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OBJECTIVES Microalgae have proven to be a promising
resource in renewable energy search; Products such as
bio-oils could contribute to the replacement of petroleum.
The objective of this investigation is to determine the de-
composition mechanism, obtain the kinetic reaction, as
well as evaluate the potential to obtain microalgae bio-oil
through microwave-assisted pyrolysis (MAP). MAP is a new
thermochemical conversion from biomass to bio-oil that
is faster, efficient, controllable, and flexible, compared to
conventional pyrolysis, rapid pyrolysis, or instant pyrolysis.
As raw material in this experiment, Indonesian microalgae,
Botryococcus braunii was used. METHODS The investigation
focused on the temperature effect (100-300 °C) and the
residence time (10-30 min); a modified microwave oven
was used with a power of 900 W. Hexane was used for
the extraction of bio-oil. The bio-o0il composition was
measured with gas chromatography of mass spectrometry
(GC-MS) and then this data was used to evaluate a kinetic
model and calculate the constant kinetic reaction of the
pyrolysis process. RESULTS The results indicated that bio-oil
production begins from 100 °C, however, temperatures
between 200-250 °C favor the production of bio-oil, while
temperatures above 250 °C and the long residence time
prioritize the production of bio-gas. Regarding the kinetic
evaluation, the reactions seem to show from third to sixth
order with an activation energy (E) of around 30 kj/mol and
a pre-exponential factor (In A) of around 9 s™1. CONCLUSIONS
Based on GC-MS Analysis, the bio-oil contains short chain
alkanes, cycloalkanes, organic acids as well as aromatic,
phenol, benzene compounds. On the other hand, although
small amounts of oil were achieved, the decomposition
of biomass was up to 50% favoring gas production, these
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results indicate that MAP has potential in the obtaining of
biofuels such as bio-gas and bio-oil.
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1. INTRODUCTION

The cultivation of microalgae presents an alternative to the
future, the development of new technologies will allow the
reduction of costs in the production of biofuels, it should be
noted that microalgae are the main CO; capacity to convert it
into biomass, as well as composition of the microalgae allows
the choice not only of microalgae but also of other products of
interest, such as pigments and proteins (Demirbas2010). The
main constituents of microalgae remain carbohydrates, pro-
teins, and lipids but their proportion varies greatly with the
type of microalgae, nutrients, and culture conditions such as
light, salinity, pH, aeration, and temperature. Botryococcus
braunii (B. braunii), a green microalgae, is a rich source of re-
newable hydrocarbons. It has attracted much attention for
its potential to generate biofuels (Ali et al. 2018). B. braunii
is characterized by unusually high hydrocarbon content, re-
ported to reach up to 75% of the dry weight of the cell (Baner-
jee et al. 2002). Hydrocarbons obtained from microalgae by
extraction are converted to hydrocarbons with lower degrees
of unsaturation and shorter chain lengths, due to their suit-
ability as a liquid fuel. This process is normally carried out
by pyrolysis; A thermochemical process by which hydrocar-
bons are converted into oil more easily extractable by ther-
mal cracking. Pyrolysis is receiving a lot of attention as a pro-
cess of choice to convert algae biomass to biofuels. It is a
complex conversion process that is highly influenced by com-
position, properties, and operating conditions. Pyrolysis is
a promising and inexpensive way to extract energy from mi-
croalgae because it is difficult to recover all the oil from its in-
tracellular structure. This process involves the thermochem-
ical decomposition of organic structures in an inert atmo-
sphere, in non-condensable gases, condensable liquids and
solid residues, which may be in the presence or absence of a
catalyst. Pyrolysis generally involves three important steps
including (a) removal of moisture, (b) organic decomposition
structures, (c) and slow disintegration of residual solids (Ali
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etal. 2018).

Emphasizing the pyrolysis process, microalgae biomass
can be converted to biofuel by taking advantage of its full
composition without using expensive equipment and tech-
nologies. Pyrolysis is the decomposition of organic matter
to more basic components through high temperatures in the
absence of oxygen (Lee et al. 2019). The pyrolysis typically
refers to a process by which the biomass is thermally de-
graded at moderate temperatures (350-700 °C in absence
of oxygen. It produces solid, liquid, and gaseous products.
These products are interesting, as they are likely alternate
sources of energy and/or chemicals. Therefore, the study of
pyrolysis has been gaining increasing importance. (Marcilla
etal. 2013).

Microwave-assisted pyrolysis (MAP) is a relatively new
technique that has been developed and investigated in re-
cent decades. This process offers several advantages over
traditional processes, including uniform internal heating of
large biomass particles, ease control, and no need for ag-
itation or fluidization, and hence less particles (ashes) in
the bio-oil. Investigated the microwave-assisted pyrolysis
of Chlorella vulgaris under different microwave power levels,
catalysts and contents of activated carbon and solid residue.
In this study, the microwave power of 1500 W and 2250
W were found to be optimal for obtaining the maximum
bio-oil yield of 35.83% and the maximum bio-fuel yield of
74.93%, respectively. The research indicated that the maxi-
mum temperature rising rate and pyrolysis temperature be-
came higher as the microwave power increased. Further-
more, it has been shown that the pyrolysis reaction can been
handed by mixing C. vulgaris with catalysts. Under this study,
activated carbon exhibited the best catalysis action followed
by the solid residue (Marcilla et al. 2013).

In pyrolysis the main objective is to decompose mat-
ter through thermal energy, the difference of microwave-
assisted pyrolysis compared to conventional pyrolysis is that
microwave heating occurs through the transfer of electro-
magnetic energy to thermal energy. In addition of some ad-
vantages that are presented is the ability of the electromag-
netic waves to penetrate the material and store it in the vol-
ume of the sample, which eventually results in the genera-
tion of heat throughout the volume. Due to this the distri-
bution of heat is uniform and faster compared to conven-
tional pyrolysis. This presents another pair of advantages
such as requiring a shorter residence time, lower tempera-
tures and greater selectivity since a uniform heat distribu-
tion prioritizes the main decomposition reaction, preventing
secondary reactions, which means greater control in the pro-
cess (Zhao et al. 2012). Microwaves have been applied to var-
ious pyrolytic biomass materials in recent years and the re-
sults showed that microwave pyrolysis could generate higher
quality products compared to conventional heating (Dong
and Xiong 2014).

Microwaves are electromagnetic waves with frequencies
between 300 MHz and 300 GHz, and therefore the corre-
sponding wave lengths are between 1 mm and 1 m. Mi-
crowave heating includes two mechanisms: one is dipole ro-
tation, and the other is migration ion. Both can heat ma-
terials quickly and evenly. Microwave heating is also selec-
tive and energetic (Huang et al. 2013). Regarding the mech-
anism of action, the sample is placed inside the microwave
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where after a short time (about one minute) it begins to heat
up (Huang et al. 2013). This is since at first the material of
the sample absorbs the radiation and after that it absorbs
enough radiation. It is converted into thermal energy, which
translates into an increase in the temperature of the sam-
ple. Variables to be considered are the maximum tempera-
ture and the maximum heating speed which depend on the
microwave power level, which will be detailed later.

Finally, regarding the reaction mechanism, the Broido-
Shafizadeh model (Bradbury et al. 1979) can be considered.
There are 2 main stages, the first one is where the volatile
non-condensable, volatile condensable and intermediate
solids are generated, and the second one is where the inter-
mediate solids are decomposed into volatile non condens-
able and solid residues. The microwave power levels are gen-
erally 200-500 W. Power levels of the 200 W type favor the
production of liquids by decreasing gasification in the first
stage, while at higher microwave power levels of the 500 W
type, the intermediate solid would undergo gasification to
produce more gases. Regarding the kinetic analysis, the ther-
mogravimetric analysis (TGA) and the use of the Arrhenius
equation are necessary.

In pyrolysis and roasting, maximum temperature, resi-
dence time, and biomass composition (biomass type) are the
most varied parameters in an experimental montage. How-
ever, when using microwave (MW) heating other parameters
such as MW power, reaction time, heating rate and type of
absorber must be considered. The MW power is important
because the general performance (solids, liquids, and non-
condensing gases) and the maximum temperature depend
on it. According to roasting studies using wood biomass,
a fixed temperature (200 °C) and various MW power lev-
els (600, 900, 1200 W). They discovered that the MW power
level influences the product yields, the characteristics of the
roasted solid biomass, the biofuel compounds, and the com-
position of the derived gas. Likewise, the MW power level is
directly proportional to the heating rate. Furthermore, it was
observed that the coal yield decreased with anincrease in the
MW power level. Methane (CH,4) was obtained at a low reac-
tion temperature and a high level of MW power. An increase
in MW power level caused a decrease inboth C/Hand C/O
ratios (Wu et al. 2014).

According to other studies on the influence of the MW
power level on the heating rate and the maximum temper-
ature. Regardless of biomass type, higher MW power levels
resulted in higher heating rates, which led to higher max-
imum temperatures, higher temperatures can be counter-
productive to biomass properties by generating secondary
cracks (pyrolysis). Due to this, several authors recommend
MW power levels between 150 and 300 W, which generates a
low heating rate, which takes a heating rate of less than 50 °C
/min (Huang et al. 2012; Satpathy et al. 2014; Wang et al. 2012).

Microwave-assisted pyrolysis applies electromagnetic
waves to interact with matters (Lin et al. 2017). Which is vol-
umetric and instantaneous. Therefore, biomass can be in-
stantaneously heated to the desired temperature, with more
energy efficient and less secondary reaction than conven-
tional heating and fast microwave-assisted pyrolysis technol-
ogy has been applied to produce biofuels successfully (Bund-
hoo 2018). Figure 1 shows the process flowchart of the mi-
crowave pyrolysis.
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FIGURE 1. Flowchart microwave-assisted biomass pyrolysis process.

In this work, the pyrolysis kinetics of B.braunii subjected
to microwaves were studied considering the influence of the
heating rate and temperature. the kinetic parameters of
Botryococcus b pyrolysis were determined. Based on the
dominant reaction region, including activation energy, re-
action order, and frequency factor. These data can be use-
ful both for the design and optimization of reactors and for
a greater utilization of the biomass resources of microalgae
Botryococcus b. The use of MAP is a recent process, so there
is little research on it compared to other pyrolysis processes.
Likewise, the use of microalgae is also recent compared to
other biomasses.

2. RESEARCH-METHODOLOGY

2.1 Materials

Microalgae flour with Botryococcus braunii species. Ob-
tained from BPBAP (Balai Brackish Aquaculture and Fish-
eries) Situbondo, East Java. Was used as biomass feedstock
in this experiment, the biomass contained 17% of moisture. A
thermal gravimetric analysis was used to determine the prox-
imate and ultimate analysis of the biomass. Nitrogen gas (N,)
obtained from PT. Industrial gas Samator, Yogyakarta. Gran-
ular activated carbon as absorber from CV Progo Mulyo Store.
N-hexane with 99.8% content produced by Merck.

2.2 Experimental apparatus and procedures

The pyrolysis experiments were conducted in Electrolux type
microwave with an output power of 900 watts and a capac-
ity of 2.5 liters, in the microwave there is a reactor that mea-
sures a liter, and a ball cooler of 3 cm in diameter and 50 cm
of height, magnetic stirrer and controller to control the tem-
perature and speed of agitation. The equipment is shown in
Figure 2. The test was carried under N, atmosphere with a

TABLE 1. Proximate analysis Botryococcus braunii.

Analysis parameter %
Proximate
Ash 53.86
Ultimate
Total Sulfur 0.29
Carbon 11.72
Hydrogen 3.20
Nitrogen 17
Oxygen 29.23
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FIGURE 2. Microwave assisted extraction device.

flow rate of 200 ml/min. About 10 g of biomass was used in
each experiment. The sample mas mixed in a ratio 1:3 with
activate carbon, the activated carbon was previously heated
t0 200 °C per 20 min to eliminate the moisture present on it.

The temperature is akey parameterused in kinetic analy-
sis to calculate activation energy. However, accurate temper-
ature measurement is very difficult under microwave field
because of the non-uniform distribution of electric field in-
tensity. In this study the sample was heated from room tem-
perature to 100, 150, 200, 250 and 300 °C for a heating time
about 10, 20 and 30 min. The temperature and weight data
are automatically collected and recorded by the data acqui-
sition system during the experiments. All experiments were
carried out in triplicate.

To extract the bio-oil it is necessary to use a solvent to
separate the solid waste from the bio-oil, for this purpose it
is mixed with hexane in a certain proportion (3:1), mixed by
means of a magnetic stirrer and a temperature of about 40
°C, for about 1 hour. After mixing with the n-hexane, the hex-
ane together with the bio-oil is in the upper layer of the mix-
ture and is separated from the mixture with the help of a vol-
ume pipette. From this process, bio-oil will be extracted in
n-hexane.

After the extraction process, a mixture of hexane and bio-
oilis obtained, the hexane being more volatile allows the sep-
aration of the mixture by distillation, the mixture is heated
and the hexane evaporates from of the mixture, resulting in
the bio-oil, hexane is collected to be reused.

After the extraction of the bio-oil, there is a mixture
between solid residues and an organic polar and insoluble
aqueous phase in hexane. To separate them it is necessary
to filter the aqueous phase by means of filter paper assisted
by a vacuum pump.

The resulting residual solids are wet, so it is required to
dry them in an oven at a temperature of 105 °C to obtain the
dry weight of the residual solids. To measure the ash content
it is necessary to burn the dry solid in an oven to more than
700 °C. The resulting ash is weighed after cooling in a desic-
cator.

2.3 Kinetics model of microwave pyrolysis

Pyrolysis of biomass can be modeled according to Arrhenius
equation for solid state described as:
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Where A was pre-exponential factor(s™). E was the ac-
tivation energy (] mol™). R was the universal gas constant
(8314 7 mol™ K1). t was the duration time of reaction (min).
T was absolute temperature; and a« was conversion degree,
which can be identified by:

moy — mg
p— @

® =

Where: mg and m, was the initial and final mass of the
sample respectively. m; was the mass of sample at a given
time.

Considering heating rate § as:

dT

52& (3)

Combining the heating rate Eq 3 with the rate of reaction
Eqlwe canget:

,3:% = Axexp (E—f) * f(a) (4)

Now itis necessary determine the function of conversion
degree f(a) this is normally expressed as:

fla) =(1-a) ©)

Where n is the reaction order
Replacing the function of conversion Eq. 5 degree in the
Eq. 4

%:%*exp(m’?)*(lfa)” (6)

Eq. 6 isthe elementary expression for calculating kinetic
parameter based on the TGA data, integrating the Eq. 6 as fol-
low

Latg-hse(w) 0

Using as integration limits the conversion degree and ini-
tial time and the corresponding temperature, also the con-
version degree in determinate time and a determinate Tem-
perature for that time. Integrating both sides we can get alog-
arithmic expression as follow:

[ =[5 ()

And

ey ] = ()]

Because 2RT/E «1, Eq 7 and Eq 8 can be simplify as:

E
— —RT;(forn =1)
(8)

E
— ﬁ;(forn #£1)
©)

DOI 10.22146/jrekpros.74241

In [M] =In {ﬁ} f%;(fornzl) (10)

T BE
And
1—(1—a)" AR] E
In {m} In {ISE} - ﬁ,(forn #1) (1)

Considering the left term as y and 1/T as x and making a
plot of y against x, should result in a straight line with slope (-
E/R) and intercept (In (AR/B E)) for the correct value of n. The
kinetic parameters were determined by combining iterative
and the least squares method.

2.4 Products analysis

The weight of the bio-oil obtained, the chart and the aqueous
phase is measured, characteristics of the bio-oil were ana-
lyzed by Gas chromatography — mass spectrometry (GC-MC).

3. RESULT AND DISCUSSION

3.1 Performance of microwave heating

The activated carbon as absorbent was efficiently heated by
the microwave radiation, the biomass mixed with activated
carbon can easily reach the targeted temperature. On the
other hand, carrying the experiment without material ab-
sorbed isn't a good option because the biomass of microal-
gae did not absorb enough microwave, so in the target time it
does not reach the desired temperatures. Low temperature
pyrolysis is considered, so the samples will only be heated
from 100 to 300 °C, after determining the heating rate, the
pre-exponential factor A and the activation energy E can be
calculated. Figure 3 Shows the heating rate in the microwave
pyrolysis, It can be seen that the heating rate is not uni-
form, in the figure it reaches about 150 °C in the first 2 min-
utes, which would be mathematically equivalent to about 60
°C/min, then it maintains a uniform heating rate for 14 min-
utes reaching 290 °C, which is equivalent to a heating rate
of 10 °C/min, and finally reaches almost uniform behavior,
reaching 300 °C in the following 4 minutes. It can be con-
cluded that the heating rate is variable, however the heating
rate depends on the dielectric properties of the sample, the
average electric field value in the oven and the surface cool-
ing rate. After heating, the humidity decreases and the pyrol-
ysis changes the composition of the sample, so the heating
rate varies throughout the time that the pyrolysis lasts, how-
ever, for purposes of calculating the kinetics, a constant heat-
ing rate can be considered. Although the predominant heat-
ing rate is around 10 °C/min, considering that it takes 15 min-
utes toreach 280 °C, the heating rate could be considered ap-
proximately 15 °C/min

3.2 Microwave pyrolysis biomass from Botryococcus
braunii

The efficiency of biomass pyrolysis under microwave irradi-
ation depends mainly on its dielectric property, this is de-
termined according to its chemical composition (Fernandez
et al. 2011). Generally, biomass material has poor dielec-
tric properties, therefore an absorbent material is necessary
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FIGURE 3. Increasing Temperature for microwave pyrolysis of biomass from
B.braunii.

to carry out the experiment (Adam 2017). In this study mi-
crowave pyrolysis of biomass of Botryococcus was carried
out at an input power of 900 W and an approximate heating
rate of 15 °C/min. Accordingly, the pyrolysis of B.braunii. un-
derwent a moisture evaporation process below about 100 °C,
and a quick thermal decomposition process was observed in
the first 5 minutes with an average heating rate of about 40
°C/min, followed by a slow weight loss process until the end
of the heating. The fig. 4 shows the approximate thermal de-
composition, considering the moisture of 17% of the biomass,
In the first 5 minutes, the biomass loses its humidity, while
between 5 and 10 minutes the decomposition begins, it can
be noted that unlike conventional pyrolysis, pyrolysis begins
at low temperatures. The differences created were probably
due to the thermal effects of microwaves. Hotspot is a ther-
mal effect in heterogeneous reactions that can be generated
by the non-uniform distribution of the electromagnetic field
or the selective heating of microwaves for the conversion of
solid to vapor (de la Hoz et al. 2005). Considering the high ash
content, at temperatures greater than 200 °C and times be-
tween 10 and 20 min, a thermal decomposition between 70
and 80% is achieved.

3.3 Product distribution

After microwave pyrolysis of Bbraunii. the distribution of
product was shown in the table 2. Was consider the distri-
bution for a residence time of 30 min, The yield of biochar
continuous decrease with temperature to 50%, also consid-
ering that the minimum yield of biochar is determined by the
high content of ash, for that biochar would be always high of
around 50 % for this kind of biomass, Although certain com-
ponents were extracted in the liquid phase, the water evap-

—e—100C

150C
200C
250C

—8—300 C

0 5 10 15 20 25 30

time (min)

FIGURE 4. Thermal decomposition for microwave pyrolysis of biomass from
B.braunii.
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TABLE 2. Product mass distribution.

Temperature [°C] % Bio-oil % Gas phase % Biochar
100 0.54 24.27 75.19
150 0.65 33.08 66.27
200 0.72 42.23 57.05
250 131 44.36 54.33
300 0.64 48.56 50.80

orated and escaped in the form of gas, likewise possibly a
better condensation system would better recover the liquid
phase and the oily phase, the proposed experimental setup
then fails in the recovery of water and condensable volatile
compounds, apparently the exchanger used is not efficient
enough to recover these compounds, hence the bio-oil ob-
tained is less than 1% and the gas phase ranges from 25 to
50%. However, despite this, the thermal decomposition can
be estimated so that the kinetics of the pyrolysis can be de-
termined. It can also be seen that high temperatures are not
needed to achieve thermal decomposition and bio-oil and
gas phase can be obtained from 100 °C, even at 300 °C, the
process is optimal, achieving a decomposition of almost 90%.

3.4 Kinetics parameters

The experiment presented linear dependence between the
values of In A and E. Different n values were used to calcu-
late the kinetic values of A and E. The high linearity (R2 over
0.90) suggested the existence of kinetic compensation effect.
Aheatrate of 15°C/min were consider. The table 3 showed the
calculated kinetic parameter for microwave pyrolysis were
rational to a certain extend. Different values of n were used
to adjust the equation, values less than 1 do not show linear
behavior, values above 2 begin to show linear behavior, after
these different values were considered values above 2 where
the linear behavior was maintained until those values where
the intercept remained negative, since positive intercept val-
ues generate exorbitant values of A due to the exponential
factor. Therefore, in the end, reaction orders of 6, 5 and 3
were considered for times of 10, 20 and 30 min, respectively.
Finally, both the values of E and In A remain in the same or-
der, with 30 kJ/mol for E and around 9 s for ln A.

3.5 Product analysis

In general, bio-oil is composed of different components de-
pending mainly on the composition of the raw material used,
the main compounds that can be found are aliphatic hydro-
carbons, aromatic hydrocarbon, phenols, among others. The
results of GC-MS are shown in the table 4, an analysis was car-
ried out on the bio-oil obtained at temperatures of 100, 150
and 200 °C, compounds such as alkanes with chains of 6 to
34 carbons with predominance of hydrocarbons from 10 to

TABLE 3. kinetic parameters obtained from MAP.

Time (min) T[°C] E (K3/mol) InA(s?) R2 n
10 100-300 33.182 10.279 0.9036 6
20 100-300 31.137 9.728 0.9644 5
30 100-300 30.104 8.939 0.9791 3
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TABLE 4. GC-MS analysis for bio-oil.

Compound 100 °C 150°C 200°C
Alkanes 24.89 37.46 45.40
org acid 49.66 28.60 15.18
fatty alcohol 8.19 23.67 17.78
benzene 2.09 1.21 6.80
cyclo-alkanes 12.00 3.04 4.52
phenol 2.83 3.58 5.56
ketone 0.31

terpene 1.93 1.85
furan 1.05

28 carbons, cycloalkanes with a predominance of cyclohex-
anes, organic acids, fatty alcohols as well as phenolic and ben-
zene compounds. With increasing temperature compounds
such as alkanes, fatty acids and benzoic compounds increase,
while cycloalkanes and organic acids decrease, this may be
since these compounds break down into simpler compounds
such as alkanes.

4. CONCLUSION

MAP shows a promising future, in addition to the use of mi-
croalgae such as Botryococcus braunii. Together with acti-
vated carbon as absorbent material, it presents a high degree
of degradation, which translates into conversion of biomass
into fuels such as bio-oil and bio-gas. In this work, the
kinetics of pyrolysis of Bbraunii were investigated using
microwave-assisted pyrolysis. The results indicated that the
heating rate had a significant effect on the biomass pyrolysis
process, a heating rate of 15 °C/min (900 W) was used, obtain-
ing decomposition values close to 50%.

The reaction kinetics obtained in the investigation
showed reactions from order 3 to order 6, with activation
energy (E) and pre-exponential factor (In A) of approximately
30 kJ/mol and 9/sec. respectively. the value of the activation
energy also validates the simplifications made in Eq 8 and 9.

The composition of the bio-oil produced includes or-
ganic compounds such as: alkanes with chains of 6 to 34 car-
bons with predominance of hydrocarbons from 10 to 28 car-
bons, cycloalkanes as cyclohexanes, organic acids, fatty alco-
hols as well as phenolic and benzene compounds

The gaseous product increased with increasing temper-
ature, they were obtained at high microwave power levels
(900 W) but at moderate temperatures (200-300 °C), it could
be considered that microwave-assisted pyrolysis does not re-
quire high temperatures or high residence time. However,
there is still a need to use an absorbing agent to improve the
heat capacities of the sample.

The decomposition of biomass to simpler compounds
is appreciable in the GC-Ms analysis of bio-oil, where with
increasing temperature compounds such as simple alkanes
increase their percentage, as well as phenolic compounds,
along with organic acids they are decomposed.

5. RECOMMENDATION

In this case the biomass has a high ash concentration so it
could affect the expected results, a good option would be to

6
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look for a higher quality microalgae biomass with lower ash
concentrations, as well as consider other dielectric materials
such as silicon carbide (SiC) that although they are more ex-
pensive, they guarantee a better distribution and absorption
of radiation, in addition, although short residence time are re-
quired, the use of a catalyst could help to carry out the experi-
mentinshorterresidence time. Another considerationis the
use of microwave power less than 900 W, since this value, al-
though it improves biomass decomposition, produces more
gaseous products than bio-oil. Finally, improving the experi-
mental setup to better condense the volatile components, in-
cluding collecting these in addition to other heat exchang-
ers, could increase the amount of bio-oil, or possibly focus
the experiment on obtaining biogas could give better results,
since the low energy of activation allows easy decomposition
of biomass.
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