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ABSTRACT 
 

Ethanol is an agricultural product which can be used as alternative energy 
source and reduce energy imported increasing domestic energy sources for Thailand. 

The objectives of study were to study the feasibility of a small scale ethanol 
plant producing gasohol additive both financially and economically, to recommend 
measures to promote and support establishment of ethanol plants and to review a 
gasohol engine test. 

The feasibility of small scale ethanol production from cassava (capacity of 
5,000 litres per day) assumed the plant be located in Nakhon Ratchasima province for 
15 years of service life. The financial and economic feasibility were investigated by 
net present value (NPV), internal rate of return (IRR), benefit-cost ratio (B/C ratio) 
and payback period. 

Financial analysis suggested that the project was worthwhile and had a fair 
ability to make a profit. With 6.5% discount rate, the NPV, IRR, B/C ratio and 
payback period were 50,104,053 baht, 14.98%, 1.57 and 6 years, respectively. The 
investment cost was 87,405,813 baht, the cost per unit was 18.00 baht per litre and 
selling price was 25.30 baht per litre. According to economic analysis, the project was 
not a worthwhile investment. With 10% discount rate, the NPV, IRR, B/C ratio and 
payback period were -38,042,648 baht, 0.82%, 0.53 and 14 years, respectively. The 
investment cost was 80,617,811 baht, the cost per unit was 16.70 baht per litre and 
selling price was 17.20 baht per litre. 

The review of the gasohol engine test found that emission of NOX and CO 
from gasohol was less than from gasoline. Fuel consumption using gasohol was 
greater than gasoline by 0.8-1.4% but there was no significant difference in average 
maximum power when using gasoline or gasohol. 

Under the market condition at the time of study, the small scale ethanol plant 
did not seem to be a suitable option for Thailand to adopt as part of the national energy 
policy. 
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บทคัดยอ 
 

เอทานอลเปนผลผลิตทางการเกษตร ซ่ึงสามารถใชเปนพลังงานทดแทนในรูปแบบของน้ํามันเชื้อเพลิง เพื่อลด
การนําเขาและเปนการพึ่งพาการใชพลังงานภายในประเทศ  

วัตถุประสงคของการศึกษานี้คือ เพือ่ศึกษาความเปนไปไดทางเศรษฐศาสตรและการเงินในการจัดตั้งโรงงานผลิต
เอทานอลขนาดเลก็ จากมันสําปะหลังสดเพื่อนาํไปใชทดแทนสาร MTBE เพื่อผลิตเปนแกสโซฮอล และเสนอแนะแนวทาง 
ในการสงเสริมการตั้งโรงงานผลิตเอทานอลขนาดเลก็ในระดับชุมชน พรอมทั้งรวบรวมขอมูลผลการทดสอบแกสโซฮอลที่
นํามาใชกบัรถยนต 

จากการศึกษาความเปนไปไดในการจัดตั้งโรงงานผลิตเอทานอลจากมันสําปะหลังขนาดเล็ก โดยสมมติใหตั้ง
โรงงานที่จังหวัดนครราชสีมา กําลังการผลิต 5,000 ลิตรตอวัน อายุโครงการ 15 ป วิเคราะหโดยใช มูลคาปจจุบันสุทธิ (Net 
present value: NPV), อัตราผลตอบแทนภายใน (Internal rate of return: IRR), อัตราสวนผลประโยชนตอตนทุน (Benefit-
Cost ratio: B/C ratio) และระยะเวลาในการคืนทุน (Payback period) พบวา มีความเปนไปไดทางดานการเงิน ซ่ึงใชอัตรา
คิดลดรอยละ 6.5 โดยคา NPV, IRR, B/C ratio และ Payback period เทากับ 50,104,053 บาท, รอยละ 14.98, 1.57 และ 6 ป 
ตามลําดับ ใชเงินลงทุนเทากับ 87,405,813 บาท ตนทุนการผลิตเทากับ 18.00 บาทตอลิตร และราคาขายเอทานอลเทากับ 
25.30 บาทตอลิตร 

การวิเคราะหทางดานเศรษฐศาสตรพบวาไมคุมคาในการลงทุน โดยคา NPV, IRR, B/C ratio และ Payback 
period เทากับ -38,042,648 บาท, รอยละ 0.82, 0.53 และ14 ป ตามลําดบั ซ่ึงใชอัตราคิดลดรอยละ 10 เงินลงทุนเทากบั 
80,617,811 บาท ตนทุนการผลติเทากับ 16.70 บาทตอลิตร และราคาขายเอทานอลเทากบั17.20 บาทตอลติร  

จากขอมูลผลการทดสอบการใชแกสโซฮอลในรถยนต พบวา การสิน้เปลอืงเชื้อเพลิงมากกวาแกสโซลีนรอยละ 
0.8-1.4 แตใหอัตราเรงที่ไมแตกตางกันและปริมาณกาซ NOX และ CO นอยกวาแกสโซลนี 

ภายใตเงื่อนไขทางการตลาดในชวงเวลาทีท่ําการศึกษาพบวา การตั้งโรงงานผลิตเอทานอลขนาดเลก็ไมใช
ทางเลือกที่เหมาะสมของประเทศไทย ในการวางนโยบายทางดานพลงังานของประเทศ 
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CHAPTER I 

INTRODUCTION 
 

1.1 Background justification 
 

 Energy consumption of Thailand has increased steadily. The fossil fuels, such 

as crude oil, coal and natural gas have been the major resources to meet the increased 

energy demand. Hence, Thailand has to depend largely on imported energy at a 

considerable cost each year. In 2004 Thailand imported crude oil total 50,621 million 

litres, valued 438,244 million baht and the petroleum products consumption in 2004 

was 109.2 million litres per day (Energy Policy and Planning Office, 2005). Industry, 

agricultural and transportation have been severely affected from the current oil crisis. 

Therefore, Thai government has revised policies for renewable energy resources. The 

renewable energy is an alternative to replace non-renewable energy from fossil fuel 

and will help reduce the import of non-renewable energy from foreign sources. 

Ethanol or ethyl alcohol is a clean and renewable energy resource, which can 

be produced from agricultural products such as cassava, sugar cane, molasses, rice, 

corn, etc. The ethanol is can use as a substituted oxidizing agent for gasoline. 

Gasohol is a blending of gasoline and ethanol containing 90% of gasoline and 

10% of anhydrous ethanol by volume. In the gasohol, the ethanol serves as an additive 

to enhance oxygenates value and octane number of gasoline which normally rendered 

by Methyl tertiary butyl ether (MTBE). 

Various agricultural products can be used as raw material for ethanol has 

production in Thailand. From member of studies sugar cane molasses and cassava are 

suitable as a raw material for ethanol production. 

Sugar cane is impossibly considered to be suitable as the raw material for 

ethanol production because of a lower supply capacity relative to a high demand of 

sugar industry. Currently, total production of sugar cane about 50 million tons per year 

(Office of Agricultural Economics Office of Agricultural Economics, 2005) and the 

demand of sugar industry are more than 75 million tons per year. 
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Molasses is the waste of sugar industry. Molasses is a potential raw material 

for ethanol production with an amount of molasses about 2.5 million tons per year. 

Although, molasses are suitable for ethanol production but the required molasses may 

be insufficent because of local consumption and export demands. Moreover, the 

production capacity of molasses depends on sugar cane and sugar production each 

year. It can not be increased to meet follows molasses demands. Therefore, molasses is 

not appropriate as the raw material in Thailand. 
Cassava is the most suitable crop for ethanol production. The main reasons are 

that cassava can be planted in infertile land and the planting area of cassava is no less 

than 6.5 million rai. Furthermore, the yield improvement can be achieved due to new 

varieties and good cultural practices. The increased cassava production, in fact, created 

an imbalance between root demand and supply in Thailand. 

Cassava is an important crop in Thailand. The total area of the cassava planted 

is 6.608 million rai with production capacity of 21.44 million tons. The main 

concentration of this crop is found in the Northeast of Thailand and Nakhon 

Ratchasima province has the highest planted area and production. 

Thai government policy enacted by the cabinet resolution on December 9, 

2003 favored strategies of promote and support gasohol. For example, it targets to 

establish ethanol consumption at 1 million litres in 2005 in order to replace MTBE for 

unleaded gasoline, octane number 95 and increase consumption to 3 million litres in 

2011, in order to replace MTBE for unleaded gasoline, both octane number 95 and 

octane number 91. After that, the cabinet decided on April 19, 2005 to accelerate the 

promotion in the gasohol strategies. For example, oil company should increase the 

number of gasohol service station to 4,000 stations through out country. In 2005 

accelerate gasohol consumption to 4 million litres per day. In addition, the plan shall 

promote and encourage ethanol production and consumption. The plans were divided 

into 2 phase consisting of: 

1. Short range goal: The phase-out of unleaded gasoline, octane number 95 on 

January 1, 2007. 

2. Long range goal: The phase-out of unleaded regular gasoline, octane number 

91 on January 1, 2012. 
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Currently, there are 24 ethanol projects approved by the National Ethanol 

Development Committee with overall production capacity of 4,210,000 litres of 

ethanol daily with 6 factories using cassava, 14 factories using molasses and sugar 

cane and 4 factories using molasses as the raw material (Department of Alternative 

Energy Development and Efficiency, 2006). Three factories already started their 

systems, namely Thai Alcohol Co. Ltd with capacity of 100,000 litres per day, Thai 

Agro Energy Co. Ltd with capacity of 150,000 litres per day and Wilai International 

Group Trading Co. Ltd with capacity of 25,000 litres per day.  

The small scale ethanol production plant (capacity less than 10,000 litres per 

day) has low quantity of material requirement, uncomplicated technology used and 

low investment cost. The plant can also be located practically with not much 

restriction at domestic, subdistrict, district and cassava cooperatives. Hence, 

establishment of small scale ethanol plant is an interesting option for agricultural 

production as alternative energy demand in the future. 

 
1.2 Objectives of study 
 

1. To study feasibility of small scale ethanol plant for gasohol additive both financially 

and economically. 

2. To recommend measures to promote and support establishment of ethanol plant. 

3. To review gasohol engine test. 

 

1.3 Scope of study 
 

1. The small scale plant is to produce anhydrous ethanol (ethanol of 99.5% purity) for 

gasohol production. 

2. The capacity of the plant is 5,000 litres per day using cassava fresh roots as raw 

material. The plant located in Nakhon Ratchasima province. 

3. The processing characteristics to produce ethanol from cassava are a conventional 

fermentation (CF) process and ethanol was concentrated by a menbrane evaporator. 

The data are the secondary data of feasibility study on the ethanol production system 
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based on Thailand’s agricultural, from King Mongkut's University of Technology 

Thonburi (KMUTT). 

 

1.4 Conceptual framework 
 

 
    Small scale ethanol plant with  

     capacity of 5,000 litres per day 

 
     

Cost-Benefit analysis 

                              

       
Financial analysis                                                                           Economic analysis                              
 

Investment criteria 

     Net present value: NPV 

Internal rate of return: IRR 

Benefit-Cost ratio: B/C ratio 

Payback period 
 
  

                                                    Sensitivity analysis 
 

 

 

Gasohol engine test result       Decision for investment 

                                       

               

                Recommend measures to promote and support 

 
 
Figure 1-1 Conceptual framework of the study 
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1.5 Expected results 
 

1. The small scale ethanol plant for gasohol production is worthwhile or not both in 

term of investor’s and society’s perspective. 

2. New market for cassava root may be open for the planters. 

3. The country can increase of energy self-reliance and large amount of foreign 

currency can be saved. 

4. Infromation obtained shall be valuable to policy ruler. 
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CHAPTER II 

LITERATURE REVIEW 
 
 
2.1 Ethanol 
 

The chemical formula of ethanol or ethyl alcohol is C2H5OH with 46.07 

molecular weight. It freezes at -117.3 °C and boils at 78.5 °C. Ethanol burns in air 

with a blue flame, forming carbon dioxide and water. Ethanol is a clean-burning and 

high-octane fuel produced from renewable sources.  

 

2.1.1 Types of ethanol production processes (Charoensak Rojanaridpiched, 

2003)  

 Processes of ethanol production can be cassified into 2 types: ethanol 

production from chemical synthesis and ethanol production from agricultural. 

 

        2.1.1.1 Chemical synthesis 

In the chemical synthesis processes, the ethanal is produced from 

ethylene whith catalytic hydration process reaction as followed chemical equation: 

 
                                 H3PO4

              C2H4   +   H2O            C2H5OH 

 

  However, fermentation of chemical synthesis technologies is being 

developed and chemical. Therefore, at present the amount of ethanol production from 

this process is not substantiate.  

 

       2.1.1.2 Ethanol production from agricultural  

Raw material for ethanol production processes from agricultue can be 

divided into 3 kinds as followed: 
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1) Sugar such as sugar cane, molasses and sugar beet. All this materials 

have sucrose as main component. The ethanol fermentations process follows the next 

chemical equation: 

 
                    Sucrose + H2O                 Glucose   and    Fructose 

 
 
                                C6H12O6 + Yeast               2CO2     +       2C2H5OH 
 
                                    (Glucose)                   (Carbon dioxide)    (Ethanol) 

 

             2) Starch such as cassava, cassava chip, grain and potato, etc. Starch is 

raw material containing fermentable sugar. A flow scheme for the reation is as 

followed:        

 

                                               amylolytic enzymes                 yeast
 
      H(C6H10O5)nOH                   nC6H12O6              2nC2H5OH   +    2nCO2
                                                           water 

 
                 (Starch)                             (Glucose)            (Ethanol)     (Carbon dioxide) 
 
 

3) Lignocellulose, lignocellulose is principally composed of the 

compounds cellulose, hemicellulose and lignin. Lignocellulose raw materials are 

simply by-product from agricultural such as straw, corn cob, bagasse and wastes from 

pulp industry. 

The processes of ethanol production from lignocellulose are   

       3.1) Pretreatment basically refers to the mechanical and physical 

actions to clean and size the biomass, and destroy its cell structure to make it more 

accessible to further chemical or biological treatment. Chemical, common chemical 

pretreatment methods use dilute acid, alkaline, ammonia, organic solvent, sulphur 

dioxide, carbon dioxide or other chemicals. Physical, uncatalysed pretreatment 

methods use steam explosion or liquid hot water.  

3.2) In enzyme hydrolysis stage, the cellulose is converted into glucose 

sugars. This reaction is catalysed by dilute acid, concentrated acid or enzymes. 
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3.3) Fermentation, a variety of microorganisms, generally either 

bacteria, yeast or fungi, ferment sugar to ethanol under oxygen-free conditions. 

The ethanol production process from agriculture such as sugar, starch, 

lignocellulose are summarised in figure 2-1 and yield of ethanol production are shown 

in Table 2-1. 

 
 
              Sugar                          Starch                                  Lignocellulose 
 
 
                                        
                                                  Liquefation    Pretreament 
 
 
 
                                             Saccharification                     Enzyme hydrolysis 
 
 
 
       Molasses                      Glucose                                
 
  
                                                    Fermentation 
 
 
                                                          Distillation 
 
 
                                                          Ethanol 
  
 
Figure 2-1 The ethanol production process from agricultural 

Source: Charoensak Rojanaridpiched (2003) 
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Table 2–1 Yield of ethanol production from raw materials 

 

Source: The Standing Committee on Energy, the House of Representatives (2003) 

Ton of raw material Yield of ethanol (litres) 

Molasses 260 

Sugar cane 70 

Cassava roots 180 

Sorghum 70 

Grain (such as corn, rice) 375 

Coconut oil 83 

 

2.1.2 Ethanol production from cassava (Suwit Tia et al., 2001) 

 
  2.1.2.1 Pretreatment 

This process the cassava are washed, peeled and ground into a casher. 

The cassava was milled, sieved and fragmented. 

 

  2.1.2.2 Conversion of strach into sugar process 

The process involves the break down of the starch contents to sugar by 

enzymes or acid. These processes consist of the following step: 

  1) Cooking process, which include gelatinazation and liquefaction 

process. The strach particle is insoluble in cold water. When heated above a 

temperature over 60°C, the starch particle are swelling and the internal structure is 

destructed. The transformation is termed gelatinization. In liquefaction, the strach is 

digested by α-amalyse emzyme. The emzyme is added decrease the viscosity and 

break down the strach. 

2) Saccharification is convert the starch molecules to the fermentable 

sugar glucose by glucoamaylase emzyme following chemical equation: 

                                                                                

               enzyme 

             n(C H6 10O )    +   nH O                       nC H5 2 6 12O6 

                   Starch                                               Glucose 
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2.1.2.3 Fermentation 

The fermentation is the conversion of glucose to ethanol and carbon 

dioxide by yeast, generally used saccharomyces cerevisae yeast. The etanol 

concentration is about 8-11% from fermentators. Ethanol can be produced by 

continuous or batch process. In theory glucose is converted to ethanol by yeast of 

51.1% and carbon dioxide in the ratio of 51.1 and 48.9 follow chemical equation: 

yeast
n(C6H12O6)                                2nC2H5OH         +           2nCO2 

             glucose 100%                    ethanol 51.1%           carbon dioxide 48.9% 

 

2.1.2.4 Ethanol concentration process  

The ethanol with 8-11% concentration by volume is separated from 

water by distillation to increase concentration to 99.5% of ethanol or azeotropic 

mixture. 

 

2.1.2.5 Anhydrous ethanol 99.5% by volume (Charoensak 

Rojanaridpiched, 2003) 

The anhydous ethanol processes are widely used as follows: 

1) Azeotropic distillation is usually referred to adding another 

component to azeotropic mixture such as using benzene as entrainer. However, today 

this technology is unpopular in the ethanol production plant because benzene are 

known to be highly carcinogenic and flammable. 

2) Molecular sieve dehydrator purifies ethanol by adsorption. The 

adsorbent may be bio-based material or chemical subtance, but the most common 

adsorbent is molecular sieve. The process is operated by adsorbing water vapor from 

ethanol-water vapor mixture. This technique can increase ethanol concentration from 

95.5% to more than 99.5% by wt. 

3) Membrane pervaporator to separate water from an azeotropic 

mixture. Pervaporator is generally characterized by a membrane barrier between a 

liquid and a vapor phase. Due to differing permeation rates of competing components, 

one substance at low concentration in the feed solution can be highly enriched in the 

permeate stream. The process couples the effects of permeation and evaporation where 
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separation is controlled by the differences in solubilities of the components through 

the membrane. 

 

2.1.3 By-product of ethanol  

1) Carbon dioxide (CO ): T2 he carbon dioxide is cleaned of any residual 

alcohol, compressed and sold to other industries. Carbon dioxide is used to carbonate 

beverages, to manufacture dry ice, and to flash freeze meat. CO2 is also used by paper 

mills and other food processors. 

2) Waste Biomass: Biomass may be dried and utilized as high protein food or 

feed supplement. 

 
2.1.4 Benefits of ethanol 

    1) Agriculture and rural communities 

Ethanol production is benefit Thailand’s agriculture and rural economic 

development. Because it is made primarily from cassava and other agricultural 

products, ethanol increases demand for these crops, increases the prices farmers 

receive for these crops, and brings economic development opportunity to the rural 

areas where the ethanol is made. 

2) Energy benefits  

Ethanol directly displaces the amount of crude oil imported, country critically 

needed independence and security from foreign sources of energy. Ethanol production 

can reduce gasoline imports. It reducing country’s trade deficit. 

3) Environmental 

Fossil fuel-based gasoline is the largest source of man-made carcinogens and 

the number one source of toxic emissions. Ethanol is a renewable, environmentally 

friendly fuel that is inherently cleaner than gasoline. Ethanol reduces harmful 

emissions of carbon monoxide, particulate matter, oxides of nitrogen, and other ozone-

forming pollutants. 
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2.2 Methyl tertiary-butyl ether (MTBE) 
 

MTBE is the common name for a synthetic chemical called methyl tertiary -

butyl ether. It is a flammable liquid made from combinations of chemicals like 

isobutylene and methanol. MTBE is a volatile organic compound (VOC) often added 

to gasoline (5.5–10%) to reduce air pollution. It was first introduced as an additive for 

unleaded gasolines in the 1980s to enhance oxygenates value and octane number and 

reduce carbon monoxide emissions (Agency for Toxic Substances and Disease 

Registry, 1996). Information regarding the physical and chemical properties of MTBE 

is located in Table 2-2.  

 

Table 2-2 Chemical and physical properties of methyl tertiary-butyl ether 

Property Information 

Chemical name Methyl tertiary-butyl ether 

Chemical formula C5H12O 

Molecular weight 88.15 

Color Colorless 

physical state Liquid 

Melting point -109 ºC 

Boiling point 55.2 ºC 

Density at 20 ºC 0.7405 g/cc 
Source: Agency for Toxic Substances and Disease Registry (1996) 
 

In Thailand, MTBE has been used in gasoline since 1996 used as octane 

boosters in place of lead. The level of MTBE imports in 2004 was 263 million litres, 

valued 3,143 million baht. The quantity, value, consumption and price of MTBE are 

shown in Table 2-3. 
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Table 2-3 Quantity, value, consumption and price of MTBE product import 

 2001 2002 2003 2004 2005 

     (6 Months)

 Value (Million baht) 2,145 2,037 2,433 3,143 2,054 

 Quantity (Million litres) 187 213 235 263 135 

 Consumption (barrel/day) 3,230 3,669 4,055 4,526 4,675 

 Consumption (litres/day)1/ 513,518 583,312 644,680 719,561 743,250 

Price (baht/litres) 11.47 9.56 10.35 11.95 15.21 
Note: 1/ from calculation (1 barrel=158.984 liters) 

Source: Energy Policy and Planning Office (2005) 

 

2.3 Gasohol 
 

Gasohol is a mixture of one part ethanol and nine parts unleaded gasoline 

(E10). The gasohol provides properties similar to unleaded gasoline. The mixture is 

marketed under various trade names such as Proalcohol (Brazil), Gasohol (USA) and 

Petratol (Australia). The properties of fuel are shown in Table 2-4. 
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Table 2-4 Properties of fuel 

Characteristic Gasoline Ethanol Gasohol 

Chemistry Mixture of 
hydrocarbons C2H5OH 

90% Unleaded 
gasoline 10% 

ethanol 
Specific gravity@  

60 °F 0.72-0.75 0.79 0.73-0.76 

Boiling point        
°F 85-437 173 77-410 
°C 30-225 78.3 25-210 

Net heating 
value(mass)       

BTU/lb 18,700 11,600 18,000 
MJ/l 43.5 27 41.9 

Net heating 
value(Volume)       

BTU/gal 117,000 76,000 112,900 
MJ/l 32 21.3 30.9 

Heat of vaporization       
BTU/lb 170 390 200 
kJ/kg 400 900 465 

Vapor pressure@ 
100 °F       

psi 9-13 2.5 8-16 
kpa 62-90 17 55-110 

Octane number       
Research 91-100 111 Note 1 

Motor 82-92 92   
Cetane number Below 15 Below 15 Not applicable 

Stoich air/fuel ratio 14.6 9 14 
Vapor Flammability 

limits 0.6-8 3.5-15 Note 2 

Appearance Colorless to light 
amber color Colorless Colorless to light 

amber color 
Note 1: May be the same as gasoline, or add 1.5 or 2 numbers depending on blending 

practice. 

Note 2: Values not published. 

Source: Sriram S.S. (1992) 



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc. (Technology of Environmental Management) /  15

2.3.1 Gasohol in Thailand  

Gasohol has its origin in 1985 when His Majesty King Bhumipol Adulyadej 

commanded that his the Royal Chitrlada Project (RCP) make a study of ethanol as 

automotive fuel. Royal Chitrlada Project started pilot production of gasohol from 

sugarcane, which PTT and the Songploy Company sold at Bangkok sevice stations for 

a year or two. But the price was not competitive and the project ceased operation 

(Richard Mogg, 2004). 

In 1996, PTT and Thailand Institute of Scientific and Technological Research 

joined RCP in a programe to improve the quality of gasohol. They took the 95% pure 

alcohol from RCP and refined it further to achieve a 99.5% purity. It was then mixed 

with gasoline at the ratio of 1:9 and tested in RCP vehicles. 

In 2001, PTT began to sell gasohol again at the service station attached to its 

Bangkok headquarters, but only 1,500 litres daily. 

At present (July 2005) PTT, Bangchak, Shell, Caltex, TPI istribute about 1.6 

million litres per day of gasohol (shown in Table 2-5) to 1,587 service station (Energy 

Policy and Planning Office, 2005) 

 

Table 2-5 Distribution of gasohol in Thailand 
Year 
2003 Bangchak PTT PLC Shell TPI Total (litres) 

Oct. 28,000  - -  -  28,000 

Nov 544,000 56,000  - -  600,000 

Dec 1,496,000 452,000  - -  1,948,000 

2004          

Jan. 2,073,000 678,000 -  - 2,751,000 

Feb 2,411,000 834,000  - -  3,245,000 

Mar 2,543,000 1,019,000  -  - 3,562,000 

Apr 2,415,000 982,000 -   - 3,397,000 

May 3,582,000 1,458,000  - -  5,040,000 

Jun 4,565,000 1,965,000  - -  6,530,000 

Jul 4,440,000 2,266,000  -  - 6,706,000 
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Table 2-5 Distribution of gasohol in Thailand (Continued) 

Aug 3,107,000 1,701,000  - -  4,808,000 

Sep 2,998,000 1,728,000 71,000 -  4,797,000 

Oct 2,726,000 1,773,000 91,000 -  4,590,000 

Nov 3,999,950 2,369,000 192,000 -  6,560,950 

Dec 4,591,000 2,546,000 405,000 31,909 7,573,909 

2005          

Jan. 5,214,580 2,739,000 609,000 36,056 8,598,636 

Feb 7,075,820 4,000,238 1,120,000 39,095 12,235,153 

Mar 13,343,000 7,540,000 3,813,000 47,295 25,283,295 

Apr 15,085,000 9,580,000 5,078,000 45,105 30,459,105 
Source: Department of Alternative Energy Development and Efficiency (2005)  

 

2.4 Cassava 
 

2.4.1 Background of cassava 

Cassava (Manihot esculenta Crantz) is a member in family Euphobiaceae, 

commonly known as cassava, tapioca, manioc (shown in Figure 2-2). The cassava 

plant originated in north-east Brazil, with the likelihood of an aditional centre of origin 

in Central America (Onwueme I.C., 1978). Today the plants have spread to various 

parts of the world and they are widely cultivated in about 90 countries throughout 

Africa, Asia and South America being particularly economiclly important in Brazil, 

Thailand, Indonesia and Nigeria.  
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Figure 2-2 General morphology of cassava

The cassava plant is a perennial that grows under cultivation to a height of 

about 2-4 meters. The large, palmate leaves ordinarily have five to seven lobes borne 

on a long slender petiole and grow only toward the end of the branches. As the plant 

grows, the main stem forks, usually into three branches which then divide similarly. 

The roots or tubers radiate from the stem just below the surface of the ground. 

Feeder roots grow vertically from the stem, and storage roots penetrate the soil to a 

depth of 50-100 cm. The roots may reach a size of 30-120 cm long and 4-15 cm in 

diameter and a weight of 1-8 kg or more.  

 

2.4.2 Environment conditions for cassava growth 

  Cassava is a typical tropcal plant The approximate boundaries for its 

cultivation may be accepted as from 30 °N to 30 °S latitudes, however, most cassava is 

located between 20 °N and 20 °S. It does best in a warm, moist climate where mean 

temperatures range from 25-29 °C. The plant grows best when rainfall is 1100–1500 

mm. However, the crop is well adapted to cultivation under condition of drought. It 

can be grown where annual rainfall is as low as 50 mm. The plant grows best on light, 

sandy loams, or on loamy sands with pH 5-6.5. 
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2.4.3 Cassava in Thailand  

Cassava is important crop in Thailand. It was introduced into the Southern part 

of Thailand from Malaysia during the period 1786-1840 and gradually distributed 

throughout the country within a few years. Cassava is one of the essential commercial 

products of Thailand. The cassava exported volume from the 2004 statistics was 6.36 

million tons worth 29,370 million baht. The total area of the cassava planted is 6.608 

million rai.The national average yield is normally around 2.28 tons per rai (Field 

Crops Research Institute, 2001). Cassava products are exported in the form of pellets 

2.10 million tons, chips 2.56 million tons, starch 1.02 and local use 5.19 million tons 

(Office of Agricultural Economics, 2005). 

The main concentration of this crop is found in the Northeast of Thailand, 

which reported total production in 2004 of some 11.40 million tons, out of a total of 

21.44 million tons for the whole country (Office of Agricultural Economics, 2005). 

Nakhon Ratchasima has the highest planted area and production in Thailand. Planted 

area in Nakhon Ratchasima was 1.396 million rai and production was 4.470 million 

tons. Very little production takes place in the north and the south regions. Cassava has 

excellent drought tolerance properties and can be planted in almost all parts of 

Thailand. Also it can be grown throughout the year because it has no critical period for 

propagation and havesting and it can be cultivated using seed, roots or stem cutting. 

Therefore, the area for planting has rapidly increased. Total plant area, yield, price and 

productivity are shown in Table 2-6. 
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Table 2-6 Cassava: area, production, yield, farm price and farm value, 1993–2004 

       

Year Planted Harvested Production Yield per rai Farm price Farm value 

 area area     

 (1,000 rai) (1,000 rai) (1,000 tons) (kgs) (baht/kg) (Million baht)

1993 9,100 8,988 20,203 2,248 0.66 13,334 

1994 8,817 8,642 19,091 2,209 0.58 11,073 

1995 8,093 7,782 16,217 2,084 1.15 18,650 

1996 7,885 7,676 17,388 2,265 0.98 17,040 

1997 7,907 7,690 18,084 2,352 0.71 12,840 

1998 6,694 6,527 15,591 2,389 1.26 19,645 

1999 7,200 6,659 16,507 2,479 0.91 15,021 

2000 7,406 7,068 19,064 2,697 0.63 12,010 

2001 6,918 6,558 18,396 2,805 0.69 12,693 

2002 6,224 6,176 16,868 2,731 1.05 17,711 

2003 6,439 6,391 19,722 3,086 0.93 18,341 

2004 6,761 6,612 21,445 3,243 0.80 17,156 

Source: Adapted from Office of Agricultural Economics (2005) 

 20 cassava cultivars were introduced into Thailand from Malaysia, Java and 

Mauritius. In 1963, the cassava clones were brought from Java while other cultivars 

were introduced from Virgin Islands in 1965. The first introduced cassava clones from 

Centro International de Agricultura Tropical (CIAT) Colombia, South America was in 

the year 1970 (Chan Thiraporn, 1992). Cassava breeding programs in Thailand have 

been aiming to produce varieties that have high yields as well as high starch contents, 

early harvestability, pest and disease resistance and good eating qualities. At present, 

nine cassava cultivars have been released, only six of the most recently released (Field 

Crops Research Institute, 2001). The cultivars have been described in Table 2-7. 
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Table 2-7 Recommended cassava cultivars in Thailand 

Cultivars 
(parentage) Description Recommendation Year 

released
Rayong 2       
(MCol 113 X M 
Col 22) - Moderately high yeild (19 t/ha) - sweet type, for human 

consumption 1984 

  - Low starch content (14%)     
  - 1.8 -2.2 m tall     
  - 0-1 level of branching     
  - Silver green stem     
  - Dark green mature leaf     

  - Root with yellow flesh and 
brow skin     

Rayong 60 - high yield (22 t/ha) - Best for early 
harvesting (8 months) 1987 

(MCol 1684 X 
Rayong 1 ) - Moderate starch content (19%) - For industrial uses   

  - Tall and erect type (1.7-2.5m)     
  - 0-3 level of branching     
  - Light brown stem     
  - Dark green mature leaf     

Rayong 90  - High yield (22 t/ha) 
- Requires good 
management for good 
yields 

1991 

(CMC76 X V43) - High starch content (25%) - For industrial uses   

  - Plant type varied with soil 
conditions     

  - Can be tall with less branches 
or short with more branches     

  - 1.6-2.0 m tall     
  - 0-2 level of branching     
  - Orange brown stem     
  - Dark green mature leaf     
Rayong 5 - High yield (25 t/ha) 1994 

(27-77-10 X 
Rayong 3) - High starch content (25%) 

- Good for late rainy 
season  
 planting as well as in 
rainy season 

  

  - 1.7-2.2 m tall - Adapted well to low  
input conditions   
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Table 2-7 Recommended cassava cultivars in Thailand (Continued) 
  - 2-3 level of branching - For industrial uses   
  - Brownish green stem     
  - Dark green mature leaf     

Rayong 72  - High yield (31 t/ha) - Adapted well to the 
Northeast region 2000 

(Rayong 1 X 
Rayong5) 

- Medium high starch content 
(19-22%) - For industrial uses   

  - 1.8-2.3 m tall     
  - 0-2 level of branching     
  - Silver green stem     
  - Dark green mature leaf     

Kasetsart 50 - High yield (23 t/ha) - Adapted well to low 
input conditions 1992 

(Rayong 1 X 
Rayong 90) - High starch content (23%) - For industrial uses   

  - 2.0-3.0 m tall     
  - 0-2 level of branching     
  - Silver green stem     
  - Darkviolet-green mature leaf     
Source: Field Crops Research Institute (2001) 
 

2.4.4 Planting Cassava 

- Land preparation 

 For planting in the early rainy season, one or two times plowing and ridging 

are recommended to assure better drainage. For the late rainy season planting, only 

one or two plowing are required, with no ridging. 

- Age of cutting 

 The age of the stem cutting has a profound influence on the root yield. 

Therefore the stem-pieces used for planting should be as mature as possible. That 

should be taken from the middle of the stem. The lengths of cassava cutting are 20-25 

cm. 

- Orientation of the cutting 

There are three different orientations in which the cassava cutting is usually 

planted in the field. It may be planted upringht in a vertical position, upright at an 

angle or horizontally beneath the soil. 
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For planting in the vertical position, the cutting is usually inserted so that about 

two-thirds of its length is within the soil, while the remaining one-third is exposed. For 

planting at an angle, the cutting is also inserted with about two-thirds of its length in 

the soil. The exact angle of the planted cutting to the soil surface from70° to about 10°. 

In Thailand an angle of 45° is recommended. For horizontal plantings, the cutting is 

inserted horizontally so that the entire cutting lies beneath the soil. Depth of insertion 

is usually about 10 cm, but may vary feom 5 to 20 cm. 

- Spacing 

 Cassava (Figure 2-3) is normally planted in rows that are 80-100 cm apart and 

the spacing within the row is 80-100 cm also. The exact spacing used depends on the 

cultivar and on the growing condition.In Thailand, most of the cassava is grown as a 

sole crop. Occasionally, it is intercropped with maize, groundnut, rubber or coconuts. 

The optimum population lies between 10,000 to 15,000 plants per ha.  

 

 

Figure 2-3 Cassava plant 

- Time of planting 

 Cassava plants are relatively drought-tolerant except during the first few weeks 

after planting.It is important that cassava should be planted at a time when there is 

ample soil moisture, and when the likelihood of further moisture supply is good. In 

Thailand cassava is planted year round, but planting in the early rainy season (March-

June) or the late rainy season (October-November) results in a better yield than 

planting in the mid rainy season, during the heavy rain (July-September) or in the dry 

season (December-February).  
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- Harvesting 

Harvesting of cassava can be done throughout the year, when the roots reach 

maturity. Maturity differs from one variety to another, but for food the tubers can be 

harvested at almost any age below 12 months. In Thailand harvesting occurs January-

March or in October.  

  Once the roots are harvested, they begin to deteriorate within about 48 hours, 

initially owing to enzymatic changes in the roots and then to rot and decay. The roots 

may be kept refrigerated for up to a week. They may be stored in the ground for longer 

periods if they are not detached from the plant. 

 Harvesting is still generally a manual operation, although equipment to 

facilitate this operation is being considered. The day before harvest, the plants are 

topped the stalks are cut off 40-60 cm above ground by hand, machete or machine and 

piled at the side of the field. This length of stalk is left as a handle for pulling. Material 

required for the next planting is selected and the rest is burned. In light soils the roots 

are slowly drawn from the soil simply by pulling the stems or with the help of a kind 

of crowbar, and the roots are cut off the stock. In heavier soils a hoe may be required 

to dig up the roots before the plant is pulled out. It must be noted that once the plants 

have been topped, lifting of the roots must not be delayed, as sprouting and a drastic 

fall in the starch content of the tubers will result. 

- Yield 

Yield that can be realized from cassava cultivation vary onsiderably, depending 

on such factors as the cultivar used, cultural operation, fertilizer levels, type of soil, 

field spacing and type of climate. However, when the crop is given more attention, 

yields of 2.3 tons per rai are obtained (The Thai Tapioca Flour Industries Trade 

Association, 1992). It has been reported that it is normal for some varieties, under 

appropriate cultivation methods, to yield over 9.6 tons per rai. The high yields 

frequently achieved at agricultural experiment stations and occasionally by some 

active farmers show what might be accomplished with improved varieties and better 

cultural practices. 
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2.4.5 Production of cassava  

- Cassava  starch 

  The first major industrial use of cassava was processing into starch which 

started in the mid –1940s. The starch was used domestically as for export. Cassava 

starch is a fine, white powder extracted from pulped cassava roots. Its many uses 

include substitution for potato and cornstarch. It is an important raw material in 

manufacturing sago pearl, monosodium glutamate, fructose, glucose and dextrose. 

Cassava starch is mixed with pharmaceuticals to make capsules and tablets, and is also 

used to make pet products. It is used in the textile industry for yarn sizing, and in the 

paper industry for paper pressing, flattening and polishing. It is an essential raw 

material for glue manufacture. 

- Cassava chip 

Cassava chips (Figure 2-4) are chopped, sun-dried cassava. Cassava chip 

factories are small-scale enterprises, typically located close to plantations, with simple 

equipment, mainly a chopper. 2-2.5 kg of fresh root (with 25% starch content) are 

required to produce 1 kg of chips (14% moisture content). Chips are sold to pelleting 

manufacturers who either directly export the chip or sell to traders.  

 

Figure 2-4 Cassava chips 

- Cassava pellets 

The pellet industry began a few years after the start of cassava exports to the 

EU (around 1967). Development of this product was stimulated by a need to improve 

the uniformity in shape and size of cassava chips required by compound feed 

producers and users. In addition, during transportation, loading and unloading of chips, 



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc. (Technology of Environmental Management) /  25

the dust generated caused serious air pollution, placing pressure on European 

importers to improve the nature of cassava products handled by the ports. 

                Cassava root 

 

  Meal                               Starch                  Alcohol 

 

         Human                                   Animals 

Direct  consumption   Gari  Chips  Pellets  Waste 

                                                  Industrial use                              Direct consumption 

 

Monosodium Glutamate  Paper  Glue  Textile  Plywood  Rubber  Druge  Glucose   

Figure 2-5 Diagram of cassava roots usefulness 

2.4.6 Cassava marketing and situation in Thailand 

Thailand is the world’s largest exporter of cassava. However, Thailand ranks 

only third among the world’s producers of cassava, after Brazil and Nigeria. Most 

other countries produce for local consumption rather than for exports. Thai cassava 

production in 2004 was increased 8.73% from last year to 21.4 million tons. The 

average wholesale price of cassava in that year was 1.33 baht per kg, increased by 

66.25% from 0.8 baht per kg of 2003. The wholesale price of the chip cassava was 

3.08 baht per kg. 

 

 



Sukapong Sirinupong                                                                                                 Literature Review /  26

Growers 

 

Cassava roots 

 

Small scale enterpreneur    Starch factories 

 

                              Cassava chips                                           Cassava starch 

 

Local consumption 

                        Pellet companies                Local consumption             Modification 

                         (pelletization) 

 

                              Pellet                            Export market                 Modified starch 

 

                             Traders                                         Local consumption     

 

 

                      Export market   

 

Figure 2-6 Structure of the cassava maket in Thailand       
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Table 2-8 The wholesale price of cassva roots in Thailand 

Year Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec average

             price 

1985 0.44 0.34 0.31 0.38 0.36 0.41 0.48 0.47 0.47 0.55 0.69 0.7 0.43 

1986 0.76 0.79 0.84 0.90 0.81 0.82 0.90 0.92 0.98 0.85 0.90 0.94 0.84 

1987 0.94 1.01 0.90 0.76 0.67 0.66 0.71 0.69 0.63 0.62 0.62 0.72 0.84 

1988 0.65 0.57 0.58 0.64 0.58 0.54 0.53 0.58 0.56 0.52 0.57 0.58 0.58 

1989 0.58 0.56 0.54 0.49 0.47 0.49 0.52 0.53 0.5 0.48 0.54 0.64 0.54 

1990 0.72 0.69 0.62 0.6 0.57 0.54 0.6 0.69 0.74 0.76 0.84 0.96 0.71 

1991 0.82 0.81 0.84 0.79 0.79 0.75 0.82 1.04 0.9 0.76 0.77 0.88 0.82 

1992 0.82 0.72 0.74 0.86 0.85 0.72 0.71 0.79 0.77 0.74 0.78 0.79 0.77 

1993 0.7 0.62 0.64 0.62 0.57 0.57 0.54 0.48 0.45 0.48 0.53 0.63 0.60 

1994 0.6 0.57 0.57 0.52 0.54 0.63 0.63 0.69 0.95 0.91 1.08 1.17 0.71 

1995 1.08 1.15 1.25 1.22 1.19 1.25 1.34 1.35 1.09 1.05 1.06 1.23 1.16 

1996 1.05 1.00 1.00 0.91 0.86 0.81 0.74 0.7 0.69 0.76 0.73 0.75 0.91 

1997 0.68 0.67 0.67 0.65 0.55 0.53 0.53 0.59 0.67 0.71 0.87 0.98 0.71 

1998 1.08 1.29 1.55 1.65 1.67 1.68 1.83 1.47 1.27 1.01 1.12 0.94 1.30 

1999 0.84 0.88 0.95 0.86 0.8 0.75 0.74 0.68 0.62 0.59 0.74 0.77 0.83 

2000 0.65 0.59 0.58 0.64 0.67 0.7 0.66 0.58 0.54 0.56 0.64 0.67 0.61 

2001 0.67 0.66 0.68 0.69 0.83 0.99 1.06 1.03 0.93 0.93 0.99 0.99 0.77 

2002 1.03 1.05 1.11 1.16 1.12 1.06 1.02 1.04 0.98 0.91 0.94 0.97 1.04 

2003 0.93 0.94 0.93 0.93 0.92 0.91 0.88 0.82 0.81 0.77 0.79 0.82 0.89 

2004 0.82 0.76 0.74 0.8 0.83 0.98 1.00 1.06 1.09 1.04 1.10 1.20 0.88 

2005 1.30 1.39 1.48 1.47 1.40 1.30 1.30 - - - - - 1.41 

Source: Office of Agricultural Economics (2005) 
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2.5 Project appraisal  
 

A project can be appraised in three ways: Financial appraisal, Economic 

appraisal and Social appraisal (Boonklar Jinanusilprasart, 1993). 

1.) Financial appraisal: Project is appaised by considering its contribution to 

the project specific objectives and profit etc. It is sometimes referred to as commercial 

or private analysis. The significant feature of this appraisal is that benefits and costs 

are valued at market prices. 

2.) Economic appraisal: Project is appaised by measuring the contribution of its 

net discounted benefits to national income. All project inputs are required to be valued 

at their real opportunity costs and outputs by their contribution to real income. So, it is 

necessary to value all costs and benefits at accounting or shadow prices. Externalities 

also have to be considered. 

3.) Social appraisal: Income distribution between different income grops is 

considered under social appraisal.It involve the use of value judements concerning the 

weights to be applied to various income groups. 

 
2.6 Cost–benefit analysis 
 

 The cost-benefit analysis is the most important technique for project appraisal. 

The idea of cost-benefit analysis is selected to decide on the worth of project involving 

public expenditure (or, more extensively, public policy). It is necessary to weigh up 

the advantages and disadvantages (Ajit K.et al, 1973). 

  

2.6.1 Cost Analysis (Suwimol Sereefpaowong, 2005) 

 - Research and development cost 

 When the project is started, the cost of marketing survey and consulting always 

incur. They are called Sunk Cost. Such cost should not be considered cost of the 

project. It means if the survey is worth, the project will be undertaken. If not, the 

expenses are lost. The state project never considers the expense; on the contrary, it is 

the survey expenses in private project.    

 



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc. (Technology of Environmental Management) /  29

- Investment cost 

 Any expenses incur during the operation without any output. For example; 

ground rent, machine, the installation and its equipment cost, water supply, electric 

fee, telephone fee, expert employment cost, technical know-how expense, the recipe 

cost, production, transportation and etc. These expenses incur during the first step of 

the project. 

 - Operating cost 

 It is the expense during the operation such as fuel cost, water supply cost, 

phone bill, wages, transportation cost, advertising cost, water polluted treatment cost, 

insurance cost, spares cost, consulting cost. 

- Maintenance cost 

 These are expenses incurred in order to maintain the engine, equipment, and 

building during project life. This expense is sometimes overlooked and it causes the 

project life shorter than it should be. These makers the duration is shorter than usual. 

 The difference between the economic and financial cost-benefit analysis can be 

summarized as followed; 

 1) In the economic analysis, tax is not the cost of the project, while in the 

financial one, tax is apart of expenses. 

2) In the economic analysis, subsidy must be taken out. While in the financial 

analysis, subsidy can be shown as either the cost reduction or extra benefit. 

 

2.6.2 Benefits analysis 

 Benefits of the project are all outcomes of the project including any other 

outcomes that could happen because of the project. Benefits of the project are 

comprised of the direct benefits or primary benefits such as goods and service and the 

indirect benefit or secondary benefits are also the good price and service from 

connected activities or benefits outside the project. 

 - Direct benefits 

 Direct benefits are the intended benefits of the project or the outcome 

according to the aim or purpose of the project. For example, the direct benefits of a 

dam are the electricity production or water for agriculture. 

 - Indirect benefits 
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 Indirect benefits are the goods and services gotten from the existence of project 

running. In the other words, the more goods and services from the extra activities are 

the indirect benefits. 

 - Intangible benefit 

 Intangible benefit is hard to approximate its monetary value because there is 

normally no market price. However, it is necessary to include such benefit in the 

project analysis.  

 

2.7 Investment criteria 
 

 The commonly used criteria are base on the time value adjustment. 

 

2.7.1 Net Present Value: NPV  

NPV of the project is the sum of the net benefit after adjusing cost and benefit 

from various periods into a common period such as presently. To decide the worth of 

the project is up to NPV. If the NPV is more than 0 or positive number, it is worth to 

invest. Negative number of NPV is not worth to invest. This helps decide whether the 

project should be undertaken. 
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Where: NPV is net present value  

B  is benefit in the year t Bt

 is cost in the year t Ct

 i is discount rate 

 t is the time in years  

 n is the life of project 
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2.7.2 Benefit-Cost Ratio: B/C Ratio 

This is another method for use in investment decision making. If the difference 

is more than 0 or positive number, it is worth to invest. Alternatively, more than 1 that 

B/C Ratio is the criteria, which indicates the investment should be undertaken. 

This criterion is the rate of present compensation value and the present expense 

value. The cost includes all expenses. It is the ratio of total benefit at present value 

over total cost at present value. 

NPV should to be used along with this method to present any error. This is 

because high benefit project also has high expense. 

 

B/C = PV of benefits 

             PV of cost 

or 
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2.7.3 Internal Rate of Return: IRR 

IRR is the method of comparing the cost of capital. First of all, it is needed to 

know discount rate in the market which depends on different kinds of investment. If 

the market interest rate is lower than the internal rate of return, it is worth to invest in 

that project. Economic analysis of the project sometimes compares IRR with nation 

growth rate such as 10% for Thailand. If these are many projects to choose from, the 

project with the highest IRR should be considered first. 
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IRR is an i such that internet rate of return is the rate of discount which equates 

the present value of total benefit to the present value of total cost. 
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 2.7.4 Discount rate 

 Discounting is performed to calculate the present value of a stream of costs and 

benefits associated with a project or policy. If benefits exceed costs in every time 

period, the present value is positive for any discount rate. Generally, the choice of the 

social discoung rate is crucial in determining whether the present value is positive or 

negative. 

 The process of discounting the future is defended by economists as reflecting 

the way people behave and value things. Both consumers, via a positive rate of time 

preference, and producer, via the opportunities cost of capital, are observed to treat the 

future at less important than the present. Consumers lend money and expect to be 

rewarded for their abstinence from consumption; for example, saving account earn 

interest. Producers earn more interest on earlier cash receipt by loaning them to others 

in the economy and trying into their productivity, making earlier profits more 

valuable. 

 

2.8 Sensitivity analysis 
 

It shows how the value of the efficiency criteria (NPV, IRR, B/C ratio) changes 

with variations in the values of any variables (selling price per unit, cost per unit, net 

benefits to society etc.). It may be expressed as the absolute change in efficiency 

criterion divided by a given percentage of absolute change in variables or set of 

variables. If the NPV is sensitive to the variables the project is sensitive to variables, 

the project is sensitive to uncertainties and special care should be taken to making 

precise estimates, particularly of those variables the estimated values of which may 

contain significant errors. 

 Sensitivity analysis may be used in early stages of project peparation to 

identify the variables in the estimation of which special care should be taken.In 

practice it is not necessary to analyze the variations of all possible variables. It is 

sufficient to confine the analysis to the key variables affecting the project the most, 

either because they are large in value as parameters or thay are expected to vary 

considerably below or above the most lokely magnitude. If NPV or IRR is insensitive 
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to the value of a particular input or output the project is insensitive to uncertainties and 

there is little point in trying to estimate this variable with great precision. 

 It follows from the above that sensitivity analysis takes into account 

uncertainty by calculating an efficiency indicator, not only using the best estimates of 

the variables under conditions of certainty, but also using other possible values. For 

instance, any efficiency indicator may be recalculated for pessimistic or optimistic 

alternatives to the normal or realistic estimate applied in the frist round under 

conditions of certainly. Sensitivity analysis provides a better understanding of which 

variable is in fact crucial to the project apprasisal. Such analysis will also be helpful 

for those in change of managing the project later. It will indicate critical area requiring 

close managerial attention in order to ensure the commercial success of a project. 

 

2.9 Relevant research 
 

Jittinun Manotananuruk (2000) conducted feasibility study of the ethanol 

production project that used cassava as raw material. The analytical tool in the study 

was cost–benefit analysis. The production capacity was 150,000 litres per day, 

investment cost was 1,113.96 million baht. Discount rates used in the the study was 

12%. The calculated NPV was 113.48 million baht, B/C ratio was 1.04 and IRR was 

14.03%. From the investment criteria the project would be economic feasible. 

Moreover, the sensitivity analysis of several variables that effect the ethanol cost 

found that gasoline prices was the major effect, if the gasoline price change from base 

case (9.81 baht per litre). 

Popong Anudit (2001) studied the enery and economic of ethanol production 

for fermentation process using molasses as raw material, the cost of this process was 

8.12 baht per litre (ethanol 10% by volume). The energy used in this process was 

0.033 MJ per litre. Another process is distillation to increase the concentration of 

ethanol up to 95% by volume. Energy of 9.5 MJ per litre was used in this process and 

the cost is 2.30 baht per litre. The final process azeotrope distillation, use chemical 

substance to separate water in ethanol from the concentration 95% up to 99.5% by 

volume and energy used was 0.75 MJ per litre and cost was 2.13 baht per litre.  
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Surapong Janpongsi (2001) examined feasibility on the ethanol production and 

utilization of alcohol as fuel. Study on the suitability of different crop, for example 

sugarcane corn molass and cassava. The result of study has suggested that the most 

suitable for ethanol production is cassava. The plant production capacities 

with150,000 litres per day, interest rate 10%, investment cost was 1,111 million baht. 

When the cassava root costed 850 baht per ton the production cost was 9.70 baht per 

litre. When the ethanol price 14.00 baht per litre, the IRR was 14.77%. Therefore the 

project would be financially feasible.  

Kanya Tharachai (2003) conducted feasibility study of ethanol production 

project from sugarcane and/or molass in Thailand. The ethanol plant was located in 

Kanchanaburi and Khonkaen province with production capacity of 150,000 litres per 

day. Fixed investment cost was 1,136 million baht for production of ethaol from 

sugarcane and molass, 744.93 million baht for production of ethanol from molass. 

Results of the study found this project investment was worth undertaken. 

 Charoensak Rojanaridpiched (2003) studied development of ethanol 

production technology from cassava chip at pilot plant scale. Produce ethanol from 

cassava chip by a conventional fermentation (CF) and Simultaneous Saccharification 

and Fermentation (SSF). The ethanol was concentratrated by distillation and 

dehydrated with a membrane. The production cost of anhydrous ethanol (99.5%) from 

cassava chips at a capacity of 100,000 litres per day was estimated around 

1,156,619.50 and 1,118,088.43 baht per day or 11.57 and 11.18 baht per litre of 

ethanol for CF and SSF process, Optimization of SSF process of cassava chips should 

be further conducted to maximize the yield and minimize the energy consumption in 

order to get the lowest production cost. 
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CHAPTER III 

MATERIALS AND METHODS 
 

3.1 Data collection 
 

 The necessary data used in this study were complied from secondary data. The 

list and sources of data collected for calculation are shown in Table 3-1. 

 

3.2 Parameters and assumption of project 
 

Plant location                                Khon Buri district, Nakhon Ratchasima province. 

Map of Nakhon Ratchasima province shows in    

Figure 3-1 and Figure 3-2 

The lifetime of project                  15 years (2005-2019) 

Plant capacity                                4,000 litres per day for year 1-2 

          5,000 litres per day for year3-15 

Working time          24 hours per day, for 300 days per year 

Raw material         Cassava fresh roots 35.27 tons per day 

Discount rate                     6.5% for financial analysis 

          10% for economic analysis 

Interest rate         10% for working capital 

 

3.3 Methods 
 

Financial and economic feasibility were analyzed by cost-benefit analysis 

under certain investment criteria and sensitivity analysis. 

 

3.3.1 Cost-Benefit analysis 

 

3.3.1.1 Cost analysis 
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Analysis of investment cost and operating cost. 

1) Investment cost  

 Investment cost is expenses for land, land improvement, utility 

services, equipment, equipment installation, building, piping, electrical installations, 

instrumentation and control, engineering, fire protection and safety system, waste 

water treatment system and biogas plant, contingency and working capital. 

2) Operating cost 

 Operating cost considered here is divided into fixed costs and variable 

costs. Fixed cost expenses are administrative cost, insurance, depreciation, 

fermentation process cost, maintenance and repairs. Variable costs are raw materials, 

operating labor, corporate income tax, laboratory charge, water, electricity, steam, 

distribution and marketing costs. 

 The difference between financial and economic analysis are as follows: 

- For the economic analysis the cost of corporate income tax, 

depreciation, interest is excluded from cost analysis. 

- The economic cost is adjusted for market value to economic value by 

conversion factor. 

 

3.3.1.2 Benefit analysis 

Benefits are the returns expected from a project. Benefits can be 

tangible and intangible benefits. In this study benefit analysis were devided into 

financial benefit and economic benefit. 

1) Financial benefit 

- Benefit in this project is revenue from ethanol product sold while the 

price of ethanol is set by ethanol producers and oil companies. 

2) Economic benefit analysis 

- Benefit in this project is ethanol that can replace MTBE. The average 

price of imported MTBE is used in analysis. 

- The value of different fuel consumption compared between gasoline 

and gasohol from fuel consumption test by PTT. The result showed that engine 

required gasohol 0.8-1.4% greater than gasoline. Hence, economic benefit was 

reduced by value of different fuel consumption. 
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3.3.2 Investment criteria 

Financial and economic analysis was analyzed by using the following decision 

criteria for investment: 

- Net present value (NPV) 

- Internal rate of return (IRR) 

- Benefit-cost ratio (B/C ratio) 

- Payback period 

 

3.3.3 Sensitivity analysis 

 Sensitivity analysis is a method for incorporating uncertainty by varying the 

key parameters of the project and observing the corresponded decision. 

 This study investigated 5 cases as follows: 

1) Price of cassava goes up 20% from base price. 

2) Price of cassava goes up 30% from base price. 

3) Increment of investment cost and operating cost by 5% from base case. 

4) Price of ethanol sale lower by 10% from base case. 

5) Price of ethanol sale lower by 20% from base case. 

 

3.3.4 Recommend promotion and support policy for small scale ethanol 

production project investment. 

 Recommendation for the promotion and support for small scale ethanol 

production used information from the government and the study to break even the 

ethanol production such as taxes, source of investment, raw material, selling price of 

ethanol, etc. 

 

3.3.5 Gasohol engine test result 

 The results of gasohol engine test on fuel consumption test, exhaust gas 

emission, performance engine test, speed time, acceleration, dipping test with material 

parts using in fuel system were collected and analyzed. 
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Table 3-1 The list data and source of secondary data 

Item amount Unit Source of data 

Investment cost       

Land 5 rai  KMUTT 

Land improvement 3 unit   

Utility services 4 unit   

Equipment 1 unit  KMUTT  

     Thailand institute of scientific  
 and technological reserch 

     The Liquor Distillery Organization 

Equipment installation 1 unit  KMUTT 

Building 1 unit  KMUTT 

Piping 1 unit  Plant design and economics for chemical engineers

Electrical installations 1 unit  Plant design and economics for chemical engineers

Instrumentation and control 1 unit  KMUTT 

Engineering 1 unit  KMUTT 

Fire protection and safety system 1 unit  Plant design and economics for chemical engineers

Waste water treatment  
and biogas plant 1 unit  KMUTT 

Contingency 1 unit  Plant design and economics for chemical engineers 

Operating cost     

Fixed cost       

Administrative 6 worker  Thailand institute of scientific and  
  technological  reserch 

Insurance 1 unit  Plant design and economics for chemical engineers

Depreciation  1 unit   

Fermentation process cost 1 unit  KMUTT 

Maintenance and repairs 1 unit  Plant design and economics for chemical engineers
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Table 3-1 The list data and source of secondary data (Continued) 

Variable cost     

Raw materials 35.2 ton/day  KMUTT 

Operating labor 9 worker/day  Thailand institute of scientific and  
technological reserch 

Laboratory charge 1 unit  Plant design and economics for chemical engineers

Water 85000 1 litre/day  KMUTT 

Electricity 241 1 Kwh/day  The Liquor Distillery Organization 

Steam 14.8 1 ton/day  The Liquor Distillery Organization 

Distribution and marketing costs 1 unit  Plant design and economics for chemical engineers
1 Estimate from source of data 

 

 
Figure 3-1 Map of Nakhon Ratchasima province 

Source: Department of Environmental Quality Promotion (2000) 
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Figure 3-2 Land use map of Khon Buri district, Nakhon Ratchasima province 

Source: Department of Environmental Quality Promotion (2000) 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 
 

This chapter presents the results which can be grouped into 6 parts as follows: 

4.1 The cost-benefit analysis 

4.2 Investment criteria 

4.3 Sensitivity analysis 

4.4 Recommendation measures to promote and support establishment of 

ethanol plant 

4.5 The results of gasohol engine test 

4.6 Discussions 

 

4.1 The cost-benefit analysis 
 

In the feasibility study of small scale ethanol production from cassava, the 

processes, technique and value of equipment presented here are based on secondary 

data from King Mongkut's University of Technology Thonburi (KMUTT), which was 

done in 2001 and additional data from other more recent study. 

An analysis of cost requires to adjust individaul items of equipment prices 

from 2001 prices to become 2005 prices. The equipment prices were adjusted by 

general rate of inflation (the detail of calculated are shown in Appexdix C). 

The list of item and prices of equipment adjusted are shown in Table 4-1. 

 

Table 4-1 List of item and prices of equipment adjusted 

Item number Unit 2001 prices1 2005 
prices 

 Liquefaction and saccharification tank 2 tank 666,057 732,055

 Fermentator tank 8 tank 12,851,083 14,124,47
2

 Storage tank 1 tank 1,606,385 1,765,559

 Boiler 1  2,153,205 2,366,562
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Table 4-1 List of item and prices of equipment adjusted (Continued) 

Distillation    

   Column 1 1 Unit 944,100 1,037,649

   Column 2 1 Unit 2,513,214 2,762,244

 Ethanol dehydration system        

    Membranes 1 Unit 1,406,736 1,546,127

   Condenser 1 Unit 171,225 188,191

   Vacuum pump 1 Unit 70,265 77,227

 Waste water treatment system and biogas plant 1 Unit 4,652,474 5,113,479
Source: 1King Mongkut's University of Technology Thonburi (2001) 

 

4.1.1 Financial cost analysis 

The financial costs comprises of investment costs and operating costs over the 

entire lifetime of the plant. All costs are expressed in constant terms without 

considering of inflation. 

 

4.1.1.1 Investment cost 

Investment cost is the total amount of money needs to construct the 

plant and manufacturing facilities plus the amount of money required as the working 

capital for operation of the facilitis. 

1) Land 

The small scale ethanol plant project located at Khon Buri district, 

Nakhon Ratchasima province requires total area of 5 rai (8,000 m2). The land value 

(January 29, 2006) about 200,000 baht per rai (Nakhon Ratchasima Land Office, 

2006). Total cost of land is 1,000,000 baht 

2) Land improvement (February 22, 2006) 

- Land improvement includes land fill, roads and fences.  

  - Land fill at 200 baht per m3 with the total of  1,600,000 baht 

  - Concrete road about 600 baht per m2 with the total of  300,000 baht 

- Fences about 100,000 baht  
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Tatal of land improvments are 2,000,000 baht 

3) Utility services 

Utility services includes the general services required to operate the 

plant, such as 

- Telephone installation fee of 3,700 baht 

- Tab water installation fee of 4,100 baht 

- Electricity installation fee of 37,200 baht 

- Electricity post at 7,000 baht per post for 10 posts 

Total of utility services are 115,000Baht 

4) Equipment  

The costs for the major equipment items are as follows; 

1. Hammer mill  

               Hammer mill for milling cassava roots in preparation process. 

2. Liquefaction and saccharification tank 

2 stainless steel tanks with 3.98 m in height, 1.33 m in diameter. 

3. Fermentator tank 

8 stainless steel with vertical cylindrical tower and conical 

bottom tanks with 7.81 m in height, 2.37 m in diameter. 

4. Starter tank  

1 stainless steel 100 litre tank for incubated yeast starter.  

5. Ethanol storage tank 

    1 storage tank for ethanol (6%) from fermentation process. 

6. Boiler 

   Steam boiler for steam production. 

7. Pump 

   5 pumps power 2.2 kW with and 20 m head. 

8. Distillation column 

Column 1 The column has 9 stages with 11 m in height and 0.43 

m in diameter. 

Column 2 The column has 35 stages with 20 m in height, 0.30 

m in diameter. 

9. Membrane pervaporator 
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   The membrane pervaporator consists of membranes, condenser 

and vacuum pump 

10. Water storage tank 

   2 tanks with 50,000 litres water storage tank for process and 

office used. 

11. Ethanol production storge tank  

   2 ethanol (99.5%) storage tank with 5,000 litres capacity each. 

Total equipment value is 25,735,586 baht 

5) Equipment installation 

The cost of equipment installation was estimated to be 30% of capital 

equipment cost. 

  6) Building 

The cost of building such as control room, plant, offices and laboratory 

was estimated to be 80% of capital equipment cost. 

  7) Piping 

The piping cost for the plant was estimated to be 30% of capital 

equipment cost. 

8) Electrical installations 

The electrical installations consist of 4 major components, namely, 

power wiring, lighting, transformation and service and control wiring. The cost of 

electrical installations was estimated to be 10% of capital equipment cost. 

9) Instrumentation and control 

The cost of instrumentation and control was estimated at 25% of capital 

equipment cost. 

  10) Engineering 

The costs include plant design, drawings, drafting and permits. The cost 

of engineering was estimated to be 10% of capital equipment cost. 

  11) Fire protection and safety system 

These costs are important for safety of the plant. The cost of fire 

protection and safety system was estimated to be 5% of capital equipment cost. 

  12) Waste water treatment system and biogas plant 
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The biogas production from the waste water treatment system. The 

biogas production plant estimation is based on ethanol plant with a capacity of 10,000 

litre per day. Characteristics of ethanol plant a capacity of 10,000 litres per day are 

              - Waste water of 160,000 litres per day  

              - COD loading of 12,976 kg per day 

              - Rate of biogas production of 0.4 m3 per kg COD 

           - Biogas production of 4,671 m3 per day 

Therefore, estimation of the ethanol plant with a capacity of 5,000 litres 

per day was  

- Waste water of 80,000 litres per day 

- Rate of biogas production of 0.4 m3 per kg COD 

- Biogas production of 2,335 m3 per day 

  The biogas production can be used as a fuel for boiler to produce steam 

at 20.1 tons per day. Characteristics of biogas product are shown in Appendix D. 

13) Contingency 

A contingency is usually estimated from investment to compensate for 

unpreditable event, such as storms, floods, price changes, small design changes, errors 

in estimation and other unforeseen expenses. The contingency was estimated at 5% of 

capital equipment cost. 

14) Working capital 

The ethanol plant required for a certain amount of fund to be available 

to pay the bills and sustain the operation before product is sold and payment is 

received. The working capital was estimated from yearly operating cost. The rate of 

interest is 10% per year. 

 

  4.1.1.2 Operating cost 

The expenses, as considered here are divided into fixed costs and 

variable costs. 

Fixed cost 

1) Administrative cost 

This expense consisted of 5 workers. The salary for workers are 

Manager                  20,000 baht per month 
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Accountant                8,000 baht per month 

Engineer                   15,000 baht per month 

Chemist          10,000 baht per month 

Clerk                          6,500 baht per month 

Chief foremen            8,000 baht per month 

   Total salaries for workers are 810,000 baht per year 

2) Insurance 

Insurance rates amount to about 1 % of investment cost. 

3) Depreciation  

   The government allows a deduction for fraction of the initial cost as a 

hypothetical expense to be subtracted from the actual gross profit for corporate income 

tax calculations. The Thailand government allowed depreciation rate for 

      Durable building       5% of initial cost per year. 

      Machinery                20% of initial cost per year. 

4) Fermentation process cost 

Fermentation operating cost per year including consists of expenses for 

chemical and yeast in fermentation process. 

5) Maintenance and repairs 

The maintenance cost is generally estimated as 6% of capital equipment 

cost. 

Variable costs 

6) Raw materials 

The small scale ethanol plant has capacity 5,000 litres per day. It 

required the raw material about 10,800 tons per year that used cassava as raw material. 

The price of cassava was 1,325 baht per ton which based on average prices of cassava 

in Nakhon Ratchasima province from January to April 2006 (The Department of 

Internal Trade, Nakhon Ratchasima province, 2006). 

7) Operating labor 

The opeating labor requirements for project are 9 labors. Thay are 

working 3 labors per shift, 8 hours per shift. The local wage rate for operating labor is 

200 baht per labor.day. 

8) Corporate income tax 
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   In the calculation of corporate income tax of a company carrying on 

business in Thailand, it is calculated from the company’net profit. The corporate 

income tax rates in Thailand are 

Net profit not exceeding 1 million baht                                             rate 15% 

Net profit over 1 million baht but not exceeding 3 million baht       rate 25% 

Net profit exceeding 3 million baht                                                   rate 30% 

The projects for alcohol or fuel production from agricultural products 

will receive an 8 years corporate income tax exemption and the projects for alcohol 

production for fuel were received excise tax exemption (The Board of Investment, 

2006). 

   9) Laboratory charge 

The laboratory cost for product quility control is 10% of opeating labor 

cost. 

10) Water 

The tap water required for ethanol plant was estimated from the ethanol 

plant with capacity of 10,000 litre per day which needs 170,000 litres per day. 

Therefore, the ethanol plant with capacity of 5,000 litres per day shall required tap 

water at 85,000 litres per day. The water triff for official and small business from 

Provincial Waterworks Authority is 0.0149 baht per litre (Province Waterworks 

Authority, 2006). 

11) Electricity 

   The electricity required for ethanol plant is estimated from pilot plant 

with consumes 5.56 kW to produce ethanol 172.64 litres per day.  

Therefore, The electricity tariffs is 2.35 baht per kW, ethanol plant 

capacity of 5,000 litres per day was estimated to require about 241 kW per day. This 

included the manufacturing process and office used. 

12) Steam 

The main energy for the ethanol process is steam. The plant requires 

steam 14.8 tons per day, which can be produced biogas from biogas plant and natural 

gas (NGV). The ratio is 9:1 of biogas to NGV. 

  The plant requirement for biogas is 1,547 m3 per day. The operating 

cost of biogas is 37,000 baht per year. 
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  The plant requirement for NGV is 121 kg per day. The price (March 

23, 2006) is 8.50 baht per kg (Energy Policy and Planning Office, 2006). Total cost of 

NGV is 308,550 baht per year. 

Total cost of steam production is 345,550 baht per year. 

13) Distribution and marketing costs 

   The expenses incurs in the process of selling and distribuing the 

product. The cost of distribution and marketing costs was estimated to be 2% of total 

operating cost. 

The total investment costs for the project is 87,405,813 baht and the 

detailed item of investment cost and percentage of total investment cost are shown in 

Table 4-2. 

The total operating costs and percentage of total operating costs in 2008 

(100% capacity utilization) are shown in Table 4-3. 

 

Table 4-2 Item of investment cost and ratio of investment cost in 2005 

Item Investment cost 
(baht) 

Ratio of investment 
cost (%) 

Land                     1,000,000 1.14

Land improvement                     2,000,000 2.29

Utility services                        115,000 0.13

Equipment                   25,735,586 29.44

Equipment installation                     7,720,676 8.83

Building                   20,588,469 23.56

Piping                   7,978,032 16.28

Electrical installations                     2,573,559 9.13

Instrumentation and control                     6,433,896 2.93

Engineering                     2,573,559 2.71

Fire protection and safety system                     1,286,779 1.47

Waste water treatment and biogas plant                     5,113,479 5.85

Contingency                     1,286,779 1.47

Working capital                     3,000,000 3.43

Total 87,045,813 100.00
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Table 4-3 The total operating costs at 100% capacity utilization 

Item Operating cost Ratio of total operating cost

         Fixed cost     

Administrative cost                    810,000                                 2.99 

Insurance                     874,058                                  3.32 

Depreciation    

  Durable building                 2,058,847                                 7.61 

  Machinery                 5,147,117                               19.02 

Maintenance and repairs                 1,544,135                                 5.71 

        Variable costs   

Raw materials               14,310,000                               52.87 

Operating labor                    540,000                                 2.00 

Laboratory charge                      54,000                                 0.20 

Fermentation process cost                    295,341                                 1.09 

Water                    379,950                                 1.40 

Electricity                    169,905                                 0.63 

Steam                    345,550                                 1.28 

Distribution and marketing costs                    536578                                 1.98 

Total                 27,065,481                             100.00 
 

4.1.2 Economic cost analysis 

Economic feasibility is different from financial analysis. The economic 

analysis reflect the true costs of the project to the economy as a government subsidies, 

taxes, and duties and other factor that distort the prices of labor and material are 

excluded from economic valuation of costs and benefits. 

The calculation of investment cost and operating cost is on the same basis as 

that financial analysis. The economic analysis is adjusted market value to economic 

value by conversion factor. The conversion factosr for this study is adapted from The 

Industrial Finance Corporation of Thailand as shown in Table 4-4. The details for 

adjusting market prices to economic value are shown in Table 4-5. 
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Table 4-4 The types of conversion factor 

Types of conversion factor CF value 

Standard Conversion Factor (SCF) 0.96 

Construction Conversion Factor (CCF) 0.94 

Electricity Conversion Factor (ECF) 0.95 

Source: The Industrial Finance Corporation of Thailand (2003) 

 

Table 4-5 The details for adjusting market prices to economic value 

Item  Market price  CF  Economic value 

Investment costss       

Land             1,000,000 0.96              960,000 

Land improvement             2,000,000 0.96           1,920,000 

Utility services                115,000 0.96              110,400 

Equipment           25,735,586 0.96         24,706,162 

Equipment installation             7,720,676 0.96           7,411,849 

Building           20,588,469 0.94         19,353,161 

Piping           7,978,032 0.96         7,658,910 

Electrical installations             2,573,559 0.96           2,470,616 

Instrumentation and control             6,433,896 0.96           6,176,541 

Engineering             2,573,559 0.96           2,470,616 

Fire protection and safety system             1,286,779 0.96           1,235,308 

Waste water treatment and biogas plant             5,113,479 0.96           4,908,940 

Contingency             1,286,779 0.96           1,235,308 

Operating costs     

Administrative cost                810,000 0.96              777,600 

Insurance      874,058 0.96 839,096 

Maintenance and repairs             1,544,135 0.96           1,482,370 

Raw materials 14,310,000 0.96         13,737,600 

Operating labor                540,000 0.96              518,400 
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Table 4-5 The details for adjusting market prices to economic value (Continued) 

Item  Market price  CF  Economic value 

Laboratory charge                  54,000 0.96                51,840 

Fermentation process cost                295,341 0.96              283,527 

Water                379,950 0.95              360,953 

Electricity                169,905 0.95              161,410 

Steam                345,550 0.95              328,273 
 

4.1.3 Financial benefit analysis 

- Benefit in this project is the revenue from ethanol product sold. The ethanol 

price was 25.30 baht per litre (June 24, 2006). The price was set by ethanol producers 

and oil companies (Thai Energy News, 2006). 

 

4.1.4 Economic benefit analysis  

- Benefit in this project is MTBE that can be replaced by ethanol. The import 

price of MTBE was 17.2 baht per litre. The prices follows average price of MTBE 

imported to Thailand from November 2005 to April 2006 (Department of Energy 

Business, 2006). 

- The difference of fuel consumption between gasoline and gasohol from feul 

test result by PTT indicated that consumption of gasohol is 0.8-1.4% greater than 

gasoline. Hence, economic benefit was reduced accordingly. 

The ethanol 1,500,000 litres per year can be product 15,000,000 litres per year 

of gasohol. The average different fuel consumption is 1% or amount gasohol of 

150,000 litres of gasohol per year with value of 3,741,000 baht calculated at gasohol 

price (January 7, 2006) 24.94 baht per litre (Energy Policy and Planning Office, 2006). 

Hence, the benefits reduced by 10% follows blending ratio valued is 374,100 baht per 

year. 
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4.2 Investment criteria 
 

The feasibility study of small scale ethanol production from cassava used the 

criteria for investment decision, namely net present value (NPV), internal rate of 

return (IRR), benefit-cost ratio (B/C ratio) and payback period. The detail of 

calculation are shown in Table 4-6 and Table 4-7 
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4.2.1 Net present value (NPV) 

The NPV is the present worth of the benefits less the present worth of the 

costs. The NPV value can be calculated from  
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Where 

            NPV is net present value 

BBt is benefits in year t 

Ct is cost in year t 

i is discount rate 6.5% for financial analysis and 10% for 

economic analysis 

t is the specifies period 

n  is 10 years 

The results of net present value (NPV) are as follows: (calculated on Jane 30, 

2006) 

Financial analysis: net present value is 50,104,053 baht 

Economic analysis: net present value is -38,042,648 baht 

 

4.2.2 Internal rate of return (IRR) 

The IRR value is the discount rate for which the NPV of project equals zero. 
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The results of internal rate of return (IRR) are as follows: (calculated on 30 

Jane 2006) 

Financial analysis: IRR is 14.98% 

Economic analysis: IRR is 0.82% 

 

4.2.3 Benefit-Cost ratio (B/C ratio) 

The benefit-cost ratio (B/C ratio) is the present worth of the benefit divided by 

the present worth of the costs. This ratio is calculated from 
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The result of benefit-cost ratio (B/C) as follows: (calculated on Jane 30, 2006) 

Financial analysis: B/C ratio is 1.57 

Economic analysis: B/C ratio is 0.53 

 

4.2.4 Payback period 

Payback period is defined as the minimun length of time that equates the 

investment cost and net profits. The result of payback period as follows: (calculated on 

Jane 30, 2006) 

Financial analysis: payback period is 6 years. 

Economic analysis: payback period is 14 years. 

The results of investment criteria is summarized in Table 4-8 

 

Table 4-8 The results of investment criteria  

Investment criteria Financial analysis Economic analysis 

 (Discount rate 6.5%) (Discount rate 10%) 

 NPV (baht) 50,104,053 - 38,042,648 

 IRR (%) 14.98 0.82 

 B/C ratio 1.57 0.53 

 Payback period (year) 6 14 
 

4.3 Sensitivity analysis 
 

 The sensitivity analysis in this study are performed 5 cases. The results are 

shown follows (calculated on July 5, 2006) 
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4.3.1 Price of cassava is 20% higher from base price. 

Case of cassava price increasing from 1,325 baht per ton to 1,590 baht per ton. 

The results of financial analysis are 

- Net present value (NPV) is 31,401,569 baht 

- Internal rate of return (IRR) is 11.92% 

- Benefit-Cost ratio is (B/C ratio) 1.36 

- Payback period is 7 years 

- Cost per unit is 19.95 baht per litre 

 

4.3.2 Price of cassava is 30% higher from base price. 

Case of cassava price increasing from 1,325 baht per ton to 1,723 baht per ton. 

The results of financial analysis are  

- Net present value(NPV) is 15,382,130 baht 

- Internal rate of return (IRR) is 9.28 % 

- Benefit-Cost ratio (B/C ratio) is 1.18 

- Payback period is 8 years 

- Cost per unit is 20.86 baht per litre 

 

4.3.3 Investment cost and operating cost increase 5% from base case. 

Case of investment cost and operating cost increasing 5%. The results of 

financial analysis are 

- Net present value (NPV) is 38,282,286 baht 

- Internal rate of return (IRR) is 12.82% 

- Benefit-Cost ratio (B/C ratio) is 1.42 

- Payback period is 7 years 

- Cost per unit is 18.77 baht per litre  

 

4.3.4 Price of ethanol sale decreasing 10% from base case  

Case of price of ethanol sale decreasing 10% from base case. Price of ethanol 

sale has change from 25.30 baht per litre to 22.77 baht per litre. The results of 

financial analysis are 

- Net present value (NPV) is 19,575,675 baht 
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- Internal rate of return (IRR) is 10.00% 

- Benefit-Cost ratio (B/C ratio) is 1.22 

- Payback period is 8 years 

- Cost per unit is 18.00 baht per litre 

 

4.3.5 Price of ethanol sale decreasing 20% from base case  

Case of price of ethanol sale decreasing 20% from base case. Price of ethanol 

sale has change from 25.30 baht per litre to 20.24 baht per litre. The results of 

financial analysis are 

- Net present value (NPV) is -10,952,702 baht 

- Internal rate of return (IRR) is 4.37% 

- Benefit-Cost ratio (B/C ratio) is 0.87 

- Payback period is 11 years 

- Cost per unit is 18.00 baht per litre 

 

4.3.6 Break-even point 

  In financial analysis break-even point of the production of ethanol for 

finanacial analysis is calculated from 

 

                            N = F/(p-v) 

where 

N is break-even production volume 

F is fixed cost 

p is selling price per unit 

v is variable cost per unit 

The break-even point of the production of ethanol per year indicates 

production volume per year that will make the project have enough margins to pay off 

fixed cost. In the first year the break-even volume of ethanol production is 744,635 

litres per year. The detail of calculated and result are shown in Table H-6. 

From the result of investment criteria for economic analysis which NPV is 

negative, IRR is less than discount rate, B/C ratio less than than 1, therefore the 

sensitivity analysis for economic analysis is used break-even analysis to calculate the 
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point at which stream of inflow and outflow are equal or NPV= 0. The break-even in 

this sense is different from the above one. This break-even concept in used to come up 

with the threshold that will make the project viable. On the threshold, the break-even 

production volume indentifies the volume of production that the ethanol plant can still 

operate due to having enough volume the earn sufficient margin to meet fixed 

expense. 

Break-even point have been estimated to indicate the sensitivity of the 

investment to different price of cassava and selling price of ethanol which set price of 

ethanol follow price of MTBE. The detail of calculated are shown in Table H-7 and 

Table H-8 (calculated on July 31, 2006). 

The results of break-even price of cassava shown that price want be about 

829.435 baht per ton, the cost per unit 13.65 baht per litre while other expenses and 

selling price of ethanol are constant at discount rate 10%.  

The results of break-even price of ethanol showed that the price should be at 

least 20.69 baht per litre, the cost per unit 16.70 baht per litre while other expenses are 

constant at discount rate 10%.  

 

4.4 Recommendation measures to promote and support establishment 

of ethanol plant 
 

4.4.1 Raw material  

Cassava fresh roots as raw material for ethanol production. Hence, should set 

up planting of plan cassava roots to support the investment in producing ethanol 

including the other agricultural crops in order to support and in line with ethanol 

producing investment. 

 

4.4.2 Financial and Investment 

Financial support from commercial banks to invest for ethanol production and 

the government will guaranteed selling price of ethanol in order to reduce chance from 

raw material will be higher or will consider setting up the fund for stabilizing ethanol 

price. From break-even price of ethanol in economic analysis indicated the selling 
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price not should lower than 20.69 baht per litre in order to ethanol production is profit 

for social. Moreover, should exempt of collecting the money to oil fund for gasohol. 

 

4.5 The results of gasohol engine test 
 

 4.5.1 PTT gasohol engine test results compared with gasoline octane 95 by 

PTT Research and Technology Institute 

PTT Research and Technology Institute (2003) has research the engine testing 

was done in order to find engine performance on both gasoline engine by studying any 

effected variables and exhaust gas emission. Ethanol blending ratio of 10% in gasoline 

had been tested physical and chemical properties before running engine test and road 

test in actual condition. The properties of gasoline and PTT gasohol that used in the 

research work is shown in Table I-1 in Appendix I. 

The exhaust gas emission and fuel economy test were performed with Toyota 

1.6 litres, year 2000. The result is presented in Table I-2 

According to the t-test, it can be concluded that THC content between gasoline 

octane 95 and PTT gasohol was not different. PTT gasohol has significant number of 

NOx content less than gasoline octane 95 about 21.5 to 38.1%. CO content for PTT 

gasohol less than gasoline octane 95 about 10.5 to 21.9% and PTT gasohol has 

significant number of fuel economy is greater than gasoline octane 95 about 0.8-1.4%. 

The performance test on average maximum power and speed time from 0 to 

100 km per hr are shown in Table I-3 and Table I-4. From analysis by t-test, it can be 

concluded that that no significant different on maximum power at wheel and speed 

time when using gasoline and PTT gasohol. 

The results of using PTT gasohol on material that using in fuel system compare 

between premium gasoline octane 95 and PTT gasohol (10% ethanol) when dipping 

with 13 types of material parts using in fuel system (i.e. 3 kinds of rubber, 2 kinds of 

plastic and 8 kinds of metal), continually for 42 day (1008 hr)-test duration @60 ○C 

condition. The results are shown in Table I-5, Table I-6 and Table I-7. 

The result from the immersion test showed that PTT gasohol has the same 

volume expansion as gasoline octane 95 when tested with FKM while gasoline octane 

95 has less volume change than PTT gasohol when tested with NBR and H-NBR. PTT 
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gasohol has the same expansion as gasoline octane when tested with polyethylene 

while gasoline octane 95 has less expansion than PTT gasohol when tested with nylon. 

It is found that no corrosion or rust occurred on the metal samples when tested in both 

PTT gasohol and gasoline octane 95. 

 

4.5.2 A study of combustion charcteristic of ethanol fuel by Manida 

Tongroon 

Manida Tongroon (2001) studied gasoline-ethanol blended as fuel focusing on 

combustion charcteristic and effect on performance and emissions. The Toyota 4-

cylinder, 1.6 litres, carbureted commercial engine was used for the whole test 

program. 

Results show that adding ethanol of 10, 15, 20, 30, 40, 50% in gasoline. 

Percent of carbon monoxide and hydrocarbon levels decrease with the increase of 

ethanol. The carbon monoxide emission and hydrocarbon level are shown in Table I-8 

and Table I-9 

The brake specific fuel comsumption increase as ethanol in the blends increase 

because the fuel heating values decrease which heating values of ethanol lower than 

gasoline. The brake specific fuel comsumption are shown in Table I-10 

 

4.6 Discussions 
 

The small scale ethanol production project with a production capacity of 5,000 

litres per day located in Nakhon Ratchasima province for 15 years of service life have 

total investment cost for financial analysis about 87,405,813 baht which include land, 

land improvement, utility services, equipment, equipment installation, building, 

piping, electrical installations, instrumentation and control, engineering, fire protection 

and safety system, waste water treatment system and biogas plant, contingency, 

working capital. 

The operating cost are about 27,065,481 baht per year and the total operating 

costs for the lifetime of project are 342,528,050 baht, which include administrative 

cost, insurance, depreciation, fermentation process cost, maintenance and repairs, raw 
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materials, operating labor, corporate income tax, laboratory charge, water, electricity, 

steam, distribution and marketing costs. 

The benefits from this project are estimated from direct sale of ethanol product 

at 25.30 baht per litre. The benefits from sales are approximately 37,950,000 baht per 

year and total benefits for the lifetime of project are 554,070,000 baht. The cost per 

unit of product at 100% capacity utilization is 18.00 baht per litre. 

In the finacial analysis the discount rate used was 6.5%, NPV is 49,707,557 

baht, which NPV is greater than zero. The IRR is 14.98% and greater than the discount 

rate of 6.5%. The B/C ratio is 1.57, which is greater than one. Payback period is 6 

years. All criterias indicate that the project is worthy to invest and has a good ability to 

make a profit. 

The total investment cost in the economic analysis is 80,617,811 baht which 

include land, land improvement, utility services, equipment, equipment installation, 

building, piping, electrical installations, instrumentation and control, engineering, fire 

protection and safety system, waste water treatment system and biogas plant, 

contingency. 

The operating cost are about 18,811,889 baht per year and the total operating 

costs for the lifetime of project are 277,610,656 baht, which include administrative 

cost, fermentation process cost, maintenance and repairs, raw materials, operating 

labor, laboratory charge, water, electricity, steam, distribution and marketing costs. 

The cost per unit of product is 16.70 baht per litre which is calculated by dividing total 

operating cost for the lifetime of project (not include depreciation) by total ethanol 

production over the lifetime of project. 

The benefits from this project is estimated from MTBE that can be replaced by 

ethanol, the price of MTBE was 17.20 baht per litre and the value of different fuel 

consumption between gasoline and gasohol, which is reduced from annual benefit. 

The benefits are 25,762,590 baht per year and total benefits for the lifetime of project 

are 376,133,841 baht.  

In the economic analysis the discount rate used was 10%, the NPV in the 

economic analysis is –38,042,648 baht. The IRR is 0.82% and the B/C ratio is 0.53. 

Payback period is 14 years. 

According to any criteria that the project is not worthwhile to invest. 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Technology of Environmental Management) /  65

The cost per unit of product is about 18.00 baht per litre for financial analysis 

and about 16.70 baht per litre for economic analysis. The cost per unit of ethanol 

production form various raw material is shown in Table 4-9. 

  

Table 4-9 Production capacity and cost per unit of product for ethanol production 

Raw material capacity Cost/litre of product Researcher 

  (Litre) (baht/litre)   

Cassava root 5,000 12.94  KMUTT1(2001) 

Cassava chip 5,000 13.08  KMUTT (2001) 

Sugar cane  100,000 11.22  KMUTT (2001) 

Cassava chip 100,000 11.57  The Liquor Distillery Organization (2003) 

Cassava root 150,000 9.70  TISTR2 (2001) 

Cassava root 150,000 9.74  Jittinun Manotananuruk (2000) 
   Note1 King Mongkut's University of Technology Thonburi (2001) 

   Note2 Thailand Institute of Scientific and Technological Reserch (2001) 

 

Comparing with another study, it is found that cost per unit of product in small 

scale ethanol production project is higher wholesale price of cassva roots in Thailand 

increased from 0.61-0.89 baht per kg (2000-2003) to 1.41 baht per kg (2005). 

Wholesale price of cassva are shown in Figure 4-1. Moreover, the operating cost of 

small scale production is higher than large scale production. 
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Figure 4-1 The wholesale price of cassva roots in Thailand, 1995-2005 

Source: Office of Agricultural Economics (2005) 

 

The sensitivity analysis of small scale ethanol production project was carried 

out to examine its effect of changes in selected parameters on the financial analysis, 

such as price of raw material, investment cost and selling price of ethanol. 5 

scenarioes, such as, price of cassava going up by 20% and by 30% from base price, 

incremental of investment cost and operating cost by 5% from base case, price of 

ethanol sale lower than base case by 10% and by 20%. 

The results of analysis in Table 4-8 shown that the project is worthy to invest, 

if the price of cassava is 20% and 30% higher, investment cost and operating cost is 

5% higher and price of ethanol sale is 10% lower. Only in case of selling price of 

ethanol lower by 20% (20.24 baht per litre) from base case, the fanancial analysis of 

this project shall become not worthwhile to invest. 

It can be summarized that from investor’s point of view the project is quite 

attractive. According to the sensitivity analysis only in the case of ethanol price lower 

by 20% shall the project become infeasible. 

From society’s viewpoint, however, due to the economic benefit-cost analysis 

it is not worthwhile to undertake the project. 
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Table 4-10 The results of sensitivity analysis 

Sensitivity analysis Fainance analysis  

NPV IRR B/C Payback period 
 (baht) (%) ratio (year) 

1. Based case 50,104,053 14.98 1.57 6 

2. Price of cassava higher 20%   31,401,569 11.92 1.36 7 

3. Price of cassava higher 30%     15,382,130 9.82 1.18 8 

4. Investment cost and operating  38,282,286 12.82 1.42 7 

    cost higher 5%      

5. Price of ethanol sale lower 10% 19,575,675 10.00 1.22 8 

6. Price of ethanol sale lower 20% –10,952,702 4.37 0.87 11 
 

Furthermore, the break-even volume of ethanol production is 744,635 litres per 

year at 100% capacity utilization which means the plant capacity must prodcue at least 

this volume in order to earn sufficient margin to pay annual fixed expense. Break-even 

point can also be indicated by graphing as in Figure 4-2 The intersection of the total 

cost line with benefit line represents the break-even point The break-even point graph 

helps determine the volume of production that will create enough profit to cover fixed 

cost or the volume that equates total annual revenue and costs. 

In the economic analysis, the break-even price of cassava is 829.435 baht per 

ton lower which means cassava price must reduce 37.40% from base case. The break -

even selling price of ethanol (price of MTBE imported) is 20.69 baht per litre or a 

21.71% increase from the base case (17.20 baht per litre). 
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Figure 4-2 Break-even graph for financial analysis 

 

The result of financial and economic analysis of small scale ethanol production 

project indicates that the project is viable from investor’s perspective but not from 

society perspective. The main reason for such conflict is the benefit per litre in the 

economic analysis is only 17.20 baht while that in the financial analysis is quite high 

at 25.30 baht. It may be said that cassava cost is too high such that it reflects in high 

price of ethanol. In other words, the oil companies buy ethanol at the price that 

existing ethanol producer can cover high cost. As a result, the project is profitable 

from investor’s point of view. But from economic analysis it is not worthwhile at all to 

substitute MTBE by ethanol. The country can import MTBE at only 17.20 baht per 

litre. As a result, the country should not come up with a substitute that costs more than 

17.20 baht per litre. Inaddition, if the price of imported ethanol is less than 25.30 baht 

per litre disregarding energy dependence issue for the moment, the country is better 

off importing ethanol. It should be pointed out also that in general the price of MTBE, 

ethanol and gasoline should fluctuate in the same direction with relatively canstant 

difference but up to recently they did not. 

The change of price of MTBE, however, does not seem to keep pace with that 

of gasoline and this cause the project to not be worthwhile economically. 

Although, the small scale ethanol production will reduce the volume of MTBE 

from oversea which will benefit the economy in term of foreign currency saving and 
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the ethanol production shall increase domestic energy source for the country, but the 

result of economic analysis shows that the project is currently, not viable from society 

perspective. The country will be better off import MTBE us an additive for gasoline 

than produce ethanol to substitute MTBE because price of ethanol production form 

agricultural in Thailand is higher than price of MTBE imported.  

Energy policy is very important. With the results obtained, it is not currently 

worthwhile to promote large scale production of ethanol in the country. The decision 

to go ahead with such policy will be inefficient use of the country limited resources. It 

would be unwise to consume ethanol at 25 baht per litre while import MTBE is 

available at only 17 baht per litre. It product cost of ethanol can not be as competitive 

as imported MTBE or ethanol, ethanol plants undertaken under the policy will become 

a burden to society. Other sectors have to subsidy them to keep them in operation 

while any price guarantee shall disrupt price mechanism from working freely. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 
 

5.1 Conclusions 
 

1. The small scale ethanol production project has a production capacity of 

5,000 litres per day assumed the plant be located in Nakhon Ratchasima province, 

using cassava fresh roots as raw material. The processing characteristics are 

conventional fermentation (CF) process and menbrane evaporator. 

2. The project has a financial investment cost of 87,405,813 baht, the operating 

cost are about 27,065,481 baht per year. The benefits from sale ethanol product are 

37,950,000 baht per year. The cost per unit of product at 100% capacity utilization is 

18.00 baht per litre. 

3. Financial analysis at 6.5%, the net present value (NPV), internal rate of 

return (IRR), benefit-cost ratio (B/C ratio) and payback period are 50,104,053 baht, 

14.98%, 1.57 and 6 years, accordingly. 

4. The project has an economic investment cost of 80,617,811 baht, the 

operating cost are about 18,811,889 baht per year. The benefits of project are 

25,760,590 baht per year. 

5. Economic analysis at 10% discount rate, the net present value (NPV), 

internal rate of return (IRR), benefit-cost ratio (B/C ratio) and payback period of 

economic analysis are -38,042,648 baht, 0.82%, 0.53 and 14 years, respectively. The 

cost per unit of product at 100% capacity utilization is 16.70 baht per litre. 

6. The result of financial analysis of small scale ethanol production project 

compared with economic analysis found that the profit is more profitable from 

financial perspective than from economic point of view which show that the small 

scale ethanol production project is profitable for ethanol producer but not profitable 

for social as a whole. 

Although the project will increase of energy self-reliance and to lessen the 

country’s dependence on crude oil imports, at the present the country is better off to 
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import MTBE as additive for gasoline than to use ethanol to substitute MTBE because 

price of ethanol production form agricultural in Thailand higher than price of MTBE 

imported.  

7. The sensitivity analysis in 5 case studies such as, price of cassava going up 

20 % and 30% from base price, incremental of investment cost and operating cost by 

5% from base case, selling price of ethanol lower 10%, 20% from base case shown 

that the project is still worthy to invest, while in case selling price of ethanol lower 

20% from base shown this project is not worthwhile to invest. 

8. In the economic analysis, the break even price of cassava is 829.435 baht per 

ton, while other expenses and selling price of ethanol are constant. This means cassava 

price must reduce from 1,330 baht per ton to 829.435 baht per ton for the project to be 

economically feasible. The break even selling price of ethanol is 20.69 baht per litre 

while others are constant or the price of MTBE must be 20.67 baht per litre rather than 

17.20 baht per litre. 

9. Emission of total hydrocarbon from using gasoline and gasohol is similar 

and decrease with the increase of ethanol blend while emission of NOX and CO from 

gasohol less than from gasoline. Fuel consumption by gasohol is greater than gasoline 

and increase with the increase of ethanol blend. 

Gasohol creates slightly more effect on rubber parts of the fuel system in an 

engine than the gasoline. Gasohol has similar effect on plastic parts of the fuel system 

in an engine as gasoline with MTBE mixture and gasohol does not affect the property 

of metal parts. 

 

5.2 Limitation of study 
 

 1. Investment cost for this research was based on the designed chemical 

process to simulate mass balance and equipment sizing, and then analyzed the cost of 

the purchased equipment cost. Therefore, the estimated equipment cost should use real 

market prices for cost-benefit analysis for accurately price of purchased equipment. 

2. The equipment for small scale ethanol production in this project is the main 

equipment which does not cover the whole list of equipment. 
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3. Cost information for some operating cost is estimated from pilot plant scale 

or research data such as, water, electricity and steam. 

 

5.3 Reccommendation 
 

1. The purchased equipment cost should use real market prices to reflect real 

cost of production. 

2. There is a need for research and development of technology for ethanol 

production that reduces energy requirements and cost per unit in order to be 

competitive with imported MTBE or imported ethanol. 

3. Accelerating the other ethanol factories which have been approved by the 

National Ethanol Development Committee to start their operation in order to increase 

ethanol production volume in the market which will help stabilize or lessen the price 

of ethanol. 

4. Research and development for using ethanol blending ratio of 20% in 

gasoline in order to increase demand of ethanol in Thailand and degree of energy self-

reliance. 

5. Adapting the process in the plant to be flexible enough to switch raw 

material depending on market condition. Other material such as, corn, sugar cane and 

molasses may be chosen as appropriate one according to the season supply, price and 

location of raw material. 
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APPENDIX A 

 
Table A-1 Cassava: area, production and yield by province, 2002-2004 

Province Planted area (rai) Harvested area (rai) Production (tons) Yield per rai (Kgs.) 

  2002 2003 2004 2002 2003 2004 2002 2003 2004 2002 2003 2004 

Whole Kingdom 1,897,443 1,966,616 2,087,902 1,873,414 1,948,019 2,031,136 4,735,642 5,776,926 6,246,848 2,528 2,966 3,076

Chiang Rai 16,190 18,108 19,013 15,754 17,982 18,374 36,124 44,380 49,095 2,293 2,468 2,672

Phayao 383 434 460 379 428 460 889 1,022 1,114 2,346 2,388 2,422

Lampang 234 283 280 232 280 280 554 694 719 2,388 2,479 2,568

Tak 853 1,113 1,119 845 1,104 1,117 2,017 2,838 2,942 2,387 2,571 2,634

Kamphaeng Phet 348,648 323,531 330,985 347,539 321,148 321,421 943,568 1,081,626 1,078,367 2,715 3,368 3,355

Sukhothai 560 622 624 555 616 624 1,132 1,395 1,508 2,039 2,265 2,417

Phrae 998 1,062 1,230 983 1,053 1,218 2,166 2,501 2,994 2,203 2,375 2,458

Nan 4,082 4,336 4,410 3,925 4,284 4,324 8,023 9,575 10,577 2,044 2,235 2,446

Uttaradit 4,798 5,181 5,553 4,715 5,138 5,384 11,872 14,160 17,003 2,518 2,756 3,158

Phitsanulok 185,341 186,705 183,599 182,038 185,426 178,529 413,044 522,160 517,913 2,269 2,816 2,901

Phichit 4,108 4,544 3,312 4,067 4,492 3,263 8,964 12,093 9,179 2,204 2,692 2,813

Nakhon Sawan 146,614 154,807 164,506 145,400 153,429 159,261 394,325 500,025 524,765 2,712 3,259 3,295

Uthai Thani 150,217 161,622 171,827 147,851 159,411 165,971 410,730 478,392 522,311 2,778 3,001 3,147

Phetchabun 22,695 25,253 26,884 22,470 24,998 26,017 64,938 73,419 80,731 2,890 2,937 3,103

Loei  129,807 142,203 171,667 128,141 140,150 164,431 335,986 420,170 508,585 2,622 2,998 3,093

Nong Bua Lam Phu 36,121 38,629 51,481 35,693 38,118 50,915 90,732 119,614 160,841 2,542 3,138 3,159

Udon Thani 120,099 130,858 140,129 119,551 129,435 137,224 294,454 397,236 414,691 2,463 3,069 3,022

Nong Khai 55,180 58,958 65,787 54,418 58,148 64,471 119,721 171,246 205,791 2,200 2,945 3,192

Sakon Nakhon 63,529 65,093 70,498 60,958 64,872 68,947 141,301 180,085 192,638 2,318 2,776 2,794

Nakhon Phanom 16,465 16,570 18,649 15,837 16,517 17,545 35,934 45,108 49,512 2,269 2,731 2,822

Mukdahan 85,233 90,352 92,671 84,264 89,305 91,896 193,639 222,816 272,747 2,298 2,495 2,968

Yasothon 39,711 41,699 42,383 39,395 41,073 41,849 104,476 125,889 134,210 2,652 3,065 3,207

Amnat Charoen 31,289 30,558 34,619 30,976 30,306 33,526 73,041 73,249 92,163 2,358 2,417 2,749

Ubon Ratchathani 70,954 75,067 79,803 69,261 74,422 76,803 165,118 191,934 205,909 2,384 2,579 2,681

Si Sa Ket 43,566 47,711 51,379 43,134 47,425 49,275 107,878 123,779 129,544 2,501 2,610 2,629

Surin 42,381 43,137 45,981 41,878 42,387 44,340 95,775 103,679 109,786 2,287 2,446 2,476

Buri Ram 173,076 179,305 183,123 170,183 178,263 182,574 422,224 530,332 594,461 2,481 2,975 3,256

Maha Sarakham 104,311 118,875 125,930 102,972 117,809 121,097 257,018 327,509 356,752 2,496 2,780 2,946
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Table A-1 Cassava: area, production and yield by province, 2002-2004 (Continued) 

Province Planted area (rai) Harvested area (rai) Production (tons) Yield per rai (Kgs.) 

  2002 2003 2004 2002 2003 2004 2002 2003 2004 2002 2003 2004 

Roi Et 122,221 130,281 134,849 121,131 129,795 130,978 318,453 377,833 372,501 2,629 2,911 2,844

Kalasin 289,332 297,284 304,080 287,321 296,770 303,580 741,576 1,006,941 1,052,512 2,581 3,393 3,467

Khon Kaen 237,698 245,904 271,652 236,280 243,027 255,297 565,418 662,492 807,504 2,393 2,726 3,163

Chaiyaphum 358,051 388,228 417,591 356,980 381,933 396,067 932,432 1,111,043 1,268,999 2,612 2,909 3,204

Nakhon Ratchasima 1,320,722 1,353,734 1,396,789 1,315,921 1,348,915 1,384,891 3,796,432 4,130,378 4,470,428 2,885 3,062 3,228

Saraburi 8,277 9,439 10,682 8,228 9,323 9,690 21,582 26,057 34,952 2,623 2,795 3,607

Lop Buri 55,956 63,328 78,108 55,512 62,627 75,278 148,439 177,673 271,151 2,674 2,837 3,602

Chai Nat 63,571 66,498 74,394 63,129 66,326 72,594 154,035 190,886 228,308 2,440 2,878 3,145

Suphan Buri 17,963 23,578 27,141 17,910 23,366 27,088 50,864 69,631 83,485 2,840 2,980 3,082

Prachin Buri 107,569 112,499 117,917 107,221 111,682 114,993 319,197 358,388 408,340 2,977 3,209 3,551

Chachoengsao 362,537 365,636 366,332 359,660 362,300 363,634 1,093,726 1,172,765 1,287,992 3,041 3,237 3,542

Sa Kaeo 339,090 345,873 362,728 338,132 345,445 352,746 1,062,749 1,242,566 1,310,804 3,143 3,597 3,716

Chanthaburi 229,813 229,778 238,927 229,612 229,141 237,161 672,993 731,189 769,587 2,931 3,191 3,245

Trat 7,212 4,128 3,676 7,141 4,105 3,623 17,995 12,418 11,275 2,520 3,025 3,112

Rayong 209,628 215,918 213,540 208,585 213,126 213,433 628,258 743,170 763,450 3,012 3,487 3,577

Chon Buri 297,705 303,117 312,969 295,635 299,053 305,619 886,609 989,865 1,014,349 2,999 3,310 3,319

Kanchanaburi 202,548 209,472 230,613 198,992 209,005 225,823 477,183 596,291 680,856 2,398 2,853 3,015

Ratchaburi 92,717 99,213 102,829 91,799 98,188 100,154 236,474 329,224 343,829 2,576 3,353 3,433

Phetchaburi 3,811 4,373 4,685 3,773 4,331 4,578 8,252 11,798 13,317 2,187 2,724 2,909

Source: Office of Agricultural Economics (2005) 
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APPENDIX B 

 
Table B-1 Ethanol factotries getting the permit to produce ethanol 

Entrepreneur Capacity Raw Material Province Commencing 

  (Litre/day)     Date  

Pornwilai International Group 25,000 Molasses Ayuttaya  Oct 2003 

Thai Alcohol 200,000 Molasses Nakorn Pathom Aug 2004  

Thai Agro-Energy 150,000 Molasses Suphanburi Feb 2004  

ThaiGhuan 130,000 Cassava KhonKhen Jun 2005  

International Gasohol Corp. 150,000 Cassava Rayong Jun 2005 

KhonKhen Alcohol 85,000 Molassess KhonKhen Aug 2005  

Rierm Udom White Sugar 200,000 Cane/Molasses Nhong Bua Lampoo By 2006  

Thai Kanchanaburi Sugar 200,000 Cane/Molasses Kanchanaburi By 2006   

MitrPol Sugar 200,000 Cane/Molasses Suphanburi By 2006   

Ruam Kaset Industry 200,000 Cane/Molasses Chaiya Phoom By 2006   

Thai RungRueng Energy 120,000 Cane/Molasses Saraburi By 2006   

East Sugar and Cane 100,000 Cane/Molasses Petchaboon By 2006   

N. Y. ethanol 150,000 Cane/Molasses Sa Keaw By 2006   

Rachaburi ethanol 100,000 Cane/Molasses Nakorn Ratchasima By 2006   

Korat Industry 100,000 Cane/Molasses Ratchaburi By 2006   

Auang Wien Industry 160,000 Cane/Molasses Nakorn Ratchasima By 2006   

Mr. Nopporn Wongwatanaseen 100,000 Cane/Molasses Nakorn Ratchasima By 2006   

Somdej (1981) 100,000 Cane/Molasses Ratchaburi By 2006   

Fah KwanThip 120,000 Cassava Udorn Thanee By 2006   

Siam Ethanol Industry 100,000 Cassava PaJeenburi By 2006   

Picnic Gas and Engineering 500,000 Cassava Chaiya Phoom By 2006   

Boon A-Nek 500,000 Cassava Nakorn Ratchasima By 2006   

Burirum Ethanol 100,000 Cane/Molasses Burirum By 2006   

Total 4,210,000       

Source:Department of Alternative Energy Development and Efficiency (2006) 



Fac. of Grad. Studies, Mahidol Univ.                M.Sc. (Technology of Environmental Management) /  
 

 81

APPENDIX C 

 

           The equipment 2001 prices were adjusted by genneral rate of inflation to 2005 

price, which genneral rate of inflation are show in table C-1 

 

Table C-1 Ganeral rate of inflation in 2002-2005 
Year  rate of inflation (%) 

2002 0.6 

2003 1.8 

2004 2.7 

2005 4.5 

Sourec: Bureau of Trade and Economic Indices (2006) 

 

The example for adjust price of equipment, liquefaction and saccharification 

tank from 2001 price (666,057 baht) to 2006 price. 

2002 price = 2001 price x (1+ rate of inflation) 

                  = 666,057 x 1.006 = 670,053 baht 

2003 price = 2002 price x (1+ rate of inflation) 

      = 670,053 x 1.018 = 682,114 baht 

2004 price = 2003 price x (1+ rate of inflation) 

                  = 682,114 x 1.027= 700,531 baht 

2005 price = 2004 price x (1+ rate of inflation) 

      = 700,531 x 1.045= 732,055 baht 

Thus price of Liquefaction and Ssecharification tank in 2005 is 732,055 baht. 
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APPENDIX D 

 

The characteristic of waste water treatment system and biogas plant for ethanol 

production project (Bunyaphat Suphanit, 2003). 

- Hydraulic retention time 3.5 day 

- Efficiency of COD treatment 90 ± 10% 

- The reaction rates is 0.4 m3/ kg COD 

- Biogas production is 4.671 m3/day   

- Substitute fuel oil 0.6 litre/ m3of biogas 

  - The composition of biogas 

                     CH4                              60-70% by volume 

                     CO2                              30-40% by volume 

                      H2S                 0.05% by volume 
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APPENDIX E 

 
 
Table E-1 Quantity and value of MTBE import and price of gasoline 95 in Thailand 

2005 Quantity Value EX-Refinery gasoline 95 

  (million litres) (baht/litre) (baht/litre) 

January 24.764 12.87 11.607

February 22.436 13.55 13.033

March 19.645 13.65 15.059

April 24.698 15.98 15.830

May 21.874 17.28 14.297

June 21.121 18.50 16.843

July 32.476 18.89 17.304

August 9.107 21.36 19.467

September 12.435 19.52 20.873

October 9.779 22.81 18.083

November 7.324 18.65 16.327

December 14.526 17.41 16.358

2006      

January 
8.876 16.32 16.366

February 
4.580 16.59 16.679

March 
14.602 16.56 17.609

April 
12.536 17.68 19.840

Source: Department of Energy Business (2006) 
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APPENDIX F 

 
Table F-1 Value of cassava fresh roots in Nakhon Ratchasima province 

Month Value of cassava fresh roots (baht per kg) 

  2004 2005 2006 

January 0.99 1.53 1.45 

February 0.82 1.55 1.45 

March 0.81 1.52 1.25 

April 0.85 1.52 1.15 

May 0.83 1.62   

June 0.78 1.62   

July 0.83 1.52   

August 0.90 1.45   

September 1.10 1.40   

October 1.12 1.10   

November 1.23 1.10   

December 1.33 1.40   

average 0.97 1.44 1.33 
Source:The Department of Internal Trade, Nakhon Ratchasima province (2006) 
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APPENDIX G 

 
Table G-1 Water rates by user types 

Level of water used 
  

Connection 
  

Official and small 
Business 

  

State Enterprise,industrial 
and large business 

(litre/month) satang/litre satang/litre satang/litre 

0-10,000 0.775 0.900 1.000 

10,001-20,000 0.850 1.175 1.300  

20,001-30,000 1.075 1.300 1.600 

30,001-50,000 1.275 1.400 1.900 

50,001-80,000 1.400 1.440 2.100 

80,001-100,000 1.450 1.450 2.125 

100,001-300,000 1.460 1.460 2.150 

300,001-1,000,000 1.470 1.470 2.175 

1,000,001-2,000,000 1.480 1.480 2.150 

2,000,001-3,000,000 1.490 1.490 2.125 

more than 3,000,001 1.500 1.500 2.100 

Low level rate Low level rate Low level rate 
  

50 baht 100 baht 200 baht 
Source: Province Waterworks Authority (2006) 
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APPENDIX I 
 
Table I-1 The properties of gasoline and PTT gasohol that used in the research work 

Test item Test method Gasoline PTT Gasohol 

RON ASTM D2699 95.60 95.80 

Density (g/cm3) ASTM D4052 0.7415 0.7573 

Vapor pressure@37.8 °C (kPa) ASTM D5191 57.70 59.30 

Distillation (°C)    

     10% Evaporated (°C)   52.10 51.40 

     50% Evaporated (°C)   79.50 74.60 

     90% Evaporated (°C)  151.30 159.20 

End point (°C)   195.00 185.10 

Residue (% Vol.)   1.70 1.20 

Sulfur content (wppm)  ASTM D3120 96.50 37.50 

Benzene content (% vol.)  ASTM D4815 3.08 2.10 

Aromatic content (% vol)  JIS K2536 32.90 32.90 

Paraffin content (% vol.) JIS K2536 50.80 44.50 

Naphthene content (% vol.)  JIS K2536 5.81 7.69 

Olefin content (% vol.)  JIS K2536 4.86 3.15 

MTBE content (% vol.)  ASTM D4815 5.51 0 

Ethanol content (% vol.) ASTM D4815 0 9.47 
Note1 Usually gasoline octane 95 will be added MTBE about 7.7-7.5% by 

volume while MTBE content specified in gasoline octane 95 is between 5.5-11% by 

volume. 

 Source: PTT Research and Technology Institute (2003) 
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Table I-2 Exhaust gas emission and fuel economy test results 

Fuel                       Emission (g/km)   Fuel economy (km/l)

  THC NOx CO CO2   

Gasoline 0.12 0.15 1.10 170.37 13.50 

  0.12 0.15 1.33 171.86 13.36 

  0.12 0.17 1.18 170.16 13.51 

Average 0.12 0.16 1.20 170.80 13.46 

Gasohol 0.17 0.11 0.98 171.71 13.20 

  0.13 0.12 1.09 172.92 13.35 

  0.12 0.10 0.95 171.69 13.38 

Average 0.14 0.11 1.01 172.11 13.31 
Note: THC = Total Hydrocarbon, NOx = Nitrogen Oxides, CO = Carbon Monoxide, 
CO2 = Carbon Dioxide 
Source: PTT Research and Technology Institute (2003) 
 
 
Table I-3 Performance test on average maximum power 

  Average maximum power (KW) 

Fuel wot @ wot @ wot @ wot @ wot @ wot @ wot @ wot @ 

  50km/h 60km/h 70km/h 80km/h 90km/h 100km/h 110km/h 120km/h

gasoline 26.81 33.19 41.00 48.99 51.79 56.96 64.07 68.65 

gasohol 25.35 32.40 40.06 47.91 51.15 56.91 64.77 70.00 

Note wot = wide open throttle 

Source: PTT Research and Technology Institute (2003) 
 

Table I-4 Speed time from 0 to 100 km/hr 

Fuel Time (0 - 100 km/hr) (sec) 

  test 1 test 2 test 3 Average 

Gasoline 11.02 10.93 11.02 10.99 

Gasohol 10.78 10.61 10.95 10.79 
Source: PTT Research and Technology Institute (2003) 
Table I-5 Results of dipping test with 3 kinds of rubber 
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Rubber NBR H-NBR FKM 

              

  Gasoline Gasohol Gasoline Gasohol Gasoline Gasohol 

Hardness (% change) -7 -22 -6 -5 -4 -4 

Volume (% change) 0 10 4 14 15 15 

Tensile (MPa) 10 10 15 15 8 7 

Elongation (%) 520 520 600 6000 300 220 

Note NBR= Nitrile Butadiene Rubber 

         H-NBR= Hydrogenated Nitrile Butadiene Rubber 

         FKM= Fluoroelastomer 

Source: PTT Research and Technology Institute (2003) 
 

Table I-6 Results of dipping test with 2 kinds of plastic 

Plastic Polyethylene Nylon 

  Gasoline PTT Gasohol Gasoline PTT Gasohol

Length (% change) +3 +2.5 -0.5 +3 

Width (% change) +3 +3 -0.5 +3 

Thickness (% change) +5.5 +4.5 -0.5 +3.5 

Weight (% change) +11 +9 -2 +2.5 

Tensile Strength (MPa) 8.0 7.5 50 65 

Elongation (%) 350 350 300 330 

Source: PTT Research and Technology Institute (2003) 
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Table I-7 Results of dipping test with 8 kinds of metal 

Metal Gasoline PTT Gasohol 

Iron     

Aluminum     

Brass No corrosion or No corrosion or 

Nickel-plated steel rust occurred. rust occurred. 

Copper     

Zinc     

Zinc-plated steel     

Source: PTT Research and Technology Institute (2003) 
 

Table I-8 The carbon monoxide emission 

          Condition       Fuel       

Speed Torque ULG91 E10 E15 E20 E30 E40 E50 

(rpm) (N-m) (%) (%) (%) (%) (%) (%) (%) 

2000 88.29 2.22 1.30 0.96 0.44 0.26 0.27 - 

3000 58.86 1.36 0.57 0.33 0.18 0.14 0.12 0.08 

4000 58.86 1.81 0.88 0.49 0.33 0.17 0.12 0.13 
Source: Manida Tongroon (2001) 

 

Table I-9 The hydrocarbon emission 

Condition       Fuel       

Speed Torque ULG91 E10 E15 E20 E30 E40 E50 

(rpm) (N-m) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

2000 88.29 758 620 592 513 490 460 - 

3000 58.86 780 645 644 616 570 450 390 

4000 58.86 756 630 565 545 461 326 240 
Source: Manida Tongroon (2001) 
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Table I-10 The brake specific fuel comsumption 

Condition    Fuel    

Speed Torque ULG91 E10 E15 E20 E30 E40 E50 

(rpm) (N-m) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h)

2000 88.29 283.251 286.721 288.186 290.812 - - - 

3000 58.86 310.218 310.095 313.288 317.107 331.74 339.822 346.952

4000 58.86 317.384 318.325 319.904 320.37 325.553 347.224 365.585

Source: Manida Tongroon (2001) 
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