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Introduction and motivation.
The Internet traffic growth.

e 3 F LWL 0 = Current power consumption of
DG SRR i e v, .
FEL AN the global networks is about
2..4 %™ of global electricity
consumption.

(* Depending on elements considered in the

references)

:ﬁ = Will the power consumption of
= the Internet grow as fast as the

traffic?
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Source: Odlyzko et al; http://www.dtc.umn.edu/mints/2002-2008/analysis-2002-2008.html|
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Introduction and motivation.

_ayers and Functions.
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Copyright {C) 1999, Lucent Technoiogies

Burch/Cheswick map of the Intemet
showing the major ISPs. Data collected 28 June 1999
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Introduction and motivation.
Example: Current Carrier Power Consumption.

0SS/BSSDataCenter

12 22TWh perannum

f-f”;ff'f = nghest power CO“S“mp“O”

Mobile Aé;é,éss't = 1l &9 has been found in

ol AR " Moblle access
_ Aggregation

and management)

¢ 1

* Ref.: FFCUCCHIETTI Energy efficiency - an enabler for the Next Generation Network Bruxelles 2006
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Energy consumption of fixed access networks.
Network model.
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Energy consumption of fixed access networks.
Exemplary numerical preconditions and study area.

= Preconditions (based on data sheets) Power consumption directly proportional to

Moo [P Mo | 2ouW) 7 (GOI/S) the energy consumption
960 | 1465 | e, | 3000 | 0.2 . .
Mo = Factor of two for cooling requirements and
R e I N additional losses (e. g. external power
300 | 590 | . | 2800 | 0052 supplies)
8| 70 | m | 3000 ] O = Exemplary dense urban service area with
T 70 T o o0 [0 N=16.384 subscribers
N1+
NA] 0 | ag, | 3000 | 1.0 = Upper limit obtained: No bit rate
A T o [0 [ 10 aggregation (a=1)
r(+a

= Power consumption:
P=N -{PNT +2- ISRN +2. o j

RN NCN
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Energy consumption of fixed access networks.
Results.

(@)
-

= Hybrid optics-copper based
networks (FTTEx/Cab/B, HFC):

= Electro-optic active conversion
stage necessary

(@]
)

= Access bit rates limited by
copper infrastructure

FTTH (PtP)
= Pure optical access networks
10° FTTH (PON)+ (FTTH)

= High access bit rates at low
energy consumption

FTTB (PON)

Power per service area Ar) —»

10 - - .- Highest energy efficiency of
10 10 10 FTTH PONSs due to sharing

Average access bitrater (in Mbit/s) —
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Energy consumption of fixed access networks.
Measurements: FTTEx ADSL2+ ; FTTCab VDSL?2 systems.

ADSL2+
dem
FTTExX %— : DSLAM]-[ svsl:i{\clzh ]

Modem

ArWl May | AW Moy | AonW) |46, (GOS) o Gentral indoor DSLAM
7 960 1465 aR, 3000 0.02 . .
nottested] 960 | 1268 | MM | nottested = Aggregation switches not measured yet

VDSL2
() Eth
FTTCab [Modem} : DSLAM @ CN | .
(Modem}— ) switch

AW My [ AW | My [ 2W) |7 (Ghis)| = Additional energy consumption in the
81 240 | an | 3000 |00 remote node (ventilation, AC-DC converter)
96 351 r-Nytah | not teste

= Aggregation switches not measured yet

e P e eennnnnnnaaaaaaananannnnnnaannaannaaaaaaanaa s
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Energy consumption of fixed access networks.
Measurements: FTTB and FTTH GPON systems.

FTTB : MDU T~ @ GPON (GPON}
({e]\) : ONU OLT

AW My | AW | Mgy | Aon(W) [, (GI/S) = Distributed elements in the field

NT

FTTB I 8 70 aRy 1000 0.1

(S 57 | o4 | 445 |4 | q087 = Different granularities in the remote node
FTTH ONT - @ GPON GPON
(PON) ONT : ) _— ()] ! oLT |.
AWl My | AW Aoy | AW |7a (GBS = Pure optical access network
5 N/A 0 aRy 1000 1.0 .
5.61 4 | 968 = Good compliance of the values
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Energy consumption of fixed access networks.
Assumptions and selected measured values.

= Data sheets values (black)

= Selected measured values (magenta)

NRN PRN (W) NCN PCN (W) fmax (Gblt/S)
960 | 1465 | am, | 3000 0.02
960 1268 rNetah | nottested
48 240 ar, | 3000 0.05
96 351 r-Nytaeh, | not tested
300 590 ok | 2800 | 0.052
r
8 70 aR, | 3000 0.1
r‘NzN*ﬁ'lf?
8 70 ar, | 1000 0.1
24 445 | ™| 1087
N/A 0 ar, | 3000 1.0
r+ar,
N/A 0 ar, | 1000 1.0
risd | 968

= Selected access systems measured in the
laboratory until now:

= FTTEX

= FTTCab

= FTTB (PON)
= FTTH (PON)

= Measurements approximately compliant
with numerical values
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Energy consumption of fixed access networks.
Selected results with measured values.

10% ,
i — data sheet

— = measured

<102
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>
o
S
€10
(@)
(el
FTTH (PON)
10° -
10° 10’ 10 10

Average access bitrater (in Mbit/s) —

e Peeeennnnnaanaaaaannnnnnannnan

= FTTH: Good compliance

= FTTB: Differences due to different
granularities

= FTTCab: Differences due to
different granularities

= FTTEx: Good compliance
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Increasing network’s energy efficiency.
Measurement of current DSL systems. FTTEXx

AD)/

|Modem,L :
|Modem}—

1.250

1.050

1.000

Messung ECI DSLAM
{fully equiped, complete wired, 960 Lines}
—20.08. 200612111511122122121121126.08 2006 g 0820067 T
DR S IIIIII!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT{,'z'é'\iv"/u}'ne

......................

1200 18:00 0:00 600 12:00 18:00 0:00 €00 1201 18:01

)

)

ADSL indoor DSLAM located in the central
office

Broadband service for 960 subscribers,
fully equipped and wired

Power consumption of several days:
= Day-night dependency recognizable

= Small daily power variation due to
customer’s activities

But compared to traffic variation the power
variation is low

Probable reason: “Always on” attitude
broadly to be found
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Increasing network’s energy efficiency.
Power reduction possibilities on DSL broadband systems.

Code of Conduct (CoC)- Future
DSL power management
target values, proposal

o . . ADSL 2+ | VDSL 2
Definition of 3 modi, depending on
L .y 2007 [LO (full power) 1,5W 2,15 W
customers communication activities. L2 (low power]
L3 (idle state)
1 VDSL
< always on (today) 2008 |L0 (full power) 1AW 20W
g L2 (low power) 11W
Q. - L3 (idle state) 08 W 1 OW
LO: Full On ADSL ’ ’
L2: Low always on (today) 2009 |LO (full power) 1,2W 1,6 W
t;wl(;rl ADSL L2 (low power) 0,8W 12W
e ower managed L3 (idle state)
) P g 0,4W 0,8W
time
Note: VDSL power management is not standardised today.

[European Commission, Renewable Energies Unit: Code of Conduct on Energy
T Consumption of Broadband Equipment, Version 2. Ispra, 17 July 2007]
B
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Increasing network’s energy efficiency.
Power Management in DSL systems.

= Energy consumption in the exemplary
dense urban service area

(@]
o
(@]

(@)

o

(@)
|

- mwithout Power Management

| |Ewith Power Management

= Power values taken from measurements

n
o O
o O

o
o
(@)

1 3
~ E=N Z BT, = Usage scenarios based on public studies
=1

800
600
400+
200+

= Significant energy saving potential

Energy per service area £ (in kWh) —

ADSL 2+ VDSL?2

= Power management not used due to QoS
and line stability issues

= Inter layer effects not fully analysed

e P e eennnnnnnaaaaaaananannnnnnaannaannaaaaaaanaa s
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Energy consumption of fixed access networks.
Broadband Migration: Extreme scenarios.

Electronic broadband access network
Broadband services delivery by DSL

systems

140

120
=

= 100 -
£ 80 |
2 60

£ 40
20
0

Drastic increase in power consumption

@ VDSL
OADSL2
EADSL
EPSTN

time

= Optical broadband access network
= FTTH as the target of broadband migration

= Opportunity for decreasing broadband
access network's power consumption

time

—> High impact of broadband access technology and migration on the power
consumption!

e P e eennnnnnnaaaaaaananannnnnnaannaannaaaaaaanaa s
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Home networks.
Increasing number of services and devices.

= A lot of different studies forecast dramatic

growth of the internet due to “MultiMedia”
Energy consumption traffic

A

= Any kind of video
(on demand, time shifted , aster than real-time)

= Broadband Internet

= Audio

= Voice
Broadband services require associated home
network components

Increasing size of home networks with
increasing number of devices

» = Distributed equipment not fully utilized, e. g. in
terms of storage capacity

e P e eennnnnnnaaaaaaananannnnnnaannaannaaaaaaanaa s
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Home networks
An extreme example of multimedia broadband home.

@ @ @
= = =
> | £ |5S] 22
= | &8 |EE| B
| 2z |27 | =¥
x| & |§2| &2
WWiFi Radio 1 7.3 122 4 194 8
WWiFi Radio 2 25 4,3 4 67,2
PC 2 110 4 430
PC Monitor 4 B0 4 320
Laptop 42 4 165
Diptolan 1.1 1.1 4 264
Settopbox 155 | 178 4 387 2
WDSL - Modemn 4.8 24 1152
T (Flat) 1.2 95 4 404
T (20" og 45 4 210
Fouter a5k 24 134 4
MNAS 0.1 12 3 38,1
ISDM 1.4 24 336
DECT 09 24 21,6
Total Energy per Day 26005

Germany = about 38 Million homes = scaling up to 4,1 GW. 36 TWh per year.
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[“Operator driven devices’|

Dally power consumption of a reference flat in a
Multi Media World

Network

Termination

Telecommunication

Devices

Multi Media
Devices

=

. = O

ﬂ Assumptions: z - =

= = o

= a w

= E E

] = =
= = = =

- = e =]
= IS = =
5 o = z
i ) ) LI
WLAN Radio 1 7 17 2 178
| ;] WiLAN Radio 2 2 4 2 52
:ﬁ 1 YOSL Modem 48 24 1152

outer
Router PC 2 110 2 264
> PC Maonitar 4 RO 2 208
! Settophox 158 178 4 387 2
T (Flat) 1.2 100 4 474
' TV(207) 04 45 7 1098
Fouter 56 24 134 4
IP Phaone 04 24 21 f
18594 2
0 200 400 600 800 1000 1200

1400

“ONT” provides VOIP functionality 24 h
“Router” provides functionalities for PC, WLAN and Media receiver
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How do things scale ?

GWhper | Partofa | = Currently 38.000.000 (38 Mio.)
W per HH MW annum power plant households (HH) in Germany

= ,Average” power plant in Germany
has a capacity of 360 MW*

= 10 W average continuous load per
HH is equal to 380 MW

= 10 W average continuous load per

||IIIIIIII\|I|I\|\|4|III\II“I\NII\|\|\|\H|\I\|\|\ii]ii|ﬂ::i:I;ll!lli;;l\l\|\|M\|\|\|\|\|\|\|\|\IH|\|\|\|\|\|\|\m\l\wﬂ|¥"i; 565 Z%iiiiiil!!iiii!\!ll\l\|l|!ll¥¥lill||l|\|J"' HH is equal to 3,3 TWh per annum

Source: Wikipedia, Photo Source; Wikipedia
A. Gladisch; C. Lange; R. Leppla / 23.09.2008 20

Power efficiency of optical versus electronic access networks



Basic Considerations- Energy Efficient Networks
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Efficie
home networks

=Investigate =Power adaptive netw.;  =High sharingratioof =~ =Energy management
alternatives for =guarantees always servers; Economy of solutions e.g. controlled
complex PC basic communication scale & industry link capacity

=simple and fast “wake  =adaptive control of based =NG servers + ECO data
up” and usage components based on  =Highly efficient power  centre architecture
adaptive modes of communication adaptive processing =Virtualization
network and clients requirements =Virtualization
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Conclusion. Energy efficiency of Internet is a big issue.
But be realistic!

s: Access network part

d access have the lowest consumptio
d management

lement in current broadband acc

ization curves
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Thank you for your attention!
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