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ABSTRACT 

Ever increasing demand for conventional fuels such as diesel and petrol, their 

increasing prices and adverse effect on environment have led to exploitation of new, 

renewable and alternate sources of energy. Use of gaseous fuels like natural gas and 

biogas is a welcome step in this direction. Natural gas, in the form of CNG, is well 

established in this field, but it is not renewable and available universally. While 

biogas is similar to natural gas after enrichment, is renewable in nature and produced 

from biodegradable waste, which is available everywhere. This makes biogas a 

superior choice over natural gas. However, considerable efforts are required to make 

biogas as attractive fuel as CNG / LPG. 

This thesis aims at developing a suitable low cost, simple and easy to operate 

system for enrichment and compression of biogas, produced from cattle dung, a waste 

available in plenty in rural areas. Rural areas are considered for the study as they are 

the worst affected by increasing prices and scarcity of diesel / petrol. 

After reviewing different methods of enrichment, water scrubbing method was 

found to be the most suitable for rural application, being simple and of low 

investment. Accordingly a packed bed scrubber was designed, fabricated and installed 

along with other accessories for enrichment of biogas. During performance study, it 

was found that when compressed biogas (1.0 MPa pressure) was sent into the 

developed scrubber at 1.5 m3/h flow rate as against 1.8 m3/h flow rate of pressurized 

water (1.2 MPa pressure), it could remove up to 99 % of carbon dioxide present in 

raw biogas. Hydrogen sulfide, present in traces, was also removed during the 

scrubbing. 



Enriched biogas was compressed using a three stage compressor after 

removing moisture and stored in high pressure steel cylinders. These cylinders were 

tested for vehicle application in Maruti - 800 car. After minor adjustment in air intake 

system and engine tuning, they gave excellent performance. Enriched biogas was also 

tested for stationary engine applications and found to be better than raw biogas in 

terms of engine performance. 

A feasibility study was also conducted for its probable application in rural 

areas. It was found that cattle dung is available in plenty and a number of biogas 

enrichment and compression systems can be installed there. A 140 m3/day capacity 

biogas plant is suggested for this purpose. The economic analysis of the complete set-

up i.e. from production to bottling was carried out using different economic indicators 

namely, net present value (NPV), internal rate of return (IRR), benefit cost ratio (B/C 

ratio) and pay back period by considering the different life periods of the system. The 

results of economic analysis indicate that biogas enrichment and compression is a 

profitable venture for all proposed life periods for end applications like diesel 

replacement. The internal rate of return is between 17 — 21 per cent. 

It is hoped that the present study would encourage people to install biogas 

enrichment and compression system for large capacity biogas plants and use enriched 

and compressed biogas filled cylinders for energy applications particularly in rural 

areas. 



CONTENTS 

Page No. 

Abstract 

List of Figures 	 ix 

List of Tables 	 xii 

Chapter I 	Introduction 	 1-14 

1.1 	General 	 1 

1.2 	Biogas Scenario in India 	 5 

1.3 	Importance of Biogas Technology in Rural Energy 	 7 

1.4 	Biogas Composition, Properties and Utilization 	 9 

1.5 	Need of Biogas Enrichment and Compression 	 10 

1.6 	Applications and Safety Aspects of Enriched 	 11 

and Compressed Biogas 

1.7 	Scope and Justification of Present Work 	 12 

1.8 	Objectives 	 14 

Chapter II 	Review of Literature 	 15-43 

2.1 	Biogas Technology — a Historical Review 	 15 

2.2 	Technology of Biogas Production 	 17 

2.2.1 Different Types of Biogas Plants 	 18 

2.3 	Biogas Enrichment Processes 	 19 

2.3.1 CO2 Removal from Biogas 	 19 

2.3.1.1 Physical Absorption 	 21 

ifi 



2.3.1.2 Chemical Absorption 	 22 

2.3.1.3 Adsorption on Solid Surface 	 23 

2.3.1.4 Membrane Separation 	 24 

2.3.1.5 Cryogenic Separation 	 25 

2.3.1.6 Chemical Conversion Method 	 26 

2.3.1.7 Water Scrubbing Method 	 26 

2.3.1.7.1 Work Done on Water Scrubbing 	27 

2.3.2 H2S Removal from Biogas 	 31 

2.3.2.1 Dry Oxidation Process 	 31 

2.3.2.1.1 Introduction of Air/Oxygen 	31 

into the Biogas System 

2.3.2.1.2 Adsorption Using Iron Oxide 	32 

2.3.2.2 Liquid Phase Oxidation Process 	 32 

	

2.4 	Biogas Storage 	 33 

2.4.1 Low Pressure Gasholders 	 33 

2.4.2 Medium Pressure Gas Tanks 	 34 

2.4.3 High Pressure Gas Cylinders 	 35 

	

2.5 	Biogas Compression 	 35 

	

2.6 	Biogas Suitability for Engine Operation 	 37 

	

2.7 	CNG / Biogas Use in Stationary Combustion Engines 	38 

	

2.8 	Application of CNG / Biogas in Automobiles 	 41 

	

2.9 	Economics of Biogas Processing 	 42 

Chapter III Design of Water Scrubbing System 	 44-62 

	

3.1 	General 	 44 

\ v 



	

3.2 	Carbon Dioxide Absorption in Water 	 44 

3.2.1 Factors Affecting Solubility of Carbon Dioxide 

in Water 	 46 

	

3.3 	Design Procedure 	 46 

3.3.1 Basic Data 	 49 

3.3.2 Solubility Data Generation 	 50 

3.3.3 Material Balance & Water Flow Rate 

Determination 	 52 

3.3.4 Selection of Packing Material 	 55 

3.3.5 Determination of Column Diameter (D) 	 56 

3.3.6 Determination of Packed Bed 

Height of Column (Z) 	 57 

3.3.6.1 Estimation of NoG 	 58 

3.3.6.2 Estimation of HoG 	 58 

3.3.7 Selection of Packing Support 

and Water Distributor 	 63 

Chapter IV Development of Biogas Enrichment 

and Compression System 	 64-93 

4.1 	Biogas Enrichment Unit 	 65 

4.1.1 Scrubber 	 65 

4.1.1.1 Packed Bed Absorption Column 	 65 

4.1.1.2 Supporting Frame 	 67 

4.1.2 Water Supply System 	 67 

4.1.3 Gas Supply System 	 69 

V 



4.1.3.1 Biogas Plant 	 69 

4.1.3.2 Single Stage Compressor 	 69 

4.1.3.3 Pressure Vessel 	 69 

4.1.3.4 Pipe Fittings and Accessories 	 69 

4.2 	Biogas Compression Unit 	 71 

4.2.1 Three Stage Compressor 	 71 

4.2.2 Ultra Filters 	 71 

4.2.3 Storage Cylinders 	 71 

4.2.4 Pipe Fittings and Accessories 	 73 

4.3 	Instrumentation 	 73 

4.3.1 Rotameter 	 73 

4.3.2 Gas Chromatograph 	 75 

4.4 	Working of the System 	 75 

4.5 	Performance Evaluation of the System 	 81 

4.6. 	Results and Discussion 	 84 

4.6.1 Performance of the Enrichment Unit 	 84 

4.6.1.1 Performance of the Scrubber 	 84 

4.6.1.1.1 Percentage Absorption of 

Carbon Dioxide in Water 	84 

4.6.1.1.2 Performance of the Scrubber 	87 

4.6.1.1.3 Effect of Water Pressure and FlowRate90 

4.6.1.2 pH of Water 	 90 

4.6.1.3 H2S Test on Enriched Biogas 	 91 

4.6.2 Performance of Compression Unit 
	

91 



Chapter V Performance Evaluation of Enriched 

Biogas in Engine Applications 	 94-103 

	

5.1 	Stationary SI Gas Engine Application 	 95 

5.1.1 Engine Test Rig 	 95 

5.1.1.1 SI Engine 	 95 

5.1.1.2 Dynamometer 	 97 

5.1.1.3 Air Flow Measuring System 	 97 

5.1.1.4 Speed Measurement 	 98 

5.1.1.5 Exhaust Temperature Measurement 	98 

5.1.1.6 Load Board 	 98 

5.1.1.7 Voltmeter and Ammeter 	 98 

5.1.1.8 Gas Flow Meter 	 98 

5.1.2 Engine Operation 	 99 

	

5.2 	Automobile Testing 	 100 

	

5.3 	Results and Discussion 	 102 

5.3.1 Stationary Engine Testing 	 102 

5.3.1.1 Effect of Biogas Enrichment on Engine Output 105 

5.3.1.2 Effect of Enriched Biogas on Engine Speed 	106 

5.3.1.3 Effect of Enriched Biogas on Specific Gas 	107 

Consumption 

5.3.1.4 Effect of Enriched Biogas on Brake Thermal 	109 

Efficiency 

5.3.1.5 Effect of Enriched Biogas on Exhaust 	110 

Temperature 

5.3.1.6 Effect of Enriched Biogas on Air— Fuel Ratio 	111 

Vii 



5.3.2 Automobile Engine Testing 	 112 

Chapter VI Feasibility of Biogas Enrichment and 

Compression System - a Case Study 	 114-135 

	

6.1 	Feasibility of Biogas Enrichment and Compression 	 114 

6.1.1 Availability of Raw Material for Biogas Production 	115 

6.1.2 Matching Energy Demand with Enriched • 

and Compressed Biogas 	 119 

	

6.2 	Economics of Biogas Enrichment and Compression System 	122 

6.2.1 Capital Investment Cost for Biogas 

Enrichment and Compression System 	 122 

6.2.2 Operation and Maintenance Cost 	 122 

6.2.3 End Use of Enriched & Compressed Biogas 	124 

6.2.4 End Use of Biogas Digested Slurry as Organic 

Compost 	 125 

6.2.5 Return from Biogas Enrichment and Compression 

System 	 126 

6.3 	Economic Viability Analysis 	 128 

6.3.1 NPV and IRR Values of the System 	 129 

6.3.2 Benefit Cost Ratio & Pay Back Period of the System 	130 

Chapter VII Conclusions and Recommendations 	 136 

References 	 141 

Appendices 	 149 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

