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Message froM  
the ICf seCretary general 

ICF Congress singapore

Invitations to the annual congress in Singapore at the Hotel Ritz-Carlton from 16-20 
October this year have been sent to member companies. We kindly ask for timely 
registrations, which helps us to organize the Congress in an efficient manner.

The ICF Standing Commission led by Peter Ford is in the process of finalizing the 
business program for this year´s Congress, which will feature the following topics:

•	 	Keynote	on	Socio-Economics
•	 	Outside	Perspective	on	the	W	&	C	Industry	 	 	 	
•	 	Secure	Power	Grids			 	
•	 	Quality	of	Products	
•	 	Singapore	as	Business	Hub
•	 	Post	Fukushima	:	Electricity	Big	Bang	in	Japan
•	 	China	
•	 	SE4A	–	Update
•	 	The	development	of	4G	and	the	impact	of	the	fixed	telecom	network	in	East	Asia
•	 	Energy	Efficiency 

ICF website
Some delays in the work on the new website have occurred but we remain optimistic 
that the new website will go online right after the summer break. 

ICF New Member

We	welcome	Jiangsu	Zhongtian	Technology	Co.,	Ltd.	(ZTT),	China,	as	a	new	
 member of ICF. Information can be found on their website www.zttcable.com.
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the Cloud:  
a new Industry

How does one move to a cloud?
Thirty years ago, if you announced to 
your colleagues that you planned to put 
critical assets in “the cloud,” they would 
have questioned your judgment, or your 
sanity. Now, such a statement is fully 
acceptable and fairly well understood. 
Although	 the	name	and	diagrams	may	
suggest otherwise, the cloud is based 
on massive buildings, acres of floor 
space filled with racks of electronics, 
huge cooling systems, backup power 
supplies, and hundreds of kilometres of 
cabling. 

the concept is decades old
The concept of distributed computing 
goes	back	at	least	50	years.	It	pre-dates	

the PC. The term “cloud computing” 
is	attributed	 to	a	1997	 lecture	given	by	
Dr. Ramnath Chellappa, a professor of 
economics and information systems. 
The term has been in general parlance 
for	about	10	years.	But	 the	concept	of	
a “cloud” has been used in telecom dia-
grams for many years to illustrate bound-
aries between dedicated and shared 
infrastructure, or to illustrate the Internet. 

defining the cloud
Many technical groups and publishers 
offer definitions of “cloud computing.” 
They vary; some are long, short, broad, 
inclusive, or very specific. Plus, there are 
different types of cloud services. The 
US	National	 Institute	of	Standards	and	
Technology, a government-funded lab, 
published a three-page definition in Sep-
tember, 2011. This definition has been 
widely cited. It begins as follows: 

”Cloud computing is a model for enabling 
ubiquitous, convenient, on-demand net-
work access to a shared pool of con-
figurable computing resources (e.g., 
networks, servers, storage, applica-
tions, and services) that can be rapidly 
provisioned and released with minimal 
management effort or service provider 
interaction. This cloud model is com-
posed of five essential characteristics, 
three service models, and four deploy-
ment models.”

Clouds are remote but available
Key	elements	of	the	NIST	definition	are	
that a cloud resource is shared among 
multiple users, it is easily accessed 
using standard network interfaces, and 
the services can be readily provided or 
expanded	with	new	customer	requests	
or with increasing demand. In business 
terms, the cloud is a way of outsourcing 
data storage, data processing, and oth-
er computer or network functions. The 
facilities that provide cloud services are 
at remote locations, and most people 
use the term to refer to services that are 
accessed or provided via the Internet. 
The billion-plus cloud users include both 
businesses and consumers.	(Slide	1)

telecom networks provide 
transport
The remote physical facilities can be 
across an ocean, across the street, 
or any distance between these two 
extremes.	In	any	event,	the	users’	data	
is	 carried	on	 telecom	networks	 –	 usu-
ally on the Internet. The increased use 
of cloud services is a major contributor 
to the rise in Internet traffic, which is why 
telecom carriers must continue investing 
in network capacity. 

Internet traffic doubling every 
two years
Cisco Systems has been publishing 
semi-annual statistics on Internet traffic 

Cloud servICes ANd
dAtA CeNtres Provided	by	CRU

last year, the global Cloud servICes Industry took In 
us$100 bIllIon and served More than a bIllIon users – all 
relyIng on extensIve power and CoMMunICatIon Cable 
systeMs.
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for	 six	 years	 as	 part	 of	 a	 service	Cis-
co	 calls	 its	 “Visual	Networking	 Index.”	
According	 to	 this	 data,	 Internet	 traffic	
has increased with a compound annual 
growth	rate	(CAGR)	of	46%	from	2005	
through 2012, and it has more than dou-
bled every two years since 2006. Cisco 
expects	Internet	traffic	to	grow	at	more	
moderate	 rates	 in	 the	 next	 five	 years,	
with	a	CAGR	of	23%	from	2012	to	2017.	

data centre traffic is growing 
similarly
Beginning	in	2011,	Cisco	began	tracking	
traffic associated specifically with data 
centres, including cloud data centres and 
what it calls “traditional” data centres. 
Cisco says cloud data centres provide 
public cloud services, which are avail-
able to multiple end-users with “elastic 
and scalable provisioning and usage-
based pricing,” and which are delivered 
on	 demand.	 Cisco’s	 data	 shows	 that	
the total traffic for cloud and traditional 
date centres is growing at rates compa-

rable to Internet traffic. In 2012, Cisco 
projected data centre traffic to increase 
with	a	CAGR	of	31%	from	2011	to	2016.	
In 2012, cloud data centres accounted 
for	 39%	 of	 all	 data	 centre	 traffic,	 but	
this	percentage	will	 increase	to	64%	in	
2016,	with	 faster	 growth	 expected	 for	
cloud traffic than that of traditional data 
centres.	According	to	Cisco,	cloud	data	
centre	traffic	will	increase	with	a	CAGR	
of	44%	from	2011	to	2016,	compared	
with	a	CAGR	of	17%	for	traditional	data	
centres. (see	Slide	2)

76% of data centre traffic is 
internal
In addition to the two-part segmenta-
tion of cloud and traditional data cen-
tres,	Cisco’s	statistics	also	show	data	
centre traffic in a three-part segmenta-
tion	as	follows:	1.)	data	centre	to	end-
user;	 2.)	 data	 centre	 to	 data	 centre;	
and	3.)	within	the	data	centre.	The	first	
segment corresponds to the Internet 
traffic	assessed	 in	Cisco’s	other	 infor-

mation service, the Visual Networking 
Index.	The	VNI	measures	and	forecasts	
Internet traffic based on end-user appli-
cations. This is mainly traffic between 
end-users and a data centre of either 
main type. There is a small amount of 
Internet traffic that does not originate 
or terminate in a data centre, such as 
data in some peer-to-peer applications. 
According	to	Cisco,	the	data-center-to-
end-user	traffic	is	only	17%	of	all	data	
centre	 traffic.	 Another	 7%	 is	 between	
data centres, and the vast majority, 
76%	is	within	a	data	centre.

Internal traffic growth will keep up
The	 external	 traffic,	 from	data	 centres	
to end-users, includes the data trans-
missions for web sites, email, social net-
working, many smart-phone “apps,” and 
video	services.	Combining	Cisco’s	data	
on videos downloaded by consumers 
and “managed IP” video, which refers 
to IP TV services, video files accounted 
for	54%	of	 Internet	 traffic	 in	2012,	and	
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slide 1	|	Source:	Telecommunications	Industry	Association,	Wilkofsky	Gruen	Associates

GlobAl sPeNdING oN Cloud servICes (US$	B	spent	per	year)
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this	percentage	will	 increase	to	63%	in	
2017.	Video	traffic	is	widely	considered	
a major factor in Internet traffic growth 
and bandwidth requirements. 

Yet	Cisco’s	forecast	is	that	traffic	within	
data centres will grow at a comparable 
pace. This internal traffic results from 
data centre architectures, which include 
links between application servers, stor-
age systems, and databases. The inter-
nal functions also include redundancies 
for reliability and backup storage. Cisco 
acknowledges	 that	 external	 data	 flows	
are	expected	to	rise	with	increasing	use	
of	 video	 services.	But	Cisco	 says	 that	
increasing use of virtual desktops and 
cloud services will rely on multiple data 
centre racks and services, and therefore 
cause internal traffic to grow as fast as 
external	traffic.

CharaCterIzIng 
the Cloud

who is in the cloud?
In addition to the billion consumers using 
hosted applications, on-line storage, 

and social networks, there are millions 
of companies using cloud services. In 
April,	 2013,	 a	 cloud-computing	 indus-
try analysis firm called Neovise issued a 
report	saying	more	than	half	of	US	busi-
nesses use cloud computing, and most 
are using multiple clouds. Neovise said 
that	85%	of	 the	 firms	 in	 its	survey	had	
begun using cloud services within the 
past two years. So the number is scaling 
up	rapidly.	The	US	has	more	than	a	mil-
lion firms having at least five employees. 
CRU	estimates	 that	 there	 are	 at	 least	
as many corporations in other countries 
using cloud services, suggesting that 
the customer base for enterprise cloud 
services is well over a million companies.

A	key	attraction	for	many	businesses	is	
the ability to have a scalable resource 
for computing and storage without 
having to make commensurate invest-
ments	 in	 infrastructure.	Another	attrac-
tion is the ability to use cloud services 
with mobile devices or employees that 
travel or work in different locations. 
These benefits increasingly are seen as 
outweighing concerns about security 
and	privacy.	Cloud	 usage	 is	 expected	

to continue growing, especially with 
small	 and	medium	businesses	 (having	
up	to	1,000	employees),	and	this	growth	
accounts	 for	 the	 20%	 to	 30%	growth	
rates in cloud data centre traffic. 

where is the cloud?
In	 a	 2011	white	 paper,	McKinsey	 and	
Company	said	that	North	America	had	
58%	of	 the	 2010	 cloud	 services	mar-
ket.	 At	 that	 time,	McKinsey’s	 estimate	
of the cloud market was lower than that 
of	 the	 TIA,	with	 2010	 sales	 of	US$11	
billion,	 and	US$85	billion	projected	 for	
2015.	McKinsey,	TIA,	and	other	analysts	
agree that demand for cloud services 
has been surging for the past two years. 
McKinsey’s	analysis	has	growth	in	other	
regions progressing more rapidly than 
in	North	America,	so	that	North	America	
will	be	48%	in	2015.	Western	Europe’s	
share	will	 increase	 from	 24%	 to	 30%	
from	2010	to	2015,	and	Japan’s	share	
will	increase	from	9%	to	13%.

the cloud has thousands of 
providers
Microsoft says that it partners with 
14,000	service	providers	worldwide	to	

dAtA CeNtre IP trAFFIC ANd INterNet trAFFIC

slide 2	|	Data	Cisco:	Internet	Traffic	data	is	from	the	Cisco's	Visual	Networking	Index,	May	2013
Date	Centre	Traffic	data	is	from	Cisco's	Global	Cloud	Index,	Sept.,	2012

All data: exabytes per Year 2011 2012 2013 2014 2015 2016 2011-2016 CAGr

total data Centre traffic 1,755 2,551 3,251 4,124 5,246 6,649 31%
1.	Cloud	Data	Centre	Traffic	 683	 1,181	 1,694	 2,324	 3,166	 4,255	 44%
2.	Traditional	Data	Centre	Traffic	 1,072	 1,370	 1,557	 1,800	 2,080	 2,394	 17%

total Internet traffic 369 523 667 827 1,006 1,213 27%
1.	Data	Centre	to	User	 299	 438	 561	 714	 912	 1,160	 31%
2.	Data	Centre	to	Data	Centre	 118	 173	 222	 284	 365	 468	 32%
3.	Within	Data	Centre	 1,338	 1,940	 2,468	 3,126	 3,969	 5,021	 30%

Percent	of	Data	Centre	Traffic	 76%	 76%	 76%	 76%	 76%	 76%
that is Within the Data Centre
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business is highly fragmented, with 
many service providers and niche busi-
nesses. 

How big are the cloud facilities?
To	support	its	AWS	customers,	Ama-
zon has data centres in 28 cities around 
the world. In a 2011 open house at 
one	 of	 AWS’s	 data	 centres,	 Amazon	
VP	James	Harrington	gave	a	presenta-
tion that included the following state-
ment:	“Every	day,	AWS	adds	enough	
new	capacity	to	support	all	of	Amazon.
com’s	global	infrastructure	through	the	
company’s	first	five	years,	when	it	was	
a	US$2.76-	billion-revenue	enterprise.”	
That’s	 just	 Amazon,	 which	 accounts	
for a small percent of cloud services. 
How many data centres are involved in 
the	US$100	billion	industry?	

Determining the number of data cen-
tres worldwide, or locations, or floor 
space is difficult: there is no central-
ized tally by government or industry 
associations, and there likely are many 
corporate or government data centres 
that would not be reported in surveys. 
There is also a problem of what to 
count. The term data centre has been 
used to refer to a wide range of facili-
ties including sites with servers to host 
Internet services, telephone company 
central offices, and private or corpo-
rate storage and data processing func-
tions.

defining data centres 
The most general definitions say it is a 
building or room that houses data pro-
cessing equipment. More specific defi-
nitions say that the equipment includes 
servers, storage systems, and net-
working equipment. Most definitions 
also say that the facility must meet 
requirements for reliability, accessibil-
ity, security, and other characteristics. 
These definitions may also specify the 
use of uninterruptible power supplies, 

cooling and environmental controls, 
surveillance systems, and redundant 
racks and backup systems. The data 
centres that support cloud computing 
will meet the criteria for power reliabil-
ity, availability, and environment con-
trols in the more stringent definitions.

How many data centre are there?
In	December,	2011,	Emerson	Network	
Power, which supplies power systems 
and other equipment for telecom facili-
ties and data centres, released its esti-
mates of the potential costs of data 
centre	downtime.	At	 that	 time,	Emer-
son	said	that	there	were	509,147	data	
centers worldwide, having a total floor 
area	of	286	million	square	feet,	or	27	
square	km	–	approximately	the	size	of	
Macau,	or	half	the	size	of	Bermuda.	

If	Emerson	 is	correct	about	 the	num-
ber of data centres and the total floor 
space, then the average data centre 
size	is	561	square	feet.	Plus,	the	infor-
mation about cloud service companies 
and commercial data centre operators 
indicates that there are are many large 
data centres, having tens of thousands 
of square feet. This would suggest that 
many of the half-miillion data centres 
in	Emerson’s	tally	are	room-sized,	and	
not providing cloud services or com-
mercial hosting services.

data centres are expanding
There seems to be no way to confirm 
Emerson’s	 statistics,	 but	 there	 also	
seem to be no alternative sources of 
information with larger or smaller esti-
mates. One thing, however is quite 
certain: the number of data centres, 
and the total floor space are increas-
ing in rapid fashion. More data cen-
ters are being built every year, in every 
region, and many of the data centres 
in	operation	are	being	expanded.	Proj-
ects to build new large data centres, 
having	more	 than	25,000	square	 feet	

provide hosted services using its soft-
ware,	 and	 there	 also	 are	many	 Linux	
and	Unix-based	cloud	service	provid-
ers	 or	 hosting	 companies.	 Amazon	
Web	 Services	 (AWS)	was	 one	 of	 the	
first cloud-computing service provid-
ers, and it is currently regarded as the 
dominant	 player.	 Amazon	 started	 as	
a	 book	 seller	 in	 1994,	 added	music	
and	DVDs	in	1998,	and	subsequently	
expanded	its	retail	empire	into	a	wide	
range	of	consumer	products.	Amazon	
launched	AWS	 in	July	2002	and	now	
says enterprises and content creators 
are among its key customer sets. 

Amazon’s Aws is major cloud 
provider
Amazon	reported	total	sales	of	US$61	
billion	 in	2012,	and	 its	AWS	business	
is	 reported	 in	 the	 company’s	 “Other”	
segment,	which	accounted	for	US$2.5	
billion	 or	 4%	 of	 total	 sales.	 Financial	
analysts at one of the investment 
banking	 firms	 have	 projected	 AWS	
revenues	 to	 reach	 US$24	 billion	 by	
2022.	This	growth	is	expected	to	occur	
despite aggressive competition from 
other cloud-services companies, such 
as	AT&T,	CIsco,	CenturyLink	(Savvis),	
Equinix,	Google,	IBM,	Level	3,	Micro-
soft, NTT Communications, Rack-
space, Red Hat, Verizon, VMWare, and 
many others.

Amazon	says	AWS	has	 “hundreds	of	
thousands”	of	users	in	190	countries.	
But	 with	 its	 US$2.5	 billion	 in	 sales,	
AWS	was	 a	 small	 percentage	 of	 the	
US$100	 billon	 total	 for	 2012	 cloud-
computing sales estimated by the 
Telecommunications	Industry	Associa-
tion	and	Wilkofsky	Gruen	Associates,	
as shown in Figure 1. Noting the small 
share	of	AWS,	which	 is	considered	a	
large cloud service provider, along with 
Microsoft’s	 statement	 citing	 14,000	
companies providing hosted services, 
it is apparent that the cloud-services 
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(2,300	square	metres)	are	often	in	the	
news, and there are just as many if not 
more small data centres being built to 
provide services in emerging markets. 
(Slide	3	and	4)

The large cloud service companies, 
large hosting facility operators, and 
Internet	giants	such	as	Google,	Yahoo,	
Facebook,	 Amazon,	 and	 Apple	 are	
among the companies operating very 
large data centres. NTT Communica-
tions,	for	example,	launched	its	Tokyo	
No.	6-	data	centre	in	April	of	this	year.	
This	addition	brought	NTT’s	world	total	
to	140	sites.	No.6	is	the	largest,	hav-
ing 22,000 square metres. The total 
for	 all	 the	 company’s	 data	 centres	 is	
170,000	square	metres	of	server	room	
floor space. No.6 has been designed to 
withstand earthquake forces as strong 
as	those	generated	by	the	Great	East	
Japan	Earthquake	in	March,	2011.	

New dAtA CeNtre ProjeCts IN MANY MArkets use ModulAr uNIts

tokYo’s lArGest dAtA CeNtre, Ntt CoMMuNICAtIoNs’ “No. 6”

Power system in the Sudan

Data centre  No. 6 in Tokyo

Flexenclosure,	based	in	Sweden,	makes	power	systems	and	modular	data	centres.	The	data	centre	modules	are	fully	equipped	
with power, electronics, cooling, cabling, and security systems.

Launched	in	April,	2013,	No.	6	has	22,000	square	metres	of	floor	space,	
enough	to	accommodate	3,000	racks

Data	centre	in	Ghana	using	modules		

slide 3	|	Source:	Flexenclosure

slide 4
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Cable 
requIreMents 

The continuing surge in data centre 
construction has implications for sev-
eral types of cable products. First, there 
will be requirements for long-distance 
and metropolitan telecom capacity to 
transmit traffic to and from the data 
centres. Second, there will be require-
ments for backbone and horizontal 
cabling inside the data centres to link 
the servers, storage systems, and other 
racks to the main distribution frames. 

Third, there will be requirements for 
power cables to tie the data centres to 
the grid , to local power sources, and 
to backup generators. Finally, there will 
be internal power cables to distribute 
power to the racks. 

telecom cables for remote 
locations
Large	 data	 centres	 are	 being	 built	 in	
locations that offer low-cost real estate, 
access to low-cost electric power or 
renewable power sources, and in some 
cases, low ambient temperatures. In 
late 2011, Facebook disclosed that it 

was	building	a	new	data	centre	in	Lulea,	
Sweden,	near	the	Arctic	Circle.	This	site	
offers low-priced hydro-electric power 
and	takes	advantage	of	the	locale’s	low-
er	temperatures	for	cooling.	Local	busi-
ness organizations in Sweden are pro-
moting these advantages to other data 
centre operators. Their argument is that 
the advantages in cooling, energy costs, 
and carbon emissions offset the cost of 
hauling the traffic over fibre optic net-
works. Other data centre operators have 
built facilities in Iceland for the same rea-
sons. To reach Iceland, the data travels 
on undersea cables. (Slide	5)

FACebook dAtA CeNtre uNder CoNstruCtIoN IN luleA, swedeN

Facebook Data Centre

Facebooks’s	27,000-sq.-metre	data	centre	will	take	advantage	of	low	temperature	for	its	cooling	systems.

slide 5 | Source: Node Pole
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Facebook is planning a campus with 
multiple	data	centres	 in	Lulea,	Sweden.	
The	 13-month	 construction	 project	 for	
the first building was completed recent-
ly, and the company planned to begin 
supporting	traffic	in	2013.	The	first	data	
centre	has	290,000	square	feet	(27,000	
square	metres).	In	its	2012	annual	report,	
Facebook	says	 it	 spent	US$1.24	billion	
on servers, networking, storage infra-
structure, and data centre construction.

Fibre backbones are available
For the traffic to reach data centres in 
Sweden and Iceland, there already are 

long-haul fibre systems in place. Other 
large data centres have been built in 
Iowa, North Carolina, Washington state, 
and other areas where real estate costs 
are lower than in major metropolitan 
areas. In some cases, the prices of elec-
tricity are a factor in selecting sites to 
build new data centres, at least for very 
large	ones.	Although	previously	installed	
long-distance cable systems may be 
available, new data centres will require 
short-distance fibre infrastructure to 
connect the data centre to the long-dis-
tance	fibres.	In	the	US,	a	new	nationwide	
telecom	operator,	Allied	Fiber	Systems,	

is building long-distance routes with co-
location huts every 100 km so that cli-
ents can lease cabinets in the facilities. 
Allied	has	said	that	external	data	centres	
can be connected to its fibre network 
through	these	 local	 facilities,	and	Allied	
provides information on modular data 
centre suppliers on a dark-fibre website 
that it has established.

Cisco sees larger rise in metro 
traffic
In	 this	 year’s	 Visual	Networking	 Index	
data, Cisco has estimated how much 
Internet traffic is traveling from data cen-

FACebook server rooM

Facebook Server Room

Server	room	in	Facebook’s	Prineville,	OR	data	centre;	blue	illumination	is	from	LED	indicators.

slide 6 | Photo courtesy Facebook
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tres to end-users within a metropolitan 
area, and how much traffic is traversing 
long-distance	routes.	In	2012,	45%	of	all	
Internet traffic was “metro only,” and the 
remainder traveled over long-distance 
networks as well as the metropolitan 
area.	By	2017,	the	metro-only	traffic	will	
be	58%	of	all	Internet	traffic.	The	metro-
only	traffic	will	grow	with	a	CAGR	of	29%	
from	2012	to	2017;	whereas	 the	 long-
distance	 traffic	will	 grow	with	 a	CAGR	
of	 16%.	 Cisco	 attributes	 the	 different	
growth outlook to the increasing use of 
content delivery networks, which store 
large files in local data centres as a way 
to optimize network efficiency. 

On a global scale, the Cisco data sug-
gests that the construction of new data 

centres is more likely to drive require-
ments for new telecom cable systems 
in metropolitan or local networks than 
in	 long-distance	networks.	 The	experi-
ence in Iceland and Sweden supports 
this, although both of these countries 
are considered highly developed tele-
com	markets.	In	Cisco’s	data,	the	traf-
fic traversing long-distance networks 
will	 increase	from	2012	to	2017	with	a	
CAGR	of	5%	in	North	America	and	6%	in	
Western	Europe.	In	these	regions,	most	
long-distance routes, or “city pairs,” 
already have cable systems installed. 

transmission rates are rising 
steadily
Since the introduction of dense wave-
length	 division	multiplexing	more	 than	

10 years ago, there has been a steady 
stream of technological advances 
enabling higher-bit-rate transmission on 
previously installed fibre. In many cases, 
the network operators have been able to 
increase their long-distance capacity by 
installing new transmission without hav-
ing to install new cables. Such system 
upgrades can help avoid the high con-
struction costs associated with installing 
new cables. 

In the emerging markets, long-distance 
Internet is growing at faster rates and is 
more likely to necessitate the construc-
tion of new long-distance cable routes. 
Cisco’s	data	shows	long-distance	Inter-
net	traffic	increasing	from	2012	to	2017	
with	 a	 CAGR	 of	 16%	 in	 Eastern	 and	
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Central	Europe,	22%	in	the	Asia-Pacific	
region,	38%	in	the	Middle	East	and	Afri-
ca,	and	14%	in	Latin	America.	(Slide	6)

Cables inside the data centres
Considering	Cisco’s	estimate	that	76%	
of	data	centre	traffic	is	internal	–	between	
racks inside the data centre, this indus-
try uses vast quantities of indoor-type 
cables and patch cords. Many data 
centres are purchased or built with 
container-sized modules, fully loaded 
with equipment and cabling. Further, 
many server and storage systems are 
built up with racks that are purchased 
fully loaded with electronic cards, power 
supplies, and cabling. These pre-loaded 
systems include fully assembled patch 
cords	or	terminated	cable	systems.	As	

a result, there are no readily available 
estimates for the value of cable in data 
centres.	CRU	estimates	that	the	market	
for cable and cable assemblies in data 
centres	is	on	the	order	of	US$1	billlion,	
and rising at double-digit growth rates 
commensurate with data centre con-
struction and traffic forecasts.

speed is of the essence
Several types of data cables have been 
used in data centre applications. The 
trend is for faster interfaces, and this is 
driving a shift to laser-optimized multi-
mode fibre, and in some cases, single-
mode fibre. Data centre applications are 
a	key	factor	in	the	work	on	faster	Ether-
net	 standards,	 such	 as	 40	Gbps,	 100	
Gbps,	or	more	recently,	400	Gbps.	The	

shift to faster interfaces is affecting the 
choice of cables in data centres, with 
fibre displacing copper, and with laser-
optimized multimode displacing the ear-
lier generations of multimode fibre. 

standards for cable architecture
There are many networking and inter-
face standards that apply to data cen-
tre	 equipment.	A	 subcommittee	of	 the	
TIA’s	TR-42	telecommunications	cabling	
systems committee has developed a 
standard for data centre cabling known 
as	 TIA/EIA-942.	 This	 standard	 was	
approved	in	2005,	and	its	main	function	
is to specify data centre architecture for 
companies or individuals involved in the 
initial design of data centres and sub-
sequent	 construction	 and	 expansion.	

stANdArds 
FOR	DATA	CENTRE	ARCHITECTURE,	
RELIABILITY	AND	CABLE
tIA/eIA 942, communications infrastructure in data centres

eN 50173-5, It	for	data	centres,	Europe

ANsI-bICsI-002,	data	centre	standard,	parallel	to	TIA	942

Iso/IeC NP 24764, cabling for data centres

CeNeleC eN 50173-5,	generic	cabling,	data	centres	(EU)	

RELATED	STANDARDS	 
tIA/eIA 568, structured cabling systems

tIA/eIA 569, pathways and spaces

Iso/IeC 11801, cabling systems

tIA/eIA 607, ground and bonding

National	Electrical	Code

slide 7
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The standard describes alternatives for 
equipment location and cabling infra-
structure to achieve targets for reliabil-
ity, power efficiency, and sound envi-
ronmental performance, which includes 
cooling/heat	 dissipation.	 The	 standard	
includes specifications for cable types, 
cable lengths, racks, cabinets, cable 
raceways, and connector interfaces. 
(Slide	7)

Advances in multimode fibre
To	meet	 higher	 bit-rate	 and	 extended	
reach requirements, fibre manufactur-
ers have introduced laser-optimized 
multimode fibres, which are classi-
fied	as	OM3	and	OM4	by	the	ISO.	The	
emergence of the storage area networks 
(SAN)	application	in	the	early	2000s	and	
associated bandwidth requirements 
helped	increase	demand	for	OM3	mul-
timode fibre, which was standardized in 
2002. Fibre manufacturers introduced a 
higher bit-rate, longer-reach multimode 
fibre	 that	 was	 standardized	 as	 OM4	
in	 2009.	 These	 fibre	 types	 have	 been	
widely used in data centres.

At	 the	 same	 time,	 fibre	 manufactur-
ers introduced bend-optimized or 
bend-insensitive	versions	of	both	OM3	
and	OM4	 fibres.	 These	 versions	 have	
allowed equipment manufacturers to 
devise servers, routers, and other prod-
ucts with higher port densities over a giv-
en footprint. This design enhancement 
maximizes	 space	within	 data	 centres,	
allows greater system margin for power 
budgets and improves network reliability 
by withstanding tighter bend radii with-
out losing the optical signal and causing 
network outages. 

single-mode vs. multimode fibre
The	 prices	 for	 bare	 (uncabled)	 single-
mode fiber are considerably lower than 
multimode prices, and single-mode 
offers	much	greater	bandwidth.	Laser-
optimized	multimode	 fibres,	OM3	 and	

OM4,	 which	 are	 the	 types	 typically	
specified for data centres, can be 10 
to	15	times	more	expensive	than	stan-
dard	G.652	single-mode	fibre	and	7	to	
8	times	more	expensive	than	G.657-A2	
bend-insensitive single-mode fibre. This 
relationship also holds true when com-
paring the difference in the costs of sin-
gle-mode and multimode optical cables. 

transceiver costs are key factor
The price of the cabled-fibre however, is 
only one factor in transmission system 
costs. Selection of the most effective 
transmission technology also must take 
into	account:	1)	span	length,	2)	data	rate,	
3)	application,	and	4)	transceiver	costs.		
A	transceiver	is	an	electronic	device	that	
contains both an optical source, a laser, 
to transmit the optical signal and a pho-
todiode to receives the optical signal. 
Transceivers convert optical to electrical 
signals for transmission over fibre. 

Short range transceivers used in the 
850-nm	window	of	multimode	fibre	rely	
on vertical cavity surface emitting lasers 
(VCSELS)	 that	 deliver	 the	 necessary	
performance	at	lower	cost.	VCSELs	are	
more efficient to manufacture, require 
less power to operate, and emit a cir-
cular beam that easily couples to con-
nected fibers. Transceivers used with 
single-mode	 fibre	 use	more	 expensive	
Fabry-Perot	(FP)	or	distributed	feedback	
(DFB)	 lasers	that	cost	at	 least	twice	as	
much	as	VCSELs	and	can	cost	several	
times more.

When new classes of transceiver prod-
ucts come on the market, the modules 
typically	are	more	expensive	and	there-
fore used only for applications requiring 
high bandwidth-times-distance perfor-
mance characteristics, until increasing 
production volumes lead to lower prices. 
For	example,	the	10-Gbps	“10GBASE”	
transceiver modules began shipping in 
2002 and achieved shipments of a mil-

lion ports later in the decade. Currently 
40GBASE	and	100GBASE	 transceiver	
products are at earlier stages of a vol-
ume-cost curve. (Slide	8)

Since the majority of span lengths in 
data	centres	are	 less	than	150	feet,	or	
46	metres,	 the	distances	possible	with	
single-mode fibre are minimal, but there 
are applications where its higher band-
width proves useful. Typically single-
mode fibre is specified for the interface 
to	 a	 telecom	 carrier’s	 long-distance	
cable route, for campus applications, or 
for	40-Gbps	and	100-Gbps	links	greater	
than	150	metres.	Bit	 rates	of	40	Gbps	
and	100	Gbps	 can	be	 achieved	 using	
parallel transmission over eight or more 
multimode	fibres	with	lower-cost	VCSEL	
transceivers. 

Parallel optics
Data centre bandwidth requirements 
also have led to the use of another 
sophisticated	optical	 technology	 –	MT	
type connectors, which provide for the 
connection	 of	 multiple	 fibre	 ends.	 A	
family of these products called MPO 
(“multi-fibre	 push-on”)	 connectors	 can	
provide for the mating of multiple fibre 
ends	–	from	two	to	dozens	–	in	a	single	
“ferrule.” The MT ferrule has a rectangu-
lar plastic end with precision holes for 
multiple fibres arrayed in a stripe with up 
to 12 holes, or in multiple parallel stripes 
of up to 12 holes. Two of these plastic 
ends are physically butted together and 
held	with	a	locking	clip.	Alignment	pins	
assure that the holes in each of the two 
ferrules are aligned to achieve a low-loss 
optical path for every mated fibre. 

The MT connector was developed by NTT 
of	 Japan,	 initially	 for	 single-mode	 fibre	
applications in telecom networks, where 
it was intended to address problems 
of high-density fibre interconnects. The 
multimode versions are finding a home 
in data centres, where density and high 
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slide 8	|	Source:	Berk-Tek,	a	Nexans	Company
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bandwidth are key factors. These parallel 
interconnects can be used with multiple 
fibres	 and	 arrays	 of	 lower-cost	 VCSEL	
transceivers to achieve high-bit-rate 
transmission speeds at costs lower than 
single-mode	systems.	A	parallel	array	of	
eight multimode fibres can be used to 
achieve	40-Gbps	transmission,	and	100-
Gbps	can	be	achieved	with	20	multimode	
fibres, using MPO connectors. (Slide	9)

To meet more stringent data centre 
requirements	the	TIA	revised	its	TIA/EIA-
942	 standard	 in	 August	 of	 2012.	 The	
revisions included the following changes: 
1)	only	OM3	and	OM4	multimode	fibres	
for	horizontal	and	backbone	cabling,	2)	
LC-duplex	 connectors	 for	 two-fibres,	
and	3)	MPO-style	connectors	 for	more	
than two fibres.

twP performanc e is improving
The small diameter of optical fibre 
cables offer advantages in design-
ing	 data	 centres	 to	maximize	 air	 flow	
around the racks. Some racks have so 

many ports that large bundles of copper 
cables can prove an obstruction to air 
flow, which is a critical factor in cooling 
equipment and maintaining reliability 
standards.	(Heat	is	the	major	cause	of	
equipment	failures.)	This	does	not	mean	
that all internal cables are fibre. Cop-
per proves cost-effective for many short 
links, and continues to be used in many 
applications. 

New TWP cables with bandwidth 
above	 1	 GHz	 are	 in	 development.	
These cables sometimes are referred 
to as Cat 8, and this nomenclature was 
recently	approved	by	the	TIA’s	copper	
cabling subcommittee. The term has 
not been adopted by the ISO, which 
uses	the	term	Cat	7a	for	copper	cables	
with	performance	greater	than	1	GHz.	
These higher-speed cables are being 
developed	 to	support	40-Gbps	Ether-
net, and early trials show transmission 
over	distances	of	 30	metres	or	more,	
considered useful for possible data 
centre applications. 

Cooling and energy usage
A	 single	 server	 rack	 can	 require	more	
than	 40	 kW	 to	 power	 the	 electronic	
“blades” with additional power needed 
for	cooling	systems.	A	 large	data	cen-
tre can have thousands of such racks, 
resulting in power consumption on the 
order of tens of MWs. Smaller data cen-
tres, such as room-sized facilities may 
need less than 100 kW. Typically each 
rack has a power supply, and the low-
voltage cables are run under the floor or 
in overhead trays to these power sup-
plies. The placement of power cables 
also is a factor in airflow and efficient 
utilitization	of	a	data	centre’s	HVAC	sys-
tem. There are architectures that have 
the racks position in alternating hot or 
cool	rows	to	maximize	the	benefit	of	air	
circulation.
These power and cooling requirements 
explain	the	decisions	to	select	data	cen-
tre sites in low-cost energy markets or 
cool climates, or both. The efficiency 
of	 a	 data	 centre’s	 energy	 usage	 is	 a	
major factor in data centre operating 

PerForMANCe levels For dIFFereNt tYPes oF dAtA CAbles

slide 9	|	Sources:	EIA/TIA,	BICSI,	FOA

type / standard technology bandwidth bit rate  distance Conditions / Comment 
 	 (MHz)	 (Mbps)	 (km)

Cat	5e	/	Class	D	 UTP	 155	 100	 0.10	 not	for	d.c.	horizontal
Cat	6	/	Class	E	 UTP	or	STP	 250	 10,000	 0.06	 0.1	kmat	1	Gbps
Cat	6a	/	Class	Ea	 STP	(F/UTP)	 500	 10,000	 0.10	 cable	has	foil	shield
Cat	7	/	Class	F	 S/STP	 600	 10,000	 0.10	 pairs	&	cable	shielded
Cat	7a	/	Class	F	 S/STP	 1,000	 10,000	 0.10	 pairs	&	cable	shielded

75-ohm	coax	 coaxial	 	 45	 0.10	 T-3,	E-3

OM-1	MM	fibre	 62.5-[jm	core	 200	 1,000	 0.28	 removed	fm	TIA	942
OM-2	MM	fibre	 50-(jm	core	 500	 1,000	 0.55	 removed	fm	TIA	942
OM-3	MM	fibre	 50-(jm	laser-opt.	 2,000	 10,000	 0.30	 850-nm	VCSEL
OM-4	MM	fibre	 50-(jm	laser-opt.	 4,700	 10,000	 0.55	 850-nm	VCSEL
S-M	fibre	 DFB	laser	 per	Ä	:	 10,000	 200	 1,550-nm	DFB
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costs, and is widely discussed among 
data	centre	design	issues.	As	with	data	
transmission rates, energy utilization is 
an	area	of	ongoing	R&D	by	data	centre	
operators and their equipment suppli-
ers.	Energy	efficiencies	are	improving	as	
are data rates and network cost. These 
improvements	are	expected	to	continue	
as Internet usage and data centre traffic 
and workloads continue rising.

data center and cloud outlook
Revenues for cloud services will increase 
with	 a	 CAGR	 of	 19%	 through	 2016,	
according	 to	 the	TIA.	Cloud	data	 cen-
tre	traffic	is	forecast	to	have	a	CAGR	of	
28%	 for	 the	 same	period,	 and	all	 data	
centre	traffic	 (cloud	plus	traditional	data	
centres)	 will	 increase	 with	 a	 CAGR	 of	
27%	according	to	Cisco.	 Internet	 traffic	
will	increase	with	a	CAGR	of	20%	through	
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2016. These are high growth rates com-
pared with other wire and cable market 
segments. The different traffic and data 
centre forecasts show a slight slow-down 
in year-on-year growth in the latter years 
of	 the	 five-year	 forecast	period.	But	 the	
ongoing demand for higher bandwidths 
and power efficiency will continue to drive 
innovation and market opportunities in 
the wire and cable industry. 
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