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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.
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Heating plant 2 oil density (33% Texatherm 32 + Perfecto HT12)
Heating plant 1 Perfecto HT12 inlet oil density

Heating plant 1 Texatherm 32 inlet oil density

kg/s
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kg/s
kg/s
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PoilinHp2prf
PoilinHpP2Texa
PoiloutHpiprf
PoiloutHP1Texa
PoiloutHpP2prf

PoiloutHP2Texa
QAirinHPl
QAirinHPZ
QAirinNewHPl

QAirinNewHPZ
Od(iombHPl
QCombHPZ

O~CombNewHP1

O~Com|:!NewHP2

Qg

Qupr

Qypz
QNewHPl
QNewHPZ
O~SteamHP1
O\SteamHPZ
O\SteamNewHPl
O~SteamNewHP2
t3

t,

TAmbHPl
TAmbHPZ
TFIueHPl
TFIueHPZ
TFIueNewHPl
TFIueNewHPZ
TFurnHPl
TFurnHPZ
TFurnNewHPl
TFurnNewHPZ
THEHPl
THEHPZ

THENewHPl

Heating plant 2 Perfecto HT12 inlet oil density

Heating plant 2 Texatherm 32 inlet oil density

Heating plant 1 Perfecto HT12 outlet oil density

Heating plant 1 Texatherm 32 outlet oil density

Heating plant 2 Perfecto HT12 outlet oil density

Heating plant 2 Texatherm 32 outlet oil density

Heating plant 1 air inlet power

Heating plant 2 air inlet power

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

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

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

Gross calorific value of fuel

Heating plant 1 output power

Heating plant 2 output power

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

Heating plant 2 steam power

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

Heating plant 2 steam power with 2% increase in excess air
Heating plant exit temperature

Ambient temperature

Heating plant 1 ambient temperature

Heating plant 2 ambient temperature

Heating plant 1 flue gas temperature

Heating plant 2 flue gas temperature

Heating plant 1 flue gas temperature with 2% increase in excess air
Heating plant 2 flue gas temperature with 2% increase in excess air
Heating plant 1 furnace air temperature

Heating plant 2 furnace air temperature

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

Heating plant 2 heat exchanger outlet air temperature

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

kg/ m?
kg/m®
kg/ m?
kg/m’
kg/m®
kg/ m?
MW
MW
MW
MW
MW
MW
MW

MW

ki/kg
MW
MW
MW
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MW
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MW
°C
°C
°C
°C
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°C
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THENewHPZ

THHPl

THHP2

Tin

TOiIInHPl
TOiIInHPZ
TOiIInNewHPl
TOiIInNewHPZ
TOiIOutHPl
TOiIOutHPZ
TOiIOutNewHPl

ToiloutNewHp2
Tout

UApp1
UAup,

VvVCO

VO,

AT pps

AT pp2

Heating plant 2 heat exchanger outlet air temperature with 2% increase

in excess air

Heating plant 1 heater outlet air temperature

Heating plant 2 heater outlet air temperature

Inlet fluid temperature

Heating plant 1 inlet oil temperature

Heating plant 2 inlet oil temperature

Heating plant 1 inlet oil temperature with 2% increase in excess air
Heating plant 2 inlet oil temperature with 2% increase in excess air
Heating plant 1 outlet oil temperature

Heating plant 2 outlet oil temperature

Heating plant 1 outlet oil temperature with 2% increase in excess air
Heating plant 2 outlet oil temperature with 2% increase in excess air
outlet fluid temperature

Heating plant 1 heat transfer coefficient x Area

Heating plant 2 heat transfer coefficient x Area

Volume of carbon monoxide, %mol

Heating plant excess oxygen, %mol

Heating plant 1 log temperature difference

Heating plant 2 log temperature difference

°C
°C
°C
°C
°C
°C
°C
°C
°C
°C
°C
°C
w/°C
w/°C
%
%
°C
°C

11



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.
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