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Abstract: This study provides a systematic method for determining the proper rent fee of a port
railway station with a litigation case study of Busan port container terminal. The Port Rail Station
Operating Company (PRSOC) leases and operates the port railway station of the port authority (PA).
The PA wants to receive a rent fee with the goal of recovering the investment cost, and the PRSOC
wants to pay rent to the extent that it can generate an appropriate profit. In order to reasonably
estimate the rent fee, this study attempted using a method of estimating the capacity-based demand
of the rail station. A recent discussion of terminal rentals concerns what to rent. That is, will only
the infrastructure be leased, or will the substructure and the superstructure be leased? Will the
infrastructure, superstructure, and equipment be leased? Rail station capacity encounters a bottleneck
when measuring railroad track capacity, i.e. RMGC capacity. In other words, arbitrary demand
estimation leads to operating losses for PRSOC and may also cause losses to investors because
investment costs cannot be recovered. In this study, data such as investment cost, operating cost, and
sales required for the construction of the rail station were collected from the Ministry of Ocean and
Fishery, PA, and PRSOC. Based on these data, a proper rent fee is proposed by analyzing the cash flow
on the premise of operation for the next 30 years. This study adopts the discounted cashflow (DCF)
method because DCF allows an objective and consistent comparison of rent fee levels from the PA
and PRSOC perspectives. Using DCF, this study finds that the proper rent fee from the perspective of
the PA is USD 397,045, while the PRSOC’s proper rent fee is USD 355,801. Thus, it is reasonable to
set the standard for determining the proper rent fee by calculating and comparing the rent fee level
from the perspective of PA’s investment cost recovery and PRSOC’s operating balance maintenance
perspective. This study suggests that the DCF method should be applied to standardize the rent fee
calculation system for the port railway station.

Keywords: rent fee assessment; port railway station; DCF; capacity

1. Introduction

Since 1997, the Korean government has introduced the Terminal Operating Company
(hereinafter, TOC) system to convert the national piers from a state-owned system to a
state-owned private system. This is a system that allows private TOCs to lease railway
station, berths, aprons, yards, warehouses, and loading/unloading facilities for a certain
period of time by unit pier [1,2]. The TOC system contributes to improving the efficiency
and productivity of the port, as well as to increase the service level for port users by
proposing an advanced port operation method of private sectors [3]. However, in the
trends of economic globalization, transfer of property or operating rights from the public
to the private sector has a number of consequences from the way in which key functions in
ports are performed, such as rent [4].

The Port Rail Station Operating Company (hereinafter, PRSOC) leases and operates
the port railway station of the PA as the same manner as the TOC contract. PRSOCs in
some ports can also provide intermodal transportation by rail and earn revenue from that
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activity, and they can also manage inland terminals and earn revenue from handling the
same containers that they use to cover negative outcomes, among others, at the beginning
of handling at a particular terminal. The loaded containers are transported by rail transport
to the inland container depot. The port railway station is located in or near the container
terminal and is a facility for loading and unloading containers on wagons.

In Korea, annual rent fees paid by the PRSOC to Port Authority (hereinafter, PA)
account for about 66% of PA‘s total sales as of 2015, and are the most important source
of income for PA [5]. Controversially, the calculation of the proper rent fees for the port
railway station has been continuously raised between the PA and the PRSOC. The PA wants
to receive a rent fee with the goal of recovering the investment cost, while the PRSOC wants
to pay rent to the extent that it can generate an appropriate profit. From the perspective of
PRSOC, the annual capacity of the port railway station and its demand are a major factor
in determining the rent because PRSOC’s loss is due to overestimation of demand. In
order to reasonably estimate the rent fee, this study attempted a method of estimating the
capacity-based demand of the rail station. Rail station capacity encounters a bottleneck
when measuring railroad track and rail mounted gantry crane (hereinafter, RMGC) capacity.
In other words, arbitrary demand estimation leads to operating losses for PRSOC and may
also cause losses to investors because investment costs cannot be recovered.

This study is a case study on the calculation of the proper rent fee based on the lawsuit
case between PA and PRSOC at the southern port railway station in the Busan new port.
The port railway station in the Busan new port has been in operation since 2013. The
PRSOC asserts that a continuous loss has occurred in the operation of the port railway
station owing to the overestimated rent fee determined by the PA. This study provides
a systematic method for determining the proper rent fee of a port railway station with
a litigation case study of Busan port container terminal using the discounted cash flow
(hereinafter, DCF) method. The rent fee calculation method by DCF allows the lessor to
determine the level of rent at which investment costs can be recovered and the rent fee level
at which the appropriate return on investment can be achieved from the lessee’s point of
view. Therefore, this study expects to derive an objective and reasonable rent fee acceptable
to the lessor and lessee by applying a standardized rent fee calculation system.

2. Literature Review

There are few studies on the calculation of rent fee for the port railway station. This
is because the government or PA, the leasing entity of the port railway station, has con-
ventionally calculated and applied the rent fee [6]. In Korea research, Kim (2002) argues
that the rent for the port railway station operated by PRSOC should be calculated based
on profitability [7]. However, there is a problem that the future cash flow and time value
of money are not considered when calculating the rent based on the profitability of the
port railway station in the previous year. Lee and Lim (2000) presented the concept of
recovering the investment cost by repaying the principal and interest equally every year on
the construction cost and annual investment cost recovery of container ports [8].

The port rent calculation system is largely classified into a flat or fixed rate system,
a mini-max rate system, and a share revenue system [9]. A flat or fixed rate system is a
method in which the lessor charges the lessee a fixed amount of rent per area or per berth
for a specific period of time [10]. As the rent is fixed in this system, the lessor and lessee can
estimate the loss due to the lease in advance, and it is desirable to use it when the expected
volume of goods can be accurately predicted. However, there is a disadvantage that a large
loss may occur to one of the contracting parties if the calculated amount of rent is different
from the actual amount to be processed [11]. In addition, the fixed rent method focuses on
stably recovering the investment cost of PA. In the case of countries other than developed
countries, as ports are built on cheap sites, calculating the rent fee of the fixed rent method
of recovering investment costs is not a reasonable method.

A mini-max rate system is a method in which the minimum (basic) rent fee and the
maximum rent fee (based on amount or quantity) are set, and the rent is charged according
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to the performance within the range [12]. If the lessee earns less than the minimum rent,
the lessee incurs a loss, whereas if the lessee earns more than the maximum rent, the lessee
earns a profit. In applying the mini-max rate system, the lessor guarantees the minimum
rent fee and can receive the maximum rent fee depending on the cargo volume. From the
perspective of the lessee, it is possible to secure the operating profitability of the lessee
by setting the minimum and maximum rent fee based on the income and expenses of the
lessee. This method protects the lessor (PA) from reduced cargo throughput and provides
incentives for the lessees (PRSOCs) to increase cargo throughput. Thus, this can potentially
lead to a win–win situation between the lessor and the lessee because this reduces the
risk of leasing the port railway stations for the lessor (PA) and provides incentives to the
lessees (PRSOCs) to attract more cargo volume. However, the mini-max rate system has
the disadvantage of relying heavily on the forecast of cargo volume.

A share revenue system is a contract method to avoid fixed rent fees [13]. This is a
method in which the lessor and lessee divide and share the income from the amount to
be processed in excess of the basic amount set at the time of calculating the basic rent and
calculating the basic rent. Under a share revenue system, rental losses due to inaccurate
volume forecasting and unexpected losses of lessees can be reduced or avoided to a large
extent. In order to adopt a share revenue system, it is very important to set the size of the
basic volume, the section of the excess volume, and the revenue sharing ratio.

Most of the world’s major ports, including Japan, Taiwan, the Netherlands, Germany,
and the United States, have introduced a fixed-rate system and are regularly raising rent
fees to reflect the inflation rate [14]. Roy Van Den Berg et. al. (2017) assert that the ecosystem
perspective is central to the understanding of pricing decisions of port authorities and that
various pricing issues deserve more attention. Long-term profit maximization of seven
pricing principles implemented by PA is central subject of this study [15].

In summary, a standardized rent fee calculation system is required to achieve the
improvement in port productivity and service quality while adequately recovering the PA’s
investment cost. Therefore, it is necessary to standardize the calculation method of the rent
fee using the DCF method and establish a principle for determining an appropriate level of
rent by comparing the rent fee level from the perspective of PA’s investment cost recovery
and the perspective of maintaining the operating balance of PRSOC.

3. Methodology

The increasing role of private companies in the port industry causes conflict between
PA and PRSOCs owing to the rent fee of infrastructure. The PRSOC has become interested
in financing port equipment and parts of the superstructure, like office buildings, and also
the construction of the entire rail station, including the railway, land reclamation, yard,
and access road. This project needs different project financing schemes such as BOT (build-
operate-transfer), BOO (built-own-operate), and BOOT (build-own-operate-transfer). Each
is designed to mobilize private capital while balancing public and private interests [16].

The relevant issues concerning concessions in port railway stations include the fol-
lowing: the process of granting concessions, the criteria used to grant concessions, the
duration of concessions, and the capabilities required to acquire concessions [17]. Among
these criteria, capacity, guaranteeing minimum throughput per year, and duration are the
main topics of discussion. Capacity calculations have to demonstrate that the terminal
layout will have the necessary capacity to accommodate the projected throughput. The
Port Authority frequently have to guarantee a certain minimum throughput per year. If
this minimum is not met, the operator may have to pay a penalty, or a part of the terminal
may even be withdrawn from the concession [18].

However, in the case of PRSOC, its capacity and minimum guaranteed volume are not
linked. In this case, it is necessary to calculate the appropriate rent using a method different
from the existing method. In this study, data such as investment cost, operating cost, and
sales required for the construction of the rail station were collected. Based on these data,
the proper rent fee is proposed by analyzing the cash flow on the premise of operation for
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the next 30 years. This study premises that the PRSOC efficiently operates the port railway
station in order to calculate the proper rent for the port railway station. Efficient operation
means increasing port competitiveness and minimizing total costs [19]. The revenue of the
port railway station is calculated using the port railway station’s cargo capacity, the port
capacity of the surrounding terminals, and the expected throughput ratio considering the
port railway station. The loading/unloading cost of the port railway station is calculated
by referring to the loading/unloading cost of the existing PRSOC. From the point of view
of the PA as a lessor or investor, the proper rent fee is calculated as the total investment
cost that can be recovered during the rental period. From PRSOC’s point of view, PRSOC
calculates the level of rent fee at which the operator can secure the proper rate of return.
The proper rent fee for the railway station is calculated using the DCF method, which is the
most commonly used method in evaluating the firm value, and is calculated as an amount
equal to the present value of net cash flows and the present value of rent fee during the
rental period. All data used in this study are directly provided by PA and PRSOC, and
there is no problem with reliability and fairness as all data are used in actual litigation.

In conclusion, the appropriate level of the port rent fee is finally determined by the
agreement between the lessor and the lessee. In this case, the most important criterion
for the upper limit of the rent is the level that guarantees a reasonable profit for the lessee
according to the operation of the port (rent from the perspective of maintenance of the
operating balance). On the other hand, the lower limit of the rent will be the level at which
the lessor can recover the investment cost (rent from the point of view of investment cost
recovery) [20]. The structure of this research is presented in Figure 1 below.
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4. Background and Material
4.1. Background of Litigation

This study is based on the litigation case between PA and PRSOC in Korea to calculate
the proper rent fee of the port railway station. The port railway station operating on the
southern pier of the new port of Busan is owned by PA and was leased to PRSOC for
30 years at 1 January 2013.

The expected cargo volume at the time of lease was 320,000 TEU per year, but as a
result of operation, the actual container handling volume was 186,000 TEU per year. This
was only 58% of the amount offered by PA; therefore, PRSOC recorded a loss for 5 years.
The PRSOC asserts that a continuous loss has occurred in the operation of the port railway
station owing to the overestimated rent fee determined by the PA. An issue in the litigation
between PA and PRSOC is the reliability of the estimate of demand for volume. The
difference between the estimated and actual processing volume is due to overestimation of
port railway station capacity or overestimation of port railway station demand.

In 15 November 2017, PRSOC (Plaintiff) filed a lawsuit against PA (Defendant) based
on five reasons for overestimating the capabilities of the port railway station. First, the
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equipment handling capacity has a direct effect on the port railway station’s handling
volume, but, in reality, 80% of the estimates are handled because of equipment maintenance,
the imbalanced volume of round-trip trains, and non-loading cargo. Second, the maximum
amount of transport for one train is 66 TEU, but, because of the train operation method of
the Korea Railroad Corporation (hereinafter, KORAIL) and imbalanced volume of round-
trip trains of transport companies, 47 TEU per train is actually transported. Third, trains
can be accommodated in up to three lines of the southern port railway station, but in reality,
trains enter and exit at the same time. Thus, there is no choice but to use two lines at all
times. Fourth, it was not possible to increase the number of input equipment owing to
insufficient infrastructure such as ground subsidence. Finally, because of the change in the
operation policy of the KORAIL, the volume of import and export goods increased by road
transport rather than by rail.

In conclusion, the main issue of the lawsuit is that the overestimation of the capacity
leads to a high rental price, and as a result, PRSOC’s deficit has continued for five years.
In order to solve this problem, this study intends to derive a proper rental rate from the
perspective of the investor (PA) and the operator (PRSOC) based on the estimation of the
capacity and derived demand in a scientific way.

4.2. Rent Fee Calculation System for Case Study

The lease contract of the port railway station between PRSOC (Plaintiff) and PA
(Defendant) started in 2013, and the year of litigation was 2017. Therefore, the proper rent
fee at issue in this lawsuit is calculated as of 31 December 2017. In the case study, the
railroad track is 4.3 km from the last point of the Busan New Port entrance railroad to the
inside of the southern container pier, and the total site area is 54,950 m2, including one
delivery yard (17,380 m2), a container yard (6800 m2), and an operating building (288 m2).
It consists of a sub-main line (600 m ∗ 2 line) and a working line (604 m ∗ 2 line).

The rent fee calculation of this case study applies the average USD/KRW exchange
rate of 1132 KRW from 2018 to 2021, following a recent similar Korean case study [21,22].

In the past, the rent fee calculation system for the port railway station was based on
the profit-sharing system. However, a problem appeared in the rent calculation system
under the profit-sharing system. Under the profit-sharing system, the basic rent fee is
calculated according to the port rental system for TOC or the State-Owned Property Act,
so there are frequent cases in which the return on investment is insufficient. In particular,
the performance of the port railway station is only about 60% of the expected volume,
and the balance of the TOC has deteriorated significantly, revealing the limitations of the
profit-sharing system. Accordingly, from 2009, some of the port railway stations in Busan
Port and Gwangyang Port were converted to a fixed rental system. Therefore, even in this
study case, the proper rent fee will be calculated by the fixed rent system.

4.3. Capacity Calculation of the Port Railway Sation

For the estimation of annual port railway station capacity, the number of workable
tracks are to be determined. In the port railway station of this case study, four lines, which
consist of the opportunity line, main line, work line 1, and work line 2, are installed, but
only three lines are available, because the line of opportunity has to be passed by the
locomotive.

The logic of the process of estimating the capability of the port railway station is as
follows.

Annual handling capacity for railway station (TEU) = Daily working hours per train
(Working hours per train+train waiting time per line)×

Number o f handling containers per train(VAN)× Number o f lines×
Number o f working days per month × Number o f months per year × TEU conversion f actor

(1)
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In the Formula (1), daily working hours per train is obtained by total working hours
of lines dividing by number of lines. The case study applies 20 h as daily working hours
per train (Table 1).

Table 1. Train working hours per day.

Train Name Arrival Time Departure Time Line No. Working Hour

Sabgyo 1 8:00 11:30 1 3:30
Obong 1 8:00 18:30 2 10:30
Obong 2 11:00 21:00 3 10:00
Obong 3 17:00 8:00 1 15:00

Ulsan 20:00 6:30 2 10:30
Sabgyo 2 21:00 2:30 3 5:30
Sabgyp 3 0:30 6:30 3 6:00

Total 60
Source: KORAIL.

Working hours per train is obtained by Formula (2).

Working hours per train = Number o f handling containers per train(VAN)
(RMGC handling capacity per hour×RMGC utilization×Number o f RMGCs)+

cargo waiting time
(2)

In the case study, the number of handling containers per train (62 VANs) was derived
from doubling train transportation capacity (31 VANs) in considering unloading and load-
ing. RMGC handling capacity per hour (25 VANs) is dependent on equipment specification.
The utilization rate is 80% and the number of RMGCs is 2 based on operational data. The
waiting time for freight on the train is 25% of the pure working time.

The train waiting time on line reflects that it is impossible to work on two tracks other
than the work track owing to the characteristics of the equipment. In this study, the train
waiting time on line is double the train work time (3.8 h) based on operational data.

The study applies three lines, 25 days per month, 12 months per year, and 1.5 TEU
conversion factor as parameters in the Formula (1). The annual handling capacity of railway
station is derived as 288,000 TEU by Formulas (1) and (2).

5. The Perspective of PA for Rent Fee Calculation
5.1. Investment Costs of the Port Railway Station

The recoverable investment costs of PA’s port railway station consist of three major
investments. First, the actual construction cost of BNCT (Busan Port New Port) Phase
2–3 Container Pier Private Investment Project Completion Invoice as on November 2011
is invested by the Hyundai Development Company. Second, the additional investment
amount related to the port railway station of the Korean regional government (Busan
Regional Office of Oceans and Fisheries) was calculated as the investment cost to be
recovered. Third, the rental assets increased by investing by PA were additionally reflected
as the investment costs.

Recoverable Investment Costs = Actual construction costs+

Additional Investment costs by regional government + Increased rental assets by PA
(3)

When calculating the investment cost to be recovered, only the actual investment
amount was reflected as the expected recovery amount, excluding overhead expenses and
construction company profits that were not actually incurred and distributed. According
to the following investment details, the amount of investment to be recovered was USD
12,293,717, as shown in Table 2.
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Table 2. Construction investment for the port railway station.

Contents Day of Investment Amount of Investment
(Unit: U.S. Dollars) Useful Life

Landfill 30 November 2011 1,446,284
Soft ground improvement 30 November 2011 3,459,058
Rain or water protection 30 November 2011 322,716 35 years

Pavement 30 November 2011 1,011,088 15 years
Subsidence wood 30 November 2011 3,439,555 50 years

Concrete 30 November 2011 552,062 30 years
Crane ancillary facilities 30 November 2011 820,692 25 years

Container pad 30 November 2011 277,407 15 years
Roadbed construction 10 October 2012 90,274 30 years

Operating building 10 October 2012 98,257 60 years
Fence facilities * 27 October 2012 319,435 15 years

Electric facilities * 27 October 2012 384,982 15 years
Rail and road boundary * 27 October 2012 71,908 15 years

Total 12,293,717
* This is an additional investment after completion. Source: BNCT (Busan Port New Port) Phase 2–3 Container
Pier Private Investment Project Completion Invoice.

5.2. Calculation of Proper Rent Fee from the Perspective of Investment Cost Recovery

From a PA’s point of view, the proper rent fee from the perspective of recovering the
investment costs is calculated as the present value of the PA’s investment costs calculated in
Section 5.1 and the reinvestment costs coincide with the present value of the rent received
from the PRSOC.

∑
(Investment Cost)t

(1 + r)t = ∑
(Rent Fee)t

(1 + r)t (4)

In Equation (4), the period of calculating the rent fee to recover the investment cost
is 30 years (2013 to 2042) from the opening year of the port station based on Korean
government guideline and previous studies [22]. The increase rate in rent fee and the
inflation rate applied at the time of reinvestment were 0.11% per year (the simple arithmetic
average of the remaining five years, excluding the highest (6.71% in 2011) and lowest
(−4.01% in 2015) producer price inflation from 2010 to 2016 has been applied) [18]. As
the rate of return from the investment cost recovery point of view is a national project,
at the time of evaluation, 3.39% was applied to the average return of 1.89% of the 5-year
government bond over the past one year (November 2016 to October 2017) plus the business
risk compensation rate of 1.50%.

The proper rent rate as of 31 December 2017 was calculated in which the present value
of the PA’s investment and reinvestment costs coincide with the present value of the rent
fee for the 30-year payback period (1 April 2013~31 December 2042). If the rent is increased
by 0.11% of the annual producer price inflation rate, the rent level of 31 December 2021 that
the PA must charge to recover the investment under the 3.39% discount rate is USD 397,045
based on the current price, and the rent amount at the beginning of each year is shown in
Table 3.
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Table 3. Proper rent fee from the perspective of investment cost recovery (units: U.S. dollars).

Year Amount of Investment Present Value of Investment Costs Rent Fee Present Value of Rent Fee

2011 11,328,862 11,402,355 0 0
2012 964,856 970,045 0 0
2013 0 0 394,867 464,535
2014 0 0 395,301 449,798
2015 0 0 395,736 435,528
2016 0 0 396,171 421,712
2017 0 0 396,609 408,297
2018 0 0 397,045 395,345
2019 0 0 397,482 382,802
2020 0 0 397,920 370,658
2021 0 0 398,359 358,867
2022 0 0 398,797 347,483
2023 0 0 399,236 336,459
2024 0 0 399,675 325,785
2025 0 0 400,116 315,422
2026 1,309,944 1,296,854 400,557 305,416
2027 789,246 780,500 400,997 295,727
2028 0 0 401,438 286,345
2029 0 0 401,882 277,237
2030 0 0 402,323 268,442
2031 0 0 402,766 259,926
2032 0 0 403,209 251,679
2033 0 0 403,655 243,674
2034 0 0 404,099 235,943
2035 0 0 404,543 228,458
2036 843,587 826,016 404,989 221,210
2037 0 0 405,436 214,174
2038 0 0 405,882 207,380
2039 0 0 406,328 200,800
2040 0 0 406,776 194,430
2041 0 0 407,224 188,246
2042 (6,375,599) (6,201,716) 407,672 182,273
Total 8,860,897 9,074,054 12,037,087 9,074,054

Source: author.

6. The Perspective of PRSOC for Rent Fee Calculation
6.1. Basic Assumption

Five basic assumptions are applied to calculate the proper rent from the perspective
of the operating balance of the PRSOC. First, we calculate the rent fee on the premise
that the PRSOC efficiently operates the port railway station by handling the volume of
the appropriate capacity, applying an appropriate unloading/loading fee, possessing
appropriate equipment, and possessing the appropriate number of personnel. In addition,
if necessary, data from other PRSOCs were reflected on and analyzed. Second, the rent
calculation period is 30 years (2013–2042) from 2013, the year of operation commencement.
Third, as the base data for estimating revenue/cost, the actual volume and financial data
of the PRSOC were used because the port railway station at the southern container pier
of Busan New Port has been in operation since 1 April 2013. Fourth, the rent increase rate
and the inflation rate applied at the time of reinvestment are related to the operation of the
port railway station, and are the simple arithmetic average of 0.11% for the remaining five
years, excluding the highest (6.71% in 2011) and lowest (−4.01%) producer price increases
applied for the last 7 years. Fifth, PRSOC’s rate of return to be applied as a discount rate
is 5.36%, which reflects the inflation rate of 0.11% to the real rate of return of 5.25% after
tax based on “Busan New Port Phase 2–4 Container Terminal Private Investment Project
Concession Agreement (27 August 2013)” [23].



J. Mar. Sci. Eng. 2022, 10, 1090 9 of 17

6.2. Estimation of Unloading/Loading Income

First, the cargo volume of port railway station applies the ‘transport volume of the
southern container pier as of 2017 year-end. Second, the cargo handling unit price is
estimated as the total handling fee from the time of operation start (1 April 2013) to
30 June 2017 divided by the total cargo volume (TEU). Considering past experiences such
as the cargo handling unit price increase in 2013, it is estimated that the price rises by about
5% every 5 years.

Unit uloading/loading Price =
(

Total unloading/loading Price
Total TEU

)
× 1.05per 5 years (5)

The unit unloading/loading price of cargo handling by year is shown in Table 4.

Table 4. Average unit unloading price per year (unit: U.S. dollars).

2013 2014 2015 2016 2017

Total Unloading/Loading Price 556,045 1,377,422 1,604,930 1,463,226 1,756,929
Total Volume (TEU) 58,728 141,310 168,839 155,269 189,202

Unit Unloading/Loading price 9.47 9.75 9.51 9.42 9.29
Source: PRSOC financial statements and business report.

Based on the volume of port railway station and the estimated unloading/loading
price per unit, the estimated unloading/loading income is calculated by multiplying the
annual cargo volume and the unit unloading/loading price. The annual volume reflects the
smaller of the individual estimated volume and the cargo unloading capacity (288,000 TEU).
The estimated unloading/loading income of the port railway station is calculated using
Equation (6), and the result is shown in Table 5.

Min(the individual estimated cargo volume, 288, 000 TEU)× unit unloading price (6)

Table 5. Estimated unloading/loading income (unit: U.S. dollars).

2013 2014 2015 2016~2034 2035 2036 2037

Volume (TEU) 58,728 141,310 168,839 - 285,566 288,000 288,000
Unit Price 9.47 9.75 9.51 - 11.55 11.55 11.55

Unloading Income 556,045 1,377,422 1,604,930 - 3,298,635 3,326,754 3,326,754

Source: PRSOC financial statements and business report.

Railroad income is the income obtained from the shipper through rail transportation
from the port railway station to a place outside the terminal desired by the shipper, or from
a place outside the terminal to the port railway station.

6.3. Estimation of Equipment Investment and Reinvestment Costs

Two major costs should be considered for the port railway station to estimate the
proper rent fee of PRSOC equipment investment costs and reinvestment and operating costs.

First, the investment amount includes only actual direct costs, but excludes interest on
construction funds that are not directly covered. The equipment investment amount and
reinvestment plan are estimated to USD 5,583,881, as shown in Table 6.

In the case of useful life, 20 years is applied for RMGC equipment following the Korean
government guideline [24], and it is estimated that the residual value will be returned at the
end of the operating period. It is assumed that the equipment (container box) is reinvested
every 9 years, as proposed by the Korean government guideline [25], but it is assumed that
there is no residual value.
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Table 6. Average unit unloading price per year (unit: U.S. dollars).

Year of Initial Investment The Amount of Investments
(Unit: U.S. Dollars) Year of Re-Investments

Heavy Equipment
(two RMGCs) May 2012 5,017,074 2033

System Establishment May 2012 548,697 -
Fitments April 2013 18,110 2021, 2030, and 2039

Total 5,583,881

Source: PRSOC financial statements and business report.

As for the reinvestment assumption, it is assumed that the RMGC and system facilities
are maintained at the same scale, as the expected volume from the time of the lawsuit to the
end of the estimation period is less than the maximum production capacity (360,000 TEU
per year). RMGC and system facilities are reinvested by reflecting the inflation rate at the
end of their useful life, but it is assumed that there is no additional investment related to
system facilities that were initially invested.

6.4. Estimation of Operating Costs

The operating costs of the port railway station consist of the cost of sales and sales
and general administrative (SG&A) expenses. In Table 7, the composition of cost of sales
proposed by the PRSOC increases every year from USD 1,550,045 in 2013, and it appears to
reach USD 1,045,955 in 2017.

Table 7. Calculation of total cost of sales per year proposed by the PRSOC (unit: U.S. dollars).

2013 2014 2015 2016 2017

Transportation Cost 10,056,545 16,026,258 17,418,015 14,947,523 7,327,242
Heavy Equipment
Management Costs 3,052,333 4,557,644 4,846,909 4,977,818 2,556,091

Utility Costs 237,205 574,379 863,386 1,027,189 686,727
Inspection Costs 339,326 573,227 637,114 654,538 301,455

Salary 163,477 584,939 1,302,174 894,992 461,773
Part-Time Worker 3,043,689 3,577,273 3,582,326 3,796,970 1,867,720
Welfare Benefits 1,271,159 2,639,758 3,110,621 3,360,447 1,914,227

Depreciation Costs 92,765 142,848 176,811 178,848 86,955

Total Costs of Sales 1,550,045 2,078,053 2,078,977 2,090,720 1,045,955
Source: PRSOC financial statements and business report.

The transportation cost of PRSOC consists of rail usage fee paid to KORAIL and
shuttle fee paid to each entities between container terminal and the port railway station.
As the profit and loss through railroad are separately generated and the profit and loss
through the shuttle are difficult to reasonably estimate, it is not appropriate to reflect it in
the rental fee calculation.

Transportation Cost = Railway Cost + Shuttle Cost (7)

Heavy equipment management costs (HEMCs) are an aggregate of RMGC equipment
fuel costs (FUEL) and maintenance and repair-related management costs (MRMCs). As
the amount of unloading/loading increases, the management cost of heavy equipment
increases. When this cost is applied for the next 30 years, the ratio of the cargo volume to
the total cost HEMC and FUEL incurred in the past is applied. The method of calculating
utility costs is the same as the former.

HEMC = Unloading TEU at year × the ratio o f FUEL & MRMC × (1+

in f lation)̂year
(8)
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The ratio o f FUEL & MRMC =
t=4

∑
t=1

(FUEL + MRMC)× 1
Unloading/loading TEU

Labor costs (LCs) consist of salaries including severance pay (SSP), part-time worker
wages (PWWs), and welfare benefits (WBs). Retirement benefits were estimated to be
1/12 of the annual salary accrued, and welfare expenses were estimated in the future by
calculating the ratio of past average salary accrued benefits.

LC = SSP + PWW + WB (9)

SSP = (number o f personnel)year × montly salary × (1 + in f lation)year × 12

PWW(number o f worker)year × montly wage × (1 + in f lation)year × 12

WB = SSP × WB ratio o f SSP + PWW × WB ratio o f PWW

The depreciation cost (DC) is calculated using the straight-line method for the useful
life of the RMGC equipment.

The estimated cost of sales (actually incurred from 2013 to 2017) reflecting all of the
above adjustments is as shown in Table 8. The total estimated cost of sales for 30 years is
USD 38,321,054.

Table 8. Estimated total cost of sales for 30 years (unit: U.S. dollars).

2013 2014 2015 2016 2017

Salary and Severance
Pay 332,206 524,049 579,260 621,366 692,799

Welfare Benefits 5176 7971 9866 9979 10,485
Depreciation Costs 189,649 252,866 252,866 252,866 252,866
Heavy Equipment
Management Costs 27,600 66,977 100,678 119,778 113,617

Utility Costs 39,568 66,843 74,292 76,324 84,006

Total 594,259 918,704 1,016,960 1,080,313 1,153,773

2018 2019 2020 2021 2022

Salary and Severance
Pay 693,562 694,325 695,089 794,725 795,600

Welfare Benefits 10,496 10,508 10,519 10,531 10,542
Depreciation Costs 252,866 252,866 252,866 252,866 253,391
Heavy Equipment
Management Costs 115,813 118,264 126,649 135,074 142,140

Utility Costs 85,629 87,442 93,641 99,871 105,095

Total 1,158,366 1,163,405 1,178,765 1,293,067 1,306,768

2023 2024 2025 2026 2027

Salary and Severance
Pay 796,475 797,352 798,229 799,107 799,986

Welfare Benefits 10,554 10,565 10,578 10,589 10,601
Depreciation Costs 252,888 252,888 252,888 252,888 252,888
Heavy Equipment
Management Costs 146,116 149,024 152,004 155,058 158,189

Utility Costs 108,034 110,185 112,389 114,647 116,961

Total 1,314,067 1,320,014 1,326,087 1,332,289 1,338,625

2028 2029 2030 2031 2032

Salary and Severance
Pay 800,867 801,748 802,631 803,513 804,398
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Table 8. Cont.

2013 2014 2015 2016 2017

Welfare Benefits 10,612 10,624 10,636 10,648 10,659
Depreciation Costs 252,888 252,888 252,888 252,888 252,908
Heavy Equipment
Management Costs 161,397 164,686 168,057 171,512 175,055

Utility Costs 119,333 121,764 124,257 126,812 129,431

Total 1,345,096 1,351,710 1,358,467 1,365,373 1,372,452

2033 2034 2035 2036 2037

Salary and Severance
Pay 805,283 806,169 807,057 807,944 808,833

Welfare Benefits 10,670 10,683 10,694 10,706 10,718
Depreciation Costs 257,093 258,488 258,488 258,488 258,488
Heavy Equipment
Management Costs 178,687 182,413 186,231 188,026 188,232

Utility Costs 132,117 134,871 137,695 139,021 139,174

Total 1,383,852 1,392,622 1,400,164 1,404,185 1,405,445

2038 2039 2040 2041 2042 Total

Salary and Severance
Pay 809,723 810,614 811,506 812,400 813,293 22,520,107

Welfare Benefits 10,730 10,741 10,754 10,765 10,777 309,375
Depreciation Costs 258,488 258,488 258,488 258,508 258,508 7,578,389
Heavy Equipment
Management Costs 188,440 188,647 188,854 189,063 189,270 4,535,610

Utility Costs 139,328 139,481 139,634 139,788 139,942 3,377,574

Total 1,406,708 1,407,971 1,409,236 1,410,523 1,411,790 38,321,054

Source: PRSOC financial statements and business report.

Selling and general administrative (SG&A) expenses consist of variable and fixed
costs. Variable costs (VCs) include vehicle maintenance costs (VMCs), repair costs (RCs),
consumables costs (CCs), payment commissions (PCs), travel costs (TCs), transportation
costs (TRCs), book printing costs (BPCs), education and training costs (ETCs), miscellaneous
costs (MCs), and entertainment costs (ECs). As VCs are all related to the unloading volume,
VCs are calculated by applying the unloading ratio per total TEU.

Fixed costs are the costs regardless of volume and consist of taxes and duties, insurance
premiums, and telecommunication costs. The fixed cost is estimated by reflecting the
producer price inflation rate in the average amount incurred for 2014~2016 calculated on
an annual basis.

SA&G = VC + FC = (Unloading TEU)year × the ratio o f SG&A + (Tax&duties + Insurance+

Telecom Cost)× (1 + in f lation)year
(10)

The ratio o f SG&A = ∑t=4
t=1(VMC + RC + CC + PC + TC + TRC + BPC + ETC + MC + EC)×

1
Unloading/loading TEU

Estimated sales and administrative expenses (actually incurred from 2013 to 2017)
reflecting all of the above adjustments for 30 years are USD 11,776,647, as shown in Table 9.



J. Mar. Sci. Eng. 2022, 10, 1090 13 of 17

Table 9. Estimated SG&A expenses for 30 years (unit: U.S. dollars).

2013 2014 2015 2016 2017

Salary and Severance
Pay 200,515 235,667 236,000 250,141 272,289

Welfare Benefits 5641 8686 10,752 10,876 11,427
Fixed Costs 49,043 28,249 27,261 34,672 44,066

Variable Costs 48,107 55,140 50,063 49,458 51,610

Total 303,307 327,743 324,076 345,148 379,391

2018 2019 2020 2021 2022

Salary and Severance
Pay 272,588 272,888 273,188 273,489 273,791

Welfare Benefits 11,440 11,452 11,465 11,477 11,490
Fixed Costs 44,917 45,868 49,121 52,388 55,129

Variable Costs 51,667 51,723 51,781 51,837 51,895

Total 380,612 381,932 385,555 389,193 392,305

2023 2024 2025 2026 2027

Salary and Severance
Pay 274,092 274,393 274,695 274,997 275,299

Welfare Benefits 11,503 11,515 11,528 11,541 11,553
Fixed Costs 56,670 57,799 58,956 60,140 61,353

Variable Costs 51,952 52,009 52,066 52,124 52,180

Total 394,216 395,716 397,246 398,801 400,387

2028 2029 2030 2031 2032

Salary and Severance
Pay 275,603 275,906 276,210 276,514 276,818

Welfare Benefits 11,566 11,579 11,592 11,604 11,617
Fixed Costs 62,596 63,871 65,180 66,519 67,894

Variable Costs 52,238 52,296 52,353 52,411 52,467

Total 402,004 403,652 405,336 407,049 408,796

2033 2034 2035 2036 2037

Salary and Severance
Pay 277,123 277,428 277,733 278,039 278,345

Welfare Benefits 11,630 11,643 11,655 11,669 11,681
Fixed Costs 69,303 70,748 72,228 72,925 73,005

Variable Costs 52,526 52,584 52,642 52,700 52,759

Total 410,581 412,403 414,259 415,331 415,790

2038 2039 2040 2041 2042 Total

Salary & Severance Pay 278,651 278,958 279,264 279,572 279,879 8,100,076
Welfare Benefits 11,694 11,707 11,720 11,732 11,746 337,182

Fixed Costs 73,087 73,167 73,247 73,329 73,409 1,776,141
Variable Costs 52,816 52,874 52,932 52,990 53,049 1,563,247

Total 416,248 416,705 417,163 417,623 418,082 11,776,647

Source: PRSOC financial statements and business report.

6.5. Calculation of Proper Rent Fee from the Perspective of Operating Balance

From the point of view of PRSOC, the proper rent fee means the rent fee level at which
the PRSOC can secure a proper rate of return. Therefore, the level at which the present
value of the net cash flow calculated from the income and expenditure of the PRSOC
coincides with the present value of the rent fee paid to the PA is calculated as the proper
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rent fee for the PRSOC. Equation (11) presents the proper rent fee from the perspective of
the operating balance of the PRSOC.

∑
(Cash Flow o f TOC)t

(1 + r)t = ∑
(Rent Fee)t

(1 + r)t (11)

The rent is calculated using the DCF method based on the income and expenses for
the operation of the port railway station estimated above. Using Equation (11), the present
value of the net cash flow for the operation of the port railway station and the present value
of the rent for the port railway station coincide in 2017. The fair rent calculated from the
PRSOC point of view was USD 355,751, and the cash flow and rent for the operation of the
port railway station are presented in Table 10.

Table 10. Proper rent fee from the perspective of operating balance (units: U.S. dollars).

Year Operating Cashflows Investment Cashflows Present Value of
Cashflows Rent Fee Present Value of

Rent Fee

2013 −174,302 −5,583,881 −7,050,072 353,944 450,678
2014 345,108 0 401,039 354,239 433,652
2015 522,033 0 575,777 354,628 412,043
2016 361,648 0 378,533 355,019 391,511
2017 365,322 0 362,926 355,410 371,951
2018 429,425 0 404,905 355,801 353,417
2019 524,745 0 469,611 356,193 335,807
2020 622,110 0 528,348 356,585 319,073
2021 636,623 −18,310 498,407 356,978 303,132
2022 714,545 0 546,676 357,371 288,027
2023 762,324 0 553,560 357,764 273,675
2024 887,809 0 611,795 358,158 260,038
2025 931,305 0 609,119 358,553 247,046
2026 966,004 0 599,671 358,948 234,736
2027 1,001,556 0 590,111 359,343 223,039
2028 1,037,986 0 580,380 359,738 211,925
2029 1,182,510 0 627,551 360,135 201,337
2030 1,234,159 −18,492 612,327 360,531 191,305
2031 1,275,708 0 609,879 360,928 181,772
2032 1,318,290 0 598,088 361,325 172,715
2033 1,362,595 −5,128,654 −1,621,683 361,723 164,086
2034 1,531,322 0 625,849 362,122 155,909
2035 1,592,652 0 617,799 362,520 148,140
2036 1,616,027 0 594,891 362,920 140,759
2037 1,616,752 0 564,880 363,320 133,726
2038 1,615,220 0 535,634 363,719 127,063
2039 1,747,586 −18,676 544,169 364,119 120,731
2040 1,760,196 0 525,756 364,520 114,716
2041 1,758,663 0 498,574 364,922 108,984
2042 1,757,125 2,628,436 1,180,039 365,324 103,550

Total 31,303,046 −8,139,578 7,174,542 10,786,797 7,174,542

Source: author.

A summary of the results of the proper rent fee lawsuit for the port railway station
between PA and PRSOC is shown in Table 11. As of the end of December 2017, at the time
of the lawsuit, the proper rent fee from the PA point of view was USD 397,054, while the
proper rent fee from the PRSOC point of view was USD 355,801.
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Table 11. Proper rent fee from the perspective between PA and PRSOC (units: U.S. dollars).

Rent Fee from the Perspective of
Investment Cost Recovery

(PA Perspective)

Rent Fee from the Operating Balance
(PRSOC Perspective)

Rent fee as of 31 December 2017 397,045 355,801

Source: author.

Even if the rent level of the port railway station is adopted in this case from the
viewpoint of maintenance of the operating balance, it is not expected that there will be a
great deal of difficulty in securing reinvestment resources. In the case of the defendant
(PA), as a public institution that develops and manages the port, the port railway station
is a functional facility constituting the port facility, so the rent is calculated for efficient
management of the entire port rather than securing revenue through the port railway
station. It is considered preferable to do so. Therefore, it is reasonable to calculate the
rent for the port railway station at the southern container pier of Busan New Port at
USD 355,801, which is the rent from the viewpoint of maintenance of the operating balance
suggested by the PRSOC.

7. Conclusions

It would be appropriate to determine the proper rent fee between the lower limit of
rent from the viewpoint of preserving the operating profit of the lessor and the upper limit
of rent from the viewpoint of recovering the investment cost of the lessee.

The rent fee of the port railway station is an important financial resource that is
reinvested in additional port construction, accounting for most of the income from the PA’s
(lessor) point of view. Thus, the PA must set the rent fee at a level at which the investment
cost can be recovered under reasonable and objective standards. However, as the PA’s
return on investment can be seen as a guideline rather than an absolute standard for rent
fee determination, a proper level of rent fee should be determined in consideration of the
PRSOC’s (lessee) operational balance preservation aspect, which is the absolute standard.

The PRSOC will sustain to operate the port railway station in a long-term and stable
manner while setting the rent fee at a level that can secure an appropriate operating balance.
From the perspective of PRSOC, the rent fee occupies the highest portion of the cost, thus
it is an important factor in determining the operating balance. The final decision on the
rent fee level will be made by negotiations between the lessor and the lessee, but in general,
the upper limit (guideline) is a level at which the lessor can recover the investment cost
and the lower limit (absolute standard) will be a level that guarantees a reasonable profit
for the lessee. Therefore, it is very important to ensure the objectivity and consistency of
rent fee calculation by introducing a standardized rent fee calculation system in order to
balance the profits between the lessor and the lessee.

The DCF method allows objective and consistent comparison of rent fee levels from the
PA and PRSOC perspectives. From the PA’s (lessor) point of view, the rent fee is determined
at a level at which the present value of the investment for a certain period (recovery period)
and the present value of the rent to be recovered coincide. Rent from the perspective of the
PRSOC (lessee) means the rent fee at a level at which the PRSOC can achieve the operating
balance under the appropriate return on investment (internal rate of return or discount
rate). From the PRSOC’s point of view, the rent fee is determined as the rent for the year
in which the present value of future net cash inflows based on cargo handling income,
cargo handling costs, and reinvestment costs coincides with the present value of rent fee.
Therefore, while standardizing the calculation method for the port railway station rental
using the DCF method, it is reasonable to obtain the standard for determining the proper
rent fee by calculating and comparing the rent fee level from the perspective of the PA’s
investment cost recovery and PRSOC’s operating balance maintenance perspective. In
addition, only standard and reasonable factors should be selected and applied to the rent
fee calculation structure on the premise that normal volumes of the appropriate level of



J. Mar. Sci. Eng. 2022, 10, 1090 16 of 17

loading/unloading capacity are handled, excluding abnormal operating structures that
handle excessive volumes among the current operating scale and operating conditions.

The purpose of this study is to calculate the proper rent fee for the port railway station
in Busan New Port based on the case of litigation between PA and PRSOC. The method
of calculating the proper rent fee for the port railway station is very different from the
point of view between the PA and PRSOC. The PA calculates the rent fee with the goal of
recovering the investment, while the PRSOC intends to pay the rent to the extent that it can
preserve operating profit. This study investigates the proper rent fee from the perspective
between PA and PRSOC by applying the DCF method. The base year for the analysis is
31 December 2017, the year the litigation occurred, and the target period for estimating
proper rent fee period is set as 30 years from January 2013 to 31 December 2042. As a result,
the proper rent fee from the perspective of the PA is USD 397,045, while the PRSOC’s proper
rent fee is USD 355,801. Thus, it is reasonable to calculate the proper rent fee for the port
railway station within the range of at least USD 355,801 and maximum of USD 397,045.

This study contributes in that it is a practical study on the standardization of the rent
fee calculation system for the port railway station. In order to standardize the rent fee
calculation system for the port railway station, the DCF method should be applied. Next,
on the premise that PRSOC efficiently operates the port railway station, the rental period,
discount rate, inflation rate, and rent fee increase rate should be reasonably estimated. In
addition, it is necessary to standardize the unloading/loading volume (annual handling
volume) for rent fee calculation, cost of sales per TEU, labor cost, investment costs, and
heavy equipment maintenance costs.

However, there is a limit to calculating and applying a realistically proper rent fee
because the rental value differs depending on the facility and operational capabilities of the
railway station. The facility capacity of railway stations can be standardized based on the
unloading capacity. On the other hand, it is difficult to apply a uniform standard for each
port railway station because operating capacity is determined by the specifications and
number of facilities, operation method, manpower structure, and sales capacity. Therefore,
it is necessary to standardize the rent fee calculation system by reflecting the difference
between the port railway station’s facility capacity and operational capacity. Moreover, this
study focuses on the Korean domestic port, the Busan New Port, so there is a limitation to
apply worldwide practices. In future research, it will be possible to calculate the rent fee
based on more diverse perspectives or methodologies. Estimation of operating cost has a
great effect in terms of cash outflow when calculating rent fee from the perspective of the
operating balance for PRSOC. Therefore, accurate and detailed operating cost estimation
must be made by introducing a cost function through statistical analysis techniques, among
others. In addition, it is necessary to calculate the appropriate operating cost by applying
the activity-based costing method that has been recently used in the accounting field. In
order to properly set the amount of cargo required for rent fee calculation, more scientific
and diverse techniques such as simulation should be introduced. Finally, a standardized
rent calculation system for the facility capacity and processing performance of the port
railway station should be introduced.
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