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Foreword 

This document (EN 15402:2011) has been prepared by Technical Committee CEN/TC 343 “Solid recovered 
fuels”, the secretariat of which is held by SFS. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by September 2011, and conflicting national standards shall be 
withdrawn at the latest by September 2011. 

This document supersedes CEN/TS 15402:2006. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association. 

This document differs from CEN/TS 15402:2006 mainly as follows: 

a) use of automatic equipments under specific conditions permitted; 

b) results of interlaboratory tests supplemented as an informative Annex A; 

c) whole document editorially revised. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and United Kingdom. 

 

http://dx.doi.org/10.3403/30142927
http://dx.doi.org/10.3403/30142927
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Introduction 

The volatile matter is determined as the loss in mass less that due to moisture, when solid recovered fuel is 
heated out of contact with air under standardised conditions. The test is empirical and, in order to ensure 
reproducible results, it is essential that the rate of heating, the final temperature and the overall duration of the 
test are carefully controlled. It is also essential to exclude air from the solid recovered fuel during heating to 
prevent oxidation. The fit of the crucible lid is therefore critical. 

The moisture content of the sample is determined at the same time as the volatile matter so that the 
appropriate correction can be made. Mineral matter associated with the sample can also lose mass under the 
conditions of the test, the magnitude of the loss being dependent on both the nature and the quantity of the 
minerals present. 

This European Standard 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 specified in this European Standard is based on EN 15148 as well as ISO 562. 

http://dx.doi.org/10.3403/30198059U
http://dx.doi.org/10.3403/30216122U
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1 Scope 

This European Standard specifies the requirements and a method for the determination of volatile matter of 
solid recovered fuels. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

EN 15357:2011, Solid recovered fuels — Terminology, definitions and descriptions 

EN 15414-3, Solid recovered fuels — Determination of moisture content using the oven dry method — Part 3: 
Moisture in general analysis sample 

EN 15442, Solid recovered fuels — Methods for sampling 

EN 15443, Solid recovered fuels — Methods for the preparation of the laboratory sample 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 15357:2011 apply. 

4 Principle 

A test portion of the general analysis sample is heated out of contact with ambient air at (900 ± 10) °C for 
about 7 min. The percentage of volatile matter is calculated from the loss in mass of the test portion after 
deducting the loss in mass due to moisture. 

5 Apparatus 

5.1 Furnace 

The furnace shall be heated electrically and capable of maintaining a zone with uniform temperature of 
(900 ± 10) °C. It may be of the stop-ended type or fitted at the back with a flue with a diameter of about 25 mm 
and a length of about 150 mm (see Figure 1). 

NOTE 1 It is important for furnaces with flues that the furnace door seals well. The flue should not reach far out of the 
oven and should be fitted with a butterfly valve to restrict airflow through the furnace. 

The heat capacity of the furnace shall be such that, with an initial temperature of (900 ± 10) °C, the 
temperature is regained within about 4 min after insertion of a cold stand and its crucibles. The temperature 
shall be measured with a thermocouple, as specified in 5.2. 

NOTE 2 Observing the temperature is very important in order to compensate for inherent deviations of the temperature 
measurement and lack of uniformity regarding the temperature distribution. 

Usually the furnace will be designed specifically either for multiple determinations using a number of crucibles 
in one stand or for receiving one crucible and its stand. In the first case, the zone of uniform temperature shall 
be at least 160 mm × 100 mm; in the latter case, a zone of diameter about 40 mm is sufficient. 

http://dx.doi.org/10.3403/30189986
http://dx.doi.org/10.3403/30205135U
http://dx.doi.org/10.3403/30202013U
http://dx.doi.org/10.3403/30202016U
http://dx.doi.org/10.3403/30189986
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A position for the crucible stand shall be chosen within the zone of uniform temperature and this position shall 
be used for all determinations. 

Dimensions in millimetres 

 

Key 

1 chamber, 200 mm width 5 heating system 
2 flue 6 zone of uniform temperature 
3 valve 7 check thermocouple 
4 thermocouple 

Figure 1 — Example of suitable furnace 

5.2 Thermocouple 

The thermocouple shall be unsheathed, of wire with a thickness ≤ 1 mm. It should be long enough to reach 
the centre of the underside of each crucible when placed into the zone of uniform temperature on being 
inserted through the front or rear of the furnace. The thermo junction shall be placed midway between the 
base of the crucible in its stand and the floor of the furnace. If the stand holds more than one crucible, the 
temperature under each crucible shall be checked in the same manner. 

If desired, a sheathed thermocouple may be permanently installed in the furnace (5.1) (see Figure 1) with its 
thermo junction as close as possible to the centre of the zone of uniform temperature; in this case furnace 
temperature readings shall be correlated at frequent intervals with those of the unsheathed thermocouple 
which is thus inserted only if necessary. 

NOTE The temperature/electromotive force relationship of a thermo junction maintained at elevated temperatures 
gradually changes with time. 
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5.3 Crucible 

The crucible shall be cylindrical, with a well-fitting lid, both of fused silica. The crucible with lid shall have a 
mass from 10 g to 14 g and dimensions approximating to those shown in Figure 2. The fit of the lid on the 
crucible is critical to the determination and a lid shall be selected to match the crucible such that the horizontal 
clearance between them is no greater than 0,5 mm. After selection, the crucible and the lid shall be ground 
together to give smooth surfaces and then be given a common distinguishing mark. 

Dimensions in millimetres 

 

Figure 2 — Silica crucible and lid 

If performing multiple determinations on highly swelling solid recovered fuels, it can be necessary to use taller 
crucibles; these may be up to 45 mm in height without affecting the determined volatile matter, provided that 
the specified rate of temperature recovery is maintained. 

5.4 Crucible stand 

The crucible stand which the crucible (5.3) is placed on in the furnace (5.1), shall be such that the appropriate 
rate of heating is achievable. For example, it may consist of the following: 

a) for single determinations, a ring of heat-resistant steel wire as shown in Figure 3 a), with ceramic discs 
with a diameter of about 25 mm and a thickness of about 2 mm, resting on the inner projection of its legs 

or 

b) for multiple determinations, a tray of heat-resistant steel wire as shown in Figure 3 b), of appropriate size, 
with ceramic plates with a thickness of about 2 mm supporting the crucibles. 
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5.5 Balance 

The balance shall be readable to the nearest 0,1 mg. 

Dimensions in millimetres 

 

a) Suitable for a single determination 

 

 

b) Suitable for multiple determinations 

Key 

1 three legs spaced 120° apart 
2 handle 
3 ring 
4 ceramic plates 

Figure 3 — Crucible stands 
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6 Sampling and sample preparation 

The general analysis sample shall be taken and prepared in accordance with EN 15442 and EN 15443. It 
shall be well mixed and in moisture equilibrium with the laboratory atmosphere. 

A test portion of the general analysis sample shall be separated for the determination of moisture content at 
the same time to the determination of volatile matter. The moisture content shall be determined in accordance 
with EN 15414-3. 

7 Procedure 

7.1 Use of automatic equipment 

Automatic equipment may be used if the procedure based on such a equipment is validated with reference 
materials of an adequate type. This equipment shall fulfil all the requirements given in Clauses 5 to 8 
regarding sample size, atmosphere, temperatures and weighing accuracy. Deviations from these 
specifications shall be reported and justified. 

7.2 Number of determinations 

A minimum of two determinations shall be carried out on the general analysis test sample. 

7.3 Furnace temperature checking 

Adjust the temperature of the zone in the furnace (5.1), containing either a stand with one crucible and lid (see 
Figure 3 a)) or a stand with the requisite number of crucibles and lids (see Figure 3 b)), to (900 ± 10) °C as 
indicated by the correctly located thermocouple (5.2). Check that this temperature is observed at the same 
height under each crucible (5.3). 

NOTE Temperature checking should be made before starting determinations. However, if several analyses are 
performed per day, a daily temperature check is usually sufficient. The check of the temperature recovery criterion 
(see 5.1) should be dealt with in a similar way. 

7.4 Volatile matter determination 

Fill either a stand with one empty crucible (5.3) and lid (see Figure 3 a)) or a stand with the requisite number 
of empty crucibles and lids (see Figure 3 b)) and insert it into the furnace (5.1). Maintain the temperature at 
(900 ± 10) °C for about 7 min. Remove the crucible(s) from the furnace and allow to cool to room temperature 
on a thick metal plate. 

As soon as they are cool, weigh each empty crucible and lid and weigh into each crucible, to the nearest 
0,1 mg, (1 ± 0,1) g of the general analysis sample. Replace the lid and tap each crucible on a clean hard 
surface until the test portion forms a layer of even thickness on the bottom of the crucible. 

Place the charged crucible(s) in a cold stand, transfer to the furnace, close the door and leave for (420 ± 5) s. 

Remove and allow to cool to room temperature. If cool, weigh the crucible(s) to the nearest 0,1 mg in the 
same manner as for the empty crucible(s). 

NOTE 1 The same treatment of the crucible before and after the determination minimises the effect of any film of water 
adsorbed on its surface, while the rapid cooling reduces absorption of moisture by the coal or coke residue. 

NOTE 2 If multiple determinations are carried out, any vacant places in the stand should be filled with empty crucibles. 

http://dx.doi.org/10.3403/30202013U
http://dx.doi.org/10.3403/30202016U
http://dx.doi.org/10.3403/30205135U
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8 Calculation 

The volatile matter, V, in the sample as analysed, expressed as mass fraction in percent, is given by 
Equation (1): 

( )
( ) M

mm
mmV −

−
−=

12

32100  (1) 

where 

m1 is the mass of the empty crucible (5.3) and lid, in grams; 

m2 is the mass of the crucible and lid and test portion before heating, in grams; 

m3 is the mass of the crucible and lid and contents after heating, in grams; 

M is the mass fraction of moisture in the general analysis sample as analysed, in percent. 

Report the result as the mean of duplicate determinations, rounded to the nearest 0,1 % mass fraction. The 
results of the determination described in this European Standard shall be reported on dry basis. 

9 Precision 

9.1 Repeatability limit 

The maximum difference to be expected between two independent single test results of one laboratory at a 
confidence level of 95 % will not exceed the repeatability limit in more than 5 % of cases when measuring the 
same measurand in the same medium, using the same facilities and fulfilling all requirements of the test 
method (interlaboratory testing). 

Precision data derived from the interlaboratory test are given in Annex A. 

9.2 Reproducibility limit 

The maximum difference to be expected between two independent single test results of different laboratories 
at a confidence level of 95 % will not exceed the reproducibility limit in more than 5 % of cases when 
measuring the same measurand in the same medium, each laboratory using their own facilities and fulfilling all 
requirements of the test method (interlaboratory testing). 

Precision data derived from the interlaboratory test are given in Annex A. 

10 Test report 

The test report shall include the following information: 

a) identification of the laboratory and the testing date; 

b) identification of the sample tested; 

c) a reference to this European Standard, i.e. EN 15402; 

d) method used; 

e) test results of the determination performed on dry basis; 

http://dx.doi.org/10.3403/30205129U
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f) any deviation from this European Standard; 

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

Designation Shredded 
tyre 

Demolition 
wood 

Dried 
sludge 

Municipal 
waste 

Plastic/
paper 
fluff 

Number of laboratories participating 12 12 12 12 12 

Total number of values (without outliers) 69 70 72 69 60 

Mean value, in % mass fraction 56,10 76,40 25,90 71,21 66,23 

Laboratory effect, in % mass fraction 1,16 1,52 0,18 0,51 0,86 

Sample effect, in % mass fraction 0,50 0,09 0,01 0,17 0,19 

Repeatability standard deviation, sr , in % 
mass fraction 

1,05 0,20 0,06 0,27 0,56 

Repeatability limit, r: (r = 2,8 × sr ) in % mass 
fraction 

2,94 0,56 0,17 0,76 1,57 

Reproducibility standard deviation, sR in % 
mass fraction 

1,83 4,65 1,82 2,75 3,22 

Reproducibility limit, R: (R = 2,8 × sR) in % 
mass fraction 

5,12 13,02 5,10 7,70 9,02 

 

The deviations of the test results between the individual laboratories for each sample type are shown in 
Figures A.1 a) to A.1 e). 

http://dx.doi.org/10.3403/01509470U
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a) Shredded tyre 

 

b) Demolition wood 

 

c) Dried sludge 

 

d) Municipal waste 
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e) Plastic and paper fluffs 

 

 

Key 

V mass fraction of volatile matter in % 
N number of the individual laboratory 

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

 



BS EN 15402:2011
EN 15402:2011 (E) 

15 

Bibliography 

[1] EN 15148, Solid biofuels — Method for the determination of the content of volatile matter 

[2] ISO 562, Hard coal and coke — Determination of volatile matter 

[3] ISO 5725-5, Accuracy (trueness and precision) of measurement methods and results — Part 5: 
Alternative methods for the determination of the precision of a standard measurement method 

 

http://dx.doi.org/10.3403/30198059U
http://dx.doi.org/10.3403/30216122U
http://dx.doi.org/10.3403/01509470U


This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions



