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* How much energy does “The Internet” use
« Some things we know

* How to think about Networks and Energy
* Questions and Opportunities

* The Other Networks
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Key Collaborator: Ken Christensen, USF

http://www.csee.usf.edu/~christen/energy/main.html
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* Think Broadly about Networks ....
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How much energy does The Internet use? ’\l ‘;[\,
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e <At least 100 million nodes on the

HOME BUSINESS TECH MARKETS ENTREPRENEURS LEADERSHIF

Videe Blogs E-mall Newsletters Org Chart Wiki People Tracker Portiollc Intemet add up tO 8% Of

E-mail | Print | Comments | Reguest Reprints | E-Mail Newsletters | B My Yahoo! | RSS tOtal U S demand I S now

- : reasonable to project that half of
ig more coal -- the PCs are coming c - : .

Pater W. Huber and Mark P. Mills, 05.31.99 the electrlc grld W]H be pOWCI’lng

et oo s b vy e ook o it e the digital- Internet economy

The current fuel-economy rating: about a pound of coal to create, Within the neXt decade.”

package, store and move 2 megabytes of data. The digital age, it turns

out, is very energy-intensive. The Internet may someday save us bricks, 2

mortar and catalog paper, but it is burning up an awful lot of fossil fuel in empha51s added
the process.

' THE NUTS AND NEWS FOR NERDS.
y 'E G Home | Ask a Question | Categories | Browse Questions

. ﬁﬁﬁi‘(ﬂ?ANSWERED F 1 A 20[)? 61 mMDTb sarol
» Login | Create Account | Subseribe | Frehose 7 Aug i v davidsarokin 1

Question: Energy Use of Internet
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How much energy does The Internet use? ’\l ‘;,\,
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Southem California Edison, mee m. Somewhere in America, o
a lump of coal is burned every ti mnn 1 t C COnomy
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The current fuel-economy rating: aBSlt aWEbuni of cilat £
package store and move 2 megabytes of data. The digital age, it t
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are coming

emphasis added

the process.

mortar and catalog paper, but it iggbu an awful lot of fossil fuel in

ANSWERED on Fri 17 Aug 2007 - 6:17 pm MDT by davidsarokin —‘

se of Internet T |
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internet Uses 9.4% of Electricity In the US
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Some questions worth asking eeeerd]
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 How much energy does all network equipment use?
... telecom equipment? ... edge devices?

 How much energy does network connectivity induce in
edge devices?

* [ How much energy does IT avoid ]
* Where is all this headed?

* How much can we reasonably save in network eqt.?
... In edge devices?

* What are research and implementation priorities?
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Networks and Energy

Network equipment ....
Routers, switches, modems, wireless APs, ...

... VS networked equipment
PCs, printers, set-top boxes, ...

How networks drive energy use

* Direct
—Network interfaces (NICs)
—Network products

* Induced in Networked products
—Increased power levels

—Increased time in higher power modes
(to maintain network presence)
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Network electricity use in context ceecoy]
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esidential

NOT to scale

One central
baseload power
plant (about 7
TWh/year)

Buildings Electricity:i ~2,500 TWh

All Electricity: ~3,500 TWh

Commercial

Electronics: ~250 TWh

Telecom

« U.S. only

» Annual figures
circa 2006

* All approximate




Network electricity use in context, cont. > ;

Buildings Electricity: ~2,500 TWh —
: J : This time to scale

Residential

Commercial

Electronics

C TSt
~250 TWh
One central a
baseload power

plant (about 7
TWh/year)

« U.S. only

» Annual figures
circa 2006

* All approximate
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How to think about energy quantities ’\l A
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Our needs only require approximations

1 year = 8,760 hours ~ 10,000 hours
1 kWh costs $0.09 ~ $0.10
1 W for 1 year ~ $1
1 TWh = 1 billion kWh ~ $100 million
U.S. annual consumption ~ 3,500 TWh
... buildings portion ~ 2,500 TWh e Th
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How much energy does i

- A
network equipment consume? creee )
(Bruce'’s best estimate) $billion TWh/year

Telecom $0.80 8.0
Data center $0.20 2.0
Residential $0.73 7.3
Commercial (office) $0.88 8.8
Subtotal $1.80 18
IP Service providers <? <?

(access, metro, core)
« All of these figures rough estimates for 2006 -
» None of this includes cooling or UPS
« $0.10/kWh used for convenience

% DIGI;ﬁLmlg 
» U.S. only — Global figures probably 3-5 times larger ; >
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* Network equipment ~ 1% of electricity

* All electronics ~ 10% of electricity
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* Network equipment ~ 1% of electricity

* All electronics ~ 10% of electricity

* 1% of a very large number .....

.....I1s still a very large number
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Things we know: s
Energy consumption is at edge reecer?)

A
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* Network equipment < 10% of all electronics
* Most electronics already networked

* More electronic — and non-electronic — devices
getting networked

* Network induced consumption > all direct

* Network equipment energy may grow ...
... but other electronics will grow faster
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Things we know: /A\I

Utilization is low

A
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Low utilization is norm in life — e.g. cars

» Average U.S. car ~12,000 miles/year = 1.5 miles/hour

« If capacity is 75 mph, this is 2% utilization
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Things we know: | /\| /\
Utilization is low, cont. cecceed] o
’

« Snapshot of a typical 100 Mb/s 100%
Ethernet link (Singh) 80% - Typical bursty usage
c (utilization = 1.0 %)
2 60% -
©
N
= 40% -
* File server link utilization (daytime) 20%
(Bennett, 2006)
| S 0%
File Server Bandwidth Utilization Profile O 1000 2000 3000 4000 5000 6000 7000
] Time (s)
o Conclusions (for edge links only)
” * Bursty
N  Very low average utilization
£ ENERGY.
“ EFFICIENf ;_
! DIGITAL
OG N o © © O o o m O ™~ W o i w m‘fw@ w O N D O @ D - o N & © ST 5 ‘I“\I |
gy N E TWO RK S
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Things we know: R
Edge device energy is mostly idle coceer
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All time for year sorted
by power level

Most of time when idle,
could be asleep

PC savings potential is
most of current
consumption

Power (watts)

Similar patterns appl&gﬂcY AR
to set-top boxes, rercrent
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for TVs, printer, ... orerra
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0 Hours/year 8760
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Things we know: s
Edge device energy is mostly idle, cont. /\|
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* Annual energy consumption above idle level
— Servers: < 5%
— Desktop PCs: < 3%

* [P phones: Active consumption < 10% of total
» Set-top boxes: < 50% (probably much less; depends on defn.)

* VCRs* < 50% playing or recording

*VCRs not digitally networked but point still true DIGITAL *
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Things we know: R
Economics matter coccod)
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* Most energy efficiency investments save >> first cost

“Not a free lunch, but one you get paid to eat™

« Rampant market failures

— Split incentives between designers, purchasers
... purchasers, energy cost payers

— Lack of information
— Inability to use efficiency information

| ._E_N_._E._RG_‘_{C____‘. __

» Business-as-usual leads to large energy waste fErrrczent ||
| DIGI;ﬁwap:

*paraphrased from Amory Lovins D }
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Things we know: /\
Speed costs energy / power :\|\‘
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Things we know: N
IP will go everywhere cecee)

A
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o Last week’s
Boston Herald:

Hthld.ﬂﬂM /JOBFIND

Sony to introduce its first
Internet-enabled Blu-ray disc player
this summer

The BDP-S350 player ... will be the company’s first to |
feature an Ethernet port, allowing it to connect to ghonty
a home broadband connection. &
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How should we think about o
networks and energy? coccod]
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Approaches / Focus m——

* Device
— AC*-powered products
 Link

— Capacity, usage, distance, technology
 Throughput

— Traffic totals, patterns, distribution
* Application / Protocol

— Drivers of infrastructure, nodes
« Context

—In-use / not, time-sensitive / not, etc.

ENERGY

| 'EFFICIENT L

Essential to use all approaches simultaneously " brerna 4
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Efficiency Approaches
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Product Network Interface Protocol /
Focus Product Focus Application
Focus Focus

| NIC |
NIC | NIC | ”
O ft |1 « N

NIC m

Examples: _ENERGY.
. Energy a E.I.-' FICI ENT \

Proxying Energy Star @7z Efficient CE
Ethernet | DIGI.I»:}\;,\_J‘_

Need all approaches >
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Finding Energy Savings Opportunities ’\l A
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Sample approaches

* Relax assumptions commonly made about networks
—when feasible (rarely in core); mine wireless technology

—these assumptions drive systems to peak performance
« average conditions require less energy
* many assumptions tied to latency

 Design for average condition, not just peak
—rely on data about typical use

« Use Network to gather info about savings Opportuniti_gﬁg_ﬂ;___ _
. ] | EFFICIEN\T‘{-._-L |
» Use Network to enable edge device savings .. J
NETH'ORKS/_{‘
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Some Questions
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» Should low link utilization lead to any powering down of
links?

 How much savings can be leveraged by introducing
more latency? (when OK for application)

* Should power state be exposed to the network?
— Embodied in protocols
— Distinct sleep state with reduced network connectivity?

« Should a document of guiding principles be developed
for protocols and other standards?

» Will security features or concerns sometimes |
trump energy efficiency? eneroy

_EFFICIENT

* What intelligence in network should support energy © . ... J
efficiency in network equipment? in edge devices? ' "
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The Other Networks: ~,
Consumer Electronics rrece) )

CEPro.com




The Other Networks: R
Buildings Generally creeed) ;,\,‘

“Networking the Real World “ —
The other 90% of Buildings Electricity

Climate (heating, cooling, ventilation); Iighting,_ap-pliané\@\s, security

g
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 Building Network archltecture not being done with sophistication and
care that went into Internet deS|gn .

» Result may be burden us Wlth baMeS|gn for decades to come
' 6 N '»'3‘ ' ;

e security arguably belongs in electronics
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