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Review of biogas bio-desulfurization process™

XU Ying"2, SUN Yongming'”, YUAN Zhenhong', KONG Xiaoying' & LI Lianhua!'
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ANbmen With the advantages of cleanliness, efficiency, safety, and renewability, biogas as an alternative and complementary
natural gas is becoming the new direction of energy development strategy of China. Biogas desulfurization is one of the key
points for biogas high-value utilization and industrial application. The desulfurization process directly impacts equipment
operation, product quality and engineering quality. Compared with the traditional desulfurization process, bio-desulfurization
has high efficiency, no secondary pollution and low cost, therefore a research hot spot and industrial application for biogas
desulfurization. This paper reviews the basic principles of bio-desulfurization, main effective bacteria, desulfurization process,
project cases and the latest research and application. The major emphasis of this review is the comparison analysis of the
physiological and biochemical characteristics of chemotrophic bacteria, and their desulfurization performance. It also lays
emphasis on the application case of two-stage biogas desulfurization process based on the bioscrubber. At last, this review
puts forward suggestions on development of bio-desulfurization technology and industrialization in China, including making
further technological innovation, doing in-depth research of bio-desulfurization process, as well as increasing the number and
expanding scale of engineering applications.

[&Qywﬁ]@ biogas; bio-desulfurization; hydrogen sulfide; desulfurization bacteria; desulfurization process; biogas engineering
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Kantachote% INAGKE T 7K b 3 i85 Hh — Bk B HLS S B %
(86.7%) WIHE KR, fiv 44 M Alcaligenes faecalis T307. ‘& 1] LATE

AR LA KM TR HGR G R EARK. L8
UEBH, YERA s B ACR BR Eh A 2R B, TR T307 3 R4 A A
K.Y P AR TR . AR IRFE BT, 1wk
T307RFAFE ALK . HXTMERE A AR E ALK, FH&
P F T T3072E K

Sorokin DY%: M\ THIOPAQ/Y Jj 5 FF 43 55 % 5 H — b

RIS RAL T . & R LB W AN, % & R Sulfurospirillum

( Epsilonproteobacteria) Wi Fh, fiv 4 N Sulfurospirillum
alkalitolerans. % W J& ALY/ AL DL AR T, B R BRACHR
TR &P . BTG | AR R B TR AR SE AR BT A2 A, Sl pH
Hy8.5 1,

Kobayashi T4 % 5 T i %Ak i £ ¥ D E AT (Microbial
mats) BUZERY . AEAE BT, B R RE TR R BB T 22 R
HFE A WE 5T & PR Halothiobacillus neapolitanus 1 Sulfurimonas
denitrificansiX W T B X S N7 g HH R 8046 R0 S BRR 1 7 AR L
BOCHEAER. G5 RUESE, B R G AR ) T e A B 7 e TR
TEVETT . AN %R EALBRAL Y T, RO R BV 0 AR
Wy 5y il P EL A 5 7 A S T .

Muyzer G%: 47 T > Thioalkalivibrio sulfidophilus” HL-
EbGr7 i i 4 SE 41 7. % 1 Floe % L RE A 3% . R ERrEml
A L, B Fy-BIEwE. 17— 2 R0 AR Y SR A% 1Y
SRR, 2 R R LI A, TR SR TR AR B Tk S
HIRRAL A 2 B

W 5T X AL RE B 7 TG 200 B 9 A 3 A AL Rl R R
T AT T REMHR. AT . b kG FT
DAL HEBRAR AT A . AR AT DA SE 2 T A 2SR AL
BEHEA N . WA A S, s
e, 7R ALY 7 A BT S (R (HR, A R A
A A SR AR R BOR A R R, R 9 TR TR R ) A BB ) 1
FHFHF F 67 i BF 5% 108 2 L4 3

© AT A0S
B 9 R T2 5 RO AR BB BR AR L W IG5 75

IINENIG . R

Addition of organic matter, sulfates

KT, A%, IREERLY
Water surface, oxygen available,
low sulfide concentration

—>

Anaerobic,
light penetrates photoautoautotrophs

—>

IRE, =R EER)

Anaerobic, high sulfide concentration

T $"+COy+0, = CH,0+S0,*

H,S+CO,+0, => CH,0+S0,*

H,$+C0, = S$"+CH,0

H,$+C0, <~ CH0+S0,” <

H,S+C0O, < FHHlA% Organic sulfur €——

Bl FRAEEREA AR (RIESTR (3 ) .
Fig. 1 Cycling of sulfur in a sulfuretum ( Adapted from reference[3]).
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Fig. 2 Systems for removal of H2S: (a) bioscrubber; (b) biofilter; (c) biotrickling filter (Adapted from reference[12]).
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Table 2 Parameters of the usual bio-desulfurization reactors

5 o B H, S jEi /i R
RERT HURRD skt By R . L R o
Bioreactor type Scale (Bed volume, V/L) Packing Innoculation nf 0a.3 mlg s ow_lr ate. Removal elticiency
> (S™, Vlgm™h™) (v/Lh™) (/%)
M ST s R B I B SR FF
i%{%%iﬁm S8 S HHL Laboratory JRIINGE/RIA . Thiobacillus thiooxidans 90 120 >99
Bioscrubber " (1.3) Polypropylene pall rings
AW R Pilot G
Bioscrubber **' (2400) B Activated sludge SR SN =5
HR A il D
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. p VeRE -+ E TR A AR ;
YA '9"19 I e 7
Bii?lﬁ%‘” Effg)%”’% s M e e f@? 0-26 500 80-100
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i%{ﬁiﬁ/fﬁ/ﬁ SEIG S BN Laboratory R ZJ&3E Acidithiobacillus
Biotrickling . Lo 240 2.4 100
filter? (1.2) Polyethylene rings thiooxidans
EWDRUEN o a e Sy .
Biotrickling < MU Laboratory REH (PU) ifLik Thiobacillus thioparus 14.9-55.0 24 79.80-99.8
filter BY (1) Polyurethane foam
SRR g0 .
Airliftroactor - EAbEe Laboratory BRI 246 12 >9738
134] (0.35) Flora
ST
BERNE i K EHL o
Biofilm airlift S8 5 B Laboratory Basalt particles Thiobacillus thioparus 154 1.27 100
. 4.2) TK-1
suspension
reactor
R3 LA IZIER
Table 3 Comparison of some desulfurization processes
LEEM T Prt {7953
Technology Process Advantage Disadvantage
S BT TS MR AERPREUIRES, SO HE R I 3 43t
AR i Be o NTRe ey
Ge i T S e A
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fermentation process

AR BB AN Bl R 7 B
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anaerobic fermentor process

T A IR S B, PRAMIE

Without adding a reactor; low cost

LB, g RES);
TR R R S R K R DR AT H AR

SRR - - |2
g e EMEL . .
Biofilter f:sulfurlzat‘lon completed H1gh porqs1ty, hlgh b}xffermg ciapamty-
without flowing of bio-phase and High nutrient availability and high moisture
liquid phase retention capacity of the filter layer conducive
to bacteria growth
R IR AR e RIS e OH, SURSURI R AR 72 e
Jil=¥ Biotrickling Simultaneous H,S absorption and ARG HIHLS

Desulfurization filter degradation processes

in bioreactor

KBTI, EEHNS
MO R 4 & TR LY NATENZE A
AR RS R

O, not introduced in the biogas;

S° as the main product;

high purification efficiency;
adaptable to a wide range;

no secondary pollution

H, STEME IR BOSOL #2 JAE
BRI BR 2 B AR AT 72
H,S absorbed in the scrubber and
bio-oxidated by sulfur bacteria in
the aeration tank

Eyin ot

Bioscrubber

Being able to treat high loading H,S

TZEME 2%, MEpEMmE BRA—
SE K142 42 fa i
Complex process control;certain security risk

SR e SIS 4

TERL D I ZE MR B AUR
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Filler needing regular replacement;
filter easy to be clogged,

02 mixed in the biogas;

certain security risk

TR FEHL S 34K A B A Ak A
H,SH AL =PI S0, W B A —
VSEE.
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High concentrations of H,S inhibiting the
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the product SO, being the secondary
pollution to the environment;

O, mixed in the biogas;

certain security risk

R EEEGIE S eHEL

More control parameters of the process
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