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Extension of the so-called Information Society requires that a large majority of people and enterprises have fast, good-quality access to current and new services, especially via Internet. This is the goal that supranational, national and regional governments have set for their countries and regions. Even though the financial bubble of dot.coms and other more traditional telecom firms has burst, the goal of progressing towards the Information Society and the role that Internet plays have in no way been questioned.

In short, it is a question of making available to users a broadband network that supports new services, that is rapidly deployed and that is profitable for the firms that operate these networks and services. Fibre optics is an excellent solution from a technical but not from an economic point of view, except for the segment of large corporations and institutions. Cable networks are not massively deployed in some countries, they involve hidden costs and they require a considerable amount of time for deployment. Third-generation digital mobile technologies are not yet available and their applications are not well defined.

XDSL (x Digital Subscriber Line) technology has emerged as, if not an excellent, at least an adequate solution for now for people and SMEs (Small and Medium Enterprises), so that they can become part of the Information Society through the commonly used copper pairs. This technology is also rapidly deployed, does not have relevant civil work costs associated with it, and allows operators to invest on a profitable basis.

The purpose of this paper is to assess qualitatively and quantitatively the strategic options available to both incumbent operators and new entrants for investing in XDSL platforms and services. In this respect, this article is intended to answer the following questions:

1. What are the advantages and disadvantages of XDSL platforms as opposed to other technological options?

2. What is the return on and value generated by ADSL investments in terms of direct cash flows generated?

3. What is the return on and value generated by ADSL investments in terms of the subsequent strategic opportunities that could arise, either from new services provided on ADSL or from the migration of some customers to more advanced XDSL platforms?

4. Why are incumbent operators in a better position than new entrants when undertaking XDSL investment strategies?

Points 2 and 3 require a quantitative analysis. Techniques based on cash flow discount (point 2) and real options (point 3) will be applied. On the other hand, real options will be assessed by using Monte Carlo techniques.

This article begins by describing the XDSL platform, with a brief and general presentation of the different technology families that are available. Secondly, it proposes a strategic focus for XDSL networks from two points of view: the technology itself in comparison to other available technologies, and the different strategies that operators can develop. Thirdly, XDSL investments are analysed by applying not only traditional cash flow discount methods, but also based on the implicit real options. The last section contains the main conclusions.

1. THE XDSL TECHNOLOGICAL PLATFORM

Installation of copper pairs began a little more than a century ago to connect users to their local exchange. These formed access networks that are currently still the leading option for linking customers to telecommunications networks. These networks were created solely for voice transmission and in fact, until just recently, it was considered that these copper loops could only be used for vocal communications and for transmitting data in a vocal band via modem (digital flows of up to 64 Kb/s).

For this reason, when the time arrived to offer broadband services, deployment of new networks was considered as essential. However, it is possible to transmit quite a bit more than the 4 KHz of a telephone conversation through one copper pair, although this never was possible with analogue technology. Narrowband ISDN (Integrated Services Digital Network) was a first step in this direction; development of this technology was based on digitisation of the transmission and switching operations. Another important breakthrough in this area dates back to the late 80s of the 20th century, when breakthroughs in microelectronics made it possible to develop components capable of processing complex digital signals, thus giving rise to the XDSL technology. The first commercially used products were HDSL (High bit rate Digital Subscriber Line) modems that could provide 1.5 and 2 Mb/s digital links over traditional copper pairs and which began to be used in 1991 and 1992.

Subsequently, the ADSL (Asymmetrical Digital Subscriber Line) technology emerged around 1993. It was initially conceived to provide VoD (Video on Demand) service over a single copper pair. Different operators soon discovered that this was indeed technically possible, but since the necessary complementary technologies were still not mature enough, the business was not very attractive.

Progress in this field continued throughout the decade of the 90s with the emergence of a whole family of technical solutions with the XDSL name as common denominator, i.e. capable of digitising the subscriber loop to achieve increasingly higher transmission speeds. Table 1 includes a summary of the main characteristics of the different XDSL technologies
. 
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The most massively deployed technology, at least to date, is ADSL. Thanks to the incorporation of the DMT (Discrete Multi Tone) modulation technology, speeds of up to 9 Mb/s in the downstream direction and 800 Kb/s upstream direction can be achieved. As a result, ADSL is especially suited to Internet access and all associated services. The major advantage of ADSL is that it is possible to provide the traditional telephone service and also install a splitter in the customer's home; that is composed of two filters to separate the vocal band on one hand, and the upper band for high-speed digital flows on the other.

As for other technologies, several comments are called for. Some controversial points of view are identified about VDSL (Very high bit rate DSL). There are people that think  VDSL technology at this time does not offer very promising prospects because its profitability is very debatable. According to Johnson (2002): “… VDSL does not address the most important problems which telcos face today in developing their DSL services. They need to be able to deliver 2 Mbps to the highest possible proportion of their customers, not 13 Mbps at great expense to a minority”. But vendors disagree. They argue the costs are not so high and VDSL will allow to offer enhanced services in the very near future (Clarke, 2002).

SDSL (Symmetric DSL) and SHDSL (Symmetric High bit rate DSL) technologies could prove to be very useful in the years to come. Its symmetrical nature means that operators can use it to provide services primarily targeted at enterprises, such as leased lines, virtual private networks, etc. Working against it is the fact that it would lead to cannibalisation of services already being supplied by operators with other networks. An analysis of the real options, as well as the possibility of offering these services to SMEs that are still not accessing them because of their high cost, shows that the SDSL technology could be widely applied in the years to come.

The DSL connection market has been growing at a fast pace. Table 2 shows the volume of DSL connections by March 2003. Tables 3 and 4 show the most relevant DSL markets, both in terms of lines and penetration.
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2. XDSL STRATEGIC AND REGULATORIES FOCUSES

Several issues are to be analysed: (i) what are the competitive advantages of XDSL technologies if compared with others, (ii) how telecom operators, both incumbents and entrants can implement XDSL based strategies and (iii) how market structure and regulatory issues affect XDSL deployment in Europe.

2.1 Competitive Advantages of XDSL Technologies

The competitive advantages of XDSL over other technologies can be summarised as follows:

· STN (Switched Telephone Network). Most users today access Internet via their traditional telephone line, at a maximum speed of 56 Kb/s. This speed is suitable for voice but is very slow for Internet access. The XDSL technology offers significantly higher speeds. On the other hand, the connection is always on, i.e. on a permanent basis, obviating dial-up and call establishment times.

· ISDN. This option offers 128 Kb/s and competitive prices. But it still falls short of the speeds that XDSL can offer. 

· Cable. Cable is a good alternative that now offers, as do XDSL technologies, high access speeds at reasonable prices. The cable networks in Europe have a potential coverage that could allow for the possibility of access more than 50% of the homes. Nevertheless, in some countries the proportion is much lower because development of cable networks began later. In any event, cable has two weaknesses that result from the fact that the network is shared. On one hand, speed varies constantly depending on the number of subscribers connected and the total traffic transmitted through the cable. On the other hand, security is not fully guaranteed. On the contrary, XDSL technology works over an exclusively dedicated line, which guarantees a constant quality not dependent on the amount of traffic. The same can be said of security. XDSL users are connected directly to a central office by a dedicated line, while cable users share a lines with their closed neighbouring. 

· Local Radio Loop. Point-to-Multipoint (PMP) radio systems provide an option that offers the advantage of being fast and easy to deploy without costly trench and cable laying work. It provides high speeds (up to some 10 Mb/s) exceeding those that can be reached with XDSL. However, its coverage is limited because it requires direct vision between antennas. In any event, in addition to avoiding these limitations, the XDSL technology offers significantly lower costs at equivalent speeds.

· Fibre Optics. Fibre optics, with its practically unlimited capacity, is an incomparable option for broadband access. However, the cost is very high. The necessary civil and cable laying work absorb approximately 80% of the investment in fibre optics. Only business customers with high data transmission needs can justify these costs. For the residential sector and SMEs, the XDSL option offers appreciably lower costs and a much faster deployment, as it does not require civil and cable laying work.

In addition, the loop lengths in the country or region being analysed must be accounted for. In general, European local loops are in good condition for deployment of XDSL systems because they are not very long.

In view of the above, it can be concluded that, technically-economically speaking, XDSL is indeed an ideal option, especially for customers in the residential and SME sectors. Large enterprises with very significant data transmission needs can easily justify other options, such as PMP Radio or Fibre Optics. Actually, XDSL solutions fill the existing gap between ISDN (economic but slow) and Fibre Optics (unlimited and powerful but expensive). The low costs of XDSL mean that high-speed access, which was previously restricted to large customers for economic reasons, can now be made available to a large number of smaller potential customers (residential and SMEs) that form a truly attractive market.

2.2 Strategic Approaches using XDSL

Entrant and incumbent operators alike are developing strategies based on XDSL technologies. There are three issues to be addressed in relation to XDSL strategic approach. The first is whether the XDSL platform represents a useful tool for entrants to offer services over the subscriber loop. The second refers to the opportunities it offers to incumbents. Finally, the third issue concerns an analysis of the two major strategies that the different operators can follow: the wholesale strategy and the retail strategy.

As regards the first issue, it can be affirmed that XDSL technologies are initially appropriate for entrant operators for the following reasons:

· They "enrich" the leased loop.

· The investment is fast. No civil work is required.

· The investment does not involve hidden costs.

· They allow for imaginative offerings (services) to SMEs, which form a very lucrative sector for operators. As Lehman Brother (2000) underlined, SME was the segment that would offer more opportunities to the new entrants. But incumbents also are noting it. 

As for the second issue, the XDSL technology allows incumbent operators to leverage a strategy based more on the customer than on services:

· The focus must be more on the "customer's commercial life expectancy" than on the product's life cycle.

· The broader the band, the more services can be offered to customers to satisfy their needs and more flexibility added to the offering made to customers.

· The XDSL platform can generate a multitude of services.

· Extensive use of XDSL allows the dominant operator to confront the competition. An aggressive strategy by incumbent operators can cause serious difficulties for entrants.

We consider below the implications of the different general strategies that can be used: wholesale, retail and mixed.

· Wholesale Strategy

With this strategy, the incumbent operator acts as a XDSL wholesaler by selling the service to other operators. The latter then sell the service as retailers. The main advantage is that a large customer base is achieved in a short period of time and economies of scale are obtained. The drawbacks are as follows:

· There is no contact with the end customer

· The brand cannot be developed

· It quickly becomes a commodity and the margins are small.

· Retail Strategy

In this case, services are sold to the end customer. To do so, infrastructure and facilities must be leased from the wholesaler. The advantage is that brand is developed and there is contact with the customer.

When there is contact with the customer, marketing tactics can be developed to attract and retain the customer and that also differentiate the product. These tactics, focused on the different components of the marketing mix, include the following: dedicated broadband web sites, gaming, discounts for term commitments, free DSL-enabled computers, discounts for existing telephony customers, bundling access with the ISP and self-installation.

· Mixed Strategy

The mixed strategy is the most suitable one for an incumbent. If it can access the end customer, it will end up with the best business margins. The wholesale strategy allows the incumbent to increase the return on its network and also meet regulatory requirements.

A proactive XDSL strategy by the incumbent operator can eliminate many of the opportunities that arise for entrants in terms of leasing the subscriber loop. A customer that is offered an appealing service package by the incumbent over the copper pair would not switch to the competition.

2.3 Market Structure and Regulatory Issues in Europe

North American operators launched XDSL services (mid-1998) before European operators (late 1999, on average). Nevertheless, the XDSL market in Europe is being developed at a faster pace and is now achieving higher penetration rates. There are several reasons that explain this situation.

On one hand, special mention should be made of the regulatory framework. At the beginning, regulation acts as a brake in Europe and this helps to explain the European delay in entering the XDSL market. These obstacles did not exist in the United States. The fact that the FCC (Federal Communications Commission) eliminated many obstacles encountered by ILECs (Incumbent Local Exchange Carrier) on offering services outside their areas is illustrative. This meant that XDSL could make inroads in its early days and was a drawback for the CLECs (Competitive LEC) in their attempts to compete with the ILECs. It must also be remembered that cable networks, which openly compete with XDSL, are more highly developed in the United States. In addition, as a result of the serious financial crisis experienced by the sector, the CLECs have had serious difficulties (some have even gone bankrupt) in obtaining the necessary financial funds to deploy XDSL networks. 

Regulation and political initiatives in Europe Union have played a relevant role. In March 2000, the Council meeting was held in Lisbon under the Portuguese presidency. The core issue of this meeting was how to overcome Europe's lag behind the United States in disseminating Information Technologies. The summit's final document set a very clear strategic goal for the future of the European Union: “in the next decade, Europe must become the most competitive, dynamic knowledge-based economy, capable of achieving sustainable economic growth with better jobs and more social cohesion”.

The methodology proposed by the Heads of Government combined specific courses of action with both qualitative and quantitative benchmarking and tracking techniques. The aim was to put pressure on the different countries to succeed in achieving the proposed goals. The Council goes even further and makes very specific proposals in areas such as: the information society, research and innovation, economic and financial measures, and the social model for Europe. The conclusion as regards these measures is that, if they are actually put into practice, the market for Information Technology-related services will grow spectacularly in the European Union countries. To achieve this goal, particular attention is paid to infrastructure development. 

On 26th April 2000, the Commission released a Recommendation on unbundling Access from the Local Loop, for the purpose of achieving the competitive deployment of a complete repertoire of electronic communication services, including broadband multimedia and high-speed Internet access. This is, in principle, the European Union's major challenge. It was hoped that entrant operators would massively lease the loops of dominant operators and enrich the loop with XDSL technologies. The dominant operators take advantage of their predominant position and give subtle technical reasons for delaying open competition through leasing of their loops.

XDSL services are to a great extent provided by European entrant operators not through ULL (Unbundling Local Loop), but rather by going through the wholesale market in which the dominant operator is obliged to offer XDSL. Numerous conflicts have arisen in these relationships. The Spanish case is illustrative in this respect.

There was constant friction between Telefónica and the entrant operators throughout 2001. The latter continuously accused Telefónica of throwing up barriers to access to the subscriber loop. The Tribunal de Defensa de la Competencia (Court for Defence of Competition) has intervened by fining Telefónica for "abuse of its dominant position in ADSL". It was argued that Telefónica gave favourable treatment to its subsidiaries, Terra and Telefónica DATA, to the detriment of other competitors.

In 2001, Telefónica applied for and obtained authorization to provide the ADSL service not only as a wholesaler but also as a retailer. The growth in number of ADSL connections has been spectacular since then. The competitors harshly criticised this decision because it meant less market share for them. Telefónica replied by saying that since late 1999, it had been operating as a wholesaler and there had been little demand from the rest of the operators.

On 29th April 2002, CMT
 approved the modification of Telefónica's Offering of access to its Subscriber Loop. The modification significantly lowered a series of prices. The CMT's aim with this decision was to clear up uncertainties and break down barriers encountered by competitors on accessing the subscriber loop. So as not to discourage infrastructure deployment and to maintain a suitable level of competition with Telefónica's ADSL services, the CMT has maintained already established monthly prices for completely unbundled and shared accesses. It has also maintained the margins between wholesale and retail prices for ADSL services.

3. REAL OPTIONS AND INVESTMENTS IN XDSL

Real options, together with traditional discount methodology, seem appropriate to assess XDSL investments. This chapter will analyse the following issues: (i) brief introduction to real options, and (ii) Identification of real option in XDSL investments and an assessment of some of them for a defined scenario.

3.1 Real Options

Investment projects must be evaluated not only by applying traditional NPV (Net Present Value) criteria. It is also necessary to identify and assess the real options associated with the project. Real options are especially valuable when the project has a very high degree of uncertainty, since different opportunities may arise. As pointed out by Amran and Kulatilaka (2000), many strategic investments trigger subsequent or derived opportunities that can be taken advantage of, and therefore the investment opportunity can be considered as a source of cash flow plus a series of options that can be exercised because of the prime investment project. Brealey and Myers (2000) also pay attention in its traditional handbook on Finance. An additional extensive literature is available
. 

Different authors have classified the various real options that can present themselves along with investment projects. Trigeorgis (2000) identifies eight types of real options by combining three criteria that account for strategic issues. The first criterion refers to the exclusiveness of option ownership and the effect of competition. In this respect, we would have proprietary options that could only be exercised by a specific company, and shared options that are available to several competitors. The second criterion concerns inter- or intra- project interaction: the real option presents itself in the same project or in a different project. The third aspect considered by this author refers to the committal or discretionary nature of the decision: there are real options that must be exercised at a specific time because if not they disappear, and options that can be exercised throughout a period of time.

On the other hand, if we synthesise the work of various authors, the main real options can be classified in terms of their nature, resulting in difering, staging, exit, operating, switch and growth options. These real options can be summarized as follows:

· Option to defer. There are occasions when it is advisable to wait awhile before  carrying out the investment project, even though the project is profitable by applying the methodology based on cash flow discount. The reason for waiting is that, during that period of time, a very important uncertainty related to the project will be clarified.

· Time to build the option by staging investments. There are investment projects that are linked to each other. The first ones may not be profitable in themselves, but they make it possible to undertake subsequent projects that can generate a return for the enterprise. For this type of real option, the enterprise undertakes projects in a sequential manner without overlapping them over time. In this way, the enterprise has the option of analysing the environment and the risk associated to it before making the decision to embark on the next project. If circumstances changes and appear to be unfavourable for the enterprise, it can halt the investment process and thus limit its losses. This type of investment is common in industries in which significant R&D investments are required.

· Exit option or option to abandon. If the conditions of the environment change drastically, the profitability of a project underway could be drastically affected. In this case, the enterprise could definitively or temporarily abandon the project in order to cut its losses. If it definitively abandons the project, losses would be diminished by the positive cash flow that the sale of assets would generate.

· Option to alter the operating scale. If market conditions are more favourable than originally predicted, the enterprise could undertake a new investment project that would consist of enlarging the first one. New advantages could be exploited in this way. If the enterprise had designed the original project on a greater scale, the return on the investment would be higher if market conditions are favourable. But this is an uncertainty that is only clarified with time. If market conditions become negative, the losses would be very high.

· Option to switch either output or input. If prices or demand change, managers could change the output mix. Likewise, the same output could be produced with a different mix of inputs if the price of one of them increases dramatically. Of course, all these changes can be made only if the investment project has been designed to allow for them.

· Growth options. An investment project is, in some cases, the key to be able to undertake other projects in the future with a likelihood of success. The first project could even have a negative NPV. The decision on whether or not to undertake this project must be made by assessing the subsequent real option associated with the ensuing project(s). This type of real option is the one that can generate the highest value for the enterprise.

The conceptual origin of real options are financial options. A financial option is the right, and not the obligation, to purchase (call option) or sell (put option) a financial asset at a later time and at a predetermined price (strike price). The purchaser of the option must pay a certain amount of money to the seller for the acquired right (premium).

Real options generate a possibility, but not an obligation, of undertaking new projects or of extending projects in the future. These would be call type options. Likewise, there are other real options, which could be qualified as put options, that permit a temporary or definitive exit from the project. A strike price can be identified in the case of call type real options, which would correspond to the investment on subsequent projects. Likewise, the premium can be identified in this type of option. For example, the negative NPV of an initial project in a growth real option would be the premium that the enterprise is paying. In the same way, the lower return on an investment project associated with an option to switch output or input would be the premium of that real option.

In spite of the similarities, there are two major conceptual differences between financial and real options. First of all, the level of uncertainty of real options is higher, as the strike price and the time when the option can be exercised are not exactly known. Secondly, real options do not have a contractual support, whereas financial options do.

Investments in telecommunications are very appropriate for applying the real option methodology. There are quite a few applications to specific cases related to investments in access networks. In addition, this methodology has recently become popular on attempting to assess Internet-related enterprises. It was said that the traditional methods based on cash flow discounts were not applicable, as there was too little history to establish a scenario of cash flow growth in the future. Some relied on assessing these enterprises solely on the basis of their real options, and especially the growth option. The latter was partially successful. These enterprises certainly had (and continue to have, even though their financial bubble has burst) real growth options. But the nuance is that these options are not proprietary. They were options that could be exercised by different companies. For this reason (although other issues not related to real options also played a part), there were no grounds for the joint stock-market capitalisation achieved by the innumerable companies on the market. 

3.2 Identification and Assessment of Real Options in XDSL Investments

The analysis proposed here follows the sequence indicated below:

· Identification of the business generated by the investment in XDSL

· Basic features of investments in XDSL

· Return on the investments on ADSL by applying traditional criteria

· Identification of the real options associated with investments in ADSL

· Assessment of the ADSL real options for a defined scenario

3.2.1 Identification of the business generated by the investment in XDSL

The XDSL platform is especially suitable for those customers who demand increasingly advanced services and have a copper pair-based access network. Except for large enterprises, the rest of the segments would meet these characteristics. 

In terms of generated revenue, the services enabled by the XDSL platform can be systematised as follows:

A)  High-speed digital Internet access. Revenue comes from the service subscription and the monthly fee paid by subscribers. This business is generated exclusively by the dominant and entrant telecommunications operators; the entrants use their own network after previously leasing the loop or resorting to the wholesale XDSL market.

B)  Services without an additional charge to the customer that provides simple high-speed digital access. These are the most commonly used services for accessing Internet: www, e-mail and EFT (Electronic File Transfer). This category should also include the possibility of buying and selling via Internet, i.e., e-commerce. This group of services does not generate revenue for anyone. They are free services that are used for access to Internet. The revenue generated by an e-commerce operation must be considered as business revenue for the selling party.

C)  Services with an additional charge to the customer that provide simple high-speed Internet access, such as: gaming and recreational services, information and database access services, distance training services and applications services for enterprises, including ASP (Application Service Provider) services. These services are peculiar in that the information or service provider requires a payment for them. It is not free information of the kind that can be obtained by navigating the Internet. On reaching a certain point, the Website owner requires a payment. Non-XDSL Internet connections also provides access to these services. Nevertheless, with the XDSL platform it is possible to rapidly download the information. In some cases, a sine qua non condition for contracting these services is that the customer has XDSL access. The service providers earn the revenue generated by these services. The operators do not directly take part in this revenue. They would do so indirectly if they had an ownership share in the enterprise that provides these services or. Another matter would be joint marketing of a service package including the XDSL connection and access to a specific service, e.g. access to a database. In this case, the operator would have to reach an agreement with the service provider. In summary, the XDSL operator can take a part of the business generated by other service provider.

D)  Services launched on the market using the XDSL platform. These services differ from Internet access. The following services can be provided via XDSL: TV, VoD, Data Transmission, VPN (Virtual Private Networks), Videoconferencing, and Voice over XDSL. The telecom operator earns all the revenues generated. The business generated by provision of these services will go to the operators. Some of them will involve a cannibalisation of others that are already being provided. For example, data transmission via XDSL is to the detriment of the circuit leasing business. On the other hand, other services do not involve cannibalisation but rather a foray into other businesses. This would be the case of TV for some operators. The services mentioned in this section require additional investments by the operator. This is the case of the provision of TV or VoD services via ADSL, which are targeted at the residential customer segment. On the other hand, there are services such as Data Transmission or VPN that require investments in more advanced DSL platforms, e.g. SDSL. These latter services would target the SME segment.

E) The trends that drive services over XDSL must also be considered. These include areas such as telework and e-work, telemedicine, e-learning and e-commerce. They are not services as such, but their development results in the emergence of services using the XDSL platform.

3.2.2 Basic features of investments in XDSL

The XDSL investment is feasible only in one part of loops that meet certain length and quality requirements. Once the loops are delimited, the investment has an almost perfect modularity. The subscriber loop investment has three basic components: the modem in the subscriber's home, the exchange modem (DSLAM, Digital Subscriber Line Access Multiplexer) and the installation cost. Modems can be reused with other customers if the original customer decides to cancel the service, which means that there is an exit real option.

3.2.3 Return on the investments on ADSL by applying traditional measurers

We begin with a simple analysis. The purpose is to obtain a measure of the return on investing in ADSL both by an incumbent and entrant operator. Only traditional measurer will be used, without taking into account real options at this point. A problem arises when trying to do this kind of assessment outside a concrete firm and seeking a generalisation. It is a matter of identifying the right hypothesis to proceed to the assessment. The problem is managed by selecting hypothesis as accurate as possible for a defined scenario and building a model, which allows to calculate NPV, IRR and payback

. 

The hypothesis for the scenario selected are summarised in Table 5. They have been defined from a conservative point of view. The ADSL investment per user is 480 euros in an incumbent operator. We are considering here that the operator is investing in the DSLAM
 and the user modem. Furthermore there are some costs of installation and promotion that should be included as investment
. The investment for an entrant operator (260 euros) does not comprise the DSLAM. We are assuming the incumbent operator is acting as wholesaler and the entrant as retailer. With regard to prices to the user, it is assumed in the model that both the incumbent and the entrant operator have established them at the same level. Subscription rate is 100 euros and monthly rental fee is 40 euros. This last fee should be adjusted and converted into the monthly operating margin after discounting operating costs, which are higher in the case of the entrant operator because of the payment to the wholesaler
. Finally it is assumed a 35% tax rate and a 15% WACC (Weighted Average Cost of Capital).
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return on ADSL investments
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In accordance with these hypotheses, returns on ADSL investments are shown in Table 6. NPVs are positive and the IRRs exceeds the WACC. Therefore investing in ADSL is profitable when applying traditional techniques of capital budgeting. The payback is short. It takes only one year and a few months to recover the investment, which makes the ADSL investment is not a risky project. NPV per one euro of capital expenditure is about 0.77 euros if considering a period of three years. This ratio exceeds 1.5 euros for a five years period.
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480.0
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751.0

1-2.4
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0.77

1.56
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260.0

203.7

393.5

1-5.9

1-9.8

71.9

0.78

1.51

NPV 

NPV / Investment per 
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Therefore, the main conclusion is that, even without considering any real option, investing in ADSL projects is a profitable activity.

3.2.4 Identification of the real options associated with investments in ADSL

At this point, real options are to be identified. The main real options that are available are growth and learning options. Extending services to wide areas of the population is a political goal and there is a great chance that this will become a reality in the future. When this is achieved, access with XDSL or another technology will become a commodity and the real business will be to make applications and services available to individuals.

To summarise, the most relevant issues related to real options in XDSL investment projects are presented below:

· Growth options can be exercised within and also outside the project. Intra-project options refer to "added projects" that operators can superimpose on the initial basic XDSL investment project. These projects primarily consist of attractive content. The more XDSL connections there are, the more appealing and profitable will be the introduction of these new services. It is essential to achieve critical mass, as the profit from these services must result more from economies of scope and a large number of users than from high unit margins. The second type of growth option, i.e. outside the project, refers to the likelihood that, in the future, XDSL will not be capable of providing sufficient bandwidth to support the new services that emerge. If this happens, it will be necessary to deploy new networks based on current technologies or on other more enhanced technologies that will emerge in the future. Operators that have chosen XDSL and with it have achieved a critical mass of customers will have a good base to migrate (another project). If the operator does not have a good position thanks to the prior XDSL project, it will be much harder to undertake the new modernisation project. 

· Learning options refer to operators being able to develop new capabilities when they launch content-rich products. As indicated above, the greatest business opportunities will result from this type of service and not from the carrier activity.

· The premium of these options is zero, as the initial project has a positive NPV. This is the case if the hypotheses proposed above are accepted. They do not correspond exactly to any country in particular, but they are plausible. It could happen that the NPV for an entrant operator is negative under certain circumstances. We believe that if this occurs, the absolute value will be low and thus the premium will be acceptable.

· It is very helpful to have real options with a zero premium, but there is a minor drawback. Real options on XDSL are shared, i.e. they are not owned by any one company. Several conclusions can be drawn from this fact:

· Dominant operators are in an excellent position to exercise these real options in the future. Therefore, their XDSL expansion strategy must take priority, as we have indicated. They are companies that will almost surely be in a position to exercise real options.

· The entrants' position is more doubtful. Some of them will not attain a position that will allow them to exercise growth options. But since the premium is zero or very low, they must clearly embrace the XDSL expansion strategy. As time goes by, an additional outlet option, i.e. merging with another entrant operator, will become available.

· The threat to fixed telephony operators on exercising real options in the future is posed by the operators of other networks, mainly cable and mobile. Nevertheless, problems being experienced by mobile UMTS licences add to the appeal of XDSL investments.

3.2.5 Assessment of the XDSL real options for a defined scenario

Assessment of real options is not easy because it should be taken into account opportunities and investment that can be arisen in the future. This statement can be applied to XDSL investments as well. The most relevant options in XDSL projects are growth real options. The reason is that XDSL is a powerful platform to provide services to the customers. Both incumbent and entrant operators can enjoy those options. Nevertheless incumbents are in a much better position to take advantage of them, as argued above.

We are to try to assess some growth real options for an incumbent operator. It is necessary to consider a set of hypothesis to carry out the assessment. They are presented below:

A) General hypothesis

 The operator has a XDSL customer forecasting as shown in Table 9. We assume every year a 50/50% distribution between residential and SME customers.

 We consider that growth real option can be exercised in two years. We are carrying out the analysis in the current moment (year cero) and the new business generated by the real options begin in year number 2. We are assessing the XDSL investments for a period of time from year 0 to year 6.

 Tax and WACC are 35 and 15%, respectively.

B) Definition of the growth real options (GRO) to be assessed

GRO1. It is expected residential customers will demand new services to be provided through its ADSL line. This services can be clustered in two categories: (i) TV and VoD and (ii) entertainment (games, music, etc) and information services. The operator will have to undertake new investments to meet the demand of these services and it will do if a return on investment is foreseen. The capital expenditure of the new investments is not easy to guess. To deal with this problem we will take into account only an estimation of the operating margin, which will be cut off in order to incorporate an extra charge for the capital expenditure. The investment for entertainment and information services is not very high because of the operator would act, in a great extend, as a broker. On the contrary, TV services would request a higher capital expenditure. Therefore the haircut to obtain adjusted operating margin would be higher and downward
. More detailed information on hypothesis are shown in Table 7

GRO2. SME would demand new services through their ADSL lines as well. These services can gathered into information and business services (access to databases, ASP, etc.). We refer to the same methodological considerations that were shown above for entertainment and information services provided to individuals. Then an adjusted operating margin is taking into account to assess this real option (see Table 7).

GRO3. Some SME customers with ADSL lines would migrate to SDSL technology in order to subscribe advanced services such us data transmission, videoconference, virtual private networks etc. SDSL technology and services through it are provided by the telecom operator, which should undertake new investments. Capital expenditure on SDSL has some degree of uncertainty. Nevertheless we propose an estimation of 1,230 euros per SDSL line. To get the NPV of the SDSL investment, we assume a hypothesis on the ARPU (Average Revenues Per User) per SDSL generated by the advanced services, as well as a subscriber rate. Likewise a cannibalisation rate is consider
. More detailed information on hypothesis are shown in Table 8.

Three growth real options for the incumbent company have been assessed applying Monte Carlo techniques
. Two thousand scenarios for each growth real option (GRO) have been simulated. Scenarios considered for assessing GRO1 and GRO2 have been generated by defining a random uniform distribution for the most sensitive variables in the analysis. These variables are as follows:

GRO1:

· Percentage of ADSL residential customers that will subscribe to TV and VoD services.

· Percentage of ADSL residential customers that will subscribe to entertainment and information services.

· Monthly adjusted operating margin per user of entertainment and information services.

GRO2:

· Percentage of ADSL SME customers that will subscribe to information and business services.

· Monthly adjusted operating margin per user of information and business services.

The minimum and maximum values of these variables for generating the scenarios are shown in Table 7. GRO1 and GRO2 have been assessed for a period of six years, taking into consideration a scenario of evolution of residential and SME users (see Table 9). The values obtained have naturally been suitably updated to the initial moment. In accordance with the mentioned hypotheses, GRO1 and GRO2 have been valued at 106.9 and 73.58 million euros, respectively.

GRO3 has been assessed using a different procedure. In the first place, the NPV for a user that migrates from the ADSL platform to SDSL has been estimated. In accordance with the assumptions of user migration to SDSL, yearly adjusted operating margin per user and cannibalisation rate (see Table 8), the total NPV for the base scenario is estimated. Two thousand scenarios are then proposed by using Monte Carlo analysis techniques. The scenarios are built by defining a random uniform distribution for two variables of the analysis: the yearly adjusted operating margin per user and the percentage of ADSL SME customers that migrate to SDSL (see Table 8). In accordance with these hypotheses, GRO3 is valued at 562.9 million euros
.

A summary of the results is shown in Table 10.
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Min. Value
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Investment per user (€)

1,230

Tax rate (%)

35

WACC (%)

15

Yearly adjusted operating margin (€)

4,200
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for Monte Carlo analysis





Table 8: Hypothesis used to estimate return on SDSL investments
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Region

DSL Lines

North America

8,728,500

Latin America

993,200

Western Europe

11,284,100

Eastern Europe

156,200

South and East Asia

3,520,000

Asia Pacific

16,446,400

Middle East and Africa

233,800

WORLD TOTAL

41,362,200

Source: Point Topic (2003)


[image: image9.wmf]Country

DSL Lines

Japan

7,023,000

USA

6,990,300

South Korea

6,705,200

Germany

3,640,000

China

2,900,000

Taiwan

2,170,000

France

1,778,600

Canada

1,738,200

Italy

1,156,000

Spain

1,142,000

Source: Data from Point Topic (2003)

Table 3: Top ten countries by 

number of DSL lines (March 2003)


4. CONCLUSIONS

The main conclusions drawn from this papers are as follows:

· The regulatory framework in matters of XDSL and ULL plays a relevant role in the extension of broadband to individuals and SMEs.

· The technical barriers erected by dominant operators and abuse of their dominant power are weapons these operators use to very effectively combat the competition. It is very hard and complicated for the regulator to address this problem. In addition, when the dominant operator strongly leverages the XDSL strategy, it seems to have a positive effect on the extension of broadband services.

· Investments in XDSL provide important real options to telecom operators, especially incumbents. The main real options are growth and shared options. A zero or very low premium is of great interest to operators that invest in XDSL

· Real options have to be considering when assessing XDSL investments. Return on XDSL investment is highly increased when real options are incorporated into the analysis. An accurate assessment is a difficult task. Nevertheless it is recommended to make some approach and, al least, to bear in mind.

· XDSL is a very appropriate technology to help former European monopolies and RBOC in dealing with the current financial crisis. They have access to the customer (local loop) and it is easier for them to put obstacles in the way of their competitors in this part of the network. At times of crisis, they fall back on new ventures and concentrate on mature markets that, in addition to generating cash flows, allow them to innovate with solutions that are technologically unperfected but that are low cost and very much in demand, e.g. the extension of ADSL networks (Gallardo, 2003). Perspectives for entrants are not so good because the strong position of the incumbent operators.

· XDSL is a very good solution for extending Information Society services. It is possible that more advanced networks will be required in the future, but thanks to XDSL a critical mass of users can be achieved and operators can make a profit.

· XDSL is a particularly ideal strategic option for extending Information Society services in Europe.
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ISDN: Integrated Services Digital Network 

NPV: Net Present Value

PMP: Point to Multi Point

SDSL: Symmetric Digital Subscriber Line

SHDSL: Symmetric High bit rate Digital Subscriber Line

SME: Small and Medium Enterprise

STN: Switched Telephone Network

ULL: Unbundling Local Loop

VDSL: Very high bit rate Digital Subscriber Line
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� Nevertheless there are some variants in the different categories of XDSL technologies. There is abundant bibliography about this subject, which exceeds the purpose of this paper. For example look up Huidobro (2001).


� CMT (Comisión del Mercado de las Telecomunicaciones) is the Spanish body regulator for telecommunications


� Among the literature it should be recommended Dixit and Pindyck (1994) and Trigeorgis (1996) as well.


� NPV is the umulative present worth of income (positive values) and a series of future payments (negative values) from a investment project cash flow using a discount rate. WACC (Weighted Average Cost of Capital is the discount rate. IRR  of a cash flow is the interest rate that makes the present value of a cash flow equal to zero. Payback is the time necessary to recover the investment.


� It should be also mentioned that an advantage of a model is the possibility of simulating different scenarios defined by the user. Two software programs have been used: Excel spreadsheets and Vensim (ad hoc program for modelling)


� DSLAM costs depends on the configuration (number of users per DSLAM).


� Some of these items could be eliminated if, for example, the customer subscribes ADSL service as a self-installation kit. If we consider only the DSLAM cost for a customer located in an “appropriate place”  and with current prices the investment per user could be reduced to 100-150 euros. Operators began investing in ADSL technologies about 3 years ago and the costs were higher.


� In summary, we are assuming both operators have three euros per month and customer of operating costs. In adition, entrant operating costs have to be increased by the wholesale price (37 euros in the model)


� It means the haircut will decrease as the number of subscribers increase. When there are very few subscribers, the adjusted operating margin will be negative.


� We assume that 20% of SDSL operating margin is obtained to the detriment of other services already provided by the telecom operator


� It should be remain that only three growth real options have been assessed. Results would have been more outstanding if, for instant, new technology growth real option would have been able to incorporate in the assessment. Some of them are extreamly difficult to assess. Nevertheless they should be in mind.


� The figures obtained may seem very high. It must be remembered that these figures are for a market scenario in which nearly four million XDSL users are expected at the end of the six-year period that we are considering in the analysis. For this reason, the figures presented below for values and profitability per user are very useful, as they serve, albeit with certain limitations, to draw conclusions for different scales.





19

[image: image10.wmf]Table 7: Hypotheses to assess GRO1 and GRO2

Min. Value

Max value

% of ADSL customers 

subscribed to the service

40 (*)

20 (*)

45 (*)

Monthly adjusted operating 

margin per user(€)

% of ADSL customers 

subscribed to the service

30 (*)

15 (*)

40 (*)

Monthly adjusted operating 

margin per user(€)

15

10

25

% of ADSL customers 

subscribed to the service

20 (*)

5 (*)

30 (*)

Monthly adjusted operating 

margin per user(€)

30

20

45

* This percentage is reached in the year 6, following a linear progression in the time (from year 2 to 6)

SME 

customers

Note 2 These hypoteses are trying to be in line with the view of some markets practionners.For example, Ronai 

(2002) quotes a Forrester & Merrill Lynch source that estimate a residential monthy ARPU of 35$ for Multi-

Channnel Digital TV and 15-20$ for Interactive Media Services. On the other hand, a marketing study carried out 

by Siemens and analysed in Rodler (2002) estimate that the new broadband services have the potential to 

increase the residential total ARPU by 123%. According to this study residential customers are expected to 

spend 26 euros a month in new services (not included TV subscription)

Note 1 The adjusted operating margin depends on the number of subscriber. We are assuming the following 

table: 100,000 users, -30 €; 200,000 ,  0; 500,000 ,  20;  800,000 , 25. Linear extrapolation is used for 

intermediate values.

Random uniform distribution 

for Monte Carlo analysis
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customers

Information and 
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