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ABSTRACT 

The production of energy from biomass such as an energy crop is gaining 

momentum due to the steady increase of the world population, economic growth and 

the accelerating cost of fossil fuels. In recent years, progressive climate change 

related to global warming and rampant Green House Gases emissions necessitates 

applied research in renewable energy generation from different sources. The purpose 

of this study, therefore, was to evaluate the potential of production of biogas from 

unpeeled and peeled cassava 

laboratory scale biogas digester, with cow dung (inoculum) as source of 

methanogens. The experimental design consists of two biomass raw materials (i.e. 

whole cassava and peeled whole cassava tuber)

L/kg VS was obtained from peeled cassava tuber anaerobic fermentation using 

inoculum followed by the digestion of peeled cassava tuber as raw material without 

inoculum which led to the production of 493.35 L/kg VS. The 

cassava with inoculum, produced 28.75% more gas yield when compared to peeled 

cassava without inoculum. The Modified Gompertz model fitted the cumulative 

experimental methane gas data well. The model with the newly developed coefficient

was used to predicate the maximum biogas yield at day 40. The validated results show 

that peeling the cassava tuber increase the biogas yield by 38% compared to the 

unpeeled tuber. 
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applied research in renewable energy generation from different sources. The purpose 

of this study, therefore, was to evaluate the potential of production of biogas from 

unpeeled and peeled cassava tubers at a mesophilic temperature of 37 ºC

laboratory scale biogas digester, with cow dung (inoculum) as source of 

methanogens. The experimental design consists of two biomass raw materials (i.e. 

whole cassava and peeled whole cassava tuber). The highest biogas yield of 635.23 

L/kg VS was obtained from peeled cassava tuber anaerobic fermentation using 

inoculum followed by the digestion of peeled cassava tuber as raw material without 

inoculum which led to the production of 493.35 L/kg VS. The feedstock of peeled 

cassava with inoculum, produced 28.75% more gas yield when compared to peeled 

cassava without inoculum. The Modified Gompertz model fitted the cumulative 

experimental methane gas data well. The model with the newly developed coefficient

was used to predicate the maximum biogas yield at day 40. The validated results show 

that peeling the cassava tuber increase the biogas yield by 38% compared to the 
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1. INTRODUCTION 

Supply and consumption of energy are important factors in improving living standards in of 
community (Twidell and Weir, 2015). Evidence shows that global demand for energy is 
increasing with the steady growth of the world population, economic growth and increased 
energy usage (Hagos et al., 2016, Sorrell, 2015). Reliance on fossil fuels has also increased 
over the years and will soon result in the depletion of fossil fuel resource. It is crucial that we 
explore alternative energy sources that are sustainable and renewable for future generations 
(Panwar et al., 2011).  Due to the issue of sustainability of resource and the environment, 
research into the harnessing energy from sustainable sources is on the increase. These are 
majorly renewable in nature. Some of these renewable sources include small hydro, wind, 
geothermal, solar, and biomass. Of all these sources, the biomass is distinct and different from 
other sources of renewable energy. This is majorly due to its special feature as regards use, 
control, collection of organic wastes and concurrent production of fertilizer and water for 
agricultural use (Memon et al., 2012). Furthermore, biomass has no geographical limitation 
and can be processed to biogas using local technologies.  Biogas is a gas generated when 
organic matters are broken down in the absence of oxygen (anaerobic digestion). According 
to Gelegenis et al. (2007), “organic waste such as dead plant and animal material, animal 
faeces, and kitchen waste can be converted into a gaseous fuel called biogas.”  This means 
that biogas can be produce for energy even in remote communities without enough wind 
speed and solar irradiation for wind turbine technologies and solar technologies respectively. 
This will help in increasing electrification rates worldwide.  

The renewable energy generation during anaerobic digestion of biomass has mainly been 
used for the degradation of biomass or any waste materials or toxic compounds (Khalid et al., 
2011). However, recently there has been increased interest in the production of biogas from 
carbohydrate rich energy crops by means of anaerobic digestion (Choi and Lee, 2015). Based 
on this, the local production of energy from carbohydrate rich energy crops is essential for the 
minmisation of emissions and the increase of electrification rates in Africa. As a result, the 
adoption of anaerobic digestion technology for energy crops in South Africa with one of the 
highest inequalities in the world (Gini coefficient = 0.7) (Bhorat, 2015). This can help local 
communities in gaining access to electricity like their urban communities. To achieve this, a 
laboratory-scale research on the ultimate biogas and methane yield from new energy crops 
such as cassava is of importance. Much research attention has been given to biogas production 
from industrial wastewaters in South Africa while there is a huge interest in industrial waste 
water treatment for use of the treated water for other purposes (Stafford et al., 2013). 
However, little research attention has been dedicated to energy production from energy crops. 

There are a number of locally grown plants species in sub-Saharan Africa with a potential 
for use as input material in anaerobic fermentation and production of biogas. The energy 
crops such as fodder beets and cassava has been identified as the major crop for biogas 
production since they are also drought tolerant plants that can give good yield in South Africa 
as well as elsewhere in the regions. This article explores cassava, as there is a paucity of 
research on cassava biomass and other energy crops (Okudoh et al., 2014b).  
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Cassava is cultivated in many African, American and Asian countries. It is a starchy root 
crop with starch concentration ranging from 20–35% while fresh and from 80% to 86% in 
dried cassava (Uchechukwu-Agua et al., 2015). In most West-African counties, cassava is the 
second most important stable food, but it is still a minor food plant in South Africa. For this 
reason, the conflict between food security and energy is inconsequential (Arc.Cassava, 2014). 
Due to its high carbohydrate concentration of 4.742 kg/carb per hectare (Nuwamanya et al., 
2012), cassava chemical composition has great potential for the production of bioenergy, 
especially biogas (Okudoh et al., 2014a). Cassava has several advantages compared to other 
energy crops as it has the ability to grow in areas with low fertility and has the highest yield 
of carbohydrates compared to sugarcane and sugar beet (Okudoh et al., 2014b). Therefore, the 
main objective of this research is to evaluate the production of biogas from unpeeled cassava 

tubers (UCT) compared with peeled cassava tubers (PCT) at a mesophilic temperature (37°�) 
in the absence and presence of inoculum. This study is a pilot study on the production of 
biogas from cassava in South Africa. It is expected that this study will contribute towards 
establishing an accurate technique for biogas quantification using UCT and PCT. It will add 
to knowledge on the suitable feedstock that can provide an optimum biogas yield 

A number of  literature have contributed to the development of various novel methods of 
biogas production which can be achieved using raw materials such as municipal waste, 
agricultural waste, sewage, manure, plant material, food or green waste. 

Klimiuk et al. (2010) carried out an investigation on the ability of silage obtained from 
crop species namely: Zea mays L., Sorghum saccharatum, Miscanthusgiganteus and 

Miscanthussacchariflorus, to produce methane. It was observed that due to the higher crude 
content in Miscanthus spp., the volumetric methane obtained from Zea mays L. or S. 

saccharatum silages were higher than those from the Miscanthusgiganteus or sacchariflorus 
silages at a hydraulic retention time of 60 days. The methane productivity of 
Miscanthussacchariflorus was however higher than that of Miscanthusgiganteus at 
comparable feedstock lignin concentrations. The efficiency of cellulose conversion was 
observed to be highest in Zea maysL. (88.9%,), followed by Sorghumsaccharatum(83.6%), 
Miscanthusgiganteus (59.7%) and Miscanthussacchariflorus (52.1%). 

Maragkaki et al. (2018) carried out an experimental investigation on the effect of using a 
mixture of small amount of agro-industrial by-products, co-digestion sewage sludge and food 
wastes for biogas production. The experiment was carried out using lab-scale reactors under 
mesophilic conditions at a hydraulic retention time of 24 days. Jiang et al. (2018) carried out 
an investigation to validate the production of bio-hythane using a two-stage fermentation 
process of cassava with recirculation and with repeated batch experiments. The effect of 
hydraulic retention time was clarified and the effects of nickel, nitrogen, sulfur and cobalt 
supplements used in the fermentation process, were investigated. It was observed that the 
increase in hydrogen, hydrolysis and acidogen producing bacteria was ensured by sufficient 
presence of nickel, nitrogen, sulfur and cobalt supplements in the fermentation process, with 
the recovery of a sustainable hythane fermentation metabolism. 

Castrillón et al. (2011) carried out an evaluation on the production of biogas through the 
co-digestion of cattle manure with crude glycerin extracted from biodiesel after the cattle 
manure was pre-treated using the sonication technology of ultrasound. It was observed that 
under moderate temperatures, the addition of a light amount of glycerin increased biogas 
production by 400% while sonication of cattle manure mixed with glycerin increased biogas 
production by 800%.Furthermore, an experimental study has also been carried out by Zema et 
al. (2018) to obtain biogas from olive mill wastewater (OMW) blended with other agro-
industrial by-products. 
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Gilson (2017) performed a cost-benefit analysis on the use of wetland plants as a 
supplement for biogas production, thereby conducting an investigation on how harvest time 
affects the biogas production of wetland species such as Phragmitesaustralis and Glyceria 

maxima. It was observed that the midyear harvest time produced the highest generated 
revenue. Although using wetland plants solely for biogas production is not currently 
profitable, Gilson concluded that placing higher premium on the value of socioeconomic 
benefits such as global warming mitigation and increased biodiversity will make it 
economically attractive in future. Ebrahimi-Nik et al. (2018) carried out a study on the 
benefits of using drinking water treatment sludge as a supplement for biogas production from 
food waste. It was observed that the treatment sludge enhanced the products of biogas and 
lessened the time of retention and lag phase. 

2. MATERIAL AND METHODS 

This section presents the methodological approach adopted in this study. The research 
involved (1) collecting data on the mono-digestion of unpeeled cassava tubers without 
inoculums (UCT0) and peeled cassava tubers (PCT0), respectively and (2) comparing data on 
the biogas yield from mono-digestion for UCT and PCT, respectively, (3) investigating the 
effectiveness of inoculums for biogas production from unpeeled cassava tuber with inoculums 
(UCT1) and peeled cassava tuber with inoculums (PCT1), respectively; and (4) investigating 
the daily production rate of both peeled and unpeeled cassava in the presence and absence of 
inoculum. 

2.1. Collection and Pre-treatment of Substrates and Inoculums 

Fresh cassava tubers (200 kg) were collected from a cassava plantation in the Nampula 
province of Mozambique. A hundred kilograms of the collected fresh cassava tubers were 
mechanically pre-treated by peeling, while the remaining 100 kg was not peeled. Both the 
peeled and unpeeled cassava was washed with tap water and chopped into pieces of about 1 
cm3 using a sharp knife. Thereafter, it was dried in sunlight for two days (Figure 1). All 
prepared feedstock were stored in a refrigerator at 4 ˚C until use in the experiment. The dried 
cassava tubers were milled with a scientific Republic of South Africa (RSA) hammer mill that 
is equipped with a 2 mm sieve mesh to obtain cassava flour. The properties of the substrates 
are shown in Table 1.  

The inoculum used for this study was fresh cattle dung (FCD) (Figure 2) collected from 
the University of KwaZulu-Natal’s (UKZN) Ukulinga Research Farm in Pietermaritzburg, 
South Africa. It contained all the required microbes essential for the anaerobic digestion 
process. The inoculum was characterized for moisture content, total solids, volatile solids, 
total carbon, total nitrogen, pH, C/N Ratio, ash and phosphorus. 
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Figure 1: (A) sample of unprepared cassava tubers, (B) sample of peeled cassava tubers (PCT), (C) 
sample of cut peeled cassava tubers, (D) sample of cut unpeeled cassava tubers (UCT), and (E) 

Cassava Flour 

2.2. Inoculum Preparation 

The FCD was mixed with water to a ratio of 1 kg cattle dung: 2 litres water (i.e. 1:2) to form a 
slurry (Nasir et al., 2015). The slurry inoculum was filtered by passing it through a 0.5mm 
sieve diameter to separate the solid content from the slurry. The filtered FCD slurry was kept 
in an airtight container at 4°C. Prior to use, it was acclimated and degassed at 35°C for three 
weeks to minimize the production of methane from the inoculum. An inoculum: substrate 
ratio of 1:2 was used for the digestion (Angelidaki et al., 2009) after purging the system of 
oxygen with ultrapure N2 gas to create an anaerobic environment.  

 

Figure 2 Fresh cattle dung (Inoculum) 
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2.3. Experimental set up 

Peeled cassava tubers (PCT) and unpeeled cassava tubers (UCT) were weighed and the 
biomass was mixed with tap water to a volume ratio of 1:2 (Biomass: Water). This was done 
to maintain a total solid in the digester of between 8 and 15%, which is the acceptable range 
for wet anaerobic digestion (Liu et al., 2015). The slurries were mixed properly to obtain a 
homogenous condition. The prepared slurry was fed into the batch type digester (Figure 2B) 
and digested anaerobically until no biogas was produced (zero biogas yield). The 
characterisation of the slurry feedstock used in the anaerobic digestion is presented in Table 1. 
The initial pH for all the slurry was adjusted to 7.0 ± 0.1 by using NaOH solution 1 N. 

2.4. Experimental Design  

A laboratory scale experiment was conducted with a 50-litre open head drum (Figure 3B). A 
50 mm PVC pipe was connected to the digester to feed it with the substrate. The mixing was 
done manually and it was operated by a pitched 3-blade paddle impeller (Figure 3B). The 
working volume of the bio-digester was 45 litres, which is about 90% of the volume of the 
digester. 

 

 

Figure 3: (A) Model for generation of biogas from cassava peel and peeled cassava tubers, (B) 
Section of digester showing the 3-blade paddle, (C) Biogas generation experimental setup, and (D) 

programmable logic controller (PLC) 

The digester was placed in a hot-water bath that keeps it at its desired operating 
temperature. This hot-water bath was constructed with a 1000 l intermediate bulk container 
(IBC) (Figure 3A). The IBC was fitted with two temperature adjustable heating elements to 
control the water temperature and a recirculation pump (Figure 3A & 3C), which was used to 
recycle the hot water through different points in the IBC to ensure even heat distribution and 
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convective heat transfer around the digester. The temperature of the water was kept at 37 ºC 
as the experiment was carried out at a mesophilic temperature.  

A gasholder system (GH) connected to programmable logic controller (PLC) was used to 
measure the biogas yield per day. After the setup of the GH, the PLC system was connected to 
a single phase 220V, 50Hz power outlet (Normal wall plug). The PLC was turned on by 
turning the power button (Figure 3D). When biogas is produced in the digester, the gas moves 
through the 8mm uPVC pipe (Figure 3A) into the inner cylinder of the gasholder. The 
gasholder is filled with water up to the top part where the aluminium isolation stops (Figure 
4A & 4B). Due to the pressure formed inside the inner cylinder by the gas from the digester 
the cylinder moves upwards as more gas is produced. The gas cylinder will eventually come 
into contact with the Button limit switch and activate it. When the switch is activated the 
solenoid valve will be activated. This can be seen when the valve light is lit on the PLC. 
When the valve is activated the biogas will be vented. As the biogas is vented the gas cylinder 
will move down eventually activating the Lever limit switch which will deactivate the 
solenoid valve which is the end of one complete gas cycle. 

 

Figure 4: Gasholder with moving inner gas cylinder, up inner gas cylinder (A), down inner gas 
cylinder (B), and Gas chromatography connection point (C) 

UCT and PCT were separately examined in the absence and presence of inoculum with a 
single digestion process to determine and compare performance. The digester was fed with 40 
litres of the relevant substrate and was inoculated with a slurry of FCD. The inoculum was 
used to apply the bacterial concentration in the digester. After feeding, the digester with the 
desired amount of feedstock was flushed with nitrogen gas to create an anaerobic 
environment, where after the digester was closed. The mesophilic batch tests were conducted 
at a temperature of 37 ºC. This temperature was maintained throughout the whole experiment 
and was monitored using a mercury thermometer. The biogas volume produced was measured 
using a gasholder (Figure 4C) and the methane content was measured using chromatography, 
the biogas was collected at the collection point as indicated in Figure 4C. All gas volumes 
reported have been corrected to STP (0 oC, 110.3 KPa) as described by Walker et al. (2009). 
The substrate was manually stirred using the 3-bladed paddle for about ten (10) seconds once 
a day before measurement of the biogas volume. 

2.5. Biogas measurement and analytical methods 

The programmable logic controller (PLC) was used to measure the biogas produced daily. 
The gas composition was analysed offline by means of chromatography. Total solids (TS) and 

total volatile solids (VS) were determined at 104⁰C and 550⁰C, respectively, using standard 
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methods (Helrich, 1990, Federation and Association, 2005). Additional parameters were also 
determined total carbon and nitrogen contents were determined using the CNS-2000 
Elemental Analyzer (Leco Corporation, USA).  

The starch concentration in the cassava tubers was determined using spectrophotometry at 
580 nm absorbance in the soluble form and the presence of iodine (Gales, 1990). The 
experiment ran until zero biogas was reached.  

2.6. Modelling of biogas production during biogas digestion 

The cone model (Zhen et al., 2015), and modified Gompertz model (Syaichurrozi and 
Sumardiono, 2013) were used to model the experimental biogas yield. The model parameters 

such as ym, �, U, khyd, n, k were optimised using non-linear regression analysis with the help 
of Polymath 6.10 software. The equations of the cone model (1), the modified Gompertz 
model (2) are presented below: 

	(
) = �
��(����.�)��

, 
 > 0        (1) 

	(
) = 	�. exp �−exp !".#� (� − 
) + 1&' , 
 ≥ 0      (2) 

where: 

ym = biogas yield potential (Lkg-1 VS), 

y(t) = cumulative biogas at digestion time t days (Lkg-1 VS), 

U = the maximum biogas production rate (Lkg-1 VS. day), 

� = lag phase period or minimum time to produce biogas (days), 

t = cumulative time for biogas production (days), 

e = mathematical constant (2.718282), 

khyd = hydrolysis rate constant (day-1), 

n = shape factor, and 

k = the biogas rate constant (day-1). 

2.7. Data analysis 

The data were analysed for variance and correlation by sig (2-tailed). The least significant was 
used to investigate the statistical significance of the presence of inoculum in the feedstock. All 
the data were analysed using the Statistical Package for the Social Sciences (SPSS) model, 
version 24 of 2016. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of substrates 

The physico-chemical properties of UCT, PCT and the inoculum are shown in Table 1. The 
result show that there was no significant (p≤0.05) difference between the peeled and unpeeled 
cassava tubers in terms of biogas yield. The UCT had maintained higher moisture content 
(76.56%) compared to the moisture content in PCT (61.58%). These results are favourable as 
they are within the optimum moisture content range of 60–95% (Demetriades, 2008) for the 
digester to perform efficiently. Moisture content of less than 20% will result in no biogas 
generation (Rilling, 2005).  

The pH value of the feedstock used in the anaerobic digester is critical for optimum biogas 
yield (Sichilalu et al., 2017). The pH of UCT, PCT and inoculum (CD) is 6.90, 6.87 and 7.30, 
respectively. These levels are within the acceptable pH range of 6.0–8.0 (Hettiaratchi et al., 
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2015). The optimal pH level during the fermentation process within the digester is between 5 
and 6, while the optimal pH during the methanogenesis is between 6.8 and 7.5 (Hettiaratchi et 
al., 2015).  

Table 1 shows that the total solids of both UCT and PCT (38–43 %) were out of the 
recommended range for best biogas production, which occurs when total solids range from 
7% to 10% (Kigozi et al., 2014). This is to avoid solids settling down in the lower part of 
digester. The fresh cattle dung inoculum was in the correct range. Peeling the cassava tubers 
did affect the C/N ratio, but the effect was not significate at p≤0.05 level of significance.  

Table 1 Characterisations of substrates used in the experiments 

Parameter 
Substrate 

FCD ±SD 

 
Significance level 

(P-Value) 
UCT ±SD PCT ±SD  

Moisture Content (%) 76.56 ± 3.12 61.58 ± 2.11 80.34 ± 0.12 0.006* 

Total Solids (%) 38.43 ± 1.01 42.25 ± 1.51 11.95 ± 0.10 0.083 

Volatile Solids (%) 94.21 ± 0.32 91.27 ± 0.52 61.57 ±  0.01 0.016* 

pH 6.9 ± 0.91 6.87 ± 0.47 7.30 ± 0.11 <0.001* 

Starch (%) 78.38 ± 1.34 76.32 ± 2.01 ND 0.184 

Total Nitrogen (%) 0.51 ± 0.22 0.53 ± 0.44 2.15 ± 0.41 0.189 

Total Carbon (%) 39.04 ± 2.31 39.67 ± 1.78 35.17 ± 1.01 0.001* 

 C/N Ratio 76.55 ± 10.5 74.85 ± 4.05 16.36 ± 2.46 0.106 

Ash (%) 3.84 ± 0.44 3.06 ± 0.66 33.17 ± 1.10 0.310 

Phosphorus (%) 0.09 ± 0.68 0.16 ± 0.57 0.03 ± 0.31 0.131 

ND - Not determined; *,** significant at P≤0.05 or P≤0.001 level of significance. 

UCT – Unpeeled Cassava Tubers; PCT - Peeled Cassava Tubers; FCD – Inoculum Fresh 
Cattle Dung 

C/N - Carbon to Nitrogen 

3.2. Daily Biogas Yield of Peeled Cassava Tuber with and without Inoculum 

Figure 5 displays the average daily biogas yield of PCT and UCT with and without inoculum 
at mesophilic temperature (37 oC) over 40 days of digestion in Lkg-1 VS of biogas. Feedstock 
with inoculum started yielding biogas at a rapid rate compared to the PCT sample with no 
inoculum. This could be attributed to the presence of microbes in the inoculum that act readily 
on the substrates (Steinmetz et al., 2016). As shown in Figure 5, the biogas production as a 
result of the digestion of PCT started at a rapid rate and continued to rise until it reached a 
peak of 32.92 Lkg-1 VS. It then decreased between days 14 and 17, these small methane 
variation were as a result variations in pH and temperature (Baltrenas and Kvasauskas, 2008, 
Misevičius and Baltrėnas, 2011), after which it increased to the highest biogas peak of 38.04 
Lkg-1VS. The feedstock peeled cassava tubers with inoculum (PCT1) yielded the highest 
biogas yield of 38.04 Lkg-1VS on day 19 compared to peeled cassava tubers without inoculum 
(PCT0), where the peak biogas yield of 31.81 Lkg-1VS only occurred on day 21. These results, 
especially when compared with other studies, show that the addition of inoculum to feedstock 
enhances the daily biogas yield (Liu et al., 2017). 

The daily biogas yield for PCT without inoculum produced a flatter increasing slope of 
+1.696 Lkg-1 VS between days 1 and 21 compared to PCT with inoculum, which produced a 
steep slope of +1.799 Lkg-1VS between days 1 and 19. The decrease in the slope of the daily 
biogas yield of PCT without inoculum was steep (-2.814 Lkg-1VS), which signifies that the 
feedstock without inoculum reduced the biogas yield after a retention period of 21 days, 
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compared to the feedstock with inoculum which reduced the biogas yield after a retention 
period of 19 days. 

 

Figure 5: Daily biogas yield, over 40 d, from peeled cassava tuber (PCT) and unpeeled cassava tuber 
(UCT) with and without inoculum. Each data point is the average of the measurements of three 

digesters. 

3.3. Daily Biogas Yield of Unpeeled Cassava Tubers with and without Inoculum 

Figure 5 presents the average daily biogas production rates (Lkg-1VS) for unpeeled cassava 
tubers (UCT) with and without inoculum. The UCT with FCD inoculum begin to yield biogas 
from the second day of digestion compared to the UCT without inoculum, which only 
produced a significant biogas yield on the sixth day. The maximum values of biogas 
production rate were 41.95 L/kg VS and 32.41 Lkg-1VS for UCT with inoculum and UCT 
without inoculum respectively. The fact that the UCT with inoculum had a higher biogas 
production rate may be attributed to the presence of easily biodegradable materials in the 
inoculum compared to the UCT without inoculum. 

The production of biogas in UCT without inoculum started at a flatter rate of 0.1796 Lkg-

1VS until day five, after which it produced biogas faster between days 5 and 13. In 
comparison, the UCT with inoculum produced biogas at a faster rate from day one, and this 
suggests the presence of microbes in the cow dung inoculum that was added to the UCT 
substrate (Gebrekidan et al., 2014). The decrease in the slope of the daily biogas yield of UCT 
with inoculum was steep (-2.814 Lkg-1VS) compared to that of UCT without inoculum, which 
signifies that the feedstock without inoculum reduced the biogas yield after a retention period 
of 21 days compared to the feedstock with inoculum, which reduced the biogas yield after a 
retention period of 19 days. The start and reduction rate of biogas is shown in Figure 5. 

3.4. Cumulative Biogas Yield of Peeled Cassava Tubers with and without 

Inoculum 

Figure 6 shows the cumulative biogas productions of peeled cassava tubers with and without 
inoculum.  PCT with inoculum yielded a higher volume than PCT without inoculum. The 
total biogas produced from PCT with inoculum was 635.23 Lkg-1VS, while that produced 
from PCT without inoculum was 493.35 Lkg-1VS, which is 77% less than that of the substrate 
seeded with inoculum.  
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Figure 6: Cumulative biogas production from peeled cassava tuber and unpeeled cassava tuber with 
and without inoculum. Each data point is the average of the measurements of three digesters 

3.5. Cumulative Biogas Yield of Unpeeled Cassava Tubers with and without 

Inoculum 

The cumulative biogas yields of unpeeled cassava tuber in the presence and absence of 
inoculum are shown in Figure 6. The unpeeled cassava tubers (UCT) with inoculum had a 
higher biogas yield than, UCT without inoculum. The retention period was 40 days. The 
biogas yield for UCT with and without inoculum was calculated to be 460.41 Lkg-1VS and 
341.12 Lkg-1VS respectively. From Figure 6, we observe that after 15 days of digestion, 
approximately 51% of the final biogas yield could be obtained (Table 2). 

3.6. Modelling Biogas Yield 

The model parameters such as ym, �, U, n, khyd, k were obtained by fitting the equations to the 
experimental biogas yield data. Table 2 displays the summary of the results of both 
experimental and predicated biogas yield calculated using the developed coefficients at day 
40. Figure 7 presents the experimental and the calculated data using the developed model 
using on the cone, and modified Gompertz (equations 1 and 2). These models can be used to 
estimate the changes in gases and ultimate yield of a given substrate under specified 
conditions. 

Table 2 The coefficients and constants developed by fitting cone, and modified Gompertz to 
experimental PCT, UCT data 

MODELS 
Substrate 

PCT0 PCT1 UCT0 UCT1 

CONE MODEL     
khyd (day-1) 0.05 0.06 0.07 0.07 

N 4.15 2.99 5.10 3.76 

R2 0.99 0.99 1.00 1.00 

ym (Lkg-1VS) 536.40 708.38 343.09 474.99 

Predicated biogas yield (Lkg-1VS) - 40 d 512.99 662.86 340.85 464.21 

Measured biogas yield (Lkg-1VS) - 40 d 493.35 635.23 341.12 460.41 

Difference between measured and predicated biogas yield (%) 3.98 4.35 0.08 0.83 

MODIFIED GOMPERTZ MODEL 

� (days) 16.45 13.30 13.27 12.53 

µ (Lkg-1VS.day) 0.15 0.14 0.24 0.18 

R2 0.99 0.99 0.99 0.99 

ym (L/kg VS) 527.00 673.90 340.70 464.70 

Predicated biogas yield (Lkg-1VS) - 40 d 513.29 658.17 340.14 461.80 

Measured biogas yield (Lkg-1VS) - 40 d 493.35 635.23 341.12 460.41 

Difference between measured and predicated biogas yield (%) 4.04 3.61 0.29 0.30 
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PCT0: Peeled cassava tubers without inoculum; PCT1: Peeled cassava tubers with inoculum; 
UCT0: Unpeeled cassava tubers without inoculum; UCT1: Unpeeled cassava tubers with 
inoculum; R2: correlation coefficient. 

3.6.1. Cone model 

The parameters obtained as the result of fitting this model to the experimental biogas yield 
data are presented in Table 2. The correlation coefficient (R2) between the cone model and the 
experimental results of all the substrates are presented in Table 2 and they range from 0.99 to 
1.00, with the unpeeled cassava tubers with and without inoculum being the best fit. The 
maximum biogas cumulative yield (ym) from the cone model was close to the experimental 
yield, with the percentage difference between measured and predicated ranging from 0.83% to 
3.98%. These results show that the cone model fits well to the cumulative biogas yield curve 
for this study. The hydrolysis rate constant (khyd) measured in days indicates the hydrolysis 
rate of the organic materials. The higher value of khyd indicates that the organic materials of 
the substrates were degraded (Syaichurrozi, 2018). The bacteria inside the digesters needed 

longer time to adapt, as is evident from the lower value of � (12.53 days), which is the lag 
phase period and the higher value of khyd (0.07day-1).  

3.6.2. Modified Gompertz model 

Referring to Table 2, the substrate of peeled cassava tuber with inoculum yielded more ym 
with a maximum biogas yield of 673.90 Lkg-1VS compared to the other substrate (PCT0, 
UCT0 and UCT1), which yielded between 340.70 and 527.00 Lkg-1VS, with UCT0 the lowest. 
This is as a result of the bacteria available in the peeled cassava tuber being more easily 
degradable compared to the unpeeled tubers. The higher the biogas production rate (µ), the 
lower the maximum biogas yield.  

According to Syaichurrozi et al. (2016), the � value shows the time it takes during 
anaerobic digestion for the bacteria to adapt to the substrate before commencement of the 

biogas yield. If a substrate has a small � value, this signifies that it takes more time to produce 

biogas than substrates with greater �. Using this information, substrates of PCT0 require more 
time to adapt, 16.45 days, whereas substrates of UCT1 require less time, 12.53 days. This 
result suggests that PCT1 produces a better biogas yield compared to the other substrates. 

 

Figure 7 Comparison of model data and experimental data using the cone model, the modified 
Gompertz and the first order model 
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4. CONCLUSIONS 

This study investigated the production of biogas from unpeeled cassava tuber without 
inoculum (UCT0), unpeeled cassava tuber with inoculum (UCT1), peeled cassava tuber 
without inoculum (PCT0), and peeled cassava tuber with inoculum (PCT1) by means of batch 
anaerobic digestion. The data obtained in this study suggest that anaerobic digestion of PCT1 
yields the most viable results. This in turn suggests that the production of biogas from peeled 
cassava tuber with inoculum could be a viable alternative renewable energy source for the 
future. PCT1 was more favourable in the biogas production as a result of the feedstock 
degradability.  

Further research is recommended on the co-digestion of PCT1 with domestic waste or 
vegetable and fruit waste to increase the biogas yield. 

The following were the main findings of the study: 

• PCT1 produced the best biogas yield, with 635.23 Lkg-1VS at day 40. 

• The modified Gompertz model fitted well to the experimental data for the cumulative biogas 
yield compared to the cone model and the first order kinetic model, which was the least 
favourable model for predication of biogas yield. 

• Peeling the cassava tubers reduces the lignin and thereby exposes the cellulose to the bacteria. 

Future research efforts can be can be directed into small scale biogas production 
technology selection, production scheduling under uncertainty in feedstock supply. 
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