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Abstract— Fish waste (FW) is biodegradable waste that remains underutilized and causes a
problem to the environment since the existing disposal techniques result in health risks and
environmental pollution. FW has significant potential for producing biogas that decrease the
reliance on fossil fuels because it contains easily biodegradable organic matter. The
physicochemical analysis of the fish waste such as moisture content (MC) of 61.78 %, volatile
solids (VS) of 93.94 %, total solids (TS) of 38.21 %, ash content (AC) of 0.52%, total organic
carbon (TOC) of 54.2%, total kjeldahl nitrogen (TKN) of 9.2% and carbon to nitrogen (C/N)ratio
of 5.89 % were considered and analyzed in this research. In addition, the methane petential was
determined and obtained using gas detector. The results shown that the methane (CH4) content in
fish waste was 50.12 % which was the potential feedstock of fish waste for.biogas production.
Nevertheless, the VS of fish waste was high which was good for this feedstock to be easily
digested as the sign of producing biogas and demonstrates 99.9985% of performance rate. Finally,
the FW had a lower C/N ratio compared to other biogas production waste. Future work needs to

consider co-digestion with higher C/N ratio feedstocks:

Index Terms— Biogas production, Fish WastexCharacterization, Feedstock Analysis,

Discontinuous Digester, Water Hyacinth:

. INTRODUCTION

The Feedstock or substrate refers to any organic material that is readily available and renewable
that can biodegrade, including food waste, fish waste, animal waste, agricultural waste, water
hyacinth, and other waste [1]. Substrates can be classified into two types: (i)Vegetation, such as
floating plant waste, crop leftovers, forest, wood, and agricultural residues, etc., and (ii) Organic
waste, sueh as organic industrial waste, fish waste, kitchen waste, food waste, municipal waste,

and‘animal waste, etc. Fig. 1 shows the classification of feedstocks [2].
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Figure 1. Classification of feedstock:

The compositions and characteristics of the feedstock used-affect’how well a biogas digester
functions [3]. The feedstock compositions in terms oftheir carbohydrate, fat, and protein
concentrations affect the bio-methane yield of the AD\[4-6]. The quantity of nutrients (lipids,
proteins, and carbohydrates) impacts how easily the‘material degrades, and consequently how
much methane may be produced by the/AD process [4]. Additionally, the feedstock properties
such TS, MC, VS, C/N ratio, and socon’can’have a significant impact on the anaerobic digestion
system [5]. The substrates for AD_can be categorized according to several factors, including dry
matter (DM) or total solids content; origin, methane yield, etc. Wet digestion (wet fermentation)
uses substrates with DM contents under 20%; dry digestion (dry fermentation) uses substrates with
DM contents greater than 35%. DM concentration and the amount of sugars, proteins, and lipids in
the feedstock affectithe types and quantities of feedstock used in AD [5, 6]. Compared to
lingo-cellulosic materials, substrates with high percentages of easily degradable organic matter
have more potential for producing bio-methane [5]. Agriculture waste, food waste, fish waste,
human Waste, industrial trash, residential garbage, organic waste, water hyacinth, and other
elements are all digested [7, 8]. Lignin is the main exception to the rule that most naturally
occurring organic wastes can be digested [8-10]. Large amounts of fish waste are created during
the processing of fish, and the majority of this waste is underutilized and ignored [1-3, 5, 6].
Before being sold, over 70 % of fish is processed. 20% to 80% of this total are by-products or

waste that is not used for direct human consumption [2-5]. Around 9.1 million tons of fish waste
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(FW) are thrown away each year. Consequently, fish by-products are now a global issue and pose
a problem to the long-term viability of fish aquaculture [12]. The current methods of disposing of
this highly polluting organic matter such as dumping/discarding onto the open ground and
disposing of in sanitary landfills result in health risks/hazards, and environmental issues [5, 7, 11~
13]. Accordingly, any effective development of a by-product utilization technique will lead to‘the
energy recovery of these wasted important nutrients and eradication of the environmental
pollution and health hazards or risks brought on by the incorrect disposal of the by-product
processing [7, 13, 14]. When used as feedstock in biogas production, fish waste which is-abundant
in lipids and proteins has the benefit of producing large methane outputs [11]. Conséquently,
biogas technology may be a useful method for FW utilization and energy.production [5, 7, 11].
The reduction of fossil fuel consumption and environmental pollutionean be accomplished
through the AD of this biodegradable waste [8, 9, 11, 15, 16]. When anaerobic digestion is
completed, nutrients like phosphorus and nitrogen are retained in,the effluent. If it meets the
appropriate requirements, it can be used as a compost ifnfarming production [8, 11, 15, 16]. This
resource recovery method solves the byproduct dispesal issues. A technology like that may be
advantageous to fish producers everywhere in the nation and the world [13]. The biogas is mainly
composed of 40-75% CH,, 25-55 % COg and Small amounts of other gases [5, 7]. Some
characteristics of fish waste are givenin Table 1 [5, 7, 8, 11-13, 17, 18], indicating moisture
content (MC) of 67.1-81.43%, totalsolid(TS) of 31.30-32.2%, volatile solid (VS) of 27.50-55.5%,
total Kjeldahl nitrogen (TKN).0f5.44-10.85 %, total organic carbon (TOC) of 53-54.35%, ash
content of 2.14-5.7% and C/N ratio of 3-10.1%.

TABLE 1. Product Nutrition Composition of fish waste.

Characteristics Amount (%)
Moisture Cantent (MC) 67.1-81.43
Volatile Solids (VS) 27.50-55.5
Total Selids(TS) 31.30-32.2
Total Kjeldahl nitrogen (TKN) 5.44-10.85
Ash content 2.14-5.7

Total organic carbon (TOC) 53-54.37

C/N ratio 3-10.1
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The elemental composition of the feedstock extensively influences the design and operation of
anaerobic digestion. The microbes’ growth rate and anaerobic environment stability are both
significantly impacted by the content of the organic waste supplied to a digesting system [8, 19].
The physicochemical properties of the substrate determine its biodegradability [4, 9]. A reliable
method of analyzing and characterizing feedstock is required to evaluate the profitability and
suitability of biogas feedstocks [20]. For maximum quantity and quality of biogas energy;
knowledge of the substrate's physicochemical properties is crucial [10]. Using informationfound
in the literature, a feedstock might be given a preliminary evaluation. If the initial evaluation
suggests that the feedstock might be appropriate, a thorough laboratory investigation should come
next [20]. This study provides information on the various methods used.for.the physicochemical
characteristics (TS, VS, MC, AC, TOC, TKN, and C/N ratio) analysis-ef fish waste, including
APHA guidelines and regular techniques, Walkley-Black method; and-Kjeldahl method.

Il.  MATERIALS AND-METHODS
2.1 Collection and preparation of feedstocks

The fish waste (fish intestines) used in this experiment were collected from Eldoret's fish point and
blended with a blender. For physicochemiealanalysis, a fresh sample was used.

2.2 Fish waste (FW) Characterization

The chemical and physical analysis.of organic materials was required for the operation of an AD
system because it affects bath bio-methane yield and system stability [21]. MC, TS, VS, and AC of
FW (fish waste) were determined using APHA standard methods [32—34], while the TKN, TOC,
and C/N ratio of FW were determined using the walkley-black and Kjeldahl methods [28, 29].

2.2.1 Physical analysis

The APHA 2540B and 2540E standards were used to measure the concentration of MC, VS, TS,
and A€ of fish waste [21-23]

@) MC and TS determination

The MC is the amount of water content in the material while TS is the amount of dry matter
content in the material. Five grams (5 g) of the fish waste sample were placed in a crucible, which
was baked at 105°C for 4 hours. The crucible was cooled down for 10 minutes. The losses were

then recorded until the constant weight was reached. Then, using equations (1) and (2) the
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percentage of MC and TS of fish waste were determined respectively using APHA 2540B [10, 13,
26, 27].

Mc =25 ,100 (1)
W-

2

TS = 57,100 (2)

7
(b) Volatile solids analysis and ash determination

To determine how many volatile organic materials were present in the sample, the \/.S'was
measured. Ash includes different nutrients in varying amounts that are necessary formicrobial
metabolism. Five grams (5g) of fish waste were weighed into the crucible, dried for four hours at
105 °C in an oven heater, and then burnt down at 550°C in one hourtin.muffle furnace. The
crucible containing ashes were allowed to cool for around 20 minutes. The percentage of volatile
solids (VS) and ash content (AC) of fish waste was determined using equations (3) and (4)
respectively that used APHA 2540 E standard methods{10, 13, and 25, 27-31].

VS = WaemWs 100 (3)
W3*—W1

AC = Wa—Wa 100 (4)
Wo =W,

2.2.2 Chemical.analysis

@ Total organic carbon (TOC)

determination

The Walkley-Black method was used to determine the TOC of fish waste using H,SO,4 + K,Cr,07
[23, 32]. The potassium dichromate Walkley-Black technique was employed [24, 25, 33] in which
1 gram of dry.sample of fish waste was placed in a conical flask of 250 mL, K,Cr,0; of 10
milliliters(mk) was added, and the mixture was rotated or swirled. In a fume hood, 15 mL of
H2SOwas added and swirled three more times. The 5 mL of phosphoric acid and 150 mL of
plowed water were added after 30 minutes. With the solution of ferrous ammonium sulfate (0.5 N),
the contents were adjusted until the color changed from blue to green. Equation (5) was used to

compute the amount of organic carbon.

(B—-S8)*(V%1.3%0.3)]

%C = L = (5)
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(b) Total Kjeldahl nitrogen (TKN) determination

The Kjeldahl method was employed to determine the total nitrogen substance of fish waste [25, 32,
34], which required the digestion of the sample and volumetric measurement. 1 gram of the fish
waste, K,SO,40f 5g, 0.5 g of CuSOy as a catalyst, and concentrated H,SO,4 (10 mL) were all
weighed into a digestion flask. The inter-mixture was heated up at a high-temperature of 420<C'in
fume hood until the color of the digest turned blue, indicating that the digestion process4vas
complete. After cooling to room temperature and being filled with distilled water, the digest was
moved to a 100 ml volumetric flask. Additionally, an empty digestive tube containing acid and
catalysts was produced. The diluted digest (L0mL) was placed in a distilling flask and diluted or
rinsed with 3mL of distilled water. A solution of 40% NaOH (15 mL) was“added and the mixture
was also diluted or washed with 3 mL of water (distilled). About 60 mL of distillate was produced
after the distillation process. The distillate solution was titrated-withyHCI (0.02 N) until the color

changed to orange (methyl orange). Equation (6) was utilized to compute the total nitrogen.

V1=V2)*N*F*100
%N = [( 1 z)V*

|+ 21 6)

(© Carbonito nitrogen ratio determination

To calculate the C/N ratio, divide the TOC byithe TKN. The APHA 4500 B standard method was
employed [26].

2.3 Methane content analysis

The gas sampling bags' methane content was examined and Gas chromatograph setup using a gas

detector as shown in fig. 2/and biogas production setup as shown in fig. 3.
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[1l. RESULTS AND DISCUSSION
3.1 Fish waste physicochemical analysis

Initially, the fish waste was characterized by MC, TS, VS, AC, TKN, TOC, and C/N ratio. Table Il
summarized the results of the physicochemical analysis of fish waste.

TABLE I1. Physicochemical characterization results of fish waste

Parameters Amount (%)
Moisture content (MC) 61.78
Volatile solid (VS) 93.94
Total solid (TS) 38.21
Total Kjeldahl nitrogen (TKN) 9.2
Ash content (AC) 0.52
Total organic carbon (TOC) 54.2
C/N ratio 5.89

The fish waste had a V'S of 93.94 %. The range of hiodegradability for the substrate to produce
high bio-methane yield was 70-95% [9, 25, 35} This shows that fish waste is biodegradable which
makes it a potential substrate for the production\of biogas. In addition, the organic waste with high
VS content, has a high potential of being‘used as a source of biogas energy where the MC of fish
waste was 61.78%. The substrate.thatincludes MC between 60-80% was suitable for the AD
process. Therefore, fish wasteis.amenable to AD. The biogas production results obtained in this
research were compared to'previous biogas waste production done by [11-13], where the MC of
fish waste varies between 57.15-73%. High MC in the substrate facilitates the AD process [39].
Consequently, fish waste is a good feedstock for biogas production as it has the good TS of fish
waste of 38,21%. According to [40, 41], the 7-9% TS is preferable. This shows that the TS of fish
waste is.out,of range. However, the results for fish waste are in line with the results reported by
[11, 17] where the TS in fish waste is 31.30 % and 32.2 % respectively. TS measures the overall
volume of material that remains after all the moisture has evaporated [42]. Less than 10% of TS in
AD systems are low or wet solids, 15-20% are medium solids, and 22-40% are high or dry solids
processes [26, 41, 42]. A dry AD system makes the digester's solution more compact, which offers
high loading rates, consequently more biogas than a wet AD system because the high loading rate

and compactness of by-products increase the level of material digestion [42, 43]. Dry AD is
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advantageous: (i) requires less water, (ii) having less water in the residue results in a smaller
reactor capacity, and (iii) produces a larger volumetric bio-methane yield [43, 44]. The ash content
(AC) was 0.52%. The TOC and TKN for fish were 54.2% and 9.2% respectively. The C/N ratio of
fish waste was 5.89:1. According to [26, 45], the optimal C/N ratio for AD is between 20-30%.
Therefore, the C/N ratio (5.89) of FW was out of range for biogas generation. However, the resuits
above are within the range of [6, 8, 11, 18] where the carbon to nitrogen ratio of FW is between
3-5%. The C/N ratio depends on the type of feedstocks. A low C/N ratio can quickly/lead to
ammonia toxicity and high pH levels, which are poisonous for methanogenic bacteria.while a high
C/N ratio causes poor buffering capacity, hence lower biogas generation [184.26, 45=50]. The
organic waste with low C/N ratio can be combined with high C/N ratio organic waste to reduce the
concentration of inhibitory substances and achieve the digester's ideal’€/N ratio [14, 18, 26, 45, 48,
51].

3.2 Methane gas content in fish waste

It was important and necessary to examine the content of the-biogas in a feedstock in terms of CH4
(methane) and CO2 (Carbon dioxide). The biogas,is mainly consisted of 40—75% of CH,, 25-55 %
of CO,, and small amounts of other gases [5, 7]»The' methane content in fish waste was 50.12 %, as

shown in Table I1l. The removal of CO5'is crucial because is hazardous to humans and corrodes

motors and pipes [52, 53].

TABLE I11. Content of CH4, CQ2, O2, H2S, and other gases in fish waste

Compositions Unit Amount
CH, % 50.12
CO, % 39.72

0, % 0.34
H,S ppm 235
Others % 8.92

IV. CONCLUSION AND RECOMMENDATION

The fish waste was examined for its initial MC, TS, VS, AC, TOC, carbon to nitrogen ratio, and
TKN. The FW physicochemical analysis results include: MC of 61.78 %, VS of 93.94 %, TS of
38.21 %, AC of 0.52%, TOC of 54.2%, TKN of 9.2% and C/N ratio of 5.89 %. The methane (CH4)

content in fish waste was 50.12 %. The results indicated that fish waste is a potential feedstock for
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biogas production. FW had a lower C/N ratio, further study needs to consider co-digestion with
higher C/N ratio feedstocks. Nevertheless, the VS of fish waste was high which was good for this

feedstock to be easily digested as the sign of producing biogas.
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ABBREVIATIONS

W1: The crucible's weight

W2: The crucible and wet sample weight

W3: The-¢tucible and dry sample weight at 105 °C.

%C: The percentage of total organic carbon,

St.The material sample reading (mL).

B: The blank reading (mL).

W: The weight of the fish waste sample (g).

V: The volume of 1N K,Cr,O7 (mL).
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W2-: The wet material sample and crucible weight

W3-: The dry material sample and crucible weight at 105 °C

W4: The crucible and material sample weight after ignition at 550 °C.
%N: The percentage of Total Kjeldahl nitrogen.

V;: Sample volume (mL)

N: The standard Normality (HCI).

V3: Volume of the blank (mL).

V*: The distillation volume

F: Factor of standard (HCI)

W*: Sample weight (g).
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