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Abstract

This study aims to investigate the feasibility of hydrothermal pretreatment of cumbu napier grass for biochemical methane production. The
hydrothermal pretreatment of the cumbu napier grass was carried out with 10 % total solids loading rate at various pressures (1, 5 and 10 bar) to
disrupt the lignin, hemicellulose and cellulose bonding. The hydrothermal pretreated cumbu napier grass is mixed with cow dung at different
ratios, such as (1:0, 3:1, 1:1 and 1:3). The study evaluates the hydrothermal pretreatment effectiveness of cumbu napier grasstreated at 10 bar
and mixed with an equal ratio of cow dung, resulting in the highest biogas yield of 18.64 L/kg with 44 to 56 % methane content. Also, this
pretreatment condition confirmed high total solids (66.00 %), cellulose (79.64 %), hemicellulose (67.20 %) and lignin (56.40 %) destruction
efficiency. Additionally, the FT-IR analysis and SEM analysis results indicated structural modification in the pretreated biomass, in turn enhancing
the biodigestibility and confirmed the best approach to convert waste to energy in a sustainable way with a 3-year payback for a 1000 kg/day

biodigester.
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Introduction

Lignocellulosic biomass can be used as a substrate to replace the
food competitive feedstock in biogas generation (1, 2). The existing
research is on optimising the substrate ratios to increase the
biogas yield from lignocellulosic biomass. A critical gap exists in
pretreatment studies, quality of biogas and biodigested slurry, co-
digestion of cow dung with biomass and field-scale evaluation.
Organic matter like agro-residues, slurry, food processing wastes
and animal dung are the substrates used in the biomethanation
process (3). The gross energy yield of biomass per hectare isa main
focus to evaluate the performance of agricultural biomass for
biogas generation (4). A variety of microbes is used to break down
substrates into biogas in anaerobic condition is termed
biomethanation or anaerobic digestion process (5, 6). It is an
energy-efficient method and addresses the issues of waste
management, nutrient recycling, bioenergy and sustainable
agriculture (7). The biochemical composition of lignocellulosic
biomass, namely cellulose, hemicellulose and lignin, affects its
biodegradability in the biomethanation process (8). The biogas
from the biomethanation process is employed in cogeneration
units to produce heat and electricity. Alternatively, this biogas can
be converted into biomethane by removal of CO,, H,O and H,S
gases and used as fuel for transportation or fed into the natural gas
pipeline network (9). Biodigestate or biodigested slurry is a
byproduct that comes after biodigestion of the biomethanation
process, which is an alternative to fertiliser to use as manure (10).

The cumbu napier grass (Pennisetum purpureum x
Pennisetum americanum) is a non-competitive substrate envisioned
for a longlasting substrate for biogas generation in the
biomethanation process (11). It is a perennial crop and can be
harvested more than four times annually, yielding about 45 tons of
biomass/hectare /year. This grass is used primarily as feed for livestock
toincrease the milkyield. It can be a good substrate as a lignocellulosic
biomass for biogas generation (12). Delayed harvest results in plenty of
unutilized grass, which can be used as a substrate in biogas generation
due to the large demand for biogas (13, 14). Thus, cumbu napier grass
will be an attractive choice for the biomethanation process to produce
sustainable energy along with nature conservation and rural
development. Even though it lacks an assessment of its technical
feasibility and to enhance the biogas yield.

In order to ease the biomethanation of lignocellulosic
biomass, its structure is to be disrupted via a pretreatment process
(15, 16). Because lignocellulosic biomass is resilient in being
digested by microbes, it results in low biogas yield (17). There are
several researches proved that dissolving lignin bonds will increase
the biogas yield by increasing the microbial access to cellulose and
hemicellulose of the substrate (18-21). The most explored
pretreatment methods are physical, chemical and biological
methods. Therefore, lignocellulosic biomass is to be pretreated to
biochemical structural bonds to increase the surface area (22, 23).
The biomass can be treated with acids, namely HCl, H,SOs, HNOs,
HsPO4 and CH;COOH, or alkali, namely NaOH, Ca(OH),, NH; and
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H.0,, to delignify biomass (24-28). Despite the encouraging
outcomes of chemical pretreatment, there are still issues with
these processes, including high costs, inhibitor production and
chemical wastes (29). Physical pretreatment, on the other hand,
like size reduction, is easy to implement, works well and pollutes
the environment less. A higher porosity can enhance biomass
capacity to decompose (30, 31). Water influences increased
porosity; it enters the biomass fibre matrixs’ pores to increase pore
volume, which further expands the solid structure (32). Using this
mechanism, hydration pretreatment by soaking solid biomass in an
aqueous solution or a hydration medium can boost biomass
porosity and, consequently, the availability of microorganisms to
biomass during biomethanation. The biodegradability of
lignocellulosic biomass was enhanced by these acids (33). Thermal
pretreatment, which is done at temperatures between 50 and 240 °
C, is said to be one of the easiest and most effective techniques that
can be used on an industrial scale. In addition to increasing the
biomass swelling and accessible surface area, thermal pretreatment
also made its chemical composition more soluble (34). On the other
hand, there is meagre information on hydrothermal pretreatment
for the biogas generation. Thus, the effect of hydrothermal
pretreatment of cumbu napier grass is examined to determine its
biodegradability and biogas yield.

Materials and Methods

The characterisation of selected lignocellulosic biomass is
necessary to study its composition for its bioconversion to
bioenergy (35). The cumbu napier grass was collected from the
Department of Forage Crops, Tamil Nadu Agricultural University,
Coimbatore. The following methods are used to determine the
composition of selected lignocellulosic biomass, viz, cumbu
napier grass. Moisture content of the sample was measured by
placing a known weight of the sample at 103 + 2 °C until it reached
its constant weight as per ASTM D 3173-87 method. The total solids
content of the sample was estimated by subtracting the moisture
content from 100. The volatile content was determined by heating
the moisture-driven sample to 650 °C for 10 min in an oxygen-
depleted environment (ASTM D 3175-89). The ash content was
found by heating the moisture-driven sample to 750 °C for three
hours (ASTM D 3174-89). The material that was left over after
volatile and ash content was determined as fixed carbon. The
elemental composition of agricultural crop residues reveals the
Carbon (C), Hydrogen (H), Nitrogen (N), Sulphur (S) and Oxygen (O)
content in the sample. The Elemental Analyser was used to
determine the percentage representation of the elements in the
biomass (ASTM D-5291). The percentage of cellulose,
hemicellulose and lignin was determined using the NREL method
(36). Pretreatment of cumbu napier grass was carried out by
shredding the grass sample and treating it in a 5 L capacity
hydrothermal reactor (Amar Equipment Make) at 10 % total solids
content and varied pressure (1, 5 and 10 bar) corresponding to
their respective temperature, followed by cooling to ambient
temperature for effective degradation of lignin. To study the
effectiveness of biomass pretreatment, SEM and FT-IR analysis
were carried out. SEM (Scanning Electron Microscopy) was used to
determine the structure of a raw and treated sample. The FT-IR
(Fourier Transform Infrared Spectroscopy) analysis, both before
and after the hydrothermal process pretreatment at the
wavelength range of 400-4000 cm™ was studied to understand the
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changes in functional groups of biomass in Fourier transmission
infrared microscopy (37).

A laboratory-scale biomethanation experiment was
conducted in 125 ml glass bottles with raw and pretreated cumbu
napier grass combined with cow dung at 10 % Total solids content
to study the biogas potential assessment. The biogas yield and
methane concentration were recorded for the retention period of
60 days. The estimation of lignin, hemicellulose and cellulose of
pre- and post-biomethanation studies was conducted to calculate
their destruction efficiency (38).

Pretreated biomass samples were mixed with cow dung at
ratios of 1:0, 3:1, 1:1 and 1:3 with 10 % Total solids Content and filled in
an air-tightened glass bottle (39). The biochemical liquid concentration
in biodigestate will be assessed to assess the effectiveness of
biodegradability through GCMS (Gas Chromatography-Mass
Spectrometry) analysis (40). In order to confirm the biodigestates
potential as a biofertilizer with Carbon, Nitrogen and Carbon: Nitrogen
(CN) ratios, nutrient analysis was also carried out (41).

Results and Discussion

The collected cumbu napier grass was physically treated (size
reduced) to less than 1 cm using a pulveriser. Table 1 represents
the compositional and elemental properties of a cumbunapier
grass to evaluate its suitability for biogas generation. The cumbu
napier grass has a moisture content of 70.40 %, with a total solids
content of 29.60 %. On a dry basis, it contains 79.70 % volatile
matter, 7.50 % ash and 12.80 % fixed carbon. Its elemental
composition includes 45.10 % carbon, 5.94 % hydrogen, 0.45 %
nitrogen and no detectable sulphur. The cow dung has a moisture
content of 81.2 % total solids content of 18.8 %. It consists of
74.30 % volatile matter, 14.10 % ash, 11.60 % fixed carbon. A high
moisture content in cumbu napier grass will be well-suited for the
biomethanation process as it facilitates microbial support, enables
hydrolysis, dilutes inhibitors and enhances enzyme activity. The
total solids content of 10 % is required for the biomethanation
process, as Cumbu Napier grass possesses high total solids
content; it can be diluted and used in the biomethanation process.
A higher volatile content typically enhances the reactivity of the
cumbu napier grass. The chemical composition of cumbu napier
grass was cellulose 34.26 %, hemicellulose 23.44 % and lignin
22.32 %. Cellulose is a significant contributor and hemicellulose is
more easily broken down than cellulose and can be a source for
fermentable sugars for the biogas generation. Lignin is more
resistant to decomposition; hence, it needs to be broken to
enhance the biogas generation (42, 43).

Table 1. Characterisation of raw Cumbu Napier grass.

Properties Value

Moisture content (% as received) 70.40+2.11
Total solids content (% as received) 29.60+2.10
Volatile content (% dry basis) 79.70 +6.30
Ash content (% dry basis) 7.50+0.90
Fixed carbon (% dry basis) 12.80+1.04
Carbon, (% dry basis) 45.10 +4.60
Hydrogen (% dry basis) 5.94 +0.65
Nitrogen (% dry basis) 0.45 +0.06
Sulphur (% dry basis) 0.00 +0.00
Oxygen (% dry basis) 48.52+2.74
Cellulose (% dry basis) 34.26+2.15
Hemicellulose (% dry basis) 23.44+1.36
Lignin (% dry basis) 22.32+1.10
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Pretreatment of cumbu napier grass was carried out using
a hydrothermal reactor at different pressures, 1 bar, 5 bar and 10
bar for effective destruction of lignin and to enhance the biogas
yield. The process flow diagram is represented in Fig 1. The
cellulose, hemicellulose and lignin content of pretreated cumbu
napier grass are 35.6 %, 19.80 %, & 19.20 %; 40.21 %, 12.40 %, &
13.60 %; and 46.8 %, 8.70 %, & 10.30 % at 1 bar, 5 bar and 10 bar,
respectively. SEM and FT-IR characterisation of raw and pretreated
samples was carried out. Surface morphology of the raw and
treated samples is studied by scanning electron microscope SEM
images of the raw and treated samples are represented in Fig 2.

The SEM image of raw cumbu napier grass is used as a
baseline for comparison. It was observed from the micrographs that
the material underwent clear structural modifications as compared
with the feedstock image. The external surface of the treated
biomass was full of cavities, which resulted from the treatment of the
biomass. The pores were visible in the magnified image in the
micrographs of the treated sample. The hydrothermally pretreated
sample at 1 bar, the process likely causes partial disruption of
structural components, beginning the breakdown of lignocellulosic
material. The hydrothermally pretreated sample at 5 bar results in
more effective breakdown of the biomass structure, leading to
greater disruption of hemicellulose and partial removal of lignin.
Further, an increase in pressure to 10 bar results in higher disruption
of hemicellulose and lignin to increase the viability of cellulose and
overall bioconversion efficiency. It confirms post-treatment cavities,
pore formation and fissures (especially at 5-10 bar) exhibit lignin/
hemicellulose disruption vs. raw cumbu napier grass rigid matrix.
Higher pressure in hydrothermal treatment alters the physical
structure of biomass to enhance its suitability for bioenergy and
bioproduct production (44)

FT-IR analysis of raw and pretreated cumbu napier grass is
represented in Fig 3 to study the presence of components and
their interaction. The FT-IR spectral peak indicates the functional
group present in the samples. Major peaks, such as those around
3400 cm?, likely correspond to O-H stretching vibrations (from
moisture or cellulose). Peaks around 2900 cm™ might indicate C-H
stretching vibrations from aliphatic groups in cellulose or
hemicellulose. Other peaks between 1600-1000 cm?® can be
attributed to C-O stretching and C=C vibrations, commonly
associated with lignocellulosic materials. Compared to the raw
biomass, the intensity and position of the peaks may show slight
changes due to the hydrothermal pretreatment at 1 bar. A
reduction in O-H bond intensity (around 3400 cm?) indicates
possible dehydration and removal of some moisture. The

structural changes caused by pretreatment likely lead to the
partial breakdown of hemicellulose or lignin, reflected in shifts or
intensity reductions in peaks around 1600-1000 cm™. At higher
pressures (5 and 10 bar), more significant structural alterations
occur in the biomass. The peak shifts and reductions at 3400 cm*
(O-H bonds) and 2900 cm?® (C-H stretching) suggest further
breakdown of polysaccharides and release of water. Higher
oxygen-containing compounds were obtained in the treated
biomass compared to the raw biomass. The absorbance bands
were observed to have peaks at 3200 to 3600 cnr! (water
molecules), 2850 to 3000 cm? (alkane), 1550 to 1640 cm™ (amide),
1350 to 1480 cm? (alkane), 1210 to 1320 cm™ (acid) and 1050 to
1150 cm? (alcohol) in cumbu napier grass samples. The peaks in
the fingerprint region (below 1600 cm?) may show marked
reductions, indicating lignin degradation and depolymerisation of
complex carbohydrates. The trend in these spectra shows
increasing structural decomposition of the sample with increasing
pressure during hydrothermal pretreatment, as evident from
changes in peak intensity and the positions of characteristic
functional groups. This confirms the breakdown of lignocellulosic
components such as cellulose, hemicellulose and lignin,
enhancing the sample accessibility for further biomethanation
process (45).

The biomethanation study is conducted with raw and
treated samples and is represented in Fig 4. Table 2 presents the
biogas yield, methane content and total solids (TS) destruction
efficiency of cow dung co-digested with cumbu napier grass at
different mixing ratios and under various hydrothermal
pretreatment conditions (1 bar, 5 bar and 10 bar). The results
highlight the impact of hydrothermal pretreatment and cow dung
on the cumbu napier grass ratio on biogas production efficiency.

Hydrothermal pretreatment significantly improves the
biogas yield, methane content and TS destruction efficiency of
cow dung mixed with cumbu napier grass, with higher pressures
generally producing better results. Raw cumbunapier grass and
cow dung mixtures without pretreatment have lower yields and
methane content, due to recalcitrance of lignin, indicating the
requirement for pretreatment to enhance biomass digestibility.
The pretreatment at 5 bar and 10 bar is particularly effective in
improving the performance of mixed biomass samples, especially
for the 3:1 and 1:1 ratios, where biogas yield and methane content
are higher. The methane content variation in raw cumbu napier
grass is as low as 6-23 % due to inhibition of hydrolysis by lignin,
whereas pretreatment enhances methanogenesis to 42-58 %. The
pretreated sample at 1 bar achieves 42-52 % due to moderate

Table 2. Biomethanation studies of raw and treated Cumbu Napier grass (RT: 60 days)

Sample Cumbu Napier: Cow dung  Biogas yield (L/kg) Methane content (%) TS destruction efficiency (%)
1:0 0.30 6.35-8.50 8.20
Raw Cumbu Napier grass 3:1 2.10 17.41-21.70 16.50
1:1 1.21 10.96-15.30 12.90
1:3 1.85 13.69-18.20 13.60
1.0 0.43 13.7-23.2 10.32
Hydrothermally pretreated 31 1.98 43.5-49.5 14.20
Cumbu Napier grass at 1 bar 1:1 3.57 42.4-50.4 41.20
1:3 6.20 43.0-52.0 47.30
1:0 3.48 19.3-36.8 28.70
Hydrothermally pretreated 31 14.50 46.0-58.0 64.92
Cumbu Napier grass at 5 bar 11 5.70 46.3-57.2 44.60
1:3 9.46 45.5-56.9 52.12
1:0 5.60 13.7-26.1 44.10
Hydrothermally pretreated 31 10.02 47.3-55.9 52.70
Cumbu Napier grass at 10 bar 11 18.64 44.0-56.0 66.00
1:3 10.35 44.3-54.4 53.40
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Fig. 1. Process flow diagram of hydrothermal pretreatment of Cumbu Napier grass with cow dung for biogas production.

b. Hydrothermally pretreated Cumbu
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Fig. 2. SEM images of raw and treated Cumbu Napier grass.
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Fig. 4. Lab-scale biomethanation study of hydrothermally pretreated Cumbu Napier grass.
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hydrolysis; at 5 bar, peak methanogenesis is achieved by 46-58 %
and 10 bar exhibits 44-56 % due to overload of acids. Among the
various treatments on biogas production from treated cumbu
napier grass, 3:1 ratio of cumbu napier grass and cow dung treated
at 5 bar yields 14.50 L/kg of biogas with methane content ranging
from 46.0-58.0 % and TS destruction efficiency of 64.92 % and 1:1
ratio of cumbu napier grass and cow dung treated at 10 bar yields
highest biogas (18.64 L/kg) with methane content ranging from
44.0-56.0 % and a TS destruction efficiency of 66 %, indicating
optimal degradation under this condition (46). The chemical
constituents of raw and treated biomass and digested slurry, viz,,
lignin, hemicellulose and cellulose, are estimated before and after
the digestion in all the treatments (47). The destruction efficiency is
calculated to affirm the digestive process. The lignin, hemicellulose
and cellulose destruction efficiency of treated cumbu napier grass
are presented in Table 3. These metrics are crucial for evaluating
how effectively the pretreatment process breaks down the
structural components of the biomass, which improves its
digestibility and facilitates biogas production.

From the table, raw cumbu napier grass (without
pretreatment) shows relatively low destruction efficiencies across
all chemical constituents, with lignin destruction being particularly
limited. Hydrothermal pretreatment at 1 bar leads to noticeable
improvements, especially in the 1:3 ratio, where cellulose
destruction reaches 55.43 %. Hydrothermal pretreatment at 5 bar
significantly increases the degradation of lignin, hemicellulose and
cellulose. The 3:1 ratio achieves the highest efficiencies at this
pressure, with over 67.44 % cellulose destruction. Pretreatment at
10 bar achieves the highest overall destruction efficiencies. The 1:1
ratio under these conditions shows the best performance,
particularly with cellulose destruction reaching 79.64 %, making it
the optimal condition for biomass breakdown. It also inferred that
increasing hydrothermal pretreatment pressure and adjusting the
cumbu napier-cow dung ratio enhances the breakdown of
lignocellulosic biomass, optimising the efficiency of the bio-
methanation process (48).

The highest biogas yield at various treatment conditions of
raw and pretreatment at different ratios is selected and its
biodigestate is extracted for analysis in a GC-MS analyser. The GC-
MS spectra reflect the various organic compounds that are present
in the biodigested slurry as a result of the biomethanation process
is depicted in Fig 5. The higher proportion of the components, viz,,

acetic acids, methyl ester, ethane, propanone, in lesser
concentration indicates that higher digestion of the sample occurs
and hydroxylamine, hydroxyurea, Urea, dimethylamine and ethyl
acetate in higher concentration confirm the manure nutrient
value. The spectrum for raw cumbunapier grass likely shows
fewer breakdown products and may highlight more complex or
heavier compounds that have not been fully broken down during
the biodigestion process. As the hydrothermal pretreatment
pressure increases (1 bar, 5 bar, 10 bar), the spectra of the samples
are expected to show a shift towards simpler and lighter volatile
compounds, indicating more complete degradation of the
biomass. Higher pressure pretreatment at 5 bar and 10 bar would
likely show peaks corresponding to simpler hydrocarbons, acids,
alcohols, or other small molecules, indicating a higher degree of
conversion and breakdown during biomethanation (49, 50).

The biodigestate value is validated with the macro-nutrient
content in it (51). The organic carbon and nitrogen content of
biodigestate to utilise as biofertilizer in agriculture, with a CN ratio
value of (52). Table 4 represents the Carbon (%), Nitrogen (%)
content and CN ratio of biodigestate. The nutrient value of
biodigestate varied significantly between pretreated and raw
cumbu napier grass. The macro-nutrient content of biodigestate,
such as Carbon and nitrogen, is found out. The CN ratio of
biodigestate is derived to find the suitability of biodigestate as a
biofertilizer. The higher the pressure, the higher the breakdown of
biochemical components of cumbunapier grass, with an increase
in biogas yield and reduction in CN ratio in its biodigestate (53, 54).
The biodigestate with the lowest CN ratio is achieved at a 1:1 ratio
of cumbu napier grass treated at 10 bar and cow dung, This also
validated the higher biogas yield at a 1:1 ratio of cumbunapier
grass treated at 10 bar and cow dung with a CN ratio of 3.4. The CN
ratio less than 5 is ideal for biofertilizer application and improved
biodegradability (55, 56).

For a 1000 kg daily feeding using pretreated cumbu napier
grass at 10 bar and cow dung in an equal ratio in an anaerobic
digester. The capital cost of anaerobic digester, hydrothermal
pretreatment reactor and other accessories is 15 lakh, 320 lakh and
35 lakh. The average operating cost will be approximately 33-4/kg
feed material, including processing of cumbu napier grass, labour
and energy consumption. If biogas sells at340/m?, annual revenueis
13 lakh, with net profit of around 3 lakhs and a 34 year payback
period without adding the benefit of digestate fertiliser value.

Table 3. Destruction efficiency of Cumbu Napier grass (raw and treated) through biomethanation in terms of chemical constituents

Lignin destruction

Cellulose destruction
efficiency (%)

Hemi-cellulose destruction
efficiency (%)

Sample Cumbu Napier: Cow dung efficiency (%)

1:0 5.41

. :1 14.32

Raw Cumbu Napier grass i-l 1 33

1:3 12.31

1:0 10.12

Hydrothermally pretreated 31 13.54
Cumbu Napier grass at 1 ’

bar 11 18.63

1:3 21.04

1:0 16.72

Hydrothermally pretreated 31 43.42
Cumbu Napier grass at 5 ) )

bar 11 20.26

1:3 31.17

1:0 20.12

Hydrothermally pretreated 3:1 34.43
Nai 1 : .

g;:nbu apier grass at 10 11 56.40

1:3 42.10

18.90 20.16
37.48 44.06
33.55 42.18
36.35 42.30
20.92 34.52
36.70 42.31
46.32 51.20
52.43 55.43
45.43 48.03
64.08 67.44
52.30 54.35
54.38 56.90
50.38 53.77
54.40 58.65
67.20 79.64
63.61 62.48
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Table 4. Macro-nutrient content of biodigestate of Cumbu Napier grass

Sample Cumbu Napier: Cow dung Carbon ( %) Nitrogen (%)  CN ratio

1:0 21.15 0.9 23.5

. 3:1 12.81 0.7 18.3

Raw Cumbu Napier grass 11 1.6 0.8 145

1:3 9.72 0.6 16.2

1:0 16.16 0.8 20.2

. 31 7.38 0.6 12.3

Hydrothermally pretreated Cumbu Napier grass at 1 bar 1 574 0.7 8.2

1:3 7.55 0.5 15.1

1:0 10.78 0.7 15.4

. 3:1 1.64 0.4 4.1

Hydrothermally pretreated Cumbu Napier grass at 5 bar 1 10.32 0.6 172

1:3 6.15 0.5 12.3

1:0 5.80 0.7 8.3

. 3:1 3.18 0.6 5.3

Hydrothermally pretreated Cumbu Napier grass at 10 bar 11 136 0.4 34

1:3 3.95 0.5 7.9

--\\\—.-
PM] ook el an oz R o
b. Hydrothermally pretreated Cumbu
a. Raw Cumbu Napier grass .
¥ Napier grass at 1 bar
]
[ 1 e
'_b"‘. — - __l__'___'_"__-._.-u-______l__m.“ . -
c. Hvdrothermally pretreated Cumbu Napier d. Hydrothermally pretreated Cumbu
orass at 5 bar Napier orass at 10 bar

Fig. 5. GC-MS spectra of a higher-yielding sample of bio-digested slurry.
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Conclusion

This study discloses the influence of pretreatment of cumbu napier
grass in enhancing the biogas yield and nutrient value of its
biodigestate. The rise in pressure of hydrothermal pretreatment
increased the degradation of biochemical composition of cumbu
napier grass, leading to high biogas generation in terms of quality
and quantity. The biomethanation of cumbu napier grass
hydrothermally treated at 10 bar and cow dung in the ratio of 1:1
attained high total solids destruction and the highest biogas yield
with rich biomanurial value biodigestate. The FT-IR and SEM
analysis confirmed the structural modification in the sample,
facilitating it for effective microbial digestion to higher biogas yield
and biodegradability. The GCMS of biodigestate confirms that the
simple volatile profiles lead to the effectiveness of biodigestion of
pretreated biomass. This study confirms the suitability of
hydrothermal pretreatment to enhance biogas yield and the
potential of cumbu napier grass for biogas generation and the
biomanurial value of biodigestate. Further research could explore
scaling up this approach to an industrial level, assessing its techno-
economic viability and environmental benefits.
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