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1 INTRODUCTION 

Stephenson Environmental Management Australia (SEMA) was requested by 
Cogent Energy Pty Ltd  to assess the emissions from the two  gas engines 
currently operating  at the Power Generation Plant, North Sydney , New South 
Wales (NSW).   

 

The plant is licensed by the Office of Environmental Heritage (OEH)  under 
Environment Protection Licence (EPL) number 12790 which now forms part 
of Office of Environment and Heritage (OEH) . 

The objectives of the tests were to: 

(1) Conduct emissions monitoring  in March and November of each year, 
as required by the EPL No. 12790.  

(2) Determine compliance of the Nitrogen Oxides and Volatile Organic 
Compounds emissions with the maximum limit set in the EPL 12 790.   

 

The following parameters were monitored:  

Á Stack velocity, flow , temperature 

Á Moisture  

Á Nitroge n oxides 

Á Oxygen 

Á Volatile Organic Compounds  

 

There are two gas engines which power electricity generators that  are each 
served by a pair of discharge stacks per engine exhaust.    SEMA tested all 
four stacks as per Cogent Energy requests.  

 

Section 2 details the EPL12790 requirements and additional OEH 
requirements.  

 

The tests were undertaken on 1 November 2012.  
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2 EPL AND OEH MONITORING REQUIREMENTS AND LIMITS 

2.1 ENVIRONMENT PROTECTION LICENCE  

Condition M2.1 specifies the parameters the licensee must monitor, units of 
measure, frequency and sampling method.  Table 2-1 summarises the 
monitoring requirements for the North Sydney  operation.  

 

TABLE 2-1 EPA ID NOS.1 -  4  MONITORING REQUIREMENTS 

 

Locations 

EPA ID No s. 1(Stack 1A),  2(Stack 2A),  3(Stack 1B)  and 4(Stack 2B) 

 

Pollutant  

 

Units of Measure  Frequency Sampling Method  

Dry gas density kg/m 3 Special Frequency 1 TM-23 

Moisture content % Special Frequency 1 TM-22 

Molecular w eight 
of stack gases 

g/g -mole Special Frequency 1 TM-23 

Nitrogen Oxides  mg/m 3 Special Frequency 1 TM-11 

Oxygen (O2) % Special Frequency 1 TM-25 

Velocity  m/s  Special Frequency 1 TM-2 

Volatile Organic 
Compounds  

mg/m 3 Special Frequency 1 TM-34 

Volumetric  flow 
rate 

m3/s  Special Frequency 1 TM-2 

Key: 
%  =  percent 
kg/m 3  =  kilograms  per cubic metre 
g/g -mole =  grams per grams molecular weight    
m/s   =  metres per second 
m3/s   =  cubic metres per second @ oC and 1 atmosphere 

 

As defined in Condition M2.2, Special Frequency 1 means air emission 
monitoring  in November and March each year.  As defined in Condition 
M2.3, provided that the results of air emission monitoring demonstrate  that 
the concentration limits of all pollutants are complie d with during the 
reporting  period, the monitorin g requirements will be reviewed.   
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2.2 OEH REQUIREMENTS 

In a letter to Cogent Energy, the DECCW, which is now part of OEH,  
required additional  conditions .  In an email to SEMA dated 29 October 2009, 
the company advised the following : 

 

All future emissions t esting and reporting shall be done in accordance 
with the following:  

1. Exhaust flue 1A (EPA ID No. 1) and 1B (EPA ID No. 3) shall be 
monitored simultaneously, as will flues 2A  (EPA ID No. 2)  and 2B 
(EPA ID No. 4). Results shall be void if the correlating flues are not 
simultaneously monitored for comparison  

2. NO x monitoring shall be by TM -11 method  

3. Tabulated data in the report shall show current electrical load of 
generator  

4. Monitoring shall not occur until after 10am, due to the buildingõs 
low load and hence low er generation capacity 

5. Absorption chillers shall remain off for the period of testing  

6. NO x emissions shall be recorded and corrected to 5% O2 

 

2.3 EPL CONCENTRATION LIMITS 

Condition L3 of the EPL sets out the concentration limits and associated 
reference conditions for the emission points at the facility.   Table 2-2 
summarises the limits for each engine.  

 

TABLE 2-2 CONCENTRATION LIMITS 

 

Parameter Units of Measure  
100 Percentile 

Concentration Limit  

Oxides of Nitr ogen (as NO2) mg/m 3 250 

Volatile Organic Compounds  mg/m 3 40 

 
Note: As of 1 January 2011, the concentration limit of NOx for each individual point will reduce 
from 450 mg/m 3 to 250 mg/m 3.  
 
 
Key: 
mg/m 3  = milligrams per normal cubic metre @ 0oC and 1 atmosphere pressure 
%   = percentage 
O2   = Oxygen 
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3 PRODUCTION CONDITIONS 

Plant personnel considered the electric power generation plant was operating 
under typical c onditions on the day of testing. Appendix C contains details of 
the process data during the testing period. 
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4 EMISSION TEST RESULTS  

4.1 INTRODUCTION 

SEMA completed the sampling and analysis for this survey.  SEMA is NATA 
accredited for this work , NATA accreditation No. 15043 to ISO 17025-2005 ð 
General Requirements for Competence of Testing and Calibration 
Laboratories.  Appendix A presents detailed emission data, while Appendix 
B presents the SEMA (NATA endorsed ) Emission Test Report, Report No. 
5126. 

 

The Total VOC samples were analysed by the NATA accredited TestSafe 
laboratories, NATA No. 37 26, Report No. 2012-2578. 

 

The results of the current stack emission tests are presented in detail in 
Sections 4.2 to 4.5.   

 

4.2 OXIDES OF NITROGEN (NO X) EMISSION TEST RESULTS  

4.2.1 GAS ENGINE NO. 1  

The average NO x (expressed as NO2) emission concentration for  Gas Engine 
No.1 stacks were: 

Á Stack 1A (EPA ID No.1): 210 milligrams per cubic metre ( mg/m 3) 
corrected to 5% O2. 

Á Stack 1B (EPA ID No.3): 246 mg/m 3 corrected to 5% O2. 

4.2.2 GAS ENGINE NO. 2  

The average NOx (expressed as NO2) emission concentration for Gas Engine 
No.2 stacks were:  

Á Stack 2A (EPA ID No.2): 194 mg/m 3 corrected to 5% O2 

Á Stack 2B (EPA ID No.4): 223 mg/m 3 corrected to 5% O2. 

 

4.3 VOLATILE ORGANIC COMPOUNDS (VOC)  EMISSION TEST RESULTS 

4.3.1 GAS ENGINE NO. 1  

The Protection of the Environment and Operations (Clean Ai r) Regulation 
2010 requires VOCs to be reported as n-propane equivalent.   

The total VOC emission concentration for Gas Engine No.1 stacks were: 

Á Stack 1A (EPA ID No.1): less than 6.96 mg/m3 as n-propane equivalent  

Á Stack 1B (EPA ID No.3): less than 3.55 mg/m3 as n-propane equivalent. 
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4.3.2 GAS ENGINE NO. 2  

The total VOC emission concentration for Gas Engine No.2 stacks were: 

Á Stack 2A (EPA ID No.2): less than 3.48 mg/m3 as n-propane equivalent  

Á Stack 2B (EPA ID No.4):  less than 3.55 mg/m3 as n-propane equivalent. 

 

4.4 OXYGEN (O2) EMISSION TEST RESULTS 

For the purpose of calculations the in-stack O2 concentration was taken 
during each NO x emission monitoring period . Average results are: 

Á Gas Engine No.1 ð EPA ID No.1 ð Stack 1A ð 9.8% 

Á Gas Engine No.1 ð EPA ID No.3 ð Stack 1B ð  10.3% 

Á Gas Engine No.2 ð EPA ID No.2 ð Stack 2A ð 9.8% 

Á Gas Engine No.2 ð EPA ID No.4 ð Stack 2B ð 10.5% 

 

4.5 OTHER PARAMETERS  

Table 4-1 summarises the results for dry gas density, moisture content, 
molecular weight of stack gases, temperature, velocity and volumetric flow  
rate of the exhaust gases for each engine. 

 

TABLE 4-1 MEASUREMENT OF PHYSICAL EMISSION PARAMETERS  

Emission Parameter  
Units of 
Measure 

Gas Engine No.1 Gas Engine No.2 

Stack 1A 
EPA ID 

No.1  

Stack 1B 
EPA ID 

No.3 

Stack 2A 
EPA ID 

No.2   

Stack 2B 
EPA ID 

No.4 

Dry gas density kg/m 3 1.31 1.31 1.31 1.31 

Moisture Content  % 8.5 7.7 9.0 6.6 

Molecular weight of stack gases 
g/g -
mole 

29.384 29.404 29.396 29.412 

Temperature oC 301.0 302.4 357.9 335.4 

Average Velocity  m/s  24.6 21.9 27.5 22.4 

Average volumetric flow rate  m3/s  0.75 0.68 0.76 0.66 

Key: kg/m 3  =  kilograms per cubic metre    

g/g -mole =  grams per gram molecular weight   

%  =  percent 
oC  =  degrees Celsius  

m/s   =  metres per second 

m3/s   =  cubic metres per second @ oC and 1 atmosphere 
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5 CONCLUSIONS 

From the data presented and test work conducted during a typical 
production cycle, the following conclusions can be drawn:  

Á NO x and VOC emission concentrations are summarised in Table 5-1.  

 

TABLE 5-1 SUMMARY OF EMISSION TEST RESULTS 

 

Location  Average NO x   

(as NO2)  
(mg/m 3 @ 5% O2) 

Average VOC  
(as n-propane)  

(mg/m 3) 

Gas Engine 
No.1 

 

Stack 1A 
EPA ID  No.1 

210 6.96 

Stack 1B  

EPA ID No. 3 
246 < 3.55 

Gas Engine 
No.2 

Stack 2A  

EPA ID No. 2   
194 < 3.48 

Stack 2B  

EPA ID No. 4 
223 < 3.55 

  

Note: There are variations in the laboratory detection levels for individual VOCs. To present the most 
conservative average representative non-detection VOC concentrations, the values presented above 
are based on the highest non-detection value for the relevant VOC detected in the analysis. 

 

Key: 

%  = Percent 

<  = Less than 

mg/m 3 =  milligrams per cubic metre @ oC and 1 atmosphere 

NO x =  Nitroge n oxides (expressed as Nitrogen Dioxide (NO2) 

O2 = Oxygen  

VOC = Volatile Organic Compounds (VOC) expressed as n-propane 

 * = Below the quantitative detection level for laboratory analysis  

 

 

Á The NOx emission concentrations (expressed as NO2) were measured 
and found to be less than the OEH NSW EPL concentration limit of 250 
mg/m 3 for all four locations on the day of testing at reference 
conditions.  

 

Á The measured VOC emission concentrations (expressed as n-propane) 
for all four locations were less than the OEH NSW EPL concentration 
limit of 40 mg/m 3 on the day of testing.  
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6 TEST METHODS 

6.1 EXHAUST GAS VELOCITY AND TEMPERATURE 

(OEH NSW TM- 1 & 2, Australian Standards AS 4323.1 and 4323.2) 

Velocity profiles were obtained across the stack utilising an Airflow 
Developments Ltd. S-type pitot tube and digital  manometer. 

 

The exhaust gas temperature was measured using a Digital thermometer (0-
1200oC) connected to a chromel/alumel (K -type) thermocouple probe.  

 

6.2 CONTINUOUS GASEOUS ANALYSIS 

(OEH NSW TM- 11 and TM-25) 

Sampling and analysis of exhaust gas were performed using two  of 
Stephenson Environmental Management Australiaõs mobile combustion and 
environmental air quality monitoring laboratories.  Emission gases were 
distributed to the analysers via a manifold.  Flue ga s from the stack was 
drawn continuously.  The following components of the laboratory were 
relevant to this work:  

 

Gas Transfer Technical Heaters PTFE sample lines 

Eurotherm Temperature Controllers  

Oxides of Nitrogen  Testo 350 XL 

Oxygen  Testo 350 XL 

Calibration  BOC Special Gas Mixtures relevant for each analyser.  
Instrument calibrations were performed at the start and 
finish of sampling at each location. 

QA/QC  Calibration (Zero/Span) checks  

Sample line integrity calibration check  

 

6.3 VOLATILE ORGANIC COMPOUNDS (VOC)  ANALYSIS 

(OEH NSW TM-34; USEPA  M18) 

A sample of stack gas was drawn onto an activated carbon adsorption tube.  
Analysis to USEPA TO-14 using Gas Chromatography/Mass Spectrometry 
(GC/MS) and Gas Chromatography/Photo -Ionisation Detection (GC/P ID) 
was performed by the NATA accredited labora tories of TestSafe Australia.  
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6.4 ACCURACY 

All results are quoted on a dry basis.  SEMA has adopted the following (Table 
6-1) uncertainties for various stack testing methods.  

 

TABLE 6-1 ESTIMATION OF MEASUREMENT UNCERTAINTY  

 

Pollutant  Methods  Uncertainty  

Velocity  AS4323.1, TM-2, USEPA 2A, 2C 5% 

Moisture  AS4323.2, TM-22, USEPA 4 25% 

Nitrogen Oxides  TM-11, USEPA 7E 15% 

Oxygen and Carbon Dioxide  TM-24, TM-25, USEPA 3A 1% actual 

Volatile Organic Compounds 
(Adsorption Tube Method)  

TM-34, USEPA 18 25% 

     

Key: 

Unless otherwise indicated the uncertainties quoted have been determined @ 95% level of Confidence 
level (i.e. by multiplying the repeatability standard  deviation by a co-efficient equal to 1.96) (Source ð 
Measurement Uncertainty)  

 

Sources:  Measurement Uncertainty ð implications for the enforcement of emission limits by Maciek 
Lewandowski (Environment Agency) & Michael Woodfield (AEAT) UK  

 

Technical Guidance Note (Monitoring) M2 Monitoring of stack emissions to air. Environment Agency Version 
3.1  November 2005. 
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APPENDIX A  ð EMISSION TEST DATA 

 

 

 

Glossary: 

%   = percent 
oC   = Degrees Celsius  

am³/min   = cubic metre of gas at actual conditions per minute 

Normal Volume (m³)  = cubic metre at 0°C and 760 mm pressure and 1 atmosphere 

am³    = cubic metre of gas at actual conditions 

g/g mole   = grams per gram mole 

g/s    = grams per second 

hrs   = hours 

kg/m 3   = kilograms per cubic metre  

kPa   = kilo Pascals  

m2   = square metre 

m/s    = metre per second 

m³/sec    = cubic metre per second at 00C and 1 atmosphere 

mg    = milligrams  

mg/ m³    = milligrams per cubic metre at 0ºC and 1 atmosphere 

O2   = Oxygen  

 

Abbreviations of Personnel  

PWS   = Peter W Stephenson  

JW   = Jay Weber 

PC   = Paul Cimbaly  

AN    = Ali Naghizadeh  

AP   = Alok Pradhan  



COGENT ENERGY PTY LTD  GAS ENGINE EMISSION SURVEY 

NORTH SYDNEY, NSW  NOVEMBER 2012 

 

STEPHENSON ENVIRONMENTAL MANAGEMENT AUSTRALIA APPENDIX A-II 5126/S21945/12  

 

TABLE A  -  1  FLOW TEST RESULTS FOR EPA ID NOS. 1-4 

 

Emission Test Results  Flow  Flow  Flow  
 

Flow  
 

Project Number 5126 5126 5126 
 

5126 
 

Project Name 

 
Cogent 
Energy 

 

Cogent 
Energy 

Cogent 
Energy 

Cogent 
Energy 

Test Location 

 
EPA ID No. 1 

Stack 1A 
 

EPA ID No. 3 
Stack 1B 

EPA ID No. 2 
Stack 2A 

EPA ID No. 4 
Stack 2B 

Date 1-Nov -12 1-Nov -12 1-Nov -12 1-Nov -12 

RUN 1 1 1 1 

Sample Start Time (hrs) 8:01 8:01 9:57 9:57 

Sample Finish Time (hrs) 9:06 9:06 11:35 11:35 

Sample Location (Inlet/Exhaust)  Exhaust Exhaust Exhaust Exhaust 

Stack Temperature (oC) 301.0 302.4 357.9 335.4 

Stack Cross-Sectional area (m2) 0.071 0.071 0.071 0.071 

Average Stack Gas Velocity (m/s)  24.6 21.9 27.5 22.4 

Actual Gas Flow Volume 
(am3/min)  

104 93 117 95 

Total Normal Gas Flow Volume 
(m3/min)  

45 41 46 40 

Total Normal Gas Flow Volume 
(m3/sec)  

0.75 0.68 0.76 0.66 

Total Stack Pressure (kPa) 101.14 101.24 101.09 101.25 

Molecular W eight Dry Stack Gas 
(g/g -mole) 

29.384 29.404 29.396 29.412 

Dry Gas Density (kg/m3)  1.312 1.313 1.312 1.313 

Moisture Content (% by volume)  8.5 7.7 9.0 6.6 

Oxygen (O2) (%) 9.8 10.3 9.8 10.5 

Carbon Dioxide (CO2) (%) 6.2 6.2 6.3 6.2 

Sampling Performed by  JW, PC JW, PC JW, PC JW, PC 

Sample Analysed by (Laboratory)  On-Site On-Site On-Site On-Site 

Calculations Entered by AP AP AP AP 

Calculations Checked by AN  AN  AN  AN  
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APPENDIX B ð NATA ENDORSED EMISSION TEST REPORT 
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