TI TLE OF THE | NVENTI ON: METHODS FOR USI NG OZONE TO ENHANCE ANAEROBI C

DI GESTI ON BACKGROUND OF THE | NVENTI ON [ 0001] Ozone (03) is a powerful

di sinfectant with many industrial and commercial applications. For exanple,
ozone is used to oxidize organic contam nants from dri nki ng water,
including the naturally occurring taste- and odor-causi ng conpounds. QOzone
is also used in the effluent fromthe secondary treatnment of wastewater to
renove trace organi c contam nants and endocrine di srupting conpounds (EDCs)
fromthe water before reuse as indirect potable water or discharge to a

wat er body. [0002] Ozone gas ( i I rq(ﬂjj_uced in a corona
di schar ge- based generat or frogﬁtlrl#ﬁgfﬂﬂggﬁv%'ﬂﬂ oxygen (02). For | arger
ozone needs, METHODSFOR USIRGIQZOKE TOCENHANOENANAEROBICDIGESTIGNSOUr ce

gas. The conversion of oxygen into ozone in comercial corona discharge
generators is typically between 3 and 14% and in certain applications the
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[0003] It has been found that ozone may also be used to enhance anaerobic
digestion by converting difficult to biodegrade compounds into more easily biodegradable
compounds. Ozone may be used in this way to enhance biogas production from
anaerobic digestion. For anaerobic digestion of sludge, it is theorized that the ozone
lyses the cell membranes, thereby exposing the more easily biodegradable cytoplasm of
the bacteria. Fermentation waste, often called vinasse, can contain compounds such as
phenols that are toxic to the anaerobic bacteria and other larger carbon-based
compounds that are recalcitrant. Pretreating this feed with ozone will reduce or eliminate
the toxic compounds and make the larger compounds more biodegradable, thereby
reducing the required residence time in the digester. In an anaerobic digestion process,
it is undesirable to have excess oxygen present because the oxygen reduces the
methane (CH,) yield by promoting aerobic digestion.

[0004] Accordingly, there is a need for an improved method of recovering unreacted
oxygen from an ozone-generation process so that the effluent may be efficiently used for



[0005] I n one respect, the invention is a nmethod conprising: (a) generating
a first gas streamconprising at |east 4% ozone by wei ght and at | east 50%
oxygen by weight; (b) separating at |east a portion of the ozone fromthe
first gas stream (c) formng a second gas streamconprising at |east a
portion of the ozone that was separated fromthe first gas streamin step

(b), the second gas stream having no nore than 18% o en b wei ght; (d)
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cont act i ngeh&@atiGesRfshmgas streamw th at |east a portion of the wastewater
either before the wastewater is treated using the anaerobic digestion
process or while the wastewater is treated using the anaerobic digestion
process. [0006] 1 n another respect, the invention is a nmethod for treating

wast ewat er with ozone, theBRIEFISUMBARY OBTHE INVENTIONer ating a first gas
stream conprising at | east 4% ozone by weight and at | east 50% oxygen by
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third gas stream the second gas stream conprising no nore than 18% oxygen
by wei ght [00068 t hinrahoffses re*spem,nnheonmntuen rg agaethroaniar nicating mastewaeerfwitist gas
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oxygen by upstregini from an anaercbiy) digepar axtwithin the ahaaebicaligestdri on of t he ozone
fromthe first gas stream (c) formng a second gas stream
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usi ng t he adsmpiicrbsysiath s ld apergtionaihys sonfigured to (1) receive the first gas stream and
to transfer at least a portion of the ozone from the first gas stream to a second gas
stream, (2) discharge the second gas stream, and (3) discharge a third gas stream, the
second gas stream comprising no more than 18% oxygen by weight, the third gas
stream comprising gas remaining from the first gas stream after the at least a portion of
the ozone is transferred fo the second gas stream, the third gas stream comprising at
least 50% oxygen by weight; and a first interface that is operationally configured to bring
the second gas stream in contact with wastewater either within an anaerobic digester or
within a first vessel that is in fluid flow communication with the anaerobic digester.
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[ 0010] Aspect 2. The nethod of any of Aspects 1 and 3-9, wherein steps (b)
and (c) conprise steps of a pressure swi ng adsorption cycle. [0011] Aspect
3. The method of any of Aspects 1, 2, and 4-9, wherein step (c) conprises
form ng a second gas stream conprising a sweep gas and at | east a portion
of the ozone that was separated fromthe first gas streamin step (b), the

second gas_stream having no nore than 18% oxygen by wei ght and the swee
‘gas conpr (2408 atTrl'eefag‘?“%g@%H’i?%@@)@’é‘l@%?ﬂ?&ﬁiﬁg?e ‘[‘l’)%'lt'?PAspect 4. The et ﬁod

of any of Aspects,  1-3 and 5-9, wherein step (c) conprises formng a second
gas stream@ipri%*‘rﬂ‘?ﬁti g\/@%@‘o%&gmﬁﬂﬂ"%t | east a portion of the ozone that

was separated fromthe fjrst s streamin ste o d
havi ng no mor e @han gf@@)@tﬁ@@g% g9 ﬁé‘?ijﬂt‘m@ﬁﬁs'[‘@@‘ @éﬁ%‘{ﬁg’é@ﬁéﬁﬁ@@ﬁfﬂ@ eam
essenti al lhyleakt 50%bxjgeh®yafeigay bon di oxi de and nitrogen. [0013] Aspect 5.

The nethod of any of Aspects 1-4 and 6-9, further conprising: (f)
separating a thhyd gesaratingeatriedst ampotilon df thiesézopasrost thedingt gabetrédrny d gas
stream conprising at | east 80% oxygen; and (g) delivering the third

gas streamto &) aefahirng disgesidegas stk compesihg Gt IeBista ipettiondbfdhe @agneof

Aspects 1-5.,and 7-9, furth onprising. . h) separating a third gas
ot Foam f 1 7t 0¥ seppistecframdbe B5TERS Rlrtthp gtog 040 Bt RO EPRErarhd el
80% oxygenp naord tifdn) 188 ogydeheytvndight; gas stream as at | east a portion of a

supply gas stream for
(d} treating wastewater using an anaerobic digestion process; and

(&) contacting the second gas stream with at least a portion of the wastewater
either before the wastewater is treated using the anaerobic digestion process or while
the wastewater is treated using the anaerobic digestion process.

[0010] Aspect 2. The method of any of Aspects 1 and 3-9, wherein steps (b) and (c})

comprise steps of a pressure swing adsorption cycle.

[0011] Aspect 3. The method of any of Aspects 1, 2, and 4-9, wherein step (c)
comprises forming a second gas stream comprising a sweep gas and at least a portion
of the ozone that was separated from the first gas stream in step (b), the second gas
stream having no more than 18% oxygen by weight and the sweep gas comprising at

least 90% nitrcgen by volume.

[0012] Aspect 4. The method of any of Aspects 1-3 and 5-9, wherein step (c)
comprises forming a second gas stream comprising a sweep gas and at least a portion
of the ozone that was separated from the first gas stream in step (b), the second gas
stream having no more than 18% oxygen by weight and the sweep gas consisting

essentially of a mixture of carbon dioxide and nitrogen.
[0013] Aspect 5. The method of any of Aspects 1-4 and 6-9, further comprising:

) separating a third gas stream from the first gas stream, the third gas

stream comprising at least 80% oxygen; and
(9) delivering the third gas stream to an aerobic digester.

[0014] Aspect 6. The method of any of Aspects 1-5 and 7-9, further comprising:



an ozone generator used to performstep (a). [0015] Aspect 7. The net hod of
any of Aspects 1-6, 8, and 9, wherein the performance of step (e) begins in
a digester pretreatnent chanber |ocated upstreamfromand in fluid flow
communi cation with an anaerobic digester in which step (d) is perforned.

[ 0016] Aspect 8. The nethod of any of Aspects 1-7 and 9, further conprising:
(i) enabling aH%as-phase_effluent to flow froman anaerobic digester to a

bi ogas separ at ( RSB R| i gesdireag) frmgleciyat apnhistierm. thie dso%Fhase

ef fl uent &edm BbRgASHg andagtlgbp/@@g?gg; A step (c) the carbon dioxide
separated during step (k). [0017] Aspect 9. The nethod of any of Aspects

3-8, further cappri asiRgthe third gas 6ibarbieRldt Masth poRRAtof @ PPy 28 strbalkifegas
from an anaerobi ¢ di gest er, usi 8% | i qui cst nitrogen, which results in at |east
sone of t AR OFPRAINSHTLY UiFero pe mﬁgpﬂﬁ' rogen vapor; and (n) using

the nitroge apoy as, at_|east, a portion of the sweep, gas 0018] Aspect 10.
A"t nod_ERSY T bRt G TbEvetPall angaahasbetis Bt Mogand 9. whcren e
performance of step (e) begins in a digester pretreatment chamber located upstream

from and in fluid flow communication with an anaerobic digester in which step (d) is

performed.
[0016] Aspect 8. The method of any of Aspects 1-7 and 9, further comprising:

M enabling a gas-phase effluent to flow from an anaerobic digester to a

biogas separator;

(k) separating carbon dioxide contained in the gas-phase effluent from
biogas; and

] reusing in step (c¢) the carbon dioxide separated during step (k).
[0017] Aspect 9. The method of any of Aspects 3-8, further comprising:

(m)  cooling at least a portion of biogas from an anaerobic digester using liquid
nitrogen, which results in at least some of the liquid nitrogen becoming nitrogen vapor;
and

(n) using the nitrogen vapor as at least a portion of the sweep gas.

[0018] Aspect 10.A method for ftreating wastewater with ozone, the method
comprising:
(a) generating a first gas stream comprising at least 4% ozone by weight and

at least 50% oxygen by weight;

{b) transferring at least a portion of the ozone from the first gas stream to a
second gas stream using a pressure swing adsorption cycle, the second gas stream
comprising no more than 18% oxygen by weight; and

(c) bringing the second gas stream into contact with wastewater either
upstream from an anaerobic digester or within an anaerobic digester.

[0019] Aspect 11. The method of any of Aspects 10, 12, and 13, wherein step (c) at
least partially occurs in a digester pretreatment chamber that is in fluid flow

-4-



conpri si ng: (a) generating a first gas streamconprising at |east 4%
ozone by wei ght and at | east 50% oxygen by wei ght; (b) transferring
at |east a portion of the ozone fromthe first gas streamto a second gas
stream using a pressure swing adsorption cycle, the second gas stream
conprising no nore than 18% oxygen by wei ght; and (c) bringing the
second gas stream.intg contact with wastewater either, upstream from an

anaer obi ccMgwBication i RaRNReRPIGHgesghRd Heduetsire SYHe AIFARRYLFYQ8: therhe

net hod of digaytepiprdeRerét dHambb? bemgCiclwhstraB@r R ti5d BFestle SWing @ABSrption
partially occurs in a digester pretreatnent chanber that is in fluid flow

conmmuni cafyY' with the anaerobic digester and the pressure swi ng adsorption
cycle, th igester p at ment  chanber bei ng downstream from the pressure
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11, and 13, further conpri sing: d) enabling a gas-phase effl uent
Stream to f1 ow@r omPrARamaraRse st Slredd 18 ppds Hcaieaags Soests

(e) separ & 4 bpghbeepraigfs into a first conponent stream conprising carbon
di oxi de and a second conponent stream conprising nethane; and

(e) separating the biogas into a first component stream comprising carbon
dioxide and a second component stream comprising methane; and

(f reusing the first component stream as the second gas stream of step (b).
[0021] Aspect 13. The method of any of Aspects 10-12, further comprising:

(9) enabling a gas-phase effluent stream to flow from the anaerobic digester

to a biogas separator;

(h) separating the biogas into a first component stream comprising carbon

dioxide and a second component stream comprising methane;

(i) cooling the second component stream using liquid nitrogen, which results

in at least some of the liquid nitrogen becoming nitrogen vapor; and

)] using at least one of the first component stream and the nitrogen vapor as

the second gas stream of step (b).

[0022] Aspect 14.A system for treating wastewater with ozone, the system
comprising:

an ozone generator that is operationally configured to generate a first gas stream
from a source of oxygen, the first gas stream comprising at least 4% ozone by weight
and at least 50% oxygen by weight;

a pressure swing adsorption system that is operationally configured to receive the
first gas stream and to transfer at least a portion of the ozone from the first gas stream to
a second gas stream, to discharge the second gas stream, and to discharge a third gas
stream, the second gas stream comprising no more than 18% oxygen by weight, the
third gas stream comprising gas remaining from the first gas stream afier the at least a
portion of the ozone is transferred to the second gas stream, the third gas stream
comprising at least 50% oxygen by weight; and



(Oreusing the first conponent stream as the second gas stream of step (b).

[ 0021] Aspect 13. The nethod of any of Aspects 10-12, further conpri sing:

(g) enabling a gas-phase effluent streamto flow fromthe anaerobic

digester to a biogas separator; (h) separating the biogas into a
first conponent stream conprising carbon dioxide and a second conponent
stream conpr i SI cond co onent stream
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comprising an output line in ﬂu1d ﬂow commumcatlon with the pressure swing adsorption

system and the ozone generator, the output line being operationally configured fo retumn

the third gas stream to the ozone generator.

[0027] Aspect 19. The system of any of Aspects 14-18 and 20, further comprising a
biogas separator in fluid flow communication with the anaerobic digester, the biogas
separator being operationally configured to separate the biogas into a first component
stream comprising carbon dioxide and a second component stream comprising methane,

and wherein the sweep gas comprises the first component stream.

[0028] Aspect 20. The system of any of Aspects 14-19, further comprising a heat
exchanger that is operationally configured to cool the second component stream using
liquid nitrogen and a third vessel that is operationally configured o receive nitrogen
vapor from the heat exchanger, wherein the sweep gas comprises the nitrogen vapor.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0029] Figure 1 is a schematic diagram of a first exemplary embodiment of the
present invention;



[ 0024] Aspect 16. The system of any of Aspects 14, 15, and 17-20, wherein
the sweep gas conprises at |east 90% ni trogen by volune. [0025] Aspect 17.
The system of any of Aspects 14-16 and 18-20, further conprising an aerobic
di gester and a second interface that is operationally configured to bring
the third gas streamin contact with the wastewater either within t he
aerobic digester or wwthin a second vessel that is in fluid f]low

communi ca[q%@H }wi tHOYRe 5t BEemaiic ghagrap. 0 [%Wﬁseﬁ‘@@lp[% emPH@‘"Lef/‘%PEmeof any
of Aspect prebéntlifventiOn; znad 20, further corrprl sing an output line in fluid

f1 ow comuni cation with the pressure sw ng adsorption system and the ozone
gener at or [0BWE OWigue I isREcft SHwWaRLs 3litse bkempiani PEAIctle tfor tiset wikintHiche
third gas str to,the ozone generator. [0027] Aspect 19. The system of any
of Aspectgz%fe'%%&aﬁﬁerﬂo further conprising a biogas separator in fluid

fl ow communi cation with the anaerobic digester, the biogas separator being
operationally configured to separate the biogas into a first conponent

et hane. _and %@%'ﬁﬁbﬁ%%%%g@ﬁ fﬁﬁﬁ?@@@ﬂ@%@@ %ﬂf‘ﬁﬁ%@ﬁa@%ﬁ@@@ Feam
0028] Aspect. .20. I Si
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oper ationﬁl I.% configured to receive nitrogen vapor fromthe heat exchanger,
wherei n t B&®3weep gas conprises the nitrogen vapor. BRI EF DESCRI PTI ON OF

SEVERAL A RN Bk e, ) el A

specification and claims to describe portions of the present invention (e.g., upper, lower,

D

left, right, etc.). These directional terms are merely intended to assist in describing and
claiming the invention and are not intended to limit the invention in any way.

[0034] In the claims, letters are used to identify claimed steps (e.g., (a), {b), and (c)).
These letters are used to aid in referring to the method steps and are not intended to
indicate the order in which claimed steps are performed, unless and only to the extent
that such order is specifically recited in the claims.

[0035] The methods according to the present invention provide an efficient manner
in which to recover unreacted oxygen from an ozone-generation process so that the
effluent may be efficiently delivered to an anaerobic digestion process, while maintaining
high efficiency in the ozone-generation system.

[0036] Anaerobic digestion involves a series of processes in which microorganisms
break down biodegradable material in the relative absence of oxygen. The digestion
process begins with bacterial hydrolysis of the feed material in order to break down
insoluble organic polymers such as carbohydrates and make them available for reaction
with other bacteria. Acidogenic bacteria then convert the sugars and amino acids info
carbon dioxide, hydrogen, ammonia, and organic acids. Acetogenic bacteria then
convert the resulting organic acids into acetic acid, along with additional ammonia,
hydrogen, and carbon dioxide. Finally, methanogens convert these products into
methane and carbon dioxide (the primary componentis of biogas). The produced
digestate can be further separated into a nutrient-rich fertilizer and a wastewater stream.



[0030]Figure 2 is a schematic diagram of a second exenplary enbodi nent of
the present invention; and [0031]Figure 3 is a chart show ng a suitable
exenplary PSA cycle for use with the ozone PSA system DETAILED DESCRI PTI ON
OF THE EMBODI MENTS OF THE | NVENTI ON [ 0032] Unl ess ot herwi se stated herein,
any and all percentages identified in the specification, draw ngs and
claims shoul d be understood to be on ht percent age basis. [0033] To
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met hods aeRadias e solreMefRaBiudd reRdce®n fossavigle. an ef ficient manner in
whi ch to recover unreacted oxygen from an ozone-generati on process so that

the effl ugoo3sray kengbigaicanitesials ebn veprstelsSechvia anasrobiel digattion.s Homaver,
P e dobbe SRl 1 Be R SA! L EAR and o gBaL S B Eadbi h 16 ™
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M cr oor garingémbic digester to digest. For example, polyphenols are an organic byproduct of the
fermentation process, but are not biodegradable. Left untreated by the anaerobic
digestion, this type of waste is typically removed with the digestate and therefore never
converted into biogas. Other types of organic waste may be toxic to the bacteria located
in the anaerobic digester and therefore, if not pretreated, this waste would make the
digester process difficult to control. Preczonation of these feed stocks has been shown
to break up the polyphenols and other recalcitrant molecules into smaller organic
molecules that are more easily biodegradable. In addition, ozone can react with
compounds that are toxic to the digestion bacteria in order to render these compounds
non-toxic to the bacteria.

[0039] Ozone gas is commonly produced in a corona discharge-based generator
from air or high-purity oxygen. The typical concentration of ozone in gas phase that is
produced ranges from 3-14%, depending on the generator power and the concentration
of oxygen that is used in the gas feed for 0zone generation. The total cost of producing
ozohe is generally calculated as the sum of the power costs to operate the corona
discharge generator and the cost of oxygen {(or compressed air) that is used for the gas
feed. For a given ozone production rate, the power required to operate an air-fed system
is much greater than the power required to operate a high-purity oxygen-fed system.
Typically, for larger systems that require high ozone generation, oxygen is the more

economical choice for the feed gas.

[0040] On the other hand, for feed stock that is entering an anaerobic digester or
ozone pretreatment chamber, it is desirable that excess oxygen not be introduced
because the oxygen will lower the quality of the generated biogas by promoting aerobic

digestion and CO; production. In addition, excess oxygen accumulation in the biogas
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break down bi odegradable material in the relative absence of oxygen. The

di gestion process begins with bacterial hydrolysis of the feed material in
order to break down insol uble organic polyners such as carbohydrates and
make them available for reaction with other bacteria. Acidogenic bacteria

t hen convert the sugars and ami no acids into carbon di oxi de, hydrogen,
ammoni a, and organi ¢, aci ds. Acetogeni c bacteria then convert the resulting
organi ¢ acPadeidRYentidesdety iazard 'gg SAT MKt tg@"cﬁof‘faé'?‘?arlneg'ﬁﬁ%ﬁ[‘%rf ORSESr 8GN,

and car bopxgiehafiebetivbtteowsririaippee fiemeiglihitd. hese products into

met hane and carbon di oxide (the primary conponents of biogas). The produced

di gest at e jgmA]be fruEtiRaINtisRP desriedd inafdin ard Bystéras ant iméthd @y for|prédicingnsl a

wast ewat er stream he wastewater stregmis further treated, typically via
hor obi ¢ g8 SEa, caglA GG SR MR CHERG RS e Bes Rrinylef g cSRerittor”

[ 0037] Anagkathént df @eFeniOWaste febd elocksls &l seaie nstidirentsf the enewvabmengger gy .
The process @r oduces hi ogas, ic'h as ncit e%oggove, rti Uf@\”f/ conprises
met hane a®8NtEatBIRe GRERT 8RS MeK P 81 BYALEPIR, Y Y8V YEIEIREHE R R g
fuel, in qoghitdiedehipaty @nBodPBRY of Ji&s pr8ghtifntion willpinabke dedoribeat Figale 1
gas-qual i bi onet han i

t . The utilization of biogas . fuel , source hel ps
el ettt 8 SohoRala diRofar ok ah FaeBPRL YR obh; Bl & Riah ol Syl P
pr ocessed sibamarzeaiteiian ¢toge Hehorator HAVVeNEFe a ponien QlygiRalC3 A%t I8y weight) of
recalcitrant in nature and.is diffi It for the bacteria in the anaerobic
di gost er | {17 BOREBHS CRRYETIEN IS ZONB0 [\ IHISIEPLTR CXYERD HFGah MEYD IS SSATBE: of
the fe[) UEIbb_&iohq;stﬁs@d ﬁﬂflﬁl_éast:!w% ai}?eﬁQiyt\!@éiglﬁle?ilt &d@bdlufid okfein Sﬁ(ij]tde_e@’;]aﬂibhm the
anaer onl C estli on, I'S, e o0 waste |I'S | Ca renov
oot o RS et By el IS ugte Blfoist ot Sarute o Reptitetlsilah B, g ani o
wast e nay whcht €othrise® dzbRe RAGRE iudrdeeRal &Fgen, thbe exitetieobichedgaresdtor 14nd
therefore, if, nﬁt?lli\%FeeJreat ed, this waste V\DL{ d ter,_process

, J ; ~he dig
di fficultapd o BP R AYRSTUTS nSIPY « AEOLP 'IOEegB cl§¥5tﬁ'§s(§§ee N8R to
break up telkmoafaheﬂm?ﬁﬁ?ému@ﬂ%tr@aﬂn% donistises gr laBt 4v§|bmu.=ll @swgigmtcammuém
organi ¢ no cul es al are r asl Qdeqgr a e. a | on ozone
S et B Bogan s eiahs e BeB Sstaim. 2 & Grad B BetveruRe BaiaclRionRER  dor
to renfler frbhgth% gmmm@armm@dgqxbﬁ de@crﬁﬂl;eﬂ m@nd eto provibec?aaa@agesgﬂm &s
commonly produc IN a caoron | SC r ge-pase ener at or om al
hi gheput i BYMERDBEIOW PRREeTaRH SLPVEER L METSEOGRORE (babARCS D Aoeslesdl: (har i s
produced gps@at dmvsdiRedtd Yhedppentidigzone hiebe easaratea fropoieroxggeh stheam

concentration of ox n that is.used in the feed for ozone generation.
The ot ar Mde e LS SRA YAl oA RN PP BB e o ¢ he sum of ¢ he

D e s PB 8 i PSR 5e. eS8 S5k st im P 8 o one
product i ogehérator oubiet sp@ary (el Geffllie streampi) ahd @sicté i dreddsyplicerbeds antich
ot et SRS ol B SRR e e S S o
the nore eeemauiiéadd ahairemoled fidhe tie ®bAgescle [ OMHBh Qnetdvepetdiethe aasknt f or
e ot i e eI o g SEeSBkS i et oS! e B BRI o
oxygen W bkydepiBickitb ahdlbdrid yerdfratbh 84 gRNRLCAE dirbarn B6S objhsfyadnotdeligerane obi c
e O ored oS taplete oxygin 13 hr hBbic GRS BLIRNE SR Ghe ' "
same site—via output stream 38. In alternate embodiments, a portion of the ozone-
depleted oxygen that is collected from the PSA cycle may be routed directly to an
aerobic digester, and the remainder of the oxygen may be compressed and delivered
back to the ozone generator. In some embodiments, the gas stream that includes the
unreacted oxygen comprises af least 50%, and more preferably at least 80%, oxygen by
weighf. Referring back to the embodiment of Figure 1, once the unreacted oxygen has
been removed from the PSA system 20, the ozone that has been adsorbed in the
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can be a potential safety hazard if a gas m xture that contains nethane,

i nert gases, and oxygen falls between the | ower and upper flammbility
limts. [0041] The inventions described herein are systens and net hods for
produci ng a gas stream contai ning ozone and a "carrier"” gas that has a

i mted oxygen content for treatnent of organic waste feed stocks. In sone

enbodi nents, the paxi num oxygen content in the carrier.gas. be, .for
ol o EORTBYOm B MOVAESPTREL GY BrSUEP SR HECRUSSH o S ADE AR
errtﬁodi tn'?nta(rjr_ﬁfunl BEoB/GER Bt i wlwatédom fﬂ%Hna?%WcPﬁgef@érthHéDﬁﬁbeﬁFQ%ﬂS?sﬁgmom a
schemati ¢ di agram o n exenpl ary system nitially, a high- [
oxygen st rh@&‘?nq‘i? mﬂ%@spf&ﬁe@g'awsggﬁﬁ‘éﬁm Of PXYGRbr e-l-%/? Sto/iid ¥ gﬂ?sﬁép‘?%%l ly
3-14% by wemghts, fof dxBRpRX IS hittdhefOIDG! et miktoreo#RAef Thi Bbrgb -atefridty
oxygen stream may, for exanple, be conprised, of L at |east 95% ox gen b
wei ght ifelnlboidg‘"'%‘t?’itaﬁioéy GeHeRl &l MaY bg 1qohigh to i, t@é@n%il %sg%t i f
it is a vagedPgawitha e drechNinik®h ChaerbbR @hédteenin Bibse ambblimentd, the
conprises ozone and the unree}ct ed o_x¥ en, then exits, the ozoiheﬂ gﬁig/erator 14
% My /o-

and i s delPfeAstergingd perepntags o OXYGRHE tRISTER 935§ Mpshe 10 MAre In sone
enbodi nen he effluent stream 16 co ises at, | east 4% ozone b i ght
ot oddteR o5, Bsioning Hak b Tane Do aRLAT Efuft i B8 oo RS R bt he
unr eact ed ag¥ Wgeorbet @¥bhd therl EXitaBtPSA spaaem 12D vadifiuast desan iZRedPHrl to
provi de aacarrierr gas with a éuffici ent}g Ioav ercent age of. oxy 09?68

br anspor t B9 GHEISMS SR WRIAIRIE tof RISER! B35 S Xl MAWABB AT | ne
gener at ed ﬁﬂa Wyeteifys Bﬁ:gﬁleﬁnaUEB.@t?témwﬂpﬁli&atimmbltczﬂmf wnumo@ 8|g$S&A5M$eI of
the ozone ShUICEPEBsoaHYInE dePiRIa" kOB 7096 8o THstBR Ab AU Porits Pham
g e. g-,b gf ]ﬁvdrmm re $idoRgitatel hefdit By eféfedice ak Iif fally wﬂmfrph ta‘)m\h@m% oRlireary Biein
esorbed fromthe sieve usjng a sweep Qas ter. the unrea 0 n_gas
s beon Lo SRR CEE IS ST B A0 Pthadi ok e e A SRSy SE IR 367 1 he
present ij'f‘éd@h’tii@ghe:ébdvg—miréfé%nbi) arétﬁmgy apPIigHbRs Smeatads dﬁhﬂfﬂ&is,_ tdrehe |
recovered ozone- ed oxygen back tqg t zone gener at or vi a ycl e
Str eam 36 STHRATMATTSAtNG §reReNT GRRICHIRD- (I dRUget 8RO Soes SUINE B BReYdA o an
aer obi ¢ dicgastfer u48-witi eie iPSA ogdtiecdycidmb hands atsthrist &ecording db [thé Feseram 38.
In alternate enbodi nents, a portion of the ozone-depl eted oxygen that is
col | ect ed e8I he PSA cycle may be routed directly to an aerobic digester,
and the r j nder, of the oxygen be, conpressed and. del.i ver,ed back to the
o7one genddCAAD, - rpostsem oA merers tr TESt SIePRRA? I HAVeTRE B e

unr eact gd floNy herPSA @.?stémem, #tmbebs idebitdle ga%mmffearpnn?faemﬂbry ofithel effugdnt ﬁO%
oxygen by ight., Referrin ack to the enbodi ment lgure 1, once the
i Sact on SBSYHA7 teseunePa i das fob RFeh ERuR S B P slem 20 RE b
has been pesehbadal doncbetratiad sthapisi highdrethahsthe fuzsiree sonterdrabin an sve éiayas
18. Because  jt i.§ desir bge tqQ.limt the amount of oxygen that is delivered
to the anQ@F“BBioéﬁTﬁ%@%etrg?,reﬁrﬂgzs\/\eep gas 18 shoul d have less than a
predet er m ned.percent age of oxygen, The as, 18 may conprise, for
el o | 100481 5 REBRS elloto” B S heditiernt O RS, F Fomin. EOMRiRs IRE
embodi nenteHluehihstraaxty @2 Bos@MIrRNthe iozone lIanﬂ_BWebﬂ gao mndyi ng_t‘ectélpinwa rdajebtlarf or
use as a sweep,gas that enter irectly. 0 an anaerqbi c gester. .In

t hese ean\é\‘?ﬁW%Hg%rﬁ £ %“B?re@tm Fed Jé‘i’ierﬁﬂ“égﬁ?wu% 'ﬁgnwﬂh 'fawielge\%tg% gas
18 may be dbﬁnmatn% HH@&SthbSP‘SA[@Gt’K&] ef elhrﬂgegjiémérb “ pretrédztmeﬁnbmhmmﬁqﬁes
Figure 1, the conbined sweep gas n or zone, then exit the PSA
Syot em 20969 Brrpu el R R st RS o BE s Bl o TRet S preati ot | n
the rel evagdt i®iid be l@@eteex aﬁmtﬁebroff;oras,stubtc&bh@ irPHe éf?aérﬂ sredms3zs Isemnoimled ttaught
in US. Patent icatign Publicatign No. US2010/0189635A1, entitle

bt essur o SRR AU 1oe ¢ SR e sATaE, FOATORn e TS Ad8REEnt s
of which ardrdafimeitppambec 2ied i fluid flow ebatnaurieatias with thellahgersbic digestdr.280ne

havi ng ordi na skill in the art w |l appreciate,that the syste a

mot hods 1 o glabes piepra 3Rt ette " OBRET Pidisaimesl et oos S edne

r ef er ence apagrobid!digesen D8] wablett continaks B alplaced B, contact hed eadeoditned feeof t he
present application. Figure 3 also shows a suitable exenplary PSA cycle for
use with the PSA ozone systens and net hods according to the present

i nvention. [0044]1n some enbodi ments, hgfore the effluent stream 22 is
delivered downstreamfromthe PSA system 20, it may be desirable to vent
off an initial portion of the effluent stream 22 because oxygen that has
not been renoved fromthe PSA system 20 may be present in a concentration
that is higher than the desired concentration in the initial portion of the
ef fl uent stream 22. [0045] Referring still to the enbodiment of Figure 1, in
sone configurations the effluent stream 22 containing the ozone and sweep



stock. Due to the Ilimted presence of oxygen in the effluent stream 22 t hat
enters the digester pretreatnent chanber 24, the dissol ved oxygen content
of the effluent stream 26 that exits fromthe digester pretreatnment chanber
24 is lower than it would be in a feed streampretreated with a m xed
oxygen/ ozone stream |In sone enbodi ments, the percentage of oxygen in the
effluent stream 26 should be no nmore than . 18% #n al ternat e enbodi nents, it
may be pr&Perablug tofhe Iimfed pessersr SHRVEEN dX RfRIMPeNt Sieary ¢4 thahenlers 26

i s subst agiybatet Yretreatndrit @RarkBap 24, 3R GldsBlvad bRydErt Corfer fl it BifiGentVdiRam a
separate vessel for ozone@gre-treatnent naﬁ be unne

I . cessary, It y .be
possi bl o P laioNits Mamg e dbesiorcpEeaTERt CRARBRS A 1S HRWSanam it WoHIE BE B st em
By way of feeayastfebf metr¥atediwithcd mix@dtdxpgervbzdniestelahl. URndontie embbiimeRsAtiiy st em
20 to the anaerobic dlgester 28 i s shown zﬁyeﬁatlcallé in F Urf;} ﬁf
ef {1 uent BEFRRAAPAPT PyIehd e SEIUEAHENSIBoeP SHAYD the "B PPIEeHENS 18 Bam™2 i s
cont act edandrhtelditbodmadri¥\at Ry BS Bwa@hpleamtftm@ﬁmmé@é of dkyhbirahaefRiht
di gester. [0047%A¢ter t he anaero di gestion process has been conpleted in

) i

the anaer 33 d g%%lbétanﬁﬁlyl???ethia'i‘&g% -phase portion of the treated stock

may then exit the system 10, via |jquid effluent stre 30, and th

gas- phaselBEPL i onn SHoMEEE PragHiintsy Bhkre A oBaPle VFSeLi: oehna ey rerpest

ef fl uent fialy®ainddcesthly, RARDRYcsBicdd Tt digesierptroatiant biramisdntiichyh f eed
ani mal nure, waste sl ud or .foo essi ng

st ocks sugh , e, ] nd, bever a r
anste suckomane B eRyeBH AT megwe St dikce Fung i BE SrERnChaT inEERreS
Wit 3 S FGC's@térgbmrSt]QMe @h@égmiccm@é@ersmt:is fﬁbvm k(&@ﬂlé}‘ti@ﬁ[lyﬁﬁdii?@beﬁ?gieﬁ%ﬁth
roducti on. ec enmbodi an ex ary,.syste j.s ,shown
Schemat | catr%{}" 4 shpdd e irersipes et sl gﬂ?%%é?s'gﬁongqéedsw & 110
that are {vhstewatde 28upSr&divfbm dnd/drivetrkl drabroditdigésient of the system 10 are
given a reference nuneral increased by 100. For exanple, the ozone
gener at or [¢D47pf tATRr fihe ahastobiodiigeetién pfodebe hay veemcdipleted metheaamaerbid he

ozone generator_114 of the secopd enbodi t .of the system 110, In.the

Crtores:  Gotiped. e fauitahesdhen SORe MR iR S MPB AP wi « 1
t he f} r st liUid eHiuBRNétredn® 3E}Jﬁﬁﬁtﬁ)f&ggb$1pﬁ&®llhp@'ti8n obtte aeaemtodﬁeﬁeﬁtemd ]:cr%eﬂ t he
specification. [0049]In e, enbodi shown in Figure 2. the S e uent
SPr eam 5 3yeatatoads ges SO SERBbPE. dngAeErbIOwoPdionGiPiass Hul B itd at uc
for perf ownh Rgdastdiike ash S€BAIRRI MARURY, MasRSiidyé, orfobs apd beesags pleesdies t he

bi f t he ot her. t f.th t 132.
Ui o enbolPHERuSh FR SR TEn P o B PSR FRgeh T M A WSS ot i on

process lgrpwnSeriéfBlerass $lth RVdefe Brdetibated ditigas praduetidtSA system 120 in
order to desorb the ozone fromthe adsorption bed in the PSA system 120. In
some enbopiogeNt s,A Sédohd @Ribodiyerf b he kadhplabesystsmd 148 ist shewsveehpmgtaallpacause

it is relativel nreactiyve, an assi st, to contr he pH,of the biogas.
In some eﬂ‘@HEﬁ %n ry thig %ﬂ@%@%ﬂg@’ﬁ‘%ﬁ%&i&? S t%m 13{) tf\gtagfe gfﬁ’/osﬂ'i"?r%sge% by
vol une. | éle?ieht%r matie ﬁ@@ginbmnf&@t_ ?fhmesymnAsg’g[B ar@_gi\ennaigatereaﬁ:?ﬁmma‘tal y of
a m xture, of carbo i oxi de an i trogen. escri bed above,.. it rogen
That 1o viodtearsd BYdah e Satne. MeloRE et & B8 St e g R e °
anaer obi cgyitgrasioes the Sameyadther srdhegdnerdtbrel i oD® sepad @hibedinem oesise 134,

and then delivered as the effluent stream,118 i.tin .he bj.ogas separation
o cene 1 Siptans B S hetifensit o 688, SUNE YRS oF s hEBptittol bRLaR SRR
sonme enbogitané Sirstt BMbBHIARAS drd rudtbdpbd daFigaparabutoArep hot essealedt in she

separated into & first conponent stream conprising carbon dioxide and a
second coRFSHIEANOSt r eam conpri si ng net hane, and the carbon di oxide of the

first co t streamis used as the_effl t stream 118 th xi.ts. the

bi ogas. SolIAaL 1 orh i BlabEdirent sawb M EEeAdnh o5t BN 352 T <R, P
?yi } ﬁr m) 15312 dridehdbld ﬂig?étéﬁilﬁ;fs&p@t@?_ﬂd bmggar,au? fsopgmngig 4 ibqallgiad separatigen

" ' nma elivered via |liIne a ed. I ndirect Vi a . a

heat - excilitgBrs 1576, T PEes sorarelsh deQeSeh Eondin aier Freschs BRI et ng
t he bi ogamesRRaflcn0strgdin®¢83 sinltfis.erftidiment] tha iRy stecanp i 1 S exitifefromtieane of
t he second conponeng strean1q¥£tioned ahove. This he t-Fxhgng Broc ss wll
tend to c2G9es SBRAMUAN Bocess 19hE Y394 8% NPaPUFeR, 893 High eReis IO hEESYSIER sone
enbodi nents, this converted nitrogen gas (vapor) may be collected in a
vessel 150. The collected nitrogen gas.yay then be delivered fromthe
vessel 150 via output line 152 to the 5@2 system 120, where it is used as
at least a portion of the sweep gas that desorbs the the ozone fromthe PSA
system 120 in accordance with the herein disclosed systens and net hods.

[ 0051] As such, an invention has been disclosed in terns of preferred
enbodi nent s



and alternate enbodi nents thereof. O course, various changes,

nodi fi cations, and alterations fromthe teachings of the present invention

may be contenplated by those skilled in the art without departing fromthe

i ntended spirit and scope thereof. It is intended that the present

invention only be limted by the terms of the appended clainms. CLAIMS 1. A

met hod co risi generating a first as Stream con'?rl si ng at
ithe;@ds

n
| east 4% o %H’é%&% G%Pa%ﬂrbé'?ﬁjog?nq 528 Qﬂemhe%w s BRe system 120. )
separ at i ngodk drstRiimént®irdgdh My tpisleRBBNB: Us8IMNat Re shvkeh B8 DeShlisRaRis

(c) formng a second S stream conpri si t least a portion of t he ozone
t hat was Esg?fyﬁyt gareﬁp‘gﬁa £Ae May sqss) tosPﬁ”g%(ﬁm the R epf rﬁ% biqoRe sdt i Syas
stream haémlbld;ﬁ@nrmrtﬁe tsh@e%Jg?a% I9XEBetisBY ofedtabast 90% nitrogehdBy Vvblaaiel Nt

wast ewat er usi ng naer o e&iest I On process; r% 3 cont acti ng

the seconfigagt es?"P e hiNgt SRR 938 MEY (oAt %SWH%'YV%TS% B OfeGarpra}

bef or e t hgiowrezpdaiitRigehs As'RILAEISING, thBitPiRANPE i§ ugécg%séviréé'ﬂ tﬁé QE@FES or
while the vva?tevvate streat

d USIE t he na robi c tlon ces
2. The met ABYTEM MeaPfi SysigAe &9 ite tB8 enpipbledopals sehavske sulied @ fne,
pressur e pwhaY sastrMtiddl pfroceseYi@4and then delivered as the effluent stream 118 exiting the
biogas separation process 134 to be reused again as a sweep gas in the PSA system
120. In some embodiments, the biogas in the biogas separation process 134 is
separated into a first component stream comprising carbon dioxide and a second
component stream comprising methane, and the carbon dioxide of the first component
stream is used as the effluent stream 118 that exits the biogas separation process 134 to

be used again as the sweep gas in the PSA system 120.

[0050] in alternate embodiments, a source of liquid nitrogen (“LIN") 144 may be
delivered via line 146 and used indirectly (via a heat-exchanger 148) to cool and
condense the methane in the biogas during the biogas separation process 134. This
methane may comprise the methane of the second component stream mentioned above.
This heat-exhange process will tend to cause some or all of the LIN to vaporize into a
gas phase. In some embodiments, this converted nitrogen gas (vapor) may be collected
in a vessel 150. The collected nitrogen gas may then be delivered from the vesse! 150
via output line 152 to the PSA system 120, where it is used as at least a portion of the
sweep gas that desorbs the the ozone from the PSA system 120 in accordance with the

herein disclosed systems and methods.

[0051] As such, an invention has been disclosed in terms of preferred embodiments
and alternate embodiments thereof. Of course, various changes, modifications, and
alterations from the teachings of the present invention may be contemplated by those
skilled in the art without departing from the intended spirit and scope thereof. ltis
intended that the present invention only be limited by the terms of the appended claims.
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3. The nethod of claim1, wherein step (c) conprises formng a second gas
stream conprising a sweep gas and at |east a portion of the ozone that was
separated fromthe first gas streamin step (b), the second gas stream

havi ng no nore than 18% oxygen by wei ght and the sweep gas conpri sing at

| east 90% ni trogen by volune. 4.The nethod of claim1l, wherein step (c)
conprises formng a second gas stream conprising a sweep gas and at | east a
portion of the ozone that was separat‘-‘é&'ﬂgomthe first gas streamin step
(b), the ?econg{gaﬁ tream having no nore than 18% oxygen by wei ght and the
sweep gas 'considigt ﬁgé%grﬂﬁ'ri‘%il |y of a mixture of carbon dioxide and

ni trogen. 5. Theaymet feskrafingcd Risiyds strdbinh BeMpAKRPBI IBEEIU% ozone by weight and
separat i ngﬂa third gas streamfromthe first gas stream the third gas

st ream corpPRAPS LtYIPBR¥ ety oxygen; and (g) delivering the third

gas streamto aekoRratind £AeSdseh pofioh Ve tEEIAAE from Bk Aitdgds strédrhher
conpri si ng: (g%)separatl ng athird %as streamfromthe first gas stream

the third gas &reaff™® SEFHY 9As PR CaNPETNg ghlfastd @oftiey dithg OEPe t hi rd

gas streafiatwaslsepRatdd ForAdhd fiRn gas sﬁeéﬂﬁwbtép%ﬁ thé 66EURdl s AfeafvRAVing
generator used to perform step qqg??t' 7. The nethod of claim1l1, wherein the

per f or manB@ Mare haa 1 8e9xy9egityveidita di gester pretreat ment chanber | ocated

upstream from gf)d i fredting whashévareC@img i Saddretic Yigebticprapaer afd ¢ di gester in
whi ch step (d),is perforped. , ,
(e) contacting the second gas stream with at least a portion of the wasiewater
either before the wastewater is treated using the anaerobic digestion process or while

the wastewater is treated using the anaerobic digestion process.

2. The method of claim 1, wherein steps (b} and (¢) comprise steps of a pressure
swing adsorption cycle.

3. The method of claim 1, wherein step (¢) comprises forming a second gas stream
comprising a sweep gas and at least a portion of the ozone that was separated from the
first gas stream in step (b}, the second gas stream having no more than 18% oxygen by
weight and the sweep gas comprising at least 90% nitrogen by volume.

4, The method of claim 1, wherein step (¢) comprises forming a second gas stream
comprising a sweep gas and at least a portion of the ozone that was separated from the
first gas stream in step (b), the second gas stream having no more than 18% oxygen by
weight and the sweep gas consisting essentially of a mixture of carbon dioxide and

nitrogen.
5. The method of claim 1, further comprising:

(f) separating a third gas stream from the first gas stream, the third gas
stream comprising at least 80% oxygen; and

(9) delivering the third gas stream fo an aerobic digester.

6. The method of claim 1, further comprising:
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8. The method of claim11, further conprising: (f)enabling a gas-phase
effluent to flow froman anaerobic digester to a biogas separator;

(9) separating carbon dioxide contained in the gas-phase effluent from

bi ogas; and (h)reusing in step (c) the carbon di oxi de separated during step
(k). 9.The nmethod of claim 3, further conprising: cooling at

| east a portion of biogas from an anaerobic djgester using |iqguid nitrogen,
whi ch results (th at SERARYNGSBHAING G2 Hirea, {TPE m%t g eds ﬁgegﬁ'ﬁ ﬂ% Hiirdr 9fen
vapor ; angtréaq,),gngw,t@gt IB&StIB0YLEKygBRIndAS at | east a portion of the sweep
gas. 10.A nethod tor treat] ng wast ewater with ozone, .the t hod, conpri si ng:
(a) generating'® fikeDgfgsthird ggg siredhsiailenst atpof@ﬁso(faéﬁ%og;&?é SrgaRdPyht
and at | easbzSWodneyatenuddd t¥edbhini step (a). (b) transferring at least a
portion of the ozone fromthe first gas streamto a second gas stream using

a pressure swi ng adsorption cycle, the second gas stream conprising no nore

t h?n 18%; W%’ge!‘lf{wﬁ}‘?éﬁ@écgb‘tdlaiﬂﬂg whereip ﬁhé ﬁérf&:ﬁa!ﬁgé hgsfeerﬁ@égmmingaggigs%teeam
Into contact wW e wasSt ewat.er el er upstr.e om an anaer.onl ¢ | gest er
o vi b n PR BRI BREET BESEE: UPST eSS ThIY L IcRMEBICAOR A L op

(c) at | eghierdBit digakley irORIEibh Step'ld Fis pededicy.

8. The method of claim 1, further comprising:

4}] enabling a gas-phase effluent to flow from an anaerobic digester to a
biogas separator;

(g) separating carbon dioxide contained in the gas-phase effluent from
biogas; and

(h) reusing in step (¢) the carbon dioxide separated during step (k).

9. The method of claim 3, further comprising:

() cooling at least a portion of biogas from an anaerobic digester using liquid
nitrogen, which results in at least some of the liquid nitrogen becoming nitrogen vapor;
and

(9) using the nitrogen vapor as at least a portion of the sweep gas.

10. A method for treating wastewater with ozone, the method comprising:

(a) generating a first gas stream comprising at least 4% ozone by weight and
at least 50% oxygen by weight;

(b) transferring at least a portion of the ozone from the first gas stream to a
second gas stream using a pressure swing adsorption cycle, the second gas stream
comprising no more than 18% oxygen by weight; and

(c) bringing the second gas stream into contact with the wastewater either
upstream from an anaerobic digester or within an anaerobic digester.

11. The method of claim 10, wherein step (c) at least partially occurs in a digester
pretreatment chamber that is in fluid flow communication with the anaerobic digester and
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pretreatnment chanber that is in fluid fl ow communi cation with the anaerobic
di gester and the pressure swi ng adsorption cycle, the digester

pretreat ment chanber being downstream fromthe pressure sw ng adsorption
cycle. 12. The nmethod of claim 10, further conpri sing: (d) enabling a
gas- phase effluent streamto flow fromthe anaerobic digester to a biogas
separ at or; (e separatin% t he b%g%as into a first conponent stream

conpri si n&‘%d?’ﬁ%ﬁﬁ"%li ing eG5PUONs SYBIRd BB nfgReRE REeaimesb PRt gPSHRe hane;

and dowhstrdapiFbmahd PRsbireSwitPaasensivh géieeam as the second gas stream
of step (b). 13. The nmethod of claim 12, further conprising: (d)

enabling a gas-phase effluent streamto flow fromthe anaerobic digester to

a bi ogas ggpar ghehethod of claifi€)0, RePRF ddrhpgsindie bi ogas into a first conponent
stream conprising carbon di oxide and_a second c onent, stream.conpri si ng
7ot hane: @ “enablipgi3 ags-psecelinnd STBRBIALAY TEXT ihenanRGroRic Flogster

ni trogen, to\ablyak esplrhter;i N at | east sone of the liquid nitrogen becom ng

nitrogen vapor; an usi ng at, | east one of the first conponent styeam and
the nitrogen v&Por éég%rﬁ@%g'ﬁo};\'érg@%ém%ﬁg’éhlc‘ampg'ﬂ% S?’S?r.“ GANAISEPSEHRPT or

treating Wrxidewmdes satoht) cOmpefant bi€arh Lo MPAIAE AdthheNgnd

(f) reusing the first component stream as the second gas stream of step (b).

13. The method of claim 12, further comprising:

(d) enabling a gas-phase effluent stream to flow from the anaerobic digester
to a biogas separator,;

(e) separating the biogas into a first component stream comprising carbon
dioxide and a second component stream comprising methane;

() cooling the second component stream using liquid nitrogen, which results
in at least some of the liquid nitrogen becoming nitrogen vapor; and

(9) using at least one of the first component stream and the nitrogen vapor as
the second gas stream of step (b).

14. A system for treating wastewater with ozone, the system comprising:

an ozone generator that is operationally configured to generate a first gas siream
from a source of oxygen, the first gas stream comprising at least 4% ozone by weight
and at least 50% oxygen by weight;

a pressure swing adsorption system that is operationally configured to receive the
first gas stream and to transfer at least a portion of the ozone from the first gas stream to
a second gas stream, to discharge the second gas stream, and to discharge a third gas
stream, the second gas stream comprising no more than 18% oxygen by weight, the
third gas stream comprising gas remaining from the first gas stream after the at least a
portion of the ozone is transferred to the second gas stream, the third gas stream
comprising at least 50% oxygen by weight; and

a first interface that is operationally configured to bring the second gas stream
into contact with wastewater either within an anaerobic digester or within a first vessel

that is in fluid flow communication with an anaerobic digester.

-15-



an ozone generator that is operationally configured to generate a first gas
stream from a source of oxygen, the first gas streamconprising at |east 4%
ozone by wei ght and at | east 50% oxygen by weight; a pressure sw ng
adsorption systemthat is operationally configured to receive the first gas
streamand to transfer at |east a portion of the ozone fromthe first gas
streamto a second gas stream to discharge the second gas stream and to

di scharge a third gas stream the second gas stream conprising no nore than
18% oxygensby whbkBysterh N6f toHimd 192svHhdi afReC Pradsle RUIMA2ds6FBOMI d)8tehi om
the first 8as,strean1after the at | east a portion of the gzone is

t r ansf er r SAMPESas R Sig¥R SR PERSS S SR RASHRIIAN Fystery heing cperatierainseniguRes at

| east S50%O¥NERD they atRia8hh ;poftitfl of the ozode bhioStheisidvel ti@etotdabro &t least a
operationally configured to bring the second gas streaminto contact with

19 L
wast ewat ePORIRR 06 thegdsaiied o200, Heing Biswegp §as+iBe sarong; gasisireamiqopyrisipg dhag |
that is i QefdrbbdotdrRVArCREERESREAHLN W th an anaerobi c di gester. 15. The
system of claim 14, wherein the pressure swi ng adsorption system conprises
a sieve, the pressure swi ng adsorption system being operationally
configuredgto FHg %F(@tehftﬂ‘ oilim! B2 fheriP et wtizpYastdomppisenat 18a5tBOYNRiIrdh &Y €,
then to desorb at [east a portion of the adsorbed ozone using a sweep gas,
the secon® §9&¥M&t r eam conpri sing the desorbed ozone and the sweep gas. 16.
The system of claim 15, wherein the sweep gas conprises at |east 90%

ni trogen Ry, voltHa®systedy of Eafn SIS f8ReP fcofipAbify kth adrdbithgestMiMd &idagomD
aer obi c dl_rtggester and a second interface that is operationally configured to

bring t helfacs t§akis Qpeeionaliy eoniigwedde Bringrhe Hird.gas siiean inte copast iR hi n

the aerobine Wagiewater eifer Withii the acRdRONFest@SSalithimaketdnd vasbélUhat i InOid
comuni cation with the aergbic digester. 18. The system of claim 14,

_the ae g€
further cHRYCPEIHEICRHOR Wit {fie #qraliC digeptelii d f1 ow communi cation with the
pressure swi ng adsorption systemand the ozone generator, the output |ine

bei ng opergt i omak! Yyt b Wi 4, &ERErN cdhiBrididy £h GRgout irRAm tQuid hpwpzone
generator. 19. The sgst emof claim15, further conprisi n& a bleg%as
separ at or CPRMuUNiEaHoR W hvtheoprassHre svingradzPmion systamaddne 0z 1eesdiorn, iy

bi ogas sepatpat fifie BeinG bpRRRIoAEIOEFfigYireeionf fcdiith @Re third §RAERESM 1t @hHicgeds | Nt o
a first conponent stream conprising carbon di oxi de and a second conponent

st ream cofBP$@%g net hane, and wherein the sweep gas conprises the first
conponent stream 20. The systemof claim 19, further conprising a heat

exchanger 1ghat The éé@%_rnﬁtdf Qi ¥5.C RIthE EoRPrisiAg P Blogab Esepafeddid irC AR Ot
streamusing |iguid ni trogen and a third vessel that is oper ati onal | ﬁy
t he

confi gur e§ONEUN E‘i’ﬂ/é"ithitf‘_ REETaPiH digepten ihe niogRs, BERArRIRA MGG, ORISR
sweep gas c6Mgardds &S sbpfraldi iHeOBRHay dRO'a first component stream comprising carbon

dioxide and a second component stream comprising methane, and wherein the sweep
gas comprises the first component stream.

20. The system of claim 19, further comprising a heat exchanger that is operationally
configured to cool the second component stream using liquid nitrogen and a third vessel
that is operationally configured to receive nitrogen vapor from the heat exchanger,

wherein the sweep gas comprises the nitrogen vapor.
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