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Abstract 

Climate change impacts are intensifying, placing increasing pressure on governments and 
industry to reduce environmental footprints by adopting cleaner, more efficient 
technologies (Esteves et al., 2019). Dairy farms are a significant source of agro-
environmental harm: they generate large volumes of manure rich in solids, organic 
compounds, nitrogen, and phosphorus. Manure is frequently separated into its liquid and 
solid fractions before treatment. When managed by conventional methods, these 
constituents drive a suite of problems: ammonia volatilization into the atmosphere, nitrate 
leaching into groundwater, eutrophication of surface waters, and indirect emissions of 
nitrous oxide, each of which contributes to local pollution, public health risks, and 
greenhouse gas forcing (Xin et al., 2017). 

Anaerobic digestion (AD) is an established route for energy recovery from organic waste via 
biomethane production, but it produces a nitrogen-rich liquid effluent that requires 
additional treatment. Partial nitritation–anammox (PN/AMX) processes are an alternative 
post-treatment to conventional nitrification–denitrification because they lower operational 
costs by diminishing dissolved-oxygen demand and thereby decreasing energy 
consumption. At the same time, their autotrophic character preserves organic matter for 
valorization within AD systems. In the PN/AMX sequence, an initial partial nitritation stage 
oxidizes approximately half of the ammonium to nitrite, yielding a stream containing both 
NH₄⁺ and NO₂⁻; a subsequent anammox stage converts this mixture principally to 
dinitrogen gas, with nitrate as a minor by-product. Nevertheless, it is essential to evaluate 
the broader environmental profile of PN/AMX to ensure that converting manure nitrogen to 
inert forms does not undermine overall sustainability. The technology is illustrated in Figure 
1. 
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Figure 1: Working of the two-reactor-based manure management system comprised partial 
nitritation- anammox 

Methodology 

Therefore, this study proposes a prospective life cycle assessment (pLCA) of lab-scale 
technology integrating partial nitration and anammox. This approach enables the projection 
of environmental impacts by scaling up the lab-scale system to an industrial-scale 
application. Three different scenarios will be generated: 1) Baseline scenario assessed in 
year 2025, 2) SSP2-Npi 2050-based scenario for year 2035, 3) SSP2-Npi 2050 for year 2050. 
The scenarios will be assessed for a functional unit of 1 kg of manure processed. Process 
inventories for lab-scale technology will be gathered from primary data, and the upscaling 
inventory will be generated through simulations conducted in SuperPro Designer® 
v11.2.2000 (Intelligen Inc., 2018), while system modelling will be performed in Activity 
browser v 3.0.0b1081. Background data will be sourced from the Ecoinvent database v3.11 
and subsequently adapted to future conditions using the PREMISE framework. The scenario 
will be modelled using the PESTEL approach to incorporate different aspects to be 
considered for emerging technologies.  

Preliminary results and prospects  

The initial inventory of lab-scale technology will be gathered through primary data while the 
background and foreground models for pLCA are being developed under both strong and 
weak environmental policies. This will help build two parallel models to assess the 
environmental profile of the proposed technology, in line with the adopted policy. In 
subsequent steps, the technology will be scaled up, and PLCA models will be developed. 
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