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Abstract

The objectives of this study aim: 1) to investigate the cost structures of rice products in production and logistics activities
at Ban-Nong-Oan Community Rice Mill Enterprise in Songkhla; and 2) to develop the program in Excel that helps the enterprise
to simulate cost and profit according to the forthcoming change of the cost in some resources. The research findings show that there
are eleven main activities involved in production and logistics processes. The cost associated with each process are as follows:
1) Transportation of paddy from fields to the drying area, 0.12 baht/kg; 2) Drying of the paddy for humidity reduction, 0.33
baht/kilogram; 3) Transportation of the dried paddy from the drying area to the mill’s warehouse, 0.15 baht/kg; 4) Screening of
dirt from the dried paddy, 0.40 baht/kg; 5) Milling of the dried paddy, 0.72 baht/kg; 6) Screening of the mixed milled rice, 0.99
baht/kg; 7) Milling of the broken milled rice, 0.58 baht/kg; 8) Sifting for the rice germ, 0.64 baht/kg; 9) Vacuum packaging of
rice product, 5.19 baht/kg; 10) Packing for shipping, 0.15 baht/kg; and 11) Shipping the packs of products to the customer, 0.05
baht/kg. All activities’ costs are allocated into five types of rice products. The cost of raw materials (Paddy) is then allocated and
included in the total product cost. The unit cost for each product line is as follows: A pack of rice product, 33.43 baht/kg; the rice
germ is 143.52 baht/kg; the mixed rice is 10.10 baht/kg, the broken rice is 8.29 baht/kg; and the fine broken rice is 7.61 baht/kg.
When considering the proportion of the product cost structure, it is estimated that the approximate ratio of the raw material cost to
the production and logistics cost is about 3:1. The development of the Excel cost simulation program enables the mill to increase its
management efficiency. For example, the program allows the manager: 1) to adjust the purchase price of paddy as usually changed
by seasons; 2) to recalculate the new unit cost of the rice products; and 3) to adjust the new selling price of the rice products to

achieve the optimal profit.
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Introduction

Rice is one of the world’s most important economic crops. It is also the staple food of Thailand, which is
considered as one of four requisites for people living. Rice is an agricultural commodity that is partly contributed
to the economy and national security. The trade of rice can provide economic benefits for Thailand. It is evident
that the country was the world’s second-largest rice exporter in 2019 (Sowcharoensuk, 2019). In addition, rice
is an important agricultural export product generating massive income for Thailand in 2019, with a value of
130,543.93 million baht (Office of the Permanent Secretary, Ministry of Commerce, n.d.). Rice cultivation can
strengthen Thailand’s food security. According to His Majesty King Rama IX saying, “Rice must be planted
because the Thai population will probably be 80 million people in the next 20 years. If Thai people dramatically
decrease the rice farming efforts, rice products will not be enough. Consequently, we have to buy some rice from
abroad. Thai people have to do rice farming even if the domestic grown is unable to compete with those
international growns. We just have to continue farming ” (Office of the Royal Development Projects Board, 2013).

The need for the development of the Thai rice industry has therefore been realized by the Thai government

from past to present. One of the strategies adopted by the government in developing the country for sustainable
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development is to promote development from urban local areas following the royal initiative of His Majesty King
Rama 9 on “Explosion from the Inside”. This has been partly done through the establishment of community
enterprise groups. Thailand has promoted the Act assisting the operation of community enterprise in 2015
(The Secretariat of the House of Representatives, 2018). These community enterprises are encouraged to nurture
and take benefits from local knowledge and resources in order to produce products and services. This can bring
about job creation and income generation for the local communities. Ultimately, the community can become self-
reliant (The Secretariat of the House of Representatives, 2018).

Ban-Nong-Oan Community Rice Mill Enterprise is one of the community enterprises that adhere to the above
concept. It was established in 2011 through fundraising by local people. The enterprise is located in Khuan Ru
Subdistrict, Rattaphum District, Songkhla Province. The missions of community rice mills are: 1) to generate
income for farmers in the surrounding area. The starting point for the enterprise establishment was an effort to
tackle the low-price problems of rice prices, which is a common problem facing farmers across the country;
2) to encourage local farmers to grow organic rice for both consumptions in the community and sell rice products
at the high in the market. It could be said that rice mills were established to support farmers to earn more income
from rice farming. Furthermore, local people in the community and nearby areas will eventually have high-quality
rice for consumption, which adheres to the principle of sufficiency economy. It can be seen that the enterpriser’s
mission is not making a profit as much as possible. The enterprise is, in fact, established to support local farmers
and remedy social problems. The activities in transforming the rice products from farm to shops are the main focus
of this research.

Ban-Nong-Oan Community Rice Mill Enterprise occupies an operating area of approximately 400 square
meters. The machines used in processing the rice products provide a maximum capacity of 500 kilograms /hour.
The enterprise purchases paddy from local farmers, who are members of the rice mills. After that, the processes
of moisture reduction, rice milling, and vacuum packaging are followed to produce the rice product under the
brand “Song Ley”. Currently, the mill has received many agricultural and food standards such as Good Agricultural
Practices (GAP), Food and Drug Administration (FDA) marks, Industrial Product Standards (TIS), and Halal.
In 2018, the mill has offered 5 varieties of rice to the market including Sung-Yod, Riceberry, Lep—-Nok, Hom-
Baiteoy, and Hom Pathum. The total yield is approximately 93,171 kilograms. Currently, the enterprise starts
farming new rice species, Kor Khor 43. In the milling process, there are some leftover materials such as mixed
rice, broken rice, grits, and germ, which usually are considered as waste. However, the enterprise also put some
effort to sells the remaining rice products.

In general, the turnover of the enterprise is growing continuously. The enterprise has been assisted and funded
by government agencies (e.g., community development, bank for agriculture and agricultural co-operatives),
universities (e.g., PSU and TSU), and civil society agencies (e.g., the Social Enterprise Initiative of Thailand).
It is also the center for rice learning that allows people inside and outside the community to visit. From the
researchers’ viewpoints, the enterprise is independent and self-sufficient. It seems to be able to generate income
for the local farmers and positively contribute to food security for the community people in the long run. The
enterprise has the vision to enhance processing capacity to offer a complete range of organic rice products and to
expand the market share to earn more income. It can be said that the development of the enterprise can be achieved

in two different strategies. The initial strategy is to increase sales for enterprises, which may be through the
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development of new innovations to meet the customers’ expectations. The latter strategy is to reduce the cost of
the business activities by increasing work efficiency.

Although there are many community enterprises currently being promoted and supported by both academia and
government, these enterprises are currently facing management problems (The Secretariat of the House of
Representatives, 2018). This is also the case of Ban-Nong-Oan Community Rice Mill Enterprise. According to
the interview with the enterprise’s committee, it has been found that effective price setting is one of the major
problems. This problem is a consequence of a lack of cost and financial analysis. Specifically, the enterprise’s
manager does not know whether the selling price is appropriate or not. This is worsened in the case of the varying
price of paddy in the market. Moreover, the manager has to decide what cost should be prioritized as the most
important that deserves management attentions. Furthermore, the manager wants to make a good decision under
changing circumstances such as an increase in some expenses. The root of the problem is the actual cost incurred
in each activity for processing a rice product is still unknown. The researchers are confident that if the enterprise
can fully understand the cost structure that occurred in the production and logistics processes, the enterprise can
then efficiently manage and effectively make decisions, which eventually lead to strengthen the competitiveness of
the enterprise in the long run.

A popular concept for an investigation of cost structure is Activity-Based Costing (ABC). The concept aims
to scrutinize the cost structure of each value-creating activity in an organization. ABC has been widely accepted
by researchers (Garrison, Noreen, & Brewer, 2018; Hansen, Mowen, & Guan, 2009) and practitioners (Brierley,
Cowton, & Drury, 2008) in such a way that it provides more accuracy in cost estimation than the traditional
methods. The application of this concept can be the basis for an increase in organizational efficiency (Hugos,
2011). ABC enables managers to identify value-adding and non-value-adding activities in the production
process. Careful consideration of how these activities create value for the products is valuable tools because these
activities are more properly adjusted and controlled, which will lead to an improvement in organizational efficiency.
Literally, the improvement can consequently be a source of competitive advantage (Kingphadung & Woottichaiwat,
2017).

From the above, the investigation of the unit cost structure of the enterprise’s products is, therefore, required
attention from management and policymakers. The finding can enhance the competitiveness of the enterprises.
The results of the research will provide basic information for the control and development of the group’s operations.
This can be possibly achieved through the development of understanding and knowledge in cost structure analysis
as well as the application of the Excel cost simulators to facilitate decision-making and cost management for the
enterprise. The results of the study can also serve as an academic cost analysis practice for other rice mills, which

have similar contexts and environments, in different parts of Thailand.

Study Objectives

1. To analyze the cost structure of rice products per unit according to the activities occurring in the production
and logistics processes of Ban-Nong-Oan Community Rice Mill Enterprise.

2. To create the Excel cost simulation program for Ban-Nong-Oan Community Rice Mill Enterprise.
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Research Methodology

This research employs the qualitative approach to investigate the in—depth information to achieve the research
objectives. The cost estimation in this study follows the Bottom-Up approach, where the actual costs of resources
used in every single activity are investigated and linked to establishing the unit cost. Although the data collection
in this approach is detailed and takes considerable time in data analysis due to the complexity of activities, the
bottom-up approach provides relatively high-cost estimation accuracy (Chapko, Liu, Perkins, Li, Fortney, &
Maciejewski, 2009).

Data Collection and Analysis

Due to the complexity of cost data incurred in the rice processing activities, data collection cannot be completed
at once. The process of collecting data is therefore carried out cyclically. This can be summarized into 4 steps as
follows:

1. Primary Data Collection

A manager of the community enterprise was chosen as a key informant in this study. The reason is that the
manager is one of the founders of the enterprise, who has been initially developing the enterprise and involved in
many activities such as purchasing raw material, transportation of rice paddy, rice millings, vacuum packaging,
and delivering rice products to customers. According to Hansen et al. (2009), the key informant who participated
in the in-depth interview is usually in the position of manager. The main objective of the interview is to investigate
the operational and logistics activities in detail.

2. Pre-analysis of Primary Data

After the in-depth interview, the data will be transcribed. Content analysis is applied to filter the relevant
information related to the cost of rice products. At this stage, the researchers can identify cost information necessary
for the analysis. If additional data are required, the researchers contact the enterprise’s manager for arranging direct
observation.

3. Observation of Actual Activities

In addition to information obtained from the in-depth interviews, the actual data observed from the onsite
operation during the production process is used to cross—check and verify with the interviewed data. The researchers
performed timing and measuring the actual output in many processes including drying, screening contaminated
rice, rice milling, packaging, etc. Moreover, the financial reports, electricity bills, and Maintenance, Repair, and
Operating supplies (MRO) bills were scrutinized.

4. Unit Cost Analysis in Each Activity

The relevant data is analyzed in the following order:

4.1 Analysis of the Main Activities and Resources Used in Each Activity.

4.2 Determination of Activity Driver and Activity Rate.

4.3 Calculation of Activity Unit Cost.

4.4 Calculation of Activity Unit Cost for Each Product.

4.5 Calculation of Raw Material Unit Cost for Each Product.

4.6 Calculation of Total Unit Cost for Each Product.

Due to the nature of the complexity in cost data, data collection and analysis is therefore continuously
followed step 1-4 until the total cost per unit can be completely analyzed. Besides, important data is linked by

formulas in Excel in order to construct the cost simulation program.
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Scope of this Study

The research scopes for the cost estimation are discussed in the following section:

1. The main objective of this research is to analyze the unit cost of rice products (baht/kg). The reason is
that the enterprise’s top-selling rice product available in the market is the package of 1 kg.

2. The activities in the production and logistics processes are defined as the processes that start from the paddy
transportation, the value-added processes, and the product shipment to customers.

3. There are five types of rice products, consisting of 1) vacuum-packed rice products; 2) net mixed rice;
3) net broken rice; 4) net grits; and 5) net germ. In this study, the vacuum-packed rice products are considered
the main product, and the rest are the by-products.

4. Rice species in this study were selected from the species currently grown and sold. There are six rice
species, including Sung-Yod, Riceberry, Lep-Nok, Hom-Baiteoy, Hom Pathum, and Kor Khor 43.

5. Cost structure for each unit can be divided into two parts. The first part account for costs that occurred in
processing and logistics activities. The second part incorporates costs from purchasing raw materials. The cost
estimation is based on the assumption that all rice species have a similar structure of the activity cost while the
cost of raw material is varied by market prices of different rice species.

6. The allocation for the activity costs is based on the physical weight of outputs. This is because, during the
manufacturing process, the weight of the outputs in each activity can be measure exactly. In contrast, it is difficult
to determine the actual sales value of the outputs during each activity. For the cost allocation of the raw material,

three criteria are attempted such as physical weight, selling price, and sales value.

Results

1. The Activities and Outcomes in the Production and Logistics Processes of the Rice Mill Enterprise
Figure 1 illustrates the activities and outcomes in the production and logistics process of the processed rice
products at Ban-Nong-Oan Community Rice Mill Enterprise that includes 11 activities as follows.
1.1 Transportation of Fresh Paddy from Fields to the Drying Area
The fresh paddy reaped from paddy fields will be transported to the drying area. The outcome of this
activity is the fresh paddy.
1.2 Drying of the Paddy for Humidity Reduction
A large quantity of the fresh paddy was dried with the Sun’s heat for humidity reduction. The asset
of the drying area belongs to the Kuanru Subdistrict Administrative Organization where it is free of charge.
The outcome of this activity is the dried paddy.
1.3 Transportation of the Dried Paddy from the Drying Area to the Mill’s Warehouse
The dried paddy was transported and kept in the mill’s warehouse before the milling process.
The outcome of this activity is still the dried paddy.
1.4 Screening of Dirt from the Dried Paddy
The dried paddy is firstly screened for any dirt that is contaminated during the previous harvesting.
The main outcome of this activity is the clean paddy. The by-product is the remaining part of the fine broken rice

and the rice germ, which will be further proceeded to the sifting process for the rice germ.
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1.5 Milling of the Dried Paddy
The clean paddy is then cracked to separate the husk from the brown grain. The main outcome of this
activity is the mixed milled rice, the brown rice which may contain a small number of other rice species. The by-
product is the broken milled rice split by the milling machine.

1.6 Screening of the Mixed Milled Rice

The mixed milled rice was screened by the sorting machine to obtain the main rice from other kinds
of rice. Thus, the main outcome is the pure brown rice related to the desired species. Meanwhile, the by-product
is the mixed brown rice of other species.

1.7 Milling of the Broken Milled Rice

The broken milled rice in the 5" process was returned to the milling process again. The main outcome
is the net broken rice. The by-product is the fine broken rice and the rice germ.

1.8 Sifting for the Rice Germ

The fine broken rice and the rice germ in the 4" and 7" processes were combined and sifted the rice
germ from the broken rice. Thus, the main outcomes are the fine broken rice and the rice germ.

1.9 Vacuum Packaging of Rice Product

The pure brown rice produced from the 6" process was vacuumed in a plastic bag with the logo
attachment. The main outcome is a vacuum pack of a rice product.

1.10Packing for Shipping

The number of rice products, which had been ready for selling, was placed within carton boxes with
secure sealing.

1.11 Shipping to Customers

The number of carton boxes was transferred to customers within Songkla province.

In conclusion, all activities provide five categories of product lines including: 1) a pack of rice product,
brown rice in the vacuum package; 2) the mixed brown rice, the minority of other rice species; 3) the broken
rice, rice which is broken during the milling process; 4) the fine broken rice, rice which is finely broken during
the milling process; and 5) the rice germ, a small part of rice with rich nutrition which can be as a raw material
of other rice germ product.

There are some challenges that make the unit cost analysis difficult. First, there are a variety of outcomes
during the milling process. Second, the outcome weight is gradually lost during the milling process. Based on the

field observation, the lost rate of outcome weight by each activity is illustrated in Figure 1.
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Figure 1 Activities, Outcomes, and Lost Weight of Outcomes in the Production and Logistics Process.

2. Unit Costs Demonstrated by Activities and Outcomes
Due to the complicated analysis of the unit cost classified by the structure of activities and outcomes,
the explanation is aligned as seen in Figure 2. First, the analysis begins with the exploration of all activities and
resources consumed by each activity that finalize the activity unit cost. Second, the activity unit cost of each
activity is then allocated to different outcomes, which occur during the process. Third, the raw material cost is

allocated to each outcome. Last, the activity and raw material unit cost are combined to the total unit cost for each

outcome.
- | 2.3 Raw material unit cost )
2.1 Activity unit cost
for each product line
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Figure 2 The Sequence of Unit Cost Analysis Structurized by Activities and Product Lines.

2.1 Activity Unit Cost
The analysis begins with the determination of the activity drivers for each activity. The activity drivers
are supposedly agreed with the characteristic of the activity’s outcome. The resource cost per activity driver for
each activity is then calculated and divided by the outcome weight that finally generates the activity unit cost (see
Table 1).
The bottom-up estimation for the first activity, the paddy transportation from the fields to the drying

area, is here given as an example for the demonstration. The activity driver for this activity is “a sack of paddy”
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which leads to the unit of the activity rate as “baht/sack”. The resources consumed by this activity are explained

as the following.

1) Staff wages for the paddy transportation from the fields to the drying area.
- The wage for two staffs was 200 baht/day.

- The average paddy weight per trip was 2,500 kgs/trip. The average paddy weight per sack was
30.69 kgs/sack. Then, the average number of sacks was 81.45 sacks/trip.

- The average trip per day was 3 trips/day. Then, the average sack per day was 244.34

sacks/day.
The above information can lead to the average wage per sack as the following.
baht 1 day baht
200 X —=0.82 —
day 244.34 sack sack
2) Transportation cost for the paddy from the fields to the drying area.
- The hire for transportation was 500 baht for 13 trips that provided the average cost at 38.46
baht/trip.

- The average weight for a trip was 2,500 kgs/trips. The average weight for a sack was 30.69

kgs/sack. Therefore, the average number of sacks for a trip was 81.45 sacks/trip.

The average cost per trip can then be calculated as

baht 1 trip baht
x ——=104T%5—
trip 81.45 sack sack

38.46

3) The cost of a plastic sack for the paddy transportation.
- The cost of a plastic sack was 5 baht/sack which could be used for 2 trips of transportation.

The average cost per sack can then be calculated as

baht baht
5 — +2=25 —
sack sack
Activity Rate = 0.82 + 0.47 + 2.5 = 3.79 baht/sack.
Output Rate = 30.69 kgs/sack.

Activity Unit Cost = 3.79/30.69 = 0.12 baht/kg. (see Table 1)
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Table 1 Activity Unit Cost

a0
Q 8 =l
o o 2 & - &
€% 2% %5 2§ 2§ :5 r: S y gg 2,
e: f£F EZ § £3 E 2 & 2 E 5
IRINIRIE I I i 4
54 5 23 O3 =3 3 > 5 8 g 5 “ 2
=f <F €5 GF S5 43 <§ 24 : S8
— o g e >
2 &
Activity Driver Sack Sack Sack Hour Hour Hour Hour Hour Pack Carton Trip
Cost
Categories
(Baht/Activity
Driver)
(1) Wage 0.82 10.00 2.39 18.02 21.98 40.00 40.00 40.00 1.00 - -
(2) Transportation ~ 0.47 - 0.46 - - - - - - - 100.00
(3) Electricity = = - 9.06 5.97 4.84 5.97 9.06 0.00867 0.00003 -
(4) Machinery
= = o 1.38 4.23 182.82 4.23 1.38 0.17 0.27 -
Depreciation
(5) Plant
. - 1.64 0.53 0.53 29.14 0.53 0.53 0.14 = -
Depreciation
(6) Material 2.50 - - - 2.02 - - - 3.87 3.10 -
(7) Total
Cost/Driver
3.79 10.00 4.49 28.99 34.73 256.80 50.73 50.97 5.19 3.37 100
(Baht/Activity
Driver) (1-6)
(8) Output Weight
(Kg/Activity 30.69 29.92 29.92 72.29 48.48 258.86 87.43 80.00 1.00 23.00 2,000
Driver)
Activity Unit Cost
0.33 0.15 0.40 0.72 0.99 0.58 0.64 5.19 0.15 0.05

(Baht/Kg) (7/8)

2.2 Activity Unit Cost for Each Product Line

This session exhibits how the activity unit cost for each product line is obtained. To ease the
simulation, the 100 kgs of the fresh paddy is set at the 1% activity. Since the paddy had been processed through
each activity, the product line (by-products) has subsequently come out that caused the initial weight of the main
product to gradually decline. For the overall view of the allocation process, it first has to calculate the total activity
cost for each activity by multiplying its total output weight with its activity unit cost (see Table 2). Then, the total
activity cost regarding each activity is then allocated according to its different weights of outputs. This will finally
explore the activity cost for each product line.

The key concept of cost allocation is to follow the rule that the total sum of each allocated cost must
equate to the same total. To comply with such a concept, the cost allocating multiplier is designed to ease the cost
allocation process. To discover the cost allocating multiplier for each activity, the weight proportion by each
product line is firstly determined in every activity. Next, the weight proportion of each product line is subsequently
multiplied over from the current to the final activity. Figure 3 demonstrates how the cost allocating multiplier in
the 1" and 5" activity is calculated. It is seen that the total of the cost allocating multiplier is equal to 1, which
implies that the total sum of each allocated cost is equal to the same total. For example, the total sum of each

product line is equal to “A”, the total of the 1" activity cost.
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Qutput in activity 4 Output in activity 7 Qutput in activity 8
Total weight 100% Total weight 100% Total weight 100%

An example of cost allocation of activity 1 to each product line An exarnple of cost allocation of activity 5 to each product

- Pure brown rice 96% X 75% X 95% x A = 0.6844 - Pure brown rice 75% x 95% x B = 0.713B

- Mixed brown rice 96% X 75% % 5% x A = 0.0334 - Mixed brown rice 75% X 5% X B = 0.035B

- Net broken rice 96% X 25% x 41% x A = 0.0994 - Net broken rice 25% x 41% X B = 0.1045

- Fine broken rice (96% x 25% x 59% + 4%) x 88% X A = 0.1604 - Fine broken rice 25% X 59% x 88% x B = 0.130B

- Rice germ (96% X 25% % 59% + 4%) x 13% X A = 0.0234 - Rice germ 25% x 59% X 13% x B = 0.019%

Total cost is equal to A (the same before allocation) Total cost is equal to B (the same before allocation)

Figure 3 The Concept of Allocating Activity Cost to Each Product Line.

Table 2 Activity Unit Cost for Each Product Line Simulated from the 100 Kgs of the Fresh Paddy at the Beginning Process

on 2 d
d > > d > > > e 5 an
£8 73 19§ 89 27 93 2% 8 sz ‘i &
g & § & & = g E¢g = - g 8 g8 & = 8
g 949§ I 93 2 1 5 g 28§ 24 £33 43
SE & S8 <8 9E oF <F g 65 9& o
— @ 2 i
(1) Activity Unit Cost
0.12 0.33 0.15 0.40 0.72 0.99 0.58 0.64 5.19 0.15 0.05
(baht/kg)
(2) Output Weight (Kg) 100.0
97.45 97.45 77.39 63.29 47.31 15.98 12.53 45.12 45.12 45.12
*see Figure 1 0
Total Activity Cost
12.35 32.57 14.62 31.04 45.34 46.94 9.27 7.99 234.04 6.61 2.26
(1 x 2) (Baht)
Cost Allocation by Output Weight (baht)
A Pack of the Rice Product 8.45 22.28 10.00 21.23 32.32 44.76 234.04 6.61 2.26
The Mixed Brown Rice 0.41 1.08 0.49 1.03 1.57 2.18
The Broken Rice 1.23 3.25 1.46 3.10 4.71 3.82
The Fine Broken Rice 1.98 5.21 2.34 4.97 5.89 4.77 6.99
The Rice Germ 0.28 0.74 0.33 0.71 0.84 0.68 1.00
Activity Unit Cost for Each Product Line (baht/kg)
A Pack of the Rice Product 0.19 0.49 0.22 0.47 0.72 0.99 5.19 0.15 0.05
The Mixed Brown Rice 0.19 0.49 0.22 0.47 0.72 0.99
The Broken Rice 0.19 0.49 0.22 0.47 0.72 0.58
The Fine Broken Rice 0.18 0.48 0.21 0.45 0.54 0.44 0.64
The Rice Germ 0.18 0.48 0.21 0.45 0.54 0.44 0.64

Table 2 illustrates how the activity unit cost for each product line is calculated. First, each total
activity cost is multiplied with the cost allocating multipliers. For example, the 100 kgs of fresh paddy incur the
activity cost of 12.35 baht in the first activity. The total cost is then allocated by the cost allocating multipliers

into each product line: a pack of rice product, 8.45 baht (0.684 x 12.35); the mixed brown rice, 0.41 baht
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(0.033 x 12.35); the broken rice, 1.23 baht (0.099 x 12.35); the fine broken rice, 1.98 baht (0.160 x
12.35); and the rice germ, 0.28 baht (0.023 x 12.35) (see Figure 3).

Next, the activity unit cost in each product line is calculated by dividing its allocated cost with its
own weight at the end process (see Figure 1). For the 1st activity, the activity unit cost in each product line can
then be determined: a pack of rice product, 0.19 baht/kg (8.45/45.12); the mixed brown rice, 0.19 baht/kg
(0.41/2.19); the broken rice, 0.19 baht/kg (1.23/6.58); the fine broken rice, 0.18 baht/kg (1.95/10.97);
and the rice germ, 0.18 baht/kg (0.28/1.57).

2.3 Raw Material Unit Cost for Each Product Line

Material cost is separated from the structure of activity cost so that the enterprise can take advantage
of the cost information for decision making. The paper focuses on Sung-Yod rice, one of the six rice species
produced by the enterprise, as an example. The enterprise bought Sung-Yod rice at 15 baht/kg and sold it for 60
baht/kg. Thus, the fresh paddy of 100 kg cost a total of 1,500 baht. The paper simulates the cost allocation of
the raw material in 8 criteria: 1) the end weight of each product line (kg); 2) the market price of each product
line (baht/kg); and 3) the market value or revenue of each product line (baht/kg).

Table 3 exhibits the cost allocation of the raw material in 3 criteria. It is found that the allocation
using the end weight gives the raw material unit cost equal at 22.58 baht/kg, which is unreasonable. Meanwhile,
the market price criterion highly deviates the raw material unit cost among the product line, for example, the main
product is only at 5.02 baht/kg but the rice germ is very high at 723.51 baht/kg. For the market value criterion,
it provides the reasonable unit cost of raw material such as the moderate deviation of unit cost with the fair margin
for each product line. In conclusion, the market value or the revenue wins the most reasonable criterion for cost

allocation of raw material.

Table 3 Comparision of the Cost Allocation of Raw Material (RM) in Three Criteria
Product line of Sung-Yod Rice

A Pack of Fine
Mixed Broken
Rice Broken Rice Germ Total
Rice Rice
Product Rice
1. The End Weight (kg) 45.12 2.19 6.58 10.97 1.57 66.43
*see Figure 1 (67.92%)  (3.30%) (9.91%)  (16.51%) (2.36%) (100%)
60.00 15.00 12.00 10.00 300.00 397.00
2. Market Price (baht/kg)
(15.11%)  (3.78%)  (3.02%)  (2.52%)  (75.57%)  (100%)
2,707.00 32.90 78.96 109.67 470.00 3,398.75
3. Market Value (baht) (1 x 2)
(79.65%)  (0.97%)  (2.32%)  (8.23%)  (13.83%)  (100%)
4. Allocation with End Weight (baht) 1,018.87 49.53 148.58 247.64 35.38
1,500
5. RM Unit Cost (baht/kg) (4/1) 22.58 29.58 292.58 29.58 29.58
6. Allocation with Market Price (U) 226.70 56.68 45.34 37.78 1,133.50
1,500
7. RM Unit Cost (baht/kg) (6/1) 5.02 25.84 6.89 3.45 723.51 ’
8. Allocation with Market Value (baht) 1,194.80 14.52 34.85 48.40 207.43
1,500
9. RM Unit Cost (baht/kg) (8/1) 26.48 6.62 5.30 4.41 132.12

2.4 TUnit Cost for Each Product Line
The addition between the activity unit cost (Table 2) and the raw material unit cost (Table 3) gives

the total unit cost for each product line. Table 4 demonstrates the unit cost of each product line that is presented
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by the process activities for the Sung-Yod rice and the average of all six rice species (i.e., Sung-Yod, Riceberry,
Lep-Nok, Hom-Baiteoy, Hom Pathum, and Kor Khor 43).

For the activity cost of the rice product, the packing activity incurs the highest cost at 5.19 baht/pack
(1 kg/pack). In other words, the 100 kg of the fresh paddy contains 234.04 baht of the packing process out of
443.03 baht of all processes, giving the cost proportion as high as 52.8% (see Figure 2). The resource cost
mostly consumed in the given activity is a vacuum plastic bag that costs 2.8 baht/bag. When the repacking is
needed, the unit cost is increasing significantly. In the overall view of cost structure, the raw material cost takes a
far higher portion than all activity cost. In the case of the 100 kg of Sung-Yod rice, the raw material cost is about
1,500 baht (77.2%) while the activity cost is around 443.03 baht (22.8%) in which it gives the approximate

odd ratio as 3:1.

Table 4 Unit Cost Exhibited for Activities and Product Lines

° o0
g 2> > g £ £ =Y & E 5 _é o o0 g
d o0

! & é:g _°°§ 2% f£3 23 an§ g = £ g g 3 -

& ’ & -4 -4 = & = = .0 é 5 & 8 8 § 5 8

g g 2 €3 &3 §g§§§§h§ s £ 2 53 B E g

e 4 - 3 d .= . £ 2
EE Sk BE JEFE 9E ¢ ~§ g § =& d o S =
i o : g < 2 3
£ o

Sung-Yod Rice
A Pack of the

0.19 0.49 0.22 0.47 0.72 0.99 5.19 0.15 0.05 26.48 34.95
Rice Product
The Mixed

0.19 0.49 0.22 0.47 0.72 0.99 6.62 9.70
Brown Rice
The Broken Rice 0.19 0.49 0.22 0.47 0.72 0.58 5.30 7.97
The Fine Broken

0.18 0.48 0.21 0.45 0.54 0.44 0.64 4.41 7.35
Rice
The Rice Germ 0.18 0.48 0.21 0.45 0.54 0.44 0.64 132.40 135.33
Averaged from Six Rice Species
A Pack of the

0.19 0.49 0.22 0.47 0.72 0.99 5.19 0.15 0.05 24.96 33.43
Rice Product
The Mixed

0.19 0.49 022 0.47 0.72 0.99 7.02 10.10
Brown Rice
The Broken Rice 0.19 0.49 0.22 0.47 0.72 0.58 5.62 8.29
The Fine Broken

0.18 0.48 0.21 0.45 0.54 0.44 0.64 4.68 7.61
Rice
The Rice Germ 0.18 0.48 0.21 0.45 0.54 0.44 0.64 140.42 143.52

3. The Excel Cost Simulation Program
The cost simulation program is established to ease the enterprise operation for two main reasons: 1) the
complication of cost analysis; and 2) the change of some resource costs over time (e.g., seasonal purchasing price
of paddy, the change for wages). The enterprise may recalculate the unit cost with difficulty. The program is thus
designed to accommodate a friendly interface and flexibility. The program can be downloaded from the link
provided in the appendix. The details of the program are explained as the following.
3.1 Sheet for Scenario Selection and Summary
Figure 4 exhibits the Excel sheet named “Scenario” that the enterprise can estimate to update the unit
cost by changing some scenarios. The yellow cells are the dropdown list of various scenarios in which the enterprise
can select them to simulate the new unit cost. For the ultimate benefit, some extra scenarios are further added such

as three different packing sizes, six rice species, purchasing price varied by paddy humidity from 14-309%, and
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so on. After setting the scenarios, the program provides some summarized information that is important to the
enterprise for decision-making. The important information is described as followed.

- Unit cost separated into unit activity cost and unit raw material cost for each of five product lines.

- Total cost for each of five product lines simulated from the 100 kg of fresh paddy.

- Total activity cost and total raw material cost simulated from the 100 kg of the fresh paddy.

- Profit margin simulated from the 100 kg of the fresh paddy.

3.2 Sheet for Resource Input

The Excel sheet, named “input”, allows the enterprise to update the resource cost so that the program
recalculates and reports the summary in the sheet “Scenario”. The enterprise can update the input in 2 sections:
1) general information such as a per-unit charge of electricity, a yearly quantity of pure brown rice, purchasing
prices of fresh paddy from agricultures, selling price of each product line; and 2) resource costs in each activity
such as wages, material cost. The program prevents the error in case that the enterprise may replace the given

formula in Excel by only allowing the green-font cells for the input update.
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Mo L e
ana  dusd A o N ntn [ ferunmAsun
¥ presented for all activities and raw material =
g msRousa ~
K27 - ~
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3 | msussydiu Lnsmudesmuldantifilseinm 015 06%| 019 17%| 019 21%| 018 22% 018 01% 1235 0.6% i kasAdaE
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Figure 4 Sheets “Scenario” for Select a Situation and Summarize the Information.

3.3 Sheets for Cost Analysis
Other sheets include the cost information, retrieved from the interview, and the field observation
within the production and logistics processes, which link with a lot of formula across the sheets to produce the
summarized results in the sheet “Scenario”.
4. Training the Excel Cost Simulation Program for the Enterprise
The research team delivered and trained the program for the enterprise. The result reveals that the enterprise
was able to use the program to simulate the updated cost and profit margin. The team tried assigning the new
situation for the enterprise to solve, for example, what the cost and profit margin should it be if the purchasing

price changed or if the size of the main product changed to 0.5 or 2 kg/pack. After the training, the team followed
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up and found that the manager of the enterprise had regularly demonstrated how to use the program for visitors.

This demonstration implies the capability of the enterprise for using the program.
Conclusion and Discussion

Based on the research objective, the key conclusion and discussion are provided as the following.

1. The unit cost for each product line averaged by six rice species is revealed as a pack of rice product, 33.43
baht/kg; the rice germ, 143.52 baht/kg; the mixed rice, 10.10 baht/kg; the broken rice, 8.29 baht/kg; and the
fine broken rice, 7.61 baht/kg. The given unit cost for each product line goes in line with their selling price that
provides a profit margin. The main reason that leads to achieving the appropriate unit cost is the criterion used in
the cost allocation of raw material since it takes a high proportion in the overall cost. In contrast, if the market
price is applied, the raw material unit cost is unreasonably fluctuated according to their market price, for example,
the rice germ has a higher unit cost than its market price. Nonetheless, if the sales value is applied, the raw material
unit cost for each product line is proportionate to their market price that can generate their profit margin. The
concept of the cost allocation criterion using sales value is that each product should generate enough revenue to
cover its own cost reasonably (Hansen et al., 2009).

2. Based on the cost structure averaged by 6 rice species, the odd ratio between the raw material cost (76.3%)
and the activity cost (23.7%) is about 3:1. For the activity cost, it was found that the unit activity cost as: 1)
Transportation of paddy from fields to the drying area, 0.12 baht/kg; 2) Drying of the paddy for humidity
reduction, 0.33 baht/kg; 3) Transportation of the dried paddy from the drying area to the mill’s warehouse, 0.15
baht/kg; 4) Screening of dirt from the dried paddy, 0.40 baht/kg; 5) Milling of the dried paddy, 0.72 baht/kg;
6) Screening of the mixed milled rice, 0.99 baht/kg; 7) Milling of the broken milled rice, 0.58 baht/kg; 8)
Sifting for the rice germ, 0.64 baht/kg; 9) Vacuum packaging of rice product, 5.19 baht/kg; 10) Packing for
shipping, 0.15 baht/kg; 11) Shipping the packs of products to the customer, 0.05 baht/kg. It is seen that the
packing activity takes the most portion in all activity cost, which is as high as 52.8%. The vacuum plastic bag is
the main resource that hugely cost as 2.8 baht/pack in the packing activity. Thus, the product needed for repacking
will incur an additional unit cost by 15%. The manager revealed that the packaging damage was regularily found
in the form of vacuum loss. It was usually found at the beginning and at the end of the packing activity, where the
sealing machine may not be ready yet for operating. It may sometime be found when the sealing machine works
too long hours. Besides, the broken package can be found during the transportation that may be resulted from the
inappropriate arrangement of items.

3. The loss of all output weight during the production process is primarily associated with the final unit cost.
Based on the field observation, the end weight of all product lines was reduced to 66.43% of the initial weight of
the fresh paddy. In other words, the material unit cost was increased to 1.51 times (1/0.6643) of the purchasing
cost of the fresh paddy. When comparing with the dried paddy, it was about 68.16%, which is close to 68.70%
researched by Rice Department (2016). Additionally, the remaining weight of the pure rice to the dried paddy is
around 46.44% which is also close to 42.32% reported by Khonkaen Rice Seed Center (2015).

4. The main reasons for establishing the Excel simulation cost program are in two concerns. First, there will
be an opportunity for the cost changes accounted by resource changes (e.g., the purchasing price of fresh paddy,
material cost, and wages) as well as options in the operations (e.g., different purchasing price when buying from

the agriculture with JAP license or from other kinds of rice species, the second warping of the packaging ). Second,
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the update in those resource changes makes the enterprise difficult to recalculate the new unit cost. Therefore, the
program allows the enterprise to update those inputs to simulate the tentative unit cost and the profit margin. This
would enhance the enterprise’s management in terms of time efficiency and accuracy. The training for the program
revealed that the enterprise can employ it very well when the research team tried giving the new scenario setting.
Besides, the manager could even demonstrate the use of the program for visitors. However, the program contains
some limitations, for example, any new resources would not be added to the existing calculation performed by the

program.

Recommendation

The findings can be suggested for the enterprise as presented below.
1. The Emphasis on Cost Control in Raw Material
Based on the unit cost structure, the odd ratio between the raw material and activity cost was around 3:1
(75%:25%). Additionally, the end weight was lost during the production process. This implies the primary
significance of cost control in the raw material. The enterprise should realize that an additional 1 baht/kg of the
raw material price will cost more than that at the final unit cost. The research found that it additionally cost 0.5
baht/kg. Thus, the enterprise should investigate the causal sources for the broken rice during the production process
such as the physical characteristics of paddy, and the paddy humidity just right before the production process
(Maneerat, Chomchuen, Bucha, & Wisitsirikun, 2015).
2. The Emphasis on Cost Control in the Most Costly Activity
For the main product, the packing activity consumed 52.8% of all activity costs, the most costly activity.
The enterprise may especially focus on that activity such as considering other suppliers for the cheaper vacuum
plastic bag and sticker. Also, the enterprise should investigate the cause of the damaged package such as the
appropriate way for item arrangement during transportation and the appropriate warming-up time of the sealing
machine.
3. The Different Views of the by-Product Cost and the Value-Added
This paper also allocated the activity-based cost into the main product and the by-products so that the
enterprise can realize the unit cost for all product lines. When new product development is derived from by-
products, the enterprise can estimate the new product’s cost more accurately by summing the given unit cost of
the by-product with some further activity costs. To realize the tentative unit cost of the by-products, the enterprise
could have a different viewpoint toward the by-products. For example, the rice germ used to see as worthless
scraps can be considered a valuable material used in the new product development since the enterprise could realize
its cost. Recognizing the by-product cost will lead to the accurate costing of the developed product.
4. The Enterprise’s Managerial Decision Making Enhanced by the Cost Simulation Program
The enterprise can apply the Excel cost simulation program to support its decision-making regarding cost
management. The enterprise can adjust the selling price and the cost input to simulate the tentative unit cost and
profit margin before making a decision. For example, when the purchasing price of the fresh paddy is increased
according to the seasonal demand and supply, the enterprise can try the new selling price in the program to retain

the same profit margin.
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Appendix

The cost simulation program is available at the following URL.

https:/ /drive.google.com/file/d/1 6 PqnPlGeiX1VaweHezc-5BNMPfVMny(q9 /view ?usp=sharing
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