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Forewo

ISO 4349:2024(en)

rd

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t

e use of (a)
patent(s). I$0 takes no position concerning the evidence, validity or applicability of any claitned patent

rights in regpect thereof. As of the date of publication of this document, ISO had notireceived

patent(s)

hotice of (a)

ich may be required to implement this document. However, implementers are caytioned that
this may ngt represent the latest information, which may be obtained from the patént database|available at
www.iso.ong/patents. ISO shall not be held responsible for identifying any or allstich patent rights.

Any trade

constitute gn endorsement.

For an expl
related to
Organizatig

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

hame used in this document is information given for the convenience of users and does not

pxXpressions

conformity assessment, as well as information about ISO's adherence to the World Trade

n (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢word.html.

This docunpent was prepared by Technical Committee ISO/TC 300, Solid recovered materials, including

solid recove
Committee
Agreement

red fuels, in collaboration with the Europe@n Committee for Standardization (CEN) Technical
CEN/TC 343, Solid recovered materials, including solid recovered fuels, in accordance with the
on technical cooperation between [SO‘and CEN (Vienna Agreement).

Any feedbafck or questions on this documentshould be directed to the user’s national standajrds body. A
complete liting of these bodies can be found-at www.iso.org/members.html.
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Introduction

When solid recovered fuels (SRFs) are co-processed mainly in the cement industry, simultaneous energy
recovery and recycling of mineral components of waste material takes place because the ash is directly
incorporated into the clinker. SRF co-processing therefore allows for the replacement of both mineral
resources and fossil fuels.

SRF ashes contain various chemical components that are crucial raw materials for cement manufacturers,
fulfil specific tasks in cement clinker production or represent clinker phases giving the clinker its specific
properties. For example, a major part of SRF ashes from mixed municipal and commercial waste consists of
the four main chemical components that are required for cement clinker production: Al,05, Ca0, Fe,05 and
Si0, (see Annex A) Addltlonally, mlnor ash constltuents 1nclude MgO and T102, both of wh1ch are present
in or as clink S ‘ . he clay used
as a raw mgterial for the process SO3, whlch is also present in SRF ash or another sulfate carvi¢r is needed
in order to ponvert these alkali oxides into alkali sulfates, a clinker phase that alters the ¢linke’s chemical
reactivity with water.

© IS0 2024 - All rights reserved
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Solid recovered fuels — Determination of the recycling index
for co-processing

1 Scope

This document spec1f1es the determination of the share of materlal recovery in the case of energy recovery

(i.e. co-progess

recycling i

2 Norm

The followi
requiremen

the latest edlition of the referenced document (including any amendments) applies.

ISO 3884:—
Mg, Na, P, S,

ISO 11885,

spectrometiy

ISO 21645,
ISO 21646,
[SO 21656:7
[SO 22940,

EN 15309, ¢

3 Terms

For the pur
ISO and I[EC

IEC Ele

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

dex (R-lndex) is calculated on the ba51s of the ash content and the ash comp051t10n

htive references

ng documents are referred to in the text in such a way that some or all ofitheir content]
ts of this document. For dated references, only the edition cited applies. For undated

1), Solid recovered fuels — Methods for the determination of¢he content of elements
Si, Ti, As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, Sb, Se, Sn,<Tl)V, Zn)

[Vater quality — Determination of selected elements by inductively coupled plasma opti
(ICP-OES)

bolid recovered fuels — Methods for sampling

bolid recovered fuels — Sample preparation

021, Solid recovered fuels — Determindtion of ash content

Solid recovered fuels — Determination of elemental composition by X-ray fluorescence

haracterization of waste and‘soil. Determination of elemental composition by X-ray flud

and definitions
boses of this document, the following terms and definitions apply.

maintain tekminology databases for use in standardization at the following address

ctropedia: available at https://www.electropedia.org/

o called the

constitutes
references,

Ml Ca, Fe, K,

cal emission

rescence

ES:

3.1

recycling index

R-index

share of SRF that can be considered as recycled on a material level, expressed as a mass fraction in per cent
of the dry matter

3.2
co-process

ing

use of SRF in manufacturing processes for energy recovery and simultaneously for material recovery of
mineral components

1) Under preparation. Stage at the time of publication: ISO/DIS 3884:2024.

© IS0 2024 - All rights reserved
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4 Symbols and abbreviated terms

A ash content at 815 °C on a dry basis
Al,0, aluminium(III) oxide
CaO calcium oxide

(d) dry (dry basis)

Fe,04 iron(1I1) oxide

K,0 potassium oxide
MgO magnesium oxide
Na,O sodium oxide

Sio, silicon dioxide

SO, sulfur trioxide

TiO, titanium dioxide

5 Reagédnts

Use only reagents of recognized analytical grade and only distilled water or water of equivalent purity.
5.1 Watef, e.g. deionized (< 0,055 pS/cm).

5.2 Nitri¢ acid (HNO;), approximately 15 mol/l, mass fraction of 65 % to 70 %.

5.3 Hydrpfluoric acid (HF), approximately:23 mol/l, mass fraction of 40 % to 45 %.
5.4 Hydrpchloric acid (HCl), approximately 12 mol/l, mass fraction of 35 % to 37 %.
5.5 Lithiym metaborate (LiBO,); solid.

5.6 Binder, solid or liquid,for example wax. Specifications are given in EN 15309.

6 Apparnatus

The usual 13boratoéry apparatus and, in particular, the following shall be used.

6.1 Analytical balance, with an accuracy of T mg or better.
6.2 Muffle furnace, for temperatures of 1 050 °C.

6.3 Inductively coupled plasma, normal commercial instrumentation with optical or mass spectrometric
detector (ICP-OES, ICP-MS).

6.4 X-ray fluorescence spectrometer, an energy or wavelength dispersion system suitable for qualitative
and (semi-)quantitative analysis of the elements listed in this document.

6.5 Microwave unit, in accordance with ISO 3884:—.

© IS0 2024 - All rights reserved
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6.6 Press, in accordance with ISO 22940 or EN 15309.

6.7 Platinum crucible, e.g. Pt/Au5 %.

6.8

Inert bowl, for example made from porcelain, silicon dioxide or platinum with a depth of 10 mm to

20 mm and with a size selected in a way that the occupancy of the bottom area does not exceed 0,1 g/cm?2.

6.9 Magnetic stirrer, with heating function and PTFE (polytetrafluoroethylene) stirring bone.

6.10 Volumetric flasks, e.g. 250 ml.

7 Proce

7.1 Prep

The sampli
accordance
impurities,
ISO 21646
steps. Theiy
procedures

7.2 Dete

The determ
the determi
shall be use
of ash for t}
municipal 4

digestipn/ICP-MS, requiring approximately 200 mg of ash sample) and method B (fused bea

dure

aration of the test sample

hg of SRF shall be carried out in accordance with ISO 21645 and thée 'sample pre
with ISO 21646, with the final sample having a nominal top size of 1,0 mm oj
i.e. inert materials or metals, that cannot be reduced in size with-the apparatuse;
are sorted out during sample preparation and are not considered in the subsequg
amount shall be documented. The sample is dried at 105 °C according to ISO 2166
and analyses are carried out with the dried sample <1,0 mmree of hard impurities.

rmination of the ash content and preparation of.ash sample

nation provides a sufficient amount of material to proceed with the analyses, the ash
d for subsequent analyses. If the determination of the ash content provides insufficig
le subsequent analysis steps (examples of-ash content of typical constituents of SRF
nd commercial waste are given in Andiex A), the sufficient amount of ash shall be
- both of the following two approaches:

s required for subsequent ash analyses. This may be the preferable approach for me|

hg approximately 100 nig of ash sample).

spondingly larger. inért bowl is used and the amount of sample is increased accord
the preferable gption for pellet preparation and XRF analyses (method C, approxir
is required),.The bowl shall fulfil the requirements defined by ISO 21656 and its {
1 in such a wdy that the occupancy of the bottom area does not exceed 0,1 g/cm?.

rmination of the elemental content

paration in
less. Hard
defined in
ent analysis
-3. Further

ination of the ash content shall be carried out in-aecordance with ISO 21656:2021, method B. If

ed material
nt amounts
from mixed
reached by

The ashing process is repeated and the.ashes are collected and united in order to reach the minimum

thod A (wet
s/ICP-OES,

ngly, which
hately 4,5 g
ize shall be

using one o
a)
amoun{
requiri
b) A corrg
may be
to10 g
selecte
7.3 Dete
The determ

ination of the elemental content shall be carried out according to 1SO 3884:— or ISO

22940. The

element content shall be determined in the ashed sample.

7.4 Methods

7.4.1 Method A - wet digestion followed by ICP-MS or ICP-OES analysis

The ash shall be digested using microwave-assisted acid digestion with hydrochloric acid, nitric acid and

hydrofluori

c acid and analysed by ICP-MS or ICP-OES as described in ISO 3884:—.

© IS0 2024 - All rights reserved
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7.4.2 Method B - preparation of fused beads followed by ICP-OES analysis

100 mg (x20 mg) of the ashed sample shall be thoroughly mixed with 1 000 mg (+10 mg) of the fluxing agent
lithium metaborate in a platinum crucible. The mixture shall be melted in a muffle furnace at 1 050 °C £ 10 °C
for 20 min. The resulting fused bead is allowed to cool down and dissolved incrementally by adding 80 ml
of hydrochloric acid (c = 2 mol/1) into the crucible in small amounts. The dissolution shall be supported by
heating (to approximately 60 °C) and stirring with a PTFE stirring bone. The digest solution shall be filled
to a final volume of 250 ml with deionised water (< 0,055 uS/cm). This solution shall contain 0,4 g/1 of the
sample and 4 g/1 of the fluxing agent. Only clear solutions shall be subjected to subsequent analyses, turbid
digest solutions are discarded. A blank shall be prepared using the same method, but no sample is added.
The element content in the digestion solutions shall be determined by ICP-OES in accordance with ISO 11885.

7.4.3 MethodC -

The pellet

The fine as
applied and
be pressed
sample is r¢g

744 Alt

Alternative
preceding s

7.5 Calcylation

7.5.1 Cal

The results
oxides. The

as mg/kg (d
=F,

reparation of pellets followed by XRF analysis

reparation and XRF analyses shall be performed in accordance with ISO 22940 Joi
sample shall be mixed and homogenized with binder at a defined ratio (different r
the dilution factor needs to be considered; a typical sample to wax mass ratiois 10;
vith an automatic or manual press. For a pellet with a diameter of 40 mmj.about 10,0
quired. For a pellet with a diameter of 32 mm, approximately 4,5 g ash sample is req

prnative procedures

methods can be applied if their performance is proved to bé.comparable with those
ubclauses.

rulation of element oxides

for the concentrations of chemical elements'need to be converted into concentration
conversion is performed by multiplying-the concentration of the respective element
), with the corresponding conversiohifactor as shown in Formula (1):

*
Ci1

5 the concentration’ofd selected element expressed as mg/kg (d);
5 the concentrdtion of the corresponding element oxide expressed as mg/kg (d), see T

5 the corresponding conversion factor as listed in Table 1.

Table 1 — Conversion factors

- EN 153009.
htios can be
1) and shall
g of the ash
hired.

isted in the

5 of element
, expressed

1)

able 1;

Element Elementoxide Cenversionfactorf;

Al Al,05 1,889 4

Ca Ca0 1,399 2

Fe Fe,04 1,4297

K K,0 1,204 6
Mg MgO 1,658 3

Na Na,0 1,348 0

S S0, 2,496 9

Si Sio, 2,1393

Ti TiO, 1,668 5

© IS0 2024 - All rights reserved
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7.5.2 Calculation of R-index for co-processing

The share of the SRF that is recycled on a material level (i.e. R-index), expressed as mass fraction in per cent
of the dry matter [% (d)], can either be calculated considering the four main chemical compounds required
for the production of cement clinker (R;,) or considering additional elements that are introduced by natural
raw materials and are part of clinker phases as well (R;g). The R-indices shall be calculated as follows:

_ Ay , €A1L,03 T Cca0 T CFe,05 T Csio,

R., = 2
47100 10000 (2)
R = Agp , €AL,03 T €ca0 * CFe;03 T CK,0 T EMgo T ENay0 1 €503 *Csio, T CTio, 3)
97100 10000
where

Ay, Istheash content of the general analysis sample at 815 °C on a dry basis, expressed as mjass fraction
in per cent of the dry matter;

. ils the concentration of element oxides expressed as mg/kg (d).

8 Performance characteristics

Data for repeatability and reproducibility for predefined solid recovered fuel samples (paper flibre sludge,
high caloriffic waste fraction from non-hazardous municipal solid waste) are shown in Annex B.

9 Testreport

The test regort shall contain at least the following information:

a) name, gddress and location of any laboratory intvolved in the analysis;
b) description and identification of the laboratory sample;

c¢) date offreceipt of laboratory sample and date(s) of performance of test;

d) arefergnce to this document, i.e.(ISO 4349:2024;

e) refere:[e to the analytical standard used for the determination of each element;
f) the anaflytical results forR-index, and/or R-indexg, referring to % (d);
g) amount of hard impurities, referring to % (d);

h) any defails not'specified in this document or which are optional, and any other factors which can have
affectedl the tesults;

i) unique identification of report (cm‘h as serial mlmhm‘) and of each page and total numben of pages of

the report.

The laboratory should keep a trace of any analytical steps and intermediate results (raw data and calculation
details) that should be kept available in case of specific requirements.

© IS0 2024 - All rights reserved
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Annex A
(informative)

SRF ash composition from mixed municipal and commercial waste

Average ash composition (arithmetic means) of ashes of SRF for secondary firing (SRF “secondary” utilized,
for example, in the calciner, n = 30) and SRF for primary firing (SRF “primary” utilized in the main burner,
n = 50) from Austria, Croatia, Slovakia and Slovenia in mass per cent dry mass (wt%py) is provided in

Figure A.1.

Comparisorl of ash composition of 80 investigated SRF samples from Austria, Croatia, Slova

and their ay

Figure A.2.
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Figure A.2 — Comparison of ash composition of 80 investigated SRF samples from Austria, Croatia,
Slovakia and Slovenia and their average values with other fuels and raw materials relevant to the
cement industry[#]

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=757588537fae1eaf9c2c34a4a74b67bf

ISO 4349:2024(en)

Ash composition, content and calculated R-index are given in Tables A.1 and A.2.

Table A.1 — Ash composition, ash content and calculated R-index of SRF “secondary” and “primary”
from Austria, Croatia, Slovakia and Slovenial4]

Ash composition Sumof A Ash ] )
SRF sample wt%, 950 °C allmeas- gy5ec 950°c Rindex,, Rindex,,
Cca0 Si0, Al,0, Fe,0, SO, MgO Na,0 K,0 TiO, oxides 7om “opm
Secondary 1 266 337 66 50 56 31 28 27 45 92,2 157 156 11,2 14,1
Secondary 2 186 427 70 25 76 29 14 16 09 86,2 21,5 21,0 14,9 179
Secondary 3 221 381 11,2 30 67 30 19 17 18 90,2 13,4 14,0 10,4 12,5
Secondary 4 309 347 11,2 76 56 20 20 14 20 99,7 85 79 6,7 7,7
Secondary 5 21,8 364 104 33 64 30 19 1,5 22 88,9 129 12,5 9, 10,9
Secondary 6 320 374 90 66 55 28 15 1,3 13 99,0 14,2 14,5 12,8 14,1
Secondary 7 229 359 131 21 56 23 24 20 22 89,4 1,0 104 7,7 9,2
Secondary 8 254 283 60 88 46 30 18 13 19 81,7 16,7 16,5 11,8 13,4
Secondary 9 265 265 116 35 68 28 1,0 11 09 81,2 2136 D 21,3 14,5 17,2
Secondary 10 192 305 72 54 68 54 20 17 18 81,0 M4 11,3 7,0 9,0
Secondary 11 220 31,5 121 121 75 33 06 05 29 93,1 132 121 9,4 11,2
Secondary 12 275 358 102 11,2 57 27 16 16 19 98,6 19,5 19,2 16,B 189
Secondary 13 207 380 98 35 92 29 23 18 14 90,3 161 16,3 11,7 14,6
Secondary 14 325 272 11,5 36 76 24 11 14 23 90,2 14,5 154 11,6 13,8
Secondary 15 236 365 122 69 88 25 14 14 N24 96,4 184 184 14,6 17,6
Secondary 16 247 334 66 41 107 30 13 1,5 \N715 87,4 156 16,1 11,1 14,0
Secondary 17 366 278 140 43 38 27 11 2NO7 21 94,9 13,4 13,2 10, 12,3
Secondary 18 3,2 350 68 29 94 33 28\ 21 16 96,0 162 158 12, 15,0
Secondary 19 221 334 152 39 34 25 24 20 13 87,0 170 172 12,9 14,8
Secondary 20 200 577 65 28 30 24y 25 19 08 97,8 306 302 26 29,5
Secondary 21 332 271 73 51 66 35 19 17 35 90,6 12,3 128 9,3 11,5
Secondary 22 22,5 448 128 53  41\N"36 1,5 18 13 984 255 250 2L 24,4
Secondary 23 279 361 11,7 56 587 38 19 19 1.2 96,4 278 270 22,p 259
Secondary 24 263 396 103  465.M49 37 1,5 16 13 94,5 289 272 22,p 25,5
Secondary 25 275 42,0 124 64/ 35 33 19 17 2,0 101,6 24,6 24,1 21,B 24,3
Secondary 26 21,5 402 139~ .42 30 31 18 17 11 90,9 30,5 301  24p 27,2
Secondary 27 250 41,8 160 49 35 40 14 16 15 1004 23,4 232 20,4t 23,1
Secondary 28 259 3347135 48 30 43 19 23 22 92,6 16,5 152 11,8 139
Secondary 29 264 350 139 50 46 35 14 1,8 19 94,4 169 16,2 13,0 15,1
Secondary 30 314-\284 90 40 57 44 14 12 27 89,3 12,3 124 9,0 10,9
Primary 1 345 331 101 32 63 41 23 12 1,4 96,6 11,0 11,5 9,3 11,1
Primary 2 292 274 74 28 43 43 06 20 42 82,7 10,6 10,0 6,7 8,2
Primary 3 227 375 83 23 42 26 33 19 12 84,4 126 116 8,2 9,7
Primary 4 207 486 72 23 37 24 26 15 08 89,9 234 18,3 14,4 16,4
Primary 5 343 305 89 27 65 24 07 10 18 90,0 194 173 13,2 15,4
Primary 6 324 265 104 18 33 18 23 472 11 85,6 194 16,7 11,9 14,0
Primary 7 285 299 65 24 36 17 28 28 11 80,5 186 17,6 11,8 14,0
Primary 8 31,4 270 78 23 66 33 26 22 09 84,5 264 241 16,5 20,3
Primary 9 357 279 72 27 77 40 09 12 15 89,3 20,6 20,7 15,2 18,4
Primary 10 336 262 70 24 56 40 30 24 15 86,2 291 27,0 18,7 23,1
Primary 11 321 281 60 20 78 44 33 29 1,1 88,0 27,8 24,8 16,9 21,7
Primary 12 3,3 277 66 23 74 37 29 24 13 86,3 239 223 15,1 19,1
Primary 13 331 267 63 25 62 38 19 20 12 84,2 299 243 16,7 20,3
Primary 14 343 284 170 27 82 43 1,3 16 16 01,3 20,3 176 14,5 17,5

© IS0 2024 - All rights reserved
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Table A.1 (continued)
Ash composition Sum of Ash  Ash ) )
SR sample allmeas: gi5ec oso-c Rindexs Rindex,
Ca0 Si0, Al,0, Fe,0, SO; MgO Na,0 K,0 TiO, oxides /oM “opm
Primary 15 329 279 76 68 76 33 13 17 27 92,6 222 221 166 20,3
Primary 16 263 307 105 31 58 54 15 19 15 889 282 268 189 23,2
Primary 17 294 372 67 22 85 38 38 28 14 96,5 175 174 13,1 16,7
Primary 18 369 294 11,1 33 91 31 09 13 19 97,4 194 191 15,4 18,5
Primary 19 303 128 31,0 13 34 17 05 06 45 867 160 161 121 13,9
Primary 20 256 325 11,3 42 63 71 17 25 14 95,8 243 231 17,0 21,4
Primary 21 206 10,8 434 10 26 1,0 04 03 20 824 12,7 127 9,6 10,4
Primary 22 364 291 132 23 60 30 14 16 20 95,7 12,7 128  O% 12,2
Primary 23 3,50, 330 97 29 65 31 11 12 20 91,3 209 20,6 ~ |15 18,7
Primary 24 374 324 78 25 61 33 17 16 11 943 18,0 178 14,p 16,7
Primary 25 264 200 342 14 40 1,2 05 07 33 921 14,5 N#b 12D 13,4
Primary 26 371 355 95 26 65 31 10 13 20 99,1  18)8.~) 17,9 15,p 17,6
Primary 27 325 303 232 09 36 07 04 04 20 941 (294 294  25p 27,6
Primary 28 281 349 81 46 48 30 12 12 23 88,7\ 21,4 215 16 19,0
Primary 29 364 326 108 26 06 03 1,0 12 19 880 170 164  13p 14,3
Primary 30 333 185 359 14 40 19 07 09 472 10,0 149 143  12) 14,4
Primary 31 323 251 176 34 41 24 15 12 41 93,2 80 81 6,4 7.4
Primary 32 295 243 211 29 32 22 11 12 324 91,0 85 85 6,6 7,6
Primary 33 257 281 302 20 23 16 1,8 17 N 30 97,5 11,4 114 9,8 11,0
Primary 34 21,3 334 260 21 20 15 30 «Q25 26 953 13,3 13,0 10, 12,3
Primary 35 320 291 11,6 33 48 24 188 17 18 89,6 152 134  10,p 11,9
Primary 36 222 31,1 57 29 92 54 09 10 14 80,6 21,1 21,0 13 16,8
Primary 37 244 396 65 26 64 26() 22 20 08 877 308 287 2L 25,0
Primary 38 260 219 31,7 24 27 N4 1,0 1,3 48 94,6 83 86 7,0 8,1
Primary 39 270 270 280 26 26 .23 12 08 64 98,8 10,5 10,2 8,6 10,0
Primary 40 235 254 314 45 2,3 22 1,3 16 49 97,8 90 90 7, 8,7
Primary 41 254 235 239  44%\°20 23 1,0 103 06 94,1 9,0 89 6,9 8,3
Primary 42 31,4 293 234 20/ 25 1,8 1,6 14 23 96,6 94 93 8, 8,9
Primary 43 275 208 325%\-21 27 26 08 07 16 92,3 71 72 6, 6,6
Primary 44 358 298 5% 27 86 51 09 10 14 91,5 234 24,0 17,4 21,8
Primary 45 346 295065 24 100 43 11 1,1 16 919 233 208  15p 18,9
Primary 46 321 832 74 21 82 36 1,3 13 14 91,1 259 261  19,f 23,6
Primary 47 338~Y271 76 22 107 37 15 15 14 90,1 259 258 18 23,1
Primary 48 450Y 205 87 71 58 25 1,0 06 29 91,4 96 93 7,2 8,4
Primary 49 236 406 127 22 65 43 20 18 23 964 196 188 149 18,0
Primary 50 21,1 399 106 23 76 40 22 13 24 91,6 296 290  2Lp 26,5
Average secondary 25,8 35,6 10,6 5,1 5,8 3,2 1,7 1,6 1,9 92,3 18,0 17,7 13,9 16,2
géi;‘ggﬁyde‘”atio“ 46 65 29 23 20 07 05 04 08 5,6 61 59 5,4 1,2
RSD (%) secondary 17,8 18,1 271 461 351 22,5 299 266 421 6,1 338 333 388 88,3
Minimum 186 265 60 21 30 20 06 05 08 81,0 85 79 6,7 4,7
Median 257 354 11,2 47 57 30 18 17 19 924 164 16,2 11,9 14,8
80th percentile 3,1 399 133 65 76 37 22 19 23 98,1 240 237 209 25,7
Maximum 366 577 160 121 107 54 28 27 45 10,6 30,6 30,2 26,3 44,8
Averageprimary 30,1 29,0 148 27 54 30 16 17 2.2 91,3 184 176 13,3 15,9
3??;‘;3;‘1 deviation . ¢, 102 12 24 13 09 14 13 5,2 69 64 45 2,0
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Table A.1 (continued)
Ash composition Sum of Ash  Ash ) )
SRF sample allmeas: gisec os0°c Rindex, Rindess
Ca0 Si0, Al,0, Fe,0, SO; MgO Na,0 K,0 TiO, oxides /oM “opm
RSD (%) primary 170 230 689 431 444 438 540 830 585 5,7 378 364 342 158,6
Minimum 206 108 56 09 06 03 04 03 06 80,5 71 72 6,0 2,9
Median 31,4 291 103 25 58 30 1,3 1,5 18 91,5 191 176 134 15,3
80th percentile 344 332 250 32 77 41 23 21 30 96,5 251 241 168 27,7
Maximum 410 486 434 71 107 71 38 103 64 101,3 30,8 294 256 52,4
Average total 28,5 31,5 13,2 3,6 5,6 3,1 1,6 1,7 2,1 91,7 18,2 17,6 13,5 16,0
Standard deviation 53 73 85 21 23 11 07 12 11 5,4 66 62 4,8 1,8
RSD (%) 18,7 23,2 639 570 40,7 366 455 689 547 5,8 362 350  35p 143,2
Minimum 186 108 56 09 06 03 04 03 06 80,5 71 72 6, 2,7
Median 280 306 105 29 57 30 15 16 18 91,6 173 17,0 13,0 14,6
80th percentile 333 369 165 49 76 40 23 20 27 96,6 24,5 A1 17, 26,6
Maximum 410 577 434 121 107 71 38 103 64 10,6 308,302 26,8 58,1
'C“;rt‘i‘(i)tn"fqua“““' 02 03 02 02 03 02 02 02 02
Table A.2 +~ Ash composition, ash content and calculated R-index of SRF “primary” from ¢Germany!3l
Ash composition Sum of Ash  Ash ) )
SRF sample wt%, 815 °C all meas- gy5ec 950°c Rindpx,, Rindex,,
Ca0 Si0, Al,0; Fe,0, SO, MgO Na,0 K,0 “Ti0, oxides /oM “opm

Primary 1 238 409 94 23 41 21 65 29 11 932 129 - 9,8 12,0
Primary 2 270 351 11,0 23 40 30  49% 31 30 93,6 7,6 - 5,7 7,1
Primary 3 2,00 370 149 23 43 19 50 33 11 91,0 129 - 9,7 11,7
Primary 4 259 389 114 29 46 22() 56 35 11 96,4 11,5 - 9,1 11,0
Primary 5 21,0 402 97 24 39 N4 63 39 11 91,1 11,8 - 8,6 10,7
Primary 6 291 355 185 21 28 N19 38 19 63 102,2 71 - 6,1 7,3
Primary 7 252 267 297 22 300 17 33 15 67 100,1 7,2 - 6, 7,2
Primary 8 229 381 232 2285.\°32 18 32 21 43 10,2 106 - 9,1 10,7
Primary 9 299 342 147 25/ 35 23 45 16 63 99,7 71 - 5,8 7,1
Primary 10 276 282 234~-.21 36 21 50 14 79 1014 64 - 5,2 6,5
Primary 11 301 231 Jd912 20 29 19 22 14 69 89,7 6,4 - 4,8 5,8
Primary 12 264 267214 1,8 26 25 24 14 63 91,6 6,6 - 5, 6,0
Primary 13 203 Z74Y 208 20 38 20 28 15 54 85,9 6,9 - 49 59
Primary 14 264~X233 193 15 35 18 24 16 52 85,2 7,1 - 5, 6,0
Primary 15 3467 231 167 1,8 36 1,7 23 14 61 91,2 71 - 5,4 6,5
Primary 16 277 259 236 19 28 22 29 19 63 95,3 6,9 - 5,4 6,5
Primary 17 329 21,8 221 19 40 20 23 15 67 95,3 6,5 - 5,1 6,2
Primary 18 280 276 21,7 34 41 20 23 17 69 97,8 7,6 - 6,1 7,4
Primary 19 298 263 202 25 32 20 23 16 68 94,8 6,6 - 5,2 6,3
Primary 20 3,6 265 208 24 42 20 26 18 53 97,3 7,0 - 5,7 6,8
Primary 21 299 336 169 52 48 23 18 14 45 1006 10,0 - 8,6 10,0
Primary 22 309 291 261 27 46 19 1,6 1,1 45 1026 95 - 8,4 9,7
Primary 23 358 31,4 215 32 49 20 21 1,3 43 106,8 104 - 9,5 11,1
Primary 24 364 347 189 26 54 19 23 14 44 1081 102 - 9,4 11,0
Primary 25 337 314 189 23 47 33 1,6 11 47 10,8 102 - 8,8 10,3
Primary 26 336 357 142 28 53 24 17 12 42 01,2 108 - 9,3 10,9
Primary 27 304 372 172 32 50 21 21 13 46 1033 98 - 8,6 10,1
Primary 28 291 336 219 25 48 1,8 20 13 44 10,6 97 - 8,4 9,8
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Table A.2 (continued)

Ash composition Sum of Ash  Ash ) )
SR sample allmeas gi5ec oso°c Rindexy Rindex,
Ca0 Si0, Al,0; Fe,0, SO, MgO Na,0 K,0 TiO, oxides /oM “opm

Primary 29 31,6 302 153 24 82 21 22 11 56 98,9 8,3 - 6,6 8,2
Primary 30 290 359 149 33 54 22 24 15 50 999 104 - 8,6 10,3
Primary 31 339 282 195 32 35 19 20 13 44 98,0 7,9 - 6,7 7,7
Primary 32 277 272 299 20 28 21 25 13 72 1027 71 - 6,1 7,2
Primary 33 306 182 173 24 55 14 11 06 30 803 100 - 69 8,0
Primary 34 31,5 267 155 54 35 23 44 17 49 96,0 8,9 - 7,0 8,5
Primary 35 378 265 179 40 38 21 18 13 67 1020 66 - 57 6,8
Primary 36 262 383 265 22 32 17 38 16 52 1088 99 . 9,2 10,7
Primary 37 344 250 244 30 41 22 16 09 46 1003 84 - 7,3 8,4
Primary 38 334 178 399 63 34 18 16 08 46 1098 91 - 8, 99
Primary 39 406 272 265 22 44 26 30 14 42 1122 91 - 8,7 10,2
Primary 40 229 21,2 21,2 22 48 16 15 09 43 809 122, - 8,3 99
Primary 41 3,50 280 189 24 28 20 18 13 52 94,1 8,9 - 7,3 8,3
Primary 42 330 257 253 27 31 19 23 13 56  101L,N-) 73 - 6,3 7,4
Primary 43 31,8 319 197 27 31 18 21 13 38 981 97 - 8,3 9,5
Primary 44 308 282 162 24 30 17 20 13 45 90,3 99 - 7,7 8,9
Primary 45 360 244 210 30 34 22 15 09 46 97,0 9,6 - 8,1 93
Primary 46 269 362 156 44 26 17 32 20 232 95,9 59 - 49 57
Primary 47 332 274 214 54 38 19 26 14 N 47 1018 82 - 7,3 8,4
Primary 48 327 353 21,2 24 42 1,8 29 Q20 80 1106 95 - 8,7 10,5
Primary 49 360 340 179 29 35 20 228 13 51 1049 95 - 8,4 10,0
Primary 50 404 209 204 22 37 20 _\47 09 28 95,2 9,5 - 8, 9,1
Average primpry 30,3 298 199 28 39 200) 28 16 49 980 88 . 7,3 8,6
gi?;‘l‘ii‘;d devigtion ;7 59 54 10 1,0.¢03 13 07 16 7,0 18 - 1,4 1,8
RSD (%) primary 155 197 272 365 255) 161 46,5 43,0 339 71 206 - 22,0 21,3
Minimum 203 178 94 15. W26 14 1,1 06 11 80,3 59 - 4,8 57
Median 305 282 196 _Z4)" 38 20 23 14 47 98,5 9,0 . 7,3 8,5
80th percentild 337 356 23332 47 22 34 18 63 1023 102 - 8,7 10,4
Maximum 406 409 399~ 63 82 33 65 39 80 1122 129 - 9,9 12,0
pmitofquantificas o5 03 502 02 03 02 02 02 02

Total inorgdnic carbon\content (TIC) and ash content for different ash samples are given in Tablg A.3.

Table A.3 —'\Total inorganic carbon content (TIC) and ash content for different ash samples in
relation to the incineration temperaturel®l

TIC TIC TIC

i . i Ash content Ash content Ash content

SRF sample asl;;e(:)s:gue asl;liess:gue asl;;((s]s:gue 550 °C 815 °C 950 °C
wt% wt% wt% wt% wt% wt%
Primary 1 3,1 0,3 0,1 12,3 11,0 11,5
Primary 3 4,4 0,2 0,2 15,8 12,6 11,6
Primary 4 3,3 0,6 0,4 25,5 23,4 18,3
Primary 5 4,0 0,3 0,4 22,1 19,4 17,3
Primary 6 4,5 0,7 0,6 26,3 19,4 16,7
Primary 7 4,0 0,7 0,5 22,2 18,6 17,6
Primary 19 4,3 0,7 <0,1 17,5 16,0 16,1
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Table A.3 (continued)

TlC_ TIC. T[C. Ash content Ash content Ash content
SRF sample asl;;e(:)s:gue asl;liess:gue asl(l);((e]s:gue 550 °C 815 °C 950 °C
Wt Wt% wt% wt% wt% wt%
Primary 20 2,7 0,6 0,4 25,3 24,3 23,1
Primary 22 3,9 0,5 0,3 14,9 12,7 12,8
Primary 27 5,5 0,5 0,4 36,0 29,4 29,4
Primary 32 4,1 0,6 0,4 9,7 8,5 8,5
Primary 36 3,8 0,2 0,1 29,1 21,1 21,0
Primary 40 1,7 0,2 <01 9,8 9,0 9,0
Primary 41 2,1 0,7 0,5 99 9,0 89
Primary 44 4,0 0,5 0,4 27,5 23,4 24,0
Secondary 1y 3,1 0,4 0,5 15,2 13,4 13,2
Secondary 18 2,0 0,1 0,1 19,9 16,2 15,8
Secondary 1p 4,0 0,6 0,8 18,9 17,0 17,2
Secondary 2p 3,3 0,2 0,2 31,7 30,6 30,2
Secondary 2|l 1,7 0,2 0,1 16,1 12,8 12,8
Secondary 2{t 1,7 0,3 0,3 32,9 2859 7,2
Secondary 2B 4,1 0,6 0,4 19,2 16,5 15,2

Ash contenfand element composition of selected material fractions of SRF “primary” from mixed fommercial
and municipal waste are given in Table A.4.

Table A.4— Ash content and element composition of selected material fractions of SRF “primary”
from mixed commercial and municipal wastelZl

sasrﬁxl):le fprt( d material frac- (Bi\;l:C] Al Ca Ee K Mg Na S S Ti
no. " %pm __ mg/kgpy mg/kgpy ME/kgpy mg/kgpy mg/kgpy mg/kgpu mg/kgpwm mg/Hepw mg/Kgpy
1 Sortihg residue 16,64 54900 251:000° 50400 12000 27500 15000 37400 120000 8660
2 Sortihg residue 16,68 50500 2420000 39500 14500 28100 18800 47600 139000 10200
3 Sortihgresidue 11,53 54300% 220000 47000 12900 22500 15900 31600 142000 13200
4 Sortihgresidue 16,88  47(300° 244000 41200 15200 28700 20300 39900 128000 10700
5  Sortihgresidue 1578 50700 242000 49400 12200 27500 15300 29000 127900 9280
6  Sortihgresidue 11,64-\.J51300 217000 45500 12300 20700 14800 19400 123000 12000
7 Sortihg residue 124~ 49900 219000 45600 12400 22400 17600 27800 143000 12900
8  Sortihgresidue D53 48800 213000 45500 13700 21700 15600 33200 137000 12800
9 Sortihgresidue 16,22 53600 263000 44600 13500 28600 17400 40100 131000 11400
10 Sortihg residue 11,50 49100 212000 44300 14100 22000 16700 29800 136000 12500
ﬁ;’lfg Age: SOTENGTES: 4401 51040 232300 45300 13280 24970 16740 33580 132600 11364
Stan{lard'deviation 2,57 2508 18148 3297 1093 3336 1794 7940 7989 159
1 Wood 294 33400 168000 47300 29900 20800 46900 29000 145000 21800
2 Wood 1,24 25300 195000 31100 65100 28000 67100 37200 47100 34100
3 Wood 7,58 18200 450000 8800 4500 17100 6560 14600 69000 20200
4 Wood 2,06 30000 263000 51500 42300 27300 42000 28900 88600 54400
5  Wood 2,63 20300 377000 14400 8120 27200 15500 22700 65100 20000
6  Wood 143 24900 163000 18100 29900 16300 42200 16800 87700 14800
7 Wood 370 42300 153000 24100 48100 27800 57700 21600 171000 25600
8  Wood 1,81 28200 132000 17700 38000 17400 47100 21300 91300 49700
9  Wood 1,68 51000 196000 22400 59500 27900 67900 28300 118000 33800
10 Wood 539 10800 478000 8650 8990 18400 4990 16800 49900 7170
Average: wood 3,05 28440 257500 24405 33441 22820 39795 23720 93270 28157
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Table A.4 (continued)
sasrfl{;le f_orted material frac- (S?EIIC] Al Ca Fe K Mg Na S Si Ti
no. " Yow  Mg/kepw me/Kepw me/Kgoy Me/Kep Me/kepy me/kgpw Me/keny me/Kepy me/keny
Standard deviation 2,02 11704 129652 14847 21 336 5217 23278 7 053 40526 14 965
1 Composites 24,33 66800 217 000 30000 6390 18 400 8060 19 800 143 000 7 640
2 Composites 28,70 69900 148 000 15700 2650 52000 7010 17 600 100 000 5590
3 Composites 14,58 238000 131000 33600 14 000 14 500 48700 13600 116 000 6530
4 Composites 26,48 55400 197 000 14 500 10 700 35200 12 300 20300 200000 6230
5 Composites 24,38 50700 228000 13500 7 040 28800 10 700 19600 174 000 5570
6 Composites 15,01 330000 179000 8200 4540 7960 6560 10800 70 200 8330
7 Com[ osites 14,01 226 000 199000 17 600 12000 12 500 22 600 16 600 TZ0 000 7 940
8 Compposites 19,92 201000 54100 8350 10 500 6560 8820 8000 235000 17 400
9 Composites 21,01 68 500 165 000 17 800 7 330 116 000 9360 20700 114 (00 14 400
10 Composites 13,05 274000 189000 4790 4390 4000 8040 22900 47 900 7 350
Averpge: composites 20,15 158030 170710 16424 7 954 29 592 14 235 176990 134010 8 698
Stanglard deviation 5,72 106480 50599 9214 3698 33828 12 988 4779 57 385 3974
1 Textijes 11,46 33500 299 000 50100 9580 25400 14-000 38500 105 000 10 300
2 Textijes 16,48 51400 187 000 88700 17 600 23900 19 100 36 800 165 000 8090
3 Textijes 11,68 43800 262000 35700 21800 29 300 61400 34 600 140 000 9550
4 Textijes 14,55 42900 313000 36500 11000 25500 10900 41900 101 ¢00 9210
5 Textijes 13,64 38900 306000 40600 8600 24000 11000 35800 96 §00 7 300
6 Textijes 13,45 64 600 250000 35000 20 600, 14900 16 600 32800 130 900 13700
7 Textijes 10,79 43800 269 000 50800 12700 26100 20500 37200 109 000 10 500
8 Textijes 10,22 55500 188 000 39 200 26100 26000 22600 24 200 159 000 11 300
9 Textijes 8,92 45300 232000 33 600 15100 27 300 23100 49 000 126 00 11700
10 Textijes 11,29 35100 264000 27 000 5460 19 800 6300 27 300 101 ¢00 13800
Averpge: textiles 12,25 45480 257000 43720 14 854 24220 20 550 35810 123280 10545
Stanglard deviation 2,26 9475 44540 17 380 6583 4104 15375 6984 24901 2156
1 Plasti¢s 12,00 44900 258000 41100 8910 31200 13800 33400 119 ¢00 14900
2 Plasti¢s 11,64 59 000 260000 24100 6690 28000 10 100 30300 136 00 20100
3 Plasti¢s 8,36 68600 227 000 31800 7 460 21800 7 890 25600 131 000 25200
4 Plasti¢s 10,46 27600 236 000 66800 5470 22700 6270 36900 140 000 20400
5 Plasti¢s 11,23 59 300 257 000 31100 8790 26000 12900 36100 122 900 21100
6 Plasti¢s 8,33 63 600 228 000 31200 7 280 19 600 8080 30000 114 ¢00 24500
7 Plasti¢s 8,26 64 800 225000 35000 6630 20000 7 760 18 600 125000 30200
8 Plasti¢s 8,30 68000 225000 30500 8 650 20300 8790 23500 126 00 24 800
9 Plasti¢s 12,83 46 000 244000 21700 6910 26500 11 300 40400 133 900 18 600
10 Plasti¢s 8,20 66 800 228000 32900 8300 19 400 8670 24 400 125000 25300
Aver;1ge: plastics 9,96 56860 238800 34620 7509 23 550 9556 29920 127 100 22510
Standard deviation 1,86 13320 14 673 12 504 1133 4120 2424 6892 7951 4331
1 Paper and cardboard 13,28 39600 258 000 24 800 9580 14 800 19900 20400 82400 3720
2 Paper and cardboard 12,23 67 500 336000 27 000 13200 18 300 23300 21800 109 000 7920
3 Paper and cardboard 12,47 59400 300000 19 700 13500 23900 35100 27 300 111000 3980
4 Paper and cardboard 13,30 63800 286 000 37900 15100 19 400 21400 24100 109 000 4210
5 Paper and cardboard 12,57 61 000 303000 39400 15800 19 700 24 400 25900 116 000 6870
6 Paper and cardboard 12,80 78 400 333000 9530 11 100 14 400 14 100 18 400 104 000 5430
7 Paper and cardboard 13,09 94 600 279000 26100 11900 20200 19 700 17 800 110 000 7 310
8 Paper and cardboard 12,18 75900 332000 18 800 9210 22500 18 500 23600 104 000 6970
9 Paper and cardboard 12,90 51900 356 000 12900 15500 19500 23100 28 600 91 000 4380
10 Paper and cardboard 13,46 68 500 343 000 12100 13 500 24700 17 800 28 200 90400 4150
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Table A.4 (continued)
sasrfl{;le f_orted material frac- (S?EIIC] Al Ca Fe K Mg Na S Si Ti

no. % %ou  mg/Kgow m8/kEpu M8/kEpy ME/kEpy ME/kEpy M8/kEpu  me/Kgpw ME/kEp me/Kgou

Average: paper and 1, 83 66060 312600 22823 12839 19740 21730 23610 102680 5494

cardboard

Standard deviation 0,46 15083 32001 10276 2349 3414 5597 3938 10965 1612
1 Fines<10 mm 23,38 37200 175000 50100 13800 37000 39400 16900 200000 3340
2 Fines<10 mm 23,50 38600 170000 81500 12800 28100 18400 18300 157000 6920
3 Fines<10 mm 23,75 52100 175000 65300 17500 21100 36500 14500 185000 6280
4  Fines<10 mm 22,03 49900 171000 41200 17000 26000 19000 22300 175000 6850
5 Fines <10 mm 20,54 43900 187 000 48 100 16200 24500 17500 25200 183 000 6570
6  Finesk 10 mm 20,69 45200 191000 44000 15800 25200 16600 25100 18%00 7650
7 Finesk 10 mm 20,63 42000 188000 37100 15300 25400 17000  25700.(CN\190 000 7060
8  Finesk 10 mm 2331 58300 180000 42700 16900 23200 33500  18300Y 195000 6390
9  Finesk 10 mm 20,41 46700 208000 48900 15800 22500 16000 26300 176000 7340
10 Finesk 10 mm 21,40 52000 199000 37900 17800 28200 17200 \%26500 186000 7430

Average:fines<10mm 21,96 46590 184400 49680 15890 26120 23110/ 21910 183400 6583

StanIrd deviation 1,40 6583 12545 13783 1594 4440 (9959 4496 12q11 1224
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Annex B
(informative)

Validation

An interlaboratory comparison study on the determination of the R-index for co-processing of SRFs was
organized by Umweltbundesamt Austria in 2022 (SRF22ERI)[8] and 31 participants from 14 countries
registered (AT, BE, CH, DE, ES, FR, HU, IT, JP, KR, NL, PL, SK, UK) (sample dispatch: 12th September 2022;
closing date for the submission of results: 27th October 2022; extension to 2"d November 2022 at the latest).

For validatlon, two real samples of SRF were selected and distributed to the registered partig
sampling of

and homog

Leoben and

SRF4R:
SRF4R,

SRF4R
(portio
applica

All provide

occur in the

The partici

determinat
independe

analysis, twWo independent determinations were requested (e.g. preparation of two pellets or
discs and dyiplicate analysis).

Statistical
results per
Hampel tes

were elimin

The statisti

SRF1R:

SRF according to ISO 21645 was carried out by Montanuniversitit Leoben. Sample

Umweltbundesamt Austria as follows:

paper fibre sludge (1 bag = 0,4 kg per sample SRF1R, particle size: <(I\mm).

particle size: < 1 mm).
ash: ashed SRF of high-calorific waste fraction frommnenhazardous municipal
fion).

1 samples for the validation were real samples<and contained the elements of inte
ir original composition - no spiking was performed.

pants were advised to follow the procedures according to this document. Four i

determinations for calculation of dry'mass and ash content were recommended. In ¢

ata evaluation was perfohmed according to ISO 5725-2.111 For the statistical ev3
each method were treated separately. All data sets were tested for outliers by (
f and Cochran test (s€e)ISO 5725-2) and, after a plausibility check, technically confirn
ated for further statistical treatment.

cal data of results for each method are presented in Tables B.1 to B.12.

high-calorific waste fraction from nonhazardous municipal solidiwaste (1 bag = 0,9 kg

ns of 1,0 g of homogenized ash of SRF4R for digestion ot\portions of 7,5 g of ashed SRH

ipants. The
preparation

enization (see ISO 21646) and homogeneity testing was performed jointly by, Montanuniversitat

per sample

solid waste
4R for XRF-

Fest as they

ndependent

ons per sample and method (e.g. for miethod A, method B, method C) had to be carried out. Two

ases of XRF
fused glass

hluation, all
irubbs test,
hed outliers
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Table B.1 — Performance data for sample SRF1R method A (SRF1RA)

S | M Sample . 0 Mean Recovery Cyr Cy,r
ample ethod code Parameter |Unit I |n % (ref) Mean r:(;t]e Sp A S, o
SRF1R A SRF1RA A_DB %(d) 10( 27| 10 25 1,1 4,4 | 0,274 1,1
SRF1R A SRF1RA AL203ASH |mg/kg(d) 9| 34|15 83300 8780 | 10,5| 2550 | 3,1
SRF1R A SRF1RA ALASH mg/kg(d) 9| 34| 15| 45258 44100 97 4640 | 10,5 | 1350 | 3,1
SRF1R A SRF1RA CAASH mg/kg(d) 8| 30| 25| 491350 | 446 000 91 38800 | 8,7 | 11100 | 2,5
SRF1R A SRF1RA CAOASH mg/kg(d) 8| 30| 25 620000 52800 | 8,5 | 15600 | 2,5
SRF1R A SRF1RA DM % 11| 28| 0 99,2 96,8 98 0,904 | 0,9 0,25 0,3
SRF1R A SRF1RA FE203ASH [mg/kg(d) 9| 33|15 12600 1150 | 9,1 935 74
SRF1R A SREIRA EEASH mg/kg(d) al 33115 2692 2300 101 203 91 653 7,4
SRF1R A SRF1RA K20ASH mg/kg(d) 8| 29| 28 3840 584 H,b( 330 8,6
SRF1R A SRF1RA KASH mg/kg(d) 8| 29| 28| 3529 3190 90 484(-\@‘,/ 274 8,6
SRF1R A SRF1RA MGASH mg/kg(d) 8| 30| 25| 12476 12 400 99 1‘ .V 8,4 219 1,8
SRF1R A SRF1RA MGOASH mg/kg(d) 8| 30| 25 20600 . o.’k\)ff;b 8,4 363 1,8
SRF1R A |SRFIRA  |NA20ASH |mg/kg(d) | 7] 26|35 4540 _ 690 [152] 444 | 98
SRF1R A SRF1RA NAASH mg/kg(d) 7| 26| 35| 3346 3360 @b-) 512 15,2 329 9,8
SRF1R A SRF1RA R-INDEX4 | %(d) 7| 24|37 23,2 K\J 1,73 7,5 || 0,544 | 2,3
SRF1R A SRF1RA R-INDEX9  |%(d) 7| 23|39 24,?/ Y 1,72 7,0 0,577 | 2,4
SRF1R A SRF1RA SASH mg/kg(d) 5| 18|50 | 4332 /@ 107 923 19,8 525 11,3
SRF1R A SRF1RA SIASH mg/kg(d) 7| 26|28 | 90 201\s\% ‘500 96 6890 7,9 3890 | 4,5
SRF1R A SRF1RA SIOZASH mg/kg(d) 7| 26| 28 KO\‘186 000 14700 | 79 8330 | 4,5
SRF1R A SRF1RA SO3ASH mg/kg(d) 5| 18| 50 \r\Q) 11600 2300 | 19,8 || 1310 | 11,3
SRF1R A SRF1RA TIOZASH mg/kg(d) 8| 29 ZQ\\}‘ 5610 607 10,8 261 4,6
SRF1R A SRF1RA TIASH mg/kg(d) 8| 29 @ﬁ 3144 3360 107 364 10,8 156 4,7
Key A
| number of labdratories after outlier rejection \O
n number of indjvidual test results after outlier rejection ‘\C\Jb
o percentage of putliers C)\
Mean (ref) mea# value (reference laboratories) oL
Mean overall mg¢an of results (without outliers) @
s reproducibilify standard deviation C)O
Cyp coefficient ¢f variation of reproducibility O N
s, repeatability ptandard deviation \
Cy, coefficient df variation of repeataki‘h'(
VvV
Ta\ W.Z — Performance data for sample SRF1R method B (SRF1RB)

Sample | Meth dc./{i@e Parameter | Unit I |n (;) l\(/i?;l Mean Reﬁ;a)/geery Sp CI%R 3 C(%r
SRF1R B SRF1IRB |A_DB %(d) 6| 13| 13 24,6 0,433 1,8 0,283 11
SRF1R B SRF1RB |AL203ASH|mg/kg(d)| 6| 20| 20 81800 2840 3,5 2410 2,9
SRF1R B SRF1RB |ALASH mg/kg(d)| 6| 20| 20 43300 1490 3,4 1280 3,0
SRF1R B SRF1RB |CAASH mg/kg(d)| 7| 23| 8 431000 17 400 4 4360 1,0
SRF1R B SRF1RB |CAOASH |mg/kg(d)| 7| 23| 8 602000 29700 4,9 4180 0,7
SRF1R B SRF1RB |DM % 7! 16| 0 97,1 0,663 0,7 0,101 0,1
SRF1R B SRF1RB |FE203ASH |mg/kg(d)| 7| 24| 4 12900 1860 14,4 970 7,5
SRF1R B SRF1RB |FEASH mg/kg(d)| 7| 24| 4 9040 1280 14,1 677 7,5
SRF1R B SRF1RB |K20ASH mg/kg(d)| 5| 17| 32 3630 539 14,9 287 7.9
SRF1R B SRF1RB |KASH mg/kg(d)| 5| 17| 32 3010 444 14,7 239 7,9
SRF1R B SRF1RB |MGASH mg/kg(d)| 7| 25| 0 11900 948 8 147 1,2
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Table B.2 (continued)

Sample | Method | S2™P!€ | parameter |Unit |1 o | Mean |\ e Cyr Cyr

ple etho code arameter ni n % (ref) ean r:;\/oe SR % Sy %
SRF1R B |SRFIRB |MGOASH |mg/kg(d)| 7| 25| 0 19 800 1730 8,8 200 1,0
SRF1R B |SRFIRB [NA20ASH |mg/kg(d)| 7| 25| 0 4460 692 15,5 316 71
SRF1R B |[SRFIRB [NAASH |mg/kg(d)| 7| 25| 0 3260 482 14,8 235 7,2
SRF1R B |SRFIRB |R-INDEX4 |%(d) 6| 19| 17 21,5 0,877 4,1 0,256 1,2
SRF1R B |SRFIRB [R-INDEX9 |%(d) 6| 19| 17 22,7 0,903 4,0 0,271 1,2
SRF1R B |[SRFIRB [SASH mg/kg(d)| 5| 17| 19 4090 846 20,7 140 34
SRF1R B |SRFIRB |[SIASH mg/kg(d)| 6| 21| 16 81800 3870 4,7 3260 4,0
SRF1R B SRF1RB [SIO2ASH meg/ke(d)l 61 21 16 176 000 9440 5.4 6850 3,9
SRF1R B| [SRFIRB [SO3ASH |mg/kg(d)| 5| 17| 19 10 200 2110 206 |- 1330 34
SRF1R B| [SRFIRB |[TI0O2ASH |mg/kg(d)| 6| 21| 16 5790 342 59, H" 118 3,1
SRF1R B| [SRFIRB [TIASH mg/kg(d)| 6| 21| 16 3490 226 657 1 3,2

2
Table B.3 — Performance data for sample SRF1R method C (RSh‘;DlRC)
=
Sample | Methpd Sigldpele Parameter |Unit I |n 0;) l\[/lri?; Mean Reﬁg;f:l‘y\\% SR C;%R b C:,}gr
K3
SRF1R c| [SRFIRC |A_DB %(d) 9| 23| 12 244 | ~X 0,593 2,4 0448 1,8
SRF1R c| |[SRFIRC |AL203ASH |mg/kg(d)| 7| 21| 30 80 zquV 5200 6,5 1410 1,8
SRF1R c| [SRFIRC |ALASH  |mg/kg(d)| 7| 21| 30 42 400 2750 6,5 7h3 17
SRF1R c| [SRFIRC |CAASH |mg/kg(d)| 8| 22| 27 &'&B’oo 26500 | 59 8360 19
SRF1R c| |[SRFIRC |CAOASH |mg/kg(d)| 8| 22| 27 ~{"629 000 37100 | 59 | 11f700 | 19
SRF1R c| [SRF1RC |DM % 10| 25| 0 ,-,$ 96,7 1,01 1,0 0,£59 03
SRF1R c| |[SRFIRC |FE203ASH [mg/kg(d)| 7| 21| 30 .&\‘0 12900 2390 | 185 6p7 5.1
SRF1R c| |[SRFIRC |FEASH mg/kg(d)| 7| 21| 30D 9050 1670 | 185 455 5,0
SRF1R C| |SRFIRC |K20ASH |mg/kg(d)| 8| 22pN-27 3290 981 29,8 8.2 2,7
SRF1R c| |SRFIRC |KASH mg/kg(d)| 8 }@’ 27 2730 815 29,8 79,3 29
SRF1R c| |SRFIRC |MGASH |mg/kg(d)| 6| 15| 50 10900 785 7,2 1p1 1,1
SRF1R C| [SRFIRC |MGOASH |mg/kg(d; V6| 16| 47 18200 1300 7,2 2115 1,2
SRF1R c| [SRFIRC |NA20ASH mg(kgfdﬂ 8| 22| 27 3070 1500 | 49,0 2p3 8,6
—
SRF1R c| |SRFIRC |NAASH /kgd)| 8| 22| 27 2270 1120 | 492 1p8 8,7
SRF1R c| |[SRF1RC R-INDE&E%(d) 8| 22| 27 21,4 1,75 8,2 0,346 1,6
SRF1R c| |[SRFIRC |R- %(d) 8| 22| 27 22,4 1,79 8,0 0,p64 1,6
SRF1R c[ [srrirc |[sasn” mg/kg(d)| 7| 19| 27 4250 1370 | 323 8p,9 2,0
SRFIR | c¢| [srRF1Rg~[SiASH mg/ke(d)| 8| 21| 30 77 600 9000 | 11,6 | 1600 | 21
SRF1R C ﬂf\@v SIO2ASH |mg/kg(d)| 8| 22| 27 166 000 19000 | 11,5 | 3300 2,0
SRF1R c[ [skiirc |[sosasn |mg/kg@)| 7| 19| 27 10 600 3430 | 323 214 2,0
SRF1R c| “SrFirc  |TI02ASH |mg/kg@)| 8| 22| 27 5770 886 15,4 1p7 3,2
SRF1R C |SRFIRC |TIASH mg/kg(d)| 8| 22| 27 3460 527 15,3 109 3,2
Table B.4 — Performance data for sample SRF1R direct method for sulfur (SRF1RS)

Sample | Method | S2™Ple | p t Unit I 0 Mean |\ Reco: Y Cyr Cyr

ple etho code arameter ni n % (ref) ean r(;aA)e Sp % Sy o
SRFIR | S |SRFIRS| A_DB %(d) 6 16 20 24,4 0702 | 29 | 0167 | 07
SRFIR | S |SRFIRS| DM % 8 19 0 96,8 0564 | 06 | 0114 | 01
SRFIR | S |SRFIRS| SASH |mg/kg(d)| 2 5 81 4340 186 43 179 4,1
SRFIR | S |SRFIRS| SO3ASH |mg/kg(d)| 2 5 81 10900 501 46 | 448 4,1

NOTE Direct method for sulfur S, see ISO 21663[2] or ASTM D5016-16.131
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Table B.5 — Performance data for ash sample SRF4RA1 method A (SRF4RA1A)

Sample | Method Sample Parameter |Unit I |n o Mean Mean Reﬁg;f:l‘y s Crr s Cyy
P code % (ref) % R % r %

SRF4RA1 A SR- AL203ASH mg/ 11| 41| 13 133000 19 700 14,8 16 900 12,7
F4RA1A ke(d) g '

SRF4RA1 A SR- ALASH mg/ 11| 41| 13 74711 70500 94 10 400 14,8 8940 12,7
F4RA1A kg(d) ' ’

SRF4RA1 A SR- CAASH mg/ 11| 41| 13 229553 | 227 000 99 22 200 9,8 13600 6,0
F4RA1A ke(d) ' '

SRF4RA1 A SR- CAOASH mg/ 11| 41| 13 315000 32200 10,2 18900 6,0
F4RA1A ke(d) ' '

SRF4RA1 A .Sll}; A DM _ASH % 9| 17 0 98.8 2,09 2.1 0,139 0,1
I'TINALA N
SR- mg/ \)‘7

SRF4RA1 \ FARALA FE203ASH ke(d) 10( 38| 19 57 300 4240 7,;1-\ 1/2 P20 3,9

SRF4RA1 \ SR- FEASH mg/ 10| 38| 19 42 047 | 40100 95 2960 "41/ 1p50 3,9
F4RA1A ke(d) ‘\9 '
SR- mg/ ‘ ")v

SRF4RA1 i\ FARA1A K20ASH ke(d) 10( 35| 26 3290 ;\4»& 16,5 124 3,8
SR- mg/ I~ \J

SRF4RA1 \ FARALA KASH ke(d) 10| 35| 26 3162 2730 86 Q\\O449 16,5 103 3,8

Y

SR- mg/

SRF4RA1 \ FARA1A MGASH kg(d) 12| 43 9 33453 | 31800 QSO 3430 10,8 686 2,2
SR- mg/

SRF4RA1 i\ FARA1A MGOASH ke(d) 12| 43 9 52 ii{Q 5650 10,7 11140 2,2

\‘

SR- mg/

SRF4RA1 i\ FARA1A NA20ASH ke(d) 10| 35| 19 . 0 845 10,1 251 3,0

SRF4RA1 \ SR- NAASH mg/ 10| 35| 19 6 40&.¢y6 180 96 627 10,1 186 3,0
F4RA1A ke(d) Q ’ ’

SRF4RA1 i\ SR- SASH mg/ 10| 36 3 q&\;OB 21600 93 2640 12,2 701 3,2
F4RA1A kg(d) N\ ' '
SR- mg/ O

SRF4RA1 \ FARALA SIASH ke(d) 10 33E\‘) 139719 | 139 000 99 18 200 13,1 7760 5,6

\¥

SR- mg/ -

SRF4RA1 \ FARALA SIO2ASH kg(d) 1(_}}5 19 298 000 38900 13,1 16(600 5,6
SR- mg/ h o

SRF4RA1 \ FARATA SO3ASH kel ;a 10| 36 3 54000 6600 12,2 150 3,2
SR N

SRF4RA1 i\ TIO2ASH 11| 42| 11 36 200 1790 49 960 2,7
F4RA1A (i‘

N/

SR- mg/

SRF4RA1 \ FARALA TlAS&% kg(d) 11| 42| 11 22176 | 21700 98 1070 49 575 2,7

-~
Table B.6 %’erformance data for ash sample SRF4RA1 method B (SRF4RA1B)
PN
Sample | Method %Vile Parameter |Unit I |n o Mean Mean Reﬁg::ry s Cyr 3 Cyr
P A \(code % (ref) ” R % r %
~ 0

SRF4RA1 = iﬁgﬁb AEZ203ASH kmgg(é/i) 5 17 15 120660 606 1252 4600 12,2
SRF4R- mg/

SRF4RA1 B ALB ALASH ke(d) 5/ 17| 19 63600 7 750 12,2 7 750 12,2
SRF4R- mg/

SRF4RA1 B A1B CAASH kg(d) 6| 21 0 202 000 12 200 6,1 4770 2,4
SRF4R- mg/

SRF4RA1 B A1B CAOASH ke(d) 6| 21 0 280000 17 400 6,2 6520 2,3

SRF4RAL| B [an™™ |DMASH |9 4| 9| 18 99,8 00796 | 01 | 00379 | 0,04
SRF4R- mg/

SRF4RA1 B A1B FE203ASH kg(d) 6 20 5 55100 2480 4,5 1420 2,6
SRF4R- mg/

SRF4RA1 B ALB FEASH ke(d) 6| 20 5 38500 1700 4,4 899 2,3
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