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ABSTRACT

As a growing and developing country in Asia with a relatively large but young
demographic structure, Indonesia will not only meet domestic policy challenges but
also begin to draw international attention after China and India in seeking a future
development pathway that is less fossil energy resource dependent. Manufacturing
sector is one of the most important sectors in Indonesia due to its large potential for
creating job opportunities and its contribution to development. When the roles of
manufacturing sector are expected to continuously increase, some considerable
obstruction should be confronted, in particular the increasing pollutions and the
increasing domestic price of oil commodities. Although economic instruments
implemented within climate change mitigation policies such as a carbon tax have not
yet been implemented in Indonesia, the recent rising price of domestic oil commodities
can be seen as quasi-carbon regulation instrument because it has similar consequences.
This study provides useful information for policy makers to discuss the impact of the
climate change mitigation and energy related policies on manufacturing sector.
Environmental productivity and efficiency improvement are the main issues to be
discussed in this study to formulate constructive policy designs to enhance
manufacturing sector’s performance in the future.

Annual Indonesia’s manufacturing survey datasets are employed for the analysis
in this study. Because the existence of data quality problems and the missing of key
variables, therefore, the cleaned and balanced panel datasets are constructed for only
four periods: 1990-1995, 1998-2000, 2003-2006, and 2008-2010. Substantial economic
and political events are adopted to describe the contextual background of the present
analysis. For these four periods the study provides empirical results from the baseline
analysis for productivity measurements, estimation of average carbon abatement cost,
and the impact of energy price on environmental productivity change and average
abatement cost. To measure the environmental productivity change and average carbon
abatement cost, the disposability of CO, emissions as undesirable outputs are not free
activities is firstly assumed to respond the different impact of carbon regulation on
manufacturing sector.

From the baseline analysis for productivity measurements it is observed that the
TFP with CO2 emissions over time has grown faster than the TFP without CO2
emissions for the period 1, the period 2, and the period 4. The faster growth of the TPF
with CO2 emissions over suggested that when accounting for changes in pollutions as
undesirable outputs the average productivity growth is higher than the growth ignoring
pollutions. The findings provide a clear message to policy makers that environmental
damages should be considered in economic and manufacturing developments.

Further, average carbon abatement cost is estimated. When CO, emissions as
undesirable outputs are weakly disposable, the average carbon abatement cost has
increased as the price of oil commodities increased, particularly in the period 3 and 4.
The fluctuation of these average carbon abatement cost is consistent with the trend of
value added and carbon intensity because the measurement of carbon abatement cost is
based on forgone profit and the amount of CO2 emissions, even though on average
environmental efficiency show improvement.

Moreover, the relationship between energy factors and environmental
productivity is analyzed to confirm that the increase in energy costs directly influence
manufacturing productivity. The impact of energy factors on average carbon abatement
cost is also examined to investigate the relationship of the increase in energy costs and
CO, emissions reduction. The change of environmental component in productivity



measurement is associated with the adjusted energy prices. In addition, energy
dependency negatively and significantly influenced average abatement cost for the
periods 1 and 3. When energy is still subsidized during periods 1 and 2, the fuel price is
significant and has a negative impact on average carbon abatement cost. Whereas
energy subsidy started to be removed in the period 3, the fuel price is statistically
significant and started to show a positive relationship to the averaged carbon abatement
cost. Electricity price has a significantly negative relationship to the marginal
abatement cost when energy subsidy is removed.

Finally, several constructive policy recommendations can be proposed to the
policy makers as follow: CO, emissions as undesirable outputs can be considered in
measuring manufacturing sector’s productivity growth; carbon tax as one of economic
instruments to control CO, emissions can be imposed on manufacturing sector in
Indonesia based on the empirical results of this study that most of manufacturing sector
show positive TFP environment growth after the increase of domestic oil price;
technological improvement, in particular the cleaner technology, has to become a major
concern for the manufacturing firms’ long-term strategic planning after the changes in
prices of oil commodities; the manufacturing sector performance has to continuously be
improved; hence, its roles in contributing to Indonesia’s GDP and providing more job
opportunities can be maintained; to improve environmental productivity as the one of
the manufacturing sector performance’s indicators, energy efficiency has to be
appropriately implemented.
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CHAPTER 1: INTRODUCTION

1.1. Indonesia’s manufacturing sector

The abundance of fossil energy resources as well as a large population has been
the foundation of development in Indonesia. However, since 2004, Indonesia has
become a net oil importing country if we consider the trade balance of both crude oil
and petroleum commodities. In addition, as of 2013, Indonesia ranked as the 11™
largest CO, emitting country after Canada (Global Carbon Project 2014). As a growing
and developing country in Asia with a relatively large but young demographic structure,
Indonesia will not only confront domestic policy challenges but will also begin to draw
international attention after China and India in seeking a future development pathway
that is less fossil energy resource dependent and that creates more job opportunities.

Although these challenges should be addressed by various sectors as declared by
Indonesia’s master plan of 2011, the manufacturing sector is one of the most important
sectors due to its large potential for creating job opportunities. At the same time, there
is concern regarding the increasing demand for energy generated by the economic
development policy through further industrialization and development of the
manufacturing sector. Currently, total final energy consumption (TFEC) in the
manufacturing sector represents 27.4% of the TFEC of Indonesia in 2011, and this
share has been growing steadily over the last two decades (IEA 2013).

As the international oil price has increased since 2000 and has remained high
compared to prices in the 1990s, the government of Indonesia as a net oil importing
country started to gradually remove subsidies for energy commodities starting in 2005.
Consequently, the domestic price of oil commodities in Indonesia has been rising since
this time, which has caused a significant financial burden for the manufacturing
industry. Although economic instruments implemented within climate change
mitigation policies such as a carbon tax have not yet been implemented in Indonesia,
the recent rising price of domestic oil commodities can be seen as quasi-carbon
regulation instrument because it has similar consequences.

1.2. Annual manufacturing survey data

It should be noted that although historical data for manufacturing firms in
Indonesia are available from the datasets of annual manufacturing surveys conducted
by the Indonesian Statistics Agency (BPS) for medium and large-sized firms that
employ at least 20 workers, the datasets contains inaccurate, incomplete, and erroneous
data. Therefore, despite the availability of large sets of data, to the best of our
knowledge, empirical studies of Indonesian manufacturing firms are limited.

To overcome this constraint, first a cleaned panel dataset are developed from the
annual survey data of medium and large-sized firms in the manufacturing sector of
Indonesia between 1990 and 2010, which is used for the present analysis. Because the
system of firm identity codes was changed between 2000 and 2001, it is impossible to
construct continuous annual firm datasets between two periods, namely 1990-2000 and



2001-2010. In addition, we found that some of key variables such as capital stock and
energy consumption, which are necessary for the present analysis, are completely
missing in the survey data for 1996, 1997, 2001, 2002 and 2007. Therefore, the cleaned
and balanced panel datasets are constructed for only four periods: 1990-1995, 1998-
2000, 2003-2006, and 2008-2010. For these four periods, the study provides empirical
results from the baseline analysis for productivity measurements, environmental
efficiency measurements, and the impacts of energy price on environmental
productivity changes and carbon abatement cost.

1.3. Contextual background

The state-led industrial policy strategy began in the 1970s in Indonesia during the
Suharto regime, driven by a large windfall in government oil revenue from 1973-1980
through the development of state-owned firms. The government strictly protected the
state-owned firms and other domestic producers from international competition by
providing tariff and non-tariff barriers, raw material subsidies, and credit subsidies in
addition to maintaining undervalued exchange rates (Goeltom 1995; Pangestu 1996).
Whereas the share of the manufacturing sector to GDP increased, empirical studies
generally agreed that there was no gain and potentially negative total factor
productivity (TFP) growth in the manufacturing sector in Indonesia during the period
between 1975 and 1985 (Timmer 1999; Aswicahyono and Hill 2002; Vial 2006). In
1986, the devaluation of the exchange rate of the rupiah against the US dollar triggered
a shift in foreign direct investment (FDI) from the Asian newly industrialized
economies to Indonesia, which promoted a labor-intensive manufacturing base in
industries such as textiles, shoes, wood products, and processed food. As a result of an
increasingly open economic policy, the share of manufacturing products has
significantly expanded in terms of foreign exports since the middle of the 1980s.
Furthermore, with the development of the machinery industry driven by FDI, the export
of machinery products has also increased since the late 1980s and early 1990s. The
shift to an FDI-led import substitution policy of industrialization has resulted in an
increase in TFP for the manufacturing sector of Indonesia.

Table 1.1 summarizes the results of the selected literature measuring the TFP
growth of the Indonesian manufacturing sector using firm-level data for the period
between 1970 and 2000. Although specific periods and numbers are not exactly the
same and comparable, general shifts in TFP growth before and after the middle of the
1980s are commonly and consistently reported. Moreover, TFP growth seems to have
continued until 1997, at which point the Asian economic crisis hit the Indonesian
economy. Suharto’s relinquishing presidential office in 1998 evidences the seriousness
of the adverse effects from the Asian financial crisis on the Indonesian economy, and
this crisis also caused significant turbulence and confusion in measurements of TFP
growth.

As mentioned earlier, the datasets used in this analysis have several breaks, and
the period before and after the Asian financial crisis is one of these breaks. Table 1.2
provides a summary of the key variables in the four analyzed periods to describe the
contextual background of the present analysis.



Period 1 from 1990 to 1995, which is the longest among the four analyzed periods
in the paper, exhibited the highest average GDP growth rate at 7.9%, and the growth
rate of the manufacturing sector during this period was also the highest. Consequently,
the share of the manufacturing sector to GDP increased from 21.6% to 24.5%, and the
share in total merchandise exports also increased from 35.5% to 50.6%. Furthermore,
the share of high-technology exports to manufactured exports expanded substantially
from 1.6% to 7.3%. In contrast, the growth rate of total final energy consumption
(TFEC) for Indonesia and the growth rate of the manufacturing sector grew less quickly
than that for production, resulting in an elasticity of TFEC to GDP of 0.57 and 0.75,
respectively. Although net crude oil exports and the share of fuel exports to
merchandise exports have been declining during the period, trade surpluses of more
than 30 million TOE of crude oil were maintained. Overall, the last phase of the
Suharto regime can be summarized as a time when the productivity and energy
efficiency of the manufacturing sector was improved through an export-led
industrialization policy.

Table 1.1: TFP growth measurements using firm-level data for the Indonesian manufacturing
sector

Annual
Authors Methods Periods TFP
growth
1. Timmer (1999) Growth accounting method 1975-1981 1.10%
1982-1985 0.10%
1986-1990 7.90%
1991-1995 2.10%
1975-1995 2.80%
2. Aswicahyono and Hill ~ Growth accounting method 1976-1980 1.10%
(2002) 1981-1983 4.90%
1984-1988 5.50%
1989-1993 6.00%
1975-1993 2.70%
3. Vial (2006) Cobb-Douglas production function 1976-1980 1.50%
1981-1983 -0.10%
1984-1988 5.10%
1989-1993 8.00%
1976-1996 3.50%
4. Ikhsan-Modjo (2006) Stochastic production frontier 1988-1992 2.70%
1993-1996 2.90%
1997-2000 -0.60%
1988-2000 1.60%




Table 1.2: Summary of key variables for four analytical periods

Variables Unit Source Period 1 (6 years) | Period 2 (3 years) | Period 3 (4 years) Period 4 (3 years)
1990 1995 1998 2000 2003 2006 2008 2010

Per capita GDP USD at 2005 price 8402 1,129.1 | 1,057.1 1,086.1 | 1,180.5 13245 1.451.6 1,5702
GDP growth rate % 7.9% 2.8% 5.4% 5.4%
Growth ratg of value added in o, a 10.6% 4.9% 599, 3.59%
manufacturing sector
f}}glﬂe of manufacturing sector to % a 21.6% 24.5% | 26.0%  27.1% | 273%  272% | 26.1%  252%
Share of manufactures exports to % a 35.5%  50.6% | 45.0%  57.1% | 52.1%  44.7% | 388%  37.5%
merchandise exports
Share of high-technology exports to % a 1.6%  73% | 104% 164% | 148%  13.5% | 109%  9.8%
manufactured exports
(T;;%g‘)nal energy consumption 1,000 TOE b 79.817 99,513 | 107,332 120,323 | 128,043 139,427 | 139,686 156,113
Growth rate of TFEC % b 4.5% 5.9% 2.9% 5.7%
Elasticity of total TFEC to GDP - a/b 0.57 2.07 0.53 1.05
Energy intensity (TFEC/GDP) TOE/USD at 2005 price  a/b 531.8 4541 | 5002 5302 | 4972 4623 | 4108  413.1
TFEC in manufacturing sector 1,000 TOE b 17,805 26,087 | 26,914 30,333 | 33,548 43,820 | 39,971 45264
Growth rate of TFEC in % b 7.9% 6.2% 9.3% 6.4%
manufacturing sector
Elasticity ofTFEC to GDP in i a/b 0.75 195 1.80 1.85
manufacturing sector
E;iggry intensity of manufacturing 1 p 1any 402005 price /b 5488 4863 | 4823 4935 | 4765 5348 | 4496 4756
Net export of crude oil 1,000 TOE b 32,328 30,744 | 27,349 17,390 | 7,043  (2,860) 1,350 (2,171)
Net export of oil products 1,000 TOE b 8,054 2,675 | 1,529 (4,181) | (6,896) (11,598) | (15,860) (20,722)
S}t‘;{)‘;‘s’f fuel exports to merchandise % a 44.0% 25.4% | 19.1%  25.4% | 25.8%  272% | 29.1%  29.7%

Note: a) World Development Indicators 2014, b) IEA Energy Balance Tables for Non-OECD Countries, 2013
GDP gross domestic product, USD United State dollar, TFEC total final energy consumption, TOE ton of oil equivalent.



Period 2 from 1998 to 2000 is characterized as an immediate post economic crisis
period and marks the beginning of democratic reforms after the Suharto regime. Per
capita GDP in constant US dollars at 2005 prices moved to an even lower range
compared to 1995, and the average GDP growth rate was only 2.8% during the period.
However, the manufacturing sector performed relatively better despite the negative
effects of the financial crisis. The share of the manufacturing sector to GDP slightly
expanded from 26.0% to 27.1% and that of exports to merchandise increased from
45.0% to 57.1%. At the same time, the share of high-technology exports to
manufactured exports also continued to increase from 10.4% to 16.4%. However,
energy consumption in Indonesia sharply increased during this time, and the elasticity
of TFEC to GDP was 2.07, whereas the elasticity of the manufacturing sector was 1.25.
Net crude oil exports started to decline from 27.3 to 17.4 million TOE, and the net
export of oil products turned negative during this period.

Period 3 between 2003 and 2006 covers a politically significant transitional
moment when President Yudoyono became the first president of the country elected by
a direct presidential election in 2004. Immediately after electing a new president, the
Sumatra-Andaman earthquake and tsunami hit the country. The period first experienced
a transition from positive to negative net oil exports considering both crude oil and oil
commodities. Coincidentally, unprecedented and continuously soaring international oil
prices finally forced the government of Indonesia to begin removing subsidies for oil
commodities twice in one year in March and October 2005, doubling the prices for
most o0il commodities in the domestic market. Under these conditions, the
manufacturing sector grew annually by 5.2% on average, which was slightly lower than
GDP growth. Meanwhile, the share of manufactured exports to merchandise exports
dropped from 52.1% to 44.7%, and the share of high-technology exports to
manufactured exports also shrank from 14.8% to 13.5%. The energy intensity of the
country as measured by the ratio of TFEC to GDP greatly improved, while the energy
intensity of the manufacturing sector worsened. It is expected that manufacturing firms
faced a significant increase in energy costs.

Period 4 from 2008 to 2010 was in the middle of the ten-year presidency of
Yudoyono and of the global financial crisis triggered by the subprime mortgage crisis
and the bankruptcy of Lehman Brothers in 2008. The adverse shock caused in
Indonesia by the global financial crisis was relatively small, and the average GDP
growth rate in Period 4 was maintained, staying as high as that of Period 3. However,
the growth rate of the manufacturing sector slowed and the shares of the manufacturing
sector to GDP, manufactured products to merchandise exports, and high-technology
products to manufactured products all shrank. At the same time, dependency on
imported oil commodities increased remarkably, whereas the average growth rate of
TFEC in the manufacturing sector was 6.4%, which is much higher than production
growth, resulting in an elasticity of 1.85. Amid such circumstances, the overall energy
intensity of manufacturing firms did not improve. Further subsidy removal was
implemented in 2008, and it is likely that the additional burden put a strain on
manufacturing firms.



1.4. Research question and objectives

This research seeks to answer the following question: What is the impact of CO,
emissions reduction on manufacturing sector productivity changes when carbon
regulations are imposed? How should financial burden be arisen by manufacturing
sector for its abatement activities? Does the domestic price of oil commodities directly
affect environmental productivity change and average carbon abatement cost in
manufacturing sector?

To respond to above questions, the overall objective of this study is to analyze the
performance of Indonesia’s manufacturing sector when energy and climate change
related issues are taken into account. First of all, the changes in the TFP of
manufacturing firms in Indonesia over time from 1990 to 2010 with and without
considering CO, emissions as the undesirable outputs are estimated as a baseline
analysis. Economic incentive instruments of carbon regulations are assumed to be
imposed so as the undesirable outputs are weakly disposable. The comparison of the
TFP with and without considering CO, emissions across different sectors of the
manufacturing industry enables to identify firm reactions to changes in the prices of oil
commodities. Further, this study estimate average carbon abatement costs as forgone
profit of manufacturing firms as the impact of CO, emissions reduction and the increase
of oil commodities prices. The relative efficiencies of manufacturing sector during the
four periods are also reported. Finally, the impact of energy factors on environmental
productivity change and average carbon abatement cost are analyzed to investigate the
determinant of environmental productivity change and average carbon abatement cost
before and after the increase price of oil commodities.

1.5. Definitions and terminology in this study
The definitions and terminology used in this study are described as follow:

a. Productivity is an average measure of the efficiency of production and can be
expressed as the ratio of output to inputs used in the production process, e.g. labor
productivity. In this research productivity growth over time is measured using two
different approaches; Malmquist productivity index to measure productivity
without considering CO, emissions as undesirable outputs and Malmquist-
Luenberger productivity index to measure productivity with considering CO,
emissions. The two approaches measure productivity of a firm relative to a
production frontier and can be considered as a proxy of Total Factor Productivity
(TFP) measurement with multiple inputs and outputs. Further, TFP measures the
production obtained with respect to all factors of production; i.e. labor, capital and
intermediate inputs, and might be reflected as technological improvement.

b. Environmental productivity is the measurement of the contribution of
environmental component on productivity. This research defines environmental
productivity as the ratio of the TFP with considering CO, emissions to the TFP
without considering CO, emissions or TFP environment. The higher value of
environmental productivity implies the positive achievement of proactive
environmental measures.

c. Energy efficiency is described as the ability of a firm to utilize energy as an input
to produce more manufacturing outputs, or to produce the same amount of outputs
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for less energy input. In this research energy efficiency is considered as one of the
measures to respond the increase of energy price.

d. Carbon abatement cost is the opportunity cost borne by a firm in reducing an
amount of CO, emission proportional to the increase in outputs. This research
defines carbon abatement cost as the difference in value added increasing between
unregulated and regulated disposability scenarios using production frontier
approach. Carbon abatement cost is also described as forgone profit of a firm for
abatement activities. Moreover, average carbon abatement cost is defined as the
cost to reduce per ton CO, emissions of a firm for each sector.

1.6. Significant of the study

This research discussed the environmental productivity and efficiency
improvement of the Indonesia’s manufacturing sector as the climate change mitigation
and energy related policies become the major factors that strongly influence. In
addition, the financial burden arisen when manufacturing sector decreases CO;
emissions as undesirable outputs is examined. This study applies the cleaned and
balanced datasets the annual manufacturing surveys conducted by the Indonesian
Statistics Agency.

In general, this study presents the first case to empirically examine the
productivity change with and without considering CO; emissions of manufacturing
sector in Indonesia for firm-level data over sectors and time. It is the first study to
measure environmental productivity over time as well. Furthermore, carbon abatement
cost is estimated to measure opportunity cost of manufacturing firm in reducing CO;
emissions.

1.7. Structure of the dissertation

The dissertation consists of six chapters as present in Figure 1. Chapter one is
Introduction. This chapter briefly introduces the roles of manufacturing sector in
Indonesia and the impact of the increase price of oil commodities. Then, the chapter
discussed the annual manufacturing survey data as the basis for determining contextual
background. Further, the research questions and objectives followed by the significant
of the study, and the structure are set. Chapter two reports the development of a cleaned
panel dataset as the annual manufacturing survey data consists of several data quality
problems. Chapter three examines the productivity change over time with and without
considering CO, emissions. Chapter four estimating average carbon abatement cost of
manufacturing sector. Chapter five examines the impacts of energy price on
environmental productivity change and abatement cost, and chapter six concludes the
main findings from the study and aims to extracts some policy recommendation based
on the main findings.
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CHAPTER 2: DATA CLEANING AND PANEL DATA

2.1. Introduction

Data is the basis for all scientific researches and used by academics, businessmen
or practitioners. Collecting a good quality data plays a vital role in supplying objective
information for the identifying problems, improving analytical understanding of the
problems, and hence obtaining appropriate solutions. The presence of incorrect or
inconsistent data can significantly negate the potential benefits of information-driven
approaches. Making decision on the basis of poor quality data is risky and may lead to
disastrous results, as the situation may be distorted and therefore all subsequent
analyses and decision making will remain an improper effort.

Data quality problems, including missing values, the existence of duplicates,
misspellings, data inconsistencies and wrong data formats, commonly arise in different
application contexts and require appropriate treatment so as the data and information
becomes reliable. Data cleaning deals with data problems once they have occurred. Error-
prevention strategies can reduce many data quality problems but cannot eliminate them.
Data cleaning is defined as a three-stage process, involving repeated cycles of screening,
diagnosing, and editing of suspected data abnormalities (Van den Broeck, 2005).

A data cleaning approach should satisfy several requirements. First of all, it
should detect and remove all major errors and inconsistencies from individual data
sources and when integrating multiple sources. Furthermore, data cleaning should not
be performed in isolation but together with schema-related data transformations based
on comprehensive metadata. Mapping functions for data cleaning and other data
transformations should be specified in a declarative way and be reusable for other data
sources as well as for query processing (Rahm, 2000).

A detailed data analysis is required to detect data errors and inconsistencies to be
removed. In addition to a manual inspection of the data samples, analysis programs
should be used to gain metadata about the data properties and detect data quality
problems. After single-sources errors have been removed, the cleaned data should also
replace dirty data in the original sources to give legacy applications for the data and to
avoid redoing the cleaning work for future data extraction (Rahm, 2000).

The need for data cleaning is centered on improving the quality of data to make
them ‘fit for use’ by users through reducing data errors and improving documentation
and presentation. Data errors are common and to be expected (Chapman, 2005).
However, on the other hand, it is important to consider that data collection and
observations are often affected by unusual events or disturbances that create spurious
effects and results extraordinary patterns. These unusual values or outliers have adverse
effects on understanding the properties of data collected.

Aggarwal (2013) emphasized the definition of an outlier in an available date set.
An outlier is described as a particular data point which is significantly different from
the other data. It also referred to as deviants, discordant, abnormalities, or anomalies in
the statistics literature and data processing. In general purpose, the data is formed by
one or more creation processes, which might represent activity in the system or



observations collected. The generating of outliers occurs when the creating process
performs in an uncommon way. Hence, an outlier often encompasses valuable
information about abnormal characteristics of the systems and objects, which impacts
the data creation processes. Identification of outliers is very important in many fields
because it can contain information that may lead to an intervention of a process and
prevent failures or abnormal operating conditions. Thus, there is also a need for
effective and efficient methods for outlier detection.

Having the availability of various data cleaning approaches to obtain reliable data
set, Maletic and Marcus (2000) and also Basu and Meckesheimer (2007) suggested that
each of the proposed method has its strengths and weaknesses. Some of which are
promising and could be successfully applied to the real-world data and the others need
improvements.

The BPS conducts a manufacturing survey encompass all manufacturing firms
with twenty or more employees on an annual basis for all of the 33 provinces
throughout Indonesia. The datasets provides comprehensive firm level data covering
over 22,000 firms. The survey is intended to obtain consistent and accurate
manufacturing data for the improvement of national development planning. Because
the data are collected from a survey, data quality problems also occur. Data treatment
and management are required to acquire reliable data set that can be used for any
purposes by removing outliers, eliminating missing value, and fixing duplications.

The objectives of this chapter are aimed to clean and balance the raw data of
manufacturing survey, from 1990 to 2010, for the purpose of further analysis. Because
the datasets is in a longitudinal format, data cleaning will result a complete and
comprehensive panel data set consisting of the same firms within periods.

2.2. The Characteristics of Indonesian Manufacturing Survey Data

The BPS’s annual manufacturing survey is an annual survey of medium-size and
large-size firms that employ at least 20 workers in the 33 provinces throughout
Indonesia. Since BPS has its branch offices in the 33 provinces, the survey is conducted
simultaneously for all firms at the same period. The data obtained from the survey is
expected to have the same characteristics and performance in the particular time.

Indonesian manufacturing sector was the engine of growth in the 1980s and for
much of the 1990s, caused of a series of trade reforms following the end of the oil
boom. In 1991, the sector's contribution to gross domestic product (GDP) exceeded the
contribution of agriculture sector. Much of the expansion was concentrated in low-skill,
labor-intensive, export-oriented industries, and it contributed greatly to a decline in
poverty by providing expanded job opportunities. Hence, when the roles of the
manufacturing sector to economic development increase, the demand for statistical data
in the manufacturing sector also increases.

The information attained from the survey, as illustrated in the survey form, firstly
informed about identity, address, firm status, and location, which described about the
firm identity. Then it covered the information as follow:
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- Part I: General Information, consisting of main product, percentage of capital
owned, and number of workers;

- Part II: Expenses, consisting of wages of workers, fuel and lubricants, number of
generator used, electricity purchased and sold, other expenses, and raw materials;

- Part IlI: Production, consisting of goods produced and percentage of actual
production to production capacity;

- Part 1IV: Other Income Received, consisting of manufacturing services received,
profit from sale of unprocessed goods, from non-manufacturing services, and from
sale of scrap waste;

- Part V: Fixed Capital, consisting of estimated value of fixed capital (land, building,
machinery and equipment, vehicle, and other), major repair, input costs, output
value, and value added.

The numbers of firms obtained from the survey are varying from year to year.
These differences are based on the performance and sustainability of the firm operation,
that mostly affected by an economic condition at local, national, and international level.
Table 2.1 presents the number of firms from 1990 to 2010. The number of firms was
16,536 in 1990, gradually increased to reach the highest number of 29,466 firms in
2006, then steadily decreased to 22,492 firms in 2010.

Table 2.1: Number of manufacturing firms from 1990 to 2010

Year Number of Firms Year Number of Firms Year Number of Firms
1990 16,536 1997 22,997 2004 20,654
1991 16,494 1998 21,423 2005 20,684
1992 17,648 1999 22,070 2006 29,466
1993 18,163 2000 22,174 2007 27,994
1994 19,017 2001 21,392 2008 25,694
1995 21,551 2002 21,138 2009 24,466
1996 22,385 2003 20,322 2010 22,492

The data set consists of 66 and 23 classifications of manufacturing sector, based
on the 3-digit and 2-digit ISIC (International Standard Industrial Classification)
Revision 3 respectively. The 3-digit 66 classifications are begun with the code of 151 to
372 while the 2-digit 23 classifications are begun with the code of 15 to 37. For the
purpose of empirical analysis, this paper will only consider 2-digit classification data.
Table 2.2 describes the 2-digit code and classification of manufacturing sub-sectors
data.

Based on manufacturing sector classification, the number of furniture and
manufacturing sector has grown significantly from 1990 to 2000. Annually, around
110 new firms of this sub-sector were established. Followed by food product and
beverages and other non-metallic mineral product sectors, annually around 91 and 53
new firms were established, respectively. For more detailed description about the
number of firms established for each sub sector during 1990 to 2000 is presented in
Appendix I. The number of firm of food product and beverages sector considerably
increased around 71 firms annually for the second period, 2001 to 2010. Followed by
textiles and furniture sectors, these firms annually increased around 31 and 20 new
firms, respectively. Appendix II presents the detailed number of firms from 2001 to
2010.
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Table 2.2: Classification of 2-digit manufacturing sub-sectors

Code Classifications Code Classifications Code Classifications

Food product and Coal, refined petroleum Electrical machinery
15 23 31

beverages product and nuclear fuel and apparatus n.e.c.

. . Radio, television and
16 Tobacco 24 Chemicals and chemical 32 communication
product .
equipment
. Medical, precision,
17 Textiles 25 Rubber and plastics 33 optical instruments, and
product
watch
. Others non-metallic Motor vehicle, trailers

18 Wearing apparel 26 mineral product 34 and semi-trailers
19 Ta‘m?ng and 27 Basic metals 35 Oth.er transport

dressing of leather equipment

Wood and product Fabricated metal product Furniture and
20 . 28 . 36 .

of wood and plaiting and equipment manufacturing n.e.c.
71 Paper and paper 29 Mac.hlnery and 37 Recycling

product equipment n.e.c.

Publishing, printing Office, accounting, and
22 . 30 ) .

and reproduction computing machinery

2.3. Methodology

2.3.1. Variables construction

The data for the period of 1990 to 2000 consists of 11-digits identification number,
and the data for the period of 2001 to 2010 has 9-digits identification number. Since the
methods of data collection are slightly different for the two different periods, two panel
data will be developed.

The datasets consists of medium and large size firms. This grouping is based on
the number of workers for each firm, regardless the size of capital or output. BPS
defined a medium size firm is a firms that has 20 to 100 workers, while a large firm is
described as a firm that has more than 100 workers. Table 2.3 describes the number of
firm and its percentage for medium and large size firms from 1990 to 2000.

The BPS’s raw data has much information about manufacturing firms, starting
from the number of labor to the total value of output. Only selected information is used
and will be considered as variables for analysis purposes. The important step in data
cleaning is determining significant variables, such as main and intensity variables, to
minimize additional efforts, because the data set consist more than 22,000 firms. The
main variables selected are described in the following manner:

- Capital (k), measured as the estimated value of total fixed assets (land, building,
machinery and equipment, vehicle, and other).

- Labor wage (1), measured as the total salary and other incentives of all workers,
including production workers and other workers.
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Raw material (m), measured as the total materials used to produce a unit of output,
obtained from domestic and also imported from other countries.

Value added (v), measured as the total value generated from the transformation of
raw materials to final product or finished goods or the difference between total sales
revenue and total cost of components, materials, and services.

Output (q), measured as the total values generated from the process of
manufacturing activity in the form of goods produced, sold electricity power,
industrial services, trading profits, the stock added, semi-finished goods, and other
revenue within a year.

Energy consumption (e), measured as the total energy use to operate manufacturing
firm within a year in Tons of Oil Equivalent (TOE), including fuel and electricity
used;

CO; emissions, (CO,), measured as the common type of gas emitted from the
burning of fossil fuels used in manufacturing firms in tons CO; equivalent,
calculated from fuel combustions used in manufacturing sector based on
Intergovernmental Panel on Climate Change (IPCC) guidelines (IPCC 2006, 2006).

Table 2.3: The number of medium and large size firms

Year All firms Medium firms Large firms

number Number percentage Number percentage
1990 16,536 12,006 72.6 4,530 27.4
1991 16,494 11,485 69.6 5,009 30.4
1992 17,648 12,147 68.8 5,501 31.2
1993 18,163 12,344 68.0 5,819 32.0
1994 19,017 13,545 71.2 5,472 28.8
1995 21,551 15,110 70.1 6,441 29.9
1996 22,386 15,855 70.8 6,531 29.2
1997 22,997 16,415 71.4 6,582 28.6
1998 21,423 15,056 70.3 6,367 29.7
1999 22,070 15,497 70.2 6,573 29.8
2000 22,174 15,467 69.8 6,707 30.2
2001 21,392 14,734 68.9 6,658 31.1
2002 21,138 14,476 68.5 6,662 31.5
2003 20,323 13,813 68.0 6,510 32.0
2004 20,656 14,117 68.3 6,539 317
2005 20,684 14,199 68.6 6,485 314
2006 29,465 22,157 75.2 7,308 24.8
2007 27,997 20,921 74.7 7,076 25.3
2008 25,694 18,938 73.7 6,756 26.3
2009 24,466 17,797 72.7 6,669 27.3
2010 22,492 15,976 71.0 6,516 29.0
Total 454,766 322,055 132,711
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While the intensity variables are defined and described as follow:

- Energy intensity (e _q), is the amount energy used to produce a single unit of
manufacturing output, measured as the ratio of total energy used to total output.

- Labor productivity (q_ 1), is the total value of output generated per worker,
measured as the ratio of total output to total labor wage.

- Raw material per output (m_q), is the material used to produce a single unit of
output, measured as the total materials used to total output.

- Value added per output (v_q), is the total valued added generate per output,
measured as the ratio of total value added to total output.

- Output per capital (q_k), is the total value of output generated per total value of
capital, measured as the ratio of total output to total capital.

The information related to monetary unit such as capital, labor wage, raw material,
value added, and output are originally in thousands of Indonesian Rupiah (IDR). To
avoid price changes over time, GDP (Gross Domestic Product) deflators are applied to
convert these series of data set at constant prices based on the year 2000. Appendix 111
shows the GDP deflators of Indonesia from 1990-2000. Also, to convert the currency
from Indonesian Rupiah to US dollar, currency rate from the year of 2000 is applied
which was IDR 9,593 equal to USD 1.

2.3.2. Data Cleaning

After variables are constructed and defined, data cleaning is carried out base on the
variables data. Several subsequent steps have to be done including removing missing
and zero values, identifying outliers, removing outliers, and smoothing data trend. The
result of data cleaning is a data set without data quality problems.

2.3.2.1. Removing Missing and Zero Values

A number of variables of the observations contained missing and zero values.
Missing and zero values are a part of data quality problems that commonly appear
during a data collection. The first step in cleaning data is to remove these values.
However, it should be noted that zero value of a variable can be a real condition that
provides important information of an observation.

The main variables that contain monetary values such as capital, labor wage, raw
material, value added, and output should not have a zero value. The zero values have to
be removed, because it is unreasonable for a capital variable or an output variable has a
value of zero, which implies that there is no production process of a manufacturing firm.
The missing values of these main variables have to be removed as well, because there is
no precise information can be gained from a missing value, whether it is actually a zero
value or it is a non-zero value.

The missing values have to be removed from fuel and electricity consumption
data, because this data will be used to determine the main variable of energy
consumption. If the unavailability of fuel and electricity consumption data occurs in a
certain year, then all observations in the certain year will be removed. In this case, zero
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values of fuel or electricity consumption data will not be removed, as several firms use
only particular energy sources.

2.3.2.2. Identifying Outliers

A method for cleaning data involves two major aspects. The first aspect is
identifying which observations in a data set are outliers and the second aspect is
addressing the issue of what have to do with the observation that have been identified
as an outlier. It is important to consider that an outlier may have two interpretations, it
can either be noise or it can be an indication of an anomaly for a specific reason.

In identifying outliers, several approaches can be applied based on the
assumptions to model the outliers and properties of the underlying modeling
approaches. The approaches that commonly used to identify outliers are model-based
approach, proximity-based approach, and angle-based approach. Each of these
approaches can be further elaborated into detailed approaches. For instance, the model-
based approaches can be described as statistical model approach, depth-based approach,
and deviation-based approach. Since the data is collected by annual survey and consists
of a large number of observations, a statistical model approach is more appropriate to
be applied.

2.3.2.3. Statistical Model Approach

Statistical model approaches can identity outliers of a large number of data set.
The basic ideas of this approach are given a certain kind of statistical distribution,
estimating the parameters assuming that all data points have been generated by such a
statistical distribution (mean, median, or mode), and thus outliers are the points that
have a low probability to be generated by the overall distribution. While the basic
assumptions of the approach are normal data objects keep up with a distribution and
occur in a high probability area of this model, and outliers deviate strongly from this
distribution.

Kernel density estimation is employed to obtain a clear description of the original
distribution of the raw data. Kernel density estimationis anon-parametric way
to estimate the probability density function of a random variable, and also is a
fundamental data smoothing problem where inferences about the population are made,
based on a finite data sample. Figure 1 shows a sample of raw data distribution for
capital variable from 1990 to 2000, and Figure 2 depicts a sample of raw data
distribution for energy intensity variable from 1990 to 2000. Almost all of the variables
for both periods showed a Zipf distribution, instead of a normal distribution, similar to
the Figure 2.1 and Figure 2.2. A Zipf distribution can be interpreted that most of the
raw data contain unrealistic values. If missing data or one extreme value contained in
the data set it will strongly affected the development of a frontier in the data envelop
analysis and directional distance function approaches that will be described in the next
chapter.

Mean, median, and mode as central tendencies of statistical distribution of each
sub-sector’s intensity variables during each period are used and applied to define the
range of intended data set. Multiplying by three certain values, which are 500, 1000,
and 1500, the points of intended data set boundary can be identified. The employment
of these three values is a trial and error effort because there is no initial information
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about the number of outliers of raw data. Figure 2.3 illustrates the application of central
tendencies multiplied by 500 for labor productivity variable (q 1) of food and beverage
sub-sector during 1990-2000. The points of mean, median, and mode can be defined in
the kernel density distribution graph. Also, the points of central tendencies multiplied
by a certain value of 500 are able to be identified.

Kernel density estimate
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Figure 2.1: Raw data distribution for capital variable from 1990 to 2000
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Figure 2.2: Raw data distribution for energy intensity variable from 1990 to 2000
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Figure 2.3: Identification of the boundary points of labor productivity variable, from 1990
to 2000

The identification of the boundary points in Figure 2.3 aims to obtain the right
boundary points of intended data set. To identify the left boundary points, similar step
is carried out using reverse variable of labor productivity, which is labor per output
(1_q). Figure 2.4 shows the identification of the boundary points of labor per output
variable from 1990-2000.

Kernel density estimate
o L |

T
15000

! : Mean (0.29)
L
Mode(0.06)

Mean x 500 I

Median x 500 l

Mode x 500 I
T

Density

0 £

i
|
[
|
i

4 B 8 1 50 100
I_q I_g

kernel = epanechmikov, bandwadtn = 0.0204 18l = epanechnikov, Dandwidih = 0.0210

Figure 2.4: Identification of the boundary points of labor per output variable from 1990 to 2000

The outliers can be recognized from these two identification measures. They are
defined as the observation beyond the range of intended data set. Amongst the three
points in the left and the right boundaries, the using of mode showed that the
distribution graph becomes stricter. The stricter distribution graph implies that more
outliers can be removed. And finally, the more outliers can be removed is assumed that
the data set is cleaner. Additionally, amongst the three certain values, the using of 500
demonstrates that the distribution graph becomes stricter. However, it must be note that
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the more stringent parameters applied for data cleaning, the less number of observation
obtained. Consequently, the cleaned data can not represent the whole manufacturing
sector, because several sub-sectors will also be removed. To this reason, certain values
smaller than 500 are not applied. The similar measure using mode and the value of 500
are also applied for all intensity variables of all sub-sectors during both periods, from
1990 to 2000 and from 2001 to 2010.

2.3.2.4. Coeftficient of Variant Approach

In additional to increase robustness of the cleaned data resulted from the statistical
model, a coefficient of variant (CV) approach is implemented. Coefficient of variant is
defined as the ratio of the standard deviation to the mean, and it is a useful statistic for
comparing the degree of variation from one data series to another. CV can also describe
the level of the data trend fluctuation.

A single value of CV of each sub-sector’s intensity variables during each period is
used to determine a boundary of which observations have to be removed. The value of
1 is selected by considering that for a zift or exponential distribution, the standard
deviation is equal to its mean. The observations of cleaned data which have a CV value
of its intensity variable more than 1 will be removed with the objective that the cleaned
data trend is smoother.

2.3.3. Data Balancing

To develop a panel data, a firm identification number or a firm id is used as a base
to synchronize and filter the data set within a period. A firm id is the first character
which has to be examined whether it complies with the standard identification number,
and will ease in identifying and distinguishing which one describes location, sector
classification, and particular firm. They are 11-digit identification number for data from
1990 to 2000 and 9-digit identification number for data from 2001 to 2010. If a firm id
does not comply with the standard identification number then the data have to be
deleted. This firm id examination is also aimed to identify whether the firms are
included in the category of manufacturing sector or other sectors.

Through a balancing process, the data set is stratified by year and compiled with
the same firm id. It is expected that there are some firms with the same firm id exist
throughout a period. Firms which do not have the same firm id throughout a period will
be removed. By having the same firms throughout the year, the data set have been
arranged in a longitudinal format. A balanced data with a longitudinal format is also
known as a panel data.

Data cleaning and data balancing will result a data set consisted of some firms
that survive in the list. The number of firms for each sub-sector varies based on the
number of outliers removed. A further analysis can be appropriately carried out if a
sector comprises of more than 15 firms. Otherwise, the result might not represent the
whole manufacturing sector.
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2.4. Results and Discussions

Applying a raw data from a manufacturing survey for an analysis will obtain
unreliable results, because the raw data commonly has data quality problems. Data
cleaning is the first and the most important step in any data processing. It aims to have
access to reliable data to avoid false and misdirected conclusions. After cleaning the
data, a data set will be consistent with other similar data set in the system. The raw data
inconsistencies and outliers detected or removed may have been originally caused by
human errors, by wrong format, or by corruption in transmission or storage.

Started with removing missing and zero values and outliers identification, two
approaches to clean a raw data are applied to obtain reliable cleaned data set.
Subsequently, balancing the cleaned data is the following step to be carried out to
develop panel data. The results of data cleaning and data balancing are compiled in
Table 2.4. The column A in Table 2.4 shows the number of observation from the BPS’s
survey data each year from 1990-2010. The total number of observation during 1990 to
2010 is 454,766. The column B is the result of removing zero values for monetary unit
of certain variables. In this column the numbers of firms in 1996 and in 1997 are zero,
because in these years the data of capital are zero. It is unreasonable for the firms
containing zero capital values. Hence the observations in those years are removed. The
total number of observation after removing zero values is 253,610 or 55.8 percent of
the total number of raw data. The column C exhibits the result of removing missing
value for fuel and electricity consumption. There are missing values for the
consumption of coal and kerosene in the years 2001 and 2002. The unavailability of
coal and kerosene data will have a significant impact in determining CO; emission,
because coal and kerosene are the main fuels which have a high carbon contents.
Without coal and kerosene data, CO, emission estimation cannot represent the actual
emission of manufacturing sector. Previously in the column B, the number of
observations decreased sharply in 2007 as the removing zero values measure had
eliminated 77 percent of observations. To prevent the biasness in developing panel data
in the future, the observations in 2007 are removed. The total number of observation
after removing missing values is 222,062 or 49 percent of the total number of raw data.
The column D is the result of data cleaning using statistical model and coefficient of
variant approaches. In these measures outliers are identified and removed. Several
observations are also removed to reduce the fluctuation of data trend. The result of
these approaches will generate the remaining amount of 91,311 observations or 20
percent of the total number of raw data. The column E, is the result of data cleaning and
data balancing of manufacturing sector data. The firms that do not continuously exist
during the certain period will be removed. The final amount of observation is 19,772 or
4.3 percent of the total number of raw data, which consist of 1,556 firms each year for
the first period and of 824 firms each year for the second period. Because all
observations are removed in the year 1996, 1997, 2001, 2003, and 2007, the developed
panel data that can be applied for the purpose analysis are; the period 1 from 1990 to
1995, the period 2 from 1998 to 2000, the period 3 from 2003 to 2006, and the period 4
from 2008 to 2010.
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Table 2.4: The number of observations from data cleaning and panel data

Year A B C D E

1990 16,536 13,140 13,140 5,429 1,556
1991 16,494 12,926 12,926 6,202 1,556
1992 17,648 14,439 14,439 6,608 1,556
1993 18,163 14,902 14,902 6,764 1,556
1994 19,017 15,488 15,488 7,121 1,556
1995 21,551 17,157 17,157 7,233 1,556
1996 22,386 0 0 0 0
1997 22,997 0 0 0 0
1998 21,423 14,850 14,850 6,312 1,556
1999 22,070 12,845 12,845 6,276 1,556
2000 22,174 13,237 13,237 5,918 1,556
2001 21,392 12,029 0 0 0
2002 21,138 13,059 0 0 0
2003 20,323 13,231 13,231 4,755 824
2004 20,656 13,562 13,562 5,206 824
2005 20,684 13,101 13,101 4,805 824
2006 29,465 11,468 11,468 3,262 824
2007 27,997 6,460 0 0 0
2008 25,694 13,458 13,458 4,961 824
2009 24,466 14,473 14,473 5,543 824
2010 22,492 13,785 13,785 4916 824

TOTAL 454,766 253,610 222,062 91,311 19,772

Note:

A: raw data

B: results of removing zero values for monetary unit of certain variables
C: results of removing missing values for fuel and electricity consumption
D: results of data cleaning

E: results of data balancing

The number of firms that exist along the period based on the sectors classification
is presented in Table 2.5. In particular, for several sectors such as coal, refined
petroleum product and nuclear fuel; office, accounting, and computing machinery; and
recycling, the number of observations are zero which implies that no firms can
continuously present from 1990 to 2010. For further analysis these particular sectors
are removed from cleaned dataset. As well as for the sectors that comprise of less than
15 firms each year, namely radio, television, and communication equipment and
medical, precision, optical, and watch sectors are also removed. As the result of data
cleaning and balancing, after removing some sectors, only 18 of 23 sectors remain exist.

In general, the average percentage of cleaned datasets of all 18 sectors is notably
low, ranged from 2.9% to 6.5%. Among the remaining 18 sectors that can appropriately
be applied for further analysis, the number of cleaned dataset of publishing, printing,

20



and reproduction sector shows the highest percentage level (6.5%) consists of 832
observations. Food products and beverages sector presents the second highest
percentage level (6%) even though the number of cleaned dataset is the largest (5,946
observations). The shrinking numbers of observations from 19,041 to 544 and from
12,160 to 356 are experienced by tobacco as well as tanning and dressing of leather
sectors respectively and allow these sectors as the lowest percentage level of cleaned
dataset (2.9%). However, since the number of firms of each sector is more than 15
annually, this study considers that the empirical results from the analysis using these
datasets are able to represent the whole Indonesia’s manufacturing sector.

Table 2.5: The number of observations of raw data and cleaned data for each sector

Raw data Cleaned data

No Sub-sector
Obs. Obs. (%)
1 Food product and beverages 99,924 5,946 6.0
2 Tobacco 19,041 544 2.9
3 Textiles 44,980 1350 3.0
4 Wearing apparel 44,569 1335 3.0
5 Tanning and dressing of leather 12,160 356 2.9
6 Wood and product of wood and plaiting 32,459 1,004 3.1
7 Paper and paper product 7,926 299 3.8
8 Publishing, printing and reproduction 12,802 832 6.5
9 Coal, refined petroleum product and nuclear fuel 973 0 0
10 Chemicals and chemical product 21,325 1,257 5.9
11 Rubber and plastics product 30,429 1,453 4.8
12 Others non-metallic mineral product 36,090 1,968 5.5
13 Basic metals 4821 152 3.2
14 Fabricated metal product and equipment 17,624 756 4.3
15 Machinery and equipment n.e.c. 8,358 311 3.7
16 Office, accounting, and computing machinery 166 0 0
17  Electrical machinery and apparatus n.e.c. 5,784 224 3.9
18 Radio, television and communication equipment 2,815 9 0.3
19 Medical, precision, optical instruments, and watch 1,299 118 9.1
20 Motor vehicle, trailers and semi-trailers 5,389 193 3.6
21  Other transport equipment 6,612 231 3.5
22 Furniture and manufacturing n.e.c. 38,157 1,561 4.1
23 Recycling 1,063 0 0
TOTAL 454,766 19,772 4.3

The result of data cleaning and data balancing has to be verified to attain a
consistent and reliable data set. One of the appropriate ways to verify the result is to be
compared with available references, particularly those that applying the same treatment
and process to Indonesian manufacturing data. However, a reference describing the
result of data cleaning using Indonesia manufacturing data is rarely found. A
considerable reference in this regard is Manning et.al (2012), as shown in Figure 2.5,
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that presents the relationship between wage and labor productivity of Indonesian
manufacturing sector during 2006 to 2009 and comparing the estimation to other
countries. The Ln (W) in Y-axis is log of average wage calculated as the ratio of wages
and salaries paid by employees (converted to current US$) to number of employees. Ln
(VA/L) in the X-axis is log labor productivity calculated as the ratio of value added
(deflated by constant US dollar from the year 2000) to number of employees.

Wage vs Labor Productivity
12
11 s 4 .
10
L
5
8 / Indonesia
7
Ln(W) = 0.90 Ln(VA/L)+0.13
R?=0.79
6
6 7 8 9 10 11 12 13
Ln(VA/L)

Figure 2.5: Wage and Labor Productivity of Manufacturing Sector across Countries, 2006-2009
Sources: INDSTAT, Manning et.al (2012), and author’s modification.

Figure 2.6 presents wage and labor productivity of Indonesian manufacturing
sector from data cleaning result only for the years of 2006, 2008, and 2009, because the
observations in 2007 are removed. Ln (W) is also log of average wage calculated as the
ratio of wages and salaries paid to employees to number of employees, whereas Ln
(VA/L) is also log of labor productivity calculated as the ratio of value added to
number of employees. Applying similar scales to the Figure 2.5, the position of
Indonesian manufacturing sector for the years of 2006 2006, 2008, and 2009 can be
appropriately identified in Figure 6, which is comparable to the reference. In both
figures, Indonesian manufacturing sector is located below the trend line at the
coordinates of Ln (W) =7.5 and of Ln (VA/L) = 8.9.
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Figure 2.6. Wage and Labor Productivity of Indonesian Manufacturing Sector for Cleaned Data
(2006, 2008, and 2009)
Sources: author’s calculation.

To obtain a clearer description about data cleaning results the scales of the figure
are expanded, where x-axis and y-axis are both started from zero, as showed in Figure
2.7. The new figure compares wage and labor productivity of Indonesian
manufacturing sector for the raw and cleaned data. In this comparison, the positions of
Indonesia manufacturing sector from the raw data during 2006 to 2009 are far from the
trend line, which is located at the coordinates of Ln (W) =1 and of Ln (VA/L)=9.5. It
can be assumed that data cleaning and data balancing improve the quality of data set,
primarily for the data obtained from a survey. The verification of the result of data
cleaning and data balancing can be carried out in various ways by comparing with the
existing references. However, considering the difficulties in obtaining qualified
references, Figure 2.6 is the best information available to this research.
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Figure 2.7: Wage and Labor Productivity of Indonesian Manufacturing Sector
for Raw Data (2006-2009) and Cleaned Data (2006,2008,2009)
Sources: author calculation.
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2.5. Conclusions

This chapter attempts to develop cleaned and balanced datasets of the annual
Indonesia manufacturing survey from 1990 to 2010 for analysis purposes. The
historical data for manufacturing firms in Indonesia are available from the datasets of
annual manufacturing survey conducted by the Indonesian Statistics Agency for
medium and large-sized firms that employ at least 20 workers. The datasets contains
inaccurate, incomplete, and erroneous data. In addition, because almost all of the
variables showed a Zipf distribution, which can be interpreted that most of the raw data
comprised unrealistic values. If missing data or one extreme value contained in the data
set it will strongly affected the development of a frontier in the data envelop analysis
and directional distance function approaches that will be described in the further
analysis. The three major findings are summarized below:

a. To overcome the data quality problems, data cleaning and data balancing are
conducted. Several subsequent steps including statistical model and coefficient of
variant approaches are applied to identify outliers which will be removed because
they are considered as unrealistic data. However, it must be noted that the more
stringent parameters applied for data cleaning, the less number of observations
obtained. Consequently, the stringent cleaned datasets can not represent the whole
manufacturing sector.

b. Four periods of manufacturing cleaned and balanced panel datasets are obtained;
the period 1 is from 1990 to 1995, the period 2 is from 1998 to 2000, the period 3 is
from 2003 to 2006, and the period 4 is from 2008 to 2010. The number of firms in
the period 1 and the period 2 are 1,556 each year and the number of firms in the
period 3 and the period 4 are 824 each year.

c. Furthermore, to verify the cleaned and balanced panel datasets, compared with the
existing references is the significant effort to obtain the same descriptions of a
particular variable. Unfortunately the references that also describe the condition of
the manufacturing sector in Indonesia are rarely found.
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CHAPTER 3: BASELINE ANALYSIS OF PRODUCTIVITY CHANGE
WITH AND WITHOUT CONSIDERING CARBON DIOXIDE EMISSIONS

3.1. Introduction

A number of studies have attempted to analyze changes in productivity dealing
with multiple outputs including both desirable and undesirable outputs. Data
Envelopments Analysis (DEA) is one of the commonly employed approaches
measuring productive efficiency, known as non-parametric frontier approach (Coelli
1995). The DEA develops a non-parametric envelopment frontier encompassing all
sample data as observed points liec on or below the frontier. The points on the
production frontier are considered as the efficient decision-making units (DMUs) and
the points below the production frontier are regarded as inefficient DMUs. The
efficiency of each observation is measured by calculating the distance between the
observed level of production and the production frontier as solutions of a linear
programming problem. However, the DEA method does not evaluate the shift in the
frontier over time instead the DEA only estimates the performance of DMUs in
reference to the best practice frontier in a given year. Malmquist productivity index is
then introduced by adjusting the DEA application for multiyear observations alternately
between t and t+1 to account for this shift in the frontier and allows measuring changes
in productive efficiency over time. The index measuring change in productive
efficiency is then regarded as TFP growth, which can be further decomposed into
efficiency change (catch-up) and technical progress (frontier-shift).

Several ideas and methods have been proposed to incorporate undesirable outputs
into the DEA approaches, while assuming asymmetrical treatments of disposability
between desirable outputs and undesirable outputs when production possibilities are
defined (Fére et al 1989). Among inputs, desirable outputs and undesirable outputs,
efficiency improvement strategy for inefficient DMUs is assumed by holding one or
two of them. For example, the input orientation refers to the strategy, where how much
inputs can be reduced while holding both desirable and undesirable outputs unchanged
is considered (i.e., Fére et al 1996). Some other suggests bads orientation strategy,
where how much bads can be reduced while holding inputs and desirable outputs
unchanged is considered (i.e., Tyteca 1997). Tyteca (1997) also considers the other
strategy, where how much bads and inputs are reduced while holding desirable outputs
unchanged. Following the earlier method of simultaneous change in desirable outputs
and undesirable outputs following hyperbolic function where fixed inputs are assumed,
Chung et al. (1997) proposed an application of directional distant function as well as a
productivity index known as Malmquist-Luenberger productivity index. The directional
distant function (DDF) defines the strategy where desirable outputs and undesirable
outputs are simultaneously changed. While the efficiency measurement with DDF
model in a single year is measured as the Luenberger productivity index, alternate
application of the DDF models between t and t+1 for measuring Luenberger
productivity index in a way that the Malmquist productivity index is constructed, can
generate the Malmquist-Luenberger productivity index. Therefore, the Malmquist-
Luenberger productivity index can be further decomposed into efficiency change
(catch-up) and technical progress (frontier-shift).
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Since Chung et al. (1997) has reported empirical results for the Swedish firms in
paper and pulp industry with the directional distance function to develop the
Malmquist-Luenberger productivity index, the Malmquist-Luenberger productivity
index has been widely used in various studies in different levels from micro (firm-level
data), industry (sector-level data), to macro (province, national, and regional-level data)
for evaluating productivity changes considering undesirable outputs. Fare et al. (2001)
employs the Malmquist-Luenberger productivity index to study the US manufacturing
sector during the period of 1974-1986 and observed that average annual productivity
growth was 3.6% when both desirable and undesirable outputs were considered,
whereas it was 1.7% when undesirable outputs were ignored. Comparable finding was
presented by Domazlicky and Weber (2004) that employed a similar approach to
estimate productivity growth for six US chemical industries for the period of 1988-
1993 and concluded that environmental protection measures did not reduce productivity
growth. Several other studies, including He et al. (2013) and Piot-Lepetit and Le Moing
(2007), have focused on micro-level issues, while Kaneko and Managi (2004), Kumar
(2006), Oh (2010), Wu and Wang (2007), and Zhang et al. (2011) have focused on
macro-level issues with state and regional level data. Furthermore, the Malmquist-
Luenberger productivity index has also been applied to industrial-level issues by Boyd
et al. (2002), Heng et al. (2012), and Krautzberger and Wetzel (2012).

TFP growth might increase or decrease when undesirable outputs are considered
compared to the TFP measurement without considering undesirable outputs. Table 3.1
compiles several studies that analyze and examine TFP growth with use of the
Malmquist-Luenberger productivity index, with various topics, variables, and time
periods. The results are discussed with environmental regulation as the key determinant
of difference of productivity measurements between with and without undesirable
outputs. Chung et al. (1997), Kumar (2006), and He ef al. (2013) confirmed that TFP
growths are higher when undesirable outputs are considered under stringent
environmental regulations. However, these findings contrasted with Zhang et al. (2011)
who analyzed the TFP growth in the China’s thirty provincial regions, implying that
environmental regulations are not very stringent or not strictly enforced.

Further indexing of TFP is proposed by Fire et al (1996) for elucidating the net
contribution of environmental factors to the productivity growth. Following this
concept, Managi and Jena (2008) estimates the ratio of the TFP considering CO,
emissions to the TFP without considering CO, emissions as an environmental
productivity measurement, which is referred to as the TFP environment. The increase in
TFP environment is considered as the positive achievement of proactive environmental
measures.

This chapter reports empirical evidence of changes in the TFP of manufacturing
firms in Indonesia over time from 1990 to 2010 with and without considering CO,
emissions. The comparison of the TFP with and without considering CO, emissions
across different sectors of the manufacturing industry enables us to identify firm
reactions to changes in the prices of oil commodities.
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Table 3.1: Selected studies using the Malmquist-Luenberger productivity index to analyze TFP

growth

Authors

Topics Unit of
analysis

Period

TFP growth

Without

undesirable

output

With

undesirable

output

1. Chung
etal

(1997)

2.Fiare et
al.

(2001)

3.Kumar
(2006)

4.Zhang et
al.
(2011)

5.He et al.
(2013)

Swedish pulp and paper Firm
industry:

- Inputs: labor, wood
fiber, energy, capital
-Desirable outputs: pulp
- Undesirable outputs:
BOD, COD, and SS
US State manufacturing Industry
air pollution emission;

-Inputs: employees,
capital
-Desirable output:
Gross State Product
- Undesirable outputs:
SOx, CO
41 developed and Country
developing countries;

-Inputs: labor, capital,
energy consumption
- Desirable output: GDP
- Undesirable output:
CO,
China's thirty provincial Province
regions;

-Inputs: labor, capital
-Desirable output: GDP
- Undesirable output:

SO,
China’s iron and steel Firm
industry:

- Inputs: net fixed
assets, employees,
energy

-Desirable output: value
added

- Undesirable output:
waste water, waste gas,
solid waste

1986-1990

1974-1986

1971-1992

1989-2008

2006-2008

-0.3%

16.9%

-0.002%

4.84%

19.2%

3.9%

36.3%

0.02%

2.46%

19.8%

Note:

BOD biochemical oxygen demand, COD chemical oxygen demand, SS suspended solids, SOx

sulphur oxide.
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3.2. Methodology

The Malmquist-Luenberger productivity index is applied to estimate the
productivity change over time with considering CO; emissions in manufacturing firms.
Because no definite climate change mitigation policies such as carbon regulations have
been imposed in Indonesia, an assumption that considering the disposability of CO,
emissions as undesirable outputs is not a free activity must be made. The productivity
without considering CO, emissions is also calculated using the Malmquist productivity
index. The comparison of the productivity change over time with and without
considering CO, emissions will define the TFP environment. The sequential steps in
developing the approaches are described in this section.

3.2.1. Modeling technology outputs

Let us consider a production process that use a vector of input x € RY, to
produce a vector of desirable output and a vector of undesirable output, which are
denoted as y € RM and b € R, respectively. The relationship between input and
output is represented by the technology of its output set:

P(x) = {(y, b): x can produce (3, b)}, x € RY. )
The output set is assumed to have the following properties:

a. The first assumption is null-jointness, which implies that a positive amount of
desirable output cannot be produced without producing an undesirable output:
(y, b) € P(x) and b =0, then y =0 2)

b. The second assumption is referred to as the weak disposability of desirable and
undesirable outputs:
(y, b) € P(x) and 0 <6<1, then 0(y, b) € P(x) 3)

This assumption indicates that it is not possible to reduce undesirable output
without reducing desirable output. When firms face an environmental regulation,
the disposal of undesirable outputs may not be free.

c. The third assumption is known as the strong disposability of desirable output:
(v, b) € P(x) and y' <y, then (y', b) € P(x). (@))

This assumption suggests that it is possible to reduce desirable outputs without
reducing undesirable outputs.

To satisfy the above conditions, following Fére ef al. (1994) a data enveloping
analysis (DEA) model can be formulated. It is assumed that for each time period t =
I,...,T therearek =1, . .., K observations for inputs and outputs (x*t, y*t, bt).
By employing DEA and these data, an output set can be constructed that satisfies the
above three properties:

PLxt) = { (¥ bY): 3 Zbxb, < xb n=1,....,N (5)
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where zj, are non-negative weights assigned to each observation in constructing the
production possibility frontier, implies that the production technology exhibits constant
returns on scale. Moreover, to integrate the null-jointness of outputs, the following
requirements are imposed on the DEA model:

> bi>0 i=1,....,1 (6)

> bki>0 k=1, ...,K (7)

These requirements imply that every undesirable output is produced by some firm & and
that every firm k& produces at least one undesirable output.

The distance functions for each observation in the Malmquist index are calculated
as the solutions to a linear programming problem. For example, for k’,

(DE (xt', yt,! ptk7; ytk))~1 = max, ®)
s.t. Zlk(le;éx;é,n < xliln n=1,.....N
K ¢t ¢
Z:k=1zkykfm2 OVkim m=1, .....M
Zlk(zlzliblili = Hblili i=1, ....,1
z;p 20 k=1,...K

3.2.2. Directional distance function

The directional distance function allows a firm to increase the production of
desirable outputs and simultaneously decrease the production of undesirable outputs
with a given of inputs, formally defined as

Dy (x,y,b; 0, gy, — g) =sup { B: (y+ Bz, b—Bg) € P(x - 0)}. 9)

where g is the vector of directions in which both outputs can be scaled. Following
Chung et al. (1997), the direction applied is g = (0, g,, — gp), implies that desirable
outputs are increased, undesirable outputs are decreased, and inputs does not change.
Figure 3.1 illustrates the difference between the output distance function and the
directional distance function. Suppose that Oy;RSTh is output set, PS (x), under
unregulated technology and does not satisfy the null-jointness assumption while
OERSTb is output set, PW(x), under regulated technology and satisfies null-jointness
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assumption. The direction vector is defined as g = (0, y, - b). The output distance
function scales point A to point R on the boundary based on an output vector, indicates
that desirable outputs increase from y; to ys. In contrast, the directional distance
function scales point A to point A’ on the boundary in the direction of increasing
desirable outputs from y; to y, and decreasing undesirable outputs from b, to b;. At
point A’, the output vector is (y+ B*gy, b — B*gp), where f* = 50 xy,b; 0,8y — 8p),
with B*g, being added to the desirable outputs and B*gy being subtracted from the
undesirable outputs.

Yy Desirable outputs
P5(x) R S
y3
oz
Y2 oo
E i
y1 | A T
1
_ 1
(0! Y, b) : PW (x)
I
1
! Undesirable outputs
b o b1 b2 b

Figure 3.1: Output distance function and directional distance function

3.2.3. The Malmquist-Luenberger productivity index

To define the Malmquist-Luenberger productivity index, directional distance
functions are used with the direction of a vector as g = (0, y, -b) and the technology of
periods ¢ and #+/ as the reference technologies. Following Chung et al. (1997), the
index between the period ¢ and ¢+/ is expressed as:

MLt = (ML x ML*™)Y/? (10)

Where ML' and ML**! are the Malmquist-Luenberger productivity indices with the
technology of the periods t and t+1 as the reference technologies, respectively. Both
indices can be described as the following:

[1+ D§(xtyt bt yt,—bt)]
- [1+ DE(xt+1,yt+l pt+i; yt+l _pt+1)]

MLt (11)

B [1+ Bg-l-l(xt,yt,bt; yt,—bt)]
B [1_|_ '5g+1(xt+1’yt+1,bt+1; yt+1,_bt+1)]

MLt (12)

The Malmquist-Luenberger productivity index can be decomposed into an index of
efficiency change (MLEFFCH) and an index of technological progress (MLTECH)

30



ML = MLEFFCH!*! x MLTECH!H! (13)

where

. [1+ D§(x,¥t b ¥t —bY)]
IVILEFFCI"IttJr - [1+ Bg+1(xt+1,yt+1,bt+1;yt+1,—bt+1)] (14)
and

[14+ BEFL(xt yt byt —bt)|[1+ DEHL (a1 yt+1 pt+1, yt+1‘_bt+1)]}1/2

MLTECH{™ = = =
t [1+ DE(xt,yt,bt; yt,—bt)|[1+ DE(xt+1,yt+1 pt+iyt+l _pt+1)]

(15)

The values that are greater than one for ML{*!, EFFCH{*! and TECH{*tindicate
the improvements in productivity, efficiency, and technology, respectively, while the
values less than one indicate that productivity, efficiency, and technology are in decline.
More specifically, the improvement of EFFCH{*! from Eq. (14) implies that the firm is
closer to the frontier in the period t+1 than it was in the period t as measured in terms of
a proportional increase in the desirable outputs and a decrease in the undesirable
outputs. The improvement of TECH{*! from Eq. (15) suggests that a firm shift of the
frontier in this direction that produces more desirable outputs and fewer undesirable
outputs.

Linear programming (LP) is used to compute directional distance functions. Four
LPs have to be solved for each observation. Two LPs use the observations and
technologies for the period t or t+1, and two LPs use mixed period technologies
calculated from the period t with the observations of t+1 and from the period t+1 with
the observations of t. The directional distance function for observation k in the period t
using period t technology can be solved using Eq. (16). For observation k in the period
t+1 using period t+1 technology, the time superscript t in Eq. (16) for both sides have to
be changed to t+1.

D¢ (xt, yt, bt; yt,— bt) = max B, (16)
85t Y ZExEn < xhy n=1..,N ()
S 2V 2 (L + B) Vi, m=1,..,M (i)
> zEbf =(1— B) bl i=1,...,1 (iif)
zt >0 k=1,...,K (iv)

Similarly, for mixed periods, the directional distance function for observation k in the
period t using period t+1 technology can be solved using Eq. (17). For observation k in
the period t+1 using period t technology, the time superscripts on the left-hand side of
the constraints in Eq. (18) are t+1 and vice versa: the time superscripts on the right-
hand side of the constraints are t.
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56 (xk’t+1, yk’t+1’ bk’t+1; yk’t+1’_ bk’t+1) = max S, (17)

st Y zhxb, < x n=1, ... N (i)

S 2V = (L4 B YEL, m=1,....M (i)
Z’,;lz}éb;'éz = (1-PB)b.1}, i=1,...1 (iif)
zt >0 k=1, ..,K (iv)

The Malmquist productivity index is constructed in a similar way to the
Malmquist-Luenberger productivity index. The Malmquist productivity index also can
be decomposed into two components: the first component is MEFFCH, measures the
efficiency change between the two periods and the second component is MTECH,
measures the technical change between the two periods.

M,f“ = MEFFCH,’F+1 X MTECHf+1 (18)
where
| D§(xtyt bt yh)]
t+1 —
MEFFCH™ = [D(1)5+1(xt+1’yt+1’bt+1;yt+1)] (19)
and

[D5+1(xt’yt,bt;yt)] [D6+1(xt+1’yt+1’bt+1; yt+1)]}1/2 o0

MTECH!*tT =
t [Dg(xt,yt,bt; yt)][Dg(xt"'l,yt"'1,bt+1;yt+1)]

3.3. Data

The annual survey data are classified into 23 different sectors based on ISIC
(International Standard Industrial Classification) Revision 3. For the present analysis,
Armundito and Kaneko (2014) have developed a cleaned panel dataset to address data
quality problems. First removing zero and missing values of particular variables and
then applying several consecutive steps including statistical modeling, coefficient of
variant approaches, and data balancing, a large number of observations have been
removed.

The datasets used for the analysis in this chapter are obtained in the chapter 2.
Armundito and Kaneko (2014) have developed a cleaned panel dataset to address data
quality problems resulting the four periods of cleaned and balanced panel datasets are
obtained: 1990-1995, 1998-2000, 2003-2006, and 2008-2010. The number of
observations compared to the initial raw data has shrunk to approximately 4% in the
final result. Considering the number of firms for each sector, only sectors that consist of
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more than 15 firms are selected for further analysis. Therefore, only 18 out of the 23
sectors are employed for the analysis. To avoid price changes over time, GDP deflators
are applied to convert these series of datasets into constant prices based on the year
2000. Additionally, to convert the currency from Indonesia’s rupiah to the US dollar,
the currency rate for the year 2000 is applied.

Data on quantities of inputs, desirable outputs and undesirable outputs are
required to estimate productivity change over time using the Malmquist productivity
index and the Malmquist-Luenberger productivity index. All firms are assumed to share
the same production processes, characterized by the production of one desirable output
and one undesirable output. Value added to manufacturing production and CO,
emissions are considered to be the proxies for desirable ()) and undesirable (b) outputs,
whereas capital (x/), labor wages (x2), and raw materials (x3) are considered as inputs.
The value added v is measured as the difference between the total sales revenue of a
firm and the total cost of components, materials, and services in millions of US dollars.
Capital k£ is measured by the replacement value of fixed assets in thousands of US
dollars. Labor wage / is measured as the total salary and other incentives for all workers,
including production workers and other workers, in thousands of US dollars. Raw
material m is measured as the total materials used to produce a unit of output in
thousands of US dollars. Finally, both direct and indirect CO, emissions CO; are
measured as the most common type of gas emitted from the burning of fossil fuels used
in manufacturing firms in tons CO, equivalent. Direct and indirect CO, emissions are
calculated from fuel combustion in the manufacturing sector based on the
Intergovernmental Panel on Climate Change (IPCC) guidelines (Eggleston et al. 20006).
Further, Indonesia's currency rate has devalued since 1998 and a high inflation rate
occurred in 1998, resulting in a monetary value for some variables in periods 3 and 4
that are smaller than the monetary value in periods 1 and 2. The descriptive statistics of
the variables used for this chapter is shown in Table 3.2.

To enable understanding in what situations environmental productivity as TFP
environment can be applied, Table 3.3 presents the terms and conditions of
environmental productivity trend as energy price either increase or decrease. When
environmental productivity increase, the situation that can be described is the increase
rate of productivity growth occurred simultaneously with the increased level of
pollution abatement. As the energy price increase and environmental productivity also
increase, firms successfully improve productivity and manage the impact of energy
price through fuel switching, energy saving, and investment for new technologies.
Thereafter, as the energy price is constant and environmental productivity increase,
firms successfully improve productivity and do not need to manage the impact of
energy price through fuel change. Conversely, when environmental productivity
decreases, it can be interpreted that firm simultaneously experience in the decreasing
rates of productivity growth with the decreasing levels of pollution abatement. As the
energy price increase and environmental productivity decrease, firms fail to improve
productivity and manage the impact of energy price. It might be related to the high
energy intensity, no investment for new technologies, and firms might pay the cost of
energy price increase. Similarly, as the energy price is constant and environmental
productivity also decrease, firms fail to improve productivity and do not need to
manage the impact of energy price through fuel change.
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Table 3.2: Descriptive statistics of the variables used for the chapter 3

Variable code  Description Unit Mean Standard Deviation
Period of 1990-1995

k Capital Thousands of US dollar 450.80 1691.45
1 Labor wage Thousands of US dollar 263.94 873.13
m Raw Material Thousands of US dollar 607.63 2774.68
v Value added Thousands of US dollar 317.11 1370.26
CO, CO, emissions Tons CO, equivalent 584.88 2113.26
No. of observations 9336

Period of 1998-2000

k Capital Thousands of US dollar 352.88 1530.00
1 Labor wage Thousands of US dollar 86.35 404.82
m Raw Material Thousands of US dollar 596.34 3302.94
% Value added Thousands of US dollar 381.29 3211.77
CO, CO, emissions Tons CO, equivalent 666.49 2229.87
No. of observations 4668

Period of 2003-2006

k Capital Thousands of US dollar 127.14 408.26
1 Labor wage Thousands of US dollar 86.27 216.78
m Raw Material Thousands of US dollar 236.26 1489.42
% Value added Thousands of US dollar 119.65 583.46
CO, CO, emissions Tons CO, equivalent 282.02 1434.19
No. of observations 3296

Period of 2008-2010

k Capital Thousands of US dollar 120.00 441.86
1 Labor wage Thousands of US dollar 84.76 253.55
m Raw Material Thousands of US dollar 298.67 1924.40
v Value added Thousands of US dollar 119.50 385.95
CO, CO, emissions Tons CO, equivalent 243.63 1054.26

No. of observations 2472

Table 3.3: Terms and conditions of environmental productivity analysis

Environmental Productivity Energy price increase Energy price constant
Increase/ Situation Condition Measures Condition Measures
decrease?

Increase Increased rates of | Firm Fuel switching,| Firm successfully| Efficiency
productivity successfully | energy saving, [ improve and
growth occurred improve invest for new | productivity and | technology
simultaneously productivity | technology does notneed to | improvement
with increased and manage manage the
levels of pollution | the impact impact of energy
abatement of energy price

price

Decrease Simultaneously Firm fails Energy Firm fails to Efficiency
experienced to improve intensity is improve and
decreased rates of | productivity | high, no productivity and | technology do
productivity and manage | investment for | does not need to | not improve
growth with the impact new manage the
decreased levels of energy technology, impact of energy
of pollution price pay the cost price
abatement
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3.4. Results and Discussions

Under two assumptions of disposability of undesirable outputs the Malmquist
productivity index is applied to estimate the TFP without CO, emissions over time and
the Malmquist-Luenberger productivity index is employed to measure the TFP with
CO, emissions over time. A summary of the estimation results based on the average
annual basis for the period 1 from 1990 to 1995 is presented in Table 3.4. Of the
measurements without CO, emissions, the average productivity index score is 1.0014,
implies that the annual TFP without CO, emissions over time for the manufacturing
sector increase by 0.14% over the entire period. This annual TFP score is obtained as
the weight mean of all sector’s TFP score as the number of firms is different of each
sector. On average, this growth is due to the increase in efficiency change by 0.97%
and the decrease in technological progress by 0.01%. Based on the sector-by-sector
analysis, considerable variation across sectors is observed. The sector that exhibits the
highest productivity growth is motor vehicle, trailers and semi-trailers (1.64%), and the
sector with the lowest growth is fabricated metal product and equipment (-0.07%).
Furthermore, for the measurement with CO, emissions the weighted mean of TFP score
1s 1.0198, indicates that the annual TFP with CO, emissions over time for the
manufacturing sector increases by 1.98% over the entire period. This increasing growth
is considerably higher than the growth of TFP without CO, emissions. This average
TFP with CO, emissions over time is due to an increase in efficiency change (7.69%)
and technological progress (5.87%). The sector that shows the highest productivity
growth is others non-metallic mineral product (11.1%) and the sector with the lowest
growth is chemicals and chemical product (-2.7%). At the same time, the average TFP
environment score for the period 1 is 1.0184, suggested that environmental productivity
increases by 1.84% annually.

Table 3.4: Average annual changes in productivity growth and its components for the period 1

TFP growth TFP growth TFP
Sector without CO, emissions with CO, emissions Env.
M EFFCH TECH ML EFFCH TECH
Food products and beverages 1.0041 0.9990 1.0080 1.0303 1.1903 1.5534 1.0261
Tobacco 1.0102 1.0431 0.9722 1.0199 1.1650 0.9346 1.0096
Textiles 1.0073 1.0259  0.9902 1.0052 1.1220 1.0507  0.9980
Wearing apparel 0.9985 0.9886 1.0115 1.0174 1.0305 1.0115 1.0189
Tanning and dressing of leather 0.9907 1.0465 0.9520 0.9402 1.1152  0.8797  0.9491
Wood and products of wood and plaiting 1.0027 1.0118 0.9915 0.9783 1.0507 0.9713 0.9757
Paper and paper products 1.0094 1.0205 0.9947 0.9915 1.0964 0.9463 0.9823
Publishing, printing and reproduction 0.9943 0.9931 1.0020 1.0154 1.1494 0.9776 1.0212
Chemicals and chemical products 1.0053 0.9982 1.0106 0.9730 0.9372  1.1142  0.9679
Rubber and plastics products 1.0050 0.9999  1.0099 0.9797 1.0146  1.0938 0.9748
Others non-metallic mineral products 0.9916 1.0070  0.9871 1.1110 1.1159  1.0953 1.1205
Basic metals 1.0318 1.0346  0.9980 1.0165 1.0182 1.0433  0.9852
Fabricated metal products and equipment ~ 0.9903 1.0041 1.0031 0.9924 1.0795 1.0858 1.0021
Machinery and equipment 1.0017 1.0360  0.9739 1.0327 1.2134 0.9832 1.0310
Electrical machinery and apparatus. 1.0070 0.9630 1.0548 1.0065 0.9444  1.1185 0.9995
Motor vehicle, trailers and semi-trailers 1.0164 1.0005 1.0195 1.0105 0.9965 1.0517 0.9943
Other transport equipment 1.0101 1.0124 1.0113 1.0619 1.1018  1.1400 1.0513
Furniture and manufacturing 0.9923 0.9898 1.0074 0.9971 1.0436  1.0061 1.0049
Weighted Mean 1.0014 1.0097  0.9999 1.0198 1.0769 1.0587 1.0184
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The productivity measurement for the period 2 from 1998 to 2000 is presented in
Table 3.5. The average of the weight mean productivity index score is 0.9933, indicates
that the annual TFP without CO, emissions over time for the manufacturing sector
dropped by 0.67% over the entire period. The growth is triggered by the increase in
efficiency change (1.58%) and the decrease in technological progress (1.94%). Based
on the sector-by-sector analysis, the sector that shows the highest productivity growth
is textiles (0.49%), and the sector with the lowest productivity growth is paper and
paper product (-3.04%). Whereas for the measurement with CO, emissions, the
weighted mean of TFP score is 1.0652, implies that the annual TFP with CO, emissions
over time increases by 6.52% over the entire period. This increasing growth is also
significantly higher than the growth of TFP without CO, emissions. This remarkable
growth is caused by the increase in efficiency (8.06%) and technological progress
(5.68%). The sector that demonstrates the best performance is rubber and plastics
product with the productivity growth of 20.47%, and the sector with the worst
performance is paper and paper product with the decrease of productivity by 2.22%.
Meanwhile, the TFP environment score for the period 2 is 1.0724, suggests that
environmental productivity increases by 7.24% annually.

Table 3.5: Average annual changes in productivity growth and its components for the period 2

TFP growth TFP growth TFP
Sector without CO, emissions with CO; emissions Env.
M EFFCH TECH ML EFFCH TECH
Food products and beverages 0.9933 1.0163 0.9774 1.0603 1.2147  0.8838 1.0674
Tobacco 0.9979 1.0054 0.9923 1.0129 1.0670  0.9754 1.0150
Textiles 1.0049 1.0105  0.9965 1.0448 1.1088  0.9967 1.0397
Wearing apparel 0.9985 1.0236  0.9797 1.1001 1.2215  0.9992 1.1017
Tanning and dressing of leather 1.0002 0.9941 1.0108 1.0559 0.9083  1.4272 1.0557
Wood and products of wood and plaiting 0.9953 0.9746  1.0243 0.9778 0.7279  1.5209 0.9824
Paper and paper products 0.9696 0.9944  0.9825 0.9286 0.8073 1.2034  0.9577
Publishing, printing and reproduction 0.9754 1.0192  0.9641 0.9674 0.9221  1.0727 0.9918
Chemicals and chemical products 0.9947 1.0293  0.9703 1.1403 1.0646  1.0855 1.1464
Rubber and plastics products 0.9941 1.0109 0.9875 1.2047 1.1510  1.0871 1.2118
Others non-metallic mineral products 0.9952 1.0039  0.9933 1.1013 1.1688  0.9872 1.1066
Basic metals 0.9939 1.0757 0.9339 1.0869 14516  0.8474 1.0936
Fabricated metal products and equipment ~ 0.9825 1.1075 0.8949 1.0471 1.5578  0.7498 1.0657
Machinery and equipment 0.9774 1.0396  0.9440 0.9954 1.1737 09150 1.0184
Electrical machinery and apparatus. 0.9795 0.9774 1.0043 1.0224 0.9711  1.0791 1.0439
Motor vehicle, trailers and semi-trailers 0.9903 0.9726 1.0199 1.0516 0.9376  1.1286 1.0619
Other transport equipment 1.0010 1.0067  0.9972 1.0212 0.9297 1.1017 1.0202
Furniture and manufacturing 0.9978 1.0220 0.9784 1.0091 1.0678  0.9622 1.0113
Weighted Mean 0.9933 1.0158 0.9806 1.0652 1.0806 1.0568 1.0724

The productivity measurement for the period 3 from 2003-2006 is presented in

Table 3.6 as the average TFP without CO; emissions score is 1.0050. The average TFP
score indicate that the annual TFP without CO; emissions over time increases by 0.50%
over the entire period. The increase of efficiency change (0.49%) and technological
progress (1.55%) are the sources of this TFP growth. Tobacco is the sector that shows
the highest productivity growth (4.45%) whereas textiles sector is the sector that
exhibits the lowest productivity growth (1.71%). At the same time, the weighted mean
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score of TFP with CO, emissions is 1.0036, implies that the annual TFP with CO,
emissions over time increased by 0.36% over the entire period. The increase in
efficiency change (7.18%) and technological progress (7.57%) are the engine of this
TPF growth. The sector that shows the highest productivity growth is wood and product
of wood and plaiting (11.37%) and the sector with the lowest growth is chemicals and
chemical product (-19.67%). On average, the TFP environment score for the period 3 is
0.9986, suggested that environmental productivity decrease by 0.14% annually.

Table 3.6: Average annual changes in productivity growth and its components for the period 3

TFP growth TFP growth TFP
Sector without CO, emissions with CO, emissions Env.
M EFFCH TECH ML EFFCH TECH
Food products and beverages 0.9991 0.9724 1.0286 1.0100 0.9201 1.1757 1.0109
Tobacco 1.0445 1.0883  0.9698 1.1102 1.7478 0.8695 1.0629
Textiles 0.9829 0.9917  0.9940 0.9698 0.9885 1.0951 0.9867
Wearing apparel 0.9956 1.0288  0.9701 1.0064 1.3685 0.9862 1.0109
Tanning and dressing of leather 1.0438 1.0262 1.0169 1.0460 1.0516 1.0048 1.0021
Wood and products of wood and plaiting 1.0098 0.9497 1.0813 1.1137 1.0586 1.2980 1.1029
Paper and paper products 1.0042 1.0073  0.9967 1.0074 1.0321 0.9822 1.0032
Publishing, printing and reproduction 1.0042 1.0073  0.9967 1.0074 1.0321 0.9822 1.0032
Chemicals and chemical products 0.9906 0.9726  1.0226 0.8033 0.7201 1.2626 0.8109
Rubber and plastics products 1.0140 1.0428 0.9764 0.9827 1.4561 0.6780 0.9691
Others non-metallic mineral products 1.0001 0.9653  1.0385 0.9714 0.8091 1.2040 0.9712
Basic metals 1.0370 0.9432  1.1123 1.0719 0.9100 1.2206 1.0336
Fabricated metal products and equipment ~ 1.0345 0.9963  1.0450 0.9685 0.8542 1.2306 0.9362
Machinery and equipment 1.0229 0.9871 1.0360 1.0435 0.9220 1.1443 1.0201
Electrical machinery and apparatus. 1.0443 1.0774 0.9854 1.0548 1.2721 0.9612 1.0100
Motor vehicle, trailers and semi-trailers 1.0280 1.0108 1.0176 1.0367 1.0575 1.0440 1.0084
Other transport equipment 1.0055 1.0374  0.9726 1.0418 1.0333 1.0084 1.0361
Furniture and manufacturing 1.0003 0.9836 1.0185 1.0160 1.0583 1.2153 1.0157
Weighted Mean 1.0050 1.0049 1.0155 1.0036 1.0718 1.0757 0.9986

The productivity measurement for the period 4 from 2008-2010 is shown in Table

3.7. The average of the weight mean productivity index score is 1.0311, implies that the
annual TFP without CO, emissions over time increases by 3.11% over the entire period.
The growth is due to the increase in efficiency change by 0.33% and in technological
progress by 3.65%. The sector with the highest productivity growth is electricityal
machinery and apparatus. (6.72%), and the sector with the lowest growth is tanning and
dressing of leather (0.06%). Furthermore, the measurement of TFP with CO, emissions
results that the weighted mean of TFP score is 1.0523, suggests that the annual TFP
with CO; emissions over time increases by 5.23% over the entire period. The growth is
generated by the increase in efficiency change (1.77%) and technological progress
(11.83%). The sector that shows the highest productivity growth is basic metals
(14.73%) and the sector that presents the lowest productivity growth is tobacco (0.89%).
The TFP environment score for the period 4is 1.0206, implies that environmental
productivity increases by 2.06% annually.
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Table 3.7: Average annual changes in productivity growth and its components for the period 4

TFP growth TFP growth TFP
Sector without CO, emissions with CO, emissions Env.
M EFFCH TECH ML EFFCH TECH
Food products and beverages 1.0167 0.9672  1.0524 1.0450 1.0338 1.1743 1.0279
Tobacco 1.0178 0.9742  1.0454 0.9911 0.9483 1.1034 0.9738
Textiles 1.0209 0.9432  1.0853 1.0482 0.8590 1.2842 1.0267
Wearing apparel 1.0257 1.0027  1.0283 1.0506 1.0228 1.0659 1.0243
Tanning and dressing of leather 1.0006 0.9825 1.0198 1.0433 1.0420 1.0203 1.0426
Wood and products of wood and plaiting 1.0106 1.0217  0.9903 1.0437 1.2793 0.8615 1.0327
Paper and paper products 1.0302 0.9352  1.1086 1.1013 0.9327 1.2866 1.0690
Publishing, printing and reproduction 1.0368 0.9064  1.1480 1.1205 0.8171 1.4283 1.0807
Chemicals and chemical products 1.0622 1.0002  1.0675 1.0875 0.9524 1.1803 1.0238
Rubber and plastics products 1.0408 1.0099  1.0370 1.0543 1.0127 1.0979 1.0130
Others non-metallic mineral products 1.0345 1.0613  0.97%4 1.0499 1.1142 09681 1.0148
Basic metals 1.0333 1.0542  0.9798 1.1473 1.0788 1.0463 1.1103
Fabricated metal products and equipment ~ 1.0277 0.9560  1.0801 1.0571 0.7765 1.4569 1.0286
Machinery and equipment 1.0378 1.0756  0.9841 1.0484 1.1844 1.0512 1.0102
Electrical machinery and apparatus. 1.0672 1.0750  0.9991 1.0582 1.0682 1.0525 0.9916
Motor vehicle, trailers and semi-trailers 1.0475 1.0374  1.0121 1.0634 1.0838 1.0027 1.0152
Other transport equipment 1.0349 1.0461  0.9904 1.0565 1.1154 0.9563 1.0209
Furniture and manufacturing 1.0583 1.0111  1.0492 1.0627 0.9977 1.0929 1.0042
Weighted Mean 1.0311 1.0033  1.0365 1.0523 1.0177 1.1183 1.0206

The comparisons between the entire periods enable to evaluate the impact of
policy implemented or economic circumstances as contextual background of this
analysis on manufacturing performance. The export-led industrialization policy
implemented in the period 1 resulted in the highest level of the GDP growth rate and
the growth rate of manufacturing sector, and also positively influence on the growth of
the TFP with CO, emissions. In this period the growth of the TFP with CO, emissions
over time was tenfold than the growth of the TFP without CO, emissions. The TFP
environment over time in the period 1 also shows positive moderate growth.

Considered as immediate post economic crisis period and the beginning of
democratic reforms during the period 2, the growth of the TFP with CO, emissions
over time was the highest. At the same period, the decline of average GDP growth and
the growth rate of manufacturing sector from the previous period has resulted the
negative growth of TFP without CO, emissions. Meanwhile, the TFP environment over
time in the period 2 also exhibited the highest growth, even surpassing the TPF with
CO; emissions over time. The remarkable achievement of environmental measure in
this period is consistent with the notable increase of the manufactures exports’ share to
merchandise export and the share of high-technology exports to manufactured exports.

Period 3 is regarded as a period of politically significant transitional moments,
and the government of Indonesia began to remove subsidies for oil commodities.
During the period 3, the growth of TFP with CO, emissions over time dropped sharply
compared with the previous period. Several sectors, particularly for the high energy-
intensive sectors, are negatively affected by the increase in prices of oil commodities.
The TPF with CO, emissions over time of the high energy-intensive sectors: food and
beverages; textiles and its related industry; chemicals and chemical product; rubber and
plastics product; others non-metallic mineral product sectors present considerable
decline in this period. Only basics metal sector that shows insignificant decrease. The
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effort in reducing CO, emissions seems to have further pressures due to the increase in
prices of oil commodities. A similarly worsened performance was also experienced by
the TFP environment over time as the growth dramatically declined to reach a negative
level. In contrast, TFP without CO, emissions over time indicated positive growth.
Almost all of the sectors show a notable increase of this TPF, except for textiles and
wearing apparel sectors. Despite the increase in energy costs, the growth rate in the
manufacturing sector increased from the previous period. The possible conditions and
measures taken by manufacturing sectors in this period are energy intensity is high, no
investment for new clean technology, or firms pay the increase of energy cost.

Furthermore in the period 4 when the global financial crisis took place, the
growth of all TPF over time demonstrated remarkable increase compared with the
period 3. Compared to the previous three periods, the growth of TFP without CO,
emissions over time was the highest in this period even though the level of growth was
still lower than the TFP without CO, emissions over time. At the same time, the TFP
environment over time has also grown at the level as equal as to that in the period 1.
The possible conditions and measures taken by manufacturing sectors in this period are
fuel switching, energy saving, invest for new technology. The economic and political
policies implemented by the government during this period were able to address the
adverse effects of the global financial crisis in Indonesia, particularly in the
manufacturing sector. Overall, it is observed that the TFP with CO, emissions over
time has grown faster than the TFP without CO, emissions for the period 1, the period
2, and the period 4. The faster growth of the TPF with CO, emissions over time is
consistent with Domazlicky and Weber (2004), Fire et al. (2001), and Kumar (2006)
that suggested when accounting for changes in pollutions as undesirable outputs the
average productivity growth is higher than the growth ignoring pollutions. The TFP
with CO, emissions over time is lower than the TFP without CO, emissions was
observed in the period 3. However, in general, the manufacturing sector showed the
best performance in the period 4, characterized by the positive growth level for all
TFPs, including the positive growth level of its component; efficiency change and
technological progress. Efficiency change is the source of productivity growth in the
period 1 and the period 2 whereas technical progress is the basis of productivity growth
in the period 3 and the period 4. The higher productivity growth with CO, emissions
provides a clear suggestion to policy makers that environmental damages can be
considered in economic and manufacturing developments.

Further, considering the potential impact of carbon tax implementation on
manufacturing sector in Indonesia, several sectors are indicated has been prepared for
the implementation. Table 3.8 shows several sectors that ready for carbon regulations
based on the positive growth of TFP environment in the period 3 and period 4 after the
increasing price of oil commodities. In particular, eleven outstanding sectors have been
noted to be the best performing sectors which show the positive response to the changes
in prices of oil commodities by maintaining the positive growth of TFP environment.
Even though in general the increase price of oil commodities have greatly affected the
high energy-intensive sectors, however, food products and beverages, paper and paper
products, and basic metals demonstrate that the impact has been well managed.
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Table 3.8: Sectors that have been ready for carbon tax implementation

TFP Environment

No Sector
Period 3 Period 4
1 Food products and beverages 1.0109 1.0279
2 Wearing apparel 1.0109 1.0243
3 Tanning and dressing of leather 1.0021 1.0426
4 Wood and products of wood and plaiting 1.1029 1.0327
5 Paper and paper products 1.0032 1.069
6 Publishing, printing and reproduction 1.0032 1.0807
7 Basic metals 1.0336 1.1103
8 Machinery and equipment 1.0201 1.0102
9 Motor vehicle, trailers and semi-trailers 1.0084 1.0152
10 Other transport equipment 1.0361 1.0209
11 Furniture and manufacturing 1.0157 1.0042

3.5. Conclusion

The paper provides a baseline analysis of TFP growth over time with and without
considering CO, emissions from 1990 to 2000. Regarding the current data problems
and the missing of key variables data, the cleaned and balanced panel datasets are
constructed only for four periods: 1990-1995, 1998-2000, 2003-2006, and 2008-2010.
The employing of the four periods of the cleaned and balanced panel datasets enable to
evaluate the impact of policy implemented or economic circumstance during each
period. An assumption that undesirable outputs are weakly disposable is taken because
Indonesia has not implemented carbon regulations. The Malmquist productivity index
is employed to estimate the TFP without CO, emissions over time and the Malmquist-
Luenberger productivity index is applied to estimate the TFP with CO, emissions over
time. The influent of energy factors on environmental productivity changes over time is
also investigated.

The main findings of this paper can be summarized as follows. First, on average,
the TFP with CO, emissions over time has grown faster than the TFP without CO,
emissions particularly for the period 1, the period 2, and the period 4. Second,
efficiency change is the source of productivity growth in the period 1 and the period 2
whereas technical progress is the basis of productivity growth in the period 3 and the
period 4. Third, the increase price of oil commodities might affect environmental
productivity, in particular for the high energy-intensive sectors. Fourth, eleven sectors
are identified to be ready for the implementation of carbon tax based on the positive
growth of TFP environment in the period 3 and period 4 after the increasing price of oil
commodities.

Several constructive policy designs can be derived from these findings. The
results suggest that CO, emissions as undesirable outputs can be considered in
measuring manufacturing sector’s productivity growth as a response to the climate
change mitigation policy. At the same time, technological improvement is expected to
be a major concern for the manufacturing firms’ long-term strategic planning after the
changes in prices of oil commodities.
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CHAPTER 4: ESTIMATION OF AVERAGE CARBON ABATEMENT COST

4.1. Introduction

Many processes and products consume significant quantities of fossil fuel due to
the wide variety of raw materials and treatment options available, which lead to a great
variety of end products. Manufacturing sector has energy requirements throughout all
stages of the production process. Thus, energy consumption becomes a central part in
many key stages of the process. However, manufacturing sector plays an important role
to Indonesian development, which is still considered as the engine of economic growth.
The share of manufacturing sector value added for national gross domestic product is
expected to increase to reach a remarkable target at the point of 40% in the future. To
achieve this significant growth, manufacturing sector has to improve its performance by
increasing productivity and efficiency. While improving its performance, reducing its
CO, emissions as a part of global measure to cope with climate change mitigations
policy is another significant challenge for manufacturing sector.

The objective of this chapter is to analyze the relative efficiency of manufacturing
sector and estimate financial burden of manufacturing sector in reducing CO, emissions.
We obtain efficiency indices that serve to measure the impact on firm performance in
two different scenarios related to efficiency improvement aimed to reduce the
production of CO, emissions. The impact of clean technological improvement or
energy saving may be reflected by marginal abatement cost as forgone profit of a
manufacturing firm. The analysis is focused on the comparison of marginal abatement
cost between four different periods.

This chapter also applied an assumption, as Mandal and Madheswaran (2010)
suggested, that it can ideally consider of several environmentally hazardous elements,
generated by manufacturing sector, as a vector of different kinds of solid, liquid and air
pollutions with CO, being the most important element of it. Therefore, under the ceteris
paribus condition, the increase of CO, emissions must increase in environmental
degradation. In absence of any information about the other relevant component, as it
can be easily understood, ceteris paribus is not an invalid assumption in this regard. So,
in our opinion, reducing CO; emission could be termed as environmental efficiency.

4.2. Methodological Approach
4.2.1. Directional distance function

A production process that use a vector of input x = (xy, ..., xy) € RY, to produce
a vector of desirable output y = (yy, ..., V) € RY and a vector of undesirable output
b = (b, ..., b;) € R, need to be considered. All technologically feasible relationships
between input and output are described by the technology of its output set

P(x) = {(y, b): x can produce (y, b)} (D)
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Because two different outputs are employed in the technology then the output set is
assumed to have the following properties:

a. The first assumption is referred to as the weak disposability of desirable and
undesirable outputs:
(y, b) € P(x) and 0 <6<1, then 0(y, b) € P(x) 2)

This assumption indicates that it is not possible to reduce undesirable output
without reducing desirable output. When firms face an environmental regulation,
the disposal of undesirable outputs may not be free.

b. The second assumption is known as the strong disposability of desirable output:
(v, b) € P(x) and y' <y, then (y', b) € P(x). 3)

This assumption suggests that it is possible to reduce desirable outputs without
reducing undesirable outputs.

c. The third assumption is null-jointness, which implies that a positive amount of
desirable output cannot be produced without producing an undesirable output:
(y, b) € P(x) and b =0, then y =0 4)

Directional distance function allows a firm to increase the production of desirable
outputs and simultaneously decrease the production of undesirable outputs with a given
of inputs, and defined as

Dy (x,y,b; 0, g, — gp) = max { B: (y+ Bgy, b~ Bgy) € P(x - 0)}. (5)

where g is the vector of directions in which both outputs can be scaled. Following
Chung et al. (1997), the direction applied is g = (gy, — gp), implies that desirable
outputs are increased undesirable outputs are decreased, and inputs does not change.
is a measurement of inefficiency.

The environmental directional distant function for the production process k in reference
to the sample of N production processes, where the undesirable outputs are not
regulated, the strong disposability is then assumed. The unregulated undesirable outputs
can be freely disposed and be specified as follows:

B,f (X1, Vi bis 0, yi,— b) = max B, (6)
st YK Zexen < Xy n=1,....,N (i)
K ..
ey ZiViam = (L4 Bi) Yierm m=1, ..M (i)
YK 1 Zkhki = (1= Bi)byr; i=1,..,1 (iii)
zy =0 k=1,...,K (iv)

The directions of inequality constrains in Eq. 6 are mainly determined by inputs
or outputs. The first inequality indicate that each input h of the production process k
should be equal to or more than the linear combination of the inputs h of the reference
assumption production process on the frontier. The second inequality illustrates that for
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each desirable output m of the k, with the additional extension of 8} of the observed
desirable outputs of k should be equal to or less than the linear combination of the
outputs m on the reference frontier. However, even at the attainable expansion of
desirable outputs where [, is maximized, the desirable outputs of k can be less than the
reference assumption production process on the frontier. In contrast, for each
undesirable output j of the k contracted with [, of the observed undesirable outputs of
k should be equal to the linear combination of the undesirable outputs j of the reference
frontier observations in the third inequality. When the firm tries to increase the
desirable outputs with the increase of 5, it is restricted to decrease the undesirable
outputs with this equality condition. In the fourth constrain, zj signifies a vector of
positive intensity variables and constant returns to scale is assumed, although other
assumptions on the scale properties of the technology can be also possible.

For the case where the desirable outputs are regulated by imposing environmental
regulations, the weak disposability is assumed. The regulated undesirable outputs
cannot be freely disposed for which the null-jointness assumption exits. Fare et al.
(1989) and Picazo-Tadeo et al. (2005) modified Eq. (6) to Eq. (7) as follows:

DY (xk Vi bi; 0, yx,— b) = max B (7)
st YKz < X n=1,....,N (i)
S ZkYiem = (L+ Bi) Virm m=1,...M (i
Yk=1 Zibi = (1= Bi)by; i=1,...,1 (iii)
Br =0
2 20 k=1,..K (iv)

In Eq. (7) more contractions of undesirable outputs with larger B, are allowed,
implies that more expansion of the desirable outputs. The forth constraint in Eq. (7) is
added from the equation (6), which restrict the assumption reference production process
should take either zero or any positive value. As the null-jointness is no longer applied,
the additional forth constrain is compulsory. Similar to the Eq. (6), z§ in Eq. (7) reflects
a vector of positive intensity variables with constant returns to scale assumption.

Figure 1 illustrates the difference between Eq. (6) and Eq. (7) as the relationship
between desirable outputs (y) and undesirable outputs (b), while remaining the given
inputs (x) unchanged. Suppose that Oy;RSTb is output set, PS(x), under unregulated
technology and does not satisfy the null-jointness assumption while OERSTb is output
set, PW(x), under regulated technology and satisfies null-jointness assumption. The
direction vector is defined as g = (0, y, - b). The unregulated technology scales point A
to point R on the boundary based on an output vector, indicates that desirable outputs
increase from y; to y3. In contrast, the regulated technology scales point A to point A’
on the boundary in the direction of increasing desirable outputs from y; to y, and
undesirable outputs from b, to b;. At point A’, the output vector is
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(y+ B*gy,b — B*gp), where B* = 50 (x,y,b; gy — 8p), with B*gy being added to the
desirable output and *g}, being subtracted from the undesirable output.

Yy Desirable outputs
P5(x) R s
y3
7 )
Y2 | ___
E |
yl | A T
1
J— 1
(01 Y, b) : PW (x)
I
1
< ! > Undesirable outputs
b 8 b1 b2 b

Figure 4.1: Regulated and unregulated assumptions of directional distance function

4.2.2. Carbon abatement cost

Following the arguments in the study by Hernandes-Sancho et al. (2000) and
Picazo-Tadeo et al. (2005), the difference between attainable expansions of desirable
outputs between Eq. (6) and Eq. (7) is regarded as regulatory impacts or opportunity
costs to prevent free disposal of undesirable output. The opportunity costs as carbon
abatement cost (CAC) is interpreted as all possible costs or foregone profit of a firm to
reduce CO, emissions caused by the impact of environmental regulations.

Mathematically, CAC can be defined as:

CAC=(1+ BY) ymk — (14 BY) ymk = (BE—BY) Ymxk (8)

Further, average carbon abatement cost (ACAC) is defined as the ratio of total carbon
abatement cost to the total unit of CO, emissions reduced, and formally expressed as:

ACAC = total CAC / total unit of CO, emissions reduced )]

4.3. Data

This chapter employed the cleaned and balanced datasets similar to the datasets
used for the analysis in the chapter 3. The datasets obtained from the chapter 2 consist
of four periods’ datasets. The descriptive statistics of the variables used for this chapter
is shown in Table 4.1.
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Table 4.1: Descriptive statistics of the variables used for the chapter 4

Variable code  Description Unit Mean Standard Deviation
Period of 1990-1995

k Capital Thousands of US dollar 450.80 1691.45
1 Labor wage Thousands of US dollar 263.94 873.13
m Raw Material Thousands of US dollar 607.63 2774.68
v Value added Thousands of US dollar 317.11 1370.26
CO, CO, emissions Tons CO, equivalent 584.88 2113.26
No. of observations 9336

Period of 1998-2000

k Capital Thousands of US dollar 352.88 1530.00
1 Labor wage Thousands of US dollar 86.35 404.82
m Raw Material Thousands of US dollar 596.34 3302.94
% Value added Thousands of US dollar 381.29 3211.77
CO, CO, emissions Tons CO, equivalent 666.49 2229.87
No. of observations 4668

Period of 2003-2006

k Capital Thousands of US dollar 127.14 408.26
1 Labor wage Thousands of US dollar 86.27 216.78
m Raw Material Thousands of US dollar 236.26 1489.42
% Value added Thousands of US dollar 119.65 583.46
CO, CO, emissions Tons CO, equivalent 282.02 1434.19
No. of observations 3296

Period of 2008-2010

k Capital Thousands of US dollar 120.00 441.86
1 Labor wage Thousands of US dollar 84.76 253.55
m Raw Material Thousands of US dollar 298.67 1924.40
v Value added Thousands of US dollar 119.50 385.95
CO, CO, emissions Tons CO, equivalent 243.63 1054.26

No. of observations 2472

Table 4.2 presents the terms and conditions of average carbon abatement cost
trend as energy price either increase or decrease to recognize in what situations average
carbon abatement cost can be applied. When average carbon abatement cost increase,
the situation that can be described is firms simultaneously experience decreasing rates
of desirable outputs production with increased levels of undesirable outputs production
for regulated scenario. As the energy price increase and average carbon abatement cost
also increase, firms fail to improve efficiency and manage the impact of energy price,
resulted in reducing less CO, emissions. Next, as the energy price is constant and
average carbon abatement cost increase, firms fail to improve efficiency and do not
need to manage the impact of energy price, also resulted in reducing less CO, emissions.
On the other hand, when average carbon abatement cost decrease, firms increase
desirable outputs production simultaneously decrease undesirable outputs production
for regulated scenario. As the energy price increase and average carbon abatement cost
decrease, firm successfully improve efficiency and manage the impact of energy price
for regulated scenario, resulted in reducing more CO, emissions. Similarly, as the
energy price is constant and average carbon abatement cost decrease, firm successfully
improve efficiency and does not need to manage the impact of energy price, also
resulted in reducing more CO, emissions.
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Table 4.2: Terms and conditions of average carbon abatement cost estimation

Average Carbon Abatement Cost Energy price increase Energy price constant
Increase/ Condition Situation Measures Situation Measures
decrease?

Increase | Simultaneously Firm fails to | Energy Firm fails to Efficiency and
experienced improve intensity is improve technology do
decreased rates of | efficiency high, carbon- efficiency and not improve
desirable outputs and manage | intensive does not need to
production with the impact of | energy use, no | manage the
increased levels of | energy price | investment for | impact of energy
undesirable outputs | = reduce new price = reduce
production for less CO2 technology, less CO2
regulated scenario | emissions expansion of emissions
—> an amount of production,
profit sacrificed pay the cost
reduces less CO2
emission

Decrease | Increased rates of Firm Change fuel, Firm Efficiency and
desirable outputs successfully | energy saving, | successfully technology
production improve invest for new | improve improvement
occurred efficiency technology efficiency and
simultaneously and manage does not need to
with decreased the impact of manage the
levels of energy price impact of
undesirable outputs | for regulated energy price =
production for scenario > reduce more
regulated scenario - | reduce more CO2 emissions
—> an amount of CcOo2
profit sacrificed emissions
reduces more CO2
emissions

4.4. Results and Discussions

First of all, the CO; intensity is defined as the ratio of CO, emissions per unit of
value added to obtain a brief overview of the CO, intensity of Indonesia’s
manufacturing sector. Table 4.3 provides the average CO, intensity of Indonesia’s
manufacturing sector for all sectors and all periods. In the period 1 the average CO,
intensity is 0.0020, implies that to generate US 1,000 dollar of value added, the
manufacturing sector, on average, have to emit 0.002 tons of energy-related CO,. The
sector that exhibits the highest CO, intensity is others non-metallic mineral product
(0.0047) and the sector with the lowest CO, intensity is tobacco (0.0004). Meanwhile
in the period 2, the average CO; intensity is 0.0025, increase 25% from the period 1.
The sector that shows the highest CO; intensity is rubber and plastics product (0.007)
and the sector with the lowest CO, intensity is tobacco (0.0005). Further, when the
price of oil commodities has increased in the period 3, the average CO; intensity rises
24% from the previous period to reach 0.0031. The sector that shows the highest CO,
intensity is rubber and plastics product (0.007) and the sector with the lowest CO,
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intensity is tobacco (0.0005). Moreover, the average CO; intensity in the period 4 is
0.0025, decline 19% from the previous period. Rubber and plastics product is the sector
that shows the highest CO; intensity (0.0061), whereas tobacco sector exhibits the
lowest CO; intensity (0.0005).

Table 4.3: The Average CO, intensity of Indonesia’s manufacturing
sector for all periods (tons per thousand of US dollar)

Period

No Sector 1 2 3 2
1 Food product and beverages 0.0030  0.0040 0.0043 0.0038
2 Tobacco 0.0004 0.0005 0.0005 0.0005
3 Textiles 0.0034 0.0043 0.0043 0.0040
4 Wearing apparel 0.0008 0.0015 0.0013 0.0012
5 Tanning and dressing of leather 0.0008 0.0007 0.0014 0.0009
6 Wood and product of wood and plaiting 0.0021  0.0026 0.0039 0.0029
7 Paper and paper product 0.0024 0.0015 0.0055 0.0031
8 Publishing, printing and reproduction 0.0014 0.0019 0.0018 0.0017
9 Chemicals and chemical product 0.0011 0.0009 0.0017 0.0013
10 Rubber and plastics product 0.0044 0.0070 0.0070 0.0061
11 Others non-metallic mineral product 0.0047 0.0051 0.0046 0.0048
12 Basic metals 0.0013  0.0035 0.0044 0.0031
13 Fabricated metal product and equipment 0.0017 0.0031 0.0033 0.0027
14 Machinery and equipment n.e.c. 0.0016 0.0019 0.0028 0.0021
15 Electrical machinery and apparatus n.e.c. 0.0008 0.0007 0.0013 0.0009
16 Motor vehicle, trailers and semi-trailers 0.0019 0.0027 0.0037 0.0028
17 Other transport equipment 0.0019 0.0014 0.0024 0.0019
18  Furniture and manufacturing n.e.c. 0.0015 0.0021 0.0026 0.0020

Average 0.0020 0.0025 0.0031 0.0025

Under the two assumptions of the disposal of CO, emissions, the inefficiency
scores are computed by solving linear programing in Eq. (6) and Eq. (7) for each
sample observation. Manufacturing sector achieves the best performance in
environmental efficiency when the production efficiencies under regulated assumption
reach to the frontier. The Wilcoxon Rank-sum test has been conducted to verify
whether efficiency scores, based on weak disposability assumption, are significantly
different from those obtained from strong disposability assumption for each period. The
null hypothesis is that efficiency scores obtained from the two assumptions have the
same population of relative frequency distribution for each period. The value of two
tailed ‘p’ statistic is 0.000 for each period, hence the null hypothesis can be rejected at
1% level, implying that efficiency scores based on weak disposability assumption is
significantly difference from those of strong disposability

Table 4.4 shows the average inefficiency scores under unregulated and regulated
assumptions for all periods. In the period 1, the average inefficiency scores are 0.5644
for the unregulated assumption and 0.4114 for the regulated assumption. Whereas in
the period 2, the average inefficiency scores exhibits modest incline for the both
assumptions. The incline average inefficiency scores implies that in the immediate post
economic crisis period environmental efficiency decrease from 0.4115 to 0.4180.
Further, when the government of Indonesia began to remove subsidies for oil
commodities in the period 3, the average inefficiency scores shows significant decline
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for the both assumptions and environmental efficiency remarkably increase to 0.2802.
Moreover, in the period 4, the average inefficiency scores slightly increase for the
unregulated assumption but showed slight decrease for the regulated scenario.

Table 4.4: The average inefficiency scores under unregulated and regulated assumption for
all periods

Unregulated assumption Regulated assumption
No Sector Period Period
1 2 3 4 1 2 3 4

1 Food product and beverages 0.8677 09020  0.7581 0.7737 0.7523  0.7811 0.6353  0.6457
2 Tobacco 0.2604 03646  0.5767 0.5291 0.1492  0.1628 0.3525  0.2889
3 Textiles 0.6156  0.5488  0.5288 0.4335 0.4555 04221 02661 0.3153
4 Wearing apparel 0.6627  0.7439  0.7028 0.5324 0.5008  0.5197 0.5669  0.3715
5 Tanning and dressing of leather 0.3866  0.6660  0.1299 0.1687 02372  0.4086 0.1147  0.1065
6 Wood and product of wood and plaiting 0.7316  0.7249  0.4702 0.4014 0.5417  0.5338 03159  0.2540
7 Paper and paper product 03812 0.5204  0.0993 0.2573 0.2235  0.3352  0.0272 0.1738
8 Publishing, printing and reproduction 0.7535  0.6833  0.4519 0.5610 0.6226  0.5488 0.3328  0.3977
9 Chemicals and chemical product 0.7872  0.7458  0.5703 0.5231 0.6239  0.5853 0.4044  0.3700
10 Rubber and plastics product 0.6336  0.6409  0.7295 0.6084 0.4975  0.5574 0.5897  0.4707
11  Others non-metallic mineral product 0.7269  0.6654  0.4872 0.4012 0.4967 04262 0.4095  0.3070
12 Basic metals 0.2625  0.2654  0.1036 0.2425 0.2094  0.1850 0.0035  0.0277
13 Fabricated metal product and equipment 0.6016  0.6863  0.4303 0.5224 04741 04517 0.1984  0.3683
14  Machinery and equipment n.e.c. 0.4881 0.5350  0.2910 0.2348 0.2232  0.3276  0.0985  0.1083
15  Electrical machinery and apparatus n.e.c. 0.4282 0.5193  0.1167 0.1989 0.3172 04143 0.0725  0.1683
16  Motor vehicle, trailers and semi-trailers 0.5261 03658  0.2541 0.2186 03183  0.1890 0.0648  0.1122
17  Other transport equipment 03787 03846  0.1330 0.0306 0.2426  0.2469 0.0690  0.0289
18  Furniture and manufacturing n.e.c. 0.6665  0.5966  0.7033 0.7722 0.5189  0.4283 0.5212  0.5977

Average 0.5644  0.5866  0.4187 0.4117 04114 04180 0.2802  0.2840

Furthermore, to calculate ACAC as a foregone profit of a manufacturing firm to
reduce CO, emissions, Eq. (8) and Eq. (9) are applied. Table 4.5 shows the ACAC of
manufacturing sector for the period 1 in US dollar per ton CO,. When the export-led
industrialization policy was implemented in period 1, the ACAC of manufacturing
sector is 430.99. It is observed that the ACAC has constantly decreased since the
beginning of the period 1. However, the ACAC suddenly increased from the middle of
the period 1. The sector that shows the highest ACAC is tobacco (3,408.38) and the
sector that presents the lowest ACAC is rubber and plastics product (63.51).

The immediate post economic crisis period and the beginning of democratic
reforms were considered for the period 2. Table 4.6 exhibits the ACAC of
manufacturing sector for the period 2. During the period 2 the ACAC of manufacturing
sector is 306.86, implies that the cost to abate one ton CO, emissions is 306.86 US
dollar. The ACAC in the period 2 decreased 28.8% from the previous period. The
sector with the highest ACAC is tobacco (2,596.82), and the sector with the lowest
ACAC is rubber and plastics product (26.77).
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Table 4.5: The ACAC of manufacturing sector for the period 1
(US dollar per ton CO,)

No Sector Year
1990 1991 1992 1993 1994 1995 Average

1 Food product and beverages 65.97 55.70 54.89 69.50 68.67 41.01 70.96
2 Tobacco 3461.71 2241.08 1263.13 3013.53 398029 6490.52 3408.38
3 Textiles 57.20 184.58 110.02 104.11 308.07 140.28 150.71
4 Wearing apparel 642.25 733.18 691.03 472.72 594.43 404.72 589.72
5 Tanning and dressing of leather 800.10 443.18 499.62 1072.59 44731 365.95 604.79
6 Wood and product of wood and plaiting 102.75 115.83 159.85 138.42 304.03 192.69 168.93
7 Paper and paper product 355.29 327.60 697.28 460.27 449.94 732.12 503.75
8 Publishing, printing and reproduction 474.65 544.01 190.13 348.00 253.92 220.02 338.46
9 Chemicals and chemical product 207.94 188.66 178.76 75.42 122.57 394.62 194.66
10 Rubber and plastics product 42.62 47.02 56.18 90.74 97.57 46.92 63.51
11 Others non-metallic mineral product 100.87 178.75 264.04 273.01 256.26 172.75 207.61
12 Basic metals 68.18 65.33 105.80 147.18 54.19 765.23 200.98
13 Fabricated metal product and equipment 215.50 48.42 42.73 353.69 384.90 140.07 197.55
14 Machinery and equipment n.e.c. 1001.67 811.75 72042 1947.38 122145 1370.28 1178.82
15 Electrical machinery and apparatus n.e.c. 148.22 27436 21098 23890  469.58 557.43 316.58
16  Motor vehicle, trailers and semi-trailers 795.61 711.51 539.00 51244 1442.09 1735.98 956.11
17 Other transport equipment 211.97 292.50 460.62 582.84 37791 584.18 418.34
18  Furniture and manufacturing n.e.c. 256.17 287.34 418.20 453.51 113.73 261.01 298.33

Average 500.48  419.49 370.15 57524  605.94 811.43 430.99

Table 4.6: The ACAC of manufacturing sector for the period 2

(US dollar per ton CO,)
Year

No Sector 1998 1999 2000 Average
1 Food product and beverages 39.20 43.92 40.30 41.14
2 Tobacco 2507.74  2202.05 3080.67 2596.82
3 Textiles 78.92 91.51 60.79 77.07
4 Wearing apparel 467.90 375.19 314.48 385.86
5 Tanning and dressing of leather 764.75 97472 459.63 733.04
6 Wood and product of wood and plaiting 133.67 186.27 80.56 133.50
7 Paper and paper product 316.42 265.94 114.48 232.28
8 Publishing, printing and reproduction 116.36 130.95 182.67 143.33
9 Chemicals and chemical product 178.54 174.87 295.13 216.18
10 Rubber and plastics product 42.06 20.13 18.13 26.77
11 Others non-metallic mineral product 107.35 95.07 149.37 117.27
12 Basic metals 203.15 149.63 196.58 183.12
13 Fabricated metal product and equipment 170.25 176.24 271.92 206.14
14 Machinery and equipment n.e.c. 337.04 284.74 289.80 303.86
15 Electrical machinery and apparatus n.e.c. 234.72 451.33 194.01 293.35
16  Motor vehicle, trailers and semi-trailers 181.45 343.19 416.08 313.57
17 Other transport equipment 214.87 311.28 370.31 298.82
18  Furniture and manufacturing n.e.c. 309.17 226.94 89.58 208.56

Average 355.75 361.33 368.03 306.86

Period 3 is regarded as the period of politically significant transitional moments,
and the government of Indonesia began to remove subsidies for oil commodities. As the
consequence of the removing subsidies the price of oil commodities increased. Table
4.7 presents the ACAC of manufacturing sector for the period 3. During the period 3
the ACAC of manufacturing sector is 419.72 which increased 36.77% from the period
2. The sector that shows the highest ACAC is tobacco (3,445.35) and the sector with
the lowest ACAC is rubber and plastics product (84.53).
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Table.4.7: The ACAC of manufacturing sector for the period 3

(US dollar per ton CO,)

No Sector Year
2003 2004 2005 2006 Average
1 Food product and beverages 196.31 95.28 65.24 81.98 109.70
2 Tobacco 427.66 319555 5418.11 4740.09 344535
3 Textiles 1938.64  730.45 876.23 1207.42  1188.18
4 Wearing apparel 565.00 151.92 424.69 516.43 414.51
5 Tanning and dressing of leather 86.21 184.12 34.48 47.50 88.08
6 Wood and product of wood and plaiting 842.97 456.41 444.93 340.03 521.09
7 Paper and paper product 1158.62 0.00 3722.71 0.00  1220.33
8 Publishing, printing and reproduction 576.15 597.67 163.38 228.72 391.48
9 Chemicals and chemical product 352.02 404.40 382.01 320.78 364.80
10 Rubber and plastics product 159.63 79.95 28.36 70.20 84.53
11 Others non-metallic mineral product 77.58 133.69 51.42 112.23 93.73
12 Basic metals 96.08 88.93 49.46  1202.97 359.36
13 Fabricated metal product and equipment 247.52 192.41 225.16 414.95 270.01
14 Machinery and equipment n.e.c. 435.56 182.18 277.54 300.22 298.87
15 Electrical machinery and apparatus n.e.c. 842.14  1068.87 518.20 918.82 837.01
16  Motor vehicle, trailers and semi-trailers 787.08 274.68 99.71 584.47 436.48
17 Other transport equipment 522.22 743.79 747.19  1394.35 851.89
18  Furniture and manufacturing n.e.c. 1553.07 122429 137725 196425  1529.72
Average 603.58 544.70 828.12 802.52 419.72

Furthermore in period 4, when the global financial crisis took place, the ACAC of
manufacturing sector is 495.81 as presented in table 4.8. The ACAC in the period 4

incased 18.12% from the period 3. The sector that exhibits the highest ACAC is still

tobacco (4,110.90) and the sector with the lowest ACAC is rubber and plastics product

(129.07).

Table 4.8: The ACAC of manufacturing sector for the period 4

(US dollar per ton CO,)
Year

No Sector 2008 2009 2010 Average
1 Food product and beverages 81.75 153.87 180.46 138.69
2 Tobacco 3876.79  3192.05  5263.86  4110.90
3 Textiles 647.58 433.71 387.09 489.46
4 Wearing apparel 577.01 596.47 1088.98 754.16
5 Tanning and dressing of leather 1170.06 153.24 217.26 513.52
6 Wood and product of wood and plaiting 382.32 273.03 689.40 448.25
7 Paper and paper product 984.38 638.67 1411.09 1011.38
8 Publishing, printing and reproduction 682.78 559.46 342.70 528.31
9 Chemicals and chemical product 215.10 387.92 925.56 509.53
10 Rubber and plastics product 87.48 78.08 221.66 129.07
11 Others non-metallic mineral product 104.21 66.38 187.86 129.48
12 Basic metals 73.21 195.70 246.45 171.79
13 Fabricated metal product and equipment 382.32 691.06 1074.02 715.80
14 Machinery and equipment n.e.c. 521.41 371.60 1378.75 757.26
15 Electrical machinery and apparatus n.e.c. 758.29 960.40  2669.80 1462.83
16  Motor vehicle, trailers and semi-trailers 409.72 576.41 1153.42 713.18
17 Other transport equipment 556.21 409.67  3905.03 1623.64
18  Furniture and manufacturing n.e.c. 1086.33 1427.64 3184.49 1899.49

Average 81.75 153.87 180.46 495.81
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Overall, the environmental efficiency of manufacturing sector from 1990 to 2010
can be estimated by applying two different assumptions of CO, emissions disposal as
the response to climate change mitigation policy. Among the four periods, the average
carbon intensity showed the highest level in the period 3, which considerably increased
from the previous period, however deceased in the next period. In addition, the average
environmental efficiencies are reported notably increased in the period 3. Almost all
sectors exhibit the improvement of environmental efficiency.

Moreover, the ACAC of manufacturing sector from 1990 to 2010 present
moderate fluctuation due to the economic and political policies implemented by the
government which strongly influenced the manufacturing sector performance. In the
period 1 and the period 2, when the price of oil commodities were still subsidized by
the government, the manufacturing sector on average has to give up 430.99 US dollar
and 306.86 US dollar of its profit to abate one ton of CO, emissions, respectively.
When the price of oil commodities increased in the period 3, on average the
manufacturing sector will allocate 419.72 US dollar of its profit to reduce one ton of
CO; emissions. Furthermore, 495.81 US dollar are required if the manufacturing sector
aim to cut one ton of CO, emissions in the period 4. The increase of efficiency and
ACAC might be associated with the conditions that firms increase the production of
desirable outputs but reduce less CO, emissions, high energy intensity, no new
technology investment, or the technology improvement does not have any significant
impact on CO, emissions reduction. The fluctuation of these ACAC is consistent with
the trend of value added and carbon intensity because the measurement of carbon
abatement cost is based on forgone profit and the amount of CO, emissions, even
though on average environmental efficiency show improvement.

Based on the sector-by-sector analysis, there is no empirical evidence that the
high energy-intensive sectors have higher ACAC for all periods. The sector that has the
lowest ACAC for all periods is rubber and plastics product. The conditions that may
explain the lowest ACAC are that rubber and plastics product sector increases the
production of desirable outputs and simultaneously reduces more CO, emissions. On
the contrary, the sector that demonstrated the highest ACAC is tobacco. As the majority
of cigarette industry in Indonesia still applies a hand-made production, technology
improvement might be rarely required. Because most of CO, emissions are not
generated from its main production processes, hence the cost to reduce CO, emissions
in tobacco sector is expensive.

The measurement of ACAC provides an obvious description of which sectors that
have a greater burden in reducing CO, emissions during its production process. The
ACAC of each sector resulted in this study might be different from other literatures due
to the method and approach applied. The type of technology used, the sort of energy
consumed, or the efficiency measure taken could be the main cause of the amount CO,
emissions. In the future, if the trend of declining carbon intensity can be maintained and
value added can be improved, the ACAC can be continually decreased. However,
fostering and constructive recommendations should be provided by policy makers for
manufacturing sectors to reduce the ACAC. In addition, the increasing trend of the
ACAC since the period 3 has to be a major concern for policy makers to take
considerable and strategic measures to improve manufacturing sector performance to
respond the climate change mitigation and energy related policies in the future, so as
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the share of manufacturing sector to Indonesia’s GDP and more job opportunities can
also be maintained.

4.5. Conclusions

This chapter highlights the usefulness of directional distance function to estimate
and evaluate the ACAC as the impact of CO, emissions reduction on Indonesia
manufacturing sector. An assumption that undesirable outputs are weakly disposable
has to be made because Indonesia has not implemented carbon regulations. The
proposed methodology is demonstrated with an empirical application to the Indonesia
manufacturing sector panel datasets. The cleaned and balanced panel datasets are
constructed only for four periods: 1990-1995, 1998-2000, 2003-2006, and 2008-2010.
In particular, it is assumed that manufacturing firms aim to maximize their production
(desirable output) and simultaneously reducing CO, emissions (undesirable output)
without any changing in inputs.

The main findings of the paper can be summarized as follow. First, the average
ACAC estimated for the period 1, 2, 3, and 4 are: 430.99, 306.86, 419.72, and 495.81
US dollar to reduce one ton of CO, emissions. The fluctuation of these ACAC is
consistent with the trend of value added and carbon intensity because the measurement
of carbon abatement cost is based on forgone profit and the amount of CO, emissions,
even though on average environmental efficiency show improvement. Second, the
environmental efficiency and ACAC have increased as the price of oil commodities
increased, particularly in the period 3. Third, the sector that has the lowest ACAC for
all periods is rubber and plastics product and the sector that demonstrated the highest
ACAC is tobacco. No empirical evidence that the high energy-intensive sectors have
higher ACAC for all periods.

The ACAC estimated in this chapter enables to identify the additional financial
burden that should be provide by manufacturing sector to respond the climate change
mitigation and energy related policies. Particular attentions should be given to the
manufacturing sector that bear high abatement costs and provide strategic measures to
improve manufacturing sector performance so as the share of manufacturing sector to
Indonesia’s GDP and more job opportunities can be maintained.
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CHAPTER 5: IMPACTS OF ENERGY PRICE ON ENVIRONMENTAL
PRODUCTIVITY CHANGE AND AVERAGE CARBON ABATEMENT COST

5.1. Introduction

As economic growth and manufacturing sector are highly dependent on energy,
the increase of oil price has affected on the economic growth of many emerging
economies. The studies that investigated the impact of oil price changes on economic
activities has significantly grown since Hamilton (1988) suggested a negative
relationship between oil price changes and economic activities. This finding is also
supported by Hooker (2002) who argued that oil price changes significantly caused to
the US inflation and productivity and Hamilton (2009) who analyzed the impact of oil
price changes on the US macroeconomic components during 2007-2008. In particular,
Aye et al. (2014) analyzed the effect of oil price changes on the manufacturing
production in South Africa. The analysis results suggested that oil price changes
significantly and negatively impacts on South Africa’s manufacturing production and
manufacturing production gave asymmetric responses to the increasing and decreasing
oil price changes. Unexpected increase in oil price directly triggers to the production
cost increase and hence leads to the declining of productivity. If the high oil cost
persists, energy shift or energy saving might be required for the long term productivity
growth.

The increase price of oil commodities might have affected environmental
productivity. Because energy consumption is not directly used as input in the analysis
of productivity change, the direct impact of the increase price of oil commodities
cannot be identified. The relationship between TFP environment change over time and
changes of energy factors is analyzed to investigate the determinant of environmental
productivity. The increase of oil price could have an impact on carbon abatement cost
as well since the CO, emissions in this study are calculated based on the fossil fuel
consumptions. This impact is also significant to be analyzed to examine the CO,
emissions reduction efforts during the period of this study. The objective of this chapter
is to estimate the energy factors when the price of oil commodities increase that directly
influence environmental productivity and average carbon abatement cost for the
Indonesia manufacturing sector. The average carbon abatement cost employed in this
analysis is the cost of abate one ton of CO, emissions.

5.2. Methodology

5.2.1. Empirical models

The approach applied to analyze the influent of energy factors on environmental
productivity over time and average carbon abatement cost in Indonesia’s manufacturing
sector is to conduct simple regression analysis using panel datasets.

Formally the mathematical model to examine environmental productivity can be
defined as:
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Yi(t,t+1) = f(Xi,t) = B+ XBi Xie + Wit (1)

Where Y41y 18 environmental productivity change over time of i" firm at ¢ to 1+]

periods and X;; is the determinant (the explanatory variables) of i firm at t period, B's
are parameters to be estimated, and p is the error term.

Whereas the mathematical model to examine average carbon abatement cost is
described as:

ACACi, = (X ) = B+ XBi Xie + Wit (2)

Where ACAC; is average carbon abatement cost of i™ firm at ¢ periods and X;; is the
determinant (the explanatory variables) of i firm at ¢ period, p’s are parameters to be
estimated, and p is the error term.

The explanatory variables for Eq. (1) and Eq. (2) are the average domestic fuel
price (Fuelprice), the average electricity price (Elecprice), and energy dependency
(Energydep). The energy dependency is defined as the ratio of the total energy
expenditures to the total intermediate input expenditures.

5.2.2. Data

The data applied for the analysis in this chapter are the cleaned and balanced
datasets obtained from the chapter 2 which consist of four periods’ dataset. In addition,
the environmental productivity changes over time datasets are acquired from the
productivity measurement of both TFP with and without CO, emissions for the firm-
level data analysis in the Chapter 3, whereas the average carbon abatement cost datasets
are obtained from the carbon abatement cost calculation for the firm-level data analysis
in the Chapter 4. The average domestic fuel price (Fuelprice) and the average
electricity price (Elecprice) are converted from the original Indonesia’s rupiah to the
real price in US dollar. Table 5.1 presents the descriptive statistics of the variables used
in this chapter.

Table 5.2 shows the expected signs of variables to examine environmental
productivity: energy dependency is expected to have negative impact on environmental
productivity as the greater use of energy in manufacturing sector resulted the efforts to
reduce CO, emissions will be more severe; fuel price is predicted to have positive
impact on manufacturing productivity as the fuel price increase, firm will be more
energy efficient; and electricity price is projected to have positive impact on
environmental productivity as the electricity price increase, firm will be more energy
efficient. Whereas Table 5.3 depicts the expected signs of variables to examine
environmental productivity: energy dependency is predicted to have negative impact on
average carbon abatement cost as the greater use of energy in manufacturing sector
resulted the efforts to reduce CO, emissions will be easier; fuel price is projected to
have negative impact on average carbon abatement cost as the fuel price increase, firm
will be more energy efficient and resulted CO, emissions will increase; and electricity
price is expected to have negative impact on average carbon abatement cost as the
electricity price increase, firm will be more energy efficient.
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Table 5.1: Descriptive statistics of the variables used for all periods

Variable code Description Unit Mean Stangrd
Deviation
Period of 1990-1995
Y Environmental productivity % 1.15 2.72
change over time
ACAC Marginal Abatement Cost US dollar / Tons CO, 240.04 876.55
emissions
energydep Energy dependency % 2 0.02
fuelprice Fuel price US dollar/ Tons of Oil Eq. 40.88 16.17
elecprice Electricity price US dollar/ Tons of Oil Eq. 152.99 82.46
No. of observations 9336
Period of 1998-2000
Y Environmental productivity % 1.10 1.10
change over time
ACAC Marginal Abatement Cost US dollar / Tons CO, 164.19 654.14
emissions
energydep Energy dependency % 5 0.06
fuelprice Fuel price US dollar/ Tons of Oil Eq. 67.47 25.99
elecprice Electricity price US dollar/ Tons of Oil Eq. 194.83 97.90
No. of observations 4668
Period of 2003-2006
Y Environmental productivity % 1.154 1.04
change over time
ACAC Marginal Abatement Cost US dollar / Tons CO, 526.69  2062.83
emissions
energydep Energy dependency % 8 0.08
fuelprice Fuel price US dollar/ Tons of Oil Eq. 215.66 104.18
elecprice Electricity price US dollar/ Tons of Oil Eq. 696.57 431.92
No. of observations 3296
Period of 2008-2010
Y Environmental productivity % 1.08 0.56
change over time
ACAC Marginal Abatement Cost US dollar / Tons CO, 1668.41 10817.22
emissions
energydep Energy dependency % 13 0.12
fuelprice Fuel price US dollar/ Tons of Oil Eq. 518.55 186.15
elecprice Electricity price US dollar/ Tons of Oil Eq. 1007.62 660.44

No. of observations 2472
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Table 5.2: Expected signs of variables to examine environmental productivity

Variable Unit Expected sign Remark

Energy dependency % ) The greater use of energy, the efforts to reduce CO2
emissions will be more severe=> Environmental
productivity decrease

Fuel price US dollar ) When the fuel price increase, firm will be more energy
efficient > CO2 emissions reduction will increase >
Environmental productivity increase

Electricity price US dollar () When the electricity price increase, firm will be more
energy efficient > CO2 emissions reduction will increase
-> Environmental productivity increase

Table 5.3: Expected signs of variables to examine average carbon abatement cost

Variable Unit Expected sign Remark
Energy dependency % (-) The greater use of energy, the efforts to reduce CO2
emissions will be easier = average carbon abatement cost
decrease
Fuel price US dollar (_) When the fuel price increase, firm will be more energy

efficient > CO2 emissions reduction will increase =
average carbon abatement cost decrease

Electricity price US dollar (_) When the electricity price increase, firm will be more
energy efficient > CO2 emissions reduction will increase
-> average carbon abatement cost decrease

5.3. Results and Discussions

Because there is no empirical evidence confirming that the increase in energy
costs might directly affect manufacturing productivity or average carbon abatement
cost, the relationship between energy factors and environmental productivity and also
between energy factors and average carbon abatement cost are analyzed. The
estimation results to evaluate the influent of energy factors on environmental
productivity changes over time in Indonesia’s manufacturing sector are presented in
Table 5.4. Fuel price is statistically significant during 2003-2006 and shows a negative
relationship to the changes of environmental productivity. When energy is still
subsidized during 1990-1994 and 1998-2000 periods, the energy dependency of
manufacturing sector is relatively small. The fuel and electricity prices do not have
significant role in enhancing environmental productivities. While the energy policies
implemented after 2003 aims to remove subsidies of oil commodities caused the fuel
and electricity prices increase. As the energy dependency also increase, the energy
price started to negatively influence on environmental productivity improvements.
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Table 5.4: Factors associated with changes in environmental productivity

. Periods
Independent Variables 1990-1995 1998-2000 2003-2006 2008-2010
Energydep 3.6865 - 13378 1.1156 - 0.3859
Fuelprice 0.0024 - 0.0004 -0.0005 ** - 0.0001
Elecprice - 0.0015 ** 0.0001 -0.0000 - 0.0000 **
Constant 1.2080 *+* 1.1654 #%x 0.9887 *** 1.2812 *+
Number of Observations 7,795 3,118 2,451 1,634

*** indicates that a variable is significant at a 1% level of significance
** indicates that a variable is significant at a 5% level of significance
* indicates that a variable is significant at a 10% level of significance

The impact of energy factors on average abatement cost in Indonesia
manufacturing sector is also examined to investigate the relationship between the
increase in energy costs and CO, emissions reduction. The estimation results are
presented in Table 5.5. Energy dependency negatively and significantly influenced
average abatement cost for the periods 1 and 3. The relationship between energy
dependency and average carbon abatement cost in the period 1 and 3 is as expected.
The greater use of energy, the efforts to reduce CO, emissions will be easier; hence if
more CO, emissions can be reduced the average carbon abatement cost will decrease.
When energy is still subsidized during periods 1 and 2, the fuel price is significant and
has a negative impact on average carbon abatement cost. The relationship between fuel
price and average carbon abatement cost in the period 1 and 2 is also as expected
However, during 2003-2006 when energy subsidy started to be removed, the fuel price
is statistically significant and started to show a positive relationship to the averaged
carbon abatement cost. This positive relationship might be associated with the
conditions that manufacturing firms increase the production of desirable outputs but
reduce less CO; emissions, high energy intensity, no new technology investment, or the
technology improvement does not have any significant impact on CO, emissions
reduction. Different influences are showed by electricity price, which has a
significantly negative relationship to the marginal abatement cost when energy subsidy
is removed in the period 3.

Table 5.5: Factors associated with marginal abatement cost

. Periods
Independent Variables 1990-1995 1998-2000 2003-2006 2008-2010
Energydep - 1481.66 *** - 75545 - 8025.39 #** 7.44e+13
Fuelprice - 3.54 wx%E - 4.58 *k* 1.05 *** - 5.98e+10
Elecprice 0.29 0.16 - 0.03 *** 1.86e+10
Constant 580.0 613.05 *** 1395.19 *** 9.14e+12
Number of Observations 7,795 3,118 2,451 1,634

*%** indicates that a variable is significant at a 1% level of significance
** indicates that a variable is significant at a 5% level of significance
* indicates that a variable is significant at a 10% level of significance
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5.4. Conclusions

The relationship between energy factors and environmental productivity is
analyzed to confirm that the increase in energy costs directly influence manufacturing
productivity. The impact of energy factors on average abatement cost is also examined
to investigate the relationship of the increase in energy costs and CO, emissions
reduction. The four periods of cleaned and panel datasets from the Chapter 2 and the
analysis results in the Chapters 3 and 4 are employed in this analysis.

The empirical results show that when the fuel and electricity prices increase and
the energy dependency also increase in the period 3, the energy price started to
negatively influence on environmental productivity improvements. Hence, the change
of environmental component in productivity measurement, in term of the level of CO,
emissions reduction, is associated with the adjusted energy prices. Furthermore, energy
dependency negatively and significantly influenced average abatement cost for the
periods 1 and 3. The greater use of energy, the efforts to reduce CO, emissions will be
easier; hence if more CO; emissions can be reduced the average carbon abatement cost
will decrease. The fuel price is significant and has a negative impact on average carbon
abatement cost. When energy is still subsidized during periods 1 and 2, the fuel price is
significant and has negatively affects average carbon abatement cost. The relationship
between fuel price and average carbon abatement cost in the period 1 and 2 is also as
expected. However, during 2003-2006 when energy subsidy started to be removed, the
fuel price is statistically significant and started to show a positive relationship to the
averaged carbon abatement cost. Electricity price has a significantly negative
relationship to the marginal abatement cost when energy subsidy is removed.

The empirical results obtained in the Chapter 5 enable policy makers to observe
the determinant of environmental productivity and carbon abatement related to the
energy factors. Immediate strategic efforts can be provide to anticipate the negative
impact of the rise in energy prices on manufacturing sector performance in the future.
Furthermore, the particular sectors that will experience the worst impact should be the
main concern of policy makers.
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CHAPTER 6: CONCLUSION AND POLICY RECOMMENDATION

6.1. Conclusion

Manufacturing sector is one of the most important sectors due to its large
potential for creating job opportunities and its contribution to Indonesia’s development.
When the roles of manufacturing sector are expected to continuously increase, some
considerable challenges should be confronted, in particular the increasing pollutions
and the increasing demand for energy. This study empirically measures the impact of
the climate change mitigation and energy related policies on manufacturing sector.
Environmental productivity and efficiency improvement are the main issues to be
discussed in this study to formulate constructive policy designs to enhance
manufacturing sector’s performance in the future.

Annual manufacturing survey datasets are employed for the analysis in this study.
Because the existence of data quality problems and the missing of key variables,
therefore, the cleaned and balanced panel datasets are constructed for only four periods:
1990-1995, 1998-2000, 2003-2006, and 2008-2010. Substantial economic and political
events are adopted to describe the contextual background of the present analysis. For
these four periods the study provides empirical results from the baseline analysis for
productivity measurements, estimation of average carbon abatement cost, and the
impact of energy price on environmental productivity change and average abatement
cost. To measure the environmental productivity change and average carbon abatement
cost, the disposability of CO, emissions as undesirable outputs are not free activities is
firstly assumed to respond the different impact of carbon regulation on manufacturing
sector.

The findings from the chapter 3 reported that on average the TFP with CO,
emissions over time has grown faster than the TFP without CO, emissions particularly
for the period 1, the period 2, and the period 4. The higher productivity growth with
CO, emissions provides a clear suggestion that environmental damages should be
considered in economic and manufacturing developments. Further, the increase price of
oil commodities might affect environmental productivity, in particular for the high
energy-intensive sectors in the period 3. Because energy consumption is not considered
as input in the analysis, hence no empirical evident showed that the price of oil
commodities has a direct impact on manufacturing productivity. Eleven manufacturing
sectors are identified to be ready for the implementation of carbon tax based on the
positive growth of TFP environment in the period 3 and period 4 after the increasing
price of oil commodities.

Results from chapter 4 show that when CO, emissions as undesirable outputs are
weakly disposable, the average carbon abatement cost has increased as the price of oil
commodities increased, particularly in the period 3 and 4. The fluctuation of these
average carbon abatement cost is consistent with the trend of value added and carbon
intensity because the measurement of carbon abatement cost is based on forgone profit
and the amount of CO, emissions, even though on average environmental efficiency
show improvement. During all periods, the sector that has the lowest average carbon
abatement cost is rubber and plastics products and the sector that demonstrated the
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highest average carbon abatement cost is tobacco. No empirical evidence that the high
energy-intensive sectors have a higher average carbon abatement cost.

Findings from chapter 5 verify that when energy dependency increases, the
increase of energy price in the period 3 negatively influences the environmental
productivity improvements. This finding is confirmed by the facts from table 1.2 which
reports the energy intensity of the manufacturing sector worsened in the period 3 and
manufacturing firms are expected to admit a significant increase in energy costs.
Therefore, the environmental productivity also worsened in the period 3. Furthermore,
energy dependency negatively and significantly influenced average abatement cost for
the periods 1 and 3. The greater use of energy, the efforts to reduce CO, emissions will
be easier; hence if more CO, emissions can be reduced the average carbon abatement
cost will decrease. When energy is still subsidized during periods 1 and 2, the fuel price
is significant and has a negative impact on average carbon abatement cost. Whereas
energy subsidy started to be removed in the period 3, the fuel price is statistically
significant and started to show a positive relationship to the averaged carbon abatement
cost. Electricity price has a significantly negative relationship to the marginal
abatement cost when energy subsidy is removed.

The recent rising price of domestic oil commodities can be seen as quasi-carbon
regulation instrument as a basis to assume that CO, emissions are weakly disposable.
The increase price of oil commodities negatively affected environmental productivity
and increase energy intensity. Even though technical progress are the sources of
productivity growth over time, when CO, emissions are considered, the impacts of the
increase price of oil commodities are greater than technological improvement.
Arguably, it can be interpreted that when energy efficient is not appropriately
implemented in manufacturing sector resulting in the decrease of environmental
productivity growth over time.

6.2. Policy recommendations

Based on the major conclusions above, several constructive policy
recommendations can be proposed to the policy makers as follow:

a. CO; emissions as undesirable outputs can be considered in measuring
manufacturing sector’s productivity growth as a response to the potential impact
of climate change mitigation and energy related policies. Moreover, the higher
productivity growth with CO, emissions provides a clear message to policy
makers that environmental damages should be considered in economic and
manufacturing developments.

b. Carbon tax as one of economic instruments to control CO, emissions can be
imposed on manufacturing sector in Indonesia based on the empirical results of
this study that most of manufacturing sector show positive TFP environment
growth after the increase of domestic oil price.

c.  Technological improvement, in particular the cleaner technology, has to become a
major concern for the manufacturing firms’ long-term strategic planning after the
changes in prices of oil commodities.

60



d.  The manufacturing sector performance has to continuously be improved; hence,
its roles in contributing to Indonesia’s GDP and providing more job opportunities
can be maintained.

e. To improve environmental productivity as the one of the manufacturing sector
performance’s indicators, energy efficiency has to be appropriately implemented.

The situations that make it possible to implement the policy recommendations are:

a.  The stability of politics and economics conditions in Indonesia. In the short run, it
is assumed that there are no circumstances that significantly affect politics and
economics conditions in Indonesia, e.g. economic crisis, political reforms, or
natural disasters.

b.  Manufacturing sector is still one the most important sector in Indonesia due to its
large share to GDP and large potential for creating job opportunities. If
manufacturing sector is not the important sector, then productivity and efficiency
are not the main concerns.

6.3. Limitations and suggestions for further study

In spite of the fact that there was no a piece of perfect study in the real world,
this study was conducting under some limitations. First of all, this study employed
primary data that obtained from annual manufacturing survey. The main methods
employed for data cleaning are based on the best practice methods in removing outliers
of the raw datasets. If different methods are applied may obtain different results of data
cleaning. Second, the CO, emissions in this study are calculated based on the
combustion of fossil fuels. This may not fully reflect the total amount of CO, emitted
by manufacturing sector. Because the source of CO, emissions may come from other
sources, €.g. from particular production process or non-fossil fuels combustions. Third,
the measurement and calculation in this study using available methods which possibly
consist of some weakness. Therefore, the results and conclusions might not reflect the
actual condition of Indonesia’s manufacturing sector nor meet the expectations.

Several improvements and more detailed analysis are suggested for the future
study to obtain a comprehensive description of the Indonesia’s manufacturing sector
performance. The efforts are expected to enable to propose more constructive policy
designs and recommendations for the policy makers.
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Appendix I : Number of manufacturing firms based on 2-digit ISIC Revision 3 from 1990 to 2000

Code | Classification 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
15 Food product and beverages 3,655 3,516 | 3,790 | 3,943 | 4,078 | 4,521 | 4,670 | 4,769 | 4,573 | 4,666 | 4,661
16 Tobacco 961 943 902 880 748 815 874 839 785 807 821
17 Textiles 1,828 1,794 1,881 1,953 | 2,017 | 2242 | 2,173 | 2,255 | 2,188 | 2,055 | 2,027
18 Wearing apparel 1,766 1,699 1,870 1,798 1,862 | 2,110 | 2,159 | 2,329 1,764 | 2214 | 2,258
19 Tanning and dressing of leather 364 442 481 507 544 606 610 646 600 603 587
20 Wood and product of wood and plaiting 1,357 1,269 1,422 1,491 1,599 1,767 1,692 1,793 1,747 1,779 1,766
21 Paper and paper product 184 217 258 268 305 311 345 359 403 433 431
22 Publishing, printing and reproduction 566 538 548 555 577 645 704 732 535 533 540
23 Coal, refined petroleum product and nuclear fuel 5 9 13 13 12 25 39 37 58 66 57
24 Chemicals and chemical product 864 814 852 892 922 1,008 1,041 1,035 1,055 1,067 1,087
25 Rubber and plastics product 1,190 1,170 1,233 1,249 1,302 1,379 1,481 1,509 1,304 1,371 1,392
26 Others non-metallic mineral product 1,323 1,393 1,461 1,498 1,603 | 2,027 | 2,064 | 2,158 1,948 1,880 1,907
27 Basic metals 161 179 200 216 226 257 283 265 232 225 221
28 Fabricated metal product and equipment 566 584 617 646 722 870 888 969 833 880 892
29 Machinery and equipment n.e.c. 259 271 324 343 365 431 504 485 326 348 347
30 Office, accounting, and computing machinery 7 6 8 9 6 6 6 6 8 8 8
31 Electrical machinery and apparatus n.e.c. 197 216 250 269 319 367 459 393 245 257 259
32 Radio, television and communication equipment 6 9 12 17 19 21 19 22 227 234 227
33 Medical, precision, optical instruments, and watch 51 55 64 59 65 72 62 73 75 63 61
34 Motor vehicle, trailers and semi-trailers 196 204 220 235 241 259 279 279 232 244 246
35 Other transport equipment 242 245 271 279 296 320 322 340 304 320 312
36 Furniture and manufacturing n.e.c. 788 921 971 1,043 1,189 1,492 1,711 1,704 1,909 1,949 1,989
37 Recycling 0 0 0 0 0 0 0 0 72 68 78

TOTAL 16,536 | 16,494 | 17,648 | 18,163 | 19,017 | 21,551 | 22,385 | 22,997 | 21,423 | 22,070 | 22,174
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Appendix II: Number of manufacturing firms based on 2-digit ISIC Revision 3 from 2001 to 2010

Code | Classification 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
15 Food product and beverages 4,562 4,543 4419 4,649 4,718 6,619 6,345 6,078 5,888 5,344
16 Tobacco 811 813 785 807 860 1,282 1,204 1,124 1,044 902
17 Textiles 1,978 1,955 1,916 1,954 1,973 | 2,968 | 2,883 | 2,599 | 2454 | 2,322
18 Wearing apparel 2,055 1,947 1,841 1,860 1,911 3,159 | 2952 | 2497 | 2,351 2,177
19 Tanning and dressing of leather 560 540 502 492 475 792 738 688 665 641
20 Wood and product of wood and plaiting 1,739 1,693 1,488 1,437 1,358 1,841 1,704 1,487 1,311 1,159
21 Paper and paper product 345 342 343 357 365 489 469 429 416 401
22 Publishing, printing and reproduction 592 582 568 582 595 947 896 782 733 540
23 Coal, refined petroleum product and nuclear fuel 40 39 42 40 39 61 59 65 62 59
24 Chemicals and chemical product 1,027 1,014 994 1,005 1,007 1,179 1,135 1,075 1,050 1,006
25 Rubber and plastics product 1,493 1,503 1,464 1,491 1,473 1,826 1,760 1,667 1,624 1,550
26 Others non-metallic mineral product 1,657 1,621 1,529 1,513 1,536 | 2,075 1,952 1,813 1,725 1,613
27 Basic metals 239 237 231 230 226 304 290 273 274 267
28 Fabricated metal product and equipment 906 909 865 861 821 1031 985 902 880 849
29 Machinery and equipment n.e.c. 562 538 508 508 494 565 552 530 505 487
30 Office, accounting, and computing machinery 11 11 10 10 10 14 11 10 10 10
31 Electrical machinery and apparatus n.e.c. 239 243 243 242 238 273 260 247 239 230
32 Radio, television and communication equipment 85 127 138 147 141 193 188 184 178 172
33 Medical, precision, optical instruments, and watch 69 70 63 60 58 62 61 60 58 56
34 Motor vehicle, trailers and semi-trailers 249 280 276 272 270 319 305 296 289 282
35 Other transport equipment 296 306 297 297 285 345 339 317 307 290
36 Furniture and manufacturing n.e.c. 1,876 1,821 1,796 1,830 1,820 3,044 2,821 2,489 2,328 2,099
37 Recycling 1 4 4 10 11 78 85 82 75 36

TOTAL 21,392 | 21,138 | 20,322 | 20,654 | 20,684 | 29,466 | 27,994 | 25,694 | 24,466 | 22,492
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Appendix III: Indonesian GDP deflator

15
1
0.5 == GDP deflator
0 —-—-————
@0 \?;a“' @q” @q% '@%“ '&%" @qb \96\ @a‘*’ 'eq"’ ,900 '»06\, $ & ,90‘9 ’90“’ ,9@ ,‘90“’,]9& '»Qx(’

Figure III.1. Indonesian GDP deflator, 1990-2000
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