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Mated emission monitoring

In general, this part of ISO 11042 requir
following {parameters be continuously
emissions, diluent gas (O,, CO,), exhau
(calculated or, if required, measured), fue

tion™and gas turbine plant performancg.
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2 Normative references
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semi-closedTycleandfor gas turbimes equipped - with
free piston compressors or with special heat sources.

This part of ISO 11042 is not intended to be used for
acceptance testing for gas turbine exhaust emissions
except by mutual agreement between the parties in-
volved.

Constituents, which are released into the air in signifi-
cant quantities, greater than a certain limiting value,
should be monitored. Such values are determined by
mutual agreement between the parties involved.

ISO 422571994, Air_quality — General aspects — Vo-
cabulary.

ISO 6879:1995, Air quality — Performance character-
istics and related concepts for air quality measuring
methods.

ISO 7504:1984, Gas analysis — Vocabulary.

ISO 10396:1993, Stationary source emissions — Sam-
pling for the automated determination of gas concen-
tration.
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1:1996, Gas turbines — Exhaust gas

emission — Part 1: Measurement and evaluation.

3 Definitions

For the purposes of this part of ISO 11042 the fol-

lowing definitions,

ISO 11042-1

3.1 monitoring

(1) In the v
urements to

as well as those given in
:1996, clause 3, apply.

©1SO

3.4.2 non-extractive sampling: Does not involve
removal of a sample and sampling is confined to the
gas stream in the duct (see figures 2 and 3).

3.5 system operating characteristics: Aspects of

performance from statlstlr,al functional and oper-

ational points of view as defined in ISO 6879.
The followin

3.5.1 response time: Time taken for a system to re-

vide sense of the term, repeated meas-
follow changes over a period of time.

{2) In the rgstricted sense of the term, regular meas-
urements of the pollutant level |n relation to some
standard in prder to assess the effectiveness of the
system of regulation and control.

See ISO 422p:1994.

3.2 referen
urement for
checking of 4

3.3 analysrr

a) lines pe
analysed

ce measurement: Independent meas-
hcceptance tests and recalibration and for
ctual measurement.

: Assembly comprising:

mitting removal and transfer of gas to be
and/or of calibration gas;

b) a measuyring device which, from the physical or

chemica
sample
quantifig
c) signal p
ing) or, i

See ISO 750

3.4 sampli
gases in the

properties of the components of the gas
analysed, gives signals allowing:ithe
ation of the components;

focessing devices (amplification, record-

needed, data processing devices.
1:1984.

hg principle: Representative sampling of
duct includifng~both extractive and non-

extractive methods.

See ISO 103

In gxtractive samplrng

P6:1993.

these gases must be

interfering substances before berng conveyed to the in-
struments. In non-extractive sampling, the measurements
are in situ, therefore no sample conditioning will be re-
quired.

3.4.1 extractive sampling: Includes extraction of
the sample, removal of interfering materials and main-
tenance of gas concentration throughout the sampling
system for subsequent analysis by appropriate in-
strumentation (see figure 1).

spond 10 a rapid change In value of the.alf quality
characteristics. It can be divided into two(pars as fol-
lows.

3.5.1.1 lag time: Time takennfor a repredentative
sample to enter the instrument.

3.5.1.2 instrument response: Time taken fqr the in-
strument to give an oltput equal to 90 % of the total
change in sample céncentration.

3.5.2 zero instability (drift): Change in indtrument
output insresponse to a zero sample over § stated
period of Unattended operation.

3:5.3 span: Difference between the indtrument
readings for a stated value of air quality chardcteristic
and for a zero sample; by convention, this vallie of air
quality characteristic is selected to be 95 % of the up-
per limit of a gas concentration measurement range
as it may be specified for affected source catejgories.

3.5.4 span instability (drift): Change in instrument
output in response to a calibration gas of 90 % of the
measuring range(s) of the instrument over & stated
period of unattended operation.

3.6 system calibration characteristics: Aspects of
measurement functions with pertinence to callbration.

The following aspects are taken into consideration.

3 on : éing as a
functlon of some measurable property of the specific
component(s) under investigation and obtained by the
reference manual method (see ISO 11042-1) with all
the interferences remaining constant.

3.6.2 linear function: Calibration function wherein
the instrument reading is linear with respect to the
concentration of specific component(s) measured by
the reference manual method (see ISO 11042-1).
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Figure 1 — Example of an extractive sampling and conditioning system


https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

ISO 11042-2:1996(E) © SO

-«
do
O

6 5 &4
AN
4\/\_/\_/\/4
Key
1 Measurepent cell 6  Data recorder
2  Probe filtpr 7 Protective hood
3  Probe 8 Instrument transceiver
4  Exhaust gas duct 9  Probe mounting
5  Gas calibfation line

Figure 2 — Example of a point non-extractive monitor



https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

©1SO

Key

D O WN =

ISO 11042-2:1996(E)

5

Lamp
Trangmitter assembly
Internal gas calibration cell
Recgiver assembly
Protgctive window,
Detgctor

W

. Fq \ S ANNN S N\ Ea - /6
|
N \\1 | AN SN Ed o ;
1 10 19
e |
|
™8
4 /1

7
8
9
10
11
12

Electronic module

Data recorder

Exhaust gas duct
Alignment/calibration pipe
Purge air blower

Gas calibration line
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3.6.3 non-linear function: Calibration function
wherein the instrument reading is not linear with re-
spect to the concentration of specific component(s)
measured by the reference manual method (see
ISO 11042-1).

NOTE 2 Non-linearity may be expressed by higher order
regression coefficients.

3.6.4 confidence interval: Interval with lower and
upper limits within which the mean values of the re-
gression line lie with a given level of confidence.

© SO

— S0y: measurement only required in the
case where continuous sulfur re-
moval is applied or sufficiently
detailed fuel analysis is not pro-
vided or where specifically agreed

by both parties.

— NO,: measurement always required.

NOTE 4 If agreed upon, only the NO
content is to be analysed providing the
NO, content does not exceed 10 % of
the total NO,. A value of NO,, which
should be determined by a reference
test must be added to the NO read-

3.6.5 tolerance interval: Interval with lower and
upper limits yithin which is contained a specified per-
centage of the population with a given level of confi-
dence.

3.6.6 plausibility test: Test designed to compare
the measuredl carbon content in the exhaust gas (from
CO,, CO and UHCs) with the calculated carbon con-
tent for the das turbine fuel, the acceptable difference
between thgse values being agreed between both
parties.

4 Symbol|s and abbreviations
The symbols|and abbreviations of ISO 11042-1:1996,
clause 4, shall apply.

5 Monitofring programme

5.1 Monitoring system

See figure 4.

Monitoring requires sampling and analysér systems,
which continfiously sense the exhaust_gas as well as
status data df the gas turbine plarit ‘and produce sig-
nals for the electronic evaluation.system.

5.2 Constituents to bé mveasured

The constitugnts to besprandatorily measured shall be
agreed upon |between the parties in accordance with
local regulatipnss, The following list of constituents
may be monifored.

ing. o

measurement requirédhtf no direct
0, measurement is performed.

— COzi

— CO: measurement (required if [ agreed
upon betweenrthe parties, |particu-
larly whenonitoring partig! loads.

— UHCs: measygrement required if [ agreed

upob-between the parties.

— VOCs: measurement required if [ agreed

Jdpon between the parties.

— 09: measurement required for| correc-
tion of data either by direct meas-
urement or by calculation.

— NH3: measurement only requifed for
plant with catalytic reactor for NO,

reduction using NHs.

Other constituents may be monitored by agr¢ement,
especially where fuels containing toxic components
are utilized.

NOTE 5 It should be noted that CO,, CO and UHC meas-
urements are required to determine, by calculafion, the
plant mass flow. This value may then be compared|with the
manufacturer's design mass flow as a test for measure-
ment plausibility.

5.3 Operating data to be recorded

These data shall be recorded at the time of measure-
ment of the constituents.

measurement only required in
case of potential presence.

— Dust and
smoke:

NOTE 3 In general not required for
operation on natural gas unless spe-
cifically agreed between both parties
or where alternative stand-by or start-
up fuels may be needed.

5.3.1 Ambient air conditions

— temperature;
— pressure;

— relative humidity.
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— mf4 denotes mass rate of fuel entering the control volume.

— mg7 denotes mass rate of gas leaving the turbine.

— P denotes net shaft power output.
— Tgp denotes reference turbine inlet temperature.

— CRT = cathode-ray tube.

NOTES


https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

ISO 11042-2:1996(E)

5.3.2 Gas turbine/plant performance

— power output;
— fuel consumption;

— exhaust gas mass flow, calculated or, if required,
measured;

— exhaust gas temperature behind gas turbine and,
where applicable, behind equipment for utilization
of exhaust gas heat;

— quantity of water or steam injected into the
working fluid, where applicable.

©1SO

5.3.5.2 The following steps shall be performed.

a) Conversion of the data to standard conditions.

b) Producing of relevant status signals for the gas
turbine plant.

c) Checking of the plausibility of the data as per a).

d) Producing of average values for each day on the
basis of values as per a).

e) Classification (acceptable or exceeding limits) of
average values as required by local regulations.

Methods fof the determination of the exhaust gas
mass flow shall be agreed upon (see ISO 2314).

5.3.3 Statys of operation

— start in progress;
— stop in progress;

— emissiop monitoring system in or not in operation
or in cglibration mode during operation of the
plant;

72 h, if @pplicable;

— continugus sulfur removal not in operation for
240 h, if applicable;

— type of fuel in the case of dual fuel operation;

—_ continqus sulfur removal not in operation for

— status of bypass in the case of heat utilization;

— in the dase of water or steam injection into the
working fluid, the operational status of the.injec-
tion system.

5.3.4 Extennal inputs

— identification of gas turbine plant;
— correctipn factors used;

— at suitaple intervals afuel analysis which deter-
mines ¢onstituents.t@ be monitored as well as
net heat energyand total content of carbon and
hydroggn;

— data representing limits on constituents consid-
ered as| airpollutants (such limits shall be deter-

f—Ctassificationof vatuesasperef Tegardimng status
signals as per b).

g) Storage of classification results asipér e) and f).

h) Issue of data on daily, monthly, and annual basis.

All above data shall be stored:

— for daily data, for two.years;
— for monthly data, for five years;

— for annual data, for lifetime of plant.

A typical flowv chart diagram for automated gata col-
lection and-processing is presented in figure 5

5.3.5.3 The evaluation system shall be fed jwih suf-
ficient data to also allow the automatic analysis and
evaluation of emissions produced by multifyel oper-
ation when applied.

6 Arrangement of monitoring system

6.1 Measurement locations for gaseoys
emissions

The probes shall be installed at an accessible| location
where constituent concentration or emissjon rate
measurements are directly representative of can be
corrected so as to be representative of the total
emissions from the facility or at the measurement
cross-section.

mined Dy agreement between the Iinterested
parties).

5.3.5 Automated data collection and processing

5.3.5.1 The automated data collection and process-
ing system shall have the capability of performing all
operations required for the monitoring programme.
Data shall be recorded every half hour based on aver-
aging the continuously monitored values, during the
“in mode” of operation. Also maximum and minimum
values shall be recorded.

Possible air leakage into the exhaust gas in front of
the measurement system may dilute the sample gas
and could affect the measurements. Dilution could
occur due to damaged ducting, poorly fitting dampers,
fired or unfired heat recovery equipment, etc.

Suggested measurement locations and points that are
most likely to provide representative data that meet
requirements are shown in figure 6.

The instrumentation shall be arranged in an area more
than 2 diameters downstream of the last flow disturb-
ance (i.e. bend or damper) and more than 1 diameter


https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

©1S0 ISO 11042-2:1996(E)

Ti
Signal from Operating data, ime base

continuous analyser constant factors

Sample
Accumulate

5ms

Average

Accumulata

Sample

500'ms

Average

Accumulate

Average Pl

Reference Reference

Calfulate Calculate

Thteshold control
Anglogue output STA
Dafa transfer to PC

Threshold control
Analogue output PI
Data transfer to PC

Alarm, printer regort
Analogue signal
Graph

il
il

Average HHA
Limit value control ——— Alarm, printer regort
Classify, store HHA
Accumulate — 1 Graph
Data transfer to PC

30 pin

Average DA

Limit value control

Classify, store DA

Data print out

Data transfer to PC

Atarm, printer regort
Protocol
Graph

il

Key

STA — Short time average
Pl — Part integral

HHA — Half hour average
DA — Daily average

PC — Process computer

Figure 5 — Flow chart for automated data collection and processing
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upstream of the discharge to the exterior or, where
applicable, upstream of any downstream-located
equipment.

NOTE 6 For probe location for measurement of solid par-
ticles see ISO 11042-1:1996, 7.9.3.1.

It is suggested that measurements be taken where a
stack or duct is of constant cross-section. The meas-
urement location

a) is recommended to be at least two equivalent di-
ameters downstream of the nearest control de-

ISO 11042-2:1996(E)

The path length shall be long enough to permit accu-
rate determination of particulate matter at the iow
levels associated with many gas turbines. It should be
noted that it may be necessary to install the equip-
ment so that the path is axial, or at an angle to the
duct axis, rather than at right angles to the duct axis
(normal cross-duct orientation). It is important that the
path length be not obscured by any other probes.

The installation of the equipment shall take account of
vibration, thermal insulation of temperature sensitive
components and potential distortion of ducting (mis-
alignment of optical components), and _indirect sun-

vice prbend, the point of consttuent generatiomn,
or other point at which a change in the constitu-
ent cpncentration or emission rate may occur and

b) shall[be at least one equivalent diameter up-
stregm of the exhaust gas outlet or control de-
vice.| When supplementary firing, catalytic
convegrters, etc. are in use, then the location of
the sempling position shall be agreed upon by the
partigs involved, e.g. directly behind the turbine
sectipn (see also 7.1.1).

6.2 Poipt measurement of gaseous
emissiohs

In additign to 6.1 it is suggested that for a non-
extractivd measurement of gaseous emissions the
measurernent point be

a) no leps than 1 m from the stack or duct wall or

b) withip or centrally located over the stack area-or
duct cross-section.

6.3 Path measurement of gaseous emissions

In additign to 6.1 it is suggested that for a non-
extractivg measurement of gaseous emissions the ef-
fective mpasurement point

a) be tqtally within thevinner area bound by a line
1 m from the stack'or duct wall or

b) have|at leasts70 % of the path within the inner
50 9% of therstack or duct cross-sectional area or

c) be ce¢ntrally located over any part of the central

light.

Care should be taken that there be,ho air|ingress im-
mediately upstream of the particulate ponitor as

temperature gradients can affect” the si
some optical devices. For this feason any
flow across optical emitters,)reflectors an
needs to be strictly controlled, i.e. constarn

gnals from
purge gas
i collectors
t. It should

be noted that it may (b necessary to clean the optics

on the flue gas sidé-at certain intervals.

6.5 Measurement locations for refe
measurements

The *same conditions as detailed above for|
shall apply. The locations for monitoring an
measurements need not be the same.

Measurement traverses may be used initia
the representative monitoring point.

Figure 6 shows the arrangement of the eq
monitoring and for reference measurement

7 Components of the monitoring

All components which form the monitor
shall be designed for reliable, long, uninte
eration and shall be compatible with each o

The utilization of test and reference gaseq
minimized.

7.1 _Extractive sampling

fence

monitoring
H reference

ly to locate

Lipment for
S.

] system
ng system
rrupted op-
ther.

should be

area.

6.4 Particulate measurement location

The measurement device will preferably be an optical
cross-duct monitor. The ports shall be separate to
those of the continuous gaseous emission measure-
ment and reference measurement points. The refer-
ence measurement points may include separate ports
for both gaseous emission measurement and cali-
bration of the continuous particulate monitor.

7.1.1 General

Extractive sampling, if applied, concerns that portion

of the monitoring system used for

— sample acquisition,
— sample transportation,
— sample conditioning and

— protection of the analyser(s) from the effects of

the effluent.

1"


https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

ISO 11042-2:1996(E)

It is the purpose of the gas sampling system to ex-
tract a representative fraction of the exhaust gas and
to transfer the sample, without change or with a
known change in composition, to the measuring in-
struments. For obvious reasons, the physical proper-
ties of sample gas must be acceptable to the
measuring instruments. Therefore, the sample gas
must be conditioned by removing dust and, if necess-
ary, by removing or maintaining the moisture content.

CO Non-dispersive infrared (NDIR)
The sampling probe shall be capable of providing a ' —
representative sample of the exhaust gas flow during CO, Non-dispersive infrared (NDIR)
monitoring. A-dermenstration-thatthe sample obtained sO0; Moo sivs tated TR

© SO

Table 1 — Analyser types for measurement of
constituents

Constituent Analyser type

NO, Chemiluminescence (CL)
or non-dispersive infrared (NDIR)
or non-dispersive ultraviolet (NDUV)

is representlative of the mean flow shall be made. This

requirement
hole or a sin

When supp

shall be agr

shall be complied with whether a multi-
hle-hole (single-point) probe is used.

ementary firing, catalytic converters, etc.

ed upon by the parties involved, e.g., di-

are in use, khen the location of the sampling position

rectly behin

The samplin
capable of ¢

the turbine section.

g probe to be used for the test shall be
ontinuously supplying a sufficient volume

of sample ga@is to the analysers.

Further, the
shall be adh

requirements according to 1SO 11042-1
bred to.

7.2 AnalTers
7.2.1 Arrangement of analysing system

See figure 7,

7.2.2 Types of measuring device

Table 1 sho
specificatior
number of {
lyser may

which are s
below but n
in this part

between thg

ws available types of analyser. Detailed
s are provided in 1SO11042-1. For a
articular constituents,-ong combined ana-
be used. Special analysers are available
Litable for monitoring”Analysers not listed
heeting the acelracy requirements stated
pf 1SO 11042{mdy be used by agreement
parties ipvalved.

7.2.3 Accu

acy. of analysers

or non-dispersive ultraviolet {NDUV)
or pulsed UV fluorescence (RUVF)

UHCs Flame ionization detector (FID)

VOCs Gas chromatograph (GC)

Photometric‘method
or dispersed light method

Solid particles
and smoke

0, Magnetodynamic method
or paramagnetic cell method
or zirconia cell method

NH3 Chemiluminescence method?)

or spectrophotometric (indoghenol)
method

or non-dispersive infrared (NPIR)

1) Alternative method to be agreed upon.

2) After oxidizing ammonia.

cedures. System design has been covered in| the pre-
vious clauses. The remainder of this clausg¢ covers
calibration, functional checking and maintengnce pro-
cedures.

8.2 Reference measurements

As part of the plant commissioning procedufe, it will
be necessary to prove whether the flow at th¢ sample
station is homogeneous or stratified. If travdrses are
required (see 6.5), the sample station shall bg chosen,
or plant arranged, such that there be no air|ingress,
i.e. the gas turbine exhaust is undiluted.

The accuracy—of—amatysers—used—statt—meet—the—Te=

quirements of ISO 11042-1.

8 Calibration, functional checking and

maintena

nce

8.1 General

Quality of measurement is influenced by measurement
system design and installation, operational procedures
(calibration and measurement) and maintenance pro-
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Extra sample ports may be provided to allow system
and reference measurements to be made concur-
rently, preferably at stable plant operation.

The analytical system used to make reference meas-
urements may be that as specified in I1ISO 11042-1.
Alternatively other techniques may be used as agreed
by the parties involved.

Consideration should be given to making independent
reference measurements a part of the plant com-
missioning procedure.


https://standardsiso.com/api/?name=d3b558fbf58b52eeae191ce1ef37efab

