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(57) Abrégée/Abstract:
The present invention provides a method and apparatus tor the treatment of process gas from an anaerobic digestion system or a
landfill gas system. In one embodiment, the system comprises a caustic scrubber including a vertical column having a top and a
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(57) Abrege(suite)/Abstract(continued):

pbottom and including a counter current flow system, wherein a process gas stream flows up vertically through the column In
counter current flow to a caustic liquid solution that, flows downward through the column. The caustic liquid solution removes at
least one acid from the process gas stream, wherein treated gas that is substantially free of acids bubbles out through an opening
at the top of the vertical column.
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FIG. 3

the treatment of process gas from an anaerobic digestion system or a landfill
gas system. In one embodiment, the system comprises a caustic scrubber in-
cluding a vertical column having a top and a bottom and including a counter
current flow system, wherein a process gas stream flows up vertically
( through the column in counter current flow to a caustic liquid solution that,

flows downward through the colummn. The caustic liquid solution removes at
least one acid from the process gas stream, wherein treated gas that 1s sub-
stantially free of acids bubbles out through an opening at the top of the ver-
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CAUSTIC SCRUBBER SYSTEM ANDMETHOD FOR BIOGAS TREATMENT
Field of the Invention

The invention broadly relates to blogas applications and, more particuiarty, to a caustic

scrubber svstem and method for biogas treatment.

Backpround of the Invention

Bioeas refers o a gaseouns {uel produced by the biological breakdown ol organic matier
in the absence of oxygen. It 1s produced by the anaerobic digestion or fermentation of
biodegradable materials such ag biomass, manure, sewage, nnicipal waste, green waste, plant
material and crops. Biogas primarily comprises methane and carbon dioxide, and may contain

small amounts of hydrogen sulphide, moisture and siioxanes.

The gases methane, hydrogen and carbon monoxide can be combusted or exadized with

oxyeen. This energy release allows hiogas to be used as a fuel. Biogas can be ased a3 a fuel for

any heating purpose. It can also be produced by anacrobic digesters where i 18 typically used in

eas inte electricity and heat, Anaerobic

L Oy

a gas engine to convert the chemical energy of the
digestion is a series of processes in which micreorganisms break down biodegradable material in
the absence of oxveen, also used for industrial or domestic purposes (o manage waste and/or to

release energy.

The digestion process begins with bacterial hydrolysis of the inpat matenals 1n order to
break down inscluble organic polymars such as carbohydrates and make them available for other
bacterig. Acidogenic bacteria then convert the sugars and amino acids mto carbon dioxide,
hvdrogen, ammonia, and organic acids. These hacteria then convert these resulting orgamce acids
into acetic acid, along with additional ammenia, hvdrogen, and carbon dioxide. Finally,

methanogens convert these products to methane and carbon dioxide.

Anacrobic digesiers can use a multitude of {eed stocks for the production of methane rich

bin-pas including but not Hmited (0 purpose~-grown energy crops such as maize. Landiills also

produce methane rich bio-gas through the anserobic digestion process. As part of an integrated

waste management system, this bio-gas may be collected and processed for beneficial use winde

pas emissions into the atmosphere.

"

simultancousiy reducing greenhouse
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Anaerebic digesiion is widely used as a source of renewable energy. The process
produces a biogas that can be used directly as cooking fuel, in combined heat and power gas
engines or upgraded to natural gas quality biomethane. The wtilization of biogas as a tuel helps to
replace fossil foels. The nutrient-rich digestate and/or Leachate that is also produced can be used

as fertihizer.

LA

The techuical expertise required to maintain industrial scale anaerobic digesters coupled
with high capital costs and low process efficiencies have limited the level of its industrial
application as a waste treatment technology. As a resalt, it is imperative that anacrobic digesters

and landfill gas treatment planis operate at the highest possible ethiciency.

10 In biogas applications such as landfills and digesters, H-S and other umpurities meluding
halides and halogenated compounds are frequently present in Jow percent to ppm/ppb quantities.
These compounds may dissociate at high temperatures and in the presence of water to torm

caustic acids including, but not Hmited to HaS, HF, HaSO;, HaPOy and HNOs,

Typical metallurgy such as carbon and stainless steels are susceptible to COTTOSION and
15 failure when placed into contact with these acids, Downstream equipment that changes the dew
point and allows condensation to ocour may contentrate these acids in poohing areas such as

moisture separators, chillers, and gas coolers.

(yas processing technigques and other unit operations may pro duce acids form gas
constituents. However, these systems merely employ acid neutralization after the acids have
9 formed and concentrated in the pooling areas. As such, these conventional systems simply act as
A hand aid 1o condensation. Caustic scrubbers have been used in the past for several applications.
For example, they may be used tor CO;y remnoval, Hs8 removal and also for the remwoval of

several other reactive contaminanis in both liquid and gaseous phase.

Swnmary of the Invention

{
Wy

The present invention provides a caustic scrubber system and method for brogas
treatment. The caustic scrubber may be used to neutralize acids such as -8, HF, HaSO4, HaPOy
and FINQ; in either the liquid or gascous phase to protect downstream meta Hurgy and

cquipment.
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One embodiment of the mvention 18 divected toward an apparatus for the treatment of
process gas from an anaerobic digestion system or & landiill gas system, the appagatas

comprising a caustic scrubber including a vertical colomn having & top and a bottom and

including a counter current flow system, wherein a process gas stream flows up vertically

through the column in counter current flow to a caustic iquid solution that flows downward

through the columm. The caustic Haguid solution removes al feast one acid from the process gas

stream, wherein treated pas that is substantially free of acids bubbles out through an Q{}i:‘:ii'!in g at

the top of the vertical column,

[n the above-described apparatus, the at least one acid can be selected from the group
consisting of HoS, HE, HaS0;, HiPQuand HNO:. In addition, the liquid solution may comprise
a basic solution for neatralizing the at least one acid. In one embodiment, the caustic hquid
solution comprises an NaQH solution. The caustic liquid solution may be gravity tnekled or
spraved within the vertical column. The spent caustic liquid solution contaning the at teast one

acid may flow through an opening in the bottom of the column and into a neutralization tauk.

According to some embodiments, the freated gas s flows back into the anacrobic digestion

systemn. In one implementation, the caustic scrubber is bocated within the anacrobic digestion

system between an anaerobic digester and a biogas handing system in order 10 protect the biogas

1

handling svstem and other downstream equipment from corrosion. The e austic scrubber attows

for the total removal of Hyd, HE, H“ﬁ@p H PO and | HING) from the PEQCESS gas sircant s that
acid concentration does not eecur in Iy GOWRSIroant arcus e g&t‘d less of chan g_‘in £ dew puiﬁ‘i and

condensation.

Another embodiment of the invention is directed toward an apparatus for the treatment of
process gas from a landiili gas sysiem, comprising a caustic scrubber including a vertical column
having a top and a bottom and including a counter current How system, wherein a process gas
stream flows up vertically through the column in counter current Jow to a caustic hqud solution
that flows downward through the column; wherein the caustic liquid solution removes at 1east
one acid from the process gas stream; and wherein treated gas that 1s substantially free of amds

hubbles out through an opening at the top of the vertical cotuma.

Vet another embodiment of the invention comprises a method of using a caustic scrubber
for the treatment of process gas from an anacrobic digestion system. In particular, the method

may entail: (1) receiving a process gas stream from the anaerobic digestion system; (it) Bowing
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the process gas stream up vertically through a vertical column: (i) flowing a caustic hagad
solution downward through the vertical column such that the canstic liquid solution removes at
least one actd from the process gas streamy; (v} bubbling out treated gas that is substantially free
of acids through an opening at the top of the vertical column; and {v) flowing the treated gas nto

an anaerobic digestion cleanup systent.

A further embodiment of the inveniion comprises a method of using a causic scrubber

for the treatment of process gas from a tandiill gas system. Specifically, the method may entail:

iy

(1) receiving a process gas sircam from the landfill gas system; (1) flowing the process gas
stream up vertically through a verticat colum; (i1} flowing a caustic Hiquid solution downward
throueh the vertical column such that the caustic Heid solution removes at least one acid from

the process gas stream; (1v) bubbling out treated gas that 1s substantiatly free of acids an opening

at the top of the vertical column; and (v) flowang the treated eas into a landfill gas cleanup
SYSIEM.

Brief Description of the Brawings

Fioure 1 is a flow diagram ilustrating the stages of an exemplary anaerobic digestion

VL
Figure 2 is a diagram illustrating the stages of an exemplary landftli gas system.
Fioure 3 is a illustrating the use of a caustic scrubber system in accordance with an

embodiment of the invention.

Detatled Pescription

In the following paragraphs, the present invention will be deseribed in detail by way of
exarnple with reference to the attached drawings. Throughout this description, the preferred
embodiment and examples shown should be considered as exemplars, rather than as lnnitations
an the present invention. As used herein, the "present invention” refers to any one of the
ormhadiments of the invention described herein, and any equivaients, Furthermore, reference o
various feature(s) of the “present invention” throughout ths document does not mean that all

claimed embodiments or methods must wclude the reforenced feature(s).

Biogas is a renewable energy composed primarily of methane resulting from the natural
decomposition of organic waste by anacrobic bacteria. Similar to natural gax, methane captired

.
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by a biogas system can be used to provide heat, elecirical power or trapsportation biofuel.
Biogas extraction can be used to: (1) produce green and renewable energy: (it) reduce pollution
and sreenhouse gases; (1) reduce waste odors and pathogens; and transtorm waste into valuable

hio-fertilizer.

Fermentation, or anacrobic digestion, 13 the most common process that breaks down the
organic waste. The erganic waste may then be oxidized, thereby creating energy. Various types
of oruanm matenals meiude, but are not finted to: (1) biomass, {Iii landlili waste, (nﬂ NEWALL,
(iv) manure, and (V) plant material. The most common gases produced are methane and carbon
dioxide. Other gases that can be formed include hiydrogen, nitrogen, and carborn monoxide.
Methane, hydrogen, and carbon monoxide can be combusted to create heat and eleciriaty.

When biogas is created from existing waste streams, it reduces odors and methane emissions and
creates two renewable resources. Methane is a potent greenhouse gas that contributes to global
climate change. It is expected that a landfill gas energy project will capture about 60% 1o Y%

of the methane emitted from the landfill, depending on system design and effectiveness.

There are two primary methods of recovening biogas for use as ay, namely: (1} by
creating an anacrobic digestion system to process waste, most commonly manure or other wetl

biomass, and {11} by recovering natural biogas pr;:*n:iuci‘ion formed in existing landhlls. Onee

Figure 1 is a flow diagram illustrating the stages of an exemplary anaerobic digestion
system 100, Specifically, the an anaerobic digestion system 100 comprises a manure col lection
em 110, a manure handling svstem 120, an anaerobic digester 130, a biogas handling system

144, was use devices 130, an efflvent storage 160, In addition. at least one flare 170 may be used

\‘v

p"

to burn excess gas. Digester products 180 may be used for bedding, potting sotl, fand
applications, etc. More particularly, manure collection system 1 1s ased to gather manure and
transport it to the anaerebic digester 130, In some ¢ases, existing hquid/shary manure

N

management systems can be adapted to deliver manure to the anacrobic digester | . the

anacrobic digester 130 may be designed to stabilize manure and optimize the production of

methane. A storage facility for digester effluent, or waste matter, is also reguired.

With further reference to Figure 1, the anacrobic digester 130 outputs biogas mto the
biogas handling svstem 140. The biogas may contain approximaicly 60% methane and 40%

carbon dioxide. It is collected, treated, and piped to 2 gas use device 1530, By way of example,

W T

T~
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the biogas can then be upgraded to natural gas pipeline quality. It may also be used (o generate

’!

clectricity, as a boiler fuel for space or water heating, or for a variety o { other uses. At least ong
flare 170 i also installed to destroy extra gas and as a back-up mechamsm for the primary gas

use device 164

The anaerobic digester 130 may be made out of concrete, steel, brick, or plastie,
Additionally, the digester 130 includes a tank for pre-mixing the waste and a digester vessel, in
come embodiments, the anacrobie digester 130 may comprise a batch digesters or a contiuons
digester. A batch digester is loaded with orgamc materials, which are allowed to digest therein,

The retention time depends on temperature and other factors. Once the digestion 1s compiete, the

effiuent is removed and the process is repeated.

In further embodiments. the anaerobic digester 130 may comprise a continuous digester,
wherein organic material is constantly or regularly fed into the digester, and wherein the material
moves through the digester either mechanically or by the force of the new feed. Unlike batch-
type digesters, continuous digesters produce biogas w ithout the interruption of loading matenial
and unloading effluent. Various types of continuous digesters inelude verfical tank systems,

horizontal tank or plug-flow systems, and multiple tank systems.

Anaerobic digestion also eccurs naturally underground in landiills, wherein the waste 15
covered and compressed by the weight of the material that is deposited above. This material
prevents oxygen exposure, thereby allowing chemical reactions and microbes to act upon the
wasie. This encourages an uncontrotled process of biomass decay. The rate of production s
affected by waste composition and fandfill peometry. Landfili gas may ¢ comprise about 40% 1o

60% methane, and about 40% to 66% carbon dioxide.

Figure 2 is a diagram illustrating an exemplary fandfdl gas system 200 including landfill
210, landfill pas wells 220 for active gas collection, landfill gas welthead 2340, landhll ¢
processing and treatment plant 240, ioand at least one landfill eas fare 250, Landili gasas
extracted from landfill 210 using a series of wells 220 and a blower/ flare svstem. The landfill gas
system 200 divects the collected gas to landfill gas processing and treatment plant 240, where it

is processed and treated,

Pigure 3 is a diagram iHustrating the use of a caustic scrubber systen 30 i gecordance
with an embodiment of the invention. In particular, process gas 310 (e.g., from an anacrobic

dwmtmn system 100 or g a landfill gas system 20 Y 1s fed into the caustic scrubber 33 Progexs
6=
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gas 310 contains at least one acid selected from the group consisting of HaS, HE, FLSO,, HiPO,
and HNO;. Such acids may be present in Hquid andfor gaseous phases. According 1o vanous
embodiments, the caustic serubber 320 comprises a vertical column and includes a counter
current flow systenm, wherein the gas stream travels up vertically through the column (as
indicated by arrow 330) in counter carrent How to a gravity trickling or sprayed caustic liguid
solution thai flows downward within the cohumn (ag indicated by arrow 340, The caustic hguid
solution comprises a hasic solution that is employed to neutralize various acids that are hikely to
be present in the process gas 310 such ag HaS, HEF, HaSOy, H POy and HNOs. By way of
example, the caustic liguid solution may comprise an NaOH solation. This process results in

treated gas 350 that is substantially free of acids bubbling out through an opening at the top of

opening in the bottom of the column and into neufralization tank 36tk

With further reference to Figure 3, the treated gas 350 that is substantially free of acids

03

flows back into the anacrobic digestion svstem 100 (Figure 1) or the landfill gas system 200
(Figure 2). In order to protect downstream metatlurgy and equipment, a caustic scrubber 320
may be located, for example, between the anaerobic digester 130 and the biogas handling svstem
140 {Figure 1) in order 1o protect the biogas handling svstem 14U and other downstream
cquipment from corrosion and other deleterious effects. Additionally, a caustic scrubber 320
may he focated between the landfill gas wells 220 and the landfill gas processing and treatment
plant 240 (Figure 2) in order to protect the landfill gas processing and treatment plant 224 angd
other downstream equipment from corrosion. Avcording to some embodiments of the inveniion,
the caustic serubber allows for the total removal of acids such as 1S, HE, Hx58Q, HiPOs and
HINQO; from the gas siream so that acid conceniraiion cannot gcoeur i any downstreant areas

repardiess of changing dew point and condensation.

Another embodiment of the invention comprises a method of using a caustic scrubber for
the treatment of process gas from an anacrobic digestion system. In particudar, the method may
entail: (i) receiving a process gas stream from the anaerobic digeshon system; (11} Howing the
process gas stream up vertically through a verticad colunn; {111} flowing a caustic hquid solution
downward through the vertical column such that the caustic Hquid solution removes at least one
acid from the process gas streamy; {iv} bubbling out treated gas that 1s substantially free of acids

an opening at the top of the vertical cotunn; and (v} flowing the treated gas o an JNACTODIL

digestion cleanup systen.
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A further embodiment of the invention comprises a method of using a caustic scrubber
for the treatment of process gas from a landiill gas system. Specifically, the method may entanl;
(1} receiving a process gas stream from the landfill gas system; (1) flowing the process gas
stream up vertically throagh a vertieal column; (i) flowing a caustic hquid so hation downward
through the vertical column such that the caustic hquid solution removes at least ope acid from
the process gas stream; {1v) bubbling out treated gas that 1s su hstantially free of acids an opeming
at the top of the vertical columu andd {v) Hlowing the treated gas into a landiill gas cleanup

Sysiem.

One skilled in the art will appreciate that the present invention can be practiced by other
than the vatious embodiments and preferred embodiments, which are presented my this
description for purposes of itlustration and not of imitation, and the present invention i3 hunited
onty by the claims that follow. It is noted that equivalents for the particular em bodiments

o

discussed in this description may practice the invention ag well.

While various embodiments of the present invention have been described above, it should
he understood that they have been presented by way of example only, and not of imitation.
Likewise, the various diagrams may depict an example architectural or other configuration {or
the invention, which is done to aid in understanding the features and functionality that may be
included in the inveniion. The invention is pot restricted to the il ustrated example architectures
or configurations, but the desired features may be implemented using a v ariety of alternative
architectures and configurations. Indeed, it will be apparent to one of skill in the art how
alternative functional, logical or physical partitioning and configurations may be implemented {o
implement the desired features of the present invention. Also, a mu Hitude of different
constituent module names other than those depicted herein may be applied to the varions
partitions. Addiiionally, with regard to flow diagrams, operational descriptions and method
claims. the order in which the steps are presented herein shall not mandate that various

embodiments be implemented to perform the recited functionality i the same order unless the

cantext dictates otherwsse,

Although the invention is described above in lerms of various exemplary embodinents
and implementations, it should be understood that the various features, aspects and functionality
deseribed in one or more of the individunal embodiments are not fimited in their applicability to
the particular embodiment with which they are described, but istead may be applied, alone or in
various combinations. to one or more of the other embodiments of the invention, whether or not

-§-
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such embodiments are described and whether or not such features are presented as being a part
of a described embodiment. Thus the breadth and scope of the present invention should not be

fimited by any of the above-described exemplary embodiments.

Terms and phrases used in this document, and variations thereol, anless otherwise
expressty stated, should be construed as open ended as opposed to limiting. As examples fthe
foregoing: the term “including”™ should be read as meaning “including. without limitation™ or the
like: the term “example™ is used to provide exemplary instances of the item in discussion, net an
exhaustive or limiting list thereof; the terms “a” or “an” should be read as meaning “at least

one.” “one or more” or the like: and adjectives such as “conventional,” “traditional.” "normal,”
described to a given time period or to an ftem available as of a given time, but nstead shouid be
read to encompass conventional, traditional, normal, or standard technologies that may be
available or known now or at any time in the future. Likewise, where this document refers o
technologies that would be apparent or known to one of ordinary skill i the art, such
techielogies encompass those apparent or known 1o the skilled artisan now or at any tine in the

frture.

A group of items linked with the conjunction “and” should not be read as requining that
each and every one of those items be present in the grouping, but rather should be read as
“andfor” unless expressly stated otherwise, Similarly, a group of items linked with the
conjunction “or” should not be read as requiring mutual exclusivity among that group. but rather
should also be read as “andfor” unless expressly stated otherwise. Furthermore, although stems,
clements or components of the invention may be deseribed or claimed in the singular, the pural
is contemplated to be within the scope thercof unless imitation to the singular is expheitly

stated.

The presence of broadening words and phrases such as “one or more,” "at least,” “but not
fimited to” or other like phrases in some instances shall not be read to mean that the narrower
case is intended or required in instances where such broadening phrases may be absent. The use
of the term “module™ does not imply that the components or functionality described or claimed
as part of the module are all configured in & common package. [ndeed, any or all of the various

components of a module, whether control logie or ether components, yaay be combmed i a

single package or separately maintained and may further be distnibuted across multiple locations.

O
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Additionally, the various embodiments set forth herein ave described in terms of
exemplary block diagrams, flow charts and other iustrations.  As will become apparent to one
of ordinary skill in the art after reading this document, the iflustrated embodiments and thewr
various alternatives may be implemented without confinement to the illustrated examples. bor
example. block diagrams and their accompanying description should not be construed as

mandating a particular architecture or configuration.

-1{-
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i, Apparatus for the treatment of process gas from an anaerobic digestion system,

COMPrsing:

a caustic scrubber comprising a vertical colurnn having a top and a bottom anid
including a counter current flow system, whereln a process gas stream flows up vertically

through the column in counter current flow to a caustic hiquid solution that Hows downward

W'

through the column;

3

wherein the caustic Hguid solution removes at least one acid from the process gas

siream. and

wherein treated gas that is substantially free of acids bubbles out through an

10 opening at the top of the vertical column.

2 The apparatus of claim 1, wherein the at least ene acid is selected from the group

e w

consisting of HoX, HEF, HaSO,, HaPQy and FINO:.

3, The apparatus of ¢laim 1, wherein the caustic fiquid solution comprises a basic

solution for neutralizing the at least one acid.

3. The apparatus of claim 1, wherein the caustic liquid sohution comprises an Na(OH
solution.
3. The apparatus of claim 1, wherein the caustic liquid solution 1s gravity irickled or

spraved within the vertical cotunmmn.

0. The apparatus of claim 1, wherein spent caustic Hiquid selution containing the at
least one acid flows through an opening in the bottom of the column and into a newtratization

tank.

7. The apparatus of claim 1, wherein the treated gas flows back wto the anacrobic

digestion system.

§. The apparatus of claim 1, wherein the caustic scrubber 1s located within the
anaerobic digestion system between an anaerobic digester and a brogas h andling system i order

to protect the biogas handling system and other downstreanm: equapment from corrosion.

.
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W, The apparatus of claim 1, wherein the caustic scrubber allows for the total
removal of HhS, HE. HaS0,, HyPO, and HNOy from the process gas stream so that acd
concentration does not occur in any downstream areas regardiess of changing dew point and

condensation.

10, Apparatus for the treatment of process gas from a fandfilf gas system, comprising:

i

a caustic scrubber comprising a vertical column having a top and a bottom and
includine a counter current low system, wherein a process gas stream flows ap vertically
throueh the colums in counter current flow to a caustic Hauid solution that flows downward

through the columg

wherein the caustic hiquid solution removes at least one acud from the process gas

stream: and

wherein treated gas that is substantially free of acids bubbles out through an

opening at the top of the vertical colamn,

1. The apparatus of claim 10, wherein the at least one acid is selected from the group

consisting of FaS, HF, H;SO4, H; PO and HNO;.

2 The apparatus of claim 10, wherein the caustic liguid solution comprises a basie

. ww B

solution for neutralizing the at least one acid.

13, The apparatus of claim 10, wherein the caustic liquid solution comprises an

e -

NaOH solution

14. The apparatug of claim 10, wherein the caustie hgud solution 1s gravity trickled

or spraved within the vertical column,

15, The apparatus of claim 10, wherein spent caustic liquid solation containing the at
least one acid flows through an epening in the bottom of the column and wto a nevtralization

tank.

16, The apparatus of claim 10, wherein the treated gas flows back mto the landfill gas

Sysiem.

. Q-1
a2 1 *." -
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17.  The apparatus of claim 10, wherein the caustic scrubber s located withan the
Lancill gas system between landfil! gas wells and a landfill gas processing and treatment plant in
order 1o protect the landfill gas processing and treatment plant and other downstream cguipment

{TON: COrrosion.

18, The apparatus of claim 10, wherein the caustic scrubber allows for the totad
removal of HaS, HF, H:SQy, HiPO, and HNO; from the process gas stream so that acid
concentration cannot occur in any downstream areas regardless of changing dew point and

condensation.

ig. A method of using a caustic scrubber for the treatment of process gas from an

anacrobic digestion systent, compnsing:
receiving a process gas stream from the anaerobic digestion system;
flowing the process gas stream up vertically through a vertical column;

flowing a caustic ligeid sohution downward through the vertical columm such that

S/

the caustic lquid solution removes af least one acid from the process gas stream,

bubbling out treated gas that is substantially free of acids an opening at the lop of

the verticad column; and
flowing the treated gas into an anaerobic digestion cleanup system.

20. A method of using a caustic scrabber for the treatment of process gas from a

landfill gas system, comprising
receiving a process gas stream from the landfill gas systemy
Howing the process gas stream up vertically through a vertical columag

flowing a caustic lquid solution downward through the vertical column such that

the caustic hguid solution removes at least one acid from the process gas stream,

bubhling out treated gas that is substantially free of acids an opening at the top of

Wmt

the veriical column; and

flowing the treated gas into a landfill gas cleanup system,

. '\ﬁ.‘
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