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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.
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ISO 2330

Introduction

6:2020(E)

Due to numerous economic and environmental factors, the use of liquefied natural gas (LNG) as fuel
for marine applications has increased. The 0,10 % sulfur limit, in the sulfur emission controlled areas
in Europe and the US, which entered into force on 1 January 2015 has been one of the major driving
forces for using LNG as fuel for marine applications. The decision for the 0,50 % global sulfur limit from
1 January 2020 by the International Maritime Organization (IMO) might further increase the interest
in LNG. The International Code of Safety for Ships using Gases or other Low-flashpoint Fuels (IGF Code)
was a response to the need of guidance in this emerging market. Since LNG-fueled vessels are likely
to bunker LNG in different parts of the world, a common specification is needed for ship owners, ship

operEﬁTN‘b—l_rlﬁ'lTl—f_ﬁ_ﬁ—d_fors an SUpPIIers. [Twould help engine manuiacturers and snip designers and
for the development of this new alternative marine fuel market.
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Specification of liquefied natural gas as a fuel for marine
applications

1 Scope

This document specifies the quality requirements for Liquefied Natural Gas (LNG) used as a fuel for
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ISO 8943, Refrigerated light hydrecarbon fluids — Sampling of liquefied natural gas — CoH
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est reference methods for all those parameters.

document applies to LNG from any source, e.g. gas from conventional reservoijrs,ishale
ane, biomethane, synthetic methane. LNG described in this document can~¢eme fro
bss out of fossil fuels or renewable sources.

document identifies the required specifications for fuels delivered atthe time and plad
fer (at the delivery point).

following documents are referred to in the text in such'a way that some or all of t
[itutes requirements of this document. For dated reférences, only the edition cited
ted references, the latest edition of the referenceddocument (including any amendme

578, Refrigerated hydrocarbon liquids — Stati¢imeasurement — Calculation procedure

h974 (all parts), Natural gas — Determination of composition and associated uncert
natography

976, Natural gas — Calculation of calorific values, density, relative density and Wobbe
osition
mittent methods

726, Gas infrastructure — Quality of gas — Group H

he purposés of this document, the following terms and definitions apply.
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SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

biomethane
methane rich gas derived from biogas or from gasification of biomass by upgrading with the properties

simil
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3.2

liquefied natural gas

LNG

natural gas that has been liquefied after processing

[SOURCE: ISO 14532:2014, 2.1.1.12, modified — Definition has been shortened, note to entry has been
deleted.]

3.3
methane number
MN

' 3 3 3 £ 1 § L. i it £ £ 1
ratlng indic g e Ko CKMg Ciratracttertstcsorataergas

Note 1 to entfry: It is comparable to the octane number for petrol. One expression of the methane number |s the
volume percgntage of methane in a methane-hydrogen mixture, that in a test engine under standatd,condjtions
has the same|tendency to knock as the fuel gas to be examined.

[SOURCE: IS0 14532:2014, 2.6.6.1]

34
natural gas
complex gadeous mixture of hydrocarbons, primarily methane, but generally includes ethane, propane
and higher hiydrocarbons, and some non-combustible gases such as nitrogen and carbon dioxide

Note 1 to enfry: Natural gas can also contain components or contaminarnts such as sulfur compounds ahd/or
other chemicpl species.

[SOURCE: IS0 14532:2014, 2.1.1.1]

3.5
Wobbe indé¢x
calorific valjie on a volumetric basis at specified refévence conditions, divided by the square root gf the
relative denpity at the same specified metering reference conditions

[SOURCE: IS0 14532:2014, 2.6.4.3, modified & Note to entry has been deleted.]

4 General requirements

—_

4.1 The LNG at the delivery (pgint shall conform with the characteristics and limits given in Taple
when tested|in accordance with'the specified methods.

The components listedin<Table 1 and Table 2 shall be measured to enable the calculation of the physical
properties gf the LNGat the delivery point.

4.2 The LNG“delivered shall be free from any material at a concentration that causes the LNG fo be
unacceptablefor use, i.e. material not at a concentration that is harmful to personnel, jeopardizes the
safety of the ship, or adversely affects the performance of the machinery.

4.3 Physicochemical characteristics not requiring measurement are listed in Table 3.

It is not practical to require detailed chemical analysis for each delivery of fuels beyond the
requirements listed in Table 1 or Table 2. Instead, a liquefaction plant, LNG terminal or any other supply
facility, including supply barges and truck deliveries, shall have in place adequate quality assurance
and management of change procedures to ensure that the resultant LNG is in conformance with the
requirements of this document.

Examples of LNG compositions are given in Annex B.

Information on ageing of LNG can be found in Annex D and information on particles can be found in
Annex E.

2 © IS0 2020 - All rights reserved
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4.4 The reference conditions shall be 288,15 K, 101,325 kPa (see ISO 13443:1996, Clause 3) in the
gaseous phase.

5 Sampling

Samples for quality verification are not mandatory but can be taken at various locations as agreed
among the parties concerned. Samples, if any, can also be taken at multiple moments in time, as LNG
has distinct different ageing characteristics than traditional hydrocarbon maritime fuels (with regards
to ageing reference is made to Annex D). In order to ensure a representative sample, proper sampling
procedures should be followed.

Wheph sampling of LNG for analysis is carried out, it shall be in accordance with the|procedures
provjded in ISO 8943 or an equivalent national standard agreed between the parties concefned. Where
specific sampling requirements are documented, the relevant parties should agree-on the reference
test methods. The LNG collected in liquid state shall be instantly conditioned togaseous state without
any partial vaporization or loss of molecular components to ensure a representative samplg.

Therg are two methods for sampling LNG as defined in ISO 8943, contifivous and intermittent. Both
metHods obtain LNG from the LNG cargo/bunker line and then it is)gasified in a vaporizer. The
contjnuous method collects the gasified LNG in a sample holder dt a constant flow ratg for offline
analysis. The intermittent method collects gasified LNG and directs it to an on-line |analyzer at
predetermined intervals. Please refer to ISO 8943 for more detdils on these methods.

The [requirements for sampling LNG for marine applications can vary throughout the industry,
depejnding on availability and equipment. Load port samiples can be used for quality determination if
the sampling equipment is not available and if it is agre€d between the parties.

6 Requirements, limit values and related test methods

The fomponents and physicochemical characteristics that shall be measured or calculat¢d using the
relatpd test methods are given in Table:Xand Table 2.

NOTH Information can be found in ISO 6975[11.

Inforjmation on MN and Wobbé index can be found in Annex C.

Table 1 — Physicochemical characteristics requiring measurement/calculation with limit values

Characteristic Unit Limit Value Test method
Net Qalorific Value{NCV) M]/m3 (s) Min 33,62 ISO 6976
Nitrggen % (mol) Max 1,0 150 6974 (4l parts)
Methane-Number (MN) no unit Min b m](gs%ﬂ)\larllg%n;c}(
a aledlated for a theoretical mixture of 99 % (mol) methane and 1 % (mol) nitrogen in liguil phase. The
Gross Calorific Value can be calculated from the Net Calorific Value (see ISO 13443:1996).
b Both the method used for determining the MN and the minimum value shall be agreed between supplier and user.

The fuel supplier shall calculate the actual MN at the delivery point and provide this information to the
user (see Clause 5 for sampling location). This information shall be given as MN (pg;y or MN (g 16726):
For guidance on the MN applicability to a specific application, Original Equipment Manufacturer (OE
specifications should be considered.

© IS0 2020 - All rights reserved 3
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Table 2 — Physicochemical characteristics requiring measurement without limit values

Characteristic Unit Test method Value
Density? kg/m3 ISO 6578 Report
Methane (CHy) % (mol) ISO 6974 (all parts) Report
Ethane (C,H) % (mol) ISO 6974 (all parts) Report
Propane (C3Hg) % (mol) ISO 6974 (all parts) Report
ir:gBulfcganr;e (C4H10) % (mol) I1SO 6974 (all parts) Report
Pentane(C5Hy,) % (mol) ISO 6974 (all parts) Report
a  Density af temperature of the liquid phase.

7 Main ¢ompounds removed by liquefaction process

Natural gas|is liquid at around -160 °C under atmospheric pressure and becomes Diquefied Nafural
Gas (LNG).|To avoid freezing and plugging in the liquefaction plant's cryogenic¢ heat exchangers,
usual impuiities or compounds that are present in the natural gas from variéussources are removed
upstream frjom the liquefaction process below their solubility level. Some LNG components (e.g. ethane,
propane, butane and pentane) are possibly removed for commercial reasons or to achieve a targeted

calorific valfie range.

LNG compogition is therefore within more narrow limits compated to natural gas. The compounds
that can be |considered as harmful for marine applications are removed or reduced to very low levels
(trace) so that they are no more a concern. They shall comply.with 4.2. The main compounds removed
by liquefactiion are listed in Table 3 and below for information and reference. The measurement of
these specigs is not required. However, if the parties concerned agree to measure them, they shoulld be
measured agcording to the referenced methods listed.inTable 3.

The meltingjand boiling points for a range of comppunds, including those possibly presentin biomethane,

are availabl¢ in Table F.1.

© IS0 2020 - All rights reserved
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Table 3 — Main compounds removed by liquefaction and not requiring measurement

Solubility limit
- . in LNG (around | Typical value out
Characteristic Unit Test method ~160 °C, atm. of LNG plant Remarks
Pressure)
Hexane and % (mol) ISO 6974 (all n.a. n.a n.a
higher parts)
hydrocarbons
Total sulfur mg(S)/m3 1SO 1973912l (n.a.) Max 30 mg(S)/m3 | Depends on LNG
6 (gas) contracts. Actual
150 20729101 vatuewery often
muc¢h lower.
Hydrogen sulfide mg/m3 1SO 19739 n.a 4,29 mg/m3 (N) Removed in Acid
Gas Regmoval Unit
(AGRUYin liquefac-
tion plant for safety
purposes.
Mergaptan mg/m3 [SO 19739 Depends on size na Removefd in AGRU or
of molecule in heavly hydrocar-
bon removal unit in
liquefaction plant.
Carbon dioxide % (mol) ISO 6974 (all | Around 0,02 % 0,005 % (mol) Removed in AGRU in
parts) (mol) liquefalction plant.
Oxygen % (mol) ISO 6974 (all n.a. n.a. Removed in
parts) liquefdction plant
Watgr mg/m3 1SO 10101[31 | Below’0,74 mg/ 0,74 mg/m3 or Removed in
m3 below dehydration unit in
liquefdction plant
Merdury pg/m3 1SO 6978-2{2] n.a. 0,01 pg/m3 Removed in
liquefdction plant
NOTE See Annex F for components in low congentration or absent, e.g. siloxanes.

n.a. Notavailable.

© IS0 2020 - All rights reserved
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Annex A
(normative)

Propane knock index: Methane number calculation method

The MN of a gaseous fuel can be calculated from its composition according to several different methods,
all of which can give different results. The methodology described in this Annex shall be employed to

calculate M]
For compon

DNV GL®1

based on th
methane-pr
compared tq

To calculate

PKI=Y
where

X

i =C]

j =G

n =1

m =1,

aand f§

The calculat
Table A.1.

is the (normalized) mole fraction,

N (PKI)-

ents listed in Table 3, the mole fraction can be taken as equal to "0".

developed a MN method (“PKI MN”) that characterizes gases for their kfioek resist
e combustion properties of the fuel mixtures themselves. The PKI MN method is based
ppane scale (PKI, Propane Knock Index)[8] where the knock resistance 6f gas composit

the knock resistance of a methane-propane gas mixture under identical engine condit

the PKI values a polynomial, Formula (A.1) is used:

n nym
X +2ﬁi”*jm XPX1

'14, C2H6’ C3H8’ 1'C4H10, n'C4H10, n'C5H12, 1'C5H12, neO'Csle, COz, CO, HZ and Nz,

to 4;
2;
values are given in Table A.2.

ion is valid for PK{values <20 (or MN (pg;)2 53, see below) and the gas composition ran

Table A.1 — Gas composition range

Species Min, mol % Max, mol %
CH, 65 100
L2“6 U ZU
C3Hg 0 20
i-C4Hqo 0 5
n-C,4Hy, 0 5
n-CgHy, 0 2
i-CsHy, 0 2
neo-CsHy, 0 2
Ce+ 0 1,5
H, 0 20

ance

ona
onis
ions.

(A1)

ge in

1) DNV GL is a trademark of DNV GL AS. This information is given for the convenience of users of this document

and does not

6

constitute an endorsement by ISO.
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Table A.1 (continued)

Species Min, mol % Max, mol %
Cco 0 10
co, 0 20
N, 0 20
H,S 0 0,5

IS0 23306:2020(E)

To account for the presence of C4+ and H,S in the gas mixture scaling factors are derived based on
autoignition measurements in a rapid compression machine at DNV GL®1)., These scaling factors are

d' £k 1 aitlogan £ o oo losao 1 foot o€ C J 11 C o 10 | iak £
usedrif—tie ATgUTTCIT O T AT STAatC T CIIC e T OT G diTa 110 UTT CHIC RITOCTR T ESTS tatte—oTa

as mixture

to arj equivalent fraction of n-CgH;,. The factors are used to correct the methane andi-pgntane mole

fractiions as in Formulae (A.2) and (A.3).
—0,3xX,

X

(CH4,new = XCH4ingasmixture

nCS5H12,new — nC5H12in gasmixture

6+

+Xpps +1,3%XX 6,

(A.2)

(A.3)

Where X denotes the mole fraction. Here we note that the results of‘the algorithm are only valid if the
totallmole percentages of the gas mixture is 100 %.

Table A.2 — a and f coefficients.in-Formula (A.1)

Coefficient Value Description
cna 569,285 5361016 002 0 CH,
Acry? ~650,854'339 490 7 CH,"2
ey’ 64,359,575 257 386 2 CH,"3
“(CHL)4 17,214 959 222 053 6 CHy "4
eals £645,099 966 662 855 0 C,H,
a(c2H6)2 694,229 376 857 102 0 C,Hg"2
A(catie)’ -675,381 075 231 165 0 C,Hg"3
Xcahiey* 1474,790 791 373 33 C,Hy 4
®eals 499,398 492 651 52 C3Hg
A(cahiey’ ~576,665 945 472 394 0 C3Hg"2
A(cahe)® 252,193 674 060 28 C3Hg"3
A(cshey 593,958 975 466 507 0 C;Hg 4
A c4H10 934,466 273 223 2400 N_C,
A danro? -86,872 357 077 023 8 N_C,"2
a(n-(4H10)3 -20 418,906 767 397 9 N_C,"3
Ay-canio) 633286,561 3585210 N_C,™%
@igo-canto 735,223 884 113 728 0 1.C,
“(iso-c4H10)2 -3182,614 393 379 67 [_.Cy"2
a(iso-C4—H10)3 20 945,186 7250219 [_C4"3
a(iso-C4H10)4 159 067,868 032 595 0 [_.C,"4
@, csniz 2 571,930 793 605 35 N_Cs
An-csH12)2 10 516,494 109 227 50 N_C:"2
An-csH12)> ~770 539,377 197 693 N_C:"3
Apn.csniz) 28 633 475,586 565 4 N_C:"4
®igo-C5H1Z -3 582,967 844 353 79 1.Cq
X (iso-C5H12) 0 [ Cs"2

© IS0 2020 - All rights reserved
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Table A.2 (continued)

Coefficient Value Description
X(s0-CH12)° 403 155,950 864 334 1.C5"3
Xs0-cn12)* ~11917 333,837 932 9 1_CsM
®po0.coH12 1123,396 367 098 65 NEC;
X(neo-C5H12)> 1 679,728 075 248 10 NEC.2
A(neo-csH12)> -172 182,649 067 176 NEC.3
A(neo-csH1z) 3467 918,607 466 990 NEC 4
ay, 469,428-097 827 742 N
a2y 352,688 107 288 763 N2 AV
Az’ ~220,491 687 402 358 N3 Y
Azt 1419,680 053 962 420 N0

—
Acor ~953,460 328 339 263 R
A(coz)’ 1 148,487 258 682 280 00,72
Acoz)® ~601,339 855 375 907 .- 00,"3
Acon’ 448,125 565 457 084 ST con
aco -5813,759 963 900 21 & co
A(co)? 5511,721 025 828 67 oV C0"2
Aco)’ 1647,043 06584326 co"3
Acopt -3471,241 52555425 , © CO74
ay, ~906,859 878 136 883" H,
Az 1059,747 810 140:28 H,"2
Az’ -1302,861 581498 63 H,3
Az 3 639,859493 045 20 H, 4
Benaxcaue 201,788'909 592 169 CH,*C,H,
Bena -cans -865/856 657 223 225 CH,*C4Hg
Bt on-canid \51210,227 541932 4 CH,*N_C,
B(ciia en-canip) () 1331,555 523 696 450 (CH,*N_C,)"2
Bena iso-canko A7 -10232781474703 CH,*I_C,
Bica x iso-cafi10)> Rt 1 550,095 184 612 58 (CH4*I_C4)"2
Beta x n-csnib a2 ~2 811,677 404 325 23 CH4*N_C5
Beta xiso.csH12 & 3363,981 505 063 56 CH4*1_C5
Bettaxneo-cshiz  <)° ~1 534,525 674 887 23 CH4*NEC5
Bt <Nz N ~1,053 973 329 306 09 CH4*N2
Benaxcoz | o> 473,574 764 109 71 CH4*C02
Bcna x coz)z — =308;259 01022921 (CHF*CO2)*2
Bena x co 5 356,433 570 549 5 CH4*CO
Bena x 12 118,685 621 913 274 CHA4*H2
Behia x (n2)> 252,885 168 496 247 CH4*(H2/2)
Bichay? x 2 325,305 174 695 724 (CH4"2)*H2
Bcane x c3us 0 C2H6*C3H8
Beame x n-can10 ~437,695 363 730 406 C2H6*N_C4
Beame x iso-CaH10 ~109,983 789 902 769 C2H6*_C4
Bc2me x n-csH12 ~1870,347 465 005 63 C2H6*N_C5
Beame x iso-C5H1Z 3909,509 060 762 45 C2H6*1_C5
Bc2m6 x neo-CSH1Z ~886,578 525 827 322 C2H6*NECS

© IS0 2020 - All rights reserved
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Coefficient Value Description
Beatie x N2 968,887 620 927 515 C2H6*N2
Bicane)® x N2 267,472 766 191 96 (C2H62)*N2
Bcane x (N2) 337,464 863 958 288 C2H6*(N2/2)
Beanie x coz 1431,950 116 993 15 C2H6*CO2
Bearie x co 6 463,144 442 956 27 C2H6*CO
Bearie x 12 1 865,090 903 843 57 C2H6*H2
e — 118,490-180-716-056 EIHSAN-C
BcaHi x iso-can10 0 C3H8A*J';%;)
Bl x n.csH12 -1734,805 682 394 27 C3H8*N_C3
Besb x (n-csH12)> 127 551,642 193 201 C3H8*(N_C5/2)
Bicsie)? x n-csniz 11 318,418 395 072 2 _ (C3H8"2)*N_f5
Bestb x iso-C5H12 3318,968 208 193 38 . /" C3HB8*LC5
Bc3Hi x neo-c5H12 0 C3H8*NECSH
Beans x N2 13,345 337 812 469 C3H8*N2
Bests x coz 292,275 289330 565 < C3H8*CO2
Bestb x co 5 403,502 607 948 297 C3H8*CO
Bicsie)? x co 2333,823 463 42921 (C3H8"2)*CD
Beanls x 12 957,887 281 487 301 C3H8*H2
Bor-cAt10 x iso.-caH10 3500,702 828 522 74 N_C4*1_C4
Bor-cAri10 x n.csH12 ~4737,328494 949 99 N_C4*N_C5
Ba-cdiito x (n-csn12)? 525 531,310 711 326 NC4*(NC5~2)
Bn-dati10)?  n-csH12 297556,039 242 685 (NC4~2)*NCE
Bor-cAii10 x iso-csH12 ..(6095,059 988 750 87 N_C4*1_C5
Bor-cAH10 x neo-C5H12 " -953,002 183 779 388 N_C4*NECH
Bn-cdnio x N2 0 N_C4*N2
Bo-chiito x coz ~103,571 484 346 062 N_C4*C02
Bo-cauio x co A" 5 869,190 506 527 74 N_C4*CO
Bor-cAuito x 2 O 1 267,619 534 835 89 N_C4*H2
Biso-b4n10 x n-csniz < 5056,603 091 637 61 I_C4*N_C5
Bico ka0 x iso.canta— 6 619,278 776 370 44 1_C4*1_C5
Biso-L4110 x nebeChH12 -1363,961 016 448 41 I_C4*NEC5
Biso-ban1o 14,803 895 799 972 4 1_C4*N2
Biso-Latian coz 211,752 602 673 394 1_C4*C02
ﬁiso-CM-;IO % CO 578%6,325257 17488 T€4*CO
Biso.CAH10 x H2 1458,460 720 431 54 1_C4*H2
Bor-CSH12 x iso.CSH12 12 268,283 772 748 N_C5*I_C5
Br-c5H12 x neo-C5H12 0 N_C5*NEC5
Bo-csH12 x N2 -1 573,688 937 706 25 N_C5*N2
Bo.c5H12 x CO2 -898,466 856 535 774 N_C5*C02
Bin-csuiz)? x coz ~42 401,411 139 182 4 (N_C5%2)*C02
Bo-csiiz x co 3985,110 420 511 03 N_C5*CO
Bin-csuiz)?  co 48 265,319 103 373 7 (N_C572)*CO
Bo-csH1z2 x H2 ~1112,443 527 705 6 N_C5*H2

2
B(n-CSHlZ) x H2

99 558,333 341 943 2

(N_C5"2)*H2
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Table A.2 (continued)

Coefficient Value Description
Biso-C5H12 x neo.-CSH12 3773,449 267 853 97 I_C5*NEC5
Biso-c5H12 x N2 4 490,678 300 326 75 1_C5*N2
Biso-csH12 x CO2 5122,009 935 455 09 1_C5*C02
Biiso-csu12)® x coz -28 087,848 186 432 6 (I_C572)*C02
Biso-c5H12 x CO 10 248,340 825 423 2 [_C5*CO
Biso-c5H12 x H2 5 464,934 669 232 21 I_C5*H2
Breo-C5H12 x T2 642-170-828-416-611 NECSEN2
Bueo-csH12 x £02 0 NEC5*C02
Baeo-csizy] x coz -11 320,112 689 948 1 (NEC572)*CO2
PBreo-c5H12 x tO 4772,677 301 186 82 NEC5%€@
Bueo-c5H12 x iz 0 NEE5*H2
Bn2 x coz 1156,200 327 160 21 N2*C02
Bnz)% « coz 359,342 203 118 816 (N272)*C02
Bn2 x co 6 076,818 092 916 31 N2*CO
Binz)® x co 389,853 153 629 781 (N212)*CO
Bz x (CO)Z 367,319 351 280 689 N2*(CO"2)
B x 12 1 506,655 641 914 57 N2*H2
Bcoz x co 6 557,376 349 418 7 C02*Co
Bicoz x co)® 1 824,585 879 374 03 (Co2*Cco)n2
Bcoz x 1z 1924,917 595 080:54 CO2*H2
B(coz « n2)? -1 656,219 745,263 47 (CO2*H2)"2
Bco x H2 6 896,458388 070 18 CO*H2
Bico x u2)* 911,791'848 875 967 (CO*H2)"2

To put the npethod on a scale analogous to‘the currently used methane number methods, the prof

based scale (PKI) has been converted t6:a0 - 100 scale, referred to as MN (pgyin Formula (A.4):

MN (pxnyE a4 PKI+ ay PKI"2+ a3 PKI*3+ a, PKI“4+ a5 PKI5+ az PKI"6+b

ane-

(A4)

By using Fofmula (A.4) and &he coefficients presented in Table A.3, the PKI values calculated by using
Formula (A.]) are converted’to a MN (p).

Table A.3. coefficients in Formula (A.4) for conversion of PKI into MN (pky,

EXAMPLE

Coefficients Values
a, -9,757 977
a, 1,484 961
as -0,139 533
a, 0,007 031 306
as -0,000177 0029
ag 0,000 001 751 212
b 100

In general, a values are for the individual components and S values are for the interaction between individual

components.

10
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For example, if we consider a mixture of 90 % CH, and 10 % C,H, then the PKI can be calculated using

Formula (A.1) in the document.
XCH4 = 0,9
Xcone = 0,1

PKI = {caf*acm ; (Xcm)’\zi(‘icm)z +(4XCH4)A3**(QCH4>23 +(Xona) "4 (@cna)* + Xcane™@come + Kezme)"2*(@cane)® +
(Xc2n6)"3*(ac2n6)”® + (Keane) 4 (@cone)* + Xena™Xcane " Penaxcaus =

(see also values in Table A.2)

0,9*569,285 536 016 002 0 + (09*09)* -650,854 339 490 7 + (0,9*09*09)* 64,359 575 257 386 2 +
(0,9**,9*0,9*0,9)* 17,214 959 222 053 6+ 0,1*-645,099 966 662 855 0 + (0,1*0,1)* 694,229 376|857 102 0 +
(0,1*¢,1*0,1)* -675,381 075 231 165 0 + (0,1*0,1*0,1*0,1)* 1 474,790 791 373 33 +

0,1*¥0]9*201,788 909 592 169 = 3,4

Thus| a PKI value of 3,4 is calculated for this mixture.

Nextfusing Formula (A.4), we can calculate the MN (py ) using the values from Table A.3:
MN (fxn=a_1 PKl+a_2 PKI"2+a_3 PKI"3+a_4 PKI"4+a_5 PKI"5+a_6 PKI"6+b

=-9,757 977*3,4 + 1,484 961%(3,4*3,4) + -0,139 533*(3,4*3,4*34)+ 0,007 031 306%(3,4*3|4*3,4%34) +
~0,0q0 177 002 9*(3,4*3,4*3,4*3,4*3,4) + 0,000 001 751 212*(3,4*3,4¥3)4*3,4*3 4*3 4) + 100 = 79

Pleask note that 0,9*0,9 is mathematically equal to (0,9)2. In Formula (A.1), this is shown as (for efample in this

© IS0 2020 - All rights reserved 11
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The exampl

Annex B
(informative)

Examples of LNG composition

es given in Table B.1 of LNG composition are given by GIIGNL (International Group of LNG

Importers) in its annual report[?l. They are only coming from fossil sources. The data have last been

updated in

2012. The average composition is chosen as being representative among compesifions

reported by| the different receiving terminals. Additional information on the energy quantity of| LNG

can be found in the GIIGNL LNG Custody Transfer Handbook!€l.

Columns ha
index in the

12

ve been added for Methane Number, Net Calorific Value, Gross Calorific Value and Wobbe
[SO reference conditions. The column on the expansion ratio was remoyed:

© IS0 2020 - All rights reserved
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Annex C
(informative)

Methane number (knock resistance) and Wobbe index (thermal

input through a restriction)

C1

The {
as ity
num
non-

Orig
meas

Methane number

bility of a fuel to resist engine knock for given conditions in the cylinder of an engine i
knock resistance. The knock resistance for a gaseous fuel is usually characterized usin
per. The knock resistance of the fuel is an important parameter for engine,operation; th
knocking power output of many marine engine types can depend on thé ) methane num

nally, the methane number was derived in analogy with the octane'number for gas
ure for the specific knock intensity in a reference engine. The ‘knock intensity for a

compared to a mixture of reference fuels. For the methane number, pure methane was 4§

valug

Ther
meth
over
betwf
vs. 14
and 1
and 4

NOTH

C.2

 of "100", while pure hydrogen was assigned the value of 0%

e are several calculation tools for determining the methane number, which often g
ane numbers for the same fuel composition. The same method can for some gas c
bstimate the methane number and for other gas.€ompositions underestimate it. The
een the tools reflect different engine conditions for which the tools are intended (e.g., st
an-burn) and differences in how the methane'humbers are derived from experiment
heoretical data. This results in different.approaches for how the effects of higher hy
heir isomers, as well as the impact of in€pt gases, are incorporated in the tools.

In EN 16726:2015, the MWM method has been used to calculate the Methane Number.

Wobbe index

While the net calorific value/(NCV) is important for characterizing LNG for reciprocat

natu
pres

The
dens

Fal gas for other end‘use equipment (e.g. boiler) is characterized by the Wobbe index.
bure drop, the heatinput to such end-use equipment is proportional to the Wobbe inde

bross Wobbejihdex is the gross calorific value (GCV) divided by the square root of
ity (d) of the-fuel as shown in Formula (C.1):

grossWi =GCV/\/E

5 referred to
g a methane
e maximum
ber.

oline; it is a
piven fuel is
ssigned the

ve different
bmpositions

differences
bichiometric
hl, empirical
rdrocarbons

ng engines,
At constant
K.

the relative

(C.1)

Whilethe metiranme Tumber decreases, amd the Wobbe imdex increases, withram increasing fraction of
higher hydrocarbons (ethane, propane, butanes, etc.), the methane number, which depends upon the
detailed composition of the fuel, is not reliably predicted by the Wobbe index. For LNG compositions,
the methane number can vary by 5-10 points for fuels having similar Wobbe index, as illustrated in
Figure C.1, below, showing the methane number for the 2018 GIIGNL list as a function of Wobbe index.

NOTE The different methods to calculate the methane number show similar results when plotted vs. Wobbe
index; the results shown reflect the MWM method.

Since specifications for MN are given to whole numbers, using a correlation with Wobbe index does not
possess enough predictive power for this purpose.
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Figure C.1 — Methane number plotted vs. Wobbe index

51,5 52 52,5 53 53,5

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=851c8f448ba3ec5510a93d3f8d276149

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General requirements
	5 Sampling
	6 Requirements, limit values and related test methods
	7 Main compounds removed by liquefaction process
	Annex A (normative)  Propane knock index: Methane number calculation method
	Annex B (informative)  Examples of LNG composition
	Annex C (informative)  Methane number (knock resistance) and Wobbe index (thermal input through a restriction)
	Annex D (informative)  LNG ageing along the bunkering chain
	Annex E (informative)  Particles
	Annex F (informative)  Melting and boiling points of pure components and impurities that can be present in different LNG
	Bibliography

