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Abstract—In the ongoing global warming era, increasing the share of renewable energy systems (RES) in the energy
portfolio has been a goal for many governments around the world. South Korea is not an exception and has employed
numerous policy measures to promote adoption of RES. The latest renewable energy plan is one of those measures in
which the target shares of RES are set for the coming decade. This study proposes a revised, more comprehensive
mathematical model for assessing the total costs associated with installment, operation, and disintegration of RES. The
proposed model is applied to examine the Korean governments latest plan in terms of the four major RES: solar PV,
wind power, biomass energy, and fuel cell power. Sensitivity analysis was conducted to evaluate robustness of the plan
with respect to changes in the price of fuels and CO, emission. The results illustrate the contribution of various types of
costs for implementing the plan and provide insight on numerous issues, including key areas of research for minimiz-

ing the costs.
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INTRODUCTION

Since the establishment of the first national renewable energy
plan in 2008, the South Korean government has been promoting
adoption of various renewable energy technologies. The propor-
tion of the national energy supplied by the four major renewable
types—wind power, solar photovoltaics (PV), bioenergy, and fuel
cells—increased from 0.2% in 2008 to 4.4% in 2018 [1]. The in-
creased utilization of RES contributed to reduced emission of green-
house gases in Korea, as well as growth of the pertinent private
sectors. The market size of the domestic photovoltaics industry, for
example, grew from USD 33M to 406M between 2008 and 2018
[2].

The increased utilization of the renewable energy technologies
has been achieved by providing subsidies and tax benefits [1,2]. The
levelized cost of energy (LCOE) of the four major renewable types
in Korea, for example, has been up to nine-fold higher than the
cost of traditional energy technologies, mainly fossil fuel based and
nuclear power plants [3,4]. The proportion of the renewable energy
technologies was still raised by the Korean government in order to
meet the internationally agreed targets of greenhouse gas emission.
The fossil fuel based power plants emit up to 20-fold more CO,
per kilowatt hour (kWh) than the average amount the four renew-
able energy technologies does [5]; therefore, replacing the former
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with the latter results in reduced emission.

The continued increase in use of the renewable energy technol-
ogies also resulted in lower LCOEs, primarily due to learning effects
and technological advancement. The LCOE of photovoltaics, for
example, was reduced from 0.43 to 0.14 $/kWh between 2008 to
2018 [6,7], corresponding to an average learning rate of 32%. The
total capacity of solar PV installed in South Korea increased from
0.4 GW to 5.7 GW during the same period [1,8]. The efficiency of
solar energy conversion using Si crystalline cell reported in litera-
ture rose from 20.4% to 26.7% [9,10]. The LCOEs of the other
renewable energy technologies decreased as well, owing to some
or all of the aforementioned effects and advancements.

We previously assessed the total cost associated with implement-
ing the renewable energy plan in 2011 [8]. The work provided the
means to estimate and plan the budget necessary for increasing the
proportion of RES by a certain amount, which is especially useful
for regions where the energy supply is determined by government
as in South Korea. The intermittency of RES as well as variability
in the price of fuels such as biomass and natural gas was not add-
ressed in the previous models; however, the recent work showed
that these two factors can have significant impact on the total cost
of RES [11-14]. Notton and colleagues, for example, suggested that
intermittency adds profile, balancing, and grid-related costs which
can be as high as USD 14 per MWh [15]. Batalla-Bejerano and
Trujillo-Baute also argued that adjustment costs will increase pro-
portionately as the share of solar PV and wind power increases
within the electricity grid [16]. In terms of the variable prices of
renewable fuels, Golecha and Gan showed that the price of corn
stover has changed up to 30% annually and that this variability added
extra feedstock cost for using corn stover as bioenergy [17]. Wil-
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liams et al. reported that the characteristics of biomass such as
moisture and lignin content vary with respect to sources and that
such variability can result in inconsistent amount of energy pro-
duced per mass of biomass [18]. To our best knowledge, no work
has been reported that integrates all those aspects when evaluat-
ing the total costs of implementing the RES.

In this study; we propose a revised method for assessing the total
cost of renewable energy systems that takes into account intermit-
tency and variable prices of renewable fuels, as well as learning
effects and uncertain prices of fossil fuels and carbon. The pro-
posed method is applied in analyzing the total cost associated with
implementing the latest renewable energy plan of South Korea. In
the process, we hypothesize three scenarios that represent the busi-
ness as usual (BAU), most unfavorable, and favorable environment
towards utilization of renewable energy sources. Only solar PV,
wind power, biomass energy, and fuel cells are included as RES in
the analysis due to availability of data and relevance to the Korean
governments plan.

MATHEMATICAL MODELING

1. Total Costs

In previous work, we proposed that the total cost of utilizing a
renewable energy technology for supplying energy can be calcu-
lated as the sum of capital, fixed, variable, and external costs [8].
The model included all types of the costs associated with installa-
tion and operation of the RES, as well as damages incurred with
respect to health and environment; however, the costs associated
with stripping the facilities after use were excluded. Recent studies
show that the stripping cost can be substantial for the four RES
covered in this study [19-22]. We thus developed and applied the
following updated equation for calculating the total cost (TC;) of
utilizing a renewable energy system i:

TC~CC+FC+VCAHECH+SCHIC, Q)

where CC, FC, VC, EC, SC, and IC represent capital, fixed, vari-
able, external, stripping, and intermittence cost, respectively.

The first five costs in the above equation can be calculated as
follows:
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The capital cost (CC) of an RES i is the product of its unit capital
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Table 1. Average capacity factors of the four RES in S. Korea

RES 7(%) Reference
Solar PV 17 20
Wind power 23 23
Biomass energy 74 24
Fuel cell power 97 25

cost (KC;) multiplied by the size to be newly installed in that year
(I, ). In order to apply the learning effect, the unit capital cost is
adjusted by using ¢, [8], which is related to the learning rate (LR)
of the RES i The fixed cost (FC), mainly due to operation and
maintenance, is calculated in a similar manner using KF; and C;,
that represent the unit fixed cost and the total capacity of the RES
i in use during the year t. As in the previous work, the learning
effects are applied to these two types of costs. Variable cost (VC)
represents the cost of (renewable) fuels and is the product of unit
price of fuel PE capacity, and capacity factor 7. Expectedly, vari-
able costs are non-zero for only bioenergy and fuel cell power.
Capacity factor is to adjust for the proportion of the total capacity
used in generating energy during the year t. Capacity factor, 7 of
RES is usually much lower than that of the fossil fuel based energy
production technologies (Table 1), and varies from time to time,
place to place.

External cost (EC) stands for the cost associated with environ-
mental impact. In previous work, we only included the cost of CO,
emission using PC,, which is the average price of carbon in year t
[8]; however, we also recognize the growing contribution of non-
carbon costs such as pollution due to heavy metal (ion) leakage
for solar PVs [26] and other RES. We thus added another term
within Eq. (2.4) to account for these contributions, with PP; being
the sum of environmental costs over the life cycle for renewable
energy system i divided by its lifetime (It). Lastly, SC represents the
stripping cost, or the cost of disintegrating the system after the life-
time [19]. PR; is the per MW cost of uninstalling a facility of the
renewable energy system i.

2. Intermittency of RES

Not all RES are subject to the intermittency problem. Among
the four major types studied in this paper, biomass energy and
fuel cells are free of the issue as they can produce energy at any
time as long as fuels are provided. In contrast, solar PV and wind
power suffer from intermittency (Fig. 1). The amount of power
delivered by the solar PV throughout a day usually follows the
gaussian curve with the center being near 1:00 PM; the curve for a
monthly basis takes the form of an inverted parabola with the
maximum between April and July [27]. The curves for wind power
are less consistent across hours (Fig. 1(b)) and days; however, they
tend to follow the parabola with the minimum occurring around
June throughout a year [28].

Additional costs arise when integrating solar PV and wind power
due to this stochastic intermittency. The costs are due to profiling,
balancing, and managing the grid, which includes preparing and
operating reserve power plants as well as storage devices. Notton
et al. thoroughly investigated the magnitude of the intermittence
cost for solar PV and wind power [15]. Based on their and other
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Fig. 1. Electricity generation by (a) solar PV or (b) wind power across hours in S. Korea. Each colored line represents a different day within a
week of July or January, 2018, for the solar PV and wind power, respectively.

previous work, the intermittence cost is calculated as follows:

N 1 C, i1\
ICi:ZHLl+_d)I{< Ci,O) CI, t—O}Ci,t T, t:| (26)

where CI; and £ are the cost of intermittency and its learning
effect for the RES i. The learning rate is applied based on the pre-
vious reports showing that improvements in the profiling, balanc-
ing, and/or grid managing can lower the intermittence cost. For
example, reduction in the mean average errors of forecasting wind
power by 3.5% enabled saving US$2.5 million [15]. Breakthrough
enhancement in battery performance and capacity will also con-
tribute to lowering the intermittence cost.

EMPIRICAL DATA AND SCENARIOS

1. Capital Cost, Fixed Cost, and Learning Rates

Numerous institutions, including the International Energy Agency
(IEA) and the US. Energy Information Administration (EIA),
publish annual reports on parameters related to consumption,
production, and costs for both traditional and renewable energy
systems. In this study, we investigated both these international lit-
erature and domestic reports made by Korean organizations to
find numerical values for the parameters used in the proposed
model (Table 2). It is important to note that the cost parameters
are based on the standard sizes of the four RES that are the most
commonly used in S. Korea. Our goal is to assess the total costs

Table 2. Capital cost, fixed cost, lifetime, and learning rates of the four RES

RES technology KC ($/MW) KF ($/MW) It (yrs) LR (%) Reference
Solar PV 1,490,000 17,800 25 24.5 4,29,30
Wind power 890,000° 22,250 20 6.5 31-33
Biomass energy 2,460,000 114,390 25 6.0 24,34
Fuel cell 3,750,000 297,620 5 174 35,36

“Accordingly, these parameters are based on the following standard sizes of the four RES technologies: 0.2 kW per panel (solar PV), 2.5 MW

(wind power), 10 MW (biomass energy), and 2.5 MW (fuel cell).
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Fig. 2. (a) Prospect on the overall, and (b) annual changes in the net capacity of the four RES in S. Korea.
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Fig. 3. (a) Prospects on the price of wood pellet and natural gas, and (b) CO, emission allowance until 2030.

and robustness of the S. Korean governments newest renewable
energy plan; therefore, we adopted the values reported by the domes-
tic agencies when available.

2. Capacity of New Installments

According to the South Korean governments latest plan, the
capacity of the four RES will increase from the current levels as
shown in Fig. 2(a). The solar PV will be responsible for 63% of the
net increase, followed by the wind power covering 34%, which
equals to 16.5 GW to be newly installed between 2018 and 2030.
The percent increase in capacity will be the lowest for the bioen-
ergy (43%). In contrast, the net capacity of fuel cell power plants
will increase about 6.3-fold, which is second to the 14.8-fold for
the wind power.

We analyzed the growth rate of the net capacity of the four RES
in S. Korea between 2008 and 2017 and used it in drawing the
business as usual (BAU) curves (Fig. 2(b)). In terms of the govern-
ments plan, we also assumed a constant growth rate so that the
targeted sizes can be reached by the year 2030. The total cost may
be minimized by planning annual installments differently [19] but
it is out of scope for this study. The comparison with the afore-
mentioned plan shows that all RES except bioenergy will increase
more under the governments plan than it would in the BAU sce-
nario. Among the three, the difference between the BAU and the
government plan is the largest for the fuel cell; the difference is little
more than two-fold of the net capacity under the BAU. In contrast,
the net capacity by the year 2030 under the S. Korean governments

latest plan will be lower than the BAU by 20% for bioenergy.
3. Prices of Fuels and Carbon

Among the four RES, biomass and fuel cell power require fuels
to generate energy in the form of electricity and heat. Wood pel-
lets and H, are the primary fuels for the two RES in S. Korea. While
more than 70% of the former is imported, the latter is produced
locally using natural gas via the reforming process [36,37]. Fig.
3(a) shows the prices of the two for the past five years, as well as
prospects until 2030 [37,38]. Evidently, the prices are volatile for
both, with the wood pellet featuring a greater variance in the past.
For prices in the future, three representative scenarios—BAU, the
cheapest, and the most expensive—have been adopted. Statistical
analysis suggests that the prices of wood pellet and natural gas are
highly correlated, at least for the past 10 years.

The price of CO, emission allowance is another that may be
significantly different under each scenario. South Korea is currently
not assigning tax on CO, emission. Instead, the government sup-
ports the employment of RES by providing subsidies. In this study,
we used the allowance price for calculating the external cost. Previ-
ous work suggests that the price may increase up to $35 per tonne of
CO, by 2030 (Fig. 3(b)) [39]. Statistical analysis suggests that the
allowance price is weakly correlated to the price of aforemen-
tioned renewable fuels; therefore, we did not couple the allowance
price to the price of wood pellet and natural gas in the analysis.

4. Environmental, Disintegration, and Intermittence Cost

The component-wise analyses of the environmental impacts for

Table 3. CO, emission rate, environmental (PP), disintegration (PR), intermittence cost (CI), and learning rate for adjusting the intermit-

tence cost
Emission PP PR CI LR
RES technology (CO, ton/MWh) ($/MWh)* ($/MW) ($/MWh) (%) Reference
Solar PV 0.097 124 159,000 9.5 13 15,20
Wind power 0.016 033 145,000 50 6.6 15,40
Biomass energy 0.090 3.38 53,000 0.0 - 40,41
Fuel cell 0.080 8.86 860,000 0.0 - 36,42

“The value for each RES was obtained by dividing the sum of costs for all environmental impact (except one due to CO, emission) by the

lifetime.

December, 2021
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the four RES over the life cycle have been adopted in assigning
numerical values to the parameters (Table 3). As explained, these
numbers (PP) exclude the environmental cost of emitting CO, since
it is evaluated separately as PC in the model (Eq. (2.4)). These
non-carbon environmental costs are larger than the external cost
due to CO, emission for biomass energy and fuel cells; they are up
to 2.4-fold lower than the CO, emission cost for solar PV and wind
power.

Disintegration will take place at least 20 years after installing any
of the three RES except fuel cell power. Previous work revealed
that the magnitude of this cost is invariably lower than the other
types of costs (Table 2). The stripping cost per MW is the highest
for the fuel cell, which is more than five times the cost for the
other three RES; however, it will likely fall the fastest over the com-
ing years considering its relatively short history of commercializa-
tion and potential for improvement. In contrast, IC is zero for
both the fuel cell and biomass energy. Solar PV features the high-
est intermittence cost that is seven-fold larger than the environ-
mental cost (PP). CI is lower for wind power, and the difference
with respect to the intermittence cost of solar PV will increase due
to the higher learning rate.

COSTS AND ROBUSTNESS OF SOUTH KOREA'S
RENEWABLE ENERGY PLAN

1. Total Cost and Proportion of Each Cost

At a discount rate of 4%, executing the South Korean govern-
ments latest renewable energy plan until 2030 will cost about USD
63 billion (Fig. 4(a)). This is roughly 20% larger than the budget
required if the capacity of the four RES grows in the BAU scenario
and reflects the government’s dedication to promoting (domestic)
adoption of RE technologies. According to the plan, solar PV will
be responsible for 48% of the total cost, which is expected since its
capacity is to increase by the largest magnitude. Biomass energy
will cost roughly the same amount of budget as wind power (USD
13 billion); however, the annual total cost of wind power will in-
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crease by five-fold, while the TC of biomass energy will remain
the same. The proportion of fuel cell power in the total cost will
be the lowest (13%) but is disproportionately large considering its
share of the total capacity (3%).

Fig. 4(a) also shows that the total costs of solar PV and biomass
energy are the most affected by the South Korean government’s
latest plan. If the capacity of the four RES increased as it did in the
past ten years (BAU, Fig. 2(b)), the annual TCp,e, Will be the
largest in 2030; however, it would be the second smallest under
the plan. Similarly, the annual total cost of solar PV will be smaller
than the amount for the wind power by the year 2030 if there was
no plan. The total cost of fuel cell until 2030 is 1.5-fold larger under
the plan than in the BAU scenario. In this manner, the compara-
tive analysis illustrates that the South Korean plan promotes greater
adoption of solar PV and fuel cell while curbing the growth of
biomass energy.

Fig. 4(b) demonstrates how the composition of the total cost
changes by 2030 under the plan. To begin with, one can see that
the proportion of the capital cost for solar PV decreases, owing to
the high learning rate and substantial increase in the cumulative
capacity over the years. The changes in the proportions are negli-
gible for wind power due to the low learning rate in spite of the
similarly large increase in capacity. Biomass energy is also expected
to experience insignificant changes in the proportion of each cost
under the plan if the price of wood pellet follows the BAU sce-
nario (Fig. 3(a)); however, the proportion will change significantly
if the price of biomass unfolds differently (details in Section 4.2).
Fuel cell power will face the largest changes, with the share of CC
reduced by one-third while that of VC and EC increasing by more
than double. As such, more emphasis should be given towards
managing and minimizing these costs in the future.

2. Sensitivity Analysis and Robustness

The (annual) total cost and proportions of each cost are mark-
edly different under the three scenarios with respect to the price of
fuels and CO, emission. As mentioned, the results in Section 4.1
are based on the scenario where the two prices follow the BAU
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Fig. 4. (a) Total cost of the four RES until the year 2030 when the capacity increases as in the plan (left bars) vs the BAU scenario (right bars);
(b) the proportions of each cost in the year 2019 (left) vs 2030 (right).
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scenario. If the price of wood pellet increases by the highest mar-
gin (Fig. 3(a)), the total cost of biomass energy over the same
period will increase 13% (Fig. 5(a)); the proportion of the VC, ie.,
cost of purchasing fuel, will become 63% vs 57% in the BAU sce-
nario. Under the lowest price scenario, the total cost and propor-
tion of the VC will become 91% of the TC and 52% under the BAU
scenario, respectively. Similarly, the total cost of fuel cell power will
be 1.03- and 0.98-fold of the amount under the BAU scenario
(Fig. 5(b)) when the fuel price increases or decreases the most,
respectively. Compared to the biomass energy, the differences among
the three scenarios are significantly smaller, because, in part, the
differences in the price of natural gas in these scenarios are much
smaller than those of wood pellet. Furthermore, the proportion of
the fuel cost, ie., VC, is relatively smaller for the fuel cell power—
16 vs 57% for biomass energy. Fig. 5(b) also shows that the pro-

December, 2021

portion of the VC changes to a lesser extent for fuel cell power: 14
to 20% of the TC.

The external cost of the four RES also varies significantly with
respect to the price of CO, emission (Fig. 6). To begin with, EC,;.poer
is the most sensitive to the price and becomes 0.83- and 1.08-fold
of the BAU amount under the lowest and highest price scenarios,
respectively. The situation is similar for solar PV: 0.85- and 1.08-
fold under the two extreme scenarios. These results are expected
given the high ratio of the emission rate to the other environmen-
tal costs for the two RES (Table 2). The external cost of fuel cell
power is the least sensitive to the price of CO, emission; the sum
of EC over the same period ranges from 0.95- to 1.03-fold of the
BAU amount. Expectedly, the ratio of emission rate to the other
environmental costs is the lowest for fuel cell. Biomass energy shows
an intermediate level of sensitivity; however, the absolute magni-
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Table 4. All-time high and low prices of fuels and CO,

Item Highest price in history Lowest price in history Reference
Wood pellet USD 112/tonne USD 210/tonne [37,43]
Natural gas USD 20/MMBtu USD 1.8/MMBtu (38]
CO, emission 0 euros/tonne 32 euros/tonne [44]

tude of change across the scenarios is the second largest (USD 21
million) due to its relatively large emission rate and cumulative
capacity.

The prices of fuels and CO, emission increase monotonically
until 2030 in the three scenarios that we adopted from the previ-
ous work [37-39]. In order to better understand the robustness of
the plan under extreme conditions, we analyzed the total cost of
implementing the plan under two additional scenarios where the
prices reach historically high or low levels (Table 4). When the price
of natural gas reaches the all-time high level, the annual TC in
2030 becomes 1.8-fold of the BAU value for the fuel cell power. If
the prices become historically low levels by 2030, the annual TCs
will be 0.73- and 0.89-fold of the BAU for the biomass energy and
fuel cell power. These results reflect the fact that the range of price
covered in the three scenarios is around the historically high level
for wood pellet versus all-time low level for natural gas. As for the
price of carbon, the historically low level (zero) by the year 2030
will cause the TC of the four RES to decrease by only 2%. This
minor reduction in the TC was expected given the low CO, emis-
sion rate of the solar PV and wind power (Table 3) that are pro-
jected to constitute more than 90% of the total capacity under the
governmental plan by 2030.

3. Implications for the Stakeholders

The results presented in the previous two subsections offer valu-
able insights for policy makers, industrial organizations, and other
related parties. To begin with, one can discern that the capital costs
of solar PV and wind power will be responsible for the largest pro-
portion (50%) of the total costs over the coming decade. Technol-
ogies that reduce the cost of manufacturing PV panels or wind
turbines will thus contribute the most in lowering the total cost of
implementing the Korean governments latest plan. Examples of
the latest research and development (R&D) efforts in this venue
include lowering specific ratings for wind turbines [45] and syn-
thesizing novel materials for use as PV cell [46].

An important insight can be obtained from the results of sensi-
tivity analysis. Across all scenarios, the greatest change in cost takes
place with respect to the fuel cost of biomass energy. The differ-
ence in this single cost can be as large as USD 3 billion, which is
roughly 5% of the total cost for implementing the plan. Therefore,
efforts towards optimizing supply chain of wood pellet [47] and
investing in technologies that lower the cost of producing and/or
storing biomass [48], for example, can also result in significant
savings. Another insight that the sensitivity analysis offers is related
to the robustness with respect to the changes in the price of CO,
emission. The results suggest that the carbon price is responsible
for a low proportion of the external cost for these four RES. On
average, the other environmental costs making up the EC are respon-
sible for 30 to 79%. This is the most pronounced for fuel cell power,

resulting in only 21% increase in EC when the price of CO, emis-
sion increases by 2-fold. In this regard, more incentives and atten-
tion should be devoted towards mitigating these non-carbon waste
materials coming out of (used) fuel cells. One of the latest work in
this field assessed the environmental impact of various processes
treating platinum in disposed fuel cells, suggesting the need to
recover and reuse the material [49].

CONCLUSION

We have proposed a revised model for evaluating the econom-
ics of RES under varying scenarios. The updated model includes
disintegration and intermittence costs, as well as comprehensive
environmental costs for estimating the total cost of supplying energy
using renewable energy sources. We applied the model in analyz-
ing the total cost required for implementing the latest renewable
energy plan of South Korea. The results were obtained with respect
to the four major RES that are expected to have cumulative capac-
ities increase by the largest margins. Comparative analysis against
the BAU scenario where the capacities of the four RES increase as
they did over the past decade was provided to illustrate how the
plan promotes greater adoption of the RES. Sensitivity analysis
was also conducted to show the influence of key uncertain param-
eters, i.e,, price of fuels and CO, emission, on the total costs.

Several simplistic assumptions, such as constant discount and
learning rates, were taken in the case study. Emerging novel tech-
nologies for the four RES, like hybridization with other energy
sources, were also not considered. Still, the results can provide a
valuable insight to the stakeholders across all areas—from govern-
ment agencies to private firms. The outlook on costs and their
sensitivity to changes in the key variables like prices of carbon and
fuels hint on where to focus R&D efforts for effective reduction in
costs. They also reveal business opportunities in the energy sector
and the amount of investment needed to be cost-competitive in
the market. In this manner, we believe that the findings in this
study will benefit diverse decision makers in the renewable energy
field not limited to South Korea.
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BAU :business as usual
EIA :energy information administration
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GW : gigawatt

IEA :international energy agency
kWh : kilowatt hour(s)

LCEO :levelized cost of energy

LR  :learning rate

MW :megawatt

PV :photovoltaics

RES :renewable energy system

Nomenclature

o,  :learning effect for the capital, fixed, and stripping cost of
renewable energy system i

£ :learning effect for the intermittence cost of renewable energy
system i

C,; :cumulative capacity of renewable energy system i in year t

CC; :capital cost of renewable energy system i

CL,  :unit intermittence cost of renewable energy system i

d  :discount rate

EC; :external cost of renewable energy system i

FC, :fixed cost of renewable energy system i

I,  capacity of renewable energy system i installed in year t

IC; :intermittence cost of renewable energy system i

KC :unit capital cost of renewable energy system i

KF, :unit fixed cost of renewable energy system i

It;  :lifetime of renewable energy system i

PC, :price of CO, emission allowance during year t

PF,, :price of fuel for renewable energy system i in year t

PP; :unit environmental cost excluding that due to CO, emis-
sion for renewable energy system i

PR; :unit disintegration cost for renewable energy system i

SC;  :Stripping cost of renewable energy system i

t :time [year]

7,  :capacity factor of renewable energy system i during year t

TC, :total cost of renewable energy system i

VC; :variable cost of renewable energy system i
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