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Abstract

The amount of agricultural biodegradable wastes generated in Nigeria is constantly on the increase. These wastes
are mainly cellulosic materials from reared animal (feaces) and plants. The environmental awareness of most
Nigerians is also far better than it used to be in about 30 years back. Accordingly, the paper considers
economical use of one of this agricultural wastes-cow dung. The waste was anaerobically digested and acid
treated in sequence to produce storable form of alternative energy, while the left over sludge could be used as a
good quality farmland fertilizer. The quantities/qualities of methane gas and methanol produced were found to
depend on slurry concentration, incubation period, pH value, operating temperature and carbon/nitrogen ratio of
the dung. The gas chromatographic analysis conducted indicated that the unrefined biogas was determined to
contain 57.23 mol% CH,, 42.65mol% CO,, 0.21mol% H,S, 0.07mol% NH; and others. The refined biogas was
analyzed and the composition was established to be: 59.45mol% CH,, 14.65mol% CO,, 0.11mol% H,S,
0.04mol% NHj and others. This refinement was found to enhance the C/N ratio, making the organic component
readily available for the acidic reaction. Spectroscopic analysis of the obtained liquid sample indicated formation
of methanol. The purity of methanol produce was determined to be 92.5%, which compared slightly favorably
with literature value of 98.9%. The boiling point and heat of combustion were found to compare favorably with
literature values. The C/N ratio determined after the demethanization was found to be lower compared to the
starting C/N ratio and the gang served as good source of manure.
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1.0 Introduction

Biomass is a renewable energy resource derived from the carbonaceous waste of various human and natural
activities. It is derived from numerous sources, including the by-products from the timber industry, agricultural
crops, raw material from the forest, major parts of household waste and wood and even animal waste. Scientists
are trying to explore the advantages of biomass energy as an alternative energy source as it is renewable and free
from net CO, (carbon dioxide) emissions, and is abundantly available on earth in the form of agricultural
residue, city garbage, cattle dung, firewood, etc. One fact which is evident in the literature is that the use of
biomass, particularly livestock manure as fertilizer and feed has not grown with the continuously increasing rate
of production of the manure itself. For instance, Wadman et al., (1987) pointed out that in the Netherlands, the
total production of manure from housed cattle (during the winter period only) pigs, poultry, and fattening calves
increased from 10 tonnes/ha in 1950 to 26 tonnes/ha in 1982. Neeteson and Wadman (1990) observed that within
that same period however in the same country, the need to use animal manures as fertilizers decreased due to the
widespread adoption of cheap inorganic fertilizers. Animal manure holds a tremendous energy potential.
According to Kempel (2003), approximately 250million tons of dry feacal material are produced yearly, within
U.S. animal agriculture, which is equivalent to 21 billion gallons of gasoline in energy terms.

A report issued by Nigerian National Petroleum Cooperation (NNPC) in 1987, indicated that the total oil
reserve as at that year, could only serve the nation for about another 25years or thereabout. Additionally, the
current galloping in prices of oil and gases worldwide is gradually eroding the comparative cost advantages of
the petrochemicals to sourcing them from renewable sources. Renewable forms of energy under investigation
today are solar, geothermal, wind and agricultural sources. It has been well established that animal manure holds
a tremendous energy potential and that the level of civilization of a nation is measured by the ability of such
nation to utilize all forms of energy in a safe and economical manner.

According to Akinbami et al., (2001), Nigeria produced about 227,500 tons of fresh animal waste daily. The
paper noted that since 1kg of fresh animal waste produces about 0.03 m® of biogas, then Nigeria can produce
about 6.9 million m3 of biogas every day. In addition to all this, 20kg per capita of municipal solid waste (MSW)
has been estimated to be generated in the country annually. Going by the census figures 140 million inhabitants,
the total generated MSW would be at least 2.8 million tonnes every year. With increasing urbanization and
industrialization, the annual MSW generated will continue to increase. Biogas production can therefore be a
profitable means of reducing or even eliminating the menace and nuisance of urban waste in many cities by
recycling them; while at the same time contributing towards providing adequate solution to the seemingly
intractable problem of energy security. In addition, some recent surveys viz-a-viz findings by Methanol Holdings
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(Trinidad) Limited (2005) and Methanol Institute (2003) showed that about 186 gallons of methanol can be
produced from one ton of biomass feedstock.

In many parts of the developing world, cow dung is used as a fertilizer, fuel, insect repellent, thermal
insulator and as sealant for smokeboxes on steam locomotives. Cow dung is also an optional ingredient in the
manufacture of adobe mud brick housing depending on the availability of materials at hand (Gobar gas, 2000
and www.answers.com/topic/cow-dung, 2007). In recent times, the dung is collected and used to produce biogas
to generate electricity and heat. The gas is a rich source of methane and is used in rural areas of India and
elsewhere to provide a renewable and stable source of electricity. Cow dung gas is 55-65% methane, 30-35%
carbon dioxide, with some hydrogen, nitrogen and other traces. Its heat value is about 600 B.T.U.'s per cubic
foot. Cow dung slurry is composed of 1.8-2.4% nitrogen (N), 1.0-1.2/a phosphorus (P,0s), 0.6-0.8%, potassium
(K,0) and from 50-75% organic humus. About one cubic foot of gas may be generated from one pound of cow
manure at 75 F. This is enough gas to cook a day's meals for 4-6 people. About 225 cubic feet of gas equals one
gallon of gasoline. The manure produced by one cow in one year can be converted to methane which is the
equivalent of over 50 gallons of gasoline (www.iscowp.org, 2007).

Methane, a major constituent of biogas has found numerous applications in virtually all the facet of life.
Despite this, methane is definitely more deleterious to the environment than the widely feared CO,. The
Environmental Protection Agency uses a statistic called Global Warming Potential (GWP) to measures how
much heat one molecule of a gas will trap relative to a molecule of carbon dioxide. Methane has a GWP of 21,
which means it's 21 times more effective at preventing infrared radiation from escaping the planet. So, although
methane emissions may be relatively piddling, they're definitely a cause for concern. Their one saving grace is
an atmospheric lifetime of just 12 years, versus between 50 and 200 years for carbon dioxide (Koerner, 2007).
Aside its environmental challenges, methane is difficult to store. In the past, it was typically used as energy
sources by immediately combusting it in a generator for the production of electricity. The difficulties in
marketing, storing and its negative impact on the environment made its application to be considered as being
enviro-economically unfriendly and unfeasible.

Among the different candidate products of methane conversion, methanol (CH3;0H) is probably the one
which is recently attracting more interest. Methanol was first produced from pyrolysis of wood, resulting in its
common English name of wood alcohol. Presently, methanol is usually produced using methane (the chief
constituent of natural gas) as a raw material. It may also be produced by pyrolysis of many organic materials or
by Fischer Tropsch from synthetic gas, so be called biomethanol. Production of methanol from synthesis gas
using biomass-to-liquid can offer methanol production from biomass at efficiencies up to 75%. Widespread
production by this route has a postulated potential, to offer methanol fuel at a low cost and with benefits to the
environment. Besides, methanol is recommended as a component of motor fuel and also in the production of
high-octane additives to fuels (Smith et al, 1992). Leading nations in this technology are China, who has
advanced from the use of covered lagoons to high capacity modern biodigesters (Koerner, 2007 and Kempel,
2003) and United State of America with current production capacity in excess of 1.2 billion gallons of methanol
per year (Fry, 2006). Recently, design of an economical bioreactor for biomass was reported by Acai and
Polakovi¢ (2007) and Wilkie et al, (2004) proving the importance and advancement in this process.

Methanol has a high octane rating (RON of 107 and MON of 92), which makes it a suitable gasoline
substitute. It has a higher flame speed than gasoline, leading to higher efficiency as well as a higher latent heat of
vaporization (3.7 times higher than gasoline), meaning that the heat generated by the engine can be removed
more effectively, making it possible to use air cooled engines. Besides this, methanol burns cleaner than gasoline
and is safer in the case of a fire. However, methanol has only half the volumetric energy content of gasoline
1.e.8,600 BTU/Ib (Wilkie et al, 2004).

The direct oxidation of methane to an easily transportable liquid such as methanol has attracted great
experimental and theoretical interest due to its importance as an industrial process and as the simplest model for
alkane oxidation. Although no direct, efficient methane-methanol conversion scheme has yet been developed,
significant advances have been made using iron-containing catalysts. Wang and Otsuka (1994) have studied the
direct oxidation of methane to methanol using an FePO, catalyst and N,O and H,/O, as the oxidizing agents.
Despite the high catalytic selectivity obtained for methanol production, the reaction yield is low. Other
approaches that have achieved modest success include direct oxidation by nitrous oxide in plasma, oxidation of
methane to a methyl ester with a platinum catalyst, and direct methane-methanol conversion using an iron-doped
zeolite (Metz, 2009). However, there is no information in the open literature on non-catalytic conversion of
methane (sourced from cow dung) into methanol.

Accordingly, this paper presents preliminary findings from direct production of methanol from cow dung
with the goals of developing the technology locally, mitigating its environmental effects and probable use of the
spent slurry (here termed gang) obtained from the dung as fertilizer.
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2.0 Methodology

The following procedures were employed in the production of methanol from cow dung.

2.1 Sample Collection and Treatment

The cow dung was collected from the Faculty of Veterinary Medicine, Ahmadu Bello University, Main Campus,
Zaria, Nigeria. It was sun dried, pulverized and sieved to a desired particle size less than lmm. The
carbon-nitrogen ratio of the dung was experimentally determined, using the Kjeldahl test method. The moisture
content, total solid, pH, loss of ignition and volatile contents were also determined. The treated sample was
stored in a vacuumed dry place to preserve the pre-determined parameters.

2.2 Slurry Preparation and Gas Collection

Slurry concentrations of 60g/l and 80g/1, using potable water, were prepared from the already treated cow dung.
The pH of the slurry was adjusted to 7.1. The slurries prepared were later transferred separately into a four-liter
size batch digester, where it was subjected to anaerobic digestion and agitated on daily basis, as suggested by
Metz (2009), Kalia and Singh (2001), Baere (1999) and An and Preston (1999). The cow dung slurry became
swollen by the formation of internal biogas bubbles during the fermentation process. Evolution of gases was
monitored within six days of microbial action on the cow dung by means of a locally fabricated and calibrated
gas collecting devise. Thus, establishing the total amount of gas produced from any given batch, over the period.
23 Gas Purification

Biogas is a mixture of gases like CH4 and CO, with other trace gases such as H,S, N,, and NH, etc, depending
on feed stock (Stewart, 1980), hence the need for its purification. Gas chromatographic analysis was carried out
on the produced and purified biogas. Substantial amount of the biogas produced was transferred into a tubular
reactor containing reagents through capillary connected to an inverted calibrated gas collector. The biogas was
passed over NaOH, to remove CO, and was later allowed to flow over alkaline pyrogallol solution, in order to
remove any free oxygen present in the formed gas. The hydrogen sulphide component was removed from the
biogas by passing it over iron filling contained in a third reactor in series. The next reactor containing calcium
chloride was used to absorb water vapour resulting in formation of dehydrated methanol.

24 Methane Conversion

The purified methane gas produced was reacted with weak sulphuric acid, in place of SO; or Marshall’s acid
radical, to form methane-sulfonic acid (MSA) as detailed by other authors, namely: Norddahl (2000), Richards
(2004) and Mukhopadhyay and Bell (2004 a & b). The produced MSA was subjected to heat, to obtain
methanol and sulphur IV oxide. The SO, was later passed over water to form H,SO; acid, which was
reintroduced insitu into the system. The other expected competing products formed along with MSA namely
methyl-methane sulfonate (MMS) and dimethyl ether (DME), as shown in the reaction scheme, are also known
to boost the yield of methanol via hydrolysis. This hydrolysis stage was achieved by introducing water and
sulphuric acid in excess, which also facilitated the production of sulphonic acid. The reactions taking place are
presented as:

H,SO, + CH, - CH,SO,H + H,0
CH,SO,H — CH,0OH + SO, (Selective)

Additionally,
2CH,SO,H - CH ,SO,CH , + H,0 + SO,
(Non — Selective )
2CH,SO,H — 2CH ,OCH , + 280, + H,0
(Non — Selective )
CH,OCH , + H,0 — 2CH ,OH

The presence of methanol in the sample was done using infrared spectrophotometer, before further treatments
and investigation, as represented in Figures 1. The expected peaks were compared with a control, i.e. commercial
methanol, to show the characteristic bands used in identifying the presence of methanol.

2.5 Determination of Methanol Properties

The boiling point of the sample and the heat of combustion of methanol produced were experimentally
determined using the method detailed by Chaco (1993). The weight percent of alcohol (assumed to be mainly
methanol) contained in a unit volume of sample was determined using the open flame combustion method. This
method employed the principle that only the alcoholic content in the sample would be combusted while the left
over is mainly water content. The analysis assisted in ascertaining the purity of methanol produced.
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2.6 Determination of Fertilizing Properties of the slurry

It is imperative to establishment the usefulness of the slurry left after the digestion process and also to ascertain
the environmental friendliness of the slurry. The carbon/nitrogen ratio and pH for the gang were determined and
the result obtained is shown in Table 2. The gang was used to fertilize tomato plant, in order to confirm its
application as fertilizer for plants. Undigested cow dung was also used for fertilization of tomato plant, while
another plant was allowed to grow with and without the addition of commercial organic fertilizer.

3.0 Discussion of Results

The composition of cow dung shown in Table 1 tends to compare favorably with those in the open literature.

The spectroscopic analysis of the liquid product shown in Figure 1 gives a strong band around 3000cm™, which
is attributed to C-H stretch of alcohol. The group frequency between 1231cm™ and 1453cm™ noticed in the
spectra correspond to strong O-H bond of alcohol. The band noticeable between 1046cm™ and 1190cm™ was
attributed to strong C-O stretch in alcohols. The irregularity noticed around the bands aforementioned, was
assumed to be as a result of the presence of competitive products like MMS and DME, mentioned in section 2.4.
This irregularity in band was not noticed in the spectra of known methanol analyzed along with the sample, as
represented in Figure 1. The characteristic band for OH group in alcohol at 3300cm™ was not noticed at all in
both samples but band at 1050cm™ attributed to CH; group was noticed. In conclusion, the produced methanol
had all the required bands to confirm its successful production from cow dung.

The gas chromatographic analysis conducted indicated that the unrefined biogas was determined to contain
57.23 mol% CHy, 42.65mo1% CO,, 0.21mol% H,S, 0.07mol% NHj; and others. The refined biogas was analyzed
and the composition was established to be: 59.45mol% CH,, 14.65mol% CO,, 0.11mol% H,S, 0.04mol% NH;
and others. This refinement was found to enhance the C/N ratio, making the organic component readily available
for the acidic reaction.

The boiling point of the product was found to be 79.3°C, which differs significantly from literature value of
64.7°C for pure methanol. The difference in the values was attributed to the presence of impurities, resulting
from the colligative property effect. The heat of combustion was obtained to be 701kJmol™, which was a little
lower than the literature value of 726.3kJmol. The discrepancy between the results and literature values, could
be attributed to either or combinations of these factors: modification made on the equipment, property and
quality of fuel used in the burner and more importantly on law of liquid mixture (methanol and impurities
composite). From the open flame combustion test, it was observed that 92.5 vol. % of the sample was completely
combusted, while 7.5 vol. % was left. This inferred that the produced methanol is about 92.5% pure, if we
assume that all other impurities are non-combustible.

Figure 2 presents the amount of gas and methanol produced from 60g/I solution of cow dung. The gas and
consequently, the methanol production increase as a result of continuous effect of microbial action on the dung,
as shown in figure 2. The drop in methanol production that peaked at 146hrs of incubation may be as a result of
reduction in reagent’s level needed to facilitate the methane conversion. This is assumed because the
pretreatment reagents (NaOH, CaCl, and pyragoll and iron filling) were not changed at the course of this
experiment. Additionally, the available (digestible) carbon on which the microbial is acting might have almost
been used up for methanol production. The increase in side-product formation leads to increase in the rate and
quantity of biogas formed and subsequently, methanol.

Figure 3 shows the volume of gas and methanol obtained from 80g/I solution of cow dung. The amount of
gas produced increased simultaneously with the amount of methanol derived. The gas production peaked at
149hrs showing reduction in activity of microbial action. Here the amount of methanol produced remained
almost constant between 147hrs and 150hrs. The pretreatment reagents were refreshed and the conversion
continued to be higher than gas produced, though the total volume of methanol drop as a result of sharp drop in
gas production. This is an indication of the efficiency of the purification processes and hence conversion.

Figure 4 compares the rate of methanol production as a function of slurry concentration and retention time.
It can be seen from the figure that the rate increased with higher concentration. Similar observation was made by
Andrew (1982). The rate of methanol production was observed to increase faster at the beginning of the reaction,
i.e. 144 to 146 hrs, for slurry concentration of 60g/l. This was noticed to later increase with respect to the higher
concentration 80g/1.

Though not part of this work, but the spent slurry (here termed gang), was found to serve as a better
replacement for synthetic fertilizer. The tomato grown using undigested cow dung and that with digested one,
indicated little or no difference in appearance, taste, growth and texture. This shows that despite the pretreatment
of this waste, the gang was still found useable. The C/N ratio for the already used and de-methanized cow dung
was found to be low, indicating it being rich in nitrogen content and lean in carbon (Koerner, 2007 and Andrew,
1982), as depicted in Table 2. This test proves that part of the carbon content in the starting material had been
consumed and employed in the methanol production.
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4.0 Conclusion

This work shows that direct production of methanol from cow dung without the use of catalyst is possible. The rate
of methanol production increases with increase in slurry concentration and retention time. The effect of microbial
action on the dung reduces continuously throughout the reaction period, indicating reduced activity of the
organism and hence reduction in yield. The findings in this work also that spent cow dung could be reuse for the
purpose of fertilizing plants.
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TABLE 1: COMPOSITION OF COW DUNG

Parameter Moisture (%) Ash (%) C/N Total volatile solid (%) pH

Cow dung 27.9 33.25 30.3 81.5 6.9

TABLE 2: COMPOSITION OF SPENT COW DUNG SLURRY

Parameter Moisture (%) Ash (%) C/N Total volatile solid (%) pH

Gang Not determined | Not determined 21.8 Not determined 7.5
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Figure 1: IR Spectra of methanol from cow dung and commercial methanol
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