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Abstract:  
 
This deliverable describes market demand and revenue models for next-generation optical 
access (NGOA) networks, based on a variety of methodological approaches: adoption models, 
surveys, econometric analysis and case studies. Based on econometric analysis on a per 
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Executive summary 
This deliverable defines demand and revenue scenarios for FTTx within Europe, based on a 
variety of methodological approaches: adoption models, surveys, econometric analysis and 
case studies. They allow for both qualitative and quantitative assessments and therefore we 
will be able to provide macro- as well as micro- scale analysis. 
 
Based on econometric analysis on a per country basis, we have studied drivers and barriers 
for FTTH deployment. Our attempts to identify drivers and barriers for FTTx have been 
confounding. There is little consensus in the literature about the importance of such simple 
variables as competition within the broadband market on the adoption rate of FTTx. A 
market survey that has been carried out has given some indications of the services which 
will drive adoption of FTTx, and at such a point the added value to the customer of a fibre 
connection may be monetized.  
 
Lower level analysis was added by different case studies. This can form the basis for a 
detailed understanding of the telecommunications market and the interactions of players 
within a limited geographic area. A number of case studies are presented within this 
deliverable. We have given a brief summary of 11 deployments in Western Europe, focusing 
on characteristics related to the business model used and the actors involved. It becomes 
evident that urban regions are characterized by the presence of alternative networks, like 
DSL and cable networks, that were already in place long before one started deploying 
FTTH. In the rural areas on the other hand, FTTH networks are sometimes the first 
broadband networks to be installed, which can result in different marketing strategies to be 
applied by the operators. There is a strong difference in who initiated the project and their 
strategies used, as well as what drove them to start deploying an FTTH network. For these 
reasons, we have divided our analysis into three parts: urban cases, rural cases and large-
scale deployments, and have discussed the different characteristics for each of them. Rural 
deployments are not investigated in detail, whereas more insight in urban and large-scale 
deployments is gathered by studying the following cases in detail: Stockholm in Sweden, 
Amsterdam in the Netherlands, Norderstedt + Hamburg in Germany and the region of 
Bavaria, also in Germany. We have observed a high degree of open access and/or 
cooperation between the various providers in the area in order to facilitate FTTx service 
provision.  
 
Furthermore, revenue scenarios have been developed for the timeframe 2011-2030, by 
combining insights in FTTH adoption and revenue potential from different fronts. They 
consider different levels of competition. We have observed a wide range of inter-platform 
competition (from xDSL, cable and wireless networks) on a country as well as case study 
level for the Netherlands, Germany and Sweden, which is modelled by two extreme cases: 
either the DSL and cable players keep their market shares and the FTTH player is taking 
only the new customers, or the DSL and cable players lose their market share completely to 
the FTTH player. Observing inter-platform competition (between different FTTH networks) 
learns that there is only a single physical infrastructure provider (PIP) active in all cases. 
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Therefore, this assumption is also made in our revenue scenarios. These scenarios provide 
input for the quantitative total cost of ownership (TCO) calculations within WP5.  
 
Finally, from the case studies it is clear that the technologies to be employed in next-
generation optical access (NGOA) networks should be able to function within cooperative or 
open access environments. We have detailed some advantages and disadvantages to such 
mechanisms (for example the effect on energy efficiency and the curtailing of provider 
technology choices at higher-level open access systems), and presented information about 
the capabilities of the network technologies. The four network architectures under study all 
support varying degrees of open access, and with varying levels of additional cost and 
sophistication. There is, therefore, significant ability to tailor solutions to the cooperative 
and open access needs of network operators which may be identified in later business 
modelling.  
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ONU   Optical Network Unit 
ONT   Optical Network Terminal 
OpEx   Operational Expenditure 
P2P   Point-to-Point 
PCP   Physical Connection Point 
PIP   Passive Infrastructure Provider 
PON   Passive Optical Network 
POTS  Plain Old Telephony Service 
RN   Remote Node 
SDSL  Symmetric Digital Subscriber Line 
SFP   Small Form-Factor Pluggable 
SLU   Sub-Loop Unbundling 
SME   Small to Medium Enterprises 
SMP   Significant Market Power 
SP   Service Provider 
TDM   Time Division Multiplexing 
TXFP  Tunable XFP (see below) 
UD   Ultra-Dense 
VDSL   Very High Bitrate Digital Subscriber Line 
VoIP   Voice over IP (see IP above) 
WDM  Wavelength Division Multiplexing  
WE   Western European 
xDSL  Symmetric, Asymmetric or Very High Bitrate Digital Subscriber Line 
XFP   X Form Factor Pluggable 
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1. Introduction 
Broadband access networks are evolving towards next-generation fibre-optic networks. 
However, the required amount of investment in civil works, equipment purchasing, staff 
training and innumerable further areas, slows down the process. Faced with the cost of 
deploying and maintaining such networks, it is natural for operators to seek revenues to 
justify these significant expenses. These revenues may come from many different areas. 
Natural customer migration towards new technologies will provide increasing revenue from 
FTTx over time although, depending on the scenario, these subscriptions may cannibalize 

. The potential for the delivery of new services over the 
new, more-capable infrastructure may in itself lead to further profit opportunities, or the 
ability to rollout existing services that may be currently deployed over other media, such as 
broadcast or cable television services.  
 
The purpose of the work presented herein is to focus on the identification of market demand 
and revenue scenarios to evaluate and to present information about the state of the FTTx 
market in both Europe (in general) and specific countries through case studies. Such 
scenarios will feed not only further work within the business modelling efforts within 
OASE, but also inform and refine the work on architecture design (WP3) and techno-
economic modelling (WP5). 
 

1.1  RESEARCH OBJECTIVES 
The objective of D6.2 of the OASE project is to identify the market demands and revenues 
for next-generation optical access (NGOA) within the European setting.  
 
This may be broken down into a number of distinct research objectives.  
 

 First of all, it is important to understand the market from a current and historical 
perspective. In doing so we must question the state of FTTx deployment in Europe, 
as well as analyze the historical trends that have led to the current state of affairs. 
This will involve a detailed understanding of the economic factors (both on the 
supply and demand side) which either promote or hinder FTTx deployment.  

 Secondly, it is important to understand where the market is going. In order to do so we 
must utilize models that will allow us to forecast the future penetration of FTTx. This 
will allow us to assess (later) the market revenues that will be proportional to the 
subscriber count.  

 Thirdly, while the above two activities give indicators of the number of subscribers 
that may be expected, there is little consensus on the services which may motivate 
their transition to FTTx broadband provision, and for which customers may be 
willing to pay an additional fee. Therefore, it will be necessary to identify such 
services. 

 Fourthly, where the above activities have dealt with country-level (and therefore very 
broad) data, it is necessary to have a greater understanding of the marketplace at a 
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finer granularity. In order to do so, a detailed understanding of the geographical area, 
the number of potential customers, the competition, the regulatory environment, and 
the current actors will be necessary.  

 Fifthly, while there is a technology-driven movement towards higher access speeds 
and newer technologies, the service bundles offered by network and service 
providers are also evolving and, with them, their associated revenues. In order to 
understand the marketplace completely, it is necessary to understand this evolution, 
and to analyze the ways in which it may be shaped by FTTx 

 Finally, it is necessary to investigate the architectures currently under study within 
other work packages to assess their suitability to deliver services within the scenarios 
identified. For example, their ability to support cooperation models and open-access 
business models will be identified.  

 

1.2 STRUCTURE 
Broadly, the structure of this work will mirror the outline of the research objectives 
identified above. 
 
A description of the models and methods to be employed will be provided in Chapter 2, 
providing the mathematical and theoretical foundations on which later chapters will be built.  
 
Chapter 3 will deal with the econometric analysis of the current state of affairs, and will 
attempt to infer important parameters that have led to the current market situation. Following 
this, forecasts of FTTx adoption rates will be provided.  
 
Chapter 4 will provide a number of detailed case studies which will allow an in-depth 
analysis of the state of the market in a number of different scenarios which will highlight the 
diversity of the market between countries.  
 
Chapter 5 will bring together penetration and revenue evolutionary insights based on case 
studies as well as per-country observations. We will define actual FTTH revenue scenarios 
based on different levels of (inter- en intra-platform) competition.  
 
Chapter 6 will present the architectures under study within the OASE project in order to 
begin an analysis of their suitability from a business perspective, rather than the technical 
aspects being covered in other work packages.  
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2. Models 
In order to achieve the research objectives explained in the previous section, some 
methodologies and theories will be used, and results presented in future chapters. This 
section will describe the theoretic background of the techniques that will be applied to 
estimate the demand, tariff and revenue of FTTx in general, to identify particular services 
which may drive FTTx adoption, and to present particular scenarios of interest. As befitting 
a broad subject, a broad range of techniques will be applied in order to gain a good 
understanding of the market.  
 
Section 2.1 describes some theoretic adoption curves: Rogers, Fisher-Pry, Gompertz and 
Bass. These will be utilized in 5.3.1 to estimate the adoption of broadband services in a 
variety of EU countries, which will help to give an idea of the demand which may be 
expected for the NGOA networks under study.  
 
Within the OASE consortium, a survey to estimate the demand and for services was 
executed, and Section 2.2 elaborates on how this survey was composed. These identified 
services help complement the service bundles already identified in WP2, and reflect the 
views of experts on which services will add value to the customer and will therefore be a 
potential source of added revenue. The results of this survey will be presented in 5.2. 
 
In certain areas in Europe, FTTH networks exist in varying stages of deployment and 
degrees of penetration. This may be due to a number of factors, for example income, 
potential revenue to operators, population density, degree of general education etc. that may 
play a factor in affecting the uptake. It is therefore important that the effect of these broad 
social, geographical and macro-economic effects is investigated in order to examine what 
has driven adoption in countries where FTTx penetration is high. To understand the impact 
of the different drivers, we will make use of econometric modeling, a methodology for 
analyzing and comparing these different existing networks on a statistical basis Section 2.3 
will discuss the theory behind econometric modelling in more detail, and identify how the 
analysis is performed. The results will be presented within Chapter 3. 
 
The models presented in Section 2.3 (and the results of Chapter 3) will allow for a broad 
understanding of the variables which have come to shape the FTTx market. However, as 
they represent a macro-level study, they will miss out some of the intricacies of particular 
market scenarios. Therefore, it is important to present a more qualitative assessment by 
providing case studies of various scenarios. The method by which this achieved is presented 
in Section 2.4, the actual case studies can be found in Chapter 4.  

2.1 ADOPTION MODELLING  
Since it is assumed that the major part of the revenue will come from the customers 
subscribing to services and/or connecting to the network and thereby incurring charges, it is 
important to know how many customers can be expected, and over what time, in order to 
accurately assess revenue. Not all customers will subscribe at the same moment as they all 
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follow different economic motives: some will adopt the service at the moment it becomes 
available, while others wait until the service has become necessary to maintain a certain 
quality of life. Therefore, in order to model the behaviour of the customers, it is necessary to 
utilise models which attempt to mimic the motive-inspired behaviour of real users.  
 
This section will describe several theoretic curves that model the adoption rate of a certain 
service, and are based on the input gathered from [22]. 

2.1.1 Rogers 
Rogers [127] categorized people according to their adoption in five distinct classes: 
innovators, early adopters, early majority, late majority and laggards, as shown in Figure 
2-1.  
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Figure 2-1: Rogers distribution of adoption in 5 categories 

 
The bell shaped curve is coupled to a timing basis (see for instance [153]) to be used in the 
forecasting of the sales of goods. The cumulative of this curve, resembling a stretched S-
curve, will be used for the adoption of customers to a service or technology. Models 
developed in further research on adoption all resemble the same bell shaped or S-shaped 
curve, differing in the specific mathematical formula of the curve. The logistic curve 
naturally linked to the Rogers curve is the simplest mathematical formula (2-1). 
 

te
tS

1
1)(  

(2-1) 

 
With:  

 
S(t) = The cumulative sales up to the point in time indicated by t 

 

 
Figure 2-2 shows different adoption models which have been considered in our research. 
They all show the cumulative (S-shaped) adoption as a function of time. When these models 
are fitted to the same data, they can superficially resemble each other very closely over this 
data set. However, this does not necessarily lead to close resemblances in the forecasts 
obtained from them. Both real data and forecast data are shown in the last part of the figure. 
In what follows, we give the mathematical background of the adoption models shown and 
discuss their parameters. All adoption curves have one parameter responsible for the scaling 
of the curve (Y-axis). This parameter is called the market potential  and is the highest 
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adoption the innovation might ever reach. All adoption curves can also very easily be shifted 
or stretched in time (X-axis). 
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Figure 2-2: Overview of different adoption models 

2.1.2 Fisher-Pry 
This adoption curve was introduced by Fisher and Pry in [42] and is a direct extension of the 
logistics curve into a more general sigmoid curve. It has two parameters (next to ) for 
fixing the appearance of the curve and the mathematical formula for its cumulative adoption 
is given in equation (2-2). Figure 2-2 shows how the curve will change for a decrease in both 
parameters. 
 

 
(2-2) 

 
With: 

 
 = The inflection point of the adoption curve. The inflection point is 

the point at which the speed of adoption switches from increasing to 
decreasing. In a Fisher-Pry this happens at 50% of the total adoption. A 

 of 2004 resembles thus as situation in which in 2004 50% of the 
market has adopted the innovation (parameter a in Figure 2-2). 
 
r = the pace of adoption of the curve (slope). The higher r, the faster 
the adoption will occur with r  
this parameter in the range [0.5, 0.7] for broadband access [21] 
(parameter b in Figure 2-2). 

 

2.1.3 Gompertz 
This adoption curve is based on a general mathematical curve formulated by Benjamin 
Gompertz [56] as given in (2-3). This mathematical formula was found very well suited for 
the prediction of customer adoption and as such is a much used curve for forecasting, see 
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e.g. [57][60][20]. Figure 2-2 shows again how the curve will change for a decrease in both 
parameters. 
 

 
(2-3) 

 
With: 

 
 = The inflection point of the adoption curve. (at 37% in a Gompertz 

curve) (parameter a in Figure 2-2).  
 
r = the pace of adoption of the curve. The higher r, the faster the 
adoption will occur with r  
parameter in the range [0.3, 0.4] for broadband access [21] (parameter 
b in Figure 2-2). 

 

2.1.4 Bass 
The Bass diffusion model was developed by Frank Bass [3]. It is highly influenced by the 
diffusion of innovation from Rogers. Unlike the previous two mathematical models, the 
Bass model starts from two separated adopter groups: innovators, who are initial adopters 
not influenced by others, and imitators, who learn from prior adopters. The cumulative 
number of adopters again forms a kind of S-shaped curve and is given by the equation in (2-
4)  are now grouped as 
imitators. In contrast to all the previously mentioned models, the size of the different groups 
is no longer defined by fixed percentages. Figure 2-2 shows how the curve will be impacted 
by a change in its parameters (an increase in p or a decrease in q). 
 

 

(2-4) 

 
With: 

 
p = the influence of the innovators on the adoption. A higher p  
will lead to a faster adoption especially in the initial phase. When not 
in combination with the imitation coefficient, the innovation 
coefficient will lead to an equal fraction of the remaining market 
potential to adopt each year. We found realistic values for p in the 
range [0.005, 0.03] [21]. 
 
q = the influence of the imitators on the adoption. A higher q  
will lead to a faster adoption. As the imitation is depending on existing 
adoption, a p of 0 which is equal to no innovation, will lead to no 
adoption at all regardless of the value of q. We found realistic values 
for this parameter in the range [0.3, 0.6] for broadband access [21]. 

 

2.1.5 Comparing Adoption Models 
As shown above, all different models resemble an S-shaped curve and can closely resemble 
each other. The exact mathematical formulation will, however, put a limitation on how 
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closely the model can come to the actual data, and especially how reliably the model can 
predict adoption in a later stage.  
 
Roughly speaking, estimated parameter values of these models can be gained from two 
sources: 

 Fitting of the mathematical adoption models to suitable existing adoption data which 
is available. This requires sufficient data to be available and thus requires an existing 
customer base. E.g. for FTTH, this might not be sufficient to perform a reliable 
fitting. 

 Extrapolation from existing comparable technologies. In the case of FTTH we could 
make an extrapolation based on general telecom broadband adoption. We could also 
base this on broadcast television data, as currently video is the main driver for the 
observed increase in consumer bandwidth consumption capacity and broadband 
adoption. For television as well as broadband adoption, there is a lot of information 
available.  
 

The first approach gives an indication of how closely the model can resemble the actual 
data, while the second approach will give an indication of the reliability of the model for 
forecasting new data.  

2.1.6 MAPE 
Where appropriate, the mean absolute percentage error (MAPE) value of the fitted curves 
will be provided. MAPE expresses the accuracy of a fitted trend as a percentage, and can be 
used to understand the quality of the fit provided by the model on the data.  
 

2.2 FORECASTING BY SURVEY 
It is our contention that, at the current time, existing broadband provision through 

ts 
for services such as voice, broadband Internet and television. Therefore, there is no 
compelling need to pay additional charges to receive these traditional services through 
FTTH/FTTB (i.e. FTTx) broadband as this would present no additional utility to the user. 
Past research [175] indicates that high quality television services with significant bandwidth 
requirements (such as High Definition, 4K and 8K services) and which therefore cannot be 
satisfied over the existing network infrastructure will drive the adoption of FTTx broadband. 
However, the cost to provision such services are currently so high (due to a combination of 
network cost and scarcity of video sources, compare for example the cost of both blu-ray 
players and content at introduction) that only a small percentage of users are able to pay the 
charges that are required to recover the cost. As a result, the adoption of FTTx broadband is 
very slow even in the most advanced countries where the majority (i.e. more than 70%) of 
households has adopted broadband through xDSL and/or cable technologies. 
 
It is known that most of the existing services will benefit (over time) from FTTx broadband 
deployment, but it is not currently known which services will motivate users to pay 
additional charges if such services are provided through FTTx broadband connection. 
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However, through the use of market surveys, it may be possible to perform some early 
investigations to identify a collection of services for which the customer may be willing to 
pay a higher service charge. The surveys can be conducted in two phases; in the first phase 
emphasis can be given to identify 8 to 10 services which have significant impact on the 

services can be quantified. While the outcome of the first phase of survey will be similar in 
most countries, the willingness to pay can significantly vary from country to country due to 
variations in the local economic climate. Therefore it is appropriate to conduct a survey to 
identify the list of services which will drive the demand for FTTx broadband in countries 
across Europe. The results of this survey are provided and discussed in Section 5.2. 
 

2.3 ECONOMETRIC MODELING 
In any marketplace the demand and the supply of a good or service are interdependent and 
therefore most research analyses the market according to a sets of factors which effect both 
sides of the market using a single equation model [12][45]. Some scholars have devoted 
their attention to estimating the demand and the supply separately for a number of 
Information and Communication Technologies including fixed telephony [129], mobile 
telephony [138] and broadband Internet services [79]. Based on the original work of Roller 
& Waverman [129] we present models in the following sections to identify different factors 
and assess their level of impact on the demand and the supply sides of FTTx broadband 
market. The models used here are based on some parameters such as GDP, the influence of 
which will be discussed in more detail in Section 3.3. 

2.3.1 Parameters utilised. 
The equations in the following sections seek to define relationships between several 
geographical, sociological and macro-economic variables and the penetration of FTTx 
broadband, as well as allow for an investigation of the cross-effects of FTTH and GDP. 
These variables, a description of their meaning (which is otherwise too long to include in 
each equation) and the source for our data (which is utilised in future chapters) is provided 
in Table 2-1 below.  
 
These variables exist for a number of countries under study, and for a number of years. 
Therefore,  will, for instance, indicate the population variable for the country at index i. 
Later, when both country and time index are considered,  will indicate, for instance, 
the population variable at time t for the country at index i. 
 
In addition, for each model there is an  variable. This represents the error term  the 
observed variability which was not explained by the parameters used in the model. 
 

Table 2-1: Variable Descriptions and Source of Data 
Variable Description Source of 

Data 
POP Total population World Bank 
HH Number of households World Bank 
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LA Land area in sq km World bank 
GDP Gross Domestic Product in inflation adjusted year 2000 

US$ 
World Bank 

LF Total Labour Force World Bank 
K Annual gross fixed capital formation net of telecom 

investment in US$ 
World Bank, 
ITU 

PR_F Monthly subscription price for FTTx broadband OECD, Van 
Dijk 

EDU_TER Percentage of population in age group 18-21 enrolled in 
tertiary education 

World Bank 

UR_POP Percentage of population living in urban area World Bank 
PEN_F Number of FTTx broadband connections per 100 

population 
ITU, OECD 

PEN_DSL Number of DSL broadband connections per 100 
population 

ITU, OECD 

BB_CMP1 Herfindhal Index on broadband competition  ITU, OECD 
TV_CMP1 Herfindhal Index on television competition  ITU 
INV_T Total Telecom investment in US $ ITU 
FR_INV Foreign investment in US $ World Bank 
REV_T Total telecommunication revenue ITU 
Reg 
Dummy 

A dummy variable set to 1 for less regulation on 
unbundling for CEE countries 

-- 

 

2.3.2 Time-insensitive models 
DEMAND SIDE MODEL  

We assume that demand in a country will be dependent on income (i.e. per capita GDP), 
price (i.e. monthly subscription charge), education, urbanisation, existing telecom 
infrastructure (i.e. DSL penetration), and competition in broadband service market and 
accordingly we introduce a model for the demand as: 
 

 
 

 

(2-5) 

 
Where iFPEN _  represents FTTx broadband penetration (i.e. number of connections per 
100 population) in country i . The indexed alpha parameters indicate the variables that will 

                                                 
1 Herfindhal Index on broadband competition is calculated as the sum of squares of individual connections per 
platform (i.e. DSL, Cable, FTTx, and other fixed broadband) divided by the square of the total number of 
broadband connections. Herfindhal Index on television competition is calculated based on number of television 
through cable and satellite. 
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be estimated when the model is fit to the data under study, while the epsilon parameter is a 

fitting and thus represents the error. 
 

SUPPLY SIDE MODEL 
We consider that investment in the access part of the network is required for FTTx 
broadband infrastructure and we assume that total investment in a country is dependent on 
the revenue, competition in broadband and television service markets, regulation on 
unbundling (a dummy variable set to 1 for Central and Eastern European [CEE] countries), 
and population density according to: 
 

 

 

(2-6) 

 
These models are fit to data samples by utilizing the Ordinary Least Squares fitting 
mechanism for parameter investigation.  
 

2.3.3 Models including time as a variable 
In the past most researches have employed panel data analysis technique to investigate the 
factors affecting the growth/uptake of Internet using narrowband (i.e. dial-up) and 
broadband (e.g. xDSL & Cable) technologies. Using a case study approach some researchers 
[38][80][152][153] compared the uptake of broadband and identified the barriers and drivers 
in selected countries. To our knowledge Wallsten & Hausladen [156] were the first to 
investigate the impact of regulation on the uptake of FTTx broadband using a panel data 
analysis technique. 
 
One of the objectives of the models presented here is to investigate the relationship between 
GDP and FTTx broadband. For example, is it the case that high GDP results in significant 
disposable income, and therefore higher FTTx broadband penetration? Or, conversely, is it 
the case that high penetration of FTTx results in productivity increases, novel services, and 
cost savings that increase GDP? In order to perform this analysis and examining the cause-
effect relationship we must formulate a set of equations which model this interrelation. 
 

DEMAND EQUATION: 
To estimate FTTx penetration we consider GDP per capita, monthly subscription price for 
FTTx broadband, competition in broadband, DSL broadband penetration, percentage of 
population leaving in urban areas, and percentage of population enrolled in tertiary 
education. The econometric model for estimating the demand for FTTx broadband is as 
follows: 
 



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  37  of  151  

  
 
 
 

 
 

 

(2-7) 

 
GDP EQUATION: 

To estimate the GDP in a country we consider total labour force, capital investment 
excluding the investment in ICT, and FTTx broadband penetration as follows: 
 

 
 

(2-8) 

 
SUPPLY (I .E. INVESTMENT) EQUATION: 

The supply (i.e. investment) is generally dependent of the demand (e.g. income and price) 
and competition. To estimate investment in FTTx broadband infrastructure we use the 
investment in total telecom infrastructure as dependable variable. We consider the 
competition in both the broadband & television markets, and total telecom revenue as 
dependable variable. To investigate the impact of regulation on investment we use a dummy 
variable (i.e. Reg. Dummy) which is set to 1 for countries with relatively weak regulation on 
unbundling (i.e. CEE countries in this case) and 0 for other countries. The model for 
estimating the investment in FTTx broadband infrastructure is as follows: 
 

 
 

(2-9) 

The impact of competition on the investment is investigated according to Herfindhal Index 
(see footnote 1). The index for the broadband market is calculated as the sum of squares of 
individual connections per platform (i.e. DSL, Cable, FTTx, and other fixed broadband) 
divided by the square of the total number of broadband connections. The value of the index 
therefore can vary from 0.25 to 1; 1 indicates only one platform provides all connection and 
hence no competition. The index for the television market is similarly calculated based on 
the connections through cable and satellite technology. We acknowledge that other factors 
such as population density, foreign investment and government policy on investment impact 
the investment but we did not consider them because of inadequate data (on foreign 
investment) and also to keep the models simple.  
 

CHANGE IN FTTX PENETRATION  
We argue that the historical adoption rate for FTTx broadband depends on the three factors: 
i) existing subscribers; ii) potential subscribers; and iii) the investment. We assume that over 
time non-fibre broadband subscribers will migrate to the FTTx broadband and therefore use 
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non-fibre broadband penetration to represent the potential subscribers. Accordingly we use a 
reduced form of a logistic regression model as follows: 

 
 

(2-10) 

 
FITTING METHODS 

The model coefficients of equations (2-5) through (2-10) are estimated using two different 
methods: generalised least squares (GLS); and three stage least squares (3SLS). We use 
3SLS to confirm that the model structure and the parameter variables are appropriate. In 
addition, 3SLS estimation is efficient when variables are interdependent, as is the case with 
income and FTTx broadband penetration. Ordinary least squares(OLS) and GLS estimation 
techniques may provide misleading information when estimated variables (i.e. dependent 
variables) are interdependent and therefore a two stage least squares or a three stage least 
squares estimation technique may be employed. In a two stage least square technique, 
estimation is done in two stages: i) in the first stage instrument variables are used to estimate 
dependent variables appearing on the right hand side of the equations; and in the second 
stage the estimated values from the first stage are used to calculate the dependent variables 
appearing on the left hand side of the equations. In a three stage least square estimation a 
combination of a two stage least square and a seemingly unrelated regression is employed. 
In this specific case, in the first stage FTTx broadband penetration in (2-7) is estimated 
according to price, education, urbanization, competition and income represented by 
instrument variables: labour and capital. Similarly, income in (2-8) is estimated according to 
labour, capital and instrument variables for FTTx broadband penetration (i.e. price, 
education, urbanization and competition). 
 
Another distinction made between models is that of Fixed Effects (FE) or Random Effects 
(RE). A fixed effects analysis assumes that the difference between the countries is not of 
interest, and therefore allows us to look closely at the variance within the group but also 
precluding wider inference. A random effect analysis assumes that the countries are drawn 
from a larger sample of possible countries and that the variance between the countries may 
be substantive. The results of such analysis allow us to infer something about differences 
within the larger population.  
 
The goodness-of-fit of these tests will be estimated using a -test and, where 
appropriate, the t statistic will be provided. This will allow the statistical significance of the 
parameter estimations to be calculated and provided.  
 

2.4 DRAWING ANALOGY FROM THE EXISTING NETWORKS (CASE 
STUDIES) 
A lot can be learned from studying existing network deployments, but there is a need for a 
common framework that can be used to analyze these cases so that they can be easily 
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compared. This section will describe the methodology used for evaluation of the cases, 
which will be performed in Chapter 4. 

2.4.1 General Description of the Regions and Areas 
We start by giving a general description of the area under study by specifying the area type 
(dense urban, urban or rural), the surface covered and the population living there. The 
number of households is also mentioned, as we consider that number as representing the 
maximum residential customer base. Furthermore, the potential on the business market 
should be specified. 

2.4.2 Competitive Scenario 
When studying a market, it is important to study the competitiveness, both intra-platform 
and inter-platform. Inter-platform competition is competition between different 
infrastructures (DSL networks, cable networks, satellite networks etc.), while intra-platform 
competition looks for the possibility of having multiple providers operating on the same 
(fibre-based) network.  

2.4.3 Current Regulatory Situations 
The third factor shaping the environment is the regulations and laws that need to be followed 
within the region under study. The European Union has published some directives that each 
EU member country has had to implement into national law. Some regions have other 
specific laws or rules (e.g. on Right of Way: the right to open up the street) that should be 
taken into account when deciding who will invest or participate in the deployment of 
networks. 

2.4.4 Description of Fibre Initiative 
This last section describes the actual fibre initiative: the technology used and the bandwidth 
offered to both residential and business customers. It focuses on which companies take up 
which role (physical infrastructure provider [PIP], network provider [NP] and service 
provider [SP], see description of roles in Deliverable D6.1 [115]) and how the revenues flow 
in between those actors. We also describe which services are offered on the network and the 
prices that need to be paid for using them, as well as the costs that were made to deploy the 
network and the coverage & uptake reached so far. 
 

2.5 CONCLUDING REMARKS 
This chapter aimed at providing an overview of the theoretical models and methodologies 
used in this deliverable, so that they can be consulted if needed at one location. By 
employing a diverse approach utilising both qualitative and quantitative assessments we will 
be able to provide macro- and micro- scale analysis. 
 
Section 2.1 gave an overview of existing theoretical adoption curves, which form the basis 
of our analysis in Section 5.3.1 (forecasting of the penetration of FTTx broadband). The 
methodology used for the survey is shortly explained in Section 2.2, the results and analysis 
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of the survey can be found in Section 5.2. The third section of this chapter deals with a 
description of the theory of econometrics and explains the models that will be used to 
estimate the impact of demand- and supply-side drivers in Chapter 3. To get an overview of 
existing network deployments, a number of case studies was performed, all according to the 
same methodology, as described in Section 2.4. The case studies themselves can be found in 
Chapter 4. 
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3. Drivers and barriers for adoption of services in 
NGOA networks 
 

3.1  INTRODUCTION 
In this section we investigate the drivers and barriers to the adoption of high speed 
broadband using Fibre-to-the-Home (FTTH) and Fibre-to-the-Building (FTTB) that will be 
further referred to under the collective noun of FTTx broadband technologies. Based on a 
survey of existing research and also based on data on FTTx broadband penetration (i.e. 
number of connections per 100 population) we identified a number of factors which can 
reasonably explain the reasons for wide disparity in adoption between countries of similar 
socio-economic structure. We acknowledge that comparing countries is a challenging task 
and a number of factors need to be considered, and that there may still be insufficient data 
(or insufficient information behind the data explaining, for example, population distribution 
issues) and therefore we approach this with the intent of giving indications into potential 
parameters that warrant further study and careful consideration based both on our analysis 
and the research in the literature. To avoid unnecessary complexity, we compare according 
to a limited number of parameters: geographical areas (Nordic Region Western Europe, 
Central and Eastern Europe, Asia and America), income (i.e. per capita GDP), total land 
area and population density.  
 
A volume of research has devoted attention to forecasting the uptake of FTTx broadband but 
to our knowledge very little research has identified the factors responsible for the wide 
disparity in uptake between countries of similar socio-economic structure. Broadband 
through technologies such as FTTx, DSL and cable television networks are perceived by end 
users to be the same with differences in connection speed. Therefore, it is no surprise that 
the demand side drivers (e.g. income and price) for the uptake of FTTx broadband will be 
similar to that of DSL and cable broadband [67].However, we argue that the supply side 
drivers can differ from the demand side drivers. Supply or investment in infrastructure can 
vary according to the competition and the level of saturation in both the broadband Internet 
(which consists of only internet provision, not multi-service bundles) and television service 
markets [174]. 
 
We briefly provide motivations for this work, and compare and contrast observations made 
by scholars in this area. Based on this literature survey we identify a number of factors 
which can potentially impact the demand for and supply of FTTx broadband services. Based 
on cross-country data we analyse the impacts of different factors (i.e. barriers and drivers) 
on the adoption of FTTx broadband. A qualitative analysis is presented based on data on 
broadband subscription (i.e. broadband through DSL, cable, FTTx and other fixed networks) 
and other socio-economic variables for 25 countries which are gathered from publicly 
available sources [74][119]. A motivation for the need for this analysis is provided in 
Section 3.2. Section 3.3 gives an overview of results achieved by earlier researches. A 
summary of the data used in our analysis is presented in Section 3.4. These data are used in a 
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country-based comparison for one point in time (2009) in Section 3.5 and for a panel data 
analysis (incorporating the time axis) in Section 3.6.  

3.2 MOTIVATION 
Figure 3-1 illustrates the adoption of FTTx broadband and total broadband in advanced 
countries for the period spanning 1999-2009. It is found that the adoption of FTTx 
broadband in these countries is following the traditional S-shape trend, but there is a 
significant variation in the observed rate of adoption. As of Dec 2009, the FTTx broadband 
penetration (i.e. number of subscriptions per 100 population) in Japan was two times greater 
than that of Sweden and Norway. However, in 2002, only 7 years before, this situation was 
reversed: these two countries had more than twice the penetration than that of Japan. Sharp 
contrast is also visible if the adoption of FTTx broadband and the total broadband is 
compared for Japan and the USA. The penetration of total broadband (i.e. subscription per 
100 population) during the period from 1999 to 2009 in the USA closely matches that of 
Japan. However, there is a vast difference in the diffusion of FTTx broadband in these two 
countries. Surprisingly, the countries that are leading in total broadband adoption (e.g. the 
Netherlands) have low proportions of broadband through FTTx technology. 
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Figure 3-1: FTTx and total BB subscription for six countries 

 
Similar disparity is also observed across Europe; FTTx broadband penetration in Central and 
Eastern European (CEE) countries is higher than that of countries in Western Europe (WE), 
while total broadband penetration is much higher in WE countries. However, little research 
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has devoted attention to identifying the factors responsible for this wide disparity. Some 
research [66][75] indicates that new/revolutionary services which both require very high 
speed and at the same time can potentially add value to the consumers and will therefore 
drive the adoption of high speed Internet (e.g. FTTx broadband) are rare. Initial observations 
[67][131] indicate that people are mostly using FTTx broadband for traditional triple-play 
(i.e. telephony, television and broadband Internet) services. In the past, innovations such as 
fixed telephony, mobile telephony and Internet (both dial-up and broadband) all provided 
additional value to the consumers and could therefore be monetized. Broadband Internet 
through FTTx technology, in that respect, can only be considered as a technology upgrade. 
The added value of the greater speed is not immediately visible to the consumers since there 
is a lack of appropriate services which can potentially add value (i.e. benefit minus cost) to 
them [75]. The Yankee Group conducted a survey in September 2009 to assess the socio-
economic benefits from FTTH/B broadband in Bulgaria [175]. The survey results indicate 
that FTTH users in Bulgaria have a slight additional benefit (on an average 10%) compared 
to non-FTTH/B users. It can therefore be argued that the demand for FTTx broadband is not 
significant as the added benefit of higher speed is not yet visible.  
 
In general, we found little research specific to the adoption of FTTx broadband. Most of the 
research in the past devoted attention to Internet access and broadband services and 
identified a number of factors that have an impact on adoption. The impact of individual 
drivers on the uptake of Internet and broadband (through DSL, cable and FTTx) as observed 
by earlier scholars are discussed in the following section. 
 

3.3 LITERATURE SURVEY  
We assume that the factors that have had an impact on the adoption of Internet access and 
broadband are also relevant for the adoption of high speed broadband through FTTx 
technology. In this section we review some of the relevant research works and compare and 
contrast the observations of earlier scholars and identify the factors which can possibly 
explain the observed disparity in the adoption of FTTx broadband services. Whereas FTTx 
adoption research is relatively sparse, a volume of research has devoted attention to 
identifying the factors responsible for the adoption of Internet access and broadband and 
here we provide a review of some pieces of research which are relevant to the adoption of 
FTTx broadband. We have found that most of this research considered the demand and the 
supply side drivers together and observed that income, educational level, urbanisation and 
competition have a positive impact while service charges have negative impact on the 
adoption of Internet and broadband. Little research has paid attention to investigate the 
impact of the demand side drivers and supply side drivers separately. 
 
We observe that the impact of different factors changes over time [157] and some factors 
can impact both sides (i.e. the demand side and the supply side) of the market differently. As 
an example, competition can be a driver for both the demand for and supply (i.e. investment) 
of broadband. Therefore a separation between the demand side and the supply side factors 
will allow for greater understanding of the underlying forces for adoption. We therefore 
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compare and contrast the observations of the earlier scholars according to the two sides of 
the market: the demand side and the supply side.  

3.3.1 Demand Side Drivers 
Past research indicates that demand side drivers such as: income ([2], [24]); level of 
education ([122]); degree of urbanisation ([170]); competition among service providers ([2] 
[41]), and price (i.e. service charges) ([13]) are responsible for the adoption and use of the 
Internet in most countries. Most of the scholars observed that income, educational level, 
urbanisation and competition have a positive impact and service charges have a negative 
impact on the Internet adoption. Some of the observations made by earlier scholars on the 
impact of demand side drivers on the adoption of Internet and broadband through DSL, 
cable and FTTx technologies are discussed. 
 

INCOME 
Hargittai [59] indicates that income has little impact on the adoption of the Internet in 
OECD (Organisation for Economic Co-operation and Development) countries. Dasgupta et 
al [30] similarly observed that income has low impact on the Internet adoption (measured by 
Internet subscription per landline telephone) in both developing and developed countries. 
However, a number of researchers [2][7][23][24][45][77][123][170] have shown that 
income is the most important factor for adoption of the Internet in most countries. 
Koutroumpis [79] argues that economic growth (i.e. growth in income) can affect the 
demand for broadband and similarly that growth of broadband can in turn affect income. He 
estimates the effect of broadband on the economic growth using a simultaneous equations 
model and shows that income has a significant positive impact on the uptake of broadband 
in OECD countries. In contrast, some scholars have observed that income has little effect on 
the adoption of the Internet in European Union (EU) countries [122] and OECD countries 
[13]. In the case of FTTx broadband, the adoption is largely dependent on the availability. 
Coverage is limited in most locations and investment is negligible even in the more 
advanced countries such as the UK. Due to disagreement in the literature over the 
significance of this parameter (although not the direction of the effect), we assume that 
this will have a mixed positive impact. 
 

PRICE OR SERVICE CHARGES  
Past research has indicated that the charge for an Internet service is one of the major barriers 
to its growth. However, due to the non-availability of adequate data, little research has paid 
attention to investigating the impact of the charges on the adoption of Internet and 
broadband [43]. Based on the data for OECD countries, Kiiski and Pohjola [77] observed 
that Internet access charge (including the charges collected by ISPs, monthly rental & local 
call charges for accessing the Internet) has a significant negative impact on the growth of the 
Internet in OECD countries. As a dissenting voice, Chinn and Fairlie [24] analysed socio-
demographic and commercial data from 161 countries for the period 1999 to 2001 and 
observed that charges have no significant effect on Internet adoption. In contrast, using 
similar sets of data Andres et al. [2] observe that charges have significant negative impact on 
the Internet adoption in countries across the world. Bouras et al [13] analysed the correlation 
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between the number of connections and the monthly charge for broadband in OECD 
countries. They found that the correlation coefficient is 0.507 i.e. monthly subscription 
charges have a significant negative impact on broadband adoption. 
 
Based on household data for the US consumers, Flamm and Chaudhuri [43] found that the 
monthly subscription charge has a significant impact on the adoption of the Internet and 
broadband for US consumers. Ida and Sakahira [69] conducted a survey on 2361 Japanese 
consumers and observed that the fixed monthly charge (which includes monthly basic fees 
for the Internet access line, Internet access and IP telephone services) is the most significant 
factor for adoption of broadband Internet. Based on a survey, Ida & Kuroda [67] 
investigated the demand for FTTH broadband in Japan. They found that price has a very 
significant negative impact on the adoption of FTTH. Sunada et al [140] also examined the 
adoption of FTTH in Japan and observed that price elasticity of FTTH varies from -2.88 to -
3.48; i.e. consumers are very much sensitive to the price. We can expect that service 
charge will have a negative impact on the uptake of FTTx broadband. 
 

URBANISATION 
Xiaoming & Kay [172] found that the degree of urbanisation (i.e. percentage of population 
living in urban areas) has a significant positive impact on the adoption of internet in Asian 
countries. Crenshaw & Robison [28] similarly observed that urbanisation has a significant 
positive impact on the adoption of internet in countries across the world. Based on a survey 
(conducted in 2001) in the USA, Goldfarb & Prince [54] observed that Internet adoption is 
greater among the populations living in large cities but their analysis indicates that adoption 
tends to decrease with an increase in city population. Wunnava & Leiter [170] observed that 
the degree of urbanisation has a positive impact on the adoption of Internet in countries 
across the world but the result is not statistically significant. Similarly, Koutroumpis [79] 
observes that the degree of urbanisation has no significant impact on the demand for 
broadband in OECD countries. The high poplution densities found in large cities will 
favour FTTx rollouts by offering the highest number of potential subscribers at the 
lowest cost in terms of physical infrastructure investment. I t is therefore likely that 
adoption will be greater in countries with a greater proportion of urban population. 
 

EDUCATION 
Kiiski and Pohjola [77] observed that the level of education has low impact on Internet 
adoption in OECD countries, but has a greater impact for the rest of the world. Quibria et al 
[126] observe that primary and secondary level education has no significant impact on the 
adoption of the Internet but tertiary level education has a large significant impact on the 
Internet adoption in most countries. Research from eminent scholars [54][123][83][122] has 
shown that the level of education has a significant positive impact on Internet and broadband 
adoption. However, some researchers [24][65][148] have observed that level of education 
has no significant impact on the Internet adoption in most countries. 
 
Past research which measured the level of education based on literacy rates and number of 
years in school observed that the level of education has no significant impact on Internet 
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adoption [24][65]. These observations indicate that a higher level of education is required 
for using computer and internet. Wunnava & Leiter [170] argued that literacy may not truly 
be enough to ensure that a person is actually able to use a computer and they observed that 
educational level (measured according to the percentage of the population enrolled for 
tertiary degree) has a significant positive impact for the adoption of internet in countries 
across the world. We assume that people use high speed broadband mostly for education, 
business and commercial purposes which requires a relatively high level of education. 
Therefore, it is expected that a country where a higher percentage of the population 
enrolled for tertiary education will have a greater FTTx broadband subscription. 
 

COMPETITION 
Hargittai [59] indicates that competition has a significant positive impact on the adoption of 
the Internet in OECD countries. In contrast, Kiiski and Pohjola [77] observed that 
competition has low impact on the adoption of the Internet in OECD countries. Research 
from eminent scholars [2][30][31][34][41][80][82] indicates that competition among 
providers and also competition between different access technologies (e.g. DSL, cable and 
fibre) has a large positive impact on broadband subscription in most countries. Eskelinen et 
al. [38] studied the broadband adoption in Finland and Sweden and indicate that competition 
has no significant impact on the broadband adoption in Finland. Van Gorp and Middleton 
[152] made a similar observation for broadband uptake in Canada where they indicate that, 
despite country-wide competition between two access technologies (i.e. cable and DSL) and 
also between ISPs, the broadband uptake in Canada is less than that of other OECD 
countries.  
 
Most of the investment in FTTx broadband is expected in large cities and towns where 
existing broadband penetration through DSL, cable and other technologies is high. In such a 
situation, the competition will naturally enhance the demand by incentivising better 
offerings (e.g. reduced charges and higher speeds) [141]. We therefore expect that 
competition will have a positive impact on the demand for FTTx broadband. 
 

PENETRATION OF DSL BROADBAND 
It can be argued that the demand for FTTx broadband in a country will be dependent on the 
level of penetration of the existing broadband through DSL technologies. The speed of 
broadband through DSL technology decreases with increased distances from the central 
office (i.e. telephone exchange). Therefore, it is reasonable to assume that users located 
away from the central offices may not be happy with the service and will look for high speed 
broadband through FTTx technology. We would also argue that broadband (through any 
technology) and computers exhibit negative cross elasticity of demand  that is, they are 
complementary goods. A country with a high degree of DSL penetration is likely to have a 
high degree of computer penetration which will drive adoption of next-generation FTTx 
services. Conversely, a country with low DSL penetration may also have a low degree of 
computer penetration, reducing the demand for FTTx. We therefore assume that the 
demand for FTTx broadband will be greater in a country with higher proportion of 
DSL broadband. 
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3.3.2  Supply Side Drivers 
Investment in FTTx broadband can be done primarily by three groups: i) incumbent telecom 
operators, ii) non-incumbent telecom operators & Internet Service Providers (ISPs), and iii) 
cable television companies. In some parts of the world, new players such as real estate 
companies, utility companies and municipalities are taking an active interest in investing in 
FTTx technologies. However, their share of investment is much less compared to the above 
three groups [64]. Bauer [5] indicates that supply or investment decisions are affected by the 
competitive conditions and the opportunities (e.g. revenue potential) in the respective 
markets, and investment in FTTx is no exception. It may first appear that the current 
downward trend in the investment in telecommunications infrastructure in most Western 
European countries is due to excessive regulatory intervention but there is no clear cut 
evidence of this [19]. Bauer [5] has argued that advanced communication networks and 
services such as FTTx broadband require the cooperation of many actors/firms. In this 
market, firms (whether regulated or not) will decide the level and structure of investment by 
examining expected revenues and costs over the estimated lifetime of a project. Following 
the arguments of [5], we assume that investment in FTTx broadband infrastructure is 
influenced by three main factors: a) regulation (i.e. regulation on unbundling); b) 
competition in TV and broadband service market; and c) expected revenue. We also assume 
that the government policy (for example subsidies), population density and foreign 
investment will have some impact on the supply of FTTx broadband infrastructure. Some of 
the observations made by earlier scholars on the impact of supply side drivers on the 
adoption of Internet and broadband through DSL, cable and FTTx technologies are 
discussed. 
 

COMPETITION 
Most research [156] in the past investigated the relationship between competition and 
investment based on adoption and has paid little attention to the actual investment in the 
infrastructure. Based on data for 20 OECD countries Bouckaert et al [10] found that inter-
platform competition is a main driver for broadband penetration. Huigen & Cave [66] argue 
that communication companies (e.g. incumbents) may be expected to invest less in fixed 
access networks except where they are subject to competition by another network/platform; 
i.e. they support the positive effect of inter-platform competition. This is evident from the 
current level of investment on FTTx broadband in countries such as Germany, France, Italy 
and the UK where competition from cable is low or even non-existent (e.g. Italy). However, 
they did not find any support for their argument in Belgium where cable TV operators 
compete with telecom operators on a national scale.  
 
Empirical evidence [45] based on data for 25 EU countries for the period of 1997 to 2006 
indicates that competition has no significant impact on the investment in infrastructure 
(measured by the fixed assets of the firm). These observations indicate that there is no 
guarantee that inter-platform competition will induce investment in FTTx technology.  
 
Past research [63][5] indicates that both markets; markets with too little competition, and 
markets with too much competition can have less investment. It may be possible that the 
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competition in both the broadband Internet and television service markets can influence the 
decision to invest in FTTx technology. If we consider competition in both the broadband & 
TV markets then there can be four scenarios: a) less competition in both the markets; b) less 
competition in broadband market but high competition in TV market; c) high competition in 
broadband market but less competition in TV market; and d) high competition in both the 
markets. We can expect less investment in both scenario (a) & (d), and more investment in 
scenarios (b) and (c). It may be possible that investment in scenario (b) can be less than that 
of (c). The reason is that in less competitive television markets opportunities for revenue and 
profit are higher and therefore greater investment from telecom companies are expected. 
 
Sung [141] shows that in South Korea prior to the launch of digital satellite broadcasting, 
cable television had a monopoly and did not upgrade much of their network. Since the 
availability of satellite was low, telecom companies (e.g. S K Telecom) invested heavily to 
upgrade their copper network for providing digital television (i.e. IPTV) services and as a 
result cable television companies were also forced to upgrade their network for providing 
digital television services. This, in addition to other factors like governmental financial 
support, resulted in greater investment, and we can see that South Korea now has highest 
FTTx broadband penetration in the world even though income (i.e. per capita GDP) is much 
lower than that of most developed countries. 
 
We can assume that when the television market is highly competitive and/ or saturated, and 
broadband market is saturated but the competition in broadband infrastructure (e.g. from 
cable companies) is low, then there is little incentive for operators to investment in FTTx 
technology. In such a situation (which is prevailing in most EU countries e.g. Germany, 
France, Italy and the UK [66]) there is neither competitive pressure nor new revenue 
incentives for the operators to invest in FTTx infrastructure. We therefore argue that the 
decision to invest in FTTx broadband will be influenced by both the competitive pressure 
and the revenue opportunities in both the television and broadband Internet service market. 
 

REVENUE 
An increase in revenue provides direct access to capital for investment and will also attract 
foreign investors. Research from eminent scholars indicates that the revenue is a significant 
driver for investment in the telecommunications infrastructure [138]. We expect that 
revenue will have a significant positive impact in investment for FTTx broadband 
infrastructure. 
 

REGULATION  
Past research indicates that strong regulation (such as mandatory unbundling and pricing of 
the access network (e.g. duct and fibre) at-cost) provides little motivation for investment in 
infrastructure [109]. Cambini & Jiang [19] reviewed 58 relevant theoretical and empirical 
pieces of research on the relationship between regulation (at both the retail and wholesale 
level) and investment in telecommunication infrastructures. They indicate that empirical 
evidence in this area is seriously lacking and they did not find any clear cut evidence to 
conclude that strong regulation on unbundling has a negative effect on the investment in 
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infrastructure. Bouckaert et al [12] found that intra-platform competition (an outcome of 
unbundling) is found to have an insignificant impact on broadband penetration in OECD 
countries.  
 
Wallsten & Hausladen [156] investigated the impact of unbundling on the deployment of 
FTTx broadband in 27 EU countries. Based on data for the period of 2002-2007, they 
observe that the unbundling (i.e. number of unbundled DSL connections (both unbundled 
loops and bitstream)) has a significant negative impact on FTTx broadband provisioning by 
both the incumbent and the entrants. They also observed negative impacts of unbundling on 
the provisioning of broadband through cable, DSL and other technologies. They conclude 
that unbundling has a negative effect on the investment in broadband infrastructure in 
general and FTTx in particular. In contrast, using data for the same period, Koutroumpis 
[79] observed that unbundling (measured by unbundled broadband connections as a 
percentage of total broadband connection in each country) has no insignificant impact on the 
supply or investment (measured by the total capital investment in telecommunications) in 
the broadband infrastructure.  
 
Most research on regulation and investment indicates that regulation plays an 
important negative role in inducing competition both at service level (e.g. unbundling 
via bitstream access) and at infrastructure level (e.g. through inter-platform 
competition) and therefore a mixed effect on the investment in infrastructure is 
expected.  
 

GOVERNMENT POLICIES 
Research from earlier scholars [80] indicates that government policies which encourage 
competition (in technology) in the provisioning (i.e. supply) and simultaneously stimulate 
demand for the services, are major factors for higher broadband adoption in Japan and South 
Korea compared to other developed countries such as the USA and Denmark. Competitive 
pressure helped in the technology upgrade and subsequent adoption of broadband through 
xDSL and Cable (e.g. DOCSIS 2.0/DOCSIS 3.0) but there are other factors (such as 
government policies) behind the rapid uptake of FTTx technology in South Korea. Evidence 
from various Asian countries has shown that appropriate government policies (e.g. subsidies, 
funding for the infrastructure and tax holidays) can boost the rate of infrastructure 
deployment and the subsequent rate of adoption of FTTx technologies. To promote the 
rollout of NGOA networks and competition, the EU changed its legal framework in 2010 
towards two main aspects [125]. First, a clear definition of State Aid is provided: State Aid 
is public money that has to confer a selective, economic advantage to undertakings. Three 
exceptions are allowed: the Market Economy Investor Principle (where a government acts as 
a genuine investor in forming a PPP to carry out an NGOA project and also bears his part in 
the losses), Service of General Economic Interest (for services that are of general public 
interest and cannot be viable under normal economic conditions) and the distinction between 
White, Grey and Black areas (State Aid is only allowed in white areas, where no 
infrastructure is available or likely to be built in the next three years). Second, the EU 
revised the law on Electronic Communications Regulation to prevent a return to a 
monopolistic broadband market by imposing a set of obligations for SMP (Significant 
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Market Power) and non-SMP players. We therefore expect government policies and 
incentives to stimulate FTTx deployment  
 

POPULATION DENSITY 
The large differences in the FTTx adoption between the countries mentioned in the previous 
sections 
be argued that the vast geographical area and light population may have a significant 
negative impact on the low uptake in the USA compared to Japan. We can assume that 
investment and consequent adoption of FTTx broadband will be more for regions with 
higher population density. 
 

FOREIGN INVESTMENT 
It is observed that FTTx adoption in countries in Central and Eastern Europe (e.g. Slovack 
Rep., Slovenia, Lithuania and Estonia) is much faster than countries in Western Europe. 
Reports indicate that foreign investment has a greater impact on the investment for FTTx 
technology in those countries [168]. As an example, the German telecom operator Deutsche 
Telekom (DT) is a dominant player in CEE countries and has shares in the incumbent 
telecom operators in the Czech Republic, Slovakia, Hungary, Poland and Slovenia. 
Therefore foreign investments are possibly playing a major role in the investment for FTTx 
technology in CEE countries. We assume that foreign investment will have a significant 
positive impact on the investment in FTTx broadband infrastructure. 
 

3.4 DATA  
Most of the datapoints used are gathered from the World Bank [169] and the International 
Telecommunication Union [73]. Data on a number of variables related to the supply of and 
the demand for FTTx broadband infrastructure are collected from the ITU [73] and the 
OECD [119]. These data consists of: total telecommunications revenue; total investment in 
telecommunication infrastructure; number of broadband connections through DSL, cable, 
FTTx and other fixed line technologies; number of television connections through cable and 
satellite technologies; and charges for FTTx broadband [73][119][151]. We use data for the 
period of 1999 to 2009 for 25 countries across the world. These countries are mostly 
European, but include some others which are notable for their high degree of fibre 
penetration (Hong Kong, Japan and Soutch Korea) or for their significant economic power 
(the United States of America). The countries are drawn from four geographic regions and 
are listed in Appendix A, Table 8-1.  
 
We have provided descriptions of the variables in Chapter 2 in Table 2-1. In Appendix A we 
provide the summary statistics of the data for 2009 in Table 8-2, while Table 8-3 represents 
an overview of the data gathered for the panel data analysis where time is a factor and 
therefore data over many years is considered. 
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3.5 ANALYSIS FOR A SINGLE POINT IN TIME (2009) 
We identify the impact of different factors/drivers on the demand for and supply of FTTx 
broadband infrastructure (according to the supply and demand models identified in Chapter 
3) and compare the countries under study based on these models for a single point in time: 
the year 2009. 
 
Based on the data for 25 countries listed above (Table 8-1) we estimate the impact of the 
different factors (i.e. the coefficients of the models identified in Chapter 2) using the 
Ordinary least square regression (OLS) technique. The results are placed in Table 3-1 (for 
the demand side drivers) and Table 3-2 (for the supply side drivers).  

3.5.1 Discussions on Demand Side Drivers  
 

Table 3-1: Estimate of impacts for demand side drivers2 
Factors/Drivers Coefficient Values 

For all countries For countries in 
Europe 

Income 1.435(2.16)** -0.475(-0.36) 
Price -0.824(-1.47) -0.456(-0.73) 
Education 0.267(0.17) 0.036(0.02) 
Urbanisation -3.297(-1.36) -4.849(-1.47)* 
DSL 
Penetration 

0.339(0.28) 3.312(1.52) 

Broadband 
Competition 

-5.311(-3.23)*** -6.177(-3.31)*** 

0) -2.805(-0.23) 13.180(0.80) 
R^2 0.5430 0.5585 
No of 
Observations 

25 21 

 
 

INCOME 
We expected that income will have little effect on the adoption of FTTx broadband. If we 
consider the income and its impact on the adoption of FTTx broadband for all countries then 
from Table 3-1 we can see that income has a positive effect. In contrast we find a negative 
effect for countries in Europe.  
 
This is examined in greater detail by isolating the two parameters of income and FTTH 
penetration and studying them outside of our analysis above. Figure 3-2 illustrates the 
relationship between income (i.e. per capita GDP) and FTTx broadband penetration for the 
25 countries under study and demonstrates that income has less impact on FTTx broadband 
adoption in these 25 countries.  
                                                 
2 T-statistics are in brackets. *10% significance, **5% significance,***1% significance. 
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Income and FTTx Broadband Penetration in 2009 

Slovenia
Slovakia

Romania

Lithuania

Latvia

Hungary

Estonia

Czech RepBulgaria

UK 

Spain

Portugal

Netherland

Italy

Germany

France

Belgium

Sweden
Norway

Finland

Denmark

USA

South Korea
JapanHK

Log of per capita GDP

Lo
g 

of
 F

TT
x 

Br
oa

db
an

d 
Pe

ne
tra

tio
n

 
Figure 3-2: Income and FTTH penetration 

 
The correlation coefficient between Log of income and log of FTTx broadband penetration 
is 0.06 which indicates that the relationship between income and FTTx broadband is not 
strong. The results conform to the research of the earlier scholars. It is, however, possible to 
identify correlations by dividing the countries into groups. For example, considering 
groupings of the CEE countries + South Korea and the EE countries, it is likely that a trend 
of increasing FTTx adoption with increasing per-capita GDP is revealed.  
 
However, we would caution against such an approach as the groupings are somewhat 
arbitrary. If we consider other groupings, different results are shown. Considering Japan, 
Hong Kong and South Korea, for example, would reveal a decreasing trend. Only including 
Norway, Sweden, The Netherlands and Denmark would provide an increasing trend. And 
studying the UK, France, Germany and the Netherlands would reveal that FTTx is entirely 
independent of GDP.  
 
Therefore, we must conclude what our data allows: that on the demand side, there is no 
strong relationship between income and FTTx broadband penetration. 
 

PRICE OR SERVICE CHARGES 
We expected that the price or monthly subscription charge will have a negative impact on 
the adoption of FTTx broadband. From Table 3-1 we find that price has negative impact but 
the effect is not statistically significant.  
 

URBANISATION 
We expected that urbanisation will have a positive impact (i.e. demand for FTTx broadband 
will be more for countries where greater proportion of population is living in urban areas). In 
contrast, we find from Table 3-1 that the demand is less for countries with higher urban 
population.  
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There are a number of possible reasons for this lower-than-expected demand: 1) countries 
with greater urban populations tend to have well developed fixed telephone networks [174] 
which are capable of satisfying the current demand for high speed broadband using DSL and 
its variant technologies [155]; and 2) countries with greater urbanisation tend to have higher 
penetration of pay TV (i.e. percentage of household with cable and satellite TV). 
Nevertheless, FTTH deployments will probably start in the urban areas, where the cost-
benefit ratio is lower, so it remains an important (if uncertain) supply side parameter. 
 

EDUCATION 
We expected that the demand for FTTx broadband will be higher for countries where a 
greater proportion of the population has a high level of education. We measure the 
educational level according to the percentage of the population enrolled for tertiary 
education [170], since previous researchers found that primary and secondary education 

ignificant impact. We find (from Table 3-1) that the demand tends to increase 
with level of education. However, the impact is not statistically significant. 
 

PENETRATION OF DSL BROADBAND 
We expected that demand for FTTx broadband will be more in countries with higher DSL 
broadband penetration. We find from Table 3-1 that the demand for FTTx broadband tend to 
increase with DSL broadband penetration, but not significantly. 
 

COMPETITION IN BROADBAND SERVICE MARKET 
We find that competition in broadband service (according to the Herfindhal index (see 
footnote 1) has a significant impact on the demand for FTTx broadband. We are not 
surprised with this result given the fact that investment in FTTx broadband is initially taking 
place in large cities and towns where existing broadband penetration through DSL, cable and 
other technologies is high. In such a situation, the competition will naturally enhance the 
demand by better offerings (e.g. reduced charges and greater speed) [141].  
 

3.5.2 Discussions on Supply Side Drivers  
 

Table 3-2: Estimate of impacts for supply side drivers 
Factors/Drivers Coefficient Values 

Model 1 (Fixed Effects) Model 2 (Random Effects) 
For all countries For countries in 

Europe 
For all countries For countries in 

Europe 
Revenue 0.901(9.11)*** 0.652(3.72)*** 0.882(7.26)*** 0.555(3.48)** 
Broadband 
Competition3 

-0.138(-0.47) 0.485(1.15) 0.148(0.38) 0.808(1.72) 

Television 0.074(0.16) -0.328(-0.64) -0.216(-0.44) -0.133(-0.29) 
                                                 
3 A negative sign for BB Competition and TV Competition indicates a positive impact 
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Competition3 
Regulation on 
Unbundling 

-0.238(-0.89) -0.415(-1.17) -0.493(-1.28) -0.411(-1.35) 

Population 
Density 

-0.099(-1.17) 0.040(0.20) -- -- 

Foreign 
Investment 

-- -- -0.116(-1.24) 0.044(0.68) 

Constant 0.857(0.39) 6.239(1.77) 3.598(1.23) 7.996(2.67)* 
R^2 0.9773 0.9813 9774 0.9885 
No of 
Observations 

17 14 12 10 

 
COMPETITION 

We expect that the competitive pressure from alternative technologies (e.g. cable) could 
have a strong positive impact on the investment in infrastructure. In order to assess the 
impact of competition on the investment in infrastructure we investigate the relationship 
between investment and competition in broadband and television service markets. We 
measure competitive pressure according to the Herfindhal Index. A higher value for the 
index indicates that competition is lower. From Table 3-2 we find that broadband 
competition has a negative impact on the investment in Europe. In contrast we find a 
positive impact from the competition in television service market. However, both impacts 
are not statistically significant. Research from eminent scholars indicates that competitive 
pressure from alternative technology (i.e. DSL and Cable) did help in the adoption of 
broadband [152] in the developed countries (e.g. Canada and the Netherlands), but 
incumbent providers invested much less in the FTTx technology [66]. We therefore 
conclude that broadband competition has less impact on the investment in FTTx broadband 
infrastructure. However, the deployment of FTTx broadband infrastructure has been started 
only recently in most of the countries and the impact of competition will be visible only 
when data for several years are considered. 
 

REVENUE 
From Table 3-2 we find that revenue has a very strong positive impact on the investment. In 
Figure 3-3 we present the relationship between total investment and total revenue for 2009 
for the countries under study. It is found that revenue and investment are highly correlated 
and we therefore assume that revenue is a strong driver for investment in the FTTx 
broadband infrastructure.  
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Figure 3-3: Investment and Revenue 

 
REGULATION 

Considering that there is a disproportionately higher adoption of FTTx broadband in CEE 
countries we expected that a weak regulation on unbundling possibly has a positive impact 
on the investment in infrastructure. In contrast, we find from Table 3-2 that regulation has 
no significant impact on the investment in CEE countries. We also find that the investment 
and resulting uptake of FTTx broadband in the Netherlands is low compared to that of 
Denmark. In the Netherlands, a smaller proportion of the unbundled local loop is used for 
broadband provisioning compared to Denmark and therefore one can expect a greater 
provisioning of broadband through FTTx in the Netherlands. In contrast, it is found that as 
of Dec 2009, the Netherlands had less broadband through FTTx (2.5% of households) than 
Denmark (10%) even though both countries have the same level of broadband penetration 
(more than 80% of the households).  
 

POPULATION DENSITY 
We expected that investment will be greater in a country with higher population density but 
we find (from Table 3-2) that population density has negligible impact on the investment. 
Looking more closely at these two variables in isolation, we investigated the correlation of 
population density and FTTx broadband penetration as on Dec 2009 for countries in Europe 
and we found that the correlation coefficient is -0.4364. This indicates that FTTx broadband 
adoption is lower in a country which has higher population density. One possible reason 
could be that quality of the fixed network in a densely populated country is better compared 
to a sparsely populated country. In that event the existing xDSL technology can provide high 
bandwidth and there is less motivation for upgrading the local loop. We acknowledge that 
the comparison within country (e.g. big cities versus small cities) will provide additional 
information but that is beyond the scope in this research since the analysis presented here is 
based on country level data. 
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FOREIGN INVESTMENT 
We do not have adequate data to assess the impact of foreign investment on the investment 
in telecom infrastructure. Based on data for the few countries with available data we find 
(Table 3-2) that foreign investment has a positive impact on the investment in telecom 
infrastructure in Europe. However, the impact is not statistically significant and is less than 
that of revenue and competition. Therefore, we argue that higher investment in telecom 
infrastructure in most of the countries in central and Eastern Europe compared to their 
counterparts in Western Europe could be due to opportunities in the revenue. We find that 
the broadband market is not well developed in CEE countries. The opportunity to generate 
revenue from the broadband market is higher when the fixed telephone network is not well 
developed. It is possible that greater revenue opportunities in CEE countries attract more 
investment from foreign countries, rather than foreign investment creating the revenue 
opportunities. 
 

3.6 RESULTS FROM INCORPORATING TIME: PANEL DATA 
ANALYSIS 
In the previous section we have analyzed the  
the most recent year for which we have data- and therefore have presented the most up-to-
date perspective of the market that we can.  
 
In this section we employ a panel data analysis technique (which looks at the variables over 
time) to identify the factors which have had a historically significant impact in the supply of 
and the demand for FTTx broadband. 
 
We assume that the demand for FTTx broadband in a country is dependent on the income of 
the individual (i.e. GDP per capita) and the monthly subscription charge. However, the 
income in a country is also dependent on the level of broadband penetration and therefore 
the demand for the FTTx broadband and therefore income in a country is estimated using 
simultaneous equations. In addition, the impact of factors such as: existing penetration of 
DSL broadband, competition, degree of urbanisation and the educational level on the 
demand is investigated. In order to estimate the demand for FTTx broadband (i.e. FTTx 
broadband penetration) we considered two models; 1) estimation is based on the income, 
monthly subscription charge and other socio-economic variables, and 2) estimation of the 
change in penetration based on investment. We used data for the period of 1999 to 2009 for 
25 countries across the world and use simultaneous equations models to estimate the 
demand for and the supply of FTTx broadband.  

3.6.1 Results and discussion 
We use random effect (RE) and country fixed effect (FE) models, as described in Section 
3.4, in both the methods. The results are reported in Table 3-3. In the random effect model 
both the methods indicate that income has a positive effect on the demand for FTTx 
broadband but the effect is not significant. We find that monthly subscription charge has 
significant negative impact on the demand for FTTx broadband but the elasticity is less than 
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1; i.e. demand is inelastic. As expected, we find that competition in the broadband market, 
level of current telecom infrastructure (i.e. DSL penetration) and level of education all have 
significant positive impact on the demand for FTTx broadband. It is found that the degree of 
urbanisation has no significant impact on the demand. 
 
In the country fixed effect model, the estimation made is similar to the random effect model 
but the intercepts (i.e. 0a , 0b , 0c ,and 0d ) from the equations presented in Chapter 2) are 
allowed to be different for each country. We find most of the parameters have the same sign 
in the FE model. Two changes are noted: the sign for the coefficient of income becomes 
negative in the 3SLS model indicating that demand tends to be less in countries with higher 
income; and degree of urbanisation becomes a significant positive driver. Interestingly, we 
also find that in the 3SLS random effect model, the sign of the coefficient of urbanisation 
changes from positive to negative. We investigate the reason for these changes using data 
for countries in Europe in Table 3-4, where fitting models outlined in Section 2.3.2 are 
employed. 
 
For the supply side we find that in the RE model both methods indicate that revenue is the 
most significant driver for the investment in FTTx broadband infrastructure. It is found that 
(inter-platform) competition in the broadband market has negative but not significant impact 
on the investment in infrastructure which is in conformity with the results of earlier scholars 
[63][45]. Surprisingly we find that competition between cable and satellite in the pay TV 
market has a significant negative impact on the investment. In the country fixed effect model 
both methods of estimation shows that competition in television market acts as a most 
significant barrier for investment. These results indicate that the competition in television 
market imposes more barrier than that of competition in the broadband market. 
 

Table 3-3: Estimates of demand and supply for FTTx broadband for 25 countries 4 
Variables GLS 3SLS 

RE5 FE RE FE 
Demand: FTTx Penetration 
GDP per 
Capita 

 0.701 ( 1.45) 0.137(0.07) 0.402(1.53) -0.543(-0.29) 

Monthly Subs. 
Price 

-0.925(-
2.65)*** 

-0.414(-0.88) -0.549(-2.00)** -0.838(-1.70)* 

BB 
Competition6 

-5.225(-
7.09)*** 

-4.188(-
4.38)*** 

-5.207(-
7.71)*** 

-3.982(-5.24)*** 

DSL 
Penetration 

1.150( 9.49)*** 0.761( 4.85)*** 1.743(11.70)*** 0.703(5.68)*** 

Education 2.660( 2.39)** 3.255( 1.98)* 0.188( 0.32) 4.223(3.24)*** 
Urbanisation 2.281( 0.89) 71.53( 3.33)*** -0.421(-0.39) 70.157(4.07)*** 

                                                 
4 Data for 25 countries for the period of 2005 to 2009, T statistics are in bracket. *10% significance, **5% 
significance,***1% significance. 
5 RE- Random Effect; FE- Fixed country effect. No of observations is 73 
6 A negative sign for BB Competition and TV Competition indicates a positive impact  
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Constant -31.12(-
2.95)*** 

-326.03(-
3.64)*** 

-8.92(-2.12)** -315.20(-
4.39)*** 

R 2  0.8507 0.8810 0.7140 0.9536 
Income: GDP per Capita 
Labour force 1.390( 2.42)** 1.183( 2.93)*** 1.623(2.57)*** 1.022(3.11)*** 
Capital 0.268(6.70)*** 0.208( 7.84)*** 1.256(20.25)*** 0.198(8.92)*** 
FTTx 
penetration 

0.014(3.00)*** 0.018( 5.94)*** -0.058(-
3.30)*** 

0.022(7.68)*** 

Constant 1.798(0.81) 3.260(2.11)** -7.296(-
3.25)*** 

2.521(2.01)** 

R 2  0.8246 0.8368 0.8992 0.9991 
Supply: Investment 
Total Telecom 
Revenue 

0.826(11.18)*** 0.226(1.31) 0.937(29.32)*** 0.163(1.21) 

BB 
Competition 

0.270(1.11) -0.034(-0.11) 0.017(0.11) 0.190(0.78) 

TV 
Competition 

0.567(1.68)* 1.585(3.14)*** 0.213(1.10) 1.479(3.38)*** 

Reg Dummy -0.210(-0.73) --- -0.07(-0.53) -- 
Constant 2.698(1.51) 17.162(4.31)*** -0.218(-0.28) 19.87(5.97)*** 
R 2  0.9576 0.6037 0.9676 0.9865 
Change in FTTx penetration  
FTTx pene_01 0.499(6.09)*** 0.360(3.19)*** 0.633(8.91)*** 0.273(2.59)*** 
Non-Fibre 
pene_01 

0.889(2.67)*** 1.469(3.27)*** 0.428(1.43) 1.746(4.35)*** 

Investment -0.279(-2.35)** -1.067(-2.23)** -0.148(-1.82)* -3.615(-3.16)*** 
Constant 2.758(1.08) 18.40(1.73)* 1.343(0.70) 67.43(2.91)*** 
R 2  0.6748 0.4644 0.6999 0.7839 

 
In order to investigate the barriers and drivers specific for the European countries we 
provide the same estimation results for 21 countries in Europe in Table 3-4. We find that 
most of parameter coefficients have the same sign and the same level of significance. We 
find that education has a positive impact on the demand for FTTx broadband but the impact 
is not very significant for the countries in Europe. It is found that urbanisation has 
significant negative impact on the demand for FTTx broadband in Europe. 
 

Table 3-4: Estimates of demand and supply for FTTx broadband in Europe 
Variables GLS 3SLS 
 7RE FE RE FE 
Demand: FTTx Penetration 
GDP per 
Capita 

0.864(1.41) -2.789(-1.37) 0.647(1.78)* -1.521(-0.83) 

                                                 
7 RE- Random Effect; FE- Fixed country effect, no of observations is 46 
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Monthly Subs. 
Price 

-0.453(-1.00) -0.623(-0.71) -0.292(-1.21) -0.715(-1.17) 

BB 
Competition8 

-6.490(-
6.63)*** 

-8.064(-
4.97)*** 

-4.825(-
6.84)*** 

-7.492(-6.49)*** 

DSL 
Penetration 

1.252(5.24)*** 1.985(5.02)*** 0.881(3.05)*** 1.894(6.09)*** 

Education 1.337(1.21) 1.273(1.03) 1.178(1.26) 1.797(2.03)** 
Urbanisation -0.105(-0.04) -67.023(-

2.40)** 
-0.467(-0.45) -70.35(-3.48)*** 

Constant -19.79(-1.83)* 297.184(2.33)** -14.17(-
3.17)*** 

296.2(3.16)*** 

R 2  0.8521 0.8905 0.6845 0.9691 
Income: GDP per Capita 
Labour force 1.103(1.63)* 0.741(1.62)* 1.859(2.66)*** 0.609(1.74)* 
Capital 0.267(6.58)*** 0.218(8.61)** 1.17(16.250*** 0.210(10.51)*** 
FTTx 
penetration 

-0.006(-0.66) 0.001(0.15) -0.076(-2.13)** 0.005(1.15) 

Constant 2.793(1.05) 4.675(2.60)** -7.611(-
3.01)*** 

1.373(2.93)*** 

R 2  0.7858 0.7941 0.8894 0.9995 
Supply: Investment 
Total Telecom 
Revenue 

0.737(10.09)*** 0.583(2.22)** 0.731(13.77)*** 0.526(2.72)*** 

BB 
Competition 

0.609(2.23)** 0.585(1.08) 0.644(3.41)*** 0.728(1.80)* 

TV 
Competition 

0.042(0.16) 1.028(1.74)* -0.176(-1.01) 1.081(2.49)** 

Reg Dummy -0.107(-0.50) -- -0.137(-1.37) -- 
Constant 4.604(2.53)** 8.515(1.40) 4.717(3.61)*** 9.755(2.29)** 
R 2  0.9696 0.9176 0.9695 0.9874 
Change in FTTx penetration  
FTTx pene_01 0.214(1.88)* 0.149(0.62) 0.281(3.01)*** 0.090(0.42) 
Non-Fibre 
pene_01 

0.641(1.54) 0.627(0.78) 0.711(1.97)** 1.061(1.19) 

Investment -0.692(-
4.02)*** 

-1.203(-1.77)* -0.666(-
4.69)*** 

-2.194(-2.56)** 

Constant 11.62(3.83)*** 22.38(1.63) 11.00(4.45)*** 40.290(2.51)** 
R 2  0.6098 0.5503 0.6242 0.8049 

 
A negative relationship between urbanisation and the demand for FTTx broadband is visible 
when the adoption in the UK is compared with France and Germany. It is found that both the 

                                                 
8 A negative sign for BB Competition and TV Competition indicates a positive impact  
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urbanisation and saturation in pay TV market tend to lower the demand for FTTx 
broadband. It appears t
this increases when they receive the service for free (e.g. free to air broadcasting services in 
the UK). Research in the Korean television market [78] indicates that consumers prefer to 
continue with the current service. The same research shows that given the option consumers 
prefer for change in favour of digital cable TV and digital terrestrial TV; and the IPTV has 
the last preference. We find that this could be the major reason for little investments by 
telecom companies in most of the countries in Western Europe. 
 
We do not find any research in the public domain which is similar to methods presented 
here; i.e. estimates the demand for and the supply of FTTx broadband infrastructure using 
separate models and therefore direct comparison is not possible. Based on data for 25 EU 
countries for the period of 1997 to 2006 Friederiszick et al [45] indicate that competition has 
no significant impact on the investment (measured by the fixed assets of the firm) in the 
broadband infrastructure. The work of Koutroumpis [79] on the broadband is most close to 
the methods presented here and the results are comparable. In a random effect 3SLS 
estimation method Koutroumpis [79] found that inter-platform competition in broadband 
and regulation has no significant impact on the supply of infrastructure which conforms to 
our results.  
 
The reason for higher investment in most of the countries in central and Eastern Europe 
compared to their counterparts in Western Europe could be that fixed telephone network 
(e.g. broadband) is not well developed. The opportunity to generate revenue from the 
broadband market is higher when the fixed telephone network is not well developed. It is 
possible that greater revenue opportunities in CEE countries attract more investment from 
foreign countries.  
 

3.7 OVERALL CONCLUSIONS AND SUMMARIZING TABLE 
Summarised results on the impacts of the various supply and demand side parameters for 
both the snapshot analysis (presented in Section 3.5) and historical analysis (presented in 
Section 3.6) are presented below in Table 3-5. 
 

Table 3-5: Comparison of impact of identified drivers according to the three methodologies used 
Driver/barrier Literature survey One point in time 

analysis 
Panel data analysis 

DEMAND SIDE DRIVERS 
Income Mixed positive Low impact Low impact 
Price or service 
charges 

Negative impact Negative impact Strong Negative 
impact 

Urbanisation  Positive impact Negative impact Negative impact in 
some analyses 

Education  Positive impact for 
tertiary education, 
low for other levels 

Positive impact Positive impact across 
analyses 
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Competition Positive Significant mixed 
impact 

Strong impact across 
analyses 

SUPPLY SIDE DRIVERS 
Competition Mixed Low  Mixed across 

analyses 
Revenue  Strong Positive Strong positive Strong positive 
Regulation Mixed No significant 

impact 
No significant impact 

Government 
policies 

Mixed Not studied Not studied 

Population density Positive Negative Negative in some 
analyses 

Foreign investment Strong Positive Inadequate Data Inadequate Data 
 
It is clear that there is good agreement between the analysis of parameters for 2009 and for 
the historical data. However, in some instances our results contradict the research published 
in the literature. Particularly notable in this area is the negative impact that we see associated 
with urbanisation. Our hypothesis for this is simple: the economic arguments which suggest 
that investments in areas of high population density offer the highest cost/benefit ratio for 
FTTx have also applied to the provision of POTS, the provision of ISDN, the provision of 
xDSL and the provision of Cable services. In short, the economic arguments making high 
density areas favourable for FTTx are likely to result in already-existing high-quality 
broadband networks in most developed nations.  
 
It is notable that there are few parameters for which there is a clear indication of their effect 
on the demand for FTTx broadband. Of these, the most important (both from the study of the 
literature and our own results) are the effects of service charges on the demand side, and 
operator revenues on the supply side. On the demand side, high service charges for FTTx are 
associated strongly with low FTTx adoption. High revenues (which high such service 
charges may generate) is, however, highly associated with increased supply. There is, 
therefore, a delicate balance and a fine line to be walked by operators when deploying 
networks.  
 
It is interesting that our results from the historical analysis show that there has been a 
significant impact from competition on the demand for networks, while the results from the 
snapshot are less clear.  
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4. Case studies 
4.1 INTRODUCTION 
The investigations presented in the preceding chapter have detailed a country-level view of 
the state of the telecommunications market, its history, and the econometric factors that can 
affect it. However, such analyses are extremely broad in scope, and can significantly gloss 
over the significant details within countries. For example, it would be fascinating to compare 
uptake rates by population density within a country and examine the influence of the local 
economic impacts. However, the data that we have does not allow for such an analysis.  
 
In order to provide a more fine-grained analysis which can form the basis for a detailed 
understanding of the telecommunications market and the interactions of players within a 
limited geographic area, a number of case studies will be presented within this chapter.  
 
Table 4-1 below gives a brief summary of 11 deployments in Western Europe, focusing on 
characteristics related to the business model used and the actors involved. It becomes 
evident (Table 4-1) that urban regions are characterized by the presence of alternative 
networks, like DSL and cable networks, that were already in place long before one started 
deploying FTTH. In the rural areas on the other hand, FTTH networks are sometimes the 
first broadband networks to be installed, which can result in different marketing strategies to 
be applied by the operators. There is a strong difference in who initiated the project and their 
strategies used, as well as what drove them to start deploying an FTTH network. For these 
reasons, we start with dividing our analysis into three parts: urban cases, rural cases and 
large-scale deployments and discuss the different characteristics for each of them.  
 
In the next sections, four areas (indicated in bold in Table 4-1) are lifted out and presented in 
detail: Stockholm in Sweden (Section 4.2), Amsterdam in the Netherlands (Section 4.5) [two 
urban cases], Norderstedt + Hamburg in Germany (Section 4.3) and the region of Bavaria, 
also in Germany (Section 4.4) [two large-scale deployments]. For each of these cases, a 
range of information will be presented. The general description of the region and area will 
be provided, giving information about the geography, the population within the area and the 
potential market for FTTH. Information about the competition in the area will be provided, 
identifying players and their services. The regulatory aspects, including local government 
policies and initiatives will be indicated such that their affect on business decisions can be 
investigated. A technological description of the fibre-based services on offer, including 
information about the technologies used, the bandwidths available and the actors involved 
will be given. Finally, information about the cooperation within the area, the uptake of 
services and the revenues that have been observed will be provided. 
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Table 4-1: Overview of Western European Case Studies 
CASE Region Competitive 

Infrastructure 
Business Model Initiator Other important 

actors 
Scale of 

deployment 
Key drivers 

Stokab Stockholm 
(Sweden) [18][44] 

urban DSL and cable Equal Open Access City of 
Stockholm 

Housing 
corporations, 
enterprises 

City-level Creation of 
competition in 
telecom 

Amsterdam CityNet 
(the Netherlands) 
[46] 

urban DSL and cable Equal Open Access City of 
Amsterdam 

Housing 
corporations, 
private investors 

City-level Promote local 
economy and 
integration 

Reykjavik Fiber 
Network (Iceland) 
[146] 

urban DSL Open Access with 
competition on 
service level 

Reykjavik 
Energy, public 
utility 
company  

Municipalities City-level Increase Quality of 
Life and competition 
and synergies with 
other utilities 

OnsNet Neunen (the 
Netherlands) [133] 

urban DSL and cable Vertically integrated 
(although not meant 
to be) 

Cooperative 
OnsNet, 
founded by the 
residents 

resident from the 
government, 
Reggefiber (later) 

City-level Stimulate 
development of ICT-
services and BB 
infrastructure 

Wilhem.tel 
Norderstedt and 
Hamburg 
(Germany) 

large-
scale 
(urban + 
rural) 

DSL (FttLEx + 
FTTCab) 

Vertically integrated, 
but Open Access 
with competition on 
active network layer  

Wilhelm.tel 
(owned by 
utility 
company, 
owned by city 
of Norderstedt) 

Housing 
corporations, 
Telefonica, QSC 

City-level + 
surroundings 

Improve Internet 
access conditions, 
improvement of city 
network 

M-net Bavaria 
(Germany) 

large-
scale 
(urban + 
rural) 

Cable + DSL 
(FttLEx + 
FTTCab) 

Vertically integrated 
(without television) 

M-net (owned 
by utility 
company, 
owned by city 
of Munich) 

Housing 
corporations, 
utility company, 
local authorities 
(subsidies for 
rural areas), 
LWL TelNet 

City-level 
(FTTB) + 
smaller 
deployments 
in rural areas 
(FTTCab) 

Improve Internet 
access conditions in 
Munich and 
improvement of 
digital divide in rural 
areas 
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Fastweb (Italy) [47] large-
scale 

Dial-up internet, 
some DSL, no 
cable 

Vertically integrated Fastweb, a 
private 
company 

Partnership with 
electricity firm in 
Milan 

7 cities (e.g. 
Rome, Milan 
etc.) 

Improve Internet 
access conditions in 
Italy 

Portugal Telecom 
(Portugal) [48] 

large-
scale 

Cable operators Vertically integrated Portugal 
Telecom, the 
incumbent 

N.A. Country-wide 
(1mln homes 
passed as of 
2009) 

Competition from 
cable on Pay-TV 
market 

Pau-Pyrenées 
(France) [49] 

rural DSL, but not 
everywhere 

Open Access with 
competition on 
service level 

Municipal 
authority of 
Pau-Pyrenées 

N.A. Pau + 13 
neighboring 
municipalities 

Promote local 
economy 

SEIPC, Pays 
Chartrain (France) 
[50] 

rural Not everywhere 
alternative 
infrastructures 

Equal Open Access SEIPC, the 
regional 
electricity 
provider 

N.A. Regional (71 
municipalities) 

Meet the needs of the 
digital age 

Ruhrnet, subsidiary of 
Stadtwerke Schwerte 
(Germany) [130] 

rural DSL, but not 
everywhere 

Vertically integrated Stadtwerke 
Schwerte 

N.A. Municipality-
level 

Horizontal 
integration, Multi-
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4.1.1 Urban regions 
Urban regions are characterized by the presence of other broadband networks, like the DSL 
network of the incumbent or an alternative network owned by a cable operator. This might 
be one of the reasons why we see here a clear preference towards the (Equal) Open Access 
Business Model, allowing room for competition resulting in a reduction of prices charged.  
 
In all four urban cases under study, it was the city (or a publicly owned utility company) that 
recognized the need for a fibre network and initiated the venture. In general, the main reason 
for deploying the network comes down to boosting the local economy and the ICT market, 
as well as increasing competition. Apart from the public entity (city or utility), housing 
corporations and private investors seem to have a rather big influence, both financially and 
in aggregation of demand. In this chapter, two urban cases will be investigated in more 
detail: Stockholm in Sweden (Section 4.2) and Amsterdam in the Netherlands (Section 4.5). 
We opted for these two FTTH deployments for two reasons: the business model they use is 
comparable, but the financing is not, and secondly, we had most information available for 
these two cases. 
 

4.1.2 Large-scale deployments 
The second category of European cases under consideration is that of large-scale (country-
wide) deployments.  
 
In Portugal, it was the incumbent itself that decided to start rolling out FTTH, in order to 
stay competitive vis-à-vis the cable operator in the digital television market. This case leads 
to interesting conclusions, as it is often said that the only application that truly needs FTTH 
networks, is video. Cable operators are ahead because their networks are built to transmit 
video-services, and they can more cost efficiently upgrade their network bandwidth as well. 
Clearly this i
high-quality video-related services simultaneously is a good motivation to begin to deploy 
FTTH. Note that the case in Portugal is very similar as what is happening in many Eastern 
European countries where incumbents are starting with FTTH rollouts due to a lack of good 
infrastructure.  
 
In Italy, a new company was set up: Fastweb. They saw opportunities in connecting the 
residents in seven municipalities (cities like Milan, Rome, etc. and their environments), 
where the Internet conditions were rather rudimentary. Formulating a partnership with 
AEM, the electricity company in Milan, they were able to save costs on digging, and in turn 
gained additional subscribers for the network. 
 
In the remainder of this chapter, we will investigate two German large-scale deployments in 
more detail: the case of Wilhem.tel in Norderstedt and Hamburg (Section 4.3), and the case 
of M-net in Bavaria (Section 4.4). 
 

4.1.3 Rural regions 
As mentioned before, rural areas are characterized by rudimentary access to the Internet, and 
broadband DSL or cable networks are not available everywhere. One could conclude that 
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rural areas form good markets to start deploying FTTH
are much higher than in urban areas (because the distances to be bridged in between two 
homes are much higher). Because of this high upfront investment, and lack of interest from 
the incumbents to invest, the initiative to deploy the network was always taken by a public 
institution: a public utility firm or the municipality itself. 
 
Furthermore, it is important to mention that rural areas with no other broadband 
infrastructure available are the only areas where public funding is allowed (the so-called 
white areas, as defined in the European Regulatory framework [24]). This again discourages 
private firms to invest in FTTH in rural regions. 
 
We will not investigate any rural deployments in detail, since it is very hard to gather to 
necessary information to do a thorough investigation. 
 

4.2 CASE 1: STOCKHOLM, SWEDEN 
The story of the FTTH network in Stockholm started when Sweden became a member of the 
EU. Because monopolies were no longer possible, the idea of an operator-neutral broadband 
network arose.  
 
In order to create competition in the telecom sector, the city of Stockholm founded a public 
company in 1994: Stokab. By rolling out a dark fibre, operator-neutral network, the goal of 
Stokab was to stimulate the telecom market and ICT development in the Stockholm region 
and thereby promote economic growth. 
 
Stokab is only responsible for the passive infrastructure and does not own any active 
equipment. They lease out dark fibre to independent operators for less than it would cost 
them to build their own network. This ensures that the digging works due to the opening of 
the streets and the resulting burden upon the residents is kept to a minimum. In what 
follows, the FTTH network of Stockholm will be described in more detail. 

4.2.1 General Description of the Regions and Areas 
AREA CLASSIFICATION 

Area type: mostly Dense Urban 
Total area: 216 km2 

Total population: 840,000 residents (municipality of Stockholm) 
Total Household: 450,000 households (the majority of which being apartments in MDU) 
 

POTENTIAL MARKET (I .E. NUMBER OF CONSUMERS): 
The number of residential customers can be easily approximated by the number of 
households, which is 450,000. There are also over 30,000 enterprises in the Stockholm 
municipality. 
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4.2.2 Competitive Scenario 
INTER-PLATFORM COMPETITION 

In the Stockholm municipality, three different infrastructures co-exist: the telephone 
network of the incumbent Telia, the cable network of Comhem and the fibre network of 
Stokab. 
 
The incumbent Telia owns and operates the DSL copper network and has plans for 
upgrading this network to VDSL2 technology, which correspond to an investment of 500 

[10]). Apart from using the copper DSL network, Telia also 
uses the fibre network of Stokab to offer FTTH/B services. 
 
Operators like Tele 2 offer services using the cable, copper and fibre network. Some 
comparisons of prices for the copper and cable network services can be found in Table 4-2. 
 

Table 4-2: Broadband offerings on the cable and copper network 

Tele 2 
Up 
(Mbps) 

Down 
(Mbps) Price/month 

Activation 
fee 

Copper 
network 

1.5-2 34.22 0.00 
6-8 36.44 0.00 
12-24 39.76 0.00 

     
Cable 
network 

0.3-0.5 1.5-2 16.50 0.00 
0.5-1 8-10 25.36 0.00 
8-10 12-25 28.68 0.00 
8-10 50-100 33.11 0.00 

30-50 
150-
250 66.34 0.00 

 
There are no significant satellite operators in Stockholm, but 3G is extremely common (with 
offerings starting a
Mb/s nominal speeds), and LTE or 4G currently heavily promoted (up to 40 Mb/s nominal 

 
 

INTRA-PLATFORM COMPETITION 
Currently, 
network. This leads to the obvious conclusion that intra-platform competition on the fibre 
network is definitely present on the network and service level. Some examples of network 
operators and service providers are given in Section 4.2.4, prices for different services can 
be found in Table 4-3, Table 4-4, Table 4-5 and Table 4-6. 
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4.2.3 Current Regulatory Situations 
REGULATION 

European directives were incorporated into Swedish national law. This states that a 
municipality is not allowed to provide services unless there is no market actor offering to do 
so (the same applies for public transport for instance). The current regulation is under review 
and the possibility is being discussed to introduce price regulation for significant market 
players (SMP); at the moment the only actor classified as SMP is TeliaSonera. 
 
The neutrality of Stokab is guaranteed by the city and also the price levels for the leasing of 
dark fibre are regulated. 
 
It is important to mention here is that no law exists that prohibits another operator from 
rolling out its own passive infrastructure. This kind of law is not necessary, since Stokab 
rents out dark fibre for less than construction cost. However, Stokab has an exclusive right 
to dig in the inner city of Stockholm. 
 

4.2.4 Description of Fibre Initiative 
TECHNOLOGY 

The technologies on offer are primarily Fibre-to-the-Building based around P2P topology 
utilising single-mode fibre. The choice of technology depends on the network operator, 
although Ethernet is most often utilised for the last mile. 
 

OFFERED BANDWIDTH 
The bandwidth offered depends on the choice of the network operator and varies between 1 
and 100 Mbps for residential customers. 
 

ACTORS INVOLVED: 
Physical infrastructure provider: Stokab 
Stokab is a public company (fully owned by the Stockholm Stadhus AB-City of Stockholm) 
that is responsible for the deployment and the operation of the passive fibre infrastructure 
connecting the central office to the basements of the MDU.  
 
Their network is operator-neutral, which means that they lease the dark fibre to all operators 
on equal terms. 
Network providers 
Public NP: S:T Erik Kommunikation 

network. Apart from that, they also are responsible for the in-house wiring of the municipal 

service providers through the use of open tenders. 
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Private NP: OpenNet, Zitius and others 
The private network pro
necessary active equipment, they provide connectivity between the LAN (MDU network) 
and the service providers, and use the Stokab passive infrastructure as a backbone to make 
sure that end users are connected to the service providers. 
 
Service Providers  
Canal Digital, Disatra, All Tele, Tele 2, Bredband Bahnhof 

operators to offer services to the end-customers. A lot of different services are offered, some 
examples can be found in Table 4-3, Table 4-4, Table 4-5 and Table 4-6. Some service 
providers (e.g. Tele 2) also offer triple play (fixed telephony, internet and digital television). 
 

Table 4-3: Internet offers (on the fibre network) 

Provider 
Up 
(Mbps) 

Down 
(Mbps) 

Price/month 
 

Activation 
 Remarks 

All Tele 30 30 30.90 22.04   
100 100 44.19 22.04   
100 10 34.22 22.04   
10 10 28.68 22.04   

Bredband 
Bahnhof 

? 1 18.16 22.04   
? 10 28.13 22.04   
30 30 29.79 22.04   
10 100 33.45 22.04   
100 100 35.33 22.04   

Tele 2 1 1 23.15 0.00 
via operator 
Zitius 10 10 28.68 0.00 

10 100 32.67 0.00 
1 1 17.61 22.04 

via operator 
OpenNet 10 10 25.36 22.04 

10 100 29.79 22.04 
 

Table 4-4: Fixed Telephony offer (on the fibre network) 

Provider Price/month 
Min 
Price/min 

Max 
Price/min 

All Tele 14.95 0.01 0.19 
Bredband 
Bahnhof 3.21 ? ? 
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Table 4-5: Digital Television offers (on the fibre network) 

Provider Price/month 
Price Top 
Box 

Activation 
fee 

Bredband 
Bahnhof 32.01 220.95 21.60 

Canal Digital 12.07 220.95 21.60 

Disatra 22.04 ? 110.20 
 

Table 4-6: Other services offered (on the fibre network) 
Operator Service Price/month Explanation 
All Tele Antivirus 3.88   

Internet Security 5.43   

Pixbox  2.77 
(online hard disk with upload of 
2GB/month) 

Bredband 
Banhof 

Bahnhof Internet 
Security 3.88 

Antivirus, Firewall and phishing 
protection 

Bahnhof Internet 
Security Plus 

5.43 

Antivirus, Firewall, Phishing 
protection, Parental controls, Surf 
Protection and Spam control 

 
Network + Service providers 
Apart from the companies that offer connectivity or services, there are also companies that 

hey offer 
themselves broadband and telephony services and have an agreement with the service 
provider Canal Digital for the offering of digital television. In this list, we also find the 
Swedish incumbent operator (Telia Sonora) and the cable  operator (ComHem). 
 
Housing companies 
Both public and private housing associations exist in Stockholm. An example of both will be 
provided. 
 
Public HC: Svenska Bostäder, Familje Bostäder and Stockholm Hem 
These companies, owned by the City of Stockholm, is one of the largest real estate 
companies in Sweden and is important in association to this study because they deployed the 
in-building network themselves (for the buildings they own of course). The operation of the 
network is outsourced to private network operators (OpenNet, Zitius) and Svenska Bostäder 
contracts service providers that can then use the SB Broadband network to offer services to 
the end-customer. 
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Private HC: Akelius Fastigheter AB 
This private company has a contract with one operator: Telia. They install the necessary 
equipment in the building and the apartments and provide in that way the customers with 
end-to-end connectivity. The customers are then free to decide on what services from Telia 
they want to subscribe to: broadband internet, digital television and/or fixed telephony. In 

offered by Telia. 
 
Private enterprises  
There are a large number of private enterprises leasing dark fibre for internal 
communications (from banks to media production companies) or for communications 
provision services (like cable and mobile operators).  
 

COOPERATION 
-neutral and since Stokab has the exclusive right 

to dig in the inner city of Stockholm, operators will not be inclined to deploy their own 
network, but rather lease the dark fibre from Stokab (this leasing cost is lower than the cost 
for constructing a new network). The perfect way to demonstrate this is the fact that both the 
inc
the beginning period of Stokab, one predicted Stokab to be a competitor for those traditional 
operators. However, time has taught that these operators now also use Stokab
a consequence, Stokab is not a competitor on its own, but provides a competitive playing 
field for all other operators, which are then free to apply whichever business model they see 
fit [44]. 
 

COVERAGE 
 Goal: 90% of households and 100% of companies by 2012 
 Reached by the end of 2010: 175,000 households connected (95,000 by end of 2009) 

 
COSTS 

 
million in the passive infrastructure. Stokab i

 
 The operational cost for the infrastructure to connect 80,000 households in 2010 was 

 
 

 
Eurostat indicates that 91% of SME (10-249 employees) and 99% of Swedish large 
enterprises have broadband access. 
 

Table 4-7: Houses passed by FTTH network of Stokab 
2009 95,000 
2010 175,000 
2012 400,000 
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REVENUES 

Revenues for PIP 
Stokab leases dark fibre to everyone on equal terms. They apply two possible revenue 
models. The first model is based only on distance, where they charge a monthl
per km used. The second model charges on a customer-

-5 per 
customer per month), applying the well-known principle of economies of scale. This model 
is only applicable for the customers in the inner city of Stockholm (since the distances there 
are limited). Stokab receives these revenues from the housing companies (that want to 
connect entire apartment buildings) or from the network operator. 
 
Profit before tax wa 0 million 
million net sales) in 2010. 
 
Revenues for NP 
The private network operators receive their revenues from the service providers that use the 

gn any financial agreements with businesses or 
households.  
 
Revenues for SP 
The revenues for the service providers come directly from the end-customer. Some 
examples of the services offered (and their prices) can be found in Table 4-3, Table 4-4, 
Table 4-5 and Table 4-6. The service providers themselves pay a fee to the network 
providers for using the active network. 
 

4.3 CASE 2: NORDERSTEDT + HAMBURG, GERMANY 
The wilhelm.tel GmbH is a regional provider of telecommunications services based in 
Norderstedt, Germany. The company operates its own fibre network that is deployed up to 
the individual households and is 100% owned by the city of Norderstedt. 
 
Wilhelm.Tel was the first company that offered a complete multimedia package (triple play) 
throughout Germany. Today Internet access with data rates up to 100 MBit/s downstream 
and 5 MBit/s upstream are available. 

4.3.1 General Description of the Regions and Areas 
AREA CLASSIFICATION 

Area:    Norderstedt + Hamburg  Itzehoe  Wacken  Alveslohe  Ellerau 
Area type:    Mostly Dense Urban (Hamburg) / some Urban (other cities) 
Total area:    ~ 360 km2 (non urban/rural area) and ~ 830 km2 (Inner-city are) 

Total population:  ~ 1,900,000 residents 
Total Household:  ~ 1,050,000 households 
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POTENTIAL MARKET (I .E. NUMBER OF CONSUMERS) 
The number of residential customers can be easily approximated by the number of 
households, which is 1,050,000. 
 
HanseNet makes up the most important part of the business market in Hamburg+Area: they 
represent ~ 52% of the market. DT AG, with ~ 43 %, is the second largest company, judging 
by market participation.[171]  
 
In addition, Hamburg is the centre of media/communication in Germany. Companies like 
Google and Facebook have their central office in Hamburg and this area needs and uses the 
(broadband) Internet network most.[89]  
 

[61] potential customers (~85 
% actual customers) using the fibre-services of wilhelm.tel (WT).  

4.3.2 Competitive Scenario 
INTER-PLATFORM COMPETITION 

In the Hamburg and surround area region, three different infrastructures co-exist: the 
telephone network of DT AG (VDSL), the cable network of KabelDeutschland and various 
fibre networks owned by several companies like wilhelm.tel (Norderstedt), HanseNet 
(Hamburg) etc. [143]. Also, wilhelm.tel has created a subsidiary company called willy.tel, 
which is very competitive and progressively active in Hamburg. Also there is wireless LTE 
internet, offered by Vodafone. But taking into account how expensive LTE is right now 
(from both a short-term and long-term perspective), we ignore this specific segment. 
 
The highest market potential is forecast to be in the fibre segment, although currently the 
FTTC/FTTH segment merely represents approximately one percent of the total. 
 
While some of the above mentioned companies are already established in the fibre market, 
the competition is rising steadily. Some providers like HanseNet, Telefónica and WT offer 
services using the cable, copper and fibre network. Comparisons of prices for the copper and 
cable network services can be found in Table 4-8. 
 

Table 4-8: Broadband offerings copper - [36] 

Provider Service Technology 
Speed in 
Mbit/s Monthly Fee 

 
Activation 

 
Down Up 

Alice AliceFun  xDSL 16 1-5 29.95 9.90 

Vodafone Vodafone 
Classic xDSL 16 1-5 29,95 24,95 

O2 Congstar 
Komplett xDSL 16 1-5 29.95 39,94 
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O2 DSL 
komplett xDSL 16 1-5 29,75 9.60 

Kabel 
Deutschland 

Kabel D 
Internet und 
Telefon 
32000 

Cable 32 5 29.90 29.90 

1&1 Doppelflat xDSL 16 1-5 34.99 6,99 

Telekom Call & Surf 
comfort xDSL 16 1-5 34,95 49.90 

 
INTRA-PLATFORM COMPETITION 

Open-Access model, both providers have the opportunity to meet and reach more customers. 
(HanseNet is paying fees to WT in order to use their service) [33]. 
 
This leads to the obvious conclusion that intra-platform competition on the fibre network is 
definitely present on the network and service level. Some examples of network operators 
and service providers with prices for different services can be found in Table 4-9. 
 

Table 4-9: Broadband offerings (fibre) by different providers [145] 

Provider Service Technology 
Speed in 
Mbit/s Monthly 

 
Activation 

 

Min 
contract 
time in 
months Down Up 

NetCologne 
CityNet 
Doppel- 
Flat 100M 

FTTH 100 10 34,90 99,90 24 

EweTel LWL mega 
50.000 FTTH 50 10 44,95 99,90 24 

M-Net 

Doppel-Flat 
DSL 50.000 FTTH/FTTB 50 5 44,80 39,90 1 

Doppel-Flat 
DSL 100.000 FTTH/FTTB 100 10 54,80 39,90 1 

Martens 

Clever Spar-
Paket 50 FTTB 50 50 26,45 49,00 12 

Clever Spar-
Paket 100 FTTB 100 100 37,45 49,00 12 

wilhelm.tel twin.premium 
100.000 FTTB 100 5 39,90 0,00 1 
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4.3.3 Current Regulatory Situations 
REGULATION 

The German regulatory institute  Bundesnetzagentur  has agreed on a resolution for an ex-
post regulation for regulatory issues in Germany. The regulation mainly concerns large 
leading companies like DT AG and thus relatively small companies like WT are not affected 
(negatively) by the regulation [88].  
 
Therefore, competition is available due to the ex-post regulation and market incentives: in 
particular: lower prices, forcing DT AG to open their network for competitors.  
 
Wilhelm.tel on the other hand can create their own fibre net, sharing it with other companies 
(Telefónica: HanseNet) unregulated in the above-mentioned areas. Also it is important to 
mention that no law exists that prohibits another operator from rolling out their own passive 
infrastructure.[29]  

4.3.4 Description of Fibre Initiative 
TECHNOLOGY 

WT uses mainly FTTB (Fibre-to-the-Building), although some minor parts are FTTH [110]. 
P2P topology is utilised (based on a ring-topology) [162] with single-mode fibre which 
includes  
 
In general the choice of technology depends on the network operator, although Ethernet is 
mostly used for the last mile. 
 

OFFERED BANDWIDTH 
The bandwidth offered also depends on the choice of the network operator and varies 
between 1 and 100 Mbps for residential customers. WT offers a minimum of 30 Mbps till a 
maximum of 100 Mbps [163].  
 

ACTORS INVOLVED 
Physical infrastructure provider: WT 
WT is a public company (fully owned by the city of Norderstedt  Schleswig-Holstein, 
Germany) that is responsible for the deployment and the operations of the passive fibre 
infrastructure connecting the central office to the basements of the residencies.  
 
WT has built its own network of fibre-infrastructure. By going all the way up to and through 

erefore they are 
completely independent. 
 
Network providers 
Public NP: wilhelm.tel/willy.tel (part is privately held) 
The fibre network of WT is shared (in Hamburg) with Telefónica/HanseNet. Willy.tel is a 
co-operation between wilhelm.tel and Thiele GmbH. A big advantage for WT is the strong 
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interaction and co-operation with apartment associations and building companies in 
Hamburg (e.g. SAGA_GWG) [164]. By doing so, the in-house wiring becomes the 
responsibility of both apartment management and WT and the customers 

WT a mandatory part of their rental package and increase the rent by the monthly fee. 
 
Private NP: Telefónica 

particular: HanseNet) rents the license to offer fibre-based internet to its customers, using 
the fibre network of WT. 
 
Private NP without connection to fibre initiative but in the same market: KabelDeutschland 
Other companies, like KabelDeutschland who are not in co-operation with WT, cannot offer 
this service and just have the copper/cable access mechanisms in their portfolio or Docsis 
3.0 (a hybrid form of fibre-coaxial cable). 
 
Service Providers 
WT is an infrastructure, network and service provider at the same time. A large portfolio, 

to the end-customers and supported by a 24-hour service line/website. Some examples of 
several services by different providers are given in Table 4-10 to Table 4-13. 
 

Table 4-10: Fixed Telephony offer (on the fibre network) [165] 
Provider Price/month Min Price/min Max Price/min 
Wilhelm.tel 12.90 (analogue) 2.3 ct/min 3.6 ct/min (18.00 mobile) 

 
Table 4-11: Internet offers (on the fibre network) [165] 

Provider 
Up 
(Mbps) 

Down 
(Mbps) 

Price/month 
 

Activation 
 Remarks 

Wilhelm.tel 5 100 29.90 00.00 Just in combination 
with TV available! 

 
Table 4-12: Digital Television offers (on the fibre network) [167] 

Provider Price/month Price Top Box Remarks 

Willy.tel N/A 79.99 Just in combination 
with Internet available 

 
Table 4-13: Other services offered (on the fibre network) [165] 

Operator Service Price/month Explanation 

WT 

PayTV Variable Depends on different packages 

Country-Flats Variable Choose from several categories to 
have a phone flat rate 

Special services Variable Call-limits, detailed caller ID, etc. 
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The offered services vary between 3 EUR and 50 EUR, depending on the chosen service. 
 
Housing companies 
Both public and private housing associations exist in Hamburg+Area. An example of each is 
provided below. 
 
Public HC: SAGA-GWG 
This company, owned by the City of Hamburg, is a leading real estate company in Hamburg 
and the surrounding area, with more than 130.000 apartments just in Hamburg, SAGA-
GWG has also more than 1500 houses available [134].  
 
The relevancy of SAGA-GWG: In Hamburg the operation of the network is outsourced to 
several network operators, such as Telefónica, KabelDeutschland or WT. SAGA is in close 
co-operation with WT concerning the internet/telephony and television service. Using this 
channel provided by SAGA-GWG, WT can reach many high-potential customers directly 
and try to create a monopoly-like situation. ImmoMediaNet, also in the co-operation 
contract between SAGA-GWG and WT, is responsible for connectivity problems etc.[134]  
 
Private HC example without connection to fibre initiative but interesting for a business 
perspective: Treureal Immobilien (Berlin) 
This private company has a contract with one operator: KabelDeutschland. They install the 
necessary equipment (currently copper-infrastructure based) in the building and in the 
apartments and provide the customers with end-to-end connectivity.[147] The customers are 
then free to decide on what services from KD they wish to subscribe to: for exmaple 
broadband internet, digital television and fixed telephony. Still, the customers are allowed to 
choose from another operator, for example DT AG. So competition, although biased by the 
existence of pre-installed-equipment and priority given by the housing company, is still 
possible with this system 
 

COOPERATION 
For Co-operation details see above (WT SAGA/GWG and WT  HanseNet). 
 

COVERAGE  
In Norderstedt more than 85% of the households are connected to the fibre network provided 
by WT. Two thirds of them use their phone and internet-service as well. Due to the 
cooperation with SAGA-GWG, WT is able to connect around 200,000 households to their 
network in Hamburg and the surrounding area, while considering just Hamburg there are 
around 70.000 customers [164]. This leads to a 35 % market participation in Hamburg and 
the goal is to extend the service towards cities like Neumünster and Quickborn soon [58].  
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COSTS 
The costs of deployment and installation of FTTH are estimated by wilhelm.tel to be 
approximately 329 Euro per apartment in urban areas and 3,678 Euro per (1-family) house 
in non-urban (rural) areas [160].  
 
The cost of accumulated investment of Norderstedts wilhem.tel is around 60 Million Euro 
till the end of 2005 (no more updated numbers/statistics available) [9].  
 

REVENUES FOR PIP, NP AND SP 
both the monthly fees paid by the end-customer and the 

variable fees paid by service provider like HanseNet (where the fee depends on usage) in 
Hamburg.  
 
In addition 
offers plenty of additional options to improve their package. With specific country-flats, 
virtual web-servers and more, WT tries to offer as much additional service as possible. 
Details about the revenues and services offered (incl. prices) can be found on the website of 
WT: http://www.wtnet.de/1071.htm. 
 

4.4 CASE 3: BAVARIA, GERMANY 
The M-net of Communications GmbH is a regional telecommunications provider in Bavaria 
and operates its own telecommunications network. The company was founded on 30 July 

nally M-net provided data services and leased lines in the greater Munich 
area for business customers only. In 2004 telephone and Internet services were offered to 
private customers and the company started a continuous expansion of the own network in 
the Munich and Nürnberg area. In October 2007, M-net started the construction of a new 
fibre-optic network in Munich and Augsburg. 
 
M-nets own fibre-optic network utilises SDH technology and operates with bandwidths up 
to 10 GBit/s and is about 3500 km long. It covers approximately 320 local service access 
areas of Deutsche Telekom.  

4.4.1 General Description of the Regions and Areas 
AREA CLASSIFICATION 

Area:   Bavaria: Munich, Nuremberg, Wuerzburg, Bayreuth, Regensburg, 
Landshut, Ingolstadt, Ulm and Kempten 

Area type:    mostly urban  some dense urban (Munich, Augsburg, Bayreuth) 
Total area:    ~ 50,000 km2  

Total population:  ~ 12,600,000 people 
Total Household:  ~ 6,000,000 households [6]  
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POTENTIAL MARKET (I .E. NUMBER OF CONSUMERS) 
The largest cities in Bavaria are Munich (1.3 Million citizens) [106], Nuremberg (0.5 
Million) and Augsburg (0.27 Million).  
 
The number of residential customers can in theory be easily approximated by the number of 
households, which is around 6 Million. Taking those areas into account where M-net is 
present with networks, the number of potential customers is approximately 3.13 Million9. 
M-net has currently around 216.000 customers (incl. 26.000 business-customers) in Bavaria 
[97] and is active in approximately 120 local networks in this area (Network-Map: 
http://www.m-net.de/fileadmin/downloads/ueber_mnet/gebietskarte.pdf). This results in a 
current market participation of approximately 7%.  
 
Around 50 fibre-projects are currently administrated by M-net to offer fibre connections to 
approximately 30.000 households in Bavaria [143]. 

4.4.2 Competitive Scenario 
INTER-PLATFORM COMPETITION 

In Bavaria, four different infrastructures co-exist: the LTE network of Vodafone [51] (the 
deployment of which is currently in progress), the telephone network of DT AG (utilizing 
VDSL), DOCSIS 3.0 offered by KabelDeutschland [75] and the fibre-network and VDSL 
provided by m-net [98]. 
 
The competition in the telecommunication (and fibre) market is rising continuously. Some 
of the above mentioned companies are offering services using the cable, copper and fibre 
network in single and hybrid versions. An overview and comparison of the current 
competitive pricing situation can be found in Table 4-9.  
 

INTRA-PLATFORM COMPETITION 
As a network administrator, m-net is planning to allow different network and service 
providers [99].  
 
Between LEW TelNet and m-net for example, the only competition available refers to 
business customers. TelNet simply offers broadband access to business customers [85] while 
m-net offers access to both business and private residential customers.  
 
Some examples of network operators and service providers with prices for different services 
can be found in Table 4-9. 

4.4.3 Current Regulatory Situations 
REGULATION 

The government of the state of Bavaria founded an institute to support the development and 
implementation of broadband networks, which requires fibre upgrades (Mainly rural areas 
                                                 
9 Calculated by area codes 

http://www.m-net.de/fileadmin/downloads/ueber_mnet/gebietskarte.pdf


  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  80  of  151  

  
 
 
 

with very long copper loop length.) [1]. There are two terms stipulated. First, the potential 
deployment area is not allowed to have more than 10.000 citizens [40]. Second, the 
deployed network has to be free from discrimination and accessible for other companies in 
the long-term [16].  
 
The German regulatory authority decided for an ex-post regulation in Germany as already 
mentioned in Section 4.4.3. 

4.4.4 Description of Fibre Initiative 
TECHNOLOGY 

M-net mainly constructs new outdoor locations for FTTC in combination with VDSL 
technology for residential customers and SDSL for business customers although some parts 
are FTTB. For the FTTB technology, m- -Dwelling-
basement of the buildings to redirect the signals to the apartments via already installed 
infrastructure within the buildings [121]. The topology of the fibre-network is based on a 
ring-topology, to provide flexibility and independency [104].  
 
Some minor parts in Bavaria are going to be built completely new and therefore have a first 
installation of -net is trying to 
implement FTTH because the cost difference between xDSL and fibre is not that high if 
there has been no first implementation of a DSL network before. An important key fact here 
is that m-net currently only plans to build FTTH in places, where they do not have VDSL 
already integrated [121].  
 
For their fibre network m-net uses the GPON (Gigabit Passive Optical Network) technology, 
which enables in addition to telephony, a speed of 100 Mbit/s and digital television with HD 
quality [104]. 
 
For residential customers, m-net uses the GPON (Gigabit Passive Optical Network) 
technology, which enables in addition to telephony, a speed of 100 Mbit/s and digital 
television with HD quality [104]. In contrast business customers are attached either by the 
shared infrastructure and GPON technology or with separated fibres and other technology 
choice like SDH which provides up to 10Gbit/s. 
 

OFFERED BANDWIDTH 
The bandwidth offered by m-net varies between 25, 50 and 100 Mbps for residential 
customers, depending on the area and availability [105]. For business customers they offer 
the SDSL technology with only 5 till 25 Mbps and direct connections based on Ethernet 
with speeds up to 1 Gbit/s [99].  
 

ACTORS INVOLVED 
Physical infrastructure provider: LEW TelNet and m-net 
One physical infrastructure provider is LEW TelNet. Working together with m-net on 
several projects, LEW TelNet is responsible for the deployment of the fibre- and copper 



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  81  of  151  

  
 
 
 

infrastructure [83]. 
customers and therefore they interact as a PIP, NP and SP at the same time [84]. M-net itself 
also fulfills a double function as PIP and NP at the same time in several areas, depending on 
the project. 
 

- ferent aspects. On the one hand, m-net has to pay rent 
for the LLU/SLU they use to DT AG while on the other hand, m-net is able to receive rent 
from several companies, that want to use their fibre infrastructure/network [7]. Usually, m-
net and LEW TelNet use VDSL-  [135].  
 
Network providers 
Private NP: M-net GmbH 
Having its own fibre network in Munich and some other areas, m-net also cooperates with 
other companies such as LEW TelNet [17]. As already mentioned, these cooperation take 

 
[14]. One goal of m-net is to provide broadband access especially to rural and non-urban 
areas [103]. Without the support of the Bavaria-initiative, building a fibre-infrastructure and 
network in rural areas, would not be efficient from any business point of view [135]. Right 
now, there are fibre-networks in approximately 120 different areas with 680 workers active 
for m-net [103].  
 
Private NP: LEW TelNet 

(deployment of fibre- and copper 
infrastructure) and the administration of networks [83]. In order to improve their business 
model services for business customers are added to their product portfolio [85].  
 
Service Providers  
SP: M-net GmbH  
The service portfolio of m-net is divided into three points: voice-service, online-service and 
data-service [103]. Next to the profit out of the daily business  the -
for private customer  m- -
housing-business (one driver: cloud computing) [103].  
 
In addition, the 24-hour control of the whole regional network is another strong service 
aspect of m-net, which results in a 99.9 % network-availability [103]. 
 
M-net is an infrastructure, network and service provider at the same time. A large portfolio, 
where the focus is strictly on th - -customer 
and supported by 24-hour service line/website. The customer service of m-net was awarded 

 [93].  
 
Worth mentioning is the fact that m-
other providers. For details see Table 4-14, Table 4-15, Table 4-16 and Table 4-17. With 
long-term contracts (3 years) they offer 30 % discounts and try to connect their customers to 
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m-net with a long-term perspective [105]. While m-  
which include TV over the internet, mobile services are offered [100].  
 
SP: LEW TelNet 
The services offered by LEW TelNet are mainly directed at other companies, such as m-net. 
Also they offer services to business customers, services such as: IT-security, internet access, 
business colocation, voice-over-IP, etc. A complete overview of the services offered by 
LEW TelNet can be seen at:   
http://www.lewtelnet.de/CTP/geschaeftskunden/geschaeftskunden.asp. 
 

Table 4-14: Fixed Telephony offer (on the fibre network) [105] 
Provider Price/month Min Price/min Max Price/min 
m-net N/A 1.9 ct/min 4.9 ct/min (21.90 mobile) 

 
Table 4-15: Internet offers (on the fibre network) [105] 

Provider 
Up 
(Mbps) 

Down 
(Mbps) 

Price/month 
 

Activation 
 Remarks 

m-net 2.5 25 29.90 39.90 + 
9.90 

Excluding telephone 
flat (+ 5.00 ) 

 
Table 4-16: Digital Television offers (on the fibre network) [105] 

Provider Price/month Price Top Box Remarks 
m-net N/A -- No television available right now 

 
Table 4-17: Other services offered (on the fibre network) [105] 

Operator Service Price/month Explanation 

m-net 

Upgrade DSL 50000 
and DSL 100000 9.90 or 19.90 Down-/Up-: 50.000/5000 and 

100000/10000  

Security  Package 2.90 Security Software /Complete 
Package 

International-Flats Variable Different areas etc. 
 
Housing companies 
The official and regional partner for telecommunication in Munich is m-net [106]. They 
offer special services for housing companies on their website and try to cooperate with as 
many housing companies as possible [100]. One project was planned with GEWOFAG  
Munich, in 2008. If they could acquire GEWOFAG, they would have gained access to 
30.000 households in Munich through this one contract [154].  
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COOPERATION 
The competition and the cooperation in Bavaria are based on the support of the local 
government. Projects for improving the network infrastructure in non-urban (rural) areas 
with less than 10.000 citizens are financially supported by the government [35]. 
 
Based on this support there are projects where different companies work together to gain as 
much synergy effect as possible. For example, LEW TelNet and m-net are currently working 
on several projects to offer high-speed broadband in both rural areas and towns in Bavaria 
[26]. While LEW TelNet is responsible for the copper and fibre implementations, m-net 
invests in technical equipment to enable the VDSL technology [26].  
 
M-net tried (and is still trying) to work out a cooperation agreement with the local 
incumbent Deutsche Telekom AG. The cooperation is supposed to result in a large (fibre) 

T AG to 
activate this cooperation [32].  
 
A cooperation that exists already between DT AG and m-net is an agreement between the 
Deutsche Telekom International Carrier Sales & Solutions (ICSS) and m-net to have a 
shared network-connection point, which means they have direct access to each other s 
internet-backbones [93].  
 
Many cooperations 
founded by the state Bavaria [14]. rk for the town 

 between m-net, Stadtnetz Bamberg (a local NP and PIP), 
the town/city of Bischberg and the above mentioned initiative [96]. This government 
controlled initiative works as an efficient catalyst in terms of fibre-network-deployment in 
Bavaria. 
 
Also, m-net uses cooperation to improve their service portfolio. As a result of the 
cooperation with F-secure, M-net offers the spec

s, who have the exclusive and cheap possibility to secure their system 
for 2,90 Euro per month [93]. 
 

COVERAGE  
The SDH-network of m-net includes approximately 1,600 network elements so far and 
offers bandwidths between 155 Mbit/s and 10 Gbit/s. The 330 local exchanges (PCP5) are 
modified for xDSL-infrastructure [103]. The total length of the infrastructure-network is 
around 3,500 km [103]. 
 
In addition to the expansion of the networks in large cities like Munich, Augsburg and 
Erlangen (FTTB), m-net tries to include as much rural and unexploited areas as possible into 
their broadband-deployment [132]. With around 50 projects m-net enabled approximately 
30.000 households to be connected with at least 50 Mbit/s [132].  
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Out of the total of 139.000 households connected to FTTH in Germany (in 2010), m-net s 
share represents 13.000, which is approximately 9 %.  
 

-net is planning to support 300.000 
households with fibre-connectivity by the end of 2013 [103].  
 

COSTS 
M-net does not publish the cost of the deployment and installation of FTTB/FTTH per 
household. The only information available is the total costs of projects, which are published 
estimates. For instance, the total cost of the deployment and installation of the fibre network 
in Erlangen is given to be [55]. Another example is 
that LEW TelNet and m-net name the total costs for the city of Neusaess at more than one 
million Euro. The support of the government initiative of Bavaria was 176.000 Euro, which 
does not cover 20% of the expense [135]. 
m-net requested a 100 Million Euro loan from the European Investment Bank (EIB), which 
was accepted. The money covers nearly 48% of their (planned) cost within this project, 
which is 205 Million Euro [40]. 
 

REVENUES FOR PIP, NP AND SP 
The revenue model of m-net is based on the monthly fees paid by the end-customers, 
especially those of the business customers. M-net works with a long-term philosophy. In 
order to connect the customers over a long period of time, m-net offers huge discounts. They 
also include the necessary hardware (e.g. wifi routers) into the packages at discount prices  
sometimes even for free. High-speed upgrades (25 Mbit/s  50 Mbit/s) are available for a 
monthly fee of 9.90 Euro (to private customers), which can be ordered optionally [98]. With 
approximately 10 % of business customers connected to their network, m-net is one of the 
leading companies in the business section in Bavaria.  
 
The financial support of the government cannot be seen as revenue since the support does 
not even cover 20% of the deployment and installation costs and is only granted once.  
 
M-net is currently experiencing record sales with a profit before taxes of 25.6 Million Euro. 
The total volume of sales in 2010 was 179.2 Million Euro [53].  
 

e TV, internet flats and phone flats, are not available yet. 
-net is very interested in the high quality 

of the company-customer-relationship, which results in even more long-term contracts.  
 
Many of the available optional services are relatively expensive; for example the customers 
have to pay for caller ID on a monthly basis (1.45 Euro/month)10. Interestingly, from the 
business point of view, a  is offered (for 2.90 Euro/month), which shows 

                                                 
10 An overview of several available options can be found on: http://www.m-
net.de/privatkunden/maxi_komplett/zusatzoptionen.html.  

http://www.m-net.de/privatkunden/maxi_komplett/zusatzoptionen.html
http://www.m-net.de/privatkunden/maxi_komplett/zusatzoptionen.html
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how m-net tries to retain customers by fulfilling as many service needs as possible, being a 
service-oriented NP/IP and SP. 

4.5 CASE 4: AMSTERDAM CITYNET, THE NETHERLANDS 
The construction of an FTTH access network for the city of Amsterdam in the Netherlands 
was one of the first projects involving the public sector as a direct investor. The passive 
infrastructure provisioning, including the digging of trenches and laying the fibre in the 
ducts was carried out by a consortium of three groups of investors  the municipality, the 
housing associations and the private sector (jointly named as GlasvezelNet Amsterdam - 
GNA). Because the municipality played an active role in the deployment, the CityNet 
project has been under close watch by the regulatory authorities and other municipal 
corporations across the world. 
 
GNA owns and operates the passive infrastructure and set out a tender for the deployment 
and operations of the active equipment. Operator BBned (now Tele2) won this contract and 
offered wholesale services to the service providers until October 2009. Now multiple 
network operators are active on the passive network, among which one of the largest is the 
incumbent KPN. 

4.5.1 General Description of the Regions and Areas 
AREA CLASSIFICATION 

Area type:    Dense Urban and Urban 
Total area:    21.9 km2 
Total population:  768,000 residents  
Total household:   450,000 households, about 90% of all buildings are MDU 

POTENTIAL MARKET (I .E. NUMBER OF CONSUMERS): 
The number of residential customers can be easily approximated by the number of 
households, 450,000. Amsterdam CityNet plans to connect 420,000 homes by 2013. 

4.5.2 Competitive Scenario 
INTER-PLATFORM COMPETITION 

Three networks co-exist in Amsterdam: the CityNet network, the copper DSL network of the 
incumbent KPN and the HFC network of UPC. Table 4-18 gives an overview of monthly 
fees and activation prices for different bandwidths offered through both competing 
networks. 
 

Table 4-18: Broadband offerings on the cable and copper network 

 
Up 
(Mbps) 

Down 
(Mbps) 

Price/month 
 

Activation 
 

UPC 
(HFC) 

1.5 25 25 25 
6 60 35 25 
10 120 50 25 
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KPN 
(DSL) 

1 8 25 35 
2 20 35 35 
3 40 45 35 

 
INTRA-PLATFORM COMPETITION 

In the beginning of the CityNet project only one operator (BBNed) was granted the right to 
operate the electronic equipment until October 2009. Now the network has multiple 
operators among which is KPN, the Dutch incumbent. 
 
On the service layer, multiple service providers are competing with each other to win over 
customers to subscribe to their services. Examples will be provided in Section 4.5.4. 

4.5.3 Current Regulatory Situations 
REGULATION 

The main challenge in this project was to bring together the right partners under the right 
conditions. The question arose whether the investment of the city of Amsterdam had to be 
seen as State Aid. After been taken to court twice by UPC (the Dutch cable operator), the 

classified under the Market Investor Principle, because all shareholders of GlasvezelNet 
Amsterdam have all invested under the same conditions in a profitable business and all bear 
their share of the risk.  

4.5.4 Description of Fibre Initiative 
TECHNOLOGY 

The FTTH network uses a point-to-point topology because of its high flexibility. The 
technology used is Ethernet with analogue TV on a second fibre. 
 

OFFERED BANDWIDTH 
Symmetrical bandwidths up to 100 Mbps are offered to residential customers. 
 

ACTORS INVOLVED 
Physical infrastructure provider: GlasvezelNet Amsterdam (GNA) 
GlasvezelNet Amsterdam is the company responsible for deploying passive infrastructure. 
The company was formed as a partnership between three investors: the city of Amsterdam, 
the housing associations and private investors (ING Real Estate and Reggeborgh). Each of 

that the total investment fund fo
million [112]. The actual construction of the network was performed by a consortium of 
local Dutch companies: BAM and fibre producer Draka, who won the open tender 
procedure.  
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Later, KPN formed a joint venture with Reggeborgh (called Reggefiber) and bought up 
some shares from the other investors. This lead to the current distribution of shares: 70% is 
owned by Reggefiber and KPN, while the other 30% is still owned by the city of Amsterdam 
and the housing associations. 
 
Network Operators: BBNed, KPN 
BBned is a subsidiary of Telecom Italia, which in 2010 was acquired by Tele 2. In late 2005 
contracts were awarded for the operation of the network. Operator BBned won the contract 
(over KPN) to operate the electronic equipment in the exchanges and offer wholesale 
services. 
 
Starting from October 2009, the exclusive right for BBNed to operate the network expired 
and other network operators (among which KPN is the most important) were allowed to 
enter the market.  
 
Service providers 
The network is as open as possible (within practical and economical limitations) for service 
providers: commercial, non-profit, public services, large or small, traditional or innovative 
startups. The service providers are able to purchase transport capacity at non-discriminatory 
conditions to deliver services to their customers.  
 
Currently, there are four service providers offering broadband connection active on the 
network: KPN, InterNLNet, Concepts ICT and Alice. Prices for their services are 
summarized in Table 4-19, Table 4-21, Table 4-21 and Table 4-22 (and found on the 
websites of the operators itself in July 2011). Apart from these service providers, other 
services are also offered (e.g. computer support by Digiprofs+). 
 

Table 4-19: Internet offers (on the fibre network) 

Provider 
Up 
(Mbps) 

Down 
(Mbps) 

Price/month 
 

Activation 
 

InterNLNet 20 20 32.95 119.95 
30 30 49.95 119.95 
50 50 69.95 119.95 
100 100 99.95 119.95 

Concepts ICT 10 10 37.50 45 
20 20 42.50 45 
50 50 54.50 45 

 
Table 4-20: Fixed Telephony offer (on the fibre network) 

Provider Price/month 
Min 
Price/min 

Max 
Price/min 

InterNLNet 9.95 

0.175               0.175 
(only to mobile, free to 
fixed) 
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Concepts ICT 5.00 

0.197               0.50 
(only to mobile, free to 
fixed) 

 
Table 4-21: Triple play offers (on the fibre network) 

Provider 
Up  
(Mbps) 

Down 
(Mbps) 

Price/Month 
 

Activation 
 

Included 

KPN 30 30 55 35 Internet, 
digital 
television 
(over 60 
channels), 
fixed 
telephony 

50 50 65 35 

100 100 85 35 

Concepts ICT 10 10 54.95 45 Internet, 
analogue 
television and 
radio, fixed 
telephony 

20 20 59.95 45 

50 50 71.95 45 

 
Table 4-22: Other services offered (on the fibre network) 

Operator Service  Explanation 
InterNLNet Anti-virus or mailbox 1.95  

Online backup 1.95  39.95 Ranging from 1GB to 100GB 
Concepts 
ICT 

F-secure PC 3.95 
Virus scanner, Firewall, Spamfilter, 
Parental control, Browser protection. 

Online backup 4.95 
Unlimited storage (free online 
backup up to 2GB) 

KPN PC safe 5.00 
Virus scanner, Spyware protection, 
Firewall, Spamfilter, automatic updates 

 
COVERAGE 

By the end of 2009, 43,000 homes were passed. CityNet aims at connecting 420,000 houses 
by the end of 2013 [46]. 
 

COSTS 
The total investment for connecting the first 40,

 
 

UPTAKE  
By the end of 2009, 43,000 homes were passed, 10,000 homes were connected and about 
4,000 households were activated [46]. 
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REVENUES 
Revenues for PIP 
GlasvezelNet Amsterdam is paid by the network providers for the use of the passive 
infrastructure. 
 
Revenues for NP 
The private network operators (BBned and KPN) receive their revenues from the service 
providers that use the connectivity provided by them.  
 
Revenues for SP 
The revenues for the service providers come directly from the end-customer. Some 
examples of the services offered (and their prices) can be found in Table 4-19 to Table 4-22. 
 

4.6 CONCLUSION 
Within this chapter a large volume of data about a variety of disparate scenarios has been 
presented. They are notable for their geographic, sociological, and technological diversity. 
However, on closer analysis, it is clear that all the scenarios presented show a high degree of 
open access and/or cooperation between the various providers in the area in order to 
facilitate FTTx service provision.  
 
In the Stokab scenario presented in Section 4.2, the fibre infrastructure is owned by a 
company setup by the city of Stockholm, and other PIPs are prevented from entering the 
market by regulation preventing civil works. In such a scenario, the network and service 
providers must work together with Stokab to provide end-to-end services to the customer.  
 
In the Norderstedt + Hamburg scenario presented in Section 4.3, HanseNet and Willytell 
utilise the same dark fibre infrastructure (owned by Wilhelm.tel) in an open access model.  
 
In the Bavarian scenario presented in Section 4.4, it was noted that m-net are planning to 
allow different network and service providers access to their network.  
 
In the Amsterdam Citynet scenario presented in Section 4.5, the physical network was noted 

 
 
This commonality should help to underline the importance of support for open access and 
cooperative deployment scenarios from the architectures under study, and explains the 
particular focus on this area in the architectural assessment performed later in Chapter 6. 
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5. Service Revenue Scenarios 
This chapter targets on support and input for quantitative calculations for the TONIC model 
based on existing input from other working packages (e.g. set of services defined within 
D2.1).  
The overall approach can be described with major building blocks: 

 Define a generic Western European broadband penetration evolution base line 
(especially FTTH 2010  2020/30) 

 Define a generic Western European revenue model based on service baskets from 
WP2 (2010  2020/30) 

 Define revenue scenarios with different factor sets based on technology competition 
and related market share  

 
After the description of the general approach the starting point of our analysis was to 
develop a survey among the OASE partners with the objective to identify services which are 
seen as major drivers for the FTTH evolution. It results in a list of various application 
services ranked by the partners. 
 
It follows the generic broadband penetration forecast including the saturation forecast for 
several European Countries. Here we apply two different methodologies: the Gompertz 
model and the Logistic model.  
 
Then we use the results of our use cases and compare them with the OECD statistics in order 
to get actual revenue potential ranges for the different countries at the lower end. These 
ranges will be differentiated by the assumption that the double play offers will play with the 
lower end range and the high revenues range will dedicated to the multi play bundling offers 
of the European providers.  
 

until 2030 [120]. The broadband market in Europe is a mature market and the technology 
and the intra-platform competition is rather high. Therefore we assume that some moderate 
reduction will be compensated by the inflation effects.  
 
Following our approach the FTTH competition which is used in our study will be defined.  
All building blocks lead to the definition of several revenue scenarios which are determined 
by the different competition situation considering both intra- and inter-platform wise. 
One general simplification will be made: the service demand and the related customer 
penetration and revenue scenarios will not differ in different geographical area clusters as 
such.  

5.1 APPROACH  
The following figure shows the revenue model building blocks to define revenue scenarios 
in the timeframe 2011-2030.  
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Monthly 
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service bundle
Connection feesRevenue Model

 
Figure 5-1: Revenue model building blocks 

 
The starting point will be the generic broadband penetration evolution that is exemplarily 
shown in Figure 5-1. Several access technologies are in place and under development which 
will have different shares in different countries of course. Main relevance will have the 
FTTH penetration evolution which will be of course impacted by the other access 
technologies.  
 
One major input to the Service/Service Bundle block comes from the WP2 (D2.1) service 
model which considers and defines user types (single-, double-, triple play and business 
user), user behaviour, services and traffic relations.  
 
These two inputs together lead to a detailed view on service bundles and their evolution 
including the single service assumption made within the WP2 traffic model already.  
 
Based on the case studies (Chapter 4), some publicly available material like OECD and the 
drivers and barriers analysis (Chapter 3) we are able to define some service revenue models 
which will be applied to the basic FTTH evolution models and the related services and 
service bundles. This will be combined with the different competition situations and results 
in a set of base scenarios for the generic revenue potential for FTTx specifically for the three 
use case countries: the Netherlands, Germany and Sweden. 
 

5.2 RESULTS OF THE MARKET SURVEY  
This section provides a report based on a survey conducted among the members of the 
OASE consortium. This poll was intentionally designed to focus not on a representative 
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sample of the population, but on experts in the field. In order to identify the services which 
can have most impact on the uptake of FTTx broadband an online questionnaire was 
designed and all the members of the OASE project were requested to provide their 
responses. The questionnaire was made in two parts; the first part was aimed at assessing the 
demand for a standalone broadband connection through FTTx (i.e. FTTH and FTTB) 
technology and the second part was aimed at ranking the impact from different services on 
the uptake of FTTx broadband. A tentative list of 31 services was compiled based on the 
published research [70] and also based on the recommendations of current and past EU 
projects. The services were divided into following seven groups; 
 

1) Communications Services 
2) Computing and Storage Services 
3) Entertainment Services 
4) Healthcare Services 
5) Education and Learning Services 
6) Smart Home Services 
7) Commercial and other Services 

 
Some of the services were compiled based on information from the OASE traffic model, the 
OASE general service requirements and the MUSE project and are indicated within brackets 
as TM, GSR and MUSE respectively. The respondents were requested to provide their 
assessment on the degree of impact the standalone FTTx broadband connection and the 
services will create and motivate the user to pay additional charges.  
 
The online survey questionnaire was provided (on 14-15th February 2011) to the members 
of OASE consortium and 20 out of 30 members responded. The link to the online 
questionnaire is given below for further information. 
https://spreadsheets.google.com/viewform?formkey=dFJqaXJGWldIX0xXRVVDa2JsMVQ2Z0E6MA  
 
The responses were analysed and it is found that the respondents believe that 
communication, healthcare, and computing & storage services will have greater impact than 
entertainment services such as IPTV HD. The results conform to the observation of earlier 
research that FTTx broadband consumers give much emphasis on the user friendliness and 
freedom of choice [111]. Survey results are produced in two parts; impact from standalone 
connection and impact from the services. 

5.2.1 Results 
The first part of the questionnaire was aimed at assessing the demand for a standalone 
broadband connection through FTTx. Respondents were requested to indicate how much 
they agree that the options for a standalone connection will motivate users to pay additional 
charges (i.e. above the existing rental charge for broadband) for the FTTx broadband 
connection. The respondents were asked to give their assessment with the following 
possibilities: strongly disagree; partly disagree; neither agree nor disagree; partly agree; and 
strongly agree. This is referred to as the Likert scale, and is a common consumer survey 
tool. There were three options under analysis and respondents were requested to indicate 

https://spreadsheets.google.com/viewform?formkey=dFJqaXJGWldIX0xXRVVDa2JsMVQ2Z0E6MA
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how much they agree that each option will motivate users to pay additional charges for 
FTTx broadband. Three options are: 
 

Option 1: An option which will allow users to choose connection/access and the 
services from different providers (as is seen in Japan) 
 
Option 2: An option to choose services (i.e. voice, internet and TV) from alternative 
providers  This option is related to OASE General Service Requirements 
 
Option 3: An option to change bandwidth online  This option is related to OASE 
General Service Requirements 

 
In order to provide a quantitative analysis, assessments were measured in a Likert-scale of 5 
(i.e. 1 for strongly disagree and 5 for strongly agree). The mean and standard deviation are 
calculated and the options are ranked; rank 1 indicates that it will have highest impact. 
Based on this analysis we find that the respondents believe that all three options will have 
positive impact on the uptake of FTTx broadband services but Option-2 will have more 
impact than the other two options. 
 
In the second part of the survey the services were divided into seven groups and respondents 
were asked to indicate how much they agree that these services, if provided through FTTx 
broadband, will motivate users to pay additional charges for the FTTx connection. The same 
evaluation possibilities as for part 1 of the questionnaire were given; the same Likert-scale 
was applied. The mean and standard deviation are calculated and the services are ranked 
according to two criteria: a) according to the mean and standard deviation (Table 5-1 and 
Table 5-2); b) according to the ratio of mean and standard deviation (Figure 5-2 and Figure 
5-3). Out of 31 services in total, we find that 29 services received mean score 3 (i.e. 
equivalent to neither agree nor disagree) and above. This indicates that all these services will 
have some impact on the uptake of FTTx broadband. In Table 5-1, 21 services are listed 
which have received a mean score higher than 3.5. In Table 5-2, the remaining 10 services 
are listed which have received a mean score less than 3.5.  
 

Table 5-1: List of 21 Services with Mean Score higher than 3.5 

Services Mean Standard 
Deviation 

Rank 
within 
their 
group 

Overall 
Rank  

Communication Service: High Definition video 
conferencing 

4.3 0.65 1 1 

Healthcare Service: Interactive telemedicine; 
remote consultation with the doctors e.g. using 
HD video conferencing (GSR) 

4.2 0.95 1 2 

Computing and Storage Service: Online meeting 
and sharing multimedia content through 
heterogeneous networks and devices 

4.1 0.64 1 3 
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Entertainment Service: IPTV HD, 4K and 8K 
(TM) 

4.1 0.71 1 4 

Healthcare Service: Remote health monitoring for 
vulnerable people 

3.95 0.82 2 5 

Education Service: Collaborative project work  3.95 0.88 1 6 
Entertainment Service: Real-time distribution of 
events in 3DHD (MUSE) 

3.95 0.94 2 7 

Entertainment Service: Streaming video in 3DHD 
(TM) 

3.95 0.99 3 8 

Computing and Storage Service: Production and 
distribution of user-generated content  

3.85 0.74 2 9 

Entertainment Service: Virtual private network 
for sharing content 

3.85 0.74 4 10 

Computing and Storage Service: Storage and 
retrieval of content in the network 

3.85 0.93 3 11 

Entertainment Service: Online gaming (TM) 3.8 1.1 5 12 
Entertainment Service: Peer-to-peer services e.g. 
video sharing (MUSE) 

3.7 0.97 6 13 

Education Service: e-learning 3.7 1.17 3 14 
Education Service: Virtual class attendance 3.65 0.87 2 15 
Education Service: Virtual study groups 3.65 0.87 4 16 
Entertainment Service: Interactive TV with 
personal video recorder (MUSE) 

3.65 0.98 7 17 

Entertainment Service: Online ordering, renting 
and download of games, music and video (TM)  

3.65 1.13 8 18 

Smart Home Service: Remote surveillance of the 
activities in the home (GSR) 

3.65 1.3 1 19 

Healthcare Service: Tele Radiology; remote 
access to radiology images e.g. X-Ray, CT/MRI 
scan 

3.6 1.23 3 20 

Computing and Storage Service: Web-based 
computing or cloud computing (TM) 

3.55 1.09 4 21 

 
From Table 5-1, we can find that high definition video conferencing, interactive 
telemedicine, online meetings & content sharing, and IPTV (in HD, 4K and 8K) all received 
a mean score greater than 4. Therefore, these services will motivate users most to pay 
additional charges for FTTx broadband and will have a high impact on the uptake. Four 
services: remote health monitoring; collaborative project work; real-time distribution of 
events in 3DHD; and streaming video in 3DHD received a mean score of 3.95 and therefore 
these services will also have significant impact on the uptake of FTTx broadband. Three 
services: production and distribution of user-generated content; virtual private network; and 
storage and retrieval of content in the network have received the same mean score of 3.85 
and therefore will have positive impact on the uptake of FTTx broadband. The remaining 10 
services are mainly from two groups; four from entertainment; three from education; and 
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one each from healthcare, computing & storage and smart home service group. Surprisingly 
no commercial services achieved a rank within the first 21 services. The 10 services which 
received mean score lower than 3.5 are listed in Table 5-2. It appears that these services will 
have little or no impact on the uptake of FTTx broadband services. 
 

Table 5-2: List of 10 Services with Mean Score Lower than 3.5 

Services Mean Standard 
Deviation 

Rank 
within 
the 
group 

Overall 
Rank  

Commercial Service: Location based services 
(GSR) 

3.45 0.88 1 22 

Healthcare Service: Remote interaction through 
television 

3.45 1.35 4 23 

Smart Home Service: Ubiquitous Sensor Network 
Services (GSR) 

3.4 1.14 2 24 

Computing and Storage Service: Exchange of 
data in an open and heterogeneous computing 
environment 

3.35 0.81 5 25 

Communication Service: Secure communication 
over open networks (MUSE)  

3.3 0.97 2 26 

Entertainment Service: Hologram on TV or multi-
angle TV 

3.3 1.21 9 27 

Communication Service: High quality VoIP i.e. 
Voice (as per TM) 

3.15 1.13 3 28 

Commercial Service: Personalized services; 
services according to personal information 

3.1 1.16 2 29 

Commercial Service: 3D virtual trial booths (e.g. 
for buying cloths and jewelleries) 

2.75 1.2 3 30 

Commercial Service: Buying and selling using 
Intelligent buyer agent  

2.7 1.12 4 31 

 
It is observed (from Table 5-1) that even though interactive telemedicine received the 
second highest mean score, the degree of agreement among the respondents is very low (the 
standard deviation is much higher). To consider the degree of agreement, we plotted (in 
Figure 5-2) the mean opinion score (in Y Axis) and degree of agreement (i.e. standard 
deviation) in X Axis for the 21 services listed in Table 5-1. From Figure 5-2, we can find 
that the services that are placed at the top left corner such as: high definition video 
conferencing; online meeting and sharing content; and IPTV (in HD, 4K and 8K) have all 
received high mean opinion score and a high degree of agreement among the respondents. 
Both the IPTV and online meeting and sharing content services received the same mean 
score but the degree of agreement for IPTV is less than that of online meeting and sharing 
content service. Therefore it is reasonable to assume that IPTV will have less impact on the 
uptake of FTTx broadband than online meeting and sharing content services.  
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Figure 5-2: Mean opinion score and degree of agreement for 21 top listed services 

 
It is found from Figure 5-2 that interactive telemedicine received a higher mean opinion 
score than that of IPTV, but the degree of agreement is much less. One possible way to take 
into account the degree of agreement is to rank the services according to the ratio between 
mean and SD. In Figure 5-3, we present the top nine services ranked according to the ratio 
of their mean and their standard deviation. It is found that the interactive telemedicine 
service is now ranked at 8th position. It is found that the services within the first nine ranks 
are common in both the rankings. However, some of the other services such as: production 
and distribution of user generated content; and virtual private network are now placed within 
the first five in the ranking. 
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Figure 5-3: Ranks according to the ratio between mean and standard deviation 
 

5.2.2 Relation between application services from market survey and the access 
service bundles  
The work in the sections above has identified a number of services which may drive 
customer migration toward FTTH. Table 5-3 shows how these highly-ranked services would 
be combined into two service bundles which the customer would be free to choose from. 
This provides the basis for the analysis of revenues in the next section, and provides an input 
to WP2, WP3 and WP4 in their assessment of the performance of the architectures under 
various traffic mixes.  
 
Table 5-3: High score FTTH services which drive FTTH evolution related to access service classes 

Services Double 
play 

Multi 
play 

Communication Service: High Definition video 
conferencing X x 

Healthcare Service: Interactive telemedicine; 
remote consultation with the doctors e.g. using 
HD video conferencing (GSR) 

X x 

Computing and Storage Service: Online meeting 
and sharing multimedia content through 
heterogeneous networks and devices 

X x 

Entertainment Service: IPTV HD, 4K and 8K 
(TM)  x 
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Healthcare Service: Remote health monitoring for 
vulnerable people X x 

Education Service: Collaborative project work  X x 
Entertainment Service: Real-time distribution of 
events in 3DHD (MUSE)  x 

Entertainment Service: Streaming video in 3DHD 
(TM)  x 

Computing and Storage Service: Production and 
distribution of user-generated content  X x 

Entertainment Service: Virtual private network 
for sharing content X x 

Computing and Storage Service: Storage and 
retrieval of content in the network X x 

Entertainment Service: Online gaming (TM) X x 
Entertainment Service: Peer-to-peer services e.g. 
video sharing (MUSE) X x 

Education Service: e-learning X x 
Education Service: Virtual class attendance X x 
Education Service: Virtual study groups X x 
Entertainment Service: Interactive TV with 
personal video recorder (MUSE)  x 

Entertainment Service: Online ordering, renting 
and download of games, music and video (TM)   x 

Smart Home Service: Remote surveillance of the 
activities in the home (GSR) X x 

Healthcare Service: Tele Radiology; remote 
access to radiology images e.g. X-Ray, CT/MRI 
scan 

X x 

Computing and Storage Service: Web-based 
computing or cloud computing (TM) X x 

5.2.3 Conclusions 
We have performed a survey within the OASE consortium in order to identify the services 
which can have most impact on the uptake of FTTx broadband. 
 
Prior to the survey it was known that most of the existing services will benefit from FTTx 
broadband access, but it was not known which services will motivate users to pay additional 
charge if they are provided through FTTx broadband access. It was also known that end 
consumers will possibly not pay additional charges for traditional triple play services such as 
voice (i.e. VOIP), broadband Internet and television (i.e. IPTV in SD) if they are provided 
through FTTx broadband access.  
 
The survey confirms these conclusions: the services shown in Figure 5-2 and Figure 5-3 do 
not include already available commercial services. As expected, the survey also indicates 
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that traditional voice (i.e. high quality VOIP) will have the least impact on the uptake of 
FTTx broadband.  
 
The results from this survey already give a good indication for what services will drive the 
uptake of FTTx. However, this observation is based on a relatively small sample and 
therefore need to be considered cautiously. In order to identify potential sources of bias 
within the responses to the questionnaire, we conducted an internal consistency test (i.e. 

two services: i) online meeting and sharing multimedia content; and ii) IPTV (in HD, 4K, 
and 8K) are not consistent with the rest of the responses. This may be due to the bias of the 
respondents for these services and therefore the ranking for these two services is less 
reliable. A recent piece of research [70] shows that rankings based on such surveys are 

Norwegian market, the authors found that respondents who have backgrounds in market 
analysis indicated that web-based computing will be most important future service whereas 
the respondents with service provisioning backgrounds indicated that mobile broadband and 
channel independent access to content will have greater demand in the future. 
 
Observations from a number of similar surveys confirm the results of this survey. Ida and 
Horiguchi [67] conducted a survey to estimate the willingness to pay for services through 
FTTH in Japan. They considered nine services in three categories: telecommunications and 
broadcasting; health and security; and society and life services. They observed the 
willingness to pay for those nine services (IP phone, TV phone, television, tele-care, tele-
medicine, disaster alarm, tele-working, e-government and tele-education) is US$ 79.4 and 
US$ 78.36 for provincial and urban areas respectively. For provincial areas, the major 
population is old and the willingness to pay for television (i.e. digital terrestrial) is very high 
but interest in tele-working and tele-education is low. In contrast, urban populations have 
high interest in IP-phone, tele-working and tele-education services. A similar survey from 
the FTTH council in North America indicates that services such as: VOIP; two way video 
conferencing and downloading/streaming video directly to a TV are gaining significant 
popularity among the FTTH consumers in the USA. The survey indicates that potential 
future services over fibre differ according to consumers. Younger generations are most 
interested in services such as: business video conferencing, HD television on extremely 
large displays with super-high resolution, advanced websites with full video, and remote 
home and pet monitoring, but older populations are particularly interested in online face to 
face healthcare services. Surprisingly, this survey also identified two services: high 
definition video conferencing and online face to face healthcare services (i.e. interactive 
telemedicine) that can have a large impact on the uptake of FTTx broadband. 
Therefore it can be concluded that along with IPTV (in HD, 4K, and 8K) high definition 
video conferencing and interactive telemedicine will have major impact on the uptake of 
FTTx broadband.  
 
Research based on surveys in Bulgaria, Norway, Japan and the USA confirms this survey 
that a number of services will have positive impact on the uptake of FTTx broadband but the 
major impact is expected from four services: a) high definition video conferencing; b) online 
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meetings and sharing multimedia content; c) IPTV (in HD, 4K, and 8K); and d) interactive 
telemedicine.  

5.3 GENERIC BROADBAND PENETRATION EVOLUTION  
In this section we analyse the evolution of FTTx broadband and total broadband service 
penetration (number of connections per 100 population) for a number of countries in Europe 
from three regions: Western Europe (WE), Nordic Region and Central and Eastern Europe 
(CEE). We consider broadband connections through DSL, cable, FTTx and other fixed 
broadband technologies to estimate the total broadband penetration. Most of the data are 
gathered from the International Telecommunication Union [73] and OECD [119]. 
 

Evolution of Broadband Penetration in Western Europe
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Figure 5-4: Evolution of broadband penetration in Western Europe 

 
In Figure 5-4 we provide the evolution of FTTx broadband and total broadband penetration 
for three countries in Western Europe: Belgium, France and the Netherlands. It is found that 
during the period of 1999 to 2003 total broadband penetration in Belgium closely matched 
with the Netherlands. However, since 2003, total broadband penetration in Belgium has 
been lagging far behind the Netherlands. The data indicates that since 2005 growth in total 
broadband penetration in Belgium has become slower than that of France and the 
Netherlands. It is surprising that FTTx broadband penetration in these three countries is 
negligible even though total broadband penetration is very high. It may be possible that the 
quality of fixed telephone network is very good and therefore telecom service providers are 
not investing much in FTTx broadband infrastructure. However, we find a positive 
relationship between FTTx broadband penetration and total broadband penetration in these 
three countries. This indicates that both market segments are growing, and that in the near 
future most of the existing broadband users will migrate to FTTx broadband for higher speed 
and greater quality.  
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In Figure 5-5 we provide the evolution of FTTx broadband and total broadband penetration 
for three countries in Nordic region: Denmark, Norway and Sweden. It is found that during 
the period of 2004 to 2008 total broadband penetration in Norway closely matched with 
Sweden but FTTx broadband adoption in Norway is much lower during the same period. It 
is surprising that FTTx broadband penetration in Denmark is much lower than that of 
Sweden even though total broadband penetration is higher. This observation is counter 
intuitive given the fact that demand for high speed broadband (i.e. FTTx broadband) is 
expected to be positively associated with the total broadband penetration. A comparison 
between these two regions provides an indication that other than demand side drivers a 
number of factors are affecting the investment in high speed broadband infrastructure. 
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Figure 5-5: Evolution of broadband penetration in Nordic Region 

 
In Figure 5-6 we provide the evolution of FTTx broadband and total broadband penetration 
for six countries in Central and Eastern Europe: the Czech Republic; Hungary; Slovakia; 
Estonia; Latvia and Lithuania. When we compare the evolution of FTTx broadband in 
Slovakia with that of Czech Republic and Hungary we find that FTTx broadband penetration 
is negatively related to the total broadband penetration. The evolution is very similar to that 
of countries in Nordic region. However, when the evolution of broadband in Latvia is 
compared with Lithuania we find that FTTx broadband penetration in Latvia is much lower 
than that of Lithuania even though total broadband penetration is almost the same. This 
observation again is very similar to that of Norway and Sweden.  
 
It may be possible that the supply side drivers (such as competition between different 
technologies and revenue) are possibly playing a significant role in the investment in the 
infrastructure.  
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Figure 5-6: Evolution of broadband penetration in CEE Region 

 
In order to assess the impact of competition on the investment in FTTx broadband 
technology we choose Denmark, the Netherlands and Slovak Republic as representative 
countries from each region for a qualitative assessment. In Figure 5-7 we compared the 
evolution of broadband service penetration through different technologies in Denmark and 
the Netherlands for the period of 1999-2009. 
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Evolution of Broadband Penetration in Denmark

0

5

10

15

20

25

30

35

40

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

N
o 

of
 C

on
ne

ct
io

n 
Pe

r 1
00

 P
op

ul
at

io
n DSL

Cable
Other Fixed
FTTx
Total

 
Evolution of Broadband Penetration in the Netherlands
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Figure 5-7: Broadband Penetration Evolution in Denmark and the Netherlands 

 
From Figure 5-7 we can see that evolution of total broadband penetration is very similar in 
both the countries. However, we can see that the share of cable broadband is greater in the 
Netherlands than that of Denmark. Therefore one would expect that the investment in FTTx 
broadband infrastructure in the Netherlands will be higher than that of Denmark but this has 
clearly not happened. One surprising observation is that in Denmark broadband penetration 
through DSL and cable has remained at the same level during the period of 2007 to 2009. In 
contrast DSL penetration in the Netherlands has increased by 1.3% during the same period. 
It may be possible that DSL service providers in the Netherlands are offering higher speed 
through xDSL technologies (e.g. ADSL2+ and VDSL) by extending fibre to the cabinet. We 
find (OECD, 2011) that the average advertised download speed in the Netherlands is 40 
Mbps which is higher than the 25 Mbps offered in Denmark. Therefore it can be assumed 
that the quality of service offered in the Netherlands through xDSL technology is very 
similar to that is offered in Denmark through FTTx technology. This indicates that 
competition is shaping the technology upgrade differently in different countries. Operators 
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in the Netherlands have chosen to upgrade the local copper loop in steps by deploying fibre- 
to- the- cabinet and then FTTx whereas operators in Denmark has given more emphasis on 
the FTTx technology. This could be one of the reasons for less investment in FTTx 
broadband infrastructure in the Netherlands. 
 
From our research, we find that the telecommunications and cable television service 
providers in most of the Central and Eastern European countries started investment in 
broadband infrastructure only after 2002. As a result the adoption of total broadband is much 
less compared to countries in Western Europe. In some countries cable TV service providers 
and other utility service providers started broadband service much earlier than telecom 
service providers. In Figure 5-8 we provide the evolution of the broadband service 
penetration in the Slovak Republic for the period of 2002-2009. It is observed that total 
broadband penetration is low compared to other Western European countries but FTTx 
broadband penetration is higher. We also observe that during the period of 2007-2009 the 
change in DSL broadband penetration in the Slovak Republic is much less compared to the 
change in total broadband penetration. In addition, we find that the share of other fixed 
broadband is much higher than most of the countries in Western Europe which indicates 
supply through DSL platform is low compared to the demand. It may be possible that the 
quality and/or availability of fixed line network is not good enough to provide high speed 
broadband and therefore operators are investing more in FTTx broadband infrastructure. 
However, we believe that other factors such as revenue from existing services is also having 
a significant impact on the investment in FTTx broadband infrastructure.  
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Figure 5-8: Evolution of Broadband Penetration in Slovak Rep. 

 
It is clear, then, that there is significant variability in the evolution of broadband penetration 
across Europe. However, it is interesting to note that countries, when grouped by geographic 
area, show significant commonality in their evolution.  
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5.3.1 Adoption modelling  
The analyses in the previous section focussed on an analysis of the state of play of FTTH in 
Europe, comparing and contrasting different countries with different legacy broadband to 
FTTH ratios. This has provided some interesting insight into the general behaviour, and has 
shown in a number of graphs that there is the distinctive S-shaped curve to subscriber 
numbers.  
 
Within this section, we aim to utilise commonly-used models for consumer adoption in order 
to forecast future demand for FTTx services, which may therefore provide an estimate of the 
number of potential subscribers available to a service provider at any given time.  
 
Most of the earlier research on telecommunications, Internet and broadband [2] used a 
derivative of the logistic diffusion model known as Fisher Pry model (which has been 
presented in Section 2.1.2) [42] to explain the evolution of service penetration. This 
functional form has often been employed to approximate the S-shaped diffusion process due 
to its relative simplicity. The general form of the S-shaped diffusion function can be 
represented as: 

dt
tdN )(  = r. ))(( tN . ))(,( tNNS  

(5-1) 
 

Where )(tN represents the total population who adopted the service at time t, r represents 
the speed of the diffusion (i.e. the average rate at which the diffusion process takes place), 
and SN  is the total number of adopters at the saturation level. The functional form 
of ))(( tN  and ))(,( tNNS varies according to the diffusion model. The Logistic model and 
Gompertz model are used extensively for modelling the diffusion of new products and 
services [25]. For both the Logistic and the Gompertz model ))(( tN is equal to )(tN . In a 
Logistic model ))(,( tNNS is equal to [ SN  - )(tN ]/ SN  and for a Gompertz model the 
function ))(,( tNNS can be replaced by [ln( SN ) - ln( )(tN )]. Logistic and Gompertz 
models can be represented by replacing functions ))(( tN  and ))(,( tNNS  in (5-1) with 
their respective values as shown in (5-2) and (5-3): 

dt
tdN )(  = r. )(tN . [ SN  - )(tN ]/ SN  

 

(5-2) 
 

dt
tdN )(  = r. )(tN . [Ln( SN ) - Ln( )(tN )] 

(5-3) 
 

 
Equations (5-2) and (5-3) indicate that for both models the number of people who adopt a 
new service in a given time period is dependent on three factors: i) the diffusion rate; ii) the 
number of people who have already adopted the service, and iii) the number of potential 
adopters i.e. number of people who are yet to adopt the service. The potential adopters at 
any given time is a measure of the difference between the total number of adopters at the 
saturation level (i.e. SN ) and the existing adopters.  
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From (5-2) and (5-3) we can see that the diffusion models can estimate the diffusion process 
only when the value of )(tN is non-zero i.e. the diffusion process has already been started 
and past data on )(tN is available. The diffusion models are hard to calibrate when data on 
the past periods are limited, and the results of the different models tend to vary significantly 
until a major proportion of the population has adopted the service. The main complexity in 
any diffusion forecasting model is assessing the saturation level when the diffusion process 
is yet to reach the point of inflection (i.e. the point where more than 50% of the population is 
yet to adopt the service for the logistic model, 37% for the Gompertz model). Research from 
eminent scholars [25] indicates that even when the period of observations is long, the 
forecasted saturation level can vary significantly according to the chosen model. Based on 
broadband adoption data for the period of 1997 to 2009 for OECD countries, the authors 
demonstrate that the Logistic model tends to underestimate and the Gompertz model tends to 
overestimate the saturation level. 
 
Baring few countries, large scale investment in FTTx broadband infrastructure has only 
recently been started and therefore, for most of the countries, data is available only for a 
limited period. Given the limited amount of data it is acknowledged that any forecast for the 
diffusion of FTTx broadband will have limitations and will depend heavily on the chosen 
model. 

5.3.2 Estimating the FTTx Broadband Penetration at Saturation Level 
By deriving solutions to the first order differential equations (5-2) and (5-3), the total 
number of adopters at time t can be estimated using Logistic and Gompertz models as: 
 
Logistic Model 

)(tN = )( 01 ttr
S

e
N

 
(5-4) 
 

 
Gompertz Model 

)(tN = 
)0(

.
ttre

S eN  
(5-5) 
 

 
Where 0t is the inflection point; in the case of the Logistic model the point of inflection is 
the time when 50% has adopted the service and in the case of the Gompertz model it is the 
point when 37% has adopted the service. The right hand side of (5-4) and (5-5) has three 
unknown parameters: a) SN , the number of adopters at the saturation level; b) r, the rate of 
diffusion; and c) 0t , the point of inflection. In an ideal situation, the data (i.e. total number 
of adopters) for three different periods will be sufficient to estimate the three unknown 
parameters. However, a number of factors (both in the demand side and in the supply side) 
influence the diffusion process and therefore the data for a large period is required for 
estimating these parameters with a reasonable accuracy.  
 
From Figure 3-1, we can see that initial diffusion of total broadband in six countries: Japan, 
Sweden, Denmark, Norway, the Netherlands and the USA have followed the same general 
trend but there is a wide disparity in the diffusion of FTTx broadband in those countries. As 
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of Dec 2010, 50% of households in Korea and Japan have adopted FTTx broadband but the 
adoption is much lower for rest of the countries in the world. Total broadband penetration in 
the USA and in most of the countries in Western Europe is comparable to that of Japan but 
surprisingly less than 5% of the households in these countries have adopted FTTx 
broadband. We estimate the saturation level penetration for countries across the world 
according to the two models above: Logistic and Gompertz. We use the yearly data on FTTx 
broadband penetration (i.e. number of connections per 100 populations) for the period of 
1999 to 2009 for 20 countries, a subset of the 25 countries presented earlier in Section 3.4 
for which sufficient data was available. The results are obtained using a non-linear least 
square estimation (more commonly known as generalized least squares, or GLS) and the 
goodness of fit is tested according to the mean absolute percentage error (MAPE). The 
estimated penetration at saturation levels are placed along with the error values in Table 5-4. 
 

Table 5-4: Estimated FTTx broadband penetration at saturation level11 
Country No of 

data 
periods 

Year 
of the 
first 
data 

Logistic Model Gompertz Model 
Saturation Level 
Penetration (%) 

MAPE Saturation Level 
Penetration (%) 

MAPE 

France 3 2007 0.49 0.0000 0.59 0.0000 
Germany 3 2007 435.78 0.2468 706333 0.2702 
Italy 4 2006 0.56(18.96)** 0.0096 0.57(14.61)** 0.0102 
The 
Netherlands 

5 2005 2.42(1.42) 0.0440 13.98(0.28) 0.0438 

Bulgaria 3 2007 3506.35 0.3091 4537211 0.3226 
Czech 3 2007 1339.27 0.0966 2542217 0.1004 
Estonia 3 2007 5.12 0.0000 5.12 0.0000 
Hungary 3 2007 1.96 0.0000 3.72 0.0000 
Latvia 3 2007 1.35 0.0000 1.82 0.0000 
Lithuania 4 2006 9.26(40.08)** 0.0034 15.46(12.98)** 0.0039 
Romania 3 2007 0.86 0.0000 801330.7 0.0025 
Slovakia 5 2005 7.48(1.88) 0.0855 47.21(0.44) 0.0770 
Slovenia 4 2006 3.66(28.92)** 0.1216 4.12(7.72)* 0.2445 
Denmark 8 2002 4.84(6.03)*** 0.8807 5.60(4.61)*** 0.4965 
Norway 8 2002 8883.47 0.1405 19.1e+06 0.1479 
Sweden 8 2002 14.81(3.38)** 0.0318 56.13(0.79) 0.0336 
Hong Kong  3 2007 16011.97 0.0243 3589924 0.0251 
Japan 8 2002 15.43(25.75)*** 0.2746 20.61(39.73)*** 0.0160 
South Korea 11 1999 22.47(7.49)*** 1.5079 60.21(1.41) 0.6053 
USA 11 1999 1.54(41.79)*** 0.1519 10.1e+06 2.4687 

 
Even though the technology for FTTx broadband has been available from the mid 1990s, 
large scale deployment (e.g. for residential consumers) only started around 2005 in most 

                                                 
11 T statistics are in brackets. *, ** and *** indicate 10%, 5% and 1% significance level respectively. 
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countries and therefore data is available only for a limited period which hinders our ability 
to make accurate models. The saturation levels of Germany, Bulgaria, Norway, Hong Kong 
and others are obviously unrealistic, and are not correct. This intuitive understanding is 
matched by the poor significance levels applied to these results, and we would therefore 
caution that results with little statistical significance should not be relied upon. For example, 
the Gompertz model indicates that FTTx broadband penetration (i.e. number of connections 
per 100 populations) in Sweden will be 56.13% at the saturation level (and even extremely 
unrealistic high values (higher than 100%) for e.g. Norway). This implies that each 
household will have more than one connection, which is not a realistic situation. In contrast, 
the models indicate that less than 10% of households will have FTTx broadband at the 
saturation level in most other countries. In addition, the estimated saturation level widely 
varies between the two models even though they produce the same error. Results for the 
Netherlands and Denmark indicate that less than 30% of the households will have FTTx 
broadband at the saturation level. Currently more than 80% of households in these two 
countries have broadband and therefore it is reasonable to assume that the estimated 30% 
household penetration at saturation level is too low. 
 

ta sets. By 
considering quarterly data, some of the limitations can be resolved but the results may not be 
more useful [91] given the large number of variants associated with the diffusion of FTTx 
broadband and also given the fact that most of the countries are in a very early stage in the 
diffusion process. Past research [25] indicates that long term forecasting accuracy can be 
low even when data for a larger period is available or even when the diffusion process 
passes the inflection point. Using broadband penetration data (i.e. number of broadband per 
100 populations) for the period of 1997 to 2009, Christodoulos et al [25] show that even a 
four year forecast can vary by more than 15% depending on the chosen model; Logistic or 
Gompertz. 

5.3.3 Estimating the Diffusion Process 
Using Equation (5-4) and Equation (5-5), the rate of diffusion and the point of inflection can 
be estimated along with the penetration at saturation level. However, given the limitations of 
the models it would be most appropriate to estimate the diffusion rate and the inflection 
point after assessing the saturation level penetration using information from other sources 
[91]. For example, it can be assumed that most existing broadband users will migrate to 
FTTx broadband in the near future (as they migrated from dial-up to broadband connections 
in the past) and therefore the estimated saturation level penetration for total broadband can 
be used as the saturation level penetration for FTTx broadband. Total broadband penetration 
at the saturation level can be reasonably estimated since past data is available for longer 
periods and for a large number of countries. 
 
Past research indicates that the average broadband penetration (i.e. number of broadband 
subscribers per 100 populations on DSL and cable network) at saturation level will be 
around 30-35% in OECD countries [25]. It can be assumed that in the near future (say by 
2030) around 90% of the households will require high speed broadband for activities related 
to communication, entertainment, healthcare, and education. Therefore it can be assumed 
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that at saturation level FTTx broadband penetration will be around 40% (assuming on 
average 2.25 people per household) in developed countries. Following this assumption we 
estimate the rate of diffusion and the point of inflection for 20 countries across the world. 
The results of this estimation for both the models are placed at Table 5-5. 
 

Table 5-5: Estimated diffusion rate and inflection point for FTTx broadband12 
Country Logistic Model Gompertz Model 
 Diffusion 

Rate 
50% 
household 
Penetration in 
no of Years 

MAP
E 

Diffusion 
Rate 

37% 
household 
Penetration in 
no of Years 

MAP
E 

France 0.78(2.79) 8.60(4.09) 0.481
2 

0.15(3.35) 12.39(4.27) 0.416
2 

Germany 1.80(6.19)* 6.05(12.14)* 0.247
1 

0.28(5.56) 9.00(8.26)* 0.199
6 

Italy 0.11(4.64)** 41.81(4.97)** 0.036
3 

0.02(4.85)** 61.56(5.08)** 0.035
0 

The 
Netherlan
ds 

0.36(12.81)*
** 

14.79(17.75)*
** 

0.054
6 

0.08(15.15)*
** 

19.68(18.94)*
** 

0.039
9 

Bulgaria 2.44(5.22) 4.27(17.33)** 0.310
4 

0.57(5.60) 5.00(13.81)** 0.334
9 

Czech 0.51(4.27) 9.58(5.81)* 0.097
7 

0.12(3.80) 12.57(4.71) 0.111
5 

Estonia 0.14(2.04) 15.79(2.36) 0.048
9 

0.06(2.12) 14.54(2.48) 0.047
6 

Hungary 0.54(10.06)* 9.44(13.81)** 0.045
9 

0.13(16.49)*
* 

12.32(20.60)*
* 

0.028
7 

Latvia 0.46(7.01)* 10.87(9.10)* 0.055
1 

0.11(9.22)* 14.56(11.05)* 0.042
8 

Lithuania 0.46(11.58)*
** 

14.63(38.30)*
** 

0.061
4 

0.17(24.66)*
** 

14.44(79.61)*
** 

0.028
4 

Romania 0.11(32.14)*
* 

41.05(33.91)*
* 

0.002
7 

0.02(41.49)*
* 

61.91(42.96)*
* 

0.002
1 

Slovakia 0.50(15.26)*
** 

9.74(27.33)**
* 

0.125
4 

0.15(21.21)*
** 

10.90(33.81)*
** 

0.074
2 

Slovenia 0.75(3.94)* 7.10(8.04)** 0.643
1 

0.23(5.29)** 7.72(9.57)** 0.404
2 

Denmark 0.28(6.62)**
* 

15.03(11.55)*
** 

1.759 0.09(8.24)**
* 

15.76(13.28)*
** 

1.369 

Norway 0.29(9.36)**
* 

15.22(16.40)*
** 

0.147
3 

0.09(7.39)**
* 

16.97(11.51)*
** 

0.180
2 

                                                 
12 T statistics are in bracket. *, ** and *** indicates 10%, 5% and 1% significance level respectively. 



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  110  of  151  

  
 
 
 

Sweden 0.23(21.99)*
** 

14.04(38.27)*
** 

0.036
0 

0.09(26.24)*
** 

13.36(44.24)*
** 

0.037
4 

Hong 
Kong  

0.27(6.22)* 6.79(9.07)* 0.027
1 

0.13(5.44) 5.14(8.88)* 0.030
9 

Japan 0.42(10.11)*
** 

9.33(30.96)**
* 

1.025
4 

0.20(21.07)*
** 

8.19(66.36)**
* 

0.394
0 

Korea 0.44(16.10)*
** 

11.58(73.02)*
** 

3.667
3 

0.22(16.20)*
** 

10.39(78.95)*
** 

0.314
8 

USA 0.46(11.46)*
** 

18.23(26.13)*
** 

3.263
7 

0.11(16.69)*
** 

22.06(30.59)*
** 

0.700
6 

 
It is found that for most of the countries (i.e. 15 out of 20) under study, the Gompertz model 
estimates the diffusion rate and inflection point with greater accuracy than that of the 
Logistic model, also giving a longer time to 37% penetration than the logistic model gives to 
50% penetration. The results from both the Table 5-4 and Table 5-5 indicate that, barring a 
few countries (e.g. Italy and Romania), most countries will achieve 50% household 
penetration by 2020. The interpretation is made based on the year of the first data (as noted 
in Table 5-4) and no of years it will take to achieve 50% household penetration (Table 5-5). 
The Logistic model estimates that 50% of households in Korea and Japan will have FTTx 
broadband in 2010-2011 and this matches the reported penetration as on Dec 2010. 
 
As mentioned previously, we also find that the estimated diffusion rate in the Logistic model 
is very high for most countries. As an example, the estimated diffusion rate in the USA is 
0.46, greater than that of Japan, and indicates that 50% of households in the USA will adopt 
FTTx broadband by Dec 2016. This is highly optimistic given the fact that as of Dec 2009 
less than 3% of households in the USA adopted FTTx broadband. It is observed that 
operators in the USA are slowing down the investment in FTTx broadband infrastructure 
due lack of demand [128], and therefore it is reasonable to assume that the estimated 50% 
household penetration by 2016 is not going to happen. Similar observations are made for 
Germany and other countries in Western Europe; the results of the Logistic model indicate 
that 50% of households in Germany will adopt FTTx broadband by Dec 2012. It is to be 
noted that as of Dec 2009 less than 0.5% household in Germany adopted FTTx broadband 
and it is impossible to have a growth from 0.5% to 50% in three years time as this is 
impractical from a civil works, planning, management, budgeting, and purchasing 
perspective. 
 

limitations in forecasting the FTTx broadband diffusion 
can largely be attributed to inadequate data. However, we argue that the diffusion (or lack 
thereof) of FTTx broadband is dependent on a large number of factors and the current major 
one is that there is, at this time, no compelling need for FTTx broadband [66]. In other 
words, the demand side drivers are not very strong for the diffusion of FTTx broadband. As 
mentioned before, new and revolutionary services which require very high speed and at the 
same time can potentially add value to the consumers to drive the adoption of FTTx 
broadband are rare. In such a situation the diffusion will be largely dependent on the supply 
as is seen in Japan and Korea. Therefore, to improve the estimation accuracy in the diffusion 
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process, we have to consider the factors impacting both the supply (i.e. investment in FTTx 
broadband infrastructure) and the demand.  

5.3.4 Forecasting the Diffusion of FTTx Broadband 
Identifying the factors affecting the diffusion process and estimating the saturation level 
penetration are very important from the policy perspectives but the yearly change in FTTx 
broadband penetration is more important for the investment e.g. for sale forecasting. Sale 
forecasting i.e. number of new subscribers in a given time (e.g. quarterly, half-yearly and 
yearly) is a more challenging task and essential for investment/expansion decision [91]. In 
this section we employ a discrete form of the Logistic diffusion model presented in (5-2) to 
forecast the yearly change in penetration for each country individually. The model that we 
assume for forecasting the yearly change in FTTx broadband penetration is represented as: 
 

1__ itit FPENFPEN = ( 0b + 1b Log ( )/ itit POPGDP + 2b Log ( )_ itFPR  
+ 3b Log ( )_ itTINV ).( 1_ itFPEN ).( 1itPOT )+ 4

it  

(5-6) 
 

 
The equation (5-6) indicates that the yearly change in FTTx penetration (i.e. number of new 
subscription per 100 populations) in a country is dependent on: per-capita GDP, the current 
diffusion rate, investment, and existing adopters and potential adopters. The diffusion rate 
varies according to a number of factors which affect the demand and the supply in each 
country. Therefore a country specific model should be more useful for forecasting the yearly 
change. We consider three factors: i) income (per capita GDP), ii) monthly subscription 
price, and iii) the investment in the infrastructure for forecasting the diffusion rate in each 
country. 
 
To forecast the yearly change we first estimate the investment in the infrastructure according 
to the competition and revenue using Equation 2-9 which is repeated here for convenience: 
 

Log ( )_ itTINV = 0a  + 1a Log ( )_ itTREV + 2a Log ( )_ itCOMBB  
+ 3a Log ( )_ itCMPTV + 4a Dummyg.Re  + 1

it  
 

(5-7) 
 

We estimate the investment with an assumption that the competition and revenue will 
remain the same, i.e. yearly average investment will remain at the current level. We assess 
the number of potential adopters with an understanding that at saturation level 90% of 
households will have adopted FTTx broadband. We assume that income (i.e. per capita 
GDP) will increase at 3% and price will decrease at 5% per year. We calibrate (5-6) (i.e. the 
sale forecast model for an individual country) based on the data for the period of 1999 to 
2009. After assessing the number of potential adopters and estimating the investment we 
forecast the yearly change in penetration (i.e. sales) according to the calibrated model. We 
provide the forecast values along with the actual values for a few selected countries in Table 
5-6
provide the forecast for the period of 2010-2014. 
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Table 5-6: Forecast in the yearly change in FTTx broadband penetration 
Year Country 

Japan USA Denmark Slovakia 
Actua
l 

Forecast Actual Forecast Actual Forecast Actual Forecast 

1999 0.000
0 0.0000 0.0000 0.0015 0.0000 0.0000 0.0000 0.0000 

2000 0.000
0 0.0000 0.0004 0.0014 0.0000 0.0000 0.0000 0.0000 

2001 0.000
0 0.0000 0.0006 0.0015 0.0000 0.0000 0.0000 0.0000 

2002 0.162
1 0.0000 0.0076 0.0035 0.0559 0.0000 0.0000 0.0000 

2003 0.540
4 0.1046 0.0137 0.0154 0.3824 0.0455 0.0000 0.0000 

2004 1.206
7 0.2474 0.0359 0.0408 0.8050 0.2951 0.0000 0.0000 

2005 1.729
0 1.2971 0.1025 0.1039 1.0089 0.6408 0.3213 0.0029 

2006 2.591
6 2.8282 0.1388 0.1633 0.3807 0.6731 0.5289 0.5333 

2007 2.663
4 2.6407 0.3185 0.2977 0.4524 0.5354 0.3753 0.3832 

2008 2.433
6 2.4091 0.3624 0.3687 0.4690 0.2246 0.9501 0.9441 

2009 2.196
2 2.3224 0.2719 0.2700 1.0890 1.2599 1.0992 1.1003 

 MAPE=0.3773 MAPE=0.5331 MAPE=0.5637 MAPE=0.2054 
Forecasted Yearly Change in FTTx Broadband Penetration 
2010 3.3926 0.2835 0.9078 1.0316 
2011 4.9422 0.3782 0.7266 1.4053 
2012 6.6654 0.4828 0.3081 1.6663 
2013 8.0524 0.6230 -0.2483 1.9583 
2014 7.6829 0.8029 -0.8683 2.2049 

 
It is observed that the accuracy of the model in forecasting the yearly change in penetration 
is greater for Japan and Slovakia than for Denmark and the USA. It is found that the forecast 
for Denmark is less realistic than that of the USA even though the observed level of 
accuracy (as shown by the MAPE numbers that can be found in Table 5-6) is almost the 
same. 
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Yearly Change in FTTx Broadband Penetration
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Figure 5-9: Actual and forecast for the yearly change in FTTx broadband penetration 

 
In Figure 5-9 we provide the actual and (in-sample) forecast values for the two countries for 
the period of 1999-2009. It is seen that the forecast yearly change in FTTx penetration for 
the USA matches the observed value to a great extent and the results indicate that 50% of 
households will adopt FTTx broadband by 2020. This yearly forecast for the USA can be 
considered as more realistic compared to the aggregate forecast as shown in Table 5-5, 
which indicates that 50% household penetration in the USA will be achieved in 2016. 

forecast may 
be less reliable - there are large differences between the actual and forecast values, primarily 
due to insufficient data but also due to other factors which might affect the diffusion process 
but are not considered in the models utilised here.  
 
It appears that a country specific model can greatly improve the forecast accuracy. To 
demonstrate, we use the broadband competition index (BB_COMit) as a proxy for the 
subscription price for Denmark and estimate the rate of diffusion. It is found that the 

improved when competition is used as a proxy for the price. This observation indicates that 
competition in the broadband market has a significant impact on price. It is possible that 
greater competition is forcing providers to decrease the price charged, which in turn has a 
direct impact on the diffusion of FTTx broadband in Denmark. It is found that the yearly 
change in FTTx broadband penetration in Denmark is inversely related to the economic 
growth, which is counter intuitive. However, we find that during the period of 1999-2009 
the income (per capita GDP) in Denmark has increased much less than other countries in 
Nordic Region. Therefore, in order to exclude the effect of income, we assume that the 
income in Denmark will remain at the same level for the period of forecast. In Figure 5-10 
we provide two forecasts for Denmark: one taking into account the price, the other taking 
into account the competition. It is clear from this graph that utilising a competition variable 
leads to more-accurate results.  
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Yearly Change in FTTx Broadband Penetration in Denmark
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Figure 5-10: Forecast for yearly change in FTTx broadband penetration in Denmark 

 
From Figure 5-10 we can see that a country specific model provides a better forecast and 
therefore we use only country specific models for forecasting the yearly change in FTTx 
broadband penetration for 25 countries under study. These forecast results indicate that 50% 
of households in most of the countries in Europe will adopt FTTx broadband before 2015. 
We acknowledge that the forecasted 50% household penetration before 2015 is not realistic 
due to a number of reasons (such as less than expected growth in the economy and less 
developed telecom infrastructure in some countries). We find that, currently, less than 50% 
of households in most of the countries in Europe have fixed broadband. Therefore it is 
reasonable to assume that a considerable amount of time will be required for 90% of 
households to adopt broadband and this may in turn significantly delay the adoption of FTTx 
broadband. 
 
In order to consider the impact of existing telecom infrastructure on the diffusion of FTTx 
broadband we forecast the yearly uptake in two stages: in the first stage we forecast the total 
broadband penetration for the period of 1999-2030 (which also provides an estimate of the 
saturation level); and in the second stage we use the forecasted total penetration for 
estimating the number of potential adopters. Using this two stage approach we forecast the 
yearly change in FTTx broadband penetration for each individual country. We provide FTTx 
broadband penetration evolution for a representative country in each region: Nordic region; 
Central and Eastern Europe and Western Europe in Figure 5-11, Figure 5-12 and Figure 
5-13 respectively. We show the evolution of FTTx broadband penetration along with total 
broadband and non-fibre fixed broadband penetration for Denmark in Figure 5-11. Figure 
5-12 and Figure 5-13 similarly provide the evolution for Slovak Republic and the 
Netherlands. 
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Evolution of FTTx Broadband in Denmark
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Figure 5-11: Evolution of FTTx broadband penetration in Denmark 

 
Evolution of FTTx Broadband in Slovak Republic
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Figure 5-12: Evolution of FTTx broadband penetration in Slovak Republic 
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Evolution of FTTx Broadband in the Netherlands
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Figure 5-13: Evolution of FTTx broadband penetration in the Netherlands 

 
Figure 5-11, Figure 5-12 and Figure 5-13 indicate that 50% of households (i.e. 
approximately 22% penetration) in Slovak Republic will adopt FTTx broadband earlier than 
Denmark and the Netherlands. We acknowledge that there are number of limitations in the 
above forecasts. The forecasts for FTTx broadband penetration for these countries are based 
on the assumption that all non-fibre fixed broadband subscribers will migrate to FTTx 
broadband in near future. But we can reasonably assume that some of the existing broadband 
subscribers may switch over to wireless broadband and in that event the penetration will be 
less than that is forecasted here. However, we can also expect that the reduction in 
penetration due to switchover to wireless may indirectly add few connections if some of the 
mobile access points uses FTTx broadband as their backhaul. In addition, in future some 
people may prefer to take two connections: one for entertainment and another for work or 
business from home. Therefore, it is difficult to provide a measure of certainty on the above 
forecasts. 
 
Given the above limitations we are not in a position to accurately forecast for countries for 
which data is available only for 2-3 years. For those countries we forecast the FTTx 
broadband penetration based on the observed adoption rate in that region. As an example, 
we have data only for 2007, 2008 and 2009 for Germany and therefore we forecast the 
yearly change in penetration based on the rate of adoption as observed in the Netherlands. 
This approach can provide a fairly good forecast compared to average adoption rate or based 
on the available data. In Figure 5-14 we provide the evolution of FTTx broadband 
penetration in Germany according to the adoption rates as observed in the three 
representative countries.  
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Evolution of FTTx Broadband Penetration in Germany
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Figure 5-14: Evolution of FTTx broadband penetration in Germany, shown using adoption rates from 

Denmark, the Netherlands and Slovak Rep. 
 
From Figure 5-14 we can see that 50% of households in Germany will adopt FTTx 
broadband in year 2017-2018 if the rate of adoption is at per with Slovak Republic. We 
strongly believe that this is not realistic given the fact that as on Dec 2009 FTTx broadband 
penetration in Germany was less than 0.5%. We argue that the probable rate of adoption will 
be as per the Netherlands and in that case 50% of households in Germany are expected to 
adopt FTTx broadband in 2025-26.  
 
Considering the similar arguments we forecast evolution of FTTx broadband penetration in 
individual country for which we do not have sufficient data and in Table 5-7 we provide an 
estimate of the time frame by which 50% of households will adopt FTTx broadband in each 
country. 
 

Table 5-7: Total broadband and FTTx broadband diffusion in 25 countries13 
Country Total Broadband 

Penetration at 
Saturation Level 

50% Household 
with FTTx 
Broadband in year 

Hong Kong 29 2014-2015 
Japan 26 2011-2012 
South Korea 32 2010-2011 
USA 31 2022-2023 
Denmark 41 2016-2017 
Finland 30 2027-2028 
Norway 37 2015-2016 
Sweden 37 2015-2016 

                                                 
13 It is estimated that at saturation level less than 50% household will have broadband in Portugal and Romania 
and therefore for these two countries the estimated time is for saturation level penetration. Forecast for 
countries for which sufficient data is not available is done based on average adoption rate in the respective 
regions.     
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Belgium 35 2026-2027 
France 37 2022-2023 
Germany 40 2025-2026 
Italy 22 2023-2024 
The Netherlands 40 2019-2020 
Portugal 18 2019-2020 
Spain 22 2019-2020 
UK  32 2026-2027 
Bulgaria 19 2015-2016 
Czech Rep 21 2015-2016 
Estonia 24 2014-2015 
Hungary 25 2015-2016 
Latvia 22 2015-2016 
Lithuania 22 2015-2016 
Romania 15 2029-2030 
Slovak Rep 22 2015-2016 
Slovenia 30 2013-2014 

 
Table 5-7 indicates that 50% of households in most of the countries in Central and Eastern 
Europe (CEE) and in Nordic region will adopt FTTx broadband by 2015-2016. In contrast, it 
is found that FTTx broadband adoption will be much slower in most countries in Western 
Europe where forecasts indicate that in countries such as Germany, France and the UK 50% 
of households will adopt FTTx broadband only after 2020. It appears that in Europe, 
countries with higher income tend to adopt FTTx broadband at lower rate, which does not 
support the diffusion theory. However, the econometric analysis presented in Chapter 3 
shows that income has no significant impact on the adoption of FTTx broadband. We 
analyse the correlation between the income and FTTx broadband penetration as of Dec 2009 
and we find a very weak correlation between them, with a coefficient of 0.06. From Table 
5-7 we can see that total broadband penetration in Central and Eastern European Countries 
(CEE) is less than that of most countries in Western Europe (WE). The observed high 
demand for FTTx broadband in CEE countries is possibly due to lower availability of 
broadband through xDSL and cable technologies.  

5.3.5 Discussion of the deployment problem 
Figure 5-15 shows the yearly growth ratio in million lines for the German case exemplarily. 
The numbers of lines to be build corresponds with the HH to be connected. There might 
appear some practical deployment problems if the yearly deployment exceeds 2.5 million 
lines according to Deutsche Telekom experts. This might increase the deployment time even 
more. We are not going to evaluate this problem in more detail. But it has to be considered. 
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Figure 5-15 Example: FTTx deployment growth ratio Germany with the Denmark adoption rate 

(yearly). 

5.3.6 Combination of FTTx penetration and user behaviour 
The previously defined access service class related evolution from D2.1 will be applied to 
the general FTTx broadband evolution curve. This will be exemplarily shown with the 
German Fttx penetration evolution.  
 
Figure 5-16 combines the two residential service access classes single and double play and 
shows them together with the multi play evolution within the study period. Based on the 
German household ratio of 2.03 (population: 81,729 million, 30.4.2011 [159]; numbers of 
households 40.3 million [139]). The OECD values related to 100 population have been 
adjusted to the percentage of households.  
The evolution shows the Denmark adoption rate which represents the most conservative 
assumption. But as we have seen in the previous chapter it exceeds in some years even the 
realistic assumption of a maximum deployment of 2.5  3 million lines per year. 
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Figure 5-16: Access service class evolution 

 
As a result the analysis of use cases gave the revenue for access service bundles related to 
single and double play access services as well as some indication for multiplay service 
bundles. This can be applied accordingly. 
 

5.3.7 Conclusions 
We demonstrated that Logistic and Gompertz functions (in their simple forms which are 
widely used for understanding the diffusion of new products and services) cannot provide 
much information on the evolution of FTTx broadband penetration for most countries in 
Europe. There are number of reasons for this, including non availability of adequate past 
data and unpredictable demand. We used a discrete form of the Logistic diffusion function 
and estimated the yearly change in FTTx broadband penetration (i.e. number of subscription 
per 100 populations) for 25 countries under this study. The rate of adoption in each country 
was estimated according to factors that affect both the supply and the demand side of the 
market. The Logistic function was calibrated based on data for the period of 1999-2009. We 
assessed the number of potential adopters with an assumption that at saturation level 90% of 
households will adopt FTTx broadband. We considered that competition will remain at the 
same level and assumed that income (i.e. per capita GDP) will increase at 3% and price will 
decrease at 5% per year. Based on these assumptions we showed that the modified Logistic 
model can reliably forecast the yearly change in FTTx broadband penetration for most of the 

country. 
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In order to improve the accuracy of the forecasts we employed country-specific factors such 
as competition and the existing state of the telecom infrastructure. We re-forecasted the 
yearly change in penetration in two stages: i) in the first stage we forecasted the total 
broadband penetration for the period of 1999-2030; ii) and in the second stage we used the 
forecasted total penetration for estimating the number of potential adopters. Using this two 
stage approach we forecasted the yearly change in FTTx broadband penetration and we 
provided an estimate in the time frame by which 50% of households will adopt FTTx 
broadband in each country. The forecast results indicate that 50% of households in most of 
the countries in Central and Eastern Europe will adopt broadband through FTTx technology 
in 2015-2016. In contrast, we found that the adoption rate in most countries in Western 
Europe is much slower and 50% of households will adopt FTTx broadband only after 2020. 
Our results indicate that less than 80% of households in most of the countries in Europe will 
adopt broadband at the saturation level. Surprisingly, our forecasts indicate a wide gap in the 
adoption of total broadband; in Romania fewer than 50% of households will adopt 
broadband while in contrast Denmark and the Netherlands will have 100% household 
penetration. 
  
We conclude that, barring a few exceptions, most countries in Europe will fail to achieve 
both of the targets set by European Commission [37] which aspire that:(i) all Europeans 
have access to much higher internet speeds of above 30 Mbps; and (ii) 50% or more of 
European households subscribe to internet connections above 100 Mbps.  

5.4 GENERIC REVENUE EVOLUTION  
5.4.1 Revenue from broadband services seems to be static over time 
Despite massive change in the telecommunications industry, as well as the wider economic 
environment, telecommunications revenues are static. In the UK, the total annual 
communications revenue in 2010 amounted to £53.4B, compared to £54.3B in 2000 
(adjusted for inflation) [120]. The change in total revenues of the telecommunications sector 
over time can be seen in Figure 5-17. 
 

 
Figure 5-17: The change in market revenue over time. Source: OfCom [120] 
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In addition, while the total broadband penetration rose by 3%, revenues from fixed voice 
services fell 3% and from fixed internet fell 6% last year. This may be due to increased 
discounting on bundled services, which have become increasingly popular over recent years, 
as 67% of bundle subscribers received a discount on their service in 2011, as opposed to 
60% in Q1 2010.  
 

 
Figure 5-18: The househod spend on communication services [120] 

 
Figure 5-18 shows the change in the average household spend on communications services. 
This is notable for its stability; although overall spending has decreased, the average charge 
for broadband services has merely oscillated around a value close to £10. There is also 
reason for some optimism that this may continue, as there has been no significant change in 
the amount paid as a percentage of the total household expenditure. This indicates that the 
demand for telecommunication services is static, and that the decrease in revenue may 
merely represent the worsening wider economic climate over the timescale shown above. 
 
It is therefore likely that, as the economy recovers, the revenues for operators will increase 
once more, and this should be heartening. However, it is also clear that the charge as a 
percentage of household income has been static for some time, and that this trend is likely to 
continue due to the cognitive bias of anchoring [149]. Increasing the service charge in order 
to cover the cost of the rollout of next-generation fibre networks may therefore prove 
difficult to achieve, unless the service can be sufficiently differentiated from existing 

[3]. 
 

5.4.2 Revenue in absolute numbers 
The previous paragraph argued that the revenues for broadband and Internet subscriptions 
have been quite stable over the last decades. We can therefore assume that revenues for new 
services and applications will be comparable to what the customers currently pay for the 
services on the market today. In this section, we will take a look at two sources of data 
(generic country-wide data gathered from OECD and specific data obtained in the case 
studies described in Chapter 4), compare them and subtract a low-end and a high-end 
monthly revenue fee for three countries: the Netherlands, Sweden and Germany. 
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RESULTS OF OECD MATERIAL  

The first source to be consulted for finding relevant revenue numbers was OECD [117]. We 
focus on the range of broadband prices for a monthly subscription including line charge, as 
we want to compare the prices for the end-customer. The number date from September 2010 
and are in US Dollars, so we used the conversion factor euro-dollar that was in place at that 

[173]).  
 

Table 5-8: Overview of minimum and maximum broadband price for three countries under study 
Country      Max.  broadban   
The  Netherlands   21.42   78.72  
Sweden   16.65   91.02  
Germany   18.28   45.89  

 
RESULTS FROM THE CASE STUDIES 

Secondly, we take the data gathered in the case studies to compare the prices charged for 
broadband subscriptions over the different infrastructures. We see that the high-end price for 
fibre offers is significantly higher than what is charged for a broadband subscription on the 
copper or cable network, but for this price, the customer gets much more bandwidth (see 
also the tables in Chapter 4). 
 

Table 5-9: FTTx monthly revenue potential based on use cases (for broadband subscription) 
 
Case Study 

C   Fibre   
low High low high low high 

Stokab (Stockholm)  16.50 66.34   34.22 39.76   18.16 44.19  
Wilhelm.tel (Norderstedt and Hamburg) 

 29.90 29.90 29.95  34.95  26.45  54.80  
M-Net (Bavaria) 

19,90 39,90 29,90  36,70 34,90 54,80 
Citynet (Amsterdam) 

 25.00 45.00  25.00 50.00  32.95  99.95  
 

COMPARISON AND SUBTRACTION OF AVERAGE LOW-END AND HIGH-END REVENUES 
If we compare the data found in the case studies with the ones published by the OECD, we 
see that they match quite well, when taking into consideration that the case studies only 
focused on specific regions of the countries. 
 
When paying the low-end price, the end-customer will probably get the very basic 
broadband subscription with limited bandwidths (in the range of 1 to 10 Mbps download). 
The high-end price on the other hand, offers a high data volume (quasi-unlimited) and very 
high bandwidths (50 Mbps and more symmetrical). 
 
Based on the argument that revenues for broadband subscriptions remain stable over time, 
we can subtract two classes of future revenues: one for the low-end and one for the high-end 
subscriptions, where the price will be determined as the average price found in our sources. 
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We define the low-end revenues as the revenues that end-customers will pay for the double 
play services (see also Table 5-3) and the high-end revenues as what the operator can charge 
the customer for high bandwidth multi play services. The average prices are summarized in 
Table 5-10. 
 

Table 5-10: Average revenue for low-end double play and high end multi-play 
Country   Average  Revenue  low-‐    Average  revenue  high-‐   
The  Netherlands   26.09 68.42 
Sweden   21.38 60.33 
Germany   27.04 42.42 
Total  average   24.84 57.05 

 
These are the charges that will be used as a reference for the techno-economic calculations 
(revenues for PIP, NP and SP) to be performed in Task 6.3. 

5.4.3 Conclusion 
In this section several observations have been made considering the generic revenue 
evolution for FTTH observed within Europe. First, it was argued that the revenue for 
broadband services seems to be static over time, as illustrated by OFCOM findings [120]. 
We can therefore assume that revenues for new services and applications will be comparable 
to what customer pay for current services. Secondly, we compared absolute revenues for 
high-end and low-end broadband services, based on OECD data [117] as well as on our own 
findings from the case studies (Chapter 4). The average revenue for low-end services in the 
considered countries was found to be 24.84 euro, the average revenue for high-end services 
57.05 euro. 

5.5 FTTH REVENUE SCENARIOS 
This chapter will define FTTH revenue scenarios based on different levels of competition. 
We will integrate all the previously analysed revenue related building blocks. We will take 
into account both inter-platform competition (from other broadband technologies) as intra-
platform competition (between different FTTH initiatives). One intention is to show that 
FTTx is going to be introduced in a highly saturated broadband market. The analysis will 
focus on extreme scenarios to show the effects of competition on potential revenues. Based 

Sweden.  
 
The quantitative scenarios defined below will give some indication of the country wide total 
revenue potential for the different cases as one input for the task 6.3 which will define the 
share and payment direction between the business actors within the value chain. 

5.5.1 Inter-platform Competition 
Inter-platform competition can be defined as technology competition as such. The main 
competitive technologies for FTTH can be wire line or wireless based once. It can be all 
kind of hybrid fibre copper solutions as FTTC and FTTB in combination with xDSL were x 
stands for all DSL flavours like A, S or V which are standardised in ITU-G.99x standards 
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[73]. In addition all kind of Hybrid Fibre Coax (HFC) technologies standardised at 
ANSI/SCTE [137]  
 
The wireless competitive technologies are for instance WiMax with a series of Wireless 
Broadband standards authored by the Institute of Electrical and Electronics Engineers 
(IEEE802.16) [71]. Other wireless competitive technologies are UMTS, LTE, LTE 
advanced to name only some which are standardised in 3GPP specifications. The term 
"3GPP specification" covers all GSM (including GPRS and EDGE), W-CDMA and LTE 
(including LTE-Advanced) specifications [176]. 
 
According to market data from OECD, current xDSL coverage is about 88% related to the 
population [116]. The same report outlines that the average coverage for broadband cable is 
about 60%, but this differs across countries in Europe and not all cable networks are 
upgraded so far. In addition mobile, wireless and satellite networks are present today with 
coverage of 80%.  
 
Within Europe the fixed broadband market is already close to saturation values. Table 5-11 
shows the actual population and household values of the three Countries in focus for this 
chapter ([38],[106],[118],[139],[150],[159],[160]). In addition for Germany one forecast for 
the wireless only broadband market is given from an ovum source [124]. 
 

Table 5-11: Market share [%] of different broadband technologies per Country 

  Pop. 
[Mill] 

No. HH 
[Mill] 

Percentage of HH 2011 total fixed 
Broadband 
Saturation 
estimate 
OASE 

2015 

Cable DSL Fibre 
Total 

fixed BB 
Wireless 

only  
Netherland's 16,7 7,26 34,0% 50,6% 2,7% 87,3% 92,0%   
Germany 81,7 40,30 12,0% 54,0% 0,1% 66,1% 81,1% 13,0% 
Sweden 9,4 4,95 12,2% 33,3% 15,0% 60,5% 70,3%   

         

       

Ovum forecast 
Germany for 2015 

 
Looking at OECD and other sources ([160],[118]), there are several countries where there is 
significant inter-platform competition from both DSL and cable networks. Both DSL and 
cable have a market share of more than 50% in Austria, Belgium, Canada, Denmark, 
Germany, Hungary, Korea, Luxemburg, Netherlands, Portugal, Spain, Switzerland, United 
States. In order countries cable is less significant (less than 50% market share) whereas DSL 
still has over 50% market share: Australia, Czech Republic, Finland, France, Greece, 
Iceland, Ireland, Italy, Japan, Mexico, New Zealand, Norway, Poland, Slovak Republic, 
Sweden, United Kingdom. Only a single OECD country (Turkey) has no important 
competition from DSL or cable. This shows that for all European countries there is a strong 
inter-platform competition, when considered on a national level. 
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When we consider smaller geographical areas (cities or regions) the situation could be 
different. Probably there are some (potentially rural) areas where no fixed network is in 
place and a potential fibre-based network would not face any inter-platform competition. 
However, when re-considering the case studies from Chapter 4 we notice considerable inter-
platform competition in all cases. Next to the fibre-based network, also DSL and cable 
networks are present. We have to add one remark to this observation: we only investigated 
urban region and large-scale deployments in more detail, we did not focus on rural cases. In 
rural regions, the incentive to deploy a fibre network is mostly because of bad condition or 
non-availability of other broadband networks (Table 4-1). This should be kept in mind in the 
remainder of the study. 
 

Table 5-12: Inter- platform competition within use cases 
 Inter-platform competition 

Stokab (Stockholm) - DSL: Telia 
- Cable: Cornhem 
- Fibre: Stokab 

Wilhelm.tel 
(Norderstedt and 
Hamburg) 

- DSL: DT  
- Cable: Kabel Deutschland 
- Fibre: Wilhem.tel (Norderstedt),  

Hansenet (Hamburg) 
- LTE: Vodafone 

M-Net (Bavaria) - DSL: DT 
- Cable: CableDeutschland 
- Fibre: M-Net 

Citynet (Amsterdam) - DSL: KPN 
- Cable: UPC 
- Fibre: Citynet 

 
Based on the above observations in the above two tables inter-platform competition (by DSL 
or possibly both DSL and cable) is widespread. For instance the market share varies from 
7% (M-Net, Bavaria) to 90% (Wilhelm.tel, Norderstedt) within the analysed use cases.  
 
In the revenue scenarios later on in this chapter, we model this wide range of inter-
platform competition levels by two extreme cases: either the DSL and cable players 
keep their market shares and the FTTH player is taking only the new customers, or the 
DSL and cable players lose their market share completely to the FTTH player. In all 
cases we assume that the market share for the wireless player is stable. 

5.5.2 Intra-platform Competition 
Intra-platform competition is defined as competition between different FTTx initiatives. It is 
clear that evolution is expected here in the future.  
 
Comparing in detail the situation of today with the announcements, again a mixed view can 
be found. Most incumbents in large European countries have connected only few households 
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with fibre. BT wants to connect 2.5 Mio homes by 2012 ([27],[158]a)) Deutsche Telekom 
announced 4 Mio homes ([158]a),[86]) for the same time frame and Telecom Italia 13% of 
the households FTTx in 2013 and 15% FTTH in long term [90], just to name some of the 
plans. In addition a number of smaller players will start to deploy own networks, but 
numbers are so far relatively small compared with the total population [136]. While 
extrapolating these announcements to the 2015 or 2020 time frame (under the assumption 
that the targets will by accomplished), it can be assumed that 20-30% of all households will 
be covered by fibre in 2015 and 30-50% in 2020. Political interest and regulation details 
some plans for coverage and this might increase the deployment speed [11]. 
 
Within the case study chapter several European competition situations were identified. In 
general intra-platform competition can take place at all layers that are defined within the 
value chain (see D6.1 [115]). The competition on physical infrastructure level can be mainly 
found in dense urban and urban situations and around the connectivity of business parks for 
example. The competition on network provider level can be seen for example in Sweden in 
the Stokab case (Section 4.2.2), and in the Netherlands in the Amsterdam case (Section 
4.5.2). Of course the service provider level will have the highest competition in general. 
 
Considering intra-platform competition all cases allow or stimulate competition on the NP 
and the SP layer, as clearly shown for Stokab and Wilhelm.tel. For the Amsterdam Citynet 
case there was only a single NP till 2009, but since then also there we see competition on NP 
layer (next to the SP layer competition that was there also before). M-Net in Bavaria is the 
only case where we see some competition on the PIP layer, more specifically for the 
business customers where LEW TelNet is competing m-net in this segment. 
 

Table 5-13: Intra- platform competition within use cases 
 Intra-platform 

Stokab (Stockholm) 
PIP  

Wilhelm.tel 
(Norderstedt and 
Hamburg) 

Competition on NP and SP 
level 

M-Net (Bavaria) Competition on PIP level for 
business customers 
(competitor is Telnet) 

Citynet (Amsterdam) Competition on NP level 
only since 2009 (competitor 
is KPN) 

Competition on SP level 

 
We see from the observed cases that intra-platform competition is almost on-existing on PIP 
level, whereas it is most common on NP and SP level. 
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In the revenue scenarios later on in this chapter, we will consider the presence of a single 
PIP in all cases. Furthermore, we will differentiate between the cases of a single NP on top 
of that versus 2 different NPs on top of that (in the same geographic region). More seems 
unrealistic. Furthermore, we assume multiple SPs in all scenarios anyhow.  
 
Another observation is that in all cases only one physical network operator is active 
within a limited area. Therefore we assume only one PIP in case of fibre access 
network in our scenarios as well. 
 

5.5.3 Generic revenue scenario assumptions 
Based on the discussions above we define basically 4 revenue scenarios, based on all 
combinations between high and low inter-platform competition and high and low intra-
platform competition.  

1. Low competition from other technologies, low intra-platform competition 
This is the reference scenario in order to identify the maximal revenue potential. 
Even within this scenario the wireless broadband only penetration will be 
excluded. It is highly optimistic since DSL is almost everywhere available in 
Europe. But it might be possible in cases where fibre could substitute from the 
beginning all other fixed technologies. 

2. Low competition from other technologies, high intra-platform competition 
Once the fibre infrastructure is deployed the market entry barrier for additional 

assumed here. 
3. High competition from other technologies, low intra-platform competition 

The impact of alternative technologies will be analysed. The proposition is even 
in 2030 several access technologies are competing with each other. This 
heterogeneous situation leads to much less revenue potential that can be expected 
by one player. 

4. High competition from other technologies, high intra-platform competition 
The real situation comes in place.  

 
Based on the basic scenario definitions the following table shows staring from today values 
the potential market share for a next generation optical network based market player 
targeting the whole country. The scenarios contain the two lower value chain layers: 
Physical infrastructure provider (PIP) and Network Provider (NP). The resulting market 
share relates to the total number of households within each country.  
The green cells contain actual values that have been taken from statistics (Table 5-11). The 
orange cells are the estimated saturation levels from OASE (Table 5-7). The one highlighted 
in yellow comes from an Ovum forecast from 2010 [124]. 
 
Table 5-14: Scenario competition range related to the total households in each focus country today and 

in 2030 

Scenario 
2011 2030 

Cable DSL 
Wireless 

only  Fibre Cable DSL 
Wireless 

only  Fibre 
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Netherland's 34,0% 50,6% 10,0% 2,7%   

1 
one PIP / one 
NP 0,0% 0,0% 

10,0% 

87,3% 0,0% 0,0% 

10,0% 

92,0% 

2 
one PIP / one 
out of 2 NP 0,0% 0,0% 29,1% 0,0% 0,0% 46,0% 

3 
one PIP / one 
NP 34,0% 50,6% 2,7% 40,0% 10,0% 42,0% 

4 
one PIP / one 
out of 2 NP 34,0% 50,6% 1,4% 40,0% 10,0% 21,0% 

Germany 12,0% 54,0% 13,0% 0,1%   

1 
one PIP / one 
NP 0,0% 0,0% 

13,0% 

66,1% 0,0% 0,0% 

19,0% 

81,1% 

2 
one PIP / one 
out of 2 NP 0,0% 0,0% 33,1% 0,0% 0,0% 40,6% 

3 
one PIP / one 
NP 12,0% 54,0% 0,1% 15,0% 15,0% 51,1% 

4 
one PIP / one 
out of 2 NP 12,0% 54,0% 0,05% 15,0% 15,0% 25,6% 

Sweden 12,2% 33,3% 15,0% 15,0%   

1 
one PIP / one 
NP 0,0% 0,0% 

15,0% 

60,5% 0,0% 0,0% 

20,0% 

70,3% 

2 
one out of 2 
NP 0,0% 0,0% 15,1% 0,0% 0,0% 35,2% 

3 
one PIP / one 
NP 12,2% 33,3% 15,0% 15,0% 10,0% 45,3% 

4 
one PIP / one 
out of 2 NP 12,2% 33,3% 7,5% 15,0% 10,0% 22,7% 

          
    

  actual values from statistics 
 

    
  Ovum forecast Germany for 2015 

 
    

  OASE estimated saturations 
  

All not highlighted cells represent either the scenario related assumptions in case of zero 
values or the expert opinion for all values in 2030. The objective of these scenarios is to 
indicate the effect of competition on potential market share and the related total revenues. Of 
course the forecast for 2030 is rather uncertain but based on expert opinion we have tried to 
formulate some basis assumptions which are:  
 

 Cable networks will keep their market share from today and will slightly increase 
(example Netherlands: 40%). 

 DSL based networks will survive but decrease substantially (example Germany: down 
to 15%). 
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 The wireless only broadband market share will be stable in case of Netherlands since 
the saturation is already reached in 2011, and will growth for Germany and Sweden). 

5.5.4 Examples on revenue scenario results on a country level 
Note that within this chapter the revenue potentials will be calculated only on a country wide 
level. The authors are aware of the necessity of a more regional areas based analysis but the 
target here is to develop and introduce the methodology and pave the way with the overall 
potential as a first step into the more detailed analysis which will be performed within the 
del. 6.3.  
Nevertheless especially the scenarios 1 and 4 are of major interest even on a Country wide 
level. Scenario 1 represents in this case the total fixed BB revenue share per Country on a 
monthly base for 2011 and 2030. Scenario 4 gives the more real situation values assuming 
one Physical Infrastructure Provider (PIP) and one out of two Network Provider (NP) (Table 
5-15).  
 

Table 5-15: FTTx PIP  
(Scenario 1: represents the total fixed BB revenue share)  

(number of households x market share x distribution factor x average revenue) 

Scenarios Country 

Fibre 2011 Fibre 2030 
single & 
double 

play 
products 

multi-
play 

products 
Total 

single & 
double 

play 
products 

multi-
play 

products 
Total 

Low 
competition 
from other 
technologies, 
low intra-
platform 
competition 

one 
PIP / 
one 
NP 

Netherlands   146,9 48,3 195,2 62,2 293,7 356,0 

Germany   640,1 125,8 765,9 315,7 891,2 1.206,9 

Sweden   56,9 20,1 77,0 26,6 134,9 161,5 

High 
competition 
from other 
technologies, 
high intra-
platform 
competition 

one 
PIP / 
one 
out 
of 2 
NP 

Netherlands   2,3 0,7 3,0 14,2 67,1 81,3 

Germany   0,5 0,1 0,6 99,5 280,8 380,2 

Sweden   7,1 2,5 9,5 8,6 43,5 52,0 

 
The next step for the Task 6.3 will be the application of this methodology to the OASE areas 
in order to get the more regional view and related number of customers. 
 

5.5.5 Conclusions 
In this section we have defined actual FTTH revenue scenarios based on different levels of 
competition. We observed a wide range of inter-platform competition (from xDSL, cable 
and wireless networks) on a country as well as case study level for the Netherlands, 
Germany and Sweden, which is modelled by two extreme cases: either the DSL and cable 
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players keep their market shares and the FTTH player is taking only the new customers, or 
the DSL and cable players lose their market share completely to the FTTH player. 
Observing inter-platform competition (between different FTTH networks) learns that there is 
only a single physical infrastructure provider (PIP) active in all cases. Therefore, this 
assumption is also made in our revenue scenarios.  

5.6 CONCLUSION 
This chapter defines revenue scenarios in the timeframe 2011-2030, by combining insights 
in FTTH adoption and potential from different fronts.  
 
We have performed a survey within the OASE consortium in order to identify the services 
which can have most impact on the uptake of FTTx broadband. High definition video 
conferencing and online face to face healthcare services (i.e. interactive telemedicine) came 
out first.  
 
We forecasted the yearly change in FTTx broadband penetration and we provided an 
estimate in the time frame by which 50% of households will adopt FTTx broadband in each 
country. The forecast results indicate that 50% of households in most of the countries in 
Central and Eastern Europe will adopt broadband through FTTx technology in 2015-2016. 
In contrast, we found that the adoption rate in most countries in Western Europe is much 
slower and 50% of households will adopt FTTx broadband only after 2020. We conclude 
that, barring a few exceptions, most countries in Europe will fail to achieve both of the 
targets set by European Commission [37] which aspire that:(i) all Europeans have access to 
much higher internet speeds of above 30 Mbps; and (ii) 50% or more of European 
households subscribe to internet connections above 100 Mbps.  
 
We also investigated the potential revenues to be obtained based on this FTTH penetration 
evolution. Several observations have been made considering the generic revenue evolution 
for FTTH within Europe. First, it was argued that the revenue for broadband services seems 
to be static over time, as illustrated by OFCOM findings [120]. We can therefore assume 
that revenues for new services and applications will be comparable to what customer pay for 
current services. Secondly, we compared absolute revenues for high-end and low-end 
broadband services, based on OECD data [117] as well as on our own findings from the case 
studies (Chapter 4). The average revenue for low-end services in the considered countries 
was found to be 24.84 euro, the average revenue for high-end services 57.05 euro. 
 
Finally, we have defined actual FTTH revenue scenarios based on different levels of 
competition. We observed a wide range of inter-platform competition (from xDSL, cable 
and wireless networks) on a country as well as case study level for the Netherlands, 
Germany and Sweden, which is modelled by two extreme cases: either the DSL and cable 
players keep their market shares and the FTTH player is taking only the new customers, or 
the DSL and cable players lose their market share completely to the FTTH player. 
Observing inter-platform competition (between different FTTH networks) learns that there is 
only a single physical infrastructure provider (PIP) active in all cases. Therefore, this 
assumption is also made in our revenue scenarios.  



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  132  of  151  

  
 
 
 

 
The chapter results support and provide input for the quantitative TCO calculations within 
WP5. It is now possible to utilise these results in conjunction with other work in WP5 and 
WP6 in order to provide a useful estimate of the revenue that may be expected from a given 
scenario. For example, we can combine the German penetration evolution with the rate of 
adoption of Denmark (based on the results of the adoption modelling), giving us an 
indication in the change in subscribers over time. This can be coupled with the work on the 
service area definitions in WP5 (for example, utilising the model of a dense urban area) to 
provide an absolute value of the demand at any given time. This may then be combined with 
the above models of revenue (based on the services identified by the market survey) in order 
to obtain an estimate of the revenue expected from such a service area, which covers 15,600 
households. As an example, revenue potential for single, double and multi-play services in 
such a scenario are given in Figure 5-19.  
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Figure 5-19: Revenue Potential (monthly) for OASE access area and German penetration evolution case 
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6. Review the architecture 
The case studies presented in Chapter 4 have identified a number of situations in which there 
is significant cooperation in the deployment of the (otherwise expensive) network 
architectures needed to support FTTH networks. These have shown a variety of different 
scenarios, from ones which utilise completely parallel network architectures over shared 
fibre infrastructures (provided either by municipalities, municipality-owned companies or by 
private companies) to ones which employ bitstream access over a shared network 
architecture. Given such a diversity of rollout scenarios, it is vital that the network 
technologies being studied (from a technical perspective) in other areas of the OASE project 
be capable of supporting them. The purpose of this chapter is to identify the technologies 
and detail how they support cooperation models and open access.  
 
Four candidate NGOA architectures have been identified within OASE, i.e. WDM-PON, 
hybrid WDM/TDM PON, two-stage WDM-PON and next-generation AON (see D3.1 
[114]). Each architecture is enabled by several different systems / system configurations 
providing alternative performance characteristics. Information about these architectures, 
including a general overview, can be found within Appendix B.  
 
In this chapter each of the proposed NGOA architectures are evaluated with respect to the 
business and regulatory requirements posed in D2.1 (Table 6-1). In particular we examine 
the architecture support for different business models based on potential open access and co-
operation interfaces. Further discussions on feasibility of different business models in 
different architectures from a business perspective are left for further investigation in the 
upcoming Deliverable D6.3.  
 

Table 6-1: Business and regulatory requirements for NGOA [113] 
Co-operation  Requirements: 

- Support of co-operation network interconnection and open access 
enabling interoperability across different carrier networks. 

- -
interface: Connectivity & Forwarding, QoS, Multicast, Security, 
AAA & Auto-configuration, CPE control, Management & OAM. 

Regulation  Requirements: 
- Regulation decisions have to be fulfilled. 
- Regulation is focused on the actors and their market position. 

 
Remedies can include:  

- price control, including cost orientation  limiting wholesale 
pricing to the cost of maintaining the access network  

- transparency  the basis of wholesale pricing must be made public  
- accounting separation  
- non-discrimination  wholesale prices not dependent on purchase 

volume  
- mandatory access to specific facilities  typically access to the 
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central office  
- mandatory provision of specific facilities  e.g. power in the central 

office 
 

6.1 BUSINESS MODELS 
The case studies have indicated a number of different open access models, but it is by no 
means exhaustive. Open access / unbundling can be achieved at many different network 
layers. Note that strictly speaking, unbundling refers to opening the interface between the 
PIP and NP and open access to opening the interface between the NP and SP. In this 
deliverable, however, the term open access is often used to refer to opening the network at 
any layer. 

 Fibre unbundling means that different parallel fibres are available in the same cable / 
trench infrastructure, and that each NP therefore has at least one dedicated fibre to 
reach its customers. In order to support fibre open access, there must be sufficient 
spare fibre deployed, and there must exist a PIP (or vertically integrated NP + PIP) 
that is willing and able to allow access to its fibre network. Note that a multi fibre 
infrastructure is needed if you have two NPs competing in the same geographical 
area. 

 Wavelength unbundling / open access means that every NP / SP has access to one or 
more dedicated wavelengths to reach the customers. Note that the mapping between 
customers and the wavelengths required to reach them is dependent on the 
architectural design. For wavelength open access, multiple or tuneable transceivers 
are required to allow a user to connect to multiple SPs simultaneously. 

 Bitstream open access means that every service provider can access the customers on 
layer 2 (MPLS, Ethernet or even TDMA) or 3 (IP). 

 
The model employed by Stokab, which allows multiple providers to access a fibre-rich 
physical infrastructure provider, allows for simple open access through operators 
maintaining parallel fibre networks (open access at fibre level). This enables a high degree 
of freedom when choosing the network technology to deploy, but does imply that there will 
be a replication of manpower and equipment which may increase costs. At the other end of 
this spectrum, many service providers may be able to offer services to customers by renting 
switching capacity from a provider with an installed Ethernet switch (open access at 
bitstream level). This has its advantages in a fibre-poor scenario, but it does curtail the 

-level transmission 
parameters.  
 
Therefore, in addition to physical support (in terms of available interfaces) for the various 
open-access models, other considerations are important for the different business models to 
be viable. One such issue concerns isolation. Another issue concerns impact on CapEx and 
OpEx of different co-operation models and different degrees of infrastructure sharing. Table 
6-2 shows various pros and cons with the general open access models.  
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Table 6-2: Pros and cons of different open access models 
Open Access Level Advantages/Disadvantages 

Fibre 
 

+ Simple   
+ Needs to be technology agnostic  future proof 
+  
+ Good isolation of traffic between users and between 

operators gives excellent security and control 
+ Allows multiple NPs. 
+ Allows the ultimate level of choice of network technology 

employed.  
+ Allows the ultimate level of control over low-level channel 

parameters.  
- Needs to be technology agnostic  higher costs 
- Large foot print  to allow for multiple SPs 
- The high isolation of traffic makes it more difficult to 

employ caching  such caches must be duplicated 
- Lack of sharing will mean this is costly from an energy 

efficiency perspective.  
Wavelength 
  

+ Fairly simple, depending on technology. 
+ Less isolation, depending on technology.  
+ Well suited for fibre poor scenarios 
+ Allows for multiple NPs, although the issue of ownership of 

the passive optical devices is currently under discussion 
between WP3 and WP5.  

+ Quite inflexible  harder NP migration for the customers in 
most architectures (providers) 

- Quite inflexible  harder NP migration for the customers in 
most architectures (end-user) 

- None technology agnostic fibre infrastructure  the PIP owns 
AWGs and power splitters. This will constrain the choice of 
technology available to new market entrants.  

- Isolation issues (at a provider level) will prevent caching and 
local traffic optimisation. 

- Isolation issues (at a provider level) may mean that fault 
identification becomes difficult. Who is to blame for the 
fault? 

- In order to avoid problems (such as optical cross-talk), 
constraints may be placed on the acceptable values of the 
low-level parameters (such as optical power). This limits the 
flexibility.  

Bitstream 
 

+ Mainly a single NP model - high infrastructural sharing 
effects since it includes all PCPs and layers. For example, 
high-capacity energy-efficient switches may be employed.  

+ Caching and traffic locality optimisations may be employed.  
+ Dynamic service models  bit streaming, i.e. easy 
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introduction of new services to all customers 
+ Higher competition on the service level (end-user).  
+ Simplified administration and management. No problems 

arise from the co-  
- Low level control and monitoring for the SP is lacking, i.e. 

 
- Lack of control over the lower level parameters may prevent 

them from offering QoS or similar service differentiation 
techniques.  

- Security  isolation between service providers. 
- Commonly a single NP solution, i.e. not so open on that 

level. 
- Low competition on the service level (provider) 
- There is no possibility to choose a different network 

technology or architecture to the one provided by the NP.  
 

6.2 CO-OPERATION AND OPEN ACCESS SUPPORT 
In this section, the different open access models (see Table 6-2) are analyzed in detail for 
each architecture in WP3. Figure 6-1 shows a simplified version of the OASE network 
reference model, with the possible layers for opening the network at the wavelength layer 
and above, and the PCP locations for the various interfaces. The location of these interfaces 
constricts the business models that are supported by each architecture. The considered 
interfaces are: 
 

 Service Provider (SP) interface [blue arrow] 
 Service Provider - the entity in an open access model that wants to offer 

services to the end-user, e.g. IPTV, Internet access 
 Main direction is towards the end-user (in PCP1) 

 
 Backhauling interface [red arrow] 

 E.g. for a mobile operator that wants to backhaul traffic from its base stations 
over the open access network/infrastructure  

 Main direction is towards the core (in PCP7) 
 

 Residential users [yellow arrow] 
 The end-customer that physically connects to a network provider and 

logically connects to a service provider to access services 
 Main direction is towards the core (in PCP7) 

 
As open access at the fibre level is depending on the fibre deployment (e.g. fibre-rich vs. 
fibre-poor) and independent of the chosen architecture, this type of open access is not 
considered in this section. Open access at the fibre level will be elaborated in D6.3. 
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Figure 6-1: Network reference model with potential interfaces 

 

6.2.1 WDM-PON architecture 
In low-cost implementations of WDM-PON, open access is limited to bitstream open access 
on Layer-2 or above (Ethernet, MPLS, IP), see Figure 6-2. On Layer-2, access is possible 
without additional restrictions. Access to individual wavelengths (Layer-1) at the OLT is 
complicated and costly. It is possible, with the related hardware effort and cost impact, to 
add and drop individual wavelengths at the OLT and to replace them with individual 
services. On a large scale, this is regarded inefficient with regard to cost. For UDWDM-
PON, access to individual wavelengths at the OLT will be extremely complicated and costly 
due to the ultra-densely spaced nature of the channels. Hence, replacing individual channels 
for example with higher bit rates is regarded (commercially) impossible. Since uplink is 
standards-based, WDM-PON (like every other solution) is able to interoperate with any 
relevant equipment. The same is true in general for the related management systems and an 
optional control plane. 
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Figure 6-2: Potential co-operation interfaces within the WDM -PON architecture 

 

6.2.2 Hybrid WDM/TDM-PON architecture 
In essence, a hybrid WDM/TDM-PON corresponds to multiple TDM-PONs multiplexed 
over WDM. On Layer-1, open access is possible at the wavelength layer, in the same way as 
for WDM-PON (cf. Section 6.2.1, Figure 6-2). Besides bitstream open access at the 
Ethernet, MPLS and IP layer, it should also be possible to open the network at the TDMA 
MAC layer by assigning different time slots to different SPs. However, bitstream open 
access at the TDMA layer has some important constraints, as it has to be controlled by one 
entity, which will be the NP in this case. Note that opening/unbundling the network at the 
TDMA layer for multiple NPs will not be possible. In Figure 6-3, open access at the TDMA 
MAC layer is indicated as possible, but less likely. 
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Figure 6-3: Potential co-operation interfaces within hybrid WDM/TDM -PON 
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6.2.3 Two-Stage WDM-PON architecture 
Access can potentially take place in the backhaul OLT or the active RN. In the backhaul, 
access to individual wavelengths (carrying 10 Gb/s each or more) is simple and (unlike the 
other WDM-PONs) is seen as a viable option. This is enabled by the use of individual 
interfaces (XFPs) in our model. Should integrated multi-channel arrays be used, the 
problems mentioned in the (UD)WDM-PON sections apply. Alternatively, access is possible 
in the backhaul OLT on Layer-
For the access part, the characteristics of the individual solutions (WDM-PON, G-PON, 
Ethernet P2P) apply. This means, access can be provided on Layer-2, mainly. Similar 
considerations apply for cooperation. In particular, the backhaul OLT shall in no way differ 
from any other systems / network elements as used in backhaul and WDM transport 
networks. 
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Figure 6-4: Potential co-operation interfaces in the two-stage WDM-PON architecture 

 

6.2.4 Next-Generation AON architecture 
In NG AON (active star and home run) the main focus is on a single NP over a fibre 
solution, i.e. not unbundling on the wavelength level. This does not exclude fibre 
unbundling (not included in Figure 6-5) and therefore allows for multiple NPs on parallel 
fibre strands and sharing on the site level. A NG AON open access platform can be accessed 
on multiple layers and multiple geographical locations from PCP2 to PCP5 or PCP6 (pure 
open access) or up to PCP7 (open access and aggregation/metro), see Figure 6-5. A point-to-
point (home run) scenario on Layer-2 Ethernet can also be created utilizing P2P wavelengths 
through a WDM PON system (for open access implications in this scenario see Figure 6-5). 
In order to meet WP2 requirements it is assumed that an active remote node is utilizing the 
WDM dimension when connecting to the main access node. This can be realized via P2P 
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WDM links, WDM PON, or a WDM ring. Each flavour can realize different resilience 
scenarios. 
 
Since the focus is mainly on bitstream open access at the logical layers (Ethernet, MPLS, 
IP), the goal is to create a working end-to-end architecture. The main challenge is to meet 
the isolation needs of the logical layers. Virtualization techniques will be investigated in 
order to achieve this, and the belief is that this architecture will give the possibility of having 
an open access NP to pure SP and/or open access NP to vertical NP/SP interfaces that allows 
for differentiated control and manageability of the open access infrastructure to the customer 
SP or NP/SP.  
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Figure 6-5: Potential co-operation interfaces in NG-AON 

6.3 CONCLUSION 
From the case studies it is clear that the technologies to be employed in next-generation 
optical access networks should be able to function within cooperative or open access 
environments. Within this chapter we have detailed some advantages and disadvantages to 
such mechanisms (for example the effect on energy efficiency and the curtailing of provider 
technology choices at higher-level open access systems), and presented information about 
the capabilities of the network architectures selected in WP3.  
 
The four network architectures under study all support varying degrees of open access, and 
with varying levels of additional cost and sophistication. There is, therefore, significant 
ability to tailor solutions to the cooperative and open access needs of network operators 
which may be identified in later business modelling. 
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7. Conclusion 
This document has covered a large amount of methodological approaches (from 
econometrics, to market surveys, to case studies) and has presented a large quantity of data.  

7.1 DEMAND 
Our attempts to identify drivers and barriers for FTTx have been confounding. As has been 
presented, there is little consensus in the literature about the importance of such simple 
variables as competition within the broadband market on the adoption rate of FTTx. Our 
own analysis has provided some indications, but we would caution that these are based on a 
very small data sample. This is natural; FTTx deployment is new in most countries and 
therefore there is little data in existence. There is even less data that is publicly accessible, 
and most of what exists is provided by network operators who may have their own bias (for 
example, the difference between reporting homes passed and subscriptions). This is natural. 
Within this document, we have performed the types of analyses that a new entrant to a 
market place would make in order to judge its profitability as a business venture. 
Availability of such information would allow competitors to make assessments of market 
demands and revenues and therefore enter into competition.  
 
Our research has nevertheless given some indications, and none so strongly as the effect of 
the price of the service on the demand for it. To any student of economics, this should be 
obvious. But to a potential telecommunications operator, it means that the proposition of 
deploying FTTH teeters on a knife edge: the deployment will be costly, requiring that the 
costs be recouped from the customer charges. However, customers are very sensitive to 
these charges, so to charge too much is to risk that the entire deployment will fail. 
 
It is an inescapable conclusion that, at the current time, there is little to no demand for FTTx. 
This is reflected in the poor state of FTTx availability in most European markets. It is 
reflected in the literature, where it has been noted that there is no demand for FTTx [75], 
that there are few services which currently receive added value when delivered over FTTx 
[66], that the benefits of FTTx are marginal and not visible to most customers [64], and that 
customer inertia is significant, reducing the likelihood that they will upgrade [78]. It is also 
reflected in our own simultaneous-equations analysis which indicates that FTTx has little-to-
no effect on GDP, indicating that it adds little value currently.  
 
That is not to say that the market is not evolving, that consumer download volumes do not 
continue to grow year-on-year, and that as services are developed and mature, the benefits of 
FTTx will not become more concrete. Through adoption modelling, we have provided some 
indicators of the saturation points (based on the forecast of current total broadband 
penetration) and adoption rates for the European countries. In some cases, such as Germany, 
there is too little data to allow for an analysis and we have highlighted an unrealistic 
deployment scenario (with an adoption rate equal to the Slovak republic) and what we 
consider to be a reasonable expectation of the uptake (based on the adoption rates of 
Denmark and the Netherlands).  
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The market survey that has been carried out has given some indications of the services 
which will drive adoption of FTTx, and at such a point the added value to the customer of a 
fibre connection may be monetized. These services also feature within the sections dealing 
with revenue evaluation, and demonstrate the linkage between these two disparate research 
areas into a cohesive understanding of revenues, which may lead to an understanding of 
profitability. 

7.2 CASE STUDIES 
There is a significant amount of fascinating analysis that simply cannot be performed with 
the country-level data which is available to us. However, the use of case studies allows for a 
much more in-depth look at a number of different factors in a limited geographical area.  
 
Within this deliverable a large volume of data about a variety of disparate scenarios has been 
presented. They are notable for their geographic, sociological, and technological diversity. 
However, on closer analysis, it is clear that all the scenarios presented show a high degree of 
open access and/or cooperation between the various providers in the area in order to 
facilitate FTTx service provision.  
 
This commonality should help to underline the importance of support for open access and 
cooperative deployment scenarios from the architectures under study, and explains the 
particular focus on this area in the architectural assessment performed later in Chapter 6. 

7.3 REVENUES 
While customers have been subscribing to FTTx connections (and then been analysed by our 
research above) the very services and the revenues therefrom have been evolving as well.  
 
We have presented an overview of the state of revenues within the telecommunications 
market highlighting the variations in fixed telecom service revenues from different European 
countries.  
 
A model for the migration of customers from single to dual to multi-play service bundles 
(the latter of which includes voice, video and data in a single package) has been shown, and 
some initial work has been undertaken to tie this into the modelling of adoption above in 
order to estimate the number of customers that are subscribing to one package at any given 
time. This then allows for an analysis of the revenues gained, and this will obviously have a 
direct impact on the profitability of any business venture, and allow for the planning of 
various expenses and capital loan repayments. This information will be invaluable in future 
work.  
 
It is interesting to note that the average monthly spend on telecommunications services has 
remained flat (or slightly decreasing) for a number of years. It is, at present, unclear whether 
this trend is likely to continue or whether the availability of FTTx will add sufficient value 
to free revenues from this general stagnation.  
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7.4 UNCERTAINTY 
Outside of the lack of clear demand for FTTx connections, coupled with the dearth of 
services expected to benefit from them, another problem has lurked which, while beyond the 
immediate scope of our investigation, is nevertheless of vital importance and incalculable 
magnitude and cannot be ignored. 
 
The global economic issues with the financial system, which came to light in late 2007, are 
still reverberating today and, rather than abating, show signs of worsening. The liquidity 
shortfall has had dramatic effects on lending, and this will naturally affect the ability of 
telecommunications companies to secure the large amounts of capital required for the rollout 
of next-generation broadband networks. In addition, the recessions (with associated job loss 
and wage freezes) caused by this financial crisis and the associated periods of stagnant 

meaning that users are unlikely to voluntarily increase their spending at the current time. 
Furthermore, several European countries are currently enacting public spending cuts and 
austerity packages, limiting the potential for government assistance with any wide-scale 
FTTx deployment.  
 
There is, therefore, considerable uncertainty as to the economic future over the next years. In 
such a scenario, we cannot help but echo the conclusions of the FTTH Research council 

TTH] market through the next 
. 
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8. Appendix A: Econometric Data Description and 
Summary Statistics.  
 

Table 8-1: List of 25 countries 
Country GDP per Capita (in 

inflation adjusted 
year 2000 US $) 

CAGR 
of GDP 
in % 

Total Broadband 
per 100 
Population 

FTTx Broadband 
per 100 
Population 

1999 2009  1999 2009 1999 2009 
Asia & America 
Hong Kong 23742 34471 3.80 1.31 29.28 0.00 10.63 
Japan 34907 37461 0.71 0.17 24.34 0.00 13.23 
South Korea 10689 15683 3.91 0.60 34.06 0.02 16.62 
USA 33936 36645 0.77 0.99 26.18 0.00 1.27 
Nordic Countries 
Denmark 29170 30709 0.52 0.21 37.38 0.00 4.62 
Finland 22211 26679 1.85 0.14 27.42 0.00 0.24 
Norway 36222 41166 1.29 0.10 34.63 0.00 4.33 
Sweden 26898 31239 1.51 0.08 31.97 0.00 7.47 
Western Europe (WE) 
Belgium 22048 24498 1.06 0.22 29.19 0.00 0.01 
France 21661 23758 0.93 0.09 31.95 0.00 0.46 
Germany 22451 24378 0.83 0.01 30.46 0.00 0.16 
Italy 18561 18550 -0.01 0.00 20.57 0.00 0.53 
Netherland 23156 25376 0.92 0.94 36.84 0.00 1.06 
Portugal 11260 11200 -0.05 0.00 16.95 0.00 0.28 
Spain 13845 15534 1.16 0.00 21.61 0.00 0.04 
UK  24102 27194 1.21 0.00 29.64 0.00 0.01 
Central & Eastern Europe (CEE) 
Bulgaria 1506 2570 5.49 0.00 14.47 0.00 1.69 
Czech Rep 5472 7579 3.31 0.02 20.35 0.00 1.35 
Estonia 3700 6303 5.47 0.00 23.16 0.00 5.26 
Hungary 4508 5846 2.63 0.00 18.80 0.00 1.18 
Latvia 3053 5095 5.25 0.00 19.06 0.00 1.01 
Lithuania 3163 5215 5.13 0.00 19.21 0.00 6.15 
Romania 1650 2667 4.92 0.00 13.29 0.00 0.48 
Slovak Rep 5243 8069 4.41 0.00 14.35 0.00 3.29 
Slovenia 9525 12850 3.04 0.00 23.31 0.00 3.42 
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Table 8-2: Summary Statistics of the Data (2009) 
Variable Mean  Standard 

Deviations 
Minimum Maximum 

POP 3.82e+07 6.85e+07 1.34 e+6 315 e+6 
HH 15.2 e+6 26.5 e+6 0.51 e+6 121 e+6 
LA 563933.2 1877207 1042 9147420 
GDP 1.09 e+12  2.49 e+12  8.19 e+09  11.4 e+12 
PR_F 43.54 25.68 12.77 112.73 
EDU_TER 66.37 15.28 35 98.09 
UR_POP 72.69 12.19 48.30 100 
PEN_F 3.67 4.51 0.05 16.50 
PEN_DSL 14.29 7.90 3.66 29.66 
BB_CMP* 0.48 0.18 0.29 0.94 
TV_CMP* 0.66 0.15 0.50 0.99 
INV_T 4.33 e+09  6.27 e+09 0.13 e+09 24.1 e+9 
REV_T 30.4 e+09  44.1 e+09  0.95 e+09  153 e+09  
Reg 
Dummy 

0.39 0.49 0 1 

FR_INV 21.3 e+09  32.1 e+09  0.06 e+09  135 e+09  
 

Table 8-3: Summary Statistics of the Data (over time) 
Variable Mean  Standard 

Deviations 
Minimum Maximum 

POP 37.3 e+6 64.5 e+6 1.34 e+6 315 e+6 
HH 14.6 e+6 24.6 e+6 0.51 e+6 121 e+6 
GDP 1.05 e+12 2.33 e+12 5.18 e+09 11.7 e+12 
LF 18.6 e+6 32.8 e+6 0.64 e+6 158 e+6 
K 0.20 e+12 0.42 e+12 1.40 e+9 2.17 e+12  
INV_T 5.89 e+09  12.1e+9 0.02 e+09 74.2 e+9 
PEN_F 1.02 2.44 0.00 16.50 
PR_F 50.92 27.33 12.77 118.18 
EDU_TER 60.03 16.98 21.80 98.09 
UR_POP 71.88 11.89 48.30 100 
PEN_DSL 7.04 7.41 0.00 29.66 
BB_CMP* 0.59 0.22 0.29 1.00 
TV_CMP* 0.66 0.15 0.50 0.99 
REV_T 37.0 e+09  74.5 e+09 0.24 e+09 40.0 e+09 
Reg 
Dummy 

0.39 0.48 0 1 

PEN_NF* 10.53 9.77 0.00 36.66 
 



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  146  of  151  

  
 
 
 

9. Appendix B: Architecture review 
The four candidate NGOA architectures that have been identified within OASE D3.1 [114] 
are described below.  

9.1 WDM-PON 
In WDM-PON each user is served by a wavelength, although it may also include advanced 
features such as dynamic bandwidth allocation. This covers the approaches from DWDM 
and UDWDM-PONs. Future WDM-PONs are expected to operate with hundreds of 
wavelengths and deliver at least 1 Gbit/s data rates per channel over tens of kilometres in 
order to meet the requirements of next generation FTTH access networks. Two main trends 
in WDM-PON design are seen. Both of these trends are based on a tree-based network 
architecture. The first design uses a wavelength selective remote node based on e.g. AWGs 
and allows for broadband ONUs without additional wavelength selection. The other uses a 
legacy ODN based on passive power-splitters, and is a broadcast-and-select network, 
meaning that from the OLT the overall signal is broadcasted to all connected ONUs, such 
that each ONU ultimately selects its dedicated information. As this ODN is transparent, a 
wavelength-selective ONU is mandatory. More advanced WDM-PON designs consider the 
use of active reconfigurable wavelength switching remote nodes. If a cost-efficient 
wavelength-selective ONU can be delivered, one can imagine a future WDM-PON which 
uses an AWG in the upper part of the tree architecture and a power-splitter in the lower part. 
This would only slightly decrease the flexibility, but would enhance the performance and 
support legacy infrastructure. In both approaches a colourless ONU is required. The 
functional diagram for a wavelength-split (filtered) WDM-PON is shown below. 
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Figure 9-1: Functional architecture diagram for wavelength-splitting WDM-PON 
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For wavelength-split WDM-PON, a major parameter is the maximum client count, i.e., the 
maximum number of accessible wavelengths (where for N clients, 2N wavelengths must be 
accessible in single-fibre working, unless wavelength re-use is performed between upstream 
and downstream, which in turn limits the maximum reach). The number of 2N may also 
heavily depend on the WDM-PON details, in particular the general colourless approach, or 
seeded-reflective vs. low-cost tuneable approach that is adopted. Depending on the AWG 
structure this approach will be limited to about 96 channels per direction per used 
transmission band (e.g. C- and/or L-band). 
Based on the assessment in D4.2.1 [ref D4.2] it is seen that the main system options for 
NGOA are those that avoid use of power splitters. Hence the main system options include 
wave-length split WDM-PON, UDWDM-PON and advanced designs based on active 
reconfigurable wavelength switching remote nodes. 
 

9.2 WAVELENGTH-ROUTED HYBRID WDM/TDM-PON 
Another viable candidate for NGOA is a PON solution with hybrid WDM/TDM employing 
wavelength routing. This solution builds on the typical tree structure, and goes into the 
direction of node consolidation. The proposed wavelength-routed hybrid WDM/TDM-PON 
consists of a flexible remote node with active optical switches at the first splitting node. The 
exact implementation of this wavelength-routing device can consist of e.g. semiconductor 
optical amplifier (SOA) switches, micro-electro-mechanical systems (MEMS) switches, 
wavelength selective switches (WSSs), reconfigurable optical add-drop multiplexers 
(ROADMs). The main goal of introducing active optical switches in the first remote node is 
to increase the flexibility of the network, preferably in a cost-effective way. 
 
The functional architecture diagram for the wavelength-routed hybrid WDM/TDM-PON is 
shown in Figure 9-2. The configurable optical switch or wavelength router is placed in 
PCP5, and as wavelength-routing is done, PCP5 is terminated at the WDM layer. 
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Figure 9-2: Functional architecture diagram for wavelength-routed hybrid WDM/TDM-PON 

 

9.3 TWO-STAGE WDM-PON 
Two-stage WDM-PON is a third NGOA candidate. The combined access/backhaul two-
stage WDM-PON architecture is split into two parts. The part towards the core network is 
called the aggregation WDM-PON. The other part towards the end-user is called the access 
WDM-PON. The latter is almost identical with the (wavelength-split) WDM-PONs 
discussed so far, except that it contains integrated backhaul (or uplink) interfaces based on 
tuneable XFPs (T-XFPs). Via these T-XFPs, the two parts are interconnected at an active 
(intermediate) node. In this node, an optical-electrical-optical (OEO) conversion is done, 
with statistical multiplexing as an option. The aggregation WDM-PON part serves delivers 
the bandwidth for the access WDM-PON, but it also supports other backhaul traffic 
(wireline (MSAN, GPON), wireless etc.), and directly connects business customer with 
dedicated high bandwidths. The access part delivers traffic to the end-users. For providing 
the highest bandwidth with the lowest overall system cost, the use of a simple WDM-PON 
with tuneable lasers is one of the most promising candidates. Due to the OEO conversion in 
the intermediate active site, other access technologies could also be used. This openness to 
other technologies is also important for the migration of already-deployed solutions such as 
(X)G-PON, AON, and even VDSL. 
The functional architecture diagram for the most relevant implementation of the two-stage 
WDM-PON is shown in Figure 9-3. Note, that many other configurations exist due to the 
high flexibility of the combined access+backhaul approach. However, due to the very-long-
reach capability, it makes the most sense to accommodate the aggregation OLT in PCP7, as 
is shown in the functional diagram, and also in Figure 9-4. 
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Figure 9-3: Functional architecture diagram for Two-Stage WDM-PON 

 
The corresponding architecture block diagram is shown in Figure 9-4. In fact, all 
components of the two-stage WDM-PON can move in the network reference model. One of 
the more relevant possibilities is to move the aggregation WDM-PON OLT from PCP7 to 
PCP6.  
 

 
Figure 9-4: Two-stage WDM-PON reference architecture 

 

9.4 NEXT-GENERATION AON 
Finally, we present NG-AON as a fourth candidate for NGOA. Current access and 
aggregation networks, both with AON- and PON-based access, are mainly built according to 
a tree topology, which makes them look quite similar from a topology point of view. 
Whereas the main trend for NG-PON is towards consolidation of central offices, the focus 
for NG-AON is towards utilizing the inherent possibility of resilience in mesh topologies, 
whilst new locality paradigms in content distribution networks (CDNs) are also in focus (see 
Figure 9-5).  
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Figure 9-5: The upper figure schematically shows a number of data plane architectures where the 

distinctive mark is the use of active elements, both electrical and all-optical. I t also shows a trend in 
moving towards a higher degree of mesh or rings in order to meet future resilience requirements. The 
bottom picture indicates active and passive WDM hybrid solutions in order to utilize the fibre medium 

to a higher degree. 
 
In Figure 9-6 the functional architecture for NG-AON is shown in many possible variants, 
e.g. the gateway is not split or it is; or it allows for gateway forwarding on IP and Ethernet. 
A dynamic OTN is shown, which is meant to indicate a ROADM based optical network that 
can handle the large bandwidth needs of an aggregation network handling an average 
sustainable bandwidth per customer of 500 Mbit/s. This number also indicates that there 
might be a need for dynamics at the optical level with a granularity of at least 1 Gbit/s. 
 



  

Market  Place  Models  
OASE_WP6_D6.2.doc  

  
 
 
 

OASE  
FP7     ICT   GA  249025  

Page:  151  of  151  

  
 
 
 

Application 
Layers 5-7

Transport 
Layer 4 IP based

control*
IP based
control*

IP based
control*

IP based
control*

IP based
control*

IP based
control*

IP based
control

Network 
Layer 3 FP2

(IP ) *
FP3*
(IP ) *

FP3*
(IP ) *

FP3*
(IP ) *

FP3*
(IP ) *

FP3*
(IP ) * FP3 

(IP*/Eth*)
FP5 / FP6

LER*
Packet/Framing 
Layer

MPLS * * * * * *

ETH MAC FP2
Eth.

ONU

FP3/4*
Eth*

OLT **

FP3/4*
Eth*

OLT **

FP3/4*
Eth*

OLT **

FP3*/4
Eth*

OLT **

FP3*/4
Eth

Optical/Copper 
Layer 

PHY 
ETH

TDM

WDM

Dynamic OTN *

P2P WDM  * **

P2P WDM PON * **

Physical 
Infrastructure 
Layer

Fibre/Copper*/
Wireless*

ODF
Fibre 

socket
ODF 

-splitter*
ODF

-splitter*
ODF

-splitter*
ODF ODF

ODF
Fibre

Socket
Cable *

*) Not necessarily present
**) Mutually exclusive

PCP1
In-

home

PCP2
Flat

PCP3
Building

PCP4
Distribution 

cable

PCP5
Main 
cable

PCP6.1
Regional 

cable

PCP6.2
Regional 

cable

PCP7
Core 

 
Figure 9-6: Functional architecture diagram for NG-AON 

 


