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Fig. 1. Process diagram of parboiled rice production

Paddy rice is a raw material in this process. In general, rice with high amylose content is preferred for processing into
parboiled rice, such as Chainat 1 and Supanburi 1 with amylose content of 35.10% and 37.20% respectively [4].The paddy rice
is normally harvested with approximately 20-25% moisture. Then, the paddy rice is passed through the parboiling process
which consists of cleaning, soaking, steaming and drying, Finally, it is sent to the milling process to remove the outer husk,
bran and germ layers, to obtain parboiled rice.

B. Supply Chain of Parboiled Rice

Supply chain management (SCM) is implemented to improve the product flow, information flow and cost evaluation, which
assists producers to develop the proper upstream/downstream flows of goods and services [5]. Sharma et al. [6] studied the
supply chain of rice in India, describing the various scenarios related to cooperatives from upstream to downstream in terms
of inventory management, procurement, and logistics system for re-designed supply chain model. Rath et al. [7] described a
suitable logistics plan: rice production or processing orientation, and distribution model for modern rice mills in Odisha,
India. In the research of Ahumada and Villalobos [8] regarding the supply chain of agricultural products and distribution
planning model, it was emphasized that the models could be contrasted by the optimization approaches, the type of crops and
the scope of the plans. In some literature, SCM was utilized for rice in Bangladesh and studied changes in rice quality based
on unique surveys fielded at different levels of the value chain such as upstream, midstream and downstream [9]. In another
study, SCM and value stream technique were applied to the Hong Kong rice supply chain, identifying risks at different stages
in order to guarantee supply chain performance. [10].

The key players of the Thai parboiled rice supply chain consist of the farmer, rice collector, rice miller, middleman,
exporter, broker, trader, importer, distributor, wholesaler, retailer, and final consumer. Other stakeholders in the parboiled rice
supply chain include transporters (shipper), seed supplier companies, agro-chemical, and agricultural equipment companies, as
well as government agencies such as the Rice department of Thailand under the Ministry of agricultures and cooperatives,
inspection agencies (surveyors), department of commerce (for tax, documentation and standard export procedures), and other
agencies that control the price of paddy rice according to the government policies [11-12].

C. Value Stream Mapping

Value Stream Mapping or VSM is a commonly known technique in SCM, which categorize activities in the supply chain
into 3 major types of activities: Value Added (VA), Non-Value Added (NVA), and Necessary-Non-Value Added (NNVA)
activities. VSM results have been interpreted by various researchers. Some researchers have studied and analyzed parboiled
rice’s supply chain in Thailand using VSM and SCOR Model. It was found that the non-value added activities predominantly
involved inventorying at the receiving stations of each key player in the supply chain [3]. Moreover, VSM was applied to
study the dried fish’s supply chain in Bangladesh, which identified different supply chain intermediaries and remaining
problems in dried fish’s supply chain [5]. The VSM technique was utilized for analyzing wastage in logistics and supply
chain of rice management in the northeastern region of Thailand; most activities occurred in the paddy rice storage station.
Therefore, the operation management was focused on comparing the routes of product flow and logistical costs in order to
decrease the processing time and costs [13-14].

This paper aims to study the SCM of Thai parboiled rice for export, which included analyzing the 3 major categories of
activities (value added, necessary-non value added, and non-value added) based on the VSM technique, in order to decrease
the lead time and achieve more efficiency in the Thai parboiled rice supply chain.
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II. DATA AND METHODOLOGY

The purpose of this study is to understand the parboiled rice value chain in Thailand from farmer to the exporter. Therefore,
this study collected data from focus groups, questionnaires and in-depth interviews, which involved 249 farmers, 2 seed
supplier companies, 3 paddy rice collectors, 3 agricultural cooperatives, 20 parboiled rice millers, 1 middleman (Yong), 6
exporters, and 1 inspection agency.

Upstream in the supply chain, questionnaires and focus groups were managed with key informants. The survey areas are
particularly in the central region of Thailand, consisting of Nonthaburi, Nakornpathom, Kamphaengphet, Pichit, Nakornsawan,
Pathumthani, Chachoengsao, Suphanburi, Chainat, and Pranakorn-sri-ayuttaya. These regions are the most important rice-
producing districts of Thailand, and were therefore chosen to reflect the rural production areas. The survey queried for
information on purchases, rice species, cultivation, harvesting, sales, and problems of cultivation. In the selected samples, rice
farmers cultivated rice species with high amylose.

Midstream in the supply chain, the main informants were rice millers, paddy rice collector such as paddy hub, agricultural
cooperative and middleman. Interviews were conducted with 20 parboiled rice millers, 3 paddy rice hub and 3 agricultural
cooperatives in the central region. A list of parboiled rice millers was randomly selected, representing a range of mill sizes
from the largest mills (production capacity over 2,000 tons per day) to smaller automatic/semi-automatic ones (less than 500
tons per day).

Downstream in the supply chain, the exporter and middleman were surveyed in this study. A total of 6 exporters and 1
middleman (locally called Yong) were randomly selected to be the key informants. All exporters were ranked by their exported
quantity. The information acquired by the survey included purchases, sales, destination of transportation, and quality correction
process.

When the data was collected, participants were asked for the typical cost of each process. Then the data was used to
develop the VSM model and categorized into 3 types of activities: VA, NVA, and NNVA. To analyze initial logistics cost,
the time and cost of the stages used in the VSM model were obtained from the paddy rice producer, paddy rice collector,
parboiled rice processing, and parboiled rice distributor. To model the current scenario, the costs of the following activities
were used: quantity, order processing and information system, inventory carrying, warechousing, transportation, and customer
service. Subsequently, the proposed case scenario was created by considering the current scenario and non-value added
activities (such as inventory carrying, and warchousing) were cut down where possible. Finally, the current and proposed
scenario was compared so that problems can be identified and solutions suggested.

III. RESULTS AND DISCUSSIONS

A. Supply Chain Management

A general supply chain of Thai parboiled rice from farmer to exporter is illustrated in Fig. 2. At the initial stage of rice,
high amylose paddy rice was cultivated by farmers until harvest (less than 120 days or 4 months). After the harvesting season,
paddy rice was directly sold to the nearby milling factory. If access to mills is limited by high transportation cost or poor road
condition, farmers may choose to sell their produce to a paddy rice hub, agricultural cooperative, or middleman. These
agencies act as the paddy rice collectors, transporting paddy rice from farms to parboiled rice processing mills, buying and
selling at bargained prices. The rice-processing mills produce the parboiled rice as cleaning, parboiling, husking, and polishing
process. From the data collected, a batch of paddy rice will yield on average about 60.47% of head parboiled rice, 22.61% of
husk, 7.20% of bran and germ, 6.52% of broken rice, and 3.20% of impurities by weight, as shown in Fig. 3. The parboiled
product is also sold directly to exporters or through another middleman (Yong). Yong acts as a link between the miller and the
exporter. After an agreement, the parboiled rice is transported from the mill to the exporter’s port by drum truck. The rice is
then shipped to the importing country, where importers or rice traders/brokers who purchased the rice receive their order.
Finally, the importers distributed the parboiled rice through their domestic market channels such as wholesaler, retailer,
distribution center and importer.

B. The Value Steam Mapping

From the surveyed data, the dominant players in supply chain are the farmers, parboiled rice millers and exporters. The
VSM of parboiled rice supply chain was illustrated into 2 case scenarios as shown in Fig. 4 and 5, illustrating the current case
scenario and the proposed case scenario, respectively. In the current stage, VSM starts from farmer to paddy rice collector; to
parboiled rice miller; to Yong and to exporter and importer. There are total of 34 activities from the rural area to overseas
market, with total cost of 6,309 THB/Ton and total processing time of 5,373 hours or 224 days. In Table 1, it can be seen that
3,203 hours is the VA activities, consisting of land and seed preparation, cultivation/harvesting, and production of parboiled
rice. NVA takes 560 hours; these activities include a long storage time at the paddy collector and the miller, as well as queue
time before loading at the exporter’s factory, and storage before quality correction at the exporter. Moreover, the NVA
considers reverse logistics if the exporter returns the product back to the miller. This happens if the received batch has a poor
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appearance (white index) or quality (moisture, no. of defects); reprocessing may amount to 8 hours and 180 THB per Ton.
The number of activities in the NNVA category is 16, which requires 1,610 hours in total, including the paddy rice delivery
from farmer to miller, procurement and information, delivery from miller to exporter, as well as the transportation from
Thailand’s port to foreign destinations.
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Fig. 2. Thai parboiled rice supply chain for export
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Fig. 3. Component parts of paddy parboiled rice

According to VSM evaluation of the current case scenario, the NVA activity should be reduced in order to improve the
efficiency of the value chain, leading to reduced activities, cost, and processing time. Therefore, the proposed case scenario
based on the contract farming concept is recommended to improve supply chain efficiency of Thai parboiled rice for export.
In contract farming concept, concurrent and networking between farmer, miller, and exporter must be strengthen. Thus,
middle man and Yong are not required, thereby cutting down on many NVA activities. The remaining parties in the Thai
parboiled rice value chain stand to obtain a higher profit, while the business as a whole becomes more competitive in terms of
responsiveness to market demand. Furthermore, in the upstream portion of the chain, farmers who form cooperatives or are
grouped under the same contract would be able to procure seeds in bulk deliveries. Furthermore, the seeds would be of
stipulated quality, and the farmers can be assured that their product would be purchased by the miller. Thus, the time spent at
this stage can be reduced. Contract farming also allows farmers to communicate with exporters so that they can plan their
next crops according to the predicted demand for the chosen type of rice. Then, the inventory period in the midstream of the
value chain can be decreased from rice collector elimination, as well as through the use of contracts. In fact, contract can
guarantee the order quantity and delivery time, thus reducing unnecessary periods of inventory for both farmer and miller.
Finally, at the downstream stage of the chain, the exporter may save time and expenses on quality correction if the quality of
the product is already of a good standard. Furthermore, the importers at the business partner country can shorten ordering
time and cost if they can contact directly to the exporter of Thailand.
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Fig. 4. The current case scenario of Thai parboiled rice value stream mapping

TABLE L VALUE STREAM ANALYSIS OF THE CURRENT CASE SCENARIO
Activities Cost Time
Value of Activity
No. of % THB/Ton % Hours %
activities
Value-Added Activities (VA) 12 35.29 3,759 59.58 3,203 59.61
Non-Value-Added Activities (NVA) 6 17.65 560 8.88 560 10.42
Necessary-Non-Value-Added Activies (NNVA) 16 47.06 1,990 31.54 1,610 29.96
Total 34 100.00 6,309 100.00 5,373 100.00
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Fig. 5. The proposed case scenario of Thai parboiled rice value stream mapping
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TABLE II. VALUE STREAM ANALYSIS OF THE PROPOSED CASE SCENARIO
Activities Cost Time
Value of Activity :
No. of % THB/Ton % Hours %

activities

Value-Added Activities (VA) 10 43.48 3,109 69.80 3,185 66.98

Non-Value-Added Activities (NVA) 2 8.70 220 4.94 96 2.02
Necessary-Non-Value-Added Activies (NNVA) 11 47.83 1,125 25.26 1,474 31.00
Total 23 100.00 4,454 100.00 4,755 100.00

Consequently, the proposed scenario of parboiled value using contract farming concept is illustrated in Fig. 5. This
scenario has less NVA activity by eliminating middle and Yong from the value stream. With fewer stakeholders, many NVA
such as storage and transportation by the middleman can be reduced leading to better performance on VSM based on time
and cost evaluation. As a result, the total value stream requires only 23 activities with the total cost of 4,454 THB/Ton, and
total processing time of 4,755 hours or 198 days. As shown in Table 2, the amount of VA activities is 10, and requires 3,109
hours in total, consisting of procurement, cultivate to harvest process, and producing of parboiled rice. The NVA activities
can be decreased to 2 activities, which still require 96 hours, including common inventory time at miller and exporter station.
The NNVA category is 11 activities and imposes 1,474 hours in total, relating mainly to transportation.

IV. CONCLUSIONS

This present work has studied the supply chain of exported Thai parboiled rice through VSM in order to examine the
performance of SCM. The results were illustrated into 2 scenario cases: the current and proposed scenarios. The dominant
players in the current case scenario consist mainly of the farmer, the paddy rice collectors, the parboiled rice miller, Yong,
exporter, and importer. Of the 34 activities in VSM, 35.29% accounted for VA activities, 17.65% for NVA activities, and
47.06% for NNVA activities. Then the proposed scenario was presented by implementation of contract farming concept,
which provide better VSM performance by reducing stakeholders as well as number of NVA activities. Communication
between remaining key players is the main advantage of contract farming. Procurement and stocking period can be
shortening when accurate order and delivery period are properly issued. The proposed scenario consists of 4 key players: the
farmer, parboiled rice miller, exporter, and importer. Total number of activities in VSM was reduced to 23, of which 43.48%
accounted for VA activities, 8.70% for NVA activities, and 47.83% NNVA activities. Majority of VA activities occurred
during the cultivation and harvest of paddy rice at the farming stage, while most of NVA activities were applied during the
storage time of each key player. On the other hand, NNVA activities took place during the purchase, packing and loading,
and delivery from source to destination. The comparison result of VSM between current and proposed cases shown that total
activity in value stream can be reduced from 34 to 23 (a decrease of 32.35%), the operation cost from 6,309 to 4,454
THB/Ton (a decrease of 29.40%). The total process time from the rice field to the overseas market was reduced from 5,373 to
4,755 hours, or 11.50%. The improvement of VSM on Thai parboiled rice can generate higher profits to the key players along
the supply chain as well as to increase competitiveness in the export market.
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