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Abstract	  
Given	  the	  threat	  of	  global	  warming	  looming	  over	  the	  horizon,	  it	  is	  important	  to	  
investigate	  methods	  to	  decrease	  the	  global	  carbon	  footprint.	  The	  ICT	  sector	  is	  an	  
ever-‐growing	  segment	  of	  our	  society,	  and	  is	  expected	  to	  contribute	  
approximately	  3%	  of	  global	  carbon	  emissions	  in	  the	  near	  future,	  possibly	  
overtaking	  the	  aviation	  industry.	  
UvA	  and	  ESnet	  are	  cooperating	  to	  investigate	  the	  contribution	  of	  carbon	  
emissions	  of	  networking	  infrastructure.	  Our	  first	  common	  result	  has	  been	  a	  
model	  for	  the	  various	  contributions	  of	  networking	  devices.	  Together	  we	  
developed	  a	  tool	  where	  we	  applied	  this	  model	  to	  user	  specified	  data	  transfer	  
scenarios.	  This	  tool	  was	  demonstrated	  for	  the	  first	  time	  at	  SuperComputing	  2013	  
in	  Denver,	  and	  we	  plan	  to	  show	  an	  improved	  and	  extended	  version	  at	  TNC	  2014.	  
	  

	  
Fig	  1:	  Screenshot	  of	  the	  demo.	  
	  



Our	  main	  research	  question	  is	  as	  follows:	  How	  can	  we	  identify	  and	  select	  “green”	  
paths	  with	  the	  goal	  of	  reducing	  the	  overall	  carbon	  footprint	  of	  the	  network?	  Green	  
paths	  are	  paths	  from	  one	  endpoint	  to	  another	  in	  a	  network	  that	  are	  chosen	  such	  
that	  they	  lead	  to	  a	  lower	  carbon	  footprint	  of	  the	  network,	  as	  opposed	  to	  choosing	  
the	  fastest	  or	  cheapest	  (monetary)	  paths.	  How	  do	  the	  greenest,	  fastest,	  and	  
cheapest	  paths	  compare?	  Moreover,	  how	  do	  networking	  infrastructures	  with	  
different	  properties	  compare?	  What	  impact	  do,	  or	  can,	  energy	  efficient	  
technologies	  have?	  Are	  significant	  reductions	  even	  possible	  and	  realistic?	  	  
Our	  model	  can	  help	  answer	  these	  questions.	  
	  
Our	  model	  calculates	  the	  carbon	  emissions	  in	  grams	  CO2	  of	  transporting	  N	  
GBytes	  of	  data	  over	  a	  given	  path.	  Doing	  so	  requires	  knowing	  the	  following:	  

1. The	  transmission	  time	  (inverse	  of	  throughput).	  
2. Power	  measurements	  of	  all	  the	  devices	  participating	  in	  the	  data	  transfer	  

in	  the	  path:	  switches,	  routers,	  DWDMs,	  etc.	  
3. Information	  about	  the	  energy	  production	  mix	  of	  the	  energy	  sources	  of	  all	  

nodes	  in	  the	  path.	  This	  depends	  on	  the	  regions	  where	  the	  nodes	  are	  
physically	  located.	  For	  example,	  some	  regions	  may	  depend	  mostly	  on	  
fossil	  fuels	  while	  other	  regions	  may	  use	  a	  mix	  of	  coal,	  nuclear,	  and	  solar	  
power.	  

From	  points	  1	  &	  2	  we	  can	  calculate	  kiloWattHours.	  However,	  energy	  dissipated	  
is	  NOT	  the	  same	  as	  carbons	  emitted.	  It	  is	  very	  well	  possible	  to	  have	  high	  amounts	  
of	  energy	  dissipated	  but	  still	  have	  relatively	  low	  amounts	  of	  carbon	  emissions.	  It	  
depends	  on	  the	  energy	  sources.	  Thus	  we	  need	  the	  data	  from	  point	  3	  to	  calculate	  
the	  total	  carbon	  emissions	  in	  grams	  CO2.	  
	  
In	  our	  original	  scenario,	  we	  considered	  several	  regions	  (states)	  of	  the	  United	  
States.	  Given	  (a	  subset	  of)	  the	  Energy	  Sciences	  Network	  topology,	  we	  look	  at	  the	  
possible	  paths	  to	  transport	  a	  certain	  amount	  of	  GBytes	  from	  point	  A	  to	  point	  B.	  
Which	  path	  should	  be	  taken	  that	  results	  in	  the	  least	  carbon	  emissions,	  and	  how	  
does	  that	  path	  change	  as	  the	  parameters	  change?	  
	  
Our	  demo	  calculates	  and	  shows	  the	  path,	  and	  also	  compares	  it	  to	  the	  fastest	  and	  
cheapest	  paths.	  Most	  of	  the	  nodes	  are	  in	  different	  states,	  and	  thus	  have	  different	  
energy	  production	  mixes.	  In	  reality	  the	  energy	  production	  mix	  can	  change	  on	  a	  
daily	  basis,	  but	  this	  information	  is	  usually	  not	  publically	  available	  and	  so	  we	  have	  
to	  rely	  on	  yearly	  averages.	  The	  power	  consumption	  of	  current	  network	  
equipment	  in	  the	  underlying	  topology	  consumes	  a	  static	  amount	  of	  power	  
regardless	  of	  utilization	  (traffic	  load),	  but	  with	  our	  model	  and	  the	  associated	  tool	  
we	  can	  show	  what	  would	  happen	  if	  a	  portion	  of	  the	  power	  draw	  of	  networking	  
devices	  scaled	  linearly	  with	  utilization.	  In	  other	  words,	  what	  the	  effect	  of	  new	  
energy	  efficient	  technologies	  may	  be.	  We	  chose	  a	  simple	  linear	  model	  as	  that	  is	  in	  
line	  with	  currently	  available	  energy	  efficient	  technologies	  such	  as	  IEEE	  802.3az.	  
	  
At	  TNC2014	  we	  will	  present	  an	  improved	  and	  extended	  version	  of	  our	  tool,	  
which	  will	  include	  ESnet	  and	  SURFnet	  topology.	  It	  will	  include	  information	  on	  
the	  devices	  and	  energy	  production	  mixes	  in	  the	  newly	  transversed	  countries.	  
This	  tool	  may	  help	  answer	  several	  of	  the	  questions	  we	  have	  raised	  in	  this	  text.	  
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