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Abstract [ Objective] A wastewater treatment plant (WWTP) in northern Shaanxi ( capacity: 1.5%10* m*/d) suffered from
extremely low influent temperature down to 2 °C in winter, which reduced the ammonia nitrogen removal efficiency to 51.2% and
caused effluent ammonia nitrogen concentrations to exceed the discharge standard by 3—5 times. Conventional process adjustments
yielded only marginal improvement, while sewer-network source-control retrofits required long implementation periods and could not
address the immediate need. Engineering-based influent heating measures were therefore urgently required to ensure stable compliance
during the transitional period. [ Methods] To address the above challenges, an influent heating scheme for the biological reactor was
proposed. The heat load was calculated as 8.0 MW based on the treatment capacity and the required temperature rise. Heat-source
comparison showed that the operating cost of a natural gas boiler was 3.40 yuan/m’, only 43% of that of an electric boiler. Heat-
exchange comparison indicated that direct steam-water mixing achieved a heat-transfer efficiency exceeding 99% , with equipment

investment being only 40%—60% of that of indirect heat exchange. Accordingly, a technical route combining a gas-fired steam boiler
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with direct steam-water mixing was adopted, together with a bypass-split heating design in which 50% of the influent was heated to 22
°C and then blended with the unheated stream to reach 12 °C. This design halved the capacity of the heating system and reduced both
investment and footprint by 40%. [ Results ] The system operated continuously for 140 days, treating a cumulative volume of
1.862 x 10° m® of wastewater. The influent temperature of the biological reactor was stably maintained above 12 °C, the effluent
ammonia nitrogen concentration remained below 3 mg/L, and the ammonia nitrogen removal efficiency reached 93%, achieving
consistent compliance with the discharge standard. The operating cost was 2.21 yuan/m’ and the total cost was 2.35 yuan/m’,
representing a 65. 3% reduction compared with the sodium hypochlorite emergency dosing scheme, for which the dosing cost was 6. 77
yuan/m’ , with a single-season saving of 8.23 million CNY in comprehensive expenditure. [ Conclusion] The integrated route of
“gas-fired steam boiler + direct steam-water mixing + bypass-split heating” demonstrates significant advantages in investment,

operating cost, and treatment performance, providing an effective engineering solution for WWTPs in cold regions of northern China to

cope with low influent temperatures in winter.

Keywords low-temperature wastewater; temperature regulation; steam-water heat exchange; low-temperature denitrification; Project

practice
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Tab. 1 Influent and Effluent Water Quality Parameters

5iH ShRFEAOKEE B
(95%RUER) 7KK
{2354 (COD) /(mg L") 394 30
T H Ak E 4 (BODg )/ (mg-L7") 180 6
BIFYI(SS)/(mg- L) 320 10
A/ (mg-L™) 42 1.5(3)
MA(TN)/(mg-L™") 62 15
BBE(TP)/(mg - L) 5.5 0.3
pH fH 6~9 6~9
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Fig. 1 Process Flow Diagram of the Plant
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Fig.2 Influent Temperature Variation of the WWTP
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Tab.2 Comparison of Operation Costs for Heat Source Options
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Fig.3 Schematic Diagram of Wastewater Heating System
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