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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-gaovernmental, in liaison with ISO_ also take part in the wark [SO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopied by the technical committees are circulated to the member bodies fer’voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 15112 was prepared by Technical Committee ISO/TC 193, Natural gas.

© 1SO 2007 — All rights reserved \4
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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.
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come essential between contracting partners and the need to determine calorific valu
t or calculation has lead 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
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1 Scope
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Terms and definitions

nternational Standard provides the means for energy determination of natural gas by measu
lation, and describes the related techniques and measures that are necessary to take\Jhe

ferred and its measured or calculated calorific value. The general means of calculating unc
jiven.

systems currently in use are described.

Use of such systems in commercial or official trade can require approval of national authorizg
pbmpliance with legal regulations is required.

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

techniques are not excluded provided their provenpéfrformance is equivalent to, or better
techniques referred to in this International Standard:

measuring systems are not the subject of thisinternational Standard.

Normative references
following referenced documents are indispensable for the application of this documen
ment (including any amendrments) applies.

976, Natural gas <=/)Calculation of calorific values, density, relative density and Wobb
osition

For tll\e purposes of this document, the following terms and definitions apply.

rement or by
calculation of
lume, of gas
Brtainties are
tion agencies,

igh-pressure

than, that of

t. For dated
b referenced

b index from

3.1
accu
close

[ISO

©I1SO

racy of measurement
ness of the agreement between a measurement result and a true value of the measurand

14532:2001]
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3.2

adjustment

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

[VIM:1996, 4.30]

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

3.3

assignment method

(energy determimationrmethod-toderivea—catorific-vatuetobeappted-to-the gas paaatlly specifted-interfaces

having only Jolume measurements

3.4

availability
probability, at any time, that the measuring system, or a measuring instrument forming part ‘of the meaduring
system, is fupctioning according to specifications

[EN 1776]

3.5

bias
systematic difference between the true energy and the actual energy/determined of the gas passing a
gas-measuring station

3.6

calibration
set of operaions that establish, under specified conditions;*the relationship between values of quaItities
indicated by p measuring instrument or measuring system, or values represented by a material measure¢ or a
reference material, and the corresponding values obtained using working standards

[ISO 14532:3001, 2.5.2.2]

3.7
superior calprific value
energy releaged as heat by the complete’combustion in air of a specified quantity of gas, in such a way that
the pressure| p4, at which the reactigntakes place remains constant, and all the products of combustion are
returned to the same specified temperature, T, as that of the reactants, all of these products being in the
gaseous state except for waterformed by combustion, which is condensed to the liquid state at 7

[ISO 14532:2001, 2.6.4.1]

3.8

inferior calorific- value
energy relea ed as heat by the complete combustion in alr of a specified quantrty of gas, in such awa that
the pressure W A
returned to the same specified temperature T4, as that of the reactants all of these products bemg in the
gaseous state

[see ISO 14532:2001, 2.6.4.2]

3.9

calorific value station

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

2 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=ab47bb7fc92624686ce5f694de583186

ISO 15112:2007(E)

3.10

adjusted calorific value

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

3.1
corrected calorific value
result of correcting a measurement to compensate for systematic error

3.12
declared calorific value

calorifie-vatue-thatisnetifiedHnadv

[N
D
¥~

wnaon Af AnArang AA i i
pose-oferergy-determination

3.13
repr¢sentative calorific value
calorffic value which is accepted to sufficiently approximate the actual calorific value atanvinterfade

3.14
charging area
set of interfaces where the same method of energy determination is used

3.15
conversion
determination of the volume at reference conditions from the volume at operating conditions

3.16
corrgction
valug added algebraically to the uncorrected result of a,measurement to compensate for systematic error

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

3.17
corrgction factor
numaerical factor by which the uncorrected result of a measurement is multiplied to compensate for systematic
error|object

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

3.18
determination
set of operations\that are carried out on an object in order to provide a qualitative or quantitative information
aboup this object

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

3.19
direct measurement
measurement of a property from quantities that, in principle, define the property

NOTE For example, the determination of the calorific value of a gas using the thermoelectric measurement of the
energy released in 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 at given conditions

© 1SO 2007 — All rights reserved 3
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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

3.22

energy flow rate
energy of gas pneeing fhrmlgh a cross-=section divided hy 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-meaguring
station, or th¢ calorific value declared in advance, to the gas passing one, or more, interfaces

3.24

gas transpc;[ter

company thaft 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.&’grid on the basis of given topology |data,
values of theg 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 flow$. The
result of the simulation is a more or less accurate 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 cusfody of gas

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

local distribption 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 valves
and structure within which the equipment is housed, used for gas measurement in custody transfer

[EN 1776]

3.29

measuring system

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

[VIM:1996, 4.5]

4 © 1SO 2007 — All rights reserved
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measuring instrument
device intended to be used for measurements, alone or in conjunction with supplementary device(s)

[VIM:

3.31

1996, 4.1]

plausibility
property of a value to be within reasonable limits

3.32

prodpeer

comy
supp

3.33

regic
comg
custd

3.34

residential customer

persd
busin

3.35

systématic error

mear|
repes

[VIM

P

any that extracts raw natural gas from reservoirs which, after processing and (fiscal) mea
ied as dry natural gas to the transportation system

nal distributor
any that delivers gas to local distribution companies and/or industrialy eommercial ¢
mers

n whose occupied premises are supplied with gas, wholly or“in~part, such gas not being
ess purpose, commercial or industrial

that would result from an infinitive number of measturements of the same measurand carr
tability conditions minus a true value of the measurand

1996, 3.14]

3.36

prop
refer
state
[VIM

NOTH

trac1ability

surement, is

r residential

used for any

ed out under

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

nces, usually national or intérhational standards, through an unbroken chain of compariso
 uncertainties

1996, 6.10]

This chainof.cemparisons is called a traceability chain.

3.37
unc

parameter;-associated with the result of a measurement, that characterizes the dispersion of th

coul

rtainty of measurement

reasonably be attributed to the measurand

ns all having

B values that

[VIM:

3.38
varia

1996, 3.9]

ble assignment

application of a calorific value for an assignment procedure based on measurement(s) at calorific value
station(s) to the gas passing one, or more, interfaces

NOTE That applied calorific value may take into account the time taken for the gas to travel from the
station to the respective volume-measuring stations and other factors, to derive an average calorific value for a network, a
state reconstruction of the variation of calorific values through a network, etc.

©I1SO
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3.39

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

4 Symbols and units

Symbol Meaning Sl unit USC unit

E energy MJ kWh

e energy flow rate MJ/s kWh/h

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

NOTE 1 Where the calorific value is in megajoules per cubic metre and the gas volume is in cubic meters,)or'whe

calorific value

Where the cal
value is in kilo

To convert thg
M

p
o

NOTE2 W,

9y

~

o D N <

Subscripts:
[

n

nc

r

s in megajoules per kilogram and the gas mass is in kilograms, then the calculated energy is in megaj

vatt-hours per kilogram and the gas mass is in kilograms, then the calculated energyris-in kilowatt-hou

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 should be qualifieddbytemperature and pressure.
volume flow rate m3/h, m3/s
mass flow rate kg/s,&g/h
temperature (absolute) K
time s,h,d s,h,d
volume (gas) m3
compressionfactor
density kg/m3
temperatare °C °F

inferior calorific value
number of time intervals
normal reference conditions (273,15 K; 101,325 kPa)

re the
bules.

prific value is in kilowatt-hours per cubic meter and the gas volume is in cubic meters, orwhere the calorific

S.

1ISO-recommended standard reference conditions (288,15 K; 101,325 kPa)

S

wa

superior calorific value

weighted average

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).

© 1SO 2007 — All rights reserved
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e (MJ/h) e (MJ/h)

Energy measurement procedures

e (MJ/h)
£ (MJ)

\
Gas billing ($)

Figure 1 — Energy-measurement scheme

Energy determination

e (MJIn)| i Q H propertiess, e (MJ/h)
» |Measure- | -
: ment
procedures

i_ Determination ptotedures |
P {local ot temote) )

e (MJ/h)
E (MJ)

Y
Gas billing ($)

Figure 2 — Energy-determination scheme

rally, the quantity of gas-is expressed as a volume and the calorific value is on a volume
to achieve accurate-determinations of energy, it is necessary that both the gas volume
be at the same teference conditions. The determination of energy is based either on the

ime of calculation results from consecutive sets of calorific values and the concurrent flow 1
e multiplication of the total volume and the representative (assigned) calorific value for that p

cially inssituations of varying calorific values and when flow rates are determined at a place

btermination of the flow rate and the calorific value shall be considered (see Clause 11).

tric basis. In
and calorific
pccumulation
ate values or
eriod.

Hifferent from

f the (répresentative) calorific value, the effect on the accuracy caused by the difference in {ime between

The gas volume may either be measured and reported as the volume at the 1SO-recommended standard
reference conditions or be measured at some other conditions and converted to an equivalent volume at 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

conversion between different conditions for dry natural gases are given in ISO 13443.

©I1SO
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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 energy-flow;ot

— of the gas flow rate over time to obtain the quantity of gas, which is then multiplied by the representative
calorific \value.

The method pf integration may depend on contractual agreements or national legislation.

The general principles of energy determination in Clauses 7 to 10 are independent_of the method with Which

the integratipns are carried out. The method of integration influences the uncertainty of the determined

energy; thes¢ effects are considered in Clause 11.

6 Gas measurement

6.1 General

The type of measuring devices and methods used in real measuring stations depends among other things on

— the respgctive national requirements,

— the flowate,

— the compnercial value of the gas,

— the gas quality variations,

— the need for redundancy, and

— the instriment specification.

Only proven [methodstand measuring devices/products used at the respective interfaces should be usefl. An

overview of the techriques and procedures currently used in different countries is shown in Annex A.

Methods usgd-for flow and calorific value measurement shall be in accordance with standards, contractual

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 of the measurement results in general depends on the following factors:

operating conditions;
maintenance frequency and quality;

calibration standards;

© 1SO 2007 — All rights reserved
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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

Volume measurement

The
Gene
mete
The s

—

— flow-measuring range;

—

— Qcceptable pressure loss;

— fequired accuracy.

For n
show

6.3

6.3.1

A cal
of thq

—
— 1
—

To a

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

olume flow-metering system of a natural-gas-measuring station consists of one or more
rally, the meters measure the gas volume flow at actual operating conditions. Standar
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 f

onditions of flow;

perating conditions, especially operating pressure;

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

Calorific value measurement

Measurement techniques and sampling

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

irect measurement\(e:g. by combustion calorimeters);

orrelation techniques.

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

meter runs.
s for orifice

bllowing:

see 7.1) are

en from one

. Guidelines

are g

oo

Depending on

— t

—  t

—  t

— t

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

he quantity of gas delivered,

one of the following sampling techniques can be used:

©I1SO
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a) continuous direct sampling;

b) periodical spot sampling;

c) incremental sampling.

Samples are taken for either online analysis or offline analysis.

6.3.2 Direct measurement — Calorimetry

With direct measurement, natural gas at a constant flow rate is burned in an excess of air and the energy

released is tfansferred to a heat-exchange medium resulting in an increase in its temperature. The cdlorific
value of the gas is directly related to the temperature increase.

Calorimetry is used for interfaces 1 to 3 and 5. ISO 15971 gives details of the measurement of.Combystion
properties.

6.3.3 Infere¢ntial measurement

With inferential measurement, the calorific value is calculated from the gas compesition in accordancg with
ISO 6976.

The most widely used analytical technique is gas chromatography. Procedures for the determination ¢f the
composition [ with defined uncertainty by gas chromatography are. given in 1SO 6974 (all parts)| GC
measuremert is used at interfaces 1 to 3 and 5.

6.3.4 Corré¢lation techniques

Correlation techniques make use of the relationships between one or more physical properties ang the
calorific valug of the gas. Also, the principle of stoichiomietric combustion can be used.

6.4 Volume conversion

6.4.1 Gendral

Conversion ¢f a volume of natural gas’measured at operating conditions to a volume at reference or|base
conditions is|based either on a gas.pressure, temperature and compression factor (p7Z-conversion) or oh gas
densities at gperating and base ‘conditions (density conversion).

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

6.4.2 Denslity

The density |at-reference conditions (sometimes referred to as normal, standard or base density) c4n be
required for } D j iti mass-flow

determination and

Details are given in ISO 15970, which, at the date of publication of this International Standard, was under
development.

6.4.3 Pressure and temperature

Pressure and temperature measurements can be necessary for the conversion of the gas volume at operating
conditions to a volume at standard reference or normal conditions. Details are given in ISO 15970, which, at
the date of publication of this International Standard, was under development.
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6.4.4 Compression factor

For gas volume conversion, the compression factor is

measured by a Z-meter.

12:2007(E)

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 1ISO 12213-3) or

Details are given in ISO 15970, which, at the date of publication of this International Standard, was under

development.

The
the ¢
mete

ompression factor at reference conditions may also be calculated according to ISO 6976, \C
uantity of gas delivered and variations in pressure, temperature and gas composition a
ring point, either the compression factor may be set constant or shall be calculated-from time

The Wiser of this International Standard shall take account of the gas composition, especially w
the molar relationships of the higher hydrocarbons to each other and at high pressure. Dependir
composition and the pressure, methods for calculating the Z-factor on the bdsis of ISO 12213-2
on the basis of ISO 12213-3, should be considered to avoid systematic errors:

6.5 | Calibration

Quality of calibrations has a significant impact on the trueness of\a measurement result. The freq
calibfations shall be determined according to the stability of thetneasurement devices. Calibratio
tracepble to appropriate standards and reference materials.

A regresentative calibration should be performed at conditions close to those at which the meter
calorffic measurement devices, calibration gases that-are close to the expected calorific value of
of thg gas to be measured (see, for example, 1SO.15971) should be used.

If, uppn verification of any measuring instrument used for energy-determination purposes, an agr
betwgen the instrument reading and the cofresponding value realized by a standard is exceeded
of thg measuring instrument shall be cafried out in order either

make adjustments to the dnstrument that establishes the smallest possible difference
easured value and the value' given by the standard, or

o 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 o
instryment.

If, at
valug

the calibration of the calorific-value-measuring device, a difference between measured
s accurs, for subsequent periods a correction of the measured values or adjustment shall bg

epending on
the specific
to time.

th respect to

g on the gas
, rather than

uency of the
ns should be

bperates. For
composition

ped deviation
a calibration

between the

e the correct

n the type of

and certified
performed.

6.6 Data storage and tfransmission

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

The data incorporate

information on the data validity or the functioning of the metering station (hardware and softw

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

© 1SO 2007 — All rights reserved
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information contributing to and/or consisting of the amount of energy supplied and, where available,
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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:

Key

1

a

gas transporter(s);

regional distributors;

Gas producer({s)

local disfributions company(ies).

Industrial
customer

g

A

Gas
transporter(s)

A

Regional
distributor or
gas transporter

L.ocal
distribution
company

Residentjal
customer

A

to 6

If this enfjty

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

intefffaces

exists.

E:gs

Commercial
customer

12
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Producer(s) or

Residential
customer

gas transporter Industrial
or regional
N customer
distributor
1 5
a . a a
Storage Gas ‘Regional  Local
distributor or distribution
operator transporter(s)
gas transporter company
1 2 3 * 4
% 6
Commercial
customer
Key
1 to 6 interfaces

The
may
mea

a del

nam

the e
trans
coun

Threg¢ different models of différent delivery situations are given as examples.

a)

If this entity exists.

including gas storages

boxes numbered 1 to 6 in Figures 3 and 4 represent the different interfaces within a deliver
consist physically of a real measuring station*or may be regarded only as virtual interfaces
very chain between contract parties is‘performed at interfaces 1 to 6 (see Figures 3 and ¢
d points of delivery and/or points ofirédelivery. Figure 3 shows the delivery chain from thg
nd user; Figure 4 includes, additionally, a storage operator, who usually stores gas for pr|
borters or regional distributors\for future take-off. The kinds of interfaces may differ within
ries. They may be used as@as-billing interfaces, if they are actual measuring stations.

€

The gas transportersupplies gas directly to an industrial customer.
For energy determination at interface 5, the gas volume is measured at interface 2 or 5; bec
:Lo regional distributor/storage company or local distribution company (LDC) involved, the g

easured at interface 2 can be used if nearly constant gas quality (see Figure B.1) can be e

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

y chain; they
without any

urement to define the point of delivery orredelivery within contractual situations. Energy determination in

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

ause there is
alorific value
pected.

The gas producer supplies gas directly to an industrial customer.

The pipeline system is used by several gas transporters and regional distributors for transportation, LDCs

are not involved. On its way to the industrial customer, no gas quality changes occur.

determination at interface 5, the gas volume is measured at interface 5 and the calorific
example, interfaces 5, 3 or 2.

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

The LDC is supplied by a regional distributor, or gas transporter or storage company.

For energy
value at, for

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 program for calorific-value determination
at interface 3; that calorific value is taken by the LDC for energy determination at interfaces 4 to 6.

© 1SO 2007 — 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

— grid topology,

— flow dire

ctions,

— take-off structure or consumption profile,

— course of calorific value,

— technica
— contract
— national
It is the main
a) tosuppg
b) to provig
taking into aq

7.2 Methg

7.21 Dired

For direct m

| equipment,

al requirements,

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.
yds of energy determination

t determination of energy

easurement (see Figure 5), individual*physical parameters (e.g. O, H) are not measured| The

energy flow gnd energy quantity are calibrated and-shown at the measuring point. At the time of preparat|on of

this Internati
are not yet p

bnal Standard, direct energy-measurement instruments have entered the marketplace, bu{ they
oven technology for custody transfer. No international standards exist at the moment.

! Gas flow-—» ,

|—--—Measuring station—--J

Figure 5 — Direct determination of energy

7.2.2 Indirect determination of energy

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

values for vo

lume/mass, calorific value and other entities.

7.2.21 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 metering station (see Figure 6); the

14

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=ab47bb7fc92624686ce5f694de583186

ISO 15112:2007(E)

measurement devices are individually calibrated. The volume flow rate and energy quantity are typically
displayed at the measuring point. For large gas quantities 04 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——-

Calorific Volume
value conversion

Energy
E=YHx Q

Figure 6 — Local online calorific value measurement

Due 1o the local gas-quality situation and for economical reasons, it is sometimes of use to take samples of
gas (time- or flow-controlled) within the measuring station and to determine the calorific value gt a different
placqg (see Figure 7).

———Measuring station——-

Volume

A J

| |
: :
Calorific | Volume |
value < Sampling ¢
determination| <4 I conversion I
| |
| |
| |
' |
. ]
Energy
»{determination [«

. E=YXHx Q
Data via ﬁ or &R 2 H x
Central energy

or @ determination

Figure 7 — Local offline calorific-value measurement
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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+

|
or@ L

8 Strategy and procedures

8.1 Gene

“Design” in {

necessary a
account the

Energy detefmination starts with an assessment of a reasonable energy-determination strategy, followeg

al

| | |
‘E flow = | | |
| |

Different locations

I I
I I
| | (remote) | |
| Calorific | | Volume |
I value I I conversion I
I I I I
[ | L O
r ]
| |
Energy
_ | E=YHx Q _
Data via & or Data via = or

Central energy:|

determination

Figure 8 — Remote calorific value measurement (example)

or X]

he context of this International Standard encompasses the requirements of what informatjon is
xd how it‘should be obtained to fulfil the needs of the energy-determination strategy, taking into
xpectedcourse of data.

by a

plausibility check of the measured data. The next steps are the assignment of the representafive calorific
value and the combination of the data (calculation procedures). Finally, a quality control procedure is

performed.

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

16
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Design J

!

Data
generation see Clause 6
(measurement)

<

A J A
Procedures see Clause 8
Plausibility check see Clause 8

and Annex B

!

Assignment of
calorific values ‘ see Clause 9 > 2
Combination of data see Clause/10
Accuracy,

see Clauses 11, 12

Quality control ‘

i

A
Billing#
Invoicing

a $trategy, action and procedures.

Figure 9 — Strategy for an indirect energy determination

Princjpally, elaborated strategy and the applicable methods and procedures for energy determingtion shall be
applied without'changes. They may be changed only if

— an improvement or maintenance of the accuracy of the results can be ensured, or

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

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 variations in the data; this can lead to modifications of energy
determination.

© 1SO 2007 — All rights reserved 17
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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,

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

for a specified interface.

Taking into 4
of the energy

This is impo
disadvantag
where only t
elsewhere (i.

ccount the changes In gas quality at an Interface IS a Key factor for the justirication and acc

ous for one partner and shall be avoided. This can happen, for example, at 'those inter
e gas volume is measured and combined with a calorific value or other physi¢al‘data detern
e. density, CO,), or by using raw data without any critical check.

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

Liracy

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

faces
nined

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

Supply situaii

the delivery

Thus, the co
deciding whq
shall be subd

Changes in
examples, s4

8.2.1 Strat

8.211

Large quanti
relevant cald
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 Figures 14 ang

ons according to Figures 14 and 15 very often resulf'in reasonable changes in gas quality g
nd take-off situations.

ndition of the gas-quality changes, within the“energy-determination period, is very important
ther an energy-determination period for billing purposes of, for example, one month or one
ivided into different periods.

e Annex B.

bgies for the single interfaces

ties of gas denerally pass interfaces 1 to 3 (see Figures 3 and 4). For interfaces 2 and
rific value~gan be determined relatively easily by local measurement (see Figures 6 ar
fic valuesmeasurement (see Figure 8) and appropriate assignment methods for quality tra
is up.te'the contract partners and local authorities to agree upon the matching method.

jas quality within one day do not*usually result in a further subdivision into hourly values.

or
15).

ue to

when
year

For

, the
d 7),
cking

At those poi

hte~aon thae aas arid where-a maeasurementof the-calorific value-and other imnortant aas.
He—oh—the—gas—gHae—-AMere—ah remeht—-ot—thRe—-catoHHc— Vb8 ahRa—-otheHpoerahtgas

ality

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

entities in an

8.2.1.2

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 at reference conditions, a volume conversion is either performed by

— p,Tand

Z, or

Pnc and p.

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

18
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In case of gas production from a single reservoir, online measurement for the determination of the calorific
value might not be justified because the gas composition remains unchanged over time. 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.

The development over time of separate calorific values relative to the initial calorific value can be assessed
statistically. If the variation of the values exceeds 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
delivery composition of the gas is strongly dependent on the type of gas treatment installation.

For tlLe determination of the compression factor, Z, see 6.4.4.

8.2.1|3 Interface 2

The galculation of the volume at reference conditions is performed as described in8-2:1.2

The determination of the calorific value for energy-determination purposes is-performed by meas
6.3) ¢r assignment (see Clause 9).

irement (see

8.2.114 Interface 3
The ¢
Interr

calor

e user of this
etermine the

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

8.2.1}5 Interface 4
At interface 4 of the gas grid, a measurement of-the calorific value and other important gas qualit
usually not be performed for technical and/or*economical reasons. For this interface, assignm

(see Clause 9) are necessary.

y entities can
ent methods

control. The
pressure that
e to the low

Upstieam from the measuring device; a stable pressure shall be ensured by means of pressure
local |distribution company (LDC).determines procedures to set the relevant temperature and
can e used for energy-determination purposes, taking into account the ambient pressure. Du
presgure, the compression facter is not calculated and set to “1”.

For t
valug

If onl
decld
ataf

his interface, eithera“declared or assigned calorific value can be applied, using the upstr
of interface 3.

y reasonably>small changes in gas quality can be expected (see Figure B.1), it is advisable
red calotific 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

eam calorific

fo use only a
t by the LDC
). During the

energ rface 3 from

wher

y-determination period, the LDC regularly checks the calorific values at (upstream) inte
b the gas is feeding interfaces 4.

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
changes 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 Hgq shall be assigned for
energy-determination purposes for the time periods ¢4 and ¢,, and the calorific value Hg, for the time period 5.

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

a gas grid separated from other gas qualities, and

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

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

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, for each day or another interval within the energy-determination period, the energy quantity of the

gas that passes interface 3 is calculated by averaging the measured/determined in

[see Eqy
passed

For

The
Equ

Fina
inte
b) Secondl
summed
energy-(

The resulting

dividual calorific v

nterface 3 during the same interval [see Equation (7)] in the following manner.
this purpose, the individual hourly calorific values are averaged using Equation (6).

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

lly, that daily averaged calorific value is multiplied by the gas volume Qf_quantity that had p4
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 volumes/quantities of all intervals of
etermination period [see Equation (8)].

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

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

8.21.5.2 (

If end users
at all such in

If the calorifi

Gas grid not separated from other gas qualities

at the interface 4 are supplied via several interfaces 3, the calorific values measured/deterr
erfaces 3 are relevant.

c values change over time atdhese interfaces, it is usually impossible to perform a calorific

measuremer
(i.e. complic

t at each interface 4 due )to economical reasons, even if, according to local cond
ted topology, low pressure), the supply situation is unclear. Mostly due to relatively sma

quantities af that interface, technical measures, such as sampling, calorific-value measurement,

reconstructi

, etc., cannot usually/be justified as a means of increasing the accuracy.

If different gas qualities are.fed into a gas grid at several interfaces 3, the calorific values for the interfa
are calculatefd by arithmétically averaged calorific values (see 9.3.1) or by the following procedure.

alues

ill be
that

n the

nined

value
itions
| gas
state

ces 4

a)

b)

c)

At first, [the energy quantity for each interface 3 is calculated for the energy-determination perigd as

describgd in"8.2.1.5.1.

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
period.

If none of the weighted-average calorific values of any interface 3 deviates by more than a permitted
increment from the weighted-average grid calorific value, then the weighted-average grid calorific value
may be applied for the calculation of the energy of every interface 4.

A practical example is given in Figure 10.

20
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(Q Hgp)

EXAN
interf
value

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

PLE A charging area, where the energy determination is being pérformed, is supplied at {
ces 3 by the gas quantities 0, O, and Q5 with the corresponding calarific'values Hg,, Hg, and Hgs.
5 have been either measured at the entry points or determined upstr€am at interfaces 1 or 2 and ass

he entry-point
These calorific
gned to these

interfjces 3 as described in Clause 9. Then the averaged calorific valuevH for energy-determination purposes in the

charg

For interfaces 5 and 6, this averaged calorific value canalso be taken for energy-determination

meas
interf
calor

If the

term

Ifar
the c
in thq
follow
deter
exan
meas
calor
valus
detai

ng area is calculated as described at the above-mentioned points\8.2.1.5.1 a) and b).

ured individually at these interfaces. In the latter:case, the energy-determination procedurs
bces in the charging area shall take account of the energy quantities determined individu
fic value measurement at interfaces 5 and/or-6.

maximum one week) deviations oceur, for example caused by measures to ensure the supq

basonably accurate energysdetermination process can be assured (see 8.2.1.5), arithmetic
blorific values may be considered. If the weighted-average calorific value falls outside the pe
context described above in the charging area due to strongly changing gas qualities at intq
ing additional measures inside the charging area can be taken. These measures are

purposes or
for all other
ally via local

deviation exceeds the permitted limif)the national authorities shall be informed about the measure of
devidtion and the procedure applied. Thelinformation is not necessary if, in extraordinarily rare

cases, short-
ly of gas.

averaging of
rmitted limits
rfaces 3, the
hecessary to

mine a calorific value that is as representative as possible for single parts of the pipelin

s, see9.2.

system, for

ple by the use.of sampling techniques that take into account the quantities Q4, O, and Q5 and the
ured or calculated take-off structures of subsequent interfaces 4 to 6. In these cases, diffgrent average
fic values™can be calculated for the various parts of the energy-determination system using the calorific
s at the~entry-point interfaces and the calorific values determined by sampling methodg. For further

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
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 as at interfaces 1 to 4 (see

8.2.1

8.2.1.

5.2).

7 Interface 6

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

©I1SO

2007 — All rights reserved

21


https://standardsiso.com/api/?name=ab47bb7fc92624686ce5f694de583186

ISO 15112:2007(E)

8.3 Plausibility checks

The first step for energy determination is the critical check of the plausibility of the measured, transmitted or

recorded data. Data outliers 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.

Check course of
raw data over time

Volume
flow>0

Other

values>0
?

no

Check course of
raw data over time

Extreme
values

Chek
measurement
devices

Mal-
function of
flow meter

Create substitute |

A

values

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

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

A practical example is given in informative Annex H.

9

9.1

A fixgd assignment of a calorific value within a charging area for energy-determination periods
be pgrformed in simple, separated grids if the following conditions are met.

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

9.1.1| Fixed assignment of a measured calorific value

The

gas quality is very small (see Figure B.1). Thusyit is justified to assign the mean of the previous
calorffic value as a fixed value to all subsequent interfaces. The assignment from a single ¢
determination station can be demonstrated-as follows.

Figure 12 illustrates a single sourcé of° gas, whose calorific value, H, is determined at the entr
pipeline that is operated by a gas transporter/regional distributor and that feeds a number of intsg
ne. The calorific value dssigned to all the interfaces is that determined at the entry point and is not
modified to reflect the different times of transit of the gas to different interfaces.

pipel

Key

Assignment methods

Fixed assignment

The direction of the gas flow between the calorific value and the volume-measuring points is

measuring points are reasonably small (see 10.4 and Figure.B.1) in that energy-determir
Clause 11 can be used to check if the required accuracy of.the energy determination can be

alorific value is measured at a calorific-value*measuring station. The data show that the v3

an generally

constant.

The variation of the gas quality and the transit time of the gas between calorific value @and quantity-

ation period.
met.

riation of the
ly measured
plorific value

point to the
rfaces at the
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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:

I I
| I
I I
I I
| 1(Hsi) | =
I Q I
[ e Y Y Y Y [
| > |
| i 4@y s[@)  6l@) 7]y
I 2(Hsp) I
I I
Y. W J

Key

1,2,4to 7 interfaces

8 valve 1

9 valve2

10 energy-determination grid

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

Figure 13 illUstrates a system in which a gas transporter has the possibility of supplying gas to the pipeline
from two different sources. The two calorific values, Hgq and Hg,, one for each of the two gaseg, are
determined @t a point upstream of the entry(entry point) to the pipeline and there is no calorificvalue
measuremer]t downstream of the entry point.

The gas transporter decides to use @\fixed assignment from one or the other of the calorific jalue
determinatiofn points on the basis that

— a constgnt supply can be assured at all times from one source,

— the two [gas supplies with the different gas qualities, Hg4 and Hg,, never operate simultaneously [(both
valves are never opendat the same 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
corresp At 10 tothe-same oupp=y pef toe-

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

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

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

— the calorific values of all gases entering the grid are determined on a daily basis,
— if for any period the determined calorific value falls below the declared figure, then the LDC will revise the declared

jalue for the following period such that, over the two periods, the determined value is equal to, orhigher than, the
verage declared value.

9.2 | Variable assignment

Espegially in open gas grids, gas qualities at the interfaces can vary significantly with time (see Figure B.3). In
this dqase, the requirements for a fixed assignment are no longer applicable and it is necessary|to adopt the
assignment/calculation method that is suitable for conditions that change with-time. The choice|of a suitable
assignment method changes according to changes in the gas quantitiesvat the input stationg as well as
changes in the take-off structures at subsequent interfaces. Thus, carefQ) procedures for variabl¢ assignment
of the calorific values shall be undertaken. There are two different situations, which are described in 9.2.1 and
9.2.2

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

Key

1,2,4to7 interfaces
8  ¢nergy-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
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 O, at interface 2 and the applicable calorific values Hg 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.
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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 commingled gas flows

Key

1,2,4t07 in|
8 valve1
9 valve 2
10 energy-d
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Figure 45 — Variable assignment —
Example for two measured gas qualities and unidirectional gas flow

Hgq and the ¢

calorific value
result at interf:

always differeI

A quantity-w
for the gas q

ce 4.

Lantities 04 to O, supplied to the respective interfaces for the energy-determination period,

into account

the transit times for Hgq and Hg, from the measuring stations to the mixing point.

During an energy-determination period, the quantity O, at interface 1 with the associated calorific|value
uantity O, at interface-2 with the adjacent calorific value Hg, are measured. The two calorific valugs are
t from each other-and can also change during the energy-determination period. Due to this situation,
assignment tovinteffaces 4 to 7, a pattern of calorific values similar to that in Figure B.3, for example, can

for the

pighted“average calorific value shall be calculated at the mixing points behind valve 1 and vglve 2

trking

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.

26
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9.3.1 Arithmetically averaged calorific value

For an entry-point interface, an arithmetically averaged calorific value is calculated for

the energy-

determination period by dividing the sum of periodic single calorific-value measurements at the entry point by

the number of measurements of the calorific value (see 10.2.1).

9.3.2 Quantity-weighted average calorific value

For an entry-point interface, a quantity-weighted average calorific value is calculated at this interface for the

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

9.3.3| Quality tracking

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

The pbjective of gas-quality tracking is to yield information about the gas quality for those pig
locations where no gas-quality measurement is installed.

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

9.3.3|1 State reconstruction of calorific values

State reconstruction involves an offline calculation of the set of all relevant pressures and flow r
pipeline or grid on the basis of the complete topology, the checked measured values of the flo
supplying and take-off points and of the pressureés and temperatures, and possibly ad
meagurements, at various points on the pipeline(s)\using an appropriate dynamic mathematical m

The ¢bjective of a state reconstruction is to.yield accurate information about the real flow states
or grjd. Therefore, the results of a statefreconstruction-based gas-quality system may be us
purpgses. In this case, the operation ¢f such gas-quality tracking systems shall be monitored
qualily reference measurements at appropriate places on the pipelines.

In Figure 16, a grid with a lot of-receiving stations (interfaces 5 and 6 are two examples) without ¢
meagqurement is schematically shown. Hg4 to Hg3 are the measured calorific values of the gas (
to Q4 respectively, from different origins, and Hgg and Hgg are the calculated calorific values at
statigns with the gas quantities Qg and Qg, respectively.

b or a grid by
plying points

eline or grid

fopology, the

ptes in a real
v rates at all
ditional flow
odel.

of a pipeline
ed for billing
by additional

alorific value
uantities, Q4
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Figure 16 — Example of a reconstruction-based-gas-quality tracking scheme

9.3.3.2 Grid simulation

In grid simulation, the calorific values are also cal€ulated for any point on a pipeline or grid, but because the
input data (tppology, calorific values, flows, préssures 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 term “grid simulation” should not be used as a synonym for f{state

reconstruction”.

10 Calculption of energy quantities

10.1 General equations for energy

In accordange(with Figure 2, energy determination of a gas flow is based on the change in the flow rate gnd in
the calorific vatueasafunctiomroftime;e-g—g{r)and#H{r); Tespectively:

For the determination of the energy flow, e(¢), the basic differential equation is given in Equation (1):

e(t) = H(1) - 4(1) (M

The quantity of energy, E(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 Equation (1) over the time,
t, as given in Equation (2):

ty t,
Et,) = j e(t)dt = j H(t)- q(t)dt )

0] to
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The shortest period of time for energy determination for billing purposes is 1 h or multiples thereof (i.e. days,

week

s, months, one year).

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

— multiplication of the calculated volume at reference conditions with the averaged calculated calorific value
of the same hour;

— in situ energy calculation in the volume-conversion device using the actual measured entities for the
calculation of energy based on the calculation of O, and H,, followed by summing these single energy

{

The relevant hourly values can subsequently be added to derive daily, monthly or annual quantitie

Calcl

A sm
HCOHS
last n

To si
as gi

The
intery

Equation (4):

A H 4 o
udaliutcs Uverl T T1.

lation equations:

all time interval, At, is set such that the calorific value, H(z), may be assumed to be a co
i In practice, H;,,st matches the result of measuring devices that periddically determine
neasured value between measuring cycles.

mplify the process, the period 7, to ¢, is subdivided into » time intervals in order to meet the
en in Equation (3):

1 ) Iy
() = Hoonst, 1% | 4000t + Hoonst 2 % [ (1)t +...+ Hogngt o [ qle)dt
‘o 1 In-1

ntegrals in Equation (3) correspond to thetransported quantities, Q, of gas in the req
als, At; they can be calculated by integration of the actual gas flow over the time, ¢,

(1) = [ q(t)dt

hstant entity,
bnd yield the

assumption,

©)

pective time
as given in

(4)

In practice, however, measuring(systems yield the quantity, Q, directly as the result of a measuremmnent.

Thus

Equa

Equation (4) can be.rewritten as Equation (5):
n n
E(tn) = ZEm = (Hconst.,1 x Q1) + (Hconst.,z x QZ) Tt (Hconst.,n x Qn) = Z (Hconst.,m xQ

m=1 m=1

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

) (5)

The 1

hobthly average for calculating thermal energy can, for example, be computed from daily val

LIES.

For the practical application of incremental energy determination, see Annex D.

10.2 Calculation of averaged values — Calculation from average calorific values and

cum

ulative volumes

When the calorific value is constant during the time period 7, to 7, (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).
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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):

n
Harith:ZHm/” (6)
m=1

Equation (5) can be simplified, if the single factors, H, are similar to the arithmetic average value, H;,

. . . = onst,m’
as given in Eguation (77

E = Hyih < O 7
10.2.2 Quantity-weighted average of the calorific value
If the energy|of the gas quantity transported from time ¢ to ¢, is normalized to the gas quantity, O(z,), that was
transported ip the same time period, the so-called “quantity-weighted average of the-calorific value” is given by
Equation (8),taking into account Equation (5):

n n
H(t,) =(E(t,)1 Q(t,) = 3 Hoonstn O ! D, O (8)
m=1 m=1

Each of the # single calorific values, Hqgt ,,» IS Weighted by the respective quantity Q.
For practicallexamples, see Annex F.
10.3 Volume and volume-to-mass conversions
Where gas-duality data are required for conversion purposes at the interfaces, it is necessary that thosq data
be related td the gas flowing to those interfac€s, 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 calorificevalue shall be converted from volume units to mass units.
See Annex ¢ for a general description.For practical examples based on physical properties, see Clause E.1
for practical ¢xamples based on the gas composition, see Clause E.2.
10.4 Enerdy determination-on the basis of declared calorific values
To enable a practical, easy energy determination mainly at interface 4, but also applicable to interfaces $ and
6 (see Figures 3 and\4), a calorific value may be declared within an energy-determination period [for a
charging arela with>a set of different interfaces. Prior to the energy-determination procedure, the dedlared
calorific value shall be determined by means of the weighted-average calorific value. For example, |f the
energy-determination period is on r, th lorific value i rmined for h month n arithmeti¢ 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.

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 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.
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11 Accuracy on calculated energy

11.1

Accuracy

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

of

uncertainties, and

biases.

11.1.

R

Unce

11.1.
calcu

A pos

— s
Iway not be representative of the gas’/passing that interface).

Gene
energ
meas
mear

11.2

The nelative uncertainty, u(E), of the energy is calculated from Equation (9), which is derived fron

equa

parameter used in the determination of energy is obtained by some process,from measured

an error in a calibration factor that affects subsequent'measurements,

P Uncertainties can have two sources:

ncertainty of the measurements of the gas quantity and calorific values made for ‘the det
nergy;

ariability of the parameter being measured (of particular importance when\the numerical

rtainties can be quantified but not eliminated.

B Bias results from systematic differences between the actual'quantity and calorific value
lation of energy at a gas-measuring station and the true values for those parameters.

sible bias in the determined energy has a number of sotrees, such as

se of fixed factors, for example in the conversion of measured gas volumes to the correspo
t reference conditions,

signment to an interface that is equipped with only gas-volume measurement of a calorific

ral information on the calculation of uncertainty and identification of bias on the determine
y is given in 11.2 and 14.3:"A graphical example to show the principal difference between
urements, biases andthe final result of a measurement (for example a corrected calor
s of a graph, based©@n GUM, is given in Annex .

Calculatiomof uncertainty

ion far_the determination of energy, Equation (10):

ermination of

value of that
alues).

used in the

nding volume

value (which

d quantity of
uncorrected
fic value) by

n the general

12

2 2

L AV r L AV L \-I
(Er=r (=7 (o]]

where

u(H)

u(Q)

is the relative uncertainty of the calorific value;

is the relative uncertainty of the quantity of gas.

9)

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

NOTE THe uncertainties of the flow rate, p, T and Z, can be determined as given in the flow-measurement starjdards
and 1SO 122113 (all parts). As a first approximation, the relative uncertainty for an individual energy calculation can be
regarded as gqual to the relative uncertainty of the energy calculated over longer periods of time (even‘over a |billing
period) obtaingd by integrating the small portions of energy. This approximation is only applicable when
a) the relatiye uncertainty of the measured calorific value is constant over the range of measured calorific values;
b) the relatiye uncertainty of the measured quantity is constant over the measuring range ofithe flow meter. In practice,
this assumption is valid only over a part of a flow meter’s range. For example, for some.ofifice plate metering sygtems,
the unceftainty is essentially constant over 30 % to 100 % of Q... In some cases, it can be acceptable to use the
maximunj relative uncertainty for the range of flow rates that are experienced by the'flow meter.
The energy, F, is calculated from Equation (10), the general form of Equation’(7):
E=Hx (10)
where H is the average or assigned calorific value for the period:

The uncertaipty u(E) is calculated from Equation (9), wheré-#2(H) is the uncertainty of the average or ass|gned
calorific valug.

The uncertaipty of the average or assigned calorific'value contains three elements:
— uncertaipty of measurement;
— uncertaipty due to variation of the calorific value of the gas over the averaging period;

— time delay.
11.3 Bias
11.3.1 Wherever possible, a bias (see Annex |) should be identified and eliminated.

Where both ¢alofifi¢c value and volume and/or mass are measured at an interface, bias in the determined
energy can drise) from potential sources, such as

— calibration errors,

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

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.
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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 at standard reference conditions. The possibility of bias is high for the relatively
simple meters used at interface 4 for domestic consumers, such as

where the conversion of the measured gas volume at operating temperature to the equivalent volume at
standard temperature involves an assumed, fixed value for the operating temperature of the meter; in
such cases wh

ere the operating temperatu

here the conversion of the measured gas volume at operating pressure to the equivalent volume at
gtandard pressure involves the use of a fixed average pressure, for example derived fromp an average
altitude to compensate for atmospheric-pressure variation with altitude; in such cases wherg the altitude
of the interface is higher than the fixed altitude, the gas volume calculated at the standard pressure is too
high and vice versa.

11.3.
repre

A

Use of a flow-weighted average calorific value for a_network in which the majority of i
gystematically supplied from sources having calorific xalues different to the flow-weighted av

4

B Bias can also result from the fact that the calorific value assignedio the interface is n
sentative of the gas passing the interface caused by, for example,

bt sufficiently

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

significantly,

1terfaces are
rage value,

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

12 Quality control and quality assurance

12.1| General

The

inten
and ¢
recor
secu

If ma|
and
colle

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 maintenancs

d of the systemperformance. Data handling and data transmission shall be performed us
e procedures,

tching data/for a comparison over time are given, the data shall be assessed to recognize
o evaluate it. This step can usually be performed only if a suitably large quantity of dg
ted,\for example after one year. Therefore, the data generated in accordance with Clause 1

Keep it at its
p, verification

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

ing safe and

bossible bias
ta has been
0 are directly

used|for-billing purposes.

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

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).

Note that 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.
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Generally, the following possibilities for performing a data comparison are available:

input sta

calibration standard
calibration means
measured values

measuring device

& calibration standard;
o measuring device;
& calculated values;
& measuring device;
tion o sum of output stations.

In general, the detection of a bias can reasonably be accomplished only when taking into account a\su
long time pefiod.

For calorimeters, such an interval may be within two calibration periods, for example one month. Usu
comparison pf volume-measuring stations is reasonable only after one year, taking into “account ra

summer/win
eliminate the

12.3 Trace

Given the ph
energy is of
the expense

Most measu
fundamental
materials an
related, with

12.4 Substitute values

Energy detefmination shall be ensured afall times as long as energy is transmitted via an interface, e

the measurin

If a measurir]
instruments i

derived fronm} measuring inStruments, auxiliary equipment and/or computational models for quanti

estimation.

pbility

r effects. Where biases (systematic errors) are identified, action shall be taken to quantif
bias; in the meantime, suitable substitute values or correction factors shall'‘be used.

ysical implications of custody transfer of natural gas, accuracy,of measurement of the deli
undamental importance. Inaccuracy in the sense of bias or Systematic error favours one p3
of the other. Random errors have a neutral effect.

rement instruments operate on a comparative technique, and the measurement accurg

y influenced by the accuracy of the calibration_standard used. Hence the interest in refe
d in traceability. Traceability is the property..6f’a result of a measurement whereby it ca

g instruments have partly-or.completely ceased to function.

g instrument has failed,/substitute values are required until the proper function of the meas
5 restored. They shall’be obtained on the basis of the most plausible available values and m

Substitute v

affected by the malfunctioning instrument. They require, in each case, the approval of the parties di
affected (gemerally the contracting parties). Substitute values shall be clearly distinguished from the

values.

lues and\their origin shall be made known and explained to the contracting parties di

itably

Blly a
hdom
and

ered
rty at

cy is
ence
n be

stated uncertainty, to stated references, usually national or international standards, through an
unbroken chain of comparisons.

ben if

uring
By be
fative

rectly
rectly
other

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

34

upstream and downstream measuring instruments,

linear regression,

hourly, daily, weekly, monthly or annual comparisons with equivalent past periods,
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— comparison of output or plant efficiency in the case of industrial customers,

— comparison based on samples,

— comparison of flow conditions in multi-stream measuring systems with constant flow resistance,
— calculations according to physical laws of flow, etc.

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

Main instruments and energy-determination techniques

Table A1
Interface(s) at which the following volume measurement techniques take place
Country Rotary Backup of
Diaphragm | .. Vortex | Turbine Orifice | Ultrasonic Other, volume
displacement
meterning
Belgium — 3,5,6 — 1,2,3,5,6 — — — —
China 4,6 45,6 3,5,6 2,3,5,6 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 3,56 — 1,2,3,5,6 1,2 — — 1,2
Uplted 46 5 _ 15 1 45,6 — 1,5
Kingdom
Italy 4,6 3,5 — 3,5 1,35 — — 1,3.p
Netherlands 4,6 3,5,6 — 1,2,3,5,6 1 1,2 — 1,2,3,5
Austria — — — 1,2 1,2 — — 1,2
Russian 1,356 — — 13,5 1,2,3,5 — — 34
Federation
Hungary 45,6 3,5,6 — 3,56 1,3,5 — — 1,3
USA 45,6 1,2,3,4,5,6 3,5 1,2,3,5,6 1,2,3,5 2,3,5 52 1,2,3,5
@  Venture n¢zzle and mass.
Table A.2
Interface(s) at which the following activities take place
Measurement of Data storage Measure_ment Compr Calorifi Direct
Country of density at (s)ibrl.it(;s- Volume | Calorific 33‘7% © | substitute o e?';y
Tempera- | Inside | Outside . factor con- |measure-| .. |valuesat | ol ure-
Volure nr:ur?.rp st;:nn Qmo':nn gpnel;lat‘ll‘l;:lgs c::::::z:.‘s calculation version ment tion errors ment
Belgium 1'2’36'4’5’ 2,3 — — — — 3b 12,3 2 — 2 —
China 12345 12356 | 12 | — - - 12356 | — - - - -
Germany 1'2’36'4’5’ 1,2,3,5,6 1 — 1,2,5 (112;)53 1 1 12,5 1 1 —
France 1'2’36'4’5’ 1,2,3,5,6 1 — (1,28 (1 é) a 1 1 1,2 — 1 —
United 1
Kingdom 14,56 | 1,256 1 1 (125)2 1@ 1 1 12,5 1 1 —
35
Italy 13456 135 1 — 1@ (135)2 1 1 1,35 — 1 —
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Interface(s) at which the following activities take place
Measurement of Data storage Mfee;sure_:nentt Compres- Calorific Direct
Country ot density a o Volume | Calorific Substitute
T Insid fo) id SIbIIIty con- measure- value values at energy
Volume ertrllﬁ:ra- ni'f e u:)sfl | Operating Normal Ifaclt otr version | ment cc:_r reC- | errors measu{e-
pressure |station| station conditions | conditions | /42N on men
1,2,3,4,5, 1 1,2 1,2,3,4,5,
Netherlands " 1,2,356 [1,256 2 (125)2 (12,35 1,2,4,5,6 o 1,2,35 5.6 —
Russian 1,2,3,4,5, 1,2,3,4, a 1,2,3,4,5,6 1,2,3,4,5,
Federation 6 1,2,3,4,5,6 56 (1,2,3,5) (1,2,3,5) a | 1,2,3,45,6 6 — — 1,2,3,4,5,6 —
Hungafy 13456 | 1356 1 1 (1,3,5)2 (1,3,5)2 1 — 3,5 — —
1,2,3,4,5, 1,2,3,5, 110 6, 1,2,3,5,6
USA 6 1,2,3,4,5,6 6 1,2,3,5,6 (1106)2 |(1,2356)2 12356 12356 1235 1,2,8,5 1,2,$,5,6 1,2,3,5
@ (alculated density value.
b Pjus Z-meter.
Table A.3
Interface(s) at which the following, activities take place
Colintry Density at Temperature, Calorific value measurement by B:;‘;:ﬁigf
Operating Normal pressure Ge Wet Dry Other value
conditions conditions measurement calorimetry | calorimetry measurement
Belgiym — (2,3,5,6)2 2,356 (2,3,5,6)° — — — 2
Ching (35)2 (35)2 3.5 (35)9 — — — —
Germiany (1,2,5)P (1,2,5)b; 1,2,3,5,6 (1,2,5)¢; 24 1,2,5 — — 1,2
(12)8
Frande (122 | @5°% 012212356 | (1,2)° 1 — — 12
Unitedl 1b:(1,2,5)2 12 1,2,5,6 (1,2,5)¢ — — — 1,2,5
Kingdom
Italy 1a (3,5)b; 1,3,5 (1,5)C; — — — —
(135)2 (1,35)¢
Nethgrlands (1,5) (1,2,5)b; 1,2,3,5,6 (1,2,5)¢ 14 1 — — 1,2,5
(1,2,5)-2 (1,2,3,5)2
Russign (1)2,3,5)2 (1,2,35)aPb 1,2,3,5,6 — — 5 1,2,3,5 —
Fedefation
Hunggary (1,3,5)2 (1,3,5)2 1,3,5,6 (1,5)°¢ — — — —
USA 235 A 42 3 A 123456 s gayed 1235 1235 1,2,3,5
@8  Calculated value.
b Measured value.
¢ Online.
d Offline.
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Table A.4
Interface(s) at which the following activities take place
Correction of
Country Compressibility | Volume Data Generat_lon metered calculated Direct energy
) of substitute values by means
factor conversion storage . measurement
values of correction
factor

Belgium 1b.c 1d 1d.e 1f9 — —
China 1,52 1,54 1d — — —
Germany 1b 1d 1d 1f9 1 A
France 10 1d 1d 19 -
United b-ca d- e de g —
Kingdom 1%5 1,59 (4,5,6) 1 1 1

Italy 12 1d 1d 1f.9 — _

a- .

Netherlands (1('3’2'22; ’ (1’2'3’24’e5'6)’ (1,256)%2¢ 19 56 —
Russian a d, e d f.g —

Federation (1,2,3,4) (1,2,3,5) (1,2,3,5) (1,2,3,5) 1,5
Hungary (1,35)% (1,35 (1,35)%¢ (1,3,5)d¢ (1,35)"9 — —

f.
USA (12356)7 (123584 (123509 (2007 1235 1235

@  Volume cqnversion by the AGA 8 method; see Reference [36].

b Volume cdnversion by the S-GERG88 method; see Reference [37).

¢ Z-meter.

9 Inside statlon.

€  Outside sthtion.

f Local.

9  Remote.

38 © ISO 2007 — All rights reserved
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Table A.5
Interface(s) at which the following activities take place
Country det Er!erg_y Ene;;gybval_uesfon IIEneIrgydvaIuef, Min;mum t!me_per;ods rflor energy
the basis of locally | calculated calorific | reconstrustion or o or erg 9
metered values values mathematical models | Hourly Daily | Monthly | Other
Belgium 23,56 4 4 2,3,5,6 3,5,6 5 4,6)¢
China 3,5 — — 5 — — 4¢ 52
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)¢
Frande 1,2,3,9 3,4,9,06 3,9 1,2,5 1,2,3,9 3,46 44
m;lm 1,2,5,6 1,4,5,6 — — 14,5 5,6 4b
Italy 1,3,5 3,4,5,6 — — 14,5 3,4,3,6 —_
Nethdrlands 1,2,3,5 4,56 — 1,2,3,5 — 6 (4.6)°
IS:(?ZIIZ;]ion 12,3,4,5,6 - 12,3,4,5,6 £ sl
Hunglary 1,3,5 34,56 — — 1 34586 | 4¢52
USA 1,2,3,5 1,2,3,5 4,5,6 1,2,3 1,2,3,5 4.4 —
a Veekly.
b Quarterly.
¢ Annually.
© ISO 2007 — Al rights reserved 39
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Annex B
(informative)

Different possible patterns in the change of the calorific value

Figures B.1 to B.3 show three different examples of possible patterns in the change of the calorific value for
an energy-determination period.

Y1A A \/2
- LIS .

|

A J
A

o4 |

1 2 3 4 5 6 7 8 9 10 11 12

F~r1f1T 71T 17Tt 1t1t 11 1 1 17 T~ 17T 1T 1 17 17T 1T 17T T T T T T T T
12134567 8 91011121314 1551617 1819 20 21 22 23 24 25 26 27 28 29 30 31

Key

X months (] = January,...12 = December) of\days (1st to 31st of each month)

Y1 Hg, expr¢ssed in megajoules per cubic'metre

Y2 g, exprepsed in cubic metres periday or cubic metres per month

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

In Figure B.1|, the\calorific value in a energy-determination period, for example one month, is nearly conptant.
Thus, it is justified to calculate an averaged calorific value for the complete maonth (see Clause 10 and
especially 10.4 as a justified method). For energy determination, it is important to take into account that for the
period from the 1st to the 10th, the gas flow rate was smaller than for the period from the 10th to 31st.
Therefore, an energy quantity, £4, can be calculated for the time period, #,, and the energy quantity, E,, for the
time period, 1,.

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, £, can be calculated for January to April and for
May to December, an energy quantity, E,.
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Y1 A A Y2
| Hf1 _
r— [| —]

Hfz
| a,
Q, '
— |
Y
B ty . ty ol fg |
T T T T T T T T T T T >
1 2 3 4 5 6 7 8 9 10 11 12 X
rrr ot o111 11 11 11T 11T 1T T T 1T 7T 7 TT7T Leh 1 1 T 1T 1711
1234567 8 91011121314151617 18 192021 22 28 24 25 26 27 28 29 30 31
Key
X months (1 = January,...12 = December) or days (1st to 31st of each month)
Y1 Hg, expressed in megajoules per cubic metre
Y2 (,, expressed in cubic metres per day or cubic metres perimonth
Figure B.2 — Annual or monthly energy-determination period —
Two different calorific values
In Figure B.2, for example, the calorific\value within the energy-determination period, is nearly cpnstant up to
the 1pth; the calorific value decreases then to a significantly lower level. For the energy determipation, either

the month shall be separated into,two periods from the 1st to the 15th and from the 16th to th
ged calorific value shall be performed (see Clause 9 and Annex F). For large quantities and, therefore,

avers
for eq

In thi
perio
the 1

If the
deter
Janu

onomical reasons, a separation into two periods shall be performed.

5 case, for energy-determination purposes, the energy quantities, £4, E, and E5, for the re
s, 14, t, and tg5.shall be determined separately to compensate for the different quantities f
Dth day and.the change in calorific value at the 15th day.

time scale’is one year, the patterns in the change of the calorific value justify separating the
mination periods, 4, t, and t;. Thus, the energy quantity, £, can be calculated for the

spect

year

I

hry-to' April; E,, for the period from May to June; and E5, for the period from July to Decembe
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Y1/
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Key

X months (

Y1 Hg, expre

Y2 gq,,expre

In Figure B.3
several time{
shall be calc
subdivision ¢

In this case
calculated s
associated W

Equation (5)].

If the time s
different ene

345678 91011121314151617 18192021 222324252627 28 29 30 31

= January,...12 = December) or days (1st to 31st of each month)

ssed in megajoules per cubic metre

5sed in cubic metres per day or cubic metres per month

Figure B.3 — Annual or monthly energy-determination periods —
Several different calorific values

, the calorific value within an enefgy-determination period, for example one month, chs
; thus, either the month shall.be.separated into a couple of periods or an averaged calorific
Ilated (see Clause 9 and Atinex F). For large quantities and, therefore, for economical reasg
hall be made to take the calorific values Hg, to Hgg into account individually.

the energy quantities, £, to Eg, associated with the time periods #; to fg, respectively
pparately, using.the different quantities, 0, O, and 03, and the different calorific v
ith each time-period. The total energy quantity is obtained by summing the E, to Eg values

ale is.one year, the patterns in the change of the calorific value justify separating the yea
rgy<determination periods with Hg4, Hgp, Hgs, €tc. and to determine for each period an ave

Xy

nges
value
ns, a

, are
hlues
[see

r into
aged

calorific valu

b fop energy determination.
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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 (at operating conditions) per second, in the |
conversion to volume at reference conditions is necessary.

atter case a

Starting from the continuity in mass, EN 1776:1998, Annex C, derives equations for volume_co
determination of mass from volume and density at operating conditions. These are given, us
confgrming with the ISO directives, as Equations (C.1) and (C.2) for calculating the converted V
refergnce conditions, expressed in cubic metres, and Equation (C.3) for calculating the'mass, M,
kilogfams.

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

prT-Z
/r:V.ﬁ
Pr
-M
=y . L m
T-Z-R
wherg

B is the pressure at operating conditions, expressed in kilopascals (bar);

B, is the pressure at ISO-recommended reference conditions, expressed in kilopascals (ba
y is the operating temperature, expressed in kelvin;

I, is the ISO-recemmended reference temperature, expressed in kelvin;

" is the velume at operating conditions, expressed in cubic metres;

¥ isthe*‘compression factor at operating conditions;

nversion and
5ing symbols
olume, V,, at
expressed in

(C.1)

(C.2)

(C.3)

~

X “~jis the compression factor at ISO-recommended reference conditions;

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 at operating conditions, expressed in kilograms per cubic metre;

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

© 1SO 2007 — All rights reserved
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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 the calofific value of the gas should remain essentially constant over the chosen time interval.
In many casgs, the time interval is equal to the cycle time of the GC used to determine the calorifi¢ valug. The
individual quantities of energy for all the time intervals in the billing period are then added together to giVe the
energy. The method is illustrated in Figure D.1.
YA
- /___/
| | | | | | | -

i it i+2  i+3 Coiv4 j+5 j+6  i+7  j+8  +9 j+10 i+11  n | X
Key
X time (t=4 i+1,i+2,..0n)
Y metered 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, _ .

At time i + 1, the quantity of gas registered on the meter is O,_;, 4 and the calorific value is measured as
Ht:i+ 1

Then the quantity of energy for the interval from s =ito t=i + 1 is given in Equation (D.1):

Et:itot:i+1:(Qt:i+1_Qt:i)'Ht:i (D.1)

44 © 1SO 2007 — All rights reserved
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Then, for any period from time i to time n, 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+ Eimisttor=iv2t emmee +E - 1tor=n) (D.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 Calcutationsusing1SO12213-3
E.1.1 Geneéral equations

The calculatipn of the volume, V., expressed in cubic metres at normal reference conditions, from the vglume
at operating ¢onditions is given by Equation (E.1):

Vac=V 1z (E.1)
where
vV is the volume at operating conditions, expressed in cubic metres;

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

_|Tnc  Pamb * Pg~ PH0 Zj

. (E.2)
T Pnc Z
where
The is the temperature at normal reference conditions, expressed in kelvin;
T is the operating temperattre, expressed in kelvin;
Pamb is the average of the ambient air pressure at the meter, expressed in kilopascals (bar);
Pg is the operating-pressure (gauge), expressed in kilopascals (bar);

PHD is the partial)pressure of water in natural gas, expressed in kilopascals (bar);

Prc is the~density at normal reference conditions, expressed in kilograms per cubic metre;
Z is"the compression factor at operating conditions;
ch is the r\nmprneeinn factor at normal reference conditions

Z,J/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]).

E.1.2 Example calculation

The calculation for the converted volume, ¥,,., is carried out as demonstrated using the following parameters,
as given in 1ISO 12213-3 (S-GERG88; see Reference [37]):

— average of the ambient air pressure at the meter, p 1, 99,66 KPa (0,996 6 bar);

— operating pressure (gauge),pg 700 KPa (7,0 bar);
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— operating temperature, T 288,15 K;

— calorific value, Hg . 11,901 kWh/m3;

— density, p,. 0,822 7 kg/m3;

— concentration of CO,, Cco, 1,12 mol %;

— concentration of N, Cy, 0,80 mol %;

— concentration of Hy, Cyy, 0 mol %;

— pl»artial pressure of water in natural gas, PH,0 < 0,1 KPa (< 0,001 bar);

NOTE Pryo May be expressed by the product of ¢ (relative humidity of the gas) and-p 4 (partfal pressure of
gteam in saturated gases); in dry natural gases p,, is usually p..; < 0,1 KPa (0,001 bar). Fhus, for dry| natural gases
the expression (pH20 = @ pgat) Can usually be set to zero.

— I,/ Zratio 1,017 52.

NOTE This value is calculated using the first eight values above ‘in 1SO 12213-3 (S-JERG 88; see
Reference [37]).

The gubstitution 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

4=0,947 94 - 7,892 03 - 1,017 52
41=7,612 24

At a fneasurement station, a quantity, @ [#*= 1 000 m3; 7= 288,15 K; Pg= 700 kPa (7,0 bar); pahp, = 99,6 kPa
(0,996 6 bar)], has been measured. “Performing the volume conversion to normal conditions using
Equation (E.1) yields

he = 7 612,24 m3

The ¢nergy quantity, E,-is ealculated in accordance with Equation (10) as given below.

F=17612,24 m3-"11,901 kWh/m3

£ =90 593,27 kWh = 326 135,77 MJ

E.2 'Galeulationsusing150-12243-2
E.2.1 General equations

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 1ISO 12213-2.
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E.2.2 Example calculation

The calculations for the energy, E, are carried out as demonstrated using the following parameters, measured

at one of the

interfaces.

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

— operating pressure (gauge), Pg 5 000 KPa (50,0 bar);

— operating temperature, T 283,15 K;

— concentratiomof €05, Cco, 2;227mot %;

— concentfation of Np, Cy, 0,77 mol %;

— concentfation of O,, Co, 0,01 mol %;

— concentration of CHy, Ccp, 87,62 mol %;

— concentfation of CoHg, Ce,pyg 8,75 mol %;

— concentfation of C3Hg, Ceapyg 0,53 mol %;

— concentfation of -C4H1g Cicyhyg 0,03 mol %;

— concentfation of n-C4Hyq, Cpp.c,hyq 0,04 mol %;

— concentfation of i-CsH2, Cicgpy, 0,01 mol %;

— concentfation of n-CsHy,, Cpp.copyy, 0,01 mol %;

— concentfation of CgHy4., Coghyy+ 0,01 mol %;

— calorific value(calculated from analysis), Hg 7 11,581 kWh/m3;

— density(¢alculated from analysis), pf. 0,813 3 kg/m3;

— partial pfessure of water in natural gas, py,0 < 0,1 KPa (< 0,001 bar);
NOTE PHyo May 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 (szO =@ pgor) can usually be set to zero.

— ZyJZrafjo: 1,1520737
NOTE This value is calculated using the concentrations CO, to CgH,,, in I1SO 12213-2 {AGA:8-92DC,

Equation

(8); See Reference [301}-

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
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At a measurement station, a quantity O [V'=10000m3; T=283,15K; Pg= 5000 kPa (50,0 bar);
Pamb = 99,66 kPa (0,996 6 bar)], has been measured. The volume is converted to V. at normal conditions
using Equation (E.1):

Ve = 559 355,8 m3
The energy quantity, E, is calculated in accordance with Equation (10):

E =559 355,8 m3 - 41,6916 MJ/m3

E=23320438,27 MJ =6 477 899,52 kWh

© ISO 2007 — Al rights reserved 49


https://standardsiso.com/api/?name=ab47bb7fc92624686ce5f694de583186

ISO 15112:2007(E)

Annex F
(informative)

Practical examples for averaging the calorific value
due to different delivery situations

The following examples demonstrate the calculation of the delivered energy for interface 5 (an industrial
customer) on-the-basis-of-the-following:

— arithmet|c-average calorific value: see Figure F.1 and Table F.1;

— weighteg-average calorific value/fixed assignment: see Figure F.2 and Tables F.2.and F.3;

— weightedl-average calorific value/variable assignment: see Figure F.3 and Tables.F.4, F.5 and H.6.
NOTE Calorific value correction by means of a correction procedure (see 6.5, 12:27and Annex|) is in uge for

interfaces 1 to|3 and 5.

Table 1 shoys the calculation of the energy from separate measured Calorific values, Hgs ., at nprmal
reference cgnditions and separate gas quantities, V5., at normal reference conditions for an indystrial
customer at finterface 5; Entry-point interfaces 1 and 2 (see Figure F.4)-supply a series of interfaces 4|to 7.
Hgs, Os, ps, I5, density and CO, concentration are measured at interface 5.

1]@) 2@
A

Hsi 4 )@q) |4

Key
1,2,4to 7 interfaces

8 ndustrialcustomer

Figure F.1 — System with entry-point interfaces 1 and 2,
which subsequently supply a series of interfaces 4 to 7
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