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Foreword 

ISO (the International Organization for Standardization) is a worldwide fed- 
eration of national Standards bodies (ISO member bodies). The work of 
preparing International Standards is normally carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical committee has been established has the right to be rep- 
resented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO col- 
laborates closely with the International Electrotechnical Commission (IEC) 
on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are cir- 
culated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies castina 

” 

a vote. 

International Standard ISO 11042-2 was prepared by Technica 
ISOfTC 192, Gas turbines. 

Committee 

ISO 11042 consists of the following Parts, under the general 
bines - Exhaust gas emission: 

- Part 7: Measurement and evaluation 

- Part 2: Automated emission monitoring 

Annex A of this part of ISO 11042 is for information only. 

title Gas tur- 
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INTERNATIONAL STANDARD @ ISO ISO 11042=2:1996(E) 

Gas turbines - Exhaust gas emission - 

Part 2: 
Automated emission monitoring 

1 Scope 

This part of ISO 11042 establishes the monitoring 
Programme and the requirements for the selection 
and Operation of hardware to be used for continuous 
measurement over an extended, not limited, time. 
The concentration and absolute magnitude of speci- 
fied emissions in the exhaust gas are monitored as 
weil as related gaseous components from gas tur- 
bines together with essential operating conditions. 
Appropriate terms and Symbols in addition to those 
defined in ISO 11042-1 are used. lt presents require- 
ments for the monitoring environment, the instrumen- 
tation and recording as well as for quality assessment 
and correction of data. 

This part of ISO 11042 is applicable for all gas turbines 
producing mechanical shaft power and/or which are 
used as drivers for electrical generation as well as 
marine application but excluding application in aircraft. 
lt tan be used as a basis for installations equipped to 
utilize exhaust heat. 

This part of ISO 11042 is applicable for gas turbines 
which utilize the open cycle process. lt is also appli- 
cable as a basis for gas turbines which utilize the 
semi-closed cycle and for gas turbines 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. 

In general, this part of ISO 11042 requires that the 
following Parameters be continuously monitored: 
emissions, diluent gas (0 2, CO$, exhaust gas flow 
(calculated or, if required, measured), fuel consump- 
tion and gas turbine plant Performance. Chemical 
analysis of the fuel is required on fuel samples taken 
at regular intervals. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions of 
this part of ISO 11042. At the time of publication, the 
editions indicated were valid. All Standards are subject 
to revision, and Parties to agreements based on this 
part of ISO 11042 are encouraged to investigate the 
possibility of applying the most recent editions of the 
Standards indicated below. Members of IEC and ISO 
maintain registers of currently valid International Stan- 
dards. 

ISO 231411989, Gas turbines - Acceptance tests. 

ISO 4225: 1994, Air quality - General aspects - Vo- 
cabulary. 

ISO 6879: 1995, Air quality - Performance character- 
istics and rela ted 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- 
tra tion. 
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ISO 11042-2:1996(E) @ ISO 

ISO 11042-1 :1996, Gas turbines - Exhaust gas 
emission - Part 7: Measurement and evaluation. 

3 Definitions 

For the purposes of this part of ISO 11042 the fol- 
lowing definitions, as well as those given in 
ISO 11042-1 :1996, clause 3, apply. 

3.1 monitoring 

(1) In the w’d I e sense of the term, repeated m 
urements to follow changes over a period of time. 

eas- 

(2) In the r es rrc e sense of the term, regular meas- t . t d 
urements of the pollutant level in relation to some 
Standard in Order to assess the effectiveness of the 
System of regulation and control. 

See ISO 4225:1994. 

3.2 reference measurement: Independent meas- 
urement for acceptance tests and recalibration and for 
checking of actual measurement. 

33 . analyser: Assembly comprising: 

a) lines permitting removal and transfer of gas to be 
analysed and/or of calibration gas; 

b) a measuring device which, from the physical or 
Chemical properties of the components of the gas 
Sample analysed, gives Signals allowing the 
quantification of the components; 

c) Signal processing devices (amplification, record- 
ing) or, if needed, data processing devices. 

See ISO 7504:1984. 

3.4 sampling principle: Representative sampling of 
gases in the duct including both extractive and non- 
extractive methods. 

See ISO 10396:1993. 

NOTE 1 In extractive sampling, these gases must be 
conditioned to remove aerosol, particle matter and other 
interfering substances before being 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). 

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 statistical, functional and oper- 
ational Points of view as defined in ISO 6879. 

The following aspects are taken into consideration. 

3.51 response time: Time taken for a System to re- 
spond to a rapid Change in value of the air quality 
characteristics. lt tan be divided into two Parts as fol- 
lows. 

3.5.1.1 lag time: Time taken for a representative 
Sample to enter the instrument. 

351.2 instrument response: Time taken for the in- 
strument to give an output equal to 90 % of the total 
Change in Sample concentration. 

3.52 zero instability (drift): Change in instrument 
output in response to a zero Sample over a stated 
period of unattended Operation. 

3.5.3 span: Differente between the instrument 
readings for a stated value of air quality characteristic 
and for a zero Sample; by convention, this value 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 categories. 

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 a stated 
period of unattended Operation. 

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

The following aspects are taken into consideration. 

3.6.1 calibration function: Instrument reading as a 
function 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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Baff Ie 

In-Stack filter 

Tee 

Probe 

Port 

Cap 
Pressure gauge 

To zero and reference gases 

Thermally insulated sampling line 

Temperature controller (line) 

Temperature controller 

Filter 

13 Heater 

14 Refrigeration unit 

15 Water discharge 

16 Vacuum gauge 

17 Bypass valve 

18 Pump 

19 Sampling line (heating optional) 

20 Manifold 

21 To analyserjs) 

22 Rotameter 

23 Excess Sample gas discharge 

Figure 1 - Example of an extractive sampling and conditioning System 
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KW 

1 Measurement cell 

2 Probe filter 

3 Probe 

4 Exhaust gas duct 

5 Gas calibration line 

6 Data recorder 

7 Protective hood 

8 Instrument transceiver 

9 Probe mounting 

Figure 2 - Example of a Point non-extractive monitor 
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12 

1 Lamp 7 Electronie module 

2 Transmitter assembly 8 Data recorder 

3 Internal gas calibration cell 9 Exhaust gas duct 

4 Receiver assembly IO Alignment/caIibration pipe 

5 Protective window 11 Purge air blower 

6 Detector 12 Gas calibration line 

\ 8 

Figure 3 - Example of a path non-extractive monitor 
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3.6.3 non-linear function: Calibration function - SO2: 
wherein the instrument reading is not linear with re- 

measurement only required in the 
case where continuous Sulfur re- 

spect to the concentration of specific component(s) 
measured by the reference manual method (sec 
ISO 11042-1). 

NOTE 2 Non-linearity may be expressed by higher Order 
regression coefficients. -NO . 

X’ 

moval is applied or sufficiently 
detailed fuel analysis is not pro- 
vided or where specifically agreed 
by both Parties. 

measurement always required. 

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 Ievel of confidence. 

NOTE 4 If agreed upon, only the NO 
content is to be analysed providing the 
NO2 content does not exceed 10 % of 
the total NO,. A value of N02, which 
should be determined by a reference 
test, must be added to the NO read- 

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

-- CO *’ 

ing. - 

measurement required if no direct 
02 measurement is performed. 

3.6.6 plausibility test: Test designed to compare 
the measured carbon content in the exhaust gas (from 
CO*, CO and UHCs) with the calculated carbon con- 
tent for the gas turbine fuel, the acceptable differente 
between these values being agreed between both 
Parties. 

-CO . . measurement required if agreed 
upon between the Parties, particu- 
larly when monitoring partial loads. 

- UHCs: 

- vocs: 

measurement required if agreed 
upon between the Parties. 

measurement required if agreed 
upon between the Parties. 

4 Symbols and abbreviations 
- 02: measurement required for correc- 

tion of data either by direct meas- 
urement or by calculation. 

The Symbols and abbreviations of ISO 11042-1:1996, 
clause 4, shall apply. 

- NH3: measurement only required for 
plant with catalytic reactor for NO, 
reduction using NH3. 

5 Monitoring Programme 

5.1 Monitoring System 

See figure 4. 

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

Monitoring requires sampling and analyser Systems, 
which continuously sense the exhaust gas as well as 
Status data of the gas turbine plant and produce sig- 
nals for the electronie evaluation System. 

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

5.2 Constituents to be measured 

The constituents to be mandatorily measured shall be 
agreed upon between the Parties in accordance with 
local regulations. The following Iist of constituents 
may be monitored. 

5.3 Operating data to be recorded 

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

- Dust and 
smoke: 

measurement only required in 
case of potential presence. 5.3.1 Ambient air conditions 
NOTE 3 In general not required for 
Operation on natura1 gas unless spe- - temperature; 
cifically agreed between both Parties 
or where alternative stand-by or start- 

- pressure; 

up fuels may be needed. relative humidity. 
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5.3.5.2 The following Steps shall be performed. 5.3.2 Gas turbine/plant Performance 

a) Conversion of the data to Standard conditions. power output; 

fuel consumption; b) Producing of relevant Status Signals for the gas 
turbine plant. 

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

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. quantity of water 

working fluid , wher 
or steam 
applicable. 

injected into the 

f) Classification of values as per e) regarding Status 
Signals as per b). 

g) Storage of classification results as per e) and f). 

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

hl Issue of data on daily, monthly and annual basis. 
5.3.3 Status of Operation 

All above data shall be stored: - Start in progress; 

- stop in progress; 

- emission monitoring System in or not in Operation 

for daily data, for two years; 

for monthly data, for five years; 

for annual data, for lifetime of plant. 
the 

for 

for 

the 

or in calibration mode during Operation of 
plant; 

continuous Sulfur removal not in Operation 
72 h, if applicable; 

continuous Sulfur removal not in Operation 
240 h, if applicable; 

A typica I flow Chart d agram for automated data col- 
lection a nd processing is presented in figure 5. 

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

type of fuel in the case of dual fuel Operation; 

Status of bypass in the case of heat utilization; 

in the case of water or steam injection into 
working fluid, the operational Status of the injec- 
tion System. 

6 Arrangement of monitoring System 
5.3.4 External inputs 

6.7 Measurement locations for gaseous 
emissions - identification of gas turbine plant; 

- correction factors used; 
The probes shall be installed at an accessible location 
where constituent concentration or emission rate 
measurements are directly representative or tan be 
corrected so as to be representative of the total 
emissions from the facility or at the measurement 
Cross-section. 

- at suitable intervals a fuel analysis which deter- 
mines constituents to be monitored as well as 
net heat energy and total content of carbon and 
hydrogen; 

- data representing limits on constituents consid- 
ered as air pollutants (such limits shall be deter- 
mined by agreement between the interested 
Parties). 

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. 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. 

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- 
ante (i.e. bend or damper) and more than 1 diameter 
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Time base 

Sample 
Accumulate 

c 
1 Sms 

t 
Average 
Accumulate 

I 

Sample 

500ms 

Accumulate 

I 

Reference 7 
Calculate - - Calculate 

t I I 

Threshold control Threshold control 

Analogue output Analogue output 
} 

PI Analogue Signal 
Datatransferto PC Datatransferto PC 

-; Alarm,printer report 

Graph 

30s 

I 

AverageHHA 
Limit value control 
Classify,store HHA r Accumulate 
Datatransferto PC 

- Alarm,printer report 

L Graph 

30 min 

- Alarm,printer report 
- Protocol 
G Graph 

24h 

STA - Short time average 
PI - 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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Figure 6 - Typical arrangement of the equipment for monitoring and reference measurements 
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0 ISO ISO 11042-2: 1996(E) 

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. 

lt is suggested that measurements be taken where a 
Stack or duct is of constant Cross-section. The meas- 
urement location 

d is recommended to be at least two equivalent di- 
ameters downstream of the nearest control de- 
vice or bend, the Point of constituent generation, 
or other Point at which a Change in the constitu- 
ent concentration or emission rate may occur and 

b) shall be at least one equivalent diameter up- 
stream of the exhaust gas outlet or control de- 
vice. When supplementary firing, catalytic 
converters, etc. are in use, then the location of 
the sampling Position shall be agreed upon by the 
Parties involved, e.g. directly behind the turbine 
section (see also 7.1 .l). 

6.2 Point measurement of gaseous 
emissions 

In addition to 6.1 it is suggested that for a non- 
extractive measurement of gaseous emissions the 
measurement Point be 

a) no less than 1 m from the Stack or duct wall or 

b) within or centrally located over the Stack area or 
duct Cross-section. 

6.3 Path measurement of gaseous emissions 

In addition to 6.1 it is suggested that for a non- 
extractive measurement of gaseous emissions the ef- 
fective measurement Point 

a) be totally within the inner area 
1 m from the Stack or duct wall 0 

bound by a line 

b) have at least 70 % of the path within the inner 
50 % of the Stack or duct Cross-sectional area or 

d be centrally located 
area. 

over any part of the central 

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. 

The path length shall be long enough to permit accu- 
rate determination of particulate matter at the low 
levels associated with many gas turbines. lt 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). lt 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- . 
Irght . 

Care should be taken that there be no air ingress im- 
mediately upstream of the particulate monitor as 
temperature gradients tan affect the Signals from 
some Optical devices. For this reason any purge gas 
flow across Optical emitters, reflectors and collectors 
needs to be strictly controlled, i.e. constant. lt should 
be noted that it may be necessary to clean the optics 
on the flue gas side at certain intervals. 

6.5 Measurement locations for reference 
measurements 

The same conditions as detailed above for monitoring 
shall apply. The locations for monitoring and reference 
measurements need not be the Same. 

Measurement traverses may be used initially to locate 
the representative monitoring Point. 

Figure 6 Shows the arrangement of the equipment for 
monitoring and for reference measurements. 

7 Components of the monitoring System 

All components which form the monitoring System 
shall be designed for reliable, long, uninterrupted op- 
eration and shall be compatible with each other. 

The utilization of test and reference gases should be 
minimized. 

71 . Extractive sampling 

7.1 .I General 

Extractive sampling, if applied, concerns that Portion 
of the monitoring syste m used for 

Sample acquisition, 

- Sample transportation, 

- Sample conditioning and 

- protection of the analyser(s) from the effects of 
the effluent. 
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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. 

The sampling probe shall be capable of providing a 
representative Sample of the exhaust gas flow during 
monitoring. A demonstration that the Sample obtained 
is representative of the mean flow shall be made. This 
requirement shall be complied with whether a multi- 
hole or a Single-hole (Single-Point) probe is used. 

When supplementary firing, catalytic converters, etc. 
are in use, then the location of the sampling Position 
shall be agreed upon by the Parties involved, e.g., di- 
rectly behind the turbine section. 

The sampling probe to be used for the test shall be 
capable of continuously supplying a sufficient volume 
of Sample gas to the analysers. 

Further, the requirements according to ISO 11042-1 
shall be adhered to. 

7.2 Analysers 

72.1 Arrangement of analysing System 

See figure 7. 

7.22 Types of measuring device 

Table 1 Shows available types of analyser. Detailed 
specifications are provided in ISO 11042-1. For a 
number of particular constituents, one combined ana- 
lyser may be used. Special analysers are available 
which are suitable for monitoring. Analysers not listed 
below but meeting the accuracy requirements stated 
in this part of ISO 11042 may be usec 
between the Parties involved. 

7.2.3 Accuracy of analysers 

The accuracy of analysers used shal 
quirements of ISO 11042-1. 

by agreement 

meet the re- 

8 Calibration, functional checking and 
maintenance 

8.1 General 

Quality of measurement is influenced by measurement 
System design and installation, operational procedures 
(calibration and measurement) and maintenance pro- 

Table 1 - Analyser types for measurement of 
constituents 

Constituent Analyser type 

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

CO 

CO2 

so2 

Non-dispersive infrared (NDIR) 

Non-dispersive infrared (NDIR) 

Non-dispersive infrared (NDIR) 
or non-dispersive ultraviolet (NDUV) 
or pulsed UV fluorescence (PUVF) 

UHCs Flame ionization detector (Fl D) 

vocs Gas chromatographl) (GC) 

Solid particles Photometric method 
and smoke or dispersed light method 

02 Magnetodynamic method 
or paramagnetic cell method 
or zirconia cell method 

NH3 Chemiluminescence method2) 
or spectrophotometric (indophenol) 
method 
or non-dispersive infrared (NDIR) 1 

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 clause covers 
calibration, functional checking and maintenance pro- 
cedures. 

8.2 Reference measurements 

As part of the plant commissioning procedure, it will 
be necessary to prove whether the flow at the Sample 
Station is homogeneous or stratified. If traverses are 
required (see 6.5), the Sample Station shall be Chosen, 
or plant arranged, such that there be no air ingress, 
i.e. the gas turbine exhaust is undiluted. 

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 ISO 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. 
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