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Natural gas quality measurement
W composition (content) of natural gas

® inert gases

= nitrogen, carbon dioxide, helium, (argon & hydrogen)

e hydrocarbons

= methane, ethane, propane, iso-butane, n-butane,
pentanes, hexanes + ......

W properties (characteristics) of natural gas
e calorific value, Wobbe number, standard density (ISO 6976)
e compression factor, line density (ISO 12213)
e hydrocarbon dew point (ISO 23874)

e emission factors
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Energy determination

Volume V; at Standard State pg, Tj Volume V,, at
Standard Conditions Metering State p,,,, T,,, Metering Conditions
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Calorific Value H,, at
Standard Conditions
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Gas Law Deviation Factor K
- AGA-8 DC 92: K(p,T,x)
- S-GERG-88: K(p,T,Hsu,pU,xCOQ,xHQ)
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Gas Quality Measurement:
- Gas Composition: x,

- Gas Parameters: H, py, xCO,
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Risks in energy meterihg

Annual Value / €
4,500,000

Typical gas fired power station
4,000,000 Power output : 500 MW
Energy Price : €60 / MWh
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Gas quality measurement
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Legal / commercial
requir@misgigation
e customer protection (example in UK law)

Public Gas Transporters (PGTs) shall carry out performance evaluations of
gas quality metering instruments in accordance with ISO 10723 following
installation or maintenance. Provided that the results of the procedure
show that the error on the calculated calorific value of transmission gas
will not exceed 0.10 MJ.m3 for gas compositions allowed in the system,
the PGT may then use that instrument for the determination of calorific
values for the purposes of section 12 of the Gas Act 1986.”

e control of GHG emissions (example in EU directive)

W commercial gas contracts
e sales gas agreements / contracts (end-users)

e allocation agreements (upstream)
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EUROPEAN STANDARD EN ISO 10723
NORME EUROPEENNE
EUROPAISCHE NORM September 2002

ICS 75.060

English version

Natural gas - Performance evaluation for on-line analytical
systems (ISO 10723:1995)

Gaz naturel - Evaluation des performances des systémes Erdgas - Bewertung der Leistungsfahigkeit von On-line-
d'analyse en lignhe {(ISO 10723;1995} Analysensystemen {ISO 10723:1995)

This European Standard was approved by CEN on 18 August 2002.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Management Centre or to any CEN member.

This Eurapean Standard exists in three official versions {English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Management Centre has the same status as the official
versians.

CEN members are the national standards bodies of Austria, Befgium, Czech Republic, Denmark, Finland, France, Germany, Greece,
lceland, ireland, Htaly, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and United Kingdom.
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Revision of I'SO 10723 : 1995

W revision to existing standard required for
e inclusion of measurement uncertainties
" instrument precision, instrumental errors
= working calibration gas
e compliance with GUM

* more rigorous assessment of errors and uncertainties of
measurement of

= composition (gas content amount fraction)

= gas properties (calculated from composition)

W revision by
e |SO/TC193/WG15 (with liaison from ISO/TC158)
e Drafting by G Squire (EffecTech, UK) and D Lander (NGG,
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ISO/DIS 10723 : 2011 - Scope

Determine E(x), E(P) Determine a range of
and U(x), U(P) over a compositions for each
pre-defined range of specified component
compositions for each which satisfy pre-
specified component defined maximums in
E(x), E(P) and U(x), U(P)

using a specified calibration gas
composition and uncertainty

calibration gas redesign
composition and uncertainty
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Challenge

W measurement of TRUE (actual) response functions for
the instrument for all components (i=1..q)

e calibration functions

" VY =F (X

i,true(

e analysis functions

" X= Gi,true(y)

W functiontypesforF& G

e polynomials of order 1,2 or 3

_ _ 2 3
" ;i = FguelX) = a9 + @y + @, % + azx,

" X= G ruelYi) = by + byy; + byy? + byy?
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Design of reference gases
W aseries of reference gases is measured by the

instrument being calibrated

W components included in reference gases

e depends on application

W range of composition

e equal or greater than that expected to be measured by the
instrument (no extrapolation)

W number of mixtures

e dependent upon expected order of Fand G
= 3 (1storder), 5 (2" order), 7 (3™ order)

o aiiroximateli eiualli siaced within the ranie
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ISO 10723 - Performance evaluatlons of on-line

analytical systems

e |SO 17025 accredited calibration
gases

e well established reference values &
uncertainties

e 7-10 cylinders each containing 10,11
or 12 components

e wide range natural gas compositions
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Experimental replicate measurements
design

reference gases

Batch-wise calibration

v' simplest / manual / most practical (p gas changes)
x temporal drift has more significance
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Experimental replicate measurements

design
KL

&

reference gases

Drift compensation calibration

v' compensates for temporal drift (due to sample size effects)

X automation required
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Drift correctlon
W Samples are injected at (or with reference to)

ambient pressure.

response [ | effective sample size [] ambient pressure
Drift compensation
calibration

Batch-wise calibration

measure ambient pressure at time of
sample injection (Py,)
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Gas fired power station
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Gas fired power station
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Witnessed factory evaluation
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LNG receiving termina
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Custody transfer border station
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Drift compensation calibration (automated)

T N = _.ihf
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Regression analysis
W parameters F and G are calculated using GLS

e maximum liklihood functions relationships (MLFR)
e uncertainties in both variables (amount and response)

e procedure identical to that prescribed in ISO 6143

W response functions validated for each component
and in each domain F and G using ISO 6143
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C a I i b ra t i on aﬂalysis functions b0 -
nitrogen 3.5 18

resu ItS carbon dioxide 2.8518E-08
methane 9.2935E-08
ethane 2 2.5554E-08
propane I 2.0175E-08
Iso-butane 934 1.8142E-08
n-butane : 1.6822E-08
nec-pentane 4.3305E-0¢
Iso-pentane 4.9747
n-pentane 5.45459
n-hexane 1.2986

calibration functions
nitrogen

carbon dioxide
methane

ethane

propane

Iso-butane

n-putane

neo-pentane
Iso-pentane

n-pentane
n-hexane
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Errors

W content/ amount fraction & properties
o assumed X =G V)

e true yi =Fi,true(xi)

e measured amount following calibration
(where functions coincide)

X-* = X Gi a5S (FI true (Xi ftrue ))
i,meas ical* Gi ass (FI true ()(i cal ))

e normalise

*

i,meas
X —

X
i,meas x
Z Xi,meas

® Eerrors
5Xi,meas - Xi,meas - Xi,true
épmeas = I:)meas - I:)true
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Uncertainties in errors

W contributions from
e calibration gas U(Xi,cal)

o instrument precision U(Y; o) & U(Y; meas)

W properties

e any property / characteristic calculated from composition

P=f(X1'X2"' X W11W2""’Wm)

1 \ny

uf(P)=i[aa—Xf_j u%x»é(%] utw,)
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Off-line model

W produce a off-line model of instrument
e errors as a function of amount fraction
e repeatability as a function of amount fraction

e uncertainties as a function of amount fraction

W use Monte Carlo simulation
e generate 10,000 different gas compositions
e for each composition calculate
= errors in physical properties

= uncertainties in physical properties
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Mean error (bias)
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Uncertainty on mean error
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Errors and uncertainties - summary

range (% mol/mol)
component calibration gas X, min M max
nitrogen 0.001 9.983
carbon dioxide 0.007 6.999
methane 78.027 97.950
ethane 0.013 11.944
propane 0.004 6.851
iso-butane 0.001 0.999
n-butane 0.001 0.964
neo-pentane 0.000 0.034
iso-pentane 0.000 0.348
n-pentane 0,000 0.350
n-hexane 0.000 0.350
range

property P.min P,mean P,max
calorific value (superior) 31.7 379 46.0

real superior calorific value (MJ.m™)

E(x),min

-0.001
-61.81%
0.000

E{P),min
-0.039

-0.088%

E(x),mean
0.014
4

E(P),mean
-0.0011
-0.003%

E(x),max

0.025
1.46%
0.011
32.12%

0.002
6398.26%

E(P),max
0.032
0.079%

U(x),min
0.005
0.000

0.47%
0.008
0.01%
0.000
0.41%
0.001
0.52%
0.000
0.67%
0.000
0.00%
0.000
1.65%
0.000
1.07%
0.000
0.00%
0.000
2.05%

uncertainties
U(x),mean
0.027
0.83%
0.016
0.50%
0.041
0.05%
0.019
0.46%
0.008
0.69%
0.002
0.82%
0.002
0.81%
0.000
5.28%
0.001
1.47%
0.001
2.04%
0.002
2.18%

U{x),max
0.055
29.51%
0.033
2.60%
0.059
0.07%
0.049
0.96%
0.036
29.81%
0.007
10.07%

0.001
21.21%
0.004
72.29%
0.005
382.06%
0.007
4.65%

bias

Bix) (%mal/mal)

0.0142 * 0.0446

0.0117 % 0.0325

-0.0447 + 0.1000

0.0130 * 0.0503

0.0029 * 0.0167

0.0007 % 0.0050

0.0004 *+ 0.0041

0.0006 % 0.0002

0.0003 * 0.0018

0.0002 * 0.0023

0.0008 % 0.0041

U{P},min
0.004
0.010%

uncertainties
U(P},mean
0.017

U{P),max
0.029
0.075%

bias

B(F)

-0.001 * 0.029




Example — design of calibration gas

E(CVyyp)/ MJ.m?
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Example — design of calibration gas

E(CVyyp) / MJ.m?
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Example — design of calibration gas

E(CVyyp) / MJ.m?
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Dove Fields
Uttoxeter
Staffordshire
ST14 8HU
United Kingdom

tel : +44 (0)1889 569229
e-mail : paul.holland@effectech.co.uk
web-site : www.effectech.co.uk
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