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Disclaimer 
   This	
  presenta,on	
  and	
  analysis	
  were	
  prepared	
  for	
  the	
  2015	
  EIA	
  Energy	
  Conference.	
  All	
  
results	
  and	
  any	
  errors	
  are	
  the	
  responsibility	
  of	
  the	
  author	
  and	
  do	
  not	
  represent	
  the	
  
opinion	
  of	
  The	
  BraAle	
  Group,	
  Inc.	
  or	
  its	
  clients.	
  

   This	
  presenta,on	
  discusses	
  some	
  global	
  energy	
  trends	
  with	
  the	
  aim	
  of	
  s,mula,ng	
  
debate.	
  It	
  is	
  intended	
  to	
  describe	
  just	
  one	
  possible	
  scenario	
  among	
  many,	
  based	
  on	
  
assump,ons	
  with	
  respect	
  to	
  condi,ons	
  that	
  may	
  exist	
  or	
  events	
  that	
  may	
  occur	
  in	
  the	
  
future.	
  	
  No	
  representa,on	
  or	
  warranty	
  is	
  being	
  made	
  as	
  to	
  the	
  accuracy	
  or	
  
completeness	
  of	
  the	
  presenta,on.	
  	
  Indeed,	
  other	
  reasonable	
  assump,ons	
  exist	
  that	
  
would	
  create	
  different	
  scenarios.	
  	
  Actual	
  future	
  outcomes	
  are	
  significantly	
  dependent	
  
upon	
  future	
  events	
  that	
  are	
  outside	
  of	
  the	
  Presenter’s	
  control,	
  and	
  therefore	
  may	
  
differ,	
  perhaps	
  materially,	
  from	
  the	
  scenario	
  described.	
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Will Off-Grid Electricity Be Cost Competitive 
with Future Cost Declines? 
   The	
  purpose	
  of	
  this	
  presenta,on	
  is	
  to	
  examine	
  whether	
  projected	
  declines	
  in	
  
the	
  cost	
  of	
  distributed	
  storage	
  and	
  solar	
  PV	
  will	
  make	
  it	
  economically	
  feasible	
  
for	
  large	
  numbers	
  of	
  customers	
  to	
  defect	
  
▀  The	
  analysis	
  presented	
  here	
  is	
  a	
  “stress	
  test”	
  designed	
  around	
  an	
  extremely	
  posi>ve	
  
environment	
  for	
  off-­‐grid	
  resources	
  

▀  Assump>ons	
  about	
  future	
  cost	
  declines	
  in	
  solar	
  PV	
  and	
  ba&eries	
  are	
  aggressive	
  and	
  
represent	
  substan>al	
  declines	
  from	
  the	
  present	
  

▀  The	
  weather	
  and	
  solar	
  insola>on	
  data	
  used	
  is	
  weather	
  normalized	
  

−  Any	
  given	
  level	
  of	
  reliability	
  is	
  less	
  expensive	
  in	
  a	
  weather	
  normalized	
  world	
  

−  This	
  lowers	
  off-­‐grid	
  smaller	
  system	
  sizes	
  and	
  lower	
  system	
  costs	
  

▀  This	
  analysis	
  represents	
  a	
  best	
  case	
  scenario	
  for	
  an	
  idealized	
  2025	
  installa>on	
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Costs for Solar Have Fallen Rapidly 
▀  Over	
  the	
  last	
  5	
  years	
  the	
  cost	
  of	
  solar	
  
PV	
  has	
  fallen	
  by	
  over	
  40%	
  

▀  Although	
  falling	
  module	
  costs	
  are	
  not	
  
expected	
  to	
  contribute	
  as	
  much	
  to	
  
cost	
  declines,	
  further	
  cost	
  reduc>ons	
  
are	
  expected	
  in	
  the	
  balance	
  of	
  plant	
  

▀  RooPop	
  PV	
  costs	
  are	
  s>ll	
  higher	
  than	
  
central	
  sta>on	
  costs	
  

▀  In	
  the	
  case	
  of	
  rooPop	
  PV,	
  installa>on	
  
costs	
  are	
  expected	
  to	
  fall	
  as	
  
contractors	
  gain	
  experience	
  

▀  In	
  mature	
  markets	
  (i.e	
  Germany)	
  costs	
  
may	
  already	
  be	
  as	
  low	
  as	
  $2,000/kW	
  

Historical	
  Solar	
  Costs	
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Costs for Storage Have Also Fallen Sharply 
▀  Over	
  the	
  last	
  five	
  years	
  the	
  cost	
  of	
  
ba&eries	
  has	
  fallen	
  by	
  ~65%	
  

▀  While	
  expensive	
  as	
  backup	
  power	
  for	
  
most	
  homeowners	
  and	
  businesses,	
  
costs	
  are	
  expected	
  to	
  decline	
  

▀  Tesla’s	
  recent	
  announcement	
  of	
  the	
  
10	
  kWh	
  Powerwall	
  ba&ery	
  (cos>ng	
  
$200/kW)	
  has	
  further	
  increased	
  
popular	
  excitement	
  about	
  the	
  sector	
  

−  SolarCity	
  is	
  selling	
  the	
  ba&ery	
  for	
  
$7,140,	
  including	
  installa>on	
  costs	
  
and	
  the	
  inverter	
  

Historical	
  BaAery	
  Costs	
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The Economics of Cutting the Power Line 
   With	
  sufficient	
  cost	
  declines,	
  customers	
  could	
  conceivably	
  meet	
  their	
  loads	
  
without	
  any	
  reliance	
  on	
  the	
  transmission	
  and	
  distribu,on	
  grid 	
  	
  
▀  If	
  grid	
  independence	
  becomes	
  widely	
  economically	
  feasible,	
  it	
  would	
  drama>cally	
  
change	
  the	
  power	
  industry	
  and	
  result	
  in	
  stranded	
  costs	
  for	
  u>li>es	
  

▀  Customers	
  are	
  eager	
  to	
  explore	
  this	
  possibility	
  for	
  a	
  variety	
  of	
  reasons	
  
−  Lower	
  energy	
  costs	
  
−  Improve	
  reliability	
  

−  Reduce	
  carbon	
  emissions	
  

−  Eliminate	
  reliance	
  on	
  regulated	
  u>li>es	
  

−  Pres>ge/Conspicuous	
  consump>on	
  

▀  This	
  raises	
  an	
  obvious	
  ques>on	
  –	
  Is	
  severing	
  grid	
  connec>vity	
  likely	
  to	
  be	
  an	
  
economic	
  possibility	
  for	
  large	
  numbers	
  of	
  consumers?	
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Description of Modeling Approach 
▀  Excel-­‐based	
  minimiza>on	
  model	
  designed	
  to	
  find	
  the	
  smallest	
  off-­‐grid	
  solar	
  PV	
  array	
  
needed	
  to	
  meet	
  load	
  in	
  every	
  hour	
  given	
  a	
  ba&ery	
  with	
  3	
  days	
  of	
  storage	
  (at	
  
average	
  load	
  levels)	
  

▀  Examined	
  both	
  residen>al	
  load	
  and	
  commercial	
  load	
  (a	
  large	
  office	
  building)	
  

▀  Solar	
  and	
  load	
  data	
  analyzed:	
  

−  Los	
  Angeles,	
  California	
  
−  Houston,	
  Texas	
  
−  Westchester	
  County,	
  New	
  York	
  

▀  The	
  20	
  year	
  levelized	
  cost	
  of	
  off-­‐grid	
  energy	
  is	
  compared	
  to	
  the	
  AEO	
  2015	
  reference	
  
case	
  forecasts	
  for	
  California,	
  Texas,	
  and	
  Westchester	
  County	
  (on	
  a	
  levelized	
  basis)	
  

▀  The	
  model	
  uses	
  weather	
  normalized	
  data	
  –	
  as	
  a	
  result	
  it	
  tends	
  to	
  underes>mate	
  the	
  
amount	
  of	
  solar	
  PV	
  required	
  (rela>ve	
  to	
  the	
  real	
  world)	
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Cost Assumptions 
   Since	
  the	
  analysis	
  is	
  a	
  stress	
  test,	
  costs	
  for	
  solar	
  PV	
  and	
  baAeries	
  are	
  
assumed	
  consistent	
  with	
  the	
  low	
  end	
  of	
  future	
  forecasts	
  –	
  actual	
  costs	
  are	
  
likely	
  to	
  be	
  higher	
  (perhaps	
  significantly)	
  

Note:	
  Costs	
  presented	
  in	
  real	
  2013$.	
  Capital	
  costs	
  
represent	
  the	
  full	
  installed	
  cost	
  per	
  kW/kWh.	
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Customer Characteristics 
   For	
  similar	
  reasons,	
  customer	
  characteris,cs	
  and	
  solar	
  output	
  is	
  based	
  on	
  
weather	
  normalized	
  data	
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Critical Assumptions (1) 
▀  Load	
  –	
  TMY3	
  	
  weather	
  normalized	
  load	
  data	
  from	
  DOE	
  

▀  Retail	
  rates	
  –	
  AEO	
  2015	
  forecasts	
  for	
  2025	
  –	
  2040	
  with	
  assumed	
  annual	
  increases	
  
through	
  2044	
  based	
  on	
  5	
  year	
  CAGR	
  from	
  2035-­‐2040	
  
−  These	
  rates	
  include	
  transmission	
  and	
  distribu>on	
  costs	
  

▀  Solar	
  Profile	
  –	
  TMY3	
  weather	
  normalized	
  solar	
  output	
  from	
  NREL	
  SAM:	
  

−  Module/inverter	
  ra>o	
  of	
  1.37	
  

−  Inverter	
  efficiency	
  of	
  96%	
  

−  Fixed	
  roof	
  mount	
  

−  Tilt	
  20	
  degrees,	
  azimuth	
  180	
  degrees	
  

−  System	
  losses	
  of	
  14.08%	
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Critical Assumptions (2) 
▀  Solar	
  systems	
  and	
  ba&eries	
  have	
  a	
  20	
  year	
  useful	
  life	
  

▀  Ba&eries	
  have	
  92%	
  efficiency	
  with	
  no	
  limita>ons	
  on	
  discharge	
  

▀  Ba&eries	
  are	
  sized	
  to	
  meet	
  72	
  hours	
  of	
  average	
  hourly	
  load	
  
▀  Real	
  discount	
  rate	
  of	
  5.88%	
  (nominal	
  discount	
  rate	
  of	
  8%	
  and	
  2%	
  infla>on)	
  

▀  Installa>on	
  date/analysis	
  date	
  is	
  2025	
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Summary of Results 

Note:	
  Costs	
  presented	
  in	
  real	
  2013$	
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Off-Grid with Natural Gas Backup 
   The	
  possibility	
  of	
  integra,ng	
  natural	
  gas	
  backup	
  genera,on	
  with	
  solar	
  and	
  
storage	
  could	
  poten,ally	
  lower	
  the	
  cost	
  of	
  going	
  off	
  the	
  grid	
  
▀  Such	
  a	
  system	
  could	
  create	
  challenges	
  for	
  the	
  natural	
  gas	
  distribu>on	
  network	
  

▀  There	
  are	
  also	
  environmental	
  concerns	
  associated	
  with	
  widespread	
  use	
  of	
  rela>vely	
  
inefficient	
  fossil	
  fuel	
  generators	
  

▀  However,	
  assuming	
  such	
  technical	
  challenges	
  are	
  surmountable,	
  emergency	
  reliance	
  
on	
  a	
  fossil	
  fuel	
  backup	
  could	
  be	
  an	
  a&rac>ve	
  op>on	
  

▀  The	
  following	
  sensi>vity	
  analyzes	
  the	
  cost	
  of	
  going	
  off	
  grid	
  with	
  an	
  8	
  kW	
  back-­‐up	
  
generator	
  for	
  residen>al	
  customers	
  (a	
  common	
  size	
  for	
  backup	
  generator)	
  and	
  a	
  
backup	
  generator	
  sized	
  to	
  peak	
  load	
  for	
  commercial	
  customers	
  

▀  Gas	
  backup	
  is	
  limited	
  to	
  200	
  hours	
  of	
  genera>on	
  per	
  year	
  

▀  Relied	
  on	
  very	
  conserva>ve	
  (i.e.	
  low)	
  cost	
  and	
  opera>ng	
  assump>ons	
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Cost Assumptions Including Backup 
Generation 
   Consistent	
  with	
  the	
  previous	
  analysis,	
  low	
  end	
  cost	
  es,mates	
  for	
  the	
  cost	
  of	
  
natural	
  gas	
  back-­‐up	
  genera,on	
  are	
  used	
  

Note:	
  Costs	
  presented	
  in	
  real	
  2013$.	
  Capital	
  costs	
  represent	
  the	
  full	
  installed	
  cost	
  per	
  kW/kWh.	
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Summary of Results With Backup Generation 

Note:	
  Costs	
  presented	
  in	
  real	
  2013$	
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Impact of Integration of Backup Generator 
▀  Back-­‐up	
  genera>on	
  has	
  the	
  poten>al	
  
to	
  lower	
  costs	
  by	
  reducing	
  the	
  size	
  of	
  
the	
  necessary	
  solar	
  PV	
  array	
  

▀  Back-­‐up	
  genera>on	
  would	
  likely	
  
increase	
  the	
  reliability	
  of	
  an	
  off-­‐grid	
  
system	
  

▀  However,	
  in	
  the	
  cases	
  analyzed,	
  off-­‐
grid	
  electricity	
  costs	
  were	
  s>ll	
  higher	
  
than	
  the	
  AEO	
  forecasts	
  

Note:	
  Costs	
  presented	
  in	
  real	
  2013$	
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Economic Conclusions – Load Factor 
   While	
  going-­‐off	
  the	
  grid	
  may	
  become	
  more	
  economically	
  aArac,ve	
  as	
  solar	
  
PV	
  and	
  storage	
  costs	
  decline,	
  even	
  with	
  major	
  cost	
  declines	
  it	
  is	
  unlikely	
  to	
  be	
  
the	
  least	
  expensive	
  op,on	
  for	
  most	
  consumers	
  
▀  The	
  grid	
  allows	
  consumers	
  to	
  benefit	
  from	
  the	
  fact	
  that	
  peaks	
  for	
  individual	
  
customers	
  are	
  not	
  perfectly	
  coincident;	
  since	
  customers’	
  loads	
  do	
  not	
  occur	
  
simultaneously,	
  less	
  capacity	
  is	
  needed	
  to	
  serve	
  load	
  
−  For	
  example,	
  the	
  residen>al	
  load	
  we	
  modeled	
  in	
  Westchester	
  county	
  had	
  a	
  load	
  
factor	
  of	
  36%,*	
  while	
  NYCA	
  as	
  a	
  whole	
  has	
  a	
  load	
  factor	
  of	
  ~54%	
  

−  Load	
  smoothing	
  could	
  mi>gate	
  this	
  issue	
  

*Calcula>on	
  based	
  on	
  hourly	
  average	
  peak.	
  The	
  load	
  factor	
  would	
  be	
  even	
  lower	
  if	
  calculated	
  using	
  instantaneous	
  peak.	
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Economic Conclusions – Intermittency 
   There	
  may	
  be	
  environmental	
  benefits	
  to	
  remaining	
  grid	
  connected	
  

▀  Intermi&ent	
  resources	
  benefit	
  par>cularly	
  from	
  grid	
  access	
  

▀  Off-­‐grid	
  solar/ba&ery	
  packages	
  need	
  to	
  be	
  sized	
  to	
  provide	
  energy	
  during	
  prolonged	
  
periods	
  of	
  low	
  insola>on	
  (such	
  as	
  a	
  rainy	
  week)	
  

▀  As	
  a	
  result,	
  off-­‐grid	
  solar	
  systems	
  that	
  ensure	
  reliability	
  will	
  frequently	
  	
  generate	
  
more	
  energy	
  than	
  needed	
  to	
  serve	
  load	
  and	
  charge	
  the	
  ba&ery	
  

−  This	
  excess	
  energy	
  is	
  wasted	
  without	
  a	
  grid	
  connec>on	
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Reliability considerations 
   In	
  addi,on	
  to	
  economic	
  considera,ons,	
  it	
  is	
  unlikely	
  that	
  completely	
  off-­‐grid	
  
systems	
  will	
  be	
  able	
  to	
  achieve	
  the	
  same	
  level	
  of	
  reliability	
  as	
  grid-­‐connected	
  
customers	
  
▀  The	
  grid	
  has	
  mul>ple	
  backups	
  and	
  redundancies,	
  an	
  off-­‐grid	
  system	
  would	
  likely	
  
have	
  less	
  ability	
  to	
  meet	
  load	
  during	
  an	
  equipment	
  failure	
  (of	
  course,	
  an	
  off-­‐grid	
  
system	
  would	
  not	
  be	
  subject	
  to	
  distribu>on	
  network	
  failures)	
  

▀  In	
  the	
  event	
  of	
  an	
  equipment	
  failure,	
  it	
  would	
  likely	
  take	
  longer	
  to	
  bring	
  an	
  off-­‐grid	
  
system	
  back	
  online	
  than	
  it	
  takes	
  a	
  u>lity	
  –	
  with	
  a	
  dedicated	
  staff	
  –	
  to	
  restore	
  service	
  
to	
  a	
  typical	
  grid	
  connected	
  customer	
  

▀  Back-­‐up	
  from	
  a	
  fossil	
  generator	
  can	
  increase	
  off-­‐grid	
  reliability,	
  but	
  it	
  may	
  serve	
  to	
  
increase	
  total	
  costs	
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Future of the Electricity Grid 
   From	
  an	
  economic	
  perspec,ve,	
  the	
  grid	
  remains	
  an	
  important	
  asset	
  

▀  For	
  both	
  economic	
  reasons	
  and	
  for	
  reliability	
  reasons,	
  most	
  customers	
  will	
  con>nue	
  
to	
  want	
  a	
  connec>on	
  to	
  the	
  electricity	
  grid	
  

▀  Distributed	
  energy	
  resources	
  are	
  a	
  complement	
  to	
  the	
  grid	
  rather	
  than	
  a	
  subs>tute	
  
▀  While	
  it	
  may	
  be	
  possible	
  to	
  use	
  distributed	
  energy	
  resources	
  to	
  reduce	
  some	
  grid	
  
costs,	
  ensuring	
  the	
  financial	
  viability	
  of	
  the	
  grid	
  is	
  cri>cal	
  

▀  As	
  distributed	
  energy	
  resources	
  fall	
  in	
  cost,	
  customers	
  will	
  increasingly	
  want	
  to	
  
integrate	
  them	
  into	
  the	
  electric	
  system	
  

▀  Programs	
  designed	
  to	
  encourage	
  the	
  development	
  of	
  distributed	
  energy	
  resources	
  
may	
  inadvertently	
  shiP	
  the	
  cost	
  of	
  maintaining	
  the	
  grid	
  to	
  a	
  smaller	
  subset	
  of	
  
customers	
  –	
  raising	
  concerns	
  about	
  equity	
  

▀  These	
  concerns	
  will	
  grow	
  as	
  penetra>on	
  levels	
  rise	
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Evaluating Distributed Energy Resources – Costs 
and Benefits 
   While	
  distributed	
  energy	
  resources	
  are	
  some,mes	
  discussed	
  as	
  a	
  
homogenous	
  class	
  of	
  resources,	
  in	
  reality	
  distributed	
  energy	
  resources	
  
include	
  many	
  different	
  assets	
  classes	
  with	
  different	
  poten,al	
  benefits	
  and	
  
different	
  poten,al	
  challenges	
  for	
  the	
  grid 	
  	
  
▀  Solar	
  provides	
  clean	
  energy,	
  but	
  integra>ng	
  it	
  into	
  a	
  grid	
  designed	
  to	
  deliver	
  power	
  
in	
  a	
  single	
  direc>on	
  creates	
  challenges	
  at	
  high	
  penetra>on	
  levels	
  

▀  Ba&eries	
  and	
  other	
  storage	
  devices	
  provide	
  no	
  energy,	
  but	
  they	
  serve	
  as	
  demand	
  
resources	
  that	
  can	
  also	
  be	
  used	
  to	
  delay	
  or	
  avoid	
  distribu>on	
  network	
  
improvements	
  –	
  and	
  to	
  reduce	
  the	
  cost	
  of	
  integra>ng	
  solar	
  	
  

▀  Demand	
  response	
  and	
  energy	
  efficiency	
  could	
  serve	
  somewhat	
  similar	
  roles	
  to	
  
ba&eries	
  

▀  Microgrids	
  increase	
  reliability,	
  but	
  may	
  also	
  increase	
  costs	
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Evaluating Distributed Energy Resources – Grid 
Parity 
   When	
  evalua,ng	
  the	
  levelized	
  cost	
  of	
  energy	
  from	
  distributed	
  resources,	
  
analysts	
  commonly	
  use	
  the	
  retail	
  rate	
  of	
  electricity	
  as	
  a	
  benchmark 	
  	
  
▀  From	
  the	
  perspec>ve	
  of	
  consumers,	
  this	
  is	
  an	
  economically	
  relevant	
  comparison	
  in	
  
regions	
  with	
  net	
  metering	
  policies	
  

▀  Even	
  without	
  net	
  metering,	
  the	
  comparison	
  is	
  economically	
  relevant	
  for	
  consumers	
  
that	
  are	
  considering	
  leaving	
  the	
  grid	
  en>rely	
  (though	
  this	
  is	
  likely	
  to	
  be	
  a	
  small	
  
group)	
  

▀  However,	
  for	
  policy	
  makers	
  considering	
  the	
  rela>ve	
  costs	
  and	
  benefits	
  of	
  distributed	
  
genera>on	
  a	
  more	
  relevant	
  benchmark	
  may	
  be	
  the	
  costs	
  and	
  benefits	
  of	
  energy	
  
efficiency,	
  demand	
  response,	
  storage	
  or	
  central	
  sta>on	
  alterna>ves	
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Pricing Distributed Energy Resources 
   Regulators	
  and	
  industry	
  have	
  spent	
  years	
  designing	
  the	
  pricing	
  mechanisms	
  
for	
  central	
  sta,on	
  generators	
  –	
  and	
  those	
  markets	
  are	
  s,ll	
  evolving 	
  	
  
▀  Designing	
  markets	
  for	
  distributed	
  energy	
  resources	
  is	
  just	
  beginning	
  

▀  At	
  a	
  minimum,	
  distributed	
  energy	
  resources	
  should	
  receive	
  the	
  fair	
  value	
  of	
  any	
  
energy	
  or	
  capacity	
  services	
  they	
  provide	
  

▀  Addi>onally,	
  distributed	
  energy	
  resources	
  should	
  be	
  compensated	
  (charged)	
  for	
  any	
  
addi>onal	
  benefits	
  (costs)	
  they	
  bring	
  to	
  the	
  grid	
  

▀  Some	
  of	
  the	
  benefits	
  may	
  not	
  be	
  purely	
  financial	
  in	
  nature	
  (i.e.	
  environmental),	
  but	
  
the	
  quan>fica>on	
  of	
  those	
  benefits	
  will	
  be	
  challenging	
  

−  Similar	
  or	
  perhaps	
  greater	
  environmental	
  benefits	
  are	
  available	
  at	
  u>lity	
  scale	
  

▀  Since	
  distributed	
  energy	
  resources	
  could	
  be	
  provided	
  by	
  millions	
  of	
  rela>vely	
  
unsophis>cated	
  en>>es,	
  some	
  degree	
  of	
  economic	
  efficiency	
  in	
  pricing	
  will	
  likely	
  
need	
  to	
  be	
  sacrificed	
  in	
  favor	
  of	
  simplicity	
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About Brattle 
   The	
  BraAle	
  Group	
  provides	
  consul,ng	
  and	
  expert	
  tes,mony	
  in	
  economics,	
  
finance,	
  and	
  regula,on	
  to	
  corpora,ons,	
  law	
  firms,	
  and	
  governments	
  around	
  
the	
  world.	
  We	
  aim	
  for	
  the	
  highest	
  level	
  of	
  client	
  service	
  and	
  quality	
  in	
  our	
  
industry.	
  

   	
  	
  
   We	
  are	
  dis,nguished	
  by	
  our	
  credibility	
  and	
  the	
  clarity	
  of	
  our	
  insights,	
  which	
  
arise	
  from	
  the	
  stature	
  of	
  our	
  experts,	
  affilia,ons	
  with	
  leading	
  interna,onal	
  
academics	
  and	
  industry	
  specialists,	
  and	
  though]ul,	
  ,mely,	
  and	
  transparent	
  
work.	
  Our	
  clients	
  value	
  our	
  commitment	
  to	
  providing	
  clear,	
  independent	
  
results	
  that	
  withstand	
  cri,cal	
  review.	
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