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Abstract: The Korean Government has been implementing a nuclear phase-out policy since 2017.
Nuclear power plants accounted for 30.0% of the total power generation in 2016; this figure fell to
25.9% at the end of 2019, and the average Capacity Factor (CF) of a nuclear power plant approximately
dropped from 89.1% to 69.2%. The nuclear phase-out policy presents severe consequences for the
sustainable management of the nuclear power industry. Accordingly, the purpose of this study is to
analyze the effect of a decrease in the nuclear capacity factor under the nuclear phase-out policy on
the depreciation cost per unit using the Straight-Line Method (SLM) and Decelerated Depreciation
Method (DDM) and to provide recommendations from a sustainable management perspective. The
results show that the decrease in CF of nuclear power plants has a negative impact on sustainable
development of the nuclear power industry. DDM is more beneficial than the SLM during this
initial stage of depreciation under the nuclear phase-out policy. In addition, in the early stages of
projects or immediately after attracting large-scale investments, DDM can offer more positive signs
for stockholders by calculating a smaller net loss or a higher net profit.

Keywords: nuclear phase-out policy; sustainable management; depreciation method; decelerated
depreciation method; nuclear power; generation cost; long-term tangible assets

1. Introduction

In 2016, Korea was among the world’s top five largest nuclear power producers, along
with the United States, France, China, and Russia, and nuclear power has been a key
source of its power [1]. As of the end of 2016, Korea currently operates 25 nuclear power
plants with a power generation capacity of 23,116 MW, accounting for about 22% of total
power generation capacity [2,3]. The amount of power generated by nuclear power plants
amounted to 161,995 Gwh, or about 30% of the total power generation [3].

The Korean Government introduced a nuclear phase-out policy in 2017. According to
the “8th Basic Plan on Electricity Supply and Demand” in South Korea, the Government
will reduce dependency on nuclear power and coal and focus on increasing the proportion
of renewable energy and Liquefied Natural Gas (LNG) [4,5].

In 2016, before the implementation of the nuclear phase-out policy, nuclear power
plants in Korea had a power generation capacity of 21.8%. This fell to 18.5% at the end of
2019 [2,3]. Nuclear power accounted for 30.0% of the total power generated in 2016, but
only 25.9% at the end of 2019. The Capacity Factor (CF), which expresses a percentage of
the actual electrical energy generation amount to the annual maximum possible electrical
energy generation amount of a year, was approximately 89.1% from 2000 to 2016, and
dropped to 69.2% from 2017 to 2019 [2,3,6].

Moreover, under the “9th Basic Plan on Electricity Supply and Demand”, the current
nuclear generating capacity of 23.3 GW will be lowered to 19.4 GW by 2034 by scrapping
new construction projects and prohibiting the durable period extension of old reactors [7,8].
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The nuclear phase-out policy presents severe consequences for the sustainable man-
agement of the nuclear power industry. The decrease in nuclear power generation leads
to a higher unit cost of power generation. Companies have to raise the unit sales price
to maintain profit margins, but price adjustment is difficult in Korea as the company
responsible for operating nuclear power plants is a public corporation.

Depreciation cost has a strong influence on cost calculation of nuclear power genera-
tion. Depreciation cost is important for several reasons. First, it is not affected by per unit
costs such as direct material costs and direct labor costs [9-12]. It falls under manufacturing
indirect cost, which means a change in the production amount will cause a change in the
unit cost [9-12]. Second, depreciation cost changes according to the method of calculation
as it is derived systematically instead of relying on actual expenses [9-12]. Third, it ac-
counts for a higher proportion of cost with increasing purchasing costs of tangible assets,
which are subject to depreciation [13-15].

Nuclear power plants require high levels of security, automation, and robustness to
ensure protection from radiation. As such, more investment is needed compared to other
types of power plants, which results in a higher depreciation cost [13-15].

As such, determining the method of depreciation has a strong influence on cost calculation
in the case of nuclear power plants and other facilities involving high construction costs.

This study first analyzes the effect of depreciation costs of long-term tangible assets,
such as nuclear power plants, on the cost of power generation in predesigned scenarios
under the nuclear phase-out policy. Second, it reviews a new method, the Decelerated
Depreciation Method (DDM), proposed by Kim et al. in addition to the straight-line
depreciation method, which is currently being used as a depreciation method for nuclear
power plants. Lastly, it compares the effects of the straight-line depreciation method and
DDM while taking into account the impact of the nuclear phase-out policy on sustainable
management.

The purpose of this study is to present results that benefit society and the economy by
analyzing the effect of the depreciation method for long-term tangible assets, including
nuclear power plants, on the cost of power generation under the nuclear phase-out policy.

2. Materials and Methods
2.1. Construction Costs of Nuclear Power Plants

This study compares the depreciation cost of Advanced Power Reactor (APR) 1400, a
third-generation nuclear power plant developed independently by Korea and constructed
after Sinwolseong Unit 2. Key improvements are an increase in power generation from
1000 to 1400 MW and an extended durable period from 40 to 60 years based on enhanced
safety criteria [16,17].

Table 1 shows the construction cost of Singori Units 3 and 4. In Korea, two nuclear
power plant units are installed on the same site due to the limited availability of sites and
to save construction costs. As such, constructing a single unit on its own is more expensive
than the cost of one unit when constructing two units at the same site. The method of
constructing two units reduces administrative costs, capital costs, and supporting costs for
surrounding areas, out of indirect costs, which account for about 39% of total construction
costs [16,18]. As a result, the cost of constructing one unit under this method will be about
16.1% cheaper than that of constructing a single unit on its own [18]. The estimated future
construction cost of one APR 1400 unit is around USD 3.2 billion, as predicted at the end of
2012 [16].

Table 1. The construction cost of Singori Units 3 and 4.

Construction Cost (Million USD) Durable Period
Two Units One Unit (Year)

APR 1400 1400 6481 3241 60
Price base: The end of 2012, exchange rate: 1 USD = 1000 KRW (Korean Won).

Category Capacity (MW)
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The construction costs in Table 2 were published at the end of 2012 [16]. To ob-
tain the 2020 construction cost, this study applied the inflation rate specified in “Regu-
lations on Radioactive Waste Management Costs and Spent Nuclear Fuel Management
Charges” [19-22]. The estimated construction cost is as follows.

Table 2. The estimated construction costs of nuclear power plant.

Estimated Construction Cost

Year Inflation Rate (%) (Million USD)
2012 - 3241
2013 2.930 3336
2014 2.930 3433
2015 1.400 3481
2016 1.400 3530
2017 1.210 3573
2018 1.210 3616
2019 1.100 3656
2020 1.100 369

Exchange rate: 1 USD = 1000 KRW.

2.2. Depreciation Method of Nuclear Power Plants

Depreciation is not an assessment of the value of assets, but a process of systematically
allocating the cost of an asset over its durable period [23-26].

Depreciation cost has a significant influence on the unit cost of nuclear power genera-
tion as it is a cost element of the manufacturing indirect cost. The two common depreciation
methods used for nuclear power plant facilities are the straight-line depreciation method
and units of production method, with the former being more widespread for long-term tan-
gible assets such as nuclear power plants [27]. This study analyzes the existing straight-line
depreciation method against DDM, a method of depreciation proposed by Kim et al. [25].

2.2.1. Straight-Line Method (SLM)

The straight-line depreciation method (SLM) is used to calculate the depreciation of
long-term tangible assets [23-26]. Residual value is deducted from the purchasing cost,
and a certain amount is depreciated during each period [23-26]. This method is suitable
when the economic benefit, that is, productivity, is exhibited consistently over time [23-26].
It is expressed as Equation (1) [25].

TDC; — RV;

where DC ZStLM = depreciation cost of the straight-line method of tangible assets i at year ¢,
TDC; = the total depreciation cost of tangible assets i, RV; = the residual value of tangible
assets i, and N = durable period (unit: year).

2.2.2. Decelerated Depreciation Method (DDM)

Kim et al. proposed using DDM over the SLM for nuclear power plants based on the
following [25].

First, there is a difference in response to profit and cost. As examined earlier, nuclear
power plants produce products of a certain amount and value using fixed input resources
during their active period of operation—that is, products obtained using tangible assets
are of a constant value. If product value is constant, profit should be constant as well.
However, the unit sales price generally increases under positive inflation. While there is no
change in the value of 1 kw produced by nuclear power plants, the sales price increased
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by 47.1% from 2001 to 2019. If there is an increase in profit, the depreciation cost should
naturally increase in proportion to profit. According to Kim et al., the current straight-line
method fails to reflect this trend [25].

Second, there is a difference in terms of value of time. Depreciation cost is calculated
based on the value at the current point of acquisition of tangible assets. If the existing
straight-line method is applied to nuclear power plants, depreciation cost is calculated to
be the same throughout the durable period [25]. It is logical for depreciation to be constant
if the products remain consistent in amount and value during the durable period [25].
However, given that nuclear power plants have a service life of 60 years, the value of
tangible assets is difficult to allocate rationally over the 60-year period. For instance, if
the current depreciation cost is 1 KRW, the depreciation in 60 years is also 1 KRW, which
results in severe value distortion. A more appropriate method is to allocate depreciation
over 60 years by taking into account time value—that is, the discount rate [25]. If the
depreciation cost is calculated rationally, it should increase steadily over time.

As such, the method of depreciation proposed in this study obtains higher depreciation
cost over time when assuming positive inflation.

Depreciation methods discussed for lease-related assets include the annuity method
and sinking-fund method [28-30]. The annuity method views depreciation as an invest-
ment due to the acquisition of tangible assets and calculates depreciation based on the
recovery of invested capital and rate of return [28,30]. The sinking-fund method calculates
depreciation for an amount set aside as a fund; the total of the principal and interest
becomes the total depreciation cost [29].

According to the above studies [28-30], the annuity method or sinking-fund method
can be used to calculate depreciation for tangible assets. Both methods calculate higher
depreciation over time, making them distinct from general methods mentioned in the
Statement of Korean Accounting Standard No. 1016 “Tangible Assets.” While the annuity
method and sinking-fund method view depreciation as the process of recovering invested
capital, general methods of depreciation define it as a distribution of costs. Since the former
two methods take into account income from interest and the sinking fund, they involve
more complicated calculations than the SLM, which only considers depreciation cost and
accumulated depreciation.

Thus far, this study has reviewed general theories and past research on the character-
istics of nuclear power facilities and depreciation methods that reflect such characteristics.
Based on this, DDM, as proposed by Kim et al. [25], is proposed as a method of calculating
depreciation cost for tangible assets related to nuclear power facilities.

The residual value of nuclear power facilities is zero (0). The reason for the resid-
ual value being 0 is that nuclear power plants have no residual value due to residual
radioactivity. In fact, additional costs are incurred in decommissioning, and funds for
decommissioning accumulate by law [22].

Since nuclear power plants remain consistent in production amount and value during
their durable periods, the depreciation cost, with a residual value of 0 without considering
value of time, can be calculated using Equation (2).

TDC; = DCij1 +DCijp +DCi5...... + DC; N (2)

where TDC; = the total depreciation cost of tangible assets i, DC; = the depreciation cost of
tangible assets i, and N = useful life (durable period) (unit: year).

In Equation (2), DC; 1 means the first-year depreciation cost and the depreciation cost
of each year is always the same.

However, if the value of time is considered, Equation (3) is used for the present value
to be applied at the point of calculation.
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TDC; = DCiy + DCip(1+d,) + DCia(1+d,)* ... +DCip(1+d,)" ! 3)

where d; = the deceleration rate (discount rate) and n = the applicable year of depreciation.
When Equation (3) is applied, the depreciation cost of DC;,, can be expressed as

Equation (4).

TDC;

Y1 +d)" !

By applying Equation (4), the depreciation cost in each year is as shown in Equation (5).

DC;, = (4)

DCHPM = DGy x (1+d,)' ™" )

where DCPPM = the depreciation cost of DDM for tangible assets i at t year and t( = the
beginning year of depreciation.
Finally, the depreciation cost of DDM can be expressed as Equation (6) [25].

(1+4d,) "

DDM __ )
DCHPM = TDG; x N Gtd)
n=1 r

(6)

2.3. Capacity Factor (CF) of Nuclear Power Plants

The capacity factor (CF) of a nuclear power plant, which expresses a percentage of
the actual electrical energy generation amount to the annual maximum possible electrical
energy generation amount of a year, is an indicator of the efficiency of operations and rate
of utilization of facilities [6]. Table 3 gives the CF of nuclear power plants from 2011 to
2019 [6].

Table 3. The capacity factor of nuclear power plants was 89.02% from 2001 to 2019.

Category Year Capacity Factor (%) Average (%)
2001 93.2
2002 92.7
2003 94.2
2004 914
2005 95.5
2006 92.3
2007 90.3
Before the policy 2008 93.4 89.02
2009 91.7
2010 91.2
2011 90.7
2012 82.3
2013 * 75.5
2014 85.0
2015 85.3

2016 79.7
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Table 3. Cont.

Category Year Capacity Factor (%) Average (%)
2017 71.2
After the policy 2018 65.9 69.23
2019 70.6

*In 2013, due to the forgery of the Quality Verification Document (QVD), the nuclear power plants had been shut
down for long-term inspection.

In Korea, the CF of nuclear power plants was 89.02% from 2001 to 2016, which is
the period before the announcement of the nuclear phase-out policy [6]. The average CF
fell to 69.23% from 2017 to 2019 after the policy was adopted [6]. This study performed a
scenario analysis by classifying the CF of nuclear power plants into minimum, maximum,
and average. Scenario 1 was set as having a CF of 70% following the implementation of the
nuclear phase-out policy, while Scenario 3 was set as having a CF of 90% before the policy.
Scenario 2 was set as having a CF of 80%, which falls between the other two scenarios. The
amounts of power generation under the different scenarios are shown in Table 4.

Table 4. The amounts of power generation under the different scenarios.

Scenario Assumption CF Power Generation

(kW)
1 Contmuatlon—nqclear 70 8,584.800,000
phase-out policy
2 Compromise 80 9,811,200,000
Discontinuation-
3 nuclear phase-out 90 11,037,600,000
policy

2.4. Unit Sales Price of Electricity

The unit sales price of electricity from 2011 to 2019 is shown in Table 5 [31]. The unit
sales price increased from 0.03965 USD/kWh in 2011 to 0.05831 USD/kWh in 2019. The
average year-on-year increase was about 2.7%. As such, this study set the average annual
increase in sales price as 2.7% for the analysis of depreciation of nuclear power plants.

2.5. Input Data and Analysis Method for Scenario Analysis

The materials, methods, and references to be used in the analysis are presented in
Table 6. To use the data in Table 6, this study first calculated the depreciation costs under
the SLM and DDM, followed by the depreciation cost per unit for the given scenarios.
Finally, it analyzed the ratio of depreciation cost to the future expected sales price. The
purpose of this study is to analyze the effect of the decrease in CF of nuclear under the
nuclear phase-out policy on the depreciation cost per unit and to provide recommendations
from a sustainable management perspective.
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Table 5. The unit sales price of electricity from 2011 to 2019.

Year Sales Price Per Unit Year-on-Year Average Increase
(USD/kWh) Increase Rate Rate

2001 0.03965

2002 0.03955 —0.002

2003 0.04312 0.090

2004 0.03952 —0.083

2005 0.03910 —0.011

2006 0.03813 —0.025

2007 0.03940 0.033

2008 0.03902 —0.010

2009 0.03556 —0.089 0.027

2010 0.03961 0.114 (2.7%)

2011 0.03912 —0.012

2012 0.03952 0.010

2013 0.03903 —0.013

2014 0.05470 0.401

2015 0.06269 0.146

2016 0.06791 0.083

2017 0.06068 —0.106

2018 0.06210 0.023

2019 0.05831 —0.061

Table 6. Input data and analysis method.

Category Input Déll\t/?e:ll:g dAnalysis References
Construction cost 3696 (million USD) 2020 year
Durable period 60 years
Straight-line method
Depreciation method Decelerated Depreciation
Method
70% After the policy
Scenarios of CF 80% Compromise (Average)
90% Before the policy
Sales price increase rate 0.027 (2.7%) Average increase rate
Exchange rate 1 USD = 1000 KRW

3. Results
3.1. Results of Depreciation Cost Analysis
The results of the depreciation cost analysis under the SLM and DDM are presented

in Figure 1. Since the depreciation cost incurred every year is a fixed amount, it remains
constant regardless of CF.
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Depreciation cost
[unit: 10000 USD]
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Figure 1. The depreciation cost analysis results of the SLM and DDM.

The annual depreciation cost of SLM was calculated as USD 61.6 million and it
remained constant during the operation of nuclear power plants. When using DDV, it was
USD 22.67 million in the initial stage and increased by 4.72 times to USD 129.66 million in
the last year.

The SLM achieved a USD 38.93 million higher depreciation in the initial stage, while
DDM had a USD 68.06 million higher depreciation in the last year. The depreciation
calculated by DDM surpasses that of the SLM in the 35th year during the 60-year period.

While SLM maintains a fixed depreciation cost during the active period, DDM is
a type of accelerated depreciation method, under which the depreciation cost increases
annually by 3%.

The SLM calculates a higher cost than DDM in the initial stage but a lower cost in the
last stage. If sales are assumed to be the same during the initial durable period, the use of
DDM increases company profits by USD 38.93 million. In about 35 years, DDM produces a
higher depreciation, whereas SLM reports a higher profit.

If the sales price is set as the sum of cost and profit (profit being 30% of cost), DDM
can have a lower sales price than SLM during the early business phase. This indicates that
DDM as a method of depreciation for nuclear power plants under the nuclear phase-out
policy offers companies greater flexibility in determining sales prices and also has a more
positive effect on sustainable management. This result demonstrates the effect of the
depreciation method of long-term tangible assets, which require large-scale investments,
on actual sales price.

Figure 2 shows the calculation of depreciation cost per unit for the given CF using the
SLM and DDM. The depreciation cost per unit assumes the form of a downward-sloping
exponential function.
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Depreciation cost per unit
[unit: USD/Kwh]
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Figure 2. The depreciation cost per unit of the SLM and DDM for the given CF.

In the case of 50% CF, the depreciation costs per unit were calculated as 0.01 USD/kwh
for the SLM, 0.0037 USD/kwh for the DDM, and the difference between the two methods
was 0.0063 USD/Kwh. As such, the difference resulting from the choice of depreciation
method has a greater influence on unit cost when the CF is low.

3.2. Results of Analysis of Depreciation Cost Per Unit for Given Scenarios

Figure 3 shows the calculation of depreciation cost per unit for the given scenarios
using the SLM and DDM.

Depreciation cost

[unit: USD/Kwh] 0.0151
0.0150 .f
00132
-
0.0120 o,
RO , %
et 0.0117
0.0090 RSP
0.0072 et 0-3072
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0.0063 RSP
00060 1==mITTSTITTITTSAAT R oo T
0.0056 STt N
00026 BRI 0.0056
. cee® T
0.0030 |gmesnmasT
-
0.0023—‘@
0.0021
SSEESSRRERRIIRZZEAHKESS8R R 888 B RYear
------ SLM-70%CF ~ ===SLM-80%CF = « +SLM-90% CF

Figure 3. The depreciation cost per unit for the given scenarios using the SLM and DDM.
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Both SLM and DDM have a high depreciation cost per unit under a low CF. In addition,
the depreciation cost per unit of SLM remains the same over time, but that of DDM shows
a gradual increase.

In particular, DDM exhibits a greater rate of increase as it is an upward-sloping
exponential function, which gives a high depreciation cost per unit under a low CF. For
this reason, the difference in depreciation cost per unit between scenarios grows larger as
time passes.

In the case of SLM, the depreciation values in the first and last years were calculated
as 0.0072 USD/kwh for 70% CF, 0.0063 for 80% CF, and 0.0056 for 90% CF. When the CF
dropped from 90% to 80%, from 80% to 70%, and from 90% to 70%, the depreciation cost
per unit increased by 0.0007, 0.0009, and 0.0016 USD/kwh, respectively.

In the case of DDM, the depreciation costs for the first year were 0.0026 USD/Kwh
for 70% CF, 0.0023 USD/Kwh for 80% CF, and 0.0021 USD/Kwh for 90% CF. The last
year was calculated as 0.0151 USD/kwh for 70% CEF, 0.0132 USD/kwh for 80% CF, and
0.0117 USD/kwh for 90% CE. When the CF dropped from 90% to 80%, from 80% to 70%,
and from 90% to 70%, the depreciation costs per unit for first year increased by 0.0002,
0.0003 and 0.0005 USD/kwh, respectively. In addition, the depreciation costs per unit for
the last year increased by 0.0015, 0.0019, and 0.0034 USD/kwh, respectively, when the CF
dropped from 90% to 80%, from 80% to 70%, and from 90% to 70%.

Accordingly, the decrease in CF of nuclear power plants thus has a negative impact
on sustainable development of the nuclear power industry.

Figure 4 shows the difference between the depreciation cost per unit of the given SLM
and DDM scenarios.

Depreciation cost
[unit: USD/Kwh]

0.0050 |y~ 0.0045
0.0040 —p v een,
00030 |TNS=TSoeln
- R
0.0035 TR
\\..\"Q..
0.0010 e
\‘
\\
R N 32K IR R EREEEER Y EEEEEE S-S
00010 RRERRRRREREARRRARRRRMIRERISRRR R R Year
e
s
N
~0.0030 BRI
N,
~0.0050 SINN-0.0062
....\\\’/
AN
~0.0070 s
A S
~0.0090 -0.0079

------ Difference - 70% CF = = = Difference - 80% CF

= . «Difference - 90% CF

Figure 4. The difference between the depreciation cost per unit of the given SLM and DDM scenarios.

The difference in depreciation cost between the two methods is more prominent under
alow CE.

The differences between the two methods were 0.0045 USD/Kwh for 70% CF,
0.004 USD/Kwh for 80% CF, and 0.0035 USD/Kwh for 90% CF in the first year, with
the SLM giving higher values. In the last year, the differences were 0.0079 USD/Kwh for
70% CF, 0.0069 USD/Kwh for 80% CF, and 0.0062 USD/Kwh for 90% CF, with DDM giving
higher values.
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The differences in depreciation cost relative to sales price in the first year were 7.61%,
6.66%, and 5.92%, respectively, when the CF dropped from 90% to 80%, from 80% to 70%,
and from 90% to 70%. In addition, in the last year, the differences in depreciation cost
relative to sales price were 2.76%, 2.42%, and 2.15%, respectively,

The differences can be seen as highly significant considering that the sales price per
1 Kwh of nuclear power generation was 0.0596 USD/Kwh in 2020. As such, DDM is
more beneficial for companies during this initial stage of depreciation under the nuclear
phase-out policy.

3.3. Results of Analysis of Ratio of Depreciation Cost to Sales Price

Figure 5 calculates the ratio of depreciation cost relative to sales price for the given
scenarios under the SLM and DDM.

Ratio of Depreciation cost
to Sales Price

14.00%
12.04%
12.00% |-
10.54% | -,
N ‘e,
10.00% [Sg .
9.37% |\ \\
8.00% A N
~ \\\ : e,
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------ SLM - 70% CF === SLM - 80% CF — « «SLM -90% CF

esseee DDM -70% CF === DDM - 80% CF = « «DDM -90% CF

Figure 5. The ratio of depreciation cost relative to sales price for the given scenarios under the SLM
and DDM.

In the case of SLM, the depreciation costs as a percentage of sales price in the first year
were 12.04% for 70% CF, 10.54% for 80% CF, and 9.37% for 90% CF. When CF decreased
from 90% to 80%, 80% to 70%, and 90% to 70%, the net profit relative to sales price fell by
1.17%, 1.21%, and 2.68%, respectively.

The ratios in the last year were 1.94% for 90% CF, 2.19% for 80% CF, and 2.50% for
70% CE, as the depreciation cost under the SLM remains constant during the operation of
nuclear power plants even as sales price increases. In the case of the SLM, the difference
in the ratio of depreciation cost to sales price among the given scenarios was larger in the
initial stage and decreased over time.

In the case of DDM. The depreciation costs as a percentage of sales price in the first
year were 4.43% for 70% CF, 3.88% for 80% CF, and 3.45% for 90% CE. When CF of nuclear
decreased from 90% to 80%, 80% to 70%, and 90% to 70%, the net profits relative to sales
price fell by 0.43%, 0.55% and 0.98%, respectively.
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The ratios in the last year were 4.09% for 90% CF, 4.61% for 80% CF, and 5.26% for 70%
CF. In the DDM, the ratio of depreciation cost to sales price remains relatively constant
during the operation of nuclear power plants. This is because both depreciation cost and
sales price increase by 3% and 2.7% year-on-year, respectively.

Assuming positive inflation, that is, a continuous increase in sales price over time, the
proportion of depreciation cost relative to sales price is high for SLM in the initial phase
and gradually decreases as time passes. If products are of a constant value, DDM is seen
as a more rational method as the proportion of depreciation cost relative to sales price
remains fairly steady over time.

Figure 6 shows the ratio of the difference between the SLM and the DDM depreciation
cost relative to sales price by the scenarios.
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Figure 6. The ratio of the difference between the SLM and the DDM depreciation cost relative to
sales price by the scenarios.

There were noticeable differences of 7.61% for 70% CF, 6.66% for 80% CF, and 5.92%
for 90% CF between the two methods during this period. Due to depreciation taking up a
small proportion under the SLM in the initial stage of depreciation, companies experience a
lower risk of having to raise sales price to maintain net income in the early stage of projects
or after attracting large-scale investments.

In the case of the DDM, the small variation in the proportion of depreciation relative
to sales price makes it a more rational method of depreciation than the SLM, given that a
certain level of usage is maintained during the operation of nuclear power plants.

Based on the above, DDM is a more rational method of depreciation than SLM
for nuclear power plants. Moreover, in the early stage of projects or immediately af-
ter attracting large-scale investments, DDM can calculate a smaller net loss or a higher
net profit.

4. Conclusions and Implications

Currently, Korea is pushing to phase-out nuclear power. The nuclear phase-out
policy presents severe consequences for the sustainable management of the nuclear power
industry. The decrease in nuclear power generation leads to a higher unit cost of power
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generation. Companies have to raise the unit sales price to maintain profit margins, but
price adjustment is difficult in Korea as the company responsible for operating nuclear
power plants is a public corporation.

Against this backdrop, depreciation cost has a strong influence on cost calculation
of nuclear power generation. The reasons why depreciation methods are important in
calculating the nuclear power generation cost are as follows.

First, it is not affected by per unit costs such as direct material costs and direct labor
costs. It falls under manufacturing indirect cost, which means a change in the production
amount will cause a change in unit cost. Second, depreciation cost changes according to the
method of calculation as it is derived systematically instead of relying on actual expenses.
Third, it accounts for a higher proportion of cost with increasing purchasing cost of tangible
assets, which are subject to depreciation.

Therefore, this study first analyzes the effect of depreciation cost of long-term tangible
assets such as nuclear power plants on the cost of power generation in predesigned
scenarios under the nuclear phase-out policy. Second, it reviews the new method of DDM
proposed by Kim et al. [25] in addition to the SLM, which is currently being used as
a depreciation method for nuclear power plants. Lastly, it compares the effects of the
SLM and DDM while taking into account the impact of the nuclear phase-out policy on
sustainable management.

The conclusions are as follows.

First, the depreciation cost per unit assumes the form of a downward-sloping expo-
nential function according to the increasing CF. As such, the results present that the annual
depreciation cost has a greater influence on unit cost when the CF is low.

Second, the decrease in CF of nuclear power plants according to the nuclear phase-out
policy thus has a negative impact on sustainable development and management of the
nuclear power industry. As such, DDM is more beneficial for companies during this initial
stage of depreciation under the nuclear phase-out policy.

Third, in the early stage of projects or immediately after attracting large-scale in-
vestments, DDM can have a lower sales price than SLM. Moreover, DDM can offer more
positive signs for stockholders by calculating a smaller net loss or a higher net profit.
Accordingly, the DDM as a method of depreciation for nuclear power plants under the
nuclear phase-out policy offers companies greater flexibility in determining sales price,
and also has a more positive effect on sustainable management.

This study examined the calculation of unit cost of power generation, an issue that
affects all users of electricity, and analyzed the effect of change in depreciation cost on net
profit of companies for different scenarios in relation to the nuclear phase-out policy. The
significance of this study lies in presenting outcomes that benefit society and economy
based on an analysis of the effect of government policy on sustainable management.

The limitations of this study are as follows. First, all calculations were made while
assuming positive inflation. However, this assumption may not be valid for the entire
60-year period. Second, DDM is not acknowledged under current accounting standards.
Continued discussions on DDM are expected to open up the possibility of applying more
rational methods of depreciation in real-world calculations.

In addition, more meaningful results may be obtained if Net Present Value (NPV) of the
cash-flows analysis is conducted in relation to the findings of this study as a further study.
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