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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
the World

WWW.iS0.0

5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such patehtrights. Detail
rights identified during the development of the document will be in the Ihtroduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
Fg/iso/foreword.html.

This docur
solid recové

A list of all

Any feedbs
complete i

red fuels.
parts in the ISO 21911 series can beXfound on the ISO website.

ck or questions on this document should be directed to the user’s national standards bod
sting of these bodies can be found at www.iso.org/members.html.

are
the
the

t of
s of
| /or

not

And
to
see

hent was prepared by Technical CommitteedSO/TC 300, Solid recovered materials, includling

y. A

© IS0 2022 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=6a0187e717d4dda32d86ce09affa06b5

ISO 21911-1:2022(E)

Introduction

There is a continuous global growth in the trading and use of solid recovered fuels (SRFs). This has

resulted in an increased probability of fires, which has consequences for the handling, tr
and storage of SRFs.

ansporting

SRFs can generate heat spontaneously by exothermic biological, chemical and physical processes. The

heat build-up can be significant in large storage volumes if the heat conduction in the materi

al islow. In

some conditions the heat generation can lead to pyrolysis and spontaneous ignition. The potential for
self-heating varies considerably for different types and qualities of SRFs and it is important to be able to

identify SRF fractions with high heat generation potential to avoid fires in stored materials.

The increasing number of incidents is a clear indicator that safety needs to be prioritized
for lhuman safety and environmental concerns but also because interruptions innénérgy

havg significant consequences. SRF fires throughout the supply chain will also, inraddition to
environmental issues and direct economic losses, have a negative impact on the‘confidence
as

It id difficult for SRF producers, logistics providers, SRF users, equipment suppliers and man
conpultants, authorities and insurance providers to determine reasenable safety measu
appjropriate level of protection due to a lack of standards and recomimendations.

As

are
stoi
estd

art of the determination and the assessment of risks for SRFs, defined test methods and
established or need to be developed. However, ageing ‘and degradation due to the ha
age of SRFs in actual environments affects their.characteristics, so safety margins
iblished in relation to actual analysis results.

The
gen
cald
tem
oth

test method described in this document, isothermal calorimetry, is a method where th
erated from the test portion is measured directly. The operating temperature for an
rimeter is normally in the range of 5 °€ to 90 °C (some calorimeters can reach e
peratures) and can therefore measuredew-temperature reactions, such as those from b
br microbes. However, isothermal calorimetry is used for monitoring the thermal activ

reliable energy source. They can also lead to difficulties in obtaining instirance coveragg.

first of all
supply will
safety and
n the SRFs

pfacturers,
rfes and an

standards
indling and
should be

b heat flow
isothermal
ven higher
hcteria and
ity or heat

flow of chemical, physical and biological processes. The technique is most commonly used ip the fields
of gharmaceuticals, energetic materials and cement. Isothermal calorimetry has also been ppplied for
thejmeasurement of heat flow fram the self-heating of solid biofuel pelletsle]-[10],

For|investigating heat genération at high temperatures, other types of test methods, such as basket
heating tests, are possibly more suitable.

Dath on spontaneous)heat generation determined using this document are only associatdd with the
sperific quality, edmposition and age of the sample material.

The information derived using this document is for use in quality control and in hazard and risk
ass¢ssmentss
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INTERNATIONAL STANDARD

ISO 21911-1:2022(E)

Solid recovered fuels — Determination of self-heating —

Part 1:
Isothermal calorimetry

1 [Scope

Thif document specifies an analytical method for quantification of the spontaneous heat |generation
fromn solid recovered fuels using isothermal calorimetry.

Thif document gives guidance on the applicability and use of the specified analytical method. It further
establishes procedures for sampling and sample handling of solid recovered-\fuels prior to the analysis
of spontaneous heat generation.

The test procedure given in this document quantifies the thermal \power (heat flow) of the sample
durjing the test. It does not identify the source of self-heating in the-test portion analysed.

2 |Normative references

The following documents are referred to in the text invsuch a way that some or all of thgir content
conktitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
1S0|21637, Solid recovered fuels — Vocabulary

[SO|21645, Solid recovered fuels — Methads for sampling

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 21637 apply.

[SOJand IEC maintain tefminhology databases for use in standardization at the following addfesses:

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

— |IEC Electropédia: available at https://www.electropedia.org/

3.1

analysis\temperature

temperature of the analysis environment, i.e. the calorimeter temperature

3.2

self-heating

rise in temperature in a material resulting from an exothermic reaction within the material

[SOURCE: ISO 13943:2017, 3.341, modified — “<chemical>" removed from the definition.]

3.3

test portion

sub-sample of either a laboratory sample (3.5) or a test sample (3.4) required for the specific
measurement

©1S0 2022 - All rights reserved 1
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3.4
test sample
laboratory sample (3.5) after an appropriate preparation made by the laboratory

3.5
laboratory sample
part of the sample sent to or received by the laboratory

3.6
thermal power
rate of heat flow produced by the sample during the test

Note 1 to enftry: Expressed in W or J/s.

Note 2 to eptry: Commonly also expressed as specific thermal power with reference to the unit,mass of qolid
recovered fyiel in W/g or J/(sg).

4 Pringiple

consumptipn from samples of different kinds. It is non-destructive and non&invasive to the sample. Heat
productior] due to any physical, chemical or biological changes in a sample‘ean be measured. When leat
is producefl or consumed by any process, a temperature gradient is«developed across the sensor. This
will generdte a voltage, which is proportional to the heat flow acréss the sensor and to the rate of|the
process taking place in the sample ampoule. The signal is recorded-continuously and in real time.

Isothermal calorimetry is one of the sensitive techniques for studying di¢at production or {eat

NOTE 1 commercial instrument for isothermal calorimetry.ndtmally has multiple channels and can thus be
used for mepsurements of several samples simultaneously.

For each spmple (channel) there is an inert reference&“that is on a parallel heat-flow sensor. During
the time that the heat flow is monitored, any temperature fluctuations entering the instrument pill
influence Qoth the sample and the reference sensors equally. This architecture allows a very accufate
determination of heat that is produced or eénsumed by the sample alone while other non-samfple-
related heat disturbances are efficiently removed. The measured heat flow is normalized against|the
mass of the sample and the result is expréssed in mW/g.

NOTE 2  The operating temperature for an isothermal calorimeter is typically in the range of 5 °C to 90 °C.
However, there are calorimeters with‘a.somewhat higher span for operating temperature.
5 Apparatus

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

2 © IS0 2022 - All rights reserved
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Isothermal calorimeter, consisting of a sample holder for the sample vial and the reference
vial, each thermally connected to heat-flow sensors, which are thermally connected to a constant
temperature sink. See example in Figure 1.

Key]

The
and|

The
out

Thd

The

5
QO
thermostat d(\greference
heat sink $ heat-flow sensors
sample Q\e’

O
Figure 1 — Scher{l%{c\arawing of an isothermal calorimeter
o
calorimeter shall be calibraéed,for the analysis temperature according to Annex A, Clau

A.3. The analysis temper s for the screening test procedure are 50 °C and 70 °C.

data acquisition equi gyént shall be capable of performing continuous logging of the d
put measured at ti@itervals of less than or equal to 10 s.

baseline shal ibit a low random noise level and be stable against drift, according t

minirr@?gnsitivity for measuring power output shall be 100 pW.

bes A1, A2

alorimeter

0 Annex A,

pirtight lid

g is scaled

5.2 %x;)le vial, made of glass with a minimum volume of 20 ml and provided with an

with inert seal Vials with volumes larger than 20 ml can he used if the sample loadi
accordingly (see 7.2.2). In such cases, this deviation from the standard procedure is noted in the test
report.

5.3 Balance, which should have a resolution of at least 10 mg.

6 Sample handling

6.1 General

Sample handling is important in maintaining the physical, chemical and biological properties of solid
recovered fuel samples. The transport and storage (see 6.3) is of especial importance for self-heating

©IS
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properties, as the reactivity of the sample can be reduced from prolonged exposure to air or oxygen
and/or elevated temperatures.

The sample history and the conditions for sample handling should be stated as thoroughly as possible
in the test report.

6.2 Sam

pling

Sampling of SRF shall be made in accordance with the procedures prescribed in ISO 21645.

The minim

um volume of the laboratory sample shall be 500 ml.

6.3 Sa
The labo

NOTE1
place in the

The contai

NOTE2Z2 4

le transport and storage

::E)ry sample shall be transported in a closed airtight sample container.

'he requirement of an airtight container is to limit the chemical or biological reactions that can
presence of oxygen.

her shall be completely filled with sample.

\ completely filled container limits the amount of air in the container-(i:e. the amount of oxygen)

further rediices deterioration of the sample from physical wear (i.e. reduces the amount of fine fraction).

The time
avoided.

between sampling and analysis shall be minimized and elevated temperatures shal

6.4 Sample preparation

SRF can b
it difficult
homogeniz

The millin
order not t

e a mixture of many different materials.@nd the stream can be heterogenous, mal
to derive a representative sample to use for testing. One way to handle this is to mill
e the material.

b process chosen should not ingrease the temperature above the ambient temperature
b accelerate the self-heating reactions.

7 Test procedure

7.1 Temperature stabjlization

Set the if
temperatu

Follow the

strument témperature to the selected analysis temperature. The standard anal
Fes for screening are 50 °C and 70 °C.

manufacturer's procedure to ascertain the temperature stability.

NOTE ’

fake

and

be

(ing
and

, in

/Sis

the

'hevalues for stability criterion vary for different calorimeters and are usually decided by

software.

7.2 Sam

ple vial preparation

7.2.1 Preparation procedure

A sufficient amount of the sample should be taken out 3 h to 4 h before testing, if stored in a freezer, to
reach thermal equilibrium with the room temperature before testing.

The test portion shall be put into a glass vial with a minimum volume of 20 ml.

Handle the

sample using a pair of tweezers or rubber gloves to avoid contamination of the sample.

© IS0 2022 - All rights reserved
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Add to the sample vial a test portion corresponding to approximately 50 % of the vial volume. Note the
mass of the test portion added to the glass vial.

NOTE Since the density of different types of SRFs can differ significantly, it is not possible to specify an
exact sample mass to add to the vial. ISO 20049-1, which is a corresponding isothermal calorimetry standard
for pelletized biofuels, specifies that 4 g + 0,1 g pellets are added to a 20 ml glass vial. This corresponds to
approximately 50 % of the vial volume.

The lid of the standard glass vial shall be tightened after sample loading.

The prepared sample vial shall not be pre-heated.

If ox

foll

7.2

To 1
san
diff]
san
san
san
OXY|

7.3
Pre

The
rec
dry|

NO1
bee
1,4

whg

ygen deficiency, which influences the test results, occurs in the closed ampoule during mepsurement,
bw the procedure in 7.2.2. A method to detect significant oxygen deficiency is givensn|8.1.

2 Procedure to find proper test portion in case of influence from oxygen.deficiengy

ind the proper sample volume for avoiding the influence of oxygen deficiency, first run| tests with
ple volumes corresponding to approximately 50 % and 25 % of thé|sample vial volyme. If the
erence in normalized total heat production between the two sample)volumes (normalized by the
ple mass) is non-significant (less than 10 relative-% difference)«t@’more tests are req 1red 50 %
ple volume is proper to use. If, however, the difference is significant, additional tests
ple portions (less mass or volume) shall be made to find the sample volume where the effect of
ven deficiency is non-significant.

Reference vial preparation
pare two reference vials for each sample vial (for'each channel).

portion of reference material shall have th€)same total heat capacity as the test portion. Water is
mmended as reference material, although other non-reactive materials can be used, fpr example
quartz sand.

E The heat capacity of a mixturéof municipal solid waste (mass fraction of *10 % moisture fontent) has
1 reported to be 1,4 J/(g-K).[2! If speeific heat capacity of the SRF or waste sample is not available, a value of
/(g:K) can be assumed and Forfnula (1) can be used for the calculations.

M. xCp,. =M, XCpy, (1)

ere

M,  is themass of the reference;
C is.the specific heat of the reference;

Mg\ " is the mass of the waste sample;

Cow  is the specific heat of the waste sample.

If the calorimeter is equipped with a fixed reference, then either the reference or sample mass needs to
be optimized accordingly. If the sample mass is higher than the aforesaid range, the fixed reference in

the

©IS

calorimeter is optimized.
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7.4 Mea

surement

7.4.1 First baseline measurement

Start the test with a baseline measurement:

complete test.

econd reference vial in the measurement position for the baseline measurement.

Put a reference vial in the reference position. This reference shall be kept stationary for the

a)

b) Putas
c) When
NOTE ]

the instrument has reached stable conditions, run a 30-min baseline measurement.

'his applies for all channels that are used for measurement.

The baselije measurement data shall be included in the measurement data file.

7.4.2 Sa

When the
position w

mple measurement

th the sample vial.

first baseline measurement is completed, replace the reference vial in the measurengent

Measure the heat flow from the sample vial and save to the measuremdent’data file. The measurenjent

shall be ru

If the heat
should be g

NOTE ]
different br

7.4.3 Se

After comp

a)
b) putas

remov|

c) whent

NOTE ]
the test sta
the test.

7.4.4 Mg

h for at least 24 h.

ontinued until that time.

'he procedure for starting the test and saving data te'the measurement data file can differ betw
hnds of isothermal conduction calorimeters.

cond baseline measurement

letion of the measurement on thesample:

e the sample vial from the measurement position;

econd reference vial in the.theasurement position;

he instrument has réached stable conditions, run a 30-min baseline measurement.

'he baseline measured after the test is to ensure that the instrument has the same stability as be
ted. There is,softfware for some instruments that by default measure the baseline before and 3

asurement data file

The result

production rate has not declined to be relatively insignificant at 24 h, the measurenent

reen

fore
fter

ng data file shall include the data from the sample measurement as well as the data f

fom

both the baseline measurements. The file shall be stored with a unique name identifying the test
portion measured.

8 Results

8.1 Test

data

The data recorded is the thermal power (heat flow) in mW. The test data shall be presented as a plot of
specific thermal power in mW/g versus time.

© IS0 2022 - All rights reserved
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Investigate the thermal power data plot for signs of oxygen deficiency in the ampoule during the test
(see NOTE). If such signs are present, additional tests shall be made according to 7.2.2.

NOTE A typical sign of significant oxygen deficiency in a test is a sharp break in the heat-flow curve (i.e. an
abrupt reduction in heat flow).

Annex B shows an example of isothermal calorimetric measurements of solid recovered fuel.

8.2 Reported data

The maximum peak in specific thermal power (mW/g) and the specific total heat produced (J/g) during
thetest (24 h) shall be reported.

The specific total heat is calculated by integrating the specific thermal power cupvefrom the time
45 fnin until the time 24 h.

9 |Testreport

The test report shall include the following information:
a) [testlaboratory

1) name and address of the laboratory;

2) isothermal calorimetry instrument used;

b) [sample description

1) sample ID;

2) type of product (and, for example, brand name, material groups and waste code fpumbers, if
appropriate and available);

3) sample selection process (e,g.xandom);
4) product history (dates of production, sampling, transport and arrival at the test labpratory);
5) type of package for-the'sample during transport;

6) relevant fuel parameters when available and applicable (e.g. calorific value, watpr content,
particle size.distribution);

c) |sample preparation
1) saniple storage prior to sample preparation (e.g. temperature);

2) « date and time of unpacking and sample preparation (hour, day, month and year);

2 tyuna of coanla et haforn bl i g Ak oot bl o,
Sty Pe-o+Sapre prepatrationoerotre okttt 5 oHtte St PpoOrtohsS;

d) reference to this document (i.e. ISO 21911-1:2022)
1) analysis temperature of the isothermal calorimeter;
2) use of the test results: screening tests or tests for calculation of kinetic parameters;
e) any deviations from the procedure;
f) any unusual features noted during the determination which possibly affected the result;
g) results of the test, including units and the basis they are given, e.g. original or dry substance;

h) date of the test.

©1S0 2022 - All rights reserved 7
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Annex A
(normative)

Calibration of the calorimeter

A.1 General

The instrument shall be calibrated according to the manufacturer’s recommendations whenevetrthere
are questions about performance, for example when the drift is above the recommended'value [see
Clause A .4].

A.2 Calipration or validation of temperature
The instrument shall be calibrated for the selected analysis temperature.

NOTE1 The measurement procedure in this document can be applied for diffépent analysis temperatured, for
example forlextended measurements at several temperatures for deriving a Kiretic model of heat production.

The set temperature shall be validated by an independent meastrement of the temperature in|the
thermostat media. The temperature shall not deviate more than 0,2 K from the set temperature.

NOTE 2  The temperature calibration is made using a calibrated-thermocouple device.

A.3 Calipration of thermal power
The thermgl power measurement of the instrument shall be calibrated at the analysis temperature.

The calorimeter shall be at equilibrium with no significant signal drift prior to the initiation of|the
calibration| process.

NOTE1 The measurement procedure.in this document can be applied for different analysis temperatured, for
example forlextended measurements at’several temperatures for deriving a kinetic model of heat production|

NOTE 2  The purpose of calibrdfion is to compare the calorimeter signal with the thermal power or enthplpy
change of a fvell-defined process, i.e. a calibration process, after which the calorimeter signal is adjusted in ofder
to be accurdte within defined,and tolerable limits. The result from the calibration measurement is compared yith
the theoretical value thathas been assigned to the calibration process and a calibration constant is calculated.

Heat-flow falorimetérs can be sensitive to systematic errors due to the fact that a fraction of|the
generated fheat eScapes the heat-flow sensors, the magnitude of which depends on the design of|the
instrument.dt,is thus important that the calibration process is designed in such a way that it clopely
mimics th . i i i i wn
amount of Joule heat in a well-positioned resistor or chemically by a reaction of well-established
thermal power or enthalpy change.

Many commercial heat-flow calorimeters are equipped with an inbuilt electrical heater (calibration
heater) that is used to calibrate the instrument. It is noted that the placement of the calibration heater
in relation to the positioning of the sample and heat-flow sensor can be critical for the calorimetric
accuracy. The instrument manufacturer normally specifies the accuracy of the calorimeter when
calibrated according to the manufacturer’s instructions.

Due to minor sensitivity of the heat flow sensors within a narrow temperature range, the calorimeter
shall be calibrated at the same set temperature at which the sample measurement is to be conducted.
The accuracy achieved is validated by the calibration by use of a well-characterized independent test
processi1l,

8 © IS0 2022 - All rights reserved
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A.4 Noise level and drift requirements

Requirements on noise and drift shall be verified on a new instrument and whenever there are questions
about performance.

The rate of change of the baseline measured during a time period of 3 days shall be < 20 pJ/s per gram
sample per hour of the test and a baseline random noise level of < 10 pJ/s per gram sample.

NOTE1 Inpractice, the baseline is measured for 3 days and a straight line is fitted to the power [J/(g's)] versus
time (h) data using a linear regression procedure. The long-term drift is then the slope in the line []J/(g-s-h)] and
the baseline noise level is the standard deviation []J/(g-s)] around this regression line.

NOTE 2  The rationale for these limits is found in Reference [12].

©1S0 2022 - All rights reserved 9
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Annex B
(informative)

Example of isothermal calorimetric measurements of solid

recovered fuel

materials

Finely cut‘sortlng solid recovered fuels produced from sorting residues of lightweight packaging

listed in Table B.1.

Table B.1 — Material properties of tested SRF (sorting residues of lightweight packaging)

ere investigated using isothermal calorimetry. Material properties of the tested samplé|are

Parameter Unit Mean value 2020
Net calorific value (original substance) M]/kg 23,8
Water (original substance) % 1,7
Ash (original substance) % 9,3
Volatile (original substance) % 78,3
Carbon (dry substance) % 55,8
Hydrogen (dry substance) % 9,3
Nitrogen (dry substance) % 1,0

Investigatipns within the framework of an ILS have shown that the measured heat flows depend

significant
the measul

If large he
significant|
reactions g
spontaneo
isothermal

NOTE1 |
heating.

Figure B.1
condition),

y on the properties of the sample and especially on the moisture content. The time courge of
ed heat flows can provide indications of-a possible risk of spontaneous combustion.

at flows occur after a comparatively short storage period, this can be an indicatiop of

reactions taking place at low storage temperatures (e.g. microbial activities). These
an bring a bulk to a higher temperature level in a short time, which can cause a subsequent
1s combustion process. To assess the overall risk of spontaneous combustion, the resulfs of
calorimetry should be combined with those of basket heating testsl3].

SO/TS 21911-2 includes a test method to determine self-heating of solid recovered fuels using bagket

shows exemplary test results of tested SRF with moisture contents of 13 % (as-delivdred
19,8 %, 2454-% and 31,1 % (artificially moistened) at a calorimeter temperature of 50 °C
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