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Abstract

The present energy crisis has stimulated varioseareh activities to evaluate energy potentialseagwable
energy sources. Improper disposal of rice stravsiittes nuisance to our environment especiallgnast rice
producing states of Nigeria. To this end, the bsopatential of rice straw was evaluated in PlugnFReactor
(PFR) and Batch Reactor (BR) operated at mesoptkitiperature (3T). A 140-litre capacity PFR was filled
with 105 litres previously digested sludge as ihoou The loading of the rice straw into the reacias
commenced at a lowglof 0.5 goTS/l.d and was increased weekly by 0:63jbd until a I of 4.5 goTS/l.d was
attained. For the batch reactor, 10.15 g of ricawstwas loaded into each of the two digestion Mes3avo
additional vessels were filled with inoculum as ttoh For the PFR, the biogas produced was collectgng
gas bags and then measured with a multi-chamber gas meter. The gas analyzes was done with aaréaf
Gas Detector. The scale wet gas collectors weré fsethe batch reactor and the gas measuremert wih
the gas analyzer (Model GA 2000). It was estabtgheat the biogas yields increased with increadai(PFR).
The highest biogas yields of 0.20 I/goS anhd67 I/goS were recorded in PFR and BR, respdgtive all,
continuous feeding using PFR (at optimug) has been established to be better than batcinfpeding BR at
mesophilic temperature.
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1. Introduction

Organic wastes constitute nuisance to our envirotiraed should be gotten rid of. One of the ways to
do this is bioconversion to biogas through anaerdigestion. Also, one of the major problems bdaed by
most African countries is energy. Conventional searof energy appear to be inadequate in meetegribrgy
needs of the continent especially because of th@amental problem associated with its usage. Gaimg
energy problem confronting most African countrieguires a shift into alternative sources of enektpwever,
there are several challenges that are associatbdivei conventional energy sources. These chaleimptude
negative health effect of discharges from fossélfinto the atmosphere, unstable fuel prices asdhin-
renewability. Biogas, an environmentally friendlpsgis produced through anaerobic digestion. It heen
forecast that 20% of energy that will be consunrethe year 2020 will come from renewable energyrcesi
[EurObserver, 2010].

According to Jekayinfa and Scholz (2009), cropdess are available in abundance. These residees ar
mostly burnt in the rural area since they are mohgact enough to be used as fuel. However, theld doai
harnessed for energy production. Anaerobic digestmkes possible the use of agricultural residoegife
benefit of mankind. Agricultural residues which be converted to biogas are sugarcane bagassies fram
jatropha, maize stalks and cobs, rice straw, wistatv, water hyacinth, press cake and so on. Tkeotis
agricultural crop residues for biogas productiofi Wwenefit our environment in the form of reduceittogen
leaching from arable land and improved efficieneythie use of plant nutrients [Borjesson and Bedjl2003,
SJV, 2004].

Various biomass sources have been used by résesrfor the production of biogas. Some of these

common sources are agricultural crops and or tesidues [Adebayo et al., 2018; Saatal, 2015; Adebay@t

al., 20154a], livestock residues [Zhang et al., 208debayo et al., 2015b], organic waste [Linke antiefle,
2000], sewage sludge [Caporgno, 2015], municipkd seaste [Pognani, 2009, Macias-Corral, 2008]. Tian
constituent of biogas is methane, with a signifiqgamoportion of carbon dioxide, and smaller quaesitof other
gases such as nitrogen and hydrogen [Keefe and d@eth, 2000]. Temperature, organic loading ratg,
feedstock properties, pH, Hydraulic Retention titH&T, type of digesters among others are someeofattors
that affect anaerobic digestion [Adebag@l., 2015c]. To this end, laboratory scale plug flowd &atch reactors
were used for the evaluation of biogas potentialaaf straw at mesophilic temperature @),
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2. Materials and M ethods

2.1 Materials
The following materials and equipment used weralus this research; the plug flow reactor (diggste
thermostatic cabinet for batch experiment, watek taice straw and inoculum. The PFR was fittechvatimp
which helps to agitate the substrate in it. The straw used for this experiment originated fronb&thaving
been brought to the Leibniz-Institute for Agriculil Engineering, Potsdam in Germany for resealtchvas
mechanically pre-treated to aid degradation. Thas wone by reducing the size using a standardreizecing
machine. The size was reduced to between 2 to 5mm.

2.2 Chemical and thermal Properties of the Substrate

The following chemical and thermal properties aferistraw were determined in the laboratory; the
Total Solid (% TS), Organic Total Solid (% oTS), Amnium Nitogen (NEN g/kgFM), I\Ljel’ g/kgFM,

Phosphorus, P (mg/kg TS60°), Potassium, K (%TSyd€iFibre (%TS), pH and Conductivity (mS/cm) using
standard methods [APHA, 1992, VDI, 2006].

2.3 Methods

2.3.1 Plug Flow Reactor

A plug-flow digester previously designed and fahtédl comprises of a horizontal tank with water
jacket through which heated water from the hedtsvs to maintain a constant mesophilic temperat87eC) in
the fermenter (Figure 1).

The reactor was fed on continuous basis (daily)thrsdallows the substrate to move slowly in therfo
of a ‘plug’ through the tank towards the efflueeservoirs. The 140 litres capacity PFR was filleth k05 litres
of pre-cultivated adapted sludge as inoculum lead% of its volume as headspace for gas produciibe
digester was fed from one end and the digestatehatan flow over the ram incorporated inside trecter is
then emptied using the hole provided through tipecver of the reactor. The temperature of the degewas
maintained at the mesophilic value 0@y circulating the heated water through its jackée feeding of the
reactor with rice straw (calculated using equatiprwas started at a low OLR of 1.0 g oTSIt. The L, was
raised by 0.5 g oTSld* every 7 day (weekly) as recommended for crop residivDI, 4630). The biogas
produced was collected in a gas bag (LINDE), theume measured with a multi-chamber rotor gas meter
(RITTER) and analyzed twice weekly using an Infdafgas Detector (PRONOVA). The loading of the reacto
was monitored with respect to the biogas yields\aad stopped atd.of 4.5 goTS/I.d.

L. x
M s = RC—R‘/ (1)
S
Where:
Ms= Mass of substrate, (g)
Lr = Loading Rate (organic), (goTS/l.day)
R, = Reactor volume, (litres)
Cs= substrate_ concentration, (%)

Figure 1: Plug Flow Reactor Set up
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2.3.2 Batch Reactor
The substrate (rice straw) was kept in the refetpe at temperature $G. German standard procedure
was used in determining the amount of substraténtecthe digestion bottles (equation 2).

OTS substrate < O . 5 2
OTS seeding sludge
Where:
0T Sybstrate = Organic total solid of the substrate and;
0T Siceding siudge Organic total solid of the seeding sludge (treculum)

Batch experiments were carried out in lab-scaleelaswith two replicates as described by Linke and
Schelle (Linke and Schelle, 2000). A constant tewmpee of 37°C was maintained through a thermastati
cabinet heater (Figure 2). Anaerobically digesteaterial from a preceding batch experiment was wsed
inoculum for this study. The chemical and thermaperties of the rice straw and inoculum were deileed.
Vessels (1 litre capacity each) were filled withO§0of the stabilized inoculum. The substrates f&d the
digestion bottles was calculated using equation TBe calculated amounts of the substrates (10, 1&ing
equation (3) was added to 800g inoculums to ensumpliance of the oDM feedstock to ODM inoculumaat
being less or equal 0.5 as it is recommended in &80 (equations 2 and 3). Two digestion bottlesevadso
filled with 800g of inoculums to serve as conti®taled wet gas meters were used to collect thabipgpduced
for 34 days when the experiment was terminatedrdaug to VDI 4630 (daily biogas rate is equivalémtonly
1% of the total volume of biogas produced up td timae). The volume of the gas produced was medsiméy.
Besides, other gas components, methane@Hd carbon dioxide (C{ contents were determined about six
times during the batch fermentation test usingsaagealyser GA 2000. The test was conducted in épticates.
Plate 1 shows the set-up of the batch experimerdcied at mesophilic temperature @y

Quantitative evaluation of the results gained itchanaerobic digestion tests included the follgwin
steps: standardizing the volume of biogas to notitrak (1); (dry gas, $=273 K, R=1013hPa) and correcting
the methane and carbon dioxide contents to 100%dépace correction, VDI 4630). Readings were aadlys
using Microsoft Excel spread sheet.

Equation (2) can be modified to read

_ m;.C;
Py = —— 3
m S C S

Where
P=mass ratio=2; mamount of inoculum, g
¢;=Concentration of inoculum, oDM in % Fresh mass
mg= amount of substrate,g
¢~ Concentration of substrate, oDM in % fresh mass

Plate 1 Experimental set up for batch digestion
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3. Reaultsand Discussion

Table 1 shows the results of the laboratory analykrice straw. Figure 2 presents the relationsleifpveen
the yields (biogas and methane) and theThe biogas yields of rice straw & bf 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5, 4.0 and 4.5 goTS/l.d were 0.20, 0.11, 0.1%4,00.16 ,0.17, 0.16, 0.16 and 0.18 l/geSpectively with the
corresponding methane (@Hyields of 0.0865, 0.058, 0.080, 0.076, 0.0708@, 0.075, 0.085 and 0.071 L
CHj/goS respectively.

The highest biogas yields of 0.20 l/ga@s recorded at the OLR of 0.5 goTS/l.d. The bicayad
methane yields fromdof 1.0 to 4.5 goTS/l.d appeared relatively conistadicating that it is not advisable to
continue to increase thg;LThe reactor can be run at thg &f 0.5 goTS/l.d. The will safe materials and & th
same time give satisfactory yields. The yields rded after the optimum point gLof 0.5 goTS/I.d) were no
longer commensurate with the feed input and heedeaing the digestion efficiency of the reactogure 3
presents some relatively constant yields with iaseein I after Lg of 0.5 goTS/I.d.

For the batch reactor the average Organic Dry Md@DM) biogas and methane yields of 0.167
In/goDM (0S) and 0.116 CH/goDM (0S), respectively (Figures 4, 5 and 6). @aning this with the yields
from PFR, the biogas yield agbf 0.5goTS/l.d was a higher than what was obtafr@u the batch reactor. It is
also worthy of note that the batch reactor wasddagince, and the yields measured with time. The &Fke
other hand was daily loaded with seven feeds pekw@ all, continuous feeding used in PFR produuigtier
yields than batch feeding used in BR. This agre#s pvevious research (Osihal., 2014).

Table 1: Chemical and ther mal Properties of Rice straw and inoculum

Parameters Rice straw Inoculum
Total Solid, TS (%) 74.68 2.13
(@] ic Total solid, oTS (%TS

rganic Total solid, oTS (%TS) 7315 48.95
Organic Total solid (%FM) 5463 1.03
TS (60-105°C) 97.12 ]
NH4-N (g/kgFM) 0.19 031
Ny 9/kgFM 1.51 0.85
Pmg/kg TS60° 584.8 306.6
K %TS 1.18 15.50
Crude Fibre(%TS) 33.33 4.43
pH 5.22 8.16
Conductivity (mS/cm) 0.185 11.56
Fat (%TS) 0.39 -
Ethanol (g/l) 0.04 <0.04
Propanol <0.04 <0.04
Total Acetic Acid 0.84 0.33
N (%) 0.397
Carbon (%) 44,99 -
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Figure 2: Plots of y-biogas, y-hd L; against Time (PFR)
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Figure 3: Plot aélgs against Loading Rate (PFR)
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Figure 6: Biogas and Methane yields of rice stramg a batch reactor
4. Conclusions

From the results obtained, the following conclusicould be drawn:
¢ An OLR of 0.5 goTS/l.d gave the highest biogasdgeind thus can be recommended as théoL

running the PFR. Also, the highest biogas yieldd%67 |/goDM (0S) was obtained when the batch
reactor was used at mesophilic temperature.

e Continuous feeding using PFR (at optimurg) bas been established to be better than batclnfged
using BR at mesophilic temperature.

* Rice straw can be harnessed to produce biogas adiragch reactor for short term operation and PFR
for long term operation.
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