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Abstract 

Energy security has become an emerging theme of focus in international 

relations. Last decade, the Economic growth of North East Asian 

countries is leading the world. Increasing energy demand and 

competition for an access to energy sources, resource scarcity and global 

as well as regional environmental issues are key drivers to promote 

renewable energy development in mega scale.  

This thesis evaluates the energy security in North East Asian countries 

energy based on the common energy security concept and duration. This 

thesis contributes to the measurement of energy security with multi-

country evaluation including People’s Republic of China, Japan, 

Republic of Korea, Democratic People’s Republic of Korea, Russian 

Federation and Mongolia. Our specific contributions are: 1) Providing 

metric by evaluating a set of parameters and indicators to access the 

variation in energy security performance of North East Asian countries 

during the period between 1990 and 2015; 2) Analyzing relationship 

between North East Asian countries in energy security; 3) Economic and 

political decisions which influence the energy security in North East 

Asian countries.   

Energy security is evaluated under four dimensions as (availability, 

affordability, efficiency, and acceptability). Each country has a different 
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scale of the energy system and population. North East Asian super grid 

has an acceptable capacity for all participating countries and it improves 

the energy security level in North East Asian continent not only one 

member country but also the region as a whole. It is important for the 

future policy making decision to understand the importance of the 100% 

renewable energy super grid system.  

Keywords: Energy security, Energy security index, North East Asian 

countries, Super grid. 

Student Number: 2016-22096 
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Chapter 1. Introduction 

1.1 Purpose of study  

“If you want to find the secrets of the universe, think in  
terms of energy, frequency and vibration."  

Nikola Tesla 

Global warming and air pollution are now becoming one of the biggest 

challenges in human nature. The year 2016 November, climate changes 

the main document realized in Paris Agreement, the key treaty for 

international energy development for this documents to decrease at least 

2/3rd of greenhouse-gas emissions. These aims are now way to be 

realized, many countries already started the creating low carbon emission 

production which is can lead potential effects on climate change matter. 

Carbon dioxide emission slowed down the year 2015 and energy 

intensity has been upgraded to 1.8 percent world economy on caused by 

renewable energy uses, energy efficiency. Due to investment total, 1.8 

trillion flows into eco-friendly technologies, this is also caused stalling 

gas and oil investment. The coal consumption of the world consumption 

is dropping heavily from $500 billion to 325 billion, therefore fossil fuel 

price drop has been seen in multi countries. This evidence provides the 

role of coal is now being giving their place for other cleaner energy 

resources.  Social responsibility of the key player countries at the motion 

in started reform actions lower coal prices subsidy process could now in 
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important impetus in some countries. The demand and price of raw coal 

extraction are showing the impact to international policy implications.       

The achieving at 2 Celsius scenario is not an easy task on carbon dioxide 

emission decrease even all countries reach the goal. If some countries 

surplus their goal it may slow expected worst scenario.  

These dynamic economic developments in North East Asian countries 

are supporting to realize 100% renewable energy North East Asian super 

grid project. According to Christian et.al. (2015), the important role of 

this North East Asian Super grid project can be cover more renewable 

energy utilization even some of the countries have less renewable energy 

potentials. Operational hydropower plant and LNG power plants can be 

executed role to recover reserve capacity for wind and solar power 

stations.  

Energy resource diversion from Siberia and central Asia to the southern 

coastal area is implementing between North East Asian countries.  

Identifying energy security factor relationship between countries are 

helps to implement policy level decision for North East Asian Super grid 

project scale of the Asian continent.  
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1.2 Research motivation 

The energy security is a concept which is more interesting study now, as 

most policy planner and solution creators, entrepreneurs, and also 

academics claim that they pursue this is when offering or executing 

modifications at the energy policy studies. This is an essential objective 

of the energy policies at various countries although allowing for 

multifaceted issues, similar costly energy values, augmented demand and 

race for geographically determined deposits, lack of deposit or/and 

weakening, and distresses with the causes from global warming. For 

example, the European Commission (2006, 2008) identified that 

efficiency, supply, and sustainability is the main triple points of EU’s 

policy on energy.  This is distressed oil shock in 1970’s which more 

important factor for developing countries became after more aware US 

first oil shock. Those historic events are created fundamental of the IEA 

establishment base, inside Organizations for Overseas Economic 

Cooperation & Development.     

The energy security factors are not obviously identified under policy 

level of significance.  There is no common interpretation for energy 

security (Cecchi et al., 2009). According to Loschel, Moslener, and 

Rubbelke (2010), energy security supply model energy supply 

availability, or simply called named energy security, seems to remain 

rather blurred. Other authors, such as Mitchell (2002), Kruyt, van Vuuren, 
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de Vries, and Groenenberg (2009), also identified this perception is 

elusive. Similar to the others, Chester debates this concept of the energy 

security become difficult to define.  

Hence, energy security conception is not identified by many research 

worked to focused (Chester, 2010). The goal of this research to discuss 

energy security evaluation for People’s Republic of China, Japan, 

Russian Federation, Republic of Korea, Democratic People’s Republic 

of Korea, Mongolia and Japan in the past and in the future, as well as 

provide some policy analysis, accordingly. We seek to develop a 

quantitative evaluation method of energy security which is useful and 

suitable to the circumstance for those countries. This study covered 

included main indicators which cover general energy security 

performance. The study main purpose is to display general indexes 

concepts that allow for selecting and combining different concepts into 

quantifiable measures, and uses a method that will measure the energy 

security of North East Asian countries. 
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1.3 Research questions 

My thesis focuses on those research questions: 

a. How North East Asian Countries energy security situation 

changed from 1990 to 2015?   

b. What is the energy security relationship between the North 

East Asian countries?   

Each country has a different scale of the energy system and population 

size. North East Asian super grid has an acceptable capacity for all 

participating countries and it improves North East Asian continent 

energy security level not only one member country. Policymaking level 

this is important to understand the importance of the 100% renewable 

energy super grid system.   
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1.4 Thesis outlines 
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Chapter 2. Overview of North East Asian 
counties energy sector 

2.1. People’s Republic of China 

China is located mainland of the Asian continent, this country is now 

world biggest power producer, illustrates well the rapid effect that a 

change in economic and policy direction can have on electricity 

production. Between 2000 and 2013, power output grew 11% annually, 

quadrupling over the period. However, from around mid-2014, a major 

structural change in China’s economy has been underway: a shift in the 

economy has taken place towards less energy-intensive industries and 

overall economic growth has slowed. Electricity demand growth slowed 

sharply in 2014 to just below 5%, most of it occurring in the first- half of 

the year. In 2015, power output grew only by 0.5%. 

Over the same period, there has been a major expansion in hydro, wind, 

solar and nuclear power capacity, with the result that coal-fired 

electricity generation in 2015 declined. 

Given China’s weight in the global energy system, these shifts were 

enough, on their own, to affect global trends. CO2 emissions from 

China’s power sector are estimated to have fallen in 2015 by more than 

160 Mt, or 4%, making the most significant contribution to the observed 

global fall in carbon dioxide emission from power producers of around 

250 Mt (Li, Amorelli, & Liu, 2016). 
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Policy positions are designed to support the achievement of peak 

emissions around 2030. Planned changes include increased efficiency in 

new coal-fired plant and realizing an objective of 300 GW wind and 

photovoltaic production capability by 2020. New targets for 2020 are 

under active discussion and envisage even higher targets of as much as 

250 GW for wind, and 150 GW for solar, although these have yet to be 

adopted. The implementation of a national carbon trading system is 

planned for late 2017, building on pilot schemes at the regional level and 

applying to power plants and major industrial facilities. There are also 

measures planned which aim to tackle China’s severe problems with 

local air pollution. On the broader economic front, the government is 

actively promoting a more services-oriented, consumption-focused 

economy, while taking steps to deal with massive over-capacities in 

sectors such as steel and coal mining. The year 2040 energy production 

evolution policy may try to archive target as planned.  

Figure 2.1 China energy demand and generation  
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China’s power generation mix is in the early stages of a fundamental re-

orientation towards lower carbon and less polluting sources of power. By 

2020, wind and solar power output are projected to triple, to over 600 

TWh, and, by 2040, to reach almost 2 000 TWh, (more than the total 

current power output of OECD Asia Oceania). This would make China 

the clear world leader in variable renewables. Hydropower remains an 

important resource, its output increasing by nearly half over the 2016 

period. But hydro’s contribution to total output is overtaken by other 

renewables around 2030 and its share in the power mix drops to 15%. 

Taken together, all renewable sources of power make up 38% of the 

generation mix by the end of 2016. Nuclear power grows slightly faster 

than wind, producing nearly 1 200 TWh by 2040, a nine-fold increase 

over 2014 so that by the end of the projection period, half of national 

power supply is from low-carbon sources. 

China has world biggest coal consumption. Now China is known as 

worst air quality environment hazardous because of the high coal 

consumption which is around, their consumption decreases 1.8 percent 

last year but those factors influenced by many external impacts.  

If the North East Asian super grid in operation the main consumer will 

become China. Nuclear station capacity expansion in the energy system 

can be the cause but low flexibility of the energy system will be 
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decreased possibility to use more renewable energy stations in the energy 

system.  

The People's Republic of China has enough coal reserves but the 

relatively small amount of LNG and crude oil reserves. It is sure that 

main energy production is based on the coal thermal power plants. Only 

oil has become sustainable operational since the year 2000. China has 

been overcome progressive coal use increase and LNG and renewable 

energy development era same time. The years of 2000 to 2013 LNG 

improved to 149.9bcm (BP2015). 

Figure 2.2 China electricity generation by fuel 1971-2015  
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Chinese energy demand was surprisingly high which is almost 

impossible to supply under planned power units. The energy supply-

demand was much progressive than supply. Energy import increase was 

indicated on the crude oil, LNG, high-grade coal. Transportation matter 

high quality coal is transported from North to South internally.  

Total import dependency of oil increases of the crude oil 27.5-59 percent, 

LNG 11-27.6 percent, coal 1.9-4.4 percent.       

2.2. Japan 

Japan’s high dependence on imported energy has engendered an 

understandable policy priority on energy security. In the power sector, 

this has meant creating a diverse generating mix, developed after the first 

oil price shock, with, until 2010, almost equal shares of nuclear, gas and 

coal, plus smaller shares of hydro and oil. (Japan is one of few developed 

economies where oil remains important in the power sector). This 

diversity of mix proved valuable when, for wake from Fukushima 

nuclear fate in 2011, all atomic plants were shut, with a loss equivalent 

to 25% of the electricity generated in 2010. The shortfall was met 

through a combination of natural gas (up by a third 2010-2014, to 40% 

of power output), oil (initially doubling, but since falling), a modest 

increase in coal-fired power output, and by reduced demand and 

improved efficiency. Strong policy incentives for solar PV, including an 



20 

 

attractive feed-in tariff, secured an increase in PV capacity of an 

estimated 30 GW between 2010 and 2015, adding 3% (30 TWh) to 

Japan’s power supply. To maximize the deployment of renewables while 

keeping costs to the public under control, the feed-in tariff law was 

amended in May 2016. The increase in fossil-fuel imports and use over 

the period led to a large increase in Japan’s energy import costs of carbon 

intensity of energy area rose from 428 g CO2/kWh in 2010 to 567 g 

CO2/kWh in 2013, causing a 10% increase in CO2 emissions (2013 

versus 2010) despite lower power output. The demand outlook for 2040 

is influenced by declining population (10% lower by 2040), and a mature 

and energy-efficient economy, with ongoing efficiency improvements. 

Annual power demand growth averages only 0.2% per year. The 

residential sector shows almost no growth and industrial power use 

declines with continued structural change, especially in the chemicals 

sector. Efficiency standards in appliances and motor systems are 

effective in slowing growth. The services sector shows an increase in 

demand of around 10% over 2014 levels by 2040, while transport more 

than doubles, to a still nominal 42 TWh. Even by 2040, power demand 

does not approach its pre-recession peak of 1 060 TWh.  
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Figure 2.3 Japan electricity demand and electricity generation until 
2040  

 

Renewables, led by solar PV, are projected to account for 70% of new 

power plant investment, their share of investment increasing to over 90% 

by 2040, or $15 billion annually by that time. In addition, around $10 

billion annually is needed to replace aging transmission and distribution 

infrastructure. While such investment levels will be challenging, Japan 

has faced and overcome major problems in its power sector over the last 

50 years, responding, for example, by increasing nuclear power more 

than ten-fold over the 20 years to 1995. Major electricity policy changes 

in the wake of Fukushima, including deregulation of the retail sector and 

unbundling of generation, plus the co-ordination of regional transmission 

systems, should go some way to delivering the structural changes needed 

in Japan’s power system and facilitating the necessary high levels of 

investment and the integration of larger shares of renewables (IEA, 2016). 
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Figure 2.4 Japan electricity generation by fuel 1971-2015 

 

 
 

The geographic location of Japan contributes less mineral deposit 

possibilities within their inland but their economy is enormous in Asia. 

Mostly based on the LNG, crude oil and hard coal supply from the import. 

Production of the domestic energy is around 7 percent in the year 2015. 

Recently just beforehand accident of nuclear station it was 20 percent. 

Biofuels and waste is around 37.5 percent HPP 24.1 percent and LNG 

8.5 percent atomic station 8.1 percent also PV are around 11 percent 

geothermal 7.8 percent oil 1.6 wind power 1.5 percent for total energy 

production. Nuclear power generation was counted as 75.9 percent of 

domestic production, therefore remaining production is from the 
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renewable 20.2 percent, LNG 3.9 percent in the year 2010. The highlight 

of this year was solar energy production has increased 20.7 percent 

biofuels by 19.7 percent.  

In latest statistics, import and export difference displays 415 Mtoe which 

is about 19 million ton equality export has made. Import of oil is 49.5 

percent coal is 27.7 percent, LNG 22.7 percent. 

The Japanese export consists of coal 0.5 and oil products 18.3 Mtoe. The 

import improved 1.6 percent also export 4.5 percent, biggest increase is 

in LNG hits 1.9 percent but coal 4.3 percent when oil dropped 6.2 percent.  

Coal import is 118 Mtoe which is about 26.8 percent of the TPES. Coal 

import was declined every year but after 2010 shut down of nuclear it 

increased until 201. There were new power generation units were started 

operation 1.6 GW capacity plants started 2013.  

The year 2002, Japan stopped their local coal production. All coals 

supply is made relies on import. The total is around 192 Mt structure is 

73.7 percent brown coal and 26.3 percent is high grade coal.  

Imports are mainly from Australia, Indonesia, Russia and Canada. 

Mostly 64 percent from Australia, Indonesia 18 percent, Russia 7 percent, 

Canada 4 percent.  Last decade Russia, Australia, Indonesia has upgraded 

export portions to Japan but in Chinese case, the dropped share of export 

13.4 to 1.3 percent means almost closing export to Japan in the year 2015. 
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The Japanese government is now more focusing on coal mines in 

Australia, Indonesia to secure the coal import.  

The use of the coal is more for about 60 percent is for electric generation, 

around 20 percent is used for the steel industry and cement production. 

Remaining 20 percent is used directly only for iron production.  

Figure 2.5 Japanese coal supply 1973-2014 

 
 

Generally, Japanese demand for energy production coal is constantly 

increasing, last ten year around 10 percent increases. Also, steel industry 

coal demand is increased 1 percent increase in that period.  
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2.3. The Republic of Korea 

One of the Asian top energy intensive countries is Korea, their economic 

development export capacity is ranked them 7th in the world. Therefore, 

Korea accepted to develop sustainable green growth development since 

2008. Government is aiming to execute CO2 emission technologies.  

Korean government adapted emission trading which started in the year 

2015.  Their target to decrease 30 percent decrease carbon emission in 

year two thousand twenty. Energy efficiency is also the key policy to 

decrease the green gas emissions target.  

Renewable and nuclear projects help to decrease use of the direct coal 

consumption improve the energy security of the country. Also, 

government is more giving investment on research and development 

investment in this sector to improve low carbon emission technologies 

development.  

Figure 2.6 South Korea by electricity generation by fuel  
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Since the year 2006 government has been activity executed multi policies 

on low carbon emission development on energy field. Important thing is 

that government is accepted to achieve on green-house gas reduction 

thirty percent decrease plan at BAU case. This achievement has indicated 

on the official documents to execute on laws and regulations.  

For the improvement of energy sustainable supply, they are aimed to use 

self-sufficiency to expand overseas supply model. Another hand, 

demand the part use of efficient energy use energy operational system 

development is more important. Some improvement in the renewable 

energy and clean technology development has taken investments.  

Sustainable external energy supply is an important factor to improve 

energy security. In this work frame developing resource availability of 

the in other countries, long term contract investment can be guarantee for 

long term reliable supply sources in the future.  

Oil and gas supply chain Korean state companies are created network 

KNOC and Korea Gas.  

There are multi possibilities in this field powerful multinational team co-

work, explorations. Domestic possibilities also increase in crude-oil and 

LNG depletion.  Also, unconventional resource study is started in East 

sea to gas hydrate technology.  
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Figure 2.7 Republic Korean policy on fuel 

 

Import volume is ranked world 3rd biggest importer of the coal after 

Japan and China. Korean hard coal import is augmented since the time 

now it is around 118 Mt. Energy coal volume increased eighteen Mt, 

coking coal also increased 9 Mt.  
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Figure 2.8 Republic Korea electricity by generation 1971-2015 

 
The share of the total primary energy supply is about 30 percent. Mostly 

from Australia, Russia, Indonesia and Canada. The biggest exporter is 

Australia around 34 percent which is about eighty percent of the import. 

Coal import has been constantly increasing over the time period. Which 

is about 6 to 130 Mt in last ten years. Economic development accelerates 

both energy grade coal and steel industry coal import increases.  

In case of the coking coal, biggest portion is imported from the Australia 

Russia Canada. In case of thermal grade, Indonesia is the biggest supplier.  

In case of Russian, their export amount is small but strategically they are 

important to keep the price level lower in safe price negations.  China 

was one of the main players for bituminous coal import.  
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Coal has an important role in the energy system. Mainly around 40 

percent of the energy production comes from the coal. It is about 22.58 

GW indicates thirty percent of the energy capacity.  

It is a large source of carbon emission source of Korea. Even that 

situation natural gas energy generation is increasing, even the price of 

the LNG is costly than other resources generation is increasing.    

This LNG price is closely related to oil prices and it can be used 

dramatically changed year period. Unfortunately, gas price is much 

higher compared to another region price. Which makes difficult to use 

gas instead of using coal to generate energy. In mid-term coal, thermal 

power plants may have the advantage to build on to supply cheaper 

energy supply but it is not the environmental friendly solution.   
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2.4. Russian Federation 

In Asian continent, Russian Federation is 4th biggest energy production 

country. Total energy production price is much higher than average and 

efficiency energy saving is not acceptable level compared to IEA 

countries. Traditional energy loss has been continued in the energy 

system, therefore, some changes are needed to make energy sector. 

Russia has great energy potentials at energy efficiency which is about 

260 Mt it may reach 30-36 percent of the energy production. The 

government has planned decrease to 20 percent. In that case, total 

Russian energy system has a much possibility to make an expansion of 

the energy system with LNG low carbon energy production units to the 

system. Now Russian energy system has many coals fired thermal power 

plants.  

Unique from other countries Russia has a heating system for residential 

areas as mostly supplied by the coal. Those systems are may upgrade to 

LNG supply channels after investment in pipeline infrastructure.  

Resource availability is mostly no issue compared to the other countries. 

Russia energy consumption has been increased since the twenty-first 

century except for the only year 2009.  

The oil energy generation is decreased enormous amount since 1990, 

energy sector development is now more on LNG fields.  
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Figure 2.9 Russia electricity generation by fuel 1990-2015  

 
 

21st-century important energy source coal is basically one of the biggest 

possible resources of Russia but geographic location is causing difficulty 

of the competing international coal market. Siberia area has located 

remotely from the sea ports to make massive export to the Asian market. 

High transportation costs are may make some problems to sign contracts 

in long-term order to prevent high diesel price.  

Even they have difficulty Russia is a big player after the Indonesia and 

Australia.  

Coal was playing important roles in socialist period, now it is labor 

intensive to regions. In that period main energy heat generation was used 
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coal but now gas is competing as lower price supply resource. Countries 

energy mix LNG is also coming to competition against coal.  

Russia is also sending cheap gas to European countries.  

Russia has a 160 Bt coal deposits it is about 756 Gt coal reserve. Which 

is about 9 percent of the of world total coal deposit.  

Export pattern EU coal markets 70 percent is owned by Russia. In case 

of Asian market Russian role is less than 20 percent. If Russia focuses 

more on the Asian market, they can become biggest coal supplier on the 

world market. Main coal deposits are located in the center of Russia. This 

causes difficulty in transportation if China and other Asian countries 

built a railway to deposits it may improve the competitiveness of the 

Russian coal deposits on the Asian market.   
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Figure 2.10 Russian coal deposit map  

 

Developing countries China, India is now using more coals, to support 

their economic development with cheaper energy resources. In case of 

developed countries, they are trying to use renewable, nuclear to replace 

coal.  

In Asian market, supplier side is known as few. Only a few players with 

few suppliers and capacities are known.  



34 

 

2.5. Democratic People’s Republic of Korea 

There is limited information about the North Korean energy sector.  The 

political regime and political situation are total effects this country 

energy situation, since the time energy production is declined which is 

energy generation of this country is declined. Energy supply and use are 

very limited, distribution line is not supplied sufficiently to all of the 

population.  

Figure 2.11 Share of TPES DPRK 2015  

 

 

Most of house hold uses wood, other organic wastes. Energy structure 

is mainly based on the coal powered thermal power plants.  
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Figure 2.12 Electricity generation by fuel DPRK 1971-2016 

 

 
 

DPRK’s total capacity is about 10 GW but information is not clear now 

it may exist about 6 W. This power capacity may contain about 4 GW 

hydropower station. Remaining 2GW is coal based thermal power plants.  

Those existing coal fired thermal power plants may depreciate under 

aging. May need to be maintained well to improve efficiency.  

Supplying such kind of old technology higher consumption power plants 

are needed to be supplied big amount of coal and mazuts to complete.  

Losses of the transmission lines are much higher due to old technologies 

in up down transformation equipments.  

 

 



36 

 

Hydro power stations: those existing stations are sized small and medium 

numbers are many.  

Electric meters are installed in final user some prepaid service is used to 

get collect energy payments from customers.  

The oil is generally imported from China by using crude oil pipeline. The 

refinery is under operation by DPRK. Ship oil transportation started also 

from China since 2002.  

2.6. Mongolia 

Mongolia is sandwiched between Russia and China. This country 

included steppes desert, rivers, and mountains. Area of the country is 1.5 

million sq.km abounded with natural resources.     

Coal and other mineral resources are given by best geographic location 

also big potentials in renewable energy known as wind solar and 

hydropower.  

However, renewable energy development usage is lower compared to the 

resource utilization.  
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Figure 2.13 Administration map of Mongolia 

 

 

Carbon intensity is 5th in the world according to WEC but it is because 

of the low variety in terms of generation and sustainable increases of the 

energy. Energy security is weak because of the high influence of the 

imported energy from Russia.  

Mongolian current energy capacity is about 1 GW, power plants are 

generally aged need to renovate to modern technology low carbon 

emission technology. The electric transmission system is organized as 

four separate systems almost 90 percent of energy demand-supply is 

located in the central energy system. The energy system is very poor peak 
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power supply capacity because of all energy generation is based on the 

coal fired thermal power plants.  

Russia exports peak power demand to Mongolia to keep energy system 

stable operation during the peak time.  

Energy distribution and payment collection rate is 100 percent and works 

under single buyer model since 2007. All energy sector is under 

government ownership.  

Heat supply for residential area industry is also distributed by state 

owned companies. Heat and hot water demand for the residential area 

are increasing every year but the capacity of the transmission distribution 

lines are becoming a problem for delivering to the final user.    

The government planned to improve renewable energy share up to 

twenty percent in the year 2020 for total energy share.   

Mongolia has great potential for renewable energy which is about 2.6 

Mmw. If modern electric transmission technology used to improve this 

regional energy security.  

South Gobi is the best to target for to develop solar potential, Mongolia 

is working to develop ASG and Gobi tech projects to supply energy to 

North East Asian countries with their renewable energy resources but 

those projects require much of the investment and cooperation between 

many countries.     
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Mongolian energy system consists of the coal power plants and 

hydropower plant and diesel generators. Mongolia does not have their 

own refinery to produce petroleum products which are 100 percent rely 

on the import. Energy production share: 80 percent coal fired others are 

import and hydropower generations.  

Investment in the energy sector was controlled by the government of 

Mongolia, existing power station renovation technology changes are 

invested by third countries since 1990’s but there was no construction 

started for the new power plant.  

Price is adjusted by the government agency political decisions are heavy 

influences the price of the energy. Long term low price is causing the 

financial deficit to all production companies.   

Energy production was declined during 90’s to 95 after that period 

energy production has been increased accordance with economic growth.    

Energy consumption increased due to mining development but 

unfortunately, this demand is supplied by the external import sources.  
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Figure 2.14 Structure of energy demand and supply in Mongolia 

Source: Energy Statistics, Mongolia 2013

 

Mongolian coal deposit divided into fifteen coal deposit locations. It is 

approximate to 173Btonn coal. 1/3 of the coal is located in the southern 

area. Remaining are left in other regions.  The bituminous coal is located 

in Gobi and Western area. Coal deposits in generally comfortable for 
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open mining because of the good geological condition. The coal deposit 

may expand after detailed exploration those existing deposits are studied 

during the communist period. The increase of the existing deposits is 

annual reaches 22 billion tonnes last year.  

Many private companies are doing some exploration every year deposits 

are upgrades their proven reserves.  

Infrastructures are needed especially for coal exploration, Mongolia 

requires more investment in building railroads to use for coal deposits 

explorations.  
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Figure 2.15 Mongolian coal resource basin map 
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Nowadays, Mongolian coal exploration and export is getting more 

attention to investors. Coal export is becoming first profit making sector 

which is run over copper export. It attracts investment almost 50 percent 

of export profit is coming from the coal.  

 

Figure 2.16 Mongolian export revenues from 3 main export product 

 
 
 

Peak export is reached about 30 million ton in the year 2012 caused from 

coking coal export to China.  
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2.7. North East Asian super grid concept its roles in the 
countries 

Using the renewable energy is now strategically important to decrease 

carbon dioxide reduction in massive level. Large-scale wind and solar 

power system can be connected to proposed energy system covering 

Irkutsk, Gobi, Beijing, Qingdao, Pyongyang, Seoul and Tokyo.   

 

Figure 2.17 Asian super grid map  

 

 

The main problem of the creating such giant energy system will face 

political issues because of trespassing multi countries which have 

different political views about energy policy. Therefore, many 

advantages come out from this energy system energy demand for each 
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countries differences could give more maneuver possibility to the energy 

system. Newly construction planned areas can be supplied by reliable 

energy resource. Energy exchange and security level will be upgraded 

via ASG. Many social and economically advanced profit will be 

delivered to all participating countries.  

North East Asian countries will have to improve the renewable energy 

use share because of creat potentials are used to share with many nations.  

There are three advantages in NEA network first) mixture of energy 

resources are used to maximize their use second) there are more 

possibilities on other flexible resource involves in the NEA network third) 

different time zone peak time, the seasonal load may have an advantage 

in connecting many countries in one energy system.    

 

Table 2.1 North East Supergrid distribution expectation  

 

 

The main user of the NEA country is China, they produce most of the 

carbon emission in the world and they may achieve 2020 under this 

project proposal in short period of time using less coal for energy 

production.  
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Chapter 3. Literature Review 

3.1. Energy security Definition  

Energy security is a multifaceted topic of research which covers wide 

variety primary issues, includes availability and affordability, to consist 

of further topic issues same as the environment, technology, 

administration, economical and geopolitics.  

Despite the significance of energy security in policy, many researchers 

argued that the definition of energy security is not obviously identified. 

According to Loschel et al. (2010), the perception of security of energy 

supplies, or in undersized form energy security, appears to be relatively 

unclear. This argument supported by Checchi et. al (2009) who claim 

that here is no mutual explanation on energy security. Kruyt et al. (2009) 

and Mitchell (2002) argue on the idea is elusive. Another author claims 

that it is difficult to define (Chester, 2010). The ideas of energy security 

can also be so narrow that they desertion the completeness of energy 

encounters, or so broad that those misses accuracy and consistency. 

According to Sovacool and Brown (2010), to measure energy security 

by using current methods in separation such as energy intensity or 

electricity consumption per capita is same as a person trying to drive a 

car with only a few meters, or to checkup doctor who diagnosis only your 
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blood pressure. The table shows various definitions of energy security 

from several studies. 

Table 3.1 Energy security definitions by Winzer(2012)   
Energy Security Definitions 

Title Author 
(Year)  

Title Author 
(Year)  

Title Author (Year)  

Energy security 
as a rationale for 
governmental 
action 

Andrews 
(2005) 

Energy security is to assure adequate, 
reliable supplies of energy at 
reasonable prices and in ways that do 
not jeopardize major national values 
and objectives. 

Energy security: 
externalities and 
policies 

Bohi and 
Toman (1993) 

Energy insecurity can be defined as 
the loss of welfare that may occur as 
the result of a change in price or 
availability of energy. 

Long-term 
energy security 
risks for Europe: 
a sector-specific 
approach  

Checchi et al. 
(2009) 

 

Although there is no common 
interpretation, it is possible to 
identify a number of features that are 
always included, namely physical 
availability and price. 

Supply security 
and short-run 
capacity 
markets for 
electricity 

Creti and 
Fabra (2007) 

In the short-term, supply security 
requires the readiness of existing 
capacity to meet the actual load. 

Green Paper—
towards a 
European 
strategy for the 
security of 
energy supply 

European 
Commission 

(2000) 

Energy supply security strategy must 
be geared to ensuring, for the well-
being of its citizens and the proper 
functioning of the economy, the 
uninterrupted physical 
availability of energy products on the 
market, at a price which is affordable 
for 
all consumers (private and 
industrial), while respecting 
environmental concerns 
and looking towards sustainable 
development. 

Diversity and 
security in the 
UK 
electricity 
generation: The 
influence of 

Grubb, Butler, 
and Twomey 
(2006) 

Security of supply can be defined as 
a system’s ability to provide a flow 
of energy to meet demand in an 
economy in a manner and price that 
does not disrupt the course of the 
economy. 
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low-carbon 
objectives  
A quest for 
energy security 
in the 21st 
century. 

APERC 
(2007) 

Energy security is the ability to 
guarantee the availability of energy 
resource supply in a sustainable and 
timely manner with the energy price 
being at a level that will not 
adversely affect the economic 
performance of the economy 

Long-term 
energy services 
security: What 
is it and how 
can it be 
measured and 
valued? 

Jansen and 
Seebregts 

(2010) 

Energy (supply) security’’ can be 
considered as a proxy of the certainty 
level at which the population in a 
defined area has uninterrupted access 
to 
fossil fuels and fossil-fuel based 
energy carriers in the absence of 
undue exposure to supply-side 
market power over a period ahead of 
10 years or longer. 

The analysis of 
security cost for 
different energy 
sources. 

Jun, Kim, and 
Chang (2009) 

Energy security can be defined as a 
reliable and uninterrupted supply of 
energy sufficient to meet the needs of 
the economy at the same time, 
coming at a reasonable price. 

Indicators for 
energy security 

Kruyt et al. 
(2009) 

Elements relating to security of 
supply: availability (or elements 
relating to geological existence); 
Accessibility (or geopolitical 
elements); Affordability (or 
economical elements); Acceptability 
(or environmental and societal 
elements). 

Measuring the 
security of 
external energy 
supply in the 
European 
Union. 

Le Coq and 
Paltseva 
(2009) 

Supply security usually defined as a 
continuous availability of energy at 
affordable price. 

Measuring the 
energy security 
implications of 
fossil fuel 
resource 
concentration. 

Lefevre (2010) Energy insecurity can be defined as 
the loss of welfare that may occur as 
a result of a change in the price or 
availability of energy. 

Assessing 
reliability in 

McCarthy, 
Ogden, and 

Security includes the dynamic 
response of the system to unexpected 
interruptions, and its ability to endure 
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energy supply 
systems. 

Sperling 
(2007) 

them. Adequacy refers to the ability 
of the system to supply customer 
requirements under normal operating 
conditions 

Gas supply 
security in the 
Baltic states: a 
qualitative 
assessment 

Noel and 
Findlater 
(2010) 

Security of supply (or gas supply 
security) refers to the ability of a 
country’s energy supply system to 
meet 
final contracted energy demand in 
the event of a gas supply disruption. 

A new energy 
security 
paradigm for the 
twenty-first 
century 

Nuttall and 
Manz (2008) 

Interruption of the energy supply 
identified as the primary threat that 
faces global energy security. 

Contribution of 
renewables to 
energy security 

Olz et al. 
(2007) 

Energy security risk is the degree of 
probability of disruption to energy 
supply occurring. 

Linking 
consumer 
energy 
efficiency with 
the security of 
supply. 

Rutherford, 
Scharpf, and 
Carrington 
(2007) 

Energy security refers to a generally 
low business risk related to energy 
with 
ready access to a stable supply of 
electricity/energy at a predicable 
price without the threat of disruption 
from major price spikes, brown-outs 
or externally imposed limits. 

EU standards 
for security of 
supply 

Scheepers et 
al. (2007) 

Energy security refers to a generally 
low business risk related to energy 
with ready access to a stable supply 
of electricity/energy at a predicable 
price without the threat of disruption 
from major price spikes, brown-outs 
or externally imposed limits. 

EU standards 
for security of 
supply 

Scheepers et 
al. (2007) 

A security of supply risk refers to a 
shortage in energy supply, either a 
relative shortage, i.e. a mismatch in 
supply and demand inducing price 
increases or a partial or complete 
disruption of energy supplies. A 
secure energy supply implies the 
continuous uninterrupted availability 
of energy at the consumer’s site. 

Russian gas 
price reform and 
the EU–Russia 
gas relationship: 
incentives, 

Spanjer (2007) Security of supply can broadly be 
divided into two parts: system 
security the extent to which 
consumers can be guaranteed, within 
foreseeable circumstances, of gas 
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consequences 
and European 
security of 
supply  

supply and quantity security 
guaranteeing an adequate supply of 
gas now as well as in the future. This 
comprises not only gas volumes but 
also price and diversification of gas 
supplies. 

The long-term 
security of 
energy supply 
and climate 
change. Security 
of energy 
supply: 
comparing 
scenarios from a 
European 
perspective. 

Turton and 
Barreto (2006) 

Security is measured as resources to 
consumption ratio (R/C). 

Security of 
energy supply: 
comparing 
scenarios from a 
European 
perspective. 
Liberalization 
and the security 
of gas supply in 
the UK. 

Wright 
(2005) 

Energy security is defined as the 
availability of a regular supply of 
energy at an affordable price (IEA, 
2001). The definition has physical, 
economic, social and environmental 
dimensions (European Commission 
(EC), 2000); and long and short-term 
dimensions.’’ ‘‘Security of gas 
supply’’: ‘‘an insurance against the 
risk of an interruption of external 
supplies.’’ 

 Source: Winzer(2012) 

 

According to Winzer (2012), the explanation of energy security is able 

to categorize into four groups. First, definitions which energy security 

that focuses on continuity of commodity supplies. Scheepers et. al (2007) 

Energy availability is not only for price matter quality disrupting it is also 

the energy supply consumer side demand includes security.    

Lieb-Dóczy, Börner, and MacKerron (2003) also have a similar 

definition, according to them the risk is about the secure level of the 
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system, electric cut-off lowest. This echoed by Olz et. al (2007) who 

identify energy security safety as being the degree of possibility of 

disturbance to energy source exists. International Energy Agency report 

on the collaborations between energy security and global warming policy 

uses a parallel definition of energy uncertainty as the loss of economic 

benefit that may result of an adjustment in the price and availability of 

energy.  

Another group of study by Wright (2005), Hoogeveen and Perlot (2007) 

and Department of Energy and Climate Change (DECC) (2009) also has 

a similar definition of energy security. A safe supply of LNG is one of 

coverage against the risk of a disturbance of outer supplies (Wright, 

2005). Access to availability is the mainly shows energy security in 

overall conditions. The supply could be interrupted by many causes of 

economic, natural, social problems.  European Union countries potential 

crises could may cause the economic and social conflicts in Greater 

Middle East region (Hoogeveen and Perlot, 2007). The uncertainty of 

energy supply, availability of the shortage on market can interrupt 

financial performance and social welfare which may lead countries short-

term price increases which is unexpected economic planning. Especially 

facility failures in gas supply chain, major explosions can be interrupt 

supply with unexpected accidents. There is no energy supply can promise 

perfect energy security. Therefore, upgrading energy supply is to 
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implement more contingency plan to avoid such risk which can reduce 

the risk of each resource shortages may occur in the future to your energy 

system. Trying share risk to in different energy resources that can replace 

each other short period of time.  (DECC, 2009). 

Second, definitions of energy security that focuses on the impact measure 

of the continuity of service supplies. Li (2005) suggests that expansion 

and adaptation new of energy sources and e energy systems may deliver 

a security for the energy source and distribution. 

Patterson (2008) argues that the energy security concerns supplies of 

imported oil and natural gas, not the secure delivery of energy services. 

Noel and Findlater (2010) state that security of supply refers to the ability 

of a country’s energy supply system to meet final contracted energy 

demand in the event of a gas supply disruption. Hughes (2012) IEA 

description energy security identified as system analysis to generate 3 

energy security indicator within energy system flow model.  

Third, descriptions of energy security which focuses on the continuity of 

the welfare or the economy, Lefevre (2010) uncertainty on energy 

security translated as cost increase in energy or availability of energy 

might influence to social cares. Grubb et al. (2006) state that security of 

energy supply is described price and manner interruption influences are 

not impacting to economy especially continue production of energy 

distribution. An indication of the non-secure energy system is price 
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fluctuation, quality, supply distraction short and long term. Joode et al., 

(2004) defines securing the supply of energy as any case stable energy 

supply with reasonable price in any market conditions. In case of 

economy direct profit it is not clear at financially but as a resulting loss 

of the social cares are much more impacts indirectly to the availability or 

price(Bohi & Toman, 1993). 

Fourth, the definition of energy security that focuses on the impacts on 

the environment or the society Kruyt et al. (2009) defines security as 

problems related to the risk correlation of costumers. The main aim is 

not directly to prices nevertheless volume and influence of changes in 

tariff. Verrastro and Ladislaw (2007) emphasize the impact of energy 

security policy on the environment by arguing that the key trial going 

onward is to deliver suitable, consistent, and affordable energy resources 

when decreasing carbon emissions and adapting to a world climate 

change. European Commission (EC) (2000) concluded that energy 

security is totally related with undistracted continues availability is 

which led by the social outcomes are more functioning to final customers 

including individuals and commercial companies. This stable price 

quality services could jointly include in the strategy for development and 

environmental positive impacts based on non-stop supply with 

reasonable price matter.  
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Although there are various definitions of energy security, there is a 

corporate concept includes major energy security definitions, which are 

the risks of preventable and coverable intimidations in energy supply. 

Studies conducted byRutherford et al. (2007), 

Lieb-Dóczy et al. (2003); Wright (2005); Olz et. al (2007); Keppler 

(2007) confirm this notion.  

However, there are a huge number of intimidations affected by or have 

an influence on the energy supply network (Gnansounou, 2008). Since 

studies on energy security attention on altered risk bases or select 

different effect measures, the major cause for dissimilarity between 

energy security concepts is on in what way the authors select which 

intimidations they use in their study.  The other studies are used different 

concepts of energy security which has different dimensions which cause 

problem of the analyzing threat with many dimensions together.  Also, 

dimensions aimed at different threats like (natural, technological, human 

error). Different dimensions impact from other external influences. 

Many varieties of core issues can be included even one dimension. In 

that case, study becomes more complex and wide-ranging possibility.   

3.2. Dimensions of Energy security  

The modern energy security study’s main study points start from the 4 A 

(affordability, availability, accessibility, and acceptability). Four out of 
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two is availability and affordability came from the classic energy security 

study (Deese, 1979; Yergin, 1988) and continues as IEA core dimensions 

of the energy security study “as the uninterrupted availability of energy 

sources at an affordable price” (IEA, 2014). Remaining two A is 

(accessibility and acceptability) is from the World Energy Council in its 

Millennium Declaration (WEC, 2000) however were not linked to 

energy security until the 2007 APERC report. 

While there is no globally agreed exact definition of energy security, 

multi-dimension arrangements conform to the three International Energy 

Agency derivative dimensions or could be accepted deviations from 

them. This definition is able to be synthesized into 3 energy security 

dimensions: availability (the continuous physical availability), 

affordability (a price which is reasonably priced), and acceptability 

(concerning environment issue). Concluding from International Energy 

Authority definition of energy security is representative of multi 

definitions, therefore 3 indicators mainly exist in most energy security 

indicator definitions. 

 

 

 

 

 



56 

 

Table 3.2 Energy security dimension table  

The table below shows some literature on dimensions of energy security.  

Author (year) Dimensions  

WEC, 2007 The World Energy Council has three sustainability 
objectives (the three ‘A’s) (WEC, 2007): 
a. Accessibility to modern, affordable energy for all; 
b. Availability in terms of continuity of supply and 
quality and reliability of service; and 
c. Acceptability in terms of social and environmental 

goals.  

APERC, 2007 The four As of energy security (availability, 
affordability, accessibility, and acceptability) is a 
frequent starting point of contemporary energy security 
studies. In 2007, APERC used the A-framework, 
merging the classic availability and affordability with 
acceptability and accessibility to structure 
their report on energy security in Asia:  
a. Availability refers to the availability of oil (and 
other fossil fuels) and nuclear energy; 
b. Accessibility considers the barriers to accessing 
energy resources; 
c. Affordability of energy (limited to fuel prices, price 
projections, and infrastructure costs); and 
d. Acceptability surrounding environmental issues 
dealing with coal (carbon sequestration), nuclear, and 
unconventional fuels (biofuel and oil sands). 

Kruyt et al. 

(2009) 

Extend the work by Jansen et al. (2004) on the social 
stability of an energy supplier to Acceptability. Kruyt 
et al. (2009) grouped their indicators of energy security 
by the four As, which they called classification 
scheme.  

Chester (2010) Mentioned the APERC report in her influential article 
addressing four dimensions of energy security 
(availability, adequacy, affordability, and 
sustainability), similar, but not identical, to the four 
As. She argued that the concept of energy security was 
slippery (i.e. impractical to universally define or 
conceptualize) and multi-dimensional. Subsequently, 
many studies have conceptualized energy security by 
liberally adding or modifying dimensions to the four 
As.For example,Hughes (2012)generic framework for 
the description and analysis of energy security contains 
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three indicators: availability, affordability, and 
acceptability. 

Sovacool and 

Mukherjee 

(2011) 

Reformulate APERC’s four ‘A’s into five dimensions: 
a. Availability, 
b. Affordability, 
c. Technology Development, 
d. Sustainability, and 
e. Regulation 

Sovacool and 

Brown (2010) 

Energy security has four dimensions: 
a. Availability, 
b. Affordability, 
c. Energy and economic efficiency, and 
d. Environmental stewardship. 

von Hippel, 
Suzuki, 
Williams, 
Savage, and 

Hayes (2011) 

Contains six dimensions. They defined energy security 
as the availability of fuel and energy services to ensure 
the survival of the nation, the protection of the national 
welfare and the minimization of risks associated with 
the supply and use of the said services. According to 
this definition, energy 
security is composed of six dimensions:  
a. energy supply, 
b. economic, 
c. technological, 
d. environmental, 
e. social and cultural, and 
f. military and security. 

Sovacool 
(2011) 

Proposed 20 dimensions of energy security including 
availability and affordability. 

Vivoda (2010) Built on the work of Von Hippel et al. by adding 
further 5 dimensions: 
a. demand management, 
b. efficiency, 
c. human security, 
d. international, and  
e. policy. 
Vivoda further deepened the 6 dimensions of Von 
Hippel et al. by adding 10 
“attributes” to them (as well as introducing another 34 
attributes with his own five dimensions). 

Winzer (2012) Conceptualization stands apart in that it reflectively 
mentions but does not directly uses the four As where 
availability and accessibility are identified with natural 
and human sources of risks and affordability and 
acceptability with economic and environmental 
impacts of energy. 
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Utmost of the objectives and dimensions are apprehended in the IEA’s, 

WEC’s and APERC’s definition of energy security. The IEA omits of 

accessibility, it can be reflected as a share of availability based on the 

concept of an energy stream to be accessible, and it must be available. 

On the other hand, the put affordability in the definition of accessibility, 

while the APERC’s lists all of the 4 As. 

Other studies listed in above are generally agreed with those dimensions 

with some variations or additional elements. The efficiency dimension 

also becoming more popular as introduced by Vivoda (2010), Sovacool 

and Brown (2010)and Sovacool (2011) in their studies in recent years. 

Hence for the purpose of this study, all of those dimensions offered by 

the above authors can actually be grouped into 4 dimensions of energy 

security: efficiency, availability, affordability, and acceptability.  

 

3.3. Energy security Indicator 

3.3.1 Simple indicators 

These are common measurements that allow understanding of the results 

or attributes of the activities performed within an industry’s supply chain 

(OECD, 2008). The single indicators are often linked to measurable 

outcomes during a specific period. For an indicator to be useful and 

effective, it has to be relevant to the objectives of the industry. It also has 
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to be clearly defined to ensure the proper collection of information about 

it. It must be easy to understand and use and be comparable with the 

performance of similar. The simple indicators are often linked to 

measurable outcomes during a specific period. Information about single 

indicators can be found in publicly annual statistical reports or databases. 

Example of popular simple indicators: 

Table 3.3 Simple indicators  

Simple indicator Example 

Energy intensity 

Energy Dependency 

Reserve to production 

ratio 

Energy price 

Sectorial indicators 

Total Primary Energy Supply/GDP 

Import/Gross inland energy 

Proven reserve/primary production  

 

Oil price, Gas price, Coal price 

Share of biofuel in road transportation (biofuel 

consumption/petrol consumption) 

3.3.2 Diversification Indicator 

In additional study literature reviews can be used diversity, Stiriling 

(1998) which is three main factors:  

1. Variety: quantity basis analysis categorized  

2. Balance: related category balanced 

3. Disparity: differentiation used to categorize 
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Table 3.4 Diversification index 

 

Study of the energy sector, Simpson (1949), Shannon and 

Weaver (1962) and Stirling (2007) diversity guides have continued by 

authors such as Grubb et al. (2006), Jansen et al., (2004); 

Stirling (2010). Shannon diversity index reflecting variety besides 

balance that is most easy indexes which are inconstant results images. 

3.3.3 Composite Indicator 

A composite indicator is designed while different indicators are 

collected into one index, including on of a general model of the multi-

dimensional model that exists stately. Below shows the altered means 
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of evaluating energy security. 

 

Table 3.5 Composite indicator  

Composite 
indicators 

Method 

Supply/Demand 
(Scheepers et al. 2006) 

Based on the structure of the country's energy 
demand and supply. 

The Asia Pacific 
Energy Research 
Centre (APERC, 
2007) 

Uses five indicators of energy security, which 
measure net import dependency, net oil import 
dependency, Middle East import dependency, 
diversity of primary energy types and non-
carbon 
based fuel portfolio (a variation of fuel-type 
diversity)  

IEA (2007), Lefevre 
(2010), Loschel et al. 
(2010) 

Focus on resource concentration as a driver of 
longer-term energy security using two 
indicators: one is for the price component of 
energy security (competitiveness and 
volatility), based on diversity of fuel exporters 
and fuel-types. 

Jansen et al. (2004), 
Frondel et al. (2009), 
Cohen et al. (2011). 

Supply risk measurements on the diversity of 
fuel types and import sources. 

 

Jansen et al. (2004) mentioned LNG, crude oil, coal and biofuels, atomic 

power and hydro, renewable energy in EU long term security indicator 

bases on Shannon diversity index. The indicators used for energy supply, 

import source diversification that include country politic constancy, 

import resource continues supply ability.  

Correspondingly, Costantini et al. (2007) categorized indicators of 

supply security into 2 categories: dependence and vulnerability those are 
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indicated existence of resource and economic feasibility. The distinction 

amongst reliance and defenselessness was distinguished in inquiring 

about, the physical measurement of reliance was spoken to with pointers, 

for example, rate offer of net import of oil and gas in all out essential 

vitality supply and offer of European oil and gas imports in world oil and 

gas imports while the physical measurement of weakness was figured 

regarding level of supply focus in exchange and creation utilizing the 

Shannon– Weiner assorted variety record, rate offer of oil utilized as a 

part of transportation, and rate offer of power delivered with gas. As far 

as the financial measurement of reliance and helplessness, the estimation 

of oil and gas imports and oil and gas utilization per dollar of GDP 

separately were evaluated.  

These markers of the European vitality framework were dissected under 

various vitality situations. 

In an investigation by de Jong et al. (2007), a model was produced for 

auditing and surveying vitality supply security in the European Union, 

based on pre-concurred criteria. It utilized two quantitative markers and 

some subjective contemplations. The main quantitative marker is the 

emergency capacity (CC) record. It managed the danger of sudden 

unanticipated here and now supply interferences and the ability to 

oversee them. The second pointer, the supply/request (S/D) file secured 

present and future vitality free market activity adjusts.  



63 

 

 

Subjective contemplations included multi-horizontal measures for 

securing general maker/buyer relations and protecting defenseless 

transport courses for oil and gas.  

 

Various examinations have concentrated on surveying vitality 

defenselessness. Kendell (1998) investigated the significance and 

estimation of measures of import powerlessness as markers of vitality 

security, specifically, oil security in the United States. While measures 

of oil import reliance demonstrating the degree of a nation's imports 

might be of intrigue, they offer a restricted sign of vitality security. Gupta 

(2008), APERC (2007), and UNDP (2007) have additionally inspected 

the relative oil weakness of oil-bringing in nations based on different 

components. Utilizing key segment system, singular markers, for 

example, local oil holds with respect to add up to oil utilization, 

geopolitical oil chance, oil force, cost of oil in national pay and 

proportion of oil utilization in complete essential vitality utilization were 

consolidated into a composite record of oil weakness. Percebois (2007) 

illuminated the qualification amongst defenselessness and vitality 

reliance and exhibited an intelligent arrangement of markers including 

import fixation, level of vitality import an incentive in yield, danger of 

power outage in the power area, value unpredictability, trade rates, and 



64 

 

modern and innovative components that are utilized to break down 

vitality powerlessness. Gnansounou (2008) characterized a composite 

list of vitality request/supply shortcomings as an intermediary of vitality 

powerlessness. The record depends on a few markers, for example, 

vitality force, oil and gas import reliance, the CO2 substance of essential 

vitality supply, power supply shortcomings and nondiversity in transport 

fills. The evaluation of the composite list was connected on chosen 

industrialized nations. In 2008, the World EnergyCouncil (2008) 

distinguished dangers to the European economy which could prompt 

potential vitality emergencies and recommended answers for confronting 

related key difficulties. The examination additionally built up various 

pointers to evaluate the level of various kinds of weakness and in 

addition the general helplessness of a nation or area, including dangers 

to physical interruption and higher vitality costs.  

 

The outline of a composite record of vitality security has been embraced 

in past investigations. A composite helplessness record was created by 

the World Energy Council (2008) to benchmark and screen European 

nations' individual endeavors to adapt to long-haul vitality powerlessness. 

Thus, de Jong et al. (2007) planned state of-the-workmanship lists of 

vitality security hazard (i.e., the emergency capacity record and 

supply/request list) which are situated towards a thorough and 
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investigative portrayal of the vitality store network. In any case, the 

inadequacy of these methodologies was the utilization of subjective-

assessment ruled weighting frameworks and scoring rules where the 

weights and the guidelines depended on master judgments. In light of 

this deficiency, Gnansounou (2008) proposed an elective strategy which 

was objective-esteem arranged and insights based.  

Gnansounou characterized the composite record as the Euclidean 

separation to the best vitality security case spoke to by the zero point. 

The Euclidean separation is institutionalized to get an incentive in the 

vicinity of 0 and 1. 

Developed countries have a more advanced method which are developed 

by the institutions. (DECC, 2011; Institute for 21st Century Energy, 2010; 

METI, 2010). 
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Chapter 4. Methodology and Data 
Collection 

4.1. Energy security evaluation using index method  

This study develops a methodology to quantitatively measures energy 

security which is conceptual for application to the case of North East 

Asian countries. Utilizing a mixed methods approach based on available 

literature review, the tool consists of main indicators that cover the core 

aspects of energy security. Additional, data set is compiled from the 

annually based data which indicates yearly bases trends in figures.  

Thus there is a need to recognize the center angles and to distinguish how 

different issues are identified with them. There is additionally a need to 

acquaint a device with quantitatively survey these issues and to blend the 

discoveries into a file speaking to the level of vitality security.  

Such an instrument can give a target appraisal that is as helpful to the 

talks of chiefs and experts in the field of vitality security as the technique 

that figures the total national output (GDP) is to discussants in the field 

of financial aspects. That is, while business analysts may hold differing 

sentiments on the economy, they continually allude to the GDP and its 

part figures, for example, government spending, ventures and net imports 

in their discourses (Sharifuddin, 2014). 

There is two noteworthiness of this examination. To start with, it isn't 

concentrate on a fuel based meaning of vitality security (for instance oil 
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security or power supply security), or restricting vitality security 

measurements to geopolitics, or to the supply or request side of vitality, 

yet the investigation contends that vitality security is a perplexing 

objective including how to fairly give accessible, reasonable, solid, 

productive and adequacy.  

Second, notwithstanding a developing number of studies endeavoring to 

gauge and evaluate vitality security have surfaced in a previous couple 

of years. Along these lines, this examination integrates related writings 

into a condensable and usable number of measurements and 

measurements taking a gander at different divisions and concerns at the 

same time. 

As discussed in the literature review, four dimensions to evaluate 

countries energy security will be used, i.e. availability, affordability, 

efficiency, and acceptability. These four dimensions than are broke down 

into 13 composite and simple indicators related to self-sufficiency, 

diversification of non-fossil fuel, diversification all primary energy 

sources, outstanding production, energy import need, oil import cost, 

primary energy supply per capita, the ratio of electrification, cost of grant, 

energy intensity and emission intensity. The instrument will express 

every pointer on a 0 to 1 scale to enable various markers to be 

incorporated into composite scores – one for each center angle or 

measurement. 
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4.2. Methodology and data  

Historical data from 1990 to 2015 for evaluating North East Asian 

countries energy security are collected from: 

– Energy related data are from IEA (International Energy Agency) 

World Bank’s World 

Development Index, BP Statistical Review 2016; 

– Environmental data are from World Bank’s World Development 

4.2.1. Determining Dimensions and Indicators 

Based on the data availability energy security concept is created from the 

literature review, it about takes most common concepts which can fit 

most of the countries statistical availability and technically accepted 

dimensions. In hypothesizing energy security, other researchers have 

their own views, for example, Sovacool and Mukherjee (2011); (Vivoda, 

2010; von Hippel et al., 2011) the creating and evaluating main 

dimensions determining indicators methods. Sovacool and Mukherjee 

(2011) for example, piloted interviews, questionnaires’, seminar and 

literature review to find that energy security is composed of 5 dimensions: 

availability, affordability, technology development, sustainability, and 

regulation. These 5 dimensions were broken down into 20 components 

which measured by 372 indicators. This study by far has the most 

extensive concept of energy security. 
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However, institutions are made final acceptance of the dimensions and 

indicators not in personal decision stage. Thus, we believe that above 

approach to determine energy security dimensions of a specific country 

is not enough in this cases. 

The dimensions derived from the above table are enough to study more 

detailed statistics of dimensions of energy security concept at APERC 

(2007) and other paper discussed in the literature review. 

4.2.2. Corresponding Indicators 

After determining the dimensions by referring to the energy laws into 

four energy security dimensions, the relevant indicators is determined to 

refer to the list of indicators provided in Sovacool and Mukherjee (2011) 

which is a result of the works reducing from the theoretical of von Hippel 

et al. (2011). The adoption of indicators from this well-known concept 

sufficiently represents the ideas that are resulting from discussions and 

questionnaires.  
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Table 4.1 Calculation of indexes  

Dimension Indicator Metric and unit Formula 
Availability Self-

sufficiency 
Share of energy 
consumption over 
domestic production, % 

∑ 𝑐

∑ 𝑝
 

Diversification Share of non-fossil fuel 
energy supply in 
TPES, %  

∑ 𝑆

𝑆
 

Import 
dependence 

 

Net import Energy 
production  

∑ 𝐼𝑚𝑝𝑜𝑟𝑡

∑ 𝐸𝑃
 

Primary 
Energy supply 
per capita  
Electrification 
ratio 

Primary energy supply 
over population, BOE 
households with access 
to energy compare to 
total population  

 

𝑇𝑃𝐸𝑆

𝑃𝑜𝑝
 

Electrification 
ratio 

Electric 
consumption/population 
(MWh/Capita) 

∑ 𝑐

𝑃𝑜𝑝
 

Affordability Distribution 
rate 

TPES/population 
(toe/capita) 
 

𝑇𝑃𝐸𝑆

𝑃𝑜𝑝
 

 Electric 
consumption/population   
(MWh/capita) 

∑ 𝐶

𝑃𝑜𝑝
 

Efficiency Energy 
Intensity  

Energy consumption per 
GDP, BOE/US$  

∑ 𝐶

𝐺𝐷𝑃
 

Acceptability Emission 
intensity 
(energy wise) 
 

Energy production CO2 
emission/final energy 
consumption 
kgCO2/BOE 

𝐸𝑀𝑖

𝐶
 

Emission 
intensity 
(economic 
wise) 
 

Energy related CO2 
emission per GDP 
KgCO2/US$ 

𝐸𝑀𝑖

𝐺𝐷𝑃
 

The dimension of availability contains general issues about the energy 

sustainability of energy resource, natural existence how much defends 

from the import price acceptance of energy is the main core.   
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This dimension is defined by five indicators: self-sufficiency, 

diversification (non-fossil), diversification (total), import dependence, 

primary energy supply per capita and electrification ratio. 

The dimension affordability indicates distribution rate how that countries 

electric consumption related to all over the population.  

The efficiency dimension is described by the energy intensity. 

This pointer is frequently used to speak to particular factors that change 

the vitality utilization execution, for example, the selection of further 

developed innovation and items that outcome in higher proficiency, fuel 

changing to more productive vitality transporters and changes in the way 

of expending vitality. 

The acceptability measurement is for the most part identified with the 

environmental change issue and is demonstrated by the proportion of 

vitality related CO2emissions (e.g., from petroleum derivative ignition) 

to vitality utilization and vitality related CO2 outflows for each billion 

dollars GDP. 
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Table 4.2 Dimensions  

Dimension Explanation of dimension Indicators 
Availability The uninterrupted physical 

availability and availability 
of technologies and fuels. 

Self-sufficiency 
Diversification 

Import dependence 
Primary energy supply per capital 

Electrification ratio 
Affordability Economic aspects 

distribution rate. 
Distribution rate 

Efficiency Energy intensity. Energy intensity 
Acceptability Emission intensity with 

economic and energy wise. 
Emission intensity 

4.2.3. Energy Security Index Calculation 

 Calculating the indicators’ value: 

This step begins with calculating the value of each metrics using their 

corresponding formulas as depicted in the table above. With numerous 

markers in various units, it is important to change over them all to a 

standard unit keeping in mind the end goal to permit blend of results. 

Normalizing: 

We often want to compare scores or sets of scores obtained on different 

scales. In order to do so, we need to normalize the data by scaling them 

between 0 and 1, where 0 represent the poorest performance and 1 

represent the best performance. The normalizing formula is ad follow 

𝑁𝐼 =          (1) 

where, NIj = normalized indicator Ij 

Ij = indicator Ij 

Imin = lowest value of indicator I 



73 

 

Imax = highest value of indicator I 

 Transforming: 

There is one important point of all measuring indicators are not showing 

the same directions to the result. Some results are higher is better but 

others are showing lower is better performance. For example please see 

the attached normalizing table. In the calculation of the composite index, 

those metrics are converted to reverse measures by subtracting them 

from 1. 

Normalizing methodology there was carefully studied on every indicator. 

Some indicators are reflecting opposing directions.  Please see the 

following chart how all indicators are derationed.   

Table 4.3 Normalizing  

Indicators Explanation of indicator Directions 
Self-sufficiency Share of energy consumption over 

domestic production 
(higher better) 

Diversification Share of non-fossil fuel energy 
supply in TPES 

(higher better) 

Import dependence Net import Energy production (lower better) 

Primary Energy 
supply per capita 

Electrification ratio 

Primary energy supply over 
population, BOE households with 
access to energy compare to total 

population 

(higher better) 

Electrification ratio Electric consumption/population (higher better) 

Distribution rate TPES/population (higher better) 
Energy intensity Energy consumption per GDP (lower better) 

Emission intensity Energy related CO2 emission per 
GDP 

(lower better) 
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For calculation of composite index those lower better indexes are 

(import dependence, energy intensity, emission intensity) by 

subtracting them from 1.   

4.3. Result and Analysis 

Table 4.4 Mongolia index results  

Mongolia     
Year Availability Affordability Efficiency Acceptable 
1990 0.57 0.62 0.07 0.66 
1991 0.66 0.68 0.00 0.21 
1992 0.57 0.47 0.12 0.16 
1993 0.50 0.34 0.23 0.14 
1994 0.41 0.19 0.40 0.28 
1995 0.39 0.19 0.46 0.34 
1996 0.30 0.05 0.62 0.50 
1997 0.27 0.01 0.62 0.62 
1998 0.27 0.02 0.74 0.45 
1999 0.26 0.00 0.73 0.52 
2000 0.28 0.05 0.77 0.34 
2001 0.28 0.05 0.73 0.51 
2002 0.31 0.11 0.74 0.45 
2003 0.28 0.10 0.74 0.66 
2004 0.29 0.13 0.77 0.74 
2005 0.41 0.26 0.77 0.60 
2006 0.46 0.38 0.69 0.69 
2007 0.47 0.43 0.75 0.68 
2008 0.47 0.45 0.80 0.76 
2009 0.47 0.45 0.75 0.73 
2010 0.45 0.54 0.79 0.68 
2011 0.45 0.62 0.82 0.74 
2012 0.47 0.68 0.84 0.74 
2013 0.62 0.94 0.89 0.70 
2014 0.65 1.00 0.96 0.69 
2015 0.63 0.91 1.00 0.71 
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Table 4.5 Russian Federation index results 

Year Availability Affordability Efficiency Acceptable 
1990 0.81 1.00 0.33 0.39 
1991 0.83 0.95 0.26 0.36 
1992 0.75 0.70 0.12 0.34 
1993 0.70 0.53 0.00 0.53 
1994 0.56 0.22 0.03 0.41 
1995 0.54 0.15 0.04 0.36 
1996 0.53 0.12 0.16 0.00 
1997 0.47 0.05 0.26 0.21 
1998 0.45 0.00 0.20 0.10 
1999 0.48 0.08 0.23 0.21 
2000 0.48 0.15 0.34 0.30 
2001 0.47 0.18 0.41 0.38 
2002 0.43 0.19 0.53 0.32 
2003 0.44 0.28 0.59 0.38 
2004 0.41 0.31 0.68 0.46 
2005 0.41 0.36 0.78 0.45 
2006 0.46 0.47 0.84 0.44 
2007 0.47 0.51 0.92 0.53 
2008 0.49 0.56 0.96 0.56 
2009 0.43 0.41 0.92 0.66 
2010 0.48 0.57 0.89 0.71 
2011 0.53 0.66 0.90 0.64 
2012 0.55 0.73 0.96 0.72 
2013 0.50 0.66 1.00 0.72 
2014 0.52 0.68 0.96 0.97 
2015 0.31 0.64 0.92 0.99 
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Table 4.6 People’s Republic of China 

Year Availability Affordability Efficiency Acceptable 
1990 0.40 0.00 0.00 0.50 
1991 0.38 0.00 0.07 0.51 
1992 0.37 0.01 0.21 0.56 
1993 0.38 0.03 0.31 0.55 
1994 0.37 0.05 0.41 0.60 
1995 0.37 0.08 0.45 0.54 
1996 0.37 0.09 0.56 0.59 
1997 0.36 0.09 0.61 0.64 
1998 0.35 0.09 0.66 0.64 
1999 0.35 0.10 0.73 0.69 
2000 0.35 0.12 0.76 0.66 
2001 0.34 0.14 0.80 0.65 
2002 0.36 0.17 0.82 0.63 
2003 0.39 0.24 0.82 0.54 
2004 0.43 0.32 0.79 0.51 
2005 0.45 0.39 0.80 0.47 
2006 0.48 0.47 0.82 0.45 
2007 0.50 0.55 0.85 0.44 
2008 0.50 0.58 0.88 0.49 
2009 0.51 0.64 0.90 0.48 
2010 0.55 0.74 0.92 0.45 
2011 0.58 0.83 0.93 0.42 
2012 0.58 0.88 0.95 0.46 
2013 0.59 0.95 0.97 0.47 
2014 0.59 0.98 0.98 0.52 
2015 0.59 1.00 1.00 0.57 
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Table 4.7 Republic of 
Korea 

    
Year Availability Affordability Efficiency Acceptable 
1990 0.47 0.00 0.30 0.07 
1991 0.43 0.03 0.28 0.09 
1992 0.46 0.08 0.09 0.27 
1993 0.49 0.14 0.00 0.23 
1994 0.45 0.19 0.04 0.24 
1995 0.46 0.25 0.07 0.22 
1996 0.47 0.31 0.09 0.23 
1997 0.52 0.37 0.09 0.27 
1998 0.51 0.31 0.25 0.63 
1999 0.54 0.38 0.27 0.67 
2000 0.42 0.49 0.30 0.36 
2001 0.52 0.52 0.37 0.32 
2002 0.48 0.57 0.44 0.73 
2003 0.50 0.60 0.49 0.82 
2004 0.47 0.64 0.61 0.64 
2005 0.50 0.67 0.67 0.77 
2006 0.47 0.70 0.77 0.80 
2007 0.44 0.75 0.82 0.86 
2008 0.45 0.78 0.89 0.76 
2009 0.45 0.79 0.89 0.65 
2010 0.50 0.90 0.89 0.49 
2011 0.53 0.95 0.92 0.41 
2012 0.52 0.97 0.91 0.54 
2013 0.47 0.97 0.95 0.66 
2014 0.51 0.99 0.99 0.80 
2015 0.52 1.00 1.00 0.76 
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Table 4.8 Japan 

Year Availability Affordability Efficiency Acceptable 
1990 0.56 0.00 0.11 0.34 
1991 0.54 0.08 0.19 0.47 
1992 0.59 0.14 0.17 0.48 
1993 0.58 0.17 0.13 0.55 
1994 0.76 0.46 0.04 0.38 
1995 0.78 0.59 0.01 0.50 
1996 0.81 0.69 0.07 0.58 
1997 0.82 0.77 0.10 0.65 
1998 0.76 0.72 0.13 0.72 
1999 0.79 0.80 0.00 0.57 
2000 0.84 0.90 0.11 0.60 
2001 0.72 0.81 0.18 0.64 
2002 0.73 0.83 0.11 0.49 
2003 0.73 0.77 0.22 0.47 
2004 0.78 0.94 0.27 0.59 
2005 0.77 0.98 0.34 0.61 
2006 0.75 0.97 0.39 0.74 
2007 0.74 1.00 0.50 0.54 
2008 0.67 0.74 0.74 0.74 
2009 0.55 0.52 0.57 0.86 
2010 0.66 0.88 0.61 0.79 
2011 0.49 0.51 0.69 0.44 
2012 0.39 0.42 0.75 0.25 
2013 0.40 0.44 0.81 0.22 
2014 0.26 0.35 0.92 0.38 
2015 0.25 0.25 1.00 0.61 
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Table 4.9 DPRK 

Year Availability Affordability Efficiency Acceptable 
1990 0.80 1.00 0.01 0.03 
1991 0.77 0.92 0.00 0.05 
1992 0.68 0.75 0.09 0.06 
1993 0.62 0.64 0.15 0.08 
1994 0.59 0.59 0.24 0.14 
1995 0.57 0.53 0.26 0.17 
1996 0.51 0.44 0.38 0.24 
1997 0.48 0.38 0.35 0.19 
1998 0.44 0.32 0.42 0.25 
1999 0.48 0.36 0.33 0.17 
2000 0.51 0.39 0.25 0.11 
2001 0.53 0.41 0.16 0.06 
2002 0.51 0.38 0.22 0.11 
2003 0.53 0.40 0.18 0.10 
2004 0.55 0.42 0.16 0.08 
2005 0.57 0.44 0.09 0.05 
2006 0.56 0.44 0.10 0.04 
2007 0.50 0.34 0.31 0.23 
2008 0.55 0.40 0.15 0.11 
2009 0.43 0.27 0.51 0.37 
2010 0.44 0.25 0.47 0.41 
2011 0.37 0.14 0.70 0.69 
2012 0.37 0.14 0.70 0.65 
2013 0.30 0.07 0.92 0.97 
2014 0.31 0.08 0.86 0.86 
2015 0.20 0.00 1.00 1.00 
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4.3.1. Chart analysis 

Figure 4.1 Mongolian energy security index 

 

 

Figure 4.2 Energy security index of Russian Federation 
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Availability, affordability, acceptability:  

Mongolia and Russia are showing similar results because both 

countries are under supplier position and less sensitive in 

availability indicator. Availability dimension contains an indicator 

of self-sufficiency, diversification, import dependence, primary 

energy supply, and electrification ratio.  The scale of these countries 

are different but showing same reactions for external economic 

reaction. Availability index of both countries is decreased since the 

beginning.   

Efficiency: 

Mongolian and Russian efficiency is decreased due to GDP and 

increased another hand final energy consumption is dropped. It 

could be explained as export of the raw material portion is increased 

compared to the value-added product.  

Two countries general shape of the energy security index is 

described similarly in time. Both countries are showing similar 

reflection the on energy security both indicators.  
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Figure 4.3 Energy security index of People`s Republic of China 

 

China is showing unique characteristic different from other countries. 

China has biggest capacity and influence to other countries because of it 

is the scale. Index increasing progress has been started since the year 

2000 and improved constantly. The most significant increase is in 

affordability and availability. In addition, efficiency index has been 

decreased because of the rapid increase in GDP.   

Figure 4.4 Energy security index of DPRK 
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The energy security index for DPRK is showing a decrease since the 

beginning of the time. Energy consumption and GDP is constantly 

decreased. Energy security situation is worst in 2015.  All dimensions are 

showing a decline. Maybe aging technology and equipment is the main 

reason to decrease. Also, new investment for new power plants is not 

made compared to the population growth. Main input stream is oil import 

line. This country energy security index is totally different between North 

East Asian countries. 

  Figure 4.5 Energy security index of Republic of Korea 
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Figure 4.6 Energy security index of Japan  

 

Republic of Korea and Japan showing similar energy index in the period. 

Both countries are mainly using LPG and Coal for a base generation. 

Geographic location and supply of the raw material price is the main 

factor of to be similar indexes. The difference is described on only on 

affordability. Korea has increased affordability but Japan decreased. 

After Fukushima crises, Japanese still have a problem with energy 

security but in case of South Korea, affordability dimensions are 

sustainably increased during the period.  
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Chapter 5. Conclusion and Policy 
Implications 

5.1. Conclusion 

North East Asian countries energy security index can be divided into four 

different characteristics. First, Russia Federation and Mongolia are less 

sensitive to availability. Both countries energy security index has been 

dropped since Soviet Union collapse but there was positive sign appeared 

since 2011-2013 which caused from Chinese economic growth affected 

to improve total countries export.  

Second, DPRK was only one unique country which has a shows only 

decrease in affordability and total energy security. It explains this country 

have an insufficient energy distribution and development among all 

countries. Since the beginning of the time technology renovation and 

expansion is not made in the energy sector. Order to improve energy 

security much of investment needed to improve.   

Third, People’s Republic of China is the biggest country which showing 

progress on energy security index. Installation of new plants and 

electrification to the population is significantly increased country energy 

security index continuously. Their sustainable economic growth 

positively affected supplier countries in the North East Asian continent. 
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Also, China is supplying its own resources to generate cheap electricity 

to increase GDP.    

Fourth, Japan and Republic of Korea these countries are showing very 

similar energy security index during the chosen period because of they 

are supplied by same countries by raw materials. Lack of domestic 

energy resource both countries imports world the biggest share of oil, 

LNG, and coal. Asian market fluctuations world market influences 

heavily affect both countries.  

North East Asian countries energy security relationship can be found 

energy resource availability types and differences but in case of North 

Korean their energy security index is not connected with world economic 

factor.  

Based on these conclusions North East Asian super grid can be improved 

energy security for all North East Asian Countries.  

5.2. Policy implications 

North East Asian countries energy security indexes shows countries 

relation, how they reflect world economy changes. General policy 

implication cannot be applied to all countries because of their unique 

geographic location and energy sector structure.  
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People’s Republic of China:  

China has own resources estimated about 475 billion barrels of oil 

equivalent more than 90% of which is coal and ranked world 3rd highest 

coal reserves in the world. Sustainable growing demand for energy 

consumption requires growing portion of import oil, natural gas, and coal. 

Coal power plants give advantage to producing cheap energy supply 

another hand alternative gas oil energy production needs more 

investment in future order to keep increase energy system flexibility. 

Economic growth leads expansion over natural gas, oil and coal suppling 

market competition in the North East Asian countries.  

In future most appropriate policy is to build nuclear power plants for 

supply increasing energy demand which is more convenient rather than 

competing on limited capacity oil, gas, and coal market. Also building 

North East Asian super grid will give more benefit to China. Therefore, 

it is a simple way to access Russian natural gas resources using 100% 

renewable energy trans-border super grid.   

Japan: 

Japan has a high risk in energy security. No domestic coal or local 

resources even they have high energy consumption but Japan managed 

their energy security risk considerably precise management. There was 

some decrease detected in energy security after Fukushima nuclear 
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power station accident because the government decided to cut a number 

of nuclear plants. This causes more load on import related energy 

production which leads more stress on GDP. More alternative suppliers 

are needed to keep energy price in lower level.      

Republic of Korea: 

Japan and Republic of Korea are heavily dependent on the import 

resources. Even Korea has disadvantage their energy security they are 

kept sustainable under precise policy implication. The retail price of 

electricity is kept low to become more affordable to the final customers. 

North East Asian countries economic development a raise competition 

on natural gas coal and oil market in Asia. Now China is entering this 

market much aggressive, preventing from price fluctuation is necessary 

to create other supply chain and a long-term contract with the supplier.    

Russian Federation:  

Russia has a great potential in crude oil, natural gas, and coal. After the 

collapse of Soviet Union decrease of energy security index has been 

dropped until 2011. Now day’s Russian economy increasing slowly, 

export of fossil fuel of Russia is becoming an important factor in North 

East Asia. Upcoming planned natural gas pipelines are going to play a 

very important role in continent energy security. Unfortunately, natural 

gas oils are serving more on geopolitical tools.        
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DPRK:  

North Korea is facing difficult problems with energy security issue. Their 

energy security energy index is reaching the lowest point in all time. The 

main policy implication is to renovate existing coal power plants and 

improve efficiency. Also, peak load covering hydropower plants gas 

power stations are required to build. Much of the investments needed to 

improve and create energy distribution structure. Even the construction 

job started it will take more than 10 years to improve the total system. 

Fast and effective solutions are to build energy transmission line to 

improve energy security in short period of time.  

Mongolia:  

Mongolia is keeping their reserve capacity in Russia which is translated 

as import peak power supplied from Russia. Since 2003 Mongolian 

energy security index is increased due to economic growth but keeping 

more stable energy security required for a long term policy. Utilizing gas 

and oil alternative power generations needed to implement in order to 

increase energy mix. Hydropower gas turbine generations are required 

for reliable energy system operations. Mineral resource-based 

development leads to higher coal consumption. On the other hand, less 

carbon-emission technology alternatives are prior to implementing.  
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5.3. Future research  

My research was limited in availability dimension because of the 

countries have a totally different structure in the energy system. Korea 

and Japan can be compared to oil and gas demand and supply but in 

supplier, countries cannot be used the same methodology. More precise 

studies can be developed after grouping countries resource availability 

level.  

In the case of multi countries, it is acceptable to use the common index 

but more detailed energy security index study can be developed under 

complex index and terminology to make more advanced research. 
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국문초록 

 

본 논문은 동북아 국가에서의 에너지안보(Energy Security)에 대해 에너지안보의 개념과 

기간이라는 요인을 바탕으로 분석평가하였다. 본 연구는 중국과 일본, 한국 (남북한), 

러시아, 몽골을 포함한 다국간의 차원에서 분석이 이루어졌고, 1) 1990-2015 년 기간에 

에너지안보 성과를 평가하기위해 일련의 관련 지표와 지수를 선정하고 평가하였고, 2) 

에너지안보의 측면에서 동북아 국가들의 관계를 분석하였다. 

        에너지안보는 4 개 차원 (availability, affordability, efficiency, acceptability)에서 

평가되었고, 각국이 갖춘 서로 다른 에너지시스템과 인구특성을 고려하였다. 이러한 

관점에서 현재 계획 중인 동북아 수퍼그리드(North East Asia SuperGrid)의 역할과 각국의 

에너지수급과 정책에 어떻게 기여할 것이지도 논의하였다.  

이러한 연구의 결과 및 시사점들은 몽골의 에너지정책 수립과정은 물론, 우리나라와 

몽골의 에너지안보 차원에서 에너지협력 확대, 그리고 현재 진행형인 동북아 수퍼그리드에 

있어서 국가 간의 역할분담, 그리고 우리나라의 역할 등에 대한 시사점을 얻을 수 있을 

것으로 기대된다. 

 

주제어: 에너지 안보, 에너지 안보 지수, 동북 아시아 국가, 수퍼 그리드. 

학번: 2016-22096 
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