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CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE
Fuel Specifications and Labeling of Natural Gas
CCR Title 4, New Sections 4192.1 and 4192.2; and Sections 4206 and 4207
April 8, 2025
FINAL TEXT OF THE REGUALTION

Proposed additions are underlined.

Proposed deletions are struck-through.

Chapter 6. Automotive Products Specifications

. Article 10. Specifications — Natural Gas

Section 4192.1. Definitions.

(a) The following are varieties of natural gas as defined in Business and Professions
Code Division 5, Section 13400 (b)(10):

(1) “Compressed Natural Gas” or “CNG” is natural gas that has been compressed
“after processing for storage or transportation purposes.

(2) “Liguefied Natural Gas” or “LNG” is natural gas that has been liquefied after
processing for storage or transportation purposes.

(b) The following term defines a variety of natural gas, distinct from subdivision (a), and
determined by the secretary to be an alternative motor vehicle fuel in accordance with
'Business and Professions Code Division 5, Section 13400 (b)(12):

(1) “Compressed Natural Gas — Hvd‘roqen Blend” or “CNG — Hydrogen Blend” is a
blend of natural gas and hydrogen, such that the total hydrogen exceeds 0.3 volume
percent, that has been compressed after processing for storage or transportation

purposes.

Credits

NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440 and 13446, Business and
Professions Code. Reference: Sections 13400, 13404, 13440, 13441 and 13446,
Business and Professions Code. ’
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Section 4192.2. Specifications — Natural Gas. _

(a) Compressed Natural Gas shall meet the fuel specification adopted in the California
Code of Regulations Title 13, Section 2292.5. _
‘ (1) If California Code of Requlations Title 13, Section 2292.5 is repealed or modified
to be less or equally stringent than the latest specification set forth in ASTM
International Standard Specification D8080, then Compressed Natural Gas shall

meet the latest spemﬁcatlon set forth in ASTM International Standard Specification
D8080.

(b) Liquefied Natural Gas shall meet the Iatest specification set forth in ASTM
International Standard Specification D8080.

(c) Compressed Natural Gas — Hydrogen Blend shall meet the Iétest specification set
forth in ASTM International Standard Specification D8487.

Credits

NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440 and 13446, Business and
Professions Code. Reference: Sections 13400, 13404, 13440, 13441 and 13446,
Business and Professions Code.

Chapter 7. Advertising and Labeling of Gasoline and Other Motor Vehicle .Fuels

Section 4206 .-Bispenser Labeling Requirements for-Compressed-Natural-Gas-and
Liguefied-Natural-Gas Natural Gas.
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(a) Notwithstanding any other labels required by California law, the following labels shall

be displayed in a conspicuous, legible, and indelibly marked manner on each customer-
facing side of the dispenser:

(1) The natural gas fuel rating label meeting the retail sale requirements of the Federa!
Trade Commission in accordance with:

- (A) 16 CFR Part 309 “Labeling Requirements for Alfernative Fuels and Alternative
Fueled Vehicles,” for Compressed Natural Gas and Compressed Natural Gas —
Hydrogen Blend: or '
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(B) 16 CFR Part 306 “Automotive Fuel Ratings, Certification and Posting,” for

Liquefied Natural Gas.

(2) In accordance with Business and Professions Code Section 13480, and meéting

size and height requirements therein, the product name label shall be either:

(A) “Compressed Natural Gas” or “CNG” for Compressed Natural Gas; or

(B) “Liguified Natural Gas” or “LNG” for Liquified Natural Gas; or

(C) “Compressed Natural Gas — Hydrogen Blend” or “CNG — Hydrogen Blend” for

Compressed Natural Gas — Hydrogen Blend.

(3) In accordance with Business and Professions Code Section 13480, and meeting

size and height requirements therein, the fuel grade designation label shall be either:

(A) the calculated methane number (MNc) as “MN¢ 65" or “MNc 75” which

corresponds with the applicable fuel grades described and determined by ASTM
International Standard Specification D8080 for Compressed Natural Gas and
Liquefied Natural Gas: or

(B) the calculated methane number (MNc¢) and hydrogen (H) limit as “MN¢ 65 H10”

cor “MNc 75 H10” which corresponds with the applicable fuel grades described and
determined by ASTM International Standard Specification D8487 for Compressed
Natural Gas — Hydrogen Blend.

(4) The equivalent c'onversion factor statement iabel printed in Helvetica Black or Arial

Bold font type with a cap height of no less than one-quarter inch shall read either:

_(A) “1 Gasoline Gallon Equivalent (GGE) equals 5.66 Ib of Compressed Natural

Gas” for Compressed Natural Gas and Compressed Natural Gas — Hydrogen Blend:
or

(B) “1 Diesel Gallon Equivalent (DGE) equals 6.06 |b of Liquefied Natural Gas” for

- Liquefied Natural Gas.

Pana 5 nf 6



Credits

NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440, 13446 and 13480,
Business and Professions Code. Reference: Sections 13400, 13404, 13440, 13446,
13454-143470,-4347443473-143474 13480; and 13484 1353413532-and-13536;
Business and Professions Code.

Section 4207. Additional Dispenser Labeling Requirements for Liquefied Natural Gas
and Compressed Natural Gas. [Repealed]

Credits :

NOTE: Authority cited: Sections 12027 and 13480, Business and Professibns Code. |
Reference: Sections 12026, 13400, 13480, 13590 and 13591, Business and
Professions Code.
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Annex A
{normative)

Calculation of methane number of gaseous fuels for engines

A.1 Introduction

The methane number of a gaseods fuel can be calculated from its composition according to several
different methods, all of which can give different results. For the purposes of compliance with this
European standard the methodology described in this Annex shall be employed.

The method is based on the original data of the research program performed by AVL Deutschland
GmbH /17 for FVV (the Research Assoclation for Combustion Engines) but employs amendments
implemented in 2005 and 2011 by MWM GmbH. These amendments have been unpublished until the
publication of this European standard.

The methed requires input of composition in the form of volume fractions at reference conditions of
0 °C and 101,325 kPa and expressed as a percentage. Composition Is more likely to be available either
as mole fraction (e.g. in the natural gas transmission and distribution Industry) or as mass fraction (e.g.
in the automotive fuel industry) and conversion to volume fraction shall be performed using the
methods in SO 14912, ‘

Numerical examples are provided so as to enable software developers to validate Implementations of
the methodology described in this annex. As an aid to validation a relatively large numwber of decimal
places. has been retained. For expression of the final result rounding to zero decimal points is
recommended.

A.2 Calculation of methane number

A2.1 Applicability

The method described in this Buropean Standard is applicable to gaseous fuels comprising the following
gases: carbon monoxide; butadiene; butylene; ethylene; propylene; hydrogen sulphide; hydrogen;
propane; ethane; butane; methane; nitrogen and carbon dioxide. The method treats hydrocarbons other
than those specified as butane and is therefore applicable to gaseous fuels containing such higher
hydrocarbons,

The numerical examples provided in this annex are appropriate to gases of the second famlly and hence
consider mixtures comprising methane, ethane, propane, butane, nitrogen and carbon dioxide,
Hydrogen is also included in one example because of the growing Interest in injection of hydrogen into

gas pipelines. During the preparation of this standard MWM GmbH has confirmed that the mathod is
applicable to both 2l and 2L gases.

Oxygen and water vapour shall be Ignored and the fuel gas composition shall be calculated on a dry,

- oxygen-free hasis.

A.2.2 General approach

The methane number of a gaseous fuel is calculated from its composition In five steps. The steps are
outlined below and discussed more fully in turn in A.3. Additional examples are discussed in A4 and
AS. Table A.10 provides results of calculations for further software validation purposes.
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a) The composition of the gaseous fuel is simplified by converting it into an inert-free mixture
comprising the combustible compounds carbon monoxide, ethylene, propylene, hydu ogen sulphide, -
hydrogen, propane, ethane, butane amd methanc

For gases of the second family couveyed in pipeline systems carbon monoxide, ethylene, propylene,
hydrogen sulphide are unlikely to be present at concentrations that would impact on methane number
and can be ignored.

b) The simplified mixiture is sub-divided further into a number of partial ternary mixtures. The
number and particular partial ternary mixtures chosen is decided by inspection of available ternary
systems in a piven order, including those systems that contain the relevant combustible
compounds, Selection is ceased when all combustible compounds are contained in at least two
ternary systems.

¢) The composition and fraction of the selected partial mixtures is adjusted teratively so as to
minimjze the difference between the methane numbers of each partial mixture,

d)} The methane number of the simplified mixture is determined from the weighted average of the
methane number of the selected partial mixtures.

¢)  Finally, the methane member of the gaseous fuel is calculated by correcting the methane number of
the simplified mixture to allow for the presence of inerts in the original fuel gas.

A3 Example 1: 2H-gas

A3.1 Slmphﬁcation of the com9031t1on of the gaseous fuel

The description of the calculation is illustrated by reference to a 2H-gas of composition shown in

Table A.1. The composition of the gas (column 1) is simplified by increasing the quantity of butanes to

allow for the presence of butadiene, butylene, pentanes and hydrocarbons of carbon number greater
than 5. The adjustment made is as follows:

— Butadiene and butylene are replaced with an equivalent amount of butanes by multiplying thelr
quantities by 1.

— Pentanes are replaced with an equivalent amount of butanes by muitiplying the quantity of
peutanes by 2,3.

— Hydrocarbons of carbon number greater than 3 (“hexanest”) are replaced with an equivalent
amount of butanes by multiplying the quantity of hexanes+ by 5,3.

In the case of example 1 the quantity of butanes
=0,2100 + 0,1900 + (0,0400 + 0,0500) x 2,3 + 0,0600 x 5,3

= (,9250 (Column 2)

The simplified mixture is then re-normalized to 100 % (Column 3).

10
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A.3.2 Selection of the ternary systems
A3.2.1 Ternary mixtures

The ternary mixtures are chosen from the following list:
— Al: Methane - Hydrogen - Ethane

~ A2: Propane - Ethane - Butane

— A3: Hydrogen - Propaﬁe - Propylene

— A4: Methane - Ethane - Propane

— A5: Methane ~ Hydrogen - Propane

~  A6: Methane - Hydrogen ~ Butane

~ A7: Metbane - Propane - Butane

— A8: Methane - Ethane - Butane

-— A9: Methane - Ethylene - Butane

— A10:  Methane - Hydrogen Sulphide - Butane
— Al1l:  Methane - Ethéne - Hydrogen Sulphide
~— A12: Methane - Propylene

— A13:  FEthane - Propylene

~— Al4:  Carbon Monoxide - Hydrogen

— Al15:  FEthane - Ethylene

- A16:  Propane - Ethylene

— Al17: Butadiene

— A18: DButylene

NOTE Mixtures A12 - A16 are clearly not ternary systenss; however, for ease of mathematical treatment the
coefficients have baen adjusted so as to allow the expression of the methane number using a single equation.

A.3.2.2 Range of applicability of ternary mixture data

The range of applicabllity of most ternary systems is wide (each component can vary from 0 to 100 %).
However, for some ternary systems there is a reduced range of applicability. This is a major issue when
selecting ternary mixtures. The range of applicability of each ternary system is specified in Table A.2,
expresged as maximum and minimum content of each component,

11
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A3.2.3 Tactors affecting the ternary system selection process

The ternary systems are selected In accaordance with three main considerations:

a) The number of gases in the ternary system that are present in the simplified mixture. Priority is
always given to ternary systems that have all three of their componeots present in the simplified
mixture. Systems with two of their components present in the simplified mixture are acceptable if
insufficient systems with three components present in the simplified mixture are available.

b) Where there is a choice of ternary systems, the syster with the highest Btness, W), takes priority.
¢) Each component in the simplified mixture shall be represented in at least two ternary systems,
Fitness of a system is calculated from the following formula:

i=1 V; min(100,(Vmax;; +15))
- 2 i .

W f (A1)
oy Vsum, '
where
n is the number of components in the simplified mixture
14 is the volume fraction of component { in the simplified mixture
Vmaxy; {s the magimum content of component { for the range of applicabllity of system j
Vsum; is the sum of all maximum contenits of component i for the range of applicability of all systems, L.e.
=18 :
Vsum; = 3" min(100,(Vmax, ; +15)) | | (A2)
=1 ' "

Values of Vsum; are independent of the composition of the simplified mixture. However, W;is dependent
upon the composition of the simplifled mixture and so shall be calculated prior to selection. Note that
this also means that the choice of ternary mixtures may be different for mixtures containing the same
components, but In different proportions.

In the case of example 1, the calculation of Vsuny and W, is shown in Tables A.3 and A4.
A3.2.4 Description of the ternary system selection process
The aim is to identify the optimum number of térnary systems that meet the three criterla described in

A.3.2.3 and this is achieved by consideration of each component present in the simplified mixture tn the
following sequence: ' .

1} Carbon Monoxide
2) Butadiene
3) Butylene
4} Ethylene
5} Propylene
6) Hydrogen Sulphide
7] Hydrogen

12
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8) Propane
9) Ethane
10) Butane
11) Methane

Step 1: For the first component in the simplified mixture, one ternary system that contains that
component Is selected. The priority of selection is as follows:

a) Ternary systems with all three components present {n the simplified mixture have priority over
systems having one or two components present.

b} The ternary mixture with the highest fitness has priority.

Step 2: Consideration is then given to the second component in the simplified mixture. If this
component is not present in the ternary system selected for the first component, then a ternary system
is selected for this component using the same priority of selection as in step 1. If, however, the ternary
system selected for the first component contains the second component, then the selection proceeds for
the third component (step 3).

Step 3: Consideration is then given to third, fourth, fifth, etc. components in the same manner as Steps
1.2 :

Step 4: When all components in the simplified mixture have been examined once, steps 1-3 are
repeated in the same component order. If any component is represented in only one selected ternary
mixture, then an additional ternary mixture is selected, again using the same priority of selectlon as in
step 1.

The selection process ends when all components in the simplified mixture are represented in at least
two ternary systems.

In the case of example 1:

— The first component in the simplified mixture is propune and this Is present in four ternary systems
that have al} their components present in the simplified mixiure — A2, A4, A7 and A8. In this case, Ad is
selected because it hus the largest value of fitness {Le. 10,3138).

— Thesecond component In the simplified mixture is ethane and this is alfeady represented fn system A4,
S0 no ternary mixture is selected.

— The third component of the simplified mixture, butane, is not represented in system A4, so system
selection continues and system A8 is selected because it has the highest value of fitness {10,2859), -

— The fourth component in the simplified mixture is methane and this is already represented in systems
A4 and AB, 50 no ternary mixture Is selected,

— Selection is repeated with the first component in the simplified mixture, propane, and ternary system

A7 is selected because it has the next highest value of fitness (9,6263; system A4 has already been
selected). :

All camponents in the simplified mixture are now represented in at least two of the ternary systems
selected and the selection process ends. The systems selected are therefore: A4, A7 and A8,

13
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A.3.3 Sub-division of the inert-free mixture into the selected partial mixtures

The simplified mixture is divided into the selected partial ternary mixtures, A preliminary division of
the simplified mixture is made by assigning each component equally between the ternary systems in
which it is represented.

In the cuse of example 1, three ternary systems - A4, A7 and A8 - are selected, The preliminary division is
made by assigning: methane equally between A4, A7 and A8; ethane equally between A4 and A8; propane
equally between A4 and A7; and butanes equally between A7 and A8 (Columns 4, 6 and 8).

A.3.4 Calculation of the methane number of the partial mixtures

The methane number of each partial mixture is calculated from the peneral formula
i=7 j=b

Ml =33 (o o'y | (a3)

=0 j:()

Where x and y are the volume fractions of the first and second components in each partial ternary
mixture, expressed as a percentage. In order to calculate the methane number of each partial mixture,
therefore, the composition of each is normalized to 100 %.

In the case of example 1 the composition of each partial mixture Is calculated by renorinalizing to 100 %
(Columns 5, 7 and 9). ' ’ ‘

Table A.2 lists the values of coeflicients a; for the partial ternary systems Al-Als.

In the case of example 1 application of Formula (A.3) for each preliminary composition of partial
mixture results in calculated methane numbers of 76,2489, 77,3777 and 71,9706 for A4, A7 and A8
respectively (Columns 5, 7 and 9).

A.3.5 Adjustment of the composition and fraction of the partial mixtures
The composition and fraction (F) of each partial mixture is adjusted iteratively by varying the quantity

of each component in each partial mixture so as to minimize the difference between the methane
numbers of each partial mixture.

The value to be minimised is therefore:
{MNmax = MNmin),

where MNpyax and MNpyjp, are the maximum and minimuwmn methane numbers for the selected partial
nixtures.

In the case of example 1, three ternary partial mixtures are selected and hence there are nine quantities
to be determined, however four of these may be ebtained by material balance considerations.

N8, methane = Mmethane ~ NA4, methane = ¥A7, methane
N48, ethane = Nethane ~ Na4, ethbane

NA7, propane = Npropane ~ ¥A4, propane

Na8, butane = ¥putane ~ NA7, butane

Whare Necom p Is the quantity of the respective component in partial mixture &

14
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The composition and fraction of each partial mixture is therefore performed by adjustment of five
quantities; the quantities of methane, ethane and propane in A4, and the quantity of methane and butane
in A7,

During adjustment the velume fraction of aliy component by any partial mixture shall be within the
range for which the coefficlents of Formula (A.3) are valid. Table A.2 lists the ranges of validity.

The problem of adjusting the composition and fraction of each partial mixture is therefore a constrained
minimization one and {n principal any appropriate numerical procedure may be employed. For the
examples described in this Annex, the Solver supplied with Microsoft Excel {using default settings)
producss an acceptable solution.

Depending upon the ending criterion of the numerical method employed, slight differences in the value
~of (MNmax ~ MN ) will result in slightly different values of methane nuwaber of the simplified

mixture. In addition, the use of different starting values for the composition and fraction of each partial
mixture will result in slightly different values of methane number of the stmplified mixture. These
differences are within the uncertainties of this method and it is recommended that the final value of
methane umber is rounded to zero decimal places before reporting.

In the case of example 1, the composition and fraction of partial mixtures is provided in Table A5
{Columns 4~ 9). For clarity, the five adjusted quantities are shown in underlined text.

A.3.6 Calculation of the methane number of the simplified mixture
The methane number of the simplified mixture is determinad from the weighted average of the
methane number of the relevant partial ternary mixtures:

b=N

MN'= Y (MN,.F,) ‘ , (A4)
=1

Where

MN' s the methane number of the simplified mixture
MN; 15 the methane nomber of partial mixture ¢

F {4 the fraction of the partial mixture ¢

Ngys  is the number of ternary systems selected

In the case of example 1, this results in a methane number of the simplified mixture of MN' = 74,9018.
A.3.7 Calculation of the methane number of the gaseous fuel

The methane number of the gaseous fuel is calculated by correcting the methane number of the
simplified mixture to allow for the presence of inerts in the original fuel gas:

MN = MN' + M iperts — MNmethane o (A5)

In the original work of AVL/1/MN;y apes is the methane number of a methane-carbon dloxide-nitrogen
mixture having the same inerts content as that of the original mixture. However in the amendinent of
MWM the MNjperts is calculated for a methane-carbon dioxide-nitrogen mixture containing only carbon

dioxide and methane. MNypethane IS calculated for a methane-carbon dioxide-nitrogen mixture
containing pure methane and is equal to 100,0003,

The methane number of the methane-carbon dioxide-nitrogen mixture is calculated using
Formula (A.3). Table A.2 lists the appropriate coefficients (system A20).

15
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In the case of example 1, the methane-carbon dioxide-nitrogen mixture comprises methane (97,8750
volumes, the sum of the volumes of combustible components in the simplified mixture}, nitrogen (1,0400
volumes} and carbon dioxide (1,4600 volumes} (Table A.5, column 10), which is normalized to a nitrogen-
free mixture comprising methane (98,5302 % vol/vol) and carbon dioxide (1,4698 % vol/vol) (Table A.5,
columin 11). Application of Formula (A.3) results in a methans number of MNipepis = 101,4201.

Application of Formula (A.5) results In a methane number of the gaseous fuel of
74,9018 + 101,4201 ~ 100,0003 = 76,33217,

The value of methane number is reported as 76.

A4 Example 2; enriched biomethane

A1 Simplification of the composition of the gaseous fuel

This example illustrates the calculation for a biomethane derived from anaerobic digestion that has
been enriched by addition of propane. The composition is shown in Table A.6.

In the case of example 2 the quantity of butanes
= (L1461 +0,0252 x 2,3 + 0,0000 X 53

= 0,2133 {Column 2}

The simplified mixture is then re-normalized to 100 % (Column 3}.
A4.2 Calculation of fitness of the ternary systems

Application ofFormula 4.1 ) to example 2 results in the values of Wi shown in Table A7,
A.4.3 Selection of ternary mixtures

The first component in the simplified mixture is propane and this is presenti?z ternary systems that have all
their compenents present in the simplified mixture ~ A2, A4, A7 and A8. In thzs case, A7 Is selected becquse
it has the largest vatue of fitness (10,6652).

The second compongmt in the simplified mixture is ethane and this is not represented in system A7, so
system selection continues and system A4 is selected because it has the highest value of fitness (10,638¢).

The third and fourth components of the simplified mixture are represented in system A7 {(butane and
‘methane) and A4 (methane) so the selection process restarts.

The selection process s repeated with the first component in the simplified mixture (propane), which is
already represented in selected systems 44 and 47,

Selection continues with the second component in the simplified mixture (ethane), which is represented in
only one selected system (A4, so system A8 is selected becquse it has the wext hl,ghest value of fitness
(5,0508).

All components of the simplified mixture are represented in at least twe systems and so selection ends. The
systems selected are therefore: A4, A7 and 48.

A.4.4 Calculation of the methane number
After preliminary division of the simpz‘zﬁed mixture the caleulation of methane number according to the
methods in A.3.3 to A3.7 the methane nurber of the gaseous fuel of example 2 is shown in Table 4.5,

Agaln, for clarity, the five adjusted quantities are shown in underlined text. The value of methane number
abtained (69,0336} is reported as 65.

.~
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A.5 Example 3: 2H-gas with hydrogen addition
A.5.1 Simplification of the composition of the gaseous fuel
This example llustrates the calculation for the 2H-gas of composition of example 1 to which hydrogen
has been added. The composition is shown in Table A8,
In the case of example 3 the quantity of butanes
=0,1909 + 01727 + [0,0364 + 0,0455) x 2.3 + 0,0545 x 5,3

= 0,8408 {Column 2)

The simplified mixture is theh re-normalized to 100 % {Column 3).
A.5.2 Calculation of fitness of the ternary systems

Application of Formula (A.1) to example 3 results in the values of W shown in Table A.9.
A.5.3 Selection of ternary mixtures

The first component in the sz‘rizpliﬁed mixture is hydrogen and this is present in ternavy systems that have
all their components present in the simplified mixture - A1, A5 and A6. In this cuse, A1 Is selected because it
has the largest value of fitness {10,5906).

The second component in the simplified mixture is propane and this Is not represented in system A1, so
system selection continues and system A5 is selected because it has the largest value of fitness (9,9921),

The third component in the simplified mixture is ethane and this is already represented in system A1, so no
additional system is selected.

The fourth component i the simplified mixture is butane and this is not represented in the systems already
selected. Syster A6 Is selected hecause it has the largest vatue of fitness {9,9658).

The fifth component of the simplified mixture (methane) is represented in all three of the systems already
selected, so no additional system Is required.

Selection Is repeated with the first component in the simplified mixture (hydrogen) and this is already
represented in systems A1, A5 and A6, so no additional system Is reqeired.

Selection s continued with the second componept in the simplified mixture (propane} and ternwy system
A4 is selected because it has the lurgest value of fitness {9,7749),

The third component In the simplified mixture {ethane) is represented in systems Al and A4, 50 no
additional system is required.

The fourth component in the simplified mixture {butane) Is vepresented in one system {A6) and so system
A8 is selected because it has the next largest value of fitness (7,9495).

All components In the simplified mixture are now represented in at least two of the ternary systems
selected and the selection process ends. The systems selected are therefore: A1, A4, A5, A6 and A8,

A.5.4 Calculation of the methane number

In the case of example 3, five ternary partial mixtures are selected and hence there are 15 quantities to be
determined, however five of these may be obtained hy material balance considerations.

¥A8, methane = ¥methane ~ NA1, methane ~ NA4, methane = N&5, methane ~ VA6, methane

¥ a8, sthane = Nethane = NA1, ethane ~ VA4, ethane

17
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Nas, propane = N propane ~ N4, propane
Nag, butane = Nputane ~ ¥A6, butane
N A6, hydrogen= Mhydrogen™ NAS, hydrogen™ NA1, hydeogen

The composition and fraction of each partial mixture is therefore determined hy adfustment of 10
quantities: the quantities of methane, ethane and hydrogen in Al, the quantitfes of methane, ¢thane and
propane in A4, the quantities of methane and hydrogen in A5 and the quantities of methane and bulane in
A6,

After preliminary division of the simplifled mixture and calculation of methane number according to the
methods in A.3.3 to A.3.7 the methane number of the gaseous fuel of example 3 is shown in Table A.8. For
clarity, the 10 adjusted quantities are shown in underiined text. The value of methane number obtained
{75,695} ts reported as 76. . ’

A5.5 Additlonal numerical examples

Table A.L0 provides the results of calculations for a varisty of compositions for additional software
validaiion purposes.

.~
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Table A.1 — Worked example of methane number calculation (éxample 1) ~ preliminary assignment of partial miztures
1 p) } 3 T 8 | 9
a mix A4 mix A8
Nagi Vagi Vagi

mathane 90,0900 90,0900 920460} 306820 89,7490 30,6820 90,2818
ethans 5,5400 55400} . 56603 2.8301 82785 2,8301 8,3277
propane 1,3200 1,3200 | 1,3487 0.6743 1,9725 0,6743 2,1186

butanes 06,9250 0,9451 04728 11,4846 04725 1,3905
i-butane 0,2100

n-butane 0,1900

i-pentane 0,0400

n-pentane 90,0500

hexanes+ 0,0600

nftrogen 1,0400

carbon dioxide 1,4600

hydrogen 0,0000

ol -7 10Gg000 10056000 | 1000000 ™" 3152851 1000600
cht.ic\'n,» é: ' 0,3419 Bl 0,3183 03398
MK: 76,2489 77,3777 71,9706
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Table A.2 — Componexts, coefficients and their ranges of validity of Formula (A.1) for the ternary partial mixtures

Al A2 A3 A4 A5 A6 A7
x methane propane hydrogen methane methane methane methane
$d hydrogen ethane ‘propane ethane hydrogen hydrogen propane
= ethane butane propylens propane propane butane buntane
a{0, 01 4,3628190E+01 3,0245130E+01 1,862794OB+01 3,3539090E+01 3,4758040E+01 1,2299020E+01 1,0169140E+01
a(1,0) —9,25088708-02 8,5906610E-02 ~1,20358108-01 ~1,0282240E-01 -—5,1949050;8—'01‘ ~7,5182070E-01 4,3666120E-01
a(0,1) -1,0488580E-02 1,4982130E-01 1,0871090E-02 2,0683750E-01 5,47370S0E-02 ~4,510376G0E-01. 3,8170960E-02
a{2,0) 1,6449270E-02 7.3843960E-03 1329801.0E-02 2,3981410E-02 4,4054460E-02 5,1433330E-02 -8,7264540E-02
ja(3.1) ~2,5007730E-03 9,5705040E-03 -1,3050630E-03 3,31613708-03 2,64253108-62 512614708-02 ~7,9478640E-03
a{0.2) ~4,3202740E-03 51369710E-03 1,7985000E03{ —3,5536890E-03 -1,0567810E-02 1,7886300E-02 1,03650108-02
a(3,0) ~3,1191690E-04 -1,0036620E-04 ~1,3018080E-03 |  -9,5847460E-04 -B,7433290E-04 -1,0241590E-03 5.9397950E-03
2(2,1) ~6,0486960E-05 ~2,0203270E-04 29904470805  -24096040E-04 ~1,0846450E-03 . =1,6406520E-03 3,2678860E-04
a(L,2} —~5,3528010E-05 ~4,5802770E-05 8,5613760E-05 3,5418400E-05 ~3,5553270B-04 ~-1,00224008-03 23714910E-04
a(0,3) 6,8507420E-05 -5,6856150E-05 ~2,5836670E-05 5,0018560E-05 2,2897690E-04 ~1,4279120E-041 -1,6152150E-04
a4, 0) 2,1223340E-06 4,127305CE-07 4,1692950E-05 2,0052880E-05 54767420E-06 6,6995630E-06{ -1,8541270E-04
ta(3,1) 2,1993700E-08 1,2511380E-06 2,0011240E-07 3,4585100E-0¢6 1,1309800E-05 1,5661210E-05 ~3,3G85860E-07
a(2,2} 1,21096908-06 3,1147030E-07 ~6,8546460E-07 8,0364540E-07 7,9874880E-06 1,5763060E-05 -4 97S8630E-06 |
a(1.3} 2,9706580E-07 ~3,1401570E-07 -6,2626130E-07 |  —4,3338760E-07 7AB60850E-07 §. 5,2498880E-06 | ~8,7822910E-07
a{0, 4} -6,713B8020E-07 2,40394808-07 1,1987890E-07 | -2,5042560E-07 =1,63402408-06 0,0000000E+0C 7,7408400E-07
a5, 0} 0,0000000E+00 ©0,0000000E+00 -69526380E-07 | ~2,1154170E-07 0,0000000E+00 0,0000000E+00 2,9565980E-06
a6, 0) 0,0000000E+00 0,0000000E+00 5,7989840E-09 9,0540200E-16 0,0000000E+00 0,0000006E+00 -2,3370740E-08
a(7, 0) 0,06000008+00 0,0000000E+00 -19133740E-11 0,8CH0000E+00 0,0000000E+00 0,00000G0E+00 7.32234B0E-11
a{0,5) 0,0000000E+00 0,0000000E+00 3,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00
a0, 6} 0,0000000E+00 0,0000000E+00 0,0000006E+00 0,0000D00E+00 | 0,0000000E+00 " 0,0000000E+00 0,0000000E+00
x{max), % vol/vol 100,0 100,0 100,0 100,0 100,0 100,014 100,0
x(min), % vol/vol 0.0 0,0 0,0 0,0 0,0 0,0 0.0
y{max), % voifvol 100,0 10090 1000 160,0 160,0 100,0 100,0
y{min), % vol/vol 0,0 00 0.0 0,0 0.0 00 R
z{max), % voi/vol 100,0 100,0 100,0 100,0 100,06 1000 100,0
z{min), % vol/vol 0,0 0.6 0.0 6,0 0.0 0,0 Q.0
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A8 A% Al0 AlL Al2 Al3 . Als
x: methane methane methane methane methane ethane carbop moenoxide
» ethane ethylene hydrogen sulphide ethane propylene propylene &sydrogen
z butane butane butane hydrogen sulphide )
2{0,0) 1,0777610E+01 ~1,24085708+05 1,8388506E+05 -1,1788466E+05 5,9095515E+01 3,1550700E+01 0,0000000E+00
a(1,0) 1,6474900E-01 1,1938458E+04 ~1,53267T3E+04 1,1251043E+04 1,0602705E-01 7,97494008-02 1.50C0000E+00
(0,1} ~1,4050070E-01 ~1,9962282E+02 ~1,4160386E+01 -2,6712519E+02 ~3,4069240E+00 ~1,7706875E-01 0,0000000E+00
a(2,0) ~5,1987300E-02 ~4,8574811E+02 5,4158924E+02 -4,5492745E+02 -~3,1884830E-03 4,B659675E-04 ~7.5000000E-03
2(1, 1) -7,0448690E-03 7,8748002E+00 5.6775484E-01 1,0645736E+01 0,0000000E+00 0,0000000E+00 ~7,5000000E-03
2(0,2) 1,6154370E-02 2.5929804E+00 1,194Z148E+00 3,66694215+00 1,5370325E-01 4,8659675E-04 0,0000000E+00
af3,0} 3,9913150E-03 1,0855881E+01 ~1,0358971E+01 1,01205058+01 -1,0801210E-0¢ 0,0000000E+00 0,0000000E+00
a(2,1) 1,4794820E-04 -1,06266703E-01 —~7,7071033E-03 —-1,3986048E-D1 0,0000000E+00 0,0000000E+00 0,0000000E+0Q0
a{1, 2} 3,3848030E-04 -6,9109752E-02 -2,4873835E-02 ~9,7497566E-02 0,00006QCE+00 0.0000000E+00 0,0600000E+00
a(0,3) -1.7546700E-04 -14504600E-02 -3,1209902E-02 ~2,4662769E-02 -3,6748700B-03 0,0000000E+00 0,0000000E+00
al4,0] . -1,2774870E-04 ~1,4417120E-G1 1,1603083E-01 -1,3401172E-01 8,4599300E-06 0,0000000E+00 0,0000600E+00
a(3,1) 2,7564440E-06 4,4431373E-04 3,3083382E-05 6,0764355E-04 ©,0000000E+00 0,0000000E+00 0,0000000E+00
a(2,2) ~4,0416670E-06 4,56729208E-04 1,7311782E-04 6,4613035E-04 0,0000000E+00 0,0000000E+00 0,0000000E+D0
a(1,3) -1,9710210E-06 1,9871610E-04 4,1754490%E-06 3,1927693E-04 0,0000000E+00 0,0000000E+00 0,0600000E+0D
20,4 6,0752130E-07 2,6937182E-05 1,5364226E-03 7.6292913E-05 4,6273625E-05 0,0000000E+00 0,0000000E+C0
a(5,0) 2,0157030E-06 1,1395330E-03 -7,8743018E-04 1,0579750B-03 ~1,3928745E-07 0,0000000E+00 0,0000000E+00
a(§, 0} ~1,5580170E-08 ~4,97033368-06 2,6462473E-06 —~4,6175613E-06 7,1638300E-10 0,80000000E+00 0,0000000E+00
a{7.0} 4,7976930E-11 9,2406348E-09 ~3,7606039E-09 8,6063163E-09 0,0000000E+00 0,0000000E+00 0,0000000E+00
20, 5) 0,0000000E+00 0,0000000E+00 ~3,56500308-08 0,0000000E+00 ~2,9054230E-07 0,0000000E+00 0,06000000E+00
a(g, 6) 0,00D0000E+00 0,0000000E~+00 3,0666448E-07 0,0000000E+00 7,1638300E-10 0,0000000E+00 0,0000000E+00
x(max), % vol/vol 100,0 100,0 ‘ 100,0 100,0 100,0 100,0 1000
x(min), % volfvol 0 75,0 75,0 75.0 0,0 0,0 0.0
y{max), % vol/vol 100,0 25,0 250 25,0 100,0 1000 100,0
y(min}, % vol/vol T o0 e,0 0,0 0,0 0,0 0,0 0o
z(max), % vol/vel 100,0 25,0 25,0 25,0
z{min), 36 vol/vol - 0,0 0,0 0,0 0,0
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Table A.2 {continued}
A1S Al6 Al7 418 AZ0

x ethane propane butadiene butylene methane
¥ ethylene ethylene carbon dioxide

z nitrogen
a{0,0) 2,9655595E+01 24498755E+01 1,20000008+01 Z.0000000E+01 2,9917430E+0Z
a1, 0) 1,7064685E-01 1,3676575E-01 0,0000000E+00 0,0000000E+00 ~1,5119580E+01
a{0, 1) ~1,23444058-01 ~5,4597900E-02 0,0000000E+00 0,0000000E+00 ~3,1156360E-01
a2, 0) -2,3601400E-04 ~4,1083915E-04 0,0000000E+00 0,0000000E+00 7,6359480E-01
a(1, 1) 0,0000000E+00 0,0600000E+00 0,000000CE+00 0,00000C0E+00 4,5480690E-0Z
a(0,2) -2,3601400E-D4 —4,1083915E-04 0,0000000E+00 §,0G00000E+00 1,1Z30410E-02
a(3,0) 0,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00 ~2,3762630F-02
a(Z, 1} 0,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00 =~7,8562940E-04
2(1,2) 0,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00 6,55570908-04
a{C.3) 0,0000000E+00 0,0000000E+00 0,8000000E+00 0,00000002+00 -2,14685505-03
a(4,0) 0,0000060E+D0 0,0060000E+00. 0,0000000E+00 0,0000000E+00 4,3554940B-04
a(3,.1) 0,0000000E+0D C,0000000E+00 ©,0000000E+00 ©,0000000E+00 3,B606680E-06
a(2,2) 0,0000000E+00 0,0000000E+00 1,0000000E+0D 8,0000000E+00 1,3816990E-06
a(1,3) 0,0000000E+00 0,0000Q000E+00 0,0000000E+00 0,0000000E+00 -7,933%020E-06
a(0,4) 0,0000000E+80 0,0000000E+00 0,0000000E+0Q 0,0000000E=00 6,6993640E-05
a(5,0) 0,0000000E+D0 0,0000000E+00 0.0000000E+00 0,0000000E+00 ~4,60772608-D6
a(6, 0} 0,0000000E+00 0,0000000E+00 0,0000000E+00 C,0000000E+00 2,6105700E-08
a(7,0) 0,0000000E+00 0,0000000E+00: 0,0000000E+00 0,0000000E+00 —6,1439140E-11
a(0, 5) 0,0000000E+00 0,0000000E+00 0,0000000E+00 0,0000000E+00 —8,3693870E-07
a(0, 6) 0,0000000E+00 0,0000000E+00 0,0000000E+G0 0,0000000E+0C 3,9280730E-09
x(max), % volfvol 1006 100,0 1000 100,0 1000
x(rain), % vol/vol 0,0 0.0 100,0 1000 50,0
y{max}, % vol/vol 100,0 100,90 30.0
 y{min), % wol/vol 0,0 0,0 0,0
z{max), % vol/vol 50,0
z(min), % val/vol 0,0
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min{100,(Vmaxy + 15])

System co Butadiene | Butylene | Ethylene | Propylene HzS Hydrogen | Propane | Etheme | Bumane | Methane
1 0 0 ¢ B G 0 100 0 100 Q 100
2 0 0 a 0 0 0 0 100 100 100 0
3 0 0 4] ¢] 100 1} 100 160 g 0 2]
4 4} 0 0 0 g 4] 44 100 100 1] 100
5 0 0 0 ol 0 o 100 100 ¢ o 100
& 0 a 0 0 1] 0 100 a 100 100
7 a 0 0 0 0 a 0 100 g 100 100
8 ¢] 0 0 0 4] -0 Q ] 100 100 100
g [¢] 0 0 40 0 0 0 0 0 40 100

19 0 0 g a 0 40 4] Q ] 40 160
11 0 g 0 iy 4] 40 0 0 40 0 100
12 0 0 0 0 100 0 0 0 0 0 100
13 0 3] 0 0 100 0 [ o 100 0 4
14 100 [\ 0 t] 0 g 100 0 0 1] 0
15 1] o 0 100 4] 4] Q 0 100 4] ¢]
16 1} Y G 1090 0 4 0 100 D 0 a
17 [ 100 [t} ¢ 0 ¢ 0 0 4} 0
18 0 g . 108 {Q o 0 ¢ 0 0 ] 0
Vsurnn 100 100 100 240 300 80 500 600 640 480 1000

23




EN 16726:2015 (E)
Table A4 — Calculation of fitoness, W; (example 1)
Vi
co Butadiene | Butylewe | Ethylene ! Propylene Has Hydrogen | Propane | Ethane | Butane | Methane
0,0000 0,0000 -0,0000 0.0000 0,0060 0,0000 0,0000 1,3487 5,6603 0,9451 32,0460
Vi-Vmax; ;
Vseam,
System co Butadiene | Butylene { Ethylere Propylene Hy$ Hydrogen | Propane | Ethane Butane | Methane | W
1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 06,0000 08844 | 00000 92046 10,0890
2 30,0000 0,0000 0,0000 0,0000 0,0000 06,0000 0,0000 0,2248 0,8844 0,1969 G,0ac0 1,3861
3 0,0000 0,0000 46,0000 0,0000 0,0000 0,0000 0,0000 0,2248 0,0000 0,0000 0,0000 0,2248
4 40,0000 ,8000 0,0000 0,6000 0,0000 0,6000 0,0000 0,2248 0,8844 0,0000 9,2046 10,2138
5 0,0000 0,0000 0,0000 0,0000 0,0000 10,0000 0,0000 0,2248 0,0000 0,0000 93,2046 29,4294
& 0,000!5 0,0000 0,0000 0,0000 g.000¢ 0,0000 90,0040 0,6000 - 0,0000 0,196% 9,2046 9,4015
7 0,0000 03,0000 0,0000 » 0,0000 0,0000 V 50,0000 0.0000 02248 00000 0,1969 9,2046 2,6263
8 0,0000 0,0000 0.0000 0,0000 0,6000 0,0000 00800 0,0000 08844 0,196% 89,2046 10,2859
S 0,06000 0,06000 0,0000 0,0000 0,080G0 3,0000 0,0000 | 00000 03,6000 4,0788 29,2046 89,2834
10 0,0000 0,0000 0,0000 0,6000 0,0000 0,0000 0,0000 0,000 0,0000 00788 29,2046 89,2834
11 0,0000 0,0000 0,0000 10,0000 0,0000 0,07000 84,0000 0,0000 0,3538 0,0000 8,2046 9,5584
1z 0,0000 0,0000 08,0000 0,0000 0,0000 0;0000 . 20,0000 | G,0000 0,0000 60,0000 9,2046 9,2046
i3 0,0000 0,6000 0,0000 0,0000 0,0bOO 0,0000 0,0000 0,0000 0,8844 £,8000 0,0000 04,8844
14 0,0000 0.0000 Q,0000 0,0000 0,0000 0,0000 0,000 00000 0,0000 0,0000 0,0000 0,0000
15 04,0000 ‘ 0,0000 0,0000 0,000 0,0000 06,0000 0,0000 0,0000 08844 0,000G 0,0bOD 0.8844
16 0,0000 0,0000 0,0000 0,0000 0,0000 00000 0,0000 0,2243 0,0000 0,0000 0,0000 0,2248
17 0,0000 0,0000 0,0000 0,0000 06,0000 0,0000 0,0000 0,000¢ 40,0000 0;0000 0,0000 0,0000
18 0,0000 £,0000 90,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 ,0000 04,0000
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Table A.5 — Worked example of methane number calculation (composition 1) - final calculation
1 R E 4 5 T E 8 | o 10 11
mix A4 : mix A7 mix A8 wix 420
Nags Vagr Nazi Vaz: Npgi Vags Nazgs Vazo,

S sweyval | % voyvel | R v;%#&/vu S Tﬁﬁgﬂm L g et HF | eyl
methane 90,0900 20,0900 92,0460 279390 88,7108 273417! 958205 36,7653 91,9793 97,8750 98,5302
ethane 5,5400 55400 5,6603 29012 92119 2,7590 6,9025 ‘

propane 1,3200 13200 1,3487 0.6542 2,0773 0,6944 24337

butanes 0,9250 0,9451 04982 1,7458 0,4469 1 11181

[~butans 0,21.00

n-butane 01900

i~pentane 0,0400

n-pentzne 0,0500

hexanes+ 0,0600

nitrogen 10400 ) - L0400 03,0000
carbon dioxide 1,4600 1,4600 14698
hydrogen 0,8000 0,0000 0,0000 '

wrl’t " 1000000]7 978750 10000005 31498 10000005 285348| 00,0000,08 3997a8] 1000605 1055750 | “100.0090
Fracton, Fe 03149 " 0,2853 0,3997

MN: 74,9017 | 743019 74,9019 101,4201
AMN 0,000262

MN 74,9018

MN 76,3217
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Table A.6 — Worked example of methane number calculation (example 2) - final calculation
1 2 3 s+ | s 6 | 7 8 | 9 10 11
mix A4 mix 47 mix A8 mix A20
Nagr - Vags Nazi Vazi Nagi Vagi Nazo,i Vazoi

x % vol/vol B % volfvol % val/vol ) % vol/vol . -~ Shvol/vel % wol/vol
methane 86,6475) 866475) 898575% 411188 888181 463797| 90,6616 235901 925995| 964277 96,3911
ethane 0,1169 0,1169 0,1212 0.0585 06,1263 . ' 0,0628 2,4632
propane 9,4500 9,4500 9,8001 51182} 11,0556 4,6819 9,1520
butanes 0,2133 0,2212 00954 0,1864 0,1258 49373
i-butane 0,0000 '
n-butane 0,1461
i-pentane 0,0000
n-pentane 20,0292
hexanes+ 0,0000
nirogen 0,0000 0,0000 0,0000
carbon doxide 3,6103 3,6103| 32,6089
hydrogen 0,0000 0,0000 0,0000
total 1000000| 964277| 1000000 462955| 1000000 517569] 100,0000| 25476| 100,0000| "100,0380| 1000000
Eractlon, F; ' 04630 0,5116 6,0255
MN: 65,3039 65,3059 65,3039 103,7290
AMN 0,002016
MN 65,3049
MN 69,0336
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Table A.7 — Calculation of fiiness, W; (example 2}

EN 16726:2015 {(E)

Vi
€0 |Batadiene | Butylene | Ethylene | Propylene | H2S |Hydrogen | Propane | Ethane | Butane | Methane
0,0000 0,000 0,0000 0,0000 0,0000 0,0000 0,0000 92,8001 0,1212 0,2212 | 898575
V;-Vmaxy ; ‘
Vsum;
System CO | Butadiene | Butylene | Ethylene | Propylene | E35 | Hydrogen | Propane | Efhane | Butane | Methane | W)
1 0,0000 0,0000 0,000¢ 04,0000 0.0000 0,0000 0,0000 | 00000 0,0189 0,0000 8,9858 9,0047
2 0,0000 0,0000 0,6000 0,0000 0,000¢ 0,0000 0,0000 1,6333 0,0189 03,0461 0.6000 1,6984
3 0,0000 §,0000 0,0000 0,0000 0,0800 0,0000 0,0000 1,6333 0,0000 00,0000 0,0000 1,6333
4 0,0000 0,0000 0,0000 0,0000 0,00G0 0,0000 0,0000 1,6333 | 0,0189 0,6000 8,9858 10,6380
5 0,0060 0,0000 0,0000 86,0000 0,0000 0,0000 0,0000 1,6333 0,0000 0,0000 8,9858 10,6191
6 0,0000 0,0000 0,0000 ¢,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0461 8,9858 9,0318
7 0,0000 0,0000 0,0000 0,0000 0,0000 90,0000 0,0000 1,6333 0,0000 06,0461 8,9858 10,6652
8 0,0000 0,6000 0.0000 90,0000 0,0000 0,0000 0,0000 0,0000 0,0189 0,0461 8,9858 5,0508
9 0,0000 0,0000 0,0000 0,0000 0,0000 0,06000 0,0000 06,0000 0,0000 0,0184 8,9858 93,0042
10 0,0000 0,0000 0,0000 £,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0184 8,9858 9,0042
11 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 49,0076 $,0000 8,9858 8,9933
12 0,0000 0,0000 0,0000 0,0000 0,0000 01,0000 0,6000 0,0000 04,0000 84,0000 8,9858 8,9858
13 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0189 0,0000 0,0000 0,018%
14 0.0000 ¢,0000 0,86000 0,06000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 68,0000
15 0,0000 0,0000 0,0000 0,06000 0,0000 0,0000 0,0000 0,0000 | 0,0189 0,0000 0,0000 0,0189
16 0,0000 0,0000 0,0000 0,0000 | 0,0000 0,00060 0,0000 1,6333 0,0000 0.0000 06,0000 1,6333
17 0,0000 0,0060 0,0000 0,0000 0,0000 0,0000 0,0000 0,06080 $,0000 43,0000 0,0000 |- 0,0000
18 70,0000 06,0000 0,0000 0,0000 0,0000 0,0000 06,0000 0,0000 04,0000 60,6000 0,0000 0,0000
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Table A.8 — Worked example of methane number calculation (example 3] - final calculation
1 2 3 2 | s s | 7 s | 9 10 | 1 12 13 14 | 18
wmix A1 ix A4 mix A5 mixA6 mixa8 mix AZ0
_ Narg + Vazg | Maer | Vass | Fasp | Vasy | Nasg | Vass | Nagy | Vagr | Mazor | Vazoi
%voyvat| - ° | Swolpwol] o {owoysl | | evoljval | o e fBEvIvOL | o8] byorAl | ] Bvolswol] T valfeol
methane 85001| 85,991| 87,685| 14001| 60221| 16424| ©8778|14270| 84092| 15601| 89.710| 27389| 92258| 95,068| 98665
sthane 5036 5036 5136| L1667| 9549 1599{ 8645 1,870 6298
propane 1200 1200 1,224 0477 2577} 0,787 4,402
butanes 0,841 0,857 0429 2465| 0429 1,444
i-butane 0,191
n-butane 0,173 '
ipeniene 0,036
n-pentane 0,046
hexanes+ 0,085
nitrogen 0,946 0,946 0,000
carbon dioxdde 1,327 1,327 1,335
1 hydrogen 5,000| 5,000 5009| 1,785{ 10229 1952 11506| 1361y 7824 ,
ot 1 100ae0) enagel; 100000 | 17453] in00gol, 183657 oub0 | 17,393k 000, . 00,000 |- 1053411 100400
Fraction, F; 0,175 0185 0,170 0,174 0,297
MHN: 74411 74411 74,411 74,411 74,411 101,284
AMN 0,00012
MN' 74,411
MN 75,695
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Table A.9 — Calcalation of fitness, ¥; (example 3}
Vi )
co Butadiene | Butylene | Ethylene | Propylene HpS | Hydrogen | Propane | Ethane | Butane | Methane
0,0000 0,0000 0,0000 0,0000 06,0000 0,000C 5.0985 1,2236 51356 0,8574 87,6849
Vi -Vmax;
- Vsum;
Systemt co Butadiens | Butylene | Ethylene | Propylene H;S Hydrogen | Propane { Ethane | Butane | Methane | I}

43,0000 0,0000 0,0000 20,0000 0,0008 C,OOOO 1,0197 0,0000 0,8024 0,0000 8,7685 10,5906

2 0,0000 0,0000 08,0000 0,0000 0,0000 0,6000 0,6000 0,2039A 0,8024 0,1786 0,06000 1,1850
3 G,000C 0,0000 0,0000 0,0000 0,0000 06,0000 1,0197 02039 0,0000 0.0600C 0,0000 1,22361.

£ 3,000C 0,0000 0,0000 0,0000 0,0000 40,0000 0,0000 0,2039 0,802‘% 0,0000 8,7685 Q7749

S 0,0000 0,0000 0,0000 | 0,0000 0,4000 04,0000 1,0197 0,2039 0,0000 0,0000 8,7685 9,9921

6 0,0000 0,0000 04,0000 0,0000 £,0000 0,0000 1,0187 0,0000 0,0000 0,1786 8,7685 9,9668

7 0,0000 0,0000 0.0000 0,0000 40,0000 0,0000 0,0000 0,203% 0,0000 90,1786 8,7685 9,1510

8 0,0000 0,0000 0,6000 0,0006 0,00600 0,0000 0,0000 0,0000 0,8024 8,1786 8,7685 9,7495

9 0,0000 0,0000 0,0000 0,0000 0,0600 0,0000 0,0000 0,0000 0,0000 0,0714 8,7685 8,8399

10 0,0600 0,0000 0,0000 0,0000 0,0080 0,0000 £,0000 35,0000 0,0000 0,0714 8,7685 8,8399

11 0,0600 0.0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,321¢ 0,0600 8,7685 49,0895

12 0,06400 0,0000 0.0000 0,6000 0,000G0 0,0000 0,0000 0,0000 0,0000 0,0600 8,7685 8,7685

13 0,0000 0,0000 0,0060 0,0000 60,0000 0,0UOO 0,0000 0,0000 0,8024 0,0000 0,0000 0,8024

14 0,0600 0,0000 0,0000 0,0000 4,0000 G,0000 1,0197 0,0000 0,0008 0,0000 - 0,0000 1,0197

15 0,0000 0,0000 0,0000 0,06000 0,0000 0,0000 0,0000 0,0000 0,3024 0,0000 0,6000 0,8024

16 0,0000 0,0080 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,0000 08,0000 O,QOOO 0,2039

17 0,0000 0,0000 0,0000 0,6600 0,06000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

18 £,0000 0,0000 0,0000 0,0000 0,0600 ¢,0000 £,0000 0,0000 0,0000 0,0000 0,0000 0,0000
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Table A.10 — Additional numerical examples for software validation purposes
Component Mix i Mix 2 Mix3 Mix 4 Mix 5 Mix 6 Mix 7 Mix8 | Mix9 | MEx10 | Mix11 | Mix12 { Mix13 | Mix14 | Mix15 | Mix 16
carbon dioxide 1,00 0,20 2,30 2,00 350
nitrogen 13,00 13,00 0,20 0,80 0,74 3,70 0,40
oxygen
hydrogen 70 5 5 65 ] 50 5 20 20
carbon monoxide 20
methane 83,53 82,43 94,68 86,30 87,34 84,62 85,58 15 - 80 70 i0 65 5 75 535 4
ethylene 5 5 5 S
ethane 347 3,00 3,20 870 7,00 B.00 570 5 5 5 S 5 5 5 5 2
propylene 5 5 5 5
propane 0,20 1,05 1,60 2.20 1,70 2,10 5 5 5 5 s 5 s 5 2
butylene .
butane 0,27 0,47 030 0,41 1,47 830 5 8 5 5 5 S 5 5 2
peuntane 0,10 0,20 0,11 0,51 0,82
hexanes+ 0,20 0,60
hydrogen sulphide . 5 5 10
wotal 100,007 100,00} 100,00 10000] 10000| 100,00 100,00 100 100 100 100 100 100 100 100 100
methane number 90,02 85,03 80,00 75,03 70,0Z 65,00 59971 2155 53,20 41,25 19,59 35,01 23,89 44,15 30,45 10,04
Teroary mixtures Al Asg A4 AL A% A4 Ad A% AL AL A1 A6 Al A5 Al Al
selected A4 A7 A7 A7 AF A7 A7 A3 A5 A6 A3 A7 A2 A6 A5 A3
AB A8 A8 AB 48 A8 A5 AS A7 A6 AB A3 A7 Ad AS
A6 A7 A8 A7 A9 A6 A8 A7 Ap
A8 AB AQ A12 AlQ Al13 A10 A10 AB
A1Z 415 All Alg All A1l
A16 AlZ A1S
Als
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	FINAL TEXT OF THE REGUAL TION 
	Proposed additions are underlined. Proposed deletions are struck through. 
	Chapter 6. Automotive Products Specifications 
	Chapter 6. Automotive Products Specifications 
	. Article 10. Specifications -Natural Gas 
	Section 4192.1. Definitions. 
	(a) 
	(a) 
	(a) 
	(a) 
	The following are varieties of natural gas as defined in Business and Professions Code Division 5, Section 13400 (b)(10): 

	(1) 
	(1) 
	(1) 
	"Compressed Natural Gas" or "CNG" is natural gas that has been compressed after processing for storage or transportation purposes. 

	(2) 
	(2) 
	"Liquefied Natural Gas" or "LNG" is natural gas that has been liquefied after processing for storage or transportation purposes. 



	(b) 
	(b) 
	The following term defines a variety of natural gas, distinct from subdivision (a), and determined by the secretary to be an alternative motor vehicle fuel in accordance with Business and Professions Code Division 5, Section 13400 (b)(12): 


	(1) "Compressed Natural Gas -Hydrogen Blend" or "CNG -Hydrogen Blend" is a blend of natural gas and hydrogen, such ·that the total hydrogen exceeds 0.3 volume percent that has been compressed after processing for storage or transportation purposes. 

	Credits 
	Credits 
	NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440 and 13446, Business and Professions Code.· Reference: Sections 13400, 13404, 13440, 13441 and 13446, Business and Professions Code. 
	P:=inP. 1 of 6 
	Section 4192.2. Specifications -Natural Gas. 
	(a) 
	(a) 
	(a) 
	(a) 
	Compressed Natural Gas shall meet the fuel .specification adopted in the California Code of Regulations Title 13, Section 2292.5. 

	(1) If California Code of Regulations Title 13, Section 2292.5 is repealed or modified to be less or equally stringent than the latest specification set forth in ASTM International Standard Specification D8080, then Compressed Natural Gas shall meet the latest specification set forth in ASTM International Standard Specification D8080. 

	(b) 
	(b) 
	Liquefied Natural Gas shall meet the latest specification set forth in ASTM International Standard Specification D8080. 

	(c) 
	(c) 
	Compressed Natural Gas -Hydrogen Blend shall meet the latest specification set forth in ASTM International Standard Specification D8487. 



	Credits 
	Credits 
	NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440 and 13446, Business and Professions Code. Reference: Sections 13400, 13404, 13440, 13441 and 13446, Business and Professions Code. 

	Chapter 7. Advertising and Labeling of Gasoline and Other Motor Vehicle Fuels 
	Chapter 7. Advertising and Labeling of Gasoline and Other Motor Vehicle Fuels 
	Section 4206. Dispenser Labeling Requirements for Compressed Natural Gas and 
	Liquefied Natural Gas Natural Gas. 
	(a) Definitions Used in This Section: 
	(1) 
	(1) 
	(1) 
	"Consumer" means, vvith respect to any item, the first person vvho purchases such item for purposes other than resale. 

	(2) 
	(2) 
	"Fuel dispenser" means the dispenser through 'Nhich a retailer sells the fuel to a consumer. 

	(3) 
	(3) 
	"Methane Number" means the antiknock index of compressed natural gas or 


	. liquefied natural gas motor vehicle fuel. The Methane Number of compressed natural gas or liquefied natural gas. is a calculated value determined by tho chemical composition of the fuel, including inert components. 
	Paae 2 of 6 
	(4) "MVVM Method" means the algorithm for the calculation of the .Methane Number of a natural gas fuel from its composition. The MVVM Method algorithm is available in 
	. the European Committee for Standardization (GEN) standard EN 16726 "Gas infrastructure Quality of gas Group H" (EN16726), Annex A, pages 9 through 30, published December 2015, vvhich is herein incorporated by reference. 
	/\ spreadsheet calculator implementing the MVVM Method algorithm and a pdf file of instructions for its use ("readme.pdf') are available for download at no cost at: . 
	http://euromot.org/media_and_events/publications/mn

	(5) 
	(5) 
	(5) 
	'~Minimum MVVM Methane Number" means the lo'Nest MVVM Methane Number of natural' gas fuel offered for retail sale. 

	(6) 
	(6) 
	"Producer" means any person ',Nho purchases component elements and combines them to produce and market natural gas motor vehicle fuels. 


	{7) "Retailer" means any person v.1ho markets natural gas motor vehicle fuels to the general public for ultimate consumption. 
	(b) The name of the product and grade designation, if any, shall be conspicuously displayed on each customer side of all natural gas fuel dispensers. For all natural gas fuels, the narne of the product and grade designation, if any, shall also appear on all advertising signs and storage tank labels as required in Sections 134 80 and 13532 of the Business and Professions Code. 
	(c)(1) /\ person shall not soil at retail to the general public any compressed or liquefied natural gas for use as a motor vehicle fuel from any place of business in this state unless there is displayed and labeled on the fuel dispenser in a conspicuous place on the customer side the follmving statement: "MINIMUM METHANE NUMBER XX BY THE MVVM METHOD (4 CCR 4206)," where XX is the MVVM Methane Number of the dispensed natural gas fuel expressed in a number rounded down to a vvhole number. This statement shall
	(2) Natural gas motor vehicle fuel producers shall be responsible for determining the minimum MWM Methane Number to be displayed for the fuel they produce for retail sale to the general public. In ~aking this determination, they may rely on information received from the utility supplying the pipeline gas used to produce their fuel, independent laborator/ testing of the composition of the pipeline gas, or any_ other 
	Paae 3 of 6 
	reliable information available to them. The minimum MWM Methane Number shall be accurate at all times. 
	(d)(1) A person shall not sell at retail to the general public any compressed natural gas for use as a motor vehicle fuel from any place of business in this state unless there is displayed and labeled on the fuel dispenser in a conspicuous place on each customer side the follovving statement: "1 Gasoline Gallon Equivalent (GGE) equals 5.66 lb of Compressed Natural Gas". 
	(2) The statement "1 Gasoline Gallon Equivalent (GGE) equals 5.66 lbs. of Compressed Natural Gas" shall be in characters of Helvetica Black or equivalent font type, no less than 3/4 inch in height and on a contrasting background. All lines or marks used in the making or forming of all tho characters which are a part of the label shall be at least one eighth of an inch in width. 
	(e)(1) A person shall not sell at retail to the general public any liquefied natural gas for use as a motor vehicle fuel from ,any place of business in this state unless there is displayed and labeled on the fuel dispenser in a conspicuous place on each customer side the follovving statement: "1 Diesel Gallon Equivalent (OGE) equals 6.06 lb of Liquefied Natural Gas". 
	(2) The statement "1 Diesel Gallon Equivalent (OGE) equals 6.06 lbs. of Liquefied Natural Gas" shall be in characters of Helvetica Black or equivalent font type, no less than 3/4 inch in height and on a contrasting background. /\II lines or marks used in the making or forming of all the characters that are a part of the label shall be at least one eighth of an inch in vvidth. 
	(a) Notwithstanding any other labels required by California law. the following labels shall be displayed in a conspicuous. legible, and indelibly marked manner on each customer­facing side of the dispenser: 
	(
	(
	(
	1) The natural gas fuel rating label meeting the retail sale requirements of the ~ederal Trade Commission in accordance with: 

	(A) 
	(A) 
	16 CFR Part 309 "Labeling Requirements for Alternative Fuels and Alternative Fueled Vehicles," for Compressed Natural Gas and Compressed Natural Gas Hydrogen Blend; or 
	-
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	J. 
	(B) 
	(B) 
	(B) 
	16 CFR Part 306 "Automotive Fuel Ratings, Certification and Posting/' for Liquefied Natural Gas. 

	(2) 
	(2) 
	In accordance with Business and Professions Code Section 13480, and meeting size and height requirements therein, the product name label shall be either: 

	(A) 
	(A) 
	"Compressed Natural Gas" or "CNG" for Compressed Natural Gas; or 

	(B) 
	(B) 
	"Uquified Natural Gas" or "LNG" for Liquified Natural Gas; or 

	(C) 
	(C) 
	"Compressed Natural Gas -Hydrogen Blend" or "CNG -Hydrogen Blend" for Compressed Natural Gas -Hydrogen Blend. 

	(3) 
	(3) 
	In accordance with Business and Professions Code Section 13480, and meeting size and height requirements therein, the fuel grade designation label shall be either: 

	(A) 
	(A) 
	the calculated methane number (MNc) as "MNc 65" or "MNc 75" which corresponds with the applicable fuel grades described and determined by ASTM International Standard Specification 08080 for Compressed Natural Gas and Liquefied Natural Gas; or 

	(B) 
	(B) 
	the calculated methane number (MNc) and hydrogen (H) limit as "MNc 65 H10" or "MNc 75 H1 0" which corresponds with the applicable fuel grades described and determined by ASTM International Standard Specification D8487 for Compressed Natural Gas -Hydrogen Blend. 

	(
	(
	4) The equivalent conversion factor statement label printed in Helvetica Black or Arial Bold font type with a cap height of no less than one-quarter inch shall read either: 

	(A) 
	(A) 
	"1 Gasoline Gallon Equivalent (GGE) equals 5.66 lb of Compressed Natural Gas" for Compressed Natural Gas and Compressed Natural Gas -Hydrogen Blend; or 

	(B) 
	(B) 
	"1 Diesel Gallon Equivalent (OGE) equals 6.06 lb of Liquefied Natural Gas" for Liquefied Natural Gas. 
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	Credits 
	Credits 
	NOTE: Authority cited: Sections 12027, 13400 (b)(12), 13440, 13446 and 13480, Business and Professions Code. Reference: Sections 13400, 13404, 13440, 13446, 13451, 13470, 13471, 13473, 13474, 13480,and 13484, 13531, 13532 and 13536, Business and Professions Code. 
	Section 4207. Additional Dispenser Labeling Requirements for Liquefied Natural Gas and Compressed Natural Gas. [Repealed] 
	The labeling of all natural gas dispensers shall meet the follmving retail sale requirements of the Federal Trade Commission for the natural gas fuel rating: 
	(a) 
	(a) 
	(a) 
	16 CFR Part 306 "Automotive Fuel Ratings, Certification and Posting," for liquefied natural gas. 

	(b) 
	(b) 
	16 CFR Part 309 "Labeling Requirements for Alternative Fuels and Alternative Fueled Vehicles," for compressed natural gas. 



	Credits 
	Credits 
	NOTE: Authority cited: Sections 12027 and 13480, Business and Professions Code. 
	Reference: Sections 12026, 13400, 13480, 13590 and 13591, Business and 
	Professions Code. 
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	AnnexA 
	(normative) 
	Calculation of methane number of gaseous fuels for engines 
	A.1 Introduction 
	A.1 Introduction 
	The methane number of a gaseous fuel can be calculated frorn its compositJon according to several 
	different methods, all of which can give different results. For tbe purposes of compliance wtth this 
	European standard the methodology des¢bed in this Annex shall be employed. 
	'fhe method is based on the original data of the research program performed by AVL Deutscbland GmbH /1/ for FVV (the Research Association for Combustion Engines) but employs amendments implemented in 2005 and 2011 by MWM GmbH. These amendments have been unpubli~hed until the publication of this European standard. 
	Tile method requires input of composition in the form of volume fractions at reference conditions of 0 °C and 101,325 kPa and expressed as a percentage. Composition is more likely· to be available either as mole fraction (e.g. in the natural gas transmissi011. and distribution industry) or as mass fraction (e.g. in the aut.omotive fuel industry) and conversion to volume fraction shall be performed using the methods in ISO 14912. 
	Numerical examples are pt'ovided so as to enable software developers to validate implementations of the methodology described in this annex. As an aid to validation a relatively large number of dechnal places. has been retained. For expression of the final result rounding to zero decimal points ts recommended. 

	A.2 Calculation of methane number 
	A.2 Calculation of methane number 
	A.2.1 Applicability 
	A.2.1 Applicability 
	The method described in this European Standard is applicable to gaseous fuels comp1ising the foIIowtug gases: carbon monoxide; bl1tadiene; butylene; ethylene; propylene; h1drogen sulphide; hydrogen; propane; ethane; butane; methane; nitrogen and carbon dioxide. The method treat.s hydrocarbons other Utan those specified as butane and is therefore applicable to gaseous fuels containing such higher 
	hydrocarbons. 
	The numerlca) examples pmvided in this annex are approprtate to gases of the second famlly and hence consider mixtures comprising methanei ethane, propane, butane, nitrogen and carbon dioxide, Hydrogen ls also included in one example because of the growing interest in injection ofhydrogen into gas pipelines. During the preparation of this standard MWM GmbH has confirmed that the method is applicable to both 2 H and 2L gases. 
	Oxygen and water vapour shall be Ignored and the fuel gas composttion shall be ('.alculated on a dry, • oxygen-free basis. 

	A.2.2 General approa~h 
	A.2.2 General approa~h 
	The methane number of a gaseous fuel is calculated from its composition in five steps. The steps are outlined below and discussed more fully in turn in A.3. Additional examples are discussed in A.4 and 
	A.S. Table A1 O provides results of calculations for further sollware validation purposes. 
	-----~---
	-
	-


	----·------
	-
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	a) The composition of the gaseotts fuel is simplified by converting it into an inert-free mixture comprising the combustible compounds carbon monoxide, ethylene, propylene, hydrogen sulphide, • hydrogen, propane, ethane~ butc1ne and methane. • 
	For gases of the second family conveyed in pipeline systems carbon monoxide, ethylene, propylene, hydrogen sulphide are unlikely to be present at concentrations that would impact on methane number and can be ignored. 
	b) The simplified mlxture is sub-divided further into a number of partial ternary mixtures. 'I'he number and particular pa1'tial ternary mixtures chosen is decided by iospection of available ternary systems in a given ordert including those systems that contain the relevant combustible compounds, Selection is ceased when all combustible compounds are contained in at least two ternary systems. 
	<.:) The composition and fraction of l'he selected partial mixtures ls adjusted iteratively so as to minimize the difference between the methane numbers of each partial mixture. 
	d) 
	d) 
	d) 
	The metltane number of the strnpUfled mixture is determined from the weighted average of the methane number of the selected partial ~ixtures. 

	e) 
	e) 
	Finally, the methane number of the gaseous fuel 1s calculated by correcting the methane number of the simplified mixture to allow for the presence of inerts in the original fuel gas. • 



	A..3 Example 1: 2ff..ga.s 
	A..3 Example 1: 2ff..ga.s 
	A.3.1 Simplification ofthe composition ofthe gaseous fuel 
	A.3.1 Simplification ofthe composition ofthe gaseous fuel 
	The description of the calculation is illustrated by reference to a 2H-gas of composition shown in Table A.1. The composition of the gas (column 1} is simplified by increasing the quantity of butanes to 1 butylene, pentanes and hydrocarbons of carbon number greater than 5. The adjustment made is as follows: 
	allow for the presence of butadiene

	Butadiene and butylene are replaced with an equlvalent amount of butanes by multiply\ng their quantities by 1. 
	Pentanes are replaced with an equivalent amount of butanes by multiplying the-quantity of pentanes by 2J3. • 
	Hydrocarbons of carbon number greater than 5 ("hexanes+") are replaced with an equivalent amount of butanes by multiplying the quantitrofhexanes+ by 5,3. 
	In the case of example 1 the quantity of butanes 
	=0~21QQ + Q,1900 + (Q,0400 +0,0500) X 2,3 + 0,06QQ X 5,3 
	=0,9250 (Colum11 2) 
	The simplified mixture is then re-normalized to 100 % (Column 3). 
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	A.3.2 Selection of the ternary systems 
	A.3.2 Selection of the ternary systems 
	A.3.2.1 Ternary mixtu:res 
	A.3.2.1 Ternary mixtu:res 
	The ter11.ary mixtures are chosen from tile following list~ Al: Methane -Hydrogen ... Ethane 
	A2: Propane ~ Ethane -Butane A3: Hydrogen -Propane -Propylene A4: Methane -Ethane -Propane AS: Methane -Hydrogen ~ Propane 
	A6: Methane -Hydrogen -Butane 
	A7: Methane -Propane~ Butane AB~ Methane -Ethane -Butane A9: Methane-Ethylene -Butane 
	A10: 
	A10: 
	A10: 
	Methane ... Hydrogen Sulphide -Butane 

	All~ 
	All~ 
	Methane -Ethane -Hydrogen Sulphide
	-


	A12: 
	A12: 
	Methane -Propylene 

	A13: 
	A13: 
	Ethane Propylene 
	-


	A14: 
	A14: 
	Carbon Monoxide -Hydrogen 

	A15: 
	A15: 
	Ethane -Iithylene 

	A16: 
	A16: 
	Propane -Ethylene 

	A17: 
	A17: 
	Butadiene 

	A18: 
	A18: 
	Butylene 

	MOTE 
	MOTE 
	Mixtures A12 -A16 are clearly not ternary systems; howeve1\ for ease of mathematical t1·eatment the 


	coefficients have been adjusted so as to allow tlle expression of the methane number using a single equation. 
	A.3.2.2 Range of applicability of ternary mixture data 
	A.3.2.2 Range of applicability of ternary mixture data 
	The range of applicability of most ternary systems is w1de ( each component can vary from O to 100 %) . However, for some ternary systems there is a reduced range of applicability. This is a major issue when selecting ternary mix:tures. The range of applicability of each temary system is specified in Table A.2, expressed as maximum and minimum content of each component. 
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	A.3.2.3 Factors affecting the teniary system selection 1n-ocess 
	A.3.2.3 Factors affecting the teniary system selection 1n-ocess 
	The ternary systems are selected Jn accordance wtth three main considerations: 
	a) 
	a) 
	a) 
	'I'he number of gases in the ternary system that are present in the simpllfled mixture. Priority is always given to ternary systems that have all three of their components present in the simplified mixture. Systems with two of their components present in the slmplified mixture are acceptable if insufficient systems with three components present in tl1e simplified mixture are available. 

	b) 
	b) 
	Where there is a choice of ternary systems, the system with the highest fitness, ~' takes prlmit.y. 

	c) 
	c) 
	Each component in the simplified mixture shall be represented in at least two ternary systems, 


	Fitness of a system is calculated from the following fonnula: 
	~ V,min(1.oo,(vmaxi,J +15)) W1 =,L,, -(A.1) 
	1

	i=l Vsum, 
	where 
	n is tile number ofcomponents in the simplified mixture 
	V; is th.e volume fraction ofcomponent i in the si11:1pHfied mixture 
	Vmax1J ls the maximum content of component I for the range of applicabllity of system J 
	Vsum1 is the sum of all maximum conte11ts of component i for the range of applicability of all systems, i.e. /-18 Vsumi = L min(100,(vmax,+15)) (A.2) 
	1
	1

	1=1 
	Values of Vsumi are independent ofthe composition of the simplifled mixture. However, Wi is dependent upon the composition of the simplified mixture and so shall be calculated prior to selection. Note that this also means that the choice of ternary mixtures may be different for mixtures containing the same components. but in different proportions. 
	In the case oj'eAY.ample 1, the calculation ofVsum, and WJ is shown in Tables A.3 and A.4. 

	A.3.2.4 Descaiption of the temary system selection process 
	A.3.2.4 Descaiption of the temary system selection process 
	The aim is to identify the optimum number of ternary systems that meet the three criteria described in 
	A.3.2.3 an.d this is achieved by consideration of each component present in the simplified mixture in the following sequence: 
	1) Carbon Monoxlde 
	2) Butadiene 
	3) Butylene 
	4) Ethylene 
	51 Propylene 
	6) Hydrogen Sulphide 
	7) Hydrogen 
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	8) Propane 
	9) Ethane 
	10) Butane 
	11) Methane 
	Step 1: For the first component in the simplified mixture, one temary system that contains that component is selected. The priority of selection is as follows: 
	a) 
	a) 
	a) 
	Ternary systems with all three components present ln the simplified mixture have priority over systems having one or two components present. 

	b) 
	b) 
	The ternary mi~ture with the highest fitness has prJority. 


	Step 2: Consideration is then given to the second component in the simplified mixture. If this component is not present in the ternary system selected for the first component, then a ternary system is selected for this component using the same priority of selection as in step 1. It however, the ternary system selected for the first component contains. the second component, then the selection proceeds for the third component (step 3). 
	Step 3: Consideration is then given to third, fourth, fifth, etc. components in the same manner as Steps 1·2. 
	Step 4: When all components in the si~plified mixture have been examined once, steps 1-3 are repeated in the same component order. If any component is represented in only one selected ternary mixture, then an additional ternary mixture is selected, again using the same priority of selection as in step 1. 
	The selection process ends when all components in the simplified mixture are represented in at least two ternary systems. 
	In the case ofexQmple 1: 
	The first component in the simplljled mixture is propane and this ls pre.sent in four ternary systems that have all their components present in the simplified mixture -A2, A4~ A 7 and AB. In this case, A4 ls selected because it has the largest value offitness (le. 10,3138). 
	The second component in the simplified mixture is ethane and this is already represented In system A4, so no ternary mixture is selected. 
	The thfrd component oft-he simplified mixture, butane, is not represented In. system A4, so system selection. continues and system AB is selected because it has the hiyhestvalue offitness (10,2859), · 
	The fourth component In the simplified mixture is methane an.d this is already represented in systems A4 and AB, so no ternary mixture is selected. 
	Selection is repeated with the first component in the simplified mixture, propane, and ternary system A7 is selected because it has the next highest value offitness (916263; system A4 has already been selected). 
	All components in the simplified mixture are now represented in at least two of the ternary systems selected and the selection process ends. The systems selected are therefore: A4, A7 and A8. 
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	A.3.3 Sub-division of the inert-free mixture into the selected partial mixtures 
	A.3.3 Sub-division of the inert-free mixture into the selected partial mixtures 
	The simplified mixture is divided into the selected partial ternary mixtures. A preliminary division of the simplified mixture is made by assigning each component equally between the temary systems in which it is represented. 
	In the case ofexample 1, three ternary systemv-A4, A7 and AB ... are selected. The preliminary division is 
	made by assigning: methane equally between A4, A? and AB; ethane equally between A4 and AB; propane eqtJally between A4 and A7i and butanes equally between A7 andAB {Columns 4, 6and 8). 

	A.3.4 Calculation of' tile methane number of the partial mixtures 
	A.3.4 Calculation of' tile methane number of the partial mixtures 
	The methane number ofeach partial mixture is calculated from the general formula 
	. i-=1 j~ MNt = LL(a1,1xiyj) (A.3) i=0/=0 
	Where x and y are the volume fractions of the first and second components in each partial ternary mixture, expressed as a percentage, In order to calculate the methane number of each partial mixture, therefore, the composition ofeach is normalized to 100 %. 
	111 the case ofexample 1 the composition ofeach partial mixture ls calculated by renormalizing to 100 % (Columns 5, 7 and 9). 
	Table A.2 lists the values of coefficients aufor the partial ternary systems Al-Ai8. 
	ln tlte case of example 1 application of Formula (A.3) for each preliminary composition of partial mixture results in calculated methane numbers of 7612489, 77,3777 and n9706 for A4, A7 and AB respectively (Columns 5, 7 and 9). 

	A.3.5 Adjus..tment of the composition and fraction of the partial mixtures 
	A.3.5 Adjus..tment of the composition and fraction of the partial mixtures 
	The composition and fraction (Ft) of each partial mixture is adjusted iteratively by varying the quantity of each component in each partfal mixture so as to minimize the difference between the methane numbers of each partial mixture. 
	The value to be minimised is therefore: 
	(MNmax -MNmin), 
	where MNmax and MNmin are the maximum and minlmmn methane numbers for the selected mixtures. 
	parti.a1 

	In the case ofexample 1, three ternary partial mhrtures are selected and hence there are nine quantities to be determined, howeverfour ofthese may be obtafned by material balance c-0nsiderations. 
	NAs, methane= Nmethane-NA4. methane-NA7, methane 
	NAa, ethane= Nethane -NM,ethane 
	NA1:propane = Nµropane-NM, propane 
	NAB, butane= Nbutane -NA7, butane· 
	Where Ntcomp is the quantity ofthe respective component in partial mixt:Ure t 
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	The composition and fraction of each partfal mixture ls therefore performed· by adjustment of five quantities; the quantities ofmethane, ethane and propane in A4, and the quantity ofmethane and butane inA7. 
	During adjustment the vollLme fraction of an.y component ln any partial mixture shall be within the range for which the coefficients of Formula (A,3) are valid. Table A.2 lists the ranges ofvalidity. 
	The problem ofadjusting the composition and fraction of each partial mixture is therefore a constrained minimlzatfon one and in principal any appropriate numerical procedure may be employed. For the examples described in this Annex, the Solver supplied with Microsoft Excel (using default settings) produces an acceptable solution. 
	D~pending upon the ending crlterion of the numerical method employed, slight differences in the value 
	of (MNmax -MNmin) wlll result in slightly different values of methane number-of the simplified mixture. In addition, the use ofdifferent starting values for the composition and fraction of each partial mixture will result in slightly different values of methane number of the simplified mixture. These differences are within the uncertainties of this m_ethod and Jt is recommended that the final value of methane number is rounded to zero decimal places before reporting. 
	In the case of example 11 the composition and fraction of partial mixtures ls provided in Table AS {Columns 4--9). For clartt;t, thefive adjusted quan Cities are shown in undetlined text. 
	A.3.6 Calculation of the methane number ofthe simplified mixture 
	A.3.6 Calculation of the methane number ofthe simplified mixture 
	The methane number of the simplified mixture is determined from the weighted average of the methane number of the relevant partial ternary mixtures: 
	t=Ns.ys 
	MW= L (MNe•Ft) (A,4) 
	t,::;-1 
	Where 
	MN' is the methane number of the simplified mixture 
	MNt Is the methane number of partial mixture t 
	Ft is the fraction of the partial mixture t 
	Nsys is the number of ternary systems sele<:ted 
	In the case ofexample 1, this results tn a methane number oJ the simplified mixture ofMN' =74,9018. 

	A.3.7 Calculation of the methane number of the gaseous fuel 
	A.3.7 Calculation of the methane number of the gaseous fuel 
	The methane number of the gaseous fuel is calculated by correcting the methane number of the simplified mixture to allow for the presence ofinerts in the original fuel gas: 
	MN:: MN'+ MNtnerts -MNmetbane (A.5) 
	In the original work of A VL/1/ MNinerts is the methane number of a methane-carbon dioxide-nitrogen 
	mixture having the same inerts content as that of the original mixture. However ln the amendment of 
	MWM the MNinerts is calculated for a methane-carbon dioxide~nitrogen mLxture containing only carbon 
	dioxide and methane. MNmethane is calculated for a methamHarbon dioxtde"nitrogen mixture 
	containing pure methane and ls equal to 100,0003. 
	The methane number of the methane-carbon dioxide-nitrogen mixture is calculated using Formula. (A3). Table A.2 lists the appropriate coefficients (system A20). 
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	In the case of example 1, the methane-carbon dioxide-nitrogen mixture comprises methane (978750 volumes, the sum of the volumes of combustible components in the sfmplijzed mixture}, nitrogen (1,0400 volumes) and carbon dioxide (1,4600 volumes] {Table AS, column 10), which is normalized to a nitrogen­free mixture comprising methane {98,5302 %vol/vol) and carbon dioxide (1,4698 %vol/vol) (Table A~ column 11). Appltcatfon ofFormula [A.3) results in a methane number ofMNinerts .: 101,4•201. 
	1 

	(A.SJ reslllts Jn a methQne number ofthe gaseous fuel of 
	Application.ofFormula 

	7419018 + 101,4201 ~ 100,0003:: 76,33217. 
	The value ofmethane number ls reported as 76. 
	AA Example 2: enriched biomethane 

	A.4.1 Simplification of the:, composition of the gaseous fuel 
	A.4.1 Simplification of the:, composition of the gaseous fuel 
	This example illustrates the calculation fur a biomethane derived from anaerobic digestion that has been enriched by addition of propane. The composition is shown in Table A6. 
	In the case ofexample 2 the quantity ofbutanes 
	= 0>1461. +.0,Q292 x 2,3 +0,0000 x S,3 
	;;: 0,2133 (Column 2) 
	The simplified mixture is then re-normalized to 100 %(Column 3). 

	A.4.2 Calculation offitness of the ternary systems 
	A.4.2 Calculation offitness of the ternary systems 
	Application ofFormula (A.1) to example Z results in the values o{Wj shown In Table A.7. 

	A.4.3 ~election of ternary mixtures 
	A.4.3 ~election of ternary mixtures 
	The first component In the simplified mixture is propane mzd this is present in terna,y systems that have all their components prescm tin tile simplified mixture -A2, A4, A7 and AB. In. this case, A 7 is selected because ;t has the largest value offitness (10,6652). • 
	The second component in the simpllfted mixture is ethane and t;his is not represented in system A7, so system selection continues and system A4 is selected because it has the highest value offitn(lss (10,6380). 
	The third and fourth components of the simplified mixture are represented in system A7 (butane and methane) and A4 (methane) so the selection process restarts. 
	The selection process ls repeated with the first component in the simplified mixture (propane), which is already ,-epresented in selected systems A4 and A7. 
	Selection continues with the second component in the simplified mixture (ethane), which is represented In only one selected system {A4,), so system AB ts selected because it has the next highest value offitness (9,0508). 
	All components ofthe simplified mixture are represented in at least two systems and so selection ends. The systems selected are therefore: A4, A7 and A8. 

	A.4.4 Calculation of the methane number 
	A.4.4 Calculation of the methane number 
	After preliminary division of the simplified mixture the calculation of methane number according to the methods in A.3.3 to A3.7 the methane number of the gaseous fuel of example 2 is shown In Table A.5. Again, jot clarity, the five adjusted quantities are shown in underlined text The value of methane number obtained (69,0336) is reported as 69. 
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	A.5 Example 3: 21-I-gas with hydrogen addition 
	A.5 Example 3: 21-I-gas with hydrogen addition 
	A.5.1 Simplification of the composition of the gaseous fuel 
	A.5.1 Simplification of the composition of the gaseous fuel 
	This example illustrates the calculation for the 2H~gas of composition of example 1 to which hydrogen has been added. Tbe composition is shown iJ1 Table A.8. 
	In the case ofexample 3 the quantity ofbutanes 
	::: 01909 +0,1727 +(0,0364 + 0,0455) X 2,3 +0,0545 >< 5,3 • 
	1

	=0,8408 (Column 2) 
	The simplified mixture is then re-normalized to 100 %(Column 3). 

	A.5.2 Calculation offitness of the ternary systems 
	A.5.2 Calculation offitness of the ternary systems 
	Application ofFormula (A 1} to example 3 results In the values ofWj shown in Table A 9. 

	A.5.3 Selection of ternary mixtures 
	A.5.3 Selection of ternary mixtures 
	The first component in the simplified mixture is hydrogen. and this is present in ternary systems that have all their components pre.c;ent In the simplified mixture-Al, AS a11d A6. In this case, A1 ts selected because it has the laryestvalue offitness (10,5906). 
	The second component in the simplified mixture is propane and this ls not represented In system A1, so system selection continues and system AS is selected because ithas the largest value offitness (99921). 
	1

	The third component in the simplified mixture is ethane and this is already represented in system A11 so no additional system is selected. 
	The fourth component in the simplified mixture is butane and this is not represented in tile systems already selected. System A 6 is selected beeause it has the largest value offitness {9,9668). 
	The fifth component ofthe simplified mixture (methane) is represented in all three of the systems already selected, so no additional system Is required. 
	Selection is repeated with the first component in the simplified mixture (hydrogen) and this is already represented In systems A1, AS and A6, so no additional system is requlred. 
	Selection ls cor1tinued with the second componep.t in the simplified mixture (propane) and ternary system A4 is selected because it has the largest value offitness (97749), • 
	1

	The third component in the simplified mixture (ethane) is represented In systems A1 and A4, so no additional system is required. 
	The fourth component in the simplified mixture [butane) is represented in one system (A6) and so system AB is selected because it has the next largest value offitness (7,9495). 
	All components In the simplified mixture are now represented in at least lwo of the ternary systems selected and the selection process ends. The systems selected are therefore: A1, A4', AS, A6 and AB. 

	A.5.4 Calculation of the methane number 
	A.5.4 Calculation of the methane number 
	111 the case ofexample 3, five ternary partial mixtures are selected and hence there are 15 qllantities to be determined, howeverfive ofthese may be obtained by mater'ial balance considerations. 
	NAS, methane ::c: Nmethane -NA1, methane -NA4, methane ... NAS, methane -NA6, methane 
	NAB, ethane= Nethane-NA1, ethane -NA4, ethane 
	Artifact
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	NAs, propane= Npropane -NA4, propane 
	NA8, butane ~ Nbutane -NA6, butane 
	NA6, hydrogen== Nhydrogcn-NASJ hydroge11-NA1! hydrogen 
	The composition and fraction of each partial mixwre is therefore determined by adjustmen.t of 1 O quantities: the quantities of methane, ethane and hydrogen ir1 A1, the quantities of methane, ethane and propane in A4J the quantities ofmethane and hydrogen in AS and the quantities ofmethane antl butane in 
	A6. 
	After preliminary division oftile simplifled mixture and calculation of methane number according to the methods in A.3.3 to A.3. 7 the methane number ofthe gaseous fuel of example 3 Is shown in Table AB. For clarig,, the .lO adjusted quantities are shown in underlined text. 'the value of mel'hane number obtained (75,695) is reported as 76. 
	A.5.S Additional numerical examples 
	A.5.S Additional numerical examples 
	Table A.10 provides the results of calculations for a variety ofcompositions for additional software validation purposes. 
	---~ 
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	TableA.1-Worked example ofmethane number calcalation ( example 1) --pre1imJnary assignment ofpartial mixtures 
	methane ethane .. ,;···<-: ·~..:~:.~ • propane butanes i-butane n-butane i-pentane n-pentane hexanes+ nitrogen carbon di.oxide hydrogen -total _J:f Fraction, Ft MN: 1 2 3 4 5 6 7 8 9 m:ixA4 m.1xA7 mtxAS :f--~% volf-vo1? . •.r,C/ ,·.. ., -·-·~·. ~--90,0900 5,~00 1,3200 0.,.2100 0,1900 0,0400 0,0500 0,0600 1,0400 1,-4600 0,0000 . ·t::~~ • •• ,-_(.i:.,•· ·. ,J. •-~:YB!l~f 90,0900 92,0460 5,5400 5,6603 1,3200 • 1,3437 0,9250 0,9451 NA4,f .,.,•,.-1'.1!-rl~·~ ~ 2JUQ.l 1l&Z£. .. : ·.,_ "ioo·oob<i I ..'·\°>:"97 875
	19 
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	Table A.2 -Components~ coefficients and their :ranges of validity ofFormula (A.1) for the ternarypartial nrl.rtwes 
	Table A.2 -Components~ coefficients and their :ranges of validity ofFormula (A.1) for the ternarypartial nrl.rtwes 
	Table A.2 -Components~ coefficients and their :ranges of validity ofFormula (A.1) for the ternarypartial nrl.rtwes 

	TR
	A1 
	A2 
	A3 
	A-4 
	AS 
	A6 
	.A.7 

	X: y. z: 
	X: y. z: 
	methane hydrogen et:h.ane 
	propane ethane butane 
	hydrogen propane propylene 
	methane ethane propane 
	methane hydrogen propane 
	met:hane hydrogen butane 
	methane propane butane 

	a(O,OJ 
	a(O,OJ 
	4,3.628190E+Ol 
	:t,0245130E+Ol 
	1,8627940E+o1 
	3,35~9090E+Oi 
	~,4758040!-+-01 
	1,Z299020E+ol 
	1,0169140E+O:L 

	a(l, 0) 
	a(l, 0) 
	~9,2508870£-02 
	8,5906610"£~02 
	-1,2035810:B-01 
	-1,0282240E-01 
	-5,1949050.E-01 
	-7,51.820705-01 
	4,3666120E-Ol 

	a(0,1) 
	a(0,1) 
	~1,0488580:E-OZ 
	1,4982130E-Ol 
	1,0871090E..Ol 
	2,0683?SOE-01 
	5,473 70S0E-02 
	-4,5103700E-01 
	3,8170960E-02. 

	a(2,0) 
	a(2,0) 
	1,6449270E~02 
	7,384-3960E--03 
	1,92913010'.E-02 
	2,39814101!;_02 
	4,4054460E-02 
	S,1433330E-02 
	-B,7264540E-02 

	a(1>1) 
	a(1>1) 
	-2,5007730E-03 
	9,570S040:E-03 
	-1,3050630E-03 
	3,3161370E:.03 
	2,6-4.25310E-02 
	5,1261-470E-02 
	-7~94786.«JE..03 

	a(0,2} 
	a(0,2} 
	-4,320274-0E;.Q3 
	5,1369710.E-03 
	1.7985000E-03 
	-3,5536~90E-03 
	-1,0567810E-02 
	1,7866300E-0Z 
	1,0365010E-02 

	a(3,0) 
	a(3,0) 
	-3,1191690E-04 
	-1,0036620E-04 
	-1,3018080E-03 
	-9,S847%0E.'-'.04 
	-8,7433290E-04 
	-1,0241590E•03 
	S,9397950E•03 

	a(2, 1} 
	a(2, 1} 
	-610486960E-05 
	-2,02032.70E,-04 
	2,9904470:£-05 
	-2,4096040£-04 
	-1,0&46450E-03 
	-1,64065201!-03 
	3,2678860E-04 

	a(l,2} 
	a(l,2} 
	-5,3S28010£--05 
	-4,5802170E-05 
	8,5613760:E.;.05 
	3,9418400E-05 
	-3,55S3270E-04 
	-1,0022400:B-03 
	2,3714<J10E-04 

	a(0,3) 
	a(0,3) 
	6,8S07420E-05 
	-5,6856150:E-05 
	-2,s836670E~os 
	s,001as60E..:.os 
	2,2897 690E-04 
	-1,4279120E-04 
	-1,6152150.F:-04 

	a(4,0) 
	a(4,0) 
	2,1.223340R-06 
	4,U7305CE-07 
	4,16929 S0E-05 
	2,0052880E-05 
	5,4767420E-06 
	6,6995630E--06 
	-1,8541Z70E-04 

	. a(S, 1) 
	. a(S, 1) 
	2,l993700E-06 
	l,2511380E-06 
	2,0011240E--07 
	3,4S85100E-06 
	l,1309800E-05 
	1,5661210E-05 
	-3$085860.E.-07 

	a(2, 2) 
	a(2, 2) 
	l,2109690E.:o6 
	3,1147030E-07 
	-6,8546460E..:07 
	8,0364540E-07 
	7,987 4880E-05 
	1,57 63060:€-05 
	-4,9758630E-06 

	a(l,3} 
	a(l,3} 
	2,97-06S80E-07 
	-3,1401S70E-07 
	-6,2626130E-07 
	-4,3338760E-07 
	7,4860850£-07 
	5,.2498880E-06 
	-8,782291.0E-07 

	a(0,4) 
	a(0,4) 
	-6,7138020£-07 
	2,403948UB--07 
	1,19137890£:..07 
	-2,50425601:~07 
	-1,6340240:£-06 
	MOOOOOOE+OO 
	7,7408400E-07 

	a(S, 0) 
	a(S, 0) 
	010000000:E+OO 
	0,0000000:E+OO 
	-6,9526380E-07 
	-2,1154170:E-07 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	2,9S65980E-06 

	a(6, 0) 
	a(6, 0) 
	o.oooooooE+oo 
	0,0000000E+OO 
	5,79891.MOE:..09 
	9,0S40200.E-10 
	0,00 OOOOOE+OO 
	0,0000000:E+OO 
	-2,337074-0B-08 

	a(7, O) 
	a(7, O) 
	0,0000000:B+OO 
	0,0000000'.E+00 
	-1,91337407:>11 
	O,OCOOOOOB+OO 
	0100000008+00 
	0,0000000E+OO 
	7.3i23480E-11 

	a(O, 5) 
	a(O, 5) 
	O,OOOOOOOE.+00 
	0,0000000£+00 
	O,OOOOOOOE+OO 
	0,0000000E+0O 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+0.0 
	O,OOOOOOOE+OO 

	a(0,6) 
	a(0,6) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,00-00D00E+00 
	-0,0000000E+OO 
	O,OOOOOOOE+OO 
	o.oooooooE+oo 
	O,OOOOOOOE+OO 

	x(m:a::c), % voljvol x(min), %vol/vol 
	x(m:a::c), % voljvol x(min), %vol/vol 
	100,0 0,0 
	100,0 Ot) 
	100,0 0,0 
	1.00,0 0,0 
	100,0 0,0 
	100,0o,o 
	. 100,0 0,0 

	y(.max), %vol/vol y(min), % vol/vol 
	y(.max), %vol/vol y(min), % vol/vol 
	lOO,O 0,0 
	100,0 0,0 
	100,0 0,0 
	100,0 0,0 
	100,0 0,0 
	100,0 0,0 
	l.00,0 0,0 

	z(maxJ, % vol/vol z(min), % volJ-110] 
	z(maxJ, % vol/vol z(min), % volJ-110] 
	100,0 0,0 
	100,0 0,0 
	100;0 0,0 
	100,0 0,0 
	100,0 0~0 
	100,0 0,0 
	100,0 0,0 


	I 
	20 
	I

	I 
	It, 
	EN 16726:2015 (E) 
	Table
	TR
	Table.A.2 'continuecl) ' 

	TR
	A8 
	A9 
	A10 All 
	A12 
	A13 
	A14 

	x: 
	x: 
	n;iethane 
	methane 
	methane methane 
	methane 
	ethane 
	carbo» monoxide 

	y. 
	y. 
	ethane 
	ethylene 
	hydrogen sulphide ethane 
	propylene 
	propylene 
	hydrogen 

	z: 
	z: 
	butane 
	butane 
	butane hydrogen sulphide 

	a(O,O) 
	a(O,O) 
	1,0777610E+Ol 
	-1,2408570E+OS 
	1,8388506E+05 -1,1788466E+OS 
	5,909551SE+01 
	3,1550700E+01 
	0,00000008+00 

	a(l, 0) 
	a(l, 0) 
	1,6474900E-01 
	1,1938458E+04 
	-1,S396713E+04 1,1251043E+04 
	1,0602705E-Ol 
	7~9749400£-02 
	1..SOOOOOOE+OO 

	a(0,1) 
	a(0,1) 
	-l,4050070E-Ol 
	-1,9962282:E+-02 
	-1,4160386E+Ol -2,6712519E+02 
	-3,4069240E+OO 
	-L7706875B-Ol 
	0,0000000:t+OO 

	a(2, OJ 
	a(2, OJ 
	-S,19873 00E-02 
	-4,8574-811£+02 
	5,t158924E+02 -4..5492745E-t-02 
	-3,1884830E-03 
	4,8659675E-04 
	-7,SOOOOOOE-03 

	~(1,1) 
	~(1,1) 
	-7,0448690:E-03 
	7,8748002.E+OO 
	5,-6775484-E-01 1,0645736B+01 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-1,SOOOOOOE--03 

	a(0, 2) 
	a(0, 2) 
	1,6154370E-02 
	2,59298045+00 
	1,194214-SE+00 3,6669421E+00 
	1,5370325£-0l 
	4,865967SE-04 
	O,OOOOOOOE+OO 

	a[3,0) 
	a[3,0) 
	:3,9913150:E-03 
	1,0855881:B+Ol 
	-l,0358971E+01 1,0120505E+Ol 
	-1,0801210E--04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(2, 1J 
	a(2, 1J 
	1,4794820E-04 
	-1,0266703E-01 
	-7,7071033E--03 -l,3986048E-Ol 
	O,OOOOOOOE+OO 
	0,0000000E+OO 
	O,OOOOOOOE+OO 

	a(l,2) 
	a(l,2) 
	?.3848030E--0-4 
	-6,9109752E-02 
	-2,4873835£-02 -9,74.97566E-02 
	O,OOOOOOOE+OO 
	0,0000000E+OO 
	O,OOOOOOOE+OO 

	a(O, 3) 
	a(O, 3) 
	-l,7546700E--04 
	-1,4504600E-p2 
	-3,1209902E-02 -2,4662769E-02 
	-3,6748700E-03 
	0,0000000:B+OO 
	O,OOOOOOOE+OO 

	a(-4,0J. 
	a(-4,0J. 
	-1,2774870E-04 
	-1,4417120E--01 
	1,1603083E--Ol -1,3401172:E"-01 
	8,45993 OOE-06 
	0,0000000:B+OO 
	O,OOOOOOOE+OO 

	a(3, 1) 
	a(3, 1) 
	2, 756444-0E-06 
	4,4431373.E-04 
	3,3083382£-05 6,0764355E-04 
	0,0000000:B+OO 
	O,OOOOOOOE+-00 
	0,00000 OOE+OO 

	a(2,2) 
	a(2,2) 
	-4,0416670:E-06 
	4,5679208E-04 
	l,7311782E-04 6,461303SB--04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O.OOOOOOOE+OO 

	a(1, 3) 
	a(1, 3) 
	-1,9710210E-06 
	1~9871610E-04 
	4,1754490E-06 3,1927693E-04 
	O,OOOOOOOE...00 
	0,0000000E-i-00 
	O,OOOOOOOE+OO 

	a(O, 4) 
	a(O, 4) 
	6,0752130E-07 
	2,6937182E-05 
	1,5364226:E--03 7,6292913.B-05 
	4,62736255-05 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(S, 0) 
	a(S, 0) 
	2,0157030E-06 
	1,139 5330E-03 
	-7,574301BE-04 1,0579750E-03 
	-1,392874SE-07 
	0,0000000:E+OO 
	O,OOOOOOOE+OO 

	a(6,0) 
	a(6,0) 
	-1,5580170E-08 
	-4,9703336E-06 
	2,6462473E-06 -4,6175613E-06 
	7,16383 OOE-10 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(7, 0) 
	a(7, 0) 
	4,7976930E-11 
	9 ,2406348E-09 
	-3,7606039E-09 8,6063163£-09 
	O,0000000:B+OO 
	0,0000000E-t-00 
	O,OOOOOOOETOO 

	c.[O, 5) 
	c.[O, 5) 
	O,OOOOOOOE+OO 
	0,0000000~-t:OO 
	-3,5650030E-05 0,0000000E+OO 
	-2,90542308-07 
	O.OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(O, 6) 
	a(O, 6) 
	0,00 OOOOOE +00 
	0,00 OOOOOE+OO 
	3,0668448E-07 O,OOOOOOOE+OO 
	7,1638300E-10 
	0,0 000000:E+OO 
	O,OOOOOOOE+OO 

	x(maxJ, % vol/vol 
	x(maxJ, % vol/vol 
	100,0 
	100,0 
	100,0 100,0 
	100,0 
	100,0 
	100,0 

	x(m.in), % voljvo! 
	x(m.in), % voljvo! 
	0,0 
	75,0 
	75,0 75,0 
	0,0 
	0,0 
	O~O 

	y(max}, % vol/vol 
	y(max}, % vol/vol 
	100,0 
	25,0 
	25,0 25,0 
	100,0 
	100,0 
	100,0 

	y(min), % vol/vol 
	y(min), % vol/vol 
	0,0 
	0,0 
	0,0 0,0 
	0,0 
	0,0 
	0,0 

	z(:.::nax), % vo]jvol 
	z(:.::nax), % vo]jvol 
	100,0 
	25,0 
	25,0 25,0 

	z(min), % vol/vol 
	z(min), % vol/vol 
	0,0 
	0,0 
	0,0 0,0 
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	EN 16726:2015 {E) 
	Table A.2 (contfnue!J 
	Table A.2 (contfnue!J 
	Table A.2 (contfnue!J 

	TR
	Al.S 
	A16 
	A17 
	A.1.8 
	A20 

	x-: y:. r. 
	x-: y:. r. 
	ethane ethylene 
	propane ethylene 
	butadiene 
	butylene 
	metbane carbon dioxide nitrogen 

	a(O, 0) 
	a(O, 0) 
	.Z,9655595:S+Ol 
	2,4494 75SE+01 
	l,2000000E+Ol 
	2,0000000E+Ol 
	2,9917430E+02 

	a(l,O) 
	a(l,O) 
	1,7064685E-01 
	1~3676575E--01 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-l,5119580E+01 

	a(O, 1) 
	a(O, 1) 
	-1,2344405E-01 
	-5,45979 OOE..02 
	O,OOOOOOOE+OO 
	0,00 OOOOOE+OO 
	-3,11S6360E-Ol 

	a(:2,0) 
	a(:2,0) 
	-2,3601400:E-04 
	-4,108391SE--04 
	0.0000000£+00 
	0,00000001?+00 
	7,6359480.E-01 

	a(l, 1) 
	a(l, 1) 
	0,0000000E+OO 
	O,OOOOOOOE+oO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	4,5480690E-02 

	a(D,2) 
	a(D,2) 
	-2,36014-00E-04 
	-4,10839l5E-04 
	O,OOOOOOOH-t-00 
	0,0000000:E+OO 
	1,1230410E-{12 

	a(3,0) 
	a(3,0) 
	0.0000000E+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-2.~762630E-02 

	a(Z, 1) 
	a(Z, 1) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,00 OOOOOE-tOO 
	O,OOOOOOOE+OO 
	-7,85629401!-04 

	a(l,2) 
	a(l,2) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,00 OOOOOE+OO 
	6,5557090E-04 

	a(0,3) 
	a(0,3) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,0000000:E+OO 
	_0,0000000:£+00 
	-2,l4-68550E-03 

	a(4, OJ 
	a(4, OJ 
	O,OOOOOOOE-t-00 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	4,3554940E--04 

	a(3, 1) 
	a(3, 1) 
	O,OOOOOOOE+OO 
	o.0000000B+00 
	O,OOOOOOOE+CIO 
	O,OOOOOOOE+OO 
	3,8606680E-06 

	a(Z,2) 
	a(Z,2) 
	O,.OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	1,3816990:E-06 

	a(l,3) 
	a(l,3) 
	0,0000000E•00 
	O,OOOO(}OOE+OO 
	0,0000 OOOE-t-00 
	O,OOOOOOOE+OO 
	-7,9339020E-06 

	a(0,4) 
	a(0,4) 
	O,OOOOOOOE+OO 
	0,000000-0E+OO 
	O,OOOOOOOE+OO 
	0,0000000E+OO 
	6,6993640.E-OS 

	a(5, 0) 
	a(5, 0) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,0000000:£+00 
	-4~6077260E---06 

	a,6, 0) 
	a,6, 0) 
	OIOOOOOOOE+OO 
	0,00 OOOOOE+OO 
	0,0000000.E+OO 
	O,OOOOOOOB+OO 
	2,6105700E-08 

	a(7,0) 
	a(7,0) 
	O,OOOOOOOE+OO 
	0,00 OOOOOE+OO 
	O,OOOOOOOE+OO 
	010000000E+OO 
	-6,1439140:E-11 

	a(0,5) 
	a(0,5) 
	OtOOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,0000000E+oo 
	-8.3693870E-07 

	a(0,6) 
	a(0,6) 
	0,0000000E+OO 
	O,OOOOOOOE+OO 
	0,0000000E+O0 
	0,0000000.E+O0 
	3,92 80730E-09 

	x(max), % volfvol ~(min), % vol/vol 
	x(max), % volfvol ~(min), % vol/vol 
	100,0 0,0 
	100,0 0,0 
	100,0 100,0 
	100,0 100,0 
	100,0 50,0 

	y(max). % vol/vol y(min), % vol/vol 
	y(max). % vol/vol y(min), % vol/vol 
	100,0 0,0 
	100,0 0,0 
	30,0 0,0 

	z(maxJ, %vo]/vol z(min), % vol/vol 
	z(maxJ, %vo]/vol z(min), % vol/vol 
	50,0 0,0 


	io, 
	~ -~ ... .; ~ .. 
	EN 16726!2015 {E) 
	Table A..3 -Calculation ofVsum1 
	min(l00JVmax-;;+ 15)) 
	min(l00JVmax-;;+ 15)) 
	min(l00JVmax-;;+ 15)) 

	System 
	System 
	co 
	Buta.diene. 
	Bntylene 
	Ethylene 
	Propylene-
	HzS 
	Hydrogen 
	Propane 
	Ethane 
	Butane 
	Methane 

	1 
	1 
	0 
	0 
	0 
	0 
	0, 
	0 
	100 
	0 
	100 
	0 
	100 

	2 
	2 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	100 
	100 
	0 

	3 
	3 
	0 
	0 
	0 
	0 
	100 
	0 
	100 
	100 
	0 
	0 
	0 

	4 
	4 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	100 
	0 
	100 

	5 
	5 
	0 
	0 
	0 
	0 
	0 
	0 
	.100 
	100 
	0 
	0 
	100 

	6 
	6 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	0 
	0 
	100 
	100 

	7 
	7 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	0 
	100 
	100 

	s 
	s 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	100 
	100 

	9 
	9 
	0 
	0 
	0 
	40 
	0 
	0 
	0 
	0 
	0 
	40 
	100 

	1.0 
	1.0 
	0 
	0 
	0, 
	0 
	0 
	40 
	0 
	0 
	0 
	40 
	100 

	11 
	11 
	0 
	0 
	0 
	0 
	0 
	40 
	0 
	0 
	40 
	0 
	100 

	12 
	12 
	0 
	0 
	0 
	0 
	100 
	0 
	0 
	0 
	0 
	0 
	100 

	13 
	13 
	0 
	0 
	0 
	0 
	100 
	0 
	0 
	0 
	100 
	0 
	0 

	14 
	14 
	100 
	0 
	0 
	0 
	0 
	0 
	100 
	0 
	0 
	0 
	0 

	1S 
	1S 
	0 
	0 
	0 
	100 
	0 
	0 
	0 
	0 
	100 
	0 
	0 

	16 
	16 
	0 
	0 
	0 
	100 
	0 
	0 
	0 
	100 
	0 
	0 
	0 

	17 
	17 
	0 
	100 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	18 
	18 
	0 
	0 
	-
	1.00 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	iiswnr. 
	iiswnr. 
	100 
	100 
	100 
	240 
	300 
	80 
	500 
	600 
	640 
	480 
	1000 
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	EN 16726:2015 (E) 
	Table A.4-calculation offitness, 'Wj (example 1) 
	Table
	TR
	v, 

	TR
	co 
	Butadlene 
	Btttylene 
	Ethylene 
	:Propylene 
	HzS 
	Hydrogen 
	Propane 
	Ethane 
	Butane 
	Methane 

	TR
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	1,3487 
	5,6603 
	0,9451 
	~2,0460 

	TR
	Vr Vmaxi.j Vswn1 

	-System 
	-System 
	co 
	Butadiene 
	Butylene 
	Ethylene 
	Propylene 
	H2S 
	Hydrogen 
	Propane 
	Ethane 
	Butane 
	Mefuane 
	~ 

	l 
	l 
	0,0000 
	MOOO 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,8844 
	0,0000 
	9,20-% 
	10,0890 

	2 
	2 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,2248 
	0,8844 
	0,1969 
	0,0000 
	1,3061 

	3 
	3 
	o,aooo 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,2248 
	MOOO 
	0,0000 
	0,0000 
	0,2248 

	4 
	4 
	0,0000 
	0,0000 
	O,OOQO 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,2248 
	0.,8844 
	0,0000 
	9,2046 
	10,3138 

	5 
	5 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,2248 
	0,0000 
	0,0000 
	9,2046 
	9~4294 

	6 
	6 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,0000 
	0,0000 • 
	0,0000 
	0,1969 
	9,2046 
	9,4015 

	7 
	7 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,2248 
	0>0000 
	0,1969 
	9;2046 
	9,6263 

	8 
	8 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,8844 
	0,1969 
	9,2046 
	10,2859 

	9 
	9 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0788 
	9,2046 
	9,2834 

	10 
	10 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0788 
	9,2046 
	9,2834 

	11 
	11 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,3538 
	0,0000 
	9,2046 
	9,5584 

	12 
	12 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	9,2046 
	9,2046 

	l"3 
	l"3 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,0000 
	0,8844 
	0,0000 
	0,0000 
	0,8844 

	14 
	14 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0~0000 
	0.;0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 -
	0,0000 

	15 
	15 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	MOOO 
	0,0000 
	0,0000 
	0,8844 
	0,0000 
	0,0000 
	0,8844 

	16 
	16 
	0,()000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,2248 
	0,0000 
	0.0000 
	0,0000 
	0.,2248 

	17 
	17 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 

	18 
	18 
	MOOO 
	o~oooo 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,000D 


	... 
	r. 
	EN 16726:2015 (E) 
	Table A.5 -Worked example ofmethane number calcalatton ( composltlon 1) -final calculation 
	Table A.5 -Worked example ofmethane number calcalatton ( composltlon 1) -final calculation 
	Table A.5 -Worked example ofmethane number calcalatton ( composltlon 1) -final calculation 

	1 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 
	11 

	TR
	mtxA4 
	mi.x:A7 
	mixA8 
	mjxA2O 

	TR
	TD
	Figure

	NA4,i 
	VM,t 
	lfA7,i 
	VA7} 
	NA8,i 
	VAB,i 
	N.A20,i 
	V.no,i 

	". .. _% vol[;rii. ~ . --.. 
	". .. _% vol[;rii. ~ . --.. 
	-

	.. 
	•,.• _.;; ~::% VQ!/~~l 
	.~~1F· . '·L'
	-

	;;~..'%''.J.@/vol'.. . . 
	;,J('· ··~.'• 
	-

	• o.~:~•;P: ''/:·,. l .:-... ; ....VO '· 
	. ·•{Jl(t}' __ .~i}~ 
	,·: % v.01J.ifbf·1 . .-..-. 
	.:?;;? 
	,.:.~ 'io.l/vi>f' • 

	me-.b.ane ethane propane butanes i-butane n-butane i-pentane o.-pentme hexanes+ nitrogen carbon dioxide hydrogen 
	me-.b.ane ethane propane butanes i-butane n-butane i-pentane o.-pentme hexanes+ nitrogen carbon dioxide hydrogen 
	90,0900 5,5400 1,3200 0,2100 0,1900 0.0400 0,0500 0,0600 1,0400 1,4600 0,0000 
	90,0900 92,0460 5,5400 5,6603 1.3200 1,3487 0,9250 0,9451 0,0000 0,0000 
	~ llQl2. Mill 
	88,1108 9,2119 2,0773 
	:llM1Z 0,6944 ~ 
	95.8205 2,4337 1,7458 
	36,7653 2r7590 0,4469 
	91,9793 6,9025 1,:1181 
	97,8750 l.0400 1,4600 
	98.5302 0,0000 1,4698 

	•. ~~--..~. 
	•. ~~--..~. 
	• io·o 0000· ', • .I •• 
	•"'1J "'.'•' 
	.:,.·,•• 97~;?;~0. -~·~foooq~ 
	~:·s1,~.;,j•,:·::rs. , :·) Jol. 
	-.-·cs. 1QPA}OOQ;f 4 .. • -~ .... "'t• 
	t~t '2~~5~-~i: 
	.•;·~~.oo~~ 
	-~·;;::39.,9.1-_gi? ,_..,;, .....~. 
	:•"· \9j9~p1Y 
	•~ .1:Po~s1so 
	_ J iibo,o.?90 

	Fraction, Fe MNc 
	Fraction, Fe MNc 
	TD
	Figure

	03149 74,9017 
	0,2853 74,9019 
	0,3997 74,9019 
	101.,4201 


	MIN 
	MIN 
	MIN 
	0,000262 

	M.t'-t 
	M.t'-t 
	74,9018 

	MN 
	MN 
	76,3217 


	25 
	··-·-···-··•·"•-"'......... ~-••,'•~----...•.. -·--···--··· ·••••"·~·•.......~~........,~~~~------------------------
	-

	r 
	f 
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	Table A.6 -Worked example ofmethane nmnber calculation ( example 2) -final calculation 
	Table
	TR
	1 
	2 
	3 
	4 
	s 
	6 
	1 
	8 
	9 
	10 
	11 

	TR
	mlxA4 
	mhA7 
	mixA8 
	mixA20 

	TR
	NA4J 
	VM,i 
	NA7,i 
	VA7,i 
	NA&,i 
	VAai 
	NAzo,i 
	VA20,i 

	TR
	% volfvol ·-. 
	-

	.. 
	%volfvol %vol/vol -··~ 
	-

	·%vol/vol. 
	,, %volfy_ol 
	%_~01/vol 

	methane ethane propane butanes i-butane n-butane i-pentane n-pentane hexanes-r nitrogen carbon dioldde hydrogen 
	methane ethane propane butanes i-butane n-butane i-pentane n-pentane hexanes-r nitrogen carbon dioldde hydrogen 
	86,6475 0,1169 9,4500 0,0000 0,1461 0,0000 0,0292 0,0000 0,0000 3,6103 0,0000 
	86,6475 0,1169 9,4500 0,2133 0,0000 
	89,8575 0,1212 9,8001 0,2212 0,0000 
	H 1rna 
	88,8181 0.126311,0556 
	-

	~6 3222 
	90,6616 9,1520 0,1864 
	2,3590 0,0628 0,1258 
	9215995 2,4632 4,9373 
	96,4277 0,0000 3,6103 
	96,3911 0,0000 3,6089 

	MS.as. ill£Z 
	MS.as. ill£Z 
	4,6819 ~ 

	total • p .
	total • p .
	-

	100(0000 
	96,4277 
	100,0000 
	46,2955 
	100fQ00O 
	··
	-

	su'.s~f 
	•. 100,0000 
	_·j;~;476 
	100,0000 
	),p0,0380 
	100,0000 

	Fraction.. Ft MNr 
	Fraction.. Ft MNr 
	0.4630 65,3039 
	0,5116 65,3059 
	0,0255· 65,3039 
	103,7290 


	MfN 
	MfN 
	MfN 
	0,002016 

	MN' 
	MN' 
	65,3049 

	MN 
	MN 
	69,0336 


	~ 
	-:..".-.:.a••••,•,.,_..,,..,:.,,_.,..,,. "' ~-•
	i..~~:•;::-~-.. ·;•::~"' :·,••'',,, .... • 

	I 1 
	~-..:.i:; 
	E 
	EN 16726;2015 (E) 
	Table.A.7-calculationoffitness. J,fj{example2) 
	Table
	TR
	V, 

	TR
	co IBntadiene 
	Butylene 
	Ethylene lPropylene H2S 
	Hydrogen Propane 
	Ethane 
	Butane 
	Methane 

	TR
	0,0000 I 0,000 
	0>0000 
	0,0000 t 0,0000 0,0000 
	0,0000 9,8001 
	0,1212 
	0,2212 
	89,8575 

	TR
	~-Vmax1,J 

	TR
	Ysumi 

	System 
	System 
	co Bu.tadiene 
	Butylene 
	Ethylene Propylene HzS 
	Hydrogen Propane 
	Ethane 
	Butane 
	Methane 
	VVJ 

	1 
	1 
	0,0000 0,0000 
	0,0000 
	0,0000 0.0000 0,0000 
	010000 0,0000 
	0,0189 
	0,0000 
	8,9858 
	9,0047 

	2 
	2 
	0,0000 0.0000 
	0,0000 
	0,0000 0,0000 0,0000 
	0,0000 1,6333 
	0,0189 
	0,0461 
	0,0000 
	1,6984 

	3 
	3 
	0,0000 0,0000 
	0,0000 
	0,0000 0,0000 0,0000 
	0,0000 1,6333 
	0,0000 
	0,0000 
	0,0000 
	1,6333 

	4 
	4 
	0,0000 0,0000 
	0,0000 
	0,0000 0,0000 0,0000 
	0,0000 1,6333• 
	0,0189 
	0,0000 
	8,9858 
	10,6380 

	5 
	5 
	0,0000 0,0000 
	0,0000 
	0,0000 0,0000 0,0000 
	010000 1,6333 
	0,0000 
	0,0000 
	8,9858 
	10,6191 

	6 
	6 
	0,0000 0,0000 
	0,0000 
	0,0000 0,0000 0,0000 
	0,0000 0,0000 
	0,0000 
	0,0461 
	8,9858 
	9,0318 


	7 
	7 
	7 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	MOOO 
	0,0000 
	1.6333 
	0,0000 
	0,0461 
	8,9858 
	10,6652 

	8 
	8 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0189 
	M461 
	8,9858 
	9,0508 

	9 
	9 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0184 
	8,9858 
	9,0042 

	10 
	10 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0184 
	8,9858 
	9,0042 

	11 
	11 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0076 
	0,0000 
	8.9858 
	8,9933 

	12 
	12 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	8,9858 
	8,9858 

	13 
	13 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0189 
	0,0000 
	0,0000 
	0,0189 

	14 
	14 
	Q,0000 
	0,0000 
	0,0000 
	0,0000 
	0.0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 

	15 
	15 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0}0000 
	0,0000. 
	0,0189 
	0,0000 
	0,0000 
	0,0189 

	16 
	16 
	0,0000 
	0,0000 
	0,0000 
	·0,0000 
	0,0000 
	0,0000 
	0,0000 
	1~6333 
	0,0000 
	0,0000 
	0,0000 
	1,6333 

	17 
	17 
	0,0000 
	0,0000 
	0#0000 
	0,0000 
	0,0000 
	OJOOOO 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000. 
	0,0000 

	18 
	18 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0.,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	0,0000 
	DrQOOO 


	~---~--~--~--~•••••••••••. , ... , •.••.••.•..••.., •. ··-··-·· .., ........ _...·•····•-·~-••<>·--·-
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	TableA-8-Worked example-ofmethane numb&r calculation (example 3)-final calculation 
	methane ethan.e propane butanes i-butane n~bntane i--pentane n-pentane hexanes+ nitrogen carbon dioxide 1 2 3 4 5 6 "1 8 1 9 10 11 12 13 mfxA1 :mixA4 mix:AS mbcA6 ~8 NAl,i VAl,i N,M,i V:44.i I N~t I vAS,t I NA6,i. l vA6,t I N.AB.,t l vA8,t % voljvol '.% ~1/vol" . %:yolrJ-ful' .'.,-.. 4 • • • ... • ~· --:% ~0i/yci~_:J). .· .. :. ~H~:vi?11.~2J,,,Jg,_ %~Tu~?1~ 0t<T ..~,~....~~:d ~~~yo~~: 85,991 85,991 87,685 l.1Jllll. 80,221 ~ 5,036 5,036 5,136 U2Z 9,549 1.5:22. 88,718 I14 270 I 84,091 IJ£@1' 89,710\ 27,389 1 
	LlMN 0,00012 MN' 74,411 MN 75,695 
	-. 
	-

	.• ~ --;.i:..• 
	~ 
	.... ~ 
	-

	~---... -· 
	~
	ft·\.;.,:...... ;. 
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	TableA.9 -calcnlatlon offitness, K:, (example 3) 
	I Vi co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 5,0985 12236 5,1356 0,8574 87,6849 ~ ~Vmcai,J . Yswnl System co Butadiene Butylene r Ethylene Propylene H2S Hydroge.n P:ropane Ethane Butane Methane VVj 1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0197 0,0000 0,8024 0,0000 13,7685 10,5906 2 010000 0,0000 0,0000 0,0000 OiOOOO MOOO OJOOOO 0,2039 0,8024 0,1786 0,0000 1,1850 3 0,0000 0,0000 0.,0000 0,0000 0,0000 0,0000 1,0197 0,20
	29 
	···--·--·····•·-······ ,................. ····-·--·····•·······--•·-··-----~~~-~-------------------:-
	-

	+
	I 
	I 
	~ 
	I. 
	I 
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	Table A..10 -Additional numerical examples for spftware validation purposes 
	Component 
	Component 
	Component 
	Mh:1 
	M':oc 2 
	Mlx:3 
	Mix4 
	Mb:5 
	Mix~ 
	1tfiX 7 
	Mlx8 
	.Mfx9 
	Mb:10 
	Mixl.1 
	Mix1Z 
	M1x13 
	Mix14 
	Mix15 
	Mf.x16 

	carbon dioxide 
	carbon dioxide 
	1,00 
	0.,20 
	2,30 
	Z,00 
	3,90 

	nitrogen 
	nitrogen 
	13,00 
	13,00 
	0.,20 
	0,80 
	0,74
	-

	3,70 
	0,4-0 

	o,cygen 
	o,cygen 
	l 

	hydrogen 
	hydrogen 
	70 
	s 
	5 
	65 
	5 
	$0 
	5 
	20 
	90 

	carbon monoxide 
	carbon monoxide 
	20 

	methane 
	methane 
	83,53 
	82,43 
	94,68 
	86,30 
	87.34 
	84,62 
	85,58 
	15 
	80 
	70 
	10 
	65 
	5 
	75 
	55 
	4 

	ethylene 
	ethylene 
	5 
	5 
	5 
	5 

	ethane 
	ethane 
	3,47 
	3,00 
	3,20 
	8.,70 
	7,00 
	a.oo 
	5,70 
	5 
	5 
	s 
	s 
	s 
	5 
	5 
	5 
	2 

	propylene 
	propylene 
	s 
	5 
	5 
	5 

	propane 
	propane 
	0,20 
	1,05 
	1,60 
	2,20 
	1,10 
	2,10 
	5 
	5 
	5 
	5 
	5 
	5 
	5 
	5 
	2 

	butylene 
	butylene 

	butane 
	butane 
	0,27 
	0,47 
	0,30 
	0,41 
	1,47 
	0,90 
	s 
	s 
	s 
	5 
	s 
	5 
	5 
	5 
	2 

	penta.ne 
	penta.ne 
	0,10 
	0,20 
	. 0,11 
	0,51 
	0,82 

	hexanes+ 
	hexanes+ 
	0,20 
	0,60 

	hydrogen sulphide 
	hydrogen sulphide 
	5 
	5 
	10 

	total 
	total 
	100,00 
	100,00 
	100,00 
	100,00 
	100,00 
	100,00 
	100.00 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	:r.oo 
	100 

	methane P.umber 
	methane P.umber 
	90,02 
	85,03 
	80,00 
	75,03 
	. 10,02· 
	65.00 
	59,97 
	21,SS 
	53.20 
	41,25 
	19r59 
	35,01 
	23,89 
	44,15 
	30,45 
	10,04 

	Ternary mixtures s~ected 
	Ternary mixtures s~ected 
	Al A4 
	A4 A.7 AS 
	A4 A7 A8 
	A4 A7 A8 
	A4 A:] A8 
	/½.4 A7 AS 
	A4 A7 A8 
	Al A3 A5 A6 A8 
	Al A5 A6 A7 A8 
	Al A6 A7 AS A9 A12 
	A1 A3 A6 A7 Al2 AlS Alo 
	A6 A7 AB A9 AlO All A:t.2 
	Al J..2 A3 A6 A13 A14 A15 A16 
	AS .A6 A7 ,Ag A10 A11 
	Al l>..S Af, A7 A10 All 
	Al A3 AS A6 AS 
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