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ABSTRCT: 

 Biodegradable wastes such as kitchen wastes, 
agricultural wastes & animal wastes are used to 
produce Biogas, a powerful greenhouse gas. 
Biogas derived from kitchen wastes is a potential 
alternative to the partial substitution of petroleum 
derived fuels because it is from renewable 
resources that are widely available. Producing 
renewable energy from our biodegradable wastes 
helps to tackle the energy crisis. Anaerobic 
digestion (AD) is a treatment that composts these 
wastes in the absence of oxygen, producing a 
biogas that can be used to generate Heat & Power. 
AD produces biogas of around 60 per cent 
methane, 30 percent carbon dioxide (CO2), 2 
percent hydrogen sulphide (H2S) and other 
constituents.  For application as a fuel in I.C 
Engines it is required to remove carbon dioxide 
(CO2) and hydrogen sulphide (H2S), because H2S 
corrodes vital mechanical components of engine 
and CO2 reduces heating effect if it is not removed. 
Therefore Biogas is required to be upgraded 
through purification by removing H2S and CO2. In 
this paper, the important parameters of 
performance characteristics (such as: power 
output, thermal efficiency & fuel consumption) of 
biogas-fuelled C.I engine are studied and estimated 
with change of engine speed and load. The 
obtained results when operating with biogas are 
used to compare with that of diesel fuel under the 
same operating conditions. The experimental 
results show that the tested engine operated with 
richer biogas-air mixture than that of diesel-air 
mixture under the same test conditions.  
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Biogas, dual fuel, performance test, BSFC, C.I 
engine, BTE 

 

 

I.INTRODUCTION 

The continuous generation of municipal wastes and 
kitchen wastes has become an environmental and 
social concern due to the large impacts of its 
improper treatment and management. Rapid 
biodegradation of the organic wastes is of key 
importance to identify environment in more 
responsible way to process it rather than land filling 
or composting it. Anaerobic digestion has the 
advantage of biogas production and can lead to 
efficient resource recovery and contribution to the 
conservation of non-renewable energy sources. 
Biogas is developed from the biodegradation of 
kitchen wastes in absence of oxygen and consists of 
mainly methane, hydrogen sulphide and carbon 
dioxide. Biogas can be upgraded through 
purification and can be used as an alternative to the 
partial or total substitution of diesel fuels in C.I 
engines without requiring extensive engine 
adjustments or modifications. In this study we have 
reviewed the anaerobic digestion reactions of 
kitchen wastes, biogas production, purification and 
application in C.I engines in dual fuel mode. 

 To operate with biogas, diesel engines can be 
conveniently converted to a fumigated dual fuel 
engine, which is the most practical and efficient 
method. Since biogas has a high octane number, it 
can be employed in a high compression ratio 
engine to maximize its conversion efficiency. In 
dual fuel operation mode, biogas is mixed with air 
prior to entering the combustion chamber. At the 
end of compression stroke, a pilot amount of diesel 
fuel is injected to ignite the mixture, as long as 
proper spray penetration and evaporation are 
achieved. One advantage of this method is that the 
engine can be switched back to conventional diesel 
operation mode when the biogas supply is not 
available. In this investigation testing of 
compression ignition engine is operated with 
biogas and diesel dual fuel mode. The main 
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objective is to evaluate performance characteristics 
of a small, naturally aspirated, direct C.I engine 
using diesel and biogas in a dual fuel mode. 

II. ANAEROBIC DIGESTION AND 
BIOGAS PRODUCTION 

Anaerobic digestion (AD) is a microbial 
decomposition of organic matter into methane, 
carbon dioxide, inorganic nutrients and compost in 
oxygen depleted environment and presence of the 
hydrogen gas. This process is also known as bio-
methanogenesis which helps rapid and controlled 
decomposition of kitchen wastes feedstock to 
methane, carbon dioxide and stabilized residue. In 
the generalized scheme of the anaerobic digestion, 
the feedstock is collected, coarsely shredded and 
placed into a reactor with active inoculums of 
methanogenic microorganisms. Since the methane 
is a significant greenhouse gas, anaerobic digestion 
has higher control over the methane production and 
contributes to lower the carbon foot print of the 
kitchen waste management in the way that the 
fugitive emissions are lower than then the 
emissions in the cases of the land filling and 
aerobic composting (Levis et al. 2010). Generally 
three main reactions occur during the entire process 
of the anaerobic digestion to methane: hydrolysis, 
acid forming and methanogenesis. 

 

Fig.1 Anaerobic digestion of kitchen wastes 

2.1 Hydrolysis. 

Hydrolysis is a reaction that breaks down the 
complex organic molecules into soluble monomers 
(constituents).This reaction is catalyzed by 
enzymes excreted from the hydrolytic and 

fermentative bacteria. End products of this reaction 
are soluble sugars, amino acids; glycerol and long- 
chain carboxylic acids (Ralph & Dong 2010). The 
approximate chemical formula for organic waste is 
C6H 10 O4 (Shefali & Themelis 2002) 

 Hydrolysis reaction of organic fraction is 
represented by following reaction: 

                     C6H10O4 + 2H2O → C 6 H 12 O6 + 2H 2                 

(Ostrem & Themelis 2004) 

2.2 Acid-forming stage. 

This stage is facilitated by microorganisms known 
as acid formers that transform the products of the 
hydrolysis into simple organic acids such as acetic, 
propionic and butyricacid as well as ethanol, 
carbon dioxide and hydrogen. Acid forming stage 
comprises two reactions, fermentation and the 
acetogenesis reactions. During the fermentation the 
soluble organic products of the hydrolysis are 
transformed into simple organic compounds. The 
acetogenesis is completed through carbohydrate 
fermentation and results in acetate, CO₂ and H₂, 
compounds that can be utilized by the 
methanogens. The presence of hydrogen is critical 
importance in acetogenesis of compounds such as 
propionic & butyric acid. These reactions can only 
proceed if the concentration of H₂ is very low 
(Ralph & Dong 2010).  

2.3 Methanogenesis. 

Methanogenesis is a reaction facilitated by the 
methanogenic microorganisms that convert soluble 
mater into methane. Two thirds of the total 
methane produced is derived converting the acetic 
acid or by fermentation of alcohol formed in the 
second stage such as methanol. The other one third 
of the produced methane is a result of the reduction 
of the carbon dioxide by hydrogen. Considering 
that the methane has high climate change potential 
the goal is to find an alternative in order to lower 
the environmental foot print of the organic waste 
treatment. Therefore this stage is avoided and 
instead of methane the production of volatile fatty 
acids is targeted. 

The reactions that occur during this stage are as 
follows (Ostrem & Themelis 2004). 

 - Acetate conversion: 
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  2CH₃CH₂OH + CO₂ ↔ 2CH₃COOH + CH₄ 

    Followed by: CH₃COOH ↔ CH₄ + CO2 

 - Methanol conversion: 

         CH₃OH + H₂ ↔ CH₄ + H₂O 

- Carbon dioxide reduction by hydrogen  

  CO₂ + 4H₂ ↔ CH₄ + H₂O 

III. COMPOSITION OF BIOGAS 

The composition of biogas depends on a number of 
factors such as the process design and the nature of 
the substrate that is digested. The main components 
are methane and carbon dioxide, but several other 
components also exist in the biogas. The table-1 
below lists the composition of Biogas in Anaerobic 
digestion. 

Table-1-Approximate Biogas Composition in 
Anaerobic Digestion 
 

Gas Concentration 
% 

CH4 50-70 
CO2 25-30 
N2 0-10 

H2O 0-5 
H2S 0-3 
O2 0-3 

CxHy 0-1 
NH3 0-0.5 

R2SiO 0-50 mg/m3 
 

IV. PURIFICATION OF BIOGAS FOR C.I 
ENGINES 

 
 Biogas is comprised of methane, carbon dioxide 
and other compounds including hydrogen sulphide, 
water, and other trace gas compounds. Methane is a 
powerful greenhouse gas if emitted into the 
atmosphere, but can also represent a valuable 
renewable energy source, with the potential to 
reduce GHG emissions when it is collected and 
substituted for fossil fuels. Biogas can be used 
directly in C.I.Engines, but the large volume of 
CO2 reduces the heating value of the gas.  For use 
as a fuel, purification to remove carbon dioxide 
(CO2) and hydrogen sulphide (H2S) is required, 

because H2S corrodes vital mechanical components 
within engine generator sets and vehicle engines if 
it is not removed. 

Biogas emits less nitrogen oxide, hydrocarbon and 
carbon monoxide than gasoline or diesel, and 
engines fuelled by purified biogas are quieter than 
diesel engines. Refuelling with biogas presents 
fewer environmental risks than refuelling with 
gasoline or diesel, because it can be done at small 
units, minimizing the potential impacts if leaks or 
spills occur. Potential negatives include the high 
cost to upgrade the biogas, reduced driving range 
for engines, dependent on specialty fuel and less 
space due to biogas storage. Feasible biogas 
purification technologies exist for large-scale 
kitchen waste digesters and the technologies for 
upgrading biogas, compressing, storing and 
dispensing bio-methane are well developed.  

4.1 Purification by Water Scrubbing 

Water scrubbing is used to remove CO2 and H2S 
from biogas since these gases are more soluble in 
water than methane. The absorption process is 
purely physical. Usually the biogas is pressurized 
and fed to the bottom of a packed column while 
water is fed on the top and so the absorption 
process is operated counter-currently (Figure-2). 
Water scrubbing can also be used for selective 
removal of H2S since H2S is more soluble than 
carbon dioxide in water. The water which exits the 
column with absorbed CO2 and/or H2S can be 
regenerated and re-circulated back to the absorption 
column. Regeneration is accomplished by de-
pressuring or by stripping with air in a similar 
column. Stripping with air is not recommended 
when high levels of H2S are handled since the 
water quickly becomes contaminated with 
elementary sulphur which causes operational 
problems. When cheap water can be used, for 
example, outlet water from a sewage treatment 
plant, the most cost efficient method is not to re-
circulate the water. 
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Fig.2 Flow chart of water scrubbing technology 

V. BIOGAS IN C.I ENGINE 
APPLICATIONS 

Biogas can be used in both heavy duty and light 
duty vehicles. Light duty vehicles can normally run 
on biogas without any modifications whereas, 
heavy duty vehicles without closed loop control 
may have to be adjusted, if they run on biogas. 
Petrol engines can use biogas directly and Diesel 
engines require combination of biogas and diesel 
oil for combustion. For use of biogas as a fuel, it is 
first upgraded by removing impurities like CO2,H2   
S and water vapour. After removal of impurities it 
is compressed in a three or four stage compressor 
up to a pressure of 20 MPa and stored in a gas 
cascade, which helps to facilitate quick refuelling 
of cylinders. If the biogas is not compressed than 
the volume of gas contained in the cylinder will be 
less hence the engine will run for a short duration 
of time. 

5.1 Biogas in Dual Fuel Engine Application 

In this case, the normal diesel fuel injection system 
still supplies a certain amount of diesel fuel. The 
engine however sucks and compresses a mixture of 
air and biogas fuel which has been prepared in 
external mixing device. The mixture is then ignited 
by and together with the diesel fuel sprayed in. The 
amount of diesel fuel needed for sufficient ignition 
is between 10% and 20% of the amount needed for 
operation on diesel fuel alone. Operation of the 
engine at partial load requires reduction of the 
biogas supply by means of a gas control valve. A 
simultaneous reduction of airflow would reduce 
power and efficiency because of reduction of 
compression pressure and main effective pressure. 
So, the air/fuel ratio is changed by different 

amounts of injected biogas. All other parameters 
and elements of diesel engine remain unchanged. 

VI. EXPERIMENTAL PROGRAMME  

The tests and estimation of engine performance 
characteristics (like brake power, thermal 
efficiency and specific fuel consumption) of biogas 
internal combustion engines are limited by the lack 
of specially testing devices and measuring 
equipments. It is expected that the performance 
characteristics of biogas-fuelled engine must be 
studied for a wide change of engine speed and load. 
Then the obtaining results should be used to 
compare with operation the conventional fuels like 
diesel. Thus, the main objectives of this study are 
to evaluate the performance characteristics of 
biogas fuelled C.I engine. 

 6.1 Experimental procedure  

The experiment was carried out with the 
conventional diesel fuel and the engine was kept 
running till it reached the operating temperature. 
The load was kept constant for various RPM 
throughout the experiment. For diesel and biogas 
consumption by the engine, all the parameters were 
observed at different speed and load on the engine. 
Moreover, time for fuel consumption by the engine 
was also noted to calculate the specific fuel 
consumption under various conditions. To reduce 
the effect of dispersion in the data each set of 
experiment was repeated two times. The Brake 
Power, Brake Specific Fuel Consumption, Brake 
Thermal Efficiency and exhaust emission were 
calculated. 

In order to draw conclusion, the experiments were 
conducted by varying RPM and volume of Biogas 
and Diesel over wide ranges. To evaluate 
comparatively of performance characteristics of C.I 
engine using diesel and biogas, engine speed is 
changed from 1400 rpm to 1600 rpm with a step of 
50 rpm. a total of five measurement points (1400, 
1450, 1500, 1550, 1600 rpm). 

6.2 Experimental Set Up  

The particular type of engine used in this 
investigation is a single cylinder 3.7 KW diesel 
engine. Setup of the investigation engine is 
illustrated in Fig.3 and its specifications are noted 
in the table 2.The engine is cooled by water cooling 
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system fitted in the engine itself. There is only one 
change in the engine was biogas and air are mixed 
in the one chamber like T joint near intake 
manifold.  

The engine was run at the idling condition for 
certain period of time. The engine was properly 
fitted with the mechanical loading arrangement for 
better results. After running the engine with this 
condition for certain time, readings were taken for 
different load conditions. The performance test was 
carried out with same test set up and then the 
engine run with dual fuel of diesel and biogas 

 

Fig.3 Experimental setup of biogas-fuelled C.I 
engine 

Table 2. Engine Specifications 

. Engine Kirloskar   
Type Water cooled  
B  P 3.7 KW  
Number of Cylinders 1  
Bore 80 mm  
Stroke 110 mm  
Rated speed 1500 RPM  
Combustion Compression 

Ignition 
 

Biogas used in the tests was supplied from a biogas 
plant. It was stored and compressed in a collapsible 
rubber balloon from where it was fed to the engine 
intake manifold. Before storing in the balloon it 
was upgraded through purification to reduce CO2 
and some amount of H2S. Its compositions were 
60% CH4, 30% CO2, 5% N2, and 2% O2 with 
some traces of H2S. The biogas was also compared 

along with diesel for the properties obtained from 
the literature shown in Table 3.  

 

Table 3. Property of diesel and biogas 

Property  Biogas  Diesel  
Cetane number  -  50  
Heating Value (MJ/Kg)  24.50  45.91  
Viscosity @ 40ºc (cSt)  -  3.34  
Specific gravity @15 ºc  0.001  0.830  
Sulphur content (%wt.) 0.12 0.037 

 

VII. RESULTS AND DISCUSSION  

7.1 Brake power  

Brake power of engine is measured by a rope brake 
dynamometer. The experiment is conducted at the 
same conditions with biogas and diesel. When the 
engine speed increases, the brake torques for both 
cases increases. However, the difference in brake 
power at each operating point is less than 5%. 
Engine speed is set at 1400 rpm (idle speed), 1450, 
1500, 1550, 1600 rpm. Theoretically, brake power 
of same engine fuelled with diesel is higher than 
that using biogas, because diesel has higher LHV 
than biogas. In this study, however, brake power 
(determined by dynamometer) is constantly kept in 
order to estimate the power output, fuel 
consumption and thermal efficiency for two study 
cases. The trend shows (fig.4) that brake engine 
power increases with the increase of engine speed. 
This is due to a reduction in ignition delay at high 
temperature in engine cylinder at high speeds. The 
brake engine power decreases as the percentage of 
biogas increases, as a result of lower energy 
contents in fuel mixture. It is also found that 
conventional diesel fuel always has higher brake 
engine power as compared to diesel and biogas. 
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Fig.4 Variation of Brake Power vs. Engine Speed 

7.2 Intake air and biogas mass flow rate  

Fig.3 shows the change of air mass flow with 
engine speed. Both intake air flow and biogas flow 
increase and the variation of A/F rate of air-biogas 
mixture has a similar tendency. At 1400 rpm, air-
fuel mixture is quite dense because biogas has high 
impurities (CO2 more than 30%), engine is difficult 
to start and keep stability in low load. In that case, 
engine need to close air throttle to reduce air mass 
flow. When engine speed increases up to 1450 rpm, 
engine operation has conducted smoothly and air 
mass flow increase relatively linear. Varying trends 
and causes of intake air and diesel supply in Fig. 5  

 

Fig.5 Variation of intake air mass flow and biogas 
mass flow with respect to engine speed 

It shows that the supplied amount of biogas is 
higher than diesel at the same experimental 
conditions (with the same brake power at each 
engine speed). This demonstrates that the diesel 

engine operated with biogas needs higher fuel 
consumption than diesel operation. To produce the 
same brake power, in other words, the engine using 
biogas-air mixture is burned denser than diesel-air 
mixture. The main reason, as explained above, is 
due to lower calorific value of biogas in 
comparison with diesel.  

 

Fig.6 Variation of intake air mass flow and diesel 
mass flow with respect to engine speed  

7.3 Brake specific fuel consumption (BSFC) 

The variation in Brake Specific Fuel Consumption 
at different engine speeds is shown in Fig.7. The 
Brake Specific Fuel Consumption is proportional to 
mass of fuel consumed as well as brake engine 
power. The Brake Specific Fuel Consumption 
increases as the percentage of diesel increases in 
the diesel and biogas combustion as compared to 
pure conventional diesel fuel. This is due to the 
lower energy contents in diesel fuel with biogas. 
The BSFC is increased with the increase or 
decrease in engine speed because of the decrease in 
volumetric efficiency of the engine.  

As shown in Fig.7, for each engine speed, the 
BSFC of engine operated with diesel is lower than 
that operated with biogas. At idle speed of 1400 
rpm, BSFC for two cases is almost similar without 
load conditions. When engine speed increases from 
1500 to 1600 rpm, the difference of BSFC is about 
30%. This is caused by the increase of consumption 
fuel for the operation of same power. 
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Fig.7 Comparison BSFC of two cases with respect to 
engine speed  

7.4 Brake Thermal efficiency  

The variation in Brake Thermal Efficiency at 
different engine speeds is shown in Fig.8. Due to 
low BSFC of pure conventional diesel fuel, its 
Brake Thermal Efficiency is higher than diesel fuel 
with biogas. It is evident from the figure that the 
Brake Thermal Efficiency is decreased as the 
percentage of biogas increased. It may be attributed 
to lower energy contents in fuel mixture. Thermal 
efficiency of engine is inversely proportion to 
BSFC tendency and LHV of tested fuel. In Fig. 8, 
the BSFC of engine using biogas is higher than that 
of using diesel. Thus, for whole range of engine 
speed, brake thermal efficiency of biogas-fuelled 
diesel engine is lower as shown in Fig. 8. This is 
because, biogas has many impurities like CO2, O2, 
H2S and other components limiting the combustion 
and mechanical durability of the engine. Reduction 
in brake power of engine leads to reduce thermal 
efficiency. In addition, thermal efficiency of biogas 
operation is lower by lower heating value 

 

Fig. 8 Variation of brake thermal efficiency versus 
engine speed  

7.5 Mechanical efficiency  

Initially engine runs with the diesel fuel and after 
some time engine runs with dual fuel operation. 
Readings are taken at different load 
conditions.Fig.9 shows, at dual fuel mode the 
comparison of mechanical efficiency is more with 
diesel as fuel and less with dual fuel operation. It 
means fuel consumption is more at more load with 
higher efficiency. The brake thermal efficiency 
with respect to fuel consumption difference is also 
higher. 
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Fig.9 Comparison of Mech. Efficiency and Brake Th. 
Efficiency 

7.6 Effect of load conditions  

7.6.1 Comparison of fuel consumption with 
different loading  

Fuel consumption of the engine with different 
loading arrangements is shown in fig.10. The 
difference in diesel consumption is up to 20% at 
the engine loading condition and up to 50 % diesel 
consumption for further loading. 

 

Fig.10 Comparison of fuel consumption with 
different loading  

7.6.2 Biogas mass flow  

Effect of load (brake power) on the variation of 
biogas mass flow is shown in Fig.11. When load 
increases, the amount of biogas increases linearly. 
At each point of load, higher engine speed, higher 
biogas mass flow due to higher volumetric 
efficiency. 

 

Fig. 11 Change of intake biogas mass flow with 
respect to brake power for two cases 

7.6.3 Brake specific fuel consumption 
(BSFC)  

Fig. 12 shows the change of BSFC with respect to 
load for two different speeds. As shown in figure, 
the amount of biogas supply at speed of 1500 rpm 
is higher than that of 1450 rpm. This may be 
caused by the increase of volumetric efficiency at 
high speed. Also, when engine load increases, 
BSFC decreases. 

 

Fig. 12 Change of BSFC with respect to load 
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VIII. CONCLUSION 

The study concludes the biogas production from 
organic wastes, its’ composition and properties for 
use in C.I Engines. Different techniques for CO2, 
H2S scrubbing are discussed, among which water 
scrubbing is a simple continuous and cost effective 
method for purification. The study carried out in 
this review has shown that the anaerobic digestion 
of kitchen waste is a feasible alternative to biogas 
generation. This finding is of special importance 
because this lowers the operating costs, decreases 
the capital and operating costs of the anaerobic 
digestion of source-separated kitchen waste, and 
reduces the greenhouse gas emissions of both 
processes. Attention is also focused for making 
biogas as alternate fuel in C.I Engines and dual 
fuelling is recommended to be the best one for 
biogas engine operation. Drop of CO2 in biogas for 
dual fuelling increases the thermal efficiency. 
Therefore it is recommended to use biogas as 
alternate fuel in I.C engines. 

In this study, investigation of engine performance 
test operating on biogas-diesel dual fuel in a small 
diesel injection engine at different speed and load 
conditions has been carried out. Diesel engine 
performance has been experimentally investigated 
and the following conclusions may be drawn.  

1) Diesel consumption by this small diesel engine 
at different loading arrangement is around 50% 
diesel we can save by using biogas-diesel as a fuel 
in that engine.  

2) Efficiency of the engine 20% is increased by 
using dual fuel arrangement.  

3) The Brake Specific Fuel Consumption increased 
as the percentage of biogas increased in the diesel 
fuel as compared to pure conventional diesel fuel. 
This is due to lower energy contents in diesel fuel 
with biogas. 

4) The Brake Thermal Efficiency is decreased as 
the percentage of biogas increased as compared to 
pure conventional diesel fuel. This is due to lower 
energy contents in diesel fuel with biogas. .  

5) The brake engine power decreases as the 
percentage of biogas increases. This is due to lower 
energy contents in biogas. It is also found that 
conventional diesel fuel has higher brake engine 
power as compared to diesel and biogas. 

REFERENCES 

[1] Jiang C, Liu T, Zhong J. “A study on compressed 
biogas and its application to the compression ignition 
dual-fuel engine”. Biomass, vol. 20, pp. 53–59, 1989. 

[2] Nand, K , Sumithra Devi, S. & Viswanath, P., 1991. 
"Anaerobic Digestion of Fruit and Vegetable Processing 
Wastes for Biogas Production”. Bioresource Technology, 
40, pp.43- 48. 

[3] Leif G, Pal B, Bengt J, Per S. “Reducing CO2 
emission by substituting biomass for fossil fuels”. 
Energy, vol. 20, pp. 1097–1103, 1995. 

[4] Henham A, Makkar MK. “Combustion of simulated 
biogas in a dual fuel diesel engine”. Energy Conversion 
and Management, vol. 39, pp. 2001–2009, 1998. 

[5] Llabres, P. et al., 1999. "The Use of Organic Fraction 
of Municipal Solid Waste Hydrolysis Products for 
Biological Butrient Removal in Wastewater Treatment 
Plants". Water Resources, 33(1), pp.214-222. 

[6] Mata-Alvarez J., Mace S., Llabres P., (2000), 
“Anaerobic digestion of organic solid wastes. An 
overview of research achievements and perspectives”, 
Bio resource Technology, 74 (2000) 3-16 

[7] Kim, H.S., Kim, Y.J., Chung, J.S., Xie, Q., 2002. 
“Long-term operation of a bio filter for simultaneous 
removal of H2S and NH3”. Journal of the Air & Waste 
Management Association, 52, 1389-1398. 

 [8] Huang, Z., Lu, H., Jiang, D., Zeng, K., Liu, B., 
Zhang, J. & Wang, X. (2004). “Combustion behaviours 
of a compression-ignition engine fuelled with 
diesel/methanol blends under various fuel delivery 
advance angles”. Bio resource Technology, Vol. 95, pp. 
331–341.  

[9] Kim, S., H. T. Kim, et al. (2004). "Optimization of 
CO2 absorption process with MEA solution." Carbon 
Dioxide Utilization for Global Sustainability 153: 429-
434. 

 [10] Li, D., Zhen, H., Xingcai, L., Wu-gao, Z. & Jian-
guang, Y. (2005). “Physico-chemical properties of 
ethanol– diesel blend fuel and its effect on performance 
and emissions of diesel engines”. Renewable Energy, 
Vol. 30, No. 6, pp. 967-976.  

[11] Crookes R.J. “Comparative bio fuel performance in 
internal combustion engines”, International Journal of 
Biomass and Bio energy, vol. 30, pp. 461-468, 
2006.Thermal Analysis and Calorimetry, 91, 87-91. . 

 [12] Duan, H.Q., Koe, L.C.C., Yan, R., Chen, X.G., 
2006. “Biological treatment of H2S using pellet activated 



    

P a g e  | 959 

 

International Journal of Research (IJR)   Vol-1, Issue-7, August 2014   ISSN 2348-6848 

Biogas Production from Kitchen Wastes: its Purification and Application in C.I 
Engine in dual Fuel Mode | N.H.S.Ray, P.R.Swain, M.K.Mohanty, R.C.Mohanty

carbon as a carrier of microorganisms in a biofilter”. 
Water Research, 40, 2629-2636. 

 [13] Van der Zee, F.P., Villaverde, S., Garcia, P.A., Fdz-
Polanco, F., 2007. “Sulfide removal by moderate 
oxygenation of anaerobic sludge environments”. Bio 
resource Technology, 98, 518-524. 

 [14] Phan Minh Duc, Kanit Wattanavichien, “Study on 
biogas premixed charge diesel dual fuelled engine”. 
Energy Conversion and Management, vol. 48, pp. 2286–
2308, 2007. 

 [15] Shahid, E. M. & Jamal, Y. (2008). “A review of 
biodiesel as vehicular fuel”. Renewable and Sustainable 
Energy Reviews, Vol. 12, No. 9, pp. 2484-2494. 

 [16] Lim, S.-J. et al., 2008. "Anaerobic organic acid 
production of food waste in once-a-day feeding and 
drawing-off bioreactor". Bio resource Technology, 99, 
pp.7866- 7874. 

[17] Roskilly, A. P., Nanda, S. K., Wang, Y. D. & 
Chirkowski, J. (2008). “The performance and the gaseous 
emissions of two small marine craft diesel engines 
fuelled with biodiesel”. Applied Thermal Engineering, 
Vol.28, Nos. 8-9, pp. 872-880.  

 [18] Bayraktar, H. (2008). “An experimental study on 
the performance parameters of an experimental CI engine 
fueled with –Methanol-dodecanol blends”. Fuel, Vol. 87, 
No. 2, pp. 158-64. 

 [19] Levis, J.W. et al., 2010. "Assessment of the state of 
food waste treatment in the United States and Canada". 
Waste management (New York, N.Y.), 30(8-9), pp.1486-
94. 

. [20] Sayin, C. (2010). “Engine performance and exhaust 
gas emissions of methanol and ethanol–diesel blends” . 
Fuel, Vol. 89, pp. 3410-3415. 

 [21] Sayin, C., Ozsezen, A. N. & Canakci, M. (2010). 
“The influence of operating parameters on performance 
and emissions of DI diesel engine using methanol-
blended-diesel fuel”. Fuel, Vol. 89, pp. 1407-1414.  

 [22] Huynh Thanh Cong, Pham Xuan Mai, NguyenDinh 
Hung, Tran Minh Tien, “A Study on Characteristics of 
Power Generation System fuelled with Biogas”, Journal 
of Transaction of the Korean Hydrogen and New Energy 
Society, Vol. 21, No.5, 2010, pp. 435-441.  

[23] Barik, D. & Murugan, S. Dept. of ME, NIT, 
Rourkela, Odisha, India-“Production and Application of 
Biogas as a Gaseous Fuel for Internal Combustion 
Engines”. International Journal of Engineering Research 
& Technology (IJERT) Vol. 1 Issue 7, September –2012 
ISSN: 2278-01 

[24] Sorathia, Harilal S. Yadav, Hitesh J. “Energy 
analyses to a CI-Engine using diesel and biogas dual 
fuel-A review study,” International journal of advanced 
engineering research and studies”. IJAERS/Vol.I/Issue 
II/January-March, 2012/212-217.  

 [25] Godini, H. R. and D. Mowla (2008). "Selectivity 
study of H2S and CO2 absorption from gaseous mixtures 
by MEA in packed beds." Chemical Engineering 
Research & Design 86(4A): 401-409. 

[26] Barlaz, Morton A et al., 2008. "An Assessment of 
the State-of-the-Practice of Food Waste Composting in 
North America", 

[27] Bui Van Ga, Le Minh Tien, Truong Le BichTram, 
“Possibility of CO2 Emission Reduction in Vietnam by 
Utilization of Biogas for Electricity Production”, 
University of DaNang, 2009.  

[28] Bui Van Ga, Tran Van Nam, Nguyen Thi Thanh 
Xuan, “Utilization of biogas engines in rural area: A 
contribution to climate change mitigation”, Colloque 
International RUNSUD 2010 University’ Nice Antipolos 

 [29] Shefali, V. & Themelis, Nickolas J., 2002. 
"ANAEROBIC DIGESTION OF BIODEGRADABLE 
ORGANICS IN MUNICIPAL SOLID WASTE". 
Availableat: 
http://www.seas.columbia.edu/earth/vermathesis.pdf 

[30] Ostrem, K. & Themelis, Nickolas J., 2004. 
"GREENING WASTE: ANAEROBIC DIGESTION 
FOR TREATING THE ORGANIC FRACTION OF 
MUNICIPALSOLIDWASTES” 

Availableat:http://www.seas.columbia.edu/earth/wtert/so
fos/Ostrem_Thesis_final.pdf. 

[31] de Hullu, J., Maassen, J.I.W., van Meel, P.A., 
Shazad, S., Vaessen, J.M.P. (2008). “Comparing 
different biogas upgrading techniques. Eindhoven 
University of Technology”, The Netherlands. 

 [32] Biswas, T. D., A. R. S. Kartha, et al. (1977). 
“Removal of carbon dioxide from biogas”. Proceedings 
of national symposium on biogas technology and uses. 
New Delhi, India, IARI. 

[33] Modarres RMR, Karim GA. “Examination of the 
dual-fuel engine performance using low BTU gaseous 
fuels”. In: Proceedings of the13th international 
conference on thermal engineering and 
thermogrammetry, Budapest, Hungari, 2003 

[34] Bauer, T., Lorenz, N. & Willson, B. (2004). 
“Emissions characterization of a direct injection retro-fit 
kit for small two-stroke cycle engines”. Better Air 
Quality (BAQ) conference, Agra, India.  



    

P a g e  | 960 

 

International Journal of Research (IJR)   Vol-1, Issue-7, August 2014   ISSN 2348-6848 

Biogas Production from Kitchen Wastes: its Purification and Application in C.I 
Engine in dual Fuel Mode | N.H.S.Ray, P.R.Swain, M.K.Mohanty, R.C.Mohanty

[35] Soroushian, F., Shang, Y., Whitman, E.J., Garza, G., 
Zhang, Z., 2006. “Development and application of 
biological H2S scrubbers for treatment of digester gas”, 
WEF's Annual Technical Exhibition and Conference, 
Texas, USA, pp. 3541-3547.  

[36] Tran Minh Tien, Nguyen Dinh Hung, Pham Xuan 
Mai, Huynh Thanh Cong, “Characteristics of Biogas-
fueled Power Generation System”, The 3rd ASEAN 
Environmental Engineering Conference, University of 
Philipine, Metro Manila, November 11–12, 2010. 

 


