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ATAL Anaerobic Ammonia Oxidation Process (AANAMMOX)
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ATAL Anaerobic Ammonia Oxidation Process (AANAMMOX)
was developed in the 1990s, which has been the most promising
biological denitrification technology. Since the operation of first
reactor in 2002, this technology has been promoted around the
world in the area of municipal, fermentation industry and other
industries. Our Group has accumulated rich experience and good
performance in the process design, equipment integration and
“turnkey" project. We have a team of engineers with strong technical
capabilities and rich experience in project management. In the
process design, equipment supply, installation, commissioning and
operation of the process package, it is practical to achieve safety,
reliability, economical application, advanced technology, and
effluent standards.

The discharge of nitrogen-containing sewage largely hurt the water
body, thereby lead to water deterioration followed by the death of
large number of organisms. Traditional nitrogen removal methods
include biological, physical and chemical treatment methods such as
nitrification and  denitrification, air stripping and chemical
precipitation etc. However, the traditional treatment methods have
disadvantages of high energy consumption, requirement of
additional carbon sources, high operating costs and equipment
maintenance.

RES81E%&45 (AANAMMOX) =& F
20t LL90EN - 2EBAIRAMSHNEYR
AR - B2002F 5 R N 2818 ASEPRiE
TR - ZRABEEFRZMM NA - &
R TR~ &R T\ SuE R E A TS
- HEEMTZHRI - HEREEMMN

"SRR TR ERBTFENZRARY
WS - HRBE—XTWHEAENDR - T
EEZPNFENTRIMAG - #ETZE8MT
ZRI -~ REWRME T - 2K - BiEHAE
B - UIRMEIZE 5 - £5FER - AR
JoH ~ MR KIAAR -

ZRTKWBEM S KIFERRANBEE -
HHETSEKFEERL - SBKERNARE
SR REASBUKBIRERNENKEE
T - RaNRERAGAEEEY - MENIL
ZRAES - BN EERRBEE - 25
REA - (EZIEEE - BEANLIETA
FHERS - BEINIKE - TTERASK
REHEFEFOA -

3D model of AANAMMOX
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The biological reaction in which nitrite is used as an oxidant to oxidize ammonia to
nitrogen, or a biological reaction that uses ammonia as an electron donor to reduce
nitrite to nitrogen is called anaerobic ammonium reaction. Microorganisms capable
of anammox are called anammox bacteria.
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Anammox bacteria
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Anammox Bacteria RE & & {tE

The anammox bacteria belongs to the Planctomycetales, and mainly exists in the wastewater treatment plant (WWTP)
except two kinds of (Candidatus Scalinduaarabica and Candidatus Scalindua sorokinii), which mainly exist in the ocean.
The classification of Anammox bacteria is illustrated in Table 1.

Anammox bacteria are red due to the presence of cytochrome ¢ (see above figure), and their cells have independent
organelles - anammox bodies, which are wrapped by a stepped alkane lipid layer, in which anammox reactions take place.
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Table 1 Classification of Anammox bacteria
=1 REeES& a3k

Brocadia Candidatus Brocadia anammoxidans Sewage ;57K
Candidatus Brocadia fulgida Sewage ;57K
Kuenenia Candidatus Kuenenia stuttgartiensis Sewage ;57K
Candidatus Scalindua brodae Sewage ;57K
Scalindua Candidatus Saclindua wagneri Sewage 557K

Candidatus Scalindua sorokinii Sea water /87K

Candidatus Scalindua Arabica Sea water ;87K

Others EAth Candidatus Jettenia asiatica Uncertain 121 ABR1

Candidatus Anammoxoglobus propionicus Sewage ;57K

Mechanism of Reaction & iz /& 3

Through the control of reaction conditions, ammonia is oxidized to nitrite nitrogen, nitrite nitrogen will not be further
oxidized to nitrate nitrogen. The dominant bacteria in the system - anammox bacteria uses the remaining ammonia to
continue the reaction with nitrous nitrogen to complete partial nitrification reaction and anaerobic ammonia oxidation (AAQ)
reaction (the principle is shown in figure below, and the reaction formula is shown in Eq.1).
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NH,* +1.32N0, +0.066HCO,+0.13H* —1.02N,+0.26NO;+0.066CH, 0, 5N, 15+2.03H,0 Eq.1 \N .
Partial nitrification and \No
AAO reaction principle S —wo;
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1-stage Reaction —E& T{ K2 i

1-stage reaction is a method of simultaneously removing ammonia nitrogen and nitrite by completely autotrophic
microorganisms under oxygen-limited conditions. There are two types of autotrophic microorganisms in the system:
aerobic nitrifying bacteria and anaerobic ammonium oxidizing bacteria. Aerobic nitrifying bacteria oxidize NH,* to NO,’
(see Eq.2 for the reaction), while anammox bacteria convert NH,* and NO, into N, and a small amount of NO,™ (see Eq.3
for the reaction, see Eq.4 for the overall anammox reaction). The above reactions are all completed in a single reactor or
biofilm reactor.
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NH,*+1.3NO,—>1.02N,+0.26NOs+2H,0 Eq.3
NH,*+0.850,0.435N,+0.13NOg+1.3H,0 +1.4H* Eq.4

2-stage Reaction M ER = 2 [

2-stage reaction refers that the partial nitrification and anammox processes are completed in separate reactors. Short-cut
nitrification can use a complete mixed aerobic continuous reactor; anammox can use biofilm and biological fluidized bed
process (the process schematic diagram is shown in figure below).

The effluent of the partial nitrification reactor (containing NH,* and NO,) is used as the influent of the anammox reactor.
Anaerobic reaction occurs in the anammox reactor, 95% of nitrogen is converted into N,, and a small amount of NO;" is
discharged with the effluent.

The partial nitrification - anammox process is suitable for the treatment of high-concentration NH,-N wastewater and high
NH,-N concentration industrial wastewater with low organic carbon content.
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Schematic diagram of 2-stage reaction
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Low Nitrogen Removal Cost F5i & 5% A< 1

Compared with traditional biological nitrification/denitrification, AANAMMOX can reduce the aeration rate by around 60%
without additional carbon source. The cost is approximately 46.4%-81.3% reduced compared with the traditional process.
The comparison of nitrogen-containing wastewater treatment methods is shown in Table 2.

X TESEMHELE/REERS - REa’aER45 (AANAMMOX ) BEBE/VA60%NEBSE ; HFEZTEA
FEINNBOR ; A ABELETES E#%HRILEJZZK/J'JZ"\T2946.4%—81.3% ; BREKABRAWEERIER2 -

Small Construction Site 5t EFR/)\

Compared with traditional biological nitrification/denitrification, the volume of AANAMMOX reactor for treating yeast
production wastewater is only 500 m?, which substitutes the original traditional A/O process in10,000 m?.
XN TESENEE/RBERR - REQaERE (AANAMMOX ) WEMERRERLTZRNED - S48
B AR KPIAANAMMOX & M 28 REE500 m3 - fBEEENA 7R 10,000 m3mE4IA/OLZ -

Table 2 Comparison of Nitrogen-containing Wastewater Treatment Methods

Chemical Biological | Chemical Energy Operation Operation Cost | Operation Cost
Sludge Sludge Dosage | Consumption difficulty USD/kgN RMB/kgN

Air Stripping Medium General 6.975 46.5
Steam Extraction Yes NO Yes High Complicated 9.30 62
MAP/CAFR Yes NO Yes Low Complicated 6.975 46.5
process
M.e mbrane NO Yes Yes High General 3.255 217
Bioreactor
Biofilm reactor NO Low Yes Medium General 6.62625 44175
AANAMMOX NO Low Yes Medium Simple 1.74375 11.625
[RKAR B S AL
SRR | SRR 97] % i USD/ng RM B/ng
R A B x B —R 6.975 46.5
FRSRE B x B = =B 9.30 62
M sy 5 % 5 15 % 6.975 465
FEA Y N33 I B =] = —f% 3.255 217
EYIE R N 73 . & B th —i 6.62625 44175
AANAMMOX x & B th i1 1.74375 11.625

Comparison between AANAMMOX and traditional biological treatment
ReaaatsSEREYLIEXLE
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Job Reference 2 fjl

Project Overview 15 B 15
Source of wastewater; supernatant of anaerobic digestion and sludge dewatering of wastewater treatment plant

Project location: city in northern China
[RIKEIR « BUS /KR Il sl REEE+5ENRKEN LER
B« PEIEAGHT

Major Influent Water Quality 3= Zi# /KK &
NH4-N concentration 1,000 mg/L, TN concentration 1,200 mg/L, COD content 1,200 mg/L
NH4-N>&E1,000 mg/L - TN3®E1,200 mg/L - CODZ&1,200 mg/L

Reaction Tank Size Rzt R ~F

Effective volume 3,000 m®

BMETH3,000 m?

Treatment Performance 2% R
Removal rate of NH4-N: higher than 90%. Removal rate of total nitrogen: higher than 80%. (see below table)
NHA-NEBRE : §T90% - TNERE . §T80% - (MTFExR)

Influent and Effluent Quality of Reactor R Nzg8i# 7K IKE

Parameter Unit Influent Effluent My kW B II‘IJT*
te T | AKX K i [ [
CODer mg/L 1,200 / el T
BOD; mg/L 400 /

SS mg/L 400 <100

NH,*N mg/L 1,000 <100

TN mg/L 1,200 <240
TP mg/L 8 /
pH / 78 /
Conductivity EBSZ | ps/cm 5630 /
Alkalinity fisi & mg/L 4200 /
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