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Abstract. Several aquatic plant species were identified as aquatic pollution of
Lake Toba, North Sumatra (Indonesia); specifically, water hyacinth Eichhornia
crassipes and aquatic weeds Hydrilla verticillata and Myriophyllum spicatum due
to their high biomass yield which causes impenetrable mats at the bottom and
surface of the lake. That complicates other vegetation growth and utilization of
water areas for fishing or recreation. In attempt to clean the lake and prevent
plants expansion, great amount of plants populations are removed from water but
subsequent efficient utilization of such aquatic biomass is not ensured. Present
research investigated energy potential of aquatic biomass originated from
mentioned aquatic plants from Lake Toba and its possible utilization for energy
production by direct combustion. Performed chemical analysis contained from
determination of moisture, ash and volatile matter contents and calorific values.
Evaluation of results proved highest suitability and energy potential of Eichhornia
crassipes with gross calorific value (GCV) 16.31 MJ-kg™!, followed by Hydrilla
verticillata with GCV 15.24 MI-kg™!. Samples of Myriophyllum spicatum
exhibited unsatisfactory results due to its low GCV (11.27 MIJkg™!) in
combination with high ash content (36.99%) which indicates complications during
combustion, thus, low energy production efficiency and overall unsuitability for
combustion purposes.

1. Introduction

Agricultural sector in Republic of Indonesia is characterized by production of abundant
amount of various agricultural residues [1]; it corresponds to approximately 146.7 million
tons of such residues produced every year [2]. Such residues represent waste biomass with
great potential for energy generation by combustion methods and can be used as a source of
clean and renewable energy [1; 3]. Nevertheless, not only large—scale manufactures producing
agricultural residues are source of suitable biomass for energy production; various kinds of
waste biomass with no other purposes can be also found in Indonesia, namely, herbaceous,
wood, fruit or aquatic biomass [3].

Aquatic biomass includes biological wastes originated from aquatic plant species; most of
them provide benefits for environment during their lives, however, some specific species
represent serious issues due to their profuse vegetation and invasive behaviour [4, 5]. Several
aquatic weed species wildly growing in water areas in Indonesia were considered as
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undesirable members of local ecosystem by previous studies [6, 7, 8] that identified as local
aquatic pollution mainly water hyacinth Eichhornia crassipes and aquatic weeds Hydrilla
verticillata and Myriophyllum spicatum.

There was monitored and evaluated presence of mentioned plants populations, which are
considered as an aquatic pollution, in the water areas of Lake Toba (see in Figure 1), the
largest lake (surface area 800 km?) in tropical Asia located in the middle of North Sumatra [5,
8, 9]. Lake Toba, represents frequently visited tourist destination and is considered as a
natural wonder, therefore there is an effort to eliminate the population of undesirable aquatic
weed species [10]. Mentioned aquatic plant species are characterized by extremely high
biomass yield which forms desirable thick impenetrable mats at the bottom and surface (large
floating islands of plants) of the lake [10, 11] which exclude other vegetation growing and
complicate utilization of water areas (activities such as fishing, irrigation, energy generation
or recreation) [12]. To prevent all mentioned negative impacts of identified aquatic plant
species, the existing plants populations are removed from water by manual or mechanical
harvesting (heavy machinery) in attempt to clean the lake and prevent further plants
reproduction [8, 13]. Identical harvesting techniques were also documented in case of aquatic
pollution of Lake Rawa Pening, Central Java [14] and Lake Tempe, South Sulawesi [15].

Figure 1. Aquatic pollution of Lake Toba: a) Eichhornia crassipes, b) Hydrilla verticillata,
¢) Myriophyllum spicatum (manual harvesting) [Authors data]

Such a harvested aquatic biomass is occasionally utilized as cheap fertilizer or livestock
feed by small scale farmers but-majority is left without subsequent effective utilization [14,
16, 17]. Nowadays, investigations focused on effective utilization of aquatic biomass were
performed, mainly focused on biofuels production. Specifically, a transformation of present
aquatic plans species into the liquid biofuel (bioethanol) and gaseous biofuel (biogas) was
investigated directly in Indonesia [18, 19]. Investigations focused on production of solid
biofuel (in form of briquettes) were performed with satisfactory results in Nigeria [20], Kenya
[21] and Zimbabwe [22] where the aquatic pollution of water areas is also widespread.
Mentioned studies proved potential of investigated aquatic plant for biofuel production within
testing of mechanical and chemical quality of produced briquette samples.

Main aim of present study was to monitor and evaluate the energy potential of aquatic
waste biomass originated from Lake Toba, Indonesia. Especially wildly growing aquatic plant
species Eichhornia crassipes, Hydrilla verticillata and Myriophyllum spicatum. Experimental
investigation was focused on potential of mentioned aquatic plant species for direct
combustion and subsequent energy generation.
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2. Materials and Methods

Whole experimental investigation was performed within mechanical and chemical analysis of
selected investigated materials describing their suitability for energy generation by direct
combustion, as well as evaluation of observed results was conducted to technical mandatory
standard which describes all processes of specific measurements and tests in detail and states
required levels of specific biofuels quality indicators. Namely, following standards were used
in the present research: EN ISO 17225-1 (2015), EN 152341 (2011), ISO 16559 (2014), ISO
18134-2 (2017), EN ISO 18122 (2015), EN ISO 18123 (2015), EN 14918 (2010) and ISO
1928 (2010).

2.1. Materials and samples

Wildly growing aquatic plant species originating from water areas of Lake Toba, North
Sumatra, (Indonesia)were used as investigated biological materialsfor experimental
measurements of present study; namely, Eichhornia crassipes, Hydrilla verticillata and
Myriophyllum spicatum(expressed in Figure 2). Whole bodies of mentioned plants were
harvested manually from water areas and collected during summer season from August to
September 2016 in district of Laguboti, Regency of Toba Samosir and in surroundings of
Samosir Island, Regency of Samosir.
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Figure 2.Investigated aquatic plants:a) E.crassipes, b) H. verticillata, c) M. spicatum[Authors data]

2.2. Experimental methodology

Primarily, raw samples were subjected to determination of initial moisture content directly
after harvesting by using of laboratory oven Daihan Labtech, type LDO—-080F (New Delhi,
India). Secondary, previously dried materials were grinded into fine powder (<0.1 mm) and
used for determination of ash and volatile matter contents by using of thermo gravimetric
analyser LECO, type TGA 701 (Saint Joseph, United States). Subsequently, a gross calorific
value determination was performed by using of isoperibol calorimeter LECO, type AC 600
(Saint Joseph, United States) and net calorific value was calculated using appropriate
formulas according to standard ISO 1928 (2010).

3. Results and discussion

Presence of investigated aquatic plants species and aquatic pollution was proved in case of
Lake Toba by initial visual evaluation of target area. A great amount of vegetation growing in
Lake Toba in the form of floating macrophytes (E. crassipes) and submerged macrophytes
(M. spicatum and H. verticillata) was observed.
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Chemical analysis of selected aquatic plants performed by
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experimental testing exhibited

result values of main chemical quality indicators which are resulting in the issue of plants
suitability for energy production by direct combustion. Detail values of specific tested
materials parameters are noted in Table 1 and statistical analysis of obtained result values is

expressed in Table 2 (see below).

Initial moisture content of all investigated samples exhibited extremely high values. Such
results were expected if considered the taxonomic classification of plants. However, low
amount of dry matter content (12.2% in average) could be considered as a limitation due to
higher demand on biomass quantity collection. Recommended moisture content of feedstock

material for solid biofuel production is <10% [23], therefore,

proper preparation (drying) of

raw material before utilization for combustion purposes would be necessary. However, body
structure of selected aquatic plants is easily dryable, thus, solar power can be used for that

purpose.
Table 1.Indicators of investigated aquatic plants chemical quality
GCV SD NCV SD AC SD MC SD VMC SD
MIkgh) MIkgh (Mlkgh) MIkgh (%) (B (B (B (B (%)
E.crassipes 16.31 0.10 15.09 0.09 11.60 029 853 0.02 8741 1.20
H. verticillata 15.24 0.42 13.93 0.38 1553 1.11 885 0.02 8041 430
M. spicatum 11.27 0.15 10.58 0.14 36.99 0.15 89.6 0.02 5836 0.79

(GCV - gross calorific value, NCV — net calorific value, SD — standard
moisture content, VMC — volatile matter content)

deviation, AC — ash content, MC —

Table 2. Statistical analyses of measured data

GCV NCV AC
trat tcrit 1;ral 1;crit trat tcrit
: (&) (&) (&) (&) (&) (&)
E. crassipes 4.29 0.96 5.08 0.96 5.94 0.96
H. verticillata
E. crassipes 4873 096 4665 096 547 096
M. spicatum
H. verticillata 1540 096 1418 096  7.66 096

M. spicatum

(GCV — gross calorific value, NCV — net calorific value, AC — ash content)

Statistical analysis using standard two tailed paired t—test (Table 2) between determined
data for investigated aquatic plants showed that compared result values of GCV, NCV and ash
content are significantly different from each other. The significance of the analysis results was
based on values of tuit being lower than trat values with level of significance 0.05.

Evaluation of ash content result values indicated low level of present parameter; such
results are undesirable because they indicate complication during combustion of materials,
thus, related lower combustion efficiency and lower energy potential. Ash content is primarily
related to kind of biomass; wood biomass always exhibited lower ash content in compare with
other kinds [24]. Considering herbaceous biomass, a rice husks representing one of major
agriculture residues in Asia, also exhibited high result values of ash content equal
approximately 20% [25]. Ash content can be also influenced by contamination of biomass by
external particles. In case of investigated aquatic plants, it could have been caused by sand or

soil impurities contamination.
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Figure 3. Energy potential of various kinds agriculture residues [*Authors data; 25-30]

Mentioned relation between high ash content and low combustion efficiency was directly
proved by result values of calorific values. Focused on the energy potential, E. crassipes
sample sex hibited highest level of net calorific value, followed by H. Verticillata samples
and lowest level was achieved by samples of M. spicatum (extremely high ash content).
Comparison of obtained result values with other kinds of waste biomass commonly used for
energy production(expressed in Figure 3)describes that investigated materials exhibited lower
level of energy potential, nevertheless, E. crassipes and H. verticillata exhibited satisfactory
level, but level of net calorific value of M. Spicatum was very low and represented
unsatisfactory result. Overall evaluation of obtained result values of chemical quality
indicators proved suitability of E. crassipes and H. verticillata for combustion purposes with
subsequent energy production. Samples of M. spicatum exhibited unsatisfactory results due to
its extremely high ash content in combination with low net calorific value which in dequate
combustion properties of material, thus, it would represent low quality biofuel.

4. Conclusion

Summarizing of all observed findings related to chemical composition and energy potential of
investigated aquatic plants, the utilization of Eichhornia crassipes and Hydrilla verticillata
for energy production by combustion can be recommended. In general, energy potential
(calorific values) of investigated aquatic plants occurred at lower level in comparison with
other biomass types. Such a limitation can be improved for example by transformation of
biomass into solid biofuel which increases calorific values of final products. Although,
several limitations were identified within selected plants energy potential, it is also important
to consider that utilization of such waste biomass is an important step of proper waste
management within the actual effort to clean water areas of Lake Toba.This factmust be
considered as positive aspect of such materials utilization for energy production, as well as,
low financial demands for the acquisition of such materials. Extensive aquatic plants
populations already exist and after harvesting becoming aquatic waste biomass; potential
renewable source of energy with no financial demands for its cultivation.
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