (biodegradable municipal waste, selected waste from the

food, and wood industry).

Estimates were made for spatial unit's NUI.SThis is the first work, whichwas a
comprehensive review of the possibility for obtaining different ranges of biomass in such
spatial scale. NUTS due to the approximate representation of the basic economic potentials
are fairly typical units for the development of distributed enesggnarios. The main
assumption for the potential modelling of these regions was to use only waste and residues
biomass, thus not competing with food production and to respect the principles of sustainable
production and environmental protection. This applois in the line with current trends in

the use of biomass, such as the implementation of seymmefation fuels and the
development of methods to optimise the bioenergy production.

A review of existing estimates into the potential of biomass for eneyg

purposes

The Kyoto arrangements drew attention to renewable energy sources. The opportunities of
extensive renewable energy sources use have created a need to identify those resources. The
primary source of data for global biomass estimation seemee FADSTAT andEurostat

for Europe. However, soon it was realised that the statistics are not sufficient, as accurate
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modelling requires a completion of a database with spatial data, forecasting scenario as well
asspecification of raw biomass accordingswitability for different applications

The work, which initiated research on the estimation of demand for biomass energy and its
potential,was the analysis published by Lashafid Tirgak, 1990; Hal et al., 1993; Fujino et
al., 1999; the Intergovernmiah Panel on Climate Change (IPCC), 2000; Rogner, 2000.

This chapter summarises the most important studies on estimates of biomass resources for
energy purposes, made mainly in Europe. It also summarises the estimates that were made in

recent years for thEU energy policy.

The first results of the modelling were made mainly for the "old Member States" of the EU. In
the following years, the study has been extended to other countries with their accession to the
Community. From the point of view of coverirte identified needs, the former Soviet
Union, especially Ukraine was identified as an important partner in obtaining biomass with a
great ptential of straw and other residuieem agricultural sources, as well as Belarus with

its high potential of forésbiomass. In 2001, Fischer and Schrattenholzer published estimates
of the gbbal potential of biomass: residues plant and animal production, energy crops,
forestry and municipal waste. Modelling was carried out over a period up to 2050, taking into
acountprojected changes in land use and the assumption of avoiding conflicts between food
and energy production. The bioenergy potential in the base year 1990 was estimated as the
equivalent of 5.4 Gtoe, with the actual consumption of 1.1 Gtoe in the baseThear.
projected growth of this potential on a global scale by 2050, according to the authors should
reach 8.8- 10.8 Gtoe. Modelling was performed for 12 regions, where two regions were
representing Europe: Region of Western Europe (WEU) and the regiomin&iGend Eastern
Europe (EEU) (excluding the former Soviet Union). In these regions, biomass acquisition
opportunities were estimated at a level of between 50 (EEU) and 110 (WEU) million hectares
of arable land and 20 (EEU) and 130 (WEU) million hectafaegassland.

The European Environment Agency (EEA) in 2002 published a report on waste management
(EEA, 2002). The report characterised the different types of waste and identified their land
use strategies. Estimates of waste generation were performedb fRuropean countries,
especially the "old" EWnes Based on the statistical data, the base year 1995 was calculated

at 115.5 million tonnes. According to the statistical modelling, waste production is expected
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to rise to 184.4 million tonnes in 2016ytbabout 80% of the waste must be recovered for

recycling (including energy production).

In 2003, a report from the Centre for Renewable Energy Sources and Saving (CRES) was
developed for the EU's energy policy (Nikolaou et al., 2003). In this papegséility for

using biomass energy, which is residdiesm agricultural, forestry and municipal waste, were
assessed. Subsequently, the estimated potential resources for European Union (EU16)
countries and the 10 accession countries (AC) were made. Basexisting data, mainly
statistics and regional research, the following types of biomass of agricultural origin which
are possible to obtain as rasiduesfor conversion into usable energy were tabulated:
lignocellulosic biomass (mainly straw and crop mt@nance residues), wet and degidues
biomass from livestock production, energy crops (lignocellulosicroppsfor biodiesel and

starch cropgor bioethanol production). Estimates into the availability of raw material have
been completed by cost aysis and evaluation of the biomass trend for the availability of
biomass between 2010 and 2020. The overall potential of the residues from the plant
production in Europe was assessed at 1,064 PJ / year (about 25 Mtoe) for the "old" EU and
306 PJ (about 7 Me) for other countries. Animaesiduegroductions were as follows: 514

PJ EU16 and 132 PJ in other countries. The calculation that correspondsuoémeEU is
approximately 2,000 PJ in total, which is equivalent to approximately 49 M tonnes of oil
(Mtoe). Estimates were supplemented with determination of forest biomass resources.
According to the authors, the overall potential is around 1600 PJ per year (EU 16 + 10 AC),
of which 650 PJ can come fromsiduesin the case of biomass from industmalste, the full
potential of this sector has been estimated at around 1,117 PJ and other wastes (municipal and
demolition wood) to 846 PJ. Together, on the basis of these estimates from analysed biomass
in 26 countries, one can obtain 4,579 PJ. After & \tha report from Nikolaou et al., (2003)

has been updated and included in the next report prepared for the European Commission
(Siemons et al., 2004). This work after detailed analysis and qualitative parameters of biomass
was republished in 2009 (Pantsou et al., 2009). Finally, the authors estimated that the
overall potential of biomass fuels in the "new EU" in 2010 should be 160 Mtoe and rise to
186 Mtoe in 10 yearso6 ti me. I n the casste of
at 36.2 Moe for solid residuesl5.6 Mtoe for manure and slurry (wet manure) and 2.5 Mtoe

for manure (dry manure). According to forecasts for 2020, these values should be increased
accordingly to 39.9 Mtoe, 17.3 Mtoe and 2.7 Mtoe.
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The modelling methodology of agtiltural and forest lands (Agecological zoning
approach) usage was introduced by van Velthuizen (2003) at a workshop organised in Ispra
by the Joint Research Centre (Join Research CedfReC) and the European Commission.

This methodology has taken @naccount a number of criteria for determining the nature and
characteristics of production: climate, soil conditions, previous use, the principles of
sustainable production and aspects of political, secamomic and demographic factors. The
presentationincluded a series of thematic maps, summarising the agricultural production
capacity in Europe, including land suitability map for the production of energy crops. The
analyses were used for the first time by the specific cartographic materials (Fisether et
2002). As a base map that defines the production areas, was the map of land cover with a

resolution of 1 ha on a European scale (Corine Land Cover).

Renewable energy sources are usually geographically dispersed and call for distributed energy
generdéion. This is reflected in locating power plants with a capacity adapted to local
possibilities of using wind, water, solar and biomass resources. In 2004, a report was released
on the implementation of ECN REBUS ADMIRE project (de Noord et al., 2004)refioat

gives information on the technology to generate electricity from renewable energy sources
and renewable energy resources potential in wind energy on and off shore, photovoltaic,
hydropower and geothermal, biomass and biodegradable waste. Theseaeswe rated in

the time horizon to 2050 (2000, 2030 and 2050). In addition, the costs of the various ranges of
biomass were estimated. Despite the many studies on the scale of the Netherlands, Europe and
the world, this report is not very consistenheTdifferent types of renewable energy were
estimated for different individuals, different scenarios and different time horizons. There is

also a lack of a summary for the results.

In 2005, at a request from the German Ministry for the Environment, N&momservation

and Nuclear Safety, a report was developed on the strategy for the sustainable use of biomass
in the European context (Thran et al., 2005). This document was created as a contribution to
the debate about the German plan for developed pdlicetines for the use of biofuels. The
authors in detail modelled the different scenarios for obtaining biomass for energy in
Germany, and then compare the obtained results with the estimates made for the other
countries of the European Union and the cdatdi countries tm This work has characterised

in detail the potential of fest biomass, agricultural residussd biomass, current and future
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demand for this type of renewable energy. Economic and prognostic scenarios were used for
estimating the posdilty of obtaining biomass in the future to 2020. As a result, time stability
has been demonstrated for forestry and forestiues as biomass resources/&00 PJfor

EU-28. In the case of agricultural biomass, the instability of the time was indidatdds

case, the possibility of obtaining such material will be determined by many factors such as
economics, politics (mostly tax), advances in technology and the growing global demand for
food. Therefore, the possible potential of agricultural biomas®P0 may range from 2600

to 7800 PJ, and 75% of supply should come from the countries of the "old Member States".

In 2005, two important works were published, which analysed the potential of the most
important types of solid biomass from agriculturaurees, which can be a iproduct or

target product. In both of these papers is an important part for the use of geographic
information systems as a tool for data geoprocessing. In the first case, the availability of straw
was estimated, and in the secoragtpthe production capacity bhgo-cellulolytic perennial

plants was found. Straw seems to be the most available source of biomass derived from the
cultivation of cereals. In the work of Edwards et al. (2005), they estimated a surplus that can
be used for energy production, and pointed tbet best locations for power plants with a
capacity of 38 MW. Localisations were identified, taking into account the resource base and
the cost of transportation. The authors assumed that one plant size of 38 MW requires
200,000 tonnes of straw per yearhioh should be obtained from no further than 50 km
distance from the power plant. In general, the energy potential of straw in the 27 EU countries
was set at 820 Pujhile guided by the above assumptions, effectively can be used only part of

it giving 230PJ of energyAn analysis of the straw potential was done by the Institute of
Environment and Sustainable Development under JRC scientific and technical support to EU
policies in the field of environmental protection and sustainable development. In mdditio
straw, a rich biomass source of energy crops can be provide. Growing energy crops however,
carries serious iIimplications for the enviror
this in mind, estimates into potential energy crops carry many tionig in both
environmental and economic. The most complete modelling of the potential production of this
type of biomass to date has been conducted by Fischer (2005). The modelling was based on
assumptions determining agecological zones. The constrieet of a database is geared
towards the possibility of using geoprocesing spatial analysis tools. Thematic layers to the

system were introduced such as: soil map, digital terrain model, physiographic map, map land
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cover map of settlement, communication aadministration. These layers allow the
modelling of space availability for scenarios in locating bioenergy crops. Climate data and
climate change scenarios allowed refining the estimates of potential yields and cultivation
changes associated with projettelimate change. Modelling was supplemented with
information on agronomic and environmental restrictions. The results were taken from the
assessment of cereals, willow, miscanthus and poplar potential sources for the production of
energy for the regionsfdzastern Europe, the former Soviet Union and Mongolia. The
modelling was carried out in the spatial resolution grid of size 1 km to 5 km in Europe and
other regionsFor ten Eastern European countries (BG, CZ, EST, H, LT, LV, PL, RO, SK,
SLO), the assesdgotential of bieenergy crops amounted to 2018 PJ of energy, whereas 354
PJ was calculated for Poland. An assessment into the feasibility of biomass production in
Central and Eastern Europe was detailed in next work of scientific groups, cooperating with
the International Institute for Applied Systems Analysis (IIASA) and the Copernicus Institute,
which have used detailed national data (van Dam et al., 2007). The estimates were performed
for nine countries: EST, LT, LV, PL, RO, BG, H, CZ and SK, takirtg iccount the use of
residues from agriculture, forestry, wood and biomass from energy crops. For some scenarios,
the potential of bioenergy from 2 to 11.7 EJ was obtaiiibd.cooperation of group was led

by Gunther Fischer (IIASA) and Andrea Faaij (Copeus Institute) and summaries of this
work were published in the journal "Biomass and Bioenergy" (Fischer et al., 2010 a, b). The
first part characterises the capacity to produce biofuels from agricultural biomass, most of
which is lignocellulosic, andatived from industrial cropsAnalyses were performed using
geoprocessing methods for geographical databases with a resolution &fit #ma pan
European scale. The results were summarised for the EU, Switzerland, Ukraine and Belarus.
In the second parnf this work, simulating the possible potentials of three scenarios was
carried out by: (i) a baseline scenario, reflecting the assumptions advocated by the European
Union's energy policy and respects trends in environmental protection, (i) -a pro
environnental scenario, which assumes sustainable agricultural practices and the need to
preserve biodiversity, (iii) the ability of the pemergy, assuming the increased use of
agricultural area, including the extraction of biomass from grasslaviddelling gldbal
biomass resources, initiated by Fischer and Schrattenisolze?001 was completed four
years after with Hoogwijk group (Hoogwijk et al., 2005he time horizon was extended

from 2050 to 2100. The energy crops potential was modelled for the theg@mas of land
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use: arable land uncultivated, land with low productivity andasete land. Four SRES
prognostic scenarios (Al, A2, B1l, B2) developed by the IPCC (2000) were used and

i mpl emented to the model | MAGE 2se&al.(2008)ki | enc
The study was conducted at grid resolution of 0.5 x 0.5 degrees of latitude and longitude.

Potentials were determined as:

At h e o comdspordmd to the upper ceiling of potential net productivity (Hall et al.,
1993),

A g e o g r by which theaalithors understand the biomass obtained from the area available
for the production of energy crops including the exclusion of areas intended for other uses
(e.g. food). The main feature of the simulation is to model the spatial condudted us

mapping data and the resulting map of the established scale,

At e c-lama Geaegtaphical potential reduced by losses associated with the conversion of
primary biomass resources for energy feedstocks. In the design of the algorithms for the
converson of biomass to electricity, results from Faaij et al., 1998; Dornburg and Faaij 2001,
while for the production of fuels, results from van Hooijdonk, 2002; Tijmensen et al., 2002;

Hamelinck et al., 2004 were used,

A e c o n-@ msubsetaof technical capiy, meeting the criteria of economic efficiency of
converting biomass into energy (Hoogwijk et al., 2004)

A i mpl ement atheimaximum ecormit gotantial resource that can be used due

to demand and the technical and logistical capabilities.

The results are summarised for 17 regions, including Western Europe and Eastern Europe
(excluding the former USSR). The main premise of the research is expected to be the cost
effective production of energy crops on farmland characterised by low produciivie
greatest potential are demonstrated for cultivated agricultural land, and depending on the
scenario in Western Europe it will be the possible to obtdii &J per year, respectively, in
Eastern Europe-22 EJ per year. In the case of fallow landANestern Europe, the potential

was estimated at-8 EJ (scenarios Al and A2) and one EJ scenario B1 and B2. The
continuation of these studies was the potential prediction of forest biomass in 205@, carrie
out by Smeets and Faajp007). Theoretical modell potentials, technical, economic,

environmental, ecological and economic results are presented for 11 regions (FAO, 2013).
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There are also results for the individual countries. In the same year, work from those authors
was published, endearing compreheasmodelling of the global potential of bioenergy in
2050 (Smeets et al., 2007). At the beginning of the first decade of the Hivehtyentury, a
number of studies regarding biomass and renewable energy potentials were made. In the
initial phase, the adies had significantly different methodology, which resulted in a variety

of estimates. During these years, there was also the enlargement of the European Union with
new countries. Therefore, a common strategy for the use of renewable energy required re
estimates of potential for the "new" EU countries. Ericsson and Nilsson (2006) undertook the
work to systematize the methodology and carry out a more detailed assessment of the
agricultural biomass potential in Europe. Analyses were performed for the bpeaar

Union countries (ELL5), eight of the new Member States and two candidate countries as well
as for Belarus and Ukraine. They described five scenarios for short, medium asidriong
horizons for the use of agricultural raw materials (crop residumesgge crops) and a surplus

of agricultural land that can be used in the production of bionTdss.authors showed a
possibility to collect in the "new" EU, up to 17.2 EJ of energy per year. In light of these
estimates, the European Commission in 1997 petWhite Paper for a Community Strategy

and Action Plapwhich stated that producing 5.6 EJ "green" energy per year (plan to 2010)
should not be a problem. However, it also drew attention to delays in the implementation of

the use of bioenergy in orderachieve its objectives.

In 2006, the European Environment Agency published its first complete report on the
possibilities for the production of benergy in Europe (EEA, 2006). The main objective of

the report and undertaken analysis was to evaluatethaical potential realizable biomass

for energy purposes, while assuming no increase in adverse effects on the environment. The

modelling assumes a number of environmental demands. The main ones are:

A at |l east 3 0 % wed lde dedligated fosuitalieuvagriaultural paodudtioand

will not threate environment

A green areas, pastures and olive groves hav
arable land,

A approx. 3% of i ntensive <cul ti vohecolaginal wi | |

habitats (until 2030)

A energy crops cultivation that do not pose
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A the area of forest under protection wil!
residues biomass from cungy and cleaning of forests will not take a place,

A in the remaining areas of forest, bi omas
acquiring leaves and roots,

A tree logging in forest areas wotettddarbas, r e d
A strategies will be implemented to mini mi
The implementation of these guidelines according to the authors will allow the possibility of
increasing the biomass potential with the forecast of 2010, to about 19Gdv268& Mtoe in
2030.The ncrease of gathering biomass capacity will take place through the conversion of
production in rural areas (energy crops), with no increase in the use of forest (40 Mtoe), and
the receipt of other residues (agricultural, induktiiad municipal) constant at around 100
Mtoe. The analysis did not include the balance of the carbon cycle and GHG emissions
associated with the operation and use of biomass. EEA report of 2006 was supplemented in
the following year for three consecutiveports: forest biomass resources that can be
mobilised for energy without negative impact on the environment (EEA, 2007a), obtaining
sustainable energy from agriculture (EEA, 2007b), and the forecasts of the municipal waste
size generated in the period 202020 (EEA, 2007c).

In 2008, the results of research on the spatial diversity of biomass productivity in grassland
were published (Smit et al., 2008). This work gave rise to the geographical diversity of the
theoretical potential of biofuels based on tsyplus and for modelling the technical and
economic potential of this raw material sourcing.

Forests are a huge reservoir of biomass. However, due to environmental considerations and
the need to allocate high quality wood for various industries (noecetatenergy), the use of
forest biomass as an energy resource must be limited and subject to many restrictions. Direct
firing of wood, as well as the extraction of biomass energy from agricultural areas and its
imports from the 'third" world is questiolaldrom a moral point of view. This is reflected in

the reports of humanitarian organisations as well as national and European legislation
(reports, Action Aid, Article 17 of Directive REDIror these reasons, most scenarios estimate
and take into accourthe potential of forest biomass in the foreground need to ensure an
existing forest area (or the systematic increase) and mainly sourcing and wood residues for
energy purposes. The most important developments in recent years devoted to the possibility

of obtaining forest biomass was the work of Asikainen et al., 2008; Mantau et al., 2008 and
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2010; Steierer, 2010. A wide collection of data on forests and forestry are in the database: TB
FRA (2000, 2005) and FORESTATA.

The accession of the new Member Statesthe EU, and a more forceful conduct of
environmental policies as well as the implementation of renewable energy as a competitor to
the existing conventional fuels, has created a need for a more complete resource of estimates
for renewable energy sourcespecially biomas3his was achieved by the financing of large
projects, mainly from funds of 6th and 7th Framework Programme of the European Union,
and directly by the European Commission in the framework of the mechanism for the
Intelligent Energy Europe: for a sustainable future (IEE). The most notable projects include:
RENEW, BEE, REFUEL, BiomassFuture.

RENEW project (6FP, 2002007), the primary mission of the project was to characterise the
different concepts of fuel production from biomass. laates of straw potential and energy
crops were made for NUF2units. The potential of forest biomassiduesas well as the

waste from the timber industry were made for NUO'&nits. The possibility of obtaining
biomass also characterised regionally fadividual countries. The project results are

published on the websitatfp://www.renewfuel.com.

BEE Project {FP, 20082010) the projectwas to collectand harmonise thexisting
methodologies to assebfomassenergyin the EUand neighbouring countriegs well as
existing databasesB(° t t et lale2010). The project results are published on the website
(http://www.eubee.com. The BEE twinning project was the CEUBIOM mject which

includes geographic dat&lassification methodsind data obtainedemotely to assesshe
potentialof biomasslittp://ceubiom.ory
The REFUEL Project (IEE, 2068008) was designed to identify the biofuetarket, the

creation of biofuels 'road map' consistent with EU policy in collaboration with stakeholders

from fuel industry and biomass producers. The result of the project was also estimating the
potential of European biofuel production (de Wit and F&4if,0, Fischer et al., 2010 a, b).
According to the authors, Europe can produce from 1.7 to 12.8 EJ per year from energy crops
biomass. In additiomesiduesfrom agriculture and forestry should provide fuel at a rate of
1.45.4 EJ and 3:B.9 EJ per yealn these calculationshe costs of such energy conversion

5-15 euro / GJ for the firggeneration fuels; 1:8.5 euro / GJ for secorgkneration fuels and

1-7 euro / GJ for agricultural residuesand2 u / GJ for forestry re
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accaint. Similar topreviously cited estimates in the REFUEL projeetreassumd different
scenarios, resulting in fairly wide ranges specified energy potentials and expected costs.

The Biomass Future project (IEE, 202012), was made to identify the key factors that may
affect the biomass supply, demand and utilisation over the next twenty years (meeting the
objectives RED). In addition, it is a recognition of the European markéeftt, cogeneration

and transport markets, the dynamics of supply and demand, the impact of indirect land use
change, water use and social aspects of the future supply of biomass, etc. One of the
importantresults of the projeds theAtlas of the biomas potential in Europe (Elbersen et al.,
2012).

In the paper are summarised a number of cartographic studies presenting a diversity of
potentials of biomass generalised for individuals NL2T &stimates were performed for time

horizons 2010, 2020, 2030, assing various scenarios.

The current perspective for biomass use seems to move from energy crops and forest wood
with high competition to food or material biomass wood use towards lignocellulosic crops,
residues from agriculture and forestry and -Wiastes This direction is the most
environmentally friendly option and does not cause moral controversies, as in the case of
burning grain or importing timber from tropical and subtropical regions for the purposes of its
co-firing with coal in boilers. The devepment of technology for effient conversion of bio

waste tobioenergy (electricity, gaseous, liquid or solid fueks)supported by the European
Commission, mainly in the form of funding for research and development projects (e.g.
BioBoost: http://biobost.eu). On behalf of the Commission, assessments are also carried out
into the residuesof biomass by the JRC. The result of this work was preliminary an
assessment of the straw potential carried out by Edwards et al. (2005), which was completed
in the wok of Scarlat et al. (2010). The JRC analyses had focused onemsmasst into the
amount of residuegenerated by agriculture, the collection, use andlabitty for energy
purposes. Thetgdies take into account the production of cereals,-teng varability of

yield, differences in croparvest residues and the need to preserve the fertility of the soil by
leaving necessary amounts of crop ressdoie the field. The results showed a significant
spatial and temporal variathyf of the availability of biomass for energy purposes. The
average potential of this product in 27 EU countries was estimated at 1,530 PJ per year.
However, in subsequent years, these values can range from 1090 to 1900 PJ. These values are
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an average of 3.2% of the consumed en€efgking into account the possible variation in the
supply of biomass, there is an expected shortage of raw materials in somalyearthe

cereal prodation is e.g. weather impacted.

Table 1. Chronological list of the mosmportant work with the potential of biomass in

Europe
Yea . Perio .
" Authors Biomass type d Spatial range
11 regions,
Plant production, biomass frof lncl_udlng th.ree
: : ; regions EU: EU
Fischer and grasslands, forest biomass, anir 1990,
2001 . : . West, EU Central
Schratterholtzer | productionresidues and municipal | 2050
and East, the
waste .
former Soviet
Union
AT, BE, DK, FR,
, - 1995, | DE, EL, IE, IT,
2002 | EEA Biodegradable municipal waste 2016 | LU. NL. NO, PT,
SP, SE, UK
EU 16
Residues from crop production + AC: (EE, LV,
2003 | Nikolaou et al., | livestock, forestry, industrial an 2000 | LT, PL, CZ, SK,
municipal waste SI, HU, RO, BG,
CY)
2003 van Velthuizen | Agricultural - biomass, — perenni¢ 5, | g
energy plantations
16 EU
Residues from crop production + AC: (EE, LV,
2004 | Siemons et al., | livestock, forestry, industrial an 2000 | LT, PL, CZ, SK,
municipal waste SI, HU, RO, BG,
CY)
Energy crops, forest biomas
manure (cattle + poultry, pigs an 2000,
2004 | de Noord et al., | sheep)residuedrom production off 2030, | 15 EU + NO
cereals and oilseeds, municig 2050
waste, industrial waste
EU 10: BG, CZ,
2005 | Fischer et al., Cereals grain miscanthus, poplar| 2005 | EE, HU, LT, LV,
PL, RO, SK, SI
2005 | Edwards et al., | Straw 2005 | EU-27
. : 2000,
2005 | Thran et al., The p_otentlal o_f forest, agricultur 2010, EU 25 + BG + RO
and biomassesidues 2030 | * TR
2005 | Hoogwijk et al., | Theoretical, geographica 2050 | Glob:0,5’x0,5,
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technical, implementation an 2100 |17 regions
economic potential of differer (including Europe
types of biomass W and E)
2006 Energy crops, forest biomas 201G
2007 | EEA agricultural residuesand wastg 2020 | EU 15, EU 25
a/bl/c (industrial and municipal) 2030
. , EU 25 EU-27
zoms e e oy o 2820 | excluing CY and
9 » ENErgy crop ML) + BU + UA
2007 | Smeets and Faai| E?;ist:yblomass ancesiduesfrom 2050 | Global-11 regions
2007 | Smeets et al., E_nergy crops, forest  biomas 2050 | Global-11 regions
lomasgesidues
Residues  from agricultural EE, LT, LV, PL,
2007 | van Dam et al., | production and forestry, woo¢ 2007 | RO, BG, HU, CZ,
energy crops SK
Residuesfrom forestry and wood 2000 |27 EU + CHi (MT
2008 | RENEW straw, energy crops 2020 |+ CY)
2005
2008 | Mantau et al., Forestry biomass 2010 | EU-27
2020
2008 | Asikainen et al., | Forestry biomass 2007 | EU-27
2008 | Smit et al., Grassland productivity 2008 |EU+ TR
Residues from production crops 2010
2009 | Panoutsou et al.,| livestock, forestry, industrial an 2030 EU-27
municipal waste
2010 Fischer et al Agricultural biomass (energy crop 2000 | EU-27, NO, CH
a/b " industrial crops, straw) 2030 | UA, BU
Estimates of the cost and supply
2010 | De Wit and Faaij | 'gnocellulose biomass (SCR a} 2005 | ¢ 57 4 5o
grass), industrial crops, agricultur 2030
residuegstraw), forest biomass
2005
. 2016
2010 | Mantau et al., Forest biomass 2020 EU-27
2030
2010 Steierer Forest biomass 2005 | EU-27
2010 | Scarlat et al., Agricultural residuegstraw) 2010 | EU-27
The harmonisation of all publishe EU-27 +
2011 | Visetal., methods and estimates of biomi 2010 | neighbouring
resources countries
Energy crops, manure, straw, otl
agricultural residues forest| 2010
2012 | Elbersen et al., | biomass, wood waste, biomg 2020 | EU-27 (NUTS-2)
roadside, waste from the fog¢ 2030
industry, municipal waste,

codenames of countries in anné&x
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There is Igh significance in theegional studies that allow verifying and updating the-pan
European models is taken into consideration. Examples of spatial studies that have been

conducted may be work from:

A presenting the application of t s¢arkkast em r
2000)

A evaluating the potenti al of biomass for el
al., 2007),

A in the field of the economics of the produ
A in the fieldtahf0090gistics (Frombo e

A evaluating the possible potenti al of bi oma
A

evaluating the possible potenti al of bi oma
Biomass potential by country

The potential of biomass has been analysed by many aufffeestechnical potentiatary
considerablypetweenrstudies as a result of a number different factordaken into account in

the analysisThe differences are due to tliefinitions ofagricultual residuesdifferent time

availability of data,various restrictionsncluded in themodels etc In the last few years

several studies about straw potential in Eureygee run (Table 2) The highest potential of

straw for Europe was evaluated bp M denst aaf a n dwhile hihe towegtvoy s t 2
Bottcher et al., 2010.
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Straw Environ- Straw
Statisti . Straw to mental
Analised | Reso ) for . for other
cal countrys | lution grain animal constraint urpose
data y ratio* s (Straw purp
s ) s
for soil)
NUTS
-2,
Edwards et| Eurosta EU 25+2| grid 0.60.94 N N N
al., 2006 t
5x5
km
Kunikowski | Eurosta NUTS
etal., 2006 t EU25 | 510 | 0610 * * *
Nordenstaaf
AT, DE,
and Eurosta FI. DK. NUTS 1215 + N +
Th°r ng t Pl SE -1
2008 '
Scarlet et | Eurosta NUTS
al.. 2010 i EU-27 1 0.81.2- + + +
Bottcher et| Eurosta NUTS
al.. 2010 i EU-27 D 0.50.9 + + +
Elbersen et| Eurosta NUTS
al., 2012 t EU-27 |55 | * * *
60*for cereals only
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Figurel. Strawpotentiali overviewEU-27 + CH

Studies on the potential of forest biomass v@gsiderably Eigure2). The highest potential
wascalculated byAsikainen et al., 2008vhile the lowesby EEA 2007.The average potential
of forestry residues amounted at 1695 Hie highest potential in all compared publication
was found in AT, DE, FI, FRT, SE, Z, PL.

All reviewed studies obiodegradable municipalasteare based on calculations prepared for

the landfill directive (formally Council Directive 1999/31/EC of 26 April 1999 on the landfill

of waste). The directive is a European Union directive issued by the European Union to be
implemented by its MembeStates by 16 July 2001. The Directive is intended to prevent or
reduce the adverse effects of the landfill of waste on the environment. According to the
Directive, the amount of biodegradable municipal waste must be reduced to 50 % in 2009 and
to 35 % in 16 (compared to 1995 level3he landfill directive is aimed at the diversion of
biodegradable municipal wast@way from landfill The targets are based on historical
quantity generated in 1995.The highdsbdegradable municipal wasteotentials were
modelled by Panoutsou et al., 2009.
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Databases

The databasewere collected based oa review which was done according tfoe subtask
T.1.1.1assumptionsSeveral statistical and g@aformationvalueswere collectecand added
into geographical information system (GIS). The crucial sowapesescribed below:

EUROSTATI is the statistical office of the European Union situated in Luxembourg. Its task
is to provide the European Union with statistics at European level that enable comparisons

between countries and regions,

Eurostat has developed statisticitabase®n different kinds of agricultural antbrestry
production andwaste production by municipalities and food indusfrige data iscollected
for different spatial scales and perio@ecause thenodelling biomass feedstogk taken
from many input data oEurocstat it hasto be downscaled from NUTSD2 into NUTS3.
The nextproblem islack of data for particular years or naoherent methodology of data

collection http://epp.eurostat.ec.europa.eu/portal/page/portal/about eurostat/introduction

RENEW Project

Estimations inthe Renew project were performed ftire EU-25 and Accessi@ad countries
(Bulgaria and Romanjaat aregional level. The Renew scenarios were amai European
statistics were used as common source of input data. The results of calculations were provided
in 1000 tons or PJ/yealhe RENEW project collected the following databases: straw,

forestry and perennial crops.
http://www.renewfuel.com/home.ph
BEE Project

The Biomass Energy Europe (BEE) project was initiated to harmonise methodologies for
biomass resource assessments for energy purposes in Europe and its neighbouring countries.
The harmonisation will improvehe consistency, accuracy and rdliy of biomass
assessments for energy, which can sambe planning of a transition to renewable energy
production in the European UnionThe major focus of the project has been the

methodological and dataset harmonisatiorfestered by on-going research of a
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multidisciplinary team of project participants, and on the opportunities of utilising both earth
observation and terrestrial data for biomass assessmieneddition tothe integration of
multiple data sources. The relevant sectors that baea investigated are forestry, energy
crops, residues from traditional agriculture and waste. The project was carried out during
2008- 2010.

http://www.eubee.com/

The European Environment Agency (EEA) was established tosupport sustainable
developmentand to help achieve significant and measurable improvemenEurope's
environment.The European Environment Agency has the task of providing polaking
agents and the public with reliable and comparable information on the environment, in
cooperation wth the European Environment Information and Observation Network. The

Agency provides the Corine Land Cover and Natura 2000.
http://www.eea.europa.eu/

Corine Land Cover is one of thesubjecs included in CORINEsystemto collectinformation
on theforms ofland useThe mainsources of information aatellite imagefrom Landsat 7
satellites taking pictures in 30 meteresolutionand thenthe IRSand Spot4 Imagesare

interpretedoy usingaerial photographandtopographianaps
Rasterhttp://www.eea.europa.eu/daaad maps/data/corinand-cover2006raster2

Description:
http://www.dmu.dk/fileadmin/Resources/DMU/Udgivelser/CLC208€nical quide adden

um.pdf

Natura 2000is the centrepiece dhe EUO sature & biodiversity policy. It is an Ewide
network of nature protection areaghich wasestablished under the 1992 Habitats Directive.
The aim of the network is to assure the kvagn survival of Europe's most valuable and
threatened species and habitats. It is comprised of Special Areas of Conservation (SAC)
designated by Member States under the Habitats Directive, and also incorporates Special
Protection Areas (SPASs) which theystnate under the 1979 Birds Directive. Natura 2000 is

not a system of strict nature reserves where all human activities are excluded. Whereas the
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network will certainly include natureeservesmost of the land is likely to continue to be
privately ownedand the emphasis will be on ensuring that future management is sustainable,
both ecologically and economically. The establishment of this network of protected areas also
fulfils a Community obligation under the UN Convention on Biological Diverditgtura

2000 applies to Birds Sites and to Habitats Sites, which are divided into biogeographical

regions. It also applies to the marine environment.

Organisation for Economic CaOperation and Development(OECD) The mission of the
OECD is to promote policies thaitill improve the economic and social wéling of people
around the worldOECD havethe Compendium, revised regularly, presents data linking
pollution and natural resources with activity in such economic sectors as energy, transport,
industry and agridture. It shows the state of air, inland waters, wildlife, etc., for OECD

countries and describes selected responses by government and enterprises.
http://www.oecd.org/document/40/0,3746,en_2649 34283 39011377_1 1 1 1,00.html
The World Data Centre for Remade Sensing of the Atmospher@aV/DC-RSAT

Primary Productivity - Data on the Net Primary Productivity (NPP) were used as
information about yield irthe case ofan estimation intdiomassresidues from permamt

cropping areas (logging fruit trees, berry ptation, olive groves, vineyards) and potential
biomass from natural conservation (protected grass lands and green urban areas). NPP values

were also used for modelling possibility obtaining of biomass from road sites.

The database simulatiowasbased onhte Biosphere Energy Transfer (BETHY/DLR) model
(Knorr, 1997, Wi bkir chenarectaiglld projectiort anniotateda f i »
with latitude, longitudeand WGS84 dat, with a spatial resolution of 1KmThe total size

covering Europe and NdrtAfrica is 8016 columns by 910 lines. Monthly and annual NPP

is calculated for 11 different land cover classes as well as for an overall NPP. This product is
currently in a preoperational status. Currently for Eurdyo¢h products are available for the

years 2000 to 2007 and 2010.

The BETHY/DLR model was developed by The World Data Centre for Remote Sensing of
the Atmosphere, WDARSAT. Since2003,the German Remote Sensing Data Centre (DFD)
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of the German Aerospace @ee (DLR) hosts and operates the WABSAT under the
nongovernmental auspices of the International Council for Science (ICSU).

The BETHY/ DLR model (Knorr, 1997, Knorr an
belongs to the family soeilegetatioratmospherdransfer (SVAT) models and is used to

simulate NPP over Europe. Input data are the "GLC2000" land cover classification
(http://bioval.jrc.ec.europa.eu/products/glc2000/legend.php) andiayt@omposites ofLAl,

which are both based on SPOT/VEGETATION. Meteogital data (temperature, radiation,
precipitation and wind speed) are also required and are provided by the European Centre for
Medium Range Weather Forecast (ECMWHHurthermore, static information as the
Harmonsed World Soil Database (HWSD) from the dmational Institute for Applied

Systems Analysis (IIASA) and an elevation model (SRTM) are used.

The model is used for simulations tb European NPP with a resolution okfn? which is
the resolution of the used land cover classification and IQAirrently BETHY/DLR is
capableof simulatingNPP of 33 inherent vegetation types, including major crop and tree

species (Tum and G¢gnther, 2011) . The intern
given vegetation class to be represented as a fractimmooBETHY/DLR vegetation types.

The model was validated for agricultural ar
2011)in additontoGer many Njs forests (Tum et al ., 2011)

For simulatingthe biomass potentialan average value from for the years 0@ 2007 and
2010 was calculated. Cthe original map,the urban areas were mask&ecause of this, in
thecase of urban argahe average (major) values were estimated from the neighbourditood (
radius of 15 km) of each urban pixel.

http://wdc.dIr.de/data_products/SURFACE/npp.php

OpenStreetMap (OSM)

OpenStreetMaps a collaborative projecthat has been developed in ordercreate a free
editable map of the world. Two major driving forces behind the establishment and growth of
OSM have beenonrestrictiors on the use or availability of map information acras®stof

the world and the advent of inexpensive portablellte navigation devices.
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The maps are created using data from portable GPS devices, aerial photography, other free
sources or simply from local knowledge. Both rendered images and the vector dataset are

available for download under a Creative Commons Attidm-ShareAlike 2.0 licence.

OSM generally provideinformation about roads network, but the other information lama

useand cityds popul ation are combined into da:

www.openstreetmap.org

ESRI data

Demographics database ensures you have the most accurate current year estimayesitand 5

projections for categories including:

Populatio® Such asex, age categories, population growth, population density, employed
Household¢HH)d Such as totaHH, persongerHH, averageHH size dwellings

Purchasing power (PP)within and among statistical units, PP growth, GDP

In case oEurope the data isabulatedasNUTS-3 regions.

SAGE

SAGE is a ResearciCentre of the Nelson Institute for Environmental Studies at the
University of WisconsirMadison that have developed many of maps, computer models and
datasets to describe the behaviour of Eartho

climate.

http://www.sage.wisc.edu/mapsdatamodels.html

SAGE // Crop Calendar Datasetthis dataset is the result of digitig and geereferencing
existing observations of crop planting and harvesting dategh&vederived climate statistics

(e.g., the average temperature at which planting occurs in each region) by merging these crop
calendar maps with monthly climatologies from CRBacks et aj201(0.

http://www.sage.wisc.edu/download/sacks/crop calendar.html

SAGE // Fertiliser dataseti this is a database where the authors calculated spatially explicit

fertiliser inputs of nitroge (N) and phosphorus (P) by fusing natieleadel statistics on
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fertiliser use with global maps of harvested & 175 crops. They also calculated spatially

explicit manure inputs of N and P by fusing global maps of animal éesesitd international

data on manure production and nutrient content. Significantly higher application rates were
found for bothfertilisers and manures in the Northern Hemisphere, with maximaeckenn

areas with intensive cropland and high densities of livestock. Furthermdreent use is

confined to a few major hot spots, with approximately 10% of the treated land receiving over

50% of the use of bottertilises and manures. The authorsdé new
rich InternationaFertiliserIndustry AssociatiorflIFA) fertiliser-use dataset will provide new

and interesting avenues to explore the impact of anthropogenic activity on ecosystems at the
global scale and may also have implications for policies designed to improve soil quality or

reduce nutrient runoffRotteret. al, 2010)
TBFR-2000

TBFR-2000 is database that includes statistical and descriptive information together with
analysis undertaken by high level experts in the following thematic areas: Area of Forest and
Other Wooded Land, Ownership and Managem8tatus, Wood Supply and Carbon
Sequestration; Biological Diversity and Environmental Protection; Forest Condition and

Damage; and Protective and SeEiconomic Functions.
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Geogaphical Information System (GIS)

A geographic information systeig a system designed to capture, store, manipudatdyse
manageand present all types of geographical data. The acronym GIS is sometimes used for
geographical information science or geospatial information studies to refer to the academic
discipline orcareer of working with geographic information systems [ESRI 2011]. In the
simplest terms, GIS is the merging of cartography, statis@ralysis and database

technology.

ArcGIS v.9.3 was used as a GIS application for conducting spatial analysis and
geopbocessing.

SHP file format was used asepresentation ofector data

IMG file format was used as a representation of raster data.

DBF/XLS file format was used as a representation of statistic (tabulated) data.

All data were combined withitthe bioboostinxd project. Gegorocessing was conducted

within geobase (gdb).

As one of thedemandspioboost.mxd can be converted ddree of chargegQuantum GIS
(QGIS). It is a usefriendly Open Source Geographic Information System (GIS) licensed
under the GNU Genal Public License. QGIS is an official project of the Open Source
Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, Windandroid, and
supports numerous vector, raster, and database formats and functionalities. QGIS is a cross
platform free and open source desktop geographic information systems application that

provides data viewingditingand analysis capabilities.

NUTS-3 i the official, Eurostat SHP map contains over 1461polygons. Fronbésis,a
subset of 131BIUTS-3 was extracted. Selected data refer to the DOW (25Buitzerland.
In addition, Bulgaria and Romania was included. du#ying (e.g. FR94Q Mauritius), non
EU (NorwayandTurkish) NUTS-3 were extracted.
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Figure4. Official NUTS-3 region according to Eurtet. Red polygongon the schemelere
excludedfrom BioBoost analysis.
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1. AGRICULTURAL RESIDUES

1.1 Straw

The aim and definitions

Straw is the most available source of biomass from agricultural production, which can be used
for energy purposes. Taking into account thaige of straw resources in agriculture, the
surplus can be treated as waste and used for the 'green’ energy production (Edwards et al.,
2005). The total resources of straw (theoretical potential) are easyintate on the basis of
statistical data with the production of cerealaur(istaj and the knowledge of the ratio
between the yield of grain and straw (Tum and Gunther, 2011). However, the technical
potential of straw available for energy is much lowee da the need for straw use in
agricultural production. The main objectives of the straw use in agriculture are: straw
incorporation to increase the reproduction of organic matter in the soil and its enrichment in
nutrients and the purpose mulching in aiddi to animal feed (Scarlat et al., 2010). The
amount of straw use in agriculture is dependent on production systems in the regions.
However, due to the need for sustainable farming, the modelling of any straw surplus
potential from plant production muassume a full compensation demand of agriculture (Kus

et al., 2006). However, the use of any surplus of straw (e.g. in the food industry, construction)
may provide some competition with it being earmarked for energy purposes (Kus, 2012). In

this situationthe final consumption of any surplus of straw should be based on economics.

The production amount of most important gdwith straw as byproduct)in the EU is
shown inFigure5. Due to the value of the straw to grain ratio which is closeXdonly for

rape = 2 and for sunflower = 3.3), the chart also shows the image of the theoretical potential
of straw in each country and the share of individwaps, from which straw can be obtained.

The share of straw in the general structure of crop production is preseRigdrig6.

The aim of the angbis was to assess the technical potential of cereals and oilseeds straw for
NUTS-3. It was assumed that the estimated resources are surplus straw, minus any straw for
its use in agricultural production. Estimates were based on a Eurostat database. urtteamo
straw was obtained by multiplying cereals yield by the appropriate factor determining the
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ratio between the yield of grain and straw yield. Straw for energy purposes was defined as a
total production minus from the straw used in the production whanfeed and bedding
(Burton and Turner, 2003) , which is necessa
Gustavsson, 1996; Smagacz, 2003)
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Figure5. Crop production in ELR7 +CH (yield in kt). Sources: Eurostat 2011
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sunflower 8%

' wheat 37%

rapeseed 11%

oat 2%

rey 3%

barley 16%

maize 22%

Figure6. Share of each type of crop straw (W@). Sources: Eurostat 2011

Met hods
Assessment of s-2ationary in NUTS

The main problem in the modelling of any straw surplus in a surface smaller thanNUTS
level in Europe is that there is no detailed data characterising agricultural production. The
only possibility in this case is the use of auxiliary data characterigedHigher map scale

(more detail) and the similarity of the distribution of traits in geographic space. It means the
existence of a correlation between the modelled and at least one trait characterised by the
auxiliary data (Chakir, 2009, Verburg et aQ(0®). In this case, for the disaggregation of the
results the Corine Land Cover map (CLC) 2006 was used. The missing regions (Greece) have
been supplemented by an earlier version CLC 2000. The CLC provides information about the
use of land with a resolutioof 100 m on a European scale (Bossard et al., 2000). The
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category of agricultural land has been separated into 11 classes of use, including arable land,
forming the space directly connected with the straw production.

The analysis of regression betweemdaise in the administrative units NU'BSby CLC) and

the surface of cereal crop&yrostal showed high spatial correlations of these features
(Figure7). Thecoefficient of determination @&= 0.92) indicates a close relationship between

the two sets of data. On this basis, it can be assumed that similar relationships will be true for
those relationships for entities NUTS

In the model, to estimate the straw surplus in addition to the cereals productidaurostat

other supporting data was used. Similar to the size of fields, they are also unavailable at the
NUTS-3 scale.
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Figure7. Correlation between the area of cereal crops (according to Eurostat) and the area of
arable land (according to CLC), the NURS

However, due taegionally conducted disaggregation can be assumed that fodUANS-3
subsets within the NUT3 are similar conditionander which it was modelle&o there are
similar systems in animal husbandry (beddings and allocation of straw for animal feed),
similar varieties grown cereals (grain straw ratio), there is a similar structure in the proportion

of cereal crops to oilsee@dnd maize, there are similar soil and climatic conditions and similar
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agriculture practices are usdtbunded the existenad spatial datastationary, allows the use

of deterministic methods for the redistribution of the NeEF&nd NUTS3 (Isaak and
Srivastava, 1989). On those grounds, the CLC map is widely used in Europe to conduct
spatial analysis, including modelling performed for biomass resources (Becca et al., 2009,
Esteban et al., 2010, Fischer et al., 2010 a, b; Gobin et al.,RQLY, eef ek, 3012).

Time trend analysis

Crops and its straw potential are varied over the years, which are influenced by the weather
conditions and the economy. In the first dee of the twentyirst century,there many

Central and Eastern Europmountriesjoined the EU This had a noticeable impact on
agricultural production. Therefore, the analysis of the trend of the production of grain was for
six countries (Greece, Ireland, Germany, Poland, Switzerland, Sweden) representing the
respective regionsThese regiondave been adopted for the separation as proposed in
RENEW project Figure 8). The potential of straw for each year from 2000 to 2011 were
aggregated for each region. Then, the data were smoothed using a moving average: for each
year drawn arithmetic mean of the potential in a given year and the years surrounding (one
year earlieand one later). This procedure gawae series from 2001 to 2010he next step

was to standardise the results in order to obtain comparable between regions. For this purpose,
the moving average for each region is divided by the value of 2001, whechdeated as the
beginning of the time series and assigned with value of 1. The results anatdd in the

following graphshown inFigure9.
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Regions
Alpine
CEE (Central)
North
South
UK + IE
West

BE41
DE30 '},

DES3

Figure 8. Boundaries of NUT®-2-3, and the division of Europe into regions according to
RENEW (2008). Map shows the area subject to analiig S-2 were labelled.
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Figure9. Cereal production in regioriyy RENEW (200€2011)

Calculated time series describes the linear trends. lllustrated by the nex{fggue 10)
For readability, the original timseries is missed.
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Figurel10. Trend incerealproduction in regions by RENEW (202D11)

The standard analysis of the regression coefficients significance of these trends indicates that
the statistically significant (P = 0.053re only the coefficients associated with CEE and
Alpine regions. Despite the relatively high coefficients of determination for thelEJKnd
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the Westregion an insufficient number of points (years) makesmpossible to draw
statistically significant coclusions about them. Thus, we can say that a significant increase in
20012010 was in the Alpine regions and CEE, whichnnot be said for the other four
regions. Therefore, only in two regions were adopted in an amendment to update the data. In
case ofthe "Alpine", the average annual increase in value, assessed by its regression, was
3.1%, while in the case of the "CEE" it was 2.8%.

The modelling of the technical potential of straw is assumed that the primary recipient of a
sustainable use of this resoe is agriculture. In the first stage, the optimal need for straw to
animal production and soil conservation was evaluated. The remaining resources can be
defined as a surplus of straw that can be used for purposes other than the production of food.
This surplus does not necessarily mean that the resource consumption is only for energy
production. However, the observed straw utilisation, it can be assumed that the type of the

product will mainly be used as a renewable energy source.
Straw surplus was modet! by using followed scenario for assessment:

Average grain yield for NUTZ
Straw feedstock

Theoretical straw potential

= =2 =4 =

Technical straw potential

Average grain yield for NUTS-2

Summary information about crop production was based on data from Eurostat. For 242 units
NUTS2, data on vyield, productivity (yield / ha) and the acreage of wheat, durum wheat,
barley, other cereals, grain maize, rice, rapeseed and sunflower was tahuldresedost
current informatiorwasabout collections for 2011, bittwasnot for all countries and for all
crops. Therefore, the average yield for the years-2008 was used. This is further justified
because the yields are highly dependent on weatheditons in the growing season,
resulting in large variations in successive years. The period-200B was adopted in order

to determine the average account indicated yield growth trend for the Alpine region and

Eastern Europe.
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Straw feedstock

The strawpotential was assessed by using ratio grain to straw for each evaluated crop, based
on Edwards (2005) for wheat and barley and Scarlat (2010) for maizerapeseedand

sunflower. For the other cereals the ratio equal to 0.9 was appabteg).

Table3. Relation stravto grain

Crop Algorithm: Straw to grain ratio

Wheat and barley Yield*(0.769-0.129*ATAN((Yield-6.7)/1.5))
Maize -0.181*LN(Yield)+1.337

Rice -1.226*LN(Yield)+3.845

Rape seed -0.452*LN(Yield)+2.0475

Sunflower - 1.1097*LN(Yield)+3.2189

other cerealsoat, triticale, | (g

mixes of cereals, etc.

Theoretical potential

Theoretical potential of straw wassessed as total straw resources possible to obtain from

listed crops. The values for all NUTS were determine&daynula 1
Theoretical straw potentialB @ "QCa '@ 6i @i Od € Qi Q¢

Where:
Yield = yield of i (i = wheat, bagy ...) in ton per NUT

Ratio = strawto grainratio given in theTable3.
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Theoretical potential of straw
100 [kt]
~10.1-100.0

~1100.1 - 500.0
~1500.1-1000.0

~11000.1 - 1500.0

I 1500.1 - 2000.0

Il 2000.1 - 8900.0

10 regions with the highest potentials

Figurell. Theoretical potential of straw (cerealaizeand rapeseed) in NUTF& Values for
Malta and Cyprus were given in the box.

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 page43/162



BioBoost

Technical straw potential

The technical straw potential was assessed by subtraction of the amount of straw necessary
for animal bedding and feeding in addition to the part of straw that is needed for incorporation
into the soil.

Straw that is needed for soil protection was cal®d at minimum of 30% for technical
potential in each region (NUTF3). The oilseed rape and turnip rape strawf low suitability

for combustion as it is high in ash andcmpounds. It is very brittle and balimyassociated

with high lossesMoreover within the other types of straw this one is least suitable for
livestock bedding. For these reasons, it was assumed that the most appropriate form of its use
is incorporation into soil. The properties of straw, which also create their fertilisatiotyquali
include no risk of fungal diseases transmission (not found on the rape) and straw that is in the
soil decomposes faster than cereal straw and contains margenit(no need for additional

fertilisation).

The technical potential of corn (maize) stravown for grain is calculated as 50% of the
theoretical capacity, assuming the validity of ploughing at least half of its yield. This is
because of the field demand for soil organic matter after this type of crop production and the
common practice during ¢hharvest, where the piais cut in half of its lengthin the case of

rice, it was assumed that at least 40% of the straw must be used for ploBygargt(et al.,

2010.

Modelling the technical potential of other cereals was done by following scemssioning

the use of straw on soil conservation.

In the algorithm, it was assumed that the first kind of straw which could be used is coming
from the crops defined in theurostata s Aot her cereal so (lbthig |, rye
amount was lowethan 30 % of the total straw feedstock, the second resource (barley) was

used and the last kind of straw (wheat).

The amount of straw, which can be used for animal feeding and bedding, was calculated
previously, during the modelling of manure potentsd chaptet.3). In the case of a higher
demand for straw for animals than the size of the theoretical potential of straw, then the

assigned value was set at zero for the technical potential. No compensation of straw between
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regions wasnodelleddue to eonomic inefficiency of such activities. This is confirmed by
practice, because it was observed that there is no straw carrying on longer routes in order to

apply for animal husbandry.

In calculating the modelling technical potential this does not inclheestraw used in
horticulture, food processing, construction, etc. The alternative use of straw is demendent
economic conditions. In sonmases, instead of the straw, interchangeable materials can be
used(saw dust, wood chips, plastic, etcTherefore the competitiveness of the straw for
energy uses with others uses outside agriculture should be estimated with calculations of the

economic potential.
Results

The total assessed feedstock potential of straw residues amount®.@tM141960 PJ)
Average value foNUTS-3is 113 kt. There are 888UTS-3 where the biomass potentials are
over 10 kt.The highest potential of biomass was foundNidTS-3: FR242 (Eurest-Loir) i
1.42 Mt, but the highest density of biomass wasutated for ITC15 (Nova)i 238t/km?.

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 page45/162



BioBoost

Table4. The most promising NUT8 with the highest straw potential

Theoretical Technical Density

NUTS-2 | kt | PJ NQJS' kt ps || NUTS3 | tkm?

FR24 Sﬁgl' 1336' FR242 | 14145 | 1898 ITC15 237.7
6905.

ES41 c 905 || FR213 | 1251.9| 16.40 || FR242 237.0
54809.

FR53 ; 719 || Cz020 | 1144.2| 14.99 ITC12 223.3
4803.

FR21 1 629 || FR223 | 1104.5| 14.47 || DEEOC 195.7
4747.

RO31 5 62.2 || DK022 | 1101.6| 14.43 || DEEOB 195.5
4575.

FR62 9 599 || FR221 | 1065.5| 13.96 || DEGOD 193.0
4423.

FR22 ) 579 || FR534 | 1053.5| 13.80 ITC49 180.8
4412.

ITC4 3 578 || FR246 | 1025.3| 13.43 || ITC4A 179.7
4397.

RO22 9 576 || ES618 | 1000.0| 13.10 || DE91B 178.9
4274.

DESO 3 56.0 || FR241 | 999.0 | 13.09 || FR223 178.1
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ESB18 |

Total straw
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Figure 12. Technicalpotential oftotal strawin NUTS-3. Values for Malta and Cyprus were

given in the box.
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Soft wheat straw

0.0 [kt] [PJ]
0.1-10.0 <0.13
10.1-45.0 0.13-0.59
45.1-160.0 0.60 - 2.09

160.1 - 450.0 2.10-5.89
B 450.1 - 1000.0 590-13.10
B > 1000 >13.10

10 regions with the highest potentials

Figure 13. Technical potential of soft wheat straw in NUBSValues for Malta and Cyprus
were given in the box.
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Soft wheat straw

0.0 [kt] PJ]
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Figurel4. Technical potential alurum wheat straw in NUTFS
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Barley straw
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Figurel5. Technical potential of barley straw in NUBS

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 pageb0/162



BioBoost

Other cereals straw
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Figurel6. Technical potential of other cereals straw in NeB'S
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Maize straw
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Figurel?. Technicapotential of maize straw in NUT3
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Rice straw
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Figurel8. Technical potential of rice straw in NUIS
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Sunflower straw
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Figure19. Technical potential asunflowerstraw in NUTS3
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.
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Figure20. Normalisecbiomass potentials of straw in NUIS
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1.2 Residuals of pruning

Scope and definitions

Thetechnical potential opruning of permanent plantatiordive trees, vineyards, fruit trees,
wereassessedResiduals of pruning the main residuals: cut brancheesd the othebiomass,

whichcan betreatedasy ear 6 s net primary productivity
Method

The locations of potential pruning areas were taken from.@l&ss number 1%vineyards)

16 (fruit trees and berry plantationsgnd 17olive groved were usedGeoprocessingvere
conducted at scale of pixel size = 100x100m. For seleseaka NPP values werassigned
Raster map was tabulated BUTS-3 SHP file. As a technical potentjabO percent of
assessed biomass was considered. Theoparof this is that NPP values consist of many
different kind of biomasse.g. fruit yields, vegetation from thenvironmentof permanent

crop fields, natural vegetation within fields like a grass or shrubs. The indicator (0.5) was

chosen based on exp&rtowledge, liteature review and consultation.

Formula2:

IF CLC =15 OR 160R 17THEN RoP = (0.5 * NPPELSE RoP = NoData
Where:
RoP = Residuals of pruning

CLC = Corine land cover, classes: 15, 16, 17
NPP= net primary productivityn location ofl15, 16, 17 class of CLC

Table5.Data source of pruning residues

Indicator | Source Location

CLC EEA: CORINE http://www.eea.europa.eu/deaadmaps/data/corinkand
cover2006raster2

NPP WDC-RSAT http://wdc.dlr.de/data_products/SURFACE/
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Results

The total assessed feedstock potentigtesmanent crops pruning amounts Ei:4 Mt (152
PJ). Average value foNUTS-3is 11 kt. There are 234UTS-3 where the biomass potentials
are over 10 ktThe hghest potential of biomass was foundNOTS-3: ES616 (Jaen) 631.7
kt, but the highest density of biomass was calculated for GR431 (Irakleio Prefecti2)
t/km?,

Table6. The most promisinlUTS-3 with the highest pruning residues potential

Technical Density
NUTS-3 kt PJ NUTS-3 t/km?
ES616 631.7 6.2 EL431 112
ES613 382.8 3.8 EL222 78.8
ES523 323.0 3.2 ITF44 73.4
EL431 296.5 2.9 ITF65 66.5
FR813 276.9 2.7 ITG19 65.3
ES618 266.64 2.6 ITG17 62.2
FR612 253.5 2.5 EL221 59.9
ES614 252.6 2.5 EL255 59.8
FR812 243.9 2.4 ITF45 58.2
ES514 240.9 2.4 ITG11 58.1
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Pruning residuals
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Figure21. Technicalpotentials of pruning residuals in NU3S
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Figure22. Normalised biomass potentialsgriningresiduals in NUTS3
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1.3 LivestockResidues

Scope and definitions

The scope of this activity was to assesstéohnicalpotential of livestockesidua, which is
defined as livestock excretand associated losses, bedding, wash waters, sprinkling waters
from livestock cooling, precipitation polluted by falling on or flowing onto an animal feeding

operation, and other materials polluted by livestock.

An assessment into the amount and avditgbof residues from livestock production in
Europe is difficult because dhe differences in animal rearingnd the use of natural
fertilisers in crop production of individual European countries. These differences result from
dissimilar climatic and gegraphical as well as economic and agricultural conditions. The
comprehensive assessment of manure management was carried out in the framework of a
scientific network RAMIRAN (Recycling of Agricultural, Municipal and Industrial Residues

in Agriculture) T Menzi (2002). Subsequent studies were undertaken for the European
Commi ssion (LyngsfB et al ., 2011) . The work
implementation of the Nitrates Directive and the Water Framework Directive (91/676/EEC,
2008/32/EC). The Niates Directive is closely linked to the EU's policy for the protection of
water, air and climate change. In the case of agriculture, it was assumed that breeding
livestock contribute inter alia to the emissions of ammoniasfNWhich has an impact on

human health and the environment, as with the other pollutants (sulfur dioxide, nitrogen
oxides) cause soil acidification, eutrophication and grdemdl pollution of the atmosphere
ozone layer. Full implementation of the Nitrates Directive is intended fadaction of
ammonia emissions by 14% until 2020 compared to 2000, as mitigation measures, mainly on
fertiliser usage, positive impact on reducing nitrate loss through surface runoff and infiltration
waters, as well as a reduction of ammonia emissions (&l Nitrates Directive, 2010). The
adoption of the Nitrates Directive for agriculture for each country within the EU has to draw
up a code of good practice, and not to exceed the dose 170 kg N per hectare imparted in

organicfertilisers.

Natural fertilsers are a source of organic matter and rich and beneficial bacterial flora. They
are versatile and flexible, because they contain all the necessary plant nutrition: nutrients,

organic matter and rich microf | orobalactvithi ch h:
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However, in an intensive farming system, manure is not always able to replaeetifagpt
mineral fertilisers. Furthermore, before using the manure must be adequately fermented as
well as not possessing too much strdilve composition of iIganic manureloes not match

the crop deman(N is low, P is high. The use of organic fertilisers in line with the principles

of Good Agricultural Practice, may reduce the dose of mineral fertilisers, in addition, such
fertiliser is cheapemBig problemalso appears in case of speciatien of holdings leading to

animal production regions and crop regions.

The aim of the analysis was to assess the technical potentiasiofuesfrom animal
production. Surpluses were estimated for two scenarios, asstimingaximum and intensive

use of manure on agricultural land. The conducted modelling assumes the priority use of
manure compared to mineral fertilisers. In the first scenario, the surplus was defined as
residus from animalproductionthat remains aftets use as a natural fertiliser, to a maximum
dose limit set out in the Nitrates Directive (170 kg N/ha). The second, less restrictive scenario
assumes that farmers may be interested in an alternative usssidfies from animal
production, where the prodiien of nitrogen associated with the amount of livestock manure
morethan 85 kg N/ha. This value was determined as half of the maximum nitrogen dose per
hectareAccording to Elbersen farmers start to have problems with manure marketing from an
average legl of about 100 kg N/ha

The potentials were estimated for three main types of this kind of biomass: residues from
cattle, pigs and poultry, including four type fractions of manure (solid manure, liquid manure,

slurry, deep litter). This divisionwasadog d after LyngsB et al . (20

Livestock manure: Organic material consists primarily of a more or less homogenous mix of
faeces and urine from livestock, including bedding material, and secondarily of other material
that would be discarded assidus from a livestock production such as fodder residues,
silage effluents and process water. Livestock manure might also be more or less diluted with

rainwater during storage.

Solid manure i Subgroup of source separated livestock manure. Normally having a d
matter content of 280 %, removed from the livestock stables on a daily basis and placed in a

manure pad with drains to collect effluents and rainwater.
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Liquid manure 1 Subgroup of source separated livestock manure. Normally having a dry
matter contet of 2210 %, and flowing out of the livestock stables via piping systems by
gravity or pumping, and placed in a liquid manure tank, which is closed/with cover in order to

reduce ammonia emissions.

Slurry 17 Subgroup of livestock manurelhis is wsually, a mix of faeces and urine from
livestock, bedding material with small structure like sawdust or chopped straw, washing
water, water spill, etc. and originating from stables with whole or partly slotted floors.
Normally having a dry matter content oflP % and flowing out of the livestock stables via
piping systems by gravity or pumping, and placed in a liquid manure tank, in some cases with

cover in order to reduce ammonia emissions.

Deep litter - Sub-group of livestock manure. Also known as deep bedddriginates from

livestock stables where livestock are kept on a bed of long straw or similar material, up to 1
metre thick. The bed is only removed with intervals of up to one year, when the livestock is
removed from the stable for slaughter or graziffye bedding during use undergoes a natural
composting process, whereby the temperature
content is therefore kept on a high level, typically over 30 %, and the deep bedding can be
removed from the stable and b®red on the bare ground in field heaps without risks of

leakage.

The technical potential of manure, which can be used for energy purposes, is defined as the
difference between the theoretical potential, and demand for organic fertilisers in agriculture

(according to the assumed scenarios).

Theoretical potential onimal residueare defined: the actual production of solid manure,

liquid manure, slurry, deep litter from cattle, pigs and poultry.
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Methods

Theoretical potential ofesidue from animal production was estimated for NUTS 3 regions
based on the model developed in the BEE project (Vis and Dees, 2011). This potential
informs about the absolute amount of produced manure. Because of the subsequent analysis,
it has been calculate@garately for manure generated from cafer(nula4), pigs Formula

5) and poultry Formula6). The values of the coefficients are summarisethiple7.

Formula3: TCP_Manure = ( M_cattle + M_pig + M_poultry)

Formula4: M_cattle =x N H ¢*d.dss* MpH;* AHD; * Avi * UFi / 1000

Formula5: M_pig =% N H e¢*d.ldss* MpH;* AHD;* Avi * UFi /1000

Formula6: M_poultry = N H ¢*d.ldss* MpH;* AHD;* Avi * UFi / 1000

where:

TCP_Manure = Theoretical potential of manure production (tonnes / year)
M_cattle = Theoretical potential of cattle manure production (tonnes / year)
M_pig = Theoreticapotential of pig manure production,

M_poultry = Theoretical potential of poultry manure production,

NHeads= Number of heads faitype of livestock,

LUs = Number of livestock units per head fotype of livestock,

MpH; = Amount of nanure per livestoclnit fori type of livestockin kg per day,
AHD; = Animal housing number of days per year,

i = Type of livestock,

Av; = Availability factor: ratio of manure that can technically be collected from the stables,
due to losses during storage is assumed at Av/5,

UF = Use factor (percentage of manure that has no import@nbative uses), is assumed
UF = 0.97.

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 page63/162



BioBoost

Table7 Initial values of formulag-ormula4- Formula

Type of livestock (i) LUs; Mp H AHD;
Dairy cows 1 59.2 150
Bovine animals under 1 year old 0.4 6.4 150

Bovine animals 1 year or over but under 2 years
| 0.7 29.6 150
male

Bovine animals Year or over but under 2 years,
0.7 29.6 150

female

Bovine animals 2 year old and over, male 1 32.1 150
Bovine animals 2 year old and over, heifers 0.8 32.1 150
Other cows 0.8 315 150
Pigs 0.3 5.5 365
Poultry 0.02 0.13 365

Sources: Bé&#&, 201B)Edrdstath e r
The demand for natural fertilisation was modelled in the following steps:

1. Calculation of the nitrogen content in manure fraction derived from cattle, pigs and poultry,
2. Estimation of the potential of natural fertilisation intensity by specifying the maximum N

(dose due to a nitrogen content) per hectare of arable land.

Step 1

Based on the work of LyngsB et al. (20211) th
production (Table3) was determined. In the table, the nitrogen content of the fertiliser in each
fraction was presented. However, the adoption of these average values in the analyses
performed for the NUTS leads to significant errors in estimates, duthéwide variation in

animal production systems of European countries. On the basis of the work carried out on
behalf of the United Nations Food and Agriculture Organisation (FAO), by the scientific
network Research Network on Recycling of Agriculturald amdustrial Residues in
Agriculture (Ramiro) can be stated that this is particularly the proportion of liquid fraction of

pig breeding (Menzi, 2002).nl Wesern Europe, the slurrgystem is common. In this
production system, the national average liquiktion of total manure is over 95%. This
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includes countries such as France, Belgium, Ireland, the Netherlands, Italy and Spain. In the

countries of Central Europe, these values range from 65 to 80 percent, in Poland even below

50%. Similarly, a big diffenece can be seen in the proportion of manure fractions from cattle

although this is not as significant on a regional basis (Menzi et al.,.1998)

Table8 Fractions of natural fertilisers and nitrogen content

. _ Average N
_Type of Solid Liquid Slurry Deep litter | contentin
livestock manure manure
manure
: % | kgN | % kgN | % | kgN/t | % kg N
(I) ~k0 /tg** *0 /tg** *0 g** *0 /tg** kg N / t o
Cattle 27| 6.39 | 5 461 | 41 5.3 27 | 9.74 6.75
Pigs 8 | 11.09| 5 3.08 | 84 4.31 3 2.41 4.73
Poultry 0 0 0 0 3 6.18 | 97 | 19.86 19.45
Sour ce *LyngsB et al 20P0D1**baged
(2013)

oacBnolt

Nitrogen contenin the liquid and solid manure and slurry from cattle, pigs and poultry were

calculated by multiplying the theoretical potential (M_cattle, M_pig, M_poultry) in the

regions by the average nitrogen content in the type of fertiliser (T@bl&he share of

different fractions in manure for individual countries is based on data from Menzi (2002).

This publication presents only a the ratio between liquid and dry fraction, and therefore, in the

absence of more detailed data in the development edsslimed ratibetweenstrawmanure

and manure and liquid manure and slursuch as given ifable8. The following example

illustrates how to calculate the nigren content in the liquid manure:

Formula7

NCCLM = M_cattle(NUTS3) * 4,61 kg N/t%liquid * 100

where:

NCCLM = The nitrogen content of cattle liquid manure (NU3)S

% liquid = average share afttle liquidmanurein animal faece# the country basedn the
mapspublished by thélenzi (2002)
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Step 2

It was assumed that fertilisers are used in the following order: bird droppings, urine, manure,
pig manure, manure straw and cattle manure, pig manure. The order of use for different types
of determined manure nitrogen content is showmahle 8. In modelling, the application of
natural fertilisers is carried out until the critical values is established in the scenario, i.e. 85 kg
N / ha. Calculationsvere performed using an algorithm that can be described with the

following code VB script:

Formula.
sumN =0
21
Do While sumN< scen_max
If [N.i] <scen_maxsumN
Then sumN=sumN + [N.i]
Else [P.i] =[N.i] T7(scen_max sumaN)
sumaN= scen_max
End If
=i+l
Loop
wher e:
sumN variable, summing up the dose -lutilised |

scen=mamaxi mum value of nitxlbofgEnkapp/lha,atdoen
85 kg N/ ha
i= counter, whti xyphesasaefi ghser tnielwi ser , accordin

cal cul ati on

[ N=i Imax. doascenricefveN/ hwa t ht hteh et yappep | oifc afteirotni | i s e
[ P=i Jpart dfheéeheypesef fertiliser, which is a
N/ ha hiencase of scenario 1 and 85 kg/ ha in th

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 page66/162



BioBoost

The use of the above script allowed the assessment of precise livestock manure use (according
to the assumed scenario). The remaining surplus can be treated as available technical potential
for energy production. In order to convert the energy of the restlbiomass; it was assumed

and based on data from Agro Technology Atlas (2013) and algorithms calculator ECN
(Energy research Centre of the NetherlanBef: Phyllis2) that one tonne of compost cattle
manure with a humidity of 80% correspond with a dgétovalue of 0.9 GJ, and the one tonne

of composted pig manure with humidity 77% equivalent calorific value of 1.2 GJ. These
figures are net calorific value (LHV). The calculations values have been estimated and
adopted on the basis of Sweeten et al. §1.98nnamalai et al. (1987), Xiao et al. (2010) and

ECN laboratoryTable9 gives information about the source data used in the calculations.

Table9 Data source of livestodkesidues

l ndi ca|Source |Locati on

NHeads|EurostaStructure of agricGl teqal
indicators [ef _r _nuts], I

L Uis EurostaGl ossary: LSU
http:// epp.eurostat.ec. eu
hp/ Gl ossary: LSU

Mp HAHD |BEE B°t teth @0l 0

UF Raport [Wei gér2a0ll?2

Pow. U|/EurostaStructure of agricG8l teqal
indicators [ef _r _nuts], I

Results

The total theoretical potential oésidus from livestock production in Europe is about 1.23

Gt. The average value for the NUBSis 935 kt.1249 NUTS-3 units were foundwith a
potential of more than 10 kt, 1116 with a potential of more thakt @ad 930 with a potential

of more than 200 kt. One of the most prosperous regions in the livestock manure production
are: ITH2 - Trento, ITH1 - South Tyrol; ITH4 - Friuli-Venezia Giulia, NL41- Noord
Brabant, SKO-Br at i sl avs kT . T hsestimateyoe the NUBSo IlTR20 t i a |
(Trento)- 24.6 Mt - Figura 23
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Table10. The most promising NUT-8 with the highest livestock residugstential

Theoretical Technical Density

NUTS-3 |  kt PJ NU?T Skt Ps || NUTS3 | tkm?

ITD20 | 24567.5| 24.08|| NL413 | 1711.9| 1.7 BE257 1730.09

ITD10 | 24557.5| 24.07|| ITC47 | 1594 1.6 BE256 1236.11

DE600 | 20435.1| 20.03|] NL414 | 1585.4| 1.6 NL413 1234.83

ITD42 | 14533.9| 14.24|| ITC4B | 14123 | 1.4 BE252 1134.91

IEO024 | 12436.6| 12.19(] NL225 | 1186.2| 1.2 NL414 1087.43

[EO25 | 12391.5| 12.14|| NL213 | 1024.8 1 BE253 978.36
IE023 9325.2 | 9.14 || DEA37 | 942.3 0.9 NL421 896.8
FR521 | 8268.9 | 8.10 || NL221 | 814.2 0.8 BE233 835.5

FR523 | 8200.5 | 8.04 || NL421 | 767.1 0.8 NL212 815.09

UKNO5 | 7882.9 | 7.73 || CHO61 | 749.5 0.7 NL225 759.44

However, despitéhe high potential of the theoretical assumption of the primacy for the use of
manure production, there were virtually no more possibilities of obtaining this type of
biomass for energy purposekidure 24). Only in the three regions there is a surplus of
manure, excess in terms of nitrogen, the possibility of total consumption in agriculture (by
scenario 1). These are areas in the region NBoathant(Netherlands), where per hectare of
arable land account up to 254 kg N (NL414 and 413), NW Belgium (> 223 kg N/ha) and
Portugal (PinhieLitoral region, 180 kg N/ha

Spatial analysis showed 36 units NUBSwhere the estimated dose exceeds 85 kg N/ha,
which indicates the existence there of the surplus production of manure that can be estimated
at 21.4 Mt (21 PJ), an average of 580 kt/NUTS. These surpluses, according to scenario 2, can
be used for energy purposes. Units formagoncentration found inthe Netherlands (9

NUTS with the potential of 8.4 Mt, equivalent to 8.3 PJ of energyarker 1 inFigure25),

northern and nortivestern Belgium (13 NUT®ith the potential of 5.1 Mt , 4.9 RMarker

No. 2), Italy, in the region of Brescia, Mantova (3 NUTS with the potential of 3.5 Mt, 3.4 PJ
Marker No. 3), Germany (8 NUTS with the potential of 3.4 Mt, 3, 3iRarker 1). Regional,

but much smaller, splus manure was also found in Portugal (344 kt, 0.3 PJ) and Malta (96
kt, 0.1 PJ).

D1.2/ Feedstock potential: Report of the results of feedstock potential assessmen2iorEU
Switzerland ilNUTS-3 page68/162



BioBoost

Livestock residues [ t/km2]
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Figure23 Theoretical potential afesidue from animal production in NUTS, indicating the

regions with the greatest potential
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Organic fertilisation [ kgN /ha AR ]
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Figure24. The amount of nitrogen in livestock manure expressed as kg N/ha total agricultural
area
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Figure25 The technical potential of manure surplus
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1.4 Hay from permanent grassland

Scope and definitions

Hay derived from permanent grassland, due to the large acreage, can be found as a
theoretically significant potential of biomass. Regions with a high proportion of pastures and
meadows are used for intensive livestock, mainly cattle. In these regions, pasturssd for

grazing animals, and for feeding in fresh form or as hay, and silage).

The aim of the analysis was to assess the technical potential of biomass, which is a surplus of
hay in NUTS3. It was assumed that the excess hay is estimated as thertiéfdetween the
potential productivity of biomass under permanent pasture and hay demand associated with

the farming of ruminants.

The potential productivity is defined as the average yield of hay (Smit et al., 2008), converted
into an area of permanepasture. For the 27 EU countries, data was obtained from Eurostat,
while the grassland area of Switzerland was based on land cover map (CLC) and national
statistics (FSO, 2012).

The demand of hay for livestock was specified for ruminants, based on alatd& frrostat.

Due to the lack of a European regional database, which characterise animal feed, the optimal
scenario was adopted. It was assumed that ruminants are actively feeding on the resource
growing on the meadows and pastures. Regardless of whetliee iregion the grazing
animals or feeding processed hay were present, a daily dose of 20 kg per head was assumed,
which annually, assuming a 20% reserve, gives 8.76 tons of hay. These estimates are based on
Winnicki et al. (2012) and the recommendatiorfstize Agricultural Advisory Centres
(Kwiatkowski, 2010).
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Methods

The technical potential of hay surplus in each NtBI®as based on the following algorithm

Formula®9:
PTNS = ( PSi(s &UBXwUzZ )
where:

PTNS = technological potential of hayrplus (t)

PS_s = average yields of hay in the region (Bha

PowUZ = grassland area (ha)

LUSI = number of livestock units per head for the i type of livestock (cows, sheep, goats)

SK = amount of hay intended for LUSI (cattle, sheep, goats)

In the absence of data for certain NUZQunits, the technical potential of surplus hay was
estimated for available level of NUTS and proportionally distributed to the share of grassland
in the NUTS3 under the CLC. Sources of data were used in the moglelie summarised in

Tablell Data sourceshay potential model

Table1l. Data sourceshay potential model

I ndi c Souerc Location
Map 11 .

PS_s publ i ¢ Smit. 200 8|l

PowUZ Eurost| regional agricult

LUSI Eurost| regional agricult

Wi nni cki et a l
recommendati ons o
Advisory Cent

Pl an fo

SK base

In order to convert the modelled mass into energy of hay, the assumed data was based on
ECN Phillis calculator where one ton of hay, with a moisture content of &% n average

heating value 013.4 GJ.
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Results

Hay besides crops gnm on arable land and forest, ke largest resource dfiomass.
However, similar tdhe case of straw, prime hay use is determined by its need in agriculture.
Total theoretical potential of hay is estimated at 116.2Rufjufe26).

As a result of hay surplus modelling, which can be used for energy purposes, maps of
technical capacity and density were obtainedre 27, Figure 28). A surplus of hay, like
manure surpluses, are in a small clusters, which generally show antyntbilise hay in
Europe as a significant and accessible resource base. The total potential of surplus hay, which
can be used for energy purposes, is only 6.9 Mt (92.6 PJ). The average value for th8 NUTS
is 80.3 kt. For the study, 50 units of NU-BSverefound with a potential of more than 10 kt,

29 units with a potential of more than 60 kt and 12 NBT\8ith a potential of more than 200

kt. The most important regions in which hay can be obtained are indicategune27. The

highest technical potential has been estimated in the region of Teruel in Spain (ES242), 1.0
Mt, which corresponds to 13.6 PJ of energy. The highest density of this material was found in
Scotland for NUTS: UKM65 and UKM31, more than 100 fKFigure28).

Table12. The most promisinlUTS-3 with the highest hay potential

Theoretical Technical Density
NUTS-3 | kt PJ NS ke PJ NUTS-3 | t/km?
UKM63 |5765.6 | 77.3 ES242 |1012.6 |13.6 UKM65 |103.8
UKM61 |5730.2 | 76.8 ES130 |352.4 |4.7 UKM31 |103.6
IE025 | 5645.5 | 75.6 PT118 |297.3 |4 UKJ21 | 99.2
IE013 | 4961.4 |66.5 RO422 | 252 3.4 AT321 |98.1
IEO11 | 4373.0 |58.6 UKM27 | 248.8 |3.3 ITC44 75.4
IE024 | 4148.1 |55.6 ITC44 |241.3 |3.2 SI015 72.2
IE023 | 4107 55.0 ES220 |236.7 |3.2 UKD41 |72.1
UKL14 |3270.1 |43.8 LVOO5 |236.4 |3.2 UKK21 |69.5
UKM27 |3181.5 |42.6 RO124 |231.2 |3.1 ES242 |68.3
UKNO5 |3155.8 |42.3 ES120 |227.6 |3.1 AT341 |66.6
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Figure26. The theoretical potential of hay yield in NUTS
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Figure27. The technical potential of biomass and enerlggy surplus in NUTS3
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Figure28. Biomass densityhay surplus in NUTS
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2. FORESTRY RESIDUES

Scope and definitions

The scope of this activity was to assess the potential of forestry residues for bioenergy use.
Forestry residuals were assessed based on the BEE definition and meth{8Ebdgd. Vis
M.W. and van den Berg D.) 2010).

The forestesidues werdefined as:

1 Stemwood: biomass from pemmmercial and commercial thinning and final fellings,
available for energy production, including whole trees and delimbed stemwoogifeom
commercial thinningos.

Primary forestry residues: logging residues, stumps.

1 Secondary forestry residues: wood processing industrprdgucts and residues
sawdust and cutter chips, bark, slabs, lump westiuesand black liquor.

1 Woody biomass fromshort rotation plantations dorestlands

1 Trees outside of forests such as trees of settlement areas, along roads and on other

infrastructural areas.
Method

The total theoretical potential of primary forestry residues in European countries was

calculatedusing formula below:
THP_PFRX,y = THP_LRX,y + THP_SX,y (Formulal0)
Where:

THP_PFRx,y = total theoretical potential of primary forestry residues in country X in year vy,
(m3/year)

THP_LRx,y = theoretical potential of logging residues in country x in ye@myyear)

THP_Sx,y = theoretical potential of stumps in country x in year Yygar)
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Table13. Data sourceised toassess the theoretical and technical potential (BEE)

Additional data
sources used to
compensate for

Factor Main data sources . )
missing values in
the main data
source
Net annual increment MCPFE' 2007 MCPFE 2003
Harvesting loss TBFRA? 2000 EFISCEN
Biomass expansion factor for above Empirical study
ground non stem biomass without | published by Teobaldell -
inclusion of needle and leave biomasg et al. (2009)

Empirical study
Biomass expansion factor for stump{ published by Teobaldell -
et al. (2009)

Average standing Volume per ha
(Necessary to derive BEF & BEFS
based on the approach of Teobaldelli
al. (2009))

MCPFE 2007 -

Wood density (To convert from cubig

meter to tonne dry matter) Fonseca, M. el a(2010) -

' MCPFE refers to the assessment of the State of European Forests by the Ministerial
Conference on Protection of Forests in Europe.

2TBFRA and FRA refers to the Forest Resources Assessment conducted by the FAO.

3 EFISCEN refers to the European Forest Information Scenario Model prepared by the
European Forest Institute.

The assessment [zased on data from 2003 to 2007. To conwere tonne dry matter to
energy, an average moisture content of 35% is assumed. This results in a conversion per tonne
matter (wet weight) of 10.06 MJ per kg and is equivalent to a conversidb.48 MJ per

tonne dry matter.

In order to convert the modelled swinto energy, assumption were done that one tonne of
biomass has an average moisture content of 35%, equivalent calories = 10.06 GJ and is

equivalent to a conversion of 15.48 MJ per tonne dry matter..

With the approach chosen, the country améciesspecific values of wood density are
considered. On average, when recalcul ating

potenti al at EU | evel, this results in 0.17
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close to the 7.2 &£ddmintthhe BHvWobdest udy!l (E
Summary, Evaluation and Recommendati onso ( BE

Technical potentialwas assessed with assuming listed bedpecificatios (BEE, 2010,
Tablel3):

50 %- Recovery rate of above ground forest residues; the recovery rates have been selected in
line with the level chosen by EEA (EEA 2007) and Asikainen (Asikainen, Liiri et al. 2008)
but simplified to 0.5er country

20 % - 40 % as a Recovery rate for stumps; recovery rates for stumps have been chosen
lightly lower compared to Asikainen et al. (2008) and merely a very course differentiation
within countrieswas made with reference to silvicultural and hatwey practises and species

distribution
30 %- Part of the surplus complementary fellings are reserved for material use of wood

5 % - Part of the current net annual increment is reserved for an increase of standing volume
to facilitate an increased carbstorage and for biodiversity purposes including an increase of
the dead wood component and to increase the share of mature forests especially in protected

areas

5% - Consideration of unrecorded harvests from industrial roundwood in the current
harvestingstatistic (thus attributing more wood from the entire harvesting potential for

material use).
Spatial explicit method

Yield was estimated for forest areas determined based on CLC map. Frommaihjs
deciduous, coniferous and mixed classes were extractsde&ch NUTS3 region, the
average NPPRor value were fond based othe WDGRSAT data The relative differences of
net primary productivity have been used (as weighting factors) to redistribute the theoretical

and technical values of potentials from coigd level to the raster map.
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Results
The total assessed theoretical potential of forestry residues amol82k kit (3230PJ).

The total assessadchnicalpotential of foestry residues amounts at: 11 K9 (1186 PJ)
Average value foNUTS-3 is 90kt. There are 96B8IUTS-3 where the biomass potentials are
over 10 ktand 561 NUTS3 where the biomass potentials are over 6T highest potential
of biomass was found INUTS-3: FILD7 (Lappi)i 2.5 Mt, but the highest density biomass
was calculate for DEB3K(S¢, d w e s i A47d@km2

Table14. The most promisinlUTS-3 with the highest forestrgesidues potential

Theoretical Technical Density

Nuts 3 kt PJ Nuts 3 kt PJ Nuts 3 t/km2
FILD7 | 5770.7| 58.1 || FI1D7 2466.1 24.8 DEB3K 147.2
FILD6 | 3234.3| 32.5 FI1LD6 1382.2 13.9 DE71B 132.9
SE331 | 3201.4| 32.2 || SE331 | 1355.2 13.6 DE229 131.8
SE332 | 3105.4| 31.2 || SE332 | 1314.6 13.2 DE269 130.2
F1193 2887 29 F1193 1233.8 12.4 DE264 129.7
FI1D1 | 2838.7| 28.6 || FI1D1 1213.1 12.2 DE12C 127

SE232 | 2752.5| 27.7 || SE232 | 1165.2 11.7 DE26A 126.3
FILD3 | 2586.4| 26 FI1D3 1105.3 11.1 DE12A 125.4
FI1D2 | 2482.7| 25 FI1D2 1061 10.7 DE71D 121.8
SE322 | 2471 | 24.9 || SE322 1046 10.5 DEB3C 121.5
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Figure29. Theoretical forestry residues potentialNOTS-3
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Figure30. Technicalbiomass potentials of forestry MUTS-3
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