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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The biomass content of solid recovered fuels is relevant for the evaluation of the impact of energy
production on greenhouse gas emission. Instrumental methods, wet chemical and manual procedures
are available for the calculation of the renewable energy fraction. Instrumental methods are based on
the determination of 1#C content while manual procedures are based on separation of different fractions
by visual inspection. The wet chemical procedure differentiate biomass from non-biomass materials as
function of the acid dissolution behaviour.

The fraction of biomass is expressed:

— Dby mass;
— Iy energy content (gross or net calorific value);
— by carbon content.

This|document is primarily intended for laboratories, producers, suppliers-and purchasers of solid
recoyered fuels, but is also useful for the authorities and inspection orgahizations.

© IS0 2021 - All rights reserved v
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Solid recovered fuels — Methods for the determination of
biomass content

1

Scope

This document specifies three methods for the determination of the biomass content in solid recovered

I 140 3 3l 3 . T PR Il 3 . 3 3
fuelspthe**€comtemnt ITICLI0U, 1€ SCICCLIVE UISSOIULIOIT aIld UIIC ITI4aIludl SOT'UIE ITIEU10Us.

2
The

constitutes requirements of this document. For dated references, only th€)edition cited
undgted references, the latest edition of the referenced document (including any amendme

ISO
ISO
ISO
ISO
ISO
ISO

nitrogen (N) and sulphur (S) by the instrumental method

For

followving apply.

ISO

3.1
ash

masq 6Hinorganic residue remaining after ignition of a fuel under specified conditions, e

Normative references

following documents are referred to in the text in such a way that sondeyor all of t

21637:2020, Solid recovered fuels — Terminology, definitions and descriptions
416459, Solid recovered fuels — Methods for sampling

416462), Combustibles solides de récupération — Préparation des échantillons
416543), Solid recovered fuels — Determination of calorific value

41656%), Solid recovered fuels — Determination of dsh content

1663, Solid recovered fuels — Methods for the determination of total carbon (C), h)
Terms and definitions
he purposes of this document, the terms and definitions given in ISO 21637:2(

dnd IEC maintain terminological databases for use in standardization at the following 2

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

content on dry basis

heir content
applies. For
hts) applies.

bdrogen (H),

20 and the

ddresses:

xpressed as

mass Iraction 1n percent of the dry matter 1n the fuel, also includes removed ash contributo

rs

Note 1 to entry: This is typically expressed as a percentage of the mass of dry matter in the fuel source.

Note 2 to entry: Depending on the combustion efficiency the ash may contain combustibles.

Note 3 to entry: If a complete combustion is realized, ash contains only inorganic, non-combustible components.

[SOURCE: ISO 21637:2020, 3.3]

1
2)
3)
4)

Under preparation. Stage at the time of publication ISO/FDIS 21645.
Under preparation. Stage at the time of publication ISO/DIS 21646.

Under preparation. Stage at the time of publication ISO/FDIS 21654.
Under preparation. Stage at the time of publication ISO/FDIS 21656.

© IS0 2021 - All rights reserved
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biogenic
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produced in natural processes by living organisms but not fossilized or derived from fossil resources

3.3
biomass

material of biological origin excluding material embedded in geological formations and/or fossilized

[SOURCE: IS

3.4
calorific va

0 16559:2014, 4.32, modified — Notes 1 and 2 to entry have been removed.]

ra

quantity of

heat produced by the complete combustion, at a constant pressure equal to 1 013,25.1

of a unit volume or mass of gas, the constituents of the combustible mixture being taken attefej

conditions 4
[SOURCE: EI

3.5
gross calor
calorific val

[SOURCE: IS

3.6
isotope aby

nd the products of combustion being brought back to the same conditions
N 437: 2018, modified — Second paragraph (the list) has been removed.]
ific value

1e where the water produced by combustion is assumed to be candénsed

0 21637:2020, 3.34]

ndance

fraction of atoms of a particular isotope of an element

3.7
laboratory
partofthes

Note 1 to ent
by combinati
is required, {
performance

Note 2 to ent
initial sampld

Note 3 to ent
laboratory fo
laboratory s4

3.8
moisture
water remo

sample
nmple (3.13) sent to or received by the laboratory

ry: When the laboratory sample is furthér prepared (reduced) by subdividing, mixing, grindi
pns of these operations, the result is.thetest sample. When no preparation of the laboratory sg
he laboratory sample is the test sample. A test portion is removed from the test sample fa
of the test or for analysis.

y: The laboratory sample is‘the final sample from the point of view of sample collection, but it
from the point of view of the laboratory.

ry: Several laboratery’samples may be prepared and sent to different laboratories or to the

r different purpeses. When sent to the same laboratory, the set is generally considered as a §
mple and is decumented as a single sample.

Fable inder specific conditions

nbar,
ence

ng, or
mple
r the

is the

same
ingle

[SOURCE: IS
39

21637:2020, 3461

net calorific value at constant volume
calorific value where the water produced by combustion is assumed to be in the vapour state

[SOURCE: IS
3.10

0 21637:2020, 3.47]

nominal minimum particle size
aperture size of the sieve used for determining the particle size distribution of solid recovered fuels
through which no more than 5 % by mass of the material passes

© ISO 2021 - All rights reserved
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nominal top size
smallest aperture size of the sieve used for determining the particle size distribution of solid recovered

fuels
[SOU
3.12

through which at least 95 % by mass of the total material passes through the sieve

RCE: ISO 21637:2020, 3.48]

percentage modern Carbon

pmC

carbon mass fraction from biogenic origin

Note
AD 14

Note
Note

3.13
sam,)
quan

[soy

3.14
sam|]

actions taken to obtain representative laboratory samplés (3.7) or test portions from the ori

(3.13
[soy

4

For t

14c
LSC

sorf

1 to entry: The internationally accepted radiocarbon dating reference value is 95 percent ofi.t
D50, of this NBS oxalic acid SRM4990B.

P to entry: In 2015, the value of 100 % biogenic carbon was set at 102 pmC.

B to entry: The biogenic origin is expressed in percentage.

ble
tity of material, from a larger amount for which the quality is te-be determined

RCE: 1SO 21637:2020, 3.63, modified — Notes 1-3 to entryhave been removed.]

ble preparation

) as received

RCE: ISO 21637:2020, 3.66]

bymbols and abbreviations

he purposes of this document, the following symbols and abbreviations apply.

symbol for element carbon

diameter (mm)

carbon isotepe with an atomic mass of 14 u
LiquidScintillation Counter or Liquid Scintillation Counting

manual sorting method

RSD

relative standard deviation

he activity, in

ginal sample

SDM
SRF
TC

Weal

Wrc

© ISO

selective dissolution method

solid recovered fuel

total carbon content

atomic mass unit

mass fraction expressed as a percentage by mass
content expressed as a percentage of the energy content

content expressed as a percentage of the total carbon content

2021 - All rights reserved
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The different references used in this document are indicated by the following indices:

(aq) for air dried (dried at room temperature 20°C to 25 °C for 24 h)

— (ar) forasreceived

— () fordry

— (daf) for dry and ash free, where appropriate.

EXAMPLE W aNp(q) Te€ans the fraction of energy content in the non-biomass fraction by calorific value, on
dry basis.

5 Principle

The determjination of the biomass content is based on selective dissolution, manual‘Sorting o

measureme
in Clause 6.

recovered fiiel.

6 Determination of biomass content

6.1 Samp

Sampling, tj
conducted 4

6.2 Samp

Preparation|

M, v NO saj

Since SRF is
test shall be|

14C met
less, dej
analyse
combus

selectiv

manual

nt of biomass in solid recovered fuel. The choice for the method to he'used is desc
The biomass content gives an estimation of the content of the biogenic fraction in

ling

ransport, storage of the solid recovered fuel andssample preparation in the field shg
ccording to ISO 21645 and ISO 21646.

le preparation

hple preparation is performed.

considered as a heterogenedus material, the minimum sample amount to be used for

hod: a quantity between 0,4 g and 2 g of the material with a nominal top size of 1 m
pending on the devieg used for combustion (bomb, combustion tube furnace or elem
) or the quantity-indicated by the constructor in the case of the use of a laboratory
tion apparatus;

e dissolution method (SDM): atleast 5 g of the material with a nominal top size of 1 mm o

sortifg method (M,,.J): at least as big as the minimum sample size according to ISO 2

r 14C
ribed
solid

1l be

of the test sample for the 14C or SDM-shall be conducted according to ISO 21646. For the

each

m or
ental
scale

less;

1645

(asrece

ived), as calculated in ISO 21646.

6.3 Applicable methods

For the dete

rmination of biomass content three methods are available:

1

the instrumental 14C method shall be according to Annex A. This method is based on the
determination of the ratio of 14C to the total carbon content; the 14C is proportional to the biomass
content of the SRF. This method is suitable for samples of all types of fuel and shall be according to
Annex A. A value of 10 % biogenic carbon can be considered as the lower range of application of 14C
method by liquid scintillation counter (LSC);

2) the selective dissolution method (SDM) shall be according to Annex B. The determination of the
biomass content by the SDM is based on the property of biomass that it can be dissolved in a
sulphuric acid / hydrogen peroxide mixture. This method has limitations that makes it less suitable

4 © IS0 2021 - All rights reserved
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3)

For the limitations of the three methods see Annex D.

7
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if the content of natural and/or synthetic rubber in the SRF is more than 10 %, or if the sum of the
content of hard coal, coke, brown coal, lignite, degradable plastics of fossil origin, non-degradable
plastic of biogenic origin, oil or fat present as a constituent of biomass, wool, viscose, nylon,
polyurethane or other polymers containing molecular amino groups and silicon rubber exceeds
5 %. Additional information about these limitations is found in Annex D. The selective dissolution
method (SDM) is applicable for the biomass percentage content between 10 % and 90 %;

the manual sorting method (M) shall be according to Annex C. The determination of the biomass
content by the manual sorting method is based on the visual examination of fractions and their
separation on the basis of their nature and origin. The method is suitable for samples with a particle
size >10 mm.

Expression of results

Depgnding on the use of the results, three different dimensions are used to express the biomass content:

a)
b)

)

The ¢xpression of results by 1*C method shall be accordingto Annex A.
The ¢xpression of results by SDS method shall be according to Annex B.

The ¢xpression of results by M., method shall bg;according to Annex C.

8

biomass in percent by mass wg;
Ibiomass in percent by calorific value w

B,cal ]

Ibiomass in percent by carbon content Wgc -

Performance characteristics

Extefnal data for the calculation of_the expanded uncertainty of measurements are gresented in
Anngx E where results of round robin and validation studies are summarized. These valuges should be
used|in combination with indiwidual laboratory performance characteristics and a desired coverage

factdr to get the overall unceftainty.

Practical examples of use-of the data from Annex E:

EXANMPLE 1

Alabpratory wants.to determine the expanded uncertainty of measurement of SDM method (% by inass).

The iptra-laberdtory reproducibility for the laboratory calculated from internal validations studies and control

chartls was'determined to be 2,5 % (RSD).

The rourd robin results from the QUQVA DISI3] chldy (T:\hlp E 7) give a RSD value 0f 343 04 (qf 6779 % ]eve])_

Ug e = V(2,5243,432) = 4,24 %
U

relzzxu

8,48 %

crel =

where u, . is the combined uncertainty of measurement and U, is the expanded uncertainty of measurement
using a coverage factor of 2 (~95 % confidence interval).

© IS0 2021 - All rights reserved 5
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EXAMPLE 2
A laboratory measures the biomass content by #C method - LSC B (% by TC).

The intra-laboratory reproducibility for the laboratory calculated from internal validations studies and control
charts was determined to be 2,4 % (RSD).

The round robin results from the QUOVADISI3] study (Table E.6) give a RSD value of 2,5 % (at 55,5 % level).
Ue rel = \/(2'42"'2,52) =3,5%

U,

relzle 7,0%

crel =

where u c,rel|is the combined uncertainty of measurement and U, is the expanded uncertainty of meastrgment

rel
using a coverjpge factor of 2 (~ 95 % confidence interval).

9 Testreport

The test report shall contain at least the following information:

a) identifi¢ation of the laboratory performing the test;

b) date of the test;

c) identifi¢ation of product (sample) tested;

d) sample preparation (e.g. method of size reduction, drying;subdivision);

e) storage (conditions;

f) date of yeceipt of laboratory sample and dates of the test (beginning and end);
g) areferepce to this document (ISO 21644:2021) and the method used;

h) in case pf 14C-method, the results of the test including the basis on which they are expressed and
applicatlion of the isotope correction;

i) the biomass content expressed.as a percentage by mass, calorific value and/or carbon confent,
rounded to the nearest 0,1 %;

j) any opefration not included in this document, or regarded as optional;

k) any unusual featuresthoted during the test procedure.

6 © IS0 2021 - All rights reserved
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Annex A
(normative)

Determination of the biomass content based on the 14C method

A1l

The

Acce
the p
Fort
thec

A2

The
detel
to th

The
in a
mea
Meth
givin
biom
biom
of bi

A3

For t

A4

For t

General

two proposed methods for 1#C measurement, Proportional Scintillation Metho
erated Mass Spectrometry (AMS), require specialised personnel and instrumentatid
reparation step for instrumental analysis can be completed as normal routine laborat
he collection from the sample of the 14C fraction, generally accepted metheds:for the c
arbon present in the sample to CO, are described.

Principle

methods for the determination of the biomass content specified in this annex are b
'mination of the 14C content. The amount of biomass carbdn in solid recovered fuel is [
s 14C content.

carbon present in the sample is converted to CO, by combustion. The combustion is
way to comply with the requirements of the subSequent measurement of the 14C ¢
urement is carried out according to one of the two following methods, Proportional
od (PSM) or Accelerated Mass Spectromet?y (AMS). These methods are considered
g the same results within the scope of this'"document. The results are expressed as thg

ass by energy content are calculated from the carbon content of biomass, using the caj
mass and the energy content of thie'biomass fraction that is present in the sample.

Limitations

he limitation of this method see Annex D.

Symbols

he purposes of this annex, the following symbols apply.

symbol for element carbon

l (PSM) or
n. However,
ory activity.
bnversion of

ased on the
roportional

carried out
bntent. This
Scintillation
equivalent,
percentage

ass carbon of the total carbon content*The fraction of biomass content by mass and thie fraction of

bon content

14c

AMS

Bq

DPM
CPM

© ISO

carbom isotope withamatonmic mass of

Accelerator Mass Spectrometry

beta particle, electron emitted during radioactive decay
Bequerel, disintegrations per second

on dry base

disintegrations per minute

counts per minute

2021 - All rights reserved
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Cy coefficient of variation

GM Geiger Miiller

LCV Low calorific value

LLD Lower Limit of Detection

m ma

M mo

ss expressed as a percentage by mass

isture expressed as a percentage by mass

MOP 3-N

NCV Net

LSC Liquid Scintillation Counter or Liquid Scintillation Counting

REF ref

pmC pey
PSM Prq
X fra
RSD Rel
SRF Sol
TC Tot
A.5 Reag
CO, absorbg

Universal L

2 mol-1-1 to 4

are resistanft to alkaline solutiens shall be used).

For the pre
NaOH pelle]
heat produd
used, small
phase, the 3

lethoxy 1-propyl amine

Calorific Value

erence value of 100 % biogenic carbon
centage modern Carbon

portional Scintillation-counter Method
Ction expressed as a percentage by mass
ative Standard Deviation

id recovered fuel

al carbon content

ents and materials
r for LSC (methoxypropylamine or equivalent).
C cocktail for aqueous and-non-aqueous sample.

} mol-1-1 KOH or NaQH absorption liquid (standard glass bottles with plastic screw caps

paration of acarbonate free adsorption liquid, preparation using freshly opened K(Q
containersis sufficient. Dissolve the KOH (NaOH) pellets in a small amount of wate
ed during/the dissolution process will enhance the dissolution process). When Na
hmounts of precipitation are an indication of the presence of Na,CO3. By decanting the
lmost carbonate free solution shall be diluted to the desired volume. As the dissol

of KOH or N

that

H or

(the
DH is
clear
1ition

fated

a0H is an exothermic process, extra care should be taken as boiling of the concent

solution during dilution can occur.

For high precision measurements the following procedure shall be used to produce a 0,7 1 carbonate

free KOH (N

aOH) 4 mol-1-1 solution.

— 670 ml demineralised water (water from a system producing ultrapure water for laboratory use);

— 156,8¢

KOH pellets (112 g NaOH);

— 30 ml saturated Ba(OH), solution. [2,4 g Ba(OH), + 2,6 g Ba(OH), in 30 ml demineralised water];

— dissolve the KOH (NaOH) pellets in the demineralised water (use magnetic stirrer);

© ISO 2021 - All rights reserved
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— heat the solution and the saturated Ba(OH), solution to 80 °C, and mix the two solutions. Cool down
the solution to —8 °C, stop the stirring and leave the solution overnight at -8 °C. After filtration the

solution is ready for use. Keep stored in a well-sealed container.

A.6 Procedure for the conversion of the carbon present in the sample to CO, for

14

A.6.

determination by PSM

1 General

Three procedures are allowed for the conversion of the sample to a form that can be used for the

dete
iy
2)
3)

NOTH

Othe
cond
form
seled

case

subs
0xyg|

A.6.

A.6.2

For t|

be u

prep
pelle]
of pl
the 1

(e.g.
The

to ha
redu

cont

Afte

Tmination of the 1%C content:

¢ombustion in a calorimetric bomb,

¢ombustion in a tube furnace,

¢ombustion in a laboratory scale combustion apparatus.

The method mentioned under 3) is not validated.

r apparatus may be used which provide a complete combustion in the reported e
fitions. As an example, the combustion may be performed-by using elemental analyj
ed is then absorbed in a suitable solution, which depends on the combustion met}
ted method for the subsequent 1#C measurement. Two absorption solutions are

substantial chemical or optical quenching is foreseéen (high NO, values, formation
fances) collection of the CO, shall be done in the N&OH solution. The use of pure oxyge
en and argon during combustion will reduce theé\formation of nitrous oxides to an acce

p

2 Combustion of the sample in a calorimetric bomb

.1 Procedure

he combustion according to the determination of the calorific value of the sample, ISO
ed. The test sample is a genéral analysis sample passing through a sieve with 1 mm
hred according to ISO 21646. The test sample mass of less than 1 g is pressed in
t by using a suitable pressing device (manual or pneumatic). For SRF materials with ]
hstic or rubber showing higher LCV values, the test sample mass should be reduced

ange from 0,4 g to.0,8 g to be suitable for safe bomb operation. For materials difficulf
material with high’ash content >30 % on dry basis) it is recommended to use a combug

q

\ppropriatesmass of the test sample to be combusted depends on the total carbon conf
ve simildr amount of absorbed CO, in the scintillation cocktail for subsequent 14C mea
e the measurement bias due to different quenching conditions: for this purpose, the

¢nt/of the sample shall be determined before the combustion step.

kperimental
er. The CO,
hod and the
hwvailable: in
of coloured
h or a mix of
ptable level.

21654 shall
erture and

tahE)e form of a

nigh content
[0 @ mass in
to combust
tion aid.

ent in order
surement to
total carbon

r combustion, the combustion gases are collected 1n a suitable mixture. Alternative

y, the gases

are collected in a gas bag as described in A.6.2.2. For the determination of the 14C content the CO,
shall be collected in cooled (<10 °C) absorbing solution or a cooled mixture of absorbing solution and
scintillation liquid.

As the bomb volume is released to atmospheric pressure, there will be a residual amount leftover in the
bomb thatis directly related to the pressure in the bomb after the combustion (with a residual pressure
of 2,5 MPa 4 % of the combustion gas will be left after release to atmospheric pressure).

To overcome this issue:

a) perform the calibration and the analysis taking account of this residual amount by using the
pressure correction factor,

b) use the vacuum pump to remove the residue gases;

© IS0 2021 - All rights reserved
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<)

flush the bomb with Argon or (CO,-free) N, and collect the CO, in the rinsing gases as well.

A.6.2.2 Absorption of the gas sample

If a gas sample bag is used, it shall be connected to a small pump with a connection line into a 20 ml
glass vial, filled with 10 ml of absorbing solution or a mixture of 10 ml of the absorbing liquid and 10 ml
of the scintillation cocktail, placed in an ice bath or cooling device at <10 °C, to remove the heat of the
exothermic carbamate formation reaction. The pumping speed shall be about 50 ml-min-1. The transfer
of the gas from the bag takes about 2 h to 3 h. After the sample is collected, it is ready to be counted on
a LSC. Blank samples should also be counted at the same time to allow that small day-to-day variations

in the back

round can be accounted for.

In case of ¢
combustion
water remoy
the proper s
value 50 ml-
the same ti

Measurem
reduce any d
sampling: al

i

lirect absorption of combustion gases, the outlet of the combustion device (e.g’) oX
bomb) is connected via transfer line, equipped with a valve, to an empty cooled imping
ral and a second cooled impinger with 10 ml absorbing solution or scintillation ¢ocktail. |
afe device, the bomb valve is opened and the gases are collected at a low flux rate (op

ygen
br for

Jsing
fimal

min-1to 60 ml-min-1). The transfer takes about 3 h. Blank samples should"also be counted at

e to allow that small day-to-day variations in the background can be accotnted for.

ts shall be started after leaving the vial to cool down to the measurement temperature a|
hemiluminescence due to manipulation. Absorbing solution are stable at least for 1 week
fernatively, the CO, shall be collected in a 4 mol-1-1 KOH (NaQH) solutions for longer peri

NOTE1 T

mixture resuflting in yet unexplained errors after a few days of storage.

NOTE 2

A.6.3 Combustion of the sample in a tube furnace

A suitable
the combus
absorption
microtube f]
furnace is r
point the ox
is inserted
the absorpt
maximum f
case of the |
grain size.

For the det
cooled abso
KOH (NaOH

ere are strong indications that the NO, formed during the.combustion reacts with the absor

The initial and final mass of the absorbing solution.is‘dn estimation of the recovery of CO},
indicates the[possible sources of error in the procedure, such as a leakage in the absorption system.

mount of sample (seaved at 1 mm nominal size) is weighed in the boat to be insert
fion tube. The test mass depends-on-the carbon content of the SRF and the capacity d
solution; generally, up to 2 g are-processed in macro instruments and typically 200 q
urnace. The gas bubbles set is filled with the absorption solution. The temperature g
hised at the operation value\(e.g. 1 100 °C or 1 350 °C): when temperature reaches th
ygen supply is connected and the flow rate is adjusted at the desired value. The sample]
ind combustion is stayted. At the end of the combustion the impingers are removeq
on solutions collectéd for subsequent analysis. The oxygen flow rate should not excee
ow rate allowed-for the gases to be quantitatively collected in the absorption solutic
1se of microtube the representativity of the test sample should be verify according t

ind to

after
bd.

ption

and

ed in
f the
ng in
f the
e set
boat
and
d the
n. In
b the

brmindtion of the 14C content the CO, shall be collected using an impinger filled W
rbing solution or a mixture of absorbing and scintillation liquid; alternatively, a 4
solution may be used (see A.6.2.2, NOTE 1 and 2).

ith a

11'101-1‘1

As an alternative, the CO, may be trapped by means of a cryogenic trap. In that case the cryogenic trap
shall consist of a water trap (dry ice in ethanol or acetone) followed by a cryogenic trap. Care shall be
taken to avoid formation of liquid oxygen, which shall be achieved by heating the trap slightly above the
boiling point of oxygen, using liquid argon or by performing the separation at diminished pressure.

A.6.4 Combustion of the sample in a laboratory scale combustion apparatus

The combustion condition and test sample amount depend on the apparatus used and manufacturer
instructions.

The CO, may be trapped using different methods, depending on the laboratory. Some examples are
reported below.
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The lab-scale combustion apparatus shall be able to combust a suitable SRF-sample at a constant rate,
with a complete conversion of the carbon present to CO,. For the determination of the 1#C content
the CO, shall be collected using a suitable impinger filled with a cooled mixture of absorbing solution
and a suitable scintillation liquid or a 4 mol-1-1 KOH (NaOH) solution (see A.6.2.2, NOTE 1 and 2). As a
result of the absorption of the CO, a large volume reduction of the gas volume will be observed after
trapping. Therefore, the gas pump is to be positioned in front of the impinger, and the gas pump used

shall

be gas tight.

As an alternative, the CO, may be trapped by means of a cryogenic trap, which consist of a water trap
(dry ice in ethanol or acetone) followed by a cryogenic trap. Care shall be taken to avoid formation of
liquid oxygen, which shall be achieved by heating the trap slightly above the boiling point of oxygen,

using
is be
evac
to th
900

evac

A.6.5

If col
CO, {
by pt

For
(e.g.

Fort
matg

P Iiquid argon or perrorming the separation at diminished pressure. As an alternative
ing used, CO, may be collected by mixing homogenized SRF with cupric oxide (Cu0)
1lated quartz or high silica, high temperature glass tube. Water vapour (up to 3,Pa) c
e tube prior to introduction of the CO, to help remove sulphur compounds. The’tube

1ated glass collection line.

b Measurements

lected samples are sent to specialized laboratories, the samples'shall be stored in a
rom air can enter the absorption solution. A check on the léak of CO, from air shall b
eparing laboratory blanks during the sampling stage.

the determination of the 0 % biomass content the)ycombustion of a coal referern
BCR 182) shall be used.

, when AMS
in a sealed,
hn be added
is heated to

C for 3 h to 5 h. The CO, is collected by breaking the tube using a tube-geracker conpected to an

way that no
e performed

ce material

he 100 % biomass content the Oxalic acid primary standard (SRM 4990c) is available:

suitable pellet. Other reference materials sucli-as Lichen BCR 482 may be used because t}

contg
is 44

ent is 100 % by total carbon by definition{the reported organic C content is 42,1 % and
7 %). A control by using independent 100 material (laboratory internal reference me

as cdllected vegetable prepared for other type o chemical analysis are suitable) is recomme

NOTH
bom}

Amo

\

]

This

Oxalic acid can be difficultito completely combust under the conditions used in this doc
combustion.

hg the materials whichymay be used the following are included:
regetable, with known TC content, assuming 100 % biomass;

[-ascorbic acidfrom natural sources, with known purity and TC content from chemica

materialwith recent carbon, with reference biomass content from AMS method.

aspect regarding uncertainty evaluation should be considered:

wever, this

0
rial is difficult to combust due to its low cal@rific value and the difficulties in the prellaration of a

leir biomass
total carbon
terials such
nded.

ment for the

formula;

U and IUU Y biomass reference values should be used without uncertainty since they

derive from

theoretical consideration and not from accepted averages values from round robin test;

consideration from actual CO, average level.
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A.7 Procedure for the 14C determination by Proportional Scintillation-counter
Method (PSM)

A.7.1 General

This procedure describes the determination of the 1*C by Proportional Scintillation-counter Method
(PSM) in absorbing solutions obtained from the combustion of SRF samples in a calorimetric bomb, a
tube furnace or a laboratory scale combustion device as described in A.6.

A.7.2 Principle

PSM (also ¢
indirectly, t
particles ar
combustion
containing

hrough its emission of B particles due to the radioactive decay of the 14C isotepé:

hlled Liquid Scintillation Counter method, LSC) determines the isotope abundance.df 14C

he B

e observed through their interaction with scintillation molecules. The CO, fofmed by the
of SRF is trapped in an absorbing solution. This solution is mixed with the orgahic solfition
he scintillation molecules and the 14C activity of this mixture is measuredina Proportjonal

(Liquid) Scintillation Counter. In case substantial chemical or optical quenching is foreseen (high

NO, values,
solution. As
reduce the f

A.7.3 Reagents and materials

scintillg

absorbi
3-meth

comme}
perforn]

oxalica

a 14C-fr
A.7.4 App

The extrem
extra precay
cosmic and
and instabil

tion liquid;

hg solution (e.g. 100 % ethanolamine or 5M- ethanolamine in 2-methoxyethan
xypropylamine);

cial 14C labelled substance in solution~with known dpm/ml valid to check instru
Jances;

Cid primary standard (SRM 499(c) or other suitable reference material;

be reference material.

aratus

bly low natural levéls of radiocarbon in the earth's atmosphere (about 1,10712 %) req
itions for accurateé measurement of 14C. Care should be taken to eliminate the influen
environmental‘background radiation, other radioisotopes being present, electronic
ty. Any LSGused should meet these specifications.

formation of coloured substances) collection of the CO, shall be done in the NaOH (KOH)
an alternative the use of pure oxygen or a mix of oxygen and argefi‘during combustion will
ormation of nitrous oxides to an acceptable level. In this case &ither absorption solufions
may be used.

bl or

ment

nires
ce of
hoise
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Key

1 lead shield \O 8  pulse addition circuit

2 3ctive guard . C\)j: 9 fast coincidence analyser
3 dample C)\\ 10 pulse height analyser

4 hotomultiplier tube . 11 circuit

5 1hotomultiplier tube @ 12 multi-channel analyser

6  gxternal standard radiatim@buree 13 command analyser

7  Rhigh-voltage power s ‘

N\
Q_QOJ Figure A.1 — LSC

A7.5 P O&Qure

An aa@%tlon flask is loaded with a known volume of CO2 absorbent e.g. with an absorb]ng solution.
The UbUFDlIlg LddelLy Ul dIl dUbUFUlIlg bUluLlUIl Ul dUULlL ’1‘ 8= 16 3 IIlOl/IIll bIldll [)t! LdKeIl into aCCOUnt;
no more than 80 % of this capacity should be used. The flask shall be cooled in ice or by a cooling device
during the absorption process. The sample gas is collected from a flue gas duct or from a gas bag. In
either case, the sample has to be dried by passing through dryer or empty cooled impinger and the
CO, concentration of the dried sample has to be known (either by a flue gas monitor or by the analysis
of the solid sample that was used to generate the CO,) or by measuring the amount of CO, absorbed
(the absorbing solution absorbs the CO, quantitatively) If acquired directly from a flue gas duct, the
sample volume has to be measured with a gas meter and corrected for the volume of CO, absorbed by
the absorbing solution. After absorption of the CO,, the absorbent is transferred to the measuring vial.
An equal volume of the scintillation liquid is added and the mixture is homogenized.

Then the vial containing the mixture is placed in the PSM and measured. Typical counting times are 6 h
to 24 h: the total counting time is composed of a suitable number of 30-min counting cycles (for example
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a total of 24 cycles of 30 min each). The final count (DPM) is the average value from single results from

every cycle.

The activity of a sample is compared with the activity of a reference material. The number of 14C
registrations (= counts of #C decay in radiometric detectors (PSM) is related to the number of

registration

s of the reference sample under the same conditions.

Standard addition techniques can be used to check for the occurrence of chemical or optical quenching
for each sampling or sample type. For that purpose, 14C labelled components shall be used.

Measurement shall be performed together with a measurement of the “background” sample (0 %

biomass m

terial such as coal or pqniv;ﬂpnf cnmp]p) that is counted for the same pprind of ti

ne as

the actual s
reagent) giy
result in CP]

The statisti
process; her]
error is inve
combinatior

The detecti
background|
counting rat

R

E( n,LD

where

E(Ry, 1p)

ample. The result obtained is the background level for the whole system (apparatug
en in CPM or DPM. After this the actual sample is counted, which also gives a~ceu
M or DPM.

fal error of counting, background and standard is a result of the decay cotmiting, (Poi
ce the precision of the result depends on the number of counts observed, where the rell
rsely proportional to the square-root of the number of counts. The-tetal error is the
of the analytical errors and the errors of the standard and backgreund determinati

The LD shall be calculated from the counting time of the€ sample and the backgr
e assuming the same counting times for background and sample:

(k... +k1_B)~\/E(RO){

1
_+_
to

is the Limit of Detection (LD);

is the confidence level (1,645);

is the counting rate of blank\[cps] (0,316 7 cps);
is the counting time of bJank [s] (16 000 s);

is the counting time of sample [s] (16 000 s).

cotnting rate of blank (0,316 7 cps);

0
bn limit (LD) is the smallest amount of radioactivity that, statistically differs frorI the

and
hting

Eson)
ative
n the

pund

(A1)

(A.2)

dps

n
EXAMPLE

disintegrations per second [Bq];

counting efficiency of the apparatus (0 <n < 1) (0,8).

The calculation of LD using a counting time of 16 000 s (266,67 min) and 19

(0,316 7 counts per s) background with a counting efficiency of 0,8:

LD=

| 1 1
(kg +ky_p ) cps~[t—+t—] (1,645+1,645)-\/0,316 7(
0 b ) _

1 N 1
16000 16000

14

n 0,8

CPM

] =0,026Bq=1,55dpm
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A.7.6 Calculation of the results

From the sample count rate, the background count rate of the counter is subtracted (net count rate).
The 14C activity (DPM) is obtained by normalizing the net count rate to the count rate of the reference
standard (Oxalic acid SRM) or other suitable reference materials.

A.7.7 Example for PSM measurements

In an absorbing solution obtained from a calorific bomb combustion of pure wood (REF = 114 pmC,
TC = 48,0 %) an 14C activity of 7,75 DPM is measured. 13,56 DPM/gC is the value of 100 % biomass.

In th
Then

0,

=]

A.7.4

In an

In th

In a
coml
(BCR
fract
factd

The
Aftel

1 1 4 £1 Q000 L ay £ 1 1 FRpaa Y S | Y
- UUILID 4dll dIl1luulit vl 1,9o0uU s LDlll) Ul DdllllJlC vwddS LUIITUUSLTU Lclll Ul _yJ.
the biogenic carbon content (on air dry base) will be calculated by the followingform

o Biogenic Carbon = [DPM/(13,56 x REF/100)/sm] x 100
0 Biogenic Carbon = {[7,75/(13,56 x 114/100)]/1,050} x 100 = 47,8 %

Ve = 0 Biogenic Carbon / TC=47,8/48,0=99,6%

B Example for PSM measurements from calibration with reference materi

absorbing solution obtained from a calorific bomb combustion of SRF (REF = 107 pmC,
C activity (net value) of 1,36 DPM is measured.

e bomb an amount of 0,55 gram of sample wasicombusted (air dry).

previous phase, in the same conditions;a reference sample from coal (e.g. BCR 182)
ustion gave an average net activity ‘of 0,22 DPM; similarly, a reference sample

482) gave a net average activity of 2,53 DPM. BCR 182 result was used as reference

ion, while BCR 482 was set as 100 % biomass fraction. As reported in Table A.1, th
rs were applied:

CR 182 (0 % biomass) =100

CR 482 (100 biomass) = 101

SRF (unknowu)—= 107

forrected DPM were: 0,22 (0 % biomass); 2,50 (100 % biomass); 1,27 (unknown).

hla:

als

TC=475 %)

after bomb
from lichen
% biomass
P correction

combustion, the absorbing solution cocktail was weighted before and after gases coll

cction: from

the

The net DPM/gC were calculated:

0 % = 1,06 DPM/gC

1

00 % = 10,08 DPM/gC

Unknown = 6,98 DPM/gC

wprc = [6,98/(10,08 - 1,06)] x 100 = 77,4 %

© ISO
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ifference the carbon content was calculated since the recovery can be considered as quantitative.
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A.8 Procedure for the conversion of the carbon present in the sample to CO, for
14C determination by AMS

A.8.1 General

Three procedures are allowed for the conversion of the sample to a form that can be used for the

determination of the 14C content:

1) combustion in a calorimetric bomb,

2) combustion in a tube furnace,

3) combus'tion in a laboratory scale combustion apparatus.

NOTE The method mentioned under 3) is not validated.

Other apparatus may be used which provide a complete combustion in the reported experimgntal
conditions. As an example, the combustion may be performed by using elemental analyser. Theg CO,
formed is thien absorbed in a suitable solution, which depends on the combustiommethod.

A.8.2 Combustion of the sample in a calorimetric bomb

A.8.2.1 Procedure

For the combpustion according to the determination of the calorific,value of the sample, ISO 21654 [shall
be used. Th¢ test sample is a general analysis sample passing through a sieve with 1 mm apertur¢ and
prepared adcording to ISO 21646. The test sample mass of(ess than 1 g is pressed in the forn] of a
pellet by using a suitable pressing device (manual or pneumatic). For SRF materials with high content
of plastic o1l rubber showing higher LCV values, the test’sample mass should be reduced to a mgss in

the range fT
(e.g. materia

The approp!
purpose, thg

After combu
collected in

For the det
Alternativel
gas shall be

As the bomh
bomb that if
of 2,5 MPa 4

om 0,4 g to 0,8 g to be suitable for safe bomb operation. For materials difficult to co

iate mass of the test sample to be.combusted depends on the total carbon content fol
total carbon content of the sample shall be determined before the combustion step.

stion, the combustion gasesare collected in a suitable mixture. Alternatively, the gase
a gas bag as described in AL6.2.2.

ermination of theC(4€ content the CO, shall be collected in a KOH or NaOH soly
v, ca. 2 ml of thelepmbustion gas shall be taken from the bag using a glass syringe an
transferred to\the AMS target preparations system.

volumeds\teleased to atmospheric pressure, there will be a residual amount leftover i
directly-related to the pressure in the bomb after the combustion (with a residual pre;
%, of'\the combustion gas will be left after release to atmospheric pressure).

bust
1 with high ash content >30 % on dry basis) it is recommended to use a combustion arizﬁ.

" this

S are

tion.
d the

n the
sure

To overcom

T ToOO TS

a) perform the calibration and the analysis taking account of this residual amount by using the

pressure correction factor,
b) use the vacuum pump to remove the residue gases;
c) flush the bomb with Argon or (CO,-free) N, and collect the CO, in the rinsing gases as well.

A.8.2.2 Absorption of the gas sample

If a gas sample bag is used, it shall be connected to a small pump with a connection line into a 20 ml
glass vial, filled with 10 ml of absorbing solution or a mixture of 10 ml of the absorbing liquid and 10 ml
of the scintillation cocktail, placed in an ice bath or cooling device at <10 °C, to remove the heat of the
exothermic carbamate formation reaction. The pumping speed shall be about 50 ml-min~1. The transfer
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of the gas from the bag takes about 2 h to 3 h. After the sample is collected, it is ready to be counted on
a LSC. Blank samples should also be counted at the same time to allow that small day-to-day variations
in the background can be accounted for.

In case of direct absorption of combustion gases, the outlet of the combustion device (e.g. oxygen
combustion bomb) is connected via transfer line, equipped with a valve, to an empty cooled impinger
for water removal and a second cooled impinger with 10 ml absorbing solution. Using the proper
safe device, the bomb valve is opened and the gases are collected at a low flux rate (optimal value 50
ml-min~! to 60 ml-min~1). The transfer takes about 3 h. Blank samples should also be counted at the
same time to allow that small day-to-day variations in the background can be accounted for.

>shathbe collected

in a 4 mol-1-1 KOH (NaOH) solutions for longer period.
NOTE1 There are strong indications that the NO, formed during the combustion reacts with thje absorption
mixtyire resulting in yet unexplained errors after a few days of storage.

NOTE 2  The initial and final mass of the absorbing solution is an estimationof. the recovery of CO, and
indicptes the possible sources of error in the procedure, such as a leakage in the abserption system.

A.8.2.3 Combustion of the sample in a tube furnace

A sultable amount of sample (sieved at 1 mm nominal size) is~Weighed in the boat to bq inserted in
the gombustion tube. The test mass depends on the carbon ¢ontent of the SRF and the capacity of the
absofption solution; generally, up to 2 g are processed in niacro instruments and typically 200 mg in
micrptube furnace. The gas bubbles set is filled with thé.absorption solution. The temperfature of the
furnace is raised at the operation value (e.g. 1 100 °C-0¥ 1 350 °C): when temperature redches the set
point the oxygen supply is connected and the flow rate’is adjusted at the desired value. The[sample boat
is inserted and combustion is started. At the epd of the combustion the impingers are removed and
the absorption solutions collected for subsequent analysis. The oxygen flow rate should not exceed the
maximum flow rate allowed for the gases té_be quantitatively collected in the absorption| solution. In
case |of the use of microtube the representativity of the test sample should be verify according to the
grain size.

For the determination of the 14C centent, the CO, shall be collected using a suitable impinggr filled with
a 4 mol-1-1 KOH (NaOH) solutiom

As an alternative, the CO,may be trapped by means of a cryogenic trap. In that case the cryogenic trap
shallf consist of a waterdrap (dry ice in ethanol or acetone) followed by a cryogenic trap. (fare shall be
taken to avoid formation of liquid oxygen, which shall be achieved by heating the trap slightly above the
boiling point of oxygen, using liquid argon or by performing the separation at diminished pfessure.

A.8.2.4 Combustion of the sample in a laboratory scale combustion apparatus

The fombiustion condition and test sample amount depend on the apparatus used and mfanufacturer
instruetions.

The CO, may be trapped using different methods, depending on the laboratory. Some examples are
reported below.

The lab-scale combustion apparatus shall be able to combust a suitable SRF-sample at a constant rate,
with a complete conversion of the carbon present to CO,. For the determination of the 1#C content
the CO, shall be collected using a suitable impinger filled with a 4 mol-I"1 KOH (NaOH) solution. As a
result of the absorption of the CO, a large volume reduction of the gas volume will be observed after
trapping. Therefore, the gas pump is to be positioned in front of the impinger, and the gas pump used
shall be gas tight.

As an alternative, the CO, may be trapped by means of a cryogenic trap, which consist of a water trap
(dry ice in ethanol or acetone) followed by a cryogenic trap. Care shall be taken to avoid formation of
liquid oxygen, which shall be achieved by heating the trap slightly above the boiling point of oxygen,
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using liquid argon or performing the separation at diminished pressure. As an alternative, when AMS
is being used, CO, may be collected by mixing homogenized SRF with cupric oxide (CuO) in a sealed,
evacuated quartz or high silica, high temperature glass tube. Water vapour (up to 3 Pa) can be added
to the tube prior to introduction of the CO, to help remove sulphur compounds. The tube is heated to
900 °C for 3 h to 5 h. The CO, is collected by breaking the tube using a tube-cracker connected to an
evacuated glass collection line.

A.8.3 Measurements

If collected samples are sent to specialized laboratories, the samples shall be stored in a way that no
CO, from air can enter the absorption solution. A check on the leak of CO, from air shall be performed
by preparing laboratory blanks during the sampling stage.

For the detlermination of the 0 % biomass content the combustion of a coal referenee imaterial
(e.g. BCR 18P) shall be used.

For the 100 Po biomass content the Oxalic acid primary standard (SRM 4990c) is available: howevet, this
material is dlifficult to combust due to its low calorific value and the difficulties in‘the preparation of a
suitable pellet. Other reference materials such as Lichen BCR 482 may be used(bécause their biomass
content is 1Q0 % by total carbon by definition (the reported organic C contentis42,1 % and total cqrbon
is 44,7%). Alcontrol by using independent 100 material (laboratory internalteference materials sufch as
collected vegetable prepared for other type o chemical analysis are suitdble) is recommended.

NOTE Oxalic acid can be difficult to completely combust under the conditions used in this document f¢r the
bomb combuftion, but this does not influence the analytical results in case of use of the AMS apparatus.

Among the materials which may be used the following are included:
— vegetaIe, with known TC content, assuming 100 % biomass;

— L-ascorbic acid from natural sources, with known purity and TC content from chemical formuja;
— materiall with recent carbon, with reference-biomass content.

This aspectregarding uncertainty evaluation-should be considered:

— 0% and 100 % biomass referencevalues should be used without uncertainty since they derive ffrom
theoretjcal consideration and not;ffom accepted averages values from round robin test.

A.9 Procedure for the2*C' determination by Accelerator Mass Spectrometry (AMS)

A.9.1 General

This annex [describes’the procedure for the determination of the 14C determination by AMS ip the
carbonate solutions obtained from the combustion of SRF samples in a calorimetric bomb, a|tube
furnace or a/laboratory scale combustion device.

A.9.2 Principle

The accelerator mass spectrometry (AMS) method determines the presence of 14C directly. The atoms
in the sample are converted into a beam of ions. The formed ions are accelerated in an electric field,
deflected in a magnetic field and detected in ion detectors resulting in the determination of the relative
isotope abundances of these ions.

AMS is a form of mass spectrometry that uses a high potential electrostatic field, which serves not only
to accelerate them but also to specifically form only C"* ions (n = from 1 to 4) that are allowed into the
spectrometer, excluding all other ionic species. This greatly enhances sensitivity without compromising
selectivity. The 14C is determined in graphite (carbon) that is why all the carbon in the samples has to
be converted into graphite before analysing.
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With AMS the modern fraction in the carbon, present in the sample, is determined. The total carbon
content is not determined with this technique and shall be determined separately.

A.9.3 Reagents and materials

— oxalicacid primary standard (SRM 4990b). Although not certified other reference materials may be
used (e.g. L-ascorbic acid or lichen BCR 482);

— iron catalyst;
— hydrogen;
— IICI solution (5 M);

ry ice;

— 4cetone or ethanol;

— liquid N,.

A.9.4 Apparatus

— gample preparation equipment;
— liquid nitrogen freezing station;

— Jccelerator mass spectrometer (AMS) (see Figure A.2):
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1
Key
1 59 samp|e ion source 7  high energy mass spectrometer
2 recombipator 8 \¥ZC-cup
3 chopper 9) 13C-cup
4 tandem gccelerator 10 33°electrostatic deflector
5  stripping canal 11 90° magnet
6  110° magnet 12 ionisation chamber

Figure-A.2 — Schematic presentation AMS

A.9.5 Progedures
a) Transfef the carbofate solution to the extraction bottle.

b) Attach the HCI'dosing device.

c) Evacuate®he bottle and dosing device (degassing, removal of dissolved N, and O, from air).

d) Add HCl to the carbonate solution.

e) Remove water vapor using a trap filled with acetone and dry ice.
f) Collect the formed CO, in a trap that is submersed in liquid N,.
g) Take a small sample for 13C determination at this stage.

h) Transfer the CO, to the graphitizing rig system (see Figure A.3).

Gaseous sample shall be either let in the system released from a quartz tube or after they are trapped
in liquid nitrogen followed by subsequent heating. The gas is then converted to graphite using an iron
catalyst, according to the following formulae:
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CO,+Hy <> H,0 +CO
CO+ H, «— H,0 +C

The water produced by this reaction is removed to ensure a complete reduction to graphite. This is
particularly important to avoid fractionation.

- N

Ilz
< 5
T |
N V
)
1 6
u
3
Key
1  dample ampoule as CO, 4  quartz tube
2 pressure sensor 5 graphite oven at 600 °C
3 glectronic cooling elemént at -18 °C to trap H,0 6 Fe powder
Figure A.3 — Graphitization rig
The graphiteis,pressed into a target and mounted on a wheel before it is loaded into the acce|erator mass
specfrometer. In the ion source a high current beam of caesium ions (Cs*) is focused on the{target. This
liberptes'negatively charged target atoms, producing a 36 keV beam of C-ions. Targets are [kept 10 mm
away_from each other to avoid cross-contamination and moved during sputtering to avold cratering,

which causes fractionation. The negative ion beam is then focused by a lens into a recombinator. Here
a series of magnets remove non-carbon ions from the beam and separate the three carbon isotopes
(12C, 13C and 14C). The chopper wheel then physically blocks most of the 12C, allowing a much reduced
beam of carbon ions to be recombined for simultaneous injection into the accelerator. In the tandem
accelerator the C-ions are accelerated to the terminal (at +2,5 MeV) then changed to C3* ions by collision
with Ar atoms in the gas stripper. These positive ions are accelerated to 10 MeV. A charge state of 3+
is chosen because the mass/charge ratio of 14C3+ is truly unique, allowing its accurate separation in
the high-energy mass spectrometer. The first element of the high-energy mass spectrometer is a 110°
bending magnet, separating in the accelerated 12C, 13C and 14C ions. The 12C and 13C beams are measured
in Faraday cups (typical currents 250 nA). The 14C3* jons are further purified by a 33° electrostatic
deflector a 90° magnet. They are measured in an isobutene-filled ionization chamber, isolated from the
accelerator vacuum by a thin metal foil (density 250 pg/cm?). Typically, a sample is counted for one hour.
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A.9.6 Calculation of the results

The isotopic ratios of *C/12C and 13C/12C are determined relative to the appropriate primary
reference material. All percent modern carbon (pmC) values obtained from the radiocarbon analyses
measurements shall be corrected for isotopic fractionation using stable isotope data (13C/12C ratios)
obtained on CO, derived from combustion of the sample. Do not determine 13C/12C ratios on the raw

product material itself, since that approach can lead to erroneous results in some cases.

A.10 Calculation of the results
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cisient pmC measurements, the 14C/12C and 13C/12C isotopic ratios shall be determing

, the
ce a
Id be
d the
y of a
rval.

f the

ralue
pmC
ction
ing a
pmC

8 dpm per gram C is considered as a 100-%bio-based carbon content for biomass that is

. The

n the
en)[Z],

That
bn of
ional
ently

d, as

correction f

briisotopic fractionation should be done. During working up of the sample this fraction
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can occur if only a part of the combusted sample is analysed. In biomass, small variations in carbon
isotope ratios occur as well, it depends on the type of photosynthesis that formed the biomass. Most
biomass (e.g. wood) is of the so-called C3 type photosynthesis, some tropical plants (corn, tropical
grasses) are of the C4 type photosynthesis. For SRF applications the maximum error is estimated to
be well below 1 % as for 100 % C4 biomass a value of 99 % biomass will be measured if no isotope
correction is done.

The fraction of biomass content by mass and the fraction of biomass by energy content shall be
calculated using the biogenic carbon in the solid recovered fuel and the carbon and energy content of
the biomass fraction.

According to experimental reported data (ASTM D 6866-20[4]), a consensus value of 101 pmC for
biomass may be used for 2019, considering an estimate decrease of 0,3 pmC/year, due to 14C dilution
from atmospheric emissions; a value of 100 pmC can be extrapolated for 2022 year. After 2022 a
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further reduction will probably result in a pmC value lower than 100: a more precise extrapolation
will be possible in the future and the new value will be included in the next revision of this document.
Extrapolated data should be verified in the future.

For solid recovered fuel (SRF) produced mainly from urban waste, pmC values can be different on a
regional base and they may be used if general accepted evidence is provided. A general value reported in
this document for European waste material is 116 pmC in 2009. The literaturel2l report an extrapolated
value of 109 for 2009 and a 2006 value of 113 pmC which is significatively higher than of 108 pmC
(as reported in ASTM D6866-20[4]). The literaturel] report 2008 values for different type of SRF
ranging from 115 (SRF from urban waste) and 121 (SRF from large wastes): a value close to 117 can be
estimated for SRF from mixed waste. In ISO 13833:2013 reference is done to pmC value for 2010 of 111
with[adecrease to 109 1n ZU15. These literature values are reported in Figure A.Z.

Y
118
.

116 ®

114

112

110

108
2004 2006 2008 2010 2012 2014 2016 X

SRF pmC values{2008-2015)

Figure A.4 — pmC values for SRF from literature

Sinc¢ pmC values differ on regional values-and for different SRF types the reported data afe scattered.
From the extrapolated value for 2015and considering the 0,3 pmC/year an extrapolated value for 2020
of 10[8 pmC can be proposed.

For dther fuels composed of single materials, pmC values may be used (UNI/TS 11461[2):

— ﬁaper and cardboard\1117 (2008); 112 (2015) 109 (2020, calculated reported value from ECN
atabase).

Y
116
M5 i

114

13

112 ®
111

110

109 T
108

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 X

Figure A.5 — pmC values for paper and cardboard
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— wood-based material (with the exception of pure biomass): 121 (2015); 122 (2020).

Anincrease is expected due to increase of the reuse of more recent materials. A consensus value may be
proposed to be 122.

From the previous reported data, it is clear that an accurate selection of pmC reference values for fresh
biomass and for SRF is of crucial importance for the application of this standard. 101 pmC for fresh
biomass and 107 pmC for SRF shall be used on the basis of available literature data.

When available accurate information about the composition of the SRF and the pmC value of the
individual fractions a more accurate pmC value for that type of SRF can be obtained, then that pmC
value can be_used. This value and the method for its calculation shall be included in the test report

(Clause 9).

NOTE Cqlculation example is reported in Table A.1.

Table A.1 — Data used for the calculation

Material Carbon Net calorific pmC DPM Correction
value factor

% (daf) M]/kg (daf) % % %

Demglition 50 19 114 154 88

wood

Cardboard 45 17 110 15,1 91

Used([paper 47 17 110 15,4 91

Fresh biomass 48 18 101 14,3 99

SRF value 47,5 18,4 107 15,2 93

If for instarjce the biomass fraction of SRF only would consist of used paper then for that biomass
fraction a pmC value of 110, a DPM value of 15,4;%a’carbon content of 47 % and a net calorific yalue
of 17 M]/kg has to be used as a basis of the calculation (see Table A.1). Hence a SRF mix contajning
50 % used paper (m/m) and 50 % non-biomass fraction a pmC value 114/2 = 57 (or a DPM valpe of
15,4 / 2 =7,¥) will be measured, resulting in a biomass energy content of 17/2 = 8,5 M]/kg.

A.10.2 Example of conversion from biogenic carbon content to biomass content

In a SRF sarmple with a total enetgy content of 18,1 M]/kg, an amount of 20,0 % of biogenic carbor] was
measured.

The biomasg fraction of the'SRF sample was estimated to be a paper fraction containing 46,6 % of carbon.

The biomas$ mass fraction (wg) then will be 20,0 x 100/46,6 = 42,9 %.

A.10.3 Example‘of conversion from biogenic carbon content to biomass energy content
with a mixed biomass fraction

In a SRF sample with a total energy content of 18,1 M]/kg (ad) and TC = 43 % (ad), an amount of 20 % of
biogenic carbon was measured.

The biomass fraction of the SRF sample was estimated to consist of 30 % (m/m) of demolition wood and
70 % (m/m) of paper.

The biomass mass fraction (wg) then willbe 30/100 x 20 x 100/50 (from Table A.1) + 70/100 x 20 x 100/47
(from Table A.1) = 41,8 %.

The biomass energy content will be 30/100 x 20 x 19/50 + 70/100 x 20 x 17/47 = 7,34 M]/kg ad

Wg g =7,34/181=392%
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Annex B
(normative)

Determination of biomass content using the selective dissolution

method (SDM)

B.1

This
by m
metH

B.2

The

treat
biom
resid

For %
weig|
cont(
dissd
perc

The

proc
proc
whic
biom
this

caloy]

accor

The

conty
calcy
biom
carb

General

annex specifies the procedures for the determination of the biomass content expresse
ass, by calorific value and by carbon content using selective dissolution. The'selective
od (SDM) is based on the fact that biomass oxidizes significantly more quickly than na

Principle

SDM for the determination of the biomass content expressedin percent by mass
ment with concentrated sulphuric acid topped with hydrogen peroxide. As a gene
ass in the solid recovered fuel will selectively dissolveland the non-biomass will re
ue.

he determination of the biomass content expressed in percent by mass, the sam
ent of carbonates by measuring the ash content{according to ISO 21656 Method A) befq

ent in mass using the SDM.

determination of the biomass content by calorific value consists of two procedurg
bdure determines the calorific values of the total sample and non-biomass fraction.
edure calculates the biomass content by energy content. Figure B.2 illustrates the
h the fraction specific calorific values shall be determined. Depending on the use of thg
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hinnex is applied, a cheice’shall be made whether the biomass fraction shall be detern|
ific value or gross ealerific value. All calorific values in the rest of this annex will then i
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determination-of the biomass content by carbon content involves the determinatid
ent before.and after the selective dissolution of the biomass fraction. The results are
lations ofthe biomass content expressed in percentage by TC. The maximum relative
ass,content by TC is 0,4 % per 1,0 percent by mass of the ash fraction. Therefore, a cg

hed before and after selective dissolution. The»biomass content by mass is corre¢

lution. Figure B.1 shows which steps are\performed when determining the biomass$
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determlmng the blomass content by usmg the SDM for the determlnatlon of the blomass content in
percent by TC.

B.3

Limitations

The minimum sample amount to be used for each test shall be atleast 5 g of the material with a nominal
top size of 1 mm or less. Other details on limitations of this method can be found in Annex D.

B.4

Symbols

For the purposes of this annex, the following abbreviated terms apply.
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Agpr ash content of SRF sample according to ISO 21656;

Cash total carbon content of the ash fraction expressed as a percentage by mass;

Cresidue total carbon content of the non-biomass fraction expressed as a percentage by mass;
Ciot total carbon content of the total sample expressed as a percentage by mass;

daf dry and ash free

M moisture content (percentage by mass)

M csidue-ash [Mass of ash of dissolution residue (including filter), burned according to
[SO 21656 in g;

MgRE mass of dry SRF test portion used for dissolution, in g;

M esidue remaining dry mass (including filter) after the test portion has been dissolved, in g;
dB(daf) calorific value of the biomass fraction on a dry and ash-free basis, in\M]/kg;

dNB(daf) calorific value of the non-biomass fraction on a dry and ash-freebasis, in MJ/kg;
residue(daf) [calorific value of the residue resulting from the dissolutioytest on a dry basis, in MJ/kg;

dsrrdar)  [calorific value of the SRF on a dry basis sample, in M/kg;

TC total carbon;

wp biomass content expressed as a percentage by mass;

WiR non-biomass expressed as a percentage'by mass;

W cal biomass content expressed as a percentage by calorific value;

W\ cal non-biomass content expressed as a percentage by calorific value;
W 1 biomass content expressed as a percentage by TC;

Wi esidue hmount of dissolution residue, expressed as a percentage by mass.

B.5 Reagents andimaterials
Reagents anld materials needed for performing the SDM are:

— 78 % (gl/g)H,S0, (laboratory quality);

— 35 % (g/g) H,0, (laboratory quality);

— glass fibre filter, @ 10 cm or 12,5 cm, GF 6 (this means that it is a filter which is equipped to block
particles larger than 1 pm); in case of high biomass content (>80 %) SRF a filter with a smaller
diameter (e. g. 5 cm) may be used. Filters shall be resistant to temperatures of 550 °C;

NOTE See Table D.1 for examples of high biomass materials.

— water of at least demineralized quality.
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B.6 Apparatus

Apparatus needed for performing the SDM are:
— filtration device, for example Biichner funnel;
— conical flask (500 ml);

— desiccator;

— muffle furnace atatemperature over 550 °C (ashing temperature is notimportant for this document);

Jdish consisting of Inert material such as porcelain, silica or platinum,
— (¢utting grinder or other grinding apparatus that may be used to reduce samples £0y<1 mm;
— flume cupboard;

— IH measuring device;

alance, capable of weighing the dish containing the sample to the nearest 0,1 mg.

B.7 | Procedure for the determination of the biomass content expressed in
percent by mass

B.7.1 General

This|procedure specifies the determination of the bidmass content expressed in percent bymass, using
the §DM. Figure B.1 illustrates the principle by which the percentage by mass is determinegl.

| Duplicate test according to ISO/PWI 21646 |

I
!
Determinate ash content of a test | Dissolve laboratory sample selectively |
portion according todlSO/NP 21656
(methedA)

| Dry and weigh residue |

!

Determinate ash content of residue
according to ISO/NP 21656 (method A)

Calculate the biomass content in percent by

weight
S

Figure B.1 — SDM for biomass content expressed in percent by mass

B.7.2 Procedure

Sample preparation in the field shall be conducted according to ISO 21645 and to ISO 21646.
Preparation of the test sample shall be conducted according to ISO 21646. Perform the following steps
for implementing the SDM:

a) take two test portions of 5 g and a nominal top size of 1 mm or less according to ISO 21646. Record
the mass of the two test portions;
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b)

determine the ash content of test portion A, Aggp according to ISO 21656, Method A. When the
biomass content expressed in percent by total carbon is to be determined (see B.9), the ash shall be
retained;

dry and cool the test portion B in a crucible at (105 * 2) °C to a constant mass according to CEN/
TS 15414-1 and cool in a desiccator. In case SRF contains volatile compounds other than water, the
Karl-Fischer method is advisable on a different test portion;

WARNING — For some types of solid recovered fuels there can be a risk of self-ignition when

drying at 105 °C.

d) Weigh the dried test partion Bta the nearest 01 mg Record the mass (mo“r)-

e) place tept portion B in an empty 500 ml flask;

f) make siire the crucible is completely empty after emptying into the flask. If not, the,mass bgfore
and aft¢r emptying shall be determined which enables the recalculation of mgpg;

g) add 15( ml of 78 % (g/g) H,SO, to the conical flask. Stir carefully, but thoroughly by hand} The
sample has to be completely moistened with H,SO,. Place the (full) flask away in a fume cupHoard
for 16 h|+ 2 h (cooling may be required);

h) after 1§h + 2 h, add 30 ml of 35 % (g/g) H,0,. Add slowly to controkthereaction. Stir carefully, but
thoroughly by hand. The sample shall be completely moistened sith H,0,. Place the conical [flask
away in|a fume cupboard for 5 h # 1 h (cooling may be required);

i) dryaglass fibre filter and record the mass of the glass fibre filter (mgq.);

j) after 5l +1h, dilute the sample B with 300 ml of demineralised water and then filter it over a glass
fibre filter in a Buiichner funnel or similar device;

k) remove|the sulphuric acid by rinsing the residueywith 6 doses of 50 ml demineralised water. Make
sure the entire 50 ml demineralised water is removed before another dose is added or until the last
filtrated volume has a pH of at least 3,0;

1) dry thesolid residue from test portion'B together with the filter at 105 °C until a constant mas has
been achieved;

m) weigh the dried residue B together with the filter to the nearest 0,1 mg. Record the mass (M dquc);

n) determjne the ash content(m,.qque-asn) Of the solid residue from test portion B accordi1g to
ISO 216p6, Method A.

B.7.3 Cal¢ulation ofthe results

The results
content, the

28

bf therdissolution test and the Formulas (B.1) and (B.2) shall be used to calculate the biomass
ash'content and the non-biomass content on a dry basis expressed as a percentage by I[nass.
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Use Formula (B.1) for the determination of the biomass content on a dry basis expressed as a percentage
by mass:

wg =| 1- Myesidue ~Mresidue-ash +ASRF %100 (B.1)
Mgpp 100

Use Formula (B.2) for the calculation of the non-biomass content on a dry basis.

wyp =100—x, —Aspp (B.2)

masyg. This means that when calculating e.g. energy content of SRF, calorific values on dry‘a$h-free (daf)
shall|be used.

It shpwld-benoted that the resultispure (100 U4} biomassornon-bismasscaleulated from total dry

EXANPLE

— An SRF sample has an ash content of 15,0 % (d).

— Atestportion of about 5 g is taken (after drying, the dry mass was noticed to be 5,101 3 g).
— Adissolution is carried out for this material.

— After dissolution, the residue is dried and weighed. The mass is neticed to be 2,502 8 g.

— Theresidue is then ashed and the remaining mass of residue.ash was noticed to be 0,411 0 g.
The ¢alculation now gives [according to Formula (B.1)]:

2,5028-0,4110 15,0
5=l 1- +
5,1013 100

—
<

Hx100:44

The non-biomass content on dry basis can now be calculated [according to Formula (B.2)]:

Wyp =100-44-15=41

B.8 | Procedure for the determination of the biomass content by calorific|value

B.8.1 General
This|procedure spécifies the determination of fraction specific calorific values of biomass and non-

biomlass. These calorific values can be expressed either as net calorific value or as gross calorific value.
Detefminatiomof the biomass content of solid recovered fuels is based on the SDM.

B.8.2 Procedure

The 'determinationof-—thebiomass—content ‘u_y catorifie—vatue—consistsoftwo Pt ocedures. The first
procedure determines the calorific values of the biomass and non-biomass fraction. The second
procedure calculates the biomass content by energy content. Figure B.2 illustrates the principle by
which the fraction specific calorific values shall be determined.
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Duplicate the test portion

|_

!

Determinate the calorific value and the ash content of

the test portion

}

Produce a residue according to B.7.2 with a test

Depending

1,0g?

portion: step c) to m) of B.7.2; 1,0 g residue T
[s the required residue Scale up the SDM
recovered from the proportionally or use
lass fiber filter at least B.8.2 e)

Determine the calorific value and the ash content of

the residue

v

—'l Calculate the actual biomass content by calorific value

Figure B.2 — Determination of the biomass.content by calorific value

n the use of the results, the biomass contefit may be calculated in percent by net calgrific

value or by|gross calorific value. Before this annex is applied, a choice shall be made whethef the
biomass fragtion shall be determined by net calorific value or gross calorific value. All calorific values
in the rest of this annex will then be expressed according to the choice.

The calorifi¢ value and the ash content of both'the sample and the residue shall be determined according

to ISO 21654 and ISO 21656 Method A respectively. With these values the fraction specific calgrific
values shall|be calculated.

In case of gffoss calorific values, the formulas in Table B.1 can be used for conversion of data from dry
base to as received base or dry-ash free base:

Wanted
Given As\analysed Asreceived? Dry Dry, ash free
(air-dried)

(ad) (ar) () (daf)
As analysed 100-M,,,. 100 100
(air-dried, ad] T00-M_4 T00-M_, T00— (M4 +4,5)
As received 100-M,4 100 100
(ar) 100-M,, 100-M,, 100-(M, +4,,)
Dry 100-M,, 100-M,, 100
() 100 100 100-4,4
Dry, ash free 100_(Mad +Aad ) 100_(Mar +Aar ) 100—Ad
(daf) 100 100 100

a

moisture bases.

Note that the formulae given for calculating results to the “as received” basis can be used to calculate them to any other

30
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Table B.1 — Formulae for conversion of gross calorific value

In order to determine fraction-specific calorific values the following steps shall be performed:

a)
b)

‘)
d)

B.8.3 Calculation of the results

Calcylate the dry ash-free fraction-specific calorific value_of the non-biomass fraction a
samy

take a sample according to ISO 21645 and prepare the sample according to ISO 21646;

determine the calorific value and the ash content of the sample according to ISO
ISO 21656, Method A;

determine the non-biomass content of a test portion according to B.7;

21654 and

the calorific value of the residue, then the volumes shall be scaled up proportignately;

determine both the ash content and the calorific value of the residue. Whenless than 1
ils obtained after selective dissolution or the part of the fines in the résidue is high,
logether with the filter should be crushed for the determination 6f)the calorific v
¢ontribution of the filter should be deducted in the result.

le using the values obtained in steps b) to €). To this,end; Formulas (B.3) and (B.4) sha

Qresidue

d =
NB{(daf) 1_Aresidue /100

lake a new test portion and follow steps c) to m) of the instructions in B.7.2. If an estinllation of the
Ibiomass content indicates that 5 g of a test portion will result in insufficient matérial to determine

g of residue
the residue
lue and the

nd the total
1l be used:

(B.3)

Calcylate the ash-free fraction-specific calorificvalue of the biomass fraction using Formulp (B.3):

 4srr(dar) ~(Xn /100)XaNp i
B(daf) — 1-Xyp daf) / 100~ Aggp(41/100

oS

(B.4)

EXANIPLE In a dry SRF sample; following properties were found: qsgpqar = 18,21 MJ/kgj ash content
Agrpchy = 8,0 %. In the Selective dissolution test the amount of residue, Xy (gar) Was 40 %, ash conteny Ayg = 10,2 %
and qyg = 25,03 MJ]/kg. We now have:
40
18,21 =3 x25,03/(1-10,2/100)
q = =13,58M] /k
B(daf) 1-40/100-8,0/100 /K9 car)
The procedurefor determining the biomass content in percent by calorific value consists of four steps:
a) clletermine the biomass content, xz, and non-biomass content, xyg, according to B.7.3;
b) determine the fraction specific calorific values according to B.8;
c) determine the biomass content in percent by calorific value;
d) The biomass content by calorific value is calculated as follows:
Xp Xq
_“B"B
Wp cal = (B.5)
dsrF
WNB,cal :100_WB,cal (B.6)
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B.9 Procedure for the determination biomass content by TC

B.9.1 General

This procedure specifies the procedure for the determination of the biomass content in percent by TC
by selective dissolution of the solid recovered fuel. The TC content is determined before and after the
selective dissolution of the biomass. The results are used for the calculations of the biomass content
expressed in percentage by TC. The maximum relative error for the biomass content by TC is 0,4 % per
1,0 % by mass of the ash fraction. Therefore, a correction for carbonate present in the ashes is made if
the ash content in the original sample (as determined in this annex) is larger than 10 % by mass on a
dry basis.

Figure B.3 shows which steps are performed when determining the biomass content by usingthe|SDM
for the detefmination of the biomass content in percent by TC.

Determinate the biomass and non-biomass
content by weight according to B.7

Ash
content>
10 m/m %

Determinatethe total
carbaon ¢content of the
ash residue

2 laboratory test portions (C and'D) |‘7
C | 5
v v
Determine total carbon content of Dissolve laboratory test portion D
laboratory sample C selectively
:
Dry and weigh residue
v
Determine total carbon content of the

residue
T

Calculate the biomass content in
percentage by carbon content

Eiguire B.3 — SDM for biomass content in percent by TC

The following steps'shall be performed for implementing the SDM for the determination of the biomass
content in pgréeent by TC:

a) take four test portions A, B, C and D. Test portions A and B shall have a mass of at least 5 g. Test
portion C and D shall meet the requirements of ISO 21663; record the mass of all test portions;

b) determine, with test portions A and B, ash (Aggy) and residue fraction (x
to procedure B.7.1. Store the ash;

residue) DY mass according

c) ifthe ash contentis larger than 10 % by mass go to step d), otherwise, go to step e);

d) determine the TC content of the ash fraction according to ISO 21663 of the ash residue stored in
step b). Record this as C,;,. Dependent on the TC analyser, greater sample volumes should be used
or analyses be repeated;

e) determine the TC content of test portion C according to ISO 21663. Record this as the TC content of
the total sample, C;

ot
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f)

g)
h)

B.9.2 Calculation of the results

ISO 21644:2021(E)

take test portion D with a minimum size according to the content of the residue X, qiques

NOTE In case of micro-methods typical sample mass is 5 mg: if the residue is 40 %, then the minimum
size of the test portion is 5/0,4 = 12,5 mg; in case of macro-methods typical sample mass is 500 mg: then the
minimum size of test portion is 500/04 = 1 250 mg in case of 40 % residue. When using the micro-methods
the representativity should be verified.

perform step c) to e) of B.8.2 on test portion D;

remove the residue of test portion D from the filter carefully and determine the TC content of the
residue according to ISO 21663. The TC content of the residue is equal to the TC content of the non-
biomass fraction. Record this as C...4,.. Dependent on the TC analyser, greater sample volumes
ghould be used or analyses be repeated.

If the ash content is larger than 10 % by mass, use Formula (B.7) to calculate*the bionjass content

expressed as a percentage by carbon content.

If th¢ ash content is smaller than 10 % by mass, use Formula (B.8) te-calculate the bionjass content

expressed as a percentage by carbon content.

XC, o +X, g XC
W =100- ASRF ash ~ “residue " “residue (B.7)
’ C
tot
NOTH In the calculations, it is assumed that there is no inorganic carbon in the biomass fract{on. Also, it is

assuiped that in the selective dissolution test all inorganic.€arbon is lost i.e. there is no inorganic farbon in the

disso]ution residue.

—

C

Ve TC :100_[Xresidue ><Cresidue ] (B.8)
tot

Depgnding on the quality of the ash, a-deviation of up to 0,4 % per 1,0 % of ash content may be caused

by cqrbonates present in the ash.
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Annex C
(normative)

Determination of biomass content using the manual sorting

C.1 Gene€

In the M

sort

method (M, )

ral

a sample of the solid recovered fuel is sorted by hand into sub-fractions, such as plaptics,

on of

\d /or

age

paper/cardhoard, wood, vegetable, fruit, garden waste and inert matter.
C.2 Pringiple
The M, for the determination of the biomass content in percent by mass.involves the separati
the compongents into a number of fractions which are either (mostly) biomass or (mostly) non-biomass.
C.3 Limitations
This method is not applicable for solid recovered fuels with a particle size smaller than 10 mm ar
SRF that is gelletized. Other details on limitations of this method can be found in Annex D.
C.4 Symbols
For the purposes of this annex, the following symbols apply.
wg blomass content on a dry basis, expressed as a percentage by mass;
Wg NB blomass content in the sorted non-biomass fraction on a dry and ash-free basis, expressed
’ af a percentage by mass;
W, g cpntent of componenti in the biomass category on a dry basis, expressed as a percentapge
' by mass;
Wi content of component i in the ash matter category on a dry basis, expressed as a percent
’ by mass;
W NB content'of component i in the non-biomass category on a dry basis, expressed as
' alpercentage by mass;
Wi inert content on a dry basis, expressed as a percentage by mass;
Wi inert content in the sorted biomass fraction on a dry basis, expressed as a percentage by mass;
WNB in inert content in the sorted non-biomass fraction on a dry and ash-free basis, expressed as
' a percentage by mass;
WNB non-biomass content on a dry basis, expressed as a percentage by mass;
Wg NB non-biomass content of the sorted biomass fraction on a dry basis, expressed as
' a percentage by mass;
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biomass content of the sorted inert fraction on a dry basis, expressed as a percentage by mass;

WB,in

WNBin non-biomass content of the sorted inert fraction on a dry basis, expressed as a percentage
' by mass;

Wy inert content of sorted inert fraction expressed as a percentage by mass.

C.5 Apparatus

Apparatus needed for pprfm'ming the M are:

SUI'L

— 4creen sieve of 10 mm;
— Dbalance with accuracy of 0,1 g;
— ¢ontainers for the sorted fractions (14);

— (lesiccator.

C.6 | Procedure

C.6.1 General
The procedure consists of the following two steps:
a) 1nanual sorting;

b) ¢alculation of the results.

C.6.2 Manual sorting
The Instructions for implementing the M, . comprise the following steps:

a) flake a sample according to ISQ*21645. Prepare the sample according to ISO 21646. The|test portion
for the Mg, shall be at leastas big as the minimum sample size according to ISO 216413

b) gortall particles largér than 10 mm of the sample into the fractions mentioned in Tablg C.1;

NOTE The sample is sieved with a 10 mm sieve to remove all particles below 10 mm which jare classified
3s “fines” fraction,

c) dry all fractions at 105 °C to a constant mass;

WARNING>= For some types of solid recovered fuels there can be a risk of self-ignition when drying
at 105¢C.

d) allow the dried fractions to cool down in a desiccator (with samples over 100 g it is not feasible to
use the desiccator and the samples shall be weighed directly);

e) weigh the dried fractions with four significant digits. Record the mass for each fraction;

f) cluster the masses of the categories according to Table C.1 into biomass, non-biomass and inert
fractions and determine the mass per fraction by summing.

NOTE Examples of components/subfractions are given in Table C.2.

For determining the biomass content, the selected sub-fractions concerned shall be clustered into the
categories biomass, non-biomass and inert matter. This classification will never be exact, due to e.g. the
presence of composite materials. For example, drink cartons contain not only paper (biomass) but also
small quantities of plastic (non-biomass) and aluminium (inert).
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