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Abstract
The 21st century faces the problem of growing enemnsumption and diminishing supplies of fossilfy
which has led to researches on the use of renewealglgyy sources and, consequently, the developoferdw
technological processes of energy production. Rigysand maize stalk constitute nuisance to owmirenment
and should be got rid of. Co-digestion has beemdohy researchers to improve the product of anaerob
digestion. This work determined the effect of égedtion on anaerobic digestion of pig slurry withize cob.
Pig slurry and maize cobs were co-digested atg&id, 1:1 and 1:3 using the percentage volatiid g6 each
substrate. The experiment was carried out in artdbry scale batch experiment. The digester wasvidu pig
slurry-maize cob mixtures calculated for the seléatatios based on the volatile solid (VS) conegitn of the
selected substrates. Co-digestion of pig slurryhwitaize cobs at ratios 3:1, 1:1 and 3:1 at mesaphil
temperature (3€) gave biogas yields of 0.323, 0.392 and 0.486gDM respectively while the methane
yields were 0.240, 0.305 and 0.358QH./kgoDM respectively. From the fresh mass of thessalte, biogas
yields of 0.035, 0.057 and 0.109/kgFM were obtained for pig slurry-maize cob ratifs3:1, 1:1 and 1:3
respectively while the methane yields from the Hr@sass for the same ratios were 0.026, 0.044 ap@DO.
CHJkgFM respectively. Co-digestion of pig slurry wittaize cob was found to have methane concentratibns
74.30, 77.90 and 73.68% at pig slurry/maize cob kinations of 3:1, 1:1 and 1:3 respectively. Thedgtu
revealed that co-digesting pig slurry with maizé ebratio 1:3 is optimum for biogas productiore(gs).
Keywords: Co-digestion, pig slurry, maize cob, batch experit, mesophilic temperature

1. Introduction

Anaerobic digestion is the multi-step biologicabgess during which organic material is convertedidgas and
digestate in the absence of oxygen. Anaerobic i@dation of organic material proceeds in the atxsenf
oxygen and the presence of anaerobic microorganidmaerobic digestion is the consequence of a sefie
metabolic interactions among various groups of anoganisms. It occurs in four stages, hydrolysjséifaction,
acidogenesis, acetogenesis and methanogenesiglel¢aal., 2012.

Another promising means of achieving multiple eammental benefits and producing an energy carran f
renewable resources is anaerobic digestion. Itkas established thaiolgas (product of anaerobic digestion)
reduces the emission not only of greenhouse gaseslso of nitrogen and sulphur oxides, hydrocash@nd
particles (Borjesson and Berglund, 200Bjogas, the gas produced when organic matter ahanor plant
ferments in an oxygen-free environment occurs a#ljuin swamps and spontaneously in landfills conitey
organic waste. It can also be induced artificiélydigestion tanks to treat sludge, industrial aigavaste, and
farm waste (Igonigt al., 2008). Biogas primarily consists of methane {Cahd carbon dioxide (C) with
varying amounts of water, hydrogen sulphidgS}{ oxygen and other compounds (Madu and Sode@i¥,
Keefe and Chynowet, 2000).

Co-digestion is the simultaneous digestion of a dgemous mixture of two or more substrates. Tradfitily,
anaerobic digestion was a single substrate, simgipose treatment. Recently, it has been realizadAD as
such became more stable when the variety of substegpplied at the same time is increased. The coostnon
situation is when a major amount of a main basixssate (e.g. manure or sewage sludge) is mixedigedted
together with minor amounts of a single, or a ugrief additional substrate (Braun, 2002). The ute®
substrates usually improves the biogas yields fam@erobic digester due to positive synergisms ksitail in
the digestion medium and the supply of missingients by the co-substrates (Mata-Alvagtal., 2000). Co-
digestion of cassava peels with poultry, piggergt pig waste has been found to result into incréadsogas
production (Adelekan and Bamgboye, 2009). Seversdarchers have studied biogas generation fromaanim
and agricultural wastes (Dunlop, 1978; Mohnebhl, 2008; Jash and Basu, 1999). According to Callaghah
(1999), co-digestion of pig slurry with fruit anégetable waste yielded more cumulative biogas mtimhuthan
the digestion of pig slurry alone.

High methane yield can be achieved through co-timesf manure with energy crops and or their nesid Co-
digestion with animal manure or sewage sludge ae Beedstock is an effective way to improve butfmpacity
and achieve stable performance (Sosnowskl., 2003; Murtoet al., 2004; Mshandetet al., 2004; Umetsuet
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al., 2006). Also, the addition of readily biodegra@alorganic matter into animal manure digester could
significantly increase biogas production due to ¢hanges of feedstock characteristics. This woukist the
effect of co-digestion on anaerobic digestion gf glurry with maize cob at mesophilic temperat®@gc).

2. Materialsand M ethods

2.1 Sour ces of organic materials

Maize plants were harvested frahe Institute for Animal Breeding and Animal Husdan(ABAH), Ruhlsdorf
| Grosskreutz, Germany and the cobs were sepd@texkperimentation. Pig slurry was also obtainexhf the
same institute (ABAH).

2.2 Methodology

All samples were kept in the laboratory at a +3fterasize reduction prior to feeding into the diges The
amount of substrate and seeding sludge weighedhetéermentation bottles were determined in acmoed to
German Standard Procedure VDI 4630 (2004) usingdfoation 1:

OTS substrate < O 5 1

OTS seeding sludge

Where:

0T Sbstrate = Organic total solid of the substrate and;

0T Sieeding siudge= Organic total solid of the seeding sludge (theculum)
Batch experiments were carried out in lab-scaleseleswith two replicates as described by Linke Sotelle
(Linke and Schelle, 2000). A constant temperatir@7/6C was maintained through a thermostatic caliieater
(Plate 1). Anaerobically digested material frorpraceding batch experiment was used as inoculunthfer
study. Characteristic chemical parameters of tleeuilum used are summarized in Table 1. Vesselsli{@e9
capacity) were filled with 800g of the stabilizetbculum. At the beginning of the experiment, anbealy
digested material from a preceding batch experinaag used as inoculums for this study. The sulestrisd
into the digestion bottles were calculated usingatign (3) and found to be 37.6g CS / OMS (100%dhigry
with no maize cob), followed by16.15 g PS / 0.98I1@ (75%PS and 25%MC), 9.43 g PS/ 1.62 g MC (50%PS
and 50%MC), 5.39 g PS/2.78 gMC and (25%PS and 75%Mi&se calculated amounts of the substratesgusin
equation 3) were added to 800g inoculums to ensumgpliance of the oDM feedstock to ODM inoculumiaat
being less or equal 0.5 as it is recommended in &80 (equations 1 and 2). Two digestion vessels akso
filled with 800g of inoculums only as control. Thimgas produced was collected in scaled wet gasrsever a
defined period of time ranging from 30 to 40 dagpehding on the substrate being investigated. dimiation
of the test fulfilled the criterion for terminatirgatch anaerobic digestion experiments given in ¥680 (daily
biogas rate is equivalent to only 1% of the toume of biogas produced up to that time). The na&wf the
gas produced was measured daily. Besides, othecagaponents, methane (QHand carbon dioxide (C{
contents were determined four times during thetbfomentation test using a gas analyser GA 2068.t&sts
were conducted in two replicates. Plate 1 showsstteup of the batch experiment conducted at mégoph
temperature (3T).
Quantitative evaluation of the results gained itcbaanaerobic digestion tests included the follgviteps:
standardizing the volume of biogas to normal littdg); (dry gas, =273 K,p=1013hPa) and correcting the
methane and carbon dioxide contents to 100% (headsporrection, VDI 4630). Readings were analyssagu
Microsoft Excel spread sheet together with “Taklieve” computer software. Accumulated biogas yiedder
the retention time were fitted by regression analyssing Hill-Kinetic equation in order to deterrairthe
maximum biogas and methane potentials of the salextibstrates.
The amount of substrate fed into the digester wé=utated using equation (2).

OTS substrate < 0 5 2

OTS seeding  sludge
Where:
0T Substrate = Organic total solid of the substrate and;
0T Seeding sludge= Organic total solid of the seeding sludge (treculum)
Equation (2) can be modified to read
m . .C.

Pi = — 3
mSCS

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

¢cs= Concentration of substrate, oDM in % fresh mass
Readings of the gas production (ml), air pressoneaf), gas temperatur¥C) and time of the day were taken on
daily basis throughout the period of the experim&he gas was analysed with the use of gas anaBAet000
at least twice per week for the four weeks of thgegiments. Biogas production and gas quality froaize cob
(MC) and pig slurry (CS) were analyzed in batchemahic digestion test at 37°C according to Germandard
Procedure VDI 4630 (2004). The gas factor was tated as well as the fresh mass biogas and metfhalte
with the volatile solid biogas and methane yieltd® aletermined on daily basis. The amount of gandd was
converted to standard conditions (273.15 K and BLehbar) and dry gas. The factor was calculatedraing
to equation 3.

_ (p - Py 20 ) T, Where

- (t + 273 .15). p T,= 273.15°C (Normal temperature)
° t= Gas temperature fic
P,=1013.25 mbar (standard pressure)
P= Air Pressure

4

The vapour pressure of Wat&«p is dependent on the gas temperature and amou84anbar for 2¢C. The

respective vapour pressure of water as a funcfieenaperature for describing the range betweenntb3&'C is
given as in equation 4

— b.t
Pio=Y,tae 5

Where:
Yo = -4.39605; a = 9.762 and b= 0.0521
The normalized amount of biogas volumes is given as

Biogas{N ml] = Biogas[ml]x F

6
Normalized by the amount of biogas, the amountaaftgken off of the control batch is given as
Biogag N mi]= (Biogag Nmi] - Control[Nmi]) 7

The mass of biogas yield in standard liters / kg filé8h mass (FM) is based on the weight
The following applies:
1 standard ml / g FM=1 standard liters / kg FM m’/ t FM

Massof biogasyield = Z%’FJ"]

The oDM biogas yield is based on the percentag®latile solids (VS) in substrate

. . Biogas|N ml ) 100
oDM biogas yield =) Mai[g[].\/s[()/zFM]J

cH = CH ,[vol%] 100
o (Mass|g]+CO, [vol %))

_ FreshmassbiogasyieldxCH .
FreshMassMethaneyield = 10¢ ' 11
_ oDM biogasyieldxCH,_,,,
oDM Methaneyield = 10c ' 12

2.2 Substrates and Analytical Procedures

Samples of pig slurry(PS) and maize cob (MC) werestigated for Fresh matter (FM), organic Dry Matt
(105°C), Organic Dry Matter in % fresh mass, Volatildtyaacids (VFA), pH, NH-N, Conductivity (LF),
Organic dry matter in % of fresh mass (0TS). Tia@culum for the batch anaerobic digestion tests alss
analyzed for the following parameters DM, ODM, miiganic acids and the electrical conduction. Ablgses
were performed according to German standard mettidgdlse and Schelle, 2000).

10

3. Resultsand Discussion
Table 1 shows the results of the chemical analysthe selected substrates before digestion. Theulative
biogas and methane productions obtained from ldigigsters are shown in Figures 1-4.
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3.1 Substrates
The dry matter (DM), organic dry matter (oDM), N, Crude Fibre, N, P, K, pH, and the conductiwfithe
selected substrates determined are as shown ie Tallirchgel3ner, 1997; Mahnettal., 2002).

3.2 Biogas production
The tested samples showed monophasic curves ofmadated biogas production. After a steep increbegas
production decreased resulting in a plateau otthaulative curve. The maximum biogas rate waseaelt in
the first week of digestion experiment (Figs 1, % More than 90% of the biogas yields were obiibetween
first and second week of anaerobic digestion. Bigg@aduction using CS and MC showed a linear cwuritie
progressive increase in biogas production with t{figs. 1 & 2). The fresh-mass and organic dry enditogas
production are as shown in Figures 1 & 2 while filesh mass and organic dry matter biogas yieldarefas
shown in Figures 3 & 4. The figures give the resiribm the duplicates of the substrate.
3.3 Co-Digestions of Pig Slurry with Maize Cob
The co-digestion of pig slurry with maize cob rdeeathat at ratios 3:1, 1:1 and 1:3; biogas (FM)lds of
0.035, 0.057 and 0.109%kggy, respectively were produced while methane yieldd)(®ere 0.026, 0.044 and
0.080 NMiCHJ/kgey respectively. The biogas yields (oDM) of pig sjuco-digested with maize cob at the same
ratios were found to be 0.323, 0.392 and 0.486grny While the methane yields (oDM) were respectively
found to be 0.240, 0.305 and 0.358QH./kg.om When experimented at mesophilic temperatures. Hibh
nitrogen content of maize cob (10.17 g/kgFM) mustehinfluenced the yields obtained when co-digestita
pig slurry with low nitrogen content (7.49 g/kgFNjtatistically, co-digestion of pig slurry with rzai stalks and
cobs (co-digestions 3 and 4) showed that there wigmaficant differences between both the yieldsl dime
substrate ratios at 95% confidence level. The tHghields were recorded at 1:3. Thus, co-digestiopig slurry
with maize cobs showed increase in the yields frotm fresh mass and the organic dry matter contehtee
selected substrates. This agrees with the resufisewious researches that co-digestion aids biagdsmethane
yields (Callaghamt al., 1999; Umetsat al., 2006; Murtoet al., 2004).
Figures 1- 4 show the results obtained from thehbab-digestion of pig slurry with maize cob atsmghilic
temperature. Figure 5 shows the effect of co-digesat different volatile solid constituents ofeth
selected substrates on biogas and methane yields.
Conclusion
The study has shown that co-digesting pig slurtywiaize cob at different ratios result into arréase in both
biogas and methane yields. Also, co-digestion rafid:3 of pig slurry and maize cob was adjudgesllibst in
terms of biogas and methane yielBarther works could be carried out on other resdrenstituting nuisance to
the environment. Effect of co-digesting other rasislat various ratios could also be looked into.
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Plate 1: Experimental set up for batch digestion

Table 1: Chemical properties of substrates

Analysis

Parameter Pig Slurry Maize Cob
Dry Matter, DM (105C)-% 11.77 36.10
Organic Dry Matter (oDM, %DM) 84.05 97.30
Organic Dry Matter (%FM) 9.89 35.13
NH;-N (g/kgFM) 1.22 <2
Crude Fibre (%DM) 26.75 28.32
Fat (% DM) - 1.14
Potassium (% DM) 2.05 1.27
Ethanol (g/l) 0.12 <0.04
Propanol <0.04 <0.04
Total Acetic Acid .88 8.12
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