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SUMMARY 

 
RCR Energy Systems builds industrial heating plants and their control systems. In these the 
excess air (above the stoichiometric ratio) for combustion is a process variable and its 
setpoint is determined using a look-up table. RCR aims to improve the efficiency of wood-
fired, thermal-oil heating plants by using a combination of carbon monoxide monitoring and 
oxygen trim control to automatically adjust the excess air setpoint.   

Heating plants require the correct amount of oxygen for combustion. Too little excess air 
does not allow complete combustion, producing a loss in efficiency and wasted fuel. Too 
much excess air reduces the flame temperature with a consequent drop in heat transfer rate 
and loss of efficiency.   

The aim of the project was to explore the advantages of carbon monoxide monitoring and 
oxygen trim control, as well as its application, design and implementation in trimming  
excess oxygen setpoint, to a lower, but still safe operating level.  

Various carbon monoxide monitoring and oxygen trim control schemes were researched 
with the most suitable being implemented on an industrial system using a combined carbon 
monoxide and oxygen measurement analysers. This scheme was then tested on the heating 
plants at Hyne & Son in Tumbarumba, Australia. The tests proved that the excess air setpoint 
could be successfully reduced by 2%, leading to an approximate 3 – 5% improvement in 
efficiency.      

 
 



2 
 

ACKNOWLEDGEMENTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I am grateful to my parents for giving me the opportunity to study a Masters degree in New 
Zealand. I would also like to thank my supervisor Dr Huub Bakker for his help and advice 
throughout my academic career. Thanks also to my mentor Allen Keogh, automation and 
electrical manager at RCR Energy Systems, for his support while working on the project.  My 
gratitude extends to Nick Martin and Kelly Williams, engineers at RCR Energy Systems, for 
putting up with me and providing me with a lot of help and knowledge which assisted with 
the project. 
 
 



3 
 

TABLE OF CONTENTS 
 

SUMMARY ........................................................................................................................ 1 

ACKNOWLEDGEMENTS ...................................................................................................... 2 

LIST OF FIGURES ................................................................................................................ 6 

LIST OF TABLES .................................................................................................................. 7 

NOMENCLATURE ............................................................................................................... 8 

CONTRIBUTIONS ............................................................................................................. 12 

INTRODUCTION ............................................................................................................... 13 

CHAPTER 1: BACKGROUND .............................................................................................. 14 

1.1 BOILER DESCRIPTION ............................................................................................................................. 15 

1.2 HYNE & SON HEATING PLANT PROCESS FUNCTION DESCRIPTION ......................................................... 16 

1.3 ENERGY EFFICIENCY ............................................................................................................................... 18 

1.4 TESTING ENERGY EFFICIENCY ................................................................................................................. 20 

1.5 ENVIRONMENT OFFENCES AND PENALTIES ........................................................................................... 21 

1.6 AIR REQUIRED FOR COMBUSTION ......................................................................................................... 23 
1.6.1 Stoichiometric air for combustion ...................................................................................................... 23 
1.6.2 Excess air for combustion ................................................................................................................... 23 
1.6.3 Excess air and combustible gas relationship at various operating loads ........................................... 24 
1.6.4 Increasing heating plant efficiency by operating at a minimum excess air ........................................ 25 
1.6.5 Non-optimum excess air level ............................................................................................................ 25 

1.7 MEASURING EXCESS AIR ........................................................................................................................ 25 
1.7.1 Selecting a suitable analyser .............................................................................................................. 26 
1.7.2 ABB SMA90 stack gas monitoring system .......................................................................................... 27 
1.7.3 Optimum location for trim control sensor in the plant ...................................................................... 28 

1.8 CONTROL STRATEGY FOR TRIMMING EXCESS AIR FOR COMBUSTION ................................................... 28 
1.8.1 Oxygen trim control ........................................................................................................................... 28 
1.8.2 Carbon monoxide monitoring and oxygen trim control ..................................................................... 30 

1.9 LIMITING FACTORS IN REDUCING EXCESS AIR IN HEATING PLANT FURNACES ....................................... 34 
1.9.1 Excess air required for different types of furnaces ............................................................................ 34 
1.9.2 Limiting factors for further reduction of excess air ............................................................................ 34 
1.9.3 Relationship between excess air and carbon monoxide loss ............................................................. 35 
1.9.4 The relationship between combustion theoretical temperatures and percentage excess air .......... 36 
1.9.5 The relation of carbon dioxide and oxygen with excess air for various fuels..................................... 37 

1.10 SUMMARY ........................................................................................................................................ 37 



4 
 

CHAPTER 2: PLANT TRIALS AND BASELINE PERFORMANCE INVESTIGATION ...................... 38 

2.1 INVESTIGATING THE HEATING PLANT PERFORMANCE ........................................................................... 39 

2.2 SUMMARY ............................................................................................................................................. 42 

CHAPTER 3: TRIM CONTROL LOOP DESIGN AND IMPLEMENTATION ................................. 43 

3.1 SPECIFICATIONS..................................................................................................................................... 44 

3.2 METHODS .............................................................................................................................................. 44 

3.3 GENERIC DESIGN ................................................................................................................................... 46 

3.4 THE IMPLEMENTATION OF THE TRIM CONTROL .................................................................................... 47 

3.5 THE PROCESS FUNCTION OF THE TRIM CONTROL .................................................................................. 48 

3.6 SUMMARY ............................................................................................................................................. 49 

CHAPTER 4: RESULTS AND DISCUSSION ........................................................................... 50 

4.1 TESTING THE PERFORMANCE OF THE CARBON MONOXIDE MONITORING AND OXYGEN TRIM CONTROL 
  .............................................................................................................................................................. 51 

4.2 EFFICIENCY IMPROVEMENT CALCULATIONS .......................................................................................... 54 
4.2.1 Variables required for calculation ...................................................................................................... 55 
4.2.2 Efficiency improvement ...................................................................................................................... 58 

4.3 EXAMPLE OF EFFICIENCY IMPROVEMENT BY REDUCING EXCESS AIR ..................................................... 58 
4.3.1 The calculation of thermal efficiency ................................................................................................. 58 
4.3.2 Payback savings and internal rate of return of fuel saving cost from implementing carbon monoxide 
monitoring and oxygen trim control ................................................................................................................. 59 

4.4 SUMMARY ............................................................................................................................................. 61 

CONCLUSIONS ................................................................................................................. 62 

RECOMMENDATIONS ...................................................................................................... 63 

APPENDICES .................................................................................................................... 64 

APPENDIX 1: MODEL DEVELOPMENT PROCESS ................................................................ 65 

APPENDIX 2: PROCESS TIME DELAY ................................................................................. 75 

APPENDIX 3: ABB SMA 90 STACK GAS MONITORING SYSTEM FEATURES .......................... 77 

APPENDIX 4: PHOTOS - ANALYSER UNIT AT THE HEATING PLANT ..................................... 78 

APPENDIX 5: EFFICIENCY IMPROVEMENT CALCULATIONS ................................................ 79 

APPENDIX 5a: HYNE & SONS HEATING PLANTS DATA ..................................................................................... 82 



5 
 

APPENDIX 5b: HEAT TRANSFER OIL THERMAL PROPERTIES AND FLOW RATE ............................................... 102 

APPENDIX 5c: SPECIFIC HEAT CAPACITY OF FLUE AND FURNACE AIR TEMPERATURES .................................. 108 

APPENDIX 6: PAYBACK SAVINGS AND PERIOD CALCULATIONS ....................................... 111 

APPENDIX 6a: HEAT LOSSES AND THERMAL EFFICIENCY CALCULATIONS BASED ON THE BRITISH STANDARD 
INSTITUTION (BS 845-1:11987) ..................................................................................................................... 112 

APPENDIX 6b: PAYBACK SAVINGS AND PERIOD CALCULATIONS ................................................................... 114 

APPENDIX 6c: INTERNAL RATE OF RETURN CASH FLOW CALCULATIONS ....................................................... 115 

INDEX ............................................................................................................................ 116 

REFERENCES .................................................................................................................. 117 

BIBLIOGRAPHY .............................................................................................................. 119 



6 
 

LIST OF FIGURES 

 
Figure 1: Thesis structure ...................................................................................................................................... 13 
Figure 2: Steam boiler ........................................................................................................................................... 16 
Figure 3: Hyne and Sons’ heating plant diagram (1 to 10 refer to process function in Chapter 1, section 1.2, 

page 16. A to H refer to data log measuring points which are listed in Table 5 in Chapter 4, section 4.2.1, 
page 55) (after RCR Energy Systems Limited, 2002) .................................................................................... 17 

Figure 4 Relationship between excess air and combustible gas (after Dukelow, 1991) ....................................... 24 
Figure 5: ABB analyser unit (after ABB Ltd, 2010a) ............................................................................................... 27 
Figure 6: Location of trim control sensor in the plant (modified from Wildy, 2000) ............................................ 28 
Figure 7: Oxygen trim control loop (after Dukelow, 1991; Siemens Energy & Automation, 2005) ...................... 29 
Figure 8: Colannino's "feed-forward" trim control (after Colannino, 2006) ......................................................... 31 
Figure 9: Carbon monoxide monitoring and oxygen trim control using cascade control arrangement (after 

Dukelow, 1991) ............................................................................................................................................ 31 
Figure 10: Carbon monoxide monitoring and oxygen trim control using single controller (after Dukelow, 1991)

...................................................................................................................................................................... 32 
Figure 11: Rosemount Analytical trim control (after Rosemount Analytical, 1995).............................................. 33 
Figure 12:  Average excess air at best operating conditions for different types of furnaces (Bailey, 1926) ......... 35 
Figure 13: Relative frequency of occurrence of the various limiting factors at normal ratings on different types 

of fuels-burning equipment (Bailey, 1926) .................................................................................................. 35 
Figure 14: Relation between excess air and carbon monoxide loss (Bailey, 1926) ............................................... 36 
Figure 15: Performance investigation of heating plant 1 ...................................................................................... 40 
Figure 16: Performance investigation of heating plant 2 ...................................................................................... 41 
Figure 17: Carbon monoxide look-up table ........................................................................................................... 44 
Figure 18: Excess-air, trim control scheme resulting from changes made by the author to previous schemes ... 47 
Figure 19: Carbon monoxide monitoring and oxygen trim control ....................................................................... 49 
Figure 20: Carbon monoxide monitoring and oxygen trim control performance without the ABB analyser, using 

an artificial carbon monoxide input, i.e. the carbon monoxide concentration was input by hand (Heating 
plant 1- 2 September 2010) ......................................................................................................................... 52 

Figure 21: Carbon monoxide monitoring and oxygen trim control performance with the ABB analyser during the 
actual heating plant process conditions, i.e. after the repair of the carbon monoxide analysers (Heating 
plant 2 – 11Novemeber 2011) ..................................................................................................................... 53 

Figure 22: Carbon monoxide monitoring and oxygen trim control performance with the ABB analyser during the 
actual heating plant process conditions, i.e. after the repair of the carbon monoxide analysers (Heating 
plant 2 – 12Novemeber 2011) ..................................................................................................................... 54 

Figure 23: Hyne and Sons’ heating plant diagram (1 to 10 refer to process function in Chapter 1, section 1.2, 
page 16. A to H refer to data log measuring points which are listed in Table 5 in Chapter 4, section 4.2.1, 
page 55) (after RCR Energy Systems Limited, 2002) .................................................................................... 56 

Figure 24: Internal rate of return for a period of two years of fuel saving cost after implementing carbon 
monoxide monitoring and oxygen trim control in coal fired boilers ........................................................... 60 

Figure 25:Carbon monoxide monitoring and oxygen trim control algorithm (Cascade control) (Dukelow, 1991)
...................................................................................................................................................................... 66 

Figure 26: Carbon monoxide monitoring and oxygen trim control SFC (Cascade control) ................................... 67 
Figure 27: Carbon monoxide monitoring and oxygen trim control algorithm (Single control) (Dukelow, 1991) .. 69 
Figure 28: Carbon monoxide monitoring and oxygen trim control SFC (Single control) ....................................... 70 
Figure 29: Smothering algorithm ........................................................................................................................... 72 
Figure 30: Connection strategy of the smothering control system ....................................................................... 72 
Figure 31: Smothering control system SFC ............................................................................................................ 73 
Figure 32: Heating plant 1 oil close loop process time delay cross-correlation plot ............................................. 76 
Figure 33: ABB carbon monoxide monitoring and oxygen trim control analyser units......................................... 78 
Figure 34: Close view of carbon monoxide monitoring and oxygen analyser installed at the heating plants ...... 78 
Figure 35: Far view of carbon monoxide/oxygen analyser Located at the plant (heating plant 1) ....................... 78 
Figure 36: Heat transfer oils thermal properties ................................................................................................. 104 
 



7 
 

LIST OF TABLES 

 
Table 1: Emission factors for wood/bark fired boilers (after Ibid). ....................................................................... 22 
Table 2: Comparison between ABB and Emerson analysers (ABB Ltd, 2010b; Emerson Process Management, 

2005) ............................................................................................................................................................ 26 
Table 3: Heating plant 1 performance investigation comments ........................................................................... 40 
Table 4: Heating plant 2 performance investigation comments ........................................................................... 42 
Table 5: Variables imported from the data log ..................................................................................................... 55 
Table 6: Variables calculated based on the imported heating plants data log ..................................................... 56 
Table 8: Calculated variables for energy efficiency improvement calculations with 2% increase in excess air ... 57 
Table 7: Heat transfer oil, flue gas and furnace air thermal properties ................................................................ 57 
Table 9: Thermal efficiency comparison of a coal fired boiler at Fonterra, Edendale (RCR Energy Systems 

Limited, 2009) .............................................................................................................................................. 59 
Table 10: Payback savings over a period of two years for Fonterra Edendale and smaller sized boilers ............. 60 
Table 11: Heating plant 1 process time delay of the oil close loop ....................................................................... 75 
Table 12: Heating plant 2 process time delay of the oil close loop ....................................................................... 75 
Table 13: Nomenclature for heat energy calculations .......................................................................................... 79 
Table 14: Heating plant 1 imported and calculated variables with uncertainty ................................................... 82 
Table 15: Heating plant 2 imported and calculated variables with uncertainty ................................................... 88 
Table 16: Oil Texatherm 32 thermal properties (ChevronTexaco, 2003) ............................................................ 102 
Table 17: Oil Texatherm 32 density and specific heat capacity for Hyne & Sons input and output oil 

temperatures ............................................................................................................................................. 102 
Table 18: Oil Texatherm 32 flow rate for Hyne & Sons average inlet and outlet oil temperatures.................... 103 
Table 19: Densities of Oil Perfecto HT12 estimated from Figure 36 ................................................................... 104 
Table 20: Oil Perfecto HT12 density for Hyne & Sons inlet and outlet oil temperatures ................................... 105 
Table 21: Oil Perfecto HT12 flow rate for Hyne & Sons inlet and outlet oil temperatures ................................. 105 
Table 22: Oil Perfecto HT12 specific heat capacity for Hyne & Sons inlet and outlet oil temperatures ............. 105 
Table 23: Heat transfer oil density, specific heat capacity and flow rate for Hyne & Sons inlet and outlet oil 

temperatures (33% Texatherm 32 + 67% Perfecto HT12) ......................................................................... 107 
Table 24: The specific heat capacity of the flue gas temperature ...................................................................... 109 
Table 25: The specific heat capacity of furnace air temperature ........................................................................ 110 
Table 26: Measured and constant variables for a coal fired boiler at Fonterra, Edendale (RCR Energy Systems 

Limited, 2009) ............................................................................................................................................ 112 
Table 27: Thermal efficiency comparison of a coal fired boiler at Fonterra, Edendale (RCR Energy Systems 

Limited, 2009) ............................................................................................................................................ 113 
Table 28: Fuel cost payback savings for a 37MW Fonterra Edendale ................................................................. 114 
Table 29: Internal rate of return of coal fuel cost savings for 37MW Fonterra Edendale boiler if excess air for 

combustion is reduced by 2% .................................................................................................................... 115 
Table 30: Internal rate of return of coal fuel cost savings for 10MW boiler if excess air for combustion is 

reduced by 2% ........................................................................................................................................... 115 
Table 31: Internal rate of return of coal fuel cost savings for 20MW boiler if excess air for combustion is 

reduced by 2% ........................................................................................................................................... 115 
 
 
 
 
 
 
 
 
  



8 
 

NOMENCLATURE 
 

SYMBOL DESCRIPTION UNIT 

 a1 Carbon content of grate ash, %wgt % 

a2 Carbon content of fly ash , %wgt % 

CO Carbon monoxide  ppm 

COSPHP1 Heating plant 1 carbon monoxide setpoint ppm 

COSPHP2 Heating plant 2 carbon monoxide setpoint ppm 

COTPH1 Heating plant 1  carbon monoxide transmitter ppm 

COTPH2 Heating plant 2  carbon monoxide transmitter ppm 

CpAmbHP Heating plant  ambient temperature specific heat capacity J/kg. °C 

CpFlueHP1 Heating plant 1 flue gas temperature specific heat capacity  J/kg. °C 

CpFlueHP2 Heating plant 2 flue gas temperature specific heat capacity  J/kg. °C 

CpFlueNewHP Heating plant flue gas temperature specific heat capacity with increased 
2% in excess air 

J/kg. °C 

CpFurnHP1 Heating plant 1 furnace air temperature specific heat capacity J/kg. °C 

CpFurnHP2 Heating plant 2 furnace air temperature specific heat capacity J/kg. °C 

CpFurnNewHP Heating plant furnace air temperature specific heat capacity with 
increased 2% excess air 

J/kg. °C 

CpHEHP Heating plant heat exchanger outlet air temperature specific heat 
capacity 

J/kg. °C 

CpHENewHP Heating plant heat exchanger outlet air temperature specific heat 
capacity with 2% increase in excess air 

J/kg. °C 

CpOilHP1(33%Texa+67%Prf) Heating plant 1 heat transfer oil specific heat capacity (33% Texatherm 
32 + Perfecto HT12) 

J/kg. °C 

CpOilHP2(33%Texa+67%Prf) Heating plant 2 heat transfer oil specific heat capacity (33% Texatherm 
32 + Perfecto HT12) 

J/kg. °C 

CpOilInHP1Prf Heating plant 1 Perfecto HT12 inlet oil specific heat capacity J/kg. °C 

CpOilInHP1Texa Heating plant 1 Texatherm 32 inlet oil specific heat capacity J/kg. °C 

CpOilInHP2Prf Heating plant 2 Perfecto HT12 inlet oil specific heat capacity J/kg. °C 

CpOilInHP2Texa Heating plant 2 Texatherm 32 inlet oil specific heat capacity J/kg. °C 

CpOilOutHP1Prf Heating plant 1 Perfecto HT12 outlet oil specific heat capacity J/kg. °C 

CpOilOutHP1Texa Heating plant 1 Texatherm 32 outlet oil specific heat capacity J/kg. °C 

CpOilOutHP2Prf Heating plant 2 Perfecto HT12 outlet oil specific heat capacity J/kg. °C 

CpOilOutHP2Texa Heating plant 2 Texatherm 32 outlet oil specific heat capacity J/kg. °C 

Egr Thermal efficiency % 

EHP1 Heating plant 1 efficiency improvement % 

EHP2 Heating plant 2 efficiency improvement % 

F The flowrate of the fluid Kg/s 

FAirHP1 Heating plant 1air flow rate  kg/s 

FAirHP1+2%   Heating plant 1 air flow rate with 2% increase in excess air  kg/s 
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FAirHP2 Heating plant 2air flow rate  kg/s 

FAirHP2+2%   Heating plant 2 air flow rate with 2% increase in excess air  kg/s 

FOilHP1 Heating plant 1 oil flow rate kg/s 

FOilHP1(33%Texa+67%Prf) Heating plant 1 oil flow rate (33% Texatherm 32 + Perfecto HT12) kg/s 

FOilHP2 Heating plant 2 oil flow rate kg/s 

FOilHP2(33%Texa+67%Prf) Heating plant 2 oil flow rate (33% Texatherm 32 + Perfecto HT12) kg/s 

FOilInHP1Prf Heating plant 1 Perfecto HT12 inlet oil flow rate kg/s 

FOilInHP1Texa Heating plant 1 Texatherm 32 inlet oil flow rate kg/s 

FOilInHP2Prf Heating plant 2 Perfecto HT12 inlet oil flow rate kg/s 

FOilInHP2Texa Heating plant 2 Texatherm 32 inlet oil flow rate kg/s 

FOilOutHP1Prf Heating plant 1 Perfecto HT12 outlet oil flow rate kg/s 

FOilOutHP1Texa Heating plant 1 Texatherm 32 outlet oil flow rate kg/s 

FOilOutHP2Prf Heating plant 2 Perfecto HT12 outlet oil  flow rate kg/s 

FOilOutHP2Texa Heating plant 2 Texatherm 32 outlet oil flow rate kg/s 

FRHP1 Heating plant 1 firing rate % 

FRHP2 Heating plant 2 firing rate % 

H Hydrogen content of fuel as fired, %wgt % 

K1 Coal constant. typical value of k1 for coal is 63 in accordance with British 
standard 845-1:1987 

- 

K2 Weight basis percentage of the fuel - 

Kgr Constant Siegert (based on calorific value) - 

L1gr Losses due to sensible heat in dry flue gases  % 

L2gr Losses due to enthalpy in water vapour in the flue gases % 

L3gr Losses due to unburned gases in the flue gases % 

L4gr Losses due to combustible matter in ash and riddling % 

L5gr Losses due to combustible matter in grit and dust % 

L6gr Radiation, convection and conduction losses % 

LTgr Total losses  % 

Mf  Mass of solid fuel fired kg 

mH2O Moisture content of fuel as fired, %wgt % 

N2 Nitrogen content in the flue gas % 

O2 Oxygen content in the flue gas % 

O2SPHP1 Heating plant 1 oxygen setpoint % 

O2SPHP2 Heating plant 2 oxygen setpoint % 

O2THP1 Heating plant 1 oxygen transmitter % 

O2THP2 Heating plant 2 oxygen transmitter % 

pOilHP1(33%Texa+67%Prf) Heating plant 1 oil density (33% Texatherm 32 + Perfecto HT12) kg/m3 

pOilHP2(33%Texa+67%Prf) Heating plant 2 oil density (33% Texatherm 32 + Perfecto HT12) kg/m3 

pOilInHP1Prf Heating plant 1 Perfecto HT12 inlet oil density kg/m3 

pOilInHP1Texa Heating plant 1 Texatherm 32 inlet oil  density kg/m3 
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pOilInHP2Prf Heating plant 2 Perfecto HT12 inlet oil  density kg/m3 

pOilInHP2Texa Heating plant 2 Texatherm 32 inlet oil density kg/m3 

pOilOutHP1Prf Heating plant 1 Perfecto HT12 outlet oil density kg/m3 

pOilOutHP1Texa Heating plant 1 Texatherm 32 outlet oil  density kg/m3 

pOilOutHP2Prf Heating plant 2 Perfecto HT12 outlet oil density kg/m3 

pOilOutHP2Texa Heating plant 2 Texatherm 32 outlet oil density kg/m3 

QAirinHP1  Heating plant 1 air inlet power MW 

QAirinHP2 Heating plant 2  air inlet power MW 

QAirinNewHP1  Heating plant 1 air inlet power with 2% increase in excess air MW 

QAirinNewHP2  Heating plant 2 air inlet power with 2% increase in excess air MW 

QCombHP1  Heating plant 1 power generated in combustion zone MW 

QCombHP2  Heating plant 2 power generated in combustion zone MW 

QCombNewHP1  Heating plant 1 power generated in combustion zone with 2% increase 
in excess air 

MW 

QCombNewHP2  Heating plant 2 power generated in combustion zone with 2% increase 
in excess air 

MW 

Qgr Gross calorific value of fuel kJ/kg 

QHP1  Heating plant 1 output power MW 

QHP2  Heating plant 2 output power MW 

QNewHP1  Heating plant 1 output power with 2% increase in excess air MW 

QNewHP2  Heating plant 2 output power with 2% increase in excess air MW 

QSteamHP1  Heating plant 1 steam power MW 

QSteamHP2 Heating plant 2  steam power MW 

QSteamNewHP1  Heating plant 1 steam power with 2% increase in excess air MW 

QSteamNewHP2 Heating plant 2  steam power with 2% increase in excess air MW 

t3 Heating plant exit temperature °C 

ta Ambient temperature  °C 

TAmbHP1 Heating plant 1 ambient temperature °C 

TAmbHP2 Heating plant 2 ambient temperature °C 

TFlueHP1 Heating plant 1 flue gas temperature  °C 

TFlueHP2 Heating plant 2  flue gas temperature  °C 

TFlueNewHP1 Heating plant 1 flue gas temperature with 2% increase in excess air °C 

TFlueNewHP2 Heating plant 2  flue gas temperature with 2% increase in excess air °C 

TFurnHP1 Heating plant 1 furnace air temperature  °C 

TFurnHP2 Heating plant 2 furnace air temperature °C 

TFurnNewHP1 Heating plant 1 furnace air temperature with 2% increase in excess air °C 

TFurnNewHP2 Heating plant 2 furnace air temperature with 2% increase in excess air  °C 

THEHP1 Heating plant 1 heat exchanger outlet air temperature °C 

THEHP2 Heating plant 2 heat exchanger outlet air temperature °C 

THENewHP1 Heating plant 1 heat exchanger outlet air temperature with 2% increase 
in excess air  

°C 
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THENewHP2 Heating plant 2 heat exchanger outlet air temperature with 2% increase 
in excess air  

°C 

THHP1 Heating plant 1 heater outlet air temperature  °C 

THHP2 Heating plant 2 heater outlet air temperature  °C 

Tin Inlet fluid temperature °C 

TOilInHP1 Heating plant 1 inlet oil temperature °C 

TOilInHP2 Heating plant 2 inlet oil temperature °C 

TOilInNewHP1 Heating plant 1 inlet oil temperature with 2% increase in excess air °C 

TOilInNewHP2 Heating plant 2 inlet oil temperature with 2% increase in excess air °C 

TOilOutHP1 Heating plant 1 outlet oil temperature °C 

TOilOutHP2 Heating plant 2 outlet oil temperature °C 

TOilOutNewHP1 Heating plant 1 outlet oil temperature with 2% increase in excess air °C 

TOilOutNewHP2 Heating plant 2 outlet oil temperature with 2% increase in excess air °C 

Tout outlet fluid temperature °C 

UAHP1 Heating plant 1 heat transfer coefficient  x Area W/°C 

UAHP2 Heating plant 2 heat transfer coefficient  x Area W/°C 

VCO Volume of carbon monoxide, %mol  % 

VO2 Heating plant excess oxygen, %mol % 

ΔT HP1 Heating plant 1 log temperature difference °C 

ΔT HP2 Heating plant 2 log temperature difference °C 

 

 

 

 

  



12 
 

CONTRIBUTIONS 
 

The major contribution of this thesis has been to apply the technique of carbon monoxide 
monitoring trim control to a heating plant. While this technique has been known for some 
time, the implementation using a specific analyser on a PLC (Programmable logic control) 
controller has not previously been done within New Zealand industry. Specifically, RCR 
Energy Systems Limited has had no previous experience with carbon monoxide trim control 
nor carbon monoxide online analysers. 

 The specific contributions described in this thesis and made by the author, are: 

1. A literature review of boiler combustion with regard to production/control of carbon 
monoxide and excess air,   
 

2. The analysis of carbon monoxide control loop structures leading to a design of one 
for this project, 
 

3. An analysis of two online, carbon monoxide analysers leading to a choice of one for 
this project, 
 

4. Implementation of the control loop in the Sequential Function Chart (SFC) and 
Structure Text programming languages for a PLC control, 
 

5. Implementation of the analyser and control loop on a heating plant in Tumarumba, 
Australia (with assistance), 
 

6. An analysis of the data from the investigation of the performance heating plants prior 
to implementing the trim control, 
 

7. An analysis of the operation of the analyser and control loop on the heating plants, 
 

8. An analysis of the mass and heat balances of the heating plants,  
 

9. A financial analysis of the payback period for such control on a boiler plant from 
historical data. 

 

  


