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(3)Residential broadband is increasingly being seen as a catapult for a more 
 general economic growth. Deployment of advanced broadband access 
 networks is a prerequisite for the continuous development and success of 
 broadband. This thesis investigates available deployment strategies for 
 broadband access networks required to support the near-future 
 transmission requirements of converged voice, video, and data services. 


The approach of telecoms using Digital Subscriber Line technology is 
 compared to entry strategies based on Fibre-to-the-Home to evaluate the 
 financial feasibility of residential broadband deployment in different 
 geographical areas. 


A fundamental assumption in residential broadband deployment is that the 
 required investments are based on financially feasible premises. 


Investment appraisal of deployment scenarios is therefore of interest to 
 operators and regulators alike, but is not trivial and relies on knowledge of 
 the technological, economic, and regulatory parameters that affect the 
 foreseen cost and revenue of networks and services. In contrast to existing 
 static methods of evaluating financial feasibility this thesis argues that 
 properties of the networks and services need to be related to competitive 
 interactions between infrastructures when evaluating financial feasibility. 


To accomplish this, this thesis is divided into three main parts, where 
the first part analyses properties of packet-based multimedia services 
and performs quantitative forecasting of near-future transmission 
requirements. The second part analyses residential broadband 
deployment based on Digital Subscriber Line technology in 
comparison to Fibre-to-the-Home, describes the parameters that shape 
deployment, and identifies plausible deployment strategies capable of 
meeting the identified transmission requirements. The last part 
develops a quantitative simulation model based on existing techno-



(4)economic (engineering) cost models that additionally calculates 
 revenues and estimates financial feasibility. To study competitive 
 interactions the thesis supplements the framework with elements of 
 game theory, using the von Stackelberg model. 


The framework is applied to the case of Denmark, using a dataset from the 
 Danish LRAIC model, motivated by the foreseen wide-scale FTTH 
 deployment by the energy utility sector in Denmark. The results show that 
 the future of residential broadband networks is based on converged voice, 
 video, and data services that pose stringent quality of service requirements 
 on transmission. While these services, and especially IPTV, can be 
 expected to raise transmission requirements from 20 Mb/s to 50-100 Mb/s 
 in the course of the next five years, this thesis concludes that there are no 
 strong demand sided requirements that call for FTTH rather than DSL, 
 given that the DSL infrastructure is upgraded to meet these requirements. 


The study shows that DSL deployment is highly reliant upon the existing 
 copper infrastructure. Copper loop lengths determine maximum 
 transmission throughput and can limit service selection and thereby 
 revenues. Upgrade strategies are based on co-locating DSL equipment in 
 existing copper aggregation nodes. In the case of Denmark, there are two 
 levels of aggregation points. The first is on average located 0.7 -1.6 km 
 from customer premises, enabling on average 7-16 Mb/s in transmission 
 throughput, while the second is on average 70 – 210 m from customer 
 premises, enabling transmission throughput of 52-90 Mb/s. While the short 
 distance to secondary nodes enables high transmission throughput, the 
 number of nodes (and thereby the cost) increases by a factor of 10 for each 
 level. 


By applying game theory the thesis shows that telecom operators are 
 forced to embark on residential broadband deployment as a defensive 
 move. This is especially true in densely populated cities where 
 VDSL/VDSL2 deployment from secondary distribution points can offer 
 competitive transmission throughput to that of FTTH, thereby functioning 
 as a barrier to entry. For other geographical areas than cities, deployment 
 of DSL from primary distribution points captures the majority of potential 
 revenue stream, while minimising deployment cost. In addition to 
 selecting the right location of equipment, timing of deployment is a key-
 variable for telecoms, as price of equipment can change significantly 
 depending on global deployment trends. 


The study of FTTH deployment highlights the effect of long expected 
lifetime of ducts and trenches. While access trenches account for 61% of 



(5)the € 2,019 capital expenditure of FTTH per subscriber in cities at 50% 


broadband market share, that ratio is reduced to 35% of the annualised € 
 228 cost. The study concludes that FTTH deployment in Denmark can be 
 financially feasible in cities if take-up rate is above 25% (translates to 40% 


of the foreseen residential broadband market) but not in other regions of 
 the country. However, by considering economics of scope from other 
 operations, e.g. shared digging cost, the Danish energy utility sector can 
 deploy financially feasible FTTH in all geographic areas in Denmark. 


Keywords 


Access Networks, Broadband, Multimedia Services, DSL, FTTH. 
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Resumé (in Danish) 


Udbredelsen af bredbåndsforbindelser til private husstande betragtes som 
 et vigtigt element i kampen for øget velstand og beskæftigelse. Udrulning 
 af nye accessnet er forudsætningen for en vedvarende udvikling og 
 udbredelse af bredbånd. Denne afhandling undersøger mulige 
 udrulningsstrategier, der kan imødekomme fremtidens mediekonvergens. 


Projektet er baseret på en komparativ analyse mellem den strategi 
 teleoperatørerne fremmer, hvor Digital Subscriber Line teknologien 
 anvendes på den eksisterende kobber infrastruktur, og en strategi baseret 
 på udrulning af ny optisk fiberinfrastruktur, som elselskaberne 
 foretrækker. Løsningerne er analyseret udfra teknologiske egenskaber og 
 vurderet på baggrund af finansielle fordelagtighed. 


I nutidens liberaliserede telemarked er det en grundlæggende forudsætning 
 at investeringer i accessnet skal være finansielt fordelagtige. 


Investeringskalkuler kan kaste lys over forskellige investeringsalternativer 
 og hjælpe operatører og tilsynsmyndigheder med at vælge den rigtige 
 fremgangsmåde. Denne værdiansættelse kræver kendskab til adskillige 
 teknologiske, økonomiske og regulatoriske forudsætninger som påvirker 
 investering, drift, og ydelse. Der findes tekno-økonomiske metoder til at 
 gennemgå disse beregninger, men deres problem er, at de bygger på et 
 statisk grundlag og dermed ikke tager højde for de dynamiske ændringer, 
 der sker på markedet bla. som følge af konkurrencen. Et af formålene med 
 denne afhandling er at fremme forståelsen af samspillet mellem netværk, 
 tjenester og udrulning af accessnet i et konkurrerende marked. 


Afhandlingen er delt op i tre overordnede dele. Den første analyserer 
fremtidens multimedietjenester og beregner kvantitative estimater af de 
transmissionskrav, som disse tjenester stiller. I anden del analyseres de 
tekniske faktorer der gælder ved udrulning af accessnet baseret på DSL og 



(8)FTTH. Derved identificeres mulige udrulningsstrategier for teleselskaber 
 og energiselskaber, der imødekommer de krav, som fremtidens tjenester 
 stiller. Den sidste del af afhandlingen udvikler en tekno-økonomisk 
 omkostningsmodel, der simulerer kapitaludgifter og ydelser for de 
 identificerede udrulningsstrategier. Ydermere suppleres 
 investeringskalkulerne med spilteori, ved brug af von Stackelberg 
 metoden. 


Modellen bruger det empiriske datasæt, som Telestyrelsen har udviklet for 
 den danske LRAIC model for at analysere udrulning af accessnet i fire 
 geografiske områder i Danmark. Analysen tager højde for den forudsete 
 konkurrence mellem teleoperatører og energiselskaber og konkluderer, at 
 selvom fremtidens multimedietjenester vil kræve en stigning i 
 transmissionshastighederne fra de nuværende 20 Mb/s til 50 – 100 Mb/s i 
 løbet af de næste fem år, så findes der ikke et velbegrundet 
 efterspørgselsorienteret behov for at anvende optisk fiber fremfor andre 
 transmissionsmedier, som kan tilbyde samme hastighed. 


Analysen af DSL viser, hvor afhængige teleoperatørerne er af den 
 eksisterende kobber infrastruktur i deres tjenesteudvalg. 


Transmissionshastigheden afhænger af kabellængden fra central til 
 husstand, som i mange tilfælde er for lang til at understøtte fremtidens 
 hastighedskrav. For at øge indtægtsmuligheder kan teleoperatørerne flytte 
 DSL-udstyr ud i knudepunkter tættere på kunderne. I Danmark findes der 
 to knudepunkter på hver kobberlinje. Ved at placere DSL-ustyr i det første 
 knudepunkt som er gennemsnitligt placeret 0,7 – 1,6 km fra den enkelte 
 husstand muliggøres en transmissionshastighed på 7-16 Mb/s. Det andet 
 knudepunkt er placeret 70 – 210 m fra den enkelte husstand og ved at 
 placere udstyret der, muliggøres en transmissionshastighed på 52 – 90 
 Mb/s. Antallet af knudepunkter stiger dog med en faktor 10 når man går 
 tættere mod kunden, og investeringen forhøjes fra € 379 til € 1.806 for 
 hver bruger i storbyer. 


Ved brug af spilteori viser afhandlingen, at teleoperatører er tvunget til 
 investering i DSL udstyr placeret i et af knudepunkterne, som 
 forsvarsstrategi. Dette gælder især i storbyer, hvor udrulningen tættere ved 
 brugeren muliggør transmissionshastigheder svarende til FTTH, men 
 sænker overskuddet. I byer og landområder er udrulningen til det første 
 knudepunkt den dominerende strategi, idet den muliggør hovedparten af 
 fremtidens tjenester, mens investeringsomkostningerne er begrænsede. 


Teleoperatører skal, udover at finde den optimale placering af DSL-udstyr, 



(9)vælge det rigtige tidspunkt for udrulningen, vidende at pris og kapacitet 
 kan ændre sig markant, afhængigt af udvikling og globale tendenser. 


Analysen af FTTH udrulning i Danmark viser, at 
 investeringsomkostningerne er domineret af gravearbejde, som i storbyer 
 tegner sig for 61% af den samlede investering. Når dette beløb er 
 omdannet til årlige omkostninger, som tager hensyn til den lange levetid 
 på fiber, så reduceres andelen af gravearbejde til 35% af det årlige beløb. 


Hovedparten af investeringen i FTTH udrulning er ikke relateret til antallet 
 af brugere. Omkostningen ved at passere alle husstande i storbyerne, uden 
 at tilslutte kunder, er således € 502 per husstand. Denne udgift vokser til € 
 4.777 i landområderne. 


Afhandlingen konkluderer, at FTTH udrulning i Danmark kun vil være 
fordelagtig i storbyer, såfremt over 25% af samtlige husstande (40% af den 
forudsete bredbånds-marked) abonnerer på tjenesten. Derimod vil FTTH 
udrulning i andre områder i Danmark ikke være fordelagtige under de 
samme forudsætninger. Det er dog muligt at udrulle FTTH fordelagtig i 
alle geografiske områder i Danmark hvis det er muligt at dele 
graveomkostningerne med andre, f.eks. i forbindelse med nedgravning af 
elkabler. 
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Chapter 1 



General Introduction 


This chapter introduces the open issues of deployment of residential 
 broadband networks and services. The focus is then sharpened on the 
 technological alternatives and financial viability of upgrade strategies for 
 telecoms using Digital Subscriber Line technology in comparison to entrant 
 strategies based on Fibre-to-the-Home deployment through a case study of 
 Denmark. The aim is to highlight technological, economic, and regulatory 
 factors that drive infrastructure development, control financial feasibility, 
 shape infrastructure competition, and affect policy goals aimed at promoting 
 broadband deployment. 



1.1.  Motivation 


In 2003 the International Telecommunications Union described the 
 prominent ”birth of broadband” (ITU 2003). Less than three years later, 
 the Organisation for Economic Co-operation and Development (OECD) 
 describes a shift in the most developed broadband markets that are 


”advancing to the next stage of development” (OECD 2005). This stepwise 
 development of infrastructure evolution had already been identified and 
 predicted in literature, e.g. by Maxwell (1999) and Alcatel (2004) and is 
 characterised by media convergence1 and the coexistence of commercial 
       


1   In this thesis the term media convergence is used in a broad form to 
represent the disappearing boundaries between traditional types of 



(16)voice, video, and data services (hereafter called multimedia services) over 
 a single converged access network. 


There is a general consensus that the long-term future of access networks 
 is based on optical fibre (Ims 1998; Bates 2002; Green 2006), but less 
 unity surrounds the path to that goal. Two main strategies exist 2 (see 
 Figure 1) where traditional telecommunications operators (telecoms)3
 unsurprisingly lead a phalanx of those advocating for stepwise 
 introduction of fibre, using Digital Subscriber Line (DSL) variants over 
 decreasing copper distances. Entrants on the other hand, lead by 
 financially strong electric utility companies (EUC)4 that additionally see 
 potentials for economics of scope from their existing operations, are free 
 of path dependency from existing infrastructures and promote immediate 
 wide-scale Fibre-to-the-Home (FTTH)5. 


       
 services, and the specific networks designed to carry them. This 
 tentative definition neglects many of the important dimensions that 
 other sources have broken media convergence into, such as service 
 convergence, network convergence, terminal convergence etc. For 
 more information see e.g. Øst (2003) and BREAD D2.2-3.2. 


2   Despite the promise of new future competitive technologies, such as 
 wireless and Power Line communications (PLC) this thesis accepts 
 the view and arguments of other research projects such as IST-
 Broadwan (2006) that these technologies are unlikely to become 
 significant in terms of wide-scale residential broadband adoption. 


Coaxial cable / Hybrid Fibre Coaxial (HFC) networks can provide the 
 third main strategy but as they are not widely deployed in Europe (and 
 that is not expected to change, according to Oslen et al. 2006), in 
 addition to often being owned by incumbent telecom operators, 
 resulting in reduced competitiveness. 


3  The terms telecommunication, telecommunications, telecom and 
 telecoms tend to be used indiscriminately and interchangeably in 
 literature (Melody, 1997). Throughout this thesis the term ‘telecom’ 


will be used unless otherwise needed or stated. 


4   This type of often semi-public broadband initiatives are in literature 
 also referred to as Municipal broadband (Sutherland 2006), Municipal 
 Electric Utility (Osorio 2004), and Local Government Broadband 
 Initiatives (Gillett 2003) 


5   Literature uses the terms fibre-to-the-home (FTTH), fibre-to-the-
premises (FTTP), and fibre-to-the-user (FTTU) indiscriminately. This 
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Figure 1, Alternative investment strategies for broadband access networks 
 Both approaches require substantial investment (although of different 
 magnitudes) which should be balanced by expected long term revenues. 


The accumulated margin of this balance between cost and revenues 
 determines profit of deployment and is in economic theory denoted by 


∏i(n)6, where i is the firm undertaking the infrastructure investment and n 
 is the total number of competing infrastructures. Under the postulate that 
 firms maximise profits, the dominant deployment strategy of i can be 
 predicted by solving Max[∏i(n)]. A fundamental assumption in today’s 
 liberalised and competitive telecommunications markets is that 
 infrastructure investment by all n firms is based on financially feasible 
 premises. Assuming that total profitability of all deployments decreases 


       
 thesis will use FTTH as an acronym for all types of access networks 
 where the optical fibre runs inside subscribers home/premises. 


6   In reality the profit ∏ is a function individual to each firm, the 
technology it applies, and various exogenous and endogenous 
parameters of the production. This reasoning and terminology stems 
from the theory of industrial economics and is extensively used 
throughout the thesis. For further reading of industrial economics see 
Tirole (2003). 



(18)with the number of competing infrastructures7, this requirement sets an 
 upper bound n on the viable level of infrastructure competition8 in a given 
 area, limited by ∑


= Π ≥


n
 i


i n


1


0
 )


( . This provides a taxonomy for sustainable 
 residential broadband deployment: 


∏(1) < 0   The market is not profitable for private sector 
 deployment 


∏(1) > 0 > ∏(2)  The market is a natural monopoly9, where only 
 one firm is viable, but not two or more 


∏(2) > 0  The market sustains infrastructure competition 
 between at least two firms 


      


7   In a recent study, Höffler (2005) concludes based on empirical data 
 that infrastructure competition between DSL and cable has a 
 significant and positive effect on broadband penetration. Using 
 inductive reasoning this would lead to increased revenues and thus 
 might falsify the otherwise grounded assumption of decreasing 
 profits. However, for clarity this possibility is disregarded. 


8   A tentative definition of infrastructure competition is competition 
 where “an alternative provider has complete control of all aspects of 
 its network and the services it delivers”. Among interchangeable 
 terms in literature are “platform competition” (DotEcon 2003), 


“intermodal competition” (Newman 2003), and “facilities based 
 competition” (Laffont and Tirole 2001). This is in contrast to service 
 competition where an entrant makes use of various wholesale services 
 available from the incumbent operator. 


9  Several definitions have been given of a natural monopoly in 
literature. The traditional view of economics was that economies of 
scale could justify natural monopolies or to put it in a normative 
context, market situations where a monopoly exists were seen as 
socially desirable. More recently literature has moved to a technical 
definition of natural monopoly in relation to the cost function, 
defining a natural monopoly if “over the relevant range of outputs, the 
cost function is subadditive” (Baumol et al. 1982). Importantly for 
this study also, Newbery (2001) adds that it is “possible that a 
network utility has a local natural monopoly but not a national natural 
monopoly”. For a thorough discussion of natural monopolies see also 
Sharkey (1982). 



(19)While this simple taxonomy disregards the technological, economic, and 
 political parameters that influence the profit function, which are the 
 subject of the rest of the thesis, it demonstrates a simple way of analysing 
 appraised level of infrastructure competition. This thesis is motivated by 
 the desire to investigate the questionable financial viability of coexisting 
 but competitive wide-scale DSL and FTTH deployment and aims at 
 contributing the to ongoing literature debate of residential broadband 
 development. 



1.2.  Background Information 


From the introduction of telephony in the late 19th century, 
 telecommunications infrastructures have been developing through a 
 combination of public and private ownership and interventions. 


Throughout the 20th century, most countries used the argumentation of 
 lower social cost to justify the creation of statutory monopoly operators 
 and their exclusive responsibility for deploying networks and providing 
 services equitably to all members of society (Olsen, 1993). An ideological 
 shift was implemented in the US and Europe during the 1980s and 1990s 
 with the liberalisation of the telecommunications market, privatisation of 
 incumbents and introduction of regulated competition. 


In addition to legislative reforms, the last two decades of the 20th century 
 also witnessed the emergence of new technologies, such as optical 
 transmission, digital switching, and mobile telephony that transformed the 
 telecommunications industry from within. However, the resulting 
 infrastructure upgrades and investment in new equipment were mostly 
 limited to backbone networks where cost could be shared among a large 
 number of users. Access networks, on the other hand, connect each 
 household with an individual connection to an aggregation point and 
 represent the largest share of the physical telecommunications 
 infrastructure, as well as the largest investment. 


While the existing copper access network provided adequate data 
transmission properties in the 1980s through the use of analogue modems, 
the requirements and popularity of dial-up connections to the Internet in 
the late 1990s quickly outgrew the potentials of analogue transmission. By 
the turn of the century, operators started offering high-speed Internet 
connectivity as an overlay service over the existing copper infrastructure 
using Digital Subscriber Line (DSL) technology. Despite inherent 
limitations in speed and range of the DSL technology, urban adaptation 
took-off, marking the “birth of broadband” (ITU 2003). 



(20)Since the introduction of broadband the availability of digital content and 
 development of broadband applications has flourished. At the same time 
 transmission capacity in broadband access networks has been increasing 
 exponentially, resulting in an ongoing cycle of increase in supply and 
 demand (MIT 2005). Combined with media convergence and a paradigm 
 shift10 towards IP transmission, operators capable of providing “triple-
 play” services (voice, video and data) are now expected to dominate the 
 future residential broadband market. 


To this date, broadband access networks, as well as the general Internet, 
 have been designed to offer a single “best effort” transport service class 
 over a competitively neutral service delivery platform. With the foreseen 
 addition of voice and video services, access networks need to support 
 considerably higher transmission capacity and more stringent Quality of 
 Service (QoS) requirements. To facilitate this, legacy access networks 
 need to be upgraded or new networks to be established (National Research 
 Council 2002). 


The concept of augmenting the service offering of telecom operators 
 through deployment of new access networks is not new. Marvin Sirbu’s 
 opening sentence in his IEEE Communications Magazine article from 
 1988 is a testimony of that: ”Much attention has been focused recently on 
 the prospects for optical fibre-based services to the home”. This came 
 following a strong belief during the late 1980 and early 1990 that telecoms 
 would take over video distribution facilitated by a policy change by the US 
 regulator, the Federal Communications Commission (FCC)11.  


Although describing events that took place over two decades ago they 
 represent the same attempts as seen today and therefore provide a starting 
       


10   The term paradigm shift was originally used by Thomas Kuhn in his 
 1962 book “The Structure of Scientific Revolutions” to describe a 
 change in basic assumptions within the ruling theory of science. More 
 recently the term has been adopted to technology as explained by Dosi 
 (1982): “The procedures and the nature of ‘technologies’ are 
 suggested to be broadly similar to those which characterize ‘science’ 


”. This thesis uses the term informally to indicate change in basic 
 assumptions or methods of doing things. 


11  In the early 1990s the FCC removed earlier prohibitatooions on 
diversification between the cable and telecom industry. According to 
Chen et al. (1994), the so-called ‘Video Dial Tone’ ruling in 1991 
paved the way for telecom plans of video distribution. 



(21)point in understanding the dynamics of current residential broadband 
 deployment. Literature primarily accredits the telecom diversification 
 attempts of the 1990s to the threat of infrastructure competition from cable 
 operators threatening to implement telephone and interactive broadband 
 services over the existing CATV networks12. 


Despite the ambitious telecom driven FTTH plans of the 1990s, neither the 
 telecom nor the cable operators successfully diversified and the world has 
 not witnessed any wide-scale upgrades to the existing copper access 
 network yet. While literature disagrees to exactly which reasons led to 
 their failure, most sources agree that the outcome was determined by 
 lacking financial feasibility or, as Maxwell puts it, “the fundamental 
 reason was money” (Maxwell 1999). 



1.3.  Residential Broadband Deployment 


Today, in 2006, literature, broadband statistics, and industry feedback 
 seem coherent; wide-scale upgrades to the existing copper based access 
 networks are underway, aimed at facilitating advanced multimedia 
 services over converged high speed data transmission networks13. 
 Literature generally attributes these plans to the desire to increase average 
 revenue per user (ARPU), mainly through the introduction of Internet 
 Protocol Television (IPTV) (Maxwell 1999; Heavy Reading 2004). 


Additionally, EUC based Fibre-to-the-Home (FTTH) deployment is 
 emerging as a recognised trend in telecommunications (Gillett 2004). 


However, fibre technology is rapidly evolving and although all 
       


12  For a more detailed discussion see e.g. Green and Dutta-Roy (2001) 
 and Maxwell (1999). 


13   As an example of this the major incumbents in Europe (T-Systems in 
Germany and BT in Great Britain), America (AT&T and Bell Canada), 
and Asia (NTT in Japan) have all started upgrading their access 
networks to support higher broadband speeds. For an overview see 
e.g. Lin (2006) and industry reports from Point Topic (www.point-
topic.com) and Light Reading (www.lightreading.com). Additionally, 
the above mentioned as well as all major incumbents in Europe have 
started or at least initiated plans of offering IPTV services over their 
DSL infrastructure. An example is the Danish incumbent, TDC, who 
according to TVinternational (2006) ‘is embarking on a major 
network upgrade to enable most of its system to support a triple play 
of video, broadband and telephony’. 



(22)deployments share similar principles of laying optical fibre all the way to 
 the customer, implementations vary. A common feature tends to be the 
 choice of Active Ethernet and industry collaboration, often based on 
 emerging “open access”14 business models (Larsen et al. 2006). 


In contrast to deploying fibre all the way to the customer, telecom 
 operators predominantly chose gradual Fibre-to-the-Node (FTTN) in 
 combination with DSL technology over diminishing copper loops. With 
 transmission capacity over copper loops inherently limited by attenuation, 
 the location of the Node controls the services offering as well as the 
 required infrastructure investment. The main design problem of telecom 
 operators is thus to decide if and then when to move active equipment out 
 of the local exchange and then how far towards the customer. The 
 technological solution of EUC-based FTTH is also in contrast to reported 
 greenfield deployments of most incumbent telecoms that choose Passive 
 Optical Networks (PON) and maintain vertical integration (Edmon et al. 


2006, p. 17). 


Given the evolving state of broadband technology, variety in 
 implementations and resulting risk of failure, the question arises of why 
 EUCs embark on a new market where they in many cases lack strategic 
 competences. Gillett et al. (2004a) describe EUCs activities through their 
 role as early adopters of technology that recognise the social benefits of 
 broadband and have a tradition of supporting and being involved in local 
 economic development. Furthermore, as experienced infrastructure 
 operators, research indicates that EUCs enjoy economies of scope by 
 utilising synergies with other activates (see eg. Urzúa 2004). Recognising 
 that around 70% of FTTH deployment cost comes from groundwork, 
 advocates of EUC involvement have gone as far as insisting that it would 
 be “foolish not to deploy fibre when doing other required ground work” 


(Gorm 2005). 


Opponents of EUC involvement on the other hand point out that if there 
 was a viable business case in FTTH, it should be left to the liberalized and 
       


14   In the US this term is often used to describe regulatory requirements 
on network access providers to grant competitors access to their 
infrastructure, i.e. unbundling of the local loop. However, here the 
term refers to network access providers that voluntarily do not offer 
any value added services themselves other than bit transmission and 
rely on agreements with external service providers to offer services 
and content over their access networks. 



(23)highly competitive telecommunications market. While evidence shows that 
 incumbent operators are flocking over to FTTH in Greenfield scenarios, 
 research indicates that the financial viability of almost all upgrade FTTH 
 deployment scenarios is highly risky (Monath 2003; Olsen 2006). 


Furthermore, there has been criticism from the telecommunications 
 industry that EUCs are operating outside of their competence area, 
 misjudging the competitive strengths of more economical alternatives such 
 as DSL, and subsidising their telecommunications activities through 
 monopolised core electricity activities. 


Regulators, striving for economic development and advanced 
 telecommunications infrastructures serving the population equitably, see 
 EUC involvement as a double-edged sword. On the positive side, FTTH 
 deployment speeds up development, raises service level significantly and 
 leads to desired infrastructure competition. On the negative side, EUCs 
 can skew competition and drive the telecommunications market back into 
 de facto public monopoly. Theoretically and empirically there is a lack of 
 evidence to support either case.  


While the previous description is very far from exhaustive, it highlights 
 the disagreement surrounding entry, competition, and implication of 
 residential broadband deployment. While a great number of literature and 
 general research has been focused on the technological, economic, and 
 political challenges associated with deployment and operation of 
 residential broadband, many open questions remain. This problem is 
 particularly pressing in the Nordic countries, where the public debate is 
 centered around the financial viability of imminent wide-scale FTTH 
 deployment by the EUC sector in competition with alternative DSL roll-
 out strategies of the incumbent. 



1.4.  Telecommunications in the Nordic countries 


The Nordic countries15 were early adopters of both Internet and broadband 
 access. All five rank among the top 10 countries in the world with the 
 highest number of broadband subscribers in OECD statistics (OECD 
 2006). Although liberalised and privatised, each market is still dominated 
 by a strong national incumbent operator that maintains and operates a 
 ubiquitous legacy copper infrastructure. With little tradition of coaxial 
       


15   The Nordic countries comprise a region in Northern Europe consisting 
of Denmark, Finland, Iceland, Norway and Sweden. 



(24)cable networks (apart from Denmark, where the incumbent own much of 
 the cable TV infrastructure) copper lines from the only existing access 
 network in most areas. 
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Figure 2, OECD Broadband subscribers per 100 inhabitants, by technology, 
 December 2005.  


Source: OECD (2006) 


This strong governance of incumbent operators has shaped the 
 infrastructure development, resulting in deployment of DSL technology, 
 and manifesting itself in high DSL subscription rates (see Figure 2). In line 
 with European Union (EU) legislation, which all countries have adopted16, 
 the incumbents are required to allow competitors access to their access 
 network through three types of local loop unbundling: Full unbundling (or 
 access to “raw copper”), Line sharing (also called shared access), and Bit 
 stream access. While this legally ensures service competition, in practice 
 incumbents have kept their dominance in PSTN services and have even 
 been gaining foothold on the residential broadband market17. 


      


16  Denmark, Sweden and Finland are members of the European Union, 
 while Norway and Iceland are members of the European Economic 
 Area. All countries are however subject to EU legislation in 
 telecommunications. 


17   In Denmark, the incumbent TDC holds 80,2% of the PSTN market and 
the broadband market share has increased steadily from 37% in ultimo 
2000 to 53,5% in 2005 (Telestyrelsen, 2006). 



(25)Despite wide adaptation and mature markets, international comparison 
 reveals relatively high prices and low transmission rates (Internetnz 2006). 


Additionally, a study into competition in the Nordic telecommunications 
 sector found the market to be internally heterogeneous and ”with room for 
 further price reductions” (Nordisk Ministerråd 2004, p. 5). This seems to 
 indicate that the incumbents enjoy monopolistic “market power”18 and that 
 there is room for competition on the market. 


The most realistic competitive threat in the Nordic countries stems from 
 EUC. While there is evidence of FTTH based EUC involvement in all the 
 Nordic countries, there are differences in the paths and strategies of each 
 country. Initially Sweden led the development as an early adopter of FTTH 
 and as a result now has the highest share of optical broadband connections 
 in the world (Larsen 2006). Norway on the other hand is the country with 
 the least EUC activity followed by Finland. The remaining two countries, 
 Denmark and Iceland, have a low number of connected households but 
 both stand at the brim of ambitious but distinct EUC involvement plans. If 
 these plans will be realised, they mark the turning point of dominant EUC 
 involvement in telecommunications, resulting in currently unforeseeable 
 changes to the telecommunications market, as well as policy and 
 regulation, in both countries. 


1.4.1.  The Danish case of EUC based infrastructure 
 deployment 


Electric Utility Companies in Denmark were early adopters of FTTH, 
 with trials dating back to 2002. To date deployment has been limited 
 and mainly restricted to areas with existing ground work, resulting in 
 11.971 connected households at the end of 2005 or only 0,89 pct. of 
 private customers (Telestyrelsen 2005). According to a recent report 
 from the Danish Competition Authority (Konkurrencestyrelsen 2005), 
 43 of 131 EUCs have either already deployed, or are planning to deploy 
 FTTH. Moreover these 43 utilities represent roughly 75% of the 
 residential electricity market share and are planning to extend their 
 networks to half a million households by the end of 2007 and 1.2 
 million households by the end of 2016. 


      


18  Intven and Tétrault (2000) defined market power as “the ability of a 
firm to independently raise prices above market levels for a non-
transitory period without loosing sales to such a degree as to make 
this behaviour unprofitable”. 



(26)EUC based FTTH  Ultimo 2004  Planned 
 Connected households [Km]     10 600     958 000 


Km. of fibre [Km]     6 500     66 700 


Investment [million. €]        88     1 253 
 Deployment cost pr. km fibre [€]     7 915       17 150 


Table 1, Danish FTTH based EUC deployment plans.  


Based on: Lorenzen (2006) 


In comparison to the 2.4 million residential electricity customers, these 
 plans will result in 20% FTTH availability by year-end 2007 and 50% 


by 2016. Furthermore, given the 1.3 million current broadband 
 subscribers, Denmark can be expected to rank high in international 
 comparison of FTTH deployment. However, success is far from 
 guaranteed as the number of EUC representing these plans is high and 
 their choices of technological solutions and business models vary. The 
 competitive authorities analysed the magnitude of the foreseen 
 investment, which was estimated to be € 1.3 billion, but concluded that 
 they do not have the means to measure or predict the financial viability 
 of the planned investment (Konkurrencestyrelsen 2005).  


Figure 3, Map over planned EUC based FTTH deployment in Denmark  
Source: Konkurrencestyrelsen (2005) 



(27)The problem of evaluating telecommunication infrastructure appraisal is 
 not new and several methodologies have been proposed (Sugden and 
 Williams 1978; Ims et al. 1998; Frigo 2003; Weldon and Zane 2003). 


Regardless of methodology applied, academic literature that has analysed 
 the financial feasibility of FTTH deployment seems unanimous, (Monath 
 2003; Tuerck and Barrett 2004), drawing similar conclusions as Olsen et 
 al. 2006 that “fibre to the home is viable only in dense urban areas”. 


Comparing these results to the map of planned EUC deployment in 
 Denmark (of Figure 3) reveals an inconsistancy with EUCs planning 
 FTTH deployment in all geographic areas. 



1.5.  Problem Definition 


This thesis investigates available deployment19 strategies for broadband 
 access networks capable of meeting the near-future20 transmission 
 requirements of converged voice, video, and data services. The approach 
 of telecoms using Digital Subscriber Line technology over decreasing 
 copper distances is compared to entry strategies based on Fibre-to-the-
 Home to identify dominant strategies. A fundamental assumption, and in 
 most cases a regulatory requirement, is that the investment is based on 
 financially feasible premises. Estimating the profit function is not trivial 
 and relies on knowledge of the technological, economic, and regulatory 
 parameters that characterise the networks and services offered. The aim of 
 this thesis is to identify and analyse under which preconditions dominant 
 deployment strategies by telecoms and entrants can be financially feasible. 


      


19  In the thesis, the term deployment is used to indicate infrastructure 
 development as a result of investment, both for new networks as well 
 as upgrades of existing networks. This definition highlights the supply 
 sided approach of the thesis but should not to be understood such that 
 neither technological determinism nor technology push is advocated. 


20  Although not specifically defined the term near-future is used to 
indicate time span of approximately five years. This timeframe is used 
as an indicator of the lifespan of existing technologies, such as first 
generation ADSL and cable modems. A large share of the required 
investment in access networks has a lifespan greatly exceeding this 
time limit (such as the 20-40 year estimated lifespan of optical fibre, 
trenches and ducts etc.) and that is considered when depreciating the 
cost. The limitation of near-future is therefore more used to limit the 
uncertainties related to technological development of the end 
equipment and services. 



(28)To evaluate financial feasibility21 the thesis develops a quantitative 
 simulation model based on existing techno-economic (engineering) cost 
 models supplemented with concepts of non-cooperative game theory. The 
 model is applied to the case of Denmark to answer the question whether 
 and then in which geographical areas Electric Utility Company based 
 FTTH deployment can be financially feasible. Additionally the thesis 
 considers the result of FTTH based infrastructure completion on the 
 current copper infrastructure, the future prospects of DSL technology, and 
 the prospects of coexisting and competing DSL and FTTH infrastructures. 


The empirical study follows the general principles of the Danish Long Run 
 Average Incremental Cost (LRAIC) model, using an empirical dataset of 
 20 test areas as basis for calculations of available upgrade alternatives of 
 the existing copper infrastructure. This will be compared to the cost of a 
 new FTTH network using the scorched node principle, i.e. calculating the 
 cost of building a new and optimised network based only on the structural 
 location of the existing copper network. The results will be evaluated 
 against two key parameters, i) the take-up rate, i.e. the ratio of households 
 that subscribe to the network, and ii) amount of shared trench costs within 
 the EUC. 


Finally the conclusions of the financial feasibility study will be used to 
 reflect upon the regulatory implications on policy goals aimed at 
 promoting broadband deployment. More specifically the thesis will use the 
 taxonomy introduced at the beginning of the chapter to evaluate the level 
 of sustainable infrastructure competition in different geographical 
 scenarios. 


The challenges that the thesis aims at addressing, and contributing to the 
 solution of, can be seen through the following two quotes from Professor 
 David Newbery of Cambridge University who summarises ongoing 
 literature quests: 


      


21   Lynggaard (1996) defines financial feasibility as an appraisal project 
that results in positive net present value. 



(29)“The practical question is what fraction of the existing 
 network needs to be upgraded (in terms of bandwidth and 
 services provided) or extended, and what is the cost 
 penalty, if any, in allowing new entrants to provide this 
 upgrading or expansion rather than incumbents?”  


(Newbery, 1999; p. 315) 


“The regulatory issues are primarily those of ensuring 
 that where competition is efficient or desirable, that it can 
 happen, and where not, the natural monopoly facilities are 
 properly regulated.”  


(Newbery, 1999; p. 315) 
 1.5.1.  Conceptual framework 


For the purpose of this thesis, technology, economics, and regulation 
 will be used to span the dimensions of the desired analysis space, i.e. to 
 represent the parameters affecting the financial feasibility of residential 
 broadband deployment. While this is far from being an exhaustive list it 
 represents the core elements extracted from previous techno-economic 
 studies conducted within the field of Information and Communications 
 Technologies (ICT), such as Tadoyani (2000), Skouby (1997) Melody 
 (1997), and Commons (1932), to name a few. 


Additionally the development of residential broadband is divided into 
three chronologic phases where the factors leading towards a 
deployment are called drivers, the control parameters of the transitional 
phase and success factors of arising competition are called dynamics, 
and the results of the changes that emerge once the 
competition/development has stabilised implications. Together these 
elements define a conceptual framework of understanding as visually 
represented in Figure 4.  
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Figure 4, Conceptual framework of the study 



1.6.  Theoretical Framework 


Residential broadband development occurs within the context of several 
 interrelated theoretical fields, of which technology, economics, and 
 regulation determine the focus of this study. Instead of viewing the subject 
 through the lens of each theory, this project uses financial feasibility as a 
 common objective by which the effect of various parameters falling within 
 the otherwise separated theoretical fields can be weighted. The 
 conventional approach to doing this is called project appraisal. Sugden and 
 Williams (1978) define project appraisal as: 


“A project, broadly defined, is a way of using resources; a 
 decision between undertaking and not undertaking a 
 project is a choice between alternative ways of using 
 resources. Project appraisal is a process of investigation 
 and reasoning designed to assist a decision-maker to 
 reach an informed and rational choice.” 


(Sugden and Williams 1978) 


The methodology used for solving appraisal problems is to construct a 
mathematical model that represents the essence of the problem. Literature 



(31)provides several alternatives for performing telecommunications 
 modelling and simulation of which the following types described in Table 
 2 were considered for this project. The list is not exhaustive but provides 
 the boundaries of the core element of this study, i.e. analysis of individual 
 deployments of access networks and services, as well as the interaction 
 between market players. 


Type of 
 model: 


Descriptive feature:  Examples of studies: 


Economic 
 models 


Economic models are used for 
 analysing dynamics within the 
 telecommunications market. When 
 mathematical relationships have been 
 described, the models can be solved 
 analytically or simulated in 
 programming languages. The models 
 are simplified generalisations and 
 provide high level guidance about 
 market dynamics. 


Competition in 
 telecommunications by 
 Jean-Jacques Laffont and 
 Jean Tirole (2000) 


Econometric 
 models 


Econometric models use statistical 
 methods to formulate and test 
 hypotheses about significance of 
 parameters. They require databases 
 with historical data and are therefore 
 most useful in explanatory studies of 
 past events. In telecommunications 
 they are e.g. used on macro level to 
 identify important factors affecting 
 broadband diffusion (GAO 2006). 


Bits of Power: The 
 Involvement of 
 Municipal Electric 
 Utilities in Broadband 
 Services by Carlos A. 


Osorio Urzúa (2001) 


Engineering 
 Cost Models / 
 Cost Proxy 
 Models 


Cost Proxy Models are button-up 
 models used to sum up the Capital and 
 Operational Expenditure for each 
 network element. They have e.g. been 
 used in policy and regulation to fix 
 interconnection prices. An example is 
 the Long Run Incremental Cost (LRIC) 
 model used in the US and most EU 
 countries, and the Long Run Average 
 Incremental Cost (LRAIC) model used 
 in Denmark. 


Cost Proxy Models and 
 Telecommunications 
 Policy: A New Empirical 
 Approach to Regulation 
 by Farid Gasmi (2002). 


Local loop unbundling: 


Flaws of the cost proxy 
 model by Christian M. 


Dippon (2001).  


Techno-
 Economic 
 models 


Techno-Economic models were 
 designed to evaluate deployment 
 scenarios, and to aid in the selection of 
 optimal technology and deployment 
 time. They are implemented in 
 spreadsheets such as Excel, and are 


Broadband Access 
Networks – Introduction 
to strategies and techno-
economic evaluation by 
Leif A. Ims et al. (1998) 



(32)useful e.g. for comparing the Capital 
 Expenditure of FTTH and DSL. 


System 
 dynamics 
 models 


System dynamics models explain the 
 interaction between the many forces 
 and players involved in 
 telecommunications. They are useful in 
 evaluating “what if” scenarios and 
 capturing key behaviours that are 
 observed in real-world systems such as 
 the introduction of a “killer 
 application”  


Networking Technology 
 Adoption: System 
 Dynamics Modeling of 
 Fiber-to-the-Home by 
 Andjelka Kelic (2005) 


Case studies / 
 business plans 


Business plans are used by industry for 
 evaluating financial viability of 
 individual deployment projects. Their 
 strength stem from “accurate” 


representation of circumstances and 
 more tailor-made solutions. Their 
 weakness is the rigid form of study 
 they provide and lack of dynamics.  


Bredbåndsnet i et 
 landområde ved Jels by 
 Steffensen and Andersen 
 (2005) 


Game-
 theoretic 
 models 


Game-theoretic models in 
 telecommunications can capture non-
 cooperative interactions between 
 operators, e.g. for exploring entry 
 strategies, and how market outcomes 
 are affected by competition or 
 regulation. 


Regulation and Entry into 
 Telecommunications 
 Markets by Bijl and Peitz 
 (2002) 


Table 2, Available theoretical models for telecommunications analysis 
 In a broad sense all of the simulation models of Table 2 can be divided 
 into two categories based on whether they focus on individual 
 implementations (micro-level), or dynamics of the market as a whole 
 (macro-level). On the macro-level economic models focus on market 
 dynamics, while econometric models use historic data to analyse 
 influential parameters (proxies) and describe cost structures. Most of these 
 models stem from analysis of the Public Switched Telecommunications 
 Networks (PSTN) and are based on a homogeneous set of services (i.e. 


voice services). These models are widely used in academia and by 
 regulators as tools to describe and adjust the fundamental principles 
 governing telecommunication markets. 


Micro models, on the other hand, are more industry inclined where they 
 aid in predicting financial viability of individual deployment scenarios. 


Ims et al. (1998) describe a widely used theoretical and methodological 
framework for techno-economic studies stems from several pan European 



(33)research projects initiated in the 1980s to increase European 
 competitiveness and induce infrastructure development within member 
 states. In comparison with economic models, techno-economic models are 
 static, simulating cost and revenue from a given set of input parameters, 
 but have been extended to perform risk and sensitivity analysis (Ims, 
 Stordahl, and Olsen 1997). 


At the time of development, techno-economic models were designed to aid 
 equipment vendors and incumbent operators in the selection of optimal 
 technology and deployment time, given a relatively long-term and fixed 
 operational environment. For this purpose, techno-economic models are 
 still under development in several research projects22 (Olsen 2006) as well 
 as being applied at industry level for decision support on infrastructure 
 development23. Given the tight integration of techno-economic studies into 
 the telecom industry, they often rely on confidential information about 
 cost and marketing. 


Despite proven benefits of techno-economic models and other simulation 
 approaches there is a fundamental lack of models that encapsulate the 
 broader dynamics and development within the ever-changing residential 
 broadband market. This problem can be broken down into two levels: the 
 first is due to the complexity on micro-level, i.e. analysing and comparing 
 the broad spectrum of alternative networks and services competing in 
 different geographic areas. The second is on the macro-level where the 
 problem becomes that of interrelating deployment scenarios, given 
 influences from extrinsic factors such as competition and policy and 
 regulation.  


An interesting alternative approach to analysing the financial viability of 
 FTTH deployment is provided by Weldon (2003), and Frigo et al. (2004). 


Both are based on similar methodologies of calculating deployment cost as 
 the techno-economic models but use simpler assumptions about 
 operational cost and revenue. For illustration the approaches use take-up 
       


22   See e.g. CELTIC-ECOSYS 


(http://optcomm.di.uoa.gr/ecosys/index.html) and IST-BROADWAN 
 (http://www.telenor.no/broadwan/) 


23  The Norwegian incumbent Telenor reports the use of Techno-
Economic models for planning and implementing strategic decisions, 
and additionally Nokia, T-Systems and France Telecom have 
participated in development of these models. 



(34)rate as a fundamental parameter to estimate financial viability of FTTH 
 deployment (see Figure 5). The advantage of this approach is that it is 
 straightforward and requires less operator specific information than the 
 techno-economic models. The downside is that it neglects depreciation of 
 the infrastructure considered, i.e., it calculates possible investment based 
 on positive cash balance rather than investment feasibility. Furthermore, 
 much like the techno-economic models, the approach does not consider 
 competition or other sorts of market dynamics. 
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Figure 5, Feasibility of residential deployment as a function of take-up rate 
 Contrary to cost models, game theory has successfully been used to 
 analyse market dynamics in telecommunications (Newbery, 1999; 


Faulhaber and Hogendorn 2000, Bijl, and Peitz 2000,2002; Woroch 2004; 


Bourreau and Dogan 2005). In general, game theory can be used in 
 analysing competition between firms to find a dominant strategy for each 
 player, or an equilibrium that all players are content with (Kreps 1990; 


Fudenberg and Tirole 1991). The prospect of augmenting techno-economic 
models by game theory to analyse FTTH deployment offers insight into 
the foreseen competitive interactions and counteractions from already 
established residential broadband networks. 



(35)1.6.1.  Game Theory 


As mentioned above, game theory has been proposed as a tool for 
 analysing infrastructure competition. Game theory is the branch of 
 microeconomics concerned with the analysis of optimal decision 
 making in competitive situations, but it is important to note that, as 
 such, game theory does not foretell the outcome of competition. It is 
 rather a set of mathematical expressions used as a language for logical 
 behaviour. Given presumptions about the conducts of players, game 
 theory maps the available strategies24 of each player in the game. To 
 find the likely outcome, game theory uses the concept of Nash 
 equilibrium25. 


Microeconomic theory has two main models of conduct under 
 oligopolic competition: the Bertrand model, and the Cournot model 
 (Basanko and Braeutigam 2005). Each is based on a different set of 
 preconditions, but both represent games where the strategies of the 
 players are determined by their choices of outputs or prices. To analyse 
 infrastructure competition in telecommunications, Kreps (1990) 
 suggests that a third option, the von Stackelberg model is better suited. 


According to this approach a monopolist first decides its actions, 
 followed sequentially by the actions of new entrants. Fudenberg and 
 Tirole (1991) list constraints for the sustainability of a Stackelberg 
 equilibrium, but the model nevertheless, offers insight into expected 
 interactions under infrastructure competition. 


1.6.2.  Telecommunications Regulation 


Regulation of telecommunications networks and services is in most 
 countries seen as a necessary requirement to meet government 
 objectives and to ensure public interest (Melody 1997). The form and 
 nature of these interventions may vary but are generally justified in 
 economic theory by the presence of some sort of market failure (Olsen 
 1993). In the case of access networks the two main economic reasons 
 that have been used to justify interventions are (i) the belief that access 
       


24  Besanko and Braeutigam (2005) define strategy as “A plan for the 
 actions that a player in a game will take under every conceivable 
 circumstance that the player might face”. 


25   Fundenberg and Tirole (1991) define a Nash equilibrium as “a profile 
of strategies such that each player’s strategy is an optimal response to 
the other player’ strategies”. 



(36)networks constitute a natural monopoly for which competition is in 
 principle not feasible, and regulation is therefore necessary to control 
 monopoly power, and (ii) to achieve universal service, in which all (or 
 most) users have the opportunity of affordable access to the services of 
 the network (Faulhaber and Hogendorn 2000). 


While individual studies on universal service have been performed by 
 the author in relation to this project, the main effect of telecom 
 regulation on the subject of this thesis occurs within the context of 
 competition. In Europe, competition is ensured through a combination 
 of service and infrastructure competition (Intven and Tétrault 2000). 


Where and how the line between service and infrastructure competition 
 should be drawn and how it should be implemented, has been disputed 
 in theory and practice (Henten and Skouby 2005). Advocates view 
 service competition as a step in a “ladder of investment” (CPTA 2001, 
 Cave 2004), while opponents argue that it acts as investment reticence 
 (Wieland 2006). In general infrastructure competition is favoured by 
 regulators, since it is expected to induce long-term economic efficiency 
 and relax regulation requirements in the industry (Bourreau and Dogan 
 2003). 



1.7.  Proposed Solution Approach 


Having defined the problem and the objectives of the study, the next step 
 is to break the problem down into practical solvable parts. This is a 
 problem solving procedure consisting of three self-contained parts as 
 illustrated in Figure 6. Each part includes a literature study of its own, 
 followed by a set of research questions outlined in Section 1.7.1 
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Figure 6, Proposed Problem Solving Procedure 


The thesis proposes a two-tier modelling approach to analyse the financial 
viability of access network deployment in a competitive environment. The 
first tier is based on a simulation model for deployment cost, initially 
developed and implemented by the author for the IST-BREAD project as 



(37)described in Sigurdsson (2005; 2006). The model follows the general 
 structure of existing techno-economic models reported e.g. by Ims (1998), 
 Tonic Deliverable 7 (2002), Broadwan Deliverable 15 (2004), and Ecosys 
 Deliverable 8 (2005). Results from this model feed results to a second tier, 
 based on an economic duopoly model inspired by the game theoretic 
 approach of Bijl and Peitz (2002) and the von Stackelberg game of (Kreps 
 1990).  


In its generic form the cost model from Sigurdsson (2006) can simulate the 
 Capital and Operational Expenditure (CAPEX and OPEX) of both wired 
 and wireless access, but in this thesis it has been modified with the more 
 specific goal of performing a case study of DSL and FTTH deployment in 
 Denmark. For that purpose the model is tailored to fit the principles of 
 network structure and dimensioning, as well as cost figures defined for the 
 Danish Long-Run Average Incremental Cost (LRAIC) model as described 
 in ITST (2001) and implemented in ITST (2006b). Additionally the model 
 has been augmented to simulate revenues based on the requirements 
 defined in the service profiles of Section 4.5.9.  


Building on the outcome of the cost/revenue model a feasibility model has 
 been developed to estimate pre-tax profit. The method is based on 
 subtracting an estimated general operational cost from the revenue base as 
 described in Ecosys D6. An illustration of the proposed framework for 
 modelling financial feasibility is provided in Figure 7. In contrast to most 
 other techno-economic models this proposes using the tilted annuity, 
 proposed by the Danish National Regulator (ITST 2001) to estimate the 
 cost component of the feasibility calculations. The argument for using this 
 particular approach rather than the conventional Net Present Value (NPV), 
 Internal Rate of Return (IRR), or Cash flow approaches is that it alleviates 
 the issue of a specific time horizon for the study and simplifies the 
 comparison with actual revenues. 


Regardless of the approach taken, these models are at best indicators of 
likely outcome or, as Hillier (1995) notes “a model is an abstract 
idealisation of the problem, where approximations and simplifying 
assumptions generally are required”. The proposed model is no exception 
to this rule, resulting in limitations of the general applicability as 
described in Section 1.7.2. The goal is never-the-less to develop a 
methodology with a general approach, allowing for future modifications 
and ultimately a better model. 



(38)Tilted Annuity
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Figure 7, Proposed framework estimation of financial feasibility  
 Inspired by: Ecosys (D6;p. 32) 


The last step in modelling is to consider the dynamics of infrastructure 
competition. However, competition in telecommunications is more 
complex than in many other industries because of the nature of 
communications networks (Laffont and Tirole 2000). In situations where a 
relatively small number of firms compete, game theory has been shown to 
yield a sensible analysis of firm’s behaviour and market structure (Bijl and 
Peitz 2002). The proposed solution is to use game-theory, inspired by the 
von Stackelberg game adapted from Kreps (1990). 
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