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Abstract 

Fiber-to-the-Home (FTTH) has been talked about since the introduction of fiber 
in the 1970s. It is nowadays shaping up to be the foundation of our new digital society, 
bringing economic prosperity and a multitude of business, social, and entertainment 
opportunities to its users. The increased consumer demand for high-speed network 
accessibility is being taken more and more seriously and a fiber-based network is able 
to cope with these growing demands due to its wide bandwidth and reliability. Today 
there is a practical need for quantitative analysis regarding the socio-economic 
impacts of fiber-based access networks. This analysis could be used as an 
indicator/reference for all the stakeholder entities as they consider future investments 
and developments. Sweden is a suitable target country for this analysis since it has 
adopted fiber for some years and the benefits that FTTH has brought seem to already 
be tangible. 

The primary value of this thesis lies in investigation of its quantified evidence of 
the socio-economic impacts of FTTH deployment in Sweden. This has been achieved 
based on data from the Swedish Post and Telecommunications Authority (PTS), 
Statistics Sweden (SCB), previous related studies, and information collected on-line 
from operators involved in the fiber market, along with empirical analysis based on 
multivariate regression models.  

The results of the study show that fiber penetration has had a significant impact 
on the population’s evolution, specially the net amount of migration into a 
municipality, which indicates the attractiveness of municipalities per se. It is therefore 
reasonable to suggest that local government and local authorities take fiber 
deployment into consideration, if they want to attract people to stay for further local 
development. The study also analyzed the competition in fiber-based open networks 
and the prices of subscribing for 10/10 Mbps symmetrical Internet Service. Study 
findings revealed that networks with multiple competing service providers have a 
wider range of services and a lower price: the more ISPs competing in a fiber network, 
the lower consumer prices. Specifically, for each new service provider present in the 
network, there will be 5 SEK per month decrease of the average price of the Internet 
services, and an approximately 7 SEK per month reduction in the lowest price.  

Nevertheless, a number of socio-economic impacts remain unquantifiable as of 
the current time and due to the limited available data. It is recommended to 
incorporate more socio-economic effects in future research in order to draw a more 
complete picture for all the interested sectors, and to supplement the data with recent 
figures for 2012 and 2013. 

 

Key Words: Fiber-to-the-home, FTTH, Broadband Technologies, Open Access Fiber 
Network, Socio-economic impact, Population Evolution, Migration, ISP competition, 
Price of Internet Service, Municipalities, Sweden 
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Sammanfattning 

Fiber till hemmet (Fiber-to-the-Home, FTTH) har talats om sedan fiber 
introducerades på 1970-talet. Det håller numera på att bli grunden för vårt nya digitala 
samhälle, och bidra till ekonomiskt välstånd och medföra en mängd affärsmässiga, 
sociala och underhållningsmässiga möjligheter till slutanvändare. Den ökade 
efterfrågan på höghastighetsnät tas mer och mer på allvar och ett fiberbaserat nät kan 
hantera dessa ökade krav på grund av dess breda bandbredd och tillförlitlighet. Idag 
finns ett praktiskt behov av kvantitativ analys av de socioekonomiska effekterna av 
fiberbaserade accessnät. Denna analys kan användas som en indikator och referens för 
alla intressenter när de överväger framtida investeringar. Sverige är ett lämpligt 
målland för denna analys eftersom den har antagit fiber i några år och de fördelar som 
FTTH har fört verkar redan vara synliga. 

Det huvudsakliga värdet av denna avhandling ligger i utredningen av 
kvantifierade bevis för de socioekonomiska effekterna av FTTH utbyggnad i Sverige. 
Detta har uppnåtts på grundval av uppgifter från den Post- och telestyrelsen (PTS), 
Statistiska centralbyrån (SCB), tidigare liknande studier och information som samlats 
in på nätet från aktörer inom fiber, tillsammans med empirisk analys baserad på 
multivariate regressionsmodeller. 

Resultatet visat att fiber har haft en betydande inverkan på befolkningens 
utveckling, speciellt netto in- och utflyttning till en kommun, vilket indikerar 
attraktionskraft kommunerna i sig. Det är därför rimligt att föreslå att kommunerna 
och de lokala myndigheterna överväger fiber driftsättning på allvar om de vill locka 
invånare att stanna för ytterligare lokal utveckling. Studien analyserar också 
konkurrensen på fiberbaserade öppna nät och priserna på 10/10 Mbps symmetrisk 
Internet-tjänst. Resultaten visar att nätverk med flera konkurrerande 
tjänsteleverantörer har ett bredare utbud av tjänster och ett lägre pris: ju fler 
Internetleverantörer i ett fibernät, desto lägre konsumentpriser. Mer specifikt, för varje 
ny tjänsteleverantör som finns i nätverket, minskar det genomsnittliga priset med 5 
kronor per månad, och det lägsta priset med cirka 7 kronor per månad. 

Ändå förblir ett antal socioekonomiska effekter omätbara på grund av begränsade 
tillgängliga data. Rekommendationen är att införliva fler socioekonomiska effekter i 
framtida forskning för att dra en mer komplett bild för alla berörda sektorer, och att 
komplettera data med färska siffror för 2012 och 2013. 

 

Nyckelord: Fiber-to-the-home, FTTH, Bredband, Öppet access fibernät, 
Socioekonomiska konsekvenser, Population Evolution, Migration, ISP konkurrens, 
Internettjänst Pris, Kommuner, Sverige 
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1 Introduction 

This chapter introduces the problem area with a brief introduction, followed by a 
statement of the purpose of the research and the questions to be addressed. The thesis 
outline and necessary context are provided for readers who interested in this topic. 

1.1 Project overview 
The Internet has emerged as a critical component of society’s communications 

infrastructure in the last two decades. Of the many advanced technologies that fall 
under the Information and Communication Technology (ICT) umbrella, broadband 
communications is perceived as the future of Internet and the availability of 
broadband access is continuously driving the evolution of advanced communication 
services and overall economic growth[1,2]. Given the increasing importance of ICT in 
the knowledge-based and communications-intensive economy, people have realized 
that those who adapted to the revolution are increasingly at a competitive advantage. 
In many countries, this awareness has matured as an important national agenda to 
promote nationwide deployment of broadband services, in particular of fiber-based 
access technologies. 

Compared to the traditional broadband connections, fiber-based access networks 
(often referred as Fiber-to-the-Home, FTTH * ) based upon its virtually unlimited 
capacity and future-proof nature, is considered to uncork the “last mile” † bottleneck 
in terms of Quality of Experience (QoE) and Quality of Service (QoS) that traditional 
broadband technologies have[3]. Yet there is still a debate among scholars and policy 
makers as to whether it is necessary to promote or invest in FTTH, as it is possible to 
deliver services over the existing copper-based broadband infrastructure or even 
broadband wireless access networks[4]. Therefore, there is a need to study what 
benefits FTTH has already brought. There have been some dedicated studies 
concerning the benefits of fiber-based access networks (see[5–7]), but there seems to 
have been almost no quantitative econometric study measuring the socio-economic 
impact of fiber-based access networks. This study aims to fill this information gap by 
quantifying the socio-economic effects of FTTH networks. 

It is not surprising that there is little econometric analysis done on the impact of 
fiber-based access networks, due to the fact that relatively few fiber networks have 
been deployed and the data is scarce. Sweden has been a leading country in the 
adoption of FTTH over the past decade. According to Organization for Economic Co-
operation and Development (OECD) statistics at the end of 2011, it is the OECD-EU 
country that has the highest proportion of fiber subscribers out of all fixed broadband 
subscribers[8,9]. Sweden is therefore considered as a good target for an analysis of the 
benefits of FTTH, because some of the social, economic, and environmental benefits 
that FTTH has brought are believed to already be tangible[10]. Looking at the effects 
at an inter-municipal level within the country will help us avoid variance due to 
cultural differences. 

                                                 
* Collectively named FTTx networks, where x refers to different cases, e.g. Cabinets 
(FTTC), Buildings (FTTB), and Homes (FTTH). All of these will be referred to as 
FTTH in this report, but we indicate which applies where it is relevant. 
† The final stretch of connection that delivers voice, data and video to end users’ 
homes and offices. 
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This Master’s project* was carried out at Acreo AB, a Swedish research institute 
providing leading edge solutions within the field of electronics, fiber optics, and 
communication technology. This research institute is based in Kista, Stockholm. 
Acreo is currently very active in enhancing fiber optic technologies and evaluating the 
effects of Next Generation Access technologies on society and the economy in 
Sweden. Acreo has performed an early stage study on FTTH’s impacts on population 
and employment[4]. 

The study reported in this thesis targets quantifying empirical evidence of the 
socio-economic impacts of FTTH deployment in the context of Sweden at a municipal 
level, with attempts to robustly extend the earlier research on population evolution 
and to look deeper into the market in terms of competition and the price of Internet 
service. On these networks, typically triple-play services are offered, which consist of 
Internet access, Television, and Telephony, and the service we are analyzing in the 
thesis is the Internet access †  (specifically: 10/10Mbps symmetric Internet access 
speed). Because on one hand, Internet access is most commonly required and sold 
service; on the other hand, it is a well-specified commodity, which in principle has no 
service differentiation, meaning service value/quality (e.g., 10/10Mbps symmetric) is 
the same everywhere, hence the price differences are not due to the inherent value of 
the service, we can therefore analyze it on the equal term. These findings could serve 
as a reference to whoever is interested an in the future development of or making 
investments in fiber based access networks.  

1.2 Thesis outline 
The thesis starts with a theoretical framework for FTTH, to equip readers with the 

necessary background information. In Chapter two, the benefits of FTTH are 
illustrated from both technical and socio-economic perspectives in order to explain 
why it is worthwhile deploying FTTH and why consumers would like to pay for fiber-
based Internet access. Chapter three introduces the methods utilized in the research, 
from data collection to processing and analysis. The calculations and findings are 
presented and discussed in detail in chapter four. Subsequently, the implications of 
this research, along with discussions of its constraints and possible directions for 
future work are provided in Chapter five. 

1.3 Readers 
This thesis should be easily understood by readers who are interested in the socio-

economic impact of FTTH, with or without a prior background in ICT, networking, or 
economic issues related to FTTH. This thesis is specifically target for: 

• Governments or municipalities, 
• Telecommunication operators, 
• Service providers, 
• Residential associations, 
• Venture capital investors, and 
• Scholars who is interested in FTTH 

                                                 
*  Part of the European ICT-OASE project, which is financed by the European 
Commission’s FP7 programme. 
† VoIP and IPTV are not included in our analysis as the varied service differentiations 
(e.g., package definition, HD service) make it difficult to analyze on equal term. 
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2 Background  

This chapter introduces the essential background information concerning FTTH. 
The aim is to explain why it FTTH is worth adopting by illustrating the benefits of 
FTTH from technical, socio-economic, and environmental perspectives. 

2.1 What is FTTH?  
The theoretical background of FTTH and its environmental context, as well as the 

difference between FTTH and other FTTx technologies are briefly introduced in this 
section. 

2.1.1 FTTH Network Environment 
Fiber-to-the-home (FTTH) is a network connection using optical fiber directly 

from the access network operator’s network to the home. Conceptually, FTTH is an 
access network architecture using optical fiber to extend optical interconnection to 
reach the boundary of a living or working space. The characteristics of optical fiber 
technology not only provided greater bandwidth, but also enhanced network 
transparency in regards to data format, rate, wavelength and protocol; relaxing the 
demands on the links’ environmental conditions and power supply; and simplifying 
maintenance and installation[11]. 

In a FTTH network, a central point, known as an access node or point of presence 
(POP), provides connectivity to the subscribers via one or more optical fibers. Each 
access node can connect to other access networks, for instance, wireless local area 
networks and mobile wide area networks. A FTTH network can be built as a part of 
wide area access networks. Depending upon the specific country’s policies & 
regulations and the geographic location of the subscribers, FTTH networks are 
normally deployed in different sites, such as cities, residential areas, rural areas, and 
for single family and multi-family dwellings[12]. These different types of FTTH sites 
are shown in Figure 2-1. Regardless of the FTTH site locations, the fiber optic 
communication signals are generally terminated at the subscriber’s endpoint. 

 
Figure 2-1: Types of FTTH sites 
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2.1.2 Fiber-based Access Network Architectures 
In fiber-based access networks, depending upon the distance between the 

optical line terminal and the optical network units or optical network terminal, the 
fiber optic technologies can normally be classified into four types: FTTN, FTTC, 
FTTB, and FTTH (see Table 2-1). These are sometimes referred to collectively as 
FTTx networks, where x indicates how close the fiber endpoint is to the actual user, 
as illustrated in 

Figure 2-2[13]. This study will mainly concentrate on FTTH, since in the long 
term this is considered as key target architecture due to its virtually unlimited 
scalability[12]. 
Table 2-1: FTTx variants 

Fiber to the node 
(FTTN) 

Fiber is terminated in a street, which is several kilometers away 
from the end users, with the final connection being copper. 
Fiber-to-the-node can be considered as an interim step towards 
full FTTH. 

Fiber to the curb 
(FTTC)  

 Fiber reaches a street cabinet, similar to FTTN but the street is 
closer to the users, typically within 300m, within the range for 
copper technologies with high-bandwidth, such as wired 
Ethernet and IEEE P1901 power line networking, and wireless 
technology (e.g., Wi-Fi). 

Fiber to the 
building (FTTB) 

Fiber to the premises, for instance, reaches the basement in a 
multi-dwelling unit, with the final connection to the individual 
living space being made via alternative means, similar to the 
curb/pole technologies, but also possibly shorter-range 
technology like Thunderbolt.  

Fiber to the home 
(FTTH)  

Fiber reaches the boundary of the living or working space, such 
as a box on the outside wall of a home. Subscribers are 
connected then by a dedicated fiber to a port on the equipment 
in the POP. 

We will analyze FTTH in this thesis, because we believe it is the ultimate solution 
as it can cope with growing consumer demands in terms of bandwidth, it can offer 
symmetric bandwidths with “future-proof” unlimited capacity, and because it will 
eventually make a difference in the way we live and work. 

 
Figure 2-2: Different types of FTTx networks 
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2.1.3 FTTH Topologies 
Two topologies are widely used in FTTH networks: point-to-point (P2P) topology 

(which normally uses Ethernet transmission technologies) and point-to-multipoint) 
topology (which is frequently combined with passive optical network (PON) 
technology). See Figure 2-3. 

In P2P topologies each subscriber has a direct, uninterrupted connection to the 
access point or central office via a dedicated fiber (or fiber pair). Most P2P FTTH 
networks use Ethernet transmission technologies, since Ethernet is easier to configure 
and operate than other transmission technologies, especially for business applications. 
PON technology can also use a P2P topology by placing a passive optical splitter at 
the access point. 

In point-to-multipoint topologies routing is accomplished optically using passive 
optical splitters with standardized PON technologies*. Only one fiber is needed in the 
shared feeder part in this architecture and time-sharing protocols are used to control 
the access of multiple subscribers[11]. In such a point-to-multipoint topology Active 
Ethernet technology can also be used to control subscriber by deploying Ethernet 
switches in the field. 

 
Figure 2-3: Point-to-point network and Point-to-multipoint network[12] 

2.2 Why deploy Fiber-to-the-Home?  
The world has witnessed the rapid development of the ICT sector and its impact 

on society. It is doubtless that improvements due to the use of ICT technologies will 
stimulate economic growth (e.g. in terms of increased gross domestic product (GDP), 
increased employee productivity, etc.) at a certain level according to [14–16]. Among 
various technologies, the enhancement of the telecommunication infrastructure has 
been vital to both technical and economic changes[17]. Since late 1990s, broadband 
deployments sparked scholars’ interests into research on the potential economic 
impact of broadband access networks. Many of these researchers have highlighted the 
positive impact on the wider economy, such as [2,18]. Recent studies also indicates 
broadband is a driving factor that accelerates economic growth in terms of GDP, but 
the degree to which it does varies with the ICT maturity of the country[19–28]. The 
results of previous research on the economic impact of traditional broadband are 
summarized in Table 2-2. 
                                                 
* GPON is today’s frontrunner standard in Europe, while EPON is most popular in Asia[12]. 



6 
 

Table 2-2: Previous Research on Economic Impact of Traditional Broadband 

Source Covered Scope Key Findings & Major Conclusions 
[19]  Input-output calculation on 

impacts of investments in 
broadband in the German 
economy 

To achieve 75% household broadband penetration 
of at least 50Mb/s access speed by 2014, 407,000 
new jobs will be created. 
A 10 year investment in broadband (2010-2020) 
would lead to 0.6% increase in annual GDP 
growth. 

[20]  Econometric investigation 
on productivity growth in 15 
OECD nations (14 European 
nations, and USA) 

Sweden has experienced the 2nd highest growth in 
broadband penetration among the target countries 
during 1998-2007. 
The economic impact of adding a broadband 
connection is greater in countries that have a good 
ICT environment and faster broadband diffusion. 
A 1% increase in broadband penetration results in a 
positive impact on GDP ranging from $160 
million/year in Finland to $12 billion/year in USA.

[21]  Cross-sectional model 
covers data of 120 countries 

Broadband has a significant impact on economic 
growth and the significance is greater in developed 
countries than in developing countries, due to a 
longer track record of broadband diffusion. 

[22]  Effects of broadband 
penetration on Output and 
Employment: Cross-
sectional data covers 2003-
2005 period in 48 states of 
USA 

Employment and Output in both manufacturing 
and services industries (especially finance, 
education, and health care) is positively correlated 
with broadband penetration. 
A 1% increase in broadband penetration is 
associated with an increase of ~300,000 jobs in the 
entire USA.  

[23]  Instrument Variable (IV) 
regression approach on 20 
OECD countries panel data 
covering 1996-2007 period 

Positive impact on GDP per capita: an increase of 
10% in broadband penetration would stimulate 
GDP per capita growth by 0.9% – 1.5% in 
subsequent years. 

[24]  15 European Union 
countries’ data between 
2003-2006 

There are increasing returns on broadband 
telecommunication investments, especially in 
Scandinavia countries.  

[25]  Cross-sectional data of 
communities in USA, covers 
1998-2002 period 

Broadband enhances economic activities (e.g., 
establishment and economic growth in IT intensive 
sectors, job positions, residential property values 
etc.) 

[26]  Econometric model on GDP 
per household for a 
developed country sample 
with panel data from 2005-
2009  

Positive direct effect on country GDP per 
household, especially in the high income samples.  
Significant effect on decreasing inefficiency. 

[27]  From a technological and 
political perspective analysis 
on the impact of increasing 
broadband penetration on 
trade in Sweden, by means 
of regression analysis 

High broadband penetration is highly correlated 
with a high level of international trade in the 
context of broadband access in Sweden, which 
leads to the conclusion that high-speed Internet 
access has a positive impact on the economy in 
terms of increased international trade. 
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One may argue why we still need fiber, as we already have traditional broadband 
access networks, which already have had a positive impact on economic growth, i.e., 
the benefits of fiber-based access networks seems could also be attained by traditional 
broadband technologies (e.g. Cable*, DSL†, Wi-Fi/WiMax, and 3G/4G) over the 
existing infrastructure. This question will be answered from several different 
perspectives, in the following subsections. 

2.2.1 From a Technical Perspective 
FTTH possesses the greatest capacity (due to its bandwidth) in comparison with 

the traditional broadband technologies (see Figure 2-4). The virtually unlimited 
capacity of FTTH and the characteristics of optical fibers enable the user’s maximum 
data rate to not decrease with the distance between the access node and the end-user. 
Similarly the number of users who share the network does not have a large effect 
upon each of the user’s individual maximum data rates. The guaranteed bandwidth 
and unprecedented reliability are far beyond what traditional broadband access 
networks can offer.  

 
Figure 2-4: Various Broadband Technologies and Their Maximum Data Rates[28] 

People have grown dependent upon digital resources, with enriched experience 
due to increasingly unlimited storage and bandwidth; hence the “future proof” FTTH 
is perfectly aligned to meet these demands. A study regarding the potential economic 
benefit of widespread diffusion of high-speed access broadband indicates that both 
consumers and operators can benefit substantially from broadband access networks. 
These result suggests the annual consumer benefits can eventually reach $300 billion 
and the operators could easily earn another $100 billion per year from increased 
demand for services via broadband access networks[2]. Compared with traditional 
broadband access networks, FTTH’s superiority is expected to bring even greater 
benefits. The following paragraphs described some of these expected benefits for 
consumers and for operators. 

                                                 
* DOCSIS technology, which uses coaxial cable to carry both television and data 
signals connecting home users to the Internet[29].  
† Often known as xDSL, which existing telephone lines (twisted pair wiring) are 
used[29], [30]. 
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2.2.1.1 Benefits for Consumers 
As to the user experience (UE), nothing could better fulfill consumers’ demands 

than good reliability and high capacity. Fiber has proven to possess highest bandwidth 
and unprecedented reliability among all of the broadband technologies. As a result: 

• Users with a 100 Mbps FTTH connection can download content over 10 times 
faster than users with a typical 8 Mbps ADSL connection. 

• With higher bandwidth in the uplink and downlink directions, multitasking, 
passive-networking (multiple on-line applications running passively in the 
background) demands can be fully met. 

• The higher reliability ensures a more personalized touch, as well as greater 
privacy and security per service and user. 

• Multiple choices of fast Ethernet access speed, limited only by the speed 
provided by the ISPs. 

• QoS and QoE are assured within the access network, enabling high quality 
reception of the content that previously would have been carried by broadcast 
radio and TV signals. 

• Adaption to standard radio and TV equipment, subscribers can use set-top 
boxes or another type of converter for additional services. 

Moreover, the stability of FTTH means that users suffering less downtime, thus 
FTTH users show the highest satisfaction level with their internet service than users 
of other access methods according to a study carried by Troulos[31]. This study 
reported that the percentage of satisfied users of FTTH was 85%, whereas cable users 
had a 75% satisfaction rate and DSL users only 60%. 

The Next Generation Access service portfolio study[10] showed that higher 
bandwidth leads consumers to spend more time using existing Internet services, as 
well as giving them the ability to use new services. This study found that FTTH 
subscribers are net contributors to the Internet, uploading more material than they 
download, while utilizing 3~5 times more bandwidth than ADSL users. It also 
suggests that with increasing bandwidth, there will be greater demands for new 
services and the consumer will spend more time using existing services, thus driving 
consumer adoption of new services and potentially leading to new usage patterns of 
value added services, such as e-learning, distance working, high quality and reliable 
e-health services, simpler and more transparent interaction with public services (e-
government), etc. 

2.2.1.2 Benefits for Operators 
In the massive and over-crowded telecommunications market, FTTH can be 

considered as a perfect Blue Ocean Strategy[32] for operators who can gain a strong 
competitive advantage, by providing better technical performance, more economic 
solutions in terms of low Capital Expenditures (CAPEX) and Operational Expense 
(OPEX), and a strategically superior platform that can offer differentiated services at a 
lower cost[33]. 
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As a future-proof infrastructure, FTTH offers: 

• Longer life-time 

Fiber itself is made of plastic or glass. The resulting fiber (and jacket) is robust 
and degrades extremely slowly, thus optic fiber and optic fiber cables can last 
in excess of 25 years (the uncertainty in this lifetime prediction is small[34] 
and is further supported by the fiber deployments that have already been in 
place for more than this period of time). When a bandwidth upgrade is needed, 
all one needs is to change the equipment on the ends of the fiber when the 
active equipment reaches the end of its lifespan, typically seven years (the 
same period as any other broadband technology). In contrast, alternative 
technologies (e.g. VDSL) have a limited operating life making payback 
challenging for the operator. No operators want to invest in repeated upgrades 
with a very short timeframe. As bandwidth demands increase rapidly with 
technological advances, fiber give service providers a future-proof network 
infrastructure with guarantees on bandwidth, versatility, and optimization that 
are needed for the future. 

• Lower CAPEX and OPEX 

A FTTH network has significantly lower operating costs than existing copper 
or coaxial cable networks. Fiber is considered the medium for long distance 
communication, because the cost of transmitting a single phone conversation 
over fiber optics is only about 1% the cost of transmitting the same call of over 
a copper wire. Great bandwidths combined with lower operating cost bring 
long distance communication in line with network operators’ large-scale using 
patterns. Additionally, fiber links are capable of supporting multiple protocols 
flexibly. The FTTH network consumes 20 times less electricity than a VDSL 
access network with the same number of subscribers. Fiber reduces the 
network operations and maintenance costs by simplifying control and 
troubleshooting, which leads to lowering the cost of hiring maintenance 
professionals since the process can be fully automated and software controlled. 

• High competence on offering new services 

Communication over fiber gives service providers future-proof network 
infrastructure guarantees. With FTTH, richer services can be delivered to the 
subscribers in a multi-room and multi-screen approach, which will increase the 
demand for service assurance and remote management solutions for in-home 
services. The ability to offer new services is a strong competence requirement 
for service providers (SPs) to stay ahead in a highly dynamic and competitive 
market, and can eventually attract and retain consumers with faster access data 
rates and enriched QoE. 

• Capacity to meet future demands 

Flexible network architecture design, excellent scalability, and relatively 
mature functionality (e.g. for P2P) allow fiber-based access networks to easily 
support future upgrades and expansion. Utilizing a passive optical network 
maximizes the capacity availability for future service demands, by directing 
connecting each end user to the operator’s active equipment. The tradeoff 
between technical and economic demands facing network owners and 
operators can be met with FTTH.  
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2.2.2 From a Socio-economic Perspective 
FTTH has been an important ingredient in telecommunication operators overall 

investments, but there is a lag in turning these investments into tangible returns. 
Previous studies examining the benefits of fiber were mainly done as a cost benefit 
analysis, which usually compares initial investments and OPEX to consumers’ 
willingness-to-pay for certain services from traditional telecom perspective 
[6,28,35,36]. However, such a qualitative calculation of benefits may result in an 
underestimation of potential benefits, because it neglects some factors that may be 
beneficial for improving social welfare, these factors are referred to as un-captured 
values[37]. 

From Table 2-2 we can conclude that broadband has strongly contributed to 
people’s well-being in many ways. However, even from the limited number of 
previous qualitative/quantitative studies we can see that fiber access networks have 
contributed even more, both socially and economically, to many dimensions of life, 
for instance, the population’s evolution, education, health, distance working, 
employment, etc., as summarized in  

2.2.2.1 Benefits for Companies in General 
As mentioned in section 2.2.1.2, the stakeholders in a FTTH network can benefit 

from lower CAPEX and OPEX. Besides lower telecommunication costs, the adoption 
of an open access business model for fiber network results in greater competition 
among network providers (NPs) and SPs (depending on the level of openness), which 
brings greater benefits to the consumers in the form of multiple choices and higher 
QoS at lower prices, while increasing the provider’s average revenue per user (ARPU). 

Companies that adopted fiber have more competitive advantages as comparing to 
non-adopters. FTTH enables innovation and new business opportunities in the 
knowledge economy, driving enterprises and organizations to adopt new business 
models and marketing strategies. More on-demand enterprises, such as virtual 
companies emerge, creating more job opportunities and introducing new ways of 
working. For employees FTTH saves a lot time and cost for travel between the home 
and workplace(s), hence employees can better manage their time and increasingly 
work from home (e.g. two or more days per month[40]), contributing to higher 
productivity for the companies. Companies’ competitiveness is enhanced, while 
reducing a lot of costs (such as for rental of physical office space). 

For housing companies, competitiveness improves as well with FTTH. The 
presence of FTTH increases the value of a property, therefore attracting more people 
to move in. 
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Table 2-3. 

According to these earlier studies, the resulting indirect and induced benefits of 
increasing FTTH penetration can be categorized in detail from different social 
beneficiaries’ perspectives. These are described in the following subsections. 

2.2.2.2 Benefits for Companies in General 
As mentioned in section 2.2.1.2, the stakeholders in a FTTH network can benefit 

from lower CAPEX and OPEX. Besides lower telecommunication costs, the adoption 
of an open access business model for fiber network results in greater competition 
among network providers (NPs) and SPs (depending on the level of openness), which 
brings greater benefits to the consumers in the form of multiple choices and higher 
QoS at lower prices, while increasing the provider’s average revenue per user (ARPU). 

Companies that adopted fiber have more competitive advantages as comparing to 
non-adopters. FTTH enables innovation and new business opportunities in the 
knowledge economy, driving enterprises and organizations to adopt new business 
models and marketing strategies. More on-demand enterprises, such as virtual 
companies emerge, creating more job opportunities and introducing new ways of 
working. For employees FTTH saves a lot time and cost for travel between the home 
and workplace(s), hence employees can better manage their time and increasingly 
work from home (e.g. two or more days per month[40]), contributing to higher 
productivity for the companies. Companies’ competitiveness is enhanced, while 
reducing a lot of costs (such as for rental of physical office space). 

For housing companies, competitiveness improves as well with FTTH. The 
presence of FTTH increases the value of a property, therefore attracting more people 
to move in. 
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Table 2-3: Previous Research on Socio-economic Benefits of FTTH 

2.2.2.3 Benefits for Municipalities, Public Bodies, and Communities 
The participation of public authorities in FTTH deployment will positively 

contribute to the social cohesion, and the promotion of FTTH would boost the degree 
of urbanization of a municipality, thereby enhancing its local competitiveness and 
attractiveness. 

At a local level, efficient governance can be achieved with the adoption of FTTH. 
Public utilities can improve their intelligent power grids, while efficient public 
transportation control can reduce traffic congestion and cost of infrastructure 
maintenance. Public services can be delivered in an intelligent and efficient way that 
reduces (at least some) administration costs. 

Source Covered Scope Key Findings & Major Conclusions 
[4]  
[28]  
 

Multivariate regression 
analysis on effect of 
FTTH/FTTx in Sweden on 
employment and population 
evolution, based on data from 
290 municipalities between 
2007-2010 

Fiber networks are showing statistically significant 
socio-economic impact with a lag of three years. 
A 10% increase in population living within 353 
meters of a fiber-connected area has a 0.25% 
positive change in population after three years, and 
a 0% – 0.2% positive change in employment after 
two and a half years. 
Cost benefit analysis suggests that a total of 
56 billion SEK invested on FTTH (with 30% fiber 
penetration) in Sweden will lead to an increase in 
GDP of up to 52 billion SEK. 

[5]  Qualitative studies based on 
interviews (2009) in Sweden 
and an analysis of the 
Eindhoven study 

Fiber deployment brings distinct economic and 
social benefits to health, education, and other 
public services; it stimulates new ways of working 
and leads to GDP growth. 

[7]  
[31]  

Qualitative assessment based 
on surveys (2009 and 2010 
respectively) in Bulgaria 

FTTH users in 2009 had an average of 10% 
additional benefit compared to non-adopters. 
FTTH/FTTB users have the highest satisfaction 
level of all broadband users. 
FTTH/FTTB encourages distance working (tele-
working). 
In 2010, 66% of Bulgarians agreed that availability 
of high-speed broadband connectivity affects their 
selection of a residence. 

[38]  Quantitative cross-sectional 
analysis for 16 experimental 
communities and 16 matched 
control cities in USA, 
between 1998-2002 

Potential economic improvement (e.g. annual 
employment rate, mean annual household income, 
and educational attainment) could arise if FTTH is 
present in a community. 
Indicators, such as annual employment rate, mean 
annual household income, and educational 
attainment, are significantly higher in cities that 
have adopted FTTH than in cities that did not 
adopt FTTH. 

[39]  Cross-sectional data covers 
25 countries over the period 
of 1999-2009  

FTTx broadband has a positive impact on economy 
growth. 
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Closer collaboration in building up/sharing fiber networks (e.g. Stadsnät*) among 
municipalities, communities, and other public sectors, can consolidate social and 
business relationships, while providing a cooperation platform for new business 
opportunities and networked public services. This is especially good for rural areas, 
which could benefit to a greater extent from newly established business and 
investment, bring increased economic attractiveness in terms of increased job 
opportunities, increased immigration, and increased tax revenues while reducing 
welfare expenditures. 

2.2.2.4 Benefits for Society at Large 
FTTH is a key economic driver that indirectly generates an overall annual 

increase in GDP of a country, through various enhanced and newly attracted business 
- as well as through new investment. FTTH is cost-efficient in delivering public 
services, and can already save up to 1.5% of costs in the four main public economic 
sectors – Electricity, Transportation, Education, and Health, besides the direct benefits 
to the telecommunication industry[40]. 

High-speed network access and increased ICT maturity improve the way people 
live and work. An e-learning services pool of educational resources benefits 
knowledge seekers without limitations in time or space. E-health supports remote 
diagnostics, improving healthcare services with higher efficiency in information 
sharing and treatment. E-governance brings transparency of authorities. Distance 
working reduces physical transportation, resulting in reduced traffic congestion. 
People’s safety in traffic is enhanced while contributing to GDP with high 
productivity, and the increase in job opportunities leads to higher regional 
attractiveness in terms of increased immigration, especially of skilled labor. E-
entertainment and social networking changes the way people entertain and 
communicate, while broadening their social groups, enrich their cultural and social 
experiences. All these effects have directly and indirectly improved people’s 
wellbeing in terms of their quality of life leading to a higher degree of satisfaction, 
while stimulating further innovation in public services. Together these effects produce 
visible economic growth and ultimately drive positive societal development. 

2.2.3 From Environmental Perspective 
Fiber is a green technology that supports the transportation of data over one cable 

and one network, ecologically eliminating the waste of raw materials, unnecessary 
parallel infrastructures, and extra power provisioning, which would be needed for 
other communication infrastructures. Unlike others, its future-proof characteristics 
minimize the environmental damage of future upgrades. Therefore the ecological 
contribution of FTTH is considered as a vital sustainable utility driver for low carbon 
economic development, as every one million users connected to FTTH save at least 
one million tons of CO2  [40], thus utilization of FTTH can save equivalent CO2 
emission of 4,600 km car driving per year per household[41]. Furthermore, the FTTH 
induced effects of reduced commuting and reduced public traffic congestion as well 
as lower power utilization; positively contribute to a large extent to sustainable 
environmental development. 

                                                 
*  Indicates the municipality fiber networks. We will use this term - stadsnät -
throughout the thesis. 
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2.3 Current Status of Fiber Penetration 
According to OECD statistics, fixed broadband subscriptions reached 314 million 

in the OECD area by the end of 2011. The overall share of DSL subscriptions 
continued to decrease to 55.8% with coaxial cable having a penetration rate of 30%, 
while FTTH subscriptions represent 13.7% of the total number of fixed broadband 
subscriptions[8]. A FTTH/B panorama across 35 countries in Europe, shows an 
increased average fiber take up rate of 18.4%, indicating FTTH/B is expanding its 
coverage with a 28% positive growth in FTTH/B subscribers and rollout progressed at 
an annual rate of 41% in 2011[9,42]. 

Specifically within Sweden, broadband subscriptions reached 8.2 million out of 
8.4 million total subscriptions for Internet services at the end of 2011[43]. A total of 
39.54% of all households and 34.81% of workplaces had access to fiber by October 
2011, corresponding to a increase of 6.50% and 7.62% (respectively) in comparison to 
October 2010[44], making Sweden the OECD-EU country with the highest proportion 
of fiber and fiber LAN subscribers out of all fixed broadband subscribers[9,45], as 
shown in Figure 2-5. 

 
Figure 2-5: Fiber Subscriptions per 100 Inhabitants in OECD Countries                            

(as of December 2011) [46] 

Moreover, one can see from Figure 2-6 that in Sweden the number of DSL 
subscriptions is decreasing, while fiber subscriptions constantly increased, especially 
in the last three years. This phenomenon follows the broadband development trend, 
that copper-based access networks are on the way out, while fiber is continue its 
rolling out as the most important alternative fixed platform[47]. This is due to fiber’s 
ability to cope with the increased demands of consumers over time. 
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Figure 2-6: Development of Number of Subscriptions to Fixed Broadband*                     

by Access Technologies in Sweden [48] 

 
Figure 2-7 vividly illustrated the fiber penetration at county (Län) level in Sweden. In  
Figure 2-7(a) the green areas indicate existing fiber connectivity, while the blue areas 

indicate newly connected areas (between October 2010 and October 2011) with 
coverage at workplaces and households. It can be noticed that fiber deployment has a 
large geographical variation in densely populated areas and sparsely populated areas. 
Most newly fiber-connected areas are found on the west coast, in the southern part of 

Värmland County, and in Stockholm County. More specifically, Sundbyberg 
municipality (Kommun) in Stockholm County possess the highest penetration of fiber 
accessibility in workplaces and households among all 290 municipalities in Sweden, 
while there is only one municipality that seems to completely lack fiber access[44].  

Figure 2-7(b) illustrates fiber penetration in terms of access availability. Most 
regions are having at least 10%~40% of availability to access fiber as the orange areas 
have the largest proportion. This is in line with the general access performance of 
fixed broadband in Sweden, with a grown availability (accounting for 52.4% of all 
subscribers) of 10+ Mbps connectivity[47]. Based on the current fiber deployment 
trends, Sweden is forecasted to reach fiber maturity by 2014[42, 49], accompanied 
with a strong political interest in FTTH networks, as the increased broadband 
penetration is favorable for social and economic development. This interest has 
directly or indirectly translated into government engagement in the deployment of 
open access fiber networks in municipalities over the past 10 to 15 years. 

                                                 
* Fiber here includes fiber to the building + LAN within the building. 
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Nytillkommen fiber mellan 
oktober 2010 och oktober 2011

Fiber fanns i oktober 2011
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Tillgång:

a FTTH Connectivity at County Level b FTTH Access Speed at County Level

 
Figure 2-7: Fiber Penetration at the County Level in Sweden                                      

(publicly available at PTS website [44], [50]) 

2.3.1 Determinants of Fiber Penetration 
The deployment of fiber in a country is determined by various factors, such as: 

• Industry factors 

In the highly competitive telecommunication industry, access technologies 
with better performance but lower cost would always be the best option from 
both supply and demand perspectives. Thus technological competition and low 
cost of deploying infrastructure[51] would be the key factors influencing the 
adoption of high-speed broadband access networks, such as FTTH. Combined 
with high access data rates, low price is also an important factor contributing 
to the high level of broadband penetration as studied in [52–54]. The price 
may strongly affect consumers’ decisions of which access technology to 
adopt. 

The lower cost of deploying infrastructure would be an advantage to attract 
greater investment in network deployment from both private and public 
sectors. Sweden has employed infrastructure investments from both private 
and public sectors as its national broadband deployment strategy[55, 56].  

• Socio-demographic factors 

Several studies has shown that population density[57], younger age[52, 53], 
urbanization[58], and the presence of children[59] are influential factors 
driving the penetration of high-speed broadband access. 
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In addition, households with higher income and higher educational level prefer 
to have higher speed access technologies[60, 61]. These factors are therefore 
believed that would influence the adoption decision of FTTH at a certain 
degree. 

• Policy factors  

The Swedish broadband market is regulated subject to the supervision of the 
Swedish National Regulatory Authorities (NRA) – Post och Telestyrelsen 
(PTS)[47]. 

The involvement of local government has been an increasingly important 
factor in the evolution of the “last-mile” infrastructure[1]. Many municipalities 
in Sweden have adopted policies to promote FTTH. Their initiatives to deploy 
municipal FTTH networks have brought tangible economic benefits back to 
them and made Sweden successful in overall rate of fiber penetration. 

The Local Loop Unbundling *  (LLU) policy has influenced fix-broadband 
deployment according to a regression analysis on OECD data[63]. This may 
bring consumer benefits through open access to competitors in a relatively 
short term[64]. 

• Other factors 

There are many other factors that may also have impact FTTH penetration, 
such as user behaviors (e.g. PC, Internet, … usage), network size, service 
level, available content, etc. These factors also influence the fiber penetration 
rates. 

Note that while these factors influence the rate of fiber adoption, they may also 
interact intimately in a complex way. 

2.3.2 Open Access Network 
To date it is estimated that 95% of the municipal fiber networks in Sweden are 

operating with an open access model[65]. The traditional telecommunication model is 
vertically integrated with a single entity that delivers a service, operates the network, 
and owns a network infrastructure that is dedicated to specific (telephony, radio, and 
television) services. Considering the specific geographical conditions of Sweden (i.e., 
that is large in area with 85% of population densely live in urban areas, while 15% 
live in more sparsely populated areas[45]), it is highly inefficient and unprofitable for 
traditional large operators to provide broadband access at sustainable prices in remote 
areas. However, the need for broadband access is as great in these rural areas as in 
other areas of the country. Therefore a large number of rural municipalities have 
deployed open access fiber networks, because the open access model is sufficient to 
meet their specific demands. Some of these municipal networks have formed regional 
associations to connect to different networks, in order to facilitate access by their 
users to various service providers and wholesale market actors. 

Unlike the traditional telecommunications business model, the open access model 
maximizes the consumer’s benefits in terms of freedom of choice and presents the 
highest degree of competition on equal terms in order to avoid monopoly behaviors, 
by separating the roles of service provider and the infrastructure & network 

                                                 
* Includes all types of LLU: full unbundling, line sharing, and bit stream access[62]. 
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provider[66]. Due to different nature (both technical and economic) of the different 
parts of the network, the open access model also optimizes resource allocation for a 
passive infrastructure and active equipment by further separating the roles of physical 
infrastructure provider (PIP) and network provider (NP). The PIP (e.g. municipalities 
or utilities) typically owns a passive infrastructure and takes care of its physical 
maintenance, as the PIP is normally highly local. A passive infrastructure requires 
high initial CAPEX, low OPEX, and is hard to duplicate and inherently subject to 
regulation[65]. The NP (e.g. incumbent operators and broadband companies), on the 
other hand, usually operates nationally with large economies of scale; hence they can 
afford the high OPEX of running the active equipment. 

Figure 2-8[65] exhibits a typical value chain of the open access model. The PIP 
builds up the physical infrastructure of the network, lays cables to the premises of end 
users and charges a monthly connection fee to the NP for providing network access to 
the NP. In some cases end users pay a one-off connection fee of ~15–20 thousand 
SEK to the PIP in order to get their single home (i.e. a villa) connected; whereas in 
case of multi-dwelling units, especially if it is a public housing company, the end 
users pay ~47 SEK per month to their landlords for the FTTH connection[28]. The NP 
in the value chain provides users with access, ensures correct network operation, and 
receives revenue by allowing different SPs to offer services to end users via their 
(logical) network. In reality, the network is open at different levels depending on 
which roles different market actors take, and different business models will arise, as 
illustrated in Figure 2-9. 

 
Figure 2-8: Typical Open Access Value Chain 
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Figure 2-9: Different Open Access Network Models[65] 

Swedish fiber-based access networks have matured considerably and have 
progressively changed from vertical integrated model towards open access models 
over the years. For example, TeliaSonera is the biggest incumbent with the highest 
market share in the Swedish telecommunications market. It originally operated as a 
typical vertically integrated operator (as do most incumbents worldwide) and 
controlled the whole value chain from fiber infrastructure to network services (as in 
Figure 2-9(g)). However, today TeliaSonera also finds it profitable to utilize the open 
access model in different ways. For example, it opens its network at service level, e.g. 
Telia Öppen Fiber, to allow other SPs to provide attractive services and contents as in 
Figure 2-9(a), while Telia also offers its own services over the open fiber network, as 
in Figure 2-9(f). Telia’s LLUB allows multiple actors to work as combined NP and SP 
(for bundled services, e.g. Triple play), then the model becomes the one shown in 
Figure 2-9(e). To compete with other NPs, TeliaSonera operates Stadsnät as well, in 
which by collaborating with municipalities (PIP) who owns a network, Telia acts as 
NP and takes care of handling the SPs’ (e.g., attracting SPs), thereby openness at the 
infrastructure level is achieved as the roles of PIP and NP are separated, see Figure 
2-9(c, d). If the NP acts as a SP as shown in Figure 2-9(b), the network is not really 
considered open as there is no competition at either the infrastructure or service levels, 
and thus the end users have no choice but to subscribe to this single operator. 
However, on the other hand it is still open because similarly to Figure 2-9(c), the PIP 
can decide which NP & SP they want to cooperate with for a fixed period of time, 
when this contract ends the PIP may choose another NP & SP to work with – although 
the active equipment may need to be replaced.  

The Swedish fiber network market is not fully mature yet, but many 
municipalities have realized that they should focus on providing infrastructure rather 
than competing with commercial telecommunication companies, thus they have 
downwards in the value chain. Note that the definition of “open” is flexible and may 
vary to allow more subdivided roles with different network actors each operating in 
their own level of the network. 
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determining the precise time lag. To ensure the hypothesis is testable with available 
data and in light of issue of time lag, a number of quantifiable effects were selected as 
the focus in this study, including: 

• Population evolution 
In addition to the original population trend, we consider that the utilization of 
FTTH may increase the attractiveness of a municipality, attracting people to 
move to the municipality instead of moving out. The effect on population 
change is not instantaneous and may show up with a delay. We have to 
carefully avoid the potential problem of backward causality. The population 
evolution is subdivided into excess of migration and birth rates, as these are 
the two the main components of population change. 

• Competition and price of Internet services: savings/added value for individuals 
Considering that the open access model of FTTH network has led to a 
functional separation of SP, NP, and PIP roles, the highly competitive open 
environment may benefit consumers in the short terms with better services at 
lower prices. In this study the price is computed as the number of SPs offering 
10/10Mbps access services that compete in the same fiber network. 

3.2 Econometric Methodology 
The classical methodology in economics[67] was adopted for this empirical 

research. We stated an initial hypothesis, specified the mathematical model and 
extended this model to an econometric model, then we obtained the data, estimated 
the parameters of the model to test the hypothesis. Following this we were able to 
make a prediction based upon the current trend and thereby drew a conclusion. 

As to the statistical analysis, a large amount of relevant data for the 290 
municipalities of Sweden was collected. We related fiber penetration to our selected 
socio-economic indicators in order to find out how things have changed over time in 
these municipalities. In addition to fiber deployment, the socio-economic 
development of a municipality also depends on many other variables. Therefore a 
reliable analysis on the impact of fiber penetration must be based on a model that 
takes as many relevant factors into account, and for that reason multiple regress 
analysis* [67] is used. The regression model is described as a function shown below: ࢅ = ,ࢄ)ࢌ ,ࢄ …,ࢄ ,  (ࡺࢄ

Equation 3.1 ܻ is a dependent variable that denotes a function of the explanatory variables	ܺ. In 
our study,  ܻ is assumed to be a linear function of ܺ. The ܺ are the various factors 
that we believe have an impact on the socio-economic indicator (ܻ) that we want to 
explain. 

Such a model must be evaluated in terms of how well it reflects reality through 
observations of the measurement collected from these municipalities. Given the 
probabilistic nature of these factors (e.g. there is an inexact relationship between the 
economic variables), the difference between ܻ  and ݂( ଵܺ, ܺଶ, ܺଷ, … , ܺே)  gives a 
disturbance term: ߤ , which represents all those factors that affect ܻ  but were not 
explicitly taken into account due to some limitation of the model or possible 
measurement errors[67]. 

                                                 
* Also known as Multivariate regression analysis. 
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In our study Equation 3.1 is written as a multivariate linear function of 
parameters over which we want to optimize, generally by means of Ordinary Least 
Squares (OLS). In this way the sum of the square of ߤ  for all observations is 
minimized. Equation 3.1 will be presented in exact form in Chapter 4, where the 
analysis of the effect of fiber deployment and some other influential socio-economic 
factors is performed. 

3.3 Data Processing 
As a large dataset was essential for this research approach we needed to collect a 

suitable amount of data. Due to limited data availability the data was hard to collect, 
hence data had to be collected through multiple channels. The collected data was 
processed and stored in a database for stability and security purposes. This data was 
employed in the regression analyses. 

3.3.1 Data Collection 
Data used in the analysis was mainly collected through four ways: 

• Online database of Statistics Sweden (Statistiska Centralbyrån  - SCB)  

Socio-economic and demographic data (e.g., degree of urbanization, 
population, regionalism, etc.) was obtained from SCB’s annual reports and 
their statistical database[68]. 

• Online database of Swedish Post and Telecommunications Authority (PTS*) 

The data for the telecommunication industry (i.e., fiber penetration) was 
collected from PTS’s online database[44], where fiber penetration in each 
municipality of Sweden in 2007, 2008, 2009, 2010, and 2011 is provided. 
However, the data for fiber penetration is only available from 2007 (i.e., no 
earlier data available), and is defined differently by PTS as percentage of 
population living in or within 353 meters from a fiber-connected premise† 
prior to the year 2010 (i.e., 2007-2009). Since then (i.e., 2010 and 2011) fiber 
penetration is measured based upon the percentage of population with effective 
access to broadband via fiber or fiber LAN ‡, typically fiber connected to the 
households (FTTH) or terminated in the basement while households are 
connected with dedicated CAT 5 Ethernet cables within the building (i.e., a 
point-to-point network) in a FTTB deployment.  

• Data collected manually from SPs, NPs, and Municipalities’ websites  

Information concerning the main business sectors in the FTTH market (e.g., 
number of SPs, prices of subscribing to fiber-based Internet services, various 
fiber networks) is scarce, vague, and decentralized, and no integrated source 
was readily available. To ensure the accuracy and reliability of the data to be 
analyzed, the relevant data at a municipal level was manually collected using a 
joint search method, which was extensive, complex, and exceptionally time-
consuming, but was carefully crafted to enable a more precise determination 
of the impact of fiber deployment. 

                                                 
* PTS – Post- och Telestyrelsen  
† In Swedish: “Andel i eller inom 353 meter av en fiberansluten fastighet ”.  
‡ In Swedish: “Andel med faktiskt tillgång till bredband via fiber eller fiber-LAN”. 
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Different fiber networks operated by different NPs have different competition 
and different numbers of SPs. Initially we identified different fiber networks 
(mainly Öppna Stadsnäts) operated by various NPs in each municipality, as 
well as a number of the main competitors offering equal services (specifically 
focusing on 10/10 Mbps symmetric broadband access via fiber, since this 
access speed is available in most areas in Sweden) in the same fiber networks. 
Then we collected the service details (e.g. service price, binding period, notice 
period, etc.) of each SP for different fiber networks via the NPs’ websites. We 
compared the service details in each municipality with the information that 
was provided at each SP’s own website. Specifically, the service price was 
collected and calculated depending on what business model each NP was 
following. Two major models were identified. For model 1 the NP charges a 
network connection fee to SPs, which of course is passed on to the end users; 
hence the service prices found on the SPs’ websites were considered. Whereas 
for model 2, the NP directly charges end users a network connection fee, 
hence the final price is the sum of the service fee available on SPs’ websites 
plus the connection fee found on NPs’ websites. Nevertheless, the substance 
does not really change. Moreover, campaign prices were not considered in 
either case. Instead, the original price for subscribing for the same service was 
used in order to treat each SP equally. Afterwards for unmatched or unclear 
information, we double-checked via the municipal websites (including 
municipal owned utilities) and contacts, to verify the information. All the 
details collected were the latest information for the second half year of 2012. 

• Other data sources 

To clear up some of the contradictions in the price details and to ensure the 
information we collected is correct, we verified it through contacts with key 
players from stadsnät, NPs and SPs, municipalities and power utilities, as well 
as with the PTS. 

3.3.2 Applied Tools 
This subsection describes the details of the tools used for storing the data and for 

the data analysis. 

3.3.2.1 Tools for data storage 
The collected data was originally stored in Excel sheets until it was realized that 

this method would not be sufficient stable and secure enough for large-scale storage 
or future updates to this collection of data. For this reason a database was established 
and stored on a local server with a suitable configuration. The collected data was 
saved as a .csv formated file and imported into a MySQL™ open source database with 
Python™ scripts. The application phpMyAdmin was used for administration of the 
database. Figure 3-2 illustrates the phpMyAdmin web interface to our database. 
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4 Analysis and Results 

Given the expected extensive benefits of FTTH deployment, this chapter relates 
the theoretical framework to the empirical data for the analysis of the indirect socio-
economic benefit of FTTH penetration, with respect of population evolution and 
network service price, by means of econometric models. 

Extending the logical boundaries of an overall positive impact of broadband 
development on various dimensions of the society and economy, it is rational to 
propose the hypotheses that: The promotion and utilization of FTTH infrastructure 
would enhance the attractiveness of a municipality, particularly in terms of increased 
population change; and an FTTH network open to several market players leads to 
reduced Internet service prices. The hypotheses are tested in the following sections. 

4.1 Population Evolution 
The trend of population evolution is affected by various factors, which may 

influence the attractiveness of a municipality. One of these factors could be the 
availability of fiber infrastructure – as we argued in section 2.2, that more fiber can 
lead to more job opportunities and better social welfare, which are important to attract 
people to move into a municipality and to discourage people from moving out. The 
hypotheses to be tested are formally stated as: ܪ	 : FTTH penetration does not contribute to the population evolution in 
Sweden. ܪଵ	: FTTH penetration does contribute to the population evolution in Sweden. 

The evolution of population size is considered to have a tendency to continue in a 
trend, unless something else happens[71] , i.e.: ࢚ࡼ࢚ࡼ =   ࡼࣄ൨ࢀష࢚ࡼ࢚ࡼ

 

Equation 4.1 

Where ߢ is a factor defining the linear trend, and tends to be (࢚ −  .ࢀ/(࢚

This trend may be influenced by various factors, such as tax rate, economic 
situation in the region, etc. The effect of these factors can be considered as 
contributing to the increase or decrease of the population, which therefore would be 
translated into an exponential term in our equation: ࢚ࡼ࢚ࡼ =  ࡼࣄ൨ࢀష࢚ࡼ࢚ࡼ ࢄࣄሼ࢞ࢋ + ࢄࣄ +⋯+ ሽࢄࣄ

 
 

Equation 4.2 

By taking the logarithm on both sides of the equation, a simplified model is 
obtained: ∆ࡼ,(࢚ି࢚) = ࢚ࡼܗܔ − ࢚ࡼܗܔ (ࢀି࢚),ࡼ∆ࡼࣄ= + ࢄࣄ + ࢄࣄ +⋯+ ࢄࣄ +  ࢚ࢿ

Equation 4.3 

Where  is the municipality id and equals 1, 2, 3, ... 290 
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ݐ            = ݐ ,2010 = 2007, ܶ = 10 ∆ ܲ,(୲ି௧బ	) is the population change between year 2007-2010 in municipality݅. ∆ ܲ,(௧బ	ି) is the population change in the past 10 years, from year 1998 to 2007 
in municipality ݅. ε௧ is an error term, which is the sum of all possible unknown factors that 
were not taking into account in this model. ܺ are other various (influential) factors that have an impact on the 
indicator ߢ are the parameters (to be optimized by the OLS) which quantify the 
impact of the respective factors ܺ.  

As population size has a tendency to continue its trend as per Equation 4.1, a 
regression was obtained from the simplified Equation 4.3 using only the regressor 	∆ ܲ,(௧బ	ି). We have population change over the past 10 years (ܶ = 10, which is the 
data that only available) as a measure of a relatively medium-long term trend, to 
predate the trend of population evolution that a municipality is have at this moment, 
which is beyond the short-term shocks/advances that may have impact on that. The 
results are shown in Table 4-1. 
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Where: ∆ ܲ,(௧ି௧బ) is the population change of municipality ݅ between 2007 and 
 ,(ଶ଼~ଶଵ) is the total excess of migration into municipality ݅ in the yearsܯܧ .2010
2008, 2009, and 2010. ܤ,(ଶ଼~ଶଵ) is the total births in municipality ݅ in years 2008, 2009, and 
 ,(ଶ଼~ଶଵ) is the total deaths in municipality ݅ in years 2008, 2009, andܦ .2010
2010*. 

4.1.3 Excess of Migration 

According to Statistics Sweden, Excess of migration[74] is defined as the 
difference between immigration and emigration, i.e., the net number of people 
migrating into a municipality. This may explain the population change to a great 
extent. Taking the same indicators ∆ ܲ,(௧బ	ି), ܷ,௧బ, and ܥܫ,௧బ in the regression, we have 
a similar model to that shown in Equation 4.8. ࡹࡱ,(ૡ~) = ࡼࣄ ∙ (ࢀ−࢚),ࡼ∆ + ࡲࣄ ∙ ࢚,ࡲ + ࢁࣄ ∙ ࢚,ࢁ + ࡵࣄ ∙ ࢚,ࡵ +  ࢚ࢿ

Equation 4.8 

The results of the regression are summarized in   

                                                 
* The death rate was not available at the time of performing the analysis. Besides, it is 
the 2nd lowest in the world[73] and is therefore not considered further in this analysis. 
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Table 4-7 and in Table 4-8 for fiber penetration at work places and residential 
places (respectively). We can see that the impact on excess migration is explained by 
the model with approximately 58% of variance. The estimated parameters are given 
below along with their 95% confidence interval, with ߙ௫ representing the coefficient 
of variable ݔ  at workplaces and ߚ௫  representing the coefficient of variable ݔ  at 
residential places. ߙி = 0.012 ± ிߚ 0.007 = 0.009 ± ߙ 0.006 = 0.127 ± ߚ 0.019 = 0.128 ± ߙ 0.019 = 0.013 ± ߚ 0.011 = 0.014 ± ூߙ 0.011 = 0.026 ± ூߚ 0.018 = 0.027 ± ߙ 0.018 = −0.007 ± ߚ 0.008 = −0.008 ± 0.007 
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4.2 Competition and Price of Internet Service 
In the previous sections one can already see that fiber penetration has a 

significant impact on population evolution, especially in terms of excess of migration. 
Looking at why people want to move to a municipality, the explanation goes beyond 
fiber penetration per se: possibly the open access model, which goes hand in hand 
with fiber deployment in Sweden, leads to lower prices due to competition which 
indirectly makes a municipality more attractive. Price is a crucial factor that directly 
affects broadband adoption. This could in turn also implicitly affect the economy and 
society. Therefore, we investigated the price of Internet service (specifically 
symmetric 10/10 Mbps Internet access, as it is the mostly accessed speed in Sweden) 
and the effect of competition in fiber networks across the country.  

Open access is an open market. In light of basic market economics, more service 
providers in the fiber-based open market increase the competition, which will 
accordingly lead to better offers and lower prices. Therefore we set out (see 
Hypothesis 2) to verify whether price indeed is lower when there are more ISPs in the 
market providing fiber-based Internet services, with respect to the market disciplines. 

Hypothesis 2: Competition and Price of Internet Service  ܪ	: More SPs competing in a FTTH open network does not lower the price of 
10/10Mbps fiber-based Internet services in Sweden. ܪଵ	 : More SPs competing in a FTTH open network does lower the price of 
10/10Mbps fiber-based Internet services in Sweden. 

The estimated model is: ܜ,ࡼ = ࣄ + ࡼࡿࡵࣄ ∙ ࢚,ࡼࡿࡵࡺ + ࢄࣄ + …+ ࢄࣄ +  ࢚࣓
Equation 4.10 

Where: 

ݐ      =  ௧ is the to date lowest price of subscribing to fiber-based high-speed Internet,ࡼ is the municipality ID and equals 1,2,3,……290  2012
services (with 10/10 Mbps or above) in the municipality ݅ in 2012.  ࡼࡿࡵࡺ, is the number of ISPs that is presenting on the fiber network with high-speed 
Internet services (with 10/10Mbps or above) in the municipality ݅ in 2012. ࣓࢚ is the error term, which is the sum of all possible unknown factors that were not 
taking into account in this model. 

Regressing the simplest model given in Equation 4.10 with the only explanatory 
variable ࢚,ࡼࡿࡵࡺ, one can see the robust relation between price and the number of ISPs. 
As shown in Table 4-11, the price that ISPs charge for every subscription decreases 
statistically significantly with an increase in the number of ISPs (t-stat = -9.78) as 
expected. The price that the model predicts is 250.97 SEK per month if there is only 
one ISP present in the market; each additional SP leads to a 8.08 SEK per month (with 
a 95% Confidence Interval from 9.71 to 6.45 SEK per month) decrease in lowest price 
from the base line. From ܴଶ one can estimate that 41% of the variance in price can 
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ூܰௌ, is the number of ISPs that is presenting on the fiber network with high-speed 
Internet services (with at least 10Mbps or above) in the municipality ݅ in 2012. ∆ ܲ,(௧బ	ି) is the population change in the past 10 years, from year 2002 to 2011 in 
municipality ݅. ݅ܶݔݑ,௧ is a binary NP flag, in which 1 indicates that the network provider iTux is 
presenting in the market in the municipality ݅ in 2012, whereas 0 means not 
present. 

ܸ,௧ is a regional binary flag, in which 1 indicates that municipality ݅ belongs to the 
Västernorrlands Län while 0 means it does not. 

ܵ,௧ is another regional binary flag, in which 1 indicates that the municipality ݅ 
belongs to the Stockholms Län while 0 means it does not. 

߱௧ is the error term, which is the difference between what the model predicted and 
what the actual measurement is.  

Based upon the statistics of robust regression that were illustrated in Table 4-15, 
the estimated parameters are then obtained as listed below with 95% confidence 
intervals, with 57% variance (ܴଶ = 	,0.5700 = 0.000) explained by the introduced 
variables. ߢ = 245.673 ± ூௌߢ 9.681 = −6.933 ± ߢ 1.486 = −50.87 ± ்௨௫ߢ 39.352 = −25.731 ± ௩௦௧ߢ 6.139 = 32.379 ± ௦௧ℎߢ 10.372 = 12.422 ± 9.624 

One can now estimate that 245.67 SEK/month is the base line for monthly 
subscription price of 10/10 Mbps fiber-based Internet service, with every additional 
ISPs competing in a network lead to a reduction of 6.93 SEK/month from this base 
line. A one percent increase in the rate of population change brings a decrease of 
50.87 SEK/month. Moreover, the monthly cost would be 25.73 SEK/month lower 
when subscribing via iTux’s fiber network. Furthermore, if the municipality one lives 
in belongs to Västernörrlands Län, one pay an extra 32.38 SEK/month more than in 
other regions, except for those living in Stockholms Län where an extra 12.42 
SEK/month is charged on top of the base line. The variation in prices in these regions 
is because the economies of scale and geographical conditions are different, which in 
turn may influence the business models that are adopted (e.g. an externally contracted 
NP or a municipality-owned NP) thereby causing a price variation. 

Figure 4-9 displays a plot in which each point represents a fiber network (i.e., 
Stadsnät), where the x-coordinate indicates the number of ISPs that is offering the 
same services in a network, and the y-coordinate indicates the lowest prices of among 
these ISPs that are competing in the same network. The red fitted line exhibits a linear 
prediction of our pricing model. One can observe graphically that the number of ISPs 
via Stadsnät negatively affects the price of subscribing to fiber-based network 
services, thus more ISPs competing in the same fiber network (i.e. Stadsnät) would 
eventually benefit the consumers with a lower price. The prices in the network with 
just one SP for the same service vary between 209 - 299 SEK per month, whereas the 
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5 Conclusions and Future Work 

This chapter summarizes the conclusions of this thesis project, along with 
discussions of the constraints during the research process and suggestions for possible 
future work. Reflections with respect to social, economic, and ethical issues 
associated with the project are reviewed as the end of the chapter. 

5.1 Conclusions 
The aim of this study was to shed light on the impacts of FTTH on aspects of 

society and the economy based upon quantitative evidence. This is important because 
FTTH as the next generation broadband access technology is considered a key 
ingredient in the development of knowledge economies and societies. While many 
studies have highlight the importance and effects of traditional broadband, little has 
been written based upon quantitative evidence from the perspective of FTTH 
deployment. Given the importance of filling this information gap in terms of the 
substantial benefits of FTTH, two earlier identified socio-economic indicators are 
examined empirically by means of multivariate regression analysis using the data 
collected from 290 municipalities in Sweden. 

It is evident from the statistics presented in this thesis that fiber-based access 
networks have gradually replaced the copper-based access networks, and these fiber-
based access networks have increasingly benefited society in recent years. 
Specifically, a higher fiber penetration of 10% at workplaces and 13% at residential 
places in a municipality in 2007 lead to a 0.17% improved population evolution 
between 2007 and 2010. The excess of migration and birth rate account for the 
majority of the population growth, respectively with a positive change of 
approximately 0.12% net immigration and 0.06% birth rates in the next three years. 

Regarding the current FTTH network market, the study (included 282 different 
networks, both municipal and private ones) found that an open network with multiple 
competing service providers has a wider range of services and especially lower prices. 
Particularly, with 245.67 SEK as the base line of the monthly price for subscribing to 
Internet services via fiber, every additional ISP competing in a network leads to a 
reduction of around 5 SEK per month for the average service price and a decrease of 
approximately 7 SEK per month for the lowest service price, except for Telia Öppen 
Fiber. This result is in line with the traditional market discipline that stronger 
competition is expected to lower prices. However, Telia Öppen Fiber is found not to 
be influenced by the number of SPs presented in the network, although the price level 
on average is slightly lower via Telia Öppenfiber Lägenhet than via Telia Öppenfiber 
Villa, because the overall installation cost is lower for a lägenhet (i.e., apartment) than 
for a villa (i.e., single home). 

Apart from FTTH, demographic factors such as the previous trend of population 
change, the proportion of foreigners, and proportion of people who commute 
regularly into a municipality for work, as well as socio-economic factors such as 
urbanization have effects on the population change in a municipality in Sweden since 
2007. In particular, on top of the original population trend that a 10% population 
increase in 1998-2007 leads to an approximately 2.45% positive growth between 2007 
and 2010, with all other things equal, the degree of urbanization was found to be 
significantly related to the population change of a municipality. This is reasonable 
because urbanized areas are currently still attracting people (including foreigners) to 
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work, commute, and reside in Sweden. Moreover, the study found that a 10% higher 
population who regularly commute into a municipality in 2007 contributes to more 
than 0.45% growth in population between 2007 and 2010, indicating this dynamic 
group commonly tends to settle down in a municipality to which they regularly 
commute. It was also noticed that in many cases a high portion of foreign citizens and 
family building are interrelated, because the significant statistic result supports the 
theory that immigrant groups tend to have a higher birth rate shortly after immigrated 
to Sweden, with a 10% more immigrants in 2007 tending to give at least 0.19% 
positive growth in births between 2008 and 2010. Part of the effects of both 
in-commuting and immigrants can also be explained by the degree of urbanization, as 
this may attract persons to move into a municipality to a great extent. 

As to the FTTH open market, we clearly see that the competition is mainly on the 
service level (i.e., competition among SPs). Nonetheless, the price is not affected only 
by number of competing SPs. It was observed that competition exists also at the NP 
level, yet not as intensely as among SPs. Although we observe some difference in the 
price offered by various NPs, it should be noted that prices are always associated with 
a diverse bundle of services in the Swedish fiber open market. That is, a lower price is 
normally complemented by higher requirements on bundled services, with a longer 
contract period (e.g., 12 to 18 months) and a long required notice period for 
termination (e.g., 3 months). These NPs are able to offer lower price to SPs, which 
will eventually pass this savings on to their subscribers because they have guaranteed 
revenue from the associated bundled services. Moreover, the study found some 
regional factors that suggest that service prices varies depending on the overall 
development context of municipalities, the openness of the local fiber market, and 
more importantly the local authorities’ initiates and involvement. Demographically, 
increased dynamicity of population change in the past 10 years in a municipality was 
found conducive to more favorable prices due to further competitive pressure on the 
suppliers, as this group of people is considered more broadband inclined and 
discerning in their choice of Internet services. 

All results presented in this thesis are found statistically sound according to the 
robustness tests (see the Appendix). 

5.2 Future Work 
In this study we are able to capture some early positive impacts of FTTH in 

Sweden, particularly on population evolution, and more specifically on the benefit to 
subscribers of lower service costs. Nevertheless, a number of economic impacts are 
not observable yet. Part of this is due to the fact that the rapid deployment of FTTH in 
recent past has not yet allowed for wide availability of data that focus on different 
aspects related to the FTTH technology, which is also the main limitation of this study. 
As to the telecommunication market, the available information is unfortunately a mess. 
The lack of an integrated data source (e.g. price and other service details) increases 
the difficulties in regards to data collection, in this study information was collected 
manually from the websites of each NP, SP, and each municipality, and it requires 
quite extensive work and is very time consuming to collect this data. During the study, 
a database was established for data stability and security purposes, and an analysis 
method (i.e. econometric regression model) for quantifying effects was developed. It 
is believed a more advanced/intelligent mechanism for data collection would simplify 
the data processing to a certain degree and would save a lot of time. 
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This study could be extended by incorporating richer and more descriptive 
variables to see if FTTH impacts many other aspects, such as policies/decisions of 
authorities, location of newly created companies, etc. These aspects were not found 
statistically significant at the early stage of our study due to the lack of data. It is 
highly recommended to incorporate as many socio-economic effects in the analysis as 
possible in order to draw a complete picture for all interested sectors, including 
concerned authorities, local governments, market players, and private investors. 

In addition, our findings on the price level (base line: 245.67 SEK per month) that 
we obtained is coincidently found to be generally in accordance with the very latest 
report published by PTS[79], which collected data in a different way, yet it supports 
our results to a great extent – but gives us greater confidence in our data collection 
and analysis. Nevertheless, one should be aware that some of the effects observed in 
this study, especially the practical competition in the open access network and the 
price of Internet service have certain provisionally, because the statistics obtained are 
based on the information (e.g. price) currently available online. It is noticed that 
market information such as prices of Internet services vary frequently on SPs’ 
websites (as the latest data for the prices have been updated 2 to 3 times during our 
research). Although the price changes could be in the order of 10 to 20 SEK 
magnitudes, they occur seldom enough to change anything significantly; especially 
the regression results have never been changed. Nevertheless it would be interesting 
to take this into consideration in a further study, to figure out whether these changes in 
prices are due to changes in marketing strategies based upon the current market and 
economic situation, or if these changes in prices are due only to periodically price 
adjustments for all SPs, thereby enhancing the current econometric model for a more 
comprehensive analysis. 

Furthermore, the competition in the open access fiber network is measured in this 
study in terms of the number of competing SPs for the 10/10Mbps Internet service, 
NPs operating different fiber networks, and regional dependent factors. The study 
draws a clear picture of the main influential factors; however, it is not a complete 
picture of the competition, as some variance still remains unexplained. We noticed 
from the study that besides lowering prices, networks with more SPs seemed also 
leading to increased service differentiation (e.g., 10 Mbps, 100 Mbps, 1Gbps, 10 Gbps, 
Triple-play, etc.), however, we were not able to investigate in more detail and will 
leave for future work. Prices of a specific operator (e.g., Broadband2, Bahnhof, etc.) 
when plotted as a function of the number of competitors they have would also be 
interesting to explain the competition and change in price from another angle. Last but 
not least, what other external factors influence the Internet service price (e.g., 
construction costs for fiber infrastructure, local socio-economic situation and hence 
market size as well as price elasticity, other potential strategic and commercial factors) 
and current pricing mechanism from SPs’ internal perspective (e.g., aggressive pricing) 
are worth further studies, as SPs could therefore create corresponding pricing 
strategies with more structure and greater service differentiation. 

5.3 Required Reflections 
This study acts as a starting point for assessing the macroeconomic impact of 

fiber-based access technologies (i.e. FTTH) on social development and economic 
growth. We have identified the main benefits of having FTTH, their beneficiaries, and 
the mutual interactions among them. The positive analysis results indicate a great 
potential for FTTH, which specifically, may significantly benefit smaller 
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municipalities in terms of improved population evolution (less people are forced to 
move away), as well as benefit consumers by decreasing the cost of Internet service 
but with better QoS and this may stimulate consumption and hence economic growth. 
For instance, to give an idea of the magnitude of savings that open access on full 
competition leads to, a closed network changing to full openness to attract many 
service providers (e.g., from 1 SP to 11 SPs), would lead to a lower prices of 
50 SEK/month at the lowest price and 70 SEK/month as an average price, meaning 
one could potentially induce 600 to 840 SEK/year in savings per end user. Making a 
very rough calculation, assuming 15% out of 4 million households who do not 
currently have access to an open network[80] would have access to a fully competing 
open network, this might lead to an approximately 500 million SEK/year in savings. 

The substantial benefits of having FTTH suggest that there is a need for local 
authorities and investors to take these benefits into consideration, since the promotion 
and adoption of such ICT advancement will both benefit them and eventually benefit 
the whole society via development and economic growth. 
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