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1. (INTRODUCTION

Lean, developed from the TOYOTA Production System, has been introduced as the tool and technique of process improvement [1][2], production system [3][4], management [5], and firm’s strategy for organizational development [6]. It can integrate the implementation with other principles such as Kaizen [1], Six sigma [7], Safety [8], Agile [9], Supply Chain [10]. Many countries [11][12][13] have applied it to implement in both manufacturing and service sectors [14]. In Thailand, manufacturers and service enterprises have implemented lean into their organizations. Most of them have implemented lean only in their organization, but not the whole supply chain [1][2][3][4]. Moreover, a little number of publications has been emphasized lean in rice mill, particular to Thailand. Therefore, this paper aimed to do the field study of the problems and wastes in the rice mill supply chain as well as using the lean concept to suggest for productivity improvement in the supply chain. 55 firms of rice mills in Lower Northern part of Thailand were selected as the case studies. The participants of study were small and medium sized enterprises (SME) which hired not more than 200 employees and their generating annual income not more than 500 million Baht [15].    

2. LITERATURE REVIEWS 
Thai Rice Mills and Their Supply Chain  

Rice is a principal food crop in many Asian countries. In Thailand, all province has grown rice. Rice mills, approximately 39 thousand enterprises, have played major role for Thai agriculture economy development. They produced milled rice around 20.34 million metric tons/year, and their rice production contributed to around 15% of Thailand’s agricultural GDP. Thailand was the largest high exporter in the world. In 2020, Thailand had the high export volume of rice worldwide at 7 million metric tons [16]. Major rice importers were China, Philippines, Nigeria, Europe countries, Iraq, Iran, Saudi Arabia, Senegal, South Africa. Three rice products, white rice, jasmine rice and parboiled rice, were mainly exported [17]. The export income was around 3.7 billion dollars [18]. The Thai rice yield, around 5.77 million tons/year (21.19% of total rice yield), was produced from Thai lower northern part area of 18 thousand million square meters (17.4% of total rice grown area) [19]. 
The rice mill had 6 operations for milling rice (Figure 1), the production capacities of small-sized and medium enterprises were 40 and between 40 – 99 tons/24 hr. respectively. 
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Fig.1.  The Rice Milling Process [20]
 Nowadays, there had been many problems of Thai rice such as inefficient management, lack of labour, price decrease, low production yield, high production cost, low consumers’ demand, competitive situation, and climate change (e.g., natural disasters, pandemic etc.) [21][22]. According to Thai rice mills, there have been both internal and external problems [23]. Numerous researchers [23][24] have pointed out problems of production, operations and management, labour, technology, energy consumption, finance, logistics, marketing and others.       They have mostly focused on inefficient operations and management in rice mill industry particularly. A little number of studies has been emphasized the problems or wastes in the whole rice supply chain. Therefore, this study would like to clarify these problems/wastes in the rice supply chain. In addition, the lean for productivity improvements of operations and management in the rice supply chain was suggested. 

The three main actors in the supply chain process were identified. These were supplier, manufacturer, and customer. In supply chain, two flows of information and materials were transferred among them. The middleman, which were distributer, wholesaler and retailer, assisted to allocate rice from producer to consumers by using good logistic system [25]. The researchers [26] identified five processes of supply chain management which were (1) Demand and supply planning, (2) Sourcing and suppler management, (3) Manufacturing and operations, (4) Distribution and logistics, and (5) Customer and order management. However, previous study showed that the activities for calculating logistics costs were divided into ten activities; purchasing of paddy, receiving and stocking of paddy, inventory controlling of paddy, processing of milled rice, material handling, packaging, inventory management of milled rice, transportation, processing of customer orders, and customer services [24]. According to [27][28], these can be classified into eight stages of supply chain. These were (1) paddy purchase, (2) Paddy transport, (3) Paddy storage, (4) Rice milling process, (5) Packaging, (6) Rice inventory, (7) Rice transport, and (8) Marketing and Services (Figure 2). The [24] and [27] were related in Table 1.    
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Fig.2.  The Stages of Rice Supply Chain
Table 1.  Logistics Activities in the Supply Chain Stages
	No.
	SC stages [27]
	Logistics activities [24] 

	1
	Paddy purchase
	- Purchasing of paddy 

	2
	Paddy transport
	- Transportation

	3
	Paddy storage
	- Receiving and stocking of paddy

- Inventory control of paddy  

	4
	Rice milling process
	- Processing of milled rice 

- Material handling

	5
	Packaging
	- Packaging

	6
	Rice inventory 
	- Inventory management of milled rice

	7
	Rice transport
	- Transportation

	8
	Marketing & services
	- Processing of customer orders

- customer services


Lean concept
Lean is defined as the developing tool and technique for increasing efficiency of organization management due to reducing or removing non-value operations (wastes) as well as readiness for continuous improvement and development [6].  

The non-value operations or wastes are occurred as the problems of processes that can be separated into 8 wastes following; (1) transportation, (2) Inventory, (3) Motion, (4) Waiting, (5) Over-production, (6) Extra-processing, (7) Defects, and (8) Unused talent [29][30]. The description of 8 wastes can be showed in Table 2. 

Table 2.  The Description of 8 Wastes

	Wastes
	Description

	1. Transportation
	Wastes of time, resources, and costs for unnecessarily moving materials that doesn’t directly support immediate production, which causes of improper facilities and plant layout etc.   

	2. Inventory
	Wastes resulting from supply in excess of products and materials that aren’t processed, which causes of poor inventory planning and unbalanced production processes etc.

	3. Motion
	Wastes time and effort of people movement that doesn’t contribute added value to product, which causes of poor workplace organizing, unnecessary complicated procedures etc.   

	4. Waiting
	Idle time that occurs when time spent waiting for events aren’t fully synchronized which causes of unbalanced schedule of operators working and machine operating, long setup times, waiting on material or equipment etc.

	5. Over-production
	Wastes from producing quantities of products more than customer’s requirements, which causes of poor production planning and control, lack of communication, reward system etc.   

	6. Extra-processing
	Wastes related to doing more work, adding more components or having more unnecessary steps than customer requirement, which causes of unclear customer specification, process bottleneck, having extra steps in workflow etc. 

	7. Defects
	Wastes from product failure or loss of values to meet customer expectation such as scrap, repair, rework, and degrade, which causes of improper skills, transport damage, Excessive production variation, inaccurate equipment etc.

	8. Unused talent
	Wastes of human potential which related to underutilizing people’s talents, skills, and knowledge or less engaging in processes, which causes of lack of knowledge and information sharing, performing unnecessary works etc.


Nowadays, lean concept has been applied for improving operational and management efficiency, solving problems and improving productivity in various industries [1][2][3][4][5][6].    

Problems of Rice Supply Chain
From global previous study, the rice supply chain (RSC) was confronted with many constraints related to government policy, uncertainty of climate change, problems of rice quality and operational processes of paddy and rice production (in Sri Lanka) [31], low production capacity, involvement of all stakeholders, inefficient supply chain management, lack of material’s quality, inadequate labour, financial, distributional and institutional problems (in Myanmar) [32], lack of collaboration between upstream and downstream in the rice supply chain (in India) [33]. In addition, there were several risks in rice (in Hong Kong) [34] and organic rice (in Indonesia) [35] supply chain such as government policy, product return, damage or loss quality, product contamination during process, lack of stock, competitor existence, quality incompatibility contain chemical contaminants, supply delays, processing delays, damage during process, machine breakdown, demand changing and fluctuation, damage during storage, damage during distribution, and production decrease. The rice supply chain was needed to be criticized for productivity improvement by lean implementation [36]. Table 3 showed the previous study of Thai rice supply chain problems. These were the examples of Thai RSC problems, which can be identified in all stages of supply chain, as follows.  

Table 3.  Research of Thai Rice Supply Chain Problems
	Problem issues
	Stage no.
	R1
	R2
	R3
	R4
	R5 
	R6

	
	
	[37]
	[38]
	[39]
	[40]
	[41]
	[42]

	1. Quantity and quality of paddy  
	1
	X
	
	
	X
	X
	

	2. Paddy purchase
	1
	
	
	
	
	X
	

	3. Climate change and natural disasters 
	1
	
	X
	X
	
	X
	

	4. Paddy transport
	2
	X
	X
	X
	
	
	

	5. Material handling & storage management
	3
	X
	X
	X
	
	
	

	6. Energy usage for processing in rice mills
	4
	X
	
	
	X
	
	

	7. Machine breakdown
	4
	X
	
	
	
	
	X

	8. Labour problems
	4
	X
	
	
	
	X
	X

	9. Process technology 
	4
	
	X
	
	X
	X
	

	10. Managing operations
	4
	X
	
	
	X
	X
	X

	11. Occupational health & Safety
	4
	
	X
	
	
	
	

	12. Facilities & plant layout 
	4
	
	X
	
	
	X
	

	13. Packaging
	5
	
	X
	
	
	
	

	14. Managing inventory 
	6
	X
	X
	
	
	
	

	15. Rice transport
	7
	X
	X
	
	
	
	

	16. Distribution system
	8
	X
	X
	
	
	
	

	17. Marketing & services
	8
	
	
	
	
	X
	


3. RESEARCH METHODOLOGY
In this study, there were the three research steps that designed for identifying the problems or wastes in the rice supply chain by using the document analysis from previous research to clarify the RSC problems in the international and national levels (First step). Secondly, the surveying of RSC problems used by questionnaire was directly sent to the rice mill SMEs. The final step of research was field study and in-depth interviews with entrepreneurs and staff (interviewees) due to understand the wastes in the RSC, and application of lean concept for productivity improvement of RSC in the case studies. 

According to document studies, the current situation and problems of rice mills and RSC both in global and national levels, were reviewed and analyzed from 34 publications.  

In the next steps of study, the questionnaire was designed and surveyed with 55 participants of rice mills in Thai Lower Northern Region; Nakhon Sawan (1.82%), Phetchabun (16.36%) Kamphaeng Phet (5.45%), Phicit (3.64%), Uthai Thani (7.27%), Phitsanulok (30.91%), Sukhothai (7.27%), Tak (10.91%), and Uttaradit (16.36%) provinces. The questions were focused on the ranks of problems of logistics costs and rice supply chain operations which related to 8 wastes in the RSC. The Likert Scale from 1 to 5 was used for evaluation of problem levels (1 = Very low, 2 = Low, 3 = Moderate, 4 = High, and 5 = Very high). According to problem analysis [43], the problem levels were classified into three groups of very low (1.00-1.80), low (1.81-2.60), moderate (2.61-3.40), high (3.41-4.20), and very high (4.20-5.00).    

The final research step was selected two rice mills as the case studies, then do the field study as well as in-depth interview with entrepreneurs and staff that needed for understanding wastes and suggestion of using lean concept for productivity improvement.
4. RESEARCH RESULTS
Problems of Logistics Cost of Thai Rice Supply Chain
The results showed that the logistics cost problems of the Thai rice supply chain were mostly classified in the moderate (M) levels. Specifically, the three logistics cost problems were concerned in the high (H) level. The rice mills needed to consider these problems e.g., paddy transport, rice milling process, and marketing and services, by using lean concept to discover the 8 wastes and improve productivity to reduce these logistics costs. 
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Fig.3.  Logistics Cost Problems in Thai Rice Supply Chain
Problems of Thai Rice Supply Chain Operations  
The results showed that the two rice supply chain operations were considered to improve productivity by lean concept. The 8 wastes in the operations of rice mill process and marketing & services, at the high problem level, were needed to find and remove. 
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Fig.4. Problems of Thai Rice Supply Chain Operations

Wastes in the Thai Rice Supply Chain
After ranking the RSC problems, the results showed that there were three serious problems in the SC stages, which were in the high problem level (PL), as well as five problems of SC stages in the moderate level. From the field study and in-depth interview of two entrepreneurs from rice mills. It can identify the 8 wastes in any SC stages (Table 4).  
Table 4.  Wastes in the Thai Rice Supply Chain
	SC Stages
	PL
	Wastes
	Description

	1.Paddy purchase
	M
	Defects
	Quality of paddy

	
	
	Inventory 
	No collaborative planning between farmers and rice mill

	2.Paddy transport
	H
	Extra-processing
	Inappropriate vehicle, energy saving

	
	
	Waiting
	Waiting for vehicle  

	
	
	Transportation
	Optimizing car route, energy 

	3.Paddy storage
	M
	Defects
	Quality of stored paddy

	
	
	Inventory
	Overstock of paddy 

	4.Rice milling process
	H
	Over-production
	HR skills, Lack of planning

	
	
	Motion
	Work study, workspace and safety 

	
	
	Defects
	Quality of milled rice

	
	
	Extra-processing
	Incapable machine, energy saving

	
	
	Waiting
	Machine Breakdown 

	
	
	Transportation
	Facilities and plant layout

	
	
	Unused talent
	High HR turnover, KM - lack of knowledge sharing, work standards

	5.Packaging
	M
	Extra-processing
	Inspection, rework

	6.Rice Inventory 
	M
	Defects
	Quality of stored milled rice

	
	
	Inventory
	Overstock of milled rice

	7.Rice transport
	M
	Extra-processing
	Inappropriate vehicle, energy

	
	
	Waiting
	Waiting for vehicle  

	
	
	Transportation
	Optimizing car route, energy 

	8.Marketing & services
	H
	Extra-processing
(Inefficiency) 
	Marketing, Forecasting & planning for production, lack of product & service customization, customer relationship management, services 

	
	
	Defects
	Dissatisfying products & services


Lean for Productivity Improvement in the Thai RSC
According to previous studies and acceptance from interviewees, there were numerous non-value operations (wastes) that increased logistics costs which can be reduced and removed from RSC operations. The suggestion of lean concept for improving logistics costs  were.
1) Eliminate: the high expenses of non-value operations were needed to eliminate. Overstock of paddy and milled rice were needed to plan collaboratively related to suppliers and customers. In addition, the idle times for waiting such as bottle neck in production lines or machine breakdown was non-value activities. The line balancing and preventive maintenance can be implemented for solving the problems of fruitless working time. This leaded to reduce costs of inventory and maintenance cost. 
2) Combine: the labour operations can be combined in order to managing manpower rate economically. This leaded to reduce labour cost. 
3) Rearrange: the facilities and plant layout was necessary for criticizing and developing in the aspects of distances and relationship amongst work operation units. This leaded to reduce transportation cost.
4) Simplify: the processes needed to be improved for increasing productivity. The inefficient operations were necessary for studying their problems (wastes) and developing newly. The establishing of work standards were able to assist the employees to do their jobs correctly. The unreasonable loss of energy was the main problem in rice mill, then it was necessary for finding the best solutions to save it. This leaded to reduce inefficient operation costs and energy usage cost.
that can be suggested   get rid of.      activities costs   and y In The results showed that the two rice supply chain operations were considered to improve productivity by lean concept. The 8 wastes in the operations of rice mill process and marketing & services, at the high problem level, were needed to find and remove. 
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Fig.1.  IRR For Different Type of System
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Mathematical Expressions

If you are using Word, use Microsoft Equation for writing equations in your paper (Insert | Object | Create New | Microsoft Equation or MathType Equation). Numbered equations should be “displayed” either by centering on the line below the text or with a standard indentation from the left margin. The equation number is usually placed so it is flush with the right margin. Put a bracket in equation number. Example:
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