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AnnexA 
(normative) 

Calculation of methane number ofgaseous fuels for engines 

A.l Introduction 

The methane number of a gaseous fuel can be calculated from its composition according to several 
different methods1 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 /1/ fo1· FVV (the Research Association for Combustion Engines) but employs amendments 
Implemented in 2005 and 2011 by MWM GmbH. These amendments have been unpublished until the 
publication ofthis European standard. 

The method requires input of composition in the form of volume fractions at reference conditions of 
0 °C and 101,325\<;Pa and expressed as a percentage. Composition is more likely· to be available either 
as mole fraction (e.g. in the natural gas transmission and distTibutlon industry) or as mass fTaction (e.g. 
in the automotive fuel Industry) and conversion to volume fraction shall be performed using the 
methods in ISO 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 number of decimal 
places has been retained. For expression of the final resltlt rounding to zero decimal points is 
recommended. 

A.2 Calculation of methane number 

A.2.1 Applicability 

The method described in this European 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 numeiical examples provided in this annex are appropriate to gases ofthe second family 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 method is 
applicable to both 2H and 2L gases. 

Oxygen and water vapour shall be ignored and the fuel gas composition shall be calculated on a dry, 
oxygen-free basts. 

A.2.2 General approach 

The methane number of a gaseous fuel is cakulated 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 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, hydrogen sulphide, 
hydrogen, propane, ethane, butane 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 n\lmber 
and can be ignored. 

b) 	 The simplitled mixture 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 given order, including those systems that contaln the relevant combustible 
compounds. Selection is ceased when all combustible compounds are contained In at least two 
ternary systems. 

c) 	 The composition and fraction of the selected partial mixtures is adjusted iteratively so as to 
minimize 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 ofthe selected partial mixtures. 

e) 	 Finally, the methane number of the gaseous fuel is calculated by corTecting the methane number of 
the simplitled mixture to allow for the presence of inerts in the orlglnal fuel gas. 

A.3 Example 1: 2H-gas 

A.3.1 Simplification of the composition 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 a re replaced with an equivalent amount of butanes by multiplying their 
quantities by 1. 

Pentanes are replaced with an equivalent amount of butanes by multiplying the quantity of 
pentanes by 2,3. 

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

In the case of example 1 the quantity of butanes 

:::0,2100 + 0,1900 + (0,0400 t 0,0500) X 2,3 + 0,0600 X 5,3 

=0,9250 (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 

A.3.2.1 Ternary mixtut•es 

The ternary mixtures are chosen from the following list 

Al: Methane -Hydrogen - Ethane 

A2: Propane~ Ethane - Butane 

A3: Hydrogen - Propane - Propylene 

A4: Methane- Ethane - Propane 

J\5: Methane·· Hydrogen- Propane 

A6: Methane- Hydrogen- Butane 

A7: Methane- Propane- Butane 

AB: Methane - Ethane - Butane 

A9: Methane- Ethylene- Butane 

A10: Methane -Hydrogen Sulphide- Butane 

All: Methane - Ethane- Hydrogen Sulphide 

A12: Methane - Propylene 

A13: Ethane- Propylene 

A14: Carbon Monoxide- Hydrogen 

A15: Ethane - Ethylene 

A16: Propane- Ethylene 

A17: Butadiene 

A18: Butylene 

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

A.3.Z.2 Range of applicability of ternary mixture data 

The range of applicability 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 I'ange of applicability of each ternary system is specified in Table A.2, 
expressed as max!mum and minimum content of each component. 

11 
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A.3.2.3 Facto1·s affecting the temary system selectionJH'ocess 

The ternary systems are selected in accordance with three main consider~tions: 

a) The number of gases in the ternary system that arc present in the simplltied 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 simplified mixture are acceptable if 
insufficient systems with three component<> present in the simplified mixture are available. 

b) Where there is a choice of ternary systems, the system with the highest fitness, Wj, takes priority. 

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

flitness of a system is calculated from the following formula: 

_~ V;,min(10o,(vmax;,j +15)) 
WJ-~ -- (A.l) 

j,4 Vsum 1 

where 

n is the number of components in the simplified mixture 

V; is the volume fraction of component i in the simplified mixture 

Vmax1J is the ma.ximum content ofcomponent I for the 1'ange ofapplicahlllty ofsystem j 

Vsum, is the sum of all maximum contents of component i for the range of applicability of all systems, i.e. 

j=1B 
Vsum; = L min(1oo,(vmax1,1+15)) (A.2) 

1=1 

Values of Vsumt are independent of the composition of the simplified mixture. However, Wj 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 ofexample 1, the calculation ofVsum, and W; is shown in Tables A.3 and A.4. 

A.3.2.4 Description of the ternary 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 and this is achieved by consideration of each component present in the simplified mixture in 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 ln the simplified mixture have priorily over 
systems having one or two components present. 

b) 	 The tenmy mixture with the highest tltness 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 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 ofexample 1: 

The first component in the simplified mixture is propane and this is present In four ternary systems 
that have all their components presenl: in the simplified mixture- A2, A4, A7 and AB. In this casu, A1 is 
selected because it has the largest value offitness (Le. 1 0,3138). 

The second component in the simplified mixture is ethane and this is already represented In system A4, 
so no ternary mixture is selected. 

The tlllrd component of the simplified mixture, butane, is not represented in system A4, so system 
selection continues and system AB is selected because it has the highest" value offitness (1 0,2859]. 

The fourth component in the simplified mixt-ure is methane and this is already represented in syst·ems 
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 (9,6263; system A4 has already been 
selected). 

All components in tile 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 J>artial mixtures 

The s implified mixture is dividec 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. 

ln the case ofexnmple 1, three ternary systems- A4, A7 and A8 ···are selected. Tile preliminary division is 
made by assigning: methane equally between ALJ·, A7 and AB; ethane equal!y between A4 and AB; propane 
equally between A4 and A7; and butanes equally between A 7 and AB (Columns 4, 6 and 8). 

A.3.4 Calculation of the methane number ofthe partial mixtures 

The methane number ofeach partial mixture is calculated from the general formula 

i=7 }=6 

MNt =LL{a1.ix1yi) (A.3) 
i=Oj =D 

Where x andy 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 %. 

ln the case ofexample 1 the composmon ofeach partial mixture is calculated by renorma/izing to 100% 
(Columns 5, 7 and 9}. 

Table A.2 lists the values ofcoefficients aufor the partial ternai',Y systems Al- A18. 

In tlte 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 AB 
respectively (Columns 5, 7 and 9). 

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 quantiey 
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 MNmax and MNmin are the maximum and minimum methane numbers for the selected partial 

mixtures. 

In the case ofexample 1, three ternary partial mixtures are selected and hence there are nine quantities 
to he determined, howeverfour ofthese may be obtafned by material balance considerations. 

NA8, methane= Nmethane - NA4, methane - NA7, methane 

NA8, ethane = Nethane - NA4, ethane 

NA7,.propane = Npropane - NA4, propane 

NAa, butane= Nbutane- NA7, butane 

Where Nc,comp is the quan tlty ofthe respective component in partial mixture t 
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The composition and ji·action of each partial mixture Is U!erefore performed by adjustment of five 
quantities,· the quantities of methane, ethane and propane in A4, and the quantity ofmethane and butane 
inA7. 

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

The problem ofadjusting the composition and fraction ofeach partial mixture is therefore a constrained 
minimization 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. 

Depending upon the ending criterion of the numerical method employed, slight differences in the value 
of (MNmax- MNm!n) will result in slightly different values of methane number of the simplified 

mixture. In addition, the use of different starting values for the composition and fl·action 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 method and It is recommended that the final value of 
methane number 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 A.5 
(Columns 4-- 9). For clarit;y, the jive adjusted qualltities are shown in underlined text. 

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=Nsys 

MN'= L (MNt·Fc) (A.4) 
t""1 

Where 

MN' Is the methane number ofthe slmplified mixture 

MNt is the methane number of partial mixture t 

Ft is the fraction of the partlal mixture t 

Nsys is the number of ternary systems selected 

In the case ofexample 1, this results in a methane number of the simplified mixture ofMN' = 74,9018. 

A.3.7 Calculation of the methane number of the gaseous fuel 

The methane number of the gaseous fuel is calculated by corr·ecting the methane number of the 
simplified mixture to allow for the presence ofinerts in the original fuel gas: 

MN = MN' + MNtnerts- MNmethane (A.5) 

In the m·iginal work of AVL/1/MNiner'rs is the methane number of a methane-carbon dioxide-nitrogen 

mixture having the same inerts content as that of the original mixture. However in the amendment of 
MWM the MNinerts is calculated for a methane-carbon dioxide-uitmgen mixture containing only carbon 

dioxide and methane. MNmethane 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) (Fable A.5, column 10), which is normalized to a nitrogen
free mixture comprising methane [98,53 02% voljvol) and carbon dioxide (1,4698% voljvol) (Table A.5, 
column 11). Application ofFormula {A.3) result:s in u methane number ofMNinerts;;: 10.1,4·201. 

Application ofFormula (A.5) results /11 a methane number ofthe gaseous fuel of 

74,9018 + 101,4201 - 100,0003 = 76,33217. 

The value ofmethane number is reported as 76. 

A.4 Example 2: enriched biomethane 

A.-4.1 Simplification ofthe composition of the gaseous fuel 

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

In the case ofe.xample 2 tfte quant'i~ ofbutanes 

::: 0,14·61 + 0,0292 X 2,3 +0,0000 X 5,3 

= 0,2133 (Column 2} 

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

A.4.2 Calculation offitness ofthe ternary systems 

Application ofFormula (A.1) to example 2 l'esults in the values ofW1shown In Table A. 7. 

A.4.3 ~election of ternary mixtures 

The first component in tlze simplified mixture is propane and this is present in ternary systems that have all 
their components pre.sent in the simplified mixture - A2, A4, A7 and AB. In this case, A 7 is selected because 
it has the largest value offitness {10,6652). 

The second component i ll tire 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 offitness {10,6380). 

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

The selection process is repeated with the first component in the simplified mixture (propane), which is 
already represented in selected systems A4 and A7. 

Selection continues with the second component in tile simplified mixture (ethane), which is represented in 
only one selected system (A4), so system AB is selected because it has the next highest value of fitness 
(9,0508). 

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

A.4.4 Calculation of the methane number 

After pr·el/minary division of the simplified mixture the calculation of methane number according to the 
methods in A.3.3 to A.3.7 the methane number of the gaseous fu el of example 2 is shown In Table A.S. 
Again, for 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.S Example 3: 2H-gas with hydrogen addition 

A.5.1 Simplification of the composition of the gaseous fuel 

This example illustrates the calculation for the 2!-1-gas of composition of example 1 to which hydrogen 
has been added. The composition is shown in Table A.8. 

In the case ofexample 3 the quanW;y ofbutanes 

::: o,1909 + o,1 727 + {0,0364 + o,o455J x 2,3 + o,o545 x s....~ 

= 0,8408 (Column 2} 

The simplified mixture is then re-normallzed to 100% {Column 3). 

A.5.2 Calculation offltness of the lemary 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 

The first component in the simplified mixture is hydrogen and this is present in ternary systems that have 
all their components present in the simplified mixture- A1, AS aTld A6. In this case, A1ls selected because it 
has t·he largest value offitness (10,5906). 

The second component in the simplified mixture is propane and this is not represented in system A1, so 
system selection continues and syst-em AS is selected because it has the largest value offitness (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 in the simplified mixture is butane and this is JlOt represented in the systems already 
selected. System A6 is selected because it has the largest value offitness (9,9668). 

The fifth componentof 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, AS and A6, so no add/Uonal system is required. 

Selection is continued with the second compone[lt in the simplified mixture (propane] and ternary system 
A4 is selected because it has the largest value offitness (9,774-9). · 

The third component in the simplified mixture (ethane) is represented in systems A1 and A4, so no 
additional system Is reqttired. 

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

All componen~ 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:. AS: A6 and AB. 

A.5.4 Calculation of the methane number 

ln the case ofexample 3, five ternary partial mixtures are selected and hence there are 15 quantities to be 
determined, however five of these may be obtained by material balance conslclerations. 

NA8, methane= Nmethane- NA1, methane- NA4, methane- NAS, methane- NA6, methane 

NA8, ethane =Nethane - NA1, ethane - NA4, ethane 

17 
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NAS, pl'opane = Npropane - NA4, propane 

NA8, butane "' Nbutane - NA6, butane 

NA6, hydrogen= Nhydrogcn- NA5, hydrogen- NA1, hydrogen 

The composition and fraction of each partial mixture is therefore determined by adjustment of 10 
quantities: the quantities of methane, ethane and hydrogen in Al, the quantities of methane, ethane and 
propane in A4, t:he quantities ofmethane and ltydrogen in AS and the quantities ofmetlwne and butane in 
A6. 

After preliminary division ofthe simplified mixture and calculation of methane number accordfl1f} to the 
methods in A.3.3 to A.3.7 the methane number ofthegaseousfue/ ofexample 3 is shown in Table. A.B. For 
clarity, the .10 adjusted quantities are shown in underlined text The value of methane number obtained 
(75,695} Is reported as 76_ 

A.5.5 Additional numerical examples 

Table A.10 provides the results of calculations for a variety of compositions for additional software 
validation purposes. 
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Table A.1-Worked example ofmethane number calculation (example 1) -preliminary assignment of partial mixtures 

methane 

ethane 

propane 

butanes 

i-butane 

·.::.'•'"':..•::::· 

n-butane 

i-pentane 

n-pentane 

hexanes+ 

nitroge!l 

carben dioxide 

hydrogen 

·total 

Fraction, Ft 

MN: 

1 I 

y ;C.% vo!fvhl·r .j.......~( . .. ... ;· -

··- . 

90,0900 

5,5400 

1,3200 

0,2100 

0,1900 

0,0400 

0,0500 

0,0600 

1,0400 

1,4600 

0,0000 

1oo;oo'oo· 
, ·';"."-... 

2 I 3 

. ·::-~' . . '%-3pJ/.;,f 
·-~ · . 

9 0,0900 92,0460 

5,5400 5,6603 

1,3200 1,3487 

0,9250 0,9451 

.. :.;:,,"9·:.· ~ 
l•: . 7,87W(~-- ~oOfd'Wo 

I 4 5 6 7 8 9 

mixA4 mixA7 mb:A8 

NA4,i VA4,i NA7j VA7,i NA8,f VA8,i 

-· · -~~?:f ··· . ,, .,,.._..,..., . %\'~..·. -· ': f±i~-·. :'%>;olfvol ' .. ·.;:'.;:,:.ft;~-~-- . .-. 
~-.· - -~ .. • •• ••J • •• • 

~ vpi)vor .·..:~, 
.lQ.M@ 

1.lrul.l 

Mill 

.. ~~i~:~s 

89,7490 ~ 96,3968 30,6820 90,2B18 

8,2785 2,8301 8,3277 

1,9725 0,6743 2,1186 

Mill l ,48f6 o,4ns I 1,3905 

1oo o·ooo;j···.; 'si B?s~t;-.· :1on:ouoo I .:_;~;;~3 984irk:~~1·: .1oo;drloo
-·~.,!~·A~iM-M.:;~__ _______:_ __ .. .L";G;! ~-... · . ·. :..::s_t':'.;:',.:~ ·· . ~~..,..!,._. _ I . ......£, ~·: . ·!-:.:.. . 

0,3419 

76,2489 

0,3183 

77,3777 

0,3398 

71,9706 

19 
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Table A.2- Components, coefficients and their ranges ofvalldity ofFormula (A.1) for the ternarypartial mixtures 

Al 

methane 

A2 

propane 

A3 

hydrogen 

A4 

methane 

AS 

methane 

A6 

methane 

A7 

methane I 
; 

y: hydrogen ethane propane ethane hydrogen hydrogen propane I 
z: ethane butane propylene propane propane butane butane 

a(O, 0) 4,3628190E+Ol 1,0245130E+01 1,8627940E+Ol 3,3539090E+01 3,4758040E+01 1,2299020E+01 ' 1,0169140E+01 

a(l, 0) - 9,2508870E-QZ a,S90661oE:oz - 1,2035810E-01 -1,0282240E-01 -5,19490SOE-01 - 7,5182070E-01 4,3666120E-01 

a (0,1) -1,0488580E-02 1,498Z130E-01 1,0871090E-Ol 2,0683750E-01 5,4737050E-02 -4,5l03700E-Ol 3,8170960E-02 

a (2.0) 1,6449270£·02 7,3843960E-03 l,9298010E-02 2,398141OE-02 4,40S4460E-G2 5,1433330E-02 - 8,7264540E-02 

a(1, 1} -2.5007730E-03 9,5705040E-03 -1,3050630E-03 3,3161370E-03 2,6425310E·02 5,1261470E-02 - 7,9478640E-03 , 

a(0,2) -4,32027 40E·03 S,l369710E-03 1,7985000E-03 -3,5536890E-03 -1,0567810E-02 1,7866300E·02 l ,0365010E-02 I 
a(3,0) -3,1191690E-04 -1,0036620E-04 -1,3018080E-0'3 -9,S847460E-04 -8,7433290£-04 -1,0241590E-03 5,93979SOE·03j 

a(Z, 1) -6,0486960E-D5 -2,0203270E·04 2,9904470E-05 - 2,4096040E-04 - 1,0846450E-03 - 1,6406520E-03 3,2675860£-04 . 

a(l,Z) -5,3528010E-05 -4,5802170E-05 8,5613760E-05 3,941&400E-05 - 3,5553270E-04 -1,0022400E-03 2,3714910E-04 

a(0,3) 6,8507420E-OS -5,6856150E-05 -2,5836670E-OS 5,0018560E-05 2,2897690£-04 -1,4 279120E-04 -1,6152150£-04 

a(4,0) 2,1223340£-()6 4,1273050E-07 4,1692950E-05 2,0052880E-05 5,4767420E-06 6,6995630£-06 -1,8541270E-04 

a(3, 1) 2,1993700E-06 1,2511380£-06 2,0011240E-07 3,4585100E·06 l,13 09SOOE-05 1,5661210E-05 -3$085860E-07 

a (2, 2) 1,2109690E-06 3,1147030E-07 -6,8546460E-01 8,0364540E-07 7,9874880£-06 1,5 7 63060E·OS -4,9758630E·06 

a(l, 3} 2,97065BOE·07 -3,1401570E-07 -6,2626130E-07 -4,3338760£-07 7,4860850E-07 5,2498880E-06 -8,7822910£-07 

a(0,4) - 6,7138020E-07 2,4039480E-07 1,1987890£-07 -2,5042560E-07 -1.6340240E-06 O,OOOOOOOE+OO 7,7408400E-07 
a(S, 0) O,OOOOOOOE+OO O,OOOOOOO!hOO -6,9526380E-07 -2,1154170E-07 O,OOOOOOOE+OO O,OOOOOOOE+OO 2,95 65980E-06 
a(6, O) O,OOOOOOOE+OO O,OOOOOOOE+OO 5,7989$40E-09 9,0540200E-10 O,OOOOOOOE+OO O,OOOOOOOE.,.OO - 2,337074tJE-OS 

a(7, 0) O,OOOOOOOE+OO O,OOOOOOOE+OO - 1,9133740E-ll O,OCOOOOOE+OO O,OOOOOOOE+OO O,OO OOOOOE+OO 7,3223480E-ll 

a(O. 5) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 

a(O, 6) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOODOOE+OO O,OOOOOOOE+OD O,OOOOOOOE+OO O.OOOOOOOE+OO O,OOOOOOOE+OO 

x(ma:x),% voljvoL 100,0 100,0 100,0 100,0 100,0 100,0 100,0 

x(min),% volfvol 0,0 0,0 0,0 0,0 0,0 0,0 o.o 
y(ma:x),% voljvol 100,0 100,0 100,0 100,0 100,0 100,0 1oo.o I 
yfmin),% volfvol 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

z(max),% vol/vol lOO,Q 100,0 100,0 100,0 100,0 100,0 100,0 I 

z(min),% vol/vol 0,0 0,0 0,0 0,0 
-- ---1....-.- · -

0,0 0,0 
I 

0,0 
-~ 

i
'x: 

I 
I
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TableA.2 (continued) 

A8 A9 A1 0 All A12 A13 Al.4 
x: methane 

y. ethane 

z: butane 

methane 

ethylene 

butane 

methane 

hydrogen sulphide 

butane 

:methane 

ethane 

hydroien sulphide 

m ethane 

propylene 

ethane 

propylene 

carbon monoxide 

hydrogen 

2(0,0) 1,0777610E+Ol - 1,2408570E+OS 1,83885 06E+05 - 1,1788466E+OS 5,9095515E+Ol 3,1550700E+Ol O,OOOOOOOE+OO 
a(l , 0) 1,6474900E-01 1,1938458E+04 - l,S396773E+04 l,lZ51043E+04 1,0602705£..()1 7,9749400E-02 l ,SOOOOOOE+OO 
a(O, 1) - 1.4050070E-01 -1,9962282E+02 - 1.4160386E+{)l - 2,6712519E+02 - 3,4069240E+OO -1,7706875E-01 O,OOOOOOOE+OO 
a(2, 0) - 5,1987300E-02 -4,8574811£+02 5,4158924E+02 -4,549274SE+02 -3,1884830E-03 4,86S9675E-Q4 -7.SOOOOOOE-03 
a(1, 1) - 7,044S690E-03 7,8748002E+00 5,6775484E-Ol 1,0645736E+01 O,OOOOOOOE+OO O,OOOOOOOE+OO - 7,SOOOOOOE-03 
a(0,2) 1,6154370E·02 2,5929804E+OO 1,194214-SE+OO 3,6669421£+00 1,5370325£-01 4,86S967SE-04 O,OOOOOOOE+OO 
a(3, 0) 3,9913150E-03 1,0855881E+Ol -1,0358971E+01 1,0120505E+01 -1,0801210E·04 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(2, 1) 1,4794820E-04 - 1,0266703E-01 -7,7071033£-03 -1,3986048E-Ol O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOODOOE+OO 
a(l, 2) 3,3848030E-04 - 6,9109752E-02 -2,4873835£-02 - 9,7497566E-02 O,OOOOGOOE+OO O,OOOOOOOE-rOO O,OOOOOOOE+OO 
a(0, 3) -1,7546700E-04 - 1,4504600E-02 - 3,1209902E-02 - 2,4662769E-02 - 3,6748700E-03 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a{4.0) - 1,2774S70E-04 -1,4417120E-Ol 1,1603083E-01 -1,34011 72E-Ol 8,4599300E..Q6 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(3,1) 2,7564440E-06 4,4431 373E-04 3,3083382£-05 6,0764355E-04 O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(2,2) - 4,0416670E-06 4,5 679208E-04 1,7311782E-04 6,461303SE-04 O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(l, 3) -1,9710210E-06 1,9871610EJ:l4 4,1754490E-06 3,1927693£-04 O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(O, 4] 6,0752130E-07 2,693718 2£-05 1,53 64226£-03 7,6292913£-05 4,6273625£-05 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(S, 0) 2,01 57030E-06 1,1395330E-03 -7,5743018E-04 1,0579750E-03 - 1,3 92 8745E-07 O,OOOOOOOE+OO O,OOOOOOOE+OO · 
a(6,0) -~,5580170E-08 -4,9703336E·06 2,6462473E-06 -4,61756~3E-06 7,163S3 OOE-10 O,OOOOOOOe+OO O,OOOOOOOE+OO I 
a(7,0) 4,7976930E-11 9,2406348E-09 -3,7606039E-09 8,6063163E-09 O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO i 
a(O,S) O,OOOOOOOE+OO O,OOOOOOOE-<:00 -3,5650030E-05 O,OOOOOOOE+OO - 2,9054230E-07 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(O, 6) O,OOOOOOOE+OO O,OOOOOOOE+OO 3,0668448E-07 O,OOOOOOOE+OO 7,1638300E-10 O,OOOOOOOE+OO O,OOOOOOOE+OO 

I
x(max), % voljvol 100,0 

x(minJ,% vcljvol 0,0 

100,0 

75,0 

1 00,0 

75,0 

100,0 

75,0 

100,0 

0,0 

100,0 

0,0 

100,0 

0,0 

100,0 

0,0 

iy(max),% voJivol 

y(min),% Vol/vol 

25,0 

0,0 

25,0 

0,0 

25,0 

0,0 

100,0 

0,0 

100,0 

0,0 

100,0 

0,0 

z(max), % volfvo! 100,0 

0,0 
-  -  - - 

z(min),% volfvol 

25,0 

0,0 

25,0 

0,0 
- 

25,0 

0,0 

21 
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Table A.2 [continuec(J 
A17 A18 A20A15 A16 

butadiene butylene methaneethane propaneX: 

carbon dioxideethylene ethyleney: 

nitrogenz: 

a(O, 0) 2,9655595E+Ol 2,4494755E+Ol 1,2000000E+Ol 2,0000000E+Ol 2,9917430E+02 
1,7064685E-01 O,OOOOOOOE+OO O,OOOOOOOE+OO -1,5119580E+Ola(l, 0) 1,3676575E-01 

-3,1156360E-01a(O, 1) -1,2344405E-Ol -5,4597900E-02 O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(2, 0) -2,3601400E-04 O,OOOOOOOE+OO O,OOOOOOOE+OO 7,6359480E-01-4,1083915E-04 
a(l, 1) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 0,0 OOOOOOE+OO 4,5480690E.Q2 
a(0,2) -2,3601400E-04: O,OOOOOOOE+OO O,OOOOOOOE+OO 1,1230410HJ2-4,1083915 E-04 
a(3,0) O.OOOOOOOE+OD O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO -2,3762630E-02 
a[2, 1) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO -7)l562940E-04O,OOOOOOOE+OO 

6,5557090E-04a(1,2) O,OOOOOOOE+OOO,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(O, 3) O,OOOOOOOE+OD O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO -2,14685SOE-03 1 

! 
a(4, 0) O,OOOOOOOE+OO O,OOOOOOOE+OO 4,3554940E~4O,OOOOOOOE+OO O,OOOOOOOE+OO 
a(3, 1) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 3,8606680E-06 
a(Z, 2.) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO l,3816990E-06 
a(1,3) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO -7,93390ZOE-06O,OOOOOOO:C+OO 
a(0,4) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO 6,6993640E-05 
a(S, 0) O,OOOOOOOE+OO O,OOOOOOOE+OO O,OOOOOOOE+OO -4,6077260E--D6O,OOOOOOOE+OO 

O,OOOOOOOE+OOa~6, 0) 0,00 OOOOOE+OO O,OOOOOOOE+OO 0,0000OOOE+OO 2,6105700E-08 
O,OOOOOOOE+OOaf:l,O) O,OODOOOOE+DO O,OOOOOOOE+OO O,OOOOOOOE+OO -6,1439140E-11 

a(O, S) O,OOOOOOOE+OO O,OOOOOOOE+OO O,ODOOOOOE+OO O,OOOOOOOE+OO j -8,3693870 E-07 
a(O, 6) O,OOOOOOOihOO O,OOOOOOOE+OO O,OOOOOOOE+OOO,OOOOOOOE+OO 3,9280730E-09 

x(max), %volfvol 100,0 100,0 100,0 100,0 100.0 

~(min), % vo1jvol 0,0 0,0 100,0 100,0 50,0 

y(max),% voljvol 100,0 100,0 30,0 

y(min),% vol.jvol 0,0 0,0 0,0 

z(max), % volfvol 50,0 

z(min),% voljvol 0,0 

22 
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Table~3 - Calculation ofVsumz 

min(100,(Vmax;.i +15)) 

System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 

1 0 0 0 0 0 0 100 0 100 0 100 

2 0 0 0 0 0 0 0 100 100 1 00 0 

3 0 0 0 0 100 0 . 100 100 0 0 0 

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

5 0 0 0 0 0 0 100 100 0 0 100 

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

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

8 0 0 0 0 0 0 0 0 100 100 100 

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

10 0 0 0 0 0 40 0 0 0 40 100 

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

12 0 0 0 0 100 0 0 0 0 0 100 i 
13 0 0 0 0 100 0 0 0 100 0 0 

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

15 0 0 0 100 0 0 0 0 100 0 0 

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

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

18 0 0 . 100 0 0 0 0 0 0 0 0 

Vsumr. 
'-

100 ....... 100 100 240 300 
-

80 
-- · 

500 600 
---· 

640 480 1000 
·

23 
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Table A.4- Calculation offitness, J.Vj (example 1) 

V; 

co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,3487 5,6603 0,9451 92,0460 ! 

v:. ·Vmca; · 
I ·•} 

Vswnt I 

System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane VI,& 
; 

1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000 0,0000 0,8844 0,0000 9,2046 10,0890 

2 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2248 0,8844 0,1969 0,0000 
I 

1,3061 

3 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2248 0,0000 0,0000 0,0000 0,2248 

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 

s 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 0,0000 0,0000 0,0000 0,0000 0.0000 0,0000 O,OODO 0,0000 0,0000 0,1969 9,2046 9,4015 

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 0,0000 0,0000 0,0000 0,00{)0 0,0000 0,0000 0,0000 0,0000 0,8844 0,19 69 9,2046 10,2859 

9 0.0000 0.0000 0,0000 0,0000 0,{)000 0,0000 0,0000 0.0000 0,0000 0,0788 9,2046 9,2834 

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 0,0000 0,0000 0,0000 0,0000 0.0000 0,0000 0,0000 0,0000 0,3538 0,0000 9,2046 9,5584 1 

lZ 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 9,2046 9,2046 

13 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,8844 0,0000 0,0000 0,8B44 

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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,8844 0,0000 0,0000 0,8844 

16 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2248 0,0000 0,0000 0.0000 0,2248 

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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 
- · --

- - ·- - ·- I 
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TableA.5- Worked example ofmethanenumber calcnlatlon (composition 1)- final calculation 

1 2 3 4 5 6 7 8 9 10 11 

mixA4 mixA7 mix AS :mixA20 

NA4,i VA4,f I NAl,i VAJ,i NAB,i I VAB,i NA20,i VA20,i 

%vol/~6i' 
._·_ 

_. ..;r,_:. ·% voy;;-~1 ;$}.( · ·, ·
_, .....

,' . ' "-1~jL'' % VOljvol'. 
- - - ·· -· , -.... . 

J .-,~:-· .: __,.~,,-1;: ,· 
,,~1 ... . ~ 

·- -~~;ol ..Wf,~t>-· ._:~i:f{: %!02/v~t"-' _.;·;~ /:' ,~ilfo 'Vaj;v~r 

methane 90,0900 90,0900 92,0460 27.9390 88,7108 ZUlli 95,8205 36,7653 91,9793 97,9750 98,5302 

ethane 5,5400 5,5400 5,6603 llQl2. 9.2119 2,7590 6,9025 

propane 1,3200 1,3200 1,3487 M.5±Z. 2,0773 0,6944 2,4337 

buta..'I'J.es 0,9250 0,9451 .Mm 1,7458 0,4469 1,1181 

i-butane 0,2100 

n·butane 0,1900 

i-pentane 0,0400 

c.-pentane 0,0500 

hexanes+ 0,0600 

nitrogen 1,0400 1,0400 0,0000 

=bon dioxide 1,4600 1,4600 I 1,4698 

hydrogen o.oooo I o.oooo I o,oooo 
to:>tal -~ io-o 0000 ·

' I , ' 
li :·- ' 97.ar7:So l 

• ·- ~: i6'6 boob·'!
• - .• • :; ' ,_,-r:, 

~:· 314~·1
i:'.:.-. ..__!.~~-(_·~ . :c:- -100 oooo:J

' ' ;:, ~~':.._ •• -~. ,.:. 
t~~~·i '2.ifs3431]~_;_;f _• -~ ~ •· .• _., 

:ifa<O.oooi-t.l
•• ;_ .. .' • ' ._'"":: ~t;···.:39,9.7.i1;,1t~..~. . .~~· .. .. ioo:oooo,;,'/~,.~ ,·· " :tpif.3.7so L_s· i6o.o.~oo 

Fraction, Ft 

MN, 

0.314-91 

74,9017 

I 0,2853 l 

74,9019 

I 0,3997 

74,9019 101,4201 

!J.MN 0,000262 

l'.1N' 74-,9018 

MN 76,3217 

--·~---·-- -.......~....................~.-.-............ - """""'··- .. - -.,..-.. .........~•··. - ~· - · · ..........·-............................ --·- .............. .......... ..,_. -·---. ~~-..........................,.-~--~--- ...·~·-· 
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Table A.6 -Worked example ofmethane number calculation (example 2) -final calculation 

.. 
methane 

ethane 

propane 

butanes 

i-butane 

n-butane 

i-pent:ane 

n-pentane 

hexanes-t

nitrogen 

carbon dioxide 

hydrogen 

total 
. --

Fraction, Fr 

MNr 

1 

% volfvol 
·-· - -···· 

86,6475 

0,1169 

9,4500 

0,0000 

0,1461 

0,0000 

0,0292 

0,0000 

0,0000 

3,6103 

0,0000 

3.00,0000 

2 3 

o/a volfvol 

86,6475 89,8575 

0,1169 0,1212 

9,4500 9,8001 

0,2133 0,2212 

0,0000 0,0000 

96,4277 100,0000 ... 

4 5 6 I 7 8 9 

mixA4 mi:x:A7 m!xA8 

NA4,f VA4_i NA7,i VA7,i NAB,i VAB,i 

% voljvol · %volfvol . " % voljvol 

il l lBB 88,8181 4!2.3722 90,6616 2,3590 92,5995 

~ 0,1263 0,0628 2,4632 

~ 11,0556 4,6819 
I 

9,1520 

Mill 0,1864 0,1258 4,9373 

' 

46,2955 lOO,QOOb Sl.iS~~' ·. 100,0000 , ~;_§;476 100,0000 
- -

0,4630 0,5116 0,0255 

65,3039 65,3059 65,3039 
- -

10 11 

mixA20 

NA20,i VA20,i 

%vol/vol 
·

96,4277 96,3911 

0,0000 0,0000 
I 

3,6103 3,6089: 

::.1,p0,9380 100,0000 

c____ 
103,7~ 

I!MN 0,002016 

MN' 65,3049 

MN 69,0336 
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Table A.7- calculation offitness, U1 {example 2) 

VI 

co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 

0,0000 0,000 0,0000 0,0000 0,0000 0,0000 0,0000 9,8001 0,1212 0,2212 89,8575 

Vi·Vmaxf.J 

Vsumi 

System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane Wj 

1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0189 0,0000 8,9858 9,0047 
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 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 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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6333 0,0000 0,0000 8,9858 10,6191 
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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6333 0,0000 0,0461 8,9858 10,6652 

8 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0189 0,0461 8,9858 9,0508 

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 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 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 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 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 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 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 0,00(){} 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6333 0,0000 0,0000 0,0000 1,6333 

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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 
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TableA.8 - Worked example ofmethane number calculation (example 3) -final calculation 

1 2 3 4 s 
mixAl 

NAl,i VAl,i 

o/o vol/vol ' '·%voljwl' o/o ! olfVbl 

methane 

ethane 

propane 

butanes 

i-butane 

n-butane 

i-pentan~ 

n-pentane 

hexanes+ 

nitrogen 

carbon dioxide 

hydrogen . . . 4tto.....~ .. ._··.<•....:-, .·• 
WL ' · "· .· · • 

... ... · . -'• 

Fraction, Fe 

MNc 

85,991 85,991 

5,036 5,036 

1,200 1,200 

0,191 

0,173 

0,036 

0,046 

0,055 

0,946 

1.327 

s,ooo I 

0,841 

5,000 

87,685 

5,136 

1,224 

0,857 

11...0Jl.1 

llQZ 

5,099\ 1,785 

80,221 

9,549 

10,229 

0,175 

74,411 

6 7 s l 9 10 11 l 12 13 14 15 

mixA4 mixAS mixA6 :mixA8 mixA20 

NA4,i IC44,i I NAS,i I VAS,i I NA6,i I VA6,i NABA VAB,i NA20, i VAZO,i 

. - I o/o~oi;vqlj .c:' · . ~· I ~%~ ~1Jv2L..I . -~{:. ~. . •'[%:¥?lf~(-" ,;:_~~:~· 
~\-o!{~ld .·.. ,_...:' 'F% v_o}Jvol 

~ 

~ 

MZ1 

88,7181ll.21Q. 

8,6<05 

2,5771 0,747 

84,092 I ll&Ql 

4,402 

M2.2. 

89,710 

2,465 

1,952 t 11,5061 1,361 ~ 7,824 

74,411 74,411 74,411 

27,389 

1,870 

0,429 

92,2581 98,0681 98,665 

6,298 

1,44-4 

74,411 

0,946 

1,327 

0,000 

1,335 

10o,qoo 

101,284 

I::.MN 0,00012 

MN' 74,411 

MN 75,695 

.: . ,.....j:.... 
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TableA.9- Calculatlon of:fitness, Wj (e:xample 3) 

Vr I 
co Butadiene Ethylene Propylene HzS ' Butylene Hydrogen Propane Ethane Btttane Methane 

0,0000 0,0000 o.ocoo 1 o,oooo 0,0000 0,0000 5,0985 1,2236 5,1356 0,8574 87,684-9 I 
I 

V-·Vmax· · l I,J 

Vsum; 

System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane Wj 

1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0197 0,0000 0,8024 MOOD 8,7685 10,5906 

2 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,8024 0,1786 0,0000 1,1850 

3 o.oooo 0.0000 0,0000 0.0000 0,0000 0,0000 1,0197 0,2039 0,0000 0,0000 0,0000 1,2236 

4 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,8024 0,0000 8,7685 9,7749 

5 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0197 0,2039 0,0000 0,0000 8,7685 9,9921 

6 0,0000 ! 0,0000 0,00 00 0,0000 0,0000 0,0000 1,0197 0,0000 0,0000 0,1786 8,7685 9,9668 

7 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,0000 0,1786 8,7685 9,1510 

8 0,000 0 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,8024 0,1786 8,7685 9,7495 

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

1.0 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0714 8,7685 8,13399 

11 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,3210 0,0000 8,7685 9,0895 

12 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 8,7685 8,7685 

13 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,8024 0,0000 0,0000 0,80.24

14 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0197 0,0000 0,0000 0,0000 ·. 0,0000 1,0197 

15 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,8024 0,0000 0,0000 0,8024 

16 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,0000 0,0000 0,0000 0,2039 

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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 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 Mixl Mix2 Mix3 Mix4 MixS Mixo Mix7 Mix8 Mix9 MixlO Mix11 Mix12 

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

nitrogen 13,00 13,00 0,20 0,80 0,74 3,70 0,4:0 

oxygen l I I 
hydrogen 70 5 5 65 5 

carbon monoxide I I 
methane 83,53 82,43 94,68 86,30 87,34 84:,62 85_,58 15 80 70 101 65 

ethylene 5 5 5 

ethane 3,47 3,00 3.20 8,70 7,00 8,00 5,70 5 5 5 sj 5 

propylene 5 5 5 

propane 0.20 1,05 1,60 2,20 1,70 2,10 5 5 5 5 5 

but;yleoe 

butane 0,27 0,47 0,30 0,41 1,47 0.90 5 5 I 5 5 s 
pentane 0,10 0,20 0,11 0,51 0,82 

hexanes+ 0.20 0,60 

hydrogen sulphide I 5 

total 100,00 100.00 100,00 100,00 100,00 100,00 100,00 100 100 100 100 100 

methane number 90,02 85,03 80,00 75,03 70,02" 65,00 59,97 21,55 53,20 41,25 19,591 35,01 

Ternary mixtures Al A4 A4 A4 A4 .M 
I 

A4 Al Al A1 A1 A6 

selected A4 A7 A1 A7 A7 A7 A'l A3 AS A6 A3 A7 

AS AS AS AS AS AS AS A6 A7 A6 AS 
A6 A7 AS A7 A9 

AS AS A9 A12 A10 
A12 A15 All 

Al6 Al2 

-- - - - - -

Mtx13 Mix14 MixlS 

I 

1 
50 5 10 

10 I 
5 75 ss 1 
5 I 
5 5 5 
c;: 
Y j 

5 5 5 

5 5 5 

5 10 

100 100 100 

23,89 44,15 30,45 

A1 AS Al 
!!2 A6 AS 

A3 A7 A6 

A6 AB A7 

A13 AlO AlO 

A14 Al l All 

l AlS 

IAl6 

Mix16 

90 

4 

2 

2 

2 

100 

10,04 

Al 
A3 

AS 

A6 

A8 

I 

I 

I 

I 
i 

I 

I 

i 
I 
I 

I

I 

I 

i 

I 

I 
!
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	AnnexA (normative) 
	Calculation of methane number ofgaseous fuels for engines 
	A.l Introduction 
	A.l Introduction 
	The methane number of a gaseous fuel can be calculated from its composition according to several different methodsall of which can give different results. For the purposes of compliance with this European standard the methodology described in this Annex shall be employed. 
	1 

	The method is based on the original data of the research program performed by AVL Deutschland GmbH /1/ fo1· FVV (the Research Association for Combustion Engines) but employs amendments Implemented in 2005 and 2011 by MWM GmbH. These amendments have been unpublished until the publication ofthis European standard. 
	The method requires input of composition in the form of volume fractions at reference conditions of 0 °C and 101,325\<;Pa and expressed as a percentage. Composition is more likely· to be available either as mole fraction (e.g. in the natural gas transmission and distTibutlon industry) or as mass fTaction (e.g. in the automotive fuel Industry) and conversion to volume fraction shall be performed using the methods in ISO 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 number of decimal places has been retained. For expression of the final resltlt rounding to zero decimal points is 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 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 numeiical examples provided in this annex are appropriate to gases ofthe second family 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 ofhydrogen into gas pipelines. During the preparation of this standard MWM GmbH has confirmed that the method is applicable to both 2H and 2L gases. 
	Oxygen and water vapour shall be ignored and the fuel gas composition shall be calculated on a dry, oxygen-free basts. 

	A.2.2 General approach 
	A.2.2 General approach 
	The methane number of a gaseous fuel is cakulated 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 A.10 provides results ofcalculations for further software validation purposes. 
	I.S. EN 16726:2015 
	EN 16726:2015 (E) 
	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, hydrogen sulphide, hydrogen, propane, ethane, butane 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 n\lmber and can be ignored. 
	b) .The simplitled mixture is sub-divided further into a number of partial ternary mixtures. The number and particular partial ternary mixtures chosen is decided by inspection ofavailable ternary systems in a given order, including those systems that contaln the relevant combustible compounds. Selection is ceased when all combustible compounds are contained In at least two ternary systems. 
	c) .The composition and fraction of the selected partial mixtures is adjusted iteratively so as to minimize 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 ofthe selected partial mixtures. 
	e) .Finally, the methane number ofthe gaseous fuel is calculated by corTecting the methane number of the simplitled mixture to allow for the presence ofinerts in the orlglnal fuel gas. 

	A.3 Example 1: 2H-gas 
	A.3 Example 1: 2H-gas 
	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 ofthe 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 a re replaced with an equivalent amount of butanes by multiplying their quantities by 1. 
	Pentanes are replaced with an equivalent amount of butanes by multiplying the quantity of pentanes by 2,3. 
	Hydrocarbons of carbon number greater than 5 ("hexanes+") are replaced with an equivalent amount ofbutanes by multiplying the quantity ofhexanes+ by 5,3. 
	In the case ofexample 1 the quantity of butanes 
	:::0,2100 + 0,1900 + (0,0400 t 0,0500) X 2,3 + 0,0600 X 5,3 
	0,9250 (Column 2) 
	=

	The simplified mixture is then re-normalized to 100% (Column 3). 
	I.S. EN 16726:2015 
	EN 16726:2015 (E) .

	A.3.2 Selection of the ternary systems 
	A.3.2 Selection of the ternary systems 
	A.3.2.1 Ternary mixtut•es 
	A.3.2.1 Ternary mixtut•es 
	The ternary mixtures are chosen from the following list Al: Methane -Hydrogen -Ethane Propane~ Ethane -Butane A3: Hydrogen -Propane -Propylene A4: Methane-Ethane -Propane J\5: Methane·· Hydrogen-Propane A6: Methane-Hydrogen-Butane A7: Methane-Propane-Butane AB: Methane -Ethane -Butane A9: Methane-Ethylene-Butane 
	A2: 

	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 -Ethylene 

	A16: 
	A16: 
	Propane-Ethylene 

	A17: 
	A17: 
	Butadiene 

	A18: 
	A18: 
	Butylene 

	NOTE 
	NOTE 
	Mixtures A12 -A16 are clearly not ternary systems; however, for ease of mathematical tt•eatruent the 


	coefficients have been adjusted so as to allow the expression of the methane number using a single equation. 
	A.3.Z.2 Range of applicability of ternary mixture data 
	The range of applicability 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 I'ange of applicability of each ternary system is specified in Table A.2, expressed as max!mum and minimum content ofeach component. 
	I.S. EN 16726:2015 
	EN 16726:20t5 (E) 
	A.3.2.3 Facto1·s affecting the temary system selectionJH'ocess The ternary systems are selected in accordance with three main consider~tions: a) The number of gases in the ternary system that arc present in the simplltied mixture. Priority is always given to ternary systems that have all three of their components present In the simplified mixture. Systems with two oftheir components present in the simplified mixture are acceptable if 
	insufficient systems with three component<> present in the simplified mixture are available. b) Where there is a choice ofternary systems, the system with the highest fitness, Wj, takes priority. c) Each component in the simplified mixture shall be represented in at least two ternary systems. flitness ofa system is calculated from the following formula: 
	_~V;,min(10o,(vmax;,j +15)) 
	WJ-~ --(A.l) 
	j,4 Vsum 1 
	where n is the number of components in the simplified mixture V; is the volume fraction of component i in the simplified mixture Vmax1J is the ma.ximum contentofcomponentI for the 1'ange ofapplicahlllty ofsystem j Vsum, is the sum of all maximum contents of component i for the range ofapplicability ofall systems, i.e. j=1B 
	Vsum; = L min(1oo,(vmax,+15)) (A.2) 
	1
	1

	1=1 
	Values of Vsumt are independent ofthe composition of the simplified mixture. However, Wj 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 ofexample 1, the calculation ofVsum, and W; is shown in Tables A.3 and A.4. 
	A.3.2.4 Description of the ternary 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 and this is achieved by consideration of each component present in the simplified mixture in the following sequence: 1) Carbon Monoxide 2) Butadiene 3) Butylene 4·} Ethylene 5) Propylene 
	6) Hydrogen Sulphide 7) Hydrogen 
	I.S. EN 16726:2015 
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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 ofselection is as follows: 
	a) .Ternary systems with all three components present ln the simplified mixture have priorily over systems having one or two components present. 
	b) .The tenmy mixture with the highest tltness 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 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 ofexample 1: 
	The first component in the simplified mixture is propane and this is present In four ternary systems that have all their components presenl: in the simplified mixture-A2, A4, A7 and AB. In this casu, A1 is selected because ithas the largest value offitness (Le. 1 0,3138). 
	The second component in the simplified mixture is ethane and this is already represented In system A4, so no ternary mixture is selected. 
	The tlllrd component of the simplified mixture, butane, is not represented in system A4, so system selection continues and system AB is selected because it has the highest" value offitness (1 0,2859]. 
	The fourth component in the simplified mixt-ure is methane and this is already represented in syst·ems 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 (9,6263; system A4 has already been selected). 
	All components in tile 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 ofthe inert-free mixture into the selected J>artial mixtures 
	A.3.3 Sub-division ofthe inert-free mixture into the selected J>artial mixtures 
	The simplified mixture is dividec 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. 
	ln the case ofexnmple 1, three ternary systems-A4, A7 and A8 ···are selected. Tile preliminary division is made by assigning: methane equally between ALJ·, A7 and AB; ethane equal!y between A4 and AB; propane equally between A4 and A7; and butanes equally between A 7 and AB (Columns 4, 6 and 8). 
	A.3.4 Calculation of the methane number ofthe partial mixtures 
	The methane number ofeach partial mixture is calculated from the general formula i=7 }=6 MNt =LL{a1.ixyi) (A.3) 
	1

	i=Oj =D 
	Where x andy 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 %. 
	ln the case ofexample 1 the composmon ofeach partial mixture is calculated by renorma/izing to 100% (Columns 5, 7 and 9}. 
	Table A.2 lists the values ofcoefficients aufor the partial ternai',Y systems Al-A18. 
	In tlte 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 AB respectively (Columns 5, 7 and 9). 

	A.3.5 Adjus.tment ofthe composition and fraction ofthe partial mixtures 
	A.3.5 Adjus.tment ofthe composition and fraction ofthe partial mixtures 
	The composition and fraction (Ft) of each partial mixture is adjusted iteratively by varying the quantiey of each component In each partial mixture so as to minimize the difference between the methane numbers ofeach partial mixture. 
	The value to be minimised is therefore: 
	(MNmax -MNmin), 
	where MNmax and MNmin are the maximum and minimum methane numbers for the selected partial mixtures. 
	In the case ofexample 1, three ternary partial mixtures are selected and hence there are nine quantities to he determined, howeverfour ofthese may be obtafned by material balance considerations. 
	NA8, methane= Nmethane -NA4, methane -NA7, methane 
	NA8, ethane = Nethane -NA4, ethane 
	NA7,.propane =Npropane -NA4, propane 
	NAa, butane= Nbutane-NA7, butane 
	Where Nc,comp is the quan tlty ofthe respective component in partial mixture t 
	I.S. EN 16726:2015 .
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	The composition and ji·action of each partial mixture Is U!erefore performed by adjustment of five quantities,· the quantities of methane, ethane and propane in A4, and the quantity ofmethane and butane inA7. 
	During adjustment the volume fraction of any component ln any partial mixture shall be within the range for which the coefficients ofFormula (A.3) are valid. Table A.2lists the ranges ofvalidity. 
	The problem ofadjusting the composition and fraction ofeach partial mixture is therefore a constrained minimization 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. 
	Depending upon the ending criterion of the numerical method employed, slight differences in the value 
	of (MNmax-MNm!n) will result in slightly different values of methane number of the simplified mixture. In addition, the use ofdifferent starting values for the composition and fl·action 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 method and It is recommended that the final value of methane number 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 A.5 (Columns 4--9). For clarit;y, the jive adjusted qualltities are shown in underlined 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 ofthe relevant partial ternary mixtures: 
	t=Nsys 
	MN'= L (MNt·Fc) (A.4) 
	t""1 
	Where 
	MN' Is the methane number ofthe slmplified mixture 
	MNt is the methane number of partial mixture t 
	Ft is the fraction ofthe partlal mixture t 
	Nsys is the number of ternary systems selected 
	In the case ofexample 1, this results in a methane number ofthe simplified mixture ofMN' = 74,9018. 

	A.3.7 Calculation ofthe methane number of the gaseous fuel 
	A.3.7 Calculation ofthe methane number of the gaseous fuel 
	The methane number of the gaseous fuel is calculated by corr·ecting the methane number of the simplified mixture to allow for the presence ofinerts in the original fuel gas: 
	MN = MN' + MNtnerts-MNmethane (A.5) 
	In the m·iginal work of AVL/1/MNiner'rs is the methane number of a methane-carbon dioxide-nitrogen 
	mixture having the same inerts content as that of the original mixture. However in the amendment of 
	MWM the MNinerts is calculated for a methane-carbon dioxide-uitmgen mixture containing only carbon 
	dioxide and methane. MNmethane 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). 
	-----------------·-----------------
	J.S. EN 16726:2015 
	EN 16726:2015 (E) 
	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) (Fable A.5, column 10), which is normalized to a nitrogenfree mixture comprising methane [98,53 02% voljvol) and carbon dioxide (1,4698% voljvol) (Table A.5, column 11). Application ofFormula {A.3) result:s in u methane number ofMNinerts;;: 10.1,4·201. 
	Application ofFormula (A.5) results /11 a methane number ofthe gaseous fuel of 
	74,9018 + 101,4201 -100,0003 = 76,33217. 
	The value ofmethane number is reported as 76. 


	A.4 Example 2: enriched biomethane 
	A.4 Example 2: enriched biomethane 
	A.-4.1 Simplification ofthe composition of the gaseous fuel 
	This example Illustrates the calculation for a biomethane derived ft·om anaerobic digestion that has been enriched by addition of propane. The composition is shown in Table A.6. 
	In the case ofe.xample 2 tfte quant'i~ ofbutanes 
	::: 0,14·61 + 0,0292 X 2,3 +0,0000 X 5,3 
	= 0,2133 (Column 2} 
	The simplified mixture is then re-normalized to 100 % (Column 3). 
	A.4.2 Calculation offitness ofthe ternary systems 
	A.4.2 Calculation offitness ofthe ternary systems 
	Application ofFormula (A.1) to example 2 l'esults in the values ofW1shown In Table A. 7. 

	A.4.3 ~election of ternary mixtures 
	A.4.3 ~election of ternary mixtures 
	The first component in tlze simplified mixture is propane and this is present in ternary systems that have all their components pre.sent in the simplified mixture -A2, A4, A7 and AB. In this case, A 7 is selected because it has the largest value offitness {10,6652). 
	The second component ill tire 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 offitness {10,6380). 
	The third and fourth components of the simplified mixture are represented in system A7 {btltane and metltane) and A4 (methane) so the selection process restarts. 
	The selection process is repeated with the first component in the simplified mixture (propane), which is already represented in selected systems A4 and A7. 
	Selection continues with the second component in tile simplified mixture (ethane), which is represented in only one selected system (A4), so system AB is selected because it has the next highest value offitness (9,0508). 
	All components of the simplified mixture are represented in at least two systems and so selection ends. The systems selected are therefore: A4, A7 and AB. 

	A.4.4 Calculation of the methane number 
	A.4.4 Calculation of the methane number 
	After pr·el/minary division of the simplified mixture the calculation of methane number according to the methods in A.3.3 to A.3.7 the methane number of the gaseous fu el of example 2 is shown In Table A.S. Again, for 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.S Example 3: 2H-gas with hydrogen addition 
	A.S Example 3: 2H-gas with hydrogen addition 
	A.5.1 Simplification of the composition ofthe gaseous fuel 
	A.5.1 Simplification of the composition ofthe gaseous fuel 
	This example illustrates the calculation for the 2!-1-gas of composition of example 1 to which hydrogen has been added. The composition is shown in Table A.8. 
	In the case ofexample 3 the quanW;y ofbutanes 
	::: o,1909 + o,1 727 + {0,0364 + o,o455J x 2,3 + o,o545 x s....~ 
	= 0,8408 (Column 2} 
	The simplified mixture is then re-normallzed to 100% {Column 3). 

	A.5.2 Calculation offltness of the lemary systems 
	A.5.2 Calculation offltness of the lemary 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 present in the simplified mixture-A1, AS aTld A6. In this case, A1ls selected because it has t·he largest value offitness (10,5906). 
	The second component in the simplified mixture is propane and this is not represented in system A1, so system selection continues and syst-em AS is selected because it has the largest value offitness (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 in the simplified mixture is butane and this is JlOt represented in the systems already selected. System A6 is selected because it has the largest value offitness (9,9668). 
	The fifth componentofthe simplified mixture (methane) is represented in all three ofthe 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 add/Uonal system is required. 
	Selection is continued with the second compone[lt in the simplified mixture (propane] and ternary system A4 is selected because it has the largest value offitness (9,774-9). · 
	The third component in the simplified mixture (ethane) is represented in systems A1 and A4, so no additional system Is reqttired. 
	The fourth component in the simplified mixture (butane) is represented in one system (A6) and so system A8 is selected because it has the next largest value offitness (7,9495). 
	All componen~ 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:. AS: A6 and AB. 

	A.5.4 Calculation ofthe methane number 
	A.5.4 Calculation ofthe methane number 
	ln the case ofexample 3, five ternary partial mixtures are selected and hence there are 15 quantities to be determined, however five ofthese may be obtained by material balance conslclerations. 
	NA8, methane= Nmethane-NA1, methane-NA4, methane-NAS, methane-NA6, methane 
	NA8, ethane =Nethane -NA1, ethane -NA4, ethane 
	-----------------------------·--------
	I.S. EN 16726:2015 
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	NAS, pl'opane = Npropane -NA4, propane 
	NA8, butane "' Nbutane -NA6, butane 
	NA6, hydrogen= Nhydrogcn-NA5, hydrogen-NA1, hydrogen 
	The composition and fraction of each partial mixture is therefore determined by adjustment of 10 quantities: the quantities of methane, ethane and hydrogen in Al, the quantities of methane, ethane and propane in A4, t:he quantities ofmethane and ltydrogen in AS and the quantities ofmetlwne and butane in A6. 
	After preliminary division ofthe simplified mixture and calculation of methane number accordfl1f} to the methods in A.3.3 to A.3.7 the methane number ofthegaseousfue/ ofexample 3 is shown in Table. A.B. For clarity, the .10 adjusted quantities are shown in underlined text The value of methane number obtained (75,695} Is reported as 76_ 
	A.5.5 Additional numerical examples 
	A.5.5 Additional numerical examples 
	Table A.10 provides the results of calculations for a variety of compositions for additional software validation purposes. 
	..t,!ii 
	EN 16726:2015 (E) 
	Table A.1-Worked example ofmethane number calculation (example 1) -preliminaryassignment of partialmixtures 
	methane ethane propane butanes i-butane ·.::.'•'"':..•::::· n-butane i-pentane n-pentane hexanes+ nitroge!l carben dioxide hydrogen ·total Fraction, Ft MN: 1 I y ;C.% vo!fvhl·r .j.......~( ... ... ;· -··-. 90,0900 5,5400 1,3200 0,2100 0,1900 0,0400 0,0500 0,0600 1,0400 1,4600 0,0000 1oo;oo'oo· , ·';"."-... 2 I 3 . ·::-~' ..'%-3pJ/.;,f ·-~· . 90,0900 92,0460 5,5400 5,6603 1,3200 1,3487 0,9250 0,9451 .. :.;:,,"9·:.· ~ l•: . 7,87W(~--~oOfd'Wo I 4 5 6 7 8 9 mixA4 mixA7 mb:A8 NA4,i VA4,i NA7j VA7,i NA8,f VA8,i
	19 
	·------·------------.....-...·
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	Table A.2-Components, coefficients andtheir ranges ofvalldity ofFormula (A.1) for the ternarypartialmixtures 
	i'x: 
	i'x: 
	i'x: 
	Al methane 
	A2 propane 
	A3 hydrogen 
	A4 methane 
	AS methane 
	A6 methane 
	A7 methane 
	I ; 

	y: 
	y: 
	hydrogen 
	ethane 
	propane 
	ethane 
	hydrogen 
	hydrogen 
	propane 
	I 

	z: 
	z: 
	ethane 
	butane 
	propylene 
	propane 
	propane 
	butane 
	butane 

	a(O, 0) 
	a(O, 0) 
	4,3628190E+Ol 
	1,0245130E+01 
	1,8627940E+Ol 
	3,3539090E+01 
	3,4758040E+01 
	1,2299020E+01 ' 
	1,0169140E+01 

	a(l, 0) 
	a(l, 0) 
	-9,2508870E-QZ 
	a,S90661oE:oz 
	-1,2035810E-01 
	-1,0282240E-01 
	-5,19490SOE-01 
	-7,5182070E-01 
	4,3666120E-01 

	a (0,1) 
	a (0,1) 
	-1,0488580E-02 
	1,498Z130E-01 
	1,0871090E-Ol 
	2,0683750E-01 
	5,4737050E-02 
	-4,5l03700E-Ol 
	3,8170960E-02 

	a(2.0) 
	a(2.0) 
	1,6449270£·02 
	7,3843960E-03 
	l,9298010E-02 
	2,398141OE-02 
	4,40S4460E-G2 
	5,1433330E-02 
	-8,7264540E-02 

	a(1, 1} 
	a(1, 1} 
	-2.5007730E-03 
	9,5705040E-03 
	-1,3050630E-03 
	3,3161370E-03 
	2,6425310E·02 
	5,1261470E-02 
	-7,9478640E-03 , 

	a(0,2) 
	a(0,2) 
	-4,32027 40E·03 
	S,l369710E-03 
	1,7985000E-03 
	-3,5536890E-03 
	-1,0567810E-02 
	1,7866300E·02 
	l ,0365010E-02 I 

	a(3,0) 
	a(3,0) 
	-3,1191690E-04 
	-1,0036620E-04 
	-1,3018080E-0'3 
	-9,S847460E-04 
	-8,7433290£-04 
	-1,0241590E-03 
	5,93979SOE·03j 

	a(Z,1) 
	a(Z,1) 
	-6,0486960E-D5 
	-2,0203270E·04 
	2,9904470E-05 
	-2,4096040E-04 
	-1,0846450E-03 
	-1,6406520E-03 
	3,2675860£-04 . 

	a(l,Z) 
	a(l,Z) 
	-5,3528010E-05 
	-4,5802170E-05 
	8,5613760E-05 
	3,941&400E-05 
	-3,5553270E-04 
	-1,0022400E-03 
	2,3714910E-04 

	a(0,3) 
	a(0,3) 
	6,8507420E-OS 
	-5,6856150E-05 
	-2,5836670E-OS 
	5,0018560E-05 
	2,2897690£-04 
	-1,4279120E-04 
	-1,6152150£-04 

	a(4,0) 
	a(4,0) 
	2,1223340£-()6 
	4,1273050E-07 
	4,1692950E-05 
	2,0052880E-05 
	5,4767420E-06 
	6,6995630£-06 
	-1,8541270E-04 

	a(3, 1) 
	a(3, 1) 
	2,1993700E-06 
	1,2511380£-06 
	2,0011240E-07 
	3,4585100E·06 
	l,1309SOOE-05 
	1,5661210E-05 
	-3$085860E-07 

	a(2, 2) 
	a(2, 2) 
	1,2109690E-06 
	3,1147030E-07 
	-6,8546460E-01 
	8,0364540E-07 
	7,9874880£-06 
	1,5 7 63060E·OS 
	-4,9758630E·06 

	a(l, 3} 
	a(l, 3} 
	2,97065BOE·07 
	-3,1401570E-07 
	-6,2626130E-07 
	-4,3338760£-07 
	7,4860850E-07 
	5,2498880E-06 
	-8,7822910£-07 

	a(0,4) 
	a(0,4) 
	-6,7138020E-07 
	2,4039480E-07 
	1,1987890£-07 
	-2,5042560E-07 
	-1.6340240E-06 
	O,OOOOOOOE+OO 
	7,7408400E-07 

	a(S, 0) 
	a(S, 0) 
	O,OOOOOOOE+OO 
	O,OOOOOOO!hOO 
	-6,9526380E-07 
	-2,1154170E-07 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	2,9565980E-06 

	a(6, O) 
	a(6, O) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	5,7989$40E-09 
	9,0540200E-10 
	O,OOOOOOOE+OO 
	O,OOOOOOOE.,.OO 
	-2,337074tJE-OS 

	a(7, 0) 
	a(7, 0) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-1,9133740E-ll 
	O,OCOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	7,3223480E-ll 

	a(O. 5) 
	a(O. 5) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(O, 6) 
	a(O, 6) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOODOOE+OO 
	O,OOOOOOOE+OD 
	O,OOOOOOOE+OO 
	O.OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	x(ma:x),% voljvoL 
	x(ma:x),% voljvoL 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 

	x(min),% volfvol 
	x(min),% volfvol 
	0,0 
	0,0 
	0,0 
	0,0 
	0,0 
	0,0 
	o.o 

	y(ma:x),% voljvol 
	y(ma:x),% voljvol 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 
	1oo.o I 

	yfmin),% volfvol 
	yfmin),% volfvol 
	0,0 
	0,0 
	0,0 
	0,0 
	0,0 
	0,0 
	0,0 

	z(max),% vol/vol 
	z(max),% vol/vol 
	lOO,Q 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 
	100,0 I 

	z(min),% vol/vol 
	z(min),% vol/vol 
	0,0 
	0,0 
	0,0 
	0,0 -----1....-.-· 
	-
	0,0 
	0,0 
	I 0,0 -~ 
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	TableA.2 (continued) 
	Table
	A8 
	A8 
	A9 
	A10 
	All 
	A12 
	A13 
	Al.4 

	x: methane y. ethane z: butane 
	x: methane y. ethane z: butane 
	methane ethylene butane 
	methane hydrogen sulphide butane 
	:methane ethane hydroien sulphide 
	m ethane propylene 
	ethane propylene 
	carbon monoxide hydrogen 

	2(0,0) 1,0777610E+Ol 
	2(0,0) 1,0777610E+Ol 
	-1,2408570E+OS 
	1,8388506E+05 
	-1,1788466E+OS 
	5,9095515E+Ol 
	3,1550700E+Ol 
	O,OOOOOOOE+OO 

	a(l , 0) 1,6474900E-01 
	a(l , 0) 1,6474900E-01 
	1,1938458E+04 
	-l,S396773E+04 
	l,lZ51043E+04 
	1,0602705£..()1 
	7,9749400E-02 
	l ,SOOOOOOE+OO 

	a(O, 1) -1.4050070E-01 
	a(O, 1) -1.4050070E-01 
	-1,9962282E+02 
	-1.4160386E+{)l 
	-2,6712519E+02 
	-3,4069240E+OO 
	-1,7706875E-01 
	O,OOOOOOOE+OO 

	a(2, 0) -5,1987300E-02 
	a(2, 0) -5,1987300E-02 
	-4,8574811£+02 
	5,4158924E+02 
	-4,549274SE+02 
	-3,1884830E-03 
	4,86S9675E-Q4 
	-7.SOOOOOOE-03 

	a(1, 1) -7,044S690E-03 
	a(1, 1) -7,044S690E-03 
	7,8748002E+00 
	5,6775484E-Ol 
	1,0645736E+01 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-7,SOOOOOOE-03 

	a(0,2) 1,6154370E·02 
	a(0,2) 1,6154370E·02 
	2,5929804E+OO 
	1,194214-SE+OO 
	3,6669421£+00 
	1,5370325£-01 
	4,86S967SE-04 
	O,OOOOOOOE+OO 

	a(3, 0) 3,9913150E-03 
	a(3, 0) 3,9913150E-03 
	1,0855881E+Ol 
	-1,0358971E+01 
	1,0120505E+01 
	-1,0801210E·04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(2, 1) 1,4794820E-04 
	a(2, 1) 1,4794820E-04 
	-1,0266703E-01 
	-7,7071033£-03 
	-1,3986048E-Ol 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOODOOE+OO 

	a(l, 2) 3,3848030E-04 
	a(l, 2) 3,3848030E-04 
	-6,9109752E-02 
	-2,4873835£-02 
	-9,7497566E-02 
	O,OOOOGOOE+OO 
	O,OOOOOOOE-rOO 
	O,OOOOOOOE+OO 

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

	a{4.0) -1,2774S70E-04 
	a{4.0) -1,2774S70E-04 
	-1,4417120E-Ol 
	1,1603083E-01 
	-1,34011 72E-Ol 
	8,4599300E..Q6 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(3,1) 2,7564440E-06 
	a(3,1) 2,7564440E-06 
	4,4431 373E-04 
	3,3083382£-05 
	6,0764355E-04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(2,2) -4,0416670E-06 
	a(2,2) -4,0416670E-06 
	4,5 679208E-04 
	1,7311782E-04 
	6,461303SE-04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(l, 3) -1,9710210E-06 
	a(l, 3) -1,9710210E-06 
	1,9871610EJ:l4 
	4,1754490E-06 
	3,1927693£-04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(O, 4] 6,0752130E-07 
	a(O, 4] 6,0752130E-07 
	2,6937182£-05 
	1,53 64226£-03 
	7,6292913£-05 
	4,6273625£-05 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(S, 0) 2,01 57030E-06 
	a(S, 0) 2,01 57030E-06 
	1,1395330E-03 
	-7,5743018E-04 
	1,0579750E-03 
	-1,3 92 8745E-07 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO · 

	a(6,0) -~,5580170E-08 
	a(6,0) -~,5580170E-08 
	-4,9703336E·06 
	2,6462473E-06 
	-4,61756~3E-06 
	7,163S3OOE-10 
	O,OOOOOOOe+OO 
	O,OOOOOOOE+OO I 

	a(7,0) 4,7976930E-11 
	a(7,0) 4,7976930E-11 
	9,2406348E-09 
	-3,7606039E-09 
	8,6063163E-09 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO i 

	a(O,S) O,OOOOOOOE+OO 
	a(O,S) O,OOOOOOOE+OO 
	O,OOOOOOOE-<:00 
	-3,5650030E-05 
	O,OOOOOOOE+OO 
	-2,9054230E-07 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	a(O, 6) O,OOOOOOOE+OO 
	a(O, 6) O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	3,0668448E-07 
	O,OOOOOOOE+OO 
	7,1638300E-10 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 

	Ix(max), % voljvol 100,0 x(minJ,% vcljvol 0,0 
	Ix(max), % voljvol 100,0 x(minJ,% vcljvol 0,0 
	100,0 75,0 
	1 00,0 75,0 
	100,0 75,0 
	100,0 0,0 
	100,0 0,0 
	100,0 0,0 

	100,0 0,0 iy(max),% voJivol y(min),% Vol/vol 
	100,0 0,0 iy(max),% voJivol y(min),% Vol/vol 
	25,0 0,0 
	25,0 0,0 
	25,0 0,0 
	100,0 0,0 
	100,0 0,0 
	100,0 0,0 

	z(max), % volfvo! 100,0 0,0 ----z(min),% volfvol 
	z(max), % volfvo! 100,0 0,0 ----z(min),% volfvol 
	25,0 0,0 
	25,0 0,0 -
	25,0 0,0 
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	Table A.2 [continuec(J 
	A17 
	A18 
	A20
	A15 
	A16 
	butadiene 
	butylene 
	methane
	ethane 
	propane
	X: 
	carbon dioxide
	ethylene 
	ethylene
	y: 
	nitrogen
	z: 
	a(O, 0) 
	2,9655595E+Ol 
	2,4494755E+Ol 
	1,2000000E+Ol 
	2,0000000E+Ol 
	2,9917430E+02 
	1,7064685E-01 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-1,5119580E+Ol
	a(l, 0) 
	1,3676575E-01 
	-3,1156360E-01
	a(O, 1) 
	-1,2344405E-Ol 
	-5,4597900E-02 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	a(2, 0) 
	-2,3601400E-04 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	7,6359480E-01
	-4,1083915E-04 
	a(l, 1) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	0,0 OOOOOOE+OO 
	4,
	5480690E.Q2 

	a(0,2) 
	-2,3601400E-04: 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	1,1230410HJ2
	-4,1083915 E-04 
	a(3,0) 
	O.OOOOOOOE+OD 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-2,3762630E-02 
	a[2, 1) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-7)l562940E-04
	O,OOOOOOOE+OO 
	6,5557090E-04
	a(1,2) 
	O,OOOOOOOE+OO
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	Figure
	a(O, 3) 
	O,OOOOOOOE+OD 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-2,14685SOE-03 
	-2,14685SOE-03 
	1 

	! 
	a(4, 0) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	4,3554940E~4
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	a(3, 1) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	3,8606680E-06 
	a(Z, 2.) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	l,3816990E-06 
	a(1,3) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-7,93390ZOE-06
	O,OOOOOOO:C+OO 
	a(0,4) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	6,6993640E-05 
	a(S, 0) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-4,6077260E--D6
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO
	a~6, 0) 
	0,00 OOOOOE+OO 
	O,OOOOOOOE+OO 
	0,0000OOOE+OO 
	2,6105700E-08 
	O,OOOOOOOE+OO
	af:l,O) 
	O,OODOOOOE+DO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	-6,1439140E-11 
	a(O, S) 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO 
	O,ODOOOOOE+OO 
	O,OOOOOOOE+OO j -8,3693870 E-07 
	a(O, 6) 
	O,OOOOOOOihOO 
	O,OOOOOOOE+OO 
	O,OOOOOOOE+OO
	O,OOOOOOOE+OO 
	3,9280730E-09 
	x(max), %volfvol 
	100,0 
	100,0 
	100,0 
	100,0 
	100.0 
	~(min), % vo1jvol 
	0,0 
	0,0 
	100,0 
	100,0 
	50,0 
	y(max),% voljvol 
	100,0 
	100,0 
	30,0 
	y(min),% vol.jvol 
	0,0 
	0,0 
	0,0 
	z(max), % volfvol 
	50,0 
	z(min),% voljvol 
	0,0 
	22 .
	.. ... .. 
	EN 16726:2015 {E) 
	Table~3-Calculation ofVsumz 
	Table
	TR
	min(100,(Vmax;.i +15)) 

	System 
	System 
	co 
	Butadiene 
	Butylene 
	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 

	8 
	8 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	100 
	100 
	100 

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

	10 
	10 
	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 i 

	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 

	15 
	15 
	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 . 
	100 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Vsumr. '-
	Vsumr. '-
	100 ....... 
	100 
	100 
	240 
	300 -
	80 --· 
	500 
	600 ---· 
	640 
	480 
	1000 ·
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	EN 16726:2015 (E) 

	Table A.4-Calculation offitness, J.Vj (example 1) 
	V; co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,3487 5,6603 0,9451 92,0460 ! v:. ·Vmca; · I ·•} Vswnt I System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane VI,& ; 1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000 0,0000 0,8844 0,0000 9,2046 10,0890 2 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2248 0,8844 0,1969 0,0000 I 1,3061 3 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0
	EN 16726:2015 (E) 
	TableA.5-Worked example ofmethanenumber calcnlatlon (composition 1)-final calculation 
	Table
	TR
	1 
	2 3 
	4 5 
	6 7 
	8 9 
	10 11 

	TR
	mixA4 
	mixA7 
	mixAS 
	:mixA20 

	TR
	NA4,i 
	VA4,f I 
	NAl,i 
	VAJ,i 
	NAB,i 
	I VAB,i 
	NA20,i 
	VA20,i 

	TR
	%vol/~6i' 
	._·_ _. ..;
	r,_:. ·% voy;;-~1 
	;$}.( · ·, ·_,.....
	,' . ' "-1~jL'' % VOljvol'. ---·· -· , -..... 
	J .-,~:-· .: __,.~,,-1;:,· ,,~1 ... . ~ ·-
	-~~;ol ..
	Wf,~t>-· ._:~i:f{
	: %!02/v~t"-' 
	_.;·;~ /:' 
	,~ilfo 'Vaj;v~r 

	methane 
	methane 
	90,0900 
	90,0900 
	92,0460 
	27.9390 
	88,7108 ZUlli 
	95,8205 
	36,7653 
	91,9793 
	97,9750 
	98,5302 

	ethane 
	ethane 
	5,5400 
	5,5400 
	5,6603 
	llQl2. 
	9.2119 
	2,7590 
	6,9025 

	propane 
	propane 
	1,3200 
	1,3200 
	1,3487 
	M.5±Z. 
	2,0773 0,6944 
	2,4337 

	buta..'I'J.es 
	buta..'I'J.es 
	0,9250 
	0,9451 
	.Mm 
	1,7458 
	0,4469 
	1,1181 

	i-butane 
	i-butane 
	0,2100 

	n·butane 
	n·butane 
	0,1900 

	i-pentane 
	i-pentane 
	0,0400 

	c.-pentane 
	c.-pentane 
	0,0500 

	hexanes+ 
	hexanes+ 
	0,0600 

	nitrogen 
	nitrogen 
	1,0400 
	1,0400 
	0,0000 

	=bon dioxide 
	=bon dioxide 
	1,4600 
	1,4600 I 
	1,4698 

	hydrogen 
	hydrogen 
	o.oooo I 
	o.oooo I 
	o,oooo 

	to:>tal-~ 
	to:>tal-~ 
	io-o 0000·' I , ' 
	li:·-' 97.ar7:So l • ·-~: 
	i6'6 boob·'!• -.• • :; ' ,_,-r:, 
	~:· 314~·1i:'.:.-. ..__!.~~(_·~ . 
	-

	:c:--100 oooo:J' ' ;:, ~~':.._ •• -~. ,.:. 
	t~~~·i '2.ifs3431]~_;_;f_• -~ ~ •· .• _., 
	:ifa<O.oooi-t.l•• ;_ ...' • ' ._'""::
	~t;···.:39,9.7.i1;,1t~..~. . .~~· 
	.. .. ioo:oooo,;,'/~,.~ ,·· " 
	:tpif.3.7so 
	L_s· i6o.o.~oo 

	Fraction, Ft MN, 
	Fraction, Ft MN, 
	0.314-91 74,9017 
	I 
	0,2853 l 74,9019 
	I 
	0,3997 74,9019 
	101,4201 


	!J.MN 
	!J.MN 
	!J.MN 
	0,000262 

	l'.1N' 
	l'.1N' 
	74-,9018 

	MN 
	MN 
	76,3217 


	--·~---·---.......~................~.-.-............ -"""""'··-.. --.,..-.. .........~•··. -~·-··.......·-............................ --·-..........................,_. -·---. ~~-..........................,.-~--~---...·~·-· .
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	EN 16726:2015 (E) 
	.. methane ethane propane butanes i-butane n-butane i-pent:ane n-pentane hexanes-tnitrogen carbon dioxide hydrogen total . --Fraction, Fr MNr 1 % volfvol ·-· --···· 86,6475 0,1169 9,4500 0,0000 0,1461 0,0000 0,0292 0,0000 0,0000 3,6103 0,0000 3.00,0000 2 3 o/a volfvol 86,6475 89,8575 0,1169 0,1212 9,4500 9,8001 0,2133 0,2212 0,0000 0,0000 96,4277 100,0000 ... 4 5 6 I 7 8 9 mixA4 mi:x:A7 m!xA8 NA4,f VA4_i NA7,i VA7,i NAB,i VAB,i % voljvol · %volfvol . " % voljvol ill lBB 88,8181 4!2.3722 90,6616 2,3590 92,
	Table A.6 -Worked example ofmethane number calculation (example 2) -final calculation 
	Table A.6 -Worked example ofmethane number calculation (example 2) -final calculation 


	I!MN 
	I!MN 
	I!MN 
	0,002016 

	MN' 
	MN' 
	65,3049 

	MN 
	MN 
	69,0336 


	~-·~..~· ..: ··~ ,. ~:: .-.··... ·... 
	......·;: ...... ·~-__. .
	~-.:.,. __ 
	--~ 
	EN 1.6726:2015 {E) 
	Table A.7-calculation offitness, U1{example 2) 
	VI co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane 0,0000 0,000 0,0000 0,0000 0,0000 0,0000 0,0000 9,8001 0,1212 0,2212 89,8575 Vi·Vmaxf.J Vsumi System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane Wj 1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0189 0,0000 8,9858 9,0047 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 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6333 0,0000 
	27 .
	·---------"··--"...... .......• ~. ------·-···~·-····· -·-·-··-~~.. .-.--·---·~---~--·
	..
	-

	EN 16726:2015 (E) 
	1 2 3 4 s mixAl NAl,i VAl,i o/o vol/vol ''·%voljwl' o/o ! olfVbl methane ethane propane butanes i-butane n-butane i-pentan~ n-pentane hexanes+ nitrogen carbon dioxide hydrogen . . . 4tto.....~ .. ._··.<•....:-, .·• WL ' ·"· .· · • ... ...· . -'• Fraction, Fe MNc 85,991 85,991 5,036 5,036 1,200 1,200 0,191 0,173 0,036 0,046 0,055 0,946 1.327 s,ooo I 0,841 5,000 87,685 5,136 1,224 0,857 11...0Jl.1 llQZ 5,099\ 1,785 80,221 9,549 10,229 0,175 74,411 6 7 s l 9 10 11 l 12 13 14 15 mixA4 mixAS mixA6 :mixA8 mixA20
	TableA.8 -Worked example ofmethane number calculation (example 3) -final calculation 
	TableA.8 -Worked example ofmethane number calculation (example 3) -final calculation 


	I::.MN 
	I::.MN 
	I::.MN 
	0,00012 

	MN' 
	MN' 
	74,411 

	MN 
	MN 
	75,695 


	.: .,.....j:.... 
	·:...~ 
	rn:.;··. .... ·· 
	EN 16726:2015 (E) 
	TableA.9-Calculatlon of:fitness, Wj (e:xample 3) 
	Vr I co Butadiene Ethylene Propylene HzS ' Butylene Hydrogen Propane Ethane Btttane Methane 0,0000 0,0000 o.ocoo 1 o,oooo 0,0000 0,0000 5,0985 1,2236 5,1356 0,8574 87,684-9 I I V-·Vmax· · l I,J Vsum; System co Butadiene Butylene Ethylene Propylene HzS Hydrogen Propane Ethane Butane Methane Wj 1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0197 0,0000 0,8024 MOOD 8,7685 10,5906 2 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,2039 0,8024 0,1786 0,0000 1,1850 3 o.oooo 0.0000 0,0000 0.0000 0,0000 0,0000 1,0
	29 .
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	EN 16726:2015 (E) 
	Component Mixl Mix2 Mix3 Mix4 MixS Mixo Mix7 Mix8 Mix9 MixlO Mix11 Mix12 carbon dioxide 1,00 0,20 2,30 2,00 3,90 nitrogen 13,00 13,00 0,20 0,80 0,74 3,70 0,4:0 oxygen l I I hydrogen 70 5 5 65 5 carbon monoxide I I methane 83,53 82,43 94,68 86,30 87,34 84:,62 85_,58 15 80 70 101 65 ethylene 5 5 5 ethane 3,47 3,00 3.20 8,70 7,00 8,00 5,70 5 5 5 sj 5 propylene 5 5 5 propane 0.20 1,05 1,60 2,20 1,70 2,10 5 5 5 5 5 but;yleoe butane 0,27 0,47 0,30 0,41 1,47 0.90 5 5 I 5 5 s pentane 0,10 0,20 0,11 0,51 0,82 hexane
	Table A.10 -Additional numerical examples for software validation purposes 
	Table A.10 -Additional numerical examples for software validation purposes 
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