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ABSTRACT

Biogas is a renewable energy resource produced by anaerobic digestion (AD). Biogas production trough
anaerobic digestion was found to be unstable when the cattle manure is used as mono substrate due to the
low carbon to nitrogen ratio. The aim of this research is to extract biogas by anaerobic-digestion technique
using cow dung (CD) and municipal solid waste (MSW) at different proportions. It was carried out by 15,
0.5 L digesters at 38 °C using oven atmesophilic condition. Samples were analysed for its total solids (TS),
volatile solids (VS), fixed solids, organic carbon, moisture content, and potential of hydrogen (pH)
according to standard method for the examination of water and wastewater. Biogas yield was recorded by
using volume displacement method. Maximum cumulative biogas production by the substrate mixes of 0 %
MSW+100 % CD (2818.3 ml) and a maximum daily biogas production for 75% CD+25% MSW (620 ml)
with minimum of 0 ml for all substrate mix at end of day 22. Cumulative biogas yield of 100% CD digestion
was found to be better yielding. It is also observed that, co-digestion of MSW with cow dung does not
increase the amount of biogas production over only with 100 % CD. However, cow dung added with MSW
has enhanced the amount of biogas yield and reduction in percentage of VS and TS as compared to 100 %
MSW.

Keywords: Biogas technology; Anaerobic Digestion; Renewable; Co-Digestion; Total solids; Volatile solids.

INTRODUCTION most efficient and effective solutions [1].

The current problems in developing countries Biogas is an eco-friendly, efficient, and renewable
mainly in rural they don’t have the access of source of energy, which has been popularized as a
balanced forms of energy, such as electricity. Thus, substitute for other fuels for the purpose of energy
they entirely depend on solid forms of fuels like saving in rural areas [3]. Furthermore, it helps to
firewood, to meet their basic daily energy needs for reduce the rate of deforestation and environmental
their cooking and lighting [1]. The availability of deterioration by providing biogas as a substitute for
clean, renewable and affordable energy sources at firewood and dung cakes to meet the energy
household level seems a mandatory requirement demand of the rural population [4]. Amongst other
for further societal and economic development in processes (including thermal, pyrolysis,
developing countries [2]. Over 60% of the total combustion and gasification) biogas technology
woods in developing countries like Ethiopia were has in recent times also been viewed as a very good
used as wood fuel in the form of either charcoal or source of sustainable waste treatment/management,
as firewood both in the urban and majority rural as disposal of wastes has become a major problem
areas. especially to the third world countries [5]. The

effluent of this process is a residue rich in essential
inorganic elements like nitrogen and phosphorus
needed for its healthy plant growth known as bio
fertilizer that applied to the soil enriches it with no
detrimental effects on the environment [6].

This has resulted in depletion of forests at a faster
rate than they can be replaced. Renewable energy
resources, such as biogas appear to be one of the

*Corresponding author: teklelisanu21@gmail.com

22



Abyssinia Journal of Engineering and Computing Vol. 1, No. 2, 2021, 22-30

Wastes, whether municipal solid waste or manure
if not properly handled, can cause serious
environmental problems[7]. Municipal solid waste
(MSW) generation is significantly increasing in
Ethiopian urban areas and started creating massive
waste disposal problems and people using it as
landfill. In Ethiopia, MSW management is the duty
of local municipality[8]. Obviously, all wastes
have no high organic content that is amenable for
biological treatment [7]. The application of
anaerobic household digester offers an encouraging
technology for clean energy generation and healthy
waste disposal practices at the same time,
degrading organic wastes and producing a nutrient
rich digests that can be used instead of chemical
fertilizers in agriculture [9].

Anaerobic digestion of biomass materials directly
converts to biogas using mixture of methane and
carbon dioxide with small quantities of other gases
such as hydrogen sulphide[10]. In the anaerobic
digestion of wastes, complex organic materials are
first hydrolysed and fermented by rapidly growing
acidogenic bacteria into volatile fatty acids (VFA),
which are then oxidized by slowly growing
acetogenic bacteria into acetate, molecular
hydrogen, and carbon dioxide that are suitable as
substrates for the methanogenic slowly growing
bacteria [11]. It is known that VFAs are important
intermediary compounds in the metabolic pathway
of methane production and cause microbial stress if
present in high concentrations, resulting in a
decrease of pH, and ultimately leading to failure of
the digester. Also, anaerobic digestion has been
proven to be a reliable and economically feasible
technology in full scale operations [12, 13].

The majority of the work done to promote the use
of biogas technology has used cow dung as their
raw material. However, degradability of cattle
manure is typically in the range of 30 — 43% [14]
and 25% of the unused methane potential is bound
in the bio-fibres[15]. It is also noted that when the
cattle manure is used as mono-substrate anaerobic
digestion was unstable due to the low C to N ratio
[16]. As a result, they require supplementary
treatments such as co-digestion which is the
simultaneous digestion of more than one type of
waste in the same unit [7].

Based on the above-mentioned problems,
generation of biogas energy using co-digestion of
cattle manure and municipal solid wastes was
investigated in this research. Moreover, the effect
of substrate mixing ratio on biogas yield and
biodegradable municipal solid waste has been also
analysed.

MATERIALS AND METHOD

Materials
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An analytical grade sodium hydroxide (NaOH,
purity 99% =+ 1) was purchased from Fischer
Scientific, hydrochloric acid (35-37% assay) was
purchased from Barhanu Chemicals, Addis Ababa,
Sulphuric acid (purity 95%) purchased from Sigma
Aldrich. Sodium chloride (NaCl) was purchased
from Oxford Laboratory Ltd, Mumbai, India. The
chemicals used are analytical grade and used as
purchased without further purification. The
acidified brine solution was prepared by adding
NaCl to distilled water until a supersaturated
solution is formed to prevent the dissolution of
biogas in the water. Super glue was used to seal
each digester tightly to prevent any intervention.

Substrate Collection

Substrates utilized in this research work were cattle
manure and MSW obtained around Assosa town
and Assosa Dale farm, Ethiopia. The biomass was
systematically homogenized with predetermined
mixing ratio to particle size suitable for easy
digestion. Fresh rumen was collected from nearby
slaughterhouse around Assosa, Ethiopia and
filtered through0.5 mm sieve diameter fabric and
then with filter paper to separate solid content from
slurry. Prior to use, the inoculum was starved for 1
week by incubating at 38 °C to remove easily
degradable VS present in inoculum [17].

Instrumentation - Experimental Setup & Design

Anaerobic digesters were carried out in 0.5 L
plastic digester connected with bottle digester by
plastic tube. The experiments for this study were
conducted in microbiology laboratory, Department
of Biology, in Assosa University, Ethiopia, located
at latitude of 10°04' N, longitude of 34°31' E with
an elevation of 1570 meters.

For the anaerobic digestion of cow dung (CD) and
municipal solid wastes (MSW) were carried on
using full factorial design with different substrate
mixing ratio of 0%, 25%, 50%, 75%, and 100%
and three republications of about 15 experimental
runs. The following responses were investigated to
identify its total solid and volatile solid
degradation of substrates, average daily and
cumulative biogas production of substrates. The
biogas digestion was carried in 15L, 0.5 L digester
in batch mode labeled A to E made in the
following proportion. The total solid content of the
five digesters was set at 8% (w/w) as
recommended in literature [18] for low solid
loading as follows: Digester A: Comprised of 100
% CD in 400 ml of water (i.e. 128 g of CD),
Digester B: Comprised of 75% CD and 25% MSW
in 250 ml of water (i.e. 96 g of CD and 8 g of
MSW), Digester C: Comprised of 50 % CD and 50
% cow dung in 250 ml of water (i.e. 64 g of CD
and 16 g of MSW), Digester D: Comprised of 25%
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CD and 75% cow dung in 250 ml of water (i.e. 32
g of CD and 24 g of MSW), Digester E:
Comprised of 100 % of MSW in 250 ml of water
(i.e. 32 g of MSW).

Anaerobic Digestion

The anaerobic digestions were conducted in
anaerobic digesters in batch wise mechanisms. The
substrates were feed into digesters (by taking care
from contact with bare hand by wearing gloves,
masks and eyeglass) and mixing with equivalent
amount of water. Filtered rumen fluid was used as
inoculum [19]. Prior to use, the inoculum was
starved for 1 week in incubating at 38°C to remove
the easily degradable volatile solid (VS) [17].
Anaerobic digesters were constructed in bench-
scale experiments, where biogas is produced out of
the degradation of organic matter in 0.5 L digester.
The four bottles’ digesters were arranged in order
in such a way that the first bottle contained slurry,
second one with scrubber solution that remove the
carbon dioxide, third with acidified brine solution
and the last for collecting brine solution that was
expelled out from the third container (Fig. 1). The
acidified brine solution was prepared by adding
NaCl to distilled water until supersaturated
solution was formed.

(a) (b)

Fig. 1: Photograph images of (a) an electronic
balance and (b) digester configuration setups

It is to prevent the dissolution of biogas in the
water. Then three droplets of sulphuric acid were
added to acidify the brine solution. All three
containers were interconnected with a plastic tube
of 1 cm diameter. Then the tubes are
interconnected between first and second bottles
just above the slurry. Here the first bottle is to use
for gas collection. The biogas produced by
fermentation of the slurry is driven from first bottle
then enter into second bottle which contains
scrubber solution. The pressure which builds inside
the second bottle was displaced with brine solution
equivalent to the volume of methane gas produced.
The displaced solution was then measured to find
the amount of methane produced [20]. The lids of
each digester were sealed tightly using super glue
in order to control the entry of oxygen and loss of
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biogas. The temperature of all digesters was
maintained at 38°C by keeping in oven,
atmesophilic condition.

Total Solids (TS)

The percentage of TS was calculated using the
equation 1[21]. First a clean evaporating dish was
oven dried at 105°C for 1h, then cooled in a
desiccator and weighed immediately before usage.
Sample of fresh feedstock of about 10 gm was
placed on the evaporating dish and put in an oven
at 105°C using crucible to evaporate for 24 h.
After 24 h, the crucible was taken out from the
oven, then cooled in desiccators and weighed.

%TS = m(DSM/FS) *100 W

Where, TS %represents percentage of total solids,
mDS represents mass of dry sample (final weight)
in gm and mFS represents mass of fresh sample in
gm. Then, the percentage of total solid removed
(i.e. after anaerobic digestion process) was
calculated using the following formula [22].

%TS removal = m(TSi — TSf)/TSi *100 )
Where, represents percentage of total solids
removal, Tsi represents initial total solids before
digestion (%) and Tsf represents final total solids
after digestion (%).

Volatile and Fixed Solids

To determine the volatile and a mound of fixed
solid, the oven dried samples were ignited at 550
°C in a muffle furnace for 3 h. The percentage of
volatile solids content was calculated using the
following expression: [21, 22].

% VS = ( [mDS - m (ash)]/mDS) =10 (3)

Where, % VS percentage of volatile solids, mDS
mass of dry solids in gm and m (ash) remaining
mass after ignition (fixed solid in grams).

0% VS removal = [(V5i- VSf),/VSi] =
100

M)
Where, % VS removal is the percentage VS

removal, Vsiis the initial volatile solids (%) and
Vsf is the final volatile solids (%).

Moisture content

To determine the percentage of moisture content
(MC) in the samples, 10 gm of fresh substrates
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were dried in an oven at 105°C for 24 h and
reweighed. The moisture content was calculated
using the following expression:[21, 22].

06 MC = [(W- D)/W]* 100. )

Where, MC is the moisture content, W is the initial
weight of sample in grams and D is the weight of
sample after drying at 105°C in gm.

pH Determination

The pH values were determined using digital pH
meter before and after anaerobic digestion(AD). In
the first case, an electrode was inserted into
samples of feedstock that was diluted using
distilled water before and after inoculation of
rumen fluid. pH measurement after AD was done
using pH electrode which was inserted into
samples of feedstock that was digested for a certain
period of time in AD process.

Organic Carbon

The carbon content of the feed stock was obtained
from volatile solids data using an empirical
equation stated below [22, 23]:

% Carbon = 2% Vs/1.8 @)

Where, VS - volatile solids
Total Liquid Quantity

Distilled water and rumen fluid needed to be added
to the digester was then determined by the formula
[18,22]:

Y = (mTS - 8%X)/8 %, ®

Where, mTSis the mass of total solids, X is the
mass of water within the feedstock and Y is the
mass of water to be added to get 8 % total solids in
the digester.

Statistical Analysis

The results were analyzed using descriptive
statistics (mean and standard deviation). Data was
first checked for their normality. Data that were
not normally distributed was log transformed and
there after subjected to analysis of variance (one-
way ANOVA) using SAS version 9.1. Fishers
Least Significant Difference (LSD) was used to
investigate the statistical significance between
different treatments, whereas paired samples, T-
test within a treatment. Difference between means
was considered statistically significant at P<0.05

RESULTS AND DISCUSSIONS

Physicochemical ~ Characteristics of  the
Substrates Used for Co-Digestion

As shown in Table 1, pH value of 100% CD was
optimum for biogas production, whereas that of
100% MSW was less optimal [24, 25]. The value
of pH increases with increase in content of CD in
the mixture, which helps to maintain the pH of
MSW. It indicates that co-digestion is a optimum
way for pH adjustment [25]. Significance
difference (P<0.05) were observed for pH value
before and after AD except for 100 % MSW and
CD as well as production of alkali compound
(ammonium ions) changes the pH of anaerobic
digestion during the degradation of organic
compounds [26]. In addition to speedy the start up
in the digestion process, rumen fluids has good
buffering capacity especially for MSW. In this
study, high pH value were recorded after AD for
75% CD+25% MSW and 100% CD this may be
due to increased production of ammonia [27].The
pH value increases with increasing the ammonia
concentration and same way it decreases by
increasing the VFA content resulting from protein
degradation.

Organic carbon can be removed from anaerobic
digesters either by being converted to cellular
materials for growth and reproduction of bacteria
or biogas production [26]. The decrease in carbon
(C) reflects the degradation process during
anaerobic digestion [26]. The results also revealed
that there were significant differences (P<0.05) in
the percentage of organic carbon for all mix ratios
before and after AD. It is also noted that, mixing
resulted an increasing MSW degradation but not
for CD. As shown from the Table 1, the higher rate
of degradation observed in organic carbon for 100
% CD (from 1.29 £ 0.021 to 0.79 £ 0.021, i.e., 38.8
% reduction) and least amount recorded in MSW.

The moisture content of 100% MSW, 75%
MSW+25% CD, 50% MSW+50% CD, 25%
MSW+75% CD and 100% CD were 10.0+1.00%,
26.67+0.33%, 42.33+0.88%, 56.00+0.58%, and
72.67+0.33%, respectively. These results show
that, the moisture content of CD was higher than
MSW (P<0.050) which increase the degree of
digestion as bacteria that can easily access to liquid
substrate for relevant reactions. Studies on the
most favourable percentage of total solids for
biogas productions suggested 8% as the optimum
TS [18]. The initial moisture content of substrates
used for this study was not optimal for wet
anaerobic digestion process. Hence, dilution is
required to bring the total solids percentage to 8%.

Table 1: Comparison of pH and organic carbon of the various substrates (values are mean £ SE, n=3)
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Sample Code Initial pH Final pH Initial organic C  Final organic C
100% MSW 4.95+0.203aD  6.17+0.153aC 4.23 £ 0.067aA 3.68 + 0.053bA
75% MSW+25% CD  6.40£0.065aC  8.13+0.176bB 3.49 £ 0.008aB 2.93 +0.024bB
50% MSW+50% CD  6.77+0.093aBC 8.33 + 0.09bAB 2.65 + 0.078aC 2.09 + 0.058bC
25% MSW+75% CD  7.01+0.017aB 8.13+0.176bA 2.03 £ 0.048aD 1.58 £ 0.061bD
100% CD 7.90+£0.173aA  8.67+£0.120aA 1.29 £ 0.021aE 0.79 + 0.021bE

*Means followed by different small letters in row are significant at 0.05 probability levels for paired
samples T-test within treatment. Means followed by different capital letter in column are significantly
different at 5% level of significance between treatments. CD = Cow dung, MSW = Municipal solid

wastes.

Total Solid and Volatile Solid Degradation of
Substrates

It has been noted that, the initial solid content of all
mixtures before inoculation and digestion fall
between 27.3 £ 0.33% (i.e., 2.73 gram of TS from
10-gram sample) and 90.0 + 1.00%. As shown in
Fig. 2, the total solid content of all mixtures
decrease after anaerobic digestion. Maximum total
solid content of 9gm and 8.27 gm; 2.7gm and 1.72
gm were recorded for 100 % MSW and CD before
and after digestion respectively. The TS content of
90.0 + 1.00% of MSW used for this experiment is
closer to the value as reported in literature [29].
They reported that the TS content of dried MSW is
about 87.94 %. Similarly, the TS obtained (27.3
0.33%) in this experiment from cow dung was in
the range of 15% to 48 % as reported by Fulford
[30] for cow dung. Almost a maximum TS
reduction of 0.98 gm for 100 % CD mixture and
0.6 gm for 25 % CD + 75 % MSW mixture were
obtained. Fig. 3 shows the variation of VS before
and after anaerobic digestion. The value of VS
decreases after digestion for all mixture and
maximum result were obtained in100 % CD and
MSW was85.12 and 84.5% respectively, which
complied with the finding of Fulford [30], who
reported the composition of animals and human
wastes typically consist of 15% - 48 % of TS and
VS is 77%- 90 % of TS. The maximum and
minimum reduction in VS was 1.01gm and 0.82
gm for 50 % CD + 50 % MSW mixture and 75 %
CD + 25 % MSW mixture respectively. Compared
to the values measured before anaerobic digestion,
TS and VS content decreased significantly
(P<0.05) after digestion for all mixtures. Total
solids and volatile solids destruction is a good
parameter for evaluating the efficiency of
anaerobic digestion [31] and it is a good indicator
for biogas production [32]. It can be seen that the
VS and TS reductions for MSW alone were 13.1 %
and 8.1 % respectively. Most of the volatile solids
contained in 100% MSW remains unaffected after
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the anaerobic treatment indicating either the low
bioavailability of organic material in the samples
[33] or high inhibition rate during the digestion
process.

Blnitial TS
#Final TS

)
=B

Total Solid (ing
L=

1002 MSW 25%CD+75

25 MIW

509 CD+ 50
2 MSW

75%CD+25
2o MSW

10025 CD

Sub strate mix ratios (%)

Fig. 2: Total Solid

Olnitial VS
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: 77 % P

100%MSW 25%CD+75 50%CD+30 73%CD+123
% MSW 0 MSW %MSW
Substrate mix ratios (%o)

100%CD

Fig. 3: Values of VS of substrate

From the figures [Fig.2 and Fig.3], capital letters
represent differences between % VS and TS of the
various substrates before digestion while small
letters represent that of after digestion. Bar graphs
with the same capital or small letters are not
significantly different, whereas those with different
capital or small letters are significantly different.
Asterisk (*) shows there was significant difference
in %TS before and after co-digestion.

Daily Biogas Production
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In Fig. 4, the volume produced varied with
substrate mixture, gas production was noticed from
the very initial day of measurements. This could be
due to the presence of microbes in the rumen fluid
inoculums and that the substrates have readily
available nutrients that are easily digestible by
microbes [34]. The results show that biogas
production is a function of feedstock’s organic
content and its biodegradable organic matter [35]
and for all mixtures the maximum production
observed were 407.7 ml (day 1), 508 ml (day 14),
460 ml (day 2), 620 ml (day 1), and 440 ml (day 1)
for substrate mixtures of 0% CD +100% MSW,
100% CD+0% MSW, 50% CD+500% MSW, 75%
CD+25% MSW, and 25% CD+75% MSW
respectively. In this research, the maximum biogas
productions were observed in75% CD+25% MSW
(620 ml) and minimum of 0 ml were recorded for
all substrate mixture at day 22 as indicted in Fig. 4.
Initially, digester with MSW alone or digesters
having MSW as co-substrate produces higher
amount of biogas than digester with CD alone.
This could be due to the presence of higher amount
of readily biodegradable organic matter in 100%
CD [33, 36]. After the first day of biogas
production, there was a temporary decline
observed in biogas production from all substrates
except for the mixture of 0% MSW+100% CD.
This declination might be due to depletion of
readily decomposable substrate [37]. The biogas
yield of 0% MSW+100% CD become maximum at
14"day. On this day, the other mixtures stopped or
produced small amount of biogas. The biogas
yields then slowly decreased to 0 ml after 22™day.
Again, this may be attributed to the depletion of
the necessary nutrients from the digesters and
increase in content of ammonium concentration
that results an increased pH [38].

Cumulative Biogas Yield

Cumulative biogas yield of the three mixtures of
CD and MSW was not significantly (P >0.05)
higher for both MSW substrate and CD alone
(Fig. 4.). Even if it is not significant, the addition
of CD to MSW increases the amount of biogas
produced by the digestion process. The maximum
biogas yield was produced by the mixing of 0 %
MSW+100 % CD (2818.3 ml). Cow dung alone
produced 222 %, 241 %, 247 % and 261 % higher
biogas than 75% CD+25% MSW, 50 %CD+50%
MSW, 25% CD+ 75% MSW and 0% CD + 100%
MSW, respectively. Thus, co-digestion of MSW
with cow dung does not increase the amount of
biogas production over the CD alone. However,
MSW adding to CD enhances the amount of biogas
yield over the MSW one. In contrary to this, cow
dung alone would yield less biogas production as it
is a product of a substrate that has already
undergone partial fermentation in the intestinal
tract of animal, and contains less degradable
material that mainly composed of structural
carbohydrates [39, 40]. However, in this research
work cow dung was found to be a good source of
biogas than MSW. Though its %VS was higher,
the 100% MSW did not result more biogas than
other three CD to PL substrate mixtures and CD
alone. This might be due to the less favourable
situation of 100% MSW to microorganisms as
compared to that of substrate mixtures and CD
alone. As the proportion of MSW in the mix ratio
increased from 25% to 75%, the cumulative biogas
yield has been decreased, suggesting less
favourable situation in increasing MSW proportion
from that of 25%. From three CD to MSW
mixtures, the maximum biogas yield was obtained
from 75% CD and 25% MSW substrate mixture.
This mix produced about 11.9 % higher biogas
than that of 25% CD + 75% MSW, 2.34 % higher
than 50% CD+ 50% MSW.

650

600 —+— 0%CD+100%MSW
< 550 —B— 100%CD+0%MSW
5 500 i S 25%CD+75%MSW
= I | Y A
€ 450 2 I\ [ —<—50%CD+50%MsW
= 400 7R Vo
3 'a\ / Vo 75%CD +25% MSW
£ 350 T
> { [ | |
& 300 [ | |
= 250 |
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< 200
E 150 A\ --._-
= \
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50 ok / |

[} = e .
0 “m m . ﬁﬂ@._ﬂ!_' !ii-ﬂ—i, T = e R
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Fig. 4: Biogas yield of different substrate combinations
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Fig. 5: Cumulative biogas yield of the different substrate combinations (Values are mean + SE).

In Fig.5, Bars with different letters indicate
significant differences between means while those
with same letters show no significant difference
between means. CD=Cow dung, MSW=Municipal
solid wastes. (%CV=19.16, LSD= 521.25).

CONCLUSIONS

The need for exploring and exploiting new sources
of energy which are renewable, sustainable, and
eco-friendly is inevitable. Anaerobic biotechnology
is a sustainable approach that combines waste
treatment with the recovery of useful by-products
and renewable bio fuels. Co-digestion of substrates
has gained much attention to improve biomass
conversion efficiency and biogas yield. With the
objective of maximizing biogas yields from wet
co-digestion of cattle dung with MSW, anaerobic
degradability test were carried out under
mesophilic conditions at 38°C using batch digester
for 22 day of hydraulic retention time.

The overall results of the study indicate significant
(P<0.05) reduction in TS and VS content after
digestion for all mixtures with maximum TS
reduction of 0.98 gm for 100 % CD and 0.6 gm for
25 % CD + 75 % MSW, mixture. Maximum
cumulative and daily biogas production of 2818.3
ml and 0 ml were observed by the mixture of 0 %
MSW+ 100 % CD and 75% CD +25% MSW (620
ml) with minimum of 0 ml for all substrate
mixtures at 22" day with a better cumulative
biogas yield for 100% CD (total solid
concentration about 8%) digestion. In this research
shows that, the cow dung was found to be a good
source of biogas than MSW. As well as additions
of CD to MSW increases the amount of biogas
produced by the digestion process.
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