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Abstract: The deployment of Next Generation Networks (NGN) able to provide high speed connectivity to
citizens and businesses has been characterized as one of the key elements for social development. The NGN
infrastructures allow the provision of new innovative electronic communication services with ultra high
capacity requirements. On the other hand the deployment of new network infrastructure in rural and isolated
areas usually results to non-profitable business plans mainly due to the significant investments required in
combination with the low population density of these areas. In this paper a techno-economic analysis has
been conducted in order to compare the business plans for the deployment of new core network infrastructure
in two Greek Regions, one in mainland and one in the archipelago. It should be noted that Greece is a prime
example of a country blessed with an extended archipelago comprised of many islands and islets. The results
of the comparison reveal the huge differences in the required investments for the deployment of new core
network infrastructure between mainland and islands. In addition the techno-economic analysis strongly
indicates that the deployment of new core network infrastructure in isolated areas, like small islands, should
be supported both from State Aid funding as well as cost sharing between telecom operators and other
providers of public facilities such as power or water suppliers. The conclusions of this analysis could be used
by policy makers as roadmap in terms of financing strategy for the elimination of Digital Divide between
regions, via the deployment of new network infrastructures to rural and isolated areas.
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1. Introduction

High speed broadband connectivity has been broadly accepted as one of the key elements for growth and
innovation in all sectors of economy. The Europe 2020 Strategy underlines the importance of new and
innovative network infrastructures deployment, based on Next Generation Network technologies, while in
parallel set ambitious targets in relation to the penetration of high speed broadband connectivity in Europe
[1], [2]. In particular three of the main targets included in Europe 2020 Strategy related to the “Digital
Agenda” [2], are the availability of broadband access to all European citizens by the end of 2013, the
availability of high speed broadband access (above 30Mbps) to all European citizens by the end of 2020 and
the provision of internet connectivity with speeds above of 100Mbps to at least 50 % of European
households. Bearing in mind these ambitious targets, it is evident that in most European Union (EU) Member
States (MS), especially in rural areas, the existing network infrastructures are inappropriate for the provision
of high speed access broadband connectivity. The lack of the appropriate network infrastructure does not
only prevent the achievements of the goals set in the Europe 2020 Strategy, but also increases the Digital
Divide between communities. Digital Divide is defined as the gap between people who have access and use
Information and Communication Technology (ICT) and people who do not have the access or skills to use
ICT.
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An indicative Member State of the European Union with a high number of rural and isolated areas is
Greece. More specifically in Greece there are more than 200 habitable islands, most of them sparsely
populated and far away from the Greek mainland. The provision of innovative electronic communication
services to islands communities with the same conditions, in terms of quality prices and options, compared to
those provided in the mainland, requires the deployment of NGN based new infrastructures, both in access
and core part of the networks.

In order to evaluate the business plans for the deployment of new core network infrastructure in
mainland and islands, in this paper a techno-economic model has been developed. Two Greek regions have
been selected, one in mainland and one in the archipelago, with similar demographical characteristics, in
order to reveal the differences of the relevant required investments. Among the examination of the required
level of investments in each region, the financial indexes of the relevant business plans are also compared.
Several scenarios have been examined in order to reveal the most crucial parameters in each business case. It
should be also noted here that since quite a few Greek islands are popular tourist destinations, the demand for
capacity is always exponentially growing during the tourist periods [10]. In addition the Regulation for
roaming [5], recently approved by the European Parliament, reinforces the argument that in the next years
the demand for capacity generated by tourists will increase dramatically.

The paper is organized as follows. In section 2 the relevant research literature is discussed, while in
section 3 the main principles of the techno-economic evaluation are presented. In section 4 are analyzed the
main results of the examined business cases and finally in section 5 the conclusions of this paper are
discussed.

2. Relevant Research

There are several papers that deal with policy issues in relation to assessment and explanation of the
Digital Divide. In particular in [1] an effort was made to measure the Digital Divide across the regions of the
27 Member States and to explain the observed regional disparities. The researchers concluded that the
regional Digital Divide reflects to some extent the income gap. On the other hand it was observed that the
regional policy seems to have some positive implications for technology adoption. In particular, the rural-
versus-urban dimension of the digital gap appears to be less important than it is usually claimed.

In [7] a research was made in relation to the regional dimension of the German Digital Divide. In
particular the determinants of home Internet use in Germany on the level of counties as well as on the level
of individuals, was studied. Based on two large data sets, the analyses showed that population density itself
cannot explain regional differences in Internet use rates. The results rather indicated that it is the different
composition of individual characteristics between rural and urban populations that accounts for the regional
Digital Divide. In addition at the individuals’ level, the findings underlined the importance of network effects.
More specific it was concluded that, Internet access could prove an effective means to reduce inequalities in
general and to support the disadvantaged. A low speed Internet access is not only annoying for individuals,
but is also a great competitive disadvantage for firms located in these areas. The researcher concluded that in
order to increase rural take-up rates, it would be helpful to stimulate investment in broadband infrastructure.

In [8] researchers developed a model in order to explore the impact of the Digital Divide on Internet
voting. The developed model suggests that age, income, education and frequency of Internet use have an
impact on electronic voting (i-voting) utilization. The results of multiple linear regressions indicated that age
and income (access and skills) especially have a significant impact on Internet voting. The researchers
concluded, among others, that i-voting is subject to the barriers associated with the digital divide, and this
digital divide introduces several challenges to government agencies.

3. Techno-economic Evaluation

The scope of this paper is to compare the business models for the deployment of core network
infrastructure in two Greek regions with specific characteristics. In particular the hypothetical project under
consideration is related to the deployment of dark fiber optic infrastructure for the interconnection of the
main cities in the case of the mainland or islands in the case of the island region respectively. The island
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region is composed of all Greek inhabited islands in the Aegean and lonian Sea (around 100) excluding
Crete. Crete has been excluded since its population and size are equal with the population and size of all the
other selected Greek islands, therefore it could be considered as belonging to the mainland. As the mainland
region in question, the “Thessalia” Region has been selected since its population and demographic
characteristics are similar to the selected island region.

The developed model provides three different levels of network coverage based on the grouping of the
relevant cities / islands in each region. More specifically the cities and islands, in mainland and island region
respectively, have been grouped in three categories: big, medium and small based on their population.
Subsequently the examined business models concern the deployment of new core network infrastructure in: a)
all regions, covering big, medium and small cities/ islands, b) big and medium cities / islands and c) only big
cities and islands.

The techno-economic model is based on Discounted Cash Flow (DCF) analysis [12]. In DCF analysis all
present and future incoming and outgoing flows are calculated and valued in present time. The outcome, Net
Present Value (NPV), must be at least above zero in order to characterize an investment as profitable. The
Internal Rate of Return (IRR) follows from the NPV function. The discount rate for which the NPV is zero is
the Internal Rate of Return (IRR).

The results / outputs of the model are related to financial indicators which determine the level of the
viability and profitability of each examined business case. More specifically three indicators have been
calculated: the Required Initial Investments (RII), the Internal Rate of Return (IRR) and the Net Present
Value (NPV). The RII determines the level of the required initial investments for the implementation of new
core network infrastructure. The IRR represents the internal rate of return of the examined business case. In
economic terms the IRR determines whether the examined business plan is profitable or not, by comparing
the IRR of the business plan with the IRR of alternative business or with relevant market rates of return.

For reasons of simplicity several assumptions have been adopted in the model in relation to market
conditions, revenues and expenditures. All the adopted assumptions are discussed in details in the following
paragraphs.

As regards market conditions it has been assumed that the owner of the new core network infrastructure
based on fiber optic, either provides electronic communication services only to end-users (retail model), or
provides backhaul fiber optic links on wholesale prices to electronic communication providers (wholesale
model). In both models (retail and wholesale) the provision of electronic communication services is related
to mobile and fixed services, like broadband internet access, voice telephony, IPTV, VoD etc.

The expenditures are calculated based on the initial required investments (Capital Expenditures -
CAPEX) and the relevant required operational expenditures (OPEX). Depending on the examined scenario
the required initial cost is either exclusively borne by the telecom operator, which will operate the
interconnection fiber optic links, or it is shared between the telecom operator and a supplier of power lines.
In addition the initial required investments could be, or not, funded by the State. It should be noted here that
each island has been assumed to have at least two different sub-marine routes in order to increase the
availability and reliability of the interconnection links. In the case of mainland region the initial required cost
is related to the relevant cost per Kilometer. OPEXs are mainly related to the cost of network management,
as well as, with the cost related to fault recovery.

As regards the source of the required initial level of the investments, three basic scenarios have been
adopted: in the first scenario it is assumed that the required investments are solely provided by the owner of
the telecom infrastructure, in the second scenario a percentage of the required investments are provided
through State Aid funding, while in the third scenario apart from the State Aid funding the required
investments are shared with an owner of electric power infrastructure.

The main source of revenues, for the owner of fiber optic infrastructure, is retail revenues (revenues
generated by end-users) either directly in the case of the retail model, or indirectly in the case of wholesale
model. In each examined scenario a percentage of the retail revenues is determined as the revenues for the
owner of fiber optic infrastructure. The percentage is calculated based on a percentage of the Average
Revenue per User (ARPU). The owner of the fiber optic infrastructure in the case of the retail model, or the
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providers purchasing wholesale services from the owner of the fiber optic infrastructure in the case of the
wholesale model, is assumed to be having a specific market share in the relevant electronic communication
markets.

4. Results

Several scenarios have been examined in order to reveal the impact of each parameter to the viability of
the relevant business case. Each time only the examined parameter varies while the rest of the parameters of
the model remain constant. As stated previously, it is important to note that in all examined scenarios,
different levels of market shares of the hypothetical fiber optic provider have been adopted between
mainland and island regions, due to different levels of the relevant competition. In particular a level around
33% of market share has been adopted in the case of mainland while in the case of island region the market
share is around 66%.

The first set of scenarios concerns the impact of State Aid funding in the profitability of the examined
business cases. It should be noted that in the first set of scenarios there is no cost sharing with an energy
supplier. As depicted in the following Figure (Fig. 1) six scenarios have been examined (three for the
mainland region and three for the island region): the first two cover all Greek islands in the case of island
region and all cities in the case of mainland region (indicated by “I_All"” and “M_AII" respectively), the third
and forth are related with the coverage of big and medium islands in the case of island region and big and
medium cities in the case of mainland region (indicated by “I_BM” and “M_BM?” respectively) and the last
two concern the coverage only big islands in the case of island region or big cities in the case of mainland
region (indicated by “I_B” and “M_B” respectively).

The estimation of an exact WACC value for telecom infrastructure or utility companies in Greece is a
complex exercise and outside the scope of this paper. A value of 7% was chosen based on the fact that in the
U.S. the respective 2014 values for WACC! is 5.23% for Power Companies, 6.82% for telecom services and
4.61% for utilities companies in general. Taking into account that Greece is a country in crisis and belongs to
the Eurozone where the quantitative easing policies followed by the European Central Bank adhere to a
different philosophy with respect to the U.S., the 7% value is rather on the high end. Admittedly the selected
WACC value could even be slightly higher than 7% but in any case this would not have distorted the
conclusions below regarding the viability of the business plans under examination.

In the following figure the IRR of each examined scenario is presented. It is obvious that in all cases the
IRRs of the examined business cases for the mainland region are much higher than the relevant IRRs in the
business models relevant to island region. Even in the cases where there is no State Aid funding the business
cases for the mainland region result IRR values much higher than the relevant selected value for WACC
(7%). On the other hand, for the island region, the business cases related to all the islands (“I_All"") and the
subset of medium to big islands (“I_BM?”) result in IRR values, either negative or below the values of
WACC, indicating not profitable plans. As regards the scenarios for big islands (“1_B”) the relevant business
plans are profitable only when the State funds a percentage of the required initial investments.
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Fig. 1: IRR & State Aid variation (no cost sharing)

! http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/wacc.htm
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Therefore, an important conclusion is that if cost sharing is excluded as an option, then only a small
subset of the Greek islands (the big ones) has the hope of bridging the digital divide with the mainland, using
a significant financial push from the State as a stepping stone.

In the second set of scenarios the impact of cost sharing between the telecom and power operators, on the
profitability of the relevant business plans are examined. In all examined scenarios a State Aid funding, at
the level of 30% of the required initial cost, has been adopted. A scenario with State Aid funding 30% and
Cost Sharing 20% means that, the 30% of the initial required investments will be provided by the State while
the 20%, will being borne by the power operator.

As presented in the following figure (Fig. 2) all business plans for the mainland region return higher IRR
values that the relevant plans for the island region, although the market shares for the owner of the new core
network infrastructure in the case of mainland region are much lower than in the case of island region (33%
and 66% respectively). It could be said that the State Aid funding in combination with Cost Sharing are the
preconditions for profitable business cases in the case of the island region.
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Fig. 2: IRR & Cost Sharing variation (state aid 30%)

The results above reinforce the previous conclusions that the set of all the islands as well as the subset of
medium and big islands are problematic in terms of economic viability even with generous does of State
support as well as cost sharing between utility providers. Indeed, as shown in Fig. 3, only a combined effort
of cost sharing at 50% and State Aid also at 50% or more leads to a viable business plan that includes all the
islands.
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Fig. 3: NPV & Cost sharing for all the islands

5. Conclusions

A challenging issue for policy makers is the deployment of new network infrastructures in rural or/and
isolated areas, where techno-economic evaluation does not indicate profitable business plans. The relevant
existing policies, aiming to eliminate or to prevent the Digital Divide between rural and urban areas, are
focused on the deployment of new network infrastructure mainly in the access part of the electronic
communication networks.
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In this paper, the question is explored of whether the deployment of new network infrastructure in the
core part of telecom networks for the interconnection of isolated regions / areas should be encouraged by the
State. The results of the developed model reveals the high differences between the required initial
investments for the deployment of new core network infrastructures in mainland compared to the relevant
required investments for an island region. More specifically the results of the techno-economic evaluation
demonstrate that the business plans for the deployment of new core network infrastructure in an island region
are profitable only in the cases where the State funds a percentage of the initial investments while in parallel
cost sharing between telecom and other suppliers, like power, is encouraged. This is especially true, in the
presence of many small islands, where the percentage of State funds as well as the percentage of cost sharing
is both rather high.

Policy makers in order to avoid the digital isolation of rural areas, like small islands, should focus their
policies on the deployment of new core network infrastructures for the interconnection of these areas.
Countries characterized by special demographic characteristics like Greece which is blessed with an
extended archipelago comprised of many islands and islets, should focus their relevant policies on the
deployment of new network infrastructure in isolated regions like small islands. The proposed policies could
be applied in rural and isolated areas in mainland where State Aid funding in combination with the
collaboration between telecom operators and power line or/and water suppliers should be also under
consideration.
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