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Abstract. This study examines the technical inefficiency of Indonesian food and beverage
firms. It also analyzes the impact of four pivotal determinants on technical inefficiency.
The one-step technical efficiency model is applied to calculate the inefficiency scores of a
set of unique 1,874 firms. The novelty of this study is on the homogeneity of firms under
study and the additional of trade variables in the model. The findings show that the average
score of technical inefficiency of Indonesian food and beverage firms is 1.52 percent. The
estimation results on the key factors contributing to the inefficiency show that export,
import, foreign ownership, and location are important factors in reducing the inefficiency
score of firms, respectively.
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1 Introduction

Manufacturing industry remains the top contributor of the Indonesian Gross Domestic
product (GDP), achieving 17,58 percent of the total production in 2019. Within the
manufacturing industry, food and beverage firms contribute the largest part, accounted for 36.41
percent of the manufacturing production [1]. In term of labour absorption, food and beverage
firms employ the largest proportion of employment, achieving 26.67 percent of the total labour
in manufacturing industry in 2018 [2]. In addition, the firms in this sector growth significantly
high at the average 7.78 percent in 2019, considerably higher than the average growth of all
industries 5.02 percent [3]. These statistical data point out the important role of food and
beverage sector in the Indonesia economy. A research question arise is that whether the firms
in the food and beverage sector is ready for the Industry 4.0 competition in term of efficiency.
This question is break down into two minor questions; (1) which group of firms in the sector
has a low inefficiency (or high efficiency); (2) what key factors significantly reduce the
inefficiency of the firms so that they would be ready for the competition in Industry 4.0.

Few studies on efficiency of Indonesian manufacturing firms have been conducted.
The notable among others are [4] that evaluates Indonesian manufacturing for the period 1993-
2000 using Stochastic Frontier Analysis (SFA), [5] that estimates the technical efficiency of
Indonesian manufacturing within the timeframe of 1988-2000 using another SFA method, and
[6] that examines firms for period 1995-2006 using Data Envelopment Analysis (DEA). These
earlier studies focus on total manufacturing firms, except [6], and have been out-dated. The use
of all manufacturing firms in estimating technical efficiency has a disadvantage in heterogeneity
of firms under studies, which lead to the less precision of the calculation of technical
inefficiency to the best-practice firms. This current study fills the gaps and contributes twofold.
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Firstly, it focuses on firms in a specific sector of the food and beverage, which reduces the
heterogeneity in data. Secondly, the period of study is updated to 2008-2014, picturing the
current condition of observed firms.

This paper proceeds as follows. Section 2 reviews related literature. Methodology and
data analysis is in section 3. Results and discussion are presented in section 4, followed by
summary in section 5. Lastly, implication and suggestion for future research are given.

2 Literature review

Literature on technical efficiency of manufacturing firms comes in two streams. The
first stream evaluates the technical efficiency score of firms, whereas the second stream
examines the key determinants affecting the technical efficiency (or inefficiency). In the first
stream, the calculation of technical efficiency focuses on either the general frontier [7]-[9],
specific industry frontier [6], [10], [11], and meta frontier [12]-[14].

The second stream evaluates the key factors affecting technical inefficiency. Three
pivotal factors include international trade (export and import), ownership, and location. [15]
shows a significant role of import in improving efficiency of firms, whereas [16] indicates that
not only import but also export are crucial in increasing efficiency score. [17] focuses on trade
liberalization and found out that the ability to compete internationally is an important. Focusing
on another spectrum, [18] presents evidence that ownership type is crucial in affecting technical
efficiency. Similar finding is indicated in [19] when comparing foreign and local firms in Indian
software industry, and in [20] when accessing ownership-heterogeneity in Italy. Furthermore,
[11] highlight the importance of location. Similarly, [21] confirms the key role of location in
influencing the technical efficiency of firms.

3 Methodology and data analysis

3.1 Data and variables

The main dataset for this current research is taken from the annual survey of medium
and large enterprises conducted by Indonesian Central Board of Statistics (BPS). Another
dataset is the wholesale price index (WPI) published by the Indonesian Central Board of
Statistics and the energy price index from the ministry of energy and mineral resources.

The period of data in this study is from 2008 to 2014. The year 2008 is used as a starting
year because there was a revision in the standard industrial classification (Revision 3 ISIC). The
year 2014 is the latest year because there is another change in the ISIC classification. The
procedure for conducting final dataset in this current study follows methods in [22]. Total
number of firms in the final balanced dataset is 1,874 firms for seven years. Hence, the total
observations are 13,118.

Table 1 presents the variables and their definitions.



Table 1. Definition of Variables

Variable Definition

Output (Y) Value of output in Rupiah deflated using WPI at a constant price 2000.

Material (M) Value of material in Rupiah deflated using the WPI at a constant price 2000

Labour (L) Number of fulltime equivalent employment engaged in production

Capital (K) Value of capital in Rupiah deflated using WPI for machinery at a constant price 2000

Energy (E) Value of energy in Rupiah, which is a sum of electricity and fuel expenditures
deflated using WPI for electricity and fuel price index at a constant price 2000

Inefficiency Technical inefficiency score, which takes a value between zero and one

(u)

Export (X) A dummy variable with a value one if firm exports or a value zero if otherwise.

Import (Im) A percentage of the value of imported material over the total value of material.

Foreign (F) A dummy variable with a value one if a firm has foreign ownership and zero
otherwise.

Location A dummy variable for location, which take a value of one if a firm located in Java

(Loc) island and take a value of zero if it is located outside of Java island.

3.2 Method and Model

The method applied in this study is corresponding to the two research questions. The one-step
Stochastic Frontier Analysis (SFA) estimates simultaneously stochastic production frontier and
inefficiency function, which enabling for addressing the two research questions. The stochastic
production frontier estimates technical efficiency score for answering the first research question,
whereas the inefficiency function evaluates the key determinants affecting technical
inefficiency, which addressing the second research question.

The SFA method in this current study follows the one-step [23] procedure. The
advantage of one-step procedure is in the consistency of estimates and the appropriateness in
model if compared with the two-step procedure.

The SFA model for this current study can be written as follows:

Yie = Bo + BiMit + B2Lit + B3Kir + BaEir + (Vi — Usr) 1)

W = 6o + 61X + 8,Imy + 83Fy + S,Locy + @y (2)
where Y represents output, M represents material, L is labour, K is capital, E is energy, v is
disturbance variable, u is technical efficiency, X is export, Im is import, F represents foreign
ownership, Loc is location, ¢ is disturbance variable for inefficiency function,
Bo» B, B2- Bs- Ba, 60, 61, 02, 03, 8,4 are parameters to be estimated.

4 Research results and discussion

4.1 Findings of technical inefficiency scores

The estimation results for the technical efficiency score using SFA model in equations
(1) and (2) are presented in Table 2. The estimation is conducted on the data of all firms as well
as several important groups of firms, i.e. food versus beverage, domestic versus foreign, export
versus non-exported, Java versus outside Java firms.

Finding in Table 2 shows that the average technical inefficiency score for all Food and
Beverage firms is 1.52 percent. When the firms are grouped into Food industry and Beverage



industry, one can see that the average inefficiency score of Food firms are higher than those of
Beverage firms, suggesting that Food firms are more inefficient compared to Beverage firms.
When the grouping is based on ownership, the estimations show that the domestic firms has an
inefficiency score of 1.61 percent and foreign firms have a inefficiency score of 0 percent,
indicating that domestic-owned firms are more inefficient than foreign-owned firm and that
foreign-owned firms are on the best-practice level (the frontier of production). This finding in
line with [18], [19]

Table 2: Technical Inefficiency of Indonesian Food and Beverage Firms (%)

Food

and  Only Only Dome Fore- Not Im- Not Non-
Year Beve- - . Export Ex- Im-  Java

Beve Food stic ign port Java

rage rage port port

2008 156 1.59 1.23 1.63 0.00 117 160 101 163 196 0.26
2009 157 159 1.23 1.64 0.00 119 161 103 163 196 0.26
2010 154 156 1.19 1.60 0.00 112 158 099 160 193 0.24
2011 153 155 1.25 1.60 0.00 106 158 1.00 159 192 0.24
2012 154 157 1.25 1.62 0.00 123 158 104 160 193 0.26
2013 151 153 1.22 1.58 0.00 122 154 102 157 190 0.24
2014 142 144 1.11 1.57 0.00 090 147 101 147 179 0.20

':;;ee_ 152 155 1.21 1.61 0.00 113 156 101 158 191 0.24
N_o. 187173 143 1793 81 1697 177 199 167 143 437
Firms 4 1 5 7
No. 131 121 123 139 117 100
Obs. 18 17 1001 12551 567 11879 9 3 o5 59 3059

When calculating the inefficiency score of exported versus non-exported firms, it is
found that exported firms (1.13%) have a lower inefficiency score than the non-exported firms
(1.56%). In the case of imported and non-imported firms, the technical inefficiency score for
the imported firms are lower, showing that the non-imported firms are more inefficient. These
findings support empirical evidence in [15], [16] that firms involves in international trade
(export and import) are more efficient than those focus on domestic market.

In accessing the inefficiency score based on location, the last two columns in Table 2
show that the firms in Java region (1.91%) have an average inefficiency higher than those
outside the Java region (0.24%). This finding should be treated carefully as the firms in Java are
much more heterogeneous than those outside Java; the inefficiency scores of one firm than
another have a wide dispersion. One needs to check further with a more advanced statistical
method to confirm this finding. Hence, location variable is tested further in the SFA methods,
as shown in the following section.

4.2 Findings of the key determinants of technical inefficiency

Estimation results for the determinants are presented in Table 3. This research conducts
eight estimation models. The first model is for all firms in Food and Beverage industry, whereas
the second and the third models are estimations on only Food firms and only Beverage firms.
The other models estimates groups of firms based on the key determinants, namely ownership,
export, import, and location (Java and outside Java).

Results for all firms (Model 1) shows that the production variables (material, labour,
capital, and energy) are positive significant affecting output individually, which is conforms the



empirical finding of [22]. Another point can be noted from the finding is that the sum of input
elasticity is more than one, indicating Increasing Return to Scale (IRS).

Table 3. Estimation Results of Key Determinants Affecting Technical Inefficiency

Food and Only Only Domes- Fore- Export  Import Java
Beverage Food Beve- tic ign (g) (‘7)) (8)
1) 2) rage (3) ()] (5)
Production Frontier (Endogenous Variable: Output)
Const 3.42%** 2.40%** 5 87***  3,05%**  3.86*%** 3.40*** 2,19***  3.36***
(111.67) (51.79) (19.03) (3.21) (3.14) (54.83) (14.50) (54.73)
InM 0.49*** 0.66***  0.18***  0.50*** 0.45*** 0.49*** 0.68***  (0.50***
(1398.65) (186.25) (16.48) (1261.6) (22.04) (117.33) (51.09) (111.76)
InL 0.37%** 0.26***  (0.53***  (.38*** 0.34* 0.38*%**  (0.22*%**  (.37***
(81.63) (43.01) (16.61) (5.69) (1.60) (46.24) (13.55) (51.02)
InK 0.05%** 0.03***  0.09***  0.06*** 0.13*** 0.49***  0.86*** 0.47***
(13.65) (11.85) (4.61) (6.06) (4.82) (12.34) (8.68) (12.83)
InE 0.23*** 0.16***  (0.35***  (0.25*** 0.21* 0.24***  (0,12***  (.23***
(77.26) (45.48) (18.38) (9.16) (1.38) (50,73) (8.71) (53.84)
Inefficiency Function (Endogenous Variable: Technical Inefficiency)
Export -0.05*** - -0.25** - - - -0.07* -
X) (-7.90) 0.03*** (-1.89)  0.01***  0.15*** (1.44) 0.18***
(-2.81) (-3.46) (-2.10) (11.86)
Import -0.21*** - -0.29** - - - - -
(Im) (-6.88) 0.21%** (1.69) 0.02*%**  0.42***  0.20*** 0.38***
(-9.95) (9.30) (9.21) (-4.58) (4.22)
Foreign ~ -0.33*** - - - - - 0.77** -
(3] (-36.75) 0.22*%**  (Q.51*** 0.38*** (1.85) 0.36***
(-15.84) (-2.09) (12.35) (3.63)
Locatio 0.27%** 0.16*** 0.01 0.14*%**  0.36***  0.25***  (0.18*** -
n (Loc) (20.93) (18.35) (0.99) (6.51) (5.76) (18.34) (4.04)
Sigma- 0.36*** 0.20%**  0.70*** 0.37* 0.52***  0.36***  0.25***  (0.30***
squared (30.09) (79.20) (16.17) (1.56) (2.34) (73.96) (24.83) (73.07)
Gamma 0.01*** 0.01***  0.17*** 0.01*** 0.01*** 0.01*** 0.04* 0.19***
(8.63) (8.16) (3.21) (9.21) (6.01) (3.30) (1.54) (2.59)
Firms 1,874 1,731 143 1,793 186 1,787 199 1,437
Obs 13,118 12,117 1,001 12,417 701 11,633 1,228 10,059

Notes: ***, ** and * indicate significance at 1%, 5%, and 10%.
Source: Estimation on the final balanced dataset using equations (1) and (2) and Frontier 4.1 software.

The second part of model 1 shows the pivotal determinants of technical inefficiency.
The negative significant coefficient of export indicates that the exported firms have lower
inefficiency. Similarly, import is found to be negative significant affecting technical
inefficiency. These findings support empirical evidence in [15], [16].

The foreign ownership is found to be negative and significant affecting technical
inefficiency, suggesting a less inefficiency of foreign-owned firms compare to domestic-owned
firms. As shown in the previous section, foreign firms are mostly in the frontier of production
and the best-practice firms, therefore the negative significant coefficient is in line with the
finding in previous section. The evidence is similar to those in [18], [19].

The location variable has a positive and significant coefficient, indicating that firms in
Java region are more inefficient than those outside Java region. This finding is consistent with



the result in the previous section, which strengthens the evidence that location is matter.
Similarly, this finding in line with [11], [21]

Estimation results in Model 2 to Model 8 are similar to those in Model 1 in term of the
sign and the significance of exogenous variables. Thus, the interpretation on the coefficients is
similar with Model 1. The findings can be seen as robustness checks for the data, which confirm\
that the data are robust in several models conducted in Table 3.

5 Summary

This research evaluates the technical efficiency score of Indonesian food and beverage firms
under various important groups. It is also examines the pivotal factors affecting technical
inefficiency, namely export, import, ownership, and location. Findings in the technical
inefficiency score show that food and beverage firms have an average 1.52 percent inefficiency.
Findings from the pivotal factors justify that the four selected variables are important in
affecting technical efficiency of food and beverage firms. Export firms are found to be less
inefficiency, the increase in the percentage of imported material reduces the inefficiency score,
foreign-owned firms are less inefficiency because mostly they operated as best-practice firms,
and location is matter in determining firms’ inefficiency. Based on these all findings, one would
conclude that the groups of firms that more ready for Industry 4.0 are those involved in export
and import, open to foreign investment, and located in various region in Indonesia.

6 Implication and suggestion for future research

The implications of this research based on the findings are threefold. Firstly, more export and
import activities should be encouraged for food and beverage firms in relation to an effort to
reduce technical inefficiency. Secondly, efforts in favour foreign investment could help firms
in the industry to operate more efficiently. Thirdly, location decision for establishing new firms
in various regions would influence the inefficiency score.

A suggestion for the future research is on the inclusion of several other variables in the
analysis, such as research and development (R&D). The survey of manufacturing firms provides
data on R&D between 1994 and 1996, but after 1996 there is no longer information on R&D. A
proxy measurement might be able to use to track the R&D firms.
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