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The viability in production of biofuel-gas from the marine alga, Ulva reticulata Fors-
SKAL, is presented. It is found that the rate of biogenic methane gas production by
marine strain methanogenic bacteria at 50% wet algal thalli amendment is greater by
33.4% on comparison with results of freshwater cattle manure strain methanogenic bac-
teria under similar experimental conditions. The proportion of methane gas content in
this biofuel-gas is ca. 58%, while the remaining gases are CO, (major portion), H,S, NH,,
Ng and 02.

In this study, a simple family unit, in the form of a semi-continuous integrated algal
digester and gas collector system, is proposed for possible usage in isolated fishing com-

munities.
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The utilization of marine algae as a subs-
trate for biofuel-gas production is not well
practised probably due to the availability of
other important economic avenues. However,
in countries where algae are not utilized
to the fullest extent as in Japan, it is
better that this aspect be exploited instead
of letting this potential energy resource rot
away. This is true in India and there is
already a report by RAO et al. (1978) sup-
porting such possibilities. Lately, an iden-
tical appoarch has been reported by RAN-
TENBACH (1981).

In Malaysia, this aspect of utilizing marine
algae is not normally practised. Hence, one
can frequently notice large amounts of
marine algae going to waste on the shores
after rough weather (Fig. 1). As an initial
step, the author has studied the possible
utilization of the Malaysian sea lettuce, Ulva
reticulata FORSSKAL, (SIVALINGAM 1978a, b,
1980). In this connection, the contamination
levels of environmental pollutants, such as

trace metals (SIVALINGAM 1978a, b, 1978a, b,
SIVALINGAM and ZAKARIAH 1979) PCBs and
persistent pesticides (SIVALINGAM 1981), have
also been clarified.

Here, as another perspective and in view
of the energy crisis, the author has further
attempted to convert the presently wasted

Fig. 1. The washed ashore sea lettuce during
rough weather conditions.
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Malaysian sea lettuce natural resource into
biofuel-gas via biogenic processes. Also
from the stance of technological feasibility,
a simple semi-continuous household unit
algal digester and gas collector for rural
fishing communities has been designed. The
results of this investigation are presented
in this report.

Materials and Methods

Thalli of the Malaysian sea lettuce, Ulva
reticulata FORSSKAL, were harvested from
the mud-flats of the Marine Depot, Penang,
Malaysia, prior to experimentation. The
harvested thalli were immediately brought
to the laboratory and cleaned off epiphytes
and other external contaminants by washing
thoroughly either with seawater (a) or fresh-
water (b) depending on the mode of bio-
fuel-gas (=methane) production; a) biofuel-
gas production relying on marine methan-
genic strain bacteria and b) biofuel-gas
production relying on cattle manure metha-
nogenic strain bacteria. The washed thalli
were rid-off surface moisture by pressuri-
zing them against Whatman No. 1 filter paper
for five times until negligible weight fluctua-
tion was observed.

For experimental biofuel-gas production
from marine methanogenic bacterial strains
the algal thalli washed with seawater were
macerated at 1, 5, 15, 25, 30, 40 and 50%
(w/v) amendment levels in muddy seawater
obtained from the algal bed site because it
is a well established fact that such methno-
genic bacterial forms prevail in these
areas (MECHALAS 1974, WHELAN 1974). In
the case of biofuel-gas production relying
on cattle manure methanogenic bacterial
strain, algal thalli washed previously in
freshwater were amended at similar concen-
tration levels in freshwater media together
with a teaspoon of fresh cattle manure.
All amended seawater and freshwater series
were then placed in 250 cm® vacuum flasks
painted black on the outer surface with
their mouths sealed airtight, after addition
of samples to be digested, with a rubber

stopper. The auxillary arm of the flasks
were joined individually with polyvinyl tub-
ing which ended directly at the mouth of
inverted graduated measuring cylinders filled
completely with water and sitting over a
trough of water. Under such anaerobic
conditions the fermentation process of pro-
ducing biofuel-gas (=methane) was followed
daily over a period of 40 days at a room
temperature of 28°C. In order to obtain
precise results, three replicates of each ex-
perimental lot were carried out. As blanks
for both series, one fermentation flask con-
taining 100 cm® muddy seawater was used
in the marine methanogenic bacterial strain
lot while the other containing 100 cm?® fresh-
water and a teaspoon of cattle manure was
used for the freshwater methanogenic bac-
terial series. The results were averaged
and plotted as methane gas production with
time for each experimental lot. Further,
suitable methanogenic bacterial activity
conditions were maintained by constant
daily monitoring of the pH of the digest
and adjusting it to lie between 7.0-7.5, where
activity is highest.

The evaluation of methane composition
of the evolved gas was performed by rout-
ing a known amount of the gas through a
15cm activated charcoal U-tube column trap
at —70° C, achieved by mixing acetone with
dry ice, which specifically absorbs CH,
(SWINNERTON and LINNENBAUM 1967), and
then through a liquid nitrogen trap at —190°
C to condense CO,. The U-tube trap of
activated charcoal was then heated to 90° C
with a hot-water bath to release the absorb-
ed methane gas which was calibrated in
inverted measuring cylinders filled with
water, as mentioned previously. The purity
of this methane gas was verified by gas
chromatography against authentic methane
samples at an isothermal temperature of 35°
C on 6 ftX1/8 inch stainless steel columm
packed with Chromosorb 102 attached to a
thermal conductivity detector. In the case
of the condensed CO, gas, it was determined
manometrically in a Warburg-respiratory
apparatus with special attachments after
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bringing the nitrogen trap to normal room
temperature.

With the above data and on viewing the
prospective usage of biofuel-gas production
as energy source from marine algae in rural
fishing communities, a simple semi-con-
tinuous integrated household unit digester
and gas collector system model was de-
signed.

Results

Figs. 2 and 3 demonstrate the rates of
biofuel-gas production by both marine and
freshwater methanogenic bacterial strains,
respectively, over a period of 40 days. The
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Fig. 2. Rates of methane gas production by
marine strain methanogenic bacteria at various
amendment levels of Ulva reticulata as sub-
strate material.
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Fig. 3. Rates of methane gas production by
.cow dung strain methanogenic bacteria at various
amendment levels of Ulva reticulata as sub-
strate material.

patterns of maximal biofuel-gas production
by both strains of bacteria are quite identical
except that the maximal production of gas
by the freshwater strain was delayed by
ca. 4-5 days. It is also noticable that both
strains had a small peak at ca. 3 and 6
days, respectively, after initiation of fer-
mentation, which could be attributed to
volatile gases (mainly acetic acid) produced
by the symbiotic bacteria involved in the
degradation of organic matter during the
nonmethanogenic phase (liquefaction). Ob-
viously, the shorter period required for
decomposition of the organic matter by
marine methanogenic bacteria, facilitates
rapid methane production processes indicat-
ing the high activity of these bacterial
forms in relation to the suitability of both
substrates and optimal conditions prevalent
in the medium. Further, the ratio of maxi-
mal biofuel-gas production at 50% Ulva
reticulata amendment indicates the marine
methanogenic bacterial strain’s capacity to
be greater by 33.4% than the other strains
under the present experimental conditions.
For both strains, it is obvious that 50%
amendment of substrate generally provides
a longer period in high production of the
gas as compared to the other percentages.
Higher amendment levels were found to
cause too much frothing and inconve-
nience in substrate feeding and experimen-
tation, which culminates in inefficiency of
the process. Hence, it is concluded that the
optimal concentration of algal thalli amend-
ment seems to be in the region of 50%
(w/v).

pH calibrations of the marine methano-
genic bacterial strain system indicated that
for the first ten days there was a drop in
pH from 8.2 to 6.5 for most of the percen-
tages except for the control which remained
at 8.2. Thereafter until the 40th day the
pH fluctuated only between 7.3-7.8, requiring
no further buffering with alkaline solution
to maintain optimal pH conditions for bio-
fuel-gas production. This self-buffering
mechanism of regulating the pH in the
marine methanogenic bacterial strain system
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can be attributed primarily to the inherent
properties of seawater arising from the
silicate and calcium-carbonate buffering sys-
tems and the Iron Paradox. In the case of
the freshwater cattle manure methanogenic
bacterial strains system, the pH kept drop-
ping from ca. 8.0 to between 5.6-6.3, most of
the time, and all these systems required
daily adjustments in pH to 7.5-7.8 with 0.1N
NaOH solution.

Gas chromatographic analysis of the
evolved gas indicated the methane gas con-
tent to be 58%, while CO, was ca. 35% and
the remaining fractions were assumed to be
H,S, NH;, N, and O, as illustrated by
MECHALAS (1974) and WHELAN (1974).

Fig. 4 is a practical simple semi-continuous
integrated household unit biofuel-gas di-
gester and gas collector model derived from
a working system examined in the labora-
tory. The 50% (w/v) marine algal substrate
is fed down the inlet pipe to the bottom of
the first compartment of the double compart-
ment digester. The level of the liquid
substrate in the digester is controlled by
the overflow level of the outlet pipe. In
the process of digestion, the liquid travels
through the compartments and out of the
outlet pipe. Here, when assuming a digester
60 cm in diameter and 60 cm in height
(=fluid level), the system would theoretically
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Fig. 4. A practical simple semi-continuous
integrated household unit biofuel-gas digester and
gas-collector for algal and other household
organic waste substrates.

produce 601 of gas daily from 88.7 kg wet
algal thalli. Since the normal optimal
detention time of the substrate in the
digester is ca. 40 days, one canhave a
working semi-continuous integrated system
by feeding ca. 23 kg wet algal thalli every
ten days at 50% (w/v). Att his feeding
rate the detention time of each batch would
be 40 days, i.e. before final dischage in the
outlet pipe, which is the time required by the
substrate to travel from one compartment
to the other over the weir and out.

The produced biofuel-gas is trapped by a
floating drum, which acts as a gas storage
chamber. This accumulated biofuel-gas can
then be drawn off as needed for purposes
of lighting and cooking.

Discussion

It is obvious that the feasibility of biofuel-
gas production from marine algae is quite
promising and could be utilized efficiently in
countries where this natural marine resource
majorly goes into waste. The proposed
digester could be an economical asset to
rural fishing communities during this period
of the energy crisis. Further, besides em-
ploying marine algae as a substrate source,
the auxillary feeding of organic household
vegetable waste, poultry and human excreta
could also be.incorporated into this system.
In such instances, due to the higher content
of nitrogen in excreta, the yield of biofuel-
gas could be increased (MCGARRY 1980).

Comparison of the methane constitution of
the biofuel-gas produced from marine algae
(58%) to that of human and poultry ex-
creta (60-65%) indicates not a very drastic
difference. In countries where the concept
of excreta digesters are not readily accepted,
this proposal for the utilization of wasted
marine algae could possibly play the func-
tion of a forerunner for its acceptance.

The question of having either a marine
or freshwater methanogenic bacterial strain
digester system depends on the requirements
in the further utilization of the effluent
slurry as nutrient recycling. Normally,
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owing to the convertion of the digested
slurry into nutrients in available forms for
plant life, it is employed as soil conditioners,
or as enrichments in fishculture ponds.
However, the marine methanogenic bacterial
strains system slurry is not viable for the
former use because of the high content of
salts, which are detrimental to plant life.
Nevertheless, the usage of marine algal
substrates in digester systems should be
encouraged, due to the fact of the simplicity
in operational technology and the higher
biofuel-gas yield. The situation should be
otherwise when poultry and human excreta
are introduced into the digester as auxillary
feedings, which seems worthwhile to in-
vestigate in the future.

As a concluding remark, it can be sug-
gested that until the acceptance of marine
algae in the dietary habits of the Malaysian
community or its exploitation from the
standpoint of pharmaceutical drugs is per-
missable, algae of both economical and
noneconomical significance should be tapped
by the rural fishing communities as a sub-
strate in the production of biofuel-gas for
cooking and lighting purposes.
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