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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 proceglures 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{or
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

Increased use of biomass resources for manufacturing plastics products is effective in reducing global
warming and the depletion of fossil resources.

Current plastics products are composed of biobased synthetic polymers, fossil-based synthetic
polymers, natural polymers and additives that can include biobased materials.

“Biobased plastics” refer to plastics that contain materials wholly or partly of biogenic origin.

In I O 16690 carviac +ha “Lalbacad oot £ of bbb aca plnni-:n.- rvaforc o +tha oo ot afthn biobased
PV 1 UULU OCl 1\40, A2 94w UIVUAdoCuU LuUIILLUIIU Ul UIVUAdoLCuUu IAOUTILCO 1T CUICITI O LU LUIIU dI1liuvuIliv vl uI

carbon content, the amount of the biobased synthetic polymer content or the amount of\thle biobased

mags content only.

Thif document is harmonized with EN 16785-1:2015[12],
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Plastics — Biobased content —

Part 4:
Determination of biobased mass content

1

Thi
on 4

Thi

addjitives, which are made from biobased or fossil-based constituents.

Thi
stat

Thd
con
und

ISO

3.1
For

ISO

3.2

Scope

5 document specifies a method of determining the biobased mass content in plasties'prod
he radiocarbon analysis and elemental analysis.

5 document is applicable to plastic products and plastic materials, polynier Tesins, mq
5 method is applicable, provided that the plastic product contaihs) carbon element
ement giving its elemental composition and its biobased mass content is available.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated réferences, only the edition cited 3
ated references, the latest edition of the referenced”document (including any amendmen

16620-2:2015, Plastics — Biobased content —-Part 2: Determination of biobased carbon cd

Terms, definitions, symbols and abbreviated terms

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 16620-1 apply.
and [EC maintain tepminological databases for use in standardization at the following ad

IEC Electropedia;.available at http://www.electropedia.org/

ISO Online brewsing platform: available at http://www.iso.org/obp/

Symbols

14C

carbon isotope with an atomic mass of 14

licts, based

nomers or

hnd that a

bir content
pplies. For
[s) applies.

ntent

dresses:

o =Z T O

symbol for element carbon

symbol for element hydrogen

symbol for element nitrogen

symbol for element oxygen

biobased mass content, expressed as a percentage of the total mass of sample

biobased carbon content, expressed as a percentage of the total mass of the sample

© ISO 2016 - All rights reserved
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total carbon content, expressed as a percentage of the total mass of the sample
total hydrogen content, expressed as a percentage of the total mass of the sample
total nitrogen content, expressed as a percentage of the total mass of the sample
total oxygen content, expressed as a percentage of the total mass of the sample

mass of a sample, expressed in grams

.
oaxvdatod tornac

xTC
xTH

xTN

xTO

w

3.3 Abb
CL con
TC totg
TH totg
TN totg
TO totg

4 Pringiple

4.1 Product groups

For the pui
a) Group
b) Group

Natural co
products.

4.2 Grouyp I products

This methg

a) the de

using f

b) the comparison'between

1) th

CVIOCCU CCTIILY

fidence level
] carbon

1 hydrogen

| nitrogen

| oxygen

pose of this document, two groups of products.are distinguished as follows:
[ products are obtained by chemical or bielogical reaction(s);

[I products are obtained by mixing Guoup I products without chemical or biological react

d, supported by rulesdescribed in Clause 6, consists in

he radiocarbgn analysis and elemental analysis respectively (6.3), and

b data of the statement (6.1) comprising the composition and the origin (biobased anc

fo

termination of the biobased carbon content and elemental composition of the product

ion.

pstituents (4.4) can be used to(produce Group I products or as constituent(s) of Group Il

by

| /or

silresources) of the product, and

2) the data resulting from the radiocarbon analysis and elemental analysis of the product (6.3).

NOTE

biobased mass content resulting of this method, which is in the scope of ISO 16620-51).

4.3 Group II products

This method consists in

The “statement” in the sense of this document is to be distinguished from the “declaration” of the

a) the determination of the biobased carbon content of the product by using the radiocarbon analysis
(7.3),and

1) To be published.

2
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b) the comparison between
1) the data of the statement (7.1) comprising the composition and the origin (biobased and/or
fossil resources) of the product, and
2) the data resulting from the radiocarbon analysis of the product (7.3).
NOTE The “statement” in the sense of this document is to be distinguished from the “declaration” of the

biobased mass content resulting of this method, which is in the scope of ISO 16620-51).

4.4

Natural constituents

Thi
(e.g

Thd

The
con

NO1
calc

poly

4.5

In d
whi
con

validated by applying the validation criteria (6.4), considering only the biobased carbon con

5

NO1
dist

such as oxygen, hydrogen or nitregen.

natural polymers) wholly derived from biomass.
biobased mass content of a natural constituent is equal to 100 %.

biobased carbon content of a natural constituent, expressed as a percenbage of the td
Lent, is equal to 100 %.

E This differentiates the calculation of the biobased mass content degording to this documsé

ulation of the biobased synthetic polymer content according to ISO 16620-3, where the biobas
mer content of a natural constituentis 0 % (see ISO 16620-1:2015, Clause 4).

Monomers and additives

ase of monomers and additives for which the compdsition and raw material(s)/chemi
ch they are made are known, and whose chemicdl identification is unequivocal, the m
Kist only in a determination of the biobased carbon content. The biobased mass contg

Rules for allocation of elements

E According to the current staté of the art, it is not possible by isotopic measurements td
nction between elements originating from biomass and elements originating from non-biomass

5 method is not needed for the determination of the biobased mass content in natural cjmstituents

tal carbon

int from the
d synthetic

ral(s) from
ethod may
bnt may be
ent.

establish a
or elements

For|a product/constituent ‘'of a product obtained by chemical or biological reaction(s) (Grjoup I), the
follpwing rules shall apply”
a) |if the reactants’are exclusively derived from biomass, the biobased mass contgnt of the
product/coustituent of the productis 100 %;
b) |ifnonedfthereactantsisderived frombiomass,the biobased masscontentofthe product/¢onstituent
of the product is 0 %;
c) |ifthe reactants are derived from both biomass and non-biomass, the following conventipns apply:
1) if oxygen (O) and/or hydrogen (H) and/or nitrogen (N) element(s) is(are) bound to a carbon
structure derived from biomass, its(their) fraction is(are) considered to be part(s) of the
biobased mass content;
2) element(s) other than C, H, O and N elements are not considered in this document.
EXAMPLE Esters derived from the condensation of an acid with a primary alcohol keep the O element

coming from the alcohol.

© ISO 2016 - All rights reserved
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6 Group I products

6.1 Statement
The statement to be provided with the product under consideration shall include

a) information related to the relevant chemical or biological reaction(s) and the
materials/chemicals from which the product is made,

raw

b) acomplete elemental composition of the product (x;m, x;m, x;m and x;FN ), and
c) the bigbased carbon content (xg1) and biobased mass content (mp1), of the product, obtained by
calculation, following the rules defined in Clause 5.

NOTE1 The biobased carbon content can be expressed on the basis of total organic carbon ({FOC) or fotal
carbon (TC] or total mass.

NOTE 2  In this document, “biobased carbon content” refers to “biobased carbon conteftby mass, expressed
as a percenflage of the total mass”.

For produdts which contain water, the biobased mass content (mp1) is expressed by mass of dry mafter.
EXAMPLE Poly(ethylene terephthalate) obtained by polycondensation of-terephthalic acid from fgssil
resources With biobased ethylene glycol (see Table 1).

Table 1 — Example of calculation for poly(ethylene terephthalate)
Fraction C H 0 Total
% % % %

Fossil fractjon (from terephthalic acid) 50,0 2,1 16,6 68,7
Biobased fifaction (from ethylene glycol) 12,5 2,1 16,6 31,2

Total 62,5 4,2 33,3 100,0

=12,5%
xTC = 62,5% e ’
mp1=31,2%

;=424

x; 0 =33,3%
6.2 Sampling
The samplé¢s shall be representative of the product under consideration.
If availablg, produet’sampling procedures for the determination of the biobased carbon content pnd
elemental ¢gompasition shall be used and the details shall be documented.
6.3 Determination of the biobased carbon content and elemental composition
6.3.1 Procedure
Determine the biobased carbon content of the sample according to ISO 16620-2.
Express the biobased carbon content (xg2) as a percentage of the total mass of the sample.
Determine the contents of total carbon (xgc), hydrogen (xzTH ), oxygen (xZTO) and/or nitrogen (XZTN ) of
the sample according to suitable standard analytical methods. If other element(s) is(are) present,

its(their) content(s) may be also determined.

4 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=b5068995e6b85d05cf37641d0dda8343

IS0 16620-4:2016(E)

For determining the total carbon content and organic carbon content, test methods as described in
ISO 609, ISO 8245, ISO 10694, 1SO 15350, ISO 17247, ASTM D5291-02, ASTM E1019-11 or EN 13137 may
be used, as applicable.

The oxygen content shall be obtained by analysis and not by calculation [i.e. by subtraction of the C, H
and N contents from the total content (100 %)].

Express the contents of total carbon (xgc), hydrogen (xZTH ), oxygen (x;m) and/or nitrogen (X;FN) as

percentages of the total mass of the sample.

For

6.3

The
rea

a)

b)

6.4

Det
(6.3
con

For

For

he validation (6.4} het Its, ssed by mass of dry matter

2 Variability of test results

results obtained by the analytical methods can differ from the stated values for th
bons:

the composition of the product can present variability due to its natural origin;
EXAMPLE Natural fatty acids used in the production of fatty acid esters-

the production process can be, to a certain extent, a cause of ¥ariability of the compos
final product;

the analytical methods are also a source of uncertainty, as follows:
1) *3 % of the measured value for the biobased carbon content;
2) £0,4 % of the measured value for the totalcarbon, total oxygen or total nitrogen cor

3) +0,2 % of the measured value for the.total hydrogen content.

Validation criteria of the biobased mass content
brmine the gaps between the values given in the statement (6.1) and values resulting f¥
fent and /or total nitrogen content, as relevant.
the validation of thebipbased mass content, apply the decision scheme according to Figu

monomers and additives, see also 4.5.

e following

tion of the

tent;

om testing

.1) for the biobased carbon‘content, total carbon content, total hydrogen content, tdtal oxygen

re 1.
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For at least two elemental contents, chosen
among TC, TH, TO and TN, the gaps range within:
Xpi — Xpy | VS x1C - xI¢ X1 - X xf0 - x}° xIN - N Yes| Confidence Validated
<3% Level 1 value: mp,
-0,4 % to -0,2 % to -0,4 % to -0,4 % to
+0,4 % +0,2 % +0,4 % +0,4 %
No No
For at least two elemental contents, chosen
among TC, TH, TO and TN, the gaps range within: Validated value:
Mgy
- Yes Yes i ded d t
Xp1—Xpd | TDN| xTC o xTC TH _ \TH xTo _ xTo XN _ TN Confidence rounded down.to
<4,5 % ! 2 X1 *2 ! 2 ! 2 Level 2 the nearest
-1%to -0,5% to -1%to -1%to “multiple of five”
+1 % +0,5 % +1% +1% percentage?
No No

Validated value:
mp,
rounded down to the
“multiple of five”

- Yes C C TH TH TO TO Yes . percentage?
RUIPN:E I et | SRR X1 — X2 X1 T X2 AN - XN |15 Gantidence || provided that the
<6 % Level 3 difference
-2%to -1%to -2%to -2%to b

+2% +1% +2% +2% etween
mg, and the

rounded value is
>5 %32

For at least two elemental contents, chosen
among TC, TH, TO and TN, the gaps range within:

mp,
not validated

a  Percenfage related to the total mass of the sample.
Figure 1 ~—Decision scheme for Group I products

EXAMPLE 1  For confidence level 2, 52 % is rounded down to 50 % and 57 % is rounded down to 55 %.
EXAMPLE 2]  For confidence level 3, 48 % is rounded down to 40 % and 42 % is rounded down to 35 %.

If nitrogen|and/or exygen element(s) is(are) not present in the molecule, it(they) is(are) not taken |nto
account.

If the statdd-biobased carbon content is lower than the biobased carbon content obtained by testing,

B

™t o B cIrE- e rtEr e oo e St

EXAMPLE 3 Stated biobased carbon content: 53,2 %, biobased carbon content obtained by analysis: 56,5 %,
gap between the two values: 3,3 %. As the stated value is lower than the value obtained by analysis, the confidence
level to be applied is 1 for this value.

EXAMPLE 4 In case of poly(ethylene terephthalate) (see 6.1, EXAMPLE), N is not present in the molecule;
therefore N cannot be taken into account. The validation is done by comparing the values of the biobased carbon

content, as well as the TC content and the TH content. The TO content may also be considered instead of the TC
content or TH content.

6.5 Examples of application of the decision scheme

Examples are given in Tables 2, 3 and 4.

6 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=b5068995e6b85d05cf37641d0dda8343

Table 2 — Example 1

IS0 16620-4:2016(E)

Biobased carbon Total Total Total Biobased mass
content % carbon % hydrogen % oxygen % content %
Stated values 25,0 50,0 5,6 44,4 56
Measured values 25,9 49,8 5,7 44,6
Gap between YR — X TC _TC TH __TH TO _ ,TO
the stated and B1~ B2 X1 X2 X1 X2 X1 X2
measured values -0,9 0,2 -0,1 -0,2
Critertator-et4 <3 +0-4 02 04
Criferia satisfied Yes Yes Yes Yes
Valjdated value for the biobased mass content: 56 %.
Table 3 — Example 2
Biobased carbon Total Total Total Biobased mass
content % carbon % hydrogen % oxygen % coptent %
Stafed values 40,8 53,0 9,0 24,2 52
Megsured values 40,1 52,1 8,8 22,5
Gap between XR1 — X TC _,TC TH {\,'TH TO _ ,TO
the|stated and B1 B2 X1 X2 X1 X3 Xq Xy
mejsured values +07 +09 +02 +1.7
Criteria for CL 2 <45 +1,0 +0,5 +1,0
Criferia satisfied Yes Yes Yes No
Valjdated value for the biobased mass content: 50,%:
Table 4 — Example 3
Biobased carbon Total Total Total Biobjised mass
content % carbon % hydrogen % oxygen % content %
Stated values 47,2 50,2 7,2 42,6 67
Megsured values 42:2.£'6 475+ 2 79 40,8
Gay) between 2 x TC _TC TH __TH TO _ ,TO
the|stated and b1~ B2 X1 X2 X1 X2 X1 X2
megsured values +5 27 07 +18 B
Criteria for CL 3 <6 2 | +2
Criferia satisfied Yes No Yes Yes

Valjdated.value for the biobased mass content: 60 %.

6.6 Tact ranort

TCOTTCPUTT

The test report shall include at least the following information:

a) areference to this document, i.e. ISO 16620-4;

b) all information necessary for complete identification of the product under consideration;

c) the product group, i.e. Group I;

d) the statement, as defined in 6.1 (mp1, XB1,

mass of the sample;

TC

Xl ’Xl ,X1

TO

,X;FN ), expressed as a percentage of total

e) method used for the determination of the biobased carbon content, e.g. ISO 16620-2:2015, Method C;

© ISO 2016 - All rights reserved
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the measured values for each present element C, H, O and/or N ( x

al mass of the sample;

analytical methods used for the determination of the elemental composition;

TC _TH _TO _T
2 Xy Xy Xy

percentage, of the total mass of the sample;

ed sample matter;

f)

the tot
g)
h)
i)

the dri
j) any ad

operat
k) theide
1) theda
Annex A gi
7 Grouj
7.1 Stat
This meth
constituen

biobased npass content of each constituent has been validatéd.

ditional information, including details of any deviations from the test methods and

ntification of the testing laboratory performing the test;
e of the test.

ves an example of a format for reporting the results for Group I products.

b II products

pment

bd is applicable, provided that each of the constituents of the product, except the nat
[(s) (4.4), if any, have been first analysed accordingto Clause 6, and the statement giving

The staten
a) inform
produ
b) the va
the big
report
c) the bid
calculd
For produgd
7.2 Sa
The sampl¢

pling

s shall'be representative of the product under consideration.

ions not specified in this document which could have had an influence on the test results

the value resulting from testing of the biobased carbon content (xg2), expressed as a percentage of

Ny, expressed as a

the validated value for the biobased mass content (mg), expressed as a percentage of total mass of

any

iral
the

ent to be provided with the product under gonsideration shall include:

ation related to the production process)and the raw materials/chemicals from which|the
tis made,

idated biobased carbon content (X ) based on a test report according to ISO 16620-2 and
based mass content (mp ;) ofieach of the biobased constituents of the product based on a fest
according to 6.6, except fer\Ratural constituent(s);

based carbon content(xg1) and the biobased mass content (mp1) of the product, obtainedl by
tion according to Annex B.

ts which contain water, the biobased mass content (mp1) is expressed by mass of dry matter.

hall be

7.3 Determination of the biobased carbon content

7.3.1 Procedure

Determine

the biobased carbon content of the sample according to [SO 16620-2.

Express the biobased carbon content (xg2) as a percentage of the total mass of the sample.

For the validation (7.4), use the test results expressed by mass of dry matter.

© ISO 2016 - All rights rese
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7.3.2 Variability of test results
The results obtained by the radiocarbon method can differ from the stated values for the following
reasons:
a) the composition of the product can present variability due to its natural origin;
b) the production process can be, to a certain extent, a cause of variability of the composition of the
final product;
c) theradiocarbon method is also a source of uncertainty: +3 % of the measured value.
7.41 Validation criteria of the biobased mass content
Detprmine the gap between the value given in the statement (7.1) and value resulting frpm testing
(Z.3.1) for the biobased carbon content.
For|the validation of the biobased mass content, apply the decision scheme accerding to Figure 2.
Xp1 — Xp2 Yes Confidence Validated
<3% Level 1 value: mp,
No
! Validated value:
Mgy
Xp1 ~ Xp2 Yes Confidence rounded down to
<4,5% Level 2 the nearest
“multiple of five”
percentagea
No
Validated value:
Mgy
rounded down to the
i “multiple of five”
_ Yes ) percentagea
XB<1 6 (;)BZ > Coltg‘l/ﬁgce provided that the
- difference
between
xg1 and the
rounded value is
No >5 %¢
Mgy
not validated

a

Percentage related to the total mass of the sample.

Figure 2 — Decision scheme for Group II products

EXAMPLE 1 For confidence level 2, 52 % is rounded down to 50 % and 57 % is rounded down to 55 %.

EXAMPLE 2  For confidence level 3, 48 % is rounded down to 40 % and 42 % is rounded down to 35 %.

©IS
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7.5 Example of application of the decision scheme

Stated value for the biobased mass content: 53 %

Stated value for the biobased carbon content: 48 %

Measured value for the biobased carbon content: 44 %

Gap between stated value and measured value: 48 % - 44 % =4 % (in confidence level 2)

Validated value for the biobased mass content: 50 %

report

port shall include at least the following information:

ence to this document, i.e. ISO 16620-4;

rmation necessary for complete identification of the product under consideration;
duct group, i.e. Group II;

tement, as defined in 7.1;

culated value of the biobased carbon content (xg1), expressed as a percentage of the t
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Annex A
(informative)

Example of format for reporting results for Group I products

Table A.1 — Example of format for reporting results

I

Salhple: % | ( %
Stafed biobased mass content, mp (provided by the producer or his representative) qp
Stated value for biobased carbon content, xg1 (provided by the producer or his
repfresentative)

Measured value for biobased carbon content, xg2

Gaj) between the stated and measured value, xg1 - xB2

Conjfidence level for biobased carbon (based on the gap: xg1 — xg2)

Stated value for total carbon content, xlTC (provided by the producer oris
repiresentative)

Megsured value for total carbon content, xgc

Gaj) between the stated and the measured total carbon content, X;rc - X;C
Conjfidence level for total carbon (based on the gap: X;rc - X;‘c

Stated value for the total hydrogen content, XIH (provided by the producer or his
repiresentative)

Megsured value for the total hydrogen, content, X;H

Gay) between the stated and measured total hydrogen content, XIH - xgH

; TH _TH

Conjfidence level for total hydrogen (based on the gap: x,;~ —x,")

Stated value for the totalexygen content, xlTO (provided by the producer or his
repfresentative)

Megisured value foerthe total oxygen content, xgo

Gay) between the stated and measured total oxygen content, xlTO - xZTO

. . w10 TO

Conjfidence level for total oxygen (based on the gap: x;~ —x, ")

Stated value for the total nitrogen content, xrer (provided by the producer or his
representative)

Measured value for the total nitrogen content, ng

Gap between the stated and measured total nitrogen content, x;FN - szN

Confidence level for total nitrogen (based on the gap: X;FN - XZTN )

Assigned final confidence level (use defined confidence levels for 14C and two best
confidence levels out of the remaining four elements: C, H, N, O)

Validated value of the biobased mass content accordingly to assigned final confidence
level [mp or mp rounded down depending on the confidence level (6.4)]
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