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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g
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This
revis

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F
main task of technical committees is to prepare International Standards. Draft _Internation
ed by the technical committees are circulated to the member bodies fer'.voting. Publi

ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the sub
. ISO shall not be held responsible for identifying any or all such patent rights.

5112 was prepared by Technical Committee ISO/TC 193, Natural gas.

second edition cancels and replaces the first edition<(ISO 15112:2007), which has bee
bd.
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Introduction

Since the early 1800s, 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 t
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e increasing value of energy and variations in gas quality billing on the basis of thermal e
come essential between contracting partners and the need to determine calorific valy
t or calculation has led to a number of techniques. However, the manner in which calerific
ied to flow volume data to produce the energy content of a given volume of natural gas-has
ndardized procedure.

mination is frequently a necessary factor wherever and whenever natural gas is metered,
nd processing operations through to end-user consumption. This International Standard has
cover aspects related to production/transmission and distribution/enddiset. It provides guig
ow energy units for billing purposes are derived, based on either measurement or calculati
ase confidence in results for contracting partners.

ards  relating to natural gas, flow measurement, calorific “Walue measurement, calcu
nd data handling with regard to gas production, transmissien and distribution involving purc
modity transfer of natural gas can be relevant to this Intéfnational Standard.

onal Standard contains ten informative annexes.
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1

This
calculation, and describes the related techniques and measures that are necessary to take\ The
thermal energy is based on the separate measurement of the quantity, either by mass,orby va
transferred and its measured or calculated calorific value. The general means of calculating unc
also

Only [systems currently in use are described.

NOTH Use of such systems in commercial or official trade can require the approval of national authoriz3
and cpmpliance with legal regulations is required.

This
transmission.

New
thosg techniques referred to in this International Standard:

Gas-measuring systems are not the subject of thisInternational Standard.

2

The
references, only the edition cifed” applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 6976, Natural gas~=/Calculation of calorific values, density, relative density and Wobbe
compgosition

3

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

3.1

Scope

nternational Standard provides the means for energy determination of natural gas by measu

hiven.

nternational Standard applies to any gas-measuring station/from domestic to very large

techniques are not excluded, provided their provencperformance is equivalent to, or better

Normative references

following referenced documents are indispensable for the application of this documen

Terms and definitions

rement or by
calculation of
lume, of gas
ertainties are

tion agencies,

igh-pressure

than, that of

t. For dated
e referenced

b index from

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

[1SO 14532:2001]

3.2

adjustment
(of a measuring instrument) operation of bringing a measuring instrument into a state of performance suitable
for its use

NOTE Adjustment may be automatic, semi-automatic or manual.

© 1SO 2011 — All rights reserved
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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
system, is functioning according to specifications

[EN 1776:1998]

3.5

bias
systematic d
gas-measuri

3.6
calibration

ifference between the true energy and the actual energy determined of the gas/pass
g station

ng a

set of operations that establish, under specified conditions, the relationship between values of quantities

indicated by
reference ma

[ISO 145324

3.7

superior cal
energy relea
the pressure
returned to t
gaseous statf

[1SO 14532:4

3.8

A measuring instrument or measuring system, or values represented.by a material measurg
terial, and the corresponding values obtained using working stapndards

001, 2.5.2.2]

prific value

5ed as heat by the complete combustion in air of . a*specified quantity of gas, in such a wa
P4, at which the reaction takes place remains-constant, and all the products of combustig
he same specified temperature, T, as that.of the reactants, all of these products being i
e except for water formed by combustion, which is condensed to the liquid state at T

001, 2.6.4.1]

inferior calofrific value

energy relea
the pressure
returned to t

gaseous state

[ISO 145324

3.9
calorific val
installation ¢

sed as heat by the complete’combustion in air of a specified quantity of gas, in such a wa
P4, at which the reactiontakes place remains constant, and all the products of combustio
he same specified temperature, T4, as that of the reactants, all of these products being i

001, 2.6.4.2]

e station
bmprising the equipment necessary for the determination of the calorific value of the naturg

b Or a

that
n are
n the

that
n are
n the

| gas

5

in the pipelin

3.10

C

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

3.1

corrected calorific value
result of correcting a measurement to compensate for systematic error

© 1S0O 2011 — All rights reserved
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3.12
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 of interfaces where the same method of energy determination is used

3.15
conversion
determination of the volume under reference conditions from the volume under operating conditiohs

3.16
corrégction
valug added algebraically to the uncorrected result of a measurement to compénsate for systematic error

NOTH 1 The correction is equal to the negative of the estimated systematic errar.
NOTH 2  Since the systematic error cannot be known perfectly, the correction cannot be complete (see Apnex I).

3.17
corrégction factor
numerical factor by which the uncorrected result of a.‘measurement is multiplied to compg¢nsate for a
systgmatic-error object

NOTH Since the systematic error cannot be known perfectly, the correction cannot be complete (see Apnex I).

3.18
determination
set of operations that are carried out 6njan object in order to provide qualitative or quantitative information
about this object

NOTH In this International Standard, the term “determination” is only used quantitatively.

3.19
diregt measurement
meagurement of a property from quantities which, in principle, define the property

NOTH For example, the determination of the calorific value of a gas using the thermoelectric measdgrement of the
energy released\ip the form of heat during the combustion of a known amount of gas.

[ISO [14532:2001, 2.2.1.2]

3.20
energy
product of gas quantity (mass or volume) and calorific value under given conditions

NOTE 1 The energy may be called energy amount.

NOTE 2  Energy is usually expressed in units of megajoules.
3.21

energy determination

quantitative determination of the amount of energy of a quantity of gas based either on measurement or
calculation using measured values

© 1SO 2011 — All rights reserved 3


https://standardsiso.com/api/?name=7842509fde26fafa6b79f723d5f50653

ISO 15112:2011(E)

3.22
energy flow rate
energy of gas passing through a cross-section divided by time

NOTE Energy flow rate is usually expressed in units of megajoules per second.

3.23

fixed assignment

application without modification of the calorific value measured at one specific calorific-value-measuring
station, or the calorific value declared in advance, to the gas passing one, or more, interfaces

3.24
gas transpoL‘ter
company that conveys gas from one place to another through pipelines

3.25
grid simulatjon
calculation of a set of pressures and flow rates in a pipeline or a grid on the basis ofigiven topology [data,
values of the flow rates at the inlet and outlet points and of the pressure and temperature at various poipts of
the pipeline($) by means of a mathematical model

NOTE THe objective of any grid simulation is to yield information about a future state-of gas pressures and flows. The
result of the simulation is an estimation of the state of the gas flow.

3.26

interface
place on a pipe used for the transportation or supply of gas at@which there is a change of ownership or
physical custody of gas

NOTE Generally, an interface has an associated measuring,station.
3.27

local distribution company

LDC

company that delivers gas to industrial, commercial and/or residential customers

3.28
measuring gtation
installation comprising all the equipment, including the inlet and outlet pipework as far as the isolating vialves
and structurg within which the equipment is housed, used for gas measurement in custody transfer

[EN 1776:1998]

3.29
measuring system
complete set -Of, ‘measuring instruments and auxiliary equipment assembled to carry out spegcified
measuremer{ts

NOTE Adapted from ISO/IEC Guide 99:2007, 3.2.

3.30

measuring instrument

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

[ISO/IEC Guide 99:2007, 3.1]
3.31

plausibility
property of a value to be within reasonable limits

4 © 1S0O 2011 — All rights reserved
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prod
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ucer

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

regional distributor
company that delivers gas to local distribution companies and/or industrial, commercial or residential
customers

3.34

residential-customer
persan whose occupied premises are supplied with gas, wholly or in part, such gas not being
business purpose, commercial or industrial

3.35

systeématic error
mean that would result from an infinitive number of measurements of the same measurand carr
repeatability conditions minus a true value of the measurand

3.36

prop
refer
state

NOTH

3.37

uncertainty

parar
could

3.38

variable assignment

appli
statig

NOTH
statio
state

3.39
zero
posit

3.40

traciability

nces, usually national or International Standards, through an unbroken chain of compariso
 uncertainties

This chain of comparisons is called a traceability chain:

heter, associated with the result of a measurement, that characterizes the dispersion of th
reasonably be attributed to the measurand

cation of a calorific value foran assignment procedure based on measurement(s) at ¢
n(s) to the gas passing one, or more, interfaces

That applied calorific, value may take into account the time taken for the gas to travel from the
N to the respective volime-measuring stations and other factors, to derive an average calorific value f
feconstruction of thé-variation of calorific values through a network, etc.

floating point
on in a«grid conveying gas where there is a boundary with different gas qualities on either siq

used for any

led out under

rty of the result of a measurement or the value of a standard whereby it can be relaled to stated

ns all having

e values that

alorific value

calorific value
r a network, a

le

non-|

plattsibledata

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

© IS0
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4 Symbols and units

Symbol
E
e

H
NOTE 1

Meaning Sl unit USC unit
energy MJ kWh
energy flow rate MJ/s kWh/h
calorific value MJ/m3; MJ/kg kWh/m3

Where the calorific value is in megajoules per cubic metre and the gas volume is in cubic metres, or where the

calorific value is in megajoules per kilogram and the gas mass is in kilograms, then the calculated energy is in megajoules.

Where the cal
value is in kilo

To convert the

M

p

0

NOTE 2
pressure.

W,

qy

dm

Yol
9
Subscripts
i

j

brific value is in kilowatt-hours per cubic metre and the gas volume is in cubic metres, or where the.c
vatt-hours per kilogram and the gas mass is in kilograms, then the calculated energy is in kilowatt-ho

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

mass kg t
pressure (absolute) Pa, kPa bar,.mbar
quantity of gas m3, kg t

hen the quantity is given in cubic metres, it is necessary that it should ‘be qualified by temperatur|
volume flow rate m3/h, m3/s
mass flow rate kg/s, kg/h
temperature (absolute) K
time s,-hd s, h,d
volume (gas) m3
compression factor
density kg/m3
temperatufe °C °F

inferior calorific value

number of time intervals

normal reference conditions (273,15 K; 101,325 kPa)

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

i

lorific

e and

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.

Energy may be either measured directly (see Figure 1) or calculated from the quantity and the calorific value
of the gas (see Figure 2).

© 1S0O 2011 — All rights reserved
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e (MJ/h) e (MJ/h)

Energy measurement procedures

e (MJ/h)
E (MJ)

Gas billing ($)

Figure 1 — Energy-measurement scheme

Energy determination

[ Otherphysical

e (MJ/h)| 0 H  properties ¢+~ e (MJ/h)
| Measure- |
:ment

Mcedures

| Determination procedures |
L (local or remote) |

e (MJ/h)
E (M)

Gas billing ($)

Figure2=— Energy-determination scheme

Gengrally, the quantity of gas is expressed as a volume and the calorific value is on a volumétric basis. In
ordern to achieve accurate determinations of energy, it is necessary that both the gas volume|and calorific
valug be under the same reference conditions. The determination of energy is based ejther on the
accumulation over time_ef_calculation results from consecutive sets of calorific values and the copcurrent flow
rate Yalues, or on the multiplication of the total volume and the representative (assigned) calofific value for
that period.

Espegially in situations of varying calorific values and when flow rates are determined at a place different from
that gf the (representative) calorific value, the effect on the accuracy caused by the difference in {ime 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 International Standard, the
ISO-recommended standard reference conditions of 288,15 K and 101,325 kPa, as defined in ISO 13443,
should be used.

NOTE For the gas supply, other conditions can be used, corresponding to national standards or laws. Methods for
conversion between different conditions for dry natural gases are given in ISO 13443.

© 1SO 2011 — All rights reserved 7
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The calorific value may be measured at the gas-measuring station or at some other representative point and
assigned to the gas-measuring station. It is also possible for the quantity of gas and the calorific value to be
expressed on a mass basis.

This general principle of energy determination is extended in Clause 10 to those cases when the quantity of
gas is expressed on either a volumetric or a mass basis.

To achieve the calculation of the quantity of energy of the gas passing a gas-measuring station over a period
of time, the methods of energy determination in Clauses 7 to 10 are used. Such methods involve an
integration over the time period; that integration may be

of the e ergy flow ot

tative

of the gas flow rate over time to obtain the quantity of gas, which is then multiplied by the represen
calorific value.
The method pf integration may depend on contractual agreements or national legislation.

which
nined

principles of energy determination in Clauses 7 to 10 are independent df the method with
bns are carried out. The method of integration influences the uncertainty of the detern
b effects are considered in Clause 11.

The general
the integrati
energy; thesg

6 Gas measurement

6.1 General

The types of[measuring devices and methods used in real measuring stations depend among other things on

the resppctive national requirements,
the flow [rate,
the comfnercial value of the gas,
the gas uality variations,
the need for redundancy, and

the instriment specification.

Only proven
overview of {

methodstand measuring devices/products used at the respective interfaces should be use
he techniques and procedures currently used in different countries is shown in Annex A.

d. An

Methods use

d-for flow and calorific value measurement shall be in accordance with standards, contrg

ctual

agreements and/or national legislation, as appropriate.

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 o

f the measurement results, in general, depends on the following factors:

operating conditions;
maintenance frequency and quality;

calibration standards;

© ISO 2011 — All rights re

served
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— sampling and clean-up;

— changes in gas composition;

— ageing of measurement devices.

A high accuracy can be achieved if the requirements fixed by the manufacturers and by officials are met and
all operating procedures for operating, calibration and maintenance are strictly observed.

6.2
The
Gend
mete

The 9

—

Volume measurement

rally, the meters measure the gas volume flow under actual operating conditions. Standa
rs (ISO 5167-1) and turbine meters (ISO 9951) exist.

election of a flow-metering system for a specific application depends, as a minimum, on the

onditions of flow;

— flow-measuring range;

—

4

For n
show

6.3

6.3.1

A cal
of thq

—

— 1
— ¢

To a

perating conditions, especially operating pressure;
cceptable pressure loss;
lequired accuracy.

atural-gas volume flow measurement, the instrgments mostly used at the interfaces 1 to 6
n in Annex A.

Calorific value measurement

Measurement techniques and sampling

prific-value measuring system consists of a sampling system and a measurement device ta
following groups:

irect measurement\(eZg. by combustion calorimeters);

inferential measurement [e.g. by a gas chromatograph (GC)];

orrelation techniques.

Chieve'a high accuracy of calorific value measurement, representative sampling is require

are g

ven in ISO 10715.

volume flow-metering system of a natural-gas-measuring station consists of one or morej meter runs.

ds for orifice

following:

see 7.1) are

en from one

. Guidelines

Depending on

— t
—  t
—  t

—

© IS0

he measuring system,
he operating procedures,
he fluctuation of composition of the gas, and/or

he quantity of gas delivered,
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one of the following sampling techniques can be used:

a)
b)
c)

Samples are

continuous direct sampling;
periodical spot sampling;

incremental sampling.

taken for either online analysis or offline analysis.

6.3.2 Direct measurement — Calorimetry

With direct n
released is t

neasurement, natural gas at a constant flow rate is burned in an excess of air and the e
ransferred to a heat-exchange medium resulting in an increase in its temperature. The ca

value of the gas is directly related to the temperature increase.

Calorimetry |
properties.

6.3.3

ISO 6976.

The most wi
composition
measuremer

s used for interfaces 1 to 3 and 5. ISO 15971 gives details of the measurement of comby

ntial measurement

InferI
With inferential measurement, the calorific value is calculated from the gasComposition in accordancs

Hdely used analytical technique is gas chromatography%Rrocedures for the determination ¢
with defined uncertainty by gas chromatographyZare given in 1SO 6974 (all parts)
t is used at interfaces 1 to 3 and 5.

6.3.4 Corre¢lation techniques

Correlation f
calorific valug

echniques make use of the relationships between one or more physical properties an
e of the gas. Also, the principle of steichiometric combustion can be used.

6.4 Volume conversion

6.4.1

Conversion (

Gengdral

f a volume of natural’gas measured under operating conditions to a volume under referen

base conditipns is based either’‘on a gas pressure, temperature and compression factor (p7Z-conversiq

on gas densi

For details, s

ties under operating and base conditions (density conversion).

ee Annex C, Clauses E.1 and E.2, ISO 12213 (all parts) and EN 12405-1.

hergy
lorific

stion

with

f the
GC

d the

ce or
n) or

6.4.2 Denslity

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 ISO 15970.

6.4.3 Pressure and temperature

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

ISO 15970.

10
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6.4.4

Forg

Detai

ISO 15112:2011(E)

Compression factor

as volume conversion, the compression factor is

measured by a Z-meter.

Is are given in ISO 15970.

calculated from the gas composition using a molar analysis (see Clause E.2 and ISO 12213-2),

calculated using physical properties and some constituents (see Clause E.1 and ISO 12213-3), or

The ¢
on th
mete

The

e quantity of gas delivered and variations in pressure, temperature and gas compositien
ring point, the compression factor either may be set constant or shall be calculated from timg

iser of this International Standard shall take account of the gas composition, espetially w

the npolar relationships of the higher hydrocarbons to each other and at high pressure. Dependir]

comp]
on th

6.5

Qual
calibr
trace

A rep
For
com

If, up
betw
of the

[
1

[

osition and the pressure, methods for calculating the Z-factor on the basis*of ISO 12213-4
b basis of ISO 12213-3, should be considered to avoid systematic errors.

Calibration

ty of calibrations has a significant impact on the trueness of aimeasurement result. The freg
ations shall be determined according to the stability of the_ measurement devices. Calibratio
bble to appropriate standards and reference materials.

resentative calibration should be performed under conditions close to those at which the m¢g
osition of the gas to be measured (see, for example, ISO 15971) should be used.

bn verification of any measuring instrument-used for energy-determination purposes, an agrg
ben the instrument reading and the corresponding value realized by a standard is exceeded

measuring instrument shall be carried out in order either

b make adjustments to the instrument that establishes the smallest possible difference
neasured value and the value:given by the standard, or

p derive a correction that\is’applied to the measured value for subsequent periods to produg
alue.

The actual process of ‘adjustment or correction may be either manual or automatic, depending g

instry

If, at
valus

ment.

the calibration of the calorific-value-measuring device, a difference between measured
s occurs;*for subsequent periods a correction of the measured values or adjustment shall be

6.6

Ompression factor under reference conditions may also be calculated according 1o 1ISU 697%. Depending

the specific
to time.

th respect to

g on the gas
, rather than

uency of the
ns should be

ter operates.

Calorific measurement devices, calibration gases“that are close to the expected calorfic value or

bed deviation
a calibration

between the

e the correct

n the type of

and certified
performed.

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.

The data incorporate

For d

© IS0

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

2011 — All rights reserved

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).

11
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7 Energy determination

7.1 Interfaces

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

— gas transporter(s);

— regional distributors;

— local disfribution company(ies).

Industrial
customer

a

Gas Regional @ L.ocal
Gas producer(s) distributor or distfibution
transporter(s) gas transporter company

Residential
customer

Commercial
customer

Key
1to 6 inteffaces

@ If this entjty exists.

Figyre 3 — Possible interfaces for energy determination from producer(s) to end users

12 © 1SO 2011 — Al rights reserved
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Producer(s) or
gazrt:zgis(fnoarlter Industrial
1
distributor customer
1 5
a .
Storage Gas .Re.glonal ) L(I)cal. Residential
distributor or distribution
operator transporter(s) customer
gas transporter company
1 2 3 l 4
6
Commercial
customer
Key
1t06 interfaces

The |
may
meas
a del
name
the e
trans
coun

f this entity exists.

including gas storages

poxes numbered 1 to 6 in Figures 3 and 4 represent.the different interfaces within a deliver
consist physically of a real measuring station orimay be regarded only as virtual interfaceg

very chain between contract parties is performed at interfaces 1 to 6 (see Figures 3 and ¢
d points of delivery and/or points of redelivery. Figure 3 shows the delivery chain from the
nd user; Figure 4 includes, additionally, a storage operator, who usually stores gas for pr
borters or regional distributors forcfuture take-off. The kinds of interfaces may differ within
ries. They may be used as gas-billing interfaces, if they are actual measuring stations.

Thre¢ different models of different delivery situations are given as examples.

a) |
K
1

b) 1

'he gas transporter supplies gas directly to an industrial customer.

For energy determiination at interface 5, the gas volume is measured at interface 2 or 5; bec
o regional distributor/storage company or local distribution company (LDC) involved, the ¢
neasured atiinterface 2 can be used if nearly constant gas quality (see Figure B.1) can be e

he gas producer supplies gas directly to an industrial customer.

-

Figure 4 — Possible interfaces for energy determination from producer(s) to end users

y chain; they
5 without any

urement to define the point of delivery or redélivery within contractual situations. Energy defermination in

1), often also
e producer to
bducers, gas
the different

ause there is
alorific value
pected.

[he-pipeline system is used by several gas transporters and regional distributors for transpo

[tation; 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.

c)

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.

© IS0

2011 — All rights reserved
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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 International Standard to
perform a correct energy determination. They include

flow dire

grid topology,

ctions,

take-off structure or consumption profile,

course of calorific value,

technicq
contract
national
It is the main
a) to suppd
b)

to provig

taking into aq
7.2 Methd

7.21 Dired
For direct m
energy flow &
this Internati
are not yet p

| equipment,

Lal requirements, and

regulations.

goal of the methods given in 7.2

rt a satisfactory energy balancing within the transportation grid, and
e a justified energy determination at interfaces,

count economic aspects.
ds of energy determination

t determination of energy

pasurement (see Figure 5), individual~physical parameters (e.g. O, H) are not measured
nd energy quantity are calibrated and-shown at the measuring point. At the time of preparat
bnal Standard, direct energy-measurement instruments have entered the marketplace, buf
oven technology for custody transfer. No International Standards exist at the moment.

Gas flow,— | ' Gas flow —»

| E=YE, |

L--—Measuring station—--J

7.2.2

Figure 5 — Direct determination of energy

Indirect determination of energy

The
on of
they

For indirect energy determination, the energy is determined on the basis of previously measured or calculated

values for vo

7.2.2.1

lume/mass, calorific value and other entities.

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 CO,, 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

14
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displayed at the measuring point. For large gas quantities 0, and Q,, for example at border crossings, it can
be necessary to determine the calorific values Hg4 and Hg, by means of two calorific-value measurement

devices at each station (see Figure 15).

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.

———Measuring station———

Gas flow —» : Volume : Gas flow —

I I
I I
I I
I I
I Calorific Volume I
|| value conversion| |
I I
I I
I I
I I
: Energy :
I E=XHxQ :
I |
L ___ QO A%

Figure 6 — Local online calorific.value measurement

Due o the local gas-quality situation and for economical'reasons, it is sometimes of use to tak
gas (time- or flow-controlled) within the measuring station and to determine the calorific value

placg (see Figure 7).

———Measuring station———
I

e samples of
at a different

__ E =
Data via f5 5 or SR

| |

| |

| |

C\?;?Jgic ! Calorific Volume :
determination : value conversion :
| |

| |

| |

| |

L] __

Energy
determination |«

Y HxQ

Central energy
or determination

Figure 7 — Local offline calorific-value measurement

© 1SO 2011 — All rights reserved
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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).

rMeasuring station rMeasuring station-
| |

Different locations

| | | |
| | | |
| } | |
| | (remote) | |
I Calorific I I Volume I
| value | | |conversion
| | | [
| | | |
L i
r— - —
| |
| |
| Energy |
lfE=YHx Q]!
Datavia 6= or IR | "CData via 5" or iR
| Central energy:!
or @ “ determinatién — or @

Figure 8 — Remote calorific value measurement (example)

8 Strategy and procedures

8.1 Genel

“Design” in t
necessary a
account the

al

Energy deteqmination starts with an assessment of a reasonable energy-determination strategy, followed
plausibility CWWW@WWM

he context ofthis International Standard encompasses the requirements of what informat
d how it,should be obtained to fulfil the needs of the energy-determination strategy, takin
xpected\course of data.

on is
j into

by a

lorific

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 J

!

Data
generation see Clause 6
(measurement)

\
Procedures see Clause 8
Plausibility check see Clause 8
and Annex B
Assi t of Strategy,
ssignment o .
calorific values ‘ see Clause 9 ~ Srcjlcoer:jjrnei
Combination of data see Clause 10
Accuracy, see Clauses 11 and 12

quality control ‘

Billing/
invoicing

Figure 9— Strategy for an indirect energy determination

%

Pringpally, elaborated strategy and the applicable methods and procedures for energy determination shall be

applied without changes/ They may be changed only if
— if can be assured that the accuracy of the results will be better or as a minimum not worse, of

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

r gas quality

Additionally, due to significant changes with respect to the economics, it may be necessary to change the

applicable methods/procedures.

Gas measurement systems are not the subject of this International Standard. However, data generated by

new systems or modified devices can cause a better or worse quality of the data; this
modifications of energy determination.

© 1SO 2011 — All rights reserved
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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

— the correctness of the measuring data (i.e. the raw data)

for a specified interface.

Taking into
of the energy

This is impo
disadvantagg
matching, i.¢

at those inteffaces where only the gas volume is measured, or by taking raw data withoutany critical che

ccount the Phnngne in gas qlmlify at an interface is a l{ny factor for the jllefifinafinn and acc

bous for one partner and shall be avoided. This can happen, for example, by |using a
. non-representative, calorific value or other non-representative physical data (i.e. density,

determination, i.e. the traceable determination of the calorific value for the relevant interfacg.

racy

tant because even a non-corresponding energy-determination strategy at the interfaces can be

non-
CO,)
CK.

Generally, changes in gas quality depend on the gas supply situation at that interface; i.e. it is necessary to

prove

a) whether

b) whether
and 15).

Supply situat
the delivery 4

Thus, the ch
respectively,
billing purpos

Changes in
examples, sq

8.2.1 Strat

8.21.1

Large quanti
relevant calg
remote calor
(see 9.3.3). |

General

gas from only one origin has passed the subsequent interfaces-(see Figures 12, 13 and 15),

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

ions according to Figures 14 and 15 very often result.in reasonable changes in gas quality d
nd 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 perig
es shall be divided into smaller periods;

e Annex B.

pgies for the single interfaces

ties of gas.generally pass interfaces 1 to 3 (see Figures 3 and 4). For interfaces 2 and §
rific valuencan be determined relatively easily by local measurement (see Figures 6 ar]
fic valuesmeasurement (see Figure 8) and appropriate assignment methods or quality tra
is up\to the contract partners and local authorities to agree upon the matching method.

pas quality within one day do not Usually result in a further subdivision into hourly valueg.

or

es 14

ue to

onth,
d for

For

, the
d 7),
cking

At those poi

% o :al 1 PR Y Lol ! JEY) H b 4
IS UIT UT1E yas Urid WITCTT a TTICSdSUTTITICTIU UT UTT LAlUTTIG valuc diitud ULNeT Tmportarit yas

ality

entities can usually not be performed for technical and/or economical reasons, a determination of these

entities in an

8.21.2

indirect way can sometimes be performed (see 9.2, 9.3.1, 9.3.2 or 9.3.3).

Interface 1

For the calculation of the volume under reference conditions, a volume conversion is either performed by

— p, Tand

Z, or

Pnand p.

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

18
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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 analysis of
periodic samples. For an example, see Annex J. 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 J.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
delive d ofgast

s oornacitian ~f th A N~ anandant on-tha tuno o tr Hation
Py COmpoSTtioT ottty ST PCHOCT O tC Ty pCoOrgaou TTatroTT:

astmaontincta
oS catTieT T ot

o ctranalyy
o ouauvl lul’
For the determination of the compression factor, Z, see 6.4.4.

8.2.1{3 Interface 2

The ¢alculation of the volume under reference conditions is performed as describedin 8.2.1.2.

The ¢
6.3) ¢

letermination of the calorific value for energy-determination purposes isZperformed by measurement (see

r assignment (see Clause 9).

8.2.1(4 Interface 3

e user of this
etermine the

The ¢
Intern
calori

etermination of the values for energy determination is performed as described in 8.2.1.3. Th
ational Standard should take into account that methods and/or facilities at interface 3 to d
fic value, especially for the subsequent interfaces, can-differ from country to country.
8.2.1

5 Interface 4

At int
usua
(see

y entities can
ent methods

erface 4 of the gas grid, a measurement of-the calorific value and other important gas qualit
ly not be performed for technical andfor economical reasons. For this interface, assignm
Clause 9) are necessary.

Before the gas passes the measufing device, upstream a stable pressure of the gas shall bg
mearjs of pressure control. Theclocal distribution company (LDC) determines procedures to sef
tempgrature and pressure thatycan be used for energy-determination purposes, taking into
ambigent pressure. Due to thieJow pressure, the compression factor is not calculated and set to “11.

ensured by
the relevant
account the

For t eam calorific

valus

his interface, eitherya declared or assigned calorific value can be applied, using the upstn
of interface 3-

If onl

decld
at af

ener

y reasonably small changes in gas quality can be expected (see Figure B.1), it is advisable
red calorific value for annual energy-determination periods. A declared calorific value is se|
xed value, taking into account the calorific values of the previous 12 months (see Figure B.1

gy=determination period, the LDC regularly checks the calorific values at (upstream) inte

fo use only a
t by the LDC
). During the
rface 3 from

wherethegasis feedinginterfaces4:
If the difference between the declared calorific value and the calorific value determined upstream 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 Hg shall be assigned for energy-
determination purposes for the time periods ¢, and #,, and the calorific value Hg, for the time period #3.

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
a gas grid (open grid) not separated from other gas qualities.

© 1S0 2011 — All rights reserved 19
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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
determination 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 individual

calorific
quantity

For
(“hg

The)
usin

Find
inte
Second|
summed
energy-q

The resulting

grid. For further details, see 9.1. Practical examples are givenin Annex F.

8.21.5.2 (
If end users
such interfac

If the calorifi
measuremer
(i.e. complica
quantities af
reconstructiol

If different gas qualities @re fed into a gas grid at several interfaces 3, the calorific values for the interfa

are calculate

valiaofo EanaticonLa\] and -t bina—that avaeracaad alarif PPN btk aae—iahian
vAdiuTo [oCU LYUdUUIT(U)] daiiua THuitiapiyniryg uidt avioldyTu LAdivTITiG  vdivut Uy Uic ydo  VUIUIT

that had passed interface 3 during the same interval [see Equation (7)] in the following man

this purpose, the individual calorific values within 1 h are averaged using,-Equatio
urly-based averaged calorific values”).

se hourly-based averaged calorific values are used to calculate a daily averaged calorific
g Equation (6) or, for weighted averaging, Equation (8).

lly, that daily averaged calorific value is multiplied by the gas volumé.or quantity that had pa3
[face 3 during the same day.

y, at the end of the energy-determination period, the energy quantities of all intervals w
up and divided by the sum of all gas volumesiquantities of all intervals of
etermination period [see Equation (8)].

averaged calorific value can be applied for the calculation of the energy of any interface 4 g

Gas grid not separated from other gas gualities

bt interface 4 are supplied via severahinterfaces 3, the calorific values measured/determined
s 3 are relevant.

c values change over time_at these interfaces, it is usually impossible to perform a calorific
t at each interface 4 dué to economical reasons, even if, according to local cond
ted topology, low pressure), the supply situation is unclear. Mostly due to relatively sma

that interface, technical measures, such as sampling, calorific-value measurement,
n, etc., cannot usually be justified as a means of increasing the accuracy.

d by aritimetically averaged calorific values (see 9.3.1) or by the following procedure.

the“energy quantity for each interface 3 is calculated for the energy-determination perid

e or
er.
n (6).
value

ssed

ill be
that

n the

at all

value
tions
| gas
state

ces 4

d as

din8.2.1.5.1.

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 for that

a) At first,
describg
b)
period.
c)

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

value from the weighted-averaged grid calorific value, then the weighted-averaged 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
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Key

EXAM
interfa
value
interfd
charg

For i
meas
interf]
calor

If the

devidtion and the procedure applied. The information is not necessary if, in extraordinarily rare

term

Ifar
the ¢
and 1
stron
be ta
pipel
acco
interf]
the e

hanging area

Figure 10 — Determination of a weighted-average calorific.value (example)

PLE A charging area, where the energy determination is being performed, is supplied at f
ces 3 by the gas quantities 04, O, and Q5 with the corresponding calarific values Hg,, Hg, and Hgs.
5 have been either measured at the entry points or determined upstream at interfaces 1 or 2 and ass
ces 3 as described in Clause 9. Then the averaged calorific:value H for energy-determination py
ng area is calculated as described at the above-mentioned points 8.2.1.5.1 a) and b).

nterfaces 5 and 6, this averaged calorific value canalso be taken for energy-determination
ured individually at these interfaces. In the latter case, the energy-determination procedure
hces in the charging area shall take account of the energy quantities determined individy
fic value measurement at interfaces 5 and/or 6.

deviation exceeds the permitted Jimit; the national authorities shall be informed about the
maximum one week) deviations occur, for example caused by measures to ensure the supp

basonably accurate energysdetermination process can be assured (see 8.2.1.5), arithmetic
blorific values may be onsidered. If the difference of the weighted averaged calorific value

ply changing gas (Qualities at interfaces 3, the following additional measures inside the charg
ken. These measures are necessary to determine the representative calorific value for singl
ne system as<representative as possible, for example, by the use of sampling techniques
int the quantities 04, O, and QO3 and the measured or calculated take-off structures of
hces 440°6. In these cases, different average calorific values can be calculated for the va
hergy:determination system using the calorific values at the entry-point interfaces and the c4

he entry-point
These calorific
gned to these
rposes in the

purposes or
e for all other
ally via local

measure of
cases, short-
ly of gas.

averaging of
bt interface 3

he weighted averaged grid calorific value in the charging area is higher or lower than permitted due to

ing area can
b parts of the
hat take into

subsequent
ious parts of
lorific values

deter

mined 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

8.21

5.2).

4 Interface 6

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

© IS0
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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,
— external impacts, such as electromagnetic fields on communication lines,

— breakdown of recording devices, etc.

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

Interfaces 110 3,5,6

Check course of
raw data over time

Mal- No energy

function of determination
flow metér necessa

Volume
flow >07?

Check course of
raw data over time

Extreme
values >07?

Check
measurement
devices
Continue yes Extreme

values plausible

energy
determination

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, 7, density or others. “Extreme values”

mean

s values shown to be at the end of the scale.

A practical example is given in Annex H.

9 Assignment methods

9.1

A fixed assignment of a calorific value within a charging area for energy-determination periods ¢

be pd

The ¢alorific value is measured at a calorific-value*measuring station. The data show that the v4

gas d

Fixed assignment

rformed in simple, separated grids if the following conditions are met.

he direction of the gas flow between the calorific value and the volume-measuring points is
he variation of the gas quality and the transit time of ¢he gas between calorific
uantity-measuring points are reasonably small (see 10.4 and Figure B.1) in that energy-

eriod. Clause 11 can be used to check if the required accuracy of the energy determination

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

Fixed assignment of a measured calorific value

uality is very small (see Figure B.1). Thusyit is justified to assign the mean of the previous

an generally

constant.

value and
etermination
can be met.

riation of the
ly measured

calorffic value as a fixed value to all subseguent interfaces. The assignment from a single calorific-value-

deterfmination station can be demonstrated-as follows.

Figure 12 illustrates a single sourcé of gas, whose calorific value, H, is determined at the entry
pipeline that is operated by a gastransporter/regional distributor and that feeds a number of intqg
pipeline. The calorific value dssigned to all the interfaces is that determined at the entry poi

point to the
rfaces at the
nt and is not

modified to reflect the different times of transit of the gas to different interfaces.
1

S A ]
I I
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I I
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I I
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| 113 |
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I I
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Hg, Oy, Os, Ogand O,  interfaces
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© IS0

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, Hg;y and Hg,, one for each of the two gases, are determined at a point
upstream of the entry (entry point) to the pipeline and there is no calorific-value measurement downstream of
the entry point.

Hgp
L Py __ |
Key
Hgy, Hgy, Oy, Ps5, Og and Oy interfaces
1 valve 1
2 valve 2
3 energy-determination grid

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

The gas trgdnsporter decides to use a_fixed assignment from one or the other of the calorific-alue-
determination points on the basis that

— a constgnt supply can be assured-at all times from one source,
— the gas pupply to the pipeline with the different gas qualities Hg4 and Hg,, resulting in a gas mixturg with
a calorific value different)from Hg, and Hgy, never happens (both valves are never open at the pame

time),

— the supqgly periads'with each of the different gas qualities are recorded, and

— for assignment purposes, the calorific value, either Hgq or Hg,, is used for subsequent interfaces

ndinataotha cama crinnhy narad

corresponding-te-the-same-supply-period-
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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. 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, as domestic, commercial
and small industrial consumers. There are a couple of interface entry points to a gas 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 L
is ded

calorific value

— the determined calorific value of the gas supplied to consumers is, on average, equal to, or highernthan, the declared
galorific value (to the nearest 0,1 MJ/m3),

— the average calorific value of the gas supplied to consumers is calculated by averaging, for‘each day ip the declared
period, the lowest calorific value of gas,

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

— if, for any period, the determined calorific value falls below the declared figurexthen the LDC will revisg the declared
alue for the following period such that, over the two periods, the determined value is equal to, or higher than, the
average declared value.

9.2 |Variable assignment

Espegially in open gas grids, gas qualities at the interfacescean vary significantly with time (see Figure B.3). In
this dqase, the requirements for a fixed assignment are 'ne‘longer applicable and it is necessary|to adapt the
assignment/calculation method that is suitable for conditions that change with time. The choice|of a suitable
assignment method changes according to chandges’in the gas quantities at the input stationg, as well as
changes in the take-off structures at subsequent, interfaces. Thus, careful procedures for variabl¢ assignment
of the calorific values shall be undertaken.“There are two different situations, which shall be generally
distinguished; they are described in 9.2.1 and'9.2.2.

9.2.1| Input at two or more different.stations with zero floating point

1

=\ A

I

| Y X ¥ 1

I Oy 0,

I Hg, Hgy

L 04 Os Qs 0
Key
Hgyq, Hgp, Q1, 09, Oy, 05, Ogand O, interfaces
1 energy-determination grid

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

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 Hg, can supply interfaces 4 and 5, whereas gas
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with the calorific value Hg, can supply interface 7. A mixture of gas from interfaces 1 and 2 can pass interface 6. Thus, the
calorific value Hg, can be assigned to interfaces 4 and 5 and the calorific value Hg, 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 Q, at interface 1 and Q, at interface 2 and the applicable calorific values Hg4 and Hg, 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 be assigned to each interface on the basis of the gas flows from the input stations to the respective
interfaces.

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

3

S — AN

| m S |

|

I é] O Vi I

! I

I Hg; |

| ¢ '

| - 2 |

| 0 I

| ? 0, 05 0 o

|

| Hgy |

| |

edo- -\ e 4 _ ______ I
Key
Hgyq, Hgp, Q1, 02, Q4. 05, Ogand Q7 interfaces
1 valve 1
2 valye\2
3 energy-determination grid

Figure 15 — Variable assignment —
Example fortwo measured gas qualities and unidirectional gas flow

EXAMPLE During anyenergy-determination period, the quantity 0, at interface 1 with the calorific value Hg, and the
quantity Q, at jnterface-2.with the calorific value Hg, are measured. The two calorific values are always different from each
other and can|also,chiange during the energy-determination period. Due to this situation, for the calorific value assighment
to interfaces 4 te 7y a pattern of the resulting calorific value for each interface 4 to 7 similar to that in Figure B|3, for
example, can tesult at interface 4.

If the calorific-value-measuring stations Hg4 and Hg, are far away from the interfaces Q, to O, the run time of
the gas from these measuring stations Hg4 and Hg, to the interfaces O, to O, shall additionally be taken into
account; this may be hours or days. A calculation is performed on the basis of the quantities 0, to O, 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 O, 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 Hg4 and Hg, 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

BN entry-point interface, an arithmetically averaged calorific value is calculated Hor
mination period by dividing the sum of periodic single calorific-value measurements at.the ¢
Limber of measurements of the calorific value (see 10.2.1).

the energy-
ntry point by

For
deter]
the n

9.3.2] Quantity-weighted average calorific value

n entry-point interface, a quantity-weighted average calorific value is caleulated at this intgrface for the

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

For g
subs

9.3.3| Quality tracking
This
meair
on th

special assignment method involves the calculation of gas qualities at any place in a pipelin
s of a grid simulation or a state reconstruction based on-gas qualities measured at all sup
e pipeline(s).

b or a grid by
plying points

The @bjective of gas-quality tracking is to yield information about the gas quality for those places
or a grid where no gas-quality measurement is installed.

of a pipeline

The @ccuracy of the calculated gas qualities depends on the completeness and accuracy of the
meagured data and the performance of the‘mathematical model.

topology, the

9.3.3{1 State reconstruction of ‘calorific values

State reconstruction involves an,offline calculation of the set of all relevant pressures and flow rates in a real

pipel
supp
meag

The
or gn
purpq
qualit

ne or grid on the basis of the complete topology, the checked measured values of the flo
ying and take-off (points and of the pressures and temperatures, and possibly ad
urements, at various points on the pipeline(s) using an appropriate dynamic mathematical m

bbjective of @ State reconstruction is to yield accurate information about the real flow states
d. Therefore, the results of a state-reconstruction-based gas-quality system may be us
ses. In:this case, the operation of such gas-quality tracking systems shall be monitored
y reference measurements at appropriate places on the pipelines.

v rates at all
ditional flow
odel.

of a pipeline
ed for billing
by additional

In Fi

ure 6, a grid- withafotof Teceiving stations(interfaces 5and 6aretwo examptes )y without

alorific value

measurement is schematically shown. Hg4 to Hg3 are the measured calorific values of the gas quantities Q4 to
05, respectively, from different origins, and Hgs and Hgg are the calculated calorific values at the receiving
stations with the gas quantities Qg and Qg, respectively.
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Figure 16 — Example of a reconstruction-based .gas-quality tracking scheme

9.3.3.2 Giid simulation
In grid simul@tion, the calorific values are also calculated for any point on a pipeline or grid, but because the
input data (tppology, calorific values, flows, pressures and temperatures) are only unchecked online data or
even assumed values, the results are normally-inaccurate and, therefore, inappropriate to be used for billing
purposes.

In order to |avoid confusion, the tefm—grid simulation” should not be used as a synonym for f{state

reconstruction”.

10 Calculpation of energy quantities

10.1 General equations for energy

In accordance with'Figure 2, energy determination of a gas flow is based on entities changing in time:

Current flow q=q(1)

Current calorific value H=H(t)
For the determination of the energy flow, e(¢), the basic differential equation is given in Equation (1):

e(t) = H(z) - q(7) (1)
The quantity of energy, (z) flowing within a period of time ¢ to ¢; (for example within an energy-determination

period; see Figures B.1 to B.3) is calculated by integration of équahon (1) from time ¢, to time l and giving
E(() as given in Equation (2):
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lj t

E(t;)= Ie(t)dt =[ H(r)- q(t)dr

NOTE

0] 0]

of energy of that period.

()

For example, for a gas flow measured over 24 h or one day E(tj) becomes E(24) that corresponds the quantity

The shortest period of time for energy determination for billing purposes is 1 h or multiples thereof (i.e. days,
weeks, months, one year).

For t

he

7.2.2

—
q
q
The 1

Calcy

A s

2):

hultiplication of the calculated volume under reference conditions with the averaged)calcu
alue of the same hour;

n situ energy calculation in the volume-conversion device using the actual measured er
alculation of energy based on the calculation of O, and H,, followed by-summing these ¢
juantities over 1 h.
elevant hourly values can subsequently be added to derive daily, monthly or annual quantitig

lation equations:

all time interval, A¢, is set such that the calorific valuey H(), may be assumed to be a co

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

ated calorific

tities for the
ingle energy

nstant entity,

Hondt- In practice, Hy,,os matches the result of measuringzdevices that periodically determine and yield the
last measured value between measuring cycles.
To sifnplify the process, the period ¢, to l is subdivided into j time intervals in order to meet the agsumption, as
given in Equation (3):
1 2 tj
(1) = Hoonst,1 % [ a(0)d1+ Hoongt £0] g(0)dt + .+ Hoongt; < | q(1)d (3)
s} 14 tj71

The jntegrals in Equation (3){ correspond to the transported quantities, O, of gas in the regpective time
interyals, Az; they can be(calculated by integration of the actual gas flow over the time, z,| as given in
Equation (4):

(1) = [ q(0)dr (4)
In practice, however, measuring systems yield the quantity, O, directly as the result of a measurement.
Thus| Equation (4) can be rewritten as Equation (5):

J J
E(tj) = ZE’" = (Hconstj X Q1) + (Hconst,2 x QZ) ot (Hconst,j X Q]) = Z(Hconst,m x Qm) (5)
m=1 m=1

Equation (5) can be used for any energy-determination period, i.e. from 1 h to days or months.
The monthly average for calculating thermal energy can, for example, be computed from daily values.
For the practical application of incremental energy determination, see Annex D.
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10.2 Calculation of averaged values — Calculation from average calorific values and
cumulative volumes

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

required; if the calorific value changes during this period of time, the procedures for calculation of the
appropriate calorific value described in 10.2.1 and 10.2.2 are used (see Figures B.2 and B.3).

10.2.1 Arithmetic average of the calorific value

In practical use, the calorific value is often measured at a representative point of the pipeline grid and
allocated to volume-measuring stations located at other points. Thus, the arithmetic average of the calorific

value, Hy,, [is derived from » single measurements, as given in Equation (6):
J
Haith =\ H 1 J (6)
m=1

Equation (5) lcan be simplified, if the single factors, Hqg; ,,, are similar to the arithmetig average value, {7,
as given in Efquation (7):

E = Hyighy < O (7)
10.2.2 Quantity-weighted average of the calorific value
If the energy] of the gas quantity transported from time #; to ¢, is setiin relationship to the gas quantity, O(z,),
that was tranisported in the same time period, the so-called “quantity*weighted average of the calorific valpe” is
given by Equation (8), taking into account Equation (5):

J J
H(tj):E(fj)/Q(tj):ZHconst,mXQm/ZQm (8)
m=1 m=1

Each of the j|single calorific values, Hqgt ,,» IS Weighted by the respective quantity 0,
For practical[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 thosg data
shall relate tp the gas flowing/to those interfaces, for example by having been measured at the appropriate
calorific-valug-measuring.station. If the calorific value is expressed in volume units and the quantity of gas is
measured in|mass units) then the calorific value shall be converted from volume units to mass units.
See Annex ¢ forcaigeneral description. For practical examples based on physical properties, see Clausg E.1;
for practical efxamples based on the gas composition, see Clause 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 Figures 3 and 4), a calorific value may be declared within an energy-determination period for a charging
area with a set of different interfaces. Prior to the energy-determination procedure, the declared calorific value
shall be determined by means of the weighted-average calorific value. For example, if the energy-
determination period is one year, the calorific value is determined for each month as an arithmetic or a
weighted mean. At the beginning of the month in which energy determination 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.
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For longer energy-determination periods, that month in which energy determination is performed shall not be
taken into account for calculating the mean value.

A declared calorific value is set by the LDC in the case of an annual energy-determination procedure. The
difference between the declared calorific value and the actual mean should be assessed annually. If the
difference is more than 1 %, the actual mean should be taken. It is important that there be, over a long time
period, no significant bias between the declared and calculated averaged calorific values.

A practical example is given in Annex B.

1 [ g |
11 Abbuldby VIt Laivuidailcu cliciyy

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
— Dbiases.
11.1.2 Uncertainties can have two sources:

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

— yariability 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 vValues).

Uncerrtainties can be quantified but not eliminated.

11.1.B Bias results from systematic differences between the actual quantity and calorific valug used in the
calculation of energy at a gas-measuring station and the true values for those parameters.

A possible bias in the determined-energy has a number of sources, such as
— an error in a calibration factor that affects subsequent measurements,

— use of fixed factors, for example in the conversion of measured gas volumes to the corresponding volume
under referencé conditions, or

— @ calorifie “value attributed to an interface having only gas-volume measurement that may be
unrepresentative of the gas passing that interface.

Generatimformmation o thecatcutatiomof uncertainty and-idemntificationmof bias o thedetermined quantity of
energy is given in 11.2 and 11.3. A graphical example to show the principal difference between uncorrected
measurements, biases and the final result of a measurement (for example a corrected calorific value) by
means of a graph, based on ISO/IEC Guide 98-3 (GUM), is given in Annex I.

11.2 Calculation of uncertainty

The relative uncertainty, u(E), of the energy is calculated from Equation (9), which is derived from the general
equation for the determination of energy, Equation (10):

u(£)=[u2 (1)1 (0)] (9)
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where
u(H) is the relative uncertainty of the calorific value;
u(Q) is the relative uncertainty of the quantity of gas.

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

The total uncertainty of the calculated energy is also affected by the manner in which integration is carried out

with respect to the perlod of tlme over WhICh the energy calculatlon is made If at a gas measurlng statlon both

volume and g
each of thes
relatively sm
a period of
then the effe
usage and t
method, the
of uncertaint
which the qu

NOTE TH
and ISO 1221
regarded as €
period) obtaing
a) therelati

b) the relati

this assu
the unce
maximun
The energy,
E=H x
where H is tH

The uncertai
calorific valug

The uncertai

uncertai

uncertai

e |nd|V|duaI energy sums for the total period are added together then the mtegratlon
bll effect on the total uncertainty. At the other extreme, where the total gas volume delivered
onths is multiplied by an average calorific value for that period to obtain the energy.for.the p
ct of the integration on the total uncertainty can be significant, particularly when, the rate g
ne actual calorific value vary over the time period. When applying a calorific-value assigr
effect of the time delay on the uncertainty shall be taken into account. Thelpractical calculg
y [see ISO 12213 (all parts) for the calculation of the uncertainty of Z] depend upon the w
Antity of energy passing an interface is calculated (see Clause 8).

e uncertainties of the flow rate, p, T'and Z, can be determined as givenin‘the flow-measurement stan
B (all parts). As a first approximation, the relative uncertainty for an~individual energy calculation c
qual to the relative uncertainty of the energy calculated over longer/periods of time (even over a
bd by integrating the small portions of energy. This approximationtis only applicable when

e uncertainty of the measured calorific value is constant over the range of measured calorific values,
mption is valid only over a part of a flow meter's range, For example, for some orifice plate metering sy
tainty is essentially constant over 30 % to 100 %.0f Q... In some cases, it can be acceptable to u
relative uncertainty for the range of flow rates that are experienced by the flow meter.

i, is calculated from Equation (10), thé_general form of Equation (7):

D

e average or assigned calorific value for the period.

nty u(E) is calculated-from Equation (9), where u2(H) is the uncertainty of the average or ass

b
-

nty of the avefage or assigned calorific value contains three elements:
nty of measurement;

nty.due to variation of the calorific value of the gas over the averaging period;

=q and
as a
over
eriod,
f gas
ment
tions
ay in

dards
an be
billing

gnd

e uncertainty of the measured quantity is constant over the measuring range of the flow meter. In practice,

stems,
te the

(10)

gned

— time delay.

11.3 Bias

11.3.1 Whe

rever possible, a bias (see Annex |) 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 arise from potential sources, such as

calibration errors, or

recommended standard reference conditions.

32

use of fixed factors instead of online data, for example, in the conversion of volume from operating to
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Identification of 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.

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

relati

11.3.
repre

!
!

17

|

12 (

121

The
inten
and ¢

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

vhere the conversion of the measured gas volume at operating temperature to the équivalg
tandard temperature involves an assumed, fixed value for the operating temperature of
uch cases where the operating temperature is higher than the assumed temperature, thg
alculated at the standard temperature is erroneously high, and vice versa, or.

vhere the conversion of the measured gas volume at operating pressure to the equivale
tandard pressure involves the use of a fixed average pressure, for example derived fron
Ititude to compensate for atmospheric-pressure variation with altitude; in such cases wher
f the interface is higher than the fixed altitude, the gas volume-calculated at the standard pr
igh and vice versa.

B Bias can also result from the fact that the calorific value assigned to the interface is n
sentative of the gas passing the interface caused by, fer example:

se of a time-averaged calorific value at an interface where the flow rate of gas varies
ossibly even falling to zero, with time;

se of a flow-weighted average calorific ‘value for a network in which the majority of ir

se of a declared calorific value which, for reasons of regulation, is required to be lower tha
alue of the gas passing any-interface in a network.

Quality control and quality assurance

General

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

nt volume at
he meter; in
gas volume

nt volume at

an average
b the altitude
essure is too

bt sufficiently

significantly,

terfaces are

ystematically supplied from sources:having calorific values different to the flow-weighted avérage value;

n the calorific

Keep it at its
2, verification

alibration activities pertaining to the system during its lifetime and can be accomplished by

recor

d-of the system performance. Data handling and data transmission shall be performed u

aintaining a

Ji?\g safe and

secure procedures.

If matching data for a comparison over time are given, the data shall be assessed to recognize possible bias
and to evaluate it. This step can usually be performed only if a suitably large quantity of data has been
collected, for example after one year. Therefore, the data generated in accordance with Clause 10 are directly
used for billing purposes.

Quality control should be embedded in the existing (maintenance) organization of the user.
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12.2 Check of the course of the measuring data

To avoid permanent disadvantages of partners causing cross-subsidies of other customers, bias should be
avoided at all interfaces. The detection of biases can be performed by comparison on the basis of statistical
methods using graphical tools and/or calculation tools, for example, the CUSUM method (see ISO/TR 7871).

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 historical data, can be
submitted.

Generally, the following paossibilities for performing a data comparison are available:

— calibration standard = calibration standard;
— calibratipn means o measuring device;

— measurgd values S calculated values;

— measuripng device = measuring device;

— input stdtion o sum of output stations.

In general, t:re detection of a bias can reasonably be accomplished onlywhen taking into account a sujtably
long time petfiod.

For calorimeters, such an interval may be within two calibration-periods, for example one month. Usuglly a
comparison pf volume-measuring stations is reasonable only™after one year, taking into account rapdom
summer/winter effects. Where biases (systematic errors) are-identified, action shall be taken to quantify and
eliminate the|bias; in the meantime, suitable substitute values or correction factors shall be used.

12.3 Tracepbility

Given the pHysical implications of custody transfer of natural gas, accuracy of measurement of the deliyered
energy is of fundamental importance. Inaccuracy in the sense of bias or systematic error favours one pgrty at
the expense [of the other. Random errors have a neutral effect.

Most measurement instruments gperate on a comparative technique, and the measurement accurdcy is
fundamentally influenced by theCaccuracy of the calibration standard used. Hence the interest in refefence
materials anfd in traceability. (Fraceability is the property of a result of a measurement whereby it can be
related, with [stated uncertainty, to stated references, usually national or International Standards, through an
unbroken chain of comparisons.

12.4 Substitute.values

Energy deteqmination shall be ensured at all times as long as energy is transmitted via an interface, eyen if
the measuring instruments have partly or completely ceased to function.

If a measuring instrument has failed, substitute values are required until the proper function of the measuring
instruments is restored. They shall be obtained on the basis of the most plausible available values and may be
derived from measuring instruments, auxiliary equipment and/or computational models for quantitative
estimation.

Substitute values and their origin shall be made known and explained to the contracting parties directly
affected by the malfunctioning instrument. They require, in each case, the approval of the parties directly
affected (generally the contracting parties). Substitute values shall be clearly distinguished from the other
values.
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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

— upstream and downstream measuring instruments,
— linear regression,
— interpolation of the last plausible value before malfunction to the first plausible value after malfunction,

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

— ¢omparison of output or plant efficiency in the case of industrial customers,
— g¢omparison based on samples,

— ¢omparison of flow conditions in multi-stream measuring systems with constant flow resistange,
— galculations 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 A1

Interface(s) at which the following volume measurement techniques take place

c°untry Backup of

Diaphragm | . Rotary Vortex Turbine Orifice Ultrasonic Other, vqurﬁe

displacement
meterjng

Belgium — 3,5,6 — 1,2,3,5,6 — — — —
China 4,6 45,6 3,5,6 2,356 1,2,3,5,6 1,2,3,5 — —
Germany 4,6 3,4,5,6 2,3 1,2,3,5,6 1,2 2 — 1,2,3,5
France 4,6 3,5,6 — 1,2,3,5,6 1,2 - — 1,2
United 46 5 — 15 1 456 — 15
Kingdom

Italy 4,6 3,5 — 3,5 1,3:5 — — 1,3.p
Netherlands 4,6 3,5,6 — 1,2,3,5,6 1 1,2 — 1,2,35
Austria — — — 1,2 1,2 — — 1,2
Russian 1,3,5,6 — — 13,5 12,35 — — 34
Federation

Hungary 456 3,56 — 3,5,6 1,3,5 — — 1,3
USA 4,56 1,2,3,4,5,6 3,5 1,2,3,5,6 1,2,3,5 2,35 52 1,2,35

@  Venture ngzzle and mass.
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Table A.2

Interface(s) at which the following activities take place

Measurement Data Measurement
of storage of density at > _5 §
=% \ = | g = P
Country £ m " 23 | 5 E TE B} E B E
o | B2 o 25 | _5 | 85 | S.| e8| e8| 5n |58
@ > c|lo e s T = = ES|E5| £6 | =2
S| BF (88|28 | 5% |ET |g3 |58 |cE|sg| 3t |3d
(4 ERER: o - =
g L5 |E%|0% R3] 208 8-55 gg Se |88 a5 o€
Belgium 1125% 2,3 — — — — 3b 1,2,3 2 — D —
China 14%% 1‘2é3’5’ 1,2 — — — 1‘5263’ — — - — —
Gempany | y2% | V23S 4 | | 125 (11'22";;’ 1 1 | 1,25 1 { —
2
Frange 1%% 1235 | 2 (1.2 1 1 12 | — 1 —
Unitgd 1 a
Kingdom 14,561,256 1 1 (1’2‘5)3 1 1 1 1,2,5 1 il —
ltaly 1'53é4’ 135 | 1 | — 12 (1‘;"2)3 1 1 135 | — 1 _
1,2,3, 11,2,3,5,| 1,2 1 e 1,24, 1,23
Nethgerlands 456 6 56 2 (1,25 é15§a 5.6 456 1,2,35( 5,6 1 _
12 1,2,3,4,
Russjan 1,2,3, | 1,2,3,4, 3’4’ (W2, 5,6 1,2,3, [ 1,2,3, . | 1.243.4, .
Federation 4,56 5,6 P 3,5)2 (1,2, 4,56 456 8,6
5,6 3,5
Hundary 1‘53’64’ 1,3,5,6 1 1 (1,3,5)2 | (1,3,5)2 1 — 3,5 — 1 —
1,2,3,5,6
12,3, (1,234, |2, |1,23,| 1t06, 1oa | 1,23, | 123, 12, | 1.R3,
USA 456 | 56( 1356 56 |(1t06) (;2)2 56 | 56 |25 35 | 46 |23
2  (alculated density value-
b Blus Z-meter.
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Table A.3
Interface(s) at which the following activities take place
Density at Calorific value measurement by Backup of
Country Temperature, calorific

Operating | Normal pressure Ge Wet Dry Other value

conditions | conditions | Measurement calorimetry | calorimetry measurement
Belgium — (2,3,5,6)2 2,356 (2,3,5,6)° — _ — 2
China (3,5)2 (3,5)2 35 (3,5 — - — —
Germany (125 (1.2 5): 1.2.3.5.6 (1.2 5)C: 1.2.5 = — 1.2

(1,2)2 2d
France (1,2)2 (2,5)b; 1,2,3,5,6 (1,2)° 1 — — 1,2
(1,2
United 1b; 12 1,2,5,6 (1,2,5)¢° — — — 1,25
Kingdom (1,2,5)
Italy 1a (3,5); 1,3,5 (1,5)% — - - —
(1,3,5)2 (1,3,5)d
Netherlands || (1,5)b; (1,2,5); 1,2,3,5,6 (1,2,5)¢; 1 — — 1,2,5
(1,252 | (1,235)? 1d
Russian (1,2,3,5%2 | (1,2,3,5)2P 1,2,3,5,6 — — 5 1,2,3,5 —
Federation
Hungary (1,3,5) (1,3,5) 1,3,5,6 (1,5)° T — — —
USA (1,2,3, (1,2,3, 1,2,3,4,5,6 (1,2, 1,2,3,5 1,2,3,5 — 1,2,36
5,6)2.p 5,6)2.P 3,5)cd

a8  Calculated value.
b Measured|value.
¢ Online.
4 Offline.

38
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Table A.4
Interface(s) at which the following activities take place
Correction
Country | compressibility| Volume Data Generation of metered Direct energy
factor conversion storage of substitute calculated values measurement
values by means of
correction factor

Belgium 10.c 1d 1d.e 1f9 — —
China 1,52 1,54 1d — — —
Gernjany 1b 1d 1d 1f.9 1 —
Frange 1b 1d 1d 1f.9 —
Unitgd b. d-. d
Kinggom 1% 57 15% (4.5.6)° 19e 19 1 —
Italy 1a 1d 1d 1f9 — —

I (1,3,4,6)%; (1,234, 4 oo ; B
Netherlands (2,4,6)b 5,6)"; e (1,2,5,6)9; 2 1 5,6
Russian d d ¢
Federation (1,2,3,4)2 (1,2,3,5)%¢ (1,2,3,5) (1,2,3,5)'9 — 1,5

a.
Hundary (1 gg; ; (1,3,5)8¢ (1,3,5)8e {113,5)( — —
1,2,3,5,6)f;
SA a d.e de (1,2,3,56) 1,2,3,5 1,2,3,5

u (1,2,3,5,6) (1,2,3,5,6) (1,2,3,5,6) (1,2,3,5)9 2,3, 2,3,
a olume conversion by the AGA 8 method; see Reference (38].

olume conversion by the S-GERG88 method; see Réference [37].
4-meter.

d Ihside station.

€ (Qutside station.
f Uocal.
9  Remote.
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Table A.5

Interface(s) at which the following activities take place

Ener Ener Energy values, Minimum time periods for energy
ray. 9y calculated on determination for charging
determination | values on state
Country on the basis | the basis of .
reconstruction
of locally calculated
metered calorific or Hourly Daily Monthly Other
mathematical
values values
models

Belgium 2,3,5,6 4 4 2,3,5,6 3,5,6 5 (4,6)°
China 3,5 — — 5 — — 4c 152
Germany 1,2,3,5 2,3,4,5,6 3,5 1,2,3,5,6 1,2,3 3,4,5,6 4,6)c
France 1,2,3,5 3,4,5,6 3,5 1,2,5 1,2,3,5 3,4,6 42
United b
Kingdom 12,56 1.4.5,6 - — 1,4,5 5,6 4
Italy 1,3,5 3,4,5,6 — — 1,4,5 3,4,5,6 —
Netherlands 1,2,3,5 456 — 1,2,3,5 — 6 (4,6)°
Russian 12,3456 — 1,2,3.4,5,6 — 2" 123456 —
Federation
Hungary 1,3,5 3,4,5,6 — — 1 3,4,5,6 4¢ 52
USA 1,2,3,5 1,2,3,5 4,56 1,2,3 1,2,3,5 4,6 —
a8  Weekly.
b Quarterly.
¢ Annually.

40
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Annex B
(informative)

12:2011(E)

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 energy-determination period.

Y1

Key

Y1
Y2

In Fig
Thus
espe

A Y2
- i
i N B
) |
i . ., B
| | | | | | | | | | | >
1 2 3 4 5 6 7 8 9 10 11 12 X

123 4567 8 910111214314151617 1819 2021 2223 24 2526 27 28 29

months (1 = January, 12 = December) or days (1st to 31st of each month)
Hg, expressed in megajoules.per cubic metre
q,, expressed in cubic metres per day or cubic metres per month

Figure B.1 — Annual or monthly energy-determination period —
Only normal changes in gas quality

ure B.1,he calorific value in a energy-determination period, for example one month, is nearly constant.

it is-justified to calculate an averaged calorific value for the complete month (see ClI
Cially, 10.4 as a justified method). For energy determination, it is important to take into accou

ause 10 and
nt that for the

perio

d“ffom the 1st to the 10th, the gas flow rate was smaller than for the period from the

10th to 31st.

Therefore, an energy quantity, £, can be calculated for the time period, #,, and the energy quantity, £, for the
time period, #,.

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, E,, can be calculated for January to April, and

for M

© IS0

ay to December an energy quantity, £5.
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Y1 A A Y2
= Hls1 _
p— I —
0,
o |
B |
v
- ] 7 I3 N
| | | | | | | | | | | -
1 2 3 4 5 6 7 8 9 10 11 12 X
T | o T A A B
1213456 7 8 91011121314151617 18 192021 22 23 242526 27 28 29 30 31
Key
X monthq (1 = January, 12 = December) or days (1st to 31st of each month)
Y1 Hg, exgressed in megajoules per cubic metre
Y2 q,, expfessed in cubic metres per day or cubic metres per month
Figure B.2 — Annual or monthly energy-determination period —
Two different calorific values
In Figure B.4, for example, the calorific value withinithe energy-determination period is nearly constant jup to
the 15th; the| calorific value decreases then to a-significantly lower level. For the energy determination, gither
the month shall be separated into two periods\.from the 1st to the 15th and from the 16th to the 31st, pr an

averaged ca
for economic

In this case,
periods, t4, 4
the 10th day

If the time s¢
determinatio
January to A

orific value shall be performed, (see Clause 9 and Annex F). For large quantities and, thers
al reasons, a separation into-two periods shall be performed.

for energy-determination purposes, the energy quantities, £4, E, and E5, for the respectiveg
and 5, shall be determined separately to compensate for the different quantities from the
and the change ipcalorific value at the 15th day.

ale is one year,the patterns in the change of the calorific value justify separating the year in
N periodss~ty, 1, and 3. Thus, the energy quantity, £4, can be calculated for the period
pril; £, forthe period from May to June; and Ej3, for the period from July to December.

42
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Y14A Hgs Ay?2
| Hg; Hss —l. |
| l Hes
—— Hs, |
i He, l
l 0,
0 l le
| — I —
! v
| | | | | | | | | | | -
1 2 3 4 5 6 7 8 9 10 11 12 X
L ey 1
1234567 8 91011121314151617 181920212223 24 2526 27 28 29 30 31
Key
X months (1 = January, 12 = December) or days (1st to 31st of eachdmonth)
Y1 Hg, expressed in megajoules per cubic metre
Y2 q,, expressed in cubic metres per day or cubic metres per month
Figure B.3 — Annual or monthly:energy-determination periods —
Several different calorific values
In Figure B.3, the calorific value within an\energy-determination period, for example one month, changes
several times; thus, either the month shallbe separated into a couple of periods or an averaged galorific value
shall |be calculated (see Clause 9 and Annex F). For large quantities and, therefore, for economical reasons, a
subdjvision shall be made to take the. calorific values Hgq to Hgg into account individually.
In this case, the energy quantities, £, to Eg, associated with the time periods #; to zg, respectively, are
calculated separately, usingy the different quantities, 04, O, and O3, and the different calorific values

asso

Equation (5)].

If the
differ
calor

Ciated with each timé-period. The total energy quantity is obtained by summing the £, to E

time scalecis‘one year, the patterns in the change of the calorific value justify separating
ent energy-determination periods with Hgq, Hg,, Hgs, €tc. and to determine for each period
fic value-for energy determination.

values [see

the year into
an averaged

© IS0
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Annex C
(informative)

Volume conversion and volume-to-mass conversion

As the common International Standards for flow (ISO 5167-1, ISO 9951 and ISO/TR 12765) generally provide
the flow rate in mass per second or volume (under operating conditions) per second, in the latter case a
conversion to volume under reference conditions is necessary.

Starting from
determinatio
conforming
under refere]
expressed in

Equations (G

AP
Or

n of mass from volume and density under operating conditions. These are given, using sy
vith the ISO directives, as Equations (C.1) and (C.2) for calculating the converted-volum
hce conditions, expressed in cubic metres, and Equation (C.3) for calculating:the mas
kilograms.

.1) to (C.3) can be used for calculations relevant to this International Standard.

p-T; - Z;
prT-Z

~
N
=

e pressure under operating conditiens, expressed in kilopascals (bar);

e pressure under ISO-recommended reference conditions, expressed in kilopascals (bar);
e operating temperature, expressed in kelvins;

e ISO-recommenided reference temperature, expressed in kelvins;

e volume under operating conditions, expressed in cubic metres;

e compression factor under operating conditions;

the continuity in mass, EN 1776:1998, Annex C, derives equations for volume conversiorl\ and

nbols
e, 7,
5, M,

(C.1)

(C.2)

(C.3)

e-compression factor under ISO-recommended reference conditions;

Ve=V-|
V.=V
M=V
where

p isth
pe s th
T s th
T, isth
vV isth
Z s th
Z, isth
NOTE

For compression factor, see 6.4.4.

M,, is the molar mass, expressed in kilograms per mole;

R is the universal gas constant, equal to 8,314 510 kJ/(kmol x K);

p is the 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

met

44
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Annex D
(informative)

Incremental energy determination

In this method, measurements of the calorific value are made at short intervals 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 t
In m4
indivi
energ

he calorific value of the gas should remain essentially constant over the chosen time interval

dual quantities of energy for all the time intervals in the billing period are then added-togeth
y. The method is illustrated in Figure D.1.

Y"

ny cases, the time interval is equal to the cycle time of the GC used to determine thé)\calorific value. The

br to give the

Key
X
Y 1

i+1 i*+2 i+3 i+4 i+5 i+6 i+7 i+8 i+9 i+10  i+11

me (¢t =1, i +15042, ..., j)
hetered quantity of gas

Figure D.1 — Incremental energy determination

At time i, the quantity of gas registered on the meter is O, _ ; and the calorific value of gas is measured as H,

=i

At time i + 1, the quantity of gas registered on the meter is Q,_,, 1 and the calorific value is measured as

Ht:i

Then

+1°

the quantity of energy for the interval from ¢ =i to r=i + 1 is given in Equation (D.1):

Ei_itor=i+1 :(Qt=i+1 _Qt=i) “H_;

© IS0

2011 — All rights reserved
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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 Equation (D.2):

E=(E _itor=is 1+ Eicitttor=iv2t oo +E_; 1t00=)) (b.2)

Practically, this method is implemented using a flow computer to record the quantity of gas registered by the
flow meter and the calorific value measurements being input into the flow computer.

Generally, this method is found where both quantity and quality measurements are carried out at the interface.
However, state-of-the-art information systems can be used to provide online, fixed-assignment calorific values
that can be used in this method.
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Annex E
(informative)

Practical examples for volume conversion
and energy quantity calculation

E.1 —Calcutations using 1SO12213=3
E.1.1 General equations

The galculation of the volume, V,, expressed in cubic metres under normal reference conditigns, from the
volume under operating conditions is given by Equation (E.1):

(h=V-z (E.1)
wherge

¥ is the volume under operating conditions, expressed in cupic’ metres;

4 is the z-factor, calculated as given in Equation (E.2):

Ty Pamb +Pg~PH0 Z,

] (E.2)
T Pn VA
where
T, is the temperature undet-niormal reference conditions, expressed in kelvins;
T is the operating temperature, expressed in kelvins;
Pamb is the average of the ambient air pressure at the meter, expressed in kilopascals (bar);
Py is the operating pressure (gauge), expressed in kilopascals (bar);
PH,0 isthe partial pressure of water in natural gas, expressed in kilopascals (bar);
Pn is the density under normal reference conditions, expressed in kilograms per cybic metre;
VA is the compression factor under operating conditions;
Z, is the compression factor under normal reference conditions

Z,/Z can be calculated from Hg, p,, and the concentrations of CO,, N, and H,, for example using
ISO 12213-3 (S-GERG88; see Reference [37]).
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E.1.2 Example calculation

The calculation for the converted volume, V,,, is carried out as demonstrated using the following parameters,
as given in ISO 12213-3 (S-GERG88; see Reference [37]):

— average of the ambient air pressure at the meter, p .\, 99,66 KPa (0,996 6 bar);

— operating pressure (gauge), pq 700 KPa (7,0 bar);

— operating temperature, T 288,15 K;

— calorific patue; Hg 90 RWHITTS;

— density, |o, 0,822 7 kg/m3;

— concentration of CO,, C¢p, 1,12 mol %;

— concentyation of N, Cy, 0,80 mol %;

— concentration of H,, Cyy, 0 mol %;

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

NOTE 1 PHyo Can be expressed by the product of ¢ (relative humidity of the gas) and p,, (partial presspre of
steam in [saturated gases); in dry natural gases p, is usually p,; < 0,1 KPa (0,001 bar). Thus, for dry natural gases
the exprgssion (pH20 = ¢ - pgat) an usually be set to zero.

—  Z,/Zratip 1,017 52.

NOTE 2 | This value is calculated using the first eight values above in ISO 12213-3 (S-GERG 88| see
Referencg [37]).

The substitufion of the measured values into Equation (E.2) results in the following:

273|15K 099,66 kPa + 70 kPa — 0.kPa
288|15K 101,325 kPa

-1,017 52

z =

z=0,947 94 - 7,892 03 - 1,017'52
z=7,61224
At a measur¢ment station;a quantity, O [I'=1 000 m3; 7= 288,15 K; Pg = 700 kPa (7,0 bar); pymp = 99,6 kPa

(0,996 6 bar)], has been measured. Performing the volume conversion to normal conditions psing
Equation (E.1) yields

V. =76[1224 m3

n

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

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

E =90 593,27 kWh = 326 135,77 MJ

48 ©1S0 2011 — All rights reserved


https://standardsiso.com/api/?name=7842509fde26fafa6b79f723d5f50653

E.2

Calculations using ISO 12213-2

E.2.1 General equations
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The same general equations 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

aton

e of the interfaces.

4

—

—

verage of the ambient air pressure at the meter, p,,
perating pressure (gauge), Py

perating temperature, T

oncentration of CO,, Cco,

oncentration of N, Cy,

oncentration of O,, Cgp,

oncentration of CHy, Cop,

oncentration of CoHg, Ce,

oncentration of C3Hg, Ccapyg

oncentration of i-C4Ho Cicyhyq

oncentration of n-C4H4g, Cppc4H40

oncentration of i-CgH1, Cicaliy,
oncentration of n-CsH1, € cehy
oncentration of Gghh4., Coghqy+

alorific value'(Calculated from analysis), Hg

ensity«(calCulated from analysis), p,

artial pressure of water in natural gas, PH,0

99,66 KPa (0,996 6 bar);
5 000 KPa (50,0 bar);
283,15 K;

2,22 mol %;

0,77 mol %;

0,04)mol %;

87,62 mol %;

8,75 mol %;

0,53 mol %;

0,03 mol %;

0,04 mol %;

0,01 mol %;

0,01 mol %;

0,01 mol %;

11,581 kWh/m?3;
0,813 3 kg/m3;

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

NOTE 1

Phyo Can be expressed by the product of ¢ (relative humidity of the gas) and pg,, (partial pressure of

steam in saturated gases); in dry natural gases, p; is usually p ., < 0,1 KPa (0,001 bar). Thus, for dry natural gases

t

he expression (p,o = ¢ - Psyt) Can usually be set to zero.

—  Z,/Z ratio:

1,162 073 7.

NOTE2 This value is calculated using the concentrations CO, to CgH,,, in ISO 12213-2 {AGA:8-92DC,
Equation (8); see Reference [36]}.
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ISO 15112:2011(E)

The substitution of the measured values into Equation (E.2) results in the following:

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

z=55,935 58
At a measurement station, a quantity, O ['=10000m3; 7=28315K; Pg = 5000 kPa (50,0 bar);
Pamb = 99,66 kPa (0,996 6 bar)], has been measured. The volume is converted to ¥}, under normal conditions

using Equation (E.1):

v, =559 355,8 m3

The energy quantity, £, is calculated in accordance with Equation (10):
E =559 355,8 m3 - 41,6916 MJ/m3

E =23 3P0 438,27 MJ =6 477 899,52 kWh
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