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A B S T R A C T

This study aims to provide roadmaps for the sustainable development of South Korea's energy system. To this
end, this study developed transition scenarios toward renewable energy for both supply and demand. We use
“Long-range Energy Alternatives Planning system (LEAP)” Model and a backcasting approach to illustrate
pathways to achieve the goals set forth in each of the scenarios. The four scenarios developed are Business-As-
Usual (BAU), Moderate Transition Scenario (MTS), Advanced Transition Scenario (ATS), and Visionary
Transition Scenario (VTS). The scenarios are defined according to the differences in the level of final energy
consumption and renewable energy share by 2050. Analysis shows an increase in the percentage of renewable
energy and a decrease in energy demand lead to improved energy security, more jobs in the electricity gen-
eration sector, and a decrease in greenhouse gas emissions. The pathways represented by these scenarios can be
regarded as strategic targets for the sustainable development of South Korea's energy system. A set of com-
prehensive and long-term policies will be needed to attain the goals set forth in the scenarios.

1. Introduction

In 2017, South Korea's economy was 11th largest in the world in
terms of nominal GDP, recording nearly 30,000 USD per capita income.
While the rapid industrialization in the 1960s and the following eco-
nomic growth transformed Korea, its economy is characterized by a
highly export-reliant industrial structure and a relatively small do-
mestic market. Also, South Korea's leading industries such as semi-
conductors, petrochemicals, steel, and automobiles are energy intensive
and export driven, making any changes to energy policy a matter of
national concern. However, as the 7th largest CO2 emitter in the world,
there is increasing pressure for South Korea to work with the interna-
tional community towards climate change mitigation. Also, air quality
issues have led to strong support for a cleaner energy mix. PM2.5 levels
in South Korea are reported to be the highest among OECD countries
(OECD, 2016). Government policy supports the transition to a higher
renewable energy future, but in an ambiguous manner. The current
administration announced “Implementation Plan for the 3020

Renewable Energy,” setting goals to increase the portion of renewable
energy to 20% of power generation by 2030, but with very limited
concrete action plans for the immediate future. Currently the share of
renewable energy in the total energy mix is less than 3%, and the ex-
pansion of renewable energy remains an extremely challenging task
given the current economics of renewables and the lack of social con-
sensus concerning this transition. To show the way forward, we in-
vestigated possible energy pathways, thereby identifying policy ob-
stacles, devising strategies, and analyzing their implications.
Many previous studies forecast short and long-term energy supply

and demand, constructing energy scenarios to suggest alternative en-
ergy pathways. National scale reports tend to focus on issues such as
stable energy supply, industrial growth, energy security, and the en-
vironment, while global scale reports tackle the problem of climate
change. Several global scale studies show an ambitious pathway to a
sustainable energy system. Jacobson et al. (2017) is a global and na-
tional scale study conducted on 139 countries for the period 2012–2050
showing a 100% renewable energy future for all energy consuming
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sectors. It assumes complete electrification of all sectors leading to
42.5% reduction of total power consumption and analyzes jobs created,
avoided premature air-pollution deaths, air pollution costs, and climate
costs. It presents a roadmap for South Korea as one of these 139 country
cases. The Energy Report by WWF (2016) is a global scale study de-
monstrating the technical viability of a complete energy transition to-
ward renewable energy. It assumes the minimum amount of energy is
used for all activities requiring energy, and envisions a system by 2050
which provides 95% of its energy from sustainable sources. A report by
Greenpeace (2012) is also global in scale while reporting on 10 regions
individually, and its timeframe also extends to 2050. It also describes
development pathways to a sustainable energy supply through reducing
energy, power, heating, and industry energy demand. It reports on fu-
ture cost of electricity generation, electricity bill, investment in power
generation, fuel cost savings, heating supply, investments in the heating
sector, employment in the energy sector, global transport, primary
energy consumption, and development of CO2 emissions.
Studies using the “Long-range Energy Alternatives Planning” system

(LEAP) are diverse in terms of geographical scale, sectoral coverage,
and focus of study. Analysis may be at the regional, national, or multi-
national level focusing on energy supply and greenhouse gas emissions
(Ghanadan and Koomey, 2005; Heaps et al., 2009; Kim, 2007; Takase
and Suzuki, 2011), whilst sectoral analysis is also possible (Cai et al.,
2008; Kadian et al., 2007; Kim and Moon, 2008). Others focus on cost
evaluation of the proposed scenarios or comparative assessment of the
changes in external costs (Zhang et al., 2007). Huang et al. (2011)
applied the LEAP model to evaluate three different scenarios for Tai-
wan's energy demand and supply. For South Korea, Park et al. (2013)
reviewed the possibility of replacing nuclear power with renewable
sources in three scenarios. The scope of the study covered 11 sectors of
manufacturing industry and non-energy use sectors; it analyzed the
impact of GDP growth and the growth rate of electricity demand on
energy, environment, and the economy.
This study aims to provide a discussion platform for South Korea's

transition to a sustainable energy system. A sustainable energy system
must take into account the scarcity of resources, social and economic
conditions, and the environment (Afgan et al., 1998, 2000). While
keeping these principles in mind, we base our analysis specifically on
the much debated energy policy issues in South Korea. This study also
presents a 100% renewable energy future, but presents three additional
scenarios to the business-as-usual case to contribute to policy discus-
sions. While Jacobson et al. (2017) was based on country data from IEA
and projections from EIA, this study is based on data published by KEEI,
a government funded Korean research institute which works closely
with the government on energy policy. Park et al. (2013) also used
LEAP to present Korea's energy scenario, but it dealt only with energy
supply and the power generation sector; our study examines the entire
energy system. The demand side is sub-divided into industry, trans-
portation, and building, while the supply side includes primary energy
production and electricity generation.
To contribute to policy discussions, this study presents three alter-

native scenarios to the business-as-usual scenario which is based on
government data and projections. The reason for presenting three sce-
narios is as follows. First, despite the government's announcement to
phase out nuclear power plants (MOTIE, 2017), proponents of nuclear
power claim South Korea cannot meet energy demand without nuclear
power. This study offers the Moderate Transition Scenario (MTS) to
show that it is possible to retire nuclear power plants and meet energy
demand through renewable energy generation. Second, while the most
ambitious scenario, the Visionary Transition Scenario (VTS) envisions a
transition to 100% renewable energy sources by 2050, we present two
other scenarios, the Moderate Transition Scenario (MTS) and Advanced
Transition Scenario (ATS) for comparison. The government's current
goals are to achieve 20% renewable energy by 2030 (MOTIE, 2017) –
our MTS and ATS scenarios can provide a concrete roadmap to such a
future. Third, energy policy needs to reconsider current demand side

energy projections; current business-as-usual projections offered by the
government are based on historical trends, but future demand projec-
tions need to accommodate for changes in industry structure, demo-
graphics, efficiency gains through technological advances and most of
all active demand-side-management policies. Hence the three alter-
native scenarios, MTS, ATS, and VTS are all based on an alternative
demand projection to that of the government.
After developing the scenarios, we analyze the scenario results

based on energy security, job creation, and carbon dioxide emission.
These aspects of an energy system are critical to South Korea; our
analysis shows how the alternative pathways are an improvement to
BAU. Finally, we conclude with policy recommendations; first, we
provide concrete policy suggestions for Korea's energy system to
movetoward the MTS, ATS, and VTS pathways. Second, we explain
where further research is needed in relation to our study in the field of
energy scenario planning and back casting.

2. South Korea's energy status

Energy issues have far reaching implications, affecting public
health, lifestyle, the national economy, and the climate. Currently, over
95% of energy consumption in South Korea is imported, which leaves
its national economy highly susceptible to external shock. Recent oc-
currences of earthquakes in South Korea near regions with a high
density of nuclear power plants have raised safety concerns. Air pol-
lution from coal combustion power plants and other fossil fuel use have
become a serious threat to public health over the past few years. The
international community agreed to limit the global temperature rise to
within 2 °C in 2015; as the 7th largest carbon dioxide emitter in the
world, South Korea is under pressure both internally and externally to
meet its climate change mitigation goals. Energy security has always
been a major concern, with hardly any natural resources, a very low
energy self-sufficiency level, and a large dependency on energy imports.
A transition to a more sustainable energy system is essential for South
Korea's future.
In 2016, South Korea's primary energy consumption ranked 8th in

the world with most of its energy sources including crude oil, natural
gas, coal, and uranium imported from abroad (IEA, 2018). In the same
year, total final energy consumption in South Korea was 225.7Mtoe, of
which the industry, transportation, residential, commercial and public
sectors used 138.5Mtoe (61.4%), 42.7Mtoe (18.9%), 21.3Mtoe (9.4%),
17.0Mtoe (7.5%), and 6.2Mtoe (2.8%) respectively; excluding non-en-
ergy use, 57,291Mtoe (39.7%), 42,713Mtoe (29.6%), 21,240Mtoe
(14.7%), 16,905Mtoe (11.7%), 6,224Mtoe (4.3%) respectively (see
Table 1). The large difference in the amount of final energy consump-
tion by the industry when excluding non-energy use is due to a large
petrochemicals industry; much of the imported coal and oil are pro-
cessed and exported. We excluded non-energy use in our analysis be-
cause our focus is on creating an energy system roadmap; data used is
further explained in section 3.2. Petroleum was the largest source of
energy consumption in most sectors. In public sector, however, elec-
tricity generation accounted for the largest share (42.4%) of final en-
ergy consumption. South Korea's new and renewable energy con-
tributed less than 5% of energy use as its consumption amounted to
10.9Mtoe in 2016.
According to a recent report by the Korea Institute of Energy

Research, South Korea's potential renewable energy capacity is esti-
mated to be around 557Mtoe per annum. This is more than double the
amount of the total final energy consumed in 2014 (excluding non-
energy use of primary sources) and over 10 times more than the total
electricity generated. Currently, the levelized cost of electricity (LCOE)
of renewable sources in South Korea is higher than that of fossil fuels,
but technological advancements and efficiency improvements could
lead to a shift in the energy market with renewable energy gaining
competitiveness.
Also, at the regional level, the government supports the
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establishment of gas pipelines and super grids in Northeast Asia to
promote its energy security including the stabilization of gas and
electricity supply. The ‘North East Asia Super Grid,’ currently in the
works, calls for electricity generation in Russia and Mongolia, where
renewable energy potential is plentiful. The electricity would be
transmitted to Korea, China, and Japan through an international elec-
tricity grid. President Moon Jae-in also called for stepped-up efforts to
build a Northeast Asia super grid to enhance regional energy co-
operation at the Eastern Economic Forum (Office of the President,
2017).
Historically, South Korea's energy policy has been directed by the

government in support of its industrial and economic policies. General
principles and frameworks are outlined in the five-yearly “National
Energy Master Plan,” while more specific targets and guidelines re-
garding electricity supply and demand are suggested in the “Basic Plan
of Electricity Supply and Demand” published every two years.
However, the targets set forth in these plans such as percentage of re-
newable energy production, electric/hybrid vehicle penetration, de-
mand side management goals, etc. fall far behind what is needed.
Hence, this study proposes various scenarios that set forth different
levels of energy transition for South Korea, and seeks to examine im-
pacts and possible means to follow each of the pathways.

3. Method, key assumptions and data

3.1. Method

This study uses LEAP model to assess each of the scenarios and
propose sustainable energy strategies for South Korea. This model,
developed by Stockholm Environmental Institute Boston, is used for
policy planning such as long-term energy plans, greenhouse gas per-
formance reviews, low-carbon energy plans, and national energy plans.
It is a bottom up accounting model that allows users to define tech-
nologies to meet the energy demand of the upper and lower levels, and
calculates the energy flow of these technologies. The model holds its
strength in that the structure of the model can be easily adjusted, and
also in that the details for the technologies included in the energy
consumption and transformation processes can be described compre-
hensively. In this study, it is used as a back-casting modeling tool, with
target setting and assessments of various pathways to its achievement.
Input data for the LEAP model can be grouped into four different

categories: 1) Key Assumption; 2) Demand; 3) Transformation; and 4)
Resource. Key assumptions include various socio-economic variables
such as population and GDP that may influence the level of final energy
consumption (data is provided in Appendix A Table A1). The data for
‘Demand’ itself can be sub-categorized into various forms such as in-
dustry, household, commercial, public, and more. Data that describes
the process of transforming primary energy into secondary energy can

be inserted under ‘Transformation’, and data for the supply of energy is
used for the ‘Resource’ category.
In this study, ‘Demand’ is sub-categorized as industry, transporta-

tion, and building. ‘Resource’ is sub-categorized as gasoline, gas, coal,
natural gas, nuclear, and renewable energy. The renewable energy
sources considered in the assessment of this study are solar, wind, bio,
geothermal, and tidal energy. Primary energy used for non-energy
purposes is not considered in the model (Fig. 1). Details on demand
model construction are provided in Appendix A Table A4; details on
how transformation is modelled can be found in Appendix A Table A5.

3.2. Key assumptions and data

This study proposes three alternate scenarios to establish energy
strategies for the sustainability of South Korea's future energy system:
Moderate Transition Scenario (MTS), Advanced Transition Scenario
(ATS), and Visionary Transition Scenario (VTS). The Business-As-Usual
(BAU) Scenario is also proposed, using projections made by the Korea
Energy Economics Institute (KEEI, 2016b), and other energy related
government plans including the 4th Basic Plan for New and Renewable
Energy (MOTIE, 2014), and the 7th Basic Plan for Electricity Supply
and Demand (MOTIE, 2015). These scenarios are distinguished largely
based on the differences in the levels of final energy consumption and
the share of renewable energy in the energy mix.
The study focuses on both the supply and demand of the energy system

and its greenhouse gas emissions reflecting the expansion of renewable
energy and increased electrification. While our discussion in Section 2 is
based on the most recent data available (which is for the year 2016), the
period of analysis is set from 2014 to 2050 due to data availability. Data
for this study is based on KEEI's National Energy Balance Report (KEEI,
2016a) which provides final consumption data and projections for the
years 2014–2040 and IEA's World Energy Outlook (IEA, 2016b) which
also provides projections for the same period. The 2014 final energy
consumption for South Korea used as input data in our LEAP analysis is
slightly different from the original data in Energy Balance 2014 (KEEI,
2016a) in that it only accounts for energy consumed for energy purposes,
and provides a more detailed variation of energy sources demanded (i.e.
‘Non-energy use’ was excluded from total final energy consumption; ‘New
and renewable energy’ was separated into ‘Bio-energy’, ‘Geothermal’,
‘Solar Heat’, and ‘Hydro-energy’). The data for the reference year 2014 is
provided in the Appendix A Table A2. Key assumptions for the demand-
side activity coefficients include population, building area, GDP, industry
value added, and amount of transportation for road, rail, shipping, and air
traffic. These factors are set to be equal in all scenarios. Data for popu-
lation projections are adopted from Future Population Projection
(KOSTAT, 2016); other assumptions are based on projections from KEEI
(KEEI, 2016b). GDP growth is assumed to be 2.4% per annum until 2050.
These basic assumptions are also provided in the Appendix A (Table A1).

Table 1
Total final energy consumption in 2016.
Source: Modified from KEEI (2017).

Fuel Type Industry Transportation Residential Commercial Public Total
Anthracite 4,357 - 571 - - 4,928
Bituminous Coking (non-energy use) 23,422 - - - - 23,422

Steam (energy use) 4,490 4,490
Petroleum (energy use) 4,158 36,560 2,882 818 1,396 45,814

(non-energy use) 57,757 1 15 101 13 57,887
(LPG) 4,964 4,209 734 1,129 23 11,059

LNG 504 - - - - 504
City Gas 7,537 1,270 9,647 3,645 88 22,186
Electric 23,218 231 5,691 10,959 2,646 42,745
Heat - - 1,484 187 39 1,710
New and Renewable Energy* 8,063 443 231 167 2,032 10,936
Total 138,469 42,714 21,256 17,005 6,237 225,681

(Unit: Thousand TOE)
* Includes sources not categorized as renewable energy by international standards such as non-renewable waste energy, hydrogen energy, fuel cell, and IGCC Coal
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The LEAP model is based on final demand. Demand is divided into
three sectors: Industry, Transportation, and Household. Transportation
sector is sub-divided into Road, Rail, Ship, and Air. Demand for each
section/subsection is organized by fuel type. Structure of the LEAP
model is provided in the Appendix A Tables A4 and A5. Based on the
assumptions for each scenario, we projected final demand by section,
sub-section, and fuel type for the years 2014–2050. The categorization
of sector and sub-sector followed that of KEEI (2016b), while fuel type
is based on Energy Balance from KEEI's Yearbook of Energy Statistics
but includes a more detailed categorization of renewable energy
sources. In developing renewable energy mix, we referenced the re-
newable energy potential provided by Korea Institute of Energy Re-
search New and Renewable Energy Center (2016). Due to the lack of
projection data on how renewable energy mix will develop, we assumed
the percentage of each renewable generation type in the data for re-
newable energy potential will be reflected in the energy mix of the
future. The data for renewable energy potential is provided in Appendix
A Table A6.

4. Scenarios

4.1. Overview

The BAU scenario depicts changes in the supply and demand of
energy in South Korea under current policies, guidelines and regula-
tions. In the scenario, population, GDP and other social factors were set
to change as mentioned in Section 3.2., while efficiency improvements
from technological advances and decrease in energy demand due to
behavioral changes were assumed constant at the current rate. We as-
sume South Korea's final energy demand per capita decreases at a rate
equivalent to that projected by IEA (2016a, 2016b) for OECD Europe
under its scenarios. Key figures were drawn from World Energy Outlook
(IEA, 2016b) and Energy Technology Perspectives (IEA, 2016a).
The scenarios propose transition to a more sustainable energy

system with variant degrees of changes in energy supply and demand.
For energy demand, projections from ‘New Policies Scenario’ and ‘450
Scenario’ (IEA, 2016a) are referenced to determine the level of final
energy consumption for South Korea in 2050. In the three alternative
scenarios, the rate of decrease in final energy consumption was set to
levels equal to OECD Europe. This was done to propose demand side
management targets for South Korea to be comparable to OECD Europe
countries. For energy supply, the scenarios vary depending on the level

of electrification and the degree of renewable energy replacing the
centralized generation facilities such as coal-fired and nuclear power
plants. The MTS and ATS each represent renewable energy reaching
45% and 48% of primary energy supply, respectively. These figures are
obtained by calculating the amount of total energy needed to meet
demand, while gradually retiring centralized power plants according to
their lifespan. The VTS, on the other hand, depicts a future powered
100% by renewable energy; a pathway towards total denuclearization
and de-carbonization by 2050. An overview of the demand and supply
side of each of the scenarios is outlined in Fig. 2.

4.2. Developing the scenarios

In terms of demand, the MTS depicts a 7% reduction in total final
energy consumption in 2050 (120Mtoe) compared to that in 2014
(129.5Mtoe), while the ATS and VTS reflect a 24% decrease by 2050
(98Mtoe). Assuming no dramatic changes in the industrial or economic
structure, we set the share of final energy consumption by sector to be
held constant at 2014 base year levels. Consumption by fuel-type re-
ferenced the projections in Energy Technology Perspectives scenario
(IEA, 2016a) for OECD countries in 2050. The scenarios were designed
to reduce coal and diesel generation and increase renewable energy
sources. Supply was set to meet final energy demand, while gradually
shifting towards renewable energy.

Fig. 1. Framework of Korean Energy System with LEAP Model. STPP: Steam Turbine Power Plant, CCPP: Combined Cycle Power Plant, CES: Community Energy
System.

Fig. 2. Summary of the scenarios.
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4.2.1. Business as usual
Since KEEI (2016b) includes energy projections through 2040, these

projections are extrapolated to 2050 by applying the annual growth rate
for each of the variables. Non-energy is not considered in the calculations
of the BAU and all other scenarios. New energy and waste energy, which
are not categorized as being renewables by international standards, are
also excluded from the calculations. The supply side of the BAU scenario
illustrates a pathway where traditional sources, such as coal-fired power
plants, are gradually replaced by nuclear energy. This is due to current
government efforts to shut down the old coal-fired power plants and
regulate future construction. The BAU scenario does not reflect the current
government's stance to gradually decomission existing nuclear power
plants and stop building new ones (MOTIE, 2017) because these measures
were announced after the release of KEEI (2016b) and no concrete pro-
jections have been made available since then by the government. Re-
newable energy is predicted to grow at a minimum rate, reaching ap-
proximately 5% of total energy supply by 2050.

4.2.2. Moderate Transition Scenario (MTS)
The MTS incorporates demand projections from WEO ‘New Policies

Scenario’ (IEA, 2016b) and a gradual shift from centralized energy
sources to renewables. It depicts a future where the final energy con-
sumption per capita decreases at the same rate as that of the countries
grouped as OECD Europe by 2050, while the renewable energy share
increases gradually to fill up the deficiency of supply due to the re-
duction of centralized sources. A critical factor that distinguishes this
scenario from the BAU is that it presents demand side management as a
means of energy transition. South Korea's final energy consumption per
capita is much higher than OECD European countries except Iceland,
Luxembourg, Finland, and Norway (Statista, 2018). This is mainly due
to its industrial structure heavily dependent on fossil fuels and nuclear
(KEEI, 2015). If renewable energy gains competitiveness through
technological advances and policy mechanisms, there is potential for
renewable energy to replace fossil energy, and we explore this pathway
through our scenario analysis.
In MTS, final energy consumption decreases by 7% (129Mtoe→

120Mtoe) from 2014 to 2050. The standard year was selected as 2014
due to data availability. Projections from ‘New Policies Scenario’ for
OECD Europe were extended from 2040 to 2050 according to the an-
nual rate of change. In order to account for the variations in con-
sumption due to population increase, MTS applies percent reduction of
the final energy consumption per capita for OECD Europe between
2014 and 2050. Using the population projections for South Korea and
the target reduction rate for per capita final energy consumption, the
target amount of total final energy consumption (120Mtoe) for South
Korea in 2050 was determined.
For the industrial sector, the use of fossil fuel decreases and the

electrification rate increases from 40% in 2014 to approximately 60%
in 2050. The share of natural gas is identical throughout (non-energy
use of the industrial sector is excluded in this study; in case it is in-
cluded, electrification rate is 30%, identical to the IEA scenario). The
share of fossil fuels in the transportation sector, and the share of gas in
the building sector were set to equal the projections made in the IEA
(2016a) scenario for OECD countries. Consequently, it was assumed
that approximately 40% of the vehicles are electrified by 2050, most of
which comes as a replacement for the conventional diesel vehicles. By
similar means, the share of gas consumption in 2050 for the building
sector was set to be 30%, which is equivalent to the share projected for
OECD Europe in the IEA (2016a) scenario.
Electricity generation from renewables increases to approximately

45% by 2050 in comparison to the share in the base year. To achieve
this target, it was assumed that centralized power sources such as nu-
clear and coal-fired power plants will shut down gradually according to
their lifetime. For instance, all nuclear power plants were assumed to
shut down according to their lifetime, apart from those that were
constructed to last until 2050 and/or beyond.

In January 2017, the net capacity for electricity generation reached
106,238MW, from various sources such as nuclear power (21.8%),
STPP (31.8%), CCPP (26.8%), CES (5.5%), internal combustion (0.3%),
PHS (5%), and renewables (including hydropower; 9%). In developing
the supply scenario for the MTS, a moderate approach was taken to
extend the lifetime of CCPP by up to 10 years from the values suggested
in the IEA & NEA (2015). (Table 2).
The lifetime of nuclear power plants in South Korea constructed

before 2010 is 40 years, and those that were built after 2010 (namely
Shin-Kori 1, 2, 3, 4 and Shinwolsung 1, 2) are designed to last for more.
This left 8 nuclear power plants still running by 2050 in the MTS. Shin-
Kori 4 and Shin Hanul 1, 2 were considered in the calculations as they
are nearing completion, while Shin-Kori 5 and 6 were excluded as the
construction of these facilities was uncertain during our research
period. For other centralized power sources, including STPP (Steam
Turbine Power Plant) and CCPP (Combined Cycle Power Plant), the
number remaining by 2050 following the standard lifetime of 40 years
was 8 for STPP and 47 for CCPP. CES (Community Energy System) and
Internal Combustion were considered to maintain its current capacity
until 2050 in the scenario. Current capacity factors were applied for
nuclear power (95%), STPP (94%), CCPP (67%), and CES (85%), which
led to a 45% share of renewable energy in the total energy production
by 2050 in the MTS. (Table 3).

4.2.3. Advanced Transition Scenario (ATS)
The ATS utilizes demand projections from the ‘De-carbonization

Scenario’ in WEO (IEA, 2016b), and assumes a shift from centralized to
renewable sources from the supply side. The targets demanded in the
ATS require even more stringent efforts, especially in terms of demand
side management, and suppose various policy changes and technolo-
gical improvements. The scenario calls for a reduction in final energy
consumption by 24% from 2014 to 2050.
The methodology used to calculate the reduction target regarding

final energy consumption in 2050 was identical to that used for MTS.
Also, the share of consumption by each sector in 2050 was assumed
constant throughout. However, to suggest a more aggressive de-car-
bonization pathway compared to the MTS, the share of LPG in the
transportation and building sector, and the share of natural gas in the
building sector were assumed to decrease in the ATS. The percentage
decrease in the share of natural gas in the building sector referred to the
projections made in the ETP (IEA, 2016a), and the decrease in the share
of LPG was intended to reflect the need for a more stable energy supply
and the increasing electrification of vehicles.
The supply side of the ATS is identical to the MTS in terms of policy

options and conditions with one exception - it includes a reduction in
the supply of LPG and city gas. These are replaced with renewable
sources such as solar heat and solar energy, due to the penetration of
solar vehicles in 2050. The assessment reveals that a 48% share of re-
newable energy is required to supply the level of final energy demanded
by 2050 in the ATS.

4.2.4. Visionary Transition Scenario (VTS)
In terms of energy demand, the VTS employs assumptions and tar-

gets identical to ATS; energy supply is met 100% by renewable energy
in 2050. This implies renewable energy expansion in all sectors and for

Table 2
Lifetime by power plant type.
Source: IEA & NEA (2015), “Projected Costs of Generating
Electricity”.

Power plant type Lifetime

CCPP 30+10 years
STPP 40 years
Nuclear 60 years
Solar & Wind 25 years
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all purposes. For instance, natural gas heating and cooling were as-
sumed to be replaced by renewable energy through total electrification.
Hence, this scenario envisions a future with no reliance on crude oil,
coal, natural gas, or nuclear energy in 2050.
In the VTS, all forms of centralized power plants including nuclear

and coal-fired power plants shut down by 2050, and final energy de-
manded is supplied entirely by renewable energy. Some of the policy
and technological assumptions adopted in the scenario include pro-
spects for the development of fully solar-powered vehicles in the
transportation sector, and the self-heating, cooling, and generating
technology in buildings by 2050.

5. Results and analysis

For each scenario, we derived final energy consumption, electricity
generation, variations in the fuel mix, and CO2 emissions. The results
for each scenario were then compared to devise strategies for a sus-
tainable energy transition in South Korea.

5.1. Final energy consumption, electricity generation, and variations in the
fuel mix

The final energy consumption in 2014 by fuel type was: 49.1Mtoe
(39%) for petroleum; 40.2Mtoe (32%) for electricity; 23.4Mtoe (19%)
for natural gas, 9.1Mtoe (7%) for coal, 1.6Mtoe (1.2%) for heat from
fossil fuels, 2.6Mtoe (2%) for bio, and 0.1Mtoe (0.1%) for heat from
renewable energy.
In the BAU scenario, the modelled results for the final energy con-

sumption in 2050 by fuel type are: 63.1Mtoe (39%) for petroleum;
58.0Mtoe (34%) for electricity; 30.7Mtoe (18%) for natural gas;
13.2Mtoe (8%) for coal; 3.8Mtoe (2%) for bio; 1.8Mtoe (1.2%) for heat
from fossil fuels; and 0.2Mtoe (0.1%) for heat from renewable energy.
The results for electricity generated in 2050 are: 285 TWh (42%) for
nuclear; 192 TWh (29%) for coal; 125 TWh (19%) for natural gas;
3.1 TWh (4.6%) for kerosene; 16 TWh (2%) for solar energy; 13 TWh
(2%) for wind; 11 TWh (2%) for hydro; 1.3 TWh (0.2%) for ocean; and
0.6 TWh (0.1%) for bio. Fig. 3 and Fig. 4 show this result.
In the MTS, the modelled results for the final energy consumption in

2050 by fuel type are: 53.8Mtoe (46%) for electricity; 21.6Mtoe (18%) for
petroleum; 21.7Mtoe (18%) for natural gas; 8.5Mtoe (7%) for bio; 4.0Mtoe
(3%) for heat from renewable energy; and 3.7Mtoe (3%) for coal. In the
transportation sector, consumption by the adoption of self-generating solar
vehicles, which are vehicles that run entirely on solar panels, were mod-
elled to begin from 2035 and reach 4.3Mtoe (4%) by 2050. The results for
electricity generated in 2050 are: 265 TWh (42%) for solar energy;
105 TWh (17%) for wind; 78 TWh (13%) for natural gas; 80 TWh (13%)
for nuclear; 43 TWh (7%) for coal; 28 TWh (4%) for ocean; 13 TWh (2%)
for bio; 12 TWh (2%) for hydro; and 1.0 TWh (0.2%) for kerosene. Here, it
is quite clear that a large share of nuclear and traditional fossil fuels is
replaced by renewable sources. Fig. 5 and Fig. 6 summarize this result.
In the ATS, as shown in Fig. 7 and Fig. 8, the modelled results for the

final energy consumption in 2050 by fuel type are: 43.7Mtoe (46%) for
electricity; 14.7Mtoe (15%) for natural gas; 15.4Mtoe (16%) for pet-
roleum; 7.1Mtoe (7%) for bio; 5.7Mtoe (6%) for heat from renewable
energy; and 3.0Mtoe (3%) for coal. Beginning from 2035, consumption
by solar vehicles were modelled to reach 5.7Mtoe (6%) by 2050. The
results for electricity generated in 2050 are: 189 TWh (37%) for solar

energy; 75 TWh (15%) for wind; 80 TWh (16%) for nuclear; 78 TWh
(15%) for natural gas; 43 TWh (8%) for coal; 23 TWh (4%) for ocean;
13 TWh (3%) for bio; and 9 TWh (2%) for hydro.
In the VTS, the modelled results for the final energy consumption in

2050 by fuel type are: 71.8Mtoe (75%) for electricity; 10.7Mtoe (11%)

Table 3
Lifetime and units running in 2050 for MTS and ATS.
Source: Calculated using data from Electric Power Statistics Information System, http://epsis.kpx.or.kr/epsisnew/selectEkesKepChart.do?menuId=010401&
locale=eng.

Nuclear STPP CCPP CES + internal combustion

60 years (8 units) 40 years (8 units) 40 years (47 units) Equal to current standards

Fig. 3. BAU final energy consumption. Note: natural Gas is a concept that in-
cludes City Gas. Oil: Gasoline, Kerosene, and Diesel. Heat (FF) is heat generated
as a by-product in the power generation process using fossil fuels. Heat (RE) is
heat from solar and geothermal combined renewable energy.

Fig. 4. BAU electricity generation and fuel mix.

Fig. 5. MTS Final Energy Consumption. Note: natural Gas is a concept that
includes City Gas. Oil: Gasoline, Kerosene, and Diesel. Heat (FF) is heat gen-
erated as a by-product in the power generation process using fossil fuels. Heat
(RE) is heat from solar and geothermal combined renewable energy.
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for heat from renewable energy; and 7.3Mtoe (8%) for bio. In the VTS,
fossil fuels such as natural gas, coal, and petroleum are no longer used
in 2050. Beginning from 2035, consumption by solar vehicles was
modelled to reach 6.1Mtoe (6%) by 2050. The results for electricity
generated in 2050 are: 495 TWh (58%) for solar energy; 198 TWh
(23%) for wind; 105 TWh (12%) for ocean; 27 TWh (3%) for bio; and
24 TWh (3%) for hydro. Fig. 9 and Fig. 10 describe this result.
Variations in fuel mix for the years 2014, 2030, and 2050 have been

summarized for each scenario in Table 4. In the BAU, renewable energy
showed the greatest rate of increase (121%) between 2014 and 2050
among energy sources. However, the actual value is 7Mtoe and accounts
for only 4% of total final energy consumption in 2050. Maintaining the
status quo, the expansion of renewables will be extremely limited.
In the MTS, renewable energy increases by a much larger amount

compared to the BAU. The share of renewable energy in total final energy

consumption for the years 2030 and 2050 are 16.7% and 45.1% respec-
tively. The rate of decrease was largest for coal, with -22.8% in 2030 and
-71.1% in 2050, followed by petroleum, nuclear, and natural gas.
Increase in the share of renewable energy in the ATS and VTS is

even greater than in the MTS. In the ATS, share of renewable energy
reaches 15.3% by 2030, and 47.4% by 2050. In the VTS, share of re-
newable energy reaches 100% and other sources such as coal, petro-
leum, nuclear, and natural gas are no longer consumed. (Fig. 11).

5.2. Scenario assessment

In this section, we provide a comparative assessment of each sce-
nario with respect to the level of energy security, job creation, and
greenhouse gas emission. The World Energy Council (WEC) defines
sustainability of an energy system based on the dimensions of energy
security, energy equity, and environmental sustainability, also referred
to as the ‘Energy Trilemma’ (WEC, 2016). We adopted this approach to
assess the sustainability of South Korea's future energy pathways re-
presented by each scenario modelled in our study. We excluded energy
equity from our criteria for measuring sustainability because our
modeling results were irrelevant to the measurements needed to assess
equity levels. Instead, we compared differences in the number of jobs
created from the electricity generation sector for each scenario because
this is deemed a very important factor in policy decisions.

5.2.1. Energy security
Currently, around 95% of the primary energy used in South Korea is

imported. This is a critical issue considering that its economy is heavily
dependent on energy intensive industries such as steel and manu-
facturing. Transition towards renewable energy can contribute to
easing such imbalances between imported and self-supplied primary

Fig. 6. MTS electricity generation and fuel mix.

Fig. 7. ATS Final Energy Consumption. Note: Natural Gas is a concept that
includes City Gas. Oil: Gasoline, Kerosene, and Diesel. Heat (FF) is heat gen-
erated as a by-product in the power generation process using fossil fuels. Heat
(RE) is heat from solar and geothermal combined renewable energy.

Fig. 8. ATS electricity generation and fuel mix.

Fig. 9. VTS Final Energy Consumption. Note: Natural Gas is a concept that
includes City Gas. Oil: Gasoline, Kerosene, and Diesel. Heat (FF) is heat gen-
erated as a by-product in the power generation process using fossil fuels. Heat
(RE) is heat from solar and geothermal combined renewable energy.

Fig. 10. VTS electricity generation and fuel mix.
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energy sources in South Korea. Using the results obtained from our
LEAP analysis, we measured the level of energy security for each sce-
nario with import dependency as the indicator. In 2014, South Korea
imported all non-renewable primary energy sources except for 14% of
anthracite and 0.7% of natural gas (KEEI, 2016a). We assumed this
proportion to remain constant, and measured the changes in import
dependency for each scenario.
Results show that in comparison to the BAU, all three alternate

scenarios provide better options in terms of energy security. As the
share of renewable energy increases in the fuel mix, import dependency
decreases to 55% and 57.3% in MTS and ATS respectively. VTS envi-
sions an entirely self-sufficient energy system by 2050, and thus shows
zero import dependency of energy supply. In all of the scenarios, import
dependency shows an inversely proportional relationship to the re-
newable energy share. This is simply because in South Korea, renewable
energy is the only primary energy source that can be self-produced.
Hence, transition towards renewable energy has a direct effect on South
Korea's energy security on a scale of almost 1–1. (Fig. 12).

5.2.2. Job creation
In 2016, more than 9.8 million jobs were created in the renewable

energy sector across the globe, of which most contributions came from
solar and bio-energy industries (IRENA, 2017). International Labor Orga-
nization (ILO) also predicted that if efforts to meet the Paris Agreement of
restraining global temperature rise to 2 °C continue, 18 million new jobs
would be created worldwide (ILO, 2018). In South Korea, solar industries
contributed the most in terms of employment with over 87,000 jobs, while
other renewable energy industries created 66,000 jobs. Hence, we could
presume that transition to a more renewable energy system might con-
tribute to more jobs created in the future.
To assess this, we looked into the potential number of new jobs that

could be created from the electricity generation sector by comparing
changes in the fuel mix for each scenario. We adopted the ratio1 on the
number of ‘jobs created per unit electricity produced’ from Wei et al.

(2010) for each fuel type, and calculated the total number of jobs
created in the electricity generation sector up to 2050. Despite the re-
duction in the total final energy consumed, results reveal that more jobs
will be created under the three alternate scenarios. The number of new
jobs created in VTS is expected to be almost four times higher than the
number of jobs created in the BAU (Fig. 13).
Due to the reduction in final energy demand for ATS, results show jobs

from the generation sector will decrease for ATS compared to MTS.
However, our analysis covers only the generation sector, and jobs con-
cerning (1) construction, installation, and manufacturing (CIM) and (2)
operations, maintenance, and fuel processing (Wei et al., 2010). A com-
prehensive analysis may yield different results. According to the U.S. En-
ergy and Employment Report 2018 (Energy Futures Initiative and National
Association of State Energy Officials, 2018), which analyzed four sectors of
the US economy including Electric Power Generation and Fuels; Trans-
mission, Distribution, and Storage; Energy Efficiency; and Motor Vehicles,
the Electric Power Generation and Fuels sector jobs are only 21% of the
total jobs from all four sectors. With a higher renewable energy share and
demand side management measures, the gains in the number of jobs in
Transmission, Distribution, and Storage sector and Energy Efficiency
sector should be considerable for the ATS compared to the MTS. Un-
fortunately, this was beyond the scope of our analysis; we return to the
limits of our analysis in our Conclusion.

5.2.3. Greenhouse gas emission
Table 5 shows GHG emission and its rate of change in reference to

the base year. For the year 2050, MTS shows a 49% decrease, ATS a
67% decrease, and VTS a 91% decrease. Currently, the 2030 GHG
Roadmap calls for domestic GHG emissions to be 536MtCO2eq (Cabinet
of the Republic of Korea, 2018). KEEI's long term energy projections,
which we used as the basis of our BAU scenario, analyze GHG emissions
to peak at 690MtCO2eq in early 2030 s; being published in 2016, it did
not reflect changes in Korea's energy policy (KEEI, 2016b). Korea's
Nationally Determined Contribution (NDC) to the Paris agreement is
782.5MtCO2eq for 2020, 809.7 MtCO2eq for 2025, 850.6MtCO2eq for
2030 (NDC Registry, Retrieved 2018.11.15). According to Climate Ac-
tion Tracker, which rates the (I)NDCs of countries on a scale of Criti-
cally Insufficient, Highly Insufficient, Insufficient, 2 °C Compatible,

Table 4
Variation in the fuel mix of each scenario.

Type 2014 2030 2050

BAU MTS ATS VTS BAU MTS ATS VTS

Petroleum 51.0 (40.4%) 57.3 (39.0%) 41.7 (32.7%) 39.5 (33.0%) 34.1 (28.5%) 65.8 (38.5%) 21.8 (18.6%) 15.5 (16.1%) 0.0 (0.0%)
Natural Gas 33.0 (26.2%) 35.2 (24.0%) 33.7 (26.4%) 31.0 (25.9%) 23.2 (19.4%) 43.2 (25.3%) 28.4 (24.2%) 21.4 (22.4%) 0.0 (0.0%)
Coal 25.7 (20.3%) 31.8 (21.7%) 19.8 (15.5%) 19.7 (16.5%) 16.9 (14.2%) 29.7 (17.4%) 7.4 (6.3%) 6.7 (7.0%) 0.0 (0.0%)
Nuclear 13.3 (10.5%) 18.1 (12.3%) 11.0 (8.6%) 11.1 (9.3%) 7.9 (6.6%) 25.0 (14.6%) 6.8 (5.8%) 6.8 (7.1%) 0.0 (0.0%)
Renewable 3.2 (2.5%) 4.4 (3.0%) 21.3 (16.7%) 18.3 (15.3%) 37.4 (31.3%) 7.0 (4.1%) 52.9 (45.1%) 45.5 (47.4%) 95.9 (100.0%)
Total 126.2 (100%) 146.8 (100%) 127.6 (100%) 119.7 (100%) 119.5 (100%) 170.7 (100%) 117.3 (100%) 95.9 (100%) 95.9 (100%)

(Unit: Million TOE).

Fig. 11. Renewable energy share in each scenario. Fig. 12. Import dependency in each scenario.

1 Coal 0.11 jobs/GWh; Natural Gas 0.11 jobs/GWh; Nuclear 0.14 jobs/GWh;
Solar 0.87 jobs/GWh; Wind: 0.17 jobs/GWh.
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1.5 °C Paris Agreement Compatible, and Role Model, Korea's NDC is
Highly Insufficient. If all government targets were in this range,
warming would reach between 3 °C and 4 °C. To fall in the 2 °C Com-
patible rating, Korea's emission would have to be in the 204MtCO2eq –
319MtCO2eq range for the year 2030; -316MtCO2eq – -96MtCO2eq for
the year 2050 (Climate Action Tracker, Retrieved 2018.11.25). While
our MTS, ATS, and VTS scenarios are more ambitious than Korea's
current domestic policy targets and the internationally proclaimed NDC
in terms of GHG reduction, it falls far short of reaching 1.5 °C or even
2 °C goals. VTS's GHG emission levels for 2050 are only within a 3 °C
and 4 °C global warming potential.

6. Conclusion and policy implications

This study proposed three energy scenarios for the sustainable de-
velopment of South Korea's energy system, and provided an assessment
of these alternatives in comparison to the BAU. The demand side was
sub-divided into three sectors including industry, transportation, and
building, and the supply side of the model was composed of primary
energy production and electricity generation. Each of the scenarios
were built based on different assumptions concerning demand-side
management and retirement of coal and nuclear power plants, while
providing underlying explanations for the assumptions and ensuing
assessments. For each scenario, we modelled and reviewed the changes
in the level of final energy consumption, electricity generation, and fuel
mix for the period between 2014 and 2050. Using the results from the
LEAP model, we assessed the sustainability of South Korea's future
energy system. The criterion we used to assess the sustainability of
South Korea's energy system included energy security, job creation, and
greenhouse gas emission. Results reveal that transition towards a more
renewable energy system would improve its sustainability under these
three dimensions.
This study show that if substantial amount of effort is made on both

the supply and demand side of the energy system, it is possible for

South Korea to reduce a remarkable amount of fossil fuel combustion in
the future. In return, it could expect to benefit from improvements in
energy security, jobs, and greenhouse gas emissions.
Our study did not attempt to estimate or forecast on South Korea's

future energy mix under various policies or technologies. Rather, it
suggested possible scenarios based on the principles that define sus-
tainability of an energy system. We built a back-casting model under
certain rules (determined by scenario descriptions on demand and
supply) and examined detailed changes that happen within the various
aspects of South Korea's future energy system. With the high levels of
fossil fuel dependency and per capita energy demand, it is difficult to
consider South Korea's current energy system as being sustainable.
Under such circumstances, the results of our analysis suggest that
transition towards renewable energy could provide a solution that
would lead us to a more sustainable future.
Policy design and implementation will be crucial for the realization

of these alternate energy pathways. While the scenarios assessed in our
study do not reflect on the effects of specific policies, they incorporate
demand scenarios from IEA (2016a, 2016b). Some of the policies in-
cluded in the IEA's scenario for demand control are managing the de-
mand for energy consumption by reforming electricity prices, investing
in renewable energy R&D, amending administrative and legislative
limitations and flaws, and promoting social acceptability. It also em-
phasizes on the importance of strengthening emission trading systems
by including both industry and generation sector, and the need to
double the capacity of ESS by 2040 (IEA, 2016a, 2016b).
We employed a back-casting scenario methodology to contribute to

Korea's energy policy discussion. In doing so we realized there is much
to be done in the field of energy scenario development. Because we
wished to contribute to the policy discussion in Korea, we used do-
mestic data sources which are the basis of policy discussion in Korea;
mainly data from KEEI and the Korea Institute of Energy Research.
While it was beyond the scope of this study to conduct a sensitivity
analysis on how scenario results would differ depending on the original
BAU data used, a cursory comparison of our results to other similar
works reveal the difference may be considerable. In the future, a sen-
sitivity analysis on basic assumptions used in the model may help shed
light on the uncertainty involved in such scenario work.
In terms of scenario analysis, we were able to explore the three of

the most discussed areas: energy security, jobs, and GHG emission.
Many other areas could be explored: cost of energy transition, air pol-
lution and health impact of the energy system, impact on the economy,
new industry and job creation, etc. To do so, a more detailed model of
renewable energy generation, technology pathways associated with
sustainable transport (especially electric vehicles) and sustainable
buildings sector is needed. While we used a back-casting approach to
show that a sustainable energy transition is possible and advisable,
more contributions to scenario planning will be needed to diversify
policy options and provide objective analysis on how a certain pathway
will affect society as a whole.

Fig. 13. Job creation in each scenario.

Table 5
GHG emission by scenario.

Scenario 2014 2020 2025 2030 2035 2040 2045 2050

BAU 531 541 554 569 590 608 626 641
(vs 2014) (2.0%) (4.4%) (7.3%) (11.1%) (14.6%) (17.9%) (20.8%)
MTS 531 512 483 449 414 373 326 273
(vs 2014) (−3.6%) (−8.9%) (−15.3%) (−22.0%) (−29.7%) (−38.5%) (−48.6%)
ATS 531 500 461 416 367 311 248 177
(vs 2014) (−5.8%) (−13.1%) (−21.6%) (−30.9%) (−41.4%) (−53.2%) (−66.6%)
VTS 531 487 432 371 304 228 143 48
(vs 2014) (−8.2%) (−18.5%) (−30.1%) (−42.7%) (−56.9%) (−73.0%) (−90.9%)

(Units: MtCO2eq).
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Appendix A

See Tables A1–A6.

Table A1
Key assumptions.

Index Unit 2014 2020 2030 2040 2050

Population(Building-household) Million 50.8 52.0 52.9 52.2 49.4
Floor space(Building-services) Thousand m2 97.1 103.0 113.8 125.7 138.9
Industry value added Trillion won 509.9 587.8 745.2 944.6 1197.4
Transportation Road Million vehicles 22.3 23.6 26.1 28.8 31.8

Rail Thousand trains 22.8 24.2 26.8 29.6 32.7
Shipping Thousand ships 9.3 9.9 10.9 12.1 13.3
Air planes 632.0 670.9 741.1 818.6 904.2

*All figures for 2014–2040 are from KEEI (2015). 2050 figures are projections based on average % change per year for 2014–2050.

Table A2
Total final energy consumption* in 2014.
Source: Modified from KEEI (2016a)

Fuel Type Total Industry Transportation Building

Household Services

Anthracite 4,580 3,835 – 745 –
Bituminous 4,504 4,504 – – –
Gasoline 9,088 181 8,805 17 85
Kerosene 2,148 222 5 1,436 485
Diesel 20,727 2,716 16,511 591 909
Residual Fuel

Oil
3,477 1,298 2,020 60 99

LPG 9,272 3,096 4,455 847 874
Electricity 40,332 22,288 274 5,279 12,491
City Gas 23,041 9,050 1,307 9,124 3,560
Natural Gas 354 354 – – –
Bio Energy 2,459 2,186 – 37 236
Aviation

Kerosene
4,432 – 4,432 – –

Heat 1,566 – – 1,373 193
Geothermal 108 – – 13 95
Solar Heat 29 – – 4 25
Aviation Gas 3 – 3 – –
Total 126,120 49,729 37,812 19,526 19,053

(Unit: Thousand TOE). *excluding non-energy use

Table A3
Process efficiency by fuel type.

Type BAU MTS ATS VTS

2014 2050 2014 2050 2014 2050 2014 2050

Nuclear 40% 40% 40% 40% 40% 40% 40% 40%
Coal Bituminous 33% 33% 33% 33% 33% 33% 33% 33%
Coal Anthracite 37% 37% 37% 37% 37% 37% 37% 37%
Natural Gas 33% 33% 33% 33% 33% 33% 33% 33%
Residual Fuel Oil 36% 36% 36% 36% 36% 36% 36% 36%
Wind 20% 20% 20% 50% 20% 50% 20% 50%
Solar 13% 13% 13% 40% 13% 40% 13% 40%
Hydro_Conventional 85% 85% 85% 85% 85% 85% 85% 85%
Hydro_Pumping_Up 85% 85% 85% 85% 85% 85% 85% 85%
Bio 40% 40% 40% 60% 40% 60% 40% 60%
Ocean 40% 40% 40% 60% 40% 60% 40% 60%
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Table A4
LEAP model demand construction and energy intensity.

Fuel type Final energy consumption (1000 TOE) Energy intensity

2014 2050 2014 2050

BAU MTS ATS VTS BAU MTS ATS VTS

Total 126,120 170,739 117,292 95,851 95,851
Industry 49,729 73,731 49,263 40,258 40,258
Anthracite 3,835 5,686 3,706 3,029 0 0.00752 0.00475 0.00310 0.00253 0.00000
Bituminous 4,504 6,677 0 0 0 0.00883 0.00558 0.00000 0.00000 0.00000
Gasoline 181 268 175 143 0 0.00035 0.00022 0.00015 0.00012 0.00000
Kerosene 222 330 215 176 0 0.00044 0.00028 0.00018 0.00015 0.00000
Diesel 2,716 4,027 0 0 0 0.00533 0.00336 0.00000 0.00000 0.00000
Residual Fuel Oil 1,298 1,924 0 0 0 0.00255 0.00161 0.00000 0.00000 0.00000
LPG 3,096 4,590 2,992 2,445 0 0.00607 0.00383 0.00250 0.00204 0.00000
Electricity 22,288 3,3045 30,973 25,311 38,531 0.04371 0.02760 0.02587 0.02114 0.03218
City Gas 9,050 13,418 8,747 7,148 0 0.01775 0.01121 0.00730 0.00597 0.00000
Natural Gas 354 525 342 280 0 0.00069 0.00044 0.00029 0.00023 0.00000
Bio 2,186 3,241 2,113 1,726 1,726 0.00429 0.00271 0.00176 0.00144 0.00144

Transportation 37,812 46,753 32,842 26,838 26,838
➢ Road 30,740 35,491 25,379 20,740 20,740
Gasoline 8,804 10,165 7,266 5,569 0 0.39561 0.31924 0.22821 0.17491 0.00000
Kerosene 4 4 3 2 0 0.00016 0.00013 0.00009 0.00007 0.00000
Diesel 16,056 18,538 0 0 0 0.72149 0.58220 0.00000 0.00000 0.00000
Residual Fuel Oil 11 12 17 0 0 0.00048 0.00039 0.00053 0.00000 0.00000
LPG 4,454 5,142 3,676 1,132 0 0.20013 0.16150 0.11545 0.03556 0.00000
City Gas 1,307 1,509 1,079 827 0 0.05873 0.04740 0.03388 0.02597 0.00000
Electricity 105 121 6,480 4,967 11,952 0.00472 0.00381 0.20352 0.15599 0.56057
Bio 2,538 2,498 2,664 0.07971 0.07846 0.08366
Solar 4,320 5,744 6,124 0.13568 0.18041 0.19235

➢ Rail 299 232 247 202 202
Electricity 169 131 157 202 202 7.38542 4.00847 4.80772 6.17056 6.17056
Diesel 130 101 90 0 0 5.69373 3.09030 2.74310 0.00000 0.00000
Kerosene 0 0 0 0 0 0.00067 0.00036 0.00000 0.00000 0.00000
LPG 0 0 0 0 0 0.01000 0.00543 0.00000 0.00000 0.0

➢ Shipping 2,317 1,614 3,535 2,889 2,889
Diesel 311 217 257 373 0.03341 0.01626 0.01927 0.02802
Residual Fuel Oil 2,003 1,395 3,276 2,514 0.21513 0.10471 0.24588 0.18870
Gasoline 1 1 1 1 0.00010 0.00005 0.00006 0.00008
Kerosene 1 1 1 0 0.00009 0.00004 0.00005 0.00000
LPG 0 0 0 0 0.00005 0.00003 0.00003 0.00000
Electricity 2,889 0.21680

➢ Aviation 4,456 9,416 3,681 3,008 3,008
Jet Kerosene 4,432 9,366 3,658 3,008 7.01338 10.35821 4.04565 3.32657
Gasoline 0 0 0 0 0.00007 0.00011 0.00004 0.00003
Kerosene 0 0 0 0 0.00004 0.00005 0.00002 0.00002
Diesel 14 30 12 0 0.02240 0.03308 0.01292 0.00000
Residual Fuel Oil 5 11 8 0 0.00851 0.01257 0.00856 0.00000
LPG 0 1 0 0 0.00069 0.00102 0.00040 0.00000
Avgas 3 7 3 0 0.00546 0.00806 0.00315 0.00000
Electricity 3,008 3.32663

Household 19,526 20,983 17,794 14,542 14,542
Anthracite 745 801 0 0 0 0.01469 0.01620 0.00000 0.00000 0.00000
Gasoline 17 18 0 0 0 0.00033 0.00037 0.00000 0.00000 0.00000
Kerosene 1,436 1,543 0 0 0 0.02830 0.03122 0.00000 0.00000 0.00000
Diesel 591 635 0 0 0 0.01164 0.01285 0.00000 0.00000 0.00000
Residual Fuel Oil 60 65 0 0 0 0.00118 0.00131 0.00000 0.00000 0.00000
LPG 847 910 0 0 0 0.01668 0.01841 0.00000 0.00000 0.00000
Electricity 5,279 5,673 4,796 3,920 4,938 0.10402 0.11475 0.09703 0.07930 0.09989
Heat 1,373 1,476 0 0 0 0.02706 0.02985 0.00000 0.00000 0.00000
Geothermal 13 14 12 10 10 0.00026 0.00029 0.00024 0.00020 0.00020
City Gas 9,124 9,804 8,291 4,821 0 0.17978 0.19833 0.16771 0.09752 0.00000
Solar Heat 4 4 2,916 4,337 8,140 0.00007 0.00008 0.05899 0.08773 0.16466
Bio Energy 37 40 1,779 1,454 1,454 0.00073 0.00081 0.03600 0.02942 0.02942

Service 19,053 29,272 17,393 14,214 14,214
Gasoline 85 131 0 0 0 0.00088 0.00094 0.00000 0.00000 0.00000
Kerosene 485 745 0 0 0 0.00500 0.00537 0.00000 0.00000 0.00000
Diesel 909 1,397 0 0 0 0.00937 0.01006 0.00000 0.00000 0.00000
Residual Fuel Oil 99 152 0 0 0 0.00102 0.00109 0.00000 0.00000 0.00000
LPG 874 1,342 0 0 0 0.00900 0.00967 0.00000 0.00000 0.00000
Electricity 12,491 19,190 11,350 9,276 10,271 0.12869 0.13819 0.08173 0.06679 0.07396
Heat 193 297 0 0 0 0.00199 0.00214 0.00000 0.00000 0.00000
Geothermal 95 146 12 71 70 0.00098 0.00105 0.00008 0.00051 0.00051
City Gas 3,560 5,470 3,235 1,667 0 0.03668 0.03939 0.02330 0.01200 0.00000
Solar 25 38 1,057 1,779 2,451 0.00026 0.00028 0.00761 0.01281 0.01765
Bio Energy 236 363 1,739 1,421 1,421 0.00244 0.00262 0.01252 0.01024 0.01024
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Residual Fuel Oil 36.31 36.31 66.9 44
Solar 13 40 12.22 14.5
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Ocean 40 60 22.03 40
Hydro_pumping_Up 85 85 12.3 12.3
Coal Anthracite 36.97 36.97 85.9 88.7
Bio 40 40 85 51.4

Table A6
Renewable energy potential.
Source: MOTIE (2016)

Type Generation Capacity(GW) Generation per Year(TWh/yr)

Geographical Technical Geographical Technical

Solar 10,330 3,183 14,030 4,325
On-shore wind 118 63.5 207 97
Offshore wind 215.9 33.2 668 97
Bio 11 9 80 64
Waste 18 14 155 122
Geothermal 13,913 1,328 9,921 1,146
Hydro 19 15 164 53
Ocean Energy 627 52 5,529 465
Total 25,251 4,697 30,754 6,369
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