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4.1.2 Per-­‐quality	
  schedule	
  
The	
  monopolist’s	
  response	
  to	
  such	
  a	
  subsidy	
  is	
  the	
  same	
  as	
  the	
  one	
  described	
  in	
  Section	
  3.1.1.	
  By	
  the	
  
same	
  reasoning	
  as	
  before,	
  the	
  regulator	
  will	
  set	
  the	
  uniform	
  per-­‐quality	
  subsidy	
  at	
  the	
  following	
  level	
  (P	
  
denotes	
  equilibrium	
  outcomes):	
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The	
  payment	
  to	
  consumers	
  will	
  be	
  lower	
  than	
  that	
  the	
  sum	
  of	
  the	
  two	
  differentiated	
  per-­‐quality	
  
subsidies	
  (𝜎!!! + ! !

!!).	
  

4.2 Subsidies	
  restricted	
  to	
  the	
  high-­‐end	
  good	
  

4.2.1 Ad	
  valorem	
  schedule	
  
The	
  recent	
  evolution	
  of	
  the	
  French	
  tax	
  credit	
  program	
  resembles	
  such	
  an	
  instrument.	
  Only	
  the	
  best	
  
available	
  technologies	
  are	
  incentivized	
  (e.g.	
  condensing	
  boilers,	
  etc.)	
  with	
  a	
  30%	
  price	
  cut.	
  

Recall	
  from	
  Section	
  3.2.1	
  that	
  an	
  ad	
  valorem	
  subsidy	
  on	
  good	
  h	
  deteriorates	
  the	
  quality	
  of	
  good	
  l	
  
(! ! !

! d! ! ! 0,	
  where	
  superscript	
  H	
  here	
  denotes	
  equilibrium	
  outcomes).	
  Therefore,	
  here,	
  in	
  
equilibrium	
  the	
  quality	
  of	
  good	
  h	
  will	
  be	
  below	
  its	
  socially	
  optimal	
  level	
  ! !

∗and	
  the	
  quality	
  of	
  good	
  l	
  will	
  
be	
  even	
  below	
  its	
  laissez-­‐faire	
  level	
  𝜙!

!" .	
  

In	
  the	
  first	
  stage	
  of	
  the	
  game	
  the	
  regulator	
  sets	
  the	
  ad	
  valorem	
  incentive	
  at	
  the	
  following	
  rate:	
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Since	
  the	
  d! !
! ! ! !   have	
  opposite	
  signs,	
  the	
  sign	
  of	
  this	
  expression	
  is	
  ambiguous.	
  If	
  it	
  is	
  negative,	
  the	
  

second-­‐best	
  incentive	
  on	
  good	
  h	
  shifts	
  from	
  a	
  subsidy	
  to	
  a	
  tax.	
  This	
  occurs	
  if	
  and	
  only	
  if	
  the	
  numerator	
  
and	
  the	
  denominator	
  have	
  opposite	
  signs.	
  Since	
  the	
  denominator	
  is	
  smaller	
  than	
  the	
  numerator,	
  this	
  
condition	
  is	
  equivalent	
  to	
  having	
  a	
  positive	
  numerator	
  and	
  a	
  negative	
  denominator.	
  Therefore:	
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   (22)	
  

This	
  condition	
  is	
  likely	
  to	
  hold	
  if𝛾	
  is	
  small	
  enough	
  and	
  type	
  l	
  consumers	
  dominate	
  the	
  market.	
  To	
  see	
  this,	
  
assume	
  ! 	
  is	
  negligible.	
  The	
  condition	
  boils	
  down	
  to:	
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We	
  know	
  from	
  Equations	
  (10)	
  and	
  (11)	
  that	
  ! !
! > ! !

!,	
  but	
  without	
  further	
  assumptions	
  on	
  ! !!! (!),	
  we	
  do	
  
not	
  know	
  how	
  𝑐!!! ! !

! ) 𝑐!! (ϕ!!)	
  compares	
  to	
  1.	
  Still,	
  if	
  ! ! 	
  is	
  sufficiently	
  larger	
  than	
  ! ! ,	
  the	
  right-­‐hand	
  
side	
  of	
  the	
  inequality	
  will	
  be	
  larger	
  than	
  1	
  and	
  the	
  inequality	
  will	
  be	
  satisfied.	
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This	
  outcome	
  can	
  be	
  rationalized	
  as	
  follows.	
  If	
  the	
  externality	
  is	
  very	
  small,	
  then	
  the	
  high-­‐end	
  good	
  is	
  
very	
  close	
  to	
  its	
  socially	
  optimal	
  level,	
  while	
  the	
  low-­‐end	
  good	
  is	
  far	
  from	
  its	
  socially	
  optimal	
  level.	
  
Therefore,	
  the	
  tax	
  has	
  a	
  first-­‐order	
  effect	
  on	
  good	
  l	
  but	
  only	
  a	
  second-­‐order	
  effect	
  on	
  good	
  h.	
  In	
  other	
  
words,	
  with	
  the	
  tax,	
  the	
  marginal	
  welfare	
  gain	
  from	
  improving	
  good	
  l	
  is	
  larger	
  than	
  the	
  marginal	
  welfare	
  
loss	
  from	
  deteriorating	
  good	
  h.	
  The	
  fact	
  that	
  𝑛! 	
  is	
  larger	
  than	
  𝑛!only	
  amplifies	
  this	
  effect.	
  

It	
  should	
  be	
  kept	
  in	
  mind	
  though	
  that	
  having	
  a	
  small	
  𝛾and	
  a	
  large	
  𝑛! 	
  is	
  neither	
  a	
  necessary	
  nor	
  a	
  
sufficient	
  condition	
  for	
  the	
  optimal	
  incentive	
  to	
  be	
  a	
  tax.	
  Clearer	
  conditions	
  can	
  be	
  derived	
  using	
  a	
  more	
  
restrictive	
  quadratic	
  cost	
  assumption.	
  Hence,	
  the	
  second	
  derivative	
  of	
  cost	
  is	
  constant.	
  The	
  last	
  fraction	
  
drops	
  from	
  the	
  inequality,	
  which	
  becomes:	
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The	
  interior	
  condition	
  𝛽! 𝛽! ≥ 𝑛!	
  implies	
  𝑛! ≥ 𝑛! 1 − 𝛽! 𝛽! !,	
  hence	
  the	
  right	
  inequality.	
  Therefore,	
  
with	
  quadratic	
  costs,	
  the	
  left	
  inequality	
  above	
  is	
  sufficient	
  for	
  the	
  incentive	
  to	
  be	
  a	
  tax.	
  

4.2.2 Per-­‐quality	
  schedule	
  
In	
  France,	
  a	
  1,350€	
  subsidy	
  on	
  energy	
  efficiency	
  investment	
  was	
  introduced	
  in	
  2014	
  for	
  middle-­‐	
  and	
  low-­‐
income	
  households	
  undergoing	
  home	
  energy	
  retrofit	
  works.	
  The	
  program	
  has	
  similar	
  eligibility	
  
requirements	
  as	
  the	
  most	
  recent	
  version	
  of	
  the	
  tax	
  credit	
  program.	
  It	
  can	
  be	
  seen	
  as	
  a	
  per-­‐quality	
  
subsidy	
  on	
  the	
  most	
  energy	
  efficient	
  goods.	
  

With	
  a	
  per-­‐quality	
  subsidy	
  on	
  good	
  h,	
  the	
  quality	
  of	
  good	
  h	
  will	
  be	
  socially	
  optimal	
  (𝜙!∗ )	
  and	
  the	
  quality	
  of	
  
good	
  l	
  will	
  be	
  unchanged	
  (𝜙!!").	
  This	
  instrument	
  therefore	
  strictly	
  dominates	
  the	
  second-­‐best	
  ad	
  
valorem	
  subsidy	
  on	
  good	
  h,	
  which	
  brings	
  both	
  goods	
  to	
  lower	
  quality	
  levels.	
  Yet	
  if	
  the	
  ad	
  valorem	
  subsidy	
  
turns	
  out	
  to	
  be	
  a	
  tax	
  (under	
  Condition	
  (22)),	
  the	
  comparison	
  with	
  the	
  per-­‐quality	
  subsidy	
  is	
  no	
  longer	
  
obvious.	
  According	
  to	
  the	
  comparative	
  statics	
  of	
  quality	
  levels	
  with	
  respect	
  to	
  𝜖!	
  (Equations	
  (12)	
  and	
  
(13)),	
  the	
  tax	
  will	
  push	
  the	
  quality	
  of	
  good	
  h	
  away	
  from	
  its	
  socially	
  optimal	
  level	
  (which	
  is	
  worse	
  than	
  the	
  
per-­‐quality	
  equivalent)	
  but	
  bring	
  the	
  quality	
  of	
  good	
  l	
  closer	
  to	
  its	
  socially	
  optimal	
  level	
  (which	
  is	
  better	
  
than	
  the	
  per-­‐quality	
  equivalent).	
  	
  

5 Discussion	
  
In	
  this	
  section,	
  we	
  reexamine	
  how	
  the	
  main	
  assumptions	
  of	
  our	
  model	
  affect	
  the	
  results.	
  Recall	
  first	
  that	
  
we	
  model	
  only	
  two	
  types	
  of	
  consumers	
  and	
  two	
  goods.	
  In	
  general,	
  the	
  finding	
  of	
  no	
  distortion	
  at	
  the	
  top	
  
of	
  the	
  product	
  line	
  is	
  robust	
  to	
  extensions	
  to	
  more	
  than	
  two	
  consumers	
  or	
  a	
  continuum	
  thereof	
  (Mussa	
  
and	
  Rosen,	
  1978).	
  

We	
  focus	
  on	
  the	
  intensive	
  margin	
  of	
  investment	
  and	
  consider	
  energy	
  efficiency	
  as	
  the	
  only	
  dimension	
  of	
  
quality.	
  These	
  assumptions	
  are	
  well	
  suited	
  to	
  product	
  replacement	
  within	
  a	
  capacity	
  segment.	
  This	
  is	
  
most	
  relevant	
  to	
  operations	
  on	
  heating	
  systems,	
  which	
  we	
  used	
  as	
  our	
  leading	
  example.	
  Introducing	
  
other	
  dimensions	
  of	
  quality	
  would	
  reinforce	
  the	
  superiority	
  of	
  per-­‐quality	
  subsidies	
  over	
  ad	
  valorem	
  
ones,	
  when	
  only	
  good	
  h	
  is	
  subsidized.	
  Indeed,	
  ad	
  valorem	
  subsidies	
  would	
  reduce	
  the	
  marginal	
  cost	
  of	
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increasing	
  the	
  qualities	
  unrelated	
  to	
  energy	
  efficiency.	
  This	
  would	
  not	
  occur	
  with	
  per-­‐quality	
  subsidies,	
  
which	
  can	
  be	
  targeted	
  at	
  only	
  one	
  dimension	
  of	
  quality	
  (energy	
  efficiency).	
  As	
  a	
  result,	
  ad	
  valorem	
  
subsidies	
  on	
  good	
  h	
  would	
  generate	
  an	
  overprovision	
  of	
  these	
  other	
  dimensions	
  of	
  quality.	
  

A	
  strong	
  assumption	
  of	
  the	
  model	
  is	
  the	
  monopoly	
  setting.	
  In	
  a	
  more	
  general	
  oligopoly	
  setting	
  where	
  
firms	
  specialize	
  in	
  one	
  quality,	
  all	
  firms	
  would	
  contribute	
  to	
  market	
  segmentation.	
  As	
  a	
  result,	
  the	
  quality	
  
of	
  the	
  high-­‐end	
  good	
  too	
  would	
  be	
  distorted	
  –	
  actually	
  it	
  would	
  be	
  too	
  high	
  (Cremer	
  and	
  Thisse,	
  1994).	
  
This	
  would	
  partly	
  compensate	
  any	
  underprovision	
  of	
  quality	
  induced	
  by	
  energy-­‐use	
  externalities,	
  while	
  at	
  
the	
  low-­‐end	
  of	
  the	
  product	
  line,	
  the	
  two	
  market	
  failures	
  reinforce	
  each	
  other,	
  just	
  like	
  in	
  the	
  monopoly	
  
setting.	
  At	
  some	
  point,	
  if	
  the	
  externality	
  is	
  low	
  enough,	
  the	
  quality	
  of	
  the	
  high-­‐end	
  good	
  under	
  the	
  two	
  
market	
  failures	
  may	
  be	
  above	
  its	
  socially	
  optimal	
  level,	
  thus	
  warranting	
  a	
  tax	
  on	
  the	
  low-­‐end	
  good.	
  More	
  
generally,	
  an	
  oligopoly	
  setting	
  would	
  make	
  the	
  conditions	
  for	
  the	
  optimal	
  incentive	
  on	
  the	
  high-­‐end	
  good	
  
to	
  be	
  a	
  tax	
  less	
  restrictive.	
  

We	
  assumed	
  away	
  the	
  opportunity	
  cost	
  of	
  public	
  funds.	
  If	
  the	
  Government	
  faced	
  budget	
  constraints,	
  the	
  
efficiency	
  of	
  those	
  interventions	
  involving	
  large	
  transfers	
  would	
  be	
  lower.	
  This	
  would	
  narrow	
  the	
  welfare	
  
gap	
  between	
  single-­‐instrument	
  subsidies	
  and	
  differentiated	
  subsidies,	
  which	
  involve	
  larger	
  subsidy	
  
amounts.	
  Moreover,	
  the	
  public	
  cost	
  of	
  per-­‐quality	
  subsidies	
  can	
  be	
  limited	
  by	
  setting	
  a	
  relatively	
  high	
  
reference	
  level	
  zi.	
  It	
  can	
  even	
  be	
  nullified	
  or	
  become	
  negative	
  by	
  taxing	
  the	
  goods	
  whose	
  efficiency	
  is	
  
below	
  the	
  reference	
  level	
  –	
  as	
  in	
  the	
  feebate	
  system	
  currently	
  implemented	
  in	
  the	
  automobile	
  sector	
  in	
  
various	
  countries.16	
  This	
  policy	
  variable	
  is	
  not	
  available	
  with	
  ad	
  valorem	
  subsidies.	
  Hence,	
  introducing	
  an	
  
opportunity	
  cost	
  of	
  public	
  funds	
  would	
  also	
  reinforce	
  the	
  superiority	
  of	
  per-­‐quality	
  subsidies	
  over	
  ad	
  
valorem	
  ones.	
  

Lastly,	
  an	
  important	
  result	
  of	
  our	
  analysis	
  is	
  the	
  higher	
  first-­‐best	
  ad	
  valorem	
  subsidy	
  rate	
  on	
  the	
  low-­‐end	
  
good,	
  as	
  compared	
  to	
  the	
  high-­‐end	
  good.	
  This	
  result	
  is	
  very	
  specific	
  to	
  the	
  market	
  failures	
  taken	
  into	
  
account.	
  Technology	
  spillovers	
  would	
  be	
  another	
  relevant	
  market	
  failure	
  to	
  consider.	
  It	
  is	
  plausible	
  to	
  
suppose	
  that	
  more	
  energy-­‐efficient	
  products	
  are	
  less	
  mature	
  than	
  less	
  energy-­‐efficient	
  ones,	
  hence	
  
generate	
  larger	
  spillovers.	
  In	
  this	
  perspective,	
  the	
  subsidies	
  needed	
  to	
  internalize	
  technology	
  spillovers	
  
would	
  be	
  larger	
  on	
  high-­‐end	
  goods,	
  thus	
  countervailing	
  the	
  effects	
  studied	
  in	
  the	
  analysis.	
  

6 Conclusion	
  
Energy	
  efficiency	
  markets	
  are	
  commonly	
  subject	
  to	
  both	
  energy-­‐use	
  externalities	
  and	
  price-­‐quality	
  
discrimination.	
  They	
  are	
  also	
  the	
  realm	
  of	
  various	
  types	
  of	
  subsidies,	
  the	
  properties	
  of	
  which	
  have	
  been	
  
little	
  studied.	
  To	
  address	
  this	
  knowledge	
  gap,	
  we	
  have	
  used	
  and	
  extended	
  the	
  model	
  of	
  Fischer	
  (2005)	
  to	
  
examine	
  a	
  variety	
  of	
  first-­‐best	
  and	
  second-­‐best	
  energy	
  efficiency	
  subsidies	
  in	
  the	
  presence	
  of	
  the	
  two	
  
market	
  failures.	
  We	
  have	
  considered	
  two	
  types	
  of	
  consumers,	
  a	
  multiproduct	
  monopolist	
  which	
  can	
  
imperfectly	
  price	
  discriminate	
  and	
  two	
  levels	
  of	
  energy	
  efficiency	
  which	
  are	
  positively	
  correlated	
  with	
  
quality.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
16	
  The	
  feebate	
  system,	
  implemented	
  e.g.	
  in	
  France,	
  Canada,	
  the	
  Netherlands	
  and	
  Norway,	
  combines	
  taxes	
  and	
  
subsidies,	
  the	
  amount	
  of	
  which	
  depends	
  on	
  the	
  energy	
  efficiency	
  level	
  of	
  the	
  car	
  purchased,	
  regardless	
  of	
  its	
  price	
  
(d’Haultfoeuille	
  et	
  al.,	
  2013).	
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From	
  a	
  normative	
  perspective,	
  the	
  two	
  levels	
  of	
  energy	
  efficiency	
  are	
  undersupplied	
  in	
  laissez-­‐faire.	
  This	
  
so-­‐called	
  energy	
  efficiency	
  gap	
  can	
  be	
  addressed	
  with	
  energy	
  efficiency	
  subsidies,	
  the	
  rate	
  of	
  which	
  is	
  
differentiated	
  across	
  energy	
  efficiency	
  levels.	
  Subsidy	
  schedules	
  can	
  be	
  either	
  per-­‐quality	
  or	
  ad	
  valorem,	
  
with	
  different	
  consequences.	
  We	
  find	
  that	
  with	
  ad	
  valorem	
  subsidies,	
  the	
  rate	
  on	
  the	
  more	
  energy	
  
efficient	
  goods	
  interferes	
  with	
  the	
  provision	
  of	
  less	
  energy	
  efficient	
  goods.	
  The	
  rates	
  should	
  always	
  be	
  
decreasing	
  in	
  energy	
  efficiency,	
  a	
  result	
  seemingly	
  at	
  odds	
  with	
  actual	
  practice.	
  With	
  per-­‐quality	
  
subsidies,	
  there	
  are	
  no	
  such	
  interferences	
  and	
  the	
  rates	
  can	
  be	
  increasing	
  if	
  the	
  marginal	
  external	
  cost	
  of	
  
energy	
  use	
  is	
  large	
  enough	
  relative	
  to	
  the	
  market	
  share	
  of	
  low-­‐type	
  consumers.	
  	
  

From	
  a	
  positive	
  perspective,	
  for	
  a	
  variety	
  of	
  informational,	
  institutional	
  or	
  political	
  reasons,	
  single	
  
instruments	
  are	
  more	
  likely	
  to	
  be	
  implemented.	
  We	
  find	
  that	
  a	
  uniform	
  ad	
  valorem	
  subsidy	
  should	
  be	
  set	
  
above	
  the	
  subsidy	
  that	
  would	
  be	
  needed	
  to	
  specifically	
  internalize	
  energy-­‐use	
  externalities.	
  Lastly,	
  if,	
  as	
  is	
  
often	
  observed	
  in	
  practice,	
  only	
  the	
  high-­‐end	
  good	
  is	
  to	
  be	
  incentivized,	
  a	
  per-­‐quality	
  schedule	
  should	
  be	
  
preferred	
  over	
  an	
  ad	
  valorem	
  one.	
  An	
  ad	
  valorem	
  tax	
  may	
  even	
  be	
  preferred	
  over	
  an	
  ad	
  valorem	
  subsidy	
  
if	
  the	
  externality	
  is	
  small	
  enough	
  and	
  low-­‐end	
  consumers	
  dominate	
  the	
  market.	
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APPENDIX	
  1:	
  Energy	
  tax	
  
Most	
  European	
  countries,	
  Japan	
  and	
  a	
  few	
  other	
  countries	
  have	
  implemented	
  important	
  fuel	
  taxes	
  in	
  the	
  
transport	
  sector.	
  These	
  taxes	
  were	
  found	
  to	
  efficiently	
  restrain	
  fuel	
  demand	
  (Sterner	
  2007).	
  

Energy	
  taxes	
  here	
  are	
  assumed	
  to	
  be	
  funded	
  by	
  lump-­‐sum	
  subsidies.	
  

Second	
  stage:	
  Monopolist’s	
  response	
  
A	
  tax	
  on	
  energy	
  at	
  rate	
  t	
  would	
  lead	
  to	
  the	
  following	
  first-­‐order	
  conditions	
  (superscript	
  T	
  denotes	
  
equilibrium	
  outcomes):	
  

−𝑐! 𝜙!! = 𝑔 + 𝑡 𝛽!	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (20)	
  

−𝑐! 𝜙!! = 𝑔 + 𝑡 𝛽! −
!!
!!

𝛽! − 𝛽! 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (21)	
  

The	
  tax	
  would	
  increase	
  the	
  energy	
  efficiency	
  of	
  the	
  two	
  goods:	
  

d𝜙!!

d𝑡
=

−𝛽!
𝑐′′ 𝜙!!

< 0	
  

d𝜙!!

d𝑡
=

−1
𝑐′′ 𝜙!!

𝛽! −
𝑛!
𝑛!

𝛽! − 𝛽! < 0	
  

The	
  effect	
  of	
  the	
  tax	
  on	
  the	
  price	
  of	
  good	
  l	
  is	
  ambiguous.	
  Recall	
  that	
  𝑝!! = 𝛽! 𝑣 − 𝑔 + 𝑡 𝜙!! 𝑡 .	
  

Differentiating,	
  we	
  obtain:	
  

!!!
!

!!
= −𝛽!𝜙!! 1 + 𝜇! 	
  with	
  𝜇! =

!!!
!

!!
!
!!
!	
  

Variable	
  𝜇! 	
  is	
  the	
  elasticity	
  of	
  the	
  supply	
  of	
  energy	
  efficiency	
  with	
  respect	
  to	
  the	
  price	
  of	
  energy.	
  If	
  
−1 < 𝜇! < 0,	
  a	
  “normal”	
  rebound	
  effect	
  occurs.	
  If	
  𝜇! ≥ 0,	
  a	
  “backfire”	
  rebound	
  effect	
  occurs.	
  Recall	
  that	
  
d𝜙!! d𝑡	
  is	
  negative,	
  hence	
  so	
  is	
  𝜇!.	
  Therefore,	
  d𝜙!! d𝑡	
  is	
  negative	
  if	
  there	
  is	
  a	
  “normal”	
  rebound	
  effect	
  
and	
  positive	
  if	
  there	
  is	
  no	
  rebound	
  effect	
  (𝜇! ≤ −1).	
  

The	
  price	
  of	
  good	
  h	
  will	
  vary	
  with	
  even	
  more	
  ambiguity.	
  Recall	
  that	
  

𝑝!! = 𝑝!! + 𝛽! 𝑔 + 𝑡 𝜙!! 𝑡 − 𝜙!! 𝑡 .	
  

Differentiating	
  and	
  using	
  the	
  same	
  elasticity	
  formulas	
  as	
  before,	
  we	
  obtain:	
  

d𝑝!!

d𝑡
= − 𝛽! − 𝛽! 𝜙!! 1 + 𝜇! − 𝛽!𝜙!! 1 + 𝜇! 	
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First	
  stage:	
  Regulator’s	
  intervention	
  
The	
  optimal	
  tax	
  rate	
  to	
  address	
  the	
  two	
  market	
  failures	
  is	
  the	
  one	
  that	
  maximizes	
  social	
  welfare,	
  
including	
  energy-­‐use	
  externalities.	
  This	
  leads	
  to	
  the	
  following	
  first-­‐order	
  condition:	
  

𝑛! − 𝑔 + 𝛾 𝛽! − 𝑐′ 𝜙!!
d𝜙!!

d𝑡
+ 𝑛! − 𝑔 + 𝛾 𝛽! − 𝑐′ 𝜙!!

d𝜙!!

d𝑡
= 0	
  

Identifying	
  the	
  𝑐! 𝜙!! 	
  with	
  the	
  right-­‐hand	
  sides	
  in	
  Equations	
  (20)	
  and	
  (21),	
  we	
  end-­‐up	
  with	
  the	
  following	
  
equality:	
  

𝑡 = 𝛾 +
𝑔 + 𝛾 𝑛! 𝛽! − 𝛽! d𝜙!! d𝑡

𝑛!𝛽!d𝜙!! d𝑡 + 𝑛!𝛽! − 𝑛! 𝛽! − 𝛽! d𝜙!! d𝑡
> 𝛾	
  

Unless	
  the	
  two	
  consumers	
  are	
  identical	
  (𝛽! = 𝛽!),	
  the	
  optimal	
  tax	
  rate	
  is	
  larger	
  than𝛾.	
  If	
  it	
  were	
  equal	
  to	
  
𝛾,	
  external	
  costs	
  would	
  be	
  internalized	
  but	
  there	
  would	
  still	
  remain	
  some	
  deadweight	
  loss	
  from	
  price-­‐
quality	
  discrimination.	
  Further	
  energy	
  taxation	
  could	
  reduce	
  the	
  deadweight	
  loss	
  on	
  the	
  quality	
  of	
  good	
  l,	
  
up	
  to	
  the	
  point	
  that	
  the	
  marginal	
  welfare	
  gains	
  are	
  offset	
  by	
  the	
  marginal	
  welfare	
  loss	
  of	
  an	
  inefficiently	
  
high	
  quality	
  of	
  good	
  h.	
  

This	
  result	
  contrasts	
  with	
  the	
  classical	
  one	
  in	
  the	
  environmental	
  economics	
  literature	
  that	
  under	
  	
  
imperfect	
  competition,	
  the	
  second-­‐best	
  tax	
  rate	
  needed	
  to	
  compensate	
  the	
  over-­‐supply	
  of	
  a	
  polluting	
  
good	
  should	
  be	
  smaller	
  than	
  the	
  Pigouvian	
  rate,	
  so	
  as	
  to	
  balance	
  the	
  output	
  contraction	
  effect	
  of	
  market	
  
power	
  (Baumol	
  1988).	
  The	
  difference	
  comes	
  from	
  the	
  fact	
  that	
  energy	
  efficiency	
  can	
  be	
  seen	
  as	
  a	
  
cleaning	
  technology.	
  In	
  this	
  context,	
  instead	
  of	
  being	
  mutually	
  compensating,	
  the	
  two	
  market	
  failures	
  are	
  
mutually	
  reinforcing.	
  They	
  both	
  contribute	
  to	
  an	
  underprovision	
  of	
  the	
  cleaning	
  technology	
  (Mahenc	
  and	
  
Podesta,	
  2011).	
  

Lastly,	
  note	
  that	
  this	
  result	
  would	
  be	
  different	
  in	
  an	
  oligopoly	
  setting,	
  where	
  market	
  power	
  distorts	
  the	
  
quality	
  of	
  the	
  high-­‐end	
  too	
  (Lombardini-­‐Riipinen,	
  2005).	
  

APPENDIX	
  2:	
  Minimum	
  Energy	
  Efficiency	
  Standard	
  
Most	
  European	
  countries	
  and	
  some	
  US	
  states	
  have	
  implemented	
  minimum	
  quality	
  standards	
  for	
  new	
  
buildings	
  after	
  the	
  oil	
  shocks	
  of	
  the	
  1970s,	
  and	
  have	
  strengthened	
  them	
  since	
  then.	
  Now	
  such	
  standards	
  
exist	
  in	
  all	
  developed	
  countries	
  and	
  in	
  many	
  developing	
  countries.	
  The	
  main	
  appliances,	
  as	
  well	
  as	
  
electric	
  motors	
  and	
  lighting	
  equipment	
  are	
  also	
  covered	
  by	
  energy	
  efficiency	
  standards	
  in	
  most	
  of	
  the	
  
developed	
  and	
  transition	
  countries.	
  

Let	
  us	
  consider	
  the	
  effect	
  of	
  a	
  standard	
  (denoted	
  S)	
  on	
  each	
  good	
  i,	
  independently	
  of	
  the	
  other	
  good.	
  The	
  
deadweight	
  loss	
  of	
  a	
  standard	
  𝜙!on	
  good	
  I	
  is:	
  

𝐷𝑊𝐿! = 𝑛! 𝑔 + 𝛾 𝛽! 𝜙! − 𝜙!∗ + 𝑐 𝜙! − 𝑐(𝜙!∗) 	
  

It	
  varies	
  with	
  𝜙!	
  in	
  an	
  ambiguous	
  manner:	
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!!"#!
!!!

= 𝑛! 𝑔 + 𝛾 𝛽! + 𝑐′ 𝜙!
< 0  if𝜙!∗ < 𝜙! ≤   𝛷
= 0  if𝜙! = 𝜙!∗

> 0  if  0 ≤ 𝜙! < 𝜙!∗
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (18)	
  

That	
  is,	
  tightening	
  the	
  standard	
  is	
  welfare-­‐improving,	
  up	
  to	
  the	
  point	
  that	
  the	
  socially	
  optimal	
  value	
  of	
  
the	
  good	
  is	
  reached.	
  Beyond	
  that	
  point,	
  further	
  tightening	
  the	
  standard	
  is	
  socially	
  detrimental.	
  The	
  
question	
  of	
  interest	
  now	
  is:	
  should	
  the	
  standard	
  constrain	
  the	
  efficiency	
  of	
  both	
  goods	
  (pooling	
  
standard)	
  or	
  that	
  of	
  good	
  l	
  only	
  (separating	
  standard)?	
  

A	
  necessary	
  and	
  sufficient	
  condition	
  for	
  a	
  pooling	
  standard	
  
An	
  optimal	
  pooling	
  standard	
  would	
  minimize	
  the	
  sum	
  of	
  the	
  deadweight	
  losses	
  on	
  each	
  of	
  the	
  two	
  
goods.	
  This	
  leads	
  to	
  the	
  following	
  first-­‐order	
  condition:	
  

−𝑐! 𝜙! = 𝑛!𝛽! + 𝑛!𝛽! 𝑔 + 𝛾 	
  

The	
  pooling	
  standard	
  would	
  be	
  optimal	
  to	
  a	
  consumer	
  of	
  average	
  type	
  𝑛!𝛽! + 𝑛!𝛽!.	
  To	
  be	
  effective,	
  such	
  
a	
  standard	
  should	
  be	
  more	
  stringent	
  than	
  the	
  monopolist's	
  supply	
  of	
  good	
  h:	
  𝜙! ≤ 𝜙!!" .	
  This	
  is	
  true	
  if	
  
and	
  only	
  if	
  𝑐!!! − 𝑔 + 𝛾 𝑛!𝛽! + 𝑛!𝛽! ≤ 𝑐!!! −𝑔𝛽! ,	
  that	
  is:	
  

	
   !!
!!!!!!!!!

≤ 1 + !
!
	
   (19)	
  

A	
  sufficient	
  condition	
  for	
  a	
  pooling	
  standard	
  
If	
  the	
  externality	
  is	
  so	
  large	
  that	
  𝜙!!" ≥ 𝜙!∗	
  then	
  the	
  standard,	
  at	
  least	
  equal	
  to	
  ϕ!∗,	
  is	
  necessarily	
  more	
  
stringent	
  than	
  𝜙!!" ≥ 𝜙!∗.	
  This	
  occurs	
  when	
  𝑐!!! − 𝑔 + 𝛾 𝛽! ≤ 𝑐!!! −𝑔𝛽! ,	
  which	
  leads	
  to	
  the	
  
sufficient	
  condition	
  for	
  a	
  pooling	
  standard:	
  

𝛽!
𝛽!
≤ 1 +

𝛾
𝑔
	
  

Obviously,	
  this	
  condition	
  implies	
  Condition	
  (19).	
  

Separating	
  standard	
  
If	
  Condition	
  (19)	
  is	
  not	
  satisfied,	
  𝜙! > 𝜙!!" .	
  It	
  is	
  not	
  optimal	
  for	
  the	
  monopolist	
  to	
  supply	
  only	
  one	
  good	
  
of	
  efficiency	
  𝜙!.	
  The	
  monopolist	
  could	
  increase	
  the	
  profit	
  earned	
  from	
  consumers	
  h	
  by	
  extending	
  its	
  
product	
  line	
  to	
  include𝜙!!" .	
  With	
  this	
  new	
  constraint,	
  the	
  only	
  way	
  to	
  minimize	
  the	
  total	
  deadweight	
  loss	
  
is	
  to	
  eliminate	
  the	
  deadweight	
  loss	
  from	
  good	
  l.	
  After	
  Equation	
  (18),	
  this	
  can	
  only	
  be	
  done	
  by	
  setting	
  the	
  
standard	
  at	
  𝜙!∗.	
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