
Energy	
  in	
  data	
  center	
  

Trieste	
  2015	
  M
ar
ko
	
  R
at
os
a,
	
  IC
TP
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•  Power	
  Distribu?on	
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•  ICTP	
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Theory	
  

The	
  overall	
  energy	
  demand	
  in	
  data	
  center	
  can	
  
be	
  divided	
  as	
  follows:	
  	
  
–  IT	
  server	
  (~	
  50%)	
  	
  
– Cooling	
  (~	
  35%)	
  	
  
– power	
  distribu?on	
  (~	
  12%)	
  
–  ligh?ng	
  (~	
  3%)	
  



Theory	
  

	
  
Because	
  it	
  is	
  important	
  not	
  only	
  to	
  consider	
  the	
  
investment	
  costs,	
  but	
  also	
  to	
  analyse	
  the	
  expected	
  
opera?ng	
  costs.	
  In	
  addi?on	
  to	
  personnel	
  costs,	
  
priority	
  must	
  also	
  be	
  given	
  to	
  checking	
  and	
  
evalua?ng	
  the	
  energy	
  costs.	
  For	
  that	
  reason	
  we	
  
must	
  talk	
  about	
  the	
  EFFICIENCY.	
  
	
  
	
  

	
  



Efficiency	
  	
  

•  Data	
  Centre	
  Infrastructure	
  Efficiency	
  (DCIE)	
  

•  Power	
  Usage	
  Effec?veness	
  (PUE)	
  

DCIE = Total energy consumption of data centre
Energy consumption of IT system

PUE = Total energy consumption of data centre
Energy consumption of IT system

DCIE =  Energy consumption of IT system
 Total energy consumption of data centre

×100%



	
  How	
  to	
  increase	
  the	
  efficiency	
  of	
  a	
  
data	
  center	
  

•  Replace	
  old	
  servers	
  with	
  new	
  
•  Use	
  of	
  free	
  cooling	
  systems	
  (using	
  the	
  
ambient	
  air	
  for	
  cooling)	
  

•  Aisle	
  containment	
  and	
  thereby	
  separa?ng	
  the	
  
warm	
  and	
  cold	
  sides	
  in	
  the	
  IT	
  infrastructure	
  

•  Cooling	
  using	
  groundwater	
  or	
  geothermal	
  
system	
  



Loca?on	
  

Loca?on	
  factors	
  
– Climate	
  and	
  energy	
  costs	
  

– Buildings,	
  accessibility,	
  skilled	
  workers	
  
– Network	
  connec?on,	
  taxa?on	
  and	
  Security	
  

	
  



Uninterrup?ble	
  Power	
  Supply	
  

•  Offline	
  UPS	
  system	
  
•  Online	
  UPS	
  system	
  

2	
  …	
  rec?fier	
  
3	
  …	
  ba^eries	
  
4	
  …	
  inverter	
  
5	
  …	
  sta?c	
  bypass	
  switch	
  
7	
  …	
  manual	
  bypass	
  switch	
  



UPS	
  Ba^eries	
  

•  Dimension	
  

•  Posi?on	
  
•  Circuit	
  



	
  Power	
  management	
  system	
  
components	
  

In	
  this	
  group	
  we	
  can	
  put	
  all	
  components	
  that	
  are	
  
in	
  the	
  meddle	
  between	
  UPS	
  and	
  IT	
  servers	
  
–  Electric	
  conductors	
  
–  Line	
  switchers	
  
–  Circuit	
  breakers	
  
–  Power	
  Distribu?on	
  Units	
  (PDU’s)	
  



PDU	
  

•  Un-­‐managed	
  	
  
– Monitoring	
  

•  Managed	
  
– Monitoring	
  	
  
– Outlet	
  managing	
  



Cooling	
  

•  The	
  main	
  opera?onal	
  problem	
  of	
  server	
  
rooms	
  is	
  removing	
  of	
  heat	
  produced	
  by	
  
servers	
  and	
  other	
  IT	
  equipment	
  

•  We	
  can	
  subdivide	
  the	
  cooling	
  in:	
  
– ven?la?on	
  systems	
  (climate	
  suitable	
  for	
  humans)	
  
– air-­‐condi?oning	
  systems	
  for	
  heat	
  dissipa?on	
  (IT	
  
cooling)	
  



IT	
  cooling	
  

Refrigerator	
  cycle	
  



IT	
  cooling	
  

En?re	
  system	
  



IT	
  cooling	
  

Internal	
  devices	
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  row	
  (hot/cold	
  aisle)	
  cooling	
  

	
  
	
   	
   	
   	
   	
   	
  	
  rack	
  cooling	
  



IT	
  cooling	
  

Row/rack	
  cooling	
  
	
  



IT	
  cooling	
  

	
  	
  	
  	
  



IT	
  cooling	
  
External	
  devices	
  



IT	
  cooling	
  

•  Pipes	
  	
  
•  Pumps	
  
•  Transmission	
  Medium	
  
•  Reservoir	
  
•  Insula?on	
  
	
  



ICTP	
  Solu?on	
  

•  Moderniza?on/upgrade	
  in	
  2011	
  
•  12	
  racks	
  for	
  IT	
  devices	
  
•  8	
  LCP	
  
•  3	
  chillers	
  
•  UPS	
  (100	
  kVA)	
  
•  Each	
  rack	
  at	
  least	
  2	
  PDU	
  
•  2	
  generators	
  (one	
  for	
  IT	
  devices,	
  one	
  for	
  
cooling)	
  





































Conclusions	
  

•  Spend	
  enough	
  ?me	
  to	
  think	
  also	
  about	
  this	
  
systems	
  and	
  non	
  only	
  about	
  CPU,	
  RAM,…	
  

•  Usually	
  be^er	
  systems	
  cost	
  more	
  money	
  but	
  
be	
  aware	
  in	
  this	
  case	
  this	
  is	
  not	
  a	
  rule	
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