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Overview 

 
In Modeling the Deployment of NGANs (Next Generation Access Networks) in 
a Competitive Market an economic model for fibre access network deployment 
in the city of Barcelona is built. This model tries to uncover the main issues that 
a company wanting to deploy a fibre access network in a high density city will 
face. 
 
Optical fibre has been used for more than 30 years, especially by telecom 
operators, which used it to carry large amounts of data across long distances 
to interconnection points. This fibre has been getting closer to the userôs home 
and is offering services under DOCSIS standards. The capacity of the fibre link 
ends at 400 metres from userôs home. From this point, copper is used to 
connect the customer at a maximum speed of 20Mbps. 
 
Today experienced users begin to notice slow bandwidth connections and start 
to ask for better quality and faster speed connections. But that can only be 
obtained by replacing the copper in the last few hundred metres by fibre. 
 
In this context the Spanish regulator CMT (Comisión del Mercado de las 
Comunicaciones) has decided to regulate the market to ensure 
competitiveness in the deployment of new fibre access networks. 
  
This thesis simulates the deployment costs for an operator following CMTôs 
recommendations. Issues like the ductôs rental prices, or the economic returns 
for a second operator that must replicate the telecommunications network 
deployed in parallel to the incumbent, are addressed. 
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Resum 

 
En Modelling the Deployment of NGANs (Xarxes d'Accés de Nova Generació) 
in a Competitive Market es construeix un model econòmic per al desplegament 
de fibra d'accés a la xarxa a la ciutat de Barcelona. Aquest model tracta de 
descobrir les principals qüestions a les que s'enfrontarà una empresa que 
desitja desenvolupar una xarxa d'accés de fibra en una ciutat d'alta densitat.  
 
La fibra òptica s'ha utilitzat durant més de 30 anys, especialment pels 
operadors de telecomunicacions, que lôhan utilitzat per portar grans quantitats 
de dades a través de llargues distàncies als punts d'interconnexió. Aquesta 
fibra s'està acostant a la casa de l'usuari i s'ofereixen amb serveis que 
segueixen els estàndards DOCSIS. La capacitat de l'enllaç de fibra acaba a 
400 metres de la casa de l'usuari. Des d'aquest punt, el coure s'utilitza per 
connectar el client a una velocitat màxima de 20Mbps. 
 
Avui en dia els usuaris experimentats comencen a notar lentitud de les 
connexions d'ample de banda i comença a demanar una millor qualitat i les 
connexions de més velocitat. Però això només pot obtenir-se mitjançant la 
substitució del coure en els últims centenars de metres de fibra. 
 
En aquest context, el regulador espanyol CMT (Comissió del Mercat de les 
Comunicacions) ha decidit regular el mercat per garantir la competitivitat en el 
desplegament de noves xarxes d'accés de fibra. 
   
Aquesta tesi simula els costs d'implementació d'un operador seguint les 
recomanacions de la CMT. Temes com els preus de lloguer del conducte, o la 
rendibilitat econòmica d'un segon operador que ha de replicar la xarxa de 
telecomunicacions desplegades en paral·lel amb el titular, són els més 
estudiats. 
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INTRODUCTION 
 
 
The main objective of this thesis is to build a simple model that will explain how 
new operators will take investment decisions relating to a new Fibre To The 
Home roll out. The model is for a highly populated zone like Barcelonaôs 
Metropolitan Area.  
 
This thesis is organised in chapters: 
 
First chapter introduces the regulatory context in Spain. It also includes an 
analysis of the state of art in deploying fibre. 
 
Second chapter shows the FTTH-GPON technology. It focuses on this 
technology because the Spanish incumbent operator has selected it for his own 
fibre access network. Therefore, the model is based on the deployment of 
FTTH-GPON networks. 
 
Third chapter explains the parameters that have to be taken into account to 
build an FTTH-GPON model. There is also a layered service structure, and a 
description of final services that will be offered into the future fibre networks. 
 
Fourth chapter describes which assumptions have been made regarding the 
selected parameters explained in chapter three. These assumptions take into 
account both the Spanish regulatory environment and the topological 
requirements imposed by a city like Barcelona. 
 
Fifth chapter is a sensibility analysis. It gives relevant data about difficult points 
with the model proposed and also enlightens all the results that with the simple 
model cannot be shown, for example helps to set the ductsô rental price to allow 
a reasonable competition. 
 
Sixth chapter summarises the main conclusions of this Thesis. It also describes 
some important things learned through the study of this fibre networks and from 
all the papers, companies, regulators and webs consultations. Finally some 
possible suggestions are given to overcome the current detected problems in 
deployment of NGANs.  
 
Annexes include all the examples and data that can help to understand the 
modelôs details. 
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CHAPTER 1. OBJECTIVES AND SCOPE 
 
This chapter sets the reader of this thesis in the real scope of Spanish fibre 
situation. It also analyses the kind of regulation that has been agreed, and also 
summarises real cases that have attracted all the attention of the author of this 
thesis.  

1.1. The Spanish Situation 

 
It starts when the Spanish incumbent, Telefónica de España S. A. U. (TESAU), 
has made a proposal to the Spanish NRA of deploying its own FTTH network. 
Previously, the LLU have become one of the best results achieved by the NRA 
to allow competition market. Now, operators, not including the incumbent, feel 
that this market won with copper is going to be lost with fibre. So, after TESAUôs 
proposal, it has started the discussion from operators of how will be regulated 
the fibre to the home market in Spain. 
 

1.1.1. Public Consultation  

 
In May of 2007 the Spanish NRA, Comisión del Mercado de las 
Telecomunicaciones (CMT), open a public consultation about Next Generation 
Access Networks (NGAN) to operators [1].  
 
From this first contact something seems clear: ñDucts are the main costs of the 
entire new fibre roll outò, to clarify, this real cost comes from the civil works to 
install those ducts. The incumbent has a better position because it has in 
possession most of the telecommunication ducts in the country acquired after it 
was considered a private company. It was the national company of 
telecommunications, and it has inherited all the country ducts and copper 
cables. Different possibilities are seen as a possible solution: 
 

- Using ducts of the SMP operator, in this case TESAUôs ducts. 
 

- The use of the electrical, gas and water ducts owned by companies that 
are not telecommunication ones. This possibility is out of range from the 
NRA, but if it is interesting for the new roll out, it can be started 
negotiations with main regulators of these other ducts to allow 
telecommunicationsô fibre pass through them. 

 
Other possibilities are seen also as a possible solution, and some of them are 
now a fact and not only a possibility: 
 

- It is amazing to see that Cordobaôs council has allowed the deployment 
of fibre inside sewer ducts in Spain. Something similar have done Free in 
Paris, and then France Telecom and 9C arriving to 1800km of fibre 
inside sewer ducts, see [2], [3]. Also Viena network is done like that.  
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- In Madrid the NRA have pushed the council to allow deployment inside 
the public premises of the metro. 

 

1.1.2. Proposals 

 
After CMT have closed this public consultation, it starts a whole year, the entire 
2008, of drafts and proposals that includes provisional measures. TESAU 
initiates this period with a consultation to the Spanish NRA about the possibility 
to start offering NGA with FTTH-GPON structure to final consumers. The first 
draft reached by CMT in May [4] includes the next constraints to TESAU: 
 

- Allow access to their ducts for other operators that want to deploy fibre, 
so they can use them. (in this case includes posts) 

 
- Give all the information about their fibre deployment plans to all the 

operators. This way can be shown the places that are going to be 
connected with new fibre. 

 
- Allowing virtual loop on the service offered by FTTH-GPON.  

 
The next provisional measure on July [5], deletes the next constraint: 
 

- Allow virtual loop on the service offered by TESAU by FTTH-GPON 
 
But in this proposal includes the next measure: 
 

- Only will allow the permission to TESAU of selling their new service 
TRIO FUTURA [6] if they show first all their deployment fibre installation 
plans. 

 
NRA found a new bottleneck: deploy fibre inside buildings, [7]. A new 
provisional measure is taken, and it results into symmetrical buildingsô access. 
The aim of this resolution is to not close the door for new operators that deploy 
their fibre network after the first one has arrived to the building. It can be 
understood that people donôt want two or three cables onto their building walls. 
This provisional measure concludes: 
 

- It exclude HFC lines, meaning cable operators, from this obligation of 
symmetrical access offer 

 
It obligates to the operator that installs new fibre cable inside a building to: 
 

- Announce to CMT that this building have vertical fibre, allowing other 
operators to change their plans according to this data. 

 
- Rent the use of the necessary fibre and elements in the building 
premises to arrive to the userôs home. It also includes inside the building, 
so only one operator will deploy fibre inside buildings and then rent it to 
others that can come to the same building. 
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- Set prices at reasonable level that will be controlled by the CMT. 
 
On November 2008 CMT had allowed TESAU start selling their service TRIO 
FUTURA because they had cooperated by giving in return a program called 
CARPE that contains all TESAU ducts, [8]. Figure 1 shows the interface 
program with ducts required by an operator that requires a path to deploy their 
fibre inside TESAUôs ducts: 
 
 

  
Fig. 1. a) Search into Barcelona ducts, b) Search into Madrid ducts 

 
On October of 2008, CMT announce that will be different regulations according 
to a two different types. The first one, called ñzona 1ò where TESAU is below 
the 50% of market, or the cable operator have more than 60% of the market. In 
this zone the incumbent will be imposed fewer constraints than in zone 2. This 
second zone is where TESAU is considered having SMP and where all 
measures are applied. 
 
Those provisional measures were sent to European Commission on October 
2008. After that, it was received some advices from the European Commission, 
the CNC and the experts group of IRG/ERG, finally it arrives to the resolution 
explained into the next point.  

1.1.3. Resolution of 22nd January of 2009 

 
Every discussion point finishes with this resolution, [9]. CMT publish this new 
resolution where all the main hot points of 2007 and 2008 are finally explained 
here and also exposes how will be regulated. The main constrictions and 
allowances are shown on the next lines: 
 

- All the country is regulated with this resolution and has effects in every 
part of Spain, meaning the abolition of zones classification. If CMT donôt 
set this point properly, could become an increase of TESAU market in 
zones where they donôt were SMP.  

 
- Allow operators to have access inside TESAU ducts in a rental price that 

have to be oriented to costs, inside market 4. 
 

- Offer 30Mbps inside market 5 in places where TESAU can offer its own 
fibre offer. 
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- No regulation above bandwidth of 30Mbps. So, higher speeds can be an 
interesting point to deploy fibre and attract new consumers. 

 
- Vertical access has to be shared by the first operator that rolls out a fibre 

inside a building. 
 

- Obligation to TESAU when is going to close a copper unit centre. After 
each announcement of closing a centre, TESAU have to maintain it 
active during a 5 years period. After those years it can be closed. It is 
considered time enough to other operators changing their equipment 
emplacement, nowadays allowed by LLU included in the OBA [10]. 

 
Those points are the most relevant ones to the new fibre roll out, and this thesis 
will evaluate how some of them can influence to a new operator, or an existing 
one, that wants to deploy its own fibre network. Next point tries to guess how 
can be started this roll out and also see if investors are going to hold the funds. 
 

1.2. Summarising fibre around the world 

 
Next 5 years will become one of the most significant periods from the last 50 
years in telecommunications. In this case, they will be focused on broadband 
access and become the main door for the next 25 years.  
 
A change is happening, and this change will become the future of business, 
home services, and access technologies, also will mean a change in 
telecommunications investments. To change all the copper wires will require a 
huge amount of funds. Operators will be influenced by the main resolution of 
January the 22nd. According to the points agreed inside this resolution they will 
deploy or not such infrastructures, commonly called NGAN. 
  
New Broadband access is seen as a new way of using new technologies, but, 
Internet is seen as the one that has the biggest impact in terms of cost savings 
in business. Varian H [11] estimated that the adoption of Internet business 
solutions had yielded to US organizations, from the first year of implementation 
through 2001, cumulative cost savings of $155.2 billion and increased revenues 
of $444 billion, and in Europe1, cumulative cost savings of $9.0 billion and 
increased revenues of $86.4 billion.  
 
With this scope, someone can ask: why not to enlarge Internet Business 
Solutions (IBS) or new internet services to higher speed users? The answer is 
that everyone is waiting to the first move. 
 
New operators, and also the incumbent in each country, are facing a new 
challenge: invest in new access technologies and do not lose market 
competition because this NGAN are installed. On the other hand, NRAs are 
trying to regulate this new market with two main problems to accomplish their 
goals: 

                                            
1
 Case only studied the main three Europe economies: United Kingdom, France and Germany 
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- Deploy a wide-scale fibre to the home (FTTH) network that covers the 
entire country. It can only be done by the main operator in each country. 
 

- Alternative providers reach at least the same market that they have in 
copper lines with the Local Loop Unbundling (LLU) or with their own 
cable as a main indicator of competition in FTTH networks. 

 

1.2.1. Investment 
 

In all countries is happening nearly the same, the 2009 financial crack, and a 
feeling to not be throwing money to the waste, is keeping operators without 
being convinced to roll out a new fibre network. There are some exceptions 
where government are deploying themselves the new access2 networks, or are 
investing hard to achieve competition and funds. 
 

What we have is a wheel, see figure 1, which has to start spinning by one of the 
main inputs it has: 
 

- High user demand of bandwidth 
- New services that needs high speed connections and user access 
- Investors and operators can see NGAN as a new opportunity 

 
 
 

 
Fig. 2 Relation factors to invest and succeed in NGA 

                                            
2 Korea, Japan, Singapore, Canada, Australia 
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1.2.1.1. Start by high user demand of bandwidth  

 
Start by high user demand of bandwidth is something that seems is not going to 
happen. Spanish regulator shows that users normally contract 1 to 6 Mbps, and 
is expected to increase this average to 10 Mbps [12]. So, who wants this high 
speed?  
 
It can be shown with a few numbers that 30Mbps or even 20Mbps are enough 
for next five years: 
 
Table 1. Downstream BW Demand 

Service Downstream BW 

High-Speed Access (Internet) 10 Mbps 

VoIP 64 Kbps 

Games (real tme playing and talking) 3Mbps 

HDTV or VoD (MPEG -4) 10 Mbps 

Total 23,6 Mbps 

 
Spanishôs homes have, as a media, two televisions. With VoD, you will need 
two receivers, each one at 10Mbps, so the total bandwidth demand can be set 
between 23,6 Mbps (one television) and 33,6 Mbps (two television).  

 

1.2.1.2. Start by services that are needing high speed access 

 

Another great factor to start can be all the services to offer. Companies are 
waiting to develop services that need to be feed with high speed, low latency, 
and more bandwidth than 10Mbps. Some of them are expected to consume 
more than 2Mbps upstream from user to the net. Services are analysed on 
chapter three and can go from IPTV to teleworking. 
 
So where is the real market, or have companies a target of potential 
customers? It can be said that where there is no market someone can create it, 
although nowadays it seems that only television can achieve it.  
 
If main operators have enough money to buy contents and serve them as video 
on demand, also in a IP television way, people is going to change, because 
youngerôs only want to see their contents, and are getting used to it with their 
computers channels. Imagine what it happens when the law, for example this 
March in England, have stopped all the music contents in YouTube. Now 
imagine a YouTube with those contents and with more services related to take 
advantage of 30Mbps or more, new services will arrive. 
 

1.2.1.3. Start when NGAN are seen as a new opportunity to invest 

 
It has not been explained yet the main factor depicted in figure 1: Investors, 
Banks, Risk and The Operator that wants to deploy the new fibre. In the context 
where we are now, an economical crisis, Banks are not letting loans to 
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operators with 15 to 20 years with a low interest rate. Moreover, we are not 
talking about a low amount of money, we are talking about hundreds of millions 
Euros in each country.  
 
From the other side, investors that are losing money played on the main 
exchanges markets are searching some reports, which may help them to take 
decisions, to invest or not in a 15 to 20 years net present value, NPV, positive 
project. This crack in exchanges markets is going to delay the new deployment 
in some countries like Netherlands or Spain, where the incumbents are saying3 
they want to wait to invest in NGAN. In the case of Netherlands we can see how 
KPN have eaten a social project that involved councils and private investors in a 
project called Reggaefibre, now both are developing together the deployment of 
fibre in Netherland, see more in Annex I. 
 
According to the European Commission, Information Society and Media the 
industry estimates that 300.000 M ú should be the necessary investment to 
deploy optical networks around Europe. The worst part of it is that their 
estimations are more likely to be 33.000 M ú between the period of 2005 and 
2020. This approximation means that this optical network around Europe will 
cover only a ninth part of the Europe country network. 
 
After this pessimistic paragraph it is important to exalt the possible new 
investor: the government. It is seen as the new Angel investor. But it has to be 
controlled how it will build a new neutral network in the places where operators 
are saying that they cannot arrive. Council does have to start the wheel if they 
can understand that they will be out of the coverage of fibre access.  
 
The model explained in this thesis is answering to the competition, so it is 
placed in a big area with higher potential user demand and not in places where 
it can be needed an external investor, those places are considered well suited 
to implement a FTTH network by telecommunications operators.  
 
 
 
 
 
 
 

                                            
3
 March 2009, this text can be old-fashioned a month or two later, and incumbents take new 

decisions, promoted by Money cases, or NRA decisions 
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CHAPTER 2. Next Generation Access Networks 
 
 
Chapter two explains the fibre network option selected by the Spanish 
incumbent and most of European operators: FTTH with GPON implementation. 
Annex IV gives to the reader an overview of other implementations that can be 
done with fibre, and that are also considered NGA solutions.  
 

2.1. FTTX and possible deployments 
 

The different solutions of FTTX, fibre on the last/first mile, are broadband optical 
access networks that are following ITU-T Rec. G.938.1 recommendations and 
G.983.x. from November 2001, and updates until 2005 [13]. Eight years later 
some operators, after having completed some FTTH-GPON pilots in some 
cities4, are focussing in deploying these networks that are becoming more 
interesting to final experimented users and service providers.  
 

Nowadays there exist several new acronyms that describe a selected 
deployment from an operator. In this case Fibre to the ñXò is the most common 
name used for all technologies that uses fibre to deploy the last/first metres to 
the final user. But the distance, or the place where fibre arrives, is the one 
whom gives to this ñXò the selected deployment by an infrastructure operator. In 
this case we select the one with an ñHò, meaning that the model of this thesis is 
to implement a fibre to the Home selection. 
 

2.1.1. Fibre to the home 
 

Selecting FTTH-GPON we are selecting a PON (Passive Optical Network) and 
it is considered a passive solution, meaning that there are power consumption 
active elements. It implies that this solution does not need a huge management 
of the network, which will have fewer failures, and will be transparent from the 
point of view of the operator. The bad part of deploying a passive solution is the 
user management difficulty. 
 
This solution is the only one that rolls out a fibre cable that arrives to the ONT 
when a single subscriber is connected, or to the ONU that gives services to a 
building5. The distance from OLT to the inside home has its maximum distance 
between 10 to 20 km. 
   
Figure 3 is an example of possible FTTH implementations. It can have or not a 
splitter, or more than one splitter, selecting the kind of PON to implement. In this 
case to show that the relevant part is fibre, there is no installation of any splitter 
in figure 3, meaning that is a P2P (Point to Point) deployment. 

                                            
4
 Telecom Italia, TESAU, UFINET, Telekomunikacja Polska, Verizon, Amsterdam Citynet, etc. 

5
 To help the reading of this thesis it is going to be written only ONU, and it can be understood 

that it can be an ONT if the ONU serves a single subscriber. 
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Fig. 3 Fibre to the home  

 

2.2. Passive Optical Network 

 
Passive Optical Networks, called PON, are the ones seen as the most suitable 
for a project to be deployed in Barcelona, and also for most of the high 
population density Spanish cities. This chapter wants to show the importance of 
the selection of this kind of networks and also analyse it with a deployment of 
FTTH solution. 
 

2.2.1. Point to point (P2P): each user has its own dedicated 
fibre 

 
In this case each user connected with a fibre has a dedicated speed from 100 to 
1000 Mbps. This is the ideal solution that all the operators could implement, but 
is discarding because the huge number of users to serve, which leads to a high 
number of fibres to deploy. Cost of fibres is not the stopper. It is the civil works 
that have to be done due the high number of fibres to bury and the installation 
of new ducts to do it. 
 
P2P seems to be more focused to business areas, where the need of speed is 
higher due to the volume of PCs connected inside each company that share the 
same connection. It is thought to be deployed in high income residential zones 
where the revenues of the services offered can be higher than in other zones.  
 
Having each costumer a fibre allows upgrades of speed from 100/1000Mbps to 
a future that can arrive to 10Gbps per home. Figure 4 shows a P2P 
implementation for a 4096 homes village. All fibres are distributed from the 
same optical centre. 
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Fig. 4 Implementation of P2P Fibre to the home network 

 
 
P2P solutions have been selected by some operators as the main option6, and 
the only one that can guarantee the maximum speed per user that the 
backbone allows.  
 

2.2.2. Point to Multipoint (P2MP):  

 
This solution enables speeds up to 1000 Mbps uploading and 2500 Mbps 
downloading. Those speeds are shared by the number of users that are placed 
after a splitter. Nowadays the number of homes to share this speed can be 16 / 
32 / 64 homes. This solution is seen as the main solution to serve dense 
residential areas although final user speeds are not as high as in P2P. 
 
Speeds of these final users are 150 / 60 / 30 Mbps depending on the kind of 
splitting done (16 / 32 / 64). Figure 5 shows a possible implementation of this 
passive access network type. 
 

 
Fig. 5 Implementation of P2MP Fibre to the home network 

                                            
6
 Free (illiad) in France, Reggefibre Group in Amsterdam, Adamo in Spain, Andorra (but is a 

ethernet solution-> EPON) 
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2.3. Model chosen: FTTH-GPON 

 
The technology chosen by TESAU is FTTH-GPON. This technology fixes a 
maximum speed for the user until a new change on the network is done. Figure 
6 shows a FTTHïGPON schema. 
 
Downstream7 traffic is shared by all the end users. They receive the same 
information to their ONU. So, each ONU can only read the messages 
addressed to it, the yellow colour messages in figure 6, and also some 
broadcast information. 
 
The problem with this technology is that unbundling is not possible, because the 
downstream is the same 2,5Gbps traffic to all the ONU. Only a Point to Point 
technology would allow full unbundling. A completely virtual LLU for FTTH-
GPON is not possible unless expensive ODFs (Optical Distribution Frames) are 
used to allow flexible connection of drop fibres to a specific point. 
 
What can be done, is an unbundling of the internet service. The upstream traffic 
from the user, the green packet in figure 6, and the downstream traffic from the 
service provider will come to a buffer into the aggregation point of the main 
operator. This would give an access to internet at 30Mbps, according to the 22nd 
January resolution, without the possibility of emulating the IP-TV that will be 
offered by TESAU.  
 
This solution, against P2P solution, needs to encrypt data, and this introduces 
some delays. At security level there is a possibility of blocking the PON 
infrastructure if a ONT/ONU starts to emit light all the time. If this happens the 
network is not able to recognise all the packets from the other ONU. 

                                            
7
 Downstream direction is defined as the direction of flow of information from the OLT to the ONU/ONT(s) . 

Upstream direction is defined as the direction of flow of information from the ONU/ONT(s)to the OLT 
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Fig. 6 Implementation of FTTH-GPON 

 
Figure 6 is showing all the communication between the OLT and all ONUs that 
are after the splitter. The numbers set in each packet are the wavelength that is 
emitted by the OLT and the ONUs for each channel communication. As it can 
be seen, 1550nm is dedicated to transmit analogical or digital television through 
FTTH, not confuse it with main IPTV services like TESAUôs imagenio.  
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CHAPTER 3. The Model  
 
This chapter is an overview of all the variables that have been studied to include 
into the thesisô model.  
 

3.1. Operatorôs Types 

 
There are several possibilities to classify an operator. Inside this thesis, the 
model has been structured according to the main business an operator is 
focused on. This leads to a possible classification of operatorôs types:  
 

- Content/Service provider: an operator that offers contents, services and 
applications to final users, using other operatorsô communications 
services. 

- Communications provider: an operator that operates the active elements 
to allow communication inside the fibre network. It provides these 
services to content/service providers.  

- Infrastructures provider: an operator that rolls out the fibre and arrives to 
the user home or building. It owns the ducts and fibre network. It rents 
these facilities to the communications providers. 

 
Figure 7 can give the reader a better understanding of the operatorôs types 
explained above.  
 

 
Fig. 7 Main business layers for operators 
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Real operators cannot usually be classified in only one of those three types, 
because they are playing more than one role in the chain. Some operators can 
be playing all of them. They can be classified as:  
 

- Neutral FTTH Operator: when an operator possesses the infrastructure 
and the active elements, the ones that enable communication layer. It 
needs a service provider that contracts its service to sell services to final 
users. 

- Neutral FTTH Infrastructure Operator: when an operator only rolls out the 
fibre and makes connections to the homes, but without connecting 
anything to both sides of the fibre cables. To fulfil a complete service, it 
needs a Telecom operator that can use its infrastructures, or a 
combination of a network operator and a service provider. Depending on 
the network it can allow several Telecom operators or a Network 
operator and several service providers.   

- Network Operator: it is an operator that only places and maintains the 
active equipment to allow communications. To understand this 
classification can be summarised as an operator that only installs and 
maintain ONUs and OLTs. 

- Service Operator: when only gives contents and services to final users, 
so it only takes the upper layer of the chain. It needs the network 
implemented, but is the one that can sign new users. 

- Telecom Operator: an operator that provides communications and 
contents by renting the network infrastructure of some other operator. 

- Integrated Vertical Operator: it is an operator that plays all the roles: 
infrastructures, communications and contents and services. It arrives to 
the user, connects it and is paid directly by him. 
 

 
 

Fig. 8 Operatorôs types according to the layers of service 

 
 
In figure 8 orange operators, left, will be created by public administrations and 
councils. The green ones, right, are the private operatorsô models. Those 
models can be applied in different ways giving always to the final user multiple 
services or only a closed packet with some bundled services.  
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3.2. Infrastructures 

 
Under the title infrastructures are described all the costs that should be taken 
into account when a new operator wants to deploy a new network infrastructure. 
 

3.2.1. Ducts 

 
From chapter one it can be extracted figure 9. It summarises how will be 
achieved the ductsô rental and also the symmetric obligations. 
 

 
 

Fig. 9 Market 4 and symmetric obligation in dense and small concentration areas 

 
This model contemplates the hypothesis that a new operator benefits from the 
market 4 recommendations, and only rolls out fibre inside TESAUôs ducts. 
Figure 9 depicts that symmetric obligation applies inside buildings in the case of 
dense populated areas. Symmetric obligation also applies to a manhole that 
serves a street or several homes in the case of low populated areas. But this 
obligation is only restricted to buildings that have no common 
telecommunications infrastructure (ICT in Spain) plan developed. It also 
concludes that symmetrical obligation does not apply to office buildings.  

3.2.1.1. Filled ducts 

 
It is assumed that ducts can be filled. A study done by Ofcom in the UK, see 
[14], confirms that parts of the ducts in that country are filled up. The study 
concludes that if we choose any path from one point to another in the average 
10% of the path is filled up. From figure 10 we can see that in 21% of the cases 
there are not sub ducts available. A sub duct is defined as a 25mm tube.  
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Fig. 10 Filled ductôs in tan per cent in England 

 
But we have to add to this study the new fibre that the SMP operator is going to 
install inside all those ducts. If it is counted that the SMP operator deploys one 
fibre inside all ducts, the entire percentage of filled up ducts can reach 49%. 
 

3.2.2. Civil engineering works cost 

 
 
Civil engineering works can suppose nearly half the budget needed to invest 
when deploying a new FTTH roll out. The following costs have been obtained 
from councils when an operator or a utility asks to open a road, a foot path or a 
grass verge path. Aerial case is not considered because it is deployed inside a 
high urban place, and aerial deployment is forbidden by the Barcelonaôs council. 
It should be considered in other places, with smaller density, and if the council 
is agreeing to lower the final cost per home passed with an aerial roll out. 
 
The foot path is the one with the highest cost because coucnlis always want the 
footpath rebuilt. In Spain in nearly all the country footpaths are tiled. Other 
countries can have tar footpaths, and they may have a lower cost. In the case of 
Barcelona costs are listed into the following tables. 
 
Table 2. Ducts installation 

Ducts installation case normal ditch Cost/metre 

Road снΣлл ϵ 

Footpath улΣлл ϵ 

Grass verge пнΣлл ϵ 

 
 
Mini-ditches can be considered. However they have a limitation of 6 ducts for 76 
fibres each. The total size of the trench is 12 cm wide and 40 cm deepness. 
They are 45% cheaper than a normal ditch 
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Table 3. Ducts installation with mini-ditch solution 

Ducts installation case mini-ditch Cost/metre 

Road опΣмл ϵ 

Footpath ппΣлл ϵ 

Grass verge ноΣмл ϵ 

 
Figures 11.a and 11.b show the difference between those two ditches. Mini-
ditches need less material, less time to install and less money to be done. But 
cables are going to be less deep too. 
 

  

Fig. 11 Market a) footpath ditch b) mini-ditch 

 
 
Micro-ditches that have a size of 15mm wide and 13cm deep also exist. But 
they are not included in this model because inside the Barcelona area are done 
each year lots of civil works, and those can damage a fibre path if it is only 
buried less than 13cm under the ground. 
 

3.2.3. Fibre costs 

 
The following fibre costs have been used. 
 
Table 4. Fibre cost per metre 

Cost per metre depending on fibre type 

Fibre Type Cost/metre 

256 млΣтс ϵ 

192 уΣфл ϵ 

128 рΣтр ϵ 

96 пΣрл ϵ 

64 оΣпр ϵ 

48 оΣол ϵ 

Cost per metre depending on fibre type 

Fibre Type Cost/metre 

32 нΣтр ϵ 

24 нΣол ϵ 

16 мΣтр ϵ 

6 мΣнл ϵ 

4 мΣнл ϵ 

1 мΣнл ϵ 
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3.2.4. Fibre roll out inside ducts 

 
This cost per metre includes an approximation of the total cost of workers, 
machines rental and other pieces necessary to roll out the fibre inside the 
existing ducts. This cost is changing in relation with the type of fibre to be 
deploy.  
 
Table 5. Installing fibre inside ducts 

Deploying fibre inside existing ducts 

Fibre type  Cost/metre 

256                                    оΣлл ϵ  

192                                    оΣлл ϵ  

128                                    нΣнл ϵ  

96                                    нΣнл ϵ  

64                                    нΣнл ϵ  

48                                    нΣмл ϵ  

32                                    нΣмл ϵ  

24                                    нΣмл ϵ  

16                                    нΣмл ϵ  

6                                    нΣмл ϵ  

4                                    нΣмл ϵ  

1                                    нΣмл ϵ  

 

3.2.5. Splitter 

 
Costs are shown for 1:16, 1:8 an 1:4 splitters. These are the most common 
splitters. Fibre fusions are included in those costs. So the 1:16 splitter is the 
most expensive due the number of fibre fusions needed. 
 
Table 6. Splitter type 

Splitter Type Cost/unit 

16 пллΣлл ϵ 

8 нрлΣлл ϵ 

4 мрлΣлл ϵ 

 
Table 7 gives the installation costs of each splitter. It includes the total amount 
of work to place it inside a manhole. 
 
Table 7. Splitter installation 

Installing a Splitter Cost/installation 

1 молΣлл ϵ 
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Street Cabinets are the main point where workers and installers will manipulate 
the fibre to provide access to the final usersô homes. Splitters can be installed 
inside a Manhole or a Street Cabinet. 
 
Table 8. Manhole installation 

Manhole/Street Cabinet 
Cost/unit and 
installation 

1 мΦлллΣлл ϵ 

 

3.2.6. Home connection 

 
Fibre on facades with the following costs. 
 
Table 9. Installation of fibre onto the facade 

Outside façade cost/m 

48 оΣтр ϵ 

16 оΣрр ϵ 

 
A hole that has to be done into the facade to extract fibre cables and fusion 
them with the fibre network that arrives to the base or top of the building. 
 
Table 10. Exit hole into facade 

Exit to façade cost/exit 

1 унΣсп ϵ 

 
The cost to build a new duct and pass fibre through it is the following. 
 
 
Table 11. Ditch inside a building 

Create duct cost/(ditch per metre) 

1 ууΣпл ϵ 

 
 
The cost to lay out fibre inside a building is the following 
 
 
Table 12. Approach of the vertical cable cost 

Vertical cable cost cost/building 

1 млсΣлл ϵ 
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3.3. Communications equipment 

 
They are the active elements that are placed in both sides of the fibre network. 
As it has been explained in chapter 2, ONU and OLT active elements are 
required.  
 
The costs of those elements are: 
 
Table 13. ONU/ONT cost 

ONU/ONT cost/unit 

1 мтрΣлл ϵ 

 
 

An OLT to a small urban or rural area, or shared with other rural villages, can be 
installed when there are 1000 potentially final userôs homes. Great urban areas 
need 2000 homes OLT because there are more potential users.  
 
Table 14. OLT cost depending on the number of homes to serve 

OLT cost/number of homes 

1000 homes слΦлллΣлл ϵ 

2000 homes мллΦлллΣлл ϵ 

 

3.4. Services 

 
Services are seen as the main reason to deploy a new fibre network. In Annex II 
some possible services that may be provided in future NGAN are described. In 
point 3.4 only the TV service, in its IPTV and VOD offers, are described. Fibre 
will increase the TV offering, but it will also increase the amount of money that a 
fibre operator can receive from his final consumers with the offered services. As 
it is described in Annex II new fibre services will improve health sector, 
surveillance, e-learning, games, and more services that can be offered through 
fibre at low cost to users.  
 

3.4.1. IPTV 

 
Here are described all the possibilities of this Television service. First of all we 
take the main description from ITU-T, [15]. 
 

IPTV is defined as multimedia services such as television/ video/ audio/ text/ graphics/ 
data delivered over IP-based networks managed to support the required level of 
QoS/QoE, security, interactivity and reliability. 
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3.4.1.1. Set top box 

 
This element is considered to be placed after the ONT. It is needed as the first 
thing to be connected to the router, or directly to the network to allow IPTV and 
VOD services. Nowadays prices of this element are decreasing. A medium 
range set top box has been selected. 
 
Table 15. Cost of the new operator Set Top Box 

User Set top box Cost 

1 Set top box 20лΣлл ϵ 

 

3.4.1.2. TV over IP 

 
All operators consider it IP-TV as the star service. All agree that this service is 
what people is looking for. FG-IPTV is a group from ITU-T that is only dedicated 
to standardize IPTV. In Spain, CMT have published a report done by ISDEFE, 
[16], where it can be seen that Telefonica is losing IPTV market each quarter, 
but it clearly shows that it would have the best position in case of deploying  
new fibre networks. 
 
Table 16. IPTV market evolution 

Quarter Telefónica Orange Jazztel 

I06 100,00% 0,00% 0,00% 

II06 99,93% 0,00% 0,07% 

III06 99,28% 0,00% 0,72% 

IV06 96,16% 2,47% 1,38% 

I07 95,58% 3,19% 1,23% 

II07 95,65% 3,37% 0,98% 

III07 95,10% 3,77% 1,13% 

IV07 89,36% 9,51% 1,13% 

I08 87,09% 11,77% 1,13% 

II08 85,25% 13,60% 1,16% 

  

3.4.1.3. VOD 

 
Video on Demand will be a service that will have good acceptation as have 
been said, if the contents are of all kinds as possible, and also the price is low. 
1,5 ú per movie will be accepted by everyone and 2 ú for HD movie. In both 
cases, we need a great bandwidth that allows high speed to users. If the service 
has disruptions, or makes people waiting more than half a minute, it can make 
them nervous and have a bad experience. 
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3.4.1.4. HDTV and new versions 

 
IPTV needs 4Mbps with its SDTV model, and new version in HDTV needs 12 
Mbps. ITU is preparing a recommendation called J.601, see [17], that is going 
to change the understanding of television. It is intended to allow Large Screen 
Display Imagery. Currently it supports what is called 2D Super TV, which allows 
3840x2160 pixels and needs 50Mbps.  
 
Some experimental projects are trying to reach what it is called 3D High TV with 
the same recommendation, and allow 7680x4320x20 pixels, needing this time 
nearly 280 Mbps.  
 
The futurist standard of television is a total 3D television, called 3D Ultra TV, 
which will need 2750Mbps, nearly 3Gbps. So, if those services start to be 
implemented a network will be required to support them. Perhaps televisions 
manufacturers will be produce less demanding televisions. Until now there are 
some astonishing televisions that can have 150 inches allowing 4096x2160 
pixels, see [18]. It was shown the past year at Consumer Electronics Show in 
Las Vegas, figure 12 shows it. 
 

 
Fig. 12 Panasonic 150 inches television 

 

3.5. Sources of Revenue 

 
The following sources of revenue have been considered. 

3.5.1. Connectivity 

 
For each connected home an access fee will be charged. It will generate 
revenue each time that a new home is connected. In the case of TESAU this 
cost is fixed at 13,97 ú in copper access lines. The price to connect a home in 
this thesis is called ACCESS. 
  

3.5.2. Variable revenues 

 
These revenues are called variables because each month they can have a 
different value. For example with phone calls it has a different cost each month 
depending on the numbers called: if they are mobile or not, the duration of each 
callé In the fibre case traffic may also include 3D videoconference, healthcare 
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revisions with your physiciané and all the services that will need QoS and do 
not have the same value each month. 
 
IT could be though that with Unlimited Anytime Calls, or Videoconference, or 
health services, the costs will be seen as discretional or fixed per month. In 
spite of that, these unlimited anytime services are subjected to a several 
conditions, for example to calls between phones from the same company, 
country, fixed or mobile phones, and are seen as costs for the user that are not 
included on the unlimited anytime tariff. So, the final margin per each home is 
still variable. 
 

3.5.3. Discretionary revenues  

Discretionary revenues are all of those revenues that come from services that 
are paid on demand like VoD or the pay per view in IPTV and you want to see 
an especial program.  
 
It also includes special services that are sold as something different from the 
standard triple play pack: voice-data-IPTV. Here is where the fibre can achieve 
more revenues, with new services: telecare services, karaoke, video 
surveillance, gaming, homeworking, Saasé and those services can only 
increase the revenues depending on what the final user wants, see Annex II.  
 

3.5.4. Gross Margin 

Gross Margin is defined as a company's total sales revenue minus its direct 
costs associated with producing the goods and services sold. In this Thesis Gi 
is Gross Margin per year.  

The sales revenue that the company will reach is constricted by Pi and Ћi  that 
are the Potential Market per year and the percentage of market penetration. 
These two parameters have to be multiplied by the expected ARPU (Average 
Revenue per User, in this case per Home), wich includes the ACCESS cost. 
ARPU is calculated dividing all the sales, revenues, divided by the number of 
homes served. 

The direct costs associated with producing the services per year are 
represented by Si. It has to include all the services costs from the variables and 
the discretional. 
 
Formula 3.1 shows how to calculate Gross margin per year. 
 
 

                                 Gi = ARPU· Pi ·Ћi Si                                 (3.1) 
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3.6. Operative Expenditures OPEX 

 
OPEX includes all the costs that can be attributed to maintain the network, 
active elements and services to guarantee that everything works properly. 
 

3.6.1. Payroll 

 
It includes all the payrolls of the working team, from vendors to technicians, and 
from cleaners to the support call centre. PRli is the total amount of the payroll 
paid by the operator each year. 
 
To maintain a FTTH network it is important to know that less active points exist, 
so less people is needed to repair active elements. But the main centres will 
have an important amount of fibres to control. Services have to be managed, 
and the OAM increases to properly control all those services. To manage and 
price them properly, more specific programs and also more people to identify 
problems will be needed. If a single fibre is disconnected or breaks at least 64 
homes are going to be disconnected if the model of this thesis is followed. 
Problems will be more important if the cut is done closer to the PoP. There, a 
single cut can affect 296 homes.  

3.6.2. Ductôs Rentals 

 
As it has been explained in point 3.2.1, and according to the CMTôs resolution of 
January the 22nd, ducts can be rented from TESAU. 
 
A price has to be agreed for the cost per metre and year that will have to be 

paid for those ducts. ɓi is this price per year and is given in 
Ό

ά
·ώὩὥὶ. Li is the 

numbers of metres that the operator needs to rent to deploy its network. As the 
operator rolls out more fibre inside TESAUôs ducts the total cost of ductôs rental  
will increase. 
 

3.6.3. Other Rentals 

 
Other rentals per year are shown by ORi. Here are included all the company 
facilities and buildings that are rented, also the allocation of equipment inside 
manholes of other operators if they are finally taken into account. It includes the 
power bill, and also special services of call centre that can be outsourced to 
other companies.  
 
Formula 3.2 answers to the way of calculating OPEX theoretically. 
 

                                      OPEXi =  PRli + ɼi · Li + ORi                                       (3.2) 
 

3.7. Capital Expenditures CAPEX 
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Investment in fibre, deploying fibre inside ducts, rolling out fibre inside buildings, 
buying communications equipment, civil engineer works and splitters are 
defined as CAPEX. All are investments that can be depreciated each year into 
the companiesô balance. Chapter 4 includes formulas where all those 
parameters are included. 
 

3.8. Net Present Value (NPV) 
 

NPV is a relation between the cash inflows and the cash outflows to decide if a 
when it would become profitable to invest this capital in some projects with a 
given rate of return. The present rate of return is given in percentage and shown 
by ñrò in formula 3.3. The formula also includes the inflation in it, because a euro 
of today has different value ten years later. Ci is the result of the cash inflows 
minus the cash outflows in year ñiò. 
 
 

                          NPV r = В
Ci

1+ r i · 1+ inflation i

i= last  year
i= 1 C0                          (3.3) 

 
 

NPV leads investors to know if a project can generate more money than the 
money they receive from other projects with the same rate of return. If NPV is 
greater than 0, so if it is positive, means that the project is attractive for the 
given rate return. If it is equal to 0, it means that generates the same return, but 
then, it can be seen as an opportunity to do it as a strategic positioning of the 
operator in front of other new ones that will deploy NGAN later. If NPV is 
negative the project is not attractive. It is not recommended to invest in that 
project. NPV is computed for a specific number of years, considering a longer or 
shorter period of time will give different results. 
 

NPV also may give another important data. It can provide the time to recover 
the investment. So it gives to the investor the number of years that should hold 
his money invested in a project before obtaining a positive NPV. 
 

3.9. Geotypes selection 

 
A classification has been done of the areas to cover, they are called geotypes. 
This classification allows knowing the best places to deploy fibre. 
 
The area studied in this thesis is Barcelona Metropolitan area. Some 
parameters have been chosen to classify cities. The list in annex VI has the 
following parameters: 
 
Density: the number of inhabitants divided by the area where they live. This 
parameter helps to understand how many possible final users we may find in 
this area. A more detailed analysis should include only the inhabited area. 
 
Number of Homes: this parameter has more relevance to take a new decision, 
and implies the source of the future revenues. 
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CHAPTER 4. Main Assumptions 
 
 

4.1. Operator selection 

 
The main operator in Spain is TESAU, an Integrated Vertical Operator. The 
operator simulated in this model is competing with TESAU. A model has been 
built in three sections, according to each of the three possible layers described 
in section 3.1. It includes infrastructures, active parts and end user services, 
such that it is also an integrated vertical operator. 
 
The integrated vertical operator will deploy its own fibre in competition with 
TESAU. To provide the same quality of services as TESAU, the new operator 
aims to buy his own fibre but wants to do its new roll out without doing civil 
works. Therefore, it will rent the ducts from TESAU. 
 

4.2. Infrastructures 

 
Main hypothesis in the model are going to be set in Barcelona city area. It is 
considered by the CMT one of the places where more operators can deploy 
their networks. According to the CMT up to three NGANs can be deployed, see 
[16].  

4.2.1. Ducts hypothesis 

 
A dense has been selected to build the model, so that market 4 
recommendations are applied and allows to the second operator to rent 
TESAUôs ducts at a fixed price. This price is fixed in 4.2.2 
 

4.2.1.1. Filled ducts 

 
To avoid civil engineer works when an operator selects, on the map, a duct in 
straight line between 2 points, and it finds that it is filled up in some part of it, the 
model approximates it as using new paths between those two points. It sets that 
is possible to allocate fibre cables in some other paths, although they are not 
the optimum path. 
 

 
Fig. 13 a) Theoretical connection b) Real connection if a duct is filled 
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As it is shown into figure 13 when an operator wants to go from A to B it can 
happen that there is no space inside ducts, but there still exists another duct 
that leads to the same point B but doing some more metres. In this second 
case, the operator that owns the ducts should only receive the payment for 
going from A to B, and not the rental of this long new path.  
 
Formula 4.1 is applied assuming a 21% ducts filling. If RDi is the total value of 
rented ducts per year in metres, the operator will need 15% more of fibre, called 
Extra Fibre, EFi, due to the roundabouts. EFi is added later to the total amount 
of fibre to deploy inside ducts.  
 
 

                                             ὉὊὭ= 0,15 ·ὙὈὭ                                                  (4.1) 
 

4.2.2. Civil works cost hypothesis 

 
 
The price of the ducts rental per metre, ɓi, is not something easy to set. It is 
assumed that a new operator wants to use all TESAUôs ducts to deploy its 
NGAN. So, this price is supposed to be the big part of the spending per year, 
considered in this model as a rental per year. After some years it will finish into 
a fixed bill that will be paid each year by the new operator to TESAU. 
 
A parameter: ů, has been chosen to represent the percentage of the total new 
ditchôs installation cost paid in a year.  
 
It has been set at ů = 5%, so it means than in 20 years TESAU will receive the 
total amount per metre of installing a new duct with the costs shown in table 2. 
Table 17 is showing ɓi after applying the formula 4.2. 
 

                             ɼi = ʎ· Nowadays Cost Oriented installation                          (4.2) 
 
 
 
Table 17. Rental ducts price with a ů = 5 

Ducts rental ɓi [Cost ϵ/metre (and year)] 

Road оΣмл ϵ 

Footpath пΣлл ϵ 

Grass verge нΣмл ϵ 
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4.2.3. Roll out hypothesis  
 

4.2.3.1. Ducts Metres to rent 
 

 
To calculate the metres to be rented, it is needed to make some hypothesis 
about the topology of the network that can be deployed. In Barcelona case, 
TESAU is considering a FTTH-GPON deployment, and it has been assumed a 
copy of the model that TESAU is going to follow. 
 
The number of splitting chosen by TESAU is one fibre for 64 homes. It is 
assumed that the new operator is going to deploy its NGAN with the same 
number of splitting. First a splitter of 1:4 is placed. Each of the four fibres will 
arrive to the base of a building. There, a new splitter will be placed, this time 
1:16. Therefore, total splitting is 1:64 per new fibre.  
 
This scenario allows connecting 16 homes per building. This does not mean 
that all 16 homes are going to sign a contract with the operator. This would 
mean the best acceptance of the operator services. It has been assumed that 
Barcelona has a mean of 7 floors per building, and in each floor 2 or 3 flats, so 
we have a number of flats compressed within 14 to 21. 17 flats per building is 
taken as a good hypothesis for the model built. 
 
As an example, with a market share of 40%, we know that fibre services can be 
sold to 6 or 7 flats per building. So the rest of the fibres deployed will not be 
connected.  
 
The assumption made is that with the network deployed, 92% of the homes can 
be covered if the 100% of the Barcelonaôs buildings are covered. But, this would 
be in the unique case that the 100% of flats inside each building contract the 
service to the new operator.  
 
To start the hypothesis of fibre costs, it is also important to set the main 
distances that will be used for the main fibre distribution. It is called Principal 
Fibre, PFi, and it is the fibre section that goes from the PoP to the first splitter of 
1:4. The other fibre section is the distance between this first splitter to the final 
splitter of 1:16 set into the buildingôs base. Inside this thesis it has been called 
Home Fibre, HFi. 
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Fig. 14 Deployment of the Principle Fibre hypothesis in an area of Barcelona 

 
Figure 14 shows some proposals of PFi painted in yellow colour. It can be 
considered PF as a section of 1,29 km. It is the longest fibre distance displayed 
into figure 18. Applying formula 4.1 it give us an EF = 0,19 km. So the real 
distance, with the pessimistic case, is set at PF equal to 1,5 km fibre section. 
 
Another assumption has to be done for HF section. To know its possible value it 
has been designed a possible implementation to cover a Barcelona eixampleôs 
block, figure 15. Painted in red are shown the fibre cables deployed inside 
TESAUôs ducts. These cables are giving fibre access to all the blockôs homes. 
 

 

Fig. 15 Deployment of the Home Fibre hypothesis in an Eixampleôs block at Barcelona 

 
The media of HF is set to 300m. That can be applied to all homes that the new 
operator is going to cover. In this case EF = 45m, leading to a total length of HF 
equal to 345m of fibre. 
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Other assumptions are made regarding these installations. It has been 
assumed that all PF deployments are installed 95% of the cases into the road 
and 5% into the foot path. HF hypothesis is taken as 25% into the road and 
75% into the footpath.  
 
CMi is defined as the Coverage Market per year, and is given in percentage. It 
answers to the total amount of homes covered by the operator each year.  
 
From the total number of homes multiplied by CMi it can be obtained the 
number of homes that are covered each year, CHi, Covered Homes per year. 
CHi is the key factor defining total number of ductsô kilometres to rent. 
 
The operator gives access to 544 homes per each Eixampleôs block covered. 
The number of homes is obtained after assuming 17 flats in each building, and 
32 buildings inside each Eixampleôs block, an isle of buildings like the one 
shown in figure 15. With a PF of 256 fibres 32 blocks can be covered. 
Therefore, 17000 homes are covered in the first PF section. The following 
formula is used: 
 

                                            PFKMi =
Ti

17000
· PF                                                (4.3) 

 
In formula 4.3 PFKMi, meaning Principle Fibre Kilometres per year to rent. Ti is 
the target of homes that are covered in a year period. Ti is obtained by 
multiplying the total number of residential8 homes in Barcelona, the year 2008 
was equal to 570.674 homes, and multiplying them by the percentage of area 
we want to cover, which is called µi. Formula 4.4 is used to obtain Ti. 
 

                                   Ti = Total Barcelona homes· Аi                                     (4.4) 
 

    
Now the same calculations are done for HF tram. This time, to calculate the HF 
kilometres of duct to rent, called HFKMi, we need to divide by the number of 
buildings and not by the number of homes. In this case we multiply the total 
number of homes covered by a PF that are 17.000 homes, divided by 17, 
number of homes inside a building, that gives 1000 buildings to be covered by 
HF. One fibre is going to reach each building. Obviously more ducts in this final 
tram will be rented than in the principal one. 
 

 

                                              HFKMi =
Ti

1000
· HF                                                (4.5) 

 
 
All of that leads to a total rental of ducts per year RDi. It is the amount of meters 
deployed to cover a tan per cent of homes. 
 

 
RDi = PFKMi · (ɼiroad · 0,95 + ɼifootpath · 0,05) + HFKMi · (ɼiroad · 0,25 + ɼifootpath · 0,75)   

              (4.6) 

                                            
8
 All other kind of buildings are not considered inside this model 
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Figure 16 shows the deploying scheme achieved with these calculations, and it 
also tries to sum the deployment schema reached in this model. 
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Fig. 16 Deployment of the operator described in the thesis model 

 

4.2.3.2. Fibre metres and installation 

 
Fibre installation metres per year, FTi, is the total cost of rolling out the fibre, and 
the fibre itself, inside ducts rented.  
 
In PF section it is assumed that the operator deploys a fibre type selection of 
256. To install this fibre inside ducts we pay the installation cost, called ɘ256, 
multiplied by the number of km given by PF. The total amount of the fibre and 
the cost to install it is called LPFi. To calculate it is used formula 4.7.  
 
              LPFi = PFKMi · EF+ PFKMi · (ὅέίὸ έὪ ὪὭὦὶὩ ὸώὴὩ 256 +  ʅ256 )         (4.7) 
 
 

LHFi answers to the same concept but for HF deployment. Ƚ32 is the cost to 
install fibre type 32, which is the fibre selected to cover trams between splitters.  
 

 
               LHFi = HFKMi · EF+ HFKMi · (ὅέίὸ έὪ ὪὭὦὶὩ ὸώὴὩ 32 +  ʅ32)           (4.8) 
 
 

Formula 4.9 is used to find FTi, and gives the total amount of money spent in 
fibre per year. 
 

                                             FTi = LPFi + LFHi                                                 (4.9) 
 

4.2.3.3. Splitters 

 
To install splitters in the street cabinets will be needed. In some cases a cabinet 
that costs 1000ú will be needed and it other cases Minicabinet costing 500ú will 
be used. The model assumes that 50% of the times a minicabinet is installed 
and 50% a cabinet. Then the cost associated to a cabinet installed in the model 
is 750ú. 
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The PFKMi section is divided in 50 metres segments and multiplied by the cost of 
a cabinet to give the result of the number Installation Spaces, ISi. It is the 
maximum number of meters allowed by Barcelonaôs council. It also helps to 
have closer points to the final buildings to install the 1:4 splitters.  
 

 

                                            ISi =  
PFKMi

50 metres
· 750Ό                                         (4.10) 

 
 

The number of 1:16 Splitters the same calculated in HFKMi that is the number of 
covered buildings. They are multiplied by the splitterôs cost, and their installation 
cost, to give the money spent in 1:16 splitters per area covered, called SPT16i. 
 
 

    SPT16i =
Ti

1000
· cost of a 1: 16 splitter + installation 1: 16 splitter  cost       (4.11) 

 
 
Now, we can easily find the number of 1:4 splitters needed to install, see figure 
20. We need one 1:4 splitter for each four 1:16 splitters. Formula 4.12 gives the 
result in Euros of installing them. 
 
 

     SPT4i =
Ti

4000
· cost of a 1: 4 splitter + installation 1: 4 splitter  cost         (4.12) 

 
 
The following formula gives the cost per year imputed to the installation of 
Splitters, SPTi. 
 

                                           SPTi = SPT4i + SPT16i + ISi                                   (4.13) 
 

4.2.3.4. Building roll out 

 
Rent 
 
This installation is concerning to one of the most difficult points of the entire 
model. As it has been explained in point 3.2.1 there is an obligation to give 
symmetrical access if an operator arrives to a building where no-one has 
arrived before with fibre. 
 
First thing to do in this point is to set the price of sharing the vertical cable inside 
a Building. In this case we set it to a 12ú per year per connected home. It has 
been chosen as a high cost to pay, but that can reward the one who is 
deploying a fibre network inside an old building. In the case that cash flows from 
two operators with the same level of network they will have a similar price to 
pay between them. This can be seen as a way to foster new network 
deployments to areas that have not been covered yet. 
 
It is assumed that 30% of all the Barcelonaôs buildings have already been 
reached by other operators when the new operator arrives. 
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Deploying TCI (ICT in Spain) and Facade cable 
 
The operator is able to deploy his own vertical fibre inside the TCI in 30% of the 
buildings that are inside the areas that wants to be covered. For 40% of the 
buildings inside the same area it installs fibre cable onto the facade. Table 18 
approximates all the costs of installations and passing the fibre. They are taken 
as final cost per vertical fibre inside buildings.  
 
 
Table 18. Cost to build the vertical inside a building 

Deploy the cable cost/building 

Façade молΣлл ϵ 

With TCI мтлΣлл ϵ 

 
 
To deploy fibre inside a building more details have to be taken into account. A 
hole into the wall of the building is needed to entry inside the building, see cost 
in table 10, and it is also needed buying fibre to deploy the vertical, which cost 
is set in table 12.   
 
Total buildings 
 
In formula 4.14, Buildi is the total cost of the deployment and rental of vertical 
fibres. In this formula the horizontal fibre connection that is done always by the 
new operator is included. So the cost given in table 19 is the cost per home 
connected. Each user has its own fibre. 
 
 
Table 19. Cost to install horizontal per home inside a building 

Horizontal cost cost/consumer 

1 фрΣлл ϵ 

 
 

Buildi = Pi ·Ћi · Horizontal cost+ Ti · [0,3 · Vertical Rent+ 0,3 · (Deploy Vertical TCI+
                        Vertical Fibre) + 0,4 · (Deploy Vertical Facade+ Vertical fibre) ]             (4.14) 

 

4.3. Communications 

 
Communications concerns to the installation, as Communications elements, of 
the OLT and ONU. Each 2000 homes inside the area covered needs 1 OLT. On 
the other hand, we install an ONU is needed for each new home that contracts 
the new operator. Formula 4.15 gives all the costs that can be taken as 
communications per year, Ai, from active elements, cost of those elements can 
be found in tables 13 and 14. 
 

                                 Ai =
Ti

2000
· OLT cost+ Pi ·Ћi · ONU cost                           (4.15) 
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4.4. Services 

 
It has been assumed that the operator build in this thesis is offering all services. 
It offers them buying those services to other companies and pays a fixed price 
for them.  
 
In this thesis Si has been set to 15,00 ú per month and user connected. For 
example it includes the cost to offer voice that is assumed to be 1,39ú per 
month and user connected. It also includes the service of IPTV, including 
contents to emit and also the Set top Box.  
 
All new services that are emerging or are not mature nowadays, are seen as 
new opportunities that will increase the ARPU but have not been included. The 
reason is that the operator within this thesis is not decreasing its Si into next 20 
years. It holds it because it innovates in services for the final user, and it keeps 
users satisfied. 
 
Service price is set at 59,00ú. This price is set after analyse the competition. 
See Annex V for the competition analysis. Table 20 shows the TESAU prices 
and the operator new price in triple play service in table 21. 
 

Table 20. TESAU services 

Service Fibre Triple Play Dual Play Only Data 

TESAU             урΣфл ϵ                                 офΣфл ϵ               нпΣфл ϵ  

Access             моΣфт ϵ                                 моΣфт ϵ               моΣфт ϵ  

Vat (16%)             15,фу ϵ                                   уΣсн ϵ                 сΣнн ϵ  

Total           ммрΣур ϵ                                 снΣпф ϵ               прΣлф ϵ  

 
Table 21. New operator service 

Service Fibre Triple Play 

Operator рфΣлл ϵ 

Access млΣлл ϵ 

Vat (16%) ммΣлп ϵ 

Total улΣлп ϵ 

 
 

Access has been set at 10ú and it goes also to our new operator. The formula 
of ARPUi is: 
 
 

                    ARPUi = Pi ·Ћi · Service revenue+ Access revenue · 12 months    (4.16) 
 
 
It is important to point out that ARPU is calculated excluding VAT. 
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4.5. Global Formulas 
 
 

4.5.1. Infrastructures 

 
Ii is the total investment and payments for infrastructures. It includes all the 
infrastructuresô layer variables, so the new infrastructures done with the new 
operator. Formula 4.17 shows it. 
 

 

                                        Ii = RDi + FTi + SPTi + Buildi                                 (4.17) 
 
 

All the numerical values correspond to model 8 in chapter five with a medium 
market penetration case.   

 
Table 22 shows the results of the model explained to a duration project of 20 
years. If we compare FTi, SPTi or Buildi, we can find that they are not growing 
fast between 5 and 10 years and that they are nearly the same after a 10 years 
period. Only rentals seem to be increasing but if we take the final result over 20 
years, we can find an annual averaged payment of 32,70 M ú. 
 
Table 22. Infrastructures results after 5, 10, 15 and 20 years 

 i 5 years 10 years 15 years 20 years 

In
fr

a
st

ru
ct

u
re

s FTi отΦуосΦтнуΣнр ϵ пуΦомпΦрфмΣпс ϵ рлΦормΦфроΣтр ϵ рмΦннрΦмлфΣлн ϵ 

RDi фнΦмлнΦмтлΣуф ϵ 272.259.94фΣоо ϵ прсΦфроΦрртΣнн ϵ сроΦфрфΦллуΣнм ϵ 

SPTi мпΦлслΦтопΣлм ϵ мтΦфрпΦптрΣто ϵ муΦтммΦрфнΣму ϵ мфΦлосΦлтлΣсс ϵ 

Buildi ммΦмооΦуфлΣфу ϵ мсΦфрнΦтфлΣпо ϵ мфΦлнрΦрфтΣпу ϵ нмΦмнсΦнмпΣпм ϵ 

4.5.2. Communications 

 
Ai answers to the global equation for communications, formula 4.15. Table 23 
shows the evolution of the model through duration of 20 years Communications 
installation. It does not take into account the possibility of changing all the ONT 
when the network could be upgraded into the future. It is important to enlighten 
that after 20 years it is still growing.  
 
Table 23. Communications results after 5, 10, 15 and 20 years 

 
 i 5 years 10 years 15 years 20 years 

Communications Ai мпΦрусΦпнрΣпл ϵ нтΦммуΦпнпΣсу ϵ опΦумтΦмтнΣро ϵ поΦпмпΦтомΣум ϵ 

 

4.5.3. Services 

 
Services are mainly considered a cost in the model assumptions with Si = 15ú 
per month. But services are also the only ones that can provide us new users, 
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in this case given by the ARPU, formula 4.16, that is our income per user is a 
total amount of 828ú.  
 
Table 24 shows the total amount of incomes given by all the users connected, it 
is calculated with the ARPUôs formula. Services are a very important part of the 
project and it is nearly the half of the amount that we pay for RD each year. This 
means that after rental ducts, services are another important part to achieve a 
good FTTH experience. 
 
Table 24. Services and ARPU results after 5, 10, 15 and 20 years 

 
I 5 years 10 years 15 years 20 years 

Revenue ARPUi мслΦсрсΦмнмΣфс ϵ пусΦсфоΦрпрΣфо ϵ фнсΦтнрΦфоуΣул ϵ мΦпмлΦлтнΦпунΣмф ϵ 

Services 
IPTV, 

Data, Calls 
опΦфнрΦнпоΣфл ϵ млрΦулнΦфппΣтт ϵ нлмΦпснΦмслΣсм ϵ олсΦротΦпфсΣмо ϵ 

 

4.5.4. Gross Margin 

 
In this project a single user case gives a gross margin of 648ú per year. It can 
be calculated with formula 3.1, taking all the parameters explained in this 

chapter. Gi will increase according to Pi and ЋI and will give the total gross 
margin for a year and not only for one user. It is important to see it as the 
income that the new operator obtains. If we take the final result over 20 years, 
we can find an annual averaged gross margin of 55,18 M ú. 
 
Table 25. Gross margin after 5, 10, 15 and 20 years 

 
i 5 years 10 years 15 years 20 years 

Gross Margin Gi мнрΦтолΦутуΣлр ϵ оулΦуфлΦслмΣмс ϵ тнрΦнсоΦттуΣмф ϵ мΦмлоΦропΦфусΣлс ϵ 

 

4.5.5. Net present Value 

 
Using the NPV formula as a base with a present return of 10% and an inflation 
of 4% it has been calculated with all the premises given before the NPV to a 20 
years return. It is done with formula 4.18. 
 
 

                             NPV 10% = В
Gi (I i + Ai )

1+ 0,1 i · 1+ 0,04 i
i= 20
i= 1 I0                           (4.18) 

 
 

Results of the NPV are shown in table 26. In this case, model 8 in chapter 5, the 
new operator set in Barcelona has a time to recoup the investment of 15 years. 
It can be seen as a time higher than the wanted by investors, set to 5 years 
time. But it shows that can be less than 40 years or 30 years. Moreover, if fibre 
cable can last to a period of 40 to 50 years in a good condition, it means that 
after 15 years, the cable buried can provide connection until nearly 35 years 
after having a positive NPV. 
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Table 26. NPV results for the Thesis operator model (model 8 in chapter 5) 

Year i NPV 

20 мрΦнтуΦсррΣот ϵ 

19 мнΦтотΦртрΣоп ϵ 

18 млΦлссΦмплΣсп ϵ 

17 тΦлфлΦтфоΣнр ϵ 

16 оΦттлΦуоуΣтл ϵ 

15 млмΦнмтΣос ϵ 

14 -         оΦуффΦрфтΣтр ϵ 

13 -         уΦоссΦрмпΣпу ϵ 

12 -       моΦорлΦпфуΣфу ϵ 

11 -       нлΦмулΦусрΣнн ϵ 

Year i NPV 

10 -       нрΦуспΦлнпΣоо ϵ 

9 -       омΦлуфΦнссΣлл ϵ 

8 -       орΦртнΦмфуΣфс ϵ 

7 -       оуΦфууΦтпнΣпр ϵ 

6 -       плΦптнΦурпΣло ϵ 

5 -       офΦуплΦснфΣмм ϵ 

4 -       отΦолпΦпмфΣсм ϵ 

3 -       опΦоолΦпфоΣму ϵ 

2 -       омΦлмлΦотфΣфу ϵ 

1 -       нрΦлунΦмолΣсн ϵ 
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CHAPTER 5. Results Analysis 
 
 
This chapter analyses different types of parameters combination and the impact 
of them to a NGAN deployment. It shows the results obtained from the model 
and brings some relevant figures that analyses NPV and costs inside a fibre roll 
out. 
 

5.1. Cash paid 

 
The standard model shows in figure 17 the evolution of cash paid through the 
first 20 years. The standard model is build with all the assumptions explained in 
chapter 4.  
 

Figure 17.a shows that the investment in fibre, splitters, OLT/ONU and home 
connections is only 46% of the total costs. OPEX, basically renting ducts, 
amounts to 54% of the funds needed to start building the network. Ductsô rental 
weight increases in figure 17.b,c,d up to 83% after 20 years. The model also 
includes OLT/ONU maintenance. 
 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 17 a.b.c.d) 5/10/15/20 years model after investing and renting 

 
In figure 17 there is no representation of services nor revenues. Annex III has 
different figures that show other results which are including services and 
revenues for the same period of time analysis.   
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5.2. Deployment models linked to the market penetration 
 

Three types of market penetration development have been considered. In each case the percentage represents connected homes 
divided by the total number of homes in the area considered. They are classified as low, medium and high market penetration. The 
low market penetration case reaches 15% of the market in 13 years. The high penetration case doubles the low market penetration 
case. The medium type reaches the 15% of the market of the area covered in 6 years.  
 

Market levels reached here are only considering a new operator that is in competition with TESAU. If more than one operator 
deploys their parallel networks the market penetration shown in table 27 will be shared by all of them. 
 

Table 27. Low, medium and high market penetration cases 

 
Market Penetration 

Years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Low 3,0% 4,0% 5,0% 6,0% 8,0% 9,0% 10,0% 11,0% 13,0% 14,0% 14,5% 14,8% 15,0% 15,5% 16,0% 17,0% 17,0% 18,0% 19,0% 19,5% 

Medium 2,0% 3,0% 5,0% 7,0% 12,0% 15,0% 17,0% 18,0% 18,5% 18,8% 19,0% 19,5% 19,8% 20,0% 20,5% 21,0% 23,0% 24,0% 24,2% 24,5% 

High 5,0% 8,0% 9,0% 12,0% 15,0% 17,0% 20,0% 21,0% 24,0% 26,0% 26,0% 27,0% 30,0% 31,0% 34,0% 35,0% 36,0% 37,0% 38,0% 40,0% 

 

Table 28. 8 Model network roll out types 

 
.ŀǊŎŜƭƻƴŀΩǎ ҈ ōǳƛƭŘƛƴƎǎ ŎƻƴƴŜŎǘŜŘ 

Years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Deploy 1 10,0% 14,0% 18,0% 24,0% 30,0% 34,0% 50,0% 55,0% 56,0% 60,0% 64,0% 68,0% 69,0% 70,0% 75,0% 76,0% 78,0% 80,0% 82,0% 84,0% 

Deploy 2 6,0% 8,0% 10,0% 12,0% 16,0% 18,0% 20,0% 22,0% 26,0% 28,0% 29,0% 29,6% 30,0% 31,0% 32,0% 34,0% 34,0% 36,0% 38,0% 39,0% 

Deploy 3 12,0% 16,0% 20,0% 24,0% 32,0% 36,0% 40,0% 44,0% 52,0% 56,0% 58,0% 59,2% 60,0% 62,0% 64,0% 68,0% 68,0% 72,0% 76,0% 78,0% 

Deploy 4 10,0% 20,0% 30,0% 40,0% 50,0% 60,0% 70,0% 80,0% 90,0% 91,0% 91,5% 92,0% 92,5% 93,0% 93,5% 94,0% 94,5% 95,0% 95,5% 96,0% 

Deploy 5 5,0% 10,0% 15,0% 20,0% 25,0% 30,0% 35,0% 40,0% 45,0% 50,0% 55,0% 60,0% 65,0% 70,0% 75,0% 80,0% 85,0% 90,0% 95,0% 96,0% 

Deploy 6 30,0% 60,0% 80,0% 85,0% 90,0% 95,0% 96,0% 97,0% 98,0% 99,0% 99,1% 99,2% 99,3% 99,3% 99,3% 99,3% 99,3% 99,3% 99,3% 99,3% 

Deploy 7 15,0% 30,0% 40,0% 55,0% 65,0% 72,0% 78,0% 85,0% 90,0% 93,0% 93,5% 94,0% 95,0% 95,5% 96,0% 96,0% 96,2% 96,4% 96,7% 96,8% 

Deploy 8  20,0% 30,0% 40,0% 50,0% 65,0% 75,0% 80,0% 81,0% 82,0% 83,0% 84,0% 85,0% 85,5% 86,0% 86,5% 87,0% 87,5% 88,0% 88,0% 88,0% 
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Table 29 explains each deployment type. Each explanation is linked to the ones 
shown in table 28. 
 
Table 29. Explanation of each roll out case 

Deployment type Explanation 

Deploy 1 
Start with a neighbourhood and then expand slowly. 50% of the buildings are 
connected in 7  years 

Deploy 2 Low and slow penetration model. 39% of buildings connected in 20 years 

Deploy 3 
Deployment step by step. The network covers twice the number of buildings in 
deployment model 2 

Deploy 4 
10% of area covered each year, up to 90% in 9 years, then slow growth to reach 
nearly all Barcelona homes 

Deploy 5 5%  of annual deployment 

Deploy 6 Aggressive deployment, 80% in 3 years and 90% in 5 years 

Deploy 7 Aggressive-Moderate deployment: 90% of buildings connected in 10 years 

Deploy 8 Standard model, extracted from chapter 4 
 

5.2.1. NPV analysis  
 

An important result is to see the time to recover the investment. For each 
deployment type, the moment when NPV becomes positive is calculated. Figure 
18 shows that deployments 4, 6, 7 and the standard model, model 8, are the 
ones that rely more on the percentage of market penetration to recover the 
investment within 12 years in the high market penetration case. 
 
Otherwise, model 6, which is the most aggressive deployment with 80% 
covered in the first 3 years, and nearly all Barcelonaôs area in 5 years, is not 
reaching a positive NPV before 20 years in low and medium market penetration 
cases. All other deployments types have a positive NPV before 15 years with a 
medium or high penetration cases. 
 

 
Fig. 18 Positive NPV for different deployment cases for low/medium/high penetration market cases 
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To do an analysis over the first 20 years can help to convince investors. Figure 
19 shows that all the models tend to be positive after some years. But we have 
to focus in long periods in most of the deployment cases. 
 

 
Fig. 19 Evolution of the NPV for all model types 

 
Figure 20 shows the first five years. In this case it can be seen that only models 
with slow deployment, or called step by step models, can reach a positive NPV 
within 5 years. Figures 19 and 20 have been achieved with a medium market 
penetration case. Annex III has low and high penetration market evaluations in 
it. 
 

 
Fig. 20 Evolution of the NPV for all model types into the first 5 years  
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5.2.2. Ductôs rental price Analysis 
 

Figure 21 shows the number of years to get a positive NPV depends on the ductsô rental price. Its effects are analysed over the 
standard model. For values of ɓi above 1,46ú the ductsô rental price makes the number of years to get a positive NPV grow. 
 
For values above 4,37ú, both low and medium penetration cases will require more than 20 years to obtain a positive NPV.  Annex 
III shows all the deployment types and helps the next chapter of conclusions about fixing the price of ɓi. 
 
For values of ɓi above 2,91ú, both the medium and high penetration cases will get a positive NPV in less than 20 years. 
 
 

 
Fig. 21 NPV for standard deployment type, model 8, and low/medium/high penetration market depending on ɓi factor 
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Figure 22 helps to set the prices with the mean of the eight models and with the three levels of market penetration studied. If we 
take the blue line, that establishes a time frame to get a positive NPV equal to 5 years, a ɓi price of 1,82ú is needed for low and 
medium market penetration cases. For a ten years time frame to get a positive NPV, ɓi must be smaller than 3ú. The study from the 
CMT shows that TESAU could recover its investment within 2 or 3 years. Therefore, any ɓi above 1,82ú, which leads to periods 
larger than 5 years to obtain a positive NPV, makes NGAN deployment by TESAU competitors unrealistic. 
 

 
 

Fig. 22 NPV for different deployment types and low/medium/high penetration market depending on ɓi factor 
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5.2.3. Peak funding versus ɓi 
 

Peak funding is the total amount of cash required by the project. By definition cash is not equal to investments, but we can 
understand, that if someone wants to deploy a NGAN, the first thing he wants to know is the total amount of cash needed to fund it.  
 

Figure 23 relates peak funding to the price of ductôs rental for a medium market penetration. ɓi makes the peak funding to change 
from 50Mú to 300Mú if we choose ɓi for a medium market penetration. In Annex III is shown that for a low market penetration peak 
funding can reach 350Mú. Always remember that in this project only the NGAN has been taken into account. The backhaul is not 
inside those 350Mú. 
 

 
Fig. 23 Peak funding for different deployment types and medium penetration market depending on ɓi price 
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5.2.4. Cost per home versus ɓi 
 

The cost per home is an important value to know. It indicates the cost for an 
operator to connect a new house inside Barcelona. In this case we can see how 
affect ductôs rental prices given in the next figure. In this case if we take the best 
and worst cases, we can find that it goes from 184,5ú to 509,7ú. The media 
cost of all models is set around 300ú per home, see figure 24.   
 

 
Fig. 24 Cost per home versus ɓi price  

 

The standard model build in this thesis has a cheaper average cost, and it is set 
around 260ú per home.  
 

5.2.5. NPV versus splitter final metres distance 
 

Increments to the first metres section, explained in point 4.3.2.1, have no 
important effects on the NPV. On the other hand, increments of 50 metres from 
the first splitter to the building have a great impact on the model. Figure 25 
shows how the years to obtain a positive NPV are increased from 6 to 20 years, 
going from 150m to a 500m HFi.  

 
Fig. 25 Last Metres section versus positive NPV 
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5.3. Model applicability to other cities 
 
Using the parameters of point 3.9 it has been built table 30 where parameters 
are fixed.  
 
Table 30. Colours code meaning 
 

Colours code 

Density 
High 

(X>5.000) 
Medium 

(5.000>X>3.000) 
Low 

(3.000>X>1.000) 
Very low 
(1.000>X) 

Homes 
Greater Urban 

(Homes>50.000) 
Corone 

(50.000>homes>20.000) 
Urban 

(20.000>X>10.000) 
Rural 

(10.000>X>2.500) 
Spread 

(2.500>X) 

Decision Deploy Affordable 
Need public 
investment 

Need public 
investment 

Need public 
investment 

 
Deploy decision is taken when a positive NPV is reached before 20 years. 
Affordable decision when positive NPV is placed between 20 and 25. And need 
public investment when it takes values between 25 and 30 years. But, up to 25 
years can be considered of no affordable and enhancing the needs for public 
investment. 
 
An example of each decision is given in table 31. Examples are taken from the 
extended list in annex VI. As an example, Piera or Cardedeu could be better 
positioned if we could take only the village area without all single homes spread 
around the area. So a second and more accurate analysis to the area than this 
one should be done to give a better decision. It would bring more accurate 
Density values. 
 
Table 31. Geotypes decisions 

 
Barcelona 
Province 

Inhabitants Area (Km
2
) Density Homes Decision 

Hospitalet de 
Llobregat (L´) 

251.848 13,62 18.490,83 87872 Deploy 

Santa Coloma 
de Gramenet 

116.765 7,09 16.473,10 39429 Deploy 

Barcelona 1.595.110 98,21 16.241,65 594452 Deploy 

Badia del 
Vallès 

13.975 0,93 15.006,31 5045 Affordable 

Sant Joan 
Despí 

31.671 5,58 5.678,53 10012 Affordable 

Llagosta (La) 13.517 3,01 4.492,49 4204 Inversion 

Cardedeu 15.775 12,24 1.288,90 4413 Inversion 

Sant Hipòlit de 
Voltregà 

3.379 0,9 3.770,61 1067 Need outside inversion 

Capellades 5.386 2,95 1.826,84 1639 Need outside inversion 

Caldes 
dôEstrac 

2.672 0,74 3.628,76 765 Administration 

Piera 13.652 57,12 239 3469 Administration 
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CHAPTER 6. Conclusions 
 
 
The main conclusions of this thesis are summarized in the following points. 
 

1) Ductôs Rental (ɓi) price: 
 

To obtain a return on the investment made to deploy a NGAN within a 
reasonable time frame, ɓi price has to be set between 1,09ú and 2,91ú. At 
1,92ú per meter and year, even under a pessimistic scenario, an operator will 
obtain a positive NPV in less than ten years. 
 
The cost per metre offered by the Parisô council to deploy fibre inside its sewers 
is 0,65 ú/m per year. This is consistent with a public administration that wants to 
foster competition among operators. Perhaps, in a city like Barcelona, it is 
possible to look first inside sewers than to look for TESAUôs ducts. These 
solutions are very limited to big cities. In France only Paris, Montpelier and Lyon 
have decided to take this option. But if Barcelona, Madrid, Valencia or Seville 
have sewers with dimensions big enough to deploy fibre inside, it could be a 
good initiative for their councils to offer this ducts for telecommunications 
operators. 
 

2) Other model results that can affect a NGAN implementation 
 
The average cost to connect a home derived from the eight models studied in 
chapter 5 is about 300ú in Barcelona city. However, depending on the civil 
works to be done to roll out the NGAN, the exact price varies from 250ú to 519ú 
per home. 
 
The distance to the last splitter is an important factor to take decisions when 
deploying a new network. It can increase 40% the total budget to connect each 
home, raising the average to 420ú per home. Manholes and pedestals have to 
be allowed in the streets. Councils should not obstruct or block the installation 
of these facilities. It would be useful to regulate manholes sharing. If councilôs 
donôt allow to emplace more than 1 pedestal each 50m, the first operator that 
rolls out its NGAN will have advantage among all possible others. 
 
Mini-ditch and micro-ditch have to be considered as possible solutions to deploy 
fibre when there are small paths to be covered. This way, civil works will have a 
lower impact when covering those small zones. Another important way to 
achieve a quick and cheaper network installation is to allow aerial fibre installed 
and shared on poles with telephony and electric cables. But the last decision 
over aerial fibre possibilities depends directly from councils. Neither of these 
options has been taken into account in this thesis because its use in Barcelona 
is unrealistic. 
 
In any case FTTH-GPON networks will demand less current. It is a passive 
solution compared with copper. Therefore they donôt cause interferences to 
other existing technologies. Operators will contribute to decrease energy 
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consumption. Optical fibre is not transmitting current, only light, and does not 
affect animals or humans like copper and electrical cables. From an 
environmental point of view FTTH-GPON can be called the ñeco-accessò. 
 

3) Different models bring different investors 
 
In economic terms, the investment required to deploy a NGAN in Barcelona 
ranges from 10M ú, connecting 8% of homes, to 300M ú, to connect 25% of 
homes. In both cases the deployment is reached in 20 years. Those funds are 
related to the installation of a FTTH network. They do not include the backhaul 
connection nor the backbone network. 
 
The 10 Mú investment correspond to a step by step implementation. The 
operator starts implementing a NGAN in little areas and waits until having some 
market acceptance before moving to a new area. The time to recover the 
investment is between 2 and 3 years. The example in chapter 5 described as 
model 2, which only covers 39% of homes in 20 years, gives the best NPV. But 
this model can be unreal. It arrives to connect new buildings and homes that 
have been connected years earlier by other competitors. Final prices will have 
to be cheaper to gain new final users.  
 
On the other hand, an operator wanting to cover 98% of the Barcelonaôs area 
will have to invest 300M ú. Model 6, in chapter 5, is the one that fits with this 
aggressive deployment. This model can be extremely riskily because a positive 
NPV is reached after 20 years. 
  
Other models, for operators that want a market share of 15% in less than 10 
years must cover more than 40% of all homeôs access in the first 5 years. They 
will have to wait between 15 to 20 years to recover the initial investment. On the 
other hand, they will have a network that will ensure large revenues, and also 
possibilities of reaching 20% market share if they are able to offer better 
services on their NGAN. 
 
Risks are something very important for investors. There have been identified 
several ones that can affect directly to the success or not of an operator 
installing a NGAN.  
 
In order to install the fibre network inside buildings, homeowners associationsô 
approval is required, and to speed those installations there is no help from any 
public administration. To force the installation by law should be a new fostering 
measure.  
 
The price set on fibre services can have no acceptance because they can seem 
too high, and this can ruin all the models appreciations. This risk is set in all 
kind of projects, but in this one there are no models implemented by an operator 
that owns a parallel network to compare prices with, except the 3000 customers 
of TESAU, with TRIO FUTURA service.  
 
TESAU as the owner of nearly all installed ductôs, and also of backbone fibre is 
set in a better starting position. Although nowadays it is not installing its FTTH-
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GPON network, if an operator gains market in some areas it can occur that 
TESAU can deploy its networks very fast to stop the new operator.  
 
One of the main conclusions of this thesis, given all the risks involved inside a 
deployment of a new fibre access network, is that no operator will invest 
hundreds of million euros in Barcelona under the current regulatory 
environment.  
 

4) Funding and Neutral Network as a solution 
 
The current economic situation is not helping to convince operators to invest in 
NGAN. Even when the economical context was favourable, no one could see 
the moment to invest in NGAN. Public administrations need to realise the 
benefits of improving bandwidth network with NGANs.  
 
If services are what a user is searching for and costs are something that really 
matters, the solution can only be to separate the three layers explained in 
chapter three. Moreover, it leads to the creation of an Open-access Network. 
 
Nowadays CMT and European NRAS, see [29], are changing their point of view 
about neutral operators and how they can receive funds from public entities. 
Private operators are not starting those FTTH deployments and incentives 
should turn to a Neutral Infrastructures Network. 
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Acronyms 
 
ADSL  Asymmetric Digital Subscriber Line 
ARCEP  Autorité de Régulation des Communications Electroniques et des Postes 
ARPU  Average Revenue per User 
BW Bandwidth 
CAPEX Capital Expenditures 
CNC  Comisión Nacional de la Competencia 
CMT   Comisión del Mercado de las Comunicaciones 
ECTA  European Competitive Telecommunications Association 
ERG  European Regulators Group 
FG-IPTV Internet protocol Television Focus Group 
FTTB   Fibre to the Base 
FTTC   Fibre to the Curb 
FTTCAB  Fibre to the Cabinet 
FTTH   Fibre to the Home 
FU  Fibre Unbundling 
HFC  Hybrid Fibre Coaxial 
IBS  Internet Business Solutions 
IPTV  Internet protocol Television 
IRG  Independent Regulators Group 
ISP  Internet Service Provider 
ITU  International Telecommunication Union 
LDSI  Large Screen Display Imagery 
LLU  Local Loop Unbundling 
MPEG Moving Picture Experts Group 
NGA   Next Generation Access 
NGAN  Next Generation Access Networks 
NPV  Net Present Value 
NRA  National Regulatory Authorities 
OAM  Operation Administration and Maintenance 
ODF  Optical Distribution Frames 
OFCOM Office of Communication 
OLT  Optical Line Termination 
OMDF  Optical Multiplexing Distribution Frames 
ONU  Optical Network Unit 
ONT  Optical Network Termination 
OPEX  Operational Expenditures 
P2P  Point to Point 
P2MP  Point to Multipoint 
PON  Passive Optical Network 
SDV  Switched Digital Video 
SMP  Significant Market Power 
TCI  Telecommunication Common Infrastructures 
TESAU Telefónica de España S. A. U. 
VDSL  Very High Bitrate Digital Subscriber Line 
VOD  Video On Demand 
WHO  World Health Organization 
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Variables 
 
All variables are followed by an ñiò that is answering to the year. 
 
Ai  Global investment in communications layer per year 
ɓi  Price per year for renting a duct meter, is given in ú per meter and year 
Ci  Cash inflows discounting the cash outflows from a year 
CHi Covered Homes per year 
CMi Coverage Market per year, is given in tan per cent 

ἱ Percentage of penetration market per year 
EFi Extra Fibre implemented per year 
ů Tan per cent of the total new ditchôs installation cost 
FTi Total amount of money spent in fibre per year  
Gi Gross Margin per year 
HFi Home Fibre section, fibre section that goes from the first splitter to the 

final splitter placed into the base of the building 
HFKMi Home Fibre Kilometres of duct to rent per year 
Ii  It is the total investment and payments for infrastructures per year 
Li Total number of meters needed to deploy the network  
LHFi Total amount of fibre and cost to install it in HF section per year 
LPFi Total amount of fibre and cost to install it in PF section per year 
Ƚx Installation cost of fibre type ñxò inside ducts rented 
ORi Total amount of other rentals: company facilities and buildings rented, 

allocation of equipment, power bill, special services like a call centre 
Pi Potential Market per year 
PFi Principal Fibre section, it goes from the central point to the first splitter 
PFKMi Principle Fibre Kilometres of duct to rent per year 
PRli  Total amount of pay roles paid by the operator each year 
r Present rate of return 
RDi Total rented ducts per year 
Si Total Servicesô cost per year 
SPTXi  Total cost of installation and equipment for type ñxò splitters 
SPTi Total cost per year imputed to the installation of splitters 
Ti  Target of homes that are covered in a year period 
µi Percentage of the global area that is wanted to be covered 
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Annex I. Real Cases 

This chapter is summarising some of the cases that have helped, and 
sometimes, have get the author of this thesis going mad in knowing how they 
can do some of the deployments, so this summary only is written to help the 
ones that are starting to search principle cases around the world. 

Amsterdam Case 

It has to been placed this case in first position because has been one of the 
projects more difficult to understand by the author. 

This case is one of the Cities in all the world where they are going to deploy a 
P2P FTTH network with not only one fibre per home, so it is deployed a two 
fibre per home. 

In 2008 the regulators OPTA and NMa arrive to an agreement and 
understanding of the importance of a national deployment NGA. This 
agreement allows the Dutch incumbent KPN to joint Reggeborgh Group in a 
ñjoint ventureò called ñReggefiberò. Moreover, this agreement includes that the 
net has to be an Open FTHH profit controlled mode. This means that all the 
tariffs must been agreed by the regulators before starting the services, so this 
way, any operator will have the same possibilities to entry the market. This 
February, 2009, the city of Amsterdam signed an agreement with Reggefiber 
and KPN. 

This Deployment is a deployment with a NPV greater than 40 years. So talking 
with them they explained me that this is a vision for the country and not an 
Investment to make them richer. They gave me some data about the number of 
employments is it going to create, nearly 50000 employments related to this 
project. Possibilities of growing their GDP faster, and setting prices before 
finishing the deployment, so reaching a neutral network that will allow different 
operators to offer their services on it. Greatest problems are inside buildings 
now, is more difficult than previsions said. First of all, they are connecting 
schools, theatres and they think of having covered all users between 2012 and 
2015. 

Asturias Case 

This case is placed in Asturias, North Spain. It is a real case that is functioning 
and growing in number of final users. This case is an open case, so it has been 
developed a neutral network that now is played by three operators9:Adamo, 
Nostracom (BT Global Services) and Telecable. 

This network called ASTURCON (Red Astur de Comunicaciones Ópticas 
Neutras) is a case of a neutral FTTH Operator, described in chapter 3. In this 
case is created a network that only requires services on it, it allows 100Mbps 

                                            
9
 More information of operators at: Adamo: www.adamo.es // Nostracom: 

www.nostracomasturias.com // Telecable: web.telecable.es  

http://www.adamo.es/
http://www.nostracomasturias.com/
http://www.web.telecable.es/
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symmetric per user and is deployed with a GPON mode. Nowadays those three 
operators are using it without cuts between their communications. Operators 
give all their services over an IP network, and operators give all their services 
over it. 

This network is connecting 32.000 users and operators have 3.700 final users10. 
In 2011 is going to be achieved 55.000 users covered, and operators expect 
19.000 final users within their accounts. The area covered is shown in figure I.1. 

 
Fig.I.1 Asturias covered region 

 

UFINET pilot in Madrid 

Union Fenosa Redes de Telecomunicación started in Madrid a pilot. The better 
part of it is that is an Electrical Company that created this operator to test a 
Neutral GPON network using their electrical ducts to deploy fibre inside. They 
deployed a GPON network and deployed a several PON trees in parallel to 
cover each area, meaning that is ready to connect 3 operators. 

They have done two trials in Vicalvaro, a new area, and in Chamberi, an old 
area, having some important conclusions: 

- Network design in new area is homogeneous, in old area has to be ñad 
hocò 

- In old areas, the access network design to one building depends on 
having or not permission of the adjacent buildings 

Barcelona neutral operator (22@) 

In Barcelona 22@11 has developed a neutral network in a neighbourhood that 
has been reorganized, demolished and started from their ashes. 
 
So it has been deployed at the same time all streets where opened and arriving 
inside new buildings. The best part of it is that one operator is already giving 
service over it, Adamo. Nowadays only to two streets are covered, and is 
having a penetration of 50%, 44 homes from the 88 covered. It serves 100Mbps 
download and 20Mbps upload from 29ú per month. In this case it should be 

                                            
10

  Some information can be found in www.gitpa.com // www.aggaros.cat  
11

 Information available at www.22barcelona.com on new documents about execution project 
status 

http://www.gitpa.com/
http://www.aggaros.cat/
http://www.22barcelona.com/
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said that 22@ network is an Infrastructure operator called 22 arroba BCN S.A., 
and answers to chapter 3 being in the lower part of the business. 
 

Fig.I.2 Barcelona 22@ neutral opertaor 

 
In this case TESAU have agreed with the council to pay some civil works when 
they can deploy some ducts. In this case the final agreement set that 3 ducts 
have been deployed in all the new streets by TESAU and that have paid part of 
the costs to deploy them. In those cases the council have deployed from 3 to 9 
ducts more to their own, finding streets with 12 new ducts (3 from TESAU and 9 
from the 22ArrobaBCN). 
 
Any operator that wants to deploy fibre inside those ducts has to ask the neutral 
operator, and it gives them a fixed cost to connect any two points inside the 
22@ district. 

Andorra Case 

As it has been seen that Andorra was placed as one of the best positioned 
countries where fibre was being deployed, in this case it was the eleventh 
country in the top 20 fibre ranking given by the Fibre-To-The-Home council in 
February of 2009, and this ranking was the year-end 2008 ranking. 

In this case a P2P fibre project is taking part in Andorra, but in this case they 
are deploying it with Ethernet system, not a PON one. The decision of Andorra 
Telecom to deploy a fibre like this one has been to compare Ethernet and PON 
technologies, where Ethernet is a technology more mature, and equipments to it 
are nowadays the more mature in the market. When they finish the installation 
of this fibre project they will stop using copper lines. And if someone donôt wants 
fibre connection, will be disconnected from copper, so it is important to accept 
the new change. The problem is that Andorra Telecom cannot maintain to 
networks functioning and has the Estate permission to do it. 

Sweden Case 

Sweden is a case that seems more important, where people invert to have fibre 
at home and is helped by municipalities and cooperatives created between 
villages to deploy new networks. 



58  Modelling the Deployment of NGAs in a Competitive Market 

What I have found is that for more than 20 years, where a new pavement, new 
duct, new open street signed by any councilé a fibre was buried in there, or at 
least a duct to deploy it into the future. 

When the moment of higher demand arrive and people started to demand to 
their councils for more demand, those little villages joint in an inversion to put 
fibre to each home as a neutral operator. What it happens then, is that other 
operators started to put the active elements in homes, sometimes with Cisco 
routers and switches that where only created for enterprises. They installed 
them in the base of the building and gives to the final users great connectivity 
links. Then other operators or the same of the active deployment, satarted to 
offer a lot of television contents and surveillance, added to the triple play 
products. 

As we can suppose, the deployment of this new ñventuresò started by several 
councils and villages have been of a lower cost that can happens in a Spanish 
village due in Spain we have not been applying rules of bury fibres inside new 
trenches and ducts.  

SARDANA Pilot 

 
It is a project inside FP7 that consists into the study of building a NGAN to bring 
broadband communications to the highest number of users. It is able to serve 
more than 1000 users with symmetrical 300 Mbps per user, spread along 
distances up to 100 km, at 10Gbit/s, in a flexible way. It is important to foster 
those kinds of networks because they can cover with the same equipment a 
dense urban area to a little village at one hundred kilometres distance.  

The topology of this network is the great innovation in deployment access 
networks. It is hybrid with a central WDM ring, to offer instant communication 
protection in case of fibre cut, plus TDM single-fibre trees to the homes. 

Name SARDANA comes from a Scalable, Advanced, Ring-based passive, 
Dense Access Network Architecture. It is also a popular Catalonian dance that 
can have some similarities to the network explained in the project. 
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Annex II. Services offered through Fibre Access Networks 
 
Annex II contains all the services that are not television, or related to IPTV and 
VOD. This annex explains the services that can be offered with FTTH solutions, 
and is what operators must be working in if they want to offer FTTH services to 
a final consumer. 

A) Healthcare 

 
Healthcare has to be seen as a service that should be offered to all inhabitants 
of a country. e-Health is all the services offered from hospitals to other 
hospitals, and from hospitals to other users. Next few years e-monitoring and e-
dependence are concepts that will take more importance to caregivers 
providers, which will be offering their services to final users and will talk abou 
homecare services. 
 
Services to offer healthcare can go from all virtual face-to-face consultations for 
patients and caregivers to a control monitorisation of a patient at their homes. 
This way it is pretended that elderly people can live independently in their 
preferred environment, and extend the time to live alone at home. To help this 
last sentence, telemonitoring is also seen as a need to guarantee medical 
assistance in case of accident. Those services are answering a growing market. 
It can only grow according to the WHO trends: the number of persons between 
60 and older was 600 million in 2000. It is expected to double it to 1.2 billion by 
2025, see [19]. Also chronic diseases have to be included as possible final 
users of those services the number rises to a greater number to be taken into 
account. 
 
Companies have joined into a new non-profit Alliance called ñContinua Health 
Allianceò, see [20]. They are developing services, but also hardware to interact 
with those services. All of them have to be combined and accepted around the 
world, so healthcare can be given to the entire world if you have an access 
connection and equipment.  
 

 
 

Fig.II.1 Intel® Health Guide 

 
A great component is the one which is connected to the network. It is a product 
from Intel and allows different interactions with the patient and the caregiver or 
physician, see [21]. The main product is developed with a VGA camera; due 
they want that it works for all connections and people start to use it, but in the 
future it is going to dispose of the most advance cameras, and this will means 
high connection from userôs home. This videoconference within doctor and 
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patient helps to strength the interaction of doctors with patients by observing 
them performing specific tasks, and providing them some advices or 
encouraging them. Figure II.1 shows the product that allows to patients take 
their vital signs and share them with their doctors. Sensors are going to be 
placed onto userôs body, send the information in a WIFI, Bluetooth or Zig-Bee 
way to the Intelôs product, and finally send all information to health centres 
where will be monitored. If something happens an advice can be sent to their 
closest family and to the health centre or caregiver, so first aid can arrive before 
no one notices the accident with his eyes.  
 

B) Home security 

 
Installing IPcameras to give telesurveillance when we are not at home, is a 
service that can be given from 5ú per month to customers. This service can 
offer a real image, coming from one or two installed cameras in our home. The 
service can guarantee access privacy to those cameras and the total control for 
the user. Connect this system to a surveillance centre or a police station is 
going to be more expensive, and is not going to be offered by operators.  
 

 
 

Fig. II.2 IPcamera 

C) Homeworking // Teleworking 

 
Work from our own homes is not so far in time. Imagine being working for a 
company placed in Barcelona and that you donôt live there. What you need to 
be connected at your stationary workplace is a computer and all the programs 
are given to you from the enterprise. This connection can be only understood in 
a remote way, where workers connecting from their homes to their virtual 
computer. But it should be added, that meetings can be held from all the 
assistance at their respective homes. To do that, connect people in a 
multiconference, it is needed more than 4Mbps if we are working at the same 
time and the multiconference is a high quality one. 
 
This solution can allow people be working in other countries without being all 
the time into the headquarters that is placed abroad. But it has also an attractive 
for the company, it lets having a headquarter and then contract people around 
the world and grow without needs of opening new centres in each country, and 
no need to enlarge its offices to contract more employees.  
 

C.1) Software as a Service SaaS 

 
Great speed can bring with it a Service that deploys software into usersô 
computer when they need it. It can be contracted from 3ú to the amount of 
money you consider that can be paid to use a number of programs. In this case 
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the business model is to serve licences and share it among a number of users 
that contracts you the program. This solution can be needed for example with 
the case of teleworking, where companies can contract an IT company that 
serves all those licensed programs, installs them, and gives support. 
 

D) Education 

 
Bandwidth can be the most demanded into classrooms where a video is played 
to a class. Nowadays we do it with one PC and projecting the video onto the 
wall or white blackboard. If schools could have higher connections it could 
enables them to interact with materials in an individual way. This would allow 
more attention by students and also will mean that everyone will be controlling 
it, a typical classroom can be composed by 35 students. In Scotland they 
experience with it and find that students get a high satisfaction level than those 
that were not using it, see [22], [23] and [24].  
 
It is also important to explain that libraries are the best places to be connected. 
There, students can download lots of documents with a few clicks. It also allows 
videoconferences between different schools students and it runs from 30 to 60 
videoconferences per day.  
 
More relevant data is shown in figure II.3, where it can be seen that it also 
allows connecting nearly 8,500,000 pupils from all the regions involved into the 
project. 
 

 
 

Fig. II.3 Interconnections schools 
 

E) Other possible services 

  E.1) Gaming 

 
This service can increase in new games. More real time and player involvement 
is needed. This involvement includes that all the opponents of the game have to 
be other people connected into the net and with the same game.  Some 
operators are seeing this as a new opportunity; some examples can be Jazztel 
in Spain launches a service in 2008 that combines 20 Mbps ADSL solutions 
with an XBOX 360 console to play connected the whole year, see [25].  Free, in 
France, have associated with Chiligaming and now serves its games on the 
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same television, see [26]. It could be continued the list with other examples 
around the world with prices placed around 5ú per month. 
 
All new games are launched with important content to be shared online, so they 
are creating a need to all gamers for having a good connection, and also be 
served with the best service. Some gamers are asking for a 100% time 
connection, because when a game is online you can lose reputation, friendship 
with new colleagues and also money if he game allows bending or playing into 
a championship with money for the winner. 
 

E.2) Karaoke 

 
When fibre is deployed it can allow companies to start developing, or adapting, 
new services to offer. A real case is the karaoke implemented in Taiwan by its 
incumbent broadband operator, Chunghwa Telecom, as a multimedia on 
demand offer [27]. Now it is also in America and Canada. Penetration of this 
kind of service can be seen as 60% over the ones that contract IP-TV. Turning 
this to the Spanish case, 19% of homes in Spain have IP-TV services, so 11,4% 
of the final customers could buy this service. The cost per month is estimated 
around 9ú, and it includes the last videos of all radio numbers ones.  

E.3) 3D Videoconference 

 
3D videoconference can be done with stereoscopically glasses, those with a red 
and cyan glass, which permits to a user see a 3D approach if the video shown 
is recorded with a stereoscopically camera, figure II.4.b Nowadays those 
cameras can be achieved a low cost price: 79,95 ú in Europe, see [28], that 
enables to users having their first 3D videoconference experiences. 
 

  
Fig. II.4 a) 3D image view, b) Stereoscopic camera 

 
But we have to know that only a videoconference will need QoS over it, and a 
3D videoconference in the future will be held without glasses and with bigger 
screens. The concept is that it can be done into our computer but also in our 
televisions. Remember new standards 3D for television, can be applied to 
videoconferences also. 
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Annex III. Detailed Analysis 

 
Annex III is a complement to chapter 5 and brings more results that have some 
relevance to a fibre deployment done by a second party operator. 
 

Figure III.1 is showing the cash evolution of the model  
 

  

  
Fig. III.1 5/10/15/20 years model including only inversions and ductsô renting 

 

Figure III.1 shows that OPEX, and renting ducts above all other things, will take 
the huge part of the funds. Fibre and splitters together became from 30% of the 
investment to a 9% after 20 years. So fibre is not the big problem. If someone 
has to open the road, a good of advice would be to implement a P2P network 
and not a P2MP one. 
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Fig. III.2  5/10/15/20 years model including infrastructures, communications and services 

 

Figure III.2 allows the reader to see a complete image of the three layers: 
 

- Services with a 28% of the budget after 20 years investment.  
- Communications layer with a 4 % of assigned budget 
- Infrastructures with a 68%, meaning that this is the one that becomes 

more important after 20 years. 
 
 

  

  
Fig. 26 5/10/15/20 years model including infrastructures, communications, services and total 

revenue 

 

Figure III.3 is showing inside the same figure revenues and expenses. After 10 
years revenues equals the total expense, and after that it starts to give more 
revenues than expenses. 
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In this case, it is important to see that services expenses are also growing 
according to the number of users. If we have more revenues is because we 
offer services to the final users. 
  
ɓi price is extracted with formula 4.2. Those prices allow to make some 
appreciations of the effect that ɓi can bring to the possible deployment of a 
NGAN done by an operator. 
 

Phi [%] ɓi [ú] 

0,5 0,364 

1 0,728 

1,5 1,092 

2 1,456 

2,5 1,82 

3 2,184 

3,5 2,548 

4 2,912 

4,5 3,276 

5 3,64 

5,5 4,004 

6 4,368 

6,5 4,732 

7 5,096 

7,5 5,46 

8 5,824 

8,5 6,188 

9 6,552 

9,5 6,916 

10 7,28 

 

With this table it can be sort a list of possible prices that rental ducts can have 
into the future regulation. All models and penetration market types in 
combination with this list makes possible a high number of combinations. The 
results help to clarify that medium and low markets are the only that must be 
taken into account. It seems clear that TESAU is best positioned and is not 
going to lose 40% of the new market in a few years. 
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Fig. 274 ɓi impact to obtain a positive NPV  
 

Figure III.4 allows comparing how it affects ɓiôs price to obtain a positive NPV.  
Step by step model is the one that ductsô rental price is not affecting its time to 
have a positive NPV, that results in less than 3 years. Models that cover nearly 
all Barcelonaôs area before ten years are nearly controlled by this parameter. 
Those models depend directly from that parameter. 
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Fig. 285 ɓi impact on Peak funding  

 
 

Figure III.5 shows that funds are related to the time to recoup the investment. 
So, if you invest a few million euros to cover a small area, even with a low 
penetration market model case, you will have a return in less than 5 years. 
Hundreds of millions, nearly 350M ú in model 6, are needed if the operator 
wants to give connectivity to all Barcelonaôs homes. With a low penetration 
market, most of the models are reaching 100M ú of funds needed to implement 
a fibre NGAN.  
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Fig. 296 ɓi impact on obtaining a positive NPV  

 
Figure III.6 shows that with a low market if price is set over 3 euros is nearly impossible to cover all Barcelonaôs area with a NGAN. 
Positive NPV for those models is set to more than 20 years. If we know that TESAU is reaching a positive NPV before 4 years it can 
be concluded that prices should be set around one euro if it is wanted network competition by CMT.  

 
 
 
 




























