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ABSTRACT

5373014063:  Petroleum Technology Program
Pharawee Wibul: Life Cycle Assessment Study of Biofuel
Production from Microalgae in Thailand: A Focus on Energy
Efficiency and Global Warming Impact Reduction.
Thesis Advisors: Asst. Prof. Pomthong Malakul and Asst. Prof.
Manit Nithitanakul 115 pp.
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In this study, a life cycle assessment (LCA) technique based on 1SO 14040
series was performed to evaluate the biodiesel production from freshwater
microalgae Scenedesmus armatus in terms of energy efficiency (Net Energy Ratio or
NER) and environmental impact (Global Warming Potential or GWP). The system
boundary covered the entire life cycle of microalgae-based biodiesel which was
divided into four distinct steps: cultivation, harvesting, oil extraction, and
transesterification. Based on a functional unit of 1 MJ biodiesel, NER was found to
be 0.34 and 0.19 for mass allocation and energy allocation, respectively. This energy
deficit (NER<1) for both allocation methods was due to high energy input required to
culture microalgae. However, ccs uptake in biomass agriculture leads to better
performance in global warming potential (GWP) when compared to conventional
diesel and biodiesel produced from rapeseed and soybean. This is a result of the
cultivation process in which microalgae can fix up to 25 % of net greenhouse gas
emissions (kg COz equivalent). Sensitivity analysis showed that the allocation
method had a significant influence on the life cycle energy and environmental
performance of biodiesel production.



ACKNOWLEDGEMENTS

This thesis could not have been successfully completed without the great
kindness and support of a number of peaple.

First and foremost, 1would like to express my sincere gratitude to my aavisor,
Asst. Prof. Pomthong Malakul, and my co-advisor, Asst. Prof. Manit Nithitanakul, for
their supervision and quidance. Sincere thanks must also be given to my thesis
committees: Asst. Prof. Boonyarach Kitiyanan and Dr. Kunn Kangvansaichol for all
of their useful comments and nice suggestions.

| would like to give a special thank to Assoc. Prof. Prasert Pavasant and all
staffs at the Bio-Chemical Engineering Laboratory in Department of Chemical
Engineering, Faculty of Engineering at Chulalongkorn University for their help in
providing facilities and collecting data for my thesis work. You are all so friendly and
patient with me. The special thank also goes to Mr. Seksan Papong for his advice and
cooperation.

In addition, I would like to thank Mr. Sarun Ruckpanich for allowing me to
teach him about life cycle assessment and biodiesel production from microalgae. A
big contribution from his effort during one month is much appreciated. | am grateful
for the scholarship and funding of the thesis work provided by the Petroleum and
Petrochemical College, and by the Center of Excellence on Petrochemical and Materials
Technology, Thailand.

Finally, 1would really like to thank all PPC staffs and my friends for their
help, support, and encouragement. | could not have done anything without all of you.
Last but not least, thank you very much my father. You are everything for me.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER
I INTRODUCTION

Il LITERATURE REVIEW
2.1 Biofuel
2.1.1 History of Biofuel
2.1.2 Classification of Biofuel
2.1.2.1 First Generation Biofuel
2.1.2.2 Second Generation Biofuel
2.1.2.3 Third Generation Biofuel
2.1.2.4 Fourth Generation Biofuel
2.2 Production of Algal Biofuel
2.2.1 Algae Cultivation
2.2.1.1 Open Pond System
2.2.1.2 Closed Pond System
2.2.1.3 Photobioreactor
2.2.2 Biomass Harvesting
2.2.2.1 Filtration
2.22.2 Centrifugation
2.2.2.3 Flocculation

PAGE

Vi

Xi

—

REREEEBEBERRRE < « crvoror = &~

INSI A
o



CHAPTER

2.2.2.4 Flotation
2.2.3 Algal Ol Extraction
2.2.3.1 Mechanical Method
2.2.3.2 Chemical Method
2.24 Qil and Residue Conversion
2.24.1 Thermochemical Conversion
2.24.2 Physicochemical Conversion
2.24.3 Biochemical Conversion
2.3 Life Cycle Assessment (LCA)
2.3.1 History of LCA
2.3.1.1 Decades of Conception (1970-1990)
2.3.1.2 Decade of Standardization (1990-2000)
2.3.2 Definition of LCA
2.32.1 Definition of LCA by SETAC
23.2.2 Definition of LCA by 1SO 14040
2.3.3 LCA Methodology
2.3.3.1 Goal and Scope Definition
2.3.3.2 Inventory Analysis
2.3.3.3 Impact Assessment
2.3.34 Interpretation
2.34 Application of LCA
2.35 LCA Studies of Algal Biofuel

[Il EXPERIMENTAL
31 Materials and Equipment
311 Equipment
3.1.2 Software
3.2 Methodology
32.1 Goal and Scope Definition

Vil

PAGE

23
23
24
25
21
28

36
37
3

3
3
39
40
4
4

46
46

BB DBL B S



CHAPTER

W

3.2.2 Inventory Analysis (LCI)

323 Impact Assessment (LCIA)
324 Interpretation and Reporting

RESULTS AND DISCUSSION
4.1 Life Cycle Inventory

4.1.1 Cultivation

4.1.2 Harvesting

4.1.3 Ol Extraction

4.1.4 Conversion

4.15 Allocation
4.2 Life Cycle Energy Analysis

421 Cumulative Energy Demand

4.2.2 Net Energy Ratio
4.3 Life Cycle Impact Assessment

4.3.1 Global Warming Potential

4.3.2 Abiotic Depletion

4.3.3 Ozone Layer Depletion
4.3.4 Human Toxicity

4.35 Photochemical Oxidation
4.3.6 Acidification

4.3.7 Eutrophication

438 Comparison

4.4 Improvement of Energy Consumption and Environmental

Performance

44.1 Improvement of Energy Consumption
4.4.2 Improvement of Enviromnental Performance

4.5 Sensitivity Analysis
451 Biomass Concentration

Vil

PAGE

S8

5
5
56
59
6l
62
64
68

68

69
10
n
12
3
14
6
16
Il
8

80
80
8l
6l
82



CHAPTER PAGE

45.2 Lipid Content 83
453 Energy Requirement for Cultivation &
454 Nutrient Loading 86
V' CONCLUSIONS AND RECOMMENDATIONS 89
51 Summary of Life Cycle Energy Analysis 89
5.2 Summary of Life Cycle Impact Assessment 89
5.3 Recommendations 0
REFERENCES a
APPENDICES 102
Appendix A Chemical Composition of Scenedesmus armatus 102
Appendix B Chemical Reaction Balance 103
Appendix ¢ Calculation of Energy Requirement for
Cultivation 107

CURRICULUM VITAE 115



TABLE

11

21
2.2
2.3

24

25
41
4.2
43
44
45
46
47
43

LIST OF TABLES

Comparison of average oil yield from microalgae with that

from other feedstocks

Summary of biomass conversion processes

A generalized set of conditions for culturing microalgae
Advantages and limitations of open pond system and
photohioreactor

Operating parameters and expected yields for pyrolysis
DroCesses

Baseline examples of impact category

Chemical composition of Scenedesmus annatus
Inventory dataof cultivation process

Inventory dataof harvesting process

Inventory dataof extraction process

Inventory dataof conversion process

Heating value of products and co-products

Partitioning ratios between main product and co-product
Global warming potential (GWP) factors with a 100 year
time horizon

PAGE

-

16

i
of
59
60
62
64
65
65

[



LIST OF FIGURES

FIGURE

21
2.2
23
24
25
26
2.1

28

2.9
2.10
211
212
2.13
2.14
2.15

2.16
2.11
2.18
2.19
2.20
221
2.22

Schematic of algae biorefinery.

Fourth generation biofuel process.
Algae-to-biofuel production pathway.

Plan view of raceway pond.

Schematic drawing of tubular photobioreactor.

Schematic drawing of flat-plate photobioreactor.

Schematic drawing of aerated vertical column
photobioreactor.

Schematic drawing of vertical bubble column
photobioreactor.

Screw press.

OriginQil’s Single-Step Algal Qil Extraction.
Soxhlet extractor.

Scheme of a supercritical fluid extraction plant.
Biomass thermal conversion processes.
Products from gasification process.

Flow diagram of microalgal system for fuel production by

gasification.

Fast pyrolysis process principles.
Schematic process of biodiesel production.
Fermentation process of microalgae.

Schematic representation of a generic life cycle of a product.

SETAC triangle.
General methodological framework of LCA.

Life cycle stages of biodiesel, bioethanol, and hiomethane

production from algal biomass.

XI

PAGE

BERERRKCE o

20

20
24
25
26
21
28
30

30
3

3

40
41

47



FIGURE

2.23

2.24

2.25

31

41
42

43
44
45
4.6
4.1

48

49

For producing 1 kg biodiesel from microalgae, (a) water
footprint using freshwater (FW) medium; (b) water footprint
using seawater () or wastewater (WW) as the culture
medium; (c) life cycle usage of nutrients in FW medium
with/without harvest water recycling; and (d) life cycle usage
of nutrients in -~ or WW medium with 100 % harvest
water recycling.

Comparison of impacts generated by the combustion of 1 M]
of different biodiesel and conventional diesel.

Processes contribution of the production of 1 MJ by algal
methane combustion,

System houndary of biodiesel production process from
microalgae.

Scenedesmus armatus.

Photograph of outdoor algal cultivation system of
Biochemical Engineering laboratory, Department of
Chemical Engineering. Faculty of Engineering,
Chulalongkorn University.

System houndary of cultivation process.

System boundary of harvesting process.

System boundary of extraction process.

System boundary of conversion process.

Process flow diagram for the production of 1 MJ algal
biodiesel from Scenedesmus armatus for mass allocation.
Process flow diagram for the production of 1 MJ algal
biodiesel from Scenedesmus armatus for energy allocation.
Cumulative energy demand in MJ per MJ biodiesel.



FIGURE

4,10  Comparison of net energy ratio (NER) based on 1 MJ
biodiesel.

411  Global warming potential (GWP) based on IMJ biodiesel.

412 Abiotic depletion potential based on 1 MJ.

413  Ozone layer depletion potential based on 1 MJ biodiesel.

414 Human toxicity potential based on 1 MJ biodiesel.

4.15  Photochemical oxidation potential based on 1MJ biodiesel.

4.16  Acidification potential based on IMJ biodiesel.

417  Eutrophication potential based on 1 MJ biodiesel.

418  Comparison of environmental impacts based on 1 MJ
biodiesel.

4.19  Sensitivity analysis of biomass concentration in terms of net
energy ratio (NER).

420  Sensitivity analysis of biomass concentration in terms of
global warming potential (GWP).

421 Sensitivity analysis of lipid content in terms of net energy
ratio (NER).

422 Sensitivity analysis of lipid content in terms of global
warming potential (GWP).

423  Sensitivity analysis of energy reduction in electricity
consumption for cultivation in terms of net energy ratio
(NER).

424 Sensitivity analysis of energy reduction in electricity
consumption for cultivation in terms of global warming
potential (GWP).

4.25  Sensitivity analysis of energy reduction in chemicals

production for cultivation in terms of net energy ratio (NER).

i

PAGE

82

84

85

86

87



X1V

FIGURE PAGE

4.26  Sensitivity analysis of energy reduction in chemicals
production for cultivation in terms of global warming
potential (GWP). 87



	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



