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So#ware	
  can	
  improve	
  the	
  efficiency	
  of	
  our	
  energy	
  system	
  

Demand	
  side	
  
-­‐  Building	
  efficiency	
  
-­‐  Demand	
  response	
  

Supply	
  side	
  
-­‐  Electric	
  load	
  forecas,ng	
  
-­‐  Wind	
  power	
  forecas,ng	
  
-­‐  Solar	
  power	
  forecas,ng	
  
-­‐  Predic,ve	
  maintenance	
  

Business	
  and	
  arbitrage	
  
-­‐	
  Price	
  forecas,ng	
  

“Smart	
  Grid”	
  



Topics	
  	
  

1) What	
  is	
  the	
  smart	
  grid	
  and	
  why	
  do	
  we	
  need	
  it?	
  

2) What	
  is	
  machine	
  learning	
  and	
  data	
  analy,cs?	
  

3) What	
  are	
  the	
  computer	
  science	
  and	
  so3ware	
  challenges	
  for	
  
implemen,ng	
  the	
  smart	
  grid?	
  

4) What	
  have	
  companies	
  done	
  so	
  far	
  to	
  address	
  this	
  challenge?	
  



Brief	
  history	
  of	
  the	
  electric	
  grid	
  

1886:	
  first	
  AC	
  power	
  
grid	
  system	
  installed	
  in	
  
Great	
  Barrington,	
  
MassachuseWs	
  

1992:	
  Congress	
  
deregulates	
  whole-­‐
sale	
  power	
  
genera,on	
  systems	
  

1960s:	
  regional	
  interconnects	
  
created	
  in	
  the	
  US	
  designed	
  for	
  
economies	
  of	
  scale	
  

1978:	
  independent	
  
power	
  producers	
  
given	
  access	
  to	
  the	
  
grid	
  

Late	
  1960s:	
  electricity	
  
grid	
  reached	
  majority	
  
of	
  popula,on	
  of	
  
developed	
  countries	
  

Late	
  20th	
  century:	
  electricity	
  
demand	
  paWerns	
  well	
  established	
  
–	
  domes,c	
  hea,ng	
  and	
  air	
  
condi,oning	
  led	
  to	
  daily	
  peaks	
  led	
  
to	
  installa,on	
  of	
  peaking	
  plants.	
  

21st	
  century:	
  
developing	
  countries	
  
pioneer	
  smart	
  grid	
  
development	
  	
  

1970s-­‐1990s:	
  increasing	
  
demand	
  results	
  in	
  
blackouts	
  and	
  brownouts	
  



The	
  current	
  electric	
  grid	
  has	
  some	
  severe	
  limita@ons	
  
-­‐  Low	
  u,liza,on	
  of	
  peaking	
  generators	
  leads	
  to	
  unnecessary	
  redundancy	
  
-­‐  Metering	
  capabili,es	
  limit	
  the	
  degree	
  to	
  which	
  price	
  signals	
  could	
  be	
  

propagated	
  through	
  the	
  system.	
  
-­‐  Difficult	
  to	
  incorporate	
  intermiWency	
  of	
  renewable	
  energy	
  and	
  ensure	
  

reliability	
  
-­‐  Centralized	
  power	
  sta,ons	
  may	
  increase	
  vulnerability	
  to	
  terrorist	
  aWacks	
  

Some	
  precursors	
  to	
  the	
  smart-­‐grid	
  aBempted	
  to	
  address	
  
these	
  issues:	
  
-­‐  1980s:	
  automa,c	
  meter	
  reading	
  to	
  monitor	
  loads	
  from	
  large	
  customers	
  

-­‐  Prevents	
  physical	
  trip	
  to	
  read	
  meter	
  
-­‐  Allows	
  for	
  more	
  accurate	
  monitoring	
  data	
  

-­‐  1990s:	
  advanced	
  metering	
  infrastructure	
  	
  
-­‐  Provide	
  informa,on	
  about	
  usage	
  at	
  different	
  points	
  in	
  ,me	
  
-­‐  Allows	
  for	
  2-­‐way	
  communica,on	
  with	
  meter	
  so	
  that	
  informa,on	
  

such	
  as	
  ,me-­‐of-­‐use	
  pricing	
  can	
  be	
  sent	
  to	
  the	
  home	
  



The	
  smart	
  grid	
  
doesn’t	
  refer	
  
to	
  a	
  specific	
  
technology,	
  
but	
  rather	
  a	
  
set	
  of	
  related	
  
technologies	
  
that	
  include	
  
both	
  physical	
  
infrastructure	
  
and	
  digital	
  
applica@ons	
  

Image	
  source:	
  hWp://www.renesas.eu/ecology/eco_society/smart_grid/	
  



Although	
  there	
  are	
  numerous	
  infrastructure	
  and	
  hardware	
  
challenges	
  to	
  implemen@ng	
  the	
  smart	
  grid,	
  this	
  talk	
  
emphasizes	
  the	
  role	
  of	
  so#ware	
  in	
  the	
  smart	
  grid	
  system	
  

hWps://www.youtube.com/watch?v=t5OzUIpQWpM	
  	
  

Progress	
  in	
  infrastructure	
  upgrades	
  has	
  been	
  slow	
  in	
  part	
  due	
  
to	
  strong	
  opposi,on:	
  
-­‐  Concerns	
  over	
  privacy	
  
-­‐  Concerns	
  about	
  fair	
  availability	
  of	
  electricity	
  
-­‐  Complex	
  rate	
  systems	
  reduce	
  clarity	
  and	
  accountability	
  
-­‐  Remotely	
  controlled	
  kill-­‐switch	
  incorporated	
  into	
  smart	
  meters	
  



So#ware	
  can	
  be	
  used	
  to	
  circumvent	
  some	
  “hardware”	
  
challenges	
  

Problem:	
  
Want	
  to	
  know	
  how	
  much	
  energy	
  

each	
  appliance	
  is	
  using	
  

Image:	
  hWp://smartmicrogrid.blogspot.com/2013_11_01_archive.html	
  

So#ware	
  solu@on:	
  	
  
Measure	
  electricity	
  use	
  at	
  one	
  point,	
  then	
  apply	
  
machine	
  learning	
  algorithm	
  to	
  disaggregate	
  into	
  
components.	
  	
  

Hardware	
  solu@on:	
  	
  
AWach	
  monitors	
  to	
  each	
  
appliance	
  

hWps://www.youtube.com/watch?
v=MSvzNlTIcfw	
  

-­‐  Recently	
  raised	
  $16	
  million	
  
-­‐  Has	
  ~	
  20	
  large	
  u,lity	
  clients,	
  

including	
  TXU,	
  ComEd,	
  London	
  
Hydro	
  



Machine	
  Learning	
  allows	
  us	
  to	
  process	
  large	
  data	
  sets	
  with	
  
less	
  human	
  input	
  

Introductory	
  video:	
  
hWps://www.youtube.com/watch?v=bHvf7Tagt18	
  	
  

Categories	
  of	
  problems:	
  	
  

Dimensionality	
  
reduc,on	
  

Clustering/
classifica,on	
  

Regression	
  

hWp://astrosta,s,cs.psu.edu/
su09/lecturenotes/pca.html	
  

hWp://www.hact.org.uk/
blog/2014/05/27/big-­‐
data-­‐and-­‐housing-­‐
part-­‐3-­‐machine-­‐learning	
  

hWp://news.mit.edu/2010/
explained-­‐reg-­‐analysis-­‐0316	
  



Distributed	
  compu@ng	
  makes	
  handling	
  these	
  large	
  data	
  sets	
  
possible	
  

Commercial	
  services	
  make	
  
distributed	
  compu@ng	
  accessible	
  

Source:Wikipedia	
  



Demand-­‐side	
  management	
  

Tradi@onal	
  grid:	
  	
  
Supply	
  is	
  adjusted	
  to	
  match	
  
demand	
  

hWp://www.powerwise.gov.ae/en/research/programmes-­‐
projects/demand-­‐side-­‐management.html	
  

Future	
  grid:	
  
	
  Demand	
  should	
  be	
  made	
  more	
  adap,ve	
  to	
  supply	
  
condi,ons	
  
Can	
  be	
  passive	
  (automa,c)	
  or	
  ac,ve	
  (ask	
  user	
  to	
  
turn	
  off	
  device)	
  



Demand-­‐side	
  management	
  consists	
  of	
  elements	
  with	
  varying	
  
levels	
  of	
  technical	
  complexity	
  and	
  user	
  par@cipa@on	
  

Ac,ve:	
  U,lity	
  asks	
  commercial	
  
and	
  industrial	
  customers	
  to	
  
curtail	
  usage	
  during	
  peak	
  hour	
  
and	
  offer	
  compensa,on	
  in	
  
return	
  

Passive:	
  U,lity	
  
automa,cally	
  cuts	
  off	
  
certain	
  loads	
  when	
  
demand	
  is	
  high.	
  

Price-­‐based:	
  real-­‐,me	
  pricing	
  
discourages	
  customers	
  from	
  using	
  
electricity	
  when	
  prices	
  are	
  high	
  

Be#er	
  so(ware	
  
can	
  make	
  these	
  
processes	
  more	
  
automa3c	
  and	
  
efficient.	
  



Electric	
  vehicles	
  can	
  act	
  as	
  both	
  a	
  demand-­‐side	
  and	
  supply-­‐
side	
  resource	
  

So#ware	
  challenges:	
  	
  
-­‐  Predic,ng	
  individual	
  users’	
  EV	
  charging	
  needs	
  and	
  designing	
  algorithms	
  to	
  

op,mize	
  charging	
  cycles	
  of	
  EVs	
  based	
  on	
  users’	
  predicted	
  needs	
  
-­‐  Predic,ng	
  aggregate	
  EV	
  charging	
  demands	
  at	
  different	
  points	
  in	
  the	
  network	
  
-­‐  Designing	
  decentralized	
  control	
  mechanisms	
  that	
  coordinate	
  the	
  movement	
  of	
  

EVs	
  to	
  different	
  charge	
  points	
  

Kem
pton	
  and	
  Tom

ic,	
  2005	
  



Virtual	
  power	
  plants	
  allow	
  coordina@on	
  of	
  numerous	
  smaller	
  
grid	
  components,	
  enabling	
  them	
  to	
  par@cipate	
  in	
  the	
  market	
  as	
  
one	
  power	
  plant	
  

hWp://www.slideshare.net/statkra3/statkra3s-­‐virtual-­‐power-­‐plant-­‐in-­‐germany	
  



This	
  makes	
  VPPs	
  visible	
  to	
  grid	
  operators,	
  allowing	
  them	
  to	
  
displace	
  conven@onal	
  capacity	
  

Pudjianto	
  et	
  al.,	
  2007	
  

-­‐  Current	
  distributed	
  energy	
  
resources	
  are	
  not	
  visible	
  to	
  
system	
  operators.	
  

-­‐  Can	
  displace	
  energy	
  
produced	
  by	
  fossil	
  fuels,	
  
but	
  cannot	
  displace	
  
capacity	
  

-­‐  VPPs	
  allow	
  distributed	
  
genera,on	
  to	
  be	
  
represented	
  on	
  the	
  
system.	
  	
  

-­‐  Can	
  trade	
  in	
  wholesale	
  
energy	
  markets.	
  

-­‐  Less	
  capacity	
  built	
  à	
  
reduced	
  costs!	
  

	
  



So#ware	
  for	
  VPPs	
  is	
  already	
  in	
  use,	
  but	
  several	
  key	
  
challenges	
  remain	
  

hWps://www.youtube.com/watch?v=sNVrDwRQn3Q	
  	
  	
  

So#ware	
  challenges:	
  	
  
-­‐  Designing	
  models	
  of	
  different	
  VPP	
  actors	
  and	
  processes	
  in	
  order	
  to	
  op,mize	
  

technical	
  arrangements	
  needed	
  to	
  form	
  and	
  manage	
  VPPs.	
  
-­‐  Designing	
  online	
  mechanisms	
  to	
  form	
  sta,s,cally	
  correct	
  trust	
  measures	
  for	
  

energy	
  providers	
  	
  
-­‐  Designing	
  search	
  algorithms	
  and	
  nego,a,on	
  mechanisms	
  for	
  individual	
  actors	
  to	
  

agree	
  on	
  which	
  VPP	
  to	
  form	
  at	
  different	
  points	
  in	
  ,me	
  and	
  how	
  to	
  share	
  the	
  
profits	
  



Data	
  analy@cs	
  can	
  help	
  people	
  purchase/sell	
  energy	
  

hWps://www.youtube.com/watch?
v=mH3qxQ8s4ZI	
  	
  

“Decision	
  Intelligence	
  for	
  the	
  Wholesale	
  
Electricity	
  Market”	
  

For	
  buyers:	
  
-­‐  Recommenda,on	
  engine	
  for	
  energy	
  customers	
  who	
  par,cipate	
  in	
  deregulated	
  

electricity	
  markets	
  (PJM,	
  NYISO,	
  MISO,	
  ERCOT)	
  
-­‐  Build	
  market	
  price	
  forecasts	
  
-­‐  Load	
  forecas,ng	
  for	
  industrial	
  customers	
  so	
  they	
  can	
  reduce	
  usage	
  during	
  peak	
  

hours	
  
	
  
For	
  sellers:	
  
-­‐  Price	
  forecas,ng	
  for	
  renewable	
  generators	
  to	
  sell	
  in	
  day-­‐ahead	
  markets	
  



Self-­‐healing	
  networks:	
  envisioning	
  an	
  energy	
  internet	
  

ABB	
  developed	
  so3ware	
  that	
  tracks	
  grid	
  flows	
  and	
  
feeds	
  informa,on	
  to	
  control	
  systems	
  that	
  can	
  
respond	
  within	
  a	
  minute.	
  They	
  claim	
  they	
  can	
  make	
  
outages	
  100	
  ,mes	
  less	
  likely.	
  	
  

Responding	
  in	
  real-­‐@me	
  

Also	
  see:	
  Rudin	
  et	
  al.,	
  2012:	
  Machine	
  Learning	
  for	
  the	
  New	
  York	
  City	
  Power	
  Grid	
  

Predic@ve	
  maintenance	
  
Real-­‐,me	
  data	
  and	
  predic,ve	
  algorithm	
  allows	
  grid	
  
operators	
  to	
  iden,fy	
  high-­‐risk	
  assets	
  and	
  perform	
  
maintenance	
  before	
  they	
  fail.	
  Helps	
  operators	
  
priori,ze	
  maintenance.	
  	
  



Many	
  startups	
  offer	
  customer	
  engagement	
  products	
  

Customer	
  engagement	
  plaxorm:	
  
-­‐  Show	
  customers	
  personalized	
  energy	
  and	
  billing	
  

insights	
  
-­‐  Build	
  sa,sfac,on	
  and	
  loyalty	
  
-­‐  Market	
  products	
  specific	
  to	
  the	
  customer	
  
-­‐  Drive	
  ac,ons	
  with	
  rewards	
  



hWps://www.youtube.com/watch?v=cj2RXjvRKOA	
  
	
  

Self-­‐learning	
  weather	
  Model	
  and	
  renewable	
  forecas,ng	
  Technology	
  (SMT)	
  
Combine	
  machine	
  learning	
  techniques	
  with	
  “domain	
  models”	
  ie.	
  Meteorological	
  
models,	
  atmospheric	
  models	
  

“Big	
  data	
  meets	
  science”	
  



The	
  smart	
  grid	
  in	
  ac@on:	
  the	
  Los	
  Angeles	
  Smart	
  Grid	
  Project	
  

Source:	
  Simmhan	
  et	
  al.,	
  2013	
  



The	
  smart	
  grid	
  in	
  ac@on:	
  the	
  Los	
  Angeles	
  Smart	
  Grid	
  Project	
  

Computa@onal	
  requirements:	
  
-­‐  5	
  years	
  of	
  training	
  data	
  for	
  

100	
  campus	
  buildings	
  has	
  ~17	
  
million	
  feature	
  vectors	
  

-­‐  Training	
  one	
  model	
  takes	
  7	
  
hours	
  on	
  a	
  computer	
  

To	
  scale	
  up	
  to	
  an	
  en,re	
  city	
  is	
  
only	
  possible	
  with	
  distributed	
  
compu,ng!	
  	
  

Simmhan	
  et	
  al.,	
  2013	
  



The	
  smart	
  grid	
  is	
  not	
  just	
  an	
  infrastructure	
  challenge,	
  
but	
  also	
  a	
  data	
  analy@cs	
  and	
  so#ware	
  challenge	
  


