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Abstract-The study revealed that the pH decreased,
possibly as the bacteria produce acids in the digestive.
The decrease was more observed in the cow slurry
experimental as it recorded acidic at the 4thday than the
combined waste slurry which recorded acidic at
12thdays. The data showed the volume of bogus
production in respect of the number of days under the
various slurry. It can be deduced from the data that gas
production increased in the earlier days of the
experiments and then started decreasing as acid
concentration increases as indicated by the decrease in
pH. This observation was more pronounced in combined
waste slurry than the cow dung slurry. The result
supported the observation that acid concentration
greatly affects the biogas production. Thus the combined
waste slurry produces more gas (30.58ml) than cow dung
slurry (19.20ml) as food wastes contain more nutrients
than the dung. It has been demonstrated by this study
that by using combine feedstock (cow dung and food
wastes) the efficiency of biogas generation can be
increased.

Key words : Bio gas, Scanner, pH Value, Ethyl Easter

I. INTRODUCTION
The scanning acoustic microscopy makes use of
acoustic waves to create images of microscopic
objects. The SAM can propagate the ultra-sonic
waves deep within the materials. This
interactiondetermines the size of the receiving
signal and create the contrast in the image. The
scanning Acoustic microscopy is a nondestructive
technique.By using this technique, the detection of
voids, delaminations, bubbles, cracks, and fractures
etc., can be detected.The AMI works on the
principle of interaction between soundwaves and
the matter. For the analysis of the Plastic
Encapsulated Microcircuits (PEM’s)a reflection

mode Acoustic Micro Imaging method is typically
used. The method involves pulse echo ultra sound
typically over a range from 15-230MHZ to produce
images of samples at specific depth levels. A
focused ultra-sonic transducer alternately sends
pulses into and receives echoes from discontinuities
within the sample. The echoes are separated in time
based on the depths of the reflecting features in the
sample. An electronic gate is used to select a
specific depth or interface to view. A very high
speed mechanical scanner is used to index the
transducer across the sample and produce images in
tens of seconds. Several imaging techniques were
used in the evaluation of the samples in this study.
Basically, defects can be imaged at the level they
occur or the influence of the defects can be detected
at a sub-sequent interface. This factor is important
to realize when using AMI for evaluation of the
packages because all defects and structures at
previous interfaces affect the information available
at sub-sequent interfaces. A brief summary of
methods for evaluating devices using acoustic micro
imaging follows.

II. BASIC PRICIPLE OF ACOUSTIC
MICROIMAGING:

METHODS AND MATERIALS

Biogas Production and Purification

Various waste-to-energy (WTE) technologies for
converting biological waste, e.g. industrial and
municipal solid wastes (MSW) into biofuels have
been investigated in recent years [14]. These
methods can be broadly classified into four groups;
a) hydrogenation, b) pyrolysis, c) gasification, and
d) bioconversion. One of the most common means
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of producing biogas is using a digester, where
anaerobic digestion of biomass generates biogas.
Anaerobic digestion is a bioconversion process
involving three stages viz. hydrolysis, acidification,
and methane generation. The biogas obtained is thus
predominantly a mixture of methane, CO2, and H2S.
Some common properties of raw biogas are given in
Table 1. Methane produced by anaerobic digestion
has cost and efficiencies comparable to those of
other biomass energy forms such as synthesised
gases and ethanol. Anaerobic digesters exist in
various designs such as fixed dome type and
floating drum type.

Parameters
description

Value

Composition of
biogas (% by
volume) [30]

Methane (CH4) = 50 to
70 Carbon dioxide (CO2)
= 25 to 50 Hydrogen
(H2) = 1 to 5

Nitrogen (N2) = 0.3 to 3
Water vapour (H2O) =
0.3

Hydrogen

sulphide

(H2S) in traces

Auto-ignition
temperature (K) *
[31]

1087

Calorific value
(MJ/kg) * [31]

20.67

Density at 1 atm &

288 K (kg/m3)*
[31]

0.91

Stoichiometric air-
fuel ratio (kg of
air/kg of fuel) [32]

6.05

Research octane
number [30]

130

Flame speed (m/s)
[33]

21

Flammability limit
(vol. % in air) [33]

7.5 – 11.7

Table 1. Properties of biogas.

Applications Of Biogas

In addition to direct combustion in burners and
boilers, biogas has been used to power prime
movers such as gas engines. There is an even
greater potential for biogas if it can be utilised as a
transportation fuel. The use of biogas in
conventional SI and CI engines has been a topic of
extensive research over the past few decades [1, 4].

Technique Refe
r

ence
s

Benefits Disadvantages

Water
scrubbing

[1,8] Low CH4

losses High
efficiency
and simple
operation

Expensive
operation and
investment

High likelihood
of clogging

Chemical
reagents

[3-4] Low CH4

losses

High
efficiency
and low cost

Expensive
operation High
likelihood of
corrosion

Molecular
sieves

[5] Less energy
usage
Compactnes
s

More CH4

losses
Expensive
operation

Membrane
s

[1-3] Simple
construction
and
operation

Low cost

More CH4

losses

Cryogenic

cooling

[3] High purity Expensive
operation

Table 2. Comparison of biogas purification
methods.

Figure4: Through Transmission technique
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The below table1 shows the comparison
betweenPulse-Echo mode and Through
Transmission mode.

Table 1

Pulse-Echo mode Through
Transmission mode

Ultrasound reflected
from the sample is
used

Ultrasound transmitted
through the sample is
used

Can determine which
interface is
delaminated

One Scan reveals
delamination at all
interfaces.

Requires scanning
from both sides to
inspect all interfaces.

No way to determine
which interface is
delaminated.

Provides images with
high degree of spatial

Detail.

Less spatial resolution
than pulse-echo

III. WORKING PRINCIPLE OF
TRANSDUCER

The ultrasonic signal of a scanning acoustic
microscope is produced inside a transducer. This
transducer is assembled to the scanning mechanism
of the ultrasonic microscope. Inside a transducer an
electric signal is transformed into an ultrasonic
signal by a piezo element. After the ultrasonic
signal is generated, it is focused by acoustical lenses
on the bottom end of the transducer and conducted
into the coupling medium (water). The coupling
medium is needed to transfer the ultrasonic signal
with higher energy into the specimen. As the
attenuation of the ultrasonic signal inside the
coupling medium is much lower than in air. Due to
physical reasons every transducer has its own
frequency-range. Therefore it is necessary to change
the transducer when switching to significantly
higher or lower frequencies. On the SAM-systems,
the change of a transducer is easy and quick by
turning one transducer out and another in.

IV. FUEL MODES – BIO GAS
Dual Fuel Mode
In the dual fuel mode, biogas is mixed with air in
the intake manifold and inducted into the engine
cylinder, where it undergoes compression. Towards
the top dead centre (TDC), a small quantity of

diesel or bio-diesel termed as the pilot fuel is
injected. The self-ignition of the pilot fuel initiates a
flame which traverses the combustion chamber,
consuming the biogas-air mixture. A comparison of
combustion, performance and emission
characteristics of CI engines operated on biogas in
dual fuel mode vis-à-vis conventional diesel-only
operation is presented below.

Combustion Indices
Dual fuel mode shows similar performance trends
as those of an SI engine . The energy release from
the pilot diesel spray is several orders of magnitude
higher than that of a spark, thus improving the
ignitability of the inducted mixture. Compared to
diesel operation, the biogas dual fuel mode has
longer ignition conditions . The increase in ID can
be offset by using higher quantity of pilot fuel.
However, for pure methane combustion, it is seen
that the ID is nearly independent of the quantity of
pilot fuel injected . Bora et al. observed that the
quantity of pilot fuel supplied can be reduced by
using high compression ratios because of the shorter
ignition delay of biogas at elevated temperatures.
They used compression ratios in the range of . The
reduction in ignition delay can also be achieved by
oxygen enrichment, i.e. by increasing the oxygen
content of air. This improves the reaction rate and
flame propagation. Raising the oxygen content in
air from 21% to 27% has been reported to shorten

the ignition delay by nearly 3 oCA. Ignition delay is
lower for thermal barrier coated dual fuel engine
compared to normal dual fuel engine. Methane
enrichment increases cylinder peak pressure and
combustion duration and reduces ignition delay .

Ray, Mohanty, and Mohanty reported that the
ignition delay of the pilot  fuel is directly
proportional to the ratio of biogas to diesel. Pilot
diesel injection of around 10- 20% of the amount
used in diesel-only mode is sufficient for dual fuel
operation. Biogas supply requires to be regulated by
means of a gas control valve depending on the load.
The authors have noted that in governed engines,
the control of the pilot fuel by the governor is
enough to get the desired output. The diesel
substitution is relatively low in such cases. Park and
Yoon  compared diesel-biogas mode with diesel-
gasoline mode. It was reported that an increase in
port injection ratio leads to an increase in ignition
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delay compared to diesel-gasoline mode.
Investigations by Königsson et al.  on a biogas-
diesel dual fuel engine showed that by advancing
the crank angle for 50% heat release, the average in-
cylinder temperature and combustion efficiency can
be enhanced. This also extends the lean limit of the
engine. A similar effect can be achieved by
increasing the inlet temperature. Up to 40% exhaust
gas recirculation (EGR) can be used in dual fuel
mode, while still allowing up to 95% diesel
substitution. EGR reduces the lean operating limit
and combustion efficiency. The use of EGR also
favours near-stoichiometric operation. This allows
the use of three-way catalyst, promising reduced
after-treatment cost. Stoichiometric combustion
with EGR and low inlet temperature is the
recommended operating condition for dual fuel
mode. The use of biogas in a dual fuel engine with
dimethyl ether (DME) as the pilot fuel was studied
by Park et al.  The proportion of biogas (on energy
release basis) was varied from 0% (only DME) to
80%. Higher biogas:DME ratio resulted in a fall in
peak rate of heat release, burning rate, and cylinder
pressure besides causing unstable combustion
reflected as higher Coefficient of Variance (COV)

of peak pressure. For injection earlier than 20o

bTDC, ignition delay was longer and start of
ignition (SOI, defined as the crank angle of 10% of
cumulative heat release) retarded for higher biogas
energy ratio. However, both ignition delay and SOI
were nearly independent of the biogas content for
retardedinjection.

Barik and team used Karanja methyl ester (KME)
with biogas in dual fuel mode. They studied the
effects of various concentrations of diethyl ether
(DEE) as an ignition improver and different
injection timings. Addition of DEE increases
cylinder peak pressure and reduces combustion
duration. Advancing the injection timing increases
the ignition delay. Bora and Saha reported the effect
of compression ratio in CI engine using rice bran
biodiesel as pilot fuel and biogas as primary fuel at
various compression ratios and injection timings.
An increase in compression ratio increases cylinder
peak pressure and reduces ignition delay. Cylinder
peak pressure increases with advance in injection
timings.

delay on the account of the CO2content causing a
high initial heat release. Consequently, the cylinder
peak pressure increases and occurs closer to the

TDC with increase in biogas concentration. Studies
on an IDI engine with biogas in dual fuel mode with
diesel substitution up to 48% indicated a reduction
in combustion duration and consequently lower
exhaust gas temperatures. In a study involving
biogas-diesel dual fuel operation, the maximum Net
Heat Release Rate (NHRR) was observed to be
around 30% greater for
thedualfuelmodecomparedtodiesel-
onlymodeundersimilarloadingandspeed

Performance Indices

Bora et al.  and Yoon and Lee reported a reduction
in brake thermal efficiency and an increase in BSFC
(Brake Specific Fuel Consumption) in dual fuel
mode compared to diesel operation. This was
attributed to early occurrence of peak pressure, low
combustion temperature, and flame speed as well as
higher pumping work due to the presence of CO2.
Duc and Wattanavichien operated an IDI engine
with biogas in dual fuel mode with diesel
substitution up to 48%. Dual fuel and diesel modes
showed almost equal fuel conversion efficiencies at
full load operation whereas efficiency of the dual
fuel mode was lower at part loads. Bora et al.
suggested increasing the compression ratio as a
means to partially negate the reduction in brake
thermal efficiency of the dual fuel mode. Simulated
biogas is used by various researchers in dual fuel
mode. Feroskhan and Ismail  used simulated biogas
and reported that methane enrichment will enhance
the brake thermal efficiency at low biogas flow
rates. Mustafi et al. also observed that the brake
specific energy consumption of the biogas-diesel
dual fuel and diesel-only modes was nearly the
same. Sorathia and Yadav  also reported almost no
deterioration in brake thermal efficiency in a CI
engine operated in dual fuel mode with diesel and
biogas. Percentage of fuel energy lost to the coolant
was higher for dual fuel mode, whereas exhaust
losses were lower. Exergy efficiency was found to
be higher and percentage exergy destruction lower
for the dual fuel mode. Raising the oxygen content
in air from 21% to 27% has been reported to
improve the brake thermal efficiency of a biogas-
diesel dual fuel engine from 15 to 18%. In a biogas-
DME dual fuel engine, IMEP was observed to fall
with an increase in biogas content for retarded pilot
injection, whereas the trend was opposite for

injection advance more than 20 obTDC.
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Experiments with different methane:CO2 ratios
have indicated that a 7:3 ratio provides the highest
brake thermal efficiency . The authors attributed
this to the dissociation of CO2 into CO and O2 due
to the high temperature of the diesel flame. CO is a
fast burning gas, hence accelerating the burning
rate. The additional oxygen concentration also
improves combustion. However, for higher CO2

content, the dilution effect dominates and lowers the
thermal efficiency. Sahoo, Sahoo, and Saha
reviewed various works dealing with dual fuel gas
diesel engines. They confirmed that biogas
containing up to 20-30% CO2 offers lower BSFC
compared to diesel-natural gas operation, whereas
BSFC increases with further increase in CO2

content on account of the inert gas effect. For above
40% CO2, the engine operation becomes rough due
to irregular combustion. For increasing CO2

content, the engine speed and power can be
maintained by increasing either the biogas or the
pilot fuel flow rate. Compared to diesel-only
operation, the dual fuel mode results in marginally
lower volumetric efficiency on account of the
displacement of air. This effect is enhanced by
increasing the carbon dioxide fraction of biogas.
Luijten and Kerkhof  observed that with biogas
containing 70% methane, the volumetric efficiency
dropped from 95% for the diesel mode to 91-92%
for dual fuel operation, when the energy released
from diesel and biogas were equal. They also noted
that while biogas with 70% methane can substitute
up to 55% diesel on energy release basis, the
substitution was limited to 35% for biogas with
40% methane. Light end gas knock was reported for
high methane:diesel ratio. Addition of CeO2

nanoparticles in diesel, EGR, split injection, and
induction of hydrogen in dual fuel mode increase
brake thermal efficiency  worked on a biogas-diesel
dual fuel engine where the pilot fuel flow rate was
controlled by the governor and the biogas flow rate
was varied

manually from 0 - 0.6 kg/h. At full load, the
maximum diesel substitution (on energy basis) was
30%. Volumetric efficiency was reported to be
lower and brake specific energy consumption higher
for dual fuel mode as the CO2 displaces air and
deteriorates the burning rate. Barik and Murugan
also noted a reduction in volumetric and brake
thermal efficiencies on increasing the biogas flow

rate. Increase of DEE concentration in KME-biogas
has been shown to reduce brake thermal efficiency
and exhaust gas temperature and increase BSFC of
a dual fuel engine. Advancing injection timing
increases brake thermal efficiency and exhaust gas
temperature and reduces BSFC. Optimum injection

timing is reported as 24.5o CA bTDC. An increase
in compression ratio of rice bran biodiesel-based
dual fuel engine increases brake thermal efficiency
and volumetric efficiency and reduces BSFC and
exhaust gas temperature .

Emission Indices

The low temperatures are caused by the presence of
CO2 in biogas augment CO and unburned
hydrocarbon (UHC) emissions, while oxides of
nitrogen (NOx) and particulate matter (PM)
emissions are less compared to diesel mode. Barik
and Sivalingam  found that exhaust gas temperature
was lower by 2.8%, CO and HC higher by 16% and
21%, respectively, while NOx and soot lower by
35% and 41.3%, respectively, as compared to diesel
operation for maximum diesel substitution at full
load. At higher CO2 fractions, it remained
undissociated, thereby acting as an inert gas and
reducing the thermal efficiency. NOx emissions
decrease with the increasing CO2content of biogas,
similar to the effect produced by EGR. CO and HC
emissions can be brought down by increasing the
compression ratio by virtue of the higher
temperatures. However, this causes a notable
increase in CO2 and NOx emissions . The extent of
variation of these parameters can be controlled by
adjusting the pilot diesel injection quantity. Barik
and Murugan observed that a biogas flow rate of 0.9
kg/h provided the optimum combination of
performance and emissions. This corresponds to the
replacement of 0.215 kg/h of diesel.

Oxygen enrichment lowers the methane emissions.
CO emissions do not show a definite trend. By
attenuating combustion instabilities, oxygen
enrichment allows greater substitution of diesel by
biogas . EGR reduces the lean operating limit and
combustion efficiency, while NOx emissions are
lowered. NOx formation can be attributed to the
pilot diesel spray for lean mixtures ( > 1.6) and to
the high temperature combustion of methane-air
mixture under rich conditions.

Biogas in a dual fuel engine with DME as the pilot
fuel reduced indicated specific NOx emissions,
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while ISHC and ISCO emissions increased upon
increasing the proportion of biogas. Soot emissions
were close to zero. In a dual fuel engine operated
with biogas and Karanja Methyl Ester (KME) as
pilot, it was observed that about 22% replacement
of the pilot fuel was possible with a biogas flow rate
of 0.9 kg/h at full load. The study also showed that
NOx and PM emissions can be simultaneously
reduced for the dual fuel operation, though CO and
HC emissions increased. Effects of DEE in KME-
biogas dual fuel mode were reported by Barik and
team . An increase in DEE reduces CO, NOx, and
smoke emissions. However, it increases HC
emissions. Optimum injection timing is reported as

24.5oCA bTDC with reduction of 17.1% CO
emission, 18.2% HC emission, and 2.1% smoke

emission compared to 23oCA bTDC. Thermal
barrier coated dual fuel engine is used to reduce the
smoke emissions. An increase in CO2 fraction
reduces NOx and smoke but, increases HC
andCOemissions.Anincreaseofcompressionratioandi
njectiontimingsinrice shows several typical
measured outlet temperatures of BG-2/air flames
with various H2 addition ratios and O2-enriched
levels at the same input power of 1.0 kW and
equivalence ratio of 0.95; the simulation results are
shown for comparison. The outlet temperature was
measured by a K-type thermocouple on a same
combustion chamber and burner size with
simulation, which was described in our previous
study. The error of experimental temperature at all
H2 addition ratios and O2-eneriched levels are less
than 15%. Furthermore, the deviation of simulation
and experimental results are below 11%. Therefore,
the simulation results show good agreement with
experimental data at all H2 addition ratios and O2-
enriched levels, thereby confirming that the GRI 3.0
mechanism provides an acceptable and repeatable
result for biogas combustion under H2-enriched and
O2-enriched condition

The effect of CH4 content in biogas fuel on the
combustion temperature distribution is shown in
Figure 3. The maximum combustion temperature
increases with increasing CH4 content in biogas
fuel. Furthermore, the flame length through the z-
direction decreases at a higher CH4 content
condition, and flame width through the r-direction
also shrinks with increasing CH4 content in biogas
fuel. These findings are attributed to the following

explanations: (a) the reaction rate of elementary
reactions in biogas fuel flames increases with
increasing CH4 content in biogas fuel as shown in
Figure 4, and is usually related to the flame
structure; (b) the heat loss to heat up unburnt CO2
in biogas fuel gas decreases with higher CH4
content in biogas fuel; and (c) the total volume of
combustion gas (includinfuel gas and air) decreases
when CH4 content in biogas fuel increases, leading
to higher temperature and heat release rate under
higher CH4 content condition. The maximum heat
release rate increased by about 19.3% (from 362 to
432 J·cm−3 ·s −1 ) with increasing CH4 content in
biogas from BG-1 to BG-3, leading to a stronger
heat release rate flame with shorter flame lengths at
higher CH4 content in biogas fuel.

Graph.1

VII. CONCLUSION:
Biogas holds several advantages as an alternative
fuel. In order to make it viable for use in engines,
biogas needs to be purified by removing its non-
combustible constituents such as CO2 - a process
known as methane enrichment. Various techniques
used for purifying biogas have been explained and
their pros and cons summarised. The state of the art
in the utilisation of biogas in CI engines in dual fuel
and HCCI modes and the influence on performance
and emissions were discussed in the light of existing
literature and compared to the trends of
conventional diesel fuelled CI engines. Simulation
methodologies pertinent to dual fuel and HCCI
operating modes were also reviewed. Advanced
biogas purification techniques are such as
nanotechnology based membranes and cryogenic
separation, development of on-board purification
techniques to improve the viability of biogas as an
automotive fuel, HCCI engines operated on biogas,
simulation of biogas fuelled engines, and
combustion control methods for HCCI engines.
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