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European Deployments
FTTH/B Customers by Country/Region
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Why FT TH, Why Now ?

F

ibre to the home (FTTH) has become a
reality. As of the end of 2008, consumers
in more than 1.5 million households used
direct fibre optic connections in Europe, almost
5 million in the United States, 15 million in Japan, and well over 30 million worldwide.
FTTH is also widely recognised as the optimal solution for providing broadband to new
and existing communities alike. In fact, hundreds of FTTH communities are flourishing in
Europe. Why? FTTH offers more bandwidth
and more flexibility than alternatives, at a similar price.
The basic technological and economic challenges of FTTH have been resolved for years.
Based on the immense capacity of fibre – al-
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ready the foundation of the world’s telecommunications system – FTTH is now being deployed around Europe and around the world.
Large property developers worldwide put fibre
in their new developments. Communities are
finding that FTTH is a feasible solution today
that positions them for tomorrow’s jobs and
economic growth.
In the United States, Verizon had passed
about 12 million homes with fibre by the end of
2008 and reports a cost of well under €500 per
household to do so. It also reports that network
maintenance and operating costs for its FiOS
FTTH project are only 10 percent of the cost
for copper, with end users seeing much greater
reliability.
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Wireless alternatives such as WiFi
and WiMAX in the shared access network can’t deliver HDTV – and in
fact have trouble delivering standard
definition television. Variants of DSL,
and even the latest cable and satellite
links, can deliver HDTV, especially ondemand, only with difficulty, and high
operating costs. And that’s today. What
about the demands we see even three
to five years down the road?
There’s no problem for optical fibre.
In fact, one bundle of fibre cable not
much thicker than a pencil can carry
ALL of the world’s current communications traffic.
So why should there be any confusion? Different types of people have
different things in mind when they talk
about FTTH.
• Technical people often talk about
bandwidth, in terms of raw capacity
to move bits and bytes of data.
• Consumers think about the products and services that bandwidth can
provide NOW. They can’t demand
services they don’t know about, or
that have not yet been invented.
• Political leaders, corporate economists and academics often have a
third view: Bandwidth as publicly
available infrastructure, a utility
that provides opportunities for people to develop new products or start
entirely new businesses.
Public infrastructure also makes private property more valuable. A house,
for instance, is generally worth much
more if it has access to a public street,
water, and sewer services, public schools
and other “utilities” than if it does not.

One bundle of fibre cable
not much thicker than
a pencil can carry ALL
of the world’s current
communications traffic.
Just as people argue about “how
good is good” when it comes to roads
and schools, we argue about “how much
bandwidth is enough”, in what form the
bandwidth should be provided, and
who might pay for it. Should it look like

a “telephone” system, which historically
has used a network technology that differs from, say, an Ethernet home or office network? Or perhaps it should look
like the networks cable companies have
developed for delivering TV channels
and other video.

Real estate ads in Korea carry from one to four
stars to describe the bandwidth available. A
four-star rating generally requires fibre.

But if you are working in property
development, building residential or
business structures, why would you
equip your building with 120-year-old
copper technology that is already obsolescent, costs as much as (or more
than) fibre, and will be totally obsolete
in just a few years?

If you are a municipal
official, can you explain
to voters and local
businesses that your
community will be bypassed by the Information Highway, the
transport system for the
knowledge economy?
If you help run a telecom or cable
TV company, why would you cede your
competitive advantage to builders of fibre networks – networks that are inexpensive to run, reliable, and can deliver
premium services you can’t? If you are
a municipal official, can you explain to
voters and local businesses that your
community will be bypassed by the Information Highway?
And if you are a consumer, can you
afford to buy a home that will have to be
modified in a few years to accommodate
that fancy new TV you want to buy or the
telephone system your job demands?
In this primer, we explain the technology in a way you, the non-specialist,
can understand. We want to communicate... The advantages of fibre to
the home.

The Advantages
of Fibre
This primer covers the key economic and technical issues surrounding fibre to the home. It explains why
we believe you will agree that:
• FTTx – that is, fibre to the home
or fibre to the basement of a
multiple-unit building – is the
only technology that will deliver
enough bandwidth, reliably and
at a low enough cost, to meet the
consumer demands of the next
decade.
• FTTx is affordable now, which is
why hundreds of companies using
hundreds of different business
cases worldwide are racing to install it in thousands of locations.
• FTTx is also the only technology
that will meet the needs of the
foreseeable future, when 3D, “holographic” high-definition television and games (products already
in use in industry, and on the
drawing boards at big consumer
electronics firms) will be in everyday use. Think 20 to 30 gigabits
per second in a decade. Copper
can’t do even 1/1000th of that
bandwidth, and then not for more
than a few hundred metres.
• FTTx will enable products and
services that we have yet to conceive of, but that we are certain
will become necessities for living well and working well in the
decades ahead. Look at what just
the past few years have brought:
mobile video, iPods, HDTV, YouTube, telemedicine, remote pet
monitoring… and thousands of
other products.

FTTH COUNCIL EUROPE | ADVANTAGES OF FIBRE |

7

Fibr e and Band wid t h
Q: What is bandwidth?
A: In a network, bandwidth is the ability to
carry information. The more bandwidth you
have, the more information can be carried
in a given amount of time.
Q: How much bandwidth – or information –
do we need?
A: A standard-definition television signal (PAL,
SECAM or NTSC) requires a bandwidth of
about 2 Mbps – two million bits (zeros and
ones) per second. HDTV requires as little as
4 Mbps if the image is rather static – a person
being interviewed, for instance. But fast action, such as some sporting events, requires
more – as much as 8 to 12 Mbps, even with
new compression technology such as MPEG4. There are new versions of HDTV coming
along as well, requiring double the bandwidth or more for higher resolution and to
transmit 3D images. And households in the
future may have many HDTV receivers for
video entertainment and for playing games.
A recent broadband-usage study done
for FTTH Council Europe by Ventura shows
that FTTH users already use three times
more bandwidth than ADSL users. If customers get access to high bandwidth, they
immediately use it.
Q: What about data?
A: Bandwidth requirements are exploding
for many kinds of data. Most new digital

Most new digital cameras
create images that contain
2 to 15 megabytes. At the
upload speeds generally
available to people using a cable
modem or DSL, it takes well
over a minute to transmit a
10-megabyte picture.

8

Equipping an existing fibre
network with newer electronics
and with lasers that pulse light
faster, or lasers using different
wavelengths of light, can vastly
increase the available bandwidth
without changing the fibre itself.
That’s why fibre networks are
said to be “future proof”.
cameras create images that contain 2 to 15
megabytes. At the upload speeds generally
available to people using a cable modem or
DSL, it takes well over a minute to transmit a
10-megabyte picture. That is, 10 megabytes
= 80 megabits, which at 1 megabit per second (Mbps) equals 80 seconds. It normally
takes even longer because the network sends
extra bits to help route the network traffic
and to provide security. At dialup speeds, it
would take at least 20 minutes.
Q: Why is fibre preferred to copper? After all,
copper has been around a long time.
A: Optical fibre is unique in that it can carry
a high-bandwidth signal over enormous distances. Copper can support high bandwidth
only for a few hundred metres. The longer
the signal travels on copper, the lower the
bandwidth. Fibre uses laser light to carry
the signal. Under most circumstances, the
signal can travel 20 kilometres or more
without degrading enough to keep it from
being received.
What’s more, the equipment necessary to
send the light signals keeps getting better.
So equipping an existing fibre network with
newer electronics and with lasers that pulse
light faster, or lasers using different wavelengths of light, can vastly increase the avail-
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able bandwidth without changing
the fibre itself. That’s why fibre networks are said to be “future proof”.
Fibre networks also require much
less energy to build and to operate
than does copper, and creates less
environmental pollution as it is being manufactured. Thus it contributes to environmental goals.
Q: That sounds like magic. But isn’t fibre too new to trust?
A: Fibre has actually been used in communications networks for almost 40
years. But until 2002, it was rarely
used to deliver a signal directly to a
home. Instead, it was – and is – relied upon to carry communications
traffic from city to city or country to
country. Almost every country on
earth has some fibre, delivering services reliably and inexpensively.
In fact, if you have a cable modem, with broadband supplied by
your cable operator, or if you have
a form of DSL (such as ADSL or
VDSL) that converts your telephone
line into a data pipeline, you are already using fibre. The fibre carries
the signal close enough to your home
so that copper can carry it the rest of
the way. The available bandwidth is
far less than in an all-fibre network.
And these hybrid approaches do not
support symmetrical bandwidth –
existing cable and DSL systems can
download information much faster
than they can upload it.

Q: Isn’t that good enough?
A: That depends on how you want to
use your bandwidth. If all you want is
to send simple text e-mails or receive
an occasional photo of your grandchildren, the bandwidth provided by
today’s cable modems and DSL lines
is good enough. But as soon as that
photo becomes a video, you’ll need
more. And what about an adult monitoring an elderly parent?
Q: How close to the home does fibre
come in DSL and cable systems,
and why does that matter?
A: There is a marked relationship between the distance and the available bandwidth when you are using
copper. The latest version of DSL is
called VDSL2+. It can carry a signal
of more than 200 Mbps, but only
for about 250 metres. At a distance
of 500 metres, it can carry a signal
of only 100 Mbps. Over a distance
of 2 km, it can deliver only about
30 Mbps. And that’s the theoretical
limit. In practice the real bandwidth
is usually less.
Q: Some telephone companies have
been promising fibre to the home
for a decade or more. But until recently there hasn’t been any. Isn’t
that because the technology is difficult to master?
A: No, but until recently it was more expensive than other solutions that offer far less bandwidth, such as cable
TV’s EuroDOCSIS and the phone

Broadband DSL Bandwidth Falloff With Distance

Megabits/second (Mbps)

250
200

If you have a cable
modem, with broadband
supplied by your cable
operator, or if you have
DSL, which converts your
phone line into a data
pipeline, you are already
using fibre, but not all the
way to your home
or business.
companies’ own DSL. Those older
technologies were “good enough”
until recently. But in the past few
years, content that was expected,
such as HDTV, and content that was
not predicted, such as video services
like Joost and YouTube, have simply outrun the ability of these older
technologies to handle the bandwidth needed.
Now telephone and cable companies sometimes advertise “unlimited” traffic volume. But in the fine
print of their contracts with consumers, they usually reserve the right to
shut off or degrade service when a
customer uses an unspecified certain amount of traffic in a month.
Some customers are finding that
these invisible “caps” prevent them
from using remote storage for their
irreplaceable data files, videos, and
images. A 100 GB hard drive in a
home computer is considered small
today. Without FTTH, the cable
companies can’t deliver that much
volume to everybody
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Inevitability of Bandwidth Growth

A

ll too often, we think of increased
bandwidth as a matter of speed. It lets
us do things faster, like sending an email message or viewing a website. But the real
value of bandwidth is that it lets us do entirely
new things with our computers, cameras, televisions – with our network.
What are these new things? We have glimpses of many of them. In the past few years, we
have seen such new products and services as:
• Voice over Internet Protocol telephones.
They’re not only cheaper for the consumer,
they are better. Many VoIP providers allow
incoming callers to find the line you are on,
and leave messages – text and video as well
as voice – where you can easily pick them
up.
• Video on the Web, and on mobile devices.
• Telemedicine, allowing the elderly and disabled to live in their own homes longer. Allowing doctors in larger communities to examine patients in remote areas, even from
hundreds of kilometres away.
• User-created video allowing grandparents
to see the children, or young comedians
and musicians to find audiences. Entirely
new and unforeseen product successes have

Although Edison would later
invent hundreds of products that
use electricity, he was not thinking
about air conditioning for private
homes when he built the first
electricity distribution network. Nor
was he thinking about dishwashers,
refrigerators, computers, or those
rechargeable batteries for your
iPod, mobile phones and cameras.
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dazzled, bemused and annoyed us. YouTube
appeared in February 2005 – and quickly
became one of the five largest users of bandwidth on earth. YouTube today uses more
bandwidth than did all Internet users together, in the year 2000.

We have every reason to think this kind of
innovation will continue and that our need for
ever more bandwidth will grow. For example,
home telepresence products – allowing highquality, lifelike videoconferencing – are slated
to be introduced within the next year or two.
Only fibre to the home will be able to deliver
the bandwidth to meet these needs. In fact,
only fibre can deliver that bandwidth now, to
meet current needs.
Other types of utilities have also encouraged innovation and given rise to new applications. When Thomas Edison built the world’s
first central-station electrical generating plants
and distribution network, the main application
for electricity was lighting. Edison would later
invent hundreds of products that used electricity – and even he never thought about air conditioning for private homes. Nor was he thinking
about dishwashers, refrigerators, computers, or
those rechargeable batteries for your iPod, mobile phones and cameras.
The least expensive desktops today come
with 100 GB hard drives, because everyday us-
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Think hundreds of
thousands – even
millions – of TV
“channels” from all
over the world.

Wall of LCD screens at University of California at San Diego allows worldwide “telepresence.”

Today, fibre’s
bandwidth is orders
of magnitude
bigger than other
technologies. In the
next few years, as
10 Gbps equipment
becomes available,
the fibre circle will
be off the page.

remote location. At common DSL and
cable-modem upload speeds, it would
still take 5 to 10 hours. Transferring the
files over fibre, by contrast, can take as
little as a few minutes.
TV manufacturers are already planning for high-bandwidth access. New
sets have Internet links that allow them
to display wide-screen high-definition
video from the Internet, using their TV
remotes to find the content they want.
Think hundreds of thousands – even
millions – of fibre-enabled TV “channels” from all over the world.

Bandwidth
Comparisons
64 Kbps: Phone Line
128 Kbps: ISDN

2.048 Mbps for an E1 Line

5 Mbps: Wireless maximum per user
with latest technology

Only the
Beginning

50 Mbps: DSL maximum per user with
latest technology

160 Mbps: Cable maximum per user
with latest technology

A decade from now, even
100 Mbps or 1 Gbps will
look small. By then, you’ll
be seeing 3D television
on the market. It could
require 2.5 Gbps or more.
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ers need the file space. And if they need
the file space, they also need to send
files of comparable size.
Users become annoyed when the network’s speed lags far behind the speed
at which their own computer handles
files. Using your computer’s USB port,
it takes about half a minute to move a 2
GB memory card’s worth of digital pictures (or an hour of TV-quality video)
to your hard drive. With the dialup connections still used by many European
households, it would take more than 90
hours to move those same images to a

FTTH COUNCIL EUROPE | ADVANTAGES OF FIBRE |

11

What European Communities Are Doing
Finland: Growing a Regional Fibre Network,
One Community at a Time

I

n Nordic countries most deployers of fibre
to the home are municipalities or municipal
utilities. Now 17 municipalities in Finland
are cooperating through their regional council
to build a chain of FTTH networks.

Percent FTTH and FTTB by Country,
June 2008
FTTH

Greece
Lithuania
Italy
Germany
France (*)
Estonia
Finland
Sweden
Austria
Czech Republic
Denmark
Ireland
Croatia
Netherlands
Andorra
Cyprus
Iceland
Norway
Poland
Portugal
Slovakia
Slovenia
Spain
Switzerland
United Kingdom

5
10

35

FTTB

100
100
95
90
50
50
50

80
80
80
80

90
90
100
100
100
100
100
100
100
100
100
100
100

65

50
50
50

20
20
20
20

10
10

* Excluding Numericable

Ostrobothnia is a sparsely populated coastal
strip on the Baltic Sea. Of the 17 municipalities
there, only six include towns or cities; the rest
are rural. Three years ago, the regional council – a joint authority responsible for planning
and development – launched a region-wide proj-

Three years ago, the Ostrobothnia regional
council – responsible for development –
launched a region-wide project to make FTTH
available to every household over a network
open to all service providers.
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ect to make FTTH available to every household
through a network that would be open to all service providers.
While the regional council is responsible
for the overall project, each municipality can
decide for itself whether it wants to join the
network. If there is interest, the municipality forms a working group and begins holding
informational meetings in each village to get
residents involved. Residents are given the opportunity to preregister for services – and to
pledge €1700 or more toward the construction
of the network. (Bank loans are available to allow homeowners to finance this investment.)
Once enough residents sign up to justify the
cost of building a network, the municipality can
form a cooperative company and begin construction. At least half of the municipalities are
actively working on developing fibre networks;
furthest along in this process is Kristinestad
(or Kristiinankaupunki, in Finnish), a town of
about 8,000 inhabitants that began connecting
customers to its KrsNET network in 2007. The
local schools were connected first, and beginning in 2008 the network was extended to private homes. Internet access is now available to
customers at speeds up to 15 Mbps.
Providing services on a network of this small
size could have posed a difficult problem – but
that’s where regional cooperation pays off. The
municipality is not in the business of providing
telecommunications services, and open-access
networks with only a few hundred or a few thousand subscribers have a difficult time attracting
third-party service providers.
That’s why the municipal networks in Ostrobothnia have connected up with each other, forming a “cluster” they call FIONETS, for
Finnish Open Networks. A single connection to
the cluster allows service providers to reach all
of the customers on many small networks. By
working together, the municipal networks also
obtain more favourable pricing for materials
and market their services more cost-effectively.
The promise of reaching multiple municipal networks in a region of 175,000 people has
succeeded in attracting at least one service provider, an ISP called Dynamo Net. KrsNET is
also negotiating with other providers to deliver
video services over the network.
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Cit y wide Fibre Deployment in Zürich

I

n April 2007, the citizens of Zürich
voted by a two-to-one majority to
construct an FTTH network in their
city, the largest in Switzerland. The
fibre-to-the-home project drew support
from residents who wanted better network connectivity at home and at work.
Many voters also hoped to encourage
development of innovative telecommunication services.
The municipal power utility, ewz,
was given the task of delivering fibre
to the home in Zürich. The company
already had experience building fibre
networks and delivering business bandwidth services. In addition, it was able to
build the network at relatively low cost
by re-using its own electrical infrastructure. For example, it placed fibres in the
tracks, tubes, manholes and building
access channels used for power cables,
and it situated Internet points of presence in its transformer stations.
But even though ewz had plenty

of experience with fibre, it had never
attempted a mass market rollout of
FTTH. For this reason, the company
decided to concentrate on transport,
where it had expertise, and allow service providers to deliver retail services.
On ewz’s open access network, ewz.
zurinet, telecom services are offered by
service providers using a common infrastructure that allows discriminationfree competition for services. To date,
seven providers have committed to deliver services to residential and business
users and several of them have already
launched their services commercially.
ewz developed a simple model to
ensure that both it and the service providers could operate profitably. Service
providers need only one or two interconnection points to the network and can
order Layer 2, or data-link layer, transparent virtual private network (VPN)
connections between the interconnection points and their end customers.

The network operator bills the service
provider for the VPNs, and the service
provider bills the final customer.
This model succeeds because the
network operator and service providers
operate at different network levels. ewz
provides a Layer 2 network, and the service providers can deliver their applications using higher layers.
ewz offers two categories of transport services: residential services that
can be used to provide asymmetrical
broadband Internet, multicast TV, VoD
and telephony to private customers,
and business services that can be used
to provide symmetrical broadband Internet, telephony and LAN services to
businesses. Service providers can differentiate their offerings by choosing
among a wide variety of upload and
download bandwidths. Although residential access is asymmetrical, nearsymmetrical access can be made available at a higher price.

Greece Builds a National Fibre Net work

A

lthough Greece was one of the
last European countries to begin using broadband – until a
few years ago, broadband penetration
was virtually zero – it is now making up
for its slow start with a massive national
programme to bring fibre to 2 million
homes and businesses.
In the mid-2000s, the Greek government made broadband a priority. The
goal of its broadband strategy was not
only to bring next-generation services
to its citizens, but to take advantage of
the country’s commercially strategic location by making it a communications
hub connecting the southeast Mediterranean region with Europe. After the
prime minister declared 2007 “the

year of broadband,” the country ended the year with over a million broadband connections.
Last year the Ministry of Transport
and Communications began drafting a
next-generation network strategy that
included the development of a nationwide next-generation access infrastructure. The ministry held public consultations, conducted market research,
solicited expert opinions and asked
for an economic review by the Finance
Ministry. Members of the public overwhelmingly favoured the next-generation network, once its importance was
explained to them.
In September the government announced a seven-year plan to build

an open access fibre network covering
about 40 percent of the country, including Athens, Thessaloniki and more
than 50 other major cities. The network,
which is expected to cost about €2.1 billion, will be a public-private project.
In announcing the project the
Greek government said that, instead
of pursuing “intermediate technologies,” it would follow the examples of
Japan, Korea and Sweden and leapfrog
directly to the most advanced network
technology available – 100 Mbps fibre
to the home. This technology would
support not just television and telephone service, but also distance education, telemedicine, videoconferencing,
e-banking and e-government. “This is

Home security devices.
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changing our daily life and gives impetus to the
development process in our country,” the Minister of Transport and Communications said.
This year the Greek government expects to
offer a public tender for developing the network infrastructure. The tender document
will call for private companies to build three
geographic sub-networks with government
support and operate them for up to 30 years.
(The government is expected to invest about
one third of the cost, but the amount will be
finalised after consultations with the European
Commission.) Loans for private investors will
be available through the European Investment
Bank. Breaking the project into three separate
subprojects is expected to increase the number

Percent PON and Active Ethernet
by Country, June 2008
PON

Austria
Finland
Germany
Greece
Lithuania
Norway
Poland
Slovenia
Iceland
Ireland
Italy
Netherlands
Croatia
Sweden
Switzerland
Denmark
Czech
France (*)
Slovakia
Andorra
Cyprus
Estonia
Portugal
Spain

5
5
5
5
10
10
10
15
20

55

Ethernet

100
100
100
100
100
100
100
100
95
95
95
95
90
90
90
85
80
95
100
100
100
100
100

45

5

* Excluding Numericable

The Greek government
is helping financially to
support a fibre network
and is easing regulatory
hurdles as well.
of companies able to bid on the project – although companies are permitted to bid on
all three sub-networks if they want to – while
still keeping the subprojects large enough to
achieve economies of scale.
In addition to its financial contribution,
the national government has also committed
several other kinds of help to the network project. For example, the government expects to
help resolve regulatory and legal issues such
as rights of way and building access regulation,
and to stimulate demand for broadband services by means of marketing and even subsidies for
adopting high-speed broadband technologies.
The government has prepared a draft technical regulation standardising the installation
of indoor fibre networks and the control of access to buildings and sites. This regulation, now
in the public consultation phase, is expected to
be in place when the project starts. It will expedite the procedures for connecting users to
the network.
Finally, the government will also make available the metropolitan area network infrastructure that it has already deployed.
In the words of the Minister of Transport
and Communications, “New technologies are
at the heart of the development of society and
the economy. Greece does not want simply
to follow these developments; it wants to be
among the leaders. And therefore we choose
this strategy.”

Sweden Creates an Open Fibre Optic Market

S

weden has made a greater commitment to
the open-network model than any country in Europe. Of its 290 communities,
about 200 have municipally owned open access
networks – meaning that anyone can lease the
networks’ dark fibre or capacity on equal terms.
These networks serve schools, health care facilities and local government agencies, and
they have been critically important in making
broadband available to rural homes and farms.
Because of the involvement of the municipali-
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ties – and because citizens can purchase their
own connections to the networks – Sweden now
has the highest fibre-to-the-home penetration
rate in Europe.
But delivering fast, robust and easily accessible communication services to Swedish
residents and businesses required more than
simply putting fibre optic networks in place:
The networks also had to attract providers who
would deliver services. When providers looked
at the patchwork of 200-plus small network
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owners, each with its own standards
and processes, many of them decided
the small number of customers would
not justify the technical challenge of
delivering services over all of these different networks.
The open access network owners
thought they could attract more providers by presenting a common interface.
Working through their industry organisation, the Swedish Urban Network Association, they decided to standardise
their processes. In 2007 the Association, in partnership with the providers
ComHem, Banverket, TDC Song, Tele2
and Telenor, developed standardised
terms and conditions as well as procedures for ordering, offering and delivering connections.
This standardisation has benefited
providers in several ways: First, they
can provide services uniformly across
the country, allowing them to estab-

lish their brands and to market their
services cost-effectively. Second, the
administrative costs incurred by the
providers in accessing these fibre optic
networks have fallen dramatically due
to the new system developed by the Association. Network owners can still decide how much to charge for access to
their systems, but the process by which
operators request and order access is
common and shared by all participants.
Processes such as developing offerings
and contracts, as well as receiving and
confirming orders, have been simplified
and made more effective for all parties.
Attracting providers to the open access networks is helping the networks
recoup their investments and helping
Sweden’s rural population benefit from
next-generation services. The next
challenge: extending the common interface to Norway, Finland and Denmark to create a “Nordic marketplace”
for broadband.

Percentage of fibre connections among all
broadband subscriptions, June 2008
Source OECD

Fibre and
Economic
Development
Common sense suggests that
communities with plentiful, reliable
bandwidth available will do better
than those without it. Fibre-powered
bandwidth is essential for:
• Hometown businesses competing
in a global economy.
• Professionals and others who work
at home.
• Quality of life provided by online
entertainment, education, culture
and e-commerce.
• Specialised services for the elderly
and for shut-ins.
Fibre thus helps define successful
communities just as good water, power, climate and transportation have
defined them for millennia.
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Japan and Korea lead in fibre. Figure includes
fibre-to-the-home (FTTH) and fibre-to-thebuilding (FTTH/B or apartment LAN) connections.

Countries with at least 4,500 FTTH/B Customers, June 2008
Source: OECD
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Three Advantages of Fibre
Fibre optic cable carries information by carrying pulses of light. The pulses are turned on
and off very, very fast. Multiple streams of information can be carried over the same fibre
at the same time by using multiple wavelengths
– colours – of light.
The pulses of light are created by lasers. Because the electronic equipment operating the
lasers keeps getting faster, the same fibre can
be used to carry ever more information. The
equipment at each end of the fibre is just replaced with new equipment.
The ability to carry information is called
bandwidth. Lots of bandwidth allows lots of information to be carried. Fibre has many advantages over copper wire or coaxial cable, as it is
easier to maintain and delivers far more bandwidth. Three of the biggest advantages are:
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1

As the distance travelled by a signal in
copper wire or coaxial cable increases,
bandwidth decreases. Short lengths of
coaxial cable, for instance lengths typically
found inside a small building, can carry 1 Gbps
or more. But copper can’t support those speeds
over longer distances. In contrast, signals travel
long distances over fibre cable without degradation – 20 km or more under some circumstances. Over those distances, fibre can carry at
least a thousand times more information than
copper wire pairs (chart, p. 9, shows DSL up to
3 km) and 200 times more than typical broadband over coaxial cable.
Thus, the closer fibre gets to a building, the
faster the service that is available to the building’s residents and businesses. Service providers
have been bringing fibre closer and closer for
years, and now they are bringing it to the building, and often to the individual housing unit.
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2

Fibre is thin. It can, in fact, be
made thinner than a human hair.
It can be carried on a thin ribbon,
or inside a “microduct” of hollow plastic only 3 mm wide. One typical fibre
cable configuration with about 200 super-thin strands is about the thickness
of a standard coaxial cable. That fibre
cable could theoretically carry enough
bandwidth to handle all the information being sent on earth. Because it is
so thin, fibre can be “hidden” easily on
the surfaces of walls in older buildings.

3

Once installed, the fibre network
is upgraded by changing the
equipment that creates the light
pulses, and not by replacing the cable
itself. The fibre is amazingly reliable.
Nothing hurts it except a physical cut, or
the destruction of the building it is in.
Bandwidth providers are increasingly bringing fibre optics all the way to
customers’ buildings or even to individual living units. That technology, called

FTTB (fibre to the building or basement) or FTTH (fibre to the home), is
the “gold standard”.
Until recently, in places with low population density, or where high-quality
coaxial cable or copper networks exist,

it has sometimes made sense to bring
fibre only partway to the customer and
then connect it to the existing copper
for the last jump to users’ premises. As
time goes on, the fibre is moved closer
and closer to the customers, to provide
more bandwidth. Depending on how close the fibre
is to the customer, this
approach is called FTTN
(for fibre to the “neighbourhood” or “node”)
or FTTC (for fibre
to the “kerb”, “curb,”
or “cabinet”).
But today, the
looming bandwidth
needs are so large, and
fibre construction prices
so low, that going straight to
FTTx usually makes more
economic sense. The introduction of new “bend-tolerant” fibres
has even made it economical in many

Once installed, fibre
is amazingly reliable.
Nothing hurts it except
a physical cut, or
the destruction of
the building it is
in. It can easily be
upgraded without
the need to lay
new fibre.
cases to bring fibre to the individual units of a multiple-dwelling-unit
(MDU) structure.

Today, the looming bandwidth needs are so large, and FTTH construction prices
so reasonable, that going straight to FTTH makes the most economic sense in
new construction. Operating and energy costs are also far lower with fibre.
FTTH COUNCIL EUROPE | ADVANTAGES OF FIBRE |
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Builders, Real Estate Developers and Fibre
Number of Homes Passed by Fibre, in Ten European Countries
with Largest Deployments, June 2008
France
Italy
Sweden
Denmark
Slovakia
Finland

Incumbents

Netherlands

Municipalities/ utilities
Alternative operators/ISPs
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Housing companies and Other
Germany
Slovenia
0
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1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

Involved in FTTx project; includes pilot and commercial deployments. FTTx refers here to Fibreto-the-Home, Fibre-to-the-Building, Fibre-to-the-Office or Fibre-to-the-Dormitory. Data in this
chart covers a total of 201 players. Excludes FTTN, FTTC, FTTLA (cable) and VDSL/VDSL2
deployments.

M

ost large developers of singlefamily homes, condominiums and
rental properties have an active
programme to add FTTH and FTTB to new
properties. Many are working on retrofitting older properties as well.
Michael Render of RVA LLC, an American research and consulting firm, estimates,
on the basis of surveying home buyers and
developers, that FTTH adds about €3000 to
the price of a home in the United States. In
Europe, the fibre “bonus” has varied, but
data from Denmark, the Netherlands, Sweden and Norway suggest a similar gain.
Nevertheless, some smaller developers
have waited longer to connect their communities with fibre. That’s now changing.
By mid-2006 it was clear that FTTH was
economically viable in developments with
as few as 100 single-family homes. As fibre
costs have fallen and copper costs have increased, the break-even point has sunk lower and lower. It now can cost less to pass a
new home with fibre than copper, although
costs do vary widely.

FTTH/B Projects, by Type of Deployer, June 2008
Alternative
operators/ISPs
26%

Data includes those involved in FTTx projects or
pilot or commercial deployments. Here, FTTx refers
to Fibre-to-the-Home, Fibre-to-the-Building, Fibre-tothe-Office or Fibre-to-the-Dormitory. A total of 139
players are involved in FTTx initiatives, excluding
FTTN, FTTC, FTTLA (cable) and VDSL.
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utilities
59%
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Growth in FTTH/B Homes Passed, by Type of Deployer
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Deployers, by Number and Type, June 2008
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Deployers, by Percent and Type, June 2008
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Who is Building FTTH/B, June 2008
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Questions Real Estate Developers
Ask About Fibre
Q: My architects, contractors, technicians and
building managers are all familiar with
coaxial cable. When they’re ready to wire
a building, all we need to do is notify the
installers. But fibre is new to them. Do I
need to hire an engineering firm to design
the installation?
A: Most fibre systems up until now have been
designed by engineers. But as more technicians become qualified in fibre installation
and as distributors develop expertise in the
various FTTx technologies, developers are
finding that a formal engineering design
is not always necessary. Large and complex
fibre installations still need to be “engineered,” just like large and complex coaxial
cabling systems. But smaller installations,
like smaller corporate LANs, will not need
that level of sophistication to work well.
Q: What about other labour on my construction site? I have heard that fibre is rather
fragile and can be damaged before walls
and trenches are closed.
A: The fibre itself is very, very thin – thinner
than a human hair. But fibre vendors have
found many ways to
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protect the fibres from harm. Cable can be
armoured with a tough coating to ward off
cuts. Contractors can route inexpensive “microduct” – hollow plastic tubes as little as 3
mm in diameter – through walls before the
walls are closed in with sheetrock or other
materials. The microducts are easily repairable. After construction is completed, thin
fibre can be “blown” through the microduct
for hundreds of metres.
Q: Do any building codes pertain to fibre?
A: Yes, all the usual fire and life-safety issues
apply. For instance, just as the PVC insulation on copper wire is considered a life-safety hazard if installed indoors because of the
combustion products when it burns, so are
the various plastics used in fibre cable meant
for outside installation. Indoors, look for
Low Smoke Zero Halogen (LSZH) cables. If
you are using thin plastic “microduct” that
fibre can later be blown through, it should
be labelled Halogen-Free Flame Retardant.
You use a simple junction box to join “outside” to “inside” fibre, just as you might with
electrical cables.
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You should expect users to desire broadband
connections in virtually any room in the house –
bedrooms, office-dens, the kitchen. That’s because
Internet connections these days accommodate such
equipment as telephones, televisions, electronic
picture frames connected to your home computer, and
of course the computer itself.
And of course, check with your
local building code inspector. Aside
from fire issues, codes may govern
where fibre ONTs (the boxes that
convert pulses of light from the fibre
into electrical signals for your computer or TV) may be placed on the
outside walls or in common areas.
A few jurisdictions specify where
in the home network connections
should be placed.

network connection running when
no electric power is available, you
need to provide for a battery at the
user premises. There are many standard designs for boxes that hold the
battery, ONT, and fibre connections.
Q: Is lightning a problem with fibre?
A: No. In fact, because fibre does not
conduct electricity, lightning strikes
do not affect fibre at all.

Fibre technology

to purchase indoor ONTs that are
small, portable units connected to
the network with tough, flexible fibre that can be laid anywhere rather
than permanently fastened.

has become common

Q: Do ONTs require a backup battery?
When the power goes out, after
all, the landline telephone usually
keeps working.
A: Optical fibre cannot conduct electricity. Thus, if you desire to keep the

contractors available

and standard enough
for there to be many
to install it.

Q: I’m building new single-family and
residential MDU structures, and
we’ve made the decision to add fibre. Where should we put the users’
network connections, assuming
there is no specific building code
or “guidance” document covering
that?
A: You should expect users to desire
broadband connections in virtually
any room in the house – bedrooms,
offices and dens, the kitchen. Internet connections today are used for
telephones, televisions, electronic
picture frames, and of course the
computer. You should also think
about home security and monitors
for fire, smoke, and household utilities. And, in the future, what about
that telemedicine connection to
your refrigerator or the alarm in
your bathroom?
Q: In a single-family home or low-rise
apartment building, the ONT is
usually fastened in place, inside. Is
that the only way?
A: No. In mild climates, where heat
or heavy snow would not affect the
outside installation, you could put
the ONT outdoors. It is also possible

Network connections built into the kitchen wall.

Overall, the various FTTH technologies differ only
in detail, with one or another offering advantages in
specific situations.
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Focus on Municipal Priorities
Municipal officials face many issues with fibre. Should they build their own network, invite a
private firm to build the network, or create a public-private partnership? Should they even deploy
fibre, or settle for something less? And what about wireless? Should they just ignore the whole issue and hope it will go away?

Questions Municipal Officials Ask About Fibre
Q: Nearby communities and new housing developments are beginning to install fibre, and
local real estate agents say that property values in my community suffer because homes
and businesses do not have access to fibre.
But the local cable operator offers 8 Mbps
and says 50 Mbps will be available soon using EuroDOCSIS 3.0. And the incumbent
telephone company says it will offer FTTN
with VDSL. Isn’t that good enough?
A: It may be good enough for the next few
years, but broadband needs will soon in-

EuroDOCSIS and FTTN both use fibre,
but the fibre does not reach all the way to
the home. EuroDOCSIS requires coaxial cable
and FTTN requires some form of DSL carried
on pairs of copper wire. This restricts
bandwidth and reliability.
22

crease beyond what EuroDOCSIS and FTTN
can deliver.
Q: But they tell me both use fibre. Is that true?
A: It is true, but the fibre doesn’t reach all the
way to the home. The 300 metres to 2 km of
cabling closest to the home is copper – coaxial cable in the case of EuroDOCSIS, plain
copper wire for VDSL. The use of copper
limits the network’s bandwidth, reliability
and versatility.
Q: Why aren’t the residents of my community
considered attractive customers for fibre?
They are just like the residents of neighbouring communities, and may have even
higher incomes.
A: Even if your community is an attractive
market, deploying fibre there may conflict
with the local provider’s corporate policy.
The provider may have decided that it is not
ready to deploy fibre, or it may have found
other communities that present better opportunities.
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The telephone company
that operates here is
installing FTTH in the new
development just
10 kilometres up the road.
Why not here?
Q: The incumbent telephone company
here is installing fibre in a new development just 10 km from here.
Why not here?
A: It is usually easier to install fibre in
new developments than in existing
ones, because the fibre goes into
trenches that have to be dug anyway
for water, electricity and sewer service. Also, because the new residents
haven’t already entered into contracts
with other broadband providers, a
fibre deployer in a new community
finds it relatively easy to attract customers. That’s why so many new,
large housing developments worldwide are equipped with fibre.

Q: Would installing fibre require digging up my streets?
A: It depends. In areas where trenching
is impractical, contractors can often
use horizontal drilling, or they can
pull or blow fibre for many kilometres through existing ducts, water
pipes, sewers and gas lines instead
of digging up streets and sidewalks.

In addition, some communities already have fibre under their streets
that is not being fully used. One new
technology that works with heavy
cables and with slender coax allows
old copper wiring to be pulled out
of its insulating sheath so fibre can
be blown in.
Q: How can I get fibre to my residents
without building a municipal network? My community has too much
debt now to borrow more, and we
have no experience operating a municipal utility.
A: You might try persuading the incumbents – the cable and telephone
companies serving your community now – to build FTTx networks.
You could offer such incentives as
a reduced franchise fee, access to
public property, or an accelerated
permitting process. You might also
invite outside companies to consider
bringing fibre to your residents. In
Europe, public-private partnerships
are common, and are the norm for
the biggest fibre projects, such as
those in Amsterdam and Vienna. In
such partnerships, the municipality
and private enterprises own the new
fibre network together, and the private partner operates the network.
In some European countries, municipal or cooperative fibre systems
are funded in whole or in part by the
users themselves. Users are asked to
preregister and pledge money for a
network connection. Once enough
users have preregistered, the system
can be built.
Q: Should there be structural separation between network operation
and service provision? Or do customers find it less confusing to deal
with a single entity?
A: There is no clear answer. Openaccess networks, where the network
builder (either a municipal or a private entity) “rents” bandwidth to
a potentially unlimited number of
content providers, are the norm in
Europe. They provide more competition and, usually, more choices for
customers. However, they are also
more complex to operate and it can

Public-private
partnerships to build
fibre networks are the
norm in much of Europe.
Governments can offer not
only financial inducements
(subject to EC approval)
but also easier and faster
access to streets and
public facilities.
be difficult to maintain accountability for the user experience.
Q: Is WiFi or WiMAX a good substitute
for fibre?
A: WiFi and WiMAX are important
public amenities. But they are not
substitutes for fibre. They complement and extend a fixed fibre network. They can’t replace it, however.
Little or no new business or other economic activity is generated
by wireless, and wide-area wireless
networks are not reliable enough to
deliver video and other broadband
services that are emerging. However,
in rural areas where running fibre
might still be too expensive, serving individual homes with point-topoint wireless can work well.

WiFi and WiMAX
are important public
amenities. But they are
not substitutes for FTTH.
They complement and
extend a fixed fibre
network. They can’t
replace it, however.
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Understanding Fibre Technology
in Greater Detail
as computers expect an Ethernet connection.
This is a standard way of networking that’s used
around the world. Your computers, and perhaps your home WiFi system, all use Ethernet.
Ethernet connectors are built into virtually all
computers that have been sold in this decade.
So a typical ONT turns the light pulses into
Ethernet signals.
ONTs are typically placed inside laptop
computer-sized enclosures in the basement or
attic of houses or apartments. But they can be
made smaller than a deck of cards, and can be
used elsewhere inside customer premises.
You’ll also hear
about the Internet
point of presence, or
POP. That’s the point at
which the signal from
OLT stands for Optical Line
multiple
customers
Terminal. OLTs put the pulses
joins the rest of the exon the fibre in the first place.
tended network.
Because they are located in teleStreet cabinets are
phone exchanges and other netenclosures close to the
work hubs or “central offices”,
user premises. In PON
residents and property owners
networks, they can hold
rarely see them.
the beam splitters that
ONTs are Optical Network
Involved in FTTx project; individe the signal that
Terminals. They are also called
cludes pilot and commercial detravels from the central
ployments. FTTx refers here to
ONUs, for Optical Network
office on a single fibre
Fibre-to-the-Home, Fibre-to-theUnits. They are the devices at
among 8, 16, 32 or even
Building, Fibre-to-the-Office or
the customer end of the net64 fibres going to indiFibre-to-the-Dormitory. Data
work that turn the light pulses
in this chart covers a total of
vidual dwelling units.
back into electrical signals. Usu201 players. Excludes FTTN,
In point-to-point netFTTC, FTTLA (cable) and
ally, customer equipment such
works, described later
VDSL/VDSL2 deployments.
in this publication, they
can hold active elecFTTH/B Deployments, by Number of Homes Passed,
tronics or panels that
June 2008
allow technicians to
Housing
easily route fibre to individual housecompanies
holds, but often, P2P networks don’t
and Other
3%
Alternative
use cabinets at all.
Incumbents
operators/ISPs
Cabinets can be below ground,
11%
68%
above ground (they often look like
short posts or squat air-conditionersize boxes), or attached to buildings.
For best reliability, some contractors
bring two fibres into each dwelling
unit from the pedestal, rather than
Municipalities/
one. The fibre leading from the hub or
utilities
pedestal to the user premises is called
18%
the drop cable.
Most of the specialised terminology in fibre
systems refers to the devices that convert electrical signals to pulses of light and back again.
Here’s what you might want to know so you can
understand the technical jargon. Let’s start at
the beginning of a fibre network.
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Network Standards
There are many standards-setting bodies that serve the networking industry. The Institute of Electrical and Electronics Engineers, or IEEE, an international group, is concerned with how signals are sent, managed, interpreted
and kept secure from intruders. Its fibre standards include EPON and active
Ethernet.
The common WiFi standards (802.11b or 802.11g, for example) are also
developed by IEEE, as are most of the standards for Ethernet.
The ITU (International Telecommunications Union), a United Nations organisation based in Geneva, is more oriented toward standards for traditional
telephone companies. Its fibre standards include BPON and GPON.
The Society of Cable Telecommunications Engineers, which is based in the
United States but also has chapters in Canada, Europe and South America, provides technical leadership for the cable telecommunications industry. In 2008 it
began development of a standard called RFOG, designed to enable cable companies to deliver signals over fibre using much of their existing technology. Physical
standards – the ones that ensure that plugs will mate properly – are mainly the
realm of the ISO, and an ISO-affiliated trade association in the United States,
the TIA, which stands for the Telecommunications Industry Association.
But what about durability, or ability to withstand high temperatures or moisture? The technology has been moving so fast that standards-setting bodies
can’t entirely keep up. Many independent groups, such as Telcordia (a private
company in the United States) have developed their own testing standards to
assure reliability. You will see them show up as references in contracts.
Network builders sometimes look for “end-to-end” technology – that is, a
complete solution in which all of the pieces are guaranteed to work together.
End-to-end technology reduces fibre deployment risk, but the need for it has
diminished in recent years due to standardisation. While there are still some
advantages to a turnkey solution, the key point to keep in mind is that the
technology risk is low. More important is the business sense and commitment
to service of the people with whom you will be dealing.

Delivering
Services to
End Users
All pulses of light look the same to
fibre, and to the equipment at the customer premises. At the user premises,
the light pulses can be converted to
Ethernet signals that move over copper
coax or Ethernet wiring (typically Category 5 or Category 6 wiring, Cat 5 or
Cat 6 for short).

In fact, many companies make
equipment that allows coaxial cable or
electrical wiring to carry an Ethernet
signal. Standards for carrying Ethernet over coaxial cable include MoCA
(for Multimedia over Coax Alliance)
and HomePNA. The standard for using
electrical wiring is called HomePlug,
and generically BPL (for Broadband
over Power Line).

Microducts into which fibre can be blown.
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Zeros and Ones
If all pulses look the same, what’s the difference between video, voice, and data? Theoretically, there is no difference. But each requires
special skills on the part of providers. Voice, for
instance, does not require much bandwidth;
100 Kbps per second will carry a high-quality
phone conversation over Ethernet.
A regular “analogue” phone line uses as
little as 8 Kbps. More bandwidth is required
on a digital line because customers require the

voice signal to be very clean, with no noticeable
delay and no static, and that’s difficult to do on
a network such as the Internet, which is used
for many purposes at the same time.
Technical people thus describe voice as requiring a high QoS (quality of service) and low
bandwidth. Telephone service over digital data
networks is called VoIP for Voice over Internet
Protocol. Cable companies have been offering both VoIP and switched telephone services
(similar technically to
regular telephone comBandwidth Needed to Receive One TV Channel Over
pany services) over cothe Next 25 Years
axial cable. But they are
now transitioning quick3D Ultra
2,571
ly to VoIP.
Video also requires
3D Super
796
good QoS. Small delays
and a bit of static will
3D HDTV
280
produce large defects in
2D Ultra (ITU J.601)
compressed digital video
200
streams. Video also re3D Standard-definition
126
quires a lot of bandwidth
TV
– 2 Mbps for standard2D Super (ITU J.601)
50
definition TV, and 4 to 8
Mbps (and as much as 20
2D HDTV
10
Mbps) for the new high
2D Standard-definition
definition TV, or HDTV.
2
TV
Finally, it also requires
high levels of reliability;
1
10
100
1,000
10,000
customers tend to beBandwidth, Mbps
come more angry about
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losing television service than about losing telephone or Internet service.
But the video world is changing.
Part of that change is already obvious:
Cable companies are offering video on
demand, or VoD. To deliver VoD, they
have to send extra signals down the
coaxial cable to individual customers.
This increases the need for high-quality service.
Until recently, almost all of those signals arrived as RF (radio frequency or
analogue) signals. Even when the signals moved over fibre, they were often
treated as if they were RF. Today, IPTV,
or Internet Protocol TV, is becoming
the norm. In IPTV, the video moves as
data, using the same Internet Protocol
(hence IP) as any other data. As IPTV
develops over the next few years, it will
support thousands, even hundreds of
thousands, of channels, mainly sending video on demand to consumers
who will view the video on computers
or portable devices like iPhones as well
as on conventional TV sets.
Data transmission is requiring more
and more bandwidth to meet consumer

needs, although 1 to 5 Mbps is typical.
QoS needs are not as great for data (for
example, e-mails) viewed long after
transmission because the data “packets” (each containing many thousands
of zeros and ones), do not have to arrive at the same time, as long as they arrive within a short period. In contrast,
voice and video packets have to arrive
in perfect sequence with no delays.
Otherwise, the image or sound can be
severely distorted.
Providers of all of these services have
been used to thinking about consumers’ bandwidth needs as asymmetrical.
That is, the bandwidth has to be higher
in one direction (the inbound direction
to consumers) than the other. Few consumers create video now, for instance,
but almost all view it from elsewhere.
Likewise, most users download more
data than they upload. But those patterns have been changing. In much of
Europe, where providers have offered
symmetrical bandwidth, users have
tended to upload more data, and even
to create their own video.

All light pulses –
whether voice, video,
or data – look alike,
and travel over a
single glass fibre as
zeros and ones. But
providers need special
skills for each service.

Deployments, by Number and Type of Deployer,
June 2008
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Involved in FTTx project; includes pilot and commercial deployments. FTTx refers here to
Fibre-to-the-Home, Fibre-to-theBuilding, Fibre-to-the-Office or
Fibre-to-the-Dormitory. Data
in this chart covers a total of
201 players. Excludes FTTN,
FTTC, FTTLA (cable) and
VDSL/VDSL2 deployments.
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FTTH Versus Other Types
of Fibre Networks
In September 2006, the FTTH Councils for Europe, Asia and North America standardised
the definitions for fibre to the home and fibre to the building (also called fibre to the basement).
They are:

Fibre to the Home (FTTH)
A fibre-optic communications path that extends from the operator’s switching equipment to at
least the boundary of the home living space or business office space. The definition excludes those
architectures where the optical fibre terminates before reaching either the home living space or
business office space and where the access path continues over a physical medium other than
optical fibre.

Fibre

Fibre
Euro DOCSIS

Fibre
Fibre

Fibre

2000 metres.

Fibre
DSLAM
Fibre
150 - 300 metres.

Fibre
ONU

Fibre

(Optional)

Fibre

Fibre
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Fibre to the Building
or Basement (FTTB)
A fibre-optic communications path that
extends from the operator’s switching
equipment to at least the boundary
of the private property enclosing the
home(s) or business(es). In this architecture, the optical fibre will terminate
before reaching the home living space
or business office space. The access path
will then continue over another access
medium – such as copper or wireless –
to the subscriber.
There are also other definitions commonly used by people in the industry:

Fibre to the Node
or Fibre to the
Neighbourhood (FTTN)
FTTN is not defined by the FTTH
Councils. But in general it refers to a
system where fibre is extended to a
point – typically a street-side or on-pole
cabinet – to within 500 metres to 2 km
of the average user. From there, copper or wireless serves the user, usually
through some variant of DSL (Digital
Subscriber Line).
FTTN should not be confused with
Hybrid Fibre Coax (HFC), which is used

mainly by cable companies to implement DOCSIS (or EuroDOCSIS), the
standard that allows data to be transmitted over cable TV systems. Each
DOCSIS node, typically served by fibre,
sends coaxial cable to anywhere from
100 to 500 homes. A recent innovation
is the “micronode,” essentially a DOCSIS node that serves a single customer.
Micronodes are typically attached to
the customer’s premises. They allow
cable companies to deliver bandwidth
over fibre using the same equipment
and software already installed in their
hubsites and in the customer premises.

Fibre to the Curb,
Kerb or Cabinet (FTTC)

GPON OLT.

Like FTTN, except that the fibre is
brought much closer to the user’s premises – typically closer than 300 metres
and often closer than 100 metres. In addition to DSL, FTTC installations may
use Ethernet (over copper cable or wireless) to bring the signal from the fibre
termination point to the user. Point-topoint wireless is sometimes used in rural areas simply to bring a signal from
the roadway to a home that could be a
kilometre or more away.

Simple cassette holds fibre.
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FTTH and FTTB Network
Architectures – A Little History
The “family” of optical networks has two major
branches – PON and Point-to-Point. There are technical variants within those branches.
PON stands for “passive optical network.” A network is “passive” if it has no active, or powered, electrical devices between the central office and the end
user. The light beams carry the signal using mirrors,
prisms and fibre. There are no electrical devices
needed except for occasional amplifiers where a signal travels longer than about 20 km.
On rare occasions, Point-to-Point networks may
require electrical devices between the user and the
central office. But these days, the “active electronics” are not likely to be in remote cabinets; they are
typically located in the central office itself. They
are called “point-to-point” or P2P networks because
each end user gets a dedicated fibre (or several dedicated fibres) extending from the central office. Because each fibre requires its own laser, P2P networks
require more power and space within the central office. But because they do not require fibre distribution hubs (containing optical splitters) in the field,
they tend to be simpler to operate.

Standard

Name

Year Finalised

BPON ITU

G.983

2001

GPON ITU

G.984

2004

EPON IEEE

802.3

2004

GePON IEEE

802.3

2005

Evolution of Fibre Standards
Within the general category of passive optical networks, there are two main branches. One is based
on Ethernet, the same standard that is used in home
and corporate local-area networks. The Ethernet
branch has been standardised by IEEE – the Institute of Electrical and Electronics Engineers. The
other is based on “carrier” standards, from the ITU
– the International Telecommunications Union –
and more “telephone-like.”

The ITU Family
An early member of the family was APON, or “ATM”
PON. ATM is a network protocol, analogous to Ethernet, which is used by telephone companies and other
long-range data carriers. BPON (for “Broadband
PON”) replaced APON. It also is based on ATM, with
a top speed to users of 622 Mbps and a top upstream
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speed of 155 Mbps. But it allows the use of a separate
wavelength of light to support video services.
In North America, the first large fibre-to-thehome network deployments used BPON. This version is being replaced by GPON, which allows up to
2.48 Gbps downstream to the user and 1.24 Gbps
upstream. A 10 Gbps version is just coming onto the
market. GPON supports ATM, Ethernet and TDM
(the protocol phone companies use for ordinary telephone service) by “wrapping” or “encapsulating” the
data packets with some extra bits. This is called GEM,
which stands for “GPON Encapsulated Mode.”
The GPON standard was finalised early in 2004,
but it was not until early 2006 that inexpensive electronic chips to implement it became widely available
in volume. A new 10 Gbps version is just becoming available.

The Ethernet Family
There is another branch of the PON family tree, the
Ethernet branch. Ethernet is also used for P2P networks.
The first Ethernet PON (EPON) standard was released by the IEEE a few months after the GPON standard in 2004. The standard was quickly upgraded to
1.25 Gbps, twice the original bandwidth, as new electronic parts became available. Networks using that
speed are sometimes called EPON and sometimes
called GePON (for Gigabit Ethernet PON). The new
10 GigE standard increases bandwidth eightfold and
is just beginning to be deployed. Thus GPON and
the Ethernet family have equivalent top speeds.
A point of confusion: Although P2P networks are
sometimes said to be “active,” the typical implementation is also Ethernet. And as noted elsewhere in this
publication, in an Ethernet P2P, there are usually no
active electronics between the end user and the central office. In that sense, there’s no difference between
P2P and PON. But in a P2P network, each customer is
served by at least one dedicated fibre. Each fibre (and
thus each customer) has its own laser to generate the
pulses of light. In a “passive” optical network, one
central-office laser might serve up to 64 customers,
splitting the available bandwidth among them.

Compared to older copper technologies, fibre network design is
governed by consistent, reliable
international standards.
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Fibre Yields Environmental Benefits
The environmental cost of building
and operating fibre networks is more
than offset by reductions in travel and
other benefits – and the pro-environment balance can only grow as new
network applications and services come
into being.
In a study presented to the 2008
FTTH Council Europe conference in
Paris, Christian Ollivry, chair of the
Council’s Sustainable Development
Committee, and Philippe Osset, Senior
Manager, PricewaterhouseCoopers &
Ecobilan, developed a complex model
for gauging the environmental impact
of fibre-to-the-home networks throughout their entire lifecycle.
The study team considered three
different deployment scenarios (dense
urban areas, less-crowded urban areas
and rural areas), four different deployment techniques (existing ducts
or sewers, traditional trenches, microtrenches and aerial) and two technologies (GPON and active Ethernet). The
model can also be extended to cover
other situations. For each possible deployment, the team examined the environmental impact of manufacturing
the necessary equipment, transporting
it to the site, deploying it, powering it
and ultimately disposing of it.

Many types of environmental impact
were considered, including depletion
of energy and other resources, air acidification, formation of photo-oxidants,
eutrophication (depletion of oxygen in
water), toxicity and release of greenhouse gases. In terms of the release of
greenhouse gases – the biggest contributor to climate change – nearly all of
the negative impact was associated with
laying the fibre. This means that the
length of new ducts per home passed
is a critical factor in the environmental
impact of any particular deployment.
On the benefits side, the study team
considered only a limited set of applications: teleworking, telemedicine and
home assistance using high-end videoconferencing. Extrapolating from current trends in fibre network use, the
team assumed that 10 percent of the
working population would be able to

The environmental cost
of building and operating fibre networks
is easily offset by the
benefits of using it.

Relative contributions of the different FTTH network deployment
phases to climate change potential impacts (excluding use phase)
Passive fiber network
deployment
83%

Transport
0%

End of
life
1%

Cable and passive
equipment
production
7%

Active equipment
production
9%

It doesn’t help to build
fibre to the home if you
are going to use it just
like ADSL. To have a real
impact on society,
you have to use the
network differently.
telework three days per week, that 20
percent of the elderly population could
benefit from home assistance, and that
telemedicine would be used for dialysis, consultations and transfer of medical images.
Based on all of these assumptions,
the team calculated that overall, “the
environmental impact of the deployment of a typical FTTx network will be
positive within less than 15 years on average”. For some impacts, such as eutrophication, the deployment would reach
environmental payback in less than 10
years. Adding new applications to the
network, beyond the few that were considered in the model, could significantly reduce the payback period.
Ollivry noted, “It doesn’t help to
build fibre to the home if you are going
to use it just like ADSL. To have a real
impact on society, you have to use the
network differently” – in other words,
to take advantage of fibre’s ability to
erase distance.
The team’s model is available for potential fibre deployers to use in order to
compare the environmental impacts of
various deployment options, and also
to demonstrate that fibre, well used, is
one solution contributing to a sustainable environment. “It’s both a tool and
a political message”, Ollivry noted.
Passive fibre network deployment represents
83% of the total impact. In particular, the key
impacting parameter over the carbon emissions
is the length of new ducts (in metres) per home
passed.
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Guide the Future of Broadband
Join the FTTH Council Europe Now!

The FTTH Council Europe is a market development organisation devoted to accelerating the deployment of
FTTH networks by education and promotion in order to
enhance the quality of life of European citizens. Its members, more than 90 companies and academic institutions,
work together towards the fulfilment of its mission:
To accelerate the availability of fibre-based, broadband
access networks to consumers and businesses.

the results before the public and you have access to
background data and details that are not available to
the public.
•

Unique networking opportunities:
By joining one of our working committees you are
able to work together with experts from all the leading
FTTH related companies in Europe. Benefit from new
contacts, open discussions and new insights!
Perfect visibility at the FTTH Conference in Europe: Our annual conference is THE meeting point
for all people interested in FTTH in Europe. Sponsorship and exhibition space is exclusively offered to our
members!

•

Create the future of FTTH:
By actively participating in our community you are
able to take part in the process of accelerating FTTH
deployments in Europe. The choice is yours: Watch the
development or be a part of it!

Members of the FTTH Council
Europe benefit from:
•

•

Exclusive access to market data:
In addition to the market statistics that we publish, we
have detailed analysis of these statistics that are only
available for members. This includes detailed lists of
FTTH projects in Europe including their actual status,
plans and strategies.
Exclusive access to analysts’ data:
The FTTH Council Europe works together with wellknown analysts on several studies such as sustainable
development, broadband usage or cost models for
FTTH networks. As a member you are informed about
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All ICT hardware/software vendors, application or
content providers or other suppliers, academia and nonprofit organisations can apply for membership by applying online on the website www.ftthcouncil.eu (Membership section). The yearly membership fee is €5,000.

To learn more about fibre to the home:
FTTH Council Europe
Secretariat
Av. Gevaert 127
B-1332 Genval
Belgium
Tel +32 2 503 22 75
Fax +32 2 503 22 77
info@ftthcouncil.eu
www.ftthcouncil.eu

