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remains a significant challenge in many countries due to high deployment costs. South Korea, a
developed country in terms of fixed broadband penetration, implemented two policies for rural
broadband via fiber access networks simultaneously during the COVID-19 pandemic. One is the
universal broadband service at 100 Mbps speed introduced in 2020, and the other is the rural
broadband project in terms of a public-private partnership (PPP) that proceeded from August
2020 to 2022. While both policies contribute to reducing the broadband gap between the urban
and the rural in the country, it is still important to find the optimal cost-effective combination of
the plural rural policies as much as possible from the cost perspective. Accordingly, this study
proposes an investment cost estimation model for deploying rural broadband via fiber networks
in South Korea and evaluates whether implementing two rural broadband policies in the country
is cost-effective. The proposed model is designed according to the bottom-up approach, which
involves building an efficient network with the latest technologies; thus, it gives a more accurate
and reliable estimation of the investment cost of building rural broadband in the South Korean
territory. The significant findings of this study are twofold. First, the PPP-based project could
make the participating internet service providers (ISPs) deploy broadband at a cost-effective
level, similar or lower to the universal service, and then recover the investment cost per build-
ing within a reasonable period. Thus, the result implies that governments need to consider the
PPP-based project as an effective measure to deploy rural broadband, in addition to the intro-
duction of universal service. Implementing multiple broadband policies to expand rural broad-
band coverage could be a reasonable and practical approach to improving broadband availability.
Second, the governments still needs to make efforts to solve the complicated difficulties in rural
areas in South Korea where rural-related broadband policies are still challenging to implement.
This study confirmed that in some regions, the PPP-based project was still inferior to universal
service in terms of average investment cost. In contrast, universal service had significant con-
straints to providing broadband because of the end-users cost burden, resulting in low broadband
adoption. Therefore, the government needs to consider some measures to increase broadband
availability and broadband adoption, such as widening the rural areas under the jurisdiction of
participating ISPs, decreasing the proportion of participating ISPs bearing the investment cost of
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deploying broadband, and improving the cost burden of the end-users of universal service in some
limited areas.

1. Introduction

As broadband has become an essential infrastructure for the economic growth and regional development of rural areas (Hambly &
Rajabiun, 2021), access to broadband services in those areas is regarded as a critical requirement for eliminating inequality and the
digital divide between urban and rural areas (del Portillo, Eiskowitz, Crawley, & Cameron, 2021; Organization for Economic
Co-Operation and Development, 2018). In particular, the COVID-19 pandemic has resulted in the confirmation of access to broadband
being essential for all members of society to conduct basic socio-economic activities (Whitacre & Gallardo, 2020) and underlining the
importance of deploying broadband in rural areas and expanding broadband coverage nationwide. However, expanding broadband
coverage in rural areas is still a significant challenge due to high deployment costs (Feijoo, Ramos, Armuna, Arenal, & Gomez-Barroso,
2018). As the cost of setting up broadband in rural areas is very high compared to urban areas, rural areas are considered a market
where it is impossible to deploy broadband access networks through competition among telecommunication operators (Chiha, Van der
Wee, Colle, & Verbrugge, 2020). Accordingly, most countries have identified the high cost of deploying broadband and financing the
network as significant limitations for broadband deployment in rural areas and made an effort to provide financial support to build
broadband infrastructure in rural areas (Canfield, Egbue, Hale, & Long, 2019).

South Korea, a developed country with the highest broadband availability and adoption globally, is also aggressively implementing
policies to expand broadband coverage in rural areas via fiber access technology based on its high fiber broadband penetration.' The
South Korean government already designated broadband service at 100 Mbps as universal service and the provision began in 2020. In
addition, in August 2020, when the COVID-19 pandemic was raging, the government announced (and started to implement) the
public-private partnership (PPP) project for deploying broadband access networks for about 1300 rural and remote villages by the end
of 2022. The central and local governments and three domestic internet service providers (ISPs) plan to participate in the project and
bear the cost of establishing networks. These ISPs plan to deploy broadband access networks divided by region. The government had
undertaken a similar project called the “Rural Broadband Convergence Network (BcN) Project” for 13,000 rural and remote villages
from 2010 to 2017 via fiber networks, having confirmed the socio-economic benefits such as cost reduction (Kim, Pak, & Lee, 2019)
prior to implementation. Compared to the old project, the new rural broadband project could be a short-term measure, though still an
effective policy for expanding rural broadband coverage during the COVID-19 pandemic.

While both universal service and the emerging rural broadband project contribute to reducing the broadband gap between the
urban and the rural in the entire country, it is still necessary to quantitatively examine the appropriateness of implementing them
simultaneously, considering the high cost of deploying rural broadband. Investigating those policies from the perspective of costs for
expanding broadband coverage in rural areas can provide important implications for promoting broadband policies efficiently with
minimization of overall social costs, which previous literature did not suggest adequately. For example, if one approach is confirmed to
be superior to the other in terms of initial deployment cost, it would be reasonable for the government to prioritize the cost-effective
policy for expanding rural broadband, despite considering the differences in both policy characteristics. Conversely, if the two ap-
proaches are confirmed to be complementary for broadband expansion in rural areas, then the policymaker would need to find a cost-
effective combination of the two policies to minimize the initial deployment costs for rural broadband.

This study examines the following research question: “How should the government implement a universal service policy and PPP-
based project to build rural broadband via fiber networks cost-effectively in South Korea?” This study consequently proposes an in-
vestment cost estimation model of deploying broadband through fiber networks in rural areas in South Korea by utilizing the gov-
ernment’s broadband policy. The proposed model is designed according to the bottom-up (BU) approach, which calculates the optimal
incremental network costs of establishing an efficient network with the latest technologies so that the estimated investment cost of
deploying broadband in rural areas in South Korea is reliable and accurate. We then calculated the investment cost for broadband
coverage expansion in rural areas via fiber networks by each broadband policy and attempted to provide few suggestions regarding the
most suitable approach for rural broadband in South Korea by analyzing the investment cost estimation results. Although previous
literature addresses rural broadband from various perspectives, studies that examine the cost of setting up rural broadband are still
limited (Rendon Schneir & Xiong, 2016). This study is perhaps the first attempt to assess plural rural broadband policies quantitatively
from the perspective of cost of deploying broadband. In particular, evaluating the recent short-term project to set up rural broadband in
South Korea could have meaningful implications for expanding rural broadband during the COVID-19 pandemic. Thus, the results and
implications may contribute to academia and policymaking.

The rest of the paper is divided into six sections. Section 2 comprises a literature review about rural broadband, including in-
vestment cost estimations for deploying the broadband. Section 3 introduces the South Korean broadband market via fiber networks
and the regulatory approaches for rural broadband in South Korea. The investment cost estimation methodology for rural broadband is
presented in Section 4, including geo-types, network architectures, and the investment cost estimation model. In Section 5, the esti-
mation results for rural broadband in South Korea, by each related broadband policy, are described; this section also comprises a

1 For example, according to the OECD broadband portal, as of June 2021, Korea’s fixed broadband penetration rate is the sixth-highest among
OECD countries, and the fiber-based broadband penetration rate is the highest (Organization for Economic Co-Operation and Development, 2022).
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discussion of the results and policy implications. Finally, our concluding remarks are presented in Section 6.

2. Literature review

The importance of rural broadband as an essential social infrastructure in rural areas and as a means of bridging the digital divide
has been widely known (del Portillo et al., 2021; Organization for Economic Co-Operation and Development, 2018). Various literature
consequently attempted to quantitatively examine whether broadband availability or adoption contributes to rural areas’ economic
growth, regional development, and reduction of inequality and the digital divide. For example, some studies empirically confirmed
that the expansion of broadband availability contributes to rural areas’ economies, thus suggesting that public policies that encourage
broadband infrastructure expansion to increase broadband availability are necessary. Mora-Rivera and Garcia-Mora (2021) confirmed
that broadband availability helps reduce the poverty levels in Mexico and rural areas. Lehtonen (2020) also found that the expansion of
broadband availability effectively reduces the population decline in rural areas in Finland.

However, other studies also investigated the impact of broadband adoption instead of broadband availability on rural areas’
economies. For example, Whitacre, Gallardo, and Strover (2014) empirically confirmed that higher broadband adoption in rural re-
gions positively affects household income growth in the United States. Conversely, lower broadband adoption harms the number of
businesses and total employment. They also found that broadband availability has only a relatively limited impact on the economic
growth in the same regions, suggesting that the government’s broadband policy should be more demand-oriented.

This section introduces in detail the main topics in recent literature on rural broadband. First, from the perspective of the tech-
nology used for deploying broadband, we addressed the recent studies on the potential of access network technologies other than the
fixed networks, though our research has focused on rural broadband via fiber networks in South Korea. Second, we introduced the
previous studies on broadband policies for rural areas from the policy perspective, such as the necessity and the effect of the gov-
ernment’s measures and the implication of the specific approaches. Third, from the cost perspective, we addressed several studies
estimating the costs of deploying broadband in rural areas. Lastly, we reviewed some research focusing on rural broadband in South
Korea.

2.1. Previous studies on the potential of access network technologies in addition to fixed access technologies for rural broadband

As the cost of building broadband with fixed access technology increases significantly with the distance from the central office to
the end-users (Lee, Jeong, & Lee, 2021), several alternative technologies can be considered. Accordingly, several studies attempted to
examine whether wireless or mobile technologies can be used for rural broadband. First, Puschita et al. (2014) conducted an
exploratory survey to define an end-user profile to plan the most appropriate broadband service strategy in rural areas in Romania.
They suggested that a wireless local area network could be an alternative for deploying broadband in rural areas. However, their
findings also had limitations in that they did not sufficiently provide the empirical evidence to support their argument.

Second, several literature studies examined long-term evolution (LTE) potential as alternative access technology for rural areas.
Quaglione, Matteucci, Furia, Marra, and Pozzi (2020) examined whether the substitutable relationship between fixed and mobile
broadband exists in Italy. They insisted that wireless technology, including LTE, can be an alternative for setting up broadband in rural
areas. However, unlike their study, other studies empirically examining the economic feasibility of LTE technology provide different
results.

On the one hand, Ovando, Pérez, and Moral (2015) investigated the economic feasibility of LTE-based fixed broadband in rural
areas in Spain regarding the cost of deploying broadband. They insisted that it could be economically feasible only if multiple mobile
operators established a single network. On the other hand, loannou, Katsianis, and Varoutas (2020) calculated the net present value of
each access technology to evaluate whether LTE-based fixed wireless access (FWA) is feasible as an alternative to the existing fixed
access technology to provide broadband at 30 Mbps in Europe. Following the estimation results, they suggested that FWA can be an
available solution for delivering broadband at 30 Mbps in rural areas. Jha and Saha (2015) also evaluated the economic feasibility of
building LTE networks for broadband in rural areas in India by estimating both the cost of deploying broadband and the potential
revenue from users. As a result, they suggested that LTE technology using 800 MHz band frequency could be cost-effective in deploying
broadband in rural areas, and telecommunication operators might also receive sufficient profitability.

Third, few studies also tried to examine the potential of other wireless technologies such as satellite technology. They confirmed, in
common, that the role of those technologies as an alternative for rural broadband was significantly limited in the short-term. del
Portillo et al. (2021) assessed the potential of space, aerial, and terrestrial platforms to provide internet connectivity from the
perspective of cost and confirmed that the impact of space and aerial systems on expanding connectivity would be relatively modest, at
least in the current circumstances. Chiha et al. (2020) also analyzed the economic feasibility of the alternative solution combining
satellite and LTE networks. They confirmed that the technologies are economically feasible only if broadband is provided at 2 Mbps
and are expensive when providing broadband at 30 Mbps.

In summary, most literature tried to confirm the potential of alternative technologies other than the fixed access networks for
deploying rural broadband. Although there is no consistent conclusion, a few technologies, such as LTE, could be suggested to be
sufficiently cost-effective for rural broadband by several studies. However, as Section 3 shows, because the fiber broadband pene-
tration in South Korea is exceptionally high and universal service obligation (USO) and the rural broadband project commonly pro-
ceeded under fiber networks, this study focused on fiber access network technologies without considering the alternatives mentioned
above. It might still be necessary to find reliable and accurate results reflecting the unique features of South Korea.
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2.2. Previous studies on government’s broadband policies for rural areas

Most literature on rural broadband is in agreement that it is necessary to support government policies such as subsidies and state aid
to deploy broadband in rural areas. For example, Hambly and Rajabiun (2021) conducted a regional Canadian case study and sug-
gested that building a broadband network by multiple telecommunication operators to compete in rural areas would be impossible
without government subsidies or lead to inefficient duplication of outdated technologies. Bourreau, Feasey, and Nicolle (2020)
analyzed 163 state aid policies for broadband deployment in Europe, thereafter confirming that most public funds were used to expand
broadband coverage in rural areas not provided by the private sector (called “White Area”). They consequently suggested that public
investment is replacing private investment in the setting up of broadband in areas where it is difficult to do so. However, the
abovementioned studies seem to have a limitation that they did not empirically examine whether those government measures
increased broadband availability or adoption in rural areas.

Accordingly, several studies attempted to empirically examine whether government measures improved broadband availability or
adoption in rural areas through case studies. First, by analyzing panel data from 2010 to 2011, Briglauer, Diirr, Falck, and Hiischelrath
(2019) confirmed that the regions receiving state aid expanded broadband coverage at a relatively faster rate in rural areas of Bavaria,
Germany. Based on the results, they suggested that state aid policy helps to expand broadband availability. Second, Matteucci (2019)
analyzed and evaluated the state aid policy for deploying broadband in Italy and suggested that state aid helped broaden the coverage
of broadband services in rural areas despite problems such as a significant delay in the implementation of the policy. Third, Whitacre
and Gallardo (2020) also analyzed county-level panel data in the United States and empirically confirmed that state funding programs
and deregulation policies could increase broadband availability in rural areas by up to 5% or more. These studies could be sufficiently
meaningful because they confirmed that government policies could contribute to broadband expansion in rural areas. However, they
also seem to have a limitation that they did not provide sufficient implications for the government’s policy from the perspective of cost
of deploying broadband.

Other studies tried to provide more specific implications for implementing government measures for rural broadband. First,
Cordova and Stanley (2021) proposed a PPP approach to deploying broadband in Puerto Rico. As the system can share costs, risks, and
administrative burdens through partnerships with governments and private operators, it is generally used to provide the public an
asset or service that the government deems responsible for the offer. Many countries, such as the United States, Australia, and New
Zealand, have adopted the PPP approach to expand broadband coverage at the national or local levels. Therefore, the authors pointed
out that Puerto Rico also needs a PPP approach to deploy broadband across the country, including rural areas, successfully. They also
suggested that the regulator improve related policies by introducing passive infrastructure sharing and simplifying the licensing
process. Second, Matteucci (2021) showed that an economically advantageous tender auction approach for selecting telecommuni-
cation operators to build passive infrastructure in rural areas in Italy could achieve good performance in terms of quality and cost
through vigorous bidding competition. Third, few studies suggested that government policies for rural broadband should be more
demand-oriented. For example, Whitacre et al. (2014), by analyzing panel data in the United States, argued that the government’s
broadband policy should be more demand-oriented, as broadband adoption has a more significant effect on household income growth
or unemployment rate decline than broadband availability. Puschita et al. (2014), through a case study in Romania, found that despite
positive user perceptions of the quality of broadband services in rural areas, low satisfaction with telecommunication service providers
may not lead to broadband expansion. Finally, Gerli, Wainwright, and Whalley (2017) analyzed cases where a small infrastructure
provider, not a telecommunication operator, deployed broadband in the United Kingdom and suggested that the providers other than
existing telecommunication carriers could contribute to broadband expansion across the country, including rural areas. The authors
presented a case of Gigaclear plc’s deployment of a rural fiber-to-the-home (FTTH) network suggesting that regulators need to
carefully consider the entry of alternative infrastructure providers in areas where broadband service is not satisfactory. The studies
mentioned above could be meaningful because they presented implications for the government when implementing broadband pol-
icies in rural areas. Still, there seems to be a limitation that it is not sufficient to quantitatively analyze and evaluate measures that the
government can implement in terms of cost.

In summary, previous studies provide significant implications for the significance of government’s rural broadband policies, their
effects, and the approaches that need to be considered. However, they still seem to have limitations in evaluating the government’s
broadband policies and presenting cost-effective alternatives.

2.3. Previous studies on cost estimation of deploying rural broadband

For the effective broadband policy for rural areas of the government, it is necessary to calculate the cost of building broadband to
achieve the government’s target as accurately as possible (Hambly & Rajabiun, 2021). A few studies attempted to quantitatively
estimate the cost of deploying broadband in urban and rural areas. They commonly confirmed that the cost of deploying broadband in
rural areas is still relatively high compared to the cost in urban areas.

First, Rendon Schneir and Xiong (2016) estimated the total cost of providing broadband at 30 Mbps or 100 Mbps in rural areas in
Europe. They showed that there is a significant difference in cost by fixed access technology, and the average cost of building
broadband in non-urban or rural areas is 80% higher compared to urban areas. Therefore, the regulator should consider various aspects
to expand broadband coverage in rural areas, such as using a combination of different broadband access networks.

Second, Feijoo et al. (2018) also attempted to estimate the cost of building broadband required to provide 30 Mbps in Europe by
geo-type and access network technology. They found that the cost of building broadband per building in rural areas was still 4.8 times
higher than in urban areas. Contrarily, they also confirmed that the existing fixed access technology in rural areas reduced the
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broadband gap between urban and rural areas by 33% compared to the past. Accordingly, they suggested several alternatives,
including the use of wireless technology or government policies such as PPP, can effectively achieve the goal of building broadband in
rural areas.

Finally, Lee et al. (2021) attempted to estimate the cost of deploying broadband required to provide 100 Mbps broadband as a
universal service in South Korea. They then showed that the total cost of building broadband at 100 Mbps nationwide could be
relatively low compared to Europe. Still, they also confirmed that the cost of deploying broadband might be significantly higher in
rural areas compared to urban areas.

These studies could provide meaningful implications for rural broadband by cost estimation. However, they still seem to have a
limitation that they did not provide sufficient implications to analyze and evaluate the government’s different rural broadband
policies.

2.4. Previous studies on rural broadband in South Korea

Several domestic studies on rural broadband attempted to provide implications for the Rural BcN Project during the imple-
mentation of the project or examine the project’s performance after completion. The Rural BcN Project aimed to expand the existing x
Digital Subscriber Line based internet access network to an FTTH-based fiber access network for 13,000 small rural villages with less
than 50 households from 2010 to 2017.

First, Han and Kim (2013) tried to evaluate the Rural BcN Project’s economic feasibility by estimating the cost of building
broadband provided at 100 Mbps in the target village of the project from 2012 to 2015, when the project was in progress. They showed
that the current ratio of sharing investment among the government, local governments, and telecommunication service providers
would cause losses to telecommunication operators in a short period. The empirical results suggested that the central government
should consider more financial support for the project.

Second, Shin and Suh (2017) attempted to empirically derive the success factors of the Rural BeN Project by conducting a structural
equations approach based on the survey results of subscribers whose households were included in the Rural BeN Project from 2013 to
2014. They suggested that it is vital to improve service quality to increase user utility in terms of broadband adoption, although
expanding broadband availability was still essential.

Finally, Kim et al. (2019) tried to quantitatively examine the outcome of the Rural BeN Project after completion. They confirmed
the effect of cost reduction and income increase of households in the project based on the survey results of subscribers whose
households were included in the project. Accordingly, they suggested that the government’s BcN Project effectively resolved the digital
divide caused by inequality in physical broadband networks.

The aforementioned studies could help to explain the new project for deploying broadband access networks for rural areas, similar
to the past Rural BcN Project. However, they seem to have a limitation that they did not sufficiently provide detailed implications for
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Fig. 1. Number of fixed broadband connections in South Korea by access technology (FTTH = fiber-to-the-home, HFC = hybrid fiber coax, FTTDP
= fiber-to-the-distribution-point, VDSL = very high-bit-rate digital subscriber line).
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several government’s broadband policies for rural areas by quantitative analyses.

3. Status of rural broadband via fixed networks in South Korea

3.1. Market perspective

South Korea is one of the most developed fixed broadband markets worldwide regarding subscription rate, access technology, and
use speed. First, according to the OECD, as of the second quarter of 2021, South Korea had the sixth highest fixed broadband sub-
scription rate among surveyed countries and the number of broadband users in South Korea was 43.7% of the population (Organization
for Economic Co-Operation and Development, 2022). The domestic market review report also presented that the fixed broadband
penetration rate per household in South Korea was close to 96.7% as of the end of 2020 (KISDI, 2022). Second, South Korea is also a
leading country with the most widely built fiber broadband networks. The South Korean fiber-based broadband subscription rate is
37.5% of the population and 85.9% of the entire fixed broadband subscribers, the highest among countries surveyed (Organization for
Economic Co-Operation and Development, 2022). Fig. 1 shows that the copper-based fixed broadband has already almost entirely
transited to fiber-based access networks in South Korea regarding the proportion of fiber access technology among the total broadband
subscription lines. Third, based on the fiber broadband infrastructure environment, 92.0% of South Korean fixed broadband sub-
scribers use high-speed internet service with speeds of 100 Mbps or higher, and 49.8% of the subscribers with speeds of 500 Mbps or
higher (KISDI, 2022).

However, it is significantly challenging to assess the current status of rural broadband in South Korea because of the relative lack of
official statistical data. In the OECD’s urban-rural broadband disparity information (Organization for Economic Co-Operation and
Development, 2022), detailed information in South Korea is not provided, nor is statistical information officially aggregated in South
Korea confirmed. One reason is that South Korea has the highest household adoption of the internet in the urban and the second
highest in the rural, all of which are over 90%, meaning one of the countries with no significant gap between the urban and the rural
(Organization for Economic Co-Operation and Development, 2018). Another reason is that about 800,000 buildings in South Korea,
most of which are located in rural areas, had no access to fixed broadband, according to the official press release of the government
announcing the introduction of universal broadband service in December 2018 (Ministry of Science and ICT, 2018). The number of
buildings without access to fixed broadband in South Korea, based on the recent domestic press, was about 720,000. This indicates that
broadband in South Korea is yet to reach the rural areas despite the high level of countrywide broadband infrastructure. Thus, like
other developed countries, expanding rural broadband coverage in South Korea is still an essential mission of the government to
improve the fundamental rights of people in rural areas and reduce the gap between urban and rural areas of the country.

The South Korean fixed broadband market is regarded as competitive through market review (Korea Information Society Devel-
opment Institute, 2022). As of August 2020, there were a total of 45 ISPs in South Korea, of which three were nationwide ISPs: KT, SK
Broadband, and LG Uplus. The market share of the three leading ISPs by subscribed lines has exceeded by 90% since 2020. As shown in
Fig. 2, KT’s market share has maintained about 41% over the past five years, while the market shares of SK Broadband and LG Uplus are
28.7% and 20.7% as of December 2021.” Although the three ISPs’ market share in rural South Korea has not been publicly available the
gap between market share of KT and other ISPs is expected to be larger in rural areas. The fact that SK Broadband and LG Uplus did not
apply to a service provider of broadband universal service in 2020 could interpret their relatively weak broadband coverage in rural
areas. The estimate seems reasonable since KT could expand broadband coverage in rural areas while fulfilling its obligations as a
universal service provider for local telephone services. In contrast, the other two ISPs seem hesitant to voluntarily enter and expand
broadband coverage in those areas due to high costs. This implies that South Korea’s rural areas are difficult for domestic ISPs to enter
voluntarily and compete in; thus, there is a need for government intervention to expand rural broadband coverage in South Korea.

3.2. Regulation or policy for rural broadband in South Korea

The South Korean government is actively working to establish rural broadband. Since introducing high-speed fixed internet in
1998, the South Korean government induced domestic ISPs to build broadband spontaneously by supporting loans at the early stage. In
addition, to bridge the information gap and realize smart rural areas through the convergence of information and communications
technologies, the government carried out the PPP-based project called the Rural BeN Project. From 2010 to 2017, the government,
local government, and the biggest ISP, KT, participated in the project; fixed broadband at 100 Mbps was provided to rural areas with
less than 50 households in 13,473 regions. A study suggested that the project generated economic benefits of about 122.3 million US
dollars during the entire period, including an income increase effect of 101.0 million US dollars and a cost reduction effect of 21.3
million US dollars (Kim et al., 2019).

However, after completing the Rural BcN Project, the government confirmed that broadband availability in rural areas was still
insufficient because domestic ISPs are reluctant to provide broadband. Thus, the South Korean government designated fixed broad-
band as universal service and has the designated ISP to provide broadband at 100 Mbps with USO since January 1, 2020. The number
of subscribers of the universal service is not publicly available. However, the press reported some cases of applicants still bearing the
high cost of deploying universal service. In South Korea, even in the case of universal service, it is allowed to impose some or all of the

2 The market share of the three ISPs based on sales stood at 48.5%, 27.2%, and 21.8%, respectively, as of the end of 2020, slightly different from
their market share by subscribed lines (KISDI, 2022).
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Fig. 2. Number of fixed broadband connections in South Korea by internet service providers (ISPs) (KT=Korea Telecom, SKB—SK Broadband,
LGU+ = LG Uplus, SO=System Operator which is also a regional cable television operator).

building cost on the applicant if the distance to deploy broadband additionally is higher than a certain length. Thus, the cost burden of
using universal broadband in rural areas could be a hurdle to expanding rural broadband.

Accordingly, the South Korean government has decided to implement a new rural broadband project during the COVID-19
pandemic from August 2020 to the end of 2022 to provide fixed broadband at 100 Mbps to over 1300 rural areas to bridge the dig-
ital divide between the urban and rural. The government, local government, and the domestic ISPs participated in the new project;
different from the previous project, three nationwide ISPs participated in the project, and the portion of bearing the cost for the ISPs
slightly increased.® Table 1 summarizes the two rural broadband-related policy approaches in South Korea.*

4. Investment cost estimation methodology

This section introduces the procedure carried out for the investment cost estimation for deploying rural broadband via fiber
networks according to the broadband policy in South Korea. The geo-type, network architecture, and proposed investment cost model
employed in this study have also been described.

4.1. Investment cost estimation procedure

The procedure to calculate the initial investment cost of deploying rural broadband by the broadband policy in South Korea is
shown in Fig. 3. The approach might seem similar to the previous studies (Lee et al., 2021; Rendon Schneir & Xiong, 2016), but it is still
reasonable as a general standard approach to estimating the investment cost of building broadband. The details of the procedure are as
follows. First, we classified the rural areas of the South Korean territory into the six geo-types and selected a total of 127 sample areas
representing each geo-type. Section 4.2 presents the geo-types of rural areas in South Korea. Second, we defined an access network
topology to prepare a network design to offer rural broadband for each type based on the geo-types mentioned above. Section 4.3
describes the access network architecture chosen from several possible fixed access technologies. We also explained the difference in
the network architecture of the rural broadband policy in South Korea.

Third, we derived input data for each sample area, such as the number and location of three types of buildings (all buildings,

3 While the proportion of ISP bearing the cost of deploying broadband in the old BcN Project was 50%, the proportion was slightly increased to
60% in the new rural broadband project.
4 Table 1 does not include the results of broadband deployed through the policies because the official statistical data are not currently available.
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Table 1
Two rural broadband-related policy approaches in South Korea during the COVID-19 pandemic.

Rural broadband- Universal broadband service Rural broadband project
related policy

Purpose Provide high-speed internet access to users wherever Bridge the digital divide between the urban and the rural
they want
Form Designate broadband as a universal service by law Public-private partnership participating the central, local governments, and the
domestic ISPs
Time frame Since January 1, 2020 From August 2020 to the end of 2022
Participated ISP The designated ISP (the biggest domestic ISP) The three nationwide domestic ISPs
Contents The designated ISP provides fixed broadband at 100 The ISPs deploy fixed broadband via fiber networks up to the center of about
Mbps to the applicant who applies for universal service ~ 1300 rural areas (villages) and provide broadband to applicants within the
villages
Funding Compensate partially for losses caused by the The government, local governments, and ISPs bear 20%, 20%, and 60% of the
broadband deployment by law cost of deploying broadband
Rural Broadband
S, _|—~ Network = 3
Topology Unitary Costs
Geo-type I 1 Invesln.lel?l ('\?:l
Parameters Number of _[_. éﬁfﬁ:}::ﬁ;ﬁ;
Number and Network Elements
l Location of
e I P

Location of Entire
Buildings

Fig. 3. Procedure for the cost estimation for rural broadband in South Korea.

buildings providing broadband currently, and buildings without broadband). Consistent with a previous study (Lee et al., 2021), a
building, and not a household, is regarded as a unit of analysis because the single broadband access to a specific building can offer
broadband services to all households in the building. Moreover, considering that a household in one building is relatively typical in
rural areas, a building-based analysis is reasonable. Building information in the sample area was obtained by broadband coverage data
submitted from domestic ISPs as of May 2018. Although rural broadband-related policies have been applied since 2020, the use of the
data from May 2018 is still valid because there do not seem to be structural changes in the broadband market in rural areas in South
Korea after implementing the two policies.” Fourth, the broadband access network in each sample area was redesigned using the
broadband policy in rural areas using the above data. We then calculated the number of network elements deployed in each sample
area from the redesigned network. Finally, the investment cost per building was calculated as the additional investment cost to ensure
100% broadband coverage in each sample area. Section 4.4 describes the investment cost model and other input parameters employed,
including the unitary costs of network elements. The input information was obtained from the domestic ISPs and confirmed by
interviewing some experts.’

4.2. Geo-type approach

Redesigning the broadband network for all rural areas of the country might be ideal for estimating the investment cost of deploying
rural broadband. However, it is still challenging due to the lack of information and seems an inefficient procedure. Therefore, in this
study, classifying the South Korean rural areas into several geo-types and selecting sample regions representing each type was applied
as a more efficient approach for calculating the investment cost of deploying rural broadband. This method was also used as a suf-
ficiently reasonable approach by a previous study of cost estimation of universal broadband in South Korea (Lee et al., 2021). Thus, to
reasonably classify the rural areas in South Korea into geo-types that properly reflect regional characteristics, we considered the
following two factors based on the previous literature. First, the geo-types suggested in the literature seem to be difficult to apply
without adjustment because they attempted to classify rural areas of Europe (Feijoo et al., 2018; Lehtonen, 2020; Rendon Schneir &
Xiong, 2016) or the entire South Korean territory (Lee et al., 2021). Second, we referenced the geo-type method of the whole territory

5 For example, the number of fixed broadband connections increased by about 2.03 million lines from May 2018 to April 2022, implying the
expansion of broadband coverage, including in rural areas. However, the average monthly growth rate of the connections from May 2018 to
December 2019 (about 0.20%) was almost the same as that from January 2020 to April 2022 (about 0.19%). Instead, the average monthly growth
rate of fiber-based broadband connections is slightly reduced from about 1.01% between May 2018 and December 2019 to 0.75% between January
2020 to April 2022 during the COVID-19 pandemic.

5 A total of 7 experts consisted of network managers working at domestic ISPs, researchers conducting related research, and members of asso-
ciated domestic committees. The professionals reviewed the appropriateness of both the specifications and unitary price of facilities for each
network element in writing or face-to-face.
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of South Korea used in the previous study (Lee et al., 2021) to reflect the geophysical characteristics of the country. The last research
applied the classification of the geo-types in South Korea to estimate fixed termination rates. According to the approach, all the
city/county-level area of the South Korean territory was classified into nine geo-types, consisting of different combinations of
connection line density and share of mountainous terrain (high, medium, and low). Considering that the regional characteristics could
not sharply vary in the short term, the geo-type method used to calculate fixed termination rates in South Korea could still be an
appropriate classification approach. Thus, we also chose the geo-type classification approach but selected only three sub-geo-types
with a low density of circuits among the nine geo-types, which shows that almost every rural area has a low density of circuits in
terms of regional characteristics. Third, referring to the previous study (Rendon Schneir & Xiong, 2016), we divided the rural areas into
two sub-geo-types based on whether the central office is located in the area. As the investment cost of deploying rural broadband is
proportional to the distance from the central office to terminal buildings, whether the central office is located in the area could be a
vital factor for classifying the rural area in South Korea. Therefore, according to the factors mentioned above, we classified the rural
areas of South Korea into six geo-types (Fig. 4), taking into account the proportion of mountains, which is already decided from the
fixed termination rates, and the presence of the central office of the domestic ISPs. As a result, a total of 127 sample regions repre-
senting the geo-type of the South Korean territory were selected. The number of total buildings to be deployed in 127 sample regions is
15,915, which is about 2.0% of total buildings without broadband. Table 2 shows detailed information on samples for each geo-type.
Each sample area was chosen to be close to the average, with minimum regional bias, because the samples were the village-level
sub-regions of areas representing the South Korean territories selected in the abovementioned previous studies. Although the total
number of sample regions seems relatively low, about 1% of the total number of the smallest administrative district in South Korea,” it
still seems reasonable that the sample regions in this study were sub-regions from areas representing the South Korean territories
selected in previous studies (Lee et al., 2021).

Note: The degree of the mountainous terrain of sample regions is applied from the previous decision of all the city/county-level of
the South Korean territory, which was classified to estimate fixed termination rates.

4.3. Network architectures

Although various access network technologies can provide broadband services in rural areas in terms of universal service and rural
broadband projects from a technology-neutral approach, selecting an economically feasible technology is crucial in the short term. In
addition, it is necessary to design the network topology by reflecting the characteristics of the South Korean broadband market.

Therefore, we selected two fiber-based access network technologies, FTTH and fiber-to-the-distribution-point (FTTDP), to deploy
rural broadband in South Korea, considering the following aspects. First, fixed access technologies were regarded as dominant al-
ternatives for rural broadband because South Korea is a developed country with high fiber fixed broadband penetration. Second, we
considered the domestic fixed broadband market’s most used access technologies. The proportion of the two fiber-based broadband
subscribed lines in South Korea has already accounted for more than 85% of the total fixed broadband subscribed lines, as presented in
Section 3. The universal broadband service provider, KT, and the other domestic nationwide ISPs, SK Broadband and LG Uplus,
participating in the rural broadband project have commonly deployed broadband via the two fiber access technologies. Thus, it seems
reasonable to select FTTH and FTTDP as access network technologies for rural broadband, which the domestic ISPs will choose in the
short term. The decision is consistent with the previous literature that finally considered FTTH and FTTDP as access network tech-
nologies for universal service in South Korea (Lee et al., 2021).

Fig. 5 describes the network elements of the two fixed access network architectures applied in this study. First, the access network
in FTTH is completely composed of fiber cables, which is from the central office to the terminal building. The FTTH network archi-
tecture in South Korea generally utilizes both Ethernet passive optical network (EPON) and Gigabit Ethernet passive optical network
(GPON). An optimal network terminal, equipment for the end-user to use broadband, is also used in the network architecture. Second,
in the case of FTTDP, a fiber cable is used in part, which is from the central office to the distribution point unit (DPU), while either an
existing copper or Unshielded Twisted Pair line is used from the DPU to the terminal building. EPON and GPON are also applied in
FTTDP network architecture. Optical Networking Units are also used in the network architecture from the DPU to the end subscriber.
Third, regardless of access network architecture, the core networks and the connection from the central offices to core networks are
already established as fiber networks in South Korea. Three nationwide ISPs completed the transition from copper-based to fiber-based
core and backbone networks and regularly updated them.

In addition, this study attempts to reflect that the network architecture can be different even in the same area according to the
government’s rural broadband policies. First, network architectures may vary according to ISPs deploying broadband for rural
broadband policies. South Korea’s biggest ISP, KT, is designated as a universal broadband service provider, whereas the three
nationwide ISPs—KT, SK Broadband, and LG Uplus—have participated in the rural broadband project. Thus, differences in network
architecture may occur due to differences in broadband coverage in rural areas for each participating ISP. The largest ISP has relatively
high broadband coverage even in rural areas; thus, it could deploy an additional fiber access network using its existing fixed access
networks as much as possible in rural areas (called the Scorched Node approach). Meanwhile, both the second and third biggest ISPs
participating in the rural broadband project have relatively low broadband coverage in rural areas; thus, they could prefer to deploy
rural broadband almost regardless of the existing access network as a more efficient approach (called the Modified Scorched Node

7 The number of the smallest administrative district in South Korea, “Ri,” is known to be about 14,953, based on the statistics in the Ministry of the
Interior and Safety of South Korea.
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Fig. 4. Classification of the geo-types of rural areas in South Korea.

Table 2
Detailed information of sample regions per geo-type.
Areala Arealb Arealc Area2a Area2b Area2c Total
Number of sample regions 16 12 24 39 20 16 127
Number of buildings to be deployed 2814 1498 3575 4094 2103 1831 15,915
Average number of buildings to be deployed per sample region 175.9 124.8 149.0 105.0 105.2 114.4 125.3
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Fig. 5. Network architectures for the fiber-to-the-home (FTTH) and fiber-to-the-distribution-point (FTTDP) technologies in South Korea.

approach). This approach seems to be reasonable because there are actual rural areas where the specific ISP has no broadband
coverage.

Second, network architectures may vary depending on the main direction of broadband policies. In the case of universal service,
broadband is deployed independently after each request of the applicants. Because it is difficult to forecast to which rural areas the
designated ISP will deploy broadband, it seems reasonable for the ISP to build broadband in rural areas by each request using the
existing fixed access network as much as possible through FTTH or FTTDP. However, the additional investment cost per building can
decrease over time as the pre-established passive infrastructure can be shared by subscribing to the universal service sequentially.
Conversely, in the rural broadband project, fiber broadband is unconditionally built up to the center of the pre-selected rural area
(village). After each applicant’s request, the participating ISPs can consequently deploy the broadband from the center of the town to
the terminal building. Therefore, in the case of the second and third biggest ISP in South Korea, it seems reasonable to establish the
optimal broadband access network with FTTH,® without considering the existing access network, in the pre-selected rural area
(village) for all households as potential subscribers.

In summary, due to the participating ISP’s existing broadband coverage capabilities and characteristics of broadband policy, the
ISP will most likely build a broadband access network for universal services, highly depending on the operator’s existing access
network. In the rural broadband project, the participating ISPs, except the biggest ISP, will most likely deploy a new broadband access

8 FTTDP may not be suitable for rural broadband since the ISPs are assumed not to have existing copper-based access networks.
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network in the designated rural area, regardless of their existing access network. Moreover, the differences in network architecture can
lead to the difference in the investment cost of deploying broadband in rural areas by the rural broadband policy considering regional
characteristics. Thus, we can expect the results of this study to provide meaningful implications from the perspective of the rural
broadband policy’s cost-effectiveness. For instance, if target terminal buildings are relatively dense in the rural site, the approach of
the rural broadband project, which is composed of a single fiber network connecting to the center of the site and finalizing the network
to terminal buildings, seems more cost-effective. Whereas, if the target terminal buildings are evenly throughout the area, universal
broadband service seems more cost-effective because the length between the center of the site and the terminal buildings will be
relatively high.

4.4. Investment cost model

Depending on the geo-types and network architectures mentioned in the previous sub-section, we estimated the total investment
cost (TIC) of deploying rural broadband for each rural broadband policy in a total of 127 sample regions representing the South Korean
territory. First, the geographic information system (GIS) data, which is the input data used, are as follows: the number and location of
three categories of buildings (entire buildings, buildings currently providing broadband, and buildings not providing broadband) as of
May 2018, the location of the central offices of the three domestic ISPs at the sample areas, and the location of the second remote node
(RN) of the largest domestic ISP in those regions. As the biggest ISP in South Korea has already become a universal service provider, it
seems reasonable to apply the operator’s second RN’s current location to meet the approach of deploying broadband with maximum
dependence on the existing fixed access network. In contrast, the other two domestic nationwide ISPs with low broadband coverage
will participate in the rural broadband project. Thus, it seems reasonable to determine the revised location of their second RN by
redesigning the optimal access network instead of using their current site directly.

Second, using the input data mentioned above, we redesigned the optimal and efficient access network, from central offices to
terminal buildings, in 127 sample regions representing the geo-types of the South Korean territory, according to the BU approach. First,
in the case of universal service, the redesigned network was divided into two parts: one sub-network from the central office to the
secondary RN and another sub-network from the secondary RN to the terminal building. Each sub-network was redesigned inde-
pendently according to the optimization algorithm, including the minimum spanning tree and the shortest path (Dijkstra) algorithm.
Since the actual location of the secondary RN in the designated ISP is used, the Scorched Node approach is applied. This study also
assumed that the first sub-network is via fiber cables, while the second is via either fiber cables (FTTH) or copper cables (FTTDP),
depending on the access network technology. Second, in the rural broadband project, redesigning of the access network was performed
in the same way, which involves the classification of two sub-network and redesigning each sub-network independently considering
FTTH access network technologies through the optimization algorithms mentioned above, except that the location of the second RN
was revised using the K-means clustering algorithm, meaning the modified Scorched Node approach is applied. In addition, using the
GIS data, the last mile part from the terminal buildings to the road infrastructure is included in the redesigned access network. Third,
this study also assumed that the pole is used in the redesigned network in rural areas among passive infrastructures to consider cost-
effectiveness. Fourth, the specifications of the network elements were obtained from the domestic ISPs and revised, if necessary,
reflecting the feedback through interviews of experts. Then we calculated the number of network elements required for deploying rural
broadband in 127 sample regions representing the South Korean territory by redesigning the access network. Lastly, the other as-
sumptions in redesigning the access network are as follows. We excluded redesigning the core and backbone network because their
capacity is already enough to accept additional access network deployment in rural areas. We also assumed that the domestic ISPs
established their own rural broadband access network; thus, we excluded the possibility of outsourcing deploying broadband for rural
areas. Since the three ISPs already have the capacity to build nationwide broadband networks, it seems reasonable to assume
establishing their own networks in rural areas of South Korea. In addition, we did not consider the redundancy of the access network in
redesigning the broadband network for rural broadband, reflecting the current network management circumstances of the domestic
ISPs. Most ISPs in South Korea already have network redundancy in their core and backbone networks. However, the redundancy of
their access networks remains incomplete due to technical difficulty and high cost; thus, it seems appropriate not to include the
redundancy of the access network to reliably and accurately estimate the investment cost of deploying rural broadband in South Korea.

Third, the TIC of redesigning the network in each sample region was derived under the amount of each network element calculated
above and the unitary cost for the network element obtained from domestic ISPs. Based on the building information, three different
types of the TIC were calculated: the TIC for achieving 100% broadband coverage, the TIC for providing broadband to current sub-
scribers, and the TIC for providing broadband to the terminal buildings without broadband. Moreover, each broadband policy’s in-
vestment cost of deploying rural broadband is differently calculated. In the case of universal service, since the designated ISP, KT, will
use the current access network sufficiently from the central office to the second RN, there is no need to contain the investment cost of
deploying the sub-network to estimate the TIC for rural broadband. Therefore, the investment cost of building broadband in the sample
sites as a universal service is calculated by deducting the investment cost of deploying broadband for current subscribers from the TIC
of making 100% broadband coverage available. However, in the rural broadband project, particularly by the other two domestic ISPs,
SK Broadband and LG Uplus, it seems more reasonable to include the investment cost of deploying broadband from the central office to
the second RN considering the building of the new access network. Thus, the TIC of providing broadband for the terminal buildings
potentially without broadband applies to the rural broadband project’s investment cost of building broadband in the sample sites.

Finally, we also excluded or unconsidered other cost-related items than the investment cost of deploying rural broadband to focus
on the purpose of this study. First, the cost for the final in-building connection and equipment, such as subscriber modems or the
customer premise equipment, were excluded from the estimated investment cost because subscribers generally bear these costs in
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South Korea. Second, as mentioned above, the investment cost of establishing the core and the backbone network was also excluded
since we can reasonably assume that additional investment in the core and the backbone network would not be required. Third, this
study did not consider estimating indirect, operating, and capital costs since the BU approach has limit in general on estimating
operating costs and capital costs of deploying rural broadband in the case of the absence of past accounting data of the domestic ISPs.
We focused on estimating the TIC of building broadband in rural areas as accurately as possible, although the absence of analyzing the
cost of rural broadband, including operating costs and capital costs, seems to be regarded as the limitation of this study. However, it
still seems reasonable from policymakers’ perspective that to implement policies for expanding broadband coverage in rural areas, the
amount of investment cost could be a more suitable criterion for evaluating the policy’s cost-effectiveness and making an appropriate
decision than the cost, which sums annual operating and capital expenses. Since the direct payment transactions between ISPs on
deploying rural broadband might not be necessary for universal service and rural broadband projects, calculating the cost of building
that broadband could be less critical to the policymakers’ decision-making. Instead, for rural broadband projects, the central and local
governments are likely to be interested in the total investment cost to deploy rural broadband, not the annual cost, including operating
and capital expenses, in the form of the amount of financial support.

5. Results and implications
5.1. Results

This section introduces several findings on the investment cost per building for deploying rural broadband in all 127 sample regions
of the South Korean rural territory. First, Table 3 shows the investment cost per building for rural broadband by geo-type, fiber-based
access technology, and the government’s rural-related broadband policy. In the case of universal service, the investment cost per
building through FTTH and FTTDP was estimated since the designated ISP could choose both access technologies. Table 3 also shows
the result of the least-cost technology, a less expensive access technology among FTTH or FTTDP to deploy a specific building. In the
case of the rural broadband project, the investment cost per building through FTTH was only estimated because the domestic ISPs,
except for the biggest one, assumed to deploy only an FTTH-based optimal broadband access network. The assumption seems
reasonable considering that the participating two ISPs have almost no copper-based access networks in the pre-selected rural area
(village).

The main findings shown in Table 3 are as follows. First, in most cases, the investment cost per building for the geo-type Area 2 was
higher than Area 1 regardless of the area’s mountainous characteristics and the government’s policy. It clearly shows that the cost
burden for establishing access networks to connect the central office could be significantly high when the central office is outside the
area. This tendency of the results is more apparent in the case of the rural broadband project, which shows about 1.8 times higher
investment cost per building for Area 2 than Area 1, reflecting on newly deploying the efficient access network with the connection to
the central office. Table 3 also includes a different result in some cases of the universal service, showing that the investment cost per
building for Area 2b is lightly lower than Area 1b. However, the result does not mean to be inconsistent; instead, it could imply that the
cost for rural broadband via universal service depends more on the existing broadband coverage of the biggest ISP than the location of
the central office. Second, regarding the mountainous characteristics of the rural areas, there seem to be different findings in the
investment cost per building depending on the government’s policy. In the case of universal service, the result was consistent with the
general expectation that the length of deploying broadband increases as the area’s mountainous degree increases. For example, ac-
cording to Table 3, the investment cost per building for Area 1c and 2c is about 1.1-1.7 times higher than Area 1a and 2a, showing the
higher cost burden for providing universal service in the high mountainous area. However, in the case of rural broadband projects,
there seem to be almost no consistent findings in the investment cost per building depending on the mountainous characteristics.

Table 3
Investment cost per building for rural broadband in South Korea (USD).
Universal Service Rural Broadband Project
FTTH FTTDP Least-Cost Technology FTTH FTTDP Least-Cost Technology
Areal (Located inside) Areala 710.62 757.88 608.08 2670.12 - -
Arealb 846.18 798.45 667.25 2,739,58 - -
Arealc 1017.79 844.87 775.49 2260.93 - -
Total 841.44 795.33 676.67 2533.97 - -
Area2 (Located outside) Area2a 712.74 705.22 601.88 4540.33 - -
Area2b 738.02 749.58 605.74 4790.54 - -
Area2c 1239.93 1208.67 1040.05 4529.18 - -
Total 990.21 975.51 827.99 4600.42 - -

Note.

1. FTTH = fiber to the home; FTTDP = fiber to the distribution point.

2. According to the subjection that the ISPs, except the biggest one, do not have the existing copper-based access network in the pre-selected rural area
(village), they assumed to deploy only FTTH-based optimal broadband access network in the sample region. Thus, the rural broadband project results
in Table 1 only showed the investment per building through FTTH.

3. The exchange rate was applied on May 31, 2018, to convert investment costs per building into US dollars (1 USD = 1078 South Korean Won),
consistent with other input data to estimate the investment cost per building.
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Contrary to the abovementioned general expectation, Table 3 shows that the investment cost per building for Area 1c and 2c is the
lowest in the rural broadband project, implying that the regional features of the characteristics of broadband deployment could be
complicated. The result also suggests that the rural broadband project could play a complementary role in the high mountainous rural
areas where it is challenging to implement universal service alone. Third, from the perspective of access network technologies, in the
case of universal service, FTTH and FTTDP were selected independently as more cost-effective technologies for deploying rural
broadband in different circumstances. For example, as shown in Table 3, FTTH seems more cost-effective in Area 1a and 2b, while
FTTDP is likely to be more cost-effective in the rest of the area regarding investment cost per building. Nevertheless, this result also
showed that the investment cost per building with the least-cost technology always seemed the lowest, implying that it could effec-
tively allow ISPs to choose their cost-effective access technology combinations for rural broadband. In the case of rural broadband
projects, assuming that the domestic ISPs, except the highest one, are likely to deploy efficient access networks without copper-based
circuits, FTTH was likely to have no problem selecting as a least-cost technology for rural broadband. Therefore, Table 3 includes the
results of FTTH as those of the least-cost technology.

Second, to compare two rural-related broadband policies in detail, we estimated the average and marginal investment cost (MIC)
curves by geo-type and the South Korean government’s policy, as shown in Fig. 6. For the analysis, we calculated the TIC cumulatively
for each scenario, depending on the proportion of buildings built out of all buildings without broadband in the sample region. The ratio
began at 5% and increased by 10% from 10% to 100%. From the calculated results, the TIC curve, which shows the relationship
between the TIC and the buildings deployed variable, was derived as a function of the number of buildings to deploy. The TIC function
for each scenario was derived as a multi-order equation of the number of buildings to deploy (N), using the ordinary least-squares
method. The average investment cost (AIC) curve is obtained by dividing the TIC equation by the number of deployed buildings
(N). The MIC curve is also obtained by taking the derivative of the TIC equation with respect to the number of buildings to deploy (N).
Fig. 6 shows the AIC (solid line) and MIC (dotted line) curves of universal service (blue colored) and rural broadband project (orange
colored) for six geo-types.

The main findings shown in Fig. 6 are as follows. First, for all geo-types, the AIC and MIC curves for universal service are lower than
for rural broadband projects. As the number of buildings increased, the AIC difference between the two policies was initially narrowed
but remained almost constant after exceeding a certain level. The gap in MIC of the two policies increased as the number of buildings to
deploy increased. These results are consistent with the results mentioned in Table 3, suggesting the superiority of universal service over
rural broadband projects in terms of investment cost perspective. Second, when considering the differences in the mechanism of
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Service, RBP = Rural Broadband Project).
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deploying broadband, Fig. 6 shows another interpretation different from the results mentioned above. As universal service provides
broadband independently whenever applicants ask, the AIC curves begin from 0% of total buildings to be deployed. However, rural
broadband projects deploy broadband up to the central part of the village and up to the terminal buildings where applicants ask, at any
time during the project; thus, the AIC curves begin at a certain point, meaning realizing the effects of scale economies in part initially.
For example, if 30% of total buildings participate in the rural broadband project, the AIC of the rural broadband projects is similar to
that of universal service, with 5% of total buildings deployed, for the geo-type Areal, as shown in Fig. 6. Therefore, Fig. 6 shows that
deploying broadband with initial demand by rural broadband projects could make up for the burden of high investment costs by
participating ISPs, at least in the geo-type Areal. Third, for all geo-types, the MIC curve is lower than the average, regardless of the
government’s policy. In particular, the gap between the average and the MICs gradually widened as the number of buildings deployed
increased. These results could imply that increasing returns to scale exist and intensify as the number of buildings deployed rises for
rural areas.

Additionally, we re-estimated the average and MIC curve for rural broadband projects focusing on the bearing of participating ISPs.
As mentioned in Section 3, the proportion of participating ISPs bearing the investment cost of deploying broadband in the project was
60%. Thus, the actual average and the marginal cost, which the participating ISPs should take, should decrease, as seen from the results
in Fig. 6. Fig. 7 shows the AIC (solid line) and MIC (dotted line) curves of universal service (blue colored) and re-estimated rural
broadband project (red colored) for the six geo-types.

Compared to Figs. 6 and 7 shows different results. First, for geo-type Areal, the AIC curve for rural broadband projects was lower
than for universal service in almost all cases. The result suggests that rural broadband projects could be more cost-effective than
universal services from the aspect of participating ISPs in some environments. Considering the effects of scale economies by deploying
broadband with initial demand, as shown in Fig. 6, the competitiveness of rural broadband projects in terms of AIC could be more
intensified. Fig. 7 also shows that the gap in the average cost between the two policies was gradually narrowed as the number of
buildings deployed increased. Second, for geo-type Area2, the AIC curve for rural broadband projects was still higher than for universal
services, consistent with Table 3 and Fig. 6. Even if considering the scale economies with initial demand for rural broadband projects, if
about 60% of total buildings participate in the project initially, the AIC of rural broadband projects could reach that of universal
service, with 5% of total buildings deployed. Third, for all geo-types, the MIC curve for rural broadband projects was initially lower
than that of universal service and became higher than universal service after the proportion of buildings exceeded a certain level. These
complicated results from Fig. 7 imply that it is difficult to determine a single superior rural-related broadband policy for deploying
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Fig. 7. AIC and MIC per building to bear of ISP by rural broadband policy (AIC = Average Investment Cost, MIC = Marginal Investment Cost,
US=Universal Service, RBP = Rural Broadband Project).
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rural broadband, suggesting that the government should introduce all the complex but possible means for rural broadband.

5.2. Policy implications

This section highlights some significant issues for policymakers to consider following the results shown in Section 5.1.

First, the results of this study suggest that it is challenging to decide which of the two rural-related broadband policies is more cost-
effective for rural areas in South Korea. The results from Table 3 and Fig. 6 seem to show that a universal service by the biggest
domestic ISP with high broadband coverage can be a cost-effective approach for rural broadband in the same area. However, Fig. 6
suggests that deploying broadband with the initial demand of rural broadband projects could partially realize the effects of scale
economies, thus making up for the burden of high investment costs compared to universal service. In addition, the results in Fig. 7
present that the rural broadband project by the participating ISPs, except the biggest one, could be more cost-effective where the ISPs’
central office was located in the rural regions. These results confirm the role of the PPP-based project as a meaningful measure for
expanding rural broadband coverage. The new rural broadband project in South Korea, in which the participating ISPs bear 60% of the
TIC to deploy broadband in rural areas, allowed the domestic ISPs without sufficient rural broadband coverage to deploy broadband at
a cost-effective level, by being at a similar or low level with universal service. The PPP-based project could also make the participating
ISPs recover the investment cost per building within a reasonable period from the monthly broadband fee obtained from subscribers.
Table 4 presents the period to pay back on investment cost per building to deploy rural broadband, showing that the participating ISPs
could recover the investment cost per building within about five years in the geo-type Area 1. Thus, although cautiously interpreting
the results of Table 4, which did not consider other costs of operating access networks such as operating costs, these results suggest that
the governments need to consider the PPP-based project as an effective measure to deploy rural broadband, in addition to the
introduction of universal service. Implementing multiple broadband policies to expand broadband coverage in rural areas could be a
reasonable and practical approach to improving broadband availability. Since both policies are not applicable simultaneously in one
rural area, implementing multiple broadband approaches would not cause network investment redundancy. It is also difficult to see the
implementation of multiple broadband policies as discriminatory because the South Korean government allows service-based
competition by enabling other ISPs to use the deployed broadband network through the broadband policies. In addition, in case of
the rural broadband project, the government balanced the designated regions among the three participating ISPs so that a specific ISP
does not exceedingly expand broadband coverage. However, while implementing multiple broadband policies to expand rural
broadband coverage, it is still necessary for policymakers to continuously monitor competition in the broadband market to avoid
making redundant network investments and discriminatory conditions. The regulators also need to consider supplementing existing
broadband policy to expand rural broadband coverage effectively other than implementing multiple broadband measures, subject to
the difficulty of implementing PPP-based projects continuously. The above-mentioned results of our study, as the South Korean case,
expect to have implications for countries trying to expand fiber-based broadband coverage, including rural areas. For instance, pol-
icymakers in countries designating broadband as a universal service might consider PPP-based projects with multiple participating
ISPs for enlarging rural broadband.

Second, the results of Area 2 in Figs. 6 and 7 show the existence of rural areas in South Korea where it is still a challenge to
implement rural-related broadband policies. Despite the central and local government’s support in the form of PPP, the AIC per
building for the rural broadband project was significantly higher than universal service, implying that domestic ISPs might have almost
no motivation to participate in the project. Although universal service still seems to be competitive for providing broadband in those
areas in terms of the AIC, regarding the expenses spent by the end-users among TICs for rural broadband, its relative advantage seems
vague. Since the end-users should bear all or part of the investment cost to build broadband over a certain distance, this cost burden can
significantly constrain them to apply and use universal service, leading to low adoption of broadband. Therefore, the South Korean
government needs to make efforts to find solutions to these complications. For example, reflecting that increasing returns to scale exist
for all cases in Figs. 6 and 7, widening the rural areas under the jurisdiction of participating ISPs, such as the larger district covering
multiple rural villages, might effectively decrease the investment cost per building with realizing increasing returns to scale. The

Table 4
Period to pay back investment cost per building to deploy rural broadband.
Areala Arealb Arealc Area2a Area2b Area2c
Universal Service Month 21.9 24.2 27.9 21.6 21.8 37.4
Year 1.8 2.0 2.3 1.8 1.8 3.1
Rural Broadband Project (Total) Month 95.9 98.4 81.2 163.1 172.1 162.7
Year 8.0 8.2 6.8 13.6 14.3 13.6
Rural Broadband Project (ISP’s share only) Month 57.6 59.1 48.7 97.9 103.3 97.6
Year 4.8 4.9 4.1 8.6 8.1 8.3

Note.

1. The period is calculated by dividing the investment cost per building for geo-type and rural-related broadband policy into the monthly broadband
fee (30,000 South Korean Won [ = 27.83 USD] per month).

2. In the case of universal service, we applied the investment cost per building through the least-cost technology.

3. In the case of the Rural Broadband Project (ISP’s share only), we applied to the proportion of participating ISPs bearing the investment cost of
deploying broadband in the project (60%).

4. The actual payback period in terms of costs may differ by ISP when the ISP’s reasonable operating costs and discount rates are considered.
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decrease in the proportion of participating ISPs bearing the investment cost of deploying broadband in some rural regions could also be
considered when implementing the subsequent PPP-based projects. In the case of universal service, the government could also consider
improving the cost burden of the end-users in some limited rural regions to increase broadband adoption in South Korean rural areas.
The suggested implications of our study could also apply to other countries making an effort to expand broadband coverage. Poli-
cymakers need to identify the rural areas where it is still challenging to deploy broadband despite implementing multiple rural
broadband policies and to apply the other approach to those areas, such as supplementing existing policies.

Finally, the study implies that the government needs to find an appropriate way to continuously reduce the average cost per
building with multiple broadband policies for rural areas. For example, although fiber-based fixed access technology is still a dominant
technology for rural broadband in South Korea, it is necessary to continuously monitor the potential of new access technologies to
reduce the costs for rural broadband and solve terrain constraints. It also means that, if necessary, the regulator should facilitate the
introduction of new potential technologies. This study only focused on the two dominant fiber-based fixed access technology, FTTH,
and FTTDP; thus, the absence of examining the alternative access technologies is a limitation of this study, which could be analyzed in
future research.

6. Conclusion

Despite broadband being an essential infrastructure for conducting basic socio-economic activities and reducing inequality and the
digital divide, expanding broadband coverage in those areas remains a significant challenge in many countries due to high deployment
costs. South Korea, a developed country in terms of fixed broadband penetration, implemented two policies for rural broadband via
fiber access networks simultaneously during the COVID-19 pandemic. One is the universal broadband service at 100 Mbps speed
introduced in 2020, and the other is the rural broadband project in terms of a PPP that proceeded from August 2020 to 2022. While
both policies contribute to reducing the broadband gap between the urban and the rural in the country, it is still important to find the
optimal cost-effective combination of the plural rural-related broadband policies as much as possible from the investment cost
perspective. Accordingly, this study proposes an investment cost estimation model for deploying rural broadband via fiber networks in
South Korea and evaluates whether implementing two rural-related broadband policies in the country is cost-effective. Appropriate
estimation of the investment cost of building a network for rural broadband can thus support government decision-making and help
assess whether implementing plural policies is appropriate in terms of investment cost. The proposed model is set under the BU
approach, which involves building an efficient network with the latest technologies; the model can thus give a relatively accurate and
reliable estimation of the investment cost for rural broadband.

The main findings of this study are as follows. First, choosing the superior broadband policy for deploying rural broadband in terms
of cost is still challenging. This study confirmed that the PPP-based project could make the participating ISPs deploy broadband at a
cost-effective level, similar or lower to the universal service, and then recover the investment cost per building within a reasonable
period. These results suggest that the governments need to consider the PPP-based project as an effective measure to deploy rural
broadband, in addition to the introduction of universal service. Implementing multiple broadband policies to expand rural broadband
coverage could be a reasonable and practical approach to improving broadband availability. Second, the governments still need to
make efforts to solve the complicated difficulties in rural areas in South Korea where rural-related broadband policies are still chal-
lenging to implement. This study confirmed that in some regions, the PPP-based project was still inferior to universal service in terms of
AIC. In contrast, universal service had significant constraints in providing broadband because of the end-users cost burden, resulting in
low broadband adoption. Therefore, the government needs to consider some measures to increase broadband availability and
broadband adoption, such as widening the rural areas under the jurisdiction of participating ISPs, decreasing the proportion of
participating ISPs bearing the investment cost of deploying broadband, and improving the cost burden of the end-users of universal
service in few areas. Finally, the government needs to consider monitoring the potential of new access technologies to develop rural
broadband more cost-effectively and solve terrain constraints.

Despite these meaningful implications, this study has few limitations. First, as both broadband policies began in earnest during the
COVID-19 pandemic, the empirical relationship between introducing two approaches and expanding broadband coverage in rural
areas in South Korea has not been sufficiently investigated. Future research needs to quantitatively examine the relationship between
these government policies and broadband development to provide empirical evidence of the effectiveness of government policies.
Second, this study attempted to evaluate the appropriateness of the two rural broadband policies based on only the total cost of
broadband deployment. Different cost analyses can be more meaningful in assessing whether a broadband policy is cost-effective and
appropriate for rural broadband in terms of introduction and operation. Third, this study does not empirically address the potential of
new access technologies, including wireless or mobile ones, and the effect of utilizing network infrastructure sharing. Thus, further
research needs to quantitatively estimate the total cost of deploying rural broadband via the new access technologies and calculate the
effect of cost reduction through network infrastructure sharing for the regulators. Lastly, this study was analyzed based on data
recorded as of May 2018 due to limitations in access to related data. Considering that no significant change affects the results of this
study, such as the recent expansion of broadband in rural areas or increase in investment due to traffic increase, in the short term, we
believe the results presented in this study are meaningful. However, further research using more timely data could provide more
accurate and timely implications for rural broadband.
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