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Abstract	  
	  
U.S.	  electric	  utilities	  are	  concerned	  by	  the	  recent	  exponential	  growth	  in	  rooftop	  
solar	  installations	  among	  their	  customers.	  They	  fear	  that	  if	  their	  customers	  
continue	  to	  adopt	  such	  self	  generation	  technologies	  and	  buy	  less	  electricity	  from	  
the	  utility,	  then	  the	  utility	  will	  no	  longer	  make	  enough	  sales	  to	  achieve	  ‘cost	  
recovery’	  from	  these	  customers.	  Utilities	  argue	  that,	  in	  order	  to	  compensate	  for	  
this,	  they	  will	  have	  to	  increase	  their	  electricity	  rates,	  and	  that	  these	  rate	  rises	  will	  
in	  turn	  make	  self-‐generation	  technologies	  such	  as	  rooftop	  solar	  even	  more	  
attractive.	  Such	  a	  situation	  results	  in	  a	  vicious	  loop,	  popularly	  known	  as	  the	  
death	  spiral,	  whereby	  rooftop	  solar	  adoption	  results	  in	  rate	  increases,	  which	  in	  
turn	  leads	  to	  more	  rooftop	  solar	  adoption.	  These	  rate	  rises	  would	  also	  be	  a	  social	  
problem,	  as	  low-‐income	  families	  are	  statistically	  the	  least	  likely	  to	  install	  rooftop	  
solar,	  and	  thus	  the	  most	  likely	  to	  suffer	  these	  rate	  rises	  the	  most.	  This	  study	  uses	  
a	  system	  dynamics	  model	  to	  first	  analyze	  the	  validity	  of	  this	  ‘death	  spiral’	  
hypothesis	  in	  the	  context	  of	  residential	  rooftop	  solar	  and,	  secondly,	  to	  evaluate	  
the	  policy	  of	  rooftop	  solar	  subsidies,	  based	  on	  their	  effects	  on	  (i)	  utility	  rates	  and	  
(ii)	  reduction	  of	  𝐶𝑂!	  emissions.	  Simulations	  reveal	  that	  the	  effect	  of	  rooftop	  solar	  
on	  both	  utility	  rates	  and	  𝐶𝑂!  prevention	  is	  highly	  dependent	  on	  whether	  or	  not	  
utilities	  claim/buy	  Renewable	  Energy	  Certificates	  for	  these	  privately	  owned	  
rooftop	  solar	  systems,	  as	  part	  of	  meeting	  their	  Renewable	  Energy	  Portfolio.	  As	  a	  
case	  study,	  the	  model	  uses	  data	  from	  the	  Salt	  River	  Project,	  a	  public	  owned	  utility	  
based	  in	  Arizona.	  
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i	  This	  paper	  is	  based	  on	  a	  thesis	  that	  was	  submitted	  for	  the	  European	  Master	  in	  System	  
Dynamics.	  To	  see	  this	  thesis	  and	  the	  accompanying	  model	  (in	  iThink	  software),	  please	  
contact	  the	  main	  author	  at	  comeehan@tcd.ie.	  
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1. Introduction	  and	  Background	  
	  

How	  much	  residential	  rooftop	  solar	  is	  there	  in	  the	  U.S.?	  	  
	  
In	  2014,	  capacity	  in	  solar	  technology	  accounted	  for	  1.13%	  of	  the	  U.S.’s	  total	  
electric	  generating	  capacity,	  and	  supplied	  .4%	  of	  the	  electricity	  consumed	  in	  that	  
year	  in	  the	  U.S.1.	  Roughly	  half	  of	  this	  solar	  generation	  came	  from	  customer-‐sited	  
PV	  systems	  2,	  or	  what	  will	  be	  referred	  to	  as	  ‘rooftop	  solar	  systems’,	  which	  are	  PV	  
systems	  owned/rented	  by	  utility	  customers,	  and	  which	  are	  usually	  installed	  on	  
the	  rooftop	  of	  the	  home	  or	  business	  of	  that	  customer.	  
	  	  
Although	  rooftop	  solar	  still	  only	  accounts	  for	  a	  small	  amount	  of	  current	  
generation	  in	  the	  U.S.,	  it	  is	  expected	  that	  its	  presence	  will	  become	  stronger	  and	  
stronger	  over	  the	  years	  to	  come.	  For	  example,	  in	  the	  reference	  case	  of	  U.S.	  Energy	  
Information	  Administration’s	  (EIA’s)	  Annual	  Energy	  Outlook	  2014,	  it	  is	  projected	  
that	  roughly	  11%	  of	  all	  electricity	  generation	  capacity	  additions	  between	  2013	  
and	  2040	  will	  be	  in	  Solar	  PV	  systems	  3.	  It	  is	  also	  projected	  that	  60%	  of	  these	  PV	  
systems	  will	  be	  rooftop	  solar	  systems,	  from	  both	  residential	  and	  commercial	  
utility	  customers	  3.	  In	  this	  paper	  the	  focus	  will	  be	  on	  residential	  rooftop	  solar	  
only,	  and	  so	  will	  exclude	  focus	  on	  the	  effects	  of	  commercial	  scale	  rooftop	  solar.	  If	  
we	  assume	  that	  residential	  rooftop	  solar	  accounts	  for	  roughly	  half	  of	  rooftop	  
solar	  capacity,	  then	  we	  can	  say	  that	  it	  is	  projected	  to	  account	  for	  roughly	  3.3%	  of	  
capacity	  additions	  between	  2013	  and	  2040.	  
	  

What	  is	  the	  Utilities	  Death	  Spiral?	  	  
	  
The	  exponential	  growth	  in	  rooftop	  solar	  can	  be	  seen	  as	  great	  news	  for	  reducing	  
the	  electricity	  supply	  industry’s	  𝐶𝑂!	  emissions,	  and	  thus	  its	  effect	  on	  global	  
warming.	  However	  it	  has	  also	  been	  causing	  U.S.	  electric	  utilities	  to	  become	  
increasingly	  alarmed,	  and	  for	  the	  following	  reason:	  when	  customers	  install	  their	  
own	  solar	  panels,	  they	  buy	  significantly	  less	  electricity	  from	  the	  utility.	  Utilities	  
in	  regulated	  markets	  have	  argued	  that,	  when	  this	  happens,	  they	  no	  longer	  
achieve	  ‘cost	  recovery’	  from	  those	  customers,	  i.e.	  they	  no	  longer	  achieve	  
sufficient	  revenues	  from	  that	  customer	  in	  order	  to	  meet	  the	  costs	  of	  serving	  them	  
(most	  of	  which	  are	  fixed)	  4.	  In	  order	  to	  compensate	  for	  these	  lost	  revenues	  and	  
regain	  cost	  recovery,	  utilities	  say	  that	  they	  will	  have	  to	  increase	  their	  electricity	  
rates	  (i.e.	  the	  prices	  that	  they	  charge	  their	  customers	  per	  kWh	  of	  electricity	  
used).	  This	  increase	  in	  the	  price	  of	  electricity	  from	  the	  grid	  will	  in	  turn	  make	  self-‐
generation	  technologies	  such	  as	  rooftop	  solar	  even	  more	  attractive.	  As	  such,	  U.S.	  
utilities	  could	  become	  caught	  in	  a	  vicious	  loop,	  popularly	  known	  as	  the	  ‘death	  
spiral’,	  whereby	  the	  reduced	  demand	  resulting	  from	  rooftop	  solar	  leads	  to	  an	  
increase	  in	  rates,	  which	  in	  turn	  leads	  to	  more	  uptake	  of	  rooftop	  solar	  (or	  other	  
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self-‐generation/energy	  saving	  technologies),	  more	  reduced	  demand,	  a	  further	  
increase	  in	  rates,	  and	  so	  on.	  The	  end	  result,	  some	  say,	  is	  that	  it	  is	  the	  poorest	  
customers	  who	  are	  likely	  to	  suffer	  these	  rate	  rises	  the	  most,	  as	  they	  are	  the	  least	  
likely	  to	  be	  able	  to	  install	  rooftop	  solar	  5.	  This	  is	  because	  they	  are	  the	  most	  likely	  
to	  live	  in	  rented	  accommodation,	  for	  example,	  or	  because	  they	  cannot	  afford	  the	  
upfront	  costs	  of	  solar	  panels.	  The	  idea	  that	  rooftop	  solar	  diffusion	  causes	  rate	  
rises	  can	  be	  known	  as	  the	  ‘cross	  subsidization	  hypothesis’,	  as	  it	  essentially	  says	  
that	  non-‐solar	  customers	  will	  have	  to	  pay	  higher	  rates	  in	  order	  to	  compensate	  
(i.e.	  subsidize)	  for	  the	  lost	  revenues	  that	  the	  utilities	  experience	  from	  their	  
rooftop	  solar	  customers.	  	  
	  
An	  additional	  problem	  is	  that	  if	  utilities’	  revenues	  continue	  to	  decrease	  despite	  
rate	  increases,	  then	  this	  may	  pose	  a	  threat	  to	  their	  ability	  to	  maintain	  important	  
infrastructure	  such	  as	  the	  grid	  and	  dispatchable	  generation	  capacities,	  both	  of	  
which	  are	  still	  used	  by	  all	  customers	  when	  the	  sun	  is	  not	  shining.	  The	  effects	  of	  
rooftop	  solar	  on	  security	  of	  supply	  will	  not	  be	  directly	  examined	  in	  this	  paper,	  
but	  the	  utility’s	  lost	  profits	  as	  a	  result	  of	  rooftop	  solar	  diffusion	  will	  be	  discussed,	  
and	  this	  can	  be	  used	  as	  a	  proxy	  for	  this	  security	  of	  supply	  issue.	  
	  
In	  order	  to	  counteract	  the	  lost	  revenues	  that	  may	  result	  from	  rooftop	  solar	  
diffusion,	  several	  U.S.	  electric	  utilities	  have	  recently	  proposed/	  imposed	  either	  a	  
special	  rate	  plan	  or	  a	  special	  charge	  for	  their	  rooftop	  solar	  customers	  4,6,7.	  For	  
example,	  both	  SRP	  and	  Arizona	  Public	  Service	  Company	  (APS)	  (Arizona’s	  largest	  
electric	  utilities)	  have	  proposed	  changes	  in	  the	  rate	  plans	  of	  their	  rooftop	  solar	  
customers	  that	  would	  add	  roughly	  $50	  to	  the	  monthly	  bill	  of	  a	  typical	  rooftop	  
solar	  customer	  8.	  SRP’s	  board	  of	  directors	  approved	  this	  proposal,	  but	  allowed	  all	  
existing	  solar	  customers	  to	  be	  grandfathered	  from	  these	  changes	  for	  20	  years	  9.	  
In	  response	  to	  this	  policy,	  Solar	  City	  (one	  of	  the	  leading	  rooftop	  solar	  
installations	  companies	  in	  the	  U.S.)	  has	  recently	  filed	  a	  lawsuit	  against	  SRP,	  
stating	  that	  it	  was	  engaging	  in	  ‘anti-‐competitive	  behaviour’	  10.	  
	  
APS’	  regulator,	  the	  Arizona	  Corporation	  Commission,	  partially	  rejected	  APS’s	  
proposal	  and	  instead	  allowed	  an	  average	  increase	  of	  just	  $5	  a	  month	  for	  their	  
solar	  customers	  6,11.	  However,	  APS	  has	  recently	  made	  another	  proposal	  to	  
increase	  this	  charge	  to	  $21	  a	  month,	  the	  results	  of	  which	  are	  pending	  6.	  Such	  
proposals	  are	  likely	  to	  become	  more	  common	  in	  other	  parts	  of	  the	  country	  as	  
rooftop	  solar	  spreads.	  
	  
In	  addition	  to	  fighting	  for	  special	  rate	  plans	  for	  their	  solar	  customers,	  many	  
utilities	  and	  their	  representatives	  have	  also	  called	  for	  an	  end	  to	  the	  subsidy	  of	  
net	  metering,	  which	  they	  say	  overvalues	  the	  electricity	  that	  utilities	  are	  forced	  to	  
‘buy’	  from	  the	  their	  rooftop	  solar	  customers	  12–15.	  They	  also	  argue	  that	  the	  two	  
way	  flow	  of	  electricity	  that	  net	  metering	  is	  based	  on	  incurs	  some	  extra	  costs	  for	  
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the	  utility,	  as	  the	  grid	  was	  originally	  designed	  for	  a	  one-‐way	  flow	  16,17.	  The	  end	  
result	  is	  increased	  costs	  and	  thus	  reduced	  profits	  for	  the	  utility,	  which	  they	  argue	  
will	  result	  in	  them	  having	  to	  charge	  higher	  rates,	  meaning	  that	  there	  will	  be	  some	  
cross	  subsidization	  of	  solar	  customers	  by	  non-‐solar	  customers.	  	  
	  

How	  exactly	  could	  rooftop	  solar	  diffusion	  affect	  utility	  rates?	  	  
	  
Most	  U.S.	  electric	  utilities	  operate	  in	  a	  regulated	  market,	  and	  so	  their	  rates	  are	  
determined	  under	  the	  principle	  of	  ‘cost	  recovery’,	  rather	  than	  by	  spot	  markets,	  as	  
they	  would	  be	  a	  deregulated	  market.	  Cost	  recovery	  essentially	  means	  that	  a	  
utility	  will	  be	  regulated	  to	  charge	  a	  rate	  that	  will	  gather	  them	  sufficient	  revenue	  
in	  order	  to	  (i)	  continue	  meeting	  the	  costs	  of	  providing	  service	  to	  the	  customers	  in	  
their	  service	  area,	  whilst	  (ii)	  making	  a	  reasonable	  rate	  of	  return	  for	  its	  investors	  
18,19.	  	  
	  
Thus	  the	  way	  in	  which	  such	  a	  rate	  is	  determined	  by	  utilities	  (i.e.	  a	  rate	  that	  will	  
achieve	  cost	  recovery)	  can	  be	  roughly	  represented	  by	  the	  following	  simple	  
equation	  19:	  
	  
Cost	  of	  providing	  service	  to	  customers*Reasonable	  rate	  of	  return	  for	  investors	  
($)	  /	  Expected	  demand	  from	  customers	  (kWhs)	  =	  a	  price	  ($)	  per	  kWh	  
	  
As	  such	  we	  can	  see	  that	  in	  SRP’s	  context	  (as	  well	  as	  the	  context	  of	  most	  regulated	  
utilities),	  when	  the	  expected	  demand	  for	  a	  utility’s	  electricity	  falls	  (as	  a	  result	  of	  
rooftop	  solar	  diffusion,	  for	  example)	  and	  costs	  remain	  the	  same	  or	  do	  not	  decline	  
sufficiently,	  then	  utilities	  will	  have	  to	  (or	  at	  least	  will	  be	  allowed	  to,	  by	  their	  own	  
regulators	  or	  board	  of	  directors)	  charge	  higher	  rates	  in	  order	  to	  maintain	  'cost	  
recovery'.	  This	  is	  because	  the	  utility’s	  costs	  will	  have	  to	  be	  spread	  over	  fewer	  
kWh	  sales.	  This	  can	  be	  seen	  in	  the	  equation	  shown,	  as	  we	  see	  that	  the	  bottom	  of	  
the	  fraction	  will	  become	  smaller	  from	  the	  reduced	  demand	  (resulting	  from	  
rooftop	  solar	  use),	  and	  if	  the	  top	  of	  the	  fraction	  does	  not	  reduce	  sufficiently,	  then	  
a	  higher	  price	  per	  kWh	  will	  be	  chosen.	  
	  
Part	  of	  the	  reason	  that	  reduced	  demand	  will	  result	  in	  lost	  profits	  is	  due	  to	  
utilities’	  rate	  structures.	  Most	  U.S.	  utilities	  have	  rate	  structures	  that	  are	  designed	  
to	  collect	  the	  bulk	  of	  revenue	  through	  volumetric	  chargesii,	  whilst	  the	  majority	  of	  
their	  costs	  are	  fixed	  11,18,20.	  As	  such	  utilities	  argue	  that	  a	  significant	  drop	  in	  
demand	  from	  rooftop	  solar	  customers	  could	  result	  in	  some	  of	  the	  utility’s	  fixed	  
costs	  being	  under	  recovered	  4,11,18,21.	  This	  has	  also	  been	  argued	  in	  academic	  
studies	  20.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
ii	  This	  is	  in	  order	  to	  protect	  low-‐income	  and	  low-‐usage	  customers,	  and	  to	  encourage	  energy	  
conservation	  by	  high	  consumption	  customers	  17,57	  
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What	  evidence	  has	  there	  been	  to	  suggest	  that	  rooftop	  solar	  diffusion	  has	  
affected	  or	  will	  affect	  utility	  rates?	  	  
	  
To	  this	  author’s	  knowledge	  one	  of	  the	  clearest	  pieces	  of	  evidence	  suggesting	  that	  
rooftop	  solar	  diffusion	  has	  already	  affected	  at	  least	  one	  U.S.	  electric	  utility’s	  rates	  
can	  be	  seen	  in	  APS’	  ‘lost	  fixed	  cost	  recovery’	  charge.	  This	  charge	  is	  designed	  to	  
recover	  ‘a	  portion	  of	  unrecovered	  fixed	  costs	  resulting	  from	  energy	  efficiency	  
and	  distributed	  generation	  programs’	  22,	  the	  latter	  of	  which	  includes	  rooftop	  
solar.	  The	  charge	  applies	  only	  to	  residential	  and	  small	  business	  customers	  
because	  large	  commercial	  and	  industrial	  customers	  have	  rate	  structures	  that	  
already	  include	  the	  recovery	  of	  fixed	  costs	  22.	  Currently,	  this	  charge	  will	  increase	  
the	  monthly	  bills	  of	  these	  customers	  by	  1.46%	  22,23.	  Given	  that	  this	  charge	  
reflects	  both	  distributed	  generation	  and	  energy	  efficiency	  programs,	  and	  given	  
that	  it	  currently	  increases	  the	  monthly	  bills	  of	  some	  customers	  by	  just	  1.46%	  in	  
one	  of	  the	  most	  solar-‐penetrated	  markets	  in	  the	  U.S.,	  it	  seems	  fair	  to	  say	  that	  
distributed	  generation	  alone	  is	  not	  currently	  causing	  any	  significant	  increases	  in	  
the	  monthly	  bills	  of	  non-‐solar	  customers.	  However	  this	  may	  change	  under	  
scenarios	  of	  higher	  rooftop	  solar	  penetration.	  
	  
Indeed,	   evidence	   in	   markets	   with	   much	   higher	   levels	   of	   distributed	   energy	  
penetration,	  such	  as	  the	  Australian	  and	  particularly	  German	  market,	  has	  shown	  
that	  distributed	  generation	  resources	  could	  have	  a	  significant	  effect	  on	  the	  price	  
of	   electricity.	   In	   these	  markets,	   policies	   such	   as	   net	  metering	   as	  well	   as	   heavy	  
subsidies	   to	   renewables	   and	   demand-‐side	   management	   have	   been	   said	   to	   be	  
causing	  big	   problems	   for	   the	   traditional	   utilities	   there	   14,24–27.	   RWE,	  Germany’s	  
second	   largest	  utility,	  has	  been	  saying	   since	  2013	   that	   its	  declining	  profits	   and	  
forced	   shutdown/mothballing	  of	   capacity	  has	  been	   in	   large	  part	   caused	  by	   the	  
reduced	  demand	  brought	  about	  by	   intermittent	   subsidized	   renewables	   such	  as	  
rooftop	  solar	  28.	  In	  2013,	  RWE	  announced	  that	  it	  will	  take	  3100	  MWs	  of	  capacity	  
offline	   in	  Germany	   and	   the	  Netherlands	   and	  will	   also	   dispose	   of	   1200	  MWs	  of	  
German	  coal-‐fired	  capacity	  to	  which	  it	  has	  contractual	  usage	  rights	  29.	  Taking	  this	  
dispatchable	   capacity	   offline	   could	   have	   serious	   repercussions	   for	   Germany’s	  
ability	  to	  meet	  future	  demandiii.	  The	  fears	  of	  not	  being	  able	  to	  meet	  demand	  on	  
cloudy,	  windless	  days	  has	  spurred	  the	  German	  government	  to	  consider	  starting	  a	  
capacity	  market	   that	  would	   subsidize	  unprofitable	  power	  plants,	   thus	   allowing	  
them	  to	  stay	  open	  and	  provide	  power	  when	  renewables	  can't	  30.	  	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
iii	  	  However	  one	  should	  note	  that	  Germany’s	  current	  market	  is	  in	  a	  state	  of	  oversupply,	  and	  so	  
their	  reserve	  margin	  may	  remain	  sufficient	  for	  the	  time	  being,	  at	  least	  until	  all	  nuclear	  capacity	  is	  
forcibly	  turned	  off	  in	  2022	  58.	  
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These	  subsidies,	  as	  well	  as	  the	  direct	  subsidies	  for	  solar	  customers,	  are	  gathered	  
through	  additions	  to	  utilities’	  rates	  31.	  As	  such,	  one	  could	  speculate	  that	  the	  high	  
level	   of	   rooftop	   solar	   diffusion	   in	  Germany	   could	   be	   part	   of	   the	   reason	   for	   the	  
country	  having	  some	  of	  the	  highest	  electricity	  rates	  in	  Europe	  32.	  Indeed	  in	  2013,	  
over	  half	  of	  the	  capacity	  in	  Germany’s	  two	  largest	  renewable	  sources	  of	  energy,	  
wind	  and	   solar,	  was	  owned	  by	   individuals,	   farmers	   and	   industry	   actors,	  whilst	  
just	   5%	  was	   owned	   by	   big	   utilities	   and	   7%	   by	   regional/municipal	   utilities	   33.	  
Thus	   it	   is	   clear	   that	  whilst	   distributed	   customer-‐owned	   generation	   has	   been	   a	  
major	   factor	   in	   the	   success	   of	   Germany’s	   energy	   transition,	   it	   has	   also	   been	   a	  
major	   recipient	   of	   the	   renewable	   subsidies	   that	   have	   been	   gathered	   from	  
increased	  electricity	  prices	  there.	  	  
	  

Does	  rooftop	  solar	  negatively	  affect	  any	  other	  stakeholders,	  apart	  from	  
utilities?	  
	  
Yes	  –	  if	  rooftop	  solar	  does	  increase	  rates,	  then	  it	  is	  the	  poorest	  members	  of	  
society	  that	  are	  most	  likely	  to	  feel	  the	  effects	  of	  this	  the	  most.	  This	  is	  because	  
low-‐income	  households	  are	  statistically	  the	  least	  likely	  to	  install	  rooftop	  solar,	  as	  
can	  be	  seen	  in	  Figure	  1	  below.	  	  
	  

	  
Figure	  1	  -‐	  Rooftop	  solar	  installations	  in	  zip	  code	  areas	  with	  different	  average	  incomesiv,	  as	  revealed	  
in	  reference	  5	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
iv	  Data	  limitations	  of	  this	  graph	  should	  be	  noted	  as	  it	  uses	  ‘median	  income	  data	  at	  the	  ZIP-‐code	  
level	  from	  the	  U.S.	  Census	  Bureau	  because	  actual	  income	  data	  for	  each	  installation	  are	  not	  
publicly	  available.	  There	  is	  an	  inherent	  amount	  of	  uncertainty	  in	  using	  median	  income	  data	  as	  
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All	  members	  of	  society,	  ratepayers	  or	  not,	  could	  also	  be	  affected	  by	  rooftop	  solar	  
diffusion	  if	  it	  begins	  to	  cause	  problems	  for	  security	  of	  supply.	  This	  is	  because	  an	  
increasing	  reduction	  in	  utility	  revenues	  could	  make	  it	  difficult	  (in	  a	  regulated	  
market)	  or	  unattractive	  (in	  a	  deregulated	  market)	  for	  them	  to	  maintain	  essential	  
infrastructure	  such	  as	  the	  grid	  and	  dispatchable	  generation	  technologies,	  both	  of	  
which	  will	  almost	  certainly	  be	  needed	  in	  the	  coming	  decades	  (given	  that	  storage	  
options	  for	  renewable	  energies	  remain	  uneconomic	  at	  a	  large	  scale	  for	  the	  time	  
being).	  
	  

What	  are	  the	  perceived	  benefits	  of	  rooftop	  solar,	  and	  who	  benefits	  from	  it	  
the	  most?	  
	  
The	  most	  obvious	  benefit	  of	   rooftop	  solar	   is	   that	   its	  output	  generally	  displaces	  
that	  of	  fossil	  fuel	  plants,	  and	  thus	  reduces	  the	  𝐶𝑂!	  emissionsv	  arising	  from	  these	  
plants	  34.	  This	  benefits	  the	  planet	  at	  large.	  As	  already	  stated,	  in	  2013	  over	  half	  of	  
the	   capacity	   in	   Germany’s	   two	   largest	   renewable	   sources	   of	   energy	   (wind	   and	  
solar)	  was	  owned	  by	  individuals,	  farmers	  and	  industry	  actors,	  whilst	  just	  5%	  was	  
owned	   by	   big	   utilities	   and	   7%	   by	   regional/municipal	   utilities	   33.	   As	   such	   it	   is	  
clear	   that	   distributed	   customer-‐owned	   generation	   has	   been	   a	   major	   factor	   in	  
Germany’s	   highly	   successful	   renewable	   energy	   transition,	   and	   thus	   a	   major	  
contributor	  to	  the	  fight	  against	  climate	  change.	  
	  
Rooftop	  solar	  can	  also	  be	  said	  to	  have	  the	  following	  benefits	  for	  other	  
stakeholders:	  
	  

• It	  benefits	  those	  who	  install	  it,	  as	  they	  often	  achieve	  a	  positive	  return	  on	  
their	  investment.	  

• It	  benefits	  the	  economy	  by	  creating	  jobs	  35.	  
• It	  increases	  security	  of	  supply	  in	  the	  face	  of	  downed	  power	  lines	  35.	  
• It	  creates	  a	  sense	  of	  environmental	  action	  amongst	  citizens,	  as	  well	  as	  a	  

sense	  of	  freedom	  in	  choosing	  how	  their	  energy	  is	  produced.	  
• It	  increases	  competition	  in	  a	  previously	  monopolised	  market,	  which	  could	  

(all	  else	  equal)	  benefit	  all	  ratepayers	  eventually.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
proxies	  for	  real	  income	  data,	  as	  actual	  incomes	  associated	  with	  each	  installation	  could	  be	  higher	  
or	  lower	  than	  the	  median	  income’	  5	  
v	  It	  should	  also	  be	  noted	  that	  energy	  is	  used	  in	  the	  production	  of	  PV	  systems,	  and	  that	  this	  energy	  
use	  causes	  some	  𝐶𝑂!	  emissions.	  However	  the	  overall	  effect	  of	  producing	  a	  PV	  system	  is	  that	  it	  
prevents	  far	  more	  𝐶𝑂!emissions	  than	  it	  creates,	  with	  between	  87	  and	  97%	  of	  the	  energy	  
produced	  by	  a	  PV	  system	  having	  no	  effect	  on	  pollution,	  greenhouse	  gases,	  and	  depletion	  of	  
resources	  59.	  
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• It	  helps	  utilities	  to	  avoid	  some	  costs,	  such	  as	  fuel	  costs.	  As	  will	  be	  
discussed	  later	  in	  the	  model	  description,	  these	  avoided	  costs	  could	  
potentially	  outweigh	  lost	  revenues	  in	  some	  scenarios.	  	  

	  
Overall	  then	  it	  is	  clear	  that	  the	  growth	  of	  rooftop	  solar	  is	  clearly	  seen	  from	  many	  
perspectives,	  some	  of	  which	  are	  positive	  and	  some	  of	  which	  are	  negative.	  A	  
useful	  review	  of	  these	  perspectives	  is	  provided	  below,	  in	  the	  form	  of	  a	  first	  
person	  statement	  that	  may	  represent	  the	  viewpoint	  of	  each	  stakeholder:	  
	  

• Most	  Utilities:	  ‘Rooftop	  solar	  will	  kill	  our	  profits!’	  (via	  reduced	  revenues)	  
• Some	  Utilities:	  ‘Time	  to	  change	  our	  business	  model!’	  (by	  providing	  

distributed	  generation	  resources)	  
• Rooftop	  solar	  installers/customers:	  ‘Utilities	  are	  trying	  to	  kill	  us,	  their	  

only	  competition!’	  (via	  the	  special	  rate	  plan	  for	  solar	  customers)	  
• Non-‐solar	  customers:	  ‘We	  are	  subsidizing	  the	  solar	  customers!’	  (via	  the	  

addition	  in	  rates	  made	  necessary	  by	  rooftop	  solar)	  
• Environmentalists:	  ‘How	  many	  𝐶𝑂!	  emissions	  does	  rooftop	  solar	  diffusion	  

prevent?’	  (via	  replacement	  of	  output	  from	  fossil	  fuel	  plants)	  

What	  is	  the	  focus	  of	  this	  paper?	  
	  
This	  study	  uses	  a	  system	  dynamics	  model	  to	  first	  analyse	  the	  validity	  of	  the	  
‘death	  spiral’	  and	  ‘cross	  subsidization’	  hypotheses	  as	  they	  apply	  in	  the	  context	  of	  
residential	  rooftop	  solar.	  In	  light	  of	  this,	  the	  model	  is	  then	  used	  to	  evaluate	  three	  
policies	  concerning	  rooftop	  solar	  –	  (i)	  rooftop	  solar	  subsidies,	  (ii)	  special	  rate	  
plans/charges	  for	  rooftop	  solar	  customers,	  and	  (iii)	  the	  utility’s	  use/non-‐use	  of	  
the	  Renewable	  Energy	  Certificates	  (RECs)vi	  arising	  from	  their	  customers’	  rooftop	  
solar	  systems,	  as	  part	  of	  the	  utility’s	  Renewable	  Portfolio	  Standard	  (RPS)vii.	  	  
These	  policies	  are	  evaluated	  based	  on	  their	  effects	  on	  (i)	  utility	  rates	  and	  (ii)	  
prevention	  of	  𝐶𝑂!	  emissions.	  Utility	  rates	  can	  be	  considered	  a	  social	  issue	  for	  
policymakers,	  whilst	  𝐶𝑂!	  emissions	  represent	  the	  environmental	  aspect	  at	  play.	  
	  
The	  study	  makes	  a	  contribution	  to	  the	  existing	  literature	  surrounding	  rooftop	  
solar	  in	  the	  U.S.	  by	  adding	  to	  the	  literature	  on	  the	  death	  spiral.	  It	  will	  also	  have	  a	  
contribution	  to	  rooftop	  solar	  diffusion	  studies,	  by	  including	  the	  effects	  of	  the	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
vi	  An	  REC	  is	  a	  tradable	  right	  to	  claim	  the	  environmental	  and	  other	  attributes	  associated	  with	  1	  
megawatt-‐hour	  of	  renewable	  electricity	  from	  a	  specific	  generation	  facility.’	  60.	  
	  
vii	  An	  RPS	  is	  a	  sometimes	  legally	  enforceable	  requirement	  for	  electric	  utilities	  to	  meet	  a	  certain	  
percentage	  of	  their	  customers’	  demand	  through	  renewable	  generation	  sources,	  by	  a	  certain	  year.	  
While	  RPS	  requirements	  differ	  across	  states,	  there	  are	  generally	  three	  ways	  that	  electricity	  
suppliers	  can	  comply	  with	  the	  RPS:	  
1.	  Owning	  a	  renewable	  energy	  facility	  and	  its	  output	  generation.	  
2.	  Purchasing	  Renewable	  Energy	  Certificates	  (RECs).	  
3.	  Purchasing	  electricity	  from	  a	  renewable	  facility	  inclusive	  of	  all	  renewable	  attributes.	  60.	  
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feedback	  loops	  that	  exist	  between	  rooftop	  solar	  diffusion	  and	  utility	  rates.	  To	  my	  
knowledge,	  the	  effects	  of	  these	  feedback	  loops	  have	  been	  lacking	  in	  all	  but	  one	  
other	  study	  looking	  at	  rooftop	  solar	  diffusion,	  and	  this	  study	  focused	  on	  an	  
Australian	  electricity	  market	  36.	  	  
	  
The	  paper	  will	  also	  make	  a	  contribution	  by	  focusing	  specifically	  on	  how	  the	  
existence	  and	  use	  of	  RECs	  is	  a	  major	  factor	  in	  determining	  the	  effects	  of	  rooftop	  
solar	  (and	  its	  subsidies)	  on	  both	  utility	  rates	  and	  prevention	  of	  𝐶𝑂!	  emissions.	  
	  

3. The	  Model	  
	  
The	  purpose	  of	  the	  model	  is	  to	  determine	  the	  effects	  of	  rooftop	  solar	  diffusion	  on	  
(i)	  SRP’s	  rates	  for	  residential	  customers,	  and	  (ii)	  prevention	  of	  𝐶𝑂!emissions	  
arising	  from	  electricity	  production	  in	  SRP’s	  service	  area.	  The	  model	  will	  also	  
represent	  rooftop	  solar	  diffusion	  among	  SRP’s	  customers.	  However	  the	  main	  
focus	  will	  be	  on	  electricity	  rates	  and	  prevention	  of	  𝐶𝑂!emissions.	  
	  
The	  model	  is	  essentially	  composed	  of	  two	  parts.	  The	  first	  part	  (seen	  in	  Figure	  2)	  
represents	  the	  three	  main	  reinforcing	  feedback	  loops	  that	  drive	  rooftop	  solar	  
diffusion.	  One	  of	  these	  reinforcing	  feedback	  loops	  (R1)	  represents	  the	  ‘death	  
spiral’	  hypothesis	  as	  it	  relates	  to	  residential	  rooftop	  solar.	  It	  shows	  how	  the	  lost	  
revenues	  resulting	  from	  this	  rooftop	  solar	  diffusion	  causes	  an	  increase	  in	  SRP’s	  
residential	  rates,	  which	  in	  turn	  causes	  greater	  rooftop	  solar	  diffusion	  among	  
residential	  customers.	  	  
	  
The	  second	  part	  of	  the	  model	  (presented	  from	  Figure	  4	  up	  to	  Figure	  7)	  
represents	  (some	  of)	  the	  avoided	  costs	  that	  SRP	  benefits	  from	  as	  a	  result	  of	  
rooftop	  solar	  diffusion,	  and	  how	  these,	  all	  else	  equal,	  will	  reduce	  SRP’s	  rates	  and	  
thus	  discourage	  the	  diffusion	  of	  rooftop	  solar.	  In	  this	  model	  we	  look	  only	  at	  the	  
avoided	  variable	  costs	  and	  avoided	  generation	  capacity	  investment	  costs	  made	  
possible	  by	  rooftop	  solar.	  The	  effects	  of	  rooftop	  solar	  diffusion	  on	  the	  utility’s	  
grid	  costs	  are	  ignored	  in	  this	  model.	  This	  is	  because	  it	  seems	  that	  there	  does	  not	  
yet	  exist	  a	  proper	  method	  of	  analysis	  for	  quantifying	  the	  change	  in	  grid	  costs	  
attributable	  to	  rooftop	  solar	  diffusion	  37.	  
	  
The	  model	  will	  be	  presented	  through	  causal	   loop	  diagrams	  (CLDs),	   followed	  by	  
discussion	  of	  the	  most	  important	  feedback	  loops	  in	  each	  CLD.	  

How	  does	  the	  model	  represent	  the	  effect	  of	  rooftop	  solar	  on	  utilities	  rates,	  and	  the	  
problem	  of	  the	  death	  spiral?	  
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Below	  we	  see	  a	  CLD	  of	  the	  three	  main	  reinforcing	  feedback	  loops	  that	  affect	  
rooftop	  solar	  diffusion.	  R	  is	  used	  to	  denote	  reinforcing	  loops	  in	  these	  CLDs,	  
whilst	  B	  will	  be	  used	  to	  denote	  balancing	  loops.	  Additionally,	  the	  term	  ‘Utility’	  
has	  been	  used	  in	  place	  of	  SRP	  so	  that	  a	  more	  generically	  applicable	  
understanding	  can	  be	  achieved	  by	  these	  CLDs.	  

	  
Figure	  2	  -‐	  CLD	  representing	  the	  feedback	  loops	  driving	  rooftop	  solar	  diffusion,	  and	  the	  resulting	  
effects	  on	  the	  utility's	  rates.	  

	  
Loop	  R1	  (outer	  red	  loop):	  This	  loop	  represents	  the	  death	  spiral	  hypothesis.	  For	  
every	  SRP	  residential	  customers	  that	  installs	  a	  rooftop	  solar	  system,	  SRP	  lose	  
some	  revenues.	  This	  is	  because	  rooftop	  solar	  panels	  installed	  by	  residential	  
customers	  produces	  a	  certain	  number	  of	  MWhs	  per	  year	  (quite	  a	  lot	  in	  sunny	  
Arizona)	  and	  these	  MWhs	  replace	  those	  MWhs	  that	  the	  rooftop	  solar	  customer	  
would	  have	  bought	  from	  SRP.	  As	  such,	  SRP	  make	  less	  sales	  of	  its	  product	  and	  its	  
revenues	  are	  reduced.	  	  
	  
In	  the	  CLD	  we	  see	  that	  the	  ‘annual	  revenue	  lost…’	  will	  increase	  the	  ‘annual	  profit	  
lost…’,	  which	  in	  turn	  increases	  SRP’s	  rates.	  This	  represents	  the	  fact	  that	  the	  rates	  
that	  SRP	  charges	  are	  determined	  under	  the	  principle	  of	  ‘cost	  recovery’,	  which	  has	  
already	  been	  explained	  on	  page	  4.	  This	  essentially	  means	  that	  any	  lost	  profits	  for	  
SRP	  will	  result	  in	  them	  charging	  higher	  rates.	  
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Finally,	  we	  note	  that	  a	  raise	  in	  SRP’s	  rates	  will	  increase	  the	  expected	  savings	  that	  
potential	  rooftop	  solar	  adopters	  would	  expect	  to	  make	  from	  their	  investment.	  
This	  in	  turn	  will	  reduce	  the	  expected	  payback	  periodviii	  of	  their	  investment,	  
which	  will	  therefore	  increase	  the	  number	  of	  residential	  customers	  installing	  
rooftop	  solar	  each	  year.	  	  
	  
Loop	  B1:	  This	  loop	  has	  the	  opposite	  effect	  of	  the	  R1	  loop.	  It	  represents	  the	  fact	  
that	  the	  addition	  in	  rates	  due	  to	  rooftop	  solar	  will	  result	  in	  some	  increased	  
revenues	  for	  SRP	  (all	  else	  equal).	  This	  in	  turn	  will	  decrease	  their	  profits	  lost	  due	  
to	  rooftop	  solar,	  which	  will	  reduce	  the	  addition	  in	  rates	  needed	  in	  the	  next	  year.	  	  
	  
Loop	  R2:	  This	  reinforcing	  loop	  represents	  the	  fact	  that	  provision	  of	  rooftop	  solar	  
is	  a	  relatively	  young	  industry.	  As	  such,	  it	  is	  likely	  to	  experience	  some	  increases	  in	  
efficiency	  as	  it	  gains	  more	  experience.	  The	  model	  also	  represents	  the	  30%	  tax	  
credit	  that	  was	  introduced	  in	  2006	  and	  which	  has	  been	  extended	  until	  2016	  38.	  
This	  policy	  gives	  residential	  customers	  who	  buy	  a	  distributed	  PV	  system	  
(amongst	  other	  technologies)	  a	  tax	  credit	  that	  is	  equal	  to	  30%	  of	  the	  final	  price	  
paid	  for	  the	  module	  (i.e.	  including	  system	  and	  installation	  costs).	  Whether	  or	  not	  
this	  tax	  credit	  is	  renewed	  in	  2016	  remains	  to	  be	  seen,	  and	  as	  such	  it	  can	  be	  
treated	  as	  a	  policy	  variable	  in	  the	  model.	  	  
	  
Loop	  R3:	  This	  loop	  represents	  the	  ‘word-‐of-‐mouth’	  effect	  that	  is	  often	  found	  in	  
models	  representing	  the	  diffusion	  of	  a	  new	  technology	  39–41.	  The	  word	  of	  mouth	  
effect	  in	  regards	  to	  rooftop	  solar	  diffusion	  in	  particular	  has	  also	  been	  validated	  
through	  survey	  evidence	  42.	  This	  effect	  essentially	  says	  that	  as	  more	  and	  more	  
people	  adopt	  a	  certain	  technology,	  their	  friends,	  family	  and	  neighbours	  will	  
become	  more	  aware	  of	  the	  technology	  and	  so	  will	  become	  more	  likely	  to	  adopt	  it	  
themselves.	  This	  further	  increases	  the	  stock	  of	  adopters,	  and	  so	  further	  increases	  
the	  word-‐of-‐mouth	  effect.	  Such	  a	  phenomenon	  has	  been	  found	  to	  be	  a	  driver	  of	  
the	  exponential	  growth	  often	  experienced	  by	  young	  technologies	  40.	  	  

How	  does	  the	  model	  represent	  the	  avoided	  costs	  that	  utilities	  can	  benefit	  from	  as	  
a	  result	  of	  rooftop	  solar?	  
	  
The	  CLD	  below	  represents	  the	  avoided	  generation	  capacity	  costs	  that	  SRP	  can	  
benefit	  from	  as	  a	  result	  of	  rooftop	  solar	  diffusion.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
viii	  The	  payback	  period	  means	  the	  number	  of	  years	  that	  it	  will	  take	  for	  the	  money	  saved	  via	  the	  
rooftop	  solar	  system	  to	  exceed	  the	  cost	  of	  the	  investment	  in	  that	  system.	  So	  if	  the	  rooftop	  solar	  
system	  is	  expected	  to	  save	  you	  on	  average	  $200	  a	  year,	  and	  the	  investment	  cost	  was	  $2000,	  then	  
the	  expected	  payback	  period	  of	  that	  system	  would	  be	  10	  years.	  This	  metric	  has	  been	  shown	  to	  be	  
the	  one	  most	  commonly	  used	  by	  prospective	  rooftop	  solar	  adopters61,62.	  
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Figure	  3	  -‐	  CLD	  representing	  the	  utility's	  avoided	  generation	  capacity	  costs.	  

	  
The	  most	  important	  of	  these	  loops	  are:	  	  
	  
Loop	  B2	  (Blue	  to	  Red	  Loop):	  	  This	  loop	  represents	  the	  avoided	  generation	  
capacity	  investment	  costs	  that	  the	  utility	  can	  benefit	  from	  due	  to	  rooftop	  solar	  
(see	  assumption	  1	  in	  Appendix	  A).	  This	  loop	  is	  based	  on	  the	  idea	  that	  SRP,	  like	  
most	  utilities,	  operates	  with	  a	  Renewable	  energy	  Portfolio	  Standard	  (RPS),	  and	  
that	  part	  of	  this	  RPS	  can	  be	  met	  through	  the	  use	  of	  Renewable	  Energy	  
Certificates	  (see	  assumption	  2	  in	  Appendix	  A).	  	  Thus	  the	  model	  assumes	  that	  SRP	  
can	  enter	  into	  a	  contract	  with	  their	  rooftop	  solar	  customers	  in	  order	  to	  claim	  the	  
RECs	  from	  their	  systems.	  Claiming	  these	  RECs	  would	  allow	  the	  utility	  to	  balance	  
its	  investments	  in	  its	  own	  solar	  which	  would	  otherwise	  be	  necessary	  to	  meet	  
their	  RPS.	  These	  annual	  avoided	  generation	  capacity	  costs	  then	  reduce	  the	  
‘Annual	  Profit	  Lost	  due	  to	  Rooftop	  Solar’,	  which	  in	  turn	  reduces	  SRP’s	  rates.	  This	  
eventually	  reduces	  the	  number	  of	  customers	  installing	  rooftop	  solar	  each	  year,	  
which,	  to	  close	  the	  loop,	  slows	  down	  the	  growth	  of	  the	  ‘MWs	  of	  Rooftop	  Solar	  in	  
Utility	  Service	  Area’.	  The	  meaning	  of	  this	  loop	  is	  essentially	  that,	  all	  else	  equal,	  
rooftop	  solar	  diffusion	  will	  allow	  SRP	  to	  avoid	  some	  generation	  capacity	  
investment	  costs,	  which	  in	  turn	  should	  (a)	  reduce	  SRP’s	  rates	  and	  thus	  (b)	  cause	  
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less	  solar	  diffusion.	  This	  means	  that	  rooftop	  solar	  diffusion	  is	  caught	  in	  a	  
balancing	  loop.	  
	  
Loop	  BH:	  To	  determine	  how	  many	  investments	  in	  their	  own	  solar	  have	  been	  
avoided,	  we	  need	  to	  know	  what	  investments	  SRP	  would	  have	  made	  each	  year	  if	  
there	  was	  no	  rooftop	  solar	  diffusion	  (note	  that	  this	  is	  a	  hypothetical	  situation,	  and	  
so	  for	  this	  reason	  this	  loop	  has	  been	  termed	  BH,	  to	  alert	  the	  reader	  to	  the	  fact	  
that	  it	  does	  not	  refer	  to	  any	  actual	  loop	  that	  exists	  in	  the	  systemix).	  The	  purpose	  
of	  this	  loop	  is	  to	  help	  us	  determine	  the	  ‘Utility’s	  Avoided	  MW	  Investments	  due	  to	  
Rooftop	  Solar’,	  by	  seeing	  the	  difference	  between	  the	  utility’s	  annual	  investments	  
in	  the	  case	  of	  no	  rooftop	  solar	  diffusion	  (called	  the	  Base	  Case)	  and	  their	  annual	  
investments	  in	  their	  own	  solar	  ‘…after	  taking	  account	  of	  Rooftop	  Solar	  Diffusion’	  
(in	  the	  RS	  Case).	  Note	  that	  if	  the	  utility	  does	  not	  claim	  or	  buy	  any	  RECs	  from	  their	  
customer’s	  rooftop	  solar	  systems,	  then	  the	  difference	  between	  their	  base	  case	  
investments	  and	  their	  investments	  after	  taking	  account	  of	  solar	  will	  be	  zero,	  and	  
so	  SRP	  will	  not	  avoid	  any	  capacity	  investment	  costs.	  
	  
Loop	  R4	  (Red	  to	  Purple	  Loop):	  This	  reinforcing	  loop	  represents	  the	  fact	  that	  
the	  RECs	  from	  rooftop	  solar	  systems	  belong	  to	  the	  system	  owner	  (i.e.	  the	  SRP	  
solar	  customer)	  and	  so	  for	  SRP	  to	  claim	  these	  RECs	  it	  would	  have	  to	  buy	  them	  
(see	  assumption	  6	  in	  Appendix	  A).	  This	  in	  turn	  would	  reduce	  its	  profit,	  which	  
would	  eventually	  cause	  an	  increase	  in	  rates,	  greater	  rooftop	  solar	  diffusion,	  a	  
greater	  stock	  of	  MWs	  from	  which	  SRP	  buys	  RECs,	  and	  so,	  to	  close	  the	  loop,	  a	  
greater	  number	  of	  RECs	  for	  which	  SRP	  pays.	  Note	  that	  this	  reinforcing	  loop	  acts	  
in	  exact	  opposition	  to	  the	  B1	  loop,	  which	  allows	  SRP	  to	  avoid	  costs	  based	  on	  the	  
stock	  of	  rooftop	  solar	  systems.	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
ix	  This	  hypothetical	  loop	  is	  necessary	  in	  this	  model	  because	  we	  are	  not	  modelling	  all	  of	  SRP’s	  
capacity	  investments	  and	  their	  associated	  costs.	  If	  we	  were,	  then	  we	  would	  be	  able	  to	  determine	  
the	  avoided	  costs	  due	  to	  rooftop	  solar	  by	  first	  simulating	  a	  scenario	  of	  no	  rooftop	  solar	  diffusion,	  
looking	  at	  the	  investment	  costs,	  and	  then	  simulating	  a	  scenario	  with	  rooftop	  solar	  diffusion,	  and	  
seeing	  the	  extent	  to	  which	  the	  investment	  costs	  have	  been	  reduced.	  Such	  simulation	  results	  are	  
not	  possible	  in	  this	  smaller	  model,	  unless	  we	  use	  this	  hypothetical	  loop.	  
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Figure	  4	  -‐	  CLD	  representing	  the	  avoided	  variable	  costs	  made	  possible	  by	  rooftop	  solar	  

	  
	  
Loop	  B4	  (Red	  to	  Green	  Loop):	  This	  balancing	  loop	  represents	  SRP’s	  avoided	  
variable	  costs	  due	  to	  rooftop	  solar	  diffusion.	  We	  assume	  that	  all	  solar	  generation	  
technology	  allows	  for	  avoided	  variable	  costs	  that	  would	  arise	  from	  natural	  gas	  
plant	  generationx	  (see	  assumption	  11	  in	  Appendix	  A).	  This	  loop	  essentially	  says	  
that	  every	  MW	  of	  rooftop	  solar	  increases	  the	  difference	  between	  the	  MWs	  of	  
solar	  that	  are	  present	  in	  SRP’s	  service	  area	  in	  the	  RS	  case	  (i.e.	  in	  the	  case	  of	  
rooftop	  solar	  diffusion),	  and	  the	  MWs	  of	  solar	  that	  would	  be	  present	  in	  the	  Base	  
Case.	  These	  ‘additional’	  MWs	  in	  turn	  increases	  the	  additional	  MWhs	  produced	  by	  
solar	  in	  SRP’s	  service	  area.	  These	  MWhs	  in	  turn	  displace	  natural	  gas	  plant	  use,	  
resulting	  in	  some	  avoided	  variable	  costs	  for	  SRP.	  Once	  again	  these	  avoided	  
variable	  costs	  reduce	  the	  profit	  lost	  due	  to	  rooftop	  solar,	  which	  reduces	  rates,	  
reduces	  rooftop	  solar	  diffusion,	  and	  so	  finally,	  to	  close	  the	  loop,	  slows	  the	  growth	  
of	  rooftop	  solar	  in	  SRP’s	  service	  area.	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
x	  Around	  87%	  of	  these	  natural	  gas	  plant	  variable	  costs	  are	  fuel	  costs,	  whilst	  the	  remaining	  13%	  is	  
split	  between	  operation	  and	  maintenance	  costs	  63	  
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How	  does	  the	  model	  represent	  rooftop	  solar’s	  effect	  on	  𝑪𝑶𝟐	  emissions?	  
	  
As	  seen	  in	  Figure	  5	  below,	  the	  model	  uses	  the	  variable	  of	  the	  ‘Additional	  MWhs	  
produced	  from	  Solar	  due	  to	  Rooftop	  Solar	  Diffusion’	  to	  determine	  not	  only	  the	  
variable	  costs	  avoided	  due	  to	  rooftop	  solar,	  but	  also	  the	  additional	  𝐶𝑂!	  emissions	  
prevented	  by	  rooftop	  solar.	  These	  additional	  MWhs	  displace	  production	  from	  
natural	  gas	  plant	  generation,	  and	  so	  for	  every	  additional	  MWh	  produced	  in	  the	  
rooftop	  solar	  diffusion	  case,	  we	  can	  say	  that	  a	  certain	  amount	  of	  𝐶𝑂!emissions	  
(determined	  by	  the	  ‘𝐶𝑂!  Emissions	  per	  MWh	  produced	  by	  Natural	  Gas	  Plants’)	  
were	  prevented	  due	  to	  rooftop	  solar	  difusion.	  

	  
Figure	  5	  -‐	  CLD	  showing	  how	  the	  model	  represents	  the	  CO2	  emissions	  prevented	  by	  rooftop	  solar.	  

	  
Note	  that	  the	  dynamics	  determining	  𝐶𝑂!emissions	  are	  the	  same	  as	  those	  
determining	  the	  avoided	  variable	  costs.	  As	  such,	  the	  additional	  𝐶𝑂!  emissions	  
prevented	  by	  rooftop	  solar	  diffusion	  is	  highly	  dependent	  on	  the	  ‘Fraction	  of	  
Rooftop	  Solar	  Installments	  from	  which	  Utility	  claims	  RECs’.	  If	  the	  utility	  does	  
claim	  these	  RECs,	  then	  it	  will	  balance	  its	  investments	  in	  its	  own	  solar.	  This	  means	  
that	  the	  total	  stock	  of	  solar	  in	  SRP’s	  service	  area	  will	  be	  smaller,	  leading	  to	  less	  
𝐶𝑂!  emissions	  prevented	  from	  natural	  gas	  plant	  generation.	  Converesely,	  if	  SRP	  
receives	  less/none	  of	  these	  RECs,	  then	  it	  will	  balance	  less/not	  balance	  its	  
investments	  in	  its	  own	  solar.	  This	  leads	  to	  a	  higher	  stock	  of	  total	  solar,	  and	  thus	  
greater	  𝐶𝑂!	  emissions	  prevented.	  However	  it	  also	  means	  that	  the	  utility	  will	  not	  
benefit	  from	  any	  avoided	  generation	  capacity	  investment	  costs,	  which	  means	  
that	  their	  lost	  profits	  and	  thus	  addition	  in	  rates	  will	  be	  higher.	  This	  is	  the	  main	  
insight	  of	  this	  CLD	  –	  there	  is	  a	  tradeoff	  between	  preventing	  more	  𝐶𝑂!	  emissions	  
and	  preventing	  increases	  in	  rates.	  
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Below	  in	  Figure	  6	  we	  see	  the	  CLD	  in	  its	  entirety.	  Note	  the	  addition	  of	  the	  ‘Special	  
Charge	  for	  Solar	  Customers’,	  which	  reflects	  the	  recent	  mandatory	  price	  plan	  that	  
SRP	  introduced	  for	  its	  distributed	  generation	  customers.	  

	  
To	  see	  the	  assumptions	  upon	  which	  the	  model	  is	  based,	  please	  see	  Appendix	  A.	  
This	  appendix	  also	  gives	  a	  list	  of	  the	  issues	  that	  are	  within	  and	  outside	  of	  the	  
model’s	  boundary.	  
	  

4.	  Model	  Behaviour	  and	  Policy	  Analysis	  
What	  results	  does	  the	  model	  produce	  in	  Scenario	  1?	  
	  
In	  analysing	  the	  behaviour	  of	  this	  model,	  we	  will	  use	  a	  reference	  case	  scenario	  
referred	  to	  as	  Scenario	  1.	  Note	  that	  this	  scenario	  is	  different	  to	  the	  Base	  Case,	  
which	  refers	  to	  the	  scenario	  of	  no	  rooftop	  solar	  diffusion.	  Instead,	  Scenario	  1	  
analyses	  the	  effects	  of	  rooftop	  solar	  diffusion,	  under	  the	  following	  conditions:	  (i)	  
SRP	  receive	  no	  RECs	  for	  their	  customers’	  rooftop	  solar	  systems,	  (ii)	  the	  tax	  credit	  
will	  not	  be	  renewed	  after	  it	  expires	  in	  2016,	  and	  (iii)	  SRP’s	  new	  rate	  plan	  and	  its	  
effect	  on	  rooftop	  solar’s	  payback	  period	  and	  savings	  will	  not	  be	  included	  in	  this	  
scenario.	  This	  last	  condition	  will	  not	  be	  included	  (even	  though	  it	  has	  already	  
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been	  introduced	  by	  SRP)	  in	  Scenario	  1	  so	  that	  it	  can	  be	  more	  easily	  evaluated	  in	  
the	  policy	  analysis	  section.	  	  
	  
The	  model’s	  validity	  was	  determined	  under	  the	  guidelines	  laid	  out	  by	  Barlas	  &	  
Kanar	  (1999),	  and	  the	  model	  was	  shown	  to	  satisfy	  the	  recommended	  tests.xi	  
	  
In	  this	  scenario,	  the	  model	  produces	  the	  following	  diffusion	  of	  rooftop	  solar,	  with	  
rooftop	  solar	  adopters	  presented	  as	  a	  fraction	  of	  all	  of	  SRP’s	  residential	  
customers.	  
	  

	  
Figure	  7	  -‐	  Scenario	  1	  run	  for	  rooftop	  solar	  diffusion	  

	  
Note	  that	  the	  growth	  of	  this	  stock	  is	  exponential.	  This	  is	  due	  to	  the	  falling	  PV	  
prices,	  the	  increasing	  Base	  Case	  rates,	  as	  well	  as	  the	  effects	  of	  the	  model’s	  five	  
reinforcing	  feedback	  loops.	  We	  see	  that	  in	  2016	  there	  is	  a	  slight	  decrease	  in	  the	  
exponential	  growth	  path	  of	  rooftop	  solar	  adopters.	  This	  is	  because	  the	  
residential	  renewable	  energy	  tax	  credit	  expired	  for	  rooftop	  solar	  systems	  in	  this	  
year,	  thus	  increasing	  their	  payback	  periods	  and	  reducing	  their	  rate	  of	  adoption.	  
Nonetheless,	  by	  the	  end	  of	  2030	  the	  model	  projects	  that	  in	  this	  scenario	  21%	  of	  
SRP’s	  residential	  customers	  will	  have	  installed	  rooftop	  solar.	  

How	  are	  SRP’s	  rates	  affected	  by	  the	  rooftop	  solar	  diffusion	  in	  Scenario	  1?	  
	  
In	  this	  Scenario	  1,	  rooftop	  solar	  diffusion	  has	  the	  following	  effect	  on	  SRP’s	  rates	  
(all	  prices	  show	  are	  in	  2012	  U.S.	  dollars):	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
xi	  to	  see	  these	  tests,	  please	  email	  the	  main	  author	  at	  comeehan@tcd.ie	  
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Figure	  8	  -‐	  Effect	  of	  rooftop	  solar	  on	  SRP's	  rates	  in	  Scenario	  1	  

	  
The	  Base	  Case	  rates	  (the	  red	  run)	  have	  been	  shown	  alongside	  the	  actual	  rates	  so	  
that	  the	  reader	  can	  get	  an	  idea	  of	  the	  magnitude	  of	  the	  addition	  in	  rates.	  	  
By	  the	  end	  of	  the	  simulation	  period,	  SRP’s	  rates	  are	  $.0147	  higher	  than	  they	  
would	  be	  if	  there	  had	  been	  no	  rooftop	  solar	  diffusion.	  This	  is	  an	  increase	  of	  8.3%	  
from	  the	  Base	  Case	  rate.	  The	  increase	  in	  rates	  seen	  here	  is	  caused	  directly	  by	  
SRP’	  profit	  lost	  as	  a	  result	  of	  rooftop	  solar.	  This	  happens	  because	  the	  lost	  
revenues	  due	  to	  rooftop	  solar	  are	  greater	  than	  the	  costs	  avoided	  due	  to	  rooftop	  
solar.	  This	  happens	  in	  Scenario	  1	  because	  SRP	  receive/claim	  no	  RECs.	  This	  
means	  that	  their	  avoided	  costs	  come	  solely	  from	  avoided	  variable	  costs,	  as	  in	  this	  
scenario	  they	  cannot	  avoid	  any	  generation	  capacity	  investment	  costs.	  Thus	  the	  
avoided	  costs	  are	  less	  than	  the	  lost	  revenues,	  resulting	  in	  lost	  profits	  for	  SRP,	  
which	  in	  turn	  causes	  them	  to	  make	  additions	  to	  their	  normal	  rates.	  These	  lost	  
profits	  accumulate	  to	  $933,371,580	  profits	  lost	  by	  the	  end	  of	  2030.	  Throughout	  
the	  simulation	  period	  these	  lost	  profits	  translate	  into	  additions	  to	  their	  Base	  Case	  
rates.	  Such	  a	  result	  validates	  the	  cross-‐subsidization	  hypothesis,	  at	  least	  in	  the	  
context	  of	  Scenario	  1.	  It	  also	  serves	  as	  a	  proxy	  for	  security	  of	  supply	  issues,	  as	  the	  
significant	  lost	  revenues	  experienced	  by	  SRP	  would	  likely	  result	  in	  their	  
investors	  being	  less	  willing/able	  to	  invest	  in	  new	  infrastructure.	  

Does	  the	  model	  validate	  the	  death	  spiral	  hypothesis	  in	  Scenario	  1?	  
	  
The	  death	  spiral	  essentially	  says	  that	  rooftop	  solar	  diffusion	  will	  be	  significantly	  
reinforced	  due	  to	  its	  effect	  on	  the	  utility’s	  rates.	  Thus	  to	  properly	  test	  this	  
hypothesis,	  we	  need	  to	  determine	  how	  much	  the	  increase	  in	  rates	  due	  to	  rooftop	  
solar	  actually	  affects	  the	  diffusion	  of	  rooftop	  solar.	  This	  can	  be	  done	  by	  
comparing	  simulation	  results	  for	  the	  Scenario	  1	  diffusion	  with	  the	  diffusion	  
when	  the	  death	  spiral	  loop	  (R1)	  is	  cut.	  This	  loop	  can	  be	  cut	  by	  multiplying	  the	  
‘addition	  in	  rates	  due	  to	  rooftop	  solar’	  variable	  by	  zero.	  The	  results	  are	  displayed	  
below:	  
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Figure	  9	  -‐	  effect	  of	  the	  death	  spiral	  loop	  on	  rooftop	  solar	  diffusion	  

	  
We	  see	  that	  the	  feedback	  effect	  between	  rooftop	  solar	  diffusion	  and	  increased	  
utility	  rates	  does	  indeed	  result	  in	  greater	  rooftop	  solar	  diffusion.	  However,	  the	  
result	  may	  not	  be	  dramatic	  enough	  to	  warrant	  the	  term	  ‘death	  spiral’.	  If	  rooftop	  
solar	  did	  not	  result	  in	  any	  addition	  in	  rates	  (i.e.	  the	  Blue	  run),	  then	  the	  model	  
projects	  that	  there	  would	  still	  be	  223,242	  rooftop	  solar	  adopters	  in	  SRP’s	  service	  
area	  by	  the	  end	  of	  2030,	  which	  is	  roughly	  19%	  of	  the	  expected	  residential	  
customers	  for	  that	  year,	  compared	  to	  21%	  in	  Scenario	  1	  (where	  rate	  additions	  
were	  accounted	  for).	  
	  
In	  comparison	  to	  this,	  simulation	  results	  showed	  that	  the	  rate	  at	  which	  rooftop	  
solar’s	  installed	  cost	  declines	  seems	  to	  be	  a	  more	  important	  factor	  in	  
determining	  rooftop	  solar’s	  diffusion	  (and	  the	  resulting	  effect	  on	  SRP’s	  rates).	  	  

How	  does	  rooftop	  solar	  affect	  𝑪𝑶𝟐	  emissions	  in	  Scenario	  1?	  
	  
As	  seen	  in	  Figure	  10,	  rooftop	  solar	  diffusion	  in	  Scenario	  1	  results	  in	  an	  additional	  
5.73	  million	  metric	  tons	  of	  𝐶𝑂!	  emissions	  prevented	  by	  the	  end	  of	  the	  simulation	  
period.	  	  
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Figure	  10	  -‐	  CO2	  emissions	  prevented	  due	  to	  rooftop	  solar	  in	  Scenario	  1	  (Units	  in	  Million	  Tons	  of	  CO2)	  

	  
Note	  that	  these	  avoided	  𝐶𝑂!  emissions	  are	  dependent	  on	  two	  things	  in	  the	  model	  
–	  (i)	  the	  diffusion	  of	  rooftop	  solar,	  and	  (ii)	  the	  fraction	  of	  rooftop	  solar	  systems	  
from	  which	  SRP	  claim	  RECs.	  	  
	  
That	  concludes	  our	  discussion	  of	  the	  model	  behaviour	  in	  Scenario	  1.	  We	  can	  now	  
use	  the	  model	  to	  evaluate	  different	  policy	  options	  by	  analysing	  the	  results	  of	  
changing	  different	  policy	  parameters	  in	  the	  model.	  

	  
Which	  are	  the	  policy	  variables	  in	  the	  system,	  i.e.	  which	  variables	  can	  be	  
directly	  controlled	  by	  policy	  makers?	  
	  
Most	  of	  the	  model’s	  inputs	  are	  more	  or	  less	  outside	  of	  the	  control	  of	  any	  policy	  
maker.	  For	  example,	  neither	  the	  demand	  for	  SRP’s	  electricity	  nor	  the	  global	  price	  
of	  PV	  systems	  are	  directly	  determinable	  through	  SRP’s	  or	  the	  government’s	  
policies.	  However	  there	  are	  three	  parameters	  which	  are	  directly	  determinable	  by	  
the	  system’s	  policy	  makers.	  The	  ones	  most	  easily	  controlled	  by	  SRP	  are:	  	  
	  

• The	  fraction	  of	  rooftop	  solar	  systems	  from	  which	  SRP	  claims/buys	  RECs.	  
• The	  annual	  increase	  in	  rooftop	  solar	  customers’	  bills	  due	  to	  the	  new	  rate	  

plan.	  
	  
The	  main	  policy	  variable	  that	  can	  be	  controlled	  by	  the	  U.S.	  government	  is:	  
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• The	  tax	  credit	  for	  residential	  solar	  systems	  after	  2016xii.	  
	  
Readers	  should	  note	  that	  the	  U.S.	  government	  could	  also	  have	  influence	  over	  
how	  RECs	  are	  used,	  via	  RPS	  requirements/restrictions.	  Furthermore,	  in	  most	  
contexts	  the	  U.S.	  government	  could	  also	  have	  influence	  over	  the	  policy	  of	  a	  
special	  rate	  plan	  for	  solar	  customers.	  This	  is	  because	  most	  U.S.	  electric	  utilities	  
are	  regulated,	  meaning	  that	  new	  rate	  plans	  could	  only	  be	  proposed	  by	  the	  utility	  
and	  then	  accepted	  or	  rejected	  by	  the	  state	  commission	  that	  regulates	  them.	  In	  
the	  context	  of	  this	  study,	  however,	  SRP	  is	  a	  publicly	  owned	  utility	  and	  so	  it	  
essentially	  regulates	  itself,	  via	  its	  publicly	  elected	  board	  of	  directors.	  
	  
In	  this	  section	  we	  will	  analyse	  how	  varying	  the	  three	  policy	  parameters	  above	  
will	  affect	  SRP’s	  rates	  and	  its	  𝐶𝑂!	  emissions.	  	  

	  

How	  does	  changing	  the	  fraction	  of	  RECs	  claimed	  by	  SRP	  affect	  their	  rates?	  
	  
In	  Scenario	  1,	  described	  on	  page	  16,	  SRP	  claimed	  none	  of	  the	  RECs	  from	  their	  
customers’	  rooftop	  solar	  systems.	  We	  will	  now	  analyse	  what	  happens	  if	  SRP	  
claims	  all	  of	  the	  RECs	  from	  their	  customers’	  rooftop	  solar	  systems.	  In	  one	  run	  
(Run	  3	  of	  Figure	  11),	  we	  see	  what	  happens	  if	  SRP	  claim	  these	  RECs	  for	  free.	  In	  
reality,	  however,	  SRP	  is	  likely	  to	  have	  to	  pay	  their	  customers	  for	  these	  RECs.	  As	  
such	  we	  also	  analyse	  what	  happens	  if	  they	  have	  to	  pay	  a	  price	  of	  $100xiii	  (Run	  4)	  
per	  REC	  (i.e.	  per	  MWh	  of	  output	  from	  their	  customers’	  rooftop	  solar	  systems).	  
These	  scenarios	  will	  be	  compared	  against	  Scenario	  1	  runs,	  so	  that	  the	  effects	  of	  
these	  policy	  parameters	  can	  be	  seen.	  Additionally,	  the	  Base	  Case	  (i.e.	  the	  case	  of	  
no	  rooftop	  solar	  diffusion)	  scenario	  will	  also	  be	  presented,	  so	  that	  the	  magnitude	  
of	  the	  effect	  of	  rooftop	  solar	  can	  be	  seen.	  	  
	  
In	  the	  Base	  Case	  run,	  there	  is	  no	  rooftop	  solar	  diffusion	  and	  thus	  no	  addition	  in	  
rates	  due	  to	  rooftop	  solar	  (see	  Figure	  11).	  As	  already	  discussed,	  Scenario	  1	  
results	  in	  an	  increase	  in	  rates	  of	  8.3%	  by	  the	  2030.	  In	  the	  ‘all	  RECs	  for	  free’	  (Run	  
3)	  case,	  there	  is	  initially	  a	  decrease	  in	  rates.	  This	  is	  because	  the	  RECs	  allow	  SRP	  to	  
forego	  investments	  in	  their	  own	  solar	  capacity	  each	  year.	  Avoiding	  the	  cost	  of	  
these	  investments	  means	  that	  rooftop	  solar	  diffusion	  actually	  results	  in	  more	  
‘costs	  avoided	  due	  to	  rooftop	  solar’	  than	  ‘revenues	  lost	  due	  to	  rooftop	  solar’.	  This	  
results	  in	  an	  initial	  decrease	  in	  rates,	  because	  SRP’s	  Board	  of	  Directors	  should	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
xii	  Other	  subsidies	  such	  as	  net	  metering	  could	  also	  be	  controlled	  by	  the	  government,	  but	  for	  the	  
sake	  of	  simplification	  the	  model	  does	  not	  represent	  these	  subsidies.	  The	  effects	  of	  such	  subsidies	  
would	  essentially	  be	  the	  same	  as	  the	  tax	  credit	  anyway	  –	  they	  would	  reduce	  the	  payback	  period	  
of	  rooftop	  solar,	  and	  thus	  stimulate	  greater	  diffusion.	  
xiii	  One	  study	  has	  noted	  that	  the	  price	  of	  RECs	  for	  solar	  has	  ranged	  between	  $45	  and	  $25052.	  
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recognize	  the	  fact	  that	  SRP	  should	  now	  be	  able	  to	  afford	  lower	  rates	  whilst	  still	  
maintaining	  cost	  recovery.	  However,	  as	  seen	  in	  the	  results	  above,	  this	  decrease	  
in	  rates	  is	  only	  temporary.	  This	  is	  because	  the	  main	  part	  of	  these	  avoided	  costs	  
come	  from	  the	  ‘annual	  generation	  capacity	  investment	  costs	  avoided	  due	  to	  
rooftop	  solar’,	  which	  is	  based	  on	  a	  flow	  –	  the	  annual	  rooftop	  solar	  installations.	  
On	  the	  other	  hand,	  the	  annual	  lost	  revenues	  are	  directly	  determined	  by	  a	  stock	  –	  
the	  MWs	  of	  rooftop	  solar	  in	  SRP’s	  service	  area.	  Initially,	  the	  effect	  of	  this	  flow	  
outweighs	  the	  effect	  of	  the	  stock.	  However,	  as	  the	  MWs	  of	  rooftop	  solar	  installed	  
accumulate	  over	  time,	  their	  effect	  eventually	  begins	  to	  outweigh	  the	  effects	  of	  the	  
flow	  (of	  avoided	  investments).	  In	  Run	  3,	  this	  happens	  at	  year	  2020.	  	  
	  
In	  the	  ‘all	  RECs	  for	  $100’	  scenario	  (Run	  4),	  similar	  behaviour	  is	  seen.	  However	  
the	  initial	  decrease	  in	  rates	  is	  less	  because	  SRP’s	  costs	  will	  be	  increased	  $100	  for	  
every	  REC	  bought.	  Furthermore,	  the	  eventual	  increase	  in	  rates	  is	  greater,	  for	  the	  
same	  reason.	  

How	  does	  changing	  the	  fraction	  of	  RECs	  claimed	  by	  SRP	  affect	  the	  𝑪𝑶𝟐	  
emissions	  prevented?	  
	  

	  
Figure	  12	  -‐	  Effect	  of	  REC	  policy	  on	  CO2	  emissions	  prevented	  due	  to	  rooftop	  solar	  

Figure	  11	  -‐	  effect	  of	  claiming	  RECs	  policy	  on	  the	  addition	  in	  rates	  due	  to	  rooftop	  solar	  
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In	  Figure	  12	  we	  see	  that	  Scenario	  1	  results	  in	  the	  most	  𝐶𝑂!	  emissions	  being	  
prevented.	  This	  is	  because	  SRP	  does	  not	  balance	  its	  investments	  in	  its	  own	  solar	  
in	  this	  case.	  When	  SRP	  does	  receive	  the	  RECs,	  then	  they	  will	  balance	  their	  
investments	  in	  their	  own	  solar,	  meaning	  less	  solar	  is	  present,	  and	  less	  emissions	  
are	  saved,	  as	  seen	  in	  Run	  3	  and	  Run	  4	  above.	  In	  other	  words,	  in	  this	  scenario	  
every	  MW	  of	  rooftop	  solar	  installed	  will	  result	  in	  SRP	  eventually	  investing	  in	  1	  
less	  MW	  of	  their	  own	  solar.	  	  
	  
Nonetheless,	  the	  simulations	  reveal	  that	  some	  additional	  emissions	  are	  still	  
saved.	  This	  is	  because	  SRP	  reduce	  their	  investments	  after	  a	  delay	  in	  perceiving	  
rooftop	  solar	  installations.	  This	  delay	  is	  seen	  in	  the	  model	  when	  rooftop	  solar	  
installations	  flow	  into	  the	  stock	  of	  ‘MWs	  of	  solar	  from	  which	  SRP	  claim	  RECs’.	  
The	  flow	  is	  not	  accumulated	  into	  this	  stock	  until	  after	  1	  time-‐step,	  which	  in	  this	  
model	  is	  one	  year.	  This	  delay	  means	  that	  SRP	  will	  not	  balance	  its	  investments	  
immediately,	  which	  means	  that	  every	  rooftop	  solar	  installation	  will	  not	  result	  in	  
balanced	  investments	  until	  1	  year	  after	  the	  installation.	  This	  means	  that	  more	  
MWs	  of	  solar	  will	  come	  online	  quicker	  than	  it	  would	  otherwise	  have	  been	  (if	  
there	  had	  been	  no	  rooftop	  solar	  diffusion),	  which	  in	  turn	  prevents	  𝐶𝑂!emissions	  
that	  would	  otherwise	  not	  have	  been	  prevented.	  In	  other	  words,	  rooftop	  solar	  
diffusion	  allows	  SRP	  to	  achieve	  its	  RPS	  goals	  quicker	  than	  it	  was	  planning	  to,	  and	  
thus	  helps	  to	  prevent	  more	  𝐶𝑂!	  emissions.	  However,	  it	  should	  be	  noted	  that	  if	  
SRP	  began	  to	  make	  projections	  about	  rooftop	  solar	  diffusion	  and	  to	  rely	  on	  
receiving	  a	  certain	  number	  of	  RECs	  from	  these	  future	  systems,	  then	  they	  may	  
balance	  their	  investments	  earlier,	  meaning	  that	  rooftop	  solar	  diffusion	  would	  
result	  in	  even	  less/no	  extra	  𝐶𝑂!  emissions	  prevented.	  

How	  does	  SRP’s	  new	  rate	  plan	  affect	  their	  rates?	  
	  
As	  discussed	  in	  the	  introduction,	  SRP	  has	  recently	  introduced	  a	  special	  rate	  plan	  
for	  their	  solar	  customers,	  which	  is	  expected	  to	  increase	  the	  monthly	  bills	  of	  their	  
average	  distributed	  generation	  customer	  (such	  as	  rooftop	  solar	  owners)	  by	  $50	  
18,44.	  However,	  existing	  rooftop	  solar	  customers	  have	  been	  grandfathered	  for	  20	  
years	  18,44.	  In	  the	  model	  this	  affects	  both	  diffusion	  of	  rooftop	  solar	  (by	  lowering	  
the	  expected	  savings	  of	  rooftop	  solar)	  and	  SRP’s	  profits	  lost	  as	  a	  result	  of	  rooftop	  
solar	  (by	  decreasing	  SRP’s	  profits	  lost	  for	  every	  MW	  of	  rooftop	  solar	  installed	  
after	  2015).	  Figure	  13	  below	  shows	  comparisons	  between	  the	  Scenario	  1	  run	  
with	  a	  run	  of	  the	  same	  conditions,	  except	  that	  the	  effects	  of	  the	  new	  rate	  plan	  
have	  been	  introduced	  (this	  is	  the	  pink	  run).	  The	  Base	  Case	  run	  has	  also	  been	  
included,	  so	  that	  the	  magnitude	  of	  the	  effect	  of	  rooftop	  solar	  can	  be	  easily	  seen.	  
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Figure	  13	  -‐	  effect	  of	  SRP's	  new	  rate	  plan	  on	  addition	  in	  rates	  due	  to	  rooftop	  solar	  

Here	  we	  see	  that	  the	  introduction	  of	  this	  rate	  plan	  allows	  for	  a	  much	  smaller	  
addition	  in	  rates	  due	  to	  rooftop	  solar.	  However,	  it	  is	  interesting	  that	  according	  to	  
these	  simulation	  results,	  SRP	  would	  still	  have	  to	  have	  additions	  in	  rates	  even	  
after	  introducing	  this	  rate	  plan.	  

How	  does	  SRP’s	  new	  rate	  plan	  affect	  rooftop	  solar	  diffusion	  and	  𝑪𝑶𝟐	  
emissions?	  
	  
The	  left	  hand	  graph	  below	  compares	  the	  rooftop	  solar	  diffusion	  in	  Scenario	  1	  
with	  the	  diffusion	  in	  the	  scenario	  in	  which	  the	  effects	  of	  SRP’s	  new	  rate	  plan	  are	  
included.	  Without	  the	  introduction	  of	  the	  fee,	  21%	  of	  SRP’s	  customers	  are	  
projected	  to	  install	  rooftop	  solar	  by	  the	  end	  of	  2030.	  With	  the	  introduction	  of	  the	  
fee,	  the	  diffusion	  slows	  down	  from	  2015	  onwards	  such	  that	  only	  5%	  of	  their	  
customers	  have	  installed	  rooftop	  solar	  by	  the	  end	  of	  2030.	  This	  is	  because	  SRP’s	  
new	  rate	  plan	  will	  decrease	  the	  expected	  savings	  from	  rooftop	  solar,	  as	  well	  as	  
decrease	  the	  addition	  in	  rates	  due	  to	  rooftop	  solar.	  Both	  of	  these	  effects	  will	  (all	  
else	  equal)	  increase	  the	  expected	  payback	  period	  of	  solar,	  which	  will	  slow	  its	  
diffusion.	  
	  
The	  right	  hand	  graph	  below	  shows	  how	  the	  introduction	  of	  the	  new	  rate	  plan	  
could	  affect	  the	  𝐶𝑂!  emissions	  prevented	  due	  to	  rooftop	  solar.	  We	  see	  that	  there	  
are	  less	  𝐶𝑂!	  emissions	  prevented	  because	  there	  is	  less	  rooftop	  solar	  diffusion.	  
	  

	  

	  

How	  does	  changing	  the	  tax	  credit	  affect	  SRP’s	  rates?	  
	  

Figure	  14	  -‐	  effect	  of	  SRP's	  rate	  plan	  on	  rooftop	  solar	  diffusion	  and	  CO2	  emissions	  prevented	  
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The	  residential	  renewable	  energy	  tax	  credit	  grants	  homeowners	  who	  install	  
rooftop	  solar	  systems	  (and	  other	  micro	  renewable	  generation	  technologies)	  a	  tax	  
credit	  worth	  30%	  of	  the	  installed	  cost	  of	  their	  system.	  This	  tax	  credit	  is	  due	  to	  
run	  out	  in	  2016,	  and	  there	  is	  much	  debate	  about	  whether	  or	  not	  it	  should	  and	  
will	  be	  renewed	  for	  rooftop	  solar	  systems	  45.	  In	  Scenario	  1,	  the	  tax	  credit	  was	  not	  
renewed.	  In	  this	  policy	  analysis	  section,	  we	  will	  see	  what	  happens	  when	  the	  tax	  
credit	  is	  maintained	  at	  30%	  from	  2016	  on.	  
	  
The	  graph	  below	  compares	  the	  Scenario	  1	  run	  with	  a	  run	  of	  the	  same	  conditions,	  
except	  that	  the	  tax	  credit	  is	  maintained	  after	  2016.	  The	  Base	  Case	  run	  has	  also	  
been	  included,	  so	  that	  the	  magnitude	  of	  the	  addition	  in	  rates	  can	  be	  easily	  seen.	  
	  

	  
Figure	  15	  -‐	  the	  effect	  of	  renewing	  the	  tax	  credit	  on	  the	  addition	  in	  rates	  due	  to	  rooftop	  solar	  

	  
	  
The	  graph	  below	  then	  shows	  how	  renewing	  the	  tax	  credit	  will	  affect	  rooftop	  
solar	  diffusion	  and	  the	  resulting	  𝐶𝑂!	  emissions	  prevented	  by	  this	  diffusion.	  

	  

	  
Figure	  16	  -‐	  the	  effects	  of	  renewing	  the	  tax	  credit	  on	  the	  CO2	  emissions	  prevented	  due	  to	  rooftop	  
solar.	  

	  
In	  Scenario	  1,	  when	  the	  tax	  credit	  is	  not	  renewed,	  the	  model	  projects	  that	  21%	  of	  
SRP’s	  customers	  will	  have	  installed	  rooftop	  solar	  by	  the	  end	  of	  2030.	  When	  the	  
tax	  credit	  is	  renewed	  at	  30%,	  36%	  of	  SRP’s	  customers	  are	  projected	  to	  have	  
installed	  rooftop	  solar.	  However	  the	  financial	  costs	  of	  this	  tax	  credit	  should	  also	  
be	  taken	  into	  account.	  The	  model’s	  side	  calculations	  reveal	  that	  in	  Scenario	  1,	  the	  
government	  foregoes	  $200,492,685	  in	  tax	  credits	  for	  residential	  rooftop	  solar	  
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installers	  by	  the	  end	  of	  2030.	  When	  this	  tax	  credit	  is	  renewed	  at	  30%	  in	  2016,	  
the	  model	  projects	  that	  the	  government	  will	  forego	  $1,923,640,729	  by	  the	  end	  of	  
2030.	  Such	  costs	  should	  be	  taken	  into	  account	  when	  analysing	  the	  effectiveness	  
of	  renewing	  the	  tax	  credit.	  
	  
To	  conclude,	  this	  section	  of	  the	  paper	  has	  reviewed	  the	  effects	  of	  changing	  three	  
policy	  parameters	  –	  (i)	  the	  fraction	  of	  rooftop	  solar	  systems	  from	  which	  SRP	  
claims	  RECs,	  (ii)	  the	  introduction	  of	  a	  special	  rate	  plan	  for	  SRP’s	  rooftop	  solar	  
customers,	  and	  (iii)	  the	  non-‐renewal	  of	  the	  tax	  credit	  after	  it	  runs	  out	  in	  2016.	  
The	  effects	  of	  changing	  these	  policy	  parameters	  can	  be	  summarized	  in	  the	  
following	  table:	  	  
	  
	  
	  

	  
	  
	  
	  
	  
Having	  reviewed	  the	  effects	  of	  changes	  in	  the	  model’s	  main	  policy	  parameters,	  
we	  can	  now	  turn	  to	  look	  at	  the	  limitations	  of	  this	  study,	  and	  the	  
recommendations	  for	  further	  work	  on	  this	  topic.	  Discussion	  of	  the	  implications	  
of	  this	  policy	  analysis	  will	  be	  saved	  for	  the	  concluding	  remarks.	  
	  

Policy	   Effect	  on	  rooftop	  
solar	  diffusion	  

Effect	  on	  SRP’s	  
rates	  

Effect	  on	  𝑪𝑶𝟐	  
emissions	  prevented	  

Claim	  all	  RECs	  (in	  RECs	  
free	  scenario)	  

Minimal	   Initially	  allows	  for	  
reductions	  from	  
Base	  Case	  rate,	  
followed	  by	  
additions	  from	  
2020	  on	  

Results	  in	  less	  
𝐶𝑂!  emissions	  being	  
prevented,	  due	  to	  SRP	  
balancing	  their	  
investments	  

Claim	  all	  RECs	  (when	  
RECs	  are	  $100)	  

Minimal	   Initially	  allows	  for	  
small	  reductions	  
from	  Base	  Case	  
rate,	  followed	  by	  
larger	  additions	  
from	  2022	  on	  

Results	  in	  less	  
𝐶𝑂!  emissions	  being	  
prevented,	  due	  to	  SRP	  
balancing	  their	  
investments	  

Introduce	  special	  solar	  
rate	  plan	  

Greatly	  reduces	  
diffusion	  

Allows	  for	  almost	  
no	  rate	  additions	  
to	  be	  needed	  

Results	  in	  much	  less	  
CO2	  prevented	  

Renew	  tax	  credit	  after	  
2016	  

Greatly	  increases	  
diffusion	  

Exacerbates	  rate	  
additions	  

Increases	  CO2	  
emissions	  prevented	  
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4.	  Conclusions	  and	  Recommendations	  for	  Further	  
Work	  

What	  are	  the	  main	  limitations	  of	  this	  study?	  
	  
With	  limited	  time	  and	  availability	  of	  data,	  there	  were	  several	  limitations	  to	  this	  
study.	  The	  most	  notable	  limitations	  were	  as	  follows:	  	  
	  

• There	  was	  no	  focus	  on	  the	  effect	  of	  solar	  storage	  technology,	  which	  could	  
affect	  SRP’s	  avoided	  costs	  and	  thus	  their	  rate	  additions.	  

• Didn’t	  include	  SRP’s	  costs	  and	  other	  factors	  determining	  the	  way	  their	  
rates	  are	  formed.	  

• Didn’t	  include	  commercial	  scale	  rooftop	  solar.	  
• Didn’t	  include	  the	  benefits/costs	  of	  rooftop	  solar	  to	  the	  grid.	  
• Didn’t	  include	  the	  effect	  that	  higher	  rates	  may	  have	  on	  SRP’s	  customers’	  

energy	  efficiency,	  which	  results	  in	  another	  vicious	  loop	  of	  reduced	  
demand,	  reduced	  revenues,	  higher	  rates,	  and	  thus	  again	  reduced	  demand.	  

• Doesn’t	  go	  into	  detail	  about	  customer	  rates	  –	  the	  difference	  between	  
onpeak	  and	  offpeak	  rates	  in	  time-‐of-‐use	  rate	  plans.	  Also	  the	  effects	  of	  
decoupling,	  which	  in	  one	  study	  was	  shown	  to	  help	  prevent	  lost	  revenues2.	  

• Didn’t	  include	  the	  savings	  experienced	  by	  rooftop	  solar	  owners	  
	  

I	  would	  say	  that	  lack	  of	  inclusion	  of	  the	  effects	  of	  rooftop	  solar	  on	  the	  utility’s	  
grid	  costs	  is	  the	  biggest	  limitation	  to	  this	  study,	  as	  this	  variable	  could	  have	  a	  
significant	  effect	  on	  SRP’s	  profits,	  which	  in	  turn	  would	  have	  significant	  effects	  on	  
the	  validity	  of	  the	  cross	  subsidization	  and	  death	  spiral	  hypotheses.	  

What	  are	  my	  recommendations	  for	  further	  work	  on	  this	  topic?	  
	  
The	  growth	  of	  rooftop	  solar	  and	  the	  resulting	  concerns	  of	  utilities	  are	  quite	  
recent	  affairs.	  Although	  there	  have	  been	  several	  studies	  already	  conducted	  on	  
these	  topics	  34,36,46,47,	  there	  is	  much	  work	  that	  remains	  to	  be	  done.	  My	  
recommendations	  for	  this	  future	  work	  are	  as	  follows:	  
	  

• Include	  the	  effects	  of	  rooftop	  solar	  in	  relation	  to	  microgrid	  formation	  
• Include	  the	  effect	  of	  rooftop	  solar	  on	  grid	  costs	  –	  not	  yet	  known	  whether	  

this	  will	  increase	  or	  decrease	  grid	  costs	  overall.	  Could	  depend	  on	  where	  in	  
the	  gird	  the	  rooftop	  solar	  systems	  are	  installed	  

• Include	  greater	  accuracy	  in	  the	  word	  of	  mouth	  diffusion	  part	  of	  the	  model.	  
• Include	  effects	  of	  how	  a	  more	  centrally	  planned	  diffusion	  process	  (as	  

could	  be	  done	  by	  utilities,	  for	  example)	  could	  bring	  about	  greater	  net	  
benefits.	  For	  example,	  west	  facing	  panels	  may	  be	  better	  at	  meeting	  peak	  
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demand	  than	  south	  facing	  panels,	  although	  south	  facing	  panels	  produce	  
more	  kWhs.	  As	  such,	  some	  incentives	  for	  west	  facing	  panels	  may	  be	  
necessary.	  Additionally,	  certain	  locations	  in	  the	  grid	  will	  benefit	  from	  the	  
reduced	  load	  resulting	  from	  rooftop	  solar	  more	  than	  others.	  

• Include	  effect	  of	  distributed	  generation	  on	  security	  of	  supply	  48.	  
• Include	  greater	  accuracy	  of	  avoided	  variable	  costs	  –	  does	  rooftop	  solar	  

also	  allow	  for	  avoided	  operation	  and	  maintenance	  costs,	  or	  only	  for	  
avoided	  fuel	  costs?	  

What	  is	  my	  main	  recommendation	  for	  further	  work	  on	  this	  subject?	  
	  
The	  use	  and	  price	  of	  RECs	  had	  a	  significant	  effect	  on	  model	  behaviour	  in	  this	  
study,	  yet	  I	  was	  unable	  to	  find	  clear	  literature	  on	  how	  the	  RECs	  resulting	  from	  
rooftop	  solar	  systems	  are	  being	  used	  by	  SRP.	  As	  such,	  I	  feel	  that	  this	  is	  the	  most	  
important	  issue	  for	  further	  research	  on	  this	  topic.	  	  

What	  is	  the	  main	  insight	  of	  the	  thesis?	  
	  
The	  main	  insight	  arising	  form	  this	  thesis	  is	  that,	  based	  on	  the	  assumptions	  made	  
in	  the	  model,	  if	  SRP	  does	  not	  claim	  or	  buy	  any	  RECs	  from	  their	  customers’	  
rooftop	  solar	  systems,	  then	  rooftop	  solar	  is	  shown	  to	  reduce	  their	  revenues	  more	  
than	  it	  reduces	  their	  costs,	  in	  both	  the	  long	  term	  and	  the	  short	  term.	  This	  means	  
that	  SRP	  would	  likely	  raise	  rates	  in	  compensation	  (or	  will	  at	  least	  have	  higher-‐
than-‐otherwise	  rates),	  thus	  validating	  the	  cross	  subsidization	  hypothesis.	  	  
	  
The	  model	  also	  shows	  that	  this	  increase	  in	  rates	  would	  encourage	  greater	  
rooftop	  solar	  diffusion,	  thus	  validating	  the	  death	  spiral	  hypothesis.	  However,	  this	  
feedback	  effect	  between	  rooftop	  solar	  diffusion	  and	  utility	  rates	  is	  quite	  minimal	  
in	  the	  model,	  and	  does	  not	  have	  as	  much	  of	  an	  effect	  as	  does	  falling	  global	  PV	  
prices.	  This	  conclusion	  is	  consistent	  with	  another	  system	  dynamics	  study	  looking	  
at	  the	  death	  spiral	  in	  an	  Australian	  market	  36.	  	  Thus	  it	  seems	  that	  falling	  PV	  prices	  
are	  likely	  to	  be	  the	  main	  driver	  behind	  rooftop	  solar	  diffusion.	  Finally,	  in	  this	  ‘no	  
RECs	  received’	  scenario,	  rooftop	  solar	  diffusion	  will	  have	  a	  considerable	  effect	  on	  
𝐶𝑂!  emissions,	  preventing	  5.73	  million	  emissions	  by	  the	  end	  of	  2030.	  
	  
However,	  in	  the	  policy	  analysis	  section	  it	  is	  revealed	  that	  if	  SRP	  does	  claim/buy	  
all	  the	  RECs	  from	  its	  customers’	  rooftop	  solar	  systems,	  then	  they	  may	  (depending	  
on	  the	  price	  paid	  for	  these	  RECs)	  be	  able	  to	  temporarily	  avoid	  more	  costs	  than	  
lose	  revenues.	  This	  is	  because	  the	  RECs	  allow	  the	  utility	  to	  avoid	  investments	  in	  
its	  own	  renewable	  generation	  capacity,	  which	  it	  would	  otherwise	  have	  had	  to	  
make	  in	  order	  to	  meet	  its	  RPS.	  If	  the	  utility	  really	  can	  temporarily	  avoid	  more	  
costs	  than	  lose	  revenues	  as	  a	  result	  of	  rooftop	  solar,	  then	  both	  the	  ‘death	  spiral’	  
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and	  ‘cross	  subsidization’	  hypotheses	  could	  be	  partially	  rejected,	  because	  rooftop	  
solar	  diffusion	  should	  result	  in	  temporarily	  lower-‐than-‐otherwise	  rates.	  	  
	  
However,	  there	  is	  a	  trade-‐off	  occurring	  in	  this	  scenario	  –	  if	  installation	  of	  rooftop	  
solar	  systems	  allows	  utilities	  to	  invest	  less	  in	  their	  own	  renewable	  generation	  
capacity,	  then	  rooftop	  solar	  diffusion	  will	  no	  longer	  have	  the	  effect	  of	  increasing	  
the	  stock	  of	  solar	  present	  in	  the	  utility’s	  service	  area.	  In	  other	  words,	  if	  an	  SRP	  
customer	  were	  to	  install	  a	  4kW	  rooftop	  solar	  system,	  and	  if	  that	  allowed	  SRP	  to	  
avoid	  4kWs	  of	  investment	  in	  their	  own	  solar,	  then	  the	  action	  of	  the	  SRP	  customer	  
would	  have	  very	  little	  effect	  on	  the	  prevention	  of	  𝐶𝑂!  emissions.	  However,	  it	  will	  
also	  mean	  that	  the	  customer’s	  rooftop	  solar	  system	  will	  not	  increase	  SRP’s	  rates,	  
or	  will	  at	  least	  increase	  them	  by	  less	  than	  in	  if	  the	  RECs	  were	  not	  claimed.	  

What	  conclusions	  could	  utility	  managers	  draw	  from	  these	  simulation	  
results?	  
	  
From	  a	  utility’s	  perspective,	  the	  main	  finding	  would	  be	  that	  the	  problem	  of	  lost	  
revenues	  as	  a	  result	  of	  rooftop	  solar	  diffusion	  could	  be	  most	  effectively	  tackled	  
by	  claiming	  the	  RECs	  from	  their	  customers’	  rooftop	  solar	  systems.	  If	  these	  RECs	  
are	  sufficiently	  cheap,	  then	  they	  could	  help	  the	  utility	  to	  at	  least	  temporarily	  
reduce/overcome	  the	  impact	  of	  lost	  revenues	  resulting	  from	  rooftop	  solar,	  by	  
way	  of	  allowing	  the	  utility	  to	  avoid	  investments	  in	  their	  own	  solar	  capacity.	  
Additionally,	  the	  simulations	  have	  shown	  that	  introduction	  of	  SRP’s	  new	  rate	  
plan	  (which	  will	  increase	  the	  monthly	  bills	  of	  a	  typical	  rooftop	  solar	  customer	  by	  
$50)	  would	  solve	  the	  problem	  of	  rate	  additions	  almost	  entirely,	  but	  may	  still	  
result	  in	  some	  lost	  profits	  for	  the	  utility.	  

	  

What	  conclusions	  could	  government	  policy	  makers	  draw	  from	  these	  
simulation	  results?	  
	  
From	  a	  government/social	  perspective,	  there	  are	  three	  main	  questions	  
addressed	  in	  this	  study.	  The	  first	  question	  concerns	  how	  the	  Renewable	  Energy	  
Certificates	  arising	  from	  residential	  rooftop	  solar	  systems	  should	  be	  regulated.	  
The	  government	  faces	  a	  trade-‐off	  situation	  here	  –	  if	  they	  allow/encourage/force	  
the	  utility	  to	  claim	  the	  RECs	  arising	  from	  rooftop	  solar	  systems,	  then	  this	  may	  
(depending	  on	  the	  price	  of	  the	  RECs)	  result	  in	  less	  additions	  in	  rates	  due	  to	  
rooftop	  solar,	  which	  avoids	  the	  social	  problem	  of	  cross-‐subsidization.	  However,	  
this	  policy	  will	  also	  result	  in	  the	  utility	  investing	  less	  in	  its	  own	  solar,	  which	  
means	  less	  𝐶𝑂!	  emissions	  prevented,	  and	  thus	  less	  help	  in	  achieving	  the	  U.S.’s	  
carbon	  emissions	  targets.	  
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The	  second	  question	  for	  the	  government	  concerns	  the	  allowance	  of	  special	  rate	  
plans	  for	  utilities’	  rooftop	  solar	  customers.	  The	  government’s	  acceptance	  or	  
rejection	  of	  such	  rate	  plan	  proposals	  should	  be	  informed	  by	  the	  use	  and	  price	  of	  
RECs.	  If	  no	  RECs	  are	  being	  received	  by	  the	  utility,	  then	  rate	  increases	  will	  occur,	  
which	  is	  socially	  problematic	  from	  the	  government’s	  point	  of	  view.	  In	  such	  a	  
scenario,	  the	  special	  rate	  plans	  seem	  justified.	  On	  the	  other	  hand,	  if	  the	  RECs	  of	  
rooftop	  solar	  systems	  are	  being	  claimed	  by	  the	  utility	  and	  at	  a	  sufficiently	  low	  
price,	  then	  an	  increase	  in	  the	  monthly	  bills	  of	  rooftop	  solar	  customers	  would	  be	  
unnecessary.	  This	  is	  because	  the	  avoided	  costs	  are	  almost	  as	  large	  as	  the	  
revenues	  lost	  in	  this	  scenario.	  For	  example,	  in	  the	  ‘all	  RECs	  for	  free’	  scenario,	  
introducing	  SRP’s	  new	  special	  rate	  plan	  (which	  increases	  the	  monthly	  bills	  of	  an	  
average	  solar	  customers	  by	  $50)	  would	  result	  in	  SRP	  temporarily	  making	  an	  
overall	  profit	  as	  a	  result	  of	  rooftop	  solar	  diffusion,	  because	  they	  avoid	  many	  costs	  
and	  also	  achieve	  higher	  revenue	  from	  the	  new	  rate	  plan.	  Nonetheless,	  even	  in	  
this	  scenario,	  the	  utility’s	  avoided	  costs	  are	  eventually	  outweighed	  by	  the	  lost	  
revenues	  caused	  by	  the	  growing	  stock	  of	  rooftop	  solar	  systems.	  
	  
Perhaps	  the	  main	  problem	  with	  these	  special	  rate	  plans	  is	  that	  they	  may	  have	  a	  
negative	  effect	  on	  rooftop	  solar	  diffusion.	  For	  example,	  simulations	  show	  that	  if	  
the	  tax	  credit	  is	  not	  renewed,	  and	  if	  SRP’s	  new	  rate	  plan	  for	  solar	  customers	  was	  
introduced,	  then	  the	  model	  projects	  that	  rooftop	  solar	  installations	  would	  drop	  
to	  zero	  for	  all	  of	  2016.	  Although	  installations	  would	  pick	  up	  again	  from	  2017	  
onwards,	  as	  global	  PV	  costs	  continue	  to	  decline,	  the	  overall	  stock	  of	  rooftop	  solar	  
would	  be	  reduced	  significantly	  (from	  1090	  MWs	  in	  2030	  in	  Scenario	  1,	  to	  282	  
MWs	  in	  this	  scenario).	  
	  
In	  addition	  to	  discouraging	  rooftop	  solar	  diffusion,	  SRP’s	  proposed	  rate	  plan	  
could	  have	  another	  downside	  –	  it	  seeks	  to	  guarantee	  cost	  recovery	  by	  charging	  
higher	  fixed	  costs	  and	  proportionately	  lower	  variable	  costs	  (particularly	  at	  off-‐
peak	  times)	  18.	  These	  lower	  variable	  costs	  (i.e.	  the	  price	  per	  kWh	  used)	  could	  
discourage	  energy	  efficiency,	  which	  would	  have	  a	  negative	  environmental	  effect.	  
It	  could	  also	  have	  a	  disproportionately	  negative	  effect	  on	  low-‐usage	  rooftop	  solar	  
households	  (many	  of	  whom	  may	  be	  lower	  income	  households),	  as	  the	  increased	  
fixed	  costs	  would	  increase	  bills	  more	  noticeably.	  
	  
The	  third	  and	  last	  question	  for	  the	  government	  concerns	  the	  renewal	  of	  the	  tax	  
credit	  after	  2016.	  State	  policy	  makers	  may	  wonder	  if	  this	  tax	  credit	  could	  be	  
more	  effectively	  used	  elsewhere.	  If	  utilities	  are	  claiming	  the	  RECs	  of	  rooftop	  solar	  
systems,	  and	  if	  this	  causes	  utilities	  to	  balance	  investments	  in	  their	  own	  solar,	  
then	  it	  begs	  the	  question	  –	  is	  rooftop	  solar	  the	  most	  efficient	  way	  for	  a	  utility	  to	  
meet	  its	  RPS,	  and	  should	  the	  government	  be	  subsidising	  this	  way	  of	  achieving	  the	  
RPSs?	  One	  argument	  against	  the	  renewal	  of	  the	  tax	  credit	  would	  be	  that	  this	  tax	  
credit	  does	  not	  promote	  the	  most	  efficient	  and	  socially	  equitable	  way	  of	  
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achieving	  utilities’	  RPSs.	  The	  tax	  credit	  policy	  is	  not	  socially	  equitable	  because	  
most	  of	  the	  credits	  go	  to	  middle	  and	  higher	  income	  households	  5,	  and	  because	  
rooftop	  solar	  results	  in	  higher	  rates	  in	  almost	  all	  of	  the	  scenarios	  studied	  in	  the	  
model.	  Additionally,	  rooftop	  solar	  may	  not	  be	  the	  most	  efficient	  way	  of	  achieving	  
an	  RPS	  –	  one	  study	  has	  shown	  that	  utility	  scale	  solar	  has	  been	  between	  30	  and	  
40%	  cheaper	  than	  residential	  scale	  solar,	  per	  installed	  MW	  46.	  Thus,	  one	  may	  
argue	  that	  state	  subsidies	  would	  be	  more	  efficiently	  used	  if	  they	  were	  solely	  
directed	  at	  larger	  scale	  solar	  projects.	  This	  is	  because,	  firstly,	  it	  would	  avoid	  the	  
cross-‐subsidization	  problem.	  Secondly,	  it	  may	  still	  encourage	  solar	  diffusion	  by	  
allowing	  the	  government	  to	  set	  higher	  RPS	  standards	  (and	  thus	  prevent	  more	  
𝐶𝑂!	  emissions),	  seeing	  as	  the	  utility	  is	  now	  receiving	  more	  help	  to	  achieve	  its	  
goal	  (after	  the	  tax	  credit	  ‘budget’	  has	  been	  redirected	  from	  residential	  to	  utility	  
scale	  solar)	  and	  is	  doing	  so	  with	  the	  benefits	  of	  economies	  of	  scale	  (because	  the	  
RPS	  is	  being	  achieved	  through	  large	  scale	  solar	  rather	  than	  small	  scale	  rooftop	  
solar).	  
	  
However,	  the	  above	  arguments	  against	  the	  renewal	  of	  the	  tax	  credit	  for	  rooftop	  
solar	  ignore	  two	  things.	  Firstly,	  they	  do	  not	  consider	  the	  potential	  benefits	  to	  the	  
grid	  that	  distributed	  generation	  sources	  may	  bring.	  Such	  benefits	  have	  been	  
ignored	  in	  this	  study,	  due	  to	  a	  lack	  of	  clear	  frameworks	  for	  calculating	  them	  37.	  
Secondly,	  these	  arguments	  ignore	  the	  fact	  that	  the	  diffusion	  of	  distributed	  
generation	  resources	  is	  based	  on	  customer	  choice,	  which	  may	  be	  the	  most	  
effective	  way	  of	  bringing	  about	  greater	  diffusion	  of	  renewables.	  Indeed,	  looking	  
at	  Germany,	  one	  of	  the	  most	  successful	  countries	  in	  terms	  of	  diffusion	  of	  
renewables,	  it	  is	  interesting	  to	  note	  that	  in	  2013	  over	  half	  of	  the	  capacity	  in	  their	  
two	  largest	  renewable	  sources	  of	  energy	  (wind	  and	  solar)	  was	  owned	  by	  
individuals,	  farmers	  and	  industry	  actors,	  whilst	  just	  5%	  was	  owned	  by	  big	  
utilities	  and	  7%	  by	  regional/municipal	  utilities	  33.	  Thus	  it	  is	  clear	  that	  distributed	  
customer-‐owned	  generation,	  driven	  by	  the	  power	  of	  customer	  choice	  and	  
government	  subsidies,	  has	  been	  a	  major	  factor	  in	  Germany’s	  highly	  successful	  
renewable	  energy	  transition.	  Following	  from	  this,	  environmentalists	  may	  argue	  
that	  the	  government	  should	  focus	  more	  on	  stimulating	  the	  demand	  for	  
renewables	  from	  a	  grass-‐roots	  basis,	  i.e.	  via	  the	  choices	  of	  individual	  households	  
and	  small-‐scale	  businesses.	  Indeed,	  it	  could	  be	  argued	  that	  large-‐scale	  industry	  
actors	  such	  as	  utilities	  cannot	  be	  relied	  on	  to	  make	  the	  investments	  necessary	  to	  
combat	  climate	  change.	  	  
	  

Is	  there	  a	  better	  way	  to	  diffuse	  solar	  power?	  
	  
All	  of	  the	  policy	  options	  discussed	  above	  have	  some	  trade-‐offs	  between	  rate	  
increases	  and	  𝐶𝑂!	  emissions	  prevented.	  Thus	  it	  is	  natural	  to	  ask,	  is	  there	  any	  
policy	  that	  could	  avoid	  such	  trade-‐offs?	  There	  may	  be.	  From	  my	  perspective,	  the	  
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best	  way	  to	  diffuse	  solar	  technology	  would	  be	  to	  encourage/subsidize	  
community	  scale	  solar	  projects.	  Such	  projects	  already	  exist,	  and	  are	  usually	  
offered	  by	  utilities.	  The	  utility’s	  customers	  may	  participate	  in	  the	  solar	  project	  by	  
‘contributing	  either	  an	  up-‐front	  or	  ongoing	  payment	  to	  support	  a	  solar	  project.	  In	  
exchange,	  customers	  receive	  a	  payment	  or	  credit	  on	  their	  electric	  bills	  that	  is	  
proportional	  to	  1)	  their	  contribution	  and	  2)	  how	  much	  electricity	  the	  solar	  
project	  produces’	  (Page	  8,	  from	  reference	  49).	  
	  
There	  are	  five	  reasons	  for	  which	  I	  feel	  that	  this	  is	  the	  best	  way	  to	  diffuse	  solar	  
technology.	  Firstly,	  it	  allows	  all	  electric	  customers	  (regardless	  of	  whether	  they	  
live	  in	  a	  home	  or	  an	  apartment)	  an	  equal	  opportunity	  to	  avail	  of	  solar	  energy.	  
This	  would	  alleviate	  the	  cross-‐subsidization	  problem.	  Secondly,	  the	  utility	  should	  
be	  able	  to	  benefit	  from	  any	  profits	  to	  be	  made	  from	  such	  projects,	  which	  should	  
allow	  them	  to	  charge	  lower	  rates.	  Thirdly,	  these	  medium/large	  solar	  projects	  will	  
benefit	  from	  economies	  of	  scale	  and	  reduced	  administration	  costs,	  keeping	  the	  
costs	  per	  MW	  installed	  lower,	  thus	  making	  solar	  energy	  more	  competitive	  with	  
fossil	  fuel	  based	  energy.	  Fourthly,	  if	  the	  solar	  plants	  can	  be	  located	  close	  to	  the	  
point	  of	  consumption,	  then	  this	  will	  reduce	  load	  losses	  on	  the	  grid.	  It	  will	  also	  not	  
require	  grid	  updates	  to	  accommodate	  a	  two-‐way	  flow	  of	  electricity,	  seeing	  as	  the	  
electricity	  would	  only	  flow	  from	  the	  plant	  to	  the	  point	  of	  consumption.	  Lastly,	  
this	  way	  of	  encouraging	  diffusion	  of	  solar	  still	  relies	  on	  the	  powerful	  force	  of	  
consumer	  choice,	  which	  in	  the	  context	  of	  Germany	  appears	  to	  have	  been	  a	  major	  
force	  in	  the	  success	  of	  their	  transition	  to	  renewable	  energies.	  
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Appendix	  A	  –	  Model	  Assumptions	  and	  Model	  
Boundaries	  

	  

What	  assumptions	  does	  the	  model	  make?	  
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System	  dynamics	  models	  are	  highly	  aggregated	  and	  highly	  simplified	  
representations	  of	  reality.	  As	  such	  they	  are	  often	  built	  upon	  many	  assumptions.	  
Such	  assumptions	  can	  be	  necessary/justifiable	  based	  on	  either	  (i)	  the	  need	  for	  
simplicity	  and/or	  (ii)	  the	  lack	  of	  available	  data.	  The	  list	  below	  describes	  and	  
justifies	  the	  assumptions	  upon	  which	  the	  model	  of	  this	  study	  were	  based:	  	  

	  
1. Regarding	  avoided	  generation	  capacity	  investments;	  I	  assume	  that	  

rooftop	  solar	  can	  only	  allow	  SRP	  to	  forego	  investments	  in	  its	  own	  solar,	  
and	  not	  in	  any	  of	  its	  other	  types	  of	  generation	  technologies.	  This	  
assumption	  is	  based	  on	  the	  fact	  that,	  for	  reasons	  of	  security	  of	  supply,	  it	  is	  
said	  to	  be	  difficult	  to	  determine	  the	  extent	  to	  which	  presence	  of	  solar	  
capacity	  can	  allow	  utilities	  to	  reduce	  their	  investments	  in	  dispatchable	  
generation	  technologies	  such	  a	  natural	  gas	  or	  coal	  plants	  50.	  This	  is	  
because	  the	  sun	  may	  not	  be	  shining	  at	  the	  times	  of	  peak	  demand,	  and	  so	  
in	  order	  to	  ensure	  that	  such	  demands	  could	  be	  met	  at	  all	  times,	  utilities	  
would	  require	  the	  same/a	  similar	  size	  stock	  of	  dispatchable	  technologies	  
as	  they	  would	  if	  there	  was	  no	  solar	  capacity.	  Thus	  for	  simplicity	  we	  
assume	  that	  rooftop	  solar	  can	  only	  allow	  utilities	  to	  avoid	  investments	  in	  
their	  own	  solar,	  and	  not	  in	  their	  dispatchable	  generation	  technologies.	  
	  

2. I	  assume	  that	  the	  only	  way	  in	  which	  rooftop	  solar	  can	  allow	  SRP	  to	  forego	  
investments	  in	  its	  own	  solar	  is	  if	  it	  receives	  renewable	  energy	  certificates	  
for	  the	  output	  of	  some/all	  of	  the	  privately	  owned	  systems.	  	  

	  
3. SRP's	  RPS	  (which	  as	  a	  public	  utility	  is	  not	  legally	  binding)	  is	  to	  meet	  20%	  

of	  its	  expected	  demand	  in	  2020	  by	  renewable	  resources	  51.	  The	  goal	  
beyond	  2020	  has	  not	  been	  stated	  yet	  but	  in	  the	  model	  I	  make	  a	  simple	  
assumption	  that	  the	  goal	  will	  be	  increased	  to	  meeting	  40%	  of	  the	  demand	  
by	  renewables	  by	  2030.	  I	  assume	  that	  SRP	  wishes	  to	  produce	  half	  of	  this	  
renewably	  generated	  electricity	  through	  solar	  technology.	  Thus	  I	  assume	  
that	  the	  goal	  for	  2020	  will	  be	  to	  meet	  10%	  of	  demand	  through	  solar,	  and	  
by	  2030	  it	  will	  be	  to	  meet	  20%	  of	  demand	  through	  solar	  technology.	  
Changing	  these	  assumptions	  has	  little	  effect	  on	  the	  important	  model	  
variables.	  	  
	  

4. I	  also	  assume	  that	  SRP	  plan	  to	  meet	  these	  goals	  for	  the	  years	  2020	  and	  
2030	  via	  a	  number	  of	  goals	  for	  each	  year,	  and	  that	  the	  goals	  for	  each	  year	  
will	  increase	  exponentially	  or	  linearly	  (depending	  on	  the	  scenario	  set	  by	  
the	  model	  user).	  The	  justification	  for	  this	  is	  that	  solar	  prices	  are	  falling	  
rapidly,	  and	  so	  I	  presume	  that	  SRP	  will	  want	  to	  make	  increasing	  
investments	  as	  time	  passes,	  rather	  than	  making	  the	  most	  investments	  at	  
the	  beginning	  of	  the	  simulation	  period,	  when	  solar	  prices	  are	  highest.	  	  
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5. I	  assume	  that	  this	  goal	  of	  meeting	  a	  certain	  percentage	  of	  expected	  

demand	  (i.e.	  a	  certain	  number	  of	  MWhs)	  through	  solar	  technology	  
translates	  into	  a	  certain	  desired	  level	  of	  MWs	  of	  solar,	  in	  order	  to	  be	  able	  
to	  produce	  the	  necessary	  MWhs.	  

	  
6. I	  assume,	  for	  the	  sake	  of	  simplicity,	  that	  the	  only	  way	  that	  SRP	  can	  claim	  

RECs	  from	  its	  customers’	  rooftop	  solar	  systems	  is	  by	  buying	  them.	  It	  has	  
also	  been	  said	  that	  utilities	  may	  also	  claim	  the	  RECs	  from	  such	  a	  system	  if	  
they	  provided	  an	  incentive	  for	  the	  customer	  to	  install	  the	  system	  52.	  This	  
possibility	  has	  been	  ignored	  in	  the	  model	  because	  its	  effect	  is	  essentially	  
the	  same	  as	  the	  utility	  buying	  these	  RECs	  (i.e.	  instead	  of	  buying	  the	  REC,	  
the	  utility	  gives	  an	  incentive).	  
	  

7. I	  assume	  that	  in	  SRP’s	  RPS,	  it	  is	  responsible	  to	  meet	  a	  certain	  percentage	  
of	  total	  customer	  demand	  minus	  the	  demand	  that	  comes	  from	  rooftop	  
solar	  systems	  from	  which	  SRP	  are	  not	  claiming	  RECs.	  This	  assumption	  
seems	  reasonable,	  seeing	  as	  the	  demand	  met	  by	  such	  rooftop	  systems	  
does	  not	  come	  from	  SRP’s	  generation.	  However	  if	  SRP	  does	  claim	  the	  
RECs	  from	  the	  output	  of	  some	  of	  these	  systems,	  then	  it	  can	  be	  assumed	  
that	  this	  will	  increase	  the	  total	  MWhs	  of	  demand	  for	  which	  they	  are	  
responsible,	  seeing	  as	  the	  output	  of	  such	  systems	  could	  be	  considered	  as	  
SRP’s	  own	  generation	  in	  some	  sense. 

 
8. I	  assume	  that	  when	  SRP	  obtains	  RECs	  from	  rooftop	  solar,	  it	  does	  so	  by	  

entering	  into	  a	  contract	  with	  the	  rooftop	  solar	  owner.	  The	  model	  also	  
assumes	  that	  this	  contract	  will	  last	  the	  whole	  lifetime	  of	  the	  rooftop	  solar	  
system,	  and	  that	  the	  price	  paid	  for	  these	  RECs	  is	  not	  fixed	  but	  can	  vary	  
year	  to	  year	  (depending	  on	  the	  price	  of	  RECs	  set	  by	  the	  model	  user).	  
	  

9. I	  assume	  that	  SRP	  will	  make	  their	  investments	  in	  their	  own	  solar	  
generation	  technology	  with	  lump	  sums	  paid	  over	  1	  year.	  	  

	  
10. 	  I	  assume	  the	  costs	  avoided	  due	  to	  rooftop	  solar	  increase	  linearly	  with	  

greater	  rooftop	  solar	  penetration	  of	  the	  market.	  Other	  studies	  have	  
shown	  that	  as	  the	  presence	  of	  distributed	  solar	  resources	  increases	  in	  a	  
market,	  the	  costs	  avoided	  on	  behalf	  of	  these	  solar	  resources	  does	  not	  
increase	  proportionately,	  but	  disproportionately	  2.	  In	  other	  words,	  
rooftop	  solar	  brings	  results	  less	  and	  less	  costs	  avoided	  per	  MW	  as	  its	  
presence	  in	  the	  market	  grows.	  	  However,	  for	  the	  sake	  of	  simplicity	  in	  the	  
model,	  this	  dynamic	  has	  been	  ignored.	  	  
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11. Regarding	  avoided	  variable	  costs,	  I	  assume	  that	  rooftop	  solar	  output	  
allows	  for	  avoided	  variable	  costs	  that	  would	  have	  arisen	  from	  natural	  gas	  
plant	  use	  only.	  This	  is	  justified	  by	  the	  fact	  that	  solar	  energy	  usually	  only	  
displaces	  use	  of	  Natural	  Gas	  plants,	  and	  not	  of	  other	  generation	  
technologies	  34.	  This	  is	  because	  Natural	  Gas	  plants	  have	  the	  ability	  to	  
quickly	  ramp	  up	  and	  down	  their	  output,	  and	  so	  can	  more	  easily	  be	  used	  
in	  conjunction	  with	  the	  intermittent	  output	  of	  solar	  than	  it	  can	  with	  the	  
less	  agile	  output	  of	  Coal	  or	  Nuclear	  plants.	  Additionally,	  in	  Arizona	  peak	  
demand	  happens	  at	  the	  sunniest	  times	  of	  day	  (largely	  due	  to	  air	  
conditioning	  use)	  53,	  and	  at	  peak	  times	  such	  as	  these	  Natural	  Gas	  plants	  
are	  being	  used	  to	  meet	  the	  quick	  spike	  in	  demand.	  Thus	  because	  this	  peak	  
demand	  happens	  at	  the	  sunniest	  times	  of	  day,	  when	  solar	  output	  is	  
greatest,	  I	  can	  increase	  the	  confidence	  in	  our	  assumption	  that	  solar	  
output	  generally	  replaces	  Natural	  Gas	  plant	  output.	  As	  such,	  any	  increase	  
in	  solar	  energy	  will	  likely	  decrease	  the	  use	  of	  natural	  gas	  plants	  only,	  and	  
not	  of	  the	  other	  kinds	  of	  plants,	  such	  as	  Coal	  or	  Nuclear.	  
	  

12. I	  assume	  that	  the	  addition	  in	  rates	  due	  to	  rooftop	  solar	  diffusion	  will	  be	  
calculated	  by	  dividing	  ‘SRP’s	  profit	  lost’	  by	  the	  expected	  annual	  kWhs	  of	  
demand	  from	  residential	  customers.	  That	  these	  lost	  profits	  are	  made	  up	  
for	  from	  residential	  customers	  only	  is	  not	  a	  certainty	  but	  a	  necessary	  
assumption	  based	  on	  lack	  of	  information	  on	  how	  exactly	  SRP’s	  lost	  profit	  
from	  rooftop	  solar	  diffusion	  would	  affect	  their	  rates.	  However,	  according	  
to	  APS,	  Arizona's	  largest	  utility,	  all	  residential	  and	  small	  business	  
customers	  are	  subject	  to	  a	  ‘lost	  fixed	  cost	  recovery’	  charge,	  which	  is	  
partly	  determined	  by	  lost	  profits	  due	  to	  rooftop	  solar	  diffusion	  22.	  APS	  
note	  that	  large	  commercial	  and	  industrial	  customers	  have	  current	  rate	  
structures	  which	  already	  include	  the	  recovery	  of	  fixed	  costs,	  and	  so	  are	  
exempt	  of	  this	  charge	  22.	  Thus	  I	  take	  this	  to	  mean	  that	  the	  lost	  profits	  (or	  
gains	  made)	  due	  to	  rooftop	  in	  the	  case	  of	  SRP	  will	  also	  be	  spread	  over	  the	  
demand	  of	  the	  residential/small-‐business	  sector	  only.	  	  
	  

13. Information	  on	  the	  exact	  number	  of	  residential	  customers	  that	  SRP	  has	  
could	  not	  be	  found.	  However	  data	  on	  the	  fraction	  of	  demand	  that	  comes	  
from	  residential	  customers	  in	  the	  state	  of	  Arizona	  as	  a	  whole	  could	  be	  
found	  54,	  and	  this	  was	  used	  to	  estimate	  the	  fraction	  of	  demand	  that	  came	  
from	  SRP’s	  residential	  customers.	  
	  

14. The	  lifetime	  of	  rooftop	  solar	  systems	  is	  assumed	  to	  be	  25	  years.	  Some	  
studies	  estimate	  this	  lifetime	  to	  be	  30	  years	  55,	  whilst	  others	  use	  an	  
estimate	  of	  20	  years	  56.	  As	  such,	  the	  average	  value	  of	  these	  studies	  was	  
used.	  
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What	  are	  the	  Model’s	  boundaries?	  
	  
Just	  as	  every	  map	  has	  an	  edge,	  every	  model	  must	  have	  a	  boundary.	  The	  table	  
below	  can	  be	  used	  to	  describe	  the	  boundary	  of	  this	  model.	  It	  lists	  the	  variables	  in	  
the	  model	  which	  are	  endogenous	  (i.e.	  determined	  by	  other	  variables	  within	  the	  
model)	  and	  exogenous	  (i.e.	  determined	  by	  data	  taken	  from	  the	  perimeter	  of	  the	  
model	  boundary).	  Issues	  that	  are	  excluded/ignored	  by	  the	  model	  (outside	  of	  the	  
boundary)	  are	  also	  listed.	  
	  
	  

Endogenous	   Exogenous	   Excluded	  

-‐SRP	  customers	  installing	  
rooftop	  solar	  
	  
-‐Annual	  SRP	  revenues	  
lost	  due	  to	  rooftop	  solar	  
	  
-‐SRP	  profits	  lost	  due	  to	  
rooftop	  solar	  
	  
-‐Addition	  in	  SRP’s	  rates	  
due	  to	  rooftop	  solar	  
	  
-‐Expected	  savings	  from	  
rooftop	  solar	  
	  
-‐Overall	  perceived	  
installed	  cost	  per	  MW	  of	  
rooftop	  solar	  (affected	  by	  
the	  stock	  of	  rooftop	  solar	  
in	  SRP’s	  service	  area)	  
	  
-‐SRP’s	  own	  stock	  of	  solar	  
after	  the	  effects	  of	  
rooftop	  solar	  

-‐SRP’s	  Base	  Case	  Rates	  
	  
-‐Overall	  electricity	  
demand	  in	  SRP’s	  service	  
area	  (including	  demand	  
that	  was/will	  be	  met	  by	  
rooftop	  solar)	  
	  
-‐Expected	  annual	  MWhs	  
produced	  per	  MW	  of	  
solar	  in	  Arizona	  
	  
-‐Growth	  rate	  of	  Arizona’s	  
electric	  customers	  
	  
-‐Time	  to	  install	  rooftop	  
solar	  
	  
-‐Adoption	  from	  WOM	  
fraction	  
	  
-‐Contact	  rate	  (between	  
solar	  adopters	  and	  non-‐
adopters)	  

-‐Change	  in	  SRP’s	  grid	  
costs	  and	  load	  losses	  due	  
to	  rooftop	  solar	  
	  
-‐Effect	  of	  battery	  storage	  
technology	  on	  rooftop	  
solar’s	  diffusion	  and	  
effect	  on	  SRP	  profits	  
	  
-‐Effect	  of	  time-‐of-‐use	  
plans	  on	  SRP’s	  profits	  
lost	  due	  to	  rooftop	  solar	  
	  
-‐Effects	  of	  rooftop	  solar	  
on	  the	  economy	  in	  
general	  (jobs	  created)	  
	  
-‐Effects	  of	  SRP’s	  lost	  
profits	  on	  its	  ROExiv	  and	  
shareholder	  earningsxv	  
	  
-‐Effects	  of	  SRP’s	  lost	  
profits	  on	  the	  rating	  of	  
their	  bonds	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
xiv	  Note	  that	  if	  ROE	  goes	  down	  due	  to	  SRP’s	  lost	  profits,	  SRP’s	  investors	  may	  deem	  their	  
investment	  more	  risky	  and	  thus	  demand	  a	  higher	  return.	  This	  in	  turn	  will	  have	  a	  negative	  effect	  
on	  SRP’s	  profits,	  resulting	  in	  another	  vicious	  loop	  between	  lost	  profits	  and	  demands	  for	  higher	  
return	  from	  investors.	  This	  loop	  is	  ignored	  in	  the	  model.	  
xv	  In	  one	  study,	  shareholder	  earnings	  is	  said	  to	  be	  more	  affected	  by	  rooftop	  solar	  diffusion	  than	  
both	  return	  on	  equity	  and	  utility	  rates.	  This	  is	  because	  of	  ‘deferred	  capital	  expenditures	  that	  
would	  otherwise	  generate	  earnings	  for	  shareholders’	  (page	  ix	  of	  reference	  2).	  	  
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-‐Annual	  SRP	  capacity	  
investment	  costs	  avoided	  
due	  to	  rooftop	  solar	  
	  
-‐Annual	  SRP	  variable	  
costs	  avoided	  due	  to	  SRP	  
solar	  
	  
-‐𝐶𝑂!  emissions	  
prevented	  due	  to	  rooftop	  
solar	  

	  
-‐Average	  MWs	  installed	  
per	  rooftop	  solar	  adopter	  
	  
-‐Historical	  and	  projected	  
cost	  per	  MW	  of	  installed	  
residential	  solar	  
	  
-‐Historical	  and	  projected	  
cost	  per	  MW	  of	  utility	  
scale	  solar.	  
	  
-‐Years	  between	  rooftop	  
solar	  installation	  and	  
receiving	  contract	  for	  
RECs	  
	  
-‐Price	  of	  RECs	  to	  claim	  
1MWh	  worth	  of	  solar	  
output	  	  
	  
-‐SRP’s	  solar	  renewable	  
portfolio	  standard	  for	  
each	  year	  
	  
-‐Variable	  costs	  per	  MWh	  
of	  natural	  gas	  plant	  use	  
	  
-‐Million	  tons	  of	  𝐶𝑂!	  
emissions	  per	  MWh	  of	  
natural	  gas	  plant	  
generation	  

	  
-‐Effects	  of	  addition	  in	  
rates	  on	  social	  inequality	  
among	  SRP’s	  customers	  
	  
-‐Effects	  of	  rooftop	  solar	  
policies	  on	  SRP’s	  public	  
relations	  
	  
-‐How	  rooftop	  solar	  
diffusion	  could	  be	  
affected	  by	  a	  shortage	  of	  
supply	  for	  PV	  systems	  
and/or	  rooftop	  solar	  
installation	  companies.	  
	  
	  
	  
	  

	  


