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Introduction to the feedstock
Biomass that contain carbohydrates, proteins, fats, cellulose or hemicelluloses can be treated by anaerobic digestion (Weiland, 2010). The time and rate of the degradation depends on the composition of the substrate (Deublein and Steinhauser, 2011). For example, lignified organic substances (e.g. wood) degrade very slowly and are not good feedstocks for anaerobic digestion (Weiland, 2010). Some substances, for example, short-chain sugars and carbohydrates, degrade in a very short time, while others, like substances rich in cellulose and hemicellulose might require as much as 20 days (Deublein and Steinhauser, 2011). Different feedstocks provide different amounts of biogas and this can be estimated using the biomethane potential (BMP) test (Ward et al., 2008).
Sample preparation
The feedstock substrates (tomato, banana, mango, and papaya) were initially selected based on previous literatures and by considering their physiochemical properties such as total solids (TS) and volatile solids (VS). The feedstock was purchased from the local supermarket in Delft city, The Netherlands. The wastes were pre-treated to decrease the size in the range of 1-4 mm (Figure S1). 
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Figure S1. Fruit samples of papaya, mango, tomato and banana (from left to right), respectively.

Characterization of the fruit substrates
The characteristics of four different fruit substrates are summarized in Table 1. The TS (%) was in the range of 4.6 ± 0.1 to 18.24 ± 0.02 %. The tomato substrate displays the lowest and the banana feedstock displays the highest TS. As expected, the substrate with the highest TS has the lowest moisture content and vice-versa. When the TS increases, the amount of water decreases, thus reducing the level of microbial activity, which subsequently affects the amount of biogas, especially at higher values of the TS. Typically, the TS amount to less than 10% of the total volume. The volatile solids (VS) content, which is used to determine the total organic substances in the substrate, was in the range of 88.52 ± 0.02 to 95.75 ± 0.01 %. The results indicated that the banana feedstock displays the lowest VS content while that of tomato had the highest VS (%).
Table S1. Characteristics of fruit substrates (n=3).
	Feedstock
	TS, %
	Moisture, %
	VS, %
	Ash, %
	VS/TS
	pH

	Tomato
	4.6 ± 0.1
	95.4 ± 0.1
	95.75 ± 0.01
	5.25 ± 0.01
	95.2 ± 0.1
	5.0

	Banana
	18.24 ± 0.02
	81.78 ± 0.02
	88.52 ± 0.02
	3.27 ± 0.01
	88.5 ± 0.2
	5.5

	Mango
	17.8 ± 0.1
	82.2 ± 0.1
	93.8 ± 0.1
	6.2 ± 0.1
	93.4 ± 0.1
	6.0

	Papaya
	10.2 ± 0.1
	89.8 ± 0.1
	93.22 ± 0.52
	6.78 ± 0.01
	93.2 ± 0.2
	5.5


* The results are in the form of mean ± SD
The non-volatile solids or the ash content of a substrate will occupy the digester volume and will not contribute to biogas production. As it can be seen from Table S1, the ash content ranges from 3.27 to 6.78 %. The highest ash content was obtained for papaya substrate while the lowest was obtained for the banana substrate. The VS/TS indicates the fraction of organic matter that can be converted into biogas by the microorganisms. As seen from Table S1, the VS/TS ratio was in the range of 5.3 to 20.8 for the four different substrates. It was highest for the tomato substrate and lowest for the mango substrate. pH plays an important role in the digestion process as each group of microorganisms survives at different pH ranges. Most microorganisms favor a neutral pH environment. The pH was less than 6.5 for all the substrates. Among the four substrates, the pH was the highest for the substrate obtained from mango followed by banana and papaya, and it was the lowest for tomato. Biogas production from tomato waste is therefore expected to be the lowest. 
Determination of chemical oxygen demand (COD) of the substrates
Chemical oxygen demand (COD) is the oxygen required to oxidize soluble and particulate organic matter. Higher COD levels mean a greater amount of oxidizable organic material in the sample. The COD values of different fruits are shown in Table S2. The value for the four fruit substrates ranged from 0.88 to 1.37 g/L Among the four fruits, the lowest COD was found for the tomato substrate and the highest value was obtained for mango. The value of the mixture was the highest. 
Table S2. COD values (g/L) of different substrates 
	Feedstock 
	COD, g/L

	Tomato 
	0.88 ± 0.01

	Mango
	1.15 ± 0.02

	Banana 
	1.12 ± 0.02

	Papaya
	1.00 ± 0.00

	Slurry mixture
	1.37 ± 0.01



Accumulated methane production from the four fruit substrates and their mixture
As its fundamental standard, in order to know how much organics within the substrate is capable enough for conversion to methane, the fruit wastes were mixed with the inoculum in a ratio of 2 (i.e. 160 mL of the inoculum and 80 mL of each substrate), and two control experiments were performed (with inoculum only and with inoculum and biochar). The different treatments were incubated in an AMPTS, for 5 d, under mesophilic conditions.
Figure S2 shows the accumulated volume of gas obtained from the four different fruits and their mixture. Comparing the four fruits, the lowest volume of gas was obtained from the tomato substrate and the highest output was obtained from the banana substrate. This could be due to the characteristics of the substrates (Table S1). It was also found that the mixture had the highest methane production, and this was presumably due to co-digestion as compared to the individual substrate. Besides, mango has high biodegradability rate than banana, tomato, and papaya.
Effect of ammonia in the digester environment 
Protein-rich substrates contribute to nearly most of the nitrogen which enters the solution as NH3 or the NH4+ ions (Fountoulakis et al., 2010; Hagen et al., 2014). The appropriate concentration of ammonia ensures sufficient buffer capacity and it improves the stability of AD. However, high ammonia may cause complete digester failure.
In this study, the pH of the digester increased with biochar addition (Figures S3, S4, and S5) because of the alkaline nature of biochar. The concentration of NH3-N in the digesters increased when compared to the control. This can be endorsed to the higher pH (7.2 to 8.02) with biochar amendment. The dissociation equilibrium of NH3/NH4+ may shift towards free ammonia (NH3) formation. Cell membranes permeability towards free NH3 is high; it can result in an imbalance of intracellular protons and the depletion of potassium (K+). Due to this, it can be considered as the main cause of toxicity, and its inhibition is an operational problem for AD (Chen et al., 2008).
[image: ]
 Figure S2. Cumulative methane production (mL) from the different substrates
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[bookmark: _GoBack]Figure S3. Initial and final total ammonia nitrogen (NH4-N) in anaerobic digestion for ISR 2 (a), ISR 1.5 (b), ISR 1 (c) and the addition of different amounts of sludge biochar obtained at 350 and 550 oC. Averages of triplicate measurements are displayed, and error bars correspond to standard deviations 

In this study, the biochars were prepared at a pyrolysis temperature of 550 and 350 oC. When they were amended in the AD, there was a 24% increase in the concentration of NH3-N in the control digester after 10 d of incubation (Figures S3 a, b and c). However, the difference was in the range 1.5% to 3.5% in the biochar-mixed digesters and the difference was not significant (p > 0.1) for all the treatments and ISR, indicating the feasibility of using biochar to alleviate NH3. Therefore, among the different ammonia inhibition strategies, the optimization of the feedstock for biogas production with the addition of biochar may possibly be the easiest and cost-effective technique to minimize the toxicity and concentration of ammonia.
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