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FOREWORD

Science and Technology. This rich, exciting, rejuvenated edition comprises papers
government and the private sector all centered on

It is a pleasure to present the third edition of APWEN Journal of Engineering,
tifaceted Economy in Nigeria'.

from engineers in academia,
APWEN's 2017 theme ‘Building a Mu

igeri i dent on oil (a wasting asset) which
erian economy is, regrettably, solely depen
o n ernment revenue and more than 97 percent of export

accounts for 81 percent of gov 10 :
carnings, culminating to the destruction of the traditional agrarian econory and
crippling growth in the non oil sectors. This gross failure to diversify the nation’s economy

has crystallized into fragility as evidenced by the current rlecession impacting vital Zreﬁs
of the Nigerian economy, including but not limited to f:orelgn exchange resexl:/es and the
capital market. However, Nigeria is at a vantage position more th@ any other country
in sub-Saharan Africa to develop a robustly diversified economy, with her abundance of
human capital, ably aided with unparalleled fertile land and natural resources.

Nigeria can still attain a bright and prosperous future without oil as exemplified in ﬁ.ve
papers by multiple contributors in academia namely Habibu UFhman, Hassana Ibrahim
Mustapha, Umar Mohammed Garba, David Omale and Michael Mus'fl, under the
supervision and/or co-authored by Elizabeth Eterigho PhD - APWEN Minna Chapter
Chair, a chemical engineer, and senior lecturer at Federal University of Technology,

Minna (FUTMinna).

The ability of engineers to think out of the box and create alternative revenue generating
options is further adumbrated in two papers namely: Operational Excellence and Total
Quality Management in a Multifaceted Economy by Adenike Ajayi, a mechanical engineer
and certified project scheduler; and Engineering Solutions to Threats and Opportunities
facing the Nigerian Economy by Josephine Eze Ukamaka, APWEN Enugu Chair and
computer engineering lecturer at Madonna University.

Moses Olutoye, an Associate Professor of chemical engineering at FUTMinna, expounds
the Optimisation of a Fractionated Lignin for Pyrolysis Process Using Response Surface
Methodogy; while Zainab Yunusa PhD, a seasoned engineer, author and engineering
patent co-owner rounds up the discourse with a thought provoking paper on the
Contribution of the Leather Industry Towards Economic Diversification In Nigeria.

These highly enlightening technical papers do justice to APWEN’s 2017 theme,
which aligns with her mission, of "promoting Science, Technology, Engineering and
Mathematics (STEM) as a positive force in enhancing the quality of life. Consequently,
an in-depth study and implementation of the contributors’ recommendations should
serve as a strong foundation to jump-start the technological innovation that is critical for
Nigeria’s economic recovery and improvement of quality of life for all Nigerians.

Anthonia Ohagwa MNSE, MNIM, MIEEE
Editor
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Biogas Production from Rumen, Municipal and Co-

Digested Substrates: An Opportunity for Small and
Medium Scale Entrepreneurs (SME)

Habibu Uthman, Michael Adeiza Musa and Elizabeth J. Eterigho

Chemical Engineering Department, Federal University of Technology,

Minna, Niger State, PM.B. 65, Nigeria

*Corresponding author; admusmyk@yahoo.com

Abstract
mparative study of
anaerobic  digestion  of
umen, municipal waste

and co-digested feedstock was
investigated. 10kg each of rumen,
municipal waste and co-digested
feedstock eachwasusedina30litres
anaerobic digester. The digester was
loaded batch wise for 30 retention
day runs up to 80% volume of the
digester nominal volume. The
cumulative biogas production was
recorded as 181900, 217350 and
180250 ml/g VS-1 respectively.
Methane composition of the various
biogas was 56.42, 55.81 and 58.820
% untreated biogas samples. The
treated scrubbed water produced
a burning gas with methane
composition 84.08,51.54and 95.518
% respectively for the feedstock.
Co-digested substrate does not
actually have any significant effect
on production and composition of
the gas produce. Since waste raise a
major environmental concern, these
simple steps could be exploited
by small and medium scale
entrepreneurs (SME), an alternative
to convert waste into fuel that can be
tremendously useful as renewable
fuel source especially for domestic
and industrial use.

Engr. Dr. Habibu Uthman is a Lecturer in Department of
Chemical Engineering, School of Engineering and Engineering
Technology, FUTMinna, Niger State, Nigeria. He earned his
Philosophy of Doctorate Degree (PhD) in Chemical Engineering
from Universiti Teknologi Malaysia. He specializes in synthesis
of membrane for high temperature fuel cell application.

Musa Michael Adeiza is a junior engineer with Dangote Cement
Plant, Ogun State. A graduate of Chemical Engineering from
the FUTMinna, he is presently pursuing his Masters Degree in
Chemical Engineering (Oil and Gas Engineering) at the same

institution.

1k, INTRODUCTION

Despite the availability of many technologically feasible sources of energy generation the
Nigerian supply mix is positively skewed in favour of the dominance of thermal and other
non-green sources such as fuel wood. For instance, over the period 1989-2000 fuel wood
and charcoal accounted for between 32 percent and 40 percent of total energy consumption
in the country. Also, current estimates put the proportion of Nigeria’s rural population that
relies almost entirely on fuel wood to power their cooking and other domestic operations
at around 60 percent. It is well documented in literature that this pattern of consumption
is not only unsustainable but also environmentally unfriendly. A need therefore exists for
the country to seek for better ways of diversifying and improving the composition of its
energy source so that it can engender a more efficient supply mix (Hartman et al., 2002).
Biogas generally, describes gases released from decomposition of organic matter. Biogas
production is through anaerobic decomposition of organic matter (Ward et al.,, 2008). Its
production is generally viewed as a two-stage process; such as acid forming and methane
forming stages (Batstone et al., 2002). Waste raises a major environmental concern both
industrially and domestically, since proper disposal facilities are not available within the
industrial layout of most towns of Nigeria, and even where available, they are costly to run.
However, a simple conversion of waste into a fuel can be tremendously useful as renewable
fuel source especially for domestic and industrial use. When organic wastes are put in
containers isolated from the outside air, conditions arise for anaerobic process. However,
as long as there is oxygen inside the container, gas will not be produced. Since slurry also
contains aerobic bacteria, the oxygen contained in the slurry is consumed in the aerobic
reaction, Once the oxygen is used up, the anaerobic reaction commences, thus there is a
time lag between feeding the waste into the digester and production of gas (Cheng et al,,
2014 and TDBP, 2013)

Rumen is one of slaughter house wastes that is frequently disposed into drainage system. This
waste disposal system causes environmental nuisance, particularly it poses health hazard to
humans due to its content of millions of microorganisms and odour. However, rumen may
be useful as an activator in producing biogas through anaerobic fermentation, since some of
rumen microorganisms are cellulolitic and methanogenic bacteria. Rumen is part of digestion
system in ruminants where the microbial fermentation occurs. This fermentation process is
similar to that in biogas digester (Abdeshahian et al,, 2016). Municipal solid waste (MSW)
can be used as substrate for the biogas production; however, not so many plants are utilizing
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it, due to the problems with the sorting of impurities or due to the
problems with the smell. Impurities should be picked away before the
waste is entered into the continuous reactor, in order to protect the
reactor from physical harm. Great efforts are spent on minimizing
the impurities from the municipal solid waste, such as plastic, metal
and glass. For municipal solid waste, substrate properties can widely
vary. depending on its origin of production (Biogas Handbook, 2008).
Climate, extentofrecycling, collection frequencyand cultural practices
are also the factors that influence the production and composition of
MSW. The municipal solid waste investigated was from the region of
Berger junction, Minna while the rumen waste was collected from
central abattoir. The MSW sample contained both biodegradable and

non-biodegradable materials. The non- biodegradable was sorted out
from the mixture collected from waste bin.

2. MATERIALS AND METHODS

2.1 Feedstock Sourcing and Generation: food waste

and rumen

10 kg food waste was collected directly from the University
cafeteria (Bosso campus). This consisted of assorted food variety
such as vegetable, rice, beans, fruits, noodles, wheat/ flower
and other food items. 10 kg fresh cow rumen was sourced and
collected directly from Minna central abattoir with appropriate
pretreatment prior storage and transportation to laboratory
for analysis and fermentation/anaerobic digestion experiment.
Necessary sampling and analysis was done before and after
complete digestion.

2.2 Feedstock Physiochemical Analysis

Before the digestion properly commenced, the following feedstock
analysis was carried out.

Carbon nitrogen (C/N) ratio, dry matter content (DM), volatile
fatty acid (VFA), total khjedahl nitrogen (TKN), volatile solid
(VS), ammonia and ammonium ion, chemical oxygen demand
(COD), total solid (TS) and pH. During the commencement
of digestion, the AD parameters that was checked included:
organic load, operating temperature, capacities, reactor volume,
gas quantity, hydraulic retention time, gas composition analysis.
Digestate analysis was done to determine its potential for nitrogen
potassium and phosphorus content (N PK) fertilizer.

2.3 Anaerobic Digestion

The experimental studies were all conducted in batch bio-digester
reactor of 30-litres capacity of compact water plastic material
from chemical industry at an ambient environmental condition.
The reactor was coupled with appropriate channel for feeding
feedstock, stirring and mixing, digestate discharge and biogas
collection. The reactor was sealed such that it was air tight and
also purged or evacuated of air.

2.4 Biogas Sampling

PVC gas bag was connected to the screw lock valve with gas
line turned on. The valve was tightened before the bag becomes
over pressurized with gas line turn off, the gas was emptied with
repetition of this procedure three times to ensure purging band
evacuation of air and impurities contaminant before filling of the
sample bag with appropriate biogas product there after transported
to laboratory for composition analysis.

2.5 Gas Chromatography Column Analysis and
Composition.

The first step for preparation of sample analysis in the laboratory
was to conduct appropriate GC calibration. It was done by
analyzing samples of premixed H2S standards at 1000, 2000,
3000 and 5000 ppm trice each time, the output result will be
displayed on programmed peak simple and this step must be
ensured conducted properly prior to sampling to avoid delay in
actual sample analysis. For greater sample precision and accuracy,
it is recommended that the analysis be done within 8 hours of
sample collection. The sample was injected and vapourized onto
the GC head column to separate the gas components of sample
complex. The sample was always injected with inert or mobile gas
called carrier gas (helium). The gas analyzer was calibrated and
programmed to measure raw biogas stream in every count run.
It measures btu, C1 — C6, N2, CO2, NH3, H2S, water vapour and
methane. The most significant reading includes methane (CH4),
carbon dioxide (CO2), hydrogen sulphide (H2S), water vapour
and nitrogen or ammonia (NH4-N). Table 1 shows the standards
used for the GC calibration.

Table 1: Calibration Standard for GC Column Analyzer

Calibration Concentration

Compound

CH4 0 - 100%

C2H6 ~ fo-25% LR

@ 0 s e
i canio SR [ e
n- C4H10 + n-C5H12 b 0-10% 7_ 4}
(o(0)] 0-100%

H2$ 10000 ppm

H20 7) —100% -

Obtained from Kaduna refinery and petrochemical product company, KRPC. Gas
laboratory

2.6 Fabrication of Bio-digester Reactor

A mini cylindrical plastic digester (30 litres) was fabricated from
pantaker, Minna as the bioreactor for the anaerobic digestion. The
reactor was fitted with piping, PVC 32 mm and 25 mm, sealing
material of M-seal or waterproof adhesive valves. The scrubber
was made of a 2-litre colourless glass material and equipped with
a stirrer. Mechanical shaking and vibrating frequency of was 2-10
seconds once daily.

3.0 Results and Discussions
3.1 Methane and CO2 Content

A flammable biogas system must contain at least 45% methane in
composition as reported by Ofuefule et al. (2009). The methane
content associated with the three samples are summarized in the
Table 4.1 showing the content of unscrubbed sample with their
impurities. The samples contained 56.42%, 55.81% and 58.82%
methane in the manure, municipal waste and the mixture of both
respectively. However, these values are lower compared to Alseadi
et al. (2008). The difference could be due to the temperature and
pressure used by the authors. Contrasting with result obtained by
Uzodinma et al. (2011) and Usman et al. () but in range with result
reported by Abdulkareem (2005), Nitin et al. (2012), Dieter et al.
(2008) and Umar (2014). It was realized the Uzodinma et al. (2011)
used fresh maize bract classified as DEC with higher methane
29
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biogas production at the initial retention time probably due to
inactiveness of methanogen during their metamorphic stage
undergoing growth. In this experiment work, the reverse was
observed from day 1 associated with the pre-digestion of substrate
before feeding proper into digester.
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=R (ml/gVs)

=8=M (ml/gVs)
==R+M (ml/gV5s)

100000

50000
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Figure 4: Cumulative Biogas Yield with Retention Time

From the initial digestion and retention time, it is generally agreed
that first batch biogas production was relatively small due to acid
forming and liberating volatile fatty acid resulting in declining
pH, and diminishing methanogen growth. Subsequently low
pH deactivate methanogen responding for digestion (Cuzin et
al,, 1992). Table 3 compares the present experimental work and
previous used feedstocks™ physiochemical characterization.

Table 3: Comparison of Physiochemical Characteristics of Previous
Study and Research Result.

Parameter FR  |MBBW | CDQD | CPAW
Retention days 30 35 [12 30

pH 59-8.2 568-811 |7.25-7.62 |7.25-7.6
moisture content (%) 70.85-7§.SS 5.6-38.85 44;35-54.83 6.7-58.05 |
C/N ratio 183322333 | 1637 203§-2ﬂ 727
VS (%) 38.36-54.18 33.35-93.99 | 27343657 zr_)gﬁgz_
TS (%) 50.45-29.424 61.55-94.4 ;14-69_.152, 13.95-77.38 |
Alkalinii;v(mg/l) 510-725.34 __,_:i,ﬁ i
Acidity(mg/1) 628-840.0_

CH4 (%) 51-95 77.16-83.48 | 60-71 | 5457 |

Key: Experimental result (ER), Maize bract and biogenic waste (MBBW)
(Uzodinma et al., 2011), Cow dung and Quail dung (CDQD) (Umar, 2014),
(assava peel and animal waste (CPAW) Ofuefule et al. (2009).

4.0 Conclusion

The results shown that municipal waste produced less biogas
from co-digestion with rumen waste due to preheating effect on
the food wastes collected which resulted in loss of volatile solid
content. But the reverse is the case for rumen having the high
methane content and burning potential of 2 days retention time.
Water as the purifying solvent has a potential of treating biogas
up to 95% by methane composition with adequate, reliable and

durable storage facility.
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