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Abstract: The use of residual biomass for energy purposes is of great interest in isoétedike
Majorca for waste reduction, energy sufficiency and renewable enelgetopment. In addition,
densification processes lead to etsautomate solid biofuels which additionally ieahigher
energy density. The present study s (i) the estimation of the potential of residual biomass from
woody crops as well as from agood and wood industries in Majorca, and (ii) the analysis of the
optimal location of potential pellet plants by means of a GIS approach (loeditboation analysis)
and a cost evaluation of theellets production chairThe residual biomass potentfabm woody
cropsin Majorca Islandvas estimated at 35,87detric tons dry matter (OM) per yearwhile the
wood and agrffood industries produckannually 21,494 DM and 2717t DM, respectively. Thus,
therewould beenough resource available for thetalstion of 10 pellet plants of 400 tyear'*
capacity These plantsvere optimally located throughout the islaofdiMallorca with a maximum
threshold distancef 28 kmfor biomass transport from the production paiMalues found for the
biomass cost athe pelletp | an't ranged "baentdw e @ 3) foAhidbmass trankport
distance of 10 and 28 knThe cost ofpelletingamounted to 58. G L't adding the concepts of
business fee, pellet transport and profit margin (15%), the total cqstlleing was estimated at

1 1 6 .'& Thé frasent study provides a proposal for pellet produfriomresidualwoodybiomass
that would supply up to 2.8% of the primary energy consumed by the domestic and services sector in
the Balearidslands.
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1. Introduction

Energy dependendyas playedn important role on the EU political agenda, to a greater extent
since the crisis between Ukraine and Russia. The energyysaipd distribution systems to the EU
require a deep reconsideration in order to reduce the 65% eshepgndency from Russian gas.
Actually, efforts must be focused on thermal energy since 75% of gas in Europe is consumed for
heating purposes (41% forillings and 31% for industrial processes) and only 25% is allocated to
electricity productiorf1].

Biomass is a very efficient and assuring source of thermal energy, especially in a longing
low-carbon economy. Biomass for heating can be upwards of 858eeffiin contrast to its use for
producing electricity or transportation biofuels which involves conversion processes with higher
energy losses.

Nevertheless, the low bulk and energy deesibf biomass encourage operators to conduct
densification procsses [pelletingand briquetting) prior to its energy use, in order to take advantage
of a homogeneous and easyautomate solid biofughatadditionally has higher energy density.

Pellet consumption in the World is expected to grow t6868million tonsin 2020. More
specifically, the consumption of industrial pellets will grow steadily at a rate of 21%jeahereas
the increment in the consumption of domestic pellets will reach 8.5%yé2F. In Europe, tl
consumptionof industrialwood pellets will be mainly absorbed by the bioelectricity plants in UK
andby the medium scale heating systemg$-inlandand SwedenOther significant pellet consumers
in the EU are Belgium, The Netherlands and Denmark. In the production side, Portugal and Latvia
are the largest exporters of industrial pellets in Europe, followed by Germany, Lithuania, Estonia,
Finland andSweden[3,4]. On the contrarythe pellet marketn Spainis basically taken by the
domestic pellesector

As a feedstock for pellet production, the use of residual biomass entails advantages such as low
production costs, reduction of waste to landfiidaremoval of undesirable residues that otherwise
would be burn{e.g., olive tree pruningr discarded. In addition, in the case of residual bioro&ss
industriesthe resource is concentrated on the production site, which reduces transportationncosts. O
the other hand, the insecurity in a stable biomass supply is the main drawback for the use of residual
biomass.

The development of renewable energies mnmile specifically, the use of residual biomass for
heating and power generation is of greaerestin island regions like Majorca. The gross inland
consumption of primary energy in the Majorcacegi ( Al | | es BIMtbeen®2016,whjle wa s
the domestic and services sector were responsible for 32% energy consumption. In addition, this
region hasto import 96% of the consumed energy, which leads to a steep energy dependence of
Majorca on foreign sourcg$§].

In order to ensure an efficient supply of residual biomass for energy applications, a resource
evaluation and territory planning should bed®gprior to the installment of bioenergy facilities.
Geographic Information Systems (GIS) are useful tools to assess biomass potential production and to
plan biomass processing facilities. Thus, potential assessments of residual biomass for Spain have
beenlargely conducted using GIS and statistical data. Some assessments have been focused or
specific regions of Spaif6i 10] whereas others have been addressed at the nationa[ KCAIRB.
However, to the best of our knowledge, no specific assessmenidfalelsiomass potential ithe
Majorca region has been published so far.
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GIS along with other tools and models have been used for the optimal location of bioenergy
facilities. Most of themhave beerfocused onliquid biofuels [13i 18], bioelectricity [19i 21] and
biogas plant§22,23. Studies addressed to the optimal location of pellet plants have been less
widespread. For instance, Sultana and Kui2di developed a methodology for determining the
suitable location, optimal size and number of possiblepplants in a particular region of Canada.
Mola-Yudego et al[25] defined clusteregions with high concentration of pellet production capacity
and identified 378 potential pellet plants in Europe. Likewise, economic assessments of pellet plants
consideing variables like feedstock type, plant size and location, and transportation cost, among
others, have also been addressed in the literg26r28].

The aim of the present work is twWold: (i) to estimate the potential of residual biomass from
woody cops as well as from agiood and wood industries in Majorca, and (ii) to analyze the
optimal location of potential pellet plants by means of a GIS approach (loedtbcation analysis)
taking into account the presence of competitors plants and the oraxXaemass transport distance,
as calculated from the estimated costs of the pellets production chain.

2. Materials and Methods
2.1.Study area
The island of Mporca is locatedn the Mediterranean Seagar of the eastern coast thie

Iberian Peninsula, betweer® 8 and 3°29E longitude and3150N and 358N latitude
(Figurel). It forms along with the islandibiza, Menorca Formenteraand Cabrerathe NUTS2

region(Nomenclature of Territorial Units for Statistics in the European Union, NU@d& | | ed f | |
Bal ear so ( Ba Maacediseoggdplidalaareansolintsto 36,609km? and its highest
alttudeis¥45 m.a.s. |l . in O6Puig Majord peak, withir
island.

According to K@ppen climate classification, thémate in Majorca Island is mainly Temperate
with dry orhotsummé& 6 Cs a6 except for t he teisdasdifiedrasColdo a st
Steppd 6 BSkdé and in the core of ASierra Tramuntar
or temperatetsmmen 6 C s[29]6

The ombrothermic diagram of 0 Praih Fgare2dMeanMa j o r
annual temperature in the Island is 16;9the annual rainfall reaches 641.5 mm on average and
mean relave humidity is 71.5%. However, several weather stations in the islaoddrpecipitation
values over @00 mm (Escorca and Fornalutx). Mean global solar radiation amounts to
17.2MJm "day '* [30] and the annual potential evapotranspiration (accordinghmrnthwaite
equation) reaches 862.4 mm. The dry season<(PB tm) lasts four months (May to August) on
average.

According to USDA soil taxonomf31], the main types of soils in Majorca are the association
HaploxeralfXerochrept (28.2%), followed by Rdoxeralf (26.9%) and Xerorthent (22.9¢8}].

The abbreviation NUTS means an administrative division of the territory for the elaboration of
statistics at European level. According to this classification, Spain (N T$Sdivided into clusters

of AutonomousCommunities (NUTSL), Autonomous Communities (NUTE, provinces (NUTS3)

and municipalities (NUTS).
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Figure 1. Location and Digital Elevation Model (DEM) of Majorca Island.
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Figure 2. Ombrothermic diagram of the capital of Majorca. Mean values of two
weatler stationsA Pal ma har bour ¢ ,dar the gefod I198R010ai r por t
tm = mean monthly temperature; 3 mean maximum temperature; t = mean minimum

temperature PP = rainfall Source: State Meteorological Agency of Spain
(http://www.aemet.es/es/seciosclimaticos/datosclimatologicos/valoresclimatologicos?k
=bal).
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2.2.Agricultural characterization

Statistics regarding gaicultural areain 2012 at municipality scale NUTS-4 scalein the
European classificatiomverec o mp i | e &ervicio denMejdra Agrariade la Consejed de
Agricultura, Medio Ambiente y territorio del Govern de les llles BaldaiS A | Bhisodatabase
gatherstheland area devoted to field crops (cereals, sunflower, maize and others), permanent crops
(vineyards, olive, fruit trees) andllfav and set aside lasd

Oncethe database with the statisticdataof agricultural land distribution at NUSF4 scalewas
built, the wiltivation area of wody permanent crgpwas selected and introduced into a GIS
environment Sincethe abovementioneda t abase i s n ot Sigieea deénfoenacgmn c e d
sobre Ocupacid del Suelde Espafa (SIOSE) (Land use Information Systemf Spair) was
compiled forMajorca Island. SIOSE is ageodatabasef Spain at 1:2®00 scalewhich gathers
spatial informatn about land us®isadvantages afsingSIOSE are related to the time referente
the represented dat@005) andthe lack of differentiatiorbetweensometree speciegdentified as
permanent crops

Therefore statistical datafrom CAIB were used to asss the residual biomass potential at
NUTS-4 scalewhereasSIOSE database was useddentify andlocatelarge agricultural categories
of land uses within each municipality for the GIS assessmessiibsection2.5).

2.3.Agricultural biomass potential

The assessment of residual biomass fragriculture conducted in this work is exclusively
focused on the biomassiginatedfrom pruningoperationsof woody crops. Residual biomass from
herbaceous crops (cereal straw and corn stawssng othersandbiomassyeneratedy the removal
of tree stumpsverenot assessedr herefore,issuesconcerningmarket distortion due to competitive
usesof cereal strawsuch as livestock feedirgnd bedding or environmentakervicesarisen from
stubbleleft in the field(soil erosionmitigationand maintenance of organic mat@mong othersjid
not have to be addressed.

It is well known that the amount of residual biomass from woody crops is related to several
factors like crop yield, tree dengibr production system (raied/irrigated; gobletfellis vineyards,
and others). However, due to the lack of specific information at®Ecale, in our approach we
usedweightedmeandor each woody crap

A bibliographic search was conducted ResidueProductionRatios (RPR)of woody crofs in
this work Data of RPRwere compiledand meanvaluesof each cropwere calculatedfor the
subsequenassessmenin case that specifiRPRvalueswerenot available the mean RPR value of
the closest woodgrop (similar tree size and pruningequirementfswas assignedThe compilation
of RPR inmetric tonsdry matterper hectarand yea(t DMha '‘year ') is shown inTable 1

Most RPR values compiled from the literature estimate the productiorsidiiaé biomass per
unit area but, for some crops, RPR is expresseagdnultural produce (t residu&* produce)[38].
When this was the case, values were converted to RPR per unit area freeigiited mean yield (t
producka %) recorded in a tegearperiod (20022012) by CAIB (2012)Table?2 gives the values
of weighted mean yield of the main crops in Majorca Island taking the crop(raieted and
irrigated conditionsat NUTS2 scale as the weighting facto
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Table 1. Mean Residue Production Ratio (RPR) by unit areat(DMha "year ') of
woody cropsin Majorca as classified by CAIB.

Woody crop Mean (d.b.) Literature values

Apricot 1.95(0.78) 1.74,1.49, 4.6,0.7 1.22

Carobtree* 0.56 (0.52) 0.65' 0.8, 0.23

Almond tree 0.85(0.24) 0.9, 1.02, 0.65,1.04,0.8,0.52, 1.04
Hazelnut 0.58 (0.47)  0.65', 0.8, 0.28

Plumtree 2.22(0.65) 2.16, 1.74,1.75, 2.8 4.6, 0.26

Citrus (Lemony** 1.72(0.12) 1.6°1.6,1.99

Citrus (Mandariry* * 1.35(0.32) 1.6° 1.6,0.8¢

Citrus (orange) 1.52 (0.10) 1.6° 1.6, 1.3%

Fig tree 0.93(0.38) 0.65', 0.8, 1.3%

Apple tree 3.04 (0.55) 5.34 1.44 286, 4.8, 1.3% 2.458
Peach tree 2.36 (0.45) 2.16,1.74,1.75, 2.6 4.6, 1.84, 1.6
Nectarine tree 2.61(0.46) 2.16, 1.74,1.75, 2.¢ 4.6

Olive (< 3t-hd ! produce) 0.87 (0.40) 1.17% 0.8%,1.02, 1.1 1.7% 0.7, 0.08, 1.0'
Olive (< 3t-hd ! produce) 0.89 (0.46) 1.1 0.8%,1.0Z, 1.1 1.5, 0.7, 0.08, 1.0
Other fruit trees 2.77(0.44) 264 1.46 2.2 2.8 4.7

Pear tree 2.84(052) 1.7 3.64 48 16 29

Vineyard 1.91(0.49) 0.7 2.2 1.45 1.8 2.8 3.5, 099, 1.7

*Agroenergy Group. Experimental trials. Contribution to Project EURENERS, Asociacidh de Desarrollo del Campo de Montiel y
de Cal atr av &T A DUnpuBliBhadS 20@BEAssigndl Efomhazelnutree *** assigned fronorangetree
Literature values are reported on dry matter basis (0% moisture coStamt}es: a = *; b £33]; ¢ =[34]; d =[35], e=[36], f =[37],
g =[38], h =[8].

Campo

Table 2. Weighted mean vyield in tons of fresh matter per hectare and year

(tha "year 'Y of woody cropsin Majorca in the ten-year period 2002 2012.

Woody crop Weighted meanyield (t crop produdea '‘year 'Y
Apricot 2.073
Carob 0.795
Almond 0.317
Hazelnut 1.021
Plum 2.700
Fig tree 0.700
Lemon 16.657
Mandarin 7.784
Apple 8.138
Peach 6.921
Orange 5.933
Olive 0272
Pear 8.929
Vineyard 5.209
Source: fAServicio de Mejora Agrari aendri it ar iConsdel] eGédwauerdre dAgrl e€s

AIMS Energy
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Finally, the residual biomass productioof each cropwas estimatecat NUTS-4 scale by
multiplying the assigne®PRper unit area by the actualop area.

2.4.Residual biomasgsf agri-food and woodndustries

Wood processing industries as well as food industries related to nuts processing are the main
biomassgenerating activities iMajorcalsland. The former are basically cabinetmakiagwmills
and furnituremaking industries whereas the latter are dedicatedmondbased productsince it is
themost widelywoody crop inMajorcawith 14,926 ha.

In order to calculate the residual biomass potential from industriédsjorca boththe location
and the amount of biomass generated were compiled from thefgeenced database Biora[S8)].
This database gathers each wood industry indlamdand classifesthe residualbiomass intdhree
categories nonchemicdly-treated wood, bark and other byprodudBomass from ag+food
industries inMajorcais onlyclassified as almond shell.

Thus, data regarding the amount and type of residual biomass from industries was added to the
georreferenced databaseMdjorcain order to determinthe optimal location opelletingfacilities.

Depending on the desired [&lquality, certainissues regarding thiypes of biomass in this
casestudy should be taken into account. Residual biomass from-pioagssingndustries, like the
bark or other byproducts, may canh compoundsat suitable for producing high qualityepets
(pellet quality class ENplu81 or ENplusA2) [40]. This couldalso happenin the case of some
other types obiomasdike vineyards pruningwhich ash content is higl®n the contrary, properties
of olive trees pruning aregood for thermalapplicatons as long adeaves araemoved; leaves
removalcanbe achievedy leaving the pruning drying naturalbn the field.However, thigractice
is rarely donébecause it may result in tihecrease oplagues in olive yards (speciallye olive bark
beetlePhloetribus scarabaeoidgsConsequentlythis biomasss usudly chipped and spreadn the
field or just removed from itn the case of mechanical collectignusually gets contaminated with
stones and soil particleghich would affectthe quality of he processed biomass.

Neverthelessthese types of biomassuld meetthe quality requirements for industrial pellets
(pellet quality class EMB) [40] following UNE-EN ISO 17225 1:20140n the other handn
accordance with UNE 164004:2Q14e propertie®f almond shelbre usually goodbr its direct use
in thermalapplicationswithout the need opelleting and this type of biomass can mé&dplusA2
or even ENplusAlrequirements.

In the light of the abovell types of biomass this studywereallocaed tothe production of
industrial pelletsexcept 6r almond shell which wasseparatelyconsideredfor domestic heating
applications

2.5.0ptimallocation ofpellet plants- GIS assessment

Optimal location of pelleting facilities in Majorca was determinedr®ans of a GIS approach
from the results of residuabiomass potentiallt was based on a locati@ilocation analysis
throughout a transport networi this case thélajorcaroad infrastructure. The Network Anatys
Tool from ArcGIS v.10.1 developed byEnvironmental System Research InstituB SRI1 E) wa's
used for this purpose.

Firstly, the road network dflajorcawa s di gi t i z e danduhe Natiapal Gartag@phy E
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Base at 1:200,000 scaldl] as input data fobuilding ax unimodal network which differentiates
between road types: motorway, dual carriageway, national road, secondary road, regional road, track
and urban roadFigure 3)

Secondly, intersections in the road network of Majorca were considered as potential sites for the
location of pelletgproduction plants, on the grounds that the optimal solutions of discrete location
models are always found at the vertex of a netwWd®. The reason for that is that the high
accessibility of the road intersections minimizes biomass transportation costadlitates the
supply logistics to biomass processing plants. Thus, the intersections among roads (excluding
motorways, tracks and urban roads) were selected as candidates for the location of pelletizers.
Biomass transport in large trucks is not felestbhrough motorways due to speed and goods transport
limitations. Similarly, biomass transport by tracks, urban roads and other narrow roads could collapse
the road network in those areas.

The location of both, the residual biomass production industnigéshee mean centers of woody
crops fields in each municipality were considered as demand points for the subsequent
locatiorrallocation analyis (Figure 4.

—

7.+~ Municipality boundary
Road network
# Motorway
~~ " Regional road
7" Connecting road
" Other roads
Track

SCALE 1:400000

0 10 20 km
ST T N S |

Figure 3. Road network of Majorca Island.
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Figure 4. Residual biomasscenters and woody cropsarea.

The locatiora | | ocat i on anal ysis was conducted by
coveraged problem type. The maximizing capaci
provided number of facilitiethat cover as much demand as possible within the impedance cutoff
(transport distance threshold) without exceeding the maximum feegstockssing capacity. In
addition, itallows taking into account competitoror the feedstocktheir capacitatefeedsock in
their influence area would be allocated to the competitors facilitiesnwitie same impedance
cutoff.

In our approach,he list of competitorfacilities in Majorca were taken from the Spanish
Association of Energy Valorization of Biomass (AVEBIQM43] and their location were
georreferenced for the subsequent analy3isrently, to the best of our knowledge, there are two
companies in thelsland related to solid biofuels. One is dedicated to pellet production
(Netpelle® http://www.netpellet.com/which produce 3000 tonsof wood pelletper yearithe other
one (Quercus Enerdy http://www.quercusenergy.¢@sproduces 10,000 tons of wood chips per
year[43]. No detailsof the feedstockusedwerefound. Tterefore, in this work twscenariosvere
analyzel for optimal pelletizes location: (i)the pellet feedstock odbovementionedompaniesvas
residual forest biomass and therefaheydid not compete with pellets plants fed with woody crops
residual biomasgii) their feedstockwas the same as the onassessed in this work and, sbey
represerdgda compeitor; in this casetheyshould bencluded for theresultof the optimal location.

The praessing capacity of eaglelletingfacility to be locatedwill essentiallydepend on the
amount of available ibmass to beprocessed, the capacity of pelletizer urtel thenumber of
working shifts.Consequentlyhese factors also influence on the number of pellstipeoe installed
and located. In the current vkp a production capacity of460 tyear'® for each pelle plant was
chosen,assumingfour pelleizer machinesof 05 th '* (2000 th'Y) and two working shifts oix
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hours eachBasedon the results ofbiomass potential assessed in this w(sd&e 3.1 sectionthe
number of potential pedt plantswasdetermined andubsequently they weaptimally located.

In the optimal location analysis, an econoragsessmertaf the maximum biomassansport
distance wagonductedasa techneeconomicrequirementor pellet production plast Factorslike
the disance to population areas and the identification of natural protected areas, whiclialhe
deemedo locateother types obioenergy facilitieswerenot taken into accourdince a pellet plant
do notusuallyproduce aipollution.

Maps throughout thipaper were created using ArcGIS® software by Esri. Ar€Gasd
ArcMap™ are the intellectual property of Esri and are used herein under license.

2.6.Economic assessment of biompsHeting

Production costs of pellets fromesidualwoody biomassn Majorcalsland were estimatedor
the whole value chajrnincluding biomass harvesthipping, loading, transport to processing plant,
pelleting(grinding, drying angbelleting and pellets transport.

The economicassessmerdims at the comparison tiie productioncostsof pellets made up
with residual biomaswith the market price@f commercial pelletsn order tocalculatethe biomass
transport distance at which biomassletingis not economically profitable. The resultimglue for
distancethresholdwassubseguentlyused in the locaticallocation analysis as impedanagoff.

The biomass logistic chaianalyzedfor the estimation of th@roduction cost is shown in
Figure 5 For this work, 1 is assumed that farmersere responsible fotree pruning and thathe
pruningbiomasswvasleft between rowsn the field.

© -

©

»
Agricultural transport Municipal storage |. ©
Chipping & loading

EIR—— L.

Pellet transport Pelleting Road transport

Truck loading

Figure 5. Considered logistic chain fompelleting residual woody biomass.

Biomass chipping and loadingas assumed to be accomplished by meana eélfpropelled
pruning harvesteequipped with gick-up head developed by a Spanish brgtl. For this machine,
both, the effective field capacity and the working capacity of the harvesss estimated at
0.4hha't and 6 th'?, respectivelyconsidering thenean values of the Spanish case fromvitoek
of Spinell and Picch{44] and the mean RPR by unit area in Majorca (2.4 thaith 30% moisture
content).

The chipped produavas assumed to kdischarged in a 26 fithreeaxle trailer with steering
turntable towed byan 80 kWrpowered tractorThen, bomass chipsvere transported to a storage
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490

point (municipality mean centefjfom whichtheywereloadedto a 35 nf trailer hitched to a 294 HP
truck by means of a loader spade frordunted on a 66 kW tractor.

Costs of agricultural and logistic opaoas were estimated according to the methodology
established in the 6Cost <calculation sheets f
Ministry of Agriculture, Food and Environment of Spajd5]. This methodology estimates
machinery costs tluding charges for ownership, which do not depend on the amount of machine
use[46], and operation. It is based on the guidance and assumptions suggested by CEMAG

Within the ownership costs a combined procedure was selected in order to estimat® mach
depreciation, which simultaneously includes amortization for obsolescence and wear. These costs
depend on both, economic life expectancy and purchase prices of each machine. For obsolescence
calculation, amortization time was assumed 15 and 10 ygarsiébors and implements respectively,
whereas for costs associated to machine wear, the economic life expectancy was considered up tc
10,000 hours for tractors an@® hours for implements, as suggested by authorized dealers and by
MAGRAMA (2015) [45]. Dealers also provided purchase prices for every machine used in this work.
Ownership costs also includiehe concepts ahterest on investment, insurance and housing, which
were calculated as a percentage of the purchase price (5%; 0.2% and 0.1% edgpectiv

The operating costs depend on the amount of machine use and they include labor, fuel, lubricant,
repair and maintenance. Annual use was assumed as 400 h for implements and 800 h for tractors anc
self-propelled machinef45]. Labor costs were assumeado b eh' ih@uding ltaxes and social
security contributions.

In MAGRAMA sheets, fiel costs are based onacomapt i on fact oh%KWaxt or
depending on the tractor working load and the rated engine power (kW). Values for fuel consumption
factor were selected according to MAGRAMA dat

Repair and maintenance costs indicated by MAGRAM3 were used. For implements they
are established n t he ment i olM'ewherahsafor fractamne selipropelied- machines
they are estimated from the engine power (kW), the fuel consumption factor (from 0.207 to
0.150h "W ) and a r'assemedfor repair and maintenance.

Agricultural transport costs were estimatagdsumingd km traasport distance to the biomass
storagepoint, travelling at an average tractor speed of 25 khnthen loaded and 40 knit when
unloaded. Loading time depended on the chipping effective field capacity of the harvester. A required
3 minutestime for biomas unloading from trailers was assumed. Additionally, an efficiency factor
of 85% over the harvesting effective field capacity was considered in terms of traffic, downtime,
trailer interchanges and different incidents.

Regarding biomass road transportcksiwere supposed to have an average speed of 70 and
80kmh '* when loaded and unloaded, respectively. It was ass@nmeitiutesfor loading the 35 rh
trailers with the loadingspade tractorAn efficiency factor of 85% was also applied to these
operations.

Data and assumptions considered for the ownership andtimmecost calculationeferring to
agricultural and transport machinery are shownable3.

In order to assure the supply of biomass to pellet plants, an additional cost in our analysis was
assumed for the biomass at the field. This cost would représeibiomass price to be paid to the
supplier (farmers, indus'thiomass). The assumed c.
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Table 3. Cost data for collecting and transport machinery (S= self-propelled;

H = head; T = tractor; | =implement).
Chipping & Biomass agriculttal Biomass Biomass
loading transport loading road
transport
S T I T H T I
Purchase price  k U 1900 87.8 65.0 69.6 11.6 86.4 74.75
Power KW 200.0 80.0 66.2 294.1
Amortization time years 15 15 15 15 10 20 15
Life expectancy 10 *h 10 10 10 10 5 12 10
Annual use hyear'* 800 800 400 800 400 800 400
Interest rate % 5% 5% 5% 5% 5% 5% 5%
Insurance % 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Housing % 0.1 0.1 0.1 0.1 01 0.1 0.1
Labour a L'h 12 12 12 12
Fuel consumption h "kw ' 0.207 0.207 0.207 0.207
factor
Repair & a l'h 8.3 3.3 0.3 27 01 12.2 5.0

maintenance

Costsof storageincurred after biomass collectiomere also included They were calculated
from the average amount of biomassessetbr the municipalitiesin Majorcg the land renting cost
in Majorca[48], andthe cost of the plastic tarfor coveing the storediomassassumed a8 2 '&.L. m
The area covered tachips pile was calculated considering a bulk densi.265tm '3[49].

Coss for the installation andperation of pelletizarwere provided by the bioenergy company
EnerAgro {ittp://eneragro.co/ They included capital costs (investment on tlgginding mill,
biomass dryeandpellet production unijsand operation costs (labor, plant maintenance and power
consumption) These cds depended on the number of pellet production upi&dleting machines)
and working shifts as well as on the biomass moisture content,thisggarametedetermins the
requiranents fordrying energy and dryer investmenithe moisture content ofhe biomassas
receivedat the pelletizer was assumed ta3086[36)].

Costs were calculated per ton of produced pellets considering 10 years for investments
amortization A business and office fee including communication, accountant and electricity, among
othess, was assumed and calculated from a 20% over the feedstock cost.

Costrelated topellet distribution was also estimatkkke the machinerycosts explained aboye
considering the sam®5 nt-trailer truck, a transport distance ob5%m and a pellet bulk desity of
0.600tm '* (UNE-EN ISO 17225 1:2014).

A 15% profit margin was also considered logistic operations anplelletingprocess as if they
were separated companies or economic actiyigiash onevith its respective beneft

The total cost was comparedto thep el | et sel | i Ags0pvaliectakenasad 180
reference pricef marketedndustrial pelletsThis way thethreshold oimaximum road distance for
biomass transpothat balance the productiortotal costwith the market pricevas céculated.
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3. Results
3.1.Potential of residual woody biomass

According to CAIB statistics, there are 36,903 ha of woody cropdajorcalsland. Almond
and carob tree represent the main woody crops with 40.4% and 25.9% of the permanent cropping
area, respectivgl Olive grovesand vineyardsamount to 865 ha (12.6%) and83%5 ha (10.6%),
respectively.

The potential of residual biomass from woody crops in the islantMabrca amounts to
35,874t DMyear ' !, where almond35.5%) carob tre€14.9%)and other fruit tree§26.9%)are the
mainsource of biomasqFigure6).

Manacor (code 07033) and Llucmajor (code 07031) are the municipalitteshe largest area
of woody cropsn the islandwith 3478 ha ad 3437 ha, respectivelyConseuently theyshowthe
highest residual biomass potential from thismasssource 3819 t DMyear'! in Manacor and
2917t DMyear ' ! in Llucmajor(Figure7).

Regarding the residual woody biomass from -&goid and wood indusges, the potential
production amounts to 24,21 DMyear ' ! from data of 140 industries compiled and georreferenced.

A total of 135 industries are dedicated to wood processing activities producing 17,292 t Diiyear
2074 t DMyear' ! and 2128 t DMyeat* of nonchemicallytreated wood, bark and other byproducts,
respectively Figure 8). Almond shell is produced by the other 5 industries, which generate
2717t DMyear '* of this type of biomass. The location of such industries and the biomass potential
in each municipality are shown iRigure9.

From these results, the total amount of residual woody biomass potentially available for pellet
production in Majorca Island, is estimated at 57,368 t DMyégequivalent to 81,954 t fresh matter
(FM)year "' with 30% moisture content). The number of pellet productitemtsthat could be
installed depends not only on feedstock availability but also on the pelletizer capacity and the
number of working shifts. Some options identified arershon Table 4.

2.6%

_1.5%

14.9% Carob tree

= Almond
3.7%, ! 3.3%

Figure 6. Sources of residual biomass from woody crops irMajorca Island.

H Nut trees

m Orange

m Olive

m Other fruit trees

B Vineyard
Others
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Residual biomass

from woody crops (t dm/year)

<500
| 500-1,000

) 1,000 - 2,000

0 2,000 - 3,000

@ 3,000-3,820

2 Woody cropping area
of’0}x NUTs4 CODE

SCALE 1:400.000

Figure 7. Map of residual biomasspotential from woody crops in Majorca Island at

NUTS-4 scale

m Bark

® Other wood processing
byproducts

Almond shells

Figure 8. Sources of residual biomass from agrifood and woodindustries in
Majorca.
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Agro-forestry industries

® Nuts processing industry
4 Wood processing industry
A Residual biomass from agro-forestry
industries (t dm/year)
No potential
<500
* 500 - 1,000
2 1,000 - 3,000
SCALE 1:400.000 @ 3.000- 12,960
0 10 20km o[X3}% NUTs4 CODE

Figure 9. Map of residual biomasspotential from agri-food and wood industriesin
Majorca at NUTS-4 scale

Table 4. Number of pellets plantsas a function ofthe capacity ofthe pelleting
machines, the number of working shifts and the input of biomass.

Production capacitgf a Potential produ_ction Biomass i_nput Numberof potential pellet
pelletizerand number of  of pellets(tyear ') (t FM-yeaf*30% plants

working shifts moisturg

1.0th ﬁl, 2 shifts 3200 4023 20
10th [1, 3 shifts 4800 6034 13
2.0 jl, 2 shifts 6400 8046 10
20t " 3 shifts 9600 12,069 6

In our approachit was assumed that thproduction capacity oéach pellet plant would be
6400tyear '*. Therefore,ten pellets plantsshould have tobe optimally located fora maximum
biomass processing capacity @8 t fresh matter (t FMjear ' * per plant

3.2.Economic assessmieof homasspelleting

According tothe costs estimated in our work, logistic operasidar collection of residual
biomassfrom woody cropsjncluding biomass cost at the fieldhiomasschipping, transport to a
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storage site by means of agricultural maehy, biomass loadingnto a truck and road transport,
amounts t5.1 4 t* FM. Assumingl5% profitmarginfor the logistic activitiesthe biomass cost at
the pellet plant would be364 G f:* FM (30% moisture content).

The breakdown ofthe logistic operation costénto fuel, labor and implement and tractor
overheads is stwn in Table5. The respectiveassby pr o d u c t''iFM)mre alsogiven in( G L
Table 5

The process of pelleting for 2.0 1 pelletizer capacity and 2 working shifts is estimated at
56.70 EXFEM, including energy for drying, dryer amortization, electricity, labour and maintenance.
Adding a 20% of business and office fee in terms of communication, accountant and electricity as
well as the feedstock cost, the pellet cost at the pellet plant amounts tai144(felletizer with a
working capacity of 2.0 #h*, 2 working shifts). In addition, the costs of pellet transport result in
1240 'whi ch raises the p#®Asbueing 16% profitcrargin assocated tb 6 . 5
the pelleting economic awtty, the pellet production cost or threshold pellet price reaches to 180
0 L't Table 6shows the cost breakdown as a function of the capacity of pellet production units and
working shifts, according to raw data provided by Eneragro Ltd.

The abovementiored costs are referred to the threshold transport distance which balances the
total threshold pellet price to the actual market price. Such distance resulted in 28.0 km (Microsoft
Excel Solver solution). As stated in section 2.5, this threshold distanceéakes as impedance
cutoff in the locatiorallocation analysis.

Table 5. Cost breakdown oflogistic operations( _t] '#) Bnd total cost ofthe residual
biomass from woody crops athe pellet plant ( & £FM, 30% moisture).

Cost of logishic oper at i Biomass logistic
Fuel & Labor Implement Tractor Total c o s tXFKa L
lubricant overhead overhead
Farme benefit - 15.0
Chipping 62.7 120 - 439 1186 19.7
Chipsagricultural —, , 120 181 19.8 61.9 7.9
transport(5 km)
Biomass storage - 1.0
Chips loading 12.0 120 54 15.8 452 1.0
Chipsroad
transpori28km) 60.9 12.0 25.6 25.1 123.6 105
Subbtal 551
Profit margin (15%) 8.3
Total cost of the residual biomass at the pellet plant 634
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Table 6. Pellet production costqu t-') as a function ofthe capacity ofthe pelleting
machineand the number of working shifts.

Capacity

1.0t-h"* 20th't

2 working shifts 3 working shifts 2 working shifts 3 working shifts
Feedstock (30% moisture 634 634 634 634
Energy fordrying 6.6 6.6 6.6 6.6
Dryer amortization 5.2 35 3.8 2.5
Electricity 15.0 15.0 15.0 15.0
Labour 12.0 12.0 9.0 9.0
Pelleting amortization 10.6 7.1 10.3 6.9
Maintenance 12.0 12.0 12.0 12.0
Pellet costsat plant 1248 1196 120.1 1154
Business andffice fee 25.0 23.9 24.0 231
Total direct cost 1498 1435 1441 1385
Pellet transport (50 km) 124 124 124 124
Pellet net cost @ 1) 1622 1559 1565 150.9
Profit margin (15%) 24.3 23.4 235 22.6
Threshold pllet price 1865 1793 180.0 1735

3.3.0ptimal location of pellet production plants

The | ocation of the potenti al pel | et itapd oduc
c o v e rpeolgemdype, by which the chosen locations that the total sum of weighted impedance
(biomassallocated to a pelletizer candidate multiplied byttia@sport distance) is minimized.

The location of the ten pellet plampetentially required for pelleting the amount ofresidual
biomass of woody cropsssessed in this worls, shown inFigure 10 The pellet plants were located
to optimally collect the assumed biomass processing capacity of eatl{gokddt FMyear1 1, see
section 3.1 andable4) with a threshold distance for biomasansport o228 km and the assumption
that the existing pellet plants in Majoreeere supplied with forestry biomass and therefdie,not
compete for the biomass assessed in this study.

If the feedstock of the currently existing pellet plants in Majorca were the same as the one
assessed in this work (i.e. residual biomass from woody crops), their feedstock requirements would
have to be takemto account. With this assumption, the remaining biorras®ntially available for
new pellet plantscould feed eight pelletizers that would have to be located. Aiming at their optimal
location, the existing pellet plants were introduced in the anagsrequired facility (facilities that
must be part of the solution). The optimal location of the eight new pellet plants and the location of
the currently existing pellet plants are presentdeigare 11.
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= Candidate
\\ Allocation

* Woody crops mean center SCALE 1:400.000

* Wood industry mean center 0 10 20 km

. Road network

Figure 10. Optimal location of the potential peletizers in Majorca assumingno
competitor plants.

Figure 11. Optimal location of potential pelletplants in Majorca assumingthat the
existing pellet plants compete for the feedstock.
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