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Method and apparatus for enhancing the combustion of a process gas of variable composition which gas Is used for steam
generation In producing heavy oll. The mass flow of the process gas containing hydrocarbons, carbon dioxide and water Is
measured. It Is assumed that the process gas Is saturated with water vapor and the water content of the process gas Is then
obtained. The content of carbon dioxide in the process gas Is nominally obtained with an oxygen analyser measuring the flue gas
from a steam generator thereby giving a close approximation of hydrocarbon content and allowing an expedited calculation of the
energy content and air required. The nominal carbon dioxide value is compared with the calculated carbon dioxide value based on
the actual flow of process gas and purchase gas and the oxygen content so that the quantity of carbon dioxide Is approximated. If
Increased flow of the process gas Is required, changes In the flow of the Introduced air can be quickly made without relying

exclusively on oxygen analysis of the exhaust gas from the steam generation process. Steam of a desired energy content and
quantity for well injection purposes may also be produced.
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ABSTRACT OF THE DISCLOSURE

Method and apparatus for enhancing the combustion of
a process gas of\fariable composition which gas is used for
'steam generation in producing heavy oil. The mass flow of the
process gas containing hydrocarbons, carbon dioxidé and water
is measured, It is assumed that the process gas is_saturatad
with water vapor and the water content of the process gas is
then obtained. The content of carbon dioxide in the;process
gas 1s namihally'obtained{with an oxygen analyser measuring the
flue gas from a steam generator thereby giving a close
approximation of hydrocarbon content and allowing an expedited
calculation of the energy'content»and.air required. The
nominal carbon dioxide value 1is camparedbwith the calculated
carbon dioxide value based on the actual flow of process gas
and purchase gas and the oxygen content so that the quantity of
carbon dioxide is approximated. If increased flow of the
process gas is required, changes in the flow of the introduced
air can be q&ickly*made‘withoutreiying exclusively on,oxygen
analysis of the exhaust gas from the steam generation process.
Steam of a desired energy content and quantity for well

injection purposes may also be produced.
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TITLE

ENHANCING COMBUSTION WITH VARIABLE COMPOSITION PROCESS GAS

INTRODUCTION

This invention relates to a method of optimizing the
combustion of a process gas obtained during the production of
heavy oil using steam injection and, =nre rarticularly, to a
method of enhancing the combustion of tiiz: process gas by
determining the energy content of a variable composition
process gas and thereafter providing the optimum ratio of fuel
to water and/or air to fuel relative to the energy content of

the process gas.

BACKGROUND OF THE INVENTION

The use of steam to enhance the production of heavy

- 0il from heavy oil bearing formations is known. Heavy oil is
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highly viscous at roaﬁ temperatures which makes easy flow of
such héavy oil difficult. To enhance the flow rate, sﬁeam.is
typically generated on the surface and heated to a temperature
of about 500 deg.jF. The heated steam is injected into the
heavy o0il formation. The steam raises the temperature of the
heavy oil in the formation thereby reducing its wviscosity and
allowing the oil to flow more easily towards the tubing of the
well where the oil is then brought to the ground surface. The
components of the heavy oil obtainedhtypically include not only

water and the desired oil but other hydrocarbons and carxbon

dioxide.

The gases are separated from the oil and water at the
ground surface with a separator. The oil is usuaily the
primary product iﬁtended.toibe obtained but the process gases
are useful, particularly as a fuel for generating the steam

used in the formation injection process.

C oy

Thé:ccmposition of the process gas separated from the
cil is variable, not only in hydrocarbons, but also in water
vapor and carbon dioxide. The energy content of the process

gas is of interest since the use of the process gas to generate

‘steam with a known energy content will be more efficient if the
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amount of air used 1s ‘optimised and the amount of purchase gas
requiréd as a supplementary fuel is minimized. The en'ergy of
the process gas is primarily due to the hydrocarbons present as
well as any hydrogen sulfide and/or hydrogen. The presence of
non-hydrocarbons such as water vapor and carbon dioxide are
essentially inert and do not contribute to the energy content
of the process. Thus, the non-hydrocarbons reduce the overall

energy content of the process gas but contribute to the mass of

the process gas used for generating steam.

To assist in the combustion efficiency of the process
gas used for generating the steam subsequently used for
injection into the producing formation, a controlled flow of
air from an external source is added to burn the process gas in
the steam generatc;r . The correct ratio of air to the

hydrocarbons present in the process gas is desirable for

optimum combustion.

The ratio between the hydrocarbons in the process gas
and the air required for combustion, each on a volume basis,
varies considerably with the composition of individual

hydrocarbons in the process gas because the energy content of

the individual hydrocarbons varies substantially on a



10

15

20

CA 02470596 2004-06-10

-4 -
volumetric (MJ/ sm3) bé.s:i,s. On a mass baéis (MJ/kg) , however,
the enérgy content of the total mass of hydrocarbons is
substantially independent of the composition of the individual
hydrocarbons makifxg up the total mass. By obtaining the total
mass of the hydrocarbons, air can be added without concern for
the compqsitions of the individual hydrocarbons in the process
gas. The mass flow rate of gases is readily measurable through
the use of commercially available Coriolis mass flow meters and
the like. The presence of non-hydrocarbons adds deviation to
the air to fuel ratio, and the presence of non-hydrocarbons

must be accounted for to optimize combustion.

To correctly determine the quantity of air required
to be added so as to assist the 'combustion of the process gas
in an optimal manner, the energy content of the process gas has
heretofore been measured using a calorimeter. A calorimeter is
an on—-line instrument that takes a small sample of the process
gas and burns it. fl'he energy realised by the combustion of the
small sample .}.s measured and that énerg'y gquantity is then
extrapolated to the process gas as a whole to ocbtain the
overall energy content of the proceés gas. The air required

for that value is then determined.
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Calorimeteré are expensivé andothe labor requ;':ed for
the maintenance of such calorimeters adds further expanse and
may not be readily available. Servicing of calorimeters is
therefore a problém. -Likewise, where there is a potentially
hazardous location where combustion of hydrocarbons is not
recommended, the use of calorimeters can be difficult or
prohibited. Yet a further disadvantage is that the feed back
time for obtaining information from the calorimeter is long.

Any adjustment required to the gas and/oxr input air is which

detracts from the early and continuous use of optimal airflow.

The amount of fuel required for the necessary steam
generation used for formation injection is dependent on the
flow rate of the water to the steam generator, the pressure of
the steam generatnd for the injection, the quality of thé steam
required and the energy heat content of the process gas. Thus,
the energy content of the combination of the process gas and
purchase gas where the latter may be used if required, allows
the calculat:i;n of both the correct air/fuel ratio and the
correct fuel/water ratio for the desired steam generation. The
energy content of the process gas is desirably obtained quickly
toc maximize combustion efficiency. It is therefore useful to

obtain the mass content of the hydrocarbon, the water and the
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carbon dioxide within .t.he process gé.s for optimal steam

generation.

The car_bon dioxide content of the process gas from
hydrocarbon producing wells is known to change relatively
slowly so that quickly processing the carbon dioxi&e content of
the process gas is less important that quickly processing the

quantity of hydrocarbons and water.

Measuring the total mass flow of gases containing
hydrocarbons is known as described above. The use of such mass
flow measurement, however, has heretofore been limited to the
measurement of gases where hydrocarbons are the only gases

present in the gas being analysed. In processing heavy oil

- using injected steam to enhance oil flow, the presence of non-

hydrocarbons such as water vapor and carbon dioxide in

significant quantities which accompany the hydrocarbons in the

process gas is a unique consideration.

o wm

SUMMARY OF TEHE INVENTION

According to one aspect of the invention, there is

provided a method of enhancing the éombustion of a process gas
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with added air by adjﬁsting the air 'used in ' said combustion
compriéing the steps of measuring the mass of said proéess gés
provided for said combustion, estimating the mass of water in
said process gas, : obtaining the mass of non-combustible gases
in said process gas by measuring the percentage of excess
oxygen in the exhaust from said combustion of said process gas
and said added air, obtaining the mass of hvdrocarbons in éaid
process gas and determining the optimum ratio of combustion air
relative to said total mass of said hydrocarbons in said
process gas and increasing or decreasing the supply of said

combustion air relative to said total mass of said hydrocarbons

in said process gas.

According to a further aspect of the invention, there
is provided a metl;od of optimising the combustion of a process
gas composed of hydrocarbon and non-combustible gases when the
proportion of said non-combustible to said hydrocarbon gases
increases or decreases, said method comprising increasing or
decreasing th; quantity of combustion air to said process gas
in a ratio dependent upon the total mass of hydrocarbons, water

and carbon dioxide in said process g'as, analysing the excess

oxygen content of the exhaust gases from the combustion of said

process gas and said combustion air to ensure an adequate



10

15

20

CA 02470596 2004-06-10

- 8 -
quantity of combustion air 1s présent for said optimum
combusi:ion and increasing or decreasing said combustion ailr
follov}ing said analysis in order to obtain said optimal

combination of said combustion air and said process gas.

According toc still yet a further aspect <.;>:E' the
invention, there is provided a method of determining the
content of hydrocarbons, non-combustible gas (es) and water in a
process gas by analysing thé exhaust obtained during the
combustion of said process gas with added air, increasing or
decreasing the supply of said added air to obtain éubstantially
complete combustion of s‘aid process gas and determining the
content of said non-combustible gases in said composition of
said process gas and combustion air by measuring the excess

oxygen output of said combustion of process gas and combustion

air.

According to still yet a further aspect of the
invention, t};;re 1s provided a method of determining the enerqgy
content of a process gas containing hydrocarbons, non-
combustible gas(es) and water comprising the steps of

determining the mass of water in said process gas, adding

combustion air to said process gas and combusting said mixture
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of said combustion aii: and process gas, assuming the ratio of
said cémbustion air to said mass of hydrocarbons in said
process gas is relatively constant, measuring the excess oxygen
content from said combustion of said process gas and combustion
air and determining the quantity of non-combustible gas(es) in

said process gas from said mass of oxygen.

According to yet a further aspect of the invention,
there is provided a method of determining the energy content of
process gas as in claim 8 and further comprising adding air to

said process gas such that combustion of said added air and

process gas is optimised.

According to yet a further aspect of the invention,
there is provided a method of enhancing the combustion of a
process gas by adijusting added air to be used in said
combustion comprising the steps of measuring the mass flow of
said process gas, measuring the percentage of excess oxygen in
the exhaust g;:om said combustion of said air and process gas,
obtaining the respective masses of non-combustible gas(es),
hyvdrocarbons and water in said process gas from said obtained

percentage of excess oxygen, determining the optimum ratio of

combustion air relative to said total mass of said hydrocarbons
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and increasing or decreasing said combustion air in said ratio
proportional to the increase or decrease in said total mass of

said process gas supplied for said combustion.

According to yet a further aspect of the invention,
there is provided a method of enhancing the combustion of a
process gas composed of hydrocarbons and non-combustible gases
and water when the proportion of said non-combustible gas (es)
and/or water to said hydrocarbons inc:eases or decreases, said
method comprising increaSing or decreasing the combustion air
added to said process gas in a ratio dependent upon the total
mass of said process gas, analysing the excess oxygen content
of the exhaust gases from said combustion to ensure an adequate
cquantity of combustion air is present for optimum combustion of
said process gas and increasing or decreasing said combustion
air following said analysis of said exhaust gases thereby to

more correctly approach said optimum combustion.

Acdbrding’ to a further aspect of the invention, there
is provide a method of determining the content of hydrocarbons,
non-combustible gases and water in a process gas by analys\ing

the exhaust from the combustion of said process gas and added

‘air in a first measurement and thereafter adjusting the added
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air flow to improve the combustion of said proceSS gas and

furthe:f: again analysing said exhaust from said combustion

following said adjustment of said air flow in a second

measurement.

According to a further aspect of the invention, there
is provided apparatus for optimising the combustion of process
gas used during steam generation by adjusting thé addition of
air to said process gas during said combustion, said apparatus
comprising a mass flow meter for measuring the mass flow of
said process gas containing hydrocarbons, at least one
instrument for measuring the mass flow of said air added to
said process gas in a predetermined ratio and a control unit
for maintaining said predetermined ratio of said added air to
said hydrocarbons .in said process gas when said mass flow of

said process gas is increased or decreased.

According to a further aspect of the invention, there
1s provided a method of generating steam of a desired quantity
and energy content comprising introducing a quantity of process

gas with a calculated enerxrgy content to produce a first energy

source for generating said steam.
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According té a'further-aspect of the invention, there
is pro{rided a method of generating steam of a desired quanti‘i:y
and energy content comprising introducing a quantity of process
gas with a calculéted energy content to produce a first enerqgy
source for generating said steamand,sugplementing'said.process
gas with the introduction of a quantity of purchase gas, the
total energy produced by said purchase and said process gas

generating said desired quantity of said steam having said

desired energy content.

According to yet a further aspect of the invention,
there is provided apparatus for generating steam comprising
means for introducing purchase gas to a steam generator and

means for calculating the enexrgy content of a process gas, said

calculating means including means for measuring mass flow of

said process gas and means for measuring excess oxygen from

said combustion of said process gas.

= oW

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

'Specific embodiments of the invention will now be

described, by way of example only, with the use of drawings in

"which:
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Figure 1A is a diagrammatic view illustrating' the
flow of heavy oil and process gas from the production ﬁell a;id

further illustrating the separation of the oil and liquid water

from the gases during the separation process;

Figure 1B is a diagrammatic view of the steam
generating process using the process gas obtained from the
separation of Figure lA and using added air and purchase gas
and further including a feedback loop which provides an oxygen

analysis of the exhaust leaving from the stack of the steam

generator;

Figure 2 1s a diagrammatic view of the steam
generating process similar to that of Figure 1B but with more

circuit and instrumentation detail shown of the process;

Figure 3 is a diagrammatic schematic diagram
illustrating the overall steam generation process control

according to the invention; and

Figure 4 is a diagrammatic view of the steam

generator and its associated gas streams illustrating a further

'aspect of the invention when the steam generating process
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requires steam of a specific enexrgy content for obtaining the

optimnm,fuel/waterzratio in the steam generating process.

DESCRIPTION OF SPECIFIC EMBODIMENT

Referring initially to Figure 1A, a production or
exploratory'well is generally illustrated at 100. The well 100
is used to obtain heavy or high viscous oil from a formation
(not illustrated) below the ground.Su:face 107. .A.steam.line
101 is provided to allow for the injection of steam into the
oil bearing formation to reduce the viscosity of the oil
flowing from the formation to the well tubing (not illustrated)

and to thereby allow enhanced flow of the heavy oil desired to

be obtained to the surface.

Anoutlet line 102 carrxying oil, liquid and gaseous
water, hydrocarbons, natural gas and carbon dioxide extends
from the p:oduction well 100 and leads to a separator 103. The
cil andliquié,water exit from separator 103 at line 105 and
are gathered for further processing which further processing is

not germane to the present.application. The process gas exits

from separator 103 at line 104. The process gas contains

'hydrocarbons, gaseous watexr and carbon dioxide. The
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temperature and pressure conditions within the separator 103

are monitored and known by way of sensors or transducérs 114.

Figure iB illustrates the steam generator 111 which
produces the steam used for injection into the well formation
and which steamgeneration utilises the process gas entering
through line 104. The process gas exiting from separator 103
via line 104 (Figure 1A) is inletted to the steam generator 111
(Figure 1B) by inlet line 104 and purchase gas, if required, is
also inletted to steam generétor 11l via purchase gas inlet
line 115. The purchase gas in purchase gas line 115 is
conveniently mixed with the process gas with reference to
Figure 2 prior to entering the steam generator 111 through
mixed gas inlet line 108. Alternatively, the purchase gas line
115 could directlf enter the steam generator 1l1l. It will be
appreciated that purchase gas with its known energy content may
not always be required if the hydrocarbon content of the
process gas alone is sufficiently high tolgenerate the steam

™ oar—

having the desired.energy'content and quantity for formation

injection.

In addition to the purchase gas entering steam

'generator 111 through line 115 and the process gas enteriﬁg
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steam generator 111 through line 104 (Figure 1B), air enters

the steam generator 111 through air inlet line 112. It is

desirable to calculate the optimal amount of air required for

combustion purposes.

5 The temperature, pressure and flow rate of the
purchase gas are known by way of temperature, pressure and flow
transducers 120, 121, 122, respectively or, alternatively, the
temperature and pressure characteristics of the process gas may
be assumed. Likewise, the temperature, pressure and flow

10 characteristics of the process gas entering the steam generator
111 by way of line 104 are known by utilising temperature,
pressure and flow transducers 123, 124, 125, respectively.
Since the composition of the purchase gas is known, existing
technology*may'be.used.formeasuring the flow rate of the

15 purchase gas by way of a flow meter 122 (Figure 2) which need

not be a mass flow meter although such mass flow meters are

conveniently available. For example, a temperature and

pressure compensated volumetric meter may be used. However,

the flow rate of the process gas will be obtained by a mass

20 flow meter 125, conveniently a Coriolis mass flow meter or the

like.
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The air entéring the steam generator 111 throgéh line
112 is'monitored.by way of existing temperature, pressure and
flow rate transducers 131, 132, 133, respectively.
Alternatively, te#perature and pressure may be assumed. Valves
134, 135, 136 controlled by a controller 140 (Figure 2),

control the quantity of purchase gas, process gas and air,

respectively, entering the steam generator 1ll.

Water used for generating the desired.steamfenters
the steam generator 111 through inlet line 109. The water is
heated within the steam generator 111 and the steam generated
leaves the steam generator 1lll via line 106 where it is
subsequently injected into the formation of the well 100
through injection line 101 (Figure lA) as earlier described. A
valve 110 (Figure'Z) controls the quantity of water entering
the steam generator 111 through inlet line 109 which quantity
is known by way of a flow meter (not illustrated). An oxygen
analyser 113 (Figure 1B) is provided to measure the oxygen
content of tg; exhaust gases exiting from the steam generator
111 during combustion of the fuel and air entering the steam
generator 1ll1 via lines 108, 112, respectively (Figure 2), at

the correct ratio to more closely obtain optimal combustion

within the steam generator 111.
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OPERATION

It is desirable to provide the proper quantity of air
required for opti;ﬁal combustion of the purchase and process gas
entering the steam generator 1lll to provide optimal fuel
efficiency for steam generation. It is ordinarily- difficult to
easily and expediently measure and obtain the correct air/fuel
ratio because the quantity of hydrocarbons within the process
gas is not known and may vary significantly. Therefore, the
energy content of the hydrocarbons within the process gas is
not known. In any event, the percentage composition of the
various and individual hydrocarbons within the process gas are
not known in real time even if the total hydrocarbon quantity

is known at other times during operation.

On a mass basis as opposed to a volumetric basis, the

ratio of air to fuel is substantially and practically

independent of the mass of the various individual hydrocarbon

- v

~gases in the ‘process gas if only hydrocarbons are present.

Accordingly, the mass flow of the process gas from line 104

(Figure 2) is conveniently measured with a Coriolis mass flow

metexr 125. However, the process gas includes significant

"quantities of non-—~hydrocarbon ‘components such as water, water
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vapor and carbon dioxide which components do not contribute to
the enérgycontent of the process gas but which do cont:ibuté

to its mass. Appropriate correction is therefore required to

the mass,EIOW'meaéurementof'the process gas to obtain the

optimum air to fuel ratio to compensate for the non-hydrocarbon

components.

To obtain the net hydrocarbon mass flow rate, which
will then allow the correct quantity of air to be addgd for
optimal ¢dm5ustion, the quantity of water and carbon dioxide in
the process gas must be obtained. To obtain this quantity, it
is assumed that the process gas passing through line 104 is

saturated with water vapor. This assumption is justified

 because the process gas has been in intimate contact with the

injected steam since mixing with the steam in the well
formation and travelling to the surface of the well 100 and
being exposed to separation within separator 103. By utilising
this assumption and using the tamperature and pressure readings
from.temperat;re and pressure instruments 123, 124, the mass
fraction of the water content of the process gas is‘readily
calculated using lock up tables (LUT’s) or engineering property

estimators based on known or experimental data earlier

obtained.
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The content of carbon dioxide {COéi and/or ather
inert Substances in the process gas is next desired. \“Inert;’
in this application is intended to mean a substance that does
not participate :.n the combustion process (i.e., is not
combustible). This is obtained by measuring the oxygen in the
flue gas leaving from the steam generator 111 with. oxygen
analyser 113 (Figure 1B). First, a “nominal” value for carbon
dioxide content is assumed. The total flow of air is then
measured and the reading of excess Oxygen from oxygen analyser
113 is used to back calculate the carbon dioxide content of the
process gas by the controller 140 which will give a
“calculated” value for the quantity of carbon dioxide in the
process gas entering from line 104 and for the amount of air

that is required to be used for the measured amount of excess

oxygen obtained from oxygen analyser 113.

This calculated value for the quantity of air
required is then compared with the actual wvalue of the air
being supplied which flow is being measured by flow sensor 133.
The previously obtained calculated value for the air required
as obtained from the oxygen analyzer 113 will be adjusted until

the calculated air requirement matches the actual air required

-at which point the actual quantity of carbon dioxide within the
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process gas is then known.

Since the total mass flow of the process gas is known
by way of the Coriolis meter 125 and since the water and carbon
dioxide mass content of the process gaé are also now known from

the technicques aforesaid, the hydrocarbon mass content of the
process gas can readily be calculated by subtracting the watex
and carbon dioxide quantities fram.the:maSs of process gas
which is being measured. Since the'energy*content of'the total
hydrocarbon'content of the process gas is largely independent
of the individual hydrocanbon content on a mass basis, the
correct quantity of air required for optimal combustion of the
process gas is readily obtained using combustion stoichiometry
and designed excess oxygen requirements without relying
exclusively on the otherwise slow feedback process provided
from the oxygen analyser or calorimeter. Small errors in the
optimum ratio of air to process fuel are corrected more slowly

thereafter in a “trimming’” process using feedback control from

the excess okygen ahalyser.

In addition to calculating the correct ratio of air

to process and/or purchase fuel in order to provide optimum

combustion for steam generation, the quantity of the fuel
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supplied with the.air 'in;. the proéer ratié will also be required
to be éufficient or proper to provide the required amoimt of
steam at a desired quality for the injection process. To this
end, reference is_- made to Figure 4 where it is assumed, by way
of example, that 80% quality steam is to be used for the
formation injection process although, of course, oﬁher steam
qualities can be used in different applications. Accordingly,
it is assumed that the steam in the present example is to have
80% by mass of vapor and 20% by mass of liquid. It is further
assumed in this example that the quantity of 80% steam produced

will require a defined amount of energy, measured in BTU/hour,

for injection into the heavy oil bearing formation.

By using the values obtained for carbon dioxide,
water and hydrocarbon content of the process gas earlier
described, a calculated value for the total energy content of
the process and/or purchase gas provided to the generator 111
is obtained. This value is compared to the actual energy of
the steam lea:ring the generator 1ll again within controller 140
as the pressure and flow rate of the steam leaving the steam

generator 111 through line 106 are known from pressure and

temperature transducers 141, 142, respectively, and flow rate

transducer 143. The “trimming” process heretofore described
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will be similarly'appiied.to the process and purchase g;s
suppliéd.to the steam generator 1lll, the quantity of the gas'
being quickly increased if additional energy content is
reqpiredtoprodu§e'the required enerqgy cdemand in the steam
generated by steam generator 111. The fuel and the air in the
proper ratio which are required for optimum combustion are

increased or decreased accordingly using the wvalves 133, 134,

135 (see alsco Figure 2) through controller 140.

Thus, it will be seen that by utilising calculated
values for energy content of the process gas andfof the
fuel/air ratio, changes to the fuel and air flow may be quickly
made for desired changes in energy content due to changes in
process gas composition and steam demand without exclusively
relying on slower inst:ument analysis and feedback resulting
therefrom which delays the decision making process and the

control of the fuel and air supply.

While the technology has been particularly described
and used in association with steam generator for formation
injection, there are other applications where the technique

could be similarly useful, such as the use of process gas for

many other heating'applicatiohs such as using process gas for
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process heating used to raise the temperature of a liquid or

gas. Or, using the process gas as a fuel for a fire heater.

Many fu?ther modifications will readily occur to
those skilled in the art to which the invention relates and the
embodiments described should be taken as illustrative of the
invention only and not as limiting its scope as defined in

accordance with the accompanying claims.



10

15

20

CA 02470596 2004-06-10

- 25 -

I CLAIM:

1. A method of enhancing the combustion of a
process gas with é,dded air by adjusting the air used in said
combustion comprising the steps of measuring the mass of said
process gas provided for said combustion, estimating the mass
of water in said process gas, obtaining the 'mass of non-
combustible gases in said process gas by measuring the
percentage of excess oxygen in the exhau:st from said combustion
of said process gas and said added air, obtaining the mass of
hydrocarbons in said process gas and determining the optimum
ratio of combustion air relative to said total mass of said
hydrocarbons in said process gas and increasing or decreasing
the supply of said combustion air relative to said total mass

of said hydrocarbons in said process gas.

2 . A method as in claim 1 wherein said non-
combustible gas(es) include carbon dioxide, nitrogen and

ammonia.

3. A method as in claim 1 wherein said percentage
of excess oxygen in said exhaust is measured by cobtaining the

mass of oxygen remaining from said combustion of said process
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gas and said air.

4. A methecd as in claim 3 wherein said combustion

or said process gas and said air takes place in association

with a steam generator.

5. A method of optimising the combustion of a
process gas composed of hydrocarbon ‘and non-combustible gases
when the proportion of said non-combustible to said hydro'carbon
gases increases or decreases, said method comprising increasing
or decreasing the quantity of combustion air to said process
gas in a ratio dependent upon the total mass of hydrocarbons,
water and carbon dioxide in said process gas, .analysing the
excess oxygen content of the exhaust gases from the combustion
of said process gas and said combustion air to ensure an
adequate quantity of combustion air is present for said optimum
combustion and increasing or decreasing said combustion air
following said analysis in order to obtain said optimal

combination of said combustion air and said process gas..

6. A method of determining the content of
hydrocarbons, non-combustible gas(es) and water in a process

gas by analysing the exhaust obtained during the combustion of
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said process gas with added air,\increasing or decreasi;é the
supply of said added air to obtain substantially compléte

combustion of said process gas and determining the content of
said non-combustible gases in said composition of said process

5 gas and combustion air by measuring the excess oxygen output of

said combustion of process gas and combustion air.

7. A method as in claim 6 wherein said non-

combustible gas(es) include carbon dioxide, nitrogen and

ammonia.

10 8. A method of determining the energy content of a
process gas containing hydrocarbons, non-combustible gas (es)
and water comprising the steps of determining the mass of water
in said process gas, adding combustion air to said process gas
and combusting said mixture of said combustion air and process

15 gas, assuming the ratio of said combustion air to said mass of
hydrocarbons in said process gas is relatively constant,
measuring t'.heiw excess oxygen content from said combustion. of
said process gas and combustion air and determining the

quantity of non-combustible gas(es) in said process gas from

20 said mass of oxygen.
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9.- A method as in c¢laim 8 wherein said non—

combustible gas(es) includes nitrogen, carbon dioxide 'or

ammonia.

10. Method of determining the energy content of
process gas as in claim 8 and further comprising adding air to
said process gas such that combustion of said added air and

process gas is optimised.

11. Method as in claim 10 and further comprising
producing steam of a desired quantity and energy content

utilising said optimum quantity of added air and process gas.

12. Method as in c¢laim 11 and further comprising

adding a known quantity of purchase gas to said process gas and

air.

13. Method of enhancing the combustion of a process
gas by adjus'l.i.ing added air to be used in said combustion
comprising the steps of measuring the mass flow of said process
gas, measuring the percentage of excess oxygen in the exhaust

from said combustion of said air and process gas, obtaining the

- respective masses of non~combustible gas(es), hydrocarbons and
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water in said process gas from séid obtained percentage.‘ of
excessl oxygen, determining the optimum ratio of combus'tion air
relative to said total mass of said hydrocarbons and increasing
or decreasing sa.id combustion air in said ratio proportional to

the increase or decrease in sailid total mass of said process gas

supplied for said combustion.

14. Method as in claim 13 wherein said non-
combustible gas(es) include nitrogen, carbon dioxide and/or

ammonia.

15. Method as in claim 13 wherein said combustion
air is increased or decreased based on said increase or
decrease of said non-combustible gas(es) in said combustion gas
and wherein said increase or decrease in said added air is
provided by an exhaust analyzer analysing the exhaust from said

combustion of said process gas and added air.

16 Method of enhancing ‘the combustion of a process
gas composed of hydrocarbons and non-combustible gases and
water when the proportion of said non-combustible gas (es)

and/or water to said hydrocarbons increases or decreases, said

- method comprising increasing or decreasing the combustion air
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added to said process 'ga.s in a raltio depéndént upon the total
mass of said process gas, analysing the excess oxygen éqntent
of the exhaust gases from said combustion to ensure an adequate
quantity of combuétion air is present for optimum combustion of
said process gas and increasing or decreasing said combustion
air following said analysis of said exhaust gases thereby to

more correctly approach said optimum combustion.

17. Method as in claim 16 wherein said non-

combustible gas (es) include nitrogen, carbon dioxide or

ammonia.

18. Method of - determining the content of
hydrocarbons, non-combustible gases and water in a process gas
by analysing the exhaust from the combustion of said process
gas and added air in a first measurement and thereafter
adjusting the added air flow to improve the combustion of said
process gas and further again analysing said exhaust from said

combustion foilowing said adjustment of said air flow in.a

second measurement.

19. Method as‘ in claim 18 wherein said non-

combustible gas(es) are ammonia, carbon dioxide or nitrogen.
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20. Method ¢of enhancing the combustion of a process
gas as in claim 18 and further adding a quantity of pu'rchase‘

gas so as to increase the energy provided for producing steam

within a steam generator.

21. Method according to claim 20 wherein said energy
provided to produce said steam is dependent upon a
predetermined quantity of said produced steam at a desired

energy level used for steam genexation.

22. Method of enhancing the combustion of said
process gas as in claim 20 wherein the temperature and pressure
of said process gas is measured and wherein said process gas is
assumed to be saturated so as to obtain the water content of

said process gas.

23. Apparatus for optimising the combustion of

process gas used during steam generation by adjusting the

addition of air to said process gas during said combustion,
said apparatus comprising a mass flow meter for meastiring the
mass flow of said process gas containing hydrocarbons, at least

one instrument for measuring the mass flow of said air added to

‘said process gas in a predetermined ratio and a control unit
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for maintaining said predetemined ratio of said added air to
said hydrocarbons in said process gas when said mass flow of

said process gas is increased or decreased.

24. Apparatus as in claim 23 wherein said steam

generation is used for the production of heavy oil.

25. Apparatus as in claim 23 and further comprising
a steam generator to produce said generated steam, said process

gas being used for said steam generator.

26. Apparatus as in claim 23 and further comprising
a source of purchase gas, said purchase gas being introduced to

said steam generator in a quantity sufficient to produce steanm

of a known energy content and quantity.

27. Apparatus as in claim 26 wherein said quantity
of said purchase gas is dependent upon the desired enerqgy

content and quantity of said generated steam and said energy

content and quantity of said process gas.

28. Apparatus as in claim 27 and further comprising

a regulator to regulate the quantity of process gas added to
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sald steam generator.

29. Method of generating steam of a desired quantity
and energy content comprising introducing a quantity of process
gas with a calculated energy content to produce a first enerqgy

source for generating said stean.

30. Method of generating steam of a desired quantity

‘and energy content comprising introducing a quantity of process

gas with a calculated energy content to produce a first energy
source for generating said steam and supplementing said process
gas with the introduction of a quantity of purchase gas, the
total energy produced by said purchase and said process gas
generating said desired quantity of said steam having said

desired energy content.

31. Apparatus for generating steam comprising means
for introducing purchase gas to a steam generator and means for
calculating tl;e energy content of a process gas, said
calculating means including means for measuring mass flow of

said process gas and means for measuring axcess oxygen from

said combustion of said process gas.
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32. Apparaﬁus_ as in claim 31 and further including
means for measuring the mass of air flow and means for'

measuring the temperature and pressure of said process gas.
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