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ABSTRACT 

 

The main objective of this study is to address the impact of the adoption of a sustainable 

development agenda in national development planning in Indonesia. The understanding of this 

issue will assist policy makers to prepare policies that lead to sustainable development in 

Indonesia. With this objective in mind, specific objectives in this study are: First, to empirically 

estimate measures of sustainable development and to identify the factors underlying the process 

in Indonesia; Second, to examine the evolution of energy sustainability based on renewable 

energy sources in Indonesia; Third, to develop economic models to address the link between 

corruption and sustainable development in the country; and Fourth, to investigate the trends in 

and future role of the sustainable development index in the Indonesian region by employing 

distribution dynamics and convergence analysis.  

 Since the publication of Our Common Future in 1987, sustainable development has 

attracted much attention among economists and policy makers, yet, there are few studies of 

sustainable development measures, particularly in Indonesia’s regions. This thesis is a modest 

attempt to fill the gap in the existing literature. It is divided into four studies as outlined below. 

The first study presents an empirical assessment of sustainable development at the provincial 

level in Indonesia, and contributes to the literature by developing sustainable development 

indicators for the country’s regions. The study reviews economic theories of sustainable 

development and then applies a composite index method to examine relevant indicators of 

sustainable development for these regions. Various scenarios are explored to accommodate 

variations in the regions, namely economic, social, environmental and institutional aspects of 

sustainable development. The findings show that policy makers in Indonesia emphasize short 

term development goals by focusing on the economic and social aspects of sustainable 

development, while tending to ignore environmental aspect. 

The second study empirically attempts to examine Indonesia’s evolution of embodied 

renewable energy during the years 1995 – 20101. The study focuses on energy sustainability in 

Indonesia based on renewable energy sources and assesses the evolution of the sustainability 

over time. The empirical result of the study indicates that there is an increasing trend towards 

direct and indirect embodied renewable energy consumption. The findings show that indirect 

embodied renewable energy consumption is greater than direct embodied renewable energy 

                                                            
1 Due to lack of relevant data, only the period of 1995-2010, is considered in this study 
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use, which implies that renewable energy has been mainly used to support the process in 

industries that manufacture materials. The Households and Mining sectors maintain their 

positions, and show relatively high consumption of embodied renewable energy over the 

period. The other findings demonstrate that Chemical and Other Services remain the core 

sectors during the period of observation (i.e. 1995-2010), which means that these sectors 

transfer the renewable energy to other sectors. Other Industry and Mining seems to be the 

terminal sectors during 1995 to 2010, for these sectors are the main users of the renewable 

energy transfer from other sectors. Relevant government policies are expected to draw more 

investment into these sectors. 

The third study examines the relationship between sustainable development and 

corruption in a panel of thirty-three provinces in Indonesia in the period 2004-20122. 

Sustainable development is measured through the construction of composite indices by using 

20 indicators which cover economic, social, environmental and institutional aspects in 

Indonesia’s regional economies. The findings show a significant negative relationship between 

sustainable development and corruption which has important policy implications. It appears 

that anti-corruption initiatives by the government should focus on improving governance and 

maximizing the social value of natural resource exploitation. In addition, the government 

should address the issues of productivity as well as sustainable population growth to ensure the 

sustainability of economic development. 

The fourth study employs a stochastic kernel approach to examine sustainable 

development at the provincial level in Indonesia. The empirical results reveal that even though 

some provinces with a large index value of sustainable development, show a tendency for 

divergence, most of the provinces tend to converge. The results also demonstrate that there is 

disparity in the level of sustainability in some regions, particularly in the eastern regions of 

Indonesia or the East Indonesia and Sulawesi regions. The ergodic distribution analysis 

illustrates that the Java Bali region will achieve a high level of sustainability in the future. 

While Kalimantan and Sumatera will probably remain at the same level, the eastern regions of 

Indonesia show the tendency to achieve a lower level than the other regions. Regional disparity 

is also observed in Sulawesi and East Indonesia. There is little doubt that the combination of 

divergence and regional disparity will be the challenges for these two regions in the future. 

                                                            
2 Due to lack of relevant data, only the period of 2004-2012, is considered in this study 
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These findings call for government priority to be given to boost the level of sustainability and 

remove disparity in the two regions. 
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Chapter 1 
Introduction 

 

1.1. Background 

Indonesia is the fifth largest economy in Asia and fifteenth in the world, with a total GDP of 

US$ 1,020 billion in 2017 (IMF, 2017), and is the fourth most populous country in the world 

(World Bank, 2017). Economic growth was consistently around 3.9% per annum between 1990 

and 2000. After its contraction in 1998, average economic growth was 5.5% from 2000 to 2016 

(World Bank, 2017). Indonesia’s economic performance was supported by natural resources, 

the significant increase in human capital quality and total factor productivity, macroeconomic 

reforms and trade liberalization (ADB, 2005). The investments in networking industry and 

small enterprises as well as the demographic dividend (Isnawangsih and Kinda, 2018) are also 

considered as factors that boosted economic progress.  

Thus, the government of Indonesia implements sustainable development to harmonize 

the economic, environmental and social aspects of development (Republic of Indonesia, 2011). 

Leitmann et al. (2009) calculated that total cost of environmental degradation in Indonesia, 

including climate change, will be over 5% of GDP per year and will tend to increase. The other 

problem is that environmental cost mostly falls on the poorest. ADB (2005) noted that by the 

end of this century, the climate change costs for Indonesia will account for 6% of GDP and 

will become 7% of GDP if disastrous risks are also included. Moreover, Leitmann et al. (2009) 

noted that Indonesia was the world’s fifth largest carbon emitter in 2005 at about 2,000 ton 

CO2e. Climate change could be the main potential cost for Indonesia’s economy in the long 

run at about 2.5% to 7% of GDP, while the impacts of air pollution can be amounted to USD 

5.5 billion annually.  
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1.2. Economic Development in Indonesia 

According to the World Bank (2017), the Indonesia economic performance was quite stable 

during 2002-2016 (Figure 1.1). The Indonesia’s economic performance was above the average 

among five ASEAN (Association of South East Asian Nations) countries (Singapore, 

Malaysia, Thailand and Philippines). From 2002 – 2016, of five ASEAN advanced countries, 

the economic growth was 5.1% while Indonesia achieved about 5.4% on average. At the same 

period, Singapore achieved 5.5%, Philippine 5.4%, Malaysia 5.1%, and Thailand 4.0%.  

 Even though Indonesia is among the highest in terms of economic growth, yet in terms 

of GDP per capita, the level is among the lowest. From 2002-2016, the Indonesia’s GDP per 

capita (constant 2010 US Dollar) on average was about 3,040 US Dollar. At the same period, 

the two highest levels were reached by Singapore 44,560 US Dollar and Malaysia 9,020 US 

Dollar. On the other side, Thailand and Philippines achieved 4,900 US Dollar and 2,110 US 

Dollar respectively.  

 

Figure 1.1 GDP Growth in Five ASEAN Countries, 2002-2016 
Source: Author’s own estimates  

Figure 1.2 depicts the projections of population in Indonesia for year 1950-2100 (UN 

Population Division, 2012). The figure consists of three groups of ages, 0-14 years, 15-64 years 

(productive age) and above 65 years. In general, it appears that the productive age dominates 
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the structure of population at the year of observation. The increasing trend of this group started 

in 1990 and keeps increasing until year 2050. The trend starts to decrease afterwards. Group of 

0-14 years reached the top number in year 2010 and begins to decline then. While the elderly 

group start to increase in year 2020 and keeps increasing until the end of the period of 

observation. Based on the projection, the elderly group will pass the child group in around 

2060.  

 The observation provides a general picture that during 1990-2050, Indonesia enjoys the 

demographic dividend. The dividend will be very beneficial to economic growth due to the size 

of the productive age population is growing quickly while the dependant groups (child and 

elder groups) remain below the productive group.  

 

Figure 1.2 The Indonesia’s Demographic Dividend, 1950-2100 
Source: UN Population Division (2012) 

Total Population by Broad 
Age Groups 
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1.3. Economic Challenges 

Even though the economic performance shows a tremendous positive trend for the last two 

decade, yet there are challenges that may hinder its development sustainability. The following 

issues may reduce the probability of sustainable development in Indonesia.  

1.3.1. Improving Regulatory Framework and Handling Corruption Issues. 

Indonesia needs an investment to maintain its economic performance. Several policies had been 

introduced including tax incentives and simplification of business process. But on the 

application, some government regulations have impeded economic development, hampering 

the establishment of new companies and investment from private sector. The lack of 

coordination between national and regional institution remains a problem. Even though the 

Government of Indonesia has shown a serious step in combating the corruption, one of which 

is by establishing the Corruption Eradication Commission, yet the corruption level is still high. 

In 2017, the Transparency International put Indonesia on the rank 96th among 180 countries in 

the world in terms of the corruption perspective (TI, 2017). Moreover, the quality of public 

service is still low in most regions, which leads to investors distrust. World Bank (2018) noted 

that in 2017, Indonesia was rank 72 of 190 countries in the world in the ease of doing business. 

The big problems were encountered in starting a business and enforcing contracts which rank 

144 and 145 respectively among 190 countries.  

 

1.3.2. Managing Natural Resources and Tackling Environmental Degradation. 

Indonesia is granted with abundant natural resources, which has been exploited for the 

development of the country where the natural resources support about 7% of total GDP 

(constant 2000) in 2014 (Central Statistics Agency, 2015). The increasing trend of the GDP 

was however followed by the same pattern of the CO2 emissions (World Bank, 2017). Figure 

1.3 depicts the increasing trend in GDP also costs in the emission of CO2.  
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Figure 1.3 CO2 emissions, 1960-2014 
Source: World Bank (2017) 

The other challenge comes from the non-renewable energy consumption which remains 

high compared to the renewable energy consumption. The high consumption of fossil fuel 

contributes to the huge amount of CO2 emissions and it impacts to high government subsidy. 

Even though most of energy subsidy on fuel has been abolished in 2014, but the subsidy 

remains the challenge for the state budget from the increasing trend of gas (IEA, 2017). 

According to Table 1.1, in 2015, the energy consumption was mainly dominated by the non-

renewable energy which the new and renewable energy only 6.2% of total energy consumption. 

This is really far from the 2025 target where it is expected that in 2025, the new and renewable 

energy will achieve 23% of total energy consumption. Thus, to achieve sustainable energy 

resources, this needs a more proactive action in promoting the use of renewable energy by all 

stakeholders.  

Table 1.1 Energy Sources 

Energy Sources 2015 – Actuala 2025 – Targetb  
New and Renewable Energy 6% 23% 
Oil 43% 25% 
Gas 22% 22% 
Coal 29% 30% 
Total 100% 100% 

aMEMR, 2017 
bRepublic of Indonesia, 2014a 
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1.4. Research Objectives 

The study on the economics of sustainable development in a country, particularly in Indonesia, 

is becoming more relevant given the situation that economically, Indonesia is on the track 

towards a more developed country, but there are some concerns among scholars about the 

development sustainability.  

 In general, this thesis is mainly purposed to investigate the economics of sustainable 

development in Indonesia from different perspectives. The first objective is to measure 

sustainable development and what are the factors underlying sustainable development in 

Indonesia. To meet this objective, the chapter defines the understanding of sustainability and 

collects the relevant sustainable development indicators. The review of relevant previous 

studies on indicating sustainable development in Indonesia is conducted and the composite 

index is applied. To meet the most proper sustainable development index and absorb the 

difference factors among regions in Indonesia, four scenarios are applied, namely (1) all 

indicators equally weighted, (2) all indicators equally weighted and GRP is total GRP minus 

GRP from oil and gas, (3) the Environmental and Social aspects of provinces in Java will be 

weighted more than Economics aspects (Non-Java Island will be weighted more on Economic 

than the other two aspects and GRP is total GRP), and (4) the Environmental and Social aspects 

of provinces in Java will be weighted more than Economic and Institutional Aspects (Non-Java 

Island will be weighted more on Economic than the other two aspects and GRP is total GRP 

minus GRP from oil and gas). 

 Second, this thesis is studying the level of sustainability of energy in Indonesia. It 

focuses on energy sustainability based on renewable energy sources, and an assessment of the 

evolution of the subsequent sustainability over several years. For this purpose, (direct and 

indirect) embodied renewable energy consumption among Indonesia’s sixteen industrial 

sectors is estimated by conducting an extended environmental input–output analysis. 
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Furthermore, the embodied renewable energy network was constructed to measure the 

evolution of the embodied renewable energy network.  

 The third objective is to investigate the link between corruption and sustainable 

development in Indonesia. To meet this objective, the panel regression, the Instrumental 

Variables (IVs) and Generalised Method of Moments (GMM) covering 33 provinces and the 

period of 2004 to 2012, are employed. To the best of the author’s knowledge, this is the first 

attempt in an Indonesian sustainable development study to take into account sustainable 

development index and findings by Supreme Audit Agency as the measurement for the 

corruption level. 

 The fourth objective is to look at the future trend of sustainable development in the 

Indonesian regions. In order to pursue this objective, a stochastic kernel approach to analyse 

the convergence of sustainable development indexes at the province level in Indonesia is 

employed. The study presents an empirical study of sustainable development convergence 

across Indonesian provinces during 2002-2013 using nonparametric techniques. The concern 

regarding convergence of sustainable development index in Indonesia becomes relevant 

because one of the goals in the country’s long term development plan is to achieve a just and 

sustainable development for the whole of society. 

 The fifth objective is to discuss the policy implications related to the analysis and 

conclusion in this thesis. Furthermore, it is expected that this thesis could be used as the basis 

for further study.  

1.5. Outline of the Thesis  

The following is the structure of this thesis. The first part begins with the introduction of the 

concept of sustainable development and discusses how to assess it for Indonesia regions. The 

second part discusses the evolution of energy sustainability in Indonesia over time. In the third 

part, the study explores empirical evidence of the relationships of sustainable development and 



 

8 
 

corruption in Indonesia, and the last part discusses the convergence of the sustainable 

development index in Indonesia in the future.  

 Table 1.2 shows the outline of the major parts of the thesis which are detailed into six 

chapters. The first chapter introduces the research topic, the background, the objectives of the 

study and organisation of the thesis. 

 Chapter 2 reviews the existing literature on sustainable development including the 

underlying economic theories, relevant indicators of sustainable development and economic 

models addressing sustainable development. The relevance of these issues in the Indonesian 

context is discussed and a composite index method is used to examine relevant indicators of 

sustainable development at the provincial level in Indonesia. Four different scenarios are used 

to capture the variations in various natures of Indonesian provinces in terms of four sustainable 

development aspects:  economic, social, environmental and institutional.   

Chapter 3 studies the level of sustainability of energy in the case of Indonesia. This is 

achieved by presenting through empirical study the path of Indonesia’s evolution of adoption 

of embodied renewable energy during the years 1995-2010. The study focuses on energy 

sustainability based on renewable energy sources, and an assessment of the evolution of the 

subsequent sustainability over several years. It is believed that this is the first empirical study 

on this topic, and particularly so for Indonesia. The existing literature mainly discusses energy 

sustainability based on total energy resources over a year period. Embodied renewable energy 

consumption among Indonesia’s 16 industrial sectors is estimated by conducting an extended 

environmental input–output analysis. It is surmised that appropriate national regulations and 

standards can be enacted to promote sustainable energy in Indonesia. 

 



9 
 

 Table 1.2 Structure of the Thesis 

 Topic Data Methodology 

Chapter 1 Introduction   

Chapter 2 Sustainable Development 
in Indonesian Regions: 
Towards An Assessment 

Provincial Data of 
Sustainable 
Development 
Indicators 

Composite Index 

Chapter 3 Evolution of Embodied 
Renewable Energy Use 
in Indonesia: an 
Assessment of 
Sustainable Energy

Input Output Table, 
Energy Balance  

Environmental 
Extended Input 
Output Model 
(EEIO) 

Chapter 4 The Relationship 
between Corruption and 
Sustainable 
Development:  
an Empirical Analysis of 
Indonesia 

Sustainable 
Development 
Composite Index, 
Corruption data, other 
provincial 
macroeconomic 
indicators 

Ordinary Least 
Square (OLS), Fixed 
Effect (FE), 
Instrumental 
Variables (IVs), 
Generalised Method 
of Moments (GMM) 

Chapter 5 Analysis of Regional 
Convergence and 
Sustainable 
Development:  
An Indonesian 
Perspective 

Sustainable 
Development 
Composite Index 

Kernel density 
estimator, Stochastic 
kernel, transition 
probability matrix, 
contour plot, and 
ergodic distribution 
analysis.   

Chapter 6 Conclusion and Policy 
Implications 

  

 

The next chapter (Chapter 4) investigates the relationship between sustainable 

development and corruption in a panel of thirty-three provinces in Indonesia during 2004-2012. 

Sustainable development is measured through the construction of composite indices by using 

20 indicators which cover economic, social, environmental and institutional aspects in 

Indonesia’s regional economies.  

 An empirical study of sustainable development convergence across Indonesian 

provinces during 2002-2013 using nonparametric techniques is presented in Chapter 5. The 

concern on the convergence in sustainable development in Indonesia becomes interesting 
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because one of the goals in the long term development planning in Indonesia is to achieve a 

just and sustainable development to the whole society. The purpose of studying convergence 

is mainly to look at the tendency of the sustainable development index in Indonesian region in 

the future. The chapter employs a stochastic kernel approach to analyse the convergence of 

sustainable development index for the province level in Indonesia.  

The last chapter (Chapter 6) summarises the major findings of the thesis. In addition, 

some policy implications are suggested in order to improve the sustainable development level 

and at the same time, reduces the potential disadvantages. Finally, this chapter remarks the 

limitations of this study that offer possibilities for further research.  
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Chapter 2 
Sustainable Development in Indonesian Regions:  

Towards An Assessment 
 

 

2.1. Background 

In economic development, there is a trade-off between boosting economic growth and 

conserving the environment. Economic development, which does not aim for environmental 

preservation, may have negative impacts on the environment because of the limited capacity 

of the environment and may risk the economic future of a nation in the long term. Concern 

about economic growth and sustainability was first raised by Malthus (1798) when he 

addressed the limitation of natural resources to satisfy the vast growth of population in England 

(Fauzi and Oxtavianus, 2014). Much later, Meadows et al. (1972) concluded that economic 

growth will be limited by the scarcity of natural resources and there will be no sustainable flow 

of services and goods. Yet, some scholars show their different views, such as Dasgupta et al. 

(2002) who suggests that countries need to apply appropriate environmental regulations to 

reduce the possibility of environmental problem.  

This chapter reviews the existing literature on sustainable development including the 

underlying economic theories, relevant indicators of sustainable development and economic 

models addressing sustainable development. The relevance of these issues in the Indonesian 

context is discussed and a composite index method is used to examine relevant indicators of 

sustainable development at the provincial level in Indonesia. Four different scenarios are used 

to capture the variations in various natures of Indonesian provinces in terms of four sustainable 

development aspects:  economic, social, environmental and institutional.   
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2.2. Literature Review 

Sustainable development was first addressed at the United Nations Conference on the Human 

Environment in Stockholm in 1972 (Rogers et al., 2006). The discussion focussed on how to 

boost the economy without harming the environment. The concept was explored further in the 

World Conservation Strategy prepared by the United Nations Environment Programme 

(UNEP), the International Union for Conservation of Nature and the Natural Resources 

(IUCN), the World Wide Fund for Nature (WWF) in 1980 and again at the UNEP summit in 

Nairobi, Kenya in 1982 (Elliott, 2006). One key result was the establishment of a special 

council under the United Nations (UN), called the World Commission on Environment and 

Development (WCED). In 1987, the concept of Sustainable Development was formally defined 

in a WCED Report as “development which meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (WCED, 1987).  

Today, this definition of sustainable development is still debated. Several scholars 

argue that the definition is too general, ambiguous and difficult to implement (O’Riordan, 

1995; Mawhinney, 2002; Holmberg and Sandbrook, 1992; Lélé, 1991). Others are still keen to 

operationalise the definition. Some of them look at it as an issue associated with the 

intergenerational environment and economic sustainability (Rogers et al., 2006; Elliott, 2006), 

while others view it as an issue of equity and balance (Soubbotina, 2004). Ene et al. (2011) 

suggest that sustainable development concurrently examines the presence of environmental 

fortification and economic improvement from a global and long-term position. From these 

different points of view, it can be concluded that sustainable development is related to equity, 

economic sustainability, and environmental protection in the long term.  

2.2.1. Defining Sustainability 

Economists have different views of the meaning of sustainability. Before defining 

sustainability, they tried to distinguish the difference between growth and development. Daly 
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(1990) correlated growth with physical characteristics and development with qualitative 

improvement. He saw growth as something caused by natural processes like assimilation or 

accretion, and development as something that expands capacity. Daly concluded that growth 

is not sustainable in the long term and suggested sustainable development. Daly (1990) 

mentioned two principles of sustainability. The first is sustainability in yield when the yield 

rate is the same as the number of the new generation born. The second is the rate of natural 

ability to reduce waste when it is also the same as the amount of waste produced. These two 

principles, which are related with regenerative and assimilative capacity, are regarded as 

natural capital and in order to meet the sustainability these two capacities must be maintained. 

Asheim and Brekke (1993) stated that sustainable development requires sustainability of 

resource management over generations, and Pezzey (1997) noted that sustainability is attained 

when the human well-being trend is not decreasing.  Alisjahbana and Yusuf (2003) also 

adopted the definition of sustainability as a non-declining welfare per capita of a human being, 

by using capital as the basis of the measurement.  

More recently, the definition of sustainability has been extended to distinguish weak 

sustainability from strong sustainability. Two neoclassical economic scholars, Solow and 

Hartwick, introduced the term weak sustainability to explain how natural capital can be 

replaced by man-made capital (Davies, 2013). In contrast, strong sustainability refers to man-

made capital that cannot replace natural capital (Davies, 2013; Neumayer, 2003).  

These two schools of thoughts have at least three common backgrounds (Davies, 2013). 

First, there is a common understanding of the meaning of capital as “stock that provides current 

and future utility.” The second argument is that the capital will be transferred to future 

generations. The third is that both weak and strong sustainability have a temporal dimension.  

There are several arguments on how to deal with these two concepts. Weak 

sustainability views sustainability from a neoclassical economic theory viewpoint and capital 
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accumulation which includes non-renewable resources. Strong sustainability views 

sustainability from the notion of steady-state economy. In weak sustainability, the natural 

capital can be substituted by man-made capital, while strong sustainability cannot be 

substituted by man-made capital. Strong sustainability can only be reached if each of the two 

kinds of capital stock i.e. natural and man-made capital, can be preserved.  In weak 

sustainability, it requires the overall stock of capital due to its substitutability.  

2.2.2. Sustainable Development Indicators 

Different institutions have similar perspectives about the aspects that underpin sustainable 

development. The UN via Commission on Sustainable Development (CSD), European Union 

(EU) and Central Statistics Agency of Indonesia (United Nations, 2007; EU, 2013; Central 

Statistics Agency, 2013) outlined four aspects of sustainable development: economic, social, 

environmental and institutional aspects. The OECD looked at only socioeconomic and 

environmental aspects (Table 2.1).  

Table 2.1 Aspects of Sustainable Development 

Institutions Economic Social Environmental Institutional 
OECD (2001)       √* √  
UN (2007) √ √ √ √ 
EU (2013)  √ √ √ √ 
Central 
Statistics 
Agency (2013)  

√ √ √ √ 

* Socio-economic aspect 
 

Any discussion of sustainable development without consideration of appropriate 

indicators remains incomplete. Sustainable development indicators (SDI) should be 

management tools (United Nations, 2007), evaluation criteria (OECD, 2001; United Nations, 

2007; Pintér et al., 2005), and a means to deliver ideas and values (United Nations, 2007; the 

European Union, 2013). SDI should be supported by operational definitions (Rennings and 
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Wiggering, 1997), be related to policy priorities, and be flexible and communicable (The 

European Union, 2013; Pintér et al., 2005). 

The UN (2001) via CSD provides a framework for countries to determine their SDIs. 

This framework requires the themes and sub-themes of each SDI to be determined. There are 

six themes (equity, health, education, housing, security and population), three economic themes 

(economic structure, consumption and production patterns) seven environmental themes 

(atmosphere, land, oceans, seas and coasts, fresh water and biodiversity) and two institutional 

themes (institutional framework and institutional capacity).  

Other institutions use different SDIs. The Department of Economic and Social Affairs 

of the United Nations Secretariat (UN-DESA) assesses 50 core SDIs (United Nations, 2007). 

OECD (2001) considers two main sets of indicators – environmental and socio-economic. 

Pintér et al. (2005) proposed four main indicators covering institutional, economic, social and 

environmental factors. Institutional indicators comprised conflict, refugees and governance. 

The social indicators were represented by gender equality, HIV/AIDS and malaria, and the 

economic indicators by tariffs. The environmental indicators included the risk of soil 

degradation, vulnerability to climate change, and biodiversity weighted land use change. The 

EU (2013) uses 12 leading SDIs.  

Consumption and production patterns are perceived as relevant in the economic aspect.  

While the UN and Indonesia agree that global economic partnership should be one of the 

themes, the OECD and the EU stress that productivity is more relevant. The OECD recognises 

that productivity should be more detailed to describe the SDI. However, the EU identifies that 

resource productivity as a sub-theme can represent the issue of productivity. While the OECD 

observes energy and transport as a theme in the economic aspect, the EU recognises these two 

sectors as a theme in the environmental aspects of SDI. According to the EU, renewable energy 

is valid to explain the climate change and energy issue in sustainable development. 
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Furthermore, it is interesting that the OECD also includes waste as a theme, while the other 

institutions do not include it. In relation to the waste theme, the OECD identifies that waste 

generation and recycling should be considered as a sub-theme.   

The social aspect is mostly represented by poverty and equity. This theme leads to the 

ability of people to maintain their level to adopt the economic and environmental changes. 

Demographics and poverty are seen by all institutions to represent social aspects. The OECD, 

which combines social and economic aspects of sustainable development, perceived that the 

social aspect will lead to the ability of society to produce and consume as well as enjoy the 

economic development. The EU’s view is different from those of the UN and Indonesia about 

the demographics theme of sustainable development. The EU interprets the demographic as the 

employment rate of older workers, while the UN and Indonesia recognise demographic as the 

level of population as well as tourism. Institutional aspects of sustainable development 

represent governance. While the UN and Indonesia see governance as a focus on the level of 

corruption and crime, the EU perceives governance as the effectiveness of policy, public 

openness and economic instruments. The EU also looks at the institutional aspect as a focus on 

global cooperation, ODA particularly.  

2.2.3. Studies of Sustainable Development Indicators in Indonesia 

There are several studies of SDI in Indonesia. These include studies of the environmentally 

adjusted national income (EAAI), the system of integrated environmental and economic 

accounting (SEEA), genuine saving, Eco-Region Domestic Product (ERDP), and (5) 

Composite Sustainable Development Index (CSDI). The EAAI was first introduced by Repetto 

et al. (1989). Supported by the World Research Institute (WRI), EAAI measures the SDI 

basically by determining the changes in the stocks of natural resources including oil, forestry, 

and soil into the capital and flow account. By subtracting the estimates of net natural resources 

depreciation from GDP for the three products, the study defines a net domestic product as the 
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representative of SDI for Indonesia. The study with Indonesian data from 1970 to 1984 

concluded that even though GDP growth from 1970 to 1984 was 7.4% but the net domestic 

product/ growth rate only reached 4.0% annually. This is because GDP growth counts on the 

depletion of natural resources. 

The SEEA (Gustami, 2012) was compiled between 1997 and 2010 and was based on 

the methodology recommended by UNSD (United Nations Statistics Division). The study 

prepares the sustainability of Indonesia based on the asset account in terms of physical and 

monetary aspects of the selected environment assets such as timber, crude oil, and gas, coal, as 

well as other minerals (bauxite, tin, gold, silver and nickel) (Tasriah, 2013). The system is 

broader than the previous study on national income in the sense that the national assets counted 

are more broad. The system provides information on the stock of environment assets, live assets 

and depletion of natural resources. The main result is to develop indicators which adjust the 

conventional GDP with a somewhat environmentally adjusted GDP. According to the result of 

the study for the period of 2007-2010, Net Domestic Product (GDP minus Depletion and 

Degradation) is reduce by about 10% from conventional GDP. 

The study of Genuine Saving was conducted by Alisjahbana and Yusuf (2003). It 

adopted the weak sustainability concept which defines sustainability as non-declining welfare 

per capita. The study used genuine savings and change in wealth per capita as an indicator of 

sustainable development. It concluded that change in wealth per capita between 1980 and 2000 

was not sustainable. The result showed that the shifting in the economy from oil and gas 

reliance to the secondary and tertiary sectors gives a positive impact in the long term. The study 

also found that economic crisis may reduce the savings rate and depletion of natural resources 

and hamper the positive trend of sustainability. Furthermore, the study recommended more 

appropriate management in mineral, forestry, and environmental degradation, because these 

three sectors will be an issue in the future.   
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The study to develop ERDP was conducted by Yusuf (2010) for 30 provinces in 

Indonesia for 2005. It is proposed that by calculating ERDP, the sustainable development 

indicator, which is represented by the ratio of ERDP over brown GRP, can be determined for 

each province. The study found the lowest ERDP value comes from provinces that are deeply 

reliant on natural resources. According to this paper, at least five provinces are not sustainable 

due to their reliance on the natural resources to support their economy. Thus, the policy 

implication is that the government should apply the sustainable development agenda as well as 

increasing economic productivity. 

Studies of SDI for Indonesia were also conducted by applying a composite index which 

was initiated by OECD in 2008 (OECD, 2008). The same approach was also applied by 

Indonesian scholars to determine the SDI in Indonesia. Example include Fauzi and Oxtavianus 

(2013), Oxtavianus (2014), and Fauzi and Oxtavianus (2014).  The composite index is a set of 

indicators or sub-indicators which do not have measurement units. Each composite index can 

be regarded as a model, and formulated by following a series of steps. 

In the study by Fauzi and Oxtavianus (2013), the CSDI was developed based on three 

different variables which are GRP (Gross Regional Product) for economic aspect/dimension, 

Human Development Index (HDI) for social dimension and Environment Quality Index for the 

environmental dimension. The study was conducted according to two scenarios. The first is an 

equal weight for each indicator, and the second is the same weight between dimensions of 

development. As a result, the study concluded that sustainable development in Indonesia 

reached about two-thirds of the maximum target. The significant progress in economic and 

social aspects was corrected by environmental degradation. However, progress in the economic 

and social aspects seems to put pressure on the environment. 

There are two more recent studies concerning CSDI in Indonesia, namely Fauzi and 

Oxtavianus (2014) and Oxtavianus (2014). Both studies apply descriptive analysis to get an 
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overview of the early stage of development in Indonesia. These studies considered various 

aspects of the economic, social, environmental and institutional conditions for review. The 

initial overview indicates that development in Indonesia is still very oriented to economic and 

physical development. This is shown in the achievement of economic development being quite 

high, which is characterised by a fairly high level of GDP only a few years earlier. Also, the 

physical development showed reasonably good improvement, which can be seen from the 

rising value of the HDI. Both these studies showed that an indicator is required to describe the 

condition of sustainable development in Indonesia. It is hoped that obtaining the appropriate 

indicator, will assist policy makers in determining the direction of development at a later stage.  

Fauzi and Oxtavianus (2013) apply two kinds scenarios i.e. (i) same weight among 

indicators and (ii) same weight among aspects. The first scenario was applied with the 

consideration that all indicators have the same impact on the level of sustainability in 

Indonesia; the second scenario assumes that the environmental and social aspects should be 

weighted to be equal with the economic aspect. Thus the indicators in the environmental aspect 

were weighted three times and the social aspect twice. The overall indicators in scenario two 

were divided by 6.  

In the study by Fauzi and Oxtavianus (2013), each aspect of sustainable developments 

was constructed based on indicators that were provided by Central Statistics Agency, i.e. GRP 

for economic aspect, HDI for the social aspect and EQI for environmental aspect. In the study 

by Oxtavianus (2014), the indicators were selected based on the data availability and were 

constructed based on second-order confirmatory factor analysis. The analysis finally selected 

nine indicators to construct SDI. Fauzi and Oxtavianus (2013) found that the SDI in Indonesia 

in 2011 was 69.02 under scenario 1 and 68.81 under scenario 2. Oxtavianus (2014) was more 

optimistic and found that in 2011, SDI in Indonesia is 80.03 and became 82.42 in 2012. Both 

studies conclude that the developments in Indonesia are still an imbalance between economic, 
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social, environmental and institutional aspects. It is also concluded that the level of 

sustainability in Indonesia is more about short-term perspectives and not the long-term ones. 

Moreover, development may also lead to a decline of social capital in more advanced 

provinces. 

Based on those previous studies, it can be concluded that the previous composite index 

for sustainable development in Indonesia has several weaknesses. First, a study by Fauzi and 

Oxtavianus (2013) did not include the institutional aspect of sustainable development. Second, 

Fauzi and Oxtavianus (2013) and Oxtavianus (2014) absorbed limited indicators in estimating 

a sustainable index. Fauzi and Oxtavianus (2013) only applied three indicators while 

Oxtavinaus (2014) applied nine indicators to construct the index. Third, both studies did not 

accommodate the difference between Java and Non-Java islands as well as the difference in 

impact of the provinces who have oil and gas and those who do not in their GRP.  

Based on the above considerations, this study attempts to compose a sustainable 

development index at the provincial level in Indonesia by adopting a composite index method. 

Several adaptations were made, namely, 20 indicators are adopted, and several scenarios are 

considered to accommodate the difference between Java and Non-Java islands as well as the 

difference between total GRP and GRP without oil and gas.   

2.3. Methodological Issues  

In this study, a composite index (CI) approach is applied. CI is recognised for its practicality 

in presenting a performance indicator and providing a signal of required policy intervention 

(Jacobs et al., 2004). There are several advantages of applying CI (i) CI may focus on key 

policy matters (Jacobs et al., 2004; Michalos et al., 2011), (ii) it simplifies the presentation of 

major problems into a simple format (Jacobs et al., 2004; Michalos et al., 2011, Baptista, 2014), 

(iii) it is informative (Jacobs et al., 2004; Michalos et al., 2011; Baptista, 2014), and (iv) it 
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provides trends for many different indicators for different times, regions and populations 

(Michalos et al., 2011; Baptista, 2014).  

Moreover, for technicality reasons CI is applied in this study due to two reasons. The 

first is that the CI approach has been widely applied and used in several empirical studies 

(Jacobs et al., 2004; OECD, 2008; Kondyli, 2010; Michalos et al., 2011; Fauzi and Oxtavianus, 

2013; Baptista, 2014 and Oxtavianus, 2014). The second is that most of the data are available 

and collected in a book entitled “Indicators of sustainable development” (Central Statistical 

Agency, 2004-2014). Thus, to construct the composite index, each of the indicators was 

grouped based on a theme and sub-theme following the UNCSD method (United Nations, 

2001). The indicator selection was also conducted based on the data availability. The indicators 

are grouped into four aspects as shown in Table 2.2. One important thing to understand is that 

the CI structure must always be checked and developed according to the situation and 

conditions over the period (Baptista, 2014).  
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Table 2.2 Four Aspects of CSDI in Indonesia 
 

No. Theme Sub-Theme Indicators References 
A. Economic Aspect 

1. Economic 
development 

Macroeconomic performance, 
sustainable public finance, 
employment, information and 
communication technologies, 
research and development, tourism 

1. GRP per capita at constant price 
(with oil and gas; without oil and 
gas),  

2. % of population aged 15 years and 
over who worked 

UN (2001), UN (2007), Central 
Statistics Agency (2014), Kondyli 
(2010), Oxtavianus (2014) 
UN (2001), UN (2007), Kondyli 
(2010), Oxtavianus (2014) 

B. Environmental Aspect 
1. Natural hazards Vulnerability to natural hazards, 

disaster preparedness and response 
  

2. Atmosphere Climate change, ozone layer 
depletion, air quality 

3. % of households that use LPG for 
cooking  

4. Estimates of CO2 emissions from 
motorized vehicle,  
 

5. Environmental Quality Index 

Central Statistics Agency (2014) 
 
UN (2001), UN (2007), Central 
Statistics Agency (2014), Kondyli 
(2010), Oxtavianus (2014) 
Oxtavianus (2014) 

C. Social Aspect 
1. Poverty Income poverty, income inequality, 

sanitation, drinking water, access to 
energy, living conditions 

6. % of poor people,  
 
 
7. % dependency ratio 

UN (2001), UN (2007), Central 
Statistics Agency (2014), Kondyli 
(2010), Oxtavianus (2014)  
UN (2007), Central Statistics 
Agency (2014), Kondyli (2010), 
Oxtavianus (2014) 

2. Health Mortality, health care delivery, 
nutritional status, health status, and 
risks 

8. % infant mortality, 
 
 
9. % life expectancy,  

 
 
10. % HH manages sanitation, 

UN (2001), UN (2007), Central 
Statistics Agency (2014), Kondyli 
(2010), Oxtavianus (2014)  
UN (2001), UN (2007), Central 
Statistics Agency (2014), Kondyli 
(2010), Oxtavianus (2014)  
Central Statistics Agency (2014) 
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11. % HH using clean water, 
12. % women using birth control, 

Central Statistics Agency (2014) 
UN (2001), UN (2007), Central 
Statistics Agency (2014), 
Oxtavianus (2014) 

3. Education  Education level, literacy 13. % net enrolment rate of elementary 
school, 

14. % net enrolment rate of junior 
school, 

15. % net enrolment rate of high 
school, 

Central Statistics Agency (2014) 
 
Central Statistics Agency (2014) 
 
Central Statistics Agency (2014) 

4. Demographics  Population, tourism 16. Total Fertility Rate UN (2007), BPS (2014), Kondyli 
(2010), Oxtavianus (2014)  

D. Institutional Aspect 
1. Governance Integrating environment and 

development in decision-making, 
Science for sustainable 
development, International legal 
instruments, and mechanisms, 
Information for decision-making, 
Strengthening the role of major 
groups  

17. % houses connected to phone, 
18. % HH accessing the internet within 

last three months, 
19. Ratio women participation in the 

school to the men participation in 
the school, 

20. The ratio of women wages to men 
wages. 

UN (1996) 
UN (1996) 
 
Oxtavianus (2014) 
 
 
Oxtavianus (2014) 
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2.3.1. Estimation Procedure  

In this study, CI is estimated according to seven steps following a similar procedure adopted 

by OECD (2008), Kondyli (2010), Fauzi and Oxtavianus (2013), and Oxtavianus (2014). The 

seven steps include: 

Step 1: Preparation of a theoretical framework.  

The theoretical framework is a conceptual model that relates how theories are 

developed or the logic of the connection of several factors that is considered important to the 

problem. The theoretical framework must accurately define the phenomenon to be measured 

and the elements that compose them. Furthermore, the theoretical framework will be able to 

identify the important variables that are relevant to the definition of the problem. That 

framework also needed to provide a strong basis for the selection and combination of different 

indicators into a composite indicator.  

Step 2: Identification of indicators. 

The indicators used should be selected based on the level of reliability, availability 

related, spatial coverage, relevance with the theme and their relationship to one another. The 

use of proxy variables should be considered when data is difficult to obtain.  

Step 3: Imputation of missing data. 

Three methods are available for cases with missing data: a) to exclude records with 

missing data, b) single imputation (e.g. replacement of the regression, the average or median) 

and c) multiple imputation (e.g. Monte Carlo algorithms). This study uses a single data 

imputation method. 

According to Table 2.3, Fauzi and Oxtavianus (2013) employ three different SDI 

aspects which are economic, environmental and social, while Oxtavianus (2014) adds the 

institutional aspect in his study. To find the single indicator, Fauzi and Oxtavianus have two 

scenarios i.e. first, same weight among indicators and second, the same weight of dimensions. 
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In the same weight among indicators, the three indicators were weighted equally. In the second 

scenario, the same dimension is obtained by assigning different weights to each of the 

indicators or dimensions of the weight: one on the economic dimension, weight three on the 

social dimension and weight two on the environmental dimension. After giving weight to each 

dimension, all the dimensions were divided by 6. Oxtavianus (2014) composes the single 

scenario by weighting the value of the loading factor based on confirmatory factor analysis 

models. The weight of the indicator is calculated by determining the proportion of the absolute 

value of factor loading of each indicator over the total loading factor on each dimension.  

The factor loading, or component loading, is the correlation coefficient between the 

variables and factors, which is equal the percent of variance in that indicator variable explained 

by the factor (Yong and Pearce, 2013). Kline (1994) notes that factor loading represents the 

robustness of the relationship between the variable and the factor. 

Furthermore, Yong and Pearce (2013) note that: 

 
Xj = aj1F1 + aj2F2 + …….. ajmFm + ej 

where  
the factor loadings = aj1, aj2,...,ajm; aj1is the factor loading of jth variable on the 1st factor 
j = 1,2,….,p 
p = the number of variables (X1, X2,...,Xp)  
m = the number of underlying factors (F1, F2,...,Fm) 
Xj = the variable represented in latent factors. 

 

This model assumes that each observed variable is a linear function of m underlying 

factors together with a residual variate. Therefore, the model is able to reproduce the maximum 

correlations. 

Furthermore, the dimensional weight is calculated based on the proportion of the 

absolute value of each dimension loading factor in preparing the composite index. The reason 

of the distinction between the Java and Non-Java as well as the Oil and Gas province producers 

and Non-Oil and Gas province producers is to scrutinize the equity issue between Java and 
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Non-Java (Bhinadi, 2003; Yeniwati, 2013) as well as the Oil and Gas province producers and 

Non-Oil and Gas province producers (Mustofa, 2010; Trianto, 2017) which always becomes a 

political issue. Therefore by including this distinction, it is expected that the issue is no longer 

valid in the case of sustainable development. 

Table 2.3 Comparison of CSDI Estimates in Previous Studies and This Study  

 Fauzi and Oxtavianus (2013) Oxtavianus (2014) This study 

SDI aspects 3 4 4 

Applied years 3 years  

(2009 – 2011)  

6 years  

(2007 – 2012 ) 

11 years  

(2003 – 2013) 

Weight 

(scenarios) 

Same aspects and same 

indicators 

Same aspects Same aspects and 

same indicators – 

based on Java and 

non-Java provinces 

Number of 

indicators 

composed 

3 9 20 

 

Step 4: Normalisation of data,  

Normalisation is needed because of differences in the units of measure of the indicators 

selected. The normalisation process will produce comparable indicators. Normalisation of 

indicators is done to maintain comparability between indicators. Normalisation is emphasised 

for indicators that are not in percentage terms. 

Step 5: Determination of weights,  

Weights greatly affect the output of the composite indicator. Moreover, the indicator 

should be weighted according to the underlying theoretical framework or based on empirical 

analysis. In this regards, the underlying theoretical framework is the previous literature 

underpinning the study on the sustainable development and sustainable development index. 
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This includes, among others, studies by OECD (2008), Kondyli (2010), Fauzi and Oxtavianus 

(2013), and Oxtavianus (2014). 

Step 6: Aggregation. 

Aggregation of indicators can be linear, geometric or may be based on a multi-criteria 

analysis. In both linear and geometric aggregation, weights express the trade-off between the 

indicators, while multi-criteria analysis attempts to find a compromise between two or more of 

the stated goals. This study uses a linear aggregation. 

Step 7: Presentation and dissemination.  

Composite indicators should be able to give an accurate picture to decision makers and 

stakeholders. The graphical representation of a composite indicator should indicate areas that 

require policy intervention. 

2.3.2. Empirical Issues 

The indicators used in this study are presented in Appendix 2B. In this study, normalisation is 

conducted by using the maximum-minimum method. References are used in determining the 

maximum and minimum values. For example, for GDP per capita, the maximum value refers 

to the target GDP per capita in the National Medium-Term Development Plan (RPJMN 2010-

2014), while the minimum value refers to the urban poverty line in 2000. More detailed 

information on the maximum and minimum values of each indicator is described in Table 2C. 

For the normalised value between 0 and 100, the maximum and minimum use in this method 

also brings some consequences. The first consequence is that, while the indicator value may be 

below the minimum value, the normalised value is set at 0. Likewise, for indicators that exceed 

the maximum value, the normalised value is set at 100. Normalisation of data and weight in 

this study are presented in Appendix 2C. There are four scenarios in determining SDI for 

Indonesia, with consideration of weighted Java Island and non-Java Island, and comparison 

between total GRP as well as GRP excluding GRP from oil and gas.  
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Scenario 1: All indicators equally weighted 

; n = 20, x1 = total GRP 

Scenario 2: All indicators equally weighted and GRP is total GRP excluding GRP from oil and 

gas 

	 ; n = 20, x1 = total GRP excluding GRP from oil and gas 

Scenario 3: The Environmental and Social aspects of provinces in Java will be weighted more 

than Economics aspects. Non-Java Island will be weighted more on Economic than 

the other two aspects. In this scenario, GRP is total GRP.  

CSDI Indonesia = (7*CSDI Java + 26*CSDI non-Java)/33 

CSDI Indonesia = [7*((Ecj + 2Socj + 2Envj + Instj)/6) + 26*((2Ecnj + Socnj + Envnj 

+ 2Instnj)/6)]/33 

Scenario 4: The Environmental and Social aspects of provinces in Java will be weighted more 

than Economic and Institutional Aspects. Non-Java Island will be weighted more 

on Economic than the other two aspects. In this scenario, the GRP is total GRP 

excluding GRP from oil and gas. 

CSDI Indonesia = (7*CSDI Java + 26*CSDI non-Java)/33 

CSDI Indonesia = [7*((Ecjw + 2Socj + 2Envj + Instj)/6) + 26*((2Ecnjw + Socnj + Envnj 

+ 2Instnj)/6)]/33 

 

where 

x2 = % of working population aged between 15 and 64 years  

x3 = % of households that use LPG for cooking  

x4 = Estimates of CO2 emissions from motorized vehicle 

x5 = Environmental Quality Index 
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x6 = % of poor people  

x7 = % dependency ratio 

x8 = % infant mortality 

x9 = % life expectancy 

x10 = % HH manages sanitation 

x11 = % HH using clean water 

x12 = % women using birth control 

x13 = % net enrolment rate of elementary school 

X14 = % net enrolment rate of junior school 

X15 = % net enrolment rate of high school 

X16 = Total Fertility Rate 

X17 = % houses connected to phone 

X18 = % HH accessing the internet within last three months 

X19 = Ratio women participation in the school to the men participation in the school 

X20 = Ratio of women wages to men wages 

CSDI = sustainable development indicator composite index 

CSDI Java = sustainable development indicator composite index – Java 

CSDI non-Java = sustainable development indicator composite index – Non Java 

Ecj = Economic aspect indicator for Java 

Socj = Social aspect indicator for Java 

Envj = Environmental aspect indicator for Java 

Insj = Institutional aspect indicator for Java 

Ecnj = Economic aspect indicator for non-Java 

Socnj = Social aspect indicator for non-Java 

Envnj = Environmental aspect indicator for non-Java 



 

30 
 

Insnj = Institutional aspect indicator for non-Java 

Ecjw = Economic aspect indicator for Java (GRP excluding oil and gas sectors) 

Ecnjw = Economic aspect indicator for non-Java (GRP excluding oil and gas sectors) 

 

The distinction between GRP total and GRP excluding oil and gas sectors was 

recommended by Fauzi and Oxtavianus (2013), in order to know the magnitude of oil and gas 

in SDI. The two latter scenarios are suggested by Oxtavianus (2014) in order to meet the same 

dimension among SDI variable (aspects), and weighting should also count the difference 

between Java and non-Java provinces. This is due to consideration that Java will be high on 

the economic aspect value but will be low in the environmental and social aspects; while in 

non-Java Island it is otherwise. It is suggested that in the non-Java island, the environmental 

and social aspects will be high and economic aspect will be low. Thus, it is expected that the 

resulting index will be balanced. Meanwhile, Fauzi and Oxtavianus (2013) gave a weight of 

three for the social aspect and two for environmental aspect. This study gives a weight of two 

for social and environmental aspects of Java and two for economic and institutional aspects in 

non-Java. Under this scenario, it is assumed that the economic and institutional quality in Java 

will be better than that in non-Java, and the social and environmental quality in non-Java is 

considered to be worse than that in Java.  

 

2.4. Preliminary Analysis 

For several years Indonesia has experienced significant economic growth. The growth was also 

supported by the growth in the regional level. However, there should be a concern how the 

economic growth impacts on environmental and social conditions.  

Following are the preliminary analyses related to the economic, environmental and 

social performance of Indonesia during the period 2002 to 2013. In the discussions, three 
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regions are presented i.e. Java, non-Java, and Indonesia to compare the different development 

of each aspect of sustainable development in different regions. Moreover, Indonesian regional 

division into Java and non-Java is based on the tendency that economies in Java are more 

advanced than in non-Java. On the other hand, the environmental quality of non-Java is better 

than Java. Thus, this will be used to weight each aspect in applying different scenarios in 

developing CSDI in Indonesia. The distinction of the regions between Java and non-Java was 

also suggested by Oxtavianus (2014).  

2.4.1. Economic Aspect 

The economic aspect of CSDI consists of two indicators i.e. GRP per capita at the constant 

year 2000 and percentage of the population aged 15 years and over who worked. In this study, 

the GRP is distinct by GRP in total and GRP without GRP from oil and gas. The economic 

aspect of Java is derived from the average value of 7 provinces i.e. Jakarta Special Region, 

West Java, Banten, Central Java, Yogyakarta Special Region, East Java and Bali. Moreover, 

the non-Java value is the average value of 26 provinces outside Java island. The economic 

aspect of Indonesia is the weighted average value of Java and non-Java. 

x1 x2
2

 

 

where 

EcA = economic aspect 

x1 = normalized real GRP per capita (constant year 2000) (0 ≤ x1 ≤ 1) 

x2 = percentage of working population aged between 15 and 64 years 

n = 2 

In general, the economic aspect of sustainable development shows an increasing trend 

from 2002 to 2013. It is produced from their constituent indicators which show improved 
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results of both GDP and the indicator percentage of the population aged 15 years and over who 

worked.  

In Figure 2.1, using the total GRP, in 2002 the economic aspects of sustainable 

development reached 70% for the island of Java and 67% for non-Java, but in 2013 the figure 

had reached 83% for Java and 78% for non-Java. At the national level, in 2002, the economic 

aspects achieved 68% and rose to 79% in 2013. This upward trend is in accordance with 

previous studies conducted by Fauzi and Oxtavianus (2013) and Oxtavianus (2014). Both 

studies use the same GDP per capita by the year 2000 as the base indicator for the economic 

aspects so as to have the same numbers. According to the two studies, in 2007 Java experienced 

achievement on the economic aspects by 40%, while in 2012 it had reached 59%. Furthermore, 

non-Java reached 35% in 2002 and 54% by 2012. 

 

Figure 2.1 Economic Aspect (EcA) with Total GRP, 2002-2013 
Source: Author’s own estimates by using raw data from Central Statistics Agency (various years). 

 

In Figure 2.2, using the GRP excluding GRP of oil and gas sectors, the economic 

aspects of the sustainable development of Java reached 69% in 2002 and 82% in 2013. 

Moreover, non-Java reached 65% in 2002 and 76% in 2013. While on average, Indonesia 

reached a value of 66% in 2002 and 78% by 2013. 
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Figure 2.2 Economic Aspect (EcA) with GRP excluding Oil and Gas Sectors, 2002-2013 
Source: Author’s own estimates by using raw data from Central Statistics Agency (various years). 
 

Although there are differences in the results between the achievement of economic 

aspects of Java and non-Java, it appears that economic development increased in those two 

areas. The results suggest that policy makers minimise the gap between economic development 

between Java and non-Java as this would likely create a more equitable development. The 

results also confirm the development agenda which is already mentioned in the Medium Term 

Development Planning that three of the development agendas are particularly to tackle the 

economic development gap among provinces in Indonesia. Those three policies are speeding 

up the infrastructure development, the human development and deregulation and simplify the 

bureaucracy (Republic of Indonesia, 2017). 

Figure 2.3 depicts the different achievement of real GRP (constant price year 2000) for 

33 provinces in Indonesia in 2002 and 2013. Almost all of the provinces experience growth, 

but overall, there was economic inequality among provinces. The highest GRP was achieved 

mostly by provinces with natural resources (oil, gas, and forestry) and business centers like 

Jakarta Special Region, East Kalimantan, Riau Islands and West Papua. The provinces which 
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have less natural resources and business activities such as Gorontalo, East Nusa Tenggara, 

Maluku, and Nusa Tenggara Barat are left behind in terms of economic development.  

The highest GRP was achieved by Jakarta Special Region both for 2002 and 2013 at 29 

million rupiahs in 2002 and 48 million rupiahs in 2013. This region is characterised as a capital 

city of Indonesia, as well as centre for business and administration. The lowest GRP was 

experienced by Gorontalo at 1.9 million rupiahs in 2002 and East Nusa Tenggara at 2.98 

million rupiahs in 2013. These provinces are characterised as new, non-Java, having less 

natural resources and less infrastructure. The highest growth was experienced by DKI Jakarta 

Special Region which increases by about 19 million rupiahs from 2002 to 2013. On the other 

hand, there are provinces which experience negative growth i.e. Aceh, Papua and East 

Kalimantan. 
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Figure 2.3 Real GRP per Capita (constant price year 2000) in Each Province (2002 and 2013) 
Source: Central Statistics Agency (2014) 
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2.4.2. Environmental Aspect 

This aspect is derived from the weighted average value of some indicators which is the 

percentage of households that use LPG for cooking, level of CO2 from motor vehicles, and 

environmental quality index. These indicators are expected to be able to represent aspects of 

the environment in Indonesia in measuring the level of achieving sustained development. 

x3 x4 3x5
6

 

EnA = Environmental Aspect 

x3 = percentage of households that use LPG for cooking 

x4 = normalised level of CO2 from motor vehicles, (0 ≤ x4 ≤ 1) 

x5 = environmental quality index (IKLH = Indeks Kualitas Lingkungan Hidup),  

IKLH
IPU IPA ITH

3
Figure 

By comparing Figures 2.3 and 2.4, it can be inferred that economic growth is apparently 

not good enough to be offset by the improvement in the environment. This is possible because 

of the high environmental exploitation support for economic growth in Indonesia. Furthermore, 

the high economic growth in Java was not supported by the improvement of environmental 

quality. While economic growth in Java is better than non-Java, Java environmental quality is 

worse than the non-Java. 
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Figure 2.4 Environmental Aspect (EnA), 2002-2013 
Source: Author’s own estimates by using raw data from Central Statistics Agency (various years). 
 

2.4.3. Social Aspect 

The social aspect is represented by 11 indicators consisting of the percentage of poor 

population, percentage of dependency burden, percentage of infant mortality, percentage of life 

expectancy, percentage of households that manages sanitation, percentage of households using 

clean water, percentage of women who use birth control, percentage of net enrolment rate of 

elementary school, percentage of net enrolment rate of junior high school, percentage net 

enrolment rate of high school and normalised ratio of total fertility rate. The social aspect value 

was obtained from the average value of the indicator after normalisation. 

1
n

 

Where  

SA = Social Aspect 

x6 = percentage of poor population,  

x7 = percentage of dependency burden,  
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x8 = percentage of infant mortality,  

x9 = percentage of life expectancy,  

x10 = percentage of households that manages sanitation,  

x11 = percentage of households using clean water,  

x12 = percentage of women who use birth control,  

x13 = percentage of net enrolment rate of elementary school,  

x14 = percentage of net enrolment rate of junior school,  

x15 = percentage of net enrolment rate of high school,  

x16 = normalised total fertility rate, (0 ≤ x16 ≤ 1) 

n = 11 

Figure 2.5 further depicts the achievement level of the social aspect of sustainable 

development in Indonesia. Both regions show an increasing trend. It started with the point that 

the level of social aspect in the non-Java island was lower compared to the Java island. From 

2002 to 2013, the social aspect level increased both in Java and non-Java island. The figure 

shows that the level of non-Java still cannot achieve the Java level, even though both Java and 

the non-Java island has almost the same trend in the social aspect growth level.  

In 2002, the level of the social aspects of sustainable development in Java reached 68%, 

while non-Java reached 61%. However, in 2013 there was an increase of up to 75% in Java and 

non-Java 68%. Nationally, it had also shown an increase of 62% in 2002 to 70% in 2013. 
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Figure 2.5 Social Aspect (SA), 2002-2013 
Source: Author’s own estimates by using raw data from Central Statistics Agency (various years). 
 

When compared with the results obtained by the Fauzi and Oxtavinaus (2013), in Java, 

the social aspect reached 73% in 2009 and rose to 74% in 2012. Meanwhile, non-Java in 2009 

only reached 71% and reached 73% in 2012. Meanwhile, according to Oxtavianus (2014), in 

2007 Java reached 79% and 81% in 2012. Non-Java reached 69% in 2007 and rose to 72% in 

2012. 

2.4.4. Institutional Aspect 

Institutional aspect is based on four indicators i.e. percentage of homes connected to the phone, 

the percentage of households that had access to the internet within the last three months, the 

ratio of women’s participation in school compared to men’s participation in school, and the 

ratio of women’s wages compared to men’s wages.  

X17 x18 x19 x20
4

 

Where  

IA = Institutional Aspect 

x17 = percentage of homes connected to phone 

x18 = percentage of households that access the internet within the last three months 
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x19 = ratio of women participation in the school to the men participation in the school 

x20 = ratio of women wages to men wages 

In general, the institutional aspects show performance improvement in both Java and 

non-Java (Figure 2.6). In Java, in 2002 the institutional aspects only reached 53% and became 

61% in 2013. Meanwhile, for non-Java, in 2002 only reached 51% and increased up to 56% in 

2013. At the national level, in 2002, the institutional aspects reached 52% and increased to 57% 

in 2013. 

 

Figure 2.6 Institutional Aspect (IA), 2002-2013 
Source: Author’s own estimates by using raw data from Central Statistics Agency (various years). 
 

The above analysis shows that the development in Indonesia pays more attention to 

economic, social and institutional aspects but puts pressure on the environment and pays less 

attention to equity.  

 

2.5. Sustainable Development Index (SDI) for Indonesian Regions 

The overall indexes are presented in Appendix 2.D. Moreover, this section only presents 

scenarios 1 and 4. Scenarios 2 and 3 are discussed further in Appendix 2.D. In general, the four 

scenarios employed in this study show the increasing tendency of sustainability index achieved 

among provinces in Indonesia over the period of study (2002 – 2013), but small numbers of 

provinces display the opposite trend. The other general finding is an imbalance in the increasing 
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level of sustainability and the sustainability index itself. The high fiscal capacity will lead to a 

high level of sustainability. The high fiscal capacity mainly is drawn from a great transfer fiscal 

fund due to their high capacity in natural resources or the province with high locally-generated 

revenue. This confirms Wibowo (2011) that the poor provinces have difficulties in attaining 

their development target due to a limitation in economic development and natural resources. 

The scenarios also support Tusianti et al. (2013) and Fauzi and Oxtavianus (2013) that there 

was imbalance in each aspect of sustainable development. The conflicting and complementary 

interactions between the economic, social and environmental aspects of sustainable 

development are viewed as the main factors responsible for imbalanced development in 

Indonesia.  

2.5.1. Scenario 1 

In 2013 (Figure 2.7), four provinces achieved a sustainable development index (SDI) of more 

than 70. These are Riau Islands, East Kalimantan, Jakarta Special Region and South Sulawesi. 

In 2012 and 2013, those provinces were among the provinces that had the largest regional 

budget. In particular, during the observation periods, East Kalimantan experienced strong fiscal 

capacity and employed a deficit policy to absorb the previous year’s fiscal surplus i.e. average 

for Kalimantan at about 15.62%. The other reason is that East Kalimantan had a very high 

regional revenue growth at about 30.7% every year (Ministry of Finance, 2013). Eight 

provinces had a sustainable development index below 60. Those provinces are West Nusa 

Tenggara, Papua, South East Sulawesi, West Sulawesi, Gorontalo, North Maluku, Maluku and 

East Nusa Tenggara. The low score of the sustainability is reflected by the low regional budget 

of those provinces. 
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Figure 2.7 SDI Ranking Based on Scenario 1 in 2013 
Source: Author’s own estimates. 

Generally, based on scenario 1 (Figure 2.8), all provinces experienced increasing trends 

in the level of sustainability, except Aceh and Papua. Those two provinces experienced a 

decreasing trend. From 2002 to 2013, Jakarta Special Region achieved the highest level of 

sustainability among provinces.   

In Aceh, the sustainability was about 69 in 2002 and became 63 in 2013. The decreasing 

value was supported by the decrease in the economic and environmental aspects. These two 

aspects experienced a large decrease between 2002 and 2013. In 2002, the economic aspect 

reached 89% and became 76% in 2013, or a decrease of about -13%. The environmental aspect 

was 69% in 2002 and decreased to 53% in 2013.  

In Papua, during the period of observation, the sustainability was moving slightly from 

high sustainability in 2002 to medium and finally low sustainability in 2013. According to the 

Directorate General of Fiscal Transfer (Ministry of Finance, 2013), Papua experienced a deficit 
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on its budget during the period of observation, very low regional revenue, and high dependency 

to the fiscal transfer from central government. Moreover, three aspects support the decreasing 

trend of its sustainability i.e. economic, environmental and social aspects, while the 

institutional aspect shows an increasing trend. The economic aspect reached 93% in 2002 and 

decreased to 80% in 2013, or a decrease of about -13%. In 2002, the environmental aspect 

reached 68% and became only 50% by 2013. The social aspect was also decreasing, from 58% 

in 2002 to only 54% in 2013.  

 

Figure 2.8 SDI Based on Scenario 1 for 2002 and 2013 
Source: Author’s own estimates. 

In this study, sustainability is grouped into three categories i.e. low, moderate and high. 

The low sustainability, represented by the blue colour on the map, was achieved when the 

sustainable development score was below average. Moderate (green) is above average and 

under ¾ of the highest score, and high (yellow) for more than ¾ of the highest score. 

In 2002 (Figure 2.9), there were nine provinces at the high level, six at a moderate level, 

and eighteen provinces in the low level. In 2013, there were seven provinces at the high level 

of sustainability, while ten provinces were at a moderate level and 16 provinces were at low 
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sustainability levels. Among those high levels of sustainability provinces, only four maintained 

the level which was Jakarta Special Region, Bali, East Kalimantan and Riau Islands, while at 

the same time three provinces moved to high level i.e. East Java, Bangka Belitung Islands, and 

South Sulawesi.  

Provinces which remained at high levels are generally rich provinces with natural 

resources, a tourist destination and also a national business centre. They had good infrastructure 

which supports development in the social and institutional sectors. On the other hand, provinces 

that remained at the low level of sustainability are typically poor regions with low capacity in 

natural resources. 

2002 2013 

 
 Low  

(50%<SDI) 
 Moderate 

(50%=<SDI=<75%) 
 High 

(SDI>75% 
 

Figure 2.9 SDI Based on Scenario 1 and Based on Group in 2002 and 2013 
Source: Author’s own estimates. 

2.5.2. Scenario 4 

In this scenario, GRP from gas and oil is excluded, while the weights of the economic and 

institutional aspects in non-Java islands are more than social and environmental aspects. At the 

same time, the social and environmental aspects in Java are weighted more than economic and 

institutional aspects. This scenario applied to give a more equal treatment to provinces in non-

Java islands which have less capacity in economic aspects. 

Figure 2.10 shows that in 2013 six provinces achieved sustainability index of more than 

70 i.e. Riau Islands, Jakarta Special Region, East Kalimantan, East Java, Bangka Belitung 

Islands, and Bali. At the same time six provinces achieved below 60 of its sustainability index 
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i.e. West Sulawesi, West Nusa Tenggara, Gorontalo, North Maluku, Maluku and East Nusa 

Tenggara. The results provide almost the same picture with the previous scenario, where the 

high economic capacity provinces achieved a higher index. The lower the economic capacity 

of provinces, the lower their sustainability level is. 

 

Figure 2.10 SDI Ranking Based on Scenario 4 in 2013 
Source: Author’s own estimates. 

Figure 2.11 depicts the dynamic of SDI between 2002 and 2013 among provinces in 

Indonesia. According to this scenario, three provinces had a decreased index, while the rest 

experienced an increasing value. Those three provinces are Papua at -6.35%, Maluku at -

2.37%, and East Nusa Tenggara at -1.19%. There were several provinces that experienced 

increases in the index of more than 10%:  among others, they are South Sulawesi at 17.95%, 

Jambi at 16.17%, East Java at 15.12% and Central Kalimantan at 13.20%.  

According to this scenario it appears that the level of sustainable index was shared quite 

evenly even though several provinces remained at the low level, this being due to very low 

economic capacity. Moreover, in this scenario several provinces achieved a high sustainability 

index increase with low resources and capacities such as Central Kalimantan and South 
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Sulawesi. This proves that these two provinces applied policies that support the development 

of social and environmental aspects.  

The distribution of the index according to this scenario can be depicted as follows: in 

2002 the total index of seven provinces in Java islands was 426.62 or 60.95 on average, while 

in the non-Java islands the total index was 1516.06 or 58.31 on average. Moreover, the highest 

index in Java island was achieved by Jakarta Special Region at 70.03, while the lowest was 

Central Java at 54.41. In non-Java islands, the highest was achieved by East Kalimantan at 

70.66, and the lowest was achieved by Jambi at 46.85.  

In 2013, in Java island the total index was 476.45 or 68.06 on average, with the highest 

level achieved by Jakarta Special Region at 75.05 and the lowest was Central Java at 61.68. 

During the same period the total index for non-Java islands was 1662.23 or 63.93 on average. 

The highest was achieved by Riau Islands at 75.76, and the lowest was East Nusa Tenggara at 

52.51. 

Furthermore, compared with the result from scenario 2, in 2002, the total index for Java 

island was 425.45 or 60.78 on average. The highest was reached by Bali at 69.32, and the 

lowest was East Java at 54.38. In the same year, in non-Java islands, the total index was 1521.01 

or 58.50 on average. The highest was achieved by North Sulawesi at 68.88, and the lowest was 

Jambi at 47.59. In 2013, the highest index was achieved by Riau Islands at 73.42 and the lowest 

was East Nusa Tenggara at 50.90. During this year the total index was 1631.26 or 62.74 on 

average. 

Based on the above figures it can be concluded that the index under this scenario is 

more even among provinces both in Java and non-Java islands, even though the result shows 

that the high index was achieved by provinces with high economic capacity.  
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Figure 2.11 SDI Based on Scenario 4 for 2002 and 2013 
Source: Author’s own estimates. 

Figure 2.12 shows that there were twenty provinces which achieved a low level of 

sustainability in 2002, seven at high and the rest at moderate. This switched in 2013 where 

there were fifteen provinces at a low level, only four at a high level and fourteen at a moderate 

level. Based on this scenario, East Java shifted from a low level in 2002 at 56.43 to reach a 

high level of sustainability in 2013 at 71.56. Papua decreased from high to low, from 67.87 in 

2002 to 61.52 in 2013. Moreover, three provinces remained at a high level i.e. Jakarta Special 

Region, East Kalimantan, and Riau Islands. These provinces were characterised as provinces 

with high economic capacity. However, several provinces remained at the low level of 

sustainability: among others, East Nusa Tenggara, Maluku, Gorontalo and South East 

Sulawesi. In contrast with the high level, these provinces were characterised as provinces with 

weak economic capacity.  
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2002 2013 

 
 Low  

(50%<SDI) 
 Moderate 

(50%=<SDI=<75%) 
 High 

(SDI>75% 

Figure 2.12 SDI Based Scenario 4 and Based on Group in 2002 and 2013 
Source: Author’s own estimates. 

 

2.6. Conclusion 

The need for the next generation to fulfill their necessities draws the notion of sustainability. 

Sustainability has several prerequisites to meet, namely, sustainability of resource management 

from time to time, sustainability of human well-being, the sustainable yield, and sustainability 

in natural capital. To measure the level of sustainability achievement, scholars have provided 

several indicators. Even though different authors have different methods in clustering the 

indicators, they share common arguments that the sustainable development indicators reflect 

four aspects, namely: economic, environmental, social and institutional aspects. Each aspect 

was then clustered into themes and sub-themes to construct the relevant indicators.  

This study applies a composite index for 33 provinces in Indonesia by using 20 

indicators from 2002 to 2013. First, the preliminary analysis shows high achievement in 

economic aspect, low achievement in institutional and social aspects and a decrease in the 

environmental aspect. This confirms that development only emphasises the short-term 

perspective, which focuses on the development of economic and infrastructure aspects at the 

expense of the environment and social development.  

Second, this study constructed a composite index based on four scenarios i.e. (i) the 

same weights among indicators where GRP is total GRP, (ii) the same weights among 
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indicators where GRP is total GRP minus GRP from oil and gas, (iii) the same weights among 

sustainable development aspects where GRP is total GRP, and (iv) the same weights among 

sustainable development aspects where GRP is total GRP minus GRP from oil and gas.  

In general, according to the scenarios, most of the provinces showed an increasing trend 

between 2002 and 2013, even though a number of provinces experienced different tendencies. 

It is also shown that the increasing level of sustainability was not shared evenly among 

provinces. Moreover, all scenarios resulted in a high sustainable index for provinces with high 

fiscal capacity and vice versa. The high fiscal capacity in a province comes from its high 

transfer fiscal fund from central government due to its high capacity in natural resources or the 

province with high locally-generated revenue which may be a business centre or a tourist 

destination.  

The findings also imply imbalance between sustainable development aspects. 

Development places emphasis on the improvement of the economic and social aspects but puts 

pressure on the environmental aspect. The results also point out the complexity in achieving 

balanced development in Indonesia due to conflicting and complementary interactions between 

the economic, social and environmental aspects of sustainable development. Furthermore, 

these results also confirm that there was inequality among rich and poor provinces. The poor 

provinces may have difficulties in attaining their development targets due to a limitation in 

economic development and natural resources.  

 

 

Appendices	

2A. Aspects of Sustainable Development Indicators 

Table 2A.1 Sustainable Development Indicators: Economic Aspect 

UN OECD (Socio-economic) EU Indonesia 
Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme 
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Economic 
development 

Macroeconomic 
performance, 
sustainable public 
finance, 
employment, 
information and 
communication 
technologies, 
research and 
development, 
tourism 

GDP and 
Population 

GDP, 
population 
growth and 
density 

Socioeconomic 
development 

Real GDP 
per capita 

Economic 
development 

Macroeconomic 
performance, 
sustainable 
public finance, 
employment, 
information and 
communication 
technologies, 
research and 
development, 
tourism 

Global 
economic 
partnership 

Trade, external 
financing  

Consumption Private 
consumption, 
government 
consumption 

Sustainable 
consumption 
and production 

Resource 
productivity 

Global 
economic 
partnership 

Trade, external 
financing  

Consumption 
and 
production 
patterns 

Material 
consumption, 
energy use, waste 
generation and 
management, 
transportation 

Energy Energy 
intensities, 
energy mix, 
energy prices 

  Consumption 
and production 
patterns 

Material 
consumption, 
energy use, 
waste 
generation and 
management, 
transportation 

  Transport Road traffic 
and vehicle 
intensities, 
road 
infrastructure 
densities, 
road fuel 
prices and 
taxes 

    

  Agriculture Intensity of 
use of 
nitrogen and 
phosphate 
fertilizers, 
nitrogen 
balances, 
livestock 
densities, 
intensity of 
use of 
pesticides 

    

  Expenditure Pollution 
abatement 
and control 
expenditure, 
official 
development 
assistance 

    

 

Table 2A.2 Sustainable Development Indicator: Environmental Aspect 

UN OECD EU Indonesia 
Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme 
Natural 
hazards 

Vulnerability to 
natural hazards, 
disaster 
preparedness, 
and response 

Climate 
Change 

CO2 emission 
intensities, 
greenhouse gas 
concentrations 

Climate 
change and 
energy 

Greenhouse 
gas emissions, 
share of 
renewable 
energy in 
gross final 
energy 
consumption, 
primary 
energy 
consumption 

Natural 
hazards 

Vulnerability 
to natural 
hazards, 
disaster 
preparedness, 
and response 

Atmosphere Climate 
change, ozone 
layer depletion, 
air quality 

Ozone Layer 
Depletion 

Ozone depleting 
substances, 
stratospheric 
ozone 

Sustainable 
transport 

Energy 
consumption 
of transport 
relative to 
GDP 

Atmosphere Climate 
change, ozone 
layer 
depletion, air 
quality 
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Land Land use and 
status, 
desertification, 
agriculture, 
forests 

Air Quality Air emission 
intensities, urban 
air quality 

Natural 
resources 

Common bird 
index, fish 
catches from 
stocks outside 
safe biological 
limits 

Land  Land use and 
status, 
desertification, 
agriculture, 
forests 

Oceans, seas, 
and coasts 

Coastal zone, 
fisheries, 
marine 
environment 

Waste Waste generation, 
waste recycling 

  Oceans, 
seas, and 
coasts 

Coastal zone, 
fisheries, 
marine 
environment 

Freshwater Water quantity, 
water quality 

Water Quality River quality, 
waste water 
treatment 

  Freshwater  Water 
quantity, 
water quality 

Biodiversity Ecosystem, 
species  

Water 
Resources 

Intensity of use of 
water resources, 
public water 
supply and price 

  Biodiversity Ecosystem, 
species  

  Forest 
Resources 

Intensity of use of 
forest resources, 
forest, and 
wooded land 

    

  Fish 
Resources 

Fish catches and 
consumption 
(national), Fish 
catches and 
consumption 
(global and 
regional)  

    

  Biodiversity Threatened 
species, protected 
areas 

    

 

Table 2A.3 Sustainable Development Indicator: Social Aspect 

UN OECD (Socio-economic) EU Indonesia 
Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme Theme Sub-Theme 
Poverty Income 

poverty, 
income 
inequality, 
sanitation, 
drinking water, 
access to 
energy, living 
conditions 
 

GDP And 
Population 

GDP, 
population 
growth, and 
density 

Social inclusion People at risk 
of poverty or 
social 
exclusion 

Poverty Income 
poverty, 
income 
inequality, 
sanitation, 
drinking 
water, access 
to energy, 
living 
conditions 
 

Health Mortality, 
health care 
delivery, 
nutritional 
status, health 
status, and risks 

Consumption Private 
consumption, 
government 
consumption 

Demographic 
changes 

Employment 
rate of older 
workers 

Health Mortality, 
health care 
delivery, 
nutritional 
status, health 
status, and 
risks 

Education Education 
level, literacy 

Energy Energy 
intensities, 
energy mix, 
energy prices 

Public health Life 
expectancy at 
birth 

Education  Education 
level, 
literacy 

Demographics Population, 
tourism 

Transport Road traffic 
and vehicle 
intensities, 
road 
infrastructure 
densities, road 
fuel prices and 
taxes 

  Demographics  Population, 
tourism 

  Agriculture Intensity of 
use of 
nitrogen and 
phosphate 
fertilizers, 
nitrogen 
balances, 
livestock 
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densities, 
intensity of 
use of 
pesticides 

  Expenditure Pollution 
abatement and 
control 
expenditure, 
official 
development 
assistance 

    

 

Table 2A.4 Sustainable Development Indicator: Institution Aspect 

UN OECD EU Indonesia 
Theme Sub-Theme Theme Sub-

Theme 
Theme Sub-Theme Theme Sub-Theme 

Governance Corruption, 
crime 

- - Global 
partnership 

Official 
development 
assistance 

Governance Corruption, 
crime 

    Good 
governance 

   

 

2B. Indicators of Sustainable Development 

2B.1. Economic aspect: 

1. GRP (with oil and gas; without oil and gas): GRP is the main indicator in determining the 

general economic development. GRP illustrates the value added generated in a region, both 

in terms of sectors as well as from the side of its use.  This indicator is a basic indicator of 

economic growth and measures the level and amount of economic output. This indicates a 

change in the amount of production of goods and services. In Indonesia, there are two 

kinds of GRP per capita, which are the oil and gas (oil) and non-oil GRP per capita. Each 

GRP per capita has advantages and disadvantages. Non-oil GRP per capita is good enough 

to be used as a proxy for economic progress comparisons between regions. The reason is 

that in general, the oil and gas management does not involve local communities so that the 

added value that comes from oil and gas is only enjoyed by a minority of the people or 

even to flow out of the area (Kusbandrijo, 2014; Hadilinatih, 2016).  

However, the use of non-oil GRP also has a weakness, because it seemed to ignore the role 

of the oil and gas sector, which became the backbone of the economy for most regions. In 

regional development, especially in the era of regional decentralisation, the role of oil and 

gas are very significant in terms of local revenue derived from oil and gas production 
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sharing. Revenues from oil and gas will certainly have an impact on the ability of local 

finance. Revenues from oil and gas will be a resource for local development, which in turn 

will impact on the welfare of the community. In this study, the GRP is distinct by those 

two approaches i.e. RGP with oil and gas and GRP without oil and gas. This distinction is 

purposed to address the influence of oil and gas in constructing the SDI.  

2. % of the working population aged between 15 and 64 years: This indicator provides 

information on the ability of the economy to create jobs. Working as opposed to 

unemployment is seen as the desired position by the productive population (labor force). 

2B.2. Environmental aspect: 

3. % of households that use LPG for cooking: This indicator shows the percentage of 

households who use LPG for cooking instead of using electricity, kerosene, charcoal, and 

wood. This indicator represents the minimum emission that resulted from households for 

their cooking activities. The choice to use LPG indicates lower carbon emission can result 

from cooking activities.  

4. Estimates of CO2 emissions from motorised vehicle: Carbon dioxide (CO2) is one of the 

main contributors to greenhouse gasses also be the cause of climate change. The increasing 

concentration of CO2 in the atmosphere can cause negative effects for the economic, social 

and environmental problems in various countries around the world. CO2 emission 

estimates calculated in this publication is the CO2 emissions of cooking fuel and CO2 

emissions from motor vehicles. Estimates of CO2 emissions come from the use of motor 

vehicles contributed by CO2 emissions derived from the use of gasoline and diesel fuel. 

CO2 emissions come from motor vehicles in the range of 2002-2013 is likely to increase 

due to the increasing number of motor vehicles. 

5. Environmental quality index (Indeks Kualitas Lingkungan Hidup - IKLH). This indicator 

is a composite index that measures the quality of the environment. In this aspect, the 
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environmental quality index was weighted three under this consideration. This index is the 

average of the air pollution index (Indeks Polusi Udara - IPU), water pollution index 

(Indeks Polusi Air - IPA) and forest cover index (Indeks Tutupan Hutan - ITH). Air 

pollution index uses indicators of SO2 and NO2 concentration in the air. Water pollution 

index uses indicators of total suspended solids (TSS) concentration, dissolved oxygen 

(DO) and chemical oxygen demand (COD) in river water. Forest cover index is the 

percentage of primary and secondary forest to total forest area that has been designated by 

the Ministry of Forestry. 

IKLH
IPU IPA ITH

3
 

IKLH is presented as a percentage. The percentage represents the achievement in 

improving the environmental quality in every province.  

 

2B.3. Social aspect: 

6. % of poor people: the poor are people who have an average monthly per capita expenditure 

below the poverty line. The purpose of a poverty measure is to allow for a comparison of 

poverty and assess progress in poverty reduction and program evaluation. 

7. Dependency ratio: a comparison of the amount of load dependence of the economically 

active population of the young people and the elderly who are dependent economically. 

Dependency ratio may indicate the potential impact of changes in population age structure 

of the social and economic development. 

8. % infant mortality: Estimates of the infant mortality rate is the probability babies die before 

the age of 1 year (expressed per 1,000 live births). The infant mortality rate is influenced 

by the availability, access and quality of health facilities; education, especially mothers; 

access to clean water and sanitation; poverty and nutrition 
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9. Estimate of life expectancy at birth:  This indicator is the average age reached by a newborn 

is expected to live, keeping in mind the risk of death at the time of a certain age. Life 

expectancy at birth is death and a proxy indicator of the health condition. 

10. % households manage sanitation: Provision of adequate sanitation is necessary to protect 

human health and the environment. This indicator monitors the progress of household 

access to sanitation facilities, basic social services are important and are the basis for 

reducing the risk of fecal bacteria (found in human faeces) and frequency-related diseases. 

11. % households using clean water: This indicator monitors the progress of household access 

to clean water sources with adequate volume and affordable distance. 

12. % of married women aged 15-49 who use birth control: This indicator shows the human 

efforts consciously in birth control / reproductive health services. Although this indicator 

cannot control all the actions taken in birth control, the health benefits of contraceptive use 

include the ability to prevent unintended pregnancies, thereby reducing the risk of 

abortion, the potential complications of pregnancy and the risk of maternal death. 

13. % net enrolment rate of elementary school: the proportion of the primary school-age 

population in elementary school to the primary school age population in the region. The 

purpose of determining the net enrolment ratio provides a measure of the population 

(according to the rules) already deserve/need to go to school to attend basic education. 

This indicator can be used to measure the population of primary school age who are not 

enrolled in primary school. 

14. % net enrolment rate of junior school: the proportion of the junior school-age population 

in junior school to the junior school age population in the region. 

15. % net enrolment rate of high school: the proportion of the high school-age population in 

high school to the high school age population in the region. 
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16. Total Fertility Rate: Total Fertility Rate is the average number of children born by a woman 

throughout her life. The total fertility rate is one of the variables that directly affect the 

population changes. The total fertility rate is not influenced by the age distribution of the 

population. Low birth rate can increase the ability of families and governments in the 

management of existing resources to fight poverty, protect and improve the environment 

 

2B.4. Institutional aspect: 

17. % houses connected to phone: Telecommunications is essential to support sustainable 

development and is closely related to social development, economic, and institutional. 

Telecommunications is also an important factor for many economic activities and improve 

the exchange of information among citizens. Modern communication is considered 

relatively environmentally friendly because it is a potential replacement for the transport 

and the relatively low environmental pollution. Indicators of telecommunications can be 

seen from the percentage of households using fixed-line and mobile phones. 

18. % HH accessing the internet within last three months: the internet is an information 

distribution system that can reach all and significantly shorten the time, as well as open up 

a range of new resources. The Internet also significantly opens up new economic 

opportunities which can be marketed in a more environmentally friendly manner. The 

Internet can enable businesses across the country and facilitate the provision of basic 

services, such as health and education is currently uneven. 

19. Ratio of women’s participation in school to the men’s participation in school: this indicator 

illustrates the gender equality in education.  

20. The ratio of women’s wages to men’s wages: this indicator illustrates the gender equality 

in the economic field.  
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2C. Weight and Value Limits for Normalization 

Table 2C Weight and Value Limits for Normalization 

Indicator (variable) Unit Min Max Minimum and Maximum Level Formula of Indicator 

Economic Dimension 

1. GRP per capita at 

year 2000 constant 

level (x1)  

Million 

rupiah 

1.10 37.54 Min= poverty level in 2000 at 1,099,584 

rupiah/year 

Max= targeted GRP per capita in the Medium 

Term Development Goal 2009 – 2014 

(RPJMN) at 37,538,350 

NormX1
X1 1.10

37.54 1.10
	100% 

 

2. % of population aged 

15 years and more 

who worked (x2) 

Percentage  63.85 max Min=  level in 2011 

Max= highest level between 2002 – 2013  

NormX2

X2 63.85
max 63.85

	100% 

Environmental Dimension  

3. % of households that 

use LPG for cooking 

(x3) 

Percentage 0 100 Min= lowest level between 2002 – 2013 

Max= highest level between 2002 – 2013 
NormX3

X3 0
500 0

	100% 

 

4. Estimates of CO2 

emissions from 

motorized vehicle (x4) 

Thousand 

tons 

26% 

from 

2005 

(per 

5,000 Min= targeted level in 2020 in National 

Action Plan to Reduce GHG Emission  

Max= highest level between 2002 – 2013 

NormX4
X4 BAU
max BAU

	100% 
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provin

ce) = 

BAU 

5. Environmental quality 

index (x5) 

Percentage  0 100  
NormX5

X5 0
100 0

	100% 

 

Social Dimension  

6. % of poor people (x6) Percentage  0 100  
NormX6

X6 0
100 0

	100% 

7. Dependency ratio (x7) Percentage  36.8 98 Min = lowest level between 2002 – 2013 

Max = the highest that has been achieved in 

one country i.e. Syrian Arab Republic (1992) 

NormX7
X7 36.8
98 36.8

	100% 

 

8. % infant mortality 

(x8) 

Percentage 0 100  
NormX8

X8 0
100 0

	100% 

 

9. Estimate of life 

expectancy at birth 

(x9) 

Years  25 61 Min and Max value based on Human 

Development Index (HDI) 
NormX9

X9 25
61 25

	100% 

10. % HH manages 

sanitation (x10) 

Percentage  0 100  
NormX10

X10 	0
100	 		0

	100% 

11. % HH using clean 

water (x11) 

Percentage  0 100  
NormX11

X11 0
100 0

	100% 
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12. % of married women 

aged 15-49 who use 

birth control (x12) 

Percentage 0 100  
NormX12

X12 0
100 0

	100% 

13. % net enrolment rate 

of elementary school 

(x13) 

Percentage 0 100  
NormX13

X13 0
100 0

	100% 

14. % net enrolment rate 

of junior school (x14) 

Percentage 0 100  
NormX14

X14 0
100 0

	100% 

15. % net enrolment rate 

of high school (x15) 

Percentage 0 100  
NormX15

X15 0
100 0

	100% 

16. Total Fertility Rate 

(x16) 

Rate  2.1 7.5 Min and Max = targeted in RPJMN  

 

NormX16

100 	
X16 2.10
7.5 2.10

	100% 

Institutional Dimension  

17. % houses connected 

to phone (x17) 

Percentage  0 100  
NormX17

X17 0
100 0

	100% 

 

18. % HH accessing 

internet within last 3 

months (x18) 

Percentage 0 100  
NormX18

X18 0
100 0

	100% 

19. Ratio women 

participation in the 

Ratio 0 100  
NormX19

X19 0
100 0

	100% 
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school to the men 

participation in the 

school (x19) 

20. Ratio of women 

wages to men wages 

(x20) 

Ratio 0 100  
NormX20

X20 0
100 0

	100% 
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2D. Sustainable Development Indexes: 2002-2013 

Table 2D.1 Scenario 1 

Province 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Aceh 69.22     67.76     66.55     64.32     65.69     64.71     64.16     62.82     63.23     61.76     62.84     63.02  

North Sumatera 56.86     56.88     57.96     58.39     60.27     62.05     62.81     63.47     68.21     66.37     65.76     68.52  

West Sumatera 67.36     66.41     65.85     67.36     65.38     65.59     66.21     65.40     65.19     64.08     63.74     62.93  

Riau 62.26     61.88     61.72     61.30     63.00     64.65     65.36     65.51     65.00     66.04     66.21     67.66  

Jambi 48.28     49.55     51.03     51.29     52.76     54.03     55.26     56.92     58.30     58.23     61.61     63.13  

South Sumatera 66.51     66.03     66.30     66.16     65.52     65.62     65.24     64.75     64.33     64.98     65.28     65.26  

Bengkulu 57.31     57.42     58.30     58.36     58.42     57.84     58.82     59.48     60.44     61.12     58.93     60.99  

Lampung 50.58     51.18     52.16     52.51     53.41     54.66     55.73     56.74     58.36     59.02     58.24     60.23  

Bangka Belitung Islands 61.68     62.92     63.60     64.40     65.92     66.04     63.35     68.55     70.88     71.77     66.60     69.73  

Riau Islands 68.64     68.74     68.84     69.04     69.05     70.91     69.64     69.40     73.99     74.45     70.36     73.42  

Jakarta Special Region 67.47     66.15     66.85     64.45     67.07     67.81     67.91     72.83     73.03     72.35     71.91     71.59  

West Java 56.92     56.99     57.87     61.20     59.37     60.78     61.76     62.01     64.19     63.72     63.99     63.81  

Central Java 55.10     54.72     55.05     54.37     55.48     57.15     57.57     57.66     59.12     59.67     60.49     60.67  

Yogyakarta Special Region 60.76     60.63     61.00     61.10     61.84     62.23     62.50     62.73     63.37     62.64     65.30     64.14  

East Java 54.40     54.38     55.85     56.50     58.72     60.06     61.69     62.68     67.29     67.48     66.56     69.74  

Banten 62.06     62.30     62.56     62.96     61.97     62.76     62.53     62.70     62.75     64.60     66.37     65.17  

Bali 69.32     68.41     68.31     67.55     67.85     67.54     67.89     67.95     71.05     69.53     67.18     69.23  

West Nusa Tenggara 55.08     55.63     56.06     55.45     56.08     56.85     56.87     57.47     60.26     58.89     56.79     59.41  

East Nusa Tenggara 55.11     55.23     55.19     54.54     54.36     54.81     54.04     53.14     50.23     51.57     52.72     50.90  

West Kalimantan 58.05     58.79     58.93     59.40     59.18     59.91     60.32     60.36     62.09     62.35     62.49     63.58  

Central Kalimantan 50.50     51.22     52.83     54.02     54.66     56.18     57.87     58.49     60.33     62.47     63.96     65.11  

South Kalimantan 53.74     54.53     55.91     56.17     57.17     57.96     59.60     60.73     62.22     62.78     63.12     65.17  

East Kalimantan 68.46     68.96     68.77     67.74     67.60     68.98     69.35     70.02     68.67     71.56     72.12     72.24  

North Sulawesi 68.89     67.90     67.61     66.12     65.47     65.06     65.83     65.35     64.95     65.86     63.13     65.20  
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Central Sulawesi 60.14     61.11     61.16     61.00     61.14     61.07     61.93     62.90     64.26     64.47     61.05     63.75  

South Sulawesi 48.97     50.50     52.64     53.67     56.07     57.57     59.56     61.02     65.71     67.75     66.03     70.35  

South East Sulawesi 58.52     59.17     58.76     58.13     58.32     59.00     58.58     58.37     57.19     57.47     58.77     58.17  

Gorontalo 54.17     55.29     55.06     54.18     55.44     56.74     55.52     55.31     54.55     56.03     57.10     57.70  

West Sulawesi 54.76     54.72     54.89     54.26     54.81     56.34     56.75     56.28     56.00     54.79     58.98     57.88  

Maluku 59.12     57.03     57.61     57.43     58.17     58.55     58.41     58.37     56.84     55.59     55.61     54.25  

North Maluku 58.43     58.79     58.87     58.01     58.74     59.35     57.95     57.25     57.43     56.22     56.44     56.25  

West Papua 60.08     59.95     60.38     60.35     60.80     62.33     63.17     63.78     64.85     66.21     69.16     67.23  

Papua 66.69     64.29     61.06     63.33     61.22     62.04     60.88     61.37     57.93     57.86     60.20     59.10  

Indonesia 59.89     59.93     60.59     60.97     61.55     62.96     63.41     64.18     65.71     65.96     67.62  67.56 
Source: Author’s own estimates. 

Table 2D.2 Scenario 2 

Province 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Aceh   63.13    61.26    61.42    60.44    62.16    61.95    62.11    61.59    62.21    60.77    61.90    62.15  

North Sumatera   56.77    56.80    57.90    58.33    60.21    61.99    62.74    63.41    68.14    66.30    65.70    68.46  

West Sumatera   67.36    66.41    65.85    67.36    65.38    65.59    66.21    65.40    65.19    64.08    63.74    62.93  

Riau   55.61    55.55    55.77    55.72    57.81    59.85    60.95    61.37    61.20    62.73    63.43    65.25  

Jambi   47.59    48.86    50.38    50.64    52.20    53.44    54.65    56.32    57.65    57.44    60.84    62.37  

South Sumatera   64.12    63.70    64.02    63.94    63.35    63.51    63.14    62.67    62.27    62.94    63.30    63.31  

Bengkulu   57.31    57.42    58.30    58.36    58.42    57.84    58.82    59.48    60.44    61.12    58.93    60.99  

Lampung   50.45    51.04    52.05    52.42    53.33    54.59    55.66    56.68    58.31    58.96    58.18    60.17  

Bangka Belitung Islands   61.68    62.38    63.16    64.05    65.64    65.83    63.17    68.38    70.72    71.61    66.45    69.57  

Riau Islands   68.64    68.74    68.84    69.04    69.05    70.91    69.64    69.40    73.99    74.45    70.36    73.42  

Jakarta Special Region   67.47    66.15    66.85    64.45    67.07    67.81    67.91    72.83    73.03    72.35    71.91    71.59  

West Java   56.62    56.70    57.58    60.94    59.12    60.55    61.53    61.77    63.95    63.50    63.79    63.61  

Central Java   54.84    54.44    54.74    54.03    55.12    56.80    57.19    57.29    58.74    59.29    60.11    60.30  

Yogyakarta Special Region   60.76    60.63    61.00    61.10    61.84    62.23    62.50    62.73    63.37    62.64    65.30    64.14  

East Java   54.38    54.37    55.84    56.48    58.69    60.03    61.66    62.64    67.24    67.42    66.51    69.69  
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Banten   62.06    62.30    62.56    62.96    61.97    62.76    62.53    62.70    62.75    64.60    66.37    65.17  

Bali   69.32    68.41    68.31    67.55    67.85    67.54    67.89    67.95    71.05    69.53    67.18    69.23  

West Nusa Tenggara   55.08    55.63    56.06    55.45    56.08    56.85    56.87    57.47    60.26    58.89    56.79    59.41  

East Nusa Tenggara   55.11    55.23    55.19    54.54    54.36    54.81    54.04    53.14    50.23    51.57    52.72    50.90  

West Kalimantan   58.05    58.79    58.93    59.40    59.18    59.91    60.32    60.36    62.09    62.35    62.49    63.58  

Central Kalimantan   50.50    51.22    52.83    54.02    54.66    56.18    57.87    58.49    60.33    62.47    63.96    65.11  

South Kalimantan   53.56    54.36    55.74    56.01    57.01    57.81    59.45    60.58    62.07    62.64    62.99    65.04  

East Kalimantan   68.46    68.96    68.77    67.74    67.60    68.98    69.35    70.02    68.67    71.56    72.12    72.24  

North Sulawesi   68.88    67.89    67.60    66.11    65.46    65.05    65.82    65.33    64.93    65.84    63.11    65.17  

Central Sulawesi   60.14    61.11    61.16    60.98    61.09    60.97    61.80    62.78    64.13    64.34    60.93    63.65  

South Sulawesi   48.95    50.49    52.63    53.66    56.06    57.56    59.54    61.01    65.69    67.74    66.01    70.34  

South East Sulawesi   58.52    59.17    58.76    58.13    58.32    59.00    58.58    58.37    57.19    57.47    58.77    58.17  

Gorontalo   54.17    55.29    55.06    54.18    55.44    56.74    55.52    55.31    54.55    56.03    57.10    57.70  

West Sulawesi   54.76    54.72    54.89    54.26    54.81    56.34    56.75    56.28    56.00    54.79    58.98    57.88  

Maluku   59.11    57.02    57.60    57.42    58.16    58.55    58.40    58.36    56.83    55.58    55.60    54.24  

North Maluku   58.43    58.79    58.87    58.01    58.74    59.35    57.95    57.25    57.43    56.22    56.44    56.25  

West Papua   57.93    57.68    57.96    57.86    58.48    60.06    60.91    60.93    59.91    61.91    65.30    63.86  

Papua   66.69    64.29    61.06    63.33    61.22    62.04    60.88    61.37    57.93    57.86    60.20    59.10  

Indonesia   59.03    59.08    59.79    60.19    60.80    62.24    62.70    63.50    65.03    65.29    66.98  66.94  
Source: Author’s own estimates. 

Table 2D.3 Scenario 3 

Province 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Aceh   69.73    69.17    67.45   64.70    66.00    65.07    64.47    63.18    63.57    62.98    63.50    63.73  

North Sumatera   58.45    58.53    59.43   59.86    61.22    63.00    63.92    64.72    68.74    67.95    67.91    70.07  

West Sumatera   64.86    64.29    63.87   64.99    63.86    64.51    65.60    65.40    66.03    65.39    65.79    65.46  

Riau   65.87    65.55    65.10   65.13    66.32    67.72    68.32    68.80    68.25    69.92    70.12    71.17  

Jambi   47.78    48.97    50.42   50.65    52.31    53.34    55.32    57.66    59.28    59.31    62.42    64.04  

South Sumatera   65.23    64.89    65.24   64.90    64.80    65.07    65.48    65.34    65.72    66.45    66.93    67.43  
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Bengkulu   56.37    56.45    57.24   57.18    57.57    57.50    58.48    59.19    60.25    61.33    59.94    61.57  

Lampung   51.90    52.30    53.15   53.32    53.84    54.94    55.87    57.13    58.33    59.24    58.79    60.40  

Bangka Belitung Islands   62.88    63.98    64.42   64.88    65.71    66.22    64.75    68.22    70.23    71.44    67.90    70.42  

Riau Islands   70.34    70.44    70.54   70.77    70.62    72.69    71.27    71.30    75.67    75.95    73.57    75.76  

Jakarta Special Region   70.03    69.16    69.68   68.03    70.10    70.74    71.05    75.01    75.37    75.14    75.42    75.05  

West Java   57.65    57.87    58.47   60.68    59.66    61.04    62.21    62.67    64.61    64.73    65.58    65.53  

Central Java   54.76    54.66    55.00   54.59    55.63    57.23    57.77    58.16    59.77    60.56    61.94    62.17  

Yogyakarta Special Region   60.07    60.01    60.42   60.74    61.77    62.20    62.64    63.20    64.41    63.89    66.29    65.71  

East Java   56.46    56.45    57.77   58.42    60.11    61.63    63.24    64.27    68.29    68.80    69.06    71.63  

Banten   62.16    62.36    62.59   62.83    61.86    63.00    63.03    63.19    63.70    65.63    67.73    67.00  

Bali   66.27    65.65    65.83   65.54    65.77    66.04    66.69    67.06    69.97    69.26    68.51    70.19  

West Nusa Tenggara   53.95    54.43    54.74   54.12    54.65    55.59    55.75    56.60    58.97    57.92    56.72    58.57  

East Nusa Tenggara   53.70    53.88    53.90   53.49    53.52    53.95    53.68    53.18    51.52    52.60    53.56    52.51  

West Kalimantan   58.00    58.75    58.89   59.31    59.24    60.35    60.81    61.04    63.09    63.51    63.83    64.74  

Central Kalimantan   54.22    54.67    56.01   57.01    57.32    58.77    60.40    61.02    63.05    64.69    66.19    67.42  

South Kalimantan   56.01    56.78    57.98   58.22    58.84    59.67    61.34    62.81    64.21    64.89    65.78    67.54  

East Kalimantan   70.66    71.09    70.92   70.17    69.82    70.96    71.32    72.26    71.27    73.77    74.25    74.44  

North Sulawesi   66.05    65.36    65.13   63.93    63.37    63.46    64.94    64.74    65.11    66.80    65.14    67.23  

Central Sulawesi   58.90    59.97    60.02   59.90    59.85    60.14    61.07    62.38    63.84    64.21    62.27    64.68  

South Sulawesi   51.43    52.14    53.78   54.53    56.53    57.88    59.79    60.99    64.77    66.91    66.00    69.38  

South East Sulawesi   57.41    57.71    57.55   57.05    57.26    58.33    58.31    58.52    58.20    58.86    60.13    60.00  

Gorontalo   52.74    53.72    53.39   52.64    53.98    55.20    54.54    54.63    54.45    55.83    57.15    57.68  

West Sulawesi   54.20    54.18    54.30   53.83    54.32    55.60    56.38    56.18    56.57    56.16    59.32    58.82  

Maluku   56.83    55.04    55.52   55.20    55.75    56.15    56.19    56.52    55.55    55.24    55.36    54.46  

North Maluku   55.39    56.30    56.39   55.47    56.36    57.01    56.34    55.87    56.11    55.64    56.11    56.21  

West Papua   59.83    60.04    60.61   60.75    61.20    62.84    63.95    64.99    67.99    68.98    71.52    70.21  

Papua   67.87    65.82    61.40   64.87    61.72    62.54    61.63    62.84    60.17    59.60    61.74    61.52  

Indonesia   60.84    60.98    61.55   61.91    62.50    63.94    64.65    65.58    67.32    67.86    69.73  69.96  
Source: Author’s own estimates. 
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Table 2D.4 Scenario 4 

Province 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Aceh 61.60  60.50    60.60  59.53    61.29    61.40    61.73    61.54    62.21    61.67  62.25    62.57  
North Sumatera 58.34    58.43    59.35  59.78    61.15    62.91    63.83    64.63    68.65    67.86  67.82    69.99  

West Sumatera  64.86    64.29    63.87    64.99    63.86    64.51    65.60    65.40    66.03    65.39  65.79    65.46  

Riau  57.02    57.11    57.17    57.68    59.40    61.32    62.43    63.27    63.18    65.50  66.41    67.96  

Jambi  46.85    48.05    49.54    49.79    51.56    52.55    54.51    56.85    58.40    58.26  61.41    63.03  

South Sumatera  62.04    61.78    62.20    61.94    61.91    62.25    62.68    62.56    62.96    63.72  64.29    64.83  

Bengkulu  56.37    56.45    57.24    57.18    57.57    57.50    58.48    59.19    60.25    61.33  59.94    61.57  

Lampung  51.74    52.12    53.00    53.20    53.74    54.85    55.77    57.05    58.26    59.17  58.71    60.31  

Bangka Belitung Islands  62.88    63.26    63.82    64.42    65.33    65.94    64.50    68.00    70.02    71.23  67.70    70.21  

Riau Islands  70.34    70.44    70.54    70.77    70.62    72.69    71.27    71.30    75.67    75.95  73.57    75.76  

Jakarta Special Region  70.03    69.16    69.68    68.03    70.10    70.74    71.05    75.01    75.37    75.14  75.42    75.05  

West Java  57.24    57.47    58.09    60.34    59.33    60.73    61.90    62.35    64.29    64.43  65.31    65.26  

Central Java  54.41    54.28    54.59    54.14    55.15    56.75    57.26    57.66    59.26    60.05  61.44    61.68  

Yogyakarta Special Region  60.07    60.01    60.42    60.74    61.77    62.20    62.64    63.20    64.41    63.89  66.29    65.71  

East Java  56.43    56.42    57.75    58.39    60.09    61.59    63.20    64.21    68.23    68.73  68.99    71.56  

Banten  62.16    62.36    62.59    62.83    61.86    63.00    63.03    63.19    63.70    65.63  67.73    67.00  

Bali  66.27    65.65    65.83    65.54    65.77    66.04    66.69    67.06    69.97    69.26  68.51    70.19  

West Nusa Tenggara  53.95    54.43    54.74    54.12    54.65    55.59    55.75    56.60    58.97    57.92  56.72    58.57  

East Nusa Tenggara  53.70    53.88    53.90    53.49    53.52    53.95    53.68    53.18    51.52    52.60  53.56    52.51  

West Kalimantan  58.00    58.75    58.89    59.31    59.24    60.35    60.81    61.04    63.09    63.51  63.83    64.74  

Central Kalimantan  54.22    54.67    56.01    57.01    57.32    58.77    60.40    61.02    63.05    64.69  66.19    67.42  

South Kalimantan  55.77    56.55    57.76    58.01    58.64    59.46    61.13    62.60    64.01    64.71  65.60    67.38  

East Kalimantan  70.66    71.09    70.92    70.17    69.82    70.96    71.32    72.26    71.27    73.77  74.25    74.44  

North Sulawesi  66.03    65.34    65.11    63.91    63.35    63.44    64.92    64.72    65.09    66.78  65.11    67.20  

Central Sulawesi  58.90    59.97    60.02    59.87    59.77    60.01    60.90    62.22    63.68    64.03  62.10    64.54  

South Sulawesi  51.41    52.12    53.77    54.51    56.52    57.86    59.77    60.97    64.75    66.89  65.98    69.36  
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South East Sulawesi  57.41    57.71    57.55    57.05    57.26    58.33    58.31    58.52    58.20    58.86  60.13    60.00  

Gorontalo  52.74    53.72    53.39    52.64    53.98    55.20    54.54    54.63    54.45    55.83  57.15    57.68  

West Sulawesi  54.20    54.18    54.30    53.83    54.32    55.60    56.38    56.18    56.57    56.16  59.32    58.82  

Maluku  56.81    55.02    55.51    55.19    55.73    56.13    56.17    56.51    55.54    55.23  55.34    54.44  

North Maluku  55.39    56.30    56.39    55.47    56.36    57.01    56.34    55.87    56.11    55.64  56.11    56.21  

West Papua  56.97    57.02    57.39    57.44    58.11    59.81    60.94    61.20    61.40    63.23  66.36    65.72  

Papua  67.87    65.82    61.40    64.87    61.72    62.54    61.63    62.84    60.17    59.60  61.74    61.52  

Indonesia  59.70    59.84    60.47    60.87    61.49    62.99    63.70    64.66    66.41    66.96  68.87    69.13  
Source: Author’s own estimates. 
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2E. Discussion of Scenario 2 and Scenario 3 

2E.1. Scenario 2 

According to scenario 2 (Figure 2E.1), there are four provinces that achieved a level of 

sustainability more than 70 i.e. Riau Islands, East Kalimantan, Jakarta Special Region and 

South Sulawesi. These provinces are provinces which have the strong fiscal capability like for 

example; East Kalimantan in 2013 has 61.7% fiscal space, the highest among the other 

provinces (Ministry of Finance, 2013). This high fiscal capacity mostly comes from the high 

share of revenue sharing (Dana Bagi Hasil) from natural resources. This province has 58.4% 

of the budget for capital expenditure. 

The lowest sustainability was experienced by eight provinces which achieved less than 

60 in their index. These provinces are provinces with weak fiscal capability, for example, South 

East Sulawesi which only has regional revenue growth from 2009 – 2013 at 2%, while East 

Kalimantan at the same period can reach 30.7% (Ministry of Finance, 2013). 

In this scenario, the economic aspect does not include the GRP from oil and gas. This 

difference from the scenario 1 has resulted in different sustainable index in the provinces. On 

average, in 2002 the index was 0.58% lower than the scenario 1 and 0.32% in 2013. Under this 

scenario, in 2002, all provinces obtain a lower index value on the economic aspects, on average 

approximately -8.3%. Meanwhile, in 2013, although the average of all provinces obtains a 

lower index value, approximately -3.9%, but Bali is not affected. The greatest difference 

between the economic aspects of scenario 1 in 2002 was experienced by Riau for about -33%, 

followed by Aceh approximately -31% and West Papua -16%. In 2013, the highest difference 

between scenario 1 and scenario 2 was experienced by West Papua at -15%, Riau by -12% and 

Aceh by -11%. These results show that there were provinces which relied on their natural 

resources while the others relied less on oil and gas.  
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Figure 2E.1 SDI Ranking Based on Scenario 2 in 2013 
Source: Author’s own estimates. 

Like scenario 1, in this scenario a majority of provinces increased their sustainability 

(Figure 2E.2). But several provinces experienced a decreasing level, among the highest are 

Papua at -7.6% and Maluku at -4.9%. In this scenario, the economic aspect of Papua decreased 

by 10%. Maluku experienced an increase in economic aspect by about 1%, while its 

environmental aspect decreased by 29%, social aspect improved by 4.5% and institutional 

aspect increased by 2.3%.  
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Figure 2E.2 SDI Based on Scenario 2 for 2002 and 2013 
Source: Author’s own estimates. 

In Figure 2E.3, it appears that there are many changes in the sustainability groups. In 

2002, there are 19 provinces at the low level, while in 2013, there are 16 provinces. The 

interesting thing is that there are more provinces that can achieve high sustainability from six 

provinces in 2002, becoming eight in 2013. The low levels of sustainability are characterised 

with provinces with low economic capacity, less natural resources, and low fiscal capacity. On 

the other hand, the high-level sustainability was achieved by the provinces with high natural 

resources, a tourist destination and a business centre.  

There were provinces that experienced a decrease in their level of sustainability from 

high to low level i.e. West Sumatera, and from high to moderate i.e. North Sulawesi. Otherwise, 

there are increases in the level of sustainability from low to high i.e. South Sulawesi, North 

Sumatera, and East Java, and from moderate to high i.e. Bangka Belitung Islands. 
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 Low  

(50%<SDI) 
 Moderate 

(50%=<SDI=<75%) 
 High 

(SDI>75% 

Figure 2E.3 SDI Based on Scenario 2 and Based on Group in 2002 and 2013 
Source: Author’s own estimates. 

2E.2. Scenario 3 

This scenario proposes to observe the difference in the level of sustainability index when the 

weight of economic and institution aspects in non-Java island more than in Java, and the weight 

of environmental and social aspects in Java more than in non-Java. It is expected that the result 

will give a more reliable and equitable result than the previous scenarios. 

The results show that nine provinces achieved a sustainability index of more than 70, 

and seven provinces achieved less than 60 in 2013 (Figure 2E.4). Like the previous scenarios, 

the high sustainability index was achieved by provinces which have natural resources, a 

business centre and a tourist destination i.e. Riau Islands, Jakarta Special Region, East 

Kalimantan, East Java, Riau, Bangka Belitung Islands, West Papua, North Sumatera, and Bali. 

On the other hand, the same pattern also happened in the low sustainability level where the 

provinces are categorised as provinces which have less natural resources and low fiscal 

capacity i.e. West Sulawesi, West Nusa Tenggara, Gorontalo, North Maluku, Maluku and East 

Nusa Tenggara. 

From these results, it can be concluded that the different weights of each aspect give a 

different sustainability index but does not give a different pattern. The result shows that the 

high sustainability index achieved by provinces with high natural resources, tourism 
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destination and business centre. On the other side, the low sustainability index achieved by 

provinces with low fiscal capacity, less natural resources nor business activities.  

 

Figure 2E.4 SDI Ranking Based on Scenario 3 in 2013 
Source: Author’s own estimates. 

In Figure 2E.5, the sustainability index increased in all provinces except Papua, East 

Nusa Tenggara, Maluku, and Aceh. The highest increase was achieved by South Sulawesi at 

18%, followed by Jambi at 16.3%, and East Java at 15.2%. On the other hand, the decreased 

index was experienced by Papua at 6.4%, Aceh at 6%, Maluku at 2.4% and East Nusa Tenggara 

at 1.2%. 

By weighing more on economics and institutional aspects for Non-Java islands, and 

weighing more on social and environmental aspects for Java islands, it is expected that the 

indexes will be spread evenly. But the result does not confirm that. Based on this scenario, on 

average index of Java Islands in 2002 is 61.06% or 427.40 in total, while non-Java Islands 

achieved 1540.6 in total or 59.25% on average. The highest level of Java was achieved by 
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Jakarta Special Region at 70.03, and the highest of non-Java islands was achieved by East 

Kalimantan at 70.66. Moreover, in 2013, Java island achieved 477.28 in total or 68.18 on 

average, while, non-Java island achieved 64.44 on average or 1675.47 in total. In this year, the 

highest level was achieved by Jakarta Special Region at 75.05 in Java and 75.76 by Riau Islands 

in non-Java islands.  

Even though there are increases in the level of the index between 2002 and 2013 for 

both regions, the average values show that based on this scenario, the discrepancy between 

these two regions is still large. Moreover, the highest levels were achieved by provinces with 

high economic capacity.  

Compared with the result of scenario 1, in 2002 in Java island, the highest level was 

achieved by Bali at 69.32 and the index achieved 60.86 on average. Still in the same scenario, 

in 2013, the average was 66.34 with the highest was 71.59 by Jakarta Special Region. 

Furthermore, for the non-Java island, in 2002, the highest of 69.22 was observed in Aceh with 

the average being 63.12. In 2013, the highest was achieved by Riau Islands at 73.42 with the 

average being 63.12. 

These results do not provide much difference with scenario 3 where on average the high 

index was achieved by provinces in Java Island, while the provinces in non-Java islands 

achieved a low level of sustainability. Thus, these results suggest that the different weight in 

different aspects do not result in a different pattern of a sustainability index.  
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Figure 2E.5 SDI Based on Scenario 3 for 2002 and 2013 
Source: Author’s own estimates. 

According to Figure 2E.6, the number of the low sustainable index fell from 19 in 2002 

to 15 in 2013. At the same time, the number of high sustainable index decreased from 9 in 2002 

to only 5 in 2013. In this scenario, the high indexes are still dominated by provinces with high 

economic capacity caused by natural resources and business activities. In 2002, the high index 

was achieved by South Sumatera, Riau, North Sulawesi, Bali, Papua, Aceh, Jakarta Special 

Region, Riau Islands, and East Kalimantan; while in 2013, Riau, East Java, East Kalimantan 

and Jakarta Special Region achieved the high sustainability index. In the same scenario, the 

provinces with the lack of economic capacity achieved a low level of sustainability such as 

East Nusa Tenggara, Maluku, and Papua. This confirms that the different weight on different 

aspect is not much different from the pattern of a sustainability index. The high index remains 

and is achieved by rich provinces, while the poor provinces can only afford the low level of the 

index. 
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Figure 2E.6 SDI Based Scenario 3 and Based on Group in 2002 and 2013 
Source: Author’s own estimates. 
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Chapter 3  
Evolution of Embodied Renewable Energy Use in Indonesia:  

An Assessment of Sustainable Energy 
 

 

3.1. Background 

To address sustainability of energy, several studies have focused on the relationship between 

renewable energy consumption and real GDP in emerging countries (Sadorsky, 2009; Salim et 

al., 2014), OECD (Apergis and Payne, 2010a), Eurasia (Apergis and Payne, 2010b), Central 

America (Apergis and Payne, 2011) and groups of countries (Apergis and Danuletiu, 2014; 

Kazar and Kazar, 2014). It is crucial to study the sustainability of energy in the case of 

Indonesia so as to extend the literature. This will be achieved by presenting empirical study of 

the path of Indonesia’s evolution of adoption of embodied renewable energy during the years 

1995 – 2010. The main contribution in this study will focus on energy sustainability based on 

renewable energy sources, and an assessment of the evolution of the subsequent sustainability 

over years. It is believed that this is the first empirical research on this topic, and particularly 

for Indonesia.  

The existing literature mainly discusses energy sustainability based on total energy 

resources (for example Treloar et al., 2001; Liu et al., 2012; Bordigoni et al., 2012; and Cui et 

al., 2015). An analysis of embodied energy consumption (direct plus indirect) at the sectoral 

level is important (Liu et al., 2012). For this purpose, in this study, embodied renewable energy 

consumption among Indonesia’s 16 industrial sectors is estimated by conducting an extended 

environmental input–output analysis. It is surmised that appropriate national regulations and 

standards can be enacted to promote sustainable energy in Indonesia.  

Section 2 begins with a brief review of the renewable energy sector in Indonesia, 

Section 3 undertakes a literature review. This is followed by a discussion of the methods 
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employed and Section 4 will deal with data issues. Preliminary results and further findings are 

presented in Section 5, and finally, Section 6 presents the conclusions.  

3.2. Renewable Energy Sector in Indonesia 

Figures 3.1 and 3.2 depict that in local currency terms, the Indonesia’s GDP increased from 

1,400 trillion IDR in 2000 to 2,800 trillion IDR in 2013, thus indicating the economy had 

almost doubled over a period of about 13 years. This impressive growth in the economy was 

also followed by the high supply of and demand for energy. In 2000, the primary energy supply 

reached 727 million BOE. It increased to 1,300 million BOE in 2013. This high increase in 

supply was also followed by a high increase in demand for energy. The demand for final energy 

was about 510 million BOE in 2000 and 930 million BOE in 2013. Thus the demand for energy 

increased by almost one-and-a-half times in this period of 13 years. 

Final energy consumption (including biomass) in the period 2000-2012 increased from 

764 million barrel of oil equivalent (BOE) to 1,079 million BOE, an increase on average of 

2.91% per year. Final energy consumption does not take account of other petroleum products, 

such as lubricants, asphalt, and other industries. In 2012 the largest share of energy use is the 

industrial sector (34.8%) followed by the household sector (30.7%), transportation (28.8%), 

commercial (3.3%), and others (2.4 %). During the period 2000-2012, the transportation sector 

experienced the greatest growth, to reach 6.92% per year, followed by the commercial sector 

(4.58%) and industry (2.51%). The growth in the household sector amounted to only 0.92%, 

and other sectors decreased by 0.94%. 
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Figure 3.1 Comparison of GDP with Primary Energy Supply 
and Final Energy Consumption (2000-2013) 
Source: MEMR, 2014 

Figure 3.2 Comparison of Real GDP per Capita (2000) with 
Primary Energy Supply per Capita and Final Energy 
Consumption per Capita (2000-2013) 
Source: MEMR, 2014 

3.2.1. Energy Policy  

Concerning the importance of the renewable energy sector, the government has currently 

stipulated several policies to support this sector, with a goal of increasing energy supplies. The 

provision of energy was considered urgent due to the high disparity between energy supply and 

demand. The policies adopted were namely the National Energy Policy (Kebijakan Energi 

Nasional – KEN), and the biodiesel blends and Feed-in Tariff. 

To provide a long-term policy in the energy sector, the Government has promoted KEN 

based on Government Regulation No. 79/2014 (Republic of Indonesia, 2014a). KEN has 

mandated the proportion of utilization of renewable energy in the national energy mix, a 

minimum of 23% in 2025, and 31% in 2050. To boost the utilization of biofuels, the MEMR 

stipulates in Decree No. 12/2015 (Republic of Indonesia, 2015a) an increase in the mandatory 

biodiesel blended of up to 15% for micro industries, transportation, industrial and commercial 

purposes (previously only 10%), and 25% for electricity generation in April 2015 with an 

increase to 30% from January 2025.  

Furthermore, it is forecasted that the greenhouse gas emission will keep increasing due 

to the increase in the final energy consumption. On the business as usual scenario, the 

Government of Indonesia forecasts that the greenhouse gas emission growth is about 4.9% per 

year from 2016-2050, while at the same time the final energy consumption growth is 5.3% 
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approximately. With the government support to the renewable energy use and energy 

efficiency, in 2050 the emission intensity per GDP will be only 0.7 of the intensity in 2016 

(Ministry of Energy and Mineral Resources, 2016). IEA (2016) mentioned that in order to 

enhance energy security and reduce GHG emissions from the energy sector, one of the 

government policies is the Government Regulation No.79/2014 on National Energy Policy 

which setting targets by 2025 of a 23% contribution from renewable energy in the national 

primary energy mix. 

The feed-in tariff (FIT) is a policy by MEMR which purports to encourage the use of 

renewable energy. FIT began in 2009 with the enactment of Decree No. 31/2009 (Republic of 

Indonesia, 2009) on the price of electricity purchased by PT PLN (Persero) from the use of 

renewable energy from small and medium scale power plants or excess of power. The FIT 

regulation has been updated several times to consider purchase price adjustments for various 

types of renewable energy and electricity. During the years 2014-2015 FIT regulations have 

been set for hydropower, geothermal power, biogas and biomass generations. The purchase 

prices of an electricity hydropower plant with a capacity up to 10 Mega Watts (MW) are 

differentiated by region, purchase period, and connection to the network. Subsequently, 

MEMR also set Decree No.17/2014 on FIT regulations for geothermal energy, where price is 

distinguished each year by region (Republic of Indonesia, 2014b). There are three regions in 

the group: namely, region I (Sumatra, Java, Bali), region II (Kalimantan, Sulawesi, NTB and 

NTT, Maluku and North Maluku, Papua and West Papua), and regions III (areas in regions 1 

and 2 that were isolated and using diesel for the generation).  

3.2.2. Renewable Energy Resource Potential 

According to Law No. 30/2007, Indonesia has a high level of diversification of renewable 

energy that consists of geothermal, waterfall, bio-energy, solar and wind power (Republic of 

Indonesia, 2007). The potential of renewable energy such as hydropower, geothermal, wind, 
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solar, ocean, and biomass is quite adequate, but is scattered. Based on Table 3.1, Indonesia's 

geothermal potential was about 28,617 MWe, while the installed capacity of geothermal power 

plants (up to September 2013) amounted to 1,440 MWe. Meanwhile, the potential of biomass 

to generate electricity reached 34 Giga Watt equivalent (GWe) with an installed capacity of 

power plants connected to the grid of 1.74 GWe. The potential of solar power in Indonesia is 

quite high with 560 GWe with the utilization was only at about 70 MWe. The installed capacity 

of wind power plants is only about 3.61 MWe of a potential 107 GWe. 

Table 3.1 The Potential Renewable Energy Resource 

No. Energy Resources 
Energy Potential 

(MWe) 
Installed Capacity 

(MWe) 

1. Geothermal 29,000 1,440 

2. Hydro 75,000 4,827 

3. Mini and Micro Hydro  19,000 5,250 

4.  Ocean 61,000 0.28 

5. Biomass 34,000 1,740 

6. Solar Energy 560,000 70 

7. Wind Energy 107,000 3.61 

Source: Republic of Indonesia (2013) 

Moreover, the renewable energy potential has been supported by the government via 

the 2325 vision. In this vision, Indonesia is targeted to utilise 23% of renewable energy sources 

by year 2025. There are potential issues to overcome in order to achieve this. Among other 

problems are the difficulties of coordination among ministries; the high cost of production and 

investment; inadequate technology; and the low quality of human resources. 

 

 



 

82 
 

3.2.3. Current Renewable Energy Issues 

According to Boedoyo et al. (2015) Indonesia has several problems related to energy in general 

and renewable energy in particular. The first is the population of Indonesia. With an average 

growth of 1.24% per year, it reached 242 million in 2013, having increased from 205 million 

in 2000. Java Island with about 6.7% of Indonesia's land area is occupied by approximately 

57% of the population. A second problem is related to an increase in imports of crude oil and 

refined products. This has been caused by a decline of oil production, while demand for fuel 

has continued to grow. Another negative effect is associated with the huge level of the oil 

subsidy. This has continued at a time of increased domestic demand, a hike in the international 

oil price, as well as a devaluation of the rupiah against the US dollar. The third problem is 

associated with the constraints of renewable energy adoption, especially when the potential 

sources are small and scattered, and sourced in remote areas, thus requiring high investment 

inputs.  

The other concern is the energy required in the transportation sector, which tends to 

increase at a high rate. The transportation sector is the second largest commercial final energy 

consumer after the industry sector. Currently, almost all energy consumption in the transport 

sector is in the form of fuel, with about 89% of this consumption being in the road transport 

sub-sector. Utilization of fuel in motor vehicles continues to rise and has become one of the 

determining factors when drafting the national budget, when considered that it takes into 

account energy subsidies and the import of oil and fuel. The increase in the volume of imports 

of fuel oil, it is believed, has led to the weakening of the rupiah against the US dollar and other 

foreign currencies. The main cause of the high growth of the number of motor vehicles and 

also fuel consumption in the road transport sub-sector is associated with the prices of premium 

gasoline and diesel oil, which are set by the Government at a subsidized price. Concern with 

this situation has led to the use of alternative energy sources as a substitute fuel, such as crude 
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natural gas (CNG) and biofuels (bioethanol and biodiesel). To correct this condition there needs 

to be a changing pattern in the transport sector whereby the primary use of private vehicles is 

reduced and where there is a move into encouraging mass transit. Benefits would also accrue 

if fuel subsidies were to be diverted for infrastructure improvements, as well as into improving 

economic and social spheres within the country. Biofuels and biogas utilization should be 

encouraged to include the entire relevant institutions from industry, finance, agriculture, trade, 

and more efficient energy management, as well as raising awareness in the community. The 

transfer of fuel subsidies that reached 130 trillion rupiah in the 2015 state budget is expected 

to be able to support improvements in transport infrastructure, as well as the development of 

alternative energy fuels. 

The other issue related to energy in Indonesia concerns electricity. According to the 

State Electricity Company (PT Perusahaan Listrik Negara – PLN), in the last five years, growth 

in the construction of power plants amounted to 6.5% per year, whereas growth in electricity 

demand rose by 8.5%. This lag is linked to various problems, such as technical barriers, poor 

policy coordination, and overlapping authority between relevant agencies, and limited human 

resources.  

3.3. Literature Review 

3.3.1. Defining Sustainable Energy  

In terms of the concept of sustainable energy, scholars are generally in agreement. Tester 

(2005), for example, notes that sustainable energy is a coherence of supply of energy to all 

people for today and in the future. The World Bank in its Energy Sustainability Index measures 

the capability among countries to obtain an energy system which supports the sustainable 

development pillars – economic, social and environmental – and which attempts to tackle 

present issues. Tsai (2010) mentions the needs of highly efficient, high value added, and low 

emission levels, with low dependence on imported energy as the prerequisites to attaining 
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sustainable energy in Taiwan. Cosmi et al. (2015) underlined the Europe 2020 vision as the 

basis for sustainable energy, that is, the need to reduce emissions, increase renewable energy 

foundations, and shrink energy usage by 2020. Duart et al. (2015) addressed the need for 

renewable energy sources and a decrease of emissions to start the movement towards energy 

sustainability. Gaigalis et al. (2015) noted that the dependency on fossil fuels will be the main 

challenges in the future in terms of cost and emissions.  

Therefore, sustainable energy must be promoted to meet the economic and ecological 

requirements. In this case, the local governments have a significant role in facilitating the 

process. Iddrisu and Bhattacharyya (2015) examined the challenges associated with depletable 

energy sources in the future, and called for action from the policy makers to address energy 

sustainability. Moreover, several institutions have adopted formal definitions of sustainable 

energy, such as The International Renewable Energy Agency (IRENA) which declares, 

“renewable energy includes all forms of energy produced from renewable sources in a 

sustainable manner, including bioenergy, geothermal energy, hydropower, ocean energy, solar 

energy and wind energy” (IRENA, 2016). The International Energy Agency (IEA) defines 

sustainable energy as “derived from natural processes” and “replenished at a faster rate than 

they are consumed” (IEA, 2002). The IEA definition of renewable energy includes the 

following sources: “electricity and heat derived from solar, wind, ocean, hydropower, biomass, 

geothermal resources, and biofuels and hydrogen derived from renewable resources” (IEA, 

2002). IEA and the World Bank (2015) in SE4All mentioned sustainable energy as: a dynamic 

harmony between the equitable availability of energy-intensive goods and services to all people 

and the preservation of the earth for future generations.  

3.3.2. Environmental (Energy) Extended Input-Output Table (EEIO) 

EEIO is an extension from the conventional version of the Input-Output table which integrates 

the environmental aspect. That kind of extension was first introduced by Cumberland (1966) 
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and Daly (1968). Leontief who was first to elaborate on the conventional Input-Output Table, 

also adopted the environmental extension (Leontief, 1970), and this became popular among 

scholars (Hafkamp, 1991). The main advantage of the EEIO approach is that all kinds of data 

(environmental, economic and social) can be inventoried and placed into a coherent framework 

(Tukker et al., 2006).  

Numerous scholars have examined EEIO and use it as a valuable tool to examine the 

relationships between economic growth, environmental performance, and related policies. The 

study by Munksgaard et al. (2005) mentioned that structural economics, such as input-output 

modeling, is a useful tool for analyzing the environmental impacts of consumption. In support 

of that idea, Tukker et al. (2006) concluded that EEIO tables form a powerful toolkit for 

information-based environmental policy-making. Pan and Kraines (2001) presented two 

extended environmental input-output models for life cycle analysis in pollutant abatement. It 

is demonstrated that the suggested models are systematic tools that can be used for integrated 

environmental analysis and planning. Accordingly, Birch, et al. (2005) stated that the consistent 

disaggregation of any national footprint by economic sectors, final consumption categories, 

sub-national areas or socio-economic groups, offers to help formulate tailor-made policies, and 

to ensure that strategies towards achieving sustainable consumption are coherent. Kitzes (2013) 

argues that the wider adoption of EEIO approaches will help researchers and policy makers to 

better measure and potentially decrease, the ultimate drivers of environmental degradation. 

3.3.3. Embodied Energy (EE) 

(i) Understanding EE 
 
There is no single definition of the term embodied energy (Miller and Blair, 2009), but it can 

be said it is mainly related to a tool that measures the energy needed in producing goods from 

downstream to upstream processing in an entire product life-cycle. Nishimura et al. (1996) note 

the importance of analysis of consumption behavior of households. This is because measuring 
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embodied energy will need to find the energy requirement which can only be met by finding 

the consumption pattern at the household level. 

There are two types of embodied energy: direct energy and indirect energy (Crowther, 

2009). Direct embodied energy refers to the energy needed in construction and assembly 

processes, while indirectly embodied energy means energy required to manufacture materials 

and components. Measuring EE will be beneficial for a government in designing policy related 

to energy and industry (Cui et al., 2015; Brown and Herendeen, 1996), and in calculating direct 

and indirect emitted pollution. Brown and Herendeen (1996) stressed that energy embodied 

analysis can also be used for renewable energy sources, by separating (in energy accounting) 

the renewable energy from the non-renewable energy. However, embodied energy analysis has 

at least two weaknesses namely (1) there is no optimizing principle, and (2) it is not capable of 

measuring the ability of the universe to absorb and process pollution. 

Following the above definitions, it can be surmised that embodied renewable energy 

refers to renewable energy consumed in activities needed to support an industrial process. The 

method is purposed to calculate the total renewable energy required for the overall product life-

cycle. Measuring the embodied renewable energy in the production system will be beneficial 

for the policy makers designing the relevant policy, particularly in relation to renewable energy 

and industry and for the purpose of achieving sustainable energy. 

 
(ii) Method to Measure EE 

Dixit et al. (2010) concluded that there are three major methods to analyze embodied energy, 

namely process-based analysis, input-output analysis, and hybrid analysis. The process-based 

analysis is conducted by calculating the energy from the final goods, and tracing it back to the 

process of production by considering the relevant direct energy needed for each material to be 

processed. Looking at the process, this method provides a more precise and consistent yield 

(Dixit et al., 2010). Yet, this method is relatively difficult to be applied because of the 
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difficulties of taking all the processes into account, especially when there is a boundary in the 

system.  

There are many minor energy and input materials which need to be measured. This 

involves extra effort in terms of measurement and may lead to incomplete results. Input-output 

analysis is measured by using an input-output table and the costs of the products according to 

energy intensity. This method is considerably robust in the sense that it comprehensively 

includes the direct and indirect energy inputs in the process (Dixit et al., 2010). However, there 

are problems with homogeneity and proportionality, as well as errors and data uncertainty. The 

aggregation and sector groupings, energy tariffs and costs of the products are among the most 

apparent flaws. This results in errors and unreliable results. The hybrid analysis is a compile 

between the two prior methods, and is calculated by combining process analysis and input-

output analysis. In this analysis, the input-output analysis is introduced to complement the 

defects inherent in process analysis, when it is difficult to reveal the reliable and consistent 

information on the complex upstream process (Dixit et al., 2010).  

(iii) Significance of the Use of EE 
 

There are several related issues that highlight the importance of measuring EE in an economy: 

namely the energy demand, the energy supply, and the environment. Energy demand also 

concerns the efficiency of energy, while energy supply is also related to sustainable energy, 

energy savings, and energy security. Additionally, environment issues related to energy are 

concerned with emissions and conservations. Scholars discuss these features separately, or they 

mix those three issues. Moreover, EE is also a good predictor of economic value (Costanza and 

Herendeen, 1984). 

From the energy demand perspective, EE was observed to be able to illustrate the 

impact of energy use (Li et al., 2016). EE is also viewed as being able to measure the risk of 

natural resources and environment attributed to the use of energy (Liu et al., 2010). Energy 
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efficiency combined with energy prices can lead to energy conservation. Thus, EE can be 

applied to evaluate how energy policy affects energy price and economic conservation via the 

indirect energy mechanism (Liu et al., 2009). EE can also be used to assess the effect of 

consumption patterns on energy demand (Nishimura et al., 1996). In Treloar et al. (2001) 

opinion, analyzing EE will be capable of tracing the energy needed for goods and services in 

the production line. This is in line with Zhang et al. (2016) who believes that EE may deliver 

a complete knowledge about the different energy consumption needs of regions in a country.  

On the other hand, from the energy supply side, EE also draws the attention of scholars. 

Among them, Borda et al. (2015) highlights the need for EE in order to measure the sustainable 

energy supply by considering renewable energy and imported energy. Considering the EE in 

European industry, Bordigoni et al. (2012) emphasized the link between energy security and 

carbon emission. The analysis of EE can also help to predict the energy security challenge and 

the environmental protection required in a country, as the result of exporting activities (Cui et 

al., 2015).  

3.4. Methods and Data 

3.4.1. Methods 

To capture energy consumption flows in the economy, the standard Leontief input–output (I–

O) model has been extended to the so-called environmental extended input–output model 

(EEIO) (Leontief, 1970). EEIO describes the energy consumption required to produce a unit 

of economic output (goods and services) driven by final demand. This tool allows calculation 

of the direct energy consumption by a sector’s final demand, as well as all indirect energy 

consumption from other sectors within the same supply chain (Duchin, 1998; Hubacek et al., 

2009). The total output of an economy is expressed as follows: 

        (3.1) 
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where X, Z, y and A represent total economic output, the intermediate demand matrix, the final 

demand vector, and the economy’s direct demand matrix.  

Thus the output vector X can be expressed as: 

         (3.2) 

where I represents the identity matrix and  is the Leontief inverse matrix. The EEIO 

method combines the economic IO model with sectoral environmental impacts, by multiplying 

the total economic output by each sector’s energy intensity (energy consumption per unit 

economic output from each sector). The EEIO method captures the energy consumption of 

each economic sector and is expressed as follows (Liu et al., 2012): 

	 	 ⋯  (3.3) 

where E represents the matrix of the total embodied energy consumption and F the factor vector 

of the energy intensity for each sector. Fy is the direct energy consumption due to final demand, 

and FAy is the first round of indirect energy consumption linked to intermediate industrial 

activities, FA2y, FA3y, FA4y. (Infinite recursive reduction series of FAjy) are the second, third, 

fourth,… round indirect energy consumption of intermediate activities. F can be calculated as 

follows: 

/          (3.4) 

where Fi, Di, and Xi represent the intensity factor of sector i, the energy consumption of sector 

i and the total economic output from sector i. 

3.4.2. Data 

This study adopted the available input-output tables for the years of 1995, 2000, 2005 and 2010 

from the OECD database, covering 37 economic sectors in total. The IO Table from OECD is 

adopted because on the time the chapter prepared, the official IO Table from Central Statistics 

Agency for year 2010 was not published and only provides the IO Tables for 1995, 2000 and 

2005. Production and energy consumption data from each sector was extracted from the 



 

90 
 

Indonesia Energy Balance (Central Statistics Agency, 1995–2010). Indonesia Energy Balance 

is a publication prepared and provided by BPS. The Indonesia Energy Balance presents energy 

data which covers production, conversion and consumption of different types of energy in 

Indonesia (Central Statistics Agency, 2017). During the period of observations, the Indonesia’s 

Energy Balance only presents 16 sectors.  The input–output table from the 37 industrial sectors 

was combined with energy consumption data covering 17 sectors. This study aggregates the 37 

economic sectors into 16 sectors to keep the two datasets consistent. Table 3.2 presents the 37 

sectors classification by IO STAN from OECD and the aggregated 16 sectors based on the 

Energy Balance.  

Table 3.2 Sector Classification for the Indonesian Economy 

Energy Balance IO STAN  This Study Sector 
 Manufacture of Food   Food products, beverages and tobacco   Manufacture of Food  1 
 Manufacture of Textile   Textiles, textile products, leather and footwear   Manufacture of Textile  2 
 Manufacture of Wood   Wood and products of wood and cork   Manufacture of Wood  3 
   Pulp, paper, paper products, printing and publishing     
 Manufacture of Chemicals   Coke, refined petroleum products and nuclear fuel   Manufacture of Chemicals  4 
   Chemicals and chemical products     
   Rubber and plastics products     
   Other non-metallic mineral products     
 Basic Metal Industry   Basic metals   Basic Metal Industry  5 

 Other Manufactures  
 Fabricated metal products except for machinery and 
equipment   Other Manufactures  

6 

   Machinery and equipment n.e.c      
   Office, accounting and computing machinery     
   Electrical machinery and apparatus n.e.c     
   Radio, television and communication equipment     
   Medical, precision and optical instruments     
   Motor vehicles, trailers, and semi-trailers     
   Other transport equipment     
 Small Manufacturing   Manufacturing n.e.c; recycling   Small Manufacturing  7 
   Electricity, gas and water supply     
 Cottage Industry   Other community, social and personal services   Cottage Industry  8 
 Mining   Mining and quarrying   Mining  9 
 Construction   Construction   Construction  10 
 Transportation   Transport and storage   Transportation  11 
   Post and telecommunications     
 Agriculture   Agriculture, hunting, forestry and fishing   Agriculture  12 
 Trade   Wholesale and retail trade; repairs   Trade  13 
 Hotel   Hotels and restaurants   Hotel and Restaurants  14 
 Restaurant       
 Others   Finance and insurance   Other Services  15 
   Real estate activities     
   Renting of machinery and equipment     
   Computer and related activities     
   Research and development     
   Other Business Activities     
   Public admin. and defense; compulsory social security     
   Education     
   Health and social work     
 Households   Private households with employed persons   Households  16 

Source: Author’s own estimation  
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3.5. Results 

3.5.1. Preliminary Results 

In general, there are four main sectors that consumed the most energy between 1995 and 2010, 

namely the household, transportation, mining and other manufacture (Figure 3.3). Three sectors 

consumed the least amount of sectors energy in this period. These are small manufacturing, 

hotel and restaurants, and other services.  

 
Figure 3.3 Energy Consumption by Sectors (1995-2010) 
Source: Author’s own estimation  
 

Between 1995 and 2010, the household sector experienced a decreasing trend in energy 

consumption, from 48.4% to 23.94%. While the transportation sector remained stable at about 

30%, the mining sector greatly increased from 2.2% in 1995 to 23.8% in 2010. In the same 

period, small manufacturing halved its energy consumption from 0.2% to only 0.01%. Hotel 

and Restaurants and Other Services sectors also decreased their energy consumption by about 

0.1%. The Hotel and Restaurants sector consumed energy at about 0.22% in 1995 and became 

0.12% at 2010, while Other Services declined from 0.38% in 1995 to 0.23% in 2010. 

Figure 3.4 depicts the great difference of energy consumption by type of energy. While 

there was a tremendous upward trend of the Non-Renewable Energy between 1995 and 2010, 
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the Renewable Energy consumption remained stable. This substantial difference can be 

explained by the low level of government support for the development and consumption of 

renewable energy during the period. From the perspective of the consumers, it was also caused 

by the high cost difference between obtaining RE and Non-RE. In Indonesia, the government 

has over a long period provided a subsidy for the consumption of fossil fuels. 

 
Figure 3.4 Energy Consumption by Type of Energy (1995-2010) 
Source: Author’s own estimation  
 

 Figures 3.5 and 3.6 confirm that the government pays much more attention to the 

consumption of Non-RE through its policy of providing a subsidy to this type of energy. There 

are concerns associated with this policy, among others being the need to control the inflation 

rate and to provide affordable energy to boost the economy. 

Figure 3.5 Subsidy in State Budget on Energy as Percentage of 
Government Expenditure (2004-2013) 
Source: (Republic of Indonesia, 2015b) 

Figure 3.6 Subsidy on Energy by Type of Energy as Percentage 
of Total Subsidy on Energy (2004-2013) 
Source: (Republic of Indonesia, 2015b) 
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3.5.2. Embodied Energy 

By using equation (3.3), the embodied energy consumption from 16 sectors was further 

decomposed into direct and indirect energy consumption. Figure 3.7 illustrates that the 

embodied energy experienced an increasing trend from 1995 to 2010. In 1995, the total 

embodied energy was about 300,000 terra Joule/USD, and around 900,000 terra Joule/USD in 

2010. While indirect embodied energy also experienced an increasing and significant level 

between these two periods, the direct-embodied energy remained stable at about 150,000 terra 

Joule/USD. These results show the strong dominance of indirect-embodied energy as against 

direct-embodied energy in Indonesia. This implies that renewable energy in Indonesia between 

1995 and 2010 was mainly utilized to support the process of the manufacture of materials in 

industry.  

 
Figure 3.7 Direct and Indirect Embodied Renewable Energy Consumption (1995-2010) 
Source: Author’s own estimation  

 

The result indicates that in 1995 (Figure 3.8), indirect energy consumption accounted 

for 75% of total embodied energy consumption. The three sectors that had the largest embodied 

energy consumption were: Households at 51,754 terra Joule/USD; Other Manufactures at 

40,226 terra Joule/USD; and Mining at 39,178 terra Joule/USD. The least energy embodied 
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consumption was experienced by the Construction sector at 1,774 terra Joule/USD, and by the 

Cottage Industry sector at 282 terra Joule/USD.  

Among the largest embodied energy consumption sectors, the Households sector had 

the largest indirect embodied energy consumption at 100% from its total embodied energy 

consumption. This was followed by Mining at 91%, Other Manufactures at 79%, and Hotel 

and Restaurants at 78%. From the lowest embodied energy consumption sectors, indirect-

embodied consumption within the Transportation was 40%, while Cottage Industry amounted 

to 50%. The results show that indirect-embodied energy consumption was more dominant than 

direct-embodied energy consumption. 

 
Figure 3.8 Embodied Renewable Energy by Sectors (1995) 
Source: Author’s own estimation 

 

In 2000 (Figure 3.9), indirect energy consumption was about 72% of the total embodied 

energy consumption. On the other hand, the three highest embodied energy consumption levels 

were achieved by Households at 110,028 terra Joule/USD, Other Manufactures at 91,772 terra 

Joule/USD, and Manufacture of Chemicals at 81,554 terra Joule/USD. On the other hand, the 

lowest embodied energy consumption levels achieved were by Construction at 3,296 terra 

Joule/USD, and Cottage Industry at 672 terra Joule/USD.  
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By scrutinizing the highest embodied energy consumption sectors, Households had the 

largest indirect embodied energy consumption at about 100% from its total embodied energy 

consumption, Hotel and Restaurant was at 84%, Mining at 79%, and Manufacture of Food at 

79%. In the least category, Agriculture had 56% of indirect embodied energy consumption, 

Small Manufacturing 40%, and Transportation 41%. Similar to the previous result, this 

indicated the dominance of indirect embodied energy consumption compared with direct 

embodied energy consumption. 

 
Figure 3.9 Embodied Renewable Energy by Sectors (2000)  
Source: Author’s own estimation 
 

In 2005 (Figure 3.10), among the total embodied energy consumers, indirect energy 

consumption reached about 75%. The major embodied energy consumption was: the 

Households sector at 148,263 terra Joule/USD, Other Manufactures at 87,958 terra Joule/USD, 

and Trade at 83,677 terra Joule/USD. The bottom embodied energy consumption was reached 

by the Construction at 4,103 terra Joule/USD, and Cottage Industry at 5,756 terra Joule/USD.  

Of the four highest embodied energy consumption sectors, the Households sector had 

the largest indirect embodied energy consumption at about 100% from the total of its embodied 

energy consumption, Manufacture of Food was at 84%, and Trade at 79%. Among the smallest, 

the Agriculture had 29% indirect embodied energy consumption out of its total consumption, 
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and Small Manufacturing was at 35%. This result confirms that in previous years (1995 and 

2000) the major contributor was indirect embodied energy consumption when compared with 

direct embodied energy consumption. 

 
Figure 3.10 Embodied Renewable Energy by Sectors (2005)  
Source: Author’s own estimation 
 

Among total embodied energy consumption, in 2010 (Figure 3.11), indirect energy 

consumption reached about 84%. The Households sector was at 337,819 terra Joule/USD, the 

highest recorded level in this period. This was followed by Mining 160,744 terra Joule/USD, 

Hotel and Restaurants at 150,214 terra Joule/USD, and Agriculture 49,550 terra Joule/USD. 

The least embodied energy level was achieved by Construction at 3,168 terra Joule/USD and 

Small Manufacturing at 3,456 terra Joule/USD.  

Of the four highest embodied energy consumption sectors, both the Households and 

Hotel and Restaurants sectors had the largest indirect embodied energy consumption at about 

100% from their total embodied energy consumption, while the Basic Metal Industry was at 

88%, and Mining at 84%. Among the smallest, Manufacture of Food has 28% indirect 

embodied energy consumption of the total, and Trade was 3%. This result confirms the prior 

years’ results on the significance of indirect embodied energy consumption when compared 

with direct embodied energy consumption. 
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Figure 3.11 Embodied Renewable Energy by Sectors (2010)  
Source: Author’s own estimation 
 

3.5.3. The Indonesian Embodied Renewable Energy Network 

In this study, the embodied renewable energy network was constructed based on Hanneman 

and Riddle (2005). Dichotomization was applied based on the median value (as suggested by 

Iacobucci et al., 2015) as the basis to measure the evolution of the embodied renewable energy 

network. Figure 3.12a-3.12d below illustrate the Total Embodied Renewable Energy Network 

for the years 1995, 2000, 2005 and 2010. 
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Figure 3.12a Total Embodied Renewable Energy Network 1995 
Source: Author’s own estimation 

 

 

Figure 3.12b Total Embodied Renewable Energy Network 2000 
Source: Author’s own estimation 
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Figure 3.12c Total Embodied Renewable Energy Network 2005 
Source: Author’s own estimation 

 

 

Figure 3.12d Total Embodied Renewable Energy Network 2010 
Source: Author’s own estimation 
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In general, between 1995 and 2010, Other Industry and Trade sectors were the sectors 

with highest renewable energy connections among all sectors. On the other side, Households 

was the sector that was totally dependent on other sectors for embodied renewable energy.  

In 1995, Other Industry (Cin = 13) and the Trade (Cin = 13) sectors provided the two 

highest embodied renewable energy connections with the other sectors. Households (Cout = 0) 

and Cottage (Cout = 0) sectors were totally dependent on the other sectors for embodied 

renewable energy. In 2000, the two highest connecting sectors were Other Industry (Cout = 14) 

and Trade (Cout = 14). Moving forward to 2005, Other Industry (Cout = 14) and Trade (Cout = 

14) sectors were in the same position, while again in 2010, Other Industry recorded (Cout = 14), 

Mining (Cout = 14), and the Hotel and Restaurant sectors witnessed the highest connections 

sectors respectively. 

To measure the level of renewable energy embodied interdependence among the 

sectors, the inward and outward centrality indexes were applied. Moreover, the inward 

centrality index also provided information on the pervasive nature sectors. The Pervasive 

Nature sector is a sector which has a zero or 1 inward centrality index. Table 3.3 shows that 

the values of inward centrality indexes are higher than the values of corresponding outward 

centrality indexes for all of the periods of observation. This finding implies that those three 

sectors listed were dependent on the embodied renewable energy of the other sectors for all of 

the years.  

In 1995, the pervasive sector was Transportation, and the highest inward dependency 

indexes were Other Industry (Cin = 13) and Trade (Cin = 13). In comparison, the pervasive 

sectors in 2000 were Transportation, Small Manufacturing and Construction sectors, while the 

highest dependency indexes were Other Industry (Cin = 14) and Trade (Cin = 14). In 2005, Other 

Industry (Cin = 14) and Trade (Cin = 14) were the highest dependency indexes sectors, and 

Transportation, Agriculture, and Cottage were the pervasive sectors. In 2010, Other Industry, 
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Mining, and Hotel and Restaurants were the highest dependency index sectors, with Trade, 

Cottage, and Small Industries as the pervasive sectors. 

The centrality indexes may also provide information about the core and terminal 

sectors. The core sectors are the sectors which transfer renewable energy flows to other 

corresponding sectors, while terminal sectors are the sectors which gain renewable energy 

flows from other sectors.  

Table 3.3 gives information on the core and terminal sectors between 1995 and 2010. 

In 1995, the top core sectors were Chemicals and Other Services sectors (all Cout = 12), and the 

top terminal is Other Industry and Trade sectors (all Cin = 13). In 2000, Other Industry and 

Trade (all Cin = 14) were the top terminal sectors, and Chemicals (Cout = 11) is the top core 

sector. In 2005, Other Industry and Trade (all Cin = 14) were the top terminal sectors, and 

Chemicals and Transportation (all Cout = 11) are the top core sectors. In addition, in 2010, Other 

Industry and Trade (all Cin = 14) are the top terminal sectors, and Chemicals and Transportation 

(Cout = 11) are the top core sectors. The results show an interesting finding that the core sectors 

were always achieved by Chemicals and Transportation sectors while Other Industry and Trade 

were the top terminal sectors during the period of observation. Thus, it can be concluded that 

Other Industry and Trade were the main users of the embodied renewable energy transfer from 

other sectors, while Chemicals and Transportation transferred the renewable energy flow to 

other sectors over the period of observation in Indonesia.  

From the perspective of government the finding also provides the direction where 

government support should be laid in order to provide renewable energy to other sectors. By 

considering their relative contribution to other sectors in terms of transfer of renewable energy, 

it can be seen from Table 3.3, that Other Services, Transportation, and Chemicals sectors (core 

sectors) should be receiving more attention from government policy. It is suggested that the 

relevant policy should be directed at providing a subsidy to those sectors (Bongsuk and Song, 
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2014; Yu et al., 2016). Another option would be for tax exemption to be extended as a plausible 

implementation (Ata, 2016), or a feed in tariff and market (Zamfir et al., 2016). The incentives 

are attributed to the consumption of the renewable energy, particularly to those sectors. 

Table 3.3 Core and Terminal Sectors: 1995, 2000, 2005 and 2010 
 

Year Core Cout Terminal  Cin 
1995 Chemicals 12 Other Industry 13 
 Other Services 12 Trade 13 
 Transportation 11 Mining 12 
2000 Chemical 11 Other Industry 14 
 Food/ Transportation 10 Trade 14 
 Agriculture/ Trade 10 Basic Metal/ Wood/ Textile 13 
2005 Chemicals 11 Other Industry 14 
 Transportation 11 Trade 14 

 Trade/ Mining 10 
Other Services/ Basic Metal/ 
Chemical/ Textile/ Food 

13 

2010 Chemicals 11 Other Industry 14 
 Other Services 9 Mining 14 
 Transportation 9 Hotel and Restaurant 14 

Source: Author’s own estimation 

 

3.6. Conclusion 

In Indonesia, the issue of sustainable energy is very important. With its large economy, scale 

and renewable energy potential, the government should have provided priority policies to 

maintain the energy sustainability over the period. Thus, in this study an attempt has been made 

to assess the energy sustainability of the industrial sectors by estimating the embodied 

renewable energy from 1995 to 2010. 

The preliminary analysis shows that the mining sector is on an increasing trend, while 

the household sector is decreasing, and the transportation sector remains stable in consuming 

energy. In addition, the energy consumption shows great disparities between non-renewable 

and renewable energy sources. When the non-renewable energy provides a very steep 

increasing trend, the renewable energy shows a stable trend.  
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The study results show that there was an increasing trend in direct and indirect 

embodied renewable energy consumption. The study also finds that indirect embodied 

renewable energy consumption was greater than direct embodied renewable energy use. This 

indicates that renewable energy was mainly used to support the ability for industry to 

manufacture the materials. Households and Mining sectors maintained their positions with 

relatively great consumption of embodied renewable energy over the period. 

The other observations show that Chemicals and Other Services remained the core 

sectors during the period of observation, as they transferred renewable energy to other sectors. 

On the other hand, Other Industry and Mining were the terminal sectors during 1995 to 2010. 

This can be understood, for these sectors were the main users of the renewable energy transfers 

from other sectors. Relevant government policies are expected to draw more investment into 

this sector. 
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Chapter 4 
The Relationship between Corruption and Sustainable 

Development: An Empirical Study  
 

 

4.1. Background  

Sustainable development is regarded as a non-decreasing component of the intertemporal social 

welfare (Aidt, 2011). Corruption is viewed as the potential aspect of governance that may 

obstruct that welfare. This study aims to investigate the connection between corruption and 

sustainable development in thirty-three provinces in Indonesia during 2004-2012. In this study, 

sustainable development is measured through the construction of composite indices by using 

20 indicators which cover economic, social, environmental and institutional aspects in 

Indonesia’s regional economies.  

This study extends the literature by revisiting the impact of corruption on economic 

development particularly the relationship between corruption and sustainable development in 

one of the world’s largest developing economies. The findings will be used to draw policy 

implications for sustainable development in Indonesian regions. 

The chapter is organized as follows. Section 4.2 presents a literature review of 

sustainable development, corruption, and their links. This section will also discuss the positive 

and negative effects of corruption on sustainable development. Section 4.3 describes the model 

employed in this study. The model is constructed from the conventional growth model, which 

is modified to meet the research objectives. Section 4.4 deliberates over the preliminary 

estimation results. Section 4.5 discusses the estimation results from the model. Section 4.6 

presents instrumental variables estimates implemented in the study. Section 4.7 exhibits further 

analysis by employing General Method of Moments (GMM), and section 4.8 concludes the 

chapter, with suggestions for further research.  
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4.2. Literature Review 

4.2.1. Sustainable Development  

Sustainability as the main driver for long-term development has drawn the attention of scholars. 

Khan and Khan (2012) observed sustainability is the term that connects development and 

environment. There are three approaches to sustainable development, namely economic, 

ecological, and socio-cultural. The economic approach refers to maximizing income while 

maintaining a constant or increasing stock of capital. The ecological approach means 

preserving resilience and strength of biological and physical systems, and socio-cultural 

approach denotes upholding the stability of social and cultural systems. Further, Khan and 

Khan (2012) mentioned the three determinants of sustainable development are consumption, 

production, and distribution. Scutaru (2013) saw sustainable development as combining 

economic theory with the study of natural sciences. This combination of economic theory and 

the study of natural sciences enables creation of a comprehensive view of economic, social and 

environmental aspects. 

Vinnychuk et al. (2013) regarded sustainable development principles as being needed 

to ensure the economic growth of any country. Thus, sustainable development is defined as the 

interaction between environment and human factors and may combine the economic, natural 

and social processes into a single ecological, economic system. Hughes (2012) agrees that 

sustainable development is an improvement of welfare, which is limited by natural constraints, 

while the human development takes a very important part in achieving it. This will lead to 

human investment in the present with impact in the future. Bayburina and Golovko (2009) 

considered that intellectual capital and its components can be regarded as the source of a 

company’s growth required to maintain sustainable development. Dumitrana et al. (2009) 

argued that there are two basic concepts of sustainable development, namely the concept of 

needs and the environmental capacity and ability to satisfy current and future needs. Goodwin 
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(2002) mentioned that sustainable development must be able to maintain or increase all 

productive capital stocks, including natural capital, which is currently often depleted through 

economic production. 

Jakimovski (2011) was of the opinion that to achieve sustainable growth, economic 

improvement has to be achieved, and energy and materials consumption as well as waste 

production have to be reduced. Achieving the sustainable development needs to be supported 

through efficient production promotion, a reduction in unnecessary consumption, accompanied 

by application of energy efficiency and renewable energy policies. Peters (2013) saw 

sustainable development as encompassing overarching issues related to environment, 

economy, social issues, globalization, institutional governance and public governance. The 

conclusion is that sustainable development calls for multi-stakeholders’ participation. 

4.2.2. Corruption 

Corruption is associated with illegal deeds such as embezzlement, receiving kickbacks and 

others means by which people enrich themselves or another person, or a corporation, resulting 

in a financial loss to the state. Corruption leads to problems in government associated with 

bribery and dishonesty (Myrdal, 1968). Corruption is an action that can do harm to a nation. 

From the perspective of a state’s administration, corruption is behavior that deviates from a 

person’s official duties. This might be done to gain status or money for benefits personal 

(individual, family, own group), and is a violation of the rules concerning the implementation 

of personal conduct (Klitgaard, 1988). Goodman (1974) observed corruption from the 

behavioral perspective. He viewed corruption as being linked to public officials’ behavior to 

satisfy personal objectives by shifting away from regular and common rules (Goodman, 1974). 

Moreover, several studies have examined corruption from the public corruption perspective, 

which is understood as the action of government officials in vending public property for private 

purpose. (Shleifer and Vishny, 1993; Aidt, 2009; Treisman, 2007). 
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Further debate is based on how to measure the level of corruption. One source states 

that while the amount of corruption is unclear, neither is it tangible (Kaufmann et al., 2006). 

Scholars have introduced two proxies to measure the level of corruption, namely, perception-

based indicators, and experience-based indicators (Estefania, 2010). While perception-based 

indicators are comprised of composite indexes taken from different stakeholders’ perceptions 

about corruption, the experience-based indicators are distinct, being based on the poll towards 

the citizens’ experience when they are dealing with corruption.  The Corruption Perceptions 

Index (CPI) established by Transparency International and the Worldwide Governance 

Indicators (WGI), and developed by the World Bank Institute (WBI), are the most commonly 

used perception-based indicators of corruption. Both indicators are provided at the country 

level. 

Corruption in Indonesia is not new, as witnessed by the large number of corruption 

cases that have come to light. But the many cases of corruption committed by officials or 

authorities that have been exposed by the Corruption Eradication Commission or Audit 

Supervisory Board, have increased people’s perception of the extent of corruption in Indonesia, 

and have tended to increase interest in the corruption eradication in the country (Figure 4.1). 

In 1995, Indonesia was ranked 41 of 41 countries surveyed by Transparency International (TI). 

At that time, the corruption perception index was 19. The rank of Indonesia has improved over 

time, being ranked 88 out of 168 countries with an index of 36 by 2015. This index emanated 

from the perception of respondents on how the Indonesian government policy in dealing with 

corruption was observed. While several policies have been implemented by the government of 

Indonesia, in practice there are flaws. 

According to UGM (2015), in 1999 under the Habibie regime in the post-New Order 

era, the first anti-corruption law was enacted, though it failed to curb budget leakages. The next 

president, Abdurrahman from 2000 to 2001, established the State Property Inspection 
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Commission and Ombudsman. This institution’s main duties were to record the government 

officer’s asset and to oversee the implementation of public service. Yet, this institution was 

viewed as being weak due to its inability to implement coercive law enforcement. The next 

president, Megawati who filled that position from 2001 to 2004, enacted anti-corruption laws 

and established a corruption eradication commission. During her regime, there was no 

significant change in corruption. Susilo who was the next president from 2004 to 2014, did not 

enact any new law or body, though he did implement the existing anti-corruption laws. His 

political agenda among others was to eradicate corruption. Big corruption cases were exposed, 

and high-rank officers, including ex-ministers, were implicated and convicted for corruption. 

While today corruption eradication continues to be pursued, corruption is far from being 

eradicated and is still common in Indonesia (UGM, 2015).  

 

Figure 4.1 Indonesia’s Corruption Perceptions Index (CPI) 1995-2015 
Source: Transparency International (1995-2015) 

Figure 4.2 shows that the highest level of corruption occurred on Java Island. Among 33 

provinces, four main Java provinces recorded the largest number of people accused in cases of 

corruption. The total number of people accused in Indonesia from 2010-2015 was 3,099, yet 
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1,161 came from Java. These cases represented about 40% of the total, while the rest came 

from 29 other provinces. This leads to the initial presumption that the higher the fiscal capacity 

the greater the potential to be convicted of corruption.  

 
Figure 4.2 Number of People Accused of Corruption Cases by Provinces (2010-2015) 
Source: University of Gadjah Mada (2016) 
 

The other factors that may explain the existence of high levels of corruption in Indonesia over 

the period are the low cost relative to actual gain for those accused of corruption. The cost of 

corruption relates to the amount of potential state loss, while the cost for the accused comes 

from the amount for which accused is judged. Table 4.1 shows that the accused will only pay 

for about 29.4% of the amount of their corruption. Among the five biggest cases, the ratio of 

cost of corruption for the accused over corruption is only 4.7%, which is a very low ratio. In 

one province, Jambi, this was less than 1% (0.68%). This has resulted in encouraging 

corruption behavior because of the low level of this ratio. 

 

 

Table 4.1 Comparison of Cost of Corruption and Cost for the Accused 
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Provinces 

Cost of 
Corruption 
(Real 2015)  

(Billion IDR) 
(CC) 

Cost for the 
Accused  

(Real 2015)  
(Billion IDR) 

(CA) 

Ratio Cost for  
the Accused  

Over Corruption 
(CA/CC)  

(%) 
Jakarta Special Region 89,176  16,148  18.11  
North Sumatera  41,862  781  1.87  
West Java  41,429  696  1.68  
Jambi 20,506  140  0.68  
Banten 17,885  209  1.17  
Riau 2,452  782  31.91  
East Kalimantan  1,825  172  9.42  
Gorontalo 1,146  15  1.32  
East Java  1,134  424  37.40  
South Kalimantan  756  24  3.19  
North Sulawesi  622  259  41.72  
Maluku 575  497  86.42  
Central Java  507  203  40.00  
Aceh 407  44  10.76  
Lampung 303  150  49.42  
South Sumatera  250  58  23.08  
West Sumatera  238  78  32.86  
Bali 212  5  2.13  
Southeast Sulawesi  189  72  38.18  
South Sulawesi  186  64  34.12  
Central Kalimantan  169  13  7.77  
Papua 141  68  48.33  
Bengkulu 137  24  17.13  
Central Sulawesi  108  28  25.67  
East Nusa Tenggara  100  47  46.70  
West Kalimantan  82  25  29.93  
Riau Islands 70  69  98.85  
Yogyakarta Special Region 65  12  18.21  
West Nusa Tenggara  57  10  18.41  
West Sulawesi  52  7  13.60  
North Maluku  46  8  17.10  
West Papua 24  20  83.26  
Bangka Belitung Islands  21  17  79.43  
Indonesia 222,729  21,166  29.39  

Source: University of Gadjah Mada (2016) 

Figure 4.3 specifies that about 90% of corruption cases in Indonesia is related to the use of the 

public budget. Bribery, procurement and budget misuse are apt descriptions of what happens 

when the budget disbursement is potentially related to corruption. Bribery is linked with public 

service, licenseing, and authorization, while procurement is related to tenders, public assets, 
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and amortization. Moreover, budget misuse is associated with budget planning, projections, 

and preparation.  

 

 
Figure 4.3 Types of Corruption Addressed by Corruption Eradication Commission 
(2015)  
Source: University of Gadjah Mada (2016) 
 

4.2.3. Links between Corruption and Sustainable Development 

The impact of corruption on economic performance has drawn the attention of scholars. There 

is, however, no consensus about the impact of corruption on the economic development. The 

pros and cons of the economic impact of corruption are widely debated. Among the 

commentators, Leff (1964) and Huntington (1968) are two highly respected scholars who 

introduced the concept of ‘greasing the growth wheels.' Their observations are that at the micro-

level, corruption may avoid the strict and inelastic bureaucracies, and may speed up economic 

development.  

But there are numerous other scholars who are against the idea that corruption is good 

for economic development, and who provide empirical studies to examine the link between 

corruption and economic performance. According to Estefania (2010), most of the findings 
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conclude that there is a negative relationship between corruption and economic development. 

Among these studies are those by Mauro (1995), Habib and Zurawicki (2002), Gupta et al. 

(2002), and Butler (2004).  

Aidt (2009) took a neutral stance  and found that there is no effect of corruption levels 

on GDP growth rate, even though there is a strong inverse relation between corruption levels 

and genuine wealth per capita.   

Another investigation by Aidt (2011) proposed that the use of GDP to represent 

economic development may lead to the wrong conclusion, if other aspect of measuring the 

development performance such as the social welfare aspects is considered. i.e. social welfare 

aspect. The background of the inclusion of another aspect of sustainable development is due to 

the fact that GDP per capita only measures current economic activity, and thus does not take 

into account human well-being aspects, natural capital, and productivity. In other words, Aidt 

(2011) suggested studying sustainable development rather than GDP per capita, to find its link 

with corruption.  

The negative effect of corruption may also deter the level of sustainability. North (1990) 

provides the basis for measuring the relationships between governance and sustainable 

development. Effective institutions as the representative of good governance may reduce the 

uncertainty in trade (North, 1990). In North’s study, the perception of a high level of corruption 

is perceived as being associated with less efficient governance.  

There are also several studies that deal with the relationships between corruption and 

other sustainable development aspects (social and environmental) other than just economic  

aspects. Studies by Lopez and Mitra (2000) as well as Dasgupta et al. (1995) emphasized a 

negative link between corruption and environmental sustainability. The findings by Welsch 

(2004), Damania et al. (2003), and Lameira et al. (2013) also highlight the same issue. Taking 

the energy sector as a proxy of the environmental aspect of sustainable development, a study 
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by Tiryaki (2008) and Lameira et al. (2013) revealed lower investment in electricity due to the 

low level of governance and vice versa.  

On the link between social aspects of sustainable development and corruption, a 

significant negative relation between social aspects of sustainable development and corruption 

was revealed by Estefania (2010) for Latin America countries. That study called for a strong 

empowerment of citizens to tackle corruption as being the main challenge to promote 

sustainable development in those countries. A study of 54 countries, by Lameira et al. (2013) 

observed that there was no significant relationship between corruption perception and life 

expectancy.  

Given the above-mentioned debate, it can be concluded that the study to diagnose the 

relationships between corruption and sustainable developments is ongoing. The debate about 

the impact of corruption on economic performance will continue, while further steps to study 

the link between corruption and sustainable development is challenging. Most of the studies 

were conducted by using country level data, and the corruption perception index was used as 

the proxy to measure the level of corruption (Aidt, 2011; Lameira et al., 2013; Guney, 2014; 

Estefania, 2010). Thus, this study is different from others in the sense that it will investigate 

the effect of corruption on sustainable development at the province level, and will employ the 

findings by Supreme Audit Agency as the proxy for the corruption level. 

 

4.3. Modelling the Relationship between Corruption and Sustainable Development 

4.3.1. Dependent Variable 

This study attempts to extend the literature by assessing the relationships of corruption on 

sustainable development in Indonesia, and is differentiated from others by considering the 

Supreme Audit Agency findings in an econometric model. Conventional growth analysis is 

employed to explain that relationship. These techniques have been applied in several attempts 
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to analyse economic growth in many countries (Chen and Wu, 2012; Wu 2014), while Aidt 

(2011) investigated the impact of corruption on sustainable development in 110 countries for 

the period 1996 – 2007. In this study corruption is incorporated into the equation as follows 

 

  (4.1) 

 

where SDI, Corr, HC, Den, Y, Edu and Invest represent the sustainable development index, 

corruption level, human capital, population density, real per capita income, education, and 

investment of the ith province in period t respectively. Dummy1 is the dummy variable for 

provinces in Java, while dummy2 is the dummy variable for provinces producing oil and gas. 

Variable SDI is a sustainable development index developed in chapter 2. In this model, the 

index comprises of two scenarios, which are represented by scenarios 1 and 4 in chapter 2. 

There are two scenarios of variable Corr, namely the amount of findings by Supreme Audit 

Agency per Regional Budget per year (in percentage) and the amount of findings by using 

Supreme Audit Agency per capita as the proxy.  

4.3.2. Control Variables 

4.3.2.1. Human Capital 

The Human Development Indicator is used as a measure of human capital. Sustainable 

development is often considered as human prosperity development taking into account the 

environmental effect in a certain period (Hughes, 2012). Hughes (2012) also outlines the 

different direction between human capital investment and the accumulation process, and its 

fundamental constraints. A corporation needs intellectual capital and its components to be the 

source of growth to preserve sustainable development (Bayburina and Golovko, 2009). 

Sustainable development can be defined as development through the processes that ensures the 

development of opportunities people have in making a decision, and of having a real chance in 

1 2 3 4 5 6 1 2ln lnit i it it it it it it itSDI Corr HC Den Y Edu Invest dummy dummy                
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life. The specified processes are treated differently as environment processes, health and 

education processes, and institutional and governance processes (Dumitrana et al., 2009). 

Jakimovski (2011) exhibits that human capital is a central factor for sustainable development 

because investment in human capital economises the utilization of physical and natural capital. 

Slaus and Jacobs (2011) noted that development of human capital is the critical determinant of 

long-term sustainability, and that effort to accelerate the evolution of human consciousness and 

the emergence of mentally self-conscious individuals will be the most effective approach for 

ensuring a sustainable future. 

4.3.2.2. Population Density 

Variable Den is the number of the population in each province in a year. People are the central 

concern of sustainable development (UNCED, 1992). Efforts to promote more sustainable 

development pathways must take account of people – their numbers, location and age 

structures, as well as their living conditions, ambitions and opportunities (IIASA and UNFPA, 

2011). A focus on people is also essential to better understand the linkages between social, 

economic and environmental development, and for a strong and more meaningful integration 

of these dimensions of sustainable development (Herrmann, 2012). Size, composition, and 

distribution of population are part of any analysis of sustainable development challenges and 

opportunities (Mutunga et al., 2012). They then recommend improved technical capacity in 

program design, research, and application of research to decision-making processes. The 

international institutions are expected to incorporate population, reproductive health, and 

family planning into global and regional institutions and frameworks for sustainable 

development. Also highlighted is the importance of promoting human well-being in harmony 

with nature, and to this end the need for a two-pronged approach, notably sustainable patterns 

of consumption and production – which are the hallmarks of the green economy – and policies 

that address population dynamics (Herrmann, 2012).  
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4.3.2.3. Real GRP per Capita 

Real per capita income is real GDP per capita (the constant year being 2000). Factors governing 

sustainable development include saving and investment, poverty, population, pollution, 

participation, policy and market failures, and prevention and management of disasters. 

Consumption, production, and distribution are the three major challenges and determinants of 

sustainable development. Thus sustainability is linked with the nexus of economic 

development, environmental quality, and social equity Khan and Khan, 2012). Growing 

concern about trade-offs associated with economic growth and environmental aspect gave rise 

to the concept of sustainable economic development. This concept is commonly defined as a 

method of expanding the production to meet the needs for goods and services of the present 

population, without undermining the ability of future generations to meet their needs. Over 

time, economic development has been addressed by quantifying macroeconomic indicators, 

most often through GDP per capita or per economy.  

4.3.2.4. Education 

Education is represented by the Net Enrolment Ratio per province per year. Education for 

sustainable development allows every human being to acquire the knowledge, skills, attitudes 

and values necessary to shape a sustainable future.  Education for sustainable development 

means including key sustainable development issues into teaching and learning; for example, 

climate change, disaster risk reduction, biodiversity, poverty reduction, and sustainable 

consumption. It also requires participatory teaching and learning methods that motivate and 

empower learners to change their behavior and take action for sustainable development. It 

consequently promotes competencies like critical thinking, imagining future scenarios and 

making decisions in a collaborative way (UNESCO, 2015).  Education is crucial for human 

capital development as it leads to higher productivity and consequently, more industrial output 
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per person. Education also plays a major role in technology and innovation, and similarly, leads 

to better production. All these have an impact on the output sustainability (Tanya, 2011). 

4.3.2.5. Investment 

Investment is the total of foreign and domestic investment in a year in each province. Traub 

and Shah (2015) explored the necessity of investment towards 17 Sustainable Development 

Goals (SDGs) and divided it into eight areas of investment. This study revealed the importance 

of investment to achieve SDGs, and how significant amounts are needed. Investment accounts 

for about 11.5% of GDP for low-lower-and middle-income countries, and globally an 

incremental 1.5-2.5% of world GDP needs to be invested each year by the public and private 

sectors to achieve the SDGs in every country (Traub and Shah, 2015). 

 

4.4. Preliminary Estimation Results 

Panel regression analysis is employed as the method is able to reduce the omitted variable bias 

by using fixed or random effects (Forbes, 2000). Three typical panel regression models are 

conducted, and are pooled under Ordinary Least Square (OLS), fixed and random effects. 

Furthermore, the Hausman specification test is used to determine the most appropriate model. 

To solve the endogeneity problem, the study employs Instrumental Variables Estimation for a 

solution. General Method of Moments is applied to address the issue of endogeneity and multi-

collinearity. Given SDI and corruption data provided in ratio, the control variable in this study 

is also presented in ratio. Following the literature, there are several control variables that are 

used to clarify the relationship between corruption and sustainable development. Table 4.2 

presents the control variables used in this study, namely GRP non-Oil and Gas per capita, 

population density, net enrolment ratio (primary), and investment. There are two dummy 

variables, namely Java and Oil and Gas producer.   

Table 4.2 Control Variables *) 
No Variable Definition 
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1 GRP non-Oil and Gas per capita Real GRP non-Oil and Gas/ capita (in the constant year 
2000) 

2 Population Density Population/ total area (people/ square km) 
3 Net Enrolment Ratio (Primary) Net Enrolment Ratio (Primary) 
4 Investment  Investment/ GRP 
5 Java Dummy 
6 Oil and Gas Producer Dummy 

*) data for control variables were collected from Central Statistics Agency 

Table 4.3 presents the summary the statistics of the variables as explained above. SDI1 

is constructed based on equal weights being allotted among the indicators of sustainable 

development and has a mean value of 0.6147. This figure shows a relatively medium 

achievement of sustainable development among provinces in Indonesia. The lowest was 

achieved by East Nusa Tenggara province at 0.4828, and the highest was achieved by Riau 

Islands at 0.7445. This suggests that high fiscal capacity will tend to support high sustainability 

achievement. 

SDI2 is an index which is based on the same weights among the sustainable 

development aspects. During the period of estimation, Jambi was the lowest at 0.4954 while 

Riau Islands was the highest at 0.7595. Jambi which was poor in natural resources did not 

achieve a high level of sustainable development, while Riau Islands which was rich in natural 

resources, has the ability to achieve a high level of sustainable development.  

Corruption was measured by two variables, namely natural logarithm of loss per capita, 

and the natural logarithm of loss over expenditures. The natural logarithm of loss per capita 

shows that the lowest corruption experienced occurred in Yogyakarta in 2007, while the highest 

was West Papua in 2009. Moreover, the natural logarithm of loss over expenditure suggests 

that Yogyakarta in 2007 was the lowest, and Maluku in 2011, the highest. 

The inequality can be viewed from the real per capita GRP by noting the large 

difference between real per capita GRP among the provinces. The figures show that on average, 

the per capita GRP was 7.8 million, but the lowest was only 1.8 million, while the highest 
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achieved 45.5 million. During the period of observation, the highest was achieved by DKI 

Jakarta in 2012, and the lowest was Gorontalo in 2004. 

The natural logarithm of density takes into account the number of population per square 

kilometer area in a province. The results suggest that West Papua was the lowest in 2005, while 

DKI Jakarta held the most in 2012.  

The enrolment ratio for primary education shows that about 91% of Indonesians had 

finished their primary school. The results also reveal that the lowest enrollment was achieved 

by Papua, at about 70.13% in 2011, and the highest was achieved by Aceh in 2010, at about 

97.32%.  

The “investment” in the table represents the ratio of investment over GRP of a province. 

Overall the figures present a relatively low level of investment in Indonesia. On average there 

was only about 7% of investment over GRP in Indonesia, while the lowest was experienced by 

West Sulawesi in 2012, at only about 0.04%, and the highest was achieved by North Maluku 

in 2010 at about 73%.  

Table 4.3 Summary Statistics of the Variables 

 Variable Mean Standard Deviation Min Max 
SDI1 0.6147  0.0500  0.5023  0.7445 

SDI2 0.6138  0.0541  0.4954  0.7595 

log Loss per Capita 8.6740  1.4470  4.2054  12.8169 

log Loss over Expenditure -5.8042  1.2265  -9.7866 -3.4318 

GRP non-Oil and Gas per Capita 7.7662 6.9278 1.8041  45.5100 

log Density  4.7530   1.5943  1.7268  9.6059 

Enrolment: Primary  0.9054  0.1348  0.7013 0.9732 

Investment 0.0668  0.0898  0.0004  0.7287 

Java 0.2121  0.4095  0 1 
Oil and Gas Producer 0.5724  0.4956  0 1 

Source: Author’s own estimates 

Table 4.4 presents the Pearson correlation matrix among the variables of interest. This 

method is employed to observe the pair-wise relationship between variables. The table presents 

all correlations among the variables, and is consistent with previous studies. GRP, Density, 

Enrolment, Investment all are found to have a positive correlation with SDI. Moreover, both 
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types of corruption are all negatively correlated with SDI. Columns three and four explains the 

correlation between corruption and other explanatory variables. All are found to be negatively 

correlated with corruption, which also confirms the previous studies. These correlations 

suggest that corruption negatively impacts sustainable development via lower level of 

economic growth, density, and enrolment ratio. The results also suggest that most of the 

pairwise correlation coefficient encapsulate the relationships of the variables and potential 

endogeneity bias, which will be addressed by employing the Instrumental Variables (IV) 

estimations technique. 
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Table 4.4 Correlation Matrix of Variables 

  
SDI 1 SDI 2 

log Loss 
per Capita 

log Loss 
over 

Expenditure 

GRP non-Oil and 
Gas per Capita 

log Density 
Enrollment: 

Primary 
Investment 
per GRP 

Java 
Oil and Gas 

Producer 

SDI 1 1          

SDI 2 0.9503 1         

log Loss per Capita -0.2116   -0.2647 1        

log Loss over Expenditure -0.4222   -0.4884   0.8856 1       

GRP non-Oil and Gas per Capita 0.6178   0.7304   -0.1809   -0.3284 1      

log Density 0.2071   0.2696   -0.6140 -0.3906 0.2981   1     

Enrolment: Primary  0.0429   0.0753   -0.1149 -0.1142   0.0281   0.1888 1    

Investment 0.1410   0.2176   -0.0279 -0.1438 0.3001   0.1628   0.0298 1   

Java 0.2091   0.2616   -0.5584 -0.3091   0.2501   0.8052   0.1121   0.1291 1  
Oil and Gas Producer 0.3047   0.2755   -0.0938   -0.0870   0.3895   0.1137   0.0100   -0.0584 -0.0010 1 

Source: Author’s own estimates 
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Tables 4.5a-4.5d depict the cross-tabulation of SDI and the corruption variable. These 

tables provide the names of the provinces that are categorized in terms of their corruption and 

sustainability level. The tables confirm the findings of Aidt (2011) that the provinces with low 

corruption will feature high for its sustainability, and the provinces with high corruption will 

be low in their sustainability. This leads to the preliminary observation that corruption has a 

negative correlation with sustainability, even though, this needs further analysis.  

Table 4.5a Cross-tabulation of SDI1 and Loss per Capita 

   Low Corruption High Corruption 

Low Sustainability Jambi Aceh 
  Lampung Bengkulu 
  Central Java South Kalimantan 
  West Nusa Tenggara North Sulawesi 
  West Kalimantan South East Sulawesi 
  Central Sulawesi Gorontalo 
  Papua West Sulawesi 
    Maluku 
    North Maluku 
    East Nusa Tenggara 

High Sustainability West Sumatera North Sumatera 
  South Sumatera Riau 
  Riau Islands Bangka Belitung Islands 
  Jakarta Special Region Banten 
  West Java Central Kalimantan 
  Yogyakarta Special Region West Papua 
  East Java   
  Bali   
  East Kalimantan   
  South Sulawesi   

 
Table 4.5b Cross-tabulation of SDI1 and Loss over Expenditure 

   Low Corruption High Corruption 

Low Sustainability Aceh Bengkulu 
  Jambi East Nusa Tenggara 
  Bengkulu West Kalimantan 
  Central Java South Kalimantan 
  West Nusa Tenggara North Sulawesi 
  Central Sulawesi South East Sulawesi 
  Papua Gorontalo 
    West Sulawesi 
    Maluku 
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    North Maluku 

High Sustainability Bangka Belitung Islands North Sumatera 
  Riau Islands West Sumatera 
  Jakarta Special Region Riau 
  West Java South Sumatera 
  Yogyakarta Special Region Banten 
  East Java Central Kalimantan 
  Bali West Papua 
  East Kalimantan   
  South Sulawesi   

 
 

Table 4.5c Cross-tabulation of SDI2 and Loss per Capita 

  Low Corruption     High Corruption   

  Jambi       Aceh     
Low Sustainability Lampung       Bengkulu     
  Central Java       East Nusa Tenggara 
  West Nusa Tenggara     South East Sulawesi   
  West Kalimantan     Gorontalo     
  Central Sulawesi     West Sulawesi   
  Papua       Maluku     
          North Maluku   

High Sustainability West Sumatera     North Sumatera   
  South Sumatera     Riau     
  Riau Islands       Bangka Belitung Islands 
  Jakarta Special Region     Banten     
  West Java       Central Kalimantan   
  Yogyakarta Special Region   South Kalimantan   
  East Java       North Sulawesi   
  Bali       West Papua   
  East Kalimantan           
  South Sulawesi           

 
Table 4.5d Cross-tabulation of SDI2 and Loss over Expenditure 

  Low Corruption     High Corruption   

Low Sustainability Aceh       Bengkulu     
  Jambi       East Nusa Tenggara 
  Lampung       South East Sulawesi 
  Central Java       Gorontalo     
  West Nusa Tenggara     West Sulawesi   
  West Kalimantan     Maluku     
  Central Sulawesi     North Maluku   
  Papua             

High Sustainability Bangka Belitung Islands     North Sumatera   
  Riau Islands       West Sumatera   
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  Jakarta Special Region     Riau     
  West Java       South Sumatera   
  Yogyakarta Special Region   Banten     
  East Java       Central Kalimantan   
  Bali       South Kalimantan   
  East Kalimantan     North Sulawesi   
  South Sulawesi     West Papua   

 

4.5. Estimation Results 

The empirical estimation of the model, in general, comprises of two dependent variables, 

namely SDI1 for model 1 to model 8, and SDI2 for model 9 to model 16. Three methods of 

estimation were initially applied, namely pooled regression, fixed effect (FE) and random 

effect (RE) models. The results are presented in Tables 4.6a and 4.6b. The Hausman statistic 

test rejects the RE model and supports the FE model. Thus RE model results are not presented 

in the tables.  

The results show estimations based on the two corruption variables, namely loss over 

expenditure and loss per capita. Additionally, this study looks at two different specifications 

one with six control variables (GRP non-oil and gas, density, enrolment ratio, investment, Java 

(dummy) and Oil and Gas producer (dummy)), and the other without the control variables. It 

is expected that the appropriateness of control variables can be addressed. 

Table 4.6a displays the results for dependent variable SDI1, while Table 4.6b explores 

the estimation results for dependent variable SDI2. From Tables 4.6a and 4.6b, it can be 

determined that corruption is significantly negatively correlated with the sustainable 

development index. The relationships are robust among several models, for both models with 

and without control variables. Moreover, the correlation is less robust when corruption is 

represented by loss per capita with control variables (model 4). The models also confirm the 

robust correlation of GRP non-oil and gas per capita and density (1% p-value), for different 

dependent variables, but provinces in Java have a slightly robust correlation in the case of SDI1 

(5% confidence level), while Oil and Gas Producer is significant at the 10% level. With SDI2 
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as the dependent variable, Java islands are significantly robust (1% confidence level) as well 

as GRP non-oil and gas per capita and density. With this model, the enrolment ratio is 

significant at 10%.  

According to the Pooled OLS Regression models, sustainable development is 

represented by the same weight among the indicators, while corruption is reckoned by loss over 

expenditure. When this is considered, the increase of one standard deviation of the corruption 

will decrease the level of sustainability by 0.017%                        

(model 1) and 0.011% (model 3), ceteris paribus. When corruption is represented by loss per 

capita, the increase of one standard deviation of corruption will decrease the level of 

sustainability by 0.007% (model 2) and 0.006% (model 4).  

By including control variables, in model 3, two variables significantly (at 1% p-value) 

relate to the level of sustainability, namely GRP and density. The increase of one standard 

deviation of GRP and density will increase the level of sustainability by 0.004, and the level of 

sustainability will be reduced by 0.01% respectively (model 3).  In model 4, GRP and density 

are variables that are significant at 1%, while dummy variables of Java and Oil and Gas 

producer are significant at 5% and 10%. The increase of one standard deviation of GRP and 

density will increase the level of sustainability by 0.005, and decrease the sustainability level 

by 0.012%. The level of sustainability will increase by 0.03 at the increase of one standard 

deviation of the province at Java island, and increase by 0.01 at the increase of one standard 

deviation of provinces which produce Oil and Gas.  

With sustainability measured by the same weight among its aspects (SDI2), while others 

remain constant, the increase of one standard deviation of corruption will see a decrease in the 

level of sustainability by 0.022% (model 9), and 0.013% (model 11), with the corruption 

variable being represented by loss over expenditure. When loss per capita was used to represent 

corruption, the increase of one standard deviation level of corruption saw a decrease of 0.01% 

(model 10) and 0.01% (model 12) of sustainability. In these estimations, GRP has a significant 
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(at 1% level) positive correlation with sustainability, with coefficients of beta 0.006 (model 11) 

and 0.006 (model 12). While Density has significant negative correlation towards sustainability 

for both models. In these estimations, the oil and gas producer variable does not significantly 

correlate with the level of sustainability. In model 12, the human capital, which is represented 

by the enrolment ratio of primary school, is significant at 10% with beta coefficient 0.04, a 

finding which is supported by Aidt (2011). By considering the value of Adjusted R-squared, 

model 6 and 14 present the most robust results, even though the value are low. 

The findings confirm the negative relationships between sustainability and corruption 

(Lameira and Ness, 2010; Aidt, 2011; Guney, 2014). In terms of the control variables, the 

above results differ from those of Aidt (2011), for his GRP has a negative correlation with the 

level of sustainability among observed regions. Moreover, the Hausman test shows that the FE 

is preferred to the RE.  

It can be concluded that loss over expenditure (which means that loss which gives 

impacts the provincial budget) is a better predictor to explain the relationship between 

corruption and sustainable development level, than loss per capita. The significant negative 

relationship infers that corruption undermines the sustainability level at the regional level in 

Indonesia. Moreover, sustainability will increase in line with the increase in regional income, 

and decrease when the province is more populated. This means that provincial governments 

need to boost their income by introducing additional development programs. The decrease in 

sustainability due to the increase of density means two problems - first, birth rate control, and 

second, the issue of productivity need to be addressed.  
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Table 4.6a Estimation Results for Baseline Models (Fixed Effect Models) – Dependent Variable SDI1 

Pooled OLS Regression Models Fixed Effect Models 
SDI1 (1) (2) (3) (4) (5) (6) (7) (8) 
Log Loss over Expenditure -0.0172***  -0.0110***  -0.0068*** -0.0045**   
 [-7.99]  [-5.52]  [-3.86] [-2.87]   
Log Loss per Capita  -0.0073***  -0.0059**   0.0011 -0.0024 
  [-3.72]  [-3.01]   [0.62] [-1.51] 
GRP non-Oil and Gas per Capita   0.0043*** 0.0048***  0.0096***  0.0102*** 
   [11.20] [12.18]  [7.26]  [7.60] 
Log Density   -0.0097*** -0.0118***  0.0189  0.0251 
   [-3.99] [-4.43]  [1.22]  [1.60] 
Enrolment Ratio: Primary   0.0137 0.0235  0.0110  0.0100 
   [0.78] [1.42]  [1.00]  [0.97] 
Investment per GRP   -0.0435 -0.0372  -0.0109  -0.0071 
   [-1.69] [-1.40]  [-0.65]  [-0.42] 
Java   0.0231 0.0296**  (omitted)  (omitted) 
   [2.54] [3.20]     
Oil and Gas Producer   0.0115 0.0122*  -0.0034  -0.0039 
   [2.71] [2.56]  [-0.16]  [-0.18] 
Constant 0.5152*** 0.6781*** 0.5428*** 0.6523*** 0.5752*** 0.4164*** 0.6051*** 0.4305*** 
 [40.37] [39.24] [28.41] [24.27] [55.36] [6.22] [39.07] [6.37] 
Observations 294 295 288 289 262 257 263 258 
Adjusted R-squared  0.1755 0.0415 0.4692 0.4339 0.0654 0.1993 -0.1238 0.1817 
Hausman Test      75.24***  46.82 *** 
      [0.00]  [0.00] 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1 
Java omitted because of collinearity 
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Table 4.6b Estimation Results for Baseline Models (Fixed Effect Models) – Dependent Variable SDI2 

Pooled OLS Regression Models Fixed Effect Models 
SDI2 (9) (10) (11) (12) (13) (14) (15) (16) 
Log Loss over Expenditure -0.0215***  -0.0132***  -0.0086*** -0.0052***   
 [-9.60]  [-3.45]  [-4.88] [-3.87]   
Log Loss per Capita  -0.0099***  -0.0079**   0.0026 -0.0019 
  [-4.71]  [-3.01]   [1.43] [-1.42] 
GRP non-Oil and Gas per Capita   0.0055*** 0.0061***  0.0119***  0.0125*** 
   [16.30] [16.95]  [10.54]  [10.79] 
Log Density   -0.0107*** -0.0134***  0.0373**  0.0436** 
   [-5.16] [-5.47]  [2.80]  [3.20] 
Enrolment Ratio: Primary   0.0288 0.0374*  0.0104  0.0093 
   [2.20] [2.44]                [1.11]   
Investment per GRP   -0.0308 -0.0227  0.0006  0.0055 
   [-1.46] [-0.93]  [0.04]  [0.37] 
Java   0.0257** 0.0328***  (omitted)  (omitted) 
   [4.49] [3.85]     
Oil and Gas Producer   0.0053 0.0059  -0.0052  -0.0063 
   [1.54] [1.34]  -0.29]  [-0.34] 
Constant 0.4893*** 0.6996*** 0.5126*** 0.6562*** 0.5640*** 0.3065*** 0.5916*** 0.3209*** 
 [36.82] [37.93] [37.43] [26.52] [54.50] [5.35]  [5.48] 
Observations 294 295 288 289 262 257 263 258 
Adjusted R-squared 0.2359 0.0669 0.6284 0.5900 -0.0322 0.4275 -0.1168 0.4001 
Hausman Test      82.19***  82.49*** 
      [0.00]  [0.00] 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1 
Java omitted because of collinearity 
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4.6. Instrumental Variables Estimates 

The low adjusted R-squared of the OLS models implies that there may be potentially a reverse 

causal relationship between sustainability and corruption. To address this issue, external 

instruments to explain corruption were required. Those instruments are variables that relate 

with corruption but have no relationship with the sustainability index. Aidt (2011), following 

several other sources of literature including Mauro (1995), Porta et al. (1998), Hall and Jones 

(1999), and Gupta et al. (2002), applied past corruption levels, latitude, and ethnicity as 

instruments for corruption in genuine wealth (sustainability level). Moreover, Bentzen (2012) 

chose individualism and hierarchy to explain corruption associated with economic 

development.  

It is very well understood that there are many objections and caveats linked to the 

chosen variables (Easterly and Levine, 1997; Hall and Jones, 1999; Acemoglu, 2005). 

Moreover, with data limitation, this study applies a lag in corruption and land area in each per 

province as a proxy for latitude, as the instrument variables to explain corruption. The notion 

of using land area in each province is undertaken because of the consideration that the level of 

corruption in Java is higher than in Non-Java. It is also understood that provinces in Java are 

smaller than provinces in Non-Java. Thus this study uses land area in each province as the 

instrument to explain corruption.  

The results of instrumental variable estimation are presented in Tables 4.7a and 4.7b. 

Table 4.7a contains estimates with the endogenous variable log loss per capita, while Table 

4.7b with the log loss over expenditure as the endogenous variable. In Tables 4.7a and 4.7b, 

variable corruption has the expected sign and is significantly negatively correlated with the 

sustainable variable (p-value <1%). Model 17 employs loss per capita as the estimator of SDI1 

and uses area and lag loss per capita as instrumental variables. The result shows the negative 

sign, and 1% significance for variables of corruption. The result also confirms the 1% 
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significance of control variables, GRP, density and Java (dummy). The result supports the 

baseline model that highlights density as having a negative relationship with sustainability. A 

similar result is also observed in model 19. The model was significant at 1% for the corruption 

variable as well as for three control variables, namely GRP, density and Oil and Gas producer. 

When sustainability was represented by SDI2, the models also support the negative relationship 

between corruption and sustainability. Model 21 shows 1% significance for the loss per capita 

variable and GRP, as well as the density variable. This model supports a negative relationship 

among density and sustainability. Finally, model 23 also reveals the negative correlation 

between corruption and sustainability, with the result exposing the significant negative 

correlation between a loss over expenditure and SDI2 at 1% level. The estimation of this model 

also supports that density has a negative relationship with sustainability.  

It can be concluded that the IVs estimation is in general consistent with those of the 

baseline models. The IV models confirm the significant negative correlation between 

corruption and sustainability, and a significant positive correlation between GRP and 

sustainability.  

Table 4.7a Instrumental Variable Estimates (2SLS) – Dependent Variable: SDI1 

Stage 2nd  1st  2nd  1st  
 (17) (18) (19) (20) 
Dep. Variable SDI1 Log Loss 

per Capita 
SDI1 Log Loss over 

Expenditure 
Endogenous variable  Log Loss per Capita Log Loss over Expenditure 
Instrument variables Area, Lag Log Loss per Capita Area, Lag Log Loss over Expenditure 
Log Loss per Capita -0.0089***    
 [0.003]    
Log Loss over Expenditure   -0.0170***  
   [0.003]  
GRP non-Oil and Gas per Capita 0.0048*** 0.0186* 0.0042*** -0.0012 
 [0.000] [0.010] [0.000] [0.009] 
Log Density -0.0130*** -0.2772*** -0.0100*** -0.0967 
 [0.003] [0.089] [0.002] [0.082] 
Enrolment Ratio: Primary 0.0195 -0.5756 -0.0023 -0.6778 
 [0.022] [0.484] [0.025] [0.567] 
Investment per GRP -0.0352 -0.0443 -0.0432* -0.1229 
 [0.026] [0.584] [0.025] [0.565] 
Java 0.0274*** -0.1617 0.0160* -0.3432 
 [0.010] [0.237] [0.010] [0.232] 
Oil and Gas Producer 0.0138*** -0.0472 0.0131*** -0.0272 
 [0.005] [0.108] [0.005] [0.106] 
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Area  -2.21e-06*  -1.35e-06 
  [1.23e-06]  [1.19e-06] 
Lag Log Loss per Capita  0.6382***  .6335*** 
  [0.044]  [0.045] 
Constant 0.6889*** 5.072384**

* 
0.5265*** -0.9476 

 [0.040] [0.775] [0.026] [0.641] 
     
Observations 264 264 263 263 
R-squared 0.478 0.709 0.501 0.601 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1. 

Table 4.7b Instrumental Variable Estimates (2SLS) – Dependent Variable: SDI2 

Stage 2nd  1st  2nd  1st  
 (21) (22) (23) (24) 
Dep. Variable SDI2 Log Loss over 

Expenditure 
SDI2 Log Loss per 

Capita 
Endogenous variable  Log Loss over Expenditure Log Loss per Capita 
Instrument variables Area, Lag Log Loss over 

Expenditure 
Area, Lag Log Loss per Capita 

Log Loss per Capita   -0.0115***  
   [0.003]  
Log Loss over Expenditure -0.0198***    
 [0.003]    
GRP non-Oil and Gas per Capita 0.0054*** -0.0012 0.0062*** 0.0186* 
 [0.000] [0.009] [0.000] [0.010] 
Log Density -0.0111*** -0.0967 -0.0149*** -0.2772*** 
 [0.002] [0.082] [0.003] [0.089] 
Enrolment Ratio: Primary 0.0231 -0.6778 0.0376* -0.5756 
 [0.024] [0.567] [0.020] [0.484] 
Investment per GRP -0.0310 -0.1229 -0.0221 -0.0443 
 [0.023] [0.565] [0.024] [0.584] 
Java 0.0177** -0.3432 0.0295*** -0.1617 
 [0.009] [0.232] [0.009] [0.237] 
Oil and Gas Producer 0.0065 -0.0272 0.0069 -0.0472 
 [0.004] [0.106] [0.005] [0.108] 
Area  1.19e-06  -2.21e-06* 
  [0.045]  [1.23e-06] 
Lag Log Loss per Capita  0.6335***  0.6382*** 
  [0.045]  [0.043] 
Constant 0.4846*** -0.9476 0.6965*** 5.0724*** 
 [0.024] [0.641] [0.037] [0.775] 
     
Observations 263 263 264 264 
R-squared 0.639 0.601 0.617 0.709 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1. 
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4.7. Further Analysis: General Method of Moments 

There are two GMM methods introduced to address the issue of endogeneity and multi-

collinearity, namely difference GMM and system GMM. The difference GMM technique was 

applied for models 25 and 26 in Table 4.8a, and models 29 and 30 in Table 4.8b, while the 

system GMM is used for other models. The J-statistic or Sargan value was employed to test 

the validity of instruments, or the problem of over-identification. By and large, the results found 

the null hypothesis that the over-identifying restrictions are valid, and cannot be rejected due 

to large p-values. The GMM models show that the corruption variables in the models are good 

predictors to measure the relationships between corruption and sustainable development. The 

GMM estimation results confirm the IVs and fixed models and show that the higher level of 

corruption has a negative effect on the level of sustainability at the province level in Indonesia. 

Table 4.8a General Method of Moments (GMM) – Dependent Variable: SDI1 

SDI1 (25) (26) (27) (28) 
 Difference GMM System GMM 
Log Loss over Expenditure -0.009  -0.0237***  
 [-0.57]  [-5.99]  
Log Loss per Capita  0.0060***  0.0044 
  [3.45]  [0.95] 
GRP non-Oil and Gas per Capita 0.0066*** 0.0077*** 0.0038*** 0.0044 
 [5.65] [6.49] [10.85] [10.27] 
Log Density 0.0860*** 0.0698*** -0.0114*** -0.0034 
 [5.67] [4.34] [-5.00] [-0.85] 
Enrolment Ratio: Primary 0.0157 -0.0084 0.5436*** -.6041 
 [0.61] [-0.66] [25.96] [9.89] 
Investment per GRP -0.0003 0.0096 -0.0010 0.0164 
 [-0.02] [0.43] [-0.03] [0.37] 
J-statistic 98.00 90.68 43.94 51.52 
 [0.000] [0.000] [0.914]  [0.713] 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1. 
 

 
 
 
 
 

Table 4.8b General Method of Moments (GMM) – Dependent Variable: SDI2 
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SDI2 (29) (30) (31) (32) 
 Difference GMM System GMM 
Log Loss over Expenditure -0.0032*  -0.0274***  
 [-2.34]  [-7.15]  
Log Loss per Capita  0.0059***  0.0024 
  [3.71]  [0.51] 
GRP non-Oil and Gas per Capita 0.0096*** 0.0113*** 0.0044*** 0.0052*** 
 [9.09] [10.33] [13.01] [12.01] 
Log Density 0.1004*** 0.0815*** -0.0123*** -0.0051 
 [7.39] [5.52] [-5.54] [-1.27] 
Enrolment Ratio: Primary 0.0204 -0.0060 0.5161*** 0.6208*** 
 [0.88] [-0.51] [25.38] [10.01] 
Investment per GRP 0.0404* 0.0632** 0.0284 0.0569 
 [2.40] [3.05] [0.83] [1.27] 
J-statistic 135.55 119.66 54.46 60.25 
 [0.000] [0.000] [0.608] [0.394] 

Source: Author’s own estimates  
Note: *** p<0.01, ** p<0.05, * p<0.1. 

 

4.8. Conclusion 

This study aims to analyze the relationship between corruption and sustainable development. 

Even though there is no single answer to the relationship that exists between corruption and 

sustainability in the literature, the negative trend relationship shows the two different 

corruption measures used in this study, are significant. This suggests that if the government 

reduces the corruption level, sustainability level will increase significantly. The fixed effect 

models also confirm robust results about the negative effect of corruption on sustainability. 

Finally, the instrumental variables and GMM estimates also point in the same direction, and 

suggest that corruption has a significantly negative effect on sustainability.   

In this study the sustainability index comprised of indicators and groups based on four 

sustainable development aspects, namely economic, environmental, social and institutional 

aspects. Thus the government should be aware that corruption threatens the level of 

sustainability. This calls for greater comprehensive reforms to eradicate corruption and to 

enhance governance. Moreover, the anti-corruption program should also consider social and 

environmental aspects. This includes the corruption practices in exploiting natural resources 

which have high social value to the community. Additionally, the government needs to address 
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the productivity and birth rate control so as to boost the sustainability level. It is expected that 

in the long run, through a low level of corruption, the level of sustainability in Indonesia will 

increase. This is signalled by the improvement of each aspect of sustainable development 

witnessed at the province level. 
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Chapter 5  
Analysis of Regional Convergence and Sustainable Development: 

An Indonesian Perspective 
 

 

 
5.1. Background 

Sustainable development has become an important goal across countries in dealing with 

environmental issues (Chen et. al., 2017). Sustainable development is also perceived as a more 

advanced method of learning by doing, even though for some stakeholders the action to 

formulate the strategy to achieve the goals, currently attracts little attention from the decision 

makers (Pupphacai and Zuidema, 2017).  

The existing literature usually focuses on how to achieve and measure sustainable 

development. An example is Cristina (2014), who analysed the steps needed to attain valid 

sustainable development. Cornescu and Adam (2014) selected the indicators of sustainable 

development according to the characteristics of each country in order to extend the 

sustainability assessment framework. Nuzir and Dewancker (2014) studied the role of 

education facilities in sustainable urban development by estimating its influence on the 

development of the economy, society and environment. Radjiyev et al. (2015) found that 

consumer ergonomics could have an impact on sustainable development. Bolcárová and 

Kološta (2015) aimed to create an aggregated index of sustainable development from 

sustainability development indexes (SDIs) for 27 EU countries. They found that the correlation 

between economic growth and the aggregated sustainable development index was negative in 

most of these 27 EU countries. Chansarn (2014) used Data Envelopment Analysis (DEA) to 

study sustainable human development among 115 high and middle-income countries, which 

were divided into three groups according to their income levels. Stanton (2012) explored the 

dimensions of equity and sustainability linkages from the perspective of public goods analysis. 
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Qin (2014) pointed out that in the process of social transformation, sustainable development in 

China faced new challenges and reported several aspects. These included environmental law, 

the principle of prevention, the environmental impact, risk assessment and green tax systems. 

Rădulescu et al. (2015) proposed a conceptual integrated model which promoted a balance of 

interaction between systems - economic, human, environment, and technology - in a dynamic, 

flexible and functional process, in order to promote sustainable development. 

This chapter presents an empirical study of sustainable development convergence 

across Indonesian provinces during 2002-2013 using nonparametric techniques. The concern 

regarding convergence of sustainable development in Indonesia becomes relevant because one 

of the goals in the country’s long term development planning is to achieve just and sustainable 

development for the whole of society (Republic of Indonesia, 2010).  

However, a study analysing the convergence in sustainable development indexes is still 

in its infancy. Therefore, the purpose of studying convergence is mainly to look at the 

construction of a sustainable development index for the Indonesian regions in the future. It is 

expected that, when convergence prevails, the direction of development in Indonesia to reduce 

any gaps will be heading in the right direction.  

This study extends the literature by employing a stochastic kernel approach to analyse 

the convergence of sustainable development indexes at the province level in Indonesia. For this 

purpose, this study is organised as follows: Section 5.2 undertakes a literature review; Section 

5.3 discusses the research method employed; Section 5.4 explores data issues; Section 5.5 

presents the results and discussions; and Section 5.6 discusses the conclusions. 

5.2. Literature Review 

There are two basic theory of convergence (Varblane and Vahter, 2005), namely the 

Solow-Swan exogenous growth model or also known as β-convergence, and the endogenous 
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growth theory. The first model views that the convergence towards a steady state prevails 

because the poor economy will grow much more rapidly than rich economy. The reason is that 

the poor economy has higher capital productivity than rich economy. The second theory 

underpins the theory that research and development and human capital creation are the most 

important engines of growth. This will lead to the situation that inequality between countries 

and eventually the divergence, instead of convergence, would begin to prevail as poor 

economies have limited capacity in these areas. Following those two schools of thought and 

according to Cheong and Wu (2012), this chapter studies the convergence based on the Solow–

Swan exogenous growth model or β-convergence and applies sustainable development index 

as the proxy. 

Cheong and Wu (2012) mention three approaches which can be applied to study the 

convergences. These are (1) the unit root test for time series data; (2) the σ-convergence and 

β-convergence; and (3) the dynamic distribution approach. In addition, Cheong and Wu 

(2012) mentioned there are two types of dynamic distribution approaches. The first is the 

Markov transition matrix; and the second is the stochastic kernel method. There are two main 

disadvantages with the Markov transition matrix, which involve selecting the number of states 

of analysis, and selecting the grid values (Eipsten et al., 2003; Cheong and Wu, 2012). When 

the number of states selected is too large, it will end up making the Markov transition matrix 

approach unfeasible to apply. Selecting grid values gives two approaches, these being the use 

of uniform proportion and fixed length. Uniform proportion is appropriate for small sample 

size data and the fixed length is suitable for large sample size data. Stegman (2005) stresses 

the other advantages of applying a dynamic distribution approach in studying convergence: (1) 

it provides examinations of dynamic intra-distributional properties of the data set in greater 

detail; (2) it does not limit convergence analysis to a single type of data; (3) it captures the 
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vigorous nature of the cross-country distribution of the observed variables; and (4) it considers 

the advance of non-normal distributions.  

Moreover, there are several studies related to sustainability convergence, although in 

those studies, the sustainability assessed does not reflect the overall sustainable development. 

Among others, Criado and Grether (2011), commenting on the convergence of the emissions 

per capita for 166 countries for the period of 1960-2022, found that more divergence and 

greater per capita emissions were observable in the long run at the global level. Fallahi (2017), 

addressing convergence on the basis of per capita energy for 109 countries, suggested the 

convergence and high persistence of per capita energy use. Le et al. (2017) explored the energy 

demand convergence among Asia-Pacific Economic Cooperation (APEC) countries and 

concluded by recommending support for the policy of promoting energy integration between 

APEC countries. Rahim and Shahwahid (2012) examined the level of sustainability by testing 

for convergence effects of timber production per hectare as the result of the application of 

Sustainable Forest Management in three regions in Malaysia. Their findings resulted in the 

practice of sustainability management being applied in Malaysia for timber production, with 

positive results. 

5.3. Research Method and Data 

Loury (1981), Li (2003), and Quah (1993) developed the theoretical model of distribution 

dynamics. This method is used in this study when regional convergence and sustainable 

development are examined as it has advantages for analysing the distribution dynamics of 

several variables including per capita income (Johnson, 2005; Feyrer, 2008), regional 

inequality (Cheong and Wu, 2012), household income (Hildenbrand et al., 1998) and regional 

GDP convergence (Juessen, 2009).  

 

The joint natural kernel estimator can be calculated as follows: 
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where K is the Epanechnikov kernel function, hx and hy denote the bandwidth of x and y 

respectively, xi and yi are the SDI values of the provinces at time t and time t+τ  respectively. 

Following Quah (1997), Johnson (2005), and Juessen (2009), the bandwidths are determining 

the optimal method suggested by Silverman (1986).  

The marginal kernel of x can then be calculated as:   
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Further, the conditional density can be estimated as follows: 
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    (5.3) 

The ergodic distribution is a long run equilibrium state of the evolution of the 

distribution given that the transition probability function (gτ(y,x)) remains unchanged. 

Therefore, the ergodic distribution (denoted by f∞(y)) corresponds to a given gτ(y|x) can be 

solved through:  

0

( ) ( | ) ( )f y g y x f x dx



     (5.4) 

In the continuous dynamic distribution approach, three-dimension plots and contour 

plots are the tools used most often to present the transition probability, and the ergodic 

distribution is displayed with a kernel density plot. Further, to make the estimation result more 

reliable, following Quah (2001), this study employs annual transitions in conducting the 

research.  
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The data used in this chapter are based on the sustainability development index (SDI) 

of the provinces in Indonesia from 2002 to 2013, which is provided in chapter 2. It is made up 

of data from 33 provinces in every year, with those provinces being further grouped into five 

zones. The categorisation of the zones is based on the IR-CGE model developed by 

Resosudarmo et al. (2009): 

- R1 (Sumatera Region): Aceh, North Sumatera, West Sumatera, Riau, Jambi, South 

Sumatera, Bengkulu, Lampung, Bangka Belitung Islands, Riau Islands 

- R2 (Java-Bali Region): Jakarta Special Region, West Java, Central Java, Yogyakarta 

Special Region, East Java, Banten, Bali, West Nusa Tenggara, East Nusa Tenggara 

- R3 (Kalimantan Region): West Kalimantan, Central Kalimantan, South Kalimantan, East 

Kalimantan 

- R4 (Sulawesi Region): North Sulawesi, Central Sulawesi, South Sulawesi, South East 

Sulawesi, Gorontalo, West Sulawesi, 

- R5 (East Indonesia Region): Maluku, North Maluku, West Papua, Papua. 

5.4. Results and Discussion 

In this section, the discussion is conducted under a scenario where all indicators are equally 

weighted. In this scenario, national and regional level data are scrutinised. The national data 

are examined to deliver the overall perspective of the evolution and transitional dynamics of 

the sustainable development index in Indonesia. The five sets of regional level data are 

investigated to provide more detailed evidence on the relationship between different regional 

groups and the sustainable development index.  

Figure 5.1 shows the stochastic kernel at the national level for the sustainability of all 

provinces over the period 2002-2013. The graph displays multi-peaks, but not typical twin 

peaks. Johnson (2000) explained that this results from typical cross-country data estimation, 

which differs from the long run data. The figure depicts the peaks of the density of transition 
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the probability kernel value that lie above the 45-degree diagonal line for values of relative 

sustainability index less than 1 and greater than 1. Furthermore, there is one peak that lies below 

the 45-degree diagonal line for values between 1.1 and 1.2. This implies that almost all of the 

provinces, including the provinces with sustainability index values less than average and above 

the average, tend to have an increasing sustainability index over a one-year period. But, there 

are some provinces which have a sustainability index above average which tend to have a 

decreasing sustainability index in the following year.  

 

Figure 5.1 Three-dimensional Plot and Contour Map of Transition Probability Kernel 
for Sustainability of All Provinces with Annual Transitions, All Indicators Equally 
Weighted (Scenario 1), 2002-2013  
Source: Author’s own estimates. 

 

Figure 5.2 attempts to investigate the transitional dynamics of the sustainability index 

at the regional level. The investigation is conducted for five regions, namely East Indonesia, 

Java Bali, Kalimantan, Sulawesi and Sumatera. The three-dimensional graph and contour map 

represent the transition probability kernel for the sustainability index, with the annual 

transition.  
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The estimation for the East Indonesia region shows that there was convergence among 

the provinces. The below average level of sustainability tends to increase while the above 

average level tends to decrease. Also noted is that the provinces which have a sustainability 

index level between 1.10-1.15 tend to show an upward trend. In this region, it can be seen that 

there is only one small peak on the below average sustainability index level, showing either the 

low probability of provinces lying on this level, or that the density of provinces in this level are 

scattered, producing a small peak. 

The multi-peaks also prevail in the Java-Bali region, with the highest peak on the level 

above 1.2 below the 45-degree diagonal line. The convergence of the sustainability index was 

exhibited. This was due to the provinces with a sustainability index level below 1 tending to 

increase, while over the same period, the provinces above 1 tend to decrease.  

In the Kalimantan region, most provinces experienced an increasing tendency both for 

the below average level and the above average level of the sustainability index. This resulted 

in a progressive tendency but not convergence. On the other hand, there are provinces with 

levels above average that tend to show a decrease in their sustainability index. It is expected 

that these provinces will converge in the future. 

The multi-peaks can also be seen in the Sulawesi region. In this region, there were four 

high peaks. Two of the peaks have lower than average levels and the other two have greater 

than average levels. One of the below and one of the above average levels lie above the 45-

degree diagonal line, and the other two peaks lie right on the 45-degree diagonal line. This 

reveals that there will be a convergence in terms of the sustainability index in this region, yet 

some provinces tend to remain at the same level. 

The figures from the Sumatera region estimation display that commonly, the provinces 

have the tendency to increase their sustainability index level. However, this does not apply to 

all provinces. The level above the 45-degree diagonal line confirms that some provinces have 
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that tendency. But, as some of the provinces lie right on the diagonal line and some below the 

line, it means that there will be convergence in this region, yet some provinces will remain at 

the same level in the future. 

 

 

Figure 5.2 Three-dimensional Plot and Contour Map of Transition Probability Kernel 
for Sustainability for the Regions with Annual Transitions, All Indicators Equally 
Weighted (Scenario 1), 2002-2013  
Source: Author’s own estimates. 



 

145 
 

 

 

Figure 5.2 (continued…) 
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Figure 5.2 (continued…) 

Figure 5.3 summarises the results of the ergodic distribution for sustainability at the 

national level. The single modality of the distribution reveals that in general, all of the 

provinces will converge. The highest peak lying on the value of around 1.03 implies a 

convergence of the sustainability index during 2002-2013.   

 

Figure 5.3 Ergodic Distribution for Sustainability of All Provinces with Annual 
Transitions, All Indicators Equally Weighted (Scenario 1), 2002-2013  
Source: Author’s own estimates. 

The ergodic distribution for sustainability for each region can be observed in Figure 

5.4. All of the regions other than Sumatera have a single peak. The East Indonesia and the 
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Sulawesi regions have peak levels below 1.0, which means that in future the convergence of 

the sustainability of these regions will be challenging. This calls for more attention from the 

government to address the issue of sustainability on the eastern side of Indonesia.  

The other observations of the ergodic distribution on the regional level show that there 

are three regions that have a convergence level above 1. These are Java-Bali, Kalimantan, and 

the Sumatera region. The other regions, East Indonesia and Sulawesi, have peak values below 

1. Given that the mean is one, the Java-Bali region shows that the provinces in this region will 

have an above-average level in the sustainability index if the distribution dynamics remain the 

same. The Sumatera region has two peaks, which are around 0.98 and 1.05. The convergence 

clubs imply that in the future, there will be the tendency for inequality to exist between 

provinces in this region. Kalimantan, on the other hand, has the tendency to stay at the same 

level, for the peak of the graph is at an average level.  

Some of the other provinces will tend to have below average levels on the sustainability 

index, while the rest will are above average. The observations of two regions (East Indonesia 

and Sulawesi) leave an encouraging future for the sustainability index level in these areas, if 

they follow the transitional dynamics of 2002-2013. East Indonesia has a bimodal peak below 

average value, which implies that in the future this region will have a low level of sustainability. 

The other challenging result also comes from the Sulawesi region where the peak value is about 

0.93. This leads to the conclusion that this region will have a low level of sustainability if the 

distribution dynamics do not change. 
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Figure 5.4 Ergodic Distributions for Sustainability for the Regions with Annual 
Transitions, All Indicators Equally Weighted (Scenario 1), 2002-2013  
Source: Author’s own estimates. 

5.5. Sensitivity Analysis 

A different scenario has been employed to view the convergence of the sustainability index 

given different weightings among the sustainability aspects. Figure 5.5 shows the three-

dimensional plot of the transition probability kernel of all provinces under the assumption of 

the annual transition. The result depicts similar results to the previous scenario, where the 

density of the transition kernel was on the 45-degree diagonal line. This implies that in this 

scenario, the sustainability level will probably remain at the same level in the following year. 

Several peaks indicate the tendency for convergence of sustainability in the future.  

The graph indicates that a below average relative sustainability index will tend to 

increase their value. While the above average values of the relative sustainability index have 

different tendencies, at the value between 1.0 – 1.1, an increasing tendency prevails. The 

decreasing tendency occurs for the relative sustainability index between 1.1 – 1.2, and for the 

value above 1.2 it shows that the relative value will remain the same in the future. It can be 

concluded that while convergence may happen, some of the provinces will in future tend to 

stay at the same level or show an increase in value.  
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Figure 5.5 Three-dimensional Plot of Transition Probability Kernel for Sustainability 
of All Provinces with Annual Transitions, All Aspects Equally Weighted (Scenario 4), 
2002-2013  
Source: Author’s own estimates. 

Figure 5.6 highlights the five different regional transitional dynamics of the 

sustainability index. The figures show the general tendency of convergence among provinces. 

The East Indonesia region estimation provides information to show that most of the provinces 

tend to converge. The highest peak at a value greater than 1.1 lies below the 45-degree diagonal 

line and the other peak at value around 0.85 lies above the 45-degree diagonal line. While some 

of the provinces have a divergent tendency, the provinces around 0.95 – 1.00 are located below 

the diagonal line and the provinces around 1.1 are situated above that line.  

In the Java-Bali region, convergence tends to prevail in some of the provinces. Most of 

the provinces have an increasing tendency in those having a value less than 1 and those greater 

than 1. Moreover, some provinces where the value is greater than 1.2 have the tendency to 

decrease. This leads to convergence in this region. 

The three dimensional graph and contour plot of the Kalimantan region shows almost 

the same situation as witnessed in the Java-Bali region. Almost all the provinces in this region 

have the tendency to increase their sustainability index, although there are some which tend to 
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converge. These provinces which have values about 1.0 and above 1.2 were situated below the 

45-degree diagonal line.  

The general tendency of increase in the sustainability index was shown by the Sulawesi 

region. Its sustainability index has values both less than average and greater than average, 

although most observations are situated above the 45-degree diagonal line. The tendency to 

converge comes from the provinces with a value between 0.95 – 1.00 and about 1.1. The 

inequality was observed due to there being a lag between provinces at the value of 1.10.  

The convergence tendency was also presented in the region of Sumatera, where the 

provinces of values 1.0 – 1.2 were situated below the diagonal line. On the other hand, the trend 

of increases in the sustainability index was revealed for provinces with less than average values. 

The highest peak was located in the centre of the line, showing the tendency of the provinces 

of around 1.2 to remain at the same level in the future. 

 

Figure 5.6 Three-dimensional Plot and Contour Map of Transition Probability Kernel 
for Sustainability for the Regions with Annual Transitions, All Aspects Equally 
Weighted (Scenario 4), 2002-2013  
Source: Author’s own estimates. 
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Figure 5.6 (continued…) 
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Figure 5.6 (continued…) 
 

Figure 5.7 shows the ergodic distribution for sustainability of all provinces with annual 

transitions. The tendency of the convergence in all provinces reveals that due to the single peak 

of the graph, the convergence of the sustainability index lies around 1 (as indicated by the 

highest peak at that value). 
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Figure 5.7 Ergodic Distribution for Sustainability of All Provinces with Annual 
Transitions, All Aspects Equally Weighted (Scenario 4), 2002-2013  
Source: Author’s own estimates. 

Given the different scenarios, the ergodic distribution for the sustainability of each 

region provides differing results. By employing same weight for all aspects of sustainability 

(Figure 5.8), the ergodic distribution shows a single peak for three regions and three peaks for 

two regions. The single peak is witnessed in the Java-Bali, Sulawesi and Sumatera regions, 

although the single peak ergodic distribution in Sulawesi lies at a less than average level, about 

0.94. This reveals that in the future, the sustainability index value of the Sulawesi region will 

be below the national average.  

The observation in the East Indonesia region shows that there were three peaks, with 

one peak lying above average at about 1.05. The other two peaks lie below average at around 

0.9 and 0.95. This observation leads to the suggestion that there will be inequality issues in this 

region in the future. While some of the provinces exhibit the higher value tendency, more 

provinces will show the lower value.  

The positive tendency in the future is shown by the three regions of the Java-Bali, 

Kalimantan and Sumatera regions. The peaks in these three regions were recorded at above the 

average level. The Java-Bali region has a single peak at a value of about 1.1. The Sumatera 

region has a single peak value at about 1 and the Kalimantan region has three peaks, which are 
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about 0.95, 1.02 and 1.1. It can be inferred that potentially, the Java-Bali region will tend to 

achieve the highest sustainability index in the future. While the Sumatera region will be around 

the current value due to the peak being about the average, in the Kalimantan region, inequality 

may prevail. However, there are provinces that will be left behind, others that will remain at 

the same level, and those that will achieve a high value in the future. 

 

Figure 5.8 Ergodic Distributions for Sustainability for the Regions with Annual 
Transitions, All Aspects Equally Weighted (Scenario 4), 2002-2013  
Source: Author’s own estimates. 

 

5.6. Conclusion 

Long term national planning in Indonesia has stipulated that one of the goals of development 

programmes is to achieve equity and sustainable development. This  study examined the 

evolution of the sustainable development index by using the distribution dynamics and 

convergence analysis of 33 provinces. Two scenarios were employed, using equal weight 

among indicators, and equal weights among aspects of sustainable development. 
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The findings reveal that most of the regions have the tendency to converge. Even though 

some provinces with a large sustainable development index value tend to diverge, most of the 

provinces tend to converge. The other observations show inequality in the level of 

sustainability appearing in some regions, with this issue being of main concern in the eastern 

region of Indonesia - that is in the East Indonesia and Sulawesi regions.  

The ergodic distributions analysis shows that the Java-Bali region will achieve a high 

level of sustainability in the future. While Kalimantan and Sumatera will probably remain at 

the same level, the eastern regions of Indonesia show the tendency to achieve a lower level 

than the other regions. The issue of inequality also appears in the two regions. There is little 

doubt that the combination of divergence and inequality in the future will be the challenges for 

these two regions. The evidence calls for government priority to be given to boost the level of 

sustainability and maintain the equality level in the Sulawesi and East Indonesia regions.  
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Chapter 6 
Conclusion and Policy Implication 

 

 

The focuses of this thesis are three fold. The first is to measure the level of sustainable 

development and to investigate the future construction of a sustainable development index in 

33 provinces in Indonesia. The second is to study the level and evolution of sustainable energy 

in Indonesia. The third is to examine the relationship between corruption and sustainable 

development in 33 provinces in Indonesia. To meet these objectives, the chapters in this study 

have employed several methods, which are based on the existing literature and are utilised to 

examine the sustainable development index, evolution of sustainable energy and the 

relationships between corruption and sustainable development in Indonesia.  

 This final chapter is divided into three sections. The first section summarises main 

findings of the study; the second section exposes policy implications as the result of the analysis 

and findings; and the final section explores some limitations of the study and highlights 

potential areas for future research.   

6.1. Main Findings  

In this section the main findings of each chapter and the relevancy of the main objectives of 

the study are discussed. In general, Chapter 2 that examines Sustainable Development Index 

shows that most of the provinces experienced an increasing trend between 2002 and 2013, even 

though a number of provinces did not share the experience evenly. Moreover, while all 

scenarios resulted in a high sustainable development index for provinces with high fiscal 

capacity, this was not true for provinces with low fiscal capacity. A high fiscal capacity in a 

province is largely determined by a high transfer from the central government’s fiscal fund. 

This injection of funds is due to its high capacity in natural resources, or is related to high 
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locally-generated revenue which may be associated with a business centre or a tourist 

destination.  

The findings also imply an imbalance between various sustainable development 

aspects. Development places emphasis on the improvement of the economic and social spheres 

but puts pressure on environmental aspects. The results also point out the complexity in 

achieving balanced development in Indonesia due to conflicting and complementary 

interactions between the economic, social and environmental aspects of sustainable 

development. Furthermore, these results also confirm that there is much inequality among rich 

and poor provinces, and especially that poor provinces may face difficulties in attaining their 

development targets due to limitations associated with natural resources.  

In Chapter 3, the preliminary analysis shows that the mining sector is on an increasing 

trend, while the household sector is decreasing, and the transportation sector remains stable in 

energy consumption. In addition, energy consumption shows great disparities between non-

renewable and renewable energy sources. When the non-renewable energy presents a very 

steep increasing trend, the renewable energy shows a stable trend.  

The study results show that there was an increasing trend in direct and indirect 

embodied renewable energy consumption, and that indirect embodied renewable energy 

consumption was greater than direct embodied renewable energy use. This indicates that 

renewable energy was mainly used to support the ability for industry to manufacture materials. 

Households and Mining sectors maintained their positions with relatively great consumption 

of embodied renewable energy over the period. 

The other observations show that Chemicals and Other Services remained the core 

sectors during the period of observation, as they transferred renewable energy to other sectors. 

On the other hand, Other Industry and Mining were the terminal sectors during 1995 to 2010. 

This can be understood, as these sectors were the main users of the renewable energy transfer 
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from other sectors. Relevant government policies are expected to draw more investment into 

this sector. 

The study in Chapter 4 aimed to analyze the relationship between corruption and 

sustainable development. Even though there is no single answer to the relationships that exist 

between corruption and sustainability in the literature, the negative relationship shows the two 

different corruption measures used in this study, are significant. This suggests that if the 

government reduces the corruption level, the sustainability level will increase significantly. 

The fixed effect models also confirm robust results of the negative effect of corruption on 

sustainability. Finally, the instrumental variables and GMM estimates also point in the same 

direction, and suggest that corruption has a significant negative effect on sustainability.   

In this study the sustainability index was comprised of indicators and groups based on 

four sustainable development aspects, namely economic, environmental, social and 

institutional aspects. The lesson for the government is that corruption threatens sustainability. 

This calls for an enhanced level of government intervention and greater comprehensive reforms 

to eradicate corruption. Moreover, the anti-corruption program should also consider social and 

environmental aspects, relating to corruption practices in exploiting natural resources, which 

have high social value to the community. Additionally, the government needs to address 

productivity and birth rate control, so as to boost the sustainability level. It is expected that in 

the long run, with a low level of corruption, the level of sustainability in Indonesia will increase. 

This is signalled by the improvement of each aspect of sustainable development witnessed at 

the province level. 

The long term national planning has stipulated that one of the goals of development is 

to achieve equity and sustainable development in Indonesia. Chapter 5 examines the evolution 

of the sustainable development index by using the distribution dynamics and convergence 
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analysis of 33 provinces. Two scenarios were employed, these being the equal weight among 

indicators and equal weight among aspects of sustainable development. 

The findings reveal that most regions show the tendency to converge. Even though 

some provinces with a large sustainable development index value have the tendency to diverge, 

most of the provinces tend to converge. Other observations include disparity in the level of 

sustainability. This issue mainly relates to the eastern region of Indonesia that encompasses the 

East Indonesia and Sulawesi regions.  

Ergodic distributions analysis shows that the Java Bali region will achieve high 

sustainability in the future, while Kalimantan and Sumatera will improve slightly or remain at 

the same level. The eastern regions of Indonesia show the tendency to achieve lower levels 

than the other regions. The issue of inequality also appears in the two regions of Sulawesi and 

East Indonesia, meaning that in the future the combination of divergence and inequality will 

be their challenges. This calls for government priority to boost the level of sustainability and 

maintain the equality level in the Sulawesi and East Indonesia regions. 

 

6.2. Policy Implications 

The findings of the study have policy implications for governments particularly for sustainable 

development achievement in the province level. Development should not only focus on the 

physical and economic aspects. Other aspects like social and environmental aspects should also 

be considered in the long term of development. In order to maintain the sustainability, the 

development should not be at the cost of the environment, which may lead to the negative 

quality of the development. The development should also aim to reduce the gap between the 

rich and the poor provinces. The disparity among provinces has led to differences in the level 

of sustainability.  One way to reduce the gap among the less sustainable and the more 

sustainable provinces is to provide a fiscal transfer mechanism specifically dedicated to 
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increase the level of sustainability. Thus, the sustainable development index can be used as the 

criteria for the transfer mechanism.  

Indonesia has large potential in renewable energy. Thus to meet the target of sustainable 

energy development in the future, the use of this type of energy is vital if development goals 

are to be achieved. The input of energy from renewable energy sources can be introduced 

gradually to achieve the desired level targeted for 2025. This should also be supported by 

investment in the grid to connect both small and medium renewable energy generators. The 

government should also implement fiscal support for the renewable energy sector by including 

tax cuts and/or providing subsidies to those in the private sector that produce and consume 

renewable energy. By providing the fiscal incentives, it can be expected that more private 

business will be attracted to take part in promoting renewable energy development. The 

government should also consider establishing a carbon market, particularly for renewable 

energy not only to benefit the environment but to benefit from being able to trade reduced 

emissions from the renewable energy activity in this market. This may induce more players 

into the market, and hence promote the development and application of renewable energy in 

Indonesia. 

Reducing and eradicating corruption will be a really hard task for the government. Even 

though the level and type of corruption remains high, the current and evolving effort from the 

government is a positive sign towards greater accountability and action by the government. 

Therefore, a more comprehensive corruption eradication programme should be applied by the 

government so that an increasing level of sustainability may be achieved. Productivity also 

needs to be improved, and this can be achieved through several government initiatives that can 

be broadened to include provision of government support for vocational and skills training 

centres, and improving the quality of the education system.  
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6.3. Suggestions for Future Research  

There are shortcomings of this study, which may open room for improvements. First, this study 

provides a sustainable development index which comprises 20 indicators and applies four 

scenarios at the province level. While most other literature concentrates on sustainable 

development at the country level, as shown in this study, it would be advantageous if 

investigation of the lower levels of government, such as at district or sub-district levels is 

pursued, as this will provide a more detailed picture of what needs to be addressed. The findings 

at the low levels of government may well enrich the investigations, including the problems and 

challenges in achieving sustainability.  

 Second, this study does not consider the political aspect of the indicators. The analysis 

of the provided indices can be enriched through incorporating the political and the economic 

aspects. At the same time, because the data availability issue, the study does not compare 

carbon (emission) intensity (or energy intensity) figures in the regions directly. The study also 

does not take into account other indicators like total CO2 emissions for the whole regions, 

water pollution indexes and other kinds of air pollution (smog, SO2, PM2.5, etc) due to the 

data does not available.  

 Third, the examination of the evolution of embodied renewable energy is conducted in 

general without compromising the subsectors of renewable energy. More discussion and detail 

on the subsectors of the renewable energy sources will enable more focussed analysis and may 

provide better policy solutions. 

 Fourth, in the study of the link between corruption and sustainable development, the 

link is measured for the 33 provinces over quite a short period of 11 years. It is expected that a 

longer period will provide more robust results. Moreover, the proxy of corruption is viewed in 

the findings by of the Supreme Audit Agency, which is the upper stream of the determination 

of corruption in Indonesia. The estimation of corruption will be more precise if the proxy used 
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is the court decisions associated with corruption cases. In the court decisions, the net amount 

of the country’s loss caused by the corruptive action is clearly stated. The future study can 

potentially explore the game theory economics relating to the interactions among various 

interest groups favoring conventional or low-carbon energies, and polluting and 

environmentally-friendly projects. Additionally, renewable energy projects are not necessarily 

corruption-free and sometimes entail frauds and embezzlement when enormous government 

subsidies are granted to them. 

 Fifth, this study examines the potential convergence of the sustainability index in the 

five regions of the country. The observations at the lower levels such as at district and/or sub-

district levels will give greater opportunity to analyse the future convergence in each province. 

Therefore, the characteristics of each province can be isolated and consequently addressed 

through the adoption of appropriate policies.  
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