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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 fofj
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).
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Introduction

There is continuous global growth in production, storage, handling, bulk transport and use of solid
biofuels, especially in the form of pelletized biofuels.

The specific physical and chemical characteristics of solid biofuels, their handling and storage can lead
to arisk of fire and/or explosion, as well as health risks such as intoxication due to exposure to carbon-
monoxide, asphyxiation due to oxygen depletion or allergic reactions.

Emlssmns from pellets or blomass stored in enclosed spaces represent a 51gn1f1cant health risk due to

antifying the emission of CO in comblnatlon W1th oxygen levels. Thls document descrlbe

issions. Unless the level of CO and oxygen levels are well understood injan operating en

ission and depletion rate of off-gassing in combination witlioxygen depletion for gas spec

pstimating the propensity of a particular quality of pellets or biomass to emit CQ,"CO, 3
as the depletion of oxygen within the stored environment. In a confined space,the“gas c
result in a toxic and explosive atmosphere.

nass species, the age of the material and the ambient temperature all impact the dyna

‘e are inherent risks for workers, which have implications for liability.

cen. ISO/TS 20048-1 specifies a method for measuring the emission and depletion
h enclosed storage for biomass. This document specifiesamethod to be used in preliminar
O for operational planning. The results of the determination method described in this
11d only be used for preliminary screening for operational planning. To analyse the poter

hod which can assess the potential for CO emission.

the risk by
5 a method
nd CH,, as
bmposition

mics of gas
Vironment,

ISO 20048 series specifies a methodology to measure the emission of off-gases and depletion of

factor and
es emitted
) screening
document
tial for off-

bing and oxygen depletion of a densified biofuel;this document presents a standardized ¢perational
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Solid biofuels — Determination of off-gassing and oxygen
depletion characteristics —

Part 2:
Operational method for screening of carbon monoxide off-
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3.1
test

ssing

Scope

5 document specifies an operational method for screening of carbon monoxide off-gassing
uel pellets. It provides requirements for sampling and establishes procedures for samp
blid biofuel pellets prior to the analysis of off-gassing. This documentspécifies the applig
of the method. Guidance on the applicability and use of the data is(given.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated‘treferences, only the edition cited 3
ated references, the latest edition of the reference@document (including any amendmen

14780, Solid biofuels — Sample preparation
18135, Solid Biofuels — Sampling

21945, Solid biofuels — Simplified sampling method for small scale applications

Terms and definitions
the purposes of this dogument, the following terms and definitions apply.
and IEC maintain terminology databases for use in standardization at the following addj

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

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

sample

lab¢ratory sample after an appropriate preparation made by the laboratory

from solid
e handling
ability and

Pir content
pplies. For
[s) applies.

esses:

Note 1 to entry: The test sample is here typically a representative sample from a batch of pelletized biofuels.

[SOURCE: ISO 16559:2022, 3.199, modified — note to entry replaced.]

3.2

test portion

sub

-sample either of a laboratory sample (3.4) or a test sample (3.1)

[SOURCE: ISO 16559:2022, 3.198, modified — note to entry removed.]
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3.3
sample

quantity of material (all increments), representative of a larger quantity for which the quality is to be

determined
[SOURCE: ISO 16559:2022, 3.168, modified — note to entry removed.]

34
laboratory sample
sample (3.3) delivered to a laboratory

[SOURCE: [SO 1655972022, 3.120, modified — note to entry removed.]

3.5
off-gassin
spontaneofis emission of condensable gases (e.g. terpenes) and non-condensable gases (€.g. carl
monoxide, carbon-dioxide, methane) from biomass

[SOURCE: ISO 16559:2022, 3.141]

3.6
specific maximum CO concentration

maximum [measured CO concentration divided by the mass (in kg) of‘the test portion in the
container

4 Pringiple

The concenmtration of CO is measured over time at a givenset temperature using an enclosed hea
apparatus [(e.g. an incubator or an oven) with a fan and-the sample container suspended to allow,
even distripution of heated air. The method is designedto measure two sets of replicates.

NOTE The sample material is subject to auto-oxidation. The oxygen level in the container grady
decreases ahd the CO level increases until the oxygen is depleted.

on-

test

[ing
the

ally

Additionally, off-gassing potential (and self-heating) declines with time, therefore the sample shalll be

analysed without any time delay.

The sample material may be processed either in an in-house company laboratory or by an exte
laboratory;

5 Apparatus

5.1 Sample container, nominal volume 1], cylindrical container made of glass with a sealed glasg
metallic lid for ap-airtight fit (see Figure 1). Containers without a neck should be used.

‘nal

S or

The nominplvolume of 11 containers can vary significantly. Limit the actual volume of the container

sto

1045 mlto1 130 ml.
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5.2
cap

equlipped with a heating device (approxnrk;{@ly 80 W) and a fan.

Thd
aro

5.3

N\
Figure 1 — Example of s@le container

\(\6

Heating apparatus (e.g. an incubator %C n oven), with an automatic temperatufre control,
(

hble of keeping the temperature stable at 41 +1 °C). The heating apparatus shall be ins

heating apparatus shall have an e lcl\é?ed perforated floor to allow the heat to be distribu
ind the containers. C)

CO data logger that r S CO levels in the range 0 ppm to 1 000 ppm and is small

fit i
vol
5

To
exp|

5.4
sanjp

hto the container. The ta logger, when placed in the pellet bulk, shall not reduce th
me by more than 5 %=Data recording should be possible at time intervals of at least one Y
in. The CO data 1o should have a USB interface for simple data download.

bisure repr 111ty of data and in case a CO logger is faulty and stops working
eriment, a$ t two CO loggers of the same kind are required for each type of sample te

La@tory balance that can determine the mass of samples to an accuracy of 0,

ulated and

ted equally

enough to
b container
Falue every

during the
sted.

I % of the

6

6.1

Sample handling

Sampling

Sampling shall be carried out according to the procedures prescribed in ISO 18135 or ISO 21945. The
minimum mass of the test sample for a material to be investigated shall be 1 500 g. This will allow for a
measurement with replication. If two types of materials are to be investigated at the same time, 1 500 g
of another material shall be sampled as well.

Sample preparation shall be done according to ISO 14780.

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=bbc52d15bf25b75800c01e862bac3b05

ISO 20048-2:2023(E)

The sample history and the conditions for sample handling should be stated as thoroughly as possible
in the test report (Clause 10). This includes temperature at the sampling location.

6.2 Sample transport and storage

Ideally, pellets should be sampled and filled in the test containers without any delay, transport or storage.
If, however, the facility where the testis carried out is not at the sampling location the laboratory sample
shall be transported in an airtight sample container. The container shall be completely filled with the
sample. The time between sampling and analysis shall be minimized and elevated temperatures shall
be avoided.

NOTE 1 he requirement of an airtight container is to limit the amount of available oxygen in order_ to llimit
oxidation rdaction with the sample.

NOTE 2 completely filled container decreases the amount of air in the container (i.e. amount 6f oxygen)|and
further red{ices deterioration of the sample from physical wear (i.e. reduces the amount of fine fraction).

NOTE 3 It has been shown that a sample can be stored for 2 to 3 months without any(sighificant change in
reactivity iffplaced in a freezer directly upon receipt from the analysis laboratory.

If the pellets are to be kept for some time before being tested, the filled airtightsample container shquld
be kept in 4 fridge (at 0 °C to 5 °C) until the day of testing.

6.3 Sample preparation

If the pellets are sampled directly after production, they are hot. Put the test sample on trays for 4 h to
6 h so the pellets reach room temperature (20 °C + 3 °C) before the test.

If the pellets were kept in the fridge before testing, remeye the filled containers from the fridge 4 h to
6 h before the test and put them on trays so the pelletsteach room temperature (20 °C £ 3 °C).

The pelletd shall be put on trays with a maximumellet layer thickness of 2 cm during the temperature
adjustment.

Take a tesf portion from the test sample. Fill each container to 75 % of its volume in order to proyide
sufficient qupply of oxygen in the container to oxidize the pellets and generate CO. Weigh the pellets
inserted infeach container to ensure(that the test portion mass is the same for all replicants of the same
sample.

7 Prpcedure

7.1 Prehgat the hedting apparatus (e.g. an incubator or an oven) to 40 °C. Plan accordingly, as|the
preheating can take.some time, see Figure 2.

NOTE I|nf0rmation on preheating time is given in Figure 2.

7.2 Place the CO logger in the container filled with pellets. This can be done easily by keeping the
container inclined and inserting the CO logger. Annex A describes another method to insert the CO
logger.

Make sure the CO data logger does not reduce the container volume by more than 5 %.

7.3  Assess if the temperature in the heating apparatus has reached the desired 40 °C (¥1 °C) and the
temperature has been stable for at least 10 min.

7.4 Ensure that the containers are at room temperature (20 °C + 3 °C) and the lids are free of wood
dust. Seal the containers so they are airtight.

4 © IS0 2023 - All rights reserved
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7.5 Place the containers inside the heating apparatus at equal distances from each other and from the

sides of the box. Seal the heating apparatus immediately.

7.6 The measurement starts as soon as the sealed containers are placed in the heating apparatus and
the heating apparatus door is closed, after the heating apparatus preheating phase (see Figure 2). Note

the start time.

7.7 Measure the concentration of CO every 5 min for at least 3 h, up to 10 h if possible. Note the end

time and remove the containers from the heating apparatus. Record the value after 3 h as CO

max-3h*

NOTE At this volume of pellets and temperature exposure, CO off-gassing in most cases reac
aftef 48 h and no significant amounts of CO are emitted thereafter.

Singe 48 h is too long a measurement interval in an industrial setting (where resultsi.tan b
within a day), the following duration can be used, acknowledging the reduced aecuracy of
megasurement time (see values for accuracy in Annex A, Figure A.2):

— |3 h (areliable trend can be seen and CO,,,,, 3;, can be recorded);

hes its peak

e required
he shorter

— |10 h (reliable prediction of the maximum concentration after 8 hés)possible; it is possible that the

curve has reached a plateau by 10 h of storage).

Compare only samples with the same duration time and the same number of containers in f
apppratus, because the time of heating up is influenced by thg humber of containers.

7.8| Remove the CO data logger from each container andextract the recorded data. The pel
may now be disposed of.

he heating

et samples

© IS0 2023 - All rights reserved
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3
0 20 40 60 80 100 120 140 X
Key
X  time, i minutes 1 heating apparatus preheating
Y temperpture, in °C 2  insert'sample, measurements start
measurement phase
NOTE The measurement phase (3) includes the temperature drop when the container is inserted as well as

the remainipg duration of the measurement period.

Figure 2 +— Typical temperature curve in'the heating apparatus from the time it is switched|on
until it reaches 40 °C

8 Results

8.1 The results are obtained by reading the data from the CO data logger (that can come with|the
respective|software),which is given in relation to the mass of the pellets so that the result is expregsed

in ppm/kg

The CO cor]centration in ppm that is read from the logger should be divided by the mass of the pellets in
the repres¢rtative container to have the results in ppm/kg.

8.2 The data shall be reported as a cumulative CO curve over the entire test period and the maximum
CO value after 3 h (CO,,,,.3;) shall be stated in ppm and given in relation to the mass of the bulk (ppm/
kg). The two CO,, .3, Values of a given material obtained from one trial shall be summarized as a mean
value, as well as calculated standard deviation that is calculated from the replicates.

9 (alibration of instruments

All relevant instruments for acquiring the CO
parameters.

max-3h Value shall be calibrated regarding their respective

6 © IS0 2023 - All rights reserved
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10 Test report
The test report shall include the following information (an example is shown in Annex B):
1) sample description

a) sample ID;

b) testing facility;

c) type of product (and brand name if appropriate);

d) sample selection process (e.g. random);
e) sampling location;
f) date of sampling;
g) product history:
i) date of production;
ii) wood composition (e.g. 10 % of type A and 90 % of typé B);
iii) age and storage conditions (if applicable);
2) |preparation of test portion
a) amount of material (in g) in each container;
b) reference to the standards used for preparation;
3) |experimental conditions and procedures
a) heating apparatus (e.g. an incubatot or an oven) conditions (temperature);
b) starttime, end time and totalyduration of measurement;
4) |[testresult
a) cumulative CO curvelover time;
b) CO,, .43 valué-atter 3 hin ppm/kg;
c) reference\to this document,i.e. ISO 20048-2:2023;
5) |deviation

a) , any unusual features noted during the determination which might affect the result;

b} any deviation from this document or operations regarded as optional.

©1S0 2023 - All rights reserved 7
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Annex A
(informative)

Support material for procedure

Insert a tube with open ends and the approximate width of the CO data logger into the container then

fill up withrpe Ao . — 1 a) 5 atalooo abe—P]ace
the tube wjth the CO data logger in the centre of each container, remove the tube and tap the cgﬁ:g ner
three timep on a solid surface to make the pellet bulk adjust around the CO data logger. Make sufe|the

CO data logger is in the centre of each container and that the sensor is above the surfacq,ﬁ’ e p¢llet
bulk (see Figure A.1 b). ,

>
N

b) Head of the CO data logger sticking out from the pellet bulk after filling the container to the
750 ml mark

Figure A.1 — Insertion of CO data logger into the pellet bulk

© IS0 2023 - All rights reserved
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Y |
700 — 06
600 - x5
| X 4
500 - o3
] A2
400 -
| o1
3040
| X
200 - X X X
i > O
100 — % A AA 20 .
0 - A" ‘ =5 _ anSSl
150 250 350 450 550 650 750 X
Key
X |time-dependent CO values, in ppm 1 after 1 h, linear correlation is R? = 0,38
Y |maximum CO values after 48 h, in ppm 2 after 3 hlinear correlation is R = 0,46
3  after6 l linear correlation is RZ = 0,68
4  after 8 h, linear correlation is R? = 0,80
5 p.after 12 h, linear correlation is R = 0,88
6 after 24 h, linear correlation is RZ = 0,99

NOTE RZ is the quality of the fit.

Figure A.2 — Accuracy with which-CO,,,.. 5}, values at 48 h can be predicted from yalues
obtained at different retention times (1 h,3 h, 6 h, 8 h, 12 h and 24 h) for the containgr in the
heating apparatus

©1S0 2023 - All rights reserved 9
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Annex B
(informative)

Example of test report template

Test report of off-gassing analysis
(in accordance with ISO 20048-2:2023)

Sample Sampling nQ‘V
Sample/ID and testing Methodology:
facility name: (e.g.1SO 18135)
Product: Location:
(e.g. ENplus® pelletsD) (e.g. silo)
Woofl composition: Date:
(e.g- %lspruce/% pine) (dd/mm/yyyy)

Sample age at analysis

Date|of production: and storagecondition:

(days sin¢e production

(dd/mm/yyyy) and storage temperature
if applicable)
Pellet mass :\Q)\?‘ Analysis

Temperature in heating
Container 1: apparatus (e.g. an incu-
bator or an oven):

(kg) :

(°C)

Container 2: Start time:
(kg) (dd/mm/yy; xx:xX)
Container 3: End time:
(kg) (dd/mm/yy; xx:xX)
Container-#4: Duration:
(kg) (xx:xX%)

1) ENplus is an example of a suitable product available commercially. This information is given for the

convenience of users of this document and does not constitute an endorsement by ISO of this product.

10 © IS0 2023 - All rights reserved
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