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Abstract-  The research has applied DEA model to measure scale efficiency of food firms in Vietnam from 2010 to 2014. The 
purpose of research is to measure scale efficiency, so analyzing scale efficiency is strongly focused. The result from DEA 
method is interpreted as follows.  The number of businesses operating at optimal scale is 25, 20, 28, 30, and 27 for each year 
from 2010 to 2014. Simply, the number of businesses operating at increasing returns to scale increases over the year. In 
addition, there is a small part that operates with decreasing returns to scale.  
 
Index Terms- DEA, constant returns to scale, scale efficiency, food industry. 
 
I. INTRODUCTION 
 
Vietnam is a developing economy, which means that 
more opportunities are also more 
challenges. Gross domestic product (GDP) in 2014 
increased by 5.98 percent compared to 2013. The 
agriculture, forestry and fisheries increased by 3.49 
percent, higher than the 2.64 percent of 2013; 
industrial areas and construction increased 7.14 
percent, much higher than the previous years increase 
of 5.43 percent; service sector rose 5.96 percent.  
In fact, the food has special importance, indispensable 
for human life. Food also creates fun, quality of life 
increase, boosting business activity and creates 
national identity. Today, all kinds of processed food 
products are diverse and most of the food processing is 
relatively high growth rates for many years. 
Generally, the value of production of food firms 
accounts for over 20 percent of the whole industry, 
accounting for about 15 percent of GDP. According to 
economic experts, processed food industry has many 
opportunities to grow, with the big market (more than 
90 million people) and export market. 
  
II. SCALE EFFICIENCY 
 
A. Scale efficiency 
When considering the characteristics of a production 
function of enterprises, this means that enterprises 
operating on the effective scale or 
not, we usually consider that in long-term, in the case  
all inputs are variable. Assuming the firm 
is expanding the scale, for 
example, they double all inputs at the right 
rates available, it will increase how much output. 
There are three different types of scale efficiency, 
including the constant returns to scale and variable 
returns to scale. All production range can have two or 
more traits. Understanding this theory helps business 
choose their optimal size. 

Constant returns to scale (CRS): input and output 
have the same percentage increase. For example, 
doubling all the inputs will double output.  
Variable returns to scale (VRS) including IRS 
(increasing returns to scale) and DRS (decreasing 
returns to scale).  
IRS:  when increased the input to n times, 
output increased more than n times. 
DRS: when increased the input to n times, 
output increased less than n times. 
On the other hand, the types of scale efficiency can be 
defined as follow.  
Returns to scale characterizes a production process in 
which an increase in the number of products will 
reduce the average total cost per 
product produced. For example, we have a factory 
of footwear. The cost of machinery in a week is 
100 monetary units; marginal cost is 1 monetary 
unit. If the system produce 50 products a week, the 
average fixed cost per product is (100 +50) / 50 = 3 
monetary units. But if this company produce 100 
units a week, the average fixed cost per unit 
of product will be reduced to (100 +100) / 100 = 2 
units of currency. Three cases of 
business activities while increasing the inputs, that is 
constant returns to scale, non-increasing returns to 
scale, and variable returns to scale. 
Above is a simple expression for the efficiency of 
scale, however, here we will approach the scale 
efficiency with DEA method. 
 
B. Data envelopment analysis (DEA) model 
The data envelopment analysis constructs the 
production frontier, first proposed by Farrell 
(1957). A long time later, a few scientists (Coelli et 
al., 2005) will only concern this method. Then, the 
authors Boles (1966), Sephard (1970) and Afriat 
(1972) has proposed the mathematical model can 
effectively solve the problems related to calculate the 
effective yield of the business. As a whole, Charnes, 
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Cooper, and Rhodes first developed data Envelopment 
Analysis - DEA in 1978. DEA base on building the 
production possibilities frontier, similar to the 
production function in the case the output is not a 
scalar, which is a vector. Possibilities frontier is 
convex shaped membranes or convex cone in the 
space of input variables and output variables. Frontier 
is used as a reference for the effective value of each 
firm is evaluated. 
Based on the characteristics of production systems, 
DEA is divided into two types of models: minimizing 
input, assuming the output constant and maximize the 
model output, assuming constant input. 
DEA model with condition to minimize input  
The basic steps are outlined below. 
Denote: 
- Y is a (MxN) matrix of outputs for firms with 
elements yij that is ith output and jth firm.  
- X is a (PxN) matrix of inputs with elements xkj that 
is kth input and  jth firm.  
Therefore, the formula of scale efficiency for firm can 
be written as follow: 

  
  min , z

j
n    

Subject to  
 

 
 
 

 
 
  
 
Where  is a scalar value with 0< <1 caused of  is a 
proportion reduction in all inputs in firm.  
Where  is a scalar value representing a proportional 

reduction in all inputs such that 0< < 1, and 
j
c is the 

minimizing value of so that
j
c . xj represents the 

vector of inputs for the ith firm. Maximum scale 

efficiency is achieved when 
j
c  is equal to unity.  

The DEA built a unique best practice benchmark for 
each firm. And benchmark of firm j is built from 
vector z. 
The ith element zj of the vector shows the contribution 
of the ith firm to the best practice benchmark of firm i. 
The NRS input measure of scale efficiency for a firm is 
calculated as the solution as follow: 

     
  min , z
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 and   ; 
   0 for all j = 1, 2, …, N 
The VRS input measure of scale efficiency for a firm is 
calculated: 
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 and   ; 
   0 for all j = 1, 2, …, N 
The input of scale efficiency measure is defined as the 
function: 

     
j
v

j
c

jSE  /   
If Sj = 1 then the firm is scale efficient. If Sj < 1, the 
firm is scale inefficient. 

If Sj < 1 and 
j
v

j
c     then scale inefficiency is due to 

increasing returns to scale. 

If Sj < 1 and 
j
v

j
c   then input scale inefficiency is 

due to decreasing returns to scale. 
The above decomposition of the CRS input measure of 
scale efficiency implies that: 
   j

v
j
c

jS  *  
j
v  is called the measure of pure scale efficiency. 

C. Result from DEA model 
The businesses operate with optimal scale when scale 
equal 1. When scale less than 1, the enterprise can 
operate at Drs (decreasing returns to scale) or Irs 
(Increasing returns to scale). Following table presents 
the results of DEA scale efficiency. 
 

Table 1: Scale Efficiency of dairy firm 2013 and 2014 

 
(Scale Efficiency of dairy firm 2013 and 2014 from DEA) 

 
The paper provides the results for last 2 years of the 
study period to modeling. Through the results, we can 
see almost businesses in the food industry in Vietnam 
are operating at increasing returns to scale. The 
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number of food firms operates at decreasing returns to 
scale is very small, followed by the lowest number 
firms having optimal scale. 
 
CONCLUSION 
 
This paper measures scale efficiency of food industry 
in Vietnam from 2010 to 2014. The result shows that 
almost food firms in Vietnam operate at increasing 
return to scale. These firms should rise 
the operation scale to enhance operational efficiency.  
Author thanks Prof. Dr Nguyen Khac Minh for 
supporting to finish this research. 
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