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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.

Internationg-Standards-are-draftedinracecordanece-with-theridesgiveninthe ISOHECDreetives;Part 2.
The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards gdopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the member bpdies
casting a voge.

[SO 13833 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 1, Statignary
source emisdions.
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Introduction

Reliable data for biogenic carbon dioxide (CO2) emissions are needed for carbon emission trading and in
order to provide more accurate inventories.

When combusting mixtures of fuels from fossil and biogenic origin, it is often difficult to determine the
exact ratio of biogenic and fossil CO3 in the total CO; that is emitted through the stack gas, because the
biogenic and fossil composition of the combusted fuels is not always known or cannot be determined
with sufficient accuracy. This is the case when solid recovered fuels (SRF) are used.

The cantribution of solid liquid and gaseoushiofuelsto energy productionislikely toincrease. Areliable

and 1
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trading can be generated with this approach.
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obust method for the determination of the ratio of fossil and biogenic CO3 in the total
hck gas will enhance the implementation of these products, as reliable data for-carb

rent methods exist to determine the ratio of fossil and biogenic CO3 in stagk-gas. The
isotope) method has been applied since the 1950s in a variety of sample types, likg
mers, and atmospheric and combustion CO; to determine the ratiosof biogenic and fi
rence [18]). Biogenic and fossil carbon can be distinguished basedon the measure
4 C isotope in the sample. Another, relatively new applied methad‘is the “balance met
ines standard data on the chemical composition of biogenic andfossil organic matter w
ured operating data of the plant (Reference [10]). Similarqmethods using stoichiomet
xample, can also be used.

International Standard gives sampling and analysis“inethods for the determination o
ass and fossil fuel-derived CO; in the total emitte@CO, from exhaust gases of station
i on the radiocarbon (14C isotope) method. Saniple strategies for integrated sampling

1 h up to 1 month are given. Radiocarbon-determination procedures include accel
frometry (AMS), beta-ionization (BI), and liquid scintillation (LS) measurement proced
'mination of the radiocarbon content.

International Organization for Standardization (ISO) draws attention to the fag

carbon isotope as biogenic marker: a) Method for determining the relationship of renew
wable sources of energy; b)Method for determining the fossil fuel content in a fuel stream
cineration furnace.
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i

[annenstrasse 2, D-40476, DUSSELDORF. Tel.: +49 211 23 98 38 0; E-mail: info@ecra-online.org
b) Energy Research Centre of the Netherlands

Westerduinweg 3, PO Box 1, NL-1755 ZG PETTEN. Tel.: +31 224 56 4475; E-mail: denuijl@ecn.nl

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. ISO shall not be held responsible for identifying any or
all such patent rights.

ISO (www.iso.org/patents) maintains on-line databases of patents relevant to its documents. Users are
encouraged to consult the databases for the most up to date information concerning patents.
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INTERNATIONAL STANDARD

ISO 13833:2013(E)

Stationary source emissions — Determination of the ratio
of biomass (biogenic) and fossil-derived carbon dioxide —
Radiocarbon sampling and determination

1

Scope

This[International Standard specifies sampling methods and analysis methods for the dete
the rptio of biomass- and fossil-derived carbon dioxide (CO3) in the CO; from exhaust gases ¢
sourges, based on the radiocarbon (14C isotope) method. The lower limit of applicatibh is

total|CO3 fraction of 0,02. The working range is a biogenic to total CO; fraction of,0,02 to 1,0.

2
The

Normative references

'ollowing referenced documents are indispensable for the application of this documer

referjences, only the edition cited applies. For undated references, the latest edition of thg
docujment (including any amendments) applies.

ISO

1934, Stationary source emissions — Determination of:the mass concentration of sulfy

Hydrpgen peroxide/barium perchlorate/Thorin method

ISO

10396, Stationary source emissions — Sampling.for the automated determination of {

concentrations for permanently-installed monitoring.systems

ISO

3

15713, Stationary source emissions — Sampling and determination of gaseous fluoride co

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

biogenic
produced in natural processes by living organisms but not fossilized or derived from fossil

3.2

bionjass
material of biplegical origin excluding material embedded in geological formation or transfor

3.3

isotgpe abundance
fractionZof atoms of a pnrﬁr‘n]qr icnfnpp of an element

3.4

'mination of
f stationary
| biogenic to

1t. For dated
b referenced

r dioxide —

jas emission

htent

resources

med to fossil

organic carbon
amount of carbon bound in an organic material

3.5

percentage modern carbon
pmC

normalized and standardized value for the amount of the 14C isotope in a sample, calculated relative to the
standardized and normalized 14C isotope amount of oxalic acid standard reference material, SRM 4990¢!

Note 1 to entry: In 2009, the value of 100 % bio-based carbon was set at 105 pmC.

1) SRM 4990c is the trade name of a product supplied by the US National Institute of Standards and Technology.

© IS0 2013 - All rights reserved
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proportional sampling

flow proportional sampling
technique for obtaining a sample from flowing stack gas in which the wet or dry sample flow rate is
directly proportional to the mass flow rate, volume flow rate or velocity in the stack

3.7
radiocarbo

n

radioactive isotope of the element carbon, 14C, having 8 neutrons, 6 protons, and 6 electrons

Note 1 to entry: Of the total carbon on Earth, 1 x 10-10 % mass fraction is 14C. It decays exponentially with a half-

life of 5730y
any other soy

3.8
sample
quantity of §

3.9
sample pre

aarc and ac cyoh it ic ot saaacyealhla i focci]l o atariale dariva dfrom natealanyn coal patieo
e S e a5 SHe e S et ea St anre oSS atterarSs el veatrompetroreuicoanr1t

rce older than about 50 000 years.

paration

all the actions taken to obtain representative analyses, samples or test portionsffom the original sa|

3.10

test portion

quantity of
and on whid

3.11
beta-partid
electron or

material drawn from the test sample (or from the labgoratory sample if both are the s
h the test or observation is actually carried out

le
ositron which has been emitted by an atonti¢hucleus or neutron in a nuclear transform

material, representative of a larger quantity for which the property is to bedetermined

7as or

mple

Ame)

htion

[1SO 921:1997,1] definition 81]

4 Symbgls and abbreviated terms

4.1 Symbols

A disintegrations per,second

b default 14C content’(in pmC) of 100 % biomass, produced and harvested in 2011
E counting rate

Cy coefficlent of variation

E(Ro) counting rate of blank

E(Rn,LLD) lower limit of detection

i

increment number

k1 - o + k1 - p coverage factor (typical value: 1,645)

m

Mo,

measured 14C content of the sample

mass of COy

This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

2
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Mo, 44,01 kg/kmole

n number of increments

r biogenic CO3 to total CO7 ratio derived from the measured pmC value
t operating time

tp counting time of sample

to counting time of blank

%4 total amount of stack gas emitted

Veo, volume of CO2

VI. actual stack gas flow at moment i

Vmn 22,41 m3/kmol (at 273 Kand 1 013 hPa)

B- beta-particle (electron emitted during radioactive-décay)
?co, average concentration of CO;

?co,i actual concentration of CO;

n counting efficiency of the apparatus{0 <n < 1)

4.2 | Abbreviations

AMS accelerator mass spectrometer; accelerator mass spectrometry
BI beta-ionization measurement, gas proportional counter, proportional gas counter
cpm counts per minute

cps counts per secenid

dpm disintegtations per minute

dps disintegrations per second, equivalent to becquerel

GM Geiger-Miiller

LLD lower limit of detection

LSC liquid scintillation counter; liquid scintillation counting

pmC percentage modern carbon

SRF solid recovered fuel

© IS0 2013 - All rights reserved
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5.1 Gene

:2013(E)

le

ral

The measurement of the presence of the 14C isotope in flue gas or stack gas enables the determination
of the biogenic and fossil fractions of the CO; that is emitted. The determination of the biogenic CO>

fraction in fl

— represe
— measur

calculat

Procedures
are given. T|
is determin
amount of b

5.2 Pring

5.2.1 Gen

Sampling of
like sulfurd
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Standard eq|
high concen
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during the s
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NOTE S4
emissions ar¢
determined,

concentratio
behaviour ag
measuremen

5.2.2 Gral

If applicablg

ue gas or stack gas consists of:
ntative sampling of COp;

ement of the sampled 14C;

ion of the biogenic CO; fraction in the stack gas emitted during the sampling period.

hree 14C determination procedures that can be used are described. The biegénic fra
ed using the measured 14C value. From the calculated biogenic CO2 fragtion, the em|
ogenic and fossil CO2 can be calculated. Examples are given.

iples of sampling

eral

CO7 in stack gas is in principle not different from sampling of other acid gaseous substz
oxide (SO2) or hydrogen chloride (HCI). The CO; presentin arepresentative stack gas sa
in an alkaline medium or transferred to a gas bagor lecture bottle and after samplin|
2 is prepared for 14C analysis.

uipment as used for other gaseous components may be utilized. As CO3 is presentin relat

bs consideration, an excess of alkaline media shall be used to ensure complete absor
ampling period.

all be carried out in accordance with applicable standards.

mpling and sampling strategies for continuous and intermittent measurements of stationary s
 specified, for example, indSO 10396 and EN 15259.14] Unlike other species where a concentraf]
for biogenic CO3 a ratid of biogenic CO3 to the total is determined. Many uncertainties that occ
1 is actually measuredican be excluded if an amount of a component with exactly the same che

the various CQOg“iSotopes is determined instead. Some uncertainties specific for spectros
L can, howevepaffect the preferred CO; analyser for flow proportional sampling.

D gas samples

use accepted procedures for the collection of gas in gas bags, canisters or gas bottles

for collection of whole gas samples and absorption of CO3 in liquid and solid alkaline npedia

ction
itted

nces
ple
the

ively

trations compared to other acidic gaseous substances, the capacity of the absorption npedia

btion

burce
ion is
ir if a
mical
copic

Only gas bags impenetrable to CU; shall be used. Most aluminium-Iined gas bags are suitable.

5.2.3 Absorption samples

When liquid or solid absorbers are used, the CO3 is collected in a medium containing alkaline reagents.
For sampling with liquids, alkaline solutions of, for example, 2 mol/1 to 4 mol/] potassium hydroxide
(KOH) or equivalent (sodium hydroxide, NaOH) are suitable. For solid CO; absorbers, commercial
products are suitable.

After collection of the samples, close the absorbers and ensure that they are gastight, in order to prevent
the ingress of atmospheric CO5.

© ISO 2013 - All rights reserved
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53  14C measurement techniques

The 14C content of the collected samples can be determined using:
— accelerator mass spectrometry (AMS);

— Dbeta-ionization (BI) measurement (gas proportional counter);
— the liquid scintillation counting technique (LSC).

All sampling methods mentioned in 5.2 are suitable for the collection of CO5.

Depgnding or Analy Tig ATTOUTTS Of 33
meagurements the minimum volume of CO> is 4 ml. For Bl measurements, 2
For LSC measurements, the required amount of CO2 depends on the way the sampledis f

meagurement, but at least a few grams are necessary.

6 Reagent, materials and equipment

Duri
disti
carb

hg the analysis, unless otherwise stated, use only reagents of recognized analyticg
led or demineralized water or water of equivalent purity .Containing negligible
bnate, i.e. at concentrations that do not contribute significantly to the determinations.

6.1 | Reagent. A setup consisting of:

glass bottle (standard glass sample bottle with plasti¢screw cap resistant to the alkaline m

dlkaline absorption medium;

q

q

olid absorber suitable for the collection 0fC07.2)

Mixi
abso

hg of water and NaOH or KOH should be done under the addition of inert gas, in ord
Fption of CO2 from ambient air and-éxhalation.

For
KOH
heat
of so
dilut]
of th

he preparation of a carbonate-free absorption liquid, preparation using freshly oper
pellet containers is sufficiént. Dissolve the NaOH or KOH pellets in a small amount o
produced enhances disselution). Small amounts of precipitation are an indication of t
dium carbonate (Nay€03). By decanting the clear phase, the almost carbonate-free sol
ed to the desired volume. As NaOH dissolution is an exothermic process, take extra ca
e concentrated sglution during dilution can occur.

6.2 | Materials-and equipment. The components in the sampling device are listed in the fa

q

$tack gasflow measurement device (typically based on S-type, P-type or L-type Pitot tub
to 18S0\10780.[2]

1to 10 1 COp-2

repared for

| grade and
amounts of

bdium used);

br to reduce

ed NaOH or
f water (the
he presence
ition can be
re as boiling

llowing.

e) according

1

NOTE
is done, no instrumentation for stack gas flow determination is needed.

Il ([P | ot i n) 4 1 £] L. 1 loto 1 £ n) £ 1
By UIIUCT  StCauy=stdiltT LULIUILIVILS, LIIT StdLR SCID IIovv LAt T LAdltuldlTU ITUIIT LIIT TUTT CUITIS UT

Standard equipment for sampling stack gas for main component analysis.

nption. If this

NOTE 2  Ifaconditioning system for gas analysis is already present, this needs to be taken into consideration in
the sampling plan and part of the conditioned gas used, e.g. using a T-piece somewhere in the samplingline. In these
standard gas conditioning devices, usually a typical gas flow of 60 1/h to 100 1/h is available after conditioning,

Mass flow controller, externally adjustable. An external adjustable mass flow controller is needed
only for proportional sampling as it is necessary to use the signal obtained from the measurement
of the total flow in the duct to adjust the sampling flow linearly proportionally to it. Use mass flow

2) Ascarite Il 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.
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controllers in the range of e.g. 0,1 ml/min ... 1 ml/min or 10 ml/min ... 100 ml/min, tuned for stack
gas composition.

Sample

bag

containers.

s, evacuated canisters, lecture gas bottles.

Liquid sampling: use accepted gas wash bottles (e.g. 250 ml glass wash bottles).

with standard fitting).

Gas sampling: use air tight vessels, compatible with the system design, which includes flexible

Solid sampling: use air tight container (e.g. glass tube, length by diameter: 200 mm x 18 mm,

Perform any

Before meaf
in accordan|
successful, {

Comprehen;
the specific

If stack gas

beusedtoc
in-stack or o
for excess wi
measured tq
measureme

There are s
use of a gas
to prevent t
bags were u

When more
used for thid
build-up duj

As COy in st
CO2 can be
long as exce
for the type

Typical valy
sampling fl

Gas anallysis system for COz and Oz measurement.

CO2, CO, or 02 measurements required according to ISO 12039.[3]

surement, the homogeneity of the stack gas shall be tested. Perform homogeneity te
ce with ISO 10396. Use the CO; concentration as measurand. If homogeneity testi
ampling can be done on a single point.

ive measurement planning shall be performed before sampling; taking into consider
Mmeasurement task.

bre-sample and analysis equipment is already present, pdrt'of this gas sampling strean
pllect the sample. If that is not the case, a probe suitable\for gas sampling, equipped wi

ater removal. To ensure representative samplingafid to ensure the equivalence betwee
tal CO2 concentration and the CO2 sampled for, the 14C analysis, accepted standards fqg
ht of bulk components in stack gas, namely, IS0 10396 or EN 15259,[4] shall be used.

bveral methods for intermediate storageyof the collected CO;. The simplest solution i
bag. If long storage periods are expegted, the use of aluminium-lined gas bags is preffg
he ingress of CO; from ambient aiti‘Proper blank procedures shall ensure that suitabl
sed.

CO3 has to be collected, a-gas cylinder can be used for storage. Standard canisters c4
purpose. Provisions shall'‘be made for controlled intake of stack gas independent of pres
ing the sampling proeess:.

hck gas can be trapped with 100 % efficiency using alkaline media, collection of the em|
one using a wash-bottle filled with alkaline solution or a suitable solid alkaline scrubb
5s absorptiofeapacity is present and the sample flow does not exceed the flow that is tyj
of scrubberused.

es forsliquid sampling are: 250 ml wash bottle filled with 200 ml 2 mol/l KOH solu
pw” h ml/min to 50 ml/min, corresponding to sampling periods in the range of 1

sting
ng is

htion

h can
th an

ut of stack filter for removal of particulate matter shall'be used, and provisions shall be made

n the
r the

s the
rred
e gas

n be
sure

itted
er, as
pical

tion,
day

(50 ml/min

to/] month (1 ml/min) for flue gas with ~10 % volume fraction CO;

Typical values for solid sampling are: glass tube (200 x 18 mm) packed with 40 g Ascarite [I®2) absorbent
(~8 mesh to ~20 mesh), sampling flow 1 ml/min to 50 ml/min, corresponding to sampling periods in the
range of 1 day (50 ml/min) to 1 month (1 ml/min) for flue gas with ~10 % volume fraction CO5.

If standard gas analysis probes and pre-sample systems are present, part of the conditioned gas can be
used for CO2 sampling. The standard gas analysis can be combined with simultaneous sampling of CO;
as long as this sampling does not affect the standard gas analysis (consider the required sample flow

and the risk

of leakage).

If the required measurements concern a steady-state situation, a sampling setup as shown in Figure 1
or equivalent may be used.

© ISO 2013 - All rights reserved
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Key

1 ue gas 9  sampling pump

2 robe 10 bypass valye

3 eater 11 to analyser(s)

4 rimary filter 12 manijfold

5 eated sample line 13 flowrmeter (optional)
6  dehumidifier unit 14 (éxhaust

7  vater discharge 15" mass flow controller
8  decondary filter 16 CO3 absorber (LS)

Figure 1 — Example of sampling train for steady-state measurements

If the stack gas flow rate of the installation is expected to be fluctuating, then an assessment of that
influpnce will have to be made and'if a significant contribution from fluctuation is foreseer], a sampling
setup as shown in Figure 2 or-equivalent may be used. Guidelines of how to prepare a sampling plan are
availpble (see EN 15259l4]).

In prhctice, overall chariges in stack gas flow rates not exceeding a coefficient of variation (2Cy) of 55 % can
be cansidered as a condition for constant sampling, assuming continuous operation in the sampling period.

Use the readingSfrom the flow rate indicator (e.g. pressure differential, steam rate, fuel rate] to calculate
the mean (y).and standard deviation (s).

NOTH The 55 % (2C,) specification is in accordance with ASTM 7459.[Z]

© IS0 2013 - All rights reserved 7
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A

14

] : 7
’
1 11
5 S N S &
Key
1 fluegas 10 bypass valve
2  probe 11 to analyser(s)
3 heater 12 manifold
4  primary filter 13 flow meter (optional)
5 heated simple line 14 exhaust
6  dehumidifier unit 15 . mass flow controller
7  water discharge 16~ CO3 absorber (LS)
8 secondafy filter 17 velocity measurement
9 sampling pump 18 flow rate meter

Figure 2 — Example ef'sampling train for proportional sampling

If proportiohal sampling is requiréd, the flow rate of the mass flow controller shall be proportional to
the measuregd flue gas velocity,-¥olume flow or mass flow.

In the sampling plan, an assessment of the minimum number of increments (sampling rate) needgd for
effective proportional sampling shall be made.

6.3 Minjmum requirements for sampling equipment

In order to He'dble to obtain the performance characteristics as given in this International Standard, the
following requirements shall be met:

— external adjustable mass flow controller: accuracy at least 5 % of reading;

— solid adsorber: containing more than 90 % mass fraction NaOH;

— liquid adsorber: concentration more than 1 mol/1 NaOH;

— capacity left after sampling: more than 25 % of the total capacity of the adsorber.

NOTE Instead of NaOH, other strong bases like KOH can be used.

8 © IS0 2013 - All rights reserved
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6.4 Interferents
Consider the possible interferents listed in the following.

— Several acidic substances (e.g NOy, SOy, HCl, RCOOH) may be present in the flue gas and may be
captured by alkaline samplers. Care shall be taken to avoid potential interference from such
substances; see description of the particular analysis methods (in Annex B and C).

— CO concentrations well above 0,1 % volume fraction in the stack gas (e.g. pyrolysis plants), might
contribute to the measured pmC value in CO53.

— Take into account the presence of CO2 in the combustion air (0,04 % volume fraction if ambient air
iis used as combustion air) when the biogenic CO; fraction is <0,1 (see EN 15259[4])-The 14C value
in pmC) of the ambient air depends on the location of the sampling site and on the-time of sampling
specific year and time of year).

7 Analysis

The methods for the determination of the carbon dioxide content derived from biomass spetified in this
International Standard are based on the determination of the 14C content.

The measurement of the 14C content of the sample shall be done according to one of thefmethods in
Anngxes A, B or C. The performance characteristics of the thieg¢ techniques are different] the typical
analytical error (expressed as standard deviation) for AMS.and proportional gas counting is 0,1 pmC to
0,5 pimC, the typical analytical error for LSC with benzenessynthesis is 0,3 pmC to 2 pmC an the typical
analytical error for LSC with CO absorption is 20 pmC, which can be improved to 2 pmC to 4 pmC under
strict laboratory controlled conditions and using high-precision LSC instrumentation.

The yesults of the measurements shall be expres§éd as the percentage modern carbon (pm().

Wheh the collected samples are sent to specialized laboratories, the samples should be stofed in a way
that po COz from ambient air can enter the-absorption solution. A check on the ingress of O3 from air
shalllbe performed by preparing laboratory and field blanks during the sampling stage.
8 Calculation of the results

Calcylate the ratio of biogenic CO7 in the total CO2 of a sample from the measured 14C content and a
referfence 14C value for 180% biogenic CO2 using Formula (1):

m
= (1)

wherte

1 C-i$ the biogenic CO3 to total CO3 ratio derived from the measured pmC value;

m is the measured 14C content of the sample (in pmC) (as determined according to Annex A, B or
C)

b isthe default 14C content (in pmC) of 100 % biomass, produced and harvested in 2011.
NOTE1 In2011,a consensus outdoor air CO; value of 104 was used by radiocarbon laboratories. Therefore the
pmC value for 100 % biomass, grown and harvested in 2011 is set at 104 pmC. An annual decrease of 0,3 % can be

taken into account.

NOTE 2  For municipal waste or other mixed fuel streams, typical regional values are reported in studies on local
reference pmC values. These values can be used as local reference value if generally accepted evidence is provided.
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https://standardsiso.com/api/?name=1365d5dc19552db1fff542dc6e5f319c

ISO 13833

:2013(E)

NOTE 3 See Annex E for detailed information about the definition of pmC and discussion on the used
reference value.

EXAMPLE

sample is (40/104) x 100 = 38 % and the fossil CO3 fraction is 100 % - 38 % =62 %

A 14C value of 40 pmC is measured in the CO2 sample. Then the percentage biogenic CO7 in the CO;

The total amount of biogenic CO; emitted in the sampling period can be derived from the measured total
CO3 concentration, the total stack gas amount emitted and the calculated biogenic CO3 fraction.

For steady-state sampling conditions, use Formula (2)

(2)

(3)

®co
VCO = 4 Vl
2100

where

Vo is the total amount of biogenic CO2 emitted in m3;

2

®co, is the average concentration of CO, expressed as a % volume fraction;

V is the total amount of stack gas emitted in m3;

r is the biogenic CO3 to total CO7 ratio derived from the méastired pmC value.
If no CO2 mdasurements are available, the total amount of emitteéd-CO> can be derived from the anfount
of fuel that was combusted during the sampling period taking-itvaccount the carbon content of that fuel.
For proportjonal sampling conditions use Formula (3).

n . r
VCOZ = z(pC()z,IVI 100)(” Xﬁxt
1

where

Veo, is the total amount of biogenic CO;2 emitted in m3;

®co,,; |is the actual CO concentration at moment i expressed as a % volume fraction;

V; is the actualstack gas flow at moment i in m3/h;

r is the.caleulated biogenic CO; fraction of the sample CO2 expressed as a %;

n is'the number of increments;

i is the increment number;

t is the operating time in hours.
10
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Calculate Meo, from Veo, using Formula (4):

V M
Meo, =L x— 02 @)
1000 V,,
where
Meo is the mass of CO2 in tonnes;
2
Veo, is the volume of CO2 in m3;
Mcoz is the molar mass of CO», i.e. 44,01 kg/kmol;
Vi is the molar volume of a gas at 273 Kand 1 013 hPa, i.e. 22,41 m13/kmol.
Watgr can be removed before collection in the bag or container using a condensation unit, i which case

conslder the necessity of corrections to Formulae (1) to (4) for concentration changes res

this

9
The

gases like HF, SO, and NH3 using wash bottles, therefore the quality assurance and control
specified in ISO 7934 and ISO 15713 shall be used.

Wheh liquid or solid CO7 absorbers are used, blank samples shall be measured to confirm th
ingrgss of CO, from ambient air.

For

analysis (e.g. titration) of a test portion.

The

Perfgrmance characteristics-are’/given in Annex D.

10
The

otherwise, the test report shall include at least the following information:

a)
b)
‘)
d)
e)
f)
g)
h)
i)

water removal.

Quality assurance and quality control procedures

collection of the carbonate from the stack gas is in principle in line with the collec]

proportional sampling, the total ameunt of CO; collected shall be verified by standa

values obtained can be compared with values calculated from the fuel composition (if

L

[est report

test report Shall be in accordance with international or national regulations. If n|

feference to this International Standard (I1SO 13833:2013);

ulting from

ion of other
procedures

e absence of

rd chemical

vailable).

ot specified

dlésoription of the purpose of tests;

principle of gas sampling;

information about the sampling and conditioning line;
identification of the analysis technique used;
description of plant and process;

identification the sampling plane;

actions taken to achieve representative samples;

description of the location of the sampling point(s) in the sampling plane;

© IS0 2013 - All rights reserved
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12

description of the operating conditions of the plant process;
changes in the plant operations during sampling;

sampling date, time and duration;

time averaging on relevant periods;

measurement uncertainty;

any deviations from this International Standard.
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Annex A
(normative)

Procedure for 14C determination by accelerator mass spectrometry

A1l

General

This
spec

A2

The 4
into
dete

AMS
form
This
curr
nece

With
carb
meag

annex specifies the procedure for the determination of the 14C content by aecel
frometry (AMS) in the CO2 and exhaust gas samples collected at stationary sourees.

Principle

AMS method determines the presence of the 14Cisotope directly. The atdnis in the sample a
h beam of ions. The ions formed are accelerated in an electric field,deflected in a magne
ted in ion detectors, resulting in the determination of the relativeisotope abundances o

uses a high potential electrostatic field, which serves not ¢nly to accelerate but also tq
only Cn+* ions (n = 1 ... 4) that are allowed into the spectrometer, excluding all other i
greatly enhances sensitivity without compromising selectivity. In most AMS system
ently determined from graphite (carbon) sample targets. To obtain graphite sample

5sary to convert the CO7 in each sample into graphite before analysing.

AMS the amount of 14C atoms is measuredgelative to the amount of (one of) the mo
bn isotopes 12C and/or 13C. This measured*14C/12C or 14C/13C ratio is calculated re
ured isotope ratio in a reference material with standardized 14C amount, to obtain s

and normalized 14C content (in pmC) for each sample.

Prator mass

re converted
tic field, and
f these ions.

specifically
nic species.
s, the 14C is
targets, it is

re abundant
ative to the
fandardized

A.3 | Reagents and materials

Use ¢nly reagents of recognized-analytical grade.

A.3.1 Catalyst (iron, cepper).

A.3.2 Reducingreagents, hydrogen or Zn powder.
A.3.3 Oxalic'acid primary standard, e.g. SRM 4990c.1)
A.3.4 ““Acid solution, extra pure; containing no carbon.
A.3.5 Liquid nitrogen.

A.4 Apparatus

Usual laboratory equipment and in particular the following.

A.4.1 Sample preparation equipment.

A.4.2 Liquid nitrogen trap.

A.4.3 Accelerator mass spectrometer.

© ISO
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A.5 Procedure

A.5.1 Transfer the carbonate solution to the extraction bottle.

A.5.2 Atta
A.5.3
A.5.4 Add
A.5.5
A.5.6

A.5.7

A.5.8 Whe

gas samples

Gaseous sar

have been t

graphite usi
CO7 + Hj

CO + Hp

NOTE

A.5.9 Ensuyre a complete reduction-to graphite to avoid fractionation (e.g. water removal, contr

the reaction

A.5.10 Pres

the ion sour

charged targ

negative ion bedny is then focused by a lens into a recombinator. Here a series of magnets remove

CI'OSS-COI’lta‘:[I

carbon ions ffem the beam and separate the three carbon isotopes (12C, 13C and 14C). The chopper y

Rem
Collg

Tran

Alternatively, a Zn-based reduction.process can be used, provided that its accuracy and precisid
controlled byj

ch the acid solution dosing device.

Evacuate the bottle and dosing device (degassing, removal of dissolved N7 and O3 from air).

acid solution to the carbonate solution.

ove water vapour by using a trap filled with acetone and dry ice.
bct the CO7 formed in a trap that is submersed in liquid N7 (A.4.2).
sfer the COy to the graphitizing rig system.

nthe samples are collected in gas bags, follow the same procedure, butstartatA.5.5. Alternat

hples can be either introduced into the system by releaserom a quartz tube or after
Fapped in liquid nitrogen followed by subsequent heating. Then convert (A.3.2) the g
Ing an iron or copper catalyst (A.3.1) according to the equations:

= Hz0 + CO

<= H0 +C

reference measurements.

pressures).

s the graphite into a target and mount it on a wheel before it is loaded into the AMS (A.4.
Ce a high current beam of cesium ions (Cs+) is focused on the target. This liberates negat
et atoms; producing a beam of C- ions. Targets are kept 10 mm away from each other to

ination“and moved during sputtering to avoid cratering, which causes fractionation

might be analysed with an AMS (A.4.3) with a direct gas inlet and a,gas-capable ion sourca.

ively,

they
as to

(A.1)

(A.2)

nare

lling

B). In
ively
hvoid

The
non-
Vheel

then physically blocks most of the 12C, allowing a much reduced beam of carbon ions to be recombined
for simultaneous injection into the accelerator.

A.5.11 In the tandem accelerator the C- ions are accelerated to the terminal, then changed to multiply-
charged ions in the gas stripper. These positive ions are accelerated to higher velocities to allow for
accurate separation in the high-energy mass spectrometer.

A.5.12 Mea

sure the 12C and 13C in the Faraday cups (typical current, 250 nA).

A.5.13 Purify the 14C ions by an electromagnetic mass analyser and detect the ions by either a gas-filled
or a solid state detector. The detector may need separation from the accelerator vacuum by a thin foil.

14
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A.6 Calculation of the results

The isotopic ratios of 14C/12C or 14C/13C and 13C/12C are determined relative to the appropriate primary
reference material (see Annex E). All pmC values obtained from the radiocarbon analysis measurements
shall be corrected for isotopic fractionation using stable isotope data (135-values, based on measured
13C/12C ratios).

Calculate the 14C amount of each sample in pmC, according to the standardization procedure for the
AMS measurement described in E.4.2.2.
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Annex B
(normative)

Procedure for 14C determination by liquid scintillation counter

method

B.1 Gene€

This annex
collected frq

B.2 Pring

LSC determ
the radioact

a scintillatof.

Thereare tw

The CO;
solution

The CO;
solution

The 14C acti
of the samp]
standardize]

B.3 Reag

Use only re
equivalent f

ral

specifies the procedure for 14C determination by LSC in CO, and exhaust gas sar
m a stationary source.

riple

nes the isotope abundance of 14C indirectly, through its emissionof beta-particles d
ive decay of the 14C isotope. The beta-particles are observed thtough their interaction

extracted from the flue gas is converted to benzene, This benzene is mixed with an or
containing a scintillator.

extracted from the flue gas is trapped in amamine solution thus forming carbamates.
is mixed with the organic solution containing the scintillation reagent.

Vity of the mixture is measured in a liquid scintillation counter in Bq. This measured act
e is calculated relative to the knowir'14C activity of a standard reference material to o
d and normalized 14C content (inpmC) for each sample.

ents and materials

pgents of recognizéd-analytical grade and distilled or demineralized water or wat
urity

hples

e to
with

o methods that can be used for the preparation of the collected CO; for activity measurement.

banic

This

ivity
btain

er of

B.3.1 Gerneral

B.3.1.1 Oxalic acid primary standard, e.g. SRM 4990c.1)
B.3.1.2 HU-selutien; 5ol orHoSO1selution4-molA-
B.3.1.3 Dryice.

B.3.1.4 Scintillation cocktail.

B.3.1.5

B.3.1.6

14C-labelled spike solutions for standard addition purposes.

Amine-based trapping solution, e.g. 3-methoxypropylamine in ethanolamine or Carbo-Sorb E®3).

3) Carbo-Sorb E 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.

16
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B.3.2 Benzene method

B.3.2.1 Metallic lithium.

B.3.2.2 Concentrated phosphoric acid.

B.3.2.3 Chromium or vanadium catalyst.

B.3.2.4 Liquid nitrogen.

B.4

The
masf

Care
othe
factqg

Ther]
be ah

B.5

B.5.

The
and
AST)

Dire
and 1
only

Proc
meth

B.5.]

The
(B.3.

Apparatus

extremely low levels of radiocarbon even in biomass (in the Earth’s atmosphere-about
fraction) requires extra precautions for accurate measurement of 14C.

should be taken to eliminate the influence of cosmic and environmental backgroun
" radioisotopes being present, electronic noise and instability, and othet factors. These
rs limit the accuracy, precision.

efore, quality of liquid scintillation counting equipment, and¢he proper operation of it,
le to meet the desired specifications.

Procedure

Il General

best performance characteristics are obtained when conversion of the collected CO
direct counting of the benzene in a suitable scintillation cocktail (B.3.1.4), e.g. as
I D6866,6] is applied.

't measurement of carbonate can-also be used. Then COz is absorbed in a suitable trapy
mixed with the scintillation Selution. As limited amounts of carbon can be trapped, t
feasible with samples with relative high biogenic C-content.

pdures are specified™for the benzene conversion method in B.5.2 and for direc
ods in B.5.3.

D

Benzene-conversion

collectedCO; is reacted with a stoichometric excess (3:1 lithium:carbon ratio) of mg
P.1) which has been preheated to 700 °C.

1 x 10-10 9

d radiation,
background

is crucial to

to benzene
specified in

ing solution
is option is

absorption

Iten lithium

LipC
equi

isyproduced by slowly bleeding the CO2 on to the molten lithium in a stainless ste

el vessel (or

mrd.

The LipCy is heated to about 900 °C and placed under vacuum for 15 min to 30 min to remove any
unreacted gases and to complete the LizC; synthesis reaction.

The LizCy is cooled to room temperature and gently hydrolysed with distilled or de-ionized water to
generate acetylene gas (C2Hz) by applying the water in a drop-wise fashion to the vessel.

The evolved acetylene is dried by passing it through dry ice (B.3.1.3) traps, and the dried acetylene is
subsequently collected in liquid nitrogen (B.3.2.4) traps.

The acetyleneis purified by passing it through a phosphoricacid (B.3.2.2) trap to remove trace impurities,
and by using dry ice traps to remove water.

© ISO
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The C2Hp gasis catalysed to benzene (CgHg) by bleeding the acetylene on to a chromium catalyst (B.3.2.4)
which has been preheated to 90 °C or above, applying a water jacket cooler to avoid decomposition from

excessive heat generated during the exothermic reaction.
NOTE As an alternative, a vanadium catalyst at ambient temperature can be used.

The benzene is thermally evolved from the catalyst at 70 °C to 110 °C and then collected under vacuum
at -78°C. The benzene is then frozen until it is counted.

Radon can be removed by pumping on the benzene while it is at dry ice temperature.

Mix the benzene and scintillation liquid in constant volume and proportion, if necessary the benzene can

be diluted W

If 13C isotop|

B.5.3 Dirg

B.5.3.1 Ge
If the desire

An absorpti
of Carbo-So
capacity shd
directly obt
solid CO2 ab

ith benzene from fossil origin (99,999 % pure, thiophene free).

e analysis is required, a representative test portion shall be taken extra for 13Canalys

pct absorption

neral

pbn flask is loaded with a known volume of CO; absorbent (Bx3.1.5). The absorbing cap|
b E3) of about 4,8 x 10-3 mol/ml shall be taken into a¢count; no more than 80 % o
1l be used. The flask shall be cooled in ice during the absorption process. The sample g
hined from the gas bag or gas bottle, or collected afterdcidification (B.3.1.2) of the liqy
sorber.

After absor

scintillation|medium is added and the mixture is homogénized.

In the case where CO3 is liberated from a carbonatéabsorption liquid and thus is present without
gases, the apsorption flask may be the vial itself: In this case a lot of liquid handling steps (an

possibility d

If absorbing

especially ifh the late stage of the process. This can be handled by weighing the vial and its abso}

filling [e.g (
adhering to

The amount
keeping the
gas can be 4
temperatury

The release

tion of the COy, the absorbent is transferred-to the measuring vial. An equal volume d

f introducing errors) can be omitted.

arbo-sorb E3)] before ‘and after absorption (with proper correction for minor amd
used utensils etc).

of water vapouricarried over and absorbed can be minimized as well as quantifie
CO; producingwessel cooled and at a well defined temperature, in which case the libel
issumed toeonsist of COz and H20 only, the latter with a partial pressure determing
e and liglid composition only.

of €07 from the alkaline liquid absorber solution has to be done under closely controllg

d performance characteristics can be met, the direct absorptionitechnique can be usedl.

|
acity
F this
Fas is
id or

f the

bther
1 the

CO3 directly into the vial,aloss due to incomplete absorption cannot be avoided th¢ugh,

‘bent
unts

d by
rated
d by

d pH

conditions i

h‘the range of 7 to 5,5. From the chemistry of any nitrite ion that might be absorbed i

n the

solution, NO/NO3 is thereby only released as HNO; from the absorber solution to a very limited extent.

The use of an internal standard will determine and correct for quenching, the net effect being a slight

loss in preci

sion.

If 13C isotope analysis is required, a representative test portion shall be taken extra for 13C analysis.

NOTE

The absorbent, containing a primary amine, forms carbamates after reaction with two parts carbon

dioxide. These carbamates are significantly more stable at pH values below 7 than carbonates; however, when long
counting times are required, some carbamates might decompose under acidic conditions resulting in loss of carbon
dioxide. These problems can be avoided using absorbent and scintillation liquid mixtures that are more compatible.

18 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=1365d5dc19552db1fff542dc6e5f319c

B.5.3

ISO 13833:2013(E)

.2 LSC measurement

Then the vial containing the mixture is placed in the LSC and measured. Typical counting times are 6 h

to 24 h. Conversion of instrumental output to activity is done according B.1
E
A=— (B.1)
n
where
A isthe disintegrations per second [Bq];
E is the counting rate in counts per second;
) is the counting efficiency of the apparatus (0 <75 < 1).
NOTH Counts per second is usually abbreviated as cps.
The pctivity of a sample is compared with the activity of a reference‘material. The number of 14C

regisg
num

Stan
for e
Whe
(B.3.

Meas

B.5.3

The
a tot

This
is thq

h

The
proc
erroj
com

b

The detectionlimit of a counter is animportant parameter, as it for a great part determines th
of thie totalsahalytical procedure. The sensitivity is normally expressed as “lower limit d
. This is the smallest amount of radioactivity that statistically differs from the back

(LL

trations [equal to the beta-counts of 14C decay in radiometric.detéectors (LSC)] is r¢
ber of registrations of the reference sample under the same conditions.

lard addition techniques shall be used to check for the ocetirrence of chemical or optic{
ach sampling or sample type. For that purpose suitablé 14C labelled components sh
h the sampled CO; was absorbed in the primary amiige solution, carbonate-based spi
1.6) shall be used.

urement shall be performed together with a measurement of a blank sample.

.3 Blank correction

plank value shall be obtained using a€0; solution using carbonate obtained from fossil
hl carbonate amount in the concentration range of the collected sample.

blank sample shall be counted-for the same period of time as the actual sample. The res

background level for the(whole system (apparatus and reagent).

tatistical error of cotnting, background and standard, is a result of the decay counti

ess. Hence the precision of the result depends on the number of counts observed, wherg

is inversely proportional to the square root of the number of counts. The total erro

lated to the

11 quenching
all be used.
ke solutions

origin, with

ult obtained

hg (Poisson)
the relative
- is then the

ination of the analytical errors and the errors of the standard and background determination.

e sensitivity
f detection”
bround. The
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LLD can be calculated from the counting time of the sample and the background counting rate assuming
the same counting times for background and sample.

1 1
ERp1ip)=(k1_o +ki_p )\/E(RO )(_Jf_]
to ty
where
E(Rn,LLD) is the lower limit of detection;

ki-a+k1-p  constitutes the coverage factor (typical value: 1,645);

(B.2)

E(Ro)
to

tp

is the counting rate of blank;
is the counting time of blank;

is the counting time of sample.

B.6 Calculation of the results

The backgrpund count rate of the counter is subtracted from the sample count rate to give the net
count rate. The 14C activity (DPM) is obtained by normalizing the nettount rate to the count rate gf the
reference standard oxalic acid, SRM 4990c1) (B.3.1.1).

Calculate the 14C amount of each sample in pmC, according to the standardization procedure for th¢ LSC
measurement described in E.4.2.2.

The pmC values obtained require correction for isatopic fractionation using 13C/12C ratios yising
Formula (E.}).

Ifa constant|(but maybe regional) 613C shift can be'assumed for the biogenic part of the carbon this value can
information about the §13C shift iSavailable, the data from measured 13C analysis shall be hised.

be used. If nd

NOTE R{
postulated m

ference [21] suggests using the\general assumption that the §13C shift equals -25 %o, as this i} “the

ean value of terrestrial wood™

20
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Annex C
(normative)

Procedures for 14C determination by beta-ionization

General

annex describes the procedure for the determination of the 14C determination by Bl in
ust gas samples collected at the stationary source.
Principle

Bl method determines the isotopic abundance of 14C indirectly. This(method employs 1
ta-particles by 14C due to the radioactive decay of the 14C isotgpe. It detects beta

means of discharge current pulses between high-voltage electrodes ina proportional gas co

pulsd
(GM)
this

stach
elect

(e.g.

The
desir

The

is inf
prod
mea
to so
dete
to th

s are initiated by the beta-particles. The detection principle resembles the way a G

counter works, the difference being the mechanism of electron avalanche in the coy
method, the sample has to be in the form of CO, or convérted to COz. The CO7 extract
[ gas is purified to be suitable as a counting gas in a.proportional gas counter, e.g. by
ronegative impurities, e.g. oxygen, SO, water vapeut, and radon. The purity of the g
D7 levels need to be kept well below a few microlitres per litre).

sample is counted for several days in a lowélevel counting system to reach the numb
ed for statistical precision.

O3 is held under pressure in the central tube (typically at 0,2 MPa to 0,3 MPa) and a
roduced between the central wiré-and the counter wall. An ionizing event, such as :
uced by 14C decay, creates an lenization trail and an avalanche of electrons. This i
ured as an electrical pulse. Ahy impurities in the gas quench the multiplication of electj

‘ted with the proportiofal gas counters. This measured activity of the sample is calcul
e measured activity 6f a'reference material with standardized 14C amount, to obtain s

and pormalized 14C content (in pmC) for each sample.

C3

Use
equiy

C.3.

c3.1.1

C.3.1.2

C.3.1.3

C3.14

C.3.1.5

© ISO

Reagentsand apparatus

bnly reagents of recognized analytical grade and distilled or demineralized water
Falehit(purity.

the CO7 and

he emission
particles by
inter. Those
piger-Miiller
nter. To use
ed from the
' removal of
hs is critical

er of counts

high voltage
W 3- particle
wvalanche is
ons, leading

Ime decay events being undetected. The number of counts per minute, the activity of the sample, is

hited relative
tandardized

or water of

Reagents and materials
Acid solution, e.g. HCI, 5 mol/l or H2S04, 2,5 mol/l.
Alkaline solution, e.g. KOH or NaOH, 2 mol/I to 4 mol/l.
Dry ice.
Organic solvent, acetone or ethanol.

Liquid nitrogen.

2013 - All rights reserved

21


https://standardsiso.com/api/?name=1365d5dc19552db1fff542dc6e5f319c

ISO 13833

:2013(E)

C.3.1.6 Oxalic acid primary standard, e.g. SRM 4990c.1)

C.3.2 Equipment

c3.2.1 Sy

stem for the conversion of carbonate trapped in an alkaline solution to CO.

C.3.2.2 (O3 purification system, e.g. using activated charcoal.

C.3.2.3 System to obtain a fixed amount of sample, e.g. by adjusting the CO; pressure in a fixed

volume and
C.3.2.4 Sy

C.3.2.5 Lo

The instrur
several radi
Internation
case purifie
(ultrapure ¢
and anti-coi
cellars in or
days for low

C.4 Procgedure

C.4.1 For gas samples start at C.4.6.

C.4.2 Trarsfer the carbonate solution to extraction bottle.

C.4.3 Attarh the acid solution dosing device.

C.4.4 Evaduate the bottle and dpsihg device (degassing, removal of dissolved N3 and O3 from air).
C.4.5 Add|acid solution to the'carbonate solution.

C.4.6 Remnfove water tising a trap filled with acetone or alcohol and dry ice.

C.4.7 Collect the'formed CO3 in a stainless steel trap that is submersed in liquid N». The amount o

that is requ

known gas temperature.

stem to prepare standard and background samples.

w-level counting system using a gas proportional counter.

hents used for the Bl measurements are custom-made high-tech devices developd
pcarbon institutes. No commercial systems are available at the timle of publication o
11 Standard. For radiocarbon to be detectable, minimize backgreund counts. Gas (in
d CO; derived from the combustion gases) is loaded and countediin a copper counting
opper) and the desired low background is obtained applying/heavy shielding with old
Incidence filtering of cosmic radiation. Usually BI devices-are located below ground ley
der to obtain extra protection against cosmic radiation. Typical counting times are se
-level measurements.

red, for the proportional gas counter measurement depends on the size of the gas co

ed at
F this
this
tube
lead
el in
veral

fCO>
inter

1+ 10

tube (and or

C4.8 Puri
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fy the CO,.

C.4.9 A small sample shall be taken at this stage for analysis of the 13§-value of the sample with an
isotope ratio mass spectrometer (IRMS).

C.4.10 The CO3 volume shall be calculated measuring temperature and pressure and the known volume
of the trapping system.

C.4.11 Transfer the CO3 to the proportional gas counter (volume of CO2 needed to fill the gas counter is
counter specific; in general in the range 2 1to 10 1).
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C.4.12 Count for several days until the desired precision is obtained. For samples with a high biogenic
carbon content two days of counting will be sufficient, for samples with a high fossil carbon contents four

days

will be required

C.4.13 Calculate the activity of the sample (in cpm) using the sample count rate and the blank count rate.

C.4.14 The statistical counting error of the sample, background and standard is a result of the decay
counting, following the statistical Poisson distribution. Hence the precision of the result depends on the
number of counts observed, where the relative error is inversely proportional to the square root of the
number of counts.

C.4.1
back

coun|
estinlfated precision shall be reported in addition to the value declared.

C.4.1
~1h
activ
contl

C.5

The

in th|
to th|
trace
stan
fract]
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5 The total error is then the combination of the analytical errors and the errors of the-§
bround determination. The latter errors are usually small compared to the sampling
ing times of a few days, a typical overall (absolute) precision of 0,3 % to 0,4 %Jean be o

6 When using activated charcoal for the purification of CO3, the cartridge should be p
in order to remove traces of radon (build-up of decay product gfuranium traces p
hted charcoal). For other cleaning techniques, a waiting time of 2 days is sufficient to avo
ibution.

Calculation of the results

count rate of COz measured in a blank sample is subtracted from the sample count rg
fe net count rate (in dpm). The 14C activity (pm€) is obtained by normalizing the ne
e count rate of the measured reference stagdard [oxalic acid SRM 4990c1) or mater
able to this reference standard]. Calculate'the 14C amount of each sample in pmC, accd
lardization procedure for the Bl meastbvement described in E.4.2.2. If no correction
ionation is applied in the calculation'gf the 14C amount, this should be mentioned in thg

tandard and
errors. With
btained. The

reheated for
esent in the
id any radon

te resulting
t count rate
als that are
rding to the
for isotope
test report.
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Annex D
(informative)

Performance characteristics 14C methods

D.1 Performance characteristics 14C methods

In Tables D.
obtained frq

[able D.1 — Performance data validation study 14C measurement metheds

I to D.8, a summary of available information on this subject is presented. Theseidath are
m studies that have been performed using equivalent sampling and analysis techniques.

N Biogenic to Coefficient of
Study Reference 0 measurements total COzratio variatipn
n r Cv, %
Sample x, AMS lab [20] 224 0,506 0,6
Sample y, AMS lab [20] 79 0,531 0,4
Sample y, LS( lab [17] 1,00 4,0
Sample z, LS( lab [18] 0,579 4,3
Table|D.2 — Performance data validation study laboratory scale combustion devices

(Reference23])

No. nieasurements

Biogenic to

Coefficient of

Study total CO; ratio variatipn
n r Cy, %
Sample x, AMIS 79 0,531 0,4
Sample x, BI 5 0,560 1,8
Sample y, LS direct 16 0,482 47
Table D.3|— Performance data validation study power plant, the Netherlands (Reference [19])
No. measurements Biogenic to Coeffi_cig nt of
Study total COz ratio variatipn
r Cy, U
Sample 27-8 0,051 24

Table D.4 — Performance data validation study incineration plant, the Netherlands (Reference [19]))

No. measurements

Biogenic to

Coefficient of

Study total CO2 ratio variation
r Cyv, %
Sample 28-8 0,479 2,4
Sample 29-8 0,501 1,7
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Table D.5 — Performance data validation study incineration plant, Denmark (Reference [26])

Percentage Coefficient of
Study modern carbon variation
pmC Cv, %
Field samples high 62 3,2
Field samples low 26 6,0

Table D.6 — Performance data validation study incineration plant, Belgium (Reference [25])

No. measurements

Measured biogenic to

Calculated bioge

nic to

Study total CO; ratio total CO2 ratjio
n 'measured, Y0 mass fraction T'calculated, Y0/M1ass fraction
Sample 1, AMS 1 0,538 0,55
Sample 2, AMS 1 0,506 0,46
Sample 3, AMS 1 0,526 0,51
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Table D.7 — Performance data validation study cement plants, Germany (Reference [27])

Biogenic CO3 to total CO3 ratio derived from the measured pmcC value

tion, Cy, %

Parameter Stack measurement; absorption in 4 mol/1 NaOH | Input mass balance; 14C-determination
solution; duration 30 min; 45 NI, rmeasured in all input materials, rcalculated
LSC
Cement plant 1 10,3 8,3
3 samples
3 days 81 9,2
7,8 91
Average, % 8,7 8,0
Standard deviation 1,1 0,4
Coefficient of varia-
tion, Cy, % 12,8 4,5
Beta-ionization
Cement plant 2 21,3 20,9
3 samples
3 days 19,3 20,8
18,3 19,8
Average, % 19,6 20,5
Standard devyiation 1,2 0,5
Coefficient of varia- 6,4 2,4
tion, Cy, %
AMS
Cement plant 3 12,0 12,5
3 samples
1 day 13,0
13,0
Average, % 12,7 12,5
Standard deYiation 0,5 —
Coefficient of varia- 37 L
tion, Cy, % ’
LSC
Cement plant 3 11 12,5
3 samples
1 day 8 12,5
15 12,5
Average, % 11,3 12,5
Standard deyiation 2,9 —
Coefficient of varia- 253 .

Table D.8 — Performance data validation study municipal solid waste plant, Italy (Reference [9])

Biogenic biomass content

Biogenic biomass content

Method
Whio, % mass fraction €epio, % energy fraction
Mass-energy balance 53 35
14C, radiocarbon (LSC) 49 32
Manual sorting 67 50
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Table D.9 — Performance data validation study from three waste incinerators, Switzerland

(Reference [15][16])

megsolllre- Measured biogenic to Coelefc lent Calculated biogenic to Coeff)lfc lent
total CO3 ratio . total CO3 ratio ..
Study ments variation variation
0, -
n rmeas“red’ti/oorinass frac Cy, % Fcalculated, % mass fraction Cy, %
Plant A, AMS 6 0,527 2,24 0,519 2,22
Plant B, AMS 6 0,521 7,22 0,518 2,52
Plant C, AMS 6 0,512 6,23 0,497 3,32
a  Standard uncertainty of mean value calculated from six 3 d to 4 d sampling periods.

D.2

Base|
meaq

whe

1

Whe

on th

Whe
usua
mord

0,02-1

F01-1

i

Summary of performance characteristics

d on the information available, the following consensus values for/the expanded un

urement of the method are given.
Range U

10

e

is the biogenic CO; to total COy ratio derived from the measured pmC value;

I is the relative expanded uncertainty-of measurement (using a coverage factor of 2).

h high fluctuations in the stack flew are present, the quality of the measurements dep
e contribution of the error intthe measurement of the flow in the stack.

h the 14C analysis is dorfe py AMS or BJ, the contribution to the analytical error of thes
[ly has a minor contyibution to the total error, in the case of LSC analysis, this contrib
significant, especially at low r values (<0,2).
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Annex E
(informative)

Definitions and equations of the 14C-based method

E.1 Introduction

This annex ¢lescribes definitions and equations of the 14C based method to determine the biogeni¢ CO>
fraction of stack gas CO3. The aim of this annex is to give users of this International Standard backgrpund
knowledge @bout this specific 14C application and to ensure standardization of the caleulated results
when using different 14C measurement techniques.

E.2 Symbols, abbreviations and definitions

Used symbals, abbreviations and definitions others than those already desctibed in Clauses 3 and 4.

M Csamplec measured 14C value (in pmC) of the investigated CO, samiple

4Chioc 14C value (in pmC) of the biogenic carbon part of the CO2 sample

14Crossilc 14C value (in pmC) of the fossil carbon part ofithe CO2 sample, equal to 0 pmC
14Cotherc 14C value (in pmC) of the carbon part of the CO; sample, not from fossil or biogenif

carbon origin (like CO2 from combustion air)

fbioC biogenic CO; fraction of the CO2.sample

ffossilC fossil CO; fraction of the CO2 sample

fotherc COz fraction of the COzsample from other CO2 sources than biogenic and fossil (fyel-
derived) CO;

14‘11%1 standardized arld normalized 14C amount of the measured sample,

14a1§] x100 % =pmC

14AI§I normaliZzed 14C signal (isotope concentration or activity) of the measured sample
14A3N Standardized and normalized 14C amount of the primary reference standard, oxalic

acid [HOx-1I, SRM 4990c1)]

MAsample measured 14C signal (isotope concentration or activity) of the sample

14 Apg sample measured 14C signal (isotope concentration or activity) of the background sample or
blank sample, measured in the same batch as the sample and represents the back-
ground 14C signal of the measured samples

H4Aox2 measured (average) 14C signal (isotope concentration or activity) of oxalic acid refer-
ence standard samples [HOx-II, SRM 4990c1)], measured in the same batch as the
unknown samples
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14 b measured (average) 14C signal (isotope concentration or activity) of background
gox2 samples, which represent the background signal of the measured oxalic acid refer-

ence standard [HOx-II, SRM 4990c1)], measured in the same batch as the oxalic acid
samples

Nmeas is the measuring efficiency of the measurement technique used

136N standardized value for isotope fractionation, 136y = 0,025 (relative to VPDB calibra-
tion standard NBS 19 calcite, RM8544)

138sample measured isotope fractionation value of the sample. It is obtained by measuring the
13C/14C ratio of the sample, relative to the measured 13C/14C ratio of a ret¢rence
standard with known isotope fractionation value related to VPDB calibrat{on stand-
ard, NBS 19 calcite, RM8544

1350%2 standardized isotope fractionation value of the oxalic acid reference standprd [HOx-II,
SRM 4990c1)]. 13§gx2 = -0,017 6 relative to VPDB calibration‘standard, NBf 19 calic-
ite, RM8544

A decay rate of 14C (in year) — 14C has a half-life of 5 73@years

tm time of measurement (in year; e.g. 2010-08-15 is(2010,612 year)

ts time of harvest (dead) (in year; e.g. 2010-08-15 is 2010,612 year) of the biggenic car-
bon in the sample

to reference year in the calculation of the'standardized and normalized 14C amount of a
sample, tg = 1950 year

E.3 | Principle of the method: How t®determine the biogenic and fossil CPD2 ratio

of stack gas samples

The main feature of the method is the-use of 14C to determine the biogenic and fossil CO; ratio of stack

gas (03. The basic principle of thé\14C method: Fossil fuel CO2 emissions do not contain thg radioactive

isotgpe 14C anymore (due to the'age of the fossil fuels and the 14C half-life of 5730 year: alll 14C atoms

have| decayed), while the bipgenic CO, emissions (from biomass carbon; age <200 yearf) contain a

certdin amount of 14C. Thé less 14C we measure in a CO2 sample compared to the 14C amount of biogenic

COy, [the lower the biogetiic CO; fraction in the particular sample and the higher the fossil (O3 fraction.

Thisrelation is used-t@calculate the biogenic and fossil CO3 ratio.

146‘sampleC =1*Chiocfbioc + 14 Crossilcffossilc + 14CothercfotherC (E.1)

Formula,(E:1) shows that the measured 14C value of a CO2 sample, 14Csamplec, is determined by both the

14C vialues and the carbon ratio of the biogenic CO7 (bioC), and fossil CO; (fossilC) in the sanmple and also

by the-€0fremothersourees{otherC thanthosefrombiofuels-erfossitfuelslike{eembustion) air, or

contamination sources (during sampling) (Reference [19])
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