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Abstract 

Does Foreign Direct Investment 

Influence on Energy Efficiency  

in ASEAN countries? 

 

Sin Thaily 

Technology Management, Economics and Policy Program 

College of Engineering 

Seoul National University 

 

Increase in energy efficiency is the best ways to save energy 

without reducing economic activity, the comfort and well-being of end 

users. It provides same or better energy services with less energy inputs. 

Increase in energy efficiency is the cost-effective strategy for economic 

and social development that save energy cost, improve productivity and 

competitiveness, enhance energy security, and reduce CO2 emission in 

ASEAN countries.  

This thesis exams the effect of sectoral FDI inflow on energy 

efficiency of each sector in 9 ASEAN countries - Brunei Darussalam, 

Cambodia, Indonesia, Malaysia, Myanmar, Philippines, Singapore, 

Thailand, and Vietnam. For this, panel data of four sector – agriculture, 
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manufacture, residential and transportation - in nine ASEAN countries, 

from 2006 to 2015, are analyzed using Fixed effect model and Random 

effect model based on Hausman test. The data for this study is obtained 

from each government office and international organizations.  

The results indicated that FDI inflows and income growth 

increase energy efficiency in ASEAN countries. It means that FDI 

inflows transfer advanced technology into ASEAN countries and thereby 

energy efficiency. Economic growth has also positive impact on energy 

efficiency. Regarding sectoral analysis, FDI inflows in agriculture and 

manufacturing sector have positive influence. In contrast, the 

transportation has negative impact on energy efficiency. 

This results implicates that the government of ASEAN countries 

should develop new policies scenario to attract foreign investors. Policy 

makers in ASEAN countries also should make policies to reduce 

traditional biomass consumption in household and reform energy 

consumption structure in the transport sector.   

Keywords: Foreign direct investment, energy efficiency, technology 

spillover, ASEAN countries. 

Student Number: 2016-22095 
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Chapter 1. Introduction 

1.1 Background 

Increase in energy efficiency is the best ways to save energy 

without reducing economic activities of each country, overall comfort 

and well-being of the end users come from energy consumption. It 

provides same or better energy services with less energy inputs. 

Moreover, increase in energy efficiency enhances energy security and 

cost-efficiency, promotes competitiveness, and make us cope with 

climate change.  

Energy efficiency is measured by energy intensity that calculated 

by energy consumption and economic development. Therefore, to 

improve energy efficiency, energy consumption and GDP of each 

country in ASEAN countries investigated. Energy efficiency is improved 

by reducing energy consumption and improving GDP using advanced 

technology. But almost ASEAN members are developing countries 

which do not have enough ability to develop new technology for 

enhancing energy efficiency. So foreign direct investment inflows from 

developed country into ASEAN countries can be the solution. FDI 

inflows are one of channels that transfer developed technologies, 
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management system, knowledge, technical, expertise, and financial from 

the developed countries to the host countries, mostly developing 

countries. On the other hand, the foreign investors are try to find another 

country for investment. They want to expand their market, spend low 

labor cost for their global competitiveness. In short, FDI is beneficial to 

both host countries and foreign investors. 

As the way to improve the energy efficiency, technology spillover 

through FDI inflows is the most effective choices for each ASEAN 

country. Reducing energy consumption in whole country can be also 

another solution. In this thesis, I analyze energy efficiency, measured by 

energy intensity, in four sectors - agriculture, manufacture, residential, 

and transportation. From this thesis, the government of ASEAN 

countries will understand which sector energy efficiency have developed 

energy efficiency and which sector have not 

1.2 Research Objective 

The purpose of this research is to empirically examine the 

relation between FDI inflows and energy efficiency in ASEAN countries 

using panel data. Moreover, this paper focuses on how FDI inflows affect 

energy efficiency in ASEAN countries. For this, sectors have classified 
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by four sectors -agriculture, manufacture, residential, and transportation. 

Finally, the recommendations will be make ASEAN’s government to 

improve the energy efficiency in different sectors. Especially, it will 

provide implications to Cambodia government. 

1.3 Research Questions 

To achieve research objective, I build research questions and 

desired to answer as follows;  

1. Does FDI have a statistically significant effect on energy 

efficiency in ASEAN countries? 

2. What kind of sectoral energy efficiency has a positive or 

negative relationship with FDI inflows? 

3. Do ASEAN’s economic growth have improved the energy 

efficiency or not?  

4. Do ASEAN countries use their natural resources abundant 

for improving their energy efficiency? 

1.4 Scope of the Study 

In this research, nine ASEAN countries are analyzed. Nine 

countries do not representative all ASEAN countries. I plan to study all 

member of ASEAN, but I can found only nine countries - Brunei 
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Darussalam, Cambodia, Indonesia, Malaysia, Myanmar, Philippines, 

Singapore, Thailand, and Vietnam.  

Data for energy efficiency and FDI inflows in ASEAN countries 

are separated into four groups - agriculture, manufacture, residential, and 

transportation. As control variables, gross domestic products per capita 

power purchase party (GDP-PPP) and total natural resources rent (TNRR) 

are used. 

1.5 Organization of the Study 

This paper consists of six chapters. Chapter 1 explains the 

background of this research - energy efficiency in ASEAN countries, 

research objective, research questions and the scope of this research. 

Chapter 2 describes key energy trends in ASEAN focusing on energy 

supply and demand, electricity supply demand, production and trade of 

energy resources - oil, gas, coal, and renewable energy. In this chapter, 

factors, affecting energy development in ASEAN and energy efficiency, 

are also reviewed. In chapter 3, relevant previous literatures on the 

energy efficiency and FDI flows are reviewed. Chapter 4 describes 

research model, methodology and data. Chapter 5 provides results and 

discussion. Chapter 6 provides conclusion and recommendation.  
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Chapter 2. Energy Trends in ASEAN 

2.1 Energy Demand 

Between 2000 to 2016 the primary energy demand in ASEAN 

nations has grown by around 70 percent equal around 640 Mtoe, while 

its GDP more than doubled over the same period. Rising incomes, 

urbanization, expanded access to energy and growing populations all 

contributed to strong energy demand growth. Fossil fuels dominate the 

primary energy mix, accounting for almost 75% of the total in 2016 (see 

Figure 1). 

Oil continues to be the dominant source of energy, though its 

share of total primary energy demand has declined by around six 

percentage points, to 34%, since 2000. Oil demand grew by around 40% 

over this period, as increasing wealth and relatively weak public 

transport infrastructure translated into an almost doubling of the number 

of passenger vehicles to 56 vehicles per 1000 people in 2016 (IEA, 2017). 

Nonetheless, this level of ownership is still less than half of the world 

average, signaling the potential for further growth. Demand for mobility, 

which today is heavily correlated with consumption of oil products, is 

likely to remain one of the main underlying drivers of energy demand 
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growth. 

Coal demand has more than tripled since 2000, with an annual 

average growth rate of 8.8%. In 2016, coal demand of around 110 Mtoe 

accounted for 17% of the total primary energy demand, of which the 

largest portion was for power generation. Abundant coal resources in the 

ASEAN region, as well as its relatively low cost, have underpinned the 

rise in coal demand, alongside the policy imperatives to meet rising 

demand for electricity and extend access to electricity to the millions of 

people that lack it.  

Natural gas consumption also grew rapidly, almost doubling 

since 2000, with use in power generation accounting for around 60% and 

industrial demand accounting for the bulk of the rest. 

Solid biomass plays a major role in ASEAN’s primary energy 

mix, accounting for 20% of total demand in 2016. A variety of biomass, 

such as fuelwood, charcoal and agricultural waste is used as a source of 

energy, mainly in the residential sector, where it is relied on by around 

250 million people as a source of heat for cooking. Though still high, the 

share of bioenergy in the mix has been in decline (it was about 26% in 

2000); this reflects the ongoing shift towards modern energy such as 
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electricity (for lighting) and liquefied petroleum gas (LPG) for cooking. 

Among the modern sources of renewable energy, hydropower has 

grown rapidly with expanded use in Cambodia, Myanmar, and Lao PDR. 

So far, non-hydro renewables have played only a relatively limited role 

in the energy mix. To address environmental concerns, as well as to make 

better use of abundant renewable resources, many countries in ASEAN 

have plans to expand the use of wind and solar power (and geothermal 

in some areas). Currently, there is no nuclear power capacity in the region, 

though there are plans in some countries to introduce it to meet growing 

electricity demand. 

Figure 1. Evolution of primary energy demand in ASEAN 

  

Sources: (IEA, 2017) 

2.2 Electricity Demand and Supply 

Rapid economic and population growth pushed up electricity 

 



8 
 

demand in ASEAN at an annual average rate of 6.1% since 2000, twice 

the world average (IEA, 2017). The demand roughly tripled over this 

period so electricity consumption per capita grew robustly, with 

consumption in some ASEAN members such as Cambodia, Indonesia, 

Myanmar and Vietnam more than doubling, albeit from a low base in 

Cambodia and Myanmar. Electricity has been the fastest growing energy 

source in the region since 2000, but its share in total final energy 

consumption remains relatively low at 16% in 2016 (compared with the 

world average of 1%). Electricity demand in industry, the largest end-

user, accounted for 40% of the growth between 2000 and 2016.  

Figure 2.  Average annual growth in per-capita electricity consumption 

in ASEAN countries, 2000-2015  

  

Sources: (IEA, 2017) 

Electricity demand in the residential sector, the second-largest 
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electricity consuming sector, grew rapidly at an average annual growth 

rate of 7.5%, underpinned by increasing ownership of appliances 

(household ownership of refrigerators has increased from around 40% 

in 2000 to around 60% in 2016) and by increasing energy access. 

Installed power generation capacity in ASEAN has more than 

doubled since 2000, to around 240 gigawatts (GW) in 2016 (Figure 3). 

Net capacity additions over the period were primarily coal and gas-fired 

power plants, each accounting for around 40% of the increase. There are 

some signs that the rapid rise in coal-fired capacity, which more than 

tripled since 2000, is running out of steam: final investment decisions 

taken on new coal plants in ASEAN (except Indonesia) fell in 2016 for 

a third year in a row. Such decisions can fluctuate from year-to-year for 

various reasons, including the availability of personnel to build plants, 

so are not entirely reliable as an indicator of future trends. Nonetheless, 

the recent slowdown is symptomatic of the challenges facing the large-

scale deployment of new coal-fired power plants, including the need to 

address environmental concerns and to secure financing.  

In line with the increase in capacity, power generation in ASEAN 

also more than doubled between 2000 and 2016 (Figure 3). Fossil fuels 
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continue to dominate the generation mix with their more than 80% share 

remaining unchanged over the period. However, the shares of the various 

fuels have changed significantly, with coal-fired generation growing at 

an annual average rate of 9.8% and increasing its share in the mix to 

around one-third in 2016, from one-fifth in 2000. In an effort to mitigate 

some of the environmental concerns associated with coal-fired 

generation, some countries led by Indonesia, Thailand, and the 

Philippines are prioritizing more efficient coal-fired power generation in 

new construction, such as supercritical plant technology.  

Figure 3. Power generation mix in ASEAN  

 

Sources: (IEA, 2017) 

Natural gas also remains a key input for power generation, 

accounting for around 40% since 2000. Individual countries have seen 
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more dramatic changes, sometimes bucking the regional trend. For 

example, in Malaysia, the share of gas in the power mix decreased from 

67% in 2005 to 47% in 2015, led by policies to switch to coal in response 

to declining domestic gas production. The share of gas in Vietnam’s 

power generation mix also declined, from 42% in 2005 to 33% in 2015, 

as the share of coal increased from 23% to 30%. On the other hand, in 

Indonesia, the share of gas increased to 26% in 2015 from 15% in 2005, 

as the country took advantage of domestic gas production to meet rising 

demand. In Myanmar, a steep increase in the share of gas-fired power 

generation, from 15% in 2005 to 39% in 2015, reflects a push to take 

advantage of its abundant domestic resources.  

Oil has gradually been replaced by gas and coal in power 

generation and has seen its share in the power mix fall from about 20% 

in 2000 to just 4% in 2016. This trend of less oil in power generation 

holds in many of the ASEAN members’ economies, as in other parts of 

the world, but diesel continues to play an important role in electricity 

supply in many remote islands and settlements.   

Among renewables, hydro was the biggest contributor to power 

generation, more than doubling the capacity since 2000, to 14% in 2016. 
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While a significant amount of the region’s hydropower resources 

remains untapped, particularly in Cambodia, Lao PDR, and Myanmar, 

these are increasingly being developed to meet local demand and for 

export. Hydropower dominates the power mix in Cambodia and 

Myanmar, with a share of around 50% and 60% in 2015, respectively. 

The four countries in the Lower Mekong Basin, namely Lao PDR, 

Thailand, Cambodia, and Myanmar have significant hydropower 

potential of more than 110 GW (ASEAN Centre for Energy, 2017), but 

the development of large-scale projects raises a plethora of social and 

environmental questions that could stymie expansion.   

Power generation from other renewable sources also has been 

increasing, with variations from country to the country linked to policy 

choices and resource availability. As of 2015, the Philippines and 

Indonesia had the world’s second and third-largest geothermal power 

generation. In Malaysia and Thailand, bioenergy constitutes a major 

source of non-hydro generation. Many countries in ASEAN plan to 

increase the use of renewables to take advantage of their abundant 

resources and to address growing local air pollution and environmental 

concerns and have already introduced various support measures. Five 



13 
 

ASEAN members (Indonesia, Malaysia, Thailand, Philippines, and 

Vietnam) have introduced feed-in tariffs to incentivize investment in 

renewables. Such measures have helped solar photovoltaic (PV) capacity 

in Thailand more than triple since 2013, to 2.8 GW in 2016.   

Today nuclear power does not feature in ASEAN’s energy mix, 

though a number of countries are considering it as an option. Thailand 

includes 2 GW of nuclear power capacity by 2036 in its national power 

development plan. Vietnam also makes provision for its introduction by 

2030 in its power development plan (though the plan is currently 

suspended). Malaysia and Indonesia recognize nuclear power as an 

energy option in their national plans, though there is no quantitative 

target or specific plan to introduce it. Malaysia, Thailand, Indonesia, 

Philippines, and Vietnam have been engaged in nuclear power capacity-

building activities such as raising public awareness and ensuring safety 

in cooperation with the International Atomic Energy Agency (IEA, 2017). 

Countries across ASEAN, including Malaysia, Indonesia, 

Thailand, and Vietnam, have taken steps to increase private sector 

participation in the power sector, including by facilitating entry of 

independent power producers (IPPs), with the use of power purchasing 
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agreements. This is a departure from the long-held model of 

concentrating on large national power companies. Use of power 

generation from IPPs complements that from state-owned power 

generation companies and contributes to enhancing the reliability of 

electricity supply, which is one of the key elements to attract industries 

and foster economic development. In 2016 in Thailand, for example, 

IPPs account for around 36% of electricity generation capacity (EPPO, 

2016). In addition, small power producers (SPPs), which are distributed 

power generators using renewables or cogeneration technologies, 

certified by the government of Thailand, can sell the electricity directly 

to industrial customers and play a significant role in boosting the 

reliability of supply. 

2.3 Production and Trade 

ASEAN’s energy resources are varied and abundant (Figure 4). 

The region is a significant net energy exporter; coal, natural gas, and 

bioenergy (mainly biofuels) exports more than offset net imports of oil 

in energy-equivalent terms. The region’s energy resources are unevenly 

distributed, with Indonesia and Malaysia accounting for the majority of 

the hydrocarbon resource base and production. Moreover, the resources 
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are often located far from demand centers or separated from them by 

bodies of water. Despite ASEAN being a net energy exporter, many of 

Figure 4. Total energy production in ASEAN by source 

  

Sources: (IEA, 2017) 

individual countries import increasing amounts of oil, natural gas, coal, 

and electricity from within and/or outside the region. 

2.3.1. Oil 

ASEAN’s oil production has fallen from 2.9 million barrels per 

day (mb/d) in 2003 to 2.5 mb/d in 2016 (IEA, 2017). This trend is due to 

Indonesia, the region’s largest producer, where production has fallen by 

almost 40% since 2000, as investment lagged behind what is needed to 

stem declines from existing fields. Although Indonesian production 

trended higher in 2016 (increasing to around 880 thousand barrels per 
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day (kb/d), the first year-on-year increase in six years) due to new output 

from the Banyu Urip field, in general the country is a mature oil producer 

where it is proving difficult to discover and develop resources, especially 

in today’s lower price environment. Proven reserves in Indonesia, i.e. the 

amount of oil that is discovered and ready to produce, has also fallen, 

from 5.1 billion barrels in 2001 to 3.3 billion barrels by end-2016. The 

decline in output in Indonesia, coupled with a strong increase in demand, 

means that it has been a net importer of oil since 2004, with net imports 

of around 700 kb/d in 2016. 

Malaysia, ASEAN’s second-largest oil producer (and the only 

country in the region apart from Brunei Darussalam that remains a net 

oil exporter) has successfully maintained output at around 700 kb/d over 

the period since 2000. It has been less successful, however, at booking 

new reserves, which have fallen by 20% since 2000, to 3.6 billion barrels 

by end 2016 (implying reserves to production ratio of a little over 14 

years). Oil production in Thailand grew more than in any other country 

in the region since 2000, by around 270 kb/d, but this was not enough to 

offset increased demand. Overall, ASEAN’s net import requirement 

increased five-fold between 2000 and 2015, to 3.5 mb/d (IEA, 2017).   
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While ASEAN is a mature oil-producing region, there is still 

potential to boost output, as there remain relatively unexplored areas that 

are thought to hold significant resources, particularly in deep-water. 

However, in some parts of the region, efforts to increase production are 

constrained by challenging legal and resource ownership issues, 

infrastructure constraints and the difficulties caused by the sector-wide 

decrease in capital expenditure in the current market conditions. 

ASEAN has gone from being self-sufficient in oil products in 

2000 to be a net importer of 1.3 mb/d in 2016 (including bunker fuel). 

This is the result of a combination of strong demand growth of 2.4 mb/d, 

coupled with only a modest increase in refinery capacity of 0.2 mb/d. Oil 

product demand stood at 6 mb/d in 2016, increasing more than 60% since 

2000, primarily on increasing demand for gasoline. Many projects have 

been proposed to expand the region’s refining capacity from the current 

level of 4.8 mb/d, but a range of investment bottlenecks mean that few 

have led to a final investment decision (IEA, 2017).   

Lagging capacity additions is not the only challenge that 

ASEAN’s refining sector faces. Globally, there is a trend towards more 

stringent fuel quality specifications, especially regarding sulfur content. 
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However, most existing oil refineries in ASEAN has relatively limited 

upgrading and desulfurization capacity. The desulfurization capacity of 

the region’s refining capacity relative to its primary distillation capacity 

is currently around 40%, lower than the global average of 51%. The 

upgrading capacity ratio is also low, at around 29%, well below the 

global average of 49% (IEA, 2017). While diesel and gasoline sulfur 

standards are relatively lax compared with other parts of the world, some 

countries in ASEAN are tightening their standards. Singapore, for 

example, adopted the Euro V-equivalent diesel specifications in 2014, 

which requires sulfur content of below 10 parts per million (ppm) and 

Malaysia plans to adopt Euro V standard by 2020. 

2.3.2. Natural Gas  

Indonesia and Malaysia are ASEAN’s mains players in natural 

gas, accounting for around 70% of the region’s 8.1 trillion cubic meters 

(tcm) of proven reserves and two-thirds of its 220 billion cubic meters 

(bcm) of production in 2016. Both countries are also major exporters of 

gas, primarily in the form of liquefied natural gas (LNG), along with two 

other, smaller gas exporters, Myanmar and Brunei Darussalam.  

Thailand and Singapore are the region’s main gas importers, with 
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imports of 16 bcm and 12 bcm respectively in 2016. The Philippines and 

Vietnam are currently self-sufficient in gas, but they will soon start 

importing LNG as their demand increases at a quicker pace than 

domestic production. The Philippines has plans for a regasification 

facility that it expects to complete by 2020, and Vietnam has two in 

advanced planning stages with first gas scheduled to be received around 

2020. Singapore is also expanding its existing LNG importing facility 

and is seeking to become a major LNG trading hub (as are Shanghai and 

Tokyo). Singapore’s relatively small import needs raise questions about 

how quickly the hub would reach sufficient liquidity to operate 

efficiently, but it is nonetheless well placed to bring Asian LNG buyers 

and sellers together and has taken a major step forward with the creation 

of an LNG price index.  

The increasing development of LNG regasification terminals in 

ASEAN is linked to the limited intra-regional pipeline infrastructure and 

a desire for flexibility in gas procurement. Although there are ambitious 

plans to develop an ASEAN natural gas grid, current pipeline 

connections are quite limited: gas trade by pipeline in the broader region 

consists of Indonesia and Malaysia exporting gas to Singapore, and 
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Myanmar exporting gas to Thailand and China. 

ASEAN’s gas market development has been held back by lack of 

infrastructure, slow progress in market reform and sluggish production 

growth. Myanmar is a case in point: despite a relative abundance of gas 

resources, delays in ramping up production, together with long-term 

contracts that require it to sell the vast majority of its output to China and 

Thailand (the contracts expire around 2030), has left the domestic market 

short of gas. Domestic consumers have turned to more-costly fuel oil 

according to the World Bank, (World Bank, 2015) more than 75% of 

companies in Myanmar own a generator or more polluting coal (over 5 

GW of coal-fired power plant are being planned) to meet their energy 

needs. There was a program to convert gasoline vehicles to use natural 

gas (in Yangon and Mandalay), but a shortage of natural gas effectively 

stalled the initiative. Most of the country’s offshore shelf is completely 

unexplored (with only 3 out of 17 identified basins thoroughly explored) 

and only 3 of its 14 onshore basins have been explored. Furthermore, a 

lack of comprehensive and accessible geological data increases 

investment risk and limits investor interest.   

Indonesia faces a similar set of problems. Reform of wholesale 
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natural gas pricing and gas allocation mechanisms, including the long-

term goal of moving the market towards netback parity with LNG export 

prices, would help to provide reliable pricing signals for investment, as 

well as supporting the more efficient use of gas. Reform of the regulatory 

framework, which is viewed as complicated and unclear, could also 

stimulate investment in the country’s conventional and sizeable 

unconventional gas resources, notably coalbed methane. The investment 

climate would also benefit from an expansion of infrastructure to connect 

demand centers (especially Java and Sumatra) and the geographically 

dispersed gas production regions. Pipelines, floating storage 

regasification units for LNG, and even small-scale LNG supply for 

smaller demand centers on outer islands (e.g. to displace costly and 

polluting diesel generators) could all be part of the solution. The gas 

transmission sector currently suffers from a number of problems: a lack 

of integrated long-term planning; extensive lead times for infrastructure 

planning, construction and commission; a lack of coordination between 

different stakeholders; and physical bottlenecks. 

The examples of Myanmar and Indonesia highlight that a 

coordinated set of policy decisions to develop or expand infrastructure 
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and foster gas production growth would be vital for natural gas to make 

further inroads in ASEAN’s energy system. This would include better 

interconnections of the various gas markets through pipeline links or via 

LNG trade and cooperation on energy security issues. The planned 

Transportation ASEAN Gas Pipeline project (TAGP) and the 

establishment of Singapore as a gas hub would be notable steps in this 

direction.   

2.3.3. Coal  

Coal is the most abundant fossil fuel in ASEAN, with around 31 

billion tons of reserves as of end-2015. Commensurate with its resources, 

the region is also a large producer and mined around 400 million tons of 

coal equivalent (Mtce) in 2016. Indonesia is by far the biggest coal 

producer in the region and the only net exporter. In 2016, Indonesia 

produced 350 Mtce, of which 290 Mtce was exported, making it one of 

the world’s largest exporters of steam coal. Indonesian coal production 

is concentrated on the island of Kalimantan with some production also 

taking place in Sumatra. Costs of coal production vary in Indonesia. 

Companies with access to low-cost coal (typically shallow seams and 

access to inland transport via a system of navigable rivers) have very 
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competitive costs whereas smaller producers increasingly have 

difficulties to make ends meet. 

Boom years for Indonesia’s coal industry between 2003 and 2013, 

saw export growth rates of over 15% per year. Yet overcapacity in the 

international coal market has hit Indonesia hard. While rivals like 

Australia, Russia, and South Africa have benefitted from a devaluation 

of their local currencies against the US dollar, this effect did not help 

Indonesian coal companies as the vast majority of their costs (fuel, 

explosives, machinery, etc.) are incurred in US dollars. This has 

significantly weakened their competitive position vis-à-vis, other 

exporters. Moreover, with coal readily available on the international 

market, producers of low-quality coal, as is the case in Indonesia, see 

demand weakening as consumers can easily procure coal with higher 

energy content. The cost advantage of Indonesian coal, compared to 

Australian coal, has diminished over the last couple of years. Many 

smaller, high-cost producers had to leave the market as they were 

running at a loss (or were shut down as Indonesian authorities moved to 

curtail illegal mining activity). Yet, idled Indonesian coal mines are 

simple truck-and-shovel operations that can quickly be brought back 
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online if prices are favorable. Indonesia thus has become kind of a swing-

supplier in the international market. 

Vietnam is the second-largest coal producer in ASEAN, with the 

output of some 30 Mtce in 2016. Most of its production is anthracite (a 

type of high-rank coal) which, in the case of Vietnam, has relatively high 

ash content, is not easily substituted and often requires a specific boiler 

configuration for use in coal-fired power plants. The state-owned mining 

company, Vinacomin, is responsible for nearly all the production and is 

one of the largest employers in the country (some 120 000 people are 

estimated to work in Vietnam’s coal industry). Despite significant coal 

reserves of 3 400 million tones, Vietnam’s coal production has stayed 

relatively flat over the last ten years and with stagnating production and 

soaring domestic demand, its exports have been declining. In 2006, 

Vietnam exported three-quarters of its output (mostly to China), but 

exports have been dropping steeply and 2015 marked the switch from it 

being a net exporter to a net importer of coal.  

There are coal mining operations in several other countries in the 

region. Malaysia has a handful of mines in Sarawak on the island of 

Borneo that together produced just over 2 Mtce in 2016. Thailand’s 
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current production of nearly 6 Mtce of lignite from the Lampang 

province in the north is used for power generation near the mines (the 

high sulfur content of the coal has, in the past, led to significant air 

pollution problems but now the plants are equipped with control 

technology). The Philippines produced more than 8 Mtce of mostly sub-

bituminous coal in 2016 for domestic use and export, with most of it 

produced in a large open cast mine on Semirara Island. 

2.3.4. Renewable Energy         

Renewable energy sources are abundant in ASEAN and remain 

an important and, in some regions, a dominant source of energy supply. 

The technical potential is large for bioenergy (from feedstock such as 

agricultural and forestry crops and residues, and animal and municipal 

solid waste). Hydro already plays an important role in the power supply, 

generating 14% of the region’s electricity in 2016. Considerable 

untapped potential remains to expand hydro facilities (particularly in the 

Greater Mekong sub-region, namely Cambodia, Lao PDR, Myanmar, 

Thailand and Vietnam), although increasing environmental and social 

challenges are making them more difficult to develop. China is actively 

investing in the development of hydropower projects in ASEAN, 
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particularly in Cambodia, Lao PDR and Myanmar. Geothermal resources 

have been tapped and produced 2% of the region’s electricity in 2016, 

with Indonesia and Philippines being in the top-three in the world in 

terms of installed capacity. Yet the region’s geothermal resources are 

undeveloped relative to its potential. Wind and solar PV remain small in 

terms of overall generation, although their deployment is growing. 

Thailand, in particular, is rapidly installing solar PV capacity, driven by 

supportive policies. Solar PV has the potential to play a unique role in 

bringing electricity access to a portion of the 65 million people in the 

region whom lack access. For instance, solar PV used in an off-grid or 

diesel-hybrid system can bypass the need to make costly investments to 

connect remote regions and small islands to existing transmission or to 

build new networks. 

ASEAN accounts for a vast majority of the world’s palm oil 

production and this industry is supported by biofuel mandates in several 

countries. Indonesia, the world’s largest producer of palm oil, increased 

its mandate in 2015 to require a 20% biodiesel (produced from palm oil) 

blend for transport and a 30% mandate for diesel used in power 

generation. Malaysia recently announced plans to raise its “B7” mandate 
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for blending 7% palm methyl ester for transport to 10%. 

2.4 Factors Affecting Energy Development in ASEAN 

2.4.1 Economics and Demographics 

Collectively the ASEAN nations economies have grown by more 

than 125% since 2000, to reach $7.4 trillion in 2016 (year-2016 dollars 

in purchasing power parity terms), making it one of the fastest growing 

regions in the world over the period.  

Figure 5.  Average economic growth rate and per-capita income levels 

in ASEAN countries, 2000-2015  

 

Sources: (IEA, 2017) 

Within the group, the rates of growth and the overall size of the 

economies vary greatly, with per-capita income levels in the four poorest 
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(Myanmar, Cambodia, Lao PDR and Vietnam) standing at just one-fifth 

the regional average. However, over the last 15 years, these countries 

have grown at a significantly faster rate than their peers, signaling a 

modest convergence between ASEAN members (Figure 5).  

A number of factors have contributed to this period of high, 

sustained growth. ASEAN saw one the largest improvements of any 

region in total factor productivity between 2000 and 2015 (2% per year), 

thanks in part to a general reorientation of economies from agriculture, 

towards higher value manufacturing and services. This reorientation has 

been facilitated by a steep increase in foreign direct investment, which 

rose from around $21 billion in 2000 to over $120 billion in 2015 (in 

current terms), making the region the fourth-largest recipient of FDI in 

the world. In several countries, political and economic reform has been 

the key enabler for growth, not least in Myanmar, which in 2011 began 

a transition from military rule to civilian government, paving the way for 

an almost three-fold increase in FDI the next year.   

The single largest source of foreign investment in the region was 

other ASEAN members, making up almost one-fifth of the total, pointing 

to the importance of increased economic integration (ASEAN, 2016). 
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The relationship between the region’s countries is also fundamental for 

trade, with exports rising more than three-fold since 2000, intra-ASEAN 

trade totaled around $540 billion in 2015, making trade between 

countries within the region more important than with any other external 

partner. Trade with China ($346 billion) has been rising steadily for over 

two decades, but particularly since 2005, when the ASEAN-China Free 

Trade Area agreement came into effect for the trade of goods. Major 

trading partners include Japan ($238 billion); Europe ($228 billion); 

United States ($212 billion) and Korea ($122 billion), while trade with 

India ($59 billion) is increasingly important.   

Taking into consideration other capital flows, mostly concerning 

aid and concessional loans, China is at some distance the region’s most 

important partner. Following a pledge of $20 billion in loans to the region 

for infrastructure development in 2014, China offered $11.5 billion in 

loans and credit to Myanmar, Lao PDR, Thailand, Cambodia, and 

Vietnam in 2016. It has also increasingly pursued a bilateral trade, 

investment and aid relationships with these countries. Similarly, Japan 

and Korea play a significant role in financing development in the region, 

with Japan in 2016 extending a 100 billion yen (nearly $1 billion) 
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infrastructure loan to Myanmar and Korea in 2017 pledging a $420 

million development loan to Cambodia to finance roads and other key 

infrastructure projects. Multilateral financing from a range of institutions 

plays a vital and growing role in energy infrastructure across the region.   

The region’s demographic trends have also been integral to its 

economic growth. The working-age population has expanded from 63% 

on average in 2000, to around 67% in 2015, a slightly larger proportion 

than the world average at 66%. Furthermore, the movement of people to 

cities (the urbanization rate increased from 38% to 48% over the same 

period) has translated into a gradual diversion of labor from low value-

added agriculture towards manufacturing and services; the share of 

agriculture in GDP has fallen by 3.2% points between 2000 and 2016.   

2.4.2 Energy Pricing and Fossil-Fuel Subsidies 

Fossil-fuel subsidies are prevalent in many parts of the world, 

including in ASEAN. Six countries are Brunei Darussalam, Indonesia, 

Malaysia, Myanmar, Thailand, and Vietnam; subsidize the use of fossil 

fuels and electricity prices. Efforts to phase out subsidies in the region 

date back decades. These received a boost by the decline in oil prices 

since mid-2014, with Indonesia, Thailand, and Malaysia taking the 
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opportunity of lower international prices to accelerate reforms. IEA 

analysis estimates fossil-fuel subsidies in ASEAN at around $17 billion 

in 2015, a fall of 57% since 2014 (IEA, 2017). Around half of the total 

stems from electricity ($9 billion) and almost all of the rest from oil ($8 

billion). Reflecting policy efforts to reduce subsidies in the transport 

sector, fossil-fuel subsidies in ASEAN are now concentrated in the 

residential sector, which accounted for more than half of the total in 2015 

(Figure 6). Among fuels used in the residential sector, subsidies for LPG 

and electricity dominate.   

Fossil-fuel consumption subsidies artificially lower end-user 

prices to below international market levels and lower consumer 

electricity prices to below the full cost of supply by subsidizing the prices 

of fossil fuels used to generate power. The rationale for providing fossil-

fuel subsidies has typically been linked to various social and economic 

objectives, for example, to reduce energy poverty, ensure energy access 

and redistribute national wealth stemming from the exploitation of 

natural resources. In practice, however, subsidies, if not efficiently 

targeted, often disproportionally benefit wealthier segments of society, 

who consume more of the subsidized products. They also deprive states 
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of valuable revenue that is often needed for infrastructure investment. 

Fossil-fuel subsidies often encourage wasteful use of energy and 

discourage investment in energy efficiency and low-carbon technologies 

thereby increasing energy-related carbon-dioxide (CO2) emissions. 

Artificially low electricity prices can also discourage private investment 

in the power sector, as they hamper the ability of private investors to 

recoup their investment cost and make necessary returns.   

Figure 6. Fossil-fuel subsidies in ASEAN  

 

Sources: (IEA, 2017) 

2.4.3 Social and Environmental Aspects 

ASEAN is particularly vulnerable to climatic impacts, with 

extreme weather events, high temperatures and extreme precipitation 

patterns posing a range of risks to energy infrastructure, supply and 

demand. Climate change is expected to exacerbate these threats.  
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Increasing water stress caused by changing hydrological patterns 

have direct repercussions for hydropower generation, which makes up 

important shares of electricity generation, notably those in the Lower 

Mekong Basin region (Lao PDR, Myanmar, Vietnam, Cambodia, and 

Thailand). The 2016 drought in the Mekong Delta, which along with 

climate change was attributed to the El Niño phenomenon and increased 

dam construction upstream, resulted in the lowest water levels in 

Vietnam in almost a century and negatively affected hydropower 

production across the region. Thermal power generation, particular coal, 

is also highly dependent on the availability of water for steam cooling. 

Rising water constraints can increase cooling costs for power plants and 

may require the adoption of alternative cooling technologies or improved 

water management practices.  

Certain ASEAN countries face acute risks from rising frequency 

and magnitude of extreme weather events, which can cause extensive 

damage to infrastructure and disrupt energy supply that fuels essential 

services across the economy. A notable case was Typhoon Haiyan in 

2013, which in the Philippines caused widespread power loss, damage to 

electricity grids and other energy infrastructure, and an oil spill. 
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Infrastructure located near coastlines and rivers, such as oil refineries, 

tanker ports, and LNG terminals, as well as pipelines face compounded 

risks from sea level rise and increased flood risk. Sea level rise is 

projected to be 10-15% greater in ASEAN compared to the global 

average, increasing over 1 meter from current levels in certain cities by 

the end of the century.  

Rising temperatures reduce the efficiency of electricity 

transmission and distribution lines, as well as that of thermal processes 

in power plants. Projected warmer temperatures, including more 

frequent and intense heat waves, will increase cooling and energy 

demand during the summer months. The 2016 heat wave in Thailand 

broke national energy consumption records and prompted the Electricity 

Generating Authority of Thailand (EGAT), the national power utility, to 

call for curbs in consumption.  

Increasing resilience to such impacts requires a range of 

organizational, policy and financial measures to be taken. These include 

improving the quality and availability of downscaled climate data, 

increased organizational capacity for risk assessment and emergency 

preparedness and response, strengthened technical standards for 
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infrastructure, and a supportive framework for financing both asset 

preparedness as well as post-disruption recovery. The projected increases 

in energy and infrastructure investments in ASEAN create a unique 

opportunity to build resilience into the energy system while ensuring it 

meets other objectives such as energy access, energy security, and 

decarburization. 

2.4.4 Investment in ASEAN 

Investment in energy supply in ASEAN has averaged around $50 

billion per year since 2000. Investment in oil and gas made up around 

more than half of the total but was still insufficient to reverse a decline 

in oil output or to replenish oil production with new reserves through 

exploration; remaining technically recoverable resources have fallen by 

more than 15% since 2000. Investment in the natural gas sector has seen 

the region’s gas production increase by around 40% since 2000. Two-

thirds of the total coal supply investment since 2000 was in Indonesia, 

which accounted for $1.4 billion of the $2.2 billion per year spent over 

the period. This represents a five-fold increase in investments over the 

average of the 1990s, enabling a commensurate increase in production.   

Around $365 billion in investment has been made in the power 
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sector across ASEAN since 2000, a little over half ($195 billion) of 

which went towards grid expansion and improvement. While the region 

saw the third-highest investment in coal-fired generation over the period 

(after China and India), it invested more in renewables since 2000 than 

in coal, with the $69 billion in renewables investment making it the 

single largest tranche of investment in generation across the region 

(compared with $66 billion for coal and $35 billion for gas).   

Both the private and public sectors have a played prominent role 

in meeting ASEAN’s investment needs. Large international oil 

companies are active across the region, including in Myanmar, Malaysia, 

Thailand, Indonesia and Brunei Darussalam. A growing amount of 

investment has come from publicly owned energy companies making 

investments offshore. One example is Ratchaburi Electricity and PPT 

(Thailand), which made a joint investment of $400 million in an LNG 

terminal in Myanmar in 2015. Another is the CH. Karnchang Public 

Company’s agreement with Lao PDR for the development of the Xayburi 

hydroelectric project, which is underpinned by a power purchase 

agreement with the Electricity Generating Authority of Thailand.  
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Figure 7. Energy supply investment by type in ASEAN   

 

Sources: (IEA, 2017) 

2.5 Energy Efficiency in ASEAN 

Energy efficiency is a key element for cleaner transition and 

security. The transition associated with the Sustainable Development 

Scenario indicates that a considerable amount of energy savings potential 

remains even compared to the gains achieved in the New Policies 

Scenario. Total final energy consumption in the Sustainable 

Development Scenario is around 20% lower, although the same 

economic and population growth assumptions are applied in both 

scenarios. ASEAN states have made efforts to improve efficiency in end-

use sectors through measures such as labeling programs and incentives 

to purchase efficient vehicles. Such initiatives have been pursued to 

varying degrees: energy efficiency strategies are completely lacking in 
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several countries, while others have introduced energy efficiency 

labeling for only a very limited number of products. The share of energy 

consumption in end-use sectors covered by efficiency measures in 

ASEAN is lower than the global average. On the other hand, awareness 

of the value of efficiency gains, from consumer and from policy-maker 

perspectives, has been increasing. Many countries recent realize the 

potential for efficiency to reduce subsidy burdens on budgets and to 

relieve strains on the energy system in general including environmental 

and energy security concerns. This becomes increasingly important in 

this perspective as declining oil production and rising demand heightens 

policy-makers’ concerns of the challenges associated with increasing 

import dependency, increased energy import bills and increased capital 

requirements to invest in energy supply. Efficiency measures also offer 

benefits in alleviating some air pollution issues, which are affecting the 

quality of life in urban areas across the region. In the Sustainable 

Development Scenario, the switch from traditional biomass to liquefied 

petroleum gas (LPG), natural gas and electricity in households to achieve 

universal electricity access by future increases energy service demand 

relative to the New Policies Scenario, but efficiency measures such as 
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mandatory labelling systems for a broad range of appliances more than 

offset the demand increase, together with the savings from the fuel 

switching. In the transport sector, electric vehicles are more widely 

purchased, leading to some energy savings, but broader adoption of 

efficiency measures such as fuel economy standards adopted across the 

region also play a role in saving energy. In industry, bioenergy use rises 

marginally, which leads to a slight increase in energy consumption, but 

efficiency measures such as energy management systems and audits 

bring about substantial savings relative to the New Policies Scenario. 

The net impact of increased efficiency in the Sustainable Development 

Scenario vis-à-vis the New Policies Scenario is a 14% decrease in overall 

energy consumption. All end-use sectors contribute, though the 

industrial sector accounts for about half of the efficiency gains. 
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Chapter 3. Literature Review 

3.1 Energy Efficiency  

There are several previous researchers have measured on energy 

efficiency in the difference of country, region with different time period 

by applying the different methodology economic. However, there are 

different kind of factor or sector influence on energy efficiency.  

For this paper (Schipper, Howarth, & Carlassare, 1992) has 

investigated on energy efficiency in Norway, they found that energy 

efficiency has not improved as much in Norway as in the other OECD 

countries electricity has been inexpensive and Norway is a net oil 

exporter. So that the energy-use increases while other nations responded 

by reducing energy utilization. They suggest that if changes in energy 

policy were put into place to increase the price of electricity in Norway, 

the energy efficiency of the economy could improve dramatically in the 

future. 

According to this paper (Hang & Tu, 2007) studied about the 

impacts of energy prices on energy intensity in China. They found that 

the higher energy price elasticity has negative to energy intensity. The 

recommend that although raising energy prices to boost the efficiency of 
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energy use seems to be an effective policy tool, other policy implications 

concerned with energy prices, such as energy supply security and fuel 

poverty, must also be considered. 

However, this study (Filipović, Verbič, & Radovanović, 2015) 

analysis the energy intensity in EU-28 members from period 1990-2012. 

They found that energy price, energy tax, and GDP have the negative 

influence on energy intensity. Indicating that the level and structure of 

this determinant should be considered and used as a valuable energy 

policy tool for improving energy efficiency. 

This paper (Parker & Liddle, 2016) examined the role prices on 

energy efficiency in the OECD manufacturing sector between 1980-2009. 

The finding that the technological efficiency effect is the major driver for 

the observed reduction in energy intensity. Further, the second stage 

results indicate that rising price improves efficiency, importantly, these 

effects vary across countries. 

For the research (Verbič, Filipović, & Radovanović, 2017), the 

electricity prices should be considered as a potential energy policy tool 

for improving energy efficiency by reducing energy intensity. The results 

also suggest that energy intensity in Europe was favorably affected by 
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the restructuring of industrial companies in transitional economies, the 

implementation of national programs for improvement of energy 

efficiency. 

The recent paper (Barkhordari & Fattahi, 2017), results indicate 

that there is a long run relationship between energy prices and energy 

intensity. In addition, technology change is found to have a constructive 

impact on energy intensity in Iran's industry. I suggest that Iranian 

government might consider the diffusion of low energy-intensive 

technology options before reforming energy prices. 

Therefore, energy intensity of each country or each sector has 

been measured by the energy efficiency. In this case, to examine energy 

efficiency I need to focus on input and output of each sector or country. 

For input is represented on the capital, labor, and energy consumption 

that the company or country input to make business which generates 

output. For the output is focused on the productivity or total value added 

or gross domestic products of economic activity. Therefore, the energy 

efficiency means the way to reduce energy consumption by does not 

decrease economic activities or improvement of productivity. On the 

other hand, the way to measure the energy efficiency of each nation 
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should follow the formula below: 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝐸𝐼) =
𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐺𝑟𝑜𝑠𝑠 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠
  …....Eq. (1) 

For the study, I would like to mention on the energy intensity in 

ASEAN countries. However, in order to better measure of energy 

intensity of those countries I have categorized the energy consumption 

into four groups are Agriculture sector, Manufacture sector, Residential 

sector, and Transportation sector. I am also classified Gross Domestic 

Products within four groups the same with energy consumption. So that, 

in this paper has used data of sector energy consumption per capita that 

classified by International Energy Agency (IEA) and sector Gross 

Domestic Products of ASEAN nations that classified by Asian 

Development Bank (ADB) from 2006-2015.         

3.1.1 Agriculture 

In the agricultural sector, the objective is to help farmers to 

improve energy efficiency by implement energy-saving technology on 

agricultural production. According to this report (WSDA, 2017), they 

have mentioned that energy has consumed in the agricultural production 

of all indirect inputs such as in the motor system (especially irrigation 

pumping) transportation, lighting end uses, tillage farm vehicle. The 
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energy efficiency improves in the agricultural sector; it means a decrease 

of primary energy consumption for the production of a unit of agriculture 

product into the farm boundary. Moreover, the improving energy 

efficiency mostly considers on efficiency irrigation pumps (variable 

speed pump motors) and farm vehicles (can be found in tillage systems 

and tractor fuel efficiency) and also will benefit to reduce greenhouse 

gas emission. However, the energy price rise against to use of fossil fuel 

and improvement environment hazards that are more energy-efficient in 

the agricultural sector is becoming more and more prominent. It will also 

be increasing the demand by food-chain partners, society, and also a 

necessity in view of competitiveness (Golaszewski et al., 2012). 

Therefore, the perspective of improving the energy efficiency in the 

agricultural sector is reflected changes government policies, 

development technologies, weather patterns, and farming management 

practices. 

According to previous research paper focus on China’s 

agriculture sector (Fei & Lin, 2016), they have employed the method of 

meta-frontier DEA to measure energy efficiency in the agricultural sector. 

They found that the energy efficiency is quite low and has the 
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characteristic regional different of China with the two contributors of 

inefficiency are from management and technology gap as technical. 

Therefore, authors suggest in order to improve productivity should be 

considered to promote advanced technology innovation and managerial 

efficiency, which is well importance to conservation and sustainable 

development on the agricultural sector in China. 

3.1.2 Manufacture 

Potential energy efficiency in the manufactural sector is focus on 

the capturing through policies for promoting use and optimization of 

energy-efficient industrial equipment and systems, and improving 

overall efficiency through energy management (IEA, 2011) which is 

including measure on the procedure of manufacture, control on the loss 

of energy due to equipment inefficiency and mechanical and thermal 

limitation. The optimizing efficiency of this system can result in 

important energy, cost-saving and reducing CO2 emission. The 

understanding how the energy used and wasted or energy consumption 

and loss footprints could help pinpoint the place to improve energy 

efficiency.  

When looking at this paper (Salonitis & Ball, 2013), they 
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mentioned that energy efficiency is a key pilot of sustainable. According 

to the growing the energy efficiency and protection environmental in the 

manufacturing system, nowadays I consider the productivity, cost-

effective, and flexibility. They have focused on the energy efficiency 

approaches into the level of machine tool and production that how both 

of this could be integrated together. Therefore, the main challenge of 

energy efficiency in the manufactural sector is discussed on the main 

barriers on the principle point of view and technology development in 

the manufacturing sector.           

In addition, an investment in the new technology is the great ways 

plus development in the procedure of manufacturing has led to increase 

energy efficiency (Osselaer, 2013). In the real example of Republic of 

Korea, I saw one manufacture when visited in 2016 is SeAH Steel Group 

that is the large steel company that produces the huge amount of steel 

products. At their manufacture, they have a slogan which wrote on the 

street-crossed billboard that “Resources Limited, Creating Unlimited” it 

means that the manufacturing in the Republic in Korea focus on the 

usage the resources (including raw material and energy sources) more 

effective and especially, they never get enough creating, innovation, and 
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R&D technologies. Therefore, it is the significant idea that the Republic 

of Korea expenditure (both private and public sector) more and more 

money to support innovation and R&D technology. Hence, it may be the 

one reason that the Republic of Korea become the leader in technology 

and the best innovation in the world. Based on these, energy efficiency 

is the one important part that manufactures in the Republic of Korea 

desired to get high-efficiency and high-quality. 

3.1.3 Residential 

In the residential sector, the energy efficiency is throughout on 

heating, ventilation, and air conditioning (HVAC) system and lighting 

system (Earle, Sparn, Rutter, & Briggs, 2014). There are several papers 

have view on the policies target at the residential building energy 

efficiency at China (Xiaoqi Xu, Laura Diaz Anadon, & Henry Lee, 2016), 

they have examined the policy effect to reduce energy consumption or 

catalyze to improve energy efficiency in the residential building. With 

this objective, they attempt to fill this gap by systematically quantifying 

including the additional energy savings that could be realized by 

strengthening these policies, the energy savings catalyzed by existing 

policy instruments, and the relative advantages of each policy. They 
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found with the difference benefit of each instrument, but collectively 

they are able to exert a significant impact on China’s future building 

energy outlook. For current policy has reduced around 9.7%-14.6% over 

the next ten years and an enhancement of them might reduce energy use 

by 15.8%-24.9%.  

For another researcher, they have studied on building energy 

efficiency in Brazil focus on the residential labeling scheme (Fossati, 

Scalco, Linczuk, & Lamberts, 2016), they have mentioned one 

alternative to reduce building energy consumption is established the 

standards for evaluation and classified the buildings in terms of energy 

performances such as energy efficiency codes for residential and labeling 

program (energy efficiency of appliances). The last, they suggest 

establishing energy efficiency law on the labeling for residential building. 

When looking at the paper that studied on energy efficiency in 

the residential building in the Knoxville, Tennessee in the United States 

(Mardookhy, Sawhney, Ji, Zhu, & Zhou, 2014), the authors have 

indicated the energy efficiency is the significant aspect in the residential 

building both during design and operation. In the residential building 

used energy consumption amount 8% of the electricity and 3.5% of the 
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natural gas consumption in the US. They used energy consumption 

almost for heating, ventilation, and air conditioning (HVAC) system and 

lighting system. And approximately 52-72% of the average energy 

consumed for keep buildings at comfortable temperatures, provide hot 

water and circulate fresh air indoors. However, most of the energy 

consumption is generated by coal and gas-fired that reason worse to the 

environment. Therefore, the development of advanced technologies and 

strict energy policy are significant. Hence, they have analyzed on energy 

efficiency metrics into three dimensions are energy efficient equipment, 

sustainable physical infrastructure, and energy efficient behavior. They 

have expressed results that the residential building system with a strategy 

for conversion to cleaner energy sources by identifying opportunities in 

each of the three primary dimensions.  

3.1.4 Transportation  

The transport sector remains one of the most challenging areas 

for improving energy efficiency. In order to measure energy efficiency 

in the transport sector, I would indicate on reducing the number of miles 

(distance) vehicles traveled decreases, fossil fuel use in transportation 

and reduces vehicles emission (Moriarty & Honnery, 2012). If review on 
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the paper in the case study for transportation sector energy efficiency in 

China (Cui & Li, 2014), they classified input is capital, labor, and energy; 

for output is represented on the passenger volume in the period 2003-

2012. They analyzed these data by using three-stage virtual frontier Data 

Envelopment Analysis. The finding that transportation energy efficiency 

is influence from transport structure and management measures have 

significant. 

When I look at the energy efficiency in the transportation sector 

in the United States, it has special attention on energy security and 

environment because almost solely depend on single fuel “petroleum” 

with 60% imported and 30% of U.S. emissions of greenhouse gas. 

Therefore, they described on the opportunities for energy efficiency and 

the technologies (consider on technology to improve energy efficiency 

based on recently R&D) that could capitalize on the fuel efficiency, fuel 

economy, and fuel consumption. their finding that potential saving 

energy is increased efficiency liquid fuels, improve both vehicle 

efficiency freight system logistics and infrastructure (LAVE, 2010).  

According to the report about transport energy efficiency 

published by IEA recommendation (IEA, 2010), they gave four 
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recommendations on energy efficiency in transportation sector as 

following: improving vehicle technology leading to increased vehicle 

energy efficiency; changing driver behavior to use less fuel per mile 

driven; reducing the distances travelled per vehicle; and shifting travel 

to the most sustainable modes of transport.  

3.2 Impacts of Controlling Variables  

According to this paper (Elliott, Sun, & Chen, 2013) investigate 

the linkage between energy efficiency and FDI in 206 of the largest 

prefecture-level cities of Chinese 2005-2008 period. By using co-

integration test (Hausman test). The results showed that FDI has a 

positive effect on energy efficiency in China. They suggest that the 

benefits of FDI effect to energy efficiency are interested in regional 

policy-makers who are striving to develop the central provinces in the 

West as part of the Twelfth-Five Year Plan. It is important to link energy 

policies and policies to attract new foreign investment.   

This paper (Jiang, Folmer, & Ji, 2014) estimated the drivers of 

energy intensity by means of a Spatial Durbin Error Model using panel 

data from 2003-2011. The results showed that FDI is the negative effect 

on the energy intensity so that FDI drives energy intensity down. It 
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means that advanced technology or better managerial practices spread 

around thereby creating technology spillover. These are the principle 

policy implication that greater absorption of FDI might be encouraged 

as a channel of transfer advanced technology. They suggest to policy-

makers to improve sustainable energy resources and environment. China 

should continue reducing energy intensity by further developing modern 

industrial systems to counterbalance the negative effects of its economic 

growth and energy consumption. For that purpose, market mechanisms 

can be readily applied, particularly energy prices that adequately reflect 

energy scarcity and external effects. 

For other research paper (Doytch, 2016), they have investigated 

energy demand effect from the foreign direct investment. They have 

mentioned that FDI is a source of innovation that promotes energy 

efficiency. At the same time, FDI could be the sources of financing that 

allows businesses to grow. In their area study, they classified 

disaggregate FDI inflows within the group of total services, 

manufacturing, mining, and financial services and for energy demand 

into non-renewable energy and renewable energy. The scope of their 

study is cover into 74 countries from 1985-2012 and them category those 



53 
 

countries into three group depend on economic development are high-

income, upper-middle-income, and low and lower-middle-income 

nations based on World Bank report. They found broadly to reduce an 

energy consumption from non-renewable energy and improve from 

renewable energy that this effect comes from the significance sectoral 

FDI inflows.  

According to these authors (Wang, Shi, & Zhang, 2017), they 

have investigated on the impact of FDI on energy efficiency in Beijing, 

China, they think that the improvement of energy efficiency is important 

in the process of the collaboration development in Beijing. They focus 

on 35 sub-industrial sectors (light industry, electricity, gas and water 

industry and heavy industry) in the period 2005-2012 by using Tobit 

regression model, they found that FDI enhanced the energy efficiency 

significantly, it is indicated that technical progress was the main cause of 

the increase in the total-factor energy efficiency, the technology 

innovation, and the industrial upgrading, meanwhile international 

companies have direct and diversity advantages to local companies with 

advanced technology and management experiences.   

For the new paper (Feng & Wang, 2017) investigated energy 
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efficiency and energy-saving in the industrial sector in China period 

2000-2014 with three perspectives are technology gap, scale, and 

management. The results showed that technological progress, energy 

efficiency are improved, but this energy efficiency and energy-saving is 

low, therefore, China should be narrowing the technology gap, 

optimizing the industrial scale, and improving management. 

Based on this research (Huang, Du, & Tao, 2017) examined of 

different technological factors influence on energy efficiency in China, 

including indigenous R&D activity, FDI inflows bring technology 

spillovers, export, and import in one united framework. They used panel 

data of 30 provinces in the period 2000-2013 by the applied fixed effect. 

The results indicate that technology spillover by a flow of FDI and 

import decrease energy intensity. However, these effect caused by the 

level domestic of R&D expenditure intensity and full-time R&D 

personnel that encourage more energy efficiency policy of full 

consideration a characteristics and situations of the technology spillovers.  

In summary, based on those literature reviews above on the 

controlling variables of FDI inflows have the positive impact on energy 

efficiency. It mains that when higher FDI inflows appear improvement 
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energy efficiency because FDI is represented on financial resources, 

better management practices, and transfer advanced technology spillover. 

Hence, in perspective on this paper will be FDI inflows have the positive 

influence on energy efficiency in ASEAN countries. 

When I look at the GDP per capita PPP effect on the energy 

efficiency in ASEAN countries. They are few researchers mention that 

when the country has economic growth while they will increase R&D 

expenditure for promoting innovative technology as an example as the 

Republic of Korea. However, the ASEAN region has economic growth 

fast dramatically more than two decades (IEA, 2017), so that I would 

like to examine the energy efficiency on this region through their 

economic development. In perspective, when the GDP development will 

appear to enhance energy efficiency by promoting innovation on high 

technology to reduce energy intensity.     

Another variable, total natural resources rent (TNRR) are the sum 

of oil rent, natural gas rent, coal rent, mineral rent, and forest rent, 

(economic rent). TNRR define the total revenue that can be generated 

from extraction of the natural resources. Less of cost extracting the 

resources including a normal return on investment to the extractive 
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enterprise. On the other hand, this paper (Kileber, 2015) has estimated 

diversifying the Brazilian electricity mix: Income level, the endowment 

effect. They mention that low and middle-income countries are usually 

trapped by their natural resources abundant, and thus have little 

opportunity to diversify their electricity matrix. On the other hand, in 

high-income countries, new electricity sources have been growing faster, 

regardless of their resource endowments. As income growth, countries 

should have more opportunities to develop new technologies. Thus, the 

evolution of technologies to generate electricity with efficiency from a 

mix of fuel consumption along the steps of an imaginary electricity 

ladder, from the more traditional to the more advanced and cleaner 

technologies. In this perspective almost of ASEAN countries have 

potential energy resources and they have used the revenue from 

extractive endowments for growing income and development technology 

to support energy efficiency. Therefore, when the higher TNRR will 

support developing new technology appear to decrease energy intensity.  

According to the empirical literature review on each controlling 

variable mention above, those authors have provided conflicting results 

for the FDI inflows good impact on the energy efficiency. Furthermore, 
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the examining the growth energy efficiency nexus with FDI, a significant 

growth effect with one country is likely to be dominated by insignificant 

growth impacts with other countries, thereby providing little evidence of 

the energy intensity. Moreover, those authors have investigated on the 

countries level by applying total FDI inflows effect on total energy 

efficiency, which is the problem for the country-government do not 

understand which sector has better energy efficiency and which sector 

are not. Up until now, their attention to empirical analysis has been 

limited to study on ASEAN region. Thus, remains an additional room to 

contribute to the literature in the latest group by investigating the energy 

efficiency in ASEAN. Thus, I desired to find the contribution on this 

study by examining the linkage association between energy efficiency in 

term of energy intensity, GDP per capita PPP, total natural resources rent, 

and the role of foreign direct investment in ASEAN between 2006 and 

2015. This paper’s main contribution has specified sectoral of foreign 

direct investment effect to the sector of energy efficiency into four 

categories are agriculture, manufacture, residential, and transportation.  
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Chapter 4. Methodology and Data 

4.1 Econometric Model    

This research capture the effect of FDI inflows on energy 

efficiency in ASEAN by using sector of FDI inflows influences on sector 

energy efficiency in the four criteria are agriculture, manufacture, 

residential, and transportation to improve energy efficiency. I will use 

energy intensity (EI) as the dependent variable and for independent 

variables are foreign direct investment (FDI) inflows, gross domestic 

products (GDP) per capita PPP, and total natural resources rent (TNRR). 

All variables are transformed into natural logarithms (LN). This model 

is influenced by this paper (Doytch, 2016), which is the studies to 

examine the question with means of the panel data techniques for run 

regression of the Fixed Effects, Random Effects, and Hausman Test. Our 

economic regression model will construction as below:    

ln(EIit
j) = β0+β1ln(FDIit

j) + β2ln(GDP-PPPit) + β3ln(TNRRit) + µit ...Eq. (2)        

Where EIit
j is represented the energy intensity, j is superscript 

which stands for sector of energy intensity; FDIit
j is foreign direct 

investment inflows, j is superscript which stands for sector of FDI 

inflows in the sector of agriculture, manufacture, residential, and 
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transportation; GDP-PPPit is represented the growth rate of GDP per 

capita in constant 2011 prices, power purchase party; TNRRit is stands 

for total natural resources rents of each country by sum of oil rent, natural 

gas rent, coal rent, mineral rent, and forest rent; t is an annual time, and 

μi is an idiosyncratic country-specific effect; β1, β2, and β3 are the slope 

coefficients, and β0 is the intercept. 

The panel data techniques are a methodology superior to fixed 

effects when existing the endogeneity problem in the data. The 

correlation between lagged dependent variable and the unobserved 

residual is precisely the reason why panel data are to be preferred to 

cross-sectional data when analyzing the change in the dependent variable. 

Cross-sectional estimates produce a bias, caused by the correlation 

between EIit
j and μi, which disappears in samples with large time 

dimension but does not disappear with time averaging. Therefore, if such 

a correlation exists, the true underlying structure has a dynamic nature 

and time-averaging cross-sectional techniques introduce a bias that 

cannot be removed by controlling for fixed effects. Thus, to avoid these 

pitfalls, I adopt the panel data techniques methodology. 

A potential problem of the Arellano-Bond difference unbalance 

panel data estimator is that, under certain conditions, the variance of the 
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estimates may increase asymptotically and create considerable bias if (i) 

the dependent variable follows a random walk, which makes the first lag 

a poor instrument for its difference; (ii) the explanatory variables are 

persistent over time, which makes the lagged levels weak instruments for 

their differences; and (iii) the time dimension of the sample is small 

(Alonso-Borrego & Arellano, 1999; Blundell & Bond, 1998).  

An additional necessary condition for the efficiency of the 

Blundell-Bond system panel data estimator is that, even if the 

unobserved country-specific effect is correlated with the regressor levels, 

it is not correlated with their differences. There is no correlation between 

the unobserved country-specific effect with their difference. This 

condition allows using lagged first differences as instruments for levels. 

The condition also means that the deviations of the initial values of the 

independent variables from their long-run values are not systematically 

related to the country-specific effects. I instrument both economic 

growth and FDI inflows with panel data techniques-style instruments, 

which will account for reverse causality between these variables and the 

energy intensity variable. 

4.2 Data Collection 

The data are the annually of countries in ASEAN. This data has a 

collection from the different sources. For this research, the need to 
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collect data of the sector of energy consumption, gross domestic products 

and foreign direct investment inflows and other data are GDP per capita 

power purchase party, and total natural resources rent. For the data 

sources were get from international energy agency (IEA) for all sector of 

energy consumption, for data of all sector of gross domestic products got 

from Asian Development Bank (ADB); for data of all sector of foreign 

direct investment inflows are got from individual official website of each 

country in ASEAN, and the last, data of gross domestic products per 

capita power purchase party and data of total natural resources rent got 

from World Development Indicator has published online by World Bank. 

However, for the period of data are a match and available in the time 

from 2006 to 2015. The summaries data have mentioned in the table 

above (Table 1). 
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Table 1: Descriptive statistics of data and variables        

Variables Full name Mean Std. Dev. Min Max Data sources 

EI-Total Total energy intensity of ASEAN countries -2.08 1.70 -4.54 2.16 Sector energy 

consumption from IEA, 

and sector GDP from 

ADB, both in period 

2006-2015 

EI-Agri Energy intensity in agriculture -5.49 1.00 -7.31 -3.57 

EI-Manu Energy intensity in manufacture -2.23 1.70 -4.74 3.04 

EI-Resi Energy intensity in Residential -0.46 1.84 -2.29 4.27 

EI-Trans Energy intensity in transportation -1.13 1.99 -3.61 4.08 

FDI-Total Total Foreign Direct Investment (FDI) inflows 10.63 2.16 3.88 13.77 Individual official 

website of each country 

in ASEAN 

FDI-Agri FDI inflows in Agriculture 5.93 2.71 -3.51 9.05 

FDI-Manu FDI inflows in Manufacture 9.45 2.38 1.03 12.21 

FDI-Resi FDI inflows in Residential 6.02 2.85 -2.21 10.14 

FDI-Trans FDI inflows in Transportation 6.96 2.84 -2.66 10.92 

GDP-PPP Gross domestic products per capita power 

purchase party (constant 2011, USD)  

9.36 1.19 7.67 11.36 In period 2006-2015 

from WDI 

TNRR Total natural resources rent  0.67 3.07 -8.03 3.48 

Note: The results of descriptive statistics calculated after converted to natural logarithms
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4.3 Methodology 

4.3.1 Panel Unit Root Test  

For the panel data analysis, there are several literatures on the unit 

root test and co-integration in the panels where the time dimension and 

cross-section dimension are a relatively long span of time such as 

companies, countries, or region. According to (Breitung & Pesaran, 

2008), there are distinguishes between the first generation tests 

developed on the assumption of the cross-section independence and the 

second generation tests that allow, in a variety of forms and degrees, the 

dependence that might prevail across the different units in the panel. In 

the analysis of co-integration, the hypothesis testing and estimation 

problems are further complicated by the possibility of cross section co-

integration which could arise if the unit roots test in the differential cross 

section units is due to common random walk components. 

However, the panels data unit root test has become common in 

the empirical economics for the cross-section data. the most panels data 

unit root tests are designed to test the null hypothesis of a unit root for 

each individual series in a panel. The formulation of the alternative 

hypothesis is, however, a controversial issue that critically depends on 
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which assumptions one makes about the nature of the homogeneity/ 

heterogeneity of the panel. A number of panel unit root tests proposed in 

the literature use the following articulation of the alternative hypothesis 

(Pesaran, 2012).  

4.3.2 Hausman Test  

Panel data techniques are one important econometric test based 

on the Hausman test. This test also used to differentiate between fixed 

effects (FE) model and random effects (RE) model in panel data. 

However, Random effects are preferred under the null hypothesis due to 

higher efficiency, while under the alternative Fixed Effects is at least as 

consistent and thus preferred. The reason use Hausman test is useful for 

select fixed effect or random effect base on the probability (Prob) value 

that Prob bigger 5 percent of Hausman test is referred to random effect 

means that I cannot reject null hypothesis (H0), and if Prob lower than 5 

percent will be choose fixed effect means I can reject null hypothesis and 

choose alternative hypothesis (H1).  

There is several previous research used fixed effects and random 

effects as the empirical economic model for estimate regression. This 

paper (Doytch, 2016) have applied panel data techniques (fixed effects 
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and random effects) to investigate on foreign direct investment influence 

renewable energy consumption. For another author (Teixeira, Forte, & 

Assunção, 2017) have used a panel data analysis to examine on 126 

countries from 1995-2012 on the countries' endowments of non-

renewable energy resources matter for FDI attraction. When looking at 

this research (Kathuria, Ray, & Bhangaonkar, 2015), they also used panel 

data techniques for an estimating on foreign direct investment influence 

on wind energy sector in India by testing the effectiveness of state 

policies. If I looking at Turkish case, this author (Sirin, 2017) examined 

on foreign direct investments in Turkish power sector by the discussion 

on investments, opportunities, and risks since historical data 2002-2012 

period by using panel data analysis. According to (Zhu, Duan, Guo, & 

Yu, 2016), done research on the topic about the effects of foreign direct 

investment, economic growth, and energy consumption on carbon 

emissions in ASEAN-5 by using the methodology of the panel data 

quantile regression. However, for this studied (Paramati, Ummalla, & 

Apergis, 2016) examined the effect of foreign direct investment and 

stock market growth on clean energy use across a panel data of 20 

emerging market economies, spanning the historical time from1991-
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2012 period. 

Therefore, based on the several literatures review above, the 

methodology of panel data techniques is the one popular economic 

model for the recent time. There are many researchers used this 

methodology for the estimate regression economic model. According to 

paper reviews above, the panel data analysis method is great for 

examining historical data in the field energy. One more, this panel data 

technique is usefully for estimating data from different companies, 

countries, or region. Therefore, this research has selected the panel data 

techniques to investigate on the sector of foreign direct investment 

influence on sector energy efficiency in ASEAN countries into period 

2006-2015 will be meaningful.  
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Chapter 5. Results and Discussion  

5.1 Empirical Results 

This research is concerned mainly with examining the linkage 

relationship between energy efficiency in term of energy intensity, role 

of foreign direct investment (FDI) inflows, economic growth (GDP per 

capita PPP) and total natural resources rent (TNRR) as well as testing by  

Table 2. Results of panel unit root test  

Variables Levin, Lin & Chu 

(Level) (Pesaran, 

ADF, PP) 

Levin, Lin & Chu (1st 

Difference.) (Pesaran, 

ADF, PP) 

Results 

T-statistic P-value T-statistic P-value 

EI-Total -5.42 0.0000 -11.15 0.0000 I(0) 

EI-Agri -2.50 0.0062 -6.95 0.0000 I(0) 

EI-Manu -3.86 0.0001 -6.63 0.0000 I(0) 

EI-Resi -5.12 0.0000 -10.17 0.0000 I(0) 

EI-Trans -2.86 0.0021 -5.58 0.0000 I(0) 

FDI-Total -5.54 0.0000 -4.72 0.0000 I(0) 

FDI-Agri -27.49 0.0000 -3.57 0.0002 I(0) 

FDI-Manu -1.62 0.0517 -4.74 0.0000 I(1) 

FDI-Resi -5.49 0.0000 -6.74 0.0000 I(0) 

FDI-Trans -0.97 0.1658 -3.54 0.0002 I(1) 

GDP-PPP -2.80 0.0026 -8.80 0.0000 I(0) 

TNRR -0.37 0.3552 -6.86 0.0000 I(1) 
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methodology of Panel data techniques between dependent variables 

energy intensity and independent variables including FDI inflows, GDP 

per capita PPP, and TNRR. The Panel data techniques model will be 

employed through two steps. First, testing for stationarity, I have 

conducted panel unit root test which as a summary of Perasan, ADF, PP 

test (Table 2). The results indicate that all variables are stationary at I(0) 

level exception the sector variables of FDI inflows in manufacture (FDI-

Manu), FDI inflows in transportation (FDI-Trans), and total natural 

resources rent (TNRR) are stationary at I(1) level. The second is 

Hausman test, it applied for selection types of Fixed Effect or Random 

Effect base on probability (Prob) value of this test. If Prob < 5% means 

that I can reject null hypothesis so I choose Fixed Effect, if Prob > 5% 

means that I cannot reject null hypothesis so it is alternative hypothesis, 

I choose Random Effect.  

The results of Hausman test has shown that all models have 

probability smaller than 5% except the model of energy intensity in 

agriculture (EI-Agri) has a probability higher than 5%. Therefore, I can 

select the test for each model is only agriculture sector (EI-Agri) use 

Random Effect and another model are Fixed Effect (see Table 3). 
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Table 3.  The results of sectoral FDI inflows, GDP-PPP, and TNRR 

influence on sectoral energy intensity  

Variable Total Agri Manu Resi Trans 

Coeffici. 14.9*** 

(8.791) 

-1.225 

(-0.320) 

12.3*** 

(6.200) 

20.2*** 

(8.252) 

12.3*** 

(5.169) 

ln FDI-

Total 

-0.072** 

(-2.449) 

    

ln FDI-

Agri 

 -0.149* 

(-2.652) 

   

ln FDI-

Manu 

  -0.061* 

(-1.709) 

  

ln FDI-

Resi 

   0.012 

(0.292) 

 

ln FDI-

Trans 

    0.056*** 

(3.009) 

ln GDP-

PPP 

-1.78*** 

(-8.820) 

-0.39 

(-0.924) 

-1.54*** 

(-6.80) 

-2.24*** 

(-8.505) 

-1.53*** 

(-5.934) 

ln TNRR -0.076 

(-1.360) 

0.078 

(0.490) 

-0.075 

(-0.992) 

-0.010 

(-0.130) 

-0.038 

(-0.541) 

Hausman Prob=0.0 Prob=0.096 Prob=0.0 Prob=0.0 Prob=0.0 

Selected 

Test 

Fixed 

effect 

Random 

effect 

Fixed 

effect 

Fixed 

effect 

Fixed 

effect 

Observat. 76 53 76 58 57 

R-squared 0.99 0.24 0.98 0.98 0.99 

⁎ Statistical significance at 10% level. 

⁎⁎ Statistical significance at 5% level. 

⁎⁎⁎ Statistical significance at 1% level. 
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The main empirical results are summarized in Table 3. The table 

show the difference significant level and different direction. For each 

column, classification into the sectoral energy intensity total (EI-Total), 

energy intensity in agriculture (EI-Agri), energy intensity in manufacture 

(EI-Manu), energy intensity in residential (EI-Resi), and energy intensity 

in transportation (EI-Trans) are presented in columns (2-5), and 

estimates of the key explanatory variables are presented in rows. 

A glance, I see strong support for FDI inflows have improved the 

energy efficiency in ASEAN countries and some evidence of energy-

saving adoption. Looking at specific results in Table 3 indicated that total 

FDI inflows and economic growth promotes the using of modern 

technology to decrease energy intensity, this finding similar to some 

previously cited research about FDI inflows effect on energy intensity in 

the difference time and regions as (Jiang et al., 2014) (Wang, 2017) 

(Huang et al., 2017).  

For the FDI inflows are a significant explanatory variable and 

have the negative impact on energy intensity in all models except which 

controlling variable for the FDI inflows in the transportation sector has 

positive significant. And for the residential energy intensity is not 
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significant. On the other hand, FDI inflows in the agriculture, 

manufacture sectors have negative statistically significant decrease 

energy intensity in these sectors. It means that in ASEAN countries have 

applied advanced technology and better management practices to reduce 

energy consumption and improve the productivity of these two sectors 

through FDI inflows.  

For into transport sector, FDI inflows have statistically 

significant increase energy intensity. It means that FDI inflows brought 

the advanced technology efficiency into transportation sector but those 

countries got less benefits from these new technologies and also increase 

energy consumption when using a new technology in transportation. 

Therefore, they should consider reforming their structure of 

transportation sector to make more benefits through FDI inflows. 

For the residential sector, the results indicate that FDI inflows 

have not statistically significant effect on energy intensity. Because of 

FDI inflows have less interesting in the residential sector. However, the 

energy consumption in the residential sector also low. Moreover, in 

ASEAN countries are almost developing countries except for the small 

two countries Singapore and Brunei are developed countries that mostly 
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population use energy from biomass. Therefore, energy efficiency and 

FDI inflows in residential sector are not improve by new technology 

through FDI inflows.  

In addition, in Table 3 also captures the results relating to the 

energy intensity of different sector effect from economic growth. The 

total GDP per capita PPP (GDP-PPP) has a negative statistically 

significant influence on total energy intensity (EI-Total) which those 

countries have expenditure money from their benefits of economic 

growth to develop innovation or R&D technology for improving energy 

efficiency in ASEAN countries. For another sector of energy intensity 

also have statistically significant to reduce economic growth except on 

energy intensity in agriculture (EI-Agri) sector is not statistically 

significant.     

For total natural resources rent (TNRR) results have not 

statistically significant decrease energy intensity in all sector. They did 

not use some financial that got from their revenue extraction natural 

resources to promote high technology and support program R&D project 

for improved energy consumption. 
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5.2 Discussion  

According to this results (Table 3) have determined on the energy 

efficiency in ASEAN countries have increased by development FDI 

inflows level but the role of FDI inflows have different influence degree 

on energy efficiency in those ASEAN countries. In those four sectors, 

the energy efficiency has improved in the agriculture (0.149) more than 

manufacture sector (0.061) because ASEAN is one of the most 

productive agricultural baskets in the world because of most ASEAN 

countries are potential with agricultural and the main sector to develop 

their countries. However, the agricultural sector is off to reach its target 

for the ASEAN Economic Community in 2015 through increased efforts 

to ease trade between member states, allowing faster movement of 

perishable goods across long distances. The plan is to develop niche-

based agriculture and support it with reduction of trade barriers and 

construction of needed infrastructure (ASEAN Economic Community, 

2017). Therefore, energy efficiency in the agricultural sector has 

developed by making more interesting from FDI inflows in agricultural 

sector through using high technology and well management practice.  

For manufacture sector, the energy efficiency also has improved 
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by FDI inflows in this situation but it is still small effect because most 

countries in ASEAN are developing countries and the manufacturing 

sector has developed in the emerging economic countries that ASEAN 

offers vast opportunities for manufacturers and distributors of 

automotive and vehicle components as example in countries: Indonesia, 

Malaysia, Philippines, Singapore, Thailand, and Vietnam. On the other 

hand, this region has strong growth in a number of industries such as 

electronics, information and communications technology, textiles and 

apparel, and medical devices. However, foreign investors seeking to find 

the next manufacturing destination invest in ASEAN members. Hence, 

FDI inflows have played an important role to develop technology in the 

manufacturing sector in ASEAN countries. 

Even though for the residential sector, the energy efficiency is not 

relative because mostly 20% region’s population no electricity access 

and nearly half of population relies on using of traditional biomass 

(Fungtammasan et al., 2015). Moreover, the government set subsidies on 

energy price in the household that it is the reason of artificially low 

electricity prices can also discourage private investment in the power 

sector, as they hamper the ability of private investors to recoup their 
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investment cost and make necessary returns. So that even it has some 

FDI inflows in the residential sector but still do not relationship on the 

energy efficiency.  

In contrast, transportation sector has positive statically significant 

impact on energy intensity in ASEAN. Because of they still use vehicle 

inefficiency (second-hand vehicles), lack of transport infrastructure. 

However, ASEAN’s government have subsidies on the fuel consumption, 

this is the ways often encourage wasteful use of energy and discourage 

investment in energy efficiency.  
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Chapter 6. Conclusion and Recommendation 

6.1 Conclusion 

This paper analyzed the effect of sectoral FDI inflows on energy 

efficiency in each sector. As control variables, GDP per capita PPP and 

reserve of total natural resources rent are included in the model. The 

scope of this study is nine ASEAN countries; Brunei Darussalam, 

Cambodia, Indonesia, Malaysia, Myanmar, Philippines, Singapore, 

Thailand, and Vietnam. Analyzed sectors are agriculture, manufacture, 

residential and transportation. As methodology, fixed effect model and 

random effect are employed based on Hausman test. The data is collected 

from each government site and international organization in the period 

2006-2015.  

This research is one of the few studies that put energy efficiency 

in the center of the foreign direct investment discussion. After a 

regression analysis for panel data, I revealed several new findings. The 

result in this research shows that total FDI inflows improve total energy 

efficiency. Regarding sectoral analysis results, FDI inflows significantly 

improve energy efficiency in agriculture and manufacturing sector. This 

is because FDI inflows in the agriculture and manufacture sectors 
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transfer energy-saving technology and management practices and it 

results increase in energy efficiency. In comparison with both sector, FDI 

inflows in transportation sectors decrease in energy efficiency. FDI 

inflows in the residential sector has no effect on energy efficiency.  

These findings indicate that sectoral FDI inflows improve energy 

efficiency by technology spillover. Namely, FDI inflows play a 

significant role in energy-saving technology development in ASEAN 

members. These results support previous researches that insist FDI 

inflows increases energy efficiency (Doytch, 2016; Elliott, 2013; Feng, 

2017; Huang, 2017; Jiang, 2014; Wang, 2017). 

Income growth also increases improve energy efficiency by 

technology development.  

According to the empirical results, it will be great beneficial that 

ASEAN government develop policies to attractive FDI. The results in 

this research provide guideline to improve energy efficiency and achieve 

it in national context. This research will be also beneficial to countries 

that are expanding their market into developing countries.  

6.2 Recommendation 

FDI inflows have significantly improved the energy efficiency in 
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agriculture and manufacturing sector. But the level of effect on both 

sectors is different. Even though current FDI inflows in both sectors have 

the good impact on energy efficiency, its total effect is still small. One 

possible solution to improve energy efficiency in this region is increasing 

the amount of FDI inflows. For this, policy-makers should design new 

policy to attract more foreign investors in agriculture and manufacturing 

sector. Providing incentives to support investors such as reducing 

regulations, time to register applications, and tax, could policy options.  

In residential sector, the results in this paper shows that FDI has 

no effect on energy efficiency in residential sector. But for better future, 

the government should provide the specific policy for this sector. Almost 

half of ASEAN’s population use traditional biomass. They should be 

encouraged to use electricity and new energy efficiency technology. 

Therefore, the government should subsidies electricity price and 

electrical appliance in this sector.  

In the transportation sector, FDI inflows decrease energy 

efficiency. Therefore, the policy-makers should reform energy use 

structure, provide incentive for energy efficient transportation use, 

improve infrastructure, and remove fossil fuel subsidy policy. This 
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reform will make FDI inflows transfer advanced technology and thereby 

increase energy efficiency.  

Other important policy implications are that ASEAN’s 

government should develop energy education system (developing 

countries should modify curriculum education system) because energy 

education plays an important role in making citizens’ consciousness of 

energy and environment. People can increase their knowledge and skills 

of energy management and find energy-efficient solution for industries, 

companies, building, and another sector.     

Nowadays, ASEAN countries are facing environmental and 

energy issues, and developing energy efficient technology to deal with 

those issues as a national strategy. FDI inflows in ASEAN countries is 

important in economic development, and, at the same time, highly 

related to energy consumption and energy efficient technology 

development. Therefore, this research will provide meaningful 

implications to both ASEAN countries and foreign investors.  
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초록 

에너지효율 향상은 경제활동과 에너지소비자의 편익을 

저해하지 않으면서 에너지를 절약할 수 있는 좋은 방법이다. 

즉, 에너지 효율이 높아지면 적은 에너지, 또는 동일한 

에너지로 보다 낳은 서비스를 제공할 수 있다. ASEAN 

국가들은 사회경제적 발전, 생산성 향상, 경쟁력 강화, 에너지 

안보 및 탄소 배출 저감을 위한 가장 비용효율적인 방법으로 

에너지효율에 높은 관심을 가지고 있다.  

본 연구는 ASEAN 지역을 대상으로 외국인직접투자 

(FDI)가 에너지효율 향상에 미치는 영향을 분석하였다. 9 개 

ASEAN 국가의 - 브루나이, 캄보디아, 인도네시아, 말레이시아, 

미얀마, 필리핀, 싱가포르, 태국 및 베트남 – 농업, 제조업, 

주거, 교통 산업이 분석 대상이 되었으며, 정부 및 

국제기구에서 발표한 2006~2015 년 데이터를 사용하였다. 분석 

모델로는 하우스만테스트를 바탕으로 고정효과모델과 

변동효과모델을 사용하였다.  

연구결과 외국인직접투자의 유입과 소득증가는 에너지 

효율을 향상시키는 효과를 가지는 것으로 나타났다. 이는 

외국인직접투자를 통한 선진기술의 도입이 에너지 효율을 

향상시키기 때문인 것으로 보인다. 세부 산업별로는, 농업과 

제조업에서는 외국인직접투자가 에너지효율을 향상시키는 

효과를 가지고 있지만, 교통부문에서는 외국인직접투자가 

에너지효율을 저하시키는 것으로 나타났다.  

연구결과는 ASEAN 국가들이 농업과 제조업 부문에서 

외국인직접투자를 유치하기 위한 정책들을 적극적으로 
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개발해야 한다는 것을 보여주며, 교통부문의 에너지효율성 

향상을 위해서 에너지 소비구조 변화, 세제 등 다양한 정책 

방안들을 모색해야 한다는 것을 의미한다.  

주요어 :외국 직접 투자, 에너지 효율, 에너지 강도, 기술 파급 효과  

학번   : 2016-22095 
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