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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 procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia needed/fo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may“be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commitftee responsible for this document is ISO/TC 238, Solid biofuels.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical
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Introduction

Bulk density is an important parameter for fuel deliveries on volume basis, and together with the net
calorific value, it determines the energy density. It also facilitates the estimation of space requirements
for transport and storage. This International Standard describes the determination of the bulk density

of pourable solid biofuels, which can be conveyed in a continuous material flow.

For practical reasons, two standard measuring containers with a volume of 51 or 50 l were chosen for the

determination. Due to the limited volume of these containers, some fuels are therefore ex

cluded from

the scope of thls Internatlonal Standard ThlS for example applles for chunk wood non-comminuted

barkbate

ries. For a rough estimation on how suséeptible the different solid biofuels are towar
sure, some research data are givenin-Annex A. The data show a compaction effect bj
8 % for biomass fuels.

ed from their

conditions,
s volume of

for several
ts occurring
el is usually

reased load
e vibrations
ply a higher

ively higher

density in a
red fuel has

estimated from the volume load of a transporting vehicle, which is a common procedure in many

s the shock
etween 6 %
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INTERNATIONAL STANDARD ISO 17828:2015(E)

Solid biofuels — Determination of bulk density

1 Scope

This International Standard defines a method of determining bulk density of solid biofuels by the use of
a standard measuring container. This method is applicable to all pourable solid biofuels with a nominal

top size of maximum 100 mm.

Bulk|density is not an absolute value; therefore, conditions for its determination have to be-s
in orfer to gain comparative measuring results.

NOTH Bulk density of solid biofuels is subject to variation due to several factorg such as vib
presgure, biodegradation, drying, and wetting. Measured bulk density can therefore deviate
conditions during transportation, storage, or transhipment.

2 ormative references

The following documents, in whole or in part, are normatively\referenced in this documn
indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latest edition of the referenced document (ib¢cluding any amendments) appl

I1SO 14780, Solid biofuels — Sample preparation?)
ISO 16559, Solid biofuels — Terminology, definitions‘and descriptions

ISO 18134-1, Solid biofuels — Determination of moisture content — Oven dry method, |
moisture — Reference method

ISO 18134-2, Solid biofuels — Determination of moisture content — Oven dry method, K
moisture — Simplified procedure

IS0 18135, Solid biofuels — Sampling!)

3 erms and definitions

For the purposes of this document, the terms and definitions given in ISO 16559 apply.

fandardized

ration, shock,
from actual

ent and are
For undated
es.

art 1: Total

art 2: Total

bfined shock

volume and reported with the determined moisture content.

5 Apparatus
5.1 Measuring containers

5.1.1 General

er standard

The container shall be cylindrically shaped and manufactured of a shock resistant, smooth-surfaced
material. The container shall be resistant to deformation in order to prevent any variation in shape

1) In preparation.

© ISO 2015 - All rights reserved
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and volume. The container has to be waterproof. For easier handling, grips can be fixed externally. The
height-diameter-ratio shall be within 1,25 and 1,50.

«—D1—

d. P
H1
AN
Key
D1 =360 mm
H1 =491 mm
Figure 1 — Large measuring container
€ —D2—
|A|
22— K )
qd D
H2
-

NS
Key
D2 =167 mm
H2 =228 mm

Figure 2 — Small measuring container

5.1.2 Large container
The large measuring container (see Figure 1) has a filling volume of 50 1 (0,05 m3) volume. The volume
can deviate py-1\ (= 2 %). It shall have an effective (inner) diameter of 360 mm and an effective (ipner)
height of 491 mm (see Figure eviati e di j 2 ifthe hei iameter-

ratio remains as given in 5.1.1.

5.1.3 Small container

The small measuring container (see Figure 2) has a filling volume of 51 (0,005 m3) volume. The volume
can deviate by 0,11 (= 2 %). It shall have an effective (inner) diameter of 167 mm and an effective (inner)
height of 228 mm (see Figure 2). Deviations from these dimensions are tolerable, if the height-diameter-
ratio remains as given in 5.1.1.

2 © IS0 2015 - All rights reserved
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Balances

5.2.1 Balance1

A balance shall be capable of reading to the nearest 10 g. This balance shall be used for measurements

with

the large container.

5.2.2 Balance 2

A balance shall be capable of reading to the nearest 1 g. This balance shall be used for measurements

with

the small container

5.3

Arig
the 1
meay

NOTH
betw|

5.4

A fla
suffi

N

6

Scantlings
id scantling with a length exceeding the diameter of the container in 5.1.1 shall-be used

haterial in the measuring container by lateral movements of the scantling across th
uring container.

en the measuring container and the wooden board in 5.4.

Wooden board

L wooden board [e.g. oriented strand board (OSB)] with a thickness of approximately]
Cient in size for dropping the container during shock exposure.

bample preparation

Samjpling shall be carried out in accordance with ISO 18135. If necessary, the sample can H

to te
cont

NOTH

7 1

7.1

Befo

6t portions in accordance with ISO 14780. The test portion volume shall exceed the v
hiner measures by minimum of 30-%-

Precautions should be taken to ensure that the moisture is evenly distributed within thd

Procedure

Determination of the container volume

e use, the mass and filling volume of the container shall be determined. Weigh the ¢

and dry container on the balance (5.2.1 or 5.2.2). Then fill the container with water and a

wett
temp
of w

ng agent (e.g. liquid soap) until maximum capacity; then weigh it again. The water sH
erature between 10 °C and 20 °C. Calculate the volume (V) of the container from th
hten and the density of the water (1 kg/dm3) and record the result rounded to the n

for levelling
e rim of the

It is advisable to use a second scantling or other device for spacingthe dropping height of 150 mm

15 mm and

e divided in
blume of the

sample.

mpty, clean,
few drops of
ould be at a
b net weight
barest 0,01 1

(0,00

NOTE 1

NOTE 2

7.2

0 0T m3]Tor the Iarge container or 0,001 10,000 00T m3] Tor the small container.
The effect of temperature on the density of water is negligible.

The container should be cleaned regularly and its volume should be checked regularly.

Container selection

The large container (5.2.1) can be used for larger materials within the scope of this International
Standard. For materials with a nominal top size up to 12 mm and for pellets with a diameter equal or
below 12 mm the small container (5.2.2) can be used (optional).

7.3

© ISO

Measurement procedure
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a) Fill the container by pouring the sample material from a height of 200 mm to 300 mm above the
upper rim until a cone of maximum possible height is formed.

NOTE

Make sure that the container is dry and clean before being (re)filled.

b) The filled container is then shock exposed to allow settling. This shall be done by dropping it freely
from 150 mm height onto a wooden board (5.4). Before shock exposure, remove particles from the
wooden board within the dropping area. Make sure that the container hits the board in a vertical
position. Repeat the shock exposure two more times to apply a total of three shock exposures. Then
refill the resulting empty space at the top of the container in accordance with 7.3 a).

NOTE

The second scantling or device referred toin 5.3 can he used for spacing of the distance bhet

ween

the measuring container and the wooden board before dropping. Also, other mechanisms to ¢re
compardgble shock impact can be suitable.

c) Removs

oscillating movements. When the test portion contains coarse material, all particles preventin|

free pas
holes in

d) Weight

sage of the scantling have to be removed by hand. If the removal of larger particles tears b
fo the leveled surface, the cavities shall be refilled and the removal proeedure is repeate

he container with the remaining sample material.

e) Unify the used sample material with the unused sample material and Tepeat the procedure
7.3 a) td Z.3 d) at least once in order to get duplicate determinatiofis,

f) Determ
[SO 181

8 Calcul

ne moisture content of the test sample material as received according to ISO 18134
B4-2 immediately after bulk density determination.,

ation

8.1 Calculation of bulk density as received

Calculate th

BD_ =|

ar

where
BDar
BDqg
my
my

4

e bulk density of the sample as received (BDgr) according to Formula (1):

m, _m1>
V

is the bulk density as received in kg/m3;
is the bulk'density of the sample on dry basis in kg/m3;

is theanass of the empty container in kg;

ate a

surplus material by using a scantling (5.3), which is shuffled over the container’s edige in

o the

igger
.

from

-1 or

M

isthe mass of the filled container in kg;

is the net volume of the measuring container in m3.

The result for each individual determination shall be calculated to 0,1 decimal place and for reporting
purposes the mean value of the individual results shall be calculated and rounded to the nearest 10 kg/m3.

© ISO 2015 - All rights reserved
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8.2 Calculation of bulk density on dry basis

Calculate the bulk density of the test portion mass on dry basis (BDq) in accordance with Formula (2):

100—- M
BD, =BD,_x M (2)
a 100
NOTE Formula (2) in 8.2 disregards shrinkage or expansion, which usually causes significant deviations

when the test portion is measured at different drying stages. For wood fuels, these phenomena usually occur
at a moisture content below the fibre saturation point, which is at around 25 % moisture content, depending on
the wood species. A true comparison between material samples is therefore only possible when bulk density is
measfured at similar moisture contents. [T material samples with different moisture content shallbe compared
and aft least one sample is below the fibre saturation point, the usual effect of swelling or shrinkage’is in the order
of arpund 0,7 % volume change per percentage point of moisture difference below the fibxe)satfiration point
(see Reference [1]). For a comparison of measurements based on materials with similar,moisturg content, the
applitation of this correction factor can be useful.

9 Performance characteristics

9.1 | General
Table 1 — Repeatability and repraducibility limits
Maximum acceptable differences between
results obtained
Bulk density ducibili
Repeatability limits Repr;)_ ucibiiity
Imits

Bulk density below 300 kg/m3 3,0% 6,0 %

Bulk density equal or aboyve o o

300 kg/m3 2,0 % 4,0 %

9.2 | Repeatability

The results obtained for bulk-density as received (BD,r) of the duplicate determinations (see 7.3),
perfgormed within a shortperiod of time by the same operator using the same apparatus|in the same
laboratory shall not differy by more than the values in Table 1 (see Reference [2]).

9.3 | Reproducibility

The mean values of the results of duplicate determinations (see 7.3) for bulk density as rec¢ived (BDjy),
performed.in each of two different laboratories on representative test portions taken frgm the same
sample material shall not differ by more than the values in Table 1 (see Reference [2]).

10 Test report

The test report shall include at least the following information:

a) identification of laboratory performing the test and the date of the test;
b) identification of the product (or sample) tested;

c) areference to this International Standard, i.e. ISO 17828;

d) specification of the applied container size;

e) result of the test at moisture content as received according to 8.1 (required) or according to 8.2
(optional), expressed with relevant symbols;

© IS0 2015 - All rights reserved 5
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f) any unusual features noted during the determination, which can affect the result;

g) any deviation from this International Standard or operations regarded as optional.

6 © IS0 2015 - All rights reserved
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