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Overview

• H o w  m u c h  e n e r g y  d o e s  “T h e  I n t e r n e t ” u s e
• S o m e  t h i n g s  w e  k n o w
• H o w  t o  t h i n k  a b o u t  N e t w o r k s  a n d  E n e r g y
• Q u e s t i o n s  a n d  O p p o r t u n i t i e s
• T h e  O t h e r  N e t w o r k s

Key Collaborator: Ken Christensen, USF
http://www.c s e e .u s f .e d u /~ c hr i s te n /e n e r g y /m a i n .htm l
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Overview

• T h i n k  B r o a d l y  a b o u t  N e t w o r k s  ….
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H o w m u c h  en erg y  d o es  T h e I n t ern et  u s e?

“A t  l e a s t  1 0 0  m i l l i o n  n o d e s  o n  t h e  
I n t e r n e t ,  … a d d  u p  t o  … 8% of 
t ot a l  U . S .  d e m a n d . … I t ' s  n o w  
r e a s o n a b l e  t o  p r o j e c t  t h a t  h a l f of 
t h e  e l e c t r i c  g r i d w i l l  b e  p o w e r i n g  
t h e  d i g i t a l - I n t e r n e t  e c o n o m y  
w i t h i n  t h e  n e x t  d e c a d e .”

emphasis added

1999

2 0 0 7
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H o w m u c h  en erg y  d o es  T h e I n t ern et  u s e?

“A t  l e a s t  1 0 0  m i l l i o n  n o d e s  o n  t h e  
I n t e r n e t ,  … a d d  u p  t o  … 8% of 
t ot a l  U . S .  d e m a n d . … I t ' s  n o w  
r e a s o n a b l e  t o  p r o j e c t  t h a t  h a l f of 
t h e  e l e c t r i c  g r i d w i l l  b e  p o w e r i n g  
t h e  d i g i t a l - I n t e r n e t  e c o n o m y  
w i t h i n  t h e  n e x t  d e c a d e .”

emphasis added

1999

2 0 0 7

Wrong Q u e s t i on
Wrong A ns w e rs
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S o m e q u es t io n s  wo rt h  a s k in g

• H o w  m u c h  e n e r g y  d o e s  a l l  n e t w o r k  e q u i p m e n t  u s e ?
… t e l e c o m  e q u i p m e n t ?  … e d g e  d e v i c e s ?

• H o w  m u c h  e n e r g y  d o e s  n e t w o r k  c o n n e c t i v i t y  i n d u c e  i n  
e d g e  d e v i c e s ?

• [  H o w  m u c h  e n e r g y  d o e s  I T  a v o i d  ]
• W h e r e  i s  a l l  t h i s  h e a d e d ?
• H o w  m u c h  c a n  w e  r e a s o n a b l y  s a v e  i n n e t w o r k e q t .?
… i n  e d g e  d e v i c e s ?

• W h a t  a r e  r e s e a r c h  a n d  i m p l e m e n t a t i o n  p r i o r i t i e s ?
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N et wo rk s  a n d  E n erg y

N e t w o rk equipment ….
R o uter s ,  s w itc h es ,  mo d ems ,  w ir el es s  A P s ,  …

… v s  n e t w o rk e d equipment
P C s ,  pr inter s ,  s et-to p b o x es ,  …

H o w  netw o r k s  d r iv e ener g y  us e
• D i re ct

– N etw o r k  inter f a c es  (N I C s )
– N etw o r k  pr o d uc ts

• I n d u ce d in N etw o r k ed pr o d uc ts
– I nc r ea s ed  po w er  l ev el s
– I nc r ea s ed  time in h ig h er  po w er  mo d es
(to  ma inta in netw o r k  pr es enc e)

P r o d u c t

N e t w o r k  I n t .

N e t w o r k
P r o d u c t
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N et wo rk  el ec t ric it y  u s e in  c o n t ex t

A l l  E l ec tr ic ity : ~3 , 5 0 0  T W h
B uil d ing s  E l ec tr ic ity :  ~2 , 5 0 0  T W h

Com m erc ialR esid ential

T el ec o m

E l ec tr o nic s :  ~2 5 0 T W h

N etw o r k e d : ~1 5 0
T W h  ?

N etw o r k  E qt.:
~ 2 0 T W hOne central 

b as elo ad  p o w er 
p lant ( ab o u t 7  
T W h / y ear)

• U . S .  o n l y
• A n n u a l  f i g u r e s
c i r c a  2 0 0 6
• A l l  a p p r o x i m a t e

NO T  t o scal e



Slide 9  o f  3 1

N et wo rk  el ec t ric it y  u s e in  c o n t ex t ,  co n t .

B uil d ing s  E l ec tr ic ity : ~2 , 5 0 0  T W h

CommercialR es id en t ial

E l ec tr o nic s
N etw o r k e d
~1 5 0  T W h  ?

N et. E q t.
~  2 0  T W h

• U . S .  o n l y
• A n n u a l  f i g u r e s
c i r c a  2 0 0 6
• A l l  a p p r o x i m a t e

One central 
b as elo ad  p o w er 
p lant ( ab o u t 7  
T W h / y ear)

~2 5 0  T W h

T h i s t i me t o scal e

T el.
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H o w t o  t h in k  a b o u t  en erg y  q u a n t it ies  

O u r need s only req u ire ap p rox im ations

1  y ea r  =  8 , 7 6 0  h o ur s   ~ 1 0 , 0 0 0  h o ur s
1  k W h  c o s ts  $ 0 .0 9 ~ $ 0 .1 0
1  W  f o r  1  y ea r ~ $ 1
1  T W h  =  1  b il l io n k W h ~ $ 1 0 0  mil l io n

U .S . a nnua l  c o ns umptio n ~ 3 , 5 0 0  T W h
… b uil d ing s  po r tio n ~ 2 , 5 0 0  T W h
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H o w m u c h  en erg y  d o es
n et wo rk  eq u ip m en t  c o n s u m e?  

• All of these figures rough estim a tes for 2 0 0 6
• None of this includes cooling or UPS
• $ 0 . 1 0 / k W h used for conv enience

( B ruce’s b est estim a te) $ billion T W h/ year
T el ec o m $ 0 .8 0  8 .0

D at a ce n t e r $ 0.20 2.0
R e s i d e n t i al $ 0.7 3  7 .3
C o m m e rci al  ( o f f i ce ) $ 0.88 8.8
S ub to ta l $ 1 .8 0  1 8

I P  S er v ic e pr o v id er s
(a c c es s ,  metr o ,  c o r e) 

<  ? <  ?

• U .S . o n l y  — G l o b al  f i g u re s  p ro b ab l y  3 -5 t i m e s  l arg e r

T o ta l :
~2 0  T W h / y ea r
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S o ……

• N e t w o r k  e q u i p m e n t  ~ 1 %  o f  e l e c t r i c i t y
• A l l  e l e c t r o n i c s  ~ 1 0 %  o f  e l e c t r i c i t y
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S o ……

• N e t w o r k  e q u i p m e n t  ~ 1 %  o f  e l e c t r i c i t y
• A l l  e l e c t r o n i c s  ~ 1 0 %  o f  e l e c t r i c i t y

B U T ……
• 1 %  o f  a  v e r y  l a r g e  n u m b e r  …..

…..i s  s t i l l  a  v e r y  l a r g e  n u m b e r
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Things we know:
E n erg y c o n s u m p t io n  is  a t  ed g e

• N e t w o r k  e q u i p m e n t  <  1 0 %  o f  a l l  e l e c t r o n i c s
• M o s t  e l e c t r o n i c s  a l r e a d y  n e t w o r k e d
• M o r e  e l e c t r o n i c  — a n d  n o n -e l e c t r o n i c  — d e v i c e s  
g e t t i n g  n e t w o r k e d

• N e t w o r k  induced c o n s u m p t i o n   > a l l  d i r e c t
• N e t w o r k  e q u i p m e n t  e n e r g y  m a y  g r o w  …
… b u t  o t h e r  e l e c t r o n i c s  w i l l  g r o w  f a s t e r
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Things we know:
U t il iz a t io n  is  l o w

• D ata netw ork s are lig htly u tiliz ed , and  w ill stay that w ay ,  
A . M . O d l y z k o ,  R ev iew  of  N etw ork  E c onom ic s ,  2 0 0 3
N e t w o r k U t i l i z a t i o n
A T & T  s w i t c h e d  v o i c e 33%  
I n t e r n e t  b a c k b o n e s 1 5 %  
P r i v a t e  l i n e  n e t w o r k s 3~5 %  
L A N s 1 %  

L o w  util iz a tio n is  no r m in l if e — e.g . c a r s
• A v er a g e U .S . c a r  ~1 2 , 0 0 0  mil es / y ea r  =  1 .5  mil es / h o ur
• I f  c a pa c ity  is  7 5  mph ,  th is  is  2% util iz a tio n
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C o n c l u s i o n s  ( f o r  e d g e  l i n k s  o n l y )
• B u r s t y
• V e r y  l o w  a v e r a g e  u t i l i z a t i o n

Things we know:
U t il iz a t io n  is  l o w,  co n t .

• S n a p s h o t  o f  a  t y p i c a l  1 0 0  M b / s  
E t h e r n e t  l i n k  ( Singh)

0%
2 0%
4 0%
6 0%
8 0%
1 00%

0 1 000 2 000 3 000 4 000 5 000 6 000 7 000
T i m e  ( s )

Ut
iliz

at
io
n

T y p i cal b u rs ty  u s ag e
( u ti li z ati o n =  1 .0  % )

• F i l e  s e r v e r  l i n k  u t i l i z a t i o n  ( d a y t i m e )  
( B ennett,  2 0 0 6 )
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Things we know:
E d g e d evic e en erg y  is  m o s t l y  id l e
C o r e F a c t:  M o s t P C  ener g y  us e o c c ur s  w h en no  o ne pr es ent

A l l  time f o r  y ea r  s o r ted  
b y  po w er  l ev el
M o s t o f  time w h en id l e,  
c o ul d  b e a s l eep
P C  s a v ing s  po tentia l  is  
m o s t o f  c ur r ent 
c o ns umptio n
S imil a r  pa tter ns  a ppl y  
to  s et-to p b o x es ,
f o r  T V s ,  pr inter ,  …
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Things we know:
E d g e d evic e en erg y  is m o s t l y  id l e,  co n t .
• A n n u a l  e n e r g y  c o n s u m p t i o n  a b o v e  i d l e  l e v e l

– S e r v e r s : <  5 %
– D e s k t o p  P C s :  <  3%

• I P  p h o n e s :  A c t i v e  c o n s u m p t i o n  <  1 0 %  o f  t o t a l
• S e t -t o p  b o x e s : <  5 0 %  ( p r o b a b l y m u c h  l e s s ;  d e p e n d s  o n  d e f n . )
• V C R s * <  5 0 %  p l a y i n g  o r  r e c o r d i n g

*V C R s  no t d ig ita l l y  netw o r k ed  b ut po int s til l  tr ue
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Things we know:
E c o n o m ic s  m a t t er

• M o s t  e n e r g y  e f f i c i e n c y  i n v e s t m e n t s  s a v e  > >  f i r s t  c o s t
“N o t  a  f r ee l unch ,  b ut  o ne y o u g et  p a id t o  ea t ”*

• R a m p a n t  m a r k e t  f a i l u r e s
– S p l i t  i n c e n t i v e s  b e t w e e n  d e s i g n e r s ,  p u r c h a s e r s
… p u r c h a s e r s ,  e n e r g y  c o s t  p a y e r s

– L a c k  o f  i n f o r m a t i o n
– I n a b i l i t y  t o  u s e  e f f i c i e n c y  i n f o r m a t i o n

• B u s i n e s s -a s -u s u a l  l e a d s  t o  l a r g e  e n e r g y  w a s t e
* p a ra p hra sed from  A m ory  L ov ins
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Things we know:
S p eed  c o s t s  en erg y  /  p o wer

Source: METI, 2006

M a x imum th r o ug h put (M b it/ s )
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R o u t e r s

Measured power of various
c om put er N I C s ( averag ed)
Source: Christensen, 2005

E n e rg y  co s t  i s  a f u n ct i o n  o f  cap aci t y , n o t  t hro u g hp u t
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Things we know:
I P  wil l  g o  every wh ere

• L ast  w eek ’s
Bost on H eral d:

T h e  B D P -S 3 5 0  p l a y e r  … w i l l  b e  t h e  c o m p a n y ’s  f i r s t  t o  
f e a t u r e  a n  E t h e r n e t  p o r t ,  a l l o w i n g  i t  t o  c o n n e c t  t o
a  h o m e  b r o a d b a n d  c o n n e c t i o n .
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H o w s h o u l d  we t h in k  a b o u t
n et wo rk s  a n d  en erg y ?

A p p r o a c h e s  /  F o c u s
• D e v i c e

– A C *-p o w e r e d  p r o d u c t s
• L i n k

– C a p a c i t y ,  u s a g e ,  d i s t a n c e ,  t e c h n o l o g y
• T h r o u g h p u t  

– T r a f f i c  t o t a l s ,  p a t t e r n s ,  d i s t r i b u t i o n
• A p p l i c a t i o n  /  P r o t o c o l

– D r i v e r s  o f  i n f r a s t r u c t u r e ,  n o d e s
• C o n t e x t

– I n -u s e  /  n o t ,  t i m e -s e n s i t i v e  /  n o t ,  e t c .
E s s e n t i a l  t o  u s e  a l l  a p p r o a c h e s  s i m u l t a n e o u s l y
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E f f ic ien c y  A p p ro a c h es

P roduct  
F ocus

Net w ork  
P roduct  
F ocus

I nt erf ace 
F ocus P rot ocol  /

A p p l i cat i on
F ocus

Need a l l a p p r o a c h es
P rox y i ng E nerg y  S t ar C E

E x a m p l es :
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F in d in g  E n erg y  S a vin g s  Op p o rt u n it ies

S a m p l e a p p r o a ch es
• R e l a x  a s s u m p t i o n s  c o m m o n l y  m a d e  a b o u t  n e t w o r k s
–w h e n  f e a s i b l e  ( r a r e l y  i n  c o r e ) ;   m i n e  w i r e l e s s  t e c h n o l o g y
–t h e s e  a s s u m p t i o n s  d r i v e  s y s t e m s  t o  p e a k  p e r f o r m a n c e

• a v e r a g e  c o n d i t i o n s  r e q u i r e  l e s s  e n e r g y
• m a n y  a s s u m p t i o n s  t i e d  t o  l a t e n c y

• D e s i g n  f o r  a v e r a g e c o n d i t i o n ,  n o t  j u s t  p e a k
–r e l y  o n  d a t a  a b o u t  t y p i c a l  u s e

• U s e  N e t w o r k  t o  g a t h e r  i n f o  a b o u t  s a v i n g s  o p p o r t u n i t i e s
• U s e  N e t w o r k  t o  e n a b l e  e d g e  d e v i c e  s a v i n g s
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S o m e Q u es t io n s

• S h o u l d  l o w  l i n k  u t i l i z a t i o n  l e a d  t o  a n y  p o w e r i n g  d o w n  o f  
l i n k s ?

• H o w  m u c h  s a v i n g s  c a n  b e  l e v e r a g e d  b y  i n t r o d u c i n g  
m o r e  l a t e n c y ?   ( w h e n  O K  f o r  a p p l i c a t i o n )

• S h o u l d  p o w e r  s t a t e  b e  e x p o s e d  t o  t h e  n e t w o r k ?
– E mb o d ied  in pr o to c o l s
– D is tinc t s l eep s ta te w ith  r ed uc ed  netw o r k  c o nnec tiv ity ?

• S h o u l d  a  d o c u m e n t  o f  g u i d i n g  p r i n c i p l e s  b e  d e v e l o p e d  
f o r  p r o t o c o l s  a n d  o t h e r  s t a n d a r d s ?

• W i l l  s e c u r i t y  f e a t u r e s  o r  c o n c e r n s  s o m e t i m e s
t r u m p  e n e r g y  e f f i c i e n c y ?

• W h a t  i n t e l l i g e n c e  i n  n e t w o r k  s h o u l d  s u p p o r t  e n e r g y  
e f f i c i e n c y  i n  n e t w o r k  e q u i p m e n t ?   i n  e d g e  d e v i c e s ?
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T h e Ot h er N et wo rk s :
C o n s u m er E l ec t ro n ic s

• I n c r e a s e  i n  C E  e n e r g y  u s e  a s s o c i a t e d  w i t h  d i g i t a l  
n e t w o r k i n g  p o s s i b l y  > >  a l l  I P  n e t w o r k  e n e r g y  u s e

T his the CE  eq u ip m ent in a real hou se
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T h e Ot h er N et wo rk s :
B u il d in g s  G en era l l y
“Net w o r k i n g  t h e R ea l  W o r l d “ —
T h e o t h er  9 0 % o f  B uil ding s  E l ect r icit y

C l ima te (h ea ting ,  c o o l ing ,  v entil a tio n),  l ig h ting ,  a ppl ia nc es ,  s ec ur ity *

• B uil d ing  N etw o r k  a r c h itec tur e no t b eing  d o ne w ith s o ph is tic a tio n a nd  
c a r e th a t w ent into  I nter net d es ig n

• R es ul t ma y  b e b ur d en us  w ith  b a d  d es ig n f o r  d ec a d es  to  c o me

*s ecu rit y arg u ab ly  b elon g s  in  elect ron ics
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