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This research studied the impact of sugar mill liberalization on the inbound 

logistics of sugarcane and sugar production. The transportation mathematical model 

and Geographic Information System (GIS) were proposed as the analytical tools. 

Three main cases were analyzed based on the data from the production year 

2008/2009 in Thailand. In case 1 with the optimal current situation of 46 mills, the 

results showed 95.24%, 43.08 kilometers, and 12,615,129,290 Baht for the overall 

capacity utilization, average transportation distance, and total transportation cost, 

respectively. In case 2, the liberalization could be achieved by adding a mill to the 

Eastern Region. This negatively affects the capacity utilization in the region and 

slightly decreases the average transportation distance and total transportation cost. In 

case 3, the recent cabinet resolutions regarding the relocation and/or capacity 

expansion of several mills were tested. The results showed a worsening overall 

capacity utilization to only 84.34%. Several mills might be severely affected by an 

insufficient amount of sugarcane. This emphasizes the utmost importance of the 

balance between sugarcane production and sugar mill capacity. In addition, sensitivity 

analyses were also carried out to investigate the impact of sugar mill liberalization due 

to the uncertainty of the sugarcane yield. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background of the problem 

Sugarcane and sugar industry is important for Thailand in various aspects 

such as providing employment in both agricultural and industrial sectors and serving 

sugar consumption. As a major exporter of agricultural products in the world market, 

Thailand can produce a great quantity of sugar cane for supporting the country’s sugar 

mills that produce sugar to be exported to global markets. In 2008, exportation of 

approximately 5,000,000 tons of sugar could bring foreign money into the country for 

over 47,600 million Baht (Office of Agricultural Economics, 2008), as shown in Table 

1.1, which presents detailed comparison of Thailand’s sugar exportations during 2007 

– 2009. 

As seen in Table 1.1, the growth trend of sugarcane and sugar industry in 

Thailand seems to be continuously increasing. In addition, this industry is important to 

the country since it involves people from various sectors including sugarcane farmers, 

sugar farm workers, sugar mill owners, sugar mill labors, as well as sugar consumer 

throughout the country. It can be said that sugarcane and sugar industry plays 

important roles in both agricultural sector and industrial sector. Since sugar is essential 

for daily living of human beings, sugar production can undoubtedly expand much 

further. Expansion of sugar production and sugar exportation to overseas will add 

income to the country continuously.  
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Table 1.1 Comparison of monthly sugar exportations of Thailand during 2007 – 2009.   

Quantity: tons, Value: million Baht 

 

Month 
2007 2008 2009 

Quantity Value Quantity Value Quantity Value 

January 295,041 3,155 355,915 3,238 264,067 2,654 

February 389,106 4,186 344,202 3,089 395,507 4,222 

March 512,809 5,230 378,600 3,541 455,753 5,218 

April 587,763 5,763 387,326 3,368 528,753 5,990 

May 441,317 4,556 447,391 4,050 476,343 5,772 

June 570,211 5,449 583,964 5,441 461,357 5,664 

July 439,649 4,132 663,045 6,241 461,207 5,641 

August 342,425 3,266 597,341 5,510 401,093 5,058 

September 219,699 2,107 374,462 3,810 448,512 5,723 

October 233,353 2,230 323,499 3,469 438,458 5,829 

November 230,173 2,176 317,298 3,353 407,380 5,453 

December 164,533 1,558 238,780 2,530 314,139 4,362 

Total 4,426,077 43,807 5,011,823 47,638 5,052,570 61,586 

 

Historically, sugarcane and sugar industry in Thailand has been improving 

greatly, making the country change status from a sugar importer to become a major 

sugar exporter at present. The industry recently can bring money from overseas into 

the country for several tens billion Baht yearly. According to this importance, the 

government has taken action to play its role in this industry by setting up regulations 

for administering sugarcane and sugar industry as well as permitting a new sugar 

entrepreneur under the Sugarcane and Sugar Act, B.E. 2527 (1984). The act, which 

has been enforced for over 20 years, now seems to be somehow obsolete or 

inappropriate to be used with current situation. Analyses on condition of sugarcane 

and sugar industry in Thailand suggested that there should be reformation of structure 

and system of sugarcane and sugar industry. Two options have been suggested; 

namely,  
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1) No actions shall be taken, and leave sugarcane and sugar industry 

continue its processes like the previous situation.   

2) Protection and control from the government should be reduced by 

means of, for example, establishing new sugar mills and/or allowing sugar mills to 

expand their production capacity freely (Office of the Cane and Sugar Board, 2009a). 

 

 

1.2 Importance of the problem   

The trend of world economic at present is going toward free trading 

system more and more for all merchandised items, including sugar products. This 

raises a question in Thailand whether the government should have a new policy to 

allow establishment of new sugar mills, relocation of existing mills, and capacity 

expansion of existing mills. The industry has long been controlled by the Sugarcane 

and Sugar Act, B.E. 2527 (1984), which controls the whole system of sugarcane and 

sugar industry starting from administration in sugarcane farm, sugar production in 

sugar mills, and exportation of sugar products, as well as new establishment of sugar 

mills. The act that has brought some stability to the growth of sugarcane and sugar 

industry is now seemed to be unsuitable due to globalization that has changed the 

world economy. With government’s intervention by protecting the industry, 

entrepreneurs would lack of motivation to enhance their performance, be unable to 

rely on them, and be unable to compete with competitors in free trading markets. 

Therefore, sugarcane and sugar industry of Thailand is still in unreliable situation, and 

is not truly going toward sustainable development (Sanglor, 2004). Discussions and 

arguments among experts and stakeholders have been made on whether the 

government should allow the establishment of new sugar mills, relocation of existing 

mills, and expansion of production capacity of existing mills. Their opinions are 

different mainly in the aspect of benefits as to be listed below (Siamwala et al., 1993) 

1) In the view of entrepreneurs of small sugar mills, which are old mills 

situated in areas with high competition on sugarcane, they agree with the strategies to 

allow existing mills to move to new areas where there is more sugarcane and allow 

expansion of production capacity. However, they disagree with the idea to allow 
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establishment of new sugar mills. They argue that new establishment of sugar mill will 

cause more severe competition on sugarcane purchasing.   

2) In the view of entrepreneurs of large sugar mills that have recently been 

established and situated in areas without problems of sugarcane supply, particularly in 

the Northeastern region, they opined that the government should not allow the 

establishment of new sugar mills, relocation of existing mills, and expansion of 

production capacity. They reasoned that sugar mills are currently unable to process 

with their full production capacity due to insufficient quantity of sugarcane. Allowing 

new establishments of sugar mills in these areas would affect existing mills and cause 

more intense competition.   

3) In the view of entrepreneurs who do not own a sugar mill at present, 

they absolutely agree to the permission of new establishment of sugar mills. They gave 

an opinion that, by having more sugar entrepreneurs, policies of the government can 

be implemented easier. Sugar industry at present does not allow free competition, and 

that makes sugar entrepreneurs gain unreasonable profits. However, it is expected that, 

after these new entrepreneurs have owned sugar mills, they would also request the 

government to disallow new establishment, relocation, and capacity expansion of 

sugar mills. 

According to the afore-mentioned suggestions, conclusion on free 

establishment and expansion of sugar mills cannot be made. However, the cabinet has 

allowed relocation of existing sugar mills from areas with inadequate quantity of 

sugarcane to areas with more sugarcane supply. The government also allows capacity 

expansion of newly established mills to match supply of sugarcane in the new area. 

Existing mills are also allowed to expand their production capacity if quantity of 

sugarcane supply exceeds their existing capacity. It can be concluded that, in the views 

of either the government or the entrepreneurs, free system to be used with 

establishment or relocation of sugar mills should particularly considers quantity of 

sugarcane supply, since sugar cane is a main material for sugar production.   

There are three major processes involving sugarcane and sugar industry; 

namely, inbound logistics which refers to the process of receiving sugarcane as a raw 

material for sugar production in sugar mills, sugar production which refers to the 

process of producing sugar in sugar mills, and outbound logistics which refers to the 
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process of delivering sugar products to customers (Taechasook, 2008). The process of 

inbound logistics is highly important for sugar production of sugar mills, since 

sugarcane is the main material for production process. Therefore, to consider about 

allowing establishment of new sugar mills, relocation of existing mills, and capacity 

expansion of existing mills, the first aspect to study is their impact on inbound 

logistics. This research proposes a quantitative methodology for analyzing the impacts 

that might happen to inbound logistics of sugarcane to sugar mills. This research 

divides its impact analysis into four parts; namely, the optimal capacity utilization, the 

optimal transportation distance, the optimal transportation pattern, and the optimal 

transportation cost. The analyses also consider the sensitivity of impacts due to 

changes of sugarcane production. The research will provide fruitful guidelines on 

liberalization policies by the government in the future. 

 

 

1.3 Research objectives   

This research sets up two main objectives; namely,   

1) To study the impacts from the liberalization policy on the sugar mill 

establishment regarding the inbound logistics of sugarcane and the utilization of sugar 

mill capacity. 

2) To provide some suggestions and guidelines for liberalization policies 

regarding the new establishment of sugar mills. 

 

 

1.4 Scope of the research   

This research studies about impacts of liberalization policies on sugar mills 

with the following scope.  

1) Data regarding quantity of sugar production to be used for analyses are 

data of the year 2008/2009, which was obtained from Office of the Cane and Sugar 

Board.  

2) The research analyzes effects of liberalization policies on the utilization 

of sugar mills capacity. 
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3) The research analyzes changes the transportation distance due to the 

implementation of liberalization policies.   

4) The research analyzes changes in patterns of sugarcane transportation 

due to the implementation of liberalization policies.   

5) The research analyzes effects of liberalization policies on inbound 

logistics cost. 

 

This chapter has discussed about background and importance of 

conducting this research. It provides clear understanding that sugarcane and sugar 

industry is highly important for both agricultural and industrial sectors in Thailand. 

Therefore, before implementing liberalization policies on sugar mills, comprehensive 

study should be carried out on impacts in all aspects, especially the impacts on 

inbound logistics process, which is highly important for sugar production of sugar 

mills. By analyzing the impacts, it is expected to know advantages and disadvantages 

of free trading implementation that will be useful for planning future liberalization 

policies. The next chapter will review relevant theories and researches that will 

provide fundamental knowledge required for understanding topics and issues of 

interest in this study. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

This is a research to study the impacts from the liberalization policy of 

sugar mill on the processes of inbound logistics of sugarcane transportation into sugar 

mills. Therefore, this literature review chapter has been made by collecting relevant 

data from researches regarding sugarcane and sugar industry in order to review issues 

of interest in past researches and to learn the general characteristics of this industry. It 

is expected that the literature review will provide fundamental understandings required 

for achieving the research’s goals. 

 

 

2.1 Background of sugarcane and sugar industry 

Sugarcane and sugar industry of Thailand is believed to start since 

Sukhothai Kingdom. At that time, sugar manufacturing did not involve so many 

machines or equipment. In the Sukhothai Era, sugar was produced by using hands to 

squeeze sugarcane to obtain fresh sugar juice. The juice was simmered until it turned 

to Mascovado (brown sugar), which were exported to overseas. Sugar industry has 

continuously been developed and expanded since then. A remarkably prosperous era 

of sugar industry came during the period of King Rama II of Rattanakosin Kingdom, 

when sugarcane fields were very huge. Later sugar industry became silent due to the 

diminished demand caused by too much sugar production. Price of sugar was very 

low, and that forced sugar industry to shut down in 1899.   

In 1921, sugar industry recovered. However, sugar production could not 

meet demand of domestic consumption. Thus the government allowed vendors to 

import sugar from neighboring countries to serve domestic demand.   

In 1937, the government realized importance of this industry. Therefore, 

the first white sugar mill has been established in Lampang province.   
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In 1942, the second white sugar mill was established in Uttaradit province. 

It was the same year that the government has founded the “Thai Industry Promotion 

Company Limited”, of which the major share was hold by the Ministry of Industry 

and the Ministry of Finance. The two white sugar mills were handed over to Thai 

Industry Promotion Co., Ltd. Later the company established 11 more sugar mills, 

situated in Udonthani, Lampang, Ubonratchathani, Nakhonratchasima, and Chonburi 

provinces.   

In 1947, Thai Industry Promotion Co., Ltd. handed over all sugar mills to 

be administered by “Thai Sugar Organization”, an organization under the authority of 

the Ministry of Industry.   

In 1948, many more sugar mills have been established. Among these new 

sugar mills, 6 of them belonged to the government and 16 of them belonged to the 

private companies. Later, there were excessive fields of sugar cane, which caused 

prices of sugarcane and sugar became declined.   

In 1952, the declined price of sugar caused much trouble to sugarcane 

farmers and sugar mills. Hence the government decided to set up “Sugar Industry of 

Thailand Company Limited” in 1953 in order to be the sole sugar importer/exporter in 

Thailand. Meanwhile, the Thai Sugar Organization was responsible for taking care of 

production processes together with private entrepreneurs.   

In 1959, the government formed the Board of Investment for Industrial 

Business. The Board encouraged and supported private entrepreneurs to set up more 

sugar mills. Number of sugar mills increased to 48 mills altogether. However, 

according to the situation of the world sugar market at that time, this increment of 

sugar mills was inappropriate. Sugar industry arrived at its saturation point because of 

sugar over supply in the market. Domestic sugar price in Thailand decreased greatly, 

and the government did not have pricing policy to assure sugar price. Therefore, the 

cabinet decided to prohibit sugar import, with the exception for only sugar used in the 

soft drink industry. 

During 1960 – 1971, sugar production was more than sugar demand. The 

government had to forbid establishment of new sugar mills and disallow capacity 

expansion of existing sugar mills. Price of sugar which was sold below production 

cost resulted in the discontinuation of many sugar mills. Only 27 mills remained. The 
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government attempted to find strategies to assist sugar entrepreneurs by supporting 

them to move their mills to more appropriate sites and to replace their old sugar 

manufacturing machines with the new ones.  

During 1974 – 1977, price of sugar in the world market went down again 

due to the excessive sugar production. This was mainly because of the new 

establishment and expansion of sugar mills in foreign countries. Thus quantity of 

sugar was much more than market’s demand. The Thai government therefore had 

policy to prohibit establishment of new sugar mills and expansion of existing sugar 

mills for 5 years (from 1977 to 1981), which was the implementation period of the 4
th
 

National Economic and Social Development Plans. However, sugar mills were 

allowed to change their machines as long as those new machines do not contribute to 

the expansion in capacity of sugar production.   

In 1984, the government declared the Sugar Industry Act on August 8, 

1984. Important contents of the act stated about benefit sharing system to be 

employed in the sugarcane and sugar industry.  

During 1985 – 2008, the number of sugar mills has increased to 47 mills 

in total.   

 

According to the background of sugarcane and sugar industry, it is 

observable that the government has been playing roles to protect and solve problems 

in this industry. For example, when sugar price in the world market went down 

because of excessive sugar production, the cabinet had a policy to prohibit 

establishment of new sugar mills and capacity expansions of existing mills. That was 

because the government realized that if new mills were established, there would have 

been more production and would have caused damage to the industry. This would 

eventually cause detrimental impacts on sugarcane farmers. On the contrary, when 

there was shortage of sugar supply, the government ceased the command of such 

prohibition. Additionally, the government supported sugar mills to expand their 

production capacities. In the case of sugarcane quantity becoming too high comparing 

to existing production capacity of sugar mills, the government would soften its policy 

regarding production capacity expansion. In that case, sugar mills were allowed to 

expand their production capacity in certain troubled areas. Sugar mills that had 
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problems of sugarcane shortage were also allowed to move to the new sites and 

expand their capacity to meet sugarcane supply in those new regions. 

The government has been playing active roles to protect this industry. The 

current effective law for this industry is the Cane and Sugar Act, BE 2527 (1984). 

However, the law has never been amended to keep up with changes in economical 

situations due to globalization. Analyses on the condition of sugarcane and sugar 

industry in Thailand suggest that the act still emphasizes on protecting this industry, 

leading to the lack of motivation to improve the industry’s capability to be able to 

compete in the global free-trade markets. Therefore, sugar and sugarcane industry of 

Thailand is still in unreliable situation, and is not going toward true development 

(Sanglow, 2004). After analyzing the situation, stakeholders of sugarcane and sugar 

industry have realized importance of the problem and agreed that structure of this 

industry shall be reformed. On December 1
st
, 2005, Ministry of Industry has set up a 

working committee, called The Cane and Sugar Board, to solve problems of sugarcane 

and sugar industry by reforming the whole system. The Board consists of the minister 

of the Industry Ministry, as the chairman, and representatives from relevant 

organizations from governmental and private sectors, Sugarcane Farmers Institute, 

sugar mills, and experts from academic institutions.  The Board proposed two options 

as solutions to the problems, namely (Office of the Cane and Sugar Board, 2009a). 

Option 1 

No action is needed to be taken. This option suggests that sugarcane and 

sugar industry shall be allowed to follow its previous path. Strict mechanisms to 

control all procedures shall still be enforced. Negotiations for agreements shall still be 

bargained to protect benefit of each side. Any encountered problems will be solved 

case by case.   

Option 2 

Adjustment of the whole system of sugarcane and sugar industry shall be 

performed in order to fully comply with free trading system. The system shall be 

allowed to be controlled by market mechanisms. This will enable problems of the 

system to be solved truly and efficiently. For this adjustment, these principles below 

shall be followed.   
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1) Let quantity and price of sugar to be controlled by market mechanisms.   

2) Reduce protection and enforcement from the government  

3) Change the role of government sector from being a controller to being a 

regulator, with functions to:  

- Determine standards of sugar quality and efficiency of sugar 

production, and  

- Improve proportions of benefit sharing to be more appropriate. 

 

 From the above two options to improve the structure of sugarcane and 

sugar industry system, the research chose to study the impact of the second option 

with the emphasis on the inbound logistics. Currently, it is widely recognized that the 

globalization and the free-trading commerce are inevitable. Even though some 

stakeholders in the sugar industry in many countries have tried to postpone and 

prolong the liberalization to protect their benefits, it does not mean that their 

governments would be able to support and protect their sugarcane and sugar industries 

endlessly. Eventually the trading system will change. After the trading system of 

global market is fully liberalized, sugar industries in countries with low 

competitiveness would eventually suffer. Only countries prepared for the change will 

be able to survive and gain benefits from such liberalization policy. 

 

 

2.2 Implementation of the liberalization policy on sugar mill  

Before discussing on the topic of improving structure of sugarcane and 

sugar industry system to be in agreement with free-trading system, definition of the 

liberalization should be clarified. Liberalization is an idea or policy to allow 

production and trading of merchandises to continue smoothly without the domination 

or monopoly of any vendor. Liberalization can be separated into two areas as follows.   

- International liberalization, it can be enabled by promoting free trading, 

reducing or eliminating trade barriers, either in the form of taxing or non-taxing 

barriers. This would allow businesses to exchange their trades without barriers of 

country boundaries, except only for some necessary cases such as for life protection, 
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for health of human and animals, for cultural protection, and for security of the 

country. 

- Domestic liberalization, it refers to the discontinuation of monopoly 

system and the encouragement of the full competition of businesses. The government 

should have as little intervention as possible on the competition.  

 

From the two afore-mentioned definitions, the options to adjust the system 

of sugarcane and sugar industry are considered to be a part of the domestic 

liberalization. Sugar mill liberalization will discontinue the lengthy roles of the 

government in controlling the establishment and capacity expansion of sugar mills. 

Regarding sugar industry controls, each country has different regulations. This 

research collected policies concerning allowances of sugar mill establishment and 

production capacity expansion of 15 countries from a report of the Advisor of 

Ministry of Industry at Commercial Offices in Overseas (Sugar Journal, 1998a). 

Details of these regulations and policies are summarized in Table 2.1. 

 

Table 2.1 Policies regarding permission requests for establishing new sugar mills and 

expanding sugar production capacity in various countries  

 

Country Policies on the establishment/capacity expansion of sugar mills 

Mexico The National Chamber of Industry for Sugar and Alcohol is 

responsible for setting up policies regarding establishment or 

expansion of sugar mills. The Chamber also works on 

compromising negotiation between sugarcane farmers and sugar 

mills. Entrepreneurs who are interested in establishing new mills 

or expanding their mills must submit documents for permission to 

the National Chamber of Industry for Sugar and Alcohol. 

Greece Policies rely on EU regulation. Sugar production for exportation is 

very difficult in Greece. Therefore, despite liberalization on 

investment of the government, no investors are interested in 

establishing sugar mills or expanding sugar mills in Greece.   
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Table 2.1 Policies regarding permission requests for establishing new sugar mills and 

expanding sugar production capacity in various countries (Continued)  

 

Country Policies on the establishment/capacity expansion of sugar mills 

United 

Kingdom 

Establishment and capacity expansion of sugar mills much be 

under control of laws. Establishment of new sugar mills in any 

region requires permission from the Planning Authority of the 

Council in that region. Criteria to be considered before granting 

permission include:   

- Impacts of the establishment on traffic, security and 

environment. 

- Sugar mills are not allowed to be established in residential areas. 

- The Council must have accepted prior to the establishment.  

United States 

of America 

Establishment and expansion of sugar mills are freely allowed. 

The government takes no action to intervene market mechanism. 

Sugar price is allowed to fluctuate according to the global 

market’s price. However, the activities of sugar mills must comply 

with the country’s constitution and state laws, which are different 

in details among states.  

Taiwan Private entrepreneurs are still not allowed to establish new mills. 

However, some entrepreneurs have started planning. 

Establishment of new sugar mills should be allowed in the near 

future in order to comply with WTO’s regulations that require 

member countries to liberalize sugar import.   

Indonesia The government has policy to persuade private sector to establish 

sugar mill outside the Java Island by allocating higher quotas for 

direct sugar sale. The government has announced the gradual 

relocation policy of the old and low-capacity sugar mills in Java 

Island to other areas. 

The 

Philippines 

Expansion of production capacity is prohibited. The country has 

no areas to promote sugarcane field.  
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Table 2.1 Policies regarding permission requests for establishing new sugar mills and 

expanding sugar production capacity in various countries (Continued)  

 

Country Policies on the establishment/capacity expansion of sugar mills 

Belgium Since policies regarding sugar production in Belgium are under the 

Framework Agreements on EU Settlement, the establishment or 

capacity expansion of sugar mills in Belgium must follow 

regulations of the EU regarding co-marketing, which include the 

following items.    

- Quotas for producing sugar of member countries are determined. 

Member countries will distribute these quotas to sugar mills in 

their countries. 

- If sugar production exceeds the allocated quota, the excessive 

quantity will not receive price assurance and will have to be 

exported outside EU countries.   

- Ministry of Agriculture is responsible for controlling production 

quantity. Therefore, sugar mills and their productions have been 

unchanged.  

Vietnam The government had a policy to prohibit expansion and 

establishment of sugar mills since the number of sugar mills is 

already high. Currently, 30 mills have been approved and other 14 

mills are already in operation.   

Egypt The government fully liberalizes sugar production system. This is 

due to relentlessly growing demand of domestic sugar 

consumption. Private entrepreneurs are also allowed to import 

sugar from overseas to serve domestic demand.   

India There are laws to regulate the establishment of new mills and the 

expansion of existing mills. Request for permission must be 

submitted to the Secretariats for Industrial Assistant (SIA) of the 

Ministry of Industry. 
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Table 2.1 Policies regarding permission requests for establishing new sugar mills and 

expanding sugar production capacity in various countries (Continued)  

 

Country Policies on the establishment/capacity expansion of sugar mills 

Japan Establishment of sugar mills must follow regulations of the 

Ministry of Agriculture. Permission from the Cabinet is also 

required if the establishment request has passed consideration 

from the Ministry.   

Republic of 

China 

There are still no national laws to control the establishment of 

sugar mills. Each establishment only relies upon consideration of 

the local government. For expanding production capacity, sugar 

mills are also required to ask for permission from the local 

government in that area.  

African Union 

(AU) 

AU has tried to liberalize processes of production and trading in 

sugarcane and sugar industry. It has denounced the policy to 

control quotas allocated to farmers, sugar mills, and vendors. 

There are also policies to liberalize the expansion of sugar mills. 

Australia Establishment and expansion of sugar mills used to be regulated. 

However, the Sugar Industry Act 1991 is currently amended to 

allow the establishment of new sugar mills.  

 

In the case of Thailand, the sugarcane and sugar industry is under control 

by the Sugarcane and Sugar Act, B.E. 2527 (1984). Policies and regulations regarding 

sugarcane and sugar industry are determined by The Cane and Sugar Board. The 

Board has an administration team with the authority to permit the establishment of 

new sugar mills if necessary.  

Due to the monopoly-like characteristic of current sugarcane and sugar 

industry in Thailand, sugar mills have tried to cooperate to bargain with the 

government regarding sugar price. The government’s policies to disallow the 

establishment of new sugar mills and to set the upper limit of sugar price effectively 

discourage the sugar mills to compete with each other. Because of this monopoly 

system, sugar mills are not required to improve efficiencies and technologies in their 
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mills (Detpon, 1997). Discussions and arguments among experts and stakeholders 

have been made on whether the government should allow the establishment of new 

sugar mills, relocation of existing mills, and expansion of production capacity of 

existing mills. Series of resolutions from the ministerial cabinet meeting regarding the 

establishment, relocation, and capacity increment of sugar mills can be concluded as 

follows.   

1) The cabinet resolution on August 15, 1989 had a policy to move sugar 

mills from areas with insufficient amount of sugarcane to areas with excessive 

sugarcane field. These mills shall not increase their production capacity.   

2) The cabinet resolution on October 10, 1989 added these four following 

items to the policy derived from consensus on August 15, 1989. 

- The establishment of new sugar mills is prohibited.  

- Sugar mills are allowed to move from areas with inadequate sugarcane 

to areas with excessive sugarcane, and allowed to increase their production capacity 

according to the quantity of sugarcane in the new area.   

- Sugar mills are allowed to increase their production capacity 

according to increased amount of sugarcane in that area. 

- Relocation or changes in the production capacity shall be performed 

without causing expansion of sugarcane field areas.   

3) The cabinet resolution on September 10, 1991 prohibited the 

establishment of new sugar mills as well as relocation and capacity increase of 

existing sugar mills.   

4) The cabinet resolution at the meeting on April 13, 1993 derived a 

consensus as proposed by the Ministerial Committee on the Economy to revise the 

earlier cabinet resolution on September 10, 1991 regarding relocation and capacity 

increase of existing sugar mills. The cabinet had consensus to have Ministry of 

Industry take opinion from the Ministerial Committee on the Economy and proceed 

together on these following specifications.   

- For limiting sugarcane production to be less than 55 million tons per 

year, the Ministry of Industry and the Ministry of Agriculture and Cooperatives shall 

cooperate to control the sugarcane production capacity by zoning sugarcane field. 
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Relocation of sugar mill and expansion of sugar production capacity shall be in 

agreement with the quantity of sugarcane in that respective area. 

- Relocation of sugar mills must not lead to the expansion of field as 

specified in the zone. Consideration should be particularly taken to prevent field 

expanding into areas of National Reserved Forests. 

5) The cabinet resolution on July 22, 2003 prohibited capacity expansion 

of sugar mills. 

6) The cabinet resolution on October 16, 2007 regarding site relocation 

and production capacity expansion of sugar mills allowed for the relocation and 

expansion according to the principles proposed by the Ministry of Industry. Sugar 

mills facing problems of insufficient sugarcane for their existing production capacity 

are allowed to move their sites and increase their production capacity according to 

sugarcane production of the new area. According to the proposal, mills suggest that 

supports shall be given to sugarcane farmers in the new area to maintain sugarcane 

production according to sugar production capacity of the mills. In addition, they also 

suggest that sugar mills should be moved to areas without existing mills to prevent 

problems about sugarcane buying competition (Office of the Cane and Sugar Board, 

2010). 

According to the conclusion by the cabinet, the sugarcane and sugar is an 

important agricultural industry and links to sugarcane field. Sites of sugar mills and 

locations or sugarcane fields depend on each other (Intasen, 2001). Therefore, the area 

for the sugarcane plantation must be within the permitted area of the Ministry of 

Agriculture and Cooperatives. In principle, it should not be far away from mills since 

this would cause high transportation cost. In addition, after being cultivated, sugarcane 

should arrive mills as soon as possible to prevent losses in both weight and sweetness 

quality from lengthy storage, which is a major cause of low sugar production 

(Tumcharoen, 2008). Currently, quantity of sugarcane transported to mills depends on 

production capacity of the mills. The quantity is transported in the level that maintains 

continuous sugar production processes according to the mills’ full production capacity 

(Taechasook, 2008). With the free trading of sugar in the global market, it is expected 

that prices of sugar products as well as sugar consumption will increase in the near 

future. Thailand, which is a major producer and exporter of sugar in the global market, 
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will gain more income from the increasing prices. Despite more intense competition, 

sugar industry in Thailand is expected to be able to export more due to increasing 

production capacity (Tuampan, 2002). Moreover, Thailand is an agricultural country 

with a lot of raw material for sugar production in the country. Areas of plantation field 

have been expanding continuously over years, resulted in increasing number and size 

of sugar production mills. Sugar is essential for human lives, thus this industry can 

even be expanded further. Good management of sugar businesses would bring endless 

income to the country. 

If sugar mills are liberalized, without any intervention or support from the 

government, competition in this industry will begin. The first important thing to 

consider after liberalization of sugar mill establishment and expansion is sugarcane 

quantity. Sugarcane is the main raw material for sugar production. Therefore, the 

establishment or expansion of sugar mills must consider the balance between the 

quantity of sugarcane grown in that area and the increasing production capacity of the 

mill at present and in the future. Thus this research chose to study the impacts of sugar 

mill liberalization on the processes of inbound logistics, particularly the transportation 

of sugarcane to sugar mills. Issues of interest include, but not limit to, changes in the 

utilization capacity, changes in the transportation distance, changes in the 

transportation pattern, and changes in the transportation cost.  

 

 

2.3 Studies related to the impacts from liberalization policy in the 

sugarcane and sugar industry 

Sugarcane and sugar is considered an important industry of the world. 

Changes in situation of this industry have impacts on stability of the world economy 

since the industry involves various groups of people such as sugarcane farmers, 

workers in sugar mills, sugar manufacturers, etc. Therefore, this industry in one of the 

most protected industries in the world. Consequently, many researches were conducted 

to study this industry in several aspects. 

According to a study in Kenya, the liberalization of sugar mills was the 

objectives of the government to increase the participation of private sector and to 
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reduce roles of governmental organizations who were owners of sugar production 

businesses. The study found that the liberalization policy had both positive and 

negative impacts on the efficiency of sugar mills. The positive impact was that sugar 

mills in Kenya could adapt to international standards regarding production and 

marketing, which may have taken longer to achieve if it was not open to competition. 

The negative impact was that the mean efficiency became reduced. Therefore, the 

study recommended that future policies on liberalization should be gradually 

implemented, and relevant factors should be well studied. Rushed policy 

implementations may harm industries (Mulwa et al, 2008). In the case of Thailand, 

there was a research in 1993 that studied on future of sugarcane and sugar industry in 

Thailand. The research stated that prohibition policies of the government regarding 

the establishment and expansion of sugar mills were appropriate. With such those 

policies, sugar canes were purchased according to their quality. If the new 

establishment or expansion of sugar mills were allowed, quality of sugarcane would 

be reduced due to the insufficient supply of sugarcane for sugar mills. With that 

situation, sugarcane farmers would cut their canes before they are fully mature, and 

that will cause direct detrimental impacts on efficiency development of sugar 

production (Siamwala et al, 1993). However, their study conducted in 2000 reflected 

their changed opinion to support sugar mill liberalization. They recognized the 

importance of sugar mill liberalization and suggested following guidelines (options) 

for the liberalization.   

1) Liberalization should be implemented as fast as possible. The 

government should stop intervening sugar markets and start liberalizing the market 

soon. Even though this approach may result in negative impacts on sugarcane and 

sugar industry of Thailand in the short run. In the long run, the country will gain 

advantages over countries that start liberalization later.  

2) Postpone or delay the liberalization as long as possible in order to 

protect Thai sugarcane and sugar industry. Support from the government to sugarcane 

and sugar industry should be reduced only when being forced by contracts or 

agreements that the country has made in the international trade negotiation floors.   

3) In the long run, the government should plan for liberalization of sugar 

industry according to the trend of the market or agreements made in international 
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trade negotiations. The plan should have a clear direction and elaborated steps for 

implementation so that the liberalization will not cause serious impacts on all 

stakeholders in sugarcane and sugar industry of Thailand (Siamwala et al, 2000). 

When sugar mill liberalization has been planed, researches were 

conducted to study impacts of free trading that may affect sugarcane and sugar 

industry in Thailand. Conclusion of results from the researches regarding impacts of 

sugar mill liberalization could be separated into two parts; namely, short-term 

strategies and long-term strategies. For short-term strategies, the government should 

support sugarcane and sugar producers in the country to improve their efficiency and 

prepare for free trading. For long-term strategies, the government should encourage 

farmers to grow more sugarcane and encourage mills to produce more sugar 

continuously. Sugar exportation should be targeted on markets situated in Asian 

region (Sakulkhemruethai, 2002). After sugar mill liberalization, sugarcane shortage 

might happen due to increasing production capacity. Researches were therefore 

conducted to assess the appropriate number of sugar mills and production capacities. 

A research found that 28 mills had the appropriate size. 12 mills could be expanded. 

The capacities of six mills should be limited. Currently, sugar mills has dispersed to 

Northern and Northeastern Regions, and made those regions as important as the 

Central Region in the aspect of sugar production. Meanwhile, the importance of the 

Eastern Region was found to be reduced (Suwansoon, 2002).   

Another apparent phenomenon is the relationship of factors in free trading 

economics. Factors that have impacts on the changes of market mechanism have been 

the sugarcane demand of sugar mills and the sugarcane supply by the farmers. When 

sugar mills are established or their capacities are expanded, their demands for 

sugarcane would increase. This always resulted in price fluctuation as well as the 

shortage and waste of sugarcane. In the past, sugar canes were grown just for feeding 

household consumption, not for manufacturing. However, with the advancement of 

industry, sugar canes were grown to be raw material for sugar mills. Farmers started 

to grow more sugarcane to meet industrial demand. However, when sugar is produced 

in too much quantity, sugar price in the world market drops down, and resulted in 

losses of sugar mills and farmers. Due to the lowered sugar price, some sugarcane 
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farmers started to grow other crops. Sugarcane and sugar production became 

insufficient again, resulted in high sugar price.   

From previous discussion, it can be concluded that whenever there are 

new establishment, relocation, or expansion of sugar mills, areas of sugarcane field 

must be considered to ensure that there will always be sufficient sugarcane supply. 

Therefore, before entering the era of sugar mill liberalization, sugarcane quantity 

should be studied thoroughly in the cases of mill expansion, establishment or 

relocation either within a region or cross regions. Another noticeable point is that 

production capacity always increases whenever there is new establishment or 

relocation of a sugar mill (Sugar Journal, 1998b). Based on the literature review, it 

was found that all the reviewed research relating to sugarcane and sugar industry in 

Thailand studied about the trend of liberalization in this industry by using qualitative 

approaches. Most of them discussed about pros and cons of sugar mill liberalization, 

recommended stakeholders to prepare for the changes, and suggested about possibility 

of sugarcane insufficiency. However, none of the research discussed about impacts of 

sugar mill liberalization in a quantitative term. Therefore, this research proposed a 

methodology for quantitative analyses on the impacts of sugar mill liberalization. 

 

 

2.4 Method for analyzing sugar mill liberalization  

As explained earlier, approaches for analyzing impacts of sugar mill 

liberalization toward inbound logistics of sugarcane transportation to sugar mills in 

this research were divided into four parts; namely, the impacts on utilization of sugar 

production capacity, the impacts on transportation distance, the impacts on 

transportation patterns, and the impacts on the transportation cost. From literature 

review, it was found that problems in managing inbound logistics of sugarcane and 

sugar industry are concerned in many countries that cultivate sugarcane. Many 

researches tried to find a good solution to those problems. Here, two points of interests 

are drawn for the benefits of this research, i.e., the applicable mathematical model and 

the Geographic Information System (GIS).  
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1) Mathematical model 

Mathematical model could be used efficiently to solve the logistic 

problems of sugarcane transportation. Most of the developed mathematical models 

used Linear Programming for solving problems. However, characteristics, limitations, 

and conditions of problems in those studies were different. Started in 1995, a research 

was conducted by developing a mathematical model with Linear Programming and the 

application of Genetic Algorithm to allocate trucks for transporting sugarcane to mills. 

An objective of the study was to obtain the minimum total transportation cost with the 

consideration on the limitation in number of trucks (Semenzato, 1995). Later, in 1998, 

implementation of the most appropriate model for sugarcane transportation was 

proposed. The objectives were to produce sugar at the highest quantity and to obtain 

the highest incomes with relevance to ages of sugarcane. The research presented 

methodology of using Linear Programming model for planning process (Higgins et al., 

1998). In the same year, circumstances of sugarcane transportation from fields to sugar 

mills in South Africa were simulated. The study aimed to reduce delay of sugarcane 

transportation and to reduce time for each cycle of transportation starting from 

harvesting until sending sugarcane for sugar production process (Hansen et al., 1998).  

In 2003, another study was conducted to increase efficiency of sugar 

production. The study proposed a methodology of using the Mixed Integer Linear 

Programming for managing harvest schedules in each field area before transporting 

sugarcane to the mills (Higgins and Muchow, 2003). In 2004, the paper describes the 

methods developed to identify opportunities for increased harvesting and transport 

efficiencies as well as the process intended to facilitate implementation by using a 

Tabu search mathematical method (Higgins et al., 2004). A Linear Programming 

model and the application of Genetic Algorithm was used to allocate trucks carrying 

sugarcane to mills with objective to reduce transportation cost as much as possible 

according to limitation in number of trucks (Chamnanhlaw, 2004). In 2006, a 

mathematical model was developed for scheduling road transport vehicles to pick up 

full trailers of cane form the loading pads located on the farm. Two meta-heuristic, 

i.e., tabu search, and variable neighborhood search, were applied to find solutions to 

the model in order to improve scheduling of road transport vehicles. The results 
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provide the opportunity to cost saving, as it would reduce vehicle queue and mill idle 

times and hence the number of vehicles needs (Higgins, 2006).  

From reviewing literature relating to the logistics of sugarcane and sugar 

industry, it was found that most logistic activities of sugarcane and sugar industry 

involve with transportation. The literature review also implies that the problems of 

transportation in logistics management of sugarcane and sugar industry interested 

many researchers. By considering the characteristics of the problems, the 

mathematical model on Transportation Problem was found to be applicable for 

studying the impacts of the liberalization policy on sugar mill. The results yield the 

quantity of sugar that each mill should receive from each farm in order to minimize 

the total transportation cost with the new mill in the certain area. The figures of the 

total received sugarcane quantity could then be used for analyzing the utilization rate 

by comparing with the production capacity of each mill in order to speculate the 

impacts from sugar mill liberalization. In addition, the changes in the optimal 

transportation distance and the optimal transportation pattern can also be analyzed. 

2) Geographic Information System  

Since the part of this research aims to study about the impacts of sugar mill 

liberalization on changes in distance and patterns of sugarcane transportation, the 

Geographic Information System (GIS) can be used as the analytical tool for this 

objective. GIS was selected because of its ability to display geographical features, 

such as road, river, mountain, building, agricultural area, etc., on digital map. In 

addition, GIS is capable to analyze network of roads to reveal patterns of 

transportation. This research will utilize these abilities of GIS to display geographical 

characteristics of sugarcane fields, roads, and positions of sugar mills and to calculate 

distance of sugarcane transportation. The GIS presents data in the form of maps which 

references their features to the real positions on the earth surface.  

 

From the literature review, it is obvious that sugarcane and sugar industry 

is important for Thai economy. However, this industry has been protected by the 

government for many decades. Therefore, the sugar mills lack of motivation to 

enhance their efficiency. As a result, there are suggestions for the government to 
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reform the system by liberalizing sugarcane and sugar industry. Roles of the 

government in intervening sugar market are suggested to be reduced. Thus this 

research chooses to study the impacts that may be resulted from such liberalization 

policies to discontinue prohibitions on the establishment, relocation, and capacity 

expansion of sugar mills. However, there is still no tool or approach to be used for 

analyzing quantitatively about sugar mill liberalization. This research has developed 

an approach by applying the Transportation model as an analytical tool for assessing 

impacts quantitatively. The next chapter will explain in details about data and 

analytical tools used for the analyses as well as procedures for conducting the 

research. 
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CHAPTER III 

RESEARCH METHODOLOGY 

 

 

This chapter discusses about research data, data processing, the 

mathematical model, analytical tool as well as the research stages. Results from them 

are to be analyzed in the aspect of logistics to reveal that whether sugar mill 

liberalization would cause changes in the utilization of sugar mill capacity, the 

distance of sugarcane transportation, the patterns of sugarcane transportation, and the 

inbound logistics cost. This chapter provides fundamental understanding on data and 

method used in this research.  

 

 

3.1 Data  

To conduct a research, data collection is an important part that affects 

accuracy of study results, which is important for obtaining facts. Good data should be 

accurate, clear, reliable, and corresponding with research problems. Data used in this 

research mostly were the secondary data obtained from several organizations including 

Office of Agricultural Economics, Office of the Cane and Sugar Board, Office of the 

Cane and Sugar Fund, Department of Industrial Works, Office of the Permanent 

Secretary Ministry of Transportation. Some of these sources are the regulator. 

Therefore, these data are considered to be reliable and accurate. In particular, Office of 

the Cane and Sugar Board and Office of the Permanent Secretary Ministry of 

Transportation are the sources provide very useful data. This research identifies the 

necessary data which is divided into two types, i.e., documentary data and spatial data. 

 

3.1.1 Documentary data 

This type of data covers all studies related to sugarcane and sugar industry. 

It was collected and synthesized in order to understand the background and the general 

characteristics of the industry. Also, the production capacity and number of operating 
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days are used for calculating the parameters in the mathematical models. Details and 

sources of data document are explained below.  

1) Sugar journal 

The Sugar journal offers analysis, reviews and discourse to keep its readers 

known about the sugarcane and sugar industry. They are available in the library of the 

Office of the Cane and Sugar Board. The sugar journal also provides fundamental 

understandings regarding the liberalization policy in this industrial. 

2) Production capacity and number of production days 

This research has chosen to use mathematical model of transportation 

problem as the tool for analyzing impacts from sugar mill liberalization. Therefore, 

data on the production capacity of the mills and day of operation are needed for 

calculating sugarcane demand. It will be used as a parameter in mathematical model. 

Both data were obtained from Office of the Cane and Sugar Board. In this study, the 

data is for the production period of 2008/2009. 

 

3.1.2 Spatial data 

The Geographic Information System (GIS) was selected because of its 

ability to display geographical features, such as road, river, mountain, building, and 

agricultural area on digital maps. This research will utilize these abilities of GIS to 

display geographical characteristics of sugarcane fields, roads, and positions of sugar 

mills and to study the travel distance and patterns of sugarcane transportation. This 

study chose to use a GIS software package called ArcGIS Desktop 9.3. The 

application software requires three geographical spatial data; namely, 1) locations of 

sugar mills, 2) sugarcane fields and 3) transportation network data from the 

Fundamental Geographic Data Set (Transport FGDS). These three dataset will be used 

for calculating distances from all sugarcane fields to all sugar mills. Details and 

sources of the data are described as follows. 

1) Location of sugar mills 

Office of the Cane and Sugar Board has collected the locations of sugar 

mills in Thailand. The location data are for the production year 2008/2009. Currently, 

there are 46 mills in operation, located dispersedly in four regions of the country. The 

Eastern region (E) has four mills. The Northern region (N) has nine mills. The Central 
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region (C) has 17 mills. Meanwhile, the Northeastern Region (NE) has 16 mills 

(Office of the Cane and Sugar Board, 2008). Details of data are explained in Table 3.1. 

 

Table 3.1 List of existing sugar mills in Thailand 

 

No. Name of Sugar Mill Region* Location  

1 Eastern Sugar and Cane E 
279, Moo 1, Tambol Huayjod, Wattananakorn District, 

Srakaew,  27160 

2 New Kwang Soon Lee E 
24, Moo 1, Ban Nongbua Road, Tambol Mohnnang, 

Panasnikom District, Chonburi, 20140 

3 Rayong E 
388, Moo 6, Kaokrathin-Nongborn Road, Tambol 

Thatthong, Bor-thong District, Chonburi, 20270 

4 
Chonburi Sugar and 

Trading 
E 

612, Moo 5, Tambol Nongphai-kaew, Banbueng 

District, Chonburi, 20220 

5 Mae Wang Sugar Industry N 
325, Moo 7, Phaholyothin Road, Tambol Sala, Ko Ka 

District, Lampang, 52130 

6 Uttaradit Sugar Industry N 
206, Moo 3, Srichao-wang Road, Tambol Wangkapee, 

Muang District, Uttaradit,  53170  

7 Thai Identity N 
42/1, Moo 8, Tambol Koongtapao, Muang District, 

Uttaradit 53000  

8 Kampangpetch N 
152, Moo 2, Tambol Trai-trueng, Muang District, 

Kamphaengphet, 62160 

9 Nakornpetch N 
333, Moo 9, Tambol Thepnakorn, Muang District, 

Kamphaengphet, 62000 

10 Ruamphol Nakhonsawan N 
1, Moo 7, Tambol Ban Maklua, Muang District, 

Nakhonsawan,  60000  

11 Kaset Thai N 
1/1 Tambol Nongpho, Ta-klee District, Nakhonsawan, 

60140  

12 
Thai Roong Ruang 

Industry 
N 

99, Moo 9, Tambol Sri-thep, Sri-thep District, 

Phetchabun, 67170  

13 Phitsanulok N 
8/8, Moo 8, Tambol Phai Lorm, Bang Krathum 

District, Phitsanulok, 65110 

14 Pranburi C 
16/7, Moo 4, Plai-nam Road, Tambol Khao Noi, 

Pranburi District, Prachuapkhirikhan, 77120  

15 Ratchaburi C 
9, Moo 6, Berkprai-Khao Ngoo Road, Tambol 

Berkprai, Ban Pong District, Ratchaburi, 70110 
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Table 3.1 List of existing sugar mills in Thailand (Continued) 

 

No. Name of Sugar Mill Region* Location  

16 Banpong C 
3/11, Moo 18, Saengchooto Road, Tambol Tha Pha, Ban 

Pong District, Ratchaburi, 70110 

17 Mitrkasetr C 
93/1, Moo 9, Saengchooto Road, Tambol Don Kha-min, 

Tha Maka District, Kanchanaburi  

18 Thai Sugar Mill C 
1, Moo 8, Saengchooto Road, Tambol Tha Mai, Tha 

Maka District, Kanchanaburi, 71120  

19 New Krungthai C 
75 , Moo 9, Saengchooto Road, Tambol Tha Mai, Tha 

Maka District, Kanchanaburi, 71120 

20 
Thai Multi-Sugar 

Industry 
C 

84 , Moo 3, Saengchooto Road, Tambol Wangsala, Tha 

Muang District, Kanchanaburi, 71130 

21 Tamaka C 
14/1 , Moo 10, Saengchooto Road, Tambol Tha Maka, 

Tha Maka District, Kanchanaburi, 71120 

22 Prajuap Industry C 
14/2 , Moo 10, Saengchooto Road, Tambol Tha Maka, 

Tha Maka District, Kanchanaburi, 71120 

23 Thai Sugar Industry C 
99 , Moo 9, Sai Pra-thaen  Road, Tambol Takram-en, 

Tha Maka District, Kanchanaburi, 71130  

24 T N Sugar C 
11, Moo 2, Tambol Kaengphakkood, Tha Luang District, 

Lopburi, 15230 

25 Saraburi C 
188, Moo 1, Tambol Kampran, Wangmuang District, 

Saraburi, 18220 

26 
Suphanburi Sugar 

Industry 
C 

151 , Moo 6, Tambol Yanyao, Samchuk District, 

Suphanburi, 72130  

27 Mitr-Phol C 
109, Moo 10, Tambol Nong Maka-mong, Dan Chang 

District, Suphanburi, 72180 

28 U-thong C 
99, Moo 3, U-thong – Uthai-thani Road, Tambol Nong-

ong, U-thong District, Suphanburi, 72160 

29 Singburi C 
24/2, Moo 2, Tambol Mai-dud, Bang Rachan District, 

Singburi, 16130 

30 Kanchanaburi Industry C 
88 , Moo 12, Dan Chang – Ban Rai Road, Tambol Thap 

Luang, Ban Rai District, Uthaithani, 61140 

31 Wang Ka-nai NE 
222, Moo 9, Kosumphisai - Sarakam Road, Tambol 

Kaengkae, Kosumphisai District, Mahasarakham, 44140 

32 Surin  NE 246, Moo 13, Tambol Prue, Prasat District, Surin, 32140 
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Table 3.1 List of existing sugar mills in Thailand (Continued) 

 

No. Name of Sugar Mill Region* Location  

33 Burirum  NE 
237, Moo 2, Tambol Hin Lek Fire, Koo-muang District, 

Burirum, 31190 

34 Saha Ruang  NE 
76, Moo 8, Tambol Bangsaiyai, Muang District, 

Mukdaharn, 49000  

35 Rerm Udom  NE 
11 , Moo 6, Udon – Sakonnakhon Road, Tambol Nong 

Sra-pla, Nong Harn District, Udonthani, 41320 

36 Kasetr Phol NE 
9, Moo 9, Mittraparp (Friendship) Road, Tambol Pako, 

Kumpawapee District, Udonthani, 41370 

37 Kumphawapi NE 
73, Moo 11, Pone Thong Road, Tambol Kumpawapee, 

Kumpawapee District, Udonthani, 41110 

38 Khon Kaen NE 
43, Moo 10, Nam-phong – Kra-nuan Road, Tambol 

Nam-phong, Nam-phong District, Khonkaen, 40140  

39 Mitr Poo-Viang NE 
365, Moo 1, Maliwan Road, Tambol Nong-rua, Nong-

rua District, Khonkaen, 40210  

40 
United Farmers and 

Industry 
NE 

99, Moo 10, Tambol Kok Sa-ad, Phu Khiew District, 

Chaiyaphum, 36110  

41 Korach Industry NE 
111, Moo 18, Tambol Nong Ra-wiang, Phimai District, 

Nakhonratchasima, 30110 

42 Andvian (Ratchasima) NE 

223, Moo 1, Niwet-rat Road, Tambol Kaeng Sa-nam-

nang, Kaeng Sa-nam-nang District, Nakhonratchasima, 

30120 

43 Konburi NE 
289, Moo 2, Tambol Jorake-hin (Rocky Crocodile), 

Kornburi District, Nakhonratchasima, 30250   

44 E-Saan Sugar Industry NE 
99, Moo 9, Tambol Samran, Samchai District, Kalasin, 

46180   

45 Mitr Kalasin NE 
99, Moo 1, Tambol Som Sa-ad, Kuchi-narai District, 

Kalasin, 46110  

46 Erawan NE 
111, Moo 12, Tambol Na-klang, Na-klang District, 

Nongbualampoo, 39170 

 

Remark: Region
*
 E = Eastern region, N = Northern region, C = Central region, NE = 

Northeastern region   
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The locations of sugar mills were mapped using ArcMap of ArcGIS 

Desktop 9.3 as shown in Figure 3.1. Detailed address of each numbered mill can be 

found in Table 3.1. 

 
Figure 3.1 Locations of 46 sugar mills in Thailand 
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2) Sugarcane fields  

This dataset has been collected by the Office of the Cane and Sugar Board. 

In the research, the data is for the production year during 2008/2009. The total area of 

sugarcane fields throughout Thailand is 6,831,892 rais. These fields are dispersedly 

located in all regions of the country; namely, Northern, Central, Eastern, and 

Northeastern regions. This dataset was last updated in June 2008. Locations of these 

field areas were mapped using ArcMap 9.3 as shown in Figure 3.2. 

 
Figure 3.2 Sugarcane field areas 
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3) Transport fundamental geographic data set (Transport FGDS) 

This dataset has been maintained by the Permanent Secretariat Office of 

Ministry of Transport. It was last updated in March 2007 (Ministry of Transport, 

2007). Figure 3.3 displays a map of transportation network in Thailand, prepared by 

using ArcMap.  

 

Figure 3.3 Transport Fundamental Geographic Data Set 
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3.2 Data processing 

The analyses on data described in Section 3.1.2 are carried out in this stage 

to determine the distance from all sugarcane fields to all sugar mills. Before that, the 

collected data are configured for format conversion. The Network Dataset is also 

created to facilitate subsequent analyses.  

1) The compression of sugarcane field data 

The data of sugarcane field obtained from the Office of the Cane and 

Sugar contain 388,104 records of polygon shapefiles covering the total area of 

6,831,892 rais during the growing period of 2008/2009. However, the data is too large 

to handle by the application software. Therefore, the researcher has grouped these 

many sugarcane fields by district into 404 records. 

2) Creating Network Dataset 

The creation of Network Dataset in ArcCatalog (Figure 3.4) is to connect 

all roads in the digital map. Configured travel time in Item Configuration of travel 

time in each road across the digital map is put into the Network Dataset. All roads, u-

turns and turnings are connected in the way that most resembles physical roads. 

 

Figure 3.4 Creating Network Dataset 
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3) Creating a Closet facility  

Network Analyst Extension of ArcMap Version 9.3 is used in the analysis 

of Closest Facility (Figure 3.5). The analysis of closet facility is to determine the 

distance from a field to a mill. The resulting distance is the input for the parameter in 

the mathematical modeling stage. In addition, it is useful for visualizing patterns of 

transportation. 

 

Figure 3.5 Finding the Closet Facility in ArcMap 

 

 

3.3 Transportation model  

This study emphasizes on the analyses from the aspect of logistics 

management to see whether and how liberalization impact the process of inbound 

logistics of sugarcane transportation from fields to sugar mills. Therefore, the analysis 

on transportation is a part of logistics analyses. Considering characteristics of 

problems to be analyzed, it was found that the transportation problem is an appropriate 

analytical tool to be used for analyzing sugarcane quantity that each mill should 

receive in order to keep system transportation cost as low as possible.  
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Transportation model is a special type of network problems that explains 

the shipping of a commodity from sources (e.g., sugarcane field) to destinations (e.g., 

sugar mill). Transportation model deals with getting the minimum-cost plan to 

transport a commodity from a number of sources (m) to number of destination (n). It 

can be solved by using the linear programming method in order to determine the value 

of the objective function which aims to minimize the total transportation cost. Also, 

the problem determines the number of units that should be transported from source i to 

destination j. Variables and notations in the mathematical models are defined as 

follows: 

When 

 i = the source (i.e., sugarcane field) 

 j  = the destination (i.e., sugar mill) 

m  = the number of sources  

n  = the number of destinations 

Decision Variable  

Xij  = the number of units shipped from source i to destination j 

Parameter 

Cij  = the unit transportation cost for transporting a unit from source i to 

destination j 

Dj  = the number of demand units required at destination j  

  (j=1, 2, 3,…,n)  

Si  = the number of supply units available at source i (i=1, 2, 3,…,m) 

The linear programming model is expressed by;  

Objective Function: Minimize the total transportation cost 
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Each constraint of the mathematical model can be explained as follows: 

Objective function in (1) 

The objective function is aimed to minimize the total transportation cost 

for transporting sugarcane from all fields to all mills. It is subject to the following 

constraints. 

Constraint in (2) 

The constraint (2) is the compulsory condition limiting the total units 

shipped from a source (sugarcane field) to all destinations (mills). The total quantity to 

be transported from any source must not exceed its total available supply units. 

Constraint in (3) 

The constraint (3) is the compulsory condition fulfilling the demand 

quantity such that the total demand units at any destination j must be satisfied. 

Constraint in (4) 

The constraint (4) specifies that the amount of supply transported from any 

source to any destination must not be negative. 

A transportation problem is said to be balanced if the total supply from all 

sources equals the total demand in all destinations. In other words, 

 
 
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Otherwise it is called unbalanced. 

 

 

3.4 Analytical tools 

The main analytical tools used for this research consists of ArcGIS 

Desktop 9.3, LINDO 6.1, Microsoft Excel and computer which can be described as 

follows: 
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3.4.1 ArcGIS Desktop 9.3  

With its capability to display interested data on digital maps, Geographic 

Information System (GIS) is chosen to be used as a tool for analyzing the 

transportation distances from fields to sugar mills as well as visualizing the patterns of 

sugarcane transportation. This study chose to use a GIS software package called 

ArcGIS Desktop 9.3. To complete the calculation, the software requires three 

geographic datasets; namely, 1) locations of sugar mills, 2) sugarcane fields and 3) 

transportation network data from the Fundamental Geographic Data Set (Transport 

FGDS). 

1) Transportation distances 

ArcGIS Desktop 9.3 with network analyst feature provides the capability 

to perform the network-based spatial analysis, such as routing, travel directions, 

closest facility, service area, and location-allocation. The Closest facility of Network 

Analyst Extension in ArcGIS Desktop 9.3 software is used for road network analysis 

to determine distances from the fields to the sugar mills. The distance matrix is 

replaced the ijC  parameters in the transportation model. 

2) Visual patterns of transportation 

After the Transportation Problem was solved by using a solver program, 

the outputs were sugarcane quantities from all fields to all sugar mills. This represents 

the optimal patterns of sugarcane transportation. ArcGIS Desktop 9.3 can be used to 

visualize the patterns of transportation. 

 

3.4.2 Visual Basic 2005 

This software was also used in this research for writing mathematical 

formulation. Due to the fact that the formulation contains so many constraints, it 

results in long typing. Visual basic 2005 is then applied accordingly in order to write 

out the formulation that agrees with mathematical modeling. This research used 

Microsoft Access mainly for preparing and storing database of preliminary data that 

will be accessed and processed by Visual basic 2005. Then the mathematical model 

will be solved. One way to solve these models is to use the package called LINDO 6.1. 
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3.4.3 LINDO 6.1 

The main purpose of LINDO (Linear Interactive Discrete Optmizer) is to 

allow a user to quickly input a linear programming (LP formulation); solve it; assess 

the correctness or appropriateness of the formulation based on the solution and then 

quickly make minor modifications to the formulation and repeat the process. This 

research uses LINDO 6.1 which can accommodate the number of variables up to 

200,000 and up to 64,000 constraints. The pattern of transportation and sugarcane 

quantity to be transported from the fields to the sugar mills with minimum cost can 

then be calculated by using LINDO 6.1 after the preparation process of all required 

parameters for the mathematical model has been completed. 

 

3.4.4 Microsoft Excel  

Microsoft Excel was used for preliminary data preparation and analysis. 

This software stores data of distances obtained from the calculation by ArcGIS 9.3. 

The analysis results from solving the transportation problem shows the optimal pattern 

of transportation and the sugarcane quantity transported to sugar mills from each 

sugarcane field. The capacity utilization of a sugar mill then can be calculated based 

on the comparison between the total sugarcane quantity transported from all sugarcane 

fields and its production capacity. 

 

3.4.5 Computer 

A desktop personal computer and a laptop PC are used. These computers 

use Intel Core I5 M520 @2.40 GHz CPU, with 4.00 GB of RAM. They are run under 

64-bit system of Windows 7 Ultimate Operating System.  

 

 

3.5 Research stages 

In brief, this research has been divided into six major stages. These 

include problem identification, determination of study scope, data collection and 

analysis, analysis of impacts, and the cases for analyzing impacts from sugar mill 

liberalization. 
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3.5.1 Problem identification 

Sugar is a controlled product in Thailand. Sugarcane, the main raw 

material for produce sugar, is also controlled by regulations and laws.  However, it is 

widely recognized that the globalization and free-trading commerce are inevitable. It is 

now in public attention that whether the structure of sugarcane and sugar industry in 

Thailand should be reformed by ending the monopoly system or minimizing 

intervention from Thai government. This research chooses to study about the reduced 

protection and enforcement from the government by means of liberalizing the 

establishment of sugar mills.  

 

3.5.2 Determination of study scope 

Because of extensive scope of free-trading system that aims to reduce the 

protection and intervention from the government, this research chooses to study only 

about the impacts of liberalization that the government plans to apply on the 

establishment, relocation, and capacity expansion of the sugar mills. This research is 

aimed to study the impacts of sugar mill liberalization on certain aspects of the 

inbound logistics of cane. The optimization-based mathematical model and 

Geographic Information System (GIS) are used as the tool for the analysis. 

 

3.5.3 Data collection and analysis 

This research has chosen to use mathematical model of transportation 

problem as the tool for analyzing impacts from sugar mill liberalization. Therefore, 

data collection is to prepare parameters to be used in the model. Data to be prepared 

for this mathematical problem were divided into the following three datasets.    

1) Supply or sugarcane quantity from each sugarcane field 

To determine sugarcane supply, the research needs to use two sets of data, 

which were data of sugarcane fields and data of average sugarcane production per 

field. The sugarcane production quantity can then be calculated by multiplying the two 

sets of data. 

2) Distance matrix 

In order to calculate for a distance matrix of transporting sugarcane from 

all fields to all sugar mills, this research chooses to use Network Analyst module of 
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ArcGIS Desktop 9.3. To complete the calculation, the software requires three 

geographic datasets; namely, 1) locations of sugar mills, 2) sugarcane fields and 3) 

transportation network data from the Fundamental Geographic Data Set (Transport 

FGDS). 

3) Demand or sugarcane quantity required by each sugar mill 

This set of data is obtained by calculating two fundamental datasets; 

namely, data of production capacities that mills are permitted by the government and 

number of working days of individual mills during 2008/2009. These data are used to 

calculate the sugarcane demand by sugar mills. The calculation is carried out by 

multiplying permitted capacities with the number of working days of each mill. 

In order to analyze the impacts from the sugar mill liberalization on the 

capacity utilization of sugar mill, the transportation distance, the transportation 

pattern, and the inbound logistics cost, efficient tools are needed. This research applied 

the transportation model for analyzing sugarcane quantity that each mill should 

receive in order to minimize the total transportation cost. The Geographic Information 

Systems (GIS) is used for calculating distances from fields to sugar mills, and 

visualizing the patterns of the optimal sugarcane transportation obtained from solving 

the transportation problem. 

After the preparation process of all required parameters has been 

completed, Visual Basic 2008 is used to write the mathematical formulation of 

transportation model. LINDO 6.1 (Linear Interactive Discrete Optimizer) software can 

be applied to solve the mathematical model to obtain the solution. 

 

3.5.4 Analysis of impacts 

After the transportation problem has been solved by LINDO 6.1, the 

results can then be used for analyzing impacts from sugar mill liberalization in the 

aspect of inbound logistics of sugarcane transported to sugar mills. There are four 

points to be considered when analyzing for such impacts. 
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1) Capacity utilization  

The capacity utilization of mill j is the ratio between total amount of 

sugarcane received (


m

i

ijX
1

) and its permitted capacity ( jD ). The total amount of 

sugarcane can be computed from the summation of total transported sugarcane from 

all fields to the mill. The impact from the sugar mill liberalization is quantified by the 

difference between before and after the implementation of such policy. 

2) Transportation distance  

Not only the results from solving the transportation problem provide the 

sugarcane quantity transported from all fields to all mills ( ijX ), but also imply about 

the transportation distance from all fields to all mills. Given that ijX is not zero, the 

distance between any field i to any mill j can be looked up from the distance matrix. 

The transportation distances are described into three parts. The shortage (min) distance 

refers to the shortest distance required for transporting sugarcane from that a field to 

the nearest mill. The weighted average (mean) distance refers to the mean distance 

calculated from integrating the multiplication of sugarcane quantity supplied to the 

mill and the distance from the corresponding field, and divided the total of supplied 

quantity. Finally, the longest (max) distance refers to the farthest distance required for 

transporting sugarcane from a field to the mill.  

3) Transportation pattern 

 From solving the mathematical transportation problem, the optimal 

distribution pattern from any field to any sugar mill can be known. Then ArcGIS 

Desktop 9.3 will be used to display patterns of sugarcane transportation. To analyze 

the impacts from sugar mill liberalization on sugarcane transportation system, results 

from before and after such implementation are compared. The difference may be 

implied as the impacts.  

4) The inbound logistics cost 

 The inbound logistics cost mainly consists of transportation cost from 

solving the transportation problem, the opportunity cost of sugar mills, and the 

opportunity cost of sugarcane farmers. The opportunity cost of a sugar mill is incurred 

when the overall quantity of sugarcane supply is less than its production capacity. This 
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cost can be calculated by multiplying the shortage quantity with the average sugar 

yield per ton of sugarcane and then multiplied with sugar price. The opportunity cost 

of sugarcane farmers happens when the overall sugarcane supply exceeds the overall 

sugarcane demand. This cost can be calculated by multiplying the excessive quantity 

of sugarcane with the average cost of sugarcane.  

 

3.5.5 The cases for analyzing impacts from sugar mill liberalization 

 In order to know impacts from sugar mill liberalization on inbound 

logistics of sugarcane and sugar production, the research studies several cases. The 

various situations represent different aspects and factors of the sugar mill liberalization 

policy. The study is conducted based on these following three situations. 

Case 1 is the case of analyzing the optimal patterns of sugarcane 

transportation under current situation. The results on optimal capacity utilization, 

distance, pattern, and transportation cost are compared with the results obtained in the 

subsequent cases. The difference implies the impact of such policy. 

 Case 2 is the case of analyzing the situation when a sugar mill is added 

into the system. This case assumes that the establishment of a new sugar mill is 

allowed freely. Coincidently, Chonburi Sugar Industry mill was ceased and waiting for 

relocation to other province. The added sugar mill in this case is therefore Chonburi 

Sugar Industry mill in the Eastern region. The difference of results as compared to case 

1 represents impacts of sugar mill liberalization  

 Case 3 is the case of analyzing situations when assuming that the cabinet 

resolution regarding the relocation and/or capacity expansion of sugar mills on 

October 16, 2007 are fully enforced. This resolution is rather comprehensive involving 

relocation and capacity of several mills simultaneously. 

 In addition to analyzing the impacts from sugar mill liberalization 

according to the three afore-mentioned situations, this research analyzes further by 

using the sensitivity analysis to assess impacts from sugar mill liberalization due to 

uncertainty of sugarcane supply. This is because, currently, sugarcane production is 

found to be highly variable. The unpredictable amount of sugarcane supply has direct 

impact on sugar production as well as the policies or approvals regarding new sugar 

mill establishment, relocation, and capacity expansion of sugar mills.  
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This chapter discussed about data, analytical tools and procedures used in 

the research. Results from implementing these tools and data will be analyzed to show 

the impact of sugar mill liberalization on the capacity utilization of sugar mill, distance 

of sugarcane transportation, patterns of sugarcane transportation and inbound logistics 

cost. Steps of the study from beginning till the end are also explained comprehensively 

herein. In Chapter 4, the results of Cases 1, 2 and 3 demonstrates all the procedures. 

The discussions are also provided. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

Entire research methodology is explained in previous chapter to reflect 

steps taken by the researcher and which tools or data are applied during the course of 

this research. Therefore, this chapter utilizes the methodology discussed in Chapter III 

for calculations and analyses of the impacts resulting from the sugar mill 

liberalization. In this case study, a hypothesized sugar mill was experimentally added 

into the current system for the case of liberalization. Furthermore, the cabinet 

resolution regarding the relocation and capacity expansion of sugar mills were used for 

case study. It is assumed that the difference from the current situation implies impacts 

from sugar mill liberalization.  

 

 

4.1 Case study 

This research is aimed to study the impacts of sugar mill liberalization on 

certain aspects of the inbound logistics of sugarcane. In particular, it was focused the 

impacts on the optimal capacity utilization, the optimal transportation distance, the 

optimal transportation pattern, and the optimal transportation cost resulting from the 

addition of new mills in various regions of the country. The optimization-based 

mathematical model and Geographic Information System (GIS) were used as the tool 

for the analysis. Especially, it was focused on the balance between demand for 

sugarcane in the area (or total mill capacity) and the supply of sugarcane. The study 

started by analyzing the current situation of all existing sugar mills in the country, 

experimentally added a sugar mill in the Eastern region, and then used the cabinet 

resolution regarding the relocation and capacity expansion of sugar mills as the case 

study in order to analyze impacts from sugar mill liberalization. Results of the 

analyses before and after adding the sugar mill were compared. The obtained 
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differences represent impacts from the sugar mill liberalization. The data of production 

year 2008/2009 was analyzed in this study. 

In the production year 2008/2009, the total number of sugar mills in 

Thailand is 46 mills. They are located dispersedly in four regions of the country; 

namely, 4, 9, 17, and 16 mills in the Eastern, Northern, Central and Northeastern 

regions, respectively. Details of data were explained in Chapter III. The total area of 

sugarcane field area throughout Thailand is 6,831,892 fields (Office of the Cane and 

Sugar Board, 2009b). These fields are dispersedly located in the Northern, Central, 

Eastern, and Northeastern regions.  

This study uses the sugarcane field data for calculating distances from the 

fields to the sugar mills. In order to analyze for the distances with Network Analyst in 

ArcGIS, the Geographic Information System (GIS) data is required. The field data 

obtained from the Office of the Cane and Sugar contains record of polygons, covering 

total area of 6,831,892 fields. This seems to be too large and too difficult for 

calculation by the solver software. Thus these so many fields were grouped by the 

district in Thailand, resulting in a total of 404 groups of sugarcane fields to be used for 

distance calculation. The Network Analyst calculates distances between point features. 

Therefore, the polygon dataset of sugarcane field areas had to be converted to a point 

dataset. The procedure for converting polygons of these groups to point features was 

explained in details in Appendix A. The groups of sugarcane field areas were 

displayed in Figure 4.1. 
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Figure 4.1 The groups of sugarcane fields 
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4.2 Developing the transportation model  

When considering characteristics of problems to be analyzed, the 

mathematical model of transportation problem was found to be an appropriate tool. 

The model provides the optimal sugarcane quantity that each sugar mill should be 

supplied in order to minimize the total transportation cost. In order to reduce the 

complexity of the mathematical model in the processes of calculation and result 

analysis, the assumption has been specified that the distance represents the 

transportation cost between the field and the mill. The transportation model can be 

expressed mathematically below; 

When 

i = Sugarcane fields; i = 1, 2,…,m  

j = Sugar mills; j = 1, 2,…, n 

m = Number of the sugarcane fields  

n = Number of the sugar mills   

Decision variable 

ijX  = Sugarcane quantity transported from field area i to the mill j (tons)  

Parameter 

ijC  = Transportation distance from field area i to the mill j (kilometers)  

jD  = Sugarcane demand that the mill j requires for its production process 

(tons)  

iS  = Sugarcane supply at the field area i (tons)  

 

Mathematical Formulation 

Objective Function: Minimize the total transportation cost  

 

 

m

i

ij

n

j

ij XC
1 1

 
(1) 

Subject to  


n

j iij SX
1

               ; i   (2) 

  


m

i jij DX
1

              ; j  (3) 

 0ijX  (4) 
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The objective function in (1) is aimed to minimize the total transportation 

cost between all fields to all mills. Constraint (2) is the limitation of sugarcane supply 

from each field area. The total quantity to be transported from any field area must not 

exceed sugarcane quantity in that area. Constraint (3) guarantees that each mill 

receives sugarcane at least as much as is required. The demand for sugarcane must be 

satisfied. Constraint (4) specifies the non-negative value for the quantity of transported 

sugarcane.  

It is assumed that the unit transportation cost per ton of sugarcane is 

identical for all field-mill pairs. The cost only varies by the transportation distance. 

The model has a feasible solution if and only if the total sugarcane quantity from field 

areas equal to the total demand by the sugar mills. In other words,  
 


m

i

n

j

ji DS
1 1

. It is 

therefore necessary to check the balance between the total supply and demand and 

treat the model correctly. There are two cases to be considered, as follows: 

1) When the total demand for sugarcane exceeds the total supply of 

sugarcane, a dummy field area must be added.  The production capacity of the dummy 

field equals to the excessive demand. 

2) When the total demand for sugarcane is lower than the total supply of 

sugarcane, a dummy mill must be added to the system in order to balance the demand 

and supply. Its capacity is equal to the excessive production of the fields. 

Details of the data preparation for the mathematical model are going to be 

explained in details next. 

 

 

4.3 Data preparation for the mathematical model  

Data to be prepared for this mathematical problem were divided into three 

sets; namely, 1) sugarcane supply (sugarcane quantity from each field), 2) distance 

matrix (distances for transporting sugarcane from all fields to all sugar mills) and 3) 

sugarcane demand (sugarcane quantity required by each sugar mill). Details of data 

preparation process for the mathematical model are explained below. 
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4.3.1 Sugarcane supply, Si 

To determine the sugarcane supply, the research needs two sets of data, 

which were the sugarcane fields area and the average sugarcane production per unit 

area in Thailand during the growing period of 2008/2009. These data have been 

collected and summarized in a report on sugarcane field survey by the Office of the 

Cane and Sugar Board.  

1) Sugarcane field area categorized by district has been collected by the 

Office of the Cane and Sugar Board who surveyed sugarcane fields during the 

growing period of 2008/2009 by using satellite images together with field surveys. 

According to the data, it can be summarized that sugarcane fields are distributed in 46 

provinces or 404 districts of the country. 

2) Sugarcane production rate per unit area was also obtained from the 

report of the Office of the Cane and Sugar Board (Office of the Cane and Sugar Board, 

2009c) who surveyed sugarcane fields during the growing period of 2008/2009. 

According to the data, Phichit province had the highest sugarcane production rate of 

12.50 tons/ rai. Meanwhile Chachoengsao province had the lowest rate at only 8.15 

tons/ rai. 

    Sugarcane production quantity is the product of sugarcane field area 

categorized by district and the average sugarcane production per rai. However, since 

there was great amount of data, the details are then presented in Appendix B.   

 

4.3.2 Distance matrix, Cij 

In order to calculate for distances from the fields to the sugar mills, this 

research chose to use Network Analyst module of ArcGIS Desktop 9.3. The software 

requires three geographic datasets; namely, 1) locations of sugar mills, 2) sugarcane 

fields and 3) transportation network data from the Fundamental Geographic Data Set 

(Transport FGDS). For the whole country, there are 46 sugar mills, and 6,831,892 rais. 

These so many fields are grouped into 404 districts (Amphor). After the preparation of 

required data has been completed; distance calculation can be conducted using the 

Closet Facility of Network Analyst. Appendix C shows the details of the calculation 

procedure by using New Kwang Soon Lee mill as an example. For all other mills, the 

procedure is the same. 



Supattra Samueanpho  Results and Discussion / 50 

Table 4.1 showed the example of results on the distance matrix for the 

Eastern region. In this region, there are four sugar mills; namely, Eastern Sugar and 

Cane, New Kwang Soon Lee, Rayong Sugar, and Chonburi Sugar and Trading mills. 

Sugarcane areas were distributed in 28 districts or 28 groups of fields. 

Table 4.1 Distances from all fields to all mills in the Eastern region 

 

No District 

Distance (Kilometers) 

Eastern Sugar 

and Cane 

New Kwang 

Soon Lee 

Rayong 

Sugar 

Chonburi Sugar & 

Trading 

1 Mueang Chon Buri 177.88 31.07 41.41 35.27 

2 Ban Bueng 157.75 29.35 23.86 11.35 

3 Nong Yai 176.01 49.89 31.19 20.44 

4 Phan Thong 145.70 18.04 42.38 39.41 

5 Phanat Nikhom 129.46 8.77 33.10 36.69 

6 Si Racha 181.56 55.44 47.67 35.10 

7 Bo Thong 148.78 41.77 25.93 44.62 

8 
King Amphoe Ko 

Chan 
127.54 23.70 30.12 35.28 

9 Wang Chan 191.10 73.81 53.59 44.36 

10 Ban Khai 206.41 80.29 72.53 49.97 

11 Pluak Daeng 183.66 57.55 49.78 27.22 

12 Pong Nam Ron 122.88 190.31 187.10 177.87 

13 Soi Dao 83.12 159.57 159.68 171.15 

14 Phanom Sarakham 90.17 69.85 76.26 81.42 

15 Sanam Chai Khet 86.13 83.35 89.77 94.93 

16 Plaeng Yao 113.40 41.76 48.18 53.34 

17 Tha Takiap 91.49 70.91 71.02 82.49 

18 Kabin Buri 55.81 114.62 121.04 126.20 

19 Mueang Sa Kaeo 72.62 136.79 143.21 148.37 

20 Khlong Hat 29.56 147.02 153.44 158.60 

21 Ta Phraya 44.58 138.84 138.95 150.42 

22 Wang Nam Yen 82.33 226.07 232.49 237.64 

23 Watthana Nakhon 46.34 121.67 121.78 133.25 

24 Aranyaprathet 32.10 175.84 182.25 187.41 
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Table 4.1 Distances from all fields to all mills in the Eastern region (Continued) 

 

No District 

Distance (Kilometers) 

Eastern Sugar 

and Cane 

New Kwang 

Soon Lee 

Rayong 

Sugar 

Chonburi Sugar & 

Trading 

25 Khao Chakan 34.85 178.59 185.01 190.16 

26 
King Amphoe Khok 

Sung 
34.32 142.66 149.08 154.23 

27 
King Amphoe Wang 

Sombun 
58.50 202.23 208.65 213.81 

28 Mueang Sa Kaeo 65.85 121.23 121.33 132.81 

 

4.3.3 Sugarcane demand, Dj 

This parameter is obtained from the product of two fundamental datasets; 

namely, the permitted production capacity of the mills by the government and the 

number of operating days during 2008/2009. Details for obtaining sugarcane demand 

are explained below.   

1) Production capacity of sugar mills as permitted by the Thai government 

were obtained from the Office of the Cane and Sugar Board. The highest permitted 

production capacity was 40,000 tons/day, which belongs to Kaset Thai mill. 

Meanwhile the lowest production capacity was 2,683 tons/day by Uttaradit Sugar 

Industry mill (Office of the Cane and Sugar Board, 2009d). Both mills are located in 

the Northern region.  

2) Number of days that each mill worked to produce sugar during the 

production period of 2008/2009 was obtained from the Office of the Cane and Sugar 

Board (Office of the Cane and Sugar Board, 2009e). Kaset Thai mill had the highest 

number of working days, which was 152 days. Meanwhile Wang Ka-nai mill had the 

lowest number, which was 67 days.   

The sugar demand is simply the product between the permitted production 

capacity and the number of working days. The estimated sugarcane demands of all 

mills are shown in Table 4.2.  
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Table 4.2 The estimated sugarcane demands in the production year 2008/2009 

 

No Sugar Mill Region 
Capacity 

(tons/days) 

Day of 

Production 

(days) 

Demand 

 (tons) 

1 Eastern Sugar and Cane E 17,978 126 2,265,228 

2 New Kwang Soon Lee E 6,479 94 609,026 

3 Rayong Sugar E 5,560 106 589,360 

4 Chonburi Sugar and 

Trading 

E 5,800 91 527,800 

5 Mae Wang Sugar Industry N 2,950 111 327,450 

6 Uttaradit Sugar Industry N 2,683 145 389,035 

7 Thai Identity N 18,000 152 2,736,000 

8 Kampangpetch N 8,000 108 864,000 

9 Nakornpetch N 24,000 116 2,784,000 

10 Ruamphol Nakhonsawan N 8,800 142 1,249,600 

11 Kaset Thai N 40,000 159 6,360,000 

12 Thai Roong Ruang 

Industry 

N 24,000 126 3,024,000 

13 Phitsanulok N 11,994 115 1,379,310 

14 Pranburi C 7,000 90 630,000 

15 Ratchaburi C 12,000 104 1,248,000 

16 Banpong C 9,131 89 812,659 

17 Mitrkasetr C 11,890 103 1,224,670 

18 Thai Sugar Mill C 11,764 100 1,176,400 

19 New Krungthai C 8,385 95 796,575 

20 Thai Multi-Sugar Industry C 9,635 99 953,865 

21 Tamaka C 18,038 105 1,893,990 

22 Prajuap Industry C 9,131 97 885,707 

23 Thai Sugar Industry C 14,447 101 1,459,147 

24 T N Sugar C 18,000 107 1,926,000 
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Table 4.2 The estimated demand of sugarcane in the production year 2008/2009 

(Continued) 

 

No Sugar Mill Region 
Capacity 

(tons/days) 

Day of 

Production 

(days) 

Demand 

 (tons) 

25 Saraburi C 22,970 121 2,779,370 

26 Suphanburi Sugar 

Industry 

C 4,228 111 469,308 

27 Mitr-Phol C 21,511 140 3,011,540 

28 U-thong C 17,731 86 1,524,866 

29 Singburi C 11,000 136 1,496,000 

30 Banrai Industry C 11,990 127 1,522,730 

31 Wang Ka-nai NE 15,453 67 1,035,351 

32 Surin  NE 16,000 88 1,408,000 

33 Burirum  NE 12,000 108 1,296,000 

34 Saha Ruang  NE 14,000 105 1,470,000 

35 Rerm Udom  NE 20,582 98 2,017,036 

36 Kasetr Phol NE 10,211 99 1,010,889 

37 Kumphawapi NE 12,000 106 1,272,000 

38 Khon Kaen NE 20,400 105 2,142,000 

39 Mitr Poo-Viang NE 15,162 114 1,728,468 

40 United Farmers and 

Industry 

NE 18,000 125 2,250,000 

41 Korach Industry NE 24,000 113 2,712,000 

42 Andvian (Ratchasima) NE 36,000 88 3,168,000 

43 Konburi NE 13,690 121 1,656,490 

44 E-Saan Sugar Industry  NE 15,000 93 1,395,000 

45 Mitr Kalasin NE 20,000 114 2,280,000 

46 Erawan NE 8,117 108 876,636 
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After the preparation process of all required parameters for the 

mathematical model has been completed, Microsoft Access was used to store these 

parameters in the database (See Figure 4.2). This research used Visual basic 2005 for 

writing the mathematical formulation of transportation model by taking in the 

parameters from the Access database. Figure 4.3 shows an example of VB coding 

captured screen. 

 

Figure 4.2 The database in Microsoft Access 

 

Figure 4.3 An example of VB coding 
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LINDO 6.1 is used in this research for finding the optimal solution. This 

software is capable to accommodate 200,000 variables and the maximum number of 

64,000 constraints (See Figure 4.4). The mathematical formulation written by Visual 

basic 2005 is then copied onto LINDO 6.1 window (See Figure 4.5). On the menu bar, 

click Solve to find the optimal solution. 

 

Figure 4.4 LINDO software version 6.1 

 

Figure 4.5 Mathematical formulation in LINDO window 
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4.4 Impacts of sugar mill liberalization  

 The impacts of sugar mill liberalization on the inbound logistics were 

analyzed in four regards; namely, 1) the capacity utilization of sugar mill, 2) the 

optimal transportation distance, 3) the optimal transportation patterns, and 4) the 

optimal transportation cost. The developed Transportation model was solved by using 

LINDO 6.1 (Linear Interactive Discrete Optimizer) software. The outputs were the 

optimal distribution pattern and sugarcane quantity from all fields to all sugar mills. 

These numbers are used to analyze the utilization of each sugar mill capacity. The 

calculation can be done by summing the sugarcane supplies from all areas and divided 

by the production capacity of the mill, then multiplied by 100 to obtain the percentage 

of utilization. With ArcMap 9.3, GIS data of sugar mill locations can also be used to 

display the pattern of the optimal sugarcane transportation from fields to sugar mills. 

In order to analyze impacts from sugar mill liberalization on inbound logistics of 

sugarcane and sugar production, the research studied by dividing the situations of 

impacts into three cases.  

 Case 1 is the optimal current situation of the production year 2008/2009. 

The data of production year 2008/2009 was analyzed in this study. The data consists 

of sugarcane fields, locations of sugar mills, permitted production capacities of the 

mills, and number of production days. The results were analyzed for optimal (ideal) 

distribution of the sugar mills (The results would reveal patterns of sugarcane 

distribution and the amount of sugarcane that each mill should receive in order to 

achieve the minimum transportation cost). Transportation model was the tool applied 

for the analysis. The results were used as the base case for comparing with other cases 

to investigate impacts of liberalization regarding new establishment, relocation, and 

capacity expansion of the sugar mills.  

 Case 2 is the situation when a new sugar mill has been added in the 

Eastern region. This case assumes that the establishment of new sugar mills is allowed 

freely. The added sugar mill in this case is Chonburi Sugar Industry mill, of which 

operation has been ceased in order to wait for relocation. The reason for choosing that 

mill was because of the availability of its location data.  

 Case 3 represents the assumption of the situation when the cabinet’s 

resolution has agreed with the proposal of the Ministry of Industry regarding the 



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 57 

liberalization of relocation and/or capacity expansion of sugar mills. Difference of 

results between cases 2 and 3 in comparison with case 1 represents impacts from 

liberalization resulting from the implementation of cases 2 and 3, respectively. Details 

of data for each case can be summarized in Table 4.3.  

 

Table 4.3 Comparison of the three case studies 

 

Data Case 1 Case 2 Case 3 

Number of sugar mill (mills) 

- East region 

 

- Northern region 

 

- Central region 

 

- Northeastern region 

Total 

 

4 

 

9 

 

17 

 

16 

46 

 

5  

(New=1) 

9 

 

17 

 

16 

47 

 

4  

(Relocate=1) 

11  

(New=2) 

16  

(Relocate=1) 

16 

47 

Permitted production capacity (tons) 

- East region 

- Northern region 

- Central region 

- Northeastern region 

Total 

 

 3,989,414 

19,113,395 

23,810,827 

27,717,870 

74,633,506 

 

 4,606,834 

19,113,395 

23,810,827 

27,717,870 

75,248,926 

 

 5,299,988 

25,106,085 

25,410,863 

28,461,234 

84,278,170 

Sugarcane supply (tons) 

- East region 

- Northern region 

- Central region 

- Northeastern region 

Total 

 

  3,989,236  

15,020,413 

24,441,278 

27,632,146 

71,083,073 
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4.4.1 Case 1: The optimal current situation   

 In the production year 2008/2009, there were 46 sugar mills operating 

throughout Thailand. The total sugarcane demand from 46 mills in that year was 

74,633,506 tons. Meanwhile the total sugarcane production all over the country during 

that year was only 71,083,073 tons from a total growing area of 6,831,892 rais. In 

order to study impacts of sugar mill liberalization on inbound logistics of sugarcane 

transportation and sugar production, the current optimal patterns of sugarcane 

transportation and utilization of sugar mill capacity first need to be studied. However, 

it is very difficult and time-consuming to collect sugarcane transportation data from all 

plantation areas to each mill and the supplied quantity. Therefore, the researcher 

decided to use the optimal results. The results from this method will inform about 

pattern of sugarcane transportation and sugarcane quantity that each mill should be 

supplied in order to minimize the total transportation cost. The study was conducted 

by developing a mathematical model of transportation problem, and then used LINDO 

6.1 software to solve for the optimal solution. While studying, it was found that the 

data on sugarcane plantation fields from the Office of Cane and Sugar Board has been 

recorded as polygons in GIS, and there are as many as 388,987 polygons. These 

polygons are of different size, and altogether they cover about 6,831,892 rais of 

sugarcane plantation area in the whole country. However, due to the limitation of 

LINDO 6.1 software that was used for calculation, the growing fields had to be 

combined into districts to enable the analysis by this software. Therefore, the results of 

this case are patterns of sugarcane distribution and supplied quantity of sugarcane 

from 404 area groups to the destinations of 46 sugar mills. 

 The results from the analysis in this case will be used as the benchmark for 

comparing with other cases. Table 4.4 summarized all the results. Note that the mean 

of transportation distance was calculated by using the weighted average method.  The 

analysis results by region are discussed next.  
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 The optimal current situation in the Eastern region 

 In the production year 2008/2009, there were four sugar mills operating in 

the Eastern region. The analysis results using the transportation model are summarized 

in Table 4.4. The sugar mills in the Eastern region were supplied from sugarcane 

plantation areas of 31 fields. Eastern Sugar and Cane mill, which received the most of 

supply, was supplied from 16 fields with the total sugarcane of 2,263,050 tons. The 

quantity of sugarcane supplied in this region is 3,989,236 tons. Meanwhile, the overall 

sugarcane demand as indicated by the permitted production capacity of all four mills is 

3,991,414 tons. The capacity utilization of all sugar mills is almost 100%, except for 

the Eastern Sugar and Cane mill that utilized about 99.90% of its capacity. The 

utilization of nearly 100% of sugar mills in the Eastern region is because the fifth mill, 

Chonburi Sugar Industry mill had ceased its operation. It will be relocated to 

Nakhonsawan province. Therefore, sugarcane that had been supplied to the mill was 

then supplied to the remaining four mills instead.  

 Based on the resulting transportation distance in column (8) of Table 4.4, 

the Eastern region is the one with the shortest (min) distance from sugarcane fields to 

the nearest mill, New Kwang Soon Lee mill which is 8.77 kilometers. The average 

transportation distance (mean) of the Chonburi Sugar and Trading mill is the shortest 

at 18.32 kilometers. Meanwhile, the average distance for Eastern Sugar and Cane mill 

is the longest at 52.13 kilometers. The reason might be because the demand of Eastern 

Sugar and Cane mill was higher than other mills in the same region for about 3-5 

folds. Therefore, it had to transport sugarcane from several areas in order to have 

sufficient sugarcane for its production, and that resulted in its status of being the mill 

with the maximum transportation distance, which is 112.15 kilometers, as shown in 

column (10). 

 The optimal current situation in the Northern region 

 In the production year 2008/2009, there were nine sugar mills operating in 

the Northern region. From the results of optimal solution as shown in Table 4.4, there 

were 102 fields, supplying a total of 18,480,165 tons of sugarcane to sugar mills in this 

region. Meanwhile, the overall sugarcane demand determined by the permitted 

production capacity is 19,113,395 tons. The overall capacity utilization in the Northern 
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region is 96.69%. These seem to be the chance to establish a new mill or expand the 

production capacity of the existing mills because there was some unused capacity left. 

From column (7), it was found that only two out of nine mills; namely, Mae Wang 

Sugar Industry and Thai Identity Sugar mill underutilized their capacity about 83.86% 

and 78.79%, respectively. 

 The resulting transportation distance in column (8) of Table 4.4, indicate 

that among all sugar mills in the Northern region, Phitsanulok mill is the one with the 

shortest distance (min) between the nearest field and the mill, which is 1.72 

kilometers. Meanwhile, Mae Wang Sugar Industry mill has the longest transportation 

distance (max) of 128.65 kilometers, as shown in column (10). The average 

transportation distance (mean) from the fields to the mills in the Northern region is 

53.11 kilometers. Thai Roong Ruang Industry mill has the shortest average 

transportation distance of 29.69 kilometers. Meanwhile, Thai Identity Sugar mill has 

the longest average transportation distance of 65.19 kilometers. The reason for Thai 

Identity Sugar mill has the longest average transportation distance because Thai 

Identity Sugar mill (7) required sugarcane for its capacity as much as almost three 

million tons, while supply from nearby sugarcane fields was insufficient. 

Consequently, the mill had to compete for sugarcane with Uttaradit Sugar Industry 

mill (6). Nevertheless, the mill had to transport sugarcane from areas further away in 

order to obtain the sufficient quantity for its capacity. This reflects the fact that 

sugarcane farmers who had contracts to supply their sugarcane to Thai Identity mill 

have made a meeting and submitted a request to the government to relocate the mill 

from Uttaradit province to Sukhothai province in order to shorten the transportation 

distance from 78-80 kilometers to merely 20 kilometers. The shorten distance is 

expected to save the transportation cost for as much as 100 million Baht a year 

(Prachachat Online, 2011) 

 The optimal current situation in the Central region 

Most of sugar mills were in the Central region. In the production year 

2008/2009, there were 17 sugar mills operating in the Central region. According to the 

optimal results in the Table 4.4, the sugarcane quantity supplied from 75 fields of 

sugarcane area groups is 21,794,457 tons. Meanwhile, the overall sugarcane demand 
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by the permitted production capacity in this region is 23,810,827 tons. The overall 

capacity utilization in the Central region is 91.53%. The optimal results in the Table 

4.4 showed that five out of 17 mills underutilized their capacity. The rates are at 

52.08%, 23.47%, 82.11%, 67.18% and 76.00% for Ratchaburi mill, Banpong mill, 

Mitrkasetr Industry mill, Thai Sugar mill, and New Krungthai mills, respectively. 

Comparing to sugarcane supply for the five sugar mills as appeared in column (5), the 

amount of sugarcane that the New Krungthai mill had received 605,389 tons, was 

much below its capacity. Meanwhile, Banpong mill was found to have very little 

amount of sugarcane supply at 190,771 tons. From the total sugarcane demand of 

812,659 tons, the capacity utilization was only 23.47%. Considering locations of the 

five underutilized mills in the Figure 4.6, they were situated in the same area, which 

are Thamaka and Banpong district. Insufficient sugarcane supply might have resulted 

in high competition and low utilization. Therefore, it is reasonable that some mills 

may be relocated out of the area so that sugarcane supply in the region will be 

sufficient for the remaining mills. This corresponds to the fact that Banpong mill was 

in a process of relocating to the Northern region according to the Cabinet Resolution 

of 16 October 2007 due to insufficient sugarcane supply in the old area. 

When using the transportation model to analyze for patterns of sugarcane 

transportation from the field to sugar mills in the Central region, U-thong Industry mill 

has the shortest transportation distance (min) of 2.09 kilometers, while Tamaka mill 

has the longest (maximum) distance of 158.46 kilometers. In column (10), the longest 

average transportation distance is at Prajuap Industry mill with 75.31 kilometers 

whereas the shortest average distance is at New Krungthai mill with 10.48 kilometers. 

Comparing the overall average distances among all regions, the Central region has the 

lowest average distance at 34.71 kilometers. This might be due to most sugar mills 

from overall 17 mills are properly located near sugarcane fields.  

 The optimal current situation in the Northeastern region 

In the production year 2008/2009, there were 16 sugar mills operating in 

the Northeastern region. From Table 4.4, the sugarcane quantity supplied 26,819,215 

tons from 231 fields of sugarcane area. Meanwhile, the sugarcane demand determined 

by the permitted production capacity in this region is 27,717,870 tons. The overall 
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capacity utilization is very high of 96.76%. Three sugar mills out of 16 in the 

Northeastern region underutilized their capacity. They include Surin Sugar mill 

(73.43%), Burirum mill (91.24%), and Korach Industry mill (84.84%). This implied 

that the sugarcane quantity in this region may be also high. With more promotion and 

support for sugarcane farming, it is believed that all the mills in this region will 

certainly be able to expand their production capacity with no issue of sugarcane supply 

shortage.  

Regarding transportation distances as obtained from the analysis with 

transportation model, the shortest (min) distance of 0.56 kilometers in column (8) 

occurred at Konburi mill. Meanwhile, the longest (max) distance of 210.28 kilometers 

in column (10) occurred at Saha Ruang mill. The overall average (mean) distance in 

this region, shown in column (9) is 47.80 kilometers. The longest average 

transportation distance is at Burirum mill with 78.77 kilometers. Meanwhile, 

Kumphawapi mill has the shortest average distance of 24.73 kilometers.  

The objective function assuming that the transportation cost is proportional 

to the travel distance yields the minimum total transportation cost for the whole 

country in the production year 2008/2009 at 3,061,924,585 tons-kilometers. The 

monetary cost of transportation can be calculated by multiplying the figure with the 

estimated mean transportation cost between plantation areas to sugar mills. The mean 

cost was found from the research entitled “Analyzing cost and lead time of harvesting 

and transporting the sugarcane to a factory for increase competitiveness” 

(Tumcharoen, 2008), to be 4.12 Baht/ton/kilometer. Then the resulting overall 

transportation cost for the whole country in the production year 2008/2009 was 

3,061,924,585 tons-kilometers x 4.12 Baht/ton/kilometer = 12,615,129,290 Baht, or 

over twelve billion Baht.  

By using the Closest Facility function of Network Analyst Extension in 

ArcMap9.3, the optimal patterns of sugarcane transportation can be displayed as 

shown in Figure 4.6. The number in the circle refers to the sugar mill in the Table 4.4. 

According to the figure, sugarcanes were supplied to sugar mills nearby first in order 

to yield the optimal solution (minimum total transportation cost). Due to unequal 

sugarcane demands of sugar mills, quantities of sugarcane supplied to mills from field 

areas are different.  
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Figure 4.6 The optimal transportation pattern for case 1 
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In general, the optimal current utilization of most sugar mills capacity is 

quite high. 35 mills out of 46 fully utilized their maximum capacity. The overall 

capacity utilization is very high at 95.24%. The capacity utilization is lowest in the 

Central region at 91.53%, which might be caused by its highest number of sugar mills, 

17 mills, most of which are clustered in the area of Kanchanaburi, Ratchaburi, and 

Nakhonpathom provinces. Insufficient sugarcane supply might have resulted in high 

competition and low utilization. Meanwhile, the capacity utilization is highest in the 

Eastern region at 99.95%. The reason for this might be because the Chonburi Sugar 

Industry mill had just ceased its operation for relocation. As a result, the number of 

mills in the Eastern region is fewer, but the supply remains the same.  

Observe that the overall average transportation distance is 43.08 

kilometers. This is considered appropriate because the Ministry of Agriculture and 

Cooperatives used to specify that the distance for sugarcane transportation should not 

exceed 50 kilometers (Nilpan, 2008). The reason is that, if the distance is longer the 

transportation cost will be too high. When the transportation pattern was taken into 

consideration, sugarcane fields were supplied to sugar mills nearby first. This pattern 

is considered appropriate. Since sugarcane fields were not transported across regions, 

the pattern would not lead to waste of unnecessary transportation cost. Together with 

the very high overall capacity utilization at 95.24%, the results in case 1 may be 

implied that the current number and location of mills seem to be appropriate. 

Therefore, in case 2, which aims to clarify this impact, the researcher has 

tested by adding the Chonburi Sugar Industry mill back into the system. This addition 

is conducted in order to simulate the impact of sugar mill liberalization that allows 

new establishment of a sugar mill in the Eastern region. It is expected that the results 

after having all five mills in the system will reveal the motive behind the relocation of 

Chonburi Sugar Industry mill. 
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4.4.2 Case 2: The case of adding a new sugar mill in the Eastern region 

The results from the optimal current situation in the production year 

2008/2009 are needed as the benchmark for comparison. In order to study impacts of 

sugar mill liberalization on inbound logistics of sugarcane transportation and sugar 

production, a new sugar mill was experimentally added in the Eastern region to 

simulate the effect of sugar mill liberalization. The objective for this procedure is to 

analyze impacts of sugar mill liberalization on transportation patterns and capacity 

utilization due to the increasing sugarcane demand. The study tested by adding the 

Chonburi Sugar Industry mill, which ceased its operation since 2007/2008, back into 

the system. Details regarding the mill’s sugarcane demand are as follows.  

1) The allowable production capacity was 6,838 tons/day.   

2) Chonburi Sugar Industry mill was assumed to operate for 90 days 

during the period of 2008/2009.   

The above two numbers were then multiplied to obtain a result of 615,420 

tons, which represents sugarcane demand of Chonburi Sugar Industry mill (D47). 

Therefore, in this case there are 47 sugar mills altogether, and their 

estimated overall sugarcane demand is 75,248,926 tons. However, the quantity of 

sugarcane production is still the same as the data of the year 2008/2009, which is 

71,083,073 tons.  

Table 4.5 presents results from solving the transportation problem with an 

additional new sugar mill in the Eastern region. The results in this table were also 

compared to results in Table 4.4. The differences between the two tables are 

interpreted as the impacts from the addition of a new sugar mill on the optimal 

inbound logistics. The following symbols were used in Table 4.5.  

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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Having compared the results of the new situation (Table 4.5) with the 

optimal current situation (Table 4.4), the impacts on the system of the sugar mills can 

be divided into four cases; namely, 1) the impact on the optimal capacity utilization 2) 

the impact on the optimal transportation distance 3) the impact on the optimal 

transportation pattern and 4) the impact on the optimal transportation cost. 

1) The impact on the optimal capacity utilization 

According to the optimal results in Table 4.5, the added Chonburi Industry 

Sugar mill achieved only 66.52% of its production capacity. This should be the reason 

that Chonburi Industry Sugar mill had requested to move out to another area. 

Obviously in column (7), the utilization of all sugar mills in the Eastern region have 

decreased, from 99.90% to 88.39%, 100% to 99.98%, 100% to 71.89% and 76.00% to 

32.29%, for Eastern Sugar and Cane, Rayong Sugar Chonburi Sugar and Trading and 

New Krungthai mills, respectively. Note that only sugar mills in the Eastern region 

had lower utilization. The three sugar mills near the added one had lower capacity 

utilization because of more intense competition. However, in other regions, there was 

only New Krungthai mill that had reduced capacity utilization. In the same area Thai 

Sugar mill increased its utilization from 67.18% to 96.71%. The capacity utilization of 

all other sugar mills that was not mentioned remained unchanged. That means the 

addition of a sugar mill impacts the system by causing reduction in capacity utilization 

of nearby sugar mills, but had no influence at all for other sugar mills located far 

away. 

The researcher has studied further about the situation of Chonburi Sugar 

Industry mill and found that the mill is a small one, and is not able to expand its area. 

Despite introducing high-technology machine, its operation is still uneconomical. In 

addition, since the areas around Chonburi province are promoted for industrial 

development, the land price is very high, and the government could not promote 

sugarcane plantation program to obtain sufficient supply for sugar mills there 

(Ministry of Industry, 2009). Since there was not enough sugarcane for its capacity, 

the mill realized that the more they operate, the more they would suffer a loss. Thus 

the mill has ceased its operation since the production year 2007/2008, and is now 

waiting for relocation.   
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2) The impact on the optimal transportation distance  

According to the optimal results in columns (8) of Table 4.5, it is found 

that the shortest (min) transportation distance of Chonburi Sugar and Trading mill in 

the Eastern region increases from 11.35 to 20.44 kilometers. The reason might be 

because the newly added Chonburi Sugar Industry mill is located near the existing 

Chonburi Sugar and Trading mill. Thus sugarcane field in that area, which is 11.35 

kilometers away from Chonburi Sugar and Trading mill and only 5.24 kilometers 

away from Chonburi Sugar Industry mill, turns to supply sugarcane to this mill 

instead. This change also affects the overall transportation distance. According to the 

results of the weighted average distance in Table 4.5 column (9), it was found that the 

overall average transportation distance from all sugarcane field areas to all sugar mills 

in the country decreased from 43.08 to 42.95 kilometers. Among those mills with 

increasing average distances, New Kwang Soon Lee mill increased from 35.14 to 

48.19 kilometers. Rayong Sugar mill increased from 28.38 to 34.42 kilometers. 

Chonburi Sugar and Trading mill increased from 18.32 to 26.12 kilometers. According 

to those figures, it is evident that, by adding one more sugar mill in the Eastern region, 

the average transportation distances could increase as much as 6 – 13 kilometers. The 

reason is probably because the sugar mill addition caused changes in transportation 

patterns of some sugar mills, especially the sugar mills situating near the added one. 

By adding a sugar mill into the system, sugarcane competition could become more 

intense, leading to an increase in the average transportation distances of other sugar 

mills near the added one. For example, Uttaradit Sugar Industry mill increased the 

average distance from 38.54 to 58.76 kilometers. Thai Sugar Mill was up from 54.61 

to 56.41 kilometers. New Krungthai mill was up from 10.48 to 13.24 kilometers. 

Meanwhile Tamaka mill increased from 67.30 to 77.32 kilometers.  

On the contrary, the average transportation distances of Eastern Sugar and 

Cane mill decreased from 52.13 to 47.38 kilometers. It probably occurred because 

sugar cane from some fields changed the transportation route to the mill which is the 

nearest. There are slight changes at the mills in other regions. For example, the 

average transportation distance of Thai Identity mill decreased from 65.19 to 61.55 

kilometers. Thai Roong Ruang mill decreased from 29.69 to 29.06 kilometers. Prajuap 

Industry mill decreased from 75.31 to 33.45 kilometers. Meanwhile, the average 
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transportation distances of all other 35 sugar mills remained the same. These sugar 

mills were located very far from the added one. Thus they were not affected by the 

addition of the new sugar mill. Finally, the addition of Chonburi Sugar Industry mill 

has a negative effect on the longest (max) transportation distances in column (10) of 

New Kwang Soon Lee mill and Rayong mill. The longest distances for transporting 

sugarcane to these mills, which are located near the newly added Chonburi Sugar 

Industry mill, will increase due to the increasing competition for sugarcane. 

Consequently, these mills will have to transport sugarcane from fields further away in 

order to gain enough supply for their capacity.   

3) The impact on the optimal transportation pattern 

By using the Closest Facility function of Network Analyst Extension in 

ArcMap 9.3, the pattern of the optimal sugarcane transportation with the addition of a 

new sugar mill into the system can be displayed in Figure 4.7. According to the figure, 

it was found that the transportation routes of some sugarcane field areas have changed 

due to the impact of sugar mill addition. For example, some plantation areas that used 

to transport their sugarcane to the Eastern Sugar and Cane mill (1) have changed their 

destination. They started to transport sugarcane to the newly added sugar mill, which 

is closer. Therefore, the routes for transporting their sugarcane have changed. In 

addition, quantity of sugarcane supply to each sugar mill also changed. Some of the 

existing sugarcane supply would be provided to the new sugar mill. Therefore, the 

routes for transporting sugarcane to each mill could also be impacted.   
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Figure 4.7 The optimal transportation pattern with the addition  

  of a new mill in the Eastern region 
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4) The impact on the optimal transportation cost 

This case intended to simulate the situation when there is liberalization 

such that the new establishment of one sugar mill is allowed. The objective function 

shows that the minimum total transportation cost for the whole country in the 

production year 2008/2009 would decrease from 3,061,924,585 to 3,052,897,212 tons-

kilometers. The monetary transportation cost can then be calculated by using the mean 

sugarcane transportation cost of 4.12 Baht/ton/kilometer (Tumcharoen, 2008). The 

resulting total transportation cost would be 3,052,897,212 tons-kilometers x 4.12 

Baht/ton/kilometer = 12,577,936,513 Baht. By adding one sugar mill in the Eastern 

region, the overall cost for sugarcane transportation in Thailand would decrease from 

12,615,129,290 Baht to 12,577,936,513 Baht which means a reduction of about 37 

million Baht. It is implied that under certain circumstances the liberalization of sugar 

mill could lead to lower optimal system transportation cost. A benefit has not been 

explicitly mentioned during the past consideration. 
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4.4.3 Case 3: The Cabinet Resolution  

Previously, there has been several Cabinet resolution regarding the 

relocation and capacity expansion of sugar mills. Policies on relocation and capacity 

expansion are a part of sugar mill liberalization. This research aims to study impacts 

from sugar mill liberalization that may happen when the new mill establishment, 

relocation, and capacity expansion are freely allowed. Therefore, the Cabinet 

Resolution dated on 16 October 2007 regarding the relocation and capacity expansion 

of some sugar mills in the future, is used as the case study. The cabinet resolution on 

16 October 2007 has approved the relocation and/or capacity expansion of five sugar 

mills altogether; namely, the relocation and capacity expansion of New Kwang Soon 

Lee mill, Banpong mill, and New Krungthai mill; and the capacity expansion of 

Phitsanulok mill and Banrai mill. In the production year 2010/2011, these five mills 

have not completed their relocation/expansion processes. They were allowed to 

complete the processes within five years after receiving the permission from the 

Ministry of Industry. Thus it is expected that their processes will be completed in the 

production year 2013/2014. However, if the deadline is due and they could not 

complete the processes, they have an option to request for extending the period from 

the Ministry of Industry.    

In this case, besides using primarily the cabinet resolution dated on 16 

October 2007 regarding relocation and/or capacity expansion of the five sugar mills as 

discussed previously, the case will also include the capacity expansion of Erawan mill 

from 8,117 tons to 15,000 tons which has already finished the expansion process in the 

production year 2009/2010. Chonburi Sugar Industry mill has ceased its operation 

since the production year 2007/2008 for relocating and expanding its capacity. The 

request of the mill has just been approved by the cabinet on 1 March 2011, and its 

relocation/expansion processes is expected to be completed during the production year 

2016/2017. Therefore, there are 47 sugar mills altogether in this assumed case. The 

analysis should reveal impacts of the situations when changes regarding capacity 

expansion and relocation of sugar mills truly happen. It is the good opportunity to 

apply the methodology for analyzing the real case of the liberalization policy. 
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The cabinet has accepted in principle regarding the relocation and the 

expansion of production capacity of seven sugar mills according to the proposal by the 

Ministry of Industry. Details of the ministerial resolution are as follows; 

1) New Kwang Soon Lee mill had requested to move its location from 

Panusnikom district, Chonburi province, to a new location in Tapraya district, 

Srakaew province. The mill also requested to expand its production capacity from 

6,479 to 20,400 tons/day. 

2) Banpong mill had requested to move its location from Ban Pong 

district, Ratchaburi province to a new location in Bandan-larnhoi district, Sukhothai 

province. The mill also requested to expand its production capacity from 9,131 to 

18,000 tons/day. 

3) New Krungthai mill had requested to move its location from Thamaka 

district, Kanchanaburi province, to a new location in Borploy district also in 

Kanchanaburi province. The mill also requested to expand its production capacity 

from 8,385 to 20,400 tons/day.  

4) Chonburi Industry Sugar mill had requested to move its location from 

Banbueng district, Chonburi province to a new location in Nongbua district, 

Nakhonsawan province. The mill also requested to expand its production capacity 

from 6,868 to 36,000 tons/day. 

5) Phitsanulok mill had requested to expand its production capacity from 

11,994 to 22,000 tons/day. 

6) Banrai Industry mill had requested to expand its production capacity 

from 11,990 to 22,000 tons/day. 

7) Erawan Sugar mill had requested to expand its production capacity 

from 8,117 to 15,000 tons/day. 

Since the relocation and/or capacity expansion of these mills have not truly 

happened, their numbers of operation days to be used for the analysis have been 

assumed to be as same as the corresponding figures in the production year 2008/2009. 

However, there is an exception for Chonburi Sugar Industry mill, which has ceased its 

operation since the year 2007/2008. For this mill, its number of operation days in the 
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year 2007/2008 is used instead for the analysis with the transportation model. The 

model parameters for this case can be concluded as follows;  

1) New Kwang Soon Lee mill had been allowed to expand its production 

capacity from 6,479 to 20,400 tons/day. The number of production days is 94 days. 

Therefore, the sugarcane demand of this sugar mill (D2) is 20,400 × 94 = 1,917,600 

tons.  

2) Banpong mill had been allowed to expand its production capacity from 

9,131 to 18,000 tons/day. The number of production days is 89 days. Therefore, the 

sugarcane demand of this sugar mill (D16) is 18,000 × 89 = 1,602,000 tons.  

3) New Krung Thai mill had been allowed to expand its production 

capacity from 8,385 to 20,400 tons/day. The number of production days is 95 days. 

Therefore, the sugarcane demand of this sugar mill (D19) is 20,400 × 95 = 1,938,000 

tons.  

4) Chonburi Industry Sugar mill had been allowed to expand its 

production capacity from 6,868 to 36,000 tons/day. The number of production days is 

89 days. Therefore, the sugarcane demand of this sugar mill (D47) is 36,000 × 90 = 

3,240,000 tons.  

Regarding the relocation of approved sugar mills, the cabinet resolution 

gives details about the new locations only at the district. For example, the resolution 

specifies that the cabinet has approved Chonburi Industry Sugar mill to relocate to 

Nongbua district, Nakhonsawan province. The resolution does not state clearly about 

the exact location probably because the relocation needs to be investigated with the 

criteria of the Ministry of Industry, which prohibits relocation if the new location is 

less than 80 kilometers away, along the shortest route, from the sugar mill in the old 

location. Therefore, the exact positions of the new locations of these mills are not 

known. To assume a new position for each mill, this research has to analyze for the 

centroid of the district to where each mill is allowed to relocate. The centroid analysis 

was conducted using ET GeoWizards extension in ArcMap in order to find the new 

positions of the approved mills. The distances from sugarcane plantation areas to the 

new location of the four sugar mills can then be calculated by using ArcMap software.  
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5) Phitsanulok mill had been allowed to expand its production capacity 

from 11,994 to 22,000 tons/day. The number of production days is 115 days. 

Therefore, the sugarcane demand of this sugar mill (D13) is 22,000 × 115 = 2,530,000 

tons.  

6) Banrai Industry mill had been allowed to expand its production 

capacity from 11,990 to 22,000 tons/day. The number of production days is 127 days. 

Therefore, the sugarcane demand of this sugar mill (D30) is 22,000 × 127 = 2,794,000 

tons.  

7) Erawan Sugar mill had been allowed to expand its production capacity 

from 8,117 to 15,000 tons/day. The number of production days is 108 days. Therefore, 

the sugarcane demand of this sugar mill (D46) is 15,000 × 108 = 1,620,000 tons.  

According to the cabinet resolution regarding the approval for relocation 

and/or capacity expansion of those sugar mills, it is expected that their processes will 

be completed in the production year 2013/2014. However, there is no forecasted figure 

of sugarcane growing area for that year. This study therefore assumes that the 

processes of relocation and/or expansion of these mills are completed in the 

production year 2008/2009. The data of sugarcane area in 2008/2009 is then used 

instead in the analysis. The cabinet’s approval resulted in an increase in sugarcane 

demand of all sugar mills in the country from 74,633,506 tons to 84,278,170 tons, 

while the quantity of sugarcane production remains the same at 71,083,073 tons. Table 

4.6 presents results from solving the transportation problem supposed that the cabinet 

resolution would be implemented. The results in this table were also compared to 

results in Table 4.4. The differences between the two tables are interpreted as the 

impacts of this resolution on the optimal inbound logistics. The following symbols 

were used in Table 4.6.  

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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 Impacts of the Cabinet resolution in the Eastern region 

 Having assuming that the relocation and capacity expansion of New 

Kwang Soon Lee mill according to the cabinet resolution was implemented in the 

production year 2008/2009, the overall sugarcane demand in this region also increases 

from 3,991,414 tons to 5,299,988 tons. The relocation of New Kwang Soon Lee mill 

to be located near the Northeastern region leads to more sugarcane in the Northeastern 

area being supplied to the Eastern region. Therefore, the overall sugarcane supply to 

this region has increased from 3,989,239 tons to 4,158,047 tons. Considering only 

New Kwang Soon Lee mill, it will receive more sugarcane supply from 609,026 tons 

to 775,659 tons. However, since it has requested to expand its capacity for almost 

three times of the current capacity in the production year 2008/2009, the relocation 

and expansion will lead to decreased capacity utilization of this mill to only 40.45%. 

This is different from the situation of Eastern Sugar and Cane mill, whose capacity 

utilization would increase from 99.90% to 100%. 

 Consideration should be made regarding the impact that may happen to 

New Kwang Soon Lee mill after it has relocated from Panusnikom district, Chonburi 

province, to Tapraya district, Srakaew province, and has expanded its capacity. If 

quantity of sugarcane supply remains the same as the production year 2008/2009, the 

mill will have very low capacity utilization at 40.45%, and this can lead to capital loss 

or bankruptcy of the mill. The mill might have to end its business eventually. 

However, the truth is that, the company has not finished its relocation and expansion 

processes, which is expected to complete in the year 2013/2014. There is still time for 

preparation. After seeing these figures and realizing this impact, the mill should 

prepare in advance by promoting sugarcane plantation in the new location, as stated in 

the plan proposed to the Ministry of Industry. With effective preparation, the mill will 

be able to obtain sufficient sugarcane supply that matches its requested capacity.   

 The analysis was conducted using the transportation model with the case 

when the cabinet resolution has been implemented. The results in Table 4.6 reveal that 

the shortest (min) distance of the Eastern region increase from 8.77 to 11.56 

kilometers. The reason is because of the relocation of New Kwang Soon Lee mill from 

Chonburi province to Srakaew province. The average (mean) distances in column (9), 

three-fourths of the mills in this region increased average distances. These mills with 
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increased average distances are Eastern Sugar and Cane mill, New Kwang Soon Lee 

mill, and Rayong mill, from 52.13 to 73.68 kilometers, from 35.14 to 52.13 

kilometers, and from 28.38 to 29.52 kilometers, respectively. Chonburi Sugar and 

Trading mill is the only mill with decreased average distance from 18.32 to 16.05 

kilometers. Regarding the longest (max) distance, the relocation of New Kwang Soon 

Lee mill will make the longest (max) distance decrease from 70.91 to 63.36 

kilometers. On the other hand, this relocation will make the longest (max) distance of 

Eastern Sugar and Cane mill increase from 112.15 km to 148.78 km. The reason could 

be explained by examining the Figure 4.6, and compare with Figure 4.8. From 

comparing these figures, it can be seen that the fields that used to supply sugarcane for 

Eastern Sugar and Cane mill will change to New Kwang Soon Lee mill after the 

relocation, because of the shorter transportation distance. As a result, Eastern Sugar 

and Cane mill will have insufficient sugarcane supply for its operation, thus it will 

have to transport sugarcane from the fields in Chonburi province, which are further 

away.   

 Impacts of the Cabinet resolution in the Northern region 

In the production year 2008/2009, there were nine mills operating in the 

Northern region. After the relocation and capacity expansion of some mills according 

to the cabinet resolution, number of the mills in this region will increase to 11 mills. 

The newcomers are Banpong mill (from the Central region) and Chonburi Sugar 

Industry mill (from the Eastern region). Besides, with the capacity expansion of 

Phitsanulok mill, the overall capacity of all mills in this region will increase from 

140,427 to 204,433 tons/day. As a consequence, overall sugarcane demand in this 

region will increase from 19,113,395 tons to 25,106,085 tons. The analysis was 

conducted by assuming that the relocation and capacity expansion of the afore-

mentioned mills has been completed within the production year 2008/2009. Based on 

the results in column (7) of Table 4.6, the utilization of these mills have decreased, 

from 78.79% to 38.46%, 100% to 78.43%, 100% to 78.61%, and 100% to 41.14%, for 

Thai Identity, Ruamphol Nakhonsawam, Kaset Thai, and Phitsanulok mill, 

respectively. On the other hand, Banpong mill, after relocating to this region, would 

gain more sugarcane supply, and its capacity utilization would increase from 24.47% 
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to 100%. Meanwhile, the capacity utilization of Chonburi Sugar Industry mill would 

be at 13.64%.  

The very low capacity utilization of Chonburi Sugar Industry mill might 

make the results look skeptical. It is believed that the main cause is the usage of old 

data in the production year 2008/2009 for the analysis. In fact, the sugarcane yield in 

the present year (the production year 2011/12) should be higher than that of 

2008/2009, and that means the mill should be able to utilize more of its capacity. 

However, there are some other reasons to explain about this low utilization. The 

terrain in Nongbua district of Nakhonsawan province where Chonburi Sugar Industry 

mill requested to relocate is mostly mountainous. The soil in some plains that exist in 

the area is sandy and dry, with insufficiency of water supply, making it unsuitable for 

sugarcane cultivation. Additionally, another cause is that Nakhonsawan province 

already has two sugar mills; namely, Ruamphol Naknonsawan mill and Kaset Thai 

mill. Sugarcane quantity in the area is already insufficient for production capacity of 

these two existing mills, and this makes Nakhonsawan authority strongly disagreed 

with the new establishment of Chonburi Sugar Industry mill in the area (Ministry of 

Industry, 2011). According to the analysis in this case, Chonburi Sugar Industry mill 

has relocated to Nakhonsawan province while sugarcane quantity in the area is equal 

to that of the production year 2008/2009. Ruamphol Naknonsawan mill and Kaset 

Thai mill would have lower capacity utilization. Chonburi Sugar Industry mill is also 

affected. Its capacity utilization will be only 13.64% due to the insufficiency of 

sugarcane supply in the area.   

 The overall capacity utilization of the Northern region, if the relocation 

and capacity expansion has been in effect since the production year 2008/2009, the 

overall capacity utilization of sugar mills in this region would apparently decrease 

from 96.69% to 69.51%. The mill that deserves the greatest concern is Chonburi Sugar 

Industry mill, whose capacity utilization will at 13.64%.   

Regarding the transportation distances in Table 4.6, the relocation of 

Banpong mill from the Central region and Chonburi Sugar Industry mill from the 

Eastern region to the Northern region would make the shortest (min) distance of 

Banpong mill decrease from 16.05 to 1.93 kilometers. Six mills would have decreased 

average (mean) transportation distances as shown in column (9). Thai Roong Ruang 
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Industry mill is the only one that would increase the average distance, from 29.69 up 

to 30.60 kilometers. Examining locations of the mills, Thai Roong Ruang Industry mill 

is located near the newly relocated mill, Chonburi Sugar Industry mill. These two 

mills would have to compete for sugarcane supply in that area. Many mills were found 

to have decreased the longest (max) transportation distances, as shown in column (10). 

The reason should be due to the new coming of the two sugar mills. Under the current 

situation in the production year 2008/2009, sugarcane had to be transported from the 

fields being far away from the existing mills. With the relocation of the two mills, 

sugarcane fields would have options to transport with shorter distances.  

 Impacts of the Cabinet resolution in the Central region 

In the production year 2008/2009, there were 17 sugar mills operating in 

the Central region. After the relocation of Banpong mill to the Northern region 

according to the cabinet resolution, the number of the mills in the Central region will 

decrease to 16 mills. However, the overall sugarcane demand will increase from 

23,810,827 tons to 25,410,863 tons, because of the capacity expansion of New 

Krungthai mill and Banrai mill in the Central region. Supposed that the relocation and 

capacity expansion of the mills were in effect within the production year 2008/2009, 

the analysis results in Table 4.6 show that the relocation of Banpong mill to the 

Northern region would have a positive impact on capacity utilization of Ratchaburi 

mill, up from 52.08% to 68.14%. These two mills are currently located near each 

other. After Banpong mill was moved out, Ratchaburi mill would receive more 

sugarcane supply from the fields that used to supply sugarcane to Banpong mill. In 

case of New Krungthai mill, although its relocation and capacity expansion would 

make its capacity utilization remain to be 100%, but the increasing demand from 

605,389 tons to 1,938,000 tons would have a negative impact on sugar mills locating 

near its new location. These mills, whose capacity utilizations would be impacted and 

become decreased, are Mitrkasetr mill (from 82.11% to 78.06%), Thai Sugar mill 

(from 67.18% to 56%) and Tamaka mill (from 100% to 51.99%). Considering the 

overall capacity utilization in this region with the assumption that the relocation and 

capacity expansion had completed in the production year 2008/2009, the impact might 

lead to decreased overall capacity utilization of sugar mills in this region from 91.53% 



Supattra Samueanpho  Results and Discussion / 88 

to 90.64%. Sugar mills that would be impacted most with decreased production 

capacities are those located near Kanchanaburi province or nearby provinces. 

 Based on the optimal solution from the transportation model in the Table 

4.6, it is found that the shortest (min) distance for sugarcane transportation in the 

Central region occurs at U-thong mill of 2.09 kilometers. Regarding the average 

(mean) distance as shown in column (9), it is found that only three mills; namely, New 

Krungthai mill, Saraburi mill, and Banrai mill that have increased average distance. 

When considering the longest (maximum) distance in column (10) and comparing the 

optimal current situation in Table 4.4 to the situation with implementation of the 

cabinet resolution in Table 4.6, the longest (maximum) distance increased from 158.46 

to 181.68 kilometers. These changes might be caused from the capacity expansion of 

sugar mills in this region, which makes overall sugarcane demand become higher. 

However, since there is insufficient sugarcane supply in this region, some of the 

supply then has to be imported from another region. As seen in Figure 4.8, some 

sugarcane is transported from the Eastern region to the Central region. The sugar mill 

that receives sugarcane supply from the Eastern region is Ratchaburi mill.  

 Impacts of the Cabinet resolution in the Northeastern region 

In the production year 2008/2009, numbers of sugar mills in Northeastern 

region were 16 mills. The sugarcane demand in this region was estimated to be 

27,717,870 tons, as shown in Table 4.4. However, due to the capacity expansion of 

Erawan mill, the overall sugarcane demand in this region will increase to 28,461,234 

tons, as shown in Table 4.6. In addition, the relocation of New Kwang Soon Lee mill 

to be closer to this region, together with its expanded capacity according to the cabinet 

resolution, will make Surin, Burirum, Korach Industry, and Konburi mills have 

decreased capacity utilizations, as shown in column (7), from 73.43% to 62.02%, 

91.24% to 80.91%, 84.84% to 63.40%, and 100% to 93.23%, respectively. This is 

because these mills are located near the new location of New Kwang Soon Lee mill. 

The reduction in capacity utilization of these mills resulted in an overall reduction of 

the region’s capacity utilization from 96.76% to 92.90%. The reason should be 

because of the decreased quantity of sugarcane supply from 26,819,215 tons to 

26,439,420 tons.  
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Considering transportation distances from sugarcane fields to the sugar 

mills in the Northeastern region, the shortest (min) distance in column (8) of Table 4.6 

occurred at Konburi mill at 0.56 kilometers. Meanwhile, the longest (max) distance in 

column (10) is the transportation to Saha Ruang mill at 210.28 kilometers. The most 

sugar mills in Northeastern region in column (9) have decreased average (mean) 

distances, with the exception of only two mills; namely, Kumphawapi mill and 

Erawan mill, whose average distances increase from 24.73 to 25.55 kilometers, and 

50.74 to 55.40 kilometers, respectively. This might be resulted from the capacity 

expansion of Erawan mill, which forces both mills to transport sugarcane from the 

fields being further away in order to gain sufficient supply for its capacity. The nearby 

sugar mill, like Kumphawapi mill, is also affected in a similar way from that 

expansion.  

Figure 4.8 represents the optimal pattern of sugarcane transportation from 

sugarcane fields to each sugar mill after assuming that the cabinet resolution has been 

in effect in the production year 2008/2009. Comparing Figure 4.8 with the optimal 

current situation in Figure 4.6, it is found that the relocation of New Kwang Soon Lee 

mill would make the fields that used to supply sugarcane to this mill having to supply 

to other mills that are located further away. Some sugarcane from these fields would 

be transported to Eastern Sugar and Cane mill (1), and some would go to the mills in 

the Central region. This is because Rayong mill (3) and Chonburi Sugar and Trading 

mill (4), which are located near these fields, have already fully utilized their capacity. 

Thus they could not receive any more sugarcane. Regarding the relocation of Banpong 

mill (16) and Chonburi Sugar Industry mill (47) to the Northern region, the pattern of 

transportation in that region would be changed due to this relocation. This is 

particularly true for areas around the new locations of the two mills, because some 

sugarcane fields will certainly switch to supply to these new mills due to the closer 

distances.  
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Figure 4.8 The optimal transportation pattern for the case of the Cabinet Resolutions 
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The objective function unit derived from the transportation model, leaving 

out the value of dummy fields, reduces from 3,061,924,585 tons-kilometers to 

2,826,471,493 tons-kilometers. When these figures are multiplied with the mean 

sugarcane transportation cost of 4.12 Baht/ton/kilometer, the resulting overall 

sugarcane transportation cost is found to reduce from 12,615,129,290 Baht to 

11,645,062,551 Baht. The cause might be because the sugarcane quantity used in the 

analysis was the data of the production year 2008/2009, making the sugarcane quantity 

become insufficient for the increased demand from the capacity expansion. With 

insufficiency of sugarcane supply, transportation becomes less, and the overall 

transportation cost is reduced. In addition, since some sugar mills will relocate from 

areas with inadequate sugarcane supply to areas with more supply, they will not have 

to transport sugarcane from areas further away in order to meet their capacity. 

Moreover, some sugar mills situated in areas with high amount of sugarcane supply 

are allowed to expand their capacity, so the excessive sugarcane will not have to be 

transported to sugar mills in other areas. With all these reasons, the overall 

transportation distance and transportation cost in the country become reduced.   

In summary, the impacts of the ministerial resolution on the inbould 

logistics by region are as follows; 

The Eastern region: Based on the sugarcane yield data of the production 

year 2008/2009, after New Kwang Soon Lee mill have relocated from Chonburi 

province to Srakaew province and expanded its capacity, the capacity utilization of the 

mill would significantly decrease, by being down to only 40.45%. If this prediction is 

true, it could be considered that the mill has made a wrong decision. The investment 

for relocation and capacity expansion requires a huge budget of almost 4,000 million 

Baht (Ministry of Industry, 2008). With this very low capacity utilization, the mill 

might face a crisis and may suffer a loss in its operation. This will also lead to negative 

impacts to the farmers, as noticed in the pattern of transportation illustrated in Figure 

4.8. From the figure, some groups of the growing areas that used to supply sugarcane 

to New Kwang Soon Lee mill require longer distance for transporting sugarcane to 

another mill. Since the mills nearby already have enough sugarcane, some farmers 

many have to take a burden of extra transportation cost because they have to transport 

their sugarcane to a mill in the Central region.  
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 The Northern region: after the relocation of Banpong mill and Chonburi 

Sugar Industry mill to this region, together with the capacity expansion of Phitsanulok 

mill, the farmers seem to be impacted positively, mainly because of shorter 

transportation distances. The farmers can save their transportation cost quite much. 

The results from the analysis with the transportation model reveal that Banpong mill 

might have made a right decision for moving to the Northern region. After the 

relocation, its capacity utilization will increase greatly from a very low figure of 

23.47% at the old location to be as high as 100% at the new location in the Northern 

region. Its situation is much different from Chonburi Sugar Industry mill, which also 

relocates to the same region and also expands its capacity. As predicted by using the 

sugarcane data of the production year 2008/2009, the new capacity utilization of 

Chonburi Sugar Industry mill might turn to be as low as 13.64%. This capacity 

utilization is considered very low, and can result in a great loss of the business. Thus, 

if this prediction is true, it may be said that Chonburi Sugar Industry mill has made a 

wrong decision for this relocation and expansion. Finally, regarding the capacity 

expansion of Phitsanulok mill, if there is no increment of sugarcane yield from the 

yield produced during 2008/2009, the expansion would result in a decrease of its 

capacity utilization from 100% to 41.14%. Being unable to fully utilize the capacity 

can lead to financial loss of the mill. Therefore, it can also conclude that the mill has 

made a mistake for requesting to expand its capacity, which requires an investment of 

almost 1,000 million Baht (Ministry of Industry, 2008).  

The Central region: from the decisions about the relocation and capacity 

expansion of New Krungthai mill and the capacity expansion of Banrai mill, the two 

mills probably have made a right decision. The changes should enable these two mills 

to gain more sugarcane supply, and be able to achieve 100% capacity utilization. 

However, in the overview, the relocation and capacity expansion of these two mills 

might cause negative impacts on nearby sugar mills, such as Mitrkasetr mill, Thai 

Sugar mill, Tamaka mill, etc., which would have decreased capacity utilization. This 

might be resulted from insufficient sugarcane supply in the region, which forces the 

sugar mills to compete with the others for sugarcane.  
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The Northeastern region: according to the result from the analysis using 

the transportation model under the simulated situation after the capacity expansion of 

Erawan mill, it can be concluded that the mill might have made a right decision. By 

expanding its capacity, the mill would not only gain more sugarcane supply, but also 

be able to utilize its capacity fully at 100%.  

Caution should be taken when interpreting or implementing the findings 

explained above. The relocation and capacity expansion of seven sugar mills following 

the approval by the cabinet resolution have not been completed. The processes are 

expected to be completed within the production year 2013/2014, except Chonburi 

Sugar Industry mill that expects to complete its relocation and expansion in 

2016/2017. Results from the analysis are derived based on the assumption that their 

processes were completed in the production year 2008/2009. The sugarcane supply 

used in the analysis (71,083,073 tons in 2008/2009) is much lower than the current 

production year (almost 100 million tons in 2010/2011). Therefore, according to the 

analysis, sugarcane production seems to be insufficient for capacity expansion of 

many mills, and that leads to considerably too low capacity utilizations of some mills. 

Therefore, the conclusions regarding whether these mills have made correct or 

incorrect decisions might have some errors. In order to analyze the impacts of 

increasing or decreasing sugarcane field, the next chapter will discuss about the 

sensitivity analysis subject to the changes in sugarcane supply. 

 

 

4.5 Summary  

This chapter explained about details of data used in the research. In 

addition, the transportation model developed as a tool for analyzing impact of sugar 

mill liberalization was also explained. However, since the attempt for collecting data 

regarding sugarcane transportation and quantity of sugarcane supplied to each sugar 

mill from each field is difficult and time-consuming, this research decided to analyze 

the optimal (ideal) situation instead. The results from solving the transportation model 

were used as a benchmark for comparison. The results showed the optimum pattern of 
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sugarcane transportation that incurs minimum transportation cost. Additionally, 

quantities of sugarcane that each mill should receive were investigated. The received 

quantity of sugarcane can then be used to calculate for capacity utilization of each 

sugar mill by comparing with the production capacities of the sugar mill. The 

parameters were prepared for the transportation model including Si (sugarcane supply), 

Dj (sugarcane demand), and Cij (distance matrix). Sugarcane supply and demand were 

estimated from the report of the office of the Cane and Sugar Board. The distance 

matrix between all fields and all mills was computed by ArcMap 9.3 software. The 

model has been prepared in Visual basic 2005 and solved for the optimal solution by 

using LINDO 6.1. In order to analyze the impact of sugar mill liberalization, the study 

was conducted based on three cases. 

 In Case 1; the optimal current situation was studied by using the real 

production data in the year 2008/2009. The result was used as the baseline data for 

analyzing effects of the changing situation in the future. The difference will reflect 

effects of sugar mill liberalization. In general, the current utilization of most sugar 

mills capacity is quite high. 35 mills out of 46 fully utilized their maximum capacity. 

The overall capacity utilization is very high at 95.24%. Among regions, the Eastern 

highly utilized its production capacity. The reason for this might be because the 

Chonburi Sugar Industry mill had just ceased its operation for relocation.  

 In Case 2; the study tested by adding the Chonburi Sugar Industry mill, 

which ceased its operation in 2007/2008, back into the system. The optimal solution 

indicates that the added Chonburi Industry Sugar mill achieved only 65% of its 

production capacity. This implies that the quantity of sugarcane supply in this region 

was not sufficient for all five mills in the region. This may be the reason that Chonburi 

Industry Sugar mill had requested to move out to another area.  

 In Case 3; the Cabinet Resolution on the relocation and capacity expansion 

of sugar mills is analyzed. The study assumed that the implementation of such 

resolution was in effect during the production year 2008/2009. Followed the 

resolution, the sugarcane demand increased greatly from 71,083,073 tons to 

74,633,506 tons, while the figure of sugarcane supply remained the same in order to 

reveal the impacts from sugar mill liberalization on capacity utilization and 

transportation pattern. The overall capacity utilization decreased from 95.24% to 
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84.34%. It was found that the expansion of production capacity of sugar mills resulted 

in higher demand for sugarcane supply. If the quantity of sugarcane remains the same, 

many sugar mills in the system would obviously be affected negatively. Therefore, the 

sugar mill needs to prepare some plans and strategies to promote or support sugarcane 

growing in the new area where it moved to. 

 Additionally, sugarcane production is found to be fluctuate and 

inconsistent. The unpredictable amount of sugarcane supply has direct impact on sugar 

production as well as the policies or approvals regarding new sugar mill establishment, 

relocation, and capacity expansion of sugar mills. Therefore, the sensitivity analysis 

for the cases of changes in sugarcane quantity is important and absolutely deserves to 

be studied. The next chapter will discuss about the sensitivity analysis. 
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CHAPTER V 

SENSITIVITY ANALYSIS 

 

 

Chapter 4 has discussed about the methodology for analyzing impacts of 

sugar mill liberalization on patterns of transportation and capacity utilization. The 

analysis was conducted by using a transportation model, and was divided into three 

case studies. Case 1 was the case of the optimal current situation in the production 

year 2008/2009. The result of this case was used as a benchmark, which represents the 

situation before the beginning of sugar mill liberalization (when the sugar mill are 

allowed to open, close, relocate, and expand capacity freely). Case 2 was the case 

when Chonburi Sugar Industry mill was added into the system. This case intended to 

simulate the situation when there is liberalization such that the new establishment of 

one sugar mill is allowed. The added mill was supposed to be in the Eastern region. 

The result revealed that the analysis methodology was reliable. The findings were in 

agreement with the actual reasons that the mill has given to the Ministry of Industry in 

order to cease its operation and wait for relocation. Finally, Case 3 was the case that 

simulated the situations according to the Cabinet Resolutions dated on 16 October 

2007 and on 1 March 2011, which agreed to the proposal of the Ministry of Industry 

and allowed relocation and/or capacity expansion of seven sugar mills. The analysis 

on this case was intended to analyze the situation that is about to happen in the near 

future. Those cabinet resolutions effectively increase the overall capacity of sugar 

mills in the country, thus higher sugarcane demand should be expected. Therefore, if 

the quantity of sugarcane, which is the main raw material for sugar production, 

remains the same, the resolutions may lead to negative impacts on many mills in the 

system.  

However, sugarcane plantation in Thailand relies mainly on natural rain, 

and sugarcane production of the country in each year depends on the climate. As a 

result, the total production of sugarcane always fluctuates, and is difficult to forecast. 

The actual yearly production is usually either more or less than the forecasted amount. 
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Therefore, the reliability of the analysis result also depends on the accuracy of the 

sugarcane quantity data that is used as the input for the analysis. With this regard, this 

research also conducted a sensitivity analysis to reflect the fluctuation of sugarcane 

quantity. This chapter explains about the sensitivity analysis, which is based on Case 3 

in order to examine results of the liberalization policy when sugarcane quantities are 

more or less than the prediction.   

 

 

5.1 Sensitivity analysis due to uncertain sugarcane production  

 Sugar industry is an industry that transforms an agricultural raw material, 

which is sugarcane; through several processes until derive the final product, which is 

sugar. Thus sugarcane and sugar have strong correlation. Changes in the quantity of 

sugarcane production will directly impact sugar production. There are two main 

factors that affect changes of the sugarcane quantity; namely, 1) area of the sugarcane 

plantation (rais), which might change because farmers may turn to grow another crop; 

and 2) productivity of sugarcane (tons/ rai), which might change because of the natural 

climate. Therefore, it is difficult to obtain an accurate forecast about the quantity of 

sugarcane production. 

 From the statistics of the sugarcane growing in the past, it can be found 

that there have been always differences between the forecasted quantity and the real 

quantity of sugarcane production in each year. Uncertainty always involves with the 

estimation, which is done based on the weather forecast, data of sugarcane plantation 

in the previous growing season, as well as the results of the field survey to check 

conditions of areas that planted sugarcane in the previous year. Those data are 

analyzed together to obtain possible quantity of the sugarcane production in the next 

growing season. For this purpose, Office of The Cane and Sugar Board has applied 

GIS (Geographic Information Systems) for collecting data of sugarcane plantation 

areas. From conducting spatial analyses with the GIS data, the results inform about 

areas of the sugarcane plantation, appropriateness of the soil for growing sugarcane, as 

well as the status of whether the area of sugarcane plantation is inside or outside a 

zone of irrigation service (Office of the Cane and Sugar Board, 2008). If the area is 
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outside the irrigation zone, it would be even more difficult to forecast sugarcane 

production correctly because such area has to rely mainly on rain. Since sugarcane 

areas outside irrigation system are abundant in Thailand, the yearly forecasts of the 

sugarcane production always have some errors.  

 

Table 5.1 Comparison of the forecasted and the actual quantity of annual sugarcane 

production 

 

The production 

year 

Sugarcane Production 

(million tons) 
Difference 

Forecast Actual 
(million 

tons) 
(%) 

(1) (2) (3) (4) (5) 

2004/2005 60.56 49.59 -10.97 -22.12 

2005/2006 42.50 47.66 5.16 10.83 

2006/2007 57.83 64.37 6.54 10.16 

2007/2008 66.84 73.50 6.66 9.06 

2008/2009 78.00 71.08 -6.92 -9.74 

2009/2010 71.60 72.85 1.25 1.72 

2010/2011 68.89 95.95 27.06 28.20 

2011/2012 101.37 - - - 

 

From comparing the forecasted quantity with the actual quantity of 

sugarcane production in Table 5.1, it is found that the difference is always more than 

five percents, except in 2009/2010. For example, in the production year 2004/2005, 

the forecasted quantity of sugarcane was as high as 60.56 million tons, while the actual 

sugarcane quantity was just 49.59 million tons. The cause of this error is believed to 

be due to dry climate and the absence of seasonal rain. That means the actual quantity 

was lower than prediction by 10.97 million tons, or 22.12%. For the production year 

2008/2009, of which data is used as baseline data in this research, the forecasted 

quantity was 78 million tons. Meanwhile, the actual sugarcane quantity was 71.08 

million tons, resulting in a high error of 6.92 million tons or 9.74%. The main reason 
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should be due to highly dry climate during the harvest season, making sugarcane loses 

its weight and some immature canes become damaged. In addition, due to a low price 

of the previous year, some sugarcane farmers turned to grow other crops that produced 

better yield, such as cassava. The production year with the largest difference between 

the forecasted quantity and the actual quantity was apparently in 2010/2011. Due to 

the severe drought in the middle of the year 2010, sugarcane plantation seemed to be 

greatly affected, thus it was forecasted that sugarcane quantity would be only 68.89 

million tons. However, late in the year 2010, the rain was abundant and continued 

until early of the year 2011, which made the actual sugarcane quantity for the 

production year 2010/2011 become as high as 95.95 million tons. After using the 

figures in Table 5.1 to plot a graph of actual sugarcane quantities versus forecasted 

quantities in order to gain a clearer image for comparison, it can be seen that the 

forecasted figures are often erroneous, and the differences can be in the range of          

-10.97 million tons (-22.12%) to +27.06 million tons (+28.20%). In the production 

year 2009/2010, the actual sugarcane quantity and the forecasted quantity are almost 

the same, while, contrarily, the difference in the production year 2011/2012 is almost 

30%. 

 Therefore, sensitivity analysis was used for investigating the effects of 

changes in the quantity of sugarcane production. This analysis is conducted on Case 3 

assuming that the Cabinet Resolution dated on 16 October 2007 and on 1 March 2011 

has been implemented. Thus the situation of this case study is such that some sugar 

mills have relocated and/or expanded their capacity according to the approval of the 

cabinet. The situation is expected to truly happen in the near future (details of the 

cabinet resolution are explained in Section 4.4.3). The analysis aims to reveal how the 

impact of sugar mill liberalization on pattern of transportation and capacity utilization 

will be affected from the fluctuation of sugarcane production. Regarding the 

fluctuation or the changes in sugarcane production, the analysis will consider the 

situations when the production is different from the forecasted quantity by ± 10% and 

± 20%. The range is based on the observation regarding the percentages of differences 

between the forecasted and the actual production quantity shown in Table 5.1. It is 

assumed that the relocation and capacity expansion according to the cabinet resolution 

were completed by the production year 2008/2009. The actual sugarcane quantity in 
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the year 2008/2009 is used as the baseline data for studying about effects of 

fluctuation of sugarcane quantities.  

 

 

Figure 5.1 The forecasted and actual quantity of annual sugarcane production 
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 5.1.1 The case when the actual sugarcane yield is lower than 

prediction 

Sugarcane is an agricultural product that can be harvested for about 4-5 

months per year. Sugarcane plantation in Thailand relies primarily on rain, and that 

make the sugarcane quantity depends on the weather and climate. The sugarcane 

quantity in some years was less than prediction due to drought weather. For example, 

in the production year 2004/2005, the quantity of sugarcane production was less than 

prediction. The quantity of sugarcane was only 49.59 tons or 22.12% lower than that 

predicted 60.56 million tons. The main reason was because of the continuously long 

absence of rain throughout the year 2004, and that reduced the sugarcane production 

per area (sugarcane tons/rai) very low. Such reduction made some sugar mills unable 

to utilize their capacity fully (Office of the Cane and Sugar Board, 2005). 

Therefore, when there is liberalization of sugar mills in the future, such an 

over-prediction will be very critical to the decision maker. The operation of each sugar 

mill requires a great financial investment, and the operation can continue only for 

some periods in a year (normally during the period of sugarcane production, which is 

from November to April). Beyond this period, the mills are almost useless. Hence, the 

sugar mill entrepreneurs have to make sure that they can find sufficient and continuous 

sugarcane supply for their mills. The permission for establishment of a sugar mill in a 

new area should be based on thorough and careful study on the trend of sugarcane 

production in that area. It is essential to make sure that the production will be 

sufficient for the increased capacity of the new mill. In the research, the sensitivity 

analysis is carried out for two under prediction; i.e., 10% and 20% lower. 

1) The sugarcane quantity decreased by 10% 

Permission for relocation and capacity expansion of sugar mills have been 

based on the consideration about sugarcane quantity in the area. For example, having 

faced the problem of sugarcane shortage in the Central region, Banpong mill was 

permitted to relocate to the Northern region and expand its capacity to match the 

quantity of sugarcane supply in the new area. Another example is Banrai mill also in 

the Central region. This mill also received permission from the cabinet to expand its 

capacity because it is situated in an area where the sugarcane supply exceeds the 

capacity of the mill. The cabinet gave such permissions by considering the trend of 



Supattra Samueanpho  Sensitivity Analysis / 102 

sugarcane productions in both current and new areas. However, in reality, the 

sugarcane production can be lower than the predicted figure due to uncertain climate, 

which might cause drought, flood, etc. Area of sugarcane plantation can also change 

because the farmers turn to grow other crops. For example, in the production year 

2008/2009, the forecasted quantity of the sugarcane production was lower than the 

actual figure for almost 10%.  

The approved relocation and capacity expansion of some sugar mills 

according to the Cabinet Resolutions dated on 16 October 2007 and 1 March 2011, 

which will become true in the future, were used as the case study. The relocation and 

expansion were assumed to be completed in the production year 2008/2009. 

Sensitivity analysis was conducted on this case by assuming that the sugarcane 

quantities decrease by 10%. Sugarcane quantity can be calculated from the real data of 

the production year 2008/2009. By assuming that sugarcane quantity in all 404 

sugarcane fields (Si) is decreased by 10%, the quantity of sugarcane production will 

decrease from 71,083,073 tons to 63,974,785 tons. Meanwhile, the overall sugarcane 

demand of all sugar mills in the country in that production year will increase to 

84,278,170 tons due to the permission of the cabinet for capacity expansion of some 

sugar mills.   

Table 5.2 summarizes the results from solving the transportation model in 

this case. The sensitivity analysis assumes that the sugarcane quantities decreased by 

10%. This Table used symbols (-), (+), and (0), in order to represent the impacts, 

where:   

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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 The impacts on the sugar mills in the Eastern region  

In the production year 2008/2009, there were four sugar mills in the 

Eastern region. The total capacity of these four mills, as permitted by the cabinet was 

35,817 tons/day. That means they need to be supplied with approximately 3,991,414 

tons of sugarcane per production year. The figure of 3,991,414 tons was calculated by 

multiplying the permitted capacity with number of operation days in each year of each 

mill. Due to the cabinet approval for the relocation and capacity expansion of New 

Kwang Soon Lee mill from Chonburi province to Srakaew province, the overall 

sugarcane demand in this region will increase to 5,299,988 tons. Suppose the 

sugarcane quantities decreased by 10%, the result from analyzing with the 

Transportation model reveals that sugarcane quantity were supplied to the mills in this 

region would decrease from 3,989,236 tons (Table 4.4) to 3,742,244 tons (Table 5.2). 

When comparing with the optimal current situation in the production year 2008/2009 

(Table 4.4), the approval may cause the total capacity utilization of the sugar mills in 

this region down from 99.95% (Table 4.4) to 70.61% (Table 5.2). Regarding capacity 

utilization of individual mills in column (7), Eastern Sugar and Cane mill, Rayong 

mill, and Chonburi Sugar and Trading mill may be able to fully utilize their capacity. 

If the situation really happens as analyzed by the model, New Kwang Soon Lee mill, 

whose capacity utilization possibly at only 18.77% (Table 5.2), may be the only mill 

that cannot fully utilize its capacity. The reason behind this is because the mill has 

requested to expand its capacity to almost three times, which will make its sugarcane 

demand increase from 609,026 to 1,917,600 tons. Thus when there is 10% reduction in 

the sugarcane production, the mill would not have sufficient supply for its increased 

capacity.   

Resulting transportation distances obtained from the optimal solution are 

shown in columns (8)-(11) of Table 5.2. Chonburi Sugar and Trading mill has the 

shortest (min) distance of 11.35 kilometers from the nearest sugarcane field. The 

overall average (mean) transportation distance in this region, as shown in column (9), 

is found to increase from 41.55 (Table 4.4) to 49.71 kilometers (Table 5.2), which 

might be caused by the relocation and capacity expansion of New Kwang Soon Lee 

mill. In column (10), the Eastern Sugar and Cane mill has the longest transportation 
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distance of 148.78 kilometers. The overall standard deviation (S.D.), as shown in 

column (11), is found to be 39.02 kilometers. 

 The impacts on the sugar mills in the Northern region  

In the production year 2008/2009, the number of sugar mills in the 

Northern region was nine mills. The number will increase to 11 mills after the 

relocations of Banpong mill from the Central region and Chonburi Sugar Industry mill 

from the Eastern region. According to the cabinet resolution, Phitsanulok has also 

been approved to expand its capacity. These changes regarding relocation and capacity 

expansion will make the overall sugarcane demand in this region increase from 

19,113,395 tons (Table 4.4) to 25,106,085 tons (Table 5.2). When assuming that the 

sugarcane quantities decreased by 10%, the analysis using Transportation model 

reveals that the overall sugarcane were supplied to sugar mills in the Northern region 

for sugar production decrease from 18,480,165 tons (Table 4.4) to 15,270,677 tons 

(Table 5.2). The overall capacity utilization may decrease, down to only 60.82%. 

According to column (7) of Table 5.2, there are five mills that will have significant 

reduction in their capacity utilization. These five mills are Mae Wang Sugar Industry 

mill, Thai Identity mill, Nakornpetch mill, Ruamphol Nakhonsawan mill, and Kaset 

Thai mill. 

The capacity expansion of Phitsanulok mill will make the sugarcane 

demand in this mill increase from 1,379,310 tons (Table 4.4) to 2,530,000 tons (Table 

5.2). When assuming that the sugarcane quantities decreased by 10%, the mill would 

not have sufficient supply for its increases capacity. The capacity utilization may 

decrease, down to only 37.02%. The relocation of Chonburi Sugar Industry mill from 

the Eastern region to the Northern region may cause severely low capacity utilization 

of only 10.85%. This should be because the new location of the mill is far from 

sugarcane plantation areas. It has been reported that the district to where Chonburi 

Sugar Industry mill requested to move to has many mountainous terrains, while the 

remaining flat areas have sandy and dry soil without sufficient water supply. Thus the 

district is considered inappropriate for sugarcane cultivation (Ministry of Industry, 

2011). If there is a decline in the trend of sugarcane quantity as in the assumption, 

sugarcane supply in the new area may be insufficient for the expanded capacity.  
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Regarding the transportation distances as shown in column (8) of Table 

5.2, Phitsanulok mill has the shortest (min) distance of 1.72 kilometers from the 

nearest sugarcane field. Mae Wang Sugar Industry mill has the longest (max) distance 

of 128.65 kilometers, as shown in column (10). When considering the average (mean) 

distance in column (9) and the longest (max) distance in column (10), it is found that 

most sugar mills may experience decreasing average transportation distance. Only 

Nakornpetch mill and Thai Roong Ruang Industry mill would face increasing average 

transportation distances. The reason might be because these two mills are located near 

Phitsanulok mill, which will increase its capacity, thus sugarcane quantity in the area 

will become insufficient. As a result, the two mills would have to transport from fields 

further away.   

 The impacts on the sugar mills in the Central region  

This impact is analyzed with the assumption that New Krungthai mill and 

Banrai mill completed expanding their capacity according to the cabinet resolution in 

the production year 2008/2009. The overall sugarcane demand in this region will 

increase from 23,810,827 to 25,410,863 tons. The result of the analysis using the 

transportation model based on the assumption that the sugarcane quantities decrease 

by 10% is shown in Table 5.2. According to column (5), the quantity of sugarcane that 

the mills in this region would receive decreases from 21,794,457 tons (Table 4.4) to 

20,996,626 tons (Table 5.2). This will result in the reduction of capacity utilization of 

sugar mills in the Central region from 91.53% (Table 4.4) to 82.63% (Table 5.2). The 

relocation of New Krungthai mill from Tamaka district to Bo Ploy district in 

Kanchanaburi province and its capacity expansion will increase its sugarcane demand 

from 605,389 tons to 1,938,000 tons. Even though the mill’s demand increases for 

almost three times, the relocation to the new area may enable the mill to fully utilize 

its capacity at 100%. The changes might cause negative impacts on the capacity 

utilization of Mitrkasetr mill, Thai Sugar mill, Tamaka mill, and Prajuab Industry mill. 

All these mills are also in Kanchanaburi province.  

Regarding transportation distances, when comparing the results in Table 

5.2 with the results of the optimal current situation (Table 4.4), it is seen that the 

shortest (min) distance from the nearest field to the mill is 2.09 kilometers for U-thong 
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Industry mill, as shown in column (8). The overall average (mean) transportation 

distance, as shown in column (9), reduces from 34.71 to 30.12 kilometers. However, 

considering only New Krungthai mill and Banrai Industry mill, the two mills would 

possibly have longer average transportation distance. This might be because their 

capacity expansion, which make them have to transport more sugar in order to 

sufficiently supply their capacity. Considering also the pattern of transportation shown 

in Figure 5.2, it can be seen that some sugarcane will be transported from the Eastern 

region to Ratchaburi mill. This will result in an increase of the longest (max) distance, 

as shown in column (10), to be as high as 181.68 kilometers. Regarding the S.D. 

values shown in column (11), it would decrease slightly from 30.83 to 30.77 

kilometers. 

 The impacts on the sugar mills in the Northeastern region  

In the Northeastern region, when Erawan mill has expanded its capacity 

according to the cabinet resolution, the overall sugarcane demand in this region will 

increase from 27,717,870 tons to 28,461,234 tons. When assuming that the sugarcane 

quantities decreased by 10%, the result from the optimal situation analysis in column 

(5) of Table 5.2 reveals that sugarcane supplied to the mills in this region might 

decrease from 26,819,215 to 23,965,238 tons when comparing with the result of Case 

1 (Table 4.4). The overall capacity utilization may decrease from 96.76% (Table 4.4) 

to 84.20% (Table 5.2). The cause might be from the reduction of sugarcane production 

as well as from the relocation and capacity expansion of New Kwang Soon Lee mill to 

be nearer to this region. Hence, the sugarcane quantity in the area may become 

insufficient for the sugar production. As a result, there may be eight sugar mills in the 

Northeastern region that have decreased capacity utilization. The reduction is 

particularly apparent for the cases of Surin mill and Burirum mill, which are very near 

the new location of New Kwang Soon Lee mill. These two mills’ capacity utilization 

reduced from 73.43% (Table 4.4) to 31.33% (Table 5.2) and from 91.24% (Table 4.4) 

to 55.82% (Table 5.2), respectively.   

Regarding transportation distances, as shown in column (8) of Table 5.2, 

the shortest (min) transportation distance of all sugar mill in the Northeastern region 

may not change. This is because there is no relocation of any mill in this region. 
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However, due to the capacity expansion of Erawan mill and the reduction in the 

overall sugarcane quantities by 10%, the overall average (mean) transportation 

distance in this region would be decreased.  

The objective function shows that if the sugarcane forecast is right, the 

minimum total transportation cost for the whole country in the production year 

2008/2009 would be 3,061,924,585 tons-kilometers. The cost of transportation can be 

calculated by multiplying the figure with the average unit transportation cost from 

plantation areas to sugar mills. The mean cost was found, from the research entitled 

“Analyzing cost and lead time of harvesting and transporting the sugarcane to a 

factory for increase competitiveness” (Tumcharoen, 2008), to be 4.12 

Baht/ton/kilometer. After multiplying the mean cost with the objective function unit, 

the resulting overall transportation cost for the whole country in the production year 

2008/2009 was found to be 3,061,924,585 tons-kilometers x 4.12 Baht/ton/kilometer = 

12,615,129,290 Baht, or about 12.6 billion Baht.  

When the amount of sugarcane is decreased by 10%, the minimum total 

transportation cost for the whole country in this case would reduce from 

3,061,924,585 to 2,395,397,813 tons-kilometers. The overall transportation cost can 

then be calculated by using the average unit transportation cost of 4.12 

Baht/ton/kilometer, resulting about 2,395,397,813 tons-kilometers x 4.12 

Baht/ton/kilometer = 9,869,038,990 Baht. 

Figure 5.2 shows the optimal transportation pattern, after the 

implementation of the cabinet resolution and the sugarcane quantities decreased by 

10%. When comparing with the optimal current situation in Figure 4.6, it is observed 

that the relocation of New Kwang Soon Lee mill (2) lead to an increase in the 

transportation distances from the fields that used to supply sugarcane to this mill. 

Some fields in the Eastern region then had to transport sugarcane to the Central region 

because sugar mills around that area have fully utilized their capacity at 100%. In case 

of the Northern region, when Banpong mill (16) and Chonburi Sugar Industry mill 

(47) have relocated into this region, the transportation pattern in the region will change 

apparently. Some sugarcane fields would turn to transport sugarcane to these two mills 

instead, because the distance to these mills is shorter than to the existing mills. 
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Regarding the relocation and capacity expansion of New Krungthai mill (19) in the 

Central region, some sugarcane fields near the new location will have shorter 

maximum transportation distance. The most evident one is the group of sugarcane 

fields in Thong-Pha-Poom district, which is at the leftmost of the figure. This area 

group used to supply sugarcane to Tamaka mill (21), where the maximum 

transportation distance is as far as 158.46 kilometers. When New Krungthai mill has 

moved to this area, the maximum transportation distance of that area group will be 

down to only 150.17 kilometers. 
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Figure 5.2 Optimal transportation patterns: sugarcane quantities decreased by 10%  
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2) The sugarcane quantities decreased by 20% 

As previously stated, the sugarcane production can be either high or low, 

depending mainly on the climate. Thus it is very difficult to predict quantity of the 

sugar production with high precision. There can always be cases when the sugarcane 

production becomes lower than the predicted quantity. For example, due to the great 

flood in 2011 that lasted from August until almost the end of the year, sugarcane 

growing areas in the Northern, Northeastern, and Central regions were flooded for 

approximately 160,000 rais. Among these flooded fields, an area of approximately 

20,000 rais was completely damaged and cannot provide any production at all. Being 

flooded for a long time can halt the growth of sugarcane, which should be recovered 

with a correct method as soon as possible. Too long flooding can result in the dead of 

sugarcane, which seriously affect the farmers who need sugarcane stumps for the next 

growing season 2012/2013 (Sattayanikom, 2011). Therefore, it is important to study 

the situation for clear understanding about the effects on sugar mills from such this an 

event that caused great reduction in sugarcane production.  

The sensitivity analysis for this situation assumes that the sugarcane 

quantities decreased by 20%, the relocation and capacity expansion according to the 

cabinet resolution have been finished in the production year 2008/2009. Sugarcane in 

all 404 fields (Si) is assumed to reduce for 20%, resulting in a reduction of the total 

sugarcane production in the whole country from 71,083,073 tons to only 56,866,454 

tons. Meanwhile, the overall sugarcane demand of sugar mills throughout the country 

remains to be 84,278,170 tons.  

Table 5.3 summarizes the results from solving the transportation model for 

this case to examine the impacts of relocation and capacity expansion according to the 

cabinet resolution as well as the impacts from the sugarcane quantities decrease by 

20%. This Table uses symbols (-), (+), and (0) in order to represent the impacts, while:  

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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 The impacts on the sugar mills in the Eastern region  

According to the cabinet resolution, the overall sugarcane demand in this 

region will increase from 3,991,414 tons to be as high as 5,299,988 tons due mainly to 

the capacity expansion of New Kwang Soon Lee mill. Having assumed 20% reduction 

in sugarcane production and things happened as analyzed with the transportation 

model, sugarcane quantity supplied to this region may decrease from 3,989,236 tons 

(Table 4.4) to 3,334,190 tons (Table 5.3). The optimal solution showed that the overall 

capacity utilization in this area may decrease from 99.95% (Table 4.4) to 62.91% 

(Table 5.3). The capacity utilization of Eastern Sugar and Cane mill may decrease 

from 99.90% (Table 4.4) to 85.84% (Table 5.3). New Kwang Soon Lee mill, the soon-

to-be-relocated mill from Chonburi province to Srakaew province would suffer a 

reduction in its capacity utilization from 100% (Table 4.4) to be only 14.21% (Table 

5.3). The main reason should be from the low sugarcane production of 71,083,073 

tons in the production year 2008/2009, while the total sugarcane demand in the whole 

country was higher at 74,633,506 tons. Obviously, the overwhelming demand of 

sugarcane will cause some sugar mills to underutilize their capacity. The cabinet’s 

approval for capacity expansion of seven sugar mills even worsen the case by making 

the overall sugarcane demand in the country becoming as high as 84,278,170 tons. 

This problem may be severe in the future if the trend of sugarcane quantity is getting 

decreased as in the assumption. Without a campaign or measure to promote sugarcane 

plantation in Srakaew province, the area to where New Kwang Soon Lee mill will be 

relocated to, the mill will certainly suffer insufficiency of sugarcane supply and will 

encounter a loss to its investment in production processes. This situation might force 

the mill to request for another relocation or, even worse, to end its business.  

Regarding transportation distances, the overall average (mean) 

transportation distance of the Eastern region, as shown in column (9) of Table 5.3 

would be higher, increasing from 41.55 kilometers (Table 4.4) to 45.59 kilometers 

(Table 5.3). This is partly because the longest (maximum) transportation distance of 

Eastern Sugar and Cane mill increases from 112.15 kilometers (Table 4.4) to 129.46 

kilometers (Table 5.3). 
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 The impacts on the sugar mills in the Northern region  

This analysis was conducted with the assumption that the sugarcane 

quantities decrease by 20% and the quantity of sugarcane demand in this region 

increases from 19,113,395 to 25,106,085 tons, which is a result of the capacity 

expansion of Phitsanulok mill and the relocation of Banpong mill (from the Central 

region) and Chonburi Sugar Industry mill (from the Eastern region) into this region 

according to the cabinet resolution. The results from analyzing with the transportation 

model, as shown in Table 5.3, show that the overall sugarcane quantity supplied to the 

mills in this region would decrease from 18,480,165 tons (Table 4.4) to 13,547,376 

tons (Table 5.3). Due to the decreased sugarcane supply to this region, the capacity 

utilization of six sugar mills in this region probably will also decrease, as shown in 

column (7). They are Mae Wang Sugar Industry mill, Uttaradit Sugar Industry mill, 

Nakornpetch mill, Ruamphol Nakhonsawan mill, Kaset Thai mill, and Phitsanulok 

mill. The most negatively affected might be Chonburi Sugar Industry mill that have 

just relocated into the region. If the optimal result of the analysis with the 

transportation model was true, this mill would have suffered a great reduction in its 

capacity utilization down to just 9.64%. In addition to insufficient sugarcane supply, 

another reason might be because the new area to where this mill relocates to is not 

suitable and far from sugar fields.  

From Table 5.3, the overall average (mean) transportation distance in the 

Northern region would decrease from 46.41 kilometers (Table 4.4) to 39.68 kilometers 

(Table 5.3). The shortest (min) and the longest (max) transportation distance from the 

sugarcane fields to the sugar mills in this region would remain unchanged. The 

shortest distance would still be the distance to Phitsanulok mill. The longest would be 

to Mae Wang Sugar Industry mill. 

 The impacts on the sugar mills in the Central region  

After New Krungthai mill and Banrai mill in the Central region have 

expanded their capacity according to the cabinet resolution, the overall sugarcane 

demand in this region will increase from 23,810,827 to 25,410,863 tons. When 

analyzed with the transportation model, with the assumption that the sugarcane 

quantities decrease by 20%, it is found that the sugarcane quantity to be supplied to 
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mills in this region will decrease from 21,794,457 tons (Table 4.4) to only 18,927,208 

tons (Table 5.3). According to column (7) of Table 5.3, it can be seen that ten out of 

16 mills in this region may have their capacity reduced. Four of them might utilize 

their capacity under 50%. These four mills are Tamaka mill (decreased from 100% to 

only 16.97%), Singburi mill (decreased from 100% to 37.99%), Mitrkasetr mill 

(decreased from 82.11% to 38.62%) and Thai Sugar mill (from 67.18% to 44.80%). 

Therefore, if the sugarcane production in the Central region tends to decrease in the 

future, these mills might request for relocation to a new area due to insufficiency of 

the supply. Otherwise they might have to end their businesses eventually. 

Regarding transportation distances, according to column (8), the shortest 

(min) distance from the nearest sugarcane fields to the mills in the Central region will 

be the distance to New Krungthai mill (increased to 18.39 kilometers), Tamaka mill 

(increased to 57.79 kilometers), and Prajuap Industry mill (decreased to 4.78 

kilometers). These changes in the transportation distance are affected from the 

relocation of New Krungthai mill from Tamaka district to Boploy district of 

Kanchanaburi province. The relocation also alters the optimal pattern of transportation 

in the nearby area. The overall shortest (min) transportation distance in this region 

would be the distance to U-thong Industry mill at 2.09 kilometers. The overall average 

(mean) transportation distance, shown in column (9), would decrease from 34.71 

kilometers (Table 4.4) to 30.56 kilometers (Table 5.3). The longest (max) 

transportation distance, column (10), would be the distance to New Krungthai mill of 

150.17 kilometers. This new longest distance reduces from the value obtained from the 

optimal current situation analysis, which used to be the distance to Tamaka mill of 

158.46 kilometers. This change should be resulted from the relocation of New 

Krungthai mill to be closer to the sugarcane fields. The changes also make the overall 

S.D. in this region decrease from 30.83 kilometers (Table 4.4) to 27.21 kilometers 

(Table 5.3).   

 The impacts on the sugar mills in the Northeastern region  

From Table 5.3, when that the sugarcane quantities decrease by 20%, the 

sugarcane quantity supplied to this region decreased from 26,819,251 to only 

21,057,680 tons. Since the total demand in this region is 28,461,234 tons, the overall 



Supattra Samueanpho  Sensitivity Analysis / 120 

capacity utilization of sugar mills in the region will be only 73.99%. Regarding 

capacity utilization of each mill, results from solving the transportation model indicate 

that ten of 16 mills would have their capacity utilization reduced. Among them, 

Burirum mill would be affected most severely. Its sugarcane supplied to this mill 

might decrease from 1,182,511 tons (Table 4.4) to 360,957 tons (Table 5.3), while its 

demand is at 1,296,000 tons of sugarcane. Thus its capacity utilization would be 

reduced from 91.24% (Table 4.4) to only 27.85% (Table 5.3). Ranking second for the 

most severely affected mills is Surin mill. This mill would receive the sugarcane only 

698,622 tons, which is much less than the quantity before the reduction of the 

sugarcane production (1,033,964 tons). This low amount of supply may cause the mill 

to underutilize its capacity at only 49.62%, as compared to the demand of 1,408,000 

tons. This might be caused by the relocation of New Kwang Soon Lee mill to an area 

closer to these two mills. The relocation, together with the 20% reduction of the yield 

below the predicted amount, would contribute to the fierce competition for sugarcane 

in this area.  

Regarding the average transportation distance, as shown in column (8), 

Konburi mill has the shortest (min) distance of 0.56 kilometers from the nearest field. 

The overall average (mean) transportation distance in this region, as shown in column 

(9), would decrease from 47.80 kilometers (Table 4.4) to 38.38 kilometers (Table 5.3), 

which is also caused by the reduction of the sugarcane production that prohibits 

transportation. In case of the longest (max) distance, as shown in column (10), Saha 

Ruang mill has the longest transportation distance of 210.28 kilometers.  

When considering the total cost for transporting sugarcane from all fields 

to all mills in the country, after the amount of sugarcane supply is reduced 20%, the 

objective function (leaving out the value of dummy fields) reduces from 

3,061,924,585 to 2,076,030,321 tons-kilometers. Multiplied the figures with the mean 

sugarcane transportation cost of 4.12 Baht/ton/kilometer, the resulting overall 

sugarcane transportation cost in the whole country is found to reduce from 

12,615,129,290 to 8,553,244,923 Baht. This is because the amount of sugarcane is 

very limited. The sugarcane quantity is insufficient for the sugarcane demand; thus, 

the transportation is discontinued, resulting in a decrease of overall transportation cost 

in the country. 
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Figure 5.3 shows the optimal pattern of sugarcane transportation from all 

sugarcane fields to all sugar mills. Comparing with the current optimal transportation 

pattern in Figure 4.6, the change in patterns can be observed. Some groups of the 

sugarcane fields, which used to supply sugarcane to more than one sugar mills due to 

their previously high sugarcane production, will supply to only one nearest mill, after 

sugarcane quantities decreased by 20%. For example, the current optimal 

transportation pattern in Figure 4.6 showed one area group transports sugarcane to 

both Saraburi mill and Konburi mill. When the yield is reduced by 20%, however, this 

field turns to transport sugarcane only to Saraburi mill, which is closer. This change 

also happens to other area groups around Andvian (Ratchasima) mill (42) which used 

to transport sugarcane for a long distance to Korach Industry mill (41) because 

Andvian (Ratchasima) mill (42) had fully utilized its capacity. When the sugarcane 

quantities decrease by 20%, these fields start to supply sugarcane to Andvian mill (42) 

instead, because it is closer than Korach Industry mill (41). 
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Figure 5.3 Optimal transportation patterns: sugarcane quantities decreased by 20%  
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5.1.2 The case when the actual sugarcane yield is higher than 

prediction  

Sugarcane quantity is an important factor for making decision about new 

establishment, relocation, and/or capacity expansion of sugar mills. This is obvious 

when considering the cases that some sugar mills were allowed to relocate from an 

area with insufficient sugarcane to an area with excessive sugarcane quantity. In 

addition to relocation, these mills may be allowed to expand their capacity to match 

sugarcane quantity in the new area. Some mills that did not request for relocation but 

requested for capacity expansion were also allowed to do so if sugarcane quantity was 

more than the mill’s capacity. According to previous statistics, the sugarcane 

production in Thailand keeps increasing almost every year, especially in the 

production year 2010/2011. In that production year, it had been expected that the 

sugarcane quantity would have been less than 65,661,709 million tons of the previous 

production year (2009/2010). The prediction was based on the drought that occurred 

during April to August 2010. However, after September until December 2010, there 

was an abundance of rain, and it kept on raining continuously until March 2011. Thus 

sugarcane yield in that production year became much higher than prediction, resulting 

in a total of 95,358,928 million tons of sugarcane fed to sugarcane crushers of all 

sugar mills (Office of The Cane and Sugar Board, 2011). That amount is the record 

breaking in the history of the industry. As a result, the operation time of sugar mills in 

that year lasted longer than any previous years. For the production year 2011/2012, it 

was predicted that sugarcane production will increase to as high as 100 million tons 

(Noiwan, 2011). Therefore, it is reasonable to conduct a sensitivity analysis for the 

cases of actual sugarcane production being higher than prediction, which can also 

impact the decision regarding the liberalization of sugar mills. In this regards, the 

sensitivity analysis will be conducted for two cases; i.e. 10% and 20% above the 

prediction. 
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1) The sugarcane quantity increased by 10%   

Sugarcane production has a trend of keeping increasing almost every year, 

which is mainly because sugar mills that have expanded their capacity try to promote 

sugarcane plantation around the mill. By doing so, they can manage those fields more 

efficiently and have a better chance to have sufficient supply for the mill’s capacity. 

The ever-growing price of sugarcane is also another factor that induces new farmers to 

replace their old crops with sugarcane. Therefore, if sugarcane production is higher 

than prediction, but not too high over the permitted capacity of the mills, it will 

certainly be beneficial to sugar mills since they will be able to produce sugar more 

efficiently. However, if the yield exceeds capacity of the mills, the persons who are 

negatively affected are sugarcane farmers. In this case, sugarcane price will be low. 

According to Figure 5.1, the actual amount of sugarcane during the production year 

2006/2007 was higher than the predicted quantity by approximately 10%. 

The sensitivity analysis was conducted based on the cabinet resolution 

regarding relocation and capacity expansion of sugar mills. It was assumed that the 

implementation is completed in the production year 2008/2009. Thus the overall 

sugarcane demand of sugar mills throughout the country will increase from 

74,633,506 to 84,278,170 tons. Meanwhile, the sugarcane production was assumed 

that the actual quantity of the sugarcane in the production year 2008/2009 became 

10% higher than the predicted figures in all 404 area groups (Si). Therefore, sugarcane 

production (supply) in the whole country will increase from 71,083,073 to 78,191,401 

tons.  

Table 5.4 summarizes the results from solving the transportation model 

according to the relocation and capacity expansion as permitted by the cabinet 

resolution, together with the assumption that sugarcane quantities increase by 10%. 

The following symbols were used in Table 5.4.  

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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 The impacts on the sugar mills in the Eastern region  

From the optimal current situation analysis of the production year 

2008/2009, as shown in Table 4.4, there were four sugar mills in the Eastern region, 

and their total sugarcane demand were 3,991,414 tons. When New Kwang Soon Lee 

mill expands its capacity according to the cabinet resolution, the total sugarcane 

demand in this region will increase to 5,299,988 tons. According to the result from 

transportation model analysis with the assumption that the sugarcane quantities 

increased by 10%, as shown in Table 5.4, the amount of sugarcane supplied to the 

mills in this region will increase from 3,989,236 tons (Table 4.4) to 4,617,418 tons 

(Table 5.4). As a result, three out of four sugar mills would be able to fully utilize their 

capacity. Especially, Eastern Sugar and Cane mill would be able to increase its 

capacity utilization from 99.90% (Table 4.4) to 100% (Table 5.4). Meanwhile, the 

capacity utilization of Rayong sugar mill and Chonburi Sugar and Trading mill would 

remain unchanged at 100%. Only New Kwang Soon Lee mill may not be able to fully 

utilize its capacity because its capacity has been increased for three times, which 

boosts the sugarcane demand from 609,026 to 1,917,600 tons. Meanwhile, the 

increased sugarcane quantity still does not meet its demand, thus its capacity 

utilization may reduce from 100% (Table 4.4) down to only 64.40% (Table 5.4).   

Resulting transportation distances obtained from transportation model are 

shown in columns (8)-(11) of Table 5.4. The shortest (min) distance from the nearest 

field to the mill in this region may increase from 8.77 kilometers (Table 4.4) to 11.35 

kilometers (Table 5.4). Meanwhile, the overall average (mean) transportation distance 

may increase from 41.55 kilometers (Table 4.4) to 61.66 kilometers (Table 5.4). These 

changes are caused mainly from the relocation and capacity expansion of New Kwang 

Soon Lee mill. Because of such relocation and expansion, sugarcane will have to be 

transported across region from the Northeastern region to the Eastern region, as shown 

in Figure 5.4. Consequently, the maximum transportation distance also becomes 

farther with an increase from 148.78 kilometers (Table 4.4) to 167.52 kilometers 

(Table 5.4). 
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 The impacts on the sugar mills in the Northern region  

In the production year 2008/2009, there were actually nine sugar mills in 

the Northern region. Due to the cabinet resolution, it was assumed that two more mills 

were added in that year, making up totally 11 mills. The two added sugar mills were 

relocated into this region. They are Banpong mill and Chonburi Sugar Industry mill 

from the Central and the Eastern regions, respectively. The relocation of these two 

mills, together with the capacity expansion of Phitsanulok mill in the Northern region, 

makes the overall sugarcane demand in this region increase from 19,113,395 to 

25,106,085 tons. Therefore, even though the sugarcane quantities increase by 10%, the 

result from transportation model analysis reveals that the sugarcane quantity supplied 

to this region will increase from 18,480,165 tons (Table 4.4) to 21,188,003 tons (Table 

5.4), but sugarcane quantity supplied is still short of 3,918,082 tons. Consequently, 

five out of 11 mills might not be able to fully utilize their capacity, as shown in 

column (7). These five mills and their respective capacity utilization in parentheses are 

Mae Wang Sugar Industry mill (92.24%), Thai Identity mill (47.19%), Kaset Thai mill 

(95.21%), Phitsanulok mill (64.44%), and Chonburi Sugar Industry mill (61.63%).  

The increasing number of sugar mills in the Northern region from nine to 

11 mills, together with the capacity expansion of Phitsanulok mill according to the 

cabinet resolution, boosts the sugarcane demand in this region much higher. Therefore, 

if the sugarcane production in the region is below the total capacity of the mills, the 

mills have to transport more sugarcane from another region in order to sufficiently 

supply their capacity. For this reason, the average (mean) distance and the longest 

(max) distance from the sugarcane fields to this mill become higher (the longest 

distance increase from 128.65 kilometers (Table 4.4) to 253.44 kilometers (Table 5.4). 

As seen clearly in Figure 5.4, some sugarcane from the Northeastern region is 

transported to Phitsanulok mill (13) in this region.  

 The impacts on the sugar mills in the Central region  

The Central region is the region with the highest number of sugar mills, 17 

mills. The optimal current situation analysis for the production year 2008/2009 reveals 

that the Central region requires a total sugarcane supply of 23,810,827 tons. According 

to the cabinet resolution, Banpong mill will be relocated to the Northern region. This 
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will make the number of sugar mills in this region become 16 mills. Meanwhile, New 

Krungthai mill and Banrai mill will expand their capacity, and the total sugarcane 

demand in this region will increase to 25,410,863 tons. The transportation model 

analysis was conducted by assuming that the sugarcane quantities increase by 10%. 

The result reveals that the total amount of supplied sugarcane to this region should be 

24,159,277 tons. This will cause the overall capacity utilization become 95.07%, as 

shown in column (5) of Table 5.4. Four mills; i.e., New Krungthai mill, Banrai mill, 

Ratchaburi mill, and Mitrkasetr mill have higher sugarcane supply.  

Possibly its relocation from Tamaka district to Boploy district in 

Kanchanaburi province contributed to the longer shortest (minimum) transportation 

distance of 18.34 kilometers (up from 8.43 kilometers in case 1) for New Krungthai 

mill as show in column (8). Its average (mean) transportation distance changed from 

10.48 to 21.69 kilometers as show in column (9). However, its longest (max) 

transportation distance might decrease from 81.74 kilometers (Table 4.4) to 46.82 

kilometers (Table 5.4). This can be explained that, the surrounding sugar fields in the 

new area in general may sufficiently supply sugarcane to this mill. Thus the mill does 

not have to transport sugarcane from farter fields anymore. This makes its S.D. value 

becomes as low as 14.66 kilometers.   

 The impacts on the sugar mills in the Northeastern region  

The overall sugarcane demand in this region is 28,461,234 tons. Results in 

Table 5.4, reveals that sugarcane quantity was supplied to the mills in this region will 

increase from 26,819,215 tons (Table 4.4) to 28,226,703 tons (Table 5.4). When 

considering the results between sugarcane supplied and sugarcane demand, it is found 

that the overall capacity utilization of sugar mills in this region can be as high as 

99.18%. Considering capacity utilization of each mill in column (7), it is found that 

most mills have 100% capacity utilization, with the exception of only Surin mill, 

whose capacity utilization is 83.34%. The cause of this might be the relocation of New 

Kwang Soon Lee mill, which has relocated from the Eastern region to an area close to 

Surin mill, and created higher competition. Comparing the patterns of transportation in 

Figure 4.4 with Figure 5.4, it can be seen clearly that some sugarcane fields that used 

to supply sugarcane to Surin mill (32) have changed to supply to New Kwang Soon 
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Lee mill (2) instead, leading to the inability of Surin mill to utilize its full capacity of 

100%.   

Regarding transportation distance, column (8) of the Table 5.4 shows that 

the shortest (min) transportation distance of each sugar mill in the Northeastern region 

remains unchanged. This might be because there is no relocation of any mill in this 

region. The only change is the capacity expansion of Erawan mill, which results in its 

higher average (mean) transportation distance from 50.74 kilometers (Table 4.4) to 

56.09 kilometers (Table 5.4). Its longest (max) transportation distance also increases 

from 85.20 kilometers (Table 4.4) to 111.55 kilometers (Table 5.4). The increases in 

these distances were because the mill has to find sufficient sugarcane for its increased 

capacity. Considering the whole region, the overall average (mean) transportation 

distance decreases from 47.80 kilometers (Table 4.4) to 47.75 kilometers (Table 5.4). 

However, due to the increased longest (max) transportation distance of Surin mill from 

109.68 kilometers (Table 4.4) to 276.19 kilometers (Table 5.4), the overall S.D. value 

of this region, as shown in column (11), also increases. 

Considering the objective function, the minimum total transportation cost 

for this case would increase from 3,061,924,585 to 3,419,568,513 tons-kilometers. 

When these figures are multiplied with the average unit transportation cost of 4.12 

Baht/ton/kilo-meter, the resulting overall sugarcane transportation cost in the whole 

country is found to increase from 12,615,129,290 to 14,088,622,270 Baht.  

As compared to the optimal current transportation pattern in Figure 4.6, 

this case shows that some sugarcane fields would have to transport longer. For 

example in the Eastern region, after New Kwang Soon Lee mill (2) expanded its 

capacity and relocated from Chonburi province to Srakaew province, some sugarcane 

fields that used to send sugarcane to this mill had to transport sugarcane across the 

region from the Eastern region to the Central region. This is because all nearby sugar 

mills, such as Eastern Sugar and Cane mill (1), Rayong mill (3), and Chonburi Sugar 

and Trading mill (4), have already fully utilized their capacity at 100%, and are not 

able to receive any more sugarcane. For the Northeastern region, the mill that is found 

to have an apparent change in transportation pattern is Surin mill (32). This mill will 

have to take sugarcane from further fields in order to gain sufficient supply for its 
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operation. Considering the whole region, there are many sugarcane fields in the 

Northeastern region that will have to transport sugarcane to either the Northern region 

or the Central region because the capacity of most sugar mills in its own region has 

been fully utilized at 100%.   
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Figure 5.4 Optimal transportation patterns: sugarcane quantities increased by 10%  
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2) The sugarcane quantity increased by 20%   

Number of days for pressing sugarcane depends on sugarcane quantity 

available for being pressed in each growing season. Therefore, if there is a situation 

when the actual sugarcane quantity becomes more than the forecasted quantity, it 

would certainly be beneficial for sugar production of sugar mills. Sugar mills will be 

able to fully utilize their capacity and to produce sugar more efficiently due to having 

more sugarcane pressing days. However, whenever sugarcane quantity becomes 

higher than the forecasted quantity, and also higher than the permitted capacity of 

sugar mills, such this situation would certainly cause negative impacts on several 

stakeholders. For clearer understanding, there is an example of the case in the 

production year 2010/2011, when the actual sugarcane quantity was higher than the 

forecasted quantity for almost 30 million tons. The situation led to a too-long period of 

operational days of many sugar mills, and, as a result, there were problems in 

harvesting and transporting sugarcane to sugar mills in many areas. The problems can 

be concluded as follows; 

1) Normally sugar mills stop their operation before mid April, which is 

before the beginning of Songkran festival. That means sugarcane-harvesting workers 

will be able to go back to their hometown for a long vacation. When sugarcane is more 

than prediction, sugar mills will have to extend the period of sugarcane press. They 

will face a problem of worker shortage. Sugarcane farmers will also have a problem of 

high labor cost for harvesting their sugarcane, and may have difficulty in getting 

sufficient workers after the Songkran festival.      

2) If the sugarcane pressing period is extended over Songkran festival, 

rain that commonly falls during that time can cause the harvested sugarcane become 

much contaminated with soil. Operating with excessive soil-contaminated sugarcane 

can damage the sugarcane pressing machine, which will consequently require frequent 

maintenance services. As a result, the efficiency and productivity would be low. 

Nonetheless, the sensitivity analysis conducted with the case of higher 

sugarcane quantity than prediction can help to visualize a future trend about capacity 

utilization of each sugar mill. The analysis results can also be used to support decision 

making regarding new the establishment, relocation, and capacity expansion of sugar 

mills. With this analysis, authorities will be able to determine the capacity of sugar 



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 135 

mills that matches sugarcane quantity in that area in order to prevent the situation of 

having excessive sugarcane quantity that exceeds the total permitted capacity of sugar 

mills in that area.   

 The cabinet resolution regarding relocation and capacity expansion of 

some sugar mills that will be truly in effect in the future was used as the case study. It 

is assumed that the operations according to the cabinet resolution will be completed in 

the production year 2008/2009. Thus the overall sugarcane demand throughout the 

country will be 84,278,170 tons. A sensitivity analysis was conducted based on that 

assumption together with another assumption that the sugarcane quantity in that year 

was more than the actual quantity by 20%. The increasing sugarcane quantity was 

assumed to spread evenly all over 404 area groups (Si). As a result, the total sugarcane 

quantity for the whole country will increase from 71,083,073 to 85,299,692 tons.  

Table 5.5 summarizes the results from solving the transportation model 

according to the relocation and capacity expansion as permitted by the cabinet 

resolution, together with the assumption that sugarcane quantities increase by 20%. 

This Table uses symbols (-), (+), and (0) in order to represent the impacts, while:  

- The (-) symbol indicates the decrease when compared with the results 

of the optimal current situation in Table 4.4. 

- The (+) symbol indicates the increase when compared with the results 

of the optimal current situation in Table 4.4. 

- The (0) symbol indicates no change or zero effect when compared with 

the results of the optimal current situation in Table 4.4. 
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 The impacts on the sugar mills in the Eastern region  

 This situation is assumed that New Kwang Soon Lee mill has expanded its 

production capacity and relocated from Chonburi province to Srakaew province 

according to the Cabinet resolution, while there is 20% increase in sugarcane yield. 

With this assumption, the overall sugar demand in this region will increase to 

5,299,998 tons. The results obtaining from the analysis using the transportation model 

(Table 5.5) reveal that the sugarcane quantity supplied to this region will be sufficient 

for consumption demand in this region, which is 5,299,998 tons. As a result, capacity 

utilization of all mills in this region will reach their 100%. Regarding transportation 

distance, as shown in column (8), it was found that the shortest (min) transportation 

distance from the nearest sugarcane field to the sugar mill in the Eastern region will be 

the distance to Chonburi Sugar and Trading mill (increase to 11.35 from 8.77 

kilometers). The cause is expected to be due to the relocation of a sugar mill in this 

region. The overall average (mean) transportation distance in column (9), would 

increase from 41.55 kilometers (Table 4.4) to 69.24 kilometers (Table 5.5). When 

comparing to the optimal current situation, the longest (max) transportation distance in 

this region will increase from 112.15 kilometers (Table 4.4) to 167.52 kilometers 

(Table 5.5), which might be due to the capacity expansion of New Kwang Soon Lee 

mill. Therefore, sugarcane yield in this region will become insufficient, and more 

sugarcane will need to be transported from the Northeastern region into this region. 

Thus the longest transportation distance will increase.  

 The impacts on the sugar mills in the Northern region  

 After assuming that Banpong mill and Chonburi Sugar Industry mill have 

moved into the Northern region, and the capacity utilization of Pitsanulok mill has 

been increased, the quantity of sugarcane demand in this region will increase from 

19,113,395 tons to 25,106,085 tons. When assuming that sugarcane yield has 

increased by 20%, the results as calculated by using the transportation model reveal 

that sugarcane quantity supplied to this region will be sufficient for the demand of all 

sugar mills in this region. Therefore, all mills in this region will be able to fully utilize 

their capacity at 100%. Regarding transportation distances, according to column (8) of 

Table 5.5, it is found that the shortest (min) distance from the nearest sugarcane 
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plantation area to sugar mill will be 1.72 kilometers. This is the distance for 

transporting sugarcane to Phitsanulok mill. The overall average (mean) distance in 

column (9), would increase from 46.41 kilometers (Table 4.4) to 61.32 kilometers 

(Table 5.5). This might be because there will be more sugarcane imported from 

growing areas in other regions, such as from the Northeastern region or the Central 

region, to this region. Therefore, the overall average distance will become increased. 

Similarly, the maximum distance in this region will also increase from 128.65 

kilometers (Table 4.4) to 289.99 kilometers (Table 5.5). 

 The impacts on the sugar mills in the Central region  

When New Krungthai mill and Banrai mill in the Central region expanded 

its production capacity, it is found that the sugarcane demand in this region will 

increase from 23,810,827 tons to 25,410,863 tons. However, by assuming that the 

sugarcane yield in the whole country has increased by 20%, the results obtained from 

the model reveal that more sugarcane quantity will be available for supplying to sugar 

mills in this region. The increase of sugarcane supply will be sufficient for the 

increased demand of the region’s sugar mills. As a result, capacity utilization of all 

mills in this region will be fully at 100%. In case of transportation distances, according 

to column (8) of Table 5.5, the shortest distance will be 2.09 kilometers, which is the 

distance for transporting to U-thong Industry mill. Regarding the overall average 

(mean) distance, according to column (9), the analysis reveals that it will decrease 

from 34.71 kilometers (Table 4.4) to 31.77 kilometers (Table 5.5), comparing to the 

case of the optimal current situation. However, the maximum transportation distance 

in the region will increase from 158.46 kilometers (Table 4.4) to 211.68 kilometers 

(Table 5.5). 

 The impacts on the sugar mills in the Northeastern region  

 It is true that the increase in production capacity of Erawan mill according 

to the cabinet resolution will make the overall sugarcane demand in this region 

become increased from 27,717,870 tons to 28,461,234 tons. However, when assuming 

that the sugarcane yield has increased by 20%, it is found that sugarcane supplied to 

this region will be sufficient for production capacity of all mills, making them able to 

utilize their capacity fully at 100%. When considering transportation distances, as 
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shown in column (8) of Table 5.5, the shortest (min) transportation distance from the 

nearest sugarcane growing area to the mill in the Northeastern region is 0.56 

kilometers, which is the distance for transporting to Konburi mill. Regarding the 

overall average (mean) distance, as shown in column (9), it appears that the overall 

average distance will increase from 43.08 kilometers (Table 4.4) to 47.23 kilometers 

(Table 5.5). The longest (max) transportation distance will increase from 210.28 

kilometers (Table 4.4) to 241.01 kilometers (Table 5.5).   

Considering the objective function, when sugarcane yield increased by 

20% the minimum total transportation cost would increase from 3,061,924,585 to 

3,980,623,008 tons-kilometers. When these figures are multiplied with the average 

unit sugarcane transportation cost of 4.12 Baht/ton/kilometer, the resulting overall 

sugarcane transportation cost in the whole country is found to increase from 

12,615,129,290 to 16,400,166,793 Baht. The increase in overall sugarcane 

transportation cost in the whole country is likely to be because sugarcane from some 

growing fields in the Northeastern region will have to be transported to the Northern 

region and the Central region. Therefore, the transportation distances become farther, 

and the overall cost becomes higher. 

 Considering the pattern of transportation as shown in Figure 5.5, it can be 

seen that some sugarcane is apparently transported from growing fields in the 

Northeastern region into the Central region and the Northern region. This might be 

because the Northeastern region has excessive sugarcane supply. In addition, since 

there is insufficient sugarcane yield in the Central region and the Northern region, 

some remaining sugarcane will then be transported to sugar mill in those regions. The 

result from the transportation model analysis reveals that the excessive sugarcane 

quantity is found in area groups in the Northeastern region, mainly around 

Sakonnakhon, Nongkhai, Nakhonphanom, Amnat-charoen, Ubonratchathani, and 

Udonthani. Therefore, in the future, some mills might be relocated to be near these 

areas with high sugarcane production in order to balance the production capacity of 

the area.   

Studying further on the cabinet resolution regarding the new 

establishment, relocation, and capacity expansion of sugar mills, it is found that 
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Erawan mill (46) was allowed to expand its capacity from 15,000 to 20,117 tons/day 

according to the resolution dated on 2 December 2008, and was allowed to expand its 

capacity again from 20,117 to 27,000 tons/day according to the resolution dated on 26 

April 2011. The approvals in the resolutions are in agreement with the findings in this 

research, which found that this mill is situated in an area with excessive sugarcane 

supply. At present (the production year 2010/2011), sugarcane production is as high as 

95,358,928 tons, and there is a trend that the sugarcane production will keep on 

increasing. Therefore, in order to balance sugarcane production and capacity of sugar 

mills, capacity expansion within the region should be considered. A possible option is 

to relocate some sugar mills from other regions, particularly from the Central and the 

Eastern regions, into this area.    
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Figure 5.5 Optimal transportation patterns: sugarcane quantities increased by 20%  
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5.2 Summary of the sensitivity analysis  

This chapter has studied the sensitivity analysis of the impacts with respect 

to the change in the amount of sugarcane production. The analysis is carried out for 

the case of the cabinet resolution regarding the relocation and capacity expansion of 

sugar mills. It was assumed that the cabinet resolution has been implemented in the 

production year 2008/2009. Several scenarios were tested when the sugarcane quantity 

have been lower than prediction by 10% and 20% and higher than prediction 10% and 

20%. With these regards, the comparison is made in order to compare the impacts 

from uncertainty in the yield with the current optimal situation in the production year 

2008/2009 (the Base case). This comparison is conducted in order to reveal changes to 

the impacts on inbound logistics from sugar mill liberalization. There are four aspects 

of the impacts to be analyzed and compared: 1) capacity utilization 2) transportation 

distance 3) transportation pattern and 4) the optimal inbound logistics cost.   

1) Capacity utilization   

 The impacts on capacity utilization is categorized by regions; namely, 

Eastern, Northern, Central, and Northeastern regions. The results are also compared 

with the base case of the optimal current transportation. Note that the value of capacity 

utilization is calculated by the ratio between total sugarcane supply in the region and 

the summation of permitted capacity from all sugar mills in the respective region. The 

result is then multiplied by 100 to get percentage. In Figure 5.6, it plots the capacity 

utilization by region for difference cases.  
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Figure 5.6 The impacts of sugarcane quantity on capacity utilization 
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Cabinet resolution case: the Northern region will have particularly 

decreased capacity utilization by being down to only 67%. The cause might be from 

the capacity expansion of Phitsanulok mill and the relocation of two sugar mills 

(Banpong mill and Chonburi Sugar Industry mill) from other regions into this region. 

The quantity of sugarcane in this region then becomes insufficient.  

 The sugarcane quantities decreased by 10% and 20%: the capacity 

utilization of sugar mills in all regions will be lower in corresponding to the decreased 

sugarcane production. This is because sugarcane productions from an area group and 

sugarcane demand are two main factors that determine capacity utilization of a mill. 

When sugarcane production becomes insufficient for the demand, this will result in a 

reduction of capacity utilization. The Northern and the Eastern region are the most 

impact of capacity utilization. 

 The sugarcane quantities increased by 10% and 20%: in the first case, the 

average capacity utilization of sugar mills in the Central region and the Northeastern 

region will be higher than the Base case, but still not reaching the full capacity of 

100%. This is different from the case when the sugarcane quantities increased by 20%, 

all sugar mills in all regions will be able to utilize their capacity fully at 100%. In 

addition, the quantity of sugarcane exceeds the overall demand in the whole country 

for 1,021,522 tons in the Northeastern region. Therefore, regarding the policy of sugar 

mill liberalization, it might be possible to allow sugar mills in the Northeastern region 

to expand their capacity in order to balance between sugarcane supply and sugarcane 

demand in the region.   

 

2) Transportation distance 

 This research assumes that the distances transportation from sugarcane 

fields to sugar mills can be used as a representative of unit transportation cost. This is 

because the transportation cost is usually varied by the travel distance. The results 

obtained from solving the transportation model do not only give sugarcane quantity 

transported from all sugarcane fields to all sugar mills, but they also reveal the 

corresponding transported distances.  
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 Shortest (min) distance  

This is the minimum distance from the nearest sugarcane field to a sugar 

mill in the region. The shortest distance for transporting sugarcane to the mill in that 

region is used. Figure 5.7 illustrates comparison of the shortest transportation 

distances across regions.  

 

 

Figure 5.7 Impacts of sugarcane quantity on the shortest distances  

                                  between sugarcane fields and the mills 
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according to the cabinet resolution will even worsen the situation. The shortest 

distance in the Eastern region will be increased even more than before. Impacts of 

sugarcane quantity on the shortest distances between sugarcane fields and the mills, 

while assuming that sugarcane yields were greater or lower than the predicted figures, 

were also studied. It is found that the shortest transportation distance in the Eastern 

region will still be equal to the corresponding distance of the Cabinet case, while the 

shortest distance in other regions (Northern, Central, and Northeastern regions) will 

also remain unchanged.   

 Weighted Average (mean) distance  

This is the average transportation distance in each region weighted by the 

sugarcane quantity. The formula can be written as follow.   





 

 


m

i

n

j

ij

m

i

n

j

ijij

X

XC

C

1 1

1 1  

When  

 C   = weighted average (mean) distance (kilometers) 

 
ijC  = transportation distance from field i to mill j  

 
ijX  = sugarcane quantity transported from field i to mill j 

  i = field; i = 1, 2,…, m 

  j =  sugar mill; j= 1, 2,…, n 

  m =  the number of fields 

  n = the number of sugar mills  

Figure 5.8 compares the weighted average distances across the four 

regions by calculating only distances of non-dummy fields/mills.  

 



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 149 

 
Figure 5.8 Impacts of sugarcane quantity on the average distances  

                                  between sugarcane fields and the mills 
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relocation and capacity expansion of seven sugar mills, the overall average (mean) 

transportation distance for the whole country will decrease, comparing to the figure of 

the Base case. However, the average transportation distance in the Eastern region will 

increase apparently, which is due mainly to the relocation and the three-fold capacity 

expansion of New Kwang Soon Lee mill. With insufficiency of the sugarcane supply 

with respect to demand, sugar mills in this region have to transport sugarcane from 

other regions to serve their capacity. When assumed that the sugarcane quantities 

decreased by 10% and 20%, the overall average transportation distance has a 

decreasing trend according to the rates of the reduced yields.  

 According to the analysis with the transportation model in order to attain 

the optimal solution (the lowest transportation cost), this can be explained that, when 

sugarcane production becomes insufficient for the capacity, the transportation is 

discontinued, resulting in a decrease of the average transportation distance. When 

assumed that the sugarcane quantities increased by 10% and 20%, the average (mean) 

transportation distance will increase in corresponding to the increase of the sugarcane 

production. This might be because the assumption was made by assuming that the 

yield has increased equally in all sugarcane area groups, which have different sizes 

and different numbers of the sugarcane fields. In addition, since numbers of sugar 

mills are different across regions, their sugarcane demands are different too. When the 

overall sugarcane production in the country increases, some sugar mills that used to 

have insufficient sugarcane supply will have to transport sugarcane from areas further 

away in order to serve its capacity. Consequently, the average transportation distance 

becomes increased.   

 Longest (max) distance  

Figure 5.7 compares the longest or maximum distances from sugarcane 

fields to sugar mills across regions. Calculations were made in order to reveal impacts 

of sugarcane yields on longest transportation distances between the fields and the 

mills. This comparison considers only transportation distances from non-dummy fields 

to the sugar mills and the sugarcane fields to non-dummy mills. 
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Figure 5.9 Impacts of sugarcane quantity on the longest distances  

                                  between sugarcane fields and the mills 
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mill has relocated and expanded its capacity according to the cabinet resolution, it is 

found that the longest distance in the Eastern region would be increased. This is likely 

to be because sugarcane quantity is insufficient for the increased demand, thus more 

sugarcane from other regions will have to be transported into this region. Some 

interesting results were found when analyzing for impacts of sugarcane yields on the 

longest distances from sugarcane fields to sugar mills. In the cases of 10% and 20% 

increase in sugarcane quantity, it is found that the longest distance in the Northern 

region will increase. This is the highest increase among all regions. This might be 

because of the relocation of two sugar mills (namely Ban Pong mill and Chonburi 

Sugar Industry mill) into this region. In addition, due to capacity expansion of 

Phitsanulok mill, quantity of sugarcane demand in this region will become increased 

greatly. However, since sugarcane quantity in the region is not sufficient for the 

increased demand, some sugarcane will need to be transported from nearby regions, 

particularly from the Northeastern region so that the quantity meets the increased 

capacity of the sugar mills. As a result, the longest distance becomes increased as well.   

 Therefore, before allowing the new establishment or capacity expansion of 

any sugar mill in the future, particularly in the Easter region and the Northern region, 

preparation should be made in advance. This preparation can be done by promoting 

sugarcane plantation in areas around the mill. This will allow sufficient sugarcane 

supply to serve the mill’s capacity, and will not result in a long-distance 

transportation, which will lead to high transportation cost.   

3) Transportation pattern 

Sensitivity analysis simply changes some parameters in the model and re-

solves it. Here sugarcane supply (  ) is changed. Such a change did have direct impact 

on the patterns of sugarcane transportation. The analysis results can be discussed 

according to the assumed cases. In the cases of cabinet resolution, which represents 

relocation and capacity expansion of some sugar mills, will result in increased 

sugarcane demand. When sugarcane in the region becomes insufficient, some 

sugarcane will need to be transported from nearby areas for sugar mills to be able to 

produce sugar at their full capacity. That makes pattern of sugarcane transportation 

become changed. This is particularly obvious in the Eastern region and the Central 
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region, as shown in Figure 4.8, when compared with the case of the optimal current 

situation (Figure 4.6). It is found that some sugarcane growing fields in the Eastern 

region will start transporting sugarcane to sugar mills in the Central region. Another 

noticeable case is the case when sugarcane yield is assumed to be increased by 20%. 

In this case, patterns of sugarcane transportation changed apparently when comparing 

to the optimal current situation case (Figure 4.6). Due to the yield change, pattern of 

transportation becomes farther, and more sugarcane from the Northeastern region will 

be transported to the Northern region and the Central region. This is probably because 

the Northeastern region is the region with the largest sugarcane growing area. 

Therefore, after assuming the 20% increase, sugarcane yield in this region became 

greater than demand of sugar mills in the region. Meanwhile, other regions still had 

insufficient sugarcane supply, thus sugarcanes from the Northeastern region were 

transported to other regions as well.  

4) The optimal inbound logistics cost 

Table 5.6 summarizes overall costs of inbound logistics for all cases. Table 

5.6 contains nine columns; namely, 

Column (1) presents each case study. 

Column (2)  presents the value of objective function with the inclusion of 

dummy fields/mills (tons-kilometers). 

Column (3)  presents the value of objective function without dummy 

fields/mills (tons-kilometers). 

Column (4)  presents the total transportation cost in Baht, which is 

calculated by multiplying the objective function in column (3) with 4.12 

Baht/ton/kilometer. This constant value is the estimated unit cost for transporting 

sugarcane from farms to sugar mills. It is obtained from the research entitled “Analysis 

cost and lead time of havesting and transporting the sugarcane to a factory for increase 

competitiveness” (Tumcharoen, 2008). 

Column (5)  shows the excessive sugarcane quantity when the total 

sugarcane supply is greater than (>) the total sugarcane demand (tons).  

Column (6)  shows the shortage of sugarcane quantity when the total 

sugarcane supply is lower than (<) the total sugarcane demand (tons).  
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Column (7)  presents opportunity cost of sugar mills when the total 

sugarcane supply is lower than the total sugarcane demand. This column is calculated 

by using figures in column (6) to multiply with 110 kilograms/ton (the average sugar 

yield per ton of sugarcane obtained from the Office of the Cane and Sugar Board), and 

then multiply with 25 Baht/ kilogram (the price of sugar per kilogram).  

Column (8)  presents opportunity cost of sugarcane farmers when the total 

sugarcane supply is greater than the total sugarcane demand. This is calculated by 

multiplying column (5) with 920 Baht/ton, which is the average price of sugarcane per 

ton obtained from Office of the Cane and Sugar Board.  

Column (9)  presents the overall cost of the whole system in each studied 

case. This column is calculated by summing up values in columns (4), (7), and (8) 

together.  

 Note that this research has specified that the transportation cost to a 

dummy mill or from a dummy field is equivalent to 10,000 kilometers. This expensive 

figure is used to resist the transportation which does not really exist. 
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The optimal current situation (in the production 2008/2009): the overall 

sugarcane demand of all sugar mills in the country is 74,633,506 tons. However, since 

the overall sugarcane supply is only 71,083,073 tons, a dummy field then has to be 

added. The optimal solution in Table 5.6 yields the objective function of 

38,566,254,585 tons-kilometers as shown in column (2). When the dummy field is 

excluded, the function value is 3,061,924,585 tons-kilometers as shown in column (3). 

The minimum total transportation cost is 12,615,129,290 Baht. However, during that 

production year, sugarcane supply is short of the sugarcane demand by 3,550,433 tons. 

The sugar mills would have the opportunity cost due to insufficient sugarcane for their 

production capacity as high as 9,763,690,750 Baht. Thus the total cost of the whole 

system in this case is 22,378,820,040 Baht.   

The cabinet resolution: there are relocations and capacity expansions of 

seven sugar mills according to the cabinet resolution. Due to the capacity expansions, 

sugarcane demand of all sugar mills in the country will increase from 71,083,073 tons 

to 84,278,170 tons. By solving the transportation model, the optimal objective 

function excluding the dummy field is 2,826,471,493 tons-kilometers. This is 

equivalent to the total transportation cost of 11,645,062,551 Baht, which is relatively 

low when comparing to the optimal current situation case. However, due to the 

increased capacity expansion, the sugarcane supply becomes insufficient for the 

sugarcane demand with the shortage as high as 9,644,644 sugarcane tons. This results 

in a very high opportunity cost to sugar mills at 26,522,771,000 Baht as shown in 

column (7). Therefore, the total inbound logistics cost of the system when 

implementing the cabinet resolution becomes as high as 38,167,833,551 Baht.   

 The sugarcane quantities decreased by 10%: the optimal objective function 

by excluding a dummy field was found to decrease from 3,061,924,585 to 

2,395,397,813 tons-kilometers. The total transportation cost from all sugarcane fields 

to all sugar mills appears to be 9,869,038,990 Baht. Due to the capacity expansion of 

sugar mills, the overall sugarcane demand of sugar mills in the country becomes 

increased. When assuming that overall sugarcane quantity in the country decreases by 

10%, as shown in column (6), it is found that the overall sugarcane quantity will be 

insufficient for the overall demand, with a deficit of 20,303,385 tons. This results in an 
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overall opportunity cost of sugar mills for as high as 55,834,308,750 Baht. Thus the 

total cost of inbound logistics will be 65,703,347,740 Baht.   

 The sugarcane quantities decreased by 20%: according to column (4), it 

can be seen that the total sugarcane transportation cost of the country will decrease 

from 12,615,129,290 Baht to 8,553,244,923 Baht. This might be due to the application 

of transportation model for solving the research’s problems. The result is obtained in a 

form of optimal solution. When sugarcane yield has become lower than prediction and 

does not meet sugarcane demand, there becomes no sugarcane transportation from 

sugarcane fields to sugar mills. Therefore, the total transportation cost in the country 

becomes reduced. On the other hand, the opportunity cost of sugar mills, as shown in 

column (7) becomes greatly increased. Due to the great insufficiency of sugarcane for 

their production capacity, sugar mills has a very high opportunity cost, by being 

increased from 9,763,690,750 Baht to 75,382,219,000 Baht. As a result, the total cost 

of inbound logistics for this case becomes to be as high as 83,935,463,923 Baht. 

The sugarcane quantities increased by 10%: the overall transportation cost 

in the country will be 14,088,622,274 Baht, as shown in column (4). Even though the 

sugarcane quantity increases by 10%, there will still be insufficiency of sugarcane 

supply. The sugarcane supply will be lower than the demand for 6,086,769 tons, 

resulting in the overall opportunity cost of all sugar mills for as high as 

55,834,308,750 Baht. Therefore, the total cost of the whole inbound logistics system is 

30,827,237,024 Baht.   

The sugarcane quantities increased by 20%: according to column (4), it 

can be seen that the overall transportation cost for transporting sugarcane from all 

fields to all mills in the country is 16,400,166,793 Baht. Due to the increase of 

sugarcane quantity by 20% according to the assumption, the overall sugarcane supply 

will be greater than the overall sugarcane demand. There will be an excessive quantity 

of sugarcane for 1,021,522 tons. This will result in an opportunity cost of farmers due 

to being unable to sell their excessive sugarcane to sugar mills for 939,800,240 Baht. 

Therefore, the total inbound logistics cost of the system will be 17,339,967,033 Baht.   

This chapter performed the sensitivity analysis on the impact of sugar mill 

liberalization according to the cabinet resolution regarding relocation and capacity 
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expansion of sugar mill with respect to the variation of sugarcane quantity. Section 5.1 

discussed about analyses when there are changes in sugarcane quantity. The analyses 

were conducted for the two cases; namely, 1) when sugarcane quantity is lower than 

expectation and 2) when the quantity is greater than expectation. For the first case, the 

analysis revealed that the overall capacity utilization of sugar mills would also 

decrease. This is obvious for sugar mills in the Eastern region and the Northern region, 

whose utilization rates decrease apparently. This phenomenon is expected to be caused 

by the capacity expansion of sugar mills in these regions due to the cabinet resolution, 

which will make sugarcane demand for the regions become higher. In addition, since it 

was assumed that the sugarcane yield becomes decreased, sugarcane quantity is even 

more insufficient for the demand. This has direct impact on capacity utilization of 

sugar mills. For the latter case, when sugarcane quantity is higher than expectation, the 

analysis revealed that capacity utilization of sugar mills will also increase. In the case 

of assuming sugarcane quantity to be 20% greater than expectation, the analysis 

results show that capacity utilization of all sugar mills in the country will be 100%. 

The increase of sugarcane quantity will also result in an excessive quantity of 

sugarcane in the Northeastern region for 1,564,228 tons. If the excess is persistent, it 

may allow for the capacity expansion of some sugar mills in the future. Section 5.2 

presents a summary of impacts from the changes in sugarcane quantity; namely, 1) 

capacity utilization 2) transportation distance 3) transportation pattern and 4) the 

optimal inbound logistics cost. The next chapter will conclude all findings and results 

obtained from this research. 
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CHAPTER VI 

CONCLUSIONS 

  

 

Sugarcane and sugar industry is important to the Thai economy in many 

aspects, including employment in both agricultural and industrial sectors. According to 

this importance, the government has been trying to play a role in solving problems in 

this industry. Thus, sugarcane and sugar industry in Thailand has long been controlled 

by the Sugarcane and Sugar Act, B.E. 2527 (1984). From economists’ point of view, 

this policy seems to be somehow obsolete and inappropriate under the current trend of 

globalization that moves toward the free trading system. Possibly, the trend is soon 

coming to the sugar industry which may call for the reformation of the industry 

structure. It is now in the public attention that whether the structure of sugarcane and 

sugar industry in Thailand should be reformed by ending the monopoly system or 

minimizing the intervention from the Thai government. It has been recognized that if 

the government continues its protection on this industry, the management of sugar 

mills will lack motivation to enhance their capability and will be unable to compete in 

the free-trade markets. However, because this industry is so important, impacts from 

liberalizing sugar mills should be well studied to prevent damage to the economy and 

to prepare for the adaptation of the industry.  

This research studied impacts from the liberalization of the sugar mills that 

may happen due to the government’s policy to discontinue its control on the new 

establishment of the sugar mill, the relocation of the existing sugar mill, and capacity 

expansion of the existing sugar mill. The research is interested in studying the impact 

on inbound logistics process of sugarcane transportation and the capacity utilization 

sugar mills. The research proposed a methodology for analyzing such impact. 

Geographic locations of sugar mills and field areas were collected in order to be 

analyzed for transportation distances by using the GIS software called ArcMap 9.3. 

Then a mathematical model of transportation problem was developed and solved by 

using software package called LINDO 6.1 (Linear Interactive Discrete Optimizer). 
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The results yield the optimal sugarcane distribution to be supplied to individual sugar 

mills so that the total transportation cost will be minimized. Finally, the utilization of 

sugar mills capacity, the optimal transportation distance, the optimal transportation 

pattern, and the optimal inbound logistics cost were concluded. In this research, there 

are three cases subject to the analysis; namely, the optimal current situation in the 

production year 2008/2009, adding a new sugar mill in the Eastern region and the 

Cabinet Resolution. In addition, the sensitivity analysis was also carried out based on 

the case of cabinet resolution. 

 

 

6.1 The policy regarding the sugar mill liberalization in Thailand  

So far there is still no approval given in response to the request for sugar 

mill liberalization in Thailand, which seeks for liberty to conduct certain activities 

such as new establishment, relocation, and capacity expansion of sugar mills. 

Nevertheless, at present, sugar mills are given a chance to relocate and/or expand their 

capacity, which requires prior agreement from the cabinet. The cabinet resolution 

dated on 10 October 1989 has declared that no new establishment of sugar mills 

should be allowed. However, sugar mills were allowed to relocate from an area where 

there is insufficient sugarcane supply to another area where there is excessive 

sugarcane supply. In addition, the relocated mills may expand their production 

capacity to match the available quantity of sugarcane in the new area. Sugar mills 

located in areas with excessive sugarcane supply were also allowed to expand their 

capacity corresponding to availability of the sugarcane supply (The Secretariat of the 

Cabinet, 1989). The cabinet resolution dated on 22 July 2003 prohibits capacity 

expansion of sugar mills (Ministry of Industry, 2003a). Therefore, when there are 

requests from sugar mill entrepreneurs for relocation and/or capacity expansion, the 

Ministry of Industry, as the main responsible organization, has to submit their 

proposals to the cabinet for consideration whether an approval will be given or not. 

Sugar mills do not have freedom to relocate or expand their capacity at will. From 

studying the procedures for taking consideration on relocation and/or capacity 

expansion of sugar mills in Thailand, details can be summarized as follows:  
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1) Entrepreneurs of sugar mills may submit their requests for relocation 

and/or capacity expansion to the Ministry of Industry if they face problems regarding 

insufficient sugarcane supply in the old area and want to move their locations to 

another area, or if their sugar mills are located in an area with excessive sugarcane 

supply and they want to expand the mill’s capacity to match the supplied quantity.  

2) The Ministry of Industry will appoint the committee to consider the 

suitability of relocation, capacity expansion of sugar mills and capacity calculation. 

The committee then submits its opinion to the Ministry of Industry for reconsidering.  

3) After the Ministry of Industry has finished the consideration process, it 

will propose the decision and opinion to the cabinet for final decision whether 

approval in principle will be given for the relocation and/or capacity expansion 

request.    

4) The Secretariat of the Cabinet will inform about this matter to relevant 

authorities including Ministry of Agriculture and Cooperatives, Ministry of Natural 

Resources and Environment, Ministry of Commerce, Ministry of Interior, Ministry of 

Energy, Ministry of Finance, or National Economic and Social Development Board so 

that they can give some comments or concerns (according to their relevancies) which 

will be useful information for the consideration of the cabinet.     

5) After the cabinet has approved in principle regarding the relocation 

and/or capacity expansion of the sugar mill, the entrepreneur can submit an application 

to the Ministry of Industry (Department of Industrial Works) to obtain a permit for 

factory operation. In case that there are comments or requirements from relevant 

ministries, the entrepreneur will need to contact those ministries and complete the 

requirements before obtaining the permit from the Department of Industrial Works.  

6) After all relevant ministries have satisfied with the action of the 

entrepreneur in response to their requirements and have informed the Department of 

Industrial Works about their consideration, the Department of Industrial Works will 

then consider about granting a permit for factory operation. The entrepreneur of the 

sugar mill then can use it for starting the relocation and/or capacity expansion 

operation.    
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7) After being granted the permission for relocation and/or capacity 

expansion, the sugar mill entrepreneur must complete the operation within five years, 

which is counted from the date of obtaining the letter from the Ministry of Industry.   

Notice that although the cabinet has approved in principle for the 

relocation and/or capacity expansion request, the sugar mill entrepreneur cannot 

immediately start the operation. The entrepreneur has to follow and fulfill all 

requirements of the relevant ministries first before the Department of Industrial Works 

will grant a permit for factory operation. On this regard, there is a variety in details of 

comments or requirements from relevant ministries, depending on the case. For 

example, the requirements relating to the cabinet resolution dated on 16 October 2007 

are as follows: 

1) Ministry of Industry: The ministry proposed a regulation that the 

shortest distance between the new mill and the current mill must be at least 80 

kilometers. In addition, the relocating mill must prepare sugarcane to be supplied to 

the mill in the first year at least 50% of the production capacity allowed for that 

sugarcane crushing season. The average number of sugarcane crushing days for the 

calculation is set to be 120 days per year. For this preparation, the sugarcane must not 

be from farmers who are contractors of the current mills (Ministry of Industry, 2007).  

2) Ministry of Natural Resources and Environment: The ministry added a 

comment that, in order to request for relocation and/or capacity expansion, the sugar 

mill must submit the report on the Environmental Impact Assessment (EIA) according 

to the declaration of the Ministry of Science and Technology entitled “Type and size 

of projects or operations of governmental organizations, state enterprise organizations, 

or private organizations that are required to report an EIA, the Third Edition (B.E. 

2539)” and the declaration of the Ministry of Science and Technology entitled 

“Criteria, methods, regulations, and approaches for conducting the EIA, the Third 

Edition (B.E. 2539)”. In addition, the ministry suggested that the mill should arrange 

some public hearings in order to listen to opinions of local people regarding impacts 

that may result from utilizing the natural resources and effects on quality of the 

environment from the mill’s operation such as a spill of molasses (Ministry of Natural 

Resources and Environment, 2007).  
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3) Ministry of Interior: The ministry gave an additional opinion that the 

relocation and/or capacity expansion of the sugar mill should be conducted with 

concern on environmental impact problems. It should have measures for preventing 

smell and dust and for wastewater treatment. The mill should employ cleaner 

production technology to enhance its capability in handling with all kinds of pollution. 

The mill should also publicize in advance to local communities that may be affected 

from the relocation and/or capacity expansion and should confirm them that the 

operation will not cause any environmental problems. On this regard, the entrepreneur 

might set up an agreement with the provincial authority in order to provide confidence 

to people living nearby the sugar mill (Ministry of Interior, 2007).  

 

 

6.2 Proposed analytical tools for analyzing impacts from 

liberalization policy  

 Permission regarding relocation or capacity expansion of sugar mills 

always incurs both support and disagreement from various stakeholders. Most 

differences in opinions of the stakeholders are resulted from the perspective of their 

benefits. Therefore, there should be a tool or an approach for analyzing the impacts 

that may happen to all stakeholders before granting any permission. The tool should 

also be able to provide results that are easy to understand for all stakeholders. 

However, at present, there is still no tool or approach to be used for analyzing 

quantitatively about the pros and cons of sugar mill relocation and/or capacity 

expansion that can assist decision making of authorities. Hence this research has 

developed an approach by applying the Transportation model as an analytical tool for 

assessing impacts quantitatively. The proposed approach has been applied to analyze 

the impacts of several past cases. One of them is the case of analyzing impacts from 

the relocation and capacity expansion of New Krungthai mill that were permitted by 

the cabinet resolution dated on 16 October 2007. By assuming that the operation had 

been implemented in the production year 2008/2009, the results showed that the 

relocation and capacity expansion might be advantageous for the mill but become 

disadvantageous for the existing mills in the new area. It was expected that New 



Supattra Samueanpho  Conclusions / 164 

Krungthai mill would gain higher quantity of sugarcane supply, which possibly 

increases from 605,389 to 1,938,000 tons. Consequently, its capacity utilization would 

increase from 76.45% to 100%. On the other hand, the existing mills that are located 

around the new area of New Krungthai mill may experience decreased capacity 

utilization. Comparing to the results from the analysis on Case 1 the optimal current 

situation in the production year 2008/2009, the capacity utilization of Mitrkasetr mill, 

Thai Sugar Mill, and Tamaka mill will reduce from 82.11%, 67.18% and 100%, to 

78.06%, 56.00%, and 51.99%, respectively.  

 The above results should enable all stakeholders in the sugarcane and 

sugar industry to understand the trend of situations that may happen in the future. It 

allows sufficient time to prepare and adjust them in advance. This also helps preparing 

the stakeholders for the liberalization of sugar mills, which require a good preparation 

of sufficient sugarcane production for the changing production capacity. In addition, 

the entrepreneurs will have information for developing their sugar production. This is 

essential for their survival in case of high competition in the future. The proposed 

approach for quantitative analysis is also easy for implementation because the 

fundamental data needed by the tool has already been collected by relevant 

organizations. These fundamental data can be listed as follows:     

1) Documentary data: It consists of permitted capacity of sugar mills and 

their annual production days. Such data have been collected by the Office of the Cane 

and Sugar Board. By multiplying these two datasets, the quantity of sugarcane demand 

of each mill can be calculated.    

2) Spatial data: These data have been created and collected in shapefile 

format. These data include locations of sugar mills and sugarcane plantation areas 

(collected by the Office of the Cane and Sugar Board) and transportation-related data 

(collected by Office of Permanent Secretary, Ministry of Transport and 

Communications). By applying GIS software for analyzing these three datasets, 

distances from all sugarcane plantation area to all sugar mills can be calculated.   

   The tools used for these analyses are also popular among general users. 

These tools comprise ArcMap 9.3 (GIS application used in this research for 

calculating the distance matrix from plantation areas to sugar mills), Microsoft Access 

(a database application), Visual Basic 2005 (for developing a mathematical model), 
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and LINDO (an optimization software for solving linear program problem to obtain 

the optimum solution). It was also found that the results from methodology used in 

this research are in good agreement with the real situations.   

   Case 1 The optimal current situation (the production year 2008/2009): In 

the Central region, there are seven out of 17 mills located crowdedly in the area of 

Ratchaburi province and Kanchanaburi province. According to the calculation, five 

mills in that area; namely, Ratchaburi mill, Banpong mill, Mitrkasetr mill, Thai Sugar 

Mill, and New Krungthai mill had not received sufficient quantity of sugarcane to 

meet their demand. Particularly, Banpong mill received only 190,771 sugarcane tons, 

while its demand was 812,659 tons, resulting in its very low capacity utilization of 

23.47%. New Krungthai mill also received sugarcane for only 605,389 tons from the 

total demand of 796,575 tons, resulting in capacity utilization of 76.00%. These 

figures are in agreement with the cabinet resolution dated on 16 October 2007, which 

have granted permission for both mills to relocate due to the insufficiency of 

sugarcane supply in the old areas.   

   Case 2 Adding a new sugar mill in the Eastern region: This case was 

analyzed by assuming that a new sugar mill is permitted to be established in the 

Eastern region. The Chonburi Sugar Industry mill, which has ceased operation since 

the production year 2006/2007 in order to wait for relocation, was then assumed to be 

reopened. It was found that the mill received sugarcane at a very low quantity of 

409,380 tons, while its demand is 615,420 tons, resulting in its capacity utilization of 

66.52%. Meanwhile, Eastern Sugar and Cane mill, New Kwang Soon Lee mill, 

Rayong Sugar mill, and Chonburi Sugar and Trading mill, which are located in the 

same region, had capacity utilization of 88.39%, 100%, 99.98% and 71.89%, 

respectively. The results imply that the proposed approach is quite reliable. This 

approach can predict that Chonburi Sugar Industry mill might face problems of low 

capacity utilization and insufficient sugarcane supply. This finding is in good 

agreement with the fact that the mill has requested to cease its operation and wait for 

relocation.  

 Case 3 The Cabinet Resolution: This analysis was conducted in order to 

examine the results from the relocation and capacity expansion of Chonburi Sugar 

Industry mill from the Eastern region to the Northern region. By assuming that its 
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operation was implemented by the production year 2008/2009, it was found that the 

mill’s capacity utilization may be as low as 13.64%. This is in agreement with the fact 

that Nakhonsawan province has expressed its opinion of disagreement regarding the 

relocation of Chonburi Sugar Industry mill into Nongbua district of Nakhonsawan 

province. They gave reasons that the area is mostly mountainous. Meanwhile, the 

terrain is sandy and dry due to insufficient supply of water, making its unsuitable for 

sugarcane plantation, and that may result in insufficient sugarcane supply for the mill 

and other existing mills nearby the area (Ministry of Industry, 2011). 

 

 

6.3 Impact of liberalization policy on inbound logistics 

   According to the study on impacts of sugar mill liberalization on inbound 

logistics by using the tools presented in Section 6.2 for analyzing with the three cases; 

namely, Case 1 The optimal current situation (the production year 2008/2009), Case 2 

Adding a new sugar mill in the Eastern region, and Case 3 The Cabinet Resolution, the 

analysis results revealed the main impacts in four aspects. 

 

6.3.1 The impact on the optimal capacity utilization  

 The study revealed that capacity utilization of a sugar mill can be high or 

low depending on the balance or imbalance between the sugarcane supply in each area 

group and quantity of sugarcane demand by the mill.    

 Case 1 The optimal current situation (the production year 2008/2009): 

Quantity of overall sugarcane demand of all sugar mills in the country was 74,633,506 

tons, while the overall sugarcane supply was 71,083,073 tons, resulting in the overall 

capacity utilization of all sugar mills equaled to 95.24%. Among all 46 sugar mills, 35 

mills were found to have full utilization of 100%. The Eastern region was the region 

with the highest overall utilization at 99.95%. This is followed by the Northeastern, 

Northern, and Central regions, whose overall capacity utilization of their sugar mills 

were 96.76%, 96.69%, and 91.53%, respectively. The highest capacity utilization may 

be explained by the ceased operation of Chonburi Sugar Industry mill (and waiting for 

relocation) in the Eastern region. 
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 Case 2 Adding a new sugar mill in the Eastern region: By adding 

Chonburi Sugar Industry mill into the system, the overall sugarcane demand of all 

sugar mills in the country will increase to 75,248,926 tons, while the quantity of 

sugarcane remains to be 71,083,073 tons. This caused the decreased overall capacity 

utilization down to 94.46%. The addition of Chonburi Sugar Industry mill in the 

Eastern region would reduce the overall capacity utilization in this region from 

99.90% to be only 86.59%. The capacity utilization of Chonburi Sugar Industry mill 

would be only 66.52%. Meanwhile, the utilization of other nearby mills in the Eastern 

region would be decreased from 99.90% to 88.39%, 100% to 99.98%, 100% to 

71.89%, and 76.00% to 32.29% for Eastern Sugar and Cane, Rayong Sugar, Chonburi 

Sugar and Trading and New Krungthai mills, respectively. However, capacity 

utilization in other regions would remain unchanged. 

Case 3 The Cabinet Resolution: By assuming that the relocation and 

capacity expansion of the seven sugar mills according to the cabinet resolution has 

been implemented within the production year 2008/2009, it was found that the 

capacity expansion will result in an increase of sugarcane demand of all sugar mills in 

the country from 74,633,506 tons to 84,278,170 tons. However, the quantity of 

sugarcane supply would remain to be only 71,083,073 tons. Thus the overall capacity 

utilization of sugar mills in the country would reduce from 95.24% to only 84.34%. 

There could be some advantages happened from the relocation and/or capacity 

expansion of the seven sugar mills. According to the analysis results, Banrai, New 

Krungthai, Banpong, and Erawan mills should be able to fully utilize their capacity at 

100%. However, Phitsanulok, New Kwang Soon Lee, and Chonburi Sugar Industry 

mills may have decreased utilizations of as low as 41.14%, 40.45%, and 13.64%, 

respectively due to the insufficiency of sugarcane supply.   

In addition, this research has conducted sensitivity analysis in order to 

examine the situations when there are changes in sugarcane quantity from the 

prediction. In the case of 10% and 20% lower-than-prediction, it was found that the 

overall capacity utilization of all sugar mills in the country also decreased. On the 

contrary, when assuming that the overall sugarcane quantity in the country increases 

by 10% and 20%, it was found that the overall capacity utilization also increased. This 

change is particularly obvious with the case of 20% increase of sugarcane quantity. 
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The total supply becomes 85,299,692 tons, whereas the total demand of all sugar mills 

is only 84,278,170 tons. Therefore, if sugarcane quantity increases by 20%, it is more 

likely that all sugar mills may be able to fully utilize their capacity at 100%.    

It can be concluded that, by the year that the implementation of the 

relocation and capacity expansion according to the cabinet resolution of these seven 

mills will be completed, the overall quantity of sugarcane production in Thailand 

should be at least 84,278,170 tons. This is to ensure that there will be consistently 

sufficient sugarcane supply for capacity of all sugar mills and that there will not be too 

high competition among existing mills. At present (the production year 2010/2011), 

the overall quantity of sugarcane production in Thailand is as high as almost 100 

million tons. Therefore, unless there is too much capacity expansion in the future, 

quantity of sugarcane supply should be sufficient for the overall demand of all sugar 

mills in Thailand that has been increased due to the capacity expansion of the seven 

mills.   

 

6.3.2 The impact on the optimal transportation distance 

Regarding impacts on transportation distance, the results can be 

summarized according to the cases as follows:   

Case 1 The optimal current situation (the production year 2008/2009): 

The overall optimal average transportation distance from the growing areas to the 

sugar mills in the whole country is found to be 43.08 kilometers. This is considered 

appropriate because the Ministry of Agriculture and Cooperatives used to specify that 

the distance for sugarcane transportation should not exceed 50 kilometers (Nilpan, 

2008). The reason is that, if the distance is longer the transportation cost will be too 

high. In this case, the average transportation distances in the Eastern, the Northern, the 

Central, and the Northeastern regions were found to be 41.55, 46.41, 34.71, and 47.80 

kilometers, respectively.    

Case 2 Adding a new sugar mill in the Eastern region: After adding 

Chonburi Sugar Industry mill in the Eastern region, it was found that the overall 

average transportation distance in the whole country would reduce from 43.08 to 42.95 

kilometers. The average transportation distance in the Eastern region would decrease 

from 41.55 to 39.29 kilometers. Having examined average transportation distances of 
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sugar mills nearby Chonburi Sugar Industry mill, it was found that three mills would 

have increasing transportation distances; i.e., New Kwang Soon Lee mill (increase 

from 35.14 to 48.19 kilometers), Rayong mill (increase from 28.38 to 34.42 

kilometers), and Chonburi Sugar and Trading mill (increase from 18.32 to 49.97 

kilometers). The increases in transportation distances of these mills are believed to be 

caused by insufficiency sugarcane supply in nearby areas, thus the mills have to obtain 

sugarcane from areas being farther away.   

Case 3 The Cabinet Resolution: This case assumed that the 

implementation of the relocation and capacity expansion according to the cabinet 

resolution of the seven sugar mills have been completed. It was found that the overall 

average transportation distance in the whole country would decrease from 43.08 to 

39.76 kilometers. Considering by region, almost all regions also had shorter average 

transportation distances. The average transportation distances in the Northern region, 

the Central region and the Northeastern region would decrease from 46.41 to 42.40, 

from 34.71 to 30.64, and from 47.80 to 43.41 kilometers, respectively. This finding is 

expected to be caused by the tool used for the analysis, which is developed for 

calculating for the minimum transportation cost. Therefore, when there is insufficient 

sugarcane supply to meet capacity of the mills, no transportation is made. That makes 

the average transportation distances shorter. 

When conducting a sensitivity analysis with the case that sugarcane 

quantity becomes less than expectation, it was found that the average transportation 

distance tended to decrease. This is because insufficient sugarcane supply resulted in 

no transportation. On the contrary, when there is more sugarcane quantity than 

expectation, the average transportation distances tend to increase too. Keep in mind 

that the production increment is assumed to distribute evenly across the country. As 

long as there is a need for more sugarcane in one region, the mathematical model 

works its best to look for sugarcane from another region. As a result, mills in the 

Central and Northern regions, which are short of sugarcane, end up seeking sugarcane 

from plantation areas in the Northern region in order to fulfill their production 

capacity. Consequently, the transportation distance is inevitably increased. The overall 

average transportation distance therefore increased from 43.08 to 47.23 kilometers.  
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According to the results, it can be concluded that there should be a future 

plan to promote sugarcane plantation in areas around sugar mills so that sugarcane can 

be transported to the nearest sugar mill. It is found at present that there is no 

systematic management for sugarcane transportation across different sugar mills. This 

improper planning of sugarcane transportation can lengthen transportation distances to 

160-250 kilometers (Ministry of Industry, 2003b). Such these far transportation 

distances incur excessive transportation costs.  

 

6.3.3 The impact on the optimal transportation pattern 

The analysis results can be discussed according to the assumed cases. For 

Case 1: the optimal current situation (the production year 2008/2009), it was found 

that sugarcane were supplied to sugar mills nearby first in order to yield optimum 

solution (minimum total transportation cost). For Case 2: by adding a new sugar mill 

in the Eastern region, it was found that the pattern of sugarcane transportation in the 

Eastern region had changed. This change is apparent for the patterns of transporting 

sugarcane to sugar mills locating near the added sugar mill (Chonburi Sugar Industry 

mill). Examples of such these mills are Rayong mill, Chonburi Sugar and Trading 

mill, and New Kwang Soon Lee mill. This is because some of the existing sugarcane 

supply was switched to feed the new sugar mill. Finally, Case 3: The Cabinet 

Resolution, it was found that the relocation and/or capacity expansion resulted in 

obvious change of transportation patterns. For example, the relocation of New Kwang 

Soon Lee mill would force the fields that used to supply sugarcane to this mill to 

supply to other mills that are located further away. Some sugarcane from these fields 

would go to the mills in the Central region. This is because sugar mills, which are 

located near these fields, have already fully utilized their capacity. Regarding the 

relocation of Banpong mill and Chonburi Sugar Industry mill to the Northern region, 

the pattern of transportation in that region would be changed due to this relocation. 

This is particularly true for areas around the new locations of the two mills, because 

some sugarcane fields will certainly switch to supply to these new mills due to the 

closer distances. In addition, the obvious change was also found from conducting a 

sensitivity analysis by assuming that overall sugarcane quantity in the country was 

more than prediction by 20%. Much sugarcane was then apparently transported across 
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regions (i.e., from the Northeastern region to the Northern and the Central regions). 

This is probably because the Northeastern region is the region with the largest 

sugarcane growing area. Therefore, after assuming the 20% increase, sugarcane yield 

in this region became greater than demand of sugar mills in the region. Meanwhile, 

other regions still had insufficient sugarcane supply, thus sugarcanes from the 

Northeastern region were transported to other regions as well. 

 

6.3.4 The impact on the optimal inbound logistics cost  

 The total inbound logistics cost consists of transportation cost from all 

growing fields to all sugar mills, the opportunity cost of sugar mills, and the 

opportunity cost of sugarcane farmers. The opportunity cost of sugar mills is incurred 

when the overall quantity of sugarcane supply is less than their production capacity or 

demand        ( 
 


m

i

n

j

ji DS
1 1

). This cost can be calculated by multiplying the shortage 

quantity with the average sugar yield per ton of sugarcane at 110 kilograms/ton, and 

then multiplied with sugar price of 25 Baht/kilogram. The opportunity cost of 

sugarcane farmers happens when the overall sugarcane supply exceeds the overall 

sugarcane demand ( 
 


m

i

n

j

ji DS
1 1

). This cost can be calculated by multiplying the 

excessive quantity of sugarcane with the average cost of sugarcane 920 Baht/ton. In 

conclusion, the optimal inbound logistics cost of sugarcane and sugar industry can be 

summarized by the studied cases as follows: 

 Case 1 The optimal current situation (the production year 2008/2009): 

The minimum total sugarcane transportation cost from all fields to all sugar mills in 

the country was 12,615,129,290 Baht. However, since the sugarcane supply in that 

production year was less than the sugarcane demand at 3,550,433 tons, there is an 

opportunity cost incurred to the sugar mills. The opportunity cost is 3,550,433 tons x 

110 kilograms/ton x 25 Baht/kilogram = 9,763,690,750 Baht. Therefore, the total cost 

of inbound logistics system for this case was 22,378,820,040 Baht.  

 Case 2 Adding a new sugar mill in the Eastern region: After adding 

Chonburi Sugar Industry mill in the Eastern region, it was found that the minimum 

total sugarcane transportation cost in the country decreased to 12,577,936,513 Baht. 
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Quantity of the sugarcane supply was less than the sugarcane demand by 4,165,853 

tons, resulted in an opportunity cost of the sugar mills from having insufficient 

sugarcane for their production. The opportunity cost is equal to 4,165,853 tons x 110 

kilograms/ton x 25 Baht/ kilogram = 11,456,095,750 Baht. Therefore, the total cost of 

inbound logistics had increased to 24,034,032,263 Baht. 

 Case 3 The Cabinet Resolution: This case was analyzed by assuming that 

the relocation and/or capacity expansion of the seven mills approved by the cabinet 

resolution has been implemented in the production year 2008/2009. It was found that 

the optimal total sugarcane transportation cost in the country would reduce to 

11,645,062,551 Baht, which is less than the cost of the optimal current situation. 

However, due to the expansion of these seven mills, the sugarcane supply would not 

be sufficient to match the increasing demand. The shortage is as much as 9,644,644 

tons. This would result in an opportunity cost of sugar mills at 9,644,644 tons x 110 

kilograms/ton x 25 Baht/kilogram = 26,522,771,000 Baht. Therefore, the total cost of 

the system would increase to be as high as 38,167,833,551 Baht.  

 Sensitivity Analysis was conducted for the cases when the sugarcane 

production became more or less than the predicted quantity by 10% and 20%. In the 

cases of the yield less than prediction by 10% and 20%, it was found that the 

minimum total sugarcane transportation cost in the country would decrease to 

9,869,038,990 Baht and 8,553,244,923 Baht, respectively. The sugarcane supply 

became less than the sugarcane demand for 20,303,385 and 27,411,716 tons, 

respectively. Therefore, the opportunity costs of sugar mills for the two cases are equal 

to 20,303,385 tons x 110 kilograms/ton x 25 Baht/kilogram = 55,834,308,750 Baht 

and 27,411,716 tons x 110 kilograms/ton x 25 Baht/ kilogram = 75,382,219,000 Baht, 

respectively. The total cost of the system, when the yield had decreased by 10% and 

20%, are 65,703,347,740 Baht and 83,935,463,923 Baht, respectively. On the 

contrary, for the case of the yield become higher than prediction by 10%, it was found 

that the total transportation cost would reduce to 14,088,622,274 Baht. In this case, the 

sugarcane supply would be less than the demand for 6,086,769 tons. The opportunity 

cost of sugar mills would be equal to 6,086,769 tons x 110 kilograms/ton x 25 

Baht/kilogram = 16,738,614,750 Baht. As a result, the total cost of the system would 

be 30,827,237,024 Baht. However, when sugarcane yield became more than the 
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predicted quantity by 20%, the optimal total transportation cost increased to 

16,400,166,793 Baht. In this case, the sugarcane supply was greater than the sugarcane 

demand for 1,021,522 tons. This would result to an opportunity cost of sugarcane 

farmers, which was equal to 1,021,522 tons x 920 Baht/ton = 939,800,240 Baht. 

Therefore, the total cost of the inbound logistics for the whole country would be 

17,339,967,033 Baht.    

 

 

6.4 Suggestions and guideline for liberalization policy 

 These are always supporters and opponents of sugar mill liberalization 

policy regarding the new establishment, relocation, or capacity expansion of sugar 

mills. A past research surveyed the opinions among stakeholders of this industry 

(Siamwala et al., 1993). From the perspective of entrepreneurs of small sugar mills, 

they seemed to agree with the policy to allow relocation and/or capacity expansion. 

However, they disagreed to the policy to allow new establishment of sugar mills. They 

gave a reason that the new establishment would lead to higher competition for 

sugarcane in the area. Meanwhile, the entrepreneurs of large sugar mills totally 

disagreed to the sugar mill liberalization policy. Their reason was that the new 

establishment or relocation of sugar mills would have some impacts on the existing 

mills around the area. Sugarcane might become insufficient. Consequently, high 

competition for sugarcane would be unavoidable. Finally, in the perspective of 

entrepreneurs who wanted to establish new sugar mills, they certainly agreed to the 

policy to allow new establishment of sugar mills. However, once they have been 

allowed to establish their mills, they would turn to oppose the policy of new 

establishment. Sugar mill liberalization is therefore analogous to a two-sided coin, 

there are always persons who gain and who lose. Nevertheless, sugar mill 

liberalization is unavoidable eventually. Thus solutions for coping with this policy 

have to be prepared so that all stakeholders can get ready for the future change. For 

this purpose, the research would like to recommend some guidelines for sugar mill 

liberalization as follows:  
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1) In the future, some tools for quantitatively analyzing impacts of sugar 

mill liberalization should be developed. The tools would allow all relevant partners to 

understand the consequences of liberalization easily and clearly. The results from 

analyzing with the tools will become efficient information for preparing to cope with 

future change. This research has proposed such the tool. The tool has been proved to 

provide satisfactory results, which are consistent with the real circumstances.  

2) A balance between the sugarcane supply and the sugarcane demand or 

capacity of sugar mills is the most important factor when making decisions about new 

establishment, relocation, and capacity expansion. Therefore, accuracy of the 

estimation on sugarcane quantity is highly influential for decision making. This is 

particularly true when the real sugarcane yield become less than the overall demand. 

Problems, such as high competition and low capacity utilization, will happen in the 

whole system. Thus attention should be also put on a tool for predicting sugarcane 

yield. There should also be plans or projects to promote and enhance efficiency of 

sugarcane farming so that the sugar mills will have sufficient sugarcane for their 

production capacity without having to compete too fiercely with each other.  

3) According to the reviewed literature regarding the sugarcane and sugar 

industry and the results from this research’s analyses, the transportation distances from 

some sugarcane fields to some sugar mills can be as far as 160 – 250 kilometers 

(Ministry of Industry, 2003b). Therefore, a future plan for better sugarcane 

transportation planning should be very important. Areas for growing sugarcane may be 

re-specified, and locations of sugar mills may be determined more appropriately.    

 

 

6.5 Recommended future research 

 This research has studied the impacts of sugar mill liberalization on 

inbound logistics of cane and sugarcane production. For this purpose, the 

transportation model was applied as the tool for analyzing the impacts quantitatively. 

According to the findings of this research, some recommendations for future research 

can be made as follows:   
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1) Some data should be adjusted to be more detailed. For example, the 

data on sugarcane field in this research is aggregated at the district level due to the 

limitation of the software capability. In the future, this data may be made to have 

higher details by using boundaries of Tambol (sub-districts) or villages instead. This 

would allow the results to reflect the real circumstances more accurately. For this 

operation, the software used for calculation might have to be changed from LINDO to 

IBM ILOG CPLEX. 

2) The model should be improved to better resemble the real situation. 

Currently, the transportation model allows a field to transport sugarcane to more than 

one mill. This is very unlikely in the real situation. In fact, each sugarcane field 

supplies its sugarcane to only one mill, with a characteristic of so-called “single 

source” distribution. Therefore, the future research should add a constraint into the 

model in order to force it to allow only single source transportation. 

3) The results from the tool in this research are very satisfactory. 

However, the tool requires a complex and difficult procedure for inputting the data. 

Therefore, in the future, a form of Decision Support System (DSS) might be 

developed to facilitate the data input procedure. The DSS will enable users to see the 

impacts immediately after there is any change in the data. For example, changes in 

sugarcane supply, number of production days, production capacity, and the locations 

of mills. These changes are expected to happen after the relocation and capacity 

expansion of some sugar mills in the future. Such the DSS can be developed without 

much difficulty. All required data have already been collected in a form of GIS data 

from the responsible authorities. Data of sugar mill locations and sugarcane fields 

have been obtained from the Office of the Cane and Sugar Board. GIS data of 

transportation-related was obtained from the Permanent Secretariat Office of the 

Ministry of Transport. The remaining tasks are only to integrate these data with the 

developed mathematical model and create the user-friendly interface for the 

application. This would be sufficient to derive an effective decision support system 

that is highly beneficial to the Thai society.   
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APPENDIX A 

PREPARING DATA FOR ANALYSIS IN GEOGRAPHIC 

INFORMATION SYSTEM (SUGARCANE FIELDS) 

 

 

 Network Analyst feature calculates distances by finding the shortest path 

between two point features. Therefore, the polygon dataset of sugarcane field areas, 

obtained from the Office of the Cane and Sugar had to be converted to a point dataset. 

The field data that contain 388,104 records of polygons, covering the total area of 

6,831,892 rais during the growing period of 2008/2009 is too large to handle. These 

fields were then grouped by district in Thailand, resulting in a total of 404 sugarcane 

field areas. Thus there were 404 groups of field areas to be used for distance 

calculation. Procedures for grouping field areas and converting polygons of these 

groups to point features are explained in details below. 

1) Open ArcMap and select 404 districts in Thailand that will be used for 

grouping field areas and defining scope of this study (See Figure A.1). 
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Figure A.1 Polygons of sugarcane field areas are displayed in ArcMap. 

 

2) In order to convert polygon data to point data, this research used ET 

GeoWizards Extension, which is available for free download from 

www.freegeographytools.com. After being downloaded and installed in ArcGIS 

Desktop 9.3, ET GeoWizard tool can be accessed by clicking View  Toolbars  ET 

Geo Wizards (See Figure A.2). 
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Figure A.2 Add functionality of ET GeoWizards  

 

3) Click at ET GeoWizards tool to open GeoWizards window. To convert 

polygons to points, click Convert  Polygon to Point  Go (See Figure A.3). 
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Figure A.3 Open function Polygon to Point Wizard 

 

4) Select “Amphor_Cane” layer, which is the polygon shapefile of districts 

in Thailand, in the “Select polygon layer” drop down name. Then specify a Shapefile 

name in the “Specify output feature class or shapefile” box and click next (See Figure 

A.4). 

 

Figure A.4 Select input polygon layer and specify output point shapefile 
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5) There are four optional conversion algorithms in ET GeoWizards. In 

this research, the “Centers In” option (See Figure A.5) was applied. Details of all four 

options are explained below.   

5.1) Vertices - the vertices of all polygons will be converted to 

points. If the "Remove duplicate points" option is selected the duplicate points created 

from the vertices of two adjacent polygons will be represented by one point. Note that 

if this option is used, the attempt to convert back these points to polygons will produce 

incorrect result  

5.2) Labels - the Label point is always located inside the 

polygon. The algorithm makes sure that the point is not close to the boundary of the 

polygon. Points created using this algorithm are suitable for spatial transfer of 

attributes. 

5.3) Centers - the Center points represent the centroid of a 

polygon. Therefore sometimes they might be located outside of the polygon  

5.4) Centers In - points representing the centroids of the 

polygons. If the centroid occurs outside of the polygon, the point is moved to be in the 

polygon. 

 

Figure A.5 Specify conversion option by selecting “Centers In” 
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6) When the operation is completed, the program will display “Function 

completed successfully” dialog (See Figure A.6). 

 

Figure A.6 Function completed successfully  

 

7) The results contain centroids, which represent groups of sugarcane field 

areas. It can be added into ArcMap and displayed together with other data. In Figure 

A.7, we can see that the centroids of 404 districts are positioned within district 

polygons in Thailand (See Figure A.7). 
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Figure A.7 The 404 groups of sugarcane field areas 

 

8) The Figure A.7 reveals that sometimes centroids from data conversion 

process from polygon to point might be located outside areas of cane fields. If we are 

not satisfied with the result, we can move that point to a required position. To do this, 

we use Editor Function of ArcGIS, which can be accessed by clicking Editor  Start 

Editing (See Figure A.8). 
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Figure A.8 Open Editor Function to start editing the point features 

 

9) Move the point of cane fields located in a wrong position to a new and 

correct position (See Figure A.9). When finish editing, click Editor  Save edits  

Stop Editing 
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Figure A.9 Moving a point representing an area of cane fields 

 

10) The incorrect point of sugarcane field has been moved (See Figure 

A.10 in circle). When finish editing, click Editor  Save edits  Stop Editing. 
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Figure A.10 The final 404 groups of sugarcane field areas 

 

 The detail sugarcane fields grouped by district in Thailand during the 

growing period of 2008/2009 were presented in Appendix B in the “District” column 

of Table B.1 (The estimate of sugarcane production in Thailand). 
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APPENDIX B 

THE ESTIMATED SUGARCANE PRODUCTION  

IN THAILAND 

 

 

Table B.1 The estimated sugarcane production in Thailand 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

1 Kamphaeng Phet 11.05 Mueang Kamphaeng Phet 60,198 665,188 

2 Kamphaeng Phet 11.05 Sai Ngam 49,318 544,964 

3 Kamphaeng Phet 11.05 Khlong Lan 3,474 38,388 

4 Kamphaeng Phet 11.05 Khanu Woralaksaburi 23,893 264,018 

5 Kamphaeng Phet 11.05 Khlong Khlung 34,278 378,772 

6 Kamphaeng Phet 11.05 Phran Kratai 35,841 396,043 

7 Kamphaeng Phet 11.05 Lan Krabue 37,437 413,679 

8 Kamphaeng Phet 11.05 Sai Thong Watthana 44,546 492,233 

9 Kamphaeng Phet 11.05 Pang Sila Thong 8,062 89,085 

10 Kamphaeng Phet 11.05 
King Amphoe Bueng 

Samakkhi 
46,219 510,720 

11 Kamphaeng Phet 11.05 
King Amphoe Kosamphi 

Nakhon 
5,844 64,576 

12 Lampang 8.63 Mueang Lampang 13,204 113,951 

13 Lampang 8.63 Mae Mo 426 3,676 

14 Lampang 8.63 Ko Kha 3,247 28,022 

15 Lampang 8.63 Soem Ngam 187 1,614 

16 Lampang 8.63 Chae Hom 402 3,469 

17 Lampang 8.63 Wang Nuea 597 5,152 

18 Lampang 8.63 Mae Tha 4,141 35,737 

19 Lampang 8.63 Sop Prap 1,770 15,275 

20 Lampang 8.63 Hang Chat 2,038 17,588 

21 Lampang 8.63 Mueang Pan 5,322 45,929 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

22 Nakhon Sawan 11.47 Mueang Nakhon Sawan 5,872 67,352 

23 Nakhon Sawan 11.47 Krok Phra 4,312 49,459 

24 Nakhon Sawan 11.47 Nong Bua 3,055 35,041 

25 Nakhon Sawan 11.47 Banphot Phisai 17,102 196,160 

26 Nakhon Sawan 11.47 Kao Liao 6,250 71,688 

27 Nakhon Sawan 11.47 Takhli 70,031 803,256 

28 Nakhon Sawan 11.47 Tha Tako 17,474 200,427 

29 Nakhon Sawan 11.47 Phaisali 28,436 326,161 

30 Nakhon Sawan 11.47 Phayuha Khiri 111,154 1,274,936 

31 Nakhon Sawan 11.47 Lat Yao 2,174 24,936 

32 Nakhon Sawan 11.47 Tak Fa 102,064 1,170,674 

33 Nakhon Sawan 11.47 Mae Wong 6,044 69,325 

34 Nakhon Sawan 11.47 King Amphoe Mae Poen 6,530 74,899 

35 Nakhon Sawan 11.47 
King Amphoe Chum Ta 

Bong 
11,450 131,332 

36 Phetchabun 11.20 Chon Daen 1,303 14,594 

37 Phetchabun 11.20 Wichian Buri 108,607 1,216,398 

38 Phetchabun 11.20 Si Thep 77,940 872,928 

39 Phetchabun 11.20 Bueng Sam Phan 12,541 140,459 

40 Phichit 12.50 Mueang Phichit 1,045 13,063 

41 Phichit 12.50 Pho Prathap Chang 8,121 101,513 

42 Phichit 12.50 Taphan Hin 594 7,425 

43 Phichit 12.50 Pho Thale 2,568 32,100 

44 Phichit 12.50 Sam Ngam 5,228 65,350 

45 Phichit 12.50 King Amphoe Sak Lek 808 10,100 

46 Phichit 12.50 
King Amphoe Bueng Na 

Rang 
23,071 288,388 

47 Phichit 12.50 Wachirabarami 1,033 12,913 

48 Phitsanulok 11.31 Mueang Phitsanulok 3,577 40,456 

49 Phitsanulok 11.31 Chat Trakan 6,691 75,675 

50 Phitsanulok 11.31 Bang Rakam 38,377 434,044 

51 Phitsanulok 11.31 Bang Krathum 7,869 88,998 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

52 Phitsanulok 11.31 Phrom Phiram 5,039 56,991 

53 Phitsanulok 11.31 Wat Bot 5,273 59,638 

54 Phitsanulok 11.31 Wang Thong 9,833 111,211 

55 Phitsanulok 11.31 Noen Maprang 3,458 39,110 

56 Phrae 10.20 Rong Kwang 1,441 14,698 

57 Phrae 10.20 Long 410 4,182 

58 Phrae 10.20 Song 3,767 38,423 

59 Phrae 10.20 Nong Muang Khai 299 3,050 

60 Sukhothai 11.11 Mueang Sukhothai 1,725 19,165 

61 Sukhothai 11.11 Ban Dan Lan Hoi 1,927 21,409 

62 Sukhothai 11.11 Khiri Mat 15,889 176,527 

63 Sukhothai 11.11 Kong Krailat 4,881 54,228 

64 Sukhothai 11.11 Si Satchanalai 37,779 419,725 

65 Sukhothai 11.11 Si Samrong 9,749 108,311 

66 Sukhothai 11.11 Sawankhalok 73,450 816,030 

67 Sukhothai 11.11 Si Nakhon 27,465 305,136 

68 Sukhothai 11.11 Thung Saliam 9,259 102,867 

69 Tak 11.49 Mueang Tak 1,283 14,742 

70 Tak 11.49 King Amphoe Wang Chao 2,807 32,252 

71 Uttaradit 10.87 Mueang Uttaradit 8,321 90,449 

72 Uttaradit 10.87 Tron 12,143 131,994 

73 Uttaradit 10.87 Tha Pla 2,725 29,621 

74 Uttaradit 10.87 Nam Pat 2,871 31,208 

75 Uttaradit 10.87 Phichai 10,878 118,244 

76 Uttaradit 10.87 Thong Saen Khan 16,842 183,073 

77 Ang Thong 11.81 Pho Thong 2,603 30,741 

78 Ang Thong 11.81 Sawaeng Ha 8,619 101,790 

79 Ang Thong 11.81 Wiset Chai Chan 995 11,751 

80 Ang Thong 11.81 Samko 945 11,160 

81 Chai Nat 11.02 Mueang Chai Nat 627 6,910 

82 Chai Nat 11.02 Manorom 976 10,756 

83 Chai Nat 11.02 Wat Sing 5,446 60,015 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

84 Chai Nat 11.02 Sapphaya 73 804 

85 Chai Nat 11.02 Sankhaburi 9,211 101,505 

86 Chai Nat 11.02 Hankha 9,786 107,842 

87 Chai Nat 11.02 
King Amphoe Nong 

Mamong 
26,651 293,694 

88 Chai Nat 11.02 King Amphoe Noen Kham 51,727 570,032 

89 Kanchanaburi 10.85 Mueang Kanchanaburi 67,808 735,717 

90 Kanchanaburi 10.85 Sai Yok 12,059 130,840 

91 Kanchanaburi 10.85 Bo Phloi 107,165 1,162,740 

92 Kanchanaburi 10.85 Tha Maka 54,235 588,450 

93 Kanchanaburi 10.85 Tha Muang 74,114 804,137 

94 Kanchanaburi 10.85 Thong Pha Phum 1,053 11,425 

95 Kanchanaburi 10.85 Phanom Thuan 30,759 333,735 

96 Kanchanaburi 10.85 Lao Khwan 56,295 610,801 

97 Kanchanaburi 10.85 Dan Makham Tia 44,137 478,886 

98 Kanchanaburi 10.85 Nong Prue 58,527 635,018 

99 Kanchanaburi 10.85 Huai Krachao 29,163 316,419 

100 Lop Buri 10.76 Mueang Lop Buri 5,171 55,640 

101 Lop Buri 10.76 Phatthana Nikhom 82,277 885,301 

102 Lop Buri 10.76 Khok Samrong 19,359 208,303 

103 Lop Buri 10.76 Chai Badan 118,334 1,273,274 

104 Lop Buri 10.76 Ban Mi 11,509 123,837 

105 Lop Buri 10.76 Tha Luang 69,967 752,845 

106 Lop Buri 10.76 Sa Bot 14,383 154,761 

107 Lop Buri 10.76 Khok Charoen 38,383 413,001 

108 Lop Buri 10.76 Lam Sonthi 31,553 339,510 

109 Lop Buri 10.76 Nong Muang 94,896 1,021,081 

110 Nakhon Pathom 11.52 Mueang Nakhon Pathom 16,560 190,771 

111 Nakhon Pathom 11.52 Kamphaeng Saen 56,448 650,281 

112 Nakhon Pathom 11.52 Don Tum 342 3,940 

113 Phetchaburi 10.65 Nong Ya Plong 3,487 37,137 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

114 Phetchaburi 10.65 Cha-am 13,055 139,036 

115 Phetchaburi 10.65 Tha Yang 9,672 103,007 

116 Phetchaburi 10.65 Kaeng Krachan 377 4,015 

117 
Prachuap 

Khiri Khan 
10.16 

Mueang Prachuap Khiri 

Khan 
6,419 65,217 

118 
Prachuap 

Khiri Khan 
10.16 Kui Buri 5,110 51,918 

119 
Prachuap 

Khiri Khan 
10.16 Pran Buri 7,918 80,447 

120 
Prachuap 

Khiri Khan 
10.16 Hua Hin 17,454 177,333 

121 
Prachuap 

Khiri Khan 
10.16 

King Amphoe Sam Roi 

Yot 
5,181 52,639 

122 Ratchaburi 10.26 Mueang Ratchaburi 10,607 108,828 

123 Ratchaburi 10.26 Chom Bueng 64,212 658,815 

124 Ratchaburi 10.26 Suan Phueng 5,633 57,795 

125 Ratchaburi 10.26 Ban Pong 30,842 316,439 

126 Ratchaburi 10.26 Bang Phae 632 6,484 

127 Ratchaburi 10.26 Photharam 34,625 355,253 

128 Ratchaburi 10.26 Pak Tho 13,012 133,503 

129 Ratchaburi 10.26 King Amphoe Ban Kha 1,651 16,939 

130 Saraburi 11.47 Kaeng Khoi 7,213 82,733 

131 Saraburi 11.47 Muak Lek 39,416 452,102 

132 Saraburi 11.47 Wang Muang 41,707 478,379 

133 Saraburi 11.47 Chaloem Phra Kiat 829 9,509 

134 Sing Buri 11.83 Mueang Sing Buri 885 10,470 

135 Sing Buri 11.83 Bang Rachan 20,545 243,047 

136 Sing Buri 11.83 Khai Bang Rachan 16,894 199,856 

137 Sing Buri 11.83 Tha Chang 273 3,230 

138 Sing Buri 11.83 In Buri 1,670 19,756 

139 Suphan Buri 10.92 Mueang Suphan Buri 1,656 18,084 

140 Suphan Buri 10.92 Doem Bang Nang Buat 49,193 537,188 



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 197 

Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

141 Suphan Buri 10.92 Dan Chang 115,130 1,257,220 

142 Suphan Buri 10.92 Si Prachan 7,829 85,493 

143 Suphan Buri 10.92 Don Chedi 8,918 97,385 

144 Suphan Buri 10.92 Song Phi Nong 98,517 1,075,806 

145 Suphan Buri 10.92 Sam Chuk 13,694 149,538 

146 Suphan Buri 10.92 U Thong 65,263 712,672 

147 Suphan Buri 10.92 Nong Ya Sai 103,612 1,131,443 

148 Uthai Thani 10.35 Thap Than 339 3,509 

149 Uthai Thani 10.35 Sawang Arom 1,714 17,740 

150 Uthai Thani 10.35 Nong Chang 4,199 43,460 

151 Uthai Thani 10.35 Nong Khayang 297 3,074 

152 Uthai Thani 10.35 Ban Rai 181,580 1,879,353 

153 Uthai Thani 10.35 Lan Sak 27,229 281,820 

154 Uthai Thani 10.35 Huai Khot 9,265 95,893 

155 Chachoengsao 8.15 Phanom Sarakham 1,434 11,687 

156 Chachoengsao 8.15 Sanam Chai Khet 17,204 140,213 

157 Chachoengsao 8.15 Plaeng Yao 8,577 69,903 

158 Chachoengsao 8.15 Tha Takiap 30,986 252,536 

159 Chanthaburi 10.12 Pong Nam Ron 3,052 30,886 

160 Chanthaburi 10.12 Soi Dao 16,626 168,255 

161 Chon Buri 9.15 Mueang Chon Buri 1,059 9,690 

162 Chon Buri 9.15 Ban Bueng 43,682 399,690 

163 Chon Buri 9.15 Nong Yai 22,353 204,530 

164 Chon Buri 9.15 Phan Thong 1,327 12,142 

165 Chon Buri 9.15 Phanat Nikhom 13,653 124,925 

166 Chon Buri 9.15 Si Racha 3,137 28,704 

167 Chon Buri 9.15 Bo Thong 52,266 478,234 

168 Chon Buri 9.15 King Amphoe Ko Chan 11,869 108,601 

169 Prachin Buri 9.36 Kabin Buri 17,959 168,096 

170 Prachin Buri 9.36 Na Di 840 7,862 

171 Rayong 9.53 Wang Chan 4,014 38,253 

172 Rayong 9.53 Ban Khai 404 3,850 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

173 Rayong 9.53 Pluak Daeng 10,923 104,096 

174 Sa Kaeo 8.19 Mueang Sa Kaeo 15,416 126,257 

175 Sa Kaeo 8.19 Khlong Hat 40,204 329,271 

176 Sa Kaeo 8.19 Ta Phraya 6,012 49,238 

177 Sa Kaeo 8.19 Wang Nam Yen 21,240 173,956 

178 Sa Kaeo 8.19 Watthana Nakhon 27,381 224,250 

179 Sa Kaeo 8.19 Aranyaprathet 37,489 307,035 

180 Sa Kaeo 8.19 Khao Chakan 18,951 155,209 

181 Sa Kaeo 8.19 King Amphoe Khok Sung 13,786 112,907 

182 Sa Kaeo 8.19 
King Amphoe Wang 

Sombun 
18,188 148,960 

183 Amnat Charoen 10.27 Mueang Amnat Charoen 2,028 20,828 

184 Amnat Charoen 10.27 Chanuman 15,189 155,991 

185 Amnat Charoen 10.27 Pathum Ratchawongsa 2,857 29,341 

186 Amnat Charoen 10.27 Senangkhanikhom 806 8,278 

187 Buri Ram 9.93 Mueang Buri Ram 2,731 27,119 

188 Buri Ram 9.93 Khu Mueang 10,586 105,119 

189 Buri Ram 9.93 Krasang 910 9,036 

190 Buri Ram 9.93 Nang Rong 5,962 59,203 

191 Buri Ram 9.93 Nong Ki 13,342 132,486 

192 Buri Ram 9.93 Lahan Sai 15,246 151,393 

193 Buri Ram 9.93 Prakhon Chai 654 6,494 

194 Buri Ram 9.93 Ban Kruat 7,478 74,257 

195 Buri Ram 9.93 Lam Plai Mat 5,084 50,484 

196 Buri Ram 9.93 Satuek 10,619 105,447 

197 Buri Ram 9.93 Pakham 1,794 17,814 

198 Buri Ram 9.93 Na Pho 51 506 

199 Buri Ram 9.93 Nong Hong 16,698 165,811 

200 Buri Ram 9.93 Non Suwan 983 9,761 

201 Buri Ram 9.93 Chamni 395 3,922 

202 Buri Ram 9.93 Non Din Daeng 936 9,294 

203 Buri Ram 9.93 King Amphoe Ban Dan 4,241 42,113 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

204 Buri Ram 9.93 
King Amphoe Khaen 

Dong 
10,089 100,184 

205 Chaiyaphum 10.15 Mueang Chaiyaphum 10,503 106,605 

206 Chaiyaphum 10.15 Ban Khwao 4,128 41,899 

207 Chaiyaphum 10.15 Khon Sawan 8,169 82,915 

208 Chaiyaphum 10.15 Kaset Sombun 41,662 422,869 

209 Chaiyaphum 10.15 Nong Bua Daeng 29,761 302,074 

210 Chaiyaphum 10.15 Chatturat 14,333 145,480 

211 Chaiyaphum 10.15 Bamnet Narong 7,347 74,572 

212 Chaiyaphum 10.15 Nong Bua Rawe 4,299 43,635 

213 Chaiyaphum 10.15 Thep Sathit 7,235 73,435 

214 Chaiyaphum 10.15 Phu Khiao 181,046 1,837,617 

215 Chaiyaphum 10.15 Ban Thaen 19,405 196,961 

216 Chaiyaphum 10.15 Kaeng Khro 29,958 304,074 

217 Chaiyaphum 10.15 Khon San 44,683 453,532 

218 Chaiyaphum 10.15 Phakdi Chumphon 687 6,973 

219 Chaiyaphum 10.15 Noen Sa-nga 3,806 38,631 

220 Chaiyaphum 10.15 King Amphoe Sap Yai 2,382 24,177 

221 Kalasin 10.25 Mueang Kalasin 8,819 90,395 

222 Kalasin 10.25 Na Mon 15,643 160,341 

223 Kalasin 10.25 Kuchinarai 34,997 358,719 

224 Kalasin 10.25 Khao Wong 104 1,066 

225 Kalasin 10.25 Yang Talat 2,831 29,018 

226 Kalasin 10.25 Huai Mek 18,115 185,679 

227 Kalasin 10.25 Sahatsakhan 7,055 72,314 

228 Kalasin 10.25 Kham Muang 17,322 177,551 

229 Kalasin 10.25 Tha Khantho 33,402 342,371 

230 Kalasin 10.25 Nong Kung Si 43,173 442,523 

231 Kalasin 10.25 Somdet 9,621 98,615 

232 Kalasin 10.25 Huai Phueng 11,204 114,841 

233 Kalasin 10.25 King Amphoe Khong Chai 28,641 293,570 

234 Kalasin 10.25 King Amphoe Na Khu 133 1,363 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

235 Kalasin 10.25 King Amphoe Don Chan 11,315 115,979 

236 Khon Kaen 9.79 Mueang Khon Kaen 16,689 163,385 

237 Khon Kaen 9.79 Ban Fang 13,602 133,164 

238 Khon Kaen 9.79 Phra Yuen 1,106 10,828 

239 Khon Kaen 9.79 Nong Ruea 20,295 198,688 

240 Khon Kaen 9.79 Chum Phae 20,147 197,239 

241 Khon Kaen 9.79 Si Chomphu 26,916 263,508 

242 Khon Kaen 9.79 Nam Phong 56,230 550,492 

243 Khon Kaen 9.79 Ubolratana 10,190 99,760 

244 Khon Kaen 9.79 Kranuan 53,590 524,646 

245 Khon Kaen 9.79 Ban Phai 22,658 221,822 

246 Khon Kaen 9.79 Pueai Noi 5,552 54,354 

247 Khon Kaen 9.79 Phon 3,570 34,950 

248 Khon Kaen 9.79 Waeng Yai 757 7,411 

249 Khon Kaen 9.79 Waeng Noi 684 6,696 

250 Khon Kaen 9.79 Nong Song Hong 10,493 102,726 

251 Khon Kaen 9.79 Phu Wiang 11,919 116,687 

252 Khon Kaen 9.79 Mancha Khiri 32,450 115,979 

238 Khon Kaen 9.79 Phra Yuen 1,106 163,385 

239 Khon Kaen 9.79 Nong Ruea 20,295 133,164 

240 Khon Kaen 9.79 Chum Phae 20,147 10,828 

241 Khon Kaen 9.79 Si Chomphu 26,916 198,688 

242 Khon Kaen 9.79 Nam Phong 56,230 197,239 

243 Khon Kaen 9.79 Ubolratana 10,190 263,508 

244 Khon Kaen 9.79 Kranuan 53,590 550,492 

245 Khon Kaen 9.79 Ban Phai 22,658 99,760 

246 Khon Kaen 9.79 Pueai Noi 5,552 524,646 

247 Khon Kaen 9.79 Phon 3,570 221,822 

248 Khon Kaen 9.79 Waeng Yai 757 54,354 

249 Khon Kaen 9.79 Waeng Noi 684 34,950 

250 Khon Kaen 9.79 Nong Song Hong 10,493 7,411 

251 Khon Kaen 9.79 Phu Wiang 11,919 6,696 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

252 Khon Kaen 9.79 Mancha Khiri 32,450 317,686 

253 Khon Kaen 9.79 Chonnabot 3,542 34,676 

254 Khon Kaen 9.79 Khao Suan Kwang 17,970 175,926 

255 Khon Kaen 9.79 Phu Pha Man 9,509 93,093 

256 Khon Kaen 9.79 King Amphoe Sam Sung 13,582 132,968 

257 Khon Kaen 9.79 
King Amphoe Khok Pho 

Chai 
4,796 46,953 

258 Khon Kaen 9.79 
King Amphoe Nong Na 

Kham 
936 9,163 

259 Khon Kaen 9.79 King Amphoe Ban Haet 19,170 187,674 

260 Khon Kaen 9.79 King Amphoe Non Sila 8,721 85,379 

261 Loei 10.14 Mueang Loei 244 2,474 

262 Loei 10.14 Na Duang 368 3,732 

263 Loei 10.14 Wang Saphung 35,837 363,387 

264 Loei 10.14 Phu Kradueng 3,956 40,114 

265 Loei 10.14 Phu Luang 2,488 25,228 

266 Loei 10.14 Pha Khao 21,882 221,883 

267 Loei 10.14 King Amphoe Erawan 13,297 134,832 

268 Loei 10.14 King Amphoe Nong Hin 16,305 165,333 

269 Maha Sarakham 9.52 Mueang Maha Sarakham 522 4,969 

270 Maha Sarakham 9.52 Kosum Phisai 56,910 541,783 

271 Maha Sarakham 9.52 Chiang Yuen 923 8,787 

272 Maha Sarakham 9.52 Borabue 6,407 60,995 

273 Maha Sarakham 9.52 Na Chueak 5,771 54,940 

274 Maha Sarakham 9.52 Na Dun 403 3,837 

275 Maha Sarakham 9.52 King Amphoe Kut Rang 22,267 211,982 

276 Maha Sarakham 9.52 
King Amphoe Chuen 

Chom 
9,737 92,696 

277 Mukdahan 10.03 Mueang Mukdahan 39,628 397,469 

278 Mukdahan 10.03 Nikhom Kham Soi 18,143 181,974 

279 Mukdahan 10.03 Don Tan 28,156 282,405 

280 Mukdahan 10.03 Dong Luang 6,574 65,937 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

281 Mukdahan 10.03 Khamcha-i 7,659 76,820 

282 Mukdahan 10.03 Wan Yai 1,652 16,570 

283 Mukdahan 10.03 Nong Sung 3,195 32,046 

284 Nakhon Phanom 10.19 Tha Uthen 347 3,536 

285 Nakhon Phanom 10.19 Ban Phaeng 108 1,101 

286 Nakhon Phanom 10.19 That Phanom 1,218 12,411 

287 Nakhon Phanom 10.19 Na Kae 472 4,810 

288 Nakhon Phanom 10.19 Si Songkhram 1,458 14,857 

289 Nakhon Phanom 10.19 Na Thom 358 3,648 

290 
Nakhon 

Ratchasima 
9.93 

Mueang Nakhon 

Ratchasima 
5,933 58,915 

291 
Nakhon 

Ratchasima 
9.93 Khon Buri 35,364 351,165 

292 
Nakhon 

Ratchasima 
9.93 Soeng Sang 9,465 93,987 

293 
Nakhon 

Ratchasima 
9.93 Khong 23,738 235,718 

294 
Nakhon 

Ratchasima 
9.93 Ban Lueam 27,569 273,760 

295 
Nakhon 

Ratchasima 
9.93 Chakkarat 25,616 254,367 

296 
Nakhon 

Ratchasima 
9.93 Chok Chai 14,299 141,989 

297 
Nakhon 

Ratchasima 
9.93 Dan Khun Thot 30,809 305,933 

298 
Nakhon 

Ratchasima 
9.93 Kham Sakaesaeng 6,081 60,384 

299 
Nakhon 

Ratchasima 
9.93 Bua Yai 21,356 212,065 

300 
Nakhon 

Ratchasima 
9.93 Pak Thong Chai 38,432 381,630 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

301 
Nakhon 

Ratchasima 
9.93 Phimai 31,798 315,754 

302 
Nakhon 

Ratchasima 
9.93 Huai Thalaeng 15,873 157,619 

303 
Nakhon 

Ratchasima 
9.93 Chum Phuang 12,253 121,672 

304 
Nakhon 

Ratchasima 
9.93 Sung Noen 10,118 100,472 

305 
Nakhon 

Ratchasima 
9.93 Kham Thale So 73 725 

306 
Nakhon 

Ratchasima 
9.93 Sikhio 19,210 190,755 

307 
Nakhon 

Ratchasima 
9.93 Pak Chong 56,230 558,364 

308 
Nakhon 

Ratchasima 
9.93 Nong Bunnak 19,902 197,627 

309 
Nakhon 

Ratchasima 
9.93 Kaeng Sanam Nang 48,052 477,156 

310 
Nakhon 

Ratchasima 
9.93 Wang Nam Khiao 17,775 176,506 

311 
Nakhon 

Ratchasima 
9.93 King Amphoe Thepharak 7,001 69,520 

312 
Nakhon 

Ratchasima 
9.93 

King Amphoe Phra Thong 

Kham 
14,146 140,470 

313 
Nakhon 

Ratchasima 
9.93 

King Amphoe Lam 

Thamenchai 
181 1,797 

314 
Nakhon 

Ratchasima 
9.93 King Amphoe Bua Lai 1,219 12,105 

315 
Nakhon 

Ratchasima 
9.93 Chaloem Phra Kiat 3,799 37,724 

316 
Nong Bua 

Lam Phu 
10.23 

Mueang Nong Bua Lam 

Phu 
4,666 47,733 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

317 
Nong Bua 

Lam Phu 
10.23 Na Klang 4,364 44,644 

318 
Nong Bua 

Lam Phu 
10.23 Non Sang 172 1,760 

319 
Nong Bua 

Lam Phu 
10.23 Si Bun Rueang 29,237 299,095 

320 
Nong Bua 

Lam Phu 
10.23 Suwannakhuha 3,329 34,056 

321 
Nong Bua 

Lam Phu 
10.23 Na Wang 5,752 58,843 

322 Nong Khai 10.09 Tha Bo 474 4,783 

323 Nong Khai 10.09 Bueng Kan 71 716 

324 Nong Khai 10.09 Phon Charoen 1,244 12,552 

325 Nong Khai 10.09 Phon Phisai 1,922 19,393 

326 Nong Khai 10.09 So Phisai 1,730 17,456 

327 Nong Khai 10.09 Si Chiang Mai 1,568 15,821 

328 Nong Khai 10.09 Sangkhom 513 5,176 

329 Nong Khai 10.09 Seka 5,859 59,117 

330 Nong Khai 10.09 Bueng Khong Long 3,802 38,362 

331 Nong Khai 10.09 Si Wilai 653 6,589 

332 Nong Khai 10.09 King Amphoe Sakhrai 2,057 20,755 

333 Nong Khai 10.09 King Amphoe Fao Rai 3,471 35,022 

334 Nong Khai 10.09 King Amphoe Pho Tak 5,031 50,763 

335 Roi Et 9.94 Phon Thong 29,372 291,958 

336 Roi Et 9.94 Pho Chai 14,720 146,317 

337 Roi Et 9.94 Nong Phok 13,740 136,576 

338 Roi Et 9.94 Selaphum 4,401 43,746 

339 Roi Et 9.94 Moei Wadi 3,390 33,697 

340 Sakon Nakhon 10.29 Mueang Sakon Nakhon 1,571 16,166 

341 Sakon Nakhon 10.29 Kut Bak 1,302 13,398 

342 Sakon Nakhon 10.29 Phanna Nikhom 3,268 33,628 

343 Sakon Nakhon 10.29 Phang Khon 201 2,068 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

344 Sakon Nakhon 10.29 Waritchaphum 1,341 13,799 

345 Sakon Nakhon 10.29 Nikhom Nam Un 930 9,570 

346 Sakon Nakhon 10.29 Kham Ta Kla 96 988 

347 Sakon Nakhon 10.29 Ban Muang 6,580 67,708 

348 Sakon Nakhon 10.29 Akat Amnuai 276 2,840 

349 Sakon Nakhon 10.29 Sawang Daen Din 13,599 139,934 

350 Sakon Nakhon 10.29 Song Dao 16,912 174,024 

351 Sakon Nakhon 10.29 Tao Ngoi 2,287 23,533 

352 Sakon Nakhon 10.29 Charoen Sin 3,228 33,216 

353 Sakon Nakhon 10.29 Phu Phan 3,744 38,526 

354 Si Sa Ket 10.2 Phrai Bueng 51 520 

355 Si Sa Ket 10.2 Prang Ku 784 7,997 

356 Si Sa Ket 10.2 Huai Thap Than 90 918 

357 Si Sa Ket 10.2 Phu Sing 2,421 24,694 

358 Si Sa Ket 10.2 Khukhan 548 5,590 

359 Surin 10.07 Mueang Surin 1,428 14,380 

360 Surin 10.07 Tha Tum 473 4,763 

361 Surin 10.07 Chom Phra 1,357 13,665 

362 Surin 10.07 Prasat 4,611 46,433 

363 Surin 10.07 Kap Choeng 10,635 107,094 

364 Surin 10.07 Rattanaburi 68 685 

365 Surin 10.07 Sanom 529 5,327 

366 Surin 10.07 Sikhoraphum 347 3,494 

367 Surin 10.07 Sangkha 13,724 138,201 

368 Surin 10.07 Lamduan 295 2,971 

369 Surin 10.07 Samrong Thap 63 634 

370 Surin 10.07 Buachet 18,825 189,568 

371 Surin 10.07 
King Amphoe Phanom 

Dong Rak 
13,166 132,582 

372 Surin 10.07 King Amphoe Si Narong 10,151 102,221 

373 Surin 10.07 
King Amphoe Khwao 

Sinarin 
18 181 
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Table B.1 The estimated sugarcane production in Thailand (Continued) 

 

No. Province 

Average 

Production 

(tons/rai) 

District 

Cultivated 

Area of 

Sugarcane 

(rais) 

Supply 

(tons) 

374 Ubon Ratchathani 10.26 Khemarat 2,502 25,671 

375 Ubon Ratchathani 10.26 Trakan Phuet Phon 134 1,375 

376 Ubon Ratchathani 10.26 Kut Khaopun 435 4,463 

377 Ubon Ratchathani 10.26 Pho Sai 298 3,057 

378 Ubon Ratchathani 10.26 Sirindhorn 68 698 

379 Udon Thani 9.82 Mueang Udon Thani 28,057 275,520 

380 Udon Thani 9.82 Kut Chap 19,342 189,938 

381 Udon Thani 9.82 Nong Wua So 14,107 138,531 

382 Udon Thani 9.82 Kumphawapi 45,655 448,332 

383 Udon Thani 9.82 Non Sa-at 82,777 812,870 

384 Udon Thani 9.82 Nong Han 10,784 105,899 

385 Udon Thani 9.82 Thung Fon 1,281 12,579 

386 Udon Thani 9.82 Chai Wan 32,036 314,594 

387 Udon Thani 9.82 Si That 72,956 716,428 

388 Udon Thani 9.82 Wang Sam Mo 91,435 897,892 

389 Udon Thani 9.82 Ban Dung 12,515 122,897 

390 Udon Thani 9.82 Ban Phue 19,452 191,019 

391 Udon Thani 9.82 Nam Som 12,121 119,028 

392 Udon Thani 9.82 Phen 1,016 9,977 

393 Udon Thani 9.82 Sang Khom 199 1,954 

394 Udon Thani 9.82 Nong Saeng 32,643 320,554 

395 Udon Thani 9.82 Na Yung 6,584 64,655 

396 Udon Thani 9.82 Phibun Rak 2,623 25,758 

397 Udon Thani 9.82 King Amphoe Ku Kaeo 14,003 137,509 

398 Udon Thani 9.82 
King Amphoe 

Prachaksinlapakhom 
938 9,211 

399 Yasothon 10.49 Mueang Yasothon 454 4,762 

400 Yasothon 10.49 Sai Mun 738 7,742 

401 Yasothon 10.49 Kut Chum 2,195 23,026 

402 Yasothon 10.49 Pa Tio 920 9,651 

403 Yasothon 10.49 Loeng Nok Tha 16,488 172,959 

404 Yasothon 10.49 Thai Charoen 1,341 14,067 
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APPENDIX C 

DISTANCE MATRIX 

 

 

The appendix shows an example on how to calculate the transportation 

distances from a group of 404 sugarcane fields to one sugar mill, which is New Kwang 

Soon Lee mill. Distances for all other sugar mills can be calculated with the same 

procedures. Here are detailed procedures for the distance calculation. 

1) Add all data needed for distance calculation into the View of ArcMap. 

These are datasets of Transport FGDS (polyline layer), 404 groups of field areas (point 

layer), and position of New Kwang Soon Lee (point layer). These data were displayed 

together as shown in Figure C.1. 

 

Figure C.1. Required datasets for distance calculation are displayed together 
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2) The calculation of distances from 404 groups of the sugarcane fields to 

the New Kwang Soon Lee can be conducted by using Network Analyst Extension. To 

start the calculation, click on the tool of Network Analyst in the Toolbars, and select 

“New Closest Facility”, as shown in Figure C.2.  

 

 

Figure C.2 Using New Closest Facility function of Network Analyst 

 

3) The Closest Facility Layer function of Network Analyst Window can 

then be displayed as shown in Figure C.3. 
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Figure C.3 The Closest Facility Layer function in Network Analyst Window 

 

4) Click at the button  to open the Property Window of Closest Facility 

Layer. Then determine properties for the analysis. According to requirement of this 

research, two main sets of properties are needed to be specified here.    

- Go to the Analysis Settings tab to specify locations that we want to 

do the distance calculation. In this case we want to find distances from groups of the 

sugarcane fields to a sugar mill. Therefore, in the Travel From section, we selected the 

“Incident to Facility” option as shown in Figure C.4.  
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Figure C.4 Determining properties of distance calculation in the Analysis Settings tab 

 

- Go to the Accumulation tab to specify types of outputs. The distance 

calculation of Network Analyst can give outputs in Meters and/or Minutes. Since this 

research requires only distances without time, thus we choose only “Meters” option 

here, as shown in Figure C.5. Then click OK to finish specifying the properties of 

distance calculation.   
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Figure C.5 Determining properties of distance calculation in the Accumulation tab 

 

5) Then right-click at the Facilities item in Network Analyst Window, and 

choose Load Locations as shown in Figure C.6. 
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Figure C.6 Load locations of the facilities to be calculated for distances 

 

6) Specify the location of the facility (i.e., the New Kwang Soon Lee), 

then click OK, as shown in Figure C.7. 
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Figure C.7 Load Locations window for specifying the facility  

 

7) Right-click at the Incidents item in the Network Analyst Window, and 

choose Load Locations as shown in Figure C.8.  
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Figure C.8 Load locations of incidents, which are groups of cane fields 

 

8) Specify locations of groups of cane fields as the incidents, and then 

click OK, as shown in Figure C.9.   
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Figure C.9 Load locations of incidents from the layer of cane field groups 

 

9) After finishing specifying locations of Facility and Incidents to be used 

for distance calculation, click at the Solve button  in order to find distances from all 

404 groups of sugarcane fields to the New Kwang Soon mill. As shown in Figure 

C.10, it can be seen that after completing the distance calculation, the program will 

process and display results as routes from the groups of the sugarcane fields to the 

sugar mill.   
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Figure C.10 Routes from field groups of sugarcane fields  

                                             to New Kwang Soon Lee mill 

 

10) Right-click at the Routes (404), and choose Open Attribute Table as 

shown in Figure C.11.  
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Figure C.11 Open Attribute Table 

 

11) The distance data from the 404 groups of the sugarcane fields 

(Incidents) to New Kwang Soon Lee mill (Facilities) as shown in Figure C.12. 
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Figure C.12 The distance data 

12) Right-click at the Options, and choose Export in order to save distance 

data on each file which needed shown in Figure C.13. 

 

Figure C.13 Exporting of the data distance 
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13) Save as Distance Matrix.xls, as shown in Figure C.14. 

 

Figure C.14 To define output Text File 

 

14) Processing Export CFRoutes table, as shown in Figure C.15. 

 

Figure C.15 Processing of export CFRoutes table 
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15) Export of the distance data as a Microsoft Excel file, as shown in 

Figure C.16. The distance may be converted from Meters to Kilometers. Distances for 

all other sugar mills can be calculated with the same procedures. 

 

 

Figure C.16 Distance data in Microsoft Excel file 
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APPENDIX D 

A PUBLICATION IN THE NATIONAL CONFERENCE ON  

INDUSTRIAL ENGINEERING 2010 
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APPENDIX E 

A PUBLICATION IN THE IE NETWORK CONFERENCE 2011 
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APPENDIX F 

A PUBLICATION IN THE 8
th

 NATIONAL TRANSPORT 

CONFERENCE 
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