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SUMMARY

This paper presents the technoeconomic aspects of network solutions based on integration of satellite and
terrestrial, based on ADSL, WLAN and DVB-T technologies, architectures. Following a discussion of the
general deployment context, the business case framework is described in terms of areas served, services
offered, tariffs, demand assumptions, as well as network architecture and dimensioning rules. The key cost
items are presented and economic estimations are provided in the case of telecom operators, which
integrate satellite bandwidth with terrestrial technologies in different area types. The evaluated business
cases have shown that the satellite rental cost (airtime cost) level is one of the most critical parameter for
the economic indicator of present value. Therefore, agreements with satellite operators for spectrum usage
will give operators space for business opportunities and acceptable profit margins. In addition, dynamic
bandwidth allocation schemes can exploit the aggregated traffic within satellite transmission, which can
benefit satellite, telecom and cable operators offering entertainment on broadband business as well as new
entrants in broadband business, equipment vendors, broadcasters and TV companies. Copyright # 2007
John Wiley & Sons, Ltd.
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1. INTRODUCTION

Satellites play a major role in global telecommunications since the last four decades [1–3] and
new satellite-based technologies and services have already emerged. Digital video broadcasting
satellite (DVB-S) systems are used extensively in direct-to-the-home (DTH) television
broadcasting, and new satellite systems are being deployed to support digital audio
broadcasting (DAB) services to both fixed and mobile users. Digitization and Internet
standards are the driving forces toward convergence of the underlying technologies for
delivering information, communication and entertainment services to a wide range of user
groups. At the same time, there is an increasing competition between delivery ‘platforms’ and
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channels. For example, audio–visual services may be delivered over mobile phones, and e-
commerce can take place over interactive digital TV. In addition, ownership structures are
changing fast, with horizontal mergers and alliances between content players and vertical
mergers among content providers, aggregators or publishers.

Furthermore, wired and wireless technologies are interacting increasingly in the marketplace.
For example, wireless services already offer converged voice, data and Internet access, via
cellular, satellite and fixed wireless access networks. These will compete with}or sometimes
complement}fixed line broadband options such as ADSL and its successors or digital
broadcasting, with greatly increased interactivity. Broadcast and telecom operators’ co-
operation is needed in order to provide new value added services that each technology individually
cannot provide in a satisfactory manner. Such co-operation can also improve the efficiency of
existing services through better utilization of spectrum and/or enhancement of real time execution.

Especially, broadcasting is quickly moved into the digitalization era as digital audio
broadcasting (DAB) and digital video broadcasting (DVB) replace traditional analogue
broadcasting technologies. Since the digitalization of the whole content production chain is
already a reality, broadcasters, politicians and regulators are facing a challenge and change with
technical, economic and political aspects [4].

DAB/DVB offer users more advantages and possibilities than analogue broadcasting, such as
better quality, more programmes and services and the option of multimedia and interactive
services. This evolution is an indicator of the convergence since DAB/DVB integrates
developments from computing, telecommunications and broadcasting.

However, political, economic and technical challenges related to the type of distribution are
introduced with the terrestrial mode having special problems and potentials. Therefore, the
diversity of various digital radio technologies (DAB, DVB, GSM, GPRS, UMTS, etc.) that
have been optimized for specific and individual services, challenges new requirements in terms of
bandwidth, interactivity, symmetry, mobility, real-time and multicast communication.

Towards this direction, the EU IST REPOSIT [5] project aimed to define, implement
demonstrate and validate a spectrum efficient interactive satellite DVB-S network, using real
time dynamic management of the available bandwidth, for supporting a variety of
heterogeneous bit rate services, like interactive TV, Internet and multimedia services. The
project included the implementation, testing and validation of the overall network performance
for three characteristic types of terrestrial networks: DVB-T, WLAN and ADSL, thus
contributing towards the convergence of DVB-S technology with wired and wireless terrestrial
networks in an integrated and seamless environment. The network used for the interconnection
of terrestrial distribution nodes, have been tested, demonstrated and validated over an actual
satellite. Both the downlink and uplink will be based on DVB-S technology. An overview of the
REPOSIT network configuration is shown in Figure 1.

2. MARKET ANALYSIS

2.1. Market segments

Several consultants argue that TV on broadband will come from existing satellite and cable TV
operators and already broadband service providers are starting to offer TV over their networks.
TV is a mass-market service and therefore promises high revenues and profits. However, in
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order to obtain a share of these revenues the broadband service provider must break into a
mature market with an established value chain (Figure 2), in which the transmission network
owner has so far proved to be a fairly insignificant player.

To date, the players with the power in this value chain are the content owners, since they have
rights to must-watch content such as movies and sports games, and the channel aggregators who
acquire the rights to distribute this content. The hurdle for the broadband service provider is to
obtain access to exclusive high-value content, which is a big risk due to the high prices required
and the very large customer base needed.

If the broadband provider decides to aggregate the content by its own, it has to be prepared to
take the risk of a significant network investment and put a lot of effort into content acquisition,
e.g. bidding for rights to sports events, etc. Another option is to resell content from other
providers, but this business case is based on slim margins, which are less than 20% in many cases.

Therefore, broadband service provision relies upon the risk involved in heavily invest or form
a partnership with existing aggregators from another platform or create open platforms aiming
to attract third-party content providers. Due to reasons explained above, the sensible way for
telecom operators to get involved in the TV business in most European markets is through
partnerships or by offering an open platform for third parties.

Towards this direction, satellites can offer a broad portfolio of services that include television
and radio broadcasting for the mass market, professional video broadcasting, corporate

Figure 1. Overview of the REPOSIT network configuration.

Figure 2. Value chain for TV broadband.
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networking, Internet services as well as and mobile communications. Three market segments
can be foreseen for satellite-based broadband services: video applications, broadband services
and professional data networks.

2.1.1. Video applications. Video applications concern video transmission for direct broad-
casting of TV channels and radio to cable and satellite households. For the case of Eutelsat’s
satellite operator, this activity represents 75% of the three market segments and it can analysed
in three subcategories: broadcasting to direct-to-home antennas (DTH) and cable network;
contribution services; and professional video networks that use satellite newsgathering to deliver
images to program production centres and exchange television programmes between broad-
casters.

2.1.2. Broadband services. Despite current developments and political decisions towards
reducing the problem of the digital divide in Europe, broadband terrestrial infrastructures
will not be expected to reach the majority of the European population. These developments offer
business opportunities and new markets, which can be subcategorized as follows:

* Backbone connectivity for internet services providers (ISP).
* Broadband access and content delivery services for enterprises, local communities and

residential users.
* Audio and video streaming to private user groups, including multicasting point-of-sale

television to retailers, distribution of films to hotels and transmission of educational
content.

* Tele-medicine applications aiming to interconnect remote sites with a meshed system,
which uses dynamic bandwidth allocation.

* Two-way broadband networking for enterprises, residential and communities has begun to
penetrate the market.

2.1.3. Professional data networks. Professional data networks are mainly operated as private
point to multi-point networks using proprietary technology. These services are operated by a
network of distributors who combine satellite capacity with other services to created customized
solutions.

Companies operating in diversified areas of activity spanning financial, energy, retail and
manufacturing sectors can use such professional data services.

2.2. Market scenarios and business cases

The primary research problem of any technoeconomic study for satellite-based networking, can
be stated as follows:

* Can alternative terrestrial technologies be an economically viable access solution for
interactive data access via satellite?

This question can be supplemented with the following three sub problems:

* What are the main business implications of such an approach?
* How dynamic bandwidth allocation schemes positioned relative to these network

implementations?
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* What advantages and disadvantages from a financial point of view does dynamic
bandwidth allocation address?

Such questions aim to find out whether dynamic bandwidth allocation schemes can be profitable
combined with broadband access technologies. Answering this question requires mapping out
the necessary network infrastructure, assessing the service types that are offered via ASDL,
WLAN and DVB-T, and considering the possible key factors in determining the profitability of
these technologies. These objectives are pursued through the construction and use of a robust
technoeconomic model.

Such a model must be built upon an examination of convergence issues, market drivers and
developments already described in previous paragraphs, which will outline the selected business
cases.

Three business cases have been identified and studied hereafter.

2.2.1. Integration with WLAN providers in non-competitive areas in European countries. This
business case concerns a telecom operator aiming to operate at a suburban or rural areas
offering high-speed Internet access up to 512 kbps downstream or 256 kbps: This scenario is
taking into account typical examples of geographical areas from different types of European
countries like Germany or France or even Scandinavian and Mediterranean countries. The
maximum population of the example areas is 1500 people living in an area of 50 km2:

Different demand models and service penetration rates have been defined in order to take into
account these two different offered services and revenue streams generated from traffic had been
calculated.

The costs comprise service platforms and possibly middleware investments, as well as yearly
expenses for capacity rental, which can be derived from the network costs, as well as commercial
and customer care costs. The customer premises equipment is not taken into consideration.

It has been assumed that the users are uniformly distributed around the access points (APs)
and can adopt an average of 2 Mbps link throughput maximum. A WiFi wireless link has a
maximum throughput of 11 Mbps; but this high data rate requires a high signal-to-noise ratio,
thus leading to a relatively small AP coverage area [6]. It can be considered as the alternative of
providing the APs with high-gain antennas to extend the coverage range. The best option for
suburban or rural areas is to consider a second alternative, using recently introduced phased
array antenna technology combined with beam switching to increase the range and capacity of
an AP. APs equipped with these switched array antennas have a maximum outdoor line-of-sight
transmission range of up to 4:2 km at 11 Mbps and 7:2 km at 1 Mbps: Each switched array
antenna covers up to 1008 in the horizontal plane, and up to three concurrent WiFi beams
provide connections on a packet-by-packet basis with a maximum throughput per channel of
11 Mbps: Hence, both increased coverage and increased capacity are achievable [6]. The study
has been restricted to WiFi 802.11b (Figure 3) but nowadays other 802.11 technologies, such as
802.11a at 5 GHz and 802.11g at 2:4 GHz; are now standardized and available. Additional
bandwidth offered by these technologies could be exploited in high demand areas (mainly urban
or dense urban).

2.2.2. Integration with ADSL providers in European countries. This business case is concerning
the provision of TV-channel broadcasting services via ADSL (Figure 4). The case is evaluated
over two area scenarios: a large European country characterized by Germany and France, for
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example, and a small European country exemplified by Mediterranean countries like Greece (or
Portugal). The country types differ on several points concerning their geographical and
demographic features. In addition the subscriber Internet saturation level is estimated to be
higher in the large country type – 35 versus 25% in the small country type (% of the total
population in 2012). The over subscription ration for the Internet users is assumed to be around
25%. So the guarantee bandwidth for the Internet users is 75% of the total contracts granted.

2.2.3. Integration with DVB-T providers. This business case concerns the financial viability of
the provision of Internet channel via DVB-T interface. This case is quite similar to the small
country case of ADSL business case described in the previous paragraph. The services offered,

Figure 3. WLAN distribution node architecture.

Figure 4. Block diagram of a ADSL network integrated with a DVB-S network.
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will be Digital TV and Internet access with maximum downstream 384 kbps: The tariff is 50
euro for TV and Internet services.

It is assumed that the DVB-T access network is gradually expanded around base stations.
Therefore, additional equipment such as transmitters repeaters and networks components and
routers is needed in the upper layers of the DVB-T network. A basic DVB-T network is assumed
to be established during the first years. This network offers sufficient geographical coverage to
enable the offering of DVB-T services but finally capacity is a constrain for thins quid of
network. The basic model has been evaluated in four different areas.

DVB-T services are assumed to achieve relatively modest penetration figures. In this case, the
highest penetration achieved is 5% of the overall households covered (around 300 000
households at the end of the study period). The end-user terminal is not included in the cost
model itself (not use of the subsidization model). The main assumption about the broadcaster
provider is similar to the ADSL case since the TV-Channels increase from 20 in 2005 to 40 in
2012. It is assumed that each channel in a MPEG-2 stream ð2:5 MbpsÞ and the maximum
capacity per base station is 22 Mbps aggregate traffic.

Figure 5 illustrates the architecture that involves the distribution node backbone with the
DVB-T access network facilities and shows the basic hardware needed to realize the integration
between the Satellite Interface, the DVB-T access network and the Application Servers.

2.3. Demand modelling and technoeconomic methodology

2.3.1. Forecasting model. For the purpose of the analysis a logistic model in order to perform
demand forecasts has been used. The model is recommended for long-term forecasts and for
new services. To achieve a good fit, a four-parameter model including the saturation level is
used. The values used are based on compilation of external reports and market surveys [7].

The model is defined by the following expression:

Yt ¼M=ð1þ expðaþ btÞÞg ð1Þ

Figure 5. DVB-T network configuration.
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where Yt is the demand forecasted at time t; M the saturation level, a; b and g are parameters
which cannot be estimated simultaneously by ordinary least-squares regression but through a
stepwise procedure in order to find the optimal ones. The saturation level M is estimated, and is
a fixed input to the forecasting model.

2.3.2. Country group segmentation. Two criteria were used for the country grouping:
demographic/geographic and penetration homogeneity. Using three indicators: Internet
penetration, broadband penetration forecast (2005) and GDP per capita, the following country
groups can be formed:

* Nordic countries (e.g. Finland, Norway).
* Large central European countries (e.g. France, Germany).
* Small Southern European Countries (e.g. Greece, Portugal).

France, Germany and UK represent the large central European country group. Number of
households in the three countries is, respectively, 27 million, 38 million and 26 million, while
GDP per capita is about 27.000 Euro, 28.000 Euro and 24.000 Euro. At the end of 2001 the
broadband penetration in France was 2.6% consisting of 2.0% DSL and 0.6% Cable modem.
At the end of 2001 the broadband penetration in Germany was 6.1% consisting of 5.8% DSL
and 0.3% Cable modem. At the end of 2003, the data show that the evolution of broadband will
be a driver for such services.

The Southern European country group is represented by Greece and Portugal. The
broadband evolution in Greece and Portugal is rather low so far. Number of households in the
two countries is, respectively, 3.7 million and 5.1 million, while GDP per capita is about 1.000
Euro and 12.000 Euro. At the end of 2003 the broadband penetration in Greece was 0.8%
consisting of 0.8% DSL and 0.1% Cable modem. At the end of 2003 the broadband penetration
in Portugal was 3% consisting of 1.5% DSL and 1.5% Cable modem.

2.3.3. Technoeconomic methodology and economic assumptions. The techno-economic modelling
was carried out using the TONIC tool, which is an implementation of the methodology
developed by a series of EU co-operation projects in the field. The tool has been extensively used
for several technoeconomic studies among major European telecom organizations and academic
institutes [8–12].

The base of the model’s operation is a database, where the cost figures of the various network
components are reposited and constantly updated with data gathered from telecom operators
and vendors. The output of the database is the cost evolution of the components over time. A
geometrical model is used to calculate the number of network elements for the set of services and
the network architectures defined. The infrastructure costs of the network are calculated using
the geometric model, which involves input parameters such as subscriber density, etc.

Finally the future market penetration of these services and the tariffs associated with them,
which have been calculated through market forecasts and benchmarking, are inserted into the
tool. All these data are forwarded into the financial model of the tool that calculates revenues,
investments, cash flows and other financial results for the network architectures for each year of
the study period. An analytical description of the methodology and the tool can be found in
[8,9,13].
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Finally, it must be denoted that telecom operators very often resort to plain discounted cash
flow when assessing their business cases. Therefore, all the selected business cases have been
studied over an eight-years period, namely from 2005 to 2012 and for the calculation of the
discounted cash flows, a discount rate of 10% has been selected, reflecting average values for
telecom industry. Taxes have not been included since they vary among countries depending on
different economic and regulatory factors.

But since this traditional approach is often unable to capture the flexibility of the decision-
makers to adapt and revise later decisions in response to unexpected market developments,
sensitivity analysis has been carried out for the improvement of the analysis subject to adopted
assumptions.

3. TECHNOECONOMIC RESULTS AND RISK ESTIMATIONS

3.1. Integration with WLAN providers in non-competitive areas of European countries

The main economic results for the basic scenarios are illustrated in Table I. These results show
that companies aiming to operate WLAN services via a DVB-S feeder network can be benefited
from an acceptable NPV (Net Present Value) and IRR (Internal Rate of Return) figures.

These figures are close to new entrants with small marker shares and therefore rather
pessimistic. Surely a well-known operator with high brand-value can wait optimistic results. The
investments are more or less proportional to the population for the selected area and it is based
on the necessity to offer coverage. The analysis of running costs (including Operational cost)
confirms estimations that the main cost is the rental cost of the required satellite channel. For
the adoption of the appropriate price for the rental cost between the WLAN Operator and the
Satellite provider a basic price of 134h per hour for 9 MHz has been selected.

If this is 50% more, the analysis yields to negative NPV and non-acceptable IRR and
payback period. This could be the turning point for this business case and the operator must
negotiate with the satellite operator/provider in order to keep the airtime costs as low as
possible. Dynamic bandwidth management (DBM) can improve the capability of the satellite
business owner for negotiations since it yields to an optimal allocation of the available
bandwidth.

3.2. Integration with ADSL providers in European countries

Operators investing in TV-like services benefit from more or less the same payback period and
rather interesting economic figures. The combined network including ADSL broadband access

Table I. Economic indicators of WLAN case.

Financial indicator Value

NPV ðhÞ 157 059
IRR (%) 14.3
Rest value ðhÞ 132 376
Pay back period (years) 6.70
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and Interactive TV services could have larger revenues stream due to the potential biggest
addressed market (Table II).

Figure 6 summarizes the additional revenues for the operation of Video and interactive TV
via DVB-S platform. It can be observed that the potential revenues from the TV-like operation
are more than the running and investment costs, especially after the 3rd year of the project. In
that case the investment decision of offering of such services in connection with the traditional
Internet access is profitable and viable. So the integration of the TV services offer to the
traditional ADSL investment project the ability to increase its project value.

But an increase in the rental cost per Mbps or technological restrictions arising from the
management of the bandwidth can alter the economic figures of the business cases (Figure 7).
Sensitivity analysis shows, for example, that the payback period could be delayed almost one
year with a 75% increase.

In addition to sensitivity analysis, extensive risk analysis has been performed. Using Monte
Carlo simulation the technoeconomic model has been recalculated for a specified number of
times (trials; for example, 10.000) and a detailed statistical report that shows the entire range of
possible outcomes and the likelihood of achieving each of them has been calculated.

Taking into account such an approach, it has been calculated that the possibility of having the
base values (Table II) is close to 34% and the probability of having negative NPV is 24.6%. This
25% is a turning point for the investors.

3.3. Integration with DVB-T providers

For this business scenario, the case with the highest impact but also risk is the deployment in
rural areas (Table II). The satellite cost represents 21% of the operational cost for this type of
networks. The usage of REPOSIT-like DBM schemes, gives an advantage to the operator or
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services provider since it decreases this cost because of offering aggregate traffic (IP services).
Bandwidth management is very critical for this case since DBM can specifically control the
distribution of consuming bandwidth services such as video services and therefore, offers better
quality of service, which is mandatory for TV-like services. In that way more streams can be
transmitted compared to normal management techniques. It has been calculated that if the
operators have to pay 4 times for the required bandwidth the project results are negative.

4. CONCLUSIONS

The profitability of all studied architectures has been presented through specific calculations
under assumptions described herein. Acceptable business opportunities can be observed through
these calculations in terms of forecasted and actual digital TV and Internet penetration across
Europe.

Agreements with satellite operators for spectrum usage give operators space for business
opportunities and acceptable profit margins. The evaluated business case has shown that the
satellite rental cost (airtime cost) level is one of the most critical parameter for the economic
indicator of present value. The variation of the cost per Mbps is the determinant factor that may
lead the project to be a complete failure or be ‘deep in the money’. Dynamic bandwidth
management solutions could improve the financial results due to optimal and flexible usage of
the resources. Sensitivity analysis, used to identify the most critical parameters and the impact of
uncertainties (e.g. market inputs, business agreements, etc.) show that usage and tariff levels
have greatest impact, followed by the market share which is subject to marketing and business
strategy.

The integration of DVB-S DBM architecture with ADSL operators aiming to provide video
multicasting and video on demand services has been evaluated and profitable results and
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significant improvements have been derived in its financial indexes. But based on risk analysis
results, there is a possibility (25%) to have no profit at all if the market share and demand
saturation level are below the forecasts. The message for the operator is that into a competitive
environment, the preservation of a lowest acceptable market share will be difficult and
precaution is mandatory.

For the exploitation of dynamic resource bandwidth schemes with WLAN operators, special
market conditions with limited or no-competition must occur in order to have profitable
business case in non-competitive areas and therefore these schemes can give the operator more
space to negotiate the tariff level with the satellite operator.

As far as the DVB-T case is concerned, this leads to a positive prospect on the economics of
all business cases in a small type country with the underline condition that 5% of the total
households is covered. The cost of the satellite could turn the case to negative results but with
dynamic allocation of bandwidth, this possibility is limited.

In conclusion, dynamic bandwidth allocation schemes can offer new opportunities for the TV
business and the exploitation of aggregated traffic within satellite transmission can benefit
satellite, telecom and cable operators which offer entertainment on broadband business as well
as new entrants in broadband business, equipment vendors, broadcasters and TV companies.
Furthermore, as new technologies and new services appear and broadband access becomes a
reality, a viable and win–win situation for all actors can be observed for similar projects. Future
work is needed towards the exploitation and evaluation of other architectures, different business
profiles, service differentiation as well as risk analysis associated with different options.
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