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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

This document covers the determination of ash content of solid recovered fuels. It is primarily geared
toward laboratories, producers, suppliers and purchasers of solid recovered fuels but is also useful for
the authorities and inspection organizations.

The method A specified in this document is based on EN 1540331,

For information about environmental aspect, see Annex B.

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=562dd5402ae950ab7ff393d69e393f90



https://standardsiso.com/api/?name=562dd5402ae950ab7ff393d69e393f90

INTERNATIONAL STANDARD

ISO 21656:2021(E)

Solid recovered fuels — Determination of ash content

1 Scope

This document specifies methods for the determination of ash content of all solid recovered fuels.

2 Normative references

The
cons
unda

ISO 3
ISO 4
ISO 4

ISO
Part

Fort
ISO 3
— 1
— 1
3.1
ash
ash (

total
A

mas§
expr

Note

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, only the edition 'Cited
ted references, the latest edition of the referenced document (including any»amendme

1637, Solid recovered fuels — Vocabulary
1645, Solid recovered fuels — Methods for sampling
16461, Solid recovered fuels — Sample preparation

P1660-3, Solid recovered fuels — Determination of moisture/content using the oven dr]
3: Moisture in general analysis sample

Terms and definitions

he purposes of this document, the terms and‘definitions given in ISO 21637 and the foll

nd IEC maintain terminological databases for use in standardization at the following ¢

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

EC Electropedia: available athttp://www.electropedia.org/

ontent on dry basis
ash

of inorganieresidue remaining after combustion of a fuel under specified conditio
bssed asapercentage of the mass of dry matter in fuel

1 toentry: Depending on the combustion efficiency the ash may contain combustibles.

heir content
applies. For
hts) applies.

Vv method —

bwing apply.

ddresses:

ns, typically

Note

P te'entry: If a complete combustion is realized, ash contains only inorganic, non-combustible

components.

[SOURCE: ISO 16559:2014, 4.13, modified — “Note 1 to entry” was removed and the following ones
renumbered, and symbol "A" was italicized.]

3.2

total ash content
mass of inorganic residue remaining after ignition of a fuel under specified conditions, expressed as
mass fraction in percent of the dry matter in the fuel, which also includes removed ash contributors

1y
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removed ash contributors

rac

coarse inert material (i.e. metals, glass, stones, tiles etc.) removed from the pre-dried sample before

preparation

,in order to avoid damage to the preparation equipment

Note 1 to entry: Removed ash contributors are included in the total ash content calculations.

[SOURCE: IS
3.4

0 21637:2020, 3.62, modified: Note 1 to entry was added]

ic matter

total organ
combustibld

Note 1 to ent
Note 2 to ent

3.5

volatile ma
relative par
under speci

3.6

fixed carbdn

relative par

temperature

Note 1 to ent

4 Princi

The sample
for Method
The ash con

NOTE Di
of carbonateq
compoundsl}|
high content
trace elemen

Automatic e
validated by
the requirel
accuracy. D¢

5 Appar

part of solid recovered fuels, which consists of the sum of volatile matter and fixed ca
Fy: It is calculated as: 100 - moisture content - ash content.

Fy: It is the mass fraction of the matter lost by ignition, also known as “Loss of Ignition" (LOI).

kter
t of the analysed sample, after moisture removal, that is lost when material is heatg
fic conditions of temperature, time and in a reduced atmosphere\(anoxic conditions)

L of carbon contained in a material that can only be.degraded in oxic conditions and

h

Fy: Itis calculated as: 100 - moisture content - volatile’'matter content - ash content.

ple

s heated in air atmosphere up to atémperature of (550 = 10) °C for Method A or (815 # 1
B under rigidly controlled conditions of time, sample mass and equipment specificat

fference in the ash contentifdetermined at 815 °C compared to 550 °C is explained by decompo

forming CO,, losses of yolatile inorganic compounds (see also 3.5) and further oxidation of inor
. In common standard\practise, 550 °C is used for the determination of ash content in SRFs y
of biomass. 550 °C.carl also be used for major elemental determination (see also EN 154101¢]
ral determination\(sée also EN 15411[7),

quipment (such as thermogravimetric analysers) may be used as long as the equipmg¢
r parallekmeasurements to the reference method. The automatic equipment shall ful
ments.regarding sample size, heating procedure, temperature, atmosphere and weig
vidtions from this paragraph shall be reported and justified.

Lent is determined by calculation from the mass of the residue remaining after heating.

rbon

d up

high

0)°C
ions.

Sition
lganic
yith a
) and

ent is
Fil all
thing

atus

5.1 Dish, consisting of inert material such as porcelain, silica or platinum, with a depth from 10 mm to
20 mm and such a size that the sample loading does not exceed 0,1 g/cm?2 bottom area.

5.2 Furnace, capable of maintaining a zone of uniform temperature at the levels required in Clause 7
and to reach these levels in the specified heating rates. The ventilation rate through the furnace should
be such that no lack of oxygen arises during the heating procedure.

NOTE A ventilation rate from 5 air changes/min to 10 air changes/min are suitable.

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

2 © IS0 2021 - All rights reserved
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Desiccator, without desiccant.

NOTE The use of a desiccator without desiccant is specified in ISO 1171 and emphasised her

from

5.5

5.6

solid recovered fuels are often more hygroscopic than coal ashes.
Sieve, with an aperture size of <1 mm (according ISO 3310-1 or ISO 3310-2).

Container, sealed airtight.

6 Sampling and sample preparation

e since ashes

6.1

The §
It sh
shall
mois
mixe)

6.2

General

reneral analysis sample shall be taken and prepared in accordance with 1ISQ’ 21645 andl ISO 21646.

1l be ground to pass through a sieve with an aperture size of <1 mm. The'general ana
be received in the container (5.6). The general analysis sample shallcgither be oven
ture content determined in accordance with ISO 21660-3. The genenal analysis samnj
d carefully before weighing (see also Clause 7).

Pre-drying

Pre-

proc
nece
temp

6.3

Coar]
prep

Rem

Arac
accol

7 1

7.1

Pre-Irying shall be performed according to ISO 21646.

rying of wet samples is carried out to minimize moisture loss in the subsequent sam
bsses, to facilitate the sample preparation processes, and to minimize biological act
ssary to dry a sample by heating, it shall be dried in an oven at a temperature not ey
erature according ISO 21646.

Removed ash contributors (rac)

e inert material (i.e. metals, glass, stones) can be removed from the pre-dried sa
hration, in order to avoid damage to the preparation equipment.

bved ash contributors (ra€) from pre dried samples shall be considered as dry.

is weighed separately) ‘calculated as mass percent and added to the determined
‘ding to calculationrin 8.2.

Procedure

General

lysis sample
rdried or its
ple shall be

ple-division
ivity. If it is
ceeding the

mple before

ash content

A mi

himum of two determinations shall be carried out on the general analysis sample.

7.2

Method A - ash content at 550 °C

For the determination of the biomass fraction, use the temperature of 550 °C for all cases.

Heat the empty dish (5.1) in the furnace (5.2) to (550 £ 10) °C for at least 60 min. Allow the dish to cool
down in a desiccator. After the dish is cooled, weigh it to the nearest 0,1 mg and record the mass.

Place about 1 g of the general analysis sample on the bottom of the dish and spread in an even layer over
the bottom surface. Weigh the dish plus the sample to the nearest 0,1 mg and record the mass. If the
general analysis sample is oven-dried, both the dish and the sample shall be dried at (105 + 10) °Cas a
precautionary measure against water absorption and then weighed.

© ISO
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Place the loaded dish in the cold furnace. Heat the sample in the furnace according to the following
heating routine:

a) raise the furnace temperature evenly to (250 + 10) °C over a period of 50 min (i.e. a rise of 5 °C/
min). Maintain at this temperature level for 60 min to allow the volatiles to leave the sample before
ignition;

b) continue to raise the furnace temperature evenly to (550 + 10) °C over a period of 60 min (i.e. a rise

of 5 °C/min) and keep this temperature level for at least 120 min.

Remove the dish with its content from the furnace. Allow the dish and its content to cool on a thick

metal plate

ol to

ambient temperature. Weigh the ash and the dish to the nearest 0,1 mg as soon as ambient temperature
is reached ajnd record the mass. Calculate the ash content of the sample as detailed in Clause 8.Uf there

is any doub
droplets of
reheated to

Automatic ¢
adequate bi
sample size,
paragraph s

7.3 Meth

Heat the em
down in a d{

Place about
the bottom
general ana

of complete incineration (for instance presence of soot at visual inspection),the
vater or ammonium nitrate to the sample before it is reloaded into the celdfurnac
(550 + 10) °C for a period of further 30 min until the change in mass is lowerthan 0,2

quipment may be used if the method is validated with biomass referénce samples
bmass type. This equipment shall fulfil all the requirements giverCin this clause regai

hall be reported and justified.

pod B - ash content at 815 °C

pty dish (5.1) in the furnace (5.2) to (815 + 10) °C for'at least 60 min. Allow the dish tq
psiccator. After the dish is cooled, weigh it to theniearest 0,1 mg and record the mass.

1 g of the general analysis sample on the bottem of the dish and spread in an even layer
surface. Weigh the dish plus the sample to the nearest 0,1 mg and record the mass.
ysis sample is oven-dried, both the dish.and the sample shall be dried at (105 + 10) °(

precautionary measure against water absorptightand then weighed.

Place the lo
heating rouf

a)
min). M

ignitionf

b) continu

of 15°C

Remove the
metal plate
ambient ten
is reached a

hded dish in the cold furnace. Heat the sample in the furnace according to the follo
ine:

raise thle furnace temperature evenly to (250 * 10) °C over a period of 50 min (i.e. a rise of

hintain at this tempeyature level for 60 min to allow the volatiles to leave the sample b

P to raise the furmace temperature evenly to (815 £ 10) °C over a period of 60 min (i.e. §
min) and kéep this temperature level for at least 120 min.

dish with/its content from the furnace. Allow the dish and its content to cool on a
for 5 min to 10 min and then transfer to a desiccator without desiccant and allow to cq
perature. Weigh the ash and the dish to the nearest 0,1 mg as soon as ambient temper;

add
and

g.

bf an
rding

heating procedure, atmosphere, temperatures and weighing accuracy. Deviations from this

cool

over
f the
as a

wing

b °C/
cfore

) rise

thick
ol to
ture

dtecord the mass. Calculate the ash content of the cnmp]n as detailed in Clause 8 _1f

here

is any doubt of complete incineration (for instance presence of soot at visual inspection), then add
droplets of water or ammonium nitrate to the sample before it is reloaded into the cold furnace and
reheated to (815 + 10) °C for a period of further 30 min until the change in mass is lower than 0,2 mg.

Automatic equipment may be used if the method is validated with biomass reference samples of an
adequate biomass type. This equipment shall fulfil all the requirements given in this clause regarding
sample size, heating procedure, atmosphere, temperatures and weighing accuracy. Deviations from this
paragraph shall be reported and justified.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=562dd5402ae950ab7ff393d69e393f90

ISO 21656:2021(E)

8 Calculation

8.1 General analysis sample

The ash content on wet basis, A4, of the general analysis sample “as analysed”, expressed as mass
fraction in percent, shall be given by Formula (1):

mg —my
Ag=——2100 )
m, —my

The ash-contenton r‘]rv hnmc A - ofthe gnnara] ana]vmc cnmn]n nvprnccnﬂ asmassfraction in percent,

shall|be calculated by ormula (2):

m, —m
B =" 00, 100 100

=4y 2
my-m,  100-M_, 9 100-M_, )

wherte

m,;  is the mass of the empty dish, in grams;

m,  isthe mass of the dish plus the general analysis samplé,in'grams;
m3  is the mass of the dish plus ash, in grams;

M,q isthe mass fraction of moisture of the general analysis sample on wet basis, in pgrcent.

The tesult shall be reported as the mean of duplicate determinations to the nearest 0,1 %.

8.2 | Calculation of total ash content including removed ash contributors, on an as
received and dry basis

The fotal ash content on an as received basis, Ay, o Of the sample, expressed as mas§ fraction in
percent, shall be calculated by Formuld (3):

! 1— Mp Arac ar 3

1total,ar =434 Arac ar ( )
100~ 100

where A, . is according'to Formula (4):

1N

Aracar = "rac 400 (4)

ma r

The fotal agh content on a dry basis, Ay, g, Of the sample, expressed as mass fraction in percent, shall
be cqleulated by Formula (5):

100
Atotal,db :Atotal,ar ’ 100— MT (5)

where the mass fraction of moisture content on an as received basis, M,, corresponding to My, in
percent, is according to Formula (6):

M, A
. P ac,ar
My =M, +Mad-[1————] 6)

100 100

where

© IS0 2021 - All rights reserved 5
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Aad

rac,ar

Mad

is the ash content of the general analysis sample, in mass percent on wet basis, as analysed;

is the ash content of removed ash contributors after pre-drying on an as received basis,
in mass percent;

is the mass fraction of moisture loss in the sample caused by second drying (until
constant mass after pre-drying) of the (general) analysis sample (see definition in
[SO 21646), in percent;

is the mass fraction of moisture loss in the sample caused by pre-drying of the as the

received sample, in percent;

rac

9 Precis

9.1 Repe

The maximy
at a confide
measuring

requiremen

Precision dg
B obtained ¢

9.2 Repr

The maxim
laboratoried
of cases wh
facilities an

Precision d3
B obtained (

is the total mass fraction of moisture in the as received sample, in percent;
is the mass of the sample as received (on wet basis), in grams;

is the mass of the removed ash contributors after pre-drying step, in{grams.
ion

atability limit

Im difference to be expected between two independent single test results of one labor
nce level of 95 % will not exceed the repeatability Jimit in more than 5 % of cases Y
the same measurand in the same medium, using the same facilities and fulfillin
s of the test method (interlaboratory testing).

ta derived from the interlaboratory test in E@rope from 2008 (for method A) and for Me
luring international comparison studies ini2013, 2014 and 2015 are given in Annex A.

pducibility limit

im difference to be expected between two independent single test results of diff
at a confidence level of 95:% will not exceed the reproducibility limit in more than
bn measuring the same measurand in the same medium, each laboratory using their
| fulfilling all requirements of the test method (interlaboratory testing)

ta derived from theinterlaboratory testin Europe from 2008 (for method A) and for Me
luring internatienal comparison studies in 2013, 2014 and 2015 are given in Annex A.

10 Test report

htory
when
g all

thod

prent
5%
own

thod

The test repjort'shall include the following information:

a) identification of the faboratory and the testing date;

b) identification of the sample tested;

c) areference to this document, i.e. ISO 21656:2021;

d) description of method or temperature used (Method A or Method B);

e) test results and the basis which is reported on, e.g. "on dry basis“ or "as received basis“ (see
Clause 8);

f) any deviation from this document;

g) any unusual features observed during the determination which may have affected the test result
and details of any operations not included in this document or regarded as optional.

6 © IS0 2021 - All rights reserved
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h) content of removed ash contributors, in mass percent.

© IS0 2021 - All rights reserved 7
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Annex A
(informative)

Interlaboratory test results

The statistic evaluation of the interlaboratory test results was carried out in accordance with
ISO 5725-5. The precision data obtained are shown in Table A.1.

Table A.1 — Precision data for Method A

. . Shredded | Demolition | Dried | Municipal Plastic/
Designation papler
tyre wood sludge waste flﬂff
Number of 1dboratories participating 16 17 15 17 17
Total numbeyr of values (without outliers) 96 102 90 96 10p
Mean value, [n % mass fraction 20,98 3,38 60,80 14,89 23,89
Laboratory ¢ffect, in % mass fraction 0,83 0,23 0,73 0,87 1,00
Sample effedt, in % mass fraction 1,44 0,43 0,26 0,33 0,28
o . 0
Repeatabll_lty standard deviation, s,, in % 3,04 0,24 0,27 0,76 191
mass fractioh
Sl T -
?epe_atabllltvllmlt, r:(r=2,8xs,) in % mass 8,51 0,67 0,76 213 43
raction
I . -
Reproducﬂ?l ity standard deviation, s, in % 3,15 0,33 0,78 116 141
mass fractioh
PR P -
Reproducﬂ?l ity limit, R: (R=2,8 xs5,.) in % 852 0,92 218 3,25 5,07
mass fractioh

The deviati¢ns of the test results between the individual laboratories for each sample type are shown
in Figures Al1 a) to e).

8 © IS0 2021 - All rights reserved
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1345691012120 25 29 | 13456910 12019 23 2Y 30 N

11 19 23 27 30

a) Shredded tyre b) Demolition wood
Ag}, Agy
25
Y
20
_T é @?e °
ap - 15 - =z=F=H5 E'%EIE%EIT
10 —
20
5_
DE L Y (U ol R T N T N A N A N B A A Y
1346910 13(20 251291 13456910 12 19 23 2f 30 N
12 ~19° 23 27 30

c) Dried sludge d) Municipal waste
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w

Key
N number
Ag, ash cont

Fig

The precisid
2015 are sh

456910 12 19 23 27 30 N

2) Plastic and paper fluffs

bf the individual laboratory
bnt on dry basis, in %

pwn in Table A.2 (see also Reference [8]):

Table A.2 — Precision data for Method B

ure A.1 — Deviations of the test results between the individual laboratories

n data for Method B obtained during international comparison studies in 2013, 2014

L and

Designation (l;l;liilt(li(;l Plastic Il Demolition
<0,5 mm) (granulated) | wood (<1 mm)
Nunllber of laboratories 8 7 11
Mea|n value, in % mass-fraction 3,02 5,23 1,38
Reppatability varjance, sr2 0,033 0,003 7 0,006 4
[ o . 0

Rep ,atabll_lty standard deviation, s, in % 0,18 0,06 0,08
mass fraction
Variance between laboratories, s; 2 0,117 0,001 0,026
_Sta:)r dard deviation between laboratories, sy, 0.34 0.03 016
in % mass fraction
Reproducibility variance, SRZ 0,15 0,005 0,032

. . -
Reproducﬂ_)lhty standard deviation, sp, in % 0,39 0,07 0,18
mass fraction

i -
Repe_atablhty limit, r: (r = 2,8 x s,) in % mass 0,51 0,17 0,22
fraction

T — S
Reproducﬂ_)lhty limit, R: (R=2,8 xs,.) in % 1,08 0,19 0,50
mass fraction

10
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