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Specific objectives were to: 

(1) examine the impact on process efficiency and greenhouse gas 

emissions from BSFL composting when applying two pre-treatments: 1) 

chemical pre-treatment using ammonia solution; 2) biological pre-treatment 

using fungi, and to assess the associated direct emissions of greenhouse gases 

and ammonia.  

(2) assess a chemical (addition of ammonia) and a bio-chemical (addition 

of enzymes) pre-treatment and examine the impact of pre-treatment time on 

process efficiency of BSFL composting of lettuce and cabbage. The 

hypothesis of chemical pre-treatment, addition of ammonia, was that a longer 

pre-treatment time would increase the protein content of the substrate 

through microbial assimilation. 
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Figure 1. a) Picture of the enzyme pre-

treatment set-up. 

 

b) Picture of the experimental set-up for 

fungi and ammonia pre-treatment and 

BSFL composting placed, inside a tent. 

 

4.2.2 BSFL composting 

The BSFL composting step in Study 1 was performed on triplicate samples 

in a greenhouse with the temperature regulated to 30±3°C. In Study 2, all 

treatments were performed in a growth tent with dimensions 120 cm x 120 

cm x 200 cm (Secret Jardin, Hydro Shoot 120). A car heater connected to a 

temperature regulator (Trixie) and a fan for circulating the air, both placed 

on the floor in the tent, maintaining an average temperature of 28.8±0.8°C 

over the course of the treatment. The treatment boxes (Study 1: 36.5 cm x 

56.2 cm x 11.5 cm, Study 2: 21 cm x 17 cm x 11 cm) were kept in a rack, 
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The distribution of added VS in the treatments was divided into four 

fractions: respiration in pre-treatment, respiration in BSFL composting, 

larvae and residues (Figure 2). The treatment with the largest proportion of 

total respiration and pre-treatment respiration was that with broccoli and 

cauliflower pre-treated with Trichoderma reesei. The orange peel control 

had the smallest respiration proportion of initial VS and the largest 

proportion of residues. The variation in the proportions was smaller for the 

treatments in Study 2 than for the treatments in Study 1. The two controls in 

Study 1 and Study 2 had a similar proportion of larvae production, but the 

food waste control treatment produced more residues than the control for 

lettuce and cabbage (Table 3). 

 

Figure 2. Mass balance (volatile solids (VS) basis) during treatment with black soldier fly 

larvae (BSFL) composting, of substrates comprising: food waste (FW), orange peels (OP), 

mixed broccoli and cauliflower trimmings (BC) and mixed cabbage and lettuce (LC) 

following different pre-treatments: c = control (no pre-treatment); t = Trichoderma reesei 

pre-treatment; a, a0, a2, a4, a8 = ammonia solution pre-treatment for 0, 2 4, 8 days; e0, e2, 

e4 = enzyme pre-treatment for 0, 2, 4 days. Distribution of initial VS during treatment is 

divided into four fractions: respiration in pre-treatment, respiration in BSFL composting, 

larvae and residues. 

 



40 

Total CH4 emissions in Study 1 varied more for treatments that had higher 

emissions, due to inconsistent emission pattern (Figure 3a). Total emissions 

of N2O were higher in treatments with broccoli and cauliflower trimmings 

than with orange peels (Figure 3b). Pre-treatment of broccoli and cauliflower 

trimmings reduced the total amount of N2O emitted. Total N2O emissions 

were not significantly different from zero in any of the orange peel 

treatments, while ammonia pre-treatment increased the NH3 emissions 

(Figure 3c). Total CO2 emissions from the entire process in Study 1 were 

similar across all treatments (Figure 3d). Total emissions of CH4 and N2O 

expressed in CO2-equivalents over a 100-year period (IPCC, 2013) on a VS 

basis were very low compared with the direct CO2 emissions (Figure 3e). 

Total emissions from the treatments were similar, with only the controls of 

trimmings and peels being significantly different from each other (Figure 3f).  

Figure 3. Total emissions, comprising emissions during black soldier fly larvae (BSFL) 

composting and during pre-treatment, calculated per kg of initial volatile solids (VS) for the 

control, ammonia (amm) and Trichoderma reesei (Tri) pre-treated substrates based on food 

waste (FW), orange peels (OP) and broccoli and cauliflower trimmings (BC): a) CH4 [mg/kg 

VS]; b) N2O [mg/kg VS]; c) NH3 [mg/kg VS]; d) total CO2 [kg/kg VS]; e) CO2 equivalents 

[g CO2-eq/kg VS] of CH4 and N2O emissions; and f) CO2 equivalents [kg CO2-eq/kg VS] of 

all emissions. 
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Black soldier fly larvae (BSFL) composting is a technology that meets 

circular economy principles. The greatest potential BSFL composting is 

for mixed food waste, but only plant-based waste is permitted as feed 

for the larvae. It has lower biomass conversion efficiency (BCE), but this 

could be improved by pre-treatment. This thesis has proved that direct 

addition of enzymes at the start of BSFL composting gave 22% higher 

biomass conversion efficiency compared with the control.
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