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Disclaimer of warranties

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement No 884208.

This document has been prepared by BioSFerA project partners as an account of work carried out within
the framework of the EC-GA contract no 884208.

Neither Project Coordinator, nor any signatory party of BioSFerA Project Consortium Agreement, nor any
person acting on behalf of any of them:

a. makes any warranty or representation whatsoever, express or implied,

i.  with respect to the use of any information, apparatus, method, process, or similar item
disclosed in this document, including merchantability and fitness for a particular purpose,
or

ii.  that such use does not infringe on or interfere with privately owned rights, including any
party's intellectual property, or

iii.  thatthis document is suitable to any particular user's circumstance; or
b. assumes responsibility for any damages or other liability whatsoever (including any consequential
damages, even if Project Coordinator or any representative of a signatory party of the BioSFerA
Project Consortium Agreement, has been advised of the possibility of such damages) resulting
from your selection or use of this document or any information, apparatus, method, process, or
similar item disclosed in this document.
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Abbreviations
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BEE Biomass Energy Europe
DFBG Dual Fluidized Bed Gasification
RED Renewable Energy Directive
NUTS Nomenclature of territorial units for statistics
TRL Technology Readiness Level
BtL Biomass to Liquid
EU European Union
EU28 European Union (28 member states)
WP Work Package
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Executive Summary

Within this document, the feedstock selection and characterization of the BioSFerA project takes place.
The feedstock selection was based on the fulfilment of three main prerequisites: availability/sustainability
i.e. capacities for large scale applications, favourable technical characteristics for good performance at the
integrated BioSFerA system and market competitiveness.

At first, an extended screening of biogenic residues around Europe was carried out and a general feedstock
placement in terms of capacities around Europe has been performed. Utilizing literature data as well as
taking advantage of the experience of the consortium in technical matters (e.g. gasification), but also
supply chains and logistics models for agro-biomass, the most important technical & market criteria have
been identified.

At least four (4) types of feedstock that comply with the overall requirements are selected and
characterized in terms of ultimate & proximate analysis and ash composition. The selected feedstock types
as well as additional reliable and already tested fuels that are attached also in the present document will
be the basis for the forthcoming bench scale gasification tests (Task 3.1), the development of sustainable
real-case scenarios (Task 2.4) and the full-process basic definition (Task 2.5).

The analyses certificates for the feedstock characterization are attached in the Annexes.
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1. Introduction

The objective of this deliverable is the extended screening of biogenic residues all around Europe and the
election of at least four types of feedstock as the most promising input for BioSFerA project in terms of
capacity, technical characteristics & market price. Fuel characterization for the selected types of feedstock
will be performed including proximate & ultimate analysis and ash composition. The selected feedstock
will be the basis for subsequent project activities such as the development of sustainable real-case
scenarios (D2.4), the bench scale gasification tests (D3.1) as well as the process basic definition (D2.5).

1.1. Biomass definition and types of biomass potentials

Biomass is defined as the biodegradable fraction of products, waste and residues of biological origin from
agriculture (including vegetal and animal substances), forestry and related industries, including fisheries
and the aquaculture, as well as the biodegradable fraction of industrial and municipal wastes. The main
constituents of plant biomass are cellulose, hemicellulose, lignin and proteins. Woody plants are typically
characterized as slowly growing species composed of tightly bound fibers, which gives hard external
surface while herbaceous plants are usually perennial species, composed of more loosely bound fibers.
This indicates that herbaceous plants have a lower percentage of lignin in their structure, which is
responsible for binding bounds cellulosic fibers. The higher ratio of cellulose and hemicellulose to lignin in
given biomass, the higher the gaseous product yields from potential gasification, and therefore, the
relative quantity of cellulose and lignin in plant material is one of the factors which determines the
suitability of plant species for being used as energy source. Biomass can be classified according to its origin,
nature or its energy application. Focused on its origin, biomass can be categorised into a) residual biomass,
b) produced biomass and c) biomass from agricultural surpluses [1], [2].

In general terms, the residual biomass is referred to any material that has been generated as a
consequence of a human or animal activity but has not generated any economic value in the context and
its energy use can turn a residue into a by-product. In this category, the agricultural biomass holds the
lions share and it is expectable since agriculture consists one of the most profitable economic activities in
the world. However, the residual forestry biomass concentrates vast amounts of residues around the world
which in align with the agricultural biomass represent the two main biomass resources around the world.
Among them, the agroforestry industry also produces residual biomass during its productive processes,
particularly those for olive oil extraction, wine making and wood processing [3],[4]. Moreover, wastes from
intensive livestock operations, from poultry farms, pig farms, cattle farms and slaughterhouses are also
considered as biomass residues. This potential derives during the raising of sheep, lambs and goats. Since
their wastes are scattered, they cannot be used for energy purposes such as large scale biofuel production.
For that reason, this deliverable is not dealing with the last category of residual biomass [5].

So far, several biomass potential studies have been carried out, in the frame of EU funding projects, in
order to improve the accuracy and comparability of future biomass resource assessments. Since the
approaches that were adopted were different, the results from these studies are difficult to be compared
and interpreted. The Biomass Energy Europe (BEE) project [6] was developed in response to this. It
provides a wide overview of state-of-the-art biomass resource assessments and it also proposes several
generic approaches, definitions, conversions and a classification of biomass feedstock types in order to
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improve the accuracy and comparability of future biomass resource assessments[7]. Following the same
pattern, other projects like the EuroPruning [8] focused on the categorisation of the pruning residues,
while the S2BIOM [9] approach added to the merely statistical methods for spatial disaggregation and
utilised data sources both from national and from subnational level.

Nevertheless, based on the BEE assessment five types of biomass potentials are commonly distinguished
and presented in Table 1.

Table 1. Types of biomass potentials according to BEE project [1],[10].

Theoretical
potential

Technical potential

Economic potential

Implementation
potential

Sustainable
implementation
potential

The overall maximum amount of terrestrial biomass which can be considered
theoretically available for bioenergy production within fundamental bio-physical
limits. In the case of biomass from crops and forests, the theoretical potential
represents the maximum productivity under theoretically optimal management
taking into account limitations that result from soil, temperature, solar radiation
and rainfall. In the case of residues and waste, the theoretical potentials equal
the total amount that is produced.

The fraction of the theoretical potential which is available under the regarded
techno-structural framework conditions with the current technological
possibilities (such as harvesting techniques, infrastructure and accessibility,
processing techniques). It also takes into account spatial confinements due to
other land uses (food, feed and fibre production) as well as ecological (e.g. nature
reserves) and possibly other non-technical constraints.

The share of the technical potential which meets criteria of economic profitability
within the given framework conditions.

The fraction of the economic potential that can be implemented within a certain
time frame and under concrete socio-political framework conditions, including
economic, institutional and social constraints and policy incentives. Studies that
focus on the feasibility or the economic, environmental or social impacts of
bioenergy policies are also included in this type.

The result of integrating environmental, economic and social sustainability
criteria in biomass resources assessment. This means that sustainability criteria
act like a filter on the theoretical, technical, economic and implementation
potentials leading in the end to a sustainable implementation potential.
Depending on the type of potential, sustainability criteria can be applied to
different extents.

From all the mentioned types of biomass potentials, the most common is the technical biomass potential
since it can cover a wider range of bio economy uses and this is the basic potential on which largely the
BioSFerA feedstock screening is based.
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1.2. BioSFerA and biogenic feedstock

Within BioSFerA concept, the thermochemical and subsequent biological treatment of biogenic residues
aims to yield drop-in liquid biofuels for aviation and maritime use. Thanks to the Dual Fluidized Bed
Gasification technology (DFBG) developed by VTT, the process can be driven feedstock-flexible using a
broad and variable portfolio of biogenic residues which may be lower quality carbon sources compared to
the sugar-, starch- and oil plants used for conventional liquid biofuels, but nevertheless do not come in
conflict with food production and tend to avoid land use restrictions. Using biogenic residues also has the
advantage of being in line with the EU’s biofuels policy documented in the RED Il [11] directive, mentioning
the promotion of residue based biofuels (or so-called advanced biofuels).

Therefore, BioSFerA feedstock screening and selection will refer to any biomass available for non-food use
which can be produced and harvested given state-of-the-art technologies and practices. Since the BioSFerA
project aims for demonstrating DFBG of biogenic residues and establish a feedstock-flexible technology,
the consortium is called to have always on mind the constraints regarding the market penetration and
scaling potential of the selected feedstock-to-end use chains. Feedstock supply chains [12] often represent
the lion’s share in bioenergy deployment costs and especially when also considering seasonal aspects for
feedstock sourcing and pricing, major obstacles regarding the economic feasibility and upscaling potential
may arise. The DFBG feedstock flexibility along with the higher durability of the BioSFerA biological part in
feedstock contaminants compared to conventional fuel synthesis units (e.g. Fischer-Tropsch), enables the
carry out of an extended feedstock screening that targets to sustainable and cost-effective supply chains.
A balance between the best performing feedstock and the highest market potential must be found and
direct initially the feedstock selection (Task 2.3) and subsequently the feasible implementation scenarios
(Task 2.4) development.

In the upcoming sections of this deliverable, a classification of possibly relevant biogenic residues and
biogenic carbon carriers is performed, their capacity around Europe is investigated with the aid of S2BIOM
toolset in a scalable way (area — country — specific region), and after combining their technical and market
specifications with the relative partners’ extensive experience, four basic types of biogenic feedstock are
selected and characterized. Moreover, some additional already tested types of feedstock are elected as
substitutes, able to secure high-quality gasification and strengthen supply chains based on co-gasification
potential. Samples from all selected feedstock types are characterized and compared against bibliographic
data in order their representativeness to be checked. The stoichiometric analysis & characterization of
selected feedstock has been carried out according to international solid fuels measurement standards.

At this point, it has to be mentioned that, within BioSFerA project, there was the intention to involve also
in the feedstock selection the biodegradable fraction of airports & ports derived wastes. This would not
only reduce the process feedstock cost but would also open up new possibilities in the immature and
disproportionate waste management system of these very ‘waste-productive’ fields. However, due to
COVID-19 outbreak, the access to these grounds proved impossible and therefore the wastes involvement
at this stage of the project was abandoned. An alternative approach based on simulated waste fraction
containing plastics and biogenic material, which resembles to airport/ship waste, will be re-investigated in
next stages (Task 3.1). Since this issue had not yet been concluded when this deliverable was submitted,
the analysis on biogenic wastes and composition was not performed. If needed, this will be added in
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deliverable ‘D2.4: Determination of the main input parameters for the case studies’, in which the basic
aspects of the examined scenarios will be presented in detail.

2. Feedstock screening and selection

2.1.Biomass categorization and potential capacities in Europe

An internationally accepted classification of feedstock types as well as their traded forms and raw materials
can be found in the I1ISO 17225-1:2014 standard on ‘solid biofuels — fuel specifications and classes’ [13].
This list represents the best starting-point for the discussion of woody-, herbaceous-, fruit- and aquatic
biomass. Taking into consideration this data and aligned with the S2BIOM project findings, a classification
of potentially BioSFerA suitable feedstock is set and a relevant list is generated.

Concerning the S2BIOM project and especially its platform [14], on which BioSFerA feedstock selection
remarkably relied on, aims to support the sustainable delivery of non-food biomass feedstock at local,
regional and pan European level through developing strategies and roadmaps that will be informed by a
‘computerized and easy to use’ toolset (and respective databases) with updated harmonized datasets at
local, regional, national and pan European level for EU28, Western Balkans, Moldova, Turkey and Ukraine.
These databases comprise the sustainable supply and cost of lignocellulosic biomass from forestry, actual
energy cropping, agricultural residues and secondary residues from wood and food industry as well as from
waste. Data are provided for 2012, 2020 and 2030 for several potentials including: the technical potential,
a base potential considering currently applied sustainability practices, and further potential levels that are
determined considering changing sustainability restrictions.

The NUTS classification (Nomenclature of territorial units for statistics)[15] is a hierarchical system for
dividing up the economic territory of the EU and the UK for the purpose of:

a) The collection, development and harmonisation of European regional statistics as well as,
b) Socio-economic analyses of the regions.

> NUTS 0/NUTS 1: major socio-economic regions

» NUTS 2: basic regions for the application of regional policies

» NUTS 3: small regions for specific diagnoses

Supply and cost data are provided on NUTS 3 level per single category and expressed in tonnes (dry matter
or as received). Based on this classification, a 3D illustration of which is shown in Figure 1, and depending
on the analysis level that is targeted each time for the final identification of the potential feedstock
capacities in Europe, a wide data gathering is achieved displaying all the needed information of the specific
feedstock types around Europe.
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Figure 1. NUTS 2016 classification [15].

The set up of the S2BIOM database was based on different methods and guidelines for the biomass
potential assessment as developed within the projects BEE, EUROPRUNING [8], EUWOOD [16], BIOMASS
POLICIES [17]. Following these guidelines S2BIOM project managed to categorize the available residual
biomass around Europe in forestry residues, secondary residues from wood industry, primary residues
from agriculture, secondary residues from agriculture, biomass from municipal waste and waste from

wood. A more detailed description of these categories (including their subcategories) is presented in Table
2.

Table 2. Overview of the potential categories and the potential types of residual biomass [10].

Logging residues from final fellings from

Logging residues from final fellings

&thinnings
Primary residues from forests §

Stumps from final fellings &
thinnings

Saw mill residues

Secondary residues from wood
industries

Other wood processing industry
residues

Secondary residues from pulp and
paper industry

Agricultural residues Straw/stubbles

conifer and nonconifer trees
Logging residues from thinnings from
conifer and nonconifer trees
Stumps from final fellings from conifer
and nonconifer trees
Sawdust (conifers/nonconifers)
Other residues (conifers/nonconifers)
Residues from industries producing
semi-finished wood based panels
Residues from further wood processing
Bark
Black liquor
Cereals straw
Maize stover
Sunflower straw
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Rice straw
Oil seed rape straw
Sugarbeet leaves
Residues from olive trees plantations
Residues from vineyards

W i h
oody pruning & orchards Residues from fruit tree plantations

residues . . .
Residues from citrus tree plantations
Residues from nuts plantations
Olive-stones
Secondary residues from . Rice husk
y By-products and residues from
Cereal bran

industry utilizing agricultural food and fruit processing industry
products Pressed grapes dregs

Other food processing residues
Biowaste separately and unseparately
collected
Hazardous and Non hazardous post
consumer wood

Municipal waste Biodegradable municipal waste

Waste from wood Post consumer wood

From the previous overview of residual biomass and according to EN standards, (European Standards for
solid biofuels like EN15234 and EN14961), it can be observed that the classification of solid biofuels is
based on the origin and source. Woody biomass includes trees, bushes, and shrubs while herbaceous
biomass includes plants that have non-woody stem and which die back at the end of the growing season.
Figure 2 summarizes gives an insight detail view of the woody biomass classification based on plantation,
by-products and final used wood [18].

FOREST, PLANTATION AND OTHER | BY-PRODUCTS AND RESIDUES USED WOOD
VIRGIN WOOD FROM WOOD PROCESSING INDUSTRY
CONSUMERS OF WOOD
F FOREST MOUSTRY 4 ANDPAPER PRODUCTS —
Wood and —
Raw * s P, ww»«o«m :
%‘:I:ML Timber or pulp wood for forest industry ~ Mechanical wuod Pulp and paper sorting h
processing industry industry Used i
2% i .L Chem\caliy unlma.nd Iry pas:g Rp‘;“:::;d
hemical
L N
‘ SOLID INDUSTRIAL LiQuip Bw':mg ¢ wasdveor i
PLANTATION WOOO RESIDUES AND INDUSTRIAL e LS @
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Uni Green chips chemically untreated wood recytiable
. Chips o
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@& o s 4| S5 B>
Regeneration — Other Saw- Cutter  Grinding Rark —— ‘
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Stumps g : 'DIS wood fuels =3 Chemical treatment
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i Hog fusl Pt
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Figure 2. Woody biomass classification [18].
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Based on the categorization developed in Table 2, BioSFerA project targets to determine the most
appropriate feedstock, able to cover the project needs but mainly to support the technology upscaling
from the technical as well as the financial point of view. The predictive potential of biogenic residues in
Europe, indicates that there is suitable ground in terms of capacity in order sustainable supply chains to
be built and efficient full-scale gasification plants that could potentially benefit from. (Figure 3)

) - F i - ‘1

5 . = N . .
2030-Biodegradable municipal waste — 2030—Priméry residues from forests — 2030 - Agricultural residues — Woody
Biowaste separately collected Logging residues from final fellings & pruning & orchards residues — vineyards

thinnings - conifer trees

Figure 3. 2030 technical potential energy value- area weighted [19],[10].

Taking advantage of the wide consortium scattering around Europe as well as their experience on supply
chains and logistics models for agro-biomass and waste, a preliminary feedstock placement around Europe
was carried out and presented in Table 3.

Table 3.Potential feedstock relied on the experience of the consortium.

North Finland Forestry residues VTT/SFW
Agricultural residues (olive tree,
South-East Greece fruit tree, vineyard), Biowastes CERTH/NTUA

(ports/airports)
Agricultural residues (olive tree,

South-West Spain . CARTIF/CSIC
straw, vineyard)
Bi tes, Agricultural resid
South-Middle Italy lowastes, Agricuitural resiaues RINA-C/ENVIPA
(olive tree, straw, vineyard)
Belgium- Biowastes (ports/airports),
Central Netherlands Agricultural residues (vineyard) KPRT/BBEPP

A more focused screening for the specific countries and the relative feedstock has been performed and
the results are presented in Table 4. It should be mentioned, that for the specific screening the
administrative level of analysis was the NUTS 0 level (which corresponds to the national level for a
statistical analysis). In this step of the orientation of the potential feedstock types, an analysis at national
level is expected to navigate the feedstock selection in terms of capacity and sustainability.

At first glance, the initial estimates concerning feedstock types and capacities around Europe (Table 3)
seem to be confirmed. As seen in Table 4, all of the Mediterranean countries present very high
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concentrations of agricultural residual biomass, while Nordic countries and especially Finland exhibit high
numbers of forestry residues.

Table 4.Results from the first screening of the specific feedstock types around Europe [14].

Administrative level: NUTS 0

Agricultural residues Weight: Absolute (kton dm)
Woody pruning & orchards residues
Residues from vineyards 617 737 93 0
Residues from olive tree plantations 2955 1334 1165 0
Residues from citrus tree plantations 565 220 73 0
Residues from fruit tree plantations 738 470 211 5
Straw/Stubbles

Cereal straw 14210 6448 2021 3279
Maize stover 1666 5692 1227 0
Sunflower straw 1932 435 208 0
Rice straw 867 1556 255 0
Oil seed rape straw 139 11 0 100
By-products & residues from food and fruit processing industry
Olive stones 633 327 182 0
Rice husk 191 297 51 0
Cereal bran 2852 1838 394 519

Primary residues from forests
Logging residues from final fellings &thinnings

Logging residues from final fellings from nonconifer trees 859 2261 156 774

Logging residues from thinnings from nonconifer trees 312 534 155 705

Logging residues from final fellings from conifer trees 1801 356 197 5629

Logging residues from thinnings from conifer trees 1248 432 197 3454
Stumps from final fellings & thinnings

Stumps from final fellings from nonconifer trees 1339 3444 0 1070

Stumps from final fellings from conifer trees 2655 463 131 7274

Primary production from lignocellulosic biomass crops
Short rotation coppice
SRC Willow 272 1024 0 0
Municipal waste
Biodegradable municipal waste
Biowaste unseperately collected 7599 | 4772 1781 612
Biowaste seperately collected 1900 @ 7159 198 408

In particular, the Mediterranean countries, always in respect of their size, present accumulations of both
olive tree prunings and olive stones. A fact quite expectable, since Spain, Italy and Greece consist the top
three olive producers in the world. Furthermore, these countries also specialized in the wine sector and
this is the reason why the residues from vineyards come up with high numbers. Finally, the Mediterranean
countries show particular fertility in the long season cultivations especially in wheat, barley, oats, rye and
maize. One of the main reasons is the microclimate that prevails in these areas and ultimately creates
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these vast amounts of cereal straw (along with the cereal bran which in essence is a basic by-product of
the food and fruit processing industry).

Regarding Finland, the highest quantities of residual biomass are found on the logging residues (final
fellings & thinnings) from conifer trees. Countries of Scandinavia and the Nordic Region are offered ideally
for forest valorization. Forestry residues as well as residues from the wider wood industry (e.g. sawdust)
are sourced in a potentially sustainable way. On the other hand, the grain sector for Finland is not as
competitive as it is for the Mediterranean countries. The productivity of agricultural land differs somewhat
from European growing conditions due to Finland’s northerly location. Moreover, the productivity of
agricultural land is weaker and the growing season is clearly shorter.

2.2. Criteria for feedstock selection

Selection criteria have been discussed within the consortium, considering on the one hand the technical
requirements that would ensure smooth and efficient process all along the value chain, and on the other
hand the market requirements that would pave the way for a higher TRL towards commercialization.

2.2.1. Technical assessment

The biomass feedstock has physical and compositional differences: heating value, moisture, ash content,
bulk density or chemical composition. For example, low ash and moisture feedstock contents mean higher
heating values and are subsequently preferred from the technical point of view since they lead to higher
process efficiencies. With high biomass moisture content, the overall calorific value of the produced gas
decreases due to the energy required to evaporate the additional water before combustion and
gasification takes place. Biomass should be preheated or dried up to moisture content between 10-20% or
lower, before it enters the gasifier. Circulating and bubbling fluidized bed reactor types both work
optimally within the moisture range of 10-15%, even if they are functional also in higher water
concentrations [20].

Moreover, particle size distribution and bulk densities should be considered, especially when talking about
gasifier feeding system and its fluidized conditions. Smaller particle sizes exhibit higher total gas yields,
lower char/ tar yields and more homogeneous product composition in overall. Furthermore, feedstock
with smaller particles have higher porosity and larger specific surface area, which results in higher chemical
reaction rates [21]. In general, the feedstock physical properties, like moisture content and bulk density,
can be improved by means of pretreatment (i.e. drying, chopping, chipping, pelleting, etc.), since these
kinds of processes don’t affect chemical composition. In BioSFerA project, it will be attempted the
feedstock preparation in a form that is already appropriate to be gasified in the piloting tests (e.g. pellets)
and to produce reliable and reproducible gasification results. Preprocessing is required to avoid feeding
problems in the bench- and pilot scale tests. Preprocessing requirements are lower in a commercial scale
unit, and therefore the costs related to pelletizing can be avoided.

Another crucial issue concerning the technical feedstock characteristics, is its inorganic content [22], [23].
Many of the problems in thermochemical processes are related to its quantity and behavior. The
compositional differences in the inorganic matter influence destiny of elements in the gasification process
and also the behavior of the produced ashes. A high concentration of alkali metals (Na, K) leads to a low
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melting/sintering point of ash. The sintered ash limits the maximum gasification temperature and taking
into consideration that in low gasification temperatures excessive tar formation can be observed, it can be
realized that melted ash and ash handling in general can be proved a critical problem. The ash fusion
temperature gives an indication of the extent of ash agglomeration and clinkering within the gasifier.
Therefore, the selected fuels for the gasification process should preferably have low ash content and more
specifically, below 5%. Low gasification temperature also leads into formation of larger amounts of inert
char. In the DFBG process this changes the energy balance between the two reactors as more combustible
char is fed into the oxidizing reactor.

Other parameters that should be taken into attention are the sulfur, nitrogen and chlorine feedstock
content. Sulfur content must be considered as a key element, not only because of its interactions with
other elements in the gasifier bed, but also by its H2S-release to the product gas, which is a highly toxic
gas. On the other hand, the microbes involved in the biological part of the BioSFerA project are assumed
to be tolerable towards sulfur compounds, meaning that feedstock with relative high sulfur content (e.g.
sunflower husk) which would be avoided from other catalytic-based BtL technologies, will not be excluded.
Nitrogen also could be useful for the microbes in certain forms, but potential HCN production would
demand special treatment. All these parameters will be better clarified within WP3 activities, where bench
scale tests, concerning gasification but also the gas fermentation integration, will take place.

Table 5. Main technical parameters for biogenic feedstock

Heating value
Moisture content
Elemental composition (gasification behavior)
Ash content & composition (e.g. alkali metals)
Sulfur, Chlorine, Nitrogen content
Bulk density & particle size distribution

2.2.2. Market assessment

Wood-based fuels represent a main source of bioenergy. Major share of wood fuels is derived from the
by-products of the forest industry, including black liquor derived from the pulp-making process as well as
bark, sawdust and other industrial wood residues. VTT has estimated that in 2020, the availability of forest
biomass residues in terms of cost and market placement will be divided as follows [24]:

e logging residues from final felling based on cost level 11-14 €/MWh

e stumps and roots based on cost level 14-18 €/MWh

e forest wood from young stands and first thinning based on cost level 18-25 €/MWh
e sawdust lies on the range of 16-18 €/MWh

In the forestry sector, residue bark from coniferous species, like spruce and pine, is considered as the most
promising source, while in the agricultural sector wheat straw leads the potential and maybe represents
the most important lignocellulose residue in EU [25]. The costs of straw collection at field is estimated to
be in the range of 30-50 €/ton dry matter corresponding to 10-15 €/MWh. However, the costs of storage
and transportation may very easily overcharge and significantly burden the reported prices. The power
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plants which have used straw are generally able to pay a lower price than for wood feedstock (< 20
€/MWh).

Concerning the raw biomass processing, pelletizing is the most widely used process for the production of
high density, solid energy carriers from biomass. Wood pellets are usually made from by-products of the
forest industry, mostly produced from sawdust and wood shavings compressed under high pressure using
no glue or other additives. They are a woody biofuel shaped in a cylindrical form with length, typically 3.15
to 40 mm, with a diameter of about 6 or 8 mm, and broken ends. The main advantages of the biomass
pellets, compared to the raw biomass, are their higher energy density, homogeneous quality, improved
storage properties and better applicability for different uses like gasification. A typical energy content is
16.5 MJ/kg with a mass density of 650 kg/m3. The production costs of wood pellets depend on the
feedstock source and on the requirements of drying but can be estimated to vary in the range of 20-40
€/MWh [26].

The global wood pellet production for 2018 is estimated around 50 million tons. USA is the largest producer
(12 million tns), followed by Canada (4 million) while within the EU28, that has the lion’s share in global
pellet production (30%), Germany (3.8 million) and Sweden (2.3 million) are the main sources [27].
Regarding China, the production seems to expand rapidly, but considering the size of the country and the
fact that is a country of mainly small producers, it is very complicated to obtain accurate statistics.
Concerning the consumption (industrial, commercial & residential), the EU28 remains by far the largest
consumer in the world, presenting a 2 million tones growth in pellets utilization with the industrial use of
pellets being led by the UK. The residential and commercial use of pellets is led by Denmark, with the
country possessing the highest rate of pellet consumption per inhabitant mainly through district heating.
EU pellet imports being sourced mostly from the US and Canada, as well as from bordering European
countries (mainly Russia).

Moreover, wood chips can be used for energy purposes. They can be either sourced from recovered/waste
wood or from harvesting residues such as branches, tops, thinning or other inferior wood not suitable for
material or pulp and paper production. Although typical energy content and density (12.5 MJ/kg & 220
kg/m3) are lower than for wood pellets, international trade is still feasible especially for shorter trade
distances. For markets in Germany or Scandinavian countries like Sweden and Denmark, the main sourcing
areas are Baltic states and Russia. On the other hand, Italy imports from Balkan countries as well as Spain
and France [28].

Table 6. Main market parameters for biogenic feedstock

Availability & sustainable sourcing
Transport costs, storability and storage costs
Seasonality impact
Pre-treatment requirements
Compatibility with the Energy Policies (e.g. RED Il)

Finally, it can be concluded that the technical standards which permit co-processing and blending of the
mentioned biogenic residues as well as biogenic wastes fraction, will not only enhance the sustainability
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of the existing supply chains among Europe but will also create new ones, and subsequently lower the
reported feedstock prices by offering suitable for processing feedstock blends, more competitive in the
energy market. Feedstock-flexible plants, supported by stable supply chains can encounter seasonality
issues and highly reduce the corresponding logistics related costs (i.e. transport & storage costs).

2.3. Final feedstock types selection

Based on the first screening of the specific feedstock types around Europe in terms of capacities (Table 4),
and taking into consideration the desired technical & market criteria, as developed in section 2.2, an
attempt has been made to involve the most promising types of feedstock from each residual biomass
category (forestry residues, agricultural residues, municipal wastes) and from various European regions.
Aim of this strategy is on the one hand to involve the widest possible spectrum of biogenic residues, and
on the other hand, to maximize the territorial impact of the study by handling different feedstock and
supply chains all around Europe (Figure 4). In particular, they have been selected:

e Olive and vineyard prunings from Greece & Spain respectively

e Cereal straw from Italy

e Logging residues from final fellings & thinnings/ wood residues from Finland
e Airports & ports biogenic wastes all around Europe

Biogenic waste

.,
'BioSFerA

Biofuel for biotravels

Figure 4. The wide spectrum of BioSFerA feedstock selection

The elected types of feedstock are available in large quantities around Europe and their average technical
& market specifications, as obtained from literature and previous relative projects, meet the aimed
requirements. Moreover, some of the elected fuels, such us pellets from olive prunings, as well as their
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potential blendings are quite innovative feedstock with limited gasification applications. Concerning
municipal wastes, as also mentioned in section 1.2, airports & ports derived wastes are the targeted
BioSFerA feedstock, but COVID-19 outbreak made this choice difficult. An alternative approach, involving
simulated waste fraction to represent the airport/port wastes is on discussion, and the implementation of
it may be followed in the first experimental stages of the project (Task 3.1).

2.3.1. Prunings

The focus for estimating the biomass potential from permanent crops will be on the pruning material and
not on the trees and stumps that can be removed at the end of a plantation lifetime. Pruning is part of
normal practice to enhance and maintain the production of the main fruit and is therefore a cyclical activity
delivering a stable amount of biomass every year. Permanent crops in Europe are usually arranged in
classes: olive, vineyard, fruits, citrus, nuts (dry fruits) and others. However, some countries are specialized
in the production of fruits, olives and grapes, mostly in the Mediterranean area and mild climatic areas.
Among the larger producers of permanent crops products, in Spain, Italy and Greece olive and vineyard
are the most prevailing crops, offering a greater sustainability potential in comparison with the other
permanent crops. Based on the above mentioned points and on the available literature data [29]
regarding their quality characteristics, it was chosen to focus the BioSFerA research on olive and
vineyard prunings. Indicatively it is referred that the low heating value of the olive tree prunings can range
between 14-17 MJ/kg (d.b.), with a moisture content around 18% a.r. and ash content around 4% d.b.,
while the low heating value for the vineyard pruning can range between 12-18 MJ/kg (d.b.), with a
moisture content around 17% a.r. and ash content around 3% on a dry basis [30]. Moreover, according to
previous results from European projects, like the uP_running [31] and AGROInLOG [32], the prunings from
these two permanent crops hold another notable advantage compared to the most of fruit tree prunings,
which lies on the fact they do not present high concentrations of sulfur and other metals that can put in
danger the steady process operation.

Trying to choose the best case scenario for these two types of prunings, and relied on Figure 5 and Figure
6 which are extracted from the S2BIOM platform , it was decided to examine the olive tree prunings for
the case of Greece and respectively vineyards for the case of Spain. Greece is selected for the olive tree
prunings since the olive oil sector is amongst the leaders of the Greek agricultural economy and therefore
exhibits mature transport & storage facilities, while vineyards for the case of Spain because there is already
an existing profitable value chain which utilizes vineyards prunings in order to produce both pellets and
energy. For this reason, it was elected preferably Spain in order to focus on vineyards and not Italy. Finally,
it should be highlighted the possibility of blending (e.g. vineyards and olive tree prunings), which will
remarkably facilitate the concept flexibility and create more sustainable supply chain systems.
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Figure 5. General illustration of the residual biomass potential from the olive tree plantations for NUTSO
administrative level around Europe [14].
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Figure 6. General illustration of the residual biomass potential from the vineyards for NUTSO administrative level
around Europe [14].

2.3.2. Straw

Relied on the results presented in Table 4 and Figure 7,extracted again from the S2BIOM platform, and
after taking into account that Italian cereal cultivation plays a significant role as one of the driving sectors
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of the national economy, it was decided to focus on cereal straw for the case of Italy [33]. This decision
was taken based on the fact that there is a remarkable experience from ltalian partners that CERTH was
collaborated in past projects, concerning the design and the implementation of a feasible value chain
based on the cereal straw.

Wheat, barley, oat and rye are the most popular cereal crops that are cultivated in over 100 countries in
the world. Straw is a term used for all harvestable residues after wheat and barley grain have been
collected by grain harvesting, and includes major parts of the stem and leaves. For off-field utilization,
straw is collected in packs or bales, which are produced by self-propelled baling machines. If straw is
not collected but left in the field, it can be ploughed into the field orleft as a mulch layer that covers
the top soil [34]. Currently cereal straw are used as feedstuff, as fertilizer, in the pulp and paper industry,
for production of nano-materials and for production of biofuels. One of the main reasons that cereal straw
presents a wide range of uses is its physical, chemical and thermochemical properties. Based mainly on
literature surveys [35] it is observed that a typical moisture content for the cereal straws varied from 10-
17%, while the ash content varied from 1.6-4.5 % and the low heating value varied from 17- 20 MJ/kg
(d.b.). At the same wavelength is also the sunflower husk which in pellet form is quite competitive with
the pellet from the cereal straw. This is an option that will not be excluded from the BioSFerA study since
it will be quite interesting to monitor the behavior of such a mixture in the case that sunflower can support
sustainable real case scenarios, as they will be developed within Task 2.4. Sunflower derived residues can
be found in decent quantities especially in Ukraine, while France is following [36].

Figure 7. Distribution of cereal straw for NUTSO administrative level around Europe [14].
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2.3.3. Logging residues from final fellings & thinnings/wood residues from conifer
trees

Concerning the logging residues from final fellings and thinnings from conifer tress, Finland was selected
to represent the countries from North Europe and to cover this residual biomass category, since it is quite
clear from Figure 8 & Figure 9 as well as from Table 4, that the largest amount of forestry potential is
concentrated in Nordic countries.

In Finland, forests are a natural and abundant source of bioenergy, from which vast amounts of wood-
based fuels are produced annually either as primary residues derived from silvicultural and harvesting
operations or as by-products of the forest industry [24], [37].

Logging residues represent a share of 16% of the final Finland’s wood-based fuels that are used for energy
generation. Logging residues consist of tree tops, branches, needles/leaves, unmerchantable stem wood,
belong to the first category of the primary produced residues which appear to be an attractive fuel source.
A typical composition of logging residue is ash content around 1.5-3 % (d.b.), a moisture content around
11.3% and a low heating value at 19.6 MJ/kg on a dry basis.

However, there is a major share of wood fuels (64 %), including bark, sawdust and other industrial wood
residues that can be further pressed into wood pellets. Wood waste is mostly the result of wood processing
industries like sawmills, plywood, panels, and other wood products supplies, which may generate
significant amount of by-product. Indicatively, wood bark is generated as a by-product of the wood
processing industry originates from softwoods and is usually used to fuel boilers in forestry plants for
heating stations. While, sawdust is generated during the production processes of timber sawmills and used
for the final production of wood pellets. Unfortunately, it is quite difficult to estimate the annual
production of the above-mentioned by-products. However, according to statistics in 2017, the volume of
such by-products was 11.7 million m3in total, 7,7 million m? of which was bark and the rest were sawdust
(2.8 million m3) and industrial chips (1.2 million m3) [24], [38],[39]

Nevertheless, logging residues from conifer trees (including their further secondary residues like bark and
sawdust) in pellet forms were not selected only for their physical, chemical and thermochemical
properties. Apart from their qualitative characteristics, it is considered feasible to develop a real case
scenario based on forestry residues since previous studies in Finland focused successfully on the logistics
and the development of a profitable value chain based on the annual residual biomass.
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Figure 9.Logging residues from thinnings from conifer trees for NUTSO administrative level [14].
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3. Selected feedstock characterization & stoichiometric
analysis

Biomass feedstock depending on their origin present differences as regards their moisture and ash
content, low and high heating value, bulk densities and their chemical (elemental and mineral)
composition. To identify these differences and to check their representativeness, different measurement
standards are used internationally during the stoichiometric analysis of a fuel. These reference standards
are presented in Table 7.

Table 7. Reference standard for the characterisation test.

Test Reference Standard

Ash Content UNE-EN ISO 18122
Elemental Analysis (CHN) UNE-EN ISO 16948
Calorific Value 1ISO/DIS 18125

Sulphur and Chlorine content UNE-EN ISO 16994
Ash Composition- Major elements (Al, Ca, Fe, Mg, K, Si and Na) UNE-EN ISO 16967
Ash Composition- Minor elements (Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn)) UNE-EN ISO 16968

For the needs of BioSFerA project, four different tests were carried out by CERTH depending on the
previous types of the final feedstock selection. Specifically, two different samples of olive tree prunings
from the wide region of Greece were collected and sent for further characterization, along with one sample
from vineyard prunings and one from cereal straw derived directly from Spain and Italy respectively (Figure
10). Moreover, the results from previous tests on crushed bark pellets, performed by VTT have been
attached in order to finalize the characterization of the main BioSFerA feedstock selection.

Olive prunings (Southern
Greece)

Bark (Finland)

Figure 10. The fuels that have been selected for the needs of BioSFerA project.
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A series of analyses were carried out for the characterization based on the above-mentioned reference
standards, in order to determine the material properties and evaluate its potential use in gasification
processes. All of them are characterized for their calorific, ash and moisture content as well as for its
carbon, oxygen, hydrogen, nitrogen and sulfur concentration by means of proximate and ultimate analysis.
Moreover, the major as well as the minor elements are also determined and presented.

As it has already been mentioned, within BioSFerA concept it will be attempted the feedstock preparation
in a form that is appropriate (i.e. pellets) to avoid feeding problems in the bench- and pilot scale tests.
Therefore, the moisture content, that is measured from the samples of the selected feedstock within this
deliverable, is not representative for the feedstock that it will be used within lab and pilot activities (i.e.
pellets with low moisture content) and for this reason is not attached in Table 8, but only in the annexes.

In Table 8, the results from the proximate and ultimate analysis of all the above-mentioned fuels are
presented. In addition, the results of crushed bark pellet that have been performed by VTT partners in the
framework of previous studies are also presented. All samples exhibit similar composition. The main
differences between the samples lie in the ash percentage, the nitrogen content and the heating value.
From all the tested samples, crushed bark pellets present the highest calorific value, while olive prunings
the highest ash content.

Table 8. Proximate analysis, Ultimate analysis and Calorific value - Olive and vineyard prunings, cereal straw and
crushed bark pellet (d.b.: dry basis, N.D.: Not Detected)

Parameter Units Measured values Given values

Ash % (d.b.) 4.20 5.00 3.70 4.50 3.70

c % (d.b.) 49.05 50.03 48.47 47.51 51.50

H % (d.b.) 7.78 6.97 5.99 7.39 5.80

N % (d.b.) 0.36 1.21 0.84 0.10 0.30

0 % (d.b.) 38.55 36.71 40.92 40.44 38.64

s % (d.b.) 0.06 0.08 0.08 0.06 0.06

c % (d.b.) N.D. 0.20 0.07 0.08 N.D.

Highteating | Ml/ke 19.42 20.46 18.99 18.08 20.69
alue (d.b.)

Low Heating Mi/Ke 17.74 18.95 17.69 16.48 19.42
alue (d.b.)

Besides the five fuels that have been tested and their results are presented above, the results from three
additional fuels that have already been tested and can potentially be involved in the bench scale tests of
Task 3.1 are presented in Table 9. In particular, the analyses for forest residues, crushed straw pellet as
well as clean wood pellets (sawdust) are attached. At first glance, the remarkably high ash content of
crushed straw pellets should be mentioned compared to the impressively low ash content of sawdust
pellets which seems to be a really ‘clean’ fuel and a notable option.
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Forest residue

Crushed straw pellet

Clean wood pellets (sawdust)

Table 9. Proximate analysis, Ultimate analysis and Calorific value — Forest residue and Crushed straw pellet all from
Finland (d.b.: dry basis, N.D.: Not Detected)

Sample (Finland) (Finland) (Finland)
Parameter Units Given values from past measurements
Ash % (d.b.) 2.60 6.30 0.50
C % (d.b.) 52.20 43.60 50.70
H % (d.b.) 5.70 5.60 5.90
N % (d.b.) 0.50 0.80 0.10
(0] % (d.b.) 38.96 43.59 42.80
S % (d.b.) 0.04 0.11 N.D.
CL % (d.b.) N.D. N.D. N.D.
High Heating  \, /e (d.b.) 20.80 18.50 20.29
Value
L°“‘(/:'I‘:‘a:'"g MJ/Kg (d.b.) 19.64 17.32 19.00

Table 10 and Table 11 display the results from the determination of major and minor elements
respectively. In Table 10, the major elements are shown for the five main samples while Table 11 presents
the minor elements. Concerning the major elements, CaO (calcium oxide) and K,O (potassium oxide) are
the dominant elements for all the samples, while in crushed bark pellets and cereal straw remarkable
concentrations of SiO; (silicon dioxide) are observed.

Table 10. Major elements as oxides - Olive and vineyard prunings, cereal straw, crushed bark pellet (d.b.: dry basis)

Sample

(Southern

Olive prunings Olive prunings  Vineyard prunings Cereal straw = Crushed bark pellet
(Central Greece) (Spain) (1taly) (GLIEL))

Greece)

Oxide (% ash d.b.) Measured
SiO2 4.41 5.03 3.41 13.73 28.00
Fe:0s 1.04 0.84 0.71 0.55 4.00
Al203 1.02 0.70 0.73 0.55 8.00
Ca0 29.37 31.08 30.17 13.20 28.00
MgO 6.36 7.22 9.55 2.71 4.00
Na.0 1.45 0.67 0.54 1.13 2.00
K20 22.11 19.05 26.86 31.23 6.00

Concerning the minor elements, it should be noticed the considerably high concentration of copper (Cu)
in both samples of the olive tree prunings, as well as remarkable concentrations of manganese (Mn) and
Zinc (Zn). This can be explained by considering the fertilizers and the agricultural practices that most of the
farmers follow.
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Table 11. Minor elements - Olive and vineyard prunings, cereal straw (d.b.: dry basis, N.D.: Not Detected)

Compound (mg/kg d.b.) Measured values

Cadmium (Cd) 0.01 N.D.
Cobalt (Co) 0.36 0.34
Chromium (Cr) 0.88 0.76
Copper (Cu) 39.90 17.69
Manganese (Mn) 21.75 30.35
Nickel (Ni) 0.34 0.55

Lead (Pb) 0.53 0.18
Zinc (Zn) 34.18 19.14

N.D.
0.24
0.22
4.96
23.94
0.22
0.04
22.48

0.04
0.12
0.92
4.62
41.10
0.39
0.15
27.68

In general, olive prunings, vineyard prunings and cereal straw have high potassium (K) content. High
potassium content easily leads to low sintering point of the ashes. Low sintering point requires that the
gasification temperature is decreased, and because of this, more solid and unreactive char is formed in the

gasifier.

If these high potassium types of feedstock are used in the Dual Fluidized Bed Gasifier (DFBG) process, more
solid char and tars are expected to be generated. The char is fed into the oxidizing reactor where high
temperature heat is produced and transferred into the hot circulating sand between the two sand beds.
As more char is combusted with these high potassium feedstock types, the energy balance in the process
changes. This have an influence especially in the process modelling part in WP6 and in piloting tests in
WPA4. In the initially planned system, more oxygen is also needed in the reforming part, because more tars

need to be reformed.
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4. Conclusions

Within this deliverable, the BioSFerA feedstock selection & characterization has been performed. An
attempt has been made to involve the most promising types of feedstock from each residual biomass
category (forestry residues, agricultural residues, municipal wastes) and from various European regions.
Aim of this strategy was on the one hand to involve the widest possible spectrum of biogenic residues, and
on the other hand, to maximize the territorial impact of the study by handling different feedstock and
supply chains all around Europe.

The three main axes on which the feedstock selection was largely based were the availability (capacities),
the technical requirements & the market specifications. An extended screening of biogenic residues
capacities around Europe took place, utilizing the S2BIOM database and a general feedstock placement
around Europe was performed. Utilizing literature data as well as taking advantage of the experience of
the consortium in technical matters (e.g. gasification), but also supply chains and logistics models for agro-
biomass, the most important technical & market criteria have been identified. After taking into
consideration the alignment with the three selected indicators (i.e. capacity, market competitiveness,
technical performance), the following types of feedstock were selected to get the BioSFerA project
underway:

e Olive and vineyard prunings from Greece & Spain respectively

e Cereal straw from ltaly

e Logging residues from final fellings & thinnings/ clean wood residues from Finland
e Airports & ports biogenic wastes from all around Europe

Olive tree/ vineyards pruning, straw

2y 5 8
2 & )
3 3 x 5 § \
= 8 w 2
2= = < ydn
Bark ( J
biogenic *
resid ues Port/airport wastes
BioSFerA
feedstock
— inventory
—

biogenic
wastes

Figure 11. BioSFerA contribution to biogenic residues valorization from different categories

Samples for Greek olive prunings, Spanish vine prunings as well as Italian straw have been secured and
sent to CERTH facilities for the fuel characterization that includes ultimate & proximate analysis and ash
composition. The corresponding characterization of wood residues (e.g. bark & sawdust) as well as forestry
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residues was provided by VTT. Concerning airports & ports biogenic wastes, due to COVID-19 outbreak,
the access to these grounds proved impossible and therefore the wastes involvement at this stage of the
project was abandoned. An alternative approach based on simulated waste fraction containing plastics
and biogenic material, which resembles to airport/ship waste, will be re-investigated in the forthcoming
Tasks.

The selected feedstock types, as they emerged from the present document, will be the basis for the bench
scale gasification tests (Task 3.1), the development of sustainable real-case scenarios (Task 2.4) as well as
the process basic definition (Task 2.5). Finally, it has to be mentioned, that in BioSFerA project it will be
attempted the feedstock preparation in pellets form in order to avoid feeding problems in the bench- and
pilot- scale tests. Preprocessing requirements in a potential commercial scale would be significantly lower
and the preprocessing costs as well.
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(1]
CFERI Fossil Foels Technology Laboratory
! ‘E E— AMNALYSES CERTIFICATE
Certificate Numberiﬁs Drate of Issue: 03/08/2020 Page 1 from 4
Wame of Customer: GAVIDOU VASILIKIT
Adddress of Customer: AIGIALIAS 52, MAROUSI, ATTIKI, 151 25 - MAROUSI
Date of sample: 2000772020
TABLE OF CONTENTS
1. APPICATION FORM — ANALYSIS SAMPLES — TESTS
2. RESILTS

3. COMMENTS - CONCLUSIONS

1. APPICATION FORM — ANALYSIS SAMPLES

L1 NUMBER OF APPLICATION FORM: 743

1.2 RECEFTION DATE OF SAMPLES & APPLICATION FORM: 20007/2020

1.3 METHODS OF SAMPLING: Sampling was not carried out by the laboratory, but it was
caried out by the customer and the method suitability is an exclusive responsibility of the
cusiomer.

14 SAMPLES DESCRIPTION: 1 SAMPLE OF BIOMASS — (Straw of cercals_Ttaly)

1.5 CODE OF SAMPLES: B20200T20BIOSFERA

L6  SAMPLES CONDITION: GOOD

1.7 TESTS: In the above sample (20007/2020) the following tests were carried out:

A) Sample Preparation of Biomass - [S0 14780 - Solid biofuels - Sample Preparation (TO_21)
- KAPOUSIDIS P.

B) Determination of Total Moisture of Biomass - 180 18134-1 - Solid biofuels -Determination
of maisture content - Oven dry method - Part 1: Total meisture - Reference method (TO_16) -

KAPOUSIDIS P.
*  Tha hak Fishay tis by of tha Analyees Sdde 1o B Specific submitfed sirplan. Tha repcvisd s 578 rellive (@ Giees simples oaly and
m doas Aol e o By itk I ¥
- mmmmhm“muwﬂmm weittan approvel of e Labara oy
E 5.10.01-273 Feesil Fusle Technology Laboratary BA. & 510,00
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CPERI Fossil Fuels Technology Laboratory
e - ANALYSES CERTIFICATE
Certificate Number: 65 Date of Issue: 03082020 Page 2 from 4

C) Proximate Analysis of Biomass (Moisture - Ash) - IS0 18134-3 - Solid biofusls -
Determination of moisture content - Oven dry method - Part 3: Moisture in general analysis
sample & 180 18122 - Solid biofuels - Determination of ash ecomtent (TO 02) -
EVANGELOPOULOU A,

D} Determination of Total Content of Carbon, Hydrogen and Nitrogen of Biomass - [S0 16948
- Solid biofuels - Determination of total content of carben, hydrogen and nitragen (TO_15) -
EVANGELOPOULOT A.

E} Determination of Sulfur and Chlorine of Biomass - IS0 16994 - Solid biofusls -
Determination of total content of sulfur and chloring & ASTM D 516 - Standard Test Method
for Sulfate lon in Water (TO_07) - KONTODIMOS L

F} Determination of Calorific Value of Biomass - TSO/DIS 18125 - Solid biofoels -
Deetermination of calorific value (TO 05) - DALLAS P,

() Determination of Bulk Dengity of Biomass - IS0 17828 - Solid Biofuels - Determination of
bulk density - KAPOUSIDIS P,

L8 Dateof analyses: 20007/2020, 22/07/2020, 23/07/2020, 24/07/2020, 27/07/2020
19 Preparation of samples: Sample preparation is described in the relevant technical directive,

110 Maisture determination: Total moisture of the sample is determined in air atmosphere, while
the inherent moisture 15 mitrogen-atmosphere determined,

2. RESULTS

The results are listed below.

COM — MNCL
Quality Supervisor Technical Supervisor
E. Karlopoulos . Amarantos —

e B z/ o
hl-l\l ,%x -l
) -

,«6 i L

e = A LA

- ﬂilﬁ-h;hi-mwgfﬁml--d;rhmwm The rapantel rdalts s reiletive fo Srese semples oaly s
by the Latarmiany.

tha corilloe dous nae PrTtuct avtihertiat
= This curtifizats may ned b lliar Mhan full smcepd wilh dhe nﬁuwdnm
ES10.01-23 Fossll Fuals Technalogy Laboratory P A 5400
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Crom Fussil Fuels Technology Laboratory
- ANALYSES CERTIFICATE
Certificate Number: 65 Date of Issue: 03/08/2020 Page 3 from 4
Sample Analayses Report
Certificate Number: 65
Sample receipt 20/7i2020
Drates of analyses 20A0T2020, 22/07/ 2020, 23/07/2020, 247072020,
TTOT 20
Caode of zamples BINZ00T20BIOSFERA
Description of amples | Sample of Biomass - Straw of cereals_[taly
Total Moisture (150 18134-1)
Measurement Uncariziaty
Unit Basis Measurement of
Unbt ¢
I 1y
Total Moisture Tegeived k0 97 0l
Proximate Analysis (150 15134-3, IS0 18122 ) -
Uncertalnty
Uit Basis MWM Measurement of
measurement
Inherent Moisture Ya 4.9 005
| Ash dry basis % 45 0.13
as
|_Ash received Y 4,0 0,12
_ Determination of Total Content of Curbon, Hydrogen and Nitrogen (150 169458)
Measurement Uncerizinty
Unit Basis [init Measurement al
RS
Carban |_dry basis ko 47,51
H n drv basis % 7,39 !
Nilrogen dry basis % 000
Determination of Total Sulfur 16994 and ASTM D 516)
Measurement Uncertalnty
| Unit Basis ndt Measurement of
measurement
Sulfur dry hasis %% 0,06 AR
Determination of Total Chlorine (150 16994 and ASTM I} 516)
Umicertainty
Unit Basgis ME‘{I.'::EW Measurement of
— measurement
Chlorine | drybasis | % | 008 |

*

The [Bheray tab ik tie fidfonsBilTy of fa analymer mada fo the specifs st simgies. Thy rmporfod ekt Etive & thana EARDAS o
s corfTlogTe o8 Rl CoAdTIle prodve? aulbars stis by e Labarsiory. i e

This sanmificats sy nsd be Movoduced offmr taw i, wm ipgroval of the Lakorstary.

E 510.01-23

Fossll Fuasls Technalogy Laboratory

B a5
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CFER Fossil Foels Technology Laboratory
I == ANALYSES CERTIFICATE
Certificate Namber: 65 Drate of Issae: 037082020 Page 4 from 4
- Determination of Calerific Value (IS0VDIS 18125) o
| Uneertals
Undt Basis Mmﬁ:tmnt Measurement of i
o mezvnrement
High Heating Value dry basis calipr 43193
Low Hesting Vahee dry basis calfgr NI 0
as
| High Heating Value | received caligr 308 |
as
| Low Heating Value J retived calfgr 34930

The: determination of Bulk Density, according to the method 150 17828, can nod be done,
bocsuse the sample size is over | (0mme
The amalyzes were carried out #s part of the "BIOSFERA PROTECT (KOH.O51014)"

Camments

J rmwﬂrmzhm:ﬁ:'_»dﬂri dubsned iavied. TAe repeied sl B e 1T BEE e canples ooy s

E 510,043 Feasill Fuals Technelogy Laboraiory Bk, & 5,900
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} CPERI Fossil Fuels Technology Laboratory
M == SUPPLEMENT OF ANALYSES CERTIFICATE
Supplement of no. 65-03/182020 Analyses Certificate Page 1 from 4

Date of issue of Supplement: 22/09/2020

Mame of Customer: GAVIDOU VASILIKI
Address of Customer: AIGIALIAS 52, MAROUSI, ATTIKL, 151 25 - MAROUSI
Date of sample: 200072020
TABLE OF CONTENTS
1. AFPICATION FORM - ANALYSIS SAMPLES — TESTS
2. RESULTS

3. COMMENTS - CONCLUSIONS

1. APPICATION FORM — ANALYSIS SAMPLES

L1 NUMBER OF APPLICATION FORM: 743

1.2 RECEPTION DATE OF SAMFPLES & APPLICATION FORM: 20/07/2020

1.3 METHODS OF SAMPLING: Sampling was not carred out by the laboratory, but it was
carmied out by the costomer and the method suitability 15 an exclusive responsibility of the
CUStomer.

14 SAMPLES DESCRIPTION: 1 SAMPLE OF BIOMASS — (Straw of cereals_Italy)

1.5 CODE OF SAMPLES: B20200720BI0SFERA

1.6 SAMPLES CONDITION: GOOD

LT TESTS: In the above sample (20007/2020) the following tests were carried out:
A) Determination of major elements (Al, Ca, Fe, Mg, P, K, Si, Na and Ti) - IS0 16967 - Solid
biofuels - Determination of major clements - Al, Ca, Fe, Mg, P, K, 8i, Na and Ti -
STOGIANNIS P

B) Determination of Minor Elements of Biomass (As, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, 5h,
Voo Zn) - IS0 16968 - Solid biofuels - Determination of minor elements - STOGTANNIS P,

C) Determination of particle size distribution (Amount of fines & Diameter) - IS0 17827-1 -
Solid biofucls - Determination of particle size distribution for uncompressed fuels - Part 1
Oscillating screen method using sieves with apertures of 3,15mm and above & IS0 178272 -

+  The Mabarslery e e ity of S runcs do ihe eecie Bubmiting sempden The P T (el o rdete i Sase Sampis oely md
ey e sreddved suth douk b B9 & -
* __ Thiz oy Aol e SR Dy it e reritian af #e Labarsiary,
E S.10.01-213 Fossil Fusls Technology Laboratory BA. & 59000
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CPERI Fossil Fuels Technology Laboratory
IR = SUPPLEMENT OF ANALYSES CERTIFICATE
Supplement of no. 65-03/06/2020 Analyses Certificate Fage 2 from 4

Date af issue of Supplement: 22/09/2020

Solid teofieds - Determination of particle s distribugion for uncoenpressed fiseds - Farl 2: Vibeting scoreen method
usng sieves with sperture of 3, 1 S and below - KAPOUSIDS P.

L8 Date of anabyses: 22/09/2020
1.9  PFrepuration of samples: Spmple preparation is described in the relevant technical directive,

L1 Maistare determination: Total moisture of the sample is determined in air atmosphere, while
the inherent moisture is nittogen-atmosphere determined,

2. RESULTS
The results are listed below.
3. COMMENTS — CONCLUSIONS
Caality Supervisor Technical Supervisor
E. Karlopoulos P, Amarantos

) #7

*  Temisborviary tuber (he mrasoihity of e SUSKSE SUAIS e 49 SASS0 SUAMMIT sarapien. The epaciad remmity s i in e sumplea sy ase
i e L

v This cariinats may ool be eprodoses obver Sy A accepl willy ibe pricr wefins sparcvel of s Labaniey,
—
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CPERI Fassil Fuels Technology Laboratory
(i _'_E_- SUPPLEMENT OF ANALYSES CERTIFICATE

Supplement of ne, 65-03/08/2020 Analyses Certificate
Date of issue of Supplement: 22042020

FPage 3 from 4

Sample Analayses Report
Supplement of no. 65-0308/2020 Analyses Certificate

Sample receipt 2020
Dates of analyses 16419/2020
Cosde ufm'q:lu BXNNOTHIBRIOSFERA
Description of samples | Samplc of Biomass - Staw of cereals_Tialy
& Determination of Oxides of Elements (AAS) (150 1

Unit Basty | MERSEEMNL | g curement | UnCeriainty of
i L] % 0,55
| o i 13.20
| Fesor i % | 0,55 |
KO Ei’ % 31,23
| Mgo b;?iﬂ 5 i 2,71 |
Naz0 :ﬂylﬂ o 1,13 !
A et % 13,73
SRR Determindtion of minor elements (AAS] (150 16968 )

Unit Bagis | MOMTERERL | gy urement “"’""{"f“'
Cadmium (Cd) : bila‘;a ppm i
Cobalt (Co) | h':ga PP folad
H e Iizl ppm 09z i
Capper (Cu) bens PP 462
[P e ppn 41,10
Nielkel (i) o ppm 039
Lead (Ph) .:;L ppm 0,15
Zine (2a) b | o™ L]

- mmw#muﬁ%*unmﬂ-_ Sy Y T — S ———
i LELE by el

Thiz il s Al dacaid

e paki e o i L

E 5.10,01-213 Fossil Fuels Technology Laboratory Bk, & 5140
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Ky Fossil Fuels Technology Laboratory
== SUPPLEMENT OF ANALYSES CERTIFICATE
Supplement of no. 6503082020 Analyses Certificate Page 4 from 4

Drate of issue of Supplement: 2209/ 2020

The determenation of oxides of elaments (AAS) was performed on the ash of fuel sample.
The determination of minor elements (AAS) was performed on the fuel sample, On FFTL
The determination of Particle Size Disiribution, sccarding to the method 150 17827, can pot Pan 'S

be done, because of the sample sive Admrnitod
i Technical Supervisor
THWH:-; bivey o ks Sk -;-:In:m bivipiles. Moo reperingd oy are salative i Sare saozian oaly snd
Trsin mmmhu_ﬁ_ﬂnﬂ-ﬂ Ve S, surcap! wifh [ ariar e saprovs’ of the Liborsdas,.
E S8u-23 Fassil Fuals Technology Laboratory BA. & 510,01
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i Fossil Fuels Technology Laboratory
an == ANALYSES CERTIFICATE
Certificate Number: 75 Date of lssue: 22092020 Page 1 fnl'l_S
Mame of Customer: GAYIDOU VASILIKI
Address of Customer: AIGIALIAS 53, MAROUST, ATTIKI, 151 25 - MAROUSI
Drute of sample: 1072020
TAELE OF CONTENTS
1. APMICATION FORM — ANALYSIS SAMPLES - TESTS
2. RESULTS

3, COMMENTS - CONCLUSIONS

1. APPICATION FORM — ANALYSIS SAMPLES

1.1 NUMBER OF AFFLICATION FORM: 742

1.2 RECEPTION DATE OF SAMPLES & APPLICATION FORM: 13072020

13 METHODS OF SAMPLING: Sampling was not carried out by the laboratory, but it was
carried out by the customer and the method suitability 18 an exchisive responsibility of the
cusioemer,

14 SAMPLES DESCRIPTION: 1 SAMPLE OF BIOMASS — (Olive tree prunings. The
sumple was recovered on 10/07/2020 from the Golemi estate in the area of Spartu.)

L5  CODE OF SAMPLES: BI0200T10RTOSFERA
16 SAMPLES CONDITION: GOOD
1.7 TESTS: In the above sample (L0M7/2020) the following tests were carried out:

A) Sample Preparation of Biomass - 130 14780 - Solid biofuels - Sample Preparation (TO_Z21)
- KAPOUSIDIS P

B) Determination of Total Moisture of Biomass - IS0 18134<1 = Solid biofuels -Determination
of moisture content - Oven dry method - Past 1: Telal moisture - Reference method (TO_16) -
KAPOUSIDIS P,

rww#wdnm:::lnmwm 7w rmporied reavits are ralies fo e LATANA Anly dred

Thi ey e it G Frl v 1w ks writhen sppvowsl af @i Labaniany.
~

E 5.10,01-213 Fossil Fuuls Technalogy Labaratory BA. A 590,00
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I == ANALYSES CERTIFICATE
Certifieate Number: 75 Date of Issue: 22/009/2020 Page 2 from §

C) Proximate Analysis of Biomass (Moistore - Ash) - IS0 [8134-3 - Solid bicfuels -
Determination of moisture content - Oven dry method - Part 3; Moisture in general analysis
sample & ISO 18122 - Solid biofuels - Determination of ash content (TO_02) -
EVANGELOPOULDU A,

D) Determination of Total Content of Carban, Hydrogen and Mitrogen of Biomass - 150 16948
- Salid biofuels - Determination of total content of carbom, hydrogen and nitrogen (TO 15) =
EYANGELOPOULOU A.

E) Determination of Sulfar and Chlorine of Biomass - [$0 16994 - Solid hinfiels -
Determination of total content of sulfer and chlorine & ASTM D 516 - Standard Test Method
for Sulfate lon in Water (TO07) - KONTODIMOS 1.

F) Determmation of Calorific Value of Biomass - ISOVNS 18125 - Solid biofuels -
Determination of calerific value (TO 05}« DALLAS P.

G) Determination of Bulk Density of Biomass - IS0 17828 - Solid Biofucls - Determination of
bulk density - KAPOUSIDIS P.

H) Determination of major elements (Al Ca, Fe, Mg, P, K, 5i, Na and Ti) - 16967 - Solid
Biofuels - Determination of major elements - Al, Ca, Fe, Mg, P, K, 8i, Na and Ti -
STOGIANNIS P

I) Determination of Minor Elements of Biomass (As, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Fb, Sh,
Vowm Zn) - 150 16968 - Solid biofuels - Determination of minor elements - STOGLANNIS P,

1) Determination of particle size distribution - IS0 17827-1 - Solid biofuels - Determination of
particle size distribution for uncompressed fuels - Part 1 Oecillating sereen method using
sieves with apertures of 3,15mm and above & 1850 17827-2 - Soiid bacfisels - Determiration of pertice
sic derdrution for uncompressed fiseds - Fan 2 Vibrating screen method using sieves withs sperture of 3,15mm
ard helosy - KAPOUSIDIS P

1LE  Date of analyses: 13072020, 22/07/2020, 23072024, ITAOTZOZ0, 16092020
1.9 Preparation of samples: Sample preparation is deseribed in the relevant technical directive.

L18  Muoisture determination: Total moizture of the sample is determined in air atmosphere, while
the inheren: mosture is nitrogen-atmosphere determined.

The resalts are listed below.
* mmm-mﬂm"——tuﬂu—mmmm_-u—mmmnm—aww
s warticate oan nzn r oy e e
= Thin carificais nal ba B P Aol ﬂﬂlﬂﬂ!ﬂ_ﬁﬂddhw
E §,10.01-213 Feaail Fusls Technohagy Laboratory Pk A S0

Page |41




Deliverable 2.3 [Analysis of the selected feedstock]

&

@
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i = ANALYSES CERTIFICATE
Certificate Number: 75 Date of Issue: 220092020 Page 3 from 5
3. COMMENTS — CONCLUSIONS
Cuality Supervisor Technical Supervisor
E. Karbopoulos P. Admaranios -
[ ] —

= y A

L] :mﬁmjmmmvadﬁ“mmmH_&mﬂ-m““.mﬂ
= Thin curificats may naf b seprisiused ather s wmhmmmumm
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Fossil Fuels Technology Laboratory
ANALYSES CERTIFICATE

Certificate Number: 75

Date of 1ssme: 22/09/2020

Page 4 from 5

Sample Analayses Report
Certificate Number: 75
Sample receipt 177 HM
Diases of analyses | W0N2020, 220072020, 230T2020, 27002020,
1 BAR20E0
Code of samples B2OZ00TIHBIOSFERA
Deseription of samples | Sample of Blamass - Olive tres pronings. The sample was recavered om 108072020 from
the Golemi estate in the area of Sparta.
] Tutal Madisture (IS0 18134-1)
Uncertainty
‘ Unit Basis M“‘['::""“ Mensurement of
. MyEAsUTemEnt
—~ Lo
Tatal Mafsiure Teceived % | 17,6 | 0,16
| Proximate 0 18134-3, IS0 18112)
Uncertainty
Unit Basis ”"1'1‘::““ Measurement of
mulrjmt
Inberemt Moisture b 23 0k
h dry basis | e 4,2 012
as
Ash | received | % | 34 | .00
’ﬂmﬂm of Tatal Content of Carban, Hydropen and Nitrogen (1503 16048}
Uncertaimty
Unit Basis Mﬂ'ﬁ.k g Measurement ol
mEasureEent |
Carbon dry basis Yo 4505 |
Hydrapen dry bsts Y T8
(Nitrogen | drvhasis % 0,36 |
o Determimation of Total Sulfur D 516)
surensent Uncertainiy
Umik Bagis . Unit Measuremeni of
=8 ! i T |
| Salfur dry basis | % 0,06
— Determination of Total Chlorine '[|_'_II!_AEMD.|HH 16894 n e
Uncertainty
Uit Basis Mm{l;;lmll Measurement af
Mmeagwrement
Chloring dry basis % | MD. |
* rm::mﬂmul:;hmwmmwm—rﬂ-hmmwn
+  Thls canificaia P [ abar S A, saceps wi b =it o the Laborareey.

E 5,10.01-213

Fossil Fuals Tochnology Lakarsicny k. & 590,04
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CFERI Fuossil Fuels Technology Laboratory
M= ANALYSES CERTIFICATE
Cortificate Number: 75 Dateof fosue: 22092020 Page Sfrom5.

Determination of Calorific Value (ISOVDIS 18115)
| Uneeriningy

Unit Basis | METEEN |y easurement of
ENEHS S ITHETND
High Heating Value dry basis callgr 4617 8
Low Heating Valse d:}-‘ua.alu | walpr 4238,6
High Heating Value mm]\mi I _callpr RIS

Low Heating Valse | | rmd'-'ed J_ Coalipe | 33006

Determination of Cides of Elements [AAS) (IS0 16967)

Umncertain
Unit Basis Mm,[::}n“' Measuriment af v
measarement
| Al diry basis Y 102
Cal diry hasis o 1917 Il
Fealda dry basis e 2
(KO | drybasis b i
| MgO dry hasis * 6,36 .
| Mgl dry bagis s 145 |
iy dry hasis b 4,41 |

Cadmiwm (Ca ) dry bagis ppm 0,01
Cohale [Coy dry basis ppm 036
| Chromiom (Cry | drybagis Ppm L3
Copper (Cu) drv basig PEm 39,50
Manpamese (Mn) dry bagis ppm 21,75
| Nickel (M) dry basis ppm 1,34
| Lead (Pb) | drybasis JPpm 0,53
Ling (fn) drv basis ppm l-l 11
M. Nat Dedected

The determination of Bulk Densiry, sccording 1o the metbod [S0 17828, ean not be done, On belial [ oFEFTL

becsuse the sample alze & over | 00mm.

The determination of Pariicle Stze Distribution, according to the method 150 17827, can
nat be done, because of the sample size

The determinotion of cxidss of elements (AAS) wes performed on the ash of fuel sample, :
The determination of minor elements (AAS) was performed on the fuel sumple. B Amarantog
The amalyzes were carrled oul as part of the H]:]SFT:MPRUIELT{,ICDI-LEISJHM} Tochmical Supervisor

Comments

* m—HMRHWIﬂhMMmmﬁIM“mMHHmWﬂ
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i = ANALYSES CERTIFICATE
Certificate Number: 77 Date of Issue: 220972020 Page 1 from &
Marme of Customer: GAVIDOU VASILIKI
Address of Customer: AIGIALIAS 52, MAROUSI, ATTIKI, 151 25 - MAROUSI
Date of sample; U3/08/2020
TABLE OF CONTENTS
I APPICATION FORM — ANALYSIS SAMPLES - TESTS
2. RESULTS

3. COMMENTS - CONCLUSIONS

1. APPICATION FORM — ANALYSIS SAMPLES

1.1 NUMBER OF APPLICATION FORM: 752

L2 RECEFTION IMATE OF SAMPLES & APPLICATION FORM: 06/08/2020

1.3 METHODS OF SAMPLING: Sampling was not carmied out by the laboratory, but it was
carried out by the customer and the method suitability 18 an exclusive responsibility of the
cusiomer,

14  SAMPLES DESCRIPTION: 1 SAMPLE OF BIOMASS — (Olive tree prunings. The
sample was recovered on 03/08/2020 from the area of Sparta. This is crushed material
collected from the area of Agios Konstantinos during the growing season 2019,)

15 CODE OF SAMPLES: BZOZ0ORIRIOSFERA

L& SAMPLES CONDITION: GOOD

L7 TESTS: In the above sample (03/08/2020) the following tests were carried out:

A) Sample Preparation of Biomnss - IS0 14780 - Solid biofuels - Sample Preparation (TO_21)
- KAPOUSINS P,

B) Determination of Totul Moisture of Biomags - 130 1E134-1 - Solid bicfuels -Determination
of moisture confent - Owven dry method - Part 1; Total moisture - Reference method (TO_16) -
KAPQUSIDIS P,

Tha MOGIIIIY (abas [a cospurrsbifl of S anayuss muds 0 19 GEcAc SUAANIAT Savyed. Me maried remads s refeibve iz SYEES QErmEven asiy sna
e diad vl ol ey v L

E 5100123 Fosail Fusls Technolegy Laborabory P s 810,01
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C) Proximate Analysis of Biomass (Moistare - Ash) - 18O 18134-3 - Solid biofuels -
Determination of moisture content - Oven dry method - Part 3: Moisture in general analysis
sample & 150 18122 - Sabd biofoels - Determination of ash comtent (TG _02) -
EVANGELOPOULOU A,

D} Determination of Tetal Content of Carbon, Hydrogen and Nitrogen of Biomass - 150 16948
- Solid biofuels - Determination of total condent of carbon, hydregen and nitrogen (TO_L3) -
EVANGELOPOULOU A.

E) Determination of Sulfur and Chlorine of Biomass - IS0 16994 - Solid biofuels -
Determination of iotal content of sulfur and chiorine & ASTM D 516 - Standard Test Methed
fior Sulfate lom in Water (TO_07) - KONTODIMOS 1.

F) Determination of Calorific Value of Biomass - 1SO/DIS 18125 - Solid biofucls -
Determination of calon fic value (TO05) - DALLAS P,

) Determination of Bulk Density of Biomass = 150 17828 - Solid Biofuels - Determination of
bulk density - KAPOUSIDIS P.

H) Determination of major elements (Al, Ca, Fe, Mg, P, K, $i, Na and Ti) - IS0 16967 - Solid
biofuels - Determination of major elements - Al Ca, Fe, Mg, P, K, S, Na and Ti -
STOGIANNIS P.

I} Determination of Minor Elements of Biomass (As, Cd, Ca, Cr, Cu, Hg, Mo, Mn, Ni, Ph, 5b,
W km Zn) - IS0 16968 - Solid biofusls - Determination of minor elements - STOGLANNIS P,

1} Determination of particle size distribution (Amount of fines & DHameter) - 150 17827-1 -
Solid biofuels - Determination of particle size distribution for uncompressed faels - Part 1;
Oscillating screen method using sieves with apertures of 3,15mm and above & 150 175272 -
Sl biofiels - Determination of pesticle skze distribusion for uncenrpressed fixes - Part 2: Vibeating screen methiod
g seves with aperiure ol 3, 1 Smm and below - KAPOUSIDIS P.

18 Drate of analyses: 0608/ 2020, 11/082020, 12082020, 13082020, 160972020
19 Preparation of samples: Sample preparation is described in the relevant technical directive.

110 Moisture determination: Total moisture of the sample is determined in air aimosphere, while
the inherent moisiure is nitrogen-atmosphere determined.

2. RESULTS

The resulis are histed below.
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2 TS curiisats by il by roprciaced athar VA el SSEap WINA D sriar wiins speroesl af e Libivatry.

E 5.10.01-20 Fossll Fusis Technelogy Laboratary Bh. & 51001

Page |46




Deliverable 2.3 [Analysis of the selected feedstock]

&

o

aPER Foasil Fuels Technology Laboratory
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3. COMMENTS — CONCLUSIONS

Quality Supervisor Technical Supervisar
E. Karlopoulos 'F'f.l},n'm“m —
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Sample Analayses Report
Certificate Numbser; 77
Sample receipt IR0
Dranes of analyses 6082020, 1102020, 124082020, 13082020,
1E/002020
Cade of samples B202003)3BI0SFERA
Degeription of samples | Sample of Biomass - Olive free prusings. The sample wae recovered oa 03082020 from
thi: area of Sparta. This is crushed material collected from the area of Agsos Kanstantinos
during the growing scascn 2019,
. Total Maolsture (150 18134-1) N
Uncertainty
’7 Unde Basis Mﬂ"::;m Measurement of |
| measurement |
- |
| Total Moisture o w | 3 012

Proximate Ana 150 181343, 150 18133)

Uncertainty |
Basis Mﬂﬁrm Measurement af
niEasurement
% 6,0 0,22
| drybasis | % 50 0,16
as |
Ash received o) | 4.7 0,13
Dvetermimution of Tetal Content of Carbon, Hydrogen and Nitrogen (150 16948)
| Uncertsinty
Ut Basls M“':'J:':t"‘““ Measurement of
= IREAEITE T
| Carbon dry bagie % 50,03 |
 Hydragen dry basiz % 6,97 |
Nitrogen dry hasis o L2l |
~ Determinathon of T
Uncertainty
Unit Basis | Mes of
. . AEAsirement |
Salfur dry besis | % I 0,08 |
Determination of Total Chlorine (150 169%4 and ASTM D 516}
Uncertainty
Uit Basis M“'I?;-’“' Measuremsent of
mEAzAremeni
L Chilarine dry basis ] 0,20

- mwhhwﬂhmmhnmmm T raporied MU e ek i Bess sanpos aniy sad
rr EXTIRITIT 38N N3 CONENINE prashusd sy eian AF the Libostary.

S ALt cartiicats map car b s e oo chan il svapt with 44 priey it appraenl of e Lafasatary:
E 5.10.01-23 Fomal| Fesls Technology Labaratory RN
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— Dwtermination of Colorific Value (ISOVDIS 18125)

Uncertainty
Unit Basis Mmﬁ:;'w Measurement of
: - M EASUT et
High Heating Value dry basis calipr 4HER3
Low Heating Value dry basia caligr 45278 Il
| AE
High Heating Value reevied calfgr 4579.9
&
Low Heating Value received | calfgr 42053 |
| Determination of Bulk Density (150 17825)
| Uneertainty
Uit Basis Mml::; Measurement of
jEads ment
= (3
| Bulk Density received | T | 20
Determuination of Oxides of Elements (AAS) (150 16967
Uncerts
Uit Basis “"[‘I::‘“‘ Measarcment of =
MERSNTEIEnT
LAl | diry basis % a,70
Cal) drybasis | % 31,08
|Fern | dry basis % 0,84
KO0 drybasis | % 1905
| Mg0 dry basis % 722
| Mgy | dry basis % T | HFEF
| S | dry basis | % 5,03 |
_ Determination of minar ebements | IS0 16968)
Uncertain
| Unie Basis Mmﬁ:;m' Measurement of i
mgasurement
ppim H.D
ppm 0,34
PR 076
ppm 17,59
ppm 0,33
ppi 0,53
PFpm 0,18 |
pom 19,14 DY

B §.10.09-22 Fiaail Fusls Technology Laborateny BA, & 5 1084

Page |49




«

Deliverable 2.3 [Analysis of the selected feedstock]

@
CFERI Fuossil Fuels Technology Laboratory
It = ANALYSES CERTIFICATE
Certificate Number: 77 Date of Issue: 2210972020 Page 6 from 6

_ Determination of particle size distribution (150 17827-1 & ISO 178272

| Part Measurement Unit Meusurement

-1 mm % 1,13

L>1-2mm il 330

=1 -13.15 mm Y 1.3z

=315 - 8 mm %% 47,60

=8 - 16 mm % 23,17

| =16 - 31,3 mm % 'l'l.::.".-l'"

*31 .5 - 45 mm ™ 12,51

>45 - 63 mm [ % 0,00

=3 mm 4 ﬂ.?ﬂ_

Tatal £ laﬂﬁ

| Spoeilage 1 %o 002
FPart Measurement Unit Measurement

<1 mm W IRE

2o a, 343 |

| <3,15 mm % 494

<K i k) 52,35

<1 mm % 75,72

| < ;-.!-l!-.:ﬂ" L' BT 49

<45 mm S 106,01

<A3 pm % 10, 0
Unit Measurement Unit Measurement

Medinn value of 3 PSD t 174

| 95% of particles _ bm =45

N.D.: Not Detecsed

The determinitson of axades of elements {AAS) was performed an the ash of fuel sample,

E The determination of minor elements (AAS) was performed o the fe] sample.
g The analyzes were carmied out as pan of the "BIOSFERA PROJECT (KOH.051014)".

Thn Felcmiary st - respoasiiky of £ suulynes F:anihm aatrnived davyile The rejusfd sisls ar cmlafivs by Prose sormpves srdp assd
L ¥
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MName of Customer: GAVIDOU VASILIKI
Address of Customer:  AIGIALIAS 52, MAROUSI, ATTIKI, 151 25— MARDUSI
Dute of sample; 11705/ 2020
TABLE OF CONTENTS
1. APPICATION FORM — ANALYSIS SAMPLES— TESTS
2. RESULTS

3. COMMENTS - CONCLUSIONS

1. APPICATION FORM - ANALYSIS SAMPLES

L1 NUMBER OF APPLICATION FORM: 756

1.2 RECEPTION DATE OF SAMPLES & APPLICATION FORM: 01/0972020

13  METHODS OF SAMPLING: Sampling was not carried out by the laboratory, but it was
carried out by the customer and the method suitsbility is an exclusive regponsibility of the
CUsiomer.

14  SAMPLES DESCRIPTION: 1 SAMPLE OF BIOMASS - {Pellets  from  wine
pruniag_Spain)

L3 CODE OF SAMPLES: BE2020M I BIOSFERA
I.&  SAMPLES CONDITION: GOOD
17 TESTS: In the above sample (01/09/2020) the following tests were carried out:

A} Sample Preparation of Biomass - 150 14780 - Salid biofucls - Sample Preparation (TO_21)
- KAPOUSIIMS P.

B) Determinztion of Total Mofsture of Biomass - 150 18134-1 - Salid biofusls -Determination
of moisture content - Oven dry method - Part 1: Total moisture - Reference method (T _18) -
KAPOUSIDIS P.

Tk Anbn By uﬂmmﬁhhmmmm“ﬂ-mnmmwﬁ
e s et PPGET sl By & Lab v
L) Mmmwuwmummh ] o fu Laborarcey,
E 8.10,01-213 Fossii Fuals Technology Laboratony A A 510,04
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C) Proximate Analysiz of Biomass (Moisture - Ash) - IS0 12134-3 - Solid biofuels -
Determination of moisture content - Oven dry methed - Part 3; Moisture in general analysis
sample & 130 18122 - Solid biofsels - Determination of ash comtent (TO 02} -
EVANGELOPOULDU A,

D} Determination of Tedal Content of Carbon, Hydrogen and Nitrogen of Biomass - 1SO 16948
- Solid baofuels - Determination of total content of carbon, hydrogen and nitrogen (TO_15) -
EVANGELOFOULOU A.

E) Determination of Sulfur and Chlonne of Biomass - 150 16994 - Solid biofuecls -
Determination of total content of sulfur and chlorine & ASTM D 516 - Standard Test Method
for Sulfate Ton in Water (TO_07) - KONTODIMOS L

F} Determination of Calorific Valoe of Biomass - IS0vDIS 18125 - Solid bicfucls -
Determination of calorific value (TO_05) - DALLAS P.

&) Determination of Bulk Density of Biomass - IS0 17828 - Solid Biofuels - Determination of
bulk density - KAPOUSIDIS P.

H} Determination of major elements (Al, Ca, Fe, Mg, P, K, 51, Na and Ti) - IS0 16967 - Solid
biofoels - Determination of major elements - Al Ca, Fe, Mg, P, K, Si, Na and Ti -
STOGIANNIS P,

I} Determination of Minor Elements of Blomass (As, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, b,
V ok Zoj - IS0 16968 - Solid biefuels - Determinstion of minor elements - STOGIANNIS P.

J) Determination of particle size distribution (Amount of fises & Diameter) - 150 1782741 -
Solid biofuels - Determination of particle size distribution for uncompressad foels - Part 1:
Oscillating screen method wsing sieves with apertures of 3,15mm and above & 150 17827-2 -
Sold bicfiels - Determmmnation of particle size disrmntion for uncompressed ficks - Part 2 Vibrasing screen method
Ly sevess with aperiume of 3,1 5mem and below - KAPOUSIDIS P.

1.B Date of analyses: 01002020, 03709/ 2020, 0809/ 2020, 1000972020, 16092020
1.9 Freparation of samples: Sample preparation is deseribed in the relevant techndcal directive,

L1y Moisture defermination: Total moisture of the sample is determined in air simosphers, while
the mherent modsture is nitrogen-atmosphere determined.

2. RE TS
The resolis are Hsted below,
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Cruality Supervisor Technical Supervisor
E. Korlopgulos P. Amarantos "
ol 7=
.u._\:; 73 T
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. A - p rherie
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Sample Analayses Report
Certificate Number: 70
Sample receipt 12020
Distes of snalyses OHON2020, DAXT020, 0RA92020, TS0,
18/09/2020
Code of samples B20200901 BIOSFERA

Description of samples I Sample of Biomass - Pellets from vine pruning_Spain

Taial Molstore (150 1R134-1)

Uncertainty
Uit Basis m"ﬁ_" |Mauuu-uunl of ¥
- _measurement
a%
Total Molsture | megpived | % 83 k14

Froximate Analysis (150 18134-3, IS0 18122)

Umcertninty
Unit Basis Mummm Measurement of
: mERSUTEmE
| Inberent Msisture | % 33 0,13
| Ash dry basis % 3,7 0,12 |

I— s
Ash | received % 34| 11

'ﬂﬁht_llhl of Total Content of Carbon, Wydrepen and Nitrogen (150 16948 )

Uncertainty
Unit Basis M!u]::lm Measurement of
| mERsurement
Carban dry basis Y 4847
Hydra pen : dry basis b 5,99
| Nitrogen _dry bagig % 0,84 J
st Determination of Total Sulfur (150 16994 and ASTM D 516)
| Uncerfainty
Unit Rasis Mm;;ﬁ““ Measurement of —|
T - _| measurement
| Sulfur dry hasis % 0,08 | I
Determination of Tatal Chilorine (IS0 16994 and ASTM D ]sm
Uneertainty
LI Basis M""L',;T"r Measiirement af |
- |_measarement
Chlurine dry busis % 0,07 |

n fmmzmmdh%“hmmmm T reporisd fidsali are refalien fo theas Lamaiss il dnd
=y = i e

= TR ol b Pha= R werifon o e
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Determination of Calorific Value (1S0/DIS 18125)
Pleasurement ey
Unit Bass Unit Measurement of
—_— — mease
| High Heating Valwe | drybasis caligr 43375
_Lew Heating Value dry basis caligr 4E15.9
a5
Hi ¥, | received cal'gr 41632
as
Low Heatin® Value l received | calfgr | el | 0 |
Determination of Bulk Density (150 17828) T
! Unit Basis M“E:;“'m Meassremeni of P
Fibid Fiireiment
l Bulk Density m:ved ky'm® L
Determimation of (xides of Elements (AAS) (150 16967)
. Measurement | Uncertalnty
Uit Basix Unit Measirement ol
meeasurement
AL dry basis % 0,73 wE
Cald dry basis % 0,17 il
Feally dry basis % 0,71 B
K0 ddry b % 26,86 |
MgD diry basia 5 9,53 ]
| N dry basis % ' 0,54 |
| BB dry basis % | 34l
Dietermination of minor dlements (AAS) (IS0 16968)
Uncerts
|_ Unit Basix Mﬂ;:lm Measurement ol jue
measurement
Cadminm (Cd) dry besis | ppm AA,
Cobabt (Ce) dry basis P 0,24
Chromium {Cr) dry basis ppm 0,22
Co pper (Cu) dry basiz e 496 il
ese (Mn) drybasis | ppm 23,94 |
Mickel {¥i) dry hasis ppm 022 ]
| Lead (Pb) dry hagis ppm 0,04
_#ine (En) dry basis ppm L2148

Tha
* “m;:mﬂmvﬁbﬂﬂmmm_nmnmmmu

s Thin i athar fan A s wriffen al the
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Determination of particle size distribution (150 17827-1 & 80 1TH27-2)
Part Measarement U nit Measurement
=1 mm % 0,314
>1-2mm L. gol
>1-3,15 mm = it
53,15 8 man % 1,13
> - 16 mm gl 3356
=16- 3,5 mm ki 16,12
*31.5 - 45 mm k] T84 |
=45 - 63 mm Ea 2,05
=63 mm b 9,45
Tatal ko | 100,06
| Spoilage L% | .0
Part Measurement Unit Measurement
<1 mm Y 0,34
=2 mm Y O,B5
|3 1Smm | * Lag
<8 mm ki 3.5
<16 mm % 57,14
<NSmm % 1228
<45 mm il 8110
<63 mim Y 0,15
Uit Mieasurement Unit Measurement
Metian value of a PSD_| mm 14,30
MN.I: Not Dietectad
= The determination of exides of elements {AAS) was pecformed an the ash of foel sample.
& | The determination of miner clements (AAS) was performed on the fie] sample.
E The analyzes were carmied out as part of the "BIOSFERA PROJECT (KOHO31014)".
%]
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