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ABSTRACT

The b thanation of rice straw which was subjected 1o different pretreat
ment modes and fortified with pig manure was studied. The volume and quality
of the bivgas produced were monitored as well as the changes in the composition
of the substrate.

The anaerobic digestion of crop residues has been posed as an option towards
the utilization of these lignocellulosic residues. At present, the farmer feels that the
most practical way of using this resource is to return them 1o the soil.

The amount of lignocellulosic crop residues generated in t Philippines
annually is of significan{ volume and comes mainly frowm sugarcane bagasse, rice
straw, rice husk and coconut husk. Table 1 and Table 2 show the volumes ar
compositions of their residues (Del Rosario, 1978).

The figures show that as of 1975, the amount of rice straw produced was 5
million tons. Thus the quantities are large and other uses for this residue must be
explored.

There is not much published work on the detailed analysis of the constituents
of rce straw, but a representative analysis of the proximate compc ion o 1
straw IR-8, variety oi cc,is shown in Table 3. The aric portion of rice straw,
espec.  y cellulo  and hemicellulose are potential substraies for microbial action.
However, lignification, silicification and the highly crystalline structure of cellutose
reduce @ biodegradability of rice straw. A proper understanding of the effects of
these factors on the biomethanation of rice straw will allow the ilization of this
crop residue in biogas production.

Background Information

Badger and co-workers (1979} have noted that all their test crops produced
twice as much biogas as did cattle manure. Further studies on the feasit iy of the
biomethanation of crop residues have also been conducted by Clausen and co-
workers (1979). Boersma and co-workers (1981) noted the ed to fortify crop
residues with manoure to improve the carbon: nitrogen ratio.

The nature of cellulose, in association with lignin, pectins, tannins, etc.
makes it difficult for microorganisms to degrade. Gadi (1975) suggestedt  the
degree of crystallinity and the extent of lignification  cellulosic materials deter-
mine their accessibility to hydrolytic action. The presence of sili another
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Table 1. Production estimates of some crop residuc in the Philippines,

Crop Residue Amount Gemfmred Year
Million Mt Yr.
Sugarcane bagasse 53 1975
Rice straw 5.0 175
Rice H 1.0 1975
Coconut coir dust 2.1 7
Source: Del Rosario (1978)
Table 2. Approximate compasition of some lignocellulosic materials,
Material Celiulase Hemiecliulose Lignin Ash
% % T 2
Sugarcane bagasse 40-50 20-30 1.8-20 4
Rice straw and riee hulls 3545 20 20-30 15-20
Coconut coir dust 24.2 27.3 54.8 6.2

Source: Del Rosaric (1978}

encrusting substance (urther increases the indigestibility of the cellulosic material
(Han, 1975}, Rice straw has an extremely high sitica content of up ta 16 5% of its
dry matter (Han, 1975).

Thus, in order to improve the degradability of lignocellulosics, various phy-
si and chemical pretreatinent mwodes have been proposed (Han and Callihan,
1974; McManus and Choung, 1976; Ghedalla 2nd Miron, 1981).

In view of the above-mentioned information, studies were conductea to
determine the factors that influence the biomncthanation of rice straw.

Materials and Methods

The experiment was conducted using the set-up in Fig. [. Gas stides voluines
we measured by water displacement and the digester bottle was shaken twice a
day to allow for the mixing of the contents.

pH was monitored using pil paper moistened with the fermmentation medium.
Gas quality was determined using the Hammability test and gas chromatogra ic
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Figure 1. Typical gas production cusve,
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Table 4. Averare values of % volatile solids and % ash of control and treated rice straw,

% Volatite Solids % Ash

Rice Straw (5 cm) 77.49 2251
Ground Rice Straw 715 22.47
Treated Ground Rice Straw

NaGH 73.95 26.05

NHq 74.32 25.18

Na(rH-HCI 74.65 25.35

HC1 75.90 24.10

Steam Pressure 77.57 2.

‘T'abic 5. Ashfree values of the different components of rice straw using
fractionation method of analysis.

Treatment % Warer Solubles % Hemi-Cellulose % Cellulose % Lignin

Ground Rice Straw 16.51 16.3% 34.45 10.18

T:  ed Ground Rice Straw

NaOH 5.76 7.04 30.95 1.63
NH4 7.50 8.55 31.04 2.3
NaOH-HC1 .44 7.00 382 68
1 10.66 8.36 32.98 9.93
Steam Pressure 1681 1629 34,25 10,21

treatments from 16-32 days of fermentation giving methane levels above 70%.
1 the hydrochloric acid and steam treatment did not improve gas quality com-
pared to untreated ground rice straw and untreated chopped straw.

The flame te: showed bluish luminous color whose persistence was propor-
tional to the rate of biogas production.

Regression analysis shows that gas production is enhanced by the levels of
water solubles, hemic uloses and cellulose contents und inhibited by 1 n and
alkali soluble silica contents. This confirms findings of other workers.

Preliminary results using coconut coir dust ash as an indigenous source of
alkaline material shows very encouraging results with cumulative gas volumes of
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Jui A, 1zon, Discussa

s study ¢ biomethanation of rce straw is probably the only lengthy
Philiy ne contsibution on the subject so far. The authors have taken advantage of
the much-stt 1 caustic s a treat mt of straw to increase diges ility of the
straw for anii  feeding.

Anaerobic digestion of waste biomass resulting in methane-rich biogas is one
of the ways to meet the petroleun fuel problemn. This gas serves to replacs in
the kitchen: in N, methane is separated from COn (as both occurs in biogas)
and the CH, is compressed and commercially used to run taxi cabs, cars and
tractors, e potential purefulness of straw as a source of a very versatile fuel is
thus obvious, A litile over 1/2 of the biomass ol the mature rice plant consists of
straw, the grain comprise the remainder, hence the magnitude of the available rice
straw for biomethane procedure while the experiments reported are in the labora-
1ory stage where costs may be of secondary importance. experimenters however
should keep a sharp eye on keeping procedures simple and inexpensive, if the Jab
results arc any nearer to succeed in field trials. Water has become a very precious
and scarce commodity in most any place; distiled water shouid be mentioned most
prudently.

Seime information relevant to the subject of bininethanation was discussed in
an Australian-Asian Symposiun on utilization of fibrous materials last May 1981
and which was held in the UPLB Campus; it appears thai the authors missed this
s¥1Inposinm.

Summiing up, the authors deserve congratulation for pioneeriag in this ares nf
straw utilization via blomethanation.

Romeo V. Alicbusan, Discussant

When e paper was submitted (o me for review it :s the first time that ! have
read such kindd of work thar discussed o details some studies in the biocconversion
LA rice straw toomethane. There are some publications freut otlier countries you can
come auross but these are more of o puassing reference rather than @ detailed repord
an what happens with the rice steaw as it produaces the hiogas. how much amount is
peeded, whal kind of pre-treatment must be done. There is no such study before
and so this work is very pioneering as far as the magnitude and the  ature of the
research 13 coneerned. In o way (hat this is going i is answenng the guestion why
cather than the how. The study. however, shonld be geared fowards ruy  a ta-
rion taking into considesation the economic situation of the peuple. 1 think the
sunp. way Dy which we can adopt the technology is to make it more practical
vet effic 1t It may oniy be 30% efficient but if easicr and cheaper i people
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will accept it. 1 would say that mayoe in the years to con when a lot of these
uncertainties about rice straw conversion to methane has been resclved, the Biotech
iute will go down to the level of simplifying the procedure of methane produc-
so that it will b¢ ighly adaptable for rural communities. Hand in hand with
this development, I think ¢ ineering study ust be done so that the digester could
be adapted to the kind of raw material that it is going to receive. The report of Dr.
P lina is something that has look beyond the objectives. I am recomniending
you study the microbiological aspect especially the anaerobes, I know that . B
studit  quite extensively in Australia on this aspect and probably his expertise
could be tapped. Methane generation can be done only with appropriate raw mate-
rials and the microorganisms under favorable conditions.
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