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Abstract
A framework for translating the SDGs into national energy planning in developing countries:
The case of Indonesia
The sustainable development goals (SDGs) are the 2030 global agenda to end poverty and hunger,
enjoy peace and prosperity, and protect the Earth. The SDGs are set in a global context but only
executable locally and nationally. Consequently, mainstreaming them into national development
planning is essential, and integrating the SDGs into national planning constitutes revisiting the national
energy plan. Any action aimed at achieving SDG targets may have direct and indirect effects on energy.
Unfortunately, the national energy supply and demand projection is usually developed based on
demographic and economic assumptions without considering SDG mainstreaming impacts. Therefore,
a framework was developed for translating the SDGs into national energy planning in developing
countries. The research used Indonesia’s data to test the framework. The study mapped the links
between the SDG targets and energy demand and provided methods to translate those targets to
energy demand. It also evaluated the impacts of energy policy on achieving the SDG on energy. The
implications of SDG implementations on the national energy supply and demand of Indonesia were
also assessed. Finally, the study offers scenarios for Indonesia to achieve its Paris Agreement goal
beyond nationally determined contribution (NDC) commitments.
This study identifies 25 targets associated with energy demand and proposes a solution for estimating
the energy demand associated with the targets. The SDGs implementation in the context of Indonesia
will anticipate a 5% increase in energy demand above the reference scenario. Indonesia is on track to
meet universal access to electricity by 2025 under the current policy support. However, universal
access to clean fuels and technology and renewable energy targets will be missed. In contrast, the
2.6% annual increase in energy efficiency improvement has been achieved by Indonesia since 2015.
Finally, the NDCs of Indonesia will be easily reached by 2030. A more ambitious carbon emissions
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reduction compatible with the Paris Agreement goal is achievable by remarkably increasing the
adoption of renewable energy technology and applying strong energy efficiency measures.
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Chapter 1
Introduction

1.1.

General Introduction

Sustainable Development Goals (SDGs) are the international agenda to end poverty and hunger,
maintain peace and prosperity for all people, and protect the environment [1].

The SDGs are a

collection of 17 goals with 169 targets that should be met by 2030. Five years have passed since the
Sustainable Development Goals took effect in January 2016. The SDGs are an ambitious agenda with
an extensive range of issues and interconnected targets relevant to developed and developing
countries [2]. The multi-sectoral integration among targets of SDGs may impose synergies or tradeoffs. Governments will prioritize different targets and goals and deal with various synergies and tradeoffs [3]. For example, developing countries have been known to face a dilemma in providing energy
for their people. On the one hand, they have to increase the production and consumption of fast and
cheap energy for national development and economic growth. On the other hand, they are bound to
reduce GHG emissions from their economic activities for more sustainable development [4].
The interlinkage nature of the SDGs makes the energy sector a crucial part in achieving other goals,
including poverty eradication, food security, health and well-being, quality education, water access,
economic growth, industry and infrastructure, sustainable cities, climate action, and environment. For
example, electricity and clean energy for cooking are crucial to ending poverty and maintaining health
and well-being. Furthermore, there will be an increase in energy demand when a country strives to
provide enough food, quality education, clean water, higher income, and good infrastructure for its
people. The role of energy in enabling access to those basic services is especially crucial for the
developing world.
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However, providing reliable, affordable, and clean energy for everyone in developing countries may
create a trilemma in which the goals of ensuring energy access, maintaining energy security, and
mitigating climate change may conflict with each other [5]. Therefore, mainstreaming SDGs into
national, sub-national, and local development plans will require reviewing the current energy plan to
ensure that the SDGs are achieved, energy supply is secured, and emissions are reduced.
The same year the SDGs are adopted, the Paris Agreement is also ratified. The Paris Agreement goal
is to keep the increase in the average global temperature below 1.5OC. Country members agree to
voluntarily set their national emission reduction targets under the Nationally Determined
Contributions (NDCs). The literature suggests that the research community is building up its
understanding of how the SDG targets are interlinked and how to achieve them in the national and
local contexts. There is no literature on how the implementation of SDGs in the national context will
change energy supply and demand, how the changes will be compensated, and how the Paris
Agreement goal will be met in such circumstances.

1.2.

Background and Rationale

Despite the success of the 2000-2015 Millennium Development Goals (MDGs) agendas in eradicating
hunger and extreme poverty and improving the education and health of millions of people, many
unfinished jobs remain. Therefore, new agendas called the Sustainable Development Goals (SDGs) are
set for implementation in 2016-2030. The MDGs are different from SDGs in purpose, concept, and
politics as (1) the former was most relevant for developing countries while the latter applies to all
countries, (2) MDGs had a narrower purpose of poverty alleviation at most while SDGs are set with
broader agendas incorporating economic, environmental, and social sustainability, and (3) the MDGs
were formulated mainly by a few technical experts with limited fields of expertise while The SDGs
were deliberately framed through strong political and diplomatic negotiations and multidisciplinary
discussions [6]. The SDGs are characterized as having interlinkages among their targets that make
them different from the MDGs [2, 3]. Figure 1 shows the 17 goals of SDGs.
2

Energy is included as Goal 7 (SDG7): Ensure access to affordable, reliable, sustainable and modern
energy for all. SDG7 has three main targets, i.e. universal access to clean energy (Target 7.1), a
substantial increase in renewable energy (Target 7.2), and doubling the energy efficiency (Target 7.3).
Electrification ratio and clean energy for cooking are the indicators for Target 7.1. Indictors for Target
7.2 and 7.3 are renewable energy share and energy intensity of GDP, respectively. Table 1 shows SDG7
targets and indicators. According to the Department of Economic and Social Affairs of the United
Nations [7], when the SDGs were adopted in 2015, the global electrification ratio was 87%. About a
quarter of the rural population does not have access to electricity. At the same time, only 61% of the
global population cooked with clean energy. The global electrification ratio and population with clean
energy for cooking improved to 90% and 66%, respectively, by 2019. Renewable energy share also
modestly improved from 16.9% in 2015 to 17.1% in 2019. Unfortunately, the global rate of
improvement in energy efficiency decreased from 2.1% in 2014 to 1.04% in 2018.

Figure 1. The Sustainable Development Goals [8]
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Table 1. SDG7 targets and indicators

Target

Indicator

Baseline
Estimate
(2015)

Recent
estimate
(2019)

Target

Electrification ratio

87% [7]

90% [7]

100%

Population with
clean cooking energy

61%[7]

66% [7]

100%

Renewable
energy

Renewable energy
share

16.9% [7]

17.1% [7]

Increase
substantially

Energy efficiency

Global rate of energy
intensity of GDP

2.1% [9]*

1.04% **

2.6% [9]

Universal energy
access

* 2014 estimate; ** 2018 estimate, calculated from [7]

Energy is a key enabling factor for sustainable development. Energy in the form of electricity, for
example, can eradicate poverty (SDG1) by reducing energy costs, saving time and allowing more hours
for production, improving productivity, and generating income [10]. Similarly, energy is vital to end
hunger and achieve food security (SDG2). It is essential at each stage of food production: cropping,
production of fish and livestock, processing, distribution, retail, preparation, and cooking [11].
Furthermore, indoor air pollution from traditional use of biomass for cooking increases health risks
(SDG3) [12]. In addition, electricity access allows children to spend more time studying (SDG4 on
education) [13, 14]. Lack of energy access affects women more than men (SDG5 on gender equality)
[15]. Water distribution, desalination, and wastewater processing use energy [16], and power
generation, fossil fuel production, and irrigation for biofuel crops need water(SDG6) [17]. Likewise,
the economic growth (SDG8) will be constrained without energy [18], and the energy consumption is
explained by income, urbanisation, and industrialisation (SDG9) [19-21].
1.2.1. SDGs in the national context
The SDGs are a global commitment to provide a better life for everyone on the planet. However, they
can only be executed and implemented locally and nationally. For instance, SDG Target 2.1 is to end
world hunger by 2030, measured with SDG Indicator 2.1.1: the prevalence of undernourishment.
4

Figure 2 shows the prevalence of undernourishment in selected countries and estimates by 2030 if
the same trend continues in the absence of the SDGs. More than 680 million people (8.9% of the global
population) lived in hunger in 2019. Haiti must make Target 2.1 their primary concern since about half
of its population was without enough food in 2015. India and Myanmar will also need to make Target
2.1 a priority. The graph projection of the prevalence of undernourishment predicts that the global
target of ending hunger by 2030 will not be achieved under the business-as-usual (BAU) scenario. In
the absence of the SDGs, more than 5 percent of the world's population will still not have enough food
to eat by 2030. Only China will reach an undernourishment prevalence below 5 percent by 2030 under
the BAU scenario, and more energy will be required to produce food for everyone in these countries.
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Figure 2. Prevalent of undernourishment in selected countries (%) from 2001 to 2015 and its trendlines to 2030.
Data source: UNDESA's Statistics Division [22].

The business-as-usual approach will not suffice to end hunger. Global commitments and interventions
are needed, which can be translated into actions by incorporating them into national and local
development plans. Moreover, the implementation of SDGs into national and local plans is unique to
each country/local authority since countries have different starting points and thereby different
national priorities and agendas. It will be more realistic for a government to set achievable yet
ambitious national targets rather than meet all the SDG targets. Indonesia, for example, has more
6

than 10% of its population living under the national poverty line in 2017 [23]. The national poverty
line is well below the international poverty line of US$1.90 a day. Our projection shows that the
proportion of the population below the poverty line will still be well above 5% by 2030 under the BAU
scenario (Figure 3). Indonesia may consider Target 1.1 of zero extreme poverty by 2030 as unrealistic
and too ambitious and, therefore, may set a more reasonable target setpoint (TSP) of 5%, for example.
To the authors' knowledge, Indonesia has not yet set a national poverty reduction target for 2030.
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Figure 3. The proportion of population below the national poverty line in Indonesia between 2006 and 2017
and its trend line to 2030. Data source: The Indonesia Statistics Office [23].

SDG targets will need to be tailored to suit the national context based on the socio-economic and
political environment. The United Nations Development Group (UNDG) has guided the
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implementation of the SDGs into national and local planning through the Mainstreaming,
Acceleration, and Policy Support (MAPS) approach [24]. The mainstreaming stage refers to integrating
the SDGs into national and local development planning, including budget allocation. Acceleration, the
next stage, means stimulating development in priority areas by assessing their synergies and tradeoffs. Lastly, the policy support phase directs national and local authorities to UN experts for help when
needed. The MAPS approach also suggests eight guidance areas for SDGs implementation: raising
public awareness; applying multi-stakeholder approaches; tailoring SDGs to national and local
contexts; creating horizontal policy coherence; creating vertical policy coherence; budgeting;
monitoring, reporting, and accountability; and assessing risks and fostering adaptability [24]. In
particular, it provides the Member States with four steps to integrate the SDGs into national and local
contexts. Firstly, existing national and local policies and plans need to be consulted and compared
against the SDGs. At this point, gaps in the policies and plans are identified. The next step is to provide
preliminary recommendations to policy-makers based on the gaps. The third step is to create SDGoriented, country-relevant targets based on national priorities. In this case, the targets should be
ambitious but achievable. The final step is to develop strategies and plans that fully accommodate
national and local contexts.
1.2.2. National agendas of Indonesia
The 2015-2019 national medium-term development plan of Indonesia (locally known as RPJMN) was
formulated at about the same time as the SDGs, thereby allowing the government to adopt the key
components of the SDGs. The RPJMN indicated that it would translate any progress of the SDGs into
the post-2015 national development plan. Furthermore, the Indonesia Office of UNDP has analysed
Nawa Cita (nine development priorities), the RPJMN, and the SDGs and found a high degree of
convergence among them and fully compatible with the RPJMN [25]. UNDP Indonesia also suggested
that inequality, sustainable energy, anti-corruption, and global partnership are the areas for
potentially strong integration. It recommended SDGs targets be explicitly reflected in post-2015
8

national development agendas [25]. As described in the RPJMN, some ways of achieving economic
independence were improving food sovereignty, water security, energy sovereignty and conserving
natural resources and biodiversity. The current RPJMN (2020-2024) claims that it has incorporated
118 targets of SDGs.
The 2014 National Energy Policy of Indonesia (locally known as KEN, Kebijakan Energi Nasional) aims
to achieve national energy sovereignty and security based on justice, sustainability, and
environmental protection [26]. Main KEN targets are (1) providing 400 MTOE of primary energy by
2025 and 1000 MTOE by 2050, (2) achieving primary energy consumption per capita of 1.4 TOE and
3.2 TOE by 2025 and 2050, respectively, (3) providing 115 GW of electricity by 2025 and 430 GW by
2050, and (4) achieving electricity consumption per capita of 2500 kWh by 2025 and 7000 kWh by
2050. Other important targets include a 100% electrification ratio by 2020, renewable energy shares
of 23% and 31% of the national energy mix by 2025 and 2050, respectively, and acceleration of the
introduction of electrically driven vehicles into the market.
At the end of 2016, the Indonesian National Energy Council released the Indonesia Energy Outlook
2016 [27], where three scenarios are proposed: business as usual (BAU), Option 1, and Option 2. There
is no scenario on SDG implementation. The difference between BAU and Option 1 is that the latter
assumes optimum renewable energy penetration and energy efficiency. Option 2 considers high GDP
growth of 7.1% in addition to Option 1 assumptions. In general, energy demand increases with time.
The BAU scenario shows the highest demand growth, and Option 1 shows the lowest, as predicted.
Aggressive energy conservation and efficiency actions, as targeted in KEN, are expected to reduce
energy demand dramatically.
In March 2017, the Government of Indonesia (GoI) released the National Energy General Plan (locally
known as RUEN, Rencana Umum Energi Nasional) as an extension of KEN [28]. According to RUEN,
electricity generation was the highest carbon emitter in the energy sector with a 33% share, followed
by industries (30%) and transportation (29%). Energy simulation was also performed based on KEN
9

targets. Results show that there will be significant reductions in GHG emissions by 34.8% and 58.3%
in 2025 and 2050, respectively, against the BAU scenario.
1.2.3. Nationally Determined Contributions (NDCs) for Indonesia
The Paris Agreement was also ratified in 2015. Its objective is to limit global warming to 1.5 OC above
the pre-industrial level. The Agreement requires each country to set emission reduction targets under
the National Determined Contributions (NDCs).
Indonesia has voluntarily pledged to reduce its emissions by 29% unconditionally and by 41% with
international support by 2030 [29]. In the energy sector, Indonesia is confident that the 29% emission
reduction by 2030 is feasible. However, the energy sector's contribution in emitting GHGs is only about
19% of the total GHG emissions of Indonesia. In comparison, land-use change and peat and forest fires
are responsible for about 63% [29]. There are two relevant policy documents for emission reduction
and climate change adaptation: the national action plan on GHG emission reduction (locally known as
RAN-GRK) [4] and the National Action Plan on Climate Change Adaptation (RAN-API) [30]. The
government needs to address many goals, targets, and priorities in the energy sector itself. The
objectives include achieving a 23% renewable energy share in the mix and building 35 GW of power
plants (mainly coal) by 2025 [26]. At the same time, the government should reduce GHG emissions by
29% - 41% [29].

1.3.

Statement of Problems and Research Questions

The present study investigated the interaction between the SDGs and energy and identified how this
interconnection would impact the energy sector. The cumulative effect of meeting the SDGs and Paris
Agreement targets (NDCs) will put pressure on the energy sector. As previously described, emission
reduction targets may not be compatible with energy security and energy access objectives.
Furthermore, as energy is a central part of sustainable development, difficulties in achieving the SDGs
may arise if they are not accommodated in national energy planning. To the authors' knowledge, there
10

is no study on how to incorporate the SDGs into the energy plans, and there is no guidance for
translating the SDGs into national energy planning.
Even though most developing countries promise to translate SDGs into the post-2015 national
planning agendas, very little has been done on their implementation impacts on the energy sector.
For example, the Indonesian national energy plan (RUEN) 2017 has completely overlooked the issue
and ignored the SDGs. The 2025 and 2050 projections of the national energy demand do not consider
the scenario under which the SDGs are mainstreamed into the national development plan. The
projections do not anticipate the energy demand dynamics if universal energy access should be
achieved by 2030 (SDG7). According to the IEA database on Indonesia, 97 million people did not have
access to modern, clean energy for cooking in 2014, and 41 million people did not have electricity in
2016. The projection also does not anticipate the implementation of particular SDG targets on the
national energy demand. Those targets include doubling agricultural productivity (Target 2.4),
ensuring universal access to health-care services (Target 3.8), ensuring equitable and quality primary
and secondary education for all children (Target 4.1), and achieving universal access to safe and
affordable drinking water (Target 6.1). Considering the country's archipelagic nature with more than
17,000 islands (many of them isolated) and abundant coal, natural, gas, solar, ocean, hydro, and
geothermal energy potentials, we also would like to know which energy technologies should be
prioritized. Indonesia's data was used to test the impact of the cross-sectoral nexus of targets on
future national energy supply and demand in the national context.
This research aimed to develop a framework for integrating SDGs into national energy planning. In
addressing it, the study answered the following research questions:
1. How should the SDGs be translated into national energy plans?
2. What are the impacts of achieving the SDG targets on energy demand?
3. What are the roles of energy policy in meeting SDG7 on energy?
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4. How will the emission reduction targets be achieved, and what is the appropriate mix of
different energy sources and technologies to support the SDG and NDC targets?

1.4.

Research Objectives

The study aims at developing a framework to incorporate SDGs into national energy planning. The
objectives of the study are to:
1. Identify and quantify SDG targets with links to energy demand
2. Investigate the change in energy demand under different scenarios
3. Assess the impacts of energy policy on SDG7
4. Investigate energy technologies to prioritise for Indonesia to achieve the Paris Agreement
goal.

1.5.

General Methodology and Approach

This sub-section discusses methodology and approach in general. More elaborated methods are
available in Chapter 2, Chapter 3, Chapter 4, and Chapter 5. Figure 4 shows the flowchart of the
methodology and approach of the study. In general, there are six steps to follow to achieve the
research objectives:
1.

Data collection (yellow)

2.

Policy review (purple)

3.

Linkage mapping (red)

4.

Analysis (blue)

5.

Modelling and simulation (dark blue)

6.

Research output (green)
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Data related to demography, economy, national target setpoints, carbon emission, and energy supply,
demand, and transformation were collected during the desktop study. This stage included reviews of
literature.
Linkage mapping searched for links between energy and the SDGs. The literature was reviewed during
the desktop study, and SDG targets with links to energy were identified. Once linkages were identified,
energy requirement per unit target (energy intensity) was quantified. The energy intensity of each
target is an essential variable in modeling and simulation for future energy supply and demand under
the SDG scenario.
In the policy review, national laws and regulations were reviewed based on their effectiveness in
supporting the achievement of the energy targets. It also examined policies linked to energy and how
they influence the achievement of SDG7.
The analysis step included simulations of the energy demand to 2030 under different scenarios, the
energy production, power generation & transformation as a part of the analysis of energy supply, and
the prioritized energy technology alternative. The energy demand analysis under the national targets
and NDC scenarios required data of current energy policy related to energy, including energy
efficiency, low carbon technology, and emissions targets.
LEAP (the Low Emissions Analysis Platform) is the energy modeling and simulation that we will use.
LEAP is software developed by the Stockholm Environment Institute to analyse and assess energy
policy and climate change mitigation [31]. LEAP requires various data for its simulation and
optimisation, including demographic, economic, energy demand, transformation, fuels, and
environmental data. For example, demographic data include national population data, the rate of
urbanization, and the average household size. The economic data consist of at least GDP data, interest
rate, and inflation.
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Results of the simulation and optimisation were discussed, and recommendations were provided
related to changes in future energy demand as a consequence of SDGs and NDCs implementations in
the development plan and best energy technologies to meet the Paris Agreement. In addition, the
study offers insight into the current policy effectiveness in facilitating the achievement of SDG7 on
energy.
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Figure 4. Flowchart of methodology and approach
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1.6.

Research Benefits and Contributions

To the author's knowledge, there is no study dedicated to translating the SDGs into energy demand.
This study fills the gap. It mapped the interlinkages between energy demand and SDG targets and
quantified the energy required to meet those targets. The study also offers a way to reach a more
ambitious carbon emission reduction goal beyond the NDCs. Furthermore, It helps governments in
developing countries to get a better view of what the energy supply and demand will look like in the
future under the SDGs and Paris Agreement regime and respond accordingly. The study will also help
the government be more confident scientifically in deciding which energy technologies to achieve the
goals.

1.7.

Structure of the Thesis

The thesis is formatted in accordance with Murdoch University's Graduate Research Degree Thesis
Style Guideline: Thesis by Compilation. The organisation and presentation of the thesis have followed
the latest version of the guideline.
The introduction chapter includes a general introduction of the topic, a short literature review as a
background, a statement of problems and research questions, research objectives, general
methodology and approach, and research benefits and contributions.
Chapter 2 addresses the first research objective: identifying and quantifying SDG targets with links to
energy demand. The manuscript examines interconnections between energy and SDG targets and
provides examples of how the interconnections are quantified. It enables policy-makers and energy
planners to develop an SDGs responsive energy plan. Chapter 2 is a reprint of a manuscript published
in Elsevier's Energy Research and Social Science journal.
Chapter 3 addresses the additional energy requirement under the SDGs implementation in Indonesia.
This study is the application of findings in Chapter 2 at a country level. It shows how energy demand
16

will change as a country integrates the SDGs into its national development plan. The content of this
chapter has been published in Elsevier's Energy journal.
The third research objective, assessing the energy policy impacts on SDG7, is addressed in Chapter 3.
In this chapter, policies related to energy are evaluated based on their effectiveness in supporting the
realisation of SDG7 in Indonesia. The chapter is a reprint of a paper published in Elsevier's Energy for
Sustainable Development journal.
The last research objective offering a pathway to reduce carbon emissions beyond the NDCs is
discussed in Chapter 5. Energy simulation and least-cost optimisation were conducted to find out the
best energy technologies to prioritise to meet the goal of the Paris Agreement. The chapter is based
on a manuscript submitted for publication to Elsevier's Energy Policy journal.
Chapter 6 provides the conclusions of the study. It includes a summary of findings and future work.
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Chapter 2
From goals to joules: A quantitative approach of interlinkages between energy
and the Sustainable Development Goals
Santika, W. G., Anisuzzaman, M., Bahri, P. A., Shafiullah, G. M., Rupf, G. V., & Urmee, T. (2019). From
goals to joules: A quantitative approach of interlinkages between energy and the Sustainable
Development Goals. Energy Research & Social Science, 50, 201-214.
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Appendix A: Suplementary data of Chapter 2
Table A.1. Energy links with the SDGs
Energy links with other
SDGs and evidence
SDG 1. End poverty in all
its forms everywhere

Evidence: [32-35]

SDG 2. End hunger,
achieve food security
and improved nutrition
and promote sustainable
agriculture
Evidence: [11, 33, 36-38]

SDG 3. Ensure healthy
lives and promote wellbeing for all at all ages

Evidence: [12, 16, 39-42]

SDG 4. Ensure inclusive
and equitable quality
education and promote
lifelong learning
opportunities for all
Evidence: [13, 43-50]

SDG 5. Achieve gender
equality and empower
all women and girls

Remarks
Economic growth, which is vital in ending poverty, is enabled by energy because
energy along with labor and capital are essential for production [32]. Energy
together with water and food are essential for human welfare and poverty
reduction [33]. The Oxford Poverty and Human Development Initiative proposes
three dimensions of poverty, which are health, education, and standard of living
[34, 35]. Ten indicators are used to measure them: Child mortality and nutrition
(measures health); years of schooling and child school attendance (education);
and electricity, drinking water, sanitation, flooring, cooking fuel, and asset
(standard of living). Electricity and cooking fuel are two indicators, among
others, used to measure poverty. Electricity also enables the supply of drinking
water and improves sanitation, health, and education.
Energy is used in every aspect of food production, from cropping, livestock and
fisheries production, processing, distribution, retail, preparation to cooking. The
United Nation Food and Agriculture Organization [11] estimated that the food
sector share in global final energy demand was about 32% in 2011. The more
food is produced, the more energy is required. For example, Smil [36] compared
US corn production in 1945 and 2007 and found that the fourfold increase in
corn yield in 2007 needed three times more energy. This situation makes food
production susceptible to energy price fluctuation [33].
In the health sector, electricity provides significant improvement to public
health and well-being in general. It provides heat and light and controls room
temperature for comfort, cools refrigerators for a better quality food and
vaccine storage, powers pumps to deliver clean water, and supplies power to
operate health devices. On the other hand, for the 1.2 billion people without
electricity and the 2.7 billion people still cooking with solid biomass [16], the
health risks are high, especially those caused by prolonged exposure to indoor
air pollution [12]. The pollution generated by the burning of solid fuels usually
affect women and children the most and is comparable to smoking two packs of
cigarettes a day [39]. Ensuring access to clean cooking energy will significantly
reduce indoor air pollution, thereby decreasing deaths in children due to
respiratory infections, as well as provide cooked food and boiled water for
healthier families [40].
Energy is vital for equitable education and boosting opportunities for lifetime
learning. For example, there is a high correlation between the electrification
and literacy rates of children above six years old in India, as reported by
Kanagawa and Nakata [43]. A study in north-western Madagascar confirms that
electricity access allows children to study more hours in the evening, and
provides free time for girls to study, replacing time otherwise spent helping
mothers with house chores [13]. The UNESCO Institute for Statistics estimates
that, globally, more than 61 million children of primary school age were out of
school in 2015 [44]. Therefore, providing equitable quality education for all,
from pre-primary to secondary education means more than a million new
classrooms will still be needed globally, and more energy should be generated
to build, operate and maintain them.
Energy can provide meaningful gender benefits [51]. Lack of energy access
affects women severely more than men [15]. It has negative consequences on
health due to indoor air pollution [11], as previously described in the discussion
about the relationship between energy and health. Studies in India and
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Evidence: [13-15, 39, 51,
52]

Madagascar have shown that school girls spend more time collecting solid fuels
and less time studying, or fewer opportunities of receiving study help from
mothers [13, 14]

SDG 6. Ensure
availability and
sustainable
management of water
and sanitation for all

Energy and water nexus studies suggest that energy and water depend on each
other. Energy needs water in each stage of its production: for power generation,
irrigation of agriculture for biofuels, and fossil fuel production and distribution
[17]. Conversely, the water sector needs energy, e.g., for water distribution,
desalination, and wastewater processing [16]. The role of energy in ensuring
availability and sustainable management of water and sanitation for all is quite
straightforward. Universal access to safe drinking water (Target 6.1) will not be
achieved without energy access. In fact, with 1.8 billion people globally using
contaminated drinking-water sources [53], a tremendous amount of energy will
be needed to achieve the target.

Evidence: [16, 17, 53-57]

SDG 8. Promote
sustained, inclusive and
sustainable economic
growth, full and
productive employment
and decent work for all

Evidence: [58-68]

SDG 9. Build resilient
infrastructure, promote
inclusive and sustainable
industrialization and
foster innovation
Evidence: [19-21, 69-79]

The relationship between energy and economic growth has been studied since
the 1970’s [58-61], yet results are mixed and conflicting [62-65]. Some studies
show a bi-directional causal relationship between energy consumption and
economic growth (known as feedback hypothesis), other studies show
unidirectional causality from energy consumption to economic growth (growth
hypothesis) or otherwise from economic growth to energy use (conservation
hypothesis), the rest show no causality between them (neutrality hypothesis).
For example, an international literature survey on the nexus examining 48
studies indicates that growth, feedback, conservation, and neutrality
hypotheses are supported by 29%, 27%, 23%, and 21% of the studies,
respectively [65]. Another meta-analysis study assessing the causal relationship
between renewable energy consumption and economic growth shows similar
results [59]. The study reveals that 18 studies published in 2013 alone offer 24,
21, 16, and 14 observations supporting feedback, growth, neutrality, and
conservation hypotheses, respectively. Mixed results are also observed in the
study by Bhattacharya, et al. [66], which examines the top 38 renewable energy
consuming countries. Inconclusive and conflicting results imply that policies
should be designed carefully, case by case. Bidirectional/feedback and growth
causalities indicate that reduction in energy consumption (energy conservation)
may limit economic growth. On the contrary, conservation and neutrality
hypotheses suggest that energy conservation can be implemented without
significant impact on economic growth. Some authors recommend the
development of a new and more robust methodology to avoid these mixed
results [59, 65, 67]. In our analysis, we intuitively assume that sustaining
economic growth requires more energy unless it is explicitly stated that the
country being assessed has successfully decoupled energy use from economic
growth.
In energy economics, energy demand is usually expressed as a function of
income, urbanization, and industrialization [19-21, 69]. Others employ the
STIRPAT model of Dietz and Rosa [70], which is a reformulation of the IPAT
model of Ehrlich and Holdren [71]. They suggest that energy demand correlates
with population size, GDP (affluence), industrialization, urbanization, energy
intensity, and specific effects of countries and time [72, 73]. In both models,
industrialization and urbanization are significant predictors of energy
consumption. Industrialization and urbanization are considered as human
relocation from farming to manufacturing jobs and from villages to cities [72].
They require extensive infrastructure development for housing, transportation,
communication, etc., which in turn demand a massive amount of energy.
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SDG 10. Reduce
inequality within and
among countries

Evidence: [80]

SDG 11. Make cities and
human settlements
inclusive, safe, resilient
and sustainable
Evidence: [68, 81-93]

SDG 12. Ensure
sustainable consumption
and production patterns
Evidence: [11, 36, 86,
94, 95]
SDG 13. Take urgent
action to combat climate
change and its impacts
Evidence: [96-98]
SDG 14. Conserve and
sustainably use the
oceans, seas and marine
resources for sustainable
development
Evidence: [99, 100]

SDG 15. Protect, restore
and promote sustainable
use of terrestrial
ecosystems, sustainably
manage forests, combat
desertification, and halt
and reverse land
degradation and halt
biodiversity loss

The role of energy in decreasing inequality within and among countries is not a
popular topic for analysis in the scientific literature. Pitt [80] examined the
effect of kerosene subsidy on social equity (as kerosene was considered a basic
need and thereby should be made affordable to the poor) and found that the
benefit was unevenly distributed. Urban households, which were only 18.5% of
the total households in 1978, enjoyed 36.8% of the subsidy or about 250%
higher than the subsidy for rural families. Examination of the goal in its target
level shows that most targets are policy/regulatory targets that have no direct
links to energy. Others have been covered by targets in other goals. Therefore,
we disregard the link between energy and SDG 10.
Energy is fundamental to cities and urban development. Indeed, urban areas
consumed about 64% of global primary energy in 2013, mostly for power
generation, industries, buildings, and transportation [81]. Furthermore, in a
country like China, urban areas account for 84% of total energy consumption
[82]. There is increasing concern about urban energy demand as it intensifies,
along with the expanding trend of urbanization globally [83]. According to IEA
[81], some components shape urban energy systems: affluence, population
density, building stock and infrastructure age, land availability, economic
structure, and climate. Furthermore, most household energy consumption is
related to dwellings and transport energy [84]. Therefore, energy is required to
provide adequate housing, basic services, and safe transport systems.
Sustainable consumption and production (SCP) are effective ways to consume
and create products and services to reduce resource use and environmental
impacts. It implies that the link between energy and SPC is direct through
increased efficiency in their production and indirect through reduced products
and services consumption as energy is embedded in the production processes
of goods and services.
There is a strong relationship between energy and climate change. The energy
sector contributes around two-thirds of total GHG emissions, which are
associated with climate change [96]. Additionally, on reviewing the literature on
UK policies, Lovell, et al. [97] observe that climate change is viewed as energy
supply, energy demand, (carbon) market-efficiency, and international problems
by policy actors.
The ocean helps to reduce the impact of climate change by absorbing CO2 from
the atmosphere. However, this makes the ocean more acid in the process [99].
The situation may, in turn, disturb the calcification of corals and plankton.
However, research on the impact of ocean acidification on marine life is only at
the beginning of gaining a full understanding of the phenomenon [100]. It is
difficult to quantify the relationship between energy demand and the targets of
SDG 14 or to find justification on how energy planning should be designed in
response to actions taken to achieve them. Therefore, we have omitted the link
between them.
The link between energy and terrestrial ecosystems is notable in the
relationship between wood fuels and deforestation in developing countries,
especially in energy poverty regions. In Brazil, for example, fuelwood
contributes to deforestation together with other factors such as land clearing
for agriculture [101]. Much earlier in Malawi, to meet the demand for fuelwood
in 1990, deforestation was predicted as unavoidable [102]. However, Leach
[103] refutes this widespread perception. He argues that the notion is based on
a supply-demand projection which applies a wrong logic. Usually, the fuelwood
demand of a country is compared with its forests’ tree stock, mostly ignoring
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Evidence: [101-104]

the fact that most rural solid fuel demand comes from animal wastes, crop
residues, dead trees and branches, and farm trees. The gap between the
projection of supply and demand creates an apparent wood fuel crisis, which is
perceived to accelerate deforestation [104]. The global energy goal of ensuring
access to affordable, reliable, sustainable and modern energy for all (SDG 7)
hopefully will substitute fuelwood with other clean fuels and settle the dispute.
An assessment of the targets of SDG 15 shows that they are mostly about land
management and regulatory targets with no strong links to energy demand.

SDG 16. Promote
peaceful and inclusive
societies for sustainable
development, provide
access to justice for all
and build effective,
accountable and
inclusive institutions at
all levels
Evidence: [105, 106]

The link between energy and SDG 16 manifests itself in energy justice. With 2.7
billion people still cooking with traditional biofuels and 1.2 billion people left in
the dark without electricity [105], the world energy distribution is vastly unjust
[106]. However, a close review of the targets of SDG 16 shows that there are no
direct links between energy demand and the targets, since most targets belong
to social, institutional, and regulatory targets.

SDG 17. Strengthen the
means of
implementation and
revitalize the Global
Partnership for
Sustainable
Development
Evidence: [107-109]

The link comes from two indicators of SDG 17 that measure internet broadband
subscriptions and the proportion of individuals using the internet. Providing
internet services requires energy.
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Table A.2. Sustainable Development Goals and energy links rationale

Targets

Include
in
energy
planning

Indicators

Reason

Goal 1. End poverty in all its forms everywhere
1.1 By 2030, eradicate extreme poverty for all
people everywhere, currently measured as
people living on less than $1.25 a day

1.1.1 Proportion of population below
the international poverty line, by
sex, age, employment status and
geographical location (urban/rural)

No

Collectively most other goals and
targets will contribute to this goal,
therefore focus is on energy
linkages with the other goals and
targets that have more defined and
direct links to energy

1.2 By 2030, reduce at least by half the
proportion of men, women and children of all
ages living in poverty in all its dimensions
according to national definitions

1.2.1 Proportion of population living
below the national poverty line, by
sex and age

No

As mentioned for 1.1, collectively
most other goals and targets will
contribute to this goal, therefore
focus is on energy linkages with the
other goals and targets that have
more defined and direct links to
energy

No

Policy/regulatory target; no direct
links to energy

1.3 Implement nationally appropriate social
protection systems and measures for all,
including floors, and by 2030 achieve substantial
coverage of the poor and the vulnerable

1.2.2 Proportion of men, women and
children of all ages living in poverty
in all its dimensions according to
national definitions

1.3.1 Proportion of population
covered by social protection
floors/systems, by sex, distinguishing
children, unemployed persons, older
persons, persons with disabilities,
pregnant women, newborns, workinjury victims and the poor and the
vulnerable

1.4 By 2030, ensure that all men and women, in
particular the poor and the vulnerable, have
equal rights to economic resources, as well as
access to basic services, ownership and control
over land and other forms of property,
inheritance, natural resources, appropriate new
technology and financial services, including
microfinance

1.4.1 Proportion of population living
in households with access to basic
services

Yes

Energy is required to deliver basic
services including water, sanitation,
health, infrastructure, and
educational services

1.4.2 Proportion of total adult
population with secure tenure rights
to land, with legally recognized
documentation and who perceive
their rights to land as secure, by sex
and by type of tenure

No

Policy/regulatory target; no direct
links to energy

1.5 By 2030, build the resilience of the poor and
those in vulnerable situations and reduce their
exposure and vulnerability to climate-related
extreme events and other economic, social and
environmental shocks and disasters

1.5.1 Number of deaths, missing
persons and directly affected
persons attributed to disasters per
100,000 population

No

Covered by Target 13.1

No

Policy/regulatory target; no direct
links to energy

1.5.2 Direct economic loss attributed
to disasters in relation to global
gross domestic product (GDP)
1.5.3 Number of countries that
adopt and implement national
disaster risk reduction strategies in
line with the Sendai Framework for
Disaster Risk Reduction 2015-2030
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1.5.4 Proportion of local
governments that adopt and
implement local disaster risk
reduction strategies in line with
national disaster risk reduction
strategies
1.a Ensure significant mobilization of resources
from a variety of sources, including through
enhanced development cooperation, in order to
provide adequate and predictable means for
developing countries, in particular least
developed countries, to implement programmes
and policies to end poverty in all its dimensions

1.a.1 Proportion of domestically
generated resources allocated by the
government directly to poverty
reduction programmes

No

Policy/regulatory and financial
targets; no direct links to energy

No

Policy/regulatory targets; no direct
links to energy

1.a.2 Proportion of total government
spending on essential services
(education, health and social
protection)
1.a.3 Sum of total grants and nondebt-creating inflows directly
allocated to poverty reduction
programmes as a proportion of GDP

1.b Create sound policy frameworks at the
national, regional and international levels,
based on pro-poor and gender-sensitive
development strategies, to support accelerated
investment in poverty eradication actions

1.b.1 Proportion of government
recurrent and capital spending to
sectors that disproportionately
benefit women, the poor and
vulnerable groups

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture

2.1.1 Prevalence of
undernourishment
2.1 By 2030, end hunger and ensure access by
all people, in particular the poor and people in
vulnerable situations, including infants, to safe,
nutritious and sufficient food all year round

2.2 By 2030, end all forms of malnutrition,
including achieving, by 2025, the internationally
agreed targets on stunting and wasting in
children under 5 years of age, and address the
nutritional needs of adolescent girls, pregnant
and lactating women and older persons

2.3 By 2030, double the agricultural productivity
and incomes of small-scale food producers, in
particular women, indigenous peoples, family
farmers, pastoralists and fishers, including
through secure and equal access to land, other
productive resources and inputs, knowledge,
financial services, markets and opportunities for
value addition and non-farm employment

Yes

Energy is required for food
production and access, will
consider Target 2.1 together with
Target 2.3; energy for
growing/producing, processing,
storage, and distribtion of food -all
levels of food value chain

No

Covered by Targets 2.1 and 2.3

2.1.2 Prevalence of moderate or
severe food insecurity in the
population, based on the Food
Insecurity Experience Scale (FIES)

2.2.1 Prevalence of stunting (height
for age <-2 standard deviation from
the median of the World Health
Organization (WHO) Child Growth
Standards) among children under 5
years of age
2.2.2 Prevalence of malnutrition
(weight for height >+2 or <-2
standard deviation from the median
of the WHO Child Growth Standards)
among children under 5 years of age,
by type (wasting and overweight)
2.3.1 Volume of production per
labour unit by classes of
farming/pastoral/forestry enterprise
size
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Yes
Energy is required for food
production and access, will
consider Target 2.3 together with
Target 2.1; energy for
growing/producing, processing,
storage, and distribtion of food -all
levels of food value chain

2.3.2 Average income of small-scale
food producers, by sex and
indigenous status
2.4 By 2030, ensure sustainable food production
systems and implement resilient agricultural
practices that increase productivity and
production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate
change, extreme weather, drought, flooding and
other disasters and that progressively improve
land and soil quality

No

Financial indicator; no direct links
to energy

Yes

Overall, productive and sustainable
agriculture will save energy (reduce
energy demand)

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory and financial
target; no direct links to energy

2.4.1 Proportion of agricultural area
under productive and sustainable
agriculture

2.5 By 2020, maintain the genetic diversity of
seeds, cultivated plants and farmed and
domesticated animals and their related wild
species, including through soundly managed and
diversified seed and plant banks at the national,
regional and international levels, and promote
access to and fair and equitable sharing of
benefits arising from the utilization of genetic
resources and associated traditional knowledge,
as internationally agreed

2.5.1 Number of plant and animal
genetic resources for food and
agriculture secured in either medium
or long-term conservation facilities

2.a Increase investment, including through
enhanced international cooperation, in rural
infrastructure, agricultural research and
extension services, technology development
and plant and livestock gene banks in order to
enhance agricultural productive capacity in
developing countries, in particular least
developed countries

2.a.1 The agriculture orientation
index for government expenditures

2.b Correct and prevent trade restrictions and
distortions in world agricultural markets,
including through the parallel elimination of all
forms of agricultural export subsidies and all
export measures with equivalent effect, in
accordance with the mandate of the Doha
Development Round

2.b.1 Agricultural export subsidies

No

Policy/regulatory target; no direct
links to energy

2.c Adopt measures to ensure the proper
functioning of food commodity markets and
their derivatives and facilitate timely access to
market information, including on food reserves,
in order to help limit extreme food price
volatility

2.c.1 Indicator of food price
anomalies

No

Policy/regulatory target; no direct
links to energy

No

No direct energy links aside from
improved access to health facilites,
which are covered in other goals

No

Health target; no direct energy links

2.5.2 Proportion of local breeds
classified as being at risk, not-at-risk
or at unknown level of risk of
extinction

2.a.2 Total official flows (official
development assistance plus other
official flows) to the agriculture
sector

Goal 3. Ensure healthy lives and promote well-being for all at all ages
3.1 By 2030, reduce the global maternal
mortality ratio to less than 70 per 100,000 live
births
3.2 By 2030, end preventable deaths of
newborns and children under 5 years of age,
with all countries aiming to reduce neonatal
mortality to at least as low as 12 per 1,000 live
births and under-5 mortality to at least as low as
25 per 1,000 live births

3.1.1 Maternal mortality ratio
3.1.2 Proportion of births attended
by skilled health personnel
3.2.1 Under-five mortality rate

3.2.2 Neonatal mortality rate
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3.3 By 2030, end the epidemics of AIDS,
tuberculosis, malaria and neglected tropical
diseases and combat hepatitis, water-borne
diseases and other communicable diseases

3.3.1 Number of new HIV infections
per 1,000 uninfected population, by
sex, age and key populations

No

No direct energy links aside from
improved access to health facilites,
which are covered in other goals

No

No direct energy links aside from
improved access to health facilites
and improved cooking fuels, which
are covered in other goals

No

Policy/regulatory target; no direct
links to energy

3.3.2 Tuberculosis incidence per
100,000 population
3.3.3 Malaria incidence per 1,000
population
3.3.4 Hepatitis B incidence per
100,000 population
3.3.5 Number of people requiring
interventions against neglected
tropical diseases

3.4 By 2030, reduce by one third premature
mortality from non-communicable diseases
through prevention and treatment and promote
mental health and well-being

3.4.1 Mortality rate attributed to
cardiovascular disease, cancer,
diabetes or chronic respiratory
disease
3.4.2 Suicide mortality rate

3.5 Strengthen the prevention and treatment of
substance abuse, including narcotic drug abuse
and harmful use of alcohol

3.5.1 Coverage of treatment
interventions (pharmacological,
psychosocial and rehabilitation and
aftercare services) for substance use
disorders
3.5.2 Harmful use of alcohol, defined
according to the national context as
alcohol per capita consumption
(aged 15 years and older) within a
calendar year in litres of pure alcohol

3.6 By 2020, halve the number of global deaths
and injuries from road traffic accidents

3.6.1 Death rate due to road traffic
injuries

No

No direct links to energy

3.7 By 2030, ensure universal access to sexual
and reproductive health-care services, including
for family planning, information and education,
and the integration of reproductive health into
national strategies and programmes

3.7.1 Proportion of women of
reproductive age (aged 15-49 years)
who have their need for family
planning satisfied with modern
methods

No

Policy/regulatory target; no direct
links to energy

Yes

Energy is an enabler for universal
health care through the provision
of energy services required at
health facilties including for
lighting, telecommunication,
vaccine refrigeration, medical
equipment, sterilisation and
sanitation, staff and patient
comfort

3.7.2 Adolescent birth rate (aged 1014 years; aged 15-19 years) per
1,000 women in that age group
3.8 Achieve universal health coverage, including
financial risk protection, access to quality
essential health-care services and access to safe,
effective, quality and affordable essential
medicines and vaccines for all

3.8.1 Coverage of essential health
services (defined as the average
coverage of essential services based
on tracer interventions that include
reproductive, maternal, newborn
and child health, infectious diseases,
non-communicable diseases and
service capacity and access, among
the general and the most
disadvantaged population)
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3.9 By 2030, substantially reduce the number of
deaths and illnesses from hazardous chemicals
and air, water and soil pollution and
contamination

3.8.2 Proportion of population with
large household expenditures on
health as a share of total household
expenditure or income

No

Financial indicator; no direct links
to energy

3.9.1 Mortality rate attributed to
household and ambient air pollution

No

Target is linked to provision of
clean fuels; covered by Target 7.1

3.9.2 Mortality rate attributed to
unsafe water, unsafe sanitation and
lack of hygiene (exposure to unsafe
Water, Sanitation and Hygiene for All
(WASH) services)

No

Energy is requried for the provision
of clean water and sanitation;
covered by Targets 6.1, 6.2 & 6.3

3.9.3 Mortality rate attributed to
unintentional poisoning

No

No direct links to energy

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory and financial
target; no direct links to energy

3.a Strengthen the implementation of the World
Health Organization Framework Convention on
Tobacco Control in all countries, as appropriate

3.a.1 Age-standardized prevalence of
current tobacco use among persons
aged 15 years and older

3.b Support the research and development of
vaccines and medicines for the communicable
and non-communicable diseases that primarily
affect developing countries, provide access to
affordable essential medicines and vaccines, in
accordance with the Doha Declaration on the
TRIPS Agreement and Public Health, which
affirms the right of developing countries to use
to the full the provisions in the Agreement on
Trade-Related Aspects of Intellectual Property
Rights regarding flexibilities to protect public
health, and, in particular, provide access to
medicines for all

3.b.1 Proportion of the target
population covered by all vaccines
included in their national
programme

3.c Substantially increase health financing and
the recruitment, development, training and
retention of the health workforce in developing
countries, especially in least developed
countries and small island developing States

3.c.1 Health worker density and
distribution

No

Policy/regulatory and financial
target; no direct links to energy

3.d Strengthen the capacity of all countries, in
particular developing countries, for early
warning, risk reduction and management of
national and global health risks

3.d.1 International Health
Regulations (IHR) capacity and
health emergency preparedness

No

Policy/regulatory target; no direct
links to energy

3.b.2 Total net official development
assistance to medical research and
basic health sectors
3.b.3 Proportion of health facilities
that have a core set of relevant
essential medicines available and
affordable on a sustainable basis

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all
4.1 By 2030, ensure that all girls and boys
complete free, equitable and quality primary
and secondary education leading to relevant
and effective learning outcomes

4.1.1 Proportion of children and
young people: (a) in grades 2/3; (b)
at the end of primary; and (c) at the
end of lower secondary achieving at
least a minimum proficiency level in
(i) reading and (ii) mathematics, by
sex

Yes

Energy is requried at educational
institutions/facilities

4.2 By 2030, ensure that all girls and boys have
access to quality early childhood development,
care and pre-primary education so that they are
ready for primary education

4.2.1 Proportion of children under 5
years of age who are
developmentally on track in health,
learning and psychosocial wellbeing, by sex

Yes

Energy is requried at educational
institutions/facilities
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4.2.2 Participation rate in organized
learning (one year before the official
primary entry age), by sex

Energy is requried at educational
institutions/facilities

4.3 By 2030, ensure equal access for all women
and men to affordable and quality technical,
vocational and tertiary education, including
university

4.3.1 Participation rate of youth and
adults in formal and non-formal
education and training in the
previous 12 months, by sex

Yes

Energy is requried at educational
institutions/facilities

4.4 By 2030, substantially increase the number
of youth and adults who have relevant skills,
including technical and vocational skills, for
employment, decent jobs and entrepreneurship

4.4.1 Proportion of youth and adults
with information and
communications technology (ICT)
skills, by type of skill

No

Energy links covered by Target 4.3

No

Energy links covered by Targets 4.1
to 4.3

4.6.1 Proportion of population in a
given age group achieving at least a
fixed level of proficiency in
functional (a) literacy and (b)
numeracy skills, by sex

No

Household energy can contribute
to this target but this energy link is
covered by other targets such as
1.4, 4.1, 4.3, and 7.1

4.7.1 Extent to which (i) global
citizenship education and (ii)
education for sustainable
development, including gender
equality and human rights, are
mainstreamed at all levels in: (a)
national education policies; (b)
curricula; (c) teacher education; and
(d) student assessment

No

Policy/regulatory and institutional
target; no direct energy links

No

Covered by Targets 4.1, 4.2 & 4.3
Goal 6

4.5 By 2030, eliminate gender disparities in
education and ensure equal access to all levels
of education and vocational training for the
vulnerable, including persons with disabilities,
indigenous peoples and children in vulnerable
situations

4.6 By 2030, ensure that all youth and a
substantial proportion of adults, both men and
women, achieve literacy and numeracy

4.7 By 2030, ensure that all learners acquire the
knowledge and skills needed to promote
sustainable development, including, among
others, through education for sustainable
development and sustainable lifestyles, human
rights, gender equality, promotion of a culture
of peace and non-violence, global citizenship
and appreciation of cultural diversity and of
culture’s contribution to sustainable
development
4.a Build and upgrade education facilities that
are child, disability and gender sensitive and
provide safe, non-violent, inclusive and effective
learning environments for all

4.5.1 Parity indices (female/male,
rural/urban, bottom/top wealth
quintile and others such as disability
status, indigenous peoples and
conflict-affected, as data become
available) for all education indicators
on this list that can be disaggregated

4.a.1 Proportion of schools with
access to: (a) electricity; (b) the
Internet for pedagogical purposes;
(c) computers for pedagogical
purposes; (d) adapted infrastructure
and materials for students with
disabilities; (e) basic drinking water;
(f) single-sex basic sanitation
facilities; and (g) basic handwashing
facilities (as per the WASH indicator
definitions)
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4.b By 2020, substantially expand globally the
number of scholarships available to developing
countries, in particular least developed
countries, small island developing States and
African countries, for enrolment in higher
education, including vocational training and
information and communications technology,
technical, engineering and scientific
programmes, in developed countries and other
developing countries

4.c By 2030, substantially increase the supply of
qualified teachers, including through
international cooperation for teacher training in
developing countries, especially least developed
countries and small island developing States

4.b.1 Volume of official development
assistance flows for scholarships by
sector and type of study

No

Policy/regulatory and financial
targets; no direct links to energy

No

Policy/regulatory and institutional
target; no direct energy links

4.c.1 Proportion of teachers in: (a)
pre-primary; (b) primary; (c) lower
secondary; and (d) upper secondary
education who have received at
least the minimum organized
teacher training (e.g. pedagogical
training) pre-service or in-service
required for teaching at the relevant
level in a given country

Goal 5. Achieve gender equality and empower all women and girls
5.1 End all forms of discrimination against all
women and girls everywhere

5.1.1 Whether or not legal
frameworks are in place to promote,
enforce and monitor equality and
non-discrimination on the basis of
sex

No

Policy/regulatory target; no direct
links to energy

5.2 Eliminate all forms of violence against all
women and girls in the public and private
spheres, including trafficking and sexual and
other types of exploitation

5.2.1 Proportion of ever-partnered
women and girls aged 15 years and
older subjected to physical, sexual or
psychological violence by a current
or former intimate partner in the
previous 12 months, by form of
violence and by age

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory target; no direct
links to energy

5.2.2 Proportion of women and girls
aged 15 years and older subjected to
sexual violence by persons other
than an intimate partner in the
previous 12 months, by age and
place of occurrence
5.3 Eliminate all harmful practices, such as child,
early and forced marriage and female genital
mutilation

5.3.1 Proportion of women aged 2024 years who were married or in a
union before age 15 and before age
18
5.3.2 Proportion of girls and women
aged 15-49 years who have
undergone female genital
mutilation/cutting, by age

5.4 Recognize and value unpaid care and
domestic work through the provision of public
services, infrastructure and social protection
policies and the promotion of shared
responsibility within the household and the
family as nationally appropriate

5.4.1 Proportion of time spent on
unpaid domestic and care work, by
sex, age and location
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5.5 Ensure women’s full and effective
participation and equal opportunities for
leadership at all levels of decision-making in
political, economic and public life

5.5.1 Proportion of seats held by
women in (a) national parliaments
and (b) local governments

5.6 Ensure universal access to sexual and
reproductive health and reproductive rights as
agreed in accordance with the Programme of
Action of the International Conference on
Population and Development and the Beijing
Platform for Action and the outcome documents
of their review conferences

5.6.1 Proportion of women aged 1549 years who make their own
informed decisions regarding sexual
relations, contraceptive use and
reproductive health care

5.a Undertake reforms to give women equal
rights to economic resources, as well as access
to ownership and control over land and other
forms of property, financial services, inheritance
and natural resources, in accordance with
national laws

5.a.1 (a) Proportion of total
agricultural population with
ownership or secure rights over
agricultural land, by sex; and (b)
share of women among owners or
rights-bearers of agricultural land, by
type of tenure

No

Policy/regulatory and institutional
target; no direct energy links

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory target; no direct
links to energy

5.5.2 Proportion of women in
managerial positions

5.6.2 Number of countries with laws
and regulations that guarantee full
and equal access to women and men
aged 15 years and older to sexual
and reproductive health care,
information and education

5.a.2 Proportion of countries where
the legal framework (including
customary law) guarantees women’s
equal rights to land ownership
and/or control
5.b Enhance the use of enabling technology, in
particular information and communications
technology, to promote the empowerment of
women

5.b.1 Proportion of individuals who
own a mobile telephone, by sex

Yes

Energy required for operating
mobile phone

5.c Adopt and strengthen sound policies and
enforceable legislation for the promotion of
gender equality and the empowerment of all
women and girls at all levels

5.c.1 Proportion of countries with
systems to track and make public
allocations for gender equality and
women’s empowerment

No

Policy/regulatory target; no direct
links to energy

Goal 6. Ensure availability and sustainable management of water and sanitation for all
6.1 By 2030, achieve universal and equitable
access to safe and affordable drinking water for
all

6.1.1 Proportion of population using
safely managed drinking water
services

Yes

6.2 By 2030, achieve access to adequate and
equitable sanitation and hygiene for all and end
open defecation, paying special attention to the
needs of women and girls and those in
vulnerable situations

6.2.1 Proportion of population using
safely managed sanitation services,
including a hand-washing facility
with soap and water

No

Difficult to quantify and covered by
Targets 6.1 and 6.3

6.3 By 2030, improve water quality by reducing
pollution, eliminating dumping and minimizing
release of hazardous chemicals and materials,
halving the proportion of untreated wastewater
and substantially increasing recycling and safe
reuse globally

6.3.1 Proportion of wastewater
safely treated

Yes

Energy is requried for water
treatment and recycling

6.3.2 Proportion of bodies of water
with good ambient water quality
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Energy is requried for the provision
of clean water

No

Any links to energy are covered by
addressing Targets 6.1 and 6.3

No

Policy/regulatory target and any
links to energy would be difficult to
measure/calculate

6.6.1 Change in the extent of waterrelated ecosystems over time

No

No direct energy links and indirect
links are difficult to quantify and
calculate

6.a By 2030, expand international cooperation
and capacity-building support to developing
countries in water- and sanitation-related
activities and programmes, including water
harvesting, desalination, water efficiency,
wastewater treatment, recycling and reuse
technologies

6.a.1 Amount of water- and
sanitation-related official
development assistance that is part
of a government-coordinated
spending plan

No

Policy/regulatory and financial
target; no direct links to energy

6.b Support and strengthen the participation of
local communities in improving water and
sanitation management

6.b.1 Proportion of local
administrative units with established
and operational policies and
procedures for participation of local
communities in water and sanitation
management

No

Capacity-building, institutional
target; no direct links to energy

Yes

Demand-side assessment in energy
planning

6.4 By 2030, substantially increase water-use
efficiency across all sectors and ensure
sustainable withdrawals and supply of
freshwater to address water scarcity and
substantially reduce the number of people
suffering from water scarcity

6.4.1 Change in water-use efficiency
over time

6.5 By 2030, implement integrated water
resources management at all levels, including
through transboundary cooperation as
appropriate

6.5.1 Degree of integrated water
resources management
implementation (0-100)

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes

6.4.2 Level of water stress:
freshwater withdrawal as a
proportion of available freshwater
resources

6.5.2 Proportion of transboundary
basin area with an operational
arrangement for water cooperation

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all
7.1 By 2030, ensure universal access to
affordable, reliable and modern energy services

7.1.1 Proportion of population with
access to electricity
7.1.2 Proportion of population with
primary reliance on clean fuels and
technology

7.2 By 2030, increase substantially the share of
renewable energy in the global energy mix

7.2.1 Renewable energy share in the
total final energy consumption

Yes

Supply-side assessment in energy
planning

7.3 By 2030, double the global rate of
improvement in energy efficiency

7.3.1 Energy intensity measured in
terms of primary energy and GDP

Yes

The target will reduce energy
supply and demand

7.a By 2030, enhance international cooperation
to facilitate access to clean energy research and
technology, including renewable energy, energy
efficiency and advanced and cleaner fossil-fuel
technology, and promote investment in energy
infrastructure and clean energy technology

7.a.1 International financial flows to
developing countries in support of
clean energy research and
development and renewable energy
production, including in hybrid
systems

No

Policy/regulatory and financial
target; no direct links to energy
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7.b By 2030, expand infrastructure and upgrade
technology for supplying modern and
sustainable energy services for all in developing
countries, in particular least developed
countries, small island developing States and
landlocked developing countries, in accordance
with their respective programmes of support

7.b.1 Investments in energy
efficiency as a proportion of GDP
and the amount of foreign direct
investment in financial transfer for
infrastructure and technology to
sustainable development services

No

The indicator is financial and the
energy aspects of the target are
covered by targets 7.1 & 7.2

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all
8.1 Sustain per capita economic growth in
accordance with national circumstances and, in
particular, at least 7 per cent gross domestic
product growth per annum in the least
developed countries

8.1.1 Annual growth rate of real GDP
per capita

Yes

Energy is required for increase in
GDP; consider interaction of energy
consumption and GDP per capita
for energy planning

8.2 Achieve higher levels of economic
productivity through diversification,
technological upgrading and innovation,
including through a focus on high-value added
and labour-intensive sectors

8.2.1 Annual growth rate of real GDP
per employed person

No

Any links to energy are covered by
addressing target 8.1

8.3 Promote development-oriented policies that
support productive activities, decent job
creation, entrepreneurship, creativity and
innovation, and encourage the formalization
and growth of micro-, small- and medium-sized
enterprises, including through access to
financial services

8.3.1 Proportion of informal
employment in non-agriculture
employment, by sex

No

Any links to energy are difficult to
calculate due to a lack of
data/difficulty in collecting data

8.4 Improve progressively, through 2030, global
resource efficiency in consumption and
production and endeavour to decouple
economic growth from environmental
degradation, in accordance with the 10-Year
Framework of Programmes on Sustainable
Consumption and Production, with developed
countries taking the lead

8.4.1 Material footprint, material
footprint per capita, and material
footprint per GDP

No

This target applies mainly to
developed countries and this target
will be covered in energy planning
through considering the INDC
scenario

8.5 By 2030, achieve full and productive
employment and decent work for all women
and men, including for young people and
persons with disabilities, and equal pay for work
of equal value

8.5.1 Average hourly earnings of
female and male employees, by
occupation, age and persons with
disabilities

8.6 By 2020, substantially reduce the proportion
of youth not in employment, education or
training

8.6.1 Proportion of youth (aged 1524 years) not in education,
employment or training

No

Any links to energy are covered by
goals 8.1, 4.3 and 4.a

8.7 Take immediate and effective measures to
eradicate forced labour, end modern slavery
and human trafficking and secure the
prohibition and elimination of the worst forms
of child labour, including recruitment and use of
child soldiers, and by 2025 end child labour in all
its forms

8.7.1 Proportion and number of
children aged 5-17 years engaged in
child labour, by sex and age

No

No calculations for any links to
energy are viable

8.8 Protect labour rights and promote safe and
secure working environments for all workers,

8.8.1 Frequency rates of fatal and
non-fatal occupational injuries, by
sex and migrant status

No

Policy/regulatory target, no direct
links to energy

8.4.2 Domestic material
consumption, domestic material
consumption per capita, and
domestic material consumption per
GDP
No

Any links to energy are covered by
addressing target 8.1, although this
may need to be revisited if energy
links are not adequately addressed
in 8.1

8.5.2 Unemployment rate, by sex,
age and persons with disabilities
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including migrant workers, in particular women
migrants, and those in precarious employment

8.8.2 Level of national compliance of
labour rights (freedom of association
and collective bargaining) based on
International Labour Organization
(ILO) textual sources and national
legislation, by sex and migrant status

8.9 By 2030, devise and implement policies to
promote sustainable tourism that creates jobs
and promotes local culture and products

8.9.1 Tourism direct GDP as a
proportion of total GDP and in
growth rate

No

Policy/regulatory targets; no direct
links to energy

No

Data collection for links to energy
would be difficult and may not be
possible in some areas

8.9.2 Proportion of jobs in
sustainable tourism industries out of
total tourism jobs
8.10 Strengthen the capacity of domestic
financial institutions to encourage and expand
access to banking, insurance and financial
services for all

8.10.1 (a) Number of commercial
bank branches per 100,000 adults
and (b) number of automated teller
machines (ATMs) per 100,000 adults
8.10.2 Proportion of adults (15 years
and older) with an account at a bank
or other financial institution or with
a mobile-money-service provider

8.a Increase Aid for Trade support for
developing countries, in particular least
developed countries, including through the
Enhanced Integrated Framework for Traderelated Technical Assistance to Least Developed
Countries

8.a.1 Aid for Trade commitments
and disbursements

No

Policy/regulatory target; no direct
links to energy

8.b By 2020, develop and operationalize a global
strategy for youth employment and implement
the Global Jobs Pact of the International Labour
Organization

8.b.1 Existence of a developed and
operationalized national strategy for
youth employment, as a distinct
strategy or as part of a national
employment strategy

No

Policy/regulatory target; no direct
links to energy

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation
9.1 Develop quality, reliable, sustainable and
resilient infrastructure, including regional and
trans-border infrastructure, to support
economic development and human well-being,
with a focus on affordable and equitable access
for all

9.1.1 Proportion of the rural
population who live within 2 km of
an all-season road

Yes

Energy required for road
construction and maintenance,
linked to target 1.4, therefore need
to make sure not to double count

9.1.2 Passenger and freight volumes,
by mode of transport

Yes

Energy is required for transport

9.2 Promote inclusive and sustainable
industrialization and, by 2030, significantly raise
industry’s share of employment and gross
domestic product, in line with national
circumstances, and double its share in least
developed countries

9.2.1 Manufacturing value added as
a proportion of GDP and per capita

No

Covered by Target 8.1

9.3 Increase the access of small-scale industrial
and other enterprises, in particular in
developing countries, to financial services,
including affordable credit, and their integration
into value chains and markets

9.3.1 Proportion of small-scale
industries in total industry value
added

No

It will differ for each country and it
may be difficult to estimate the
energy requirments

9.3.2 Proportion of small-scale
industries with a loan or line of
credit

No

9.2.2 Manufacturing employment as
a proportion of total employment
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Financial indicator; no direct links
to energy

9.4 By 2030, upgrade infrastructure and retrofit
industries to make them sustainable, with
increased resource-use efficiency and greater
adoption of clean and environmentally sound
technologies and industrial processes, with all
countries taking action in accordance with their
respective capabilities

9.4.1 CO2 emission per unit of value
added

No

Any links to energy are covered by
including goal 7 and the Nationally
Determined Contributions (NDCs)
in energy planning

9.5 Enhance scientific research, upgrade the
technological capabilities of industrial sectors in
all countries, in particular developing countries,
including, by 2030, encouraging innovation and
substantially increasing the number of research
and development workers per 1 million people
and public and private research and
development spending

9.5.1 Research and development
expenditure as a proportion of GDP

No

Financial indicator; no direct links
to energy, and any indirect links are
covered by targets 4.3 and 4.a

9.a Facilitate sustainable and resilient
infrastructure development in developing
countries through enhanced financial,
technological and technical support to African
countries, least developed countries, landlocked
developing countries and small island
developing States

9.a.1 Total official international
support (official development
assistance plus other official flows)
to infrastructure

No

Capacity-building, institutional
target; no direct links to energy

9.b Support domestic technology development,
research and innovation in developing
countries, including by ensuring a conducive
policy environment for, inter alia, industrial
diversification and value addition to
commodities

9.b.1 Proportion of medium and
high-tech industry value added in
total value added

No

Country-specific and difficulty in
getting data for the links to energy

9.c Significantly increase access to information
and communications technology and strive to
provide universal and affordable access to the
Internet in least developed countries by 2020

9.c.1 Proportion of population
covered by a mobile network, by
technology

Yes

Energy is required for the
consturction and operation of
mobile networks, this is linked with
target 5.b and 1.4

9.5.2 Researchers (in full-time
equivalent) per million inhabitants

Goal 10. Reduce inequality within and among countries
10.1 By 2030, progressively achieve and sustain
income growth of the bottom 40 per cent of the
population at a rate higher than the national
average

10.1.1 Growth rates of household
expenditure or income per capita
among the bottom 40 per cent of
the population and the total
population

No

The links to energy are covered by
considering target 8.1

10.2 By 2030, empower and promote the social,
economic and political inclusion of all,
irrespective of age, sex, disability, race,
ethnicity, origin, religion or economic or other
status

10.2.1 Proportion of people living
below 50 per cent of median
income, by sex, age and persons
with disabilities

No

The links to energy are covered by
considering target 8.1 and other
goals

10.3 Ensure equal opportunity and reduce
inequalities of outcome, including by eliminating
discriminatory laws, policies and practices and
promoting appropriate legislation, policies and
action in this regard

10.3.1 Proportion of population
reporting having personally felt
discriminated against or harassed in
the previous 12 months on the basis
of a ground of discrimination
prohibited under international
human rights law

No

Policy/regulatory target; no direct
links to energy

10.4 Adopt policies, especially fiscal, wage and
social protection policies, and progressively
achieve greater equality

10.4.1 Labour share of GDP,
comprising wages and social
protection transfers

No

Policy/regulatory target; no direct
links to energy
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10.5 Improve the regulation and monitoring of
global financial markets and institutions and
strengthen the implementation of such
regulations

10.5.1 Financial Soundness
Indicators

No

Policy/regulatory and financial
target; no direct links to energy

10.6 Ensure enhanced representation and voice
for developing countries in decision-making in
global international economic and financial
institutions in order to deliver more effective,
credible, accountable and legitimate institutions

10.6.1 Proportion of members and
voting rights of developing countries
in international organizations

No

Capacity-building and policy/
regulatory target; no direct links to
energy

10.7 Facilitate orderly, safe, regular and
responsible migration and mobility of people,
including through the implementation of
planned and well-managed migration policies

10.7.1 Recruitment cost borne by
employee as a proportion of yearly
income earned in country of
destination

No

Policy/regulatory and financial
target; no direct links to energy

10.7.2 Number of countries that
have implemented well-managed
migration policies
10.a Implement the principle of special and
differential treatment for developing countries,
in particular least developed countries, in
accordance with World Trade Organization
agreements

10.a.1 Proportion of tariff lines
applied to imports from least
developed countries and developing
countries with zero-tariff

No

Policy/regulatory and financial
target; no direct links to energy

10.b Encourage official development assistance
and financial flows, including foreign direct
investment, to States where the need is
greatest, in particular least developed countries,
African countries, small island developing States
and landlocked developing countries, in
accordance with their national plans and
programmes

10.b.1 Total resource flows for
development, by recipient and
donor countries and type of flow
(e.g. official development assistance,
foreign direct investment and other
flows)

No

Policy/regulatory and financial
target; no direct links to energy

10.c By 2030, reduce to less than 3 per cent the
transaction costs of migrant remittances and
eliminate remittance corridors with costs higher
than 5 per cent

10.c.1 Remittance costs as a
proportion of the amount remitted

No

Policy/regulatory and financial
target; no direct links to energy

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable
11.1 By 2030, ensure access for all to adequate,
safe and affordable housing and basic services
and upgrade slums

11.1.1 Proportion of urban
population living in slums, informal
settlements or inadequate housing

Yes

Focus on energy required for
housing construction

11.2 By 2030, provide access to safe, affordable,
accessible and sustainable transport systems for
all, improving road safety, notably by expanding
public transport, with special attention to the
needs of those in vulnerable situations, women,
children, persons with disabilities and older
persons

11.2.1 Proportion of population that
has convenient access to public
transport, by sex, age and persons
with disabilities

Yes

Energy is requried for the provision
of public transport

11.3 By 2030, enhance inclusive and sustainable
urbanization and capacity for participatory,
integrated and sustainable human settlement
planning and management in all countries

11.3.1 Ratio of land consumption
rate to population growth rate

No

Policy/regulatory and institutional
target; no direct energy links

11.3.2 Proportion of cities with a
direct participation structure of civil
society in urban planning and
management that operate regularly
and democratically
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11.4 Strengthen efforts to protect and safeguard
the world’s cultural and natural heritage

11.4.1 Total expenditure (public and
private) per capita spent on the
preservation, protection and
conservation of all cultural and
natural heritage, by type of heritage
(cultural, natural, mixed and World
Heritage Centre designation), level
of government (national, regional
and local/municipal), type of
expenditure (operating
expenditure/investment) and type of
private funding (donations in kind,
private non-profit sector and
sponsorship)

No

Financial indicator; no direct links
to energy and any indirect links to
energy are difficult to indentify

11.5 By 2030, significantly reduce the number of
deaths and the number of people affected and
substantially decrease the direct economic
losses relative to global gross domestic product
caused by disasters, including water-related
disasters, with a focus on protecting the poor
and people in vulnerable situations

11.5.1 Number of deaths, missing
persons and directly affected
persons attributed to disasters per
100,000 population

No

Covered by Target 13.1

11.6 By 2030, reduce the adverse per capita
environmental impact of cities, including by
paying special attention to air quality and
municipal and other waste management

11.6.1 Proportion of urban solid
waste regularly collected and with
adequate final discharge out of total
urban solid waste generated, by
cities

Yes

Focus on energy required to
improve solid waste management
in cities

No

The links to energy for this target
are difficult to quantify and
calculate

11.5.2 Direct economic loss in
relation to global GDP, damage to
critical infrastructure and number of
disruptions to basic services,
attributed to disasters

11.6.2 Annual mean levels of fine
particulate matter (e.g. PM2.5 and
PM10) in cities (population
weighted)
11.7 By 2030, provide universal access to safe,
inclusive and accessible, green and public
spaces, in particular for women and children,
older persons and persons with disabilities

11.7.1 Average share of the built-up
area of cities that is open space for
public use for all, by sex, age and
persons with disabilities
11.7.2 Proportion of persons victim
of physical or sexual harassment, by
sex, age, disability status and place
of occurrence, in the previous 12
months

11.a Support positive economic, social and
environmental links between urban, peri-urban
and rural areas by strengthening national and
regional development planning

11.a.1 Proportion of population
living in cities that implement urban
and regional development plans
integrating population projections
and resource needs, by size of city

No

Planning and institutional target;
no direct links to energy

11.b By 2020, substantially increase the number
of cities and human settlements adopting and
implementing integrated policies and plans
towards inclusion, resource efficiency,
mitigation and adaptation to climate change,
resilience to disasters, and develop and

11.b.1 Number of countries that
adopt and implement national
disaster risk reduction strategies in
line with the Sendai Framework for
Disaster Risk Reduction 2015-2030

No

Planning and policy/regulatory
target; no direct links to energy
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implement, in line with the Sendai Framework
for Disaster Risk Reduction 2015-2030, holistic
disaster risk management at all levels

11.b.2 Proportion of local
governments that adopt and
implement local disaster risk
reduction strategies in line with
national disaster risk reduction
strategies

11.c Support least developed countries,
including through financial and technical
assistance, in building sustainable and resilient
buildings utilizing local materials

11.c.1 Proportion of financial
support to the least developed
countries that is allocated to the
construction and retrofitting of
sustainable, resilient and resourceefficient buildings utilizing local
materials

No

Capacity building and financial
target; no direct links to energy

Goal 12. Ensure sustainable consumption and production patterns
12.1 Implement the 10-Year Framework of
Programmes on Sustainable Consumption and
Production Patterns, all countries taking action,
with developed countries taking the lead, taking
into account the development and capabilities
of developing countries

12.1.1 Number of countries with
sustainable consumption and
production (SCP) national action
plans or SCP mainstreamed as a
priority or a target into national
policies

No

Policy/regulatory and institutional
target; no direct energy links

12.2 By 2030, achieve the sustainable
management and efficient use of natural
resources

12.2.1 Material footprint, material
footprint per capita, and material
footprint per GDP

No

Some of the energy links are
covered by addressing other
targets such as 8.1 and 7.1-7.3,
other links are difficult to quantify

12.2.2 Domestic material
consumption, domestic material
consumption per capita, and
domestic material consumption per
GDP
12.3 By 2030, halve per capita global food waste
at the retail and consumer levels and reduce
food losses along production and supply chains,
including post-harvest losses

12.3.1 Global food loss index

Yes

Will focus on energy required for
refigeration for the safe storage of
food, which would reduce food
waste, linked with targets 2.1-2.3

12.4 By 2020, achieve the environmentally
sound management of chemicals and all wastes
throughout their life cycle, in accordance with
agreed international frameworks, and
significantly reduce their release to air, water
and soil in order to minimize their adverse
impacts on human health and the environment

12.4.1 Number of parties to
international multilateral
environmental agreements on
hazardous waste, and other
chemicals that meet their
commitments and obligations in
transmitting information as required
by each relevant agreement

No

Policy/regulatory and institutional
target; no direct energy links

12.4.2 Hazardous waste generated
per capita and proportion of
hazardous waste treated, by type of
treatment

No

The data for the energy links with
this target would be hard to obtain

12.5.1 National recycling rate, tons
of material recycled

Yes

Need to consider how much energy
is required for recycling, how much
is currently being recycled, and
how much energy is required to
improve % of recycled matierals.
This target links with target 11.6

12.5 By 2030, substantially reduce waste
generation through prevention, reduction,
recycling and reuse
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12.6 Encourage companies, especially large and
transnational companies, to adopt sustainable
practices and to integrate sustainability
information into their reporting cycle

12.6.1 Number of companies
publishing sustainability reports

No

Policy/regulatory and institutional
target; no direct energy links

12.7 Promote public procurement practices that
are sustainable, in accordance with national
policies and priorities

12.7.1 Number of countries
implementing sustainable public
procurement policies and action
plans

No

Planning and policy/regulatory
target; no direct links to energy

12.8 By 2030, ensure that people everywhere
have the relevant information and awareness
for sustainable development and lifestyles in
harmony with nature

12.8.1 Extent to which (i) global
citizenship education and (ii)
education for sustainable
development (including climate
change education) are
mainstreamed in (a) national
education policies; (b) curricula; (c)
teacher education; and (d) student
assessment

No

Educational and policy/regulatory
target; no direct links to energy

12.a Support developing countries to strengthen
their scientific and technological capacity to
move towards more sustainable patterns of
consumption and production

12.a.1 Amount of support to
developing countries on research
and development for sustainable
consumption and production and
environmentally sound technologies

No

Capacity building and financial
target; no direct links to energy

12.b Develop and implement tools to monitor
sustainable development impacts for
sustainable tourism that creates jobs and
promotes local culture and products

12.b.1 Number of sustainable
tourism strategies or policies and
implemented action plans with
agreed monitoring and evaluation
tools

No

Policy/regulatory target; no direct
links to energy

12.c Rationalize inefficient fossil-fuel subsidies
that encourage wasteful consumption by
removing market distortions, in accordance with
national circumstances, including by
restructuring taxation and phasing out those
harmful subsidies, where they exist, to reflect
their environmental impacts, taking fully into
account the specific needs and conditions of
developing countries and minimizing the
possible adverse impacts on their development
in a manner that protects the poor and the
affected communities

12.c.1 Amount of fossil-fuel
subsidies per unit of GDP
(production and consumption) and
as a proportion of total national
expenditure on fossil fuels

No

Policy/regulatory and financial
target; no direct links to energy

Yes

Energy is required to construct and
maintain disaster-resilient
infrastructure

Goal 13. Take urgent action to combat climate change and its impacts
13.1 Strengthen resilience and adaptive capacity
to climate-related hazards and natural disasters
in all countries

13.1.1 Number of deaths, missing
persons and directly affected
persons attributed to disasters per
100,000 population
13.1.2 Number of countries that
adopt and implement national
disaster risk reduction strategies in
line with the Sendai Framework for
Disaster Risk Reduction 2015-2030
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13.1.3 Proportion of local
governments that adopt and
implement local disaster risk
reduction strategies in line with
national disaster risk reduction
strategies
13.2 Integrate climate change measures into
national policies, strategies and planning

13.2.1 Number of countries that
have communicated the
establishment or operationalization
of an integrated policy/strategy/plan
which increases their ability to adapt
to the adverse impacts of climate
change, and foster climate resilience
and low greenhouse gas emissions
development in a manner that does
not threaten food production
(including a national adaptation
plan, nationally determined
contribution, national
communication, biennial update
report or other)

No

Planning and policy/regulatory
target; no direct links to energy

13.3 Improve education, awareness-raising and
human and institutional capacity on climate
change mitigation, adaptation, impact reduction
and early warning

13.3.1 Number of countries that
have integrated mitigation,
adaptation, impact reduction and
early warning into primary,
secondary and tertiary curricula

No

Educational and capacity building
target; no direct links to energy

13.3.2 Number of countries that
have communicated the
strengthening of institutional,
systemic and individual capacitybuilding to implement adaptation,
mitigation and technology transfer,
and development actions
13.a Implement the commitment undertaken by
developed-country parties to the United Nations
Framework Convention on Climate Change to a
goal of mobilizing jointly $100 billion annually by
2020 from all sources to address the needs of
developing countries in the context of
meaningful mitigation actions and transparency
on implementation and fully operationalize the
Green Climate Fund through its capitalization as
soon as possible

13.a.1 Mobilized amount of United
States dollars per year between
2020 and 2025 accountable towards
the $100 billion commitment

No

Capacity building and financial
target; no direct links to energy

13.b Promote mechanisms for raising capacity
for effective climate change-related planning
and management in least developed countries
and small island developing States, including
focusing on women, youth and local and
marginalized communities

13.b.1 Number of least developed
countries and small island
developing States that are receiving
specialized support, and amount of
support, including finance,
technology and capacity-building, for
mechanisms for raising capacities for
effective climate change-related
planning and management, including
focusing on women, youth and local
and marginalized communities

No

Capacity building and financial
target; no direct links to energy
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Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development
14.1 By 2025, prevent and significantly reduce
marine pollution of all kinds, in particular from
land-based activities, including marine debris
and nutrient pollution

14.1.1 Index of coastal
eutrophication and floating plastic
debris density

No

The energy links for this target are
difficult to quantify and some
would be covered by improving
waste management practices
(targets 11.6 & 12.5)

14.2 By 2020, sustainably manage and protect
marine and coastal ecosystems to avoid
significant adverse impacts, including by
strengthening their resilience, and take action
for their restoration in order to achieve healthy
and productive oceans

14.2.1 Proportion of national
exclusive economic zones managed
using ecosystem-based approaches

No

Policy/regulatory target; no direct
links to energy

14.3 Minimize and address the impacts of ocean
acidification, including through enhanced
scientific cooperation at all levels

14.3.1 Average marine acidity (pH)
measured at agreed suite of
representative sampling stations

No

The energy links for this target are
difficult to quantify and some
would be covered adddressing
other targets that mitigate GHG
emissions

14.4 By 2020, effectively regulate harvesting
and end overfishing, illegal, unreported and
unregulated fishing and destructive fishing
practices and implement science-based
management plans, in order to restore fish
stocks in the shortest time feasible, at least to
levels that can produce maximum sustainable
yield as determined by their biological
characteristics

14.4.1 Proportion of fish stocks
within biologically sustainable levels

No

Policy/regulatory and institutional
target; no direct energy links

14.5 By 2020, conserve at least 10 per cent of
coastal and marine areas, consistent with
national and international law and based on the
best available scientific information

14.5.1 Coverage of protected areas
in relation to marine areas

No

Policy/regulatory and institutional
target; no direct energy links

14.6 By 2020, prohibit certain forms of fisheries
subsidies which contribute to overcapacity and
overfishing, eliminate subsidies that contribute
to illegal, unreported and unregulated fishing
and refrain from introducing new such
subsidies, recognizing that appropriate and
effective special and differential treatment for
developing and least developed countries
should be an integral part of the World Trade
Organization fisheries subsidies negotiationb

14.6.1 Progress by countries in the
degree of implementation of
international instruments aiming to
combat illegal, unreported and
unregulated fishing

No

Policy/regulatory and institutional
target; no direct energy links

14.7 By 2030, increase the economic benefits to
small island developing States and least
developed countries from the sustainable use of
marine resources, including through sustainable
management of fisheries, aquaculture and
tourism

14.7.1 Sustainable fisheries as a
proportion of GDP in small island
developing States, least developed
countries and all countries

No

Policy/regulatory and institutional
target; no direct energy links
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14.a Increase scientific knowledge, develop
research capacity and transfer marine
technology, taking into account the
Intergovernmental Oceanographic Commission
Criteria and Guidelines on the Transfer of
Marine Technology, in order to improve ocean
health and to enhance the contribution of
marine biodiversity to the development of
developing countries, in particular small island
developing States and least developed countries

14.a.1 Proportion of total research
budget allocated to research in the
field of marine technology

No

Policy/regulatory and financial
target; no direct links to energy

14.b Provide access for small-scale artisanal
fishers to marine resources and markets

14.b.1 Progress by countries in the
degree of application of a
legal/regulatory/policy/institutional
framework which recognizes and
protects access rights for small-scale
fisheries

No

Policy/regulatory and institutional
target; no direct energy links

14.c Enhance the conservation and sustainable
use of oceans and their resources by
implementing international law as reflected in
the United Nations Convention on the Law of
the Sea, which provides the legal framework for
the conservation and sustainable use of oceans
and their resources, as recalled in paragraph
158 of “The future we want”

14.c.1 Number of countries making
progress in ratifying, accepting and
implementing through legal, policy
and institutional frameworks, oceanrelated instruments that implement
international law, as reflected in the
United Nation Convention on the
Law of the Sea, for the conservation
and sustainable use of the oceans
and their resources

No

Policy/regulatory target; no direct
links to energy

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and
halt and reverse land degradation and halt biodiversity loss
No

No direct links to energy, indirect
links difficult to quantify and are
partially covered through providing
access to sustainable energy (7.1
and 7.2)

15.2.1 Progress towards sustainable
forest management

No

Land management and
policy/regulatory target; no direct
links to energy

15.3 By 2030, combat desertification, restore
degraded land and soil, including land affected
by desertification, drought and floods, and
strive to achieve a land degradation-neutral
world

15.3.1 Proportion of land that is
degraded over total land area

No

Land management and
policy/regulatory target; no direct
links to energy and indirect links
would be hard to quantify

15.4 By 2030, ensure the conservation of
mountain ecosystems, including their
biodiversity, in order to enhance their capacity
to provide benefits that are essential for
sustainable development

15.4.1 Coverage by protected areas
of important sites for mountain
biodiversity

No

Land management and
policy/regulatory target; no direct
links to energy

15.1 By 2020, ensure the conservation,
restoration and sustainable use of terrestrial
and inland freshwater ecosystems and their
services, in particular forests, wetlands,
mountains and drylands, in line with obligations
under international agreements

15.1.1 Forest area as a proportion of
total land area

15.2 By 2020, promote the implementation of
sustainable management of all types of forests,
halt deforestation, restore degraded forests and
substantially increase afforestation and
reforestation globally

15.1.2 Proportion of important sites
for terrestrial and freshwater
biodiversity that are covered by
protected areas, by ecosystem type

15.4.2 Mountain Green Cover Index
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15.5 Take urgent and significant action to
reduce the degradation of natural habitats, halt
the loss of biodiversity and, by 2020, protect
and prevent the extinction of threatened
species

15.5.1 Red List Index

No

Land management and
policy/regulatory target; no direct
links to energy

15.6 Promote fair and equitable sharing of the
benefits arising from the utilization of genetic
resources and promote appropriate access to
such resources, as internationally agreed

15.6.1 Number of countries that
have adopted legislative,
administrative and policy
frameworks to ensure fair and
equitable sharing of benefits

No

Policy/regulatory and institutional
target; no direct energy links

15.7 Take urgent action to end poaching and
trafficking of protected species of flora and
fauna and address both demand and supply of
illegal wildlife products

15.7.1 Proportion of traded wildlife
that was poached or illicitly
trafficked

No

Policy/regulatory and institutional
target; no direct energy links

15.8 By 2020, introduce measures to prevent
the introduction and significantly reduce the
impact of invasive alien species on land and
water ecosystems and control or eradicate the
priority species

15.8.1 Proportion of countries
adopting relevant national
legislation and adequately
resourcing the prevention or control
of invasive alien species

No

Land management and
policy/regulatory target; no direct
links to energy

15.9 By 2020, integrate ecosystem and
biodiversity values into national and local
planning, development processes, poverty
reduction strategies and accounts

15.9.1 Progress towards national
targets established in accordance
with Aichi Biodiversity Target 2 of
the Strategic Plan for Biodiversity
2011-2020

No

Land management and
policy/regulatory target; no direct
links to energy

15.a Mobilize and significantly increase financial
resources from all sources to conserve and
sustainably use biodiversity and ecosystems

15.a.1 Official development
assistance and public expenditure on
conservation and sustainable use of
biodiversity and ecosystems

No

Financial target; no direct links to
energy

15.b Mobilize significant resources from all
sources and at all levels to finance sustainable
forest management and provide adequate
incentives to developing countries to advance
such management, including for conservation
and reforestation

15.b.1 Official development
assistance and public expenditure on
conservation and sustainable use of
biodiversity and ecosystems

No

Financial target; no direct links to
energy

15.c Enhance global support for efforts to
combat poaching and trafficking of protected
species, including by increasing the capacity of
local communities to pursue sustainable
livelihood opportunities

15.c.1 Proportion of traded wildlife
that was poached or illicitly
trafficked

No

Policy/regulatory and institutional
target; no direct energy links

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective,
accountable and inclusive institutions at all levels
16.1 Significantly reduce all forms of violence
and related death rates everywhere

16.1.1 Number of victims of
intentional homicide per 100,000
population, by sex and age
16.1.2 Conflict-related deaths per
100,000 population, by sex, age and
cause
16.1.3 Proportion of population
subjected to physical, psychological
or sexual violence in the previous
12 months
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No

Social safety target; no direct links
to energy

16.1.4 Proportion of population that
feel safe walking alone around the
area they live
16.2 End abuse, exploitation, trafficking and all
forms of violence against and torture of children

16.2.1 Proportion of children aged 117 years who experienced any
physical punishment and/or
psychological aggression by
caregivers in the past month

No

Social safety target; no direct links
to energy

No

Policy/regulatory and social safety
target; no direct links to energy

No

Policy/regulatory target; no direct
links to energy

No

Policy/regulatory and institutional
target; no direct energy links

No

Policy/regulatory and institutional
target; no direct energy links

16.2.2 Number of victims of human
trafficking per 100,000 population,
by sex, age and form of exploitation
16.2.3 Proportion of young women
and men aged 18-29 years who
experienced sexual violence by
age 18
16.3 Promote the rule of law at the national and
international levels and ensure equal access to
justice for all

16.3.1 Proportion of victims of
violence in the previous 12 months
who reported their victimization to
competent authorities or other
officially recognized conflict
resolution mechanisms
16.3.2 Unsentenced detainees as a
proportion of overall prison
population

16.4 By 2030, significantly reduce illicit financial
and arms flows, strengthen the recovery and
return of stolen assets and combat all forms of
organized crime

16.4.1 Total value of inward and
outward illicit financial flows (in
current United States dollars)

16.5 Substantially reduce corruption and bribery
in all their forms

16.5.1 Proportion of persons who
had at least one contact with a
public official and who paid a bribe
to a public official, or were asked for
a bribe by those public officials,
during the previous 12 months

16.4.2 Proportion of seized, found or
surrendered arms whose illicit origin
or context has been traced or
established by a competent
authority in line with international
instruments

16.5.2 Proportion of businesses that
had at least one contact with a
public official and that paid a bribe
to a public official, or were asked for
a bribe by those public officials
during the previous 12 months
16.6 Develop effective, accountable and
transparent institutions at all levels

16.6.1 Primary government
expenditures as a proportion of
original approved budget, by sector
(or by budget codes or similar)
16.6.2 Proportion of population
satisfied with their last experience of
public services
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16.7 Ensure responsive, inclusive, participatory
and representative decision-making at all levels

16.7.1 Proportions of positions (by
sex, age, persons with disabilities
and population groups) in public
institutions (national and local
legislatures, public service, and
judiciary) compared to national
distributions

No

Social and institional target; no
direct links to energy

16.7.2 Proportion of population who
believe decision-making is inclusive
and responsive, by sex, age,
disability and population group
16.8 Broaden and strengthen the participation
of developing countries in the institutions of
global governance

16.8.1 Proportion of members and
voting rights of developing countries
in international organizations

No

Policy/regulatory and institutional
target; no direct energy links

16.9 By 2030, provide legal identity for all,
including birth registration

16.9.1 Proportion of children under
5 years of age whose births have
been registered with a civil
authority, by age

No

Any energy requirements to meet
this target would be minimal and
therefore can be ignored

16.10 Ensure public access to information and
protect fundamental freedoms, in accordance
with national legislation and international
agreements

16.10.1 Number of verified cases of
killing, kidnapping, enforced
disappearance, arbitrary detention
and torture of journalists, associated
media personnel, trade unionists
and human rights advocates in the
previous 12 months

No

Policy/regulatory and institutional
target; no direct energy links

16.10.2 Number of countries that
adopt and implement constitutional,
statutory and/or policy guarantees
for public access to information
16.a Strengthen relevant national institutions,
including through international cooperation, for
building capacity at all levels, in particular in
developing countries, to prevent violence and
combat terrorism and crime

16.a.1 Existence of independent
national human rights institutions in
compliance with the Paris Principles

No

Policy/regulatory and institutional
target; no direct energy links

16.b Promote and enforce non-discriminatory
laws and policies for sustainable development

16.b.1 Proportion of population
reporting having personally felt
discriminated against or harassed in
the previous 12 months on the basis
of a ground of discrimination
prohibited under international
human rights law

No

Policy/regulatory and social safety
target; no direct links to energy

Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development

Finance
17.1 Strengthen domestic resource mobilization,
including through international support to
developing countries, to improve domestic
capacity for tax and other revenue collection

17.1.1 Total government revenue as
a proportion of GDP, by source
17.1.2 Proportion of domestic
budget funded by domestic taxes
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No

Policy/regulatory and financial
target; no direct links to energy

17.2 Developed countries to implement fully
their official development assistance
commitments, including the commitment by
many developed countries to achieve the target
of 0.7 per cent of gross national income for
official development assistance (ODA/GNI) to
developing countries and 0.15 to 0.20 per cent
of ODA/GNI to least developed countries; ODA
providers are encouraged to consider setting a
target to provide at least 0.20 per cent of
ODA/GNI to least developed countries

17.2.1 Net official development
assistance, total and to least
developed countries, as a proportion
of the Organization for Economic
Cooperation and Development
(OECD) Development Assistance
Committee donors’ gross national
income (GNI)

No

Policy/regulatory and financial
target; no direct links to energy

17.3 Mobilize additional financial resources for
developing countries from multiple sources

17.3.1 Foreign direct investments
(FDI), official development
assistance and South-South
Cooperation as a proportion of total
domestic budget

No

Policy/regulatory, institutional and
financial target; no direct links to
energy

17.3.2 Volume of remittances (in
United States dollars) as a
proportion of total GDP
17.4 Assist developing countries in attaining
long-term debt sustainability through
coordinated policies aimed at fostering debt
financing, debt relief and debt restructuring, as
appropriate, and address the external debt of
highly indebted poor countries to reduce debt
distress

17.4.1 Debt service as a proportion
of exports of goods and services

No

Policy/regulatory, institutional and
financial target; no direct links to
energy

17.5 Adopt and implement investment
promotion regimes for least developed
countries

17.5.1 Number of countries that
adopt and implement investment
promotion regimes for least
developed countries

No

Capacity building and financial
target; no direct links to energy

17.6 Enhance North-South, South-South and
triangular regional and international
cooperation on and access to science,
technology and innovation and enhance
knowledge-sharing on mutually agreed terms,
including through improved coordination among
existing mechanisms, in particular at the United
Nations level, and through a global technology
facilitation mechanism

17.6.1 Number of science and/or
technology cooperation agreements
and programmes between countries,
by type of cooperation

No

Capacity building and institutional
target; no direct links to energy

17.6.2 Fixed Internet broadband
subscriptions per 100 inhabitants, by
speed

Yes

Energy is requried for the provision
of fixed internet access, linked to
ICT access (Targets 5.b & 9.c),
consider with Target 17.8

17.7 Promote the development, transfer,
dissemination and diffusion of environmentally
sound technologies to developing countries on
favourable terms, including on concessional and
preferential terms, as mutually agreed

17.7.1 Total amount of approved
funding for developing countries to
promote the development, transfer,
dissemination and diffusion of
environmentally sound technologies

No

Capacity building and financial
target; no direct links to energy

17.8 Fully operationalize the technology bank
and science, technology and innovation
capacity-building mechanism for least
developed countries by 2017 and enhance the
use of enabling technology, in particular
information and communications technology

17.8.1 Proportion of individuals
using the Internet

Yes

Energy is requried for the provision
of internet access, linked to ICT
access (Targets 5.b & 9.c), consider
with Target 17.6

Technology

Capacity-building
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17.9.1 Dollar value of financial and
technical assistance (including
through North-South, South-South
and triangular cooperation)
committed to developing countries

No

Capacity building and financial
target; no direct links to energy

17.10 Promote a universal, rules-based, open,
non-discriminatory and equitable multilateral
trading system under the World Trade
Organization, including through the conclusion
of negotiations under its Doha Development
Agenda

17.10.1 Worldwide weighted tariffaverage

No

Policy/regulatory, institutional and
financial target; no direct links to
energy

17.11 Significantly increase the exports of
developing countries, in particular with a view
to doubling the least developed countries’ share
of global exports by 2020

17.11.1 Developing countries’ and
least developed countries’ share of
global exports

No

No direct links to energy and any
indirect links would be covered by
considering energy required for
increasing GDP (target 8.1)

17.12 Realize timely implementation of dutyfree and quota-free market access on a lasting
basis for all least developed countries,
consistent with World Trade Organization
decisions, including by ensuring that
preferential rules of origin applicable to imports
from least developed countries are transparent
and simple, and contribute to facilitating market
access

17.12.1 Average tariffs faced by
developing countries, least
developed countries and small island
developing States

No

Policy/regulatory, institutional and
financial target; no direct links to
energy

17.13 Enhance global macroeconomic stability,
including through policy coordination and policy
coherence

17.13.1 Macroeconomic Dashboard

No

Policy/regulatory and institutional
target; no direct energy links

17.14 Enhance policy coherence for sustainable
development

17.14.1 Number of countries with
mechanisms in place to enhance
policy coherence of sustainable
development

No

Policy/regulatory and institutional
target; no direct energy links

17.15 Respect each country’s policy space and
leadership to establish and implement policies
for poverty eradication and sustainable
development

17.15.1 Extent of use of countryowned results frameworks and
planning tools by providers of
development cooperation

No

Planning and policy/regulatory
target; no direct links to energy

17.16 Enhance the Global Partnership for
Sustainable Development, complemented by
multi-stakeholder partnerships that mobilize
and share knowledge, expertise, technology and
financial resources, to support the achievement
of the Sustainable Development Goals in all
countries, in particular developing countries

17.16.1 Number of countries
reporting progress in multistakeholder development
effectiveness monitoring
frameworks that support the
achievement of the sustainable
development goals

No

Capcaity builiding and institutional
target; no direct links to energy

17.17 Encourage and promote effective public,
public-private and civil society partnerships,
building on the experience and resourcing
strategies of partnerships

17.17.1 Amount of United States
dollars committed to public-private
and civil society partnerships

No

Insitutional and financial target; no
direct links to energy

17.9 Enhance international support for
implementing effective and targeted capacitybuilding in developing countries to support
national plans to implement all the Sustainable
Development Goals, including through NorthSouth, South-South and triangular cooperation
Trade

Systemic issues
Policy and institutional coherence

Multi-stakeholder partnerships
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Data, monitoring and accountability
17.18 By 2020, enhance capacity-building
support to developing countries, including for
least developed countries and small island
developing States, to increase significantly the
availability of high-quality, timely and reliable
data disaggregated by income, gender, age,
race, ethnicity, migratory status, disability,
geographic location and other characteristics
relevant in national contexts

17.18.1 Proportion of sustainable
development indicators produced at
the national level with full
disaggregation when relevant to the
target, in accordance with the
Fundamental Principles of Official
Statistics

No

Planning, policy/regulatory and
institutional target; no direct links
to energy

No

No direct energy links, there are
some indirect energy links,
specifically the energy required to
carry out a census and for data
collection, however, the energy
consumption attributable to this
would be minimal

17.18.2 Number of countries that
have national statistical legislation
that complies with the Fundamental
Principles of Official Statistics
17.18.3 Number of countries with a
national statistical plan that is fully
funded and under implementation,
by source of funding

17.19 By 2030, build on existing initiatives to
develop measurements of progress on
sustainable development that complement
gross domestic product, and support statistical
capacity-building in developing countries

17.19.1 Dollar value of all resources
made available to strengthen
statistical capacity in developing
countries
17.19.2 Proportion of countries that
(a) have conducted at least one
population and housing census in
the last 10 years; and (b) have
achieved 100 per cent birth
registration and 80 per cent death
registration
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Summary and link to the next chapter
Chapter 2 presents the identification, mapping, and quantification of energy demand linkages with
SDG targets. A literature review was conducted to find the relevant evidence of the interactions
between energy demand and SDG targets. Next, a simple qualitative content analysis was done to
identify and map the interactions. After that, changes in energy demand resulting from the
implementation of those targets were calculated in an in-depth quantitative analysis.
The literature review listed 88 samples of literature supporting the interaction between energy and
the SDGs. Samples of literature supporting interconnection between energy and each SDG are
available. However, only twenty-five targets are identified with strong links to energy demand. The
others are either covered by other targets, difficult to quantify, or week in correlation. The energy
demand equivalents of those targets were calculated. For instance, to end global hunger (Target 2.1),
more energy will be needed to produce food. Between 205.86 to 514.65 MJ of energy is required
annually to produce more food for every undernourished people.
Most targets are associated with increased energy use. Providing access to tertiary education (Target
4.3) consumes energy per student the most. However, the study also found that reaching Target 7.3
on energy efficiency will save almost 9.8 GJ of primary energy per capita. Furthermore, multiplying
the energy intensity goal of Target 7.3 with the GDP goal of Target 8.1 gives an energy consumption
benchmark of 76.7 GJ of primary energy per capita.
Further study on how the implementation of the SDGs will impact the energy sector at a country level
is needed once energy linkages with SDG targets were identified and methods for quantifying their
effects on energy demand were developed. Changes in energy demand should be anticipated when
the SDGs are mainstreamed into the national development agenda. Accordingly, a revision to the
national energy plan will be needed.
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The implications of the SDGs integration on the energy sector are discussed in the following chapter.
The quantification methods developed in Chapter 2 are tested using country-level data from
Indonesia.
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Chapter 3
Implications of the Sustainable Development Goals on national energy
demand: The case of Indonesia
Santika, W. G., Anisuzzaman, M., Simsek, Y., Bahri, P. A., Shafiullah, G. M., & Urmee, T. (2020).
Implications of the Sustainable Development Goals on national energy demand: The case of Indonesia.
Energy, 196, 117100.
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Appendix A: Suplementary data of Chapter 3

Table A. 1. Effect of increasing CAGRs on energy demand
Energy demand
Branches

2015 BAU

Industry

2,248.131546

3,428.020466

2030 BAU if CAGRs
increase by 2%
4,576.173567

Household

675.665543

989.889779

1,322.444984

Commercial

246.816560

705.951851

931.384862

1,844.783269

4,045.076831

5,363.053725

190.931481

259.091478

346.642612

Transportation
Other Sector
Non Energy
Total

2030 BAU

450.308081

863.346029

1,147.522200

5,656.636479

10,291.376434

13,687.221951

Table A. 2. Energy demand of SDGs assuming A T,Gap = |AT,SDGs - AT,2015|
SDG
Targets

Description

Activity levels (AT)

2.1

Zero hunger

Undernourish people

2.3

Double small
farmer
productivity

Small farmer
households

2.4

Sustainable
agriculture

Land area under
sustainable
agriculture

3.8

Universal
healthcare
access

Persons with unmet
needs for healthcare

4.1

Access to
primary and
secondary
education

Elementary school
students
Junior high school
students
Senior high school
students

SDGs Gap
(AT.Gap)
18,648,726
13,450,417

11,831,544

2,553,643
5,414,805

Kindergarten students

4.3

Access to tertiary
education

Students of tertiary
education

8,521,145

Persons with a mobile
phone

150,977,192

Persons with drinking
water access

115,485,091

Cubic meters
untreated wastewater

4,113,426,251

6.1

6.3

Unit

599.33

MJ/person

413.33

MJ/household

475.63
798.34

1,746,281

4.2

Equal access to
enabling
technology
Access to safe
drinking water
Halving the
proportion of
untreated
Wastewater

(IT)

Energy demand
(MJ)
11,176,740,954
5,559,460,859

-

Access to early
childhood
education

5.b

Energy Intensity (yearly)

MJ/student

991.87

MJ/student

1330.56

MJ/student

598.75

5,680,761

80

MJ/person

MJ/student

8208

MJ/student

5.19

MJ/person

92.16

MJ/person

1.8

MJ/m3

5,627,387,467
1,394,118,988
2,532,886,494
7,204,722,276
3,401,366,711

69,941,554,635

783,571,628
10,643,106,006

7,404,167,253

SDG
Targets

7.1

Description

Access to
electricity and
clean cooking
fuels

7.2

Renewable
energy share

7.3

Energy efficiency

8.1

Sustainable
economic growth

Activity levels (AT)
Households with
electricity
Households cooking
with LPG
Households cooking
with kerosene

9.c

11.1

11.2

11.6

Access to road
infrastructure

Access to
information and
communication
technology
Access to
adequate
housing
Access to
convenient
public transport
Urban solid
waste

(AT.Gap)
7,598,952
20,054,976
2,911,841

(IT)

Unit

726.75

MJ/person

7087.26

MJ/household

-8200.31

Energy demand
(MJ)
21,537,899,627
142,134,874,800
(23,878,007,580)

Targets 7.3 and 8.1 should be calculated together using national data and the result should be
regarded as a benchmark for maximum national energy consumption. See also Santika, et al.
(2019)

National road length,
in km
Povincial road length,
in km
Sub-provincial road
length, in km
Persons in areas
without mobile
network cover
Persons in urban
slums
Persons with
convenient public
transport
Urban solid waste not
collected, tonnes

Food losses and
waste

Total population, cap

12.5

Waste reduction

Waste recycled,
tonnes

13.1

Resilience to
disasters

Relocated persons

17.6

Access to science

Fixed broadband
subscriptions

17.8

Access to
internet

Persons using internet

12.3

Energy Intensity (yearly)

Renewable energy does not change energy demand

Toll road length, in km

9.1

SDGs Gap

3,261.04
6,000
6,000
18,000
7,625,227

23,528,050

29,640,510

7,193,485.08

296,405,100

10

TJ/km

7.5

TJ/km

5.4

TJ/km

3.3

TJ/km

1,702.94

864.00

2,950.00

MJ/person
MJ/t (diesel)

432

MJ/t (electricity)

256.5

MJ/cap

(1,640)

403,441

1,353.07

240,254,552

MJ/person

588.07

1,760,000

99,800,006

MJ/user

MJ/t
MJ/person

315.36

MJ/subscription

1147.63

MJ/user

Total additional commercial energy demand (MJ)
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32,610,400,000
45,000,000,000
32,400,000,000
59,400,000,000

12,985,334,302

20,328,235,373

87,439,504,500
4,230,307,014
3,107,585,556
76,027,908,150
(2,886,400,000)
545,881,807
31,472,929,999
275,723,331,970
943,848,868,788

Summary and link to the next chapter
Chapter 3 investigates the SDGs role in shaping national energy demand. Energy demand under the
SDGs scenario is compared against that under the business-as-usual and current policy scenarios.
Results show that energy demand under the full implementation of the SDGs into Indonesia's
development plan will be 474.7 million GJ higher than that under the business as usual (BAU) scenario
by 2030. Meanwhile, energy demand under the current policy scenario will be 2 billion GJ higher than
that under the BAU scenario. The current policy scenario anticipates significantly higher energy
demand than the SDG scenario.
The study estimates that energy demand in 2030 will be more than double the 2015 demand under
the current policy scenario. The transportation sector will consume energy the most by 2030, followed
by the industrial and residential sectors. Gasoline use will also increase substantially by 2030,
especially under the BAU scenario. Under the current policy scenario, demand for electricity will grow
dramatically, thanks to the ambitious government plan to increase per capita electricity consumption
to 2500 kWh/cap by 2025 and 7000 kWh/cap by 2050.
The study also estimates that Target 9.1 (access to road infrastructure) will consume most of the
additional energy demand under the SDGs scenario due to massive energy use per km of road and the
wide gaps between targets and BAU achievements. Other SDG targets with high energy consumption
will be Target 11.2 (access to convenient public transport), Target 7.1 (energy access), and Target 12.3
(reducing food losses and waste).
The study demonstrates that the current energy plan covers the energy demand increase resulting
from the SDG implementation. The findings imply that Indonesia should realise its current energy
policy scenario to ensure energy demand is met. However, more vigorous efforts are needed to
improve access to clean energy, renewable energy technology adoption, and energy efficiency.
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As energy is a key enabler to achieving the SDGs, good policy is also crucial to reaching the goals. A
country without adequate policy supports will be out of track to meet those targets. An evaluation of
the national policy in supporting the achievement of the SDGs is essential to understand better the
current progress a country has made in reaching the goals and what should be done to keep it on track
to meet them. The following chapter evaluates policy roles in achieving the SDGs. However, the
assessment is limited to energy policy and SDG7, considering the broad aspects of the SDGs and policy.
It serves as an example and can be replicated with different sets of data from other countries. The
method can also be used to assess the policy roles in meeting other SDGs.
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Chapter 4
An assessment of energy policy impacts on achieving Sustainable Development
Goal 7 in Indonesia
Santika, W. G., Urmee, T., Simsek, Y., Bahri, P. A., & Anisuzzaman, M. (2020). An assessment of energy
policy impacts on achieving Sustainable Development Goal 7 in Indonesia. Energy for Sustainable
Development, 59, 33-48.
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Appendix A: Suplementary data of Chapter 4
Table A.1. Indonesian policies related to SDG7 targets. EA = electricity access, CC= access to clean cooking, RE =
renewable energy share, EE = energy efficiency.
Policies

Description

Target

EA, RE

1

Electricity Law
20/2002

The main purposes were to unbundle the electricity business and
creating healthy competition among business entities. The
government should finance electricity infrastructure provision for the
poor, disadvantaged, and those living in rural areas. Obligation to
prioritize renewable energy sources for electricity generation. It was
considered against the constitution and annulled in 2004

2

Geothermal Law
27/2003

It set up procedures for geothermal energy production. Geothermal
energy production was considered mining activities in which mining
business permit (IUP) was required.

RE

3

Government
Regulation
3/2005

EA, RE

4

Presidential
Instruction
10/2005
concerning
energy saving

It revised Government Regulation 10/1989 to accommodate the
spirit of the annulled electricity law. It encouraged energy
diversification to reduce the use of oil for electricity generation.
Obligation to prioritize renewable energy sources for electricity
generation. The government should finance electricity infrastructure
provision for the poor, disadvantaged, and those living in rural areas.
Power purchasing agreement (PPA) used local currency. It was
revised again by MEMR Reg. 26/2006 to allow PPA using foreign
currencies. Then, it was replaced by GR 14/2012.
An instruction to conserve energy in governmental buildings and
official vehicles

EE

5

MEMR Regulation
31/2005
concerning
energy saving

It regulated ways to conserve energy including air conditioning,
escalator, elevator, and light use reduction in commercial, industrial,
and residential sectors. It was replaced by MEMR Reg. 13/2012

EE

6

Presidential
Regulation
55/2005

Gasoline and diesel oil prices were increased to reduce subsidy.
Increased fuel price encourages efficiency.

EE

7

Presidential
Instruction
1/2006

Related ministries to coordinate for biofuels implementation

EE

8

Presidential
Regulation
5/2006
concerning
national energy
policy (KEN)

The main objective of KEN 2006 was to secure domestic energy
supply. Targets by 2025: biofuel > 5%, geothermal > 5%, other RE >
5%. Energy elasticity should be less than one by 2025. Passing out
energy subsidies should encourage energy efficiency and
conservation. It is replaced by Government Regulation 79/2014

RE, EE

9

MEMR Regulation
2/2006

The obligation for the PLN to buy RE-generated electricity with the
capacity from 1 to 10 MW

RE
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10

Presidential
Regulation
71/2006

The president assigned the PLN to accelerate the provision of 10 GW
power generated from coal the fast track programs/FTP 1). More
power available for electrification. Fourth revision under PR
193/2014.

EA

11

Presidential
Regulation
86/2006

The government guarantees PLN’s international loans to build coal
power plants

EA

It provides a legal basis for DEN, KEN, RUEN, and RUED. Energy
provision is prioritized for rural and underdeveloped regions.
Energy subsidies for the poor. Governments prioritize energy
provision for people in rural and underdeveloped regions. Energy
subsidies for the poor. Energy is preferred from local and renewable
sources. Governments are obligated to increase the consumption of
RE. Governments are encouraged to provide incentives for business
entities providing energy from renewable sources. Incentives are
given to efficient energy users and producers
It regulates the provision, distribution, and pricing of LPG of 3 kg.
Households and micro enterprises are provided with free stoves and
3-kg cylinders. The price is set by the MEMR. Conversion of energy
for cooking from kerosene to LPG saves energy.

12

Energy Law
30/2007

13

Presidential
Regulation
104/2007

14

Governmental
Regulation
59/2007

It regulated geothermal energy production activities from
preliminary surveys to pricing. Replaced by GR 7/2017

RE

15

Presidential
Instruction
2/2008

The president instructed energy and water conservation measures
were conducted in all government institutions. Replaced by
Presidential Instruction 13/2011

EE

16

MEMR Regulation
14/2008

Tariffs of electricity generated from geothermal were based on the
BPP

EE

17

MEMR Regulation
16/2008

Gasoline and diesel oil prices were increased to reduce subsidy.
Increased fuel price encourages efficiency

EE

18

MEMR Regulation
32/2008

It regulates procedures for supplying, use, and purchasing of
biofuels. Mandatory 20% biodiesel blend (B20) affecting the
transportation industrial, commercial, and generation sectors, by
2025. 15% bioethanol by 2025 affecting industrial, commercial, and
transport sectors.

RE

19

MEMR Regulation
1/2009

Prices of kerosene, gasoline, and diesel oil increased

EE

Electricity Law
30/2009

The law replaces the 2002 law, which was annulled in December
2004. The new law accommodates decentralization of the
government system. Central and regional governments should
finance electricity infrastructure provision for the poor,
disadvantaged, and those living in rural areas. Electricity generation
from renewables should be prioritized. Electricity prices are
determined by the government and subsidized, slowing down energy
efficiency efforts.
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EA, CC,
RE, EE

CC, EE

EA, RE, EE

21

Governmental
Regulation
70/2009 on
energy
conservation

Energy conservation is everyone's responsibility, from governments,
business entities to society. Its implementation should be based on a
master plan of national energy conservation (RIKEN) prepared by the
ministry in charge. Every entity in the business of energy supply,
generation, and use is obligated to conserve energy. Mandatory
energy management for users consuming 6,000 TOE/year or more.
Energy efficiency standardizing and labeling. Implementation of
incentives and disincentives for energy conservation.

EE

22

MEMR Regulation
31/2009

The PLN was obligated to buy electricity generated from renewables
with the capacity of 10 MW or less and excess power. It was replaced
by MEMR Regulation 4/2012

RE

23

MEMR Regulation
32/2009

The PLN was obligated to buy electricity generated from geothermal,
and the reference price was 9.7 cents USD/kWh. It was expected to
attract more investment in geothermal energy. The regulation is
replaced by MEMR Reg. 2/2011, which was revoked by MEMR Reg
22/2012. Finally, MEMR Reg 17/2014 replaced the last regulation.

RE

24

Presidential
Regulation
4/2010

Acceleration of electricity provision generated from RE, coal, and gas
(FTP 2). It improved access. Second revision by PR 194/2014

EA, RE

25

MEMR Regulation
6/2011

Energy rating labeling for compact fluorescent lamps. Replaced by
MEMR Reg. 18/2014

EE

26

Presidential
Regulation
8/2011

Electricity tariff regulation replacing Presidential Decree 104/2003

EA, EE

EA, CC,
RE, EE

27

Presidential
Regulation
61/2011

The national action plan to reduce greenhouse gas emissions (RANGRK) is to follow up Indonesian commitment to reduce the emissions
by 26-41% by 2020. It provides electricity from renewable energy,
31,400 units of biogas digester sets. Natural gas pipeline for 94,500
households, and 31,400 units of biogas digester sets. Mandatory
energy management to 400 companies consuming high energy.
Energy conservation partnerships with private entities and
communities (400 buildings and industries). Energy efficiency
measures in households. Fuel conversion to natural gas in the
transportation sector. Natural gas pipeline for households.
Developing intelligent transport system in 13 cities

28

Presidential
Instruction
13/2011
concerning
energy and water
conservation

It more specifically set 20% electricity use reduction, 10% less
consumption of subsidized fuels and 10% water use reduction in
governmental institutions. Followed by MEMR Regulation 13/2012
concerning electricity use reduction (which was replaced later by
MEMR Reg. 9/2018)

EE

29

MEMR Regulation
4/2012

The PLN is obligated to buy electricity generated from renewables
with the capacity of 10 MW or less and excess power under the FIT
mechanism. More incentive for electricity from biomass, biogas, and
municipal solid waste. It replaced MEMR Regulation 31/2009 and
was later revoked by MEMR Regulation 7/2018

RE

30

MEMR Regulation
13/2012

Concerning energy conservation in governmental buildings

EE
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31

Presidential
Regulation
15/2012

Gasoline, kerosene and diesel oil prices were increased to reduce
subsidy. Increased fuel price encourages efficiency. Replaced by PR
191/2014

EE

32

Government
Regulation
14/2012

It regulated procedures for electricity supply business and electricity
purchasing prices and tariffs. It was revised by GR 23/2014.

EA

33

MEMR Regulation
14/2012

Mandatory for energy users consuming 6,000 TOE of energy or more
to conduct energy management and conservation.

EE

34

MEMR Regulation
22/2012

It obliged the PLN to buy electricity generated from geothermal. The
tariffs were set, higher tariffs in more challenging regions

RE

35

MEMR Regulation
1/2013

Prohibition for official and commercial vehicles and merchant vessels
to use subsidized fuels.

EE

36

MEMR Regulation
17/2013

MEMR set a capacity quota for PV. Project appointment for the
quota was auctioned. The FIT of 30 cents USD/kWh for electricity
from PV with at least 40% local contents, 25 cents USD/kWh
otherwise. It was revoked by MEMR Reg. 19/2016

RE

37

MEMR Regulation
18/2013

Gasoline and diesel oil prices were increased to reduce subsidy.
Increased fuel price encourages efficiency.

EE

38

MEMR Regulation
25/2013

It regulates procedures for supplying, use, and purchasing of
biofuels. Mandatory 10% biodiesel blend (B10) by January 2014, 20%
biodiesel by January 2016, affecting transportation, commercial and
industrial sectors, B30 by 2016 for the generation sector, 20%
ethanol by 2025 affecting industrial, commercial, and transport
sectors.

RE

39

MEMR Regulation
29/2013

Dimethyl ether utilization as fuels

CC

40

MEMR Regulation
12/2014

Set feed-in tariffs for electricity generated from hydropower (10 MW
or less). It was revised by MEMR Reg. 22/2014

RE

41

MEMR Regulation
17/2014

Geothermal power tariffs are based on geographical areas and
consider the commercial operation date (COD). Higher tariffs in
remoter areas and more distance COD. It is the 4th revision of
geothermal power tariffs

RE

42

Geothermal Law
21/2014

The new law provides a more relaxed regulatory framework than the
old one. Geothermal is no longer considered mining activities,
allowing geothermal exploitation in conserved forests. It replaces
Geothermal Law 27/2003

RE

43

MEMR Regulation
27/2014

It set the prices for electricity generated from biomass and biogas. It
was replaced by MEMR Reg 21/2016

RE

44

MEMR Regulation
31/2014

Electricity prices increased

EE

104

45

MEMR Regulation
34/2014

Gasoline and diesel oil prices were increased to reduce subsidies

EE

46

MEMR Regulation
39/2014

It provides a new method for calculating retail selling prices of
gasoline and diesel fuels.

EE

47

Government
Regulation
23/2014

It revises GR 14/2012 concerning electricity supply business and
electricity purchasing prices and tariffs

EA

48

Government
Regulation
79/2014
concerning
National Energy
Policy (KEN)

Near 100% electrification ratio by 2020. Electricity access is a priority.
85% of households use gas for cooking by 2015. Gas for cooking
access is a priority. Renewable energy shares of 23% by 2025 and
31% by 2050. Mandatory biofuels for transportation and industries.
The passing out of fuels and electricity subsidies will encourage RE
use. Energy elasticity target of less than one by 2025. The annual
growth of final energy intensity is -1% by 2025. The passing out of
fuels and electricity subsidies will encourage energy efficiency. It
replaces Presidential Regulation 5/2006. Locally available energy
sources (coal, gas, and renewables) should be prioritized for
domestic use.

49

Presidential
Regulation
191/2014

Procurement, distribution, and prices of petroleum. Price is set by
the MEMR

CC

50

MEMR Regulation
3/2015

It regulated the ceiling prices for PLN to buy electricity generated
from coal, gas, and hydropower. The direct appointment is possible
without minister approval. It was later revoked by MEMR Regulation
19/2017

RE

51

MEMR Regulation
7/2015

Minimum energy performance standards and energy rating labeling
for air conditioners

EE

MEMR Regulation
12/2015

It regulates procedures for supplying, use, and purchasing of
biofuels. Mandatory 30% biodiesel blend (B30) by 2020, 20%
bioethanol by 2025 affecting industrial, commercial, transport,
electricity generation sectors. It is the third revisions of MEMR
Regulation 32/2008 (MEMR Reg. 25/2013 and 20/2014)

RE
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MEMR Regulation
19/2015

It regulated the procedure for purchasing electricity generated from
hydropower with a capacity of 10 MW or less and its ceiling prices.
FIT varied for different voltages, locations, and years of service. It
replaced MEMR Regulation 12/2014 and 22/2014 and was revoked
by MEMR Regulation 9/2018

RE
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MEMR Regulation
44/2015

It regulates the procedure for selling electricity generated from MSW
and its ceiling prices. FIT varied for different voltages, locations, and
bioenergy types. It replaced MEMR Regulation 19/2013

RE
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Presidential
Regulation
61/2015

Oil palm plantation funding

RE
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EA, CC,
RE, EE
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57

Presidential
Regulation
4/2016
Presidential
Regulation
18/2016

Acceleration of the 35 GW electricity infrastructure development. It
encourages incentives and subsidies for RE generation.

EA, RE

Acceleration of the development of MSW power plants in 7 big cities

RE
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MEMR Regulation
19/2016

It set tariffs for electricity generated from PV panels

RE
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MEMR Regulation
19/2016

It set tariffs for electricity generated from biomass and biogas

RE
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MEMR Regulation
26/2016

It provided a framework for financing the mandatory biofuel mixing
program using funding from palm oil funds. It replaced MEMR Reg.
29/2015 and was revoked by MEMR. Reg. 41/2018

RE
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MEMR Regulation
29/2016

Electricity subsidy is given to poor families consuming 900 VA power
capacity or less

EA

62

MEMR Regulation
36/2016

Uniform prices of fuels to every region in Indonesia

CC
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MEMR Regulation
38/2016

It stimulates small-scale private entities to provide electricity to
accelerate rural electrification in very remote areas. Subsidies are
provided to cover losses caused by low electricity tariffs. The
generation of electricity using renewable energy sources is
encouraged.

EA, RE
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MEMR Regulation
12/2017

Tariffs for renewable electricity sold to PLN are 85% or 100% BPP
depending on regions. It was revised and replaced by MEMR Reg.
43/2017 and 50/2017.

RE

65

Government
Regulation
7/2017

Replacing GR 59/2007, it regulates geothermal energy production
activities to accommodate the new geothermal law requirements

RE

66

Presidential
Regulation
22/2017

It discusses the national energy general plan (RUEN). The RUEN
derives its contents from the national energy policy (KEN)

EA, CC,
RE, EE

67

Presidential
Regulation
47/2017

Provision of free solar panel sets with LED lamps to people in the
most remote areas of Indonesia. 400,000 LTSHE will be distributed in
2017-2019

EA, RE,
EE

68

MEMR Regulation
50/2017

Tariffs for renewable electricity sold to PLN are 85% or 100% BPP
depending on regions. It replaced MEMR Reg. 12/2017

RE

69

MEMR Reg.
4/2018

It regulates downstream natural gas activities

CC

70

MEMR Reg.
41/2018

It provided a framework for financing the mandatory biofuel mixing
program using funding from palm oil funds. It replaces MEMR Reg.
26/2016

RE
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71

MEMR Reg.
49/2018

It regulates rooftop solar panel installation

RE

72

Presidential
Regulation
35/2018

It regulates the fast track program of electricity generation from the
MSW

RE

73

Presidential
Regulation
6/2019

It concerns the procurement and distribution of natural gas to
houses and small scale customers

CC
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Figure B1. Flowchart of effective policies on electricity access in Indonesia
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FTP 35 GW
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Figure B2. Flowchart of effective policies on access to clean cooking fuels and technology in Indonesia

109

1945 Constitution

Law 17/2004
on Kyoto
Protocol

Laws

Law 39/2014
on Plantation

Energy Law
30/2007

Ministerial
Regulations

Geothermal
Law 21/2014

Oil and Gas
Law 22/2001

Governmental
Regulations

Presidential
Regulations

GR 79/2014
on KEN

PR 61/2015 on oil
palm plantation
funding

PR 61/2011
on RAN-GRK

MEMR 32/2008
on mandatory
biodiesel blend

MEMR 31/2009:
PLN to buy
renewable electricity

MEMR 25/2013

MEMR 4/2012

MEMR 12/2015

Players

Electricity
Law 30/2009

MEMR and other ministries,
local governments, PLN,
Pertamina, private entities,
NGOs, and cooperatives

Figure B3. Flowchart of effective policies on renewable energy in Indonesia
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Summary and link to the next chapter
The policy review chapter assesses interactions between energy policy and SDG7 in Indonesia. Energy
policies related to three targets of SDG7 were listed using a qualitative content analysis method, and
targets' progress and decline were plotted in time-series graphs and associated with the documented
policies.
The content analysis found 73 laws and regulations were associated with SDG7 targets, and there
were significantly more laws and regulations passed for renewable energy and energy efficiency than
energy access. In access to energy targets, attention has been focused on electricity access. Few
policies addressed access to clean fuels for cooking, and there is no policy to ensure zero traditional
use of biomass for cooking.
With the current policy support, universal access to electricity will be achieved by 2025. The policies
responsible for the progress include the coal power plant fast track program 1, the state electricity
company’s losses coverage by the government, and the decision to finance rural electrification
programs with the DAK (a local abbreviation for the specifically allocated budget) since 2011.
On the other hand, the universal access to clean cooking energy target will be missed. The successful
execution of the kerosene-to-LPG mega conversion program could not reach households traditionally
cooking with solid biomass. Without policy intervention addressing traditional biomass use, 5 million
households may still cook with solid biomass by 2030.
Similarly, the 23% renewable energy target will also be missed. The dependence on coal-sourced
electricity is a reason for the slow progress. Other causes include low and subsidised prices of fossil
energy and regulatory uncertainty. Policy improvements are needed, especially concerning access to
clean energy for cooking and renewable energy.
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On the contrary, the energy efficiency target measured with the energy intensity of GDP has been
achieved by Indonesia. The energy intensity of GDP as the SDG indicator for energy efficiency does
not fully represent energy efficiency. Energy experts should come up with a better indicator for the
energy efficiency target.
Finally, after discussing SDG linkages with energy, quantification of targets, the implication of SDGs on
energy demand, and policies supporting the SDGs achievement, the following chapter examines how
more ambitious carbon reduction targets beyond NDC commitments can be achieved. It is
acknowledged that country members' voluntary promises to reduce carbon emissions under the NDCs
will not be sufficient to meet the Paris Agreement goal. More ambitious emission reduction targets
need to be set, and a pathway to achieve it is offered. To do so, knowledge about the impacts of SDGintegrated development plans on energy is crucial. Similarly, a good understanding of the energy
policy currently in effect is essential.
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Chapter 5
Emission reduction pathways beyond nationally determined contribution
commitments: The case of the Indonesian energy sector
Santika, W. G., Urmee, T., Anisuzzaman, M., Bahri, P. A., Simsek, Y., Shafiullah, G. M. Emission
reduction pathways beyond nationally determined contribution commitments: The case of the
Indonesian energy sector. Manuscript submitted for publication to Elsevier's Energy for Sustainable
Development journal.
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Abstract
Limiting the global average temperature increase to 1.5○C in accordance with the Paris Agreement
goal requires the world’s annual emissions to stay below 25 gigatons of CO2 equivalent. In its
Nationally Determined Contributions, Indonesia pledged a 29% reduction in emissions by 2030,
compared to business as usual, and agreed to a conditional aim to increase its reduction goal to 41%.
These targets, however, will not be sufficient if Indonesia is to contribute a fair share of emission
reduction compatible with the Paris Agreement goal. The study provides a way to achieve a more
ambitious emission reduction in the energy sector without compromising its sustainable
development. Four scenarios are developed, which advise different energy technologies to satisfy
future demand, including a coal restriction scenario and a high-efficiency with least-cost optimisation
scenario. Results show that more ambitious emission reduction targets and the 1.5○C goal of Paris
Agreement are achievable using energy efficiency measures and renewable power technologies, even
with lower overall costs.
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Keywords: Paris Agreement, Nationally Determined Contributions, fair share, electricity generation,
renewable energy, Indonesia.
1. Introduction
A report of the Intergovernmental Panel on Climate Change (IPCC) estimates that more than a 1.5 oC
increase in the global mean surface temperature above the pre-industrial levels will be reached
between 2030 and 2052 if the current rate of warming is sustained [110]. At this level of global
warming, changes in climate and weather extremes are projected, including increases in extreme
temperatures, droughts, or heavy precipitation. To combat climate change, the Paris Agreement was
adopted in December 2015 [111]. The agreement sets the target to limit the global average
temperature increase to 1.5oC above the pre-industrial levels. In addition, it requires countries to set
ambitious targets to reduce national emissions through Nationally Determined Contributions (NDCs).
The report suggests that the remaining global carbon budget is only between 25 to 30 GtCO 2e annually
to meet the target [110]. Unfortunately, the full implementation of conditional NDCs will still emit
between 50-54 GtCO2e yr-1 by 2030.
The Climate Action Tracker (CAT) [112] evaluates emission projections of 33 countries under the
reference, NDC, and current policy scenarios and sets benchmarks for the Paris Agreement goal of 1.5
o

C global mean temperature increase. The NDC targets of 25 countries (75.8%) are insufficient, highly

insufficient, or critically insufficient to meet the Paris Agreement goal. NDC targets of six other
countries will be compatible with the 2 oC increase in the global mean temperature. Only Morocco’s
and Gambia’s NDC targets are consistent with the Paris Agreement goal. Table 2 shows emission
projections in some selected countries. Most countries should set more ambitious NDC targets in their
successive NDCs if the Paris Agreement target is to be met [113]. Options to achieve the target include
(1) covering more gasses and sectors, including international aviation and maritime sectors, (2)
allowing countries to implement domestic measures beyond NDC commitments, (3) increasing
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international climate finance and cooperation, and (4) promoting international cooperative initiatives
that include sub-national governments, organisations, companies, and citizens [114].
Table 2. Emission projections under four different scenarios in selected countries by 2030 (in MtCO 2e)
[112]

Country

Reference NDC target

Current
policy

Paris
Agreement
benchmark

Sufficiency of NDCs
to meet Paris
Agreement

Argentina

na

322-422

429-438

207

Critically
insufficient

Brazil

na

890

1029-1039

411

Insufficient

China

na

13744-15194

12922-14666

8458

Highly insufficient

India

na

5350-5682

3837-4066

4597

2o compatible

Indonesia

2155

1723-1817

1191-1326

622

Highly insufficient

Morocco

172

107-145

78-121

159

Paris Agreement
compatible

South
Africa

757-1254

414-630

457-423

348

Highly insufficient

Turkey

1213

999

711-916

365

Critically
insufficient

Vietnam

977

748-903

448-496

296

Critically
insufficient

This study explores how countries can implement domestic measures beyond NDC targets to limit
their emissions further. The main objective is to identify the options for reducing emissions by
simulating demand, power generation, and supply. It proposes an energy model with scenarios
designed to achieve a more ambitious emission target and assesses the impacts of the current policies,
the Sustainable Development Goals (SDGs), and the Paris Agreement on energy demand,
transformation, supply, emissions, and costs. The study seeks to answer the following research
questions: (1) Can a more ambitious emission reduction beyond the NDCs be attained? (2) Are the
Paris Agreement’s emission benchmarks met under these scenarios?
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To the best of the authors’ knowledge, studies exploring how countries can meet emission reductions
compatible with the 1.5oC Paris Agreement goal are limited. A study of the G20 countries assesses if
their NDC targets will be met without discussing if they are ambitious enough to keep the average
global temperature increase below 1.5 oC of the pre-industrial level [115]. Hof et al. [116] only estimate
the costs of meeting the NDC targets and 1.5oC Paris Agreement goal. An energy transition study in
Japan offers pathways to achieve more ambitious levels of emission reduction [117]. The emission
reduction benchmark set in the study, however, is higher than that suggested by the Climate Action
Tracker. Two studies assess pathways to achieve the 1.5oC Paris Agreement goal in Thailand and India
[118, 119]. Thailand’s study uses the MARKAL modeling framework and finds that the goal is attainable
with large-scale adoptions of bioenergy with carbon capture and storage. India’s assessment uses the
AIM/CGE model and arrives at a similar conclusion.
The present study uses LEAP (the Low Emission Analysis Platform) modeling framework, a software
tool for assessing energy demand, supply, and GHG emissions. It is used to simulate different scenarios
that allow users to create different energy models of different methodologies and analyse the impacts
of different policy measures [120]. LEAP has been widely used for energy planning and emission
analysis, especially in developing countries [121-123]. For example, it has been used to assess energy
efficiency and emissions in the iron and steel industry [124], electricity generation systems and
emissions in Pakistan [125] and China[126], energy demand and emissions in Columbia [127] and Chile
[128], bioenergy impacts on emission reduction in Ghana [129], electricity generation from landfill gas
plants in the city of Tehran [130], and transportation emissions in South Korea [131] and two cities in
Pakistan [132]. In addition, the Indonesian energy planning (RUEN) and outlook are also modelled in
LEAP [133, 134].
1.1. The Indonesian energy sector
Indonesia, the largest island country in the world, is located in southeast Asia. It is the fourth most
populous country in the world, with a population of about 267 million people in 2020 [135], and the
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seventh-largest economy in the world (under the purchasing power parity condition) with a GDP of
3,778 billion $ in 2020 [136]. In its NDC report, Indonesia pledges to reduce its energy sector emissions
by 11% (unconditionally) or 14% (with international supports) below the business as usual (BAU)
estimate by 2030 [29]. Indonesia estimates that its energy sector will emit about 1,669 MtCO 2e by
2030 (see Figure 5). Indonesia will unconditionally or conditionally reduce the emissions to 1,355 or
1,271 MtCO2e, respectively. The national energy plan (locally known as RUEN) estimates 1,806.8
MtCO2e emissions by 2030, increasing almost fourfold in the last 20 years. RUEN offers a plan to
reduce it to 1,061.4 MtCO2e [133], which will still be more than double the 2010 level. For comparison,
the Indonesian Agency for the Assessment and Application of Technology (locally known as BPPT)
estimates the energy sector emissions will be 1,052 MtCO2e by 2030 [137].
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Emission in MtCO2 e
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2030
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2030

Figure 5. Energy sector’s GHG emissions under different conditions.
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BPPT 2018

BPPT 2019

Figure 6. Projections of the 2030 energy demand under the BAU scenario, according to RUEN [133],
Santika et al. [121], and BPPT [137, 138].
RUEN was developed based on the energy demand projection to 2050. The main policies are energy
diversification, energy conservation, and clean coal technology. RUEN implementation is expected to
reduce energy demand and CO2 emissions by 21.9% and 41%, respectively, by 2030 [133]. However,
RUEN seems to overestimate its future energy demand under the BAU scenario (see Figure 6). RUEN
energy demand estimate of 16.63 billion GJ by 2030 is significantly higher than the estimates of others.
For example, Santika et al. [121] and the Indonesian Agency for the Assessment and Application of
Technology (locally known as BPPT) [137, 138].
Similarly, the Climate Action Tracker (CAT) rates the Indonesian NDCs (excluding land use, land-use
change, and forestry) as highly insufficient to maintain global warming to well below 2oC, and
Indonesia will overachieve its NDC targets [139]. It is mainly because of its high dependence on coal
for power generation, unambitious targets on sectors other than forestry, and its BAU projection’s
overestimation. CAT estimates that the global emissions reached 47-50 GtCO2e in 2020 and should be
reduced to 40 GtCO2e and 26 GtCO2e by 2025 and 2030, respectively, in order to achieve the 1.5 oC
goal of Paris Agreement [140]. To be compatible with this goal, CAT offers emission benchmarks for
each country. For Indonesia, they are 773 MtCO2e by 2025 and 622 MtCO2e by 2030 (emissions from
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forestry are excluded) [141]. The benchmarks for the energy sector will be 576.4 MtCO2e by 2025 and
463.8 MtCO2e by 2030.
There is a growing body of literature on Indonesian energy and emissions. For instance, Kurniawan et
al. [142] examined household energy consumption and emissions and found that population and
income increase emissions. Hasan et al. [143] reviewed electricity consumption and emissions trends
between 1987 and 2009 and recommended higher renewables and natural gas in the power sector to
reduce emissions. Siagian et al. [144] simulated energy and emissions under the Indonesian NDC
scenario and found higher carbon emissions than the NDC targets. Kumar’s LEAP modelling [145]
shows a significant reduction in carbon emissions with renewable electricity expansion. Similarly,
Handayani et al. [146] conducted a LEAP simulation and optimisation of the Java-Bali power systems
and found that the 11% mitigation target under the Paris Agreement is attainable.
Scientific studies offering more ambitious emission reduction options in the Indonesian energy sector
are available with limitations, and no study exercises options to meet CAT’s emission benchmarks. For
instance, the 2019 energy outlook report of the National Energy Council (NEC) [134] proposes
sustainable development and more emission reduction scenarios. However, the benchmarks are
missed, and those scenarios do not comply with the national energy policy (locally abbreviated as
KEN). As a result, those scenarios will miss the KEN electricity consumption target by about a fifth
(from 2,500 to 2,004 kWh per capita) in 2025. It means that the scenarios sacrifice human
development to compensate for climate change. The scenarios also estimate significantly lower
energy demand than the RUEN estimate, affecting their emission projection.
2. Methods
2.1. Scenarios
Four scenarios are developed for the energy model, as follows:
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The reference scenario (REF) assumes a business as usual to demand and the power generation
systems. No new policy is introduced, and the energy demand growth is influenced mainly by
population and GDP growths. Each power plant’s capacity is assumed to increase proportionally to the
capacity share.
The current policy scenario (CP) is based on the national energy plan (RUEN). The scenario is inherited
from the REF scenario. Details of the scenarios are provided in Appendix 1.
The SDG scenario (SDGs) is based on RUEN and sustainable development goals (SDGs). It ensures zero
biomass and kerosene for cooking and zero development of conventional coal generation. The latter
is replaced by biomass, solar, and wind power plants. The contribution of each renewable generation
is inversely proportional to its maximum availability (capacity factor). In the LEAP model, The SDG
scenario is inherited from the current policy scenario.
The high-efficiency scenario (HE) includes efficiency measures applied to sectoral energy demand in
anticipation of a further decrease in overall emissions. Energy efficiency improvements suggested by
the United Nations’ Economic and Social Commission for Asia and the Pacific (ESCAP) are applied in
this study [147]. ESCAP offers energy efficiency improvement opportunities in the residential,
industrial, transport, and commercial sectors (see Appendix 1 for more details). The scenario also
applies LEAP’s least-cost optimisation framework for capacity expansion. Two different open-source
optimising frameworks are available for integration with LEAP: The open-source energy modeling
system (OSeMOSYS) and the next energy modeling system for optimisation (NEMO). For its high
performance with large problem sets, NEMO is used in this study. LEAP considers all power system’s
relevant costs and benefits, including the power plant capital costs, operation and maintenance costs,
fuel costs, decommissioning costs, and environmental externality costs. The present study does not
take into account the decommissioning and environmental externality costs.
2.2. Energy quantification with LEAP
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The structure of the LEAP model for Indonesian energy systems is shown in Figure 7. Demographic
and macroeconomic data are mainly required in demand analysis and obtained from BPS-Statistics
Indonesia and the World Bank [148-150].

Demographics and
macroeconomics

Demand analysis
Environmental
loadings
(emissions)

Transformation
analysis

Integrated costbenefit analysis

Resources analysis

Environmental
externality

Figure 7. The structure of the LEAP model
2.2.1. Energy demand analysis
The energy demand analysis is based on the sectoral energy demand. Six sectors shape the Indonesian
energy demand, namely industrial, transport, residential, commercial, other, and non-energy use.
Details of how energy is consumed in each sector are provided in Appendix 1.
2.2.2. Transformation analysis
Total electricity requirement in year t (TEDt), considering the transmission and distribution losses (L t),
is calculated as follows [151]:
(1)

𝑇𝐸𝐷 = 𝐸𝐷 ∙ (1 + 𝐿 )
where EDt is electricity demand (GJ) in year t.
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The capacity expansion in LEAP can be done exogenously and endogenously. The exogenous capacity
expansion allows users to control which technology to add and when it should be added [120]. In the
endogenous capacity expansion, LEAP internally calculates when to add a power plant to maintain the
reserve margin using the following equations (Eq. 2-4) [151, 152]:
𝑃

(2)

= 𝑃 ∙ (𝑃𝑅𝑀 − 𝑅𝑀)

(3)

𝑅𝑀 =

𝑃 =

(4)

∙

where PEn is the endogenously added capacity (GW), Pp is the peak power demand (GW), RM and PRM
are the actual and planning reserve margins (%), respectively, P Ins is installed capacity (GW), TED is
total electricity demand (GWh), and LF is the load factor (the ratio of the average and peak loads, %).
2.2.3. Carbon emissions
Carbon emissions are emitted from the combustion of the sectoral final energy and power plants.
Therefore, the total carbon emission from final energy uses in year t (CE t) is calculated as [153]:
𝐶𝐸 = ∑ ∑ 𝐷

, ,

∙ 𝐸𝐹 ,

(5)

,

Df,s,t is the demand of fuel f in sector s in year t (GJ), and EF is the total emission factor (kg of CO2
eq./GJ).
The equation for the total carbon emission from the power sector in year t is as follows:

𝐶𝐸 = ∑ ∑ 𝑇𝐸𝑂

, ,

∙

,

∙ 𝐸𝐹 ,

(6)

,

TEOf,g,t is the total electricity output of technology g using fuel f in year t (GJ) and ηg,t is the efficiency
of technology g in year t (%).
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2.2.4. Costs calculation
The total annual cost of the energy system in year t (TCt) is calculated as follows [120, 151, 152]:

𝑇𝐶 = ∑ (𝐶𝐶

𝐶𝑅𝐹 =

(

,

∙ 𝐶𝑅𝐹 + 𝐹𝑂𝐶 , ) ∙ 𝑇𝑃

,

+ 𝑉𝑂𝐶

,

∙ 𝑇𝐸𝑂

,

+ 𝐹𝐶

,

∙

,
,

(7)

(8)

)

where CCg,t is capital costs of technology g in year t (USD/GW), CRF is the capital recovery factor, FOC
is the fixed operation and maintenance costs, TP is the total power capacity, VOC is the variable
operation and maintenance costs, FC is the fuel cost (USD/GJ), R is the discount rate (5.5%), and L g is
the technology lifetime.
2.3. Input parameters
The base and last optimisation years of the current energy model are 2018 and 2030, respectively.
Table 3 shows a summary of the input parameter.
Table 3. Input parameters
Data

Value and source

Energy demand

Data are from the United Nations’ ESCAP [147]

Losses in electricity
transmission and
distribution

9.77% (2018) [154].

System electricity load
shape

See appendix 2. Data are from the state-owned electricity company
(PLN) [156].

Planning reserve margin

30% (assumed)

Characteristics of
technologies in the
electricity system

See Appendix 3

7.5 % by 2030 [155] under the CP, SDG, and Excel Opt. scenarios.

Transformation losses of oil
Oil refinery losses = 1.96%; Gas refinery losses = 1.0005%; Coal mine
and gas refineries and coal
losses = 1.93%. Source: calculated from the ministerial data [157].
mine

125

Discount rate

5.8%, based on the 2014-2017 average [158]

Environmental effects

IPCC Tier 1 default emission factors (embedded in LEAP).

3. Results
3.1. Energy demand
Figure 8 shows the projection of energy demand between 2020 and 2030 associated with four
different scenarios. Energy demand will increase from 5.95 billion GJ to 8.57 billion GJ in 2030 under
the reference scenario. The implementation of energy conversion in the current policy scenario will
reduce energy demand to 8.46 billion GJ by 2030, conserving about 107.8 million GJ. Zero use of
biomass and kerosene for residential cooking under the SDG scenario will reduce energy demand
further to 8.43 Billion GJ. Significant energy demand reduction is observed in the energy efficiency
scenario. Under this scenario, energy demand will become 7.61 billion GJ by 2030. Demand for
electricity will increase from 916.4 million GJ in 2018 to 1,911.5 million GJ (reference scenario), 1990.6
million GJ (current policy scenario), 1,997.2 million GJ (SDGs scenario), and 2,131.1 million GJ (highefficiency scenario) by 2030. Electricity demand will range from 22% of the total demand (reference
scenario) to 28% (high-efficiency scenario). For comparison, the electricity demand in 2018 was 16.5%
of the total energy demand.
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Figure 8. Total energy demand projection between 2020 and 2030.

3.2. Electricity production and capacity
3.2.1. Electricity production
Table 4 shows the share of renewables and fossil fuels in electricity production. Under the reference
scenario, the share of natural gas will rise by more than 11% to 31.92% in 2030 since the existing
capacity of gas-fired powerplants (PPs) is high while its current utilisation is low. For instance, the
capacities of gas PPs, combine cycle PPs, and gas engine PPs were 5.35 GW, 11.22 GW, and 2.36 GW
in 2018, respectively. However, those PPs generated electricity only for 19.7%, 44.7%, and 0.76% of
their availability annually. LEAP suggests that their utilisation can be increased to their maximum
availability, which is 80%. Under the current policy scenario, renewables share in electricity production
will increase significantly to 25.78%. The share of coal, however, will still be dominant at 43.18%. The
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SDGs scenario, which restricts coal PPs, will reduce coal share to 34.07% and compensate them with
renewable PPs, increasing renewables share to almost 30% by 2030. Meanwhile, the high-efficiency
scenario suggests electricity generation mostly from renewables (68.89%) and natural gas (27.72%),
as renewables and natural gas sourced PPs are the cheapest options for Indonesia.
Table 4. Shares of electricity production (%)

Share (%)

Base
year
2018

Current
Reference Policy
2030
2030

SDGs
2030

Highefficiency
2030

Renewables

17.66

11.96

25.78

29.93

68.89

Natural gas

19.69

31.92

29.51

34.26

27.72

Oil

6.26

8.54

1.53

1.74

0.00

Coal

56.38

47.58

43.18

34.07

3.38

3.2.2. Capacity
To satisfy the rise of more than 100% electricity demand between 2018 and 2030, LEAP suggests a
power generation increase from 64.92 GW in 2018 to 95.36 GW in 2030 under the reference scenario
(see Figure 9). Without new policy interventions, more than 45% of the capacity will still be from the
conventional coal-fired steam PPs (increased from 29.53 GW to 43.4 GW). Another 31.85% of the
capacity will come from the natural gas-fired PPs. Under the current policy scenario, the total capacity
will dramatically increase to 198.30 GW. As RUEN estimates much higher electricity demand, it also
proposes higher capacity expansion. The conventional coal-fired PP share to the total capacity will be
reduced to 27.1% (53.73 GW). The natural gas-fired PP share will also decrease to 26.02% (51.6 GW).
RUEN aims to build 21.77 GW (10.98%) new ultra-supercritical coal PPs along with renewables,
including 17.45 GW large hydropower, 14.20 GW solar PV, 9.60 GW biomass PPs, 9.26 GW geothermal,
and 7.04 GW wind energy to compensate for the reduction of conventional steam PPs. The SDGs
scenario calls for more restrictions on coal PPs, resulting in zero growth on conventional coal PPs by
2030. The total power capacity under the SDGs scenario will reach 174.03 GW by 2030.
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Figure 9. Electrical power capacity estimates in 2030 under different scenarios
On the other hand, the high-efficiency scenario looks for the least cost electricity generation
technology. The scenario suggests that Indonesia should maximise the deployment of solar, wind,
hydro, biomass, and geothermal power plants. As a result, the total capacity requirement will be
167.97 GW, much higher than that under the reference scenario. Scenarios with higher renewable
shares usually require more capacity to compensate for the lower generation’s availability throughout
the years.
3.2.3. Costs
The cost balance of the power sector by 2030 is shown in Figure 10. Overall, the net values will be
positive for all scenarios, indicating higher total revenues than total costs. The study assumes an
average electricity price of 8.65 cents USD/kWh at the consumer level. The net value will be the lowest
under the current policy scenario (4.91 billion USD). The current policy scenario is based on RUEN,
which overestimates electricity demand. The situation, in turn, requires a remarkable expansion in
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power capacity. Since the majority of the expansion is sourced from coal- and natural gas-fired power
plants, the investment and feedstock fuel costs will be high. On the other hand, the least cost
optimisation implementation under the high-efficiency scenario ensures the highest net value as
expected.
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Billion USD
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0
Reference

Current policy

SDGs

High efficiency

-20

-40

-60
Capital Costs

Feedstock Fuel Costs

Fixed O&M Costs

Sales Revenues

Variable O&M Costs

Net value

Figure 10. Electricity generation cost balance. Source: LEAP results.
3.3. Primary energy supply
Figure 11 shows the primary energy requirement by 2030. To satisfy the remarkable increase in energy
demand, Indonesia will increase its primary energy supply from 7.86 billion GJ in 2018 to 12.47 billion
GJ in 2030 under the reference scenario. By 2030, the shares of oil and coal in the primary energy mix
will be comparable at 32.8% and 32.6%, respectively. The share of natural gas will rise significantly
from 12.8% to 18.9%. However, the share of renewable energy will decrease from 17% in 2018 to
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15.7% in 2030. Under the current policy scenario, most of the primary energy supply will be sourced
from coal. Under the other scenarios, the shares of renewables tend to increase compared to those
in 2018. The renewable energy share will increase to 49.3% under the high-efficiency scenario.
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Figure 11. Primary energy supply by 2030 under different scenarios. Renewables include biomass use
in industrial, residential, commercial, and other sectors.
3.4. GHG emissions
Figure 12 compares GHG emissions under those scenarios with emissions of the Paris Agreement’s
1.5○C goal for Indonesia (463.8 MtCO2e by 2030). Overall, the Indonesian NDC target of 1,271 MtCO2e
by 2030 will be achieved, even under the business as usual. However, the 1.5 oC Paris Agreement goal
will be missed by a large margin under the reference, current policy, and SDGs scenarios. The 1.5 oC
Paris Agreement goal will be achieved if Indonesia adopts the high-efficiency scenario in its national
energy policy.
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Figure 12. GHG emissions under different scenarios

4. Discussion and conclusions
The present study simulates four scenarios to determine those with a substantial reduction in carbon
emissions compared to the NDC target and the 1.5oC Paris Agreement goal. The reference scenario,
which assumes no technological changes to meet energy demand, is compared with the RUENdictated (current policy) scenario, the SDGs scenario, and the high-efficiency scenario.
As expected, the reference scenario will need the least capacity expansion as the other scenarios rely
more on renewable generation. Less fossil-fuelled power plants are required to meet the same
demand as they are mostly available when needed. RUEN generation plans will increase the renewable
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capacity to 33.4 % by 2030, from only 15.1% under the reference scenario. It will generate 25.78% of
the total electricity production by 2030. The SDGs and high-efficiency scenarios call for more
renewable electricity generation. Consequently, the share of renewable energy in electricity
production will increase. Higher initial investments will be needed as the technologies typically are
more expensive to build, as shown in Figure 10. Overall, however, these technologies will be cheaper
per unit of electricity generated as they mostly require no fuel to operate.
The current policy scenario seems to overestimate its power capacity expansion (Figure 9). The plan
anticipates an impressive increase in renewable capacity from less than 10 GW in 2018 to more than
66 GW in 2030. At the same time, it also expects a dramatic expansion of fossil-based electricity from
55.1 GW in 2018 to more than 132 GW in 2030, mainly sourced from coal (75.5 GW) and natural gas
(51.6 GW). For comparison purposes, optimisation results under the high-efficiency scenario show
that power from fossil fuels can be limited to 69.2 GW, and renewable power can be expanded to 98.7
GW while maintaining higher net values, lower overall costs, and lower emissions.
Our calculation of the levelised cost of electricity (LCOE) reveals that solar, wind, geothermal, and
hydro power plants will generate the cheapest electricity by 2030 (see Table 5). Should the
environmental externality costs associated with emissions be included in the equation, coal (and fossil
fuels in general) will not have a chance to compete with renewables. It raises the question of why the
authority still relies mostly on coal for generation. Strong connections between the coal industry and
the authority are associated with the problem [159, 160]. The industry enjoys various government
benefits, including loan guarantees, tax exemption, and price supports. For instance, the Regulation
of Finance Minister no. 6/PMK.010/2017 exempts the import duty for large steam turbines (above 40
MVA). At the same time, it applies a 9% import duty for solar modules and wind turbines of outputs
less than 10 MVA and a 5% duty for those above 10 MVA.
Table 5. Levelised cost of electricity by 2030
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Technology

LCOE
(USD/kWh)

Solar PP

0.037

Wind PP

0.038

Geothermal PP

0.040

Micro Hydro

0.042

Mini Hydro

0.042

Pumped Storage Hydro

0.044

Combine Gas and Steam
PP

0.050

Hydro

0.053

Biomass PP

0.068

Coal PP Ultra Super
Critical

0.068

Coal Fired Steam PP

0.071

IGCC

0.072

Gas PP

0.075

Gas Fired Steam PP

0.079

Oil Fired Steam PP

0.132

Gas Engine PP

0.136

Biogas PP

0.144

Diesel PP

0.178

Waste PP

0.439

Table 6 shows the carbon intensity of primary energy and the per capita emission in the energy sector.
The intensity was 61 kg of CO2 eq./GJ in 2018 and will increase to 62.85 kg of CO2 eq./GJ in 2030 under
the reference scenario. However, introducing more renewables to the electricity systems, as in the
scenarios of RUEN (current policy), SDGs, and high efficiency, will reduce the carbon intensity. As a
result, less carbon will be emitted per Joule of energy generated. For comparison, the world and Asia
Pacific averages were 58.5 and 67.1 kg CO2 eq./GJ in 2019, respectively [161].
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On the other hand, the per capita emission will increase from 1.8 tonnes CO2e in 2018 to 2.60 tonnes
CO2e under the reference scenario and decrease to 1.37 tonnes CO2e under the high-efficiency
scenario. According to IEA, the global average was 4.4 tonnes CO 2e per capita in 2018. Some affluence
countries, such as United Arab Emirates, Australia, and the United States, emitted as many as 20.0,
15.3, and 15.0 tonnes CO2e per capita, respectively [162]. International per capita emission
inequalities are high and explained mainly by income inequalities, and emission inequalities reduce as
income inequalities decrease [163]. It indicates that emissions reduction should be focused on the
developed world, and emissions control should also be implemented in developing countries in the
long term as their economic growths are generally high.
Table 6. Carbon intensity of primary energy and per capita emission in the energy sector. Source:
calculated from LEAP results.

Carbon emission of primary
energy (kg CO2 eq./GJ)
Carbon emission/capita
(tonnes CO2 eq./cap)

Base
year
2018

Current
Reference
Policy
2030
2030

SDGs
2030

High
efficiency
2030

61.0

62.85

53.71

50.60

34.03

1.8

2.60

2.29

2.17

1.37

Our results demonstrate the possibility of introducing more ambitious renewables to Indonesian
energy systems beyond the 23% renewable energy target without increasing the overall energy costs.
However, current trends show that the current achievement falls short of the target [160, 164]. The
main reasons for the lag include fossil fuel subsidies, regulatory uncertainty, and the coal industry’s
strong ties with authority [159]. The International Institute for Sustainable Development [164] offers
some ways to overcome the problems:
(1) Set a moratorium on new coal power plants. Since the LCOE of renewable electricity keeps
falling, there is no reason to build more coal power plants, especially if the health and
environmental impacts of the technology are also considered.
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(2) Exploit solar energy, especially rooftop solar PV, as the technology does not require land
acquisition, which can be very expensive in densely populated areas.
(3) Set a better mechanism for setting the electricity price. The current way of determining the
electricity price (based on the local BPP, the Indonesian term for average generation costs) is
biased and non-transparent, which only benefits the coal power technology.
(4) Shift the focus from biofuel to bioenergy. The true cost of biofuels is likely higher if the
environmental impacts are considered and the subsidies are made transparent and explicit.
As Indonesia’s biomass potential is huge, and the LCOE of biomass energy is reasonable,
shifting the focus to biomass energy is justified.
Indonesia should address these major emitters if it is to achieve the 1.5 oC compatible goal. The power
sector should ensure that every newly added power plant is renewable, and coal-fired power plants
are phased out as soon as possible. Energy conversion initiatives should be facilitated in the industrial
sector to reduce coal and natural gas use and increase renewable energy and electricity use. A
massive-scale conversion from gasoline and diesel to electric vehicles is needed in the transport sector
and applied immediately.
Similarly, a recent energy report by ESCAP [147] suggests that emissions as low as 381 MtCO2e by 2030
are possible for Indonesia. It can be achieved by phasing out fossil fuel-fired power plants, phasing out
fossil fuel subsidies, and applying high energy efficiency measures, including (1) changing the cement
industry’s clinker production wet process to a pre-heated process with pre-calciner kilns, (2) using
regenerative burners in the iron and steel industry, (3) using 100% combined heat and power
generation in the pulp and paper industry, (4) electricity consumption benchmarking in cement
production, (5) motor switching in the iron and steel industry from fixed drive to variable speed drive,
(6) converting 50% of busses to electric busses, (7) 20% improvement in fuel economy standard for
heavy-duty vehicles, (8) 50% conversion of cars to electric cars, (9) 100 electric taxis by 2030, and (10)
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introducing minimum energy performance standards (MEPS) for all new refrigerators, televisions, air
conditioners, lights, washing machines, fans, and water pumps.
Finally, the present study concludes that the NDC target will be easily met and more ambitious
emission reductions beyond NDCs are possible, even with lower overall energy costs. The highefficiency scenario suggests new power plants should be built based on the cheapest options
(primarily renewables). Emissions under the scenario will be low enough to meet the Paris Agreement
goal. It means that all new power plants should be renewables, and stronger decarbonisation efforts
should be made on the demand side. The other scenarios will not be compatible with the 1.5 oC goal
of the Paris Agreement.
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Appendix A: Suplementary material of Chapter 5
Appendix 1. Scenarios
A.

Energy Demand

A.1. Sectoral energy demand
A.1.1. Industrial sector
The industrial sector has nine sub-sectors: food and beverage, iron and steel, chemical fertiliser and
rubber, machinery and transportation tool, textile and leather, pulp and paper, cement and nonferrous material, wood and other products, and other industries. These industries consume either
thermal or electrical energy in their heat and cooling processes and machine driving. Energy demand
in this sector is a function of GDP.
A.1.2. Residential sector
Households use energy to cook and operate household appliances, including lightings, air
conditioners, refrigerators, television, and washing machines. Energy demand in this sector is a
function of the population.
A.1.3. Commercial sector
In the commercial sector, energy is consumed in government and public buildings, mostly for lighting,
heating, and air conditioning. Energy demand in this sector is a function of the floor area, which growth
is proportional to that of the GDP.
A.1.4. Transport sector
This sector consists of road, rail, aviation, and marine sub-sectors. Road transport is divided into
passenger and freight transport. Passenger cars (private and taxis), buses, and motorbikes are used to
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transport passengers. These different modes of transport are further categorised based on the fuels
they consume. The road transport energy demand is a function of population (in passenger-km unit).
On the other hand, the energy demand for the other sub-sectors is assumed on a total energy basis.
A.1.5. Other
Activities that do not fit the sectors above are classified as other. It consumes mogas, kerosene, diesel
fuels, and fuel oil. Its demand is a function of GDP.
A.2. Energy demand under the current policy scenario
Energy demand is based on the national energy plan (RUEN). RUEN energy demand targets include:


4.7 million houses (about 6.18%) will be connected with pipeline gas by 2025. It is expected
to increase further to 10% of the total households by 2030. Natural gas is assumed to
replace LPG.



1.7 million houses will be connected with biogas digesters by 2025. It is assumed to grow to
3.4% of the households by 2030. Biogas is assumed to replace solid biomass.



100% electrification ratio is met by 2021.



Natural gas use in the transportation sector should be at least 282.1 and 1290.9 MMSCFD by
2025 and 2050, respectively.



Acceleration of electric vehicles (public and private) will increase electricity consumption to
2.3 TWh by 2025. Therefore, we assume that the consumption will be 3.11 TWh by 2030.



Petroleum-based fuels for transportation will be 75.3 million kilolitres or less by 2025. The
biofuel use targets in the transportation sector will be 6.9 million TOE of biodiesel by 2025.



The energy demand target in the industrial sector is shown in the table below:
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Energy

2025

2050

Unit

Natural gas

2880.2

8381.4

MMSCFD

Petroleum

6.5

23.7

MTOE

Coal

32.2

67

MTOE

A.3. Energy demand under the high-efficiency scenario
Data for the energy demand under this scenario is taken from ESCAP [147]:


Cement industry: benchmarking of electricity consumption and replacing the clinker
production wet process with a pre-heated process with pre-calciner kilns to save 28 million
BOE per year



Iron and steel industry: regenerative burner use will save 30% of energy, and switching from
fixed to variable speed drive motors will save 100 thousand BOE per year



Pulp and paper industry: using 100% combined heat and power (CHP) co-generation will
save 1 million BOE per year



Residential sector: applying minimum energy performance standards for all new
refrigerators, televisions, air conditioners, lights, washing machines, fans, and water pumps
will save 38.4 million BOE per year



Commercial sector: ten-percent increase in government buildings’ energy efficiency
standard by 2030 will save 300 thousand BOE per year



Transport sector: converting 50% of busses to electric busses, 20% improvement in fuel
economy standard for heavy-duty vehicles, and 50% conversion of cars to electric cars will
save 110 million BOE per year.
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B.

Energy transformation and resources

B.1. Reference scenario
The increase in electricity demand is proportionally satisfied using the current technologies. However,
no new oil-fired steam powerplants are built as Indonesia tries to reduce its oil-based fuel use.
B.2. Current policy scenario


Oil refinery capacity to be 2 million barrels per day by 2025



Maximum annual coal production to be 400 million tonnes by 2019



Biodiesel production to be 11.6 million kilolitres by 2025



Renewable power generation to be at least 45.1 GW by 2025:
- 7.2 GW of geothermal
- 18 GW of hydropower
- 3 GW of mini and micro hydropower
- 5.5 GW of bioenergy
- 6.5 GW of solar energy
- 1.8 GW of wind energy
- 3.1 GW of other renewables



Renewable power generation to be at least 167.6 GW by 2050:
- 17.5 GW of geothermal
- 38 GW of hydropower
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- 7 GW of mini and micro hydropower
- 26 GW of bioenergy
- 45 GW of solar energy
- 28 GW of wind energy
- 6.1 GW of other renewables


Biodiesel mix in diesel powerplants will reach 3.1 GW by 2025



Gas-fuelled powerplant capacity will be 36 GW by 2025

B.3. SDG scenario
The scenario is explained in the methodology section.
Appendix 2. The electricity load shape in 2018 [156]
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As of 2017, 22 large power systems in Indonesia were independent of one another [165]. The figure
above is the Java-Bali system’s electricity load shape in 2018. In LEAP, we assume that electricity
systems in Indonesia are integrated as one large grid system, and its overall load shape is similar to
that of the Java-Bali system.
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Appendix 3. Characteristics of technology in the electricity system
Efficiency
(%)
[166,
167]

Maximum
availability
(%)[166,
167]

Capital
costa
(USD/kW)

Fixed OM
cost
(USD/kW)
[167]

Variable
OM cost
(USD/MWh)
[167]

Capacity
credit
(%)b

Lifetime
(years)[151]

25.0

40

2000

38.08
(35.8)

0.66 (0.62)

50

50.0

25.0

80

2600

53.52
(50.4)

0.5 (0.48)

100

25.0

Micro
hydro

25.0

80

2600

53.52
(50.4

0.5 (0.48)

100

25.0

Pumped
storage

20

80

3000

45.8
(43.1)

0.58 (0.55)

100

30.0

Coal-fired
steam

36.8 (38)

80

1408
(1360)

41.46
(39.9)

0.12

100

30.0

Ultra-super
critical

41.8 (43)

80

1528
(1480)

56.94
(54.9)

0.11

100

30.0

Oil-fired
steam

35.5
(36.5)

80

1085
(1045)

41.46
(39.9)

0.11

100

30.0

Gas-fired
steam

35.5
(36.5)

80

1085
(1045)

41.46
(39.9)

0.11

100

30.0

33.6 (36)

80

778 (730)

23.34
(22.5)

0.112 (0.10)

100

20.0

Combine
cycle

55.4 (59)

80

758 (710)

23.34
(22.5)

0.13

100

25.0

IGCC

55.4 (59)

80

1,100
(1000)
[169]

25 (24)
[169]

1.3

100

25.0

Geothermal

15 (16)

80

3560
(3200)

18.26
(16.7)

0.25 (0.23)

100

25.0

Diesel

45.8 (47)

80

800

8

6.48 (6)

100

20.0

11.6

Gas engine

45.8 (47)

80

800

8

6.48 (6)

100

20.0

6.175

Wind

25.0

33.8 (35)

1538
(1310)

60 (5.2)

0

42.25
(43.75)

20.0

Solar

25.0

20

874 (610)

15.5
(12.5)

0

25

20.0

Waste

31 (31.5)

80

8820
(8100)

247.48
(224.8)

24.24 (23.4)

100

20.0

Biomass

31

80

1720
(1600)

48.36
(43.8)

3.04 (2.8)

100

30.0

Biogas

34

80

2840
(2600)

98.56
(89.2)

0.11 (0.1)

100

30.0

Technology

Hydro
Mini hydro

Gas turbine
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Fuel cost
(USD/GJ)
[168]
5.26
5.26
11.60
6.175
6.175
6.175
6.715[170]

-

0.417
0.753[151]
9.778[171]

Data in brackets: The value without brackets is the value in 2018, which linearly increases to 2030 (in brackets).
a Sourced

from [166]. Capital costs for pumped storage and oil- and gas-fired steam PPs are assumed.

b Capacity

credit is internally calculated based on the ratio of the maximum availability of each technology against the

maximum availability of the standard thermal power plants.
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Chapter 6
General discussion, conclusions, and future work
6.1. General discussion and conclusions
Since 2015, countries have agreed to integrate the SDGs and Paris Agreement into their national
development plans. Each country set its national targets related to the SDGs and stated its emission
reduction targets in the NDC report. The consequences of these targets on the energy sector are the
primary concern of the study. Pursuing the SDGs, which include ending poverty and providing enough
food, water, energy, education, and health care for everyone, influences how energy will be consumed
and demand satisfied. Similarly, emission curtailing efforts will require energy demand shifting and
power generation switching to cleaner options.
The challenges lie in identifying the interactions between the SDG targets and energy, translating them
to energy demand, and exploring options for scaling down emissions through energy demand
conversion, cleaner power generation, and energy efficiency measures. Four study objectives address
the challenges by:


identifying and quantifying SDG targets with links to energy demand



investigating the change in energy demand under different scenarios



assessing the impacts of energy policy on SDG7



exploring energy technologies to prioritize for Indonesia to achieve the ambitious goal of the
Paris Agreement.

Chapter 2 concentrates on identifying and quantifying interlinkages between SDG targets and energy
demand. The study found twenty-five interlinkages, and the implementation of most of the targets
requires energy. Only three targets, Target 2.4 (sustainable agriculture), Target 7.3 (energy efficiency),
and Target 12.5 (waste reduction), will save energy. Interestingly, combining Target 7.3 on energy
efficiency improvement and Target 8.1 on sustaining economic growth gives a per capita energy
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consumption benchmark. The benchmark is 76.7 GJ of primary energy consumption per capita
annually. The per capita primary energy consumption of 76.7 GJ is associated with a very high human
development index [172]. The benchmark could be the prioritised energy consumption target for the
developed countries, as they usually use much higher energy per capita.
Another intriguing finding is that achieving target 7.3 will potentially save the world 9.8 GJ of primary
energy per capita every year, which is the avoided energy use per capita due to energy efficiency. It
will be interesting to know its application in a national context or if the saving potential will cancel out
the increased energy demand associated with the SDGs implementation. Unfortunately, it cannot be
tested in the Indonesian context as Target 7.3 has been achieved since 2015 under the BAU scenario
(see the explanation in Chapter 4). It means that there is no definitive energy intensity gap between
the BAU and SDGs to allow for the estimation of the avoided energy use in Indonesia.
Target quantification examples demonstrated in Chapter 2 are helpful in calculating changes in energy
demand as a result of the SDGs integration into local and national development plans. Chapter 3
addresses the second research objective by exploring changes in energy demand under the SDGs
scenario in a national context (Indonesia). It applies the target-to-energy estimating examples
provided in Chapter 2. Three policy scenarios were compared: the business as usual, the SDGs
implementation, and current energy policy scenarios.
Results confirm that the SDGs full implementation will require more energy, and in the Indonesian
context, it is about 5% higher than the total energy demand under the BAU scenario. Fortunately, the
current energy policy has expected even higher energy demand, and the additional energy required
under the SDGs implementation will be satisfied.
Furthermore, Indonesia expects remarkable energy demand increases in the transport, industrial, and
power sectors by 2030. The transport sector will consume more energy than the industrial sector. This
development is also reflected in fuel consumption. There will be a remarkable increase in gasoline and
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diesel fuel demand by 2030. Substantial improvements in energy efficiency, conservation, and
conversion are needed to ensure clean and efficient energy use and low GHG emissions.
In addition, the implementation of Target 9.1 (access to road infrastructure) will consume the most
energy in Indonesia, thanks to the intensive use of energy to build the infrastructure and the wide gap
between national targets and what will be achievable under the BAU scenario. On the other hand,
Target 4.3 (access to tertiary education) will require no additional energy, even though the result in
Chapter 2 shows that the target will consume the most energy per student. It is because the tertiary
education enrolment rate target will be achieved under the BAU scenario.
Chapter 4 evaluates energy policy and its impacts on SDG7 in Indonesia, which is the third research
objective. Universal access to electricity will be met by 2025 under the current policy scenario, thanks
to the persistent implementation of rural electrification programs since the eighties, the fast-track
electricity provisioning programs, and the budget allocated specifically for the nationally prioritised
programs. Providing electricity access to the remaining 1% of the population will be the hardest and
costliest as they are scattered over the remotest areas of the archipelago.
In contrast, universal access to clean fuels and technology will be missed. The policies are focused on
replacing kerosene use for cooking with LPG and converting LPG use in urban areas with piped natural
gas. The biogas digester program may address solid biomass use, but it also replaces kerosene and
LPG and only targeting 1.7 million houses. Since people are reluctant to adopt other fuels, especially
when they are unaffordable and inaccessible, improved cookstoves can be introduced.
The renewable energy target will also be missed by 2025 due to the dependence on coal for electricity
generation, subsidised fossil energy, and frequent policy changes. Renewables should compete with
cheap fossil energy, which enjoys fiscal supports from the government. Improvement in energy policy
is essential to support the achievement of the 23% share of renewable energy in the national energy
mix. Regulatory uncertainty and fossil fuel subsidies should be avoided as it deters investments in
renewable energy.
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Interestingly, Target 7.3 of doubling the global energy efficiency rate of improvement has been met
even before the SDGs took effect. The primary energy intensity of GDP (SDG Indicator 7.3.1) to
measure the energy efficiency improvement does not fully represent the improvement rate of
efficiency. Many countries with poor energy efficiency in their production systems show low primary
energy intensity of GDP, falsely indicating good energy efficiency performance due to less overall
energy use for every dollar of GDP. These countries are usually the developing ones with a similar
characteristic of limited energy consumption to support a modest standard of living. A better indicator
to measure global and national improvements in energy efficiency is needed.
The trilemma of conflicting goals between providing affordable access to energy, ensuring energy
security, and scaling down carbon emissions needs to be resolved by optimising the use of low-cost
clean energy and technology. Chapter 5 provides a pathway to low-cost cleaner energy and technology
that ensure more affordable, clean energy, secure energy supply, and reduce emissions beyond the
NDC commitments. It is acknowledged that most NDC targets submitted by country members are not
ambitious enough to achieve the Paris Agreement goal. Each country should revise its NDC target and
come up with fairer, more ambitious targets that are compatible with the Paris agreement goal.
The study confirms that a more ambitious emission reduction is attainable using LEAP's least-cost
optimisation framework coupled with energy efficiency measures at the sectoral energy demand.
Results demonstrate that the renewable energy share of 68.89% is achievable in the power sector,
even with lower generation costs. Furthermore, energy efficiency measures applied at the demand
side will significantly reduce energy demand. Both will ensure carbon emissions as low as 405.95
MtCO2e by 2030, which is compatible with the Paris Agreement goal.
Indonesia should exploit renewable electricity, stop building new coal power plants, create a better
electricity price-setting mechanism to attract investment in renewable energy, and avoid frequent
regulation changes that deter investment in order to ensure the Paris Agreement goal is met in the
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energy sector. Furthermore, energy efficiency measures should be applied on the demand side,
especially in the transport, industrial, and residential sectors.
Finally, considering the scope and limitations mentioned in chapter 2,3,4 and 5, the following
conclusions can be drawn from this research:


A link between energy and other SDG targets have been established. Twenty-five SDG targets
linked to energy are identified. The study proposed a solution on how to quantify the energy
demands associated with those targets. These examples can be applied in local and national
contexts to estimate the additional energy requirement of the SDGs implementation.



A per capita annual energy consumption benchmark is also proposed, which are calculated
from SDG Targets 7.3 and 8.1.



The SDGs implementation into the national development plan increases demand for energy.
In a national context, a 5% increase in energy demand above that of the BAU should be
expected if the SDGs are fully integrated into Indonesia's development agenda. The current
national energy plan anticipates significantly higher energy demand by 2030, covering the
increased demand due to the SDGs implementation.



Under the current policy support, universal access to electricity is reachable in Indonesia by
2025. However, Indonesia will miss its targets to universal access to clean fuels for cooking
and renewable energy. On the other hand, its energy efficiency target measured with energy
intensity of GDP was achieved in 2015 under the business-as-usual scenario. New policy
interventions are needed to be on track to achieve those targets.



Indonesia will easily meet the NDC target under the current policy scenario. However, the
NDC target is highly insufficient to meet the Paris Agreement goal. A more ambitious emission
reduction target to meet the Paris Agreement goal is attainable by
o

dramatically increasing the renewable energy share in the electricity generation,

o

phasing out coal-fueled power generation, and

149

o

applying strong energy efficiency and conversion measures in the transport,
industrial, and residential sectors.

6.2. Future Research Direction
This section outlines the future research that can be accomplished to extend this framework by
addressing limitations of the present study:


The interconnection of the SDG targets is complex and multi-dimensional. The present study
considers only the first-order interaction, on which changes in energy demand estimates are
based. Future studies can incorporate the subsequent order interactions to find out how
energy demand will change.



The study tested the framework using data from one country (Indonesia) and can be extended
to other countries, especially the least developed countries, in which the gaps between the
SDG targets and what will be achievable under the reference scenario are usually wider,
indicating higher energy requirements.



The study relies mostly on secondary data provided by the government. Some studies suggest
that government official data may be inaccurate or deliberately manipulated for political and
financial gains. Future studies using primary data are encouraged.



Energy efficiency improvement was measured with the energy intensity of GDP suggested
under the SDG Indicator 7.3.1. This study used the overall energy intensity of GDP to measure
the improvement, which may give false information on the achievement of the target. Some
countries with very low energy intensities of GDP may not be the champions of energy
efficiency. Instead, low energy consumption per dollar of GDP can be the consequence of
modest energy use due to a low standard of living. Future studies should use a sectoral-based
approach to measure the energy intensity of GDP, i.e., using industrial energy intensity of
GDP as a proxy for energy efficiency.
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The study utilises LEAP to simulate and optimise energy demand, electricity generation, and
carbon emission. It suggests a very high penetration of renewable energy is possible without
taking into account the technical readiness of the national energy systems to accommodate
such increase. Future work should consider this limitation and explore the technical aspect of
high renewable energy penetration in supporting the Paris Agreement goal.
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