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Introduction and Target 
Heat recovery systems in gas and oil combustion have been best available technologies since the second half of the 20th century 

and standards for treatment of the resulting condensate are well established (i.e. DWA A-251). Technically mature (active) heat 

recovery systems in biomass combustion systems are a phenomenon of the last years and biomass heat recovery condensate 

treatment is predominantly outsourced to local wastewater treatment plants due to a lack of technical standard solutions.  

Biomass heat recovery condensate consists of ash particles passing the flue gas cleaning system, containing metals and heavy 

metals (primarily Pb, Cd, Zn, Cu, Cr), remains of unburnt organic carbon and hydrocarbon compounds, PAH, incomplete oxidized 

nitrogen compounds – primarily NH4-N and NO2-N – and sulfur and chlorine compounds, either in solution or as a particulate 

substance. 

The aim of the study is the design and implementation of a state-of-the-art MBMBR wastewater treatment system for direct 

discharge quality relating to legal standards at the 10 MWth biomass heating plant Flachau, producing up to 70 m³/day 

condensate. 

Methods 
• NaOH dosing for neutralisation of acid raw water 

• Heat exchanger for cooling of raw water < 30 °C 

• Moving bed membrane biofilm reactor (MBMBR) 

• Microbiological elimination of dissolved nitrogen compounds (NH4, NO2) using moving bed bioreactor process 

• Membrane ulftrafiltration system for elimination of all suspended solids 

• Fully automated and PLC controlled process 

• Continuous monitoring of process and wastewater parameteres for 3 months 

• Power consumption calculation and cost comparison calculation  

Figure 1: moist biomass stored outdoors at BHP Flachau. 

Figure 2: loaded biomass carrier Figure 4: membrane pores & particles 
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Results: 
While the elimination of all supended solids through the filtration process is not affected by the start-up of the moving bed bioreactor, the maximum elimination level of nitrite is reached and maintained not 

before 30 days of operation. Variability in flow and load shows no impact on permeate quality regarding meeting legal limits (see below). The specific energy consumption is below 0.5 kWh/m³ treated 

water. 

Figure 3: C-MEM UF cartridges organized in 4 modules 
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Stabilization of microbiological NO2-N elimination 
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Parameter Unit Raw water   Stn-Dev.   Permeate   Stn-Dev.   Removal   

CSB mg/L 67.1 ± 96.7 54.3 ± 18.9 19.0 % 

NH4-N mg/L 1.4 ± 0.6 0.15 ± 0.06 89.2 % 

NO2-N mg/L 3.22 ± 2.2 0.02 ± 0.01 99.5 % 

PO4-P mg/L 1.9 ± 1.45 1.19 ± 1.7 37.9 % 

SS mg/L 48.4 ± 38.6 < 1 99.9999 % 

Colour Pt/Co 339.2 ± 342 48.4 ± 57.5 86.1 % 

Turbidity NTU 43.6 ± 45.3 0.43 ± 0.3 98.5 % 

Zinc mg/L 0.69 ± 0.19 0.417 ± 0.22 39.6 % 

Phenols index mg/L 0.148 ± 0.12 0.073 ± 0.04 50.7 % 

pH - 6.61 ± 0.2 6.68 ± 0.25 - 

T °C 45.7 ± 1.3 27.9 ± 1.8 38.8 % 

n = 30 

Design moving bed bioreactor 

Volume bioreactor tank m³ 9 

Hydraulic retention time h 3.5 

Loading rate biofilm  kg TAN/(m²day) 0.00186 

Biofilm surface area m² 28.5 

Volume biomass carriers L 90 

Oxygen saturation mg/L 2.0 

Design membrane filtration   

Membrane area m² 216 

Pore size µm 0.2 

Cross flux L/m²h 22.1 

Permeate cycle s 600 

Backwash rate  % 20 

Physical/chemical raw water and permeate characteristics 

Conclusion: 
• The combination of a moving bed biofilm reactor and a membrane ultrafiltration system leads to a significant and stable reduction of condensate wastewater parameters meeting legal limits that 

allow direct discharge into surface or ground water.  

• Installation and operating costs for an MBMBR condensate treatment system in comparison to continuous wastewater fees for outsourcing treatment result in amortization periods < 3 years. 

• MBMBR systems are a technologically and economically highly efficient state-of-the-art solution for application in condensate wastewater treatment. 
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