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3 

LBNL	  Demand	  Response	  Research	  
Center	  (DRRC)	  Research	  Areas	  

•  Funded	  since	  2004	  by	  California	  Energy	  Commission	  plus	  US	  
DOE,	  Bonneville	  Power	  AdministraAon,	  NYSERDA,	  SeaTle	  City	  
Light,	  PG&E,	  SCE,	  SDG&E,	  SMUD,	  etc.	  

•  Topics	  organized	  into	  3	  categories:	  
–  Energy	  Systems	  Integra3on	  and	  Strategic	  Issues	  

•  Valuing	  Demand	  Response	  
•  Dynamic	  Tariffs	  and	  Rate	  Design	  
•  Communica3ons	  Infrastructure	  

–  Buildings	  
•  Automa3on,	  Communica3ons	  and	  Control/IT	  Systems	  
•  End-‐Use	  Control	  Strategies	  and	  Models	  
•  Behavior	  –response	  to	  dynamic	  tariffs	  

–  Industry	  
•  Automa3on,	  End-‐Uses	  and	  Control/IT	  Systems,	  Strategies	  
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Electricity	  Value	  Chain:	  Linking	  EE	  –	  DR	  	  

•  Maximizing	  Ame	  scales,	  technology,	  services.	  
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Linking	  Data	  Centers	  &	  Smart	  Grid*	  

Smart Grid Conceptual Model 

•  Other	  definiAons	  exist…	  

* DOE Secretary Dr. Steve Chu’s presentation: GridWeek 2009: http://www.pointview.com/data/2009/09/31/pdf/Steve-Chu-4774.pdf 
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What	  is	  DR?	  
•  Demand	  Response	  NOT	  Disaster	  Recovery	  (Can	  prevent	  though).	  
•  A	  set	  of	  acAons	  taken	  to	  reduce	  electric	  loads	  when:	  

1.  ConAngencies,	  such	  as	  emergencies	  or	  congesAon,	  occur	  that	  
threaten	  the	  supply-‐demand	  balance	  	  OR	  

2.  Market	  condiAons	  occur	  that	  raise	  electric	  supply	  costs.	  
•  The	  goal	  is	  to	  improve	  electric	  grid	  reliability	  and	  lower	  use	  of	  

electricity	  during	  peak	  demand	  
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Data	  Centers	  and	  DR,	  AutomaAon	  

•  Increase	  knowledge	  of	  what,	  where,	  for	  how	  long,	  
and	  under	  what	  condiAons	  industrial	  faciliAes	  will	  
shed	  or	  shic	  load	  in	  response	  to	  a	  noAficaAon;	  
–  Develop	  a	  beTer	  dynamics	  of	  maximizing	  load	  reducAon	  

savings	  without	  affecAng	  operaAons;	  

–  Facilitate	  deployment	  of	  the	  industrial	  Auto-‐DR	  that	  is	  

economically	  aTracAve	  and	  technologically	  feasible;	  and	  

–  EffecAvely	  target	  efforts	  to	  recruit	  industrial	  Auto-‐DR	  sites	  
•  Try	  DR	  first!	  
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Open	  Auto-‐DR	  Architecture	  

Commercial and Industrial Customers 

KXJZ 

Customer 
Group 

Customer 
Group 

Residential – Small Commercial Customers 

Customer 
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Project:	  Data	  Center	  DR	  OpportuniAes	  

•  Goals:	  InvesAgate	  data	  center	  characterisAcs,	  loads,	  control	  
systems,	  and	  technologies,	  idenAfy	  DR	  and	  Open	  Auto-‐DR	  
opportuniAes/	  challenges.	  

•  Methods:	  Collect	  &	  analyze	  exisAng	  C&I	  research,	  evaluate	  
and	  characterize	  load	  shapes,	  issues,	  idenAfy	  DR	  
opportuniAes/	  challenges	  and	  key	  strategies/	  technologies,	  
and	  OpenADR	  scenarios.	  

•  Findings:	  On	  the	  basis	  of	  operaAonal	  characterisAcs	  and	  
energy	  use,	  data	  centers	  have	  significant	  potenAal	  for	  DR.	  	  
–  Excellent	  candidates	  for	  OpenADR.	  

•  Next	  Steps:	  Field	  tests/demos.	  
•  Report:	  hTp://drrc.lbl.gov/pubs/lbnl-‐3047e.pdf	  
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Load	  CharacterizaAon	  

•  Daily	  Load	  Factor	  (DLF):	  
– Determine	  load	  variability	  (Flat	  vs.	  Mixed-‐Use)	  

Data	  Center	   Data	  start	   Data	  end	   Load	  shape	   Average	  DLF	  

CA	  Data	  Center	  1	   1/10/2008	   9/2/2008	   Flat	  Load	   98%	  

CA	  Data	  Center	  2	   4/6/2003	   Current	   Mixed-‐Use	  Load	   81%	  

CA	  Data	  Center	  3	   4/6/2003	   Current	   Flat	  Load	   95%	  

CA	  Data	  Center	  4	   7/21/2005	   Current	   Flat/	  Mixed-‐Use	  Load	   83%	  

CA	  Data	  Center	  5	   4/6/2003	   Current	   Flat	  Load	   99%	  

CA	  Data	  Center	  6	   1/29/2005	   Current	   Mixed-‐Use	  Load	   88%	  

CA	  Data	  Center	  7	   4/6/2003	   Current	   Flat/	  Mixed-‐Use	  Load	   89%	  

CA	  Data	  Center	  8	   4/6/2003	   Current	   Mixed-‐Use	  Load	   83%	  
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Load	  CharacterizaAon	  

Flat	  Load	  (Avg	  DLF	  >=90%)	   Mixed	  Use	  (Avg	  DLF	  <90%)	  
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Technology	  and	  Energy	  Metrics	  

•  Physical	  Server	  ReducAon	  RaAo:	  
•  Power	  Usage	  EffecAveness:	  
•  Data	  Center	  infrastructure	  Efficiency:	  
•  DR	  =	  Whole	  Building	  Power	  (total	  w,	  %	  w,	  etc.)	  
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Results:	  DR	  Strategies	  
Data	  Center	  
Infrastructure	   DR	  Strategy	  	   Advantages	   Cau3ons[1]	  

Site	  Infrastructure	  and	  
Mixed-‐use	  	  

1. Adjust	  supply-‐air	  temperature	  and/or	  humidity	  
set-‐points	  to	  industry	  and	  ASHRAE	  ranges	  
(recommended	  or	  allowable):	   

a. Adjust	  data	  center	  zone	  supply-‐air	  
temperature	  and	  humidity	  set-‐points. 
b. Adjust	  HVAC	  temperature	  set-‐point	  for	  
mixed-‐use	  data	  center	  zones.	  

 Sequence	  of	  operaAon	  for	  this	  strategy	  is	  well	  
studied	  and	  implemented	  in	  offices	  and	  
commercial	  buildings.	   
 Strategy	  could	  be	  part	  of	  control	  system	  
sequence	  of	  operaAon.	  

 Not	  applicable	  to	  data	  centers	  already	  operaAng	  
at	  higher	  temperatures. 
 Airflow	  management	  issues.	   
 Perceived	  risk	  of	  IT	  equipment	  failure	  if	  strict	  
environmental	  condiAons	  not	  maintained.	  	  

1. Use	  innova3ve	  cooling	  system	  management:	   
a. Shut	  down	  redundant	  chillers,	  pumps,	  
and	  CRAC	  units	  in	  response	  to	  IT	  
equipment	  needs. 
b. Expand	  outside-‐air	  temperature	  range	  
for	  economizaAon	  (water	  or	  air).	  	  

 Significant	  savings	  when	  used	  with	  IT	  
infrastructure	  strategies.	  

 Higher	  outside	  air	  wet-‐bulb	  temperature	  may	  
raise	  cooling	  water	  temperature. 
 Weather	  dependence	  of	  air	  or	  water-‐side	  
economizaAon.	   
 Research	  concept	  for	  DR.	  

1. Use	  ligh3ng	  controls: 
a. Use	  bi-‐level	  switching	  or	  dimmable	  
lighAng	  controls	  to	  reduce	  lighAng	  levels.	  

 Sequence	  of	  operaAon	  for	  this	  strategy	  well-‐
studied	  and	  implemented	  in	  office	  spaces	  and	  
commercial	  buildings.	   
 Lights	  could	  be	  shut	  down	  completely.	  	  

 Minimal	  impact	  as	  stand-‐alone	  strategy	  in	  non-‐
mixed-‐use	  data	  centers.	  

1. Reconfigure	  redundant	  power	  delivery	  and	  
back-‐up	  storage	  systems: 

a. Use	  UPS	  bypass	  technology. 
b. Shut	  down	  redundant	  transformers. 
c. 	  Use	  back-‐up	  storage. 

 Strategy	  for	  shorter	  duraAon 
 Back-‐up	  storage	  in	  use	  outside	  California;	  
system	  tesAng	  can	  coincide	  with	  DR	  event.	  

 Perceived	  impact	  on	  equipment	  or	  risk	  of	  error	  
or	  malfuncAon	  (a).	   
 Perceived	  need	  for	  addiAonal	  back-‐up	  storage	  
during	  DR	  (c).	   
 PotenAal	  for	  air-‐quality	  issues	  if	  diesel	  generators	  
are	  used	  (c).	   
 Research	  concept	  for	  DR	  (a	  &	  b).	  

[1]	  “Research	  concept”	  in	  this	  column	  indicates	  that	  this	  DR	  strategy	  is	  sAll	  under	  development,	  and	  the	  impact	  on	  energy	  savings	  and	  scalability	  needs	  to	  be	  quanAfied.	  
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Results:	  DR	  Strategies	  
Data	  Center	  
Infrastructure	   DR	  Strategy	  	   Advantages	   Cau3ons[1]	  

IT	  Infrastructure	  

1. 	  Use	  virtualiza3on	  technologies: 
a. Increase	  server	  processor	  uAlizaAon	  rate	  and	  
consolidate.	   
b. Increase	  storage	  density	  and	  consolidate. 
c. Improve	  networked	  device	  efficiency.	  

 Enabling	  technology	  available	  (a	  &	  b).	   
 Enabling	  technology	  maturing	  (c).	  

 Increased	  uAlizaAon	  rates	  for	  servers	  may	  increase	  
cooling	  needs	  with	  overall	  efficiency	  (a). 
 Research	  concept	  for	  DR	  (b	  &	  c).	  

1. 	  ShiZ	  or	  Queue	  IT	  or	  back-‐up	  job	  processing	    Enabling	  technology	  in	  use. 
 Could	  be	  used	  as	  load	  shic.	  	  

 Suited	  for	  laboratory	  or	  research	  and	  development	  
data	  centers. 
 Research	  concept	  for	  DR.	  

1. 	  Use	  built-‐in	  equipment	  power	  management	  	  
 Built-‐in	  power	  management	  present	  in	  most	  
equipment	  already.	   
 Energy	  savings	  higher	  in	  newer	  systems.	  	  

 Minimal	  energy	  savings	  for	  most	  current	  
equipment.	  
 Needs	  to	  be	  combined	  with	  virtualizaAon	  and	  load	  
shicing	  of	  IT	  or	  back-‐up	  job	  strategies	  for	  DR	  
impact.	  
 Research	  concept	  for	  DR.	  

1. 	  Use	  emerging	  load	  migra3on	  technologies	  for	  
shed	  or	  shiZ	  

 Enabling	  technology	  available	  for	  some. 
 Perennial	  strategy	  (“anyAme	  DR”).	  

 Infrastructure	  available	  in	  only	  a	  few	  data	  centers	  
and	  used	  primarily	  for	  disaster	  recovery. 
 May	  need	  local	  uAlity	  coordinaAon. 
 Research	  concept	  for	  DR.	  	  

IT	  and	  Site	  Infrastructure	  
Synergy	  

1. 	  Integrate	  virtualiza3on,	  HVAC,	  ligh3ng	  controls,	  
etc.	  for	  faster	  load-‐shed	  response	  

 These	  intelligent	  strategies	  have	  higher	  potenAal	  
energy	  savings	  than	  stand-‐alone	  strategies.	  

 No	  enabling	  technologies	  available	  currently.	   
 IT	  and	  site	  infrastructure	  technology	  and	  
performance	  measurement	  currently	  separate. 
 Research	  concept	  for	  DR.	  

[1]	  “Research	  concept”	  in	  this	  column	  indicates	  that	  this	  DR	  strategy	  is	  sAll	  under	  development,	  and	  the	  impact	  on	  energy	  savings	  and	  scalability	  needs	  to	  be	  quanAfied.	  



Example:	  Analysis	  of	  Strategies	  

•  AnyAme	  DR	  Strategy…	  follow	  the	  Cloud!	  
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Work Load 
Migration 

Data centers with fully networked infrastructure within different 
electrical grids, zones, or geographic locations, can shift loads 
temporarily to other locations in response to a DR event. 

Applicability IT and Site Infrastructure 
End-Use type Server, storage, and networking devices 
Target loads Potentially all loads 

Category Load shed 
Development 

Status Research 

Summary of 
Potential 
Strategy 

Temporarily shift IT load to redundant networked location: 
  Use fully remote networked redundant infrastructure and 

automation capabilities to selectively or completely shift IT 
equipment load in response to a DR event. This percent of IT load 
migration is referred to as LM it%. 

  Unused IT equipment could be shut down.  
  A percentage of the load of supporting site infrastructure services 

could be minimized. The percent of site load migration is referred to 
as LM st%. 

  The resulting lowered energy use could be significant.  
Rebound Rebound avoidance strategy required to restore local operations. 

Caution 
Emerging technology. Used primarily for disaster recovery. Advance 
notification and coordination among local utilities may be required. 
Impact on energy savings and scalability needs to be quantified. 
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Data	  Center	  Challenges/PotenAal	  
SoluAons	  

What’s	  necessary	  before	  strategies	  are	  considered?	  

•  Parallels	  to	  EE	  few	  years	  ago	  
– DemonstraAons	  and	  field	  tests	  

•  PercepAon	  of	  risk	  to	  business	  and	  operaAons.	  
–  R&D	  data	  centers.	  

•  Performance	  measurement	  strategies/metrics.	  
–  Simplified	  for	  DR	  

•  Lack	  of	  InformaAon.	  
–  EducaAon	  and	  outreach.	  
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Data	  Centers	  and	  Smart	  Grid/	  DR	  
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Cloud	  CompuAng	  and	  Data	  Center	  DR	  
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Value	  ProposiAon	  for	  Data	  Centers	  

•  Emerging	  Value	  ProposiAon:	  savings	  for	  Ame	  scales	  
of	  energy	  value	  chain.	  	  

•  DR	  parAcipaAon	  in	  mulAple	  electricity	  markets,	  retail,	  
wholesale,	  forward	  capacity	  markets	  

•  UAlity	  retail	  DR	  and	  Smart	  Grid	  programs	  	  
–  Auto-‐DR	  programs/incenAves	  (hTp://www.auto-‐dr.com/).	  

–  ARRA	  demonstraAons	  	  

•  Corporate	  and	  Social	  Responsibility:	  Societal	  benefits	  
•  PotenAal	  CA	  study	  (Phase	  2)	  project:	  Field	  tests.	  
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Industrial	  Controls/IT	  Systems	  
Assessment	  Survey	  

•  We	  need	  to	  beTer	  understand	  the	  exisAng	  
technical	  potenAal	  for	  Auto-‐DR.	  
– Technical	  and	  operaAonal	  capacity.	  
– Need	  data	  center	  community	  voice.	  
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Contact	  

•  Demos/survey/program	  opportuniAes:	  
– Rish	  GhaAkar	  	  	  

•  GGhaAkar@lbl.gov	  
•  hTp://drrc.lbl.gov/industrial/	  


