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ABSTRACT 

There are four main objectives for success in reducing the problems from climate change by 

increasing the concern with a better understanding of more effective policies for sustainable 

development of ethanol production by cassava as an alternative energy source in Thailand.  

The first objective is to examine the agri-business systems of cassava production for 

producing ethanol as an alternative energy source and to identify types of smallholders who 

might decide to become involved in contract farming for cassava production. Participation in 

contracts under agricultural cooperatives in cassava production is based on verbal agreement 

between farmers and agricultural cooperatives and a written contractual agreement between 

agricultural cooperatives and ethanol processors. Four categories of smallholders were 

identified based on ownership of land and assets. 

The second objective is to evaluate the factors affecting contract farming. Results of 

examination using Linear Probability, Probit and Logit models showhuman capital, physical 

assets, production costs, credit access and agricultural groups are important factors in 

participation in contracts. Most wealthy smallholders face high transaction costs and hence 

they are willing to participate in contracting. However, lower-income smallholders, who also 

faced high transaction costs, were not interested in participation in contract farming. This 

might be because most of them were older and had lower levels of education. Thus, they 

might have difficulties adapting to contracting.  

The third and fourth objectives are to evaluate the effects of contract participation on 

outcomes. In terms of Propensity Score Matching method, contract farming can reduce the 

total costs of cassava production and increase incomes, farm gross margins, and employment. 

Contract farming is also a variable strongly and significantly influencing cassava incomes, 

farm gross margins, and non-family labour using Instrumental Variables with 2SLS and OLS 

estimates. However, contract farming is an important factor affecting lower cost of cassava 

production using OLS estimate. The costs of cassava-based ethanol production could be 

reduced by contract farming; thus, the price of gasohol is likely to be decreased and could be 

competitive with fossil fuel. Hence, in the long-term, the existence of contracting may 

exacerbate income inequality in rural areas and can be used as a strategy to improve the 

standards of living when there is underemployment that often occurs in the transition from 

subsistence to modern commercial farming.  



 
 

v 

ABBREVIATIONS 

ACACIA A Concerted Action towards a Comprehensive Climate Impacts and Adaptations  
AEDP Alternative Energy Development Plan 
ATE  average treatment effect  
BAAC  Bank for Agriculture and Agricultural Cooperatives 
BMA Bangkok Metropolitan Administration 
BOI Board of Investment 
CF Contract Farming 
CP  Charoen Pokphand 
CNG  Compressed Natural Gas 
DMF Department of Mineral Fuels 
EEA European Environment Agency 
EEDP Energy Efficiency Development Plan 
EU European Union 
FAO Food and Agriculture Organization  
FFV  flex-fuel vehicles 
GCP Gross Cell Product 
GDP Gross Domestic Product 
GHG greenhouse gas 
HQCF  High Quality Cassava Flour 
HVF High Value Food 
IFAD  International Fund for Agricultural Development 
ITCZ  Inter Tropical Convergence Zone 
IV Instrumental Variable 
KBM Kenel-based Method 
KU  Kasetsart University 
LPM Linear Probability Model 
LPG Liquid Petroleum Gas 
Mcfd million cubic feet per day 
MLE Maximum Likelihood Estimation 
MNRE Ministry of Natural Resources and Environment 
MOAC  Ministry of Agriculture and Cooperatives 
MTJDA  Malaysia-Thailand Joint Area 
MVP Marginal Value Product 
NEPC  National Energy Policy Committee 
NETTA  North-eastern Tapioca Trade Association 
NNM Nearest Neighbour Method 
OAE  Office of Agricultural Economics of Thailand 
OCCC Office of Climate Change Coordination 
OLS Ordinary Least Squares 
ONEP  Office of Natural Resources and Environmental Policy and Planning 
OR Odds Ratio 
PSM  Propensity Score Matching 
PTTEP  PTT Exploration and Production Public Company Limited 
RAY-FCR  Rayong Field Crops Research Centre 
SSF Simultaneous Saccharification Fermentation 
toe tonne of oil equivalent 
TTDI  Thai Tapioca Development Institute 
TTPFA  Thai Tapioca Products Factory Association 
TTSA  Thai Tapioca Starch Association 
TTTA  Thai Tapioca Trade Association 
UNFCCC United Nations Framework Convention on Climate Change 
VHG  Very High Gravity 
  



 
 

vi 

TABLE OF CONTENTS 

DECLARATION ................................................................................................................................................... II 
ACKNOWLEDGEMENTS .................................................................................................................................. III 
ABSTRACT ......................................................................................................................................................... IV 
ABBREVIATIONS ............................................................................................................................................... V 
LIST OF TABLES................................................................................................................................................ IX 
LIST OF FIGURES ............................................................................................................................................ XII 

CHAPTER 1: INTRODUCTION ........................................................................................................ 1 

1.1 Background ................................................................................................................... 1 
1.1.1 Effects of climate change on Thailand ................................................................... 2 
1.1.2 The Thai government response to climate change ................................................. 3 
1.1.3 Thailand‟s alternative energy plan ......................................................................... 4 

1.2 Research problem.......................................................................................................... 5 
1.3 Objectives and Hypotheses ........................................................................................... 7 
1.4 Organization of This Study ........................................................................................... 7 

CHAPTER 2: THAI GOVERNMENT POLICY ON CLIMATE CHANGE ..................................... 9 

2.1 Introduction ................................................................................................................... 9 
2.2 Climate change as a global problem ............................................................................. 9 
2.3 Climate change and Thailand ...................................................................................... 13 
2.4 Thai Government responses to climate change .......................................................... 18 

2.4.1 Political ................................................................................................................ 20 
2.4.2 Legislature............................................................................................................ 23 
2.4.3 Planning ............................................................................................................... 24 
2.4.4 Bio-fuels Policy ................................................................................................... 27 

2.5 Summary ..................................................................................................................... 29 

CHAPTER 3: BIO-ETHANOL AS A POSSIBLE POLICY RESPONSE IN THAILAND ............ 31 

3.1 Introduction ................................................................................................................. 31 
3.2 The Thai fuel market ................................................................................................... 31 

3.2.1 The fuel situation ................................................................................................. 31 
3.2.2 Thai energy consumption ..................................................................................... 33 
3.2.3 Trends in fuel prices............................................................................................. 36 

3.3 Bio-ethanol processing................................................................................................ 38 
3.3.1 Cassava feedstock preparation ............................................................................. 38 
3.3.2 Ethanol production ............................................................................................... 41 
3.3.3 Capital requirements ............................................................................................ 44 

3.4 Value chain for bio-ethanol production ...................................................................... 47 
3.5 Summary ..................................................................................................................... 51 

CHAPTER 4: CASSAVA PRODUCTION AND RELATED INDUSTRIES.................................. 52 

4.1 Introduction ................................................................................................................. 52 
4.2 Cassava as a 21st century crop .................................................................................... 53 
4.3 Cassava cultivation in Thailand .................................................................................. 57 
4.4 Thailand‟s cassava production .................................................................................... 62 
4.5 Food for direct consumption and animal feed ............................................................ 62 
4.6 Related industries ........................................................................................................ 64 

4.6.1 Native starch industry .......................................................................................... 65 
4.6.2 Modified Starch Industry ..................................................................................... 67 



 
 

vii 

4.6.3 Ethanol (ethyl alcohol) ......................................................................................... 68 
4.7 Summary ..................................................................................................................... 68 

CHAPTER 5: THEORY OF FARM CONTRACTING AND TRANSACTION COSTS ................ 70 

5.1 Introduction ................................................................................................................. 70 
5.2 Contract farming ......................................................................................................... 71 
5.3 Transaction costs and contract farming ...................................................................... 74 
5.4 Smallholders motivation in contract farming ............................................................. 77 
5.5 Reasons for success in contract farming ..................................................................... 81 
5.6 Benefits to smallholders and agribusiness firms from contract farming .................... 83 
5.7 Thai government policy and implications for contract farming ................................. 84 
5.8 Effectiveness of the contract farming scheme ............................................................ 86 
5.9 The cassava case: Reducing transaction costs through contracting arrangements ..... 88 
5.10 Summary ................................................................................................................... 89 

CHAPTER 6: SMALLHOLDERS‟ RESPONSES AND AGRIBUSINESS SYSTEMS ................. 90 

6.1 Introduction ................................................................................................................. 90 
6.2 The survey ................................................................................................................... 90 

6.2.1 Selection of region, district and sample householders ......................................... 90 
6.2.2 Data Collection .................................................................................................... 91 

6.3 Types of Data .............................................................................................................. 91 
6.3.1 Quantitative Data ................................................................................................. 92 
6.3.2 Qualitative Data ................................................................................................... 94 
6.3.3 Supplementary Data ............................................................................................. 95 

6.4 Description of survey responses ................................................................................. 95 
6.4.1 Human capital ...................................................................................................... 95 
6.4.2 Social capital ........................................................................................................ 98 
6.4.3 Perception of contracts ......................................................................................... 99 
6.4.4 Attributes............................................................................................................ 102 
6.4.5 Agronomic factors in cassava production .......................................................... 103 
6.4.6 Alternative production ....................................................................................... 112 
6.4.7 Householders‟ credit .......................................................................................... 112 
6.4.8 Main problems faced by farmers ....................................................................... 114 

6.5 Summary ................................................................................................................... 115 

CHAPTER 7: METHODOLOGY .................................................................................................. 117 

7.1 Introduction ............................................................................................................... 117 
7.2 Binary choice models ................................................................................................ 118 

7.2.1 Linear probability model.................................................................................... 119 
7.2.2 Probit and logit models ...................................................................................... 120 
7.2.3 Maximum likelihood estimation of logit and probit models ............................. 123 

7.3 Treatment effect models ........................................................................................... 124 
7.3.1 Propensity score matching method .................................................................... 124 
7.3.2 Self-selection...................................................................................................... 129 
7.3.3 Regression models ............................................................................................. 131 

7.4 Summary ................................................................................................................... 140 

CHAPTER 8: EMPIRICAL RESULTS ......................................................................................... 142 

8.1 Introduction ............................................................................................................... 142 
8.2 Types of smallholders based on ownership of land and assets ................................. 142 
8.3 Factors influencing contract participation ................................................................ 143 



 
 

viii 

8.3.1 Expected variables influencing participation in contract farming ..................... 144 
8.3.2 Factors affecting contract participation ............................................................. 147 

8.4 Procedures for evaluating effects of contract participation on outcome ................... 152 
8.4.1 Effects of contract participation on total costs of cassava production ............... 156 
8.4.2 Effects of contract participation on cassava income .......................................... 162 
8.4.3 Effects of contract participation on farm gross margins .................................... 166 

8.5 Effects of contract participation on employment ...................................................... 170 
8.5.1 Effect of contract participation on total labour in cassava production .............. 173 
8.5.2 Effect of contract participation on non-family labour in cassava production by 
PSM 175 

8.6 Summary ................................................................................................................... 178 

CHAPTER 9: SUMMARY, DISCUSSION AND CONCLUSIONS ............................................ 180 

9.1 Introduction ............................................................................................................... 180 
9.2 Overview of research ................................................................................................ 180 
9.3 Evaluation of the research hypothesis....................................................................... 180 
9.4 Empirical results ....................................................................................................... 181 
9.5 Policy suggestions may be advatages ....................................................................... 178 
9.6 Limitations of the study ............................................................................................ 185 
9.7 Concluding remarks .................................................................................................. 186 

REFERENCES .................................................................................................................................................. 187 
APPENDIX 1: SURVEY FORM ....................................................................................................................... A1 
APPENDIX 2: STATA SYNTAX AND RESULTS ........................................................................................ A25 
 

  



 
 

ix 

LIST OF TABLES 

Table 2.1: The demand for E20, E85 and all types of gasohol in Thailand between 2009 and 
2001 (million litres) ......................................................................................................... 28 

Table 3.1: Thailand's trend in fuel prices between 2007 and 2011 .......................................... 37 

Table 3.2: Thailand ethanol production by technologies ......................................................... 42 

Table 3.3: The estimated cost of ethanol plants sorted by capacity ......................................... 45 

Table 3.4: List of existing ethanol plants in Thailand in 2012 ................................................ 46 

Table 3.5: Problems and barriers to ethanol production in Thailand ....................................... 46 

Table 3.6: Thailand gasohol stations in 2012 .......................................................................... 49 

Table 3.7: Number of petrol stations selling fuels in Thailand (September 2012) .................. 50 

Table 5.1: Four ways of managing the sale of agricultural products to consumers ................. 72 

Table 5.2: Structure of transaction costs .................................................................................. 75 

Table 6.1: Index of the survey form......................................................................................... 92 

Table 6.2: Sources of quantitative data .................................................................................. 934 

Table 6.4: Sources of supplementary data ............................................................................... 95 

Table 6.5: Summary of results from the conclution of key variables for contractor and non-
contractor ....................................................................................................................... 116 

Table 8.1: Determinants of contract participation ................................................................. 148 

Table 8.2: Four types of smallholder capabilities .................................................................. 151 

Table 8.3: Cost structure in cassava production .................................................................... 158 

Table 8.4: Participating effect on total cost of cassava production by PSM ......................... 159 

Table 8.5: Effect of contract participation on total cost of cassava production using OLS and 
2SLS estimates ............................................................................................................... 160 

Table 8.6: Participating effect on cassava income by PSM ................................................... 163 

Table 8.7: Effect of contract participation on cassava income using OLS and 2SLS estimates
........................................................................................................................................ 165 

Table 8.8: Participating effect on farm gross margin ............................................................ 166 

Table 8.9: Effect of contract participation on farm gross margin using OLS and 2SLS 
estimates ......................................................................................................................... 167 

Table 8.10: Participating effect on total labour in cassava production  ................................. 172 

Table 8.11: Effect of contract participation on total labour in cassava production using OLS 
and 2SLS estimates ........................................................................................................ 175 



 
 

x 

Table 8.12: Participating effect on non-family labour ........................................................... 175 

Table 8.13: Effect of contract participation on total non-family labour in cassava production 
using OLS and 2SLS estimates ...................................................................................... 177 

 

  



 
 

xi 

LIST OF FIGURES 

Figure 2.1: Thailand's constitutional monarchy system ........................................................... 21 

Figure 2.2: Policy making concerning climate change in Thailand ......................................... 25 

Figure 3.1: The production process of anhydrous ethanol from cassava chips ....................... 41 

Figure 3.2: Flow chart of the production of cassava-based E10 .............................................. 43 

Figure 3.3: Thai cassava value chain ....................................................................................... 47 

Figure 4.1: Thailand's cassava related industries ..................................................................... 64 

Figure 4.2: Cassava chip production process ........................................................................... 66 

Figure 6.1: Age and average age of household heads and household members ...................... 96 

Figure 6.2: Formal schooling years of household head and household members ................... 97 

Figure 6.3: Experiences in growing cassava for surveyed households .................................... 98 

Figure 6.4: Groups of participation of household head in agricultural organizations ............. 99 

Figure 6.5: Main benefits of participating in contracting ...................................................... 100 

Figure 6.6: Higher prices provided by contracting firm ........................................................ 101 

Figure 6.7: Four steps of planting cassava ............................................................................. 104 

Figure 6.8: Cassava varieties of non-contractors and contractors ......................................... 105 

Figure 6.9: Planting season of cassava production ................................................................ 106 

Figure 6.10: Length and age of cassava rootstock for planting ............................................. 108 

Figure 6.11: Chemical fertilizers and manures ...................................................................... 109 

Figure 6.12: Herbicides and pesticides .................................................................................. 110 

Figure 6.13: Off farm, alternative crops and livestock incomes ............................................ 112 

Figure 6.14: Householders' credit (baht) ................................................................................ 113 

Figure 6.15: Main problems face by non-contractors and contractors .................................. 114 

Figure 8.1: Types of smallholders based on ownership of land and assets ........................... 143 

Figure 8.2: Probability of contract participation based on capability .................................... 151 

Figure 8.3: Procedures for evaluating effects of contract participation on outcome ............. 155 

Figure 8.4: Cost structure of ethanol production from roots of cassava in Thailand for the 
years 2002–2005 ............................................................................................................ 157 

Figure 8.5: Analysis of contract decisions on labour use ...................................................... 172 

Figure 8.6: Labour use for cassava production ...................................................................... 173 




