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ABSTRACT

Feasibility study of a cogeneration plant using saw dust was carried out. The selected site
was the Associated Motor Ways Faclory, Kalutara. The electrical energy demand and the
thermal energy demand of the factory were assessed by carrying out an energy audit in
the factory. The daily saw dust availability from the Moratuwa area was assessed by
carrying out a site survey in the saw mills in this area. It was determined that the
availability of saw dust would be sufficient to cater for the electricity and thermal energy
requirements of the factory.

Economic analysis was carried out for the four basic éc&%narios of base electrical load
matching, base thermal load matching, peak electrical Ir;ad matching and peak thermal
load matching. It showed thatall the four scenarios are feasible with favourable economic
parameters. Nevertheless ong each of these scenarios and

these were discussed reference to each scenario. Base electrical load matching showed

the most favourable economics giving an IRR value of 34%.




ITEM

CONTENTS

DECLARATION
ABSTRACT
CONTENTS

LIST OF TABLES

LIST OF FIGURES
ACKNOWLEDGEMENT

CHAPTER 1

1.1

1.2

1.3

1.4

CHAPTER 2

2.1

2.2

RESEARCH PROBLEM BEING ANALYZED

Background of Energy Scenario in Sri Lanka -
1.1.1  Electrical energy supply and deman‘(fi’
1.1.2  Energy use in industrial sector
1.1.3 Biomassienergy

Research Problem at the Scen e

Objectives of the Study

Rationale and Justification
ENERGY SITUATION OF THE AMW FACTORY

General Details of the Factory

2.1.1 Basic factory process

Factory Energy Requirements and Present Energy Situation
2.2.1 Electrical energy

2.2.2 Thermal energy

PAGE NO.

I1
111
VI
V1l
A2181

[V R, I O LN S B\ ]

[> IR~ < B S N = N &



CHAPTER 3

3.1

32

3.3

3.4

3.5

CHAPTER 4

4.1

4.2

4.3

LITERATURE SURVEY ON COGENERATION
AND SELECTED ENERGY SOURCE

Theory of Cogeneration

3.1.1 Thermodynamic analysis

Cogeneration Technologies

3.2.1 Sequence of energy use

3.2.2 Prime mover base

3.2.3 Operating scheme base

State of the Art of Cogeneration in the World

3.3.1 Cogeneration experience around the world
3.3.2 Existing examples and future potential in Asia
3.3.3 Sri Lankan situation
Biomass Cogeneration
Sawdust as an Energy Source ke
3.5.1 Combustion of saw dust for energy l:

3.5.2 Enviro ts of Just nbustion

3.5.3 Gasification of sawdust

ASSESSMENT OF FACTORY ENERGY DEMANDS
AND AVAILABILITY OF SAW DUST

Billing Energy Audit

4.1.1 Energy scenario of the factory
Field Energy Audit

4.2.1 Electrical energy

4.2.2 Thermal energy

Survey on Sawdust Availability and Energy Generation Potential

10
11
1
12
24
25
25
30
33
37
39
41
45
48

52

52

52
56

Y

58
61



2

CHAPTER 5 TECHNICALLY FEASIBLE SCENARIO ANALYSIS

5.1 Method of Analysis
5.2 Technical Analysis
5.2.1 Establishment of heat-to-power ratio
5.2.2 Calculation of input energy potential
5.2.3 Plant sizing
5.2.4 Calculation of input energy demand and specific sawdust
requirement
53 Economic Analysis
5.3.1 Calculation of transport cost of sawdust
5.3.2 Economic parameters for different scenarios

54 Sensivity Analysis

CHAPTER 6 DISCUSSION AND CONCLUSION e
¥

REFERENCES

APPENDIX

64

64
65
65
67
68

69
70
70
70
74

77

81

84



LIST OF TABLES
CHAPTER 2

2.1 Overall energy balance of the factory

CHAPTER 3

3.1 Comparison between major types of prime movers
3.2  Installed cogeneration capacity in different countries
33 Potential of biomass cogeneration in South-east Asia
3.4  Typical Analysis of sawdust

3.5 Forecast sawdust availability in the country

3.6 Gas analysis of sawdust combustion

CHAPTER 4

4.1 Total monthly electricity consumption and demand
4.2  Name-plate data of generators T
4.3 Total monthly furl consumption . \«,

4.4 Name-plate data of boilers

4.5 Average hourly tequirement of electricity

4.6 Dimensions of walter day tanks

4.7  Average hourly total water consumption of boilers
4.8 Dimensions of fuel day tanks

4.9  Average hourly fuel consumption of boilers

4.10 Flue gas analysis of boilers

4.11  Survey details of saw dust

CHAPTER 5

5.1 System power demands and heat-to-power ratios
5.2 Criteria for sizing

53 Plant size and load factor for each scenario

5.4 Excess and deficit energy per day for each scenario
5.5 Cost involvement émd savings in different scenarios

5.6  Economic parameters in different scenarios

Vi



LIST OF FIGURES
CHAPTER 1

1] Energy supply by source
1.2 Historical electricity generation mix (1972-1998)
1.3 Foreign exchange requirement for power generation
1.4 Electricity consumption by sectors
CHAPTER 3
3.1 Representation of ideal steam (Rankine) cycle on T-S diagram
32 Steam turbine cogeneration system
3.3 Gas turbine cogeneration system
3.4  Combined cycle cogeneration system
3.5 Diesel engine cogeneration system
3.6  Fuel cell cogeneration system
3.7  Stirling engine cogeneration system
3.8 Net calorific values of sawdust at various glo'isture contents
3.9  Configuration of fixed bed systems :
3.10  Spreader stoker combustol
3.11  Cyclonic suspension combustor
3.12  Fluidized bed combustor
CHAPTER 4
4.1 Share of energy supply by source
4.2 VIP system 3 energy analyzer
4.3 Flue gas analyzer
CHAPTER 5
5.1 Average hourly variation of thermal load
5.2 Average hourly variation of electrical load
5.3 Average hourly variation of heat-to-power ratio
5.4  Sensitivity to capital cost
5.5 Sensitivity to heat-to-power ratio
5.6 Sensitivity to electrical prices
5.7  Sensitivity to fuel prices
5.8  Sensitivity to cost of saw dust

VI




ACKNOWLEDGMENT

This research project was financed by the Ministry of Science and Technology under the
Alternative Energy Division of the Ministry. I'm very much grateful to Eng. P G Joseph,
Director, Alternative Energy Division of the Ministry of Science and Technology, for his

initiation and efforts for allocating funds for the project, from the Ministry.

I would be very much grateful to Mr. M S A K Caldera, General Manager, Associated
Motorways Limited, Nagoda, Kalutara, for consenting for the selection of the AMW
factory for this study. I wish to express my deepest gratitude to Mr. Gamini Ekanayaka,
Electrical Engineer, Mr. I H R Rathnasiri, Maintenance Engineer, and all the supporting
staff, of the AMW factory, for their fullest support in conducting the energy demand

survey in the factory.

I owe a word of thanks to Mr. H M Bandarathilake, Conservator of Forests, Forestry
Department, Eng. Kularathna, Area Engineer, Lanka‘El.eEc[:tricity Company, Moratuwa,
Mr. A K Dharmadasa, Divisional secretary, Moratuwa anci Mr. A Gunasoma, Municipal
Accountant, Moratuwa, for supporting in collection of details of sawmills and other

relevant information.

[ wish to thank Eng. D A U Daranagama, Project Management Specialist, USAID, Eng.
K D C E Wickramarathne, Managing Director, Mechmar Lanka (Pvt.) Ltd., Mrs.
Kuruwitaarachchi, Documentation Officer, Ministry of Power and Energy and Eng.
Wimal Nadeera, Project Engineer, Energy Conservation Fund, for supporting for

information on past cogeneration experience and power plant information.

[ would like to thank Eng. D D A Namal, Head / Energy & Environmental Management
Centre of the NERD Centre and all the subordinate staff for helping in different ways in

carrying out the project.

This research project was carried out under the supervision of Dr. R A Attalage and Dr. K

K C K Perera, Senior Lecturers, Department of Mechanical Engineering, University of

Vi




Moratuwa. I'm indebted to them, for the valuable guidance, kind-hearted co-operation
and encouragement extended throughout the study. I would also be grateful to Dr. PD C
Wijayatunga, Senior Lecturer, Department of Electrical Engineering, University of
Moratuwa, for the guidance extended in Economics aspects of the project,and Dr. AG T
Sugathapala, Department of Mechanical Engineering, for imparting knowledge on

biomass energy conversion systems and related aspects.

This work would not have been materialized if not for the financial assistance provided
by the Personnel Development Project of the Ministry of Science & Technology funded
by the Asian Development Bank. | gratefully acknowledge the grant offered to me for my

post-graduate programme.

Finally, I would appreciate everybody, who helped me in numerous ways in different
stages of the project, which was of utmost importance in bringing out this effort a

SUcCCESs.




