
▪ Hydrothermal carbonization (HTC) transforms aqueous biomass without drying into biochar and process water

▪ Suitable for all secondary phosphorus sources, like sewage sludge, manure and digestate

▪ Biochar: Phosphorus fertilizer production by acid leaching and sequential precipitation in Downstream Process

▪ Process water: Nitrogen fertilizer and biodiesel production in Biodiesel Process to achieve “zero waste”

▪ 124.3 kt/a Superphosphate fertilizer (15.1 ktP2O5
/a) produced from secondary sources in the HTC and Downstream Process

▪ Economic and sustainable utilization of HTC process water in the Biodiesel Process → “zero waste”

▪ Aqueous biomass drying not necessary → less energy required compared to conventional thermal recycling processes

▪ 19 AixPhos plants can economically and sustainably cover the phosphorus fertilizer demand of Germany
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Heavy Metals

Biodiesel Process

▪ Nitrogen fertilizer production during 

preparation of cultivation medium

▪ Cultivation medium containing nutrients 

utilized by microalgae Chlorella for

lipid accumulation 

▪ Lipid separation from microalgae in wet 

acid extraction

▪ Biodiesel produced in acid catalyzed 

transesterification

Downstream Process

▪ Acid leaching of biochar suspension 

▪ Sequential precipitation to avoid iron 

phosphate precipitation

1. Precipitation of iron hydroxide and 

iron phosphate

2. Precipitation of 124.3 kt/a

superphosphate (monocalcium 

phosphate)

▪ Total phosphorus yield ζP,ges = 0.82

HTC Process

▪ Feed of 1,000 kt/a sewage sludge

▪ Filterpress separates biochar and 

process water

▪ Process water is rich in nitrogen, 

carbon and other nutrients

→ Fertilizer and biodiesel production

▪ Biochar contains most heavy metals 

and 99 % phosphorus adsorbed
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HTC Process

Biodiesel Process

Downstream Process

𝝉 = 30 min

T = 300 °C

p = 86 bar

ΔHR = -1,931 kJ/kg

Carbon, 

Nitrogen, 

Phosphorus, 

Heavy Metals

Carbon, 

Nitrogen, 

(Phosphorus) 

Carbon, 

Phosphorus, 

Heavy Metals

Amortization 

time: 3.5 a
AixPhos

Superphosphate
Conventional

Superphosphate

Economic Evaluation
▪ CAPEX: 92 million €

▪ OPEX: 126 million €/a

▪ Revenue: 160 million €/a

− Fertilizer price: 300 €/t

▪ Phosphate equivalent:

− Costs: 8,400 €/tP2O5

− Revenue: 10,600 €/tP2O5

− Profit: 2,200 €/tP2O5

Sustainability
▪ Processing waste streams to 

valuable byproducts to 

achieve ”zero waste“ objective

▪ Renewable fuel production

− 252 kt/a biochar 

− 21 million L/a biodiesel

▪ Carbon footprint:

− AixPhos 0.6 tCO2
/tP2O5

− conventional 1.3 tCO2
/tP2O5

Conceptual flowsheet: not all educts and products included


