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ABSTRACT

This study evaluated the biogas production potential of water lettuce (Pistia stratiotes L.) by batch anaerobic di-
gestion under in-vitro conditions. Twenty-one litre-plastic jars were used to conduct 4 replications over 75 days.
The results showed that solution temperature, pH and Eh were suitable for biogas production. More than 50% of
the obtained CH, was formed within 17-42 days after incubation. The maximum daily CH, production was 0.052
L/gVS, whilst the daily H,S concentration was low, with a maximum value of 28 ppm within 14-21 d after incuba-
tion. Moreover, the peak of daily biogas production was seen at day 16 with production of 0.12 L/gVS. The results
highlight that water lettuce biomass can be potentially used to produce high quality biogas in anaerobic incubation.
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INTRODUCTION

Water lettuce (Pistia stratiotes L.) is a float-
ing aquatic plant, growing well in tropical and
subtropical freshwater areas. Under optimal con-
ditions, plant biomass can double after only 5
days, triple after 10 days and increase 9 times af-
ter a month (Fonkou et al., 2002). In the Vietnam-
ese Mekong Delta (VMD), biogas digesters have
been promoted to treat waste from small scale pig
farming activities in rural areas (MORE, 2016).
Here, the gas from biogas digesters is typically
used as an alternative energy supply for household
cooking instead of using firewood, liquid gas, or
electricity (Ngan and Klaus, 2012). Their applica-
tion can not only save costs for energy, but also
contribute to reducing pollutants discharged into
environment (Solh, 2010). However, the waste-
water after biogas digestion still has high nutrient
contents, in particular ammonia and COD were
found to vary between 106421 mg/L and 264—
789 mg/L, respectively (Hong and Lieu, 2012).
Some techniques, however, have been developed
for further pollutant removal (Viet et al., 2017;
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Trang et al., 2020). Owing to its rapid growth, wa-
ter lettuce can fully cover the surface area of the
biogas treatment system in the VMD and needs
to be removed and managed in appropriate ways.
Currently, it is used for composting (Cong et al.,
2021). During following pig harvest cycles or
disease outspread, biogas digesters typically lack
feedstock materials. Therefore, gas production is
insufficient for household usage and, as such, it is
necessary to identify additional feedstock mate-
rial sources. Ngan and Klaus (2012) found that
methane production was not significantly differ-
ent between 100% pig manure and 25% pig ma-
nure mixed with 75% spent mushroom compost
as feedstock materials. In turn, Nam et al., (2017)
found that the gas yield from using rice husk as
a feedstock was higher than that of using water
hyacinth. These findings indicated that plant bio-
mass can be used as alternative feedstock materi-
als for biogas generation, particularly in the case
of a lack of pig manure following harvest.

Water lettuce has been used to remove am-
monium in water (Linh et al., 2021) and can
potentially be used for removing nutrients from
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biogas wastewater. With its fast growth (Fonk-
ou et al., 2002), water lettuce biomass was
composted and applied as organic fertilizer for
growing water spinach (Cong et al., 2021). To
find out an alternative and sustainable way to
treat water lettuce biomass, this study was car-
ried out to determine its potential for producing
biogas at the lab-scale.

MATERIALS AND METHODS

Materials

The water lettuce grown in biogas digestion
wastewater ponds was collected from Nhon Ng-
hia Village, Phong Dien district, Can Tho city,
Vietnam. Thereafter, the harvested water lettuce
was transported to the College of Environment
and Natural Resources and left to dry naturally
in a roof house for 3 days. Before experimenta-
tion, the water lettuce characteristics such as hu-
midity, volatile solids, carbon, total nitrogen, and
total phosphorus were checked by using common
methods (Tables 1 and 2).

Experimental design

The study was carried out by batch anaerobic
digestion design using 21 L-plastic jars. However,
the real working volume was setto 17 L and 4 L for
air. The plastic jars included a gas collection and

Table 1. Characteristics of water lettuce used for
anaerobic incubation (n = 5)

ltems Unit Value
Humidity (%) 94 +0.3
Volatized solids (VS) (%) 65.6+0.5
Carbon (%) 38.0+0.3
Total nitrogen (%) 2.11+£0.01
CI/N ratio - 18.0+0.1
Total phosphorus (P,0O;) (%) 0.75 +£0.01

Table 2. Analytical methods for parameters

outlet sampling system, similar to that reported
by Nam et al., (2022). The jars were tested for
airtight conditions before incubating. Air was
pumped into each jar and kept continuously for
3 hours. Airtight-ensured jars were then used for
the experimentation. The initial organic loading
rate for each jar was set based on the volatile sol-
id (VS) weight of water lecture at 510 g VS per
jar. Each jar was then filled with a 2 L solution
from an operating biogas digester as a source of
methane bacteria and adjusted to reach 17 L with
a fill of de-chlorinated tap water (tap water after
3d continuously aeration). The incubation system
was replicated 4 times. Each jar was manually
shaken for 5 minutes to ensure the materials sank
in the inoculum.

Biogas volume and environmental param-
eters (pH, temperature, redox potential (Eh))
were measured at 15:00 every day. In turn, biogas
composition was measured on every 7" day. The
experiment was monitored for 75 days.

Statistical analysis

The daily concentrations of CH,, CO, and
H,S, and the production of CH, were compared
over sampling intervals by applying non-paramet-
ric statistic test (Chi-Square and Mann-Whitney
tests) using the SPSS 20.0 software. Significant
differences were considered at p < 0.05.

RESULT AND DISCUSSION

Environmental parameters

Temperature of solution

The results showed that the average tem-
perature ranged from 24.2-31.1°C (Fig. 1). The
trends in temperature were not stable due to the
influence of weather during the experiment.
This range of temperature is suitable for the
growth of methane-producing microorganisms

Parameter

Analytical method

pH/temperature/Eh

Direct measurement using a pH meter/Temperature meter/ Eh meter (HM-3IP - DKK TOA, Japan).

Humidity (%) Dry at 105°C to constant weight

Volatized solids (%)

Dry at 550°C for 3 hours (APHA, 1998)

Nigia (7oN) Kjeldahl method

Daily volume of biogas

Using a volumetric meter (Gas Meter - Ritter TG 02 and TG3-Mod. 2, Germany)

CH, CO, (%), H,S (ppm)

Using a meter (Gauge meter GA 5000, Geotech - England)
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Figure 1. Trends of solution temperature over experimentation period. Data presented mean + SD, n=4

(Gerardi, 2003). The results indicate that the
temperature in this study is in the suitable range
for biogas production.

pH of solution

It was found that the pH values ranged from
6.53 to 7.56 (Fig. 2). In the first 14 days, the pH
values decreased from 7.24 to 6.53; thereafter,
they increased gradually until the end of the ex-
periment. Ngan et al., 2020 suggest that in the first
14 d, hydrolysis and acid-producing stages oc-
curred leading to lowered pH. A similar process
may have occurred during the initial phase of the
present study, where organic matters were hydro-
lysed and formed volatile acids, leading to a low-
ered pH. Previous studies suggest suitable pH val-
ues for anaerobic digestion ranged from 6.6 to 7.6
whilst the optimal pH ranged from 6.8 to 7.2 (Mc-
Carty, 1964; Gerardi, 2003; Yadvika et al., 2004).

As such, the pH in this study is deemed suitable
for growing of methane-producing bacteria.

Redox potential of solution

The redox potential (Eh) fluctuated from
-261.25 mV to -61.5 mV. The Eh trend was found
to decrease gradually and reached its lowest level
on day 29 (-261.25mV); then, it varied around
-150mV (Fig. 3). According to Ngan et al. (2020)
biogas is produced most efficiently with an Eh of
less than -150 mV. In the present study, all values
of Eh are negative, and less than -100 mV after 10
days of incubation.

Quality of biogas

The methane (CH,) concentrations were
found to fluctuate over the experiment (Fig. 4a).
Initially, CH, increased steeply and reached its
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Figure 2. Trends of solution pH over the experimental period. Data presented mean + SD, n =4
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Figure 3. Trends in the Eh of solution over the experimentation period. Data presented mean + SD, n =4

peak at day 35 (62.2%). Afterwards, the trend
decreased gradually towards the end of the ex-
periment (20.7%). Between day 17 and day 42,
the concentration of CH, was mostly greater
than 50%. Similarly, the carbonic (CO,) con-
centrations were found to increase during the
first 2 weeks and then gradually decreased

towards the end of the experiment (Fig. 4b).
The peak CO, trend was measured at 48.1% on
day 14. The hydrogen sulphur (H,S) concen-
trations were found to fluctuate widely during
the experiment (Fig. 4c), reaching a peak (28
ppm) on day 14.

a) 8o b) 0
60. _—
£ £
I 0
O 40 4 o
S ©
c
é s 40
o
2 20 £
@ @
: §
8 O 20
0 4
T T 0 T
0 10 2 30 40 50 60 70 0 10 20 30 40 50 60 70 80
Time (day) Time (day)
c) ®
30 4

Concentration of H2S (ppm)
>

0 10 20 30

40 50 €0 70 80

Figure 4. Variation of biogas composition over the experiment; a) is trend of CH,. b) is trend
of CO,, and ¢) is trend of H,S. Letters denote insignificantly differences (p>0.05)
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The methane concentration in biogas pro-
duction is important for evaluating the qual-
ity of biogas. Verma et al. (2006) used water
hyacinth biomass (C/N = 17) to produce bio-
gas and found that the concentration of CH,
was 32% after day 2 and increased to 47.5%
at day 4, and then decreased to 35.2% at day
10 and 33.15% at day 20. In the present study,
the trend of CH, was also found to increase
and reached a peak of 62.2% at day 35 and
then decreased. The measured concentration
of CH, in the present study was higher than
that of water hyacinth and high concentrations
(more than 50% CH,) was observed between
days 17 and 42. Herout et al. (2011) found
that biogas composition depended on the type
of plant biomass used with concentration of
CH, fluctuating around 48-58% among differ-
ent materials (maize silage, maize silage and
grass haylage, maize silage, grass haylage and
rye grain) over 40 days, while the CO, concen-
tration ranged between 38% and 48%. Vindis
et al. (2009) found that on average the concen-
tration of CH, was 56.4% for 50% sugar beet
+ 50% maize feedstock over 5 weeks, while
concentration of CO, was 35.5%; In the case of
75% sugar beet + 25% maize, CH, was 59.1%
and CO, was 26.6%, respectively. In the pres-
ent study, the maximum CO, was 48.1%. Us-
ing a similar type of biomass, Ramaraj et al.
(2016) used duckweed to produce biogas under
the conditions of 23-28°C and found that the
concentration of CH, increased to the incuba-
tion time and reached a maximum value of
around 55% at day 4, whilst the concentration
of CO, varied between 30% and 40% during
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day 6 to day 45. Using a mixture rice straw
and shrimp sludge as incubation material, Nam
et al. (2022) found that the CH, concentration
varied from 45-50% during the days 15-25.

Hydrogen sulphur is an unwanted gas in bio-
gas production. High concentration of H,S pro-
duces an unpleasant smell, destroys equipment,
and produces lower quality for biogas. Herout
et al. (2011) found that the concentration of H,S
fluctuated widely among different incubated ma-
terials (maize silage, maize silage and grass hay-
lage, maize silage, grass haylage and rye grain)
over 40 days; The highest concentration was
more than 300 ppm for the combination maize
silage, grass haylage and rye grain as incubation
materials, more than 500 ppm in the case of maize
silage and grass haylage, and around 1,000 ppm
using only maize silage. Using duckweed to pro-
duce biogas under the conditions of 23-28°C, Ra-
maraj et al. (2016) found that the concentration of
H,S increased and reached its peak of 40 ppm at
day 3 and then decreased to around 10 ppm dur-
ing days 24-45. In the present study, the highest
concentration of H,S was 28 ppm,

Production of biogas

The trend of daily biogas production was found
to increase in the first 10 days, with maximum daily
production achieved on day 6 (0.03 L/gVS). After
day 10, the daily biogas production increased rap-
idly and reached the highest value on day 16 (0.12
L/gVS) and thereafter began to decrease gradually
to day 29 (Fig. 5a). The trend then increased again
and peaked at day 37 (0.05 L/gVS) and from then
on decreased to the end of the experiment.
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Figure 5. Biogas production over the experiment; a) is daily biogas production,
and b) is the daily CH, production. Data presented mean + SD, n = 4
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The trend of daily CH, biogas production
was found to fluctuate similar the trend of
daily biogas production; The first peak (0.053
L/gVS) was seen between days 14-21, with a
second peak (0.026 L/gVS) between days 28—
42 (Fig. 5b). Nam et al. (2022) investigating a
mixture rice straw and shrimp sludge (salinity
10.2 ppt), found that the daily biogas produc-
tion increased and reached a high production
between days 10-14 d after incubation at a
peak value of 6 L/kgVS (0.006L/gVS). In the
present study, the peak value of daily biogas
production was 0.12 L/gVS, which is approxi-
mately 20 times higher. The CH, concentra-
tion varied from 45-50% during day days 15—
25 after incubation. This indicates that water
lettuce can be used as a good material for pro-
ducing biogas.

High daily biogas production, the CH, con-
centration and production were found within
days 17-42 following incubations. Thereaf-
ter, these trends decrease to lower values and
seem to be insignificantly different after day
49. This suggests that at least 2—3 weeks are
required to obtain optimal biogas production.
This is an important note for making decision
to add additional material into the anaerobic
incubation system. Water lettuce can be used
to remove nutrients in water (Linh et al., 2021)
and plant biomass increases rapidly (Fonkou
et al., 2002). The findings from the present
study indicate that the water lettuce biomass
can be potentially used to produce good qual-
ity biogas and can be used as an additional
feedstock material for biogas systems lacking
feedstock materials.

CONCLUSIONS

More than 50% CH, was overserved within
days 17-42 after incubation and a maximum
daily production of CH, was 0.052 L/gVS.
The daily H,S concentrations were low, with a
maximum concentration of 28 ppm after days
14-21. The peak of daily biogas development
was seen within at least day 16 with a pro-
duction of 0.12 L/gVS. The water lettuce bio-
mass can be potentially used to produce good
quality biogas in anaerobic incubation in ru-
ral areas of the VMD. At least 2-3 weeks are
needed to achieve high biogas production.
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