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ABSTRACT 

The share of biomass energy use from various biomass resources 

(agricultural residues, animal dung, fuelwood etc.) is about 57% of the total 

energy requirement, and in rural areas the biomass meets about 80% of the 

energy demand in India. Although the use of biomass through direct burning 

has been a traditional practice, the conversion of biomass into secondary 

fuels (solid, liquid or gas) for a variety of thermal, shaft power and electrical 

applications, is a recent phenomenon. In this direction, significant 

developments of biomass gasification and briquetting technologies have 

taken place during the last two decades in India. 

In this thesis an attempt has been made to analyse the techno-

economic aspects of biomass gasification and briquetting systems. The 

financial viability of biomass gasifier based power generation, institutional 

cooking and water pumping has been studied besides that of biomass 

briquetting. The role of various factors affecting the unit cost of useful energy 

has also been studied. An attempt to estimate the availability and cost of 

agricultutal residues and fuelwood from energy plantations has been made. 

The performance data were collected from the working biomass gasification 

and briquetting plants and the same have been used for the techno-

economic evaluation. It is found that in many situations the biomass gasifier 

based systems can compete wtith the conventional options and that the cost 

of briquettes is lower than that of coal. 



CONTENTS 

PAGE NO 
List of Figures 	 (I) 

List of Tables 	 (v) 

List of Plates 	 (x) 

CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW 

1.1 Energy sources and consumption pattern. 	 1 

1.2 Role of renewable energy 	 5 

1.2.1 World scenario 	 5 

1.2.2 Indian scenario 	 6 

1.3 Biomass energy in India 	 7 

1.3.1 Biomass resources and utilisation 	 8 

1.4 Biomass gasification 	 10 

1.4.1 Gasification process 	 12 

1.4.2 Applications of biomass gasifier based systems 	17 

1.4.3 Development of biomass gasifiers 	 17 

1.5 Biomass briquetting 	 20 

1.5.1 Development of biomass briquetting technologies 	20 

1.6 Literature review 	 22 

1.6.1 Biomass gasification 	 23 

1.6.2 Biomass briquetting 	 29 

1.7 Techno-economic evaluation 	 33 

1.8 The present work 	 34 

1.8.1 Objectives 	 34 

1.8.2 Limitations of the present work 	 35 

1.8.3 Chapter-wise summary of the thesis 	 36 



CHAPTER 2 BIOMASS RESOURCE ASSESSMENT AND COST 
ANALYSIS 

2.1 Background 	 39 

2.2 Agricultural residues 	 40 

2.3 Agricultural residues as feed-stocks 	 41 

2.4 Potential availability of agricultural residues 	 42 

2.4.1 Total quantity produced 	 42 

2.4.2 Residue availability 	 43 

2.5 Cost of agricultural residues 	 46 

2.5.1 Production cost 	 46 

2.5.2 Harvesting cost 	 47 

2.5.3 Collection cost 	 47 

2.5.4 Transportation cost 	 48 

2.5.5 Storage cost 	 48 

2.5.6 Total cost 	 48 

2.6 Assumptions and input parameters 	 49 

2.7 Results and discussion 	 51 

2.8 Unit cost of fuelwood from energy plantations 	 54 

2.9 Concluding remarks 	 58 

CHAPTER 3 PERFORMANCE EVALUATION OF BIOMASS 
GASIFICATION AND BRIQUETTING PLANTS 

3.1 Background 	 60 

3.2 Previous evaluation studies : A review 	 61 

3.2.1 Biomass gasification 	 61 

3.2.2 Biomass briquetting 	 65 

3.3 Performance evaluation of a biomass gasifier system 	66 

3.3.1 Biomass gasifier system at M/s Aditya Glass 	66 

Industries, Sasni, Aligarh 

3.3.2 Plant and machinery set up 	 68 

3.3.3 The power generation process 	 68 



3.3.4 Data collection 	 68 

3.3.5 Analysis of performance data 	 70 

3.4 Survey of briquetting plants 	 73 

3.4.1 Objectives of the survey 	 73 

3.4.2 Survey methodology 	 74 

3.4.3 Analysis of survey data 	 75 

3.4.4 General observation 	 83 

3.5 Performance evaluation of a briquetting plant 	 84 

3.5.1 Briquetting plant at M/s Shreyans Fuels Pvt. 	84 

Ltd. Alwar 

3.5.2 Plant and machinery set up 	 85 

3.5.3 Briquette production process at M/s Shreyans 	87 

Fuel Pvt. Ltd. 

3.5.4 Data collection for briquetting plant 	 87 

3.5.5 Analysis of data 	 89 

3.6 Quality of briquettes 	 90 

3.6.1 Proximate analysis 	 90 

3.7 Concluding remarks 	 94 

CHAPTER 4 BIOMASS GASIFIER BASED POWER GENERATION 

4.1 Introduction 	 95 

4.2 Biomass gasifier based power generation system 	 97 

4.3 Financial Analysis 	 103 

4.3.1 Capital cost 	 103 

4.3.2 Installation cost 	 111 

4.3.3 Operation and maintenance costs 	 112 

4.4 Cost of power generation 	 113 

4.4.1 Biomass gasifier based power generation system 	113 

4.4.2 Diesel engine based system 	 115 

4.4.3 Other options for electricity generation 	 116 



4.5 Sensitivity analysis 	 116 

4.6 Other financial indicators 	 117 

4.7 Assumptions and input parameters 	 117 

4.8 Results and discussion 	 119 

4.9 Concluding remarks 	 127 

CHAPTER 5 BIOMASS GASIFIER BASED THERMAL AND 
WATER PUMPING APPLICATIONS 

5.1 Introduction 	 129 

5.2 Biomass gasifier based thermal systems 	 131 

5.3 Biomass gasifier based institutional cooking 	 131 

5.3.1 Financial analysis of biomass gasifier 	 134 

based 	institutional cooking 

5.4 Coal and LPG Based institutional cooking 	 137 

5.4.1 Financial analysis of coal and LPG based 	 138 

institutional cooking 

5.5 Unit cost of thermal energy 	 139 

5.5.1 Biomass gasifier based institutional cooking 	140 

5.5.2 LPG based institutional cooking system 	 141 

5.5.3 Coal based institutional cooking system 	 141 

5.5.4 Assumptions and input parameters 	 142 

5.5.5 Sensitivity analysis 	 143 

5.5.6 Results and discussion 	 143 

5.6 Biomass gasifier based water pumping 	 154 

5.7 Financial analysis of water pumping 	 154 

5.7.1 Biomass gasifier based pumpset 	 154 

5.7.2 Cost of water pumping of diesel engine 	 159 

based pumpset 

5.7.3 Cost of water pumping of electric motor 	 159 

based pumpset 

5.7.4 Assumptions and input parameters 	 160 



5.7.5 Sensitivity analysis 	 160 

5.7.6 Results and discussion (water pumping) 	 162 

5.8 Concluding remarks 	 165 

CHAPTER 6 BIOMASS BRIQUETTING 

6.1 Background 	 166 

6.2 Raw materials for briquetting 	 167 

6.3 Briquetting technologies and process 	 168 

6.4 Briquetting plant and machinery 	 169 

6.4.1 Hammer mill grinder 	 171 

6.4.2 Drying equipment 	 173 

6.4.3 Screw conveyor 	 175 

6.4.4 Pneumatic conveying system 	 175 

6.4.5 Holding bin 	 175 

6.4.6 Briquetting press 	 176 

6.5 Financial analysis 	 181 

6.5.1 Capital cost 	 181 

6.5.2 Installation cost 	 189 

6.5.3 Operating cost 	 189 

6.5.4 Repair and maintenance cost 	 191 

6.6 Unit cost of briquette production 	 192 

6.7 Assumptions and input parameters 	 194 

6.8 Sensitivity analysis 	 195 

6.9 Other financial indicators 	 196 

6.10 Briquette production cost at M/s Shreyans Fuels Pvt. Ltd. 197 

6.11 Comparison of Unit cost of Energy 	 197 

6.12 Results and discussion 	 197 

6.13 Concluding remarks 	 208 

CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS 	 208 

REFERENCES 	 213 

APPENDIX 	 225 


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

