Biomass from
agricultural pruning
and plantation removals

Il CO9!l'{L.[9 tw!
t whah¢9s5 ., ¢I
Pt Yyw, bbLbD t wl

I dzii K ;

/I LwywS &S| NOK [/ SYyGaNB T2
| 2y adzyl

Bl N} 321

I 9we¢/ISY i NBE F2NJ wSaSIk NI
l GKSyax

."uErunning




¥ ulZrunning

CONTENTS

A 011 o 18 o 1o o TP 5
2 Status of APPR biomass in EUNOPE......ceevvvieiiiiiiiiiieeeeceeeseeeeeeenviniennnl
2.1  The fact: energetic utilization of APPR biomass is possible..............cccccccnnnnns 7
22 LT AlG A& LRaarofsSX gKé R2SayQi AdG .SELI YR Y2N
3 Undeastanding APPR value Chains...........coooiiiiiiiiiieiiiieeeee e 13
3.1  APPR biomass dispersion and productiVity..........ccccceeerieiieeiiiiiiiiiieeeeeeeeee e, 13
3.2 APPR DIOMASS @S fUBL.....eiiiiiiiiiiiiiii e 14
3.3 How to collect and mobilize pruning woad..................ooo oo eceiiciccee, 15
3.3.1 Preparing the pruning wood before collection..............cccvvveeiiiiiiiiiineneenn. 15
3.3.2  Hauling the branches and shredding/chipping/baling at field side............ 16
3.3.3  Harvesting with integrated shredding/chipping/baling............cccccvvvveeeee.. 18
3.3.4  Prepruning with integrated shredding/chipping.......ccccccccvvvviiiiiinnnn. 20
3.3.5  Pros and cons of the different pruniegllection methods..............cccvvvveeeee. 20
3.4  How to collect and mobilize wood from plantations removals........................ 21
3.4.1  Whole tree uprooting, shredding and further processing.............ccccccce.... 22
3.4.2 Felling the trees to be processed by crushing, shredding or chipping......23
3.4.3 Integrated feling with shredding or chipping...........cccccceee e, 24
3.4.4  Management Of STUMPS. .....couiiiiiiiiiiiii e 25
3.4.5  Pros and cons of the alternatives to obtain the woody residues form plantations
(=100 10 V7= o PRSP 25
3.5 Transforming APPR biomass int0 €Nergy.......ccccceeeeeeriiii s 27
3.6 Pruning use and SUStaINADILLY...........cooiiuiiiiiiieeeie e 31
3.6.1  Air quality and pollutants from APPR biOmass.............ccccuvriiieriiiiiiinennenn. 31
3.6.2 Use as soil organic amendmMeNnt..........coovuveeriieeiiiiiiiiieee e 31
3.6.3  The GHG EMISSIONS.....cciiiiiiiiiie et e e e e e eeeeeeeanns 33
3.6.4  Final remarks for decision Making.........ccccccceevvviiieee s 34
4 Recommendations to satp new chain based on APPR biomass................cccceeo.... 36
4.1  Organization of the value chain actors: foster collaborative relationships and mutual
DENETIES ... e 36
4.2  The intangible value, a typical ingredient for the success..........cccccveeeeeeeeenen... 37

43 2KIG A& GKS YIEN]SG SFfdzS 27F .0KS..L..t37w 0A2YIl 4a



¥ ulZrunning

4.4  Facts andecommendations in the implementation of new APPR biomass value chains

......................................................................................................................... 40
4.4.1  Organizing the APPR biomass supply.........cccccecvvvvieeeeiiiiiieeeeeennninnnnn . 40
442 [ 2ftSOGAY3 YR GNBFGAY3 G FASEtRY asStsSoa
(0] [T PPRPPPPPRPPPIN 41

4.4.3  APPR biomass transport and storage: take care to maintain the product quality

.................................................................................................................. 42

444  APPR biomass use to energy: conversion systems fitted to APPR characteristics
.................................................................................................................. 43
S O] o Tod 1113 (o] 1SS 46
LI (] (=] =] o = PPN 48

This is the first of a series of three monographs to be released by uP_running. This monograph
provides an insight to the current status of use of ARRIRnass, its difficulties, the possible
alternatives to organize a value chain, and some practical recommendations to do it. Still two
additional monographs are to be produced. The second will verdbeosustainable gil condition
to remove woody residues obtained after prunimiguprooting operationsand the existing options
to improve the soil organic matteiThe third monograph will summarize the keys for succegs to
develop a new APPR biomass initiative, based on the analysis of multgilegegases, and on the
specific lessons learned from the entrepreneurs accompanied by uP_running.
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plantation removal o had¥ynieaésveéldri ao e Or o ms et

innovation programme under grant agreement No 691748.
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The utilization of agreesidues as a source of biomass is an opportunity for supporting the
expansion of the bioeconomy EBurope. Among the multiple agresidues, those produced from
vineyards, olive groves and fruit plantatgmepresent ssignificantpotential for many EU countries.
Specificallythe woody biomass residues froAgriculturalPruning andPlantation Removal APPR
from now onwards)s a paradigm of agroesidues being produced year after yeandain the vast
majority of the cases, not utilizeds a resource for added value activities like the production of
energy, biochemical or other biocanodities.

The use of APPR biomass is possible. It is a fact. There are multiple examples along Europe that
proveit can be utilized. However, even though there is a large potential in Europe to be exploited
(estimated more thar20 Mt of dry matter per yeaf1l]), the cases of success in establishing a value
chain for APPR biomass are scarce, occurring isolated. At the maimentide spreadingof the
utilization of APPR biomass appeatsck. There are multiple reasons for it, which are related to
technical bariers, but also- and more importanlly - to non-technical constraints such as cultural
attitude, current regulatory framework, market prices of fossgibther biomass fuels

The uP_running projectwww.up-running.ey is an Horizon2020 initiativebringingtogether 11
partners from7 European countries, allied with the same objective: to promote the -tfkef
APPR biomass in Europ®_running illustrates theollaboration between technologgnd research
centres, universities, agrarian associations, agrarian chambers and cltstdrs/e a real change
towards an increased utilization of APPR biomass, by promoting theugtant new initiatives, but
also by promoting a more favorable framewand social perception.

The present document is thirst monographproduced by the uP_running project. dims to
provide the reader with general overvievon the difficulties to starup new initiatives anavith a
specific insight ito the organization of the value chain operatiom®w the different stages of the
value chain and logistics can be carried dwdw to preserve the value and characteristic of the
APPR biomassand what should be regarded when facing its utilization to poedheat and/or
electricity. Two more monographs are expected to be produced by the uP_running prajstt
2019.The secondne will focuson the existing framework conditions in Europe, main barriers,
opportunities, and strategies that can be followed to release the lamdeyenousEuropean APPR
biomass potential. The third monograph will summarize the keys for success to develop a iew APP
biomass initiative, based on the analysis of multiple existing cases, and on the specific lessons
learned from the entrepreneurs accompanied by uP_running from 2017 till 2019.


http://www.up-running.eu/
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The degree of penetration of the APPR biomass the
European marketis, in general, much lower than
conventional biomass like forestry wood@ren other agre
residues likestraw, despite the fact thathe woodfrom APPR
is being produced periodically antis subject of agronomic
practices for its use or disposal.

The use of APPR biomass is
already a factMultiple

private initiatives or projects

promoted by municipalities
provide evidencefor it.

The case of annual, biennial, or periodic prunings, the energy use of agricultural pruning is rather
low in Europe [2]. Thenergetic utilization of APPR biomass in modern energy conversion system
(e.g.efficient furnaces, boilers or gasifierguallycorresponds tdess than 860f the management
practices Theuse of firewoodcan be relevant locally in some rural areas where thick parts of
pruning wood aresalorizedby part of local inhabitants, generally not an extended practice, thus in
general lowerhan 20% of final use), but in general its use can be considered small at EU'seale
main management of the pruningomass is it®pentair burning its disposaht field side whergt
isabandoned or its use in form of shredded pieces widespread onsitie plantation(see section
3.6.2for further details)

About wood from plantation removalt is usuallyproduced whervines, olive or fruitrees are
cleared out at the end of the lifetime of a plantation. In some cabestermination of a plantation

is driven by changes in the food market (in order to grow a new fruit or grape variety), by
agricultural policies (for modernization and recension of plantations) or by other particular
reasons flaguddisease, farmer or exploitation manager)As for prunings, the wood from
plantation removalss mostly under-utilizedin Europe[3,4], althoughtraditional use of firewood
from the aerialpart of the treemay beusualin some areaslin such caseshe stump and roots, as
well as thin branches remain unutilizeth manycasesthe whole tree is just wpooted, piled with
others, and firedn the open air.

Notwithstandingthis general situationthere are successful casesnoddernvalue chains at local

or regional level based totally or partially on APPR bionMssge than 20cases have already been

identified by the uP_running project and are recorded ia t®_runninggh 6 8 SNII G2 NB ¢ > GKS
based tool developed for recording APPR experiefidgsee ascreenshoin Figure 1).
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Figurel Screenshot of uP_running Observat@jydisplaying identified APPR biomass value ch!iasud flagship cases
9 (until April 2018} http://www.up -running-observatory.eu/.

In all ofthe value chains identifiec major issue has been solved: a change in the management of
the residuesThis is the masterpiece when facing the use oftgpg of APPRthe producer of the
residue (that is a farmer, a cooperative, a company dedicated to produce fruit/olive/grape) deals
with a change iithe current method to perform the crop agronomics aitsltiming. This change is

not always easy and requse coordination with theother value chain actardownstrean (see
Figure2). On the other side, the value chain actors like bionmsagspliers managers of residuesr

other intermediaries, are usually unawavkthe needs of farmers and companies, and see the APPR
biomass as a market product, without considering the effort needednstreamto drive the
change in the residues management.

Therefore, even if there are multiple barriers and difficulties retaining the-t#kén the use of
these agrebiomass woody radues, the first issue to address is to fimavayto modify the current
management of the residue in a way thabeneficialfor all the value chain actors, from farmer to
consumer. Thelialogueand mutual understanding is precisespeciallywhere a new value chain
is stillnot establishedThis fact is remarked in Figure 2, where the key roles of the diffeane
chainparticipants are specified.
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Figure2: The three groups of key actors participating in the ABiBRass value chaittypes of actorsinterrelations
andmainroles.

Derived from this fact, an important part of the current APPR biomass use remains-in self
consumption practicegmarked inFigure2 with a green curved arrow)or asAPPR firewood
produced andconsumedlocallyin traditional stoves or boilersBoth cases represent the largest
volume of APPR biomass consumed in Europe.dvtodalue chains, like those presented in Fig. 1
(e.g, power plantsrunning on APPR biom3ssare much less extendedhe net sections are
intended to highlight the usual barriers and the lessons learesgpeciallywith respectto the
organization of the value chain operatiomdoreover, further insightwill be provided irthe second

and third uP_runninghonograplts, which will describe thexisting framework conditions in Europe
and thekeys for success to develop a new APPR bisiimitsativerespectively

It is true that there areseverakuccessful cases APPR biomassse to energyalthough it is equally
true that promoting new value chainsased on APPR biomaissabsolutely more difficult than
starting new value chains based on forestry wpoidevenother biomass typesOnoneside there
are diversdechnicalfactors that may limit or bring difficulties when startingnew initiative to use
APPRiomass as for exampleavailability ofmature, efficient and adapted machinetggistic and
monitoring systers preparedto the usuallydispersesoure of APPRbiomassor availability of
boilers ready to use APR®od). Howeverunder the vision ofiP_runningproject, beyond these
technicalissueswhat really retains the hugeunexploited APPR biomass potentiah Europeare
non-technical barriers

These nontechnical barrierhave been revealed througtirect consulationswith more than 600
stakeholdersin workshops celebrated in Spain, Italy, Greece and Ukrafgunning has already
gained much knowledge on the barriers constraining the development of APPR biomass sector, but
also about the driving forces capaladfunblockngthe current situation. The analysis started from

Biomass from APPRfeasible practice promotelly uP running 9
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the local dimension of the problem by performing 19 workshops and 36 direct interviews held in
several European regions Aragon (Spain), Apulia (Italy), Macedoraad Trace (Greece),
Peloponnese (Greece) @aWinnytsia (UkraineX.he different information and visions collected were
integrated in form of 4 Region&ction Pans accompanied by aaggregated documenrom a
wider European perspectivg3]. Additionally, uP_running has performed 7 national country
analysedased oncollected information and visions aumerousnational playersfinally leading

to 7 national strategic plans andzaropearintegrated plan for the promotion of APPR biompHs

In principle when considering the sector (see stakeholders tygégare?) with respect the use of
APPR biomass, it is obserbat there aremuch moreweaknesseghan strengths or in other
words, that the position of value chain actors to participate in new value chains is not well
developed, and that the sector has matteficitsthan capacitiesin contrast, when observing the
external factors (opportunities arthreats), theopportunities stood over the threatsThistalks of
multiples successful and unsuccessful stories. At the light of the multiple opportunities, a
entrepreneur in an area shall take action guided by its intuitidmen the entreprenewwill look

for other caseghey can replicate or shall ask for technical advieeospering or not depends on
the capacity of the entrepreneur teuccessfullgesign and set into gear the new APPR biomass
value chain and business. If the decisions are adeqaaig if constant care is taken to steer the
initiative and adapt to changes, then the new value chailh prosper. The new value chain will
bring the expected benefits to thealue chain actors involvedenerally tangible (economic saving,
incomes)and irtangible(brand, image, strengthen position), and thus tportunity that guided

the entrepreneur, will become materialized

From a global point of view,oth the barriers and the driving forces may be relateddpcultural
attitude, (b) know-how and technology(c) economic and finance, did) governance and policy.
Figure 3 depicts few of the most relevant barriers and driving fordestified in the national
framework of multiple EU countries. What can be found in nmoostntries is a gneral interest in
some of the driving forces depictedvhereas in practical terms there are no mechanisms or
instruments actually favoringPPR use as one of the alternatives in line with such general interests.
Some of the driving forces could triggertbhgmselves a sudden change in the national paradjgms
e.g.,a sustained increase tie fossilfuels pricesr a public initiative to use APPR biomass through
public procurement.

¥ ulZrunning l
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@\Q/’? Greening the economy ‘ © APPR largely spatially dispersed
@ Circular economy %{fl Low economic value of pruning
&, large potentials available ;\ Energy Policy unstable
Diversifying rural economies @ Lack of market driven incentives
(e Improve air quality and reduce 8? General scepticism of market actors
" o2 emissions
Z5 Matter of secondary interest for society
@ Public initiatives exemplifying z and policy makers

Figure 3: Summary opotential driving forces and barriers affecting the developnwdrihe APPR biomass use in a
national framework [3]

Biomass from APPRfeasible practice promotelly uP running 10
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Under the absence of relevant driving forcA®HR biomass remains underdeveloped. Breaking the
situationat national scaldecomes complexas the situatioris stuck ima vicious circleas depicted

in Figure4. At local scale, when trying to start a new value chaim,@K A O 1 S yproblsfifhasS 3 3 ¢
also b be solveda consumer is interested in APPR biomass will usually find no proaideists

of uncertainties and risks to be faca®hena biomass producer decides to collect APPR wuod

finds usually no consumeand muchdistrustabout the quality angbroperties ofthe APPRiomass.
Additionally,they find no example amodel to follow while informed counseis also difficult to be

obtained
Few experiences of Small demand from
runing use for energ biomass consumers
o expectation from key actors Doesn’t exist models / No news / No interest
of the whole value chain carce n? of successful case from stakeholders
_———""_/
o policy favoring
pruning use

No pressure
on lobbies

o specialists or not
close to each other

Figure4: Thecircular problem found at national scale when APPR biomass is intended to be pr@ased on [1])

"

Lack of capacities
from agrarian bodies

Biomass from APPRfeasible practice promotelly uP running 11
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Collecting theawvood frompruning orfrom the treesof plantations to be terminateghoses a series
of difficulties to the logistics due teeveralfactors

1) its dispersion in the territory,
2) the size and layout of the plantations;

Size and layout of the plantations as well as their terrétiodispersion are the first two factors to

be considered. In many casedeyards, olive and fruit plantations are organized in small parcels
anddistributed in the territory In several cases (for example, several olive groves and vineyards in
SouthernEurope) the terrain has high slopes and features that maytimaitapacity of a machinery

to operate Excessivmaneuvering timean also occur due to the simple fact that a machine needs
to operate in a field with a presence of trees that should notlamaged. Finally, moving machines
from field to field requires additional timeAll these aspects impose limitations on the types of
collection systems that can be utilized and can increase operational costs. Moreover, in order to
mobilize large volumes dfiomass, an involvement of a large numloéfarmers and plantationis
necessarywhich increases the coordinatiand logisticost. Farmers usually want to dispose
residues from their fields quicklyhe risk is that, when delays occur due to weather to
unavailability of a service for APPR biomass collection, farongdantation managers may opt for
disposing the residues as usualg. througtopen air burning, mulching, etc

A third factor conditioning the organization of the biomass supply from APPR residues is the fact
that production of biomass per hectare is low in comparison to forestry wood, and thus operations
of collection, handling and processing atldieare usually subjecdf relevant costs per unit of
material processedThe APPR biomass productivity ranges fromt@.50 t/ha (dry matter). The
lowest prodictions correspond to annual pruning of cropswgn in dry areas without irrigation, or

in areas of poor soils under lawput agronomics. Annual pruning from crops in good climatic and
agronomic conditions can usually produce from 0.5 to 2.0 t/ha (dry matter). Biennial pruning, as in
case of olivegroves can rangérom 2 to 4t/ha (dry matter) whereas less frequent opeiiahs like
toppings or reshapingof tree forms can producevenlarger amountsThe biomass productivity
from plantation removals can reach 5 to 10 t/ha dry mattareven exceed it. In comparison,
forestry exploitationsaneasilyreachabove 40 t/ha dy matter of stembasedwood.

APPR mductivity depends on multiple factoras described by Garcia et al. 2B type of crop,

variety and age, form of the tree, density, type of pruning {prening, graft pruning, maintenance,
topping, etc.) climate and soil conditionand other agronomic operations relevarmis a result, it

is inadvisable to use standard literature values of APPR biomass productivity when scoping a new
initiative. Evaluation through dact measurements is always recommeddsd a manual is already
available orthe uP_runningObservatory[5]. Alternatively, data from the Observatory tazdnbe

useful for a first guess ahbis google maps platfornsollects biomasgproductivity values from
hundreds of field measurements inlagion to the aforementioned factors.
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APPR from vineyard, olive groves and fruit traesa woody biomass with good energy content,
but with some patrticular differences tomparisonto forest biomasslt is worth mentioning that
several projects have provided evidences of these particularities. For examptadimg to the
results of EuroPruning], one kilogram of APPR biomass is equivalent to 1.03 kg of forestry wood,
at same water content (see Table 1). The main differemseitihomogeneity ofparticle sizeand
shape, as well @a ash conten{see sectior.2).

Forestrystem-based woocthips which represergthe best qualitt Y R I NS I aNBFSNByOS
several installationgjsually have amash contentaround1 % on dry basis. This type of biomass is

not contaminated with soil, dust or stones and does not contaiigs, pieces obranches leaves

or bark,which have a higher ash content than pure stbasedwood. Accordingly APPRbiomass

therefore requires boilers with higher requirements in the
systems dedicated tavithdrawing ashes or to clean the flu
gases.

Inadequate management of\
APPR biomassan cause a

According toEuroPruning7], S2Bion8] and BiomasudPlus[9] biomass initially below 3% of
APPR woodsh contentusually ranges fron8 to 5 % ofashes ash to have more than 106,
(dry basis). However, depending on the management operatic including gravel or stones,
their ash content may reach levels of #in dry basis, or evelf ~ Which difficult the operation
more. This is the case of prunings that hesiledout of the fields \ for most boilers. /
with tractors equipped with front forks. Themhe cortent of

inorganic matterincreagsdue to incorporation of soil angtonesand maycaus problems to the
operation of acombustion systemée.g. blockages of grates, increageatticle matter emissios),
etc).

Tablel Characteristics of different types of APPR biomaftsr mechanical collectiofby harvesting with integrated
shredder)and processing (data frofuroPruning7]). Comparison with pine wood chips of cl&mormENISO 1722p
ar: as received. db: dry base

coueustieLy FLeclP | Amend | Feachiee | ome | Vneys
Water (% wt, ar) X35.0 344 37.5 276 415
Ash (% wt, db) A3.0 4.6 3.7 4.8 35
LHV (MJ/kg, ar) - 106 10.5 125 92
LHV (MJ/kg,db) 18.2 17.4 18.3 18.2 174

Biomass from APPRfeasible practice promotelly uP running 14
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One of the main challengdor usingthe pruningbiomass to energy consists in finding the most
appropriate system to collect the APPR bioma&olection systems affect the APPR biomass
quality, andthus its value, but also have a direct influence in the organization of the logistics and
handling operations downstreanfrurthermore, collection is a critical stage as it can have an impact
up to 60% in the total costs for APPR mobilizatibased on som preliminary economic analysis

by uP_running project

For te collection ofwood produced from pruning operationthree mainconfigurations can be
proposed

1. Hauling branches and shredding/chippiogiing at field side
2. Collection integrated withrgedding/chippingbaling
3. Prepruning with integrated shredding/chipping

In the two first methods, the pruningoodis collected from the soil, whereake third case allows
a direct collection from the tree during éhmechanical pruning operationi thenext sectiors,
more details are given for each one of these collection meshod

3.3.1 Preparing the pruning wood before collection

When pruning operations are performed, the branches removed fall on the plantation soil, in a
circle around the tree trunk. Thre®main scenarios exist, depending on how the prunings are then
arranged:

1. to windrow or to organize them in the center of the lane between tree raws; is the
ideal option in cases of pruning collection or even when a mulcher is used, since it
minimizesthe working time of the tractor;

2. toleave them as they are and pass with the treating machinery nearby, even though it
may requirepassingwith the machinery 2 or 3 times along each lamis option is also
more complicated since the presence of brancheghe standing trees may limit the
movement of tractors / machinery.

3. to collect them in piles in the middle of the rows; this option could be acceptable if a
static chipper is employed.

The preparation of the prunirggis not technically complex. It can be carried out manually or
mechanically (by means of windrowers). Windrowers or pruning sweepenssaialy coupled to
the hydraulic circuit of tractors, mounted in front or at rear, either in both or in one side, dipgn
(respectively) if they work to bring all pruningdenteror only work nearby one of the tree rows
The sweepers are usually madeflekible, but highly resistant plastic barsibber blades or wires.
Someexamples are provided iRigure5.

Windrower with plastic bars
(image from EuroPruning
project[11])

Windrower W|th rubber blades(lmage Windrower i wires
from EuroPruning project) (acordonadorgirolivo.blogspot.com)

Figure5: Different types of windrowers

Biomass from APPRfeasible practice promotelly uP running 15
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The preparation of the pruning is a crucial part of the work. Firstly, this operation can be partly
facilitated by the farmer or plantation manager. Theparation or windrowing needed may differ
from the usual methods of the farmgtherefore a negotiationmay beneeded. The correct
preparation of the branches (alignment, width of the windrows) has a direct impact on: the
performance in ha/h (and thus on economics) and on losses (amount of material not colldcted).
is to be highlighted that high losses have aldleuimpact in the viability of the biomass collection:
firstly, the costs per ton obtained are higher; and seclgnthe farmer or plantation will have to
perform an additional probably manualoperation for removing the branches remaining. This
causes amdditional cost to the plantation owner and thus, put in risk the economic savings of the
biomass produceOr, it may result in an arrangement that is simply not agreeable with the farmer.

3.3.2 Hauling the branches and shredding/chipping/baling at field
side

This method consists maulingthe brancheut of the field, where they stay temporary pilethe

branchescan be moved manually in case of small orchards. In such, tasésanches shall be only

partially contaminated wittsoil particles and stones. Wén the haulage is performed mechanically

(tractors equipped with a rake or a forkhen more inorganic materialis collected. In case of

vineyards, the amount of stones can be particularly lafjgure6 provides an examplef this
problem.

b s

P
U

Figure6: Haulage of branches shall cause relevant incorporation of stones anBxaoitple of/ineyard pruning after
withdrawal, with stoneguP_running demonstrations in Spain)

After the haulage to the side of the field, the branchesn be directly loaded on a tru¢k be
transportedto the final consumer or to &iomass hub oftogistic platform This alternative is
feasible in local usesnd short distances, sindbe branches inside a truck occupy an important
volume' and the final weight transported is low in comparison to chips or bales (which density is
much higher). An alternative is to perform tipgocesing at the field side with implements of
different size and power, dependingn the volumes to be processed and the availability of
machinery orcompanies ready to provide the servidde material can be shredded into pieces of

! Bulk density of branches may range-B20 kg/n® (dry basis), while bulk density of chips uses to range
200-300 kg/n? (dry basis).

Biomass from APPRfeasible practice promotelly uP running 16
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large sized.g, G1500r G300), can be shredded inrfio of heterogeneous material (usually called
hog fue| G100 or smaller), or it can be baléthe different options are depicted Figure?.

Figure7: Alternatives for implementing the supply chathenprunings are hauled to the field side.

Chipping machinery includélades or knifes that can be rapidly deteriorated if they process wood
with abrasive inorgani¢such as stogs and soil particleSince branches are usually contaminated
with such inorganics, the application of chipping is not typical for the handling of prunings.
Shredders with hammerare preferable, since they are better suitedb@ comminution ofunclean
wood.

As case example, uP_running performed saledemonstratiors of pruning collection, showing

that the haulage can be performed appropriateln Spain both casesof appropriate and
inappropriatehaulagetook place. Pruning from large branches taken from peach tree plantations
were hauled with tractor, and piled manually, and its finah contentwas as low asl.5%(d.b.).

This percentage is really low as compared to the values presentédhlel. However,in another
experience with vineyards the amount of stones inside the piles of pruning shoots collected were
so high, that it was needed several aiéng operations befor¢he prunings collected could be
processed with a large shredder able to cope with contaminated wood, but not with such large
amount of stones.

According to uP_running experience, farmers are usually eager to suggest this methachpies

lower costs for them, no investment, and no need to negatiat coordinae with an external
company to enter in the field (as the material remains outside in piles). However, when the haulage
incorporates importanamountsof inorganicsthe material obtained is not of good qualignd may

need additional operations to separate stones, gravels or Aniladditional advice is to leave the
biomass drying in piles before the treatment, as it will get drier and facilitate its handling.
Additionaly, rains shall partially contribute teemovepart of the inorganics collected.
































































































