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ABSTRACT

Ramirez Almeyda J., 201Eignocellulosic crops inEurope: I ntegrating crop yield potentials
with land potentials. Doctoral Thesis, University of Bologna, Italy.

Given the ambitious EU targets further decarbonise the economy, it can be expectedhbat
demand for lignocellulosic biomass will continue to grow. Provisioning of part of this biomass by
dedicated biomass crops becomes an option. Jtudy presentsintegrated approach for crop
allocation based on land availability and crop requiremente model analysis to investigate
potential extension of unused land and its suitabilitfifgrocellulosic cropsvascarried out in 3
European countries at the NUF $evel. The CAPRI modgbredicts future land use changes and
was used as a basic input to assess the agricultural biomass potentials in IEuwvapéhen
identified the total land resource with a pesbdeling assessmefudr threedifferent potentialdo

the year 2020 and 203@&ccording to sustainability criteria formulated in the Renewable Energy
directive (RED).That remained unusddnd after subtracting the land used for food, feed and 1G
biofuels as predicted in the CAPRI baseline scen&uwsthermore cropspecific suitaility maps

were generated for each crop based on the variability of biophysical factors such as climate, soil
properties and topographical aspettse yields and cost levels that can be reached in Europe with
different perennial crops in different clingt soil and management situations. The AquaCrop
model developed by FAO was used and fed with phenological parameters per crop and detailed
weather data to simulate the crop growth in all European Nuts 3 regions. Yield levels were
simulated for a maximumna a watedimited yield situation and further converted to match with

low, medium andhigh input management systenie costs productiomas assessed with an
Activity Based Costing (ABC) model, developed to assess the roadside Net Present Value (NPV)
cog per DM Mg hat of biomass. The yield, crop suitability and cost simulation results were then

combined to identify the best performing cnm@nagement mix per region.

Keywords 1 Lignocellulosic crop, Biomass potentialsUnused lands,Released land, Imal
suitability, Economic Models
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GENERAL INTRODUCTION

The universahgreement on climate change reached in the last COP21 conference is digega to

a gl obal t emper at ulbyeahe end sf ¢his Gentary and td drive @ffods to2litdiC
the temperature increase even further, down t¢Qdbove prandustrid levels(United Nations

2015). For this purpose, a framework was adopted by EU leaders with specific goals: 40% cuts in
greenhouse gas emissions (compared to 1990 levels), 27% share of renewable energy and 27%
improvement in energy efficiency by 2030 (Bpean Commission). In this context, National
Renewable Energy Actions Plans (NREAPSs) consider the production of biomass from
lignocellulosic crops, which can play a key role in the development of renewable energy sources in
Europe. Definitely, there areegeral reasons to promote bioenergy crops (Don et2@l?2).
Currently, the 93% of the domestically grown bioenergy crops are converted into biodiesel and
first-generation bioethanol (Biomass Futures). But nowadays the focus is on the production of
secondgeneration biofuels at commercial scale due to their environmental benefits such as soil
erosion mitigation, soil protection, high biodiversity, including farmland bird diversity, reduced
GHG emissions, greater carbon sequestration and low impact onawatiability (Alexopoulou et

al., 2015; Zegadd.izarazu et al.2010; Richter et al2016;Alexopoulou et al.201Q.

This study was carried out in the framework of the EU project S2Biom, aimed at developing an
innovative support tool to analyse the puial of lignocellulosic crops in 28 European Member
States andine neighbouring Central and eastern European coungtiethe NUTS3 level.
Theproject predicts both sustainable supply and cost of solid lignocellulosic biomass from forestry,
dedicated eergy cropping, agricultural residues and secondary residues from wood, food industry
andwaste.The focusin the present studyas on dedicated energy croppifiggrbaceous anshort
rotation @ppice, and their most representative species for segenérdéion feedstock in Europe.

The data accumulated during many recent European prdfeees Table 1were important and
useful to the selection. Hence, eight species were selected based on their productivity, geographical
distribution and literature abundanes compared with other species used for energy purposes
(PerpifiaCastillo et al. 2015). Five herbaceous perennial crops and theleert rotation coppice
(SRC) were included(i) herbaceous perennials: miscanthiis€anthus spp.), switchgrass

(Panicum wgatumL.), giant reed Arundo donax..), reed canarygras®lalaris arundinaced..),

I NeighbouringCentral and asternEuropearcountries Albania, Bosnia & Herzegovina, Montenegro, Republic of
Macedonia, Kosovo, Serbia, Turkey, Moldova and Ukraine
11



cardoon Cynara cardunculud..) and (ii) short rotation coppicewillow (Salix spp.), poplar

(Populusspp.), eucalyptusHucalyptusspp.)

Table 1 Relevant Eropean projects evaluating biomass crops performam@cel suitability Table
modified fromDees et al., 2017b.

Project

Description

S2Biom
http://www.s2biom.eu/en/

Project (20132016) covered the whole biomass delivery ohdrom

primary biomass to endse of noAood products, and from logistic
and pretreatment to conversion technologies. These aspects
been elaborated to facilitate integrated design and evaluatic
optimal biomass delivery chains and network&atopean, national
regional and local scale.

4FCROPS

Completed in 2010 and delivered a lot of reports and publicatior
the most viable crops for ndnod biomass production (either fi
energy production or biobased materials) in every environmeoma!
in the EU, cost structure and economic and environme
performance of the different crops. The project also made an esi
of the land availability for these crops at different time frames w
could also provide further information on land itigcation.

BiomassFuture
http://www.biomassfutures.eu/

The Intelligent Energy Project, Biomass Futures (20@012),
resulted 2012, estimated the role biomass can play to meet the
RED targets at EU2fhrough a demandupply analysis and extensi
consultation with stakeholders across Europe. To do so it develo
systematic Biomass cost supply Atlas for EU27 and the RES
model to address the competition of biomass supply in the
energy market (heat, electricity and transport). Furthermore, a st
sustainability criteria and indicators for bioenergy was develc
which goes beyond the RED to address all bioenergy

OPTIMA
http://www.optimafp7.eu/

was an EU project (completed in 2015 that aimed at identifying t
yielding perennial grasses for the Mediterranean area, W
optimized production chains (for both energy and new plant del
bio-products). The focus was particularly on identifyirand
evaluating the best performing crops, genotypes and
management systems when grown on underutilised and/or aban
marginal in Mediterranean environments.

FIBRA
http://www.fibrafp7.net/

project (20122015) collected and analysed valuable information
most suitable fibre crops and genotypes as sustainable souri
biobased material for industrial crops covering the whole produs
chain and following the biorefinery concept.

Water4Crops
http://www.water4crops.orqg/

stands for can provide information on suitable crops and
performanceio-treatment of wastewater in Europe.

OPTIMISC
https://optimisc.uni -
hohenheim.de/

The overall objective of OPTIMISC was to optimize thescanthus
bioenergy and bioproducts chain by: trialling elite germplasm t
over a range of sites across Europe; analyzing the key traits
currently limit the potential of misc#éms; identifying highvalue
bioproducts; modelling the combined results to prov
recommendations to policy makers, growers and industry.

12
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The project studies the moitial for using different types of gra:
GrassMargins . species under challenging climatic conditions (e.g. drought, sal
http://www.grassmargins.com/ flood and cold) to develop high yielding biofuel crops. The selec
of material by partners in the project focussesmiacanthusand
giant reedtaxa.

Specific objective of the present study:

To estimate biomass yield potential of lignocellulosic crops and their sustainable allocation in
EU28& and in nine neighbouring countries at NUTS3 level in 2020 and 2030.

Structure of the thesis

- The first chapter illustrates the unused land potentially available and suitable for
lignocellulosic crops.Unused landavailability was predictean the base of th€APRE
model and postodel assessment. Furthermore, REDstainable criteria were considered
to generate three typ®f potentials for the year 2020 and 2Q8@crop specific suitability
maps were generated for each crop according to biophysical factors such as climate, soil
properties and topographical aspects.

- The secondchapter describes an appach to simulating yields.Quantitative and
gualitative traits of selected crops were summarized in a specific databése base of an
extensive reviewYield simulations were made for the selected crops with the Aquacrop
model developed by FAO, pretid ng Ayi el d response to wate
three input system lew@({low, medium & high) to consider different cropping situations &
policies around EU ani address different decision makers.

- The third chapter describes thantegrated aproach for crop allocation based on land
availability and crop requirements.The results for theahd potentigl crop-specific
suitability (Chapter }, crop yield estimation (Chapter 2and production costwere
integrated withthe purpose is tmlentify three cropgombination able tprovidethe highest
yields with lowest costs in unused land in Europe

- The general conclusions.

2The study area has includéthited Kingdom
SCAPRICommon Agricultural Policy Regionalisegbact analysis model
4 RED: Renewable Energy Directive
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CHAPTER 1

Dedicated Cropping Biomass Potential on unused lands in
Europe

Foreword

Land is today a sensitive issas it is a scarce resource in most parts of the world. Nonetheless,
many lands in Europe have been released from the agricultural use due tecsoomic and
climatic reasons, becoming unusétlis chapter presents a molilety approach tanvestigatethe
potential extension of unused land and its suitabfiiy lignocellulosic cropsThe analysis was
carried out in 37 European countries at the Nuts3 |&¥s CAPRI modelpredictsfuture land use
changes andias useds a basic inpub assess the aguktural biomass potentials in Européaus,
unusedand was estimated using CAPRI disaggregated from NUTS2 toS8Ufenwas identify

the total land resourceith a postmodeling assessmefur 3 different potential{years 2020 and
2030) that remained mused after subtracting the land used for food, feed and 1G biofuels as
predicted in the CAPRI baseline scenaridhe hree "unused landpotentialswere therefore
generatedTechnical PotentiaBase PotentiaandStrict Sustainability Potentiaccording to
sustainability criteria formulated in the Renewable Energy directive (RED). Furtherorope
specific suitability maps were generated for each crop based on the variability of biophysical factors

such as climate, soil properties and topographicalkctspe

14



INTRODUCTION

Nowadays, European strategies show a lot of interest in lignocellulosic material as a way to mitigate
climate change. Given the expected increase in the energy demand, it is likely tHabdon
biomass crops will start to play a growi role in the supply of biomass. These crops are an
interesting resource provided that they can be produced on lands that are not used for food and feed
production and that, by cultivating them, no additional pressure is placed on scarce natural
resourcessuch as water and biodiversity. This implies that their suitability and vyield

performancesn lower productive land#) particular, need to be better understood.

According to Elbersen et al. (2012), E/BTA, (2013) and Allen et al. (2014), bioenergy op
represent the 3.2% of the total agricultural area, which is about 5.5 Mha. The 81% of this surface is
used for oil crops (rape and sunflower), 11% for ethanol crops, 7% for energy maize (biogas), while
only the 1% is used for perennial biomass crops. amwunt of land of dedicated crops
commonly known aperennials biomass crg®BC) - is currently very low. For instance, the
European Bioenergy Outlook (AEBIOM2013) and Lewandowski et al2015) reported that
between 60,000 to 115,000 ha are pregegrtbwn in Europe with switchgrass, reed canarygrass,
poplar, miscanthus and willow. However, for some regions, these surfaces are likely underestimated
since perennial biomass crops are not well established in the common EU agriculture and are not

included into national crop databases or in Eurostat.

Land availability potential in Europe ranges between 1.34 Mha (Adteal, 2014) to 12 Mha
(Alexopoulou et al., 2010 ETC/SIA, 2013). But, lack of data allowing the identification of
categories of land relakly precise is a severe impediment, and so is location/total extent of land
with any accuracyAs a consequence, assessments and modeling approaches are necessary (Allen et
al., 2014).

Hence, in order to perform an analysis of potential-foma biomassproduction, first, it was
necessary to develop an approach to estimate land availability. We attempted to assess how many
specific areas were released from agriculture in the last years and to predict future land
abandonment. In the present chapter, a inmwi# to predict future land use changes called CAPRI

and posimodel assessments are shown. These tools were used in the European Project S2BIOM
project to assess potential biomass production and itssappty potential. The chapter, eventually,
discuses the advantages and limitations of modeling approaches in assessing future biomass

supplies and points further work that can be done to tackle these limitations.
15



BOX 1. Land categories for perennial biomass cultivation

The lack of data defining relagly precise categories of land which could be suitable for er
crops, is a severe impediment to pinpoint either the location or estimate the total surface €
such land with any accuracy (Allen et al.,2014). According to Dauber et al., 20d2us Land can
be the umbrella term embracing all potentially available areas for bioenergy cultivation ing
fallow land, set aside, abandoned land, marginal land, degraded land, reclaimed land and wag
The identification of available land foidenergy crops is therefore the first milestone to to cong
specific crops, predict bioenergy vyields and plan facilities location for biomass biochg

conversion.
For each surplus land type concept and the estimated area are briefly described below:

Fallow land (or idle land) is agricultural land that has not been cultivated for one year as pa
crop rotation program, or for multiple years. Fallow land is neither cropped nor abandoned a
within the productive agricultural cycle (Allert al., 2014). Fallow land can provide environmer
benefits, such as rebuild soil fertility, prevent accumulation of pest and disease in neighbourir
as the land remains covered by vegetation. The report by UNICT (2009a) estimated 20.3
hectaes of fallow land in Europe that could potentially be dedicated to the cultivation gboar
crops by 2020 (cited by Perpif2astillo et al., 2015). In 2012, around 7.4 million hectares of
agricultural | and was r ecsaccalding to thes studids af l(Allem @t ¢
2014). In absolute terms over 75% of all fallow land in the EU can be found in just five co
[Spain, (46%), Romania (10%), France (6.8%), Italy (6.4%) and Poland (5.9%)]. The agronom

for fallow is often greater in arid areas.

Abandoned agricultural land can be due to (iransitional abandonmeras a result of restructurin
land, political reform, land use change, or economically marginal areas in production
Transitionally abandoned land camove in and out of agricultural use depending on market price
certain commodities. (igemiabandonment langs used by farmers but with a very low managen
level. Associated with very low or zero direct economic returns, -abamdoned land may K
maintained for personal/social reasons e.g. tourism, nature, landscape conservation or §
maintain a longerm family investment. (iii)actual abandonmenis not used farmland. Natur
succession takes over on abandoned IRith and wet soils eWe in forest ecosystems, whereas
poor dry soils (south EU) it cabhe 6 sltiekpepbe gr assl and veget at
without any active management, such as mowing and graziandonment is only one of th
reasons why the declared areh agricultural land use is decreasing. There is also signif

afforestation of agricultural land, steady growth in urban, recreational, and infrastructure areas

as other changes taking pladénere are various causes of actual farmland abaneohin Europg

16



including: geographic, ecological and agronomic factors; demographic andesociomic drivers
the impact of policy; institutional factors; and, historic circumstances, especially in new M
States. These influences differ between Eeanpregiond citéd byAllen et al., 2014)According the
study of Allen et al. (2014) in six years between 2000 and 2006, the land released by ag
(Released land)increased of about 700,000 ha in EU. This estimation did not include pern
grassands.

Marginal land, is an ambiguous term that is commonly used in energy crop papers. This is |
there is no formal definition of marginality (Shortall, 2013) and this land type is not included in
land use maps or agriculture statisticscéwling to Soldatos et al., (2013) the marginality car|
classified into six criteria such as biophysical, agronomic, economic, environmental, le
institutional and social constraints &griculture below). A more recent study of Soldatos (201
shavs that the return on the investment in miscanthus, giant reed and switchgrass crop
economically sufficient to cover farmers' costs and risks in southern Europe, especially
mechanization is not an option because of the adverse biophysicaiamd

Criteria for the definition of land marginalif$oldatos et al., 2013)

- BiophysicaJ unfavorable geographical position, difficult terrain, poor soil, adverse climat
factors, water shortage / salinity

- Agronomig high input levels in order to maain satisfactory yields.

- Economiginsufficient returns, more profitable land use opportunities, market inaccessil

- Environmentgluse of chemicals, water and iar pollution, environmental protection
regulations

- Legal & institutional legal restrictionso cultivation and subsidies, restrictive policies, lac
of necessary infrastructure, political / geostrategic issues

- Social minimal job opportunities, small land ownership, lack of required human capital

Medium saline, eroded and contaminated land are ncluded in marginal land following th
biophysical classification criterium, and can be suitable for bioenergy crops (Perpifia Castillg
2015).

In this study, the land categories used to analise the potential of perennial biomass crops
seleted and divided into two categories of released land from agriculture landqumedty land,
came from good productive lands and {quality land, include the lownedium productive lands ¢

fallow land.

17



DATA SOURCES and METHODOLOGY

The study area cove the 28 European member countries {#8) and nine central & eastern
European countries (Albania, Bosnia & Herzegovina, Montenegro, Republic of Macedonia,

Kosovo, Serbia, Turkey, Moldova and Ukraine).

Nomenclature of Territorial Units for Statistics (WB), a hierarchical system which divides the
European economic territory into economic regions, is categorised in four resolution level as
NUTSO, NUTS1, NUTS2, NUTS3 (Eurostat NUTS 2013 classification), thus, the analysis
corresponds to small regions ®ispecific diagnosis. For instance, the province of Bologna in Italy
corresponds to the following: Italia (NUTSO code: IT), Northeast Italy (NUTS1 code: ITH),
Emilia-Romagna (NUTS2 code: ITH5), Bologna (NUTS3 code: ITH55). In this study, resolution
level NUTS3 was used, this brings together a total of 1480 NUWEHB&s. In figure 1.1shows data
about European population by NUTS3 (Dees et al., @0 Which also indicated study area.

Figure 1.1Population density per Khtny NUTS3level.

Population Density of NUTS 3 Regions
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(NUTS 0 Regions)

Material, data sawe and methodologysed to compile data, are described below in two sections:

land availability and land suitability.
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Land availability and suitability, main input data used

Data collection are essential to analyse land availability. However,iffigill to capture spatially

all of these areas in Europe because of lack of spatially detailed information and clear definitions.
Consequently, those databases consisted of different thematic maps of various spatial resolutions
(raster and vector). Thuspllected data was homogenised to the reference frame of the European
Terrestrial Reference System 1989 (ETRS89) and Lambert Azimuthal equal area projection. The

most important databasarelisted below.

Utilized Agricultural Area (UAA), describes the aa used for farming. It includes the
following land categoriesarable land, permanent grassland, permanent crops and other
agricultural land. The UAA data were taken from EUROSTAT and Farm Structure Survey
2010 (FSS) at Nutslével (Table 1.1for more deail seeAnnex Table A.1)

Table 1.1Total polygon area angtilised agriculturahrea (Source Farm Structure Survey
2010 (FSS) and EUROSTAT for E2B).

Total Percent Total Percent
Country gl: g:jsé)) polygon (kj/lﬁ';) of UAA | Country gl: gfjsg) polygon (kj/lﬁ':) of UAA

(Mha) (%) (Mha) (%)
Turkey TR 77.21 38.21 49% | Lithuania LT 6.49 2.74 42%
France FR 63.80 27.84 44% Latvia LV 6.46 1.80 28%
Ukraine UA 60.11 28.68 48% Croatia HR 5.64 1.32 23%
Spain ES 50.60 23.75 47%| Bosnia & H. BA 5.12 2.17 42%
Sweden SE 44 .97 3.07 7% | Slovakia SK 4.90 1.90 39%
Germany DE 35.75 16.63 47% Estonia EE 4,53 0.94 21%
Finland Fl 33.75 2.29 7% | Denmark DK 4.32 2.65 61%
Poland PL 31.19 14.45 46%| Netherlands NL 3.74 1.87 50%
Italy IT 30.06 12.86 43% Moldova MD 3.39 1.94 57%
United UK 24.46 16.88 69% Belgium BE 3.07 1.36 44%
Kingdom
Romania RO 23.84 13.31 56%| Albania AL 2.88 1.23 43%
Greece EL 13.20 5.18 39% R. of . MK 2.54 1.26 50%

Macedonia

Bulgaria BG 11.10 4.48 40% Slovenia Sl 2.03 0.48 24%
Hungary HU 9.30 4.69 50% Montenegro ME 1.39 0.22 16%
Portugal PT 9.19 3.67 40% Kosovo KS 1.09 0.41 38%
Austria AT 8.39 2.88 34%| Cyprus CY 0.925 0.118 13%
Crzen cz 7.89 3.48 44%  Luxembourg LU 0.260 0.131 51%
Republic
Serbia RS 7.75 4.89 63% Malta MT 0.032 0.011 36%
Ireland IE 6.99 4.99 71%

CAPRI model(Common Agricultural Policy Regionalised Impact), determines agricultural
demands predicting changes in agricultural sector with a focus on Europe into 280 NUTS2
regions (Britz 2011), and embedded in a global market madelepresent bilateral trade
between 40 trade regions (countries aggregatds)s, CAPRI Modebaseline results were

further processedo identify the released agricultural lan@ferred tothis studyas the
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ainused land(arable, fallow, pasture and peament cropping lands not allocated to food

and feed production) and their projections for the year 2020 and 2030.

Figure 1.2 CAPRI model components and interactioB®urce Elbersen et al., 201{n press-
S2BiomBook).
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CORINE Land cover- CLC2012 is ageographic land cover database for Europe which
provides 10émeter pixel raster images at small scales up to 1:800.000 and vectors at higher
scales. The main categories of the land cover/ land use are artificial surfaces, agricultural
area, forest and sematural area, wetlands and water bodies. In the agriculture land
category is divided into 4 subclasses: arable land, permanent crops, pastures &
heterogeneous agricultural area. Furthermore, were used CLC2012 to analyse the spatial

cover of UAA also.

MARS database (Monitoring of agriculture with remote sensipggridded agre
meteorological data in EuropeThe data were collected froMARS-AGRI4CAST
resources Portalf European CommissiofMARS, 2014). The daily longerm dataaverage,
since 1975used wee temperature minimum, average, maximui@)(tainfall (mm) and
reference evapotranspiration ETo (mm), available on grid cells of 25x25 km.

http://agri4cast.jrc.ec.europa.eu/DataPdridex.aspx

Soil and terrain data Soil Geographical Database was collected from the European Soil
Database version v2.0 at scale 1:1.000.000, producdtuimpean Commissio(6GDBE,
2012). The soil features: soil depth and soil texture were taken frvenrdldata, no data

were available for Western Balkans, Turkey and Moldova. In the same way, the terrain data
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such as steep slope database at NUTS3 level was taken from Miterbasiftaesschen et
al., 2011; Veldhof et al., 2009

Sustainability Renewlle Energy Directivg RED) Criteria, these criteria take into account
categories such as: support agrodiversity, carbon stock, direct/indirect land cover
change, impact on soil quality, water resources and avoid competition with foedRHD

Criteria also sets a maximum slope limit for cultivation and requires that only perennial
crops can be grown on sites susceptible to soil erosion; that management practices (crop
choice and vyields) should be adapted to local biophysical conditions, particulayly the
should not lead to depletion of natural water resources. In addition, they should also enhance
agrobiodiversity and lower soil erosion risk which prescribes location where these crops
should and should not be grown, what crops choices can best be medehat

management practices are requifeeeTable 13).

Protected areacalled Noego Area alsoln RED criteria is include restriction on biomass
production in protected areas (national and international), restriction on areas with high
biodiversity vdue (Natura2000 and HNV farmland) and lands with high carbon stock
(primary forest and wooded land, wetlands and peatlafidms)s, the following protected

areas were excluded:

i.  Nature200Qis a network of core breeding and resting sites for rare and eéhesht
species, and some rare natural habitat types which are protected in their own right. It
stretches across all 28 EU countries, both on land and @issgae r 18 % of t
land area and almost 6 % of its marine territory, it is the largest coadinatwork
of protected areas in the worlthe spatial a y datassg@rovided by the EEA

ii.  High Nature Value (HNV) Farmland areds a concept that recognizes the causality

between certain types of farming activity and natural values related high tévels
biodiversity and/or the presence of species and habitats of conservation. This spatial
database is available and can be used as an EU wide database for the farmland areas
of high biodiversity (ETC/SIA, 2013). No data were available for western Balkans,
Croatia, Moldova and Ukraine.

ili. Permanent grassland habitedre often characterised by high biodiversity value in

terms of the species richness and vegetative structure that is the reason to many
grasslanehabitats are included in the High Nature Valuemiand (HNV). In
CLC2012 code n.18.
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For Non-EU countries asJkraine & Moldova are not covered by CAPRI. Land availability was
determined by wusing the national agricultural
lands as a separate categdilye 2012 data were kept constant towards 2020 & 2030.

Overall approach to identifying land availability and suitability

In Figure 1.3shows an overview of analysis steps to identify land availabillity and land suitable for

perennial biomass crdapken acount in the follow sections.

Figure 1.3 Integration of CAPRI land availability with land subifity for herbaceous and SRC crops

CAPRI model S2Biom POST- Selected crops Biophysical

- Unused land SAEEEE - Herbaceous crop g factors

- RED criteria - SRCcrops - Parameters

LAND

SUITABILITY
- Map-Mask

- Potentials
Land Availability
and Suitabillity

for perennial
biomass crop

METHODOLOGY: to identify UNUSED LAND POTENTIAL ( LAND AVAILABILITY
POTENTIALS)

Landpotential is defined as the inhergmitential of the land to sustainably generate ecosystem

services \(yww.landpotential.ory This section present the methodology applied to calculate

potential unused land amount from agriculiumed which coulde available for the cultivation of

perennial biomass crop.

In this study, the unused land has been estimagédy output of th&CAPRI modelas input ina

further postmodel assessmenithe CAPRI model predicts the future market and production
responsestahe regional level for the whole ERB, western Balkans, Turkey and Norway. It is
therefore the only source of information available that gives a plausible overview taking account of
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the specific diverse regional circumstances, of what-leselchangesan be expected by 2020 and

2030 The CAPRI baseline assumes compliance with EU policy regarding bioenergy targets based
on the PRIMES energy model as reported in Thends to 2050 repor(Capros et al.2013),
including its effects on agriculture. The emagis in the CAPRI baseline has been on the food, feed
and biofuel crops given 2020 and 2030 renewable energy targets at the national level and it provides
detailed information on agricultural lanuge cropping and livestock patterns at regiondJTH2)

level.

CAPRI model results still need furth®@OSFMODEL analysis to derive the maximum land
availability for dedicated cropping from it. The reason is that the demand for lignocellulosic
biomass from new biobased economy sectors has so far not beemtethalised into CAPRI.
Therefore the CAPRI baseline results that do allocate some lignocellulosic cropping area for a
limited amount ofsecond generatior2G) biofuels, do not reflect a full use of the land potential in
Europe given a much wider demandr flignocellulosic biomass from all bioenergy sectors
(including bio heat, electricity, chemicals and materials). This implies that in-anpol&i approach

the CAPRI model output had to be processed further to identify the full land availability for

dedicated crops.

Three types of lands with potential for biomass crops can be extracted from the results of the capri

model(land not required to satisfy the feed and food demand according to CAPRI)

) Unused land, which is land that was in agricultural us2008, but not in 2020 and
2030

(i) Land that is left fallow in 2020 and 2030 according to the CAPRI baseline.

(i)  Land already dedicated to new energy crops (NECR) according to the amount of
advanced biofuels that are expected to be based on dedicated lignsaekubps as
exogenously assessed with the PRIMES model (see above). These NECR lands are
consistent with the demand for food, feed and 1G biofuel crop demands according to
CAPRI.

Thus, he identification of the unused land requires the elaborationasfdalise balance approach
comparing the land use situation in 2008 from CAPRI against the in 2020 and 2030. To identify the

following postmodel analysis steps were performed:

- It was determined how much land in the arable land category is used in 2008pasembto
2020 and 2030. If this land is larger in 2020 or 2030 there is no land released in this

category and the land increase will need to come from losses in lands in the other land use
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categories, e.g. permanent grasslands and crops. If there landsssed we assume that

there is a land release, which first needs to be (partly) absorbed for increases in permanent
crops and permanent grassland categories. After this and there is still released land left it
may be counted as part of the land potéfiadedicated biomass crops.

Thentheland used in the permanent crop and the grassland categories for 2008 is compared
with these lands in 2020 and 203®ain, it can bedeterminingwhether land is released or
whether it has increased within theseegaties. If there are land releases they should first

be used to absorb possible land use increases in the other categories, the remaining is
potential for biomass crops.

Next the net land releases or increases are combined and if resulting in a met idecli
agriculturally wused Il and in 2020 and 2030
far and thus potentially available for (additional) dedicated biomass croppiagdition,

fallow land and the land already used for new energy crops caadeel to this resource.

The net land releases are distributed in two types of land: high and medium to low quality
lands. It is assumed that if there is net land release in the arable or orchard category this land
is allocated to théigh-quality group. Releases from olive groves, vineyards and permanent
grassland are allocated to the medium tdakequality group. Fallow land is assumed to be
medium tolow-quality. The land already allocated in CAPRI to NECR, given advanced

biofuel target shares is digtuted 50% over good and 50% over medium to low quality.

Figure 1.4Methodology used to estimatend availability for lignocellulosic biomass crop a NUTS3
level.
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Therefore, the agriculture released land were divided according to three tigmel (fFigure 1.3:

releasedyood productive landge.g. used for rotational crops, fruit crops and temporary grassland),

releasedlow-medium productive land¢came from lower productive lands used for other



permanent crops @.vineyards, olives, nuts etmdpermanent grasslands) datlow land (details
of land definition inTable 1.2.

Table 12 Types of unused landS@urce:Biomass Policies project, Elbersen et al., 2015).

How to identify from statistical sources

Type of land Description or through modelling

In FSS Eurostat (Council Regulation 543/2009)

definition of Fallow land (short term} all arable land
included in the cropotation system, whether worked
not, but with no intention to produce a harvest for
duration of thecrop year. The essential characteristic
fallow land is that it is left to recover normally for tt
whole crop year.

In FSS, FADN, LPIS and national agricultul
statistical land use sources (see next sectio
main data sources$) ot
registered as a separate category.

Fallow land

Fallow land can be either bare land bearing no crops &
land with spontaneous natural growth which may be t
as feed or ploughed in; land sown exclusively for
production of green manure (green faljo

Long term fallow land refers to the same land as ab

but is taken out of production for more consecutive yee CABIR e

This category of land is not registered
statistics and there is no public obligation
register it in any database. Identifying this ty
of land is challenging as and no system:
registration of this land exists. However,

This category of land does not have any produc

Abandoned agricultural agricultural use any more and is noden managed in an

lands

way. identification of recently abandoned grassle
areas was made wusing LUCAS po
information and main text.
This category may cover a wide range of land categ« Through existing land use statistics the
with one common characteristics and this is thatetteee categoies of land are difficult to identify. Fo
Other unused and/or unused. An interesting land category in this group is contaminated lands, there is informati
contaminated lands contaminated land. Dedicated perennials may be gi collected by the JRC European Soil Di
here to produce nefood biomass while helping to cle: Centre (ESDAC, 2011) but this database
the land via (phytoremediation). incomplete (see Allen et al., 2014).

In S2Biom POSTMODEL to calculate the land avalbility for perennials biomass, three type of
land has been divided into two categories of land: Hgughlity land, came from good productive
lands and lowguality land, include the lounedium productive lands & fallow land. Then, potential

land assessmehts been calculated to the year 2020 & 2030.

Three potentials were used: Technical potential, Base potential & Strict suitability Potential
(UDO01). TheTable 13 present rles implemented on criteria categories to assess land availability
(Dees et a).2017a).

Firstly, Technical Potentialis determined by S2Biom POSMODEL as a baseline. Categorised in
low and high quality of land for the year 2012, 2020 & 2030.

SecondlyBase Potentialvas obtained from baseline result of technical potential andcagph of
RED criteriarules {Table 13). To take account of th®ED rules, was imperative to estimate the
percentage of area that should be excluded of technical potential. Therefore, the combination of

layers used were: utilized agricultural area (UAB),C2012 (excluding the permanent grassland
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Code n.18), Nature2000 (in/out agricultural area), HNV (percentage greater than 50% is excluded),

steep slope (percentage greater than 15% is excluded). For every grid were include/exclude the

combination and caing number of cells in hectare (100m x 100 m) for every NUTSS3. After

calculating the amount of land to be excluded in each NUTS3, it was divided exclude zones with

the total agricultural area (UAA) at NUTS3 level, resulting a percentage of land exclusion

according to RED criteria for Base potential. This same percentage (%) was applied to the result of

technical potential as factor reduction. This is all assuming that the total percentage of land

excluded at the NUTS3 level could be the percentage ofttame excluded from the results of

technical potential, thus giving as a Base potential result.

Table 13 Sustainability Renewable Energy Directive (RED) criteioa assessing land available for
dedicated biomass crops considered in each potential Edsges et gl2017a).

RED criteria Rules implemented Technical Base User defined
potential potential potential
No loss of habitat of high Exclusion of use of Natura2000 areas & other X X
biodiversity value protected areas
Exclusion of use of High Nare Value farmland
No use of areas of high Exclusion of wetlands & peatland areas X X
carbon stock lands Only use lands that have been registered as X X X
agricultural since 1990 which ensures exclusion of
contineous forest lands
Exclusion of grmanent grasslands (even if release X X
from agriculture as assessed by CAPRI)
Avoidance of direct land Only use lands that have been registered as X X X
cover changes agricultural since 1990 and marginal and polluted
lands (as identified y JRC). This enssuiexclusion of
contineous forest lands, urban lands, recreational
areas etc.
Avoid conversion of permanent grasslands to arab X X
Avoidance of indirect land | Only use surplus (agricultural) lands and marginal X X X
use changes and polluted lands
Support agro-biodiversity Avoid use of Natura2000 & HNV farmland (even if X X
released from agriculture as assessed by CAPRI)
Avoid conversion of permanent grasslands to arab X
No use of fallow land if fallow land share (in total
arable land) dclines to < 10%
Avoid monoculture choosing mix of at least 3 X X
perennial crops per region (covering b8RCand
herbaceous crops)
Avoid negative impacts on | Maximum slope limits to perennial plantatgn X X
soil quality & enhance soil | Use perennial plantations to protect soil susceptibl X X
quality impacts to erosion
Use perennial plantations for biemediation of
polluted soils
Avoid negative impacts on | Only use crops where minimal water requirement i X X
water resources delivered throgh annual precipitation (so irrigation
is allowed but water depletion is avoided)
No use of irrigation in perennial crops X
Preference for water use efficient crops in drought X
prone regions
Avoid competition with Only use surplus (agmiltural) lands X X X
food
*Where AX0 means the application of rul for
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Thirdly, Strict sustainability Potential (UDO1). It was obtained from the result of Base potential and
strict application of RED criteria rulé3able 1.3. Then, for his potential calculation was uses the
factor of reduction result from Base potential (%), and RED criteria. The latter, RED criteria, has
included two more rules afvoid negative impacts on water resourcasd Support agre
biodiversity.Only rainfed cr@ production is allowed. Crops that need irrigation in arid regions
cannot be usedrurthermore, the land was classified no available when the fallow land amount was

less than 10% respect to arable land at NUTS3 level.

Last step, due the land data sharéedeined by CAPRI model include lower resolution level
NUTS2, a conversion was necessary in order to obtain more specific data at a resolution level
required in this study, so the data were proportionally disaggregated from NUTS2 to NUTS3 code.

In the céculation of the Land Availability some assumptions were made due to the lack of data for
Ukraine and Moldova, for instance, CAPRI model not includes these countries, reason why the
value does not change to the year 2020 & 2030 (data available only fostlseenario) Thus, for

was collected data available, but these were not categorized, then it was assumed that 25% was

released land of good quality and 75 % released land of low quality & fallow.

LAND SUITABILITY

Land suitability refers to land witno or low suitability for one or more types of perennial biomass
crops. In the twesteps above the land availability is limited by specific environmental factors from
the RED. In addition, it will also be necessary to determine which crops are suialig@ of

land, particularly given the strong overlap with marginal conditions abandoned agricultural lands
are likely to have. To address this suitability maps were prepared masking (part of) the regions that

are not suitable for specific crops becaulseimatic and or bigphysical limitations.

Agroclimatic database

Data collection of agronomic requirement for each crop are essential to analyse land suitability.
Selected crop arBive herbaceous perennials (miscanthus, switchgrass, giant reed, cambn,

canarygrass) and thr&RC willow, poplar, eucalyptus).
The suitability masks for crops were elaborated in two steps:

- Firstly, it was identified which climatic and biophysical factors were relevant to identify the

spatial suitability ranges for thdifferent perennial crops in Europe. Since the focus is on
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lands that are not used/no longer to be used for food and feed production, the lands will
often be of lower quality often overlapping with characteristics that classify lands as
O0mar ginal 6.

- Seconlly, per crop specific threshold levels were identified based on information obtained

from a literature review.

Details on how these 2 steps were implemeatediscussed in the following.

METHODOLOGY: to identify LAND SUITABILITY

The aim is to createnapsmasks, whichindicatethe suitableand unsuitabléand for each crop.
However, to identifythe area suitable according to the characteristics and requirement of the crop, it
is not a simple procedure. Thus, the methodology in this section answera galstion, is it
possible to grow this perennial crop? (for each Crop/ NUTS3 code). If the answer is No, the NUTS3
code is automatically excluded.

This process was carried out for each of the eight perennial biomass crops and the 1480 NUTS3
codes, and # procedure are showad Figure 1.5 Of the seven variables shownTable 1.6 pH

was not included because of lack of spatidigfailed information and clear definitions (NUTS2

avg.).

Figure 1.5 Methodology used to estimalsnd suitability for selectelignocellulosic biomass crop a

NUTS3 level.
[ J
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:F\J,gg?;: - Precipitation - Very suitable
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Biophysical contraints database

Relevant studies present main categories of biophysical constraints which are climate, soil and

terrain (Terres et al., 2014; Perpi@astillo et al., 2015)In Table 14 showsthe most important

biophysical variables and the references where is possible findodgiarennialdbiomasscrops

Agro-meteorological data (MARS, 2014), soil geographical database (SGDB) and slope data was

used (see description in Land availapilitatasource).

For assessing the suitability of larvde identified which requirements every crop has in relation to

geomorphologicalsoil and climatic variable§.he main aspecislentifiedweretemperature (length

of growing season & GDD), killing frosprecipitation, texture, depth soil, steep slope.

Table 14 Variables considered in the spatial suitability maps.

VARIABLES DESCRIPTION References for crop variables
Divided into five classes: <4%;:8%, 815%, 1525% and PerpifiaCastillo, C. et al(2015);
Steep slope  >25%. Slopes morthan 15% can be difficult for harvest Eliasson et al2010; EU-JRC,
machinery Data availabldrom Miterra (2013; Allen et al.(2019
soildepth  'mPortant for the root development that was divided four Perpifia Castillo, C. et 2019
P classes
Texture Defined in five classesaken from Miterra data. Perpifia Castillo, C. et 2015
. . . PerpifaCastillo, C. et al(2019
Soil pH Clas:?‘es from <4 to >%0il pH exceeding these extremes is Bassam(2013; Duke James A.
considered not favourable for crop growth. (1983
- . . . . Biomass future Proje¢R010);
I Divided accordingo the data review. The data was provide Afcrop Projec(2017); (Basssam,

Predpitacion

Killing frost

in grid cells 25 x 25 km. from MARS data. 2010

Zegadal.izarazu et al(2010;
Nsanganwimana F. et §2014);
AUST et al.(2014; Fernandez J.
(2009; Zegadalizarazu and Monti
(2012; Alexopoulou et al(2015;
Perpifia Castillo, C. et g2015
Hopp et al(1990; Bassam(2013;
Divided into five classes. These are the minimum tempera Angelini et al.(2009; Zub &
of the plant. The data for each crop were taken of bibliogre BrancourtHulmel (2010);
review, how is the resigtae to minimum frozen dhecrop. Lewandowski et al(2003;
Fernandez J. et §R006

Average annual precipitation in mm. was divided into six
classesThe data was provided in grid cells 25 x 25 km. frol
MARS data.

In Table 1.5first an overview is given of the key crop requirementstatetance ranges they have

in relation to main climatic aspects. Thédkes into consideration photosynthetic system, adaptation

range in EU, tolerance to dry conditions, water request, growing temperature minimum &

maximum (C°), water requeriment (mm)dakilling frost (C°).
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Table 15

Crop requirements given phenological characteristics

Growing .
Cro Photosynthe  Adaptation Tolerance to water temp. tSr:]ow'r?iJn re \lljvi?(te%ent Killing frost (°C)
P tic System range in EU  dry conditions  request maximum (Op(.:) q(mm) Winter (>5 days)
(W9

miscanthus C4 Cold and warm High High 40 10 >500 -10
switchgrass C4 Cold and warm High Medium 35 10 450- 750 -20
giant reed c3 Warm region of High 6T 35 5 380- 650 0

southern EU
reedcanaryg. | 3 Cold andwet 0 4iiym High 30 7 400- 900 -30

regions of EU
cardoon c3 Mediterranean o Low 35 5 300- 400 0

region
willow C3 North EU Low High 30 0 >620 -30
poplar c3 Centraland 4o iym Medium 30 0 >600 -30
south EU

eucalyptus C3 South EU Medium Medium 35 5 >500 0

Saurce: Alexopoulou et al(2010; Bassam(2010; EEA, (2007); Zegadalizarazu et al(2010;
Lewandowski et al(2003; Fernandez et al2006; Fernandez and Cu2009; Elbersen et al2012)

The next step after defining the variables to be consideasdto determine the specific threshold
values per crop in relation to environmental factors. This was done through a literature review
which is presentedn Table 1.6(data references in Table 1.4)nd exper t 0 sTheconsu
summary inTable 1.6shows the different biophysical factors and the score obtained on the basis of

the cop.

t his def i
adverse climate, water shortage, Agronomic (low input) and environm8gtakes at level NS or
LS t he r a, i2g12)6andalTere® et dl.i n g

(2014).Thus, the georeferenced data collected (climatic and soil characteristics) and the variables

Assumption, I n study, wa s ned the 0

are in Omar ginality
score was translated in algorithmg (GAMS programming language) and combined. The
georeferenced data was divided in 4 to 6 classeso(ding to th& able 1.9, defined on number
scores value (0,1,2,3,4) by crop.

Formula used:

Suitability totar score (nUTS3, cropr SlOpe+ soil depth+ tere+ killing frost+ precipitation+ temjax

Suitability totai score  fadbr (nuts3, crop)
The following rules were applied determine the land suitability, for tltématic side when the
ng
automatically unsuitable. Fdine plant withthe highest request of water as willow, poplar and RCG,

val ue Ki |l i and

frost, precipitation, ma x
a stricter measure was imposed with respect to the precipitation limit. Therefore, when in the
growing period the rainfall estimates are lower than the plant needs (insufficient precipitation based
on the literature), NUTS3 code was automatically excluded. (applied in all input management level

i Chapter2). In thesoil and terrain sidethe data were in fraction value for every NUTSS3, for

instance, in case the slope was greater than 15% that areatoasatically unsuitabld=or depth
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soll in SRCcrops some restrictions were made, when the value is less than 80 cm. It is unsuitable

for the development 3RCcrop and therefore is automatically excluded.

Table 16 Biophysical limiting factors for pennial biomass crop

Variables'i Classes miscan switch. RCG g?;né cardoon  willow poplar  Eucalyp.
Slope (%)
<4 % VS VS VS VS VS VS VS VS
4-8 S S S S S S S S
8-15 MS MS MS MS MS MS MS MS
1525 LS LS LS LS LS LS LS LS
>25 % NS NS NS NS NS NS NS NS
Soil depth (cm)
Shallow(< 40 cm) NS NS NS NS NS NS NS NS
Moderate(40 - 80 cm) LS LS LS LS LS LS LS LS
Deep(80- 120 cm) MS MS S MS MS MS MS MS
Very Deep(> 120 cm) VS VS VS VS VS VS VS VS
Texture
Sand(coarse) MS MS LS MS MS MS LS LS
][-igg)m(med'“mmed'”m Vs VS Vs Vs Vs Vs Vs Vs
Clay (fine) MS MS MS S MS MS MS MS
Heavy clay(very fine) LS NS LS MS NS NS NS MS
Peat(no mineral texture) NS NS NS NS NS NS NS NS
Soil pH
<4 NS NS NS NS NS NS NS NS
4-5 LS LS LS LS NS LS LS LS
5-6 S MS S MS MS MS MS MS
6-7 VS VS VS VS VS VS VS VS
7-8 MS MS MS MS S S S S
Growing Temp. (°C) GS
<5 NS NS NS NS NS NS NS NS
5-8 LS LS LS NS NS LS LS NS
8-10 MS MS MS LS LS MS MS LS
10-20 VS VS VS S S VS VS S
20-30 S S MS VS VS MS MS VS
>30 LS LS NS MS MS NS NS MS
Precipitacion (mm)
<300 NS NS NS NS NS NS NS NS
300- 400 NS NS NS NS LS NS NS NS
400- 500 NS LS NS LS MS NS NS NS
500- 600 MS MS NS MS S NS NS LS
600- 800 S S MS S S MS MS MS
800- 1000 S VS S VS VS S S S
Killing frost (°C)
>-20 NS NS MS NS NS MS MS NS
-20 NS MS MS NS NS MS MS NS
-10 MS MS MS NS NS MS MS NS
-5 MS MS S MS MS S S MS
0 S S S S S S S S
*Note: The scoring on the differentbphy si cal factors isngsliatsabhlfe edNays, fld
suitability (LS), fi20 medium suitable (MS), fA30 suit:
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Thus, the resulivas aTable 1.6 wheret he scoriemplail aie a@v@sgexcluded.iThea b | e
ot her val ue scor es egconsidetee as lanc suitabiliy @atential dod the w e
perennials biomass crop. With this methodology, it was possible to build a base procedure to

analyse land suitability, where specific suitability mmpsk at NUTS3 level was generated

considering the biopfsical factors constraints for each crop.

Overall crop specific requirements show thttperennials and SRCs types can generally grow on
steeper slopes than the slope level rotational arable crops can copslogth<8% are the most
suitable for crop évelopment, but, slopes more than 15% canabgroblem to harvesting
machinery).This is relatedo denser soil cover and deeper rooting and lower (mechanisation) input
requirements lowering the risk for soil erosion. Furthermore, many perennials cabeeused to
prevent erosion. Low precipitation/dryness is another factor many perennials can cope well with.
This is particularly the case for cardoon and also switchgrass and giant reed. Of course, this also
goes together with lower yields, but these srape still able to survive with very low precipitation
levels, while this would certainly not be the case for most if not all rotational arable crops. SRC
willow and poplar are however more sensitive to limited water availability. They actually have a
preference for relatively wet soils which are not well drained, so these crops even do better under
these marginal circumstances many other crops cannot cope with. On the other hand, if the water
holding capacity of the soil is bad and there is low precipitgi500 mm) SRC willow and poplar

crops cannot be grown there.

Some perennials can also cope with very heavy clay, which is particularly the case for giant reed,
RCG and eucalyptus SRC. Acidity is also less of a problem for all perennials as compaost to
rotational arable cropsiowever soils too shallows a challenge for all perennials because of their

deep rooting requirements.

For killing frost a distinction was made between winter frost (when the plant is dormant) and spring
frost, when the giwing seasorhas started. Frost occurrence in this early growth stage can be
particularly harmful for some crops (sdable 15) such as cardoon, giant reed and eucalyptus
limiting the area in Europe they can grow significantly as compared to switchgrdsalso
miscanthus. The latter crop is however not able to cope with too extreme winter colds as it limits
strongly the survival rate and prevent enouglgnewvth in spring. This explains a slightly smaller

area suitability coverage for miscanthus as coegb#o switchgrass or willow.

The temperature range indicator Tiable 15 shows the minimum and maximum temperatures a

crop has to cope with in the growing season. Alsulifference in temperature such as in typical
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the Boreal and Alpine north zones ajrthern Europe where growing seasons are very short and
temperatures usually do not come far above 10 °C. In these regions, it is not really worthwhile to
grow biomass crops as yields will remain very low and most of the perennials cannot reach their

minimal growing degree days to deliver good quality biomass.

Results

Unused Landrom CAPRI

Land types as lownediumproductive landgood productiveland and fallowland (seeFigure 1.4
are show in Figure 16. The situation in 2012 of unused land amouas\about 23.7 Mha for the
37 countries, where the dominant land types 54% came from Fallow38%dreleased land (low
mediumproductive lanyland 7% released land categorissdjood productive The countries with
the largestunused landootentialare Tukey (5.3 Mha), Spain (4.4 Mha), Ukraine (4.19 Mha),
Romania (2.17 Mha) and Poland (0.9 Mhahich would correspond dheir agricultural area in
13.9%, 18.8%, 14.6%, 16.3%nd6.2% respectively, in base to UARD12

According to the CAPRI model and pesbdelling approach, the situation for 2020 and 2030
predicts an increase in un used land covering 31 Mha and 32.4 Mha, respectively. What would be in
terms of dimension an area similar to Poland or Italy. And where most unused land comes from
released landFor example, until 2030 the model predicted that 35% would come from fallow land,
43% to the released land (lewediumproductiveland) and 22% released land (gomaductive

land). Therefore, the countries most likely to increase their land not us2@3t areSpain,

Romania, Poland, France, Italy, Hungary and UK.

Since CAPRI did not simulate land and market changes for Ukraine a simplified method was
applied to determine the land availability. The main data input was from the national agricultural
cengis. This census registered the amount of agricultural land, the fallow land and the land not used
for production purposes. These 2 categories of land were assumed to be available for dedicated
cropping since they were not used to satisfy food and feedigtiod given current market forces.

Since no future assessments were available for land needs for food and feed production the simple
assumption was made that the land resource available in 2012 would remain stable towards 2020
and 2030.
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Figure 1.6. Unused land in agricultural aredsom CAPRIto the year 2012, 2020 & 2030

(Unit: 1000 ha.)
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Land Availability Potentials

The released land potentials resulting from the CAPRI-pastel assessment had to be translated
into a land availability in the tkedifferent potential options. For their quantificatighe criteria

were applied as presented irable 13 above In order to facilitate the understanding and
discussion, the results of the 37 countries were divided into EU28 (European member countries)
and NonEU (Albania, Bosnia and Herzegovina, Montenegro, Republic of Macedonia, Kosovo,

Serbia, Turkey, Moldova and Ukraine).

Technical Potentialresulting to the year 2012 for EU28, indicate the country with the highest
concentration of unused land is &p about 4.4 Mha, followed by Romania with 2.17 Mha.
Projections for 2020ndicate for EU28020 will present in total unused land 18.3 Mha, where

about 75% (13.7 Mha) correspondlag~quality land For NorEU-2020 countries in total have
12.8 Mha wherabout 86% (11 Mha) derive from fbow-quality land Projections for 2030show

in EU28-2030 results, a slight increase to total 19.9 Mha of unused land (low anduatity land)
(seeTable 1.7. In the case of No&EU-2030, there is also a slight inceea(0.3 Mha) compared to

the previougprojection 2020. This reduced margin can be due to the lack of data for Ukraine and

Moldavia in the CAPRI model, but it could also suggest that a land of good character is still

cultivated.

Base potentiakesulting pesent a decrease of land respect to technical potential, obviously due to
the application of REEriteria rules, where protected areas wewseluded (see Table 1.7.

Protection for 202@he countries of EU28 shows a high amount of unused land, about ha.8 M

where 73 % (10.1 Mha) is occupied fow-quality land Therefore, into categotyow-quality land

the largest potential unused land in EU28 was found in Spain with 2.68 Mha, followed by Romania
1.54 Mha and Poland 1.18 Mha, which would correspondréalaction of their agricultural area in
11.2%, 11.5% and 8.1% respectively, in base to UAA Tsdde 1.). In other hand, ilNon-EU-

2020 cases, the largest potential unused landvefjuality category is, in Turkey with 2.8 Mha,
followed by Ukraine 1.3 Ma and Bosnia &lerzegovinawith 0.4 Mha, which would correspond to

a reduction of their agricultural area in 7.3%, 4.5% and 18.7% respectively, in baséfhtlisee

Table 11). The projection for 203th EU282030 indicates the countries with the lagamount of

unused land remain in tHew-quality category (Spain, Romania and Poland) with respect to the
projections for 2020. They also show that countries such as France (0.86 Mha) and Italy (0.7 Mha)
could be prone to leaving large cultivated laimchigh-quality landcategory, the countries with the
largest share for EU28030 are Poland (0.9 Mha), France (0.64 Mha), Germany (0.54 Mha), Italy

(0.33 Mha) and United Kingdom (0.32 Mha). For NBW-2030, in lowquality land indicates a
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slight decreasenithe unused area, while for higoality land only values for Ukraine, Moldova,

Turkey, and Kosovo are shown but these are not particularly represeiftativeore detail see

AnnexA.1).

Table 17 Unused land in technical, base and strict suitabilitgmtal to low and high quality

land categories for the year 2012, 2020 & 2036it: Million ha).

Technical potential

Million ha Low Q.

EU28 11.5
Non-EU* 10.5
Total 2012
EU28 13.7
Non-EU* 11.0
Total 2020
EU28 14.5
Non-EU* 10.7
Total 2030

High Q. Low Q.
2012
0.02 8.1
1.8 5.2
23.7 14.3
2020
4.6 10.1
1.8 5.5
31.1 20.2
2030
5.5 10.8
1.8 5.4
324 215

Base potential

High Q.

0.01
0.9

3.7
0.9

4.4
0.9

Low Q.

5.8
4.6

8.0
4.9

8.7
4.8

Strict Suitability Pot.
High Q.

0.01
0.9
114

3.7
0.9
17.4

4.4
0.9
18.8

* Ukraine & Moldova are not covered by CAPRI. Land availability was determined by using the

nati onal

agricultural

statistics
category. The 2012 data were kept constant towards 2020@&. 203

t hat

register

Strict sustainability PotentialUDO01) in this potential were applied strict rules according to the

RED-Criteria rules, thus, NUTS3 code with a fallow land area less than 10% with respect to the

arable area, was excluded from the calculation as paitdand for Perenial biomass crop

agriculture(seeTable 1.7. The projection for 203ihdicates for EU2&030 a high amount of total

unused land, lovguality land about 8.7 Mha and higjuality land about 4.4 Mha. The results show

a decrease, du® the exclusion of land according to the rules of sustainability considered with

respect to the base potential, thus, countries like Hungary, MaltagRioi€zech Republic, Latvia

(decreasing order), show a greater reduction of area. This means that in ¥3i88 tbde, the

fallow land was less than 10% of arable land. For-Hbk2030 of total unused land, leguality
land about 4.8 Mha and higjuality land about 0.9 Mha. Finally, it is concluded that the total of

unused land (low and highuality land) accoricig to the most stringent potential in EUY2830
will be about 13.1 Mha and in NeBU-2030 it will accumulate 5.6 Mha.
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Figure 1.7 Maps of Low-quality land category, distribution of unused land according to
three potentials types at NUTS3 level (UnitOQtha.)
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In Figure 1.7show the result of data for lequality land category at NUTS3 level, translated by
ArcGIS in graphics maps. And Figure 1.8show maps of data result for higjmality land category

at NUTS3 level, translated by ArcGIS in graphimaps (e.g. red colour betweerb@housand ha
released for high quality land), but, for Turkey and Wester Balkans no data is available for 2020

and 2030. Furthermore, Annex A.2shows the estimatddnd by country and potential amount for
the year 2020 &030.
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Figure 1.8 Maps of high-quality land category, distribution of unused land according to
three potentials types at NUTS3 level (Unit: 1000 ha.)
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Suitability land

Noticeably, the results of suitability map a NUTS3 level area very variablersiptie differences

of adaptability according to the biophysical characteristics and features performance in a diverse
location in EuropedeeFigure 19). Therefore,on the maps it is possible to appreciate the suitable/
unsuitable areasheresult of the combination of biophysical variables by each ciide wnsuitable

land area is representing in red aolo

The high variability of distribution shows the difference in adaptation between selected crops. On
the herbaceous crop group, miscanthus and lsgriéss are the crops most adaptable around
Europe, this malsetheir distribution very tentative throughout Europe, that was also reported by
PerpifiaCastillo et al. (2015. On the other hand, reed canary grass has a smaller radius of
dispersion disperseybts characteristics of temperature.
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Figure 1.9 Suitability maps for perennials biomass crops. Herbaceous (miscanthus,
switchgrass, giant reed, reed canary grass, cardoor§R@drops (willow, poplar,
eucalyptus).

Map-mask Suitability  Perennial Biomass crops

Miscanthus Switchgrass

Giant reed Reed canary grass

Cardoon Willow

*Unsuitable land area is repesging in red color.
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DISCUSSION
Land availability

Utilised Agricultural Area sudies of EEA reported over 77 % of the EU territory is classified as
rural (47% is farmland and 30% forest) and has 12 million farmerstifhd). Overall, agriculture
and tke agrifoods industry account for 6% of the EU's GDP, comprise 15 million businesses and
provide 46 million jobs. The EU average farm size is 15 hectares (referencdluataS has 2
million farmers and an average farm size of 180 hectares). The reghis istudy shows UAA
average for EU28, covers about 40%, while inNle®-EU countries considered 50% is covered by
UAA. Among the countries with the highest percentage of UAA leeand (71%), United
Kingdom (69%), Serbia (63%) and Denmark (61%). Intiast, the countries with the lowest UAA
percentage are Sweden (7%), Finland (7%), Cyprus (13%) and Montenegro (16%). That can be due
extreme climate and unfam@ble soil & terrain condition for agricultural productiofiable 11).
Finally, in EU28 the dtal Polygon Area is 422.4 Mha, that is covering in average around 40% of
UAA (167.7 Mha). BesidebBlon-EU countries considered have 161.4 Mha total polygon area where
the UAA cover in average around 50% (80.9 Mha).

Figure 1.10The ratio of Utilised Agriculire Area (UAA) respect to the total polygon area at

NUTS3 level. Thus, in red color shows area with UAA < 20% and green color shows area with UAA
> 60%.Source FSS & Eurostat

Legend
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20-40
40-60
I 0-80
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Unused land

Identification of suitable and available land tygesproducebiomass crops is essential as part of

the potential assessment. The land referred to must not alter current and future food production

(avoid competition with food crop). BEE handbook reported two categories of land have considered

to producebiomass energgrops that do not compete with the production of food, as stipulated in

the sustainability criteria: surplus land and degraded or low productive land (Vis et al., 2010). In

other hand, Dauber et a(2012), indicates the Surplus Land can be as theratiracing umbrella

term for areas potentially available for bioenergy cultivation and it may cover fallow land, set aside,

abandoned

study made consider as potential aredoich can be used for perennial biomass 3 types of unused

land: Lowmedium, highquality land and fallow land.

Land availability for Biomass lignocellulosic crops

Estimation reported in Biomass Future Project, taking under consideration importanttpesame

and,

7

Omar gi nal I

ando, Therefareaid thid

such agyield increasesnd population changesndicates the available land in EU27 for Alood

crops will increase to 20.5 Mha in 2020 and to 26.5 Mha in 2030. In othertharglmulations by
Don et al, (2012) predicted that 1Z1 Mha of landmust be converted to energy crop production to

meet the targets of bioenergy share set by EU policies for 2020.

Table 1.8 Studies concerning land potential for energy crops in the TEble modified
from EEA, 2007.

Authors

Faaij, 1997
VIEWLS, 2004
WBGU, 2004

Yamamoto, 2001

Thran et al., 2006

Thran et al., 2006

EEA, 2007

EU, 2007

4Fcrops

cited

from

Alexopoulou et al., 2010

Land Potential
40Mha in EU15

35144 Mha in EU10

22Mha in EU25
30Mha in Europe
59Mha in EU25
29Mha in EU25
20Mha in EU25

17.5 Mha in EU27

26.5 Mha EU27
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Time horizon

2010 onwards, food and fibre first

2020; food and fibre first

ecological constraints (fallow/released lan
By 2025, food and fibrérst

2020 bottom up

2020 bottom up + ecological constrain
lower yields and nature conservation
2030
constraints

2020, about 15% of arable land would

bottom up + environment:

used.
2030 bottom ugNUTS2)
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Elbersen B. et al., 2013 18.37 21.7 Mha EU27 @ 2020 for reference and sustainabili
scenario (NUTS2)

Perpifia Castillo et al. 2015 14.5 Mha in EU28 2050 bottom up (NUTS3)

This study 1315 Mha in EU28 2030 bottom up + environment:
constraints (NUTS3)

This study 5-6 Mha in NorEU* 2030 bottom up + environment:

constraints (NUTS3)

Result inthe Base potemal show the reduwn land is because was exclude protected area, thus, the

prevention of the loss of highly biodiversity areas or areas with high carbon stocks are not used for
dedicated cropping was made. Then, to avoid monoculture choosing mix oéasie three
perennials crops per region was considered. Potential of land availability to perennials biomass
production amount in Base potential, for ELZ®0 has about 13Mhaand EU282030 has about

15.2 Mha.Result inStrict suitability potentib(UDO1), it is concluded that the total of available

land (low and highguality land) according to the most stringent potential in ERQB0 will be
about 13.1 Mha and in NeBU-2030 it will accumulate 5.6 Mha. Limitations of dataurce for
CLC, HNV are not coer all study area (37 countries) and CARfRIdel(Table 19).

Table 19 Land availability in technical, base and UDO1 potential to low and high
quality land categories for the year 2020 and 2030 (Unit: Million ha).

Technical potential Base potential UDO1 pot.

2020

EU28 18.3 13.8 11.7

Non-EU* 12.8 6.4 5.7

Total 31.1 20.2 17.4
2030

EU28 19.9 15.2 13.1

Non-EU* 12.5 6.3 5.6

Total 324 215 18.8

The results indicate that many countries in the EU28 andBNdwill experience amcreasen the
amaunt of unused land, as Spain and Turkey show, and that according to our results this situation
would be maintained until 2030. Therefore, itnscessaryto implement actions to reduce and

recoverunused land and thus prevent degradation and Idasdfesourcs.

Land suitability

The suitable area depends primarily on crop agroclimatic and biophysical ré&pteded weather

data from MARS and arextensive literature survey on crop tsialvere usedto assess
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andincorporate the limiting factors to c@rto aclassification of crop performance in extensive
systems on margindnds and intensive systems on medium quality sdike result of land
suitability show mapnask generated at NUTS3 level resolution, that indscatiee
suitable/unsuitable accordj to biophysical variables. Results are very variable where present the
differences adaptability between crops and the differences characterstics wider EU and
neighbairing countries. In some cases, the suitable fan@ specific crop is largehan expected,

this may be due to the parameters considered, which were limited by the database, but serves as 8
basis for future estimates and simigdas.

It can find information about the allocation at global leveltibmGlobal Biodiversity InformatiorFacility

(GBIF) and CABI (Centre for Agriculture and Biosciences Internatiofal). st r i but i oninof b
Europe geclocalization spontaneous by human observations Nbscanthus x giganteus
(www.gbif.org/species/41226¥8 switchgrass vww.gbif.org/species/27050%1 giant reed

(www.cabi.org/isc/datasheet/1940reed canary grasswvivw.gbif.org/species/52897%6 cardoon
www. gbi f . or g/)s Salixc vimimalis3LL (v&v8/.§bdf.org/species/®572933., Salix
dasycladogWimm.) (www.gbif.org/species/55838}/Salix alba (vww.gbif.org/species/53725).3

CONCLUSION

Bioenergy crops will never copete with food and feed crops for highality arable soils. In fact,
farmers are not willing to turn their land into leterm perennial plantations (2 years). On the
contrary, they want to be flexible to respond to market changes. In poor soilsydrpwhe
economic considerations are different as perennial bioenergy crops maintain relatively high yields
and are more competitive than rotational food & feed crops.-dpoality lands are usually those

that are released from agriculture first and ateiaally usable for bioenergy crops.

In general, it must recognise that although the data come from -@ewelloped, documented and
validated the model as CAPRI, they are still highly uncertain, because they represent a
simplification of future realityFurthermore, models can not include all the factors that influence a
situation. Furthermore, in CAPRI the exact location of unused land in each region is not known as
the result. On the other hand, the excluded areas regarding the application of REDsbtwigd be
estimated. Consequently, results are likely to be less accurate for regions where unused land

resources are distributed unevenly within a region.

Europe should make locadid strategies based on the local rustic crops by extending aid towards
sustainable farming, thus avoiding erosion, possible desertification and loss of land. The insertion
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of biomass crops presented in this study, are proposed as an option to reduce the amount of unusec
land and protect the valuable 'soil' resource. Thisystlsb reveals the regions of the EU28 and
Non-EU that merit greater interest in agricultural policies. The large amount of released land from
agriculture due to various causes, environmental, ssmaomic, political and extra conflicts can

lead to incrase the problem of abandonment, therefore a prior analysis and good management can
lead to improving results. The following studies Land availability and Land suitability are expected

to have more updated data that will allow a much more detailed (gep&tical) and updated

study.
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CHAPTER 2

Yield estimation for perennial biomasscrop in Europe

Foreword

The provision of biomass by dedicated biomass crops it becomes an important option. It can be
expected that the dend for lignocellulosic biomass will continue to grow boosted by the EU
targets on the decarbonization of the society. What is then the potential contribution that dedicated
crops to the demand of biomass? One factor is for sure the poteeiigield in Europe. Although

much work has already been done on studying the yielding capacity of perennial biomass crops, a
full extrapolation of the yield considering all most promising crops for the whole of Europe was still
missing.This chapter shows indeedetlapproach used to estimates yield potentials, & yield under
water limitation conditions for lignocellulosic crops in Eurofidne AquaCrop model developed by

FAO was fed with phenological parameters of Hetectedspecies and with spatially detailed
weather data in order to simulate the crop growth in all European NUTS3 regions. Furthermore, 3
different agronomic input scenarios (low, medium and high input management systems) were also

simulated for each crop with and without water limitation conditions.
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INTRODUCTION

Biomass crops have increasingly been studied and consolidated as a source of renewable energy
(MIPAAF, 2013) since late 70's (the period of the first petroleum crisis). At present a strategic
measure is considered in Europm the reductionof GHG emissions,and it is likely that
lignocellulosic biomass crop production will start to play a growing role into energetic.scope
Perennial biomass crepre attractive feedstocks because of their higher biomass yield potential
(Kendal et al., 2016and cellubse/hemicellulose compositida produe advancediofuels or bioe

based productAlexopoulou et al., 2016)['he production of perennials biomass crdgpends on
several factors include sipecific conditions such as climate, soil conditionster supply,
species, harvesting techniqgu&som several field trials in a multitude of EU projecis-¢rops,
OPTIMA, Biomass Futurgst has become clear so far that several perennial grasses and SRC crops
are suitable to be grown in Europe and thatrtgmlding capacities are promising also in lower

productive lands.

However, the expected increased demand for lignocellulosic material frebaea activities, the
large-scale production and yield data of perennial biomass crops is still very limitadope But,

is necessary to assess the impact of different input management levels on yields and make strategic
decisions for the fre (Surendran et al., 2012)sights can come from the use of models able to

simulate the potential yield.

Crop growthmodeling has been evoldesince the late 1960supporting the simulation of plant
physiological processes and crop growth and developrbi#t.evolution has been influenced by
the changing goals, target users, and policies over the years, from mitkesstrctly scientific to
those focused on practical applications and impact of management practices ranging from a single
crop to complex agricultural systeniBhis progress imposed different structures regarding the
levels of complexity,the selectionof algorithms and model cregrowth modules, and input
requirementgTodorovic et al., 2009)At the core of any crop growth model, there is a set of
equations that estimates the production rate of biomass froocapiiered resources such as carbon
dioxide, solar radiation, and water (Azahl et al., 1994cited by Todorovic et al., 20090 Thus
three main crop growth modules can be distinguishedathondriven modules base crop growth
on the carbon assimilation by the leaves through the photosyngitetiesse.g. WOFOST (Supit

et al., 1994, (ii) radiation-driven, modules derive the biomass directly from the intercepted solar
radiation through a single conversion coefficient, called radiation use efficiency (RUEERES

(Ritchie et al., 1985)EPIC (Jones et al., 19913nd (iii) waterdriven crop growth modules are
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based on thepproach highlighted in that the biomass growth rate is linearly proportioned to
transpiration through a WP parameterg. AquaCiop (Steduto et al., 20P9Cropsyst ($ckle et
al., 2003)

Furthermorein the last years, many models for bioenergy crop simulation have been development
(Lewandowski et al., 2015) to analysis the potentiality of the herbaceous and SRC crop for biomass.
As a consequence, in the course of years, different types of methodgies toestimate the
production of biomass have been studied. For instaiteel by Surendran et §R012, miscanthus

& reed canary grass (MISCANFOR, Kendal et al., 2016), Switchgrass (DAYCENT, Nocentini et
al., 2015) miscanthus (AquaCrop, Stricevic et al.,, 2015), miscanthus & switchgrass (EPIC,
Williams et al. 1984; ALMANAC, Kiniry et al., 1992) and poplar & willow (3PG, Landsberg &
Waring 1997).

Much research has already been done estimating crop performancesiiandifegions in Europe,

but not all regions are coverdfbr most promising crop)Sq we do not have a Europeande
overview of which cropgroduce more in a given locatiohhatis why it wasdecided in S2BIOM

to develop a yield simulation approach eong the whole European territory takiimgo account

all climatc zones and all potentially suitable perennials for which experience with growing them
already exists in Europén this study, we used simple model based on the principal concepts of
AquaCrop model develped by FAO (Steduto et al.2012). Moreover, ve considered previous
studies as Biomass Futures and ETC/SIA, (2012) which built first approaches to crop growth
simulation were done. The atlas produced by Biomass future (atlas of sustainable biomass cost
supply at NUTS2) in combinatiowith ETC/SIA, (2012) assess the sustainable potential and
production cost for sustainable potential and production cost for perennials biomass crops for EU
27.

This study will give a clearer picture of the yield potentilen proviégd us with a better
understanding of which perennial crops are most suitable to be used for biomasstipnodu

every region in EuropeThis chapter will describ¢éhe methodologythe relevant projects, data
sources and tools necessary to determine yield biomassHdiatiaernore, it is present a general

description of the main characteristics and agronomic requirements for eacleightiveops.
Objectives:
- To collect database from biomass crops (herbaceouSRBf@trops) at European level in

terms of crop characteristicacyield performance.
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- To apply the principal concepts of AquaCympdel to calculatpotentialyield for perennial
biomass crops (feedstoclased o a series of variable and parameter considered to predict
the distribution and potential productivity invdrse climatic conditions in Europe.

- To estimate biomass yield potentials & yield under water limitation (database development).

- To translate the yield simulated under three input systems)ebel same as used in the

production cost model in Chapter 3.

MATERIAL DATA SOURCES

The study area includes the 28 European countries (EU28) and their Eastern neighbouring countries
(Albania, Bosnia & Herzegovina, Montenegro, Republic of Macedonia, Kosovo, Serbia, Turkey,
Moldova and Ukraine). In total 37 countrie®reincluded in the evaluation at NUTs3 level. The
Nomenclature of Territorial Units for Statistics (NUTS), a hierarchical system which divides the
European economic territory into economic regionscagegoried in four resolution level as
NUTSO, NUTS1 NUTS2, NUTS3 (Eurostat NUTS 2013 classification), thus, the analysis

corresponds to small regions for a specific diagnosis.
Characteristic of the crops

Herbaceoudiomass mops are crops that can be harvested on average grogar over several
yeass without the need foploughing up and new plantingniscanthus, switchgrass, giant reed,
RCG and cardognShort rotation coppic€SRC), refers to plants and trees that are harvested by
cutting the growing stem to its base, allowing the growth of nemss{avillow, poplar and
eucalyptus

Table 2.1General baracteristics of perennial energypsincluded in the study

miscanthus  switchgrass  giant RCG cardoon willow poplar  eucalyptus
ATTRIBUTE reed
Miscanthus Panicum Arundb Phalaris Cynara Salix Populus  Eucalyptus
Latin name spp. virgatum L. donax L. arundinacea cardunculus spp. spp. spp.
L. L.
Rotation time/age of
plantation (year) 1510 20 15 15t0 20 10to 15 10to 15 12t025 12t030 12t0 25
rhizomes, rhizomes,
Propagation microprop. seed microprop. seed seed cuttings  cuttings Cuttings
plants plants
harvested harvesed harvested on
Harvest period Annually fall or ~ Annually fall ~ Annually Autumn / Late on34 on37 every 37
spring or spring fall or early spring summer years years years
spring rotation rotation rotation
Winter Winter Winter
Dry biomass 5to 30 5to 25 8 to 37 3to 15 5to0 23 10to 30 7 to 28 10 to 26
(Mg hatd.m)
Fertilizer input ) (kg
haN/year) 0-100 0-70 50- 100 50- 140 50- 100 80-150 110-450 60- 125
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Eight crop speciesvere selectedrom a list of the most promising lignocellulosic biomass species
(Alexopoulou et al. 2010), per geographical coverage extension, literature datéalahty,
physiological and agronomic trait¥able 2.1 report main general characteristics of the selected

dedicated crops.

Crop parameters and phenological factors
The maincropparameters ancropdata collectedor the implementation of the model

- Phenology,s the study of periodic plant life cycle events and how these are influenced by
seasonal and interannual variations in climate, as well as habitat factors.

- Growing Season (GS)s the part of the year during which local weather conditions as
rainfall and temperature permit normal plgmowth While each plant or crop has a
specificGSthat depends on its genetic adaptation aeddavided iro four stage/phases: (i)
Initial: from crop sprouting to the beginning of stem elongation; (i) Crop dewednt:
stem elongation. (iii) Mieseason: from the end of stem elongation to the beginning of
canopy senescence. (iv) Late season: from canopy senescence to the end of water uptake
(Triana et al., 2014)

- Length of Growing Season (LG$%)the duration in days @ftotal growing season by year.
Minimum startday, is the earliest possible start day of the growing season of a given crop
(related with minimum temperatureMaximum day,is maximum length defined az
number of days (considering GDD). For perennial biomass, the duration of GS isrbetwee
170-330 days.

- Growing Degree Rays (GDDor DD), is the sum of daily temperatures (in °C) from start to
end of the season to predict plant development rates. The base temp@tadse)is the
temperature below which plant development stops, the most corbase for calculations
is 10°C. FormulaGDD = X (Tmax +Tmin)/2 - Thbase

- Minimum temperatur€°’C) is the temperaturabove which the crop becomes active to start
the growing seasomMinimum and maximum temperature in growing season for perennial
biomass cropvereindicated byAlexopoulou et al(2010.

- Water requirement minimundepend on species & variety, growth phase, clinaaid the
length of growing periodin this study for each crop a data has been collettedther
hand, Crop water requirement was definedDmprenbos, J. & Pruitt, W.(J1977as fdt he
depth of water needed to meet the water loss through evapotranspiratigsp) (&Ta

diseasdree crop, growing in large fields under nonrestviesoil conditions including soil
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water and fertility and achieving full production potential undenet given growing
environment".

Harvest index (HI)for most crops, only part of the biomass produced is partitioned to the
harvested organs to give yielhd the ratio of yield to biomass is known as harvest index.
Thus,HI alters the portion of biomaskat will be harvestable. It is important to note that in
AquaCrop, beyond the partitioning of biomass into yield, there is no other partitioning
among the various plant organs. This choice avoids dealing with the complexity and
uncertainties associated ttvithe partitioning processes, which remain among the most
difficult to model (Steduto et al., 2012).

Reduction factor to water limitatior=), is a factor reductiowlerivedfrom GWSI model
(ETCI/SIA, 2013) and dependhghotosynthetic systererop asC3 and C4

Reference evapotranspiratidkTo), is a hypothetical grass reference crop with an assumed
crop height of 0.12 m, a fixed surface resistance of 76 amd an albedo of 0.2Fhe FAO
PenmarMonteith method is recommended as the sole standard an&thohe definition.

This method requires radiation, air temperature, air humidity and wind speeg@d\izaet

al., 1998)E E T & sum daily evapotranspiration in the growing season (mm).

900
0.4084 (RTI - G) + ywuz(es - ea)

ET, . I
A+y(1+034u,) , Where:R, is the net radiation at the crop surface

(MJ m2 per day), G is the soil heat flux (MJ r2 per day)T is the average air temperature
(°C), [T = (Tmax + Tmin)/2] (€), Tmax = daily maximum air temperature (°C); Tmin =
daily minimum air temperature (°C is the wind speed at 2 m height ()ses is the
saturation vapour pressure (kPa)is the actual apour pressure (kPa),
vapour pressure curve (kPa®Candy is the psychrometric constant (kPa¥)C

Crop evapotranspiratiofETc) differs distinctly from the reference evapotranspirationofET

as the ground cover, canopy proptand aerodynamic resistance of the crop are different
from grass. The effects of characteristics that distinguish field crops from grass are
integrated into the crop coefficient JKFormula:x ETc=XETo* K¢

Crop coefficient(Kc), is the ratio betweenCrop Evapotranspiratio(ET:) and Reference
Evapotranspiratior{ETo). The K¢ calculation for each growth stage is according to crop
coefficient method (Allen et al., 1998) the followirgyiula:Kc = xETc/ XETo

Crop Transpirdion (Tr), Crop transpiratiorwhen well watered (kJ is proportional to the
canopy coveland hence continuously adjusted throughout the simulation for transpiration
given by:Trx=  C'®dir, x**xETo (assumedinderunlimited water). In other harsgl Crop

transpiration considering theater stresggiven by:Tr = Ks*TrxwhereC C i8 canopy cover
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adjusted for micreadvection Kcyx is coefficient for crop transpiration arkk is stress
coefficient (specific for each target process).

- Water Productivity (WP)efers to crop production irelation to total water consumed, WP
terms are not dimensionless (Heydari, 2014) but both do not need to have the same units
(terms are notlimensionless)for instance, WP is 50 kg grains per % of water. Water
productivity is a different term of Watersd effciency (WUE), but in somecientific
articles it is reported as WUE (Ragab, 2014)

- Water use efficiency (WUEH} a dimensionless ratio tlietotal amount of water used to the
total amount of water applied (Heydari, 201i4)the % of water sup@d to the plant that is
effectively taken up by the plantor instance,that was not lost to drainage, bare soil
evaporation or interceptiofRagab, 2014)Generally, efficient water use is defined as the
ratio between the actual volume of water used d&ospecific purpose and the volume
extracted or derived from a supply source for that same purpose. For instance: the relation of
volume utilised (n?) per volume extracted from the supply sourcé) (#ccording Triana et
al. (2019 is the ratio between abexground dry yield (AGDY) biomass at harvest and

cumulative crop evapotranspiration. FormMWaJE = AGDY/ XET

Table 2.2repots values for alparametersusedfor the crop yield estimatiorgs a result of the

literaturereview.

Table 2.2Water requirementmm), length growing seasdhGS - days) the minimum temperature
(°C), growing degree daysC), crop coefficien{Kc) and wateproductivity (WP) from literature.

Crop water requiremertt LGS min. Temp* GDD* Ke * WP
(mm) (days) (°C) (C°) (a/)
miscanthus >500 175- 217 10 1700-2000 0. 471 1.9-47
switchgrass 450- 750 190- 220 10.3 2060-2540 0. 511 2.6-39
giant reed 380- 650 206- 223 10 1843-3000 0. 571 1 2-6
reed canary g. 400- 900 170-190 7 1800 1.241 15
cardoon 300- 400 321-325 10 2425 0.5 1 3.13
willow >620 180- 300 5 2200 0.492.7 2.9-6.3
poplar >600 180- 300 7.5 2200 0.4225 3.35-5.26
eucalyptus >500 330 10 2400 0.50-1.8 1.64-4

* In growing season

Meteorological data source

MARS databas@Monitoring of agriculture with remote sens)ngridded agremeteorological data
in Europe The datawere collected fromMARS-AGRI4CAST resources Portalf European

Commission(MARS, 2014). The daily longerm dataaverage, since 1978sed were temperature
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minimum, average, maximum (°C), rainfall (mm) and reference evapotranspiraidn (mm),
availabk on grid cells of 25x25 knffor more information see thgeographic maps iAnnex A3,
A.4, A5).

Input Model

GWSI model(Global Water Satisfaction Index), is a crop growth model applied in perennial
grasses, takes account the soil and climate chasiaterto predicts yield level for C3 and C4
perennial grasses (in a set of regional mean potential and water limited yields), the model is
calibrated on real observed yield levels in different region in thefge ETC/SIA, 2013.
METHODOLOGY

Yield potential isdefinedhere & the maximum yielgwater norlimiting) which could be reached

by a crop in given environments, as determined, for example, by simulation models with plausible
physiological and agronomic assumptioriEvans and Fischer, 1999)o assess the yield of the
biomass crops the data on daily weatMARS, 2014)factors are combined in # AquaCrop
model,with the phenological factors determining the crop growth of a spéddinass cropTable

2.2, for more @tails seesection panmmetersdescriptionabove. These factors were derived from a
wide range of project§Table ) and publications on field trial based assessments with
lignocellulosic crops under a wide range of soil and climatic circumstances in EAropech is

made betwen the minimal phenological requirementbjophysical characteristics and
environmental information for each of these crops to identify the performance and the estimation of

yield in each situationFjgure 21).

Figure 2.1. Methodology to calculate thgeld biomass of crop response to water.

AquaCrop

Selected crops I Datalnput equation
o - Y 4
A4 .'.' - W
wmiscanthus CropParameters Simulation Input level
wswitchgrass -LGS, GDD, £KC, Yield potential -Level 1
@gian eed WP HLwaterreq. O water Lovel 2
d -Jnaer -Lev

areegeanaygrass Limitation (%, _

_ eather database Level 3
wwillow - Tmin, Tmax, Tavg,
wpoplar rain, ET
weucalypthus
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Simulation and additional calculatioateps were

- Determination of crop growth season per crop for each locatiois is to calculate the
duration of growth of the crop by NUTS3, thus, the identificatiorheffirst dates and last
dates of growth based on the temperature.

- Determination of crop water use and yield per growing season per crop for each lgcation
the simulationof yield potential (ot for perennial biomass crdp describectonsidering
the eqution laandlb of AquaGop model.

- Estimating a plausible yield level by reducing the potential yield with a percentage in C3
and C4 photosynthetic systethe relative reduction of the potential was determined as a
percentage to be subtracted from the i yield (Ypot), Which is called the reduction
factor (Fw) and has been quantified for C3 and C4 type cultanesappliedn AquaCrop

equation®aand?2b.

Steps are further describ&uthe following text.

YIELD POTENTIAL OF LIGNOCELLULOSIC CROPS INEUROPE

The biomass yield depends on very sipecific conditions such as soil, temperature and water
availability. A direct relation exits between biomass production and water consumed through
transpiration. However, exishg models apply to bioenerggrops, such as Epic (erosien
productivity impact calculator), Almanac (Agricultural Land management alternatives with numeral
assessment criteria), Swat (Soil and water assessmentatablyrote in different programming
languages.

For the selection of thestimationmodelfor perennial biorass in Europewas takernnto account,

the dataof 1480 specific location ¢orresponding to1480 NUTS3 codg and for per eight
perennials biomass crogSrop estimation has been carried out on the base pfiti@pal cacepts

used inAguaCrop, a simple modéequation)for herbaceous yield estimatioAquaCrop model

(figure 2.2) is a crop water productivity modé@aterdriven) producedby the Land and Water
Division of FAO-1 rri gati on and Dr aiReaspeo nRBRaepdro NMa.t ed & ,
implement efficient water management strategies and practices that do not deteriorate the
environment and adapt to weather conditions and increase sustainable water productivity and the

performance of agricultural systengsrhitigate the risks of food security (Steduto et al., 2012).
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Figure 22 The main components of AguaCrop. Continuous lines indicate direct links between
variables and processes (Figure modified from Steduto et al., 2012, not evidence the crop stress
compaent).
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Thus, maintaining the original concept of a direct link between crop water use and crop yield, the
AquaCrop model evolved from the FAO I&D Paper No. 33 approach by separatirgyothrctive

soil evaporation (E) from productive crop transpirat{@m) and estimating biomass production
directly from actual crop transpiration through a water productivity parameter (Steduto et al., 2012).
SeeFigure 2.2 components of AquaCrethe soil plant atmosphere and the parameters driving phenology,
canopy over, transpiration, biomass production and final yield

The changes lead to the following equation, which is at the core of the AquaCrop growth engine:
AquaCrop Equation: B = FE T rand¥ =HMPB.

Where: B biomass produced cumulative{i)g per ni), Tr, crop transpiration (mm)WP, is the water
productivity parameter (kg of biomass ped), Y, the attainment ofield andHI, Harvest index(SeeTable

2.2).

Thus aoveground biomass (B) is derived from transpiratignrbeans of the normaid water
productivity (WP* is normalsed for ETo and air CQ concentratioy a conservative parameter. At

the end of the crop cycle, yield is calculated as the produceddithulated B and the adjusted Hl
(Steduto et al., 2009The FAO is calibrating no#ocaton-specific but crogspecific parameters for
major agriculture crops, and provides them as default values in the moddbi(ar@ize). These
parameters are referred &s conservativein that they do not change materially with time,
management practiseor geographic location.

In this study, his mechanical model, have been relatively complex considering simultaneously
several variables/ parameters related to the physiological processes and climatic condition. For the

calculation of simulated processthe core of AquaCrop equation was used #rel algorithms
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wrote in GAMS General Algebraic Modelling Systgmthe Aquacropsoftwarewas not used
because of the amount of data area covered in the.siudys, tvo crop yield mtentials

(irrigated/nonirrigated)were considered Yield potential (o) and yield under water limitations
(le).

Yield Potential (Y pot)
To simulate biomass and yield, the water proditgtivormalsed (WP*) and the representative Hl

reported i the literature for the chosemopspecies under nonstress conditions)ldte required.
The WP* is a conservative parameter, andiblconservativéo a fair extent but can be cultivar
specific (Steduto et al., 2009)he maximum yield potential in response to unlimiteter was
calculted with the followingequationand was expressed in Mg-hd.m.

(1.a) Bpot= TBEWP (1.b) Yoot =Bpot*HlI

Yield under Water limitation (Ywi)

A waterlimited yieldwas simulated assuming that water availability is limited to precipitation and
related crop transpiratiod reduction factor Ewi), obtained from theSlobal Water Satisfaction
Index model (GWSI), and depending on the photosynthetic system C3 or C4 was used to account
for water limitation in the growing season. The resulting yield was expressed inMpgrha

(2a) Bw= TBFWw*WP (2.b) Yw =Bw*HI

Where:

Ypot & Ywi, is Yield potential anduinder water limitation (Mg had.m.)
Bpot & Buw, is Biomass potential and under water limitation (Mg bam)
Tr, crop transpiration (mm)

WP, is the wateproductivity (kg/mn?), conservative paramete

HI, is the Harvest index (%gfonservative parameter

Fwi, reduction factoto water limitation (%)

To perform theAquacrop equation some assumptions were made and translated into algorithms.

(i) For water productvitythe atmospheric C£concentratiorused in WP normalization was not
applied then the data reported in the literature were used as the value of water productivity for each
crop.(ii) For the calculation of the water limitatiothe coefficient of stress (Ks$ not usegdsince

it is a qute precise coefficienaccording to the location (thstudy is at the regionalfovincial

level), then to calculate the Potential yield with water limitaticd@WSFmodel data were used
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according to the type of photosynthesis (C3 or C4) and the locammts a reduction factor in

yield. (i) Soalspt he transpiration was cal cu,lwhkete¢ghdKcas s u
was divided according to its growth in 4 stadios (injtitvelop midseasonlateseasonyaccording

to data found in Literaturd-urthermorethe estimatiorof crop productin in future situations as

not simulated in this stud@n the other handhe meteorological data that take an important part in

the appliedAquacrop equation (such as temperatwaenfall and ETO) were quite accuratiily

data every 25 x 25km sinc@®15.

Determination of crop growth seasdor each crop and location

For each location (grid cell or NUTS3 lewagion) the possibility for a suitable crop calendar is
evaluated by identifying the first and latest dates in the year marking the tempbsstetdegrowing
season. The first possible start date is when the mean daily temperature exceeds thebeesuired
temperature(min_temp_crop), and the final date is when it falls below it. If such days are not
found, the start or final day is set at 3@Hhe temperature based start date should be after the

minimum start dayand the latest of both is selected as start date of the growing season.

Then the length of the growing season is estimated stepwise. First, the temperature sum above base
temperaturas calculated from the start date until the first day that GDD is exce®idded in

four fraction phasesas fractior-initial, fraction-developmentfraction-midseasoni fraction-late
season(Figure 2.3. That is the day that crop maturity is reachedsTay should be before the
temperature defined final date, and the earliest of the both is selec¢texkad of growing season.

Then also the length of the growing season is kn@Gvable 25).

Figure 2.3Crop coefficient (Kc)and engthof thegrowing fason (LGS)

1.4 —
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time (days)

+—initial— [«-crop development—{«—— mid season —«late season-
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Start date and length gfowingseasor{LGS) are combined with fractions of Kc phases, and in this
way the days of transition to the next Kc phéséial, development, midseason & late seascan)
bedeterminedTable2.5).

Determinatian of crop water use and yield per growing season per crop for each location

Once the total evapotranspiration of a crop during the growing season has been calculated, the gross
aboveground production (dry biomass) can be calculated with the WrRreductvity (WP)
expressed in gram dry biomass perewater(g/l). The net useful biomass is found by multiplying

the total biomass with the harvest indé&ssumptions, the \W and HI were assumezbnservative
data.The crop water use per day during each pkaasoris calculated as2ETc =FETO0*Kc.

Where ETc is the evapotranspiration of the specific cfbprefore, ach Kc Phase is defined by its
duration (in days) since the start of the phase. For each of the four phases, a specific Kc value is
applied (se@able2.5). For each Kphase, a specific crop coefficient Kc determines the daily crop
transpiration demand by multiplying Kc and the daily reference evapotranspiration ETO. Logically,
the sum of all daily ETc over the season is the total seasonal crop water use (mm/sebm) an

potential yield (¥o) can be calculated as equatidrby.

This potential yield is the first estimated value of biomass yields for a given crop in a given region.
The potential yield can only be realized if throughout the growing season sufficaet is
available for transpiration, and that also sufficient plant nutrients are available, and that competing
weeds and plant diseases are under control. It depends on field crop management conditions to what
degree these conditions are met. In gendhnal actual yield is clearly much below potential yield,

but it can serve as a reference for estimating the room for increasing actual crop yield and for
setting targets for a maximum economically attainable yield, which is still below the potential yield.

Estimating a plausible yield level by reducing the potential yield with a percentage WL_C3 or
WL_C4

Based on analysisE(bersen et al.2012 Biomass Future Projecbf the relationship between
simulated potential yields of annual field crops and tlagissically recorded yield level of these

arable crops, using the database of the Unit Monitoring Agricultural Resources (MARS, 2014) of
Joint research Centre (JRC) the relative reduction in potential has been determined, as a percentage
to be subtractedrédm the potential yield. This percentage reduction reflects and quantifies the
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combined effect of all natural and management factors on reducing potential crop yield in a given

NUTS3 level. Such a regional crop reduction percentage has been quantifdStype crops and

for C4-type crops. However, the reduction percent values for both crop types are quite close for a

given NUTSregion (NJTS3 district or aggregated tot NUTSO country level). As on a European

scale drought is the most important factor detemg major differences between regions and

countries in rainfed yield levels, the parameter names for the reduction percentage are WL_C3 en

WL_CA4. In the case of a C3 crop these values should be applied asrfgllovhe table 2.3.

Table 2.3Attainableyield = Potential yield * (106 WL_Cx)/100

Over all
countries
average
Max

Min

WL _C3 WL _C3
Mean Min_C3
20.8 9.3
62.8 a7.7
1.5 0.0

WL_C3 WL_C4
Max_C3 Mean_C4
36.9 19.4

76.4 66.6

5.6 0.2

WL_C4
Min_C4

8.7
49.5
0.0

WL_C4
Max_C4

34.8
79.6
0.6

Table 2.4National Average WL_C3 reduction % for countries, ranked from southern Europe (Large
reduction) to NW Europe (small reduction)

Country

EL Greece
AL Albania
PT Portug
ES Spain
TR Turkey
MK Maced
IT Italy

WL_3
62.8
53.2
53.0
52.8
52.1
44.9
38.5

Country

BG Bulg
HU Hung
RS Serbia
FR France
MD Mold
HR Croat

WL_3
29.4
25.6
25.1
24.3
24.2
22.9
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Country
RO Roman
SK Slovak
EE Eston
Sl Sloven
DE Germ
UA Ukrain
CZ Czech
PL Polska

WL_3
17.5
15.6
13.1
13.0
11.1
10.5
10.4
10.0

Country
BE Belg
LU Lux
AT Austri
DK Denm
FI Finland
LV Latvia
LT Litua
SE Swed
UK UnKi
NL Neth
IE Ireland

WL_3
7.9
7.5
6.3
6.1
5.2
4.9
4.2
4.1
3.9
3.5
1.5



Table 25 Parameters and factors used in crop yield estimation to dedicated cropping

minimun min. . . . Growing
Wgter I;gggghn start Accumula(t]!;/;cg(r)cr)]\;vmg season (@gg'ettee':]n%) degree crop coefficient stage (Kc) Photosvntetid WP HI
Crop requirement day days y

— . f.mid flate ; . T . fmd flae | Y€ -

mm day day | f.initial develop. season season C C initial develop. season season g %

miscanthus 500 210 80 0.21 0.34 0.84 1 9 2000 0.48 1.05 1.41 0.95 C4 3.3 0.7
switchgrass 450 210 80 0.18 0.31 0.80 1 9 2220 0.50 0.99 1.30 0.80 C4 3 0.6
giant reed 400 220 90 0.21 0.32 0.78 1 10 2400 0.54 1.01 1.74 1.10 C3 31 0.7
rcg 650 190 80 0.20 0.30 0.80 1 7 1800 0.50 1.00 1.40 1.00 C3 2.2 0.6
cardoon 350 250 90 0.10 0.20 0.80 1 10 2425 0.50 0.70 1.00 0.95 C3 3.13 0.6
willow 620 300 80 0.16 0.39 0.84 1 5 2200 0.40 1.00 1.50 0.50 C3 3 0.65
poplar 600 300 80 0.16 0.39 0.84 1 7,5 2200 0.40 1.00 1.50 0.40 C3 29 0.6
eucalyptus 500 300 90 0.16 0.39 0.84 1 10 2200 0.40 1.00 1.50 0.40 C3 2.7 0.65

The parameters used to the Yield Modelling are presént&dble 2.5 have been collected from literate®®urce: Zegada et al., 2013; Mantineo et al., 2009;
Cosentino et al., 2007; Triana F. et al., 2014; Mueller et al. 2005; Katerji et al., 2008; Fernandez J. 2009; Monti-etZzaegad2012; Christou et al., 2003;
Hickman et al., 2010; Nassi o di naggal., 2011; Garofalo et al., 2013; Curt et al., 1995; Erickson et al., 2012; Sugiura A. 2009; Guidi et al., 2008;engelini
al., 2009St r i étal.y2015; Lasorella, 2014; Curt et al., 1998; Price et al., 2004; Alexopoulou et al., 2015; Bas8aKeradHl et al., 2016.

59



Yield input system levels

The two yield estimates that have been made, one under full irrigéfi@f) and one under purely
rainfed (Yw) conditions assume optimum management conditions and should correspond with the
highest yiells observedni field experiments. In realitghe practical yields are often lower, due to

suboptimum conditions such as nutrient shortage or incomplete plant cover.

Table 2.6 The following assumptions were applied dfield maximum potentiglY ,o) and water-
limited yield (Yw) for a further distinction into three attainable biomass yield lev@tirce:
ETC/SIA, 2013 p.245and Elbersen B. et ak012 p. 95.

Input system level Irrigation Assumption
High (H) Irrigation is applied All crops could rach 90 % of Yot
Medium (M) No irrigation is applied, Attainable biomass yield equals the lowest valt
only in the of the following two modelled yield levels: (90 ¢
establishment phaseif  of Ypo) and (100 % of ¥i).
needed
Low (L) No irrigation is applied The yield level is limited by water conditions (t
(on low-quality soils) lowest value of either 80% ofY, or 50% of
Y poy)

Management of the crop, herefore an important factor determining the practical yield levels that
can be reached. Simudat maximum yield levels therefore always need correction for management
to translate them into practical yields. High inputs through management only make sense if this also
results in high yields. High yields can only be reached if water and soil qualitgtia limiting

factor, or can be compensated enough through management (inputs). If the soil quality is poor,
management needs to be tuned to lower inputs, as poor soil conditions, e.g. shallow soils, are
challenging to improve, particularly from an eoamic perspective. Since it is the expectation that it

is more sustainable to produce lignocellulosic crops on lower quality soils which have been left
unused for food production, it is important to determine yields and cost in both high input systems
as inmedium and low input systems which enables to match the yield simulation results with all
land-soil quality groups.The maximum and watdimited yield simulation results were further
converted into thregypes of yieldinputmanagement levels: high, madi and low input following

the rules presented ihable 2.6accordingto ETC/SIA, (2013. The 3 yield management level
combinationsare inputs to the ABC cost model (¥8kapter 3to assessing the Net Present Value

(NPV) cost for dedicated crops.
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RESULT

Yields translated into three input levels

Figure 2.4 and Figure 2dhow the yield estimation at NUT3 for SRC and herbaceous, respectively.
For herbaceous creplevel 1 is thdowestproductivelevel because of the lower input. According

to the mapslevel 2 is the best option considering input and output (productivity). In the case of
level 3 the high production is visible but this simulation does not consider the cost of irrigation,
which would be unsustainable. It can be observed that produdeftirreases in the Mediterranean
area as the amount of water needed for the amopeases Kigure 24 and 2.5, from level 1
compare to level 3). For Northern European countries like Finland and Sweden the low biomass

productioncan be relatetb the exteme climate.

Figure24Yi el d efor mS8RCONODA®pisn three different | ev
and i r.Mag@gmatsiko s)uisnalbi lbieteyn. c@ansi der ed

BIOMASS CROP Input Level 1 Input Level 2 Input Level 3

Willow

I
B
[ 7-10
[ 1015
[ 1520
I 20-25
I 2530
Il >30 tnvha

Poplar

B
—
[ 710
[ 1015
[ 1520
I 20-25
I 2530
I >30 tnha

Eucalyptus

.
.
I 7-10
1015
[ 1520
I 20-25
I 2530
I >30 tnha
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Figure 25Yi el d estimation for her baceoluesv eclrso pos

management (i nputmaasrkd siurirtiagoaitliiany) .h aMa pn ot

BIOMASS CROP Input Level 1 Input Level 2 Input Level 3

Miscanthus

. <
B
[ 7-10
[ 1015
[ 1520
I 20-25
I 2530
- >30 t/ha

Switchgrass

I
B
I 7-10
[ 1015
[ 1520
B 20-25
Il 2530
Il 530 tvha

Giant Reed

I <
B
I 7-10
1015
[ 1520
I 2025
I 2530
I 30 tvha

Reed Canary
Grass

. <
.
I 7-10
] 1015
[ 1520
I 2025
I 2530
Il 30 tvha

Cardoon

I
B
I 7-10
[ 1015
[ 1520
B 2025
Il 2530
I >30tvha

Giant reed and miscanthus are the most productive species at input levels 2 and 3.

As an example, the Figure 2.6 shows the simulated yield potential at @welt2| for miscanthus

and poplar in the Countries with the larger area of unused land on the base of the scenario at 2030.
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Values for the other crops are reportedimex A.6. Countries with the higher availability of land,

as unused land predicted foetlyear 2030, are Spain, Rome Poland, France, Germany, Italy
Hungary and United Kingdom. In the case on miscanthus, Italy shows a big range of variation,
ranging from a of yield 8 Mg h&to 18 Mg héal, as well as for SRC. This can be explained with th

high diversification of microclimates. Romania is very promising both for miscanthus and SRC for
the implementation of these two crops, as large availability of lands where to grow these two crop

with the highest potential yield.

Figure 2.6 Simulated crp yield potential (input level 2) for miscanthus and poplar in the 8
countries with the highest surface of unused land in the 2030 scebiarsgses indicate the median

and boxes include from the 250 73" quartiles. The dots out of the range are orslid=or
example, in the case of Italy higher variation in data is seen because the climate is very variable in

the area (yield-88 Mg ha'). Annex A6 contains graphs of all the crops.

Miscanthus - Simulated L2
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Poplar - Simulated L2
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o Tt
g )
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Country

M WRrRO W PL FR M pDE T MMHU W UK

* ES Spain, RO Romania, PL Poland, FR France, DE Germany, IT HalHungary, UK
United Kingdom.
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Observed yield Distribution in Europe

The literature review shows that there are few {tergn studies. Studies conducted in UK
(Christian et al., 2005), Ireland (ClifteBrown et al., 2007) and fCatania (Alexopoulou edl.,

2015) reported data on 14, Hmd 22 year cropsespectively fFigure 27). Given the higher
precipitation and availability of water in northern than in southern Europe, only the studies in the
Mediterranean area report irrigation for crop establistinfeom the fto even the '8 year in some
caseqAlexopoulou et al., 2015; Mantineo et,&009. The average biomass yield was 13¥3.6

Mg hat! for UK and Ireland, whereas the average for Catania was 13.3 Mddspite the longer

crop age (22 yas).

Figura 2.7 Yield production (Mg ha d.m) of miscanthus in short and leteym trialsi
Literature data

MISCANTHUS
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Year cycle
——Zatta et al. 2014 (UK) UKL14 —a&— Christian et al. 2005 (UK) UKH23
Stricevic et al. 2015 (Serbia) RS111 == Alexopoulou et al. 2015 (IT-Catania) ITG17

For the other countries, the average yields for miscanthiomg-term trialsin Denmark 14.4 Mg

ha'! (Larsen et al., 2014)and for miscanths shorterm trials is Germany 1280 Mg ha
(Lewandowski, A. Heinz2003; Kahle et al., 200nd Serbiais 16 to 20 Mg ha (Stricevic et al.,
2015).In France- Grignon, Dufosse et al. (2014) report average yields of 14.2 Mgnhthe 22th

cycle year In Northern Italy yields of 19 to 28 Mg fhare reported (Lasorella et al., 2011; Angelini

et al., 2009), whereas 11 to 30 Mg'hare reported for southern Italy (Alexopoulou et al., 2015;
Mantineo et al. 2009, Cosentino et al. 20aR)Annex A9 and Annex A1Q, literature data for
herbaceous perennials and SRC crops are classified according to location, NUTS classification

code,andenvironmental factors.

Also for the giant reed few studies report data on kstgnding crops. Lonterm studies(18"
years)conducted in ltalyn Cataniaandin Bologna (11 year cycle) report 15.7 and 2IMy hat
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respectively. Monti et al. (2015) reported 181§ ha in Ozzano (18 year cycle) (se€igure 28).
Whereas Angelini et al. (2009) and Mantineo et al. (20889t yields higher than 30 Mgha

Figura 2.8 Yield production in (Mg ha d.m./year) of Giant reedhort and longterm triali
Literature data

GIANT REED

35
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15

YIELD (MDM ha-?)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Year cycle
Alexopoulou et al. 2015 (Bologna) ITH55=#— Alexopoulou et al. 2015 (Catania) ITG17

Fagnano et al. 2015 (Naples) ITF33 == Monti et al. 2015 (Ozzano) ITH55

Simulated crop yields in relation to observed vall&aluation

Literature yield data derived fromefd experiments from European sites (n = 36) were compared
with the simulated dat (Figure 29) to test the robustness of the model simulation. The simulated
data fitted the literature data quite well (r = 0.893). The tested crops were miscanthus, agstchgr
and giant reedT{able 2.7.
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Table 2.7 Comparison of observed (NUTSO0) and simulated yi@\d$TS3).

Observed Simulation Simulation Yield

Crop References NUTSO/ Vield yield_ under water
NUST3 (Mg hat potential limit, (YWL)
d.m.) (YPOT)

miscanthus Price et al. 2004 UKJ36 145 12.3 114
miscanthus Zatta et al. 2014 UKL14 1063 10.5 10.5
miscanthus Christian et al. 2008 UKH23 128 12.4 12
miscanthus Clifton-Brown et al. 2007 IE024 134 10.2 10.2
miscanthus Larsen et al. 2014 DKO041 131 10.8 10.8
miscanthus Lewandowski and Heinz. 2003 DE124 15 15.8 14.1
miscanthus Kahle et al2001 DE8OK 104 12.1 11.3
miscanthus Kahle et al. 2001 DE914 1127 12.3 11.7
miscanthus Kahle et al. 2001 DE26C 1253 13.7 12.3
miscanthus Stricevic et al. 2015 RS111 189 19.7 14.8
miscanthus Dufosse et al. 2014 FR103 142 15.3 135
miscanthus Lasorella et al. 2011 FR223 1394 13.8 12.7
miscanthus Alexopoulou et al. 2015 ITG17 133 23.6 10.2
miscanthus Mantineo et al. 2009 ITG16 196 22 9.5
miscanthus Lasorella et al. 2011 ITH55 19.64 20.4 13.8
miscanthus Lasorella et al. 2011 ITF52 127 21.6 11
miscanthus Danalatos et al. 2007 EL613 247 21.7 8.3
miscanthus M.V. Lasorella et al 2011 NL112 7.83 11.6 115
miscanthus Elbersen et al. 2005 NL113 8 11.7 11.6
miscanthus Elbersen et al. 2005 NL221 14 12.2 12
giant reed Alexopoulou et al. 2015 ITH55 212 225 15.7
giant reed Alexopoulou et al. 2015 ITG17 157 28.5 12.7
giant reed Fagnano et al. 2015 ITF33 139 24.4 13.7
giant reed Monti and Zegadd.izarazu 2015 ITH55 16.8 225 15.7
giant reed Monti and Zegadd.izarazu 2015 ITH55 195 225 15.7
giant reed Mantineo et al. 2009 ITG16 30 28.1 125
giant reed Christou et al 2003 ITG17 12 28.5 12.7
giant reed Christou et al 2003 ITG17 24 28.5 12.7
giant reed Bacher et al. 2001 DE911 15 13.7 12
switchgrass Elbersen W. et al. 2005 UKH23 102 9.3 9
swicthgrass Elbersen W. et al. 2005 NL230 107 8.8 8.7
swicthgrass Elbersen W. et al. 2005 DE911 8 9.3 8.8
swicthgrass Elbersen W. et al. 2005 ITF52 19 16.8 8.6
swicthgrass | Alexopoulou et al. 2015 ITH55 136 15.6 10.6
swicthgrass | Alexopoulou et al. @08 ITF52 111 16.8 8.6
swicthgrass | Alexopoulou et al. 2008 EL641 152 17.9 5.1

Table 2.8shows the data at country level (NUTSO) considered as a reference to the evaluation of
the simulation result. For more details of the Aquacrop model result favcidjulosic crops on

yield potentials and yield under water limitations see the mafianex A.7 and A.8.
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Table 28 Data set used to evaludteemodel robustness

Simulation  Simulation
Crop References NUTSO0/ Observed Yield yield _ Yield u.nd'er
NUST3 (Mg hatd.m.) potential water limit.
(YPOT) (YWL)
miscanthus Nsanganwimana F. et al. 2014; Khanna et al. 20( AT 17 to 30 13.4 12.6
miscanthus DEFRA, 2007 UK 12to 16 11.3 11.1
miscanthus Anderson et al. 2011 DK 10to 17 114 11.2
miscanhus Anderson et al. 2011 DE 10to 30 13 12.2
miscanthus Anderson et al. 2011 PT 26 to 39 21.7 9.8
miscanthus Anderson et al. 2011 ES 14 21.9 10.1
miscanthus Anderson et al. 2011 NL 16 to 25 12.3 12
miscanthus Zegadadlizarazu et al. 2013 review 10to D
miscanthus Lewandowski et al. 2003 review 5to 44
giant reed Bacher et al. 2001; Oster and Schweiger 1992 DE 810 26 13.9 12.3
giant reed Elbersen W. et al. 2005 DE 15to0 20 13.9 12.3
giant reed Elbersen W. et al. 2005 ES 81to 37 25.4 12
giant reed Elbersen W. et al. 2005 EL 5to 17 27.9 10.6
giant reed Elbersen W. et al. 2005 EL 71to 31 27.9 10.6
reed canary g.| Sahramaa et al. 2003 Fl1C2 10.2 5.6 5
reed canary g.| Kandel et al. 2016 Fl1C2 13 5.6 5
reed canary g.| Elbersen W. et al. 2005 UKH23 max 16 8.6 7.4
reed canary g.| Elbersen W. et al. 2005 NL113 2t08 7.8 7.6
reed canary g.| Elbersen W. et al. 2005 SE 6to 11 5.8 5.5
reed canary g.| Elbersen W. et al. 2005 DK 9 7.1 6.6
reed canary g.| Elbersen W. et al. 2005 IE 8 7 6.9
reed cananyg. | Elbersen W. et al. 2005 DE 7 8.4 7.5
reed canary g.| Lord R.A., 2015 Fl 751t09 5.1 4.8
reed canary g.| Lord R.A., 2015 LT 6.5t07.5 6.7 6.5
cardoon Fernandez et al. 2006 ES300 14 16.4 6.6
cardoon Mantineo et al. 2009 ITG16 710235 17.6 7.8
cardoon Mantineo et al. 2009 ITG16 7.91t0 26.4 17.6 7.8
cardoon Fernandez J. 2009. ES300 6.5t0 16.3 16.4 6.6
cardoon Angelini et al. 2009 ITI17 13t0 14 14.1 8.5
cardoon Fernandez J. 2009. EL 27.91t0 28.6
cardoon Fernandez J. 2009. IT 17.5t019.7
cardoon Fernandez J. 2009. IT 7.5t012.9
cardoon Fernandez J. 2009. IT 13.3t015.9
cardoon Optima data expert 5.6 to 18
willow Ceulemans et al. 1996 SE 10to 12 9.5 9.0
willow Ceulemans et al. 1996 IE 12to 15 10.6 10.5
willow Ceulemas et al. 1996 Fl 6.5t07.6 8.5 7.9
willow Cuniff J. et al. 2015 UK 14.1 12 11.4
willow Cuniff J. et al. 2015 UK 115 12 11.4
willow Cosentino et al. 2008; Facciotto et al 2005 IT 3to 26 14.4 9.1
willow Cosentino et al. 2008; Di Candilo et al., 2005 IT 13 14.4 9.1
willow Sugiura, A. (2009) 15to0 22
willow Sugiura, A. (2009) 11.7 t0 19.6
willow Amichev et al 2011 7.41020.7
willow Zegadadl.izarazu et al. 2010 review 10 to 30
willow Dallemand et al. 2008 5to 25
poplar FAO2012 International Poplar Commission DE 6to 10 11.1 9.9
poplar FAOQ, 2012 International Poplar Commission IT 6to 12 14.6 9.1
poplar Cosentino et al. 2008; Facciotto et al 2005 IT 3t025 14.6 9.1
poplar Ceulemans et al. 1996 27.5
poplar Zega@r-Lizarazu et al. 2010 review 7 to 28
poplar Fazio and Barbanti 2014 12
poplar Sugiura, A. (2009) 11to 28
poplar SE 7.5 7.1
poplar PL 10.5 9.5
poplar UK 10 9.4
poplar Fl 6.8 6.3
poplar UA 12.4 11.1
Eucalyptus Ceulenans et al. 1996 EL 25.5 18.6 7.1
Eucalyptus Sugiura, A. (2009) 12 to 27
Eucalyptus IT 15.36 9.5
Eucalyptus PT 17.4 8.6
Eucalyptus ES 17.2 8.1
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DISCUSSION

This study integrates a series of very extensive databases and is then@rhyabhas tried to
simulate the production of biomass for eight crops across Europgerennial biomass crop, the
average yield over the whole location imeperative for analysing the potential for cultivation

making a god analysis of the economic &€vironmental performance of these crops on different

soils, and in diverse management systefbBese crops have a production time betweeri50

years, and it should be considered that a low yield in the establishment phase and a decrease of the
biomass ield over time (se€&igure 27 andFigure 28) dueto several factors, can seriously affect

the yield of the crop, thus varying the time of coppice rotation or substitution of the crop (Larsen S.

et al., 2014).

Thanks to the simulation of the yields tlwatvered all the EU countries and neighbourhood, it is
possible for each NUT3 level to identify the crop with the highest yield, under optimal and limited
condition. Potential yield (o) was simulatedising the core equation of Acquacrop. The yield
underwaterlimited yield (Yw), was applied @eduction factor Fw), obtained fromGWSI mode|

and depending on thghotosynthetic system C3 or CPhe analysis presentéy ETC/SIA, (2013)

shows that the potential yield of C3 grass exceeds the C4 yields motthern half of Europand

in the mountainous areaklowever, under water limited conditions the C4 grass has a relative
advantage in those parts of the European plain where drought periods occur regularly in the
summer, especially in soil regions waHot of sandy soilsThe result get into the light the potential
productivity and under water limitatioBut, this study thenost productive crop is giant reed (C3),
followed by miscanthus (C4) and switchgrass (d4)e yield of the giant reed could hestified

with the high vigorosity and biomass production that has the crop in the Mediterranean zone and the
parameters factor found in the literatuire other hand, ecording tothe study ofNassi o Di Nasso

et al. (2011)n the Mediterraneaenvironmen, if water avaiability is not a limiting factor, a C4
species such as miscanthus would be able to optimise its biomass accumulation with respect to a C3
species such as giant reed.

Yi el d edgtoirmapteiroemni altso biino malsise ecofodipfmt a g e me o te
herbaceous craplevel 1 is thdowestproductivelevel because of the lower input. According to the
produced maps level, 2s the best option considering input and output (productivity). It can be
observed that productivity decreaseshe Mediterranean ea as the amount of watequirement

for the cropincreasegsee Annex A.14).
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In any caseseveralobservationshould be takemto consideration when modelling crop yields.
Concerning thenodel equatios) Todorovic et al. (2009)epored AquaCrop required less input
information than CropSyst and WOFOST, and performed similarly to them in simulating both
biomass and yield at harvestimgcording to the study of Elbersen et al. (2005), the practical yield
estimates of biomass grass¢éake into account soil quality but assume -himiting water
conditions.Richter et al. (2016) propose the yield estimation using an empirical model, observed
onfarm yields and remote sensing for miscanthusEuropean projectsB{omass Future and
AFCROPS),the biomass yield was estimated according to the-agvoonmental zone (AEZ).

Often the model usghe expected average yield of the crop to assess the rtiogtefore in future

studies, it is recommended to consider the production along the time.

In other hand, the conservative parameters considered were applied, such as harvest index (HI) and
WUE according to I|iterature and expertsod col
challenging given that little experience is available witlvesting these crops so far and the
expectation is that technologies will improve the HI.

Lewandowski et al(2015 cite that high-quality and representative field data are imperative for
reliable, high resolution, and efficient simulations of biomasslytion. But, until now there are

some limitations of data quality and availability.

- Theyield of perennial biomass crops are not included in national crop databases or in
Eurostat. Thus, some countries do report information on hectares of energy adaon
crops but do not specify the crop type or sometimes the energy crop area refers to the energy
maize area combined with perennials. As these crops are not yet grown on a commercial
scale, a solid database is far from exhaustive. Most of the resulte ¢ienn the plot and
various experiments whose results are difficult to compare since they followed different
experimental protocols. For these reasons it is still hard to find ad hoc dedicatfbaion
nonfeed grasses & crops categories in statistice. cbnsider also is the harvest
methodology. It still needs to be optimised and can cause loss of material. The actual
amount delivered to the biorefinery can be very different from estimated on the field,
because of mechanisation and losses during storing.

- For the assessment of the yield simulation of these crops, needs to be interpreted with
precaution, because in the case of perennials, the economic duration on the establishment is
still uncertain and the average annual yield very variable. Current piadulata of these
crops is hard to find as these are not available from Eurostat Farm Structural Survey nor
national agricultural sample and census data. Even if data on current land used for energy

crop can be available in the last census on agricuttameed out in 2010, the distinction
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between SRC or herbaceous perennials was not considered, because of the very few existing

crops

CONCLUSION

Using the core equation of AquaCrop modeiswossible t@stimate the production of the most
promising biomas cros for the whole Europeat NUTS3 level andor different yield potential and
yield under water limitationsSimulated yields reached a good level of agreement with observed
values from field trials in severabcationsin EU, thus making the resultf éhe model being

acceptableFigure 2.9eport the yield level simated by the model for each crop.

In general giant reedmiscanthus, switchgrassd poplamare the crops which show the hight yield

potentialaround EU.
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CHAPTER 3

Integrated approach for crop allocation based on land availability and

crop requirements

Foreword

This Chapter presents theomass potentials resulting from timeegration of yields and cost levels

for different perennial crops in different climatisoil and management situatioiibe purposes to

select three cremanagement combinations per regiavhich can provide highest yields with
lowest costs in unused land lurope. To realise the integration the results of land availability and
suitabiity maps specific per crop (Chapter 1) were combined with results for potential yield and
water limited yields (Chapter 2and production cost. The costs were assessed with an Activity
Based Costing (ABC) model, developed to assess thesidad\et Presd Value (NPV) per Mg

ha! of perennialbiomass. Thus, the yield, crop suitability, land availability and cost simulation
results were then combined to identify the best performingrrapagement mix per regi@md to

assesshe potential biomass produati (kton) inthe whole ofEurope on unused lands
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INTRODUCTION

In this chaptey the integration of all assessment results is described to come to a final selection of

the optimal crop mix per region in Europe and calculate the final biomass potentialddicated

perennial crops on unused lands in Europe. To come to this integrated result the following inputs

are taken:

The results derived from the CAPRI model based PO®DEL assessments on land
availability and on land suitability per crop type. Tlaed availability was assessed for
Technical, Base and Strickuitability Potential (UDO1). These three types of land
availability are guiding in generating the final biomass availability in these three potential
situations (Chapter 1).

The results of therop yield simulation for the 3 yield levels as described in Chapter 2.

With these inputs the following analysis steps were done:

Generate a database specifying per Nuts 3 region what mix of biomass crops is suitable and
which yield level is attainable aoaing to crop yield simulation, biphysical suitability

factors per management systems possible (high, medium and low input systems)

Use this database as input to run the activity based costing model to generate Net Present
Val ue cost ( perdrap typedmamagement sgstem bnsl region combination.
Identify per location the top 3 crapanagement combinations generating the lowest
average Net Present Value cost (uUu/ton d. m.
Match the postnodel land availability results for the 3 land poignsituations with the
attainable yield levels of the top 3 cromnagement combinations providing biomass for

the lowest cost. Calculate the total biomass production potential per region assuming an
even land distribution of the 3 crops over the landlalie per potential situation.

Generate biomass potential maps for dedicated cropping potential total and average

weighted cost levels and per type of biomass crop.

The inputs used are further discussed. This is followed by a description of the detailed

methodological approach use to implement the 5 analysis steps ssethadnove.

MAIN INPUTS

Land availability

The land availability was assessad described in Chapter fgr Technical, Base and Strict

Suitability Potential (UDO1). These three typeslarid availability are guiding in generating the
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final biomass availability in these three potential situatigks.discussed already in Chapter 1,
CAPRI baseline run results are only a strating point to ensure the land needed for feed and food
production ow and in 2020 and 2030 are excluded from the land potential for dedicatedTt¢reps.
purpose of the poshodel analysis of CAPRI resulisto identify the agricultural lands that remain
unused after satisfying the market demand for food, feed &rgkreration biofuel crops. The
demand for lignocellulosic biomass from the wider biobased economy, so for biochemicals, bioheat
and bioelectricity, has so far not been fully internalised into CA®RI thereforeghe baseline
resultsfrom CAPRI baseline daot reflect a full use of the land potentidlhe postmodel analysis

to investigatehe potential extension of unused land and its suitability for lignocellulosic eraps
carried out in 37 European countries at the Nuts3 IeMed identification of the uraed land
requires the elaboration of a land use balance approach comparing the land use situation in 2008
from CAPRI against thenein 2010,2020 and 2030l his postanalyses then results in 3 categories

of unused lands available for dedicated cropping@ximum unconstrained potential:
1. Unused land, which is land that was in agricultural use in 2008, but not in 2020 and 2030
2. Land that is left fallow ir2010,2020 and 2030 according to the CAPRI baseline.

3. Land already dedicated to new energy crops (NE&Rprding to the amount of advanced
biofuels that are expected to be based on dedicated lignocellulosic crops as exogenously
assessed with the PRIMES model (see above). These NECR lands are consistent with the
demand for food, feed and 1G biofuel crop dedsaaccording to CAPRbut do not cover a
wider biomass demand for bioheat, bioelectricity and biochemical which is evolving and is

expected to evolve strongly towards 2020 and 2030

To come to a final land availability per potential type applicatiorcrdakria constrain the land
availability. In theTechnicalpotential,the RED criteria are hardly relevant except for the inclusion

of lands that have been registered as agricultural since 1990 and lands that are not used for
productive activities in ordeo avoid indirect land use change effects. The user defined potential is
the most strictly restricted onEurther details on how the land availability for the Technical, Base

and User Defined potentials was assessed is presented in chapter $tafiyhis
Land suitability

Crop-specific suitability maps were generated for each crop based on the variability of biophysical
factors such as climate, soil properties and topographical asgec®hapter 1 it was extensively
described how the suitability ¢and for the whole of Europe per crop type was determined and
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mapped. The combination of land availability and land suitability results in a database providing
information of the land availability per Nuts 3 regions and for the land available a mixeoinpsr

crops that can potentially be grown on these lands. It does not provide information on which the
best performing crop is for these lands as this depends on the yield performance which was the next

analysis step that needed to be done and thatsemgesl in Chapter 2 of this report.
Crop YieldEstimation

A crop yield simulation was done for all 8 perennial cr@$erbaceous an8 SRC cropsks is
described in Chapter 2 of this repofhe AquaCrop model developed by FAO was usedt and

fed with phenological parameters per crop and detailed weather data to simulate the crop growth in
all European Nuts 3 regions. Yield levels were simulated for a maximum and diméit yield
situation and further converted to match with low, medium laigd input management systems.

The results were included in a database containing these 3 yield management levels for all 8
perennial cropsit NUTS3resolution andevelsare expressed in tonnes (dry mattér)addition to

the yield levels irrigation wateequirements per yielthanagement combination are also specified.

METHODOLOGY

An integrated approackas implemented combinirtge results of land potential and crspecific
suitability (Chapter ) andthe cropyield results(Chapter 2andcrop yield sgcific production cost

The integration of crop suitability data with crop yield and cost levels generates a database showing
per NUTS 3 regiosithe hierarchy otropmanagement combinationghich can provide highest

yields with lowest costand vice versan unused land in Europat nuts 3 leve(SeeFigure 3.).
Combining the yield and cost levels of the top 3 of best performingrmesfagement combinations

with the land potentials then results in a final dedicated cropping potential for bionaatestinical
potential; a base potential considering currently applied sustainability practices;used defined
potential for 2012, 2020 and 2030his potential can be expressed in tdi@mass production
(ktonnedrymas¥and i n aver agetondrgimageght ed cost (u/ Kk

74



Figure 3.1 Integration of CAPRI land availability for dedicated biomass crops with S2BIOM yield
and production cost level assessments to estimate herbaceous and SRC biomass cropping potentials.
Source: S2Biom Project (Dees et al., 2017a)
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A more detaid overview of the analyses steps followed to calculate the final biomassuppst
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potentials for dedicated biomass crops in Europe will follow here and the description is supported

by the schematic overview in Figure 3The following steps werdollowed

- Determine for thainused land potential§) what mix of biomass crops is suitable and (ii)
identify the location which vyield levels attainable per suitable cropnanagement
combination(high, medium and low input systems)

- Calculae for all cropmanagement combination suitable per regionNké Present Value
cost (u/ton d. m.).

- ldentify from the cost calculation resultger region the top three cromanagement
combinations generating thevestNet Pr esent Val ue cost (u0/toc

- Match the CAPRI and RED constrained locations with the attainable yield levels of the top
three crops and calculate the total biomass production potential per nuts three regions
assuming an even land distribution over the different suitable cuopsthe average
weighted NPV cost for dedicated biomass

- Generate biomass potential mapsl a final databader dedicated cropping potential total

and per type of biomass crop.
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Figure 3.20verview calculation in this studyf land availability land suitabity, crop yield and production

costfor lignocellulosic biomass crop a NUTS3 level.
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Calculation of the Net Present Value cost for lignocellulosic crops

1. Development of the activity basé costmodel

For the calculation of cost of dedicatemping biomass an exebhsed Activity Based Costing
(ABC) model(Schrijveret al., 2016; Dees et al., 2017ajas developed tanalysethe road side
costpertord r y mas s .(The/castoinonlycovared) in this model up to the farm Jdte.
modelwas developedh Excel based Macroand consist of different input and calculation sheets
The ABC model covers the whole production process of alternative piaduoutes that can be
divided irto logical organisational units, i.e. activities. The general purpose of this model is to
provide minimum cost prices for the primary production of biomass feedstock at the road side. ABC
generates the costs of differemngponents based on specific input and output associated with the
choice of the means of production, varying with the local conditions and cost of inputs (e.g. labour,
energy, fertilisers, lubricants etc.). Since the production of most biomass is spreaskvemsl
years, often longerm cycles in which cost are incurred continuously while harvest only takes place

once in so many years, the Net Present Values (NPV) of the future costs are calculated.

In order to assess the cost of a dedicated crop petidocan Europe, 8 interrelated excel
worksheets in the ABC model need to be filled. This enables calculation of dedicated biomass Net
Present (NPV) cost per type of crop, in ay@@r cycle for every Nuts3 region in Europe for low,
medium and high input nmagement systems. The plantation lifetime per crop type assumed is as
follows: 12 years for SRC willow, poplar and eucalyptus and cardooriangars for perennial
grassesAn overview is given of the 8 model modules involved in the calculation afiédeated

crop is given inFigure 3.3and consists ofCrop input 1, Crop inputs Zr op 1 nput s 3,
i nput s o6, OMachinery inputséo, 60Task Time Acti

detail of sequences calation in ABC cost model for dézhted biomass crops, semgure 3.3.

The general purpose of this model is to provide minimum cost docelke primary production of
biomass feedstock at the road side. Road side cost is presented as NPV per annum and expressed i
U per Inpemnialsmrops cost simulation, all cost can be allocated to the final product which

is the biomass (including land, machinery, seeds, input costs and on field harvesting costs)
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Figure 3.3

Overview of ABC cost calculation model for dedicated biomagsscro

Source:Schrijveret al., 2016 an®ees et al., 2017a
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2. Apply the ABC cost model to calculate NPV cost for all cropnanagement combinations

per NUTS3 regions for whole of Europe

As main input into the cost calculatiadhe output of yield crop simation from chapter as used.

It coverd three types of yieldevels for threanputmanagement lev& high, medium and low
input accordingo the ruks presentenh Table 2.6(ETC/SIA, 2013. The 3 yield management level

combinationsare inputinto the ABC cost modelko assess the Net Present Value (NPV) cost for

dedicated cropg-igure 3.3).
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Costyield combinations per crop and management system

The final results of the assessments provide an overview ofyaglst combinations for the three
managemenevels assumed. They have been generatdte&UTS3 level as becomes cldanm

Figure 34 andFigure 35. At the national levelthe results are presentedAnnex 2 Note that the
results in the Tables do not take account of the soil and climatitnigrfiactors. An important
difference occurs between the cost of medium and high yields. This is mostly caused by the high
irrigation cost thatire needed to close the yield gap between a watiged yield and a maximum

yield. This high cost differences ionly seen in the southern European regions where precipitation is
limited and irrigation can make a big difference in final yield. From an economic perspective one
can however conclude that applying irrigation is not rational as the additional yieldndbes
compensate for the extra cost required. A small yield increase brought about by irrigation can

already increase the cost by a factor 10.

Cost of irrigation are high because it requires high investment cost in irrigation installations, fuel
inputs forthe pumping of water and it needs to be done several times a year, while most of the other
activities have a much | ower frequency. The
countries, which can be regarded as conservative as in severahtdppsage countries prices of

water can also be expected to increase and it may become common practice to charge farmers for

irrigation water consumption, which until now is not common practice.

In the cost model irrigation cost were calculated applyimifférent technologies of which 3 were

hose reel system with small to very large pumping capacities and a solar drip irrigation (20 ha, 75
kW el. Pump). The first hose reel systems are much cheaper leading to low machinery investment
cost, but require aot of energy for the pumping of all irrigation water. The solar drip irrigation
installation has very high investment cost, but does not need any fuel input. So the energy cost are
zero, but the machinery cost are extremely high. The cost of irrigatiamieeparticularly high
because irrigation application needs to be done several times a year, while most other activities take
place in a perennial plantation once a year or less (e.g. sowing/planting, weeding, fertilisation,
harvesting). All options for d¢eulating irrigation input result in very high cost levels. They confirm

that irrigation in dedicated perennial cropping is just not an option, not even where it can lead to the

doubling of the yields as the cost will increase by 20 times at least.
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Figure 34  Miscanthusyield and cost levels for 3 different management systems (masks for regions unsuitable for these crops given soil and
climatic limiting factors)
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Figure 35 SwitchgrassPanicum virgatuyield and cost level for 3 different managem&ygtems (masks for regions unsuitable for these
crops given soil and climatic limiting factors)
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3. Identify the crop management mix with the lowest production cost

The crop suitability, land availability armroductioncost simulatior(including yied crops)results
were then combined to identify the best performing er@gmagement mix per regi@nd to assess
the potential biomass production (kton) iar&pe on unused lands

PerennialBiomasscrop allocation

Generical presentation in the mapsgure 3.6 shows the sustainable allocation approach for all
crops shared in North EU, Centiahst EU, Centralvest EU, Souttwest EU and Soutkast EU.
According to the result, it is possible to identify the distribution of the creps, in the
Mediterraneararea the cardoon and the giant reed, in the part of north requiring a climate a little

cooler, reed canary grassvitchgrass and miscanthus and will&poplar.

Figure 3.6 Allocation for the all lignocellulosic crops Europe.

North EU
switchgrass, RCG,

miscanthus, willow, poplar

Il Central-East Europe
I central-west Europe
North Europe

| South-East Europe
e ) @& Central-East EU
B N switchgrass, RCG, poplar,
Central-West EU T - willow
switchgrass, miscanthus,
RCG, willow, poplar,

giant reed, cardoon, eucalyptus,

South-West EU
giant reed, cardoon, switchgrass,
switchgrass, miscanthus

South-East EU ]
miscanthus, eucalyptus

.\t

Bestresulting crop mi per region

Mix-Rank allocation approach: selection of three s@pNUTS3 levell i guraenf3 g r e
3.¢how the maps-rank ha lctrlwompestinmecxt i © n) according
suitabil i tay aialngdw]lEatidinttying ua) ateywc h admi ni str af
(NTS) .
By combining the yield levels, the cost level and the suitability masks per crop type, it could be
determined per region what the best enopnagement mix would be.
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In Figure 37 the ranking of the top 3 ap-management combinations generating the lowest average
Net Present Val ue c o sthecasdiof lbwinput thanagement systit)r e s e n
which links to lower qualitylandsoften characterised amarginaé Therefore, ér the low input
systems, the best crop choice the SouthWest and Soutltast ofEuropethe crops selected are

mostly for perennials grasses, particularly for switchgnasscanthus, giant reed and cardoamg

for CentratWest and CentreEast of Europe RCG, willow, sthgrass and miscanthu=or North

Europe, the crop selected are between switchgrass, RCG and miscaothustance, in Italy

Bologna (ITH55code) the crops selected are switchgrass, miscanthus and giatséethe SRC

types, these are selectedraich lower frequency in the top 3 of low ingutl) crops in this study,

because of the higher production cost.

In the medium and high management systemsL@)? the ranking of cnps in SouthiWest, Central
Westand CentraEast EU have similar selectiof Iol but with input management level L2, while

for SouthEast EU were selected the crops L2 (swgtelss miscanthus, cardoon,ayit reed) and L3
(miscanthus)for North EU were selected L2 (switchgrass, RC@&aanthus) and L3 (switchgrass),
more detailm Figure 38. For instance, in the UK and Ireland there are a lot of wil@selected

as the first crop, and in the second and third choice, there are an overall increase in swlti@hgrass
and RCGL2.

Thus, h most cases the choices are all inriediummanagement clagk?2), but sometimes in the
regions of the western Balkans and Turkey there is also some high(ll3pumiscanthus systems

chosen athesecond or third option.
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Figure 3.7  Top 3 of cheapest crop mixes for low input systems
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Figure 3.8 Top 3 of cheapest cramanagement mixes for medium and high input systems
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RESULTS

Perennial Biomass Potentiah Europe

The results of this modelling approach will be the core database knowledge for optimum allocation,
identifying the most suitablbiomass crop mix for every location in Europe considering the costs.
Thus, it requires an integration of several sections such as the land suitability, land availability, crop
yield and production cost sections in one model or in a chain of méddlade 3.1 selected crops

are shown in percentage value according to the potentials for all countries of this study, thus, the
plants as miscanthus and switchgrass (photosynthetic system C4) are the most selected crops, this tc
a range of adaptability and tkembinations of phenological characteristics. The less selected crops
are cardoon, poplar and eucalyptus. Table 3.1 shows the contribution share in mix crops selected for

the three potentials and projections to the year 2020 and 2030.

Table 3.1 Summary ofresults for TechnidaBaseand UDO1 Potential to the year 2012
2020 &2030in low-quality lard amount for 37 @untries.

Year misc switch giant_reed rcg cardoon  willow poplar  eucalypt thgtglm

Technical] POLTECH 2012 40.2%|  42.5% 8.3% 8.0% 0.2% 0.5% 0.0% 0.3%]| 142398
p%ctemi—ﬁ Pot_TECH_2020 39.1% 42.0% 6.8% 9.1% 0.2% 2.1% 0.0% 0.7%| 158871
Pot_TECH_2030 3850  42.4% 6.5% 9.4% 0.2% 2.3% 0.0% 0.7%| 160768

Base Pot_BASE_2012 39.4%|  42.7% 8.9% 7.8% 0.2% 0.6% 0.0% 0.4%| 85926
potential | Pot_BASE_2020 38.0%|  42.1% 6.9% 9.3% 0.1% 2.7% 0.0% 0.9%| 99467
Pot_BASE_2030 37.4%|  42.4% 6.5% 9.7% 0.1% 3.0% 0.0% 0.9%| 101653

L(Js?r?clt Pot_UDO1_2012 39.6%|  43.3% 8.6% 7.8% 0.2% 0.3% 0.0% 0.2%| 67998
suitability| Pot_UDO1_2020 37.7%|  42.2% 6.7% 9.6% 0.1% 2.8% 0.0% 0.9%| 82129
pot) | Pot UDOL_ 2030 37.0%|  42.6% 6.2% 10.0%|  0.1% 3.1% 0.0% 0.9%| 84906

The share of perennial biomass supply in the 37 countries in 2020 is estimated at 99.4 million
tonnes dry matter and to 101.6 million tonnes dn2@30 (Table 3.2, according @ the Base
Potential in Low quality released land (more detail dataAseex A.13for UD01-2030 potential in
low-quality land).Elbersen B. et al. (2013) reported 75.5 Mton (million ton) in reference scenario,

while 51.6 Mton under sustainability scengmuamody and grasses crofs)EU27

Assumptions for low quality land, theput management level Low (L1yas applied, while for

high quality land, were appliedput management level medium (L2) & high (L3)
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Table 3.2Total perennial biomass potentialit) and neighboumg countriegdKton dm
for the Base potential (BP) in 2020 and 2030 in-tpvality released landKton = kiloton

NutsO

NutsO

Country (code) 2020 2030 Country (code) 2020 2030
Albania AL 1072 1072 Lithuania LT 1271 1255
Austria AT 162 166 Luxembourg LU 20 27
Bosnia & H. BA 3811 3755 Latvia LV 541 563
Belgium BE 292 379 Moldova MD 508 508
Bulgaria BG 2679 1921 Montenegro ME 131 128
Cyprus CcY 263 257 R. of Macedonia MK 791 790
Czech Republic Ccz 1083 1289 Malta MT 10 12
Germany DE 1588 2796 Netherlands NL 209 363
Denmark DK 258 244 Poland PL 5861 6292
Estonia EE 315 293 Portugal PT 1201 1050
Greece EL 1105 1139 Romania RO 11052 11154
spain ES 19059 19682 Serbia RS 1723 1653
Finland FI 389 510 Sweden SE 342 415
France FR 4672 562 Slovenia Sl 9 23
Croatia HR 74 70 Slovakia SK 354 379
Hungary HU 2720 2935 Turkey TR 19127 18395
Ireland IE 287 256 Ukraine UA 7097 7097
Italy IT 6057 5499 United Kingdom UK 1360 1607
Kosovo KS 1975 2056 Total 37 countries 99468 101653

Spatial dstribution of biomass potentials from perennial crops at NUTS3 level

The results of land availability potential, crepecific suitability and yield & cosre integratedh
order to estimate the potential biomass production (ktoBuimope
In the following map the perennial biomspotential is displayed per administrative region (Nuts3
level) and the amount is expressed per unit of Igsek Figure 39). Perennial biomass crop
potentials (PBC) are largest in several regions in central Spain, TurkewiaB Bulgaria and
RomaniaIn these regions, thesrelarge unused land resouscreadysince2012. The potentials
shown for 2012 are basically only pinpointing to the regions with a large unused land resource as
assessed in this study based on thé°’RAland use requiremenighile large development of real
dedicated cropping plantations for these locations have not been confirmed by cropping statistics
sofarlt is therefore more interesting to look at potentials for PBC in the intermediate futur@ 202
(seeFigure 39) and 2030 (seAnnex A.13 for UD01-2030 potential in low quality landYhetrend
is towards a large increase in unused lands towards 2020 and a slight decline again2@8¢ards
The largest PBC are mostly found in Spain, most CEECt(@leand Eastern European Countries),
western Balkans, Turkey and UkrainEhese potentialsemain however most uncertain as they
require serious collaboration and investments to bring abandoned agricultural lands in production
again
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Production Cost andPotentials

All cost presented in the maps for agricultural biomass types was calowittate Activity Based
Costing (ABC) model using the output from crop yield simulation from perennial biomass (Figure
3.4, Figure 3.5). The cheapest crops are idgntfand described in Figure 3.7 and Figure 3.8

Poplar was the least popular in the st because as compared to willow and also eucalyptus it
generally delivers lower yields in the same locations. This lower yield can be explained by two
phenological factors which according to the literature research presented in Chapter 2 are lower for
popplar then for willow. They concern the harvest index (HI) and the Water Use Efficiency (WUE).
Both factors have an important influence on the simulated yield levels which were inputasthe
calculation The result shows the cost of poplar is a gligiigher in some cases compared to
willow (Annex A 1.4).

The figure 3.10shows the average production cost of the three perennial biomass selected, for
instance, according the maps for Base potential the big share are betwéén 251/ t on d. m.
the countries withc o0 s t potenti al mo r ebetwebnRomania &Bulgaria non d
SouthCentral East Europe w&den &Finland in North EUand Germany &Belgium in Central

West EU.

Figura 3.10 Shows the aver&y pr oduct i on c o s tyofthé seleacted mid . m. )
crop in Europe and neighbouring countries for the Base potential (BP) to the year 2030.
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In perennials crops cost simulation, all cost can be allocated to tHepfoduct which is the

biomass such asachinery, seeds, input cesgstablishment, fertilizationveed, irrigation) and

field harvesting costsFor instancehe fraction contributiorin input management L1 & L2 the

establishment and fertilization sum the-73% of the total poduction cost, while for LtBe

irrigationin some cases is greater than 75¥%ihe total poduction cost.

In table 3.3 show the production cost for selected crops for low and high quality. The countries
where there isone NUTS3 code, the minimum and maximum is the same value (e.g. AL, LU, MD
and ME). The average cost levels identified in tables in Annex A.14 shows an overview of yield

cost crop combinations for the three management levels assumed at national level, without

considering land suitability.

Table 3.3Shows the production cost minimum andxma mu m

(u/ton d. m.

crop in Europe for the Base potential in low and kaglality released land.

Cost- High quality land | Costs Low quality land Cost- High quality land | Cost- Low quality land
NUTSO — ) — Mo d NUTSO — _ — )
Min di HQ Max di HQ Min di LQ LO MindiHQ Max diHQ| MindiLQ MaxdiLQ

AL 234 234 32 32 LT 38 39 48 51
AT 26 182 37 335 LU 46 46 64 64
BA 102 102 24 24 LV 24 26 35 38
BE 29 42 45 68 MD 18 18 23 23
BG 30 796 33 38 ME 185 185 26 26
CY 35 35 44 44 MK 21 372 23 28
Ccz 23 35 34 52 MT 87 88 115 116
DE 42 285 55 274 NL 48 166 67 273
DK 62 70 84 98 PL 23 155 31 50
EE 29 29 44 45 PT 37 60 48 66
EL 44 147 49 175 RO 33 440 36 46
ES 40 1020 44 75 RS 19 309 22 27
FI 314 678 97 443 SE 55 290 81 143
FR 41 217 51 94 SI 50 59 72 91
HR 21 26 26 30 SK 21 25 29 36
HU 31 34 36 40 TR 32 1996 30 51
IE 51 55 72 80 UA 16 285 19 29
IT 45 112 52 129 UK 39 91 53 149
KS 197 197 29 29
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CONCLUSION

The potentials resulting from the analyses in which land availability is combined cvath
performance potential in terms of yields and cost shows that indeed there is a large potential for

dedicated crops in many regions in Eurapgery varying cost levels

For low-quality land thededicated biomass crop potentahounts to67 amd 101 Mton d.m.
respectively for theyear 2020and 2030 forthe whole of EuropeThereis alarge unused fad
resource already since 20tat the mobilisation of this potential is only just starting.

In terms of crop mix, results also show that miscanthusclkgiass and giant reed are the most
attractive crops as they can provide highest yields with lowest costs in unused lands in most regions
of Europe. The resultsf this study are a good basis for gettimgratial understanding of the type

of crops that @ most suited to be used for starting dedicated cropping plantations is all regions in

Europe.

The results presented here confirm that interesting yields at acceptable cost can be reached with
perennials crops in unused lands in most regions in Eurdperdgions with the cheapest crop
potentials areéSouth and Central East EWhus,there are regions that have a higher potential for
affordable dedicated cropping potentials and these regions are mostly concentrated in CEEC,
western Balkan countries andria@n southern European regions as long as precipitation levels are

high enough (>600 mm/year) and stable.

This studyalso provide a goodoverview of cost that need to be made to produce the biomass with
different crop mixes in different regions in Epe This information can be helpful making initial
calculations of the economic feasibility of setting up biomass delivery chains based on dedicated

cropped biomass and where regions are with lowest production cost.

This study simulated a potential amouwft biomass calculated on the availability of land for
perennial biomass cropshe approach taken in this study took account of biophysical conditions,
production cost and crop yield performance for as far as information is available on the

phenological chracteristics of the crops and field trial performance.

There are however several factors which have not or unsufficiently been addressed in this study and
therefore the results of this study should be interpreted with care and can gain from furtinei resea

work in the future
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1) Although the activity based costing model developed in SRB#lows for highly detailed
cost calculations and national variations in main input cost have been taken into account, it
remains an impossible task to cover the widerditqe of harvest and collection practices in
Europe. Cost calculations made in S2BIOM need to be regarded as average cost which in
reality can still range very strongly between countries and regions.

2) It should be readed that the cost calculated here oobtwer the road side cost. These are
only part of the cost and one should realize that still manyneestso be made to bring the
biomass from the road side to the gate of the conversion plant. So to get a full picture of the
at gate cost, more informan is required which is chain and location specific and requires
additional tools and information.

3) Activities related to establishing the contract (transaction costs) and other overheads are not
(yet) accounted fofThesecostk can be quite substantial.

4) Cost are calculated here only indicate towards the minimal price that needs to be paid to
cover the cost of the residues. In realityere are also biomass types, such as for cereal
straw, that have already a large market demand. The road side costraless meaningful
while the real price setting is to obtain a good idea about cost that need to be made to buy

the feedstock.

Evaluation of crop yield and cost production in differegionsand on a large scale avae option

for the provisioning ofeedstock for the large European ambitions for a biobased economy aimed at
decarbonising the economlyargescale production of dedicated perennial biomass crops is still
very limited in EuropeTo mobilise the unused land potential in Europe a clear Kttron and
regulation policy needs to be developed to also come to a sustainable production of biomass.

However, for the mobilisation of this potential policy stimulation and regulation is necessary

The study presented here showed what the implicatiandd be for applying widely the RED
sustainability criteria. It actually confirms that if these criteria are applied strictly, like is the case in

the base potential, there is still a very large biomass resource that can be produced on unused lands.

The differenceto the year 2030 between theTechnical and the Base potential in which land is
constrained by RED criteria leads to a reduction in the potenti8B8% as compared to the
Technical potential. The difference between Base and the more striclefised potential id41 %.
The influence on the crop mix is smaller, but small differences between the pota&lEable
3.1).
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However, at this moment there is practically no market demandefdicatedperennialbiomass
Mobilising this type of biomss on unused lands while at the same time ensuring that RED criteria
are met and indirect adverse effects on land use and biodiversity are avoided requires additional
policy measuresFirst, financial incentives are needed for stimulation of dedicategiagpmn

unused lands provided it can be verified that these lands are indeed not needed for food production
and their conversion does not lead to loss of ecosystem serSigesnd, more effort needs to be

put into the development of advanced biofuels atiger highly efficientlignocellulosic biomass
conversion technologies tocrease the market demand

There is alsoneed for improvement in the technologies boeeding, managing arabllecting and
processing all theledicated biomassfficiently. Comple& logistical arrangements are required to
bring the usually bulky biomass sources together, and to increase the energy ddribetigdant

gate. Furthermore, joint and organised action at a regionalitexegjuired to set up stable biomass

delivery chains including local policy support and planning permission.
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General Conclusions

| <

from abandoned to recovered land through the deployment of resilient biomass crops
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Main conclusions

Although much work has alreadgén done on studying yielding capacity and soil and management
combinations of perennial biomass crops in Europe in field trials a full extrapolation of the yielding
capacity of these different crops for the whole of Europe has not been made betorsme
applies to the cost of producing biomass with peiss. Cost estimates are still scarce and many
cost factors are challenging to estimate particularly at regional levels for all countries in Harope.
this respect the work presented here is noviet fiesults can give guidance to the choice of crop
management combinations in different regiohise conclusionsirereferring to the main outcomes

of the work presented in Chapter2land 3
Unused land availability in Europe

Our assessment showed thaspite of the fact that land is a scarce resource world wide, there
are still many lands in Europe that remain unused and that are potentially available for the

production of biomass with dedicated crops.

The starting point of the assessment made haethat agricultural land that remains unused

now or in the future because they are not required for food and feed production anymore and can
be regarded as o6épotenti al -fbodusessThe réason fordeavingna s s
lands out of fod and feed production is usually because yields reached are too low and cost do
not meet the market prices paid for the conventional agricultural products fasroesce.

There are more reasdrowever, but in this study in which CAPRI market model outpas

used as a starting point for the posddel assessment, this is the key starting point. From the
CAPRI baseline calculations, it becomes apparent that this abandonment of land by agriculture is
expected to be quite significant particularly in certagions in central and southern Europe
where land uses in 2010 are significantly larger than in certain regions in 2020 and 2030.

In EU28 the Total Polygon Area is 422.4 Mha, that is covering in average around 40% of UAA.
Besides NofEU countries consided have 161.4 Mha total polygon area where the UAA cover

in average around 50%. The result of unused land shdwechnical potentiafor EU28-2030

has about 19.9 MhaMeanwhile,Base potentiashows the RED criteria effect (reduction land,

e.g. exclude mtected area) thus, the prevention of the loss of highly biodiversity areas or areas
with high carbon stocks are not used for dedicated cropping was made. In this way, it is possible
to estimate the amount of land availability 8ase potentiafor EU282030 has about 15.2

Mha. The lowquality land category as land most sustainable to produce perennial biomass crop

and highquality land is expected to be used again for feed and food agriclhgecountries
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with the largest amount of unused land in lih&-quality category are Spain, Romania, Poland,
France and lItaly.

Suitable crop mix per region

The suitable area depends primarily on crop agroclimatic and biophysical request. The result of
land suitability show mamask generated at NUTS3 level resauati that indicates the
suitable/unsuitable according to biophysical variablE®m the perspective ofsuitability

Climate the crops preserda wide range ofadaptability in the wider EU and neighbouring
countries are miscanthus and switchgralsssome ases, the suitable lafior a specific crop is

larger than expected, this may be due to the parameters considered, which were limited by the
database, but serves as a basis for future estimates and simuftitetslity from attainable

yield perspective the high variability of distribution shows the difference in adaptation
between selected crofSuitability from cost perspectiyéhatcan be drawn is that irrigation is

not likely to be economically feasible most perennial plantations and thereflkely to be

less of an environmental threat too. It implies however, that if dedicated cropping is to take
place in southern Europe there is an evident need to find perennial crops and varieties that are
strongly drought tolerant and water use efficient.

Final potential for dedicated crops

The study presented here showed what the implications would be for applying widely the RED
sustainability criteria. It actually confirms that if these criteria are applied strictly, like is the case
in the base potentiahere is still a very large biomass resource thatlmproduced on unused
lands.The difference to the year 2030 between the Technical and the Base potential in which
land is constrained by RED criteria leads to a reduction in the potential of 38.88maared to

the Technical potential. The difference between Base and the more strict user defined potential is
11 %. The potential of perennial biomassipply in the 37 countries in Base Potentgl
estimated at 101.6 million tonnes d.m. in {quality released land=urthermorethe projections

for 2030 for rennial biomass cropould bemostly found in central Spain, TurkeiRomania,
Poland, France and Italyln these regions, there derge unused land resouscalready since

2012.

The identificaton of the best mix crop in terms of yield and cost level, for the countries with the
future higher availability of land for the dedicated crops were switchgrass, miscanthus, giant
reed anccardoon in Mediterranean areahile under North Europe conditiomere obtained by

RCG, willow, switchgrass, miscanthus.
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Limitations of the study and recommendations for further research

Although the work performed delivers already some interesting observations, the results of the yield

and cost level estimations for tlfferent dedicated crops can certainly be further improved in

methodology and data inputs in the future:

The experience with growing biomass crops in Europe is still limited and crop simulation
input data were mostly based on field trial information frmmited number of locations.

The yield simulation work done in this project was based on data available, but much more
experience and field trailing is necessary to obtain more reliable crop yield response
understanding, particularly in more marginataomstances in Europe. Estimates of cost and
yields for dedicated biomass crops should be based as much as possible on larger scale field
experiences in the relevant bbmatic circumstances. The more field experience there is,
the more reliable yield émates can be made for the whole European territory using crop
yield simulation models.

In this study,no attention was paid to performance differences for different varieties of the
same crop. For the crop simulation work crop phenological parametersaken that refer

to an average crop performance not taking account of all variety characteristics that may
exist. The simple assumption was made that the crop used in every region was chosen
according to best performing varieties of the crop. So fomela for southern Finland a
switchgrass variety was chosen that proved to be best surviving in cold winters and short
growing season.

Since there is still relatively limited experience in Europe with producing these crops the
costing of growing these qos is also rather immature. The experiences with specific field
activities and also the machinery available are still limited and in development. Exact
knowledge on management of the dedicated cropping systems can be improved when field
experience is furir incorporated in the cost calculation.

Currently limited cost are assumed for the preparation of the field before establishing the
crop, while this could be very challenging in lands that have gone out of production for a
longer period of time and/or arearginal or low productiveThis aspect certainly needs

further investigation.

In additions to the limitations in data and experience it is also very challenging to make reliable

predictions on the mobilisation of dedicated crops on unused lands. Guiiggrdcellulosic and

SRC crop production areas are very small. Whether the potential from these crops will really be

mobilized depends on many factors which werecootpletely taken into account in the
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assessment of the potentials for dedicated cmsie of the main factors determining future

mobilization are summarized underneath:

- Access rights to lands;

- Uncertainty about establishment cost, particularly on the more marginal lands

- Uncertainty about economic returns as experience with growing tloese biomass crops
is very limited and is mostly in the stage of field trials. Some European wide scattered
commercial experiences exist which sofar have not been proven very successful (e.g. RCG
production in Finland). Uncertainty about economic retusnsifluencing the interest of
land owners and/or investors;

- Loss of flexibility by the farmer to decide on his/her cultivation plan as the plantations
usually have a lifetime of between 10 to 20 years

- Unclear arrangements regarding CAP payment rightscdrtain EU countries when
agricultural land is planted with SRC crops for a longer period of time

- Opportunity to setup optimal logistical biomass delivery chains making collection cost
effective requires cooperation between different actors in the sapgalg not only several
biomass providers (farmers), but also the conversion industries

- Ensure minimal feedstock delivery and security of supply which can only be realized if
several farmers together invest in dedicated biomass cropping activities ggane r

- Ensure that no other (currently unidentified) ecosystem service are lost when converting the
land into a perennial biomass plantation

- Ensure that GHG mitigation potential of the full chain biomass delivery chain in which the
dedicated biomass is e is large enough to compensate for the several fossil alternatives.
This requires a full GHG lifecycle assessment for concrete biomass delivery chains taking
the wide diversity of biobased energy and materials that can be generated into account.

- Most d these factors were not taken into consideration because they are difficult to predict.
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Annex A.1L: Utilized agricultural area and CAPRI result forused landy countryin 1000ha

Year2010 Year2020 Year2030
Country Total polygon R(T{I;adsed Released R‘T{';ZSEd Released RT::Eed Released
country area UAA Fallow land (good UAA Fallow land (good UAA Fallow land (good
NutsO (1000 ha) (med/low Q) (med/low Q) (med/low Q)
Q) Q) Q)
AL 28786 12252 197.6 1383 12140 2107 1475 12343 2108 1475
AT 83944 31257 28 17 31808 0.4 57.7 57.4 31123 15 57.9 57.0
BA 51212 21683 5175 3623 22118 5172 3621 22193 509.7 356.8
BE 30667 14084 6.9 5.7 14270 5.0 59.9 559 14285 21 818 80.1
BG 110995 50564 1843 1298 128 52418 1808 2547 1319 51768 1101 2037 1294
CcY 9249 1641 207 9.9 167.0 234 134 22 164.8 242 118 0.2
cz 78874 40637 1397 1095 40892 951 1452 69.2 40332 1200 164.6 67.9
DE 357493 172446 16.0 133 173251 18 3703 3689 172682 4.1 6509 6474
DK 43167 27180 0.2 0.2 26619 0.3 61.9 61.6 26612 0.1 587 58.6
EE 45338 836.7 316 245 4.0 8316 317 60.2 357 8316 294 56.0 332
EL 132027 42781 3812 1420 42947 2529 1260 325 42996 2903 1129 6.0
ES 505983 253489 29731 14790 259524 24531 16062 3773 259543 24750 16933 4587
Fl 337547 23415 2450 1548 23915 1522 1601 632 23915 207.0 18638 54.1
FR 638047 292249 1701 1369 294954 1777 659.9 5156 293654 1446 867.0 7486
HR 56429 13782 14.0 11.6 14 13522 119 8.3 13523 113 7.9
HU 93013 57497 2885 2057 57913 2606 3593 1739 57568 2912 3652 157.7
IE 69946 43161 0.4 04 42646 0.1 925 924 41793 0.3 821 819
IT 300578 139422 3148 2219 141212 3147 7333 5113 137617 2955 6531 4457
KS 10907 606.7 3093 2165 0.0 5940 3418 2392 6086 3558 2490 0.0
LT 64899 29572 995 845 29728 82.7 2449 1747 29727 68.3 2554 1974
LU 2595 1149 0.1 0.1 1231 0.1 5.0 4.9 1216 0.0 7.0 6.9
LV 64586 19034 635 517 19246 60.9 87.8 382 19148 56.6 982 522
MD 33855 1940.0 1517 1517 1940.0 1517 1517 1940.0 1517 1517
ME 13882 5103 182 132 0.2 497.7 19.6 137 5037 191 134
MK 25433 12648 1309 91.6 12740 1271 89.0 12832 1269 8838
MT 315 109 05 0.8 105 0.6 0.5 105 0.7 0.6
NL 37379 19234 22 2.0 19465 0.8 516 50.8 19465 915 915
PL 311928 167346 5364 4102 170529 2980 11877 960.6 170529 2355 13492 11660
PT 91887 32345 3348 1498 31741 1955 1130 251 31143 1577 1061 34.4
RO 238368 138790 12922 8820 141082 10279 11087 407.6 140639 10758 11125 3899
RS 77485 48927 2409 1686 48967 2951 2066 49898 2830 1981
SE 449718 31040 117 8.7 31057 18 9838 97.4 31057 6.0 1173 1127
Sl 20267 4945 04 0.2 4979 0.3 3.7 3.6 5083 0.2 95 9.4
SK 49026 21879 36.6 284 21469 27.1 517 30.7 21163 26.8 584 381
TR 772056 382089 31489 22042 0.0 391418 33537 23476 0.0 388740 32043 22430 0.0
UA 601057 286767 9801 16081 16081 286767 9801 16081 16081 286767 9801 16081 16081
UK 244574 160530 16.0 14.3 161205 22.6 2850 2649 161206 15.7 3489 3351
Total 6083511 2647333 127267 92339 17782 2676635 115252 131726 63671 2665608 113396 138647 72200
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Annex A.2 Results of Land availability for the threetentialS2Biomby countryin 1000ha.

Technical ptential (1000ha)

Base potential (1000ha)

Strict Suitability Potential (D0O1) - (1L000ha)

Year2010 Year2020 Year2030 Year2010 Year2020 Year2030 Year2010 Year2020 Year2030

NutsO LQ HQ LQ HQ LQ HQ LQ HQ LQ HQ LQ HQ LQ HQ LQ HQ LQ HQ
AL 336 358 358 168 179 179 158 169 169

AT 45 58 57 59 57 2.6 29 28 29 28 1.0 28 28 28 28
BA 880 879 866 440 440 433 414 414 408

BE 13 65 56 84 80 11 56 48 72 69 4.9 52 48 70 69
BG 314 13 435 132 314 129 226 8.9 302 91 217 89 151 8.9 218 91 141 89
cy 31 37 2,2 36 0.2 20 24 1.4 23 0.2 18 22 1.4 22 0.2
cz 249 240 69 285 68 213 209 60 249 59 110 127 60 144 59
DE 29 372 369 655 647 24 315 312 554 547 11 313 312 550 547
DK 0.3 62 62 59 59 0.3 59 59 56 56 0.2 59 59 56 56
EE 56 4.0 92 36 85 33 52 3.7 85 33 79 31 23 3.7 56 33 52 31
EL 523 379 32 403 6.0 260 191 19 200 35 225 169 19 174 35
ES 4452 4059 377 4168 459 2924 2682 239 2758 290 2365 2252 239 2348 290
FI 400 312 63 394 54 370 288 58 364 50 322 147 58 245 50
FR 307 838 516 1012 749 257 713 441 863 640 117 565 441 742 640
HR 26 1.4 20 19 13 0.7 10 10 5.8 0.7 4.2 4.0

HU 494 620 174 656 158 393 497 143 526 130 234 329 143 375 130
IE 0.8 93 92 82 82 0.8 87 87 77 77 0.3 87 87 77 77
IT 537 1048 511 949 446 396 774 377 700 329 192 572 377 516 329
KS 526 581 605 0.0 263 290 302 0,0 247 273 285 0
LT 184 328 175 324 197 166 296 158 292 178 76 221 158 231 178
LU 0.3 5.1 4.9 7.0 6.9 0.2 3.9 3.8 55 5.4 0.1 3.9 3.8 5.4 5.4
LV 115 149 38 155 52 104 134 35 140 47 47 79 35 89 47
MD 152 152 152 152 152 152 76 76 76 76 76 76 76 76 76 76 76 76
ME 31 0.2 33 32 16 0.1 17 16 15 0.1 16 15

MK 223 216 216 111 108 108 105 102 102

MT 1.2 1.1 1.2 1.1 1.0 1.1 0.7 0.5 0.5

NL 4.2 52 51 91 91 3.9 47 45 81 81 1.8 46 45 0.9 81
PL 947 1486 961 1585 1166 747 1180 768 1264 934 324 946 768 1078 934
PT 485 309 25 264 34 262 171 15 148 20 216 138 15 72 20
RO 2174 2137 408 2188 390 1569 1545 306 1564 293 1358 1194 306 1228 293
RS 409 502 481 205 251 241 84 103 99

SE 20 101 97 123 113 19 94 91 115 106 8.2 93 91 110 106
Sl 0.5 3.9 3.6 10 9.4 0.2 1.4 1.3 35 3.4 0.1 13 13 3.4 3.4
SK 65 79 31 85 38 49 61 24 66 30 21 40 24 46 30
TR 5353 0.0 5701 0.0 5447 0.0 2677 0.0 2851 0.0 2724 0.0 2287 0.0 2457 0.0 2352 0.0
UA 2588 1608 2588 1608 2588 1608 1294 804 1294 804 1294 804 1245 804 1245 804 1245 804
UK 30 308 265 365 335 29 293 251 347 318 14 256 251 315 318
Total 21961 1778 24698 6367 25204 7220 13361 893 15653 4575 16178 5295 10478 893 12875 4575 13472 5295
Total by year 23739 31065 32424 14254 20228 21473 11371 17449 18767
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Annex A.3 AverageTemperature (°C) in EU28. Combination of distribution in Agienvironmental zone
- AEZ (Metzger et al. 2015) and MARS climatic databassrage (JRC) by montisource Maps produced
by UniBO and Aterra/WUR
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Annex A.4 Averageprecipitation (mm) in EU28. Combination of distribution in Agénvironmental
zore-AEZ (Metzger et al. 2015) and MARS climatic databassrage (JRC) by month.
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Annex A.5 AverageReferenceEvapotranspiration (mm) in EU28.ET, data was determined from the
PenmanMonteith method equation (Allest al.,1998) by JRC. The figure shavembination of, distribution
in Agro-Environmental zoneAEZ (Metzger et al. 2015) and MARS climatic database Average (JRC) by
month.
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Annex A.6 Simulatedcrop yieldpotential (input level 2jor giant reed, switchgrass, RCG and
cardoon in the 8 countries with the highest surface of unused land in the 2030 scenatrio.
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