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Abstract: In order to minimize the social and environmental concerns arising from the use of
traditional energy resources such as fossil fuels and nuclear energy, the South Korean government has
attempted to develop alternative energy resources. In particular, the large educational institutes and
islands in South Korea—which have the motivation and potential to provide electrical services—are
required to install renewable electricity generation facilities to reduce the burden on the local grid
systems. With this trend, the current study investigates potential configurations of renewable
electricity generation systems to supply the electrical demand of Jeju National University, located on
the largest island in South Korea. The potential configurations suggested by the simulation results are
evaluated by renewable fraction, cost of energy (COE), and total net present cost (NPC). The suggested
configurations show a renewable fraction of 1.00 with COE of $0.356–$0.402 per kWh and NPC of
$54,620,352–$51,795,040. Based on the results, both implications and limitations are examined.

Keywords: renewable energy; Jeju; optimal configuration; Hybrid Optimization of Multiple
Energy Resources

1. Introduction

Although fossil fuels and nuclear energy are important resources, their use raises serious
environmental and safety problems, such as global warming and atmospheric pollution from
greenhouse gas (GHG) emissions [1–3]. Therefore, in order to reduce GHG emissions, many nations
have attempted to use renewable energy resources [4].

South Korea, the 10th biggest energy consuming nation, has also attempted to utilize renewable
energy resources [5]. Moreover, because South Korea imports 97% of its energy, the South Korean
government has introduced the national energy plan called “Energy Vision 2030” to increase the
distribution ratio of renewable energy facilities in the national energy consumption from 3% to 11% [6].
In addition, in order to easily diffuse new and renewable energy facilities, “The Act on the Promotion
of the Development, Use, and Diffusion of New and Renewable Energy” was established in 2008 and
is annually updated [7].
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After the introduction of this act, two specific areas—large educational institutes and islands that
consume major investments for their electrical supply—are considered the most promising targets
for renewable energy resources. Educational institutes are the second biggest energy consumers
after apartments in South Korea. About 14.6% of the national energy consumption in South Korea
is used in educational institutes [8]. Based on this trend, the South Korean government considers
the use of renewable energy resources to be an important issue in operating a sustainable energy
supply system for public buildings and institutes [9]. The government has mandated the installation
of 20% renewable energy facilities in public buildings and institutes [10]. In South Korea, the energy
industry is one of the most important focuses of efforts to improve the national competitiveness.
The South Korean government selected six future trends for the successful development of the national
economic growth [11]. Based on the selected trends, several studies on the South Korean energy
industry have been conducted to appropriately respond to the future situation. Table 1 shows the
political, economic, socio-cultural, and technological (PEST) analysis of the industry.

Table 1. PEST analysis of the South Korean energy industry [11].

Category Description Sources

Political
• Sustainable and green growth
• Intensive competition for preoccupying undeveloped resources [12–14]

Economic
• Price rise of raw materials caused by resource depletion
• Price instability of oil caused by regional issues [15,16]

Socio-cultural
• Introduction of environmentally friendly products
• Changing consumption patterns caused by green tax (ecotax) [17–19]

Technological
• Products and services provided by the technological

improvements of renewable energy resources [20,21]

South Korea’s numerous islands require significant investment to maintain the grid
connection [22]. In order to reduce the notable investments for the islands’ energy systems,
the government has supported the establishment of energy-independent regions for the islands
by utilizing renewable energy resources [22,23]. For instance, Jeju Island, located off the southern
coast of South Korea, aims to have carbon-free energy-independent systems by 2030 [24]. Moreover,
the local government of Jeju Island has operated “Strategic plans for Jeju electric vehicle pilot city” for
achieving the goals of “Carbon Free Island Jeju by 2030” [24]. Based on these plans, 10% of the current
vehicles used in Jeju Island will be substituted with electric vehicles in 2017. The ratio will be increased
to 30% in 2020, and about 100% in 2030.

To successfully achieve these goals, the local government plans to extend renewable energy
facilities, mainly including wind turbines and photovoltaic panels [25]. Moreover, the heavy energy
consumption by South Korean universities is one of the main threats to the reliability of the national
grid system. For example, more than 10 universities are included in the list of the top 100 energy
consuming South Korean organizations [26,27]. In addition, the majority of South Korean universities
use electricity connected to the national grid system. Therefore, educational organizations in Jeju
Island need to plan to establish sustainable electricity generation facilities in order to reduce their
dependency on the national grid connection.

With these trends, the current study sheds light on educational institutes located on Jeju Island.
In particular, the current study investigates potential configurations of optimized renewable electricity
generation systems for Jeju National University, the largest educational institute in Jeju Island.
The Hybrid Optimization of Multiple Energy Resources (HOMER) program is used to propose the
configurations for the university. Moreover, the results of the simulations computed by HOMER are
evaluated by three evaluation guidelines: the degrees of renewable fraction, cost of energy (COE), and
net present cost (NPC).

The reminder of the current study is organized as follows. Section below review the current
legislative status on renewable energy facilities in South Korea. Section 2 presents the status and
renewable energy resources information of Jeju National University. Section 3 examines the simulation
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background for presenting potential configurations of renewable energy facilities. Section 4 shows
the simulation results. The main findings and implications are reviewed in Section 5. Lastly, the main
shortcomings of the current study are examined in Section 6.

Acts for Renewable Energy Facilities in South Korea

In South Korea, the Heat Control Act was enacted in 1974 for heat and fuel in the industrial area
after the world energy crisis in 1973 [28]. However, the Energy Use Rationalization Act was enacted
in 1979 to actively manage energy, including new energy such as electric and solar in the overall
national economy other than industrial parts [29]. Since its enactment, the Energy Use Rationalization
Act has been amended several times over 30 years to reflect the entry of conventions such as the
Kyoto Protocol on worldwide climate change for sustainable growth potential and solving the global
warming problem due to fossil fuels [30]. The present goal of the Act is to promote the rational
and efficient use of energy and minimize global warming by reducing the environmental impacts
associated with energy consumption.

In addition, the need to develop alternative energy was recognized for a reliable and affordable
energy supply within the extremely weak energy supply structure in South Korea. Thus, the Act on
the Promotion of Alternative Energy Development was enacted in 1987 for activating the development
of technologies related to alternative energy, such as solar, wind power, and ocean energy, beyond
conventional energy [31]. Since the enactment of the Act on the Promotion of Alternative Energy
Development, it has been amended several times, and its name has been changed to the Act on the
Promotion of the Development, Use, and Diffusion of New and Renewable Energy (hereinafter referred
to as the Renewable Energy Act), replacing the term “alternative energy” with the term meaning new
energy distinct from the existing energy and renewable energy at the same time [32]. Currently, the Act
emphasizes environmental conservation and sustainable development by promoting the diversification
of energy sources, reliable supply of energy, environmentally-friendly conversion of energy structure,
and the reduction of GHG emissions.

Moreover, all national universities in South Korea can generally be classified as public
organizations (Act on The Management of Public Institutions, Article 4—Public Institution) [33].
The universities are therefore mandated to reduce their GHG emissions and promote the development
and dissemination of renewable energy technologies by installing related equipment to building for
the efficient use of energy and renewable energy. The related specific regulations are shown in Table 2.

Table 2. South Korean regulations on renewable energy for public institutes. GHG: greenhouse gas.

Act Description

Energy Use
Rationalization Act

Energy Use
Rationalization Act

Article 8 (Measures for Efficient Use of Energy by State and
Local Governments)
(1) Persons falling under any of the following subparagraphs shall
promote measures necessary for efficiently using energy in accordance
with the purposes of this Act and reducing GHG emissions:
1. State;
2. Local governments;
3. Public institutions under Article 4
(1) Of the Act on the Management of Public Institutions.
(2) Details of measures necessary for efficiently using energy and
reducing GHG emissions, which shall be promoted by the State and
local governments under paragraph (1), shall be prescribed by
Presidential Decree.

Decree of Energy Use
Rationalization Act

Article 15 (Contents of act on efficiency of energy use)
In accordance with the Act (Article 8 (1)), the specific contents of
necessary acts is as following subparagraphs for efficient use and
reduction of GHG emissions by the national and local governments.
1. The provision and maintenance of the system and measures to save
energy and reduce GHG emissions
2. Public relation and education related with energy saving and
reduction of GHG emissions
3. The rationalization of energy use and reduction of GHG emissions in
buildings and transport sectors
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Table 2. Cont.

Act Description

Energy Use
Rationalization Act

Regulation on
promotion of energy
use rationalization by

public bodies,

Article 6 (promotion of energy use efficiency in new buildings)
In accordance with the Article 14 of Green Building Composition
Support Act and the Article 10 of the Decree of the same Act, among
buildings to submit an energy saving plan, if it has total floor area of
more than 3000 m2 and a building which is designed as the standard of
Building Energy Efficiency Rating Certification (usually announced by
the Ministry of Trade, Industry and Energy and the Ministry of Land,
Infrastructure and Transport) is built newly or if it is expanded as a
separate building which has total floor area of more than 3000 m2, it
must obtain grade 1 or higher according to the standard of building
energy efficiency rating certification.
However, newly built buildings of market or quasi-market type of
public enterprises must obtain grade 1++ or higher of Building Energy
Efficiency from 2017.

Act on the Promotion
of the Development,
Use and Diffusion of
New and Renewable

Energy

Act on the Promotion
of the Development,
Use and Diffusion of
New and Renewable

Energy

Article 12 (Investment Recommendation and Mandatory Use, etc. of
New and Renewable Energy)
(1) Where the Minister of Trade, Industry and Energy deems it necessary
to promote the technological development, use, and distribution of new
and renewable energy, he/she may recommend that a person carrying
on energy-related business conduct invest in, or contribute to any of the
projects referred to in the subparagraph of Article 10. <Amended by Act
No. 11690, 23 March 2013>
(2) Where the Minister of Trade, Industry and Energy deems it necessary
to facilitate the use or distribution of new and renewable energy, and to
vitalize the new and renewable energy industry, he/she may require any
of the following entities to mandatorily install new and renewable
energy facilities in a building newly built, extended, or remodeled by
such entities in order to use energy supplied utilizing new or renewable
energy over a certain percentage of the estimated amount of energy
used computed as at the time of its design, as prescribed by Presidential
Decree: <Amended by Act No. 11690, 23 March 2013; Act No. 13087,
28 January 2015>
1. The State and a local government;
2. A public institution;
3. A government-contributed institution to which the Government has
contributed at least an amount prescribed by Presidential Decree;
4. A government-invested corporation defined in subparagraph 6 of
Article 2 of the State Property Act;
5. A corporation to which a local government, public institution,
government-contributed institution, or government-invested
corporation referred to in subparagraphs 2 through 4 has invested at a
ratio or at least an amount prescribed by Presidential Decree;
6. A corporation incorporated under any special Act.
(3) The Minister of Trade, Industry and Energy may recommend that
any factory, place of business, collective housing complex, etc., deemed
appropriate use new and renewable energy as designated by him/her to
use such energy or install facilities for using such energy. <Amended by
Act No. 11690, 23 March 2013>
[This Article Wholly Amended by Act No. 10253, 12 April 2010]

2. Status of Jeju National University

2.1. University Location and Population

Jeju National University is located in the northern side of Jeju Island in South Korea.
The coordination of the university is 37.45 latitude and 126.56 longitude (Figure 1). In 2015, the total
land and building area of the university was 1,604,856 m2 and 231,518 m2, respectively. The university
is organized into 12 colleges, about 12,500 students, and approximately 1000 professors and staff.
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2.2. University Load Information

The current electricity demand is totally supplied by the island grid system. Based on the
real electricity load information of the university, the current study uses the 50%-scaled electricity
load information of the university. The average electricity demand of the university is computed as
20,300 kWh per day, with a peak electricity demand of 1182 kW, equating to a load factor of 0.716.

2.3. University Solar Energy Information

The current study uses the solar resource information collected by NASA. The annual solar
clearness index is 0.473, and the annual solar radiation 3.999 kWh/m2/d. In order to minimize the
photovoltaics (PV)-installation space concern, it is assumed that the rooftops of the buildings in the
university are used. Because a 3 kW-capacity photovoltaic panel requires 7 m2 [34,35], the maximum
limitation of PV panels was computed as about 99,000 kW.

2.4. University Wind Energy Information

The monthly wind speed information was collected by the Korea Meteorological Administration
and NASA. Because the height of the wind turbine model used in this study is 25 m, the current study
uses the average wind speed value between the ground and 50 m above the ground. Based on the
information, the annual average wind speed is computed as 4.964 m/s (Figure 2).Sustainability 2016, 8, 877 6 of 12 
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3. Key Parameters for the Economic and Environmental Analysis

3.1. South Korea’s Annual Real Interest Rate

The current study uses an annual real interest rate of 3.0%, which has been used in the previous
feasibility tests in South Korea. Moreover, based on the national renewable energy supporting plans,
an annual real interest rate of 1.5% (50% of the reduction of interest program) is also considered in
the simulation.

3.2. Three Evaluation Guidelines

Three evaluation guidelines are used to evaluate the suggested configuration [34]. First, the
renewable fraction of the suggested configuration presented by the simulation should be 1.00 in order
to minimize the dependency on the traditional grid system. Second, COE, which is defined as “the
consumed cost of a particular generation system in producing 1 kWh of electricity”, is used [34]. Third, NPC,
which is “the total cost for establishing, replacing and operating the suggested system in the project lifetime”,
is employed [35]. The current study employed 25 years for the lifetime of the project.

3.3. Environmental Parameters

Based on the electricity production information of the national grid system, 0.632 kg of carbon
dioxide, 0.00274 kg of sulfur dioxide, and 0.00134 kg of nitrogen oxides are reduced when 1 kWh of
electricity is eliminated from the traditional grid system.

4. Renewable Electricity Generation Systems

Because this study proposes renewable electricity generation systems for Jeju National University,
wind turbines, PV panels, battery units, a traditional grid connection, and an electricity converter are
considered as potential system components. Therefore, detailed cost information of these components
should be included in the simulations [34–36].

The installation and replacement costs for a PV panel are $1800 and $1800, respectively, with an
annual managing cost of $25/kW capacity. Moreover, the lifetime of the panel is 20 years when no
tracking system is applied. As presented in the previous section, the current study considers the range
from 0 to 99,000 kW in the simulation [36].

For the utilization of wind energy, a generic 10 kW wind turbine is considered. This model
computes costs of $29,000, $25,000, and $400 for the installation, replacement, and annual operating
costs for two turbines, respectively. The hub height and lifetime of the turbine are 25 m and 25 years,
respectively. This study considers the range from 0 to 1000 turbines [35,36].

This study employs a Surretts-6CS25P battery model as battery units. This model shows a lifetime
throughput of 9645 kWh, nominal voltage of 6 V, and nominal capacity of 1156 Ah. This battery
model presents a capital cost of $1229, replacement cost of $1229, and annual operating cost of $10.
The current study simulates a range from 0 to 30,000 units [35,36].

In order to convert from AC to DC, an electricity converter should be included. The converter
costs $1000, $1000 and $10 for the installation, replacement, and annual management costs for 1 kW
capacity, respectively. The converter has a lifetime of 15 years, and an inverter efficiency of 90%.
The current study simulates a range of converter capacity from 0 to 3000 kW [34–37].

5. Results

Table 3 shows the optimized configurations of the simulation. Tables 4 and 5 show the total NPC
and annualized cost information of the suggested configurations. The proposed configurations achieve
a renewable fraction of 100% with COE of $0.356 per kWh (1.5%)–$0.402 per kWh (3.0%) and NPC of
$54,620,352 (1.5%)–$51,795,040 (3.0%).
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Table 3. Optimal simulation configurations. COE: cost of energy; NPC: net present cost;
PV: photovoltaic.

Components Index

Annual real interest rate 1.5% 3.0%
PV panel (kW) 4855 4855

Wind turbine (#) 888 884
Battery unit (#) 10,920 10,945
Converter (kW) 1885 1875

Grid connection (kW) 0 0
Operating cost (annually; $ per year) 854,247 856,344

Initial capital cost ($) 36,920,680 36,883,404
Total NPC ($) 54,620,352 51,795,040

COE ($ per kWh) 0.356 0.402
Renewable fraction 1.00 1.00

Table 4. Total net present costs (NPC) of the suggested configurations.

Annual Real
Interest Rate Component Capital ($) Replacement

($)
Operation &

Management ($) Salvage ($) Total ($)

3.00%

PV 8,739,000 6,488,451 2,514,843 −4,517,229 13,225,068
Wind turbine 12,876,000 - 3,679,804 - 16,555,804

Grid - - −6,328,446 - −6,328,446
Battery 13,420,680 20,613,248 2,262,582 −8,478,813 27,817,700

Converter 1,885,000 1,507,720 390,565 −433,051 3,350,234
System 36,920,680 28,609,418 2,519,349 −13,429,093 54,620,356

1.50%

PV 8,739,000 4,838,575 2,113,522 −3,130,349 12,560,749
Wind turbine 12,818,000 - 3,078,646 - 15,896,647

Grid - - −5,288,761 - −5,288,761
Battery 13,451,405 16,051,752 1,905,870 −5,889,098 25,519,932

Converter 1,875,000 1,203,492 326,497 −298,504 3,106,485
System 36,883,404 22,093,820 2,135,773 −9,317,950 51,795,040

Table 5. Annualized costs of the suggested configurations.

Annual Real
Interest Rate Component Capital ($) Replacement ($) O & M ($) Salvage ($) Total ($)

3.00%

PV 421,774 313,155 121,375 −218,017 638,287
Wind turbine 621,440 - 177,600 - 799,040

Grid - - −305,433 - −305,433
Battery 647,728 994,867 109,200 −409,217 1,342,578

Converter 90,977 72,768 18,850 −20,901 161,694
System 1,781,920 1,380,789 121,592 −648,134 2,636,167

1.50%

PV 501,862 277,869 121,375 −179,769 721,337
Wind turbine 736,110 - 176,800 - 912,911

Grid - - −303,722 - −303,722
Battery 772,486 921,818 109,450 −338,198 1,465,555

Converter 107,677 69,114 18,750 −17,142 178,399
System 2,118,136 1,268,801 122,653 −535,110 2,974,479

Table 6 presents the electricity production, consumption, and quantity information of the
configurations. About 70% of the electricity in the system is produced by wind turbines, and 30% by
PV panels. Moreover, 27% of the electricity generated by the system is sold through the grid connection.
Table 7 presents the sales volume of the electricity generated from the suggested configurations. Table 8
shows the annual environmental advantages of the suggested configurations. More than 1.7 million kg
of carbon dioxide, 7500 kg of sulfur dioxide, and 3700 kg of nitrogen oxides can be reduced annually by
using the suggested configuration. Figures 3–5 present the monthly reduced environmental pollutions
of the suggested configurations in comparison with the traditional grid system.
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Table 6. Annual electricity production, consumption, and quantity information of the configurations.

3.0% of Real
Interest Rate

Production
(kWh/Year) Fraction 1.5% of Real

Interest Rate
Production
(kWh/Year) Fraction

PV array 6,227,571 31% PV array 6,227,571 31%
Wind turbines 13,554,660 69% Wind turbines 13,615,956 69%
Grid purchases 0 0% Grid purchases 0 0%

Total 19,782,230 100% Total 19,843,526 100%

Load Consumption
(kWh/Year) Fraction Load Consumption

(kWh/Year) Fraction

AC primary load 7,403,611 73% AC primary load 7,403,606 73%
Grid sales 2,761,111 27% Grid sales 2,776,660 27%

Total 10,164,722 100% Total 10,180,266 100%

Quantity Value
(kWh/Year) Quantity Value (kWh/Year)

Excess electricity 7,794,651 Excess electricity 7,839,553
Unmet load 5840 Unmet load 5845

Capacity shortage 7395 Capacity shortage 7400
Renewable fraction 1.00 Renewable fraction 1.00

Table 7. Purchasing amounts through the grid connection of the suggested configurations.

3.0% of Real
Interest Rate

Energy Sold
(kWh)

Energy Charge
($)

1.5% of Real
Interest Rate

Energy Sold
(kWh)

Energy Charge
($)

January 315,753 −34,733 January 316,334 −34,797
February 320,229 −35,225 February 320,814 −35,290

March 295,690 −32,526 March 297,781 −32,756
April 222,805 −24,509 April 224,242 −24,667
May 160,620 −17,668 May 162,134 −17,835
June 100,808 −11,089 June 102,353 −11,259
July 187,910 −20,670 July 188,652 −20,752

August 211,874 −23,306 August 212,542 −23,380
September 153,819 −16,920 September 154,920 −17,041

October 232,600 −25,586 October 233,785 −25,716
November 195,519 −21,507 November 197,609 −21,737
December 363,484 −39,983 December 365,494 −40,204

Annual 2,761,111 −303,722 Annual 2,776,660 −305,433

Table 8. Annual pollution reductions of the configurations compared to the traditional grid system.

3.0% of Real Interest Rate 1.5% of Real Interest Rate

Pollutants Emissions (kg per Year) Pollutants Emissions (kg per Year)

Carbon dioxide 1,745,022 Carbon dioxide 1,754,849
Sulfur dioxide 7565 Sulfur dioxide 7608

Nitrogen oxides 3700 Nitrogen oxides 3721
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6. Discussion

This study investigates possible renewable electricity production systems for Jeju National
University in South Korea. Based on the simulation results, optimal configurations for the university
are proposed. The main study findings are presented as follows.

Under a real interest rate of 3.0%, the system organized by 4855 kW-capacity PV panels, 884 wind
turbines (Generic 10 kW model), and 10,945 battery units with a 1875 kW-capacity converter is
suggested. This system shows COE of $0.402 per kWh, NPC of $51,795,040, and annual operating cost
of $856,344. In the case of a real interest rate of 1.5%, the system organized by 4855 kW-capacity PV
panels, 888 wind turbines (Generic 10 kW model), and 10,920 battery units with a 1885 kW-capacity
converter is suggested. This system shows COE of $0.356 per kWh, NPC of $54,620,352, and annual
operating cost of $854,247. Considering that Jeju National University annually pays a more than
0.13 million USD electricity bill, the suggested annual costs can be accepted for the university.

The initial capital costs are greater than 67% and 71% of the NPC costs under the two cases,
respectively, with a capital investment of more than 36.8 million USD. The battery units are the most
expensive components of the system. In order to minimize the initial capital investment, the renewable
electricity generation system should be installed gradually. For example, PV panels and wind turbines
can be installed before the battery units. In this step, the total amount of electricity generated from PV
panels and wind turbines can be sold through the grid connection before the battery units are installed
and operated. Moreover, in order to reduce the burden on the initial capital costs of the suggested
configurations, the supporting plans for renewable energy facilities in South Korea should be applied.
In order to reduce the burden of initial capital costs of the suggested configurations, the following
steps can be referred:



Sustainability 2016, 8, 877 10 of 12

• Stages for gradually installing the suggested components in the system should be planned.
• The supporting plans and policies operated by South Korean and local governments should be

considered and applied.
• The dependence on renewable electricity generation components will be gradually increased

when the dependence of the grid system is reduced.

The suggested configurations from the simulation achieved 100% renewable fraction with a
COE of $0.356–$0.402 per kWh. Considering the results of prior research conducted in South Korea
($0.409 per kWh for Kyung-Hee University site; $0.472 per kWh for Geoje island; $0.399 per kWh for
Busan metropolitan city; $0.461 per kWh for Daejeon metropolitan city) [35,36,38,39], the introduced
configurations show enough competitiveness.

7. Limitations

The current study suffers several limitations. First, more detailed renewable-related policies
mainly focusing on the supporting plans for the installation and operation of renewable electricity
generation facilities could not be considered. For example, the central and local governments of
South Korea currently operate several supporting plans for renewable energy facilities located in the
areas of educational institutes and islands. Second, the current study uses 50%-scaled electricity load
information of Jeju National University, which significantly increases the initial capital cost of the
suggested configuration. Based on the present simulation results, future studies can be conducted to
further justify the installation of renewable energy facilities.
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