INTERNATIONAL ISO
STANDARD 15112

Third edition
2018-11

Natural gas — Energy determination

Gaz naturel — Détermination de l'énergie

Reference number
1SO 15112:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Symbols and units
5 GENEral PIINCIPLES..........ccoooiseeses s e dadi e 7
6 GAS MEASUTCINCIIL .......oooccceiiiiieee e ke
6.1 LT3 1<) - OSSN, ) SSCA
6.2 Volume measurement................
6.3 Calorific value measurement
6.3.1 Measurement techniques and sampling......
6.3.2  Direct measurement — Calorimetry......
6.3.3  Inferential measurement...........ccccccc...
6.3.4  Correlation tEChNIQUES ...t St
6.3.5  Pressure and temperature
6.3.6  Gas quality tracking...............
6.4 Volume CONVETrSION ...
6.4.1  General ...
6.4.2  Density .. MO
6.4.3  Compression factor............. ...
6.5 (072 D1 ) = (0 o 10O eSO OSSOSO
6.6 Data storage and tranSmMiSSION. .. 5 e
7 Energy determuination ... e eeesieessesesessese s
7.1 INEETTACES w.oooov i s
7.2 Methods of energy determination....................
7.2.1  Direct determination of energy........
7.2.2  Indirectdetermination of energy
8 Strategy and PrOCEAUIES ...ttt 16
8.1 General
8.2 Strategiesfor energy determination
8.2.1~ Strategies for single INterfaces...........eeesssss e 18
8.3 PlafiSTBility CHECKS ... e 22
9 ASSIgHMENE METIOAS ...t
9.1 Fixed asSi@NmMENnt ...
9.1.1  Fixed assignment of a measured calorific value
9.1.2  Fixed assignment of a declared calorific value ...
9.2 VaTTabI€ @SSIZNIMETIT oo
9.2.1 Input at two or more different stations with zero floating point............cccco
9.2.2  Input at two or more different stations with comingled gas flows ..o 26
9.3 Determination of the representative calorific Value............coiesins 27
9.3.1  Arithmetically averaged calorific value..........o e, 27
9.3.2  Quantity-weighted average calorific Value ..., 27
9.3.3  GAS QUALILY trACKIIIG ..ooccericeiiin s 27
10 Calculation of eNergy QUANTITIES ... 30
10.1  General fOormulae fOr ENEIEY ... 30
10.2 Calculation of averaged values — Calculation from average calorific values and

CUIMULATIVE VOIUINIES ..o
10.2.1 Arithmetic average of the calorific value.................
10.2.2 Quantity-weighted average of the calorific value

© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

10.3  Volume and volume-t0-mass CONVETrSIONS. ...
10.4 Energy determination on the basis of declared calorific values

11 Accuracy on CalCUlated @NETZY ...ttt

11.1  Accuracy

11.2  Calculation Of UNCEITAINEY ...

T0.3  BaS i
12 Quality control and quality assurance.......

12,1 General. .o

12.2  Check of the course of the measuring data...

T12.3  TTACEADTIIEY ..ottt ettt

124 SUDSTEULE VALUES ...ooooooeeee oo €
Annex A (informative) Main instruments and energy-determination techniques
Annex B (informative) Different possible patterns in the change of the calorific valuer)..".........
Annex C (informative) Volume conversion and volume-to-mass CONVersion........... ...
Annex D (informative) Incremental energy determination ... m .

Annex E (informative) Practical examples for volume conversion and energy quantity
CALCUIATTONY ...

Annex F (informative) Practical examples for averaging the calorificvalue due to different
deliVery STtUATIONS ... g ¥ osmssesssssssssessssessssesssss s

Annex G (informative) Ways of determining substitute values,..

Annex H (infformative) Plausibility check graphical example@:..........ce

Annex I (informative) Uncorrected data, bias correction and final result graphical example......
Annex J (informative) Single-reservoir calorific value'determination ...
ANNEX K (INfOITNATIVE) ..o et

BIDLIOGIAPIY ..o A e

iv © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
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The main changes compared to the previous edition are as follows:

)

(lause 9 has been updated;

—

Any

complete listing\of these bodies can be found at www.iso.org/members.html.

it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by Technical Commiittee ISO/TC 193, Natural gas.

third edition cancels and replaces the second edition (ISO 15112:2011), which has been technically
ed.

igures 7 and 8 have beenredrafted;

Annex K has beemradded.

feedback or questions on this document should be directed to the user’s national standprds body. A
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Introduction

Since the early 1 800s, it has been general practice for manufactured gas and, subsequently, natural
gas to be bought and sold on a volumetric basis. Much time and effort has therefore been devoted to
developing the means of flow measurement.

Because of the increasing value of energy and variations in gas quality, billing on the basis of thermal
energy has now become essential between contracting partners and the need to determine calorific
value by measurement or calculation has led to a number of techniques. However, the manner in which
calorific value data are applied to flow volume data to produce the energy content of a given volume of

sl afoas L0 oa o axrdardizad o oo Ao
natural gaS TaS OCTITIdar Irotra otauucu T2t Pprocttaarcs

Energy determination is frequently a necessary factor wherever and whenever natural gas issmetgred,
from produdtion and processing operations through to end-user consumption. This documenthasbeen
developed tp cover aspects related to production/transmission and distribution/end usep. It proyides
guidance tojusers of how energy units for billing purposes are derived, based on either measurement or
calculation ¢r both, to increase confidence in results for contracting partners.

Other standards relating to natural gas, flow measurement, calorific value nieasurement, calculption
procedures and data handling with regard to gas production, transmissionkand distribution involving
purchase, sgles or commodity transfer of natural gas can be relevant to this-document.

This documgnt contains eleven informative annexes.

vi © ISO 2018 - All rights reserved
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Natural gas — Energy determination

1 Scope

This document provides the means for energy determination of natural gas by measurement or
by calculation, and describes the related techniques and measures that are necessary to take. The
calculation of thermal energy is based on the separate measurement of the quantity, either by mass
or by volume, of gas transferred and its measured or calculated calorific value. The general means of
calcylating uncertainties are also given.

Only[systems currently in use are described.

NOTH Use of such systems in commercial or official trade can require the approyal of national authorization
agengies, and compliance with legal regulations is required.

This| document applies to any gas-measuring station from domestic)to very large high-pressure
trangmission.

New|techniques are not excluded, provided their proven perforntance is equivalent to, or [better than,
that pf those techniques referred to in this document.

Gas-measuring systems are not the subject of this document.

2 Normative references

The following documents are referred to in-the text in such a way that some or all of their content
constitutes requirements of this document-For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 976, Natural gas — Calculation of calorific values, density, relative density and Wobbg¢ index from
composition

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online’browsing platform: available at https://www.iso.org/obp

— IEE Electropedia: available at https://www.electropedia.org/

3.1
accuracy of measurement
closeness of the agreement between the result of a measurement and a true value of the measurand

[SOURCE: ISO/Guide 98-3:2008, definition B.2.14]

3.2

adjustment

<of a measuring instrument> of bringing a measuring instrument into a state of performance suitable
for its use

Note 1 to entry: Adjustment may be automatic, semi-automatic or manual.

© ISO 2018 - All rights reserved 1
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assignment method
<energy determination> method to derive a calorific value to be applied to the gas passing specified
interfaces having only volume measurements

3.4

availability
probability, at any time, that the measuring system, or a measuring instrument forming part of the

measuring s

ystem, is functioning according to specifications

[SOURCE: EN 1776:1998]

3.5
bias

systematic dlifference between the true energy and the actual energy determined of the gas-pass

gas-measur

3.6

calibration
set of operat
indicated by
or areferen

[SOURCE: IS
to entry hay

3.7
superior ca
energy rele
way that th
combustion
products be
liquid state

[SOURCE: I
Notes to ent

3.8

ng station

ions that establish, under specified conditions, the relationship betiveen values of quan
ameasuring instrument or measuring system, or values represented by a material me3
Ce material, and the corresponding values obtained using working standards

0 14532:2014, definition 2.5.1.1, modified — Definition has'been slightly changed and |
e been removed.]

lorific value

ing a

tities
sure

Notes

hsed as heat by the complete combustion infair of a specified quantity of gas, in s@ich a

e pressure, p1, at which the reaction takes\place remains constant, and all the produg
are returned to the same specified temperature, T1, as that of the reactants, all of {
ing in the gaseous state except for water formed by combustion, which is condensed t
ht T

0 14532:2014, definition 2.6.4.1, modified — Definition has been slightly reworded
ry have been removed.]

inferior calprific value
hsed as heat by the-complete combustion in air of a specified quantity of gas, in sfich a

energy rele
way that th
combustion
products be

[SOURCE: I
Notes to ent

e pressure, p1,at-which the reaction takes place remains constant, and all the produ
are returned to the same specified temperature, T1, as that of the reactants, all of {
ing in the-gaseous state

0 14532:2014, definition 2.6.4.2, modified — Definition has been slightly reworded
ry-have been removed.]

ts of
hese
o the

and

ts of
hese

and

3.9
calorific va

lue station

installation comprising the equipment necessary for the determination of the calorific value of the
natural gas in the pipeline

3.10

adjusted calorific value
calorific value measured at a measuring station compensated for the time taken for the gas to travel to
the respective volume-measuring station

3.11

corrected calorific value

result of cor

recting a measurement to compensate for systematic error

© ISO 2018 - All rights reserved
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declared calorific value
calorific value that is notified in advance of its application to interfaces for the purpose of energy
determination

3.13

representative calorific value
calorific value which is accepted to sufficiently approximate the actual calorific value at an interface

3.14

charging area

Set 0 illtCl fClLCD VVhCl C thC odI1lIT lllCthUd Uf CIICT S_y dctcl uliuatiuu iD uocd

3.15

conversion

determination of the volume under reference conditions from the volume under gperating
3.16

correction

valu¢ added algebraically to the uncorrected result of a measurement to Compensate for syst
Note|l to entry: The correction is equal to the negative of the estimated, syistematic error.

Note |2 to entry: Since the systematic error cannot be known perfectly, the correction cannot be
Annefx 1.

3.17

corrgction factor

numerical factor by which the uncorrected result of a measurement is multiplied to comp
systgmatic-error object

Note [l to entry: Since the systematic error cannot be known perfectly, the correction cannot be
Annekx I.

3.18

determination

set df operations that are carried out on an object in order to provide qualitative or
information about this object

Note|l to entry: In this document, the term “determination” is only used quantitatively.

3.19

direct measuremerit

measg

Note
meas

urement-ef@ property from quantities which, in principle, define the property

1 tosentry: For example, the determination of the calorific value of a gas using the th
urement of the energy released in the form of heat during the combustion of a known amount

ronditions

ematic error

romplete, see

ensate for a

fomplete, see

quantitative

ermoelectric
bf gas.

[SOURCE: TSO 14532:2014, definition 2.2.1.2, modified — The word "that” has been replaced by “which”
in the definition.]

3.20

energy

product of gas quantity (mass or volume) and calorific value under given conditions

Note

Note

© ISO

1 to entry: The energy may be called energy amount.

2 to entry: Energy is usually expressed in units of megajoules.
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energy determination
quantitative determination of the amount of energy of a quantity of gas based either on measurement
or calculation using measured values

3.22

energy flow rate
energy of gas passing through a cross-section divided by time

Note 1 to entry: Energy flow rate is usually expressed in units of megajoules per second.

3.23

fixed assigﬁment

application
measuring

3.24

without modification of the calorific value measured at one specific calorific-v
tation, or the calorific value declared in advance, to the gas passing one, or more} inter

gas transpgrter

company th

3.25

gas quality
determinati
flow calculaj
entry and ey

3.26
interface
place onap
physical cu{

Note 1 to ent

3.27
local distri
LDC
company th

3.28
measuring
installation
valves and
transfer

[SOURCE: E]

3.29
measuring

ht conveys gas from one place to another through pipelines

tracking

pn of gas quality properties (e. g. the calorific value) at the exit points of a gas grid bas{
[rion; the calculation requires topology data, gas quality data’at entry points, volume d{
it points and grid pressures as input information

pe used for the transportation or supply of gas at which there is a change of ownersh
tody of gas

Fy: Generally, an interface has an associatéd'measuring station.

bution company

ht delivers gas to industrial,,commercial and/or residential customers

station
comprising all theequipment, including the inlet and outlet pipework as far as the isol
Structure within which the equipment is housed, used for gas measurement in cug

N 177671998]

alue-
faces

bd on
ita at

ip or

ating
tody

System

complete set of measuring instruments and auxiliary equipment assembled to carry out specified
measurements

[SOURCE: ISO/IEC Guide 99:2007, definition 3.2, modified — Definition has been slightly reworded.]

3.30
measuring

instrument

device intended to be used for making measurements, alone or in conjunction with one or more
supplementary devices

[SOURCE: ISO/IEC Guide 99:2007, definition 3.1, modified — Definition has been slightly reworded.]

© ISO 2018 - All rights reserved
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3.31
plausibility
property of a value to be within reasonable limits

3.32

producer

company that extracts raw natural gas from reservoirs which, after processing and (fiscal)
measurement, is supplied as dry natural gas to the transportation system

3.33

3.34
residential customer
perspn whose occupied premises are supplied with gas, wholly or in part, such\gas not beiing used for
any business purpose, commercial or industrial

3.35
systematic error
meai that would result from an infinitive number of measurements‘ef the same measurand carried out
under repeatability conditions minus a true value of the measurand

3.36
traceability
property of the result of a measurement or the value of’a standard whereby it can be relatled to stated
referjences, usually national or International Standards, through an unbroken chain of conjparisons all
having stated uncertainties

Note [l to entry: This chain of comparisons is called a traceability chain.

3.37
uncertainty
parameter, associated with the result of a measurement, that characterizes the dispersion ¢f the values
that fould reasonably be attributed to the measurand

3.38
variable assignment
applI;ation of a calorificvalue for an assignment procedure based on measurement(s) at cdlorific value
statipn(s) to the gaspassing one, or more, interfaces

Note |1 to entry: Fhat applied calorific value may take into account the time taken for the gas tp travel from
the cplorific value station to the respective volume-measuring stations and other factors, to deriye an average
calor|fic value for a network, a state reconstruction of the variation of calorific values through a nefwork, etc.

3.39
zero floating point
position in a grid conveying gas where there is a boundary with different gas qualities on either side

3.40

non-plausible data

measurement data that are obviously wrong taking into account the measurement situation at a
measuring station and the gas flow situation

341

grid node

connection of two or more pipes in a gas grid, grid nodes typically exist at interfaces (entry/exit) or at
points where the pipe geometry changes

© IS0 2018 - All rights reserved 5
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standard load profile

SLP

standard load profile (SLP) is a model to predict the expected hourly or daily energy consumption of
customers where the reading is taken only periodically (e.g. once per year)

4 Symbols and units

Symbol Meaning SI unit Customer unit
E energy M] KWh

e energy flow rate M]/s kWh/h

H calorific value M]/m3; MJ/kg kWh/m3

NOTE 1 Where the calorific value is in megajoules per cubic metre and the gas voléime is in cubic

tres, or whe
the calculat

Where the ¢
where the ¢
calculated e

To convert t

e the calorific value is in megajoules per kilogram and the gas mass(is)in kilograms, th
bd energy is in megajoules.

alorific value is in kilowatt-hours per cubic metre and the gas volume is in cubic metre
hlorific value is in kilowatt-hours per kilogram and the gasmass is in kilograms, then {
nergy is in kilowatt-hours.

he number of megajoules to the number of kilowatt-hours, divide the number by 3,6.

me-
iIen

S, Or
he

M mass kg t

p pressure (absolute) Pa, kPa bar, mbar

Q quantity of gas m3, kg ft3

NOTE 2 Wlen the quantity is given in cubic métres, it is necessary that it should be qualified by t¢
perature anfl pressure.

Sqy volume flow-sate m3/h, m3/s

qm mass flow'rate kg/s, kg/h

T temperature (absolute) K

t time s, h,d s,h,d

%4 volume (gas) m3

Z compression factor

p density kg/m?3

J temperature °C °F

Subscripts

i inferior calorific value

j number of time intervals

6 © IS0 2018 - All rights reserved
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normal reference conditions (273,15 K; 101,325 kPa)

[SO-recommended standard reference conditions (288,15 K; 101,325 kPa)

superior calorific value

5 General Principles

The quantity of energy, E, contained in a given quantity of gas, Q, is given by the multiplication of the
calorific value, H, by the respective quantity of gas.

Ener]
valug

e of the gas (see Figure 2).

e (M]/h)

e (M]/h)
E (M])

Gas billing ($)

Figure 1 — Energy-measurement scheme

by may be either measured directly (see Figure 1) or calculated from the quantity afid

e (M]/h)

Energy determination

e (M]/h) iMeasure-
‘ment
procedures

e (MJ/h)

e (M]/h)
E (M])

Gas billing ($)

the calorific

Figure 2 — Energy-determination scheme

Generally, the quantity of gas is expressed as a volume and the calorific value is on a volumetric basis.
In order to achieve accurate determinations of energy, it is necessary that both the gas volume and
calorific value be under the same reference conditions. The determination of energy is based either
on the accumulation over time of calculation results from consecutive sets of calorific values and
the concurrent flow rate values, or on the multiplication of the total volume and the representative
(assigned) calorific value for that period.

Especially in situations of varying calorific values and when flow rates are determined at a place
different from that of the (representative) calorific value, the effect on the accuracy caused by the

© ISO
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difference in time between the determination of the flow rate and the calorific value shall be considered
(see Clause 11).

The gas volume may either be measured and reported as the volume under the ISO-recommended
standard reference conditions or be measured under some other conditions and converted to an
equivalent volume under the ISO-recommended standard reference conditions, using an appropriate
method of volume conversion. The method of volume conversion used at a specific gas-volume-
measuring station may require gas quality data determined at other places. For the purpose of this
document, the [SO-recommended standard reference conditions of 288,15 K and 101,325 kPa, as
defined in ISO 13443, should be used.

NOTE F
Methods for

The calorifi
and assigne
value to be ¢

This generg
quantity of §

To achieve {
period of tiy
an integrati

of the e

of the
represe

The method

The general
which the i
determined

6 Gasm

6.1 Gene

The types d
things on

the resy

the flow

n) 1 £l Aot 1 < 1 i F 1 4 | <l
I t1IcC sao SUpply, ULIITI CUIIUILIVIIS Ldadll DT uostu, bUllCDl)Ullullls LU 11I4dtivllidl Stdliludius Ul

onversion between different conditions for dry natural gases are given in [SO 13443.

' value may be measured at the gas-measuring station or at some other representative
d to the gas-measuring station. It is also possible for the quantity of gas and the cal
xpressed on a mass basis.

bas is expressed on either a volumetric or a mass basis.

he calculation of the quantity of energy of the gas passing a gasmeasuring station o
he, the methods of energy determination in Clauses 7 to 10-afe used. Such methods in
bn over the time period; that integration may be

nergy flow, or

ras flow rate over time to obtain the quantity(ef gas, which is then multiplied by
htative calorific value.

of integration may depend on contractualagreements or national legislation.

principles of energy determination in.Clauses 7 to 10 are independent of the method
htegrations are carried out. The inethod of integration influences the uncertainty g
energy; these effects are considered in Clause 11.

pasurement

ral

f measuring-devices and methods used in real measuring stations depend among

ectivesnational requirements,

[ rate,

laws.

boint
brific

| principle of energy determination is extended in Clause 10 to those cases when the

Ver a

yolve

/ the

with

f the

bther

the commercial value of the gas,
the gas quality variations,
the need for redundancy, and

the instrument specification.

Only proven methods and measuring devices/products used at the respective interfaces should be
used. An overview of the techniques and procedures currently used in different countries is shown in

Annex A.

© ISO 2018 - All rights reserved
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Methods used for flow and calorific value measurement shall be in accordance with standards,
contractual agreements and/or national legislation, as appropriate. If no national legislation exists, the
OIML recommendation R140 should be applied.

Action should be taken to identify and reconcile systematic effects. For example, use of different
national standards, regulations and/or operating procedures can introduce systematic differences;
contract partners should determine the appropriate means to overcome these differences.

The quality of the measurement results, in general, depends on the following factors:

— operating conditions;

— Inaintenance frequency and quality;

—

[ q

—
A hig

and ¢

6.2

The
runs
foro

The
follof

—

—

— o¢perating conditions, especially operating pressure;

q
— 1

For 1
7.1) 3

6.3

jcceptable pressuredoss;

alibration standards;

ampling and clean-up;

hanges in gas composition;
jgeing of measurement devices.

h accuracy can be achieved if the requirements fixed by the mahufacturers and by offi
111 operating procedures for operating, calibration and majinténance are strictly obsery

Volume measurement

volume flow-metering system of a natural-gas-measuring station consists of one or
Generally, the meters measure the gas volume flow under actual operating condition
Fifice meters (ISO 5167-1) and turbine meters,(ISO 9951) exist.

ving:
onditions of flow;

low-measuring range;

equired accutacy.

jatural-gas volume flow measurement, the instruments mostly used at the interface
re shown'in Annex A.

€alorific value measurement

rials are met
red.

more meter
5. Standards

selection of a flow-metering system faob a specific application depends, as a minimhum, on the

5 1 to 6 (see

6.3.1 Measurement techniques and sampling

A calorific-value measuring system consists of a sampling system and a measurement device taken

from

one of the following groups:

a) direct measurement (e.g. by combustion calorimeters);

b) i

nferential measurement [e.g. by a gas chromatograph (GC)J;

c) correlation techniques;

d) gas quality tracking using measured entities.
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To achieve a high accuracy of calorific value measurement, representative sampling is required.
Guidelines are given in ISO 10715.

Depending on the measuring system, the operating procedures, the fluctuation of composition of the
gas, and/or the quantity of gas delivered, one of the following sampling techniques can be used:

continuous direct sampling;

— periodical spot sampling;

— incremental sampling.

Samples are[taken for either online analysis or offline analysis.

6.3.2 Direct measurement — Calorimetry

With direct|measurement, natural gas at a constant flow rate is burned in an excess ‘of air and the
energy relegsed is transferred to a heat-exchange medium resulting in an increase inits tempergture.
The calorifi¢ value of the gas is directly related to the temperature increase.

Calorimetryjis used forinterfaces 1 to 3 and 5.1SO 15971 gives details of the méasturement of combuktion
properties.

6.3.3 Infdrential measurement

With infereptial measurement, the calorific value shall be calculated from the gas compositipn in
accordance with ISO 6976.

The most widely used analytical technique is gas chromategraphy. Procedures for the determination of
the composition with defined uncertainty by gas chromatography are given in ISO 6974 (all partg). GC
measurement is used at interfaces 1 to 3 and 5.

6.3.4 Corfelation techniques

Correlation fechniques make use of the relationships between one or more physical properties and the
calorific valfie of the gas. Also, the principle of stoichiometric combustion can be used.

6.3.5 Pressure and temperatiire

Pressure and temperature measurements can be necessary for the conversion of the gas volume ynder
operating conditions to a,volume under standard reference or normal conditions. Details are given in
ISO 15970.

6.3.6 Gas|quality.-tracking

On the basjs<of input data (grid topology, gas quality, gas quantity, pressures), flow condifions

throughout the grid shall be determined using a flow mechanics calculation. On this basis, an individual
calorific value can be assigned to each interface.

6.4 Volume conversion

6.4.1 General

Conversion of a volume of natural gas measured under operating conditions to a volume under
reference or base conditions is based either on a gas pressure, temperature and compression factor
(pTZ-conversion) or on gas densities under operating and base conditions (density conversion).

For details, see Annex C, E.1 and E.2, ISO 12213 (all parts) and EN 12405-1.

10
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6.4.2 Density

The density under reference conditions (sometimes referred to as normal, standard or base density)
can be required for conversion of volume data. Density under operating conditions may be measured
for mass-flow determination and volume conversion.

Details are given in [SO 15970.

6.4.3 Compression factor

For gas volume conversion, the compression factor is

— ¢alculated from the gas composition using a molar analysis (see E.2 and 1SO 12213-23;
— (¢alculated using physical properties and some constituents (see E.1 and ISO 12213<3), pr
— 1neasured by a Z-meter.

Detajls are given in ISO 15970.

The compression factor under reference conditions may also be calculated according to ISO 6976.
Depdnding on the quantity of gas delivered and variations in pressurg,temperature and gas fomposition
at the specific metering point, the compression factor either maybe set constant or shall ble calculated
from| time to time.

The piser of this document shall take account of the gas eomposition, especially with regpect to the
molar relationships of the higher hydrocarbons to each, other and at high pressure. Depending on the
gas ¢omposition and the pressure, methods for calcalating the Z-factor on the basis of ISO 12213-2,
rathé¢r than on the basis of ISO 12213-3, should be ¢onsidered to avoid systematic errors.

6.5 | Calibration

Qualjty of calibrations has a significant impact on the trueness of a measurement result. THe frequency
of the calibrations shall be determined according to the stability of the measurement devices.
Calilrations should be traceable to appropriate standards and reference materials.

A representative calibration_should be performed under conditions close to those at whidh the meter
operptes. For calorific measurement devices, calibration gases that are close to the expecfed calorific
valug or composition of the gas to be measured (see, for example, ISO 15971) should be usefl.

If, ugon verificatiop-0flany measuring instrument used for energy-determination purposef, an agreed
deviation between the instrument reading and the corresponding value realized by a|standard is
exceeded, a calibration of the measuring instrument shall be carried out in order either

— o make adjustments to the instrument that establishes the smallest possible difference between
thesmeasured value and the value given by the standard, or

— {0 derive a correction that is applied to the measured value for subsequent periods to produce the
correct value.

The actual process of adjustment or correction may be either manual or automatic, depending on the
type of instrument.

If, at the calibration of the calorific-value-measuring device, a difference between measured and
certified values occurs, for subsequent periods a correction of the measured values or adjustment shall
be performed.

6.6 Data storage and transmission

All relevant data for determining energy shall be securely stored. The length of storage time and place
of storage shall take into account national regulations and/or contractual conditions.
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The data incorporate

— information contributing to and/or consisting of the amount of energy supplied and, where available,

— information on the data validity or the functioning of the metering station (hardware and software).

For data transfer, safe procedures shall be taken to ensure the integrity of the data.

7 Energy determination

7.1 Inter

La WalaYdd

Natural gas
gas storagey

TTCTY

custody transfer between contract parties is, in general, performed from the producer
to the end user via intermediate stages involving some or all of the following:

(s) or

— gas transporter(s);
— regional distributors;
— local di§tribution company(ies).
Industrial
customer
5
Gas ! Regional ° Local @ Residential
Gas producer(s) —_E— transporter(s) —E— distributor ox ——@— distribution ——E— customer
p gas transporter company
1 2 3 4
6
Commercial
customer
Key
1to6 interface
a If thi§ entity exists.
Figure|3 — Possible interfaces for energy determination from producer(s) to end users|
12
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Residential

omer

ivery chain;
hl interfaces
| situations.
faces 1 to 6

Producer(s) or
gas transporter Industrial
or regional customer
distributor
1 5
a . a a
Storage Gas d'Re'gblonal di L(.)lfal.
operator transporter(s) istributor or istribution custi
gas transporter company
1 2 3 4
e 6
Commercial
customer
Key
1toq interface
a If this entity exists.
Figure 4 — Possible interfaces for energy determinationdrom producer(s) to endl users
including gas storages
The hoxes numbered 1 to 6 in Figures 3 and 4 representthe different interfaces within a de
they|may consist physically of a real measuring station or may be regarded only as virtu
withput any measurement to define the point of delivery or redelivery within contractua
Energy determination in a delivery chain betwéén contract parties is performed at inter
(see Figures 3 and 4), often also named points-of delivery and/or points of redelivery. Fig

the delivery chain from the producer to the’end user; Figure 4 includes, additionally, a stora

who
kind
if the

Thre
a)

PN

b)

|

The gas transporter supplies gas directly to an industrial customer.

Thegasproducer supplies gas directly to an industrial customer.

usually stores gas for producers, gasfransporters or regional distributors for future

y are actual measuring stations.

e different models of différént delivery situations are given as examples.

‘or energy determination at interface 5, the gas volume is measured at interface 2 o
here is no regional distributor/storage company or local distribution company (LDC) i
alorific valué measured at interface 2 can be used if nearly constant gas quality (seq
an be expected.

ure 3 shows
ge operator,
ake-off. The

5 of interfaces may differ within the'different countries. They may be used as gas-billing interfaces,

' 5; because
nvolved, the

Figure B.1)

hepipeline systemisused by several gastransportersandregionaldistributorsfortra

hsportation;

LDCs are not involved. On its way to the industrial customer, no gas quality changes occur. For
energy determination at interface 5, the gas volume is measured at interface 5 and the calorific
value at, for example, interfaces 5, 3 or 2.

The LDC supplies gas to the end user, commercial and industrial customer.

The LDC is supplied by a regional distributor, or gas transporter or storage company. For energy
determination, volume measurement is performed at interfaces 4 to 6. Due to different gas qualities
(see Figure B.3), the regional distributor operates a state reconstruction programme for calorific-
value determination at interface 3; that calorific value is taken by the LDC for energy determination
at interfaces 4 to 6.
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The method of energy determination depends on a number of important factors; they shall be taken
into account for the suitable energy-determination strategy to support the user of this document to
perform a correct energy determination. They include

— grid topology,
— flow directions,
— take-off structure or consumption profile,

— course of calorific value,

— technicfl equipment,

— contractual requirements, and

— nationa| regulations.

It is the maih goal of the methods given in 7.2

a) tosupperta satisfactory energy balancing within the transportation grid,and
b) to provide a justified energy determination at interfaces,

taking into account economic aspects.
7.2 Methpds of energy determination

7.2.1 Direct determination of energy

For direct measurement (see Figure 5), individual physical parameters (e.g. Q, H) are not measpred.
The energy fflow and energy quantity are calibrated and shown at the measuring point. At the tipe of
preparation|of this document, direct energy-measurement instruments have entered the marketplacg, but
they are not|yet proven technology for custodytransfer. No International Standards exist at the moment.

| Energy |
o EzE
L--—Measuring station—--J

Figure 5 — Direct determination of energy

7.2.2 Indirect determination of energy

For indirect energy determination, the energy is determined on the basis of previously measured or
calculated values for volume/mass, calorific value and other entities.

7.2.2.1 Measurement of volume or mass and calorific value at the same station

For indirect determination of energy, the volume or mass, calorific value and additional physical entities,
such as COp, density, etc., of the gas are measured separately in a measuring station (see Figure 6);
the measurement devices are individually calibrated. The volume flow rate and energy quantity are
typically displayed at the measuring point. For large gas quantities Q1 and @3, for example at border
crossings, it can be necessary to determine the calorific values Hs1 and Hsy by means of two calorific-
value measurement devices at each station (see Figure 15).
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Another method is to collect the calorific value and volume data in the measuring station and to
transmit the data to a different central energy-determination station where energy flow and energy
quantity are determined.

I———Measuring station-——+

Due
of ga
diffe

Caloritic
value

Volume
conversion

Energy
E=Y HxQ

Figure 6 — Local online calorific value. measurement

measuring station

Lo the local gas-quality situation and for economic redsons, it is sometimes of use to t
5 (time- or flow-controlled) within the measuringstation and to determine the calorif

Fent place (see Figure 7).

hke samples
icvalue ata

(

gas flow —» T Volume gas flow —p
remote
Calorific
value Sampling " volume
P —< sampling :
Ddtermination transmission conversion
GC, |
calorimeter .
(J=}
| 12
& S8
o c Ig
\S 3
Al 2
T MY
) 15
| g |
£ 0
: Central Energy
Sl > Determination
E=XHxQ

Figure 7 — Local offline calorific value determination
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7.2.2.2 Measurement of volume or mass and calorific value at different stations

Whereas the gas volume is measured at every delivery point between contract parties, it can be too
expensive to operate a calorific-value measurement device there, too. Thus, the most common method
(especially in extensive supply systems) is to assign a representative calorific value (see Clause 9) to
the volume. The calorific values assigned to those interfaces (volume-measuring points) are values
measured elsewhere or a value formed from several representative measured values (see Figure 8).
These values are the basis for energy determination. The kind of assignment is determined by the
location of the input/output stations in the grid and the conditions of gas flow (see Clause 9).

measuring station

measuring station

gas|flow —p T Volume gas flow .~
Calorific Different locations Volum_e
value (remote) conversion
Determination |
1
: |
I T
1S IS
2 <13
St SiE
= :E =2
% I
15 I~
I
| Gas +Q
| /
] q:ahty Central Energy
L AN C ata, Determination
H E=3XHxQ
Figure 8 — Remete calorific value determination (example)
8 Strategy and procedures
8.1 Genefal
“Design” in| thencontext of this document encompasses the requirements of what informati
necessary ahd-how it should he obtained to fulfil the needs of the energy-determination strategy ta

bn is

king

into account the expected course of data.

Energy determination starts with an assessment of a reasonable energy-determination strategy,
followed by a plausibility check of the measured data. The next steps are the assignment of the
representative calorific value and the combination of the data (calculation procedures). Finally, a
quality-control procedure is performed.

An energy-determination scheme, including “start” and “end” points, is shown in Figure 9.

16
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Design
Data
generation see Clause 6
(measurement)
\
Procedures see Clause 8
Plausibility check see Clause 8

‘ and Annex B

!

Assignment of Strfltegy,
calorific values see Clause 9 >~ action and

‘ procedures
!

Combination of data see Clause 10

Accuracy
quality control see Clauses 11, 12

Billing /
invoicing

Figure 9 == Strategy for an indirect energy determination

Pring¢ipally, elaborated strategy and the applicable methods and procedures for energy determination
shalllbe applied without changes. They may be changed only if

— it can be asSured that the accuracy of the results will be better or as a minimum not warse, or

— the methods or procedures are no longer applicable, due to the changed gas flow and/of gas quality
¢onditions.

Additionally, due to significant changes with Tespect to the economics, it may be necessary to change
the applicable methods/procedures.

Gas measurement systems are not the subject of this document. However, data generated by new systems
or modified devices can cause a better or worse quality of the data; this can lead to modifications of
energy determination.

8.2 Strategies for energy determination

For an energy-determination period, it is necessary that a reasonable energy-determination strategy
take account of

— the course of the calorific value (calorific value changes) with respect to the relevant supply
situation, and
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— the correctness of the measuring data (i.e. the raw data)
for a specified interface.

Taking into account the changes in gas quality at an interface is a key factor for the justification and
accuracy of the energy determination, i.e. the traceable determination of the calorific value for the
relevant interface.

This is important because even a non-corresponding energy-determination strategy at the interfaces
can be disadvantageous for one partner and shall be avoided. This can happen, for example, by using
a non-matching, i.e. non-representative, calorific value or other non-representative physical data (i.e.

hout

density, COy,
any critical

Generally, changes in gas quality depend on the gas supply situation at that interface, i.e. it i§ nece;

to prove
a) whethel

b) whethe
and 15)

Supply situg
due to the d

Thus, the ch
respectively
for billing py

Changes in §
For exampld

8.2.1 Strd

8.2.1.1 Gg

In general, 1§
and gas chg
measureme
assignment
to agree up(

At those points on the gas grid where a direct measurement of the calorific value and other impo

gas quality
determinati
be performd

) at those interfaces where only the gas volume is measured or hy fnl(ing raw data wi

rheck.

" gas from only one origin has passed the subsequent interfaces (see Figurésil2, 13 and 1}

" gases from more than one origin have passed the subsequent interfaces (see Figur

tions according to Figures 14 and 15 very often result in reasonable changes in gas qU
blivery and take-off situations.

anges of the daily or monthly averaged calorific values\over one billing period (one m
, one year) shall be carefully monitored to decide whether an energy determination p
irposes shall be divided into smaller periods.

pas quality within one day do not usually resiilt in a further subdivision into hourly v4
s, see Annex B.

tegies for single interfaces

tneral

rging. For interfaces. 10 3, the calorific value for gas charging is determined by
ht (see Figures 6 and\Z), remote calorific value measurement (see Figure 8) or approp
methods or qualityrtracking (see 9.3.3). It is up to the contract partners and local autho
n the matching'method.

entities for'gas charging cannot be performed due to technical and/or economic reasq
pon ofithese entities as the calorific value, gas density etc. by an indirect way can somet
d{see 9.2,9.3.1,9.3.2 or 9.3.3).

sary

b), or

ps 14

ality

bnth,
briod

lues.

\rge quantities of gas passing interfaces 1 to 3 (see Figures 3 and 4) are subject to measfiring

local
riate
rities

rtant
ns, a
imes

8.2.1.2 Interface 1

For the calculation of the volume under reference conditions, a volume conversion is either performed by
— p,Tand Z, or

— ppandp.

At that interface, the calorific value shall be measured online (see 6.3).

In the case of gas production from a single reservoir where the gas composition may be expected not to
change over time, online measurement for the determination of the calorific value may not be necessary.
In this case, the calorific value may also be calculated from the gas composition obtained from offline
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analysis of periodic samples. For an example, see Annex |. In all other cases, calorific measurement
according to the rules that apply for interface 1 shall be followed.

The development over time of separate calorific values relative to the initial calorific value is assessed
statistically. If the values exceed an agreed limit (for example 0,5 %, see Figure ].1) over time, the
method shall be changed from offline measurement to online measurement.

The application of this method for calorific-value determination should take into account the fact that

the delivery composition of the gas is strongly dependent on the type of gas treatment installation.

Fort

8.2.1

The
The

meag

8.2.1

he determination of the compression factor, Z, see 6.4.4.

.3 Interface 2
falculation of the volume under reference conditions is performed as described'in8.2.]

determination of the calorific value for energy-determination purpeses is pe
urement (see 6.3) or assignment (see Clause 9).

4 Interface 3

The determination of the values for energy determination is performed as described in 8.2.

of th

calor

8.2.1

s document should take into account that methods and/orfacilities at interface 3 to dg
ific value, especially for the subsequent interfaces, can differ from country to country.

.5 Interface 4

At infterface 4 of the gas grid, a measurement of the calorific value and other important

entit

assig

Befo

by m
reley

acco
sett

For 1
calor

If on
only
setb

Figu
(upst

nment methods (see Clause 9) are necessary.

e the gas passes the measuring deviee, upstream a stable pressure of the gas shall

eans of pressure control. The logalidistribution company (LDC) determines procedur

ant temperature and pressure that can be used for energy-determination purposes

int the ambient pressure. Dite to the low pressure, the compression factor is not cal
“17.

his interface, either(aydeclared or assigned calorific value can be applied, using tH
ific value of interfdee 3.

y reasonably.small changes in gas quality can be expected (see Figure B.1), it is advi
a declared.calorific value for annual energy-determination periods. A declared caloj
[y the LDCat a fixed value, taking into account the calorific values of the previous 12
‘e B.1)xPuring the energy-determination period, the LDC regularly checks the calori
reain) interface 3 from where the gas is feeding interfaces 4.

2.

rformed by

1.3. The user
termine the

gas quality

jes can usually not be performed for techmical and/or economical reasons. For thjis interface,

be ensured
es to set the
taking into
culated and

e upstream

sable to use
ific value is
months (see
fic values at

f h I cc A R &1 ] 1 1 1 ] 1 RER | 1 1L 1 q . . 1
I theurtference petween tne decrarea calor ific varue ana the calor ific varue aetermimea

pstream at

interface 3 is larger than the permitted difference (for example 1 %), for example when the calorific
value has changed significantly (see Figures B.2 and B.3), these calorific values shall be assigned to the
energy-determination periods. For example, in Figure B.2, the calorific value Hs; shall be assigned for
energy-determination purposes for the time periods ¢1 and t2, and the calorific value Hsy for the time
period t3.

To ensure a reasonably accurate energy-determination process for those customers, a distinction shall
be made between

— agas grid separated from other gas qualities, and

— agas grid (open grid) not separated from other gas qualities.
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8.2.1.5.1 Gas grid separated from other gas qualities

If gases with different calorific values are kept separately in different gas grids, no mixing of these
gases can occur and the calorific value measured or determined at interface 3 may be taken as the basis

for energy d

etermination at interfaces 4, as follows.

The average of the calorific value can be calculated either arithmetically or on an hourly volume- or
quantity-weighted basis in the manner described in 10.2.

a)

At first, at the end of every day or another interval within the energy determination period, the

energy quantity of the gas passing interface 3 is calculated by averaging the measured/determined

individt

al calorific values [cnp Eormula fﬁ\] and mn]fip]ying that :nrnr:\gnr] calorific value b
e ehe—tey

7 the

gas voly
the follg

For
(l(h

The

me or quantity that had passed interface 3 during the same interval [see Formuld){)
wing manner.

this purpose, the individual calorific values within 1 h are averaged using|Formul
purly-based averaged calorific values”).

se hourly-based averaged calorific values are used to calculate a daily ‘averaged cal

vallie using Formula (6) or, for weighted averaging, Formula (8).

Fin
pas

b) Second]
will be

energy-

The resultin
on the grid.

8.2.1.5.2

If end user
determined

If the calorif
value measy
(i-e. complic
gas quantit]
state recong

If different
interfaces 4
procedure.

a) Atfirst,

h1ly, that daily averaged calorific value is multiplied by the gas ¥olume or quantity tha
Ked interface 3 during the same day.

y, at the end of the energy-determination period, the énergy quantities of all inte
summed up and divided by the sum of all gas volunies/quantities of all intervals of
determination period [see Formula (8]].

g averaged calorific value can be applied for the calculation of the energy of any interf
For further details, see 9.1. Practical exampleés are given in Annex F.

;as grid not separated from other gas-qualities

5 at interface 4 are supplied yia-several interfaces 3, the calorific values measy
at all such interfaces 3 are relevant.

ic values change over time at these interfaces, it is usually impossible to perform a cal

)] in

L (6).

brific

t had

rvals
that

hce 4

red/

brific

irement at each interface’4 due to economic reasons, even if, according to local condifions

ated topology, low ptessure), the supply situation is unclear. Mostly due to relatively §

mall

es at that interfaeg,/technical measures, such as sampling, calorific-value measureinent,

truction, etc., eannot usually be justified as a means of increasing the accuracy.

gas qualitiestare fed into a gas grid at several interfaces 3, the calorific values fo
are calculated by arithmetically averaged calorific values (see 9.3.1) or by the follo

the energy quantity for each interface 3 is calculated for the energy-determination p

I the
wing

briod

as described in 8.2.1.5.7.

b)

The energy quantities of all interfaces 3 are then summed up and divided by the sum of all gas

volumes or quantities of all interfaces 3 of that period to give the weighted-average grid calorific

value fo

r that period.

If none of the weighted-average calorific values of any interface 3 deviates by more than a permitted

value from the weighted-average grid calorific value, then the weighted-average grid calorific value
may be applied for the calculation of the energy of every interface 4.

A practical example is given in Figure 10.

20

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

Key

EXAN
inter
calor
assig

purp

Fori
or m

for alll other interfaces in the charging aréa“shall take account of the energy quantities

indiv
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valug
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repré
exan
meas

harging area
Figure 10 — Determination of a weighted-average calorific value (example

(PLE A charging area, where the energy determination isbeirng performed, is supplied at tH

fic values have been either measured at the entry pointser determined upstream at interfac
hed to these interfaces 3 as described in Clause 9. Then theaveraged calorific value H for energy-d
ses in the charging area is calculated as described atthe above-mentioned points 8.2.1.5.1 a) an

hterfaces 5 and 6, this averaged calorific valuécan also be taken for energy-determinati
easured individually at these interfaces, In the latter case, the energy-determinatio

idually via local calorific value meastirement at interfaces 5 and/or 6.

b deviation exceeds the permitted limit, the national authorities shall be informe
ure of deviation and the procedure applied. The information is not necessary if, in ext

re the supply of gas.

reasonably accuraté energy-determination process can be assured (see 8.2.1.5)
hging of the calorific values may be considered. If the difference of the weighted avera

e entry-point

aces 3 by the gas quantities @1, Q2 and Q3 with the correspending calorific values Hs1, Hs apd Hs3. These

es 1 or 2 and
etermination
d b).

on purposes
h procedure
determined

d about the
raordinarily

cases, short-term (maximum one week) deviations occur, for example caused by ieasures to

arithmetic
bed calorific
is higher or

b at interfaces3vand the weighted averaged grid calorific value in the charging area
 than permitted due to strongly changing gas qualities at interfaces 3, the followi

additional

ures inSide the charging area can be taken. These measures are necessary to defermine the
psentative calorific value for single parts of the pipeline system as representative as possible, for
Iplé) by the use of sampling techniques that take into account the quantities Q1, Q2 an¢dl Q3 and the
ured or calculated take-off structures of subsequent interfaces 4 to 6. In these cases, different

average calorific values can be calculated for the various parts of the energy-determination system
using the calorific values at the entry-point interfaces and the calorific values determined by sampling
methods. For further details, see 9.2.

8.2.1.6 Interface 5

For industrial customers, i.e. interface 5, the relevant calorific value is determined either upstream by
the gas transporter or by the local distribution company. Due to the large quantities and for economical
reasons, the relevant calorific value for charging purposes is very often also determined at this interface.
According to the gas quantities and pressures, energy determination at interface 5 is performed as it is
at interfaces 1 to 4 (see 8.2.1.5.2).
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8.2.1.7 Interface 6

The requirements for this interface are similar to those for interface 4. For details, see 8.2.1.5.2.

8.3 Plausibility checks

The first step for energy determination is the critical check of the plausibility of the measured,
transmitted or recorded data. Non-plausible data can be caused for example by

— malfunction of a measuring device,

— externa 5 et et i >

— breakdgwn of recording devices, etc.

Other reasops for non-plausible data shall be carefully checked.

Check course of
raw data over time

Volume
flow>0?

function of
flowymeter

Other
values >07?

no

Check course of
raw dataevertime

Extreme
values >07?

Check
measurement
device

Create substitute
values

Figure 11 — Data plausibility check
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The functional diagram in Figure 11 shows how to perform a plausibility check in a formal way. If the
volume flow equals “0”, it should be checked whether or not it is true. If there was a flow and the data
are “0”, a problem has obviously occurred, such as a malfunction of the meter or associated devices such
as signal transmitters, electronic devices, data storage devices or others. Obviously false data shall not
be used. For false or missing data, suitable substitute values (see 12.4) shall be determined.

The box “other values” means entities as pressure, p, temperature, T, density or others. “Extreme
values” means values shown to be at the end of the scale.

A practical example is given in Annex H.

9

9.1

A fix
gene

q

Assignment methods

Fixed assignment

ed assignment of a calorific value within a charging area for energy-determination
Fally be performed in simple, separated grids if the following conditions'are met.

The direction of the gas flow between the calorific value and th® volume-measuri

onstant.

The variation of the gas quality and the transit time of“the gas between calorifi

etermination period. Clause 11 can be used to chegk if the required accuracy of]

iuantity-measuring points are reasonably small (se€/10.4 and Figure B.1) in t

Geng

9.1.1

The
of th
mea
calor

Figu

etermination can be met.

rally, the methods described in 9.1.1 and 9.1.2 are'possible.

Fixed assignment of a measured calorific value

falorific value is measured at a calorific-value-measuring station. The data show that 4
e gas quality is very small (see Figure B.1). Thus, it is justified to assign the mean of th
ured calorific value as a fixed value to all subsequent interfaces. The assignment fi
ific-value-determination station can be demonstrated as follows.

e 12 illustrates a single sotirce of gas, whose calorific value, Hs, is determined at the|

to thle pipeline that is operated by a gas transporter/regional distributor and that feeds

inten
entry

faces at the pipelifie; The calorific value assigned to all the interfaces is that deterr

periods can

ng points is

 value and
hat energy-
the energy

he variation
e previously
om a single

entry point
h number of
nined at the

 point and is notmodified to reflect the different times of transit of the gas to differenft interfaces.

Key

Q4 03 Qs @

Hs, Q4, Qs, Qg and Q7  interfaces

1

energy-determination grid

Figure 12 — Example of a fixed assignment for one gas quality — Unidirectional gas flow
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The assignment from two or more calorific-value-determination stations can be demonstrated as
follows.

Figure 13 illustrates a system in which a gas transporter has the possibility of two different gases
entering a pipeline. The two calorific values, Hs1 and Hsp, one for each of the two gases, are determined
ata point upstream of the entry (entry point) to the pipeline and there is no calorific-value measurement
downstream of the entry point.

3
r— 7/ T
| 1 |
| / |
I 4 I
I |
| 1 |
i N I
I Q4 Qs Q o |
I I
I I

Key

Hs1, Hsp, Q4, @5, Qs and Q7 interfaces

1 valve 1

2 valve 2

3 energy-determination grid

Figure 13 — Example of a fixed assignment for two measured gas qualities — Unidirectional
gas flow

The gas trapsporter decides to usé afixed assignment from one or the other of the calorific-vplue-
determinatipn points on the basisthat
— aconstgnt supply can becassured at all times from one source,

— the gas pupply to thépipeline with the different gas qualities Hs1 and Hsp, resulting in a gas mixture
with a qalorific value different from Hs1 and Hsp, never happens (both valves are never open 3t the
same time),

— the supply’periods with each of the different gas qualities are recorded, and

— for assignment purposes, the calorific value, either Hs1 or Hsp, is used for subsequent interfaces
corresponding to the same supply period.

9.1.2 Fixed assignment of a declared calorific value

The calorific value is assumed to be reasonably constant over time within an energy-determination
period. The calorific value is measured for checking purposes at a calorific-value-measuring station.

24 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

ISO 15112:2018(E)

The data acquired confirm that the variation of the gas quality is very small (see Figure B.1). Thus, it is

justified to declare a calorific value and assign that value to all subsequent interfaces.

EXAMPLE A local distribution company (LDC) has a gas grid supplying various customers,
commercial and small industrial consumers. There are a couple of interface entry points to a gas

as domestic,
grid that are

supplied with gas from a single pipeline. The calorific value of the gas flowing through the pipeline shows only
small variations, except at times of peak demand during the winter when the calorific value can rise by up to 1 %

in relation to the average calorific value.

The LDC decides to use a fixed assignment of a declared calorific value for all interfaces on
the calorific value is declared for a period of time on the basis that

its gas grid;

— the determined calorific value of the gas supplied to consumers 1s, on average, equal
than, the declared calorific value (to the nearest 0,1 MJ/m3),

— the average calorific value of the gas supplied to consumers is calculated by averaging,
in the declared period, the lowest calorific value of gas,

— the calorific values of all gases entering the grid are determined on a dafly-basis, and

— if, for any period, the determined calorific value falls below the deetared figure, then
fevise the declared value for the following period such that, over the two periods, the
yalue is equal to, or higher than, the average declared value.

9.2 | Variable assignment

Espeially in open gas grids, gas qualities at the interfaces can vary significantly wit
Figure B.3). In this case, the requirements for a fixéd assignment are no longer applica
necefsary to adapt the assignment/calculation method that is suitable for conditions that

time| The choice of a suitable assignment method/changes according to changes in the gas

the ipput stations, as well as changes in the take-off structures at subsequent interfaces. T
procedures for variable assignment of the calorific values shall be undertaken. There are t
situdtions, which shall be generally distinguished; they are described in 9.2.1 and 9.2.2.

9.2.1 Inputat two or more different stations with zero floating point

o, or higher

for each day

the LDC will
determined

h time (see
ble and it is
rhange with
quantities at
hus, careful
wo different

Key
Hs1, Hs2, Q1, @2, Q4, 05, Qe and Q7  interfaces
1 energy-determination grid

Figure 14 — Variable assignment — Example for two measured gas qualities and bidirectional

gas flows
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EXAMPLE For an energy-determination period (see Figure B.3), as shown in Figure 14, different gas
quantities and qualities pass the interfaces 1 and 2 (input stations). The defined zero floating point can be
located between two interfaces (for example, between two neighbouring interfaces or between an input station
and a neighbouring interface). According to the take-off structures at the interfaces 4 to 7, gas with the calorific
value Hsq can supply interfaces 4 and 5, whereas gas with the calorific value Hsy can supply interface 7. A mixture
of gas from interfaces 1 and 2 can pass interface 6. Thus, the calorific value Hs1 can be assigned to interfaces 4
and 5 and the calorific value Hsy can be assigned to interface 7. For interface 6, the representative calorific value
can be either measured at that interface or determined taking into account the partial gas quantities from Q1 at
interface 1 and Q3 at interface 2 and the applicable calorific values Hs1 and Hs using flow or arithmetic weighted
averaging (see 10.2.2). The zero flow in the main pipeline can be situated at or between the interfaces 4 to 7.

For the period during which the defined zero floating point has a fixed position within the grid, calorific

values can lpe assigned to each interface on the basis of the gas flows from the input stations,tp the

respective interfaces.

9.2.2 Inpput at two or more different stations with comingled gas flows

3

I N
I I
I I
I I
I I
I I
I I
| |
I I
I I
I I
I I
I I
I I
| Q4 Qs Qs o |
I I
I I
I I
I I
e N L

Key

Hsi, Hs2, Q1, @2, Q4, @s, Q6 and Q7  interfaces

1 valve 1

2 valve 2

3 energy-determination grid

Figure 15 4 Variable assignment — Example for two measured gas qualities and unidirectional

gas flow
EXAMPLE nnlﬂng an nnnvgy r]nfovrvnn')fﬂnn nnvlr\r] flnn qnqntltu fL at 1nfanarn 1 nnfl‘\ fho rq]nr\ﬁr IY’)]I e HSl

and the quantity Q3 at interface 2 with the calorlflc Value Hsp are measured The two calorific values are always
different from each other and can also change during the energy-determination period. Due to this situation, for
the calorific value assignment to interfaces 4 to 7, a pattern of the resulting calorific value for each interface 4 to
7 similar to that in Figure B.3, for example, can result at interface 4.

If the calorific-value-measuring stations Hs1 and Hsp are far away from the interfaces Q4 to Q7 the run
time of the gas from these measuring stations Hs1 and Hsp to the interfaces Q4 to Q7 shall additionally be
taken into account; this may be hours or days. A calculation is performed on the basis of the quantities
Q4 to Q7, the respective pressures and the pipeline sectional area including the line pack.

A quantity-weighted averaged calorific value shall be calculated at the mixing points behind valve 1
and valve 2 for the gas quantities Q4 to Q7 supplied to the respective interfaces 4 to 7 for the energy-
determination period, taking into account the run times from the calorific-value-measuring stations for
Hs1 and Hsy to the mixing point.
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9.3 Determination of the representative calorific value

The accuracy of the determined representative calorific value depends on the completeness and
accuracy of the data and the topology of the gas grid. For determining the representative calorific
value at the mixing point, the calorific value is calculated using the gas quantities and qualities. To
get the representative calorific value, the run time from the input stations to the mixing point, as well
as the run time to the subsequent interfaces, may be taken into account. For the determination of the
representative calorific value for the energy-determination period at each interface, in all cases except
fixed assignment, the methods given in 9.3.1, 9.3.2 and 9.3.3 may be used.

9.3.1 _ Arithmetically averaged calorific value

For &
detel
poin{

n entry-point interface, an arithmetically averaged calorific value is calculated "for
'mination period by dividing the sum of periodic single calorific-value measurements
by the number of measurements of the calorific value (see 10.2.1).

the energy-
at the entry

9.3.2 Quantity-weighted average calorific value

For gn entry-point interface, a quantity-weighted average calorific valae,is calculated at this interface

for the subsequent interfaces (see 10.2.2) for the energy-determination‘period.

9.3.3 Gas quality tracking

rmed which
tribution. If

If ga
are d

es with different calorific values are fed to a grid, mixing-and transition zones will be fg
haracterized by frequent changes in the gas quality during gas transport and gas dis

gas i
Acco
calor
calon]

In th
valug

Befo
prov

9.3.3

The

(incly
prop
accoy
in th
the €

5 billed on the basis of an average calorific value,“this may lead to not acceptable ui
rding to 8.2.1.1, second paragraph, it may not be justified due to economic reasons to
ific value at all interfaces (exit points) of theygas grid using calibrated instruments or
ific value by conditioning but to apply gas-quality tracking

is context, this chapter describes the procedure for gas quality tracking to determ|
s at all interfaces (exit points), which can then be used for charging end customers.

e its application, a gas quality-tracking system is subject to a validation process. T]
ding evidence that the system complies with the tolerance limits for calorific value.

.1 Description

hpplication of a(@as quality tracking system requires detailed information on the g
iding pipelineNength, pipe diameter and pipe roughness), calorific values or further
erties at theinterfaces (entry points) and gas quantities at all entry and exit points,
'ding to Eigure 14 and Figure 15. Further data such as measured grid pressures may
e calculation to enforce the determination of the volume flow through the grid. Calori
ntry points may be determined either by calibrated measurement instruments (sucl

hcertainties.
measure the
o adjust the

ine calorific

his includes

id topology
gas quality
for example
hlso be used
fic values at
 as process

gas dhromatographs) or by an upstream gas quality tracking system. Measured calorific values should
be provided as hourly averaged values. Calorific values determined by an upstream gas quality tracking
system may be provided as hourly averaged or daily averaged values. Volume data should be provided
on an hourly basis. Gas quantities shall be measured by volume meters at the interfaces (entry points).
At the exit points, gas quantities may also be determined by so called standard load profiles, see example
in K.2. This applies especially to regional gas distribution grids where volume measurement devices are
frequently not installed at the corresponding interfaces (e.g. at the exit points to downstream gas grids).

On the basis of these input data, flow conditions throughout the grid can be determined using a
flow calculation. This includes the determination of flow speeds and the temporal and geographical
distribution of the gas quality within the entire gas grid. On this basis, an individual calculated calorific
value may be assigned to each interface (exit point). With respect to the smallest time unit of the
input data (hourly based values), the calculation should be performed at least at hourly intervals. The
representative gas quality properties for each exit point — e.g. for the monthly calorific value — shall
be determined as the volume-weighted average on the basis of hourly values.
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If downstream gas distribution grids — especially with respect to interfaces 2 and 3 — are connected
to the grid where gas quality tracking is applied, a review shall be carried out to determine to what
extent the interfaces (entry points) are hydraulically connected (meshed). In the event of meshing of
this type, the calorific value differences of the gas shall be reviewed to determine whether an averaged
calorific value can be applied to the subsequent interface 2 or 3 (downstream gas grid).

The time unit required for the gas quality properties determined (e.g. the calorific value) depends on
the defined charging period. Normally, the gas quality properties are determined as volume-weighted
monthly averages. In certain cases, it may also be necessary to state the results as daily averaged or
hourly averaged values, for example for customers with time-based gas charging tarifs or if the gas
quality properties are to be used as input variables for a downstream gas quality tracking system. In

this context] 1t should be noted that the verification ol compliance with tolerances as described, felow
refers to thg underlying time unit in each case.
QS: HSS,c Qﬁ' HSé,c
T 717 117117 711
| |
| |
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Key
Q1,Q2,Q3, Qsfand Q¢ interfaces
1 grid model
Figure 16 — Example of a reconstruction-based gas-quality tracking scheme
9.3.3.2 V3glidation
The purpos CF validation 1c +n ncwiFn that tha mathad vwend "cmplics ‘v"v’lth thC tclcrancc limits fOI'

TV o OO tIoT o toO—v oIy oot cot— e tnot—osto—

calorific value and, if applicable, for other gas quality properties.

It should be noted that the accuracy of a gas quality tracking system strongly depends on the quality of
the input properties. In particular gas volume data have a significant influence on the calculated result.
In general, a gas quality tracking system applied to grids where all interfaces (entry and exit points) are
measured with calibrated meters (as it is usually the case in transmission grids) is expected to reach
a higher accuracy as if exit gas volumes at exit points were determined e.g. to a large extend based on
standard load profiles (as it may be the case in distribution grids). Therefore it is essential to apply the
validation procedure as described below to evaluate the uncertainty and correctness of the system.
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9.3.3.3 Master validation for commissioning

Before a gas quality tracking system is used for gas charging, a fundamental validation of the system
shall be carried out. Validation may be performed as uncertainty calculation in combination with
comparison measurements with suitable gas quality measuring instruments. A possible procedure to
determine the uncertainty is described in informative K.4.

Measurement uncertainty may be verified by comparison measurements using suitable gas quality
measurement instruments (e.g. process gas chromatographs). Both remote mobile and locally fixed
measurement instruments may be used. As an alternative, gas sampling techniques (see 6.3.1) may be
used. The suitable locations for measurement shall be selected in accordance with the expected flow
situatt i i ity-fluctuations
and here higher
unce

mixtures of different gas qualities are to be expected. These are those exit pointsti
rtainties may be expected.

Meas
prop

urement uncertainty shall be deemed to have been verified if deviations/in the
erties over the measurement period are within the tolerances.

gas quality

If an asurements

are 1

uncertainty calculation is not possible, more complex validation precedures using mq
equired.

9.3.3.4 Regular validation during operation

Meagurement uncertainty shall also be verified at regular intervals during operation.

The fincertainty calculation described in K.4 should be repeated as often as necessary, esp¢
evenf of changes in the grid topology or the mode of epée¥ation of the grid. Regular monthly
calcylations are recommended provided that the effort is reasonable.

cially in the
uncertainty

Comparison measurements with suitable gas_quality measuring instruments shall also pe repeated
at rggular intervals. The frequency of the“comparison measurements depends on sevieral factors
incll:ﬁing the grid complexity and the meastirement uncertainties calculated. Following approval and
cominissioning, it is recommended that-measurements should be carried out at least onjce per year.
Wheh sufficient operating experience lias been obtained, the measurement interval may bg extended.

9.3.3.5 Software and data processing

Gene
any g
achie
of th

The §

q

ral requirements are’gjven in 12.1. The software applied for gas quality tracking shall
ccidental, intentiefal or unintentional influence on the results is avoided. This may fof
ved by protectifngall calculation routines (computing kernel) by check sums. The reg
e calculationnesults shall also be ensured.

bas qualityytracking software shall meet the following requirements:

Thesoftware version used (computing kernel) including parameters which may be char

l€arly identified via a checksum.

ensure that
example be
roducibility

ged shall be

manufacturer/operator. Any such changes shall be subject to approval.

purposes shall be clearly identified.

The computing kernel shall not be changed after the approval procedure undertaken by the

In data output on the screen and in results reports, (approved) data relevant for gas charging

Changes in the grid topology shall be taken into consideration by the software with an hourly

resolution.

All input and result data shall be archived for a period of at least one year. Action shall be taken to
ensure that any data for charging purposes already generated may be reproduced at any time by
repeated calculation.
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9.3.3.6 Documentation

The following documentation shall be provided:

(valves,

Operati

— Procedyre instruction of the operator for the operation of the system.

— Qualitypssurance procedure for gas quality measurement instruments used for validationacco
to 9.3.3]2.

10 Calculption of energy quantities

10.1 General formulae for energy

In accordange with Figure 2, energy determination of a gas flow is based on entities changing in ti
Current flow q=q(t)
Current calorific value H=H(t)

For the dete

e(t) = H

The quantit]
determinati
time tj and g

E(t;)

NOTE Fq

quantity of epergy of thatperiod.

The shortes
days, weeks

controllers, etc.).

List of all gas quality and gas quantity measuring instruments relevant for the system.

ng manual issued by the supplier of the gas quality tracking software used.

Test report on fundamental validation and regular validation.

Overall plan of gas grid indicating entry and exit points as well as relevant topology elements

) - q()

y of energy, E(tj) flowing withifi a period of time o to tj (for example within an en
pon period; see Figures B.1 to B:3) is calculated by integration of Formula (1) from time

iving E(¢;) as given in Formuda' (2):
g j
jeumt=jﬂayqamt

t t
0 0
r example, fot/a-gas flow measured over 24 h or one day E(tj) becomes E(24) that correspong

t

[ period-of time for energy determination for billing purposes is 1 h or multiples thereq
months, one year).

rmination of the energy flow, e(t), the basie differential formula is given in Formula (1):

rding

me:

1)
Prgy-

to to

(2)

s the

f(i.e.

For the energy determination during 1 h, the following two procedures are possible (see also 7.2.2.1
and 7.2.2.2):

calorific value of the same hour;

multiplication of the calculated volume under reference conditions with the averaged calculated

in situ energy calculation in the volume-conversion device using the actual measured entities for the

calculation of energy based on the calculation of Q. and Hy, followed by summing these single energy
quantities over 1 h.

The relevant hourly values can subsequently be added to derive daily, monthly or annual quantities.
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Calculation formulae:

A small time interval, At, is set such that the calorific value, H(t), may be assumed to be a constant
entity, Heonst. In practice, Heonst matches the result of measuring devices that periodically determine
and yield the last measured value between measuring cycles.

To simplify the process, the period to to ¢j is subdivided into j time intervals in order to meet the
assumption, as given in Formula (3):

E(t

£ ty

[ q(t)dt+ ...+ H

L

i) = Hconst,l X [ q(t)dt +Hconst.2 % const,j X [ q(t)dt

(3)

The {
inter
Forn

¢

In pr
Thug

=

Fornm

The monthly average for calculating thermal energy can, for example, be computed from dz

For t

10.2

to ty ti

ntegrals in Formula (3) correspond to the transported quantities, Q, of gas in theyres

vals, At; they can be calculated by integration of the actual gas flow over the time, {

jula (4):
(t) = _[q(t)dt

Actice, however, measuring systems yield the quantity, Q, directly as the result of a me

, Formula (4) can be rewritten as Formula (5):

J
Z (H const,

m=1

J
1(tj) _ z E_ = (Hconst,1 X Q1) + (Hconst,z X Qz) Hao+ (HconstJ X Q}.) =
m=1

ula (5) can be used for any energy-determination period, i.e. from 1 h to days or mont

he practical application of incremental eénergy determination, see Annex D.

Calculation of averaged values — Calculation from average calorific value

cumjulative volumes

Whe
is re

bective time
as given in

4)

asurement.

X Qp ) (5)

hs.

ily values.

5 and

h the calorific value is constant during the time period tg to ¢, (see Figure B.1), no speciall calculation

quired; if the calorific value changes during this period of time, the procedures for c

the appropriate calorificvalue described in 10.2.1 and 10.2.2 are used (see Figures B.2 and

10.2

In pr
alloc
caloq]

1 Arithmetiec-average of the calorific value

actical use, the calorific value is often measured at a representative point of the pipel
hted te-volume-measuring stations located at other points. Thus, the arithmetic av
ific value, Harith, is derived from n single measurements, as given in Formula (6):

hlculation of
B.3).

fine grid and
brage of the

H

J
arith ~ Z Hm /]
m=1

(6)

Formula (5) can be simplified, if the single factors, Hconst,m, are similar to the arithmetic average value,
Harith, as given in Formula (7):

E = Harith * Q
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10.2.2 Quantity-weighted average of the calorific value

If the energy of the gas quantity transported from time tg to t, is set in relationship to the gas quantity,
Q(tn), that was transported in the same time period, the so-called “quantity-weighted average of the
calorific value” is given by Formula (8), taking into account Formula (5):

j J
H(tj):E(tj)/Q<tj)=zHconst,mXQm/sz (8)
m=1 m=1

Each of the j single calorific values, Hconst,m, is weighted by the respective quantity Q.

For practicall examples, see Annex F.

10.3 Volume and volume-to-mass conversions

Where gas-quality data are required for conversion purposes at the interfaces, it is necessary that those
data shall relate to the gas flowing to those interfaces, for example by having been’measured 4t the
appropriate| calorific-value-measuring station. If the calorific value is expressedyin volume unitg and
the quantity of gas is measured in mass units, then the calorific value shall hé-converted from volume
units to mags units.

See Annex ( for a general description. For practical examples based on-physical properties, see E.[L; for
practical examples based on the gas composition, see E.2.

10.4 Energy determination on the basis of declared calorific values

To enable a practical, easy energy determination mainly at interface 4, but also applicable to interfaces 5
and 6 (see Higures 3 and 4), a calorific value may be declared within an energy-determination pg¢riod
for a charging area with a set of different interfaces) Prior to the energy-determination procefure,
the declared calorific value shall be determined by'means of the weighted-average calorific valug. For
example, if the energy-determination period is one-year, the calorific value is determined for each njonth
as an arithmetic or a weighted mean. At the-beginning of the month in which energy determinatjon is
performed, the weighted annual mean is calculated using the last 12 months' means and taking into
account the monthly take-off quantities.for the relevant customer/customers.

For longer ehergy-determination periods, that month in which energy determination is performed|shall
not be taker] into account for calculating the mean value.

A declared ¢alorific value is¢set by the LDC in the case of an annual energy-determination proceflure.
The differernce between the declared calorific value and the actual mean should be assessed annyially.
If the differ¢nce is morethan 1 %, the actual mean should be taken. It is important that there be,|over
a long time period, n6 significant bias between the declared and calculated averaged calorific valugs.

A practical ¢xample’is given in Annex B.

11 Accuracy on calculated energy
11.1 Accuracy

11.1.1 The accuracy on the quantity of energy determined as passing a particular interface is a
combination of

— uncertainties, and

— biases.

32 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=88909372e32b8441b3c0064910529d37

11.1

ISO 15112:2018(E)

.2 Uncertainties can have two sources:

— uncertainty of the measurements of the gas quantity and calorific values made for the determination
of energy;

variability of the parameter being measured (of particular importance when the numerical value

of that parameter used in the determination of energy is obtained by some process from measured
values).
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nlculation of energy at a gas-measuring station and the true values for those parametep
bsible bias in the determined energy has a number of sources, such as

in error in a calibration factor that affects subsequent measurements,

se of fixed factors, for example in the conversion of measured gas yelumes to the co
olume under reference conditions, or

calorific value attributed to an interface having only gas-volume measurement {
nrepresentative of the gas passing that interface.

ral information on the calculation of uncertainty and identification of bias on the
tity of energy is given in 11.2 and 11.3. A graphicalyexample to show the princips
een uncorrected measurements, biases and the final result of a measurement (fo
bcted calorific value) by means of a graph, based<on [SO/IEC Guide 98-3 (GUM), is given

Calculation of uncertainty

"elative uncertainty, u(E), of the energy-is calculated from Formula (9), which is deriy
Fal formula for the determination.of.energy, Formula (10):

(£)=[u () + 2 ()]

(H) isthe relative uncertainty of the calorific value;

@

h calculating uncertainties in energy, it is necessary to take into account the uncert
In influencing factors [see ISO/IEC Guide 98-3 (GUM)].

is therelative uncertainty of the quantity of gas.

alue used in

D.

rresponding

hat may be

determined
| difference
" example a
in Annex 1.

ed from the

9

hinties of all
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tegration is

carried out with respect to the period of time over which the energy calculation is made. If at a gas-
measuring station both volume and calorific value are measured and over very short intervals of time
the energy is calculated and each of these individual energy sums for the total period are added together,
then the integration has a relatively small effect on the total uncertainty. At the other extreme, where
the total gas volume delivered over a period of months is multiplied by an average calorific value for
that period to obtain the energy for the period, then the effect of the integration on the total uncertainty
can be significant, particularly when the rate of gas usage and the actual calorific value vary over the
time period. When applying a calorific-value assignment method, the effect of the time delay on the
uncertainty shall be taken into account. The practical calculations of uncertainty [see ISO 12213 (all
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parts) for the calculation of the uncertainty of Z] depend upon the way in which the quantity of energy
passing an interface is calculated (see Clause 8).

NOTE The uncertainties of the flow rate, p, T and Z, can be determined as given in the flow-measurement
standards and ISO 12213 (all parts). As a first approximation, the relative uncertainty for an individual energy
calculation can be regarded as equal to the relative uncertainty of the energy calculated over longer periods of
time (even over a billing period) obtained by integrating the small portions of energy. This approximation is only
applicable when

j)  the relative uncertainty of the measured calorific value is constant over the range of measured calorific
values, and

k) the relatfveuncertainty of the measured quartity 1S COnStalt OVer tIe Measuring range of the flow meter. In
practice] this assumption is valid only over a part of a flow meter's range. For example, for some orifice[plate
metering systems, the uncertainty is essentially constant over 30 % to 100 % of Qmax. In some ¢ases, jt can
be acceptable to use the maximum relative uncertainty for the range of flow rates that are experienced by
the flow|meter.

The energy, |E, is calculated from Formula (10), the general form of Formula (7):
E=Hx( (10)

where H is the average or assigned calorific value for the period.

The uncertdinty u(E) is calculated from Formula (9), where u2(H)_iS¢he uncertainty of the averapge or
assigned calorific value.

The uncertdinty of the average or assigned calorific value contains three elements:
— uncertafinty of measurement;

— uncert:|:nty due to variation of the calorific value of the gas over the averaging period;

— time delay.
11.3 Bias

11.3.1 Whgdrever possible, a bias (seéeyAnnex ) should be identified and eliminated.

Where both the calorific value~and volume and/or mass are measured at an interface, bias in the
determined|energy can ariséfrom potential sources, such as

— calibratjion errors, .or

— use of fixed factors instead of online data, for example, in the conversion of volume from operating
to recornmernided standard reference conditions.

Identificatidn ef the source of bias should be achieved through a comparison of data (see 9.2.2), for
example a determination of the composition and calorific value of a certified test gas to verify the
properties of a calibration gas. In some instances, it can be possible to compare the outputs from
measuring systems that are in series, for example, two different measuring systems at the same
interface operated by different upstream and downstream measuring partners.

The potential for bias in the determined energy is increased when calorific values are assigned to an
interface and/or where simple meters are in use. It can be possible to identify circumstances in which
biases are introduced but the options to quantify and eliminate a bias can be limited to procedural
changes.
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11.3.2 Bias can result from the manner in which the gas volume measured by the meter is

converted to

an equivalent volume expressed under standard reference conditions. The possibility of bias is high for

the relatively simple meters used at interface 4 for domestic consumers, such as

— where the conversion of the measured gas volume at operating temperature to the equivalent
volume at standard temperature involves an assumed, fixed value for the operating temperature of

the meter; in such cases where the operating temperature is higher than the assumed t

emperature,

the gas volume calculated at the standard temperature is erroneously high, and vice versa, or

where the conversion of the measured gas volume at operating pressure to the equivale

nt volume at

standard pressure involves the use ofa fixed average pressure for example derlved from an average

possibly even falling to zero, with time;

ise of a flow-weighted average calorific value for a network in which the majority

dre systematically supplied from sources having calorifie yalues different to the flg

average value;

¢alorific value of the gas passing any interface in‘awetwork.

12 Quality control and quality assurance

12.1 General

The
at it9
verif]

accol
shall

ication and calibration.@ctivities pertaining to the system during its lifetime
mplished by maintaining-d record of the system performance. Data handling and data t
be performed using safe and secure procedures.

If mg
bias

been
are d

collected, for example after one year. Therefore, the data generated in accordance wi
irectly used for billing purposes.

Qualjty-control should be embedded in the existing (maintenance) organization of the user.

i1se of a declared calorific value which, for reasons.of regulation, is required to be loy

bnergy-determination system shall be monitored to ensure its proper functioning ary
intended level of accuracy«and integrity, e.g. by redundant systems. This covers all maintenance,

tching data fop-a’comparison over time are given, the data shall be assessed to recogr
hnd to evalugtedit. This step can usually be performed only if a suitably large quantity

s where the
he standard

[t sufficiently

dignificantly,

of interfaces
w-weighted

ver than the

d to keep it

hnd can be
ransmission

ize possible
¥ of data has
th Clause 10

12.2 Check of the course of the measuring data

To avoid permanent disadvantages of partners causing cross-subsidies of other customers,

be avoided at all interfaces. The detection of biases can be performed by comparison on
statistical methods using graphical tools and/or calculation tools, for example, the CUSUM
ISO 7870-4).

bias should
the basis of
method (see

When using statistical methods on the basis of calculation tools for the detection of bias, the user should
take into account that the application of these methods is usually reasonable only for interfaces with

large quantities of gas, where extended data acquisition and data analysis, including histori
be submitted.
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Generally, the following possibilities for performing a data comparison are available:

calibration standard

calibration means

< calibration standard;

< measuring device;

— measured values & calculated values;

— measuring device © measuring device;

— input station & sum of output stations.

In general, the detection of a bias can reasonably be accomplished only when taking into acCe
suitably long time period.

For calorim|
Usually a ¢
account ran
be taken to
factors shal

12.3 Tracd

Given the p

favours one

Most measu

is fundame

in referencd

whereby it ¢

Standards, ]

12.4 Subst

Energy detq
even if the nheasuring instruments have partly or completely ceased to function.

If a measur
measuring i
values and

models for d

Substitute v
affected by
directly affq

eters, such an interval may be within two calibration periods, for examplé, one m
bmparison of volume-measuring stations is reasonable only after one, year, taking
dom summer/winter effects. Where biases (systematic errors) are identified, action
quantify and eliminate the bias; in the meantime, suitable substitute\values or corre
be used.

ability

party at the expense of the other. Random errors have a neutral effect.

rement instruments operate on a comparative technique, and the measurement accy
ntally influenced by the accuracy of the.calibration standard used. Hence the int

materials and in traceability. Traceability*is the property of a result of a measure
an be related, with stated uncertainty, td.stated references, usually national or Internat
hrough an unbroken chain of comparisons.

itute values

rmination shall be ensured at all times as long as energy is transmitted via an intef

ng instrument hasfailed, substitute values are required until the proper function @
nstruments is restored. They shall be obtained on the basis of the most plausible avai
may be derived/Afrom measuring instruments, auxiliary equipment and/or computat
uantitativésestimation.

aluesand their origin shall be made known and explained to the contracting parties din
thetmalfunctioning instrument. They require, in each case, the approval of the p3

int a

onth.

into
shall
ction

hysical implications of custody transfer of natural gasydaccuracy of measurement of the
delivered emergy is of fundamental importance. Inaccuracy in, the'sense of bias or systematic

PIrror

iracy
erest
ment
ional

face,

f the
lable
jonal

ectly
rties
shed

ctéd (generally the contracting parties). Substitute values shall be clearly distingu

from the other values.

The contracting parties directly concerned shall agree on the general procedures to obtain substitute
values within a reasonable amount of time before energy transmission. Such procedures may involve

upstrea

m and downstream measuring instruments,

linear regression,

malfunction,

compar

36

hourly, daily, weekly, monthly or annual comparisons with equivalent past periods,

ison of output or plant efficiency in the case of industrial customers,

interpolation of the last plausible value before malfunction to the first plausible value after
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— comparison based on samples,
— comparison of flow conditions in multi-stream measuring systems with constant flow resistance,
— calculations according to physical laws of flow, etc.

Examples of such procedures are given in Annex G.
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Annex A
(informative)

Main instruments and energy-determination techniques

Table A.1
Interface(s) at which the following volume measurement techniques take place
Country Rotar Backup
Diaphragm di y Vortex | Turbine Orifice | Ultrasonic Other of volyme
isplacement .
meterjing
Belgium — 3,56 — 1,2,3,5,6 — — — —
China 4,6 4,5,6 3,56 2,3,5,6 1,2,3,56 1,2,3,5 < —
Germany 4,6 3,4,5,6 2,3 1,2,3,56 1,2 2 — 1,2,35
France 4,6 3,56 — 1,2,3,56 1,2 — — 1, 2
United 4,6 5 — 1,5 1 45,6 — 1,9
Kingdom
Italy 4,6 3,5 — 3,5 1,35 — — 1,35
Netherlands 4,6 3,56 — 1,2,3,5,6 1 1,2 — 1,2,3,5
Austria — — — 1,2 152 — — 1,2
Russian 1,3,56 — — 1,35 |\172,35 — — 3,4
Federation
Hungary 4,5,6 3,5,6 — 3,5,6 1,35 — — 1, 3
USA 4,5,6 1,2,3,4,56 3,5 1,2,8)5,6 1,2,3,5 2,3,5 52 1,2,35
a  Venture nqzzle and mass.
Table A.2
Inferface(s) at which the following activities take place
M £ D Measurement
easurement o ata-storage of densityat | Compres- Calori- | Calori- | Subs- | Djrect
sibility | Volume fic fic titute | erergy
Country Tempe- X . Op_era- Normal | factor con- mea- value | values | mea-
Volume | Fature |nside |Outside| ting | = .."| calcula- |version| sure- | correc- at spre-
pres:< |station| station | condi- | . =~ tion ment | tion | errors | ment
sure tions
Belgium 14 25’2’ 2,3 — — — —_ 3b 1,2,3 2 — 2 —
. 1,2,3\4&4 1,2,3,
China £ 5,6 1,2 — — — 1,2,3,56 — — — — —
127341 123 125
Germany t 6 6 T — T,Z,5 a,2) T T T,Z,5 T T —
France L 25’ ?g 4 1’52’63' 1 — (1, 2)a a1 Zz)a 1 1 1,2 — 1 —
United 1
Kingdom 1,4,5,6 | 1,2,5,6 1 U g zsa © 1 1 1,2,5 1 1 _
Italy 341135 | 1 — I P 55)3 1 1 | 135 | — 1 —
1,2,3,4 1,2,3 1,2 1 1,2 2,3
Netherlands 56 5.6 56 2 {,2,5) (1,5§2;3, 1,2,4,5,6 56 1,2,3,5 5,6 1 —
a Calculated density value.
b Plus Z-meter.
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Table A.2 (continued)

Interface(s) at which the following activities take place
Measurement
Measurement of | Data storage of densityat | Compres- Calori- | Calori- | Subs- | Direct
sibility | Volume fic fic titute | energy
Country Tempe- . . Opera- |\ nal| factor con- mea- | value | values | mea-
Volume | Tature | Inside |OQutside| ting |~ = °"| calcula- |version| sure- | correc- | at sure-
pres- |station| station | condi- | . = tion ment tion | errors | ment
sure tions
1,2,3,4,
Russian 1,2,3,4,1,2,3,4,| 1,2,3, . (1,2,3, 56 1,2,3,4, 1,2,3, . o 1,2,3, .
Federation 56 56 4,5,6 5)a (1,2,3, 56 4,5,6 4,5,6
5)a
1,34,
Hungpry 56 1,3,5,6 1 1 (1,3,5)2|(1,3,5)2 1 — 3,5 — 1 —
1,23,
1,2,3,4,11,2,3,4,| 1,2,3,| 1,2,3, 1to6, 56 1,2,3, 1)2,3,
USA e T e 56 |(toen| (12,3 | 12356 5 |L235 1235 "o | 1235
5,6)2
a (Jalculated density value.
b Hlus Z-meter.
Table A.3
Interface(s) at which the followingactivities take place
Copntry Density at Temperature, Calorific value measurement by Backup of
Operating | Normal pressure Ge Wet Dry Other cqlorific value
conditions | conditions | measurement calorimetry | calorimetry njeasurement
Belgium — (2,3,5,6) 2,3,5,6 (2,375, — — — 2
6)c
Chin (3,5)a (3,5)a 3,5 (3,5)d — — — —
Gernjany (1,2,5)b (1,2, 5)b; 1,2,3,5:6 (1,2, 5) 1,2,5 — — 1,2
1,2)a 2d
Frante (1,2)a (2, 5)b; 1;2,3,5,6 (1,2)c 1 — — 1,2
(1,2)a
Unitqd 1b; 1a 1,2,56 (1,2,5)c — — — 1,2,5
Kingglom (1,2,5)
Italy 1a (3, 5)5; 1,35 1,5)5 — — — —
(@,3,5)2 (1,3,5)
Nethgrlands (1, 5)b; 1,2, 5)b; 1,2,3,56 ,2,5)s 1 — — 1,2,5
(1,2,53,+4(1,2,3,5) 1d
Russjan (1,2835)a [(1,2,3,5)ab 1,2,3,56 — — 5 1,2, —
Federation 3,5
Hungary (1,3,5) (1,3,5) 1,3,5,6 (1, 5)¢ — — — —
USA 1,2,3,5 | (1,235, 1,2,3,4,56 1,23, 1,2,3,5 1,2,3,5 — 1,2,3,5
6)ab 6)ab 5)cd
a alculated value.

b Measured value.
¢ Online.

d  Offline.
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Table A.4
Interface(s) at which the following activities take place
Country Correction
e Generation of metered .
Compfresmblllty Volum_e Data of substitute calculated values Direct energy
actor conversion storage measurement
values by means of
correction factor
Belgium 1bc 1d 1de 1fg — —
China 1,5a 1,5d 1d — — —
Germany 1b 1d 1d 1fg 1 —
France 1b 1d 1d 1fg —
United 1, 54;
b [ d, —
Kingdom 1, 52 (4,5, 6)e 1ce 1 1
Italy 1a 1d 1d 1fg — —
(1, 3, 4’, 6)3; (1: 2; 3; 4) 5) d- —_
Netherlands (2, 4, 6)b 6)d; 2¢ 1,2,5,6)4; 2¢ 18 56
Russian
d, d f, =
Federation 1,2,3,4) (1,2,3,5)de 1,2,3,5) (1,2,3,5)t8 1,5
(1,3,5)% d d f _ _
Hungary (1,3,5)b (1,3,5)de (1,3,5)de (1,3,5)0s
N del (12,356
USA (1,2,3,5,6)a |[(1,2,3,5,6)de|(1,2,3,5,6)de (1,2, 3, 58 1,2,3,5 1,2,35
a  Volume copversion by the AGA 8 method; see Reference [35].
b Volume copversion by the S-GERG88 method; see Reference [36].
< Z-meter.
d  [nside statjon.
e Outside station.
f Local.
g Remote.
Table A.5
Interface(s) at which the following activities take place
) Enengy Energy values,
Em_argy_ deter values on calculated on
mination on . - . .
. the basis of state recon- Minimum time periods for energy
Country the basis of lo- . N .
calculated struction or determination for charging
cally metered pe .
calorific mathematical
values
values models
Hourly Daily Monthly Other]
Belgium 273,5,6 4 4 2,3,56 3,56 5 (4, 6)°
China 3,5 — — 5 — — 4c, 5a
Germany 1,2,35 2,3,4,5,6 3,5 1,2,3,56 1,2,3 3,4,5,6 (4, 6)c
France 1,2,3,5 3,4,5,6 3,5 1,2,5 1,2,35 3,4,6 4a
United 1,2,5,6 1,4,5,6 — — 1,4,5 5,6 4b
Kingdom
Italy 1,35 3,4,5,6 — — 1,4,5 3,4,5,6 —
Netherlands 1,2,3,5 4,5,6 — 1,2,3,5 — 6 (4, 6)c
a  Weekly.
b Quarterly.
¢ Annually.
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Table A.5 (continued)

Interface(s) at which the following activities take place
i Energy Energy values,
En(_ergy_ deter values on calculated on
mination on . oo . .
C . the basis of state recon- Minimum time periods for energy
ountry the basis of lo- lculated . d ination for charei
cally metered calculate struction or etermination for charging
calorific mathematical
values
values models
Hourly Daily Monthly Other
Russian 1,2,3,4,
Federation 1,2,3,4,56 — 1,2,3,4,5,6 — — 56 —
Hungary 1,3,5 3,4,5,6 — — 1 3,4,5,6 4c, 5a
USA 1,2,35 1,2,35 4,5,6 1,2,3 1,2,3,5 4,6 —
a  Weekly.
b Quarterly.
¢ Annually.
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Annex B
(informative)

Different possible patterns in the change of the calorific value

Figures B.1 to B.3 show three different examples of possible patterns in the change of the calorific value

for an energ

-determination period.

Y1

] 2
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i . ]
o f
i . i ]
| | | | | | | | | | | X
1 2 3 4 5 6 Y 8 9 10 11 12

Key

X  months
Y1 Hs, exprd
Y2 gy, expre

Figure B,

In Figure B
constant. T

1 1 1 1T 1 1 1T 1T 1T 1T 1T 1T 7=~ 71T 71T 1T 1T 71T 1T 1T T 1T 1T T 1T T T1
34567 8 910111213141516171819202122232425262728293031

1 =January, 12 = December) ordays (1st to 31st of each month)
ssed in megajoules per cubi¢ metre
ssed in cubic metres per day/or cubic metres per month

gas quality

1, the calorific value in a energy-determination period, for example one month, is n
nus, it-s justified to calculate an averaged calorific value for the complete month

Clause 10 ajf
into accoun

1 — Annual oranonthly energy-determination period — Only normal changeg i

d espec1ally 10.4 4 asa ]ust1f1ed method) For energy determmatlon itis 1mportant to

period from the 10th to 31st Therefore an energy quantlty, E1, can be calculated for the time perlod t1,
and the energy quantity, E7, for the time period, t;.

If the time scale is one year, it is justified to calculate an annual averaged calorific value due to the
shape of the calorific value curve. For such a year, an energy quantity, E1, can be calculated for January
to April, and for May to December an energy quantity, E>.
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Figyre B.2 — Annual or monthly energy-determination period — Two different calos

In Figure B.2, for example, the calorific _value within the energy-determination peric
fant up to the 15th; the calorific value decreases then to a significantly lower level. Fo
'mination, either the month shall bé.separated into two periods from the 1st to the 15

cons
dete]
the 1
largd

In th
time
from|

If the
into
perid
Dece

X ;Llonths (1 =January, 12 = December) or days (1st to 31st of eachdnonth)

is case, for energy-determination purposes, the energy quantities, E1, E2 and E3, for th
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s, expressed in megajoules per cubic metre
v, expressed in cubic metres per day or cubic metres per maenth

6th to the 31st, or an averaged calorific value shall be performed (see Clause 9 and A

1
3031

rific values

d is nearly
r the energy
th and from
nnex F). For

quantities and, therefore, for economic reasons, a separation into two periods shall be

periods, t1, t2 and t3,.shall be determined separately to compensate for the differer]
the 1st to the 10th-day and the change in calorific value at the 15th day.

time scale is gne-year, the patterns in the change of the calorific value justify separat

performed.

e respective
t quantities

ing the year

the determination periods, t1, tz and t3. Thus, the energy quantity, E1, can be calculated for the

d from January to April; E3, for the period from May to June; and E3, for the period
mber.

from July to
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1 =January, 12 = December) or days (1st to 31st of each monthj
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ssed in cubic metres per day or cubic metres per month

B — Annual or monthly energy-determination periods — Several different calori
values

.3, the calorific value within an €nergy-determination period, for example one m
eral times; thus, either the month shall be separated into a couple of periods or an aver
e shall be calculated (see Glause 9 and Annex F). For large quantities and, therefor
asons, a subdivision shall.be made to take the calorific values Hsq to Hsg into acq

the energy quantities; E1 to Eg, associated with the time periods t1 to tg, respectively
eparately, using/the’different quantities, Q1, Q2 and @3, and the different calorific v
yith each time¢eriod. The total energy quantity is obtained by summing the E1 to Eg v

o (5)]-

cale is.one’year, the patterns in the change of the calorific value justify separating the
t enetgy-determination periods with Hs1, Hsp, Hs3, etc. and to determine for each peri
orific value for energy determination.
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hlues
hlues

year
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Annex C
(informative)

Volume conversion and volume-to-mass conversion

As the common International Standards for flow (ISO 5167-1 and ISO 9951) generally

provide the

flow rate in mass per second or volume (under operating conditions) per second, in the latter case a

convgrsion to volume under reference conditions is necessary.

Starfling from the continuity in mass, EN 1776:1998, Annex C, derives formulae for yelumé
and dletermination of mass from volume and density under operating conditions. TheSe are
symlpols conforming with the ISO directives, as Formulae (C.1) and (C.2) for calculating th
voluime, Vy, under reference conditions, expressed in cubic metres, and Formula,(C.3) for ca
masy, M, expressed in kilograms.

Formulae (C.1) to (C.3) can be used for calculations relevant to this document.

pT.-Z
Vrzv.#

prT-Z
Ver-L

Pr

-M

p=y.2lm

T-Z-R

where

p isthe pressure under operating conditions, expressed in kilopascals (bar);

Br is the pressure under ISO-recommended reference conditions, expressed in kilopa
T isthe operating temperature, expressed in Kelvin;

T: isthe ISO-recommended reference temperature, expressed in Kelvin;

V¥ is the volume under operating conditions, expressed in cubic metres;

4 isthe'eompression factor under operating conditions;

4y~ 1s the compression factor under ISO-recommended reference conditions;

P conversion
given, using
e converted
culating the

C.1)

(C.2)

(C.3)

scals (bar);

NOTE For compression factor, see 6.4.4.
My, is the molar mass, expressed in kilograms per mole;
R isthe universal gas constant, equal to 8,314 510 k]J/(kmol x K);

p isthe density under operating conditions, expressed in kilograms per cubic metre;

pr is the density under the ISO-recommended reference conditions, expressed in kilograms per

cubic metre.

© ISO 2018 - All rights reserved
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Annex D
(informative)

Incremental energy determination

In this method, measurements of the calorific value are made at shortintervals of time and are multiplied
by the quantity of gas registered by the meter in the interval between successive measurements to

obtain the quantity of energy for that interval. The time intervals are typically a few minutes, the{only
requirement being that the calorific value of the gas should remain essentially constant over thie.cjosen
time intervgl.
In many cages, the time interval is equal to the cycle time of the GC used to determine”the calprific
value. The individual quantities of energy for all the time intervals in the billing periodare then added
together to give the energy. The method is illustrated in Figure D.1.
Y
- /_/
| | | | | | !
i i+1 i+2 i3 i+4 i+5 i+6 i+7 i+8 i+9 i+10  i+11 n
X

Key
X  time (t=|i, i +1, i+2,..., j)
Y metered|quantity of gas

Figure D.1 — Incremental energy determination

At time i, the quantity of gas registered on the meter is Q; - ; and the calorific value of gas is measured
as He - ;.

At time i + 1, the quantity of gas registered on the meter is Q¢ = ; » 1 and the calorific value is measured
asHe=j+1.
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Then the quantity of energy for the interval from t=ito t =i+ 1 is given in Formula (D.1):
Et-itot=i+1=(Qt=i+1-Qc=1) " He=i (D.1)

Then, for any period from time i to time j, the total energy, E, is obtained by adding together all the
discrete portions of energy, as given in Formula (D.2):

E=(Et=itot=i+1+Et=i+1tot=i+2% vereerens +Et=j-1tot=) (D.2)

Practically, this method is implemented using a flow computer to record the quantity of gas registered

b 1 £l de i 1 e 1 b= 1 - - . =l £l b
y t[ CTIUW IHITLTT dITU LT LAIUTITIU VAIUT IITASUT TIHITTILS UTIITS TTHPUt LU LT TTOVV CUITTPULTI

Gengdrally, this method is found where both quantity and quality measurements are ‘cafried out at
the interface. However, state-of-the-art information systems can be used to provide opline, fixed-
assignment calorific values that can be used in this method.
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Practical examples for volume conversion and energy quantity

E.1 Calcylations using ISO 12213-3

E.1.1 Gen

The calculaf

calculation

eral formulae

ion of the volume, V;, expressed in cubic metres under normal reference.conditions,

from

(E.1)

(E.2)

the volume yinder operating conditions is given by Formula (E.1):
Vo=V 1
where
V' is the volume under operating conditions, expressed in cubic metres;
z s tIe z-factor, calculated as given in Formula (E.2):
Z:T_n- Pamb T Pg ~PH,0 Z_n
T Pn Z
where
Tn is the temperature under normalreference conditions, expressed in Kelvin;
T is the operating temperature, expressed in Kelvin;
pamb [is the average of the ambient air pressure at the meter, expressed in Kilopascals (bar);
Pg is the operating pressure (gauge), expressed in kilopascals (bar);
PH,0 is the partialpressure of water in natural gas, expressed in kilopascals (bar);
Pn is the pressure under normal reference conditions, expressed in kilopascals (bar);
Z is'the compression factor under operating conditions;
Zn is the compression factor under normal reference conditions.

Zn/Z can be calculated from Hs, pn, and the concentrations of COp, Ny and Hp, for example using
ISO 12213-3 (S-GERG88; see Reference [36]).

48
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The gubstitution of the measured values into Formula (E.2) results in the following:

Atamheasurement station, a quantity, @ [V'=1 000 m3; T= 288,15 K; pg = 700 kPa (7,0 bar); pay
(0,99
Formula (E.1) yields

ISO 15112:2018(E)

E.1.2 Example calculation

The calculation for the converted volume, Vy, is carried out as demonstrated using the following
parameters, as given in ISO 12213-3 (S-GERG88; see Reference [36]):

average of the ambient air pressure at the meter, pamp 99,66 kPa (0,996 6 bar);
operating pressure (gauge), pg 700 kPa (7,0 bar);
operating temperature, T 288,15 K;
¢atorifievatte sy H;90H kWA
dlensity, pp 0,822 7 kg/m3;
¢oncentration of CO2, C¢o, 1,12 mol %;
¢oncentration of N, CN2 0,80 mol %;
¢oncentration of Hop, CHz 0ol %;

partial pressure of water in natural gas, PH,0 <0,1 kPa (<0,001 bar);

NOTE 1 Py,o €an be expressed by the product of ¢ (relative humidity of the gas) and
pressure of steam in saturated gases); in dry natural'gases psat is usually pgar u 0,1 kPal
['hus, for dry natural gases the expression (szo =% - psat) can usually be set to zero.

Xn/Z ratio 1,017 52.

NOTE 2 This value is calculated using the first eight values above in ISO 12213-3 (S-(
Reference [36]).

}_273,15K 99,66 kPa+700-kPa—0kPa

z= -1,017 52
288,15 K 101,325 kPa

N

= 0,947 94 - 7,892 031,017 52

=7,612 24

N

Psat (partial
(0,001 bar).

ERG 88; see

Wb = 99,6 kPa

6 6. bar)], has been measured. Performing the volume conversion to normal condjtions using

Vh=7 612,24 m3

The energy quantity, E, is calculated in accordance with Formula (10) as given below.

E=7612,24m3-11,901 kWh/m3

E=90593,27 kWh = 326 135,77 M]

© ISO 2018 - All rights reserved
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E.2 Calculations using ISO 12213-2

E.2.1 General formulae

The same general formulae and principles as given in E.1.1 hold, except that Z,/Z can be calculated from
the gas analysis, using ISO 12213-2.

E.2.2 Example calculation

The calculations for the energy, E, are carried out as demonstrated using the following parameters,
measured at one of the interfaces.

50

averagel
operatil

operatil
concent

concent

concent]
concent]
concent]
concent]
concent]
concent
concent
concent]

concent
calorifi

density

Ng pressure (gauge), pg

\g temperature, T
ration of COz, Co,

ration of Ny, CN2

ration of 02, CO2
ration of CHg, Ccy,
ration of C2Hsg, CC2H6
ration of C3Hg, CC3H3
ration of i-C4H10, Cj_c,
ration of n-C4Hio, Cpp.c,n,,
ration of i-CsH1z, Ci.c .y,
ration of n-CsHiz, Crieln,,
ration of CeHiqw) €c 1,

value (calgtrfated from analysis), Hs n

(calculated from analysis), pp

partial

of the ambient air pressure at the meter, pamnb

99,66 kPa (0,996 6 bar);
5000 kPa (50,0 bar);
283,15 K;

2,22 mol %;
0,77 mol %;

0,01 mo) %;

87:62mol %;
8,75 mol %;
0,53 mol %;
0,03 mol %;
0,04 mol %;
0,01 mol %;
0,01 mol %;
0,01 mol %;

11,581 kWh/m3;
0,813 3 kg/ms3;

<0,1 kPa (<0,001 bar);

ressure of water in natural gas D10

NOTE 1 P,0€an be expressed by the product of ¢ (relative humidity of the gas) and ps,t (partial

pressure of steam in saturated gases); in dry natural gases, psat is usually psar < 0,1 kPa (0,001 bar).
Thus, for dry natural gases the expression (szo = - psat) can usually be set to zero.

Zn/Z ratio:

1,152 073 7.

NOTE 2 Thisvalue is calculated using the concentrations CO2 to CgH14+in 1SO 12213-2 {AGA:8-92DC,
Formula (8); see Reference [35]}.
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The substitution of the measured values into Formula (E.2) results in the following:

z=0,964 68-50,329 73 - 1,152 073 7
z=5593558

At a measurement station, a quantity, Q [V = 10 000 m3; T = 283,15 K; pg = 5 000 kPa (50,0 bar);
Pamb = 99,66 kPa (0,996 6 bar)], has been measured. The volume is converted to V, under normal

conditions using Formula (E.1):

2

[l e Vo ¥ ol
J JJ

4 o
n—J99J7 9 ,O 111

The ¢nergy quantity, E, is calculated in accordance with Formula (10):
KB =559 355,8m3 - 41,6916 MJ/m3

H=23320438,27 M] =6 477 899,52 kWh
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Practical examples for averaging the calorific value due to
different delivery situations

— arithmqtic-average calorific value:

stomer) on the basis of the following:

see Figure F.1 and Table F.1;

— weightgd-average calorific value/fixed assignment: see Figure E.2 and Tableg I'2 and E.3;

— weightg

NOTE (OF:

interfaces 1 to 3 and 5.

lorific value correction by means of a correction procedure (see 6.5, 2.2 and Annex ) isinu

d-average calorific value/variable assignment: see Figure F.3 and Tables F.4, F.5 and H6.

se for

Table F.1 shows the calculation of the energy from separate measured calorific values, Hss , ynder

normal refe

an industrig

interfaces 4

03 <

rence conditions and separate gas quantities, Vs n, uider normal reference conditions for
| customer at interface 5. Entry-point interfaces 1 dnd 2 (see Figure F.1) supply a ser
to 7. Hss, Qs, ps, Ts, density and CO2 concentration@re measured at interface 5.

es of

Key
Q1, Q4, Qs, Qefand Q7 ifiterfaces
1 industrial customer
Figure F.1 —System with entry-point interfaces I and Z, which subsequently supply a series of
interfaces 4 to 7
Table F.1 — Calculation of the energy using separate calorific value measurements at
interface 5
Calorific value Gas quantity Energy
Hour Hss,n VQs5,n E
M]/m3 kWh/m3 m3 M] kWh
39,89 11,08 5100 203 429 56508
39,82 11,06 4950 197 089 54 747
39,82 11,06 4880 194 303 53973
52 © IS0 2018 - All rights reserved
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Table F.1 (continued)
Calorific value Gas quantity Energy
Hour Hssn VQs5,n E
MJ/m3 kWh/m3 m3 M] kWh
744 39,64 11,01 5000 217 998 60 555
sum — — 3868800 153 343 757 42 595 488
0
Key
Q1, Q4 Qs, Qe and Q7 interfaces
1 industrial customer
Figure F.2 — System with one entry point at interface 1, which subsequently supplies a series of
interfaces 4 to 7
Taple F.2 — Data for calculating the quantity-weighted average calorific value used for fixed
assignment at interface 5 (industrial customer)
Calorific valuea Gas quantity Energy
Hour Hsin VQin E
M]/m3 kWh/m3 m3 M] kWh
39,89 11,08 101 000 4028 688 1119 080
39,82 11,06 105000 4180 680 4161 300
3 39,82 1,06 107000 4260 312 1183420
744 39,64 11,01 98 000 3884328 1078980
sum — — 72912 785 2895 220 864,8 804 228 018
a  The monthly quantity-weighted average calorific value, Hsyp, is calculated from hourly data at the entry point as
follows:
Hs1n=E/VQq,n =2 895 220 844,8 M]/72 912 785 m3
=39,71 MJ/m3
=11,03 kWh/m3

© ISO 2018 - All rights reserved
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Table F.3 — Calculation of the energy at interface 5, using a quantity-weighted average calorific
value for fixed assignment

Quantity-weighted average calorific value | Gas quantity Monthly energy
Hour Hs,n VQs,n E
M]J/m3 kWh/m3 m3 M] kWh
— — 5100 — —
— — 4950 — —
— — 4880 — —

744 — — 5500 — —
sum — — 3809 280 — —
— 39,71 11,03 — 151 258 888,8 42 016 358

Figure F.3 shows a gas-transportation system with two entry points, interfaces l-and 2, which sugply a
number of interfaces 4 to 7 in a bidirectional gas flow. The change in the gas quality is assumed to pe as

in Figure B.2.

An industrial customer is supplied at interface 5, where Qs, ps and Tslare measured. The appliftable
calorific valfie, Hs1 n, (see Table F.6) for energy determination is assigited on the basis of averaged |Hs1,n
atinterface [l (see Table F.4) and averaged Hsy n at interface 2 (see Fable E.5).

Q Q
Hs, Q |4 Qs Q Hs,
Us
1
Key
Q1, Q4, Qs, Qefand Q7 interfaces
1 indiistrial customer

Figure F.3 —System with two entry points, interfaces 1 and 2, which supply interfaces 4 tp 7
from two directions
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Table F.4 — Data for calculating the monthly quantity-weighted average calorific value at

interface 1

Calorific valuea Gas quantity Energy
Day Hs1,n VQin E
M]J/m3 kWh/m3 m3 M] kWh
1 39,82 11,08 1150 251 45881208 12 744 781
2 39,82 11,06 1200500 47799 108 13 277 530
31 39,64 11,01 1080500 42 826 698 11 896 305
sum — — 37 747 354 1497513 027,6 415075 841

a2 The monthly quantity-weighted average calorific value, Hs1 p, is calculated from daily measured data‘at

folloyvs:

Hs1n = E/Vqin = 1497 513 027,6 M]/37 747 354 m3
=39,672 MJ/m3
=11,02 kWh/m3

interface 1 as

interface 2

Table F.5 — Data for calculating the monthly quantity-weighted average calorific value at

Calorific valuea Gas quantity Energy
Day Hsyn VQZ,n E
MJ/m3 kWh/m3 m?3 M] kWh
1 38,88 10,80 600 500 23 347 440 6485400
2 39,528 10,98 580 540 22 947 584 6374 329
31 39,564 10,99 520000 20573 280 5|714 800
sum — o 17 577 413 692 660 160 192 405 600

a  The monthly quantity-weighted average.calorific value, Hs3 p, is calculated from daily measured data at

folloyvs:

Hso.n = E/Vqa,n = 192 405 600 KWHi/17 577 413 m3
=10,95 kWh/m3
= 39,420 MJ/m3

interface 2 as

of a monthly quantity-weighted average calorific value

Table F.6 <+ Calculation of the energy for interface 5 using variable assignmeént

Calorific value2 Gas quantity Monthly energy
Day Hs1+52,n VQs,n E
MJ/m3 kWh/m3 m3 M] kWh
— — 5100 — —
— — 4950 — —

H

(415 975 841+192 405 600) kWh

S1+S2,n —

(37 747 354+17 577 413) m>
= 11,00 kWh/m3

=39,600 MJ/m3

a  The calculation is valid on the condition that the difference between Hsq and Hs; is less than #2 %. Then, the quantity-
weighted monthly average calorific value, Hs14s2 ¢ ,for interfaces 4 to 7 is calculated as the sum of the total energies at
interfaces 1 and 2 divided by the sum of the total volumes at interfaces 1 and 2.
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Table F.6 (continued)
Calorific valuea Gas quantity Monthly energy
Day Hs1 +s2,n Vqs5,n E
MJ/m3 kWh/m3 m3 M] kWh
31 — — 5000 — —
sum — — 3809 280 — —
— 39,600 11,00 — 150 847 488 41902 080

a  The calculation is valid on the condition that the difference between Hs1 and Hs; is less than +2 %. Then, the quantity-
weighted monthly average calorific value, Hs14s2 ¢ ,for interfaces 4 to 7 is calculated as the sum of the total energies at
interfaces 1 apd2-divided-by-the-sumof-the-totalvelumesatinterfacestand2-

" (415 975 841+192 405 600) kWh

S1+S2,n| 3
(37 747 354+17 577 413) m

311,00 kWh/m3
139,600 MJ/m3
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