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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 procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may‘be the subject of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the ISO list ¢f patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementavy information

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

In the ISO Standards covering the analysis of solid biofuels, it is generally specified that the determination
isintended to be carried out on the air-dried or in air-equilibrated general analysis test sample prepared
according to EN 14780. However, in making use of these analyses, it is necessary to express the results
on dry basis and sometimes, also on some other basis. The bases in common use for solid biofuels are
“air-dried” (sometimes stated as “as determined”), “as received” (sometimes stated “as sampled” or “as
delivered”), “dry”, and “dry, ash free”.
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INTERNATIONAL STANDARD

ISO 16993:2015(E)

Solid biofuels — Conversion of analytical results from one
basis to another

1 Scope

This International Standard gives formulae which allow analytical data relating to solid biofuels to
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ied to certain determined values for solid biofuels prior to their calculation to other ba

nex A, tools for integrity checks of analytical results are given. In Annex B, conversio
lation into other units are given. Annex C is a guideline for the use of validation param
und in ISO/TC 238 analytical standards.

Normative references

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only«the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

6948:2015, Solid biofuels — Determination of total content of carbon, hydrogen and nitr:
6994, Solid biofuels — Determination of total content of sulphur and chlorine

81221, Solid Biofuels — Determination of askicontent

19182), Solid biofuels — Determination eféalorific value

8134-11), Solid biofuels — Determindtion of moisture content — Oven dry method —
ture - Reference method

8134-21), Solid biofuels ——Determination of moisture content — Oven dry method —
ture - Simplified method

8134-31), Solid biofuels — Determination of moisture content — Oven dry method — Par
heral analysis simple

that can be
5es.
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Part 1: Total

Part 2: Total

¢ 3: Moisture

1) To be published.
2) To be replaced by ISO 18125.
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3 Symbols and abbreviated terms

The symbols employed in the subsequent clauses are as follows, with the suffixes “ad” (air-dried), “ar”
(as received), “d” (dry), and “daf” (dry, ash free), where appropriate.

ash (percentage by mass) according to ISO 18122

C |total carbon content (percentage by mass) according to ISO 16948

Cl |total chlorine content (percentage by mass) according to ISO 16994

dpnet |net calorific value at constant pressure (J/g) according to EN 14918a

H totaHvrdrogen-content{percentage by massiaccordinatelS0 16948
J (=] \S (=] J J (=]

moigture content (percentage by mass) according to ISO 18134

total nitrogen content (percentage by mass) according to ISO 16948

total oxygen content (percentage by mass)

nlo|l= =X

tota] sulfur content (percentage by mass) according to ISO 16994
a To b replaced by ISO 18125.

4 Principle

In order to pronvert an analytical result expressed as one basis to another basis, it is multiplied| by a
factor calculated from the appropriate formulae (see Table 1), after~insertion of the requisite numgrical
values into the formula in question.

5 Calculations for analyses of solid biofuels

5.1 Genefal

Most analytfical values on a particular basis,€anbe converted to any other basis by multiplying if by a
factor calculated from the appropriate formuta given in Table 1, after insertion of the requisite numgrical
values into the formula in question. However, for some parameters, there is a direct involvement gf the
moisture coptent. In these cases, a coxrection (as specified in 5.2) of the air-dried result shall be cafried
out before calculation to dry basis ot dry, ash free basis. Also, if a result for these parameters expressed
on a dry or @ dry, ash free basis.is to be recalculated to a moist basis, the corrections stated in 5.2|shall
be added bafk to the actual meist basis after applying the appropriate formula from Table 1.

5.2 Extra calculationsfor hydrogen, oxygen, and net calorific value

5.2.1 Hydrogen

The hydrog¢n-content determined on the air-dried basis (Haq, as analysed) includes both the hydrogen
content of the combustibie part of the solid biofuel as wWell as the nydrogen present in the sample as
moisture (total hydrogen content). Before calculation to any other basis, the determined hydrogen
content, Haq, shall be corrected of the moisture-bound hydrogen by calculation to dry basis, Hy, as
shown in Formula (1):

M 100
Hy=(Hyq——29)

x (1
8,937° (100-M,q)

This hydrogen content, related to the combustible part of the solid biofuel, can be converted to any other
basis using the formulae in Table 1.

With the constant factor 8,937, the hydrogen concentration in the water that is present in the sample
is calculated. The factor is obtained from the molar formula of water (H0) and the atomic weight of
hydrogen (1,008) and oxygen (15,999 4).

2 © IS0 2015 - All rights reserved
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5.2.2 Oxygen

The oxygen content related to the combustible part of the solid biofuel can be calculated by difference
on the dry basis using Formula (2)

04=100-C4—Hy-Ny—-S4—Cly—Aq

(2)

Ifhigh precision is required, the values of Sq and Cl4 should be corrected for eventual remaining contents
of sulfur and chlorine in the ash (4q).

5.2.3

Net calorificvalue

The pet calorific value at constant pressure on a moist basis (g, netm ) includes a correction
of vaporization concerning the actual moisture content, M (M being e.g. Myq or M,y). Befor¢
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The et calorific value at a constantpressure for a dry sample (gp net,d) is derived from the co
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5.3
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in Taple 1, after ifisertion of the requisite numerical values into the formula in question.

y other basis, using the formulae in Table 1, this correction corresponding €o 24,43 ]/
ent moisture (24,43 x M) shall be undone by adding 24,43 x M to the value-ofthe net ca
multiplying this sum with the appropriate formula from Table 1, the obtained v34
ected for the heat of vaporization concerning the new moisture content,M*, by subtracti
x M*. These corrections are illustrated in Formula (3) concerning'the conversion of the
» for a moisture content M (qpnet,M in J/g) to the net calorifie,value for a moisture

L, M* in J/g), both at constant pressure.
100-M*
petM* = [ et + (24,43 M)] gy 23X I)
he conversion of e.g. the net calorific value on dgy basis (qp net,d in J/g) to the net calor
ceived basis, (qp net,ar in J/g) Formula (3) can.bé simplified into Formula (4):
100-M,,,
= x———3aL 24 A3xM
p,net,ar qp,net,d 100 ar.

this case, M = 0 and M* = M,,.

5 calorific value at a constantvolume according to EN 149183).

General formulae-for the conversion from one basis to another basis

applying eventual corrections according to 5.2, analytical values on a particular §
erted to any<ther basis by multiplying it by a factor calculated from the appropriate fg

for the heat
P conversion
b per weight
orific value.
lue is to be
ng the value
net calorific
content M*

(3)

ific value on

(4)

Fresponding

asis can be
rmula given

3) To be replaced by ISO 18125.
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Table 1 — Formulae for calculating conversion factors to convert analytical results from one

basis to another

Given Wanted
As analysed Asreceiveda Dry Dry, ash free
(air-dried)
(ad) (ar) () (daf)
As analysed 100-M,, 100 100
(air-dried, 100—M,q 100—M 100—(M 4 +A,q)
ad)
As received 100-M 4 100 100
@n) 100—M,, 100—M,, 100— (M, + AL,
Dry 100—M 4 100-M,, 100
d) 100 100 100- A4
Dry, ash fre¢ 100— (Mg +A,q) 100-(M,, +A4,,) 10044
(daf) 100 100 100
a  Note that|the formulae given for calculating results to the “as received” basis cap-béused to calculate them to any pther
moisture basgs.
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Annex A
(informative)

Tools for integrity check

A.1 General

In thlis Annex, three integrity checks are described. It helps users to evaluate analysis réjsults. These
toold are especially useful when larger series of results have to be checked on analysis/typing errors.

A.2 | Integrity check based on the carbon results

Calcylate the estimate, QB, for the net calorific value at constant pressuré on dry basis from the carbon
cont¢nt, using Formula (A.1)[4][Z][8]

B (in MJ/kg)=0,274 6xCq +5,79 (A1)

Compare this calculated QB value with the measured valuegyp net,d in MJ/kg.

A.3 | Integrity check based on the major eléments and the ash results

Add the results of the major elements after convevsion to their composition on oxide basis| The sum of
thes¢ oxides (Mash) can then be compared to.the ash content (550°C). For samples with a hjgh S and/or
Cl content, these values should be added as well. The conversion factor for S is 2,50, while the¢ conversion
factgr for Cl is 1.

The ¢onversion factors for converting-the major elements into their oxide forms are:

Al - Alz03 :1,89

Ca - CaO ~540
Fe - Fe03 :1,43

Mg R MgO :1,66

P = P705—2,29

K - K20  :1,20
Si - Si0y 2,14

Na - Nap0 :1,35
Ti - TiOp :1,67

© IS0 2015 - All rights reserved 5
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Calculate the sum Mash (= Major element ash) in % m/m on dry basis according to Formula (A.2) using
the element concentrations in mg/kg on dry basis.

K4 x1,20+Sigx2,14+Nagx1,35+Tigx1,67+Cly +S4x2,50
10 000

(Ald><1,89+Cad><1,40+Fed><1,43+Mgd><1,66+Pd><2,29+ j
Mash =

(A.2)

The ratio Mash/ash should be around 1 (from 0,8 to 1,2).

NOTE1 If the sum of the oxides is less than the ash content, the explanation might be a high content of
carbonates.

NOTE 2  Wjith high S and/or Cl content, be aware that more than 50 % of these elements could be lost by-ashing
at 550 °C.
A.4 Integrity check based on the C HN O and ash results
This check i only possible if the O content has been determined.
Calculate the sum MB (= Mass Balance) according to Formula (A.3):

MB:Cd+Hd+Nd+Od+Sd+Cld+Ad (Ag)

All values are in %.
The MB valye should be around 100.

In some types of solid biofuels, relative high amounts of EBr, or [ are found. In that case, the contribfition
of these elerments shall be accounted for as well.

6 © IS0 2015 - All rights reserved
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Annex B

(informative)

Tables with units and conversion factors

Table B.1 — Conversion factors 1

A mil, also k
inch”, one th

toea MWh GJ Gcal
toea 1 11,63 41,868 10,0
MWh 0,085 98 1 3,600 0,859 8
GJ 0,023 88 0,277 8 1 0,238:8
Gcal 0,1 1,163 0 4,186 8 1
a  tonne oil equivalent
EXAMPLE 1toe=11,63 MWh
Table B.2 — Conversion factors 2
To convert from To: Multiply by
g/cm3 Ib/ft3 62,427 974
1b/ft3 kg/m3 16,018 46
Ib/in3 kg/m3 27 679,90
Ib/ft3 g/cm3 0,016 018 46
cm mil 393,70
joule (]) BTU 9,484 5 x 104
BTU joule () 1.054,350
nown as a “‘thou” or a “{point”, is a measurement unit of length equal to 0,001 inch (a “milli-
ousandth of an inch);

© ISO 2015 - All rights reserved
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