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A Pilot-scale Investigation into Treatment of Kitchen Waste Biogas Slurry
Using Partial Nitrification—Anammox Combined Process
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(1. School of Ecology and Environment , Harbin Institute of Technology <Shenzhen>, Shenzhen

518057, China; 2. Qingyan Environmental Technology Co. Ltd., Shenzhen 518057, China)
Abstract: A combined process comprising an anoxic/reaction—precipitation integrated rectangular
airlift circulation reactor, followed by a partial nitrification/Anammox reactor and a subsequent reaction—
precipitation integrated rectangular airlift circulation reactor (A/RPIR-PN/A-RPIR), was developed and
implemented for the pilot-scale treatment of kitchen waste biogas slurry. The performance and underlying
mechanisms of nitrogen and carbon removal in this integrated system were systematically investigated.
The average removal efficiencies of NH,’~N, TN, and COD achieved by the A/RPIR-PN/A-RPIR
combined process were 97.10%, 87.39%, and 82.36%, respectively, with a maximum TN removal load of
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0.31 kg/(m’-d). Even under significant fluctuations in influent quality, the effluent C/N ratio of the A/

RPIR unit remained consistently low, within the range of 0 to 1, thereby ensuring stable operation of the

subsequent Anammox process in the PN/A unit. The TN removal load of the PN/A unit reached 0.57 kg/

(m*+d). The relative abundances of Anammox bacteria (AnAOB) and ammonia-oxidizing bacteria (AOB)
increased from 6.18% and 0.66% during the low-load operation phase to 12.59% and 2.23% during the
full-load operation phase. In contrast, the relative abundances of nitrite-oxidizing bacteria (NOB) and

denitrifying bacteria (DNB) decreased from 0.59% and 15.20% to 0.49% and 4.04%, respectively. The

above results indicated that the combined process effectively mitigated bacterial competition and

maintained stable partial nitrification throughout the PN/A reaction, thereby enabling efficient and

sustained nitrogen removal.
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Fig.1 Flow chart of combined process
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Tab.l Operation parameters of combined process

MrEe | sfrata/d AEBEIK FE /(- d ™) COD/(mg-L") | NH,'-N/(mg-L") | TN/(mg-L"') | NLR/(kg-m?3-d™)
| 1~19 2.5~5.0 2 924~4 090 1 238~1423 1 259~1 447 0.05~0.14
1 20~70 6.6~9.6 2214~8 577 1017~1413 1 046~1 438 0.15~0.24
m 71~86 10.6~11.0 2 548~5 598 1328~1579 1 508~1 748 0.30~0.36
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Fig.2 Removal effect of nitrogen by combined process
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Fig.3 Removal effect of COD by combined process
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Fig.4 Changes in C/N ratio of influent and effluent and
COD removal efficiency in A/RPIR unit
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Fig.5 Changes in nitrogen concentration of influent and
effluent and NRR in PN/A unit
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Fig.6 Nitrogen conversion path in PN/A unit
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