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Abstract. Water hyacinth being one of the top invasive aquatic plants has brought upon various
challenges towards the humanity and the environment. The magnitude of the menace of
uncontrollable growth and spread of water hyacinth has sparked the interest of researchers in
identifying its potential as a biomass feedstock for biofuel production. Biomass gasification is
deemed as a promising green technology which is capable of converting biomass into value-added
commodity. Conversion of such large quantity of biomass into biofuel via gasification does not
only help to promote sustainable resource utilization but also facilitates the reduction of global
carbon impacts and engender socioeconomic development. The addition of catalysts to the
gasification process could enhance the formation of gaseous products where the gas composition
may be altered. This study aims to present the preliminary study on the gasification performance
of water hyacinth biomass in a lab scale fixed-bed downdraft gasifier (67 mm diameter and 750
mm height), with the use of air as the gasifying agent in a batch feeding of 50 grams for each run.
The results showed that temperature has a substantial effect on the gasification of water hyacinth
whereby hydrogen produced was raised from 2.92 vol.% to 11.19 vol.%. Further gasification tests
are expected for the optimization of the main process parameters such as biomass particle size and
catalyst loading.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 license. Any further distribution of
this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI. Published under license by Materials
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Introduction

Water hyacinth, with its scientific name known as Eichhornia crassipes, is regarded as a potential
and economically viable feedstock for biofuel production via thermochemical conversion. It was
reported that water hyacinth comprises of higher cellulose and hemicellulose contents in
comparison to algae [1]. Water hyacinth has been perceived to be one of the worst aquatic weeds
due to the tremendous challenges brought upon the urban management as a result of its abundance
and rapid reproduction rate. In fact, water hyacinth has been a major encumbrance to fishing and
hydroelectric schemes while also causing disruption to navigation and irrigation systems [2].
Biomass gasification would be an appropriate alternative solution for managing such large amount
of aquatic plant biomass and help to eradicate the excessive amount of water hyacinth present in
the ecosystem. Meanwhile, such initiative could also facilitate the paradigm shift to alternative
renewable energy sources and possibly reducing the heavy reliance on the dwindling supply fossil
fuels for most industrial activities [3,4,5,6,7,8,9,10,11]. Utilization of conventional fossil fuel
resources often times contribute a huge share to the net greenhouse gas emission. Hence,
exploration of potential alternative renewable and sustainable energy resources is much needed
not only for reducing the global carbon footprint but also be able to meet the ever-increasing energy
demand by the rapid population growth.

Gasification process involves the conversion of organic or carbonaceous materials into gaseous
products such as carbon monoxide, hydrogen, methane and carbon dioxide via high temperatures
for wide application such as power generation, liquid fuels, production of hydrogen, ethanol, and
methanol [12]. Partial oxidation reaction is involved where the amount of oxygen/air, steam or
combination of these two oxidizing agents is controlled and introduced into the system.
Gasification outweighs other thermochemical conversions in terms of syngas production as it is
capable of transforming biomass into syngas with low net CO; emissions. There are some studies
on the gasification of water hyacinth in the literature. [13] studied on the supercritical water
gasification of water hyacinth and examined its potential against biomethanation. Results showed
that gasification offers better conversion and energy efficiency of 64.8%. However, it was lack of
in-depth study on the thermal degradation behaviour and kinetic parameters related to the
gasification of water hyacinth.

Most researchers investigating on conversion of water hyacinth have mostly employed the
pyrolysis process. Study conducted by [13] involved catalytic pyrolysis of water hyacinth using
KCI, MgO and CaO catalysts whereby the optimum conditions for attaining maximum syngas
were studied. [14] reported on the maximum bio-oil yield of 44.9 wt% achieved at 350°C with
heating rate of 30°C/min and particle size of less than 0.5 mm via pyrolysis of water hyacinth. [15]
found that the optimum concentration of ferric chloride solution for maximum syngas production
from pyrolysis of water hyacinth at 540°C was 2M with syngas composition of 42% H> and 22%
CO. Notably, these studies have converted water hyacinth into valuable commodity via pyrolysis
but yet to investigate on the kinetic parameters of the thermal degradation of water hyacinth.
However, [16] had evaluated on the bioenergy potential and kinetic parameters of the pyrolysis of
water hyacinth. Nonetheless, there was no studies reported on the catalytic gasification of water
hyacinth biomass for syngas enriched hydrogen production and hence this preliminary study
intends to investigate on the effect of temperature on the gasification of water hyacinth.

This research involves gasification of water hyacinth biomass for producing syngas enriched
hydrogen. It could be a solution to the major issue of the abundance of water hyacinth especially
in Malaysia and thereby possibly alleviating the negative impacts of water hyacinth brought to
both human and local ecosystems. For instance, the removal of water hyacinth which occurred to
be nutrient extraction tool in Lake Victoria was found to have reduced algal blooms as nutrients
level in its surrounding was decreased. Furthermore, the rate of disease spreading could be reduced
as schistosomiasis and malaria were found to be associated to the spread of water hyacinth [17,18].
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Moreover, production of syngas by gasification of water hyacinth could be used for multiple
applications such as electricity generation as it can be directly used in engine, steam or gas turbines
as well as fuel cells. Syngas could also be employed to produce chemicals for commercialization
such as ammonia, methanol and Fischer Tropsch diesel [19].

This study may offer a solution by utilizing the wet biomass found in ASEAN countries and
thereby encourage the development of renewable and sustainable energy while also resolving the
negative ecological impact brought by the aquatic weeds such as water hyacinth. Furthermore, this
could be part of the initiatives for attaining a circular bioeconomy approach in phytoremediation
through gasification or pyrolysis of biomass. For instance, production of biochar may be applied
for multiple applications such as conductor or electrode in fuel battery, adsorbents to remove the
aquatic pollutants and catalysts in green industry. Furthermore, gasification technology is deemed
to possess better carbon sequestration potential (146—264 kg C/ton) when compared to combustion
(~87 kg C/ton) and anaerobic digestion (146 kg C/ton) [20]. This would aid in achieving low
carbon footprint as well as reduction in greenhouse gas emissions.

Methodology and Methods

Water hyacinth (WH) was extracted from the lake of Curtin University, Malaysia. WH biomass
was dried under sunny days for 36-48 hours and further dried in oven at 105°C for 4 hours. The
dried biomass was then grounded and sieved to particle size of 4 mm for preliminary gasification
experiment.

Gasification Experimental Setup

The gasification system consists of a gasifier, a temperature controller, an air compressor and a
cleaning system. The gasification experiment was conducted in a lab-scale gasifier which operates
in allothermal mode. The gasifier is composed of a vertical cylindrical casing of 750 mm height
and 67 mm internal diameter, which is enclosed within a ceramic electric heater of 1.25 kW. Prior
to the 50 g batch feeding of each experimental run, the gasifier has to be cleaned. The temperature
microcontroller which employs the Type-K thermocouple is responsible for the temperature
adjustment. The gasification temperature used for this study is range from 600 to 800°C. An air
compressor is connected to the gasifier for air supply which is regulated by a rotameter. A constant
air flow rate of 2 L/min was supplied to the gasifier. A 4.0 pm ceramic filter is affixed for filtering
possible particulate matter in the gas sample prior to entering the gas analyzer. The gaseous
products exit from the bottom of the gasifier and flows through a tube connected to the cooling
and filtering unit and enters the gas analyzer (X-STREAM X2GP model). The gas analyzer
provides information on the gas constituents in terms of volume percentage.

Results and Discussion

The operating temperature employed to gasify water hyacinth biomass for investigation purposes
range from 600 to 800°C. As illustrated in Table 1, the gaseous products generally increase
alongside with the increment of temperature except for carbon dioxide (CO;) content.

Table 1: Gas composition from gasification of water hyacinth at different temperatures

Temperature CcoO CO: CH4 H: H>+CO H:CO
“°C) [vol.%] [vol.%] [vol.%] [vol.%] [vol.%]
600 4.59 14.6 4.56 2.92 7.51 0.389
700 9.10 22.48 5.07 5.74 14.84 0.631
800 15.06 20.48 8.63 11.19 26.25 0.426
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A huge leap in hydrogen (Hz) and carbon monoxide (CO) content, from 2.92 to 11.19 vol.%
and 4.59 to 15.06 vol.% respectively, is observed when temperature is raised from 600 to 800°C.
Study conducted by [21] have shown similar trend in the hydrogen content which was increased
from 7.28 to 14.59 vol.% when temperature was increased from 700 to 900°C. It was reported that
the gasification of cellulose with temperature increasing beyond 930°C was found to cause the
decline in hydrogen (H2) production [22]. However, the desirable gasification temperature range
for maximizing hydrogen production is also subjected to the gasifier, gasification agent and
biomass feedstock used. [22] reported that a reduction in H> composition was observed from the
gasification of rice husk and rice straw while corn cob exhibited greater amount of H» production,
when pure steam was employed as the gasifying agent.

Due to the increasing trend of carbon monoxide (CO) and hydrogen (H>), the syngas produced,
which is mainly the sum of CO and Hb», from the gasification process shows significant increase
from 7.51 to 26.25 vol.%. The proportional relationship between the H>+CO composition and
temperature could be attributed to the endothermic reactions (primary and secondary water gas
reactions, Eq. 1-2, and Boudourd reaction, Eq. 3) which may have prevailed over the methanisation
reaction (Eq. 4) [23-25]. This is because high temperatures favours the right side of the equilibrium
reactions for endothermic reactions and hence promotes the formation of H, and CO.

C + H,0 < CO + Ha AH,= 131.3 kJ/mol (1)
C + 2H,0 <> CO, + 2H, AH,=90.2 kJ/mol )
C +CO, <> 2CO AH, = 172.5 kJ/mol 3)
C +2H; < CHy AH, = -74.9 kJ/mol (4)

Based on the tabulated results in Table 1, it can be deduced that the temperature of 700°C could
be the ideal gasification temperature for high quality syngas due to the high H»:CO ratio of 0.631
which is a significant increment of 62.2% compared to the H2:CO ratio at 600°C.

Pertaining to the composition of carbon dioxide (CO>), it shows an increase from 14.6 to 22.48
vol.% when temperature was raised from 600 to 700°C which later decreases to 20.48 vol.% when
the gasification temperature was further increased to 800°C. It was presumed that the decline in
CO; content would be due to the prevalence of Boudourd reaction (Eq. 3) at higher temperature
which consumes the CO» produced from partial oxidation (Eq. 5), secondary water gas (Eq. 2) and
water gas shift (Eq. 6) reactions [24,26,27].

C + 0, < CO; AH, = -394.1 kJ/mol (5)
CO + H20 <> CO, + Ha AH; = -41.2 kJ/mol (6)

With regards to methane (CHa4) content, Fig. 1. shows a rather relatively minor increment in the
CH4 composition as the temperature increases when compared to the other gases. Regardless, the
increasing trend is also observed in the study conducted by [23] whereby grapevine pruning waste
was gasified using air as the gasifying agent which is also employed in the present study. Despite
so, it can be construed that CH4 production is not greatly affected by the gasification temperature
but rather due to the pyrolysis process as minor changes in CHs composition was observed in
several studies [24,28,29] . The slight change is attributable to the formation and displacement of
CHs4 involving exothermic reactions (methanation, Eq. 7 [30], methane steam reforming reaction,
Eq. 8 [24], and combustion reaction, Eq. 9 [30]) which are favoured at low and high temperatures
respectively [23,24,31].
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C+2H; « CHy AH;= -74.9 kJ/mol (7)
CH4 + H20 < CO2 + 3H2 AH;= 206.2 kJ/mol (8)
CH4 + 202 « CO2 + H20 AH;= -802.3 kJ/mol 9)
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Fig. 1: Effect of temperature on gas composition
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