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DESCRIPTION

[0001] The present invention relates to flare stacks and more in particular to ground flare stacks for flaring combustible fluids.

Background

[0002] Flare stacks are widely used for combustion of combustible fluids such as waste gasses occurring at gas- or oil drilling
sites, or liquids or process gasses at various chemical and petrochemical applications. GB2306347 may be useful for
understanding the invention.

[0003] Most widely used flare stacks are of the open combustion type. Flare stacks combust fluids by means of a flame, where a
burner assembly is mounted on top of a high stack. The combustion is done using open flames, possibly assisted by steam or
compressed air for creating turbulent gas streams. An example is provided in US5649820. Such combustion may cause not only
incomplete combustion, but also may cause thermal nuisance, noise and/or light pollution.

[0004] As an alternative, enclosed combustion may be used for flaring such waste or process fluids. As an example, NL101 1009
describes such enclosed burner assembly for combustion of combustible gasses. Also JP53-98530 describes a flare stack using
enclosed combustion of fluids. A more recent example flare stack is e.g. described in WO 2006/010693.

[0005] The presently known flare stacks are limited in capacity due to the specific build up of such a complete premix surface
combustion chamber. Variations in flow and gas composition affect the air/gas ratio and can result in an instable combustion
process generating smoke, odors and/or light.

[0006] In normal conditions, most flare or advance waste gas combustion systems have a turndown ratio (i.e. ratio of maximum to
minimum firing rate on a modulating burner) of 5:1 to maximally 10:1. Higher turndown ratios would allow the flare stack to handle

a broad range of capacities.

[0007] The presently known flare stacks all require an operator to control the air excess for the premix, control safe operation
and shutdown.

Summary

[0008] An aspect of the present invention provides a flare stack which overcomes the disadvantages of the flare stack according
to the presently known prior art.

[0009] A further aspect of the present invention provides a more complete combustion of combustible gases such as e.g. waste
gases or liquids or process gases from various chemical and petrochemical processes, waste gases of oil or gas drilling or
biogas.

[0010] In another aspect, the present invention provides a flare stack with complete combustion for a broad range of gas inputs.

[0011] Another aspect of the present invention provides an operator free system for keeping a complete combustion, thereby
ensuring an efficient combustion with no or little light emissions, no odors or smoke and no noise and thus is less labor-intensive.

[0012] Another aspect of the present invention provides a flare stack which has an elevated turndown ratio. In a further aspect,
the present invention provides a flare stack with a prolonged lifetime.

[0013] Another aspect of the present invention provides a flare stack which has an easy maintenance, because of the modular
character of the system and because of the ease of maintaining a defect burner element.

[0014] The above-mentioned advantageous effects are realized by a flare stack having the specific features set out in claim 1.

[0015] Specific features for preferred embodiments are set out in the dependent claims.
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[0016] An aspect of the present invention provides a modular flare stack for enclosed flame combustion of combustible fluids.
This flare stack is built up of at least two burner elements and is supplied with a waste or process gas feed pipe.

[0017] The gas feed pipe comprises detection for measuring the pressure of the waste or process gas. Each burner element is
provided with a fully premixed air-combustible gas mixture and therefore equipped with means for obtaining such a fully premixed
air-fuel mixture.

[0018] The individual burner elements also have a gas inlet, a mixing chamber, a gas permeable combustion surface and a
combustion chamber. The combustion chamber of each burner element is completely insulated individually with no connection to
another burner element.

[0019] The gas inlet is adapted to receive combustible fluids from said gas feed pipe.

[0020] Each burner element also has a temperature detection measuring the temperature of the flue gases. The flue gas
temperature will then be used as a parameter for primary modulation of the combustion process, keeping the air excess ratio at a
predetermined level. Preferably, the temperature detection is a thermocouple. Each burner element therefore also has an air-
excess modulation in said mixing chamber. The modular flare stack further comprises a control responsive to the waste or
process gas pressure detection and to the temperature detection, this control at a first level controlling the air-excess modulation
of each burner element

[0021] The control of the modular flare stack also determines the number of operational burner elements.

[0022] More preferably, the control of the modular flare stack also determines which burner elements are operational. This
makes it possible to wear out the different burner elements in a balanced way. When an additional burner element has to be
ignited, the system will choose the burner element which is the youngest, i.e. the one that has the fewest burning hours. When a
burner element is to be shut down, the system will choose the "eldest"/most worn burner.

[0023] Preferably, the means for obtaining the fully premixed air-fuel mixture in the modular flare stack is a venturi system. This
venturi system is obtained by injecting combustible gas from the gas feed pipe via the gas inlet into a venturi at the beginning of
the mixing chamber of the burner element. Such a venturi system is attached to the bottom side of the mixing chamber of each
burner element. When using this system, the air-excess modulation in the flare stack is a bleed (i.e. direct discharge of the
combustible fluid) in the mixing chamber.

[0024] This configuration of the flare stack is typically used for high pressure gas flaring, such as for driling and well testing
operations or for loading/unloading or pressure relief applications.

[0025] In another preferred embodiment the means for obtaining the fully premixed air-fuel mixture in the modular flare stack is a
fan system. The fan system blows air via a fan into the mixing chamber which is also supplied with combustible fluids from the gas
feed pipe. When using this system, the air-excess modulation in the flare stack controls the speed of the fan.

[0026] The air-excess modulation for each burner element is controlled by a computer program which steers the ventilator speed
or the bleed in function of the measured flue gas temperature, for each burner element in parallel. This will be explained further in
figure 5.

[0027] This fully premixed air-fuel mixture is then guided via the mixing chamber to a first side of a gas permeable combustion
surface and is combusted at the opposite side of the gas permeable combustion surface. As an overstoichiometric mixture of
combustible gas and air is present at the moment of combustion, a blue flame combustion of the combustible gas is obtained. As
a result, no yellow flames occur, which directly results in minimal light emissions to the environment. And as less light is created by
the combustion, the heat radiation by means of visible and infrared light is less.

[0028] This modular flare stack thus comprises an automated control system for fixed stoichiometric combustion applied to
air/gas mixing system, based on feedback loop from flue gas temperature. Using these premixed surface burner elements for
waste gas streams, extremely low emissions and high destruction efficiency by complete combustion are guaranteed.

[0029] Mixing ratios are obtained either using a fan for gas flows at lower pressure (less than 0,5 barg), either using a venturi for
gas flows at higher pressure (more than 1 barg). But also other air-fuel mixing devices can be used. The control system allows to
obtain a fixed ratio air/gas, independent of the gas pressure, allowing for low emissions and high destruction efficiencies
throughout the full modulation range of the burner.
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[0030] In normal conditions, most flare or advance waste gas combustion systems have a turn-down ratio (i.e. ratio of maximum
to minimum firing rate on a modulating burner) of 5:1 to maximally 10:1. Presently known systems have turn-down ratio's of 10:1.

[0031] By the cascade system of our invention, our system can be operated with much higher turndown ratio's, e.g. 40:1, 60:1 ,
80: 1, 100:1, 150:1, 200:1, 240:1.

[0032] Preferably the flare stack of the invention comprises at least two burner element, such as two, three, four, five, six, seven,
eight, nine, ten, fifteen, twenty, twenty-four or even more burner elements.

[0033] The gas permeable combustion surface may be provided in many different ways. It is of importance that the combustion
surface comprises apertures for allowing combustible gas through the surface, which apertures are small enough to prevent the
combustible gas to inflame at the gas-side of the combustion surface.

[0034] Alternatively a metal fiber burner membrane may be used, as e.g. a woven or knitted metal fiber membrane from WO
97/04152 or WO 2004/092647 or a sintered and perforated metal fiber membrane from WO 93/18342 or a needled metal fiber
membrane from EP982541. It is understood that the gas permeable combustion surfaces may have many different cross sectional
shapes such as round, oval, square or rectangular.

[0035] The gas permeable combustion surface is preferably made of a temperature resistant stainless steel alloy such as
Aluchrome®- or Fecralloy® -alloys.

[0036] The dimensions of the flare stack of the invention compared to the exsting flare stacks are significantly reduced for
combustion of comparable amounts of gas.

[0037] A further advantage of the control determining which burner elements are operational, is the ease of maintenance of the
system. The system will indicate automatically when a combustion surface needs to be replaced. Each burner element having an
individual insulation can be maintained in a fairly easy way. The insulated stack is vertically movable via a sliding system, making
an easy replacing of the gas permeable combustion surface possible. Because the vertical displacement of the insulated stack
guarantees a leak tight sealing of the burner element when remounting the stack on the combustion surface, there is no gas or
heat leakage. This vertical displacement of the stack also secures the system against damage of the insulation when demounting,
because of no relative movement between the immovable and the movable parts.

[0038] It is further understood that the flare stack of the invention may additionally comprise other elements such as means for
ignition of the combustible gas, pilot flames, means for flame monitoring, means for flash back monitoring, and many more.

[0039] It is further understood that above described flare stack is suitable for flaring rich gases having a high heating value. To
make the system suitable to also flare lean gasses having a low heating value, a combustible gas of high heating value employed
as an assist gas can be used in the ways already known in the art, which will not be described herein any further. Furthermore,
the above described flare stack is suitable to flare lean gases without the use of any assist gas, as long as the upper heating

value is 6 MJ/Nm3 or higher.

[0040] Further advantages and embodiments of the present invention will become apparent from the following description and
drawings.

Brief description of the drawings

[0041] Example embodiments of a modular flare stack of the invention are described in more detail with reference to the
accompanying drawings in which

Figure 1 is a schematic side view of an example embodiment of a flare stack of the invention; Figure 2 is a schematic side view of
one burner element in a flare stack according to the invention;

Figure 3 is a schematic view of an example embodiment of a burner element in a flare stack according to one aspect of the
invention;

Figure 4 is a schematic view of an example embodiment of a burner element in a flare stack according to an alternative aspect of
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the invention;
Figure 5 is a graph showing the working principle of the first modulation in one aspect of the invention;

Figure 6A is a schematic 3D-view of an embodiment of the flare stack of the invention; Figure 6B is a close up of figure 6A.

Reference list of used numbers in the figures

[0042]

100 modular flare stack

101 gas feed pipe/supply conduit

120 burner element

121 gas inlet 122 system for obtaining a fully premixed air-fuel mixture
123 gas permeable combustion surface

124 mixing chamber

125 combustion chamber

126 top of combustion chamber open to the environment 130 fan

131 bleed

132 venturi

140 flue gas temperature detection

141 premix gas temperature detection 150 waste or process gas pressure detection in supply conduit

190 a control responsive to flow detection 150 and to temperature detection 140 for controlling the delivery of additive gaseous
material (air/waste or process gas) and for coordination of the operation of the burner elements

200 vertically movable insulated stack

210 sliding system

Description

[0043] The flare stack of the invention is built up of at least two, preferably more than two burner elements and is supplied with a
waste or process gas feed pipe. Figure 1 shows an example of such a modular flare stack with 4 burner elements. A flare stack
100 comprises a number of identical burner elements 120 and a gas feed pipe 101. The gas feed pipe 101 comprises a detection
150 for measuring the pressure of the waste or process gas.

[0044] Figure 2 is a detail of one burner element as used in the present invention, e.g. four of these burner elements are used in
figure 1.

[0045] The burner element 120 has a gas inlet 121, a mixing chamber 124, a gas permeable combustion surface 123 and a
combustion chamber 125. The burner element 120 has a system 122 for obtaining a fully premixed air-fuel mixture, which is
provided with the combustible gas via the gas inlet 121. The air and gas are led into the mixing chamber 124. The fully premixed
air-gas mixture obtained in the mixing chamber 124 is led to the combustion chamber 125 through a gas permeable combustion
surface 123. This mixture is ignited and combusted at the combustion surface 123, providing a blue flame front. This complete
combustion guarantees extremely low emissions and high destruction efficiency. The exhaust gas provided by the combustion is
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evacuated via the open area 126. The combustion chamber 125 of each burner element 120 is completely insulated individually
with no connection to another burner element. The gas inlet 121 is adapted to receive combustible fluids from the gas feed pipe
101.

[0046] Each burner element 120 also has a temperature detection 140 measuring the temperature of the flue gasses. The flue
gas temperature will then be used as a parameter for primary modulation of the combustion process, keeping the air excess ratio
at a predetermined level, which will be explained further by figure 5. Preferably, the temperature detection 140 is a thermocouple.

[0047] Each burner element also has a system for air-excess modulation in said mixing chamber 124.

[0048] The complete modular flare stack 100 of figure 1 further comprises a control 190 responsive to the waste or process gas
pressure detection 150 and to the temperature detection 140, this control 190 in a first level controlling the air-excess modulation
of each burner element 120. The control 190 of the modular flare stack also determines the number of operational burner
elements. More preferably, the control 190 of the modular flare stack also determines which burner elements are operational.
This makes it possible to wear out the different burner elements in a balanced way. When an additional burner element has to be
ignited, the system will choose the burner element which is the youngest, i.e. the one that has the fewest burning hours. When a
burner element is to be shut down, the system will choose the "eldest"/most worn burner.

[0049] Figure 3 shows schematically one preferred embodiment of a burner element 120. The system 122 used in this
embodiment, for obtaining the fully premixed air-fuel mixture in the modular flare stack 100 is a venturi system 132. This venturi
system 132 is obtained by injecting combustible gas from the gas feed pipe 101 via the gas inlet 121, into a venturi at the
beginning of the mixing chamber of the burner element 120. Such a venturi system 132 is attached to the bottom side of the
mixing chamber 124 of each burner element 120. When using this system, the air-excess modulation of each burner element 120
steers a bleed 131 (i.e. direct discharge of combustible gas) in the mixing chamber 124.

[0050] This configuration of the flare stack is typically used for high pressure gas flaring, such as for driling and well testing
operations or for loading/unloading or pressure relief applications.

[0051] In another preferred embodiment, as shown in figure 4, the means 122 for obtaining the fully premixed air-fuel mixture in
the modular flare stack is a fan system 130. The fan system blows air via a fan into the mixing chamber which is also supplied with
combustible gases from the gas feed pipe 101. When using this type of system, the air-excess modulation in the flare stack
controls the speed of the fan.

[0052] The air-excess modulation for each burner element is controlled by a computer program which steers the ventilator speed
or the bleed in function of the measured flue gas temperature, for each burner element in parallel, following the principle as
explained in figure 5.

[0053] The control system allows to obtain a fixed ratio air/gas, independent of the gas pressure, allowing for low emissions and
high destruction efficiencies throughout the full modulation range of the burner.

[0054] In the systems of figures 1 to 4, the gas permeable combustion surface is made of a NIT® burner. The control 190,
steering the optimal working of the flare stack 100, provides a two level cascade regulation.

[0055] In a first level, the control 190 steers the air-excess modulation. This principle is explained in figure 5. The control system
keeps the air-excess ratio (A) constant at 1,3. This gives a temperature of the flue gasses of 1300°C. The combustion
temperature used as the primary parameter for excess air regulation is variable and depends on the type and composition of the
waste gas stream. Therefore, although in this text a temperature of 1300°C is used, this temperature can vary between 1000°C
and 1400°C. In the venturi burner system, when temperatures become lower than 1300°C, the control system 190 will give more
bleed, giving more combustible gas for the same amount of air, thus lowering the air-excess ratio. This increases the flame
temperature, and consequently also the temperature of the flue gases. When temperatures get higher than 1300°C, bleed is
reduced. The reduced bleed gives a higher air-excess ratio (A), resulting finally in a lower temperature of the flue gases. In the
fan burner system, when the temperature of the flue gases rise, the fan is speeded up, resulting in a higher A and lower flue gas
temperatures. When the temperature of the flue gases gets lower than 1300°C, the fan is slowed down, resulting in lower A and
higher flue gas temperatures.

[0056] When the capacity of a burner element gets lower than 40% or higher than 90% the control system acts on a second
level. In the second level the control system provides a cascade. The cascade regulation is based on the principle that depending
on the operation conditions, a number of burners will be switched on or off. Taking a total amount of n burners, whenever the
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operational capacity of the number of burners in operation (take x burners) is reaching above 90% of their total capacity, an
additional burner is switched on, until the maximum number n is reached.

[0057] On the other hand, if capacity detected of the x burners is reaching below 40%, burner xis turned off, and x-1 burners are
left operating, until only one burner is operating.

[0058] This regulation is in use constantly, determining how many burners are operating, and keeping combustion performance
in ideal conditions throughout the full modulation range of the process. In order to allow for smooth start-up, the cascade
regulation only is effective, after successful startup has been proved. Startup conditions (number of burners) are determined in
an independent way, in order to adapt the settings to the existing process conditions.

[0059] The detection of the % of capacity mentioned above can be done in different ways, depending on the combustion air
technology chosen:

¢ in case of combustion air fans, used with PID controlled speed modulation, the feedback of the frequency output of the
variable frequency drive is directly used as input to the % of capacity. There is a direct linear relation between combustion
fan speed and % capacity of a burner system with CEB® technology.

* in case of high-pressure venturi system for combustion air supply, the feedback of the pressure on the main process line,
can be used for % capacity determination. The pressure upstream of the CEB® system is a direct measure of the %
capacity going through the burner system, just as the combustion air fan frequency mentioned above.

[0060] A further embodiment of a flare stack according to our invention is described with reference to figures 6a and 6b.

[0061] The flare stack in figure 6A contains two burner elements 120. Each burner element 120 comprises a vertically movable
insulated stack 200. The sliding systems 210 allow the insulated stack to be moved vertically, without any horizontal displacement.
The guarantees that the insulation will not get damaged by opening the system and makes the closing of the system a simple
operation guaranteeing the insulation being placed back upon the removable gas permeable combustion surface 123 in a leak
tight way, i.e. there is no gas nor heat leakage.

[0062] The modular flare stack for combustion of combustible fluids of our invention comprises a gas feed pipe and at least one
burner element for combustion of the combustible fluids. This modular flare stack comprises an automated control system for fixed
stoichiometric combustion, based on feedback loop from flue gas temperatures. Mixing ratios are obtained either using a fan for
gas flows at lower pressure (less than 0,5 bar), either using a venturi for gas flows at higher pressure (more than 1 bar).

[0063] The control system also determines the number of operational burner elements and which burner elements are
operational.

[0064] The flare stack of the invention provides premixed surface burners for waste gas streams, guaranteeing extremely low
emissions and high destruction efficiency by complete combustion with a high turndown ratio.
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PATENTKRAV

Modulaert afbraendingstarn (100) til indelukket flammeforbreending af braendbare fluider,
hvilket afbreendingstarn omfatter et gastilledningsrar (101)

og mindst to breenderelementer (120) til forbraending af de braendbare fluider,

hvilket gastilledningsrer omfatter en gastrykdetektor (150) til maling af trykket af rag-
eller procesgas,

hvilke mindst to braenderelementer er udstyret med et middel til opnaelse af en fuldt
forblandet luft-breendstof-blanding,

hvilke mindst to braenderelementer yderligere omfatter

et gasindlgb (121),

en gaspermeabel forbraendingsflade (123),

et blandingskammer (124),

et forbraendingskammer (125),

hvilket gasindlgb (121) er indrettet til at modtage braendbare fluider fra
gastilledningsraret (101),

hvilke mindst to braenderelementer yderligere omfatter en temperaturdetektor, der
maler rgggastemperaturen (140),

hvilke mindst to braenderelementer yderligere omfatter luftoverskudsmodulering i
blandingskammeret,

hvilket moduleere afbraendingstarn (100) yderligere omfatter en styreenhed (190), der
reagerer pa gastrykdetektoren (150) og temperaturdetektoren (140) og til styring af
luftoverskudsmoduleringen og til bestemmelse af antallet af operative

breenderelementer.

Moduleert afbraendingstarn (100) ifelge krav 1, hvor styreenheden (190) bestemmer,
hvilke breenderelementer, der er operative.

Moduleert afbraendingstarn (100) ifelge krav 1 eller 2, hvor midlet til opnaelse af en fuldt

forblandet luft-braendstof-blanding (122) omfatter et venturisystem (132).

Moduleert afbraendingstarn (100) ifalge krav 1 eller 2, hvor midlet til opnaelse af en fuldt
forblandet luft-braendstof-blanding (122) omfatter et ventilatorsystem (130).

Moduleert afbraendingstarn (100) ifalge et hvilket som helst af ovennaesvnte krav, hvor

luftoverskudsmoduleringen omfatter en udlgbsventil (131) i blandingskammeret (124).

Moduleert afbraendingstarn (100) ifalge et hvilket som helst af ovennaesvnte krav, hvor
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2

luftoverskudsmoduleringen styrer hastigheden af ventilatoren i ventilatorsystemet (130).

Modulzert afbreendingstarn ifglge et hvilket som helst af ovennasvnte krav, hvor de
mindst to braenderelementer (120) yderligere omfatter en lodret bevaegelig isoleret
skorsten (200) og en udskiftelig gaspermeabel forbraendingsflade (123) for nem

vedligeholdelse.

Anvendelse af et moduleaert afbraendingstarn ifglge et hvilket som helst af kravene 1 til 7

til afbraending af brede spektre af braendbare fluider og fluidladninger.
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