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1 Summary

Besides the large potentials and opportunities, the establishment and cultivation of SRC is connected with
several constraints and barriérespecially in the economics of the plantations. While most of the research
results available in the past have bedmained for medium to good sites and the presumptions of a large
field size for the SR@lantations, this project focuses onfavorable siteandsmall field sizest scattered
locations

The main objective was the successful implementation ofetbstent and consumeriented SRGralue

chains in regions with unfavorable site conditions for SRC. The research project covered all process steps of

the SRCGvalue chain and is structured in 5 work packages (WP):

- WP1: Cost optimization through an adaptedtahimg between plant material characteristics, site

conditions and plantation management.
WP2: Improvement of harvesting systems and transport logistics with regard to specific site conditions
(steep slopes, long rotation periods with large sieameters.
WP3: Value added conditioning of SRC raw material (regarding end produgtrdgesgrties, industrial
experiences, pilot storage trails and storage simulation device design)
WP4: The economics of SR@lue chains and optimization strategies with respmestte location and
dimension.
WP5: New business concepts for successful implementation of a puaréerded wood fuel value
chain from SRC.

The development of strategies allowing a major cost reduction and a higher efficiency has been achieved by
an imovative approach to initialize intensive and early cooperation between producers and consumers.
Inside these coperations, the SR@roduction concentrated on the requirements of industrial
consumers. Based on the known value chain structures all nmajmrsges like the production (speeiéds
matching, spacing, rotation), harvest, logistics and conditioning of{8Bdlicts were streamlined.

The consortium work highlighted that farmers in the project region see SRC plantations as a good option to
valorize their most marginal sites, where there is no or lower profit at the moment. However, the results have
shown that SRC is not an option, which can raise profits on these unfavorable or marginal sites, but has the
advantage to offer income with a minimuni mput. CREFF consortium hamade a number of
recommendationsased on the resultf eachwork packagen order to optimizeéhe managemerdf the
plantationas awhole Produceri consumer c@perations, products, plantation design, plant material,
fertilization, harvest and logistifuel quality and conditioning methods.

Moreover, some tools have been developed by partners to help stakeholders in decision making. A technical
guide (in French) has been developed for interested farmers to explairseenf a SRC plantation. Also

an excel model , the AKUP Er inbréeptbatiow éarmerswith artBRG3e r ma n )
accurately platheir harvesting operatiorend related logistics
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2 Framework and Goals of the Project

2.1 Background

Besides the large potentials and opportunities, the establishment and cultivation of SRC is connected with
several constraints and barriérespecially in the economics of the plantations. Economic competitiveness is
one of the main obstacles for a widee of biomass from SRC. Up to ngwofits from SRGproduction are
comparably lowespecially on a per hectare base. Costs of plant material production are still too high, yield
needs to be raised by plant breeding and optimization of spsiééesnatchingon a regional scale,
harvesting and transport costs are high due teex@tence of SRC markets and low utilization ratios of
machinery. At present, most of the research results available have been obtained for medium to good sites
and the presumptionsf @ large field size for the SRflantations. There are several reasons, that these
conditions can be rarely found in many regions of Central Europe, where\WesthGermany and North

East France are examples. The project, therefore, will focus on \esgdhble conditions witsmall field

sizesat scattered locatiorendon unfavourable siteand terrains.

2.2 Common goals

The main objective is the successful implementation of-effisient and consumesriented SREvalue
chains through new business coneeahd in regions, where small field sizes and unfavourable sites and
terrain prevail. Therefore, theverall hypothesis shall be tested that in the project region mostly SRC is
established or potentially established on the above mentioned unfavourable site

The consumers of woody biomass from SRC are relying on a constant supply of large amounts of raw
material, with defined properties and quality, and at a profitable-prieev e | ( Foreatedsproduet r
designo) .

On the other side of the value chaihe potential SRC producers need established markets with clearly
defined products, and prices allowing a profitable SR&hagement even under the unfavorable site

conditions of our pilot regions.

Requirements from both sides of the vatimain are fulfiled optimally, if the products compbxactly with
the requirements of the consumers (quality, quantity).

1 It was tested whether the establishment@bperations between consumers and producersot only
has important effects on improving the efficiermfySRGvaluechains, but as well is a precondition to
overcome obstacles and constraints for implementation of anw8REchains WP5).

Thus, the specific goal of WP 5 is to detect the reasons and constraints for the low spread of SRC in the
project rgion. We assumed that a lack of personal information, missing markets and lacking established
regional produceconsumer capperations are the main obstacles for SRC implementation. The effect of
producefi consumer caperations were tested within two eagudies.

9 Starting withplantation management (WP1) costs and quality of the products can be influenced, e.g.
by the choice of tree species, spacing, and rotation lembthrelationships among plant characteristics
(yield and efficiency to useesources for the different kind of plant material available for SRC), soil and
climate conditions, and plantation management practices (planting density, fertilization, date of harvest,
etc.) will be studied.

9 Based on these parameters, the most suitadteesting and logistics system (WP2heeds to be
selected, which also determines costs and properties of the préaucthis purpose, about 4D
different harvesting operations were to be documented in which different harvesting systems were used:
a) fully mechanised systems using g@ibpelled cuttechippers or tractemounted cutter chippers, b)
fully mechanised harvests with forestry machinery like fdslenchers and chippers used in forestry, and
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c) semimechanizedharvests using motenanual techniques and mobile chippers. These harvesting
methods were to be assessed with regard to their efficiency and cost performance under different site
conditions in order to identify operational aspects that could be improvestitice the costs. Similarly,

the logistic strategies employed for the biomass transport were to be analysed with regard to their
efficiency and costs. Based on the obtained results, we aimed at developing a tool which facilitates
realistic estimations @uwt the costs of the different harvesting strategies and transport systems, showing
which system is most profitable.

1 In the last stage of the value chain, the product undergoestiggioning (WP3) according to defined
guality demands, like moisture cent, dimensions, and homogeneity.

1 Obviously, all stages of the value chain need to be concerted and optimized to make it efficient, to reduce
costs, and to maximise the revenues. These aspects will be subje@ooihamic and socigeconomic
evaluation of the recommended and tested SRuechains(WP4).

For the realization of the work packages 1, 2 and 3, it is essential to carry out a fietdligation on
already established SR&antations. Especially, they will serve as study objects to sureegrthual growth

rate, the nutrient and water use efficiency (WP 1), and to carry out the scientific monitoring during
harvesting and transport of SRC wood (WP 2). WP 3 will use raw material from hapezations for the
research on conditioning and stgea

However, the involved institutions of the project have only small or no ovy@a&htations. Therefore, the
consortium has invested time to find appropriate partners (farmers, industrial partners and contractors in the
value chain) offering access tstablished SR@lantations. This mix of selected areas offers a wide range of
different SRCplantations of poplar and willow iseveral Europeaoountries but mainly inGermanyand

France. Thigeflects the particular research focus of this consortiumend y A pr oduct qual i
hand and fAs manhfdvoufableeil de s¢ ardiamnidonso on the other h

2.3 Description of the consortium

The main objectiveof the consortiumis the successful implementation of cefficient and consumer
oriented RC-valuechains through new business concepts and in regions, where small field sizes and
unfavourable sites and terrain prevail.

To reach the overall objective, the proposed research project covers all process steps ofvidlaeSE@iIn
and isstructured in 5 work packagdsfining 5 main research topics covering the whole $RiGe chain

WP1: Cost optimization through site adapted plantation management.
WP2: Improvement of harvesting systems and transport logistics related to specifinditiogs.

WP3: Value added conditioning of SRC raw material regarding end produgbrdesrties under
consideration of different site conditions and fisldes.

WP4: The economics of SRélue chains and optimization strategies with respect to si&idocand
dimension.

WP5: New business concepts for successful implementation of a paréerded wood fuel value chain
from SRC.
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Each research partner is assigned to its work package. With the industrial partners, they form the CREFF
consortium, presnted inFigurel.

/ . N Economic evaluation of value chains WP4: IER Wood & ™
SRC-producing
Farmers reducing cost by control of economic impact of improved technology in the value chain energy
i o industr
Plantation Harvest & Conditioning of y
m management Logistics SRC-raw material Stora Enso
Schellinger
Quality products Improvement of Quality products GESA
controlled by: harvesting controlled by Veolia-CREED
Farmer species site matching systems improved processes ¥
- Spacing, and transport logistic for storage and drying UPM-Stracel
1) Farmers around RO Interested in using
industry plants WP1: INRA WP2: FVA WP3: HFR SRC products:
2) Farmers offering Indication of
access New business concepts  WP5: INRA & Unique requirements for
to SRC plantations SRC wood, aiming on
k Overcome implementation problems with the help of producer-consumer co-operations constant supply

Figurel: Description of the CREFF consortium

2.4 Expectedoutcomes

Main expectedesult is the development sificcessfustrategies allowing a major cost reduction and a higher
efficiency even for areas in Central Europe, which are characterized by less favourable conditions for SRC
production fields with lower soil quality and unfaucable forms, small field sizes, at scattered locations and

on unfavourable sites and terrains.

This shouldbe achieved by an innovative approach to initialise intensive and early cooperation between
producers and consumerson the one hand and to conentrate the SR@roduction inside these €o
operations to the requirements of industrial consunitensll allow:

To overcome the problems of small field size and scattered locations,
To improve efficiency via a straight prodemtiented qualityproduction,

To define the optimal production system for farmers to get the pt®duonsumers are asking for
(species, clones, spacing, rotation, harvest technique).

To cooperate for better information between producers and consumers, better inforparigmaduct
oriented production systems among producers, for improved use of machinery for planting, but especially
for harvesting and for establishment of efficient logistic system between partners.

This in turn results in
- adapted and efficient drying astbrage processes and facilities,
- low production risks for farmers and procurement risk for industrial consumers,

- the implementation of a suppbhain management between partners, which can lower the costs of
harvest, transport, storage and conditioning.

- overall cost reduction for the SR€oduction.

The new strategies are expectedtiow the production of quality SRfroducts for a known market based
on new business concepts, via a trustful cooperation andaiwisituation for producers and consumers

Through the combined use of the individual work packages results, the project will develop together with the
industrial partnesd6 | oc al SRC cultivation and supply conce
implemented by the pileto-operations of BC-producers and industrial consumers.
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The pilotco-operations will be used as sh@ases for the new strategies to support the establishment of
efficient SRGValue chains.

The guidelines compiled from the projectédés result
initiatives for SRCGproduction.

Beside this the results will be as well used to support other activities fostering SRC implementation.

2.5 Time frame

The official starting date of the CREFF project was November 14, 2008 for a period of three years. In 2011,
the project duration was extended to four additional months, until March 15, 2012. The CREFF project was
framed by two ERANet meetings: an ERMet Bioenergy (SRC call) kickff meeting took place in
Potsdam, Germany, September 8 to 10, 2008, and a finaiNERAneeting was held in Helsinki, Finland,
February 7 and 8, 2012. Within CREFF, a katfkmeeting was held in Champenoux, France, Februaoy 4

6, 2009, in presence of all research and industrial partners. A second general meeting took place in
Rottenburg, February 10 and 11, 2010. Additionally, two steering committee meetings per year (on an
average) involving the five research partners onre organized during the entire duration of CREFF.

Details about the time frame of each work package and the list of the meetings are presented in section 5.7
(WPOT coordination). All documents related to the meetings (agendas, minutes;puntepregntations,
etc.) can be found on the Silverpeas pages of the CREFF project.
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3 Common State of the Art

In the last few years the demand for wood, both for energetic amtbfiegnergetic use, has been constantly
increasing. Against the background of climate change andr€@&tion goals, new policies promote the

use of renewable energies to substitute fossil fuels, and there is a clear expectation that the demand for
woody homass will increase further.

To satisfy the future demand for wood, additional sources need to be identified. One option is wood
production in short rotation coppice (SRC). However its development in the majority of EU member
countries has been slow upraxently. Even though there exist far more SRC plantations in Germany than in

France, but in total they only account for about 5000 ha in 2011 which is about 0,02% of the total
agricultural surface (FNR, 2011).

One of the main obstacles for a wider ogbiomass from SRC is its economic competiiass. Up to now
profits from SRCGproduction are comparable low, especially on perthex base. Costs of plant material
production is still too high, yield needs to be raised by plant breeding and optmizdtspecigssite
matching on a regional scale, harvesting and transport costs are high dueetastemce of SRC markets

and low utilization ratios of mahinery. As an energy source, wood from SRC has to compete with fossil
fuels, residues from agritture (e.g. straw) and forestry as well as with other renewable energy sources. For
a nonenergetic use, wood from SRC has to compete with other agricultural products and with wood
production from conventional forestry.

As there is a constant increasetlie market price for wheat and corn, the potential for asreased SRC
establishment | ies in the usage -oolfuralcraps.Jheseaites areu n s u
often transformed into grassland.

In most cases, it is inferior unddre given frame conditions. Consequently, to promote the use of biomass
from SRC, costs for its production and supply have to be reduced.

At present, most of the research results available have been obtained for medium to good sites and the
presumptions foa large field size for the SR@antations. There are several reasons, that these conditions
can rarely be found in many regions of central Europe, where also-®@sthGermany and NorBast

France are examples.

The project, therefore, will focysarticularly on these conditions, which can be characterized as follows:

1 Good and optimal agricultural sites are rare, expensive and can be used for a wide range of food
products or annual energy crops. Therefore, SRC might often only be establishexfavoesable site,
fields with lower soil quality and unfavourable forms (e.g. small stripes along creeks and along forests).

1 The average size of single fields as well as farms is much smaller compared for example to UK or
SouthSweden (and many more reg® in Europe), where SRC is far better established recently.
Therefore, SRC in those regions will often be established in small field sizes, at scattered locations and
on unfavourablesites and terrains.

These special frameonditions for SRC productioresult in comparably low profits, especially on a per
hectare base. Harvesting and transport costs are high due to a virtexiistence of SRC markets and low
utilization ratios of specialized machinery.
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4 State of the Art, Activities and Results by Work P ackages

4.1 Work Package 1- Cost optimization through site adapted plantation
management

4.1.1 State of the Art

Cost reduction necessary for the promotion of SRF to a larger scale can, among others, be attained by
optimizing the biomass yield. In this perspective most striking difficulties concern the lack of knowledge

in terms of productivity optimization and soil fertility maintenance. In other words, the questions asked by
farmers and by the actors of the biomass network concerning biomass productioniladpcife among the

most deeply rooted limits to the full development of SRC plantations at a large scale in Europe. The major
guestions are:

1. how to take a maximum advantage of the soil / climate / site / productivity interactions?,
2. how to optimize theariety or species combination with the local conditions to maximize the yield?,
3. how to avoid or to slow down a rapid soil and whole system depletion in nutrients?

SRC plantations show several particularities as compared to a traditionally managed forest, notably
concerning the fact that the quantity of carbon sequestered for a long time is inferior to the one of a
classically managed forest or a long rotation plkionia Frequent wood exportations from the plantation
imply a progressive depletion of the soil in mineral elements. Howtarélization and irrigation of very

large areas dedicated to SRF is not economically viable for farmers to the long ter®ne soltion to

mitigate this problem is to improve the adequacy between the characteristics of the planted material in terms
of water and nutrienuse efficiencies (defined as the ratios between biomass production and water
consumption or nutrient content, resfieely) and the local edaphic and climatic conditions, plant material
presenting higher wateand/or nutrienuse efficiencies being likely to be more adapted to poor and/or dry
sites.

The values of energy crops watese efficiency (WUE) collected sorfaave been shown to generally vary
between 0.3 and 15 g biomass per kg water used. Besides varying definitions of WUE, the high variation is
due to the strong impact of environmental conditions and to genotypic variations. On the other hand, the data
on rutrient (N, P and K) use efficiency (NUE) often vary with a factor of about 20. The wide range of
variation already observed for both traits, WUE and NUE, for various woody energy species highlights the
possibility to optimize the adequacy between planten and site conditions, and needs investigations. It

is now well established that knowledge on energy crop weseris crucial for local decisions and for
technical optimizations. The selection of an energy crop for a specific region must be basezl/aluation

of the crop water demand in comparison with local climatic and soil conditions. Water is often the main
yield-limiting factor. Moreover, annual water use and WUE can be a key selection criteria in breeding
programs to improve water restrictgibld and to produce a range of varieties adapted to a range of
precipitation regimes. The efficient use of nutrients in the production of energy crops is important as well to
minimize the input need.

4.1.2 Specific goals

Intensive plantations of trees foroenergy are often synonymous with soil depletion. miaintain
productivity in the long term while reducing inputs (water, fertilizer) and their associated costs, an optimized
match between (1) the characteristics of plant material (genera, species atypagnmixed or not)
particularly in terms of efficiencies of resource use (Whatse Efficiency, WUE; Nitrogetyse Efficiency,

NUE), (2) cultural practices (spraying, planting densities, pruning, etc.) and (3) the soil and climatic
conditions must be fouh The approach adopted to meet this objective was to study the effects of the three
categories of above mentioned factors on productivity and its determinantetwork of plantations spread
throughout the north of France.
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Under the framework of CREFR network of collaboration was defined with most of the forest and
agricultural institutions working on SRC in France (INRA Orléans, AILE, the Agricultural Chambers of
Brittany and Vosges, FCBA, IDF, and LIMOS). Born from these collaborations, 10 exp&simere set up

in order to study the impact of various factors potentially influencing yield and plantation needs in water and
nitrogen. The 10 factors can be summarized in the following practical questions:

1. Clonal mixing: Do we have to use monoclor@bcks or mixtures of clones / varieties?

2. Cutting period during the year: When should we harvest, spring.fall?
3. Planting density. Is there an optimal planting density?
4. First year coppicing: Do we have to coppice at the end of the first year?
5. Chemical fetilization : Is it relevant to fertilize SRC plantations?
6. Pedoclimatic conditions To what degree the pedoclimatic context affects SRC?
7. Species What arel/is the Abestd species for SRC?
8. Sludge spreadingls sludge spreading a relevant practice?
9. Cultural antecedent What is the best cultural antecedent, grassianchaize?
10. Irrigation : Is wastewater spreading a relevant practice?
Question 2 Harvest [ ]
Questinn4} calendar § n . i
_ " Figure 2: Summary of the different way
question? [ © M I8 to maximize biomass productiofgreen
g:g:;:g:g} Ninpuss | 2 5 panel)while reducing wateblue panels)
Question 9 — Nitrogen [& and nitrogen(orange panelsheeds, in
NUE - terms of thenature of used plant materic
aueston? [ 5 and plantation management.
3
Question 1 Mixing §
T = The positioning of the questions liste
L above in this general scheme is al
oty | 3 . indicated. water (WUE) and nitrogen
Question3 ) ool 2 W B (NUE) use dficiencies were studied ir
feguency:| 3 % response to the 10 factors, in ¢
Question 10 I‘:‘]’;&:g 5 = experiments.

To answer the 10 questions, 20 plantations spread in the northern part of France, were used (tasks 1.1, 1.2
and 1.3: checking, selection and characterization of plantations). Refinements of the plantation list during the
time course of CREFF were exposedtie first and second year reports of the project. Plantations were
selected exclusively in France for practical reasons, but the questioning is valid irrespective of the country.
For each of the 10 experiments, the situation, the objective, the inyudviers, the description of the trial

and protocol, anthe main results and conclusions of the sitepecific study are exposed hereafter in the

part 4.1.3.1

Additionally to the sitespecific objectives listed above, the soil, climate and yield datacted for each of

the 20 sites were gathered in a common database and used (1) to establish tentative yield models, predicting
yields from site conditions, and (2) to get a general overview of the relationships among site conditions, tree
growth, and treefficiencies to use water and nitrogdinis general study is presented in part.1.3.2

4.1.3 Activities and Results

For all experiments, wood and leaf samples were oven dried, ground to powder, and analyzed by mass
spectrometry at I NRA Nancy (Pl ateforme Technique
(N) contents andarbon 13 isotope discrimination D**C, indicated asD hereafter), used as a surrogate

of water-use efficiency(usually negatively and linearly correlated to WUE; FARQUHAR & RICHARDS,

1984; FARQUHARet al, 1989). On all graphs presented hereafter, significance of the studied factors, and
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evmt ual ly their interaction, are represented by as
non significant. Different letters on the graphs indicate significant differences according to ti®gost
Scheffé testLocation, characteristicgnd soil and climate data of the different plantations used in this WP

are detailed irAnnex 1.1. Detailed protocols, plantation maps, additional results, and pictures are presented

in Annex 1.2.

Soil analyses were either obtained from the partners manalgen different sites, or by samplings and
analysis under the framework of CREFF. Climatic data were obtained from the national INRA database, at
nearby weather stations. The staffs of the different partners contributing to the field measurements are
summaized inTablel below.

Tablel: Staff of the different partners involved in the field measurements.

Unit / Institute Involved persons

Nicolas Marron, Julien Toillon (1/2), Bénédicte Rollin (1/2), Erwin Dallé,

INRA Nancy

UMR Ecologie et Ecophysiologie Forestieres (EEF)

Laurent Roux (1/2), Romain Leray (1/2)

INRA Nancy

UE Foresiére de Lorraine (UEFL)

Pierre Legroux, Fabrice Bonne, Thierry Paul, Vincent Rousselet

INRA Orléans

UE Génétique et Biomasse Forestiere (GBFor)

Guillaume Bodineau, Jean Gauvin, Bénédicte Rollin (1/2)

FCBA

Forét, Cellulose, Bois-construction, Ameublement Alain Berthelot, Patrice Maine

AILE

Association d'Initiatives Locales pour I'Energie et

I'Environnement Aurélie Leplus, Laurent Roux (1/2)

CA88

Chambre d'Agriculture des Vosges Flavien DiCintio, Eric Meurin

CRAB

Chambre d'Agriculture de Bretagne Bertrand Decoopman, Aurélie Rio, Gilbert Le Stanc

CNBF

Conservatoire National de Biologie Forestiere Olivier Forestier, Romain Leray (1/2)

LIMOS Nancy

Laboratoire des Interactions Microorganismes -

Minéraux - Matiére Organique dans les Sols Marie Stauffer

Orléans University

Laboratoire de Biologie des Ligneux et des Grandes

Cultures (LBLGC) Julien Toillon (1/2), Stéphane Maury, Clément Lafon-Placette, Alain Delaunay

IDF

Institut pour le Développement Forestier Frangois Charnet, Dominique Merzeau

P b P P

As shown by the results to question 6, the site effect can be huge, and so, the conclusio
experiments are often very dependent on site conditions. So, conclusions have to be int
with caution and with regards to the specific growth conaiitidro try to make the conclusions
general as possible, some of them were replicated at several locations, but due to the hes
such experiments, it was not feasible to do it each time.

In the same way, most of the SRC plantations in Framcl Germany are young (many of the u
plantations are only two year old), and results about a second or a third rotation are seldd
result, most of the results presented hereafter will have to be checked and tested again f
periods of tine, for successive rotations.

Contrarily to what was initially expected, it was not possible to calculate accurate values ¢
taking into account all nitrogen fluxes in the plantations (notably because of the difficy
manage litter bags / boxes at each plantation). Only a NtéE (roughly equals to the invert

stem N content per unit of wood dry weight, LACLAdY al, 2000; JORGENSEN & SCHELDE

2001; THARAKAN et al, 2005) was calculable. We have chosen to present the N results as
N per g of dry weight.

In France espeally, short rotation plantations (TCR, with densities around 1500 trees/h:
clearly differentiated from very short rotation plantations (TTCR, with densities between 75
15,000 trees/ha). A large work has been carried out by FCBA and INRA irashe@mp TCR, bu
the TTCR are much less known in France and Germany. The following pages will mostly d¢
very short rotation plantations (called vSRC).
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Supplementary material and databases are on the Silverpeas pages of the project.
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4.1.3.1 Site specific experiments
Question I Do we have to use monoclonal blocks or mixtures of clones?

Situation: Mixture of clones and varieties is a way to limit pathogen development, but what is the effect on
biomass production due to more intense competition among clonegenytdifferent growth potentials?

Objective: The effect of a clonal mixing on biomass production, WUE and NUE was assessed.

Partners involved The studied plantation has been installed and managed by INRA Orléans. The
measurements and samplings were doredose collaboration with the INRA Unit GBFOr in Orléans.

Trial and protocol: The poplar plantation d¥atan, la Chesnayé86) has been used to test the effect of
clonal mixing on biomass production, wood N content and WUE. Nine poplar clones werst inethis

quite old plantation (the current rotation was 11 years long). Two of them were not used in the experiment
because of very high mortality rate. The remaining clones were either from lItalian (three clones) or Dutch
(four clones) origins, and tiiewere planted as monoclonal plots, completely mixed plots, or-onign

mixed plots (three treatments). The 1.6 ha plantation was installed in 1991, with a density of 1900 trees per
ha, and harvested a first time in 1998. Under the framework of CREgfe~dimensions were measured for
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all trees during fall 2009, and a selection of tree
was harvested in March 2010.

Some results Figure 3 shows theD and N
values for the main stem and the first-co
dominant stem of the seven clones, irrespective
of mixturetreatment. No significant difference in
terms of water use efficiency and nitrogen
contents was observed among the different stems
of the same plant.

Figure 4 shows the number of stems per stool,
the clump biomass, and the yield (with and
without mortality per clone taken into account)
per clone and per treatment. When considered
globally, clonal mixture has an effemh biomass
production dependent on clone. When considered
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clone by clone, the biggest ones showed similar
WUE in the pure and mixed treatments. The
smallest ones are less efficient to use water in the
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Clone Treatment productivity Mortality (%) (tonspw/halyear) 0 TNumber of stems Cloner
(tonspw/halyear) oW .
200
Beaupré Pure 7.37 12.8 6.43 oxT™
Origin mixture 4.18 3.65 250 ( T
Total mixture 3.70 3.23 [ !
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Figure 4: Number of stems, clump dry weight (histograms) and productivity (taking or not mortality into acc
table) of the seven clones in the pure, origin and total mixture treatments.
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At the end of the ¥ rotation (11 years), real mean biomass production was 6.§t6hs / year for the pure
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relationships were not significant).

21.50

6 Ras

The clones are differen

t for their wood

nitrogen content, but this content is not

affected by clonal mixtur

e. Clones of this

experiment established in 1991 are quite

old and most of them are
i n

not used anymore

pl ant ati madf e ddest it

SRC trials in France. The plantation has
been removed after the last harvest.

In terms of the relationships between yield

and WUE (Figures)

and O0Triplo
water use efficiency
correlated with main
production. The link
characteristics is true
clones, the ones affected

In conclusion  Clonal
recommended to prevent

for
mo st

except
6, t he
was positiye
stem biomass
between both
for the weakest
by competition.
mixture is
pest development.

At plantation level, there is no effect of

mixture on yield, but

at clonal level,

differences among clones are emphasized in
the mixture. Consequently, mixture has to

bepreferred.

Question 2 When shou
spring vs.fall?

Situation: When harvest
during the leafy period,

Id we harvest,

is only possible
leaf exportations

are likely to alter soil fertility. It is notably
the case in Brittany, where the soil is never

frozen dumg winter.

Objective: The effect of harvest period
during the year was estimated mrgrowth,
WUE and wood N content.

Partners involved The plantation

(previously used for weed control
experimentations) belongs to the
experimental domain of the Agricultural
Chamber of Brittany (CRAB). Tree
dimension measurements, biomass
production esthations, and wood

samplings were done in close collaboration
with CRAB and the GBFOr Unit (INRA

Orléans).
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Trial and protocol: The willow plantation

Survival (plants / ha)

in Kerguéhennec (56) was used. It has be&i Senson Parves
established in 2006 and never harvesteso

. . e - ol
before the beginning ofthe CREFF “*7T &7 = T T m e -

8000

experiment. The plantation covers 0.7 h
with a density of about 15,000 trees per ha,
and clone 00Ol of 6. B iz00f =
dimensions, evolution of  mortality, ©

resprouting, WUE and N content wer year
estimated in fall 2009 and 2010, and sprir Harvest 1 (Fall 2000 Harvest 2 (Spring 2010) Harvest3 (Fall 2010) | Harvests

(Spring 2011)
2010 and 2011.
. . Figure7: Evolution of mortality at the date of each harvest (d:
Regrowth (stem height and circumferenceyreen) and then one year (apple green) and two years later
number of resprouts) was monitored at theyreen).

end of 2010and 2011, and will be monitored 7
again at the end of 2012. 6 I

6000

Initial | One | Two Initial Initial Initial

years
later

One
year
later

Two
years
later

One
year
later

Two
years
later

One
year
later

Some results Mortality was estimated at harvest dates, and one —
and two years later. Four (2009) to six (2011) years after { —
plantation, planting density was drastically reduced as compared L
to the intial one (15,000 plants / ha). However, no effect of |
harvest season was detected. Surprisingly, some dead tree
sometimes revived after harvest. Despite a constant decrease in
wood N content harvest after harvest, there is no clear trend
concerning yield and D/WUE (Figure 8). Regrowth | I
measurements were done at the end of 2010 (for the first two
harvests), and at the end of 2011 (for the 4 harvests) (Figure 7).
Results in terms of main stem height and number of shoots are -
presented below. At the end of A01there was still no **° T
difference in terms of stem heights and number of stems
between the trees harvested during fall or springgiRevth will 154

be monitored again .., B A 1A
700 and two years after harvest |n 2012 0.35

600 0.3

1°2)

500 0.25

400

300

0.15

200 1 Figure 8: Clump
100 | dry mass, woo,
, and wood nitrogen 0.5
8 content at each |

and two years after harvest T T T
7 harvest. Fall 2009  Spring 2010  Fall2010  Spring 2011

4 T In conclusion Two years after harvests, there was still no
e effect of the season during which the harvest was done neither
2] on tree dimensius, nor on resprouting and mortality. It seems
that, even if leafy trees are harvested, the effect on plantation
Harvest:  Fall 2008  Spring2010  Fall 2010  Spring 2011 fertility and regrowth is not significant, even several years
after harvest. Rgrowth will be monitored for a longer period

to confirm the rsults.

Figure 9: Regrowth in terms of stem heigt
and number of stems one year and/or t
years after the four harvests.
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Question 3 Is there an optimal planting density?
Treejresh weight (kg)

Situation: How does competition among plants in dense, ‘

plantations affect biomass production? Notably in France, | .
two distinct cultural systems exist: farest system SRC, .|
with density around 1500 trees per ha and rotations lasting 6
8 years, and amgricultural system, very SRC, with ]
densities ranging between 6000 and 15,000 trees per ha ahi
rotations lasting 28 years. More biomass is supposed to bgJ"
produced in thedenser system, but this higher production |%°°d carbon isotope discrim
can be greatly reduced because of competition among tre€s’

Objective: The effect of planting density (SRC, 1508. 2o
very SRC, 7500 trees / ha) on productivity, WUE and N |
content was assessed. A

18.0 : : :

Partner involved: The studied site was installed and
monitored by FCBA under the framework of the project,s
BIOMAGRI (Enerbio). oa L

Trial and protocol: Biomass, WUEand N content were oz —

estimated in a -%ear old poplar plantation in la Brosse o2{—
Montceaux (77) with different planting densities (7500 and: {— —

A A B
1500 plants / ha). The 2.15 ha plantation was installed i ot ] v | ot | 1o
2008 wi t h s i-2x1 4 &, o néeBsa k g md &Tr i|pl 0 Oveysrc
6Dor s kbéaSnkpabd,o0 6 and OTrichobel d8). Wood samples were

collected and tree dimensions measured in January 2010 fdiigure 10: Tree fresh weight, wood®, and
three oc¢2Alodnde,s §Torli pl 06 and BEPER PHEF)or thefhreq qoges ufte n s e r
trial and orReld4dl)onen drhley | (e\&?%SR%agdr/]orS gR "N al . I n

July 2011, leaves were colledtand stem circumferences were measured for the six clones in the two
densities. As it was the first rotation, trees had one stem only.

Some results Figure 10 shows the biomass productiddand N data two years after plantatioff farvest
for the verySRC system). After two years, trees were more efficient to use water in the less dense plantation
(wood data). Competition for N was less intense in the SRC.

The clones for which there is the strongest density / competition effect show the highest increase in WUE
(Il eaf dat a) under dense [/ competitive conditions
which there is no effect on WUE (Figuté).

300 30

Stem circumference (mm) Clone ns Clone *
i *% | 5 Density s
Density
[ *

CxDns

250

CxD "s

200

150

100

50

0

Bakan Dorskamp 1214 Skado Trichobel Triplo Bakan ‘ Dorskamp ‘ 1214 ‘ Skado ‘ Trichobel Triplo
Figure1l: Stem circumference, le&f and nitrogen content for the six clones under very SRC and SCR regi

In conclusion In the denser plantation, trees were higher, but stems were less thick and with fewer branches
because of more intense conipeh. However, the density effect was not significant after two growing
seasons. Consequently, denser plantations are more productive, even if the competition effect has to be
checked for a longer time.
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Question 4 Do we have to coppice at the end of tHest year?

Situation: First year coppicing can stimulate theg@wth during the next year, but it can also affect weak
plants when the first year growth has been poor.

Objective: The effect of a first year coppicing on biomass productiogroevth andWUE and leaf and
wood N contents was assessed.

Partner involved: The experiment was done in close collaboration with the AILE association. The
plantation was belonged to a farmer.

Trial and protocol: Biomass, growth, resprouting, bud phenology, WUE ambiNents were estimated in a
willow plantation (three clones) in SaiSulpicedesLandes (44) (around 15,000 plants / ha) where a part
only of the plantation has been coppiced at the end of the first year. The 2 ha plantation was installed in
2009. Bud penology and growth were monitored from February till October 2010. Leaf samples were
collected in July 2010. Biomass production was determined in December 2010.

Some results The size of the trees (stem height and circumference) was almost similar dppiced (2

yearold stems) and coppiced treesy@darold stem) (Figured2 and B). However, this similarity between

both treatments was less striking for main stem biomass, because of the combination between height and
circumference differencedlevertheless, the total clump biomass production was very close for the two
treatments, especially for some of the clones, because of the production of multiple stems after coppicing.

Neither leaf nitrogen content nor ldafmeasured in July 2010 wer#fexted by coppicing. N content aril
(WUE) were never correlated to biomass for none of the clones and treatments.
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Figure : Time course of the dominant stem heig  Figure 13: Stem circumference and dry weight, and to
increaseandnumber ofleaves for thecoppiced and  clump biomass at the end of the season for the copp
uncoppiced treeduring the 2010 growing season. and uncoppiced trees of tHeeeclones.
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So, in the conditions of our experiment, it was
pertinent to oppice the plantation at the end of the
first growing season. But the relevance of"ayédar
coppicing depends on the™ year growth. Here,
coppiced trees were almost as big as uncoppiced
trees after two years.

20 = Crome
Coppicing "
cxc ™

Carbon isotope di

Coppiced

In conclusion The first year coppicing hadearly
. stimulated the growth of the trees.

Nitrogen content (%)

0.5 -

0.0

Uncopp\ced‘ Coppiced ‘ Uncopplced‘ Coppiced ‘ Uncopplceﬂ‘ Coppiced

TORA TORDIS INGER

Figure 4. Leaf nitrogen content and leBfin July 2010
for the coppiced and uncoppiced trees of theece
clones.

Question 5 Is it relevant to fertilize SRC plantations?

Situation: Bioenergy cropssuch as miscanthus and switchgrass, are generally fertilized, but is it useful to
fertilize SRC plantations?

Objectives The effect of chemical fertilization on biomass production, WUE and leaf and wood N contents
was assessed. The results were compartdfertilized and unfertilized miscanthus plots.

Partner involved: The plantation installed under the framework of the Regix project, managed by The
INRA Unit Agrolmpact was used. Biomass estimations and wood samplings were done in collaboration with
the BFOr Unit of INRA Orléans.

Trial and protocol: Biomass, WUE and N content were estimated in a poplar plantation (three clones:
0Dorskampé6, -2Ké6) ei-Monsk(BQ wherée some of the blocks were fertilized. The
plantation was establishedirihg spring 2006 (10,000 plants / ha) and harvested during winter 2009 and
2011. Wood samples were collected during the second harvest, and leaf samples during summer 2011.
Fertilization was done in May 2009 and May 2011 (after each harvest) with 6@ gf/&h39% nitrogen

solution (25% nitric, 25% ammoniac, 50% ureic).

Some results The figures hereafter show the clump dry biomass during the second harvest for the three
clones, the main stem height during the summer sampling, and wood or leaf N camei¢sif or wood

at the two sampling dates (winter for wood and summer for leaves) (Figures 13 and 14). There was no
significant yield and N content increases in the poplar fertilized plots (but there was a N increase in the
miscanthus fertilized blocks

The three clones were different for their efficiency to use water, but miscanthus was globally much more
wateruse efficient than poplar.
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Wood data (winter 2011)

gclumpdrywelght(kg) e "|Wood carbon isotope dis Clone**
Clone Fertilization "
Fertilizatiop 1S 2 —ns
CxF " L — i
—r—
1 L
T T
T —+- ;
20 —]—
1
19
B B A
e T T T
2 N 1 *
Number of stems Clone ™ Wood nitrogen content (mg g pw) Clone
45
A Fertilization
T Fertilization "* -
CxF " 4 ExE
- 3
T 2
——
[
15
1
05
A B B
0
Unfertilized ‘ Fertilized ‘ Unfertilized ‘ Fertilized ‘ Unfertilized ‘ Fertilized Unfertmzed‘ Fertilized ‘ Ur\femhzed‘ Fertilized ‘ Urﬂerlmzed‘ Fertilized ‘ Unfemhzed‘ Fertilized
Dorskamp 1214 Koster Dorskamp 1214 Koster Miscanthus

Figure 15: Clump dry weight, number of stems, w@p@nd nitrogen content for thertilized and unfertilized trees of
the three clones and miscanthus (for the two later traits) during winter 2011.

Leaf data (summer 2011)
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Figure 16: Main stem height, number of stems, leaf carbon isotope discrimination, and nitrogen content fitiztite fer
and unfertilized trees of the three clones during summer 2011.

In conclusion: The positive impact of a chemical fertilization is striking for miscanthus but inexistent for

poplar. Trees do not need to be fertilized. However, once more, our r@suliependent on the specific
conditions of the experiment and the Estsms soil is quite rich. Fertilization could benefit to weeds and

not

to the

trees |

n

t his

caseé
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Question 8 To what degree the pedoclimatic context affects SRC?

VosgesversusBrittany

Situation: Sites in which SRC plantations may be established show various environmental conditions. To
which degree yield is affected by these conditions?

Objective: Yield, growth, bud phenology, WUE and leaf and wood N contents of willows ggoatitwo
contrasting sites in Vosges (Lorraine) and Brittany were compared. The environmental part in the total
phenotypic variance was estimated.

Partners involved Conventions were established with the Agricultural Chamber of Vosges and the AILE
association for the use of the plantations of Attigny (5 ha, Vosges) andSt#intedesLandes (2 ha,
Brittany), respectively. The two plantations belong to private farmers.

Trial and protocol: Biomass, growth, WUE and N contents were estimated andenediin the two willow
plantations (Vosges vs. Brittany). Both plantations were established during spring 2009 with three (St
Sulpice) or four willow clones (Attigny) (around 15,000 plants / ha). Bud phenology and growth in height,
circumference, and leafumber was monitored every two or three weeks during the entire growing season
(February till October 2010). Leaf samples were collected during July 2010, and biomass estimations and
wood samplings were realised in November 2010.

TP Some results The two sies were not so different in

terms of soil composition and climate. However, as
shown by the growth and biomass production graphs
(Figures 17 and 18), growth was faster at the Brittany
site.

Clone *

There was no significant clone x site interaction for
growth trats, showing that clonal response was similar
at both sites. Like for tree dimensions, biomass
production was much higher in Brittany than in
Lorraine, the clones and their ranking at each site were
not significantly different.

The site effect, and its iataction with the clone effect,
was weak on WUE and wood N content (FiglLgg

Tordis

Tordis

Attigny (Vosges) St Sulpice des Landes (Brittany)

Clump dry weight (g)

500 C!one i
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[ tows | ‘
Attigny (Vosges)

Inger ‘ Jorr ‘ Tora Inger ‘ Tora ‘ Tordis

St Sulpice des Landes (Brittany)

Figure I7: Main stem and clump dry weights of th
three or four clones in Attigny and SafBtlpice at
the end of the second growing season (2010).
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Figure 18: Tine course of stem height and number of leaves during the second growing season (2010)

different willow clones in Attigny and Sak8ulpice.
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Figure 20 shows the significance of the; =22

. . Clone ***
rglatlonshlps amongD.,. N .and stem " Site "
circumference. A positive link between 2 Cxs "

yield and WUE (negative withD) was
observed for one cl
most productive site (SahS8ulpice). This C
relationship has been highlighted for ac
higher number of clones, under produetivf
conditions only, for the willow clones of 5 171
the SYLVABIOM prOjeCt. Inger Jorr Tora Tordis Inger Tora Tordis

Attigny (Vosges) St Sulpice des Landes (Brittany)

igot

ger 6)

In conclusion In spite of quite similar 35
climate and soil conditions at the two site Clone ns

yields in Brittany and in Lorraine were veryE ’ T i'xtz M L
different, highlighting the difficulty to § *°| # e
predict biomass production from growths 27 ] B
conditions. Plantation management can alsg 5 — -
be an important factor, highly influencing ] -
biomass production, and small difference$ 05 L -
among sites (the organic matter content, in .

this case?) can imply huge differences in nger | dor | Tora | Tordis | nger | Tora | Tordis
production. Moreover, the Attigny site was Atiigny (Vosges) St Sulpice des Landes (Brittany)

m in rin r 2011
damaged by insect pest during year 20 Figure19: Leaf D and nitrogen content for the different clones
(Saperda populngasmall poplar borer.

the two sites during summer 2010.

Figure20: Correlations among le&j, stem circumference, and leaf nitrogen content at the two sites, for the dift
clones, and under coppiced or uncoppiced regimes in-Salpice.
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Various locations in Brittany

Objective: Yield, WUE and leaf and wood Nontents of willows growing at five sites Brittany were
compared. The environmental part in the total phenotypic variance was estimated.

Partners involved: The plantations established by the AILE association under the framework of the project
Wilwater wereused. Only the sites for which it was possible to distinguish the different planted clones were
used. The site selection and the field campaigns were done in close cooperation with AILE.

Trial and protocol: Biomass, growth, WUE and N contents were esegghadand monitored in five
plantations of willow in Brittany (about 15,000 plants per ha): La Prénessaye (22; 1 hahé&mh(29; 1

ha), PleybecChrist (29; 4 ha), Sairilles (35; 2 ha), and Kerlavic (29; 3 ha). Three to four clones were
present at théifferent sites, and plantations were established and harvested at different dates (see table with
site detailsin Annex 1.1). Twofall (November 2009 for the first four sites cited above, and 2011 for
Kerlavic only) and a summer (June 2011 for the fost sites) campaigns were done. Tree dimensions and
mortality rate were estimated for the different clones at the different locations. Wood samples were collected
during the three campaigns and leaf samples during the summer one.

Initial
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12000

10000

Planted in 1998
3 harvests

Planted in 1998

2 harvests

Planted in 2002
2 harvests

T

Planted in 1999
2 harvests

planting
density

14000

12000

10000

Planted in 2005
1 harvest

Density (plant / ha)

8000 8000

6000

4000

2000

0

Figure 21: Estimation of planting density in 2009 and 2011 at the five sites, as compared to the theoretical
density (15,000 trees per ha).

Some results Figure21 shows the evolution of the plantation density estimated in November 2009 and June
2011. Thenitial planting density is supposed to be 15,000 plants per ha. More than 10 years after plantation,
density was drastically reduced, being around 6000 plants per ha for the least productive site and around
12,000 plants per ha for the most productivewkleer, no significant clone, year, and clone x year effects
were detected for all sites.

There was no significant effect of the sampling season (Novewsbéuly) on woodD and the N contents
(for the four sites sampled twice).
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Figure22: Main stem circumference and/or height, wdgdand nitrogen content at the five sites and for the differ

clones during fall 2009

The vyield was significantly different at the four sites (Figures 22 and 23). However, the clone x site
interaction was weak for growth traits, showing that clonal response was similar among sibéé/ By at

leaf and wood levels, similar trends were observed in winter and summer, even if the trees were harvested in
the meantime. The site variance was mmore important than the clonal effect (Figure 24).

The highly significant clone x site interaction showed that the clonal response to sites for WUE was different
for each clone. For the leaf and wood N contents, the site variance was much more irtigorttre clonal
effect. The significant clone x site interaction showed that the clonal response to sites for N was different for

each cl

one.

ncrease

as

wel |

as

decr ease

was

obse

As shown by Figure 2%nly a few significant correlations between yield and WUE were observed at the

PleyberChr i st

S i

t e.

However

they

wer e

negative

(posi

yield associated with low WUE) while they are generally positive (imgahigh yield associated with high

WUE).
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In conclusion As also shown by the previous experiment, environmental effect (including soil, climate,
management é and unpredictable factors) can be hug

However, the ranking of the genpgs under contrasting growth conditions is quite stable, and so,
productive clones will remain productive irrespective of conditions.
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Question 7 Wh at are/is the fAbesto for SRC?

Situation: The three most commonly used species, willow, poplar sk bocust, have specific ecological
requirements. How to adapt the species to site conditions in order to maximize yields?

Objective: The performances of the three species were compared under the same environment.

Partners involved The plantation has be established under the framework of the ANR Bioenergies
project SYLVABIOM in collaboration between the INRA Orléans Unit GBFOr and the CNBF in Guémené
Penfao (44).

Trial and protocol: Biomass, WUE and N content were estimated in Brittany (Guéfenfa9 where

black locust, willow and poplar vSRC grow on the site. The 2.4 ha plantation has been manually established
during spring 2009 (12,000 plants / ha for eight willow clones, and 7300 or 1500 plants / ha for the poplar
cl O0Dorskampém @omodovewandHesngafi &l ack | ocust, 0 N
phenology and growth in height, circumference, and leaf
number was monitored every two or three weeks during

the entire growing season (February till October 2010).

Leaf samples were collecteduring July 2010, and

biomass estimations and wood samplings were realised in
December 2010.

Some results As shown by Figures&and Z, the three
species showed similar height at the end of the 2
growing seasoné but bl ack |
as compared to both other species at this dry site. As a
result, black locust produced significantly more biomass
(stem only, and stem + branches) than both other species.
During the dry 2010 seaspmoplar grew much faster
during spring time, but the three species were not different
anymore in stem height at the end of the season. Drought
was mostly damageable for poplar and willow (that lost
most of its leaves).

In the very dense plantation, blaldcust was affected by
competition for water. As a result, height was superior in

the SRC than in the vSRC. As shown Figure 25, black
locust uses water more efficiently than both other species
(lowerD) ¢ at this dry site. Obvi
fixator, black locust, were much richer in nitrogen than

species

one
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Figure 27: Time course of stem height increase and leaf number increment for poplar, black locust and wi
GuémenéPenfao in 2010 (days of year).
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In conclusion: Willow and poplar are the mos
commonly used treespecies for bioenerg)
plantation in the north of Europe. However, the
regions are more and more subjected to sum
water stress. Under these conditions, black loc
(and probably eucalypt) shows much bet
performances than water demanding species
was true in 2010 in Guémeifenfao, and agait
in 2011 in SainCyr-enVal (where the 3 specie
are also present together; data not shown).

Leaves [RW/elel:}

¢ 2 ¥4 — |
\\\ Figure28: Leaf (summer 2010) and wood (winte

20102011) D and nitrogen content for poplal

Poplar Robinia Willow black locust and willow in Guémesféenfao.

Porskamm 2 provenances 8 clones

Question 8 Is sludge spreading a relevant practice?

Situation: Sludge spreading in SRC could be a way to valorise wastes, but do the trees need this additional
fertilization?

Objective: The effect of different quantities of sludge (simple or double doses) on biomass production,
WUE and N content was assessed.

Partners involved: The site was installed by IDF (Institute for Forest Development) Orléans under the
framework of the SLVABIOM project. Biomass and growth estimations were done with the help of the
INRA Unit GBFOr.

Trial and protocol: Biomass production, resprouting, WUE and N content were estimated in a willow
plantation in Brinorsur-Sauldre (18) with sludge inputs ootn(two doses). The site (2.3 ha, 10,000 trees /

ha, six willow clones) was established during spring 2009. Dehydrated sludge was spread in March 2011: 2
and 4 tons of dry weight per ha (171 U of N /ha maximum). Leaf sampling and tree dimensions
measuremds were done during August 2011.

Some results Figure 29 shows tree dimensions and leaf analysis data 6 months after sludge spreading. No
significant effect of sludge was observed on biomass production / growth six months after spreading.

Results are likgl to be dependent on soil fertility: SRC on rich soils does not need additional nutrient inputs
and elements will probably not be assimilated by plants and remain on the soil.

No significant effect of sludge on WUE and N content was either observed.
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under the sludge spreading treatment. Monitoring of sludge effects has to continue for a longer period.

(nc

The very dry July 2011 had two negative effects on the experiment: (1) the solid sludge spreading did not
penetate properly into the soil, (2) many trees did not resprout because of the drought (plantation was
harvested the winter before).

In conclusion: No. Spreading of dehydrated sludge is a delicate process depending on the occurrence of rain
after the operatio. It was unfortunately not the case for our experiment and this technique was absolutely

not efficient.

Question 9 What is the best cultural antecedent, grasslands.maize?

Situation: To avoid concurrence with food agriculture, SRC plantations will teferably installed on

marginal, less fertile sites.

Objective: The effect of the cultural antecedent (rich poor / maize cultivatiows. grassland) on biomass

production, WUE and leaf and wood N contents was estimated.

Partner involved: The LIMOS was nvolved. The five studied plantations, differing in their prior cultural

antecedents, were part of a PhD thesis in this lab.

Trial and protocol: Biomass, WUE, and leaf and wood N content were estimated in five willow plantations

in French Ardennes (8) défing by their antecedent, grasslarsdmaize cultivation: AmblyFleury (2.5 ha),

Semuy (3 ha), Amagne (3 ha), Asfeld (3 ha), and Voncg. The plantation were installed in 2006 (the first

t wo) ,

2008

(the

next

t wo) ,

om d2@d0 (@bbobet!| 45t 000e

oldest ones were harvested during winter 2009/2010. Wood samples were collected and tree dimensions
were measured in October 2010, while leaf samples were collected and biomass was estimated in July 2011.
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Figure30: Stem height, woo® and nitrogen content at th
four of the sites (winter 201R011). The cultural

Amagne (grassland) Asfeld (grassland)  Ambly-Fleury (maize) Semuy (maize) 17 A
Amagne Asfeld Ambly-Fleury Semuy Voncq

Figure 31: Stem dry weight, wood and le&f and nitrogen
content at the five sites (summer 2011). The cultt

antecedent is indicated for each site between brackets. antecedent is indicated (it is still unknown for the Voncq sit

Some results During fall 2010, yield was not linked to the cultural antecedent (Fig)reHowever, willow
treesshowed a better efficiency to use water on the poorer sites (grassland antecedent). The huge growth
difference between Amagne and Asfeld could be due to the higher clay content in Amagne. This factor,
rather than the antecedent, seems to be a very impbméimng factor for growth (see extrguestion 11).

In agreement with the measurement done at the end of the

growing season, during summer 2011, trees were less-usger
efficient on maize antecedent than on the grassland antecedent>
(Figure 31). WUE esimations done at leaf and wood Ievels:
concord: the same trend was observed on both antecedents. 5w

Results have to be interpreted with care as plantations al@ 000

ha

10000

differed in ageé Obviously, gl rich
wood. No clear difference was obsetvemong both cultural

antecedents in terms of N contents. ,

Mortality as compared to the initial planted density was more o lled 2008 netalied 2006 Installed

important onthe grassland antecedent, maybe because of a 2010

more prepared and fertilized soil in the past on the maiZdoure 32325f{‘5ity of the ﬁVg fite?hdufi”,tE
: summer as compared to the ini
antecedent (Figur2). planting density (15,000 trees / ha)
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In conclusion: No obvious effect of the cultural antecedent on yield was observed. However, it seems that
trees were more effient to use water on the pasture antecedent, richer in organic matter buirpbdb(2r0

g/kg for the pastures. 3.1 g/kg for the cropland). Constraints are known to increase WUE, and the harsher
conditions of the grassland (soil less fertilized areppred in the past) could make the plant more efficient

to use water. However, the different ages of the plantations on the two antecedents could also interfere with
the interpretation. The younger Voncq plantation, where trees also showed a high WUE (I , coul
help in clarifying the conclusion, but the cultural antecedent (likely to be a pasture) is still unknown at this
ti meé

Question 10 Is wastewater spreading a relevant practice?

Situation: Sludge spreading in SRC could be a way to valavigstes, but do the trees need this additional
fertilization?

Objective: The effect of treated wastewater and whey from a cheese factory was assessed on biomass
production, WUE and wood N content.

Partner involved: The studied plantation is managed by the Unit GBFOr of INRA Orléans under the
framework of the TSAR project (Techniques Sylvicoles et Agronomiques Rémédiantes). The plantation is
located on the field of the Ecologistique industrial in Courtenay (45).

Stem height (cm) Stem girth (mm) Protocol: Biomass production, resprouting, WUE and N

content were estimated in a willow plantation in
1 Courtenay (4 ha, about 15,000 plants / ha, two clones,
I 6Tor ao and 6l nger 06, I nstall e
I T T treated wastewater or whey from a cheesefgdnputs,

- | or not. Wood sampling were collected and tree
dimensions were measured in November 2011.

Some results At the first harvest, tree dimensions were
not significantly different among treatment (Figui®f8r

Dry mass (g) of dominant stem and clump dominant stem height and circumference). However, there

was a sigificant effect of spreading on biomass

g production, the wastewater irrigated plants being heavier
b than the control, and the whey irrigated ones being
|5 I heavier than both other treatments. As shown by Figure
; 34, planting density was significantly higher iretwhey
] . . 5 treatment. Yield in this treatment was also significantly

higher than the control, the wastewater treatment being

T
Control Wastewater Whey

intermediate.

Figure 33: Stem height (red dot), circumference (bl o _ _ o
dot), dry weight (light green histogram), and clun Plants irrigated with wastewater were richer in nitrogen

dry weight (dark green histogram) for the toh  than control ones (Figure58 However, there was no
wastewater, and whey spreading treatment at the  sjgnjficant impact of irrigation on WUE, but the whey

of the 3 year

irrigated plants seemed slightly more efficient to use
water than both other treat me

Planting density (trees/ha) Yield (tons/halyear)
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Figure34: Density and yield (taking into account density) for the control, wastewater, and whey spreading tre
at he end of the"3year
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In conclusion Yes, already at the first harvest, the

effect of water and the nutrient it contains on yield is

significant. Moreover, it is an efficient way to valorise

industrial wastes!
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Extra-question 11 When are conditions really too marginal?

Situation: Marginal sites will probably be preferred for the establishneér8RC plantations in order to
avoid concurrence wi

Objective: The goal of the experiment was initially to study the effect of (1) mixture of black locust and
poplar, (2) planting density, arf@) cultural antecedent on yield. However, the chosen site showed much too

mar gi nal

conditionsé

OO

"N “RO)

LD

oo

Ced

OO

Figure &: Mortality rates (in red) for the twc

poplar <clones
bl ack |l ocust

(6AF26
provena

three planting densities (14,000, 7500, and 1¢
plants /ha), and the two cultural anteceder
(maize, grass) one year after plantation.

th food agriculture. But i s

Partners involved The installation of the instrumented
plantation was part of a project funded by the Lorraine
Regional Council and INRA. A 5 ha site was s&d in
Moyenvic (57) and 25,000 poplar cuttings and black locust
seedlings were manually planted at three densities (14,000,
7500 and 1400 trees / ha) on two different cultural
antecedents (grasslamd. maize cultivation) during spring
2010 in collaborabn with the INRA Units GBFOr
(Orléans) and UEFL (Nancy).

Some results Figure 32 shows mortality rates at the end
of the F' growing season (2010). For some of the blocks,
no tree was still alive. A succession of unfavorable
conditions happened in 2010 to explain the catastrophic
survival rates at the end of th& drowing season(l) very

wet spring, with plantation still paally flooded a few
days before plantation(2) consequently, difficulties to
properly prepare the soil before plantation and to apply
herbicide after plantatior{3) dry summer, implying large
soil crevasses, harmful for root developmer({®)
difficulties to control weeds in the double row system and
because of non carrying sofB) very high salt content in
the soil (quite usual in this part of Lorraine), a(t)
vandalism, many trees (among the surviving ones) were
intentionally broken (a complaint wéited).

Among all these factors, the most harmful one was
probably the very high soil clay content (more than 75%),
implying problem with the use of machines for soil

preparation or weed control when the soil was too wet, and

with crevasses when the swilis too dry. Mortality did not appear to be linked to the cultural antecedent.
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In conclusion There is of course a threshold of marginality. Highly clayey soil and double rows have to be
avoided. But even when these two concepts are fulfilled, it is alimpsissible to get any profit from SRC

under the current French and German contexts, even under quite good site conditions. The remaining

problem is to define what this threshold is.

4.1.3.2 Multi -site analysis

Plant, soil, and climatic data related to each @& #9 studied sites (only control conditions) in this

workpackage were gathered in a general database. The relationships among these three categories of

variables were studied in order to try to establish a model able to predict yield (or tree heigiwcafter
gr owi ng

seasons,

whi

c h

i s

t he most

commonly
Trees measuring between one and eight meters in height after two growing seasons were used. Linear

avai

regressions were established. The regressiom® wstablished for six conditions: (1) all species and
densities, (2) all species, twearold roots and stems, (3) very short rotations of willow, (4) very short
rotations of poplar and willow, (5) short rotations of poplar, and (6) all species, \atyrstations. The

regression coefficients, their level of significance (ns=non significant, *=P<5%, **=P<1%, **=P<0.1%),

and the accuracy of the equation (through the regression coefficients and slopes of the relationships between

estimated and measurstem heights) are presented in Figuve \Bariation ranges of the variables used to
establish the equations are indicated at the bottom of the table.

Model 1 (general)

Model 2 (2-year-old roots
and stems)

Madel 3 (willow very SRC)

Model 4 (poplar Mwillowy
very SRC)

Model 5 (poplar SRC)

Maodel 6 (2-year-ald roots
and stems, vary SRC)

Ranges of variation of the
variables usedto
establish the equations

| Location | Lavout | Soil | Climate |
. Flanting Stone Sand Clay Organic . Global . Mean Evapotran Slope
Constant tL_n;;ngllude dengity content  comtent  content  matter E\h:;o'];en CIN pH radiation ﬁ_ﬁ:,:;a” fernperatu spiration f:egnfz?:;ton Estimated /
{sturnpiha) (%) ] (%) (k) whg (iem) e (") {mrm} Measured
206367 1124 oo 234 -749 -14.7 49.5 -Tde2 -50 8700 104 22 -195.3 438.7 0.87 113
o . P - * - - oo ne * o, - * e
7636 -086 00 246 188 -871 196 1858 91 -826.1 0.89 092
ns o * - - ex ns o o -
19279 -5.0 275 a9 -397 -1.3 3038 072 0.9
ns ns ns ns - " -
-30156 ] 127 -10.4 53.0 851 -166.2 0.8 7545 091 0,99
ns — . - ne . - ns —
-3851 8 3338 -3409 0.82 0.93
-1049.4 0.5 3 1828 2321 0.85 0.9%
Min -4.0 14280 0.0 1.2 6.0 (2] 05 20 46 17200 286.3 138 29
[LEH 6.0 12388.0 240 258 1.0 50.2 21 137 84 18544 475.3 16.5 4.4

Figure 37: The six equations used to predigeadr old stem height, the level of significance of eachnf the range of

variation of the variables used to establish the equations, the regression coefficients, and the slope between estimated
and measured stem height values.

The relationships between estimated and measured stem heights after 2 yeaseatedpire the following
figure (38) for the 6 models (M1 to M6).

-
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900

Variable definitions:
M5 Height Tree dominant height after two growing seasons (cm)
800 Longitude Site longitude (°)
y[= 0.9338x

r=08 Density Actual planting density (plant/ha)
£ 700 Stone Mean stone content (%) as deep as possible (-90 cm)
% M6 Sand Mean sand content (%) as deep as possible (-50 cm)
g | y [F 0.994Px Clay Mean clay content (%) as deep as possible (-50 cm)
I 600 [ r=70.89 } OM Mean organic matter content (g/kg)
}:‘J ! N Mean soil nitrogen content (g/kg)
54 - ) . ’ .
g 500 p— g C/N Car bon T nitrogen ration in soil
2 ik ) } pH Hydrogen potential
2 " T *—' GR Mean global radiation (J/cm?) from April to September, during 2 years
£ 400 +¥=0-9912 — 6o ' ) : o
2 r = do1 Py Rainfall Sum of rainfall (mm) from April till September, mean of 2 years
; ' - 4+ T°C Mean air temperature (°C) from April to September, during 2 years
g 300 T i- - ‘“‘ EVP Mean evapotranspiration (J/cm?) from April to September, during 2 years
- |
3 200 s 4 S
B oo . . .
& Figure 3: Correlation between predicted and measured s

100 height values for the 6 modelsinear equations and correlatio
coefficients are indicaltzed.
0
0 100 200 300 400 500 600 700 800 900 /
Real stem height values after 2 years (cm) 10

N y= AE-07x2>8478
The best predicting equationvgere not the ones using more entrg R’ =0.8286

variables ie. models 4 and 6 for very SRC of poplar and willow) ang
so, it seems possible to predict yields with only a few soil and climate®
data. Then Figure 39 shows the link betweegre@r stem height and 3 ,

yield. However, the tests done to calculate yields of plantations not 37et X)/ x
harvested were unsuccessful (values were out from the ranges). THe MX‘
integration of additional sites should improve the prediction. 0 B

0 200 400 600

2-year stem height (cm)
From the 2year old stem height, it is then possible to estimate a yieldFigure ®: Exponent equation linking -2

based on the relationships and equation presented on adjacent graphyear stem height tgield.

However the correlation tables presented inAnnex 13 show that there was no significant links
between sém height after two growing seasons and either soil or climate site conditions, showing that
first rotation growth is mostly dependent on plant characteristics (or on factors not taken into account
in the analysis such as plantation management practicesather than on pedoclimatic conditions.

On the other hand, the general database was used to study the relationships between yielde water
efficiency (inversely estimated throu@), leaf / wood N content, and edaphic and climatic site conditions.
Principal components analyses (PCA) were used to illustrate the correlations among traits. The main planes
of the PCA established for the willow, poplar and for all plantations are represented by 4giitee
percentages of variation explained by the two ppalccomponents (PC1 and PC2) are indicated between
brackets. Plant traits are indicated in green, soil traits in orange and climatic variables in blue.

In the PCA planes, close variables are positively correlated, opposite variables are negatively correlated, and
orthogonal variables are not correlated. The corresponding correlation tables are pregemies 2

Soil and climate characteristics werarelated among them but not with each other. It is indeed logical that
global radiation will imply higher temperature, that soil richer in organic are also richer in nitrogen, or that
soil clay content is inversely correlated to the sand content. ASanedtabove, ¥ear stem height (our

yield estimator) was not correlated to either soil or climate data. However, surprisingly, at plantation level, 2
year stem height was positively correlated to wbdend so negatively to WUEf e most productive sites

being the ones where the trees were the least efficient to use water (Figdd. This relationship was

true for the willow plantations and for the willow / poplar plantations (as shown by the graphs below), but
not for the poplar plantations alone (pbss because of the few number of poplar plantations in our
network).So, at the least fertile sites, the less productive ones, the trees improved their efficiency to use
water (more biomass was produced per unit of consumed waterAn increase of WUE inasponse to
various kinds of stresses has already been obseevgd{ONCLUS et al, 2006), but never for a large
number of sites differing in their level of productivity. Moreover, an invert relationstéptile most
productive being the most efficietd use water) has been observed for different willow cl@téstrasite
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level, and the level of significance of the
relationship was dependent on site favourability
(unpublished results from the in progress Ph.D.
thesis of Julien Toillon (2062012).

A positive relationship was also found between
yield and wood as well as leaf N conteritse
most productive sites being the ones where
the trees were the richest in N Contrarily to
water, it seems that more productive is the site,
more N will be accumutad in the biomass
(even if no correlation was observed with soil
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Figure 40: Main planes of the principal component analysis realized for willow, poplar, and willow + p
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4.1.4 Conclusions

Due to the youth of the SRC value chain and especially vSRC in France and Germany, many questions about
how best to manage the plantation remain. The choice of plant material, a planting density, the rotation
length, the spreading of any wagt@ducts adapted to site conditions, etc. are indeed many potential ways to
reduce the input requirements (water and N, in particular) and the associated costs.

As part of WP1 of the CREFF project, the impact of a battery of cultural factors on yieldestason a
network of sites in northern France, in collaboration with key stakeholders in the French forestry and
agricultural wood energy plantation domain (FCBA, AILE, Chambers of Agriculture, INRA, IDF). These
factors can be classified into four categs: plant material, fertilization, planting arrangement, and harvest
calendar. The experiments are still lacking back (often limited to the first rotation) and the conclusions are
often linked to the specific sites where the factors were tested, buutlee of recommendations are
beginning to emerge.

In terms ofplant materigl mixtures of clones or varieties should be preferred to minimize the risk of
pathogen growth. In the long run, competition between clones, potentially variable in terms tf grow
potential, does not affect overall productivity, less productive clones, repressed, being compensated by
overexpression of the most productive ones. In northern Europe, especially poplar and willow are used for
SRC. However, global climate change legdio drier summers, such as 2010 and 2011, promote the growth

of species such as black locust and eucalyptus (untested yet at the north of the Loire). Black locust has
indeed a much more efficient water use (biomass produced per unit of water consumedyatéreis

limited than willow or poplar that should consequently be reserved for sites that are not likely to suffer long
periods of water deficit.

In terms ofamendmentsinputs of chemical fertilizers generally have little effect on yields of the tfées.
spreading of dehydrated sludge is highly dependent on rainfall to allow the penetration of nutrients into the
soil and thus, their effectiveness is very uncertain. However, wastewater has shown good efficacy to boost
performance by combining a watempply to a nutrient supply.

In terms ofarrangementsimple lines should be favoured to facilitate weed control, made very difficult with

an arrangement in double rows, still frequently used. The very high densities used for willow (up to 15 000
trees perha) have little impact on production during the first rotation, offsetting a densely planted trees
diameter growth and development of branches affected by competition by an increased height growth.
However, in the long term, competition and successiomtations can cause a mortality of more than half

of the plants originally installed (as is the case in Brittany in the oldest plantations from 1998). A balance is
therefore to find concerning the length of the revolution (the sum of rotations befordingplan

In terms ofharvest timing cutting back at the end of the first year often has beneficial effects on the growth
of the following year, unless the growth has been weak in the first year. In the latter case, coppicing trees
would damage even more éin trouble. Finally, when the soils are not frozen during winter (as is often the
case for the Brittany plantations), a spring harvest and export of foliage seems to have little effect on yields
of subsequent years. However, the export of nutrienthdnldaves out of the plantation is likely to be
detrimental in the long run when the process is repeated frequently.

40



Biomass production Water-use efficiency

1. Clonal mixture = —]

2. Harvest season

3. Planting density + -
=+

4. First year coppicing

5. Chemical fertilization = =

6. Pedoclimatic conditions Very variable Not so variable
7. Species Blacklocust> F\l(i)lil)(!o?ai; Black locust> ;‘:ﬁ‘l’g
8. Sludge spreading = =

9. Wastewater spreading + =

10. Cultural antecedent = Grassland > Maize

Figure4ibis: Summarized general conclusions of WP1 concerning thep#eific objectives.
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4.2 Work Package 2- Improvement of harvesting systems and transport
logistics related to specific site conditions

4.2.1 State of the Art

Prior to the project start, data on the time demand and the costs involved in harvesting SRC with different
systems were rare and based on isolated studieR@ER, 2007; BURGER & SCHOLZ, 2004,
HARTMANN & THUNEKE, 1997; HEINRICH, 2007; KIENZ, 2007; SCHOLZ & LUCKE, 2007;
TEXTOR & WILWERDING, 2003). Most of these studies focused on the assessment othissrs like

the modified forage harvesters of the comearClaas and Krone/Huttmann, and on outdated systems like
the AGe°ttinger M-imbuhtédccuttedhipperonvhich as ndt in ausetanyrmore. Similarly,
several of these older data are not relevant any more from the current perspective of eatlynamainging

field of activity. Moreover, most studies have calculated woodchip production cost on a theoretical basis
using an overall approach that included the buying price of a new harvester, its working hours per year, fixed
hourly costs for standdized transport units as priced by machine rings, etc. This approach was maintained
in several publications issued throughout the running tim€rerr (e.g., HANDLER & BLUMAUER,

2009; LENZ, 2011; REIKE, 2008; SPINELIét al, 2009; VOIGTLANDER, 2011). Otirs have included
harvesting calculations in an SRC management model that was based on an assumed field $iae of 20
(GRUNDMANN & EBERTS, 2008)i a scenario which is unlikely to occur in most parts of Southern
Germany or NortiEastern France. These scaeosirare of theoretical significance and provide important
information about general economical aspects of SRC value chains, but they are of limited value for the
farmerb6s daily and often wvery individualtatpnsact i c
stocking on marginal field sites. Moreover, these models have not included transport costs of the harvesting
machine, a key figure which alters harvesting cost calculations significantly. Therefore, the innovative
approach ofCREFFwas to documerdnd analyze a considerable number of harvesting operations in practice,
and to process the obtained data in a practimntated way.ln particular, scientific and technical
knowledge was poor for harvests performed matanually and with forest machine(BURGER, 2007;
BURGER & SCHOLZ, 2007). However, these harvesting strategies can be expected to play an important
role in the management of SRC plantations grown on marginal field sites. Moreover, the knowledge
concerning the available harvesting systeras generally low among the farmers who had established SRC.

It was a typical scenario that farmers had planted their plantation without a firm idea of how the harvesting
will be performed a number of years later. Yet, the plantation design is decishat ihdetermines which
harvesting machines can be used. This concerns both the spacing between the rows of the trees and their
orientation with respect to a given slope. To remedy this lack of knowledge and experience, a major aim of
WP2 was to gain fitshand experience with the different harvesting methods and to propagate information
concerning their main characteristics and their practicability on different site conditions.
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4.2.2 Specific goals

Harvesting activities and transport logistics represent a major and often decisive cost factor in SRC
management. This is especially valid for SRC established on small field sizes, unfavourable soil conditions,
and sloped or wet areas on which dmécharsed harvesting is not feasible. Thus, the scientific/technical
objective of WP2 focused on developing improved and economically viable SRC harvesting and logistic
systems which are adapted to the particular site conditions. We have pursued these githissbing the
following main tasks:

1

Selection and analysis of approximately=different harvest operations in which different harvesting
systems were employed: a) fully mechanised {m&pelled cuttechippers or tractemounted cutter
chippers), bfully mechanised (forestry machinery like felleanchers and subsequent chipping), and c)
semimechanised (motemanual harvests and subsequent chipping). The three harvesting methods were
to be analyzed with regard to their quality and cost performamnder the different site conditions.

Selection and analysis of logistics systems, focusing on aspects like transport distance, available means
of transport, widely scattered small size fields, reloading points, etc.. The logistic strategies were to be
andysed with regard to their costs and efficiency.

Development of improved harvesting and efficient logistics systems. Comparisons of the cost efficiency
of the analyzed systems were to be performed and possibilities faedastion were to be identified

Based on the obtained results, we aimed at generating a tool which facilitates realistic estimations
concerning the question of under which site conditions which harvesting and transport systems are most
profitable, and under which site conditions a S&@blishment can at present not be recommended.

4.2.3 Activities and results

The main activities and the main scientific / technical results of WP2 consist of the following issues:

1

The first comprehensive review paper on the status of SRC in Germany (BEMMANHM,
BRODBECK, & SAUTER, 2010Forstarchiv81, 246254; see Annex 2.1).

Documentation and evaluation of 28 time studies of harvesting (and logistic) operations, 4 chipping
operations, and 2 clearing operations.

The results obtained from evaluating thifferent harvesting, logistic and chipping operations generated
the database for the development of an Ekesked tool for optimizing the costs and the time demand
for individual harvests, thEUP-Ernteplaner(see Annex 2.2).

The findings of the timstudiesweresummarized in a report in Germandaiage. Yet, it still needs its
official approval before it can be disseminated (see Annex 2.3)

The results of the time studies have also been implemented in an update of a guideline existing in
Germany forthe management of SRC, in the first French guideline of this kind (see Annex 0.1), and in
the data used in the calculation tool developed by WP4 which covers the entiye&REs chain.

Performance and evaluation of an experiment designed to assesSetiie of different harvesting
techniques on the regrowth of six different poplar clones.

Below, we present more detailed information about the main activities and results.
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4231 4EA DOAI EAAOQET I O(T1TU AOO +00UOI OOEAAODI AT ¢
(Bemmann, Nahm, Brodbeck, & Sauter, 2010)

This publication was initiated in tHeREFF project and was written in collaboration with Prof. Dr. Bemmann

of the Technische Universitat Dxden. It was published in 2010 in tRerstarchiv 81, pp. 246254. The

motivation to write this publication was driven by the lack of an extensive overview describing the status quo

of SRC management in Germany. The publication is specifically focusedkntifying obstacles which at

present hamper the establishment of SRC on significant scales, and on possible ways to overcome these

obstacles. Based on the existing literature and personal experiences, we have mainly identified the following

obstacles:

1 In contrast to the traditional field of agriculture and forestry, no organisational structures exist that
bundle and focus activities and knowledge on SRC. Moreover, noteworthy research activities have only
recently begun in Germany. An important exampléhes cultivation of new clones of SRC trees with
growth-optimized qualities and pest resistances.

1 Similarly, the specialized and comparably expensive technology which is needed to successfully
manage the plantations is only scarcely available. This irgltetshnologies for the conditioning of
wood chips but also for harvesting, the main field of research of this WRes+C

9 Economic and operational risks for the farmers (see also resulEeEef@/P5).

9 Structural disadvantages of the landscape that hthdeestablishment of large and interconnected SRC
plantations, particularly in large parts of Southern Germany.

1 Lack of knowledge regarding the recultivation of the plantation.

1 Administrative obstacles such as refusal of permissions to establish SRGsdenfanature and
landscape conservation matters.

As for possible ways to overcome these obstacles, we have discussed the following possibilities and
perspectives:

9 Official formulation of concrete regional plans to procure the required supply of remeenabigy
sources from woody biomass.

1 Generation of regional associations designed to bundle resources and to enhance the flow of
information, both on the horizontal plane between farmers and on the vertical plane between the
different actors of a procesalue chain.

1T Establi shment of plantations and management co0O

9 Ongoing research activities which should specifically focus on the breeding of new SRC clones and the
optimization of harvesting systems.

4.2.3.2 Documentation and evaluation of 28 time studies of harvesting (+ logistic) operations,
4 chipping operations, and 2 clearing operations

Due to a delay in the factual project start, we missed one harvesting season. Still we were able to document
28 harvesting operations which several different harvesting systems were used. In setRo®2.1 we

describe the different systems with a focus on their productivity. For this purpeseave grouped different
harvesting systems with respect to their technology. In the next secfdh2.2 we will present main

results concerning the involved logistics, and sedfiégh3.2.3contains essential features of the wood chip
production costs of the differeharvesting methods. In sectidr?.3.2.4 we will discuss possible ways to
optimize the harvest and the logistics of SRC management.
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4.2.3.2.1 18 harvesting operations gerformed with self-propelled cutter-chippers (forage harvesters)

Of the 28 harvesting operations, 18 were performed with modified forage harvesters. Of these, 10 were
performed with a New Holland FR9060 forager equipped with the New Holland headeB 18 with a

Claas Jaguar 890 forager equipped with a GBE1 header, one with a Krone BigX forager plus a Hittmann
WoodCut 1500 header, one with a John Deere 7500 forager plus a CRL header, and one with Claas Jaguar
870 plus a Claas HS2eader. The main relésl concerning the productivity of these harvesting sysi@ms
displayed below in Table. Here, MT refers tdvlain Time i.e. the time in which the harvester was factually
driving and harvesting. BT refers Basic Timei.e. the time required for the ressary operations to harvest

the field. In addition to MT (harvesting), BT also includes the time needed for turning the vehicles to harvest
the next row. TWT refers tdotal Working Timei.e. the overall time needed to harvest the field. In addition

to MT and BT, TWT includes times that were spent on discussing the working operations, waiting times,
telephone calls, interruptions of the workflow due to machine malfunction, jamming, etc. However, only
interruptions of less then 15 minutes duration werkided into TWT.

Table 2:Main results of different selfropelled cuttechipper systems.

Abbreviations in the table head: Prod.: Productivity; MT: Main time; BT: Basic Time; TWT: Total working time.
Abbreviations in the columMachine New H: New Holland forager + New Holland header; Cl GBE: Claas forager +
GBEL1 header; Cl HS2: Claas forager + HS2 header; Kr Hutt: Krone Forager + Huttmann WoodCut 1500 header; JD
CRL: John Deere Forager + CRL headarthe columns displaying producity, t;,, refers to tonnes of fresh material,

tym to tonnes of oven dry materidh the columns displaying productivity,,trefers to tonnes of fresh materia}, to

tonnes of oven dry material.

Nr. | Machinel Field Speed |Prod. Prod. Prod. |Prad. Prod. Prod. |Prod.
MT MT BT TWT |MT BT TWT |MT
[km/h] | [ha/h]  [hash] - [ha/h] | [tresh] [tiest'h] [trestth] | [tar/N]
1 NewH |[B. Sch.1 4.2 1.1 0.8 0.6 58.3 411 320 |26.1
2 B. Sch. 2 4.2 1.0 0.8 0.6 80.0 60.0 48.8 |35.7
3 Bockwitz 3.7 0.8 0.4 0.3 516 29.6 21.0 (233
4 Degernau 5.2 1.2 0.8 0.8 78.2 554 513 |353
5 Engen 1 4.5 1.6 1.2 0.6 39.8 28.8 142 |18.0
6 Ihlow 5.3 1.2 0.9 0.8 81.3 59.0 57.7 |36.9
7 Kraichtal 1 |4.4 1.0 0.8 0.7 59.8 485 428 (249
8 Kraichtal 2 [6.0 15 11 1.0 49.7 374 32.0 19.5
9 Reinachl |[7.4 2.3 1.6 1.6 6.9 4.8 4.8 3.5
10 Reinach2 |55 1.7 1.3 1.3 423 328 320 |21.2
11 | CIGBE | Fohnsdorfl 5.6 1.7 1.2 0.8 88.2 60.2 427 |35.0
12 Fohnsdorf 2 | 5.7 1.7 1.6 1.6 69.4 627 627 |25.7
13 Mistelb. 1 4.7 1.6 1.2 1.2 57.9 44.1 43.4 27.7
14 Mistelb. 2 4.2 1.3 0.7 0.7 60.6 31.8 303 |28.4
15 Mistelb. 3 5.3 1.6 1.2 0.9 266 205 157 |16.6
16 |CIHS2 |Laisa 4.2 1.2 0.8 0.3 543 35.0 154 |21.7
17 |KrHitt |Dillingen 4.7 1.0 0.5 0.4 477 257 195 |215
18 |JD CRL|Engen1l 1.7 0.6 0.5 0.4 209 152 149 |83

Table2 showsthat the productivity of the machines varied greatly. These variations were partly due to the
different site conditions on the harvested fields such as the field shape and the yield. For example, the high
productivity onFohnsdor was due to the length of the field, the rows of which measureth5&0us, the
vehicles had spent only few times on turning. Contrastingly, the field in Mistelbach had a triangular shape,
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the shortest row measuring onlynb Therefore, the vatles had spent almost half of the BT on turning
around. On Reinach 1, the low mass productivity combined with a high area productivity was due to the very
little amount of biomass stocking on the field. When comparing MT data of the five different forager
systems that were obtained on largely comparable field sites, only the John Deere/CRL system displayed a
markedly lower performance than the other four systems. This system was used on a poplar plantation
(Engenl) with comparably thick stems that ofteeasured more then bin at cutting height. It had no bars

to push the trees into a bent position in front of the cutting mechanism, and had severe problems with
harvesting the poplars. Yet, the CRL header is specifically constructed for harvesting \ailldwsmight

work notably better when used on willow plantations. However, the New Holland system, which continued
the harvest on the same site a month later, had no problems with the poplars and thus showed a markedly
better performance. On the Laisa sithe Claas/HS2 system performed in a range comparable to the
Claas/GBE1, New Holland and Krone/Woodcut 1500 systems, but it is constructed to cut stems with only a
maximum diameter of @m. Thus, it would not have been possible to use this system orsgitlesas

Engenl. In sum, the New Holland and the Claas/GBE1 system proved to be robust afuthet@hing
machines and performed in a similar range of productivity. We obtained data from only one time study with
the Krone/Woodcut 1500 system, but duditerature and personal communications it seems that this system
also works reliably in a comparable range of productivity (BECKER!., 2010).

Three harvesting operations performed with traotounted cuttechippers

In the course of the projectiree harvesting operations were documented in which trawianted cutter

chipper systems were used. The first was the chipper constructed by Schmidt GmbH, the other two consisted
of modified sugar cane harvesters. They were constructed by the Braaitigary JF Maquinas Agricolas,

and had been adapted for the use in SRC plantations by the Danish company Ny Vraa Bioenergy. Table 3
presents the main performance characteristics of these machines.

Table3: Main results of three different tractorountedcutterchipper systems.
Abbreviations in the table head: Prod.: Productivity; MT: Main time; BT: Basic Time; TWT: Total working time.
In the columns displaying productivity, trefers to tonnes of fresh material, to tonnes of oven dry material.

Machine | Field Speed| Prod. Prod. Prod.| Prod. Prod. Prod. | Prod.
MT MT BT TWT MT BT TWT MT

[km/h] | [ha/h] [ha/h] [ha/h] | [ti/h]  [ta/h]  [te/h] | [tan/h]

Schmidt | Engen 2 2.2 0.8 0.6 0.4 7.7 6.1 4.4 3.4
JFZ6 |Merscheid 1.5 0.2 0.2 0.2 4.8 4.5 4.5 2.3
JF Z 20 | Tylstrup 2.8 0.6 0.3 0.3 26.4 11.9 11.7 12.2

All three systems had a much lower productivity than the forage harvesters. Especially the first two types
had serious problems with harvesting the plantation and eventually, both harvests were terminated
prematurely. In fact, both machineseanot in use any more. Schmidt is developing a new machine in
cooperation with Jenz GmbH, and Ny Vraa Bioenergy uses the davblbarvester JF Z 20. This system
worked well and allows for the cesfficient production of wood chips (see the sectionh@dosts of the
harvests). However, its applicability is limited to trees with a maximum diametecraf Zherefore, its use

is restricted to harvesting young and thin trees of a maximum rotation length of two years, the woodchips of
which are not prefeed by the consumers of SRC woodchips (see the results of the questionnaire elaborated
by WP3).
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Three harvesting operations performed withthe catter] | ect er ASt emster i

On three occasions, harvests perf orctorepuledWwdrvesingt h e
system constructed by the Danish company Nordic Biomass. This machine cuts whole SRC trees and stores
them on a special loading unit on its back. When this loading unit is full, the trees are unloaded at the sides
of the field, or smetimes directly on the field itself. The Stemster can be regarded as ecolidteter and

can be used for twphase harvesting methods in which the trees are collected and storegl fimorths to

dry before being chipped. Basic data of the harveststivit Stemster are presented in Table 4.

Table4: Main results of three harvesting operations performed with the@uttet | ect er A St emster 0.
Abbreviations in the table head: Prod.: Productivity; MT: Main time; BT: Basic Time; TWT: Total working time.
In the columns displaying productivity, trefers to tonnes of fresh materia}, to tonnes of oven dry material.

Machine Field Speed| Prod. Prod. Prod.| Prod. Prod. Prod. | Prod.
MT MT BT TWT MT BT TWT MT
[km/n] | [ha/h] [ha/h] [ha/h] | [te/h]  [tn/h]  [tin/h] | [tan/h]
Stemster | Buggingen 1 5.8 1.3 0.4 0.4 52.0 17.8 14.7 | 23.6
Stemster | Buggingen 2 6.1 1.4 0.4 0.4 10.7 3.2 3.1 4.8
Stemster | Haine 9.5 1.9 0.7 0.6 61.5 24.0 206 | 27.8

On Bugginger®, the amount of biomass stocking on the field was very low, most likely due to the excessive
growth of weeds. The productivity on Buggingemand on Haine lay in a comparable range. Yet, the poplar
stocks in Haine drove outrgdominantly one stem, whereas the willow stocks in Buggifgérove out
multiple shoots. It seems likely that this growth pattern facilitated high driving speed during the harvest of
the poplars in Haine. However, on all three sites, the high harvesgptgegl and the productivity with regard

to MT was drastically reduced by the times required to unload the biomass, resulting in a lower BT
productivity compared to typical harvests with cutthippers.

Four harvesting operations performed with techniqusesi in forestry

Furthermore, four harvests were performed with techniques used in forestry. Two of them were performed
motormanually with a chainsaw, and two were performed with féliercher aggregates (Table 5).

Table5: Main results of four harvesting operations performed with methods also used in falds®sviations in the
table head: Prod.: Productivity; MT: Main time; BT: Basic Time; TWT: Total working time.

In the columns displaying productivity, trefers to tones of fresh materialy to tonnes of oven dry material.

Machine Field Prod. Prod. Prod. | Prod. Prod. Prod. | Prod.
MT BT TWT MT BT TWT MT

[ha/h] [ha/h] [ha/h] | [tm/h]  [t/h]  [ten/h] | [tan/h]
Motor-manual | Bettenreute - - 0.04 - - 21.3 8.6
Motor-manual | Gengenbach - - 0.03 - - 0.6 0.4
Fellerbuncher | Alfdorf - - 0.05 - - 5.0 2.6
Fellerbuncher | Vatan - - 0.04 - - 13.7 6.2

With the exception of the field at Gengenbach, its trees being only two years old, the trees harvested had
reached stem diameters that only permitted the use of imatoual felling or the use of forestry machinery.
Because all four harvests took longearttone day and the operations could not be documented throughout
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the whole duration of the harvests, only data concerning TWT are shown in Table 5. Furthermore, different
harvesting strategies were employed on all four sites.

In Bettenreute, 1year old tees were felled motananually by one person who also hauled the trees by use

of a tractor equipped with a winch. In the meantime, another worker partitioned already hauled trees with a
chainsaw into portions of wood which were fed into a mobile chipgesib other persons. Felling and
hauling reached a productivity of 0.0@/h, felling alone reachedl@ ha/h.

In Gengenbach, twgear old willows were cut motananually by one person. The cut trees were collected
and stacked into bundles by two to thpegsons. After the harvest, these bundles were loaded on a-tractor
pulled bolster with a grapple and driven to the storage place. The harvest and the clearing of the field ran
with a productivity of @3 ha/h, felling alone reachedlLtha/h.

In Alfdorf, a special type of forest machine was used. The base machine, the forwarder Ponsse Buffalo Dual,
was equipped with the felldruncher head Ponsse HBS5, a special aggregate for harvesting small trees for
energy wood production. The harvested trees weredstdirectly on the bolster of the forwarder. The trees
were unloaded on the headland of the plantation, waiting to be chipped seven months later. The productivity
of 0.05 ha/h concerns the harvesting and the clearing of the site, which was performedaméhworking
process.

In Vatan (France), another felbuncher head (Westtech Woodcracker C350) was used. It was mounted to
an excavator (Case CX130B). In this case, the trees were only cut and laid down on the field. The felling
productivity reached.08 ha/h. A few months later, the field was cleared by skidding the trees to the sides of
the field. However, it was not possible to document the skidding operation. From general experience and
literature data (e.g. Burger, 2010), it can be estimatedhbakidding to clear the field would take a similar

time, so that the productivity of this harvesting method would decrease to adhith (Table 5).

Four chipping operations

In addition to the harvesting operations, four chipping operatiomsabérial previously harvested with the
Stemster and forestry techniques were documented throughout the running time of Creff (Table 6). The
chipping of the biomass in Haine and in Vatan could not be accompanied. The material of Bugyginden

2 was stacke on a single pile and chipped together, so that a separate evaluation of the biomass of the two
fields was not possible. In Alfdorf, a tractpulled and cranéed aggregate (Jenz HEM 561 with John Deere
8330) was used, in Bettenreute a héealand traair-pulled chipper (Eschlbdck Biber 7), and in Buggingen

and Gengenbach an unspecified criatbchipper manufactured by Wist which was mounted on a truck.

Table6: Main results of four different chipping operations.
Abbreviations in the table head: ProBroductivity; MT: Main time; BT: Basic Time; TWT: Total working time.
In the columns displaying productivity, trefers to tonnes of fresh material, to tonnes of oven dry material.

Machine Field Prod. Prod. Prod.| Prod. Prod. Prod. | Prod.
MT BT TWT MT BT TWT MT

[ha/h] [ha/h] [ha/h] | [ti/h]  [te/h]  [ten/h] | [tan/h]

Jenz HEM 561 Alfdorf 0.4 0.3 0.2 37.9 29.2 18.6 | 19.3
Eschlbock Biber 7 | Bettenreute | 0.02 0.02 0.01 8.2 6.1 5.8 35
Wist Buggingen 0.5 0.4 0.4 12.0 9.9 9.2 6.1
Wist Gengenbach | 1.1 0.9 0.9 21.2 18.7 175 | 12.0

The lowest productivity was displayed in Bettenreute, where the trees were cut and fed into the chipper
manually. Among the crared chipping operations, the highest productivity was reached in Alfdorf. This
was mainly due to the comparably largtem diameters of they@&ar old trees which resultéd a higher

density of the biomass flowing through the chipper. The material in Buggingen consisted of smaller trees
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than in Gengenbach, especially thgear old willows from BuggingeB, and the struare of the biomass

pile was not as well ordered as in Gengenbach because the Stemster cannot unload the trees in such ar
ordered manner as the crane of the bolster trailer. These differences might account for the productivity
differences between these tvehipping operations, which were performed with a practically identical
chipper.

4.2.3.2.2 Basic aspects of the logistics involved in the harvesting operations

The transport of the biomass was usually performed with trailers that were already in the posséission of
farmers, and they often used additional trailers borrowed from friends and neighbours. Often, this individual
approach rendered it difficult to calculate factual costs of the transport. For transport distances larger than
10km, trucks were used rathitan tractors and trailers in own possession. However, under the perspective

of SRC plantations on marginal sites, such transport distances should be avoided because of the already low
biomass productivity, and thus, the low profitability of SRC sitesnany marginal sites. Our data resulted

in the following general costs in relation to the transport distarelgl€ 7:

Table 7 Approximate dry biomass transport costs in relation to transport distance.

Transporidistance [km] Transport costsl g4]

1-10 5-10
10-30 10-15
30-50 1520

The individual approaches rendered it also difficult to develop general optimized transport logistic systems
for the practice of the farmers. In addition, the distance between the different farmers was usually very large
and the transport distance from tfield to the end user, this often being the farmer himself, was often
comparablysmall. These findings highlight that the farmers who manage SRC are still only few, and that
they have to manage their SRC plantations largely independently of each otther thése circumstances,

to develop new logistic systems such as employing joint reloading points as a potential means to facilitate
transport logistics seemed not recommendable.

However, the biomass transport was often not optimally organized and dlge foairvesters or chippers had

to wait for empty transport units. In such cases, the farmers had underestimated the time required to drive to
the storage place and to return to the field, and had overestimated the time it took to fill of the containers
with woodchips. The differences in BT and TWT productivity (see tables above) were in the main caused by
such transportation delays. Such misjudgements can be avoided by a proper planning of the harvest, and
allowed for identifying means to improve the hatirsand transport operations on an individual basis. As a
means to facilitate this planning, the calculation t0dP-Ernteplanerwas developed (see sectir2.3.355

and Annex 2.2). Based on a number of figures the operator needs to enter, this tool calculates the time
required for the harvest, the timegugred for the transportation cycles, and the costs for different harvesting
possibilities and transportation logistics.

4.2.3.2.3 Costs of the wood chip production

In this section of the report, we present data on the costs of harvesting operations. TabletBeshosts

for the harvests performed with selfopelled cuttechippers. The costs for the transport of the foragers and

for the biomass transport are not included, nor is thé Malue added tax (VAT) included. The column

Costs TWTshows the wood chiproduction costs of different aggregates. The costs for the New Holland
harvesting system were calculated with 400 h , the <current price for h a
Germany. Because the only forage harvester located in Southern Germany is alldad &fgregate, it is

likely to be the most often used system in this and the surrounding areas.
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Table 8: Costs for the production of wood chips with different forage harvesters.

Abbreviations in the table heaMT: Main time; BT: Basic Time;TWT. Total working time. Abbreviations in the
column MachineNew H New Holland forager + New Holland head€t;GBE Claas forager + GBE1 headél;HS2
Claas forager + HS2 headéq; Hitt: Krone Forager + Huttmann WoodCut 1500 headBrCRL John Deeredrager
+ CRL header.

In the columns displaying costg,tefers to tonnes of oven dry material.

Nr. Machine Field Costs MT Costs BT  Costs TWT
[ Gt [ Gt [ G t
1 New Holland B. Schuss. 1 15.4 21.8 279
2 B.Schuss. 2| 11.2 14.9 183
3 Bockwitz 17.2 30.0 423
4 Degernau 11.3 16.0 172
S) Engen 2 22.3 30.7 62.4
6 Ihlow 10.8 14.9 153
7 Kraichtal 1 16.1 19.8 225
8 Kraichtal 2 20.5 27.3 319
9 Reinach 1 114.7 165.1 167.6
10 Reinach 2 18.8 24.3 24.9
11 |Claas + GBE1 Fohnsdorf 1 9.1 13.4 189
12 Fohnsdorf 2 125 13.8 138
13 Mistelbach 1| 11.6 15.2 15.4
14 Mistelbach 2| 11.3 215 226
15 Mistelbach 3 19.3 25.0 326
16 |Claas + HS2 Laisa 115 17.8 40.7
17 | Krone + WoodCut | Dillingen
18 |John Deere + CRL |Engen 1 41.1 56.4 57.8
Mean (excl. Reinach 1, Ditigen andEngen 1) 14.6 204 27.1

Table 8 showshat the costs for producing wood chips with forage harvesters vary greatly. As the previous
tables have indicated, this variance is due to (1) the biomass stocking on the field, a notable example being
Reinachl, and (2) due to the organisation of thevkating logistics and the shapes of the fields. Excluding

the sites of Reinach, Engeril, and Dillingen, the harvesting operations of which must be regarded as
untypical, the mean costs calculated for TWT amouB7ta U f,t

A correlation between thi@iomass stocking on the harvested fields and the productivity of the foragers with
regard to main time (MT) shows a reasonable correlation between the two paraRfe@®3( Figure 42).
Parameters that have weakened this correlation are different watents of the biomass from different
sites, and their soil conditions and their planting design. However, the correlation coefficient decreased
further in similar correlations using the productivity data of the foragers with regard to basic time (BT) and
to total working time (TWTR?=0.49 andR*=0.36, respectively; Figure 42).
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Productivity of forage harvesters in relation to biomass on the
fields
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Figure42: Correlations between biomass stocking on the fields and the productivity of the forage harvesters in relation
to MT (main time), BT (basic timeand TWT (total workig time).

The difference in p between the correlations in which data of MT and BT are used are generally caused by
the time needed to turn the vehicles, and thus, can be attributed to the shape of the field and the availability
of headlands. Theifferences in p between the correlations in which data of BT and TWT are used are
mainly caused by waiting times and the other activities attributed to TWT. Because the costs and margins of
a harvest are directly linked to the productivity of the machangroducer must strive to come as close as
possible to an optimized workflow which is realized by matching the time consumption and the operative
processes represented by BT. Furthermore, to optimize the relation between machine productivity and costs,
he should consider in advance parameters like the shape of a field. Fieldmafah have very different
shapes which affect the production costs of woodchips, as exemplified by the foltablmgTable 9)This
highlights the importance of consideringtential disadvantages of a given field in advance, and, most
importantly, to organise the harvest properly and well in time.

Table9: Costs arising from turning the vehicles due to different shapes of a fieldao§ite.

The first two lines represempiossible dimensions of a rectangular fieldhe third line represents a field of triangular

shape wittoneande of 90° andtwo anglest5°. The time for one turn was assumed to be 45 seconds, the spacing of the
rows three metres, the hourly costs for theafier 40 , and the hour |-yalecunitsiteach 6far t wc
capacity of 35m3, was assumed to be 2x63=126

Field width [m]  Field length [m] | Number of turns | Turning time [min] [Cost s [ U
20 500 5 3.8 33
100 100 32 24.0 210
141 141 46 345 302

Of the tractormounted cuttechippers, only costs for the JF Z 20 could be determined. The harvests with the
Schmidt system and the JF Z 6 were terminated because the machines were not functioning and seemed not
appropriate for harvesting tHields. The costs for the production of wood chips for the JF Z 20 were rather

low and reached 18 44 Under typical conditions.

The costs for producing woodchips with the methods in which the processes of harvesting and chipping are
separated are given belowtable 10.
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Table 10: Costs for the production of wood chips with different methods in which the activities of harvesting and
chipping are performed separately.

Abbreviations in the table heatMT: Main time; BT: Basic Time; TWT. Total working time. Abbreviations in the
colunm Machine:Mot.-man Motor-manual harvesteller-bun: Harvest performed with felldsundles systems.

In the columns displaying costg,tefers to tonnes of oven dry material.

Harvest Chipping Total
: . Costs Costs Costs | Costs Costs | costs
Machine Field MT BT TWT MT Costs BT TWT TWT

[ QA t [ Gl t [ A Y[ Gt [ Wt [ Gl [ Gt
Stemster | Buggingen 1 8.0 23.4 28.3 27.0 32.4 35.1 63.4
Buggingen 2 39.1 130.5 133.8 27.0 324 35.1 168.9

Haine 7.2 18.5 215 35.7 57.2
Mot.-man. |Bettenreute 3.0 32.7 43.6 46.0 49.0
Gengenbach 130.8 22.6 24.4 25.4 156.2
Fellerbun. | Alfdorf 31.0 35.1 37.6 12.5 15.6 22.0 59.6
Vatan 294 35.7 65.1

In general, the costs for the production of woodchips displayed in Table 10 are higher than compared to the
other methods. Often, the chipping alone is already as expensive as trstshaitrecutteichipper systems.

Adding the costs for the harvesting process, production costs often double the costs of tuhippder
systems. Yet, the site in Bettenreute with itsyg@@r old trees is an exception in that the felling could be
achieed with comparably low investments. Here, calculations were performed assuming an hourly wage of
150 (foll owing KTBL, 2006) . Then, the costs for
amountedtoonly8 i ncl udi ng cost nérp Moreover insteeadpl laitipgesk pemsans h i
feed a mobile chipper manually, what resulted in chipping costs oftudg. chipping the trees with a

service provider would have lowered the chipping costs to abouti25.5 Howe v er , harvesti |
trees is clearly less cestficient. For example, the amount of biomass stocking on Haine was in a range
between the two sites Kraichthland 2. All three sites were stocked with poplars aged two to three years.
Yet, the TWT production costs of the Stémsr sy st e mpmnaver®o irar2e di/ttgnat2 2. 5
Kraichtal. In addition, one needs to be aware of the fact that fresh wood chips are prone to rot if they are not
used very quickly, losing up to one third of their initial biomass. By peifgrthe twoestep harvesting

methods described in Table 10, this problem could be overcome because the biomass of the harvested
material can dry to about 35 water content or less, and thus increase the value of the product. Moreover, a
way to reduce hangting costs is to exclude hourly wages from the calculation if large parts of work can be
performed by irhouse efforts. For example, at the site in Gengenbach, the work was performed by the entire
family of the farmer on a weekend instead of pursuingclipiveekend activities. Hence, without calculation

150 f or each family member, the producti gravatuest s |
which might render this way of managing SRC sites attractive especially for farmers who intsedthe
woodchips in their own burner. To summarize, Figure 43 shows the wood chip production costs as they have
been determined in the performed time studies.
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Wood chip production costs of different harvesting systems

Motor-manual (17y) + chipper |
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Figure 43:Comparison between the wood chip production costs of different harvegstems, referring to tonnes of

oven dry materialNot included are the costs for the transport of the harvesting aggregate, for the transport of the
biomass, and VAT. The bdractor mounted JF Z 2fefers to a time study performed with this cuttbippe, the bar
Seltpropelled cutter chipperefers to the mean of 9 representative harvesting operations performed with the New
Holland aggregate, the b8temster + chippeto the mean from two representative harvesting and chipping operations
performed withthe Stemster. The next bar refers to a harvest performed with a-tiatieher/forwarder system and a
mobile forestry chipper. The last two bars refer to matanual harvests of-gear old willows and 1-§ear old poplars

and the chipping. As for the hast of the 2year old trees, the value refers to the harvest as being calculated without
hourly wages for workers (see text).

However, also costs for the transport of the harvesting aggregates need to be considered. Often, these costs
are considerable arghould ideally be shared among farmers that want to use the machine in a given region.
At present, transport costs for forage harvesters on low platform trucks can be estimatedité kerb i f a
transport service provider is used, and to abaut/2k nmhe mdchines are transported on own equipment of

the harvesting companies such as Fa. Roth in Southern Germany, who owns a New Holland forager. The
transport costs for the Stemster were also abdut 2kMabile chippers used in forestry are often available

in the surroundings of the chipping location and their relocation costs can be estimated to rank between 50 to
2000 .

Finally, the expenses for the recultivation of a SRC plantation should also be addressed. The limited data
available consist of valuehdt range from 1,000t0 6,000/ ha ( BECKER & WOL F, 20009
50000 / ha ¢étaR@Y)STEpical recultivation operations are estimated to cost between 1300 and
15000 |, but have in practilcehalé¢ &RMEIIiEhe twe tine stumiesave 5 0 0

have performed, the recultivation costs in Bettenreute amounted toll /881 a . I n this case,
to remove the stumps of d/gar old poplars was rented for six days, and an hourly wage of 15va s
assumed. Theecond clearing operation amounted to 9,000h a . On this occasion, t

Vario performed three operations on the field in succession: 1) grubbing, 2) using a rotary hoe, and 3)
mulching. Recultivation costs of this dimension are obsip inflated and put an end to all profitability
calculations for SRC management. They need to be avoided by any means, but in this case, it was not
possible to find another service provider that was willing or able to perform the recultivation inrmguestio
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4.2.3.2.4 Optimization of harvesting and logistic processes

A core objective of WP2 was to develop stratetpegptimize the harvesting and logistic procedures of SRC
management, and if possible, to identify ways to improve the machinery employed in the harvesting
operations.

With regard to the selfropelled cuttechipper systems in the combinations Class/GBEd New Holland
(perhaps also Krone/Huttmann, which we have barely documented), we are positive that they are running in
a reliable way. The standard technology for harvesting corn has been adapted to harvesting SRC material, a
solution that appears tarriction well in these cases. With regard to the trgotiied cutter chippers the
situation is different. Here, the systems we were able to document did not function in a satisfying way, or, as
the JF Z 20, were only applicable to small dimensioned tiéesproblem with the Schmidhipper was not

only its liability to jamming and technical breakdown, but also that the wood chip quality was not suited for
commercial use. This was largely due to the working principle of the screw chipper that produged man
pieces with ovetength (see data of WP3). Thus, the situation with regard to tqaoti@d chipper systems

is unsatisfying, although a functioning aggregate would be desirable as it might reduce the working costs in
comparison to forage harvesters. Gotution that we would recommend is to reconstruct the trpctibed

cutter chipper in such a way that is based on a drum chipper system. This is precisely what the Schmidt
GmbH has now developed in collaboration with Jenz GmbH, a leading company laiiy @xperience in

the field of chipper constructioithis chipper has only been demonstrated a few times in 2012, and we have
so far not been able to document its performaWdéh regard to forest machinery, the productivity of the
Ponsse Buffalo Dual syem, which consisted of a combination between a fellecher system and a
forwarder, ranked in similar dimensions as when a féllercher and a forwarder are used separately.
However, it proved to be an advantageous solution because only one maaméeeled to perform the
activities instead of two, which results in lower machine transportation costs, less planning of appointments,
and less soil compaction. Hence, the innovative system used at Alfdorf seems to constitute a recommendable
improvement.

Nevertheless, SRC is not always profitable and the risk of mismanagement needs to be avoided. An
optimized planning of the envisaged SRC management is of crucial importance. It should always be
designed to fit the individual plantation and take the avditpbdf harvesting machines into account.
However, as a broad rule, we propose considering the scheme presented-impioav43 as a guideline to

decide whether the establishment of SRC is recommendable or not. Several authors have identified shortage
of water as the main factor that limits SRC biomass production (e.g., MURAG@H 2008; ROHLEet al

2010). Hence, establishing SRC plantations on marginal sites with a low water availability can in general not
be recommended. However, SRC can be eshadisn fields that are regarded as marginal because of a soil
water content that renders the growth of annual crops criBcdlalso here, it should be taken into account

that harvests with forage harvesters and other heavy machinery can become pmblematfrozen soils.

In particular, the woodchifilled trailers can produce deep tracks in soft and moist soil, which can destroy

the soil surface of a SRC plantation and terminat@raest. Due to the tight time schedule of the service
providerswhich usually donét all ow wadahistdangegcarfhardly be avbided s t |
These risks can be avoided by planting SRC aimed at longer ropailmuls which can be harvested with

forest machinery or motenanuallyi ideally, by inrhouse #orts. Depending on the planned use of the
biomass, different times of the harvesting season are also recommended. For example, material that is
harvested for use in the same winter season should be harvested early when the demand for raw material is
high, e.g. in November and December. Material that is harvested for a use in the following season should be
harvested at the end of the season, e.g. in February or early March, to avoid negative influences on the
biomass quality due to a prolonged storagerdyitiie winter months.
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Figure 44:Guideline and decision scheme for the establishment and the harvest of SRC on (marginal) fie
(see text).
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To provide the possibility for a more-@lepth planning, we developed a new and detailed calculation tool
which is mainly based on the findings of our field studibe KUP-Ernteplaner[SRCharvestplanner; see

Annex 2.2for the electronic version of this report]. This practicéentated tool allows entering site specific
characteristics, and thus, it generates a sound estimation about the expected productiod ouatgins for

the woodchips based on individual requirements. Several calculation tools which cover the entire range of
the life cycle of a plantation have been developed in the recent years, but all are poorly equipped for the
calculation of the most iportant and the most complex working step, the harvesting operations (e.g., the
model developed in the project Agrowood, the model developed by the Bayerische Landesanstalt fur
Forstwirtschaft (LWF), or theKUP Rechnerdeveloped by the Landesanstalt furtWcklung der
Landwirtschaft und der landlichen Raum&heKUP-Ernteplanefrfills this gap and can be easily handled by

its users. Basically, it consists of three sheets in which key figures need to be entered: The sheet
ErtragsschatzungEstimation of yiéd] for estimating the amount of biomass stocking on the field and the
approximate time required for the harvest, and two sheets for calculating the harvest itself. The user can
choose between a sheet that calculates harvests performed witkcligpers Hackgutlinien[Wood chip

lines], and another sheet for harvests in which the harvest and the chipping is performed separately,
GanzbaumlinierfWhole tree lines]. In both sheets, the expected costs for the harvest are displayed both
numerically and grapbally. Among others, key parameters that need to be entered in the sheets are the
following:

Ertragsschatzungrield size, type and age of plant material, the quality of the soil / the water availability

Hackgutlinien Transport costs for the harvestigpe of the harvester, type of transport units for the biomass,
driving distance from the field to the destination, largest stem diameter of the trees at cutting height, potential
costs for storage and a second transport of the biomass from the pristamgtam to the end user, and the
expected price for the woodchips.
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GanzbaumlinienTransport costs for the employed machines, type of machine used, largest stem diameter of
the trees at cutting height, cost for the chipper, type of transport uniteefbiamass, driving distance from
the location of the chipping to the destination of the wood chips, and the expected price for the woodchips.

The instructions about how to handle the tool are contained in theAsilegting[manual]. To perform the
calculations, th&kUP-Ernteplanerworks with data and formulas contained in the shietsige [yields],

Ernte [harvest], Transport andDefinierte Namerjdefined names]. These four sheets can not be changed by

the user. In caséé user would like to enter individual or more general input data, he or she can always enter
such alternative values for all relevant positions on the three input sheets explained above (on these sheets,
see input options written in blue font). The foramiloperating in the background will then access these
alternative values to perform the calculations.

Among the most important outputs, tKe/P-Ernteplanermresents the following results (see Figure 45):
9 The time required for the harvest

1 The time required for filling a transport unit with chips, and for one cycle to unload and return a
transport unit

1 Costs of the machine transport, of the harvest, and of the biomass transport
9 Costs for producing ong.twoodchips
9 Total harvesting and tnaport costs versus the margin gained from selling the biomass

Eingaben fiir Hackgutlinien Ergebnisse
Angaben zu Erntemaschinen und Transporteinheiten Dauer der Ernte [h]
Dauer einer Transportfahrt [min]
Transportkosten der Erntemaschine [{ 250 |
Verteilung der Kosten: [€]
Wahl der Erntemaschine | Hew Holland-Méahhacksler | Transport der Er hii 250
Ernte 487
Transport der Biomasse 146
Alternative Eingabe: Lagerung und Weitertransport 1]
Kosten der Erntemaschine [€/h] | |
Gesamt-Erntekosten (inkl.
Transport und Lagerung) 883
Wahl der Transporteinhei |__Traktor mit Kippanha om3) | Erlos fiir die Biomasse
Entfernung zum Zielort: Differenz zw. Erlos
Anzahl Kilometer Feldweg [km] [ 0,5 | und G t-Erntel 629
Anzahl Kilometer StraBe [km] | 3 |
Alternative Eingabe: Gesamt-Erntekosten pro t atro 53
Dauer der Fahrt Feld - Zielort [min] | | Gesamt-Erntekosten pro srm 74
Gesamt-Erntekosten pro MWh 10,7
Anzahl benétigter Transport- Gesamt-Erntekosten pro ha 883
Einheiten [ 3 |
AL Geschitzte Kosten und Erlés: Hackgutlinien
Alternative Eingabe:
Kosten des Hackgut-Transports [€] | | 1600
1400
Angaben zum Feld und zur Biomasse 1200
1000 @ Transport der Erntemaschine
GroBRter Stammdurchmesser in ¥ 800 DErnte
Schnitthdhe [em] | 12 | = m 1512 O Transport der Biomasse
600 OLagerung und Weitertransport
400
Abstand zwischen den Reihen[m] [ 25 | s Wotal
200
Bei Doppelreihen: Abstand zwi 0 146
den zwei Reihen einer Do-R. [m] | 0,75 | Kosten Erlos
Geschitzte Biomasse auf dem Feld
s [
[t atro] 17
Angenommener Verkaufspreis
[€ / stm Frischmaterial] | 12 |
[€/tatro] | 90 |
T Ertrage {Ernte [ Transport o aaMl,_Definierte Namen / |«

F|gure45 Screeshot of a part of the shektckgutlinienof the KURErnteplaner.

To keep our tool as detailed as necessary and, at the same time, as simple as possible, we havedot includ
other costs that result from the establishment and the management for the field site. Yet, for a complete
assessment of the costs involved managing a-@R@ation, these costs will have to be considered in
addition. Such costs can be estimated orutaled by using the already existing literature or calculation
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tools, and in the present context, by the scenarios of the cost model devel@retiby WP4 (see the
respective section on this model by IER in this report).

Combining such models witiKUP-Ernteplaner will provide a more complete picture of the entire
production chain. Yet, KUIErnteplaner is important on its own. It fills a large gap and helps the practitioner

1) to plan harvesting operations on a specific field site based on a realistiaris, 2) to see which
parameters affect the calculations in which ways, and to find ways to reduce the expected costs, and 3) to
consider in advance whether it would be recommendable to establish a plantation on a given field site. This
is of particularrelevance when considering establishing a plantation on marginal field site. For example, if
the options Abadod or fver yEragsdchatzamare ehosenathearéslitac i | i
margins will be comparably small or even negative. Even after repeated harvesting during a period of 20
years, it is possible that the overall monetary profit is very limited or that the overall marginal return will not
cover thecosts for the establishment, the maintenance and the recultivation of the SRC plantation. This is
especially the case with the methods depicted in the €eetbaumlinienwhich tend to be more cest
intensive than the cutt@hipper systems on the sheldfckgutlinien This reflects the abowgiven
recommendation that SRC plantations of marginal field sites should best be managed in such a way that most
activities are performed by the farmers themselves.

However, the KUFErnteplaner is not yet fully devegded. TheAnleitung[manual] needs to be written and a
few improvements of calculations need to be implemented. The present version in the Annex should not be
distributed. Yet, the tool will be finished by the end of March 2012.

4.2.3.4 German report

To increasethe knowledge about SRC among practitioners and interested people in Germamyewe
compileda German report about the data presented already in sé@i8r2Documentation and evaluation

of 28 time studies of harvesting (+ logistic) operations, 4 chipping operations, and 2 clearing opess@®ns
Annex 2.3. This reportontainsthe tables shown in sectidn2.3.2 but alscadditionalinformation about the

field sites on which the operations were performed. Thus, it provides a representative overview on typical
SRC sites and the parameters associated with harvestingowdaré contais our recommendations for
optimizing the SRC management and the harvesting as presented in 4e2tdon.4 The report will be
spread to all farmre and partners who have collaborated inGreFrproject, and will also be disseminated

via the electronic mail distribution system of tNetzwerk Kurzumtriebsholz und MiscanthinsBaden
Wirttemberg, and via the national platforms that concert and bundle information about SRC such as the
KUP-Netzwerkcoordinated at the TTZ in Bremerhaven.

4.2.3.5 Guidelines, Model WP4

Moreover, the basic findings of the WP2 of (BREFF project have akady been included in guidelines such

as the first French manual on the establishment and management of SRC (see Annex 0.1), and an update of &
previous version of the guidelindnlage und Bewirtschaftung von Kurzumtriebsflachen in Baden
Wiurttemberg(http://www.mlr.baderwuerttemberg.de/mir/bro/Kurzumtriebsflaechen.pdihey were also

included in the already mentioned model to describe different scenarios of entire process chains developed
by WP4.

4.2.3.6 Harvest of Six Different Poplar Clones and a Regrowth ex periment

By utilizing financial resources provided in the framework of the CREFF project, we were able to directly
compare the yield of six different poplar clones that grow on the plantation KréichtaP008, the clones
Hybrid 275, Maxl, Max3, Max4, Muhle Larsen and Spickermann were planted on a field with a rich soll
that was previously used as corn field. The harvest was performed with the New Holland forager. The
different clones were planted in alternating double rows and the biomass of esaglagsoneighed after
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being harvested at the farm of the owner. Figure 46 displays the yield differences with Muhle Larsen and
Hybrid 275 performing worst.

Yield of six poplar clones at the site Kraichtal 1
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Figure46: Biomass productivity of six poplar clones on the site at Kraichtal

After the harvest, we performed an experiment in which the effects of different cutting methods on the
regrowth of the different poplar trees was assessed. The stumps of the poplars were treated in three different
ways:

1) Cut normally with the New Hollahforage harvester and the 1B3B headeat the harvest

2) cut down to ground level with a chainsaw to produce a cleaftenthe harvesand

3) destroyed and split with an aafter the harvest
Moreover, for the Max clone, a fourth treatment was performed: The trees were cut by the New Holland

harvester in on average 2&@ height, i.e. considerably higher than usual (averagen®.9The purpose of
these treatments was to simulate four défe harvesting methods:

T a Anormal 6 cut from a forage harvester
i aclean cut as performed with a chainsaw
a destructive cut of the trees as employed by the shredder technique of the BioBaler

1

1 a normal cut from a forage harvester under conditions of @leosmow coverin such caseshe
trees are cut above the snow level. After thawihg remaining stumps will have considerable
heights as reflected in our fourth experimental variation.

From January to March012, we have determined the number of shper stock, the diameter of the shoots

of a stock at breast height, the height of the longest shoot, and the rate of loss of the different clones and
treatments. Our data indicate that the different modes of treatment have no effect the regrowttopdigerns
stocks, not even the destructive variation (ANOVA analyses performed with Microsoft® Excel 2003 showed
nonsignificant results). As an example, Figure 47 shows the height of the longest shoot of the stocks. Again,
Muhle Larsen and Hybride 275 penfiled worst, ranging close to total loss, but the treatments seemed not to
affect the clonespecific productivity However, only very limited data were available for Hybride 275, and

this particular set of data needs to be regarded with caution.
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Regrowth of different poplar clones following different cutting
treatments
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Figure47: Shoot height of six different poplar clones that were cut in four different variations.

Hence, it can be inferred that also different kinds of harvesting technique will have very little or no effect on
the vitality and the regrowth patterns of differguaplar clones, at least during the vegetation period

following the harvest. This finding seems to support previously heard assertions that the destructive
harvesting variation as utilized by the BioBaler has no effect on the regrowth of harvested trees.

4.2.4 Cooperation with other projects, institutes, and results of cooperation

Throughout the running time @REeFF, the FVA has cooperated with a number of institutions, organizations,

and projects.

The following corporations have helped in planning and doating harvesting and clearing operations:

Austria: Francisco Josephinum Wieselburg; Denmark: Ny Vraa Bioenergy I/S; France: INRA Orléans,
AILE, and Cuma Breizh energie; Germany: Biovision Landschaft und Energie Gmbh &&oCNH
Deutschland GmbH, Frank Gah, JVA Bettenreute, Landwirtschaftliches LohnunternehierbertRoth,
Landwirtschaftliches Technologiezentrum Augustenberg (LTZ), Schellinger KG, Solarcomplex AG, and

Viessmann Werke GmbH & Co. K&Ye have worked in particularly close cooperation with listitut fir

Forstbenutzung und Forstliche Arbeitswissenschaft at the University of Freiburg. A member of this institute,
Janine Schweier, has also performed a number of time studies and we have exchanged information about

harvesting operations and sealadlata.

The following corporations have helped to spread news regarding CREFF and have invited Dr. Frank
Brodbeck and Dr. Michael Nahm to give presentations about CREFF and harvesting techniques:

Landwirtschaftliches Technologiezentrum Augustenberg (L.TAnd Netzwerk Kurzumtrieb und

Miscanthus. The Institut fir Waldwachstum at the University of Freiburg (IWW, Professor Dr. Heinrich
Spiecker) has asked members atE€F and ProBioPa at the FVA to organise two excursions to SRC
plantations and to inform aients about current research projects. These excursions were met with very

positive resonance.

At t he FVA, mut ual contact s to the

especially valuable for contacting farmers and for obtainifigrdnt kinds of information about the status of

SRC management in Bad®¥iirttemberg.

research

proj

In the process of writing the review papdolz aus Kurzumtriebsplantagen: Hemmnisse und Chancen,

which was initiated and written to a large extenCREFF, we have collaborated with Prof. Dr. Albrecht

59



Bemmann from the Professur fur Fersind Holzwirtschaft Osteuropas at the Technische Universitét
Dresden.

In the process of establishing the pilot cooperations in WP5 of Creff, we have worked with GESA gGmbH in
Wauppertal, and with Cosylval and UPM Stracel in the Alsace.

Our manifold collaborations have facilitated and deepened the assessments of our r@eskg regards.
Most notably, they provided access to data and resources that would have not been accessible otherwise.

4.2.5 Shortcomings, obstacles, problems in the course of the project

Shortcomings: We could not perform as many harvesting operations asdwaamned, in particular such
harvesting operations with fAunusual 6 harvesting t
harvests on slopes. Therefore, except for harvests on-siaedl fields, the aspect of documenting harvests

on margnal field sites seems underrepresented in our data stock. However, this result reflects the current
state of SRC management in Central Europe. Not many SRC plantations have been established on
unfavorable soils recently, and the trees on those that leredstablished take comparably long until they

reach dimensions recommended for harvesting them. Thus, such plantations were not covered to the extent
we had planned within the running timeG@rREFF.

Obstacles: The strong dependence of the harvesteometither conditions made it difficult to plan trips to
harvesting operations. Moreover, machines have broken down just before the planned activity. Hence, on
several occasions, the harvesting, chipping and clearing operations were cancelled or postplooktd a
notice, sometimes only when we had arrived at the field. Yet, this a typical and inevitable obstacle associated
with field work. Most notably, it constitutes an obstacle for farmers and for service providers who need to
plan their activities welln advance and often have to follow a tight time schedule. However, there is little

one can do against obstacles that are due to external factors. One way to reduce effects of adverse weathel
conditions for harvests is to avoid establishing SRC plantatibas are to be harvested with fully
mechanized systems on a sloped site or on a site that is known to be very wet during the winter season.

Problems: It turned out that the costs for the units used for optimized transport logistics are difficult to
guantfy. One can offer general theoretical calculations based on standardized data, but these standards are
often of low value for the farmers and in practice. First, each farmer uses predominantly his own and often
very old transportation equipment. Such tgortation units are difficult to value in monetary assessments of
involved production costs. Most farmers will not use and organize transport units that might in theory be
better suited, because these units would cause additional costs compared to usieguipment. In
addition, the used transport units contain usually different capacities, what results in even greater differences
to establishing ideal transport chains. Moreover, each field site requires an individual approach. Among the
parameters thatetiermine the optimal choice of transport units are the form and the accessibility of the fields
or their headlands, and the amount of biomass stocking on the fields. However, we have aimed at providing
the practitioner with the best possible solution tanpthe transport logistics of a given harvest. For this
purpose, we have implemented appropriate input possibilities for individual plantations and site conditions in
the KUP-Ernteplaner

Despite these shortcomings, obstacles, and problems, it was edssibbllect sufficient data to gain a

representative overview on the current state of the art of applied SRC harvesting and logistic systems, and to
develop recommendations and a tool for an improved use of these systems.
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4.2.6 Discussion and conclusion

The wood chip production costs for the different harvesting systems obtained in WPREBF Kave
confirmed the results of other authors. With regard to forage harvesters, our cost calculations fall in generally
similar ranges, but were usually higher. Forregke, the mean value for woodchip production excluding
transport units that we determined from 15 representative time studies of forage harvesters wagt27.1
However, KIENZ has calculated wood chip production costs of about£dincluding the usef tractor
trailer uni t s, B UR GER incu@ng @ran¥porthcasts foig 20, &IANDLER and / t
BLUMAUER (2009) have reported woodchip production cost @29 ,ntexcluding the transport units,

ECKEL et al (2008) have reported about-20 U t4, wood chip production costs for forage harvesters
without transport, and SPINELIdt al. (2009) have reported total harvesting costs including the transport of
11-350 fn,twhat would equate abowtly U fnt In sum, the costs determinedGREFFlie slightly above the
calculations of the other authors. This is partly due to different values used. For example, HANDLER and
BLUMAUER (2009) have calculated with 320/ h machi ne costs for the ha
forager, whereas the current hourly tsofor the new New Holland forage harvester is 400 h . Mor eov
the time studies performed in Italy and Austria involved fields of higher productivity than most of the fields
seen in ®EFF, and the farmers had already gained enough experience to ésthblfelds and to organize

the harvest in optimized ways. In addition, lower production costs can also be expected in the following
rotation periods. IlCREFF, the time studies performed with forage harvesters concerned almost exclusively
fields in thefirst rotation, but biomass production is likely to increase after the first harvest. Finally, it
appears that in practice, operations often take longer and can become more expensive than calculated,
especially under suboptimal management and harvestimdjtmms. For example, VOIGTLANDER (2011)

has calculated costs for two harvesting operations that amounted to 103.4 and 4#42Such
disproportionate costs are obviously a result of plantation mismanagement, similar to our field Reinach
With appropiate establishment and management guidelines andUliReErnteplanerat hand, the farmers

are now better able to plan and organize their harvests. This is also valid for the alternative harvesting
methods available. For example, the cutigtecter Stenter was tested and documented in Germany for the

first time in the framework o€REFF, the first reliable data about the modified sugar cane harvesie2QF

were collected irCREFF, and the first data for the fellduncher/forwarder system were obtaineCREFF

Hence, we were able to provide significant information about harvesting techniques that are only rarely used
at present, but which might become more important in future. However, with the exception oZth@, Hn
aggregate of limited applibdity, the full-mechanized harvesting systems are in generalim@sistive on

fields with low biomass productivity, as can be expected on marginal field sites with low water availability.
Apart from a more rational organisation of the harvesting opaistiit is at present difficult to promote
innovative ways by which the costs could be reduced in significant dimensions. Ideally, SRC plantations on
marginal sites in Southern Germany should be closely located to the end user, and they should bermanaged i
long rotation periods with as much work as possible being performedtnuse efforts, implying that the
farmer sets aside calculating his and his familie
doubtful if many farmers will choose &u an approach. Thus, it is likely that SRC material from sites with
unfavourable properties will only be of very local significance, and will not play a major role in establishing
pathways of renewable energy cycles under the current market conditions.
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4.2.6.1 Unsolved problems and further scientific needs

Although the data obtained iInREFF have already allowed for formulating recommendations and for
developing the calculation to8lUP-Ernteplaner many questions still remain open at present. With regard
to harvesting operations, unsolved problems and further scientific needs consist of the following issues:

T

Document more harvesting operations on slopes and other critical site conditions typical for marginal
field sites to substantiate the few data available.

Document alsal Moharfifesting operations to detern
on a field, and thus, to validate the biomass production model for SRC plantations developed in the
BMBF-funded project ProBioPa at the FVA.

Document new &rvesting systems. The market for harvesting technology is very dynamic and several
companies have announced to develop upgraded versions of their machines or entirely new systems.
New harvesting systems need to be documented to staydgte, to provideand spread relevant
information about them, and to adapt the ®WOdP-Ernteplanerto these developments.

Document harvests of the second rotation period. Until now, almost all available data on harvests
concern harvest of the first rotation period. Yetan be assumed that the productivity and the costs of

the subsequent harvests will often differ considerably from these first data. In particular, it can be
expected that the biomass productivity will be greatly enhanced on at least some plant&tiche aft

first cut. At present, theKUP-Ernteplaner calculates these supposed changes in the biomass
productivity of SRC trees based on general assumptions. Moreover, the regrown shoots often display a
lateral outgrowth at their base, what might affect ttekffow of harvesting aggregates. Therefore,
potential effects on the productivity of tharvesting aggregates need to be evaluated as well.

With regard to the regrowth of stocks after harvesting, the following issues should be addressed:
1 Replication & the experimental treatment of the stocks of SRC trees that we have performed with six

clones of poplars. Additional kinds of plants should be tested to determine potential effects of the
different harvesting methods, especially willows. With regard te #xperiment performed at
Kraichtall, the ongoing documentation of the development of the growth patterns will be valuable to
trace potential afteeffects of the different cutting methods applied, sucthasstability of the stock
architecture or fungnfections.

Moreover, we recommend to intervietive farmers who had harvested SRC plantations during the last
seasons about their experiences and opinions about SRC management and harvesting. Were they satisfiec
with the wood chip quality, would they recommend establishing SRC, would they recommbanvisting

system they had used? Such information from the practitioners is of great importance for a- practice
orientated evaluation of SRC management and would complement the now existing data in crucial respects.
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4.3 Work Package 3- Value addedConditioning of SRC raw material

4.3.1 State of the Art
4.3.1.1 Material utilisation

4.3.1.1.1 Substantial utilisation

In the last years the most important substantial utilisation form of SRC material is fibre and ground wood
pulp production of the paper and pulp industry (KIREAUM 2008; GEROLD, D. et al. 2009). Another
utilisation path the use of SRC raw material for derived timber production purposes e.g., particle boards
(GEIMER & CRIST, 1980). Primary production precondition is the use of SRC stem assortments with a
sufficient diameter size (> 7 cm). Poplar in wide space planting is thereby the most commonly used species
for those purposes. Applied rotation period is mostly betweePOlears. Harvesting is done with forest
machinery for bigger dimensions (GEROLD, D. et2009). Production results for paper are satisfactory,

but showed some mechanically processing problems for example during the process of debarking or pulp
composition which lead to lower opacity and tensile strength, which resulted to a reductiopayléneaw

material share of around3D % in some production facilities (KRICHBAUM, 2008). Results for particle
boards show no relevant restrictions, even under consideration of the high bark content of up to 29 %
(GEIMER & CRIST, 1980).

4.3.1.1.2 Energetic utilisdon

Caused by rising prices for fossil energy and a changing energy politics in the last years, the demand for
renewable solid biofuels is rapidly growing. Especially heat production by thermal conversion is consuming
a majority of the available renewatdelid biomass fuels (MANTAU, 2010; DBFZ, 2009). A big share of

the necessary solid biomass is provided by wood chips out of several sources. In contrast to substantial use,
the round wood quality (shape, and stem defects) or shares of branches or bhlavege importance. Due

to cogeneration the supply with sufficient wood fuel for energetic installations is of huge importance not
only during the heating period but also throughout the whole year. Possible utilization paths are the thermal
and/or elecical conversion by combustion, pyrolysis and gasification through stoves, boilers and CHP
(Combined Heat and Power) installations of different sizes and type. Studies on willow show for most burner
systems an admixture of 4B % to the standard raw matdricarries only low risks of slag formation
(HJALMARSON & INGMAN, 1998). Several burner systems are running with up to 100 % admixture
without any signs of technical problems, whilst others show signs of early ash melting and coat formation
e.g., in the cglone inlet pipe (MYRINGER et al., 2009; VICTOREN, 1991). Another fast growing
utilization path for SRC material is the pellet and briquette market (HIRSMARK, 2000; NASLUND, 2003).

4.3.1.2 Material properties and conditioning by storage

After harvest of SRC matel in form of chips or whole shoots, in many cases the material has to be
conditioned by a natural storage process or by technical drying, in order to condition the initial water content
to a level, which is suitable for different utilisation paths. Aifrthis process can be quality preservation

and quality improvement in order to provide a storable product of high quality throughout the year.
Following storage and drying processes for SRC wood chips are possible. At the basis of an intensive
literature study, WP 3 identified the important factors, which have an influence on the quality of SRC
material during a storage process. Those factors can be categorised in outside and inside factors. Outside
factors include the characteristics influenced by sité bBarvesting process. In addition to that, the local
climate does have an important influence on storage result (e. g. rain, wind, insulation, temperature and air
humidity). The factor plantation management comprises the influences of various variablestance
spacing, treatment, rotation, harvesting method and harvesting time on the material quality and the final
storage result. Against that inside factors describe the variables, which influence the material quality and
storage result by storage namement processes like pile size, storage type, storage duration and more.
Decision which storage type will find appliance is in the first place determined by harvesting technique. This
will either provide chips, whole shoots or in case of bigger dimessitem assortments. After harvesting

the material is directly transported to a consumer, or is stored in one of the above mentioned ways (Figure
48).
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Figure 48: a) Overview on possible drying techniques for SRC wood chips b) lllustratioh e Ao ut s i d
factors, affecting material quality and storage result

In case where material is stored using natural drying methods, it has to be prepared in covered or uncovered
chip heaps, either with or without an air ventilation systeng.(domedrying-method) or whole shoot piles.

Higher dry matter losses can be expected in case of high water content as well as high shares of fines, green
matter, small chip sizes and non ideal storage heap size time and duration (SCHLOZ & IDLER, 2005;
GOLSER et al., 2005; THORNQVIST, 1985).

Most important indicator, for the overall evaluation of storage success is the comparison of water reduction
from storage start to end and occurring diatter losses. Reason for the high dry matter losses within wood
chips piles are an increased biological, physical and chemical decomposition activity (JIRJIS &
THELANDER, 1990; THORNQVIST, 1985). A sign for zones of high decomposition processes can be high
temperature zones within the heap. Heat is generated by chemical oxidation and pyrolysis, respiration of
living wood cells, metabolism activity of microorganism and by hydrolyses processes through moisture
adsorption (BLOMQVIST & PERSSON, 2003). Most innfamt factors for microbiological decomposition

are amongst others moulds and several wimzhying fungi. Due to their metabolic activity organic matter

is consumed through aerobic degradation into water and carbon dioxide. Especially cellulose, tagaicellu

but also minimal shares of lignin are degraded. As found by LEHTIKANGAS (1998), microbial processes
occur up to 60 °C but decline at higher temperatures. Produced heat can accumulated in large and compacted
piles. Outside zones close to surface shmwmel temperature, caused by more intensive cooling, inner zones
show with high decomposition activity show high temperatures. A chimney effect, which can be a driving
force for material drying, is caused by temperature and vapour pressure (HOGLAND & MARQYED).

Moisture is moving from heaps centre to outr~

zones, where the saturated air condensates. - e onpeor Broseure
effect leads to unequal water content allocation

the heap, creating a dryer inner zone and a we
outer zone, often called condensation horiz:
(Figure49). Spores of moulds are important fror
a work hygienic and overall health perspectiv
as they can be hazardous to health when inhe teviem. _foutensHoh teme
in higher concentrations (NELLIST et al., 1991 pessure pressffe( e By
BRUNNER & OBERNBERGER, 1997,

KIRSCHBAUM, 1998, SPIKERMANN, 1999;

THORNQUIST & LUNDSTROM, 1982). Figure 49: Chimney effect in storage piles (CURTIS, 198

—— Greatest condensation

4.3.2 Specific goals

Within the WP3 the main objective is to identify and characterize the quality parameters of woadl mater
from short rotation coppices (SRC) of small field sizes and under unfavourable site conditions. Thereby a
strong emphasis is given to the customer needs of the energy sector; including quality management aspects
leading to a quality based best practieeision support system for SRC material.

Actual and potential consumers of SRC products have an increasing demand for material of high quality.
With respect to these facts, WP3 considers the special expectations of storage and conditioning. in a furthe
task, the simulation of storage under laboratory conditions will be playing a major role in the planning and
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implementation of a storage simulation device, which will allow the simulation of various options of storage
by varying the feedstock and the eehnt parameters as well under controllable and reproducible
microclimatic conditions.

In order to obtain detailed information about industrial user oriented technical and economic framework
requirements, experiences and constraints concerning SRC inaté?a conducts a detailed online based
survey.

Finally productive and efficient storage technologies are identified. Therefore storage trails at facilities of
different industrial partners and farmers are performed while for selected cases the inrmartesnd
metrological conditions are monitored.

The scope of WP3 is summarised in four main task groups:

Task 1: Material analysis and evaluation methods for quality parameters characterising important end
product requirements

Task 2: Designing of a device to simulate the behaviour of different wood chips under diverse microclimatic
scenarios

Task 3: User oriented detection of technical and economic framework requirements, experiences and
constraints concerning SRC material for thentfication of productive and efficient technologies and
strategies

Task 4: Identification and development of best practise methods for storage and conditioning by
implementation of pilot studies at industrial installations. Description and conclusi@ffectiveness and
efficiency of different storage technologies

4.3.3 Activities and Results
4.3.3.1 Material and methods (Activities)
Material analysis and evaluation methods for quality parameters

4.3.3.1.1 Material analysis ophysical and chemical properties

Within this task, methods for the identification of quality key parameters for SRC material have been
identified. As a common standard for the biomass analyses for all the different parameters, WP 3 is currently
using the European standard catalogues. The classificatiSRC material refers to the European standard
CEN/TS 14961. This norm catalogue characterises the different basic raw materials of wood chips and other
organic combustibles.

Within this standard catalogue SRC materials can be categorises undeittetopf Af ul | tr eeo
tree biomass) material from SRC as well as stumps from SRC.

Beside the combustible specifications the standard describes classifications, definitions and the testing
procedures for the acquisition of parameters.

Amongst ohers the quality parameters of special importance are water content, ash content, particle sizes,
bulk density, heating value and contaminations. Quality control has to take into account these parameters.

In order to characterise SRC material for an er&rgad/or substantial end use, it was necessary to assess
and identify the characteristics of SRC material in some basic parameters.

WP 3 (in collaboration with WP 2) obtained SRC material samples as far as possible from accompanied
harvesting operationsSample drawing, sample preparation and parameter analysis were and are done in
dependence on the described European standard catalogues.
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Tablel1: List of accompanied harvests and harvesting characteristics and abbreviations

. . Location of Date of [Short sample

Species [Clone Comments [Chipper type e
harvest harvest |describtion
Wood chips
Poplar Max 3 15 Stem wood Eschelbdk, Biber 7 Bettenreute (D) 17.11.2009 Be, Max 3 (Sth), 15 J.
Poplar Max 3 15 Branch wood  Eschelbdk, Biber 7 Bettenreute (D) 17.11.2009 Be, Max 3 (Asth), 15 J.
Poplar AF 2 2 n. C. Claas Jaguar, header GBE - Fohnsdorf (A) 26.11.2009 Fo, AF 2, 2J.
Biomass Europe

Poplar Monviso 2 n. C. Schmidt Wood-chipper Fohnsdorf (A) 26.11.2009 Fo, Monviso, 2 J.
Poplar Max clones 2to3 Mixed clones Claas Jaguar 870 Allendorf (D) 09.03.2010 Al, Max Misch., 2-3 J.
Poplar Max 4&5 3 Mixed clones John Deer forage harvester Engen (D) 12.02.2011 En, Max 4&5, 3 J.

7500, CRL header

Poplar Max 4&5 3 Mixed clones Eschelbok, Biber 70 Engen (D) 12.02.2011 En, Max 4&5, 3 J.

Poplar Max 4&5 2 Mixed clones  Schmidt Wood-chipper Engen (D) 12.02.2011 En, Max 4&5, 2 J.

Poplar Max 3 8 n. C. New Holland forage Neuenbriig (D) 25.03.2011 Ne, Max 3, 3J.
harvester FR 9000, 130 FB

Poplar Spickermann 3 n. C. New Holland forage Neuenbriig (D) 25.03.2011 Ne, Spickermann, 3 J.
harester FR 9000, 130 FB

Poplar Max 4 3 n. C. New Holland forage Neuenbriig (D) 25.03.2011 Ne, Max 4, 3 J.
hanester FR 9000, 130 FB

Poplar Max 1 3 n. C. New Holland forage Neuenbriig (D) 25.03.2011 Ne, Max 1, 3 J.
hanester FR 9000, 130 FB

Poplar Muhle Larson 3 n. C. New Holland forage Neuenbriig (D) 25.03.2011 Ne, Muhle Larson, 3 J.
harester FR 9000, 130 FB

Willow Tordis 3 n. C. New Holland forage Bad Schussenried (D) 10.03.2011 Ba, Tordis, 3 J.
hanester FR 9000, 130 FB

Willow Tordis 3 n. C. New Holland forage Degernau (D) 11.03.2011 De, Tordis, 3 J.
hanester FR 9000, 130 FB

Willow Inger 3 n. C. Claas Jaguar, header GBE - Fohnsdorf (A) 26.11.2009 Fo, Inger, 3J.
Biomass Europe

Willow Tordis 4 n. C. JF Méaquinas Agricolas 192 Merscheid (L) 26.02.2010 Me, Tordis, 4 J.
Z6

Willow Tordis 3 n. C. Laimet HP-21 Steinbach (D) 23.02.2011 St, Tordis, 3 J.

Willow Tordis 3 n. C. Jenz HEM 561 Steinbach (D) 23.02.2011 St, Tordis, 3J.

Willow Tordis 3 n. C. John Deer forage harvester Steinbach (D) 23.02.2011 St, Tordis, 3 J.
7500, CRL header

Willow Tordis 3 n. C. New Holland forage Reinach (CH) 24.03.2011 Re, Tordis, 3 J.
hanester FR 9000, 130 FB

Willow Inger 2 n. C. JF Méaquinas Agricolas JF  Tystrup (DK) 19.01.2011 Ty., Inger, 2 J.
Z20

Poplar, natural 2t08 poplar 10 %, Eschelbok Biber 80 Wuppertal (D) 21.04.2010 Wu, Misch, 2-8 J.

Birch rejuvenation birch 90 %

Whole shoots/Stems

Poplar Max 1-4 3 Mixed clones Nordic Biomass Stemster Il Haine (D) 09.12.2010 Ha, Max 1-4, 3 J.
Poplar Japan 105 9 n. C. Ponsse Buffalo Dual EH 25 Alfdorf (D) 18.02.2011 Al, Japan 105, 9 J.
Poplar Max 4 6 n. C. Motor manual Géufelden (D) 11.03.2011 Ga&, Max 4, 6 J.

Willow Inger 3 n. C. Nordic Biomass Stemster Il Buggingen (D) 15.02.2010 Bu, Inger, 3J.

Willow Inger 2 n. C. Nordic Biomass Stemster Il Buggingen (D) 15.02.2010 Bu, Inger, 2 J.

Willow Tordis, Inger 2 Mixed clones  Motor manual Gengenbach (D) 01.02.2011 Ge, Tordis & Inger, 2 J.

For a detailed descriptiarf the conducted analysis steps please see ghhex
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4.3.3.1.2 Design of a simulation device

The determination of the quality parameters emerged as an important preliminary work for the development
of a lab scale device for the simulation of storage processes of SRC material. Within this working task WP 3
exceeds the grants demanded task.

After an intensive planning and design process leading to the theoretic development concept, WP 3 took
actions for the actual realisation of the simulation device, including the necessary measurdaent
collection and steeringtechnology.

Planning and comsiction processes are illustrated in the results

4.3.3.1.3 Scientific approach of the empirical study

Target groups are illustrated Wyigure 50 and 51 are divided into the main groups of energetic and
substantial users for SRC material. Within these groups the active use of SRC material is not obligatory but
is classified within th questionnaire.

The questionnaire focuses on companies in Germany, but includes some exceptions by taking into account
some companies from Austria. The used language for the questionnaire is German.

energetic users substantial users

. derived timber
_i heat production produktion

combiend heat and

aper production
power A

_l wood chip providers tissue production

biofuels

pellet production

Figure 50: Targegroups for onlingjuestionnaire dided in energetic and substantial users

4.3.3.1.4 Survey design and procedure

One aim of the study is to obtain representative inclusion coverage for thegsamtitative approach of the
guestionnaireThereforee t i s i mportant to collect an adequate

Against the background of experiesdeom other studies (WEBER 1997, HOFMANN 2010) it is necessary

to aim for at least 100 evaluable replies of the questionnaire to gain statistical evaluable data. An arithmetical
calculation of the necessary average sample number was not possible betteibagh amount of different

criteria and attributes. Based on the experiences for above mentioned studies, it was necessary to interrogate
at least 200 to 300 different companid@hereforeit was essential to identify and inform a substantial
amount ofdifferent companies to create a detailed distribution frame. Distribution frame been created for
companies and for relevant organisations like communities regarding all the target groups mentioned above.
In addition several organisations where directiytaoted to assure the distribution of the questionnaire
within their members.
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Figure51 shows some of the announcements the organisations published.
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Figure51: Exemplary announcements for questionnaire of organisations in the bioenergy sector

The distribution frame, which was used to directly contact companies in the field of energetic and substantial
wood utilisation, contained over 1300 companies.

4.3.3.1.5 Question design and used software
In a first step the questionnaire was developed.
Mayor topics are:
A Generaldata of company and production
Type and utilisation of standard wood raw material
Storage and condition processes
Experiences and expectations with and around SRC material
A Quality management for wood raw material

In form and content the questions weomstructed using state of the art scientific terms and referred to the
current norms for solid wood material.

Questions have been designed in a multiple choice form. Some questions allowed the active weighting of
different aspects and the chance to addocnised attributes to the questions context.

After each main topic the participant had the chance to write their summarising statement.

In the next step the questionnaire was transferred to the internet based software EFS Survey of the company

Globalpark AG. It was identified as the best possibility to achieve the different objectives of the

guestionnaire and offered a brotiglariety of questions types and interlinkages between the questions. For

= example it was possible to

€ Hochschule Or Forstwintschat / @@.E__EE { %@EEE guide the participant to the
e S S, S ‘=G questionnaire depend on

— the answers they gave. This

prevented the participants

to fill in not necessary

questions for their @

(e.g., no active SRC users).

oo o o oo After the data input, the

—— software created an internet
P s address where the
guestionnaire was
accessible by the
participants. After a
preliminary introduction page, which describes the purpose of the study the questiobg skerving one
guestion at each browser window. The overall progress of the questionnaire was illustrated by a percentage
scale at the upper part of each questfgure 52)

N N

stammt der von thnen

Figure52: a) Example for a multiple choice question b) Question type with inte
factor weighting and freanput options
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In order to statistically evaluate the questions, only answers from participamgtdaken into account, which

have finished the whole questionnaire.

The final data could be transferred to different Excel or SPSS data formats or could be shown in an online
analysis.

Pre-test of first draft and final procedure

The first draft of thequestionnaire underwent a gest phases to check the information distribution for the
participants, different interlinkages of the questions and to test the data logging and data output performance
of the software. Therefore 12 experts in the field ob chips utilisation took part in the piest. As a

result of a number of questions were restructured and clarified.

The online questionnaire was started at 18.04.11 and finished at the 18.06.11 with sufficient rate of return
(see results). Data examiimat is conducted with Microsoft EXEL.

4.3.3.1.6 Best practise methods of storage and conditionpifpt studies

In the context of this working task WP3 conducts 10 different pilot storage trails at eight different locations
respectively seven partners. After an intensive initial preparation and planning process the trials have been
established in cooperation and pap of the partners. The storage was conducted directly after harvesting.

In the process WP3 established four storage trails of uncovered whole shoot/stem segments and six storage
trails of wood chips, which were uncovered, covered, or stored undefFigofe53 shows the locations of

the different storage trails and two exemplary harvests.

Tablel2illustratesthe characteristics of the conducted storage trails.
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o ‘T\%mm E

@ Gengenbach f

@ Kraug
# Buggingen
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\ s '1 3 « ,KW”MDM 9 : S < < - e £ 8L, = 5 |

Figure 53: a) Locations of storage trails in mid@&sluth Germany

from Biomass Ewpe ¢) Example for prepation of storage chip material with forage harvester from New Holland

e SR
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Tablel2: Characteristics of wood chips and whole shoot/stem storages (n.c.= not conducted)

Species [Clone Comments |Chipper type (for Location of Storage specifics|Storage |Short sample describtion
whole shoots after |storage
storage)
Wood chips
Poplar Max clones 2to3 Mixed clones  Claas Jaguar 870 Allendorf (D) TOP TEX cowered (40 129 Al, chips covered, poplar, 2-3 J.
m3)
Poplar Max clones 2to3 Mixed clones  Claas Jaguar 870 Allendorf (D) not covered (40 m3) 129 Al, chips not covered, poplar, 2-3 J.
Poplar Max 4&5 G Mixed clones  John Deer forage harvester Storzeln (D) under roof, ventilated 57 St, chips u. roof, poplar, 3 J.
7500, CRL header disc. (200 m3)
Willow Tordis 3 n. C. New Holland forage Krauchenwies (D) TOP TEXcowered (80 151 Kr, chips covered, willow, 3 J.
harvester FR 9000, 130 FB m3)
Poplar, natural 2t08 poplar 10 %,  Eschelbok Biber 80 Wouppertal (D) TOP TEX cowered (40 174 Wau, chips covered, birch/poplar, 2-8 J.
Birch rejuvenation birch 90 % m3)
Poplar, natural 2to8 poplar 10 %, Eschelbok Biber 80 Wuppertal (D) not covered (40 m3) 174 Wau, chips not covered, birch/poplar, 2-8 J.
Birch rejuvenation birch 90 %
Whole shoots/Stems
Poplar Max 1-4 3 Mixed clones  Jenz HEM 581Z Haine (D) not covered (hight 127 Ha, whole shoots, poplar, 3 J.
3m)
Poplar Japan 105 9 n. C. JENZ HEM 561 Alfdorf (D) not covered (hight 205 Al, stems, poplar, 9 J.
Willow Inger 3 n. C. Wiist CH-3537 Eggiwil, Buggingen (D) not covered (hight 191 Bu, whole shoots, willow, 3 J.
Typ HD 810 3m)
Willow Inger 2 n. C. Wiist CH-3537 Eggiwil, Buggingen (D) not covered (hight 191 Bu, whole shoots, willow, 2 J.
Typ HD 810 3m)
Willow Tordis, Inger 2 Mixed clones  Wust chipper Gengenbach (D) not covered (hight 105 Ge, whole shoots, willow, 2 J.
3m)

Aims of the pilot storage trails:

A Implementation of pilot storage trails in context of storage and conditioning of SRAainéterwood
chips and whole shoot bundles)

A Identification of storage conditioning techniques and processes with high efficiency, heading for an
increased product/material quality of SRC material

In case of the storage trails with chip piles, which @veered respectively uncovered with a TopTex
fleece the differences in material quality should be brought into focus

Investigation of physical and chemical key properties, before and after the storage
Comparison of results from the different storage types
Taking into account the requirements of the energetically and substantial users of SRC raw material

>~

>~ >~ >~

Following properties and parameters are analysed:

Tablel13: Determined parameters during the storage processes

Determined parameters| Continuously logged parameters during storage
before and afterstorage

Moisture content Temperature development (for selected cases)
Dry matter loss Air humidity inside and outside (for selected cases)
Bulk density

Particle size distribution
Calorific value

Ash content

Ash melting behaviour
Elementary composition

Mayor wood components (fc
selected cases)
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4.3.3.2 Results ofactivities and Discussion

4.3.3.2.1 Material analysis

The following results show the aggregated results of physical and chemical material properties.

4.3.3.2.2 Physical properties
Bulk density

As Figure54 andFigure 55 showthe average bulk density for willow and poplar at delivery respectively at
time of harvest, are slightly at the same level with 301 kg/m3 and 307 kg/m3 for poplar and willow.
Nevertheless the maximal and minimal values for willow 368 kg/m3 and 260 kg/m3. Values for willow

differ from 390 kg/m?3 to 176 kg/m3. On the other hand the results of the water free bulk density comprise the
effects of the high water content within the chips. The average values for poplar and willow aréni3l5 kg
and 143 kg/m3 with partial strongly variable values. For all cases the used chipping technology and referring

chip sizes were of mayor importance for all samples.

Poplar: Bulk density at delivery & water free (BD, BDd)

bulk density BD(d) [kg/m?]

— il density st delivery (B

w— il density water fres (BOG)

average at defivery |BDY

— uerage bulk donsity water
Free an delivery [BOd)

Figure 54: Bulk density at delivery and water free (DIN EN 15103:2009) for poplar with referring average values

(T=drum chipper; S= scroll chipper)
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Willow: Bulk density at delivery & water free (BD, BDd)

350,00
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Figure 55: Bulk density at delivery and water free (DIN EN 15103:2009) for willow with referring average values
(T= drum chipper; S= scroll chipper)

Particle size distribution (DIN CEN/TS 15149 1:2006)

High shares of small particles or fines within wood chip fuels can cause problems in the fuel feeding process
and can affect fuel quality (JIRJIS, 2005)

Following results (Figure 56 and Figure 57) offer an overview about the performance of different chipping
systems which have been used during several SRC harvesting operations or after the storage of whole shoots
on the field side. Respectively high shares of oversized chip assortments haveaseredfor the Schmidt

wood chipper and in a lower tendency in case of the Jenz HEM 581Z . On the other hand higher shares of
fines (over 10 %) have been measured for Jenz HEM 5817, Eschelbtck Biber 70, Jenz HEM 651, JF
Maquinas Agricolas 192 Z6 and fanet Claas Jaguar GBE header. Very low shares of fines have been
measured for Laimet HP21 with ca. 1 %, Eschelbock Biber 7 with 3.8 % and for the W3&3CZHE. with

2.8 to 4.7 %. The forage harvester headers CRL and 130FB gaining results under 5 %néilyssts Af the

chipping trail with the New Holland FR9000 130FB shows that theagjestment of the chipper resulted

into significant changes in terms of particle size distribution including shares of fines. For example the 8 mm
chip size preadjustment eésulted into the highest shares in the fine fraction. As a study by FREDRIKSSON

et al., 2003 showed, particle size of pulverised SRC material has an influence on burner feeding systems.
Feeding systems where blocked by material bridging and compactioadchysinding and electrostatic
charging.
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Poplar: Particle size distribution
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Figure56. Particle size distribution by illustration of the shares at net weight in the sieving insets according to DIN
CEN/TS 15149 1:2006 of different poplar chipping operations
(T=drum chipper; S= scrotlhipper ; * = chipping conducted after storage)

Willow: Pariticle size distribution
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Figure 57: Particle size distribution by illustration of the shares at net weight in the sieving insets according to DIN
CEN/TS 15149 1:2006 of different willow chipping operations
(T= drum chipper; S= soll chipper; * = chipping conducted after storage)

Moisture content

Water content is the one of the most important quality parameters in terms of energetic utilisation of SRC
material. It directly affects other parameters like e. g. the net calorifie \and bulk density and has an
important impact on storage ability of a material.

Figure 58 and Figure 59 are showing the variety of the analysed water contents for poplar and willow
directly after harvest. Values for polar differ from536 to 511 % and displays a total average of£38%.
Averages for two year old material shows the highest water content, three and six year old materials show
lower values. Differences of water content were measured between branch and stem wood of the same stand.
While the 15 year old stem wood from a MaxI8ne contained 638 % of water the branch wood shows a

value of only 51 %. The overall water content for willow is significantly lower with an average4o#&2

Values for willow are reaching from 5bto 478 %. Significant effects of ages were not meead but found

in a study of SZCZUKOWSKI et al., (2005), who identified decreasing water content with stand age of
several willow clones. Studies from LARFELDT & BEGSTROM, 1999, showed for willow, that the water
and bark content have an influence on th#ammation and buroff behaviour as well as technical
problems of fire bed grate, which can also lead to a reduction in combustion stability.

73



Poplar: Water content at harvest
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Figure58¢ Wat er content at harvest for poplar, i chroatedatl i n g
according to DIN EN 14774:2009
Willow: Water content at harvest
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Figure59: Water content at harvest for willow according to DIN EN 147172009
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Calorific value

Poplar: Net calorific value dry reference base (q, . 4) and
calorific value at delivery - inital water content (q,, ¢, o)
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B R ORI R NN N I O,
W o 5 ' S 5 & o+ o &€ ~ &S
& & W o +© & & & -+ & @ & 2
& o & \ & ¥ -« & & ® <+ i Fa &
& @‘b‘" B & N o o \_‘\3‘
N A o v e
o <f & @

et calorific value dry reference base m calorific value with water content at delivery — vater content

—— average net calorific value dry reference base ———average calorific value with water content at delivery

water content (%]

Above and below figure shows
the net calorific value the
absolute dry samples and in
relation to these values the
calorific value with the initial
water content at time dfarvest
is illustrated. The net calorific
value determines the energy
output, which can be utilized
without condensing technology.
It is an important factor to
describe and determine the
materi al 6s economi
during an energetic utilization

Figure60: Net calorific value dry reference base and average in relation with v
content and resultingalorific value at delivery respectively initial water conte

and averaae for poplar accordina to EN 14918:2010

proces (HARTMANN, 2009).
As analysis shows the net
calorific value dry reference

Willow: Net calorific value dry reference base (qp, net, d) and
calorific value at delivery - inital water content (gp, net, ar)
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base are quite at the same level
for poplar and willow with an
average of 18402 J/g and 18362
J/g. Furthermore the calorific
value at time of delivery
(harvest) is strongly affeadeby
the amount of water within the
material which is shown in the
correlation analysis inFigure
62. For poplar it ranges from
5144 J/g to 7779 J/gith an
average of 6197 J/g. Willow on
the other hand shows a slightly

water content [%]

Figure61: Net calorific value dry reference base and average in relation with
content and resulting calorific value at deliverypedively initial water content a

average for willow according to EN 14918:2010

higher average with 7435 J/g
with a range from 6876 J/g to
8268 J/g.

For willow stand age and dry reference based calorific value does shows a significant correlation (R2=0,55),
which is supported by SZUCZUKOWSKI et al. (2002), who found an comparable coherency with one to
three year old willows. Poplar does not show this connection. Besides water content, the actual share of
willow and polar bark can influence the calorific value, vbhicas lower energy content than wood

(KLASNJA et al., 2002)
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Ash and silicate content

Poplar: Ash (d m- %) and silicate content Willow: Ash (d m- %) and silicate content
400 450
3% 400 1
3,00 z ash content 350
250 ;1

. silicate content 300

2,00 3 ——average total (n=16)

150 +—z— &

1,00

average 3 years (n=B) 150 F = T = - ilicate
0,50 content
0.00 = = N = DD D= - - ——average 2 6 years (n=3) 1o e L E

050 L]
5\
¥ 0,00 W = m = = . .

230

ash content [%]
4

average 2 years (n=d}

200 . ash ontent

ash content [%6]
%

R ﬂj\m‘%s\ﬁ,\'ﬁwm\

S P Y Vg W g e
& ® z’f‘ RN @m tx°" @ ¥ S W E & P v T
N .{;\ S & RS R N
@ e \3“ A O § g & o & b
& g ¥ R + & & o 47 ¢ b 2 ¥ & i ¢ by x o
@u ' J\ ¥ S o &« \‘@*- \(&’ ;\d \“QJ ;\d‘ ,\G' 4\0‘ \i‘q’ L & 1\0&’
& Q P o & i a A A A o

i

Figure63: a) Ash and silicateontent dry matter based for poplar with added average ash content including averages for
different stand ages, ash content determination according to DIN EN 14775:2009 b) Ash and silicate content dry matter
based for willow with added average ash contasi, content determination according to DIN EN 14775:2009 (* = not
taken into account for average

The mineral content of biomass is crucial factor for thermal conversion in terms of calorific value, ash
generation, design of combustion chamber, dimengjorfimsh removal systems and cost for ash disposal. It
affects as well the mechanical durability for wood processing systems like chippers or further refinement
processes like pelletising.

As results for poplar material showigure63a), ash content of the dry matter is varying between 1.45 % to
3.33 %, whereas the average ash content is 2.4 %. Significant differences are existent between two year old
and older/equal as six year old poplars, which show a one per cent lower ash content. WillBiguend

63b) on the other hand shows an averagé.©®6 with a minimum value of 1.33 and a maximum of 2 %. In

one example the measured ash content shows a strongly different ash content of over 4 %, which is not
used for the average calculation. Stand age of two years compared to three years, slo@s aostrong

effect on ash content his finding is supported by the study of STROMBERG, 2004. On the other hand a
study of SZCZUKOWSKI et al. 2002 on willow showed a significant ash content reduction over stand age
from one to three years. Neverthelesareh of bark in the material have an impact on the height of inorganic
material in the ash fraction. These are higher in the bark of poplar and willow, which leads to the conclusion,
that ash content is higher in younger stands, as they show higherdcfiizads In one to two year old stands

of poplar and willow, bark content is between -187 %, older stands 106 % (KLASNJA et al., 2002).
According to ADLER (2007) and the proportion of bark in willow stands decreased with increasing stand
age, which mg lead to lower ash contents. As To a large extent the silicate content does not play a major
role the analysed samples. Willow samplgs .
show a significant higher share of silicate than | :
poplar. 35

Correlation analysis ifrigure 64 illustrates the 31
dry matter based ash content of willow |
regard to the gross calorific value. It shows
relation between both values. For poplar f

significant relation is meased. 11
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Figure 64: Correlation between ash content (DM based) .
gross calorific value from willow after harvest
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Ash melting behaviour (DIN CEN/TS 15370:2006)

Willow: Ash melting behavior
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Figure 65:Ash melting behavior for willow, showing the different characteristi
temperature borders including an average for deformation temperature, acco
DIN CEN/TS 15370:2006

Ash melting behaviour in
particular characterises the
properties of ash urd high
temperature  surroundings
like in firing chamber of
biomass burners. One
negative effect of thermo
chemical conversion within
the firing chamber could be
the occurrence of slagging
processes. To avoid these
processes, it is important to
maintain an accurate
operation. Deformation
temperature of a solid fuel
should not be exceeded
within  the fire  bed
(HARTMANN, 20009).

Poplar: Ash melting behaviour
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Figure 66: Ashmelting behavior for poplar, showing the different characteristically temperature borders ir

an average fodeformation temperature, according to DIN CEN/TS 15370:2006

When the walls of the firing chamber are covered with dust and ash residuals, heat transfer declines and
exhaust gasses is less @bl This effect of higher exhaust temperatures can lead to slagging processes
(KOPPE, 2007)Figure65 andFigure66 show the measured ash melting temperature borders for poplar and
willow material. A general result is, that the hemisphere and flow temperature borders could not be
determined for lathe samples in the analyse process. Reason for these developments is that in many cases
no signs of characteristically deformations could be observed and the specimens maintained a stable surface

form. The average for shrinkage temperature for poplar @32 °C andt 1020°C for willow. Deformation
temperature average reacheshie of 1406 °C for poplar aridi28 °C for willow. Deformation temperature
is of great importance. In case of exceeding of this temperature border, ash particles caonradgtgrivith

surfaces (KOPPE, 2007). Poplar branch wood (Be, Max 3, 15 J.) showed a 23 °C higher deformation
temperature than stem wood. This finding is confirmed by the elemental analysis, which shows twice as high

Ca and Mg content in the branch woaith a high sharef bark. Both elements have an important impact on

the increase of deformation temperature as they serve as suppressing elements during slag formation

(KALTSCHMIDT, 2009). A direct clone comparison is possible by looking at the materialsaitie age

and plantation treatment coming from the same stand in Neuenbriick (Ne). Here Max clones showed the
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highest borders, followed by Muhle Larson, Spickermann and Hybride 275. Material from younger poplar
stands view a slightly higher deformation teargture compared to older stands. 2 years ca. 19 °C higher
than three year old stands. Reason for this result can be found in higher Ca an Mg of the younger stands with
higher shares of bark. For willow the clone Tordis showed an average of 1439 °Corintper other hand

views a lower average value of 1401 °C. Comparison of willow stand ages show a 30 °C higher deformation
temperature for three year old stands in regard to two year old stands. In 10 cases a hemisphere temperature
for poplar is determinethe average is 1491 °C. For willow only two samples showed values the average
here is 1444 °C. Flow temperature for polar is detected for nine samples. The average here is 1486 °C. In
general the limits of variation for the important deformation temperatte quite narrow and fluctuate in a

range of ca. 150 °C for poplar and willow. Willow shows an average of 1451 in two cases. Generally the
overall average values for poplar and willow would be higher, because the heating microscope can reach
temperaturge of 1500 °C. A study of HANSSON & LINDGREN, 1995 for willow showed deformation,
hemispheric and flow temperatures all over 1360 °C, only in one case these temperature border were lower
than 1300 °C. In a study of RONNBACK et al. (2011), the share oftsladency during combustion of

willow material was considerably low at around 1 % of initial fuel weight percentage.

In the analysis no signs of characteristically shape changes could be measured for several samples at that
stage, no values could be cabtald. In a recapitulatory consideration the ash melting behaviour of SRC
material in regard to other biomass materials like miscanthus or landscape management material can be
evaluated as necritical for most thermal conversion processes.

Elementary comxition

Compared with nearly or bark free woody biomass, SRC material ashes contain a higher level of
silicionoxide and alkali metals (e.g., K, Ca, Na, Mg). These characteristics may affect the use of SRC
material as fuel source common boiler systems. #afdilly these elements play a key role in affecting the
melting properties of a biomass.

High concentrations, or the absence of specific elements, can damage boilers through corrosion or deposits
on the burner gate. Compared to SRC wood, concentratiomaabnutrients and some heavy metals (Cd,

Zn, Co, Cd, Zn, Cu, Ni) are significantly higher in poplar bark (THARAKAN et al., 2003) and in the bark of
willow and their small branches (ADLER, 2007; DIMITRIOU et al., 2006). Whilst the content of N, P, K,

Mg, Cu and Zn is higher in small branches (ADLERIet2005).

Table 4. Average values for elemental composition of poplar and willow dry matter based; color variations are marking con
variations between poplar and willow as well as betweestdra agesi= Oxygen content is a computed value (n.c = no change

Poplar element content DM based Willow element content DM based
element average total (n=16) |2 years 3years 0 6 y P& ryears/elem. conter] |element average total (n=10) |2 years (n=2) |3 years (n=7) |R?, years/elem. conter
Ccm-% 49,24 49,17 49,24 49,33 0,03 |Cm-% 49,08 49,23 49,16 0,294
Hm-% 6,16 6,19 6,13 6,22 0,154 |Hm-% 6,13 6,19 6,14 0,131
Nm-% 044 |G| 043 0,26 0,471 |Nm-% 045 041 046 0,05]
S total m-% 0,03 0,03 0,04 0,01 0,311 |Stotal m-% 0,02 0,02 0,03 0,21(
O cal. m-%* 41,73 41,24 41,89 42,35 0,324 |Ocal. m-%" _ 42,51 42,64 0,299
Cl total mg/kg 50,00 111,25 50,00 0,037 |Cltotal mg/kg 60,89 57,00 63,00 0,00
P mg/kg 930,88 946,13| 590,67 0,409 |P mgkg 924,67 857,50 943,86 0,394
K mglkg 3599,63| 2903,33 0,434 |Kmgkg 2823,33 3345,00 2674,29 0,011
Na mg/kg 15,68 12,80 18,30 14,40 0,004 |Namglkg 26,64 41,10 22,51 0,28(
Si mg/kg 265,63 391,75 23538] 200,00 0,084 |Simgkg 262,78 200,00 280,71 0,472
Camglkg 7968,75| 6073,33 0,261 |Camaglkg 473222 5105,00 462571 0,004
Mg mg/kg 584,75 440,67 0,444 |Mgmgkg 533,33 454,50_ 0,614
As mg/kg 0,76 0,80 0,80 0,80 0,000 |As mg/kg 0,80 0,80 0,80 n.c
Pb mg/kg 1,00 1,00 1,00 1,00 Pb mg/kg 1,00 1,00 1,00 n.c
Cd mg/kg 0,48 0,64 0,32 0,55 0,064 @_ 0,81 1,72 0,119
Cr mg/kg 1,66 3,63 1,00 1,00 0,029 |Crmgkg 1,00 1,00 1,00 n.c
cumgkg 327 || 31| 193 0,354 |cumgikg 301 2,70 S0 0,471
Ni mg/kg 3,64 11,55 1,00 1,00 0,034 |Nimglkg 1,00 1,00 1,00 n.c
Hg mg/kg 0,07 0,07 0,07 0,07 0,00q [Hgmgkg 0,07 0,07 0,07 n.c.
Zn mglkg 37,03 38,78 3801 3150 0,074 @_ 70,28 68,76 0,053
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Bark had a higher concentration of inorganic elements and ash, relative to wood. Willow clones as a group
had a higher specific gravity, bark percentage and calcium concentedéitive to hybrid poplar clones,

Table14 shows the elemental composition of poplar and willow samples as average values for the totality of
the samfes and in consideration of the stand age of the plantations. Comparison between poplar and willow
shows some major differences in terms of element content. Whilst poplar views higher values at the elements
Cl, K, Ca and Mg, the elements O, Na, Cd and Zm present in lower shares compared to willow.
Reasonable concentration variations are as well visible in regard to the stand age. Especially two year old
poplar stands seem to have higher element contents compared to older stands. Willow samplekam the ot
hand show a more undifferentiated allocation. Whereas elements like K and Ca occur in higher
concentrations within two year stands, Mg, Cd and Cu content is higher in three year old stands. For C, H, N
and S found average values showed a lower elemyeatsmcentration compared to informative values of

DIN EN 14918:2010. Especially the accumulation of cadmium (Cd) particularly in biomass of willow and
function of willows as phytoextractor respectively vegetation filter for Cd in has been previoushkedepo

by PERTTU & GORANSSON (1998) and KLAN@/ESTIN & ERIKSSON (2003). This context is of
importance for an energetic utilisation as chip or pelleletised wood fuel.

Solid biofuel fuel indiceFor results see anned.1

Material analysis- chemical properties

Accessory mayor woambmponentsEor results see annex.1

Extractives:For results see anneg.1

Design and Development of a simulation device

Purpose of the lab scale device is the simulation of storage behaviour of SRC materials regarding different
microclimatic and technical scenarios. To achieve this WP 3 developed a catalogue of requirements for the
device and the needed measuremetata collectionand regulation technology.

For the storage device a vessel was needed, which is able to haleetted amount of material (different
species, particle sizes, mixtures) and resist the physical stresses of the load as well as possible chemical
stresses. For the emptying of the vessel a technical solution was developed to allow the extraction of the
material out of the standing simulator. Another important part was the development of a controllable air
ventilation system, able to expose the material to different air volumes, air speed and temperatures.
Thereforg an industry fan and an electrical heahg®tor are adapted. For the homogenisation of the airflow

WP 3 developed in cooperation with the constructing company an air dosing system on the basis of throttles
and perforated metal plates. Furthermore the possible heating or cooling of the owlewatisoffer the
opportunity to simulate changing microclimatic conditions for the material inside. For the application of heat

or cold conditions a refrigerated circulator will be used.

Il

o Eeucational Lisk Dl
!
Fr Esducancnal Use Only

Figure 67 a) lllustrationof the schematic functional principle of the simulator, showing the m:
filling process and the function of the extraction grate at the lowerbpddirst CAD developme!
construction step

On the basis of this catalogue of r equaideckdesign)t s, V
which unites the different system requirements and techniquésdafe67).
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Figure 68shows the first draft of the data acquisition system, which is designed to implement all the
different parameter measuring sensors in one Lab View based user interface.

In order to practically realiséhe simulator some changes of the technical design were necessary. At basis of
the predevelopment steps the final version of the simulator was implemented in cooperation with a steel
construction company. That process lead to the final implemenfatiased construction scheme seen in
Figure 69.

e Ellr[

5|E [

[
TTTIT

o2 0

Figure 68: a) LabView block diagram with regulation and measurement interlinkage for the lab scale storage device b)
Lab view frontpanel parameter display for the lab scale storage device

Figure 69: a) Final construction scheme with modified air @md outlet system, adapted heat/cooling system at the
intermediate wall, sensor access points and load bearing elements b)u@mmshases of the simulator, showing
channels of the heat/cooling system c¢c) Finishes protot

For more illustrations of the simulator see anBgx

4.3.3.2.3 User oriented technical and economic framework survey

Empirical studyz Survey among consumers

Data evaluation shows, that within the online period of the questionnaire 139 different companies took part
in the empirical study and finished the questionnaire. Thereby 135 participants took part froamyéaf.

below figure) and four from Austria. As for some question types is was
possible to give more than one answer the population can exceed 139
participants.

Within this part some selected results of the general data evaluation will be
shown.

As the following results show, the share of private companies, who took
part in the questionnaire, is 71 %. Other business types allocate in the
remaining 29 %, where communal companiegehtdne highest share (10

%). Important business areas are wood chips providers (29 %), heat
producers (22 %) and others (29 %). Smaller shares aggregate in 11 % heat
and power producers and pellet producers 3 %. In conclusion the share of
companies, whoses wood for energetic purposes, is 38 % including pellet
producers. Substantial user group shows a total share of only 4 %.

,,} ) ’A‘.‘,}J Figure 70: Allocation of survey participants on fed

il state level
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For the illustration of continuative question concerning the general company structures and production data,
standard wood raw nexial utilisation and used storage and condition processes please see annex

. ) What are the business areas of your company? [n=229]
To which type of business does your company i
Jim_-r% mpellelproduction
belong to? [n=139] [ petlee
m paper production
B0%
1%
70% K% W tissue production
60% -+ mbiofuels
50% —+
T a0k ® heal production
30% % nd
20% 10% % % s
10% A% 3% 20% e
0% - - -— EI’I.E:L(IthI
o f— procuition
privat communal state-owned others corporate contracting athers
enterprise company

Figure71: a) Business types of companies b) Business areas of companies

Following figures show the resultomcerning the experiences and estimations with and towards SRC
material and quality aspects. Questions were structured to exclude participants for continuative questions, in
cases where actual experiences are required to answer or knowledge of SRGaingyreeessary.

Figure 72 shows that 93 % of the questionnaire participants have already heard of SRC. On the one hand
only a minority of 34 % is already using SRC material. On the other hand the planning orttheocsn
future use is 72 %, showing that the interest in the new material source is very high.

Do you plan/continue to utilise SRC

Have you heard of short rotation plantations Has your company already used SRC fan
material in the future? [n=97]

(subsequently called SRC)? [n=139] material? [n=121]

myes
mno

uyes uyes

mno
no statement

Figure 72: a) Knowledge of SRC b) SRC utilization c) Plan for SRC utilization

Below figure illustrates the experiences and estimation of usability of SRC material. The tendency within
this sector was very clear. 82 % of companies declare a general usability, by giving a weighted vote within
the positive classes-3. Most important circumances of increased use of SRC are rising prices for their
standard material (2.06), comparable quality (2.12), and growing availability (2.22). Most essential
application field is the thermal/electrical conversion of the material (1.67). The substamtialvasighted

lower (4.43).

Under which i you generallyor Which fiel of application whould SRC material hava for s
Please estimate/decide to what extent it is possible to utilise e SHE materal (1 comsbdrsbhy mor 52 by not r-507] i withi your compan? (1.2 oxchus; 8« never (1821

SRC material with your existing technologie/facilities? (1 = fully
usable; & = not usable) [n=115]

on “s
ax
™ -~
5
s
o —-— | |
1 )

Figure 73: a) Usability of SRC b) Reasons for

1 2 s 6

increased use c) Fields of application

Figure 74 shows the results concerning the preferred species and rotation period. Poplar shows the highest
weighted value with 1.97 followed by willow with a much lesser rating of 2.79. Companies answer the
guestion of ieal rotation length with a clear vote for longer rotations (4.59).

‘Which SRC species do you prefere for p purposes? (1
illow

wi
6
5
a
3

athers Q poplar

robini 1 2 3 a s 3

Figure 74: a) Preferred species b) Longer or shorter rotations

than 3 years) less than periodes? (1= shorter, 6=
longer) [n=109]
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What is your average haul distance for SRC

How high is the percental share of SRC Material at Which SRC material assortments are delivered to your €
material? [n=40]

your raw materialdemand? [n=40] facility (1 = exclusive; 6 = never; multiple answeres
. possible)[n=97] || e o

a1-s0%;0%

Figure 75: a) Percent share in production b) Delivered assortment c) Average haul distance

Above figure shows, that SRC material is up to now afanimportance in terms of quantities. 55 % of the
companies, which use SRC material have less than 5 % share in their production. Main assortment, which is
delivered to the companies are chips (1.49), all others show a rather are low rating. The autdigehce

tends to be short. 40 % declare to have a haul distane2®kt. 28 % quote 220 km.

In Figure76 most participants (42 %) quoteatithe SRC material is delivered to them directly after harvest.
When delivered, the materi al has O 50 % water con
18 % declare that the materi al h a guite(igh3 tBndeXcy ofdle v e r t
groups shows, that the water content is rated rather high. Knowledge about mineral or ash content of the
delivered material is low. 45 % answered with no statement. Next biggest group of 18 % rates the
ash cont entedO W3y %4.3 Fwldmdv 10 % of participants wh
O 2 %.

Which average ash content has SRC material
when delivered to your facility? [n=38]

£07%:0%

How rapid after provision/final prepatation SRC Which average water content has SRC material

material delivered to your production facility? [n=38] when delivered to your facility? [n=40]
P

158

o

Figure 76: a) Material delivery b) Averagater content) Average ash content

. N . Where did d t syst d | . .
Did problems with systems/technique occure ere dif d::;:l'“ag’s“f‘“':'as;g‘ ems an Which types of drying technologies do
N N . P " e o
during processing of SRC material? [n=38] (1= often ; 6 = never) [n=36] you use for SRC material conditioning?

[n=46]

Figure 77: a) Technical problems b) Occurring damages c) Types of drying technologies

In Figure77,79 % of the participants said, no problems occurred during SRC material processing. In cases
where problems arise, with a value of 3.00 increased ash discharges, problems with chipper and shredders
(3.33) and problems within the combustion chamber took place. Most frequently used active drying
technique for SRC material is container drying (24 %) and belt drying (13 %). 33 % of the SRC using
companies donét wuse active drying systems.

Which effect did the storage have on the charcteristics of SRC material?

Which storage types are used for SRC How long the average storage duration for SRC e cha
(1 = positiv influence ; 6 = negative influence) [n=238]

material? [n=53] material? [n=33]

ey

s
2
e "
. o = w

3 o
o

1T GiTage BA4Tape 1530Tage 13MoieSoonste 642 »11Menaie  kebe

Hcnate o

fres

Figure 78: aj5torage types b) Storage duration c) Effects of storage

Figure 78 points out the results concerning the experiences with SRC material storage. 44 % of all
companies stor8RC material under a roof, followed by 32 % who store in the open and 10 % who uses a
covered storage type. Average storage time divides the participants into two main groups with 24 % each,
who declare the SRC storage time 48 flespectively & month. When asked for the most important effects

of storage, companies answered with the value 1.97 for water content, 2.38 for dry matter losses and 2.61 for
drying abilities.
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What relativ price whould your company pay for SRC material, which is From which market developments is the price
qualitativly comparable with your standard wood raw material? fixing dependentin your opinion? (1 = exclusiv ;
[n=112] 6= never) [n=433]

How do you evaluate the statemant, that SRC material is a promising raw
material for your company In the future? (L= absolute sgreement, 6=no
agreement] [n=112]

8 £z E I
-IIII-

3,04
2 3 4 5 6

Figure79: a) Price indexing b) Market developments c) Evaluation of SRC future

Especially the prices indexing of SRC material in comparison with standard material is of interest for all
suppliers of tese materials. As seenkigure79,53 % of the asked companies would pay an equal price for

a qualitatively comparable (to their standard material) SRC material, with a slight tendency to pay little less.
The most important market development for the price fixing is the wood chip ma&4} directly followed

by energy prices (1.91). With a little less importance the subsidies by EEG (2.35) and the agricultural

‘Which norms and certifications for wood chips and material
@0 you know and which do you activly use? (multiple
nsweres permitted) [n=398]

-
cidhle
\ih.:- P o \s’\h g“\r »—*“'; s’"
& 3
e &

Does your company use quality controlling methods for
the utilised wood chips? [n=126]

source
0
jo
-]
i
nyes HES
0
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o statement K
A
& &
& 9
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Figure 80: a) Quality controlling b) certification and norms

product market (2.45) are mentioned. To give a summarising answer regarding the general future of SRC
material, the companies veeasked to give a weighted estimation, if SRC material is a promising material
for their companies the given rating was 3.04. That indicates a positive perception toward the SRC material.

As seen in the last figure of this part, 65 % of the companiessarg quality controlling methods for their

wood chips. Thereby FSC and PEFC certifications have the highest awareness level. PEFC certification is
applied much more than FSC. Most companies apply their own quality standard. Austrian ONORM M is
well known and applied in some cases. Chip quality standardisation according to European CEN/TS 14961
standard is not known so much and the application rate is even lower.

4.3.3.2.4 Pilot studies

In this part the strongly summarised results of the storage pilot trails are.dFigwre 81 views different
parameter changes before and after the storage process. On the one hand especially whole shoot storage:
show the highest viar reduction abilities, on the other hand this storage type offers the lowest rates of dry
matter losses compared to other storage types. Highest water reduction is measured at the inner layers of the
chip pile storages. Especially the top and outer taghkrse to the surface have the lowest water reduction in
many cases the top layer even displays a higher water content compared to the initial water content at
harvest. This indicated a condensation horizon in the surface areas and for the very higtontargr
development in the outer areas of the uncovered chip piles, a rewetting process due to precipitation. As
observed the wetter outer layer in chip piles show the comparably stronger dry matter losses. One
explanation for these losses could be thghteof microbiologic activities in the wet zones (SCHOLZ et al.,

2005).

Chips storage under a breathable coverage show good results in terms of water reduction and limited amount
of dry matter losses. Uncovered piles have the lowest performance in prg.dmyt matter losses and are
reaching even negative value for water reduction.

Dry matter losses are affected by storage type and in cases of the chip storages in Krauchenwies (Kr) and
Wauppertal (Wu) by the final height of water content within the heapsr$ after storage (correlation 0.90

and 0.71). Literature studies on the drying efficiency of SRC material show diverse results. Whereas
uncovered chip pile storages with or without technical passive ventilation systems showed a low water
reduction or egn higher final water content (BURGER & WEISSENBOCK, 2006; PARI et al., 2008;
KOFMAN & SPINELLI, 1997; JIRJIS et al., 2008).
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Overview of average parameter changes after storage process

Figure81: Averages of water contents, water reduction and average dry matter losses before and after storage; Results
computedout of initial measurement of the SRC material directly after harvest and by summarising the measurement of
balancing bags respectably whole shoot analysis (for Al and Ha no dry matter losses are determined)

Covered heaps as well as whole shoot and roughdwchips storage showed a higher water content
reduction rate (BURGER & WEISSENBOCK, 2006; KOFMAN & SPINELLI, 1997; PARI et al., 2008;
JIRJIS, 1995; JIRJIS et al., 2008; SCHOLZ et al., 2005). According to GIGLER et al (2000) the drying
progress of wholel®ot storages, is directly affected by the diameter size of the shoots and the presence of
bark, which reduce the dryingteawith growing diameter andith existence of bark.

Literature results on dry matter losses show the same tendency as founélebihiation, with high rates of
losses for uncovered chip piles and especially small chip sizes, whilst whole shoot storages show the lowest
reduction rates (SCHOLZ et al., 2008; SCHOLZ et al., 2005)

As Figure82illustrates, the development of net calorific value of the wet material before and after storage, is
quite divers. One trail (Wu, chips, not covered) shows a negative development as th@ntateratter the
storage process is higher as in the beginning.

All other trails show a strong rise in net calorific value. Once again the whole shoot storage have the highest
net calorific value after storage (average 11.54 MJ/kg), followed by the costerades with an average of

11.24 MJ/kg and 9.43 MJ/kg for uncovered piles. As results for the material out of the balancing bags show,
there is no significant relation of gross calorific value (dry based) between positions of material within the
heaps. Nt calorific value (wet base) on the other hand is strongly influenced by actual water content within
the layers.

Development of net calorific value, at harvest & after storage (wet base)

8
a

Ge,whole  Buwhole  Bu,whole  Krchips Al stems, Ahp m mhp Wu,hps St, chips Ha,whole W, chips not
shaox L w.nw sho ( wnw. hom willow,  covel oy p\ r, 01, covere: roof, pclpl r,3 shoots, Dop\ cavered,
W, 3 P m n\ poy pl ?n iy Mfmpl birchypoplar,
281 281

lMl.’ll]

«calorific value

W et calorific value a1 harvest {wet base) m et calorific value after storage jwet base]

Figure82: Comparison of net calorific value before and after storage, based on the calorific determination according to
EN 14918:2010

This development is viewed in below figure, showing the changes of net calorific value wet based of the
storage types. The averages illustrate, that the whole shoot storage is superior (average +64.8 %) compared
to the other storage types, which have +%4.6or the covered piles and +35.59 % for the uncovered piles.
Ventilated storage under roof storage achieves a rise of +48.6 %. Changes in net calorific value after storage
are affected by water content differences, but as well through biological degngutatcesses. Alteration in

wood component composition can have an important impact. Cellulose bears an energy contentld ca. 17
MJ/kg DM auf, polyoses ca. 167 MJ/kg DM and lignin a much higher energy content of 26 MJ/kg DM.
Extractives can show um t3338 MJ/kg DM (STROMBERG, 2005, KOLLMANN, 1951). Taking into
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account the higher energy content of lignin, which is mostly not affected by degradation processes, an
increase of net calorific value and gross calorific value can be explained.

1000
B0
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£ o
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Change of net calorific value wet base after storage Development of net calorific value of a defined starting mass (1 kg) along storage

Gewhale B whele By whole W chip A sterr, A, dhganot  ALONps  OWALEW S ENpR . Ha whole W, dhigs not
shoats, hoety, «hoat, owied,  poplar, 1 covered, ool covered, ool peplr,  ahoots, e,
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Figure83: a) Net calorific value development in per cent after storage including averages for the different storage types
b) Energetic balance of net calorific value of storage under consideration of a defined storage mass (Al, stems, poplar, 9
J. and Ha, whole slots, poplar, 3J. now no calculation possible)

Last consideration of this part is a balancing sheet on which is shown the positive effects of rise of net
calorific value (wet base) and the negative effect of dry matter losses, which influences the wigdécen
balance. Dry matter losses reduce the overall energy content of the examined storage mass. In order to
maintain an overall positive energy balance the effect of a higher net calorific value by water reduction
throughout storage has to be biggemthize energy loss caused by dry matter lodSigswre 83b shows that

this is given only in one case (Ge, whole shoot storage). In this case the ttey lmsses could be
counterbalanced by a strong water reduction and an along going rise of net calorific value. Generally it has to
be taken into consideration, that the potential energetic cost and climate footprint for an energy consuming
technically dying process are approximately much higher.
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Figure 84: Development of bulk density and bulk density dry basis before and after storagjecfip storaged)
Whole shoot storages

Above figure illustrates the development of bulk density during material storage. Except in one case bulk
density (at delivery / fresh bases) is much higherra¢ f storage start. As seenhkigure 85 the water

content and dry matter losses occur in varying height during the storage process. This is the most important
reason for the observed drop in bulk density.

Figure85 support that conclusion by showing a highly significant relation between water reduction and bulk
density reduction fresh based as well as between dry matteaosdpulk density reduction dry basis
throughout storage. Bulk density is therefore strongly influenced by the referring storage process.

85



40 30
* * N
5 2 25 > +
= 30
- ¥=01526x 12842 . » = ¥ =0,3904x+ 12,81 I
£ R? = 0,8504 o /g/ T R?=0,5456 20 k{{. *
: o : .
3 e+ % > *
2 . * @ . *
= E -yl
£ 300 200 -100 //L? ¢ 100 200 300 13 // *
10 8
g PPy <4 -] e o
£ " o] g a0 G0 a0 20 0 20 40
: D : - :
" -30-| I /’ 10
- 40 N N . -15
bulk density reduction fresh basis during storage [kg/m?] bulk density reduction dry basis during storage [kg/m®]

Figure 85: a) Correlation between water content reduction and bulk density reduction fresh base during storage b)
correlation between dry matter loss and bulk density reduction dry basis during storage (values calculated by analysis of
balancing bags of chip storages)

Storage: Development of partice size distribution before and after storage
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Figure86: Development of particle size distribution through storage (*=trails with final chippmgalues at time of
harvest)

Small particle sizes offer a large specific material surface area were microbes can attack (WIHERSAARI,
2005). Below figures illustrate the effect of storage on chip particle sizes. For some cases particle size
distribution amlysis shows a relation between dry matter loss and fine fraction share within the balancing
bags for the storage in Storzeln (R2=0.80) and Allendorf storage covered and uncovered (R?= 0.50; 0.46).
Especially the balancing bags at the outer layers oftilgepile storages, which also view high rates of dry
matter losses and rewetting in most cases, show the highest shares of fines compared to the inner layers. As
measured in all trails, the fine fraction share (¥53mm) generally rises throughout theratge process. In

most cases this relation is as well found for tH&3 8 mm fraction Figure87 shows two examples for the

particle size distribution development within the storage heaps and before and after storage. SCHOLTZ et al.
(2005) identified particle size as a main and sigaifi factor for the SRC material drying process. With
tremendous impacts on final water content and dry matter losses during storage. Bigger ship sizes thereby
showed better results than smaller chip sizes.

Kr, chips covered, willow, 3 1.1 Al, chips covered, poplar 2-3 J.:
Changes in particle size distribution befor and after storage Changes in particle size distribution befor and after storage
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53 100mm | 4563mm 16-45mm 8-16mm 3,15-8mm <3,15mm 63-100mm 45-63mm 16-45mm 8-16mm 3,15-8mm <3,15mm
ms1 0,05 0,32 2008 A4,62 9,41 us1 0,00 0,91 26,52 41,65 2032 1051
ws2 0,01 0,00 13,80 49,49 28,21 8,39 us2 033 0,00 2087 42,15 18,37 5,28
ws3 0,02 0,05 1208 29,25 28,85 9,59 ms3 0,00 034 2057 45,40 22,26 1143
msi 001 0,20 1565 50,32 2648 7,34 msa 0,03 0,00 2180 4457 22,02 1157
us5 001 0,00 11,48 4897 2895 10,63 uss 0,00 0,00 19,76 42,07 24,23 1394
56 0,02 0,02 1421 50,22 2652 9,02 56 0,00 0,17 2125 4453 2517 &80
maverage 51-56 0,02 0,10 1455 4885 27,42 9,06 = average 51.56 0,06 0,24 2330 4339 22,06 1095
at harvest 0,00 0.00 9,05 5132 062 9,01 at harvest 0,00 0,02 24,78 44,17 22,25 578

Figure 87: Changes of particle sidestribution before an after storage including average for balancing bag§é
describing different heap layers a) Krauchenwies chip storage b) Allendorf chip storage
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Whilst many material gglity parameters are strongly affected by storage, ash content development is not an
exception.Figure 88a shows a rise of ash content in most of starage types in analysis. Average rise
(without Haine storage) is 0.45 % of DM. One slightly significant explanation for this development could be
the dry matter losses during storage kefijure 88b). Whereas dry matter is degraded by biological activities
during storage, the minerals are existent in a more concentrated mass per dry weight unit, as inorganic ash
does not decompose. Strong raiseasif content during storage are often found in comparative studies and
can only be explained by strong secondary impurities, as found by THORNQVIST (1985) for forest residual
material and by JIRJIS et al. (2008) for different poplar storages during nagr gtips handling, chipping

or transport.
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Figure 88 a) Development of ash content DM based before and after storage b) Correlation between the factors ash
content after storage and dry neattoss

Storage: Development of ash melting behavior

As Figure89illustrates, ash melting behaviour is

e directly affected by the storage process.
wo [P o i— — A f— | Whilst shrinkage temperature, before and after
Aiininininininin minininininininins storage, changesitiv no significant variation.
s L R | Deformation  temperature on the other hand
P o T + R LR shows a decline in after storage in most cases.
0 % { i Average value at time of harvest was 1444 °C,
= % 8 the average after storage is 1367 °C showing a
S decline of 77 °C. Thereby the uncoveredpchi
‘ A *ﬁfﬁi*fif*ﬁf piles show a higher variation of values in the
T i@‘"\if”\i*“&bi*’ﬁ different heap layers as the covered heaps. In
S S case of the Allendorf storage, the average
deformation temperature is lower in the
uncovered pile. Another finding is that in many
prene [ eeermatenenpersre  Ditnoge e cases a hemispheric and flaemperature was

Figure 89 Development of ash melting behavior for ¢ measured after storage. Those borders could not
storage types, showing different characteristic tempel be proven in any case for the samples at time of
borders including an average for deformation temper harvest. This indicates a negative effect of
before and after storage, according to DIN CEl storage on the ash melting behaviour of SRC
15370:2006 material.A reason for this development could be
changes in biomass chemical composition caused by biological degradation processes.

As described above, biological activity moulds and bacterial affect the material properties. One possibility to
describe the extent of biological activities within chip piles and whole shoot storages is offered by the
temperature and air humidity developrhéhroughout the storage proceBigure 90 and Figure 91 show

two examples of heat development and air humidity in covered chip pile storage and whole shoot storage.
Average inner heap temperature of the chip storage (small chip size) rises quite rapidly after beginning of the
storage trail. In coparison of the different sensor locations it is visible, that the inner layers of the heap have
the most rapid increase and highest temperatures compared to the outer layers. Temperature at the inner layel
(position S4) reaches the maximum temperature 08 6C after six days of storage and stays at a
comparably high level for several weeks. The outer layers show lower increase rates and maximal
temperatures. At the middle of the storage period, the temperatures in all layers drop slowly but maintain a
temperature around 25 °C. Findings of SCHOLZ et al. (2008) support these results by observing equally high
temperatures of ca. 60 °C in storage boxes and in outside chip heaps of willow and poplar. As correlation
analysis shows, there is only a not significaatation between outside and inner heap temperature (R2=0.26).
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According to findings of SCHOLZ et al. (2005), the height of average and maximal temperature in heaps,
influenced by chip particle size, affects the proportion of dry matter losses anihgefaicrobiological

activity. Whilst heaps with small chip sizes show a decline of dry matter losses with raising temperatures,
heaps with rough chips show a contrary trend. One explanation could be the available oxygen level for
microbes.

Inner air humiity of the covered chip pile irfrigure 90b is constantly higher than the outer and not
significantly dependent and reaches 100 % for several weeks.

willow, 31 f inner by d K, chi d, willow, 3. : inner d outside air humidity
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Figure 90: a) Development of inner heap {88) and outside air temperatures of the Krauchel
covered chip storage period b) Development of average inner heap air humid®g)(@hd outside ¢
humidity of the Krauchenwies covered chip storagéoper

Ge, whole shoots, willow, 2 J. : Development of inner heap and outside temperature Ge, , willow, 2. air humidity
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Figure 91: a) Development of inner heap (I1 & 12) and outside air temperatures of the who
Gengenbach storage period b) Development of average inner heap air humidity (I1 & 12) and ol
humidity of the whole shoot Gengenbach storage period

In case of the whole shoot storage in Gengenbach, the inner heap temperature (sensors 11 & 12) are growing
along with the respective outer temperatuldeasurements even show that the temperature at the heaps
middle are constantly lower compared to the outside temperatures. Top levels in outer temperature are
slightly buffered and deferred at the inside. Inner heap air humidity on the other hand amtbohsgher

than the outside temperatures, but is still showing the same run of curve. 100 % air humidity is only reached
in some peaks, but not constantly present. Unlike the chip storages, the whole shoot storage shows a high
correlation for the valuefmutside and inner heap temperature as well as outside and inner heap air humidity
(R2 = 0.97/0.79), proving a strong influence of the ambient climatic conditions. Buggingen whole shoot
storage generally shows comparable relations for inner and outetdmepgrature and air humidity (R2 =
0.96/0.71). Results for the ventilated under roof storage show no temperatures over 60 °C and a strong
cooling effect during and directly after the ventilation phases, with a rapid increase afterwards. Air humidity

is influenced by the ventilation phases, where the inner air humidity is correlation with the outside air
humidity. For temperature and humidity figures of the not listed storages, please se@. Annex

As observed, microbial activity can raise the temperatuez 60 °C, which can lead to a chain of chemical
reactions leading to even higher temperatures and potentially to a spontaneous combustion or self ignition
(JIRJIS, 1995). The exact circumstances for a high temperatures and self ignition is not kebfuhly but
dependent on the material and storage conditions e.g., pile high, inner temperature accumulation, oxygen
level, water content, heterogeneous material layers, material compaction, layers with lower compaction and
oxygen level (THORNQVIST, 1985; HORNQVIST, 1987; RICHARDSON et al. 2002; HOGLAND &
MARQUES, 1999; JIRJIS, 2005).

However dry matter losses are mostly caused through microbiological activity of moulds, their mycelium
growth, spore generation and germination is highly affected by theedegreaterial humidity, pH value,
avail able oxygen, surrounding materi al temperatur
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(Aw), which describes the available water for microbiological growth, is not necessarily linked to water
content (WHDENBORNER, 1998). In most cases mould degrade cellulose, polyoses and other carbon
hydrates. Lignin on the other hand, generally but with exceptions is not degraded in a lager extent.

Compared to harvesting material, the element composition of the rhafegrastorage does not show high
variations for C, H, N, O and most other elements. Exceptions to this development are the contents of Si, Na,
Cl and S with show comparably much higher contents after storage (cf.atnex

4.3.4 Conclusion
4.3.4.1 SRC material

Compared to residual forest chips, SRC chips have comparable physical quality parameters. To achieve a
high chip quality in terms of chip shape and particle size distribution, it is important to use chippers, which
are capable to process even small diamst@ots. Standard forest chippers with standard calibration for
forest conditions seem to be not favourable for s
smaller screw and disk chippers can produce a comparably high chip qualitpwithéres of fines. A
comparably lower bulk density of willow and poplar chips can lead to a necessity to adjusting feeding units
for burners to a higher feed rate to compensate the lower energy content per gravimetric unit. The
combustion parameters fafillow and poplar characterised by high water contents at time of harvest {ca. 52

58 %), which excludes an instant use in small combustion systems. Whist the gross calorific value is
comparably at the same level of residual forest wood chips, the néficalalue at delivery is strongly
negatively influenced by a considerably high water content. As found in the analysis the ash content of
poplar and willow, which reaches values of-2.8 % are slightly higher than round wood chips, which may

lead to gitering, inflammation and soot blowing problems in unfavourable cases. Nevertheless
measurements show no critical ash melting behaviour, elemental composition and the calculated combustion
indicators for burning behaviour is equally roritical. As for pplar no combustion experience in an
industrial scale are available, in some cases heat production with 100 % willow material is possible, during
combined heat and power production a reduction to a admixture share of around 15 % is favourable. SRC
materialhas a higher content of heavy metals than wood chips. Whilst it does not affect the combustion
process, it could lead to consequences for ash handling, or water handling if a flue gas condenser are applied.
In Literature no sound data for additional cdetsSRC combustion can be found.

4.3.4.2 Survey

As evaluation of the consumer survey shows the overall knowledge of SRC is well spread. On the one hand,
SRC material is not used in a high extent at the moment, which is a more or less foreseeable in regard of
imi ted materi al availability and plantations. On
utilisation and technical processing ability of SRC material are high. Companies prefer an energetically
utilisation path, material from longer rotation pel$ (> 3 years) and species poplar in front of willow. In

case where SRC material is delivered to the companies it is mostly delivered as chips directly after harvest
from a rather short haul distance. Knowledge about water content of SRC material &pneatl and
declared values are comparably high. Knowledge about ash content is not high. Technical problems with
SRC material does not occur very often, nevertheless in case of appearance, problems are affecting ash
discharge, burning chamber as well asedders and chippers. The material is often stored under roof or
open for mostly one to six month with high effects on water content and dry matter development. SRC
material in most cases is not dried technically. Nevertheless most used techniquesaamercand belt

dryers. Companies declare, that the price fixing of SRC material is mostly affected by the wood chip market
and energy prices and answered, that they are willing to pay an equal price in comparison with a qualitatively
comparable standard tesial, nonetheless with a slight tendency to a lower price rate for SRC material. The
overall question on the estimation, if the material is a promising raw material for the companies is answered
rather positive.
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4.3.4.3 Storage

As results show, storage &RC material does affect the material quality parameters in terms of water
content reduction, higher net calorific value, slightly higher shares of fines as well as higher ash contents in
connection with a marginally lower deformation temperature and rrgehia elemental composition. On a
material quality point of view, whole shoot storage seems to be favourable, followed by covered chip pile
storage. Nevertheless in most cases the decision of getting involved in SRC cultivation is done after a careful
corsideration of possible alternatives and a detailed calculation of cost for planting and harvesting.
Unfortunately the aspect of handling and distributing the product is often not a primary focus of initial
considerations. Especially the aspects of cormitip of the material, which exist either as chips or whole
shoots after the harvest, is playing a mayor role for the economic success of whole SRC operation. It is
furthermore relevant to decide in advance of the plantation implementation, what to dbemttaterial

after harvest. Meaning in which form the material should be processed and if it is necessary to condition the
material, not only in terms of an intermediate storage but for quality improvement purposes. As SRC
materials have comparably high te@acontent after harvest, which could exceed 55 %, not all energetically
utilisation paths are possible or reasonable. For example if the material will be used in small burners, water
contents higher than 30 % can be critical for an interference freeféedive operation. Therefore the
material has to be dried. Active technical drying should only be considered, if there is a possibility to utilise
residual heat resources, for examples from biogaa heating plants. Bigger heating plants are abledo u

chips, which contain higher water contents, either by mixing different chip assortments or use of adapted
burner technologies able to process higher water content. In consideration of the overall energy balance of
the conducted storages, this utilisatigath seems to be favourable compared to a long storage period. In all
cases, where dry SRC material is needed, it has to be conditioned by a drying respectively storage process.
As project results show, storage of whole shoots from harvest until lateesueveals the lowest dry matter

loss by reaching water contents around 25 %. Verified by other studies SRC chip can alternatively
successfully be stored as uncompressed piles on solid ground with a maximal height of four to five meters
but with a breathale agrefleece as precipitation coverage. A rougher chips size for a longer storage period
should be chosen to increase inner heap air exchange. Inner heap temperatures and dry mater losses ar
higher, but nonetheless water content reaches values arbsd Bhis method has the advantage of saving

an additional conditioning step, because the chips are already produced at harvest unlike whole shoots, which
have to be chipped in an additional handling step after storage with a high risk of secondarynatiotami

with sand and/or soil. At present stage the demand of new alternative chip sources is growing strongly. This
offers SRC cultivators new market areas for their product diversification.
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4.4 Work Package 4- Integrated economic analysis of chais for SRC
4.4.1 State of the Art

About 26 million hectare of energy crops (including short rotation forestry) are demanded to reach the goal
of the European Commission with regard to the share of biomass within the total European energy mix
(Proplanta 2009). Currentlyithin Germany about 1,000 hectare of agricultural land are cultivated with SRC
whereas in Sweden about 13,500 hectare are used for willow SRC in a commercial way (Proplanta 2009,
Lantmannen 2009). Experience from Sweden shows that the main obstacleréomwidespread SRC
cultivation is the lower profitability compared to other options of agricultural crop cultivation (Proplanta
2009).

At present the production of wood fuels from SRC is only marginally competitive with other fuels and bio
fuels (e.g. chips from wood residues), which is especially due to high establishment, maintenance and
harvesting costs of the SRC plantations. The obstood chip production from SRC poplar cultivation is
estimated to be in the same order of magnitude than for other energy crops like Miscanthus and whole grain
crops, but considerably higher than for wood fuels from forest residues. For economiopervadiodfuel

(wood chips) price of around 65 EUR/t fuel has to be achieved, which is pracitcable especially at good sites
and low establishment and operation costs.

One of the strategies to increase the number and area of SRC plantations resultimgpiroweed market

share is to successively use small, scattered and unused fields and at the same time to establish large are:
projects with a size of more than 50 ha. One approach is the establishment of pasdaci&tions and
especially produceconsuner ccoperations (see WP5). For small scale SR@ivation the use of special
machinery and a collaborative use of machinery seems to be one big advantage and improvement of
efficiency.

The competitiveness of SReiltivations and wooduels are stronglyalated to site characteristics such as
plot-size, location, distance to wogiocessing plants and installations, and logistics. Also the operation of
cultivation equipment such as seeding and harvesting machinery is related to site characteristidleron sma
plot areas the operation is relatively more expensive andcimguming than on larger plot areas.

For regions and countries with a small scale agricultural structure, such as\Bmsitlsermany and Norh

East France, small field sizes are ratherthr ul e t han t he exception. Due t
for these regions the economics for a competitive production of wood fuels from SRC may be challenging
and have to be assessed in detail from an economic point of view.

4.4.2 Specific goals

Against this background the goal is to identify and analyze the economics of production systems and process
chains for the supply of wood from SRC. A specific focus is put on small fields of marginal site conditions.
The regional focuss on BaderANirttemberg and the Orleardancy region. Here, smdihrm systems are
widespread.

Process chains and production systems for cultivation on sites with medium conditions as well as especially
for marginal sites, will be analyzed for their economic and environmehtaracteristics to examine
economic and environmental feasible cultivation under the mentioned conditions in these regions and
identify potentialsAs far as possible, the calculations are based on data from the project sites. Other data are
taken from iterature.
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4.4.3 Activities and Results

4.4.3.1 Definition of typical process chains and scenarios

On the basis of different process chains, which are covering all working steps for the production of SRC
wood, the costs and revenues for different product variations have been calculated.

For all process chains which were analyzed, eight so called prooedules were identifiedzigure 92
shows an exemplary process chain for SR@d with the main process modules.

field planting main- harvest transport 1 storage transport 2 | recultivation

preparation tenance field 7 storage 1
storage end user

Figure92: Exemplary process chain for providing SRGod with individual process modules (working steps)

The system boundary extends frdi@d preparation to recultivation of the plantation after 20 years. The
economic analysifcluded all steps that take place in the agricultural area, as well as all activities which
take place after harvest, such as transport, storage and processorgllgp, up to the delivery of the wood

to the end user.The further processing or conversion of the-fuebde.g. heating plant) is not part of the
balance.

During the lifetime of the plantation the process modules harvest, transport and storageexaratdimes,
depending on the rotation period, whereas the modules field preparation, planting and maintenance take
place only in the first year of the 20 years useful time of the plantation.

In addition to the costs for the identified process moduiesyearly costs for rent and fixednd indirect
costs for the farm (insurances, costs for energy and water, maintenance for buildings, and others) have been
considered.

For analyzing the different parameters a standard process chain was definédu(see83). The single
working steps that are considered for each process are described in more detail in Annex 4.

Species: poplar

Field size: Zha preparation _— storage eculivation
Yield: 101 of seedbed

atro/fha*a)

Rotation: 4 years pesticides, | mechanical | 2x harrowing, tractor! 5 month

Product: wood ploughing, 10 000 1x spreading |cutter chipper |  trailer in a building lorry after 20
chips harrowing plants/ha pesticides 3km 15% dm-loss 20 km years

Figure 93: Standard process chain (SRC) for the production ofv&Ra
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4.4.3.2 Economical assessmeritmethods and calculation model

Methodological approach

Figure 94 exemplary shows the stream of payments over a time period of 20 years and rotation period of four

years.

The total costs for the first year includes costs for preparing the seed bed, planting and maintenance as well
as fo fixed and indirect costs and rent (every year). In all other years without harvest there are only yearly

costs for rent and fixed and indirect costs.

The green bars show the profits (costs minus revenues) in the years of harvest. The green bar in year 20

shows the profit minus the costs for recultivation of the site in the last year.

year of
harvest
year of
harvest
year of
harvest
year of
harvest

prep. + plant. + maintenance
yearly costs

[€/ha]

A0 O 11 1 14 I T

yera of harvest
and recultivation

year of planting

T T T T T T T T T T T T T T T

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 20

years

Figure 94: Exemplary cashflow of a SRC cultivation over 20 years withiears rotation period

To compare the costs for SRC with the costs for the cultivation of annual crops, the costs, which occur in

di fferent time periods (U0/ ha)
the annuity method in imitation of Vuideline 2067 (2000).
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With this method, the deposits and payments of different time periods (see figure 94) are distributed equally

over the 20 years.
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For every working step costs for machinesh. fuel s,

working step 1

working step 2

machine costs
fuel costs
labor costs

costs of material

working step 3

nw nuo ® 60 O = T

working step x

Figure95: Construction of a process chain and costs considering the cost accounting

The method for cost calculation is explained in more detail in Anriex 4.

Excelbased calculation model

The defined process chains have been implemented in anltiasmd calculation model (see Anngg)

which has been developed for the project. The aim of this model was to provide a tool to analyze the effect
of parameter variations on the costs and to analyze their impact. Furthermore a calculation model is helpful
to support the consultation of farmers within the project. As mentioned above, the costs were calculated as
yearly costs (u/ hal a) providing an easier way fc
common annual crops. The tool and calculatrondel was used for the economic analysis of SRC
production in the project, but should be tested more intensively also with stakeholders in a subsequent
project. In this context the model could also be extended by data and processes which will be tobected
subsequent project.

The structure of the model as well as the possibilities of combinations of the processes is shown in figure 96.
Figure 97 shows the parameters that can be used as input for the modedl{@giut Using the inpgheet,

the proceses for cultivation and provision of SRC wood for every process module can be selected. The
output sheet in figure 98 shows the selected processes from the process modules, the costs of each module
the revenue as well as the profit. The results on thepasition of the total costs are represented by a bar
chart and a pie chart.
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basic information:

field work:

logistics:

1. field size

2. site quality

3. species

4. price for product

5. rotation period (4 years) and useful life of
plantation (20 years)

6. rent

7. fixed & indirect costs

{

1. preparation of seedbed: standard process
2. planting

3. maintenance: standard process

4. fertilization: yes, no

I5. recultivation: standard process

storage of the

wobhle trees at

the edge of the
field

storage of the
wobhle trees at
the edge of the
field

storage in a storage on
building /unde paved area/
a roof covered

Figure 96: Basic structures of the calculation model
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s
basic information

=}
i

field size [ha]

m‘b‘mM

T
sutter collecter
motor manual

site quality / {Yield)

species
demanded product

water content [%] (see comment)

|A‘D‘m‘m|ﬂ‘m

=}

: price for product [EUR/]

14
15
|16 |
17 |Betriehspramie [EUR/ha/a]
[18 |
Erulaliun period [years]

20

RN

|21 |rent [EUR/hafa]

|23 [fixed + indirect costs [EUR/Ma/al[_14s |

v
Basisdlaten 4 Mebenrechnungen [J( | ) ),J_

A T ] Gl [ T Ho [ K L I W [a[ R T S il W T X 2]

basic information

field size [ha] =
[Comeaium ]

site quality / (Yield)

species [Cropuns |
demanded product ‘wood chips
| 13 | water content product [%] (see commen|_3s% dried |
ﬁ price for product [EUR/t fm] [ ]
i Betriebspramie [EUR/ha/a]
| 19 |rotation period [years]

5

number of harvests
useful life of plantation [years] 20

kl

| 24| rent [EUR/ha/a]

fixed + indirect costs [EUR/a/a] [ ]

EIE]

2 ion NN basic data / auxiiary calculation ,EYeI) ¥ harvest technique W, trans R Rl literature ™ cil ]
Figure 97: Input sheet of the calculation model
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Basic information field preparation
[Populus ‘spreading pesticides
field size: 2 ha ploughing
yieid: 10 [t atro/ha]

storage recultivation

harrowing
2 years - rotation period

price for wood chips: 57 [EUR fm]

35%, dried

EEREEEEENE

3

EUR/t atro EUR/hala €it atrofa
2 1200

2% O preparation of seedbed|
O planting
Emaintenance

1000

800

| fertilisation
| harvest

600

O storage

[EURZha/a]

| transport

400

O recultivation
B fixed and indirect costs

200 mrent

1 Y Y Y e Y Y B Y Y B E S BN S S S S S N N

revenue SRC-wood 2861 805 80
Betriebspramie 200 351 35
total costs total revenues profit
profit with direct payments 291 29
|profit without direct payments -0 -8
W 4 v v [, output Yield & i harvest technique MGICHCRE transport systems ¢ yearly costs ge G e fam, v

Figure 98: Output sheet of the calculation model which showshibgen process chain, the costs for every process and
charts of the results

4.4.3.3 Economical assessmerit Results

The first part of the following chapter shows the total costs of the standard process chain. Based on this
assessment the second part describesintigence of variable parameters on the total costs, what is
investigated by a parameter analysis (Figure 9). The third part deals with modifications of the standard
process chain with regard to different field sizes, willow as cultivated species agdisaoflharvestand
transport systems.

Standard process chain

a) Overview on costs and revenues

For the standard process chain (see figure 93) the total costs of SRC cultivation were calculated to be
8650/ hal a. The tot al r e $,¥60U ehsa / (ar iwghh tc hb aarr)e anmeguanrtat
(based on financial supporting scheme by EU) and revenues for selling the wood chips. The price for selling
the wood chips was calculated as 5132t fr esh matter at a water conte
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mfixed- and indirect costs
Erent
800 Orecultivation

—_ @mtransport

B
Ostorage

£ 600 g

=

— Bharvest

Omaintenance
400 Oplanting

Opreparation of seed bed
Odirect payments

200
Brevenues
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Figure99.Cost s and revenues of SRC cultivation based on th
57.32 0u/t, 35% water content)

2%

Opreparation of seed bed
Oplanting

@ maintenance

B harvest

Ostorage

1%
Etransport
DOrecultivation

Brent

Bfixed- and indirect costs

2%

Figure10Q Share of costs for each module on the total yearly costs of SRC production with the standard priocess cha

The largest share with more than 40% of the total yearly costs is caused by the yearly fixed and indirect costs
as well as the rent (see figure 100, based on figure 99). Fixed and indirect costs were taken exemplary for a
farm of 150 hectares and inckidosts for electricity, water, fuels, maintenance of buildings and machinery,
taxes, insurance, fees and possible other overhead costs. Planting of the SRC takes about 20% of the yearly
costs (the costs for planting which occur once at the beginnindtfation have been transferred to yearly
costs (u/ha/a) following the annuity method in im
the high costs for the cuttings which for the standard process chain are assumed td bepdr cut t i
Storage, transport (20 km) and harvest contribute 13%, 9% and 8% to the total yearly costs. The costs for
preparation of the seed bed and for recultivation are fairly negligite4].
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b) Parameter analysis

For the most important factors affecting the sastt SRC cultivation a parameter analysis was done, based

on the standard process chain (see figure 93). It shows the impact of the parameter variation on the total costs
in 0/ hal a, by changing only one par amerclmgedwHlori | e
the parameter analysis parameters with a high range of variation or with uncertain data are used. The 100%
values (numbers in brackets) are the numbers which were defined for the standard process chain.

The parameter analysis shows ttre rent and the costs for cuttings have the greatest influence on the total
yearly costs. This is due to the fact that the rent and the planting (which is mainly determined by the costs for
cuttings) have a share of 24% and 21% within the total yeartg c6SRC cultivation (see figure 100). The

next bigger effect is caused by the transport distance, the amount of yield and the costs for storage, whereas
the required time for harvesting and especially the working load of the harvest machine han#ugtiee.

1100
1050 /
1000

/ costs for cuttings (0,20 EUR/Stck.)
950

= = =yield (10 t atro/ha/a)

rent (175 EUR/ha/a)

required time for harvest (1,2 h/ha)

total costs [EUR/ha/a]

working load - harvest machine (500 h/a)

transport distance - T2 (20 km)

750

costs for storage

700 T T T T T T T T T T
10% 30% 50% 70% 90% 110% 130% 150% 170% 190% 210%

Figure 101Parameter variation analysis for the costs of SRC cultivation

Following, the results are discussed in detail.

The total costs are mainly affected by the costs for rent, as these costs occur every year. About 64% of
agriculture arean Germany is categorized as rented sites. There is a high variation of costs for rent within
Germany (86 0/ hia3/6a6 iun/ hBar/ aaAnikstfialdoiovhigdh dependson the region, soll
quality, climate, size shape of the field and otheexdise of the focus on marginal sites a lower value has
been assumed for the standard process chain (175

The costs for cuttings are the highest costs within the costs for planting. Therefore costs for cuttings have
another importanimpact on the total costs, although these costs appear only once during the useful life of
the plantation. The costs for poplar cuttings are betweedi@103 0 G/ cutting (literat.

A further factor which has great influence on total costs is the amount of yield, which directly affects costs
for storage and transport. This is especially important for evaluating SCR cultivation on marginal sites where
lower yields compared to higherality sites have to be assumed.

The range of the yield is very high, because it is influenced by many factors like the climate and soil
conditions, rotation period, species and different growth per year. In the context of this work it was not
possible taconsider all of these factors in full detail. For the calculations literature values (KTBL 2008) were
used.

The distance for transport is an important aspect and the marginal costs for the maximum transport distance
(if the profit is negative) should bekin into account for each process chain assessment. The range which
was analyzed is between 5 and 200 kilometres.
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The costs for storage also depend on many different factors (climate, weather, storage facilities, etc.). For the
standard process chain s@eaof wood chips in a storage building is assumed. Detailed assumptions for
storage are described in Annex 4.2.

At present there are not enough data available on the duration of harvesting with different machines, for
different rotation periods and diffaretree species. Therefore the influence of the time for harvesting on the
total costs is shown in the parameter analysis for a range from 1 to 2.4 machine hours/ha. The working load
of the harvest machine is analyzed because of the potential of a hmhkerghtoad, when SRC will be more
established and the harvest machines will be used more efficiently. If SRC is better implemented in
agriculture, higher working loads and therefore lower costs are expected. Nevertheless, the working load has
the smallesimpact on the total costs per year of the considered parameters.

Modifications of the standard process chain

a) Modification of field sizes

1000

896 €/ha/a

900 . 865€/hafa _ gag8€/hafa

B rent
800 -

® fixed and indirect costs
700 -~
recultivation

total cost - €/ha/fa

600 -
B transport

200 1 storage
400 ——

109 B harvest

109 109 .
300 —1— e — — Emaintenance
100 - 189 185 183 preparation of seedbed
0 25 21 18 .
1 hectar 2 hectar (SPC) 5hectar

Figure 102 Comparison of total costs of SRC cultivation for different field sizes

(SPC = standard process chain)

As the focus of the project is on marginal and small field sizes, the influence of the field size on the total
costs is analyzed for 1, 2 and 5 hectares (Fig. 9). These field sizes correspond to the results of the
guestionnaire for farmers (Annex 5.0). NMo$ the already existing as well as the potential SRC sites of the
participants in the survey are smaller than 2 hectares. To illustrate the cost effects for bigger field sizes, the
total costs of a 5 hectare field are shown additionally. The field 8eetsathe working steps which are done

on the field, because of a higher specific time demand for preparing and cultivating a smaller field compared
to a larger one. The calculation of the time demand per hectare for the different field sizes is ekplained
Annex 4.2.In contrast, the transport costs and storage costs per hectare are not affected by field sizes.

Figure 102 shows that frothto 5 hectares the total costs of SRC cultivation are decreasing. The difference
bet ween 1 and 2 hectares is about 30 U/ hal a, bet w
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b) Modification of species: poplar and willow

To compare the cultivation of poplar (standard process chain) and willow for SRC it is assumed that willow

is cultivated with 13,000 plants per hectare gaining a yield gf/hda/a on a medium site. The costs for

willow cuttings are lower than thosefprop| ar cuttings (0,08 U/ cutting f
For the cultivation it is assumed to fertilize the field after the first harvest. There are several data available
showing a positive effect of fertilization on growth of willow buttron poplar (KTBL 2006, Scholz et al.

2004, Rehfuess 1995). For the calculations the other assumptions remained unchanged compared to the
standard process chain. It is assumed that the measures for field works like preparation of seedbed,
maintenance andecultivation and the yearly costs (rent, fixed and indirect costs) are the same as for poplar.
Therefore the same costs were assumed. For the harvest of poplar and willow the same time for harvesting is
assumed, as there are not enough data availablesatnp.

Figure 103 shows the share of total costs for the willow process chain compared to the standard process

chain (poplar). The total costs for the cultivation of willow (I82 h a/ a) are | ower tha
8650/ hal/ a) . The aboatsdd3 /dhi & /feerleansed ien t he assumpti on
|l ower costs for the cuttings (willow: 0.08 0/ cu

cultivation of willow are much lower. The lower yields for the willow compareth& poplar cultivation

results in lower transport and storage costs due to the lower amount of wood per hectare to be stored and
transported to the end user. .

The calculation of revenues is based on the yield assumptions for willow and poplar. Forthlltatal

revenues amount to 914/ h a/ a, for popl @&ar hahay dmoasnt the Wwj 1be
in242a/ hal/ a | ower revenues compared to poplar cul ti
the lower costs for willow culiation (1300 / ha/ a) . Thus, for this case, i
both species, poplar appears to be the preferred species.
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@ revenue SRC-wood
Erent
800 B fixed and indirect t
N 351 ixe z.am .|n irect cos
O Orecultivation
=]
» 600 transport
. O storage
= 17 B harvest
N . .
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s 400 fert! lisation
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Figure 103: Comparisoof total costs for the cultivation of willow and poplar
(difference af dosfsrehd8®@ afhakvenues: 242 a4/ hal a)
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¢) Modification of harvest techniques

Figures 104 and 105 shaWwe comparison of costs for three different harvest techniques. Those are harvest
by a cutter chipper, by a cutter collector and motor manual harvest. These harvest techniques are chosen
because they are commonly used or they have a potential of ustdgefiriure, when SRC will be better
established in the research area at small and marginal sites, like the cutter collector.

For all harvest methods, the costs for transport of the harvest machines to the SRC site were not considered.
At present these castan be very high because there are only little harvest machines for SRC available (See
WP?2). Therefore the current transport distances are very long and the transport costs high.

Cutter chipper

For cutter chipper harvesting only one working step wasulzx, because the harvest and the chipping
happens in one step. A tractor drives parallel to the cutter chipper to store the wood chips. Therefore wages
for two workers are considered.

Cutter collector

The <cutter coll ector kW ttrectors The culied trumks area movedeaday toya a
storage place near or at the field side by another tractor. After a storage period the stems are chipped by a
mobile chipper at the field.

The cutter collector could have (besides the motor manual haaviestjeficial effect for the harvest of small

field sizes and marginal sites in the future. It is not as heavy as a cutter chipper and the farmer can use his
own tractor and is more flexible with regard to the time of chipping the wood. If there is en@oghas or

near the field site to store the whole trees, the wood can be chipped, when the conditions are good and there
is no need for a storage building and an extra transport.

Motor manual

The motor manual harvest is done by a chain saw. Two woakenseeded for harvesting the trees. One for
cutting the trees and one for hold the stems and putting them aside. The trunks are moved to the field side by
a tractor for directly chipping them by a mobile chipper or storing them at the field side. Théwafanore

workers are needed. The mobile chipper can chip the trees up to a diameter of 27cm.

The harvest by chain saw of the ten years old trees takes much more time and more workers .Because of the
older and bigger stems, the moving and the chippinbettems is more expensive than for the four years

old stems for the cutter collector harvest. For the moving of the stems the need of a stronger tractor was
considered and the chipping of the older stems needs more time.

The major cost component includé® wages for the workers. As many farms are family businesses, the
members of the family are working on the field. The costs for the work being done by the farmer or the
family are often not considered for the economical evaluation. To know whethetivatmn of SRC is
profitable for the agricultural management or not, it is very important to consider all the costs for the own
work.

Based on the rotation period the harvesting of the SRC takes place e.g. every 2, 3, 4 or even 10 years. Figure
12referss o t he costs in the year of har vest in 0/ ha.
years the costs for harvesting have to be transf e
105). The costs for the cutter chipper ahd cutter collector harvest are assumed for four years rotation
while the motor manual harvest is assumed for a ten years rotation.

Focusing just on the year of harvest (figure 104), the cutter cHimpeest has the lowest costs. There is

only one woking step needed and less workers are demanded than for the other harvest techniques. The sole
costs for the motor manual harvest (without moving trunks and chipping) process are higher than the total
costs of the other harvest techniques. The costs oidéha of sol e mot or manual
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Additionally there g costs for moving trunks and chipping. These costs are lower for cutter collector
harvest because of the lower yield in the year of harvestyeass rotation period. However, referring to the
20 years of SCR site cultivatiofigure 105), the annuityof the costs for motor manual harvest are lower
than those for the cutter collector and about those for the cutter chipper because there are only 2 harvests
within 20-years.
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Figure 104: Composition of costs for the different harvest technigques perehecta
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Figure 105: Composition of costs for the different harvest techniques per hectare and year for 20 years useful life and a
rotation period of 4 years for cutter chippand cutter collector harvest and 10 years for motor manual harvest

(Yield assumed: 1Q4/ha/a)
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Figure 106 shows the costs for the three harvest
process chain with a cutter collector harvest, a storage of the whole stems on the field is assumed. For
storage on the field no costs are calculated. The motor manual harvest is considered-j@ass@tation,

why a direct comparison with the costs for the cutter chipjagrd cutter collector harvest is only possible to

a limited extent.

The planting costsra much lower due to less trees per hectare for-geafs rotation (2,000 trees per
hectare, for 4ears rotation: 10,000 trees per hectare). This is due to increased space requirements of older
trees. Because there are only 2 harvests within 20 yeafseaadse of the lower yield per hectare and year

(7.6 tar/ha/a), which is assumed for a-y@ars rotation, the annuity of the storage costs is also lower.
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planting
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100 ——— 185 — 185
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cutter chipper cutter collector motor manual

Figure 106: Comparison of total costs (u/hal/a) f

d) Moadification of transport systems and transport distances

Different options for SRC transport are possible and state of the art. The effect of the transport on the total
yearly costs and on the profit (total yearly costs minus total yearly revenues)yisednfor four different

options (figurel09 and 110). The differences between these transport options are transport by tractor and
trailer or by lorry and storage or no storage of the Sfferial. For total yearly cost calculation all the other
processe$rom the field preparation to the harvest and the recultivation remain unchanged (see figure 107
and 16).

Transport AT10 is the transport from the field toc
storage site or farm to the end usexe($igure 107 and 108). For T1 a distance of 3 km from the field to the
storage site or farm is assumed for all calculations. Variations of transport distance (Fig. 109 and 110) are
examined for T2 (up to 20am).

For the transport options with an intemliery storage it is assumed that the storage in the building results in
a water loss from 55% to 35%. For the dried material a higher wood chip price is assuidd (57 f m i n st
of36u/t fm, see figure 107 and 108).
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Figure 107: Transport systewith storage. Transport to storage site (T1) with tractor and trailer; transport from storage
to end user (T2) either with tractor and trailer or with a lorry

Basic Information
Figure 108: Transport systemithout storage. Transport to storage site (T1) with tractor and trailer; transport from
storage to end user (T2) either with tractor and trailer or with a lorry (including reloading)

Basic Information

water content 35%;
price for wood chips
57 EUR/t FM

recultivation

field preparation
planting
maintenance

water content 55%;
price for wood chips
36 EUR/t FM

recultivation

field preparation
planting
maintenance

The comparison of tractor/trailer and lorry for different transport distances in figure 109 shows the following
resultson the total yearly costs for SRC cultivation:

1 The yearly total costs are clearly growing with growing transport distances form storage/farm to the end
user.

9 The cost curves including the transport options by tractor/trailer (with and without internstdiatge)
are much steeper compared to cost curves including the transport by lorry. The main reason for the
higher costs and the steeper slopes for transport by tractor/trailer is the higher time demand compared to
transport by lorry (differing driving sgels and tolerable transport loads).

1 In general, the lowest yearly total costs for SRC cultivation include the direct transport by lorry (without
storage). Only for very short distances the direct transport by tractor/trailer (without storage) is cheaper
than the transport by lorry.

The comparison of transport by tractor/trailer and lorry with and without storage shows the following results
on the total yearly costs for SRC cultivation. Not for all cases the total yearly costs are lower if there is no
storag:

9 Transport by lorrywithout storage is cheaper than transport by lomyith storage for all transport
distances.

9 Direct transport by tractor /trailer is cheaper than transport by tractor/trailer with storage up to a transport
distance of about 75 km.

1 Comparing all options of transport and storage/no storage, the direct transport by lorry leads to the
lowest yearly costs. Up to a distance of about 15 kilometres also direct transport by tractor/trailer
(without storage) is characterized by comparably lowsts. For more than 15 km both options of lorry
transport (with and without storage) cause the lowest costs.
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Figure 109: Comparison of costs 0/ ha/a of wvarious

(SPGC standard process chain)

Figure 110shows the profits for the process chains with and without storage, for different transport means

and

transport di stances in 0/ hal a. The profit

wood chips and the costs for SRC cultivation. lasgsumed that wood chips with a water content of 35%

(after storage) will earn a priceof 57/ t f m, whereas for wood

chi

ps

to the end user without storage) (6fnb will be achieved. Thus, the relevant factor isphiee difference of

the stored and fresh wood chips.
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Figure 110: Comparison of profits 0/hal/a of wvariou

(SPCi standard process chain)

The comparison of tractor/trailer and lorry for differgnainsport distances shows the following results on the
yearly profit for SRC cultivation:

1 Based on the given assumptions the highest profit can be achieved for the SRC cultivation process

chain with transport by lorry and an intermediary storage. Trandjgtences longer than 14
result in negative profit data.

1 Using exclusively tractor/trailer for transport to the storage and to the end user a profit can be

achieved up to a transport distance of about 45 km.

The comparison of transport by tractorilfraand lorry with and without storage shows the following results

on the yearly profit for SRC cultivation. For the SRC cultivation process chains without storage the

results differ clearly:

1 In general, for all transport options and transport distange$o(45km) the profits without storage
are lower compared to the storage cases.

1 Nevertheless, delivery of the fresh wedtps may be an option for short transport distances. For

those cases (small) profits still can be assumed.

1 The direct transport biyactor and trailer of fresh wood chips achieves the lowest profit. The profit is

only positive up to a transport distance of about 20 km.

These results show that an intermediate storage may be well worth in most of the cases because of higher

prices fordried material.

Due to the fact of longer distances between marginal sites or rather small field sites and the farm, there can
be higher transport costs. As mentioned above, the distance from farm to field for all shown transport
systems is assumed to Bekilometres. Therefore, a higher transport distance results in a proportionally
increase of costs and decrease profits (Fig 17 and 18), which does not lead to any changes of the preferibility

of the shown transport systems.
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4.4.3.4 Risk analysis

Risks and effets of the cultivation of SRC have been evaluated by a S\WW@alysis. The SWOT analysis

is a strategic planning method for project or business ventures, with the aim to identify the positive and
negative key factors for the specific/planned project. ltasgmts the basic analytical framework for strategy
research. The avail abl e i nformation i s broken
AOpportunitiesdo and AThreatso. According to this,
oppatunities and threats of the technological and economic environment and the strengths and weaknesses

of the company.
Criteria which concerning SRC have been classified as belonging to the above mentioned four categories.

The following analysis is divided into two SWOT tables regarding the cultivation of SRC on a field with
good or medium conditions (see tabt and for the cultivation on a marginal site (see table 16). To
interpret these tables it should be consideradttie cultivation on a field witbood or medium conditions
implicates, that the cultivation before the SRC wagre intensive than the SRC cultivation itself. The
cultivation ona marginal site implicates, that the cultivation before the SRC Jess inensivethan the

SRC cultivation itself. The criteria in the several categories are a sampling of results of the project work,
statements from literature (BURGER 2004 & 2008, BUND 2010, DBU 2010, RODL 2008, an others) and an
expert consultation.

Strength dal with the advantages of SRC on good or medium sites respectively marginal sites; Opportunities
deal with the chances which are offered by the cultivation of SRC. While Weaknesses mainly deal with
criteria which will not change (which can be at most atéed), when SRC is established in agriculture,
Threats deal with criteria which have to be reduced to establish SRC.

Each category of the SWOT tables i s sep-eonanicald i nt
criteriao.
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1. Establishment on g@d/medium site

Table15: SWOT analysis for the cultivation of SRC on good/medium sites

Strength Weaknesses
Ecological Ecological

1  More extensive land use

1  Positive affection of the landscape i biotope network

and Increase of biological diversity in the landscape

scale in cleared agricultural landscapes

Shelter for game

Soil conservation: reduction of wind -and water

erosion, accumulation of humus, .less leaching of

nutrients,*less soil compaction

1  Storage of CO,

1 Reduced use of fertilizers and pesticides - Possible to
combine with organic farming

1  Emissions are lower than those for straw-based fuels
(for cultivation and combustion)

= =4

Economic/ socioeconomic
T Diversification of income in agriculture
1 Little effort

1  Field keeps the status as agricultural site (rotation
period < 20 years)

1 Monoculture

Economic/ socioeconomic

1  Low flexibility for adaption to the market and political
guidelines

1  Long-term fixation of capital and field

I Good sales potential for wood (Dendromasse) 1 Problem of renting fields and increased expenses in
1  Use of established harvest methods > no drastic advance

change in cultivation methods 1 Lower biomass yield compared to agricultural
1  Low costs because of fully mechanized work production (eg. maize)
1 Vegetative reproduction because of homogeneous | §  Revenues are lower than for grain

planting material, low costs 1 High investment in the year of establishment
T Strengthening of regional economy 1 Neighbor fields could be affected by the shadow and
1 Breaking work peaks in agriculture the roots of trees. There has to be kept a minimum

distance

Opportunities Threats

Ecological

1  Diversification of cleared landscapes and Increase of
biological diversity in the landscape scale in cleared
agricultural landscapes

Economic/ socioeconomic

Chance for diversification for the agricultural business
Increased revenues from rising oil prices
Opportunity to use SRC material for
gasification (expensive)

Intensive field of research 1 Opportunity for
innovations and significant potential for development
partnership of convenience (machinery rings) can be
founded

1  Field of development for rural regions

wood

= = == =a =

Economic/ socioeconomic

1  Shortage of information stand

1 Lack of specialized knowledge, especially about
harvest

1  Less experience with harvest and storage of SRC-

material because of mainly younger plantations in

the research area

Uncertain log-term decline

Partial change of management practices (new

harvesting machines)

1  Missing (harvest-) technology and high costs due to
the fact of not yet established special machine

1  use of a few licensed clones that are present in large
numbers (risk that existing resistances are broken by
pathogens)

1  Prices for grain are increasing (Worth cultivate more

grain)

Change of funding programmes

Change of land use and competition of land use

Information of amendment is not well known

everywhere . There is still insecurity about that.

1 Further need for research, development and political
support of implementation

== =

E- ]
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2. Establishment on marginal site

Table B: SWOT analysis for the cultivation of SRC on marginal sitesArguments valid only for establishment on

marginal sites)

1

== =a =4

Ecological

Positive affection of the landscape i biotope network
and Increase of biological diversity in the landscape
scale in cleared agricultural landscapes

Shelter for game

storage of CO;

Emissions are lower than those for straw-based fuels
(for cultivation and combustion)

Economic/ socioeconomic

E

E ]

== =

1

Possible use of unused
marginal sites

Diversification of income in agriculture

Little effort

Field keeps the status as agricultural site (rotation
period < 20 years)

Good sales potential for wood (Dendromasse)

Use of established harvest methods > no drastic
change in cultivation methods

previously

Diversification of cleared landscapes and Increase of
biological diversity in the landscape scale in cleared
agricultural landscapes

Economic/ socioeconomic

1
1
1
1
1

1

Chance for diversification for
business

Increased revenues from rising oil prices
Opportunity to use SRC material for
gasification (expensive)

Intensive field of research i Opportunity for
innovations and significant potential for development
partnership of convenience (machinery rings) can be
founded

Field of development for rural regions

the agricultural

wood

Ecological
1 Monoculture
E degradation of biodiversity in species-rich wasteland

Economic/ socioeconomic

1  Low flexibility for adaption to the market and political
guidelines

Long-term fixation of capital and field
Lower biomass vyield compared
production (eg. maize)

Revenues are lower than for grain
High investment in the year of establishment
Neighbor fields could be affected by the shadow and
the roots of trees. There has to be kept a minimum
distance

Lower yield on marginal sites

Higher costs on small field sites

Difficult to drive on wet sites or on slopes

to agricultural

= =a =9 == =

T M e

Ecological

Economic/ socioeconomic

1  Shortage of information stand

1 Lack of specialized knowledge, especially about
harvest

1 Less experience with harvest and storage of SRC-
material because of mainly younger plantations in the
research area

1  Uncertain log-term decline

1 Partial change of management
harvesting machines)

1  Missing (harvest-) technology and high costs due to
the fact of not yet established special machine

1 use of a few licensed clones that are present in large
numbers (risk that existing resistances are broken by
pathogens)

1  Prices for grain are increasing (Worth cultivate more

grain)

Change of funding programmes

Change of land use and competition of land use

Information of amendment is not well known

everywhere . There is still insecurity about that.

1 Further need for research, development and political
support of implementation

practices (new

== =a =9

Strength and Opportunities from an ecological point of view

SWOT-Tables 2 and 3 show clearly that the ecological criteria appear as Strength and Opportunities of SRC

rather as Threats Weaknesses.

Main criteria for ecological strength of SRC are advantages for biodiversity, landscape, soil and low

emissions.
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At present there is no established methodology to measure the effect on biodiversity. However, the impact of
cultivating SRC on lmdiversity is often expressed by the numbers of plant or animal (especially insects)
species compared to other fields with conventional crops. There is some literature abouamuhytoo
biodiversity in SRC which deals with development of insects ardb l@nd some improvement measures
which can support biodiversity in SRC (for example: DBU 2010, BURGER 2004b, JEDICKE 1995,
HELBIG & MULLER 2010). GLASER & SCHMIDT (2010) found much more plant species in a 2 years

old SRC (average number of species: 21ntoa arable land (5.7) and even more than on extensive
grassland (17.3). When the trees are older (8 years old SRC) there can be found only 15.9 plant species
(average number) however, this are much more species compared to arable land.

Positive effects o soil quality are less soil compaction than for cultivation of annual crops, accumulation of
humus because the leaves stay on the field and reduction of erosion due to a perennial planting. Furthermore
the need for pesticides is very low as well as tregrier fertilizer.

According to the testimony of PALLAST et al. 2006, there is no need for fertilizing ibdapted species

are used and agricultural sites contains more nutrients compared to forest sites. On marginal sites with poorer
nutrition, due ¢ a less intensive land use before, it is possibly necessary to use more fertilizer than for
medium or good sites. Using no fertilizer improves the life cycle analysis immensely. The share of
production and application of fertilizer is over 60% of thelteteergy for the production of 1 tone wood

chips and 83% of the emission of greenhouse gases (RODL 2008). Table 4 shows some life cycle indicators
which demonstrate the environmental impact of wood chips production from SRC cultivation with and
without fettilizer.

Table I7: Comparison of life cycle indicators for production of 1 t wood chips from SRC cultivation (inclusive all
processes which have to be done on the field site) with and without fertilization. (Based on RODL 2008)

Without fertilizer | With fertilizer
Total energy demand [MJ] 136,5 361,2
CO,-emissions [kg CQY tad 11,5 22,1
N,O-emissions [g BO / i 0,7 129,4
Global warming potential gross value [kg G@Quivalents /4 11,9 62,2
Global warming potential net value (GWP input (storage of tr| -1839 -1789
T GWP output) [kg C@equivalents /4

Compared to cultivation of annual crops, what is done mainly on medium or good sites these are strong
criteria for enhance ecology lultivating SRC. It also means if SRC is cultivated on a site with a more
intensive cultivation before, many ecological advantages can be identified as Strength of the SRC cultivation.
There are Opportunities to diversify cleared landscapes, improveustitycand reduce emissions, amount of
fertilizer such as pesticides. However, considering that most SRC within the examination area are cultivated
on marginal sites the number of criteria decreases, because of less potential of ecological enhancement.
Theecol ogi cal criteria for AStrengthod are only full
because of the assumption of a higher conservation value of marginal sites, as marginal sites are often used as
uncultivated land

Weaknesses and iiéats from an ecological point of view

As mentioned above there are only few ecological criteria for Weaknesses and Threats. Regarding the fact
that SRC is cultivated as monoculture, there is no advantage compared to other annual crops. Additionally for
SRC on marginal sites, which can be speciel wastelands there is a risk of degradation of biodiversity. As
there are only few approved clones which are planted in monocultures there is a risk that existing resistance of
pests of these clones can be broKehis criterion is valid for SRC on medium or good sites as well as on
marginal sites.

Strength and Opportunities from an economic and socioeconomic point of view

There are some criteria, defined as Strength which can support the decision of a farmer to cultivate SRC. The
diversification of income (which is also an Opportunity for SRC and also valid for marginal sites), low
workload compared to annual crops, no ticashange in cultivation methods and the breaking of work peaks

due to harvest during winter season. These criteria have also been chosen by the farmers who participated in
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the survey which has been performed within the project (Annex 5.0). Howevetiadike the good sales
potential, lower costs compared to annual crops and increasing prices are critical what is also proved by the
survey. Figurelll shows the price development for wood chips in the last 4 years. The criterion of rising
prices for woodchips can be identified as most important from the perspective of farmers and is linked with
the Opportunity of continually rising wood prices due to rising oil prices.

The cultivation of previously unused sites is an additional criterion for StrenddRGfon marginal sites,

while breaking work peaks due to harvest in winter and a low workload compared to annual crops are no
valid criteria for SRC on marginal sites for which a more extensive cultivation before the SRC is assumed.

Waldhackschnitzelpreise (WG 35) in Euro pro Tonne @j

(Lieferung von 80 Srm im Umkreis von 20 km; alles inklusive)

C.A.R.M.E.N.
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Figure111 Developre nt of prices for wood chips meHh(CARMEN2009)at er i al

The strengthening of regional economy by marketing of regional renewable fuels can be a criterion from the
community and regional political perspective to supfuetcultivation of short rotation coppices. Especially

for rural regions SRC, as an innovative, still relatively unknown renewable energy source can be a chance for
the local economy. There are several examples of regions or villages which focused @bleeeergies

and were supported by national programmes. In this context networks to share knowledge and machinery ring
can be founded.

A major Opportunity lies in the developmerand innovation potential of SRC, because there is a lot of
research goingro These Opportunities are provided in the field of cultivation as well as in the technologies
for the energy technical utilisation of SR@oOd.

Weaknesses and Threats from an economic and socioeconomic point of view

The effect of a SRC as a perennialivas positive influence on ecology but expect of the lower costs
compared to annual crops, there are negative influences on economy. Compared to annual crops there is a
reduced flexibility for market adaption and response to political guidelines. Landapitdl are fixed for

long time what is unusual for most farmers who cultivate annual crops. However, the long usage of land is a
bigger problem for SRC on medium/good sites than on marginal sites, where another use is unlikely. The
criterion of lower yiédd compared to other crops like maize is a strong criterion against cultivation on
medium/good sites but is not valid for SRC on marginal sites, where the production of crops with better prices
is rather untypical. On marginal sites there are other prablghich can arise instead, like a lower vyield,

higher costs (for small field sites) and difficulties for the heavy machines if the site is wet or on a slope.

Most criteria for Threats like the poor level of information, the lack of knowledge, less hexpesience

and not yet established harvest technologies, only result from the fact that SRC is not implemented in
agriculture so far and show approaches where specific action is necessary and possible to support a better
implementation of SRC (see also Am5.0i survey among farmersi Re c ommendati ons f or
Threatcriteria are valid for SRC on medium/good sites as well as for marginal sites. The increasing prices
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for grain what make it even more attractive to cultivate it, does not applyRforo® marginal sites, where it
is not assumed to cultivate grain, as well as the competition of land use, which is strong on medium/good
sites but hardly present on marginal sites.

4.4.3.5 Summary of results

In the work withinwork package 4an economic evaluation and integrated assessment of SRC cultivation
was carried out taking into account the conditions of small scale and marginal land, as it is often the case in
Germany and particularly in the test regions of Bad&ittemberg or Francd-or the economic evaluation

a calculation tool was developed which can be used to test variations of parameters and conditions for SRC
cultivation. The following main results were achieved:

I The economic assessment of various process chains, repredbstiagall scale and marginal land
conditions showed that the largest share of costs is caused by the rent (24%) for agricultural land and by
the establishment of the cultivation (21% of total cost). Also fixed and indirect costs determine (20%)
the overallcosts to a large extent.

1 The effect of field size on costs was demonstrated. On a five hectare field the cultivation costs (848
G4/ hal/a) were about 5% | ower than on a one hect al

1 The specific cultivation costs per hectare were clebnyer for willow (732 EUR/ha a)-(15%)
compared to poplar (865 EUR/ha/a). However, the yield is also lower (8 vs. 10 t/Ba%4).(

1 The choice of harvesting techniqgue and the mode and distance of transport have clear effects on the
costs. Regarding défent harvesting techniques the total costs for SRC cultivation vary from about 865
G/ hal/a using a cutter chipper to about 780 0/ ha
to be regarded that the choice for the appropriate harvestimgjqae depends on the type and quality of
wood demanded by the consumer e.g. size of wood chips or water content. The transport costs are highly
influenced by the distance from field/storage to the consumer. For cost optimal solutions the
combination of tehnologies and processes of SRC cultivation have to be identified with regard to the
site and the quality requirements of the consumer.

1 The socieeconomic background and motivations of stakeholders for SRC cultivation were evaluated
through a questionnarsurvey in Germany and France (together with WP5). The results show that
additional offers for information and consultation should be provided, but should concentrate on giving a
deeper understanding of the whole process chain and the long term chafrélstecrop cultivations.
Research is needed especially for edfitient and feasible harvesting technologies for small and
marginal sites.

1 A SWOT-analysis was performed to evaluate the environmental and economical effects and the chances
and risks of SRC cultivation on marginal sites compared to the conditions of good/medium site.
Ecological criteria appear as Strength and Opportunities of SRC rather as Threats or Weaknesses, while
they are only fully valid, if SRC is cultivated on medium/good sitéss 1§ because of the assumption of
a higher conservation value of marginal sites, as marginal sites are often used as uncultivated land.

It became clear that the cultivation of SRC may contribute to the diversification of cleared landscapes and
may increae the biological diversity. Thus the site specific conditions and the reference value/system
determine to a large degree the balance of the environmental impact of SRC cultivation.
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4.5 Survey among farmers on the opinion, motivation, implementation
prob lems of SRC production among farmers
(Work Packages4 & 5)

4.5.1 Introduction (WP 5)

In order to analyze the broader framework for the SRC production in the study regions and to identify the
reasons, why farmers decide to invest or not to invest in SRC, a large scale quantitative survey has been
carried out conjointly with IER (Institut flEnergiewirtschaft und Rationelle Energieanwendung, Universitét
Stuttgart) betweeMarch andJuly 2010. The questionnaire was spread among farmers and focused on
operational information on their enterprise, the attitude towards renewable energiesah famamwareness

and attitude towards SRC, the aspired financial returns by SRC and possible business models between SRC
producers and consumers.

The questionnaire was distributed online and in paper form within selected areas in\Battemberg and
North-Rhine Westphalia in Germany as well as in the Département deRtiauin France.

Overall, more than 1,700 questionnaires were distributed.

The results of the survey will help to analyze and understand the current framework of SRC in Germany and
France for farmersé6é point of view and allow interrg
comes to decision making concerning SRC plantation. It will also enable to determine incentive mechanisms
and improvements in the legafinancial and tchnical framework of SRC production in order to foster

SRC production as source of renewable woody biomass.

At present, most of the research results available have been obtained for medium to good sites and the
presumptions of a large field size for thRGplantations. However, these site conditions can rarely be
found in SoutAiWest Germany and NodBast France. CREFF was thus based on the hypothesis that SRC
are predominantly established on unfavorable sites (solil, size, form, location).

4.5.2 Summary of th e results (WP 5)

In total, 135 farmers have participated in the survey of which 21 own a SRC plantation. The participating
farmers are unevenly distributed among the four regions formed throughout the study area, namely the Bas
Rhin in Alsace, North Rhing/estphalia and Baden Wirttemberg. The county of Hohenlohe in Baden
Wiirttemberg has been analyzed as a separate region as due to support from the agriculture administration the
response rate was more than a third of all responses.

Attitude of farmers towar ds biomass for energy purposes

82% of the participating farmers have a positive attitude towards the use of biomass for energy purposes.
Furthermore, for 49% of the farmers, the interest in production of biomass for energy purposes has increased
during tte last years. About 30% do own a biomass energy production facility (heating plant or biogas plant)
and 43% of those are already producing biomass for their own plant.

However, 90% of the questioned farmers were saying that there is a slight or seyezticonibetween the
production of energy crops and food production.

Level, need and sources of information on SRC

Only 20% of the 135 farmers have never heard of SRC so far. In the region-BhBam France, this
proportion however reached 52%.

60% of all participants said that they feel not fully informed and 88% of these farmers would like to have
more information about SRC. Furthermore, 90% of the farmers, who are already own SRC plantations (SRC
owners), and 47% of the farmers without SRC ateenr e st ed i n -maectcveadri kndy. aT hiiSsR Cs
an important need of information prevails among farmers.

The most important source of information, as stated by the vast majority of all farmeegriatdtural
journals. Field visits and information meetings seem to play an important role for 72% of the SRC owners.
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This shows a clear difference between the information acquisition of SRC owners and farmers without SRC.
Field visits and the informatiomeetings require an active information demand by truly interested farmers.
Furthermore, it has been observed that 95% of the 21 SRC owners have neighbors owing an SRC. In contrast
this proportion was lower for farmers without SRC (13%). Of these far@Tétssaid that they are not fully
informed on SRC. This confirms the hypothesis that pilebgerations could offer a certain multiplication

effect by knowledgeransfer and offering experience within a region.

Attitude towards SRC production and the future of SRC

The vast majority of the farmers showed a positive attitude towards SRC. Whereas SRC owners nearly
exclusively named positive arguments for SRC production, farmers without SRC also stressed cons (f.ex.

unsuitable for agriculture). For both graup t he ar gument iinteresting p
underlined.

Regarding the future evolution of SRC, 71% of the farmers said that its importance will increase due to the
increased demand for biomass and the increasing information level. @nlyPthe participants answered

that SRC will remain on its low implementation level cause by a lack of suitable sites, a low level of
profitability and the competition to food production has been addressed as a hindering factor for a wider
spread of SRClpntations.

Arguments for SRC production
More than 90% of the participants selected argum
revenuesao. The most frequently named arguments f

land f or SRCA by respectively 71% and 61% of the S
activation of so far barely used sites leading to an increase of the financial revenue (intensification).

Arguments against SRC production

Arguments of the at egory Ainsufficient profitabilityd have
owner s (57 %) and farmers without SRC (49 %), 50 %
i nvest ment costso as critical .londlastng birfdingf ol sitereamds wi

capital o as a disadvantage for SRC. 41% of the p:
addition

72% of the participants named arguments in the cé
of harvest machinery/technologyodo has been sel ect
mar ket conditionso for SRC materi al is the major

Will to invest in SRC production within the own company and reasons for or against an invesimt

36% of the farmers without SRC would not invest into SRC. 55% of the participants answered this question
with Amaybed and 8% said Ayesd to SRC investment.

This shows that the majority of the partoductionpant s

Asked why they would |Iike to invest 94% of the piq
SRC owners selected arguments from the asprosdogor y

SRC production. TeEeucceabiomnobmao inewof great [
investors (54%). 50% of the SRC owners stressed out the importance of biomass production for their own
consumption.

All participants rejecting SRC investment named arguments from the catdgory er at i on al re
hi ndering factor. Most prominent hereunder the ar
combination with the argument Abusiness focus on
seen as obstacle f60% of the participants.
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Characterization of typical SRC sites

Those farmer s, who showed a certain disposition,
asked to describe the characteristics of their potential fields for SRC. 65% ofettesl dfelds are said to be

small (<2ha) and situated at long distance from the farm (92%). In 62% of the cases, the future SRCs would
be established on marginal sites, the rest on medium site conditions. Only 10% would be fallow land.

The already existing SRC plantations have been to 41% established on previous agricultural fields and to
62% of medium soil quality. 58% of these fields also have size smaller 2 hectares.

Business concepts for SRC production between producers and consumef SRC biomass

58% of the farmers without SRC and 75% of the SRC owners strove for business concepts with a high
degree of cooperation with the SRC consumer side. This clearly speaks for the approachpbedtoms
between SRC producers and constsrean support SRC investments by offering markets, developing of
supply and value chains and to overcome starting constraints.

SRC potential in the project area

The participants of the survey describeésD ha of either potdral or already establisheBRC sites. The
average, potential SRC area per farm for the entire research area8saf corresponding to.8%6 of the
individual area othe farm Based on the dafa possible to calculate an economical potential for the future
SRC production in theesearch area. The calculation results in a totdl3@f00 ha of potential SRC sites,
representing @% of the agricultural land of all research areas in average. Wiibdarateyield assumption

of 8 t atro/ha/yr107,000t atro of SRC hiomass could peoduced per year on this area.

To evaluate the SRC potential @% % of agricultural land: Projected to Germany's agricultural @A%a
would lead to 68,000 ha SRC4times theSRCarea of 5,000 ha from 2011 and a biomass yield of 0,5 Mill t
dm/yr 11%of the yield of energy wood from forestry (4.8 Mill t dnfjor more details on the calculation,
please refer to the entiseirvey reportAnnex5.0)

Perception of a profit margin for SRC production

53% of the SRC owners and 43% of the farmers without SRC expect a minimum profit margir660400
a/yr/ ha from SRC production.

The results of the survey enabled the formulation of a range of recommendations for action as has been
outlined by WP4. Furthrenore, the research hypothesd<CREFF and WPSould be reflected, which will
be outlined in chapted(6.4.1.

4.5.3 Recommendations for action (WP 4)

As a result of the interpretation of the survey, sevactibns were recommended. These weegarding
offers of information/consultation, research and politics to support the production of wood from short
rotation coppices. In the following ten importaelected results are highlighted:

1 Future information and advisory service concepts, agro policy and reseasthe orientated for the
cultivation of SRC primarily on more unfavorable, mainly small and subjectively less profitable areas
("marginal site¥), as these areas are selected by farmers as "potentialaBRCand also have been
realized by SRC owners. Only then the mostly positive attitude of farmers towards SRC and the
calculated, quite promising potential for SRC of approximately 0.4% otwfynial land for the
establishment of SRC can be used. On properly seldtteta r g sitesa Wwith more efficient
production and logisticsSRC could compete witlihe low profit marginlevels of competingstandard
market crops

1 Future information and advisory service concepts, agro policy and research must aim at the
establishment of coperation between SRC producers and SRC consumers involving SRC service
companies to overcome a lack of information and uncertainties and eisitsdr to production and
marketing. Only then appropriate prices for SRC biomass can be negotiated and communicated to
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farmers at an early stage, efficient production systems, harvesting techniques and supply chains can be
established.

1 There still is a clar demand for further information among all stakeholders. Therafitlitional offers
for informationand consultation for operators of short rotation coppices as well as for farmers without
short rotation coppices should be provided.

9 Journals are an imp@nt source of information for most farmef3ffers for information should be
expandedespecially regarding short rotation coppices to provide specific information events and
inspection of plots, so that comprehensive practical information can be gaohegtarorking can be
improved.

1 Especially the offers for operators of short rotation coppice should be appliee wehole supply of
services(from planting to harvesting and bw§f). Particularly concerning harvesting, there is a great
demand for informthon. There is only little practical experience yet.

1 The high initial investments (upfront capital costs) which are required to start up a short rotation coppice
are often seen as an obstacle. Therespexial support programmeblould be provided and sould
contribute to the decrease of these obstacles.

1 Especially long term commitment to plots and capital investment could be eased, if tineceable
full cost accountingn hand based on expected economic life of coppices. Based on full cost agrounti
plausible annual fixed charges can be calculated and high initial investments and the invested capital
can be classified and evaluated.

1 Planting machines and harvest machines need high capacity utilisation to cover the expenses. The
survey has shown &l farmers have rather small plots (up to 3 hectares per farm, single plots < 2
hectare) available for short rotation coppice in short or intermediate term projects. The elaboration of
services offered, as well as the development of planting harvestigp machines (e.g. tractor pulled
cutter collector) should be considered to allow an economical sustainable management of short rotation
coppice plots and the further expansion of short rotation coppices.

f Survey has shown that f rgmah sitésaptaymanrindpsrtanp mle mtthe o f
establishment of short rotation coppices. Therefesearch should pay special attentiorcultivation
of short rotationcoppices on marginal siteRossible competition between plots for energy crops on
short rdation coppices and plots for food crops should be defused that way.

1 Survey has shown that there are considerable differences between the operators of short rotation
coppices and farmers without short rotation coppices regarding the rating of dsmsess models
Widespread information on advantages and disadvantages of business models which are supposed to
manage short rotation coppice plots are not available yet.

Here the practical consultation can be applied, and furthermore brochures should ieeahdaformation
on this matter.

9 Operators of short rotation coppices pointed out that the current legal situation is a drawback. Legal
security for farmers has improved with the amendment of the Federal Forest Act in favour of short
rotation coppicesral agreforest systems since 06.08.2010. Also regulations for the financial support of
woods have been improved since the revision on 21.05.ZDi€. practical application of these
amendmets is to be pursued.

TProgr ammes ' i ke t he f BadenWirttemberg,rfrem whicto gostadatemeré i n
collected, are an essential instrument to gain practical experience, from which both operators of short
rotation coppices and framers without short rotation coppices can benefit. Theapim@apriate
programmeshould be initiated in further more regions.

That way additional practical data can be collected and problems concerning planting and harvesting can be
dealt with.
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1 In this context the research in planting, maintenance (e.g. herbicide application) amstitgr(e.g.
development of costffective technique) is a vital element to support an economical successful and
ecological sustainable management of short rotation coppices.
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4.6 Work Package 5 - New business concepts for successful implementation of a
product -oriented wood fuel value chain from SRC

4.6.1 State of the Art

To foster the breakthrough of SRC for energy production, research oriented on implementation along the
supply and valuechain is urgently needed. Hereby research needs to provide optimized value chain models
and to respond to implementation problems byettgping innovative collaboration and business concepts in
close cooperation with SR@oducerconsumer capperations. At the beginning of the project in 2008,
research results in this field were rare and only a few ongoing projects (i.e. AGROWOOD
(www.agrowood.de)) were dealing with this problem. Currently, research projects start to focus increasingly
on the importance of the value chain optimization, the integration of the different business partners and the
development of adapted business conceptsAGROFORNET (www.agrofornet.de)).

Apart from a large scale quantitative survey on bioenargggriculture in generatarried out by ZALF,
Leipzig, quantitativesurveys among farmem chances and obstacles of SRC are rare.. France has not been
includedyet inthese kind of research topics.

4.6.2 Specific goals

Despite of the increasing demand and prices for woody biomass, SRC plantatiaraptien for farmersf

producing woody biomass are still veigrelyimplementedespecially inthe CREFF project are&@Vhat are

the reasons for the hesitations among farmers? What obstacles need to be removed so that SRC will become
financially more interesting? What are the chances of SRC from the point of view of the farmers? And how

is it possible to provide a securedarket to the farmers so that business risks are decreased and SRC
becomes more appealing?

The overall goal of WP 5 is to identify the reasons why farmers do not invest in SRC production. For that
purpose, the following hypothisshas been tested.

The low level of implementation of SRC production is caused by:

1. alack of knowledge about SRC amongst farmers, politicians, and other stakeholders,

2. alack of knowledge about SRC products (chips/industrial wood) among industrial consumers,
3. undeveloped markets andclear quality criteria for the final product,
4

the absence of regional busineasd logistics caperations building up supphand valuechains
between producers and consumers.

In result and in combination witthe central assumptipthat SRC will often only be established on less
favourable site, fields with lower soil quality and unfavourable ferthese shortcomings lead to a low
efficiency along the SRC suppiyand value chain with comparably high production costs. This ends in an
unfavorable prfitability level of SRC compared to competing agricultural products.

The second goal aVP 5was to testvhetherthe establishment afo-operations between consumers and
producers have not only important effects for improving the efficiency of SR{liechains, but as well are
preconditions to overcome obstacles and constraints for implementation of aryaiiRChains WP5).

We have initiated and moderated the implementation Zoforoducerconsumer capperations for SRC
production The pilotinitiativeswereconsisting of the industrial partners offering a potential market for SRC
products and defining the demanded ep radvdreoantedogq ual i |
serve as an attraction point for potential consumers, producers; tordsagricultural service providers, and

the interested public arena. They should offer a communication forum, which will transfer knowledge, help
to detect and eradicate producti@lated, economic and environmental barriers and help to develop and
customise business models supporting establishment of improved, pooemted SRC production and
supply and valuechains between regional SRoducers and industriadonsumers.
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4.6.3 Activities and Result
4.6.3.1 The producer-consumer cooperation model

The industrial consumers of woody biomass are relying on a constant supply of large amounts of raw
material, having defined quality properties and a profitable {peiel. Typical consumers GRC material

are woodenergy plants, pellet plants, particle board manufacturing or the pulp industry. On the upstream end
of the value chain, the potential SRC producers (mostly farmers) need established and guaranteed markets
with pricelevels that allowa profitable SR@nanagement even under unfavorable site conditions.

In order to combine the requirements of both ends of the value chain, the pagj¢estedhe establishment

of co-operations between producers and consumers as preconditions to @velusiatles and constraints

for implementation of any SR@luec hai ns . The soperadtl ieaheasidgxpettadaty e o
improve theefficiency of SRGvaluechains. Production processes could be coordinated and adjusted
easily leading to cet reductions.

Furthermore, the coperations should serve as an attraction point for potential consumers, producers, forest
and agricultural service providers as well as the interested public. They should offer a communication forum,
which will transferknowledge, help to detect and eradicate produgetated, economic, institutional, social

and environmental barriers and help to develop and customize business concepts supporting establishment of
improved, producbriented SRC production and suppandvaluechains between regional SRZoducers

and industriatconsumers.

The establishment process of these pilobperations were guided and moderated by the project team.
Regular workshops and interviews were used to analyze the situation, and totwaimse@nd define
solutions.

Figure112: The 5 steps for the establishment of pilotogeerations

As shown in the above graph, the initialization process of the pilopeaation was structured along five
distinct steps. The activities as well as the results of each implementation level are presented in the following
chapters.
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